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AHHOTanusA. AKmya/sbHOCmMb., 30JI0TOHOCHbIE KOPbI BBIBETPUBAHUS IIUPOKO pacnpocTpaHeHbl B ToMb-fAlickoM Mexaype-
4Ybe, HO KPUTEPHUH NPOTHO3UPOBAHUS UX 30JI0TOHOCHOCTH, B TOM YHCJIe TeOXUMHUYECKHe, B JODKHOW Mepe He pa3paboTaHbI.
Ilesnb: BBIABUTH reoXMMHYeCKHe OCOGEHHOCTH KOp BbIBeTpHBaHUS ToMb-fHcKoro MexJaypeubs [/ pelleHUs BOMPOCOB
MPOTrHO3UPOBAHUS MX 30JI0TOHOCHOCTU. 066€Km: KOpbl BbIBETPHBAHUSA 110 NMOpoJaM najeosoiickoro ¢pyHaameHTa ToMb-
fAdckoro mMexjypeubs. Memodsl. XUMHUYECKHH COCTAaB MPOJAYKTOB BbIBeTpUBaHUS omnpefesnsyacs MmertosoMm HCII-macc-
CIeKTPOMeTpPUHU. BbINIO/IHEH aHA/IM3 KePHOBBIX NPo6 36 ckBakuH Ha 20 aseMeHTOB. 06paboTKa MOJTyYeHHBIX Pe3y/bTaTOB
OCYILleCTBJIAJIACh B IPOrpaMMHOM KOMILJIEKCe JIJIS1 CTAaTUCTUYeCKOro aHaau3a Statistica. PaccunTanbl 0CHOBHBIE IapaMeTpbl
pacnpesiesieHUs] XUMUYECKHUX 3JIEMEHTOB B MPOQUIAX 30JI0TOHOCHOW M HE30JI0TOHOCHOH KOP BbIBETPHBAHUS, IPOBEEHbI
JIUCKPUMHHAHTHBIN U GaKTOPHBIN aHa/IM3bl. Pe3y/1bmamel. Y CTaHOBJIEHbI CTATUCTUYECKH 3HAYMMble PA3/IMUUs B XUMHUYe-
CKOM COCTaBe 30H Npo¢uJ/is BEIBETPUBAHHUS. B Ipoliecce BbIBETPUBAHUSA HE30JI0TOHOCHBIX IIOPOJ, MPOUCXOAUT BbIHOC P, Mn,
Co, Ni, Zn u Hakonsenue Cr, Mo, Ag, Sn, Sb, Hf, Tl, Pb, Bi npu unaudpdepentHom nosesenuu Ay, As, Fe, Cu. 30/10TOHOCHbIE
KODPbI BBIBETPUBAHUSA GOPMHUPYIOTCS 10 MUHEPAJIM30BaHHBIM 30HaM M M3HadaJbHO oboraiieHbl Au, As, W, Sb, B MeHbluei
Mmepe - Cu, Zn, Pb, Bi, Tl, Hf, Sn. CpejHee coneprkaHue 30/10Ta ¥ GOJILIIMHCTBA 3JIEMEHTOB-CIYTHUKOB (kpoMe Pb) B mporecce
BbIBETPUBaHUs1 MUHEPAJN30BaHHbBIX 30H CHWXKAeTCsl, HO IUCIepCUsl MHOTOKPAaTHO BO3pACTaeT, BCJIeCTBHE Yero B peJesax
30H IMAPOJIN3A U FMPAaTalMy BOSHUKAIOT YYaCTKH BTOPUYHOrO 060ralieHus 30JI0TOM U 3J1eMeHTaMHU-CIyTHUKaMu Sb, As,
Ag, Sn, T}, Co, Cu, Zn, Cd, Bi. l'eoxuMuyeckue acconyanyiu, XxapakTepHble /I OCTATOYHBIX KOP BbIBETPUBAHUSA, B 3HAUYNUTE I b-
HOMU CTeNneHU COXPaHAITCA U B IEPEOT/IOKEHHBIX KOpaX, I'/le COBMECTHO C 30JI0TOM HakamuarTcs As, Sb, W, Cd, Ag, Sn, Hf.

KinrouyeBble c/10Ba: 30/10TO, OCTaTOYHAsl KOpa BbIBETPUBAHUS, IePEOTJIOXKEHHAsA KOpa BbIBETPUBAHUSA, TeOXUMHUUYECKHE KPHU-
Tepuy, ToMmb-flickoe Mexaypeybe.
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Geochemical criteria of the gold content
of the Tom-Yaya interfluve weathering crusts
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Abstract. Relevance. Gold-bearing weathering crusts are widespread in the Tom-Yaya interfluve, but the criteria for predict-
ing their gold content, including geochemical ones, have not been adequately developed. Aim. To identify the geochemical

features of the weathering crusts of the Tom-Yaya interfluve to resolve issues of predicting their gold content. Object. Weath-
ering crusts from the rocks of the Paleozoic basement of the Tom-Yaya interfluve. Methods. The chemical composition of
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weathering products was determined by ICP-mass spectrometry. Core samples of 36 wells for 20 elements were analyzed.
The results obtained were processed in the statistical analysis software package Statistica. The main parameters of the distri-
bution of chemical elements in the profiles of gold-bearing and non-gold-bearing weathering crusts were calculated, discri-
minant and factor analyzes were carried out. Results. Statistically significant differences in the chemical composition of the
weathering profile zones were established. In weathering of non-gold-bearing rocks, the removal of P, Mn, Co, Ni, Zn and the
accumulation of Cr, Mo, Ag, Sn, Sb, Hf, Tl, Pb, Bi occur with the indifferent behavior of Au, As, Fe, Cu. Gold-bearing weathering
crusts are formed in mineralized zones and are initially enriched in Au, As, W, Sb, and, to a lesser extent, Cu, Zn, Pb, Bi, T, Hf,
Sn. The average content of gold and most satellite elements (except Pb) decreases during the weathering of mineralized
zones, but the dispersion increases many times, as a result of which areas of secondary enrichment in gold and satellite ele-
ments Sb, As, Ag, Sn, Tl, Co, Cu, Zn, Cd, Bi appear within the zones of hydrolysis and hydration. Geochemical associations char-
acteristic of residual weathering crusts are largely preserved in redeposited crusts, where As, Sb, W, Cd, Ag, Sn, and Hf are
accumulated together with gold.
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Beenenue Llenpf0 DaHHOTO WMCCIICNOBAHMS SIBISIETCS OOOCHO-
AKTyanpHOW 3amaueli B 00JAaCTH DAaLUOHATIBHOIO  BaHME TEOXMMHYECKHX KPUTEPHEB 30JI0TOHOCHOCTH

IPHPOIONOJIB30BaHMA B LEJIOM Ha Tepputopun Poccun  kop BeiBeTpuBanust ToMb-STHCKOT0 MEKTypEeUbs.

1 ToMcKoIt 001acTH B YaCTHOCTH SIBJISIETCS paCIIUpEHHe

MHHEPAITBFHO-CHIPhEBOI 0a3bl CTpAaTerHYecKH BaXXHBIX  ['€0/I0ro-CTPYKTYPHAasi MO3ULUS 30JI0TOHOCHBIX

METAJUIOB 33 CYET BBIABJICHHS HOBBIX HEPCIEKTUBHBIX  KOP BbIBETPHUBAHUSA

wiowanei. Ilorennuansuelii ToMckuid pynHbIA palioH B peruonanpHOM IIaHe M3ydaeMbld pailoH Haxo-
HUMEET BCE TEOJIOTHYECKHIE MPEAMOCHUTKH Tst GOpMHpO-  OUTCA B OOJIACTH COWICHEHUs KPYNHBIX TI'€OIOTrHde-
BaHUsI 30JI0TOPY/HBIX MECTOPOXKICHHUI MPOMBIIUICHHO-  CKHX CTpYKTyp — KombBaHe-ToMCKOH cKIIam4aToil

