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AHHoTanusa. AKMyabHOCMb UCCIeJ0BAaHUS COCTOMT B HEOOXOAMMOCTH BbISICHEHUS] UCTOYHUKOB M YCI0BUH GOpMUPOBa-
HUS 30JI0TOr0 OpyZeHeHUs1 AMap3aKaHCKOI0 30JI0TOPYAHOI0 MECTOPOX/AeHUs. XapaKTepHOH 0COGEHHOCTbIO MECTOPOXK /I e-
HUS ABJISIeTCS NPOCTPAHCTBEHHAs! COBMEIEHHOCTb 30J10TOr0 Opy/leHEHHUS U MaJIbIX UHTPY3UMH CpeJJHEro U OCHOBHOTIO CO-
CTaBa aMy/KMKaHCKOTo KoMIuleKca. IJeablo vcciejoBaHus sIBJsieTCS onpefesieHue GU3MKO-XMMUYECKUX YCJIOBUHM U NpHU-
pOJibl UCTOYHHKA PY/IHOTO BelllecTBa AMa3apKaHCKOr0 MeCTOpoxAeHHus. Memodul. /lis1 onpeJiesieHUsl 3JIeMEHTHOI'O COCTaB
nopog ucnosbsoBascs UCII-MC MeTo ¥ cTaHJApPTHBIM XUMHAYeCKUi aHanu3. U30TONHEBIH cocTaB cepbl cyabPU0B onpese-
JIEH METOJI0OM I'a30BOM MacC-CeKTPOMETPHH, a COCTaB QJIIOU/IHBIX BKIIOYEHUH B KBaplie PYAHBIX XKHUJ U3Y4YeH TPaJUIMOH-
HBIMM MeTO/laMU TepMobaporeoxuMuu U KP-criekrpockonuu B LleHTpe KOJIJIEKTUBHOIO 110/1b30BAaHHUS MHOT03JIEMEHTHBIX U
usoTonHblx uccaegoanuit CO PAH (r. HoBocu6upck). OnpesiesieHHe H30TOMHOIO COCTaBa KUCJI0PO/a NPOBOJUIOCH B ['eo-
sorudeckoM uHctUTyTe CO PAH (r. Yian-Ya3) ¢ ucnosbp3oBaHreM yctraHoBKM MIR 10-30 crcTeMbl Jla3epHOTo Harpesa C
snazepoM COz mougHocThio 100 BaTT U AIMHOM BosHbI 10,6 MKM B MH$paKpacHOH 06/1aCTH B MPUCYTCTBUU peareHTa BrFs.
Pe3yasmamul. YcTaHOBJIEHA IPOCTPAHCTBEHHAsS! IPUYPOYEHHOCTb PYJHBIX 30H K Me3030MCKHUM JaliKaM aMy/PKMKaHCKOTO
koMekca (Jz-3). CoorHomeHus Eu/Sm u Eu/Eu* B falikax yka3bIBaloT Ha GpaKIMOHUPOBaHME MarMaTHYeCKHUX PacIaBoB
B O4arax Ha ypoBHe HI)KHEH KOHTUHEHTA/JbHOM KOPBI U HU3KYIO CTeNeHb UX AuddepeHnnanuu. XapakTep pacrnpe/eieHus
P33 B galikax aMy/[P>KMKaHCKOI'0 KOMIIJIEKCA U B pyJiax MeCcTOpoxAeHuUs1 aHasorudeH. Eu/Sm-Eu/Eu* ¢urypaTuBHbIEe TOUKH
COCTABOB PYAHBIX U/ U TPAHOAUOPHUTOB aMyP)KUKAHCKOI'0 KOMILJIEKCA 06pa3yioT eANHBIN TpeH . Jaliku aMy/PKUKAaHCKOT0
KOMIIJIEKCA XapaKTepU3YIOTCs MOBBIIIEHHBIM cofiepxkaHrueM Au ot 0,026 g0 1,17 r/T. OTu JaHHBIE JAIOT OCHOBAHUE MPEATIO-
JlaraThb HaJIM4yue napareHeTHYeCcKoN CBA3U Au-Opy/ieHeHHs C TOPoJJaMU aMy/PKUKaHCKOr0o KOMIIJIeKca. PyiHble UJIbI TPO-
JYKTUBHBIX CTaiUH pyA006pa3oBaHus 06pa30BauCh NpH TeMiepaType oT 125 g0 410 °C. PacueTHbIN U30TONHBIN COCTaB S
u O pynoo6pasytoiero ¢Jiron/ja, HaX0AAIEerocsi B paBHOBECHHU C TMPHUTOM U KBaplieM, a Takke oTHoiieHue Co/Ni>1 B pygax
YKa3bIBalOT Ha NPUCYTCTBUE MarMaTU4eCKOW KOMIIOHEHTHI B €r0 COCTaBe.

KiouyeBble c/10Ba: AMazapKaHCKOE 30JI0TOPYAHOE MEeCTOPOXK/EHHe, PY/IHbIe aCCOLUAIMH, H30TOIbI KUCJI0POAA, H30TOI b
Cepbl, THAWUKATOPHbIE OTHOLIEHHWA 3JIEMEHTOB, MarmaTu4eCKre HCTOYHUKHY, d)JIIOI/I,E[HbIe BKJIOYEHUSA
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Abstract. Relevance. The need to clarify the sources and conditions of formation of gold mineralisation of the Amarzakan
gold deposit. The characteristic feature of the deposit is the spatial combination of gold mineralisation and small intrusions of
the middle and basic composition of the Amudzhikan complex. Aim. Determination of physico-chemical conditions and na-
ture of the source of the ore substance of the Amazarkan deposit. Methods. ICP-MS method and standard chemical analysis
were used to determine the elemental composition of rocks. Sulfur isotope composition of sulfides was obtained using gas-
source mass-spectrometry and fluid inclusions in quartz of ore veins were studied by traditional methods of thermobarogeo-
chemistry and by FTIR spectroscopy at the Centre for Collective Use of Multi-element and Isotope Studies of the Siberian
Branch of the Russian Academy of Sciences (Novosibirsk). The oxygen isotope composition was determined at the Geological
Institute of the Siberian Branch of the Russian Academy of Sciences (Ulan-Ude) using the MIR 10-30 laser heating system
with a 100-watt COz laser and a wavelength of 10.6 pm in the infrared region in the presence of BrFs reagent. Results. The
authors have established the spatial confinement of ore zones to Mesozoic dikes of the Amudzhikan complex (Jz-3). The
Eu/Sm and Eu/Eu* ratios in the dikes indicate fractionation of magmatic melts in the sources at the level of the lower conti-
nental crust and low degree of their differentiation. The character of REE distribution in the rocks of dikes of the Amudzhikan
complex is similar to the distribution of REE in the ores of the deposit. Eu/Sm-Eu/Eu* figurative points of compositions of
ore veins and granodiorites of the Amudzhikan complex form a single trend. Dykes of the Amuzhikan complex are character-
ized by increased Au content from 0.026 to 1.171 g/t. These data suggest a paragenetic link between Au mineralization and
rocks of the Amudzhikan complex. Ore veins of productive stages of ore formation were formed at temperatures ranging from
125 to 410°C. The calculated S and O isotopic composition of the ore-forming fluid in equilibrium with pyrite and quartz, as
well as the Co/Ni>1 ratio in the ores indicate the presence of a magmatic component in its composition.

Keywords: Amazarkan gold deposit, ore associations, oxygen and sulfur isotopes, indicator ratios of elements, magmatic
sources, fluid inclusions
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BBeaeHue ckapHoBbiX) (Kyntymunckoe, byrmaunckoe, Jlyrokan-
3abaiikanbe SBISETCS KPYMHOW pecypcHON 0a3oi  ckoe W Ap.) MecTOpOXKICHHH. BeposiTHO, U nanbHen e
Poccun o pyaHON M pOCCHIMTHOM 3010T000bIME. Me-  MmepCreKTHBBI MPUPOCTA 3aMacoB 30JI0Ta OYyT CBSI3aHbI
CTOpOJKAEHUS 30710Ta 3abaifKaabCKOro Kpas MpUHAMIe- ¢ BBISIBJICHHEM TAKOrO THIMA 0OBEKTOB. B TO e BpeMs B
’KaT K pasiIMYHbIM T'E€OJIOrO-NPOMBIIUIEHHBIM THIIAM —  COBPEMCHHBIX CJIOXKHBIX YCIOBHSX OOECICUCHHS HM-
COOCTBEHHO 30JI0TOPYIAHBIM U KOMIUIEKCHBIM 30/10TOCO-  MMOPTOHE3aBHCHMOCTH TrOCyaapcTBa [1] «kimaccuueckues
nepkanM. Cpequ HUX HauOOJbIIee KOJMUSCTBO IPH-  KHJIBHBIE MECTOPOXKICHHUS, OTpabaThIBaBIIMECS HA IPO-
HAJJIEXHUT  30JI0TO-KBApLEBOM,  30JI0TO-CYIb(UIHO- TSHKCHHM JUIMTEIBHOTO BPEMEHH, MOKa HE YTPaTHIIH
KBapIIEBOIT 1 30JI0TO-CepeOpsHON PyIHEIM (GOpPMALMAM.  CBOETO 3HAYCHHUSL.
B mocrmenHne ronmpl CyIIECTBEHHBINM MPHPOCT 3amacoB Marmarnveckne KOMIUIEKChl Boctounoro 3abaii-
30510Ta OBLT JOCTUTHYT 3a CUET Pa3BEIKU U MEPEOIIEHKH  Kajbsi, C KOTOpeiMu cBsizana Au- u Cu—Mo-
30J10TO-Xee30-CKapHOBbIX (BbICTpUHCKOE) U 30710TO-  mOpGhHUPOBas MUHEPATHM3AIUS PETHOHA, MPEICTABICHBI
copepkamx Cu-Mo-TiopdHpoBBIX (MM 30JI0TO-MEIHO-  [UIYTOHHYECKUMU M BYJIKAHO-TUIYTOHHYECKHMH MPOU3-

57



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. Vol. 335. No. 10. P. 56-70
Abramov B.N. et al. Amazarkan gold deposit: conditions of formation, sources of ore substance (Eastern Transbaikalia)

