Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2025.V. 336. 3. P. 74-88
Petrova M.A. et al. Ayakhta gold-quartz deposit (Yenisei Ridge): formation conditions and source of fluids

YAK 553.21/.24
DOI: 10.18799/24131830/2025/3 /4673
[Mudp cnernuanbroctu BAK: 1.6.10

30/10TO-KBapLeBoe MecTopoxKgeHue Asaxta (EHUCeiCKUM KPAK):
yca0BUA GOPMHUPOBaHMSA U UCTOYHUK (PJIIONAOB

M.A. lleTpogal, H.A. T'u6mep?, E.O. llanapenko!™, A.A. ToMu/IeHKO!,
T.A. Byab6ak!, A.M. Cazonogs?, M.O. XomeHkol, C.A. CUIbsIHOB?

I Wncmumym eeonozuu u muHepasozuu um. B.C. Co6osesa CO PAH, Poccus, 2. Hosocubupck
2 Cubupckutl gpedepaavHbili yHugepcumem, Poccus, 2. KpacHosipck

“‘shaparenko@igm.nsc.ru

AHHOTanusa. AKmya/1bHOCM®b UCCIeJ0OBaHuUsI ONpefiesisieTcsi TOTPeGHOCThI0 YCTaHOBJIEHUS TapaMeTPOB PYAOHOCHBIX (JIro-
H/I0B 30JI0TOPY/IHOT'O MECTOPOK/JeHNs AAXTa, OJJHOTO U3 3TAJIOHHBIX U KPYIHbIX 06'beKTOB B EHMCcelickoM kpsixe. [losydeH-
Hble IaHHble MOTYT GbITh UCII0J1b30BaHbI JJ/I51 Pa3paboTKH 1{eJI0CTHON Mosiesin GOpMHUPOBaHUsI 30J10TOT0 OpYAeHEeHUs peru-
oHa. LJesv: onpesennTh GU3NKO-XUMUYECKHE YCI0BUS GOPMUPOBAHUS KBAPLEBO-)KUJIBHBIX 30H U UCTOYHUK PYAOHOCHBIX
buron10B. Memoawl: cocTaB pyJHbIX MUHEPAJIOB GblI TPOAHAJM3UPOBAaH METOLOM MUKPOPEHTI€HOCIEKTPAIbHOTO aHaIU-
3a, METO/i MUKPOTEPMOMETPHUH HCII0JIb30BAJICS /st ONIpe/ieJIeHUs] TeMIepaTyp $pa3oBbIX NEPEXOA0B BO GJIIOU/HBIX BKIIIO-
YeHUSIX, COCTAB MH/MBU/IYyaJbHbIX QJIOU/IHBIX BKIIOYEHUH OblJ ONpe/ie/leHeH METO/JOM paMaHOBCKOM CIIEKTPOCKOIUH, Ba-
JIOBBIH cocTaB QJIIOMA MPOAHAIM3UPOBAH METO/I0OM ra30BOH XpOMAaTO-MacC-CIIEKTPOMETPHUH, JI/Is1 YCTAHOBJIEHUS] UCTOYHU-
ka ¢Jonza onpejeseHbl U30Tomnbl cepbl (834S) cynbdumoB u yriaekucaoTsl (6§13C) Bo GrOMAHBIX BKIYEHUSIX B KBaplle.
Pe3ysibmamul U 8b1800bl. YCTaHOBJIEHO, YTO GOPMHUPOBAHKE 30JI0TO-KBApLEBbIX XKUJIbHBIX 30H NIPOTEKA/IO B CpEJHETEM-
nepaTypHbIxX ycaoBusx (121-424 °C) npu 3HaYUTENbHBIX Kosieb6aHusax AasieHus (0,5-1,5 k6ap). CosieHocTh uironza 6blia
yMepeHHOH (70 25,5 mMac. %, NaCl-akB.). MeToz0M ra3oBoi XpoMaTo-Macc-CIEKTPOMETPUH B COCTaBe PYAOHOCHOTO G0
6b1710 06HapykeHo oT 178 fno 286 coepnHeHuUl, cpeau HUX npeo6sagawt H20 u CO2. Ha fosto yriaeBoZopoioB, UX MPOU3-
BOJIHBIX, S-, N- 1 rajioreHco/iep>kalliix coeJUHEeHUH B cyMMe npuxoauTcs 7,4-22,6 oTH. %. Mbl mpejnosiaraeM, YTO OpraHu-
YyecKHe CoeJJMHEeHUs] NPUHUMAJIM HeNoCcpe/CTBEHHOe yyacTHe B 060TrallleHUH KBapLeBbIX KU/ 30JI0TOW MHHepaJu3alnHeH.
3HayeHUsl U30TOMHOIO COCTaBa cephl (+6,6...+9,5 %o) U yriaeposa U3 GJIOUAHBIX BKIOYeHUH B KBapue (-12,5..-21,9 %)
CBUJETEJIBCTBYIOT B 10JIb3Y MeTaMOP}OTreHHO-KOPOBOI'0 HCTOYHUKA QJIIOUJIOB.