ro Macmraba. BceiencTBue OpUEHTHPOBAHMS TEOJOrH-  30HBI, 3ananHo-Cubupckoit mmutel, Kysnenkoro mpo-
YecKUX paboT B PETHOHE MPEUMYIIIECTBEHHO Ha HedTh 1 ruba u Kysnenkoro Anaray [7].
ra3 MoOMCKOBasg M3y4YeHHOCTb paiioHa Ha PyIHOE U T'H- Kops! BeIBeTpuBaHHS CHOPMUPOBAHEI IO BYIKAHO-
MEPreHHOEe 30J10TO HeAocTaro4yHa. [103ToMy M3ydeHHe  TI'E€HHO-TEPPUICHHBIM OTJIOKEHMSAM U JaliKaM OCHOBHO-
MOTEHIMAIBLHO IIEPCIEKTUBHBIX 30JI0TOHOCHBIX KOp IO COCTaBa. ByiKaHOTEHHbIE OTIOXKEHHS CpeAHese-
BBLIBECTPUBAHMS SIBJIICTCS aKTYaIbHOM 3amadeil I 5KOo-  BOHCKOTO BO3pacTa MHUTpodaHOBCKOi cBUTHI (D,mf)
HOMMYECKOrO pa3BuTHi ToMCKOM oOnactu. MHTepec K NMPEACTAaBIEHBI JaBaMH 0a3ajbTOB, 0a3aJbTOBBIX ITOP-
30JI0TOHOCHBIM KOpPaM BBIBETPHBAHHWS, pacrojaraio-  (QupuToB, nx Tydamu, B MEHBIIEM KOJIHMYECTBE KHC-
IIUMCS B OJIM3IOBEPXHOCTHLIX YCIOBUSX U XapakTepu-  JIBIMH BYJIKaHHTaMH, JMH3aMH M3BECTHSIKOB M M3BECT-
3YIONMMCST BBICOKOH CTETIEHBIO JIE3WHTErPAlliy Bellle-  KOBUCTBIX Ty(oocamounbix nopox. Ha yuactkax mo-
CTBA, ONPEIESETCS PSJAOM MPHYMH: BO3MOKHOCTHIO — BBIIIEHHOM MPOHHIIAEMOCTH HOPOBI IPE0OPa30OBaHbI B
OTKPBITOM pPa3pabOTKM, OTCYTCTBHEM HEOOXOAMMOCTH  METaba3abThl M MeTaMOp(QH30BaHBl O XJIOPHT-
JIPOOJICHUST PY/bI, TMPOCTOM TEXHOJIIOTMEH M BBICOKOM  CEPHLIUTOBBIX CIAHIEB. TeppUreHHble MOPOJABI Ha
9KOHOMHUYECKON 3(P()EKTUBHOCTHIO M3BIICUEHMS 30JI0Ta  IUIONMIAAM PAabOT INpEeACTaBIEHBbl MAYMHCKOH, FOPrHH-
TIPU HU3KHX €To cojepkanusx [1-6]. CKOM CBHUTaMH, HEPACWICHEHHOW CalaMaTOBCKOM U
3a nocnennee BpeMs B ToMb-SIiickoM Mekaypedbe — SPCKOHM Tomel, jarepHocaackod u OacaHnalickoit
BBISIBJIEH DSl 30JI0TOPYAHBIX 00BEKTOB, 00IIHe pecyp-  cBUTamHu. llaumnckas cBura (D3pc) crnoxena oTmoxe-
CBbI JPAromeHHOr0 MEeTa/ula KOTOPBIX OICHHBAIOTCSA B~ HUSAMM TpeX MOACBUT. HKHsA mojacBuTa npeiacrasie-
necatku ToHH. Tak, B 2011-2015 rr. komnanueiit OOO  Ha apryiMTaMM KPEMHHMCTOTO COCTaBa C TOHKHMH
I'PK «I'eocthepa» B pe3ynbTaTe MOMCKOBBIX pabOT Obl-  MPOCIOSIMU  KBapL-NOJEBOLINATOBBIX I1E€CUAHUKOB H
JIM OLICHEHBI [IPOrHO3HBIE PECYPCHI 30J10Ta B IMHEMHBIX ~ aJE€BPOIUTOB C IPUMECHIO TY(OTEHHOTO MaTepHala.
KOpax BBIBETPUBAHHS B KojuuecTBe Gosee 38 T mo ka-  CpenHss HOoACBUTa 0Opa3oBaHa OMTYMHHO3HBIMU ap-
teropun P, [3]. DTUM mepCrieKTUBLI pailoHa He orpa- THUIMTAMH M aleBPOJIUTAMU C KOHKpeuusamu (ocdo-
HUYUBAIOTCS, [TOITOMY AKTYalbHBIM SIBJISICTCS BOMPOC  PUTOB. BepXHsis MOACBUTA MPEJCTABICHA aleBPOIINTA-
JATbHEHIIEr0 HMCCIICIOBAHHUS 3aKOHOMEPHOCTEH KOH- MM C PEIKHMMHU MPOCIOSIMHU TJIMHHCTBIX U aleBPUTH-
[CHTPUPOBAHMUS 30JI0TA B KOPax BHIBETPHBAHMS M pa3-  CTBIX M3BECTHAKOB. B 30HAaX TEKTOHMYECKOH Hapy-
pabOTKH KPUTEPHEB IPOrHO3UPOBAHMS M [MOUCKOB TH-  IEHHOCTH IOPOABI CBUTHI IPE0OPa30BaHbI B (DUIITUTHI.
MIEPreHHBIX MECTOPOXKIICHHH 30JI0Ta. Oprunckast ceuta (D3jur) moapasmenena Ha JABe IMOJCBHU-
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TBL Hwxasist TMOJICBUTA CIIOXKEHA KBapll-
TIOJIEBOIINATOBBIMHY, TOJIUMHUKTOBBIMUA MEJKO-, Cpe/He-
rpyOO3EpHHUCTBIMH, TPABEIUTUCTHIMU TICCUAHUKAMH C
MPOCIIOSIMU ~ AJIEBPOJTUTOB, APTWUIUTOB M TIIMHUCTBIX
cinanueB. CanamaroBckas U sipckas tonuu (D;si—Cjar)
CIIOYKEHBI ANICBPUTO-TIINHNACTHIMH, H3BECTKOBO-
TJIMHUCTBIME, YTJICPOAUCTO-TIIMHUCTBIME  CIaHIIAMA U
TJIMHUCTBIMHE, CITA00M3BECTKOBUCTHIMU AIEBPOJIMTAMHU C
TOHKHMH TIPOCIIOSIMI TOHKO- M MEJIKO3EPHHICTHIX H3BECT-
KOBHCTBIX TIOJICBOIIIIAT-KBAPIIEBBIX TIECYaHUKOB, B 30HAX
Meramophu3Ma TOpOJbl 4acTo (QUILTMTH3UPOBaHBL B
coctaBe JyarepHocanckoi cuthl (C;/g) ycTaHOBJIECHBI
AIICBPUTO-TIIMHUCTHIE, PEKE YTIINCTO-TIINHNCTBIC CITAHIIBI
C TIPOCIIOSAMH MEITKO3EPHUCTHIX MECYaHUKOB U alIeBPOIIH-
ToB. bacannaiickas cuta (C;,bs) cioxkeHa cpemHe-,
METKO- ¥ KpPYITHO3EPHHCTHIMA MACCHBHBIMH  KBapIl-
TIOJICBOIIINATOBBIMHY, APKO30BBIMH, HHOTJIA TMOJUMHKTO-
BBIMH [TECYAHUKAMH C TIPOCIIOSMHE AJIEBPOIUTOB U TIIMHH-
CTBIX ciaHneB. MHTpY3MBHBIC 00pa30BaHUS XapaKTepH-
3YIOTCSl 3HAUYUTENBHBIM IIETpOrpadIecKuM pa3sHooOpa-
3MeM W TIPEJICTABJICHBI JakaMH TOMCKOTO apeana W3bI-
JIMHCKOTO 06a3uToBOro Komruiekca (U-evTy »f) [8, 9].
CdopmupoBaBimecs: KOpbl BBHIBETPUBAHHS IO Te-
He3ucy nmemsrcs Ha ocratounsle (OKB) m mepeotio-
skernbie (ITKB), mo mopdonorun — Ha mioniaaHbie |
nuHelHble. Kopbl BbIBETpUBaHUS XapaKTEpPU3YIOTCS
30HAJIBHBIM CTPOCHUEM IIPOQUIIS, B MOTHOM Tpoduie
OCTaTOYHOU KOPHI BBIBETPHBAHUS IPHCYTCTBYET TPHU
30HBI: JIC3UHTETPAIlU, THApATAllMd W TUApoiu3a. B
HWKHEW 4acTH MOCTOSIHHO TPUCYTCTBYET 30HA JIC3HMH-
TErpanuy, TIPEICTaBICHHAas CIa0OBBIBETPEIBIMH, B
Pa3IMYHON CTENCHH TPEIIMHOBATHIMH HCXOJHBIMH
TEPPUTCHHBIMU TOPOJIaMH C Pa3BHBAIOIIUMHUCS TI0
TPELIMHAM THAPOCIIOAaMH H MOHTMOPHJUIOHUTOM.
J1s 30HBI E3UHTErpaNyd M0 MarMaTHYECKHM II0PO-
JlaM, CJI0)KEHHOW TEMHO-CEpbIMM B Pa3HON CTEIEHH
BBIBETPEIBIMH JTOJCPUTAMHE, XapaKTePHO PA3BHTHE 110
TpEUIMHAM MOHTMOPIJUIOHUTA, MHHEPAJOB TPYIIIBI
THIAPOCIION U XJIopuTa. BrIme mo paspesy 30Ha JIe3HH-
TErpaly CMEHSIETCSl 30HOM TUApaTaIii, COCTaB KOTO-
POii IPEUMYIIECTBEHHO KaOJWHUT-THIPOCITIOINUCTBIN ¢
JIpEeCBOH ¥ MeOHEM B Pa3lIUYHON CTETICHU BBIBETPEIIBIX
TEPPUTECHHBIX TMOpPOJ W KBapua. B 30He ruapartanuu
MarMaTU4ecKuX TOPOJ Pa3BUTHl CIEAYIOIINE TIIHHH-
CTBIC MUHEpAJbl: KAOIHUHUT, MUHEPAJbl TPYIIBI THJI-
poCIION M B MEHBIIEH CTENCHH MOHTMOPWIIIOHHT.
Haubonee npeobpazoBaHHast 4acTh OCTATOYHON KOPBI
BBIBETPUBAHHS, 30HA THUAPOJIM3a, NPEACTABICHA, KaK
NPaBWIO, OCCCTPYKTYPHBIMH TJIMHAMH KAOJIHWHUT-
THJIPOCIIONUCTOIO COCTaBa € HEOONBLIMM KOJU4Ye-
CTBOM MHHEPAIIOB TPYIIBl XJoputa. B pesymprare
HPO3UH OCTATOYHBIX KOpP BBIBETPHUBAHUS M ILUIOCKOCT-
HOTO JICTIOBHAJIBHOTO CMBIBA MPOHCXOAUT IHEPEOTIIO-
JKCHHE OCTATOYHBIX KOpP BBIBETPUBAHHS B BUJIC AJLIIO-
BHAJILHO-TIPOJIIOBUAIBHBIX ~ OTJOKEHUH.  [IpogayKTsl
MCPEOTIOKEHUS  OCTATOYHBIX KOpP BBIBETPHUBAHUS
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MPECTABICHBl MECTPHIMU OECCTPYKTYPHBIMU TJIMHA-
Mu. Haubomnbiue conepxaHust 30J0Ta IPUYpOUCHBI K
30HE THAPOJIN3a OCTATOYHON KOPBI M MTEPEOTI0KEHHON
Kope BbIBeTpHuBaHus [7, 10, 11].

