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AHHOTaumA. B Lenax noncka HoBbIx 06bEKTOB ANA obecneyeHns nepepabaTbiBa-
IOLMX NPeanpUATUA MEAHO-HUKENEBbIMY PyAaMU NPOBEAEH aHaNu3 ABYX PYAHbIX
PanioHOB C KOHTPACTHbIMU YcnioBuaMU — Hopunbckoro u LLanyuckoro. O606LueHbl
N comnocTaBneHbl 0COBEHHOCTY reosIorMYeckoro CTPOeHus, FTMAPOreoXnMmyeckme
YCJIOBUA 1 reoAviHaMUYyecKre 06CTaHOBKY GOPMMPOBAHUA MECTOPOXKAEHNI. YCTa-
HOBJIEHO, UTO MECTOPOXAEHMA OTHOCATCA K MarMaTMyeckum cynbouaHbIM TUnam,
O[IHAKO Pa3nMyatoTCcA Mo BO3PacTy U reofUHaMNYeckum ycroBraM GopMUpPOBaHKA.
MoaTBePXXAEHO, YTO XMMMYECKMI COCTAB NMOA3EMHbIX BOA CPaBHUBAEMbIX PAallOHOB
OTpa)kaeT pasfivuvie reHeTUYEeCKX UCTOYHMKOB MUHepanu3auun: B Hopunbckom
parioHe OH dopmMMpPyeTCA NPEVMYLLECTBEHHO B pe3ynbTaTe OKUCIEHUA Cynboua-
Hbix pya, a B LllaHyuyckom paiioHe onpefensieTcss BO3LENCTBMEM MarmaTUYecKnx
dnonpoB.. BoisiBNeHHble pa3nnumna NoguyepKrBatoT 3HAYEHNE rMAPOreoXMmMYecknx
1CCnefoBaHUIN Kak MHCTPYMEHTa MPOrHO3a CXOXKMX PYLAHbIX 30H U PEKOHCTPYKLUK
pa3BUTVS PYAOHOCHBIX CUCTEM B PA3NINYHBIX FeOAUHAMUYECKKX YCOBUAX. MoyyeH-
Hble JaHHble BaXKHbl AJIA NMOHMUMAHMWA 3aKOHOMEPHOCTe GOPMUPOBAHUA PYAHbIX
CUCTEM 1 MO3BOMAIOT PacCMaTpMBaTh FMAPOXMMUYECKME MapameTpbl B KayecTBe
MHOOPMATVBHbBIX MOVCKOBbIX KpuTepueB. Pe3ynbTaTbl MCCIeaoBaHUN MOTYT GbiTb
MCMOJIb30BaHbl AN HAPALMBAHUA MPOMBILIEHHOrO MOTeHUMana AeiCTBYOLWNX
MECTOPOXIEHUI 1 MOUCKA HOBbIX 06EKTOB MEAHO-HUKENIEBOrO ChIpbA.

Geological and hydrogeochemical features
of the Norilsk (East Siberia)
and Shanuch (Kamchatka) ore-bearing districts

D. S. Borodina'™, T. I. Larionova', I. V. Litvinova?
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Abstract. New object prospecting for providing processing works with copper-nick-
el ores required analysis of two contrasting ore-bearing districts: Norilsk and Sha-
nuch. The authors summarized and compared geological structure, hydrogeo-
chemical features, and geodynamic conditions of deposit formation. The compared
deposits belong to magmatic sulfide types, but differ in age and geodynamic for-
mation conditions. The groundwater chemical composition in the compared areas
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proves to differentiate genetic sources of mineralization: sulfide ore oxidation mainly
forms the composition in the Norilsk region, while influence of magmatic fluids
determines it in the Shanuch region. The identified differences highlight the impor-
tance of hydrogeochemical studies as a tool for predicting similar ore zones and

For citation: Borodina D. S., LarionovaT. 1.,
Litvinova I. V. (2026). Geological and
hydrogeochemical features of the Norilsk
(East Siberia) and Shanuch (Kamchat-
ka) ore districts. Regional Geology and
Metallogeny, 33(1), 117-126. https://doi.
org/10.52349/0869-7892_2026_105_117-126

BBEAEHWUE

M3yyeHne reonormyeckoro CTpoeHua u reHesuca
Me[HO-HMKeNeBbIX MECTOPOXAEHUI B Pa3/IMUHbIX Freo-
ONHAMNYECKMUX 06CTaHOBKaxX MMeeT BarKHOE 3HaueHue
ONA NOHMMAaHMA 3aKoHOMepHocTell GOpPMUPOBaHUSA
PYZHbIX CUCTEM 1 MPOrHO3a HOBbIX 06beKTOB. Hukenb,
Mefb 1 CONYTCTBYIOLLME 31eMEHTbI MIaTUHOBON rpynmbl
(Pt, Pd, Rh) oTHOCATCA K CTpaTernyeckmm KOMMOHEHTam
MUHEpPasbHO-CbIPbeBOW 6a3bl, ONpPeaensoWUM Pa3Bu-
THe BbICOKOTEXHOOMMYHbIX OTPAC/EN MPOMbILLEHHO-
cTn. PecypcHaa 6a3a HUKENEBOrO CblpbsA Ha CEroaHA
B 3HAUMTENbHOW CTeneHn ncyepnaHa. CokpalleHve obe-
CrMeYeHHOCTN NpeanpuATAi pyaon onpegenset Heobxo-
OVIMOCTb BbIABJIEHUS HOBbIX OOBEKTOB AJ1A Pa3paboTKM.
Bbicokas cebecToMMOCTb 3acTaBffAeT UCKaTb MeHee
3aTpaTHble MeToAbl NONCKOB PYAHOro Cbipbs. Ocobyto
NepcneKkTUBHOCTb B 3TOM OTHOLLEHUWN MNpeacTaBnAloT
rmpgporeoxmmmyeckme metogbl. OHY 3PHEKTUBHO NMpu-
MEHAITCA B Pa3/INYHbBIX NAaHAWAGTHO-KINMATUYECKNX
30Hax (MepenbmaH, 1966). Ana Bbibopa onTMManbHOMN
METOAVKM N CNOCOOOB MPOBEAEHNA TMAPOreoXnMmmnye-
CKUX NOWCKOB HeobXoAMMO feTasibHoe M3yYeHue reo-
NOrnYecKnX ycnoBmm nccnegyemom tepputopun (JognH
n gp., 1988). [lo3TOMY 13yyeHune reonornyeckoro cTpoe-
HUS1 U TG POreoXMMYECKX 0COBEHHOCTEN MeJHO-HW-
KeneBbIX MEeCTOPOXAEHWI pPasfINYHbIX FeHEeTUYECKNX
TWMOB OCTAETCA BaXHbIM HamnpaB/ieHNEM COBPEMEHHOI
METaNNOreHnmn N reoXMMnUN PyaHbIX CUCTEM.

Ocobblli MHTepeC NpepcTaBAAOT MarmMatTuyeckue
Me[OHO-HMKeNeBble MeCTOPOXAEHUNA MNaTPOPMEHHbIX
06/1acTel N aKTUBHbIX KOHTUHEHTaNIbHbIX OKPaWH (30HbI
cy6ayKLMK), MOCKONIbKY OHU OTpa<aloT pasfinyHble
MexaHu3Mbl GOpPMUPOBaHUA pyaoobpasyowmx ¢io-
MOOB W KOHUEHTpauuu pyaHbix 3nemeHToB. Cpas-
HUTENbHbIN aHannM3 MeCcTopoXKAeHU Hopunbckoro
n LaHyuckoro pygHbIX paioHOB KaK MpepcTaBuTe-
nen BbllleyKa3aHHbIX reHeTUYecKux TUMOB MNO3BONA-
€T OLUEHUTb BAUAHKE reoArnHaMMUyeckon OOCTaHOBKMU
Ha XapakTep pyaHOW MUHepann3aumu, COCTaB BOAHbIX
pacTBOPOB 1 ycnoBua GopMMpoBaHus pya.

Takum obpa3om, paHHas paboTa HanpasneHa
Ha KOMMJIEKCHOE CpaBHEHME reosiornmyeckoro CTpoe-
HUA, reHe3nca pyaHbIX TeNn 1 reonoro-ruaporeoxmmm-
yecKkmnx ocobeHHOCTen mecTopoXkaeHuin Hopunbckoro
1 LaHyyckoro pyaHbIX pailoHOB AN BbIABNEHWA 3aKO-
HOMepHOCTel 1 cneundryecknx NPU3HaKoB, onpeae-
NALWMX NX METaNNoreHnyeckylo npupoay, Kotopble
[OJIKHbI CNOCOBCTBOBATb MOUCKY AHANOMMYHBIX 00b-
eKToB. lccnepoBaHuve ycnoBuii GOpMUPOBaHUA HUKe-
JIEHOCHbIX PYAHbIX CUCTEM 1 COMOCTaB/IEHNE UX FEOXNU-
MUYECKUX MPU3HAKOB B PA3/INUYHbIX FeOANHAMNYECKIX
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reconstructing development of ore-bearing systems in different geodynamic con-
ditions. The data are critical for understanding ore system formation patterns and
consider hydrochemical parameters as informative search criteria. The findings can
contribute to augmenting the commercial potential of operating deposits and new
copper-nickel object prospecting.

06CTaHOBKax MOXET UMeTb Kak QyHAaMeHTaNIbHOE, TaK
N NpuknagHoe 3HadveHue (MepenbmaH, 1966).

