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The caves located within the Ag-Pb-Zn mine of Naica (Mexico) in a depth range between
—130m and —290m below entrance level constitute a unique karstic environment. The
distinctive characteristics of these caves (Las Espadas, Los Cristales, Ojio de la Reina, and Las
Velas) are the lack of direct interconnection with the surface, an actual groundwater
temperature of about 53 °C, and the presence of gigantic selenite crystals (>10m in length).
Here, we report the results of an ongoing multidisciplinary study that considers the vertical
extent of the cave system, and that is aimed at determining the genesis of these crystals.
Preliminary U/Th dating of the core of a crystal from one deep cave (Los Cristales) has
determined a corrected age of 34.5+0.82 ka.

Fluid inclusions are abundant at Naica, occur in all the studied crystals, and are
commonly big (>200 microns). In the deepest, clear and twinned crystals, they are typically
found along crystallographic planes. In the shallowest Las Espadas cave, inclusions occur both
at the transparent core and along the dark rims of zoned crystals, where Pb-Mn oxides and
hematite/goethite inclusions occur as well. In all occurrences, the trapped fluid is mostly one-
phase (L) at Tj», and only occasionally two-phase (L-V). Solid phases (i.e., gypsum and
oxides) are found as well, but do not show constant phase ratios with the L and V phases.
Microthermometric data have been collected for eleven representative fluid inclusion
assemblages (n,=402) from Las Espadas, Los Cristales, and Ojio de la Reina, and LA-ICP-
MS data determined for 68 single inclusions from these assemblages.

Freezing experiments show the presence of two aqueous fluids with distinct bulk
salinity within the cave crystals: one in the range 3-6 wt%NaCl.q and the other between 7
and 8 wt%NaCle,. The high-salinity fluid occurs only in the darker rims of the Las Espadas
crystals. Eutectic melting has been determined in the lower-salinity assemblages to be
between —30 and —27 °C. Freezing experiments carried out on inclusions within the actual
gypsum from the thermal waters (T=53 °C) show the presence of a fluid ranging between 0.7
and 1.2 wt%NaCl.q. These are the lowest values measured in the entire set of samples. At
Ojio de la Reina and Los Cristales, the distribution of total homogenisation temperatures
display a mode in the 48-56 °C interval, which is essentially undistinguishable from that of
Las Espadas. Hence, in contrast with the distribution of bulk salinity values, total
homogenisation occurs in a relatively narrow range within the entire cave system.

The LA-ICP-MS data show that, in addition to Ca and S, the major components of the
source fluid were Mg, Na, and K (in order of abundance), while Mn and Pb were minor. At
Ojio de la Reina and Los Cristales, Na and Mg are present in the fluid in similar
concentrations, between about 4000 and 3000 pg/g respectively, while K is in the 350-400
ng/g range. At Espadas, in contrast, the concentration range of Na and Mg in FIs at the core
of zoned crystals (3300 and 6000 pg/g, respectively) is significantly different from that
measured in the FIs along the dark rims (4500-10800 pg/g, respectively). In these inclusions
the concentration of Pb is up to about 1000 pg/g.

In order to evaluate the climatic evolution of the Naica region at the time of crystal
growth, we determined the pollen composition of cave crystals and sediments, and compared it
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with the pollen found in the actual desert soil of Naica. We highlight that this study represents
the first attempt to extract pollen from cave crystals, and therefore the first attempt to
determine the genesis of cave crystals using a truly multidisciplinary approach. A total number
of 52 pollen grains were extracted from two gypsum samples of Las Espadas and Los
Cristales, which is a low absolute concentration. Pollen has a variable state of preservation
within the crystals, from very well preserved to very altered, showing that oxidation took place
either before the pollen infiltrated within the catchment area of the Naica aquifer, or within the
caves during crystal growth. Despite the low abundance, many pollen taxa of woody plants
(Pinus, Pinaceae undiff., Quercus, Q. cf. garryana, Lithocarpus densiflora cf., Juniperus type,
Taxus), herb plants (Artemisia, Plantago, Poaceae), and spores (Lycopodium) are present
within the crystals. Interestingly, Quercus and Juniperus type are found in all cave crystals,
which suggests similar climatic conditions in the outside environment at the time of crystal
growth. Even considering the limitation of the dataset, this floristic and vegetational
assemblage indicates a catchment basin that is homogenous and in contrast with the actual
desert-scrub communities and desert grassland of the Chihuahuan desert. This assemblage is
akin to the mixed broadleaf wet forests actually present in the SW regions of the United States,
characterized by pine-oak woodland and pine forest. At present, significant amounts of
Quercus pollen is recorded within ca. 30 ka lake-sediments from the Alta Babicora basin of N
Mexico (NW of Naica), and within the paleolimnological record of the region N of Chihuahua,
where a deep-water lake is documented from 38 ka to about 29 ka.

Therefore, isotopic, fluid inclusion, and pollen data from Naica indicate that the climatic
changes occurring in the region at least over the last 35 ka controlled substantially the
composition of the source fluid present within the caves, and hence gypsum growth. These
climatic changes were characterized by alternations of wet/fresh periods and hot/arid periods,
which caused cycles of evaporation/replenishment of the cave fluid with time. Gypsum
precipitation took place between about 50 and 55 °C from the mixing of the saline fluid
generated by evaporation (Las Espadas) with the relatively more diluted fluid present in the
deepest caves (Cristales, Ojio de La Reina, Las Velas).
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Summary. Fluid inclusions in quarts from Taloveis and Pedrolampy gold deposits have
been studied. The primary inclusions of the Taloveis deposit have homogenization temperatures
of about 347°C and salinities of 12.4-11.7 wt. % NaCl equiv. Secondary inclusions have lover
homogenization temperatures 250 to 196 °C and salinities of 1.1 to 6.2 wt % NaCl equiv.
According to fluid inclusions data, early ore mineralization at Pedrolampy deposit took place at
486°C and a salinity of 59.4 wt % NaCl equiv. Fluid inclusion of the later stage were more
diluted (6.3 wt % NaCl equiv) and had lower homogenization temperature of 320-257°C. The
observed deposits presumably belong to granite-related type.

Mecmopooicoenue Tanoseiic pacnonoxeHo B 3anagHoil Kapenuu B 10XKHOH YacTu
KocToMyKIICKOH 3e/IeHOKaMeHHOH CTPYKTYpbl. OpyIeHEHHE JIOKaJIM30BAHO B HEOOJBIIOM
MacCHBE T'PAaHOAMOPUT-TPAHUTOBOTO KOMIUIEKCA TIO3IHETO apxes, KOTOPBIH IPOpHIBAET
KOMAaTHUTBl W Meraba3anbThl  cpenHero Jyomusi  (MuHepanbHO-ChIpbeBas...,  2005).
I'panuTonaHbIl MaccuB Xapaktepusyercsi 2-x (asHbIM cTpoeHHeM. J[MOpUTHI M KBapueBble
JIMOPUTHI, OTHOCUMBIE K mopoxaMm [ ¢asbl, Haubosee HIMPOKO pacrpoCTPaHEHBI B CEBEPHOMN
YacTH MacCHBa, FOKHAsi 4acTh B OCHOBHOM ciokeHa mopomamu Il ¢asbi, mpeacraBieHHOI
rpaHuT-nopdupaMu. 30JI0TOpYAHAS MHUHEPATU3ALHs MIPEICTaBICHa IBYMsI MOP(HOIOrHYSCKUMHU
TUIaMH: KBAapLEBO-KIJIBHBIM UM IITOKBEPKOBBIM. MuHepanu3anus [ITOKBEPKOBO THIIA
BBIPAXEHA CEThIO KBAPLEBBIX IPOXKWIKOB C BKPAIUIGHHOH M HPOXKHIKOBO BKPAIUICHHOM
MHHepanu3aliell B 30HAX TPEHIMHOBATOCTM M THAPOTEPMAIBHOTO HM3MEHEHHUs MOpOJ.
MuHepanu3anus 9Toro THa o0pa3oBaiach Ha paHHEM dTare (pOPMHUPOBAHHS MECTOPOKICHHS
(Kynemesuu n gp., 2005). OCHOBHBIM SIBISIETCS KBApLUEBO-KHIbHBIA THI. OH IpeiacTaBieH
€MHUYHBIMY JKWJIaMHU U FPYNIaMH MEJIKHX K1 MOITHOCTHIO 0T 0.1 1o 1.5 M 1 npoTsbkeHHOCTH
no 25 M. Panee mpoBeAeHHBIMH MCCIIEIOBAHUAMM, KpPOME 30JI0Ta B pyaax ObLI yCTaHOBICH
HHUPUT, XaJbKOIUPHUT, TAJICHHUT, CANCPHT, HICEIUT, CAMOPOIHbBI BUCMYT BHCMYTOTEILTYPUJIBI.
MecTOpoKIeHHE OTHOCUTCS K  30JI0TO-PEIKOMETabHOW  (hopMaimy, Malocyab(uIHOMY
30JI0TOKBapiieBoMy Tuity. ( MuHepaibHo-chipbeBasi. ..,2005). [l uydeHus Obl1 0ToOpaH KBapiy
u3 Hanbosee KPYIHOW 30J10TOCOAeprKalel KBAPLIEBO KUJIbL.
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Pyoonposienenue Iedponamnu
pacmoyIokeHo B ceBepHOil yactu Bemnosepcko-
Cerozepckoro 3€JICHOKaMEHHOTO nosica
LEHTPAILHOM Kapenuu. 3onotast
MHUHEpAIN3aLus JIOKAJIM30BaHa B
CcyOMepHINOHATIBHON CIIBUTOBOM 30HE
pacciaHueBaHusl BOJW3M KOHTAKTa apXeWCKHX
n  mporepo3odickux — mopox.  OcHOBHOe
OpYACHEHHE 3aKIIOYEHO B  TEKTOHHYECKU
nepepaboTaHHbIX, pacciIaHIOBaHHBIX,

KapOOHATH3UPOBAHHBIX, TUPUTH3UPOBAHHBIX,
TypMaJIMHU3UPOBAHHBIX  IOpOJAxX  JIOMHS,
MPEBPAILEHHBIX B  CEPULUT-KapOOHAT-KBapIl-
XJIODUTOBBIE, KBapL-KapOOHAT-XJIOPUTOBBIE U
JIpyrHe MO COCTaBY ClaHUbl. [lOBBIIICHHBIC
COJICpPKaHUS 30JI0Ta YCTAHOBJICHBI TaK ke B
reMaTUTOBOM (MapTHTOBOM) LEMEHTE JIMH3BI
SITYJIMACKOM KOHTJIOMEpaTOOpeK4Yrnd. ATOMHO-
a0COOIIMOHHBIM ~ QHAJIM30M  3]IECh  BBISBICHO
conepxkanue 1/t Au 38,8; Ag 4; mnaruns! 0,47.
3os0oto BbICOKONPOOHOE OKOIIO 930%0. B BUIE

Puc. ®monnHble BKIIOYEHHS Pa3HBIX
TunoB. Macmra6 10 Mxm:
a, 0 — YIJIEKMCIOTHO-BOHbIE BKIIOYEHHUs THIIA
I(a-+20°C, 6 - -8 °C); B, I — CYILECTBEHHO
rasosble BkIrodeHus tumna Il (8 - +20 °C, r - -10

°C); nm —  nByxdasoBble  BKIFOYCHHUS
ciaboMHHepaIu30BaHHBIX pacTBOpoB Tna III
(+20 °C); e — wmHOroa3oBbIe BKIFOUCHUS

XJIOpUAHBIX pacconos Tuma IV (+20 °C).

Fig. Different types of fluid inclusions in
quartz of ore veins of Karelia gold deposits.
Scale bar 10 mkm: a, b — three-phase inclusion
with liquid CO, of type I (a- + 20 °C, b- -8 °C);
¢, d — substantially gas inclusion with liquid
CO, of type II (¢ - +20 °C, d - -10 °C); e — two-

MPUMECH IPUCYTCTBYET cepedpo 10 3% u yacto
¢uxcupyercs CTOJIBKO xKe JKeresa.
[IponykTHBHOH Ha 30JI0TYI0 MUHEpaINU3aLUIo
cuuraercs UI0IIA b pa3BUTHS

T'IAPOTEPMATIBHO-METACOMATUYCCKUX
npeoOpa3oBaHmil ¢ KPUCTAIUIAMH U CTSDKEHHSMU
KyOH4YecKoro mipura pasmMepom ot 2-3 Mm 1o 8
cM. B mpenenax sToii miomanu HabmonaioTcs
JIMHEHHBIE 30HKH TIPOKBAapLUECBaHusA MOIIHOCTBIO
OT TEepBBIX 1O MAECITKOB CaHTUMETPOB.
KoHIeHTpHpysCh HAa OTAEIBHBIX Y4acTKaX, OHU
0o0pa3yloT 30HbI IPOKBApLEBaHHS C TYyCTOH
BKPAIUICHHOCThIO MupuTa. KoHTakT nonuitckux
1 ATYIUHACKUX TOJII BBIPAXKEH HWHTCHCHBHBIM

phase gas-liquid inclusion of type III (+20 °C);

S ) L ! pacciaHueBaHHEM HOpoA. Bromp KoHTakTa
f — multiphase inclusion of chloride brine of

MPOCIIEKUBACTCS KBapLeBask *KUJIA MOIIHOCTBIO

type IV (+20°°C). okomo 0,5 M. Ksapim cBetno  cepeiii
MOJYMPO3pavHblil. A3MMYT mpocTHpaHuss KOHTakta u kil 330°. TlomoOHbIe KHIIBI
BCTPEYAIOTCS KaK B apXeHCKHX MOpOAax Tak W B MPOTEPO30HCKUX (BOJIM3M KOHTaKTa). PynHas
MMHEpaJli3alusl B HUX HE YCTaHOBJIEHA. B mporeposoiickux mnoponax HaOMIOAAIOTCS 30HBI
0XCJIE3HCHUS K KOTOPBIM 4aCTO NPUYPOUYCHBI JIMH3BI U He6OJ'II)UJI/le 110 MOILIHOCTU T'OPU3OHTBI
KOHIJIOMEPATOB COTJIACHBIE C NPOCTHPAaHHEM KOHTaKTa. B foro-3amajHoM HampaBlIeHUH OT
KOHTAaKTa B pACCIaHLOBAHHBIX JIOMUHCKAX IOPOJAaX MPUCYTCTBYIOT JHMH30YKH, MPOXKHUIKA
KBapla, MMeEMUHEe CyOMEpHIHOHAIBHYIO OpUEHTHPOBKY (350-355°). B 3amamHoii yactu
TIPOSIBJICHUS BCKpBITA 30Ha CMATHUA C KBapUEBbIM JKUJIBHBIM MaTepuajiom, C
KPYNHOKPHCTAUIMYECKHM  JKEJITOBATO-CEPbIM  KapOOHATOM, C  HHUPUT-XaJIbKOIMPUTOBOM
30JI0TOHOCHOM MMHepaiu3alue. 31ech npeobiiagaeT 30JI0TO-XaIbKOIMPUTOBBIH MHUHEPATbHBIN
Tur. [TupuT B OTIIMYME OT OCHOBHOM NPOJIYKTUBHOMN 30HBI Menkuii (< 1Mm), oboramen Co u As.
He#TpoHHO-aKTHBAIIMOHHBIM METOIOM B HeM ycTaHoBieHO (ppm) Co — 2860; As — 5416; Au —
16,9, mOBBIIIEHHOE OTHOCUTEIFHO MHPUTOB OCHOBHOM 30HBI coiepykaHue Se. MUKpO30HIOBBIN
aHaJM3 MOoKa3all BEICOKHE conepxkanus 10 41,64% cepebpa B 30110Te.
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Hannune Ttpex THUHOB 30J0TOPYIHOH MHHEPAIM3ALMU: 30J0TO-IIUPUTOBOW, 30J0TO-
XaJIbKOTIMPUTOBOM; 30J0TOHOCHBIX KOHIJIOMEPATOB (30J0TO-MAapTUTOBBIH MUHEpAIbHBIN THII),
TOBOPUT O JUIMTEIbHOCTH (OpMHpOBaHMS HposiBieHMs. Hauano HakomieHHs 30J710TOM
MHUHEpAJIM3alUy,  IIO-BHIMMOMY, CBA3aHO C  IIPOIECCAMH  HPOUCXOAMBIIUMHU  IIO
CyOMepUIMOHAIBHBIM 30HaM B I103/IHEM apXee.

Jlns wccnenoBaHuss (UIIOMIHBIX BKIIOYEHHH ObLTM OTOOpaHbI 00paslbl KBapla u3
TIPOYKTHBHOM 30HBI, U3 O€3pYAHBIX KBAPIEBBIX KU U U3 30HBI CMATHS.

Cpenn QUIIONIHBIX BKJIIOYEHHI B KBaplle U3 PYIHBIX JKHJI 30JI0TOPYAHBIX MECTOPOXKICHUIT
Kapenuu Hamu BbliesIeHBI B COOTBETCTBUH C M3BecTHbIMH Kputepusimu (Pennep, 1987 u ap.)
NEepBUYHbIE, IEPBUYHO-BTOPUYHBIE W BTOPHYHBbIC BKIOueHus. [lepBuunble QuonaHble
BKJIIOYCHHS, M3Y4YCHHIO KOTOPBIX OBUIO YyAeleHO ocoboe BHHMaHHE, HMEIOT (opmy
OTPHUIATENBHBIX KpHCTALIOB. OHM pacrojaraloTcs IO 30HaM pPOCTa 3€PEeH MHUHEPAJIOB HIIH
pacnpeniesieHbl paBHOMEPHO B 00beMe KBaplia BHYTPU 3¢peH. B OOJNBIIMHCTBE H3y4YEHHBIX
00pasioB pa3Mepsl 3THX (IIOUIHBIX BKIFOYCHHUIT BappupyIOT OT 3 10 30 MKM, B OCHOBHOM K€
coctaBisitoT 1015 Mxm. [lepBHYHO-BTOpPHUYHBIE BKJIIOUCHHS TPHUYPOUEHBI K TpEIIWHAM,
3aKaHYMBAIOIINMCS B HAPY>KHBIX 30HAX 3€PEH M HE BBIXOIAIINX 33 MX IpaHUIbl. K BTOpHYHBIM
BKJIFOYCHUSIM OTHECEHBI LEMOYKH BKIIIOUCHUI, NPUYPOYCHHBIE K CEKYLIMM TpELINHAM,
HepeceKaloluM IpaHuibl 3epeH. [lo ¢da3oBoMy cocraBy NpuM KOMHATHOW Temmeparype
(IO AHbIe BKIFOYEHHMS MO/IPA3/Ie/ICHbI Ha YeThIPE THIA:

Tun I: yrioekuciotHoO-BogHbIe (uuoMgHbIE BKMOYeHHs. Cpenu HHUX yCTaHOBJIEHBI
nByx(a3oBble, B KOTOPBIX HPHCYTCTBYET JKHJIKas BoJa M razoBas (a3a - NpPEeuMyLIECTBCHHO
wiotHast COy, u Tpex(a3oBbie, CoAEpIKAIINE KUAKYIO BOY, KUAKYIO U razoo0pasznyto CO,.

Tun II: cymecTBeHHO ra3oBble (IIOMIHBIC BKIIOUSHHUS, 0HO(A30BbIe WK JBYyX(a3oBbie
(c xaiimMoii BogHOTrO pactBopa), coxepxammue CO, ¢ HE3HAYUTEIBHBIMHU IIPUMECAMH JIPYTHX
ra3oB.

Tun III: nByxdazoBble QuonIHbIE BKIIOYEHUS, COJCPIKAILME BOAHBIH pPacTBOp H
MaJIOTUIOTHBIH Ta30BBIi ITy3bIPEK, 3aII0JHEHHBIN TPEUMYIIIECTBEHHO BOSHBIM ITapOM.

