(]
s
F
]
-]
]
v
(-]
s
(]
s
F
(7]
7
]
M

=

o
)
v
e
>
v
[}
e
-
a
z
£
0
-
s
8
E

U3yueHue n ocsBoeHUue NpUpPoOAHbIX pecypcoB ApKTUKM
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Ha ocHosaHuu pe3ynsmamos 2eoxuMu4ecKkux uccnedos8aHull, nposedeHHsIX 8 patioHe 8bICOKO20PHO20 3010Mopyo-
Ho20 mecmopoxdeHuss Kymmop (CpeduHHeili TaHb-LLlaHs), 0enaemcs 861800 0 803MOMHOCMU NOUCKO8 PyOHbIX Me-
cmopoxdeHull, CKpbiImbiX 1€OHUKAMU 8 apkmuyeckux patioHax. Pabomamu 6biiu 0xeayeHsl EOHUKU X0100H020
u mennozo muna: [lempoea, Capsi-Top, lagbidoga, Jiviceil, N® 354 u boopdy, nepekpeigaroujue 3010mo-80a6@pam-
Cynb@UOHbIE pyOHbIE MENA MeECMOpPOOEHUS. YCMAaHo8aeHo, Mo 80 160aX Ha NOBEPXHOCMU NEOHUKO8 8 3NUUeH-
mpax pyoHbIx men u 3HO02EeHHbIX 0peos108 YopMuUpyomcs KpuozeHHsbie 2eoxumuyeckue nons (KITl). CmpoeHue
KITI Ha nedHukax mecmopoxdeHuss Kymmop xapakmepu3syemcsi Ka4eCcmaeHHbIMU (XUMUYecKue 31eMeHmsl U coe-
OUHEeHUS]) U KOUYeCmBeHHbIMU (KOHUeHmMpayus 31eMeHmos, NPOMSIHEeHHOCMb 0pPeosios) NOKAa3amensiMu, 3aKOHO-
MEpHO pacnpedensitouMucs 80 60X HA N0BEPXHOCMU NeOHUK08. Xumuyeckul cocmag KITI nedHukos ompaxa-
em cocmas pyoOHbIX mes U 3HO02eHHbIX 0peonog MecmopoxoeHus Kymmop. Oxapakmepu308aHsl 0C06eHHOCMU
KITI, popmupyrouuxcs Ha No8epxXHOCMU NEOHUKO8 8 INUUEHMPAxX pyOHbIX mea npu YCmaHosaeHHol MowHocmu
a60a 0o 175 m. lpomsmeHHocme eeoxumudeckux aHomanuli KTl Ha nosepxHocmu se0HUKO8 om 3nuueHmpa
pyOHO20 mena no HanpasaeHuto dsuxeHus bda konebnemcs om 50—100 0o 600 m. [laHel pekoMeHOauuu no
ucnons3ogaruto KTl npu npo2Ho3HO-NoUCKo8bIX pabomax 8 1edHUK08bIX palioHax APKMUKU.

KnioueBble cnoBa: apkmuyeckue pe2uoHsl, 1e0HUKU, 2e0XUMUYecKue aHoManuu, 8ew,ecmeeHHbill U MUHepanbHelli cocmas,
pyOHble MeECmMOpPOMOeHUSs, 3010MO, 80/1bHPAM.

BBepgeHue

KpyrHble ¥ nerko OTKpbiBAeMble MECTOPOMKAEHWSA B TOM YWCIE M B apKTUYECKUX paroHax. OblumpHan Tep-

nofiesHbIX WCKomaemblx B Poccum moyt ucuepna-
Hbl. [eonorn BbiHyXAeHbl NPoABUraTbCA BCe Aalblue
B ApPKTWYECKYIO 30HY W TPYAHOAOCTYMHbIE PErvoHbI
JanbHero Boctoka n Cnbupu. Octpas Heo6xoaAMMOCTb
HapalLyBaHWA 3anacoB MoJie3HbIX MCKOMAeMbIX B paii-
OHax AeATesIbHOCTU rOpHOA0OLIBAKLLMX NPeanpUaTHn
M HeobXoAMMOCTb FeosIorMYeCcKoro M3y4YeHWs HOBbIX
NMepCrneKkTUBHbIX TEPPUTOPUIA CTpaHbl BbIABMHYMA Mpo-
671eMy MOWCKOB B CJIOMHbBIX FE0SIOTMYECKUX YCIIOBUSAX,
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puTOpMA APKTUYECKOW 30HbI Poccn nepcnexTnBHA Ha
OTKPbITE HOBbIX KPYMHbIX MECTOPOMKAEHWUI cTpaTeru-
Yyeckux metansios [1]. OaHako reonoro-reopusnyeckune
MCCnefoBaHWA, a TaKkKe COCTOAHWE UHDPACTPYKTYpbI
B PermoHe B Lie/IOM HeJOoCTaTO4Hbl A/1A MNOIHOMO BOB/e-
YEHUA UX MUHepasibHO-pecypcHoi 6a3bl B 3KOHOMUYe-
CKYI0 OeATeNbHOCTb CTpaHbl [2]. Mo MHeHuto reonora,
nccnepgosatena ApKTukvm akagemmka PAH Banepusa
BepH1KOBCKOro, B TPYAHOAOCTYMHbIX pavioHax PoCCUi-
CKOU ApKTUKM elle OCTaloTCA panoHbl ¢ 6efbiMy NAT-
HamMu — MOJIHOCTbIO Hen3BeAaHHbIMU Tepputopuammn. K
TaKVM TeppUTOPUAM OTHOCATCA U SIeJHUKOBbIE PANOHbI:
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MOKPbITbIE SIeAHUKAMN OCTPOBa POCCUINCKON ApKTUKM
M cybapKTUdecKue ropHble paioHbl Cesepa, CeBepo-
BocToka Cnbupw, KopAukoro Haropba u KamuyaTku.

ba3a paHHbix «JlegHukn Poccmmy», co3paHHaa B UH-
ctutyTe reorpadum PAH [3], oueHvBaeT obulyio no-
Waab 3aKpbiTbiX fIefHUKAMU apKTUYecKnx U cybapk-
TUYeCKMX paioHoB B Poccum B 53 Thic. KM?, 4TO
coctaBnAeT okono 0,3% TeppuTopmu CTpaHbl (puc. 1).

CornacHo 6a3se paHHbIX «JlegHukn Poccum», Ha
TeppuTOpMM CTPaHbl B HaCTofLlee BpeMA HaxomAT-
cA 7478 nepfHVKOB, CrpynnupoBaHHbIX B 22 nef-
HUKOBble cucTemMbl. Camble KpynHble MO M/owWwaam
NefHVKOBbIE CUCTEMbl pacnosiodeHbl B ApKTUKe Ha
apxunenarax Hoeaa 3emna (6onee 22 Tbic. km?), Ce-
BepHada 3emnsa (16,5 Toic. kM%) n 3emna ®paHua-Ko-
cnda (12,5 Toic. KM?). B ananasoH nnowaneit ot 500
no 1000 KM? nonajaeT NefHVKOBLIA paoH KamyaTka
(683 Kkm?). Mnowaan NegHMKOB HA apKTUYECKOM OCTPO-
Be YwaroBa, B ropax CyHTap-XaATta n KopAKCKOM Haro-
pbe npuMepHo oAHoro nopsaaka — ot 100 go 300 KM2.
CamMafdA MHOrouuc/ieHHasa rpynna — 3To Hebosblune
NefHVKOBblE CUCTEMbI, MOWAAb KOTOpbIX Konebnert-
cAa oT 10 go 100 KM?. OHM pacnonoXKeHbl B pasHbIX
FAALMONIOIMYECKUA 30Hax — nonApHon (octposa [e-
JloHra) v cybnonapHoii (Ypan, Mnato MyTopaHa, [opsbl
BelpaHra, Xpebet Yepckoro, YyKOTCKOe Haropbe u ce-
Bep0-BOCTOK KopArcKoro HaropbA). CamMble ManeHbKue
no nnowaau (MeHee 10 KM?) NleAHUKOBbIE CUCTEMbI —
xpebeT OpynraH u KonbiMcKoe Haropbe.