OTKpbITMe MeAHO-HUKENEeBbIX MeCTOPOXAEHWI
B Hopunbckom parnoHe Havanocb B 1865 r. Pe3ynbraTthl
NX M3yyeHua oTpakeHbl B Tpyaax M. H.loanesckoro
(1968), O. A. fognHa n gp. (1988), B. C. CrapocenbLieBa
(2015) n mHormx apyrux wuccnegosatenen. MecTo-
poxkaeHna HopunbCcKoro pygHoro paoHa BCECTOPOHHE
M3yyeHbl, YTO obecneurBaeT X MPOMbILLIEHHYIO SKC-
nnyataumio. CylecTBeHHbIN BKNag B pa3sute Hopwnb-
CKOro MPOMbILWEHHOrO paroHa BHecna Hopunbckas
KOMMeKCcHan reonoropasBefoyHas skcneamums, opra-
Hu3oBaHHaA B 1955 r. CoBpemeHHble nccnefoBaHnA
HOCAT YTOUHAIOWMNA 1N ONTUMM3ALMOHHbBIA XapaKTep,
boKycrpyAcb Ha yBennyeHnn SKoHoMmYecKkon b dek-
TUBHOCTU U CHUPKEHUU SKONOTMYECKoro yulepoa.

Ha KamuaTtke OTKpbITMEe MefHO-HUKeNeBbIX PYA,
npow3owwno B 1959 r. 3HaunTeNbHbIN BKNAA B U3yyeHune
reonornm paHHoro pavioHa BHecnu B. E. KyHryposa,
M. [. Cngopos, B. A. CrenaHos, 0. . TpyxuH (TpyxuH
n ap., 2008, 2009), A.T. Hypmyxamegos n gp. (2023),
B. A. Monetaes’', O. b. Cenanrux (2014) n ap. B HacTo-
Allee BpemMA NPOJOKaeTCA BCECTOPOHHEE U3yuyeHne
MecTopoXKaeHuin LLlaHyuckoro palioHa, Heobxopumoe
ans obecrnevyeHUss X NPOMbILLIEHHON SKCMyaTaLuu.

MATEPWAJIbl U METO/bI

B ocHOBY cTaTby MONOXeHbl pe3ynbTaTbl aHanv3a
1 0600LLIeHA re0NOrMYecKo AOKYMEHTaLUN, a TaKkxKe
aHaNUTUYeCKNe [aHHble, 3aMMCTBOBAHHblE U3 paboT
A. N. TepenbmaHa (1966), M. H. loanesckoro (1968),
0. A. foguHa, T. C. JoauHon, B. ©. KpaBuosa (1988),
B. C. AnnoHoBa, A. A. 3onoTapeBa (2005) 1 MHOrVX Apy-
rmx uccneposaTene.

CpaBHUTENIbHOE WUCC/IefOBaHME MeCTOPOXKAEHUN
Hopwunbckoro n LlaHyuckoro pyaHbix paioHOB Hamnpas-
NEeHO Ha BbiABNeHne dyHAaMeHTaNbHbIX Pa3nnNymni
no crnegyLwmm napameTpam:

— JINTONOTO-CTPYKTYPHbIM 1 MeTporpadpryeckum
0CO6EHHOCTAM BMeLLALWMX Nopos;

— FeHeTMYECKUM MeXaHU3MaM KOHLIEHTpaLun HU-
Kens n megu;

— BO3pacTy 1 CTaAUNHOCTN pyaoobpa3oBaHus;

— XMMMYECKOMY M MIOHHOMY COCTaBY MOA3EMHbIX
1 MOBEPXHOCTHbIX BOA, OTpa)atloLemMy Tekyllee CoCTo-
AHNE FeOXMMNYECKMX MPOoLLeCccoB.

'TMoneTtaes B. A. KamuaTckas NnaTMHOWAHO-HIKENEHOCHaA 30Ha —
reonorvsi U PyaOHOCHOCTb : aBToped. AUC. ... KaHA. reos.-MyuHepan.
Hayk. M., 2004. 22 c.
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lmpporeoxummyeckne NUCCNefoBaHUA B KOHTpacCT-
HbIX FeoNOrMYecKnX YCNOBUAX MO3BOMAIOT Mpocie-
OWTb CBSI3b MEXIY NCTOUYHMKaMK GIIoUA0B, CTEMEHBIO
yyacTus IOBEHUMANIbHbIX U METEOPHbIX BOA, a TakKxe
YCNIOBUAMW MUTPALUN U OCAKAEHUA PYLHbIX KOM-
MOHEHTOB. JTO BAXHO AJIA Pa3paboTKM MOUCKOBbIX
KpUTEPMEB U MPOTrHO3HbIX MopAesnell HUKENeHOCHbIX
cucTeM Kak B Mpefenax ApeBHUX nnatdopm, Tak
N B CTPYKTypaX, CPOPMUPOBAHHBIX B YCJIOBUAX aKKpe-
LMOHHO-KONNN3NOHHON 0O6CTaHOBKMN.

PE3YJNIbTATbl U OBCYXAEHWUE

MectopoxpeHua LaHyuckoro pygHoOro paroHa
pacnonoxeHbl B ceBepHoM 4actu Kamuatckoro Cpe-
JWNHHOIO MAacCcMBa W CBA3aHbl C JANKOBbIMWA W LUTOKO-
BbIMU VHTPY3UAMY 6a3uT-runep6asmToBOro coctaBa
MOLLHOCTbIO OT 5 go 150 m (TpyxuH 1 gp., 2008, 2009)
(puc. 1). HecmoTpa Ha anvTenbHOE M3ydeHue, NHTep-
npeTauusa npupoabl CTPYKTYpPbl, BKIIOYAOLWENA HUKe-
NeHOCHbIe pyaHble Tena (B YaCTHOCTU, MECTOPOXKAEHUN
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Puc. 1. CxemaTnyeckuii reonornyeckuii paspes no ogHoMy us pygaHbix ten LaHyuckoro pygHoro paiioHa

1 — pbix/ible YeTBepTUUHble OTOKEHUA; 2 — WHTPY3MN JYKYKCKOro KoMMmekca (a — amdubonosble rabbpo, b — 6rotut-amonbo-
JIOBbIE MENaVNOPUTLI, ¢ — rpaHaTcofep allye MyCKOBUT-OUOTUTOBbIE ANOPHUTHI); 3 — KPYTOrOPOBCKUIA FTHEMNCOBO-MarMorpaHnTOBbIN
KOMMEKC (THeMCcoBWAHbIE MNArVOrPaHnTbl, THEMCOrPaHUTLI, MNArMOrPaHNTLY); 4 — KamuaTcKas MeTamopduyeckas cepus (KkpucTtan-
NIMUECKMe CNaHLbl rpaHaT-CTaBpoNUT-bUOTUTOBOrO COCTaBa); 5 — OKMCIEeHHble pyabl; 6 — CynbGUAHbIE MEAHO-HVKeNeBble pyabl
(a — maccvBHble, b — GpeKkuMeBMaHbIE, C — NPOXKMIKOBO-BKPAMEHHbIe ¥ BKpanfieHHble); 7 — reonoruyeckiie rpaHnLibl; 8 — rpaHudpl
MeX[y TUNamu pya; 9 — 30HbI 4POBAeHUs (@ — [OCTOBEPHbIE, b — NPEeAnonaraemble, ¢ — 30Hbl MANOHWUTI3ALMN); 10 — CKBaXMHbI

VcToununk: no TpyxuHy 1 ap. (2009)

QB, 125 10

Fig. 1. Schematic geological section through an ore body in the Shanuch ore district

1 — Quaternary loose sediments; 2 — Dukuk complex intrusions (a — amphibole gabbro, b — biotite-amphibole meladiorite,
¢ — garnetiferous muscovite-biotite diorite); 3 — Krutogorovskiy gneiss-plagiogranite complex (gneissose plagiogranite, gneisso-
granite, plagiogranite); 4 — Kamchatka metamorphic series (crystalline shale of garnet-staurolite-biotite composition); 5 — oxidized
ore; 6 — sulfide copper-nickel ore (@ — massive, b — breccia-like, ¢ — veinlet-disseminated and disseminated), 7 — geological
boundaries; 8 — ore type boundaries; 9 — crushing zones (a — established, b — inferred, ¢ — mylonitization zones); 10 — wells

Source: from Trukhin et al. (2009)
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LLlaHyuckoro pygHoOro paroHa), OCTaeTcA HeOfHO-
3HayHoOW. B gaHHoN paboTe aBTOPbI NpUAEPKMBAOTCA
AKKPELMIOHHO-KOMTM3MOHHOWM NPUPOAbI STUX CTPYKTYP
(Hypmyxamegos u gp., 2023; Cenanrud, 2014). B cBA3n
¢ 3Tum panee CpeauHHbIn Kamuatckuin maccue byaet
nmeHoBaTbcA CpegnHHbIM KamuaTckum BbicTyrnom. Meg-
HO-HVIKeNeBoe opyAeHeHne NpUypoYeHo K UHTPY3UAM
KOPTNaHAUT-FOPHONEHANT-NNPOKCEHNT-rabbpo-aropu-
TOBOM accoumaumnn AyKyKCKoro kommnekca' (TpyxuH
n gp., 2008, 2009). PaioH xapaKTepmsyeTca coyeTaHeM
rMYyOGUHHBIX Pa3fIOMHbIX CTPYKTYp CEBEPO-BOCTOYHOIrO
1 CybMepUANOHaNbHOIO NPOCTUPAHUS, BAOJIb KOTOPbIX
NPOWNCXOQNIO BHeApeHe 6a3nT-rnnepbas3nToBbIX Marm
N pa3BUTUE TMAPOTEPMANIbHOM aKTUBHOCTU. [eHe3nc
MECTOPOXKAEHUN — MarMaTUYeckuin, C dnemMeHTamu
rMapoTepManbHOro nepepacnpeaeneHns MeTannos
C MAaHTUMHBIM U HUXKHEKOPOBBIM UCTOYHMKOM Mar-
mbl' (TpyxuH 1 gp., 2008, 2009). Bo3pacT pyaoHOCHbIX
WHTPY3UBHbIX MOPOA, MO AaHHbIM M30TOMHbIX (K-Ar
n Ar-Ar) onpegeneHui, oueHnBaeTca B 48-52 mnH ner,
YTO COOTBETCTBYET 30LeHY. TN OpyAEHEHNA — Marma-
Tuyeckme cynbduaHble MefHO-HMKeNeBble Tena, 3ane-
ralowme B Aaiikax v wrokax' (CensHruH, 2014; TpyxuH
n ap. 2008, 2009). Bmewaowmmm ona pyaoHOCHbIX
WHTPY3UBOB POroBOOOMAHKOBbIX 0a3nTOB ABMAOT-
cA MeTamop¢dur30BaHHblE U CTPATUPULMPOBAHHbIE
nopofbl, BO3PAcT KOTOPbIX OCTAaeTCA AUCKYCCUOHHbIM
(0T Mo3gHENpPOTEPO30MNCKOrOo [0 ManeoLeH-30LeHOo-
Boro). OHM npepacTaBnieHbl cepuein ynbTpamaduToB
1 MadpuTOB: AYHUTAMK, rapubyprutamu, nepLonmTamm,
NUPoKCeHUTamn 1 rabopoungamn. Metamopoduryeckme
obpa3oBaHMA MPOpPBaHbl MHOFOUYUCIEHHBIMA WHTPY-
31IBaMy FPAHUTOMAOB Naneo30CKOro 1 MefIoBOro BO3-
paCTa1 (HypmyxamegoB u ap., 2023; CenaHruH, 2014;
TpyxuH n gp., 2008).