Tum IV: tpexda3zoBbie (IIIOUIHBIC BKIIOYCHHUS, COJACpPIKAIINE KUIKANA BOIHBIA pacTBOp,
ra30Bbli My3bIpeK (BO3MOXKHO, C INIOTHOW YIJICKHCIIOTON) M N30TPOITHBIA KPUCTALT KyOU4eCKOi
(hopMbl, MAEHTHOULMPOBAHHBIH KaK rayuT (pHC.)

MHKpPOTEPMOMETPHYECKHE HCCICAOBAHUS (IIOUIHBIX BKIIOYEHHH HPOBOIMINCH Ha
ycranoBke THMSG-600 ¢upmsr “Linkam”. KoHuenTpamms coneld Uit (GpIrOMIHBIX BKIIOYEHUN
OLICHMBAJIACh 110 TEMIIEpaType IUIaBJICHU JIbJa, C UCTIOJIb30BaHUEM JaHHBIX U3 paboTs! (Bodnar,
Vityk, 1994). [laBneHue omnpenensuioch s TIeTEepOreHHOro (uUirouaa M0 CHHICHETHYHBIM
CYHIECTBEHHO Ta30BBIM U ra30Bo-kuaknM @B kak cymMMa mapuuaibHBIX AaBICHHI TapoOB BOIBI
u pasneHus CO, (IIpoxodwes, Kurait, 1999). [lns oumeHKH HaBICHHS HCIOIB30BAJICS METOM
NepecedeHust U30XO0PhI (CTPOMIIACh MO (IIFOMIHBIM BKIIIOUCHHUSIM I'a30BOM (ha3bl) M H30TEpMBI (110
TEeMIepaType TOMOTCHH3ALMH CYIIECTBEHHO BOJAHBIX (aronaHbiX BimodeHud (KamoxHblid,
1982)). Ouenka KOHICHTpaLHii cojiel, moTHocTe# BogHoro duronaa u CO,, a TakkKe AaBICHUI
MPOBOIMIIACH ¢ Hcmoib3oBanueM nporpammbl FLINCOR (Brown, 1989).

Mecropoxnenue Tanoseiic. B xBapue u3 oOpasua TI8/1 Obui  0OHApy:KeHbI
CHHTCHETHUYHBIC YIJIEKHCIOTHO-BoAHbIe (TuN ) M cymiecTBeHHo razosele (Tun II) BritoueHwus,
CBHIETENBCTBYIOLINE O TETEPOreHHOM COCTOSIHUU (ITIona. YTIEKHCIOTHO-BOIHBIE BKIFOYCHHUS
cozepaT BOXHBIA pacTBOp XJOpHIOB Kanbims, MarHus u Hatpusa (T aBt. —55... =51 °C) ¢
KoHueHTpanueit coneir 12.4-11.7 mac. % sxB. NaCl u yriekucnorsl 4.4-3.9 Monw/kr p-pa, U
TOMOTEHHU3UPYIOTCS B JKUAKOCTH Ipu Temmeparype 347 °C. CymiecTBeHHO ra30Bble BKIIOUCHHS
coJieprKar IUIOTHYIO yriaekucioty (mrotHocts 0.90-0.88 I‘/CM3), pa3BUBamOIIyIO naBieHus 2410—
2300 6ap mpu temmneparype 347 °C. Ornomenue Pogy, /Proo coctaBmsier 15.9-15.1. B kBapue u3
3TOro oOpasia BCTPEYEHB! TAKXKE BTOPUYHBIC BKIFOYCHUS ¢ TEMIIEPAaTypoi roMoreHn3anuu 250-
196 °C u xoHuenrpamueii coneit 6.2-1.1 mac. % skB. NaCl.

Pynonposienne Ilenponamnu. B kBapue npoxykrtuBHoi 30HBI (00p. I11) mmerorcs
Tpex(]a3oBble BKIIIOYEHHS XJIOPHIHBIX PAaccoiioB ¢ Kpuctawiom ramuta (tun IV) n
CHHI'CHETHYHBIE MM CYIIECTBEHHO Ta3oBble BKIoueHms (tum II) ¢ IuIoTHOH yriieKucnoToH,
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OTpakarollue rereporeHHoe cocrosHue ¢uronna. TpexdazoBble BKIIOYEHUS PacCOIOB COIEPKAT

BOJIHBIH pacTBOp XJIOpUIOB Kanbuus, Maraus 1 Hatpus (T 3BT. —53 °C) ¢ KoHUEHTpauue coseit

549 mac. % okB. NaCl M roMoreHM3upyroTcs B JKMIKOCTb HpH Temmeparype 486 °C.

CylIecTBEHHO Ta30Bble BKJIIOYEHMS COJEpKaT IUIOTHYIO yriekucioty (miotHocts 0.58-0.66

r/em®), pasBuBaroryio gasienus 2120—1770 6ap npu temmeparype 486 °C. OtHowenue Posy,

/P20 cocrasisier 3.7-3.1.

B srom ke oOpasie Obutd OOHApyXeHBl CHHI€HETHUYHble ra3oBo-xkuakue (tun III) u

cymecTBeHHO ra3oBble (Tun II) BrmroueHus. J[IByx¢a3oBble TIa30BO-XKHAKHE BKIFOYCHUS

coliepKaT BONHBIA pacTBOp xsopuaoB MmarHus u HaTpus (T aBr. —45 °C) c KOHIEHTparuen
coneit 13.9 mac. % skB. NaCl, u roMoreHu3upyoTcs B XUAKOCTh npu Temneparype 280 °C.

CyIIecTBeHHO Tra30Bble BKIIOUEHHS COACPXKAT IUIOTHYIO YIIIEKUCNIoTy (TwotHOcTh 0.94-0.88

l“/CM3), pasBuBaromyo mapnenus 2230-1840 6ap npu temneparype 280°C. OrtHomenue Pogy,

/Pwao cocrasisieT 37.2-30.7.

B kBapue u3 3ombl cmsatus (I13), Oe3pyanbix kBapueBbix okuin (1138, T156) Obumn
00OHapyKeHbl CHHICHETHYHBIC YTIEKUCIOTHO-BoAHbIe (THn ) u cymiecTBeHHO razosbie (Tum II)
BKJIIOUCHHUS, CBUICTEIBCTBYIOLIHME O FETEPOreHHOM COCTOSHUHU (DiItona. Y TIIeKUCIOTHO-BOIHBIE
BKJTIOYEHHS COAEPKaT BOAHBIN pacTBop xiopunoB maraus u Hatpus (T sBr. —40... -31 °C) ¢
KoHIeHTpanuei conelr 8.8-6.3 mac. % »xB. NaCl m yriekucnorsr 6.2-3.9 Momb/Kr p-pa, u
TOMOTEHHM3HPYIOTCSI B JKHUAKOCTH MpH Temreparypax 342-257 °C. CymiecTBEHHO Tra3o0BbIe
BKJIIOYCHHUS CONCPAKAT IIOTHYIO yryeknciory (miotsocts 0.93-0.69 r/cm’), passuBaromryro
nasieHust 2520—1770 6ap mpu Temmepatypax 342-257 °C. OrHomenue Pogy, /Prao cocraBmser
30.6-22.9.

IonyuenHsle TEPMOOAPOrCOXUMHUYECKHE JaHHBIC MO3BOJSIOT OTHECTH H3YyYCHHBIC
MECTOPOXKACHHUSA K THIy MECTOPOXICHHUII 30JI0Ta, CBA3AHHBIX C HMHTPY3HBAMH T'PAHHTOUIOB
(BonmkoB u nap., 2007). XapakTepHas 4epTa 3THX MECTOPOXICHHHA - BBICOKAs COJEHOCTH
pynoobpasyromux ¢ionnos (10-15 mac. % sxB. NaCl u Oosnee) Ha paHHHX CTagusAX Ipolecca
pyaoobpazoBanus. [lpu3Haky, yKasplBaloOI[Me HAa pPa3BUTHE OTMEUCHHOTO BBINIC THIA
OpyIeHEHHUs, KpOME pPAacCMOTPEHHBIX OOBEKTOB, BBIIBIEHBI Ha MECTOpPOXKIeHHH Maiickoe,
pyaHowM nonie Anarty u KocTroMykima B pa3ii4yHbIX pyAHBIX paiioHax Kapemnu.

Paboma  evinonnena npu  ¢unancosoii  noddepcke npoekma  MeascOyHapooHnoi
2eonozuyeckoii koppenayuu FOnecxo IGCP 540.
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Formation conditions of gold mineralization in dykes of the Yana-Kolyma belt

(fluid inclusions study)
VolkovA.V'., Prokofiev V.Yu.!, Egorov V.N.2
'IGEM of the Russian Academy of Science, Moscow, Russia tma2105@ya.ru,
2 "Polymetal”, Saint Petersburg, Russia egorov@geos.polymetal.ru

Summary. Fluid inclusion research in quartz from three gold deposits in dykes of the
Yana-Kolyma belt was carried out. It was revealed, that ore-forming fluids were of moderate
salinity and had high carbonic acid contents. Such features correspond to fluids of gold-orogenic
vein deposits. The data obtained specify the affinity of the investigated gold mineralization in
dykes to "intrusion-related" type of gold deposits.

3onoToe opyzneHeHue B naikax (CpenHekaHckol, be3bIMAHHON U Y THHOI) OBIIO BBISBICHO
B 1928 r. reonoramu nepsoii KosbiMckolt skcneauuuu noj pykosoacrsoMm FO.A. bumbuna. B
JaJIbHEHIIeM HOBBIC OTKPBITHSL pOCCchlleil 3070Ta Ha KosbiMe CONMpOBOXKAAIUCH HAXOAKAMHU
MHOTOYHCIICHHBIX 30JI0TOHOCHBIX JaeK. PabOTHI 1O reoJorn4ecKoMy M3ydEHHIO JAcK BEIyTCs C
IepepblBaMy BIUIOTH JI0 HAIIETO BPEMEHHU. 3aBEpIICHBI TOMCKOBO-OI[CHOYHBIC paOOTHI HA IBYX
HOBBIX oObekrax [lybau (Manbim) m CraxanoBckoe (BepesuroBoe), koTOpble MHOKazalud MX
OONBIIOE CXOACTBO C Pa3BeNAHHBIMU paHEe MECTOPOXKICHHSAMH. MeETaNIOHOCHOCTh JlaeK
00yCIIOBIICHA CEThIO CEKYLINX 30JI0TO-KBapLEBBIX JKHII U MPOXKUIKOB, KOTOPBIE OBLIN OTHECEHBI K
KOJIBIMCKOIl ~ pocchineoOpasyromeil  opManmmu  TECHO CBA3aHHOM € 3€JICHOCIIAHIIEBBIM
Meramopdu3MoM Tomml BepxosHckoro komiuiekca (Lumo u ap., 1988, ®dupcos, 1985). Onnako
KaKk IOKa3bIBAaeT aHAIM3 PE3YJIbTATOB TEPMOOAPOreOXHMMHYECKHX HCCIIEJOBAHUH, PUBEACHHBIN
HIDKE, €CTh OCHOBAaHUE MOJIAraTh O OJIM30CTH AAHKOBBIX MECTOPOXKICHUH K TUITy MECTOPOXKIACHHI
30]I0Ta, CBA3AaHHBIX C WHTPY3UBAMH - «30JI0TO-PEIKOMETAIBHOMY» II0 TEPMHHOJIOIHI
MaraJlaHckux reosoroB («intrusion-related», Lang et al., 2000), BXOAsIIMX B IPYIITy OPOr€HHBIX
MECTOPOXKJICHUH 30710Ta.

3onoTopyIHBIEC AAiKK 3a5eTaroT B mopoaax BepxosHckoro kommiekca. OHI pa3MeInaroTcst
0OBIYHO CpeIy TOJII TPHAca W IOPbI, IPHYEM OOJBIIMHCTBO BBISBICHHBIX MECTOPOXICHUH Ha
COBPEMEHHOM 3PO3HOHHOM Cpe3e KOHLEHTPUpPYeTCsl B IOPCKUX Tonmax. PynoBmemiaromiue
HIDKHEIOPCKUE OTJIONKEHHUS TPECTaBICHbI IPEMMYIIECTBEHHO TOHKOTEPPUTCHHBIMH aJI€BPOJIHT-
APTWUTUTOBBIMU  OCAJKaMH, C PEIKMMM IPOCJIOSMH IECYaHHKOB M TydduroB. MomHoCTh
ocagkoB 800-1500 M. B cpenmneli rope OHH CMEHSIOTCS TPEHMYMIECTBEHHO (IHIIEBBIMA
TOJII[AMH aJIEBPOJINTOB, aprUIMNTOB W IECYAHWKOB, YAaCTO C TIpayBaKKaMH, COJCpP)KAIIIMU
TypOuauts! (MomHocTs ot 600-1000 M 10 3-4 Km).

MecToposkIeHHs 30J10Ta B Jaikax c(HOpMHUPOBAIMCH B TEUSHHUE JUIUTENILHOIO HHTEpBasa
BPEMEHH OT MO3IHEH IOPHI 0 Hadalla IMO3JHEro Mejla B 00CTaHOBKAX KOJUIM3HMH U MOCIIETyIOIIeit
oporeHHol akTuBM3auuH. IIpocTpaHCTBEHHOE pacCIpOCTpaHEHHE JaeK IOJUepKHBAET
(dopmupoBanue B SHo-KonbIMCKOM 1osice B 9TOT MEpHOJ KPYHHBIX OPOTeHHBIX CBOJOB. [Ink
30JI0TOTO OPYAEHEHHUs B JaiiKax MpHIIecs Ha HeokoM 145—125 muH. net.

30JI0TOHOCHOCTh JaeK CBS3aHA C WHTEHCHBHOCTBHIO T'MAPOTEPMAIbHO-METACOMaTHYECKUX
n3MeHeHnit nopoa. Manomoniasle maiiku (10 2,0 M) OOBIYHO MOJHOCTBIO METACOMAaTHYECKH
M3MEHEHBI U SBJISIOTCS PYIHBIMHU TelaMH B CBOMX TrpaHuUax (YTuHckas). bonee MouiHble faiiku
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OTJIMYAIOTCS HEPaBHOMEPHOW 3010TOHOCHOCTBIO (CpenHekaHckasi, Apuk, PocchlHMK W ap.).
Pynssle cTonObl B 3TOM cily4yae MpUypOdeHbl MO0 K 3anb0aHIy MaikH, TMO0 K KOHKPETHBIM
KBapILEBO-KWIBHBIM TEJIaM €€ pacCeKalIluM. BecbMa BEpOSATHO, YTO Ak SABIAINCH
O/aronpusATHON Ccpemod Ul IPOHMKHOBEHMS pYIJOHOCHBIX (urtounoB. [IpoTsikeHHOCTH
30JIOTOHOCHBIX JMAa€K — OT MEPBBIX TbICAY OO0 IOJYyTOpa ACCATKOB ThICAY METPOB, MOLIHOCTH
konebmercst or 1 mo 50 m. BeprukanbHbiii pasmax opynenenust gocrturaetr 600 M u Gonee
(YtuHckoe MecTopokaeHue). [laliku TpOHW3aHBI CETHIO KBAPIEBHIX, AIBOUT-KBApPLEBBIX,
KapOOHAT-KBapLEBbIX, CYJIb(HUIHO-KBAPLEBBIX NPOXWIKOB, IEPEXOIAIINX B HEHNPOTSIKCHHBIC
KWJIbI, © MECTaMU HACBILICHbl BKPAIJICHHOCTbHIO Cyﬂbq)l/IILOB - IUMpUTa U apCEHOIIMpHUTA. 3
PYZIHBIX MUHEPaJoB (HEpBble MPOLEHTHI) PACHPOCTPAHEHBI APCEHONUPHT, MUPHUT, CAMOPOJHOE
30J10TO, IUPPOTHH, CaepuT, XaJbKOIUPUT, aHTUMOHHT, IieenuT U ap. CpenHee copepkaHue
Ha MacCy JaeK OOBIYHO HE HPEBBIIAET MEpBBIC I/T, Oojee Oorarbie pyAbl XapaKTepPH3yHOTCS
MEJIKOIHE3/I0BbIM Pa3MeLeHHEM.

Jns wsydeHust ycnoBuil (OpPMHpOBAHMS 30J0TOTO OpYACHEHHs B Jaiikax ObuH
BBITIOJIHEHBI TEPMOOAPOreOXUMHUYECKUe HccenoBanus Quonanbx BriaoueHuit (OB) B kBapue
Tpex Mectopoxaenuii (Cpegnexanckoro, Kpoxamaoro u bepesntosoro).

Cpenu QuronaHbIX BKIIOUYEHUH B KBaplie U3 PYAHBIX KU 30JI0TOPYAHBIX 1ACK BbIIEICHBI
NepBUYHbIE, IEPBUYHO-BTOPUYHBIE W BTOpHYHBbIC BKIoueHus. [lepBuunble QuonaHble
BKJIIOYCHHS, M3Yy4YCHHIO KOTOPbIX OBUIO YyAeNeHO ocoboe BHHMaHHE, HMEIOT (Hopmy
OTPHUIATENBHBIX KpHCTALIOB. OHM pacrojaraloTcs MO 30HaM pPOCTa 3€PEeH MHUHEPAJIOB HIIN
pacmpeniesieHsl paBHOMEPHO B 00beMe KBaplia BHYTPU 3¢peH. B OOJNBIIMHCTBE H3y4YEHHBIX
00pasioB pa3Mepsl 3THX (IOUIHBIX BKIFOYCHHUIT BappupyIOT OT 3 10 30 MKM, B OCHOBHOM K€
coctaBisitoT 1015 Mxm. IlepBHYHO-BTOpPUYHBIE BKIIOYSHHS NPHYPOUYEHBI K TpEIIWHAM,
3aKaHYMBAIOIINMCS B HapY>KHBIX 30HAX 3€PEH M HE BBIXOAAIINX 33 MX IpaHUIbl. K BTOpHIHBIM
(ITIOMIHBIM  BKIIIOYEHHSM OTHECEHBl LIETMOYKM BKIIOYCHHWIH, INPHYpPOYCHHBIE K CEKYIIUM
TpPELMHAM, IePECEKAIONIMM I'PAHULIBI 3ePEH.

ITlo ¢a3oBomy cocraBy nHpu KOMHATHOW TemmepaType (IIOUIHbIE BKIIOYEHUS
TIOIpa3/eNICHbl Ha TPH THIIA:

Tun I: yrnekuciaoTHo-BOaHBIE (uronaHble BKIOYeHHs. Cpenu HUX BCTPEHAKOTCS
IBYX(hazoBble, B KOTOPBIX MPUCYTCTBYIOT (ha3bl UKol Boabl 1 motHOH CO, B razooit dase, n
TpexdazoBble, coAEpIKAIIME KUIKYIO BOY, @ TAKKE )KUIKYIO U ra3000pasHyro CO,.

Tum 1I: cymiecTBeHHO ra3oBble (UIIOMIHBIE BKIIOYEHHS, OXHO(DA30BbIC WIN IBYX(a3oBbe
(c xaiimoit BoxHOro pacropa), cogepxampe CO, ¢ HE3HAUUTEIbHBIMH NPUMECSIMH IPYTHX
rasos.

Tun III: mByxda3zoBbie (iIrOnAHBIE BKIOYEHHS, COACPXKAIINE BOIHBIA pacTBOp U
MaJIOIUIOTHBIN Ta30BBIi ITy3bIPEK, 3aII0THEHHBIN TPEUMYIIIECTBEHHO BOSIHBIM N1ApOM.

