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AHHOTanusa. AKmya/abHOoCmb. B cBsi3U C NpeBbIlIeHUEM NpPeJeIbHO JONMYCTUMBIX KOHLEHTPALUN TSDKENbIX METAJJIOB U
MEeTaJIJIOU/I0B B MOBEPXHOCTHBIX BOAAX AB3SHCKOr'O 30JI0TOPY/JHOTO paloHA ONMpPeAesSOTCS BO3MOXKHbIE UCTOYHHUKU TOK-
CUYHBIX 3JIEMEHTOB, YTO aKTyaJIbHO [JI1 60pbOBI C 3arpsi3HeHHeM B PYJHbIX paloHax. I]esb: onieHKa 3K0JI0rM4eckoy omnac-
HOCTHU 30JI0TOPYAHOT'0 MEeCTOPOXKAeHUs YII0K-bap Ha OCHOBE JAHHBIX XUMUYECKOTO U MUHEPAJIOTHYECKOT0 COCTAaBa BMe-
A0 LIMX TOPHBIX MOPO/ U MOABMKHOCTU B HUX TOKCUYHBIX 3JIeMeHTOB. Mamepua/ibl u Memodvl. XUMUYECKUH COCTAB I10-
poA ompeziesieH peHTreHOPIYOPECHEHTHBIM U aTOMHO-3MUCCUOHHBIM C MHAYKTUBHO CBSI3aHHOM IJIa3MOW MeToJAaMu, a
TaK)Xe C UCIO0JIb30BAaHWEM METOJO0B K/IACCUYEeCKOU aHAJIMTUYEeCKON XMMUU. MUHEpaJOrHiecKUi COCTaB MOpoJ, onpeesaeH
peHTreHoda30BbIM aHAJU30M, COCTAB MUHEPAJIOB U COJlep>KAaHKUE B HUX 3JIEMEHTOB-MIPUMECEN — CKAHUPYIOILEH 3JIEKTPOH-
HOHM MUKpockomnueil. [IpeBapuTenbHast OlleHKA 9KOJIOTMYECKOT0 COCTOSIHUSI MECTOPOXKAEHUS OCYlleCTBJIeHa [0 MoKa3aTe-
JII0 NOTEHUAJIbHOW TOKCUYHOCTH 3JIEMEHTOB M II0KA3aTeJII0 O0TEH[MAJbHON 3KOJIOTUYeCKON 0MacHOCTH MUHepasoB. [Ipo-
HO3 COCTaBa ApeHaKHbIX BOJ, U MO BH?KHOCTH 3JIeMEHTOB ObLI IPOBE/IEH C UCIO0JIb30BAHUEM MEPOKCUHOT0 3KCIIepUMEeHTa
Y JJaHHBIX aTOMHO-a0COPOLHOHHOTO aHA/IN3a, KOHEYHbIX KUCIOTHO-IeJI0UHbIX YCIOBUM — MyTEM pacyeTa KUCJIOTOHeHTpa-
JIN3YIOLIEr0 ¥ KUCIOTONPOAYLHPYIOLIEr0 MOTEHIHANIOB. Pe3yibmamul u 06cyxcoeHue. BrisiBieHbl BLICOKHE U OYEHDb BbI-
COKHe M0Ka3aTeJd NOTeHIHaTbHON TOKCUYHOCTH U OMACHOCTH. [JIaBHYI0 MOTEHLUA/JbHYI0 ONACHOCTh MPEJCTABJISIOT MbI-
HIbSIK, XpOM, KOOA/IbT, HUKeJb, Me/lb, NAJUIAZUH, CypbMa U Jip. YCTaHOBJIEHA BbICOKAs MOABMKHOCTb MarHus, KaJbLHs, XpO-
Ma, CypbMbl, pyOouaus, 6apusi, CTPOHLMS U Cepbl, MHOTHE U3 KOTOPBIX NPECTAB/ISAIOT peaJbHYI0 3KOJIOTHYeCKYI0 OMacHOCTb.
KpeMHUH, aloMUHUN, TUTAH, HATPUH, KaJIUH, )Kesie30, MapraHel, ¢ocdop, Mesb, LUHK, HUKEJIb, MbIIIbSK, JIAHTAH, LepUH,
WUTTpUH, BaHaZUH, KO6AIbT, HIOOUH, TUPKOHUN U MOJIMGAEH B IOPOJAX sIBJISIOTCA HENOABMKHBIMU UJIM MaJIONOBUKHBIMHU.
Cysnbduabl TPUHUMAIOT OCHOBHOE yYacTHe B 3arpsi3HEHUU TOKCUYHBIMH 3JieMeHTaMu. [lopo/ibl MeCTOPOX/e HUSI XapaKTe-
PHU3YIOTCS BBICOKMM KHCJIOTOHEUTpPaIM3YIOIIUM MoTeHUHanoM. CpeJla ApeHaKHBIX BOJ, OompefessieTcss Kak HeHTpaJibHO-
llesouHas1. 3ak/a4YeHue. Mectopoxaenue Yiaok-bap o6/1aziaeT BbICOKON MOTEHLUAJIbHOM OMACHOCTBIO, KOTOpast 06yCJI0B-
JIeHa B MePBYI0 o4yepeJb MUHEPAJOTHYECKUMH U FeOXHUMHUYECKUMH 0CO6EHHOCTSIMU Py, 1 BMEIAKIINX UX TOPHBIX MOPOJI.
Cy/nbdUABI MPEeACTABISAIT OCHOBHYIO YTPO3Y B CBSI3U C COZepKAaHUEM B HUX 6OJIBIIOTO KOJUYECTBA TOKCUYHBIX METAJLJIOB U
MeTaJJIOU/I0B. BMecTe ¢ TeM B HEU3MEHEHHbBIX I'MIIepPreHHbIMU POIeCcCaMH NMOPOiaX MECTOPOXKAEHUS CONEPXKUTCSA 3HAYHU-
TeJIbHOE KOJINYeCTBO KapOOHATHBIX MUHEPAJIOB, YTO 06YCJaBIMBAET BbICOKHE KUCIOTOHEUTPAIU3YIOIINE U HU3KHE KUCJIO-
NpOAYUUPYIOLIMe CBOMCTBA MOPOJ, MPENsITCTBYIOIINE OBICTPOMY PACTBOPEHUIO CYJbPUIAHBIX MHUHepasioB. [IpoBeseHHOE
uccaejoBaHue 00beAUHsAET HWHPOPMAIUI [Jisl BbIBJIEHHS 3KOJOTHYECKHUX TMpOOJEM, CBSI3aHHBIX C Te€0JIOTO-
reoXMMHUYEeCKUMH 0COGEHHOCTSIMU MECTOPOXK/IeHHUs U 00JIeryaeT BbIOOP MOAXOAANeH KOMOUHAIMU METO/0B JIJisT MUHUMU-
3al|UU 9KOJIOTUYECKUX PUCKOB U BO3I€UCTBUM.
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Abstract. Relevance. Due to the maximum allowable concentrations of heavy metals and metalloids exceeding in the surface
waters of the Avzyan gold region, possible sources of toxic elements are determined, which is important for combating pollu-
tion in ore areas. Aim. To assess the environmental hazard of the Ulyuk-Bar gold deposit based on the chemical and mine-
ralogical composition of the enclosing rocks and the mobility of toxic elements in them. Materials and methods. The chemi-
cal composition of rocks was determined by X-ray fluorescence and atomic emission with inductive plasma methods, as well
as using methods of classical analytical chemistry. The mineralogical composition of rocks is determined by X-ray phase anal-
ysis, the composition of minerals and the content of elements-impurities in them - by scanning electron microscopy. Prelimi-
nary assessment of the ecological condition of the deposit was carried out according to the indicator of the potential toxicity
of elements and the indicator of the potential environmental hazard of minerals. The forecast of drainage water composition
and mobility of elements was carried out using peroxide experiment and atomic absorption analysis data, final acid-alkali
conditions - by calculating acid neutralizing and acid producing potentials. Results and discussion. High and very high indi-
cators of potential toxicity and hazard were identified. The main potential hazard is arsenic, chromium, cobalt, nickel, copper,
palladium, antimony etc. The high mobility of magnesium, calcium, chromium, antimony, rubidium, barium, strontium, sulfur
was established. Many of them represent a real environmental hazard. Silicon, aluminum, titanium, sodium, potassium, iron,
manganese, phosphorus, copper, zinc, nickel, arsenic, lanthanum, cerium, yttrium, vanadium, cobalt, niobium, zirconium and
molybdenum in rocks are immobile or low mobile. Sulfides are mainly involved in contamination with toxic elements. The
rocks of the deposit are characterized by a high acid neutralizing potential. The drainage water conditions are defined as neu-
tral-alkaline. Conclusion. The Ulyuk-Bar deposit has a high potential hazard, which is primarily due to the mineralogical and
geochemical features of the ores and the enclosing rocks. Sulfides are the main threat due to the content of large amounts of
toxic metals and metalloids in them. At the same time, the rocks of the deposit, unchanged by hypergenic processes, contain a
significant amount of carbonate minerals, which causes high acid neutralizing and low acid producing properties of rocks that
prevent the rapid dissolution of sulfide minerals. The conducted research combines information to identify environmental
problems related to the geological and geochemical features of the deposit and facilitates the selection of a suitable combina-
tion of methods to minimize environmental risks and impacts.
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BeeaeHue

PynHele MecTOpoXkieHHs MpPEACTABIAIOT COOOH
MIPUPOJHBIE F€OXMMHUUYECKUE AHOMAJIUHU, SIBIIAIOIIHAECS
MOTCHIUAIBHBIMA U PEAIbHBIMU HMCTOYHHUKAMHU OIIAC-
HBIX JUIS OKpPY>KaroIEeH cpeabl 31EMEHTOB. DKOJIOruye-
CKHE TIPOOJEMBI, CBSI3aHHBIC C BBIHOCOM M3 TOPHBIX
[IOpOJl TOKCUKAaHTOB B PyJHBIX paliOHax B pe3yJbTaTe
MPUPOIHBIX  (DAKTOPOB (IIPOLIECCOB BBHIBETPHUBAHMS)
WM aHTPOIIOTEHHOTO BO3JCHCTBHSA, MMEIOT TI00aib-
HOe 3HayeHue. J1s n3ydyeHus MOTEHIUMAIBHOTO 3KOJI0-
TMYECKOTO0 PUCKA OT TSDKEIIBIX METAUIOB M METaJLIOH-
JIOB B IIOCJIEIHEE BPEMsI IIPOBOJATCS HCCIEI0BaHUS 110
BceEMy MUpPY. B pynHbIX palioHax npUCTaJIbHOE BHUMA-