KioueBble cioBa: 3051070, EHMCeCKUT KpsDK, GII0MAHBIE BKIIOYEHHs], YCJIO0BUsI MUHepasoo6pa3oBaHus, GC-MS
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https://rscfru/project/23-77-01063/), oT60p daxTHUeckoro MaTepuasna u Bepudpukanus Metoguku GC-MS ocymiecTBieHsbI
10 TOCYZLapCTBEHHOMY 3a/iaHuio UHCcTHTyTa reosioruu v MuHepasoruu CO PAH (Ne 122041400312-2).
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Abstract. Relevance. The need to establish the parameters of ore-bearing fluids of the Ayakhta gold deposit, one of the
standard and large objects in the Yenisei Ridge. The data obtained can be used to develop a holistic model of gold
mineralization in the region. Aim. To determine the physicochemical conditions for the formation of quartz vein zones and
ore-bearing fluids source. Methods. We analyzed the ore minerals composition by micro-X-ray spectral analysis, determined
the temperatures of phase transitions in fluid inclusions using the microthermometry method, determined the individual
fluid inclusions composition by Raman spectroscopy. The fluid bulk composition was analyzed by gas chromatography-mass
spectrometry (GC-MS). To establish the source of the fluid, we used isotopes of sulfur (§34S) sulfides and carbon dioxide
(613C) in fluid inclusions in quartz. Results and conclusions. We established that the gold-quartz vein zones formation
occurred under medium temperature conditions (121-424°C) with significant pressure fluctuations (0.5-1.5 kbar). The fluid
salinity was moderate (up to 25.5 wt %, NaCl-eq.). Using the GC-MS method, we detected from 178 to 286 compounds in the
ore-bearing fluid, H20 and CO2 predominate among them. The share of hydrocarbons, their derivatives, S-, N- and
halogenated compounds in total accounts for 7.4-22.6 rel. %. We assume that organic compounds were directly involved in
the enrichment of quartz veins with gold mineralization. The isotope composition values of sulfur (+6.6...+9.5 %o) and carbon
from fluid inclusions in quartz (-12.5...-21.9 %o) indicate a metamorphic-crustal source of fluids.
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BBeneHne BBIMH JKIJIAMH BO BMEIIAIONIMX METAMOP(PHICCKHX TOI-
ASIXTUHCKOE 30JI0TOPYJHOE MECTOpOXkJEeHHe Haxo- 1max [S]. borxee 25 % pyaHOro 3010Ta COCTPEIOTOUCHO B
nutest B KpacHosipckoM kpae (puc. 1, a), KOTOpBIi SIBIISl-  MECTOPOXKACHHUSAX M PYIONPOSIBICHUSAX TPYIHOOOOTaTH-
eTCsI TUJIEPOM TI0 00BIUe 3070Ta B Poccuu 1 OTHUM M3 MBIX 30JI0TO-CYIIL(HIHO-KBAPIIEBBIX Py C HU3KHM CO-
KpyIMHEHIINX B MHpe. Bcero B kpae M3BECTHO OKOJNO  JepikaHHeM Merasuia [2].
300 mecTopokIeHUM U PyIONpOosBIeHUH 30m0Ta. Boib- Bompocsl MeTamioreHHH 3070Ta IIHPOKO 00CYykK-
IIMHCTBO pa3padaTHIBACMBIX MECTOPOXKICHUN OTHOCATCS — JAar0TCs MHOrMMH MccienoBaresiMu [1, 4-10]. do cux
K KopeHHOMY Tury. Hampumep, Takue KpynHble 0OBEK-  [Op OCTArOTCS JMUCKYCCHOHHBIMH BOTIPOCHI TEHE3Hca
Thl, Kak OmumnumaguHckoe, brnaromatHoe, CoBETCKOE,  30JI0TOPYAHBIX MECTOPOXKACHHH, JJIMTEIBHOCTH HX
Benyrunckoe, Onbaopano. IloMuMo KpyIHBIX, H3BECTHBI  (DOPMHPOBAHHsI, HCTOUYHHKA 30JI0Ta, MEXAHHU3MOB €r0
Oonee 100 obwekToB C 3amacamu 3010Ta MeHee 10 T  TpaHcmOpTHPOBKH M ocaxkaeHus [, 11-14]. TToxyunts
[1-3]. CornacHo COBpEMEHHOI FeHEeTHYECKOH KIacCu(u-  OTBETHI Ha YaCTh BOIMPOCOB CTAJIO0 BO3MOYKHBIM OJ1aro-
KalliH, 5TH MECTOPOXKICHHUS SIBIISIFOTCSI OPOTEHHBIMU [4].  mapst pasBUTHIO METOAOB TepMmobaporeoxumuu. Kom-
B reomorndeckoM ImiaHe 30JI0TOPYAHAS MUHEPATU3AIMS  [UIEKCHBIA aHaau3 (QIIIOWAHBIX BKJIIOYEHHH B KOMOH-
pacrionaraercs B npejenax EHHCEHCKOro Kpska — IpeB-  HAIMU C H30TOMHO-T€OXHMMHYECKUMHU UCCIIEIOBAHUAMHU
HETO OpOr€Ha KOJUTM3MOHHO-aKKPEIMOHHOTO TuMa. Pyn-  mosBosster moayunth PTX-XapakTepUCTHKH THIPO-
HbIE TeJla MPE/ICTABICHbI 30JI0TO-CYIb(QUIHBIMU KBaplle-  TEPMAaIbLHOIO PyIOHOCHOIO PACTBOPA.
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Pan uccrnenoBatenell 3aHUMAIOTCS U3yYEHHEM 30-
JIOTOPYIHOM MHHEpaTU3allik METOAaMU TepMoOapo-
reOXUMHUHU. ABTOPBI MOJIy4alOT AAHHBIE O COJIEHOCTH,
Temreparypax u nasiexun ¢uronna [15-20]. bompimoe
KOJIMYECTBO PAbOT TIOCBSIICHO H3YYEHHIO COCTaBa
¢dnronna MecropoxxaeHuid Exncelickoro kpsixka, a Tak-
Ke psina Ipyrux peruonos [13, 16, 21-25]. B nocnen-
HUE JICCATUIIETHS C TIOMOIIBIO0 METO/Ia Ta30BOi XpoMa-
to-macc-criekrpomerpun  (GC-MS) mnomydensl yHH-
KallbHbIE JIaHHBIE O cocTaBe Quitouja HE TOJIBKO B
KBaple, HO U CyIb(pUIax, a TAKKE O CAMOPOTHOM 30-
JIOT€ 30JIOTOPYJHBIX MecTopokaeHnii Enucerickoro
kpsoka [14, 22, 26, 27].

Lenpro mpeacTaBneHHON pabOThI SBISIETCS ONpee-
neHne (pU3NKO-XMMHUYECKUX TTapaMeTpOB U MCTOYHUKA
pyIoHOCHOTO (urronaa, chOPMHPOBABIIETO MECTOPOK-
JneHue Asixra.

KpaTtkas reosioro-MuHepajiornyeckas
XapaKTepUCTHKA ASXTUHCKOT'O 30JI0TOPY/HOT'0
MeCTOPOXKAEeHUA

ASIXTHHCKOE 30JI0TOPYJHOE MECTOPOXKICHHE pac-
nonoxkeHo B CeBepo-Enuceiickom paiione KpacHosip-
CKOTO Kpasi B HWXHeM TedueHuu p. [lenuenrun. Mecto-
POXKIEHHE BXOJUT B COCTaB OJHOMMEHHOI'O PYIHOIO

y371a, OTHOCSIILIErocs K LEHTpaibHOM uyacTu EHuceii-
CKOTo Kpsbka. PailoH pacroyiokeH B ceBepo-3amaaHon
gactd Tarapckoro aHTUKINHOPHS BOIHM3W COWICHEHHUS
¢ Anrapo-Ilurckum cunknuHopuem [1, 28].

[lepBbie cBeleHHS O TEOJOTHMH MECTOPOXKICHHUS
Asixta m3noxkensl B [29]. KBaprieBo-KuiIbHBIE 30HBI
MECTOPOXK/IEHHUS PACHOJIOKEHBl B CIIAHLIEBOM KIIMHE,
BXOJAIIEM B IPaHUTOMJIBI ASIXTHHCKOTO MaccuBa. Oc-
HOBHOM PYAOJOKAIM3YIONMIEH CTPYKTYpOH SIBISIETCS
Kanpunckas OpaxuaHTUKIMHAIE, CJI0KEHHAs TOPOIaMu
KOPJIMHCKOW M TOPOMIIOKCKOH CBUTBI, METaMOP(PH3UPO-
BAaHHBIMH B YCIIOBHSIX 3€JIECHOCIAHIICBOM W AIHIOT-
ampubonuroBoit (daruii  Meramopduszma. CraHubl U
TPaAHUTOWJIBI PYAHOTO IMOJISi MECTOPOIKICHHUSI MHTEHCHB-
HO TpeH3eHU3MpPOBaHbl. BIONb CKIag4aToil CTPYKTYpPHI
MPOXOAUT 30HA TEKTOHHYECKUX HAPYIICHUH, OCIOXK-
HEHHBIX pa3ioMaMH CYOLIMPOTHBIX  HarpaBlIeHUI
(puc. 1). B aT0ol 30HE HAXOJATCS METACOMATHYECKH W3-
MCHEHHBIC BMEIIAIONINE MOPOIBI, B KOTOPBIX MPUCYT-
CTBYET 30JI0TO-KBaplieBasi MuHepanu3amus [3, 29, 30].

Wntpy3uBHbIe 00pa3oBaHUS Ha TUIOMIAIH MECTOPOXK-
JOCHWS  TIPEACTAaBICHBI  TPAHUTOMIAMHM  TaTapcKo-
asixTuHCKoro komruiekca (RF;ta), B yacTHOCTH assXTHHCKO-
T'O MaccuBa, Bo3pacT kotoporo 760—750 mun et [31, 32].
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Puc. 1.

a) eeozpagpuyeckoe nosodiceHue mecmoposicoeHus: Asixma; 6) gppasmenm zeon02uyeckoll Kapmul ASIXMuHCKo20 pydHo-

20 y3aa [33]. 1 - CpedHesopozoscKull KOMN/AEKC We/104HO-2paHUM-cueHumosslll; 2 — Tamapcko-asxmuHcKull KoM-
nsekc epanumosslll; 3 - lopbusokckas ceuma; 4 - KopouHckas ceuma; 5 - [leHueHz2uHckas ceuma; 6 — 3010mopyo-
Hble MUHEPAAU308aHHbIE 30Hbl (A — ycMaHo8/1eHHble, 6 — npednosiazaemvle); 7 - pa3puléHble HapyweHus (a - ycma-

Hos/leHHble, 6 — npednosazaemvle)
Fig. 1.

