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Muxaun KOpbeBuY POBHYLUKUH?

AKTYAALHOCTL MCCAEAOBAHMI OTIPEAEASIETCS HEOOXOAMMOCTLIO AETAALHOTO M3YHEHMs COCTaBa M M3MEHEHU CAMOPOAHOIO 30A0Ta B YCAOBUSIX TMMOr€H-
HO-TUMNEPreHHbIX NMPOLECCOB B rnpeaerax [yMeweBCckoro MeCTopoyKAeHMs. MeToAaMM MCCAGAOBAHMS SIBASIIOTCSI PEHTT€HOCMEKTPAALHDLI MUKPOAHaAN3,
pacTpoBast SA€KTPOHHAas1 MUKPOCKOMMUS.

LleAb MccAeAOBaHMA — MOAYYEHNE AAHHDLIX MO FPAHYAOMETPUYECKOMY, MOP(OAOTMHECKOMY U XMMUYECKOMY COCTaBy CAMOPOAHOIO 30A0TA AASl BbISIBAE-
HUS1 BEPTUKAALHOM 30HAALHOCTU B €r0 PACNPEAGAEHUM B MPEAEAAX BEPXHEN YaCTM MECTOPOXKAEHMSI.

Pe3yALTaTnl nccaeaoBaHm#. [IPOBEAEHO M3yHeHME CAMOPOAHOTO 30A0TA M3 PLIXALIX OOPA30BaHM pyAOHOCHOTO KapcTa (Cu, Au) u apruaansmtos lyme-
LIE€BCKOTrO MEAHOCKAPHOBOTO MecTopokaeHus (CpeaHuii Ypaa). Paccmarpumsarotcs Bapuaumy rpaHyAOMETPUYECKOTo, MOP(OAOTMYECKOTO 1 XMMUYECKOro
COCTaBa 30A0TA HA PA3HLIX YPOBHSIX AYOUHHOCTM OMPOBOBAHHOTO Paspesa MPOAYKTMBHOM PYAHOM 30HLI. BLISIBAEHDI MPU3HAKM BEPTUKAALHOM 30HAAL-
HOCTU B pacrpeAeA€HMM 30A0Ta MO rPaHYyAOMETPUHECKOMY U XMMUYECKOMY COCTaBaM, a TaKkXKe B COOTHOWEHMM OCHOBHLIX ero Mopdotunos. [NokasaHo,
4TO MpY OBwWweM MPEOOAAAAHUM HA BCEX YPOBHSIX MEAKOTO M TOHKOTO 30A0Ta (< 0,15 MM) C rAyOMHOV BO3PACTAET CPEAHSISl KPYMHOCTL YAaCTULL 30A0TA.
Habaioaaetcsi cymecTBeHHbIN pasépoc npobHocTv — oT 591 %o A0 > 980 %o, Npy 5ToM GOAbLIAsT HaCTb 30A0TA OTHOCUTCST K BLICOKOMPOGHOMY, & HU3KO-
NMPOGHOE 30A0TO M SAEKTPYMBI BCTPEYEHBI TOALKO B BEPXHEN 4acTi paspesa (A0 35 m). 1o COOTHOWEHMIO YKa3aHHBIX MPUMECEN B COCTABE MUHEPAAA
BBLIAEASIIOTCST TPU TEOXMMUHYECKMX TUMA CAMOPOAHOTO 30A0Ta: 30A0TO-CePEBPSIHbINA, 30A0TO-CePeBPO-MEAHDIN U 30A0TO-MeAHLIN. HanBoAbluei Yactotomn
BCTPEYAEMOCTM HA MECTOPOXKAEHUM XapakTepusyetcst Au—Ag—Cu Tur, coctaeasiownin ot 47 % B BEPXHEN 4acTu PyAHOI 30HLI A0 70 % Ha raybuHax 6o-
Aee 50 M. Yucrsie Au—Cu MPUPOAHLIE CMAABLI BCTPEHAIOTCS CYLIECTBEHHO PEXKE, COCTaBAsisl He 6oaee 5 % . OT 25 A0 51 % npuxoantcst Ha Au—Ag CrAaBbI.
BLIBOABI: BbIAA€HDI MOP(POAOTMYECKME M TEOXMMUYECKME TUTbI 30A0Ta, MOAYYEH AAHHLIE MO UX PACMPEAGAEHMIO B Pa3Pe3e MECTOPOXKAEHMSL.

KaroueBbie croBa: Cpeannii Ypaa, [ymeleBckoe MECTOPOYKAEHME, KOPa BLIBETPMBAHMS, aPTUAAMBUTDLI, 30A0TO, FPAHYAOMETPUYECKMII COCTaB, MOPCOAO-
rvisi, MpoBa, SAEMEHTLI-NPYMECH, BEPTUKAALHASI 30HAALHOCTD.