AHanu3 netporpadryeckux 1 reoxXMmMmnIYecKnx nccne-
[OBaHWI MaTEPUHCKUX Marm mectopoxaeHui LLaHyu-
CKOro pyAHOro parioHa MoKa3blBaeT, YTO OHU MMenwu
TpaHCMarmaTMyecknin xapaktep — OT TOJIEUTOBbIX
0o cnabouenoyHbix 6a3ansTonaos, 0boraleHHbIX mar-
HUeM, HUKenem 1 XxpoMoMm. YacTo HabntopatoTca cnegbl
KpucTannmsaumoHHon auddepeHumanmm n cynbbugHom
cenapauumu, YTo yKa3sblBaeT Ha BO3MOXKHOCTb JIOKalIbHOTO
HaKkonneHus Cu—Ni-leHepanl/|3au,|/||/|1 (CensiHrun, 2014;
TpyxuH 1 gp., 2008). B pAge cnyyaeB 0TMEUaloTCA yuacTKM
CepneHTVHU3NPOBAHHbBIX YNbTpaMaduToB, B KOTOPbIX
3adMKCMPOBaHbI MPOLECChbl BTOPUYHOTO 0O0ralLeHNA Hi-
Kenem 3a CYeT rMapoTePMalibHOrO NepepacnpeneneHus.
MpurcyTcTBME CEPNEHTMHA, TaNbKa, XAlopuTa U MarHeTuTa
BO BMELLAOLWMX NMOPOAAX CBUAETENIbCTBYET O Pa3BUTUN
HU3KOTEMMNEPATYPHOro MeTacomaTtosa U LMpKynaumum
dnronpos., oborateHHbIx CO, 1 F~' (T| PYxuvH 1 gp., 2008).

MuvHepanbHbI COCTaB pyf, BKIOYAET:

— nepBuYHble cynbbuabl — MUPPOTUH, NEHTNAH-
[T, XaNnbKOMUPWT;

— BTOpPUYHble 06pa3oBaHNA — BUOSIAPUT, XPU30-
TUA, IMMOHWT, CUAEPUT 1 CynbdaTbl Xefesa, BO3HMKa-
oLe B 30HE OKNCNEHNS;

— COMyTCTBYIOLME MUHEpPanbl — MarHeTuT, unbme-
HWT, WNHEeNb, MHOTAA NNaTUHOBbIE MUHepanbl (Pt-Pd)
(TpyxuH n gp., 2008).

[na pyn xapakTepHa 30HanNbHOCTb: B LleHTPasibHbIX
YacTaAX LUTOKOB MpeobnafaloT MacCKBHble Cynbduabl,
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Torga Kak no nepudoepuin — BKpanseHHble 1 MPOXn-
koBble Tnnbl. CogepxaHue Ni B pyaax Bapbupyet ot 0,5
8o 1,2%, Cu — o1 0,3 go 0,8%, a cymmapHoe cogep-
aHWe nnaTuHoupoB pocturaet 0,5-1,0 /T’ (TpyxuH
n gp., 2008). PyaHble Tena pa3suTbl B BMAE AANKOBbIX
M LITOKOBbIX TeN, rage pyabl yalle AUCCEMUHUPOBAH-
Hble, HepeaKo NoaBeprinecs YacTMYHOMY BTOPUYHOMY
nepepacnpegeneruio (CenanrunH, 2014; TpyxuH n ap.,
2008, 2009).

YcTaHoOBMIeHO, UTO GOPMUpPOBaHWE PyAHbIX Ten
NPOVCXOAWN0 B HECKOJbKO 3TarnoB.:

1. Marmatuuecknin 3Tan — BHeapeHue 6asuT-ru-
nep6a3nToBbIX UHTPY3UIA, KPUCTanaM3aumsa CUnnkat-
HoW 1 cynbduaHom das.

2. lmpgpoTepmanbHbI 3Tan — uupKynauma eawou-
nos, oborauleHHbix CI7, F7, CO, 1 neTyurMm KOMNOHeH-
Tamun, nepepacnpegenexue Ni, Co n Cu.

3. CynepreHHbIli 3Tan — BbIBETPUBaHME ¢ 06pa3o-
BaHMEM BTOPWYHbBIX OKCUAOB U TMAPOKCUZOB »Kenesa
n Hukena (TpyxuH n gp., 2009).

Taknm obpa3om, HuKeneHocHble pyabl LLlaHyyckoro
pyLHOro palioHa obpa3oBanucb B pe3yfibTaTe ClOoX-
HOro B3aMMoAencTBUA Madpuuecknx marm n Gonaos,
MOCTYMNaBLUNX 13 FYOUMHHBIX OYaroB MaHTUAHOIO MPO-
ncxoxpeHus. Takad MHOroctaguinHocTb obycnosuna
KOMOWHMPOBaHHbIV MarMaTU4YeCKo-rnapoTepManbHbIii
reHe3nc MeCTOPOXKAEHWN, OT/INYAIOWNIA ero oT TUNnY-
HbIX TPaMNMoBbIX CYNbPUAHBIX CUCTEM MAaTGOPMEHHOTO
Tuna Hopwunbckoro pygHoro panoHa (Hypmyxamegos
n ap. 2023; MNonukapnoukuH v gp., 1984; CenaHruH,
2014).

MecTtopoxaeHna Hopunbckoro pyaHoro paw-
OHa pacrnosioXKeHbl Ha CeBepo-3arnafHoON OKpaunHe
Cnbupckon nnatdopmbl (pUC. 2). DTV MECTOPOXKAEHUA
chopmmnpoBanmcb B Npeaenax TpannoBo NPOBUHLUN
Cnbupckon nnatopmbl, B OOCTAHOBKE, CBA3AHHOM
C KpYMHOMAacCLWTabHbIM MaHTUHBIM MIIOMOM 1 pacTs-
*KEHMEM KOHTVUHEHTaNbHOW KOpbl B paHHeM Tpuace?
(AnnoHoB n pap. 2005). Takas o6CTaHOBKa Croco6-
CTBOBana BHepApeHuto 6a3anbTOMAHbIX Marm, Hacbl-
LLEHHbIX Cepor, N 0b6pa3oBaHMIO MACCUMBHBIX U BKpa-
NAeHHbIX CynbPuaHbIX Ten. Bo3pact pya 1 BMeLLaoLwmx
nopos HopunbCKoro pygHoOro panoHa OueHUBaeTcA
B ~250 MAIH neT (paHHWI TpMAC), YTO COOTBETCTBYET Bpe-
MeHU cTaHoBNeHUst CMO6MPCKOM TPanMnoBOW NPOBUHLUN
(AnnoHoB u gp., 2005; Wapanos n gp., 2008). Pacno-
NIOXKEHMEe TNaBHbIX PYOOHOCHbIX WHTPY3UN KOHTPO-
nupyetca Hopunbcko-XapaenaxckuMm pervoHanbHbIM
pasnomom (CnupugoHos, 2010). OCHOBHble pyAHble
Tena NpuypoYeHbl K MOAOLIBEHHOW 4acTU WHTPY3UI
raboponaHoOro U NUKPUTOBOFO COCTaBa, BHEAPEHHbIX
B TOMNLW BYIKAHOT€HHO-0CAaA0YHbIX MOPOA TPannoBow
dopmauunmn nepmo-TpracoBoro Bospacta. ObpasosBaHue
pya npoucxoguno B pesynbTaTe KpUcTanim3aunoH-
Hol anddepeHuraLmm 6a3nMToBo MarMmbl C nocneny-
toLLEeN MHTEHCMBHOW GnonaHo npopaboTkon. leHesnc

"Monetaes B. A. KamuaTckas nnaTMHOMOHO-HUKENEHOCHas 30Ha —
reonorvsa N pyAoHOCHOCTb : aBToped. AUC. ... KaHA. reon.-M1uHepan.
Hayk. M., 2004. 22 c.

2Yaika W. ®. MeTponornsa ManocynbGuaHOro XPOMUT-NAATUHOHOC-
HOrO ropm3oHTa UHTPY3UM Hopunbck-1 : aBToped. Auc. ... KaHa.
reon.-MmvHeparsn. Hayk. Hosocnbupck, 2023. 29 c.
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Puc. 2. CxemaTuyeckui reonormyeckuin paspes ogHoro 3 pyaHbix Ten Hopunbckoro pyaHoro ysna
I — otnoxenwa Tpuaca (T); 2 — oTnoxeHna nepmo-kapboHa (C-P); 3 — uHTPY3un (3,1); 4 — PYAOHOCHBIE YaCTV UHTPY3WIA;

5 — paspbiBHble HapyweHua
Victounnk: no Monvkapnoukudy u ap. (1982), Yaiike (2023)°

Fig. 2. Schematic geological section of an ore body in the Norilsk ore cluster
1 — Triassic deposits (T); 2 — Permian-Carboniferous deposits (C-P); 3 — intrusions (g,T); 4 — ore-bearing intrusion parts; 5 — faults

Source: from Polikarpochkin et al. (1982), Chayka (2023)"

"Yaiika W. ©. MeTponorua mManocynbGUAHOTO XPOMUT-MNATUHOHOCHOTO FOPU30HTa UHTPY3UM Hopunbck-1 : aBToped. ANC. ... KaHf. reof.-mu-

Hepan. Hayk. HoBocmbumpck, 2023. 29 c.