BOJHBIMH IIOIIOHUT-TATUTOBOA ¥ BBICOKOKAIHEBOU
u3BecTKOBO-Ienoynoi mMarm [1-3]. YcraHoBneHHas
MePeMEKaeMOCTh ITUX MarM BO BPEMEHH U TPHUCYT-
CTBHE KOMOMHHMPOBAHHBIX JACK CI0KHOTO CTPOCHHS B
PYAHBIX TONAX MO-OpGHUPOBEIX M 30JIOTOPYIHBIX
MECTOPOXK/ICHIH YKa3bIBaeT Ha OAHOBPEMEHHOE CyIIe-
CTBOBAaHHE MarMaTHYECKHX OYaroB pasHBIX TIIyOHH-
HBIX YPOBHEH (MaHTHIHOTO M KOPOBOTO), C KOTOPBIMU
Moriia OBITh CBSI3aHA TCHEPALUs MarMaTHYeCKUX pac-
IUTAaBOB M MAarMaTOTCHHBIX (DIIOMIOB, YU4aCTBOBABIINX
B TIpoIleccax pynooOpa3oBaHMs HA 30JOTOPYAHBIX U
Cu—Mo-nioppupoBsix MectopoxacHHIX. OCHOBHBIMHU
KPUTEPHUSMH TIapareHeTHYECKOI CBSI3M IPOIECCOB Py-
n000pa30BaHMsl W MarMaTH3Ma CIY)KaT OJHOBPEMEH-
HOCTh UX MPOSIBIICHUS U COBMEILICHHOCTh apeasioB pac-
npoctpaneHus. [IpocnenuTs reHeTndaecKue CBsI3U Pya-
HOW MHHEpAU3AIMU C KOHKPETHBIMH MarMaTHUECKH-
MU (ha3aMH MOXKHO ITyTEM COIMOCTABICHUS FCOXUMHUYC-
CKOTO COCTaBa MarMaTW4ecKUX IMOpOI U Py, C HUMHU
cBsi3aHHBIX. OTHUM U3 TaKUX WHCTPYMEHTOB SBISETCS
HCCIICIOBAHUE TCOXHUMUYECKUX OCOOCHHOCTEW W CO-
CTaBa MarMaTHYECKHX TMOPOA H PyHo00pa3yrOIIuX
¢arounoB. MneHTudUKauMs KOHKPETHBIX (a3 pymo-
HOCHBIX MarMaTHYeCKUX KOMILICKCOB, KaK BEPOSTHBIX
MarMaTH4eCKHX HCTOYHHKOB PYH000Pa3yromuX (IIto-
HIOB, MOXET OBITh HCIIONB30BaHA KaK KPUTEPHUil TeHe-
TUYECKOW CBSI3U PYAOOOpA30BaHUS W MarMatu3ma u
UMETh OOJIBIIIOE 3HAYCHHUE JUIsl CO3JaHUs aJeKBATHBIX
TEHETUYECKUX MOJEIEH pPYAHBIX MECTOPOXKICHHI.
AMa3zapKkaHCKOE MECTOPOXKICHHUE MOATOTOBICHO K
MPOMBINUIEHHOMY OCBOCHMHIO. Panee pyu OpoOBEACHUN
TEMaTHYECKUX Pa0OT ObLI HW3yUeH CTPYKTYpPHBIA H
MarMaTH9IecKui KOHTPOIb OPYACHCHHS, MHHEPaTbHBIN
COCTaB pyJ, BbIAEIEHBI cTaAuu MUHepanu3auu. Lens
HACTOSIICH pabOThl aBTOPBI BUAAT B 000OINEHUH BCel
HAKOIUIEHHOH TeONOTUIeCKON MH(OPMALIUH U B BBISIC-
HEHMHU HA 3TOH OCHOBE, C YYETOM HOBBLIX T'COXHUMHYEC-
CKHX JaHHBIX, YCIOBUH pya000pa3oBaHUs C OIICHKOH
BO3MOYKHBIX HCTOYHHUKOB PYIHOTO BEIIECTBA.

daKkTHYeCcKUl MaTepuaa
U METOJMKA UCCJIeJ0BAHUSA

B ocHOBy myOnmkanuy moiokeH (hakTHIeCKuid Ma-
Tepual, cOOpaHHBI aBTOpaMH B TpOIECCe TOJIEBBIX
HCCIIEIOBaHUH, a TaKKe MaTepual TeppPUTOPHUaIbHBIX
reosioruuecknx (oumoB (r. Ywra). M3ydenwe sie-
MEHTHOTO COCTaBa MOPOA U Py NPOBEACHO B aHAJH-
THYECKUX JIabopaTopusix | eosoru4eckoro MHCTHTYTA
CO PAH (r. Ynan-Ya3) u B LleHTpe KOJIEKTHUBHOTO
MOJIb30BaHUsI MHOTORJIEMEHTHBIX M M30TOITHBIX HCCIIC-
noBannii CO PAH (r. Hosocubupck). Coxpepskanus
AJIEMEHTOB OTPENENICHB PEHTICHO(IYOPECIEHTHRIM
MmetojoM Ha criektpomerpe ARL Perform'X 4. TToporu
o6uapyxkenus V, Cr, Co, Ni, Cu, Zn, Ga, As, Se, Br,
Rb, SrY, Zr, Nb, Mo 1-3 r/t; Hf, Ta, W, Nb, Bi, Th,
U — 5-10 r/1. CoaepxaHus 30J10Ta ONMPEALIIIOCH PO-
OMPHO-aTOMHO-3MHUCCHOHHBIM METOJIOM C HHAYKTHBHO
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cBsa3anHoi 1masMoit B 3A0 «SGS Vostok Limitedy
(r. Ynta). M3MepeHHs KOHIEHTPALUH PeAKO3eMENIbHbBIX
anementoB npoBeneHsl UCIT-ADC meromom. Ompene-
JIeHWE M30TOITHOTO COCTaBa KUCIOPOJa MPOBOAUIOCH C
KCTOJIb30BaHUEM YCTAHOBKU 3KCTPAKLUKM KHUCIOpOJa C
Ja3epHBIM HarpeBoM, ocHamEHHoM azepom MIR 10-30
MotHOCTHIO 30 BarT U anuHOM BoaHBI 10,6 MKM, B IIpH-
cyrctBuu pearenta Bris B LIKII «I'eocnextp» I'MH CO
PAH. Pe3ynbrarsr ananmm3a npeacTaBiIeHbl OTHOCHTEb-
HO craHgaptra VSMOW. H3oromHblii cOCTaB cephl B
cynbhHIax U yriepona B rpadure MpoaHATH3UPOBaH B
LIKIT MHOTro31eMEeHTHBIX W H30TOITHBIX HCCIICIOBAHII
CO PAH nHa 6aze UT'M CO PAH. U3mepenus mpoBo-
WA Ha Ta30BOM Macc-criektpomerpe Delta V' Ad-
vantage B pexuMe JBOMHOro Hamycka Iociie KOoJuye-
CTBEHHOTO OKHCIICHHUS 00Opa3IoB B BaKYyMHOH yCTaHOB-
ke. MeToanyeckue Jetanu omnucansl B [4, 5]. 3HaueHus
§¥S u 8%°C (%o0) IpUBEZICHBI OTHOCUTEIFHO CTAHAAPTOB
VCDT u VPDB, cooTBeTcTBEHHO.

s wccnemoBanus (QIIIOMIHBIX BKIIOYeHUH (DB)
MIPUMEHSITICh METOJIBI KPUO- M TEPMOMETPHHU (MHUKPO-
tepmokamepa THMSG-600 ¢upmer Linkam ¢ nuama-
30HOM u3Mepenuit or —196 mo +600 °C). M3yuenue
cocraBa ra3oBoii (pazer @B npoBoaunock metogom KP-
cnektpockonuu (criekrpomerp Ramanor U-1000 ¢up-
bl JobinYvon, maszep MillenniaProS2 (532 nm), ne-
tekrop HORIBA JOBIN YVON, r. HoBocubupck).
OO6m1as xKoHIEHTpalus cojeld B pactBopax @B u mpu-
HAUIEKHOCTh MX K TOW WJIM MHON BOJHO-COJIEBOU CH-
CTeMe OTPEIENSUTUCH 110 JaHHBIM KpuomeTtpun [6-11].

KpaTkas xapaKTepHCTHKA re0JIOrTH4eCKOro
CTPOEHHS MECTOPOKAEeHUA

AMazapKaHCKOE€ MECTOpOXKIeHHE OTKphITo WrTa-
KUHCKOM mnaprueili UYWTHUHCKOrO  TIe0JIOrM4EeCKOro
yIOpaBiCHHUS TIPH TOUCKOBBIX padoTax Maciurada
1:10000, mpoBogumeix ¢ 1964 mo 1967 rr. IIpensapu-
TeNbHAs W JETalbHAs pa3Bellka MECTOPOXKICHUS MPO-
Boawinch B 1993-1998 rr.

MecTopoXA€HHE PACHOJIOKEHO B FOT0O-3alaHOU
yactu CTaHOBOH ckiaguaToit obmactu B [IpummnkuH-
CKOMl MOOWIIBHOHN 30HE, 0Opa30BaHHOW B pe3yJbTaTe
kommm3un Cubupckoro u Monrono-Kuraiickoro koH-
THHECHTOB B FOpCKHi mepuo [2].

B Boctounom 3alaiikanbe 3HaUMTENbHAS YacTh 30-
JOTOPYIHBIX MECTOPOXKICHUN 0Opa3oBaHa B CpeHE-
IOPCKOE M PAaHHEMEIIOBOE BpPEMsI, COOTBETCTBYIOIINE
KOJUTM3UOHHBIM W pU(TOTEHHBIM 3TaraMm pa3BUTHUS
peruona [2].

B paifone mMecTopoxkaeHusi pa3BUTHI OCAZOYHBIE U
HMHTPY3UBHBIE 00pa30BaHUS apXeHCKOro, MajIe030icKo-
rO U ME3030HCKOr0 BO3pacToB. B CTpyKTypHOM OTHO-
IICHUH MECTOPOXKICHHE JIOKAIN30BaHO B y3JIe Iepece-
yeHus1 YproMo-AMa3apKaHCKOM ceBepO-BOCTOUHOM 30-
HBI Pa3JIOMOB C HapyIICHHSIMHU 00Jiee BBICOKUX IOPSII-
KOB CYOIIMPOTHOTO, CEBEPO-BOCTOYHOTO M CyOMEpHau-
OHAJILHOTO HarpasJeHu (puc. 1).
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Cxema 2eos02uvecko20 cmpoeHuss AMas3apkKaHCKoz2o 30/10mopyoHo20 mecmopoxcdeHus: 1 yemeepmuyHble
omuaosiceHus (Q): anrnr8uanbHble NeciaHo-2a1e4Hble OMAOHCeHUSI NOUM U HAONOUMEHHbIX meppac), 2 — HIOKJCUHCKAS
cepus (J3 nk), peavzumosvie u keapyesvie nopdupsvl U UX My@dbsl, NeCUAHUKU, A/1e8P0AUMDbL, MyPbl, 8A1YHHO-2A1€4HbIE
KoHenomepamul; 3 - amaszapckasi ceuma (AR amz), pasHosepHucmbvle 2paHamosvle 2Helicbl ¢ NpocaosMU
Kpucmazaau4eckux CAaHYes; amyorcukaHckuli UHmpy3ueHblll komnaekc (J3a): 4 — wmoku epaHoduopum-nopdupos;
5- Odaitiku saamnpogupos, duopumoswvix nopgupumos, 2ab6poudos; 6 - aAMAHAHCKUU kKomn.jekc (Jia), datiku
Keapyeswvix nopgupos, zpaHum-nopgupos; 7 - oJAeKMUHcKulli komnaekc (PZi): a) 6uomumosbvie epaHumol;
6) nopguposudHbsie epaHumel; 8 - paHHenpomepo3olickue 2abbpoudst (PR1); 9 - apxelickue epaHumo-zHelicbl (AR);
10 - mekmoHuU4ecKue HapyweHusi: a) 2/1asHule; 6) emopocmeneHHbvlie; 11 - cyab@udHble K8apy-KapbOHAMHbIE HCUAbL;
12 - pydHble mesia ho pezyssmamam onpo6o8aHusi, 8 okpyscHocmu 1 - CegepHasi pyoHas 30ua, 2 - lllupomuas pydHas
30Ha