dakTHYecKHii MaTepuasl M METOABI HCCJIeJOBAHUA

@DaKTUYECKUM MAaTepUalioM JUIsl TMPOBEACHUS HC-
cienoBanus nocayxunu 6onee 1300 kepHOBBIX Mpod
n3 36 ckBaxuH, npoineHHbx OO0 I'PK «I"eocdepay.
KepHoBbIE TIPOOBI  aHAJIM3HPOBATUCH B  XHUMHKO-
aHanutudeckoM IeHTpe «Ilmasma» (r. ToMck) mero-
JIOM MAacc-CIIEKTPOMETPUN C HHIYKTUBHO-CBSI3aHHOU
miazmorr (MUCII-MC) na Ag, As, Au, Bi, Cd, Co, Cr,
Cu, Fe, Hf, Mn, Mo, Ni, P, Pb, Sb, Sn, Tl, W u Zn.
Amnamms mpoBoawiics Ha Macc-ciektpomerpax ELAN-
9000 DRC-e, Agilent-7700x, Agilent-7900. Wzyuen
XMMUYECKUI COCTaB MPOIYKTOB BBIBETPUBAHUS OCa-
JIOYHBIX TOPOJ IOPTUHCKOI CBUTHI MO3IHEIEBOHCKOTO
BO3pacTa M MarMaTHYCCKUX ITOPOJ TOMCKOTO apeaa
W3BUTMHCKOTO ~ 0a3UTOBOTO  KOMIUIEKCA  paHHe-
CPEAHETPHACOBOTO BO3PACTA.

O0paboTKa BceX TEOXMMUYCCKUX JTaHHBIX H CTATH-
CTHYCCKAN aHalM3 BBHITIONHEHBI C HCIONb30BaHHEM
mporpaMMHOro Komiuiekca Statistica 12 (StatSoft).
OmpeneneHsl OCHOBHBIE IIapaMETPBI PaclpeAeICHUs
XUMUYECKUX JICMEHTOB B MPOQHIIIX 30JI0TOHOCHOH U
HE30JI0TOHOCHON KOpP BBIBETPHBAHUS C HCIIOIH30BAHU-
€M OOIICTIPHHATHIX CTATUCTUIECKAX METOHOB. Paccum-
TaHBl TAPAMETPHl PACHpPENCICHUS aHAIH3HPYEMbIX
3JIEMEHTOB B C(hOPMHUPOBAHHBIX BHIOOPKAX, C MCHOJb-
30BaHUEM PAHIOBOI0 KpuTepus MaHHa—YUTHU OoLeHe-
HO TOBEJICHHE 3JIEMEHTOB B MPOLECCAaX BbIBETPUBAHUS
U HaKOTUICHUS 30J10Ta [12—15].

B pamkax MHOroOMEpHOW CTAaTUCTUKHU IIPOBEIEHBI
JTMCKPHUMUHAHTHBIN W (DaKTOPHBIA aHANN3bI, KOTOPBIC
HIMPOKO HCIHOJB3YIOTCSI NPH HHTEPHPETALUU TE€OXH-
MHYECKUX JaHHBIX [16-20].

Pe3y/IbTaThl U 06CyKAEHHE

OueHuBasi TeOXMMHUYECKHE OCOOCHHOCTH 30JI0TO-
HOCHBIX KOp BBIBETPHUBAHMUS, HEOOXOANMO UMETH B BU-
Iy, 9TO pedb UJET O JBYX CAMOCTOSTENBHBIX MPOIEC-
cax: 1) oOpa3oBaHNM KOpHI BRIBETPUBAHUS KaK PEruo-
HAJILHBIX TEOJIOTHYECKUX MPOIYKTOB U 2) (OpMHpOBa-
HUM OOOTAIleHHBIX 30JIOTOM OCTaTOYHBIX BTOPHUYHBIX
OpEOJIoB.

JI1s1 OLICHKH TIOBEACHUSI XMMHUYECKUX 3JIEMEHTOB B
30HE THUrepreHe3a copMHpoBaHbl BEIOOPKH IO BCEM
BBIJICJICHHBIM 30HaM NPOQUIs BBHIBETPUBAHUS, pa3-
IENNBHO I 30JI0TOHOCHBIX M HE30JIOTOHOCHBIX y4acT-
KOB. PacdeTsl MOKa3bIBalOT, 4TO BO BCEX BBIOOpPKaX
pacmpeznesicHue BCeX HCCICHOBAHHBIX 3JIEMEHTOB HE
COOTBETCTBYET HOPMAIBLHOMY 3aKOHY, IO3TOMY B Ka-
9YeCTBE OLEHKH CPEJHUX COJepKaHWH BBHIOpaHBI cpel-
HHE TeoMeTpuydeckne 3HaueHns. COOTBETCTBEHHO, JUTs
HPOBEPKH THIIOTE3 O PABEHCTBE HEU3BECTHBIX CPEAHHX
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HCIIOJIb30BaH HelapaMeTpUYecKuil kputepuii ManHa—
VYurnu. PacnpeneneHue XHMMUYECKHX DJIJIEMEHTOB B
npoduiie HEe30J0TOHOCHOH KOpPBI BBIBETPHBAHMSA HII-
TOCTpUpyeT Tad. 1.