" Chayka I. F. (2023). Petrology of the low-sulfide chromite-platiniferous horizon of the Norilsk-1 intrusion [Abstr. of PhD diss., Geol. and Miner.].

Novosibirsk, 29 p.

MECTOPOXKAEHUN MAarMaTUUYeCcKuin: cynbouiHoe opygae-
HeHre GoPMUPOBASIOCH MPU B3aMMOZENCTBUN Madu-
YeCKMX Marm C OCafloYHbIMW TOJILaMK, YTO MPUBENO
K JTOKasIbHOMY HacbILEHUIO PACMIaBOB Cepoii 1 obpa-
30BaHMI0 MACCMBHbIX 1 BKPArJIeHHbIX MefHO-HUKene-
BbIX pya (3onotapes u ap., 2006; VsouTtko n ap., 1973;
PasvH un gp. 1975; PygaweBckuin n ap., 1977; Pa6os,
1973). Tun opyaeHeHUs — marmatuyeckue cynbouga-
Hble MeAHO-HUKeneBble pyAbl C MAATUHOBbLIMK 3ne-
MeHTamu. Bmelyatowne nopogpl — Tpanmnosble TONLWM
1 0CailoYHble KOMMJIEKChI MePMO-TPMACOBOro Bo3pacTa
(okono 250 mnH net) (Tognesckuii, 1968).
ConocTaBneHne reonormyeckoro CTPOeHNa MecTo-
poxaeHnn Hopunbckoro u LLaHyuckoro pygHbix pau-
OHOB [AEMOHCTPUPYET MNPUHLMNNANBHO Pa3fInyHYIo
METaNIoreHNYecKyto Npupoay 3Tnx oobekToB. Hopusb-
CKMIN TN OTpa)<aeT rMyOuHHbIA MarMaTUUYecKuin cynb-
buaHbIA NpoLecc, NPUYPOYEHHbIN K HEOAKTMBM3aLUn
OKpaviHbl MAaTGOPMbl, e OCHOBHYIO POJib Urpanu
MIIOM-MarmaTnam 1 oboraiwjeHne 6asanbToBbIX Marm
cepon. WaHyycknin Tmn cBA3aH C aKKpPeLMOHHO-KOI-
NIN3VIOHHBIMY MpoLeccaMmn B YCJIOBUAX CybayKuuu,
rae BaXkKHyl0 poJib UrpatoT rmapoTepManbHble U TeKTOo-
HO-Marmatuueckme npoueccobl (Hypmyxamenos un gp.,
2023). Pa3nuuma B reogviHammyeckon 06CTAHOBKe
onpeaenvan He TONIbKO BO3PacT 1 mopdonoruio pya-
HbIX T€/, HO U 0COGEHHOCTN MUHEPAJSIbHOrO COCTaBa,
CTeneHb MeTacoMaTMYeCcKo nepepaboTKy 1 XxapaKkTep

rMaporeoXnMmMYeckmnx nposseHnin. MegHo-HrKenesble
MECTOPOXKAEHNA aKTUBHbBIX KOHTUHEHTAIbHbIX OKPaWH,
Kak nmpaBuio, GpopmmpytoTca No KOMOUHMPOBAHHOMY
MarMaTM4yecKo-rmapoTepMasnbHOMY MEXaHU3My, OTu-
yaroLlemyca OT K/TacCMYeCKoro MarmaTmyeckoro Cynb-
durgHoro TMna nnatpopMeHHbIX PaoHOB.
[eHeTNUeCKMe pas3nMumna CpaBHMBAEMbIX PYAHbIX
palioHOB OTpa)<aloT KOHTPACTHble YCNOBMA Marma-
Tnyeckon anddepeHumaunm n GIOUGHOMO pPeXxuma.
B Hopunbckom pygHOM paiioHe pynoobpasoBaHue
Nponcxoauno B pesynbTate BblaeneHua cynbouaHom
XKnakocTtn 13 6asanbtosbix marm, rae Ni v Cu KoHuUeH-
TpupoBanucb B cynbouaHon ¢asze (AnnoHoB v Ap.,
2005; OoanH v gp., 1988; Tognesckui, 1968; MuteHKoB
n gp. 1970). B llaHyyckom pyaHOM paiioHe pyfHble
Tena choOpMMPOBANUCH MPW yYyacTUM MarmMaTUYeCcKmx
N TMgpoTepManbHbIX MPOLIECCOB, rAe 3HauuTeNbHas
yacTb MeTaNIoB NnocTynana ¢ Bocxofawmmn niovaa-
MU, YTO NpUAaBano pyaamM NoBbILEHHYIO 30HaNIbHOCTb
N BapunabenbHOCTb cocTaBa’ (Tpyxun n gp., 2008,
2009). CpaBHUTENbHBIN aHaNM3 AaHHbIX, NPUBEAEHHDbIX
B Tabs. 1, MOKa3bIBAET K/OUYEBbIE PA3/INYMSA B YCITOBUAX
dOpMMpPOBaHUA, UCTOYHMKAX BeLecTBa 1 3BOJIIOLUN
pynoobpasytowyx cuctem Hopunbckoro u LLaHyyckoro

"Monetaes B. A. KamuaTckas NnaTMHOWAHO-HUKENEHOCHasA 30Ha —
reosnorvsi 1 PyaoHOCHOCTb : aBToped. AUC. ... KaHA. reon.-M1UHepan.
Hayk. M., 2004. 22 c.
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Tabnuuya 1

OCHOBHbIE pa3nuums B yCIoBUAX GOpMUPOBaHMA, UCTOUHUKAX BELECTBA M 3BOMIOLNN PyA006pasylowmx cucrem

Table 1. Key differences in formation conditions, matter sources, and evolution of ore-forming systems

B nojoLuBe Tpannos

Mpusnak MecTopoxaeHua Hopunbckoro pyaHoro painoHa MecTopoxaexua LLlanyuckoro pygHoro paiioHa
[eognHammnyeckas AkTnBmzauuna okpanHbl Cubupckoii nnatdpopmbl, AKKpeLOHHO-KONNN3NOHHbIE NPOLLeCChl B YCI0BUAX
06cTaHOBKa TPannoBblil MarMaTn3m (paHHuii Tpuac) CyOAYKUMIM KOHTUHEHTANbHON 1 OKeaHNYeCKoi NANT (30LieH)
[eHe3nc Marmatuyecknin Marmatuyeckuin
Tun pya Ni—Cu maccuBHble 1 BKpaneHHble, Ni—Cu cynbGuaHble B faiikax 1 LUITOKAX, MaCCUBHbIE,

BKpanJieHHble, 6p6KlWIBbIe, NPOXWJIKOBbIE

Bo3pact 250 mnH net

0xono 49 mnH net

pyZHbIX paioHOB. Pe3ynbTaTbl TaKOro CpaBHEHUA MOTYT
UMETb KaK TeopeTuyeckoe, Tak 1 NpuKNagHoe 3Have-
HUe ANA NPOrHo3a HUKENEHOCHbIX CTPYKTYP B Pa3HbIX
TEKTOHNYECKMX 0O6CTaHOBKaX.

Hopunbcknin paiioH npepctaensetr coboit npu-
Mep TPanmnoBOro marmaTu3ma, rge nogsemHbie BoAbl
bopmumpyloTCA B YCNIOBUAX BbIBETPUBAHUA cynboua-
HbIX PYAHbIX TN 1 B3auMOZENCTBUA NHGUNBLTPYIOLLEN
BNnarMm € WHTPY3UBHbIMWA MOPOAAMM, UYTO NPUBOAUT
K HakonneHuio B pacteope SO, n Fe** (3onoTapes
n ap., 2006; M3onTtko n ap., 1973; PasuH n gp., 1975).
lmaporeoxnMmmyeckas cuctema 3aechb ABNAETCA pe3yib-
TaTOM UHOUNBTPALMM aTMOCPEPHbIX 0CafiKOB U MX B3a-
MMOZENCTBUA C MPOAYKTaMM OKMCNEeHMA CynbOUaoB.
Boabl XapaKTepu3yloTcA MOBbILWEHHbIMM KOHLEHTpa-
umamm Hukens (oo 2 mr/n), mean (oo 1 mr/n) n xene3sa
(o 10-30 mr/n), 4To CBA3AHO C NPOLECCAMN OKMNCNEHNA
NUPPOTKHA 1 Xanbkonuputa (MuteHkoB 1 gp., 1970).

Ona Hopunbckoro pygHOro panoHa XapakTepHbl
noA3eMHble 1 MOBEPXHOCTHbIE BOAbI CynbpaTHO-XJ10-
PUAHOrO HaTpreBO-KanbLMEBOro CoCTaBa C KUC/IOW
unu cnabokncnon peakuymen cpegbl (pH 3-6). 3Tn
BOoAbl GOPMUPYIOTCA B 30HAX OKUCIEHUA CynbPUIHbIX
pya v BbllenayrBaHUA NOPOA TPanmnoBOro KOMMeKCa,
YTO MPVBOAMNT K HaKomeHuo B pacTeope SO,% n Fe3*
(AnnoHoB 1 gp., 2005; MupowHunkoBa, 2011; Wapanos
n ap. 2008). BoigenaoTca cnegyowme ruapoxmmmye-
cKkue ocobeHHOCTU Bof Hoprnbckoro pygHoro paroHa
(MupowHukosa, 2011):

— T1N BoAbl — CyNbdaTHO-XNOPULHBIA HAaTPUEBO-
KanbLMeBbIN;

— BbICOKMe KoHueHTpauun Ni (go 0,5-2,0 mr/n)
n Cu (go 1 mr/n) B 30He ApeHaxa pyaHbIX Ten;

— 3HauynTeslbHaA aHTPOMOreHHas Harpyska, ycu-
NMBaloLLasa BbIHOC METaIOB B MOBEPXHOCTHbIE CTOKMU.