Ha 3aKpbITbiX fef0HMKAMU apKTUHEeCKUX U cybapk-
TUYECKMX TEPPUTOPUAX MOTYT HAXOAUTLCA U MOTYT ObITb
BblAB/IEHbl HOBble KpyrHble 00beKTbl. B nocnegHue

Puc. 1.Mnowaab coBpeMeHHbIX 1eAHUKOB Ha TeppuTopun Poccun,
2016—2019 rr. UcTouHuk: [3]
Fig. 1.Area of current glaciers in Russia, 2016 —2019. Source: [3]

rofibl BbICOKMi YpOBEHb MMPOBBIX LIEH Ha BnaropoaHble
MeTasiflbl — OJHA M3 OCHOBHbIX MPUYMH Pa3BUTUA reo-
NIOro-pasBefoyHbIX PaboT B OTAaNEHHbIX panoHax Apk-
TUKW. IcToprYecKu rnaBHoON LeNbio A8 re010rMYecKnx
NCCefoBaHMi B 3TWX pavioHax ocTaeTcA 301070 [4].
MpuMepoM TaKoro 06beKTa, YaCTUYHO PaCnoOKEHHO-
ro noJ MOLLHOW TOJLLeR NeQHUKOBbLIX NIbA0B, ABMAETCA
3on0TopyaHoe MectoporaeHune Kymtop. OHo pacnono-
HeHo B BoCcTo4HONM Yactn CpeguHHoro TaAHb-LlaHAa Ha
CEBEpPO-3analHOM MaKpOCKJ/IOHEe NIeiHMKOBOr0 Maccu-
Ba AK-LLbiipak Ha BbicoTe cBbiwe 4000 M HaZ ypoOBHEM
MOpA, B 30He BEYHON Mep3/10Thbl.

lopHbll MaccvB Ak-LUbllipak npeactaBnAeT coboi
cnabo pacyneHeHHoe ropHoe MoAHATUE CO CpenHeWn
abCoNOTHO BbICOTON B LLeHTPasIbHbIX YacTAX NnopAaKa
4600 M. Penbed rnAuManbHbli: KpynHble NefHUKOBbIE
Kapbl 1 LMPKM C COBPEMEHHBIMM NIeAHMKaMN YepeayoT-
CA C KPYTbIMU FPEeBHAMU U NIOCKMMK BOAOPA3AeSbHbI-
MU MOBEPXHOCTAMM.

MowHocTb nbaa negHuKoB MaccuBa Ak-Llbiipak
B panoHe MecTopoxkaeHna Rymtop — B cpegHeM 60—
100 M, MakcumasbHaa — go 175 m (tabn. 1).

KnvmMaTtuyeckne ycnoBuA CBA3aHbl C BHYTPUrOPHBLIM
MoJIoXeHWEM palfoHa W XapaKTepu3yloTCA 3Hauu-
TeIbHOW KOHTUHEHTANIbHOCTbIO U CYpOBOCTbIO KMMa-
Ta C oTpuuaTenbHOW CpefHerofoBON TemrepaTypon
-7,8°C, 4TO COMOCTaBMMO C CYpPOBbIMU KIMMATUYECKM-
Mu ycnoBuaMU ApkTukiu (HoBas 3emnn) [6]. Hanbonee
XONI0OAHbIM MecALeM ABMAETCA AHBapb, & CaMbiM Te-
MabIM — Wiofb. AGCOMIOTHBIA TemnepaTypHbIA MUHU-
MyM cocTaBnfaeT —45°C. CpegHeMHoroneTHee rofoBoe
KONM4ecTBO aTMoCdepHbIX 0CAAKOB HA rMOPOMETEOD-
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Ta6nuua 1. MowHocTb Nbaa NegHUKOB MaccuBa AK-
LWbiipak B paioHe MecTopoxKaeHua Kymrop, m [5]
Table 1. Ice thickness of the glaciers of the Ak-
Shyirak massif in the area of the Kumtor deposit,
m [5]

JlegHUK CpepHana MakcumanbHan
MeTpoBa 70 173
JTbicbii 60 —
[aBbinoBa: 92 175

BocTouHbIn 90 175

LleHTpanbHbin 100 160

3anafHbii 85 170
Capbl-Top — 165
boopay 100 —

ponoruyeckoi ctaHummn (TMC) «TaHb-LLaHb» B 6a3o0-
BbIi nepuoa HabntoaeHuid 1961—1990 rr. cocTaBnAno
371 MM, 13 HMX 3a XONIOAHbIA nepuon (HoAbpb-MapT)
Bbinagano Bcero 49 mm, unm 13,2%. OcHoBHaA mMac-
Ca 0CaJKkoB BbINafaeT B Tenbli nepuod, npuyem
6oMbLUAsA UX YACTb B BUAE CHera v TobKo 8% rofoBoro
KOMMYecTBa NMpUXOAMTCA Ha *MUIKME 0CAOKW, KOTOpble
HabntofatoTcA Bcero 11 agHeit B rogy.

HabniogaeTtca cnniowHoe pacnpocTpaHeHWe MHOro-
NneTHeMep3nblX nopof MolHocTblo 90—370 M, TeM-
nepatypa -1,7..—4,9°C. TanuKoBble 30Hbl HaxoA4ATCA
TOMbKO MOA KPYMHBIMW LOMMHHBIMU NleAHUKamm [7].

[‘naBHas BogHanA apTepua — peka KymTop c ee ne-
BbiMW MpuToKkamu CapbiTop 1 Boopay. 3vMoit (aerabpb-
deBpasb) pexkn NpomMep3aloT 40 AHa.

3onoTopyaHoe MecTopoxaeHne HymTop no cBouM
3amacamM ABMAETCA YHWKA/IbHbIM  MEeCTOPOMKAEHNEM
«MMpOBOro Knacca». OHO BXOAUT B MATEPKY KpyMHen-
lMX B Mupe pYyOHWKOB MO 3amacaM 3o/0Ta — noa-
TBEPHOEHHbIE U MPOrHO3UpyeMble 3anachl COCTABAAIT
nopagka 700 T. C Hayana NpPOMbILLIEHHOrO NPOU3BOA-
ctBa B Mae 1997 r. no 30 woHA 2022 r. Ha KymTope
npou3seneHo 6onee 430 T 305107a [10].

O6beKTbl pyaHnKa KymTop pacnofiorkeHbl Ha BbICO-
Tax 3600—4400 M Hah ypoBHEM MOpPA B HUBAJIbHO-
rnAumanbHoM noAce TAHb-LUaHA. 3onoTopyaHoe Me-
cTopoxaeHve KymMTop OOHO M3 CaMblX BbICOKOrOPHbIX
B MUpe HapAfy C TakuM, Hanpumep, Kak 3os0Tocepe-
6pAHbIN pyaHUK Mackya-J1aMa, pacnosioMeHHbIN Ha Bbl-
cotax 4800—5200 m.

["eonornyeckme wu3bICKAHUA BENNUCb B 3TOW MeCT-
HOCTU HaumHaa ¢ 1920-x rogoB. Ho camo MecTopoK-
OeHne 6bl10 OTKpbITO reosioramMu b. A. Pe3HWKOBbIM
1 B. B. bypueBbiM, COTpYAHUKaMN reopu3nyecKoi IKc-
negunumn «Kuprusreonorus» B 1978 r. Neonornyeckoe
CTPOEeHMe parioHa MeCTOPOXKAEHUA onpefenaeTca ero
NPUHALANEHHOCTBIO K MWOMEOCUHK/IMHAIBHON  30HE
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KanedoHO-repuUMHCKON crnagyatoctn TaHb-LlanAa. Ha
[peBHEM PaHWTOrHENCOBOM OCHOBAHWWM HeCOrnacHo
3aneraioT MOLWHble TOMWY MeTaBy/IKaHOreHHbIX, oca-
[OYHbIX nopoA puden-BeHaa. MNopoabl nNpeacTaBneHbl
BbICOKOYINIEPOANCTBEIMUA U KPEMHUCTbIMW  CNIaHLLaMy,
dunnutamu. Mo paspbiBHbIM HapyLIeHUAM pa3meLlatoT-
CA Tena rpaHMTonaoB U METACOMaTUTOB.

3onoTo-(Bonbdpam)-cynbduaHoe MecToporKaeHue
HymMTOp KOHTponupyeTcAa [NnaBHOM MWHepann3oBaH-
HOW 30HOI, MO MPOCTMPAHMIO KOTOPOW pacnosiaralTca
MeTacoMaTuTbl U opyAeHeHWe. PyaHble Tena fokanu-
30BaHbl B KyMTOpCKOI 30He CMATUA ANMHOK 6Gonee
7 KM 1 MowHocTblo 300—400 M. MecTtoporkaeHue
YaCTUYHO CHPbITO MO4 MOLUHbIMX TOAWAMW NbAOB
nepHukoB [asbigoBa, Capbl-Top, Jlbicein, MeTpoBa,
Ne¢ 354, boopay. B HacToAlee BpeMsa paspabaTbiBa-
eMoe pyAHoe 30/10TOHOCHOe Teslo 3ajieraeT OKOJMo
nenHvkoB Jlbicbid, JasbigoBa n Capbl-Top 1 NO4 HAMM.
MepcneKkTvBHbI bnaHroBble y4acTKM — nefdHuKn [le-
TpoBa, boopay v ap. [8].