Schematic geological map of the Amazarkan gold deposit: 1 - Quaternary rocs (Q): alluvial sand and pebble formations
of floodplains and above-floodplain terraces; 2 - Nyukzha series (J3 nk), felsic and quartz porphyries and their tuffs,
sandstones, siltstones, tuffs, boulder-pebble conglomerates; 3 - Amazar formation (AR amgz), heterogeneous garnet
gneisses with interlayers of crystalline schists; 3-5 — Amudzhikan intrusive complex (Jsa): 4 - granodiorite porphyry
stocks; 5 - lamprophyre dikes, diorite porphyrites, gabbroids; 6 - Amanan complex (J1a), dikes of quartz porphyry,
granite porphyry; 7 - Olekma complex (PZ1): a) biotite granites; b) porphyritic granites; 8 - Early Proterozoic gab-
broids (PR1); 9 - Archean granite-gneisses (AR); 10 - tectonic disturbances: a) main; b) secondary; 11 - sulfide quartz-

carbonate veins; 12 - ore bodies based on sampling results, in circle 1 - Northern ore zone, 2 - Latitudinal ore zone

IToponpl, BMemiaronie MECTOPOXKACHUE, MPEACTaB-
JICHB OTJIOKCHUSIMH amasapckoil cButhl apxest (U-Pb
SHRIMP, 187343 muH net) [12], cloXeHHOW TpaHyIH-
TaMU U THEHCaMU C MPOCIOSIMUA KPUCTAITMYECKUX CITaH-
1eB, amM(puOOINTOB U KaibldupoB. B HipkHEN yacTn
CBHTHI MPE00IaIAI0T TPaHyJIUTHI, B BEpXHEH 4acTu pas-
pe3a npeodagaroT THEHCH U KPUCTAIUTMYECKHE CIIAHIIb,
yacto ¢ rpadurom. OOIIass MOUTHOCTh aMa3apKaHCKON
cBUTHI coctaBisieT okoso 3500 m. B mMunepanpHOM co-
cTaBe TpaUTOBBIX THEHCOB TPUCYTCTBYIOT —KBapIl
(50-55 mac. %), typmamu (20-25 wmac. %), amatur
(2-3 mac. %). T'Helicbl U KPHUCTAUTMYECKHUE CIIAHIBI B
pafoHe MECTOPOXKICHHSI HHTCHCHBHO Tpa(UTH3NPOBAHEL
I'padur oOpasyer TOHKOUEHTyHUYaThle  CKOTUICHUS
(0,01-0,08 Mm) u rpaduToBBIE TPOXKWIKK. 10 comepka-
Huto yruepoma (1,5-26,3 mac. %) rpaduToBbIe THEHUCHI
COOTBETCTBYIOT BBICOKOYTJICPOIMCTHIM ClIaHIaM (Tadit. 1).

B mpenenax mecTopoxacHUsI TPAQUTOBBIE THEHCH
TIPEICTABIICHBI TEMHO-CEPBIMU bi (0] YePHBIX
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MEJIKO3EPHUCTHIMU TIOPOAaMH CO CJIOMCTO-TIIOWYATON
TekcTypoid. CpeiHee cojiepkaHue 30J10Ta B IpaUTOBBIX
THelicax amaszapckoi cBuThl coctaBisieT 0,09 r/t, 4yro
MOYTH Ha JIBa MOPsAAKA MpeBbIIaeT (HOHOBBIE COMEpKa-
Hus (Ta0i. 1), u xonebrnercs ot 0,05 no 2,54 v/t [13].

OTJ10KeHUS HIOKXKUHCKOM cepru (J3NK) oOHaxaroT-
Cs B IOro-3amajHo 4acTH AMazapKaHKOro PYIHOTO
moyisi. HmkHsIsSE yacTh pas3pe3a cepuu TpejcTaBieHa
BaJIyHHO-TaJICUHBIMU KOHIJIOMEpATaMHU € MPOCIOAMHU U
JUH3aMH [IeCYaHUKOB. BepxHss yacTh paspesa cioxe-
Ha BYJIKAHOT€HHO-0CAJJOYHBIMU TOPOJAMH, 3aJIeraro-
IIMMH Ha KOHIJIOMEpaTax C YIJIOBBIM HECOIJIaCHEM.
MOMmHOCTE OTIOXKEHUN HIOKKUHCKOH CEpUU COCTaB-
nset okoio 150 m.

B ceBepo-3amagHoi yacTu paiioHa MECTOPOKIACHUS
obOHaxkaeTcss Tab0pO-ANOPUTOBBIN MAacCHB PaHHEIPO-
TEpPO30MCKOTO BO3pacTa, CIOXKEHHBIM B IEHTPATbHOU
YacTH KBapICBBIMHM JHOPUTAMH, CMCHSIOIIUMUCS B
KpaeBbIX YaCTSX POrOBOOOMAaHKOBBIME Iab0po.
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Ta6auya 1. CodepicaHus 3010ma, uzomonHwliii cocmas, Cope
2pagumosbix eHelicos amasapckoli caumbl

Table 1. Gold content, isotopic composition, Sorg of
graphite gneiss of the Amazar formation
Ne nipo6 Musepan S15C(%0) Copr CopepxaHus Au,
Sample | ypioral PDB Sorg r/T
no. (%) Au content, g/t
KBapueBo-cysibpuaHble *KuJbl ¢ rpaduTOM
Quartz-sulfide veins with graphite
655 IpaduT -28,43 - 10,85
655-1 Graphite -28,90 - 0,11
655-2 -27,23 - 0,76
['paduTtoBble ruelcel/Graphite gneiss
901 -24,84 8,20 0,06
902 -24,02 26,28 0,06
904 IpaduT -22,30 1,52 2,54
905 Graphite -21,96 4,68 1,70
906 -22,28 3,06 0,21
907 -24,93 531 0,56
908 -24,93 11,8 0,42
Bugb! aHauzoB/Types of analyses
CreKTpo30JI0TOMEeTpUSA [Ipo6upHBIN aHANINU3

Spectrosolotometry (n=33)* Assay (n=16)*

I'paduTOBBIE THEHNCHI C CYJIb-
buHOM MUHepain3anyei
Graphite gneiss with sulfide

mineralization

I'paduTtcosepxaiirie rHEHChI
Graphite-containing gneiss

ot-g0/from-to 0-0.4 ot-a0/from-to 01-11,0
cpeaHee/average 0,09 cpejiHee/average 2,90

*~ no 0aHHbIM HOHO08LIX MAMEPUA/IOB, N — YUCAO AHAAU308.
*— according to stock materials, n is the number of analyses.

B ceBepHO#l yacTu MECTOpPOXKACHHUSI Pa3BUThl UH-
TpPYy3UBHBIE OOpa30BaHUS OJEKMHUHCKOTO KOMJIEKCa
(PZ;), npencTaBaeHHOTO KPYIHBIM MacCHBOM TpaHH-
tounoB. Ilpeobnanaromue B coctaBe KOMILIEKca OHO-
TUTOBBIC U TOP(GUPOBUIHBIC TPAHUTHI UMEIOT BO3pacT
358 +2 muH ser [14].

Amananckuii komruiekce (J;8) MpencTaBiIeH PenKH-
MU JTalikaM¥u TpaHUT-MOp(UPOB M KBAPIIEBBIX MOPQH-
poB Bo3pactom 193-260 mutn sret [15].

AMyUKAKAHCKHM KoMIIeKC (J3@) MpencTaBisioT
JAKU TpaHOAMOPHUT-TIOPHUPOB, THOPUTOBBIX MOPGHH-
puTOB W JaMmpodupoB Bo3pactoM 145-165 muH et
[15]. Mommuocte maek gocruraet 20 M, HPOTSDKEH-
HocTh — 1, 5 kM. [IpocTupanue naek KOHTPOIMPYETCS
TPEIIMHHBIMH CTPYKTYPaMH CEBEpO-BOCTOYHOTO, CEBe-
po-3amaHoro, CyOUIMPOTHOTO HAlpaBIEHHUH, IIHPOKO
Pa3BUTHIX B Npejaenax muomaaud. KoHTakTel ¢ BMela-
IOIIMMH TIOPOJIaMHU pe3Kue, MPSIMOIMHEHHbIe ¢ 30HaMH
3aKaJIKH, 9aCTO TEKTOHMYECKHE.

JuoputoBele TOPOUPUTEI — TEMHBIE, 3€IEHOBATO-
cepble TIOP(GUPOBBIE MOPOJIBI ¢ TOHKOKPUCTAIUTHIECKOH
OCHOBHOH Maccoil. BkparuieHHHKH poroBoi OOMaHKH,
rtarnokinasa (Ne 30-34), 6uotuta cocrasisror 15-20 %
o0seMa mopoasl. OCHOBHAsE Macca THOHIHOMOP(HO-
3€pPHUCTON CTPYKTYpBI COCTOMT W3 IIIarHOKJa3a
(Ne 39-40), m3penka BCTpewaeTcsi KBapil. AKIECCOp-
HbIC MUHEpAJIbl — MAaru€TuT, araTuT, peaIKo TUTAHUT U
aJUIAaHKT. JIMOpUT-TTIOPGUPHUTEI MHOTAA CaralT Kpae-
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BBIC YAaCTH JIACK T'PaHOJHOPUT-TIOPGUPOB U HMEIOT C
HUMH TIOCTETICHHBIC TIEPEXOIbI.