Bnarofapa nepeuyncneHHbIM 0CO6EHHOCTAM Takue
BOAbl ABNAITCA Ba)KHbIM VMHAUKATOPOM PYAHbIX Ten
n 30H cynbouaHoro opyaeHenus (lognesckun, 1968;
MwupowHunkosa, 2011; CnupugoHos, 2010; Lapanos
n gp., 2008).

[npporeoxnMmmnyeckne ycnoBuA MeCTOPOXAEHUN
LLlaHyucKoro pygHoro pavioHa onpegenarTca ByIKaHo-
reHHO-TMAPOTEPManbHOM aKTUBHOCTbIO. [Mgporeoxmmu-
yeckas cMcTeMa parioHa TeCHO CBA3aHa C COBPEMEHHbIM
BYJIKQHVM3MOM 1 aKTUBHbIM TEMSIOBbIM MOTOKOM U 00y-
C/I0BJfIEHa BY/IKAHOreHHO-TMAPOTEPManbHbIMU NpoLec-
camu, rae 3HauYnUTesbHYI0 POfb UTPAOT MarMmaTuyecKkme
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Gnonapl, oboralleHHble NeTYyunMM KOMMOHeHTamu'
(TpyxuH n gp., 2009; Wapanos n ap., 2008). Bogbl uup-
KYJIMPYIOT NO TPELMHHbIM 30HaM 1 B3aUMOZENCTBYIOT
C MarmaTMyecK1umy NopoAamm, YTo CNocobCTBYET NOBbI-
weHHomy copepxaHuio ClI™ n F~ n noaeneHuio ycTon-
uMBbIX KoMMeKcHbIx coeguHenun Ni n Co B pactBope
(MupowHmkosa, 2011). Mog3emHble 1 MOBEPXHOCTHbIE
BOAbl OTNMYAOTCA MOBbLIWEHHOW MUHepanu3auunen
(go 3-5 r/gm3), XNOPULHO-CynbdaTHbIM COCTaBOM U Cla-
6okuncnon peakuyunen (pH 5-6) (Manamapb, 2018).
Boabl coaep)kaT MOBbIWEHHbIE KOHLIEHTPALUN HUKe-
na (0,3-0,5 mr/n), kKobanbra (0,2-0,3 mr/n), »kenesa
(no 5 mr/n) n ¢Topa (mo 2 mr/n). NpeobnagatoT xnopua-
HO-CynbdaTHble BOAbl C MOBbLIEHHBIM COAEPXKAHMEM
HaTpuA W KasbLUus, HacblleHHble GTOPOM, XJI0OPOM
N yrnekmcnoTton. [lnAa Bog XapakTepHbl MOBbIWEHHbIE
KoHueHTpauum CI°, SO4%, F~ 1 pacTBopeHHble rasbl (CO,,
H,S) (Manamapsb, 2018).

B 30He pyaHbix Ten oTtmevatotca aHomanum no Ni
(mo 0,3 mr/n), Co n Fe, a Takxe cneynduyeckme coot-
HoweHwua CI/SO,, yKkasblBalolme Ha yyacTe marmaTu-
yeckux GnonaoB B rMpporeoxXMMmyeckmx npoLeccax.
TemnepaTypa nofA3emMHbIX BOA B PyAHbIX 30HaX 34ecCb
Bbile (go 40-60 °C), uto cBUAETENLCTBYET 00 aKTUBHOM
BVAHUN TUAPOTEPMASIbHbIX UCTOYHUKOB (Manamapb,
2018).

Hanunune xnopugHbix 1 $pTOPUOHBIX MOHOB, a TaKXKe
BbicOKoe oTHowweHmne CI7/SO,%” yKasbiBaloT Ha yuacTue
MarmaTuyecknx GpnionaoB B r’MaporeoXnmmnyeckmx npo-
Leccax. 9T 0CO6eHHOCTY NOATBEPKAAIOT CBA3b PyLO-
06pa3oBaHMA ¢ yBUHHBIMK McTouHMKamu' (JoamH
n ap., 1988; MupowHunkosa, 2011).

Heobxogumo oTtmetutb, uto pygabl LlaHyuckoro
PYQHOro panoHa cofep»aT MeHblle Meau, Yem pyabl
Hopunbckoro. 9To 06bACHAETCS COOTHOLEHNEM HUKe-
nA 1 mean B cynbUAHbIX pyfax, Kotopoe ans Hopunb-
CKoro paroHa coctasnseT 1,2-0,2, a ana pya Lanyuycko-
ro pygHoro pavioHa — 3,4-6,4 (Manamapsb, 2018).

InAa KoOnnMYyeCcTBEHHOro CPaBHEHMA XMMUYECKOTO
COCTaBa W FeHeTMYecknx ocobeHHOCTEN MOA3eMHbIX
BOA [1BYX KOHTPACTHbIX HAKEIEHOCHbIX CUCTEM COCTaB-
neHa Tabn. 2, oTpakawowasa KouyeBble MapameTpbl,

' Monetaes B. A. KamuaTckas NnaTyHOWAHO-HUKENEHOCHaA 30Ha —
reosiorvs U pyooHOCHOCTb : aBToped. ANC. ... KaHA. reos.-M1UHeparn.
Hayk. M., 2004. 22 c.
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Tabnuya 2

OcHOBHbIe NapameTpbl, onpeAensioLme pasnuuns B TUNe BOA, COCTaBe aHOMaNUii U YCNOBUAX MX GOPMUPOBaHUA

Table 2. Basic parameters to determine differences in water type, anomaly composition, and formation conditions

lokasartennb Hopunbck Lanyy
} B XnopuaHo-cynbdatHble, ruapoTepManbHble
CocTaB Boj, CynbdatHo-xnopugaHble, cnabokucble (pH 3—6) (bH 5-6, T 110 60 °C)
MuHepanu3zauus, r/am’ 0,5-1,2 3-5
OCHOBHble aHMOHbI S0,2, (I -, 0.2, F
OCHOBHbIE KaTMOHbI Na~, Ca**, Mg** Na~, G@**

3J'IeM6HTbI-aHaJ'IVI3aT0pr

Ni (no 2 mr/n), Cu (no 1 mr/n),
Fe (10-30 mr/n)

Ni (0,3-0,5 mr/n), Co (0,2—0,3 mr/n),
Fe (no 5 mr/n), F~ (no 2 mr/n)

OKucneHne cynbOUAHbIX MUHEPasnoB

Bo3geiicTBue mMa TMaTOreHHO-TApPoTEPMAJIbHbIX

[eHe3uc aHomanui

B 30HE runepreHesa

Gnongos

[eoxumnyecknin WHANKaTop

Anomanuu 50,5, Fe**, Ni, Cu

Anomanuu CI7, F~, Ni, Co

OCHOBHOI NCTOYHMK MUHepanun3auumn

Okucnenne Cyﬂbd)VIﬂOB B TPannoBbIX TOJILL,AX

Marmatuyeckue u rmapoTepmaibHble d)J'IIOWJ,bI

Tabnuua 3

(BoINCTBa rMAPOXMMUYECKMX AaHOMANNI

Table 3. Hydrochemical anomaly properties

Mpu3Hak

Hopunbck

LaHyy

CocTaB Boj,

CynbdaTHO-xnopuaHble, cnabokucble

XnopuaHo-cynbdarHble, ruapoTepManbHble

OCHOBHbIe aHOManuK

Ni, Cu, SO, Fe**

Ni, Co, CI7, F

[eHe3unc aHomanui

OkmcneHve cynbopuaos

Bnuanue ruapotepmanbHbIx Gpnousos

YcnoBua GopmMmupoBaHnA aHoManuin

30Ha BbIBETPUBAHWA TPannoB

ByJ'IKaHOFEHHO-FVI)J,pOTepMaJ'Ibele ncTemMbl

onpepenaLe pasnnuma B TUMe BOf, COCTaBe aHo-
Manum 1 ycnoBusax nx GopmMmpoBaHus.

CpaBHUTENbHBIN aHanNn3 [aHHbIX, MPUBEAEHHbIX
B Tabn. 2, CBUAETENbCTBYET O 3HAUUTESIbHBIX PA3NINYKAX
B IMAPOreoXVMMYECKOM pPeXume ABYX WCCIegyemMbix
HUKENIEHOCHBIX CUCTEM, UTO OTPAXKAET UX FeHEeTUYEeCKYIo
1 reofvHaMuuyeckylo npupogy. [na nopgsemHbix Bof
Hopunbckoro palioHa XapaKTepHbl KucC/ble 1 ciabo-
Kucnole ycnosua (pH 3-6) u cynbdaTHO-XNOPULHLIN
cocTaB, 00yC/IOBNEHHbIN MpoLeccamyi OKUCIEHNA NpP-
POTVHa, MMPUTa 1 XaNbKONMPWTa B 30HE runepreHesa’
(JoawvH n gp., 1988; MupowHmkosa, 2011). ®opmmpo-
BaHMe BbICOKMX KOHLIEHTpauui noHos SO,>, Fe** n Ni
NPOUCXOAUT BCNIEACTBUE MHTEHCVBHOTO BbIBETPUBAHMA
cynbGUAHbIX MUHepanoB 1 KHOUNLTPaLMKM aTMOC-
depHbIX BOA B pyZHble TeNa, YTO OTpaxKaeT TUMUYHbIe
yCNoBMA AR TPANMoOBbIX MarMaTUYeCKNX KOMIMIEKCOB
Cunbunpckoit nnathopmbl’ (JoguH n ap., 1988; Mupolw-
HUKoBa, 2011).