PyoHble Tena npeAcTaBneHbl SIMHEWHbIMU MWHepa-
JIM30BaHHbIMU 30HaMW C BKparnjeHHO-MPOHKNIKOBbIM
M LITOKBEPKOBLIM OPYAEHEHVEM, WMEIOLWMM YeTKUM
CTPYKTYPHBIN U IUTONOrO-CTPATUrPaPUUECKUIn  KOH-
TPO/b, KOTOpbIA MpOABNAETCA B MPUYPOYEHHOCTU
PYAHbIX Te/l K 30He MOBbILEHHbIX TEKTOHUYECKMX Ade-
dopmaumin B yrnepoamncTon KonvyenaHoHOCHoW Guanm-
TOBOV pyAoHOCHON dopMaumn. [NaBHbIM pPYaHBIM MU-
HepasioM, C KOTOPbIM CBA33aHO OCHOBHOE KO/IMYEeCTBO
30/0Ta, ABnAeTCcA NupuT. KonnyecTBo cynb$uaoB B py-
nax Konebnetca oT 5% no 20—30% (B cpeaHemM 15—
20%). PyoHoe none conpoBOMAAETCA KOMMIEKCHbIMU
SHAOMEHHbIMU reoxummyeckumm opeonamu: Au, Ag, Mo,
W, Pb, Zn, Cu, Co, Ni, Ba, Ti, Mn, V, Be, K, Na. Pya-
Hble Tefla — MpOAYKTUBHbIE 30/10TO-BOSIbGPaM-Cy/ib-
buaHble «3aneru», NUpUT-MNoseBoLINaT-KapboHaTHble
MeTacoMaTuTbl — COMPOBOMAAITCA KOHTPACTHbIMU
3HAoreHHbIMM opeonamm Au, Ag, Mo, W, K, Na.

BO3MOMHOCTN FEOXMMUYECKUX MOUCKOB pYyOHbIX Ten,
NepeKpbITbIX JIeAHUKAMU, U3YHanUCb Ha 30/10TOPYAHOM
MectopoxaeHnn Kymtop B 1988—1989 rr. I'eoxumu-
YecKue NonA U3yHanncb Ha NefHVKax, pacrnonoHeHHbIX
B BOCTOYHOM 4acTu BHyTpeHHero TaAHb-LLUaHAa (Kupru-
3us). [eonoro-pa3ssefoyHble paboTbl Ha MECTOPOMK-
[eHUM B 3TO BpeMA Haxo4WINCb Ha CTaaun pa3BefKu
M 6biIM COCPefoTOYEHbl B CEBepo-3anafHoii 4acTu
pyAHOro nons B pavioHe negHuka [lasbigosa. Monoxe-
HUe pyaHbIX Ten Ha ¢naHrax pyaHoro nosia nog nepe-
KpbIBaOLLMMM KX NlefHUKaMMU Obl10 HEU3BECTHO.

MeToabl uccnepgoBaHum

leoXUMMYECKME WCCNefoBaHnsa 6biv  MpoBefeHbl
B 1988—1989 rr. Ha ceBepo-3anafHOM MaKPOCK/IOHE
xpebTa Ak-Lbiipak B paiioHe HymTopckoro 3omoTo-
pyAHOrO MecToporkaeHua. Ha mMectoporaeHun B 3TOT
nepvof MpOBOAMINCE MOUCKOBO-pa3BefoyHble pabo-
Tbl. B LeHTpanbHOM YacTn MeCTOpOMAEeHNA B parioHe
nefHWKa [aBbloBa BeMCb KAHABHbIE FOPHbIE paboThl,
a co nbJa efHuKa bblia NpobypeHa CKBarKMHA.
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Puc. 2. AHoManumn KpMOreHHbIX FeOXMMUYECKUX Nonel Ha noBepxHocTh nepHnkoB Kymtopckoro pyaHoro nons. KaiiHo3oiickue otnoxe-
Hua: 1 — annioBUanbHble, raNeYHUKK, NECKU; 2 — 3/1I0BUANBbHO-AENI0BUANIbHbIE, We6eHb, ApecBa, Necku; 3 — negHUKoBbIe (a) u Aento-
BUaJibHO-NPO/OBUaNbHbIe (6), BaNyHbl, ranbKa, WwWebeHb, Neckun, CyINIMHKK; 4 — neAHUKOBbIE NbAbl (nepHuku: 1 — MeTtpoBa, 2 — Jlbicbliid,
3 — DaBbipoBa, 4 — Capobi-Top, 5 — Boopay, 6 — N2 354). leonornueckme o6pasoBaHusi: 5 — naneoreHoBble U 6 — HUKHEKAp6OHOBbIE
NecYaHUKM, aneBpuUTbl; 7 — KeMBPUIICKO-OPAOBUKCKUE U3BECTHAKMU; 8 — BeHA, cnaHubl, GUAAUTbI; 9 — pudeii ByIKaHOreHHO-0CaA04HbIe
omoxeHus; 10 — pyaHblie Tena; 11 — paspbiBHble HapylweHus; 12 — KpuoreHHble FreoXMMHUYeCKne nons

Fig. 2. Anomalies of cryogenic geochemical fields on the surface of glaciers of the Kumtor ore field. Cenozoic deposits: 1 — alluvial,
pebbles, sands; 2 — eluvial-deluvial, rubble, gruss, sands; 3 — glacial (a) and deluvial-proluvial (6), boulders, pebbles, rubble, sands,
loams; 4 — glacial ice (glaciers: 1 — Petrov, 2 — Lysy, 3 — Davydov, 4 — Sary-Tor, 5 — Bordu, 6 — No. 354). Geological formations: 5 —
Paleogene and 6 — Lower Carboniferous sandstones, siltstones; 7 — Cambrian-Ordovician limestones; 8 — Vendian shales, phyllites;

9 — Riphean volcanogenic-sedimentary deposits; 10 — ore bodies; 11 — faults; 12 — cryogenic geochemical fields

eoxuMMyecKme uccnegoBaHna bbinvM cocpefoTove-
Hbl Ha NleHMKaxX X0n04HOro 1 Tenaoro Tuna: MeTposa,
Capbl-Top, daBblgoBa, JTbickin, N2 354 n Boopay, nepe-
KpbiBatowyx [(NaBHyl0 MUHeEpaM30BaHHyO 30HY U pya-
Hble Tena.

Ha Kakgom nefHuke Obinv npolifeHbl MOUCKOBbIE
MapLIpyTbl BAO/b NledHUKA C ero BepLiuHbl 40 A3blKa
c oT6opoM Mpob Nbaa ¢ NOBepXHOCTU NleaHuKa. Jleg oT-
6vpasnca C NOBEPXHOCTU fefHWMKA cpasy nof GUpHoM.
PaccTosHMe Meray npobamu coctasnano 50—100 M.
Ha negHukax oTobpaHbl 93 npobbl nbda. Bec npobbl
(1,0—1,5 Kr) orpaHuumBancsa Heo6XoanMbIM 06 bEMOM
pacTonfeHHoOro nbAa [A18 KOMMJEKCHOro aHanmsa
BoAbl — 1 n. TaAHWe Nba M yNakoBKa BOAbl B XMMMU-
YeCKM YMCTble eMKOCTU MPOBOAMAMUCL MPU KOMHATHOWN
TeMnepaType B nocesnke Kymtop Ha noneeoi 6ase Bbl-
COKOropHol nabopatopun WHCTUTYTa Mep3noToBefe-
HuA Cubupckoro otaenenus PAH (MM3 CO PAH).

AHanuTuyeckada o06paboTka reoxXMMUYecKkuMx npob
npoBoannacb B AKyTCKe. [MONHbIN XMMUYECKNIA aHamn3
BoAbl (fbfa) OblS1 BbIMNOSIHEH B abopaTopun reoxmmMmnm
kpronmTo3oHel M3 CO PAH (aHanuturm J1. HO. Boriyo-
Ba, O. B. LLlenenesa), NpubANHKEHHO-KONMYECTBEHHDIN
ATOMHO-3MUCCUOHHBIN CMEKTPasibHbIA aHaM3 MUKPO-
3/1IEMEHTHOr0 cocTaBa BOAbl Ha 35 3/1eMeHTOB U aTOM-
Ho-abcopbunoHHoe onpedeneHve 3onoTa  (Perkin-
Elmer, ¢ rpa¢utoBoi KioBeTol) — B LleHTpanbHom
reonoruyeckon nabopatopum MO «AKYTCKreonorus.