BEAEHNE
[ymenieBckoe MeTHOPYLHOE MECTOPOXK/IEHNE, U3YUeH e I Pa3paboTKa KOTOPOTO HACUNTHIBAET OojIee [BYX ThI-
CAY JIET, SAB/IAETCS TeOJIOTMYeCKUM U MCTOPUYECKUM CHMBOJIOM Ypaa, CBOeOOpasHbIM MaMATHUKOM TOPHOTO fiefa
B HAllleM PeToHe. MeHANICh NpefiCTaBIeHNA O TeHe3Uce U TUIIAX PYJl MeCTOPOX/IeHWs, CIIOCOObI TOOBIYY METHOI PY/bI, TeX-
HOJIOTMYeCKJe CXeMBI IlepepaboTKH Py, OGHAKO OHO JIO CUX IIpUBJIeKaeT BHMMAaHMe MCCIefoBaTesell ¥ IPOMBIIIICHHIKOB. B
HacTosAllee BpeMsA, HeCMOTPs Ha 00VJIVe JaHHBIX 110 30/I0TOHOCHOCTY TaK Ha3bIBaeMBIX «Me[VICTBIX IINH» (OKVIC/ICHHBIE PYHIbI)
U IePBUYHBIX JKe/e30-MeHBIX CKaPHOBBIX Py, pPa3paboTKa BepXHeil YacTy MeCTOPOX/EeHIsI, OCYIeCTB/IsIeMast CIOCOOO0M 107~
3€MHOTO BbIIIe/TAYMBAHNsA, OPMEHTHPOBAHA VICK/IIOYUTE/ILHO Ha Mefib.

ITepBble CBefleHNS O 30I0TOHOCHOCTH Py, MOSABUIINCH JOCTATOYHO AaBHO [1]. VIsBecTHO Takske 1 TO, 4TO BOIM3U MECTOPO-
XKJIeHVA B pajiiryce oKosio 10 KM B pa3Hble TOJIbI ObIIM BBIABIIEHBI M OTYACTY paspabaThIBaINCh MEJIKIE POCCHIITN 30/10Ta. 30/I0TO
B HIX OBUIO IIPEUMYILeCTBEHHO CIab0- 1 CpefHeOKaTaHHOE, YTO CBUICTE/IbCTBOBAJIO O CPABHUTEIBHO OJIVI3KOM PACIIONIOKEHUI
KOPEHHBIX ICTOYHUKOB. AHA/IN3 FeOIOIMYeCKOll CUTYAIUN M 0COOEHHOCTE KaK PYJHOTO, TAK U POCCBHIITHOTO 307I0Ta II03BOJLACT
YTBEp>K/IaTh, YTO PYyABI [YMEIIeBCKOTO MECTOPOXK/EHIsI TaK)Ke NPUHUMA/IM yIacTue B 06pasoBaHmMu poccsiieit [ToneBckoro
paitoHa.

[yMenieBckoe MeCTOPOXKEHME, OTHOCKMOE B HACTOsIIIee BpeMsl K CKApHOBO-MeHO-IIOpupoBoMy Ty [2-7], mokanu-
3yeTcsl Ha KOHTaKTe MHTPYSMBHBIX M KapOOHATHBIX IIOPOJ] /IeBOHA ¥ IMIPUYPOUYEHO K a/UVIOXTOHHOI YacTM CABUTO-HAJIBUTA B
30He KPYIIHOI'O Pa3jioMa, Ifie IIPOSABICHbI MeTacOMaTIYeCKyle IIPOLeCChl: CKapHIPOBaHue, IIPOIMINTIA3ALNA, OepesuTu3anys
u aprwymsanu [8, 9]. MemucTble IIMHBI BOSHMK/IY IIPY ITOC/IEAYIOLeM BbIBETPUBAHNM IIEPBUYHBIX CKAPHOBBIX PYJ, UX IIepe-
MEIeHN) U HAKOIUIEHU! [IMHMUCTOTO MaTepuaja B 30He ITyOOKOTo Me30301CKOro Kapcra [9]. Menbconepxalie TIMHICTbIE
HOPOZIbI 30/I0TOHOCHBI.

ITpu n3ydennu KepHa cKBaKuH reomoramu Ypanbckoit ITIIT OAO «YTCO» (B ToM 4nmcre aBropamu cratbhy) B 1990-x IT.
Obl/Ia YCTAaHOBJIEHA CBA3b 0/1aTOPOJHOMETAJIBHON MMHEpaIM3aluy ¢ MMPUTU3UPOBAHHBIMYU apriwymsutamu [10, 11], Hamo-
JKEHHBIMI Ha «MEIMCTbIE I/IMHBI», YTO ITO3BOJIMJIO PACCMATpPUBATh OPYAEHEeHNEe B paHTe CAaMOCTOATE/TbHOTO TUIIOTeHHO-THIIep-
TeHHOTO Te0/Ioro-IpoMbInUIeHHOro Tnma [12]. ITo pe3ynpraraM aTOMHO-a0COPOLIMOHHOTO ¥ IPOOVPHOTO aHAIM30B MOBBILIEH-
Hble COfIep>KaHMA 30/I0Ta XapaKTepU3YIOT YIaCTKM Hanbosiee MHTEHCHBHOTO PAa3BUTILA CYIbPUIHOI (IIPeUMYIeCTBEeHHO UpPU-
TOBOIT) MIHEpaTN3aLyi, IpudeM cBOOOIHOE 30/I0TO cOCTaBysieT 1o 10-15 %.