I'panommoput-nopdupsl — ceprle WIH PO30BATO-
cepsie MOPQPHUPOBBIC MOPObl. BKparIeHHHKH 30HAb-
Horo tuiaruokiasa (Ne 28-35), 6uoruta, porosoii 06-
MaHKH, PelIKO KBaplia pasMepoM 3—4 MM COCTaBJISIOT
ot 20 mo 40 % oObema TOPOABI, MPH MPEOOIATAHUN
mwraruokiasa (mo 60 % cocraBa BkparuieHHHKOB). Oc-
HOBHAasi Macca TOHKO3EPHHCTas, COCTOMT M3 KBapua
(30-50 %) u moNEBBIX MIMATOB, M3 KOTOPBIX OOBIYHO
npeo0agaeT KauIIIaT, PeaIKo OHOTUT U pOroBas 00-
MaHka. CTpyKTypa OCHOBHOHM MaccChl ariuToBast, (eib-
3UTOBas C 2JEMEHTaMH MUKpOIErMaTUTOBOM. AKIec-
COpHBIC MUHEpAIbl MPEACTaBICHB MarHETUTOM, THUTA-
HUTOM, IIMPKOHOM, amaTUTOM, OYCHb PEIKO aJlTaHU-
TOM.

JlamMmpodupsl — MaKpOCKOIMUYECKU-YEPHBIE C 3eIe-
HOBAaThIM WJIH OYypOBAaTBIM OTTCHKOM MAaCCHUBHEBIC IO-
pomsl ¢ TopdupobiIacTaMH  BOASHO-TIPO3PAYHOTO
KBaplia U KaJiiara pasMepom o 1-5 mm. B mopdu-
pobiiacTax KalWIINaTa YacThl BKIFOUCHHS 3EPEH POro-
BOH 0OMaHKH M OWoTHTa. BhIEeHns KBapia oKpyxe-
HbI KaeMKoi amduboia, pexe OHOTHTA (OLEIAPOBas
cTpykTypa). OCHOBHas Macca CJIOXKeHa IJIarHoKIIa30oM,
poropoii OOMaHKOH H OHOTHTOM, B HWHTEPCTHIUAX
MEXIy HHMH BCTPEUAIOTCS CKOIUICHHS MENKO3CpHH-
cToro Kkpapua. [limarmoksas 3aMelneH COCCIOPUTOM,
poroBasi 0OOMaHKa — aKTHHOJMTOM, XJIOPUTOM, ITOPOAA
KapOOHATH3MPOBaHA. AKIIECCOPHBIC MHHEpPAIbI — ama-
THUT, MAarHETUT, PEAKO BCTPEUACTCS TYPMAJIKH.

OKOJIOpYIHBIC METACOMATHUTHI MPEACTABICHBI TYp-
MaJMHU3UPOBAHHBIMHA, OEpE3UTH3NPOBAHHBIMU Tpagu-
TOBHIMH THEWCAMH ¥ CIaHIIAMH, a Takke 30HAMH
CynbGUAM3AINY, OKBApIEBAHUS W CKapHUPOBAHUS.
B 30Hax TypManmHM3aIMM KOJIMYECTBO TYpMAaIIMHA MIO-
cruraet 10 %. Yacto o o0pa3yeT paIuarbHO-TyIHCTHIC
«TypMaJIMHOBBIE coONHLA» pazMepoMm a0 0,8-1,0 mm.
B TecHoM cpactaHMM C TypMaJMHOM HaOIIOMAIOTCS
VIUTHHCHHO-BBITSHYTBIE ~ JINCTOBHIHBIE  000COOJICHHS
rpagpura pasmepom go 1,520 wmm.  Ksapi-
TYPMAJIMHOBBIC METAaCOMATUTHI SBJIIIOTCA PYAOBMCIIA-
FOIIUMU IS 30JI0TO-TYPMAITMHOBOTO THIIA OPYICHCHUSL
KBap1-cepinToBeie METACOMATHTHI 1 OEPE3UTHI COTIPO-
BOXK/IAIOT 30HBI JAPOOJICHUS B THEHWCAX M TOXKE COACPIKAT
rpaur, KOTOPBI HAOIIOMACTCS B BUIIC HEPABHOMEPHOU
BKPAIUICHHOCTH, IUTACTUHYATHIX arperaToB, BETBUCTHIX
TIPO’KMIJIKOB MOIIHOCTBIO JI0 1 MM.

Pynmuple Tema B mpenenmax MECTOPOXKICHHS BBISB-
JSFOTCSL 1O JAHHBIM ONPOOOBAaHWS W TIPEICTABISIOT
c000# IMTOKBEPKOBHIC 30HBI C KBAPL-CYIb(UIHON MHU-
Hepanu3anueld B rpaduToBBIX THeicax. CpemHee co-
Jep KaHUe 30JI0Ta B pydax cocTaBiser 2,6 r/t. B rpa-
(bUTOBBIX THEWCAaX C HAIOKEHHOW CYJIb(QUIHON MHHE-
panu3anuei conepxkanus 30101a BappupytoT ot 0,1 no
11,0 /T mpu cpemHeMm conepkaHuH (IPOOUPHBIA Me-
ton) 2,9 v/t (tabmn. 1). [To moacYNTaHHBIM 3amacaM Hc-
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CleayeMblii OOBEKT COOTBETCTBYET MEIKUM MECTO-
poxneHusM 3o0i10Ta. Beinenensl CesepHas u Llupot-
Has pyIOHbBIC 30HBI, NPEICTABICHHBIC YJacTKaMH pac-
MPOCTpaHEHHs] KBApLEBO-KUIBHOW M MPOXKHIIKOBO-
BKpAIUICHHOW PYIHOM MUHEpaIU3allU ITOKBEPKOBO-
ro THIa cpeau rpaduToBbIX THekcoB. [llupoTtHas pyn-
Hasi 30Ha O0Opa3oBaHa IITOKBEPKOM IPOKHAIKOBO-
BKPAIJICHHOTO OpYACHEHHs M JIOKalIU30BaHA B y3le
COIIPSDKEHUSI TEKTOHUYECKUX CTPYKTYp pa3HOU OpHeH-
Taruy. [IoBBIIIIEHHBIE COEpKaHUS 30J0Ta OTMEYAIOT-
Ccid B 30HAX WHTEHCHUBHOTO PAa3BUTHUS MPOXKHIIKOBO-
BKpAIUICHHOW KBapIl-TypMallnH-CYyJIbQUIHOW MHHEpa-
mm3anuu. CeBepHasi pyIHas 30Ha CONpPsDKEHa C MOII-
HOU TpEIUHHON CTPYKTYypoil CyOMepuAHOHANbHON
OpPUEHTUPOBKH, BMEIIAIONIEH H3MEHEHHBIE NailKoBbIE
Tena rabOpo-muopuToBoro cocraBa. B mpenenax Ce-
BEPHOM PYAHOM 30HBI PA3BUTHI 30JI0TOHOCHBIE KBapII-
rpa¢puTOBBIC KUl MOLTHOCTBIO 10 HECKOJBKHX CaH-
TUMETPOB. | TaBHBIMHU pyTHBIME MUHEPAIAMH SIBIISIOT-
Csl MAarHETHUT, MOJIUOJICHUT, IIUPHT, apCCHOMPHT, cha-
JIEPUT, TaleHUT. K BTOPOCTENEHHBIM U PEIKUM MHHE-
pamaM pyI OTHOCSTCS XalbKOIHPHT, MapKa3uT, Map-
TUT, METHHUKOBHT, IICENUT, IEHTIAHIUT, KOOAIHTHH,
Bi, Ag temrypumbl, camopoaHoe AU, a TakKe MOHa-
IIUT, KCEHOTUM U padaodaH.

Ha mecTopokmeHur yCTaHOBIIEHHI MHHEpalbHEBIE
acCcOLMAIMY, COOTBETCTBYIOLIME CTaIusiM pynoo0pa-
30BaHMA: | — MarHeTuTOBas; 2 — MOJUOJICHUT-ITUPUT-
KBapmeBasi; 3 — KBapl-TypMaiuHOBasi; 4 — KBapil-
MUPUTOBAs;, 5 — MUPUT-aPCEHONUPUT-KBapLEBas; 6 —
MOJTMMETaJUINYECKas; 7 KBapIIl-XalIEel0H-

kapOoHaTHag [16]. MarneruToBas, MOJUOIEHUT-
MUPUT-KBAPIIEBas, MMUPUT-aPCCHOMUPHUT-KBApPIICBAsT U
MTOJMMETAJUINIECKAs! aCCONMAIMA UMEIOT OTpaHUuCH-
HOe pacnpocTpaHenue. KBapi-TypMannHOBas U KBapIl-
MUPUTOBAsT ACCOLMAIMK IIMPOKO TPEICTABICHBI Ha
IUTOIIAIN BCETO MECTOPOXIeHHA. [IpoayKTHBHEIMU Ha
AU opyncHeHHE SIBISIIOTCS KBapI-UPUTOBAS, MTUPUT-
ApCCHOMMUPUT-KBAPIEBas M TOJIAMETALIIYECKas acco-
nuanuu (tadn. 2). I'padur ycraHOBIEH B BHIEC MHHE-
paNBHBIX BKJIIOUCHHUH B KBapIle, MUPHUTE, XaJIbKOMUPH-
TE, MapKasuTe, apCeHOMHUpHTe. Arperarsl rpadura u
€r0 TPOXHIIKU CEKyTcs 0oJee MO3IHIUMH MPOKUIKAMHI
Cynb(GUIHO-KapOOHAT-KBAPIIEBOIO cocTaBa. Pymbsr Me-
CTOPOXKACHUS OTBEYAIOT MANOCYIb(PUIHON 3070TO-
pyIOHOH (opMalii W OTHOCITCS K apCEHOIUPUT-
MUPUT-CHATCPUT-TAJICHUTOBOMY MUHEPATFHOMY THITY.
ITo coneprxanuio Cynb(OUAOB PyIbl SIBISIOTCA Majo- U
YMEPEHHO CYNIb(GUIHBIMU.

IleTporeoxuMmnyecKas XapaKTepUCTHKA MOPOJ,
aMy/P)KMKaHCKOTO KOMILIEKCA U Py,

ITo coornomenusm Na,O/K,O Me3o30iickue uH-
TPy3UBHbIE 00pa30BaHUsI OCHOBHOTO M CPEIHEr0 CO-
CTaBOB COOTBETCTBYIOT KAJMEBO-HATPHEBOW CepHH
(Tabn. 3). B paiioHe MecTOpOXKIEeHUS TOPOJIBI KUCIIOTO
COCTaBa MPEICTABJICHBI MaKaMU KBapLEBBIX MOpdu-
POB, COOTBETCTBYIOIIMX KanueBod cepuu. Ilo reoxu-
MHYECKUM OCOOCHHOCTSM COCTaBa MHTPY3UBHBIE 00pa-
30BaHMS aMY/XKHKAHCKOTO KOMILJIEKCa COOTBETCTBYIOT
HHTPY3HsIM, CHOPMUPOBAHHBIM B KOJUIM3UOHHBIX H
MMOCTKOJUTM3HOHHBIX 00CTaHOBKaX (pHcC. 2).