MartemMaTtudeckas 0bpaboTka aHaNUTUHECKUX TMOPO-
N NUTOXMMWYECKMX [aHHbIX NpoOBOAWNIAcb B OTAesne
MHPOpPMATUKM AKYTCKOrO TeppuUTOpMANIbHOIO reosoru-
YeCKOoro ynpasfeHNa C UCMOJIb30BaHWEM CTaHAAPTHbIX

CTAaTUCTUYHECKMX NPURIAQOHbBIX NMporpaMM «["eoaHannTu-
Ra» 1 4p. ®oHOBbIE N aHOMaJIbHble 3HAYEHUsA paccyun-
TbIBa/INCb OTAEJIbHO NO KaAoMy NefHURY.

Pe3ynbTatbl U 06CcyKAeHue

[ eOXMMMYECKUMM  UCCNeoBaHUAMU  BbiNo  ycTa-
HOBJIEHO, YTO Ha MOBEPXHOCTM Niba JNIeAHMKOB, nepe-
KpbIBaIOLLMX MUHEPaIM30BaHHYI0 30HY W pyAHble Tena,
MMETCA KOMIJIEKCHble aHOMasiMM 31eEMEHTOB — WH-
OMKaTOpOB  30/10TOpPYAHON  MuHepanu3auun. Obpa-
30BaHME reOXMMUYECKMX AHOMANIUMA Ha MOBEPXHOCTU
NeAHUKOB 06YCIOBIEHO POPMUPOBAHMEM KPUOTreHHbIX
reoxummyeckunx nonen (KIrr) anemMeHToB-UHAMKATOPOB
B TOJILLE NIeQHMKOB, NepeKpbiBatoLLmx pyaHble Tena. Co-
CTaB HAJNIOMEHHbIX OpeosioB COOTBETCTBYeT COCTaBy
PYAHbIX TeN M 3HOOreHHbIX opeosioB. Ha noBepxHOCTH
BCEX JIEJHVKOB, MepeKpbIBAIOLLMX PyAHbIE Tena v Mu-
Hepann3oBaHHYI 30HY, YCTAHOBJIEHbI YETKNE FeOXUMU-
YecKMe aHOMalMM 3/1EMEHTOB, OMNpefensAlomX reoxm-
MUYECKMEe 0COOEHHOCTU CUCTEMbI — TUMOMOP®HbIX ANA
pyaHoro Tena v aHgoreHHoro opeona: Au, W, Pb, Cr, Cu,
Sn (puc. 2).

Opeonbl 3010Ta 1 TUMOMOP®HbBIX 3/1IEMEHTOB pacrnona-
ralTCcA Ha MOBEPXHOCTU NIeAHWKOB B 3MMLEHTPE Hero-
CPeACTBEHHO Haf MpoeKuMein pyaHOW 30Hbl, NPOTAMKEH-
HOCTb @HOMaNIUi MO HaMNpaB/EHNIO OABUHKEHNA NefHMKA
06b14HO 150—200 M, nHorga OOCTUraeT ero fAsblka.

HOro-3anagHolii dnaHr LleHTpanbHoOro yyactka me-
CTOpOXKOEHMA NepeKpbiBaeTcA feaHukoM [laBblaoBa.
LlnpnHa nepHuka B HuHen yactn 0,8—0,9 KM, Ton-
WKMHa nbaa gocturaet 160—175 M npu cpegHen MoLw-
Hoctn 85—100 M. Mo gaHHbIM TepMoMeTpun Temre-
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patypa nbfa coctaBnseT —-6°C Ha rnybuHe 5 M 1 Ha
rny6bvHe 6onee 30 M NpuUBAMMKAETCA K TOUKe nnaBne-
HuA. VHTepBan rnybuH 40—109 M 3anonHeH Hannas-
NeHHONM BOAOW, M TemnepaTtypa /ibja B YKa3aHHOM WH-
TepBarse He HuKe —0,5°C.

A3bIK negHVKa B cpefHen N BepXHen 4acTAx MMeeT
TpeLwwHbl U pa3feneH BAOMb HA ABe BETBU CPeAVHHOM
MopeHon. BeTBM nefHMKa MMeIOT pasHylo akTUBHOCTb.
[loBepxHOCTHaA CKOpPOCTb ABWMKEHWA MNpaBoON BeTBU
nefgHWKA B NeTHee BpeMA cocTasnAeT 1—2 cM/cyT,
nesas bonee aKTMBHa — 1—4 cM/cyT. Yron HaknoHa
A3blka 5—6°. HuyKe negHuKa Meray A3bIKOM N KOHeY-
HbIM BaJIOM MOpeHHbIX rpag BbicoTon 80—90 M Haxo-
OMTCA 06LLIMpHOE 3aHAPOBOE MoJe.

Ha A3bike negHWKa TOMWMHA CI0A aKKYMYIALMN CHe-
ra BapbupyeT oT 20 cM y HUHero kpadA o 150 cM Ha
BbICOTE FpaHULbl NUTaHuA Npu naotHocTy 0,36 r/cm>.

B nonepeyHoM ceyeHWUM NefHVK MeeT aCUMMeTpUY-
Hoe CTpOeHWe, U HaMbosblUMe MOLLHOCTY fibAa Npuypo-
YeHbl K ero eBoMy 60pTYy.

MpuooHHaA 4acTb fedHWKa C/I0MKeHa NbAOM CO
CPaBHUTE/NIbHO 6OMbLUIMM  COLEPHAHMEM MOPEHHOTO
06/10MOYHOrO MaTepuana o6Lein MOWHOCTbI0 OT He-
CKOMIbKMX MeTpoB A0 11 M. BepxHAsa Tonwa nefHvka
C/I0MeHa OTHOCUTENbHO YNCTBIM JIbAOM.

eoxumnyeckoe onpoboBaHue Ha negHvke [aBblgo-
Ba MpoBefleHO AByMsA npodunamy BAONAb 0benx BeT-
Bei A3blKa. LLlar onpoboBaHnsA B OCHOBHOM COCTaBAAN
100 M. Ha yyacTkax npennofiaraeMoro nepexkpbiTuA
PYOHOI 30Hbl eIHVKOM Ha NMOBEPXHOCTU NefHNKa GUK-
CUpYIOTCA YeTKMe reoXMMUYecKne aHOMasMW 3nemMeH-
TOB, TUNOMOP®HBLIX ANA PYAHOro Tena M 3HOOreHHOro
opeona: Au, W, Pb, Cr, Cu, Sn. KoHTpacTHOCTb aHOMa-
NN NO OTHOLLEHUIO K GOHOBOMY COAepPHaHWIo B eAHN-
Kax negHMKoBOro Maccma Ak-LUbiMpak ymeHbllaeTcA
B pAgy: Au (20) — Pb (5) — Cr, Cu, Mo (3) — W, Sn (2).

Opeonbl TUMOMOP®HbBIX 31EMEHTOB pacrnofiaraloTcA
Ha MOBEPXHOCTW flefHMKA B 3MULIEHTPE PYAHON 30HbI,
NnepexpbITOn MOLLHOW Tonwen nbga. poTAxeHHOCTb
QHOMaIMn MO HAMpaBNEeHWIO ABUMKEHUA NefHuKa [0-
cturaet 150—200 ™. [Npepnonaraemble Ha npaBov
BETBW A3blKa [Be CONMMEHHble pyAHble 30Hbl, CEBep-
HaA W l0XHaA, BCKPbITble AaNbHEWLUMMN FOPHbIMU pa-
60TaMm (CM. puc. 2), C CyMMapHOW MOLLHOCTbIO OKOJIO
0,3 KM dopMUpyIOT 06LLY0 aHOMaSIbHYI0 06/1aCTb Npo-
TAMEHHOCTbI0 0Kosio 600 M no 30n0Ty 1 go 900 M no
cynbdpaTam.

AHOManuu 3nemMeHTOB — WHAMKATOPOB 30/10TOPYA-
HOW MUHepanM3auunm Ha MNOoBepxXHOCTM nefdHuka [a-
BblAoBa POPMUPYIOTCA KaKk Haj pyAHbIM TenoM, Tak
M 3HAOrEeHHbIMU OpeofilaMu, OTparkaA COCTaB pyOHOM
MWHepanM3aluu.

HenocpencTBeHHO B 3MNMUEHTPe PYyOHOW 30Hbl Ha-
6ntopaetca Bo3pacTtaHne pH u Eh (c rpagueHTom Eh
70—84 MB). JneMeHTbl — WHAWKATOPbI 3HAOMEHHbIX
opeosnoB (Cu, Mo u Cr) obpasyoT 6uMoaasnbHble Opeo-
Nbl C MOAAaMWM MO CTOPOHAM MPOEKLMN PYAHON 30HbI [7].