a) geographical location of the Ayakhta deposit; b) fragment of the Ayakhta ore cluster geological map [33]. 1 -

Srednevorogovsky alkali-granite-syenite complex; 2 - Tatar-ayakhta granite complex; 3 - Gorbilok formation; 4 - Corda
formation; 5 - Penchenga formation; 6 - gold mineralized zones (a - established, b - supposed); 7 - fracture faults (a -

established, b - supposed)
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Bwmemaromuye mopoabl MpeacTaBiIeHbl KOPIUHCKON
cBuTOl pudes, cocTosmei W3 KBapI-OMOTUTOBBIX U
KBapI-OMOTUT-MYCKOBHTOBEIX CJAHIIEB C TpaHATOM,
pexe ¢ aHAaNy3UTOM U CHJUIMMaHUTOM. Bospact mo-
pox coctasisier 10304130 min et [34]. Bmemaromue
MOPOJIbl UMEIOT 3K30HTAKTOBYIO 30HY C ASXTUHCKUM
MAacCHBOM IO3JJHEOPOT€HHBIX I'paHUTOMA0B. Ha mio-
[[aJid MIMPOKO Pa3BUTHl MEJIKHE Tella TPAaHUTOHIIOB, B
pa3iIMyHON CTENEeHU MOJBEPriIMecs MeTacoMaTude-
CKHUM TipeoOpazoBaHusM [5].

Pynnas xBapueBo-xuiabHas 30Ha ASXTHHCKOIO
PYIHOTO y3lla MMEET MPOTSKEHHOCTH Oosee 10 kM u
LIMPUHY OT MEPBBIX COTEH METPOB 10 2 KM, MPOTITHU-
BAIOIIMXCS B IOT-IOT0-3aMaHOM HampasiieHud. Ha me-
CTOPOXKAEHUHU BBIJEIIEHO [BE KBaPLEBO-)KUJIBHBIX 30-
Hel: OcHOBHas W 3amajHasi, COCTOSALIME M3 CHUCTEMbI
MapajuiebHbIX U CyOnapauiebHbIX KU, MTPOKHUIKOB
U JIMH3 pa3InyHON MOIIHOCTH [3]. OCHOBHBIMH MMHE-
palaMH PYIHBIX KBapLEBO-KWIBHBIX 00pa30BaHUIA
SIBIIICTCSl KBapll M CyJIb(HIBL, C KOTOPHIMH CBs3aHa

30JIOTOpYyAHas MUHEpAJIU3alusl.

e

Kgapu npencraenen sxunbhoi (1) u raesnoBoit (II)
Pa3HOBUIHOCTHIO B OKBAPIIOBAHHBIX TOPOJIaX 3ajb0aH-
JIOB KBapIeBBIX kI KBapil | mpencraBineH KpymHBIMA
3epHaMH (>2 MM) HENIPaBUJIbHOM (HOPMBI C BOTHHCTHIMHU
kpasmu (puc. 2, a). Keapu I mpeoOmagaer B pyaHOi
3oHe MmectopoxaeHus. Ksapr I (0,05-1,5 mM) umeer
W30METPUYHYIO TIOJIMTOHAJIBbHYIO (opMy U 00pasyroT
IpaHoO0IaCTHUYECKYIO COTOBYIO CTPYKTYPY (pHC. 2, 6).

PynHas MuHepanmmzamys TpencTaBIeHa 30JI0TOM, IH-
PHUTOM, apCEHOIHPUTOM, peXe BCTPEYaloTCsl MUPPOTHH,
XanpKonuput, chareputr (puc. 3). Coxepxkanue cyabhu-
JIOB cocTaBisieT He Ooree 3 %. MHKPO30HIOBBIN aHAIN3
TIOKa3aJl He3HAUHTEIBHBIC BAPUAIIMN XUMIYECKOIO COCTa-
Ba B xampkommpure (Cu — 27,59-34,05 %, Fe -
30,39-32,39 %, S — 34,30-35,15 %) u mapure (Fe —
46,27-59,24 %, S — 38,93-53,67 %). CamopotHOE 30J10TO
B BHJIC MEJIKOW HEPAaBHOMEPHO PACCESIHHOW BKPAILICHHO-
CTH ¥ HEOOIBIIHX MPOXKHIIOK HAOIIOAETCs KaK B CpacTa-
HUH C KBapIleM, TaK M B CIIAHIIEBHIX mopoaax. [IpodHocTh
3070T1a coctasiseT 850 %o. 3amachl 30J10Ta OLIEHUBAIOTCS B
11,6 T ipu cperem coneprkanuu 8,3 1/t [35].

300 um

B D= 300 um

Puc. 2. PasHnosudHocmu keapya mecmopodscdenusi Asixma: a) scuavhsitl keapy (I) (o6p. 2/71.6); 6) enezdosoli (1) keapy

(o6p. 607/37), Q - keapy
Fig. 2.

Quartz types from the Ayakhta deposit: a) vein quartz (1) (sample 2/71.6); b) nested (II) quartz (sample 607/37), Q - quartz

6) nupumossle nposcuaku (06p. 2-71.6). Apy - apcenonupum, Py - nupum, Pyh - nuppomun
Sulfide mineralization of the Ayakhta deposit: a) phenocrysts of arsenopyrite and pyrrhotite (sample 712-124); b)
pyrite veinlets (sample 2/71.6). Apy — arsenopyrite, Py - pyrite, Pyh - pyrrhotite

Fig. 3.
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dakTHYeCKUH MaTepuasl 1 METOAbI HCC/IeJOBAHUSA

DaKkTUUEeCKU MaTepuan MpeACTaBICH KOJIICKIUEH,
oToOpaHHON M3 ckBaxuH 2, 607, 708, 712, 728, 747,
795 u pynHoro ckiaga. OOpasibl IpeCTaBIeHBI KBap-
LUEBBIMH U KBapI-CyIb(QHUIHBIME arperaraMu ¢ IIpo-
KHUIIKAMH, JINH30YKAMHU CJIAHIIEB BMEIIAIONINX MTOPOJT U
ciroaMu (MycKoBUT, OuoTHT). Cynbhuasl B 00pasmax
MPUCYTCTBYIOT B BHUJE HEOOJBIINX BKPAIUICHUH, MPH-
Ma3oK, MPOXKUIIKOB, THE3]] B KBapIle UM B CIAHIEBBIX
arperarax.

W3 xamMeHHOTO Marepualia u3 OJHOU MOJOBUHEI 00-
pasua ObLIM CAeNaHbl KBapLEBble TIACTHHKH, TOJIHPO-
BaHHBIEC C JIByX CTOPOH, U HeTporpaduieckue muTuQbI
IUTSL I3y4YeHHs (QIIFOUIHBIX BKIIOUCHHH. [pyryto 4acTh
oOpa3ia JpoOuiK 1 pacceuBald Ha CUTaX U OTOMpaIn
(bpakuu MUHEpAIOB 03 MOCTOPOHHMUX MPUMECEH s
NaJbHEHNIINX UCCIIEIOBAHNI.

MeToioM MHKPOTEMOMETPUH B WHIMBHIYAIbHBIX
(ITFOMIIHBIX BKJIIOUEHUSIX ObUIM M3MEpPEHBl TeMIlepary-
pa o6meit romorenuzanuu (Tr,y), TEMIepaTypa 3BTEK-
tuku (T,y), TEMIIEpaTypa IUIABICHUS Jbla B BOJHOU
daze (Tipmm), Temreparypa rmiaBiaeHus (T.,coz) U
yacTUYHOM romorenusanuu cmecu razoB CO,=CH4EN,
(Tromcoz2). Taxxke ¢ukcupoBancs BUA TOMOTCHH3a-
WU — B KHUJKYI0 WIK Ta3oByto ¢a3zy. HcciegoBanus
mpooamiIuck B Mukporepmokamepe THMSG-600
¢upmbl Linkam B muamazone ot —196 mo +600 °C.
CranpapTHas TeMmmepaTypHas MOTPEIIHOCTh H3Mepe-
Hu#i coctasisier +0,1 °C B orpunarensHoit u =5 °C B
MIOJIOKUTEIBHBIX TEMIIEPAaTYPHBIX 3HaueHHsX. [lomy-
YEeHHbIE MapaMeTPhbl MO3BOJISIOT OLIEHUTH JaBJICHHUE 110
METOJIaM, TIPEICTaBICHHBIM B paboTax [36, 37].