B omnuume ot 3toro, Bopgbl LlaHyuckoro paiio-
Ha [OEeMOHCTPUPYIOT MOBbLILEHHYID MUHepanuM3aLluio
(no 3-5 r/am3) n XnopuaHo-cynbdaTHbIA TUN COCTaBa,
dbopmMmmpylOWNACA Nof BAUAHMEM BbICOKOTEMMEpa-
TYPHbIX MarmaToreHHO-ruapoTepManbHbiX GonaoB
(MupowHwukosa, 2011). Mpucytctere GTOPUAOB U XJ10-
PVAOB, @ TakKe YCTOMYMBbIE aHOMAaNUU MO HUKENIo,

KobanbTy 1 xenesy yKasblBaloT Ha ryO6uHHOe MaHTUI-
Hoe npoucxoxaeHue GaongoB 1 UX yyacTme B npouec-
cax py;loo6pa3oaaH|/|ﬂ1 (JopwvH n gp., 1988; NManamapb,
2018). 3T 0COO6EHHOCTN MOATBEPXKAAIOT, UTO XMMMYe-
CKMIA COCTaB Mof3eMHbix Bog LLaHyuya KoHTponupyet-
CcA COBPEeMeHHbIMM GIONAHO-TEMIOBLIMM MOTOKaMM
N CBA3aH C LMPKynAumMen rmapoTepmManbHbIX pacTBOPOB
B 30Hax TeKToHuM4Yeckon akTtmBm3auuu (Manamaps,
2018). Cneunduryeckne ruaporeoxvMmmyeckme Yycno-
BVA, OTPaKkatoLime BANAHNE MarMmaTuiyeckmnx ¢pnomaos,
NMO3BOMAIT MCMOMb30BaTb KOMMIEKC FeOXUMUYECKNX
n rupgporeoxmmmyeckux nHaukatopos (Ni, Co, CI7, F,
Fe®*) npu nporHose HOBbIX PyAHbIX 30H (JoanH u ap.,
1988; MunpowHurkoBa, 2011; Manamapsb, 2018; MNepenb-
MaH, 1966; MNonnkapnoykuH u gp., 1982).

B Hopunbckom pygHOM panioHe rugporeoxmmmye-
CKMe aHOManum HOCAT MMNepreHHbI XxapakTtep 1 ¢pop-
MUPYIOTCA B pe3yfnbraTe NOBEPXHOCTHOIO OKWUCNEeHMA
cynbduaHbIX MUHEPanoBs, Torga Kak B LlaHyue oHy nme-
0T SHAOTEHHYI0 NPUPOAY Y ONpeaensioTcA FyOrHHbI-
MU GoMAHBIMKY Npoueccamm (Tabn. 3).

"MoneTaes B. A. KamuaTckas NnaTMHOWAHO-HMKENEHOCHasA 30Ha —

reosnorvsi U PyaoHOCHOCTb : aBToped. AUC. ... KaHA. reon.-M1Hepan.
Hayk. M., 2004. 22 c.
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CocTaB MAPOreoXMMMYECKUX BOL OTpaxkaeT
He TONMbKO pa3nnume WCTOYHMKOB MUHEepanmsaumu,
HO © CTauio 3BONKOLMM PYAOHOCHOW CUCTEMbI —
OT NOCTMAarmMaTyeCcKoro OKNC/IEHWA B TPAMNMOBbIX KOM-
nfekcax Ao akTMBHOIO rapoTepMasibHOro ¢ponaoo6-
MeHa B aKKPEeLMOHHO-KOMMMN3MOHHbIX 30Hax' (JoauH
n gp., 1988; MNMonukapnoukuH u gp., 1982).

lnpporeoxnmmnyeckme ocobeHHOCTU CpaBHMBae-
MbIX HUKENEHOCHbIX PYAHbIX PaliOHOB XapaKTepu-
3yl0OT He TOJNIbKO YCNOBUA MMHepanoobpa3oBaHus,
HO 1 NocsieaytoLme NpoLeccol BbIBETPMBaHWA, MeTaco-
MaTo3a 1 BTOPUYHOWN MUFpaLum 311eMeHTOB. /3yyeHne
XMMNYECKOTrO COCTaBa MOA3EMHbIX M MOBEPXHOCTHbIX
BO/, B paliloHax HMKeNeHOCHbIX MECTOPOXAEHUN MO3BO-
NAET BbIABUTb 3aKOHOMEPHOCTU pacnpeneneHns aHo-
Manui no anemeHtam-uHgukatopam (Ni, Cu, Co, Fe,
S04%, CI°, F~ v op.) 1 onpeaenuTb UCTOUHUKM UX GOPMU-
posaHua' (loguH v ap., 1988; MonMKapnouknH v ap.,
1982). 3T 0COBEHHOCTY AeNatoT MM POreoXMMUYeCKUin
MeTo 3$PEKTUBHBIM NPY MOUCKAX HUKENIEHOCHbIX Ten
B BYJIKAHOTeHHbIX Komnnekcax (Manamapb, 2018).

MonyyeHHble AaHHble NO3BONAIOT paccMaTpuBaTb
rMAPOXUMMNYECKME MapaMeTpbl Kak MHPOPMATUBHbIE
NMOWCKOBbIE KpUTEPUWN: ANA NIAaTGOPMEHHbIX MPOBUH-
LMt — MOBbILWEHHbIE KoHUeHTpaLumn SO, Fe*™ u Cu,
a AnA BYNKAaHOreHHO-TMAPOTEPMabHbIX CUCTEM —
Hanuume aHomanuin no CI7, F7, Ni n Co, cBsizaHHbIX
C rnyOVHHBIM NOCTYMNNIeHeM METa/IOHOCHbIX ¢niou-
o8B! (JoanH un ap., 1988; MonnkapnoyknH n gp., 1982).

CpaBHUTENbHBIN aHaNM3 NPYBEAEHHbIX B TabnmLax
JaHHbIX MOKa3blBaeT, UTO pas3nuna mexgy MecTo-
poxgeHnamm Hopunbckoro un LaHyuckoro pygaHbix
palloHOB 06YCNOBNIEHbI rEOANHAMUNYECKAMUN 1 TEPMO-
XVIMUYECKMU YCNOBUAMU UX GOPMUPOBaHUA:

1. Hopunbcknn Tn oTpaxaeT npoueccbl runep-
FreHHOro BbIBETPMBAHUA W OKUCNIEHUA CynbGuaos,
UTO NPUBOAUT K 06Pa30BaHMI0 KUCIIbIX CyNbdaTHbIX BOZ,
n BbiHocy Ni, Cu n Fe** B pacteop.

2. lHaHyyckum TunN XxapakTepusyeTca yyacTuem
MarMaTUYecknx 1 rmagpotepmasnbHbiX ¢niongos, obo-
raweHHbIx CI7, F~ n netyunmmn KomnoHeHTamu, B pe3ysb-
TaTe yero GoOpMUpPYTCA XNTOPUAHO-CYNbdaTHbIe BOADI
¢ komnnekcamu Ni n Co.

3. Hannuue ycTtonumBbIX rmpporeoxmmmyeckmnx aHo-
Manuii B paroHe LLlaHyua yKa3biBaeT Ha ponb dnong-
HOW aKTUBHOCTM B NpoLeccax MeTanoakKyMynaLmm.

4. Tnpgporeoxmmmnyeckrie nokasaTenm MoryT Cny>KnTb
NMOWCKOBbBIMMW KPUTEPUAMW A5 BbIABNEHNA HUKENEHOC-
HbIX CTPYKTYp: Ans nnatGopMeHHbIX PaloHOB — 3TO
noBblleHHble KoHLeHTpauun SO,2 n Fe*', ana akkpe-
LUMOHHO-Konnm3noHHbix 30H — CI7, F~, Ni n Co.

leonornueckne, netporpaduueckne 1 ruaporeo-
XMMUYecKre AaHHble noaTeBepxdatoT, uto LllaHyuckas
cMcTeMa NpeacTaBiAeT CaMOCTOATENbHbIN KaMUYaTCKUINA
TUM HUKENEHOCHbIX MECTOPOXAEHWN, OTNMYaOWMIA-
€A OT TpannoBbiXx 0bbekToB CMOUPCKON nnatdopmbl
1 Tpebywwmin cneundryeckrx NogXonoB Npu reoso-
ro-noncKoBbIX paboTax. BbiABNEHHble pa3nnuuns cpas-
HMBaeMbIX PYAHbIX Y3/10B MOAYEPKMBAIOT 3HayeHune

' Monetaes B. A. KamuaTckas NnaTyHOWAHO-HUKENEHOCHaA 30Ha —
reonorvsi U PyaOHOCHOCTb : aBToped. AUC. ... KaHA. reon.-MuHepan.
Hayk. M., 2004. 22 c.
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rmaporeoxmmmnyeCcknx VICCJ'IELIOBaHVIIh KaK UHCTPYMEHTa
NPOrHo3a PyAHbIX 30H U PEKOHCTPYKUMK 3BOJTIOUUN
PYAOHOCHbIX ¢J'IIOVI,D.HbIX cncTtem B pas3nnyHbIX reogn-
HaMN4yeCKnx ycnoBunax.

3AKJTIOMEHUE

B pe3ynbTate nccnegoBaHui NonyyeHbl cnegyowme
BbIBOAbI:

1. MectopoxpaeHua Hopunbckoro n LlaHyuckoro
PYOHbIX PAaiOHOB OTHOCATCA K MarmMaTUYyecKum Cyfb-
buaHbBIM TUNaM, OAHAKO pa3NMyalTCsa Mo BO3pPacTy
N reofMHaMmnYeckum ycnouam GopmMmpoBaHus.

2. XMMUYeCKUn COCTaB MOA3eMHbIX BOJ CpaBHU-
BAaeMbIX PaliOHOB OTpakaeT pasfinume reHeTnyeckrx
WCTOYHUKOB MUHepanu3aumun: B8 Hopunbckom parioHe
OH ¢dopMMpyeTca NpeumyLecTBEHHO B pes3yJbraTe
okucneHua cynbduaHeix pya, B LaHyuckom — onpe-
[enseTca BO3AeNCTBMEM MarMaTnyecknx Gnonaos.