B npepenax opeona, chopMMpoBaHHOro HaL pyaHOW
30HOW, 0TMeYaeTCA MOBbILLEHHOe COAeprKaHue WOHOB
HaTpuA 1 cynbdatos. MNpuyeM ecnu HecKkosbKo Gonee
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KOHTpacTHble opeosibl cynbdaTtoB U HaTpuA GUKCK-
pyloTCA Haj npaBoy BeTBblo NefHuKa [aBbigosa, TO
Hajg /1eBOM ero 4YacTblo O0TMEYalTCA MOBbILLEHHbIE CO-
LeprkaHuA OoNbLUMHCTBA TAMKENbIX MeTannoB. MpoTa-
KEHHOCTb OPe0sIOB TaKMe yBennyMBaeTCcA Hafg /1IeBON
BETBblO NlefHMKa. Hanpumep, Ana opeonoB 30510Ta OHa
Bo3pactaeT noytu Basoe — ¢ 0,7 go 1,4 kM. lNpn 3ToM
MOLLHOCTb fibla 3aMeTHO 60/blie UMeHHO Haj fieBoW
BeTBbO NleAHuKa [JaBbligosa. bonbliaa NpoTAKEHHOCTb
QHOMANNM N UX KOMMIEKCHOCTb CBUAETE/bCTBYIOT 00
YCNOMHEHUN CTPYKTYPbl PYAHOWM 30Hbl NOA SIeAHVKOM
M CyLeCcTBOBAHWN CYOLUMPOTHOrO TEKTOHMYECKOro Ha-
pyLeHVA B LLleHTPa/IbHOW YacTu nedHuka. [lencrenrtenb-
HO, XapaKTep PYAHONM 30Hbl K lOro-3anagy oT NefHuKa
[JaBblaooBa cywecTBeHHO MeHAETCA, 4To 3aduKcmpoBa-
HO MpW BCKPbITUM NefHMKa B Xo4e AajibHenwero reo-
NOrMYECKOro n3yveHna Mectoporkaenusa [3; 5; 10].

JlegHvK JTbICbIi HAXOOWTCA B 2 KM K CEBEPO-BOCTORY
oT LleHTpanbHOro y4yacTia MectoporieHua. B panoHe
nefHWKa M Mo HUM B HacTosALLee BpeMs paspabaTtbiBa-
eTCcA 30/10TOHOCHOE pyAHoe Teno. JleaHuk Jlbicbivi BUCA-
yero TMna, pacnonaraeTca Ha BbicoTax 4050—4200 m.
TonwpHa nbaa Ha yvacTre nccnegosaHuin — 60 M. Mo
JaHHbIM TepMOMETPUM TOPHBIX BbIPAGOTOK, MpoRaeH-
HbIX B TOJILLE NleHNKa, TeMnepaTtypa /ibia N3MeHAeTCA
oT -6°C Ha noBepxHoCTn 0 -2,5°C B NpUAOHHOM YacTu.

JNlegHuK Ha npoTaAxeHun noutn 300 M nepeKrpbiBa-
eT 3on0TopyaHoe Teno (puc. 3). MNogowsa nepHuWKa
B npefenax Hanbosnee yrnybieHHON YacTu Jloxa Haxo-
anTcA Ha ropu3oHTe 4050 M. YcTaHoBeHo, 4To copep-
KaHne TUNOMOPQHBIX 31eEMEHTOB B SIeAHNKOBOM Jibay
B 30HE KOHTaKTa C rOpHbIMM NOPOAAMUN Ha PaCcCTOAHUN
0,1—0,3 M oT pyadbl B AecATKM pa3 Bbiwe HOHOBOMO
copep¥aHuA B NefHUKax MaccvBa. [TpoHMKHOBeHWe
XUMUYECKUX 3/1IEMEHTOB B jlief] 06YC/I0BIEHO KpUOreH-
HOM MUrpaumin n GbopMMpoBaHMEM Opeosia pacceaHus.
MaKcvManbHasA KOHTPACTHOCTb FrEOXMMUYECKOrO Opeo-
na HabnoaaeTca HeMmoCpeACTBEHHO Ha KOHTaKTe /ibaa
C pyAHbIMW MeTacomMaTUTamy M YMEHbLIAETCA MO Mepe
yOoaneHuA OT pyAbl K MOBEPXHOCTU nefjHuka. Ha no-
BEPXHOCTU NledHNKA HaL pyAHbIM TenoM GUKCUpyTCA
cnabble aHOManMu TUMOMOP®HBIX 3/IEMEHTOB 30/10Ta,
BosibdpaMa, Meau 1 UMHKA. Ha noBepxHOCTM nefHUKa
Had pyOHbIM TenoM (UKCMpyloTcAa ciabble aHoManum
TUNOMOP®HLIX 31eMEHTOB 30/10Ta, Bonbdpama, Meau
M UMHKA. KoHTpacTHocTb aHoMamuii (KK) no oTHowe-
HUIO K GOHOBBLIM 3Ha4eHMAM MakcumanbHa ansa Cu, Zn
n W (= 20) n ymMeHblIaeTcA B pady (B cKobKax npueeae-
Ha BennunHa KK): Cu (80) — Zn (30) — W (20) — Au, Cr
(10) — Ag, Sn (7) — V (5) — Mo, Pb (3).

AHOManuu 371eMeHTOB — WHAMKATOPOB 30/10TOPYA-
HOWM MUHepanm3auum B negHuKke GopMUPYIOTCA Kak Hag
pYAHbIM TENOM, Tak U 3HAOreHHbIMWU Opeosiamu, oTpa-
KaA coCTaB pyaHOW MUHepanun3aumm.

PacnpeneneHve XUMWUYECKUX 3MEeMEHTOB Ha Mo-
BEPXHOCTU NlefiHMKa HeogHopoAHo. HenocpeacTBeHHO
B 3MNMUEHTPe pPYAHOro Tefa Ha NMOBEepXHOCTU fledHUKa
NpaKTUYecKn 6e3 cMeLLeHns HabntaaTca aHOMaINK
30/10Ta, UMHKA, Mean, BonbdpaMa u xpoma. OTpuua-
TeNlbHble aHOMaNMN Haf MecToporkaeHnem bopMupyoT

ApKTUKa: 3KONOrMA U JKOHOMMUKaA, T. 16, N2 3, 2026
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Puc. 3. AHOManuu KpUOreHHOr0 FeOXMMMYECKOro MONS Ha MOBEPXHOCTU JieAHMKA
NlaBbiaoBa B anuuEeHTpe pyaHoro Tena: 1 — neaHMK, 2 — NeCHaHO-IIMHUCTbIE CIaHLbI
3 — MetamMopdM30BaHHble CNaHupl, 4 — pyAHble METacoMaTWUTbl, 5 — 3HAOreHHble
W KPMOTeHHble reoXMMUYECKUE OPEOibl

Fig. 3. Cryogenic geochemical field anomalies on the surface of the Davydov Glacier at
the epicenter of the ore body: 1 — glacier, 2 — sandy-clayey shales, 3 — metamorphosed
shales, 4 — ore metasomatites, 5 — endogenous and cryogenic geochemical halos
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Puc. 4. AHOManuu KpUOreHHOro reOXMMMYECKOro Mo 30/I0TOPYAHON MUHEpanU3aLmm
Ha noBepxHocTH fieaHMKa Capbi-Top B SNULLEHTpE PYAHOI 30HbI: 1 — necyaHo-IMHUCTbIE
CNaHLbl, 2 — MeTaMOpGhU3MpOBaHHbIe CIAHLbI, 3 — MOpeHa, 4 — NefHUK, 5 — SHAOreHHble
W KpMOTeHHble reoXMMUYECKUe opeosibl

Fig. 4. Cryogenic geochemical field anomalies of the gold ore mineralization on the
surface of the Sary-Tor glacier in the epicenter of the ore zone: 1 — sandy-clayey shales,
2 — metamorphosed shales, 3 — moraine, 4 — glacier, 5 — endogenous and cryogenic
geochemical halos

cynbdaTbl U BENNYMHA OKUCANUTENb-
HO-BOCCTaHOBUTE/IbHOIO NnoTeH-
unana Eh. Mectamu Habnogaetca
CMelLeHe OpeosioB 30/10Ta K A3bl-
Ky fNedHWKa, KOTopoe Ha OTAefb-
HbIX y4acTkax gocturaet 80 m. Pag
3/1eMeHTOoB-MHAMKaTopoB Ag, Sn,
Pb, Zn, Sc, Be (cMm. puc. 3) obpasyeT
6onee KOHTPACTHble aHOManuM Ha
NMoBEPXHOCTU flefHNKa HaL CeBepo-
BOCTOYHOW 4acTblo C oboralleHHO-
ro yyacTKa pyLHoro Tena.