MHUKpPOTEPMOMETPUYECKHE HCCIICOBAaHUS (DIFOMAHBIX BKJIIOYEHHMH IPOBOMMINCH Ha
ycranoBke THMSG-600 ¢upmer  “Linkam”, mno3Bonsironieli NpOW3BOANTH  H3MEPEHHUS
TemmepaTyp (asoBBIX MEPEXOJOB B MHTEPBAIE TeMmeparyp oT —196 xo 600°C u Habmonarts 3a
HUMH TpH Oonpmmx yBenudeHHsX. KoHueHTpamms comeil i (QIrompHBIX  BKIFOUCHUIT
OLICHMBAJIACh 110 TEMIIEpaType IUIaBICHHS Jibaa. J[aBieHUe ONpenersuioch s reTepOreHHOro
cbmouna M0 CHUHICHETUYHBIM CYLIECCTBEHHO TIa30BbIM HW Ta30BO-KUIAKHUM CbJ'[FOPI}]HbIM
BKJIFOUCHHUSIM KaK CyMMa MaplIyalbHBIX JaBlIeHUH mapoB Boiasl U aaBieHus CO,. [lnsa oneHkn
JIABIICHUSI HUCIIOJNB30BAJCA METOX TIIepecedeHHs H30XOpbl (CTpowiach MO  (hIIOMITHBIM
BKJIFOYCHUSIM Ta30BOi (a3el) M M30TepMbI (IO TEMIEpaType TOMOTCHH3ALUH CYLIECTBEHHO
BOJHBIX (QIFOMIHBIX BKIOUYEeHHIT). OleHKa KOHIEHTPALMI COJIeH, TNIOTHOCTEW BOAHOTO (IIronIa
u CO,, a Takke DaBICHUH MPOBOAWIACH ¢ Hcmoib3oBaHueM mporpaMmMel FLINCOR (Brown,
1989).

PesynpraTtel TepMO- M KPHOMETPHYECKHX HCCICAOBAHMN WHAMBHIYAIbHBIX (IIOMIHBIX
BKJIIOUEHUH U310)KEHBI HUXKeE.

Mecmopooicoenue Kpoxanunoe. B kBapiie u3 oopasua K3 uMerotcst yriekucaoTHO-BOAHbIC
(tun I, cM.) BKIIOYEHHs, KOTOPBIE COJEP>KaT BOJIHBIA pacTBOp XiopuaoB MarHus u Harpust (T
9BT. —43 °C) ¢ xoHuentpammeit conmeir 10.7 mac. % o5kB. NaCl u yriaekucnors 6.9 Moib/Kr
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pacTBopa, W TOMOTCHU3UPYIOTCS B KHIKOCTh Tpu Temmeparype 284°C. HmeroTcs Takxke
CHUHI'CHETUYHbIE MM CYIIECTBEHHO ras3oBble (Tum II) BKIIIOUCHHMS, CBHAETEIBCTBYIOLIIME O
reTeporeHHoM coctosiHui ¢uronga. CyIIecTBEHHO Tra30Bble BKIIOYEHHS COJCpKAT IUIOTHYIO
yraekucaoty (mioTHocts 0.88 r/CM3), pasBuBaromyro nasnenus 1860-1840 Oap mpu
temmneparype 284 °C. OtHowenune Pogy /Proo cocraBnser 28.7-29.2.

Mecmopooicoenue Cpeodnexancrkoe. B xkBapue u3 obpasua Cl Obum  0OHapyKeHBI
[IepBUYHbIE U BTOPUYHBIC ABYX(a30Bble ra3oBo-xuakue Brmodenus (tun 111, cm.). IlepBuunsie
ra30BO-XKHJIKUE BKIIOYCHUS COIEPKaT BOAHBINA pacTBop xiopunoB Mg u Na (T apr. —37 °C) ¢
KoHleHTpauueit coneit 3.7 mac. % o5kB. NaCl, U TOMOreHU3HPYIOTCS B SKHIKOCTb IPU
temneparype 314 °C. BropuuHsle BKIIOYEHHS TaKKE COJEpKaT BOJHBIA pacTBOp XJIopuaos Mg
n Na (T sBr. —37... =36 °C) c xoHuenrpaumeii comeit 4.0-4.8 mac. % »sxB. NaCl, n
TOMOTEHU3UPYIOTCS B )KUAKOCTH IpU Temneparypax 197-185 °C.

Mecmopooicoenue bepesumosoe (Cmaxanosckoe pyonoe none). B xBapue us 5 o6pasnos
ObUTM OOHApY)XEHbl CUHICHETUYHBIC YIJIEKUCIOTHO-BOAHBIE (THI I) M CyLIECTBEHHO ra3oBble
(tun  II) BiiIrOYEHHS, CBHICTENBCTBYIOIIME O TETEPOTCHHOM COCTOSHHM  (hiaronaa.
YTIeKHUCIOTHO-BOAHBIE BKIIIOYECHHS COJIEP)KaT BOAHBIN PacTBOp XJIOpua0B MarHus u Hatpus (T
9BT. —32... =38 °C) ¢ koHueHrpanueii coineit 4.3-8.9 mac. % skB. NaCl n yraekucnors 4.3-5.8
MOJIB/KT p-pa, ¥ TOMOTCHU3HPYIOTCS B KHUIAKOCTh TpH Temmeparypax 260-315 °C. CyuiecTBeHHO
ra3oBble BKIIOYECHHUS COAEp)KAaT IUIOTHYIO YIJIeKHcHoTy (mmotHocth 0.74-0.95 l“/CM3),
pasBuBatonryro gaBmenust 2500-1360 Gap mpu Temmeparypax 315-260 °C. OtHouieHue
Poou /P20 coctaBmsier 13.5-49.0. BropuuHbie BKIIOUEHHS COJIEPkKAT BOTHBIN paCTBOP XJIOPHIOB
Mg u Na (T aBT. =30 °C) ¢ xoHUeHTpanueii coieit 4.3 mac. % 5kB. NaCl, u roMOoreHH3upyroTCs B
JKUZIKOCTB TpH Temmneparype 201°C.

VccnenoBaHHbIE MECTOPOXK/ICHUS paHEEe TPAJUIHMOHHO OTHOCHIM K 30JI0TO-KBapLEBOMY
(opmarOHHOMY THIly, HAJIOKCHHOMY Ha JaiKd M I1apareéHETHYECKH CBA3aHHOMY C
rpanutonsiamu (Pupcos, 1985, TIopsues, 1998). Ilomyuennsie TepmMoGaporeoXuMHUUEcKue
JlaHHBIC yKa3bIBAalOT HAa ONM30CTh M3YYEHHOTO 30JI0TOTO OpPYACHEHHs B JaiKax K
MECTOPO>KACHHAM 30JI0Ta, CBI3aHHBIM C MHTpYy3uBaMu (“intrusion-related”, Lang et. al., 2000). B
LeJIoM pynooOpasytomue (GIrouabl cCouepXaT YMEpPEHHbIE KOHLIECHTPALMU COJCi M BBICOKHE —
YIJIEKUCIOTHl M 0 MHOTHUM IapaMeTpaM COOTBETCTBYIOT (IIOWaM OPOTCHHBIX JKHIIBHBIX
MECTOPOXKACHUIT 30/10Ta.

Paboma evinonnena npu ¢unancogoii noodepoicke Meacdynapoonozo npoekma IGCP
Ne540, PODH (npoexm 06-05-64659), [Ipoepammer OH3 PAH Ne2.
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DurouHble BKJIKWYEHHS B METACOMATHTAX 30JI0TOPYAHOT0 MECTOPOKACHUA

Maxkmad (Tsaub-11ansb)
ITax H.T.
Huemumym zeonozuu HAH Kvipevisckoti Pecnyonuku, Buwikex, pak@istc.kg

Fluid inclusion in metasomatites of the Makmal gold deposit (Tien-Shan)
Pak N.
Institute of geology NAS Kyrgyz Republic, Bishkek, pak@istc.kg

Summary. Fluid inclusions in metasomatites of the Makmal large gold deposit were
investigated. Temperatures of formation of fluid inclusions, as well as their gas and salt
compositions establish regular evolution from early to later stages.

MeToapl  TEpMOOAPOreOXHMMHHU  YCIICIIHO HCIOJB3YIOTCS MJIsS  BBIICHEHHS YCJIOBHIA
00pa3oBaHusl 30J0TOPYIHBIX OOBEKTOB MHOTHMH HCCleJOBaTelsIMH. MeTacoMaTuuecKu
H3MEHCHHBIC TOPOABI ABJIAIOTCSA OAHUM M3 CaMBIX TPYIHBIX OG'beKTOB JJIL UCCIICOOBAHUA DTUMHA
metogamu (OmenbsiHeHko, 1978). Hamu mpoBeneHs! TepMOOapOreoXuMHUECKHE HCCIIEIOBAHUS
BKJIIOYCHUI B KBaplie M3 Pa3iMYHBIX THIIOB METACOMATHTOB M KBapLEBBIX JKHJI Ha KPYITHOM
30J0TOPYJHOM  MECTOPOXJIEHMHM  MakMan. OTO  MECTOPOXKICHHE  XapaKTepHU3yeTcs
(hopMHpOBaHHMEM  IOCIEIOBATENBHOIO psifia METACOMAaTHUTOB HAa KOHTAKTe IEPMCKOIi
TPaHUTOMIHOW MHTPY3UH M KPEMHHCTO-KapOOHATHBIX MOPOJ BH3EiCKOro sipyca. B HadanbHbIi
HEepUO B IK30KOHTAKOTOBOIl 30HE ObUIM CHOPMHPOBAHBI BOJUIACTOHUTOBBIC, TPAHATOBBIE U
rpaHaT-MMPOKCEHOBbIE CKapHbl. Jlanee HO CKapHaM W TpaHUTaM pa3BHUBAlOTCA OoraTble
30JI0TOHOCHBIE KBapI-MOJICBOLINATOBbIE METACOMATHTBI, TPei3eHbl U OEpe3uThl B I'PaHUTAX U
OKBapIIOBaHHbIE MOPOABI B CKapHaX M KapOOHATHBIX MOpOAaxX. Bepe3uTsl M OKBapLOBaHHBIC
HOPOBI TAKXKE 30JI0TOHOCHBI. B 3aBepIuaroliyio craauio GopMHUPYIOTCS pyAHbIe U Oe3pyIHbIe
KBapILEBbIC KUIIBL.

W3ydeHune ra3oBO-KMIKMX BKJIIOYEHHH NPOBOAWIOCE B KBaplie W3 BHYTPEHHHX W
LEHTPAJILHBIX YacTeil MeTacoMaTuToB. Hinke, roBopst 0 BKIIOYEHHMSX, OIPa3yMEeBalOTCs ra30BO-
JKUAKUE, Wi (IIIOMJHbIC BKJIIOYEHUS B KBaplie W3 COOTBETCTBYIOLIMX MOPOJ. BOJBIIMHCTBO
BKJIIOUEHUH MMEeT MeNIKMe pas3Mepbl, ykiaapiBaromuecs B uHrepsan 0,0005-0,02 mwm.
Bxitouenus B KBapU-IIOJICBOILUIIATOBLIX METAaCOMAaTUTaX HWMEIOT HEIPaBUJIbHBIC, YIJIOBATHIC,
OBaNbHbIC, ClIerkKa yaiuHeHHble Gopmbl. Hanbosee pacnpoctpaners! 2-(ha3Hble Ta30BO-XKUIKHE
BimoueHus. O0beM ra3oBoil ¢asel konebnercs ot 8 no 25 %. Berpeuatores taxke 1- u 3-
(asnble Britouenus. Tsepaas dasza umeer GpopMy Kyda U IpeACTaBIEHA, BEPOATHO, ranuToM (?).
Pacnonoxenue BmoueHHH xaoTW4yHOe. B rpeiizeHax BKJIIOYEHUS UMEIOT OBaJbHbIC, MHOTAA
reOMETPHYECKH NpaBUIbHbIE (OPMBI MM CIErka BBITSHYTble. BcTpeyaloTcsi B OCHOBHOM 2-
¢dasnble, pexe 3-dasHele BritoyeHus. ['azoBas (asza cocraBmser 15-30 %. PacmosoxeHbl
BKJIIOUEHHUs Bpa3OpOC CKOIUIEHUSAMHM MM ojxuHouHOo. Pdopma BkiIroyeHHil B Oepesurtax
HENpaBUJIbHAsA, OBaJibHasA, MHOrJa MMEET ICOMCTPUYHBIC OYCPTaHUS. CocTaB BKJIIOYCHUH 2-
tasubiii, peako 1-cdasuerii. ['asoBas dasa 3anmmaer o6vem or 8 mo 20 %. Pacmonoxenue
BKJIIOYCHHUI B OCHOBHOM OJIMHOYHOE OECIopsIoyHOe. B KBapIeBbIX XKUllax pacnpocTpaHeHbl 2-
u 3-ta3Hble BKIIOYEHUS HenpaBWIbHOH (opmbl. I'asoBas ¢asa cocrasmser or 10 no 45 %
obbvema BriIoueHni. TBepras dasa nmeer dopmy KyOMKoB M poM0O031poB. PacnpocTpanenue
BKJIIOUEHUH OecropsouHoe, ONMHOYHOE. BTOpuuHble BKIIOYEHMS HAOMIONAIOTCS BO BCEX
KkBapuax. Yaie Bcero OHM MPUYpPOUCHBI K TPEIIMHAM B KBaplie, PEXe - K IPaHHUI[aM CpacTaHUs
OT/ENbHBIX 3EPEH.

OmnpeneneHue TeMnepaTyp oOpa3oBaHHs METaCOMATUTOB (KPOME CKApPHOB) U KBAapLEBBIX
KWI TNPOBOAUIIOCH METOAOM TepMOBaKyyMHOﬁ JACKpUIIUTALIMX W TOMOICHHU3AallMA Ta30BO-
JKMAKUX BKJIIOYEHUH B KBaplie M3 ATHX MOpoA. VccnenoBaHus NPOBOIHINCH B JaOOpaTOpHU
tepmobaporeoxumun  KasUMCA  (r.Anma-ATa). [lpm  TepMoOBakyyMHOH JEKpHITUTAIUU
HPUMEHSJICS  CIIOCOO PErucTpalMy  B3pBIBOB BKIIOYEHMIl, HpPH KOTOPOM (PUKCHPOBAIHCH
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UMITYJIbCBl yBCJIMUCHUS JaBJICHUSA. I[aBJ'[eHI/Ie YBCJIIMUUBAJIIOCH TIPU  BBIACJIICHUH TIa30B U
KHUIKOCTM W3 BKIIOYEHHMH NpPH HX BCKPHITUM B BaKyyMHOH Kamepe. B wuccnemoBaHmsax
MIPUMEHSIICS BaKyyMHBIH aekpurnutomerp BJI-4 ¢ pabounmm nmamazoHom Bakyyma 0,01- 0,09
MM.pT.cT. Temneparypuslii uHTepBan HarpeBa cocrasisul 20-1000°C, a ckopocTb Harpepa -
20°C/muH. JlekpunuTanus BKJIIOYCHHH HPOUCXOAMIA B TPEX TEMIIEPaTypHBIX HHTEpBasax.
HaubGonpimii  mHTEepec mpexacraBmser Bropoir  mHTepBanm  200-520°C,  oTpaxarorumit
TeMIepaTypHbId pexuM (OpMUPOBAaHHS KBapla METAaCOMAaTHTOB M XWJI. B mexpunrorpammax
BBIJICTSIIOTCS 10 OZHOMY MAaKCUMyMy IIPUPAIICHUS NaBJCHHS, XapaKTEPU3YIOIIUE MOMEHT
MaKCHUMaJIbHOI'O PaCKpPbITUs BrtoueHui. Ilo KaXXaA0My TUIy METaCOMaTUTOB 6])1.]'[0 IIPOBEACHO
HECKOJIbKO HcmbiTaHui (Tabm. 1). TemmepaTypsl Hauyaga W KOHIA ACKPUIHMTALUH B LEJIOM
CHIDKAIOTCS OT PAaHHMX KBApII-TIOJICBOIIIIATOBBIX METACOMATUTOB K MO3HUM KBapIEBBIM JKHJIAM.
VckmoueHne COCTaBIISIET TEMIlepaTypa OKOHYaHWS AEKPUIHMTAlUKM KBapua H3 Oepe3HToB,
koropass Bbime Ha 10°C, yem wu3 rpeiseHoB. OpHako TeMnepaTypa MaKCHMAaJbHOIL
JNEKPUTUTAIMK 3aKOHOMEPHO YMEHBIIAETCs] B TOM JKE HampaBlIeHHH 0e3 Kakux-JIubo
HCKJIIOUEHH.

l'omoreHm3anust Ta30BO-XHMIKHX BKIIOYEHHH IPOBOAMIACH B INIACTHHKAX KBapla
tonmuuoit  0,1-0,3 mM. HarpeBanue ocCyliecTBIANIOCE B TEpMOKaMepe KOHCTPYKIMHU
B.E.bouapogsa (KazUMC) no 1000°C. T'omorenu3aiys mpoBOIMIaACk JUIIb B 2-(ha3HBIX Ta30BO-
JKUJKUX BKJIFOUCHMAX. 3aMepsulach TeMIEepaTypa TOMOTEHH3AlH, MpoucXoadmend mo 1 tumy
(roMoOreHH3aIys B )KUIKOCTD).

Ta6muua 1. TemnepaTypa roMOreHH3aIUK U ASKPUITUTALUY KBapLa

T°C gekpunutanuu T°C romorenu3anuu
Bwmearonias mopoza K-BO npu K-BO cpeaHs
po6 oT Ao P nax po6 or Ao A1
Ksapu-nonesoumnarosii 3 340 | 520 | 435 18 | 266 | 348 | 308
METACOMATHT

[peiizen 2 240 420 390 31 203 | 365 285
Bepesur 5 210 430 370 14 187 | 309 240
KBapuesast sxuia 7 200 300 230 23 180 | 273 242

AHai3 NOBEIEHMS TEeMIEpaTyp TFOMOI€HM3alMM KBaplia M3 pPa3HbIX METacOMaTUTOB
IIOKa3bIBACT TC Ke 3aKOHOMEPHOCTH, 49TO n JACKpUIIUTALUS. Han60nee PaHHUMHA
METacCOMAaTHTaMH Ha MECTOPOXICHHH SBISIOTCS CKapHbL. [0 MHHEpanbHBIM HapareHe3ucam
CKapHbl MECTOPOXKICHHS OTHOCATCS K MHPOKCEH-IPaHAT-BOJUIACTOHUTOBOM, ITHPOKCEH-
IPaHATOBOM W  TIpaHaT-3MUAOTOBOM  (amusaM, XapaKTepU3YIOLIMMUCS  TeMIepaTypaMu
obpasoBanusi 750-450°C (mo XKapukoBy, 1968). JlaHHble NEKPUNUTALMHA M TOMOICHH3ALNH
MO3BOJISIIOT TOBOPHUTH O TOM, YTO HauboJiee BEPOSTHBIMU TeMIIepaTypamMu o0pa3oBaHMs KBapIl-
MOJICBOMINATOBEIX MeTacoMaTuToB sBIsIOTCs 440-300°C, rpeiizenoB - 400-280°C, Gepe3nToB -
350-230°C u kBapueBbIx xui1 - 250-200°C.

l'a30BbI M CcOJEBOM COCTAB BKIIOUEHMH H3ydajacs METOJOM OOBEMHOW aerasanuu
MHHEpaJla MyTeM HarpeBa B IOTOKE WHEPTHOTO Trasza (reims) co cOOpOM MO 3amopHOU
KHUIKOCTBIO (HackimeHHbli pactBop CaCly) B 6roperky. Ananusuposanuck rassi: CO,, CO,
CHa4, Ha, Nj, H,O. AHanu3sl BHINOJIHAIUCH HA JabopaTopHoM xpomarorpade "CHROM-5" B
KasMIMCe. BcekpeiTue BKIIOYEHHMH MPOBOAMIOCH TEPMHUYECKUM ITyTE€M IIPU TeMIepaTypax,
COOTBEeTCTBYOUMX (opMmupoBaHuio MeracoMatuToB (200-520°C). VYcTaHOBIEHO, HTO
omnpezesseMble KOMIIOHEHTHl MPUCYTCTBYIOT BO BKJIIOYEHHUSX BCEX METACOMATHYECKUX H
KUIBHBIX PYAHBIX KBapues (Tabum. 2). B HepyIHOM »HJIbHOM KBaplie B HEKOTOPBIX IPoOax
4acTb KOMIIOHEHTOB He oOOHapyxeHa. Haubonee pacnpocTpaHEHHBIM KOMIIOHEHTOM BO
BriroueHusx sapisercs H,O. Ee nons cocraBnsier B cpenneM 60 % B KBapI-I10JIEBOMITATOBBIX
MeTacomaruTax, 85 % - B rpeiizenax, 79 % - B Oepesurax, 72 u 97 % - B pyAHOM H
HEepyIHOM >KHIIBHOM KBaple. BTopeiM 1o pacnpoctpanennoctu siBisercss CO,, conepixkanue
KOTOPOTO OT CyMMBI razoB (X), uckitodas H,O, cocraBnser coorBeTcTBeHHO 85, 40, 72, 73,
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77 %. HauGonbliee KOJIMYECTBO Ta30B  COAEPKUTCS B KBapL-MOJEBOLINATOBBIX
METacoMaTHTax M Oepe3suTax, MEHbIIE €ro B Ipei3eHaX M PYAHBIX KBAapLEBBIX KHJIAX.
Hepynuslii kBapr comepxuT razoB B 20 pa3 MeHbIIE, YeM KBapl-NOJEBOIIIATOBLIE
METacOMAaTHThL, U B 4-5 pa3 MEHbIIE, 4YeM PYAHBII KBapL.