CocraB BomHO#W (ha3el MONYyUEH HA OCHOBE 3HAUeE-
Hull Temnepatyp 3BTeKTHKH [38]. ConeHOCTh BOJAHOM
(azbl QIFOUIHBIX BKIOYCHUH OICHUBANACh IO TEMIIe-
parype IUIaBICHUS JIbAa U TEMIIEPaType PacTBOPCHHUS
KPHUCTAJUTMKA COJIM IIPHU HCIOJH30BAHUU JIBYXKOMIIO-
HEHTHOU BojiHO-cosieBol cuctembl NaCl-H,O [39].

MeToI0M paMaHOBCKOH  CIIEKTPOCKONHMH  OBLIN
MPOAHANIN3UPOBAHEl  MHAWBUAYAIbHBIC  (DIIOUIHBIC
BKIIIOUEHHST B KBaple Ha OJHOKAHAILHOM paMaH-
cnekrpomerpe Horiba J.Y. LabRAM HR800 nmo mero-
JIMKe, U3JI0KEHHOH B paboTax [40, 41].

Banoselii coctaB (haronmoB B KBaple U cyibduaax
onpeznenen meronomM GC-MS Ha rasoBoM XpomaTo-
Macc-criektpomerpe Focus GC-DSQ II MS (Thermo
Scientific, USA). Metoguka GC-MS ananm3za moapo0-
HO M3II0KeHa B pabote [26].

Mukpotepmomerpuueckue, pamad 1 GC-MS wuc-
CIICZIOBaHMSI TIPOBEACHBI B JIAOOpaTOpUH TepM0oOapo-
reoxumuu UI'M CO PAH.

W3otonHbIi cocTaB cepbl (6348) B Cynbpumax us3-
Mepsicss B raze SO;, MONYYEeHHOM IIPHU B3aUMOJACH-
ctBuu cynbpuao ¢ CuO mpu 1000 °C, u HOpMHUPO-
BaJICSl OTHOCUTEIILHO U30TOITHOTO COCTaBa TPOMIINTA U3
Meteoputa KanboH-/[ps0s0.  BocnpousBogumocTh
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SHAuCHHH & 'S, BKIIOYAs MOATOTOBKY 0Opasia, co-
crapisieT 0,1 % [42].

V30TOnHbIHA cocTaB &' °C YrIeKHCIOThl (IIIOUIHBIX
BKJIIOYEHUH B KBaplie ONpEAEIsuICS B rasze, U3BIEYEH-
HOM u3 HaBecok B 1000 mMr MeTOnOM JeKpenuTanuu
npu HarpeBanuu oOpasma go 600 °C. CO, cBsi3biBa-
JIOCh TIPU TEMIIEpaType KUIKOTO a30Ta, 3aTeM KPUOJIO-
BYIIKH M30JUPOBAJIUCH OT BaKyyMHOW JIMHUM. AMITy-
ae1 ¢ CO, aHaIM3MpOBAIUCH HA MaccC-CIIEKTPOMETpE
Thermo Finnigan Delta Plus — XP, ocnamenHom cu-
creMoil JBoiiHOTO Hamycka [43]. Pe3ynpTaThl HOpMHU-
poBanuck uepes crannapt VPDB (Pee Dee Belemnite).

CocraB Ccynb()UI0B MPOAHATH3NPOBAH MUKPOPEHT-
TCHOCIIEKTPAIIbHBIM ~ METOJIOM  Ha  DIEKTPOHHO-
30H70BOM MuKpoaHanu3atope JXA-8230 (Jeol Ltd)
npu cienyromux napamerpax: 20 kV — Hanpspkenwe,
50 HA — cuna toka 30H7a (ananutuk B.H. Kopotok).

MuKpOpeHTI€HOCIETPAIbHBIN aHaJIU3 U U30TOIHO-
reoxumuyeckue ucciegosanus (S,C) mnpoBeneHsl B
LIKIT MHOr03/1€MEHTHBIX U U30TOITHBIX MCCIIEIOBAHUN
CO PAH.

XapakTepucTuKa QpJIIOMIHBIX BK/IIOYEHUH

B obpasnax ¢ mectopoxaeHus Asxta ObUo 0OHa-
pyXEHO JiBa THIIa KBapua: KWibHbIA (1) U rHE3mM0BOM
(II) (puc. 2). ®Omrounnsle BkIOYeHHs H3 KBapua Il
MPUCYTCTBOBAIM B HEOONBIIMX KOJUYECTBAX, MUMEIH
pa3Mepbl MEHee 5 MKM M OKa3aJuch HENPUIOJHBI IJIs
TepMOOApOreOXMMUYECKUX HcciaenoBaHuid. [loaTtomy B
JaHHOU cTaThe OyIYyT MPEICTaBICHBI PE3yNbTaThl U3Y-
YeHnsT (QIIOUIHBIX BKIIOUCHHH W3 JKWIBHOTO KBap-
ua (I).

[To ¢da3zoBoMy cocTaBy Mpu KOMHATHOW TeMIlepaTy-
pe BBIIENEHB TPH THINA (QIIOUAHBIX BKIIOYCHHH B
kBapiie (puc. 4):
A — nByxda3zHble Ta30BO-KHUJKHE BKIIOYEHHUS, CO-
nepkamue ¢azy xunkod H,O u razoBwlid my3bIpek
(Km0, XKcorecnaenz) (puc. 4, a), ¢ MEHSIOMUMU-
Cs COOTHOLICHHUSAMH Tra3a U KUAKOCTH BO BKIHOYE-
nun. ®dopma Bakyosel OKpyrias, pexe Henpa-
BUJIbHAS, cpeaHue pa3mepbl BKJIIOUEHHH
10-20 MxM;
B — ogHOMa3HBIC KUAKUE WU Ta30BbIe BKIOYCHUS
(I', K cooecnaenz) (puc. 4, 6). ®opma Bakyosel vaie
BCEro HEMpaBUJIbHAs WIM BBITAHYTasA, pa3Mepbl J10-
cTUraroT 5—15 MKMm;
C — Tpexda3Hple BKIIOUCHHS, COCTOSIINE U3 BOJI-
HOM (ha3bl (Kpop), Ta30BOrO My3bIphbKa M TBEPIOH
¢a3s! (kpucrammka). OHM cOCTaBISIOT MeHee 5 %
0T 00IIero KOJMYECTBa BKIIOUeHHH. Pdopma Bakyo-
Jeil BBITAHYTasA, peXe HElpaBUIIbHASL, pa3Mepbl 5S—
10 mMxMm (pexxe 10 30 MkM). Pacnonoskens! warie
rpymmamu 10 7-10 ity (puc. 4, 6).
[To renernueckoil Ki1accupuKalud Ha MECTOPOXK-
JeHUH ASXTa BBIICTICHBl TIEPBUYHBIC, IEPBHYHO-
BTOPUYHBIE U BTOPUYHBIE T€HEPALIUH BKJIIOUEHUH.
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Puc. 4.

Tunvit PAUOHBIX BKAKOUEHUL ASXMUHCK020 MecmopoxcdeHusi: a) mun A, dgyxgasHvie (XKuzo+Icoz+cnasnz); 6) mun B,

odHogasnwle (I,K)coz:craznz; 8) mun C, mpexgasmnvle (Knzo+I+Kkp); 2) cucmema 83aumMHO nepecekaroWuxcst mpeujuH,

30dN0/IHEHHbIX BMOPUYHBIMU 8K/JAHYEHUAMU
Fig. 4.