[paHyAromeTprueckuii cocrtas 30A0Ta

CaMopofHOe 307I0TO, BBIfie/leHHOE ITPU IIPOMBIBKE ITPO6O MEVICTIX ITINH, OTBeYaeT MEKIM J TOHKVMM KJTaccaM KPYITHOCTH
¥ XapaKTepM3yeTcsA B LielIOM C/1ab0Jl M3MEHYMBOCTBIO IPaHy/IOMeTPUYeCcKOro coctasa (Tabn. 1, puc. 1).

Bo Bcex mHTepBajax IIyOMH IIpeodraaeT 3010TO KPymHOCTbIO +0,05-0,1 MM, cocrasidiomee oT 63,6 1o 42,3 % u pac-
pefiesiioleecst B BEPTUKATBHOM pa3pese BHelllHe He3akoHOMepHO (Tabr. 1). Tornkoe 3omoto (-0,05 Mm) coctasisieT ot 3,8 1o
oyt 35 %, mpuueM obIjee KOMMIECTBO €ro CYI[eCTBEHHO BbIIIE B BEPXHEl YacTH pa3pesa IMPOAYKTUBHOI 30HBL. B mpoTuso-
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Tabnuua 1. lpaHynomeTpuyeckuin coctas 3050Ta B MeAUCTLIX rMuHax MymelueBckoro Mmectopoxaenus, %.
Table 1. Granulometric composition of gold in cupric clays of the Gumeshevskoye deposit, %.

dpakuum KpynHoCTU, MM

my6uHa otbopa, m KonnyecTtBo 3epeH
<0,05 0,05-0,1 0,1-0,15 0,15-0,25 > 0,25 CpegHee, Mm
4-6 38 26,3 63,3 2,6 7,82 - 0,071
16-27 29 34,5 58,6 6,9 - - 0,061
28-40 22 27,3 63,6 9,1 - - 0,066
69-73 26 3,8 42,3 34,6 11,4 - 0,098
122 32 6,3 50,0 25,0 16,7 - 0,072
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PucyHok 1. CoBmelleHHble rpadMKu rpaHyfioMeTpUYeCKOro coctaBa 30/10Ta Ha pPasfuyHbIX rMy6uMHax pa3BUTUA rMNOreHHo-TUneprex-
HOW MMHepanu3auuu lNymelleBckoro mectopoxaeHus. Cnpasa — nHTepBansl rybuHbl onpoboBaHNs B MeTpax.

Figure 1. Combined graphs of the granulometric composition of gold at various depths of development of hypogene-supergene mineraliza-
tion of the Gumeshevskoye deposit. To the right — intervals of depth of sampling in meters.

Tabnuua 2. U3sMeHYMBOCTb rpaHyrIOMEeTPUYECKOro cocTaBa 30510Ta B BePTUKaNbHOM pa3pese apruniniM3uTtoB No ckBaxuHe M1-4321.
Table 2. Variability of the granulometric composition of gold in the vertical section of argillizites based on well P-4321.

Knaccbl pasmepHOCTM YacTuLl, Mm

my6uHa, m CpegHuii pasmep, MM
-0,1 +0,1-0,15 +0,15-0,25 +0,25-0,35 —-0,35-0,45
20-27 93 7,0 0 0 0 0,055
36-44 91 9,0 0 0 0 0,057
46-49 66,7 16,7 0 0 16,7 0,065
69-73 50,0 30,8 7,7 3,8 7,7 0,139

IIOJIOKHOCTb €My MEHSAETCs YaCTOTa BCTPEYAEMOCTHU 30/10Ta pasMepHOCThI0 0,1-0,15 MM, 01 KOTOPOTO JOCTATOYHO PE3KO
BO3pacTaeT ¢ IIyOMHOI, cocTaBAA Imybixe 60 M 6oree 25 %.

OO61mnit BepTUKAIBHBI pa3Max MUHEPAIN30BAHHON 307I0TOHOCHOI TOJIYM U MEAMCTBIX IJIMH COCTAaB/sIeT He MeHee 100
M. OfHaKO CIefyeT OTMETUTD, YTO 3TM [JAHHBIE, IOJIyYeHHbIe Ha PaHHel CTafuy U3yIeHNs], OTPAXKAIOT JIUIIb OOIIYI0 KapTUHY
M3MEHUYMBOCTY TPAHY/IOMETPUIECKOTO COCTaBa 30JI0Ta, IIOCKO/IbKY B BBIOOPKY BKJIIOYEH MaTepuasl 13 HECKOIbKUX CKBAXKVH,
IIpOOYPEHHBIX K TOMY >Ke Ha pasHBIX, XOTA ¥ CONMVDKEHHBIX (COCeTHMX) IPOPULIX.

Jlist monmydeHust 6ojiee KOPPEKTHON MO/ 1 JIYYIIEro COMOCTAB/IEH ST BAPMALIMIT KPYITHOCTY CBOOOJHOTO 30/10Ta C OTHO-
CUTEIBHOI [TyOUHOIT pacIpoCcTpaHeHus 6/1ar0OpoJHOMETa/UIbHOI MUHepaIu3aluy 6bp1a BIOpaHa ofHa U3 Hanbosee IPOLYK-
TUBHBIX IIpefCcTaBUTeNbHBIX CKBXXMH ([1-4321) B 1leHTpambHOI YaCTH MECTOPOXK/IEHNsT, BCKPBIBIIIAS paspe3 aprijUIM3upOBaH-
HOJ! 30/I0TOHOCHOJI KOPBI BBIBETPMBAHIsI MOLIHOCTBIO 0KO/IO 75 M. IIpencraBieHHble B TaO/l. 2 HaHHbIE OTPAXKAIOT XapaKkTep
M3MEHEHNs PasMepHOCTH 30/I0Ta B IIpefiefIax MIPeJIIoIaraeMoro efMHNYHOrO0 KPyTONAafaloIero PyAHOTro CToI0a, COeAMHAIOLIe-
rocs Ha pry6uHax 100 M 1 6071ee ¢ KOPEHHBIMY 30JI0TOCOfIeP>KAIVIMI CYIbGHBIMUA PYAaMU.