3. lupporeoxumunyeckme aHomanuum Hopunbcko-
ro PyAHOro pavoHa HOCAT TUMEePreHHbI Xapaktep
n GopmMmpyloTCA B pesynibTaTe NOBEPXHOCTHOrO OKMC-
neHus cynbdUAHbIX MUHEpPanoB, Torga Kak B LlaHyue
OHW UMEIOT SHIOreHHYl0 MpUpody W onpeaensaTcs
rny6UHHBIMU GNIOMAHBIMK NPOLLECcaMu.

4. B COBOKYMHOCTU reofiornyeckme, netporpaduye-
CKUe 1 rmaporeoxummyeckne faHHble NOATBEPXKAAIOT,
uTo LWaHyuckasa cnctema npeacTaBnAeT CaMoOCTOATENb-
HbI KAMYATCKUIA TUM HUKENIEHOCHBIX MECTOPOXAEHWI,
OTNINYALLMIACA OT TpannoBbiXx 06bekToB CHMOUPCKON
nnatdopmbl 1 Tpebytowmin cneynduyecknx NoaxoLos
Mpw reosoro-noncKoBbIX paboTax.

5. MonyyeHHble AaHHble NO3BOJIAKT PacCMaTpMBaTh
rmapoxummMyeckne napameTpbl Kak MHOOPMaTUBHblE
MOVCKOBbIE KPUTEPUU: Ast NMIATGOPMEHHBIX MPOBUH-
LMt — MOBbILWEHHbIE KoHUeHTpaumn SO, Fe*™ u Cu,
a AnA ByNKaHOreHHO-TMApPOTEPMAsbHbIX CUMCTEM —
Hannuue aHomanun no CI, F~, Ni u Co, cBA3aHHbIX C ry-
OUHHbIM NOCTYMNNIEHNEM META/IOHOCHBIX GNoNI0B.

Takmm 06pa3om, NonyyeHHble fJaHHble NpeacTaBna-
0T HAaYYHbIN MHTEPEeC 1 MOTYT YCMELHO UCMONb30BaTb-
CA NPU MPOTrHO3MPOBAHUMN 1 NPOBEAEHNMN TNLPOXUMU-
YeCcKrx MeTO0B MOMCKa HUKeNeBbIX pya.

CNMNCOK NCTOYHUKOB

AnnoHos B. C., 3onotapeB A. A. OCOGEHHOCTN XMMUYe-
CKOro coctaBa aMmdr60510B TanHaXCKoOro MegHO-HUKENeBOro
MecTopoxeHus (ceBepo-3anag Cnbmpckon nnatdopmbl) //
3anunckn Poccuinckoro mrHepanormnyeckoro obuiectsa. 2005.
T. 134, N2 4. C. 45-55.

lmpporeoxvMmmyeckne MeTofbl MOUCKOB PYAHbIX MeCTO-
poxaeHun / nop peg. B. B. NMonnkapnoukunHa, M. A. Yoonosa.
HoBocunbupck: Hayka, Cnb. ota-Hue, 1982. 199 c.

lfognesckun M. H. Marmatunyeckune mectopoxgeHus //
[eHe3nc sHJOreHHbIX PYAHbIX MeCcTopoXAeHun / nop peg.
B. N. CmupHoBa. M. : Hepgpa, 1968. C. 7-83.

Doawvn O. A., DoanHa T. C,, Kpasuos B. @. leHeTuyeckne
OCHOBbI MMHEPANIOrO-TEOXUMUYECKNX METOLOB MONCKOB Me-
CTOpOXAEHUI CynbOUAHOM MeiHO-HUKeneBol popmauun //
leoxumma 1 mrHepanorua pyaHbix dopmaumii Hoprnbckoro
parioHa / nog pea. O. A. oguHa, J1. T. Cyxosa. J1. : Hayka,
JleHuHrp. ota-Hue, 1988. C. 29-38.



D. S. Borodina et al. / Regional Geology and Metallogeny (2026) 33(1),117-126

3onoTapes A. A, AnnoHoB B. C. OcO6eHHOCTM XUMMYECKO-
ro coctasa cntof TanHaxcKoro NaaTMHONAHO-Me4HO-HUKene-
BOro MecTopoXaeHusi (ceBepo-3anag Cnbupckoi nnatdop-
Mbl) // 3anuckn Poccriickoro mrHepanormyeckoro obuiecTsa.
2006. T. 135, Ne 4. C. 48-65.

M3ownTko B. M., Banbcos J1. H. O6 accoumaumm apceHnaos
N aHTUMOHWJOB HUKeNA B pyAax TanHaxCckoro Mectopoxnie-
HWA // MnHepanbl 1 NapareHe3ncbl MMHePanoB PyAHbIX MeCcTo-
poxxgeHun / nog peg. N. M. TatapuHoBa. J1. : Hayka, JleHuHrp.
oTa-Hue, 1973. C. 31-38.

MwupouwHunkosa J1. K. Tugporeoxummyeckme npusHaku
N Kputepun cynbdGuaHoro opyaeHeHus // BectHuk UpkyT-
CKOro rocyjlapCcTBEHHOr0 TeXHUYECKoro yHusepcuteta. 2011.
Ne 3.C. 12-17.

Mutenkos . A., bygbko U. A., Muxannosa B. A., Kapnen-
koB A. M., WnwknH H. H. MegncTbin neHTNaHANT B pyAax
TanHaxckoro mectopoXkaeHus // 3anuckn Poccnmnckoro mu-
Hepanornyeckoro obuiectea. 1970. T. 99, N2 6. C. 721-725.

Hypmyxamegos A. I, Cngopos M. [1., Toyxun 0. . Mpowc-
XOXKAeHVe 1 CTPYKTYpHas no3unumsa KamuyaTtckoro cpeuHHo-
ro MaccvBa Mo AaHHbIM rTyOMHHbBIX Fe0N0ro-reopunsnyeckmx
nccnepgosaHui // Teopecypcbl. 2023. T. 25, N2 2. C. 254-270.
https://doi.org/10.18599/grs.2023.2.19

MNanamapb C. B. [ngpoxnmmnyeckne metoapl NOMCKOB Me-
CTOPOXAEHMIN HUKensa Ha KamuaTke // TopHbIi MHPopMaLm-
OHHO-aHaNUTNYECKII BlonneTeHb (HayYHO-TEXHNUYECKII XKyp-
Han). 2018. N2 S57. C. 142-147. https://doi.org/10.25018/0236-
1493-2018-12-57-142-147

MepenbmaH A. . Teoxumuna naHpwadTa. M. : Bbicw. WK,
1966. 392 c.

PazuH J1. B., Ay6akuHa J1. C., MewaHkunHa B. ., beru-
308 B. [l. bopulwaHcKMmMT — HOBbI NitomboapceHn nan-
nagua 13 MegHO-HUKeNeBbIX CyNbduAHbIX pysd TamHaXCcKoro
AnpdepeHUMpPOBaHHOIo UHTPY3MBa // 3anuckn Poccuickoro
MUHepanorunyeckoro obuecrsa. 1975. T. 104, Ne 1. C. 57-61.

Pynawesckun H. C., Mutenkos I A., Kapnexkos A. M.,
WunwkuH H. H. Cepebpocogepawmii neHtnaHanT Ag(Fe,
Ni)8S8 — camocToATeNbHbIN MUHEPANbHbLIA BUL apreHTo-
neHTNaHauUT // 3annckn Poccninckoro MnHepanornyeckoro
obuectea. 1977. T. 106, N2 6. C. 686-688.

Psa6os B. B. Cenvonutbl TaNnHAaXCKOro MegHO-HUKeNeBoro
MeCTOpPOXKAeHNA // 3annckn POCCNNCKOro M1Hepanornyecko-
ro obuwectea. 1973.T. 102, N2 6. C. 709-712.

CenanrmH O. b. K cpaBHUTENbHOWM NETPONOrnn NHTPY3N-
BOB CEBEPHOW 1 K0XKHOW 30H KaMYaTCKOWM HUKeNeHOCHO Npo-
BUHLMK. YacTb nepBasn // BecTHMK KamuaTcKoi pervoHanbHom
opraHu3aumm «YuebHo-HayuHbIl LeHTp». Cep.: Hayku o 3emne.
2014.T. 23, Ne 1. C. 168-185.

CnnpwngoHos 3. M. PygHo-marmatuyeckmne cuctembl Ho-
punbckoro pyaHoro nons // feonorua n reodmsmka. 2010.
T.51,N° 9. C. 1356-1378.

Crapocenbues B. C. Kak oTkpbiBanu TanHaxcko-OKTAGpb-
CcKoe MecTtopoxpgeHue // Teonorva n MMHepanbHO-CbipbeBble
pecypcbl Cnbupn. 2015. N2 4. C. 110-115.

TpyxuH 0. ., Crenanos B. A., Cugopos M. [l. Kamuatckaa
HVKeneHOoCHaA NnpoBuHUMA // Jloknagbl Akagemun Hayk. 2008.
T. 418, N2 6. C. 802-805.

TpyxuH 0. ., CrenaHos B. A., Cupgopos M. 1., KyHrypo-
Ba B. E. LLlaHyucKkoe MefjHO-HMKeNeBOe MeCTOPOXKAEHNE: Feo-
noro-reodursnyeckasn Mogesb, COCTaB 1 reoxumua pya // Pyabl
n metannbl. 2009. Ne 5. C. 75-81.

LLlapanos B. H., MNepeneuko 0. B., Mepeneuko J1. H., Pax-
meHKynoBa U. @. Mprpoaa MaHTUAHbBIX UCTOYHUKOB NepMO-
TpUacoBbIx Tpannos 3anagHo-Cubupckor nautbl 1 Cubup-
ckol nnatdopmsl // FTeonorna n reopusmka. 2008. T. 49, N 7.
C. 652-666.