Ta6auya 1. CpasHeHue codepicaHull XUMUYecKux 3/1eMeH-
moe 6 30Hax npogu.is He30/10MOHOCHOU KOpbl
8bleempusaHus

Table 1. Comparison of the contents of chemical elements

in the profile zones of non-gold-bearing weather-

ing crust
CpejHue reoMeTpuyecKue 3Ha4YeHUs KpUTEPHUsI
coJlep>KaHus, I'/T MaHHa-YUTHU
Geometric averages, ppb Mann-Whitney test
T | _ CpaBHMBaeMble BBIGOPKH
e E g Ry < % Comparable samples
[<DT) oo T © 5 ©
s=E| 28| 5% g5
£z | 52 Sz b-a c-b c-a
8BS | ES =%
= o © O T O
© 0 Z g S g
ZE | & REIN
M N
P 681 327 369 -1,65 0,63 | -2,86
Cr 61,8 84,4 87,3 5,30 2,00 5,09
Mn 590 52 127 -4,82 2,74 | -3,42
Fe | 30496 |24297 | 27111 0,39 0,20 0,31
Co 13,5 9,54 5,96 -0,42 -2,08 | -2,86
Ni 34,0 36,2 25,5 0,70 -3,18 | -2,34
Cu 30,4 25,2 30,3 -1,66 2,70 1,15
Zn 81,4 62,4 36,1 0,40 -2,94 | -4,01
As 7,42 5,27 5,59 -1,06 1,56 0,31
Mo 0,38 0,39 0,52 -0,02 3,23 2,35
Ag 0,04 0,05 0,06 2,45 1,19 3,08
Cd 0,11 0,12 0,10 -0,99 0,30 | -0,62
Sn 1,27 1,48 1,51 2,67 1,20 2,52
Sb 0,39 0,63 0,62 3,33 0,08 3,38
Hf 1,57 2,72 2,75 3,15 0,47 3,18
\W 0,59 0,17 0,22 -4,47 390 | -3,29
Au | 0,001 | 0,001 0,001 1,07 -1,51 | -0,31
Tl 0,29 0,43 0,43 2,67 -0,05 | 2,60
Pb 6,85 12,3 11,4 3,85 -1,24 | 3,44
Bi 0,15 0,19 0,20 2,68 1,98 2,62

IIpumeyvanue: llpu 3HaveHuu kpumepuss ManHa-Yumuu >1,96
(no modyat0) cpedHue 3HaYeHUs pasauvarmcesl ¢ 8eposimHo-
cmbio >95 %.

Note: If the Mann-Whitney test value is >1.96 (modulo), the
probability of difference in average contents exceeds 95%.

OTaenbHO U1 30JJ0TOHOCHOM M HE30JI0TOHOCHOU
9acTH OCTATOYHOW KOPBI BBIBETPHBAHUS IPOBEICH
JMUCKPUMHUHAHTHBIA aHAIW3 JUIs TOATBEPXKICHUS Pa3-
JUYAST MEXKITY BBIZICIICHHBIMH B Pa3pe3e 30HAMH KOPBI
BBIBETpUBAHUS. JJMCKpUMUHAHTHBIN aHaIN3 TTOKa3bIBa-
€T, YTO BBIJICIICHHBIC 30HBI HE30JIOTOHOCHOM KOPHI BBI-
BETPHUBAHUS YBEPEHHO Pa3lIMUAOTCS TI0 CBOUM T'€OXH-
MHUYEeCKHM OcOOeHHOCTsIM (puc. 1). CraTtuctuyeckas
3HAYUMOCTh Pa3IUuuil mpessimaet 99 %.

CpaBHEHUE CpEIHUX 3HAYCHUH MOKA3bIBACT, UTO
TP THUApATALNN JIe3UHTETPUPOBAHHBIX TIOPOJ TPOHC-
xoauT BbIHOC Mn, W u nakoruienue Cr, Ag, Sn, Sb,
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Hf, Tl, Pb, Bi. B mpouecce nanbHeiimero ruapoiansa
MOPOJI IPOUCXOUT TIepepacipeieieHue JIEMEHTOB C
BeiHOCOM Zn, Co, Ni M HakKOIUIEHHMEM OTHOCHTEIHHO
30Hbl ruaparauuu Cr, Mn, Mo, W. B utore MoxHO
TOBOPHUTH O BBIHOCE B MpoIiecce BhiBeTpuBanus P, Mn,
Co, Ni, Zn u Haxomiennu Cr, Mo, Ag, Sn, Sb, Hf, T,
Pb, Bi npu uaauddepentaom noseacann Au, As, Fe,
Cu (tabun. 2). IlepepacmpeneneHue 3IEMEHTOB B 1IEJIOM
HE3HAYHUTENbHOE (CpeIHUE CONCPKAHHUS HM3MEHSIOTCS
He Oonee yeM B 1,5-2 pasza) u BHoJHE OOBSICHICTCS
pa3INYUAME B UX TUIICPTCHHOM MOBIKHOCTH.

Ta6auya 2. CpasHeHue codepicaHull XUMUYECKUX 3/1EeMeH-
moe & 30Hax npoguisi 300MOHOCHOU KOpbl 8bi-

Table 2.

eempusaHus

Comparison of the contents of chemical elements
in the profile zones of gold-bearing weathering

crust
Cpe/iH1e reoMeTpHYECKHe 3Ha4YeHUs KpUTEPHUs
cojilepKaHus, r/T ManHHa-YUTHU
Geometric averages, ppb Mann-Whitney test
e CpaBHHBaeMble BbIGOPKH
e oo = = o) o) < = Comparable samples
55| =2 £5 | g%
= £ g El= £ >
L o = bb © © 5 ©
s=| 58 | §5 | 28
£z g S z b-a c-b c-a
B £ =
H o © = O
MmN
P 535 432 326 -2,32 | -3,66 | -3,77
Cr 71,7 68,7 68,3 0,16 |-046 | -0,24
Mn 312 146 160 -3,21 | 0,84 -2,39
Fe 34060 27830 | 24097 |-1,78 | -1,57 | -2,48
Co 13,37 11,34 9,65 -1,32 | -1,06 | -1,30
Ni 36,10 31,04 2399 |-1,18 | -2,59 | -2,53
Cu 43,97 38,35 32,15 | -1,44 | -1,76 | -2,06
Zn 90,85 87,77 56,54 | -0,11 | -4,03 | -2,62
As 186,3 53,7 103,3 | -491 | 3,94 -3,19
Mo 0,48 0,46 0,61 -0,72 | 2,77 1,49
Ag 0,07 0,06 0,07 -0,66 | 0,10 -0,55
Cd 0,23 0,22 0,23 0,13 |-0,50 | -0,36
Sn 2,32 2,16 2,09 -1,25 | -0,20 | -0,79
Sb 7,62 3,10 4,55 -4,74 | 2,80 -3,25
Hf 3,88 3,42 3,73 -2,93 | 2,36 -0,93
w 13,8 4,8 4,04 -3,51 | -0,69 | -3,31
Au 0,020 0,004 0,005 | -4,66 | 0,38 -4,46
Tl 0,67 0,57 0,55 -2,49 | 0,07 -1,84
Pb 11,01 13,63 19,66 | 2,19 | 572 4,77
Bi 0,23 0,21 0,24 -1,14 | 0,89 -0,36

IIpumeuanue: Ilpu 3HaveHuu kpumepus MavHa-Yumuu >1,96
(no Modyar) cpedHue 3HAYEHUS] paA3AUYAIOMCS C 8ePOSIMHO-
cmuio >95 %.

Note: If the Mann-Whitney test value is >1.96 (modulo), the
probability of difference in average contents exceeds 95%.

Kopbl BbIBeTpHUBaHUS CYIb(PHUIHBIX MECTOPOXKIE-
HUR («OKeJIe3HbIE HUIATBI»Y) TPAAULIMOHHO SBISIOTCS
HMCTOYHMKOM JIETKOM3BJIeKaemoro 3osota. Ha teppuro-
pur CuOHMpH W3BJICYCHUE TOTO 30J0Ta HAYAIACH CIIIe
B XVIII B., paHbIile, 4eM U3 POCCHITIEH.
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F (40,162) = 13,86; p > 0,99
S CTpyKTYpa KaHOHUYECKWUX NepeMeHHbIx /
Structure of canonical variables
il 1 3nemeHt | Root 1 Root 2
P 0,18 -1,23
3} o~ | e 067 055
8 0~ EEP 5 O Mn 0,77 -0,57
sl paolBR" g | [Fe 1,50 0,08
0o =2 Co -0,69 -0,11
B DD CFP Ni 0,11 0,54
ar o go ™ = { [cu 022 -045
o™ O B O Zn 0,96 1,92
= B Wy S As 052 0,09
80f O o %6 Yoo 1 : j
X O 0O o o 5 & Mo -0,39 -0,76
1 0 Q:%o (o] ® o © Ag 0,06 0,46
- %00 ogD o ol ] Cd -0,01 0,54
o@ 0 o Sn 0,99 -0,30
2 @ 400 1 Sb 041 -0,11
© ¢ %0 Hf 079 054
al o o | W 035 0,01
o Au -0,01 0,19
ail © o | [m .27 101
Pb 0,11 0,10
Bi 0,92 0,58
-5_4 -2 0 2 4 6 8 10 O 3oHa rupponuaalHydrolysis zone
Root 1 O 3ona rugpataumu/Hydration zone
©  3oHa peanHterpaunu/Disintegration zone
Puc. 1. Pesysbmam UCKpUMUHAHMHO20 AHA/AU3A IMA/I0HHbIX 8bI60OPOK U3 HE30.10MOHOCHOU KOPbl 8bI8EMPUBAHUS
Fig. 1.  Result of the discriminant analysis of reference samples from non-gold-bearing weathering crust