PacdeThl MOKa3bIBAIOT HAIpaB/IeHHOE (CBEPXY-BHU3 10 BEPTUKA/IV) YBe/IMYEeHNE CpefHell KpynHocTHy 3010Ta oT 0,055 1o
0,139 MM, OTpezensieMoit, C OFHOI CTOPOHBI, CHIDKEHIEM KOMNYecTBa 3epeH TOHKOI ¢pakuun (< 0,1 Mm), a ¢ APYTON — YBeNNn-
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PucyHok 2. Mopdonormyeckue Tunbl 3010Ta U3 aprunnmn3nToB PasHbIX FMyGUHHbIX ypoBHen N'yMellueBCKoro MectopoxaeHus (cks. M1-4318).
Figure 2. Morphological types of gold from argillizite from different depths of the Gumeshevskoye deposit (well 1-4318).

YeHJeM KoudecTBa 60Jee KPYIHBIX 110 pa3Mepy 30JI0THH B HIDKHeIT 9acTU paspesa apriUIM3UTOB. AHATOTMYHble Bapyaluy
OTMeYaJIUCh I Ha APYTUX MeCTOPOXK/ICHUAX MOJOOHOro TnIa Kak Ha Ypae [11, 13], Tak u 3a pybexxom [2, 14-16, 11].

Mopdorormyeckue 0co6EHHOCTM 30A0Ta

Mopddonorndyeckn caMOpOZHOE 30/I0TO JOCTATOYHO PA3HOOOPA3HO MIPY MPUMEPHO PABHOM COOTHOIICHNN YEeThIPEX ITIaB-
HbIX MOpdoTumos (Tabm. 3, puc. 2): 1) xopoio orpaneHHble (KpuctanioMopdHbie) Boigenenus (14,7-44,8 %); 2) KOMKOBUHBIE
IIPOCTBIE I CTIOXKHBIE (OTPOCTKOBBIE) GOpMBL (9-21 %); 3) yIutolieHHbIe (TabIUTYaThIe, IVIACTHMHYATHIE U YelllyiidaThle) YacTHUIIbI
(26-45 %); 4) ynHeHHBIe (IIPOBOIOKO-, OPYCKO-, KPIOUKOBUIHBIE (POPMBI), IeHAPUTHI U HeHApUTONAHI (5,2-25,8 %).

B 1efoM 1syueHHOE 30710TO XapaKTepPU3YeTCsl MPEUMYIeCTBEHHO PAacIpOCTPAaHEHHOCTHI0 XOpoo (uanoMopdHbie) u1
YaCTMYHO OrPAaHEHHBIX (reMyANoMOp¢HbIe) YaCTHULI, O YeM CBUJIETE/bCTBYET BIiepBble pentaraeMplit Hamu «Koaddurient kpu-
CTAJUIOMOP(HOCTI», OTPAXKAIOIINIT TOJII0 YacTUL] MUHepasa (B HallleM CIy4dae — 30JI0T0) C IOJIHOI WM He MeHee 4eM 50 %-Hoil
IPUPOJHOI OTPAHKOI, pacCUUTBIBAEMBIIT 110 (HOpMYJIe

K, = Y(xpucramnomopdnoe + remupnomopduoe)/100.

YacroTa BCTPe4aeMOCTH BBIJIeIAEMBIX MOP(QOTUIIOB 30/I0THH C ITyOMHON M3MeHAeTCSA BOIHOOOpasHo (Tabi. 3, puc. 3),
VICK/TIOYasl KOMKOBUJIHbIE 3€PHA, MO KOTOPBIX II0 BEPTUKAIN JOBOJIBHO PaBHOMEPHO CHIDKaeTCA € 21 % y MOBEpXHOCTH JI0
9 % Ha rny6uHe 60ee 100 M.

Takoit XxapakTep pacupefe/neHNs 30JI0TUH Pa3IMYHOro 00/IMKa B paspe3e, OYeBMIHO, CBA3aH C M3MEHEHMEM Pa3MepoB U
MOpdoIorny MUKpOTpemuH (BKII0YasA TPEIVHbI CIAIHOCTY B MUHepajle-X03A1He), IIOp ¥ MeX3ePHOBOI'O IIPOCTPAHCTBA B IIO-
pofax B MOMEHT KPUCTA/IM3aLUI B HUX CAMOPOZIHOTO 30710Ta. [locnennee, Ha Hall B3I/IAJ, HAIZIAGHO IEMOHCTPUPYET KpUBasd
M3MeHEHNs OTHOLIEHN S YIUTOLIeHHBIX 17T 1 M30MeTpu4HO-KOMKOBAThIX KM 30/10THH 110 Mepe yBe/MyeH s [TyO1HBI 3a/IeraHs
30JI0TOV MMHepanu3alyiu: Ha rry6nHax 6omee 80 M, OHO Bo3pacTaeT 60Jiee 4eM BIBOE — B I10/Ib3Y YIUIOLEHHbIX YaCTULI, TATOTe-
IOIIMX K TOHKOMY TPeILlMHHOMY IPOCTPAHCTBY I MeK3€PHOBBIM IpaHuiaM (puc. 3).