REFERENCES

Aplonov V. S, Zolotarev A. A. (2005). Peculiarities of chem-
ical composition of amphiboles in Talnakh copper-nickel ore
field (north-west of Siberian platform). Proceedings of the Rus-
sian Mineralogical Society, 134(4), 45-55. (In Russ.).

Polikarpochkin V. V., Udodov P. A. (Eds.). (1982). Hydro-
geochemical methods of ore deposit prospecting. Novosibirsk:
Nauka, Siberian branch, 199 p. (In Russ.).

Godlevskiy M. N. (1968). Magmatic deposits. In V. I. Smirnov
(Ed.), Genesis of endogenous ore deposits (pp. 7-83). Moscow:
Nedra. (In Russ.).

Dodin D. A., Dodina T. S., Kravtsov V. F. (1988). Genetic
foundations of mineralogical and geochemical methods
of sulfide copper-nickel formation deposit prospecting.
In D. A. Dodin, L. G. Sukhov (Eds.), Geochemistry and miner-
alogy of ore formations of the Norilsk region (pp. 29-38). Len-
ingrad: Nauka, Leningrad branch. (In Russ.).

Zolotarev A. A., Aplonov V. C. (2006). Peculiarities in chem-
ical composition of micas of Talnakh platinum-bearing cop-
per-nickel ore deposit (north-west region of Siberian plat-
form). Proceedings of the Russian Mineralogical Society, 135(4),
48-65. (In Russ.).

Izoitko V. M., Vyalsov L. N. (1973). Association of nickel arse-
nides and antimonides in the Talnakh deposit ores. In P. M. Ta-
tarinov (Ed.), Minerals and paragenesis of ore deposit minerals
(pp. 31-38). Leningrad: Nauka, Leningrad branch. (In Russ.).

Miroshnikova L. (2011). Hydrogeochemical features and
criteria of sulfide mineralization. Proceedings of Irkutsk State
Technical University, (3), 12-17. (In Russ.).

Mitenkov G. A., Budko I. A., Mikhaylova V. A., Karpenk-
ov A. M,, Shishkin N. N. (1970). Copper pentlandite in the Tal-
nakh deposit ores. Proceedings of the Russian Mineralogical
Society, 99(6), 721-725. (In Russ.).

Nurmukhamedov A. G, Sidorov M. D., Trukhin Yu. P. (2023).
Origin and structural position of the Kamchatka medi-
an massif according to deep geological and geophysical
surveys. Georesursy, 25(2), 254-270. (In Russ.). https://doi.
org/10.18599/grs.2023.2.19

Palamar S. V. (2018). Hydrochemical methods of search-
ing for nickel deposits in Kamchatka. Mining Informational
and Analytical Bulletin (Scientific and Technical Journal), (S57),
142-147. (In Russ.). https://doi.org/10.25018/0236-1493-2018-
12-57-142-147

Perelman A. I. (1966). Geochemistry of the landscape. Mos-
cow: Vysshaya Shkola, 392 p. (In Russ.).

Razin L. V., Dubakina L. S., Meshchankina V. |., Begizov V. D.
(1975). Borishanskiite as a new palladium plumbarsenide
from copper-nickel sulfide ores of the Talnakh differentiat-
ed intrusive. Proceedings of the Russian Mineralogical Society,
104(1), 57-61. (In Russ.).

Rudashevskiy N. S., Mitenkov G. A., Karpenkov A. M., Shish-
kin N. N. (1977). Silver-bearing petlandite Ag(Fe, Ni)858 as an
independent mineral species of argentopetlandite. Proceedings
ofthe Russian Mineralogical Society, 106(6), 686—688. (In Russ.).

Ryabov V. V. (1973). Talnakh copper-nickel deposit sepio-
lites. Proceedings of the Russian Mineralogical Society, 102(6),
709-712. (In Russ.).

Selyangin O. B. (2014). Comparative petrology of intru-
sions in the northern and southern zones of the Kamchatka
nickel-bearing province. Part one. Bulletin of Kamchatka Re-
gional Association “Educational-Scientific Center” Earth Sciences,
23(1), 168-185. (In Russ.).

Spiridonov E. M. (2010). Ore-magmatic systems of the No-
ril'sk ore field. Russian Geology and Geophysics, 51(9), 1059-
1077. https://doi.org/10.1016/j.rgg.2010.08.011

Staroseltsev V. S. (2015). How the Talnakhskoye-Oktya-
brskoye deposit was discovered. Geology and Mineral Resourc-
es of Siberia, (4), 110-115. (In Russ.).

Trukhin Yu. P, Stepanov V. A., Sidorov M. D. (2008).
The Kamchatka nickel-bearing province. Doklady Earth Sciences,
419(1), 214-216. https://doi.org/10.1134/51028334X08020050

Trukhin Yu. P, Stepanov V. A., Sidorov M. D., Kunguro-
va V. E. (2009). Shanuch Cu-Ni deposit, its geological and
geophysical model, ore mineralogy and chemistries. Ores and
Metals, (5), 75-81. (In Russ.).

Sharapov V. N., Perepechko Yu. V., Perepechko L. N., Rakh-
menkulova I. F. (2008). Mantle sources of Permian-Triassic
Siberian traps (West Siberian Plate and Siberian craton). Rus-
ian Geology and Geophysics, 49(7), 492-502. (In Russ.).
https://doi.org/10.1016/j.rgg.2008.06.004

125


https://doi.org/10.18599/grs.2023.2.19
https://doi.org/10.18599/grs.2023.2.19

L. C. bopogwmHa v gp. / PernoHanbHas reonorus n metannorenms. 2026. T. 33, N° 1. C. 117-126

OuaHa CepreeBsHa bopoguHa
AcnupaHT

HayuHo-nccnepoBatenbCKmin reoTeEXHONOTNYECKNI LEHTP
JlanbHeBOCTOYHOrO oTAeneHNa POCCUNCKOM akaAemMnm HayK,
MNetponasnosck-Kamuatckumin, Poccna

https://orcid.org/0009-0000-7683-4384
WoS ResearcherID LIG-1480-2024
borodinakam@mail.ru

TaTbsiHa UBaHOBHa JlTapuoHoBa

KaHfupat reonoro-M1MHepanormyecknx Hayk,
3aBeayloWwmin Kapenpoi Hayk 0 3emne 1 ropHbIX HayK

HayuHo-uccnefoBatenbCKuii reoTeXHONOMYECKNA LLeHTP
JlanbHeBOCTOYHOrO oTAeneHNa POCCUINCKOM akaAemMnm HayK,
MeTponasnosck-Kamuatckni, Poccus

https://orcid.org/0009-0000-2582-7707
PVHL| SPIN-kop 7888-5353
sirius70@mail.ru

MNpwnHa BanepbeBHa JIntBuHoBa

Kangnpar reosioro-mrHepanornYecknx Hayk,
pyKoBoAUTENb HanpaBneHnAa

Buniolickas reonoropasBefoyHas sKcneanyms
AxuunoHepHon komnanum «AJIPOCA»,
Hosocnbupck, Poccus

https://orcid.org/0000-0002-0674-8728
WoS ResearcherlD AFG-7279-2022
PUHL, SPIN-kop 2595-6847
IVLitwinowa@yandex.ru

Diana S. Borodina
PhD student

Research Geotechnological Center,
Far Eastern Branch of Russian Academy of Sciences,
Petropavlovsk-Kamchatsky, Russia

https://orcid.org/0009-0000-7683-4384
WoS ResearcherID LIG-1480-2024
borodinakam@mail.ru

Tatyana l. Larionova

PhD (Geology and Mineralogy),
Head, Department of Earth and Mining Sciences

Research Geotechnological Center,
Far Eastern Branch of Russian Academy of Sciences,
Petropavlovsk-Kamchatsky, Russia

https://orcid.org/0009-0000-2582-7707
RSCI SPIN-code 7888-5353
sirius70@mail.ru

Irina V. Litvinova

PhD (Geology and Mineralogy),
Discipline Lead

Vilyuy Geological Exploration
Expedition of ALROSA,
Novosibirsk, Russia

https://orcid.org/0000-0002-0674-8728
WoS ResearcherlD AFG-7279-2022
RSCI SPIN-code 2595-6847
IVLitwinowa@yandex.ru

Bknap aBTOpOB: 50p0oduHa /]. C. — HamnncaHve YepHoBMKa pyKonucy, paboTta ¢ AaHHbIMU, aHaNM3 AaHHbIX.
Jlapuorosa T. V. — pyKOBOACTBO MCCE[OBaHMWA, NEPECMOTP U peAaKTUPOBaHMe PYKOMUCK.
JlumeuHosa Y. B. — nepecmoTp 1 pefakTupoBaHMe PYyKOMUCH.

KOH¢J’IIIIKT NHTEepecoB: aBTOPbI 3aABNAIOT 06 OTCYTCTBUN KOHd)HVIKTa NHTEepeCoB.

Contribution of the authors: Borodina D. S. — original draft, data curation, formal analysis.
Larionova T. I. — supervision, review and editing.
Litvinova I. V. — review and editing.

Conflict of interest: the authors declare no conflicts of interest.

Cratba noctynuna B pegakumnio 16.12.2025
OpobpeHa nocne peleHsnpoBaHusa 26.01.2026
MpuHAaTa K ny6nukauum 24.03.2026

126

Submitted 16.12.2025
Approved after reviewing 26.01.2026
Accepted for publication 24.03.2026


https://orcid.org/0009-0000-7683-4384
mailto:borodinakam@mail.ru
https://orcid.org/0009-0000-2582-7707
mailto:sirius70@mail.ru
https://orcid.org/0000-0002-0674-8728
mailto:IVLitwinowa@yandex.ru
https://orcid.org/0009-0000-7683-4384
mailto:borodinakam@mail.ru
https://orcid.org/0009-0000-2582-7707
mailto:sirius70@mail.ru
https://orcid.org/0000-0002-0674-8728
mailto:IVLitwinowa@yandex.ru