B T0 e BpeMs NIMHUCTBIC KOPBI BRIBETPUBAHUS JIO
80-x rr. XX B. BoOOIIEC HE pacCMaTPUBAIUCH B Kade-
CTBE BO3MOXHBIX OOBEKTOB MPOMBIIIJICHHON TOOBIYN
MeTtauia. B mocrieHue AecSTHIICTHSI B JIATEPUTHBIX U
KAOJIMHUTOBBIX KOpaxX BBIBETPUBAHHUS BCETrO0 MHPA,
BKJTIOYast Poccuio, OTKPBITHI AECSITKH MECTOPOXKICHUH
30J10Ta, B TOM YHCJIE KPYIHBIX, YTO TO3BOJIHIO O0B-
CIUHUTP HMX B  CAaMOCTOSATCIIBHBIA  I'€0JIOro-
MPOMBINUICHHBIN THII. XapakTepHOH OCOOCHHOCTBHIO
TaKUX MECTOPOXKIACHHUIA SIBISICTCS WX pPa3BUTHE HE
TOJIBKO 110 TIEPBUYHBIM 30JIOTHIM PyAaM, HO U TI0 Clia-
0030JI0TOHOCHBIM THIPOTEPMAIILHO M3MEHEHHBIM I10-
po/iaM ¥ MUHEPAJIIM30BAHHBIM 30HaM C OEIHOW CyIb-
bunHO-KBapIIEBON MUHepamu3amuei [21].

30JI0TOHOCHBIE ~ KOpPbl ~ BBIBETPHBAHHUS | OMBb-
Sliickoro Mexaypeubsi, B CpaBHEHUH C HE30JI0TOHOC-
HBIMH, XapaKTepU3YIOTCSA PE3KUM TMOBBIIIEHHWEM (Ha
nopsZIok U Oosiee) KoHIEeHTpanud Au, As, W, Sb u
HEe3HA4YMTEeNbHBIM (10 1,5-2 pa3) Bo3pacTaHueMm Co-
JIep>KaHUM IPYTUX 3JIEMEHTOB-CIIYTHUKOB 30510Ta: Cu,
Zn, Pb, Bi, TI, Hf, Sn, mo Bcemy mpoduiro BHIBETPH-
BaHHUS. DTO CBHUIIETEILCTBYET O TOM, YTO 30JIOTOHOC-
HBbI€ KOPBI BBIBETPUBAHUS SIBISIIOTCS, 1O CYTH, OCTa-
TOYHBIMH BTOPHYHBIMH OPEOJIAaMH THAPOTEPMaIbHBIX
30H MUHEpaJIM3alyi. B 9acTHOCTH, TEMHU ke dIIeMEH-
TaMu (PUKCUPYIOTCS 30HBI 30JIOTOPYAHOH MHUHEpaIH-
3allMy B KOPEHHOM 3ajieraHuu Ha batypuHckoM pyzmo-
MPOSIBIICHUH 30J10Ta, TAC MHHEpalIaMH-CITyTHUKaMU
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30JI0Ta SIBJSIFOTCSL CYNb(MUABI — MMUPUT, TTHPPOTHH, ap-
CEHOIMPHT, CaJIEPUT, TAJCHUT U XaIbKONUPUT. Bce
9TO MOATBEPKJACT M3BECTHOE TOJIOKEHHUE O TOM, YTO
(dbopMHpOBaHHE PYIOHOCHBIX KOP BBIBETPHBAHUS
OTIpeZIeTISiIeTCS B MEPBYIO OYepellb MPUCYTCTBUEM PYII-
HOro KoMmnoHeHTa B cyOctparte [21-23]. Takoe ycio-
BHC SBISCTCS O0Os3aTCNBHBIM, HO HEIOCTATOYHBIM.
HmeroTcss MHOTOYMCIICHHBIC TPUMEPhl KaK HaTHYHS,
TaKk U OTCYTCTBHUSI OOOTAIICHHBIX THUIIEPTCHHBIM 30J10-
TOM 30H Ha 30JI0TOPYIHBIX MECTOPOXAECHHUSAX Pa3HbBIX
TunoB. [103TOMy BBISICHEHHE YCIOBUI BO3HHKHOBCHUS
TaKUX 30H SIBJSIETCS BAYKHEHUIITM BOIIPOCOM KakK B TEO-
PETUYECKOM, TaK U B MIPUKIATHOM acCIEeKTaX.

CpenHee copepikaHue 30J10Ta ¥ OOJIBINIMHCTBA JIe-
MEHTOB-CITYTHUKOB (Kpome Pb) oT 30HBI nesmHTErpa-
MU K 30HE TUAPOJIN3a CHUKACTCS, HO JIUCTIEPCHUS BO3-
pactaer Ha 1-2 mopsaka. ITO O3HAYAET, YTO Y4aCTKU
BBIIIEITAYNBAHMSI COTIPSDKEHBI ¢ 00JIACTAMH TIEPEOTIIO0-
JKEHMSI DJIEMEHTOB, M TIO3BOJISICT MPEIoiaraTh Haju-
Yhe 30H BTOPUYHOI'O OOOTaIleHUs 30JI0TOM U 3JIEMEH-
TaMH-CITyTHUKaMH. 30JI0TO MOXKET B 3TOH CHTYallHU
OCaXKIAThCsA HA YacTUIAX MHUHEpPAJILHOTO cybOcTpara,
a7copOMpoBaThCcs TIMHHUCTBIMA MHHEpajlaMHu  JH00
HEMOCPEICTBEHHO OCAXIaTbCAd U3 KOJUIOMIHOTO pac-
TBOpa [24]. Takne WHTEPBAIIBI C MPOMBIIIUIEHHO HHTE-
PECHBIMH  COAEP)KAHUSAMHU  30JI0Ta JICHCTBUTEIHHO
BCKPBITHI ITOMCKOBBIMH CKB2XKHHAMH B TpEAeiax 30H
TUJIPOJIM3a U THIPATAIIH.
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Kputepwia/Criterion F (40,514) = 15,71; p>0,99

4 CTpyKTypa KaHOHWHECKNX NEPEMEHHBIX
6l Structure of canonical variables
Onement | Root1 | Root2
51 ] P 0,52 0,04
Cr 0,03 -0,56
il 2 ] Mn 009 -012
Fe -0,32 -0,37
3l ] Co 0,14 018
Ni -0,13 -0,03
2 L ] Cu 0,08 0,37,
o~ Zn 0,27 0,82
*g 1t ] As 0,40 0,35
x Mo -0,06 0,02
ol 1 Ag 019 -0,08
Cd 0,00 0,01
e ] Sn 022] -035
Sb 0.47 -0,34
21 ] Hf 018 012
w 0,25 -0,26
2L & ] Au 0,25 -0,42
N s © TI 031 048
al ] Pb 0,00 0,31
Bi 0.23 0,02
= ' ; ; ' : : o AU<0,01
-4 -2 0 2 - 4 6 8 10 5 Au 0.05 - 0,01
o AU>0,02
Puc. 2. Pe3yabmam OUCKpUMUHAHMHO20 AHA/IU3A 3MA/I0HHBIX 8bI60POK C pA3HOLU 30.10MOHOCHOCMbI0 KOPbl 8b18eMPUBAHUS
Fig. 2.  Result of the discriminant analysis of reference samples with different gold content of the weathering crust

C 1enbi0 BBISBICHUS T'€OXUMHUYECKUX OCOOCHHO-
CTell 00OrameHHbIX 30JI0TOM JIOKAIbHBIX HHTEPBAIOB
c(hOpMHPOBAHEI TPU BEIOOPKH M3 OCTATOYHBIX KOP BBI-
BETPHUBAHUS C COACPKAHUAMU 3070Ta: 1) MmeHee 1 mr/T;
2) ot 5 o 10 mr/T; 3) Gonee 20 Mr/T.

JIMCKpIMUHAHTHBIN aHAN3 IOKA3bIBACT, YTO IIO
TCOXUMHYECKIM JTAHHBIM 3TH BBIOOPKH Pa3IMIaIOTCS C
BEPOATHOCTHIO Ootee 99,9 %, crnemoBaTenbHO, IPOTHO3
30JIOTOHOCHOCTH MOXXHO YCIEIIHO OCYIIECTBISTH II0
JAHHBIM TEOXUMHUYCCKOTO ONPOOOBAHUSI C HCIIONB30-
BaHHMEM IPOrpaMM PacIo3HaBaHUsS 00pa3oB (puc. 2).