CrefryeT OTMETUTD, YTO HEKOTOPBIM 30/I0TMHAM CBOJCTBEHHA OKPYIJIEHHOCTb OYepTaHMil, CBA3aHHAs, BO3SMOXKHO, C PacTBO-
peHIeM B 30He rurepreHesa. Ha nx moBepXHOCTI 4acTO OTMEYAIOTCs IyOUaThie, IVIEHOUHbIE Y KAIUIeBI/JHbIe HApaCTaHVs KHOBOTO»
30710Ta, TPAAUIIMOHHO CYMTAIOLIETOCs IPU3HAKOM TMIIEPIeHHOrO IIpeobpa3oBaHyiA IepBUYHON MyHepanmusaunu [4, 10, 13].

XUMMYECKNI COCTaB CAMOPOAHOIO 30A0Ta

XUMMYecKUiT COCTaB 30/10Ta U3yJajIcsA HAMIU U APYTMMU UCCIefoBaTeNAMI [5, 6, 17] ¢ MCHO/MIb30BaHUEM Pa3IMYHbBIX Me-
TOJIOB aHA/IN3a, HO [IO/Ty4eHHbIe Pe3y/IbTaThl OKa3amuch cxofHbMIL. [IpeobanaeT BICOKOIIPOOHOE 30710TO [4, 11, 13, 14], X014
B ILIJIOM Bapuaumy NpoOHOCTY BecbMa 3Ha4MTeNbHble — OT 591 10 997. OCHOBHBIMU IIPUMECHBIMM KOMIIOHEHTaMI BO BCEX
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Tabnuua 3. Mopdonornyeckue TMnbl 30M10TUH U UX PAacNPOCTPAHEHHOCTb B BEPTUKanbHOM pa3pe3e KOpbl BbIBETPUBAHUA.
Table 3. Morphological types of gold grains and their prevalence in the vertical section of the weathering crust.

MopdoTunbl 30MOTUH 1 NX KONNYECTBO, OTH. %

WHTepBan
rnyGuHbl, M NavomopdHele  KomkoBuaHble Dﬂiﬂ;‘;::::: Mpouve dopmel N Ke Mn/Km
0-20 254 21,0 45,6 23,6 54,4 0,80 2,17
2040 36,7 13,5 25,8 23,90 38,7 0,76 1,91
40-60 44,8 17,2 32,8 52 39,7 0,84 1,91
60-80 19,4 16,1 38,8 25,8 58,1 0,77 2,26
80-100 HeT aaHHbIX
100-120 14,7 8,8 441 32,4 55,9 0,7 5,01
140-150 29,0 9,0 32,0 29,0 26,0 0,55 3,60

Mpumedanus: TN — remmanoMopdHble YacTuubl, KKp — KO3hPULMEHT KpucTannomopgHocTu 3onoTuH, MNn/Km — COOTHOLLEHWNE YNMOLWEHHBIX U
KOMKOBMAHBIX (YCIIOBHO M30OMETPUYHBIX) 3€PEH.

3 F — Ko
Mn/Km

0-20 20-40 4060 60-80 100-120 140-150
PucyHok 3. KpuBble nuameHeHus ¢ rny6uHon koadpcuumeHTa KpuctannomopgHocTH KKp M OTHOLUEHUS MJTaCTUHYATbIX U KOMKOBUAHbIX
copm 3onoTuH Mn/Km.

Figure 3. Curves of variation with depth of the crystallomorphism coefficient K and the ratio of the plate and clumpy forms of gold,
plate/clumpy.

U3Y4eHHBIX 30/I0THHAX SIB/LIIOTCS cepebpo (3,4-17,1 Bec. %) u meab (0,1-3 Bec. %). Pexxe ormevaercs mpumecs prytu (0,03-6,9
Bec. %), MBILIbSIK (70 0, 1 Bec. %), a B eAMHIYHBIX 3epHAX B MaJIbIX KO/MMYecTBax Obutn ycraHoseHs! Te, Pd, Pt. IIpumevarenbHo,
YTO HM3KOIIPOOHOE 30/I0TO 1 SMEKTPYMbI BBIABJIEHBI TOIBKO B BEPXHMX FOPM3OHTAX KOPBI BbIBeTpMUBaHus (5-35 M), Iie OHU
Ja)ke IIpeoOIafjaloT. YCTaHOB/ICHO TaK)Ke, YTO IIPUMeCh MMl B CAMOPOJHOM 30710Te (0COOEHHO BBICOKIE €e CONep)KaH) Xa-
paKTepHa MCK/IIOYNUTE/IBHO JIA YYaCTKOB PasBUTIA OOraThIX «MEAMCTBIX IIMH» [12].