Fluid inclusion types of the Ayakhta deposit: a) type A, two-phase (Luzo+Vcoz:chasnz); b) type B, single-phase

(L,V)cozschanz; c) type C, three-phase (Luzo+V+CR); d) system of mutually intersecting cracks filled with secondary

inclusions

IlepBuuHble M NEPBUYHO-BTOPUYHBIE T'€HEpALUU
BKIItoueHHH (THIT A 1 B) pacronararorcs BHyTpH 3epeH
KBapIia rpymmnamMu J0 25 MTYK U He OTHOCATCS K 3aJie-
YEHHBIM TpenuHaM. K BTOPHUYHBIM TeHEpaIusM OTHO-
cATCS HEKOTOphIe BKIIOUCHMS THMa A u B, a Takxke
BKitoueHuss Thrna C, NMpUypOUYEHHBIE K 3aJICUYCHHBIM
TPELIMHKAM, CEKYIIMM TPAaHUIBI KBapUEBBIX 3EpPeH
(puc. 4, 2).

Pe3yabTaThl Mcc/ief0OBaHUA
Temnepamypa zomozeHuzayuu h110UdHbIX
8K/1I0YeHUll, cocmas, co/ieHocmb U dagJieHue h.a10udo08

PesynbraThl MEKPOTEPMOMETPUYECKIX HCCIIEI0BA-
HUM TICPBUYHBIX U TIEPBHYHO-BTOPHYHBIX (DITFOUIHBIX
BKJIIOYEHUH B KBaplLe ASXTHHCKOTO MECTOPOXICHUS
npeacTaBieHsl B Ta0n. 1. MHTepBan temnepaTyp roMo-
TEeHU3AIMN Ta30BO-XKUAKUX BKIIOUCHUN W3 pPyAHOU
30HBI (Tl A) coctaBisger 121-424 °C npu romoreHu-
3allUM B JKUAKOCTH (B OOJNBLIMHCTBE CIIy4yaeB) W Tas.
CoueHoctb rronna gocturana 25,5 mac. %, NaCl-okB.
JlaBnenue cocraBuiio uaTepai 0,5—1,5 k6ap.

[TepBuUHO-BTOPUYHBIE U MEPBUYHBIC OAHO(A3HBIC
¢monaHbIe BKIIOUCHUS (TUI B) mMeroT TeMmepaTypsl
MJIaBJiIeHus B uHTEpBasie ot —127 no —57,0 u Temnepa-
TYypBl YaCTHYHOM TomoreHusanuu ot —25,9 mo 9,0 °C.
lomorenu3anus 0MHO(GA3ZHBIX BKIFOUECHUH MPEHMYIe-
CTBCHHO MPOTEKACT B KUAKYIO (azy.

Bropuuneie nByX(azHbIe BKIFOUCHHS TOMOTCHH3H-
PYIOTCSI TOJIBKO B XUAKYIO a3y B uHTepBajue 73—146 °C,
a coieHocTh Konebmercs or 1,4 mo 5,0 mac. %,
NaCl-5kB., Temmeparypa O3BTEKTHKH 0T -23,8 10
—21,2 °C. Bropuunbie Tpexda3Hble BKIOUYEHUS TOMO-
reHU3UpoBaIuCh Npu Temneparype 91-225 °C, cone-
HOCTh cocTaBuia 27,6-28,5 mac. %, NaCl-3ks.

Cocmae 2a3oeoli gha3zwvi haouda
B pesynbrare aHanu3a NEPBUYHBIX U MEPBUYHO-
BTOPUYHBIX UHIUBUAYAIBHBIX (DIIOUAHBIX BKIIOYCHUI
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(n=32) MeTo0M paMaHOBCKOH CIIEKTPOCKOMHUH OBLITH
obOHapyxeHbl Tpu komnoHeHTa CO,, CH4, N; B pas-
JUYHBIX COOTHOIICHUAX (Tabu. 2, puc. 5). B razoBom
My3bIpbKe NBYX(}a3HbIX BKJIIOYEHUH Tua A OTHOILE-
nue CO,/CH, Bapwupyet B untepBane 8,10-120,3, a B
JKUIKAX (peKe Ta30BBIX) OTHO(A3HBIX BKIIOYCHHUSIX
(tun B) — B untepsaine 82,3-199.

CO2

N2 CH4

Puc. 5. Cocmas 2a3o080ii ¢paszbl uHOusudyabHwuix @.10U0-
HbIX BK/AHO4EHULl 8 Keapye mMecmopoxcdeHus: Asxma
(no pesysemamam pamaHosckoll cnekmpockonuu):
1 - mun A, dsyxgasnvie (Knzo+Icoz:cnasnz), 2 — mun
B, odnogpasHute (I,7K)cozscrasnz 8KAI0UEHUS

Vapor phase composition of individual fluid inclusions
in quartz from the Ayakhta deposit (Raman
spectroscopy  data): 1 type A, two-phase
(Luzo+Vcozscnasnz); 2 - type B, single-phase
(L,V)cozscrasnz inclusions

50

Fig. 5.

Metogom GC-MS 0ObUI0 TpOaHATM3UPOBAHO JIBE
npoOBI KBapIa ¥ oHa Ipoda MHPHUTA U3 PYTHOH 30HBI
MecTOpoXieHus1 AsixTa. AHaIIM3 MoKasall, 4yTo ra3oBast
COCTaBIISIOMAs (IIIONAA UMEET BOIHO-YTIIEKUCIOTHBIN
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COCTaB € MPUMECHIO YIIIEBOAOPOAOB, S-, N- U rajoreH-
colepkamux coegauHeHuit (tabn. 3). OCHOBHBIMH
KOMIIOHEHTaMH MUHepasoo0pasyroniero (Giarounma sB-
nsotess Boga (9,9-83,8 orH. %) m  yriexuciora
(2,6-82,7 otH. %). Jlons OpraHUYECKUX COCIMHCHHMA
cocrapysier 7,4-22,6 otH. %. bbu1 oOHapykeH mupo-
KHH Psil OPraHUYECKUX COSAUHCHUI: OCCKUCIOPOIHBIC
anupaTHIecKue M HUKIMYSCKUE YIIeBOAOPOIbl (ma-
paduHbI, oNeUHBI, TUKIMYSCKUE aJKaHbl M aJIKCHBI,
apeHbl, MOJUIMKINYECKIE apOMAaTHUECKHE YTIIEBOJO-
ponsl — [TAY), KuciopoacoepKamue yriaeBo0poIsl
(crapThI, A3QUPBI TIPOCTHIC W CIIOKHBIC, (PypaHBbI, alb-

JCTU/IbI, KETOHBI, KApOOHOBBIC KHUCIOTHI), AMUJIBI,
amunbl, SO,, H,S, THodensl, ramoreHcoaepxamue
npeAeibHbIe, IUKINYEeCKUe yriieBogopoasl. OOiee
KOJIMYECTBO OINpPEAETICHHbIX COEIMHEHHH BO Quitone
Bapbupyer ot 178 no 286.

Cootnomenune CO,/(CO,+H,0) B kBapIiie MeHsIeTCS
ot 0,9 o 0,02, a B mupute cocrasusier 0,09. Bo Bcex
oOpa3nax cojep’kaHue alKaHOB BBIIIE, YeM COJCpKa-
HUe aikeHOB (anmkaHbl/ankeHbi=1,13-3,08). CooTHO-
menue Tokenblx (Cs—Cj;7) yriaeBoJopoJOB K JIETKUM
(C,—C4) B kBapIie 3HAUUTEIHHO HUKE, YEM B MUPHUTE, U
cocrasyseT 1,75-2,75 u 21,65, COOTBETCTBEHHO.

Ta6auya 1. Pe3ysbmambl MUKPOMEPMOMEMPUYECKUX UCCA008AHUL (P/IOUTHBIX 8KAIOHYEHULU 8 Keapye PYOHbIX HCUa AIXMUH-

CK020 MecmopoxcoeHust
Table 1.