Ta6auya 2. 31emeHmHblli cocmas (2/m) u UHOUKaAMOpHble OMHOWEHUSs] 31eMeHMO8 8 CY/AbPUIHO-K8APYEBbIX HCUAAX PYOHbIX

cmaduil AMasapkaHcko20 MecmopoxicoeHust

Table 2. Elemental composition (g/t) and indicator ratios of elements in sulfide-quartz veins of ore stages Amazarkan gold
deposit
Ne
1515216_ Au As Bi |[Mo| Cu | Co | Ni | Pb | Sn | Sb |Nb [Rb | Sr | U | Th | La |Th/La|Nb/La|Co/Ni|Rb/Sr|{U/Th
ple no.
KBapu-typMannHoBas ctajusi/Quartz-tourmaline stage
647-1(3,08| 220 |51,9|14,0(170 |{29,0|5,0 |39,0|19,0|11,5| 6,0 |136| 90 [1,16]|6,5 (288 0,23 | 0,21 | 58 1,5 | 0,2
649 |2,40| 250 6,9 |130,0 (50,0 |26,0/12,0| 55,0 |18,0( 18,0 | 5,0 [115|150(0,94| 6,6 |47,4| 0,14 | 0,11 | 2,2 08 | 01
649-1 (1,31| 391 85 | - - |34,0(17,0( 24,0 | - |[16,0 {12,0| 55 |117| - |64 | - - - 2,0 0,5 -
692 10,68| 220 |18,2] 2,0 | 380 [28,5|19,0| 46,0 [31,0] 9,7 | 8,0 |60,1| 40 |188| 10 |19,7| 0,54 | 0,41 | 1,5 15 | 1,8
KBapu-nupurtoBas crtagusa/Quartz-pyrite stage
695 |1,37 70 4,0 | 3,0 | 290 |22,5(24,0| 58,0 {80,0| 3,0 [17,0| 6,2 | 8,0 |80,4|220|2,24| 7,7 0,9 04103 |03
697 10,77 | 110 50|50 (1630|18,5|10,0 | 47,0 |90,0( 50 (29,0( 85 | 14 [158|180(3,12| 57 1,8 0,9 05 | 05
655 |10,8| 270 148 [ 132 | 60,0 ({13,817,0| 98,0 |64,0139,0{18,0|40,4| 8,0 |17,4| 90 |2,50| 12,5 | 0,8 0,2 02 |02
655-1 (0,11 40 4,4 (60,0|40,0|13,3|5,0 | 26,0 (280|600 [19,0| 43 | 10 |74,2|180|1,30| 3,6 2,7 04 | 04 | 04
656 - 140 |71,3|16,0|20,0 |156| 5,0 [108,0/22,0| 16,0 (15,0 (14,5| 5,0 {119,150 (1,36| 149 | 3,1 08 | 01 |01
698 [1,38 30 32,3161,0130,0 [ 87 | 6,0 | 29,0 |12,0| 61,0 |21,0|25,4| 17 [79,0]620|5,02| 251 | 1,5 0,1 02 |02
[IupuT-apceHOMUPHUT-KBapLeBas cTaaus/Pyrite-arsenopyrite-quartz stage
647 |7,50| 1819 |[59,0| - - 184,020 (890 - [540| - [37,0] 48 - 42| - - 42,0 |1 0,8 -
654 |0,35| 1030 (28,0 - - 121,590 [ 36,0 |16,0| 2,3 | 50 [157|210|0,46| 2,7 |0,46 5;;7 109 | 24 | 0,7 | 0,2
690 |2,68 334022 (128 | - | 450 (138 |17,0| 120 |18,0|19,0 | 2,0 |11,1| 10 | 86 | 4,7 | 86 0'55 0,2 8,1 1,1 | 1,8
693-1 (0,47 70 18,6| 51 | 30 |97,0]46,0| 56,0 [16,0]18,5| 15 |46,6/110]2,98| 6,0 | 3,0 ! 5,0 2,1 04 | 05
KBapi-nosmMeTasindeckast ctaaus/Quartz-polymetallic stage
651-1[2,78] 160 [13,2] 6,0 [ 40 [163[21,0] 253 [652] 6,0 [ 25 [19,1]10[66 [20 04 [ 32 [ 78 [ 03 [ 0,1 [ 01
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Puc. 2. /JluckpumuHayuoHHble duazpammsl UHMPY3UBHBIX NOPOO AMA3APKAHCKO20 MecmopoxcdeHus: a) duazpamma Fi-Fz
[18] ¢ pueypamusHbIMU MOYKAMU KUCALIX NO COCMABY MA2MamMu4eckux nopod aMaHaHckozo komnaekced (J1) - 1;
F1=196,2038i02+753,953Ti02+481,96A1:03+92,664Fe0*+521,5Mg0+374,766Ca0+7,571Na-0-
-584,778K20+0,379Ba-0,3395r-0,733Rb-0,429La-3,33Ce-5,242Nd+10,5655m-19823,8;
F2=1292,9625i02+4002,667Ti02+1002,231A1203+1297,136Fe0*+262,067Mg0+1250,48Ca0+1923,417Na20+
+1009,287K20+0,3634Ba-0,3255r-0,701Rb+0,8015La+3,347Ce+2,68Nd+10,11Sm-126860,0; FeO*=0,9Fe203+FeO.
Ilopoowi: BII' - eHympunaumubsle, O/ - ocmpogodysxcuvie, KOJII' - kosaauszuoHwle; 6) OUCKPUMUHAYUOHHAS
duazpamma DF1-DF: [19] ¢ ¢ueypamusHbIMU MOYKAMU MA2MAMUYECKUX NOPO0 aMYOHCUKAHCKO20 KOMNJIEKca
cpedHezo cocmasa (J2-3) - 2;
DF1=-2,45605In(Ti02/Si02)+1,11985In(Al203/Si02)-2,22475In(Fe203/Si02)+2,48861In(Fe0/Si0z)-
-0,212024In(Mn0/Si02)-0,06661In(Mg0/Si02)+1,29066In(Ca0/Si02)-0,28377In(Naz0/Si0z)-
-0,40211In(K20/5i02)+0,030635In(P205/5i02)-11,43097347;
DF2=-0,57759In(Ti0z2/Si02)-0,01121In(Al203/Si02)+0,69125In(Fe203/Si02)-1,99798In(Fe0/Si0z)-
-1,72014In(Mn0/Si02)+0,305275In(Mg0/Si02)+0,816018InCa0/Si0z)-
-1,791727In(Naz20/Si02)+0,871298In(K20/Si02)+0,335479In(P205/5i02)-12,20158596.
Ilopodbi: PCOL - nocmkoanusuoHHvle, WP — eHympunaumuble, ARC — ocmpogodycHble
Fig. 2. Discrimination diagrams of intrusive rocks of the Amazarkan deposit area: a) discrimination diagrams of intrusive
rocks of the Amazarkan deposit: a) diagram Fi1-Fz [18] with figurative points of acidic igneous rocks of the Amanan
complex (J1) - 1;

F1=196.203Si02+753.953Ti02+481.96A1,03+92.664Fe0*+521.5Mg0+374.766Ca0+7.571Naz0-
-584.778K20+0.379Ba-0.3395r-0.733Rb-0.429La-3.33Ce-5.242Nd+10.5655m-19823.8;
F2=1292.9625i02+4002.667Ti02+1002.231A1,03+1297.136Fe0*+262.067Mg0+1250.48Ca0+1923.417Na 0+
+1009.287K20+0.3634Ba-0.3255r-0.701Rb+0.8015La+3.347Ce+2.68Nd+10.11Sm-126860.0; FeO*=0.9Fe203+FeO.
Rocks: PCOL - post-collisional, WP - intraplate, ARC - island-arc; 6) discrimination diagram DF1-DF [19] with figura-

tive points of igneous rocks of average composition of the Amudzhikan complex (Jz-3) - 2;
DF1=-2,45605In(Ti02/Si02)+1.11985In(Al203/Si02)-2.22475In(Fe203/Si02)+2.48861In(Fe0/Si0z)-
-0.212024In(Mn0/Si02)-0.06661In(Mg0/Si02)+1.29066InCa0/Si02)-0.28377In(Na20/Si0z)-
-0.40211In(K20/Si02)+0.030635In(P205/5i02)-11.43097347;
DF2=-0.57759In(Ti02/Si02)-0.01121In(Al203/Si02)+0.69125In(Fez03/Si02)-1.99798In(Fe0/Si0z)-
-1.72014In(Mn0/Si02)+0.305275In(Mg0/Si02)+0.816018In(Ca0/Si02)-
-1.791727In(Na20/Si02)+0.871298In(K20/Si02)+0.335479In(P205/Si02)-12.20158596;
Rocks: PCOL - post-collisional, WP - intraplate, ARC - island-arc
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Ta6auya 3. Codepicanusi U COOMHOWEHUS] XUMUYECKUX d./1e-
MEHMO8 8 UHMPY3UBHbIX 06PA308AHUSIX AMY-
OXHCUKAHCKO20 KoMnJekca palioHa AMazapKkaH-
cKko20 MecmopoxcdeHust (om-0do)

Table 3. Contents and ratios of chemical elements in in-
trusive formations of the amudzhikan complex of
the Amazarkan deposit field area (from-to)

CooTHouleHUs Ksapuesnie l'a66pou-
[Juoputel |[paHOAHOPUTHI| HOPOUPHI
3JIEMEHTOB s s AbI
. Diorites Granodiorites Quartz .
Ratios of (n=14) (n=5) orphyr Gabbroids
elements - a porpuyry (n=3)
(n=2)
Na.0/Kz20 0,18-0,31 0,28-2,10 0,06-0,12 |1,72-2,79
Mg# - 1,05-2,10 - 1,72-2,79
Eu/Sm 0,18-0,33 0,18-0,24 - 0,31-0,35
Au 0,026-1,171 0,087 - -

non

Ilpumeuanue. «-» — Hem daHHbIx/Note. "-" - no data available.

Knaccuduxanmnonnas nuarpamma [17] B koopauHa-
tax Ac u (NatK)/Ca, roe Ac — yHUBepCAbHbIN mapa-
METp KHCIOTHOCTH-OCHOBHOCTH, YUYUTHIBAIOIINA HE
TONBKO COJIEPXKAaHWE, HO M XUMHUYECKYI0 aKTHBHOCTH
nopomoobpasyromux anementos, a (Nat+K)/Ca — ma-
paMeTp, XapaKTepH3YIOIIUH CTENeHb MICTOYHOCTH—
HU3BECTKOBUCTOCTH, IIO3BOJIAET IIOKA3aTh METaJIIOTe-
HUYECKYIO CIICIUATH3AINI0 MarMaTHIeCKuX mopos. Ha
3TOW JuarpaMMme COCTaBbI TabOpPOHIIOB, TUOPUTOB W
TPaHOAMOPUTOB aMYIPKUKAHCKOTO KOMIUIeKca Ama-
3apKaHCKOTO MECTOPOXKICHUS MOMAJal0T B 3TaJOHHOE
M3BECTKOBO-IIEIIOYHOE TOJIE, 32 MCKIFOYEHHEM HEKO-
TOPBIX 00Pa3loB TPAHOJHMOPUTOB, KOTOPHIE TIOMMATAI0T
B TOJIS1 CYOIIEIOYHBIX U MIEOYHBIX TPaHUTOB (puc. 3).