HUE yHaeJseTcs TOBEIEHUIO 3JEMEHTOB B CHUCTEMax
TOpHBIE TIOPOABI—TIOYBHI, MOJI3eMHbBIE—TIOBEPXHOCTHBIC
Bozb! [1—4]. Pe3ynbraTsl UcClieZIOBaHUI YacTO yKa3bl-
BalOT Ha WCXOJHBIC MPUPOIHBIC UCTOYHUKH 3arpsi3He-
HUH U ecTeCTBEHHOE 00OoralieHue MoYB, MOA3EMHBIX U
MOBEPXHOCTHBIX BOJA  IMOTEHUUAIBHO TOKCHYHBIMU
anemenTtamu. OOOTaleHHE TOYB CBS3BIBAIOT C BBIHO-
com As, Cd, Cr, Cu, Hg, Ni, Pb, Zn u3 ropasIx nopoa
BMECTE C ITOJBIDKHBIME JIEMEHTaMH M UX acopOrmeit
ruapokcugamu Fe, Mn unu oOpa3oBaHueM MeTaslio-
OpPraHUYECKUX COCTUHEHUN MPHU BBHICOKHX 3HAYCHUAX
pH B mponecce mouBooOpazoBanus [5]. B 3omoTopya-
HBIX MECTOPOXAEHUSAX HCTOYHHUKOM OTHX THKEIbIX
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METAJIJIOB B IEPBYIO OUepelb SIBIAIOTCS CYylb(OUIBI U
Cyab(QOapCeHUIBI, a TaKXe OKOJIOPYAHBIC >KUIBHBIC
kapOoHaThI [6]. B pe3yibTare mporeccoB pacTBOPEHUS
Y BBILIENIAYUBAHUS U3 3TUX MUHEPAJIOB MOXKET IPOUC-
XOJUTh BBIHOC SKOJIOTUYECKH OMACHBIX MUKPO3JIEMEH-
ToB (Hampumep, As, Cd, Mn). Takue wuccrenoBaHus
CO3J1AI0T OCHOBY JJISl YCTPAaHCHHS WJIM IPEIOTBpaIIe-
HUS 3arpsA3HEHUS.

CymiecTByeT MHOTO CIIOCOOOB TSI MOHHTOPHHTA
9KOJIOTHYECKUX OOCTaHOBOK W, KaK CJIEICTBUE, POBE-
JIeHUs] TPUPOAOOXPAHHBIX MeponpustTuid. OauH u3
HUX — OIpeleNieHHe MOTCHINAIBHONH ONAaCHOCTH Me-
CTOPOXKJICHHS Ha OCHOBE KOX(PQPHUIMEHTOB JIMTOTOK-
CHYHOCTH 3JIeMeHTOB. Takoil moaxoA MUPOKO UCIIONIb-
3yeTcsi Kak 3apyOe)KHBIMH, TaK U OTCUYCCTBEHHBIMHU
aBropamu [7—12]. IIpu 3TOM HE TONBKO OICHUBAETCS
BaJIOBOE COJICP)KaHUE TOKCHUKAHTOB, H3Yy4aeTCsl TAKKe
UX TOJBIKHOCTE B T€X WITM HHBIX ycioBusx [13-18].

B AgssHCckOM 30510TOpYyIHOM paiioHe (A3P), pac-
nmoyiokeHHoM B benmoperikom paiione PecmyOnmuku
BamkoproctaH, HaXOAWUTCS UENbIA PAJ MECTOPOXKIE-
HAW W PYOONPOSIBICHUN KOPEHHOTO M POCCHITHOTO

Puc. 1.

3os0ta (Kyprauvmnckoe, Yirok-bap, PameeBa xuina,
borpsmka, KanamnukoBa »xuna, 'opubiii Ilpuuck,
Kapacmasikckoe, Hanmexmunackoe, bompmoit Kirou,
borpsiuka, PerxoBa Ilonsina, KameHHbIil kinro4, AB3s-
Hckoe) (puc. 1). Hanbonee U3BECTHBIMU U3 HUX SBIIS-
oTCcsi MectopoxkaeHust Ymok-bap, [Nopusiii Ilpunck,
pynomnposiBnenne PameeBa xuia, KOTOPBIE C TEpepHI-
BaMH paspabareiBanuch ¢ koHuna XIX B. Mccnenosa-
HUW 3Ko0nornyeckoil cutyannu B A3P mo cux mop He
npoBoauiock. Hamu [19] BnepBrie ycTaHOBJIEHBI Tpe-
oimatone [1/IK KOHIEHTpanuu TSKENbIX METaIOB
u metamutonsioB (Mn, Fe, Al, Sb, W, V, Cu, As) B 1o-
BepxHocTHBIX Bogax A3P. Ilokazano, uro HaceneHue
OJIMBIEeKAIINX Cell TIOABEPraeTcsi SKOJIOTUIECKIM PUC-
KaM OT XMMHYECKOTO 3arps3HEHUs MOBEPXHOCTHBIX
BOJl B pe3yNbTaTe, MPEUMYIIECTBEHHO, MPHUPOTHBIX
(reorenHsIx) hakTopoB. B CB3M ¢ 3TUM 1IeNbIO JaHHO-
ro HMCCIEeIOBAHUA SIBIICTCS U3y4eHHE XUMUYECKOTO U
MHHEPAIOTHYECKOT0 COCTaBa TOPHBIX IOPOA W TIO-
JIBIKHOCTH B HMX TOKCHYHBIX METAJJIOB M METAJIJIOH-
JIOB, YTOOBI BEIIBHTH HCTOYHHKHU OIACHEIX DJIEMEHTOB.

Teos02uveckass kapma HCHOU wacmu AmMaHmayckozo aHmukauHopus (no [20] ¢ He6oAbWUMU U3MEHEHUSAMU U 00-

NO/HeHUsIMU) U noJ/ioJceHue MecmopodscdeHutl u pydonposigaeHuli 3o1oma (no [19]): 1-12 - omaoxiceHus1 HUXCHE20
pugpesi, ceumvl: 1-2 - 6oabweuHsepckas, nodceumvol: 1 — cpeduss, 2 - eepxHss; 3-5 - cypaHckasi, nodceumvi:
3 - MuHbsiKckasi, 4 - 6epdazynosckas, 5 - ameacmakckas; 6-8 - WuUHcKkas, nodceumvul: 6 - B5308CKA,
7 - 6azapblumuHckasi, 8 — cyxuHckasi; 9 - camkuuckasi; 10 - 6akanvckas; 11-24 — omaodxceHusi cpedHezo pudbesi, cau-
mot: 11-14 - mawakckas, nodceumsl: 11 - KysseazuHckas, 12 - kazasduHckasi, 13 - 6vikosckas, 14 - masowamak-
ckas (sepxussi); 15 - 3uzanveurckasi; 16 -18 - 3uzasuHo-komapoackas, nodcgumsl: 16 - cepezuHckas, 17 — ambap-
ckasi, 18 - mykanckas; 19-23 - assaHckass, hodceumbl: 19 - kamackuHckas, 20 - maaouHsepckas, 21 - ywakosckas,
22 - kymkypckas, 23 - pegemckasi; 24 — KyjcuHckas, HUxcHss nodceuma; 25, 26 — omsoxceHusi gepxHezo pugbesi, ceu-
mbt: 25, 26 - 3unbmepdakckasi, nodceumol: 25 - UH3epcKasi;, 26 — MUHbAPCKasi; 27 — yemeepmu4Hbvle 0ma0x4ceHust; 28 -
epaHuybl ceum; 29 - daliku Mazmamuyeckux nopod; 30 — meKkmoHu4YeckKue HapyweHusl pasHozo nopsioka; 31 — peku u
pyubu; 32 - HacesieHHble nyHKMbL; 33 — MecmopodcdeHust u pydonposieseHusi KopeHHozo 3010ma (1 - KypeawiuHckoe,
2 - Ynok-Bap, 3 - Pameesa scuna, 4 - boepsiwka; 5 - Kanawnukosa sicuna; 6 — lophblii [puuck); 34 - mecmopodicde-
Husi poccbinHozo 304oma (I - Kapacmasikckoe, 11 - Kypeawaumuckoe, Il - HadesxcduHckoe, IV — Boavwoil Katou,
V - Boepsawka, VI - Pviicosa IoasHa, VII - Kamennwlii karoy, VIII - AessiHckoe)

Fig. 1.