Ta6umua 2. Cocras ra3oBoi ¢assl BKiItoueHui B kapue, 0,00n m/r

Bwmemaromas Ne Cymma

hopons e N H, CH, Co CO, S H,0
Knapitroneso- 3236 0,14 | 0612 | 0,032 | 0425 | 49 | 6109 | 242
L 3227 1,56 165 | 0016 | 084 | 2438 | 28446 | 253
I 3229 122 | 0954 | 0,009 | 0483 | 14,45 | 17,116 | 2633
Cpemmee | 0,97 | 1,07 | 0,019 | 0,583 | 14,58 | 17,22 | 2527

[peiisen 3452 0,69 | 0539 | 0,03 | 1,137 | 093 | 2,326 | 13,51
3023 0,28 24 | 0279 | 0317 | 691 | 10,186 | 20,72

3200 12 031 | 0,042 | 0,183 | 14,55 | 16,285 | 8,87
Bepesur 3274 0,64 | 031 | 0,037 | 0,107 | 141 | 2,504 | 32,94
3416 166 | 092 | 0,078 | 059 | 098 | 4228 | 63,39

Cpemnee | 0,95 | 0,99 | 0,109 | 0,299 | 596 83 | 3148

3379 0,62 | 017 | 0,018 | 0,033 | 498 | 5821 | 12,06

Pymras 3381 0,56 | 0374 | 0,013 | 0,035 | 23 | 5302 | 12,1
KBaplesas 3381a | 0,68 | 0337 | 0,018 | 0,068 | 3,0 | 4203 | 10,56
KA 3423 047 | 027 | 0,018 | 0,046 | 1,035 | 1,899 | 3,94
Cpemnee | 0,58 | 029 | 0,017 | 0,051 | 287 | 381 | 9,67

u 3389 - 0,1 - 0,05 | 1267 | 1417 | 71,73
cpyAHas 3448 - - - - 0323 | 0323 [ 9,93
Kpaprenas 3451 0,38 - 0,01 | 0,041 | 0371 | 0,802 | 8328
ua Cpemee | 0,13 | 0,03 | 0,003 | 003 | 065 | 085 | 33,64

B HampaBieHMH OT paHHHX K IIO3JHMM METacoMaTHTaM HaOIIo/aeTcsi 3aKOHOMEpPHOE
YMeHbLIeHHe KojmdyecTBa Bcex ra3oB kpome CHy. Conepikanue Bomoponaa M a3oTa B KBapll-
MTOJICBOIIMATOBBIX METACOMATUTAX M Oepe3nuTax MPHUMEPHO OJNHAKOBO, a B KBAPIEBBIX KUIaX UX
KOJIMYECTBO YMEHBINAETCS, IpHYEeM B Oe3pyIHOM KBapue B 7-8 pa3. BoccranoieHHas ¢opma
yrinepona - CHy BO BKIIIOYEHHSIX COJCPIKUTCS B OYCHb HEOONBIINX KOJIMYECTBAaX U €€ JOJIs
COCTaBIISIET OT COTHIX HoJei mporenta a0 1-1,5 %. [losenerne CO u CO; cxoxe - OT paHHHX K
MO3IHIM 00Pa30BaHUIM IPOUCXOIUT CHaYa a 6oJice pe3Koe yMEHbIICHHE COIEPIKAHMS, a 3aTeM
Oosee ymepenHoe. IlockonmbKy mpeoOnajaromiass 4acTh razoB mnpencraBieHa CO,, 1o
aQHAJIOTUYHOE TOBEJICHUE HaONojaeTcss W Uil CyMMbl ra3oB (X). SIBIsisicb OCHOBHBIM
KOMIIOHeHTOM BkitoueHuit, H,O BemeT ceOs ouenp HecTabmipHO. Ee comepkanue CHIBHO
M3MEHSIETCS B Pa3InYHbBIX MPoOax OJHHUX U TeX ke mopoa. Hanpumep, B Gepesurtax comepikaHue
H,0 xonebnercs ot 8,87 no 63,39 ThICIYHBIX MII/T, @ B OE3pYAHBIX KBAapLEBBIX XKWIax - oT 7,73
110 83,28 THICSYHBIX MII/T.

W3ydeHne coneBOro cocraBa BKIIIOUEHHH MPOBOIMIOCH METOAOM TPOHHON BOIHOM
BBITSDKKU. CyIHOCTh METO/a 3aKJIF0YAETCs B BBINICTAYMBAHUN OHIUCTHIUISITOM PACTBOPEHHBIX
KOMITOHCHTOB, HaXOJIIMXCS BO BKIIOUCHHUSX, C MOCIEAYIOIMM HX omnpenencHueM. Na m K
OTIpe/ICISUINCh IIaMeHHOHN (oTomerpueld Ha mpubope "Lange" ¢ wyBctBuTensHOCTHIO 0,001
mr/mi, a SOy, F, Fe - kommopumerpudeckuM MeTofoM ¢ dyBcTBUTENbHOCTHIO 0,001 Mr/mu.
Tpunonomerpruuecku omnpenensumck: HCO; ¢ wyBctButensHOCcTRIO 0,006, Cl - 0,00035, Ca -
0,01, Mg - 0,006 mr/mu. KuCIOTHOCTH pacTBOpa ONIpeAeNsuach IOTEHIMOMETPHYECKUM
merogoMm Ha mpubope "PH-340" ¢ uysctButensHocthio 0,01. Bee aHanmm3bl mpoBOAMIIUCH B
nabopatopun KaslIMCa. Ilonydennsie qanHbie (Tabn. 3) MOKa3bIBAIOT Pa3iMYHOE COMEPIKAHHE
SJIEMEHTOB B Pa3JINYHbIX MOPO/IaX.
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Ta6unua 3. ConeBoif coctaB ra30BO-KHJIKUX BKIIOYCHHH B KBapIie

Ksapu-noneso- Pynnas Hepynnas
KOMIOHGHT IIMaTOBBIN I'peiizen Bbepesur KBapleBas KBaplieBas
METacoMaTUT JKMIA pNE]
Mr/9kB | %/3kB | Mr/3kB| %/9kB| Mr/9xB| %/5KkB| Mr/3kB| %/3KkB| MI/3kB| %/9KB
Na 0,0075| 24,43 | 0,0067| 24,54 - - - - 0,0336] 30,24
K - - 0,0087| 31,86 - - 0,0069| 12,15| 0,0064| 5,76
Ca 0,0232| 75,57 - - 0,022 | 21,17 - - - -
Mg - - - - - - - - - -
Fe - - 0,0119] 43,6 | 0,0819| 78,83| 0,0499| 87,85| 0,0711] 64,0
Cymma 0,0307| 100,0 | 0,0273| 100,0| 0,1039| 100,0| 0,0568| 100,0| 0,1111| 100,0
HCO; - - 0,0832] 38,72| 0,044 | 50,58| 0,0653| 29,13| 0,0744| 24,02
Cl 0,0367| 30,13 | 0,0569| 26,48| 0,0348| 40,0 | 0,0344]| 15,34| 0,2354] 75,98
F - - 0,0333| 15,49| 0,0023| 2,64 | 0,0229| 10,21 - -
SO, 0,0851| 69,87 | 0,0415| 19,31| 0,0059| 6,78 | 0,1016]| 45,32 - -
Cymma 0,1218| 100,0 | 0,2149| 100,0| 0,087 | 100,0| 0,2242| 100,0| 0,3098] 100,0
pH cpen. mo 5,58 7,00 6,92 6,47 6,71
3 3amepam

Marnuit He oOHapykeH HH B ofHoii mnpobe. JKeme3o OTCyTCTByeT B KBapii-
MOJICBOLINIATOBBIX ~ METACOMAaTHTax, B Oepe3uTax M  KBapLUEBBIX JKMIAX COCTABISIET
npeobiajarolyto 4acth - ot 63 1o 88 %, B rpeiizenax - 43 %. B kBapl-noJeBOLINATOBBIX
METacOMAaTUTAaX KaTHOHBI IPEJCTaBJICHBI TOJBKO HATPUEM M KalblMeM C IpeobliaJaHueM
BTOpOro B 3 pasa. IlpucyTcTBHe 3THX 3JIEMEHTOB B PAacTBOpax, BHAMMO, SBISCTCS OJHHM H3
(hakTOpOB TMPOSIBICHUS KBApII-IIOJIEBOIINATOBOTO MeTacoMaro3a. B rpeiizenax momumo sxeinesa
BEIYIIYI0 pPOJIb UrpaeT Kanuid. VI3 aHHMOHOB TOJBKO XJIOp HPHCYTCTBYET BO Bcex mpobax. B
rpeiizeHax oOHapyXeHO HanOoibllee coaepkaHue GTopa No CPaBHEHHIO C APYTUMHU OPOJAMHU.
Ecnu B rpeii3eHax W pyOHBIX KBaplEBBIX JKWJIAX MHPHCYTCTBYIOT BCE aHHOHBI, KOTOpbIE
COCTaBJIAIOT TEPBBIE AECATKU %/7KB, TO B Oepe3nuTax M HEpYAHOM KBaplLe Pe3Ko mpeodnanaioT
HCOs3 u Cl. B xBapu-1osieBOIIIAaTOBBIX METACOMATUTAX BEIyIIasi posib NMpUHAUICKUT SOy.

Takum 00pa3oM, Ha MECTOPOXKICHUM Makman pacTBOPbI, (OPMHPOBABLINE pPAaHHUE
METacoOMaTHThI, COJepKaT OoJbliee KOJMYECTBO pPACTBOPCHHBIX TIa30B, YEM pacTBOPBI
3aKJIIOYMTENBHBIX CTaluil, CHOPMHPOBABIIME pYIHBIE KBapLEBbIE Wbl M TOCTPYIHBII
HENpPOAYKTHBHBIM KkBap. OT paHHHX craguil 0oOpa3oBaHUSI MECTOPOXKICHHS K MO3XHHM
MIPOUCXOJMUT Ta30Bas pasrpy3ka pacTBOpPOB. Takke HPOUCXOAUT YMEHBIICHHE TeMIIepaTyp
JNEKPUMUTAMA W TOMOTCHHU3aLUUK (DIIOWAHBIX BKJIFOYCHHUI, COJEBOM COCTAB BKJIIOYCHHI
U3MEHSETCS OT CyJb(}aTHO-XJIOPUIHOTO KaJbLHMHA-HATPHEBOTO B KBapI-MOJEBOIINATOBBIX
METacoOMaTHTaX dYepe3 TIHAPOKapOOHATHO-XJIOPUIHOTO IKENEe30-KAIMEBOro B Oepe3utax |
rpeizeHax 10 ruApoKapOOHATHOTO JKEJIE3UCTOrO B KBAPLEBBIX JKHIJIAX.
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Summary. The detailed research of fluid inclusions and stable isotopes in minerals of
industrial ore veins large-scale orogenic gold deposits of different regions of Russia was carried
out. The deposits under investigation are Berezovsk and Kochkarskoye (Ural), Olympiada (the
Yenisei Ridge), Mayskoye (Chukotka), Nezhdaninskoye (Yakutiya) and Sukhoy Log (Eastern
Siberia). Temperatures of industrial ores formation for all investigated deposits are stacked in an
interval 190-485 °C. Fluid pressure under ore formations changed from 1.0 up to 3.6 kbar. The
hydrothermal fluid of all orogenic gold deposits under investigation is a low-mineralized water
solution with the general concentration of salts 2-17 % in weight, and sodium and potassium
chlorides are prevailed. For fluids from the majority of deposits the high concentrations of
dissolved CO; (3-7 mol/kg H,O) with a small impurity of other gases are characteristic.
Variations of geochemical ratio volumes for K/Rb, Br/Cl and others which can serve as
indicators of the ore-forming fluid natures are established. Au-bearing fluid from all deposits had
the magmatic nature and had mixed up with formation solutions under ore sediments.

He tax naBHO OBIT BBIZENEH OCOOBIM KITacC OPOTEHHBIX MECTOPOXICHUH 30J10Ta,
BOZHMKIIUX Ha 3aKIIOYMTENBHBIX cTagusax QopmupoBaHus oporenoB (Groves, 1998).
HccnenoBanust GpuroMaHBIX BKIIOUCHUI B MUHEpalaX pyX 3TUX MECTOPOXKICHUII MMEIOT CBOIO
crienuduKy: BBICOKHE KOHIEHTPAIUH YTIEKHCIOThl (MHOTAQ ¢ JAPYTMMH ra3aMu) U yMEepeHHbIE
KoHIeHTparmu coieit B pactBope (Ridley, Diamond, 20000). B Hacrosiiiee Bpemst O 3THI0M
IOnecko nefictByer MexayHapoaHblii npoexkt MIII'K-540, mocBsIneHHbIH H3y4eHHIO COCTaBa
(GIIIOMI0B OPOTEHHBIX MECTOPOXKIEHUH Bcero Mupa. Hacrosimee cooOlieHHE ITOCBSIIEHO
M3JI0KECHUIO Pe3yJIbTaTOB MHOToNeTHHX uccienoBanuii B UT'EM PAH ¢uronaubix BITtoueHuit B
MHUHEpanax IMPOMBIIIICHHBIX PYIHBIX KW KpPYIMHOMACIITaOHBIX OPOT€HHBIX 30JI0TOPYIHBIX
MECTOPOXKIAEGHUH pa3sHbIX pernoHoB Poccun. B Kpyr Hu3y4eHHBIX OOBEKTOB BOLIET P
u3BeCTHbIX Poccuiickux MectopoxaeHui 3osota Oosbmioro Macmtaba: bepesoBckoe u
Koukapckoe (Vpan), Onumnuana (Enuceiickuit Kpsik), Maiickoe (Uykorka), Hexmanunckoe
(Axytus), Cyxoii Jlor (Boctounas Cubups). Yacte pe3ynbraroB Oblaa OmyONHKOBaHA paHee
(ITpokodwe u ap., 1994; boptaukos u ap., 1998; Prokofiev et al., 1998; JlaBepoB u ap., 2000;
Baksheev et al.,, 2001; Bortnikov et al., 2003; BopraukoB u nap., 2004; 2007; Prokofiev,
Baksheev, 2007; Bortnikov et al., 2007; Bortnikov, Prokofiev, 2007). B pyanom kBapie Bcex
MECTOPOXKACHUH YCTAHOBJICHO HAIMYHE ACCOLMAIMU CHHICHETHYHBIX CYIIECTBEHHO ra30BBIX U
YIJICKUCIIOTHO-BOJHBIX ~ (DIIOMIHBIX BKJIIOYCHWH, CBHUACTENILCTBYIOIIUX O TI'ETEPOreHHOM
COCTOSHUM pyn000pa3yroiero (Gonga B IpoLecce pyJo0TI0XKEHHS.

MUKpPOTEPMOMETPUUECKUE HCCICAOBAHUS HMHAUBUAYAIbHBIX (DIIOMIHBIX BKIIOYEHHUIT
BBIMOJHSINCH TIPH TMOMOIIM H3MEPUTENBHOTO KOMIIEKCA Ha OCHOBE MHKPOTEPMOKaMEpPhI
THMSG-600 ¢upmsr “Linkam” (Anrmus) B UTEM PAH. ConeBoii coctaB pacTBOpOB
ompeznensiicss mo Ttemneparypam 3BTekTukd (bopucenko, 1977). KonueHrpamus coneil Bo
BKJIFOYCHHUAX C BBICOKMMH COIACPKAHUAMU YIJTICKHUCIOTBI OLCHHUBAJIACh II0 TEMIIEpAType
mnasnenns rasruapatos (Collins, 1979; Darling, 1991). B tex BriroueHunsx, rae Takas OILEHKa
OKa3aJ1ach HEBO3MOXKHA, IIOCKOJIBKY B YTJICKHCIIOTE COJICPIKUTCS OOJBIIOE KOJMYECTBO METaHa
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(TeMnepaTypa IUIaBIeHUs yriaekucaotsl pocruraer —60.5 °C, B To Bpems kak y uucroii CO; —
56.6, Temmeparypa IuiaBieHus rasruaparoB Boime +10 °C), KOHIEHTpaIys cojel OleHHBaNIach
[0 TeMIleparype IUIaBICHUs JbJa U KOPPEKTHPOBAIACh HA OCHOBAaHUM H3MEPEHUH 0OBEMHBIX
COOTHOIICHUII YTJICKHCIOTHON M BOXHOH (a3 M pacyera KOHIGHTpaLUi Ta30oB B pacTBOpE.
KOHL[CHTpaLll/Iﬂ METaHa OLICHHBAJIaCh TAKXKC U3 06’beMHle COOTHOIIIEHUH U IIJIOTHOCTH METaHa B
razoBoii (hase, CBA3aHHOMN C MapIMaIbHBIM JAABJICHHEM METaHa, B CBOIO O4epPe/lb ONPEEISIONMM
Temreparypy ImiaBieHus rasrugparoB merana (Beime +10 °C, (Claypool, Kaplan, 1974)). Ha
CBSI3aHHOE B
rasruipatax 1 OlLCHHUBaJIaCh KOHLIEHTpALUs coJjeii B YIJIEKUCIIOTHO-METaHOBO-BOAHBIX q)ﬂ}OI/IIlaX
criocobom, onucanubiM B padote (Distler et al., 2004).

OCHOBAaHMHM OTUX JaHHBIX BbIYHC/IAINCH IIOHNPAaBKU Ha KOJWYECTBO BOIbI,

Tabnuna. PU3MKO-XUMHUYECKUE TAPAMETPBI PYAOOTIOKEHHUS U COCTaB pynoobpa3ytomero ¢uronna
KPYIHBIX ME30TepMaIbHBIX 30JI0TOPYAHBIX MeCTOpoxaeHuil Poccun.