ITepBsle maHHBIE O COCTaBe 30710Ta (Ta6/I. 4) 6BUIN IOy IeHbl HaMU B 1999 I. METOOM PEHTIEHOCIIEKTPAIbHOIO MIKPOAHa-
mm3a (Cameca; ananmutuk B. H. OconoBckux) Ayt sty 30M0THH u3 cKB. [1-4321 (nnTepBan roy6uH 36-40 m).

YacTugs! 30moTa umenu pasmep 0,15-0,25 MM, pOpMY IIACTMHYATHIX TeKCATOHAIBHBIX KPUCTANIOB (3epHa 1, 2, 4; Tabi. 4) u
KOMKOBIIHO-YITIOBAaTyIo (3epHa 3 1 5). KpoMe 307m0Ta B MiHeparie onpenersiiocs cogepxanue mpumeceit Ag, Cu, Hg, Pd, As, Te.
VI3y4eHHOE 30/10TO XapaKTepu3yeTcsl yMepeHHO BBICOKOIT IIPOOOIL, OIpefiensieMoil B OCHOBHOM cofiepxkaHueM cepebpa. ITocro-
AHHBIMJ IPUMECSAMM B MUHEpaJie ABIAIOTCA TaKXXe Melb ¥ MBIIIbAK, 9YTO CTA/I0 HEOXKUIAHHBIM C YY€TOM TOTO, 9YTO U3y4a/lInCh
BHYTPEHHME YaCTH 30/I0TVH. B KOMKOBMIHBIX YaCTUIIAX YCTAHOB/IEHA IIPUMECH TeJIIypa.

VccnenoBaHye M3MEHIMBOCTI COCTABa 0 paspesy Mo3Ke OBUIO MPOJO/DKEHO ¢ IPUB/IeYeHNEM CKaHIPYIOLIETO 9/IEKTPOH-
HOTO MUKPOCKOIIA C MUKPO30H/IOBOII IIPUCTAaBKOIL. 3aMepbl IPON3BOANINCH Ha TOBEPXHOCTU 30/I0TUH, U YCTONYMBO BBICOKAS
IPOOHOCTD 30710Ta, BEPOsITHEE BCETO, CBA3aHA C 0Opa3oBaHyeM Ha 30/I0TMHAX BBICOKOIIPOOHOII KajiMbl, TaK KaK 30HAMPOBaHIE
IIOBEPXHOCTM YaCTHL] He BBIABI/IO TUIIEPIeHHBIX HapaCTaHNIT «HOBOTO 30/10Ta», OOBIYHO BeChbMa YMCTOrO 110 COCTABY.

Ta6nuua 4. XuMnyeckmi coctaB caMopogHoro 3onota u3 ckB. 1-4321 (rny6uHa 36—40 m).
Table 4. The chemical composition of free gold from the well 1-4321 (depth 36—-40 m).

CopepxaHue anemeHToB, mac. %

Homep 3epHa Mpoba
Au Ag Cu Hg Pd As Te
1 90,94 8,65 0,07 0 0 0,33 0 909
2 96,26 2,90 0,19 0,08 0,09 0,48 0 963
3 87,36 12,19 0,04* 0 0,02* 0,23 0,16 874
4 97,42 2.10 0,07 0 0,05* 0,35 0 974
5 96,64 2,63 0,08 0 0 0,53 0,12 966

68 Mantorun A. A. u ap. OcobeHHOCTM camopofHOro 30/0Ta lyMeLleBCKOro MecTopoXaeHus: Mopdosorus, coctTas, 30HaNIbHOCTb
pacnpeaenenus [/ U3sectua YITY. 2018. Boin. 3(51). C. 65-72. DOI 10.21440/2307-2091-2018-3-65-72



A. A. Malyugin et al. / News of the Ural State Mining University 3 (2018) 65-72 EARTH SCIENCES

70
60
X 5
=
8
= W24-27 m
o 40
g ®33-50 M
3
2 #60-80 M
2 30
p =143-152 M
©
=
8 20
J
10
0 1 1 1 1 I}

500600 600-700 700-800 800-900 900-1000

MpobHocTb 30n0Ta, %
PucyHok 4. U3ameHeHMe NpoBGHOCTM 30510Ta U3 TMNOTEeHHO-TUNEepPreHHbIX PyA MeCTOPOXAEHUs! C ryOouHON.

Figure 4. Change in the fineness of the gold from the hypogene-supergene ores of the deposit with depth.

Tabnuua 5. YacToTta BCcTpeyaeMocTy TUNOB 30510Ta MO NPOGHOCTU B BEPTUKaNbHOM pa3pe3e MeCTOPOXAEHUS.
Table 5. The frequency of occurrence of gold types by fineness in the vertical section of the deposit.