Geological map of the southern part of the Yamantau anticlinorium (according to [20] with minor changes and addi-

tions) and the position of deposits and ore occurrences of gold (according to [19]): 1-12 - deposits of the Lower Riphe-
an, formations: 1-2 - Bolsheinzer, subformations: 1 - middle, 2 - upper; 3-5 - Suran, subformations: 3 - Minyak,
4 - Berdagul, 5 - Angastak; 6-8 - Yusha, subformations: 6 - Vyazov, 7 - Bagaryshta, 8 - Sukhin; 9 - Satka; 10 - Bakal;
11-24 - deposits of the Middle Riphean, formations: 11-14 - Mashak, subformations: 11 - Kuzelga, 12 - Kazavda,
13 - Bykov, 14 - Maloshatak (upper); 15 - Zigalga; 16-18 - Zigazino-Komarovo, subformations: 16 - Seregin, 17 - Am-
bar, 18 - Tukan; 19-23 - Avzyan, subformations: 19 - Kataskin, 20 - Maloinzer, 21 - Ushak, 22 - Kutkur, 23 - Revet;
24 - Kuzhin, lower subformation; 25, 26 - deposits of the Upper Riphean, formations: 25, 26 - Zilmerdak, subfor-
mations: 25 - Inzer; 26 - Minyar; 27 - quaternary deposits; 28 - boundaries of formations; 29 - dikes of igneous rocks;
30 - different order tectonic dislocations; 31 - rivers and streams; 32— settlements; 33 - deposits and ore occurrences of
indigenous gold (1 - Kurgashlya, 2 - Ulyuk-Bar, 3 - Rameev Vein, 4 - Bogryashka; 5 - Kalashnikov Vein; 6 - Gorny
Priisk); 34 - placer gold deposits (I - Karasmayak, Il - Kurgashlya, Ill - Nadezhdinsk, IV - Bolshoy Klyuch,
V - Bogryashka, VI - Ryzhova Polyana, VII - Kamenny Klyuch, VIII - Avzyan)
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O6'BEKT U MaTepHaJIbl AJIsl HCC/IeJOBaHUA

OOBEKTOM HCCIICIOBaHUS BBIOPAHO MAaJIOCYIIbGOU/I-
HOE 30JIOTOKBAapLeBOE MecTopoXkaeHue Yiok-bap, ko-
Topoe paspabaTbiBaeTcsi B HacTosimee Bpems. Mecto-
POKICHHUE JIOKATM30BAHO B IIECUYAHUKAX, AICBPOJIUTAX U
ClIaHIaX OOJBIIEMH3ePCKONH CBHUTHI HIDKHEro pudes
[21, 22]. Pynnas 30Ha npuypoYeHa K 3alIPOKHHYTOMY Ha
BOCTOK moja yriioM 80-85° 3amamHomy Kpbuty AMrup-
CKOHM aHTHKIMHAIHN. 30JI0TOCOAepIKallas MUHEepaIn3a-
s TIPENICTABIICHA KBApIIEM, >KUIIBHBIMHA KapOOHATHEI-
MH MHUHEpaJIaMHu (KaJbIUT, JOJIOMHWT, aHKEPHT), CYJIb-
¢unamMu (MBIIIBIKOBHUCTBIA MUPUT, THPPOTHH, XaIbKO-
MIHPUT, TAJICHUT) U CYJIb(poapceHniaMu (apCeHOITUPHT U
repcopdur). MecTopoXkIIeHHE COTPOBOXKIACTCS TIep-
BUYHBIMHA U BTOPHYHBIMH T€OXUMHIECKUMU OPEOTIaMH.
30510TO OOHAPYXMBACT IOJIOKHUTEIBHYIO KOPPEIISLHIO
CO MHOTHUMH TSDKETBIMA METaJUIaMUA M METaUIOMIaMU
(As, Cu, Pb, Zn, Ni, Co), koTOpBIE MOTEHIIHATHHO MOTYT
MPECTaBIATh 3KOJIOTHYECKYIO yrpo3y.

Wzyuenne mpoBeneHO MO KEPHOBBIM IIpoOaM BMe-
MIAIONIMX TOPHBIX TOPOX MECTOPOXKICHHS, OTOOpaH-
HBIM U3 6 CKBaXHH, MpoOypeHHbIXx B 2003-2019 rr.
HensMmeHeHHBIE THIEPreHHBIMU IPOLIECCAMU TTOPOJIBI
(n=38) B3sTHI ¢ TTyOHHBI 70-250 M, U3 KOpPBI BEIBETPH-
Bauus (N=65) — 5-85 m. ITopoasl B mpejenax pyaHOU
30HBI UMEIOT MPAKTHYECKU CyOBEPTUKAIIBHOE TaJICHHUE,
U THIEPTeHHBIE TPOIECCH MPOXOIIITH TI0 TEM JKe Tec-
YaHUKaM, aJIeBPOJITAM U CIAHIIaM, Pa3BHTHIM Ha TITy-
6okux ropuzonrtax. [lo marepuanam I'VII «bamreos-
ueHTp» Pb B Kope BBIBETpHBaHUS MECTOPOXKICHHUS
VYirok-bap npeo6iagaroT 30HBI HAYaJIBHOW TUjapaTa-
WU U BbIIICJIAYUBAHNA, B KOTOPBIX PAa3BUThI XPYIKHUE,
JIETKO KPOIIAIINEcs] TPEIIMHOBATHIE TOPOIBI, COXpa-
HUBIIHE CBOIO HUCXOIHYIO CTPYKTYpPY M CYIICCTBEHHO
HEC HM3MCHHBIIHNEC MI/IHepaJ'II)HI:Jﬁ cocTaB. 30HBI KOHEY-
HOT'O BBIIICJIAaYMBAHUA U MIOJIHOTO T'MAPOJIM3a U OKUC-
JICHUS Pa3BUTHI JJOKAITBHO B TIPUIIOBEPXHOCTHOM YacTH.

MeToAbI HCC/IeJ0BAHUSI

Omnpenenenne conepaHus NETPOTeHHBIX H PEIKUX
3JIEMEHTOB B TMOPOJAX IPOBEIEHO pEeHTreHodIyopec-
1neHTHbIM aHan3oM (PDA) u criekTpanbHbIM aTOMHO-
SMHCCHOHHBIM aHAM30M C HWHIYKTUBHO-CBSI3aHHOU
mwra3moii (Meron WCII-ADC) Ha 3HEproancrepCcHOH-
HoM crnekTpomerpe X-Calibur (Xenemetrix, V3panin)
u Ha cnekrpomerpe ICPE-9000 (Shimadzu, SAnonwus)
(ananmutuk 3.P. buktumepoBa), COOTBETCTBEHHO. PeHT-
reHo(ha30BbI aHAIH3 JJIs1 YCTAHOBIICHUS MUHEPATIOTH-
9EeCKOTO COCTaBa IMOPO]I BEIIIOJIHEH Ha AudpakToMeTrpe
JAPOH-4 (Poccus).

J1st xadecTBEHHOW OIEHKM W ONpENEIeHHs I0-
JBWKHOCTH DIJIEMEHTOB, CIIOCOOHBIX TEPEUTH B Jpe-
HaXXHbIE BOJABI NPH OKUCIIEHUM MHUHEPAJIOB TOPHBIX
MOPOJI, KCTEPTHIE MPOOBI 00PadATHIBAIUCH MTEPEKUCHIO
BOJIOpPOJa C IMOCIEAYIOMNM H3MEPEHHEM COCTaBa II0-
JMYYEeHHBIX PACTBOPOB aTOMHO-a0COPOLIMOHHBIM aHa-

mmom (AAC) Ha cnektpomerpe Persee A3 (PG
Instrument, Kuraii). As u Sb onpenesneHsl ¢ UCHOIB30-
BanueM TuapuaHoi npucraBkn WHG-630 A (Kuraii).
[MoxBmwxHOCTE (B OTH. %) OLIEHWBANAach KaK JOJsS XH-
MUYECKOTO JJIEMEHTA, MEPEXOSIIEro B MEPOKCUAHYIO
BEITSDKKY, OT €T0 BaJOBOTO COJIEPXKAaHUS B MOpPOJE.
Mertonnka mpoBeACHUs SKCIEPHMEHTa BKIIOYaia 00-
paboTKy ~2 T ImopolKa TopHoi mopoasl 15 % pactso-
pom mepekucu Bomopona (pH=7) u BeImepx)UBaHHE
CMeCH B TEUeHHE ABYX CyTOK. lIpemBaputensHO mepe-
kuch BeinapuBaiachk npu 70 °C. PactBop ¢unbTpoBai-
cs M miepeBoaniIcs B Kooy Ha 200 mi1, B HEM H3Mepsi-
muck pH, Eh, a Taroke comepkaHus TSKEIBIX METAJUIOB
u metamonaoB (Cr, Cu, Mn, Pb, Zn, Sb, As). Ilepen
SKCIIEPUMEHTOM U MOCIIe €ro MPOBEASHHS, COOTBET-
CTBEHHO, B HCXOJHBIX M 00pabOTaHHBIX MpoOax Co-
JepIKaHUsI TIETPOTCHHBIX U PEAKHUX 3JICMEHTOB OIpee-
JsUIUCh MeToiIoM PDA.

Wzyuenne XUMHYECKOTO COCTaBa MUHEPAIIOB U CO-
Iep KaHUs B HAX DJIEMEHTOB-TIpUMECEl pOBEIeHO Ha
CKaHUPYIOIIEM 3JEKTPOHHOM MHKpockorne Tescan
Vega 4 Compact (TESCAN Brno s.r.o., Yexus) ¢
JHEPro-JAUCIIEPCHOHHBIM  aHanm3aropoM  Xplorerl5
(Oxford Instruments, BenuxoOputanusi) (aHATUTHK
C.C. KopayeB). M3ydyeno 8 o0Opa3ioB, 4 U3 KOTOPBIX
MPEICTABILIIOT cO0OH HEM3MECHEHHbBIE THUICPTeHHBIMU
mpoleccaMy TOpOoIbl, 4 — MOPOIBI KOPHI BHIBETPHBA-
Hus. s aHanuza u3 00paslioB TOTOBWIIMCH IOJHMPO-
BaHHBIE TUTACTUHBI pazMepom 3x3x0,5 cm.

[IpenBaputenbHas OLIEHKA 3KOJOTHYECKOTO COCTO-
SIHUSL MECTOPOXKJIEHHsI OCYIIECTBICHA IO MOKa3aTelro
noteHuuanbHoi Tokenynoctu (I'Dp) [10, 11], ocHo-
BaHHOMY Ha CTETIEHH TOKCHYHOCTH XMMHYCCKUX D3JIe-
MCHTOB 1 UX COACPIKAHUU B IMOPOJAAX:

IOp= Xt (T - KK)y + -+ + (T - Kx)y,

rne Kk — oTHOmIeHHe KOHIIEHTpAIMU AJIEMEHTa B II0-
pollax MECTOPOXKIEHHsI K €ro KJIapKy Ui BepxXHeu
KOHTHHEHTAIBHOW KOpHI 1O [23]; N — 4HCIo AiIeMeH-
TOB-TOKCHKAHTOB B MECTOPOXKIAeHUH; TI1 — KO3 PuUIm-
C€HTbI JIMTOTOKCUYHOCTU DBJICMCHTOB, KOTOPBIC CIpYyII-
MUPOBAHBI IO HECKOJIBKUM KJlaccaM, B 3aBUCIMOCTH OT
TokcnyHocTH 110 [10].