Results obtained by microthermometric studies of fluid inclusions in quartz from Ayakhta deposit ore veins

Bux BopaHas ¢paza/Liquid phase C02+CH4%N? ¢paza/phase
Ne o6pasnal Ty BB Trom. A Coust. mac. % Bun P,
ui roM.
Sample no. Fl type N3 Thom, Hom. Toer. Ton nona (NaCl-akB.) Thn. Tuacr.row. | TOM.* | KGap
oC type Teut, °C Tim, °C Sal. wt % Tm, °C Tphom, °C | Hom. | kbar
(NaCl eq.) type
2/716 A 10 | 190-193 XK/L | -21,3..-20,6 | -4,1..-3,7 6,0-6,6 - - -
B 123 - - - - - -59,3..-57,0 [ -25,9..9,0 | X
728-132 A 25 | 205-404 K/L - -24..-23,8 24,8-25,0 - - -
A 20 146-201 K/L -43..-41 -21,5..-20,7 | 22,9-23,3 - - -
728-132.5 A 11 | 281-424 XK/L | -24,3..-23,9 -5..-3,8 6,2-7,9 - - -
0,5-1,5
A 30 124-414 I{f:‘( -42,8..-42,1 | -16,5..-9,3 13,2-19,8 - - -
747/221.2-127 A 22 121-187 K/L -34,6..-30,6 | -24,9..-23,9 | 24,9-25,5 - - -
A 26 | 126-216 K/L - -3,8..-3,5 5,7-6,2 - - -
B 47 - - - - - -127..-126 - -

Ilpumeuanue: 1 - Ne ckeadxcuHvl/(21y6uHa, M) - pazeedouHass AUHUS; 2 — mun PAOUOHBIX

ekatoueHull: A - deyxgasHule

(Knzo+T cozscrasnz), B — 00HopasHble (XK,I)cozscrasnz 8KkA0ueHUs; 3 — Koauuecmeo skawovenuil; 4 — Bud zomozenusayuu: I' - 6

2as, XK - 8 scudkocme.

Note: 1 - well number/(depth, m) - exploration line; 2 - fluid inclusion type: type A, two-phase (Luzo+Vcoz:chasnz), type B, single-
phase (V,L)coz:craznz inclusions; 3 — number of inclusions; 4 - type of homogenization: V - into vapor, L - into liquid.

Ta6auya 2. Cocmas 2azo080li pasvl P10UIHBIX 8KAOUEHUT N0 AHHbIM PAMAHOBCKOL chekmpockonuu

Table 2. Vapor phase composition of individual fluid inclusions in quartz from the Ayakhta deposit (Raman spectroscopy data)
Copepkanue. MoJ. % Copepxxanue. MoJs1. %
;"a‘r’fp]a;:: Content, mol. % CO2/CHs ga‘;?plfr‘j: Content, mol. % CO2/CH,
pie no. €0, | CHi | N pleno. 0. | CHi [ N,
Tun A (XKuz0+Tcozenzzcha) Tun A (XKuz0+cozenzecua)
Type A(Luzo+Vcozschasnz) Type A(Lu20+Vcozschasnz)
- 25,1 74,9 - - 37,9 62,1 -
- 52,7 47,3 - 93,9 - 6,1 -
97,1 - 2,9 - 607/149 43,2 - 56,8 -
2/71.6 85,3 10,5 4,1 8,1 - - 100 -
82,5 7,1 10,4 11,6 100 - - -
96,9 - 3,1 - Tun B (K,I'))cozsnzzcha/Type B (L,V)cozschasnz
96,8 - 3,2 - - 77,7 22,3 -
96,3 0,8 2,9 120,3 - - 100 -
73,9 8,2 17,9 9,03 2/71.6 96,4 - 3,6 -
97,3 1 1,7 97,3 96,1 - 3,9 -
712-124 94,4 1,3 4,3 72,62 - - 100 -
91,6 2,3 6,1 30,82 747/221.2 - 30,3 69,7 -
84,3 3,5 12,2 24,08 98,0 0,5 1,5 196
- - 100 - 99,5 0,5 - 199
- 49,1 50,9 - 712-124 99,4 0,6 - 186,4
747/221.2 - 30,8 69,2 -
~ 22.4 77.6 ~ 98,8 1,2 - 82,3
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HzomonHnwlii cocmae S u C

W3oTomHblid  cocTaB  yriiepoma BO - (PIFOMIHBIX
BKJIFOUEHHSIX OIpPEENIeH B Tpex 06?a3uax KBapua u3
30JI0TOHOCHO# 30HBL 3HaueHus 8°C COCTABIAIOT —
12,5, =7,0 m -21,9 %o. 3HaucHUA 5S B MMUPUTE CO-
craBisieT +6,6 %o, a B uppotune +8,2 u +9,5 %eo.

0GcyxAeHue pe3yIbTaTOB

O060011eHIe TOTYYEHHBIX JaHHBIX MPH UCCIIE0BA-
HUU (QIFOMIHBIX BKIIOYSHUH Ha 30J0TOPYJHOM MECTO-
POXIEHHUI AsXTa O3BOIISIET CACNATH BBIBOJ, UTO PYI-
HbI€ KBapLEBO-)KWIbHBIE 30HBI ObUTH C(HOPMHUPOBAHBI
BOJIHO-YTJICKUCIIOTHO-YTIIEBOJJOPOTHBIMU  (DITFOMIaMU
yMepeHHol coneHoctH (6-25,5 mac. %, NaCl-akB.), B
unTepBaie temneparyp 121-424 °C (puc. 6) u naBie-
Huit 0,5-1,5 x6ap. Takue PTX-xapakrepuctuku Qiro-
WA XapaKTepHBI Ui JPYTUX 30J0TOPYIHBIX MECTO-
poxknenuii Enncetickoro kpsika (puc. 6) 1 OpOTeHHBIX
MECTOPOK/IEHNH 30110Ta B 11esIoM [4, 44, 45].

600
500
400
300

200 -

Trom/Thom, °C

100

T T T

20 20 40

ConeHocTs, Mac. % (NaCl-ake.) / Salinity, wt. % (NacCl.-eq.)

Puc. 6. Temnepamypa zomozenusayuu (Tzom) U COMEHOCMD
darouda mecmoposcdeHus Asxma (1) u gawudos
dpyeux wmecmopoxcoeHuli 30s10ma EHucelickozo
Kkpsica (2) - Oaumnuada, Iavdopado, Cosemckoe,
T'epged, BozyHalickoe, Bedyza, Ydepell, [laHumé6a,
baazodamuoe [12, 13, 19,22, 27, 46-51]
Homogenization temperature (Thom) and salinity of
fluid from the Ayakhta deposit (1) and fluids from
other gold deposits located in the Yenisei Ridge (2) -
Olympiada, Eldorado, Sovetskoe, Gerfed, Bogunais-
koe, Veduga, Uderey, Panimba, Blagodatnoe [12, 13,
19,22,27,46-51]

Fig. 6.