Takum obpasoMm, B TosLLe NeaHu-
Ka, NepeKpbIBAIOLLEr0 pyaHOE TENO,
bopMUpyYIOTCA  HaNOMEHHble  Kpu-
OreHHble TeoXMMWUYECKMe Opeosbl
371eMeHTOB-UHAMKaTopoB. CocTaB
Ha/IOMEHHbIX  OpeosioB  COOTBET-
CTBYET COCTaBy pPYAHOro Tena U 3H-
foreHHoro opeona. Hap 6onee 60-
raTelMM y4acTKamy pyaHoOro Tena
B flefHuKe obpasyoTca U bonee
KOHTPACTHble reoxnMMYecKne aHo-
Manun. BepTuKanbHbIi Avana3oH
MUrpauMmM  31eMEHTOB-UHAMKATO-
pPOB U COOTBETCTBEHHO MOLLHOCTb
Ha/NIOXKEHHOrO Opeosia Ha NedHuKe
JIbICbIi  OrpaHMuYMBAOTCA  MOLLHO-
cTbto Nbaa 50—60 m.

Ha toro-3anagHom c¢naHre me-
CTOPOXKAEHWUA HaxoOuTCA NeaHuK
Capbl-Top. Ero anvHa coctaBnAet
0KO/I0 5 KM, WKMpuHa B cpefHeM
TeyeHMM — oKono 1 KM, nepu-
MEeTp UMpKa JiefHUKa paBeH 5,5 KMm.
B paiioHe negHvKa pAOOM C HUM
M MoA HWM B HacTosllee Bpems
pasBefaHa 1 4acTu4YHO oTpaboTaHa
MPOMBILLIEHHAA PYLOHOCHAA 30Ha.
Ha MOMeHT reoxumuyeckux uccne-
[OBaHUIA O HAM4MM pyaOHOro Tena
noj NegHNKOM OblI0 HeN3BEeCTHO.

Ha nosepxHocTv nefgHuKka Capbl-
Top B HWMKHEN YacTu ero A3sblKa
6bina obHapyHeHa aHOManuA KoM-
nnekcHoro KITl1 3nemMeHTOB-UHAM-
Katopos: Be, Cu, Zn, Sn, Cr, Pb, Mn,
TI, Au, Mo, TR (puc. 4).

JanbHeriwmmn  reonoro-passe-
ZOYHBIMU paboTamu Nof NegHNKOM
6bIfI0 BCKPBITO 30/10TOPYAHOE TENO,
pacrnonoXeHHoe B MPOEKUMKU 3Mu-
LeHTpa reoxXMMmM4eckon aHomanmu.
MpOTAKEHHOCTb aHOMaUM Ha Mo-
BEPXHOCTU flefHUKa OT ee LeHTpa
B HanpasNeHUW [OBWMEHWA fbaa
50—100 M npu MoOLWHOCTM fibAa
165 m.

Mo yMEeHbLUIEHWIO KOHTPACTHOCTH
(oTHOoCUTENbHO  POHOBBIX  copep-
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KaHuin B nefHukax Ak-LUbiMpaka)
MUKpo3anemMeHTol B KITl negHuka
Capbl-Top pacnonaratTca B cle-
nyowem pagy: Be, Cu (10) — Zn,
Sn (6) — Cr, Pb (5) — Mn, TI, W
(4) — Au, Mo (3) — TR, Bi (2).
KI'M nepgHura Capbl-Top oTauya-
etca cnaboit aHoManueil OCHOB-
HbIX 3/IEMEHTOB — WHAMKATOPOB
opyaneHerna W n Au. KoHueHTpa-
LMA 30/10Ta B LIEHTpe aHOManum —
0,012 MKr/n 1 yxe Ha paccToAHUM
50—100 ™M cHurkaeTcAa o ¢doHo-
Bonn — 0,001 MKr/n. Hu3Kkas KoH-
TPaCTHOCTb aHOMAs/IMI Ha MNOBEpX-
HocTn nefHuka Capbl-Top MoOMeT
6bITb 06yCNOBNEeHa CPaBHUTENbHO
60MblUMM  COLEprKaHMeM MOpEeH-
HOro 06/I0OMOYHOro MaTepuana BO
NbAax ero NpuAOHHON YacTu.

Panon negHuka boopay, pac-
MONOMEHHOr0 Ha toro-3anagHom
¢dnaHre KyMTOpCKOro pyaHOro noss,
OLIEHMBAETCA KaK MepCrneKTUBHbIN
Ha ob6HapyeHue pyaHoro Tena. Ha
NOBEPXHOCTW NlefHVUKA B HUMHEN
4yacTu ero A3blka 6bIN0 0bHapye-
HO KomnnekcHoe KITl anemeHTOB,
TMNOMOP®HLIX ANA pyaHOro Tena
1 3HgoreHHoro opeona: Au, Cu, Zn,
Mo, Sn, Pb, W, Bi, V, Cr, cynbdaTbl
(puc. 5). TpoTArKeHHOCTb aHoMa-

Cu, Bi, W mkr/n Cu

Sofi, _AU,MKr/ﬂ Illlllllllllllllllllllb“
/ .
M - 0,010 s
220 .
-
>
.
“
15110 0,005 .
*
15 I 0,002
- 0,002
0,001
Ne oGpasua 44 35 37 38 39 40 41 42 43

B N ) ] =

Puc. 5. AHoManumu KpMOreHHOro reoXMMM4ecKoro noss 30/10TOPYAHOI MUHEpanusauum
Ha noBepxHOCTU negHuka boopay B anuueHTpe pyAHON 30HbI: 1 — MeTamMopduyeckue
CnaHubl, 2 — MeTacoMaTU4YecKue Nopoabl, 3 — pyaHble MeTacoMaTuTbl, 4 — MopeHa, 5 —
NeHUK, 6 — KPUOTEHHbIW re0OXMMMUYECKUi1 opeon

Fig. 5. Cryogenic geochemical field anomalies of the gold ore mineralization on the
surface of the Boordu glacier in the epicenter of the ore zone: 1 — metamorphic schists,
2 — metasomatic rocks, 3 — ore metasomatites, 4 — moraine, 5 — glacier, 6 — cryogenic
geochemical aureole

70k

NN Ha MOBEPXHOCTU NleiHMKa OT ee

LieHTpa Mo HanpasieHnn ABUHKeHNA

nbaa gocturaet 200—250 M Haa TonLwen Nbaa MoL-
HocTbio 100 M.

Ctpoenve KITI Ha negHWKax MecTtopogeHuA Hym-
TOp XapaKTepusyeTcA KayeCTBEHHbIMU (XMMUYecKue
3/1eMeHTbl U COeAMHEHWA) U KOIMYECTBEHHbIMU (KOH-
LeHTpauUMA 3/1IEMEHTOB, MPOTAMEHHOCTb OpPeOosIoB)
rnokasaTesiAMM, 3aKOHOMEpPHO pacrnpenenArLWMMIUCA
B Tose nbaa Ha nosepxHocTu. CoctaB KI'Tl negHnkoB
OTparkaeT COoCTaB pyAHbIX TeN WU 3HAOMEHHbIX OPeosioB
Ha MecToporaeHun Kymtop (Tabn. 2).

O6pa3oBaHue IOKa/bHBIX FEOXMMUYECKKX MOJeN Ha
MOBEPXHOCTU NleAHUKA MPOUCXOAWT B pesynbTaTe BOC-
XOAALLeN KPUOreHHON MUrpaumMm XMMUYECKMX d/1eMeH-
TOB, B TOM 4MC/e W pyAHbIX, OT PyAHOro Tena (3HApo-
reHHOr0 OPeo0sa) K MOBEPXHOCTM B TOJILLE SIEAHNKOBOMO
nbpa. CoctaB KITl cooTBeTCTBYyeT cocTaBy pyAHOMO
Tena u 3HAoreHHoro opeona (cMm. Tabn. 2). Hap 6onee
6oraTbiM1 y4acTKaMu pygHOro Tena B leAHNKe obpasy-
0TCA U 60/1ee KOHTPACTHbIE FEOXMMUYECKME aHOMAIM.
BepTuKanbHbIli AMana3oH MUrpauum 3nemMeHToB-UHAM-
KaTOpOB U COOTBETCTBEHHO MOLLHOCTb HaI0MEeHHOro
opeofia OrpaHW4YMBaEeTCA MOLHOCTBbIO NbAa M Kone-
6netca or 50—60 M (negHuK Jlbicbiii) 0o 165—175 M
(negHurm JasbigoBa, MeTtposa, Capbl-Top).