C yueToM YCTOMYMBOCTH MHHEPAJIOB PACCUUTAHBI
X TI0Ka3aTelIu IOTEHIMAJBHON 3KOJIOTMYECKOM oIac-
Hoctu (I'Om) mo [24]:

M=) Sy (T2 1 + -+ (T2 D

rae Y=C,/C; — ycroitunBocTh MuHepana, C, — comep-
JKaHHe MHMHepajia B Kope BbiBeTpuBaHus, C; — couep-
JKaHHe MHUHepalla B HEM3MEHEHHBIX rnopojax; Ti — ko-
3(hOUIUEHT TUTOTOKCUYHOCTH DJIEMEHTOB, BXOMSIINX
B MHUHepal;, X — coAepkKaHUEe TOKCHYHOTO 3JIEMEHTa B
MuHepaine; Q — KIIapk dJIeMeHTa A BEpXHEH KOHTH-
HEHTAIbHOU KOpHI MO [23]; N — YKCIO MOTEHIUAIBHO
TOKCUYHBIX 3JIEMEHTOB.
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[IpenBapurenbHas OLEHKA KHUCIOTHO-IEIOYHBIX
YCIIOBUH JpEeHa)XHbIX BOJ MpOBEJIEHa C IOMOIIBIO
onpeaeneHust kuciaoronpoxayupyomero (KIIIT) u
kucnoronerTpanusytomero (KHIT) morenuuanos [14,
25-27]. ®opMyIbI U UX pacdeTa UMEIOT CIEAYIOIIU
BU:

KHHZI0~CS~(MC;—Z°3):10-Cs-(%)zcs-3l,25,

Mcaco 100, _
KHHZIO'CC()%— '(W%:)ZIO'Ccog— (E)_ CCO§_ '16,7,

rne 10 — xoa¢pdummeHT nepecyera Kr/t B Mac. %;
Ccoz- u Cs — cozepxanue KapOOHATOB U CYIbUIHOM
Cephl B TOPHOM mopoze, Mac. %; Mcaco,, Mcoz- 1 Ms —
MOJISIpHBIE MAacChl KapOoHaTa KaJbIHs, KHUCIOTHOTO
ocTaTKa YroJbHOH KHUCIIOTHI U CyNb(UAHOH cepsbl, co-
OTBETCTBEHHO.

KoHeuHass KMCIOTHOCTh JPEHAXHBIX BOJ OIpere-
JeHa Kak (PaKTUYECKUN KHUCIOTOHEHTpaTU3YIOIIMH
noteniai (OHIT) unu KHCIOTONPOYITUPYIOIIHHA T10-
tennuman (OKII) [15, 28]:

GOHIT=KHIT-KIIIT wn ®KI=KIIIT-KHII.

Konnentpanust cynbGUAHOH cepsl B TOpojax
oTperneNieHa Kak pa3HUIAa MEKIY COACPKAaHWEM B HUX
o01mei 1 cynbhaTHOM Cepbl. S,y U3MEpEeHa PEHTIEeHO-
(IIyOpeCLEHTHBIM aHANIU30M, Scympar. — IPABUMETPH-
9ECKHM METOIIOM, OCHOBAaHHBIM HA M3MEPECHUH MAaCCHI
ocanka cyibdara Oapusi, 00pa30BaHHOTO MPU B3aUMO-
neiictBun cynbdar-uoHoB ¢ xjopunom Oapus. Komu-
9ecTBO KapOOHATOB B MOPOJAX PACCUHTAHO IO COMAEP-
XKAHUIO JUOKCHJA YIIepoja, U3MEPEHHOTO TUTPUMET-
PHUECKIM METOJIOM.

Pe3yabTaThl MccieA0BaHUSA

XUMHUECKUH COCTaB MOPOJ] U3 KOPHI BBIBETPUBAHUS
MecTopokaeHuss Ymok-bap mpexcraBieH B TaoOm. 1.
[Toponp! B cpaBHEHMH C BEpXHEW KOHTHHEHTAJIHHOM
KOpOH XapaKTepU3YIOTCS HU3KMMH COAepKaHusIMHu Ti,
Al, Fe, Mn, Mg, Ca, Na, K, P, Li, Sc, V, Zn, Sr, Ba, La,
Ce, Pb ¢ xoapdurenramu konnentpanun (Kx) ot 0,04
1o 0,96 u nmoBbIeHHBIMU KoHIIeHTparmsamu Si, Cr, Co,
Ni, Cu, Zr ¢ Kx or 1,06 go 1,57. Camblii BEICOKHIA KO-
s¢¢unment korneHTpanuu nmeet As (Kk=309).

XHUMHUUYECKUN COCTaB HEM3MEHEHHBIX TIOPOJT MECTO-
poxneHus mpeacTasieH B Tabn. 2. [lopoasl mo cpas-
HEHHIO C BEPXHEH KOHTHMHEHTAJbHOW KOPOW XapakTe-
pusyercss HU3kUMHU conepxanusmu Si, Ti, Al, Fe, Na,
K, P, Be, V, Zn, Rb, Sr, Y, Zr, Nb, Mo, Sn, Cs, Ba, La,
Ce, U ¢ Kx=0,25...0,96, mOBbIIIIEHHBIMU KOHIIEHTpA-
nusmu Mn, Mg, Ca, Sc, Cr, Ta, Pb (Kxk=1,07...1,87) u
BbICOKMMU cojiepxkanusimu Li, Co, Ni, Cu, Pd, Sb u Th
¢ Kx ot 2,15 no 8,56. Campblii BEICOKHI KOI(PPHUITUCHT
KOHLEHTpALMH, TaK *e KaK U B IOPOJax U3 KOPHI BbI-
BerpuBaHus, uMeeT As (Kk=95).

MuHepanoruyeckiii coctaB Mmopoja M IOKa3aTellb
MOTEHLUAIBHOW 3KOJIOIMYECKOW ONacHOCTH MHHEpa-

noB (I'Om) mpexacrasiensl B Tabn. 3. HensmeHeHHbIe
TUIEPIeHHBIMU MPOLECCAMU MOPOJAbI U TOPOIBI KOPBI
BBIBETPUBAHUS COCTOST M3 KBaplla, kapOoHaTa (Kajib-
LIUT, JOJOMHT, aHKEPHT), MOJEBOro mmara (ajabOuT),
ciro1 (MyCKOBHUT, OUOTHT), KAOJIMHUTA U XJIOPHUTA.

Ta6auya 1. Xumuyeckull cocmas nopod u3 Kopbl 8bleempusa-
Husl mecmopodicderust Yawok-bap, koagpduyuenmut
KOHYeHmpayuu, nokasameau JAUMomoKCu¥Hocmu
U NOMEeHYUAa/IbHOU MOKCUMHOCMU 3/1eMEHIM08

Table 1. Chemical composition of rocks from the weather-
ing crust of the Ulyuk-Bar deposit, coefficients of
concentration, indicators of lithotoxicity and po-
tential toxicity of elements

CopepaHusl OKCUOB,
= cepbl (Mac. %) 1 MUKpO-

E:5 ‘E 3/71eMeHTOB (T/T)

g g L; qg" Content of oxides, sulfur

Z S 2.8 (wt%)and trace ele- Knapxk K Tor) - T9ps

Xa _ac"j c ments (g/t) Clark Cc |Tl| GEn

O Q.= o

EEE: (n=65)
= Mun | Makc Cp.
Min Max Av.
Si02 62,84 | 95,06 | 82,82 66 1,25 |1 1,25
TiO2 0,16 0,75 0,38 0,5 0,76 |1 0,76
Al203 3,17 17,00 7,78 15,2 051 |5 2,56
FeOoou 0,80 4,02 1,41 4,5 031 (1 0,31
MnO 0,002 | 0,36 0,05 0,077 063 |5 3,14
MgO 0,23 3,30 0,89 2,2 041 |1 0,41
Ca0 0,20 4,71 0,62 4,2 015 |1 0,15
Naz0 0,06 1,40 0,46 3,9 012 |1 0,12
K20 0,57 4,50 1,66 34 049 |1 0,49
P20s 0,05 0,18 0,09 0,2 043 |5 2,14
So6m 0,02 0,06 0,03 - - - -
Li <1,00 | 51,91 | 13,59 20 0,68 | 5 3,40
Sc 2,07 | 18,53 5,78 11 053 |5 2,63
\i 19,51 | 109,50 | 43,23 60 0,72 (10| 7,20
Cr 24,274 195,64 | 54,86 35 1,57 |10| 15,67
Co 7,05 | 26,67 | 13,02 10 1,30 [10] 13,02
Ni 19,61 | 67,24 | 31,35 20 1,57 |10| 15,67
Cu 14,01 | 65,31 | 29,52 25 1,18 | 5 5,90
Zn 12,10 | 128,60 | 33,33 71 047 |5 2,35
As <5,00 |3053,77| 463,50 1,5 309,00|10(3090,03
Sr 0,25 | 62,00 | 14,71 350 0,04 | 5 0,21
Y 10,48 | 29,60 | 17,69 - - - -
Zr 91,38 | 868,39 | 201,68 190 1,06 |1 1,06
Ba 94,38 | 795,36 | 254,52 550 046 |5 2,31
La 11,02 | 65,44 | 28,27 30 094 |1 0,94
Ce 54,81 | 18,78 | 112,16 64 0,86 | -
Pb 9,16 | 76,35 | 19,17 20 096 |10| 9,59
ST3p: 3181,31

IIpumeuaHue. 30ecb u 8 maba. 2: n - KoU4eCmMao npo6, npo-
yepk — Hem 3HaveHull. MuH, Maxkc, Cp. - coomeemcmeeHHO Mu-
HUMA/IbHble, MAKCUMAAbHbIE U CpedHUe co0epicaHusl okcudos,
obujeli cepvl u Mukposnemenmos; Kk - omHoweHue KOHYeH-
mpayuu 3/seMeHma 8 nopodax kK e20 KAApKy 0151 8epxXHell KOH-
muHeHmabHol Kopwl no [23]; Ta - koagpuyuenm aumomok-
cuuHocmu; I'3pi - nokasameb NoMeHYua1bHoOll MoKCU4HoCmu
a/1emeHma.