JuarpaMMa TakxKe IEMOHCTPUPYET PEIKOMETallb-
Hyl0 MO MeTamIoreHH4ecKyro CIICIHaIH3alnio dTHX
mopon. DurypaTHBHBIE TOYKH COCTaBa IIOPOI aMy-
JOKMKAHCKOTO KOMITIEKca 00pasyloT TpeH I, OIU3Kui K
Mo mertamioreHnuecKOMy TpeHIY. 3HaueHUs K03hhu-
nuenTa Mg# BapeupyroT B rpaHoguopurax ot 1,05 1o
2,10, B nuoputax — ot 1,40 mo 1,56, B rabOpongax ot —
1,72 mo 2,79 (tabn. 3). Coornomenus Eu/Sm>0,2 u
Eu/Eu* ot 0,93 1o 1,05 B mopomax OCHOBHOTO M Cpe/I-
HEro cocTaBoB (Tabi1. 3) yKa3sIBAIOT, COOTBETCTBEHHO,
Ha (OPMHUPOBAHHE MArMaTHYCCKUX PACIUIABOB B Mar-
MaTHYECKAX OdYarax Ha ypPOBHE HIDKHEH KOHTHHEH-
TanpHOM Kopsl [20]. TpaHOAMOPUTEI U JTHOPUTH aMy-
JUKUKAHCKOTO KOMIUIEKCAa B paiOHE MECTOPOXKICHHUS
XapaKTEePHU3YIOTCs TIOBBIICHHBIM conepxkanueM AU OT
0,026 no 1,71 v/t (Tabam. 3).

[Topopl aMymKHKAHCKOTO KOMIUIEKCa PacCMaTpu-
BalOTCSl KaK MEPBUYHBIC BBIUIABKU TIITyOMHHOTO MaH-
tuitHoro Bemecta [21]. TIpeobnananue mpOU3BOIHBIX
BBICOKOKAJIMEBOM HM3BECTKOBO-IICJIOYHOM MarMbl U
HAJIMYME TMOPOA HOPMAIBHOH H3BECTKOBO-IIEIOYHON
cepuu OOBSICHSETCS IDIABJICHUEM KOPOBOTO Mareprala
10/ BO3/JCMCTBHEM JIATUTOBOW MAarmMbl, MPOUCXOJIUT
CMEIIICHUE KOPOBBIX M MAHTHIHBIX PACIIABOB U aCCH-
MW KOPOBOTO MaTepHalia MAaHTHIHBIMUA MarMamu

[2, 22].

(Na+K)/Ca
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Puc. 3. /Juazpamma (Na+K)/Ca-Ac das mazmamuueckux nopod
AmazapkaHckozo MmecmopoxcdeHuss no [17]. Ilopodel
aMyO0HCUKAHCKo20 Komnaekca: 1 - epaHoduopumel, 2 —
duopumeol, 3 - 2a66poudsl. KaaccugukayuoHHvle nos
nopod: 1 - ussecmkosoe, 1l - u3Becmkogo-wen04Hoe
(1la - cybussecmkosucmyie, e - U38eCmMKo80-
weno4Hble, 1le - cybuseecmko8o-ujes04Hble 2paHUmMbl);
Il - cybwenounoe (Illa - cybwenouHvle u ujeso4HbvlE
epaHumul u setikoepasumel, 1116 - wjesoyHvle aznaumo-
sble epaHumot); IV - wesouHble. ImasoHHble MpeHObl
(wmpux-nyHkmupHble auHuu): CA - 21a8HbIil U38ecmko-
80-ujesn04Holl, LM — namumosblii (MoHYyoHUmMo8biii), Sn -
0/10851HHbIl, Cu - mMedHo-nopguposwili, Mo-(Cu) - mo-
au6deHoswill, W-(Mo) - goavgpam-monu6deroswlil; Li,
Ta, Nb,Sn - aumuti-maHmasn-Huo6utl

Diagram (Na+K)/Ca-Ac for igneous rocks of the
Amazarkan deposit according to [17]. Amudzikan com-
plex: 1 - granodiorites, 2 - diorites, 3 - gabbroids. Clas-
sification fields of rocks: I - calcareous, Il - calc-alkaline
(lla - subcalcic, 116 - calc-alkaline, 1Ib - subcalc-
alkaline granites); 11l - subalkaline (Illa - subalkaline
and alkaline granites and leucogranites, 11Ib - alkaline
agpaitic granites); IV - alkaline. Reference trends
(dash-dotted lines): CA - main calc-alkaline, LM - latite
(monzonite), Sn - tin, Cu - porphyry copper, Mo-(Cu) -
molybdenum, W-(Mo) - tungsten-molybdenum; Li, Ta,
Nb, Sn - lithium-tantalum-niobium-tin

Fig. 3.

Ta6auya 3. OmHoweHnus Na:0/K:0 u Eu/Sm, Mg# undekc u
codepxcarue Au 68 UHMPY3UBHbIX NOPOOAX aAMY-
JXHCUKAHCKO20 KoMnJekca 8 patioHe Ama3apkaH-
CK020 MecCmopoicoeHUsl

Table 3. Na:0/K20 and Eu/Sm ratios, Mg# index and Au
content in intrusive rocks of the Amudzhikan com-
plex in the Amazarkan deposit area

CooTHOLIEHUSs JIHopuTsI 'paHoauopu- K;jg;f]gze ra66pou-

SJ/IEMEHTOR Diorites S Quartz ABL

Ratios of (n=14) Granodiorites porphyry Gabbroids
elements (n=5) (n=2) (n=3)
Na20/K-0 0,18-0,31 0,28-2,10 0,06-0,12 |1,72-2,79
Mgt - 1,05-2,10 - 1,72-2,79
Eu/Sm 0,18-0,33 0,18-0,24 - 0,31-0,35
Au 0,026-1,171 0,087 - -

mon

IIpumeuanue. «-» — Hem daHHblx/Note. "-" - no data available.
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CroexTpbl pacrpefeNeHnss PeaKo3eMelbHBIX 3JIe-
MmeHToB (P33) B cynbdumHO-KBapLEeBBIX pyaax, KBap-
LEBO-YTIIIEPOIMCTHIX JKUIaX MECTOPOXKICHUS, a TaKXKe
B TPAaHOAMOPHUTAX W JHOPUTAX JOCTATOYHO OJM3KH
(puc. 4). Kpome Toro, Ha quarpaMme B KOOPIHMHATAX
Eu/Sm-EU/Eu* ¢urypaTuBHBIE TOYKH COCTABOB PYII-
HBIX XHJI U TPAHOAMOPHUTOB aMyKUKAHCKOTO KOM-
ieKkca 00pas3yoT eIUHbIN TpeHs (puc. 5).
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3 BN SED SEDEEGEI N
Puc. 4. Cnaiidep-duazpamma  pacnpedeseHusi  pedko3e-
Me/bHbIX 3/1eMEeHmMo8 8 nopodax u pyodax Amasap-
KaHcko2o mecmopodcdenus. Iloas Ha duazpamme:
aMyOHCUKAHCKUT UHMpY3usHblll komniaekc (J2-3): 1 -
epaHoduopumvl, 2 - duopumvl; 3 - 6a3a/1bMmbl
HIoKxcuHckol cepuu (J3); pydoHocHble cuavl: 4 -
cynvdpudHo-keapyesvle, 5 — cyabpuoHo-keapyeswle
€ 8K/I0YEHUAMU 2paduma
Fig. 4. Spider diagram of the distribution of rare earth ele-

ments in rocks and ores of the Amazarkan deposit.
Fields in the diagram: Amudzhikan intrusive complex
(J2-3): 1 - granodiorites, 2 - diorites; 3 - Nyukzha se-
ries basalts (J3); ore-bearing veins: 4 - sulfide-quartz,
5 - sulfide-quartz with graphite inclusions

Ha cBsa3p Au-opyneHeHHs ¢ TpolieccaMd marma-
TH3Ma Takke ykaswiaer otHorrenus CO/Ni B pymax,
KOTOPOE COCTaBIISIET BeIW4YHHYy Oonee 1,5, uTo Moxer
KOCBEHHO CBHJIETEIILCTBOBATh 00 Y4aCTUU Marmarnye-
ckoro ¢uoraa B pymaoobpasosanuu [23]. 3HaueHus
ornomenust Nb/La, mnpespimaromme 1, cBUmETENH-
CTBYIOT O HAJIMYHMH B PyHax TKEIbIX JaHTAHOHIOB,
YTO KOCBCHHO YKAa3bIBAIOT Ha TJIYOMHHBIA HMCTOYHHK
opynerenust (tabn. 2) [24]. Cootnomenuss Nb/La u
Th/La B pymax meHbiie 1 yKka3plBarOT Ha HalWYUE B
PYIOHOCHBIX (IIIOMJAaX XJIOpa, YTO TOATBEPXKIACTCS
pe3yibTaTaMu HCCIIEAOBAHUS (DIFOUIHBIX BKIFOUCHHI
(®B). IIpucyrcTBHE XJIOPUIOB XapaKTEpHO AJIS COCTa-
Ba PyA000pa3yonux Marmarudeckux ¢uronnos Mo n
Cu-Mo mopdupoBeix MecTopoxkaeHHid BoctogHoro
3abaifkambsi, CBS3aHHBIX C WHTPY3USIMH aMyIKUKaH-
CKOT'0 KOMIUIEKCA.

Eu/Sm
0,45
0,40 -
0,35 =
0,30 -
0,25 -
0,20 =

0,15 =

0,10 —

1
0 0.4 0,8 1,20

le2¢ 3+ 4x 5 G

JAuazpamma Eu/Sm-Eu/Eu* unmpy3sueHuix u pyo-
HbIX 06pa308aHuli AMasapkKaHckozo mecmopoycde-
Hust. 3HaveHus1: 1 - cyavgudHo-keapyeswie pyodsl, 2 —
Keapyeso-epagumossle  HCUALL,  AMYOHCUKAHCKUL
Komnaekc: 3 - epaHoduopumvl, 4 - duopumvl; 5 -
o6sacmb 3HaveHull pacnpedeseHust pyoHbIX HCUA U
2paHoduopuUmo8 amyo0HCUKAHCKO20 KOMNIEKCa
Eu/Sm-Eu/Eu* diagram of intrusive and ore for-
mations of the Amazarkan deposit. Values: 1 - sul-
phide-quartz ores, 2 - quartz-graphite veins; the
Amudzhikan complex: 3 - granodiorites, 4 - diorites;
5 - area of distribution values of ore veins and gran-
odiorites of the Amudzhikan complex

Eu/Eu*

Puc. 5.