MOLHOCTb NeAHUKOB KOHTMHEHTasIbHbIX U OCTPOB-
HbIX paiioHOB ApPKTUKM M CyGapKTUKM MOMKET 3Hauu-
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TeNlbHO MpeBblaTb TONWMHY NbAa B paloHe MecTo-
porkaeHna KymTop (Tabn. 3), 0co6eHHO Ha apKTUYECKIX
octpoBax (CeBepHaa 3emns, 3emna ®Ppanua-Mocnda
n ap.).

BepTukanbHbin  gnana3oH pacnpoctpaHeHua KITI
TeopeTnyecKkn MoXeT gocturatb coTeH meTpos. [lpe-
JenbHaA MOWHOCTb ux npoasneHna B CpeanHHOM
TaHb-LUaHe (KymMTOp) He ycTaHoBNeHa M orpaHW4MBa-
eTCA TOJWMHON NibAa UCCNefoBaHHbIX IeAHUKOB — [0
175 m[5; 7].

[pouecc KpuoreHHOM MUrpaumm XMMUYECKUX 3ne-
MeHTOB npu dopmupoBaHun KI'Tl aHanormyeH KpuoreH-
HOMY COJIEBOMY pacCevMBaHWIO PyAHbIX KOMMOHEHTOB
B MHOrOJfIeTHEMEepP3/ibIX OTN0MeHMAX [13].

Pa3paboTaHHble pocCUACKUMM reoxMMmKamu [13; 14
“ op.] npeacTtaBneHns 06 0COGEHHOCTAX reoxvMMuye-
CKUX NPOLLeCCOB B KPUONUTO30HE MO3BOIMN BbIABUTb
M UccnenoBaTb HeM3BECTHOE paHee ABJIEHNE KPUOreH-
HOrO0 COJ/IeBOr0 PacCemBaHNA pyOHbIX KOMMOHEHTOB,
3aK/IoyatoLeecA B TOM, HYTO NpU OTpuLATeNIbHON Tem-
nepatype B MHOMO/IeTHEMEP3/bIX PbIX/IbIX OT/IOMEHNAX
M NbAax, NepexkpbiBalOWWMX pyAHble Tena, NpoucxoauT
MUrpaunA pyAOHbIX KOMIMOHEHTOB B Hanpas/jieHun OT
py[HOrO Tena K MOBEpXHOCTW 3eMu (nbaa), obycios-
NeHHanA rpagneHTOM KOHLeHTpauun cofeii B He3amep-
3a0LMX CBEPXTOHKMX MMIeHKax CBA3aHHOW BofAbl. [Npu
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Ta6bnuua 2. CocTaB KPUOTreHHbIX FEOXUMUYECKUX NOJIeN NIeAHUKOB

U DJHAOrNeHHbIX OpPeo0JioB HAa MeCTOpPoXK4eHUn HyMTOp

Table 2. Composition of cryogenic geochemical fields of glaciers

and endogenous halos at the Kumtor deposit

MpoTa- MouwHocTb UctouHmk KIM,
Coctas KI'T1 J
JlegHuK MeHHocTb KITl, | nepHuKa, 06HapyKeHHbIN
Ha NOBEPXHOCTU NlefiHuKa
M M ropHbiMM pabotamm
MeTpoBa Au, W, V, Cr, Cu, Zn, Mo, Sn, Pb, Bi 250 70—173 | PyaHasa MyHepanusaums
JlbiCbii Cu, Zn, W, Au, Cr 200 60 PyaoHoe Teno
[JaBsblgoBa Au, Pb, Cr, Cu, Mo, W, Sn, Na, S 200—600 85—175 PyaoHoe Teno
Capbl-Top Be, Cu, Zn, Sn, Cr, Pb, Mn, Tl, Au, Mo, TR 50—100 165 PynHoe Teno
Boopay Au, Cu, Zn, Mo, Sn, Pb, W, Bi, V, Cr, S 200—250 100 PyaoHaa MuHepanusaumna
N2 121 * Au, W, Ag, Cr, Cu, Zn, Mo, Sn, Pb 100—150 50—60 PynHoe Teno
MecmopordeHue Kymmop [8; 11; 12]
JHOOreHHble Au, Ag, Mo, W, Pb, Zn, Cu, Co, Ni, Ba, Ti, Mn, V, Be, K, Na PyoHoe none
reoxXMmm4ecKme
opeosbl Au, Ag, Mo, W, K, Na PyaHoe Teno

* HebonbLuoll BUCAYMIA NefHUK B paiioHe neaHuka [JasblfoBa.

Ta6nmua 3. MOWHOCTb IeHUKOB KOHTUHEHTA/IbHbIX U OCTPOBHbIX PaiioHOB APKTUKN U Cy6apKTUKKU, M

Table 3. Thickness of glaciers in continental and island regions of the Arctic and Subarctic, m

KoHTuHeHTaibHble paioHbl Cy6apKTUKK OcTpoBHbie painoHbl APKTUKKU

BblpaHra [o 50 OcTpoB Ywakxosa 250
XpebeT Yepcroro [o 100 3emna ®paxua-Nocnda 300—450
MonApHbI Ypan [o 100—140 HoBaa 3emna, negHuk HopaeHwenbaa 300—400
CyHTap-XadATa o 150 CeBepHan 3emns, octpoB Komcomonel, Jo 500
Hamuatka [o 150—200 Oe-JloHra 80—150
YyKoTcKoe Haropbe o 100 CeBepHan 3emns, octpoB OKTAGpbCKoi PeBontoumn | [lo 200—400

3TOoM (GOPMUPYIOTCA HANIOMEHHBIE KPUOreHHble Opeo-
Nbl paccefHVsa Hapg rnyboKo3aneralvwmMm pyaHbIMU
ob6beKTaMu.

Bbicokaa ckopocTb GOPMUPOBAHWUA FEOXUMMUYECKMX
nonen, ux mMopdonorua 1 xapawkTep pacnpeneneHus
MOMIOMMTENIbHO U OTPULLATE/IbHO 3apAXHEHHBIX MOHOB BO
NbAax Ha NOBEPXHOCTN NeAHNKOB YAOBNETBOPUTENIbHO
06BACHATCA 3/IEKTPOXMMUYECKON MOAESNbIO X 0bpa-
30BaHuA [15—17].

®dopmrpoBaHre nokanbHbix KITTT pyaHbIx Ten Ha nea-
HUKaxX genaeT BO3MOMHbIMW MOWCKWM MeCTOPOMOEeHUN
MoJie3HbIX MCKOMAEMbIX, MEPEKPbITbIX MOLLHBIMK TOMLWA-
MW NeJHMKOBbIX MOKPOBOB. JlefHWKOBble CUCTEMbl Ha
TeppuTopun ApkrTiKM U Cyb6apKTUKM Poccumn 3aHumatoT
nioLanb oKoso 53 TbiC. KM?, B NMpefenax KoTopoi MoryT
6bITb 06HAPYHEHDBI KPYMHblE MECTOPOMKAEHUA MOJSIE3HbIX
ncronaemblx. [lepBoHaYabHbIMKM paoHaMK MOUCKOB
¢ npuMeHeHvemM KI'Tl MoryT 6biTb NosyocTpoB TanMblp
n octpoBa apxvnenara CeBepHas 3emns, obnagato-

Lye CyLeCTBEHHbIM 30/10TOPYAHbIM noTeHumanoMm [18].
B nepsyto odepefb 3T0 oCTpoB bonblueBMK, KOTOPbIA
paccMaTpuBAETCA KaK HOBbIM PaloH, MepCrneKTVBHbIN
B OTHOLUEHUN OTKPbITUA KPYMHOrO 30/I0TOPYAHOIO Me-
CTOPOXAEHUA 1 [06LIYN PYAHOro 30/10Ta B POCCUICKON
Apktuke [19; 20]. Bonpoc pa3sutuA [obblbum 30/10Ta
Ha OCTpOBe BeCbMa aKTyasleH M BK/IOYEH BO BCE rOCy-
[apCTBeHHble MporpaMMHble JOKYMEHTbI MO PasBUTMIO
ApKTunyecrol 3oHbl Poccun. B toro-BocTouHOM 4vactu
ocTpoBa bonblieBUK BblgeneHa Havbonee nepcrexkTnB-
HaA naowadb COBMELLEHWA NPOABIEHNI 30/10TO4EPHOC-
NaHLIEBON 1 30/10TOKBApLLEBOV pyaHbix ¢opmauuii. Bce
PYy4bM 1 PEYKM B 3TON YACTU OCTPOBA COAEPHAT POCChir-
Hoe 30/10TO (CaMble CeBepHble U3BEeCTHble B MUpe poc-
CbiNK), @ ero exerogHas fobblva coctaBnsaeT 4o 500 Kr
[21]. Mpwn 3ToM B 6ONBLIMHCTBE C/ly4aeB U3BECTHbIE py-
[OMPOAB/IEHNA KOPEHHOrO 30/10Ta PACMONIOKEHDI HUME
Mo TeYEHWUI0 peK OTHOCUTENIbHO OCHOBHbIX YHACTKOB pOC-
Cbinen 30/10Ta, TArOTEIOWYMX K BHYTPEHHEN YacTh OCTpo-
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Ba, 3aHATON nefHukamu [19]. MoatoMy nepBoHavasb-
HbIMW 06 beKTaMW UCCefoBaHUiA MOryT ObiTb JeHUKM
KponoTkuHa nnu JleHnHrpaackui, nepexkpbliBatolye 3Ty
MaJiIoMCcC/IeJ0BAHHYIO YaCTb OCTPOBA.