Note. Here and in Table 2: n - number of samples, dash - no
values. Min, Max, Av. — respectively minimum, maximum and
average contents of oxides, sulfur and trace elements; Cc - ratio
of the concentration of an element in rocks to its clark for the
upper continental crust according to [23]; Tl - litotoxicity coef-
ficient; GEri - indicator of an element potential toxicity.
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Ta6auya 2. Xumuveckuil cocmas HeU3MeHeHHbIX 2unepeeHHbIMU npoyeccamu nopod mecmoposcoenus Yawk-bap, koagduyu-
eHmbl KOHYeHmpayuu, nokasameau AUMomMoKCU4HOCMU U NOMEHYUANbHOU MOKCUMHOCMU 31eMeHMo8

Table 2.

Chemical composition of rocks unchanged by hypergenic processes of the Ulyuk-Bar deposit, concentration coeffi-

cients, indicators of lithotoxicity and potential toxicity of elements

CoieprkaHus1 OKCUAO0B, cepbl (Mac. %) U MUKpPO3J1eMeHTOB (T/T)
OKcHAbl, cepa, MUKPO3J1IeMEHThI Content of oxides, sulfur (wt %) and trace elements (g/t) Knapk | Kk Tn I'Ipi
Oxides, sulfur, trace elements (n=38) Clark Cc Tl GEr;
MuH/Min Makc/Max Cp./Av.
Si02 17,05 79,73 63,22 66 0,96 1 0,96
TiO2 0,11 0,85 0,47 0,5 0,94 1 0,94
AL03 2,62 21,26 10,79 152 | 0,71 5 3,55
FeOoe 0,45 4,16 2,24 4,5 0,50 1 0,50
MnO 0,05 0,20 0,09 0,077 | 1,13 5 5,64
MgO 0,50 6,74 3,04 2,2 1,38 1 1,38
Ca0 0,22 37,32 6,67 4,2 1,59 1 1,59
Na20 0,51 2,23 1,39 3,9 0,36 1 0,36
K20 0,13 5,82 2,09 3,4 0,62 1 0,62
P20s 0,06 0,21 0,11 0,2 0,56 5 2,81
Sobu 0,01 0,53 0,19 - - - -
Li 22,17 69,44 42,94 20 2,15 5 10,73
Be 0,50 2,96 1,09 3 0,36 | 15 5,43
Sc 7,83 24,68 15,71 11 1,43 5 7,14
\ 9,63 115,00 47,93 60 0,80 | 10 7,99
Cr 12,70 191,00 65,58 35 1,87 | 10 | 18,74
Co 6,00 56,00 27,86 10 2,79 | 10 | 27,86
Ni 14,00 110,00 65,21 20 3,26 | 10 | 32,61
Cu 8,00 390,00 60,75 25 2,43 5 12,15
Zn 12,00 120,00 59,89 71 0,84 5 4,22
As 17,20 2221,10 142,08 1,5 9472 | 10 | 947,21
Rb 5,60 238,00 80,98 112 | 0,72 5 3,61
Sr 21,80 794,00 187,06 350 | 0,53 5 2,67
Y 6,90 42,20 16,13 22 0,73 - -
Zr 40,39 338,00 121,61 190 | 0,64 1 0,64
Nb 0,19 15,20 6,00 25 0,25 1 0,25
Mo <1,00 3,13 0,74 1,5 0,50 5 2,48
Pd 0,001 0,011 0,004 0,0005| 856 | 10 | 85,57
Sn 0,75 2,64 1,54 55 0,28 5 1,40
Sb 0,49 1,40 0,76 0,20 | 3,81 | 10 | 38,08
Cs 0,19 6,18 2,30 370 | 0,63 | 15 9,48
Ba 38,38 452,50 195,49 550 | 0,36 5 1,78
La 8,79 58,00 27,36 30 0,91 1 0,91
Ce 54,41 16,70 106,00 64 0,85 -
Ta 0,14 1,20 0,60 2,2 0,27 1 0,27
Pb 0,40 86,00 21,34 20 1,07 | 10 | 10,67
Th 1,56 15,30 7,21 10,70 | 0,67 | 10 6,74
U 0,86 5,12 2,20 280 | 0,79 | 15 | 11,79
>I'3pi 1268,77

Ilpumeuanue. Pacuem I'3pino V, Cr, Rb, Sr, Y, Zr, Nb, Mo, Pd, Sn, Cs, La, Ce, Ta, Pb, Th u U nposedeH c yuemom danHwix UCII-MC u3z [29].
Note. GETi calculation by V, Cr, Rb, Sr, Y, Zr, Nb, Mo, Pd, Sn, Cs, La, Ta, Pb, Th and U was carried out taking into account the data

of the ICP-MS from [29].

B axmeccopHpIX KONMYECTBaX OTMEYArOTCS CYIib-
¢une! u cynspoapceHU B! (IMPHUT, XaTbKONUPHT, MTUP-
POTHH, repcaopduT, TaNCHUT, apCEHONMHPHT), PYTHI,
(dTOpamnaTUT, TUIIC, MOHALUT, HUPKOH. [HMIPOKCHIBI
’xene3a (TeTUT) BCTPEYAIOTCS MPEUMYILECTBEHHO B
MOPOJAaxX U3 KOPHI BEIBETPUBAHUS.

Conepxanne kapGonatoB (COs”), cynbduaHOi
cepbl (Scynpun) B TOPOJAX M PACUETHBIE IIOKA3aTENH
KHII, KIIII u ®HII KuCIOTHO-IIEIOUYHBIX YCIOBHI
JPEeHaXXHBIX BOJ NpenacTaBieHsbl B Tadn. 4. Cepa B He-
U3MEHEHHBIX MOPOAAX MpeJCTaBIECHA NPaKTUYECKU
MOJTHOCTBIO CYNb(UAHONW (OPMOI, B KOpe BBIBETPUBA-
Husl — cynbdaTtHoi (rumc). Conepxanue S,g, BapbH-

pyer ot 0,005 10 0,53 mac. %, COs> — or 0,67 10
43,37 mac. %.

Pe3ynbpTarhl MEPOKCHIHOIO KCIIEPUMEHTa IO He-
W3MEHECHHBIM THIICPTCHHBIMH TIPOIIECCAMHU  MTOPOJIaM
MpeICTaBJICHbl B Ta0JA. 5 ¥ Ha puc. 2. YCTaHOBJIEHBI
KpaiiHe HU3KHE KOHIICHTpaluu B pactBopax Si, P, Cu,
Zn, Pb, Ti, Zr, Mo, Sb. [Ipyrue snements! (Na, Mg, Al,
S, K, Ca, Cr, Mn, Fe, Co, Ni, As, Rb, Sr, Y, Nb, Ba)
XapaKTePU3YIOTCS IMUPOKHMHU BapHALUSMU COJCpIKa-
Hui. [IpeBamupyroliee coaepKaHue B pacTBOpax HUMe-
et Ca. Ilo pe3ysibpTataM MEPOKCHIHOTO 3KCIIEPHUMEHTA
paccyrTaHa MOABHKHOCTh HEKOTOPBIX METPOTEHHBIX U
PEIKHX AIIEMEHTOB, KOTOPAast IPUBOAMUTCS B Ta0II. 6.
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Ta6auya 3. Munepasozuveckuii cocmas nopod mecmoposcoeHus Yawk-bap, Xumuueckuti cocmas MuHepa/no8 U nokasameau
ux ycmou4ugocmu u NomeHyua/AbHoli 3K0102u4ecKoll onacHocmu

Table 3. Mineralogical composition of rocks of the Ulyuk-Bar deposit, chemical composition of minerals and indicators of
their stability and potential environmental hazard
Munepan Ci I Co o om;
Mineral % /s X, % GEm;
Koapu 64,24 83,87 1,31 Si - 47,42; Fe - 0,13 1,18
Quartz
Bbuotut Mg -9,34; Al-12,17; Si- 12,93; K- 6,35;
Biotite 2,02 151 0,75 Ti-0,1; Fe-18,52 23,49
Na-0,67; Mg-8,18; Al-11,57; Si - 16,28;
Xnoput K-0,08;Ca-0,34;Ti-0,19; V-0,02;
Chlorite 2,64 0,97 0,37 Cr-0,01; Mn - 0,006; Fe - 14,54; Co - 0,004; 313,78
Sr-0,002
e THT+THADOrETHT Al-1,66;Si-0,79; P-0,45;S - 0,04;
rAAD . 0,01 2,87 287 Cl-0,04; Ca - 0,15; Mn - 0,14; Fe - 53,73; 247,26
Goethite+hydrogoethite Co- 002 Cu-0.03: As - 106
Anpout Na - 8,38; Al - 10,60; Si - 32,00; Ca - 0,06;
Albite 533 2,55 0,48 Fe - 0,02 23,95
PyTun Mg - 0,06; Al - 0,36; Si- 1,03; K- 0,10;
Rutile 0,43 0,36 0,84 Ca-0,26; Ti - 58,30; Fe - 0,53; Nb - 0,08 27085
Kanbyur Mg - 0,52; Si-0,19; Ca - 36,68; Mn - 0,26;
Calcite 11,30 1,23 0,11 Fe-0,90, Sr - 0,08 632,08
Aonomur 4,66 1,00 0,21 Mg - 13,19; Ca - 21,74 79,84
Dolomite
KaosmHuT Al-19,10; Si-21,62; K- 0,63; Ca-0,08;
Kaolinite 248 1,37 0,55 Fe-1,51 2321
MyCcKOBHUT Na-0,15; Mg-1,03; Al - 16,89; Si - 22,51;
Muscovite 396 2,59 0,65 K-7,76;Ti-0,28; Sn - 0,02 302,29
(bropanarit 0,23 0,17 0,74 F-3,87;P-17,78; Ca- 38,73 1353,87
Fluorapatite
Ankeput Mg - 8,54; Si - 0,06; Ca - 20,88; Mn - 0,28;
Ankerite 1,68 0,88 0,53 Fe - 8,38 74,14
Y P— Si-0,64; P-11,20; Ca-0,50; Ag-0,13;
Mona;lite 0,04 0,02 0,50 La-13,87; Ce - 23,45; Pr - 2,48; Nd - 9,31; 283949,43
Sm - 1,45; Gd - 0,69; Th - 0,72
]_[.l/lpKOH 0,05 0,04 0,80 Si-14,60; Fe - 0,613; Zr - 48,32; Nb - 0,2; 3279,76
Zircon Hf-1,07
Cynbdubl (IUPUT, XaJIbKOMHU-
PHT, IPPOTUH, FEPCAOPUT, S - 33,46; Cr - 0,05; Fe - 30,17; Co - 0,12;
FICHHT, APCEHOMAPHT) 0,79 0,08 0,10 Ni-98;Cu-18;7Zn-0,01;As-19,15; | 13385811,21
Sulfides (pyrite, chalcopyrite, Sh - 0.005: Pb - 4.48: Bi - 0.16
pyrrhotite, gersdorffite, galena, ’ ! T ’
arsenopyrite)
['unc/Gypsum 0,15 0,02 0,13 S-18,6; Ca-23,3 58,25
> TImi/Y GEm; 1,4-107