YacTtoTta BCTpeyaeMocTu, Mo YpoBHSAM rry6GuHbI onpoGoBaHus, %

Mpoba 3onota

24-27m 33-50 m 60-80 M 143-152 m
500—600 9 2 0 0
600-700 65 37 5 0
700-800 6 29 22 0
800-900 17 22 40 51
900-1000 3 19 33 49
Cpenree 690 836,5 850,5 899,1

ITo XxMMMYeCKOMY COCTaBy IpeobrafaeT BHICOKOIIPOOHOE 30/I0TO, XOTS B 1Ie/IOM BapuaLiiy IPOOHOCTI BeCbMa 3HAYUTE/IbHbIE
- 01 591 710 = 980. OCHOBHBIM IIPMMECHBIM KOMIIOHEHTOM (KpoMe cepebpa) siBysietcst Menpb (o1 #*0,1 go n*1,0 Bec. %); nHOrAA OT-
Medasach mpumech pryTu (ot 1n*0,1 10 6,9 %), MbImbsaka (1*0,1 %), M3peKa OTMEeYanoCh IPUCYTCTBYE B HEOONBIINX KOMMYECTBAX
Te, Pd, Pt. BcTpedeHsI TakKe eIMHMYHbIE 3€PHA, IPECTaBICHHbIE CPACTAHMAMY Au—Ag-Te/TypuyioB 1 30710Ta [5, 6, 17].

Pesynbrarsl uccnegoBanmsa caMmopopgHoro 3010Ta (Mukpo3ongs CAMECA SX-100 anekTpoHHbII MuKpockor JSM-6390 LV,
VIT ¥pO PAH) n3 cKBa>XMH IPOLUIBIX JIeT U BeAyLlelicA 9KCIUTyaTallIOHHON pa3BefiK/ OKa3bIBAIOT OIpefie/IeHHbIe 3aKOHO-
MEPHOCTH B pacIipefe/ieHNI 30/I0Ta PasnIHoi IpobHocTH (puc. 4, Tabi. 5). BepxHie yacTy pygoHOCHOI To/IM (Ha IIy6uHax
Io 27-30 M) XapaKTepUsyITCs IpeodnajaHieM 30/10Ta IIOHIDKeHHOIT TpobHocTH (510-700), cocrasisiomero 6omee 70 %, B TO
BpeMs KaK 30JI0TO IPO6HOCThIO 6otee 800 0TMeUaeTcsl CYLIeCTBEHHO HIDKE, COCTaB/IAsA CyMMapHO okono 20-25 %. CpepHsisa
IIPOOHOCTH 307I0Ta Ha 3TOM YPOBHe paspesa cocrabmia 690.

B nuTepBae rry6uH 30-50 M COOTHOILIEHNE TUIIOB 30/I0Ta IO IPOOHOCTH 60JIee paBHOMEPHOE: 9/IeKTPYMbI COCTABILAIOT
37I€Ch JIUIIb [TepPBbIe IIPOLIEHTHI, HUSKOIIPOOHOE 30/I10TO COCTABIsIET OKOJIO 40 % B TO BpeMsi KaK BCTPEIaeMOCTb 30/I0Ta CPeHelt
(700-800) 1 BrIcOKOIT (800-1000) mpobHOCTN Bapbupyet oT 29 10 19 % mpu cpepteit mpobuoctu 836,5. Ha 6oree rmy6okmx
YPOBHSX IPOOHOCTD 30/10Ta MOCTENIEHHO BO3PACTaeT: B MHTepBase IyouH 60-80 M cpenHssa MPOOHOCTD cocTaBiser 851, a Ha
rry6uHax 140-150 M - 899, 1 [5, 17]. TakuM 06pasom, pyAHYIO 30HY MECTOPOX/IeHNUS MOXKHO BIIOJIHE YeTKO Pas3ie/uThb Ha [Be
YacTV — BEPXHIOK (10 50 M) ¢ MIMPOKUM Pa3BUTUEM B ee TIpefielaX HM3KOMPOOHOTO 30/10Ta V1 HVDKHIOIO — C 30JI0TOM CpefiHell 1
BBICOKOJ ITPOOHOCTI.

PesynbraThl uccnenoBanmuil MoKas3aan, YTO B PyJaX IMIIOT€HHO-TUIIEPTEHHOTO TUIA [yMeIeBCcKOro MeCTOpOXK/jeHUA BbI-
HeysieTCsl KaK MUHMMYM [{Be TeHePALUM 30/I0Ta: PAHHsISI — CPefjHe-11 BHICOKOIPOOHAsI, aCCOLMMPOBAHHAS C KBapLieM, IUPUTOM
¥ TA/ICHUTOM B HYDKHIUX YacCTsAX 30HBI TMIepreHesa [12], u Mo3mHsAsA — MpeMMyIeCTBEHHO HI3KOIL IIPOODI, CBsI3aHHAsA C MEIHO-
OpOMICTO-pTYTHON MIUHepanu3sanuei [5, 11, 14, 17].

OCHOBHBIMY MMHEPATIO0OPa3yIOMNMI TIPUMECAMI B CAMOPOJHOM 307I0Te MECTOPOXK/IEHVS ABJIAITCA cepebpo U Menb,
cofiep)KaHMA KOTOPBIX B MUHepajle BapbUpyeT JOCTATOYHO IIMPOKO — OT IIOJITHOT'O OTCYTCTBUA JO IIePBBIX IPOLICHTOB (Mefb) U
IeCSITKOB IIPOLIEHTOB (cepebpo). I1o COOTHOMIEHNIO YKa3aHHBIX IPUMeCeil B COCTaBe MIHEPaIa MOXKHO BBIJE/IUTD TPIL FEOXVIMIU-
YeCKIX THIIA CAMOPOSHOTO 307I0Ta: 30/I0TO-CePEeOPSIHBIIL, 30/I0TO-CepeOpO-MeIHbI 1 30110TO-MefHbIi. Hanbosblreit 4acToToit
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Ta6nuua 6. Nleoxumuyeckme TUNbI 3orota NymeLeBCKOro MeCTOpOXAEHUS.
Table 6. Geochemical types of gold of the Gumeshevskoye deposit.