Fig. 5.

Bemuunnbr cootHomrernst U/Th (tabim. 2) B pyaHbIX

MUHEPAJIbHBIX accouanuAax KBapH-TpraHHHOBOfI
(0,1-1,8), xBapu-mmupurosoit  (0,1-0,5),  mwEpmT-
apcenormput-kBapresor  (1819-2270) wu  xBapu-

nojuMeTaumaeckor (0,1) cTagmii MOXKET CBHJIETENb-
CTBOBATh 00 M3MEHEHUH PEOKC-TIOTEHIINAIA B MPOIIEC-
ce pymoobpasoBanus ot okuciuTenbHbx (U/Th<0,75) x
BoccranosuteabHbM (U/Th>0,75) ycnoBusim [24].

TepMoGaporeoxuMusi 1 U30TONHBIN COCTaB
dronga KkBapueBo-cy1bQUAHBIX PYA

Dnrouonvle sxmovenus. B KBaprie MUHEpATbHBIX ac-
coupanuil  KBapU-TYpMaJMHOBOW, KBapL-IIUPUTOBOM,
MMUPUT-aPCEHONUPUT-KBApLIEBON CTaauii AmazapkaHCKO-
IO MECTOPOXKAEHHUS TIPUCYTCTBYIOT (MIIOMIHbBIE BKIIOYE-
Hus (OPB) rasossle (tun |), aByxdasznsre (tum 1) n Tpéx-
¢azusie ¢ raymroM (tun |1), a Taxke ®B, coneprkamme
xunkyio asy CO; (tun 1V) (puc. 6). [lpu HarpeBaHuu
nByxQasnbie u Tpe3dasubie ¢ raurom OB (tums | u 1)
TOMOTEHHM3UPYIOTCS B XKUAKYIO a3y, razobie OB (THITI
| u IV), coneprkaiiyie TOHKYIO KaéMKy pacTBOpa, TOMore-
HHU3HPYIOTCS B ra3oByto (azy. OOIuii HHTEpBaI TeMIle-
parypsl romorenusauu ®B oxBaTbiBaeT auanasoH OT
125 o 410 °C. PacTBOpbI BKJIIOUEHHIA, Cy/Is IO TEMIIEpa-
Type HX 3BTeKTHKH (—55, =52 u —23 °C), oTHOCATCS K
BOJHO-COJIEBBIM crAcTeMaM NaCl+KCI+H,0 U
CaCl,+NaCl+H,0 [9]. ConeHocth BKIIOUCHHI BapbUPY-
er ot 0,4 10 38,5 mac. % skB. NaCl (tabm. 4, puc. 7).
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Ta6auya 4. Pe3ysomamvl ucciedosaHust A10UOHbIX 8KAIOHEHUT

Table 4. Results of the study of fluid inclusions
T romoreHusa- Tnnasienus
O6pasen| Tun* | Kous-Bo LMY rasa T 3BTEKTHKU T miting
Sample [Type*| Quantity | T of vapor ho- T of eutectic JbAa ruapata CO; | raaura CoJteHOCTb B Mac. % 3kB, NaCl
mogenization ice CO2z hydrate halite Salinity in wt % eq, NaCl
KBapu-TypmannHoBas pyAHas ctagus/Quartz-tourmaline ore stage
722-1 11 6 154...150 -23 4,2..38 - - 6,7-6,2
722-1 IV 10 306...230 -24,5..-23 - 89..8,7 - 2,6-2,2
KBapu-nupurtoBas pyaHas cragus /Quartz-pyrite ore stage
645 111 4 360...345 -23 - - 130 29
645 11 5 230...170 -23 -22..-58 - - 22-7,2
719 I 10 254..150 -23,6..-23 -3,8..-1,5 - - 6,2-2,3
KBapu-nupurt-apceHonupuToBas crajus /Quartz- pyrlte arsenopyrite stage
655 11 8 316...230 -52 - 310-230 38,5-33,3
655 11 8 332..125 -55...-23 -6,4..-1,5 - - 9,7-2,3
655 I 3 410...382 -23 -2..-0,2 - - 3,4-04

Ipumeuarue: *munvl ekaro4eHuli — 2azosvie (1), dgyxgasmbie (1), mpéxgasrvbie ¢ carumonm (I11), dgyxgasHule c xcudkoti COz (IV).
Note: *types of inclusions - gas (I), two-phase (II), three-phase with halite (I1I), two-phase with liquid CO: (IV).
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Puc. 6. Tunvl OB 6 ksapye pyodHbIX HcUa AMA3APKAHCKO20
MecmopodcdeHus. I'azoeoe (mun I) u mpexgasHoe ¢
eanumom (mun IlI) B - (a); 2azoevle PB (mun 1) -
(6); dsyxgpaznoe @B (mun II) - (8); @B c xcudkoli
COz (mun IV). ®@asvt OB V - zas, L - scudkocms, S -
meepdasi asa.

Types of PV in quartz of ore veins of the Amazarkan
deposit. Gas (type I) and three-phase with halite
(type I1I) PV - (a); gas PV (type I) - (6); biphasic EF
(type 1) - (8); PV with liquid CO2 (type IV). PV phas-
es V-gas, L - liquid, S - solid phase

Fig. 6.

B 3amopoxenHsIx BkroueHusx (tum V) mmasie-
Hue CO, mpoucxogut mpu Temmeparype oT —57 mo —
56,8 °C, romorenmsanus CO; B razoByio ¢asy mpouc-
XOAMT Tpu Temmepatype ot 27 mo 29 °C. B riry6oko
OXJIOKJCHHBIX Ta30BbIX BKioueHusx (tum I) HaOmro-
nanock Beimagenue CO, B Buje HEOOJBIIOW TBEPAOH
(hazbl, KOTOpas MpeBpalaIach B ra3 Ipu TeMIeparype
oT —88 10 —56,7 °C, uTo yKa3bIBaeT Ha HU3KYIO IJIOT-
HOCTh ra30Boi (a3el. [To manaeiM KP-criekTpockonmn
ra3oBas (aza rronaHbIX BKIoueHU comepxur CO,
or 0 mo 100, N, or 0 g0 59,7 u CH4 ot 0,1 mo
40,3 MOABHEIX %0.
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Puc. 7. Jluazpamma cocmosiHus 800H0-C0.1€801l cucmembl
NaCl-H20  HacblyeHHbIX  napoM  pacmeopos
H20-NaCl no [10, 11]. IImpux-nyHKmupHas u-
HUS - Kpueas pasHOBecus «Nap-1UoKocmbvy;
JHCUPHASA CNAOWHAA JAUHUA — Kpueas pasHoeecus
«HCUOKOCMb-2aAUMY; MOHKUE CN/AOWHbIE AUHUU —
U30X0pbl, yKA3aHa naomuocms (2/cm3). [lokazaHvl
memnepamypa 2omozeHuzayuu u coneHocme OB e
Keapye pyoHbIX Hua AMasapkaHckozo Mecmo-
poocdeHust

Fig. 7. Diagram of the state of the NaCl-H:0 water-salt

system of steam-saturated H:0-NaCl solutions ac-
cording to [10, 11]. The dash-dotted line is the va-
por-liquid equilibrium curve; thick solid line - lig-
uid-halite equilibrium curve; thin solid lines are iso-
chores; density is indicated (g/cm3). The homogeni-
zation temperature and salinity of PV in quartz of
ore veins of the Amazarkan deposit are shown
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ITo nanubM uccienoBanust OB B kBapue pyn Ama-
3apKaHCKOTO MECTOPOJKIEHUSI MUHEpaIooOpa3oBaHHe
B XOJI€ K8APY-MYPMAIUHOBOU cmaouy TIPOUCXOIIIIO B
uHTepBaue temneparypsl ot 306 no 150 °C mpu yua-
CTHH TOMOTEHHBIX (DIIIOMIIOB CPEAHEH O HU3KOH Co-
nenoctu (6,7-2,2 mac. % axB. NaCl). MunepanbHbie
accoyuayuy Keapy-nupumogou cmaouy MOTIH KpH-
CTAJIJIM30BAThCS B MHTEpBaJie TeMmepaTypsl oT 360 1o
150 °C B cpexne rerepodasHoro ¢uonsa, MpeacTaB-
JIEHHOTO BOJTHO-COJIEBOM (Ppakiiueil BEICOKOM 10 cpe-
Heii conmenoctu (29-7,2 mac. % skB. NaCl) u mapoo6-
pasHOH ¢  HU3KUM  COACp)KAaHWEM  XJIOPHIOB
(6,7-2,3 mac. % skB. NaCl). O6pa3oBanue MUHEpaIOB
NUPUM-APCEHONUPUM-KEAPYEBOTl cmaouy TaKKe Mpo-
UCXOJWIIO NPU ydacTuH rerepodasHoro ¢aouga mpu
temmeparype ot 410 1o 230 °C. BogHo-coneBas ¢iro-
uaHas (Qpaxiys XapakTepu30Bajach BBICOKOM COJIEHO-
creio (38,5-33,3 mac. % skB. NaCl), mapoo6pasHas
comepkana MeHble xiopuaoB (3,4-0,4 mac. % 9KkB.
NaCl). IIpucyrcTBre ra30BBIX U BOAHO-COJIEBHIX OB B
KBapIle PyIHBIX KHJI MECTOPOXKICHHUS AMa3apKaH MO-
JKET yKa3bIBaTh Ha TeTepodasHoe COCTOSHUE PYH000-
pasyromiero (rona B pe3ylbTaTe pa3IelleHHst TOMO-
reHHoro (uronzaa Ha MapooOpasHyro U BOJHO-COJIEBYIO
(bpakIuy Mpy TOHWKCHUH JaBICHUS M TEMIIEPATYPEL.

Hzomonnwiii cocmas O, S u C ¢ munepanax pyoHwix
orcun. KBapil pa3iuvHBIX PYAHBIX CTaauil BeChMa Ofl-
HOPOJIeH 10 H30TOITHOMY COCTaBy  KHCJIOpOZa
(8"%0=+10,7+0,2). Takum 0Opa3oM, ¢ GOIBLIONH Bepo-
SATHOCTBIO KBapll KPUCTAUIM30BAICS M3 (IIOMIIOB
OJIM3KOTO COCTaBa MPU CXOXKUX YCIOBUAX. lIpumMenss
ypasuenne [25] 50 a0 Orzo=3,34 (10°%T%)-3,31,
roe T — temmeparypa mo KenpBuHy, morydaem 0]
MHHEPAI000pa3youiero TUApoTepMaIbHOro (hirouna
nnst temneparyp 350...400 °C (mo romoreHW3anuu
BKJIFOYCHHI) B AMAIa3oHe OT +5,5 mo +6,7 %o. Ilomy-
YeHHbIC 3HAUYCHUS & O COOTBETCTBYIOT (IOHILy Mar-
MaTHYECKOU Mpuposl: +5,5 — +9,0 %o, [26] (Ta0M. 5).