IIpumeuanue. C; u Co — codepicanusi MUHepas108 8 HeUSMEeHEeHHbIX NOPOdax U Kope 8bl8empusaHus, cO0meemcmeeHHo; Y -
ycmotivueocms MuHepaaa; X - codepxycaHue djnemeHma 8 MmuHepase; I'IMi - nokazameab NOMeHYUAAbHOU 3IKO102UYecKol
onacHocmu mMuHepasia. Konyenmpayuu 8 nopodax ¢gmopanamuma, MoHayuma, YupkoHd paccuumatsl ho codepicaruro P, Ce,
Zr coomgemcmaeeHHo. JJaHHble N0 co0epHcaHuro 8 nopodax 2unca u MUukKpo3/JeMeHmMHOMY cocmasy cyab@udos npugodsimcs ¢
ucno/v3zogaHuem mamepuanos HU.B. Bvicoykozo (06wecmao ¢ ozpaHu4eHHol omeemcmeeHHoCcmblo «bawzeoayeHmp»).

Note. C1 and Co - mineral content in unchanged rocks and weathering crust, respectively; S - mineral stability; X - element con-
tent in the mineral; GEm; - indicator of a mineral potential environmental hazard. Concentrations in rocks of fluorapatite, mon-
azite and zircon are calculated by the content of P, Ce and Zr, respectively. Data on the content of gypsum in rocks and the trace
element composition of sulfides are given using the materials of I.V. Vysotsky («Bashgeolcenter» Limited Liability Company).

Ta6auya 4. Codepicarue kapboHamos (CO3%-), cyabvdudHoli cepul (Seyaspuo) 8 nopodax mecmoposcderus Yarok-bap u nokasa-
meau KHII, KTIIT, ®HI1

Table 4. Content of carbonates (COs%-), sulfide sulfur (Ssuifide) in the rocks of the Ulyuk-Bar deposit and the indicators of ANP,
APP, FNP
Ne o6pasia COs?%- Scmann
Ssulfide. KHIT/ANP KIII1/APP @OHIT/FNP
Sample no. %
0
Kopa BriBeTpuBaHusi/Weathering crust
1913-5 0,86 0,02 14,36 0,63 13,74
1913-10 1,04 0,03 17,37 0,94 16,43
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1913-15 1,22 0,03 20,37 0,94 19,44
1913-20 0,97 0,03 16,20 0,94 15,26
1913-25 1,16 0,03 19,37 0,94 18,43
1913-30 1,70 0,05 28,39 1,56 26,83
1913-35 1,15 0,02 19,21 0,63 18,58
1913-40 0,76 0,02 12,69 0,63 12,07
1913-45 1,23 0,03 20,54 0,94 19,60
1913-50 0,96 0,02 16,03 0,63 15,41
1913-55 091 0,03 15,20 0,94 14,26
1913-60 0,95 0,02 15,87 0,63 15,24
1913-65 1,03 0,03 17,20 0,94 16,26
1913-70 3,43 0,11 57,28 3,44 53,84
1913-75 0,72 0,02 12,02 0,63 11,40
1913-80 0,67 0,01 11,19 0,31 10,88
1916-5 1,04 0,02 17,37 0,63 16,74
1916-10 0,99 0,02 16,53 0,63 15,91
1916-15 0,73 0,02 12,19 0,63 11,57
1916-20 0,74 0,02 12,36 0,63 11,73
1916-25 0,85 0,02 14,20 0,63 13,57
1916-30 0,88 0,01 14,70 0,31 14,38
1916-35 1,46 0,02 24,38 0,63 23,76
1916-40 2,78 0,03 46,43 0,94 45,49
1916-45 2,66 0,02 44,42 0,63 43,80
1916-50 1,87 0,02 31,23 0,63 30,60
1916-55 2,02 0,03 33,73 0,94 32,80
1916-60 3,94 0,04 65,80 1,25 64,55
1916-65 2,10 0,03 35,07 0,94 34,13
1916-70 2,70 0,01 45,09 0,31 44,78
1916-75 1,58 0,03 26,39 0,94 25,45
1916-80 4,60 0,05 76,82 1,56 75,26
1916-85 2,85 0,02 47,60 0,63 46,97
1917-5 2,78 0,07 46,43 2,19 44,24
1917-10 1,02 0,02 17,03 0,63 16,41
1917-15 1,44 0,04 24,05 1,25 22,80
1917-20 1,47 0,05 24,55 1,56 22,99
1917-25 3,06 0,1 51,10 3,13 47,98
1917-30 2,19 0,07 36,57 2,19 34,39
1917-35 2,09 0,11 34,90 3,44 31,47
1917-40 2,81 0,13 46,93 4,06 42,86
1917-45 571 0,02 95,36 0,63 94,73
1917-50 2,04 0,04 34,07 1,25 32,82
1917-55 2,42 0,06 40,41 1,88 38,54
1917-60 2,91 0,02 48,60 0,63 47,97
1917-65 3,16 0,07 52,77 2,19 50,58
1917-70 3,59 0,06 59,95 1,88 58,08
@HIcp/FNPay. 30,53
HeunsMmeHeHHbIe runepreHHbIMU npoueccamMu nopoasl/Rocks unchanged by hypergenic processes
_ Scynbd)ym.
Ne o6pasua COs? Seulfide. KHIT/ANP KIII/APP ®HII/FNP
Sample no. %
M74 5,56 0,16 92,85 5,00 87,85
M75 4,52 0,28 75,48 8,75 66,73
M77 43,37 0,00 724,28 0,00 724,28
M79 19,88 0,36 332,00 11,25 320,75
M80 12,33 0,09 205,91 2,81 203,1
M82 4,26 0,24 71,14 7,50 63,64
M84 5,39 0,13 90,01 4,06 85,95
M85 15,76 0,17 263,19 531 257,88
M86 6,49 0,12 108,38 3,75 104,63
M88 2,68 0,43 44,756 13,44 31,316
M89 4,63 0,38 77,32 11,88 65,44
M90 514 0,08 85,84 2,50 83,34
M462 8,82 0,01 147,29 0,31 146,98
M464 10,57 0,11 176,52 3,44 173,08
M465 6,17 0,05 103,04 1,56 101,48
M466 7,33 0,02 122,41 0,63 121,78
M467 4,54 0,00 75,82 0,00 75,82
M468 7,24 0,21 120,91 6,56 114,35
M479 35,54 0,01 593,52 0,31 593,21
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M481 4,97 0,00 83,00 0,00 83,00

M482 28,2 0,03 470,94 0,94 470,00

M483 2,03 0,53 33,90 16,56 17,34

M493 2,47 0,43 41,25 13,44 27,81

M494 4,80 0,01 80,16 0,31 79,85
®HIlcp,/FNPay. 170,82

Ipumeuanue. KHII, KI1II, ®HII - kuciomoHelimpaausyrowutl, Kuciomonpodyyupyrowutl u ggakmuveckutl Kuci1omoHelimpanau-
3ylowull nomeHyua/1b! NOPod, COOMBEMCMBEEHHO.
Note. ANP, APP, FNP - acid neutralizing, acid producing and factual acid neutralizing potentials of rocks, respectively.