MonCKM CKpbITbIX NOA NEAHNKOBBIMU NMOKPOBAMU Me-
CTOpOMOEHMI NOJIE3HBIX UCKOMAEMbIX NyTEM U3y4eHUA
KTl mpegnoyTuTenbHO MpoBOAMTbL Ha CcTaguu 1 mpu
reoXMMMYeCKOM KapTUpOBaHUM B XO4€e pernMoHasibHoOro
reosiorMyeckoro M3y4yeHna Hegp W MPOrHO3MPOBAHWA
MONIE3HbIX MCKOMAeMblX M Ha CTaauM 2 Mpu MOUCKax
N OLEHKE MECTOPOMAEHWUI HA HOBbIX WM HedocTa-
TOYHO M3YYEHHbIX MIOWAAAX C LeSblo BbIABEHNA Me-
CTOpOMKAEHWI MONE3HbIX UCKonaeMblx [22]. Bo3MorKHO
npumMeHeHne Metoga novckos no KTl npu nporHosHo-
PEBU3MOHHbIX paboTax B 1eAHUKOBBIX paoHax.

3aknmovyeHue

[poBefeHHble MCCefoBaHUA MOKasanW, YTo AnA
pelleHnA MOCTaBNeHHbIX 3aJay MOWMCKOB pYAHbIX Me-
CTOPOMAEHUI HA TeppuTopuaxX ApRTUKKM U Cy6apKTUKK,
3aKPbITbIX eJHWKAMK, NEPCreKTUBHO MpPYMEHeHWe re-
OXMMWNYECKNX METOLO0B.

eoxuMmnueckme nccnefoBaHWA MpPoBeAeHbl Ha Bbl-
COKOrOpHOM 30/10TOPYAHOM MecCTopoMAeHun Kymrop,
CpeauHHbin TaAHb-LUlanb (Kuprusua). Knvmatunyeckue
YyCNOBMA parioHa OT/IMYAIOTCA CypOBOCTbIO C OTpuLA-
TenbHOM cpefHerogoBon Temnepatypon -7,8°C, yTo
cornoctaBMmMo C ycnoBuAMM ApkTuKKM (HoBaa 3emnsA
n gp.). Pabotbl 6blM cocpefoToYeHbl Ha neaHUKax
xonopHoro u Tennoro tuna: Metposa, Capbl-Top, [a-
BblgoBa, Jlbicbin, N@ 354 1 Boopay, nepexpbiBatoLLMX
MVHepasiM30BaHHy0 30HY 1 pyAHble Tesia MecTopoae-
HWA. YCTaHOB/IEHO, YTO BO /ibAax SIeAHNKOB B 3MULLEH-
Tpax pyAHbIX Ten GopMUPYIOTCA aHOMaNUM KPUOTeHHbIX
reoxuMmyeckunx nonen. Ctpoernne KITI Ha nefHWKax
MecTopoAeHNA KyMTOp xapaKTepusyeTca KayecTBeH-
HbIMU (XMMWUYECKMe 3/IeMeHTbl U COeAUHEHWA) U KO-
NNYECTBEHHbIMU  (KOHLEHTpaUMA  371eMEeHTOB, Npo-
TAMEHHOCTb OpEeO0JIoB) MoKa3aTeNAMM, 3aKOHOMEPHO
pacnpefenArWMMIUCA B TONLWe fbJa Ha NMOBEPXHOCTMU.
XumMunyeckuii coctaB KITTl negHWKOB OTparkaeT cocTaB
PYOHbBIX TeN W 3HAOTEHHbIX OPEO0sIOB 30/10TO-BOSbdpa-
MOBOI0 MecTopoAeHnA KymTop.

KI'M ¢opmumpytoTca Ha NoBEpXHOCTU NEAHUKOB B 3Mn-
LleHTpax pyAHbIX Ten Mpu YCTaHOBIEHHOM MOLLHOCTM
nbfa o 175 m. MNpotaxeHHocTb aHoManuin KT Ha no-
BEPXHOCTU NIEHMKOB OT 3MULLEHTPa Mo HanpaBeHuio
OBUMeHuA nbaa Konebnetca ot 50—100 go 600 m.

®opmuposaHue KITl pygHbIX Ten Ha nefgHuKax ge-
naeT BO3MOMHbIMN MOVCKN MECTOPOMAEHUIA NONEe3HbIX
MCKOMaeMbIX, MEepPeKpbITbIX MOLHLIMA TOMWAMU Nej-
HUKOBBIX MOKPOBOB B apKTUYECKUX U CybapKTUYECKNX
parioHax Poccun. JlegHuKoBble CUCTEMbI HAa 3TUX Tep-
pUTOpUAX 3aHUMAIOT Nowanb OKoMo 53,0 Thic. KM?,
B rpefefiax KoTopoi MoryT ObiTb OBHapyeHbl Kpym-
Hble MeCTOpPOMAEHUA.

MNepBooyepeaHbIMM paoHaMU MOUCKOB B ApKTuKe
¢ npuMeHeHneM KI'Tl MoryT 6biTb NonyocTpoB TarMbIp
n octpoBa apxunenara CesepHana 3emnsa (octpoB bosnb-
LIeBMK), obnajamwlme CyLecTBEHHbIM 30/10TOPYAHbIM
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noteHynanoM. KOro-BoctoyHaa 4acTb ocTpoBa bosnb-
WeBVK Haubosiee NepcneKkTUBHa Ha OTKPbITUE KpYrHO-
ro 30/10TOPYAHOr0 MecTopoMAeHuA. Mo3ToMy nepBo-
HayasibHbIMM 06beKTaMu nccnegosanuii no KM moryt
6bITb NeaHUKN KpornoTKMHa uan JIeHMHrpaacKuiA, nepe-
KpblBatoLMe 3Ty MaIonCCnefoBaHHy0 YacTb OCTPOBa.

®duHaHcupoBaHue
WccnepoBanve  npoBoAuNIOCh
KOMMIeKCHOM  mporpamMmbl  GyHAAMEHTAsIbHBIX — Ha-
YYHbIX  uccnepoBaHuii  MHCTUTYTa  MalmMHoOCTpoe-
Husa Cubupckoro otgeneHus PAH (npoekt CO PAH
AAAA-A20-120111690008-9).
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Abstract

Based on the results of geochemical studies conducted in the area of the high-mountain gold ore deposit
Kumtor (Middle Tien Shan), the author concludes that it is possible to explore for ore deposits hidden under
glaciers in the Arctic. The study covers both cold and warm glaciers: Petrov, Sary-Tor, Davydov, Lysy, No. 354
and Boordu, overlapping gold-tungsten-sulfide ore bodies of the Kumtor deposit. It has been established that
cryogenic geochemical fields (CGF) are formed in the ice on the surface of glaciers in the epicenter of ore bodies.
The structure of the CGF on glaciers of the Kumtor deposit is characterized by qualitative (chemical elements
and compounds) and quantitative (concentration of elements, extent of halos) indicators, regularly distributed in
the ice on the surface of glaciers. The chemical composition of the glacier CGF reflects the composition of ore
bodies and endogenous halos of the Kumtor deposit. The paper characterizes the features of the CGF formed
on the surface of glaciers at the epicenters of ore bodies with an established ice thickness of up to 175 m. The
extent of geochemical anomalies of the CGF on the surface of glaciers from the epicenter of the ore body in the
direction of ice movement varies from 50-100 to 600 m. Recommendations are given for the use of the CGF in
forecasting and exploration work in the glacial regions of the Arctic.
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