CpaBHeHHE BEIOOPOK C HCIIOJIb30BAHHEM PAHTOBOTO
Kputepuss MaHHa—YHUTHH ITOKa3bIBACT, YTO CHHXPOHHO
C 30JI0TOM YCTOMYMBO HaKaruBaroTcs Sb, As, Ag, Sn,
T1, B mensmieii crenean Co, Cu, Zn, Cd, Bi, obnazga-
OIIHE BBEICOKOH MOJBIDKHOCTBIO B TUIICPTEHHBIX YCIIO-
BUSIX, B CBSI3U C YCM COJICPIKAHUE UX B 30HE THIPOJIN3A
HWKe, 4eM B 30He Tujpatanmu (tabdn. 2, 3). Docdop,
JKENIe30 W MapraHell B HpOIECCe HAKOIUICHHS 30JI0Ta
YaCTHYHO TEePEepPaCIpEIeISIIOTCs, BXOII B COCTaB HO-
BOOOpa3oBaHHBIX (PocdhaToB, THAPOOKUCIOB U KapOO-
HATOB, HO B IEJIOM CPEIHEE COJACPIKAHHWE UX CYIIe-
CTBCHHO HE U3MCHSIETCSL.

XapakTep TepepacrpefeseHus] XUMHISCKAX dIie-
MEHTOB B MPOIIECCE OPYACHCHUS HAXOAUT OTPAKECHHE B
MHOTOMEPHBIX KOPPEISIUOHHBIX 3aBHCUMOCTSX, YTO
MO3BOJIICT HCIIONB30BATh PE3YIbTATHl  (PAKTOPHOTO
aHamM3a ISl TEOMETPU3AIMH AHOMAIBHBIX TCOXUMH-
YECKUX TMOJIEH.
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PesynbraToM (hakTopHOrO aHanmM3a SBISAETCS MaT-
puna (pakTOPHBIX HArpPy30K, KOTOpask COJACPKHUT KO-
(UIUEHTBI, TPEJCTABISIONINE B3aUMOCBSI3H  MEXTY
(akropamu u niepemeHHbIMH. KoaQuimeHT ¢ BbICO-
KHM a0COJIFOTHBIM 3HAYCHUEM IOKa3bIBACT, YTO (hak-
TOp W INepeMEeHHAasl TECHO B3aMMOCBs3aHbl. Jljist yripo-
IICHHUs WHTepnpeTaluu (HaKTOPOB MPOBEJACHO Bpallle-
HUe (akTOpHBIX Ocell meromom Bapumakc [15, 17].
Kputepuer cTraTHCTHYECKOH 3HAYUMOCTH KO3 PHUIIH-
€HTOB MaTpHIIbl ()aKTOPHBIX HATPY30K HE CYIIECTBYET,
JUIS yI0OCTBA BOCTIPUATHS KUPHBIM IIPU(TOM BBIjIC-
JIeHBI uX 3HaueHust oT 0,4 u BbIE, 00BEIUHSIONINE, TTO
OTBITY paboT, Hanboee HHPOPMATUBHBIC JIJIST TAHHON
aCCOILMAIIMKM XUMHUYECKHUE dJIeMEHThI (Ta01. 4).

[To pesysnbpratam (pakTOPHOTO aHANIHM3A MO OCTATOY-
HBIM KOpaM BBIBETPUBAHHS IOJlydeHa MaTpuia (ak-
TOPHBIX HAarpy30K, BKJIIOUAIONIAs YEThIPE TPYIIIBI
(pakTopa), OOBEIUHSIONIMX XUMHUYECKHE DIIEMCHTHI,
CXOJIHBIE T10 MOBEACHUIO B T€0JIOTHYECKHX Mpolieccax.

@aKkTOpHBIN aHAJIN3 TOKA3bIBAET, YTO B OCTATOYHOMN
KOpE BBIBETPUBAHMUS 30JI0TO TECHO KOppenupyeTces ¢ Sb,
W, As, Cu (daxrop 4). Bepostaee Bcero, ata accorua-
LUl COXPAaHWJIACh OT TEPBUYHBIX PY[, MPEJICTaBIsIeT
cO0OW OCTAaTOYHBI BTOPUYHBIA OPEOJI M MOXKET pac-
CMaTPHUBATBLCSI KaK TEOXUMHYECKAN TPU3HAK 30JI0TOTO
OpyJEeHEHHs B KOpe BBIBETPHBaHUS. MBIIbSK, CypbMa,
Me/b OTMEUAIOTCS B COCTaBE CYJIb(HIOB, COIPOBOXKIA-
FOIIMX KOPEHHOE OPY/ICHCHUE U SBIISTFOTCS THITMYHBIMU
JJIeMeHTaMH-CITyTHUKam# 3o051ota [ 10, 25-28].
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Ta6auya 3. CpasHeHue no kpumepuro MaHHa-YumHu 8vl60-
POK C pa3/U4HOlU cmeneHvlo 30/10MOHOCHOCMU
U3 0CMAamMoYHbIX KOP 8bI8EMPUBAHUS

Table 3. Comparison by the Mann-Whitney test of sam-
ples with different degrees of gold content from

residual weathering crusts

CpeJjH1e reoMeTpUYeCKHe 3HaYeHUs KpUTEPHUs
cojiepKaHus, T/ T MaHHa-YUTHU
= o | Geometric averages, ppb Mann-Whitney test
§ é O = o) CpaBHUBaeMble BbIGOPKH
L9 G oo = S oo Comparable samples
SE| 55| £E 2=
€E| €E | €E | ba | b | ca
a3 | &8 | &3
P 325 412 411 -0,56 -0,28 -0,78
Cr 87,6 66,9 75,7 1,83 3,85 4,20
Mn 69 154 146 2,06 -2,27 0,59
Fe |24476 | 28341 | 26384 2,77 -2,56 1,01
Co 6,63 10,68 15,43 3,51 -0,20 4,11
Ni 29,0 31,0 29,6 2,54 -2,61 1,57
Cu 26,4 35,5 52,3 3,02 1,79 4,91
Zn 45,3 84,7 84,3 3,34 -1,97 2,54
As 51 56,5 123,2 3,99 2,15 4,95
Mo 0,45 0,49 0,49 1,92 -0,18 2,22
Ag 0,05 0,06 0,09 2,57 2,54 4,62
Cd 0,11 0,23 0,24 2,44 -0,97 2,17
Sn 1,51 2,09 2,53 2,77 2,91 4,16
Sb 0,60 2,92 7,88 3,99 4,20 5,82
Hf 2,76 3,54 3,50 2,02 1,13 2,55
w 0,19 3,57 17,42 0,62 4,54 5,30
Au | 0,001 | 0,003 0,063 6,86 8,39 7,18
Tl 0,43 0,55 0,72 3,33 2,89 4,59
Pb 12,4 14,9 13,7 2,92 -2,40 0,84
Bi 0,19 0,21 0,25 3,80 -0,18 3,26

Ilpumeuanue: Bvibopka (a) - menee 1 mz2/m; gvibopka (b) -
om 5 do 10 m2/m; evibopka (c) - Gosaee 20 me/m. Ilpu
3HayeHuu Kpumepusi MauHa-Yumnu >1,96 (no modyi0)
cpedHue 3Ha4eHUsl pa3Auvarmcs ¢ 8epossmHocmso >95 %.
Note: Sample (a) - less than 1 mg/t; sample (b) - from 5 to
10 mg/t; sample (c) - more than 20 mg/t. If the Mann-
Whitney test value is >1.96 (modulo), the probability of differ-
ence in average contents exceeds 95%.

Onementsl Sn, Tl, Hf Bbmenumuce B OTACIBHYIO
acconmamuio (dakrop 2). Paspe3 Baoib THIIOBON
CKB)XHHBI Z35 MOKa3bIBACT, UTO 3HAUCHHS (HAaKTOPOB 2
U 4 CHHU3Y BBEpX IO MPOQUIIIO BEIBETPUBAHUS CHAvYasa
CHHXPOHHO BO3pPACTalOT, & B BEPXHEH 30HE KOPpEIIs-
M MEXIy HUMH CcTaHOBUTCS oOparHas (puc. 3). To
€CTh MEXaHU3M HAKOIUICHUS ITHUX aCCOLHUAIUN pa3-
JTUYHBIA, COOTBETCTBEHHO, Sn, T1, Hf npsmbeiMu uHIM-
KaToOpaMH 30JI0TOI0 OPYACHCHHS B KOPaxX BBHIBETPHBA-
HUSI HE SIBIISTFOTCSL.