MecTopox Tun ¢aronna OCHOBHBIE n Tromes Ceoneiis CO,x |P,6ap | P
JICHUE KOMIOHEHTBI °C mac. % N+ Zobuyee
9kB. NaCl CHs,, PH o
Mmac. % 2
Bepesosc- | I'azonackimen- | H,O+CO,+Na | 380 | 365- 14.9-2.0 27.7- 3460- | 42.7-
Koe, Ypan | Hblif pacTBOp Cl 255 10.6 810 13.0
Ta3 CO, 816 | - - 98-86
Koukapc- | l'asonaceimien- | H,O+CO,tNa | 126 | 370- 14.2-7.7 28.2- 2580- | 22.7-
Koe, Ypan | Hblif pacTBOp Cl 244 9.7 450 3.8
T'a3 CO, 187 | - - 96-73
Boamblii H,O+ NaCl 51 272- 16.7-6.3 2-0 - -
pacTtBop 180
Onumnu- Tazonaceiuen- | H,O+ NaCl 434 | 485- 17.8-2.4 6-1 2710- | 56.5-
ana, Enu- | HbI pacTBOp 190 190 3.6
CeHCKui Ta3 CO,ENy+ CHy | 136 | - - 98-86
KpSDK 1
Boanbrii H,O+ NaCl 273 | 335- 25.0-1.2 2-0 - -
pactBop 105
Maiickoe, | Paccon H,O+NaCI+C | 22 535- 37.5-30.2 8-1 - -
UykoTka aCl, 170
Tazonaceien- | H,O+CO,+ 127 | 430- 8.8-2.2 22.9- 1170- | 18.0-
HBII pacTBOp NaCl 238 7.0 270 1.6
Ta3 CO,=CH,4 103 | - - 92-75
Boanbrii H,0+ NaCl 130 | 287- 10.1-0.7 3-1 - -
pacTtBop 119
Hexna- Tazonaceimen- | H,O+CO,+Na | 330 | 387- 9.6-1.2 31.7- 1950- | 46.6-
HHUHCKOE, HBII pacTBOp Cl 249 8.4 400 29
SkyTus Ta3 CO,xCH,4 481 | - - 97-78
Boanbrii H,O+ NaCl 93 294- 26.3-2.4 3-1 - -
pacTeop 129
Paccon H,O+NaCl+ 15 204- 31.1-31.0 2-1 - -
CaCl, 199
Cyxoit T'azonaceiuen- | H,O+CO,+N, | 288 | 385- 8.6-5.0 33.4- 2450- | 70.6-
JIor, HBII pacTBOp +CH,+NaCl 185 7.9 130 1.03
Jlenckuit Ta3 CO,=CH4N, | 369 | - - 97-70
paiion
Boanbrii H,O+ NaCl 213 | 335- 9.5-3.7 2-0 - -
pactBop 130

JlaBiieHue ONpenessioch Ul TeTePOreHHbIX (IIOUIOB IO IMEPECEUCHHI0 H30XOPhI U
n3otepmbl (Kamoxusrit, 1982). s mocTpoeHHsT H30X0p U OIIEHKU JNABJICHUH MO CYIIECTBEHHO
IUIOTHBIE
UCIIONB30BaINCh JAanHble padoTsl (Thiery et al., 1994). Banosslit cocTaB (uroHIHBIX BKIFOYCHHUI

ra30BbIM

BKJIFOUCHUAM,

COZIepIKaLIIM

YIJIIE€KHUCIOTHO-METAaHOBBIC

cmecH,
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U3 MOHOMHHepanbHbIX HaBecok 1.0-0.5 r ¢pakuun 0.5-0.25 MM nmpoaHaIM3UPOBAH Pa3HBIMU
Mmetoaamu (ra3oas u nonHast xpomarorpadus, [CP MS) 8 THUT'PU (Kpsoxes u ap., 2006). dist
mecropoxkaenuit Onumnuana, Cyxoit Jlor u Bepe3oBckoe mpoBeqeHbI UCCIEIOBaHUS Ta30BOit
(asbl GaronaHbIX BKIIoYeHH MeTonoM KP-criekTpockonuu.

OCHOBHBIE PE3yJbTaThl MCCIEAOBAHUS (VIIOMIHBIX BKJIIOYEHHH B MHHEpanax pya BCeX
U3YYCHHBIX ~ MECTOPOXIEHMI  mpuBeneHsl B Tabn.  Temmeparypsl  (opMHpOBaHUs
TIPOMBIIIICHHBIX PYJ BCEX N3YUEHHBIX MECTOPOXKICHHN YKaapiBatoTcs B uHTEepBai 210450 °C.
OmongHoe napneHne npu  GOpPMHUPOBAHUM pyA  u3MeHsulock or 1.1 go 3.6 kOap.
T'npporepmanbhblidi (IIIOMA BCEX H3YUEHHBIX OPOTEHHBIX MECTOPOXICHHH 30JI0Ta SIBISIETCS
caboOMUHEpaIM30BaHHBIM BOAHBIM PACTBOPOM C 00IIeH KOHLEHTpauei coneit 2—17 mac. %, B
KOTOPOM Hpeobiiafanu XJI0pHIabl HaTpus U Kanust. Jist iironoB OOJBIIMHCTBA MECTOPOXKICHUIT
XapaKTepHbl BBICOKME KOHLEHTpauuu pactBopeHHoil CO, (3—7 mons/kr H,O) ¢ HeGonbiioit
npuMechio Ipyrux rasos. Tonbko B raszoBoit ¢ase ¢uionpa Mmectopokaenus Onummnuazna
BbISIBJICHBI Mpokue Bapuaumu koHueHtpauuii CO,, CHy u Ny, uro ¢ nHaubonbleit
BEPOSITHOCTBIO CBS3aHO ¢ OCOOCHHOCTSIMHE COCTaBa BMEIIAIOIINX OpyACHeHHe mopo. B razosoit
daze ¢monna mecropoxienus Cyxoil Jlor ycTaHOBIEHO HaluMuhe BBICOKOIUIOTHOIO a30Ta.
Jlansl orieHkH KoHLeHTpauuu Makpo- (CO,, CHa, Cl, Na, K, Ca, Mg) u mukpokomnoneHros (Br,
B, Rb, Li, Cu, Zn, Pb, Sr, Ba, Au, Ag u ap.) B ruaporepManbHbiX (onaax Bcex
MECTOPOXK/ICHUI M BBINOJHEH CPaBHUTENbHBIA aHauu3. VI3ydeHsl Bapuanuu BeJNHYUH
reoxumuueckux otHomwenui K/Rb, Br/Cl u npyrux, KoTopble MOTYT CIyXMTb MHIMKAaTOpaMu
npupoasl  pynooOpasyrommx ¢uronnoB. Kak mokasanm McciefoBaHUs, THAPOTEPMAIIbHBII
PYA000pa3yoMil pacTBOP COCTOST M3 cMecH (IonaoB pasHOW mpupoisl. OOsi3aTenbHBIM
KOMITOHEHTOM PyJ000pa3yIoluX pacTBOPOB BCEX U3YUCHHBIX MECTOPOXKACHHUI SABISUICS (IO
MarMaTUYecKOM IPHUPOJBI, KOTOPBI B XOJ€ PYHOOTIONKEHHS CMEIIMBAICS C PAacTBOpAMU
apyroro renesuca (MeramopdoreHHbIMH, (OpMALMOHHBIMU U J1p.). B pynooGpasyromem
¢moune mecropoxaenust Cyxoir Jlor monst marMaTtudeckoro (Qironia HaWMEHbIIas 110
CPaBHEHHMIO C OCTAIBHBIMH MECTOPOXICHHSAMHU. M3yueHue CTaOMIBHBIX H30TOINOB CEpHl,
yriiepoia M KHCIOpOIa, HOJMYYeHHbIC M OONBLIMHCTBA PACCMOTPEHHBIX MECTOPOXKACHUIH,
COINacyloTcss C JaHHBIMM HCCIENOBaHHsA  (DIIOUAHBIX BKJIIOUEHHWH M IOATBEPIKAAIOT
BO3MOXXHOCTh CMCIICHHA MarMaTrOr¢HHbIX U (bOpMaLII/lOHHbIX q)H}OI/UIOB B Iporecce
PYZOOTIIOKEHUSL.

Paboma evinonnena npu ¢unancogoit noooepoicke npoepammel OH3-2 PAH u npoexma
MeowcoynapooHnoii eeonozuueckou koppenayuu IOunecko IGCP 540.

JlutepaTtypa

Bopucenko A. C. M3ydeHue coieBOro cocraBa ra3oBO-KMIKUX BKIIOYEHHMII B MHHEpasaX METOLOM
kpuomerpun // Teonorus u reodpusuka. 1977. Ne8. C. 16-27.

Bopraukos H. C., Bpsisranos U. A., Kpusnnxkas H. H., IIpoxodses B. 1O., Bukenrsea O. B. Maiickoe
MHOTO3TAIlHOE  IIPOKHIIKOBO-BKPAILUICHHOE  30JI0TO-CynbduaHoe MecTopokaeHne (YykoTka,
Poccust): mMunepanorns, (ironaHble BKIOYeHHs, crabuiabHble u3otombsl (O u S), wcTopus u
ycroBust oopasoBanust // T'eonorust pyaubix Mmectopoxaeruii. 2004. T. 46. Ne6. C. 475-509.

Bopruukos H. C., Tamsauuu I'. H., Bukentsena O. B., IIpokodses B. FO., Anmatos B. A., Baxapes A. T
CocraB M mpoucxoxaeHue (UIIOMAOB B TMAPOTEPMANbHOM cuctemMe HexaaHMHCKOro
3on0TopyaHoro MecropoxaeHus (Caxa-Skyrtus, Poccust) // I'eonorus pyIHbIX MECTOPOXKICHHMIL.
2007. T. 49. Ne2. C. 99-145.

Bopraukos H. C., Ca3onoB B. H., Bukenrsesa O. B. um np. Ponp marmarorenHoro ¢uonna B
dopmupoBaHuu Bepe3oBCkoro Me3oTepManbHOrO 30JI0TO-KBAPLEBOI0 MECTOpOXIAeHUS, Ypan //
Joxmanel PAH. 1998. T. 363. Ne 1. C. 82-85.

Kaitoxnslii B. A. OcHOBBI y4eHust 0 MuHepanooOpasyromux duronnax. Kues: HaykoBa mymka, 1982.
240 c.

Kpsxes C.I'., TIpokodses B.1O., Baciora 10.B. Hcnonb3oBanue metona ICP MS mpu aHanuse cocraBa
pynoobpasyouux dionnos / Bectauk MI'Y. Cepust 4. T'eosntorus. 2006. Ne4. C. 30-36.

Jlasepos H. I1., IIpokodses B. 0., uctaep B. B., u ap. Hosble nanHbIe 00 yCIOBUAX PYJOOTIOKEHUS U
cocraBe pynoodpasyromux (IoHUI0B 3010To-u1aTHHOBOrO MectopoxaeHus Cyxoii Jlor (Poccust)
/I Doxnanet AH. 2000. T. 371. Nel. C.88-92.

190



Ipokodrer B. 0. Tumbl ruapoTepMalibHBIX PyI000pa3yoIMX cUCTeM (IO JAHHBIM HCCIEIO0BAHUS
(uroniHBIX BKIFOYEHUI) // ['eonorus pyaHsix MectoposkaeHuit. 1998. Ne 6. C. 514-528.

TIpokodrer B. 10., AdanacseBa 3. b., Banosa I'. ®@., Byapon M. K., Mapunssik X. HccienoBanue
GuonHBIX  BKIIOYCHMH B MuHepanax OmmummuagHeHckoro  Au-(Sb-W)  mecropokneHus
(Enuceiicknii kpsix) // Teoxumus. 1994. Ne7. C. 1012-1029.

Ipokodres B. 10., CnupumonoB D. M. CocraB wmeraMopdoreHHblx (IIOMIOB U YCIOBHA
npeobpasoBanus pys Kouxapckoro 3onoropynsoro mecropoxaenus (Ypai) // Ilerporpadus na
pyoexe XXI Beka: HMWrorm u nepcnektuBbl. Marepuansl  Broporo Bcepoccuiickoro
nerporpaduueckoro coBemanus 27-30 urons 2000 roga. ['eonpunt: CeiktbiBkap, 2000. C. 88-90.

Baksheev I. A., Prokof'ev V. Yu., & Ustinov V. I. Genesis of metasomatic rocks and mineralized veins at
the Berezovskoe deposit, Central Urals: evidence from fluid inclusions and stable isotopes //
Geochem. International. 2001. V. 39. Suppl. 2. P. S129-S144.

Bortnikov N.S., Prokofiev V.Yu. Major mesothermal gold ore deposit of Russia: composition and origin
of ore-forming fluids // Digging Deeper. Proceedings of the Ninth Biennial meeting of the society
for geology applied to mineral deposits. Dublin, Ireland, 20™-23 august 2007. Dublin: Published
Irish Association for Economic Geology, 2007. P. 793-796.

Bortnikov N. S., Prokofiev V. Yu., Vikentieva O. V., Bryzgalov 1. A., & Krivitskaya N. N. The
Mayskoye disseminated gold deposit, Chukotka, Russia: mineral paragenesis, fluid inclusion, and
oxygen and sulfur isotope studies / Mineral exploration and Sustainable Development. Eliopoulos
et al. (eds). Millpress, Rotterdam, 2003. P. 743-746.

Claypool G. M., Kaplan J. R. The origin and distribution of methane in marine sediments // Natural gases
in marine sediments. New York and London: Plenum Press, 1974. V. 3. P. 132.

Collins P. L. P. Gas hydrates in CO»-bearing fluid inclusions and the use of freezing data for estimation of
salinity // Economic Geology. 1979. V. 74. P. 1435-1444.

Darling R. S. An extended equation to calculate NaCl contents from final clatrate melting temperatures in
H,0-CO,-NaCl fluid inclusions: Implications for P-T-isochore location // Geochimica et
Cosmochimica Acta. 1991. V. 55. P. 3869-3871.

Distler V. V., Yudovskaya M. A., Mitrofanov G. L., et al. Geology, composition, and genesis of the
Sukhoi Log noble metals deposit, Russia // Ore Geology Reviews. 2004. V. 24/1-2. P. 7-44.

Groves D.I., Goldfarb R.J., Gebre-Mariam M. et al. Orogenic gold deposits: a proposed classification in
the context of their crustal distribution and relationship to other gold deposit types // Ore Geol.
Rev. 1998. V. 13: P. 7-27.

Prokofiev V. Yu., Baksheev I. A. Fluid inclusion in minerals of the Berezovsky orogenic gold deposit,
Central Urals, Russia // European Current Research on Fluid Inclusions (ECROFI-XIX). University
of Bern, Switzerland, 17-20 July 2007. Abstract Volume. P. 254.

Prokofiev V. Yu., Distler V. V., Spiridonov A. M., et al. Fluid Regime and Conditions of Origin of the
Sukhoi Log (Russia) Gold-Platinum Deposit / PACROFI VII University of Nevada, Las-Vegas,
Nevada, USA June 1-4, 1998 Program and Abstracts. P. 53.

Ridley J. R., Diamond L. W. Fluid Chemistry of Orogenic Lode Gold Deposits and Implications for
Genetic Models // Gold in 2000. SEG Reviews. 2000. V. 13. P. 141-162.

Thiery R., Kerkhof A. M, Dubessy J. vX properties of CH4-CO, and CO,-N, fluid inclusions: modeling
for T <31 °C and P <400 bars // Eur. J. Miner. 1994. Ne6. P. 753-771.

191



RMS DPT 2008-1-133-0 http://www.minsoc.ru/2008-1-133-0
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Formation conditions and compositions of ore-forming fluid of Vasilyevskoye
gold deposit (the Yenisey ridge, Russia)
Prokofiev V.Yu.', Dubrovskaya I.V.2
IGEM RAS, Moscow, Russia, vpr@igem.ru
2Lomonosov Moscow State University, Moscow, Russia

Summary. Conditions of ore veins formation and composition of ore-forming fluids of
gold deposit Vasilyevskoye in the Yenisey ridge were studied.

IMomyueHs! mepBble JaHHBIE 00 YCIOBHSAX (OPMHPOBAHMSA PYIHBIX KM BacHibeBckoro
MECTOPOKJIEHHS 30J10Ta, PACIONOKEHHOIO B HEHTpaibHOI yacTu [TapTU3aHCKOro pyJHOro y3na
1OxH0-Enuceiickoro 3onoropyauoro paiona (Kpacuospckuil kpaii). PaiioH MecTOpoxaeHHs
CIOXKEH OcaJouHO-MeTaMopdudyeckumu TopojaMu  pudeiickoro Bo3pacTa. 3010TOpYyIHAs
MUHEpalU3alds CBs3aHA C KBapIEBBIMH OJKHIAMH, OKOJOXWIBHBIMH OKBApLOBAHHBIMH H
Cynb(pUAN3MPOBAHHBIMU TOPOJAMHM U 30HAMHU IIPOXKMIIKOBOIO OKBapLEBaHUS C PacCEesHHOI
cynb(QUIHOI MUHEpaTH3aKeit.

a._ﬁ.%“o
P )

I'maBHBIM KHJIBHBIM ~ MHHEpAIOM
| sBaseTcs KBapl, coJep Kamui
HEOONIbIIIOE  KOJIMYECTBO  CEpHUIIUTa,
KapOOHATOB M OOJOMKH BMEIIAIOLIUX
cmanues. M3  pyaHRIX — MHHepajoB
IpeoOnajaloT IHPUT U apPCEHOIMPHT.
Bcerpeuarorest Takke Onexible pyzabl (B
OCHOBHOM TEHHAHTHT), canepur,
XaNbKONUPUT M raneHut. KonmuectBo
cynmphHuIOB B pyAax He IpeBBINIacT 1—
2%, penxo nocturaetr 10—15%.

I'uaporepManbHas — JESTENBHOCTh
OpOXOAWJia B HECKONBKO  CTaauid.
Puc. 1. Pasnuunble THIBI (IIOUAHBIX BKIIOUCHHUI B Brinensercs  HECKONBKO — THIOB  KHJI

KBaple MECTOpOXACHHUs BacuibeBckoe: a, 6 —
YIJICKUCIIOTHO-BOJHBIC BKIIOYEHUS (THI 1), B —
CYILIECTBEHHO Ta30BO€ BKJIFOUEHHE (THIT 2), T —
ra3oBO-XKHAKOE BKJIIOUeHHUe (Tur 3), 1 — e ra3oBoe
BKITIOUEHHE C a30TOM. (THI 4).
a—-+22°C,6-+15°C,B—+9°C,1, 1 —+20°C, e —
—155 °C. MacmTab 10 MxMm.

Ris. 1. Different types of fluid inclusions in quartz of
Vasilyevskoye gold deposits: a, b — three-phase
inclusion with liquid CO, of type 1, v — substantially
gas inclusion with liquid CO, of type 2, g — gas-
liquid inclusion type 3, d, e — gas inclusion type 4
with nitrogen.

a—+22°C,b—+15°C; v—+9°C,d-+20°C, g, d -
+20 °C, e — —155 °C. Scale bar 10 mkm.
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Pa3IMYHOrO MMHEPAIBHOrO COCTaBa M
Mopdosoruu: 1) xuibl ceporo KBapua; 2)

KBapLEBbIC JKWJIbI C THE31aMH n
MPOXKHUIKAMHU CYIb(QHUIOB, KapOOHATOB U
CHWJIMKATOB, 3) JHH3BI H MPOXWIKH
THIPOCITION c BKPAIUICHHOCTBIO

cynb(unos; 4) KapOOHATHBIC MPOXKUIKH C
cynpumamu u 6e3 Hux; 5) aapOUTOBBIC
MPOYXKUIIKH C TIHPUTOM U XJIOPUTOM.

Ilo  dasoBomy cocraBy  1npu
KOMHAaTHOH  Temmepatype  (uionmaHsie
BKJIIOYCHHSI B PaHHEM KBaplLie M3 PYIHBIX
KU TOfIpasfiesieHbl  Ha  JiBa  THIIA!
YIJICKHCIIOTHO-BOHBIC ¢rmonHbIe
BKIIOUCHHS (T 1) M CYIIECTBEHHO



yIIeKUCIIOTHBIE (uitonaHble BKIrodeHus ¢ miotHod CO, (tun 2). Dtu 1Ba Tuma (IIOMAHBIX
BKJIFOYEHHIH OTPaXaloT ABe (ha3bl ETEPOreHHOro pynooOpasylomero (uonaa, paccloOMBLIErocs
OpY  TEKTOHHYECKOM MaAeHWHM  JAaBieHus. Kpome Toro, B  HO3IHEM  IPO3PavHOM
KPYIHOKPUCTAUINYECKOM ~ KBaple OOHapyKEHBl TIa30BO-KHAKUE JBYX(a30Bble (IFOUIHBIC
BKJIFOYEHHMS! C HEOOJIBIIM Ta30BbIM My3bIPHKOM (THI 3) ¥ CHHICHETHYHbBIC MM Ta30BbIC BKIIOUYCHUS
(tum 4).