WHTepBans! rny6uH

[eoxumunyeckune Tunbl 3onoTa ﬂo 30m ﬂo 50m rnyG)Ke 120 m
YactoTa BcTpevaemocTtu, %
Au-Ag 51 31 25
Au-Cu 2 0 5
Au-Ag-Cu 47 69 70

BCTPEYAEMOCTH Ha MECTOPOXK/IeHIM XapakTepusyeTcst Au-Ag—Cu TuI, COCTaBIARIMI OT 47 % B BepXHel 4acTy PyIHON 30HBI 7o 70
% wa ry6unax 6omee 50 m. Yncrsie Au—Cu IpupofHble CIUTABbI BCTPEYAIOTCS CYILECTBEHHO pesKe, COCTaB/sist He 6omee 5 % . Ot 25
1o 51 % mpuxoantcs Ha Au-Ag cruraBbl. Tabr1. 6 [eMOHCTPUPYET KONMMYeCTBEHHbIE COOTHOIIEHNS BBIIE/IsIEMbIX FeOXMMIIECKIX
TUIIOB 30/I0Ta Ha PasHbIX MHTEpPBasIaxX IIyOUH OIpOOOBAHHOTO pa3pesa 1 M3MEHEHNs SO/ KaXK/J0TO U3 BbIIe/IEHHBIX FeOXVMMU-
YEeCKMX TUIIOB MUHEPaJIa B BEPTUKAIBHOM pas3pese PYIHON 30HBI.

K mpumepy, KonmdecTBO 30710TO-cepeOpPAHBIX MUHEPAIbHBIX (a3, MaKCUMaIbHOE B BepXHell 30He, CHIDKAeTCs BABOE Ha
rry6uHax Hipke 30 M, Ile OMHOBPEMEHHO CYIIEeCTBEHHO BO3pacTaeT KOMMYeCTBO TPOMHBIX Au—-Ag-Cu IpUpOSHbIX CIUIaBOB.
ITpu 9TOM K OCHOBAHMIO paspesa C IpUOIDKeHeM K IIePBIYHBIM MEFHO-CKaPHOBBIM PYAaM BO3PAaCTAET TAKXKe I OIS 30/I0TO-
MEJJHOTO TEOXVMMUYECKOTO THUIIA.

VccnenoBaHust CaMOPOIHOTO 30/I0TA ¥ 3aKOHOMEPHOCTel (POPMUPOBAHMA 30I0TOHOCHOCTH B 30He PyAHOTO Kapcra [yme-
IIEBCKOTO MECTOPOXK/IeHVsI Oy T MPOLOKEHDI, OfHAKO YoKe Ceifuac OTYeTINBO IIPOCMATPUBACTCS BePTUKA/IbHAS 30HATbHOCTD
B pacIpefie/ieHy 30/I0Ta 10 IPAaHOTTYMeTPUYECKOMY I XMMIYECKOMY COCTaBY, a TAK>Ke B COOTHOIIEHNUY OCHOBHBIX ero Mopdo-
JIOTMYECKUX U F€OXMMMUYECKUX TUIIOB.
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The relevance of research is determined by the need for a detailed study of the composition and changes of free gold in conditions of hypogene-su-
pergene processes within the Gumeshevskoye deposit. The methods of investigation are X-ray spectral microanalysis, scanning electron microscopy.
Purpose of the study was to obtain data on the granulometric, morphological and chemical composition of free gold to identify vertical zoning in its
distribution within the upper part of the deposit.

Results of the research. The study of free gold from regolite of ore-bearing karst (Cu, Au) and argillizated rocks of the Gumeshevskoye copper-skarn
deposit (Middle Urals) was carried out. Variations in the granulometric, morphological and chemical composition of gold at different depth levels of
the tested section of the productive ore zone are considered. The signs of vertical zonation in the distribution of gold by granulometric and chemical
compositions, as well as in the ratio of its main morphotypes, are revealed. It is shown that with the general predominance of fine gold (< 0.15 mm)
at all levels, the average grain size of gold increases with depth. There is a significant variation in gold fineness from 591 %o to > 980 %o; most of gold
is high-grade. Low-grade gold and electrums are found only in the upper part of the section (up to 35 m). By the ratio of these impurities there are
three geochemical types of free gold: gold-silver, gold-silver-copper, and gold-copper. The most frequent in the deposit is Au-Ag-Cu type, which is
47% in the upper part of the ore zone to 70% at depths of more than 50 m. Pure Au-Cu natural alloys are much less common, amounting to no more
than 5%. From 25 to 51% is accounted for Au-Ag alloys.

Conclusions. The morphological and geochemical types of gold were identified, and data were obtained on their distribution in the deposit section.

Keywords: Middle Urals, Gumeshevskoye deposit, weathering crust, argillizites, gold, granulometric composition, morphology, sample, impurity
elements, vertical zoning.

The work was partially implemented within the framework of the Program of the Presidium of the Russian Academy of Sciences,
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