Cepa nupuToB AMa3zapKaHCKOI'O MECTOPOXKACHUS B
CpellHEM HMeeT 634S:+2,5 %0 1 KOJIEOIETCS B OYEHb
y3KOM auanaszone (tabi. 6), 9o Tak ke, KaKk ¥ B CIIy-
9ae ¢ KBapIleM, YKa3bIBaeT Ha CIUHCTBO UCTOYHUKOB U
CTaOMIIBHOCTD YCIIOBHI MuHepanooOpazoBanus. Vcxo-
Il U3 TPEAToNIoKEHHUs, 4TO BO (uironsie mpeodianan
H,S, s pacuéra 8°'S (umona HCIONB3yeM ypaBHe-
Hus (ppakiuoHupoBanus [27]:

Am/lpm‘—HZ S=834S HI/IpI/IT*534SH25:O,4 (106/T 2).
Am,,mn”pm,ms:SMS XaIBKOMAPUT—8°Spps=0,05(10%/T?).

PaccunTaHHbBIi M30TOIHBIN COCTaB cepbl BO (IronIe
AMa3apKaHCKOr0 MECTOPOXKAEHUS cocTaBisieT +3,5 %o B
paBHOBecnu ¢ muputoM u +3,1 %o B paBHOBecHH C
xanpkonpuToM (st 350 °C). [TonydeHHbIe 3HAYCHUS,
¢ yd€ToM UMEIOUIEeICs OTrpaHUYEHHON CTAaTHCTUKH,
OJIM3KU K MHTEPBAIy, XapaKTePHOMY JJIsI MarMarude-
cKkoro ucroynuka — 3— +3 %o [26]. Hebonbmioe obora-

[ICHUE TTHPHUTA TSHKENBIM H30TOTIOM CEPBl OTHOCUTEIh-
HO MaHTUHHOIO JHAaNa3oHa MOXET OBITh CBSI3aHO KakK C
(OUBUKO-XUMHYECKMMH  YCIOBUAMH KPHCTAJUTH3AIIHH,
BKITIOYAsT KPHCTAIUTH3AIUIO TTONUCYTb(UIHBIX Tapare-
HE3MCOB, TaK M C HE3HAYHMTEIHHOM KOHTaMHHAIUEN
(rounna.

Ta6auya 5. H30monHblll cocmag kucaopoda u cocyujecmsy-
owezo0 ¢ HUM gaouda AmasapkaHckozo Mecmo-

podicoeHus
Table 5. Isotopic composition of oxygen and the fluid co-
existing with it Amazarkan gold deposit
Ne Cocras pya 5190, H3oTOnHBIN cocTaB cl)monﬂalgpn
nmpo6 Ore 0p, | PAS/MUHBIX TEMIEpATypaX, ) .OHZO
Sample composition  |(SMOW) Isotopic composition of the fluid at
no. different temperatures, 68020
KBapu-typmanuHoBas pyHas
cTaaus 170°C 360°C
Quartz-turmaline ore stage
646 |Pr (10 (t0) 1%) | 10,78 -2,92 +5,71
KBapu-nupuToBas pysHas
cragus 125°C 410°C
Quartz-pyrite ore stage
696 |Pr (o (to) 3%) [ 10,88 -7,19 +5,86
[InpuT-apceHONUpUT-KBapLeBas
_ PyAHas craji 280°C 320°C
Pyrite-arsenopyrite-quartz ore
stage
Pr, as, sf
693-1 (10 (t) 3 %) 10,58 +5,01 +5,55

IIpumeyanue: muHepaawl: Pr — nupum, as - apceHonupum, sf -
casepum.
Note: Minerals: Pr - pyrite, as - arsenopyrite, sf - sphalerite.

Ta6auya 6. H3omonHblll cocmas cepwvl cyAb@PuUiHbIX MUHe-
pasos u pacuemusili cocmas cepwvl 80 droude
AMa3apKaHcKko20 MecmopoxcoeHus

Table 6. Sulfur isotope composition of sulfide minerals
and calculated sulfur composition in the fluid of
the Amazarkan gold deposit

H3oTONMHBIN cocTaB cepbl BO
duronge 534S wzs %o CDT npu

O6pa- 34G 0,

seny MH.Hepan 534S, %o Pas/MHBIX TEMIepaTypax
Sample Mineral CDT | Isotopic composition of sulfur
in fluid 834S nzs %0 CDT at
various temperatures
KBapu-TpraJII/IHOBE}H pyAHas cTagus 170 °C 360°C
Quartz-tourmaline ore stage
646 +1,9 -0,13 +0,83
647-1 +2,6 +0,57 +1,55
652 [uput/Pyrite +2,3 +0,27 +1,25
693 +2,7 +0,67 +1,63
694 +2,5 +0,47 +1,45
KBapL[-HHpHTOBa.H py/AHas cTajus 125°C 410°C
Quartz-pyrite ore stage
645 +2,3 -0,22 +1,44
689 [Muput/ Pyrite +3,1 +0,58 +1,24
696 +2,6 +0,08 +1,74
KBapu-nupuT—gpceHonupmqsaﬂ cTaaust 280°C 320°C
Quartz-pyrite-arsenopyrite stage
690 Tuput/Pyrite +2,8 +1,49 +1,69
693-1 | XamewomMpur | g, +1,69 +1,89
Chalcopyrite
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I'padur xkBaprieBo-rpaguroBeix xui1 CeBepHOI
PYAHOH 30HBI MECTOPOXKICHUS UMEET M30TOIHBIA CO-
CTaB yriiepoja B Y3KOM J1uama3oHe ot —27,2 10
—28,9 %o (Tabm. 1). Takoil M30TOMHO-IErKUN YrIepPOs
XapakTepeH Ui OMOTeHHOTO BEIIECTBA, YTO B JAHHOM
cllydae yKa3blBaeT Ha 3aUMCTBOBAHHE YIJIepoja W3
0ca/IouHbIX Toiml. McTouHMKOM yriepoaa Bo Quirouze
MOTYT SIBJISITBCS TpaUTOBBIC THEWCHl aMa3apKaHCKOU
CBUTBI, TIOPOJIbI KOTOPOH COAEPIKAT MOBBIIICHHBIE CO-
nepxkanus Au. ['padut amazapckoii CBUTBI HMEET He-
CKOJIBKO YTSDKCIICHHBIH HM30TOIHBIA COCTaB yriepona
or —21,96 10 24,93 §°C (%0) TO cpaBHEHHIO C Tpa-
(PUTOM 30JIOTOHOCHBIX KBapICBO-TPAQUTOBBIX KU
(tabn. 1). HesnaunurtensHoe oOoramieHue Qaouaa Ts-
KETBIM HM30TOIOM CEpPhl MOXXHO OOBSICHUTH H30Mpa-
TEJBHBIM H3BIICUYCHUEM PYI000pa3yrOInuM (IIIOHIOM
KOMITOHCHTOB BMEIIAOIIMX TOJIIII.

3aK/r04eHHe

OO6pa3oBaHMe MHOTOYHMCICHHBIX, OJIM3KHX IO BO3-
pacTy, pa3HOTIIYOUHHBIX PYJOHOCHBIX MarMaTHYECKUX
OYaroB  XapakTepHO  [UId  pa3BUTUS  pPYyIOHO-
MarMaTu4ecKux CHUCTEM, BOZHUKAIOIIMX NPU MaHTHUH-
HO-KOpOBOM B3aumojeiicteuu [27]. B Bocrounom 3a-
Oalfkanbe A3TH MPOIECCH BBHIPA3WINCH B IPOCTPaH-
CTBEHHOM M BPEMEHHOM COBMELIEHHOCTH 30JI0TOIO
OpYIIEHEHHsI U MaJbIX WHTPY3UH KHCIIOTO, CPEIHETO U

CITMCOK JIMTEPATYPbI

OCHOBHOTO COCTaBa aMy/DKMKAHCKOTO KOMIUIeKca
[1,28-35]. TIpu 3TOM MarMaTH4eCKHE OYard MOPOJ
OCHOBHOTO COCTaBa W IpeoOiamaroniell 9acTu Mmopon
CpEIIHET0 COCTABOB JIOKAJIM30BAJINCh B HU)KHEW KOHTH-
HEHTalbHOU Kope. Me3o30iickue MarmMatudeckue 00-
pa3oBaHMs aMyKUKaHCKOTO KoMIuiekca (Jo.3), pa3BH-
Thle B paiioHe AMa3apKaHCKOTO MECTOPOXKICHUS, SIB-
JSFOTCS. BEPOSTHBIMH MCTOYHHKAMHU BELIECTBA JUIS 30-
jgotoro opyneHeHus. [lomydeHHBIC maHHBIE TO H30-
TOITHOMY COCTaBY KHCJIOPOJA M CEpPBI MO3BOJIIOT CIe-
JaTh BBIBOJ O TOM, YTO PYAOHOCHBIH (urtonn Amasap-
KaHCKOTO MECTOPOXIEHHUS HMeNl MPEeHMYIIECTBEHHO
MarMaTH4eCKUil WCTOYHUK. M30TOmHBIE XapakTepu-
CTHUKH YTJIepojia CBUIETEIBCTBYIOT O PEMOOMIM3ALIN
€ro W3 BMENIAIOINX TOJIL, BEPOSTHO, COINPOBOXK/IAB-
HICHCS TePEOTIOKEHIEM 30JI0Ta.

PynHble XuIbl MECTOpOXKACHUST AMa3apkaH 00pa3o-
BaJIUCh B MHTepBase TeMmneparypsl oT 120 mo 410 °C
IIPU y9acTHH (ITIOUIIOB, COJICHOCTh KOTOPHIX BapbHpPO-
Bana ot 0,4 mo 38,5 mac. % 3kB. NaCl (puc. 7, Tabm. 4).
B KauecTBe OCHOBHBIX COJIEBBIX KOMIIOHEHTOB PY/1000-
pasyromue ¢urronasr comeprkanmu NaCl, KCI, u CaCl,.
I'azoBas (aza drornos 6wi1a npencraiena CO, N,
CH,. TlonoOHble (U3MKO-XUMHUYECKHE YCIOBUS PYHO-
00pa30BaHMs THITUYHEI IS 30JI0TOPYAHBIX MECTOPOIK-
nenuii Bocrouroro 3abaiikanbs [1, 31-35].
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