Kopa BeIBeTpuBaHus 1mo maiike A0JIEPUTOB yYBEpEH-
HO (PHKCUPYETCs] TOBBIIICHHBIMU KOHICHTpAMsIMU P,
Hf, Zn, Fe (pakrop 3), Hakormienue dochopa cBsizaHO
C anaTuToM, ragHUs — 00YCJIOBICHO €ro MPUMECHIO B
mupkone [29, 30]. 3omoro ¢ 3TOl accouumanueil He
KOPPETHPYETCSL.

®daxrop 1 oObeaunser rpynmny snmemeHToB (Fe, Co,
Ni, Mn, Cu, Zn), KOTOpble 00pa3yrOT IMOBBIIICHHBIC
cojepkanust B OcHOBHBIX mopoxax. Fe, Co, Ni, Mn
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oTHOcATCST K cunepodunbheiM, Cu, Zn — K XaJbKo-
¢upHBIM 3reMeHTaM. [loBbIICHHBIE 3HAYEHUS (hak-
Topa 1 OTpakaroT OCHOBHOCTH HCXOAHBIX IOPOA H
MIPUYPOYEHBI, IPEX/IE BCEr0, K KOPE BHIBETPUBAHUS TI0
Jaiikam nonepuro. Poct untencuBHocTu paktopa 1 B
BEpXHEH YacTh CKBaXWUHBI Z35 CBS3aH TOJBKO C aHO-
manusimu Cu, Zn, Co, KOTOpbIe B TaHHOM CiIy4ae OT-
pakaroT CHELU(HUKY MEPBUYHOTO CYJIb(HUIAHOTO OpPY-
neHenwust (puc. 3).

Ta6auya 4. Pesyasbmambsl hakmopHo20 aHaauza ho ocma-
MOYHbIM U NepeomJsI0NHCeHHbIM KOpaMm evleem-

pusaHus
Table 4. Results of factorial analysis for residual and re-
deposited weathering crusts
B o OcTaTo4Has [lepeoTsiokeHHas
% S| kopa BEIBeTpHBaHHS KOpa BbIBETPUBAHUS
E EJ Residual weathering crusts | Redeposited weathering crusts
@™ M| F1 F2 F3 F4 F1 F2 F3 F4
P 1030 |001 |0,74 |-0,06 | 0,65 | 0,52 |-0,25 | -0,13
Cr [-0,13 0,12 |-0,80 |-0,04 | 0,30 |-0,75 | 0,23 | 0,05
Mn | 0,73 |-0,03|0,01 [0,07 | 0,77 | 0,17 |-0,09 |-0,11
Fe (0,69 |-0,11] 040 [-0,10| 0,82 | -0,04 |-0,19 | -0,23
Co |0,81 |-0,01/0,13 |0,16 | 0,81 | -0,07 |-0,18 | -0,07
Ni [0,43 | 037 | 004 [-0,18 | 0,73 | 0,05 | 0,21 |-0,22
Cu | 0,40 | 0,10 |-0,37 |0,46 | 0,73 | -0,20 | 0,00 | 0,21
Zn 10,56 | 0,24 | 0,50 |-0,10| 0,58 | 0,62 | 0,09 |-0,14
As |-0,09 | 0,32 | 0,28 |0,54 | 0,08 | 0,38 |-0,10 | 0,73
Mo | 0,14 |-0,11]0,39 | 0,15 | 0,72 | 0,04 |-0,05 | 0,15
Ag 10,03 {018 |-0,03 0,04 | 0,64 |-0,01 | 0,02 | 0,35
Cd | 039 (021 |019 |-0,01| 0,40 | 0,78 | 0,04 | 0,18
Sn |-0,09 10,82 | 0,16 | 0,14 |-0,34 | 0,42 | 0,72 | 0,01
Sb |-0,03 0,28 | 0,17 |0,76 | 0,05 | 0,53 | 0,15 | 0,51
Hf [-0,13 0,53 | 0,65 | 0,02 [-0,21 | 0,83 | 0,21 | 0,19
W |[0,16 |-0,04|-0,10 /0,60 | 0,01 | 0,02 |-0,02 | 0,49
Au [-0,10 | 0,13 |-0,01 | 0,67 | -0,03 | -0,07 | 0,08 | 0,63
Tl | 044 |0,62 |-0,24|0,24 |-0,13 | 0,02 | 0,84 | 0,10
Pb | 0,06 | 0,25 | 0,09 |0,14 | 0,70 | -0,15 | -0,06 | 0,25
Bi | 0,00 0,74 |-0,27 0,05 | 0,17 |-0,48 | 0,64 |-0,13

Takum 00pa3oM, TEOXUMHUYCCKUMH MPH3HAKAMH
30JI0TOTO OPYJICHEHHsI B OCTATOYHBIX KOpax BBIBETPH-
BaHUs ciyxar aHomamuu Au, As, Sb, W. MecHuee
HAJCKHBIMU WHAMKAaTOpamMu sBisitotest Zn, Cu, Co, Bi.
Habmogaemoe MHOTIa CHHXPOHHOE C 30JI0TOM IIOBE-
nenue Sn, Tl, Hf orpaxkaet, BUAMMO, JIUTOIOTUICCKUAN
KOHTPOJIb OPY/ACHEHHMsI, TOCKOIBKY 3Ta acCOIUaIus
MIPUCYTCTBYET M B HE30JI0TOHOCHOM KOpE BBIBETPHUBA-
HUSL.

XapakTepHoii 0COOEHHOCTBIO 30JI0TOHOCHBIX KOP
BBIBETPMBAHUS BO MHOTUX PETHOHAX SIBISIETCS UX TeC-
Has TIPOCTPAHCTBEHHAs CBS3b C IEPCOTIIOKECHHBIMU
KOpaMmH, TakXke 30JI0TOHOCHBIMUA. B Towmb-fiickom
MEXIypeube B pe3yJibTaTe WHTEHCUBHBIX TEKTOHHUYE-
CKHUX JBW)KCHHM B OJIMTOLIEHE M DOTUICHCTOIICHE IIPO-
M30IIJIa CYNIECTBEHHAs! APO3Msl KOP BBIBETPHUBAHUS U
WX  TEPEOTIIOKEHHE B  BUJAE  AJUTFOBUAJLHO-
MPOJIIOBUANIBHBIX  OTNIOKeHUU. [lopoabl ocHOBaHUS
KHpcaHOBCKOH CBUTHI (pAN,-Qgkrs) sIBIISIIOTCS THTTUY-
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HBIM TIPUMEPOM IEPEOTIOKEHHBIX 30JI0TOHOCHBIX KOP
BbiBeTpuBaHus. C MPaKTHUSCKOH TOYKH 3PCHUS OTU
00pa3oBaHMsl MPEACTABISIFOT HECOMHEHHBIH HHTEpEC,
MOCKOJIBKY COJICp)KaHMs 30J10Ta B HHUX JOCTUTAIOT
6,3 r/T [10]. ITpocTpaHCTBEHHO OHH YaCTO TECHO acco-
[UUPYIOT C 30JI0TOHOCHBIMH OCTATOUYHBIMH KOPAMH.

3nauenus (axropos Factor values
20 00 20 40 6,0 80
0 r

= GakTop 1 Factor 1

(Mn, Fe, Co, Ni, Zn, Cu)
=== takTop 2 Factor 2

(Sn, Hf, TI, Bi)
= (akTop 3 Factor 3

(P, Hf, Zn, Fe)

daurop 4 Factor 4

(Au, Sb, W, As, Cu)

C e 3 s
(s [ ve [(E1l7 [(=1s

60 m
Puc. 3. PacnpedeseHue zeoxumuyeckux accoyuayutl 8 npo-

duse 30/10MOHOCHOU KOpbl BbIBEMPUBAHUSI NO
ckeaxcune Z35: 1 - enuHucmule omsoxceHust mat-
euHckoll ceumvl (Q1-2tg); 2 - 6ausko- u OanvHenpu-
HOCHblE OMIOMCEHUA KUPCAHOBCKOU ceumbl (pdN -
Qrkrs); 30HbI OCMAMOYHOU MeN-NAIe02eHO80U KOpbl
evigempusanus. 3 — euopoausa, 4 — euopamayuu; 5 —
Odesunmezpayuu, cocmag UCXoOHvlx nopoo: 6 — oatka
Odonepumos (u-evTi-zt); 7 — necHaHuku ¢ npoca0sIMu
a/1e8poumos, apauiaumos U 2AUHUCMbIX CAdHYe8
1opeunckoti ceumut (Dsjur); 8 — Opecea u webens
Keapya

Distribution of geochemical associations in the pro-
file of the gold-bearing weathering crust: 1 - argilla-
ceous deposits of the Taiga suite (Q1-2tg); 2 - near-
and far-bearing deposits of the Kirsanovskaya suite
(pdNy-Qgkrs);  zones of residual Cretaceous-
Paleogene weathering crust: 3 — hydrolysis; 4 — hy-
dration; 5 — disintegration; composition of the prod-
uct: 6 — dolerite dike (u-gvT1-2t); 7 — sandstones with
interlayers of siltstones, mudstones and shales of the
Yurga suite (Dsjur); 8 — gruss and crushed stone of
quartz

Fig. 3.