MuKpoTepMOMETpUIECKUE

‘3‘28, UCCIeIOBaHUS.  (DIIIOUIHBIX  BKIKOYCHHI
300 | .’. [ ) [ ] npoBoAMIKCh Ha ycranoske THMSG-600

o 250 ¢upwmsl “Linkam ” B U'EM PAH. Conesoit
- fggfﬁ . COCTaB  pAacTBOPOB  OMpEeAessUICS MO
100 ] o Temmeparypam  9BrektHkH  (BoprceHko,

50 | A2 1977).  KoHueHtpauus  comeii  BO

0 : : : BKJIFOYCHHSAX C OOJBIIMM KOJHYECTBOM

0 1000 2000 3000 4000 YIJIEKUCIIOTHI OlIEHMBAJIACH o

P, 6ap TeMIeparype IUIABJICHHUs ra3ruaparos. s

OLCHKH MNABJICHHS HCIOIb30BAJICS METOJ
MepecevyeHust HU30XOopbl  (CTpomsiach IO
GITIOMAHBIM BKITIOUSHHUSIM Ta30BOil (a3zsl) u

Puc. 2. Jlmarpamma «reMmmeparypa-IaBICHUE» JUIs
PYIHBIX JKHII MECTOPOXKIEHH BacuibeBckoe.
1 — paHHMIA KBap11, 2 — MO3THUH KBapII.

Ris. 2. Temperature vs. pressure for different types ~ 30TCPMEL (mo TeMieparype
ore veins of the Vasilytevskoye deposit. TOMOICHH3ALHH  CYWICCTBEHHO  BOJHBIX
1 — early quartz, 2 — late quartz. (hronIHBIX BKJIFOUCHHUIA). Orerka

KOHIIEHTparmid conelt, miotHocTer CO, u
JIaBJICHUI IPOBOAMIACE ¢ Hconb3oBanueM nporpammbl FLINCOR (Brown, 1989).

VccnenoBanus TOKa3ajiM, YTO YIJIEKUCIOTHO-BOJHBIC (DIFOMIHBIC BKIFOYECHUS COZACpPIKAT
BOJIHBIN pacTBop xyopuaoB Mg u Na (T, ot =30 mo —35 © C) ¢ koHueHTpauueii coneit 1.6-6.6
Mmac. % 5kB. NaCl u yrnexucnotst 4.7—6.2 MOIb/KI p-pa, ¥ TOMOT€HU3UPYIOTCS B )KUIIKOCTh MTPH
temmneparype 289-344 © C. CymecTBeHHO ra3oBble (IIOHIHBIEC BKIIOYCHUS COJEPKaT INIOTHYIO
yriekucnory (mmothocts 0.74-1.01 r/em®), passusaomryto nasnenms 1400-3240 Gap mpw
Temmnepatypax 289-344°C (puc. 2).

I'a3oBo-xuakue nByx]a3oBble BKIIOUYEHUS B TO3JHEM KBaplie COASPKaT BOIHBIA pacTBOp
xnopunos Maruust u Hatpust (T 3BT. or =34 10 —30 °C) ¢ koHIEeHTpauuei coneit 5.3-5.6 mac. %
9kB. NaCl, ¥ roMOreHH3MpyrTCs B JKHAKOCTh NpH Temmeparypax ot 172 mo 205 °C.
CHUHTeHeTHYHbIE MM CYIIECTBEHHO Ta30Bble BKJIIOUEHHS COJEPKAT MAaJOIUIOTHBIA a30T
(0.12 r/cM’), roMoreHH3aIHs KOTOPOro MPOMCXOMT B rasoByio daszy mpu —153 °C. JlaBnenue
¢uronna npu temmneparypax ot 172 mgo 205 °C cocrasinszio 180-200 6ap (puc. 2).

[TonyueHHble NaHHBIE CBUACTENBCTBYIOT O CXOACTBE (HM3MKO-XHUMHUUYECKHX IapaMeTpoB
PYIOOTIOXKEHHsT Ha BacHIIbeBCKOM MECTOPOXKACHHM C TUIHYHBIMH IPEICTABUTEISIMU
OpOreHHbIX MecTopoxaeHuit 3o10ta (Ridley, Diamond, 2000).

Paboma  evinonnena npu  unancosoii  noddepoicke  npoekma  MedxcdyHapoOoHot
eeonoeuyeckoil koppenayuu FOnecxo IGCP 540.
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Ycaosust GopMHPOBAHUS H COCTAB PyA000pa3yomux (pionios
30JI0TOPY/AHOT0 MecToposkAeHus 3anaaHoe, Cyxo10:KcKuii pyaHbIii paiioH,
Poccus
Caposn M. P., IIpoko¢ses B. 10., Cadonos 0. T
HI'EM PAH, Mockea, Poccus, vpr@igem.ru

Formation conditions and composition of ore-forming fluids of the Zapadnoye
gold deposit, the Sukhoy Log ore area (Russia)
Saroyan M. R., Prokofiev V. Yu., Safonov Yu. G.
IGEM RAS, Moscow, Russia, vpr@igem.ru

Summary. Conditions of ore veins
formation and composition of oreforming
fluids of the Zapadnoye gold deposit in the
Sukhoy Log orefield are studied. It was
established, that ore veins with sulfides were
formed at higher pressures, than sulfides-
free ones. The fluid which formed veins
with sulfides, was enriched with many ore
and nonmetallic elements. The revealed
features of the primary ore-bearing fluid of
the Zapadnoye deposit, e.g. increased
pressure and high concentrations of lithium,
rubidium, boron and of some other
components, testify to a deep source of the
fluid and its probable association with
granitic magmatism.

MecroposxaeHue 3amnagHoe BbIICICHO
KaK CaMOCTOSITEJILHOE B ITPEEIaX OCHOBHOM
30JJ0TOHOCHOH MUHEpaIU-30BAaHHON 30HbI
CyXOJIOJKCKOTO ~ PYAHOro Iojsi, B ee
nepudepuueckoit 3amagHoi wactu. OHO
IIPE/ICTABICHO  HECKOJBKUMH

Puc. 1. Paznudsbie TUIBI GIIIOMIHBIX BKIIOYCHHH B
KBaple MECTOpOXKIEHHS 3amagHoe: a—x —
YIIEKHUCIOTHO-BOJHBIE BKIIOYeHHs (Tum 1), e —
CyIIECTBEHHO ra30B0€ BKJIIOUECHHUE (THII 2).

a — +20 °C, 6 — -18 °C, B — 19 °C, Bumen
rasruapar, r—e —+ 20 °C. Macmra6 10 Mxm.

Ris. 1. Different types of fluid inclusions in quartz
of Zapadnoye gold deposits: a—d — three-phase
inclusion with liquid CO, of type 1, e -
substantially gas inclusion with liquid CO, of type
2.

a — +20 °C, b — —18 °C); v — +9 °C, visible of
clatrate, g—e- +20 °C. Scale bar 10 mkm.

OrpaHu-
YEHHBIMU mno pasmepam 0JIOro-
3aJICTAIOIUMH  30JI0TOPYIHBIMH TEJIaMU C
MIPO>KMITKOBO-BKPAIJICHHOU MUHepa-
nu3auuel, 1nogoOHON NpelCTaBIeHHOH Ha
ocHOBHOM MectopoxaeHun — Cyxoii Jlor.
3n1ech B mpenenax KOHTYPOB PYIHBIX Tl U
BHE WX  3aKapTHPOBaHBI  OT/IENIbHBIE
KBapLEBbIC MBI U XHUJIbHBIC 30HBI — CyO-
TOPU3OHTANbHBIE M CEKyl[Me IO OTHO-
LICHUI0 K HaIUIaCTOBAHUIO TEPPHUTEHHBIX
mopox  puercKkoro  CIAHIEBOTO  KOMII-
sekca. JKwisl MomHocTei0 0T 5-10 ¢cM 10

1 M, penko Gosee, XapaKTepU3yIOTCs SMU30ANYECKH BCTPEUAIOMIUMUCS THE3/0-BKPaIICHHBIMU
BBIICNICHUSAMHU CyJIb(OUI0B (IIMPHUT, FATEHUT U JP.) ¥ BUIMMOTO 30JI0Ta, YAaCTO ACCOLMUPYIOLIETO
¢ kapOonarom. OCHOBHasi Macca PyAHOTO 30JI0TAa 3aKIIOYEHA B MPOXKHIKOBO-BKPAIUICHHBIX
pyaax, rae oHO (uKcHpyeTcss B MENKHX 3epHax (3—25 MKM) cpenu mupura M ksapua. [Iupwur,
acCOLMUPYIOWMI ¢ 30JI0TOM, MO  JAHHBIM  HEWTPOHHO-aKTUBALMOHHOIO  aHAIM3a
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XapakTepusyercst coiepxkaHueM 3omota g0  60-200 /T, 4YacTbIO OTHOCSIIMMCS K
TOHKOJMCIEPCHBIM (hazam.
30JI0TOHOCHBIE JKMJIBI OOJBIIMHCTBOM HCCIIEOBATeNe OTHOCATCS K IIO3JHEMY JTally
MHHEPAIU3al{{, HO MAaJOMOIIHbIC XHJIbI M KPYIHbIE HNPOXHIKH, MOLIHOCTBIO B «N» CM, B
npeaejiax KOHTYPOB  IIPOXKUIIKOBO-BKPAIUICHHOI'0  OPYACHEHHsS, OYCBHUAHO, MNPEACTABIAIOT
pa3HOBpeMeHHbIEe 00pa30BaHUs U COEPIKAT KBAPIl ¥ IIUPUTHI Pa3INYHbIX TeHepalii.
OObeKTaMu HMCClieJOBaHUI (IIIOMAHBIX BKIIOUCHUH CIYXKWIH KBapLEBbIC arperarsl,
paszeneHHbIe YCIOBHO Ha JIBE TPYIIBL: 1) 30JI0TOHOCHBII KBapLl, PECTABICHHbIN B IPOXKHIKAX
1 JKHMJIaX, COAEPIKAIUX MTUPUT, U 2) HE30J0TOHOCHBIH KBapll, U3 KPYIHBIX KU U IPOXKUIIKOB, B
KOTOPBIX MUPHUT He HaOmoaancs. B mocneqHuxX 3070TO HE yCTaHABINBACTCS U 110 ONPOOOBAHHUIO.
B xBapue o0oux BHUIOB

450 MECTOPOK/ICHHS 3amanHoe Obun
400 | O . 0OHapyKEeHBI accoLHaluu
350 1 @ o NePBUYHBIX (IIIOMAHBIX BKIIOYEHHH
3004 O JBYX THUIIOB (puc. 1):

YIJIEKUCIOTHO-BOAHBIE (THH 1) |
o1 CYIIECTBEHHO Tra3oBble (Tum 2).
100 4 MHEKpPOTEPMOMETPHIECKUE uc-

Temnepatypa,’C
N
o
o

] 02
58 crnenoBaHust (IIIoMIa TPOBOIMIMCH
0 1000 2000 3000 4000 ggo MHKPOTEPMOKaMepe EH{[SG-
UPMBI inkam
Laenenue, 6ap b ;,p ’
MO3BOJIAIOLIEH NPOM3BOAMTL H3MeE-
peHus B TeMIIepaTyp-HOM
Puc. 2. Jlnarpamma «remneparypa-aaBieHue» s KBapla unrepsaie —196 + 600°C. Coneoii
MCCTOPOXICHUA 3}“32[“06- . COCTaB pacTBOPOB ONPEIEINSICS 1O
1 — 30JI0TOHOCHBIH KBap1, 2 — HE30JIOTOHOCHBII KBapLI. TeMIepaTypam SBTEKTHKH

Ris. 2. Temperature vs. pressure for different types ore vens
Zapadnoye deposit.
1 — Au quartz, 2 — withouth Au quartz.

(bopucenko, 1977). Konuenrpauus
coJiel BO BKJIIOYEHMSIX C BBICOKHMMH
COZIepIKaHUAMH YTJICKHUCIIOTHI
OLICHMBAJIaCh [0  TEMIeparype
masnenus rasrugparo (Collins, 1979; Darling, 1991). B Tex BkitoueHusx, rjae Takas OLEHKa
OKa3ajach HEBO3MOXKHA, MOCKOJIbKY B YIJIEKHCIIOTE CONEPIKUTCS OONBIIOE KOJIMYECTBO METaHa
(TeMmepaTypa TUIaBIeHUs yriekucnoTsl qocturaet —60.5 °C, B To Bpems kak y ynctoid CO, —
56.6, Temnieparypa I1aBiaeHus ra3ruaparoB Beiie +10 °C), KOHIEHTpaIys cojel OlleHHBaIACh
10 TEMIIepaType IUIABICHHS JbAa U KOPPEKTUPOBAJIaCh HA OCHOBAHMU HU3MEPEHHH OOBEMHBIX
COOTHOILICHUIl YTJIEKHCIOTHON W BOAHOI (a3 M pacyera KOHIECHTpALHUi ra3oB B pacTBOpE.
KoHueHTpalys MeTaHa OLleHHBAIaCh TAKXKE U3 0OBEMHBIX COOTHOLICHHI U TUIOTHOCTH METaHa B
ra3oBoii (ha3e, CBA3aHHOI ¢ MApLIUAIbHBIM JJaBJICHUEM METaHa, B CBOIO OYepe/b ONPECIISIOMNM
TeMHepatypy IuIaBieHus raruapatos merana (Beime +10 °C, (Claypool, Kaplan, 1974)). Ha
OCHOBAaHMHM OTHX JAHHBIX BBIYMCISUIUCH IIONPABKM HA KOJNMYECTBO BOJBI, CBSI3aHHOE B
rasrujipaTax M OlleHUBaIach KOHLEHTPALHUS COJIeH B YIIEKHUCIOTHO-METaHOBO-BOIHBIX (IIronaax
crocobom, ommcaHHeIM B pabore (Distler et al, 2004). [laBneHue ompemensuioch st
reTEePOreHHbIX (NIIOUAOB MO MEPECEUCHUI0 M30XOPbl U M30TEepMbl. [l MOCTPOSHUSI U30X0p H
OLEHKH JaBJIECHHMII MO CYIIECTBEHHO Ta30BbIM BKJIIOUCHHUSAM, COJCPXKAIIMM IUIOTHBIE
YIJIEKUCIOTHO-METAHOBBIE CMECH, HCIOIB30BaIKNCh HaHHble paborsl (Thiery et al., 1994).
BanoBblii cocTaB (QIIOMAHBIX BKIIOYCHUH W3 TIIATENBHO OTOOPAHHBIX MOHOMHHEPAJIBHBIX
HaBecok 1.0-0.5 r ¢pakuun 0.5-0.25 MM mpoaHanM3MpOBaH pa3HBIMH MeTOJaMHu (ra3oBas H
nonHast xpomarorpadus, [CP MS) B LIHUT'PU (Kpsixes u ap., 2006).

TepMo- M KPHOMETPHYECKMMM  HCCICIOBAHMAMHU  WHIMBHIYAIbHBIX  (DIFOUIHBIX
BKJIIOYCHUH YCTAaHOBJIGHO, YTO 30JOTOHOCHBII KBapl (OPMHUPOBAICS M3 TI'ETEPOTCHHOIO
YIJIEKUCIOTHO-BOiHOTO (utonaa. JKunkas ¢asa ¢aronna mmena miotHocts 1.10-0.97 r/em’,
cozjepkalia  pacTBOpeHHble xijopuibl MarHuss u Hatpust (T asBr. —-33 °C) ¢ cymmapHoit
KOHLIeHTpalueii coneit 7.3 mac. % 5kB. NaCl, yriekucnoty (MOJb/Kr p-pa) ¥ MeTaH (MOJIB/KI p-
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pa), ¥ TOMOTEHH3HPOBANIACh B JKUAKOCTh NpH Temmeparypax 376-345 °C. CymiecTBeHHO
ra3oBble BKJIIOYEHHs COJACP)KAT IUIOTHYIO METaHOBO-YIJICKHCIOTHYIO cMech (mioTHocth 0.97—
0.83 r/cM’, MeraHa MeHee 5 Mon. %), pasBHBAIOLIyI0 aaBieHms 3250-1500 Gap mpu
temmneparypax 376-345 °C. Otnorenue Posy. /Prao cocrasnser 19.7-10.0.

He3o0m0TOoHOCHBIN KBapI[
TaKxKe (dopmu-poBacs u3
TeTePOreH-HOro  yTJICKHCIIOTHO-
BoJ-HOro (urronza, kuzakas ¢asza
KOTOPOTO HMeJa MIOTHOCTH 1.07—
0.87 r/en’, conepkaga pacTBO-
pEeHHbIC  XJIOPHUABl MarHus |
Hatpust (T sBr. —-37...-31 °C) ¢
KOHLIeHTpauueit comeit  9.0-2.6
mac. % okB. NaCl, yraekucnory
(8.8-4.7 Monb/Kr p-pa) u MeTaH
(1.1-0.7  ™moms/kr  p-pa), ©
rOMOT€HHU3UPOBAIACh B KUAKOCTh
npu temneparypax 386-230 °C.

Cy1iecTBeHHO ra3oBble

BKJIFOUEHHUSI COJEP)KaT IUIOTHYIO
Puc. 3. [lnarpamma KOHIIEHTPALIMI HEKOTOPBIX 3JIEMEHTOB B METAaHOBO-YTJIEKMCIOTHYIO CMECh
pacTBOpE BKJIFOYEHHMIT B KBaple Pa3HOTO THIIA: (motHocts  0.87-0.72 /e,
He30JI0TOHOCHBIH KBapil (1) 1 30J0TOHOCHBIN KBapiIL (2). MeTaHa 20-5 MOJL %),
Ris. 3. Diagramme of concentrations of some elements in pasBuBaromyo nasineHus 2510-
solutions of fluids inclusions in quartz of different types vein: 1130 6ap npu Temmepatypax 386—
withouth Au quartz (1) and Au quartz (2). 279 °C. Otnomrenne Pusy /Po

cocrasiser 19.2-8.1.