Ta6auya 5. CodepicaHus msidiceablx MemManios U Memannoudos (Mkz/n) 8 nepoKCUOHbIX pacmeopax nocjae 06pabomku Heus-
MEHEHHbIX 2unep2eHHbIMU Npoyeccamu nopod Mecmopoxcderus Yaok-bap

Table 5. Content of heavy metals and metalloids (ug/l) in peroxide solutions after processing of rocks unchanged by hyper-
genic processes of the Ulyuk-Bar deposit

Ne o6pasua pH Eh Cr Cu Mn Pb 7n Sb As
Sample no.
M74 7,86 296 <3 56,19 7,98 <15 <1,5 0,07 0,93
M75 7,80 302 <3 <15 15,09 <15 <15 0,27 1,25
M77 11,41 -30 <3 <15 22,20 <15 <1,5 0,40 0,81
M79 8,05 300 6,85 <1,5 22,20 <15 <1,5 0,36 1,039
M80 7,57 313 <3 <15 29,33 <15 <1,5 <0,03 1,03
M84 7,86 298 23,37 <15 0,89 <15 <15 0,01 2,03
M85 7,67 315 23,37 <15 29,33 <15 <15 0,17 2,00
M86 7,87 296 39,89 <1,5 22,20 <15 <1,5 0,07 1,11
M88 6,55 390 6,85 <1,5 36,47 <15 2,93 0,14 2,63
M89 6,32 403 39,89 <15 36,47 <15 <1,5 0,50 31,32
M90 7,61 321 <3 <1,5 29,33 <15 <1,5 <0,03 1,71
M462 8,86 212 <3 <15 29,33 <15 <15 <0,03 2,51
M464 9,13 200 7,31 <1,5 36,47 <15 <1,5 0,07 7,67
M465 8,07 289 <3 <15 36,47 <15 <15 2,53 18,04
M466 7,75 302 <3 <15 36,47 <15 <1,5 <0,03 2,03
M467 8,01 277 <3 <15 65,17 <15 <1,5 <0,03 1,56
M468 8,02 290 <3 <1,5 29,33 <15 <1,5 0,17 69,17
M481 9,61 168 79,37 <1,5 43,63 <15 <1,5 0,07 1,04
M482 8,69 229 <3 <15 43,63 <15 <15 0,10 2,63
M493 6,77 381 56,40 <1,5 50,80 <15 25,50 0,36 4,18
M494 8,15 281 56,40 <15 57,98 <15 <15 0,50 3,59
C, MKRI/01 C, mr/a
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Puc. 2. PacuemHble (no daHHbim PPA) codepicarus snemenmos (C) 8 nepokcudHblx pacmeopax nocjae o6pabomku HeusMe-
HEeHHbIX 2Unep2eHHbIMU npoyeccamu Nopod MmecmopoxcdeHus Yawk-bap

Fig. 2.  Calculated (according to the XRFA) contents of elements (C) in peroxide solutions after processing of rocks unchanged
by hypergenic processes of the Ulyuk-Bar deposit
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Ta6auya 6. Pacuemuas nodeusxcrHocms (P, omH. %) HeKomopbix nempo2eHHbIX U pedKUX 31eMeHmMo8 68 HeUsMeHeHHbIX 2unep-
2eHHbIMU npoyeccamu nopodax mecmopodicdenus Yawk-bap no pesyasmamam nepokcudHozo skcnepumenma

Table 6.

Calculated mobility (M, comp. %) of some petrogenic and rare elements in rocks unchanged by hypergenic process-

es of the Ulyuk-Bar deposit according to the results of the peroxide experiment

JnemenTt/Element P/M JnemenTt/Element P/M dnemenT/Element P/M JnemenT/Element P/M
Na 0,004 Zn 0,97 Si 0,0 Cr 2,14
K 0,96 Sr 5,49 Ti 0,0 Mn 0,53
Cu 0,56 Al 0,003 P 0,0 Fe 0,013
Rb 3,28 Y 0,32 As 0,71 Ni 0,72
Mg 1,14 La 0,0 Sb 2,97 \Y% 0,0
Ca 1,90 Ce 0,0 S 33,16 Co 0,0
Nb 0,11 Zr 0,0 Ba 3,57 Mo 0,0

06 cyxaeHue pe3yJabTaToB

OOBIYHO B PYOHBIX MECTOPOXKICHHSAX BBIIBIIICTCS
Onu3KUil HAOOp TOKCHYHBIX y1eMeHTOB. OJHAKO reo-
JIOTO-CTPYKTYpHAsI TO3HMLHUS W PyXHO-(POpPMAaIOHHAS
MPUHAIEKHOCTh MECTOPOXKACHIH ONpeneisieT pas-
HBIE YPOBHHU COJEpKaHMH U (POpMBI KOHIIEHTparui
TOKCHKAaHTOB M, CIIEIOBATEIHFHO, HEOIUHAKOBYIO CTe-
MI€Hb UX IOTEHLUHAIbHOMN 3KOJIOTHYECKON ONaCHOCTH.

I'Op nng mopon mectopokaeHus: Yiok-bap u3 xo-
DBl BHIBETPHBAHHS B CyMMe cocTaBisier 3,18-10°, s
HEU3MEHEHHBIX MOPOa — 1,27-10° (tabn. 1, 2). Ilony-
YCHHBIC 3HAUYEHHsI COOTBETCTBYIOT AAHHBIM AJISL CYNb-
(GUIHBIX MECTOPOXKAEHUH, B KOTOpbIX ['Dp 00BIYHO
cocrasisier n°—n* [10], m xapakTepHBI 151 OOBEKTOB C
BBICOKO MOTEHITMAIBHON OMacHOCThIO [30].

I'Op mecropoxaenus Ymok-bap Onusku anaio-
THYHBIM TIOKA3aTeIIM HAa HEKOTOPBIX 30JI0TOPYIHBIX
MeCTOpoXaeHNsIX. Hampumep, B ANOBIHCKOM MeCTO-
poxnenuun B Ilpuamypbe mokaszaTenb MOTEHIUATBHON
TOKCHYHOCTH PaBeH 8:10° [13]. OcHOBHYIO OIaCHOCTH
B PyJax 3TOT0 MECTOPOXICHHUS Ompeieistor As, Sb,
Mo, W, Cd, Be, U, B moJi3eMHBIX U TTOBEPXHOCTHBIX
Bogax — Mo, W, As. I'Dp [u1st 30JJ0TOHOCHBIX KBapiie-
BBIX KT CYIB(HUIHBIX MECTOpOXAeHHH BocTtouHoro
3abaiikaibs JexaT B Ipeaesnax oT 0,48-102 bi(o) 2,5-105,
a A7 OTBAJOB 30JI0TOM3BJIEKATENBHON (habpuku B
paiiose MecTopoxaennii — 3,8-10°...1,9-10* [7].

OJNeMEeHTHI B KOPE BBIBETPUBAHUS MECTOPOXKICHHS
VYmok-bap pacnonararorcst B mopsiike yObIBaHUS ITOKa-
3arens  MOTEHIUANBHOH  TOKCHYHOCTH B SOy
As(3090)-Cr(16)-Ni(16)—Co(13)-Pb(10)-V(7)—Cu(6).
OcTanabHBIE DJIEMEHTHI MMEIOT HE3HAYUTEIbHBIE MTOKa-
3aTeNd NOTEHUUAIbHOH TOKCUYHOCTH. B HensMmeHeH-
HBIX THIIEPrE€HHBIMH NPOLECCAMH IOPOJAAX ATOT MOps-
JOK mMmeeT crenyromuii Bu: As(947)-Pd(86)-Sh(38)—
Ni(33)-Co(28)-Cr(19)-Cu(12)-U(12)-Li(11)-Pb(11)-
Cs(9)-V(8)-Sc(7)-Th(7)-Mn(6)-Be(5). Kak BuHo u3
MPUBCACHHBIX JaHHBIX, AS BHOCUT OCHOBHOMH BKJIaJ B
3HAUYCHUEC II0Ka3aTeCiiAd HOTGHHHaHLHOﬁ TOKCHYHOCTH.
[Tokazatens ['Dp B xope BhiBeTpuBaHus st As B 3,3
pa3a BbIIIC MO CPABHCHUIO aHAJIOTMYHBIM IMOKa3aTeJIeM
JUI HEM3MEHEHHBIX 1opoJ. Bmecte ¢ Tem yrposy Mo-
TYT NOPEACTaBIISATh U 3JIEMEHTHl C MEHBIIMMH MOKa3a-
teisimu [9p, Takue kak Cr, Co, Ni, Cu, Pd, Sb u np.

Creruuka BIUSHUS 30JI0TOPYAHBIX MECTOPOXKIE-
HUH Ha OKPYXAaIOIIyI0 cpeay 00YyCIIOBJIeHa, B NEPBYIO
ouepenb, UX Te0JOrO-TeOXUMHYECKIMH OCOOEHHOCTSI-
Mu. OmMacHOCTh 3arpsA3HEHUs] TOKCUYHBIMU DJIEMEHTa-
MU 3aBUCHUT HE TOJIBKO OT MX BAaJIOBOTO COJEPXKAHUA B
MOpOJax, HO M OT MUTPALIIOHHOM CITIOCOOHOCTH U BHIIA
WX MuHepana-Hocutens. Kak mpaBuio, mnpupoaHas
BOJIa SIBJIIETCSI OCHOBHBIM areHTOM II€pPEeHOCa TOKCH-
KaHTOB.

B 10O ke BpeMs omeHKa IKOMUHEPAJOTHIECKUX
0COOCHHOCTEH  MECTOpOXKIEHU  sBisiercs  Oonee
CJIIOKHOW 3aJjadei, TaKk KaK yCTOWYMBOCTh MUHEPAIIOB
3aBHCHUT OT MHOTHX (hakTOpoB. B MuHepane MoryT co-
JIepKaTbCcd pa3iMyHble MHUKPOIPUMECH, KOTOpBIE
HE0OXOMMO AMAarHOCTHPOBATh. B HEKOTOPBIX CcIydasx
YCTOWYMBOCTh MUHEpasia OMpPEHEISIeTCS IKCIIEPUMEH-
TalbHO W BBIYUCIISAETCS KaK OTHOIICHUE COJEepXKAHUA
MUHepaia B KOpPE BBIBETPUBAHHUA K COJACPKAHUIO B
Hem3MeHHBIX mopogax [10]. Paccumranusii mokasa-
TeNb TOTCHIUANbHON 9KOJOTMYECKOW OMAacCHOCTU
(F3M=1,4-107, Tabl. 3) OTHOCHT MHHEpallbl MeCTO-
poxneHus Yimok-bap B COOTBETCTBHH ¢ KIacCH(pHKa-
nueii o [10, 11] x oueHs BrICOKOOTIACHBIM. B mepByro
ouepesp Takoe OoJblIoe 3HaueHne ['OM ompeaemnstoT
CyabGUABI, 9TO OOBICHIETCS MX 00Jiee BBICOKHM CO-
Jep)kaHHEM B HEM3MEHCHHBIX Iopojax (cpemHee
0,79 mac. %, Tabn. 3) MO CpaBHEHHIO C MOPOJAMH M3
KOPBI BBIBECTPUBAHUS, B KOTOPBIX UX KOHLUCHTpALHA Ha
nopsnok Huxke (cpeanee 0,08 mac. %).