[Iupokre Bapuanuu TeMmIepaTyp H JaBJICHUS B
MpoIecCe MHHEPATo00pa3oBaHMs OTPAKAIOT PEKUM
(hopMuUpOBaHHS PYAHBIX KBapICBO-)KUJIBHBIX 30H, KO-
IJ1a KAMSIIMA QoW MOJHUMAIICSA TI0 OCIabJIeHHBIM
Pa3JIOMHBIM 30HAM U BHEAPSUICS BO BMEINAIOIINE KPU-
crayueckue cianipl. [lo-BuaumMomy, ObIJIO HECKOJIb-
KO TIOpIMiA (DIIronIa, IpHU 3TOM CHIDKAIACh COJICHOCTh
paCTBopa. HOHBHCHI/IC BTOpI/I‘IHLIX BBICOKOCOJICHBIX
(27,6-28,5 mac. %, NaCl-3kB.) (aronI0B MOTIO OBITH
BBI3BAHO HAJIOKECHUEM IMOCTMArMaTHYeCKUX THIPO-
TEPMaJIbHBIX PACTBOPOB, UCTOYHMKOM KOTOPBIX OBLIH
Onu3JIe)KaIIIe TPAHUTOU/TBL.
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Oionibl, CHOPMUPOBABIIUE 30JI0TOPYIHOE MECTO-
poxaeHne AsIXTa, IMEIOT HOJIMKOMIIOHEHTHBIH COCTaB.
B razoBoii (haze METOIOM paMaHOBCKOM CIIEKTPOCKOIHU
obHapyxensl CO,, CHy 1 N, B pa3inu4HbIX COOTHOIIE-
HUsIX (Ta0u. 2, puc. 4), a merogom GC-MS 6but0 00HA-
pyXkeHo 10 286 XMMHUYECKMX KOMIOHEHTOB (Tabi. 3,
puc. 7). IlpeobnamaromiuMu KOMIOHEHTAMH SIBIISFOTCS
CO; u H;0, takxe CTOUT OTMETUTH HAJMYNE OpraHruyde-
ckux, S-, N- u rajioreHcojepxaiux coeauHeHni. Ba-
puanun otHomeHuss CO,/(CO,+H,0O) Bo duroune ot
0,02 mo 0,9, a Taxxke CO,/CHy ot 8,1 10 199 (Tab:mn. 2)
YKa3bIBAIOT Ha HU3MCHCHHUE OKHCITUTEIHHO-
BOCCTaHOBHTEJIbHBIX YCIIOBUH B MPOLIECCE MUHEPaI000-
pazoBanus. Takne W3MEHEHHsI YCJIOBUH SIBISIFOTCS
HEOTHEMIIEMOH YacThi0 (DOPMUPOBAHHS 30JIOTOHOCHBIX
3ajIekKel U CBA3aHbI C PE3KUM M3MEHEHHEM (DIIFOMTHOTO
JIABIICHHS, YTO TPHUBOAMUT K KHIICHHIO (TETepOreHu3a-
un) Guroraa [52]. TToatomy B oOpasiiax Mbl HaOJO1a-
eM paznuuHbie 1o QazoBomy (I, XK, ['+)K) u xumuue-
CKOMY COCTaBY (DJTIOM/IHBIC BKJIFOYECHHS B OJTHOM 3€pHE.

Jleryune coeanHEHUs CHITPAIH OTPOMHYIO POIb B
(hOpMHUPOBAaHUM  30JI0TOHOCHBIX KBapLEBO-KHIBHBIX
30H. Bo Qutonge ASXTHHCKOTO MECTOPOKICHHS Tpe-
obmnamaror H,O n CO,. Bonma sBiaseTcst OCHOBOH THI-
pPOTEpMabHBIX PacTBOPOB, @ YTIIEKUCIOTA OOECeUH-
BaeT OyQepHYyI0 eMKOCTh (harouaa A MOAASpKaHUs
BBICOKOM PaCTBOPUMOCTH B HEM 30J10Ta [53].

OpraHu4ecKkue COeqUHEHHs, O0OHAPY)KEHHBIC B MU-
HepasooOpasyronmx ¢uironax, MOTIM y4acTBOBATh B
00pa3oBaHWM  METAUIOOPTAHUYECKHX  KOMIUIEKCOB
[54, 55], B BUE KOTOPBIX JAajiee [ula TPAaHCIIOPTUPOBKA
3omoTa. Ilpu pacmage MeETalIOOPTaHUYECKUX COENU-
HEHWI MPOUCXOAMIA KPUCTAITU3AIMS 30JI0Ta U CYJIb-
¢buaoB, a Ux TpaHCHOpTEphl (YIICBOJAOPOJbI) 3aKOH-
CEPBHUPOBATIMCH BO (DIIFOUIHBIX BKIIOYCHUSIX.

Keapu/Quartz
2/71.6

Keapuw/Quartz
795-142

Mupwt/Pyrite
2/716
215

0.79196

[ Yrnesoaopoab! 1 ux npon3soaHble/
Hydrocarbons and their derivatives

S-copepmawme coeguHeHnn/ m N-cogepawme coeguHenna/

Sulfonated compounds Nitrogenated compounds

8 co, B H,0

Puc. 7. Basosblli cocmas semy4ux 6o ¢aroude Ha Mecmo-
podscdeHuu Asixma no davHbiM GC-MS
Fig. 7. Bulk composition of volatiles in the fluid at the

Ayakhta deposit (GC-MS data)

B 9KCIiepHMEHTAIBHBIX paboTax MOKa3aHo, YTO
PacTBOPHMOCTb 30JI0Ta YBEIMYMBACTCS NpH J00aBiie-
HHUM KOMIIOHEHTOB CBhIpOit He(TH [56].
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Ta6auya 3. Cocmas (8 omH. %) u Koau4ecmeo (8 CKOOGKAX) siemyvux KOMNOHEHMO8, 8bl0eAUBWUXCSI NPU 0OHOKPAMHOM ydap-

HOM 8CKpblmuu (/110UOHbIX 8KAHOUEHUL 8 MUHEPAAax MecmopoxcdeHusi Asxma (no daHHsim GC-MS)

Table 3.

from minerals of the Ayakhta deposit (GC-MS data)

Composition (rel. %) and quantity (in parentheses) of volatile components released upon single shock destruction

Ksapn Ksapn Mupurt
Egﬁg%?lee?; ?gfxﬁlaa MW Quartz Quartz Pyrite
2/71.6 795-142 2/71.6
Anmudaruyeckue yraesogopozbl/Aliphatic hydrocarbons
[lapadunrl (asnkanel)/Paraffins (alkanes) CH4-CigH3s 16-226 0,23 (16) 1,37 (24) 0,59 (21)
Osnedunnl (ankensl)/Olefins (alkenes) C2H2-Ci7H3s 56-210 0,08 (17) 0,54 (34) 0,52 (37)
Hukanyeckue yraeBogopoabl/Cyclic hydrocarbons
g}’/‘gﬁ;’ﬁ(’;‘i’:b‘cyi’fo‘;’;ﬁzgé‘:’;‘;;sg:*gngy CoHe-CisHas 78-204 0,20 (19) 0,40 (28) 0,78 (48)
Kucnopoacoaepsxauue yraeBogopobl/Oxygenated hydrocarbons
CnupTsi/Alcohols CH4+0-C11H160 32-108 0,14 (7) 0,41 (10) 0,23 (11)
Jd¢upsl/Ethers and esters C4H602-C16H2204 86-232 2,75 (15) 3,19 (23) 7,82 (27)
Anbperugpi/Aldehydes CH20-Ci5H300 44-226 1,67 (24) 1,01 (24) 1,18 (27)
KeTonbl/Ketones CsH0-Ci6H320 58-240 0,13 (18) 1,20 (22) 0,44 (22)
Kap6onoBbie kuciotbl/Carboxylic acids C2H402-Ci15H3002 60-228 0,38 (13) 1,85 (16) 1,12 (15)
l'eteponukanyeckue coenuHenus /Heterocyclic hydrocarbons
AluoKCaHb, AMOKCHHBL Qypab! C4H40-Ci3H220 88-138 0,01 (8) 0,03 (6) 0,05 (24)
Dioxanes, dioxins, furans
Asorcopepxanue coesunenusi/Nitrogenated compounds
AsoT, amMuak, HUTpuJbl /N2, ammonia, nitriles N2-CioH2:NO | 28-171 I 0,79 (16) | 2,33 (16) | 0,28 (20)
Cepocopepkauue coenrHenus /Sulfonated compounds
H.S, SOz, CSz, COS, THOdeHbI(thiophenes) H2S-C14H24S | 34-210 | 196(19) | 1,74(12) | 9,58(31)
Docdopocogepkauue coeguaenusi/Phosphorus compounds
Pocdatsl/Phosphate | 182-266 | 006(3) | 001(1) | -
Heopranuueckue coeauHenus/Inorganic compounds
CO: 44 82,71 2,15 7,35
H0 18 8,89 83,77 70,06
Ar 40 <0,01 0,01 <0.01
0611ee KosimdecTBO KOMoHeHTOB/Number of components 178 219 286
Asnkanbl/ankenbl/Alkanes/alkenes 3,08 2,51 1,13
C02/(CO2+H20) 0,90 0,02 0,09
%(Cs-C17) /Z(C1-Ca) 1,75 2,75 21,65

IIpumeuanue: OmHocumebHble KOHYeHmpayuu (omH. %) s1emyvux KOMNOHEHMo8 8 u3yyaemoll cMecu 6blau NoaAYy4eHbl Memo-
dom Hopmanuszayuu naowadell uHOUBUIYANbHbIX Xpomamozpagduueckux nukos Kk obujell niowjadu scex nukoe. MW - nomu-
HAa/bHAS Macca. B Homep 06pasya: ckeaxcuHa/21y6uHa-pazeedoyHas AUHUS.