B nenom pynoobpasyroniue ¢uironabl MECTOPOXKIEHUS 3ananHoe ONU3KH 10 HapameTpam
Ko (prronam oporeHHsIX MecTopokaeHui 3o10ta (Ridley, Diamond, 2000). YcraHoBieHo, uTo
30JIOTOHOCHBIH KBapI[ popmupoaics u3 ¢iaronaa ¢ Gonpmmm aasiaeHueM (1o 3250 6ap, puc. 2),
YeM He30JI0TOHOCHBIN (110 2510 Gap). CpaBHHUTENBHBIN aHAIN3 COCTABOB M3YYCHHBIX (DIIOMIOB
TaKKe OOHAPYKHJ CYIIECTBEHHBIE PA3IMUMs A1 3THX JBYX BUIOB KBaplua. Drons BKIIOUSHHH
B 30JIOTOHOCHOM KBaplie COAEPKUT 00Jee BBICOKME KOHIEHTPALUM YIJICKMCIOTHl M Kalus, a
TaK)X€ MHOTHMX MHKPOKOMITIOHEHTOB, Y€M B HE30JIOTOHOCHOM KBapie (MKI/KT Boabl): Br (769—
567 n 561-324), As (542-95 u 53-21), Li (49-5.8 u 8.7-5.5), B (251-123 u 115-79), Rb (8.2—
5.9 13.3-0.5), Cs (0.8-0.6 u 0.7-0.1), Mo (1.6-1.4 u 0.7-0.2), Ag (2.8-1.9 u 0.6-0.1), Sb (60—
25 u 27-6.2), Cu (202-135 u 111-21), Zn (110-51 u 74-37), Pb (13.6-3.6 u 3.7-0.4), Bi (0.4—
0.3 u 0.2-0.08), Ga (1.4-0.9 u 0.35-0.18), Ge (11.9-8.1 u 5.1-2.1), Sc (263-101 u 63-32), Ti
(55-36 u 32-2.9), Fe (560-387 u 170-31), V (5.9-3.0 u 1.4-0.8), Cr (11.2-4.8 u 4.7-1.9), Y
(0.3-0.18 1 0.14-0.01), Zr (6.4 u 3.2-1.0), Sn (12.3-8.4 u 3.7-0.6), W (2.5-1.5 u 0.9-0.2), Te
(233-92 u 88-24), Au (0.7-0.5 u 0.4), Hg (3.9-1.5 u 1.6-1.2) u Se (9.9 u 3.1-0.9). Kopemnsuus
COJIep)KaHUI ITUX 3TEMEHTOB C BOAOI mo3BosseT yrBepxaath (Kpsoker u ap., 2006), 4to oI
CBsI3aHbl C PACTBOPOM BKJIIOYCHHUi, a HE NMpuUMecsIMH Cynb(UIOB B KBapue. To ecTb MOXHO
YBEPEHHO NPEANOJIOKHUTh, YTO PACTBOP BKIIOUEHUI B 30]I0TOHOCHOM KBaplie OJIIKe IO COCTaBy
K HCXOIHOMY («IIE€PBUYHOMY») PYIOHOCHOMY (hIlouay, KOTOpBIH OCYILIECTBIISUI TPAHCIOPT
MmetasoB. [IpumedaTensHo, 4TO OOOTalIEHHBIH PYAHBIMH M COMYTCTBYIOIIMMH 3JIE€MEHTaMHU
30JI0TOHOCHBIIl KBapll MpeJCTaBlIeH Kak B MUPUT-KBAapIEBBIX THE3/laX, TaK U B MaJOMOIIHBIX
MUPUT-KBAPLEBBIX KMiIaXx. B rpyrme He30J0TOHOCHBIX KBApLEB MAKCHMMajbHas KOHLEHTPALMS
WHIMKATOPHBIX AJIEMEHTOB-IIPUMECeH XapaKTepu3yeTcs KBapll, OTOOPAaHHBIH M3 «IO3JHEH»
JKUIIBL. B 9Ty e rpynmy Bomien KBapl U3 CUTMOUIHBIX MPOXKHIKOB, OTHOCHMBIX HEKOTOPBIMU
HCCIeIoBaTeIMU K 00pa3oBaHMAM PaHHEH CTaJuM XPYNKO-IUIACTHYHBIX Aedopmanuii mopos,
YTO He MOATBEP)KAAeTcs HamuMu HabmogeHusMu. OtHomeHHue Posy, /Prro A4 u3yuenHoro
00beKTa CyLIECTBEHHO MEHbIIE, uyeM Juisi MectopoxiaeHus Cyxoii jor (JlaBepos u ap., 2000),
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4TO CBUJIETEIBCTBYET O OOJIbLIECH MPOHUIIAEMOCTH PYAOKOHTPOIUPYIOIIUX CTPYKTYpP 3anagHOro
MECTOPOK/ICHUS, B PYAHbIH NEPHO]] Pa3BUBABLINXCS B YCJIOBHAX XPYNKHX AedopMaliuii.

B nenom BHepBble YCTaHOBJICHHbIE OCOOCHHOCTH IEPBUYHOIO PYJOHOCHOTO (ironsaa
3anaJHOr0 MECTOPOXJICHUSI — IIOBBIIICHHBIC JABJICHUS M BBICOKHE KOHICHTpALUM JINTHS,
pyouaus, 6opa M psna IPYrux KOMIIOHEHTOB — CBHAETENIBCTBYIOT O TUIyOMHHOM MCTOYHHKE
¢dmonaa U BOBMOXKHOH €ro CBS3M C IPAaHUTOMAHBIM MarMaTU3MOM. BHyTpeHHss IMHaMMKa
Pa3BUTHSL 30JJ0TOHOCHOI (DIIFOMIHOM cHcTeMbl OblIa CIIOXKHOM. 10 MOoMy4YeHHBIM OrpaHUYeHHBIM
JAHHBIM ~MOXKHO IIpeJrojaraTb CTaJuMilHOE pa3BUTHE MHUHEPAIM3ALUU C  SABICHUAMU
PEeMOOMIM3ALINY, IEPEOTIOKCHHS PYAHBIX KOMIIOHEHTOB, BKIIOYas 30710T0. Llenecoobpa3HocTh
MPOAOJKEHMS HCCIIEIOBAHUMN MPECTABIAETCS HECOMHEHHO.

Paboma  evinonnena npu  unancogoii  noodepicke npoexkma  Medswcoynapoonoii
2eonozuyeckoii koppensyuu FOnecko IGCP 540.
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Formation conditions of latest gold-bearing veins of II’ynka ore field

(South Urals)
Yuminov A.M.!, Belogub E.V.!, Semibratova E.V.2
Unstitute of mineralogy, Urals branch of RAS, Miass, Russia, umin@mineralogy.ru
2 «Crystaly, Bilibino, Russia, SCaterinka@nekto.ru

Summary. The results of fluid inclusion study in vein quartz from several gold-
polymetallic deposits of the II’ynka ore field are presented in the paper. It was established these
veins formed from low-concentrated sulfate-containing hydrothermal fluids at temperatures of
180-250 °C and pressures of 500-600 bar. Temperature decrease and salinity variation from one
deposit to another depends on deposit’s remoteness from the diorite massif.

Wneunackoe 3omoropynHoe mose (YuanuHckuil p-H, bamkoprocraH), BKIrouaromee
MmecropoxkaeHnst Mypteiktbl (IIpomexyrounas, Bocrounast u 3ananuas 3oubl) u Wk-/laBnsr,
JIOKaJIM30BaHO B 30HE TyHraTtapoBCKOTO pas3jioMa — CTPYKTypHOTO IIBa CEBEPO-BOCTOYHOIO
MPOCTHPAHUS, SBIBIIONIETOCS TpaHuieid MpeHaplkckoil ©  Y4YaarmHCKO-AJeKCaHIPHHCKOM
CTPYKTYpHO-(pOPMAIIMOHHBIX 30H B CEBEPHOH YacTH MAarHMTOrOpCKOro MEracHHKIMHOPHS Ha
IOxuHOoM VYpane (3namenckuid, 1992). dDopMupoBaHHE MECTOPOXKICHUI HPOUCXOAWIO B
HECKOJIbKO 3TamnoB. PynaHble Teia MpeacTaBisioT co0Oil coriacHble ¢ OOIIMM MPOCTHPaHHEM
CTPYKTYpbl ~ 30HBI  CynbumHoil  (chanepuT-mUPUTOBOM)  MPOIKUIKOBO-BKPAIICHHOMN
MHUHEpAJIN3alUK B U3MEHEHHBIX (XJIOPUTH3NPOBAHHBIX, CEPHULIUTU3NPOBAHHBIX, OKBAPIIOBaHHbIX,
B MEHBIICH CTENeHW — KapOOHATH3UPOBAHHBIX) BYJIKAaHOI€HHO-OOJIOMOYHBIX Hopopax Dokr.
CpenHue conepikaHusi 30J0Ta COCTaBIAOT OoT 1 1o 5, pexe - 7 r/t. Ha Bcex oObexTax
HaOJIFOAI0TCS CEeKyIHe KBapI-THAPOCIIOANCTO-CYIb(HUIHbIE KW, XapaKTepU3yloIuecs Ha
nopsaoK Oosee BBICOKMMH, BIUIOTH JIO yparaHHbBIX, HPEBBIIAIOMNX | KI/T, COmepX aHHAMH
3oi0Ta. ['eHeTHueckas mpupoja STHX JKMJI HesicHa. PaHee mpearnonaraaock, YTO NEPBHYHOE
HAaKOIICHHE 30JI0Ta B MpejeNax pyIHOTO MO CBA3aHO C BYJIKAHOTEHHO-0CAJ0YHBIMHU
IpoleccaMu, a ero IepepaclpesieNieHne — C HalIOKCHHBIMA TEKTOHHYECKMMH (3HaMEHCKHH,
1992) wu wmeracomarnueckumu THna Oepesutmzanuu  (Casonos, 1998). Hamm OGbuio
HPENON0KEHO, 4TO 00pa3oBaHUE MO3MHUX KHI 00s3aHO Oojiee MO3AHMM BYJIKAHMYECKUM H
CONPSKEHHBIM C HUMH TEKTOHMYECKHM MPOILeccaM, MPOUCXOAMBIINM BO BpeMs 3aBEpLIAOLICi
cragun (HOPMHUPOBAHUS OCTPOBHOM IyTM M OMM3KUMH K snuTepMaibHbiM (HoBocenos, Benoryo0,
2005; Novoselov, Belogub, 2005). B nensx onpezneneHus (GparonaHOro pexuma GOpMUPOBaHUS
MO3JIHUX 30JIOTOHOCHBIX JKHJI OBUIM IIOCTAaBJICHBI PabOTBHl 10 H3YYCHHIO TIa30BO-XKHUAKHUX
BKJIIOUeHUH. [l cpaBHEHMs MCIOJb30BaH Marepuai 1o mectopoxjaeHuto Kpacuas Kwuina,
HaxosuieMycst B OJIM3KOM paiioHe, MO3HHE 30JI0TOHOCHBIC albOUT-KBapIIEBbIE KUIIBI KOTOPOTO
CBSI3aHBI C HHTPY3HEH ANOPHUTOB.

OU3NKO-XMMUYECKHE — TapaMeTpbl  pylooOpa3oBaHMsl  OHPENCISUINCH  METOJAAMH
TEPMOMETPUH U KPHOMETPHUHU (IIIOMIHBIX BKIO4YeHHH. [y MccnenoBaHuii BEIOMpANUCh 3epHA
KBapla, MMEIOIINE YETKHE WHIYKIMOHHBIC TOBEPXHOCTH COBMECTHOTO POCTa ¢ CyJb(pHAaMu,
49TO CBHAETEIBCTBYET O CHHICHETHYHOM IIpoliecce MuHepanooOpasoBaHusi. B xoxe
9KCIIEPUMEHTOB HCIIOJb30BAIMCh MUKPOKPHOKAMEphl M TEPMOKaMepbl KOHCTPYKIMH B.A.
CumonoBa u ycranoka THMSG-600 ¢upmer «Linkamy». [ns xaxagoro oOGbekra ObLIO
npoBeneHo Oomee 50 3amepoB. CocTaB T'MAPOTEPMAlbHBIX PACTBOPOB BO  BKIOUYEHHSX
OLICHUBAJIC II0 TEMIIEpaTypaM 3BTEKTHK. KOHIIGHTpamust pacTBOPOB pPACCUHUTHIBAJIACH I10
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TeMIepaTypaMm IUIaBIeHUs mociaeaHuX Kpucramueckux da3 (bopucenko, 1977; Ponaep, 1987).
TemnepaTypsl TOMOTeHH3aIMH (PUKCHPOBAINCH B MOMEHT HCYE3HOBEHHMS Ta30BOrO Iy3bIPbKa
IpY HAarpeBaHUM IIpenapaTa B TepMokamepe. J[MarHOCTHKa YIJIEKMCIIOTHI HPOM3BOAMIACH IO
TpoitHoi Touke (— 56,6 °C). [l OLeHKU JaBJIe€HUs] UCHOJIB30BAaHbI JaHHBIE 110 TEMIIEpaTypaM
3aXBaTa BKJIIOUYCHUH M MJIOTHOCTSAM YIJIEKHUCIIOTHI B HUX C Mcnonb3oBaHueM P—V-T nuarpammel
CO,. PesynbraThl nccienoBanmii npuBeieHs! B Tabauie | u Ha puc. 1.

Tabnuua 1. Pe3ynbTaTsl uccnenoBaHus (IIIOUAHBIX BKIIOYEHUH B KBAapLE U3 MO3AHUX 30JI0TOPY JHBIX
JKHJI MECTOPOXKJEHHMH VIIBUHCKOrO py/IHOTO 1OJIsl.

Temmnepatypa, °C Konnen- Temre-
Mecro- tpauus | JdaBie- parypa
coJte, HUE,
pOKIEHIE romore- IUIABJICHHUS | TOMOTCHH- oba3oBa-
9BTEKTHKU macc. % 6ap
HH3aIUN Jbaa 3ammu CO, Hus, °C
9kB. NaCl
Myptsiktel | 130-160 | —4,5+-2,1 | -2,5+-0,5 29 3,5-5,5 500 180-210
100-120
Uk-JlaBisr -5,0--1,2 | -2,5+-0,1
130-180 19,5 1,4-4,1 600 180-220
K 170-210
DA -5,0+-20 | —2,5+-0,5 24 40-55 | 600 | 230-250
g 230-250

Marepuan MectopoxaeHus Mypmoikmel ObUI OTOOpaH U3 TPEX 30JO0TOHOCHBIX 30H,
XapaKTePU3YIOIMXCS HAJIMYUEM PYJOHOCHBIX JKHJ Pa3IMYHOrO MMHEPAbHOTO COCTaBa:
Boctouno#i (xanpkonupHT-KBapiessie), [IpomexxyTouHoil (kapOoHAT-KBapIeBble) W 3amaJHoN
(reMaTHUT-XJIOpHUT-KBapLeBbie). McciaenoBaich NepBUYHbIC U IIEPBUYHO-BTOPHYHBIE (IIIOMHBIC
BKIIoueHUss. OHM PaBHOMEPHO PacIpOCTPaHEHbl MO BCeH IUIolaau o0pasia UMEIOT YIJIOBaTyIo,
pexe OKpYINylo WM BHITSAHYTYI0 (opmy. Pasmepsl Brmouenuit — 5-10 mxM. IMopasnsiomee
OOJIBIIMHCTBO BKJIFOYEHHH AByX(a3Hble (mMpo3pauHas XHUAKOCT + Ta30BbI My3bIpek). B
ITpomexxyTouHoil W, ocobeHHO, B 3amajHONl 30HAaX OTMEYaeTCs MPUCYTCTBHE HEOOJBIIOrO
KOJIMYEeCTBa MHOTrO(a3HbIX (KUAKOCTh + ra30Bbli My3bIPEK + >KHIKOCTb B Ta30BOM ITy3bIPbKE)
BKoueHud. JKuakas ¢aza B ra3oBOM Iy3bIpbKe IpEJCTaBI€HA YIIEKHCIOTOH. M3MepeHHas
TeMIeparypa OTTaMBaHUS BBIMOPOKEHHOM TBepAol yriekucnotsl (—56,1+ -56,3 °C)
HE3HAYHUTEIBHO OTJIMYAETCSl OT 3TAJOHHOW, YTO TOBOPUT O MAJOM COICPKAHHUH JPYTHX ra30B-
npumeceid. Temmeparypa 4acTUYHOM IOMOIEHU3ALMU YIJIEKMCIOTHBIX BKIIOYEHMI cocTaBuia
29 °C, uro cooTBeTcTBYeT AaBieHuto ¢uironna 500 6ap. MHTepBan Temneparypbl 9BTEKTUKH BO
BriroueHusix —4,5 2,1 °C. Dro xapakTepHO s Cyib(haTHBIX U KapOOHATHBIX PAaCTBOPOB.
HawmGoubiee 4nciio 3amepoB Haxomurcs B npepenax —2,5+ —3,0 °C. Temneparypa IuiaBIeHUsS
MOCIIEHEr0 KPUCTAJUIMKaA He mpeBblmaer — 2,5 °C U yKa3blBaeT Ha ColeHocTb 3,5-5,5 mac. %
9kB. NaCl. OTMe4aeTcsi He3HAUMTENbHOE MOBBILIEHHE KOHLUEHTPALMH COJei B HarpaBiIeHHU
BOCTOK-3arajl. BONBIIMHCTBO BKJIIOYEHHH TOMOTEHH3MPYIOTCS B TEMIIEPAaTypHOM HHTEpBalie
130-160 °C, mpu yem Hambojee BBICOKOTEMIIEPATYPHBIMH SIBIISIOTCS BKJIIOYCHUS 3amagHON
30HBI. VICTMHHAs TemIlepaTypa MMHEpalooOpa30BaHUs, C y4YEeTOM IIONPABKU Ha [aBIICHUE,
coctasiset 180-200 °C (Cemubparosa, FOmunos, 2007).

DrouHBIC BKIFOYEHHUS 30JI0TO-CYJIb()UIHO-KBAPLEBBIX KU MECTOpOXaeHus Hk-/asnam
no ¢opme, pasmepamM U (Ha3oBOMy COCTaBy OJNM3KM K OINHCAHHBIM Ha MECTOPOXKICHHU
MypTBIKTBI, @ MX KOIM4ecTBO Oojbiue. Temmeparypa 3BTeKTUKH cocraBiaseT —5+-1,2 °C, ¢
npeoOiafaIUM NMUKoM Ha uHTepBaie — 3,2+ —2.8 °C. B cocraBe ¢uronaa mpucyTcTByeT
ciokHasi coneBast cucremMa NaSO4—K,SO4~H,O u  Na,SO4~NaHCOs—H,0O. PactBops
XapaKTepH3yITcsl HU3KON KoHLeHTpanuei coneit (1,4-4,1 mac. % skB. NaCl). [To Temneparype
TOMOT€HH3aLlUH BBIJIEJIEHO JIBA TEMIIEPATYPHBIX HHTEpBala: HU3KoTeMuepaTypHsiit (100-120 °C)
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U OTHOcUTeNbHO BbicokoTemmepatypHelid (130-180 °C). Ilpuuem B mocnemnem ¢ukcupyercs
MOBBIIICHHAs COJIEHOCTh (urtona. Temmeparypa roMOreHU3ALUH XKUAKOH yraekucaots 19,5 °C.
Paccunrtannoe maBnenne — 600 6ap. C yueToMm IMompaBKH Ha JaBJICHHE UCTUHHAS TeMIlEpaTypa
MHHepanoobpaszoBanus cocrasisier 180-220 °C.

>
% 1  MypTBIKTHI 5
; "
E 5.0 - R TS - E
.' .
4.0 %o’
2 Kpacnas
, \ gmna
3.0 /‘/ )
_ Hk-JlaBiasT : }
2.0 A\ \ ;
- -\J
1.0 4 ; . ,
50 100 150 200 T o000

Puc. 1. ITonst 3aBUCUMOCTH TEMIIEPATypbl TOMOTeHU3aLUK (QIIOMIHBIX BKIIOUEHHIT OT COJICHOCTH
PacTBOPOB B O3JHEM PYJHOM KBaplie MECTOPOKAeHUH IbHHCKOrO PyIHOTO MOJIS.

Fig. 1. Homogenization temperature (Thom, °C) via salinity (C, wt.% NaCl eqw.) diagram for the
latest gold-bearing quartz from the deposits of the II’ynka ore field: Murtykty — solid line, Red Vein —
doted line, Ik-Davlyat — dashed-double-doted line.