(DaKTOpHBIﬁ aHaJIn3 IIOKa3bIBA€T, 4YTO I'€COXUMHUYC-
CKHC accoluralru, XapaKTCPHBIC I OCTATOYHBIX KOP
BBIBCTPUBAHHS, BO MHOI'OM COXPAaHAKOTCSA U B IEPEOT-
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JIO’)KEHHBIX Kopax (Tabin. 4). B cOBOKymHOCTH cO cra-
001 OKaTaHHOCTBIO 30JI0Ta ITO YKa3blBaeT Ha OYCHb
HE3HAYNTEIbHBIE PACCTOSHUS €ro MepeHoca M M03BO-
JISIET PAacCMATPUBATh 30JIOTOHOCHBIE OOBEKTHI Kak
KOMILJICKCHBIC KOPOBO-POCCHIITHBIE.

Ta6auya 5. CpasHerue no kpumepuio MaHHa-YumHu 8b160-
POK C pasAu4Hol cmeneHbvlo 30/10MOHOCHOCMU
U3 NepeomI0HCEHHbIX KOP 8bI8eMPUBAHUS

Table 5. Comparison by the Mann-Whitney test of sam-
ples with different degrees of gold content from
redeposited weathering crusts

Cpe/:ume reoMmeTpu4eckue
cofiepaHus, r/T

B e .

£ = Geometric averages, ppb 3HayeHUs KpUTepus
3 g HesosioToHOCHBIE |30JI0TOHOCHBIE ManHa-YuTHuH
& = OTJIOXKEHUS OTJIOKEHUSA Mann-Whitney test

Non-gold-bearing | Gold-bearing
rocks deposits

P 384 438 1,24

Cr 75,4 72,2 -1,45

Mn 517 323 -2,47

Fe 43258 31708 -2,10

Co 18,23 14,57 -0,83

Ni 36,16 32,91 0,40

Cu 33,58 32,27 -0,27

Zn 70,26 84,07 1,67

As 11,63 36,14 5,97

Mo 0,85 0,75 -1,32

Ag 0,05 0,06 2,00

Cd 0,10 0,21 5,39

Sn 1,89 2,20 3,39

Sb 1,14 3,62 5,92

Hf 2,06 3,06 3,92

\ 0,84 3,87 4,64

Au 0,001 0,046 8,27

Tl 0,49 0,54 191

Pb 17,51 20,29 1,97

Bi 0,26 0,26 -1,25

IIpumevanue: Ilpu 3HaveHuu kpumepus ManHa-Yumuu >1,96
(no modynt0) cpedHue 3HAYEHUS pa3AU4armcsl ¢ 8eposiMHO-
cmoto >95 %.

Note: If the Mann-Whitney test value is >1.96 (modulo), the
probability of difference in average contents exceeds 95%.

CpaBHEHHE 30JI0TOHOCHBIX M  HE30J0TOHOCHBIX
YYaCTKOB TMEPEOTIOKEHHBIX KOP BBIBETPUBAHUS IMOKa-
3BIBACT, YTO CUHXPOHHO C 30JI0TOM B HUX HAKaIlIHBa-
torest As, Sb, W, Cd, Ag, Pb, Sn, Hf. D10 npaktudeckn
TOT ke KOMIUIEKC 3JIEMEHTOB, KOTOPBHIM (DPHKCHPYIOTCS
30JIOTOHOCHBIC YYaCTKH OCTATOYHBIX KOpP BBIBETPHUBA-
Hus (Ta0. 3, 4). 3HaUSHUS KPUTEPHS CO 3HAKOM ILITHOC
B TaOJ. 5 03HAUAIOT, 4TO 3TH AMeMeHTH (Au, As, Sb,
W, Cd, Hf, Pb, Sn, Ag) HaKaruMBaroTCs B 30JI0TOHOC-
HBIX KOpaX, B CpaBHEHHH C HE30JIOTOHOCHBIMHU. 3HAK
MHUHYC XapaKTepu3yeT OOpaTHYIO KapTHHY: COJEp)Ka-
HUs. Mn u Fe B mepeoTIOKEeHHBIX 30JI0OTOHOCHBIX KO-
pax HWXe, YeM B HE30JI0TOHOCHBIX.

Takum 00pa3oM, OOIIMM reOXUMHYECKUM KPUTEPH-
€M 30JI0TOHOCHOCTH OCTATOYHBIX M MEPEOTIONKEHHBIX
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KOp BBIBETPUBAHUS SIBISICTCS, B IMEPBYIO OYEpElb,
Hanuune anomanuii Au, As, Sb, W, pexe B KOMILIEKCE
¢ Sn, Hf, Cd. B ocraTounpIx kopax ¢ Au Hepelnko Kop-
penupytot takke Co, Zn, Cu; B IepeoTIOKEHHbBIX KO-
pax 3Ta KOppesIHs HCYe3aeT BBUIY BBICOKOW IIO-
nemwkHOCTH Co, Zn 1 Cu B TUIIEPTEHHBIX YCIOBUSX.

3akjiwuyeHue

B pesynbraTe NMpOBEIACHHBIX HCCICIOBAHUN yCTa-
HOBJICHO, YTO 30HBI NPO(HIS BBIBETPHBAHUS CTATH-
CTHYECKH 3HAYMMO Pa3IHYaroTCs MEXay coOod 1o
XUMHYECKOMY COCTaBy. B mpoliecce BBIBeTpHBaHUS
HE30JIOTOHOCHBIX IOPOJ TMPOUCXOIUT BBIHOC P, Mn,
Co, Ni, Zn u nakoruienue Cr, Mo, Ag, Sn, Sb, Hf, T,
Pb, Bi. Conepxxanus Au, As, Fe, Cu npu 3ToM He H3-
MEHSIFOTCSI.

30JI0TOHOCHBIE KOPBI BHIBETPUBAHUS (POPMUPYIOT-
Csl TI0 MHUHEPAJIM30BaHHBIM 30HAM W W3HAYaJIbHO 000-
ramensl Au, As, W, Sb, B MenbIied mepe — Cu, Zn, Pb,

Bi, T1, Hf, Sn. V3-3a okucnenus cyab(puaoB MIponeccs
BBIBETPUBAHUSI 3/1eCh 0O0JICC MHTCHCUBHBIC, YTO MIPUBO-
JIUT K BBIHOCY W TIepepacipeieIICHUI0O MHOTHX 3JIEMEH-
toB. CpeaHee conmep)aHHE 30JI0Ta W OOJBIIMHCTBA
3JIEMEHTOB-CIIYTHUKOB (kpome Pb) B mporiecce BbIBET-
pUBaHUS MUHEPAJIM30BaHHBIX 30H CHMXKACTCS, HO JTUC-
Tepcrss MHOTOKPATHO BO3pacTaeT, BCIICJACTBHE Yero B
npezenaax 30H THAPOJIN3a W THUApPATAIMH BO3HUKAIOT
YYaCTKHA BTOPHYHOTO OOOTAIIECHHUS 30JI0TOM M DJIEMCH-
TaMu-ciryTHUKaMu Sb, As, Ag, Sn, Tl, Co, Cu, Zn, Cd,
Bi. DTOT KOMIUIEKC JIEMEHTOB SBISICTCS WHAUKATOP-
HBIM IIPH MOUCKAX MPOMBIIIICHHBIX CKOITUICHUH 30J10Ta
B OCTaTOYHBIX KOPaX BHIBETPHUBAHUSI.

leoxumuveckue accolualyu, XapaKTepHbIE s
OCTaTOYHBIX KOP BBIBETPHBAHUS B 3HAYUTEILHOU CTE-
TICHU COXPAHSIOTCA M B MEPEOTIIOKEHHBIX KOpax, T/
COBMECTHO C 30JI0TOM HakarutuBarotcst As, Sb, W, Cd,
Ag, Pb, Sn, Hf.
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