Note: Relative concentrations (rel. %) of volatile components in the mixture under study were obtained by normalizing the areas
of individual chromatographic peaks to the total area of all peaks. MW - nominal weight. In sample number: well/depth-

exploration line.

Takue KOMIOHEHTHI OBLTH OTPEIETICHBI U BO (MIIOU-
Jax ASXTUHCKOrO MmectopoxiaeHus. [IpucyrcrBue kap-
OOHOBBIX KHCIIOT BO (hiIromJie, Kak u3BecTHO [57], Ouna-
TOTBOPHO BIMSCT Ha MOABIKHOCTEH (prronma. Hammame
YIJIEBOJIOPOZOB B  MHUHEPaIoo0pasyromux (urongax
30JIOTOPY/IHBIX MECTOPOXKACHUI OTMEUaeTcsl Ha APYTHX
30JI0TOPYAHBIX MECTOPOXKACHUSAX EHUCENCKOTro Kpsbka
[22, 24, 26, 27, 51]. B MupoBoii npaxkTuke TepModapo-
TCOXUMHUYECKHUX MCCIICAOBAHUN OTMEUYACTCsl HAJTMYKE Ha
Mecropoxaenusx Yeppu Xwmn (CHIA) [58], Heryp
Jhiik u Tleppon (Kanama) [59, 60]. Takum obGpazom,
pe3yibTaThl TPUBEACHHBIX HCCIIEIOBAHUN TOJTBEP-
KIAIOT, YTO OPTaHUYECKHE COCIUHEHHS YYacTBYIOT B
(hopMupoOBaHUH 30JI0TOHOCHBIX py [61].

Hannume mMonexynsipHOTO a30Ta M APYTHUX a30TCO-
JIep KaIUX COSANHEHUH BO (MIIOMIHBIX BKIIOUCHHSAX B
kBapue u cyabpunax (0,3-2,3 otH. %), BeposATHO, CBA-
3aHO C XUMHUYECKUMHU PEaKIUsAMU MEXTy (pmougaom u
AMMOHHHCOACPKAIIIMH ~ CHJIMKaTaMH  BMEIIAIOIINX
mopo (CITFOIBI, KaTHEBBIN MOJICBOI IMITAT), B KOTOPHIX
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asotr B popme NH,  m3omopdHo 3amentaer kamit [62].
CoenuHeHMs! cephl, 10 KOTOPBIX BO (uItonje COCTaB-
nsieT 10 9,6 oTH. %, GIaroTBOPHO BIMSIOT HA PacTBO-
PYMOCTBH KOMILIEKCOB 30J0Ta [63].

H3oTomHOe uccnenoBaHue yriepoja $"C) yrie-
KHUCJIOTHI (DITFOMIHBIX BKJIFOUEHHUH B KBapIle MECTOPOXK-
JeHusT AsixTa TIOKa3alld 3HaYeHHWsS B MHTEpBaJe OT —
12,5 mo 21,9 %o. Yrmepos ¢ TakuMu 3HAYCHUSIMH TsI-
JKeJlee OPTaHUYeCKOTO YIIIepoja TeppPUreHHBIX TOJIIII,
JUISL KOTOPOTO s13C ToTa1aeT B MHTEpBaI oT —22.4 10 —
28,7 %o [64, 65]. 3HaueHHs 5'S B MIAPUTE U TUPPO-
TUHE HaXOMAATCS B MHTepBayie oT +6,6 1o +9,5. Cepa B
cynmbQUIax MECTOPOXKICHUS IIOMAajgacT B HMHTEpPBaJ
THIPOTEPMAaIbHO-0CaI0UHbIX cyibduaoB [13]. Takum
00pa3oM, pe3ybTaThl H30TOMHO-TEOXUMHUYECKUX HC-
CJICIOBAHUH YKa3bIBAIOT Ha KOPOBYIO MPUPOJY MHHE-
panoodpazyronmx QIronaI0B, CHOPMHUPOBABIINX Me-
cTopokaenue Asixta. Hanbonee BeposITHBIM MEXaHU3-
MOM 00pa3oBaHUs (ITFOMIOB MOTIIA OBITH JIEBOJIATHIIN-
3anms  (BBICBOOOXKICHUE JIETyYHX) DIIYOMHHBIX Oca-
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[TerpoBa M.A. u ap. 30/10TO-KBapLieBoe MecTopoxaeHHe AaxTa (EHucelickuil Kpsx): ycoBUs GopMUPOBAHUA U UCTOYHHUK ...

JIOYHBIX TIOPOJ BO BpeMs TEKTOHMUYECKOM akTuBM3auuu  gaeneHun 0,5-1,5 xbap. Conenocts ¢(momaa Oblia
Enuceiickoro kpsoka. yMepeHHOH u focturana 25,5 mac. % (NaCl-3kB.).

YrieBoopoibl, UX MPOU3BOJHBIE, S-, N- H rano-

3akiwuyeHue TCHCOACpKAIE COCAUMHCHUA TPHUHUMAIN YYaCTHUC B

Pe3ynpraTel IpOBENEHHOrO HMCCIIEAOBAaHMA JEMOH-  ()OPMHUPOBAHHH MECTOPOKIACHHUS, OJArOTBOPHO BIIHSS

CTpUpYIOT, 4TO (hiIrouabl, c(OPMUPOBABIIME 30JI0TO- HAa PAacTBOPUMOCTH 30JI0TA B MUHEPAIOOOPa3yIOIEM
HOCHBIE KBapLEBO-KUJIBHBIE 30HBI ASXTHUHCKOIO ME-  PacTBOPE U MEPEHOC PYIHBIX KOMIOHEHTOB.

CTOPOXKJICHHUS, UMEIOT PazHOOOpa3HbIi MHOTOKOMIIO- H30oTOmHO-TeoXuMuvecKkne XapaKTepPUCTUKU
HEHTHBIN coctaB (o 286 coemuHenwit). B menom mu- (813C:—12,5...—21,9 %o, 5°'S=+6,6...49,5 %0) yKa3bI-
HepanooOpasyromui  (QIon] MOXKHO OXapakTePU30-  BAIOT Ha METaMOP(OreHHO-KOPOBYIO MPUPOLY (DITFOH-
BaTh KaK BOJHO-YIJIEKMCJIOTHBIN C NPUMECBIO OpPraHu-  foB. ['eHepanus (IIFOHIOB MPOMCXOMIA B MPOIECCE
YECKHUX COSANHCHUH. JCBOJTATIIN3AINN TITyOUHHBIX TOPOJ B MEPUOIBI TEK-

DOpMUpPOBAHUE DPYAHOW 30HBI MECTOPOXKJIEHHA  TOHHYECKHUX COOBITHI Ha EHHMCEHCKOM KpsDKe.

Asixta mpoxoauio npu temmneparype 121-424 °C u
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