Ha mecropoxaenun «Kpacras scuna» odpasen Ob11 0TOOpaH U3 alTbOUT-KBAPIIEBOM JKIIIbI
¢ BUAMMBIM 3050ToM. DronaHble BKIIOYEHMs B KBapue 1o Qopme, pazmepam U QazoBomy
COCTaBy aHAJOrWYHbl BKIIOYCHUSIM MectopoxaeHuii Mypteiktel U Hk-JlaBnar. CornacHo
JnaHHeIM Temneparyp sBrektuku (° C): —3,5+-2 u -5+ —4, B cocTtaBe (uroujga NpucyTcTByer
cnoxkHast coneBast cucremMa NaSO4—K,SO4~H,O u Na,SO4~MgS04-H,0. Temneparypsl
IUTaBJICHUSI TOCIEOHEr0 KPHCTAIUIMKA cocTaBisiioT — 2,5+ —0,5 °C, 4ro COOTBETCTBYeT
KOHIEHTpanusiM coneil B pactBopax 4,0-5,5 mac. % NaCl skB. Temneparypa mosHO#
rOMOr€HM3allUM BKJIIOUEHHH HaxoiauTes B mpepenax 170-210 °C u 230-250 °C. s
HHM3KOTEMIIEPaTypPHOTO MHTEpPBajla XapaKTePHO IPUCYTCTBHE B PACTBOPAxX Cyab(aToOB HATPUs H
Kanusa. Bropoil TemmepaTypHBI WHTEpBal COOTBETCTBYET pacTBOpaM, COAEPXKAIIUX COJU
HATpUsI MU Marius. B OTIENbHBIX «HU3KOTEMIIEPATYPHBIX» BKIIOUYSHHSX OTMEUCHO NPUCYTCTBHE
CO,. TemmepaTypa rooreHU3anUK. KUAKOH yriIeKHCIoTel coctaBisier 24 °C. laBnenne — 600
Oap. YuuTsiBasi NONpPaBKy Ha JaBlICHHE, TeMnepaTypa GopMHUpOBaHUs Uil coctasiser 230-250
°C (CemmubparoBa, IOmwunos, 2007). IlomoOHOe IHCKpETHOE paclpeAeieHne TeMIepaTyp
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(a3oBBIX MpeBpalleHU W H3MEHEHHEe cocTaBa (UroWaa INpearnoyaraeT UIMTENBHBIA U
MHOTOCTaJUIHBIH Tporiecc (POPMUPOBAHHUS JKIIL.

bauzocte MecTopoXkaeHHii K TiyOMHHOMY pas3ioMy Jaja OCHOBaHHE CBS3bIBATH
nX(OPMUPOBAHHE MECTOPOXKACHHUSA C TEKTOHMYECKMMH Tporeccamu. OIMHAKOBBI cocTaB
¢uronia Ha MecTopokaeHUIX MypThIKThl U Vk-/laBasr u Gnu3Kas KOHLEHTpALMs Cojel B HeM
TOBOPSAT O €JMHOM MPHPOJE MHUHEPATO00pa30BaHUs MO3JHUX THAPOTEPMANBHBIX JKiiI. Bmecte ¢
TeM, TI0CIEI0BATEIbHOE YBEIMUCHUE TEMIIEpaTyp 0Opa30oBaHHs KBApLUEBBIX KU 0T Bocrounoit
30HBI K 3arajHoM, BEpOATHO, CBS3aHO C yJaJCHHOCTBIO JAHHBIX 30H OT oOmiero ovara. boxiee
BBICOKHE TEMIIEpaTypsl (popMHpOBaHMs MMO3IHEr0 KBapia Ha MectopoxaeHun KpacHas Xua
OOBSCHSAIOTCSA OJIM30CTBIO MECTOPOXKICHHS K THOPUTOBOMY MaccuBy. OOpamiaer Ha ce0s
BHUMaHHE CyJb(haTHO-KapOOHATHBI cocTaB  (IIOMIOB, aOCONIOTHO HE CBOWCTBEHHBIM
Pya00o0pasyronmM pacTBOpaM I'HAPOTEPMANIBHBIX MecTopoxkaeHui 3omota (IIpoxogses, 2000).
Kpaiine He3HauuTenbHble KOHLEHTpallMU cojJed B  pacTBOpax, a Takke IIUPOKOe
pacnpocTpaHeHHe B 30HaX OKUCIIEHHS! MECTOPOXKACHUH BTOPUYHBIX CYJIb(AaTHBIX MUHEPAJIOB, HE
UCKJIIOYAIOT y4yacThe B (POPMUPOBAHMU MO3IHHMX PYAOHOCHBIX (NIIOMIOB METEOPHBIX BOJ.
OpHako, JaHHOE HPEANONIOKECHUE HYXIAETCA B JONOJHHUTEIBHOW W3YYEHHH WM IPOBEICHHUU
M30TOITHOTO aHAJIN3a.

Hccnedosanus svinonnsanuce npu gunancogoti noddepaicke Munucmepcmea odpazosanus
u nayku P® (PHI1.2.1.1.1840) u PODH (07-05-00824-a).
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Introduction. Axile gold deposit, located 40 km east to Habahe of Altai region, differs
from many other gold deposits in wallrocks and alterations (Xu et al., 2005). It is a newly found
gold deposit in this area, and little known about its mechanism of the ore origin is made. This
paper focuses on fluid inclusion characteristics of vein quartz to provide evidences of ore-
forming fluid about genesis of deposit.

Geological Setting. The Axile mineralizing zone occurs in the Ashele basin which is
located in Kelan rift of Paleozoic'Main strata in the basin are Devonian and Carboniferous which
consist of volcanic rocks, pyroclastic rocks and normal detrital rocks (Wang et al., 2000; Cheng
et al., 1996). Regional faults strike mainly NW, namely the Kuerkali deep fault in the southwest
and the Habahe deep fault in the northeast (Dong et al., 2002). The intrusive rocks occurs
widely, which are mainly granitoids as well as associated veins, basic rocks and intermediate
rocks. The intrusive rocks can be divided into two different stage: mid-Variscan and late-
Variscan intrusive complexes. Mid-Variscan intrusive complex consists of basic-intermediate
acid rocks, lithologicaly from gabbro to granite. The main intrusion in this region is Habahe
plagioclase granite, in which develop the northwest Axile sub-fault containing gold-bearing
quartz veins (Fig.1).

Ore Geology. Four mineralizing zones have been found in this mining area (Fig.1). Vein
33 occurs among diorite and granite in the northwest of the mining area, with 40m wide of
Wallrock alteration zone. The ore bodies extend 240m and 1~3m wide, with 0.5~64g/t of gold
grade. The alteration consists of silicification, pyritization, chloritization and epidotization.
Silicification and pyritization are closely associated with mineralization. Vein 12 occurs in the
diorites and is located in the deep fault of central mining zone, with 0.6~2g/t of gold grade. Vein
18, located in northeast mining area, occur in the sud-fault within the granites. The alterations
are potassic alteration and sericitization. The ore body is 0.5~1m wide, with 0.2~5g/t of gold
grade. Veinl9 is controlled by sub-fault and located in the south of vein 18 vein. Ore body is
1~5m wide and gold grade is 0.5~24g/t. There is an obvious lithology change in the profile of
axile main fault: hornblende granite - striped-granite (slight,schistosity)— mylonitic granite
(chloritization)— mylonite— orebody— mylonite— mylonite (schistosity)— nubbly granite-
quarternary.

The mineralizing stages can be divided into three: (I) early white quartz vein stage, which
is characterized by white-lens quartz vein in shear zone; (II) sulfide-poor quartz vein stage,
which is the main mineralized stage; (III) disseminated pyritized quartz vein stage, in which
quartz shows miarolitic cavity sometimes. In stage II, the gold-bearing vein fills in diorite
fracture, limonitization strongly occur near the surface, and the drilling samples are grey-
transparent quartz. Some samples in this stage have 64g/t of gold grade.

The ore minerals are native gold, pyrite and chalcopyrite. Oxide minerals are limonite,
hematite, and malachite. Gangue minerals are: quartz, feldspar, sericite and chlorite, ect. The ore
contain granular texture, metasomatic texture,shattering texture, and nubbly structure,
dissemination structure and drusitic cellular structure. The ore-bearing wallrock alterations
includes limonitization, pyritization, silicification, sericitization, kaolinitization.
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Fig.1 Regional geologic sketch map of the Axile gold deposit (After Shan et al., 2006). 1-Quarternary, 2-
plagiogranite, 3-quartz diorite, 4-garbbro diorite, 5- granite, 6-phyric granitic, 7-mylonite, 8- tectonic belt, 9-
gabbro vein, 10- Mineralized body, 11-line of geologic limitation, 12-axile fault, 13-quartz vein, 14-ore
body

Fluid inclusions. Using advanced Linkam cooling-heating stage (THMS600) controlled by
“Linksys” software, measuring accuracy between 0.1 and 0.2°C under 30°C, measuring accuracy
between 0.5 and 1°C above 30°C, authors carried out systematic studies on the primary fluid
inclusions in quartz through microscope observation, frozen and homogenization temperature,
then concluded that there were three typical inclusions:

COy-rich inclusions (LH,0-LCO,), occurring in the stage I, consists of an aqueous phase
and a liquid CO, phase, with the sizes ranging from 5 to 28um. The homogenization
temperatures range from 221.9~225.5°C (10 inclusions), with salinity from 5.8% to 7.1% (6.6%
of average salinity) (fig.2) and fluid density from 0.65 g/cm3 to 0.82 g/cm3 (0.73 g/cm3 of
average density). The melting temperatures of CO, (tm, CO,) range from -61.8 to -66.3°C (33
inclusions), and the homogenization temperatures of CO, (th, CO,) range from 15.3 to 28.6°C
(46 inclusions).

Aqueous inclusions (L-V), occurring both in the stages II and III, consists of an aqueous
phase and a vapor phase, with the sizes of ranging from 2 to 19.8um. The homogenization
temperatures range from 125.2 to 240.3°C (63 inclusions) (Fig.2).

Monophase aqueous inclusions, occurring in the stage III, consists of only one an
aqueous phase in room temperature. They have -3.2 to -5.3°C of ice melting temperatures (5
inclusions), with salinity from 5.26wt% to 8.3wt%.
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Fig.3 Laser Raman spectrum of fluid inclusions of the Axile gold deposit.

Raman analysis of fluid inclusions have been done in order to confirm the composition
characteristics of fluid inclusions. Analysis on 20 inclusion samples (Fig.3) concluded that the
inclusion (Lco2-V co2) in quartz shows distinct H,O spectra peaks, and many inclusions show
distinct CO, spectra peaks at 1384cm’™’, no signal CO, and other type spectra peaks. All the
characteristics are identical with the phase changes of freezing test on inclusions.

Trace Elements picked up in fluid inclusions are measured by synchrotron radiation X-ray
microprobe techniques. The method and test conditions can be referred from references (Huang
et al, 2001; Yang et al., 2002). Samples are from Vein 18 of ore-bearing quartz and were tested
two times by synchrotron radiation X-ray.

The net peak area counts and the standard deviations(lc) of glass standard samples,
mineralized quartz vein and inclusions were measured by SRXRF method, and the result of
average net peak area was gained by normalized correction(net area of the peak counts/ detector
counts*105), the element contents of ore bearing quartz vein and inclusions were obtain by the
following formula:

Ci/Pi=Cs/Ps,
C'-sampling content; C'—glass sampling content ; P—sampling net peak; P*-glass sampling net
peak
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Test results showed that there were Fe(277.6ppm), Co(4.5ppm), Cu(7.1ppm), Zn(5.0ppm),
Se(0.2ppm), Au(0.6ppm) anomalies in AX181-18 inclusion compared with background. The
result should be confirmed by further verification for some reasons such as AX181-14 inclusion
small.

Conclusion
There were three types of fluid inclusions in the Axial
gold deposit. They are CO,-rich inclusions (Liz0-Lcoz),
aqueous inclusions (L-V) and monophase aqueous
4 inclusions. Lio-L cop inclusions have 221.9~225.5°C of
Th, and L-V inclusions have 125.2 to 240.3°C of Th, It is
indicated that the ore-forming fluid in the Axile gold
deposit may be a low- medium temperature, low
salinity(from 5.8% to 7.1%) and low density(from 0.65
L g/em® to 0.82 g/em®). The Laser Ramam microprobe
Fig. 5 The fluid inclusion tested by ~ analysis mainly shows H,O and CO, spectra peaks at
SRXRF. Ramam shift 3492.2cm™ and 1383.4cm™. The SRXRF Test
showed that there were anomalies of Fe, Co, Cu, Zn, Se,
Au in AX181-18 inclusion, but it needed to be discussed further.
This study was founded by NSFC (Natural Science Foundation of China, 40672060)
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Introduction. Gold deposits in Wulashan-Daqingshan area of Innermongolia can be
divided into three types (Xu et al., 1999; Hu et al., 2002): (1) the quartz-vein-altered rock type
related to ductile shear zones; (2) the altered-quartz vein type within fractured quartz diorites;
and (3) the veinlet-disseminated type in carbonate formation of Proterozoic strata. The former
two types are actually orogenic gold deposits according to Groves et al.(1998) and Goldfarb et
al.(2001) . This study is focused on two newly found orogenic gold deposits, the Xindigou and
the Modugqing in eastern Daqingshan area, mainly by alteration and fluid inclusions.

Ore Geology. The Xindigou gold deposit, located 70km northeast of Huhuhot, occurs in
the Liushugou formation of the Upper Archean Sertungshan Group (Fig.1). The petrology of the
Liushugou formation consists of metamorphic basic and acid volcanic rocks, which include
chlorite schist, chlorite-sericite-quartz schist and sericite-quartz schist. These rocks had become
mylonite and phyllonite. The ore bodies occurs as banded or lenticular which were folded as the
strata, striking 330° ~150° and dipping SWW with dip angle 45° . The length of single ore
body is more than 300m and the width 1~25m, with average grades of 2.01~4. 49 X 10 (Wang
et al., 2004; Zheng et al.,2005).

The Maoduqing gold deposit, located 20km north of Huhuhot, occurs also in the
Liushugou formation of the Upper Archean Sertungshan Group. The petrology of the mine area
consists of biotite-muscovite-quartz schist, chlorite schist and dolomite marble. The ore bodies
occur between schist and marble layers and are controlled by the foot wall of a reverse fault,
striking 295° and dipping 25° with dip angle 30° ~50° . The length of single ore body is more
than 150m, with average width 14m, and the average grades are 2.07 X 10" (Kang, 2000; Yang,
2003). The main ore minerals are native gold, pyrite, chalcopyrite, galena, sphalerite, magnetite
and hematite, and the wallrock alteration were dominated by silicification, pyritization and
sericitization.

The main ore minerals of both deposits are native gold, pyrite, chalcopyrite, galena,
sphalerite, magnetite and hematite, and the wallrock alteration were dominated by silicification,
pyritization and sericitization. The mineralizing stages can be identified in three: (I) early
pyritization-sericitization-silicification stage; (II) disseminated pyrite-mylonitization-eye ball
quartz stage; and (I11) tiny veinlets of pyrite and quartz stage.

Wallrock Alteration. The typical tectonic-altered rocks in the Xindigou and the
Maodugqing gold deposits are as follows.

Phyllonitized —quartz-(chlorite)-sericite-schist consists of cataclactic-augen quartz
(0.1~0.5mm, 8~10%), granule recrystallized quartz (0.01~0.05mm, 30%), sericite (30~50%),
chlorite (0~20%) , cataclactic oligoclase or microcline (<5%) and relict volcanic clast or debris
(<5%), with lepidoblastic texture, rotary texture and schistose structure.

Mylonitized chlorite-quartz-schist consists of lenticular-augen quartz (20%), fine
recrystallized quartz (30%), cataclactic oligoclase (20%), chlorite (25%) and small amounts of
muscovite, sericite, calcite and essonite, with lepido-granoblastic texture, mylonitic texture and
schistose structure.

Seicite-chlorite-(feldspar)-quartz mylonite consists of flour quartz (0.03~0.1mm, 30%),
cataclactic-augen quartz (0.2~0.5mm, 20%), chlorite (20%), sericite (15%), dessimated pyrite
and calcite, with mylonitic texture and augen structure.

Pyrite-sericite(chlorite)-quartz-schist consists of lenticular-augen quartz (0.2~0.5mm,
40%), fine recrystallized quartz (0.01~0.05mm, 20%), sericite(30%), chlorite (<5~10%), pyrite
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(5%) and calcite (<5%), with lepido-granoblastic texture and schistose structure. Pyrite occurs as
tiny veilets or disseminated, with small amounts of chalcopyrite.
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Fig.1Regional geologic sketch map of Xindigou and Maoduqing gold deposits. (Simplized from Hu
et al., 2002). 1-Quatnary and Tertiary ; 2-Mid-Archean Jining Group; 3-Mid-Archean Wulashan Group;
4- Upper Archean Sertungshan Group; 5- Paleoproterozoic Zhaertaishan Group; 6-Neopaleozoic-
Mesozoic strata; 7-Archean intrusions; 8- Paleoproterozoic intrusions; 9- Neopaleozoic intrusions; 10-
Mesozoic intrusions; 11-Unconformity; 12-Line of geologic limitation; 13-Decken structure; 14-Fault;
15-Gold deposit

Rare earth element analysis of altered rocks was carried out in Geology Research Center of
Nuclear Industry. The instrument for measurement is ELEMENT type Inductively coupled
plasma-mass spectrometry (ICP-MS) made by Finnigan MAT, with 300 of resolving power and
1.25kw of RF power. The laboratory conditions are: 0.85L/min of sample gas current velocity,
0.83L/min of supplementary gas current velocity and 12.0L/min of cooling gas current velocity.
The results are as follows.

(1) The total contents of REE (XREE)in main altered rocks of the Maoduqing and the

Xindigou gold deposit range from 44.9%10¢ to 155.4x10°°, which are resemble to those of
original mid-basic volcanic rocks, indicating that no obvious changes have happened during
hydrothermal wallrock alteration.

(2) The ratios of light REE to heavy REE (LREE/HREE) are 7.0~26.1, showing that the
altered rocks are rich in light rare earth elements and appear right decline of curves in REE
pattern model grams (Fig. 2). The fractionation in LREE exsits, with 2.2~6.1 of (La/Sm)y, while
that in HREE is not obvious, with 1.8~1.0 of (Gd/Yb)n. These characteristics are also similar to
original intermidiate-basic volcanic rocks.

(3) Abnormity of Eu is not clear in the altered rock samples of the Maoduqing and the

Xindigou, with 0.6~1.2 of 8Eu. The 8Ce(0.8~1.0) is also unclear. Those reflect the features of

original intermidiate—basic volcanic rocks.
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Fig.2 REE patterns of altered rocks of Maoduqing and Xind:igoﬁ gdld deposits
XDO03- Mylonitized chlorite-quartz-schist; XD06- Seicite-chlorite-quartz mylonite; MD102-Chlorite-
schist; MD113- Pyrite-sericite-quartz-schist

Fluid Inclusions and Isotope Composition. Fluid inclusion study has been done for the
Maoduqing and the Xindigou gold deposits. Because late tectonic events were frequency,
microfractures are developed and most primary fluid inclusions were broken. In some samples,
primary fluid inclusions (Roedder, 1984) can be found and may be divided into three types: 1)
COs-rich inclusions (Lyo-L coz or Lino-Veoz), which consists of liquid H,O and liquid CO,
(with 50-80% of CO, / H>0); 2) aqueous inclusions, which consists of a liquid H,O phase and a
vapor phase, with more than 90% of L/V; 3) CO, inclusions, which consists of a liquid CO,
phase and a gas CO; phase, or only a liquid phase under the room temperatures. These carbonic
inclusions are usually found in place where mylonitization was intensive and occur vertically to
the long axis of lenticular quartz.

The first type of fluid inclusions is the main sort in the Maoduqing gold deposit, but the
size of those inclusions are small (less than 2 u ). Wang et al. (2004) gained 278-323 °C of
homogenization temperatures. CO; inclusions may be dominant in some samples and the melting
temperatures (¢m,coz) range from -57.5 to -56.5°C. They have two behaves when heating. For the
first group, the homogenization temperatures (th.co2) range from -20 to -10°C, and for the second
group, #,coz range from -1.6 to +14.3°C. Laser Ramam microprobe analysis shows distinct CO,
spectra peaks at Ramam shift 1386cm™ and 1278cm’ (Fig.3), and no CH4, H,O and other

spectra peaks.
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Fig.3 Laser Raman spectrum
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The values of slgosmow in vein quartz vary from 10.78~15.5%o, which are identical with
other gold deposits of this area, such as the Wulashan gold deposit (11.36~12.89%0), the
Donghuofang(12.5~12.9%o), and the Houshihua (12.5~13.2%o). The values of 6D range from -
60.3~-102%o, which are also similar to the Wulashan and others. When the SISOsmOW are turned to
8" 0mo with Clayton formula (1972), most points projected in 8" 0mo -8Dmpo coordinate
diagram is under normal magmatic water region, but there is an oxygen-shift towards rain water.
Hence, it is illustrated that the ore-forming fluid was related with magmatic activity and locally
influenced by meteoric water.

The values of sulfide §**S for the Xindigou and the Maoduging range from 1.46%o to
5.45%o, which are also similar with other gold deposits of the Daqingshan area. The fact that §**S
round 0 indicates that the ore sulfur would come from mantle or lower crust. However, from the
Waulashan gold deposit to east, 8*S sequencely changes from -7~-14 (Wulashan), -0.5~-6.2
(Houshihua, No.15), +0.02~+6.1 (Donghuofang), to+1.46~ 5.45%o(Xindigou and Maoduqing).

This study was funded by NSFC (Natural Science Foundation of China, 40672060)
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