Kak BuaHO M3 TONMYYeHHBIX JaHHBIX (Tabm. 3),
cynbGuabpl  MecTopokIeHus Ymok-bap comepxar
OoJblIee KOJMUYECTBO, 10 CPABHEHUIO C JAPYTUMH MH-
HepajaMH, MOTEHIMALHO OMACHBIX 3JIeMEeHTOB (As,
Sb, Cr, Fe, Co, Ni, Cu, Zn, Pb, Bi). [TosTomy ux cie-
IOyeT pacCMaTpHBATh KaK TJIABHBIA MCTOYHHK 3arpsi3-
HeHusL. VX OKUCIICHHE U BRIIIETAYUBAHUE B PE3YIIHTATE
THIIEPTeHHBIX MPOIecCcOB OyIeT MPUBOIUTH K BBHIHOCY
TOKCHYHBIX 3j1eMeHTOB. Kpome Toro, ciemyer orme-
TUTb, YTO MECTOpOXJAeHue Yirok-bap, Kak U Bce KO-
peHHble MecTopoxaeHuss A3P, pacnonokeHo B 30HE
MIEPEeCEUYCHUs] PA3HOPAHIOBBIX TEKTOHWYECKUX Hapy-
wenuid [21, 22, 29], koTopas XapakTepu3yrTcs Mak-
CUMaJILHOM JAUCJIOOUPOBAHHOCTBIO W TPCUHIMHOBATO-
CThIO TOPOA. JTO TaKKE MOXKET CIIOCOOCTBOBATh WH-
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TEHCUBHOMY MPOTEKAHHUIO TMIIEPTEeHHBIX MPOIECCOB U
WX pacnpoCTpaHEeHHUIO Ha IIyOOKHe TOpU3OHTHI. B cBA-
31 C 3TUM B@KHO H3YUUTh KHUCIOTOHEUTpalu3yrolue
CBOICTBa TIOPOA MECTOPOXKIEHHS U Cpely APEHAKHBIX
BOJ, OT KOTOPBIX B OOJIBLION CTENEHU 3aBUCUT YCTOMU-
YHBOCTD CYJIb(UAHBIX MUHEPAJTIOB B IIOPOJAX.

[To [31] ropasie iopoabl ¢ @HIT>20 kr CaCOs/T siB-
JSIFOTCSL KUCNoTOoHeHTpanusyromumy, ¢ GHII<-20 kr
CaCOg/T — KHCIOTONPOAYIUPYIOIIUMHU. B ciydae, ec-
s ®HIT Bapsupyet ot —20 10 20 xr CaCO3/T, MOpOIBI
MOMaJaloT B HeOoNpeeleHHbI HMHTEpBajl. ABTOPHI
[26, 31] cumTaroT, YTO KHUCIBIE APCHAKHBIC BOIBLI B
PYIHBIX MECTOPOXKICHUSIX oOpa3yrorcs, ecimu DKII
npesbimaer 3HadeHus or —20 mo 5 kr CaCOg/t, a
HelTpanbHble U ciabomenoynsie — ecian OKII mensire
spauvenuii oT —80 mo —2,3 xr CaCOs/T. 3Hauenns OHIT
MECTOPOXAEHU YIIOK-bap IIpakTHYeCKM BO BCEX
M3YYEHHBIX Mpo0ax HEW3MEHEHHBIX MopoJ u B Ooiee
MOJIOBUHE TPOO W3 MOPOA KOpPHI BEIBETPHUBAHHS CO-
crasisior 0onee 20 xr CaCOgz/t, 3nauenus OKII — me-
Hee —20 kr CaCOg/tT (Tabn. 4). DTH KaHHBIE yKa3bIBa-
IOT Ha BBICOKYIO KHCJIOTOHEHTPAIH3YIOIIYIO CII0CO0-
HOCTb U HU3KHE KHUCIONPOAYLMPYIOLIUE CBONUCTBA HE-
W3MEHEHHBIX H CJIa0OM3MEHEHHBIX T'HIIePreHHBIMU
MpOLECCAMU TIOPOJ MECTOPOXKIEHHUST M KHCIOTHO-
MIETOYHON CpeJie APEHAKHBIX BOJ OT HEUTpaIbHOU A0
cJ1a00IIEI0OYHOM, YTO JOJDKHO MPENATCTBOBATH OBICT-
POMY PacTBOPEHHIO CYIb(HUAHBIX MHUHEpaJoB. MeHee
MIOJIOBUHBI TIPO0O W3 KOPHI BRIBETPUBAHUS, KaK IPABHIIO,
TATOTEIONINE K €€ caMOl BepXHel 4acTH, o MoKa3aTe-
mo OHII HaxopdTcs B HEONPENECIIEHHOM HHTEpBalle
(Tabu. 4), T. e. MOPOJBI 3/IeCh 00JIAAFOT MEHBIIICH KHC-
JIOTOHEUTPAITU3YIOIEH CIIOCOOHOCTRIO, a cpela Jpe-
HaXXHBIX BOJ] B HUX NPEUMYIICCTBECHHO HeﬁTpaJ'[LHaf[.

Pe3ynbraThl mepoKCHIHOrO 3KCIEpUMEHTa IO He-
W3MEHEHHBIM TopojiaM (Tabil. 5) B IEIOM TaKKe CBH-
JIETENLCTBYIOT O CJIA0OIIENIOYHON M HIETIOYHOU cpeie
npeHaxHbIX Boa (PH=7,61...11,41) u moaTBepKAarOT
BBIBOJT O BBICOKOW HEHTpaIM3YIONICH CIOCOOHOCTH

TOPHBIX IOPOJ MeCTOpOXIeHHs. VcKimoueHue mpu
9TOM MPEJCTABJISIOT BCETO TPH IMPOOBI CIIAHIIEB, IO
KOTOPBIM JaHHBIE NEPOKCHAHOTO AKCIEPUMEHTa yKa-
3BIBAIOT Ha CIIA0OKUCIYI0 Cpelay IPCHAXHBIX BOI
(pH=6,32...6,77). DTO COOTBETCTBYET MOJyICHHBIM B
HUX CpaBHUTENbHO HU3KUM 3HaueHusiMm  OHII
(28-65 kr CaCOg3/T). OOBsACHEHHEM TAKOTO OTIHYHS
SIBIISICTCS. HAMMEHBIIIEE COJIEPKAHUE B ATHX TOPOIAX
kapOonaTHbIX MuHepanoB (<0,6 mac. %) u HamOOIb-
oM — cyne¢uaos (~0,8...1,0 mac. %).

[To pe3ynbpTaTaM 3KCIIEPUMEHTA yCTAHOBIICHO, YTO
pH mepoKCHIHBIX PacTBOPOB MPSIMO KOPPEIHPYyeT C
coJlep)KaHUEM B TOPOAAx COs> (puc. 3, a), xotopoe
HaNpSAMYIO 3aBHCHT OT KOJHMYECTBA B HUX KapOOHAT-
HBIX MHHEPAJIOB M OOpPaTHO KOPPEIHPYET C KOHIICH-
Tpanuel B opojax cyiabpumIHou cepsl (puc. 3, 6). 910
COTJIACYETCs C TEOPETHUCCKH 0XKUIAEMBIMH 3aBHCUMO-
CTIMH M TOBOPUT O MPaBHUILHOCTH HCIIOJIH30BAHUSI
MIEPOKCUIHBIX PACTBOPOB B KA4ECTBE MOIEIBHBIX Ape-
HaxHbIX. [Ipeobnanatoniee cogepkanne Ca B pacTBo-
pax (puc. 2) omnpeaemnseT IApeHa)KHble BOJbI KaK Kajlb-
LUEBEIC.

B menom pe3ynmpTaThl SKCIIEpUMEHTa NOKA3hIBAIOT,
gyro mHorue nerporennsie (Si, Al, Ti, Na, K, Fe, Mn,
P) u penxue (Cu, Zn, Ni, As, La, Ce, Y, V, Co, Nb, Zr,
Mo) sreMeHTHI B IOPOAax MECTOPOXAeHUs YIroK-bap
SIBISIIOTCS.  HETIOJIBMDKHBIMH  WJIM  MAJIOTIOABHKHBIMU
(Taba. 6). BMecte ¢ TeM mocTaTouHO OOJBIIAS IpyIa
TOKCHYHBIX 3JIEMEHTOB OTHOCHTCS K IOABWKHBIM. WX
CTCTICHb MOJBIDKHOCTH YBEIMYHMBACTCI B  PAAY:
Mg-Ca—Cr—Sb—Rb-Ba-Sr-S. Kak BuaHO 13 monydeH-
HBIX JaHHBIX, HAN0OJIEC TIOJABIKHBIMU SIBJISIOTCS dJIe-
MEHTHI, BXOISIIAMHI B COCTaB KapOOHATHBIX MHHEpa-
aoB (Mg, Ca, Sr), cmion (Rb, Mg, Cr, Ba) u cynsbhumos
(S, Sh, Cr).

OTH MHUHEpPAIBI C TOYKH 3peHHS YKOMHHEPAIOTHYe-
CKOHM OLIEHKM MECTOpOXKIeHHUs Yirok-bap Mmoryr sB-
JSITHCS TIOTCHITNATBHBIMU 3arPsS3HATEIISIMU.

C0329 % a Sr_\xlb(l.m]’ OA’ 6
50 - 0,6 -
® ‘90
" . e
30 1 i 0,3 -
® o ’ *@
¥ o, = 0,65
e ®
& ® ‘_,f' K., = 0,69 o %,
10 1 .7 g0 0,14 O e
0..." “ ® .. o
0 r T ! ) A———— —
6 8 10 12 6 8 10 12
pH pH
Puc. 3. (ssi3b medxcdy pH 8 nepokcudHbix pacmeopax u codepcarusmu CO32- (a) u Scyaguo. (6) 8 nopodax mecmopodicdeHus
Yawk-bap
Fig. 3.  Relationship between pH in peroxide solutions and CO3?- (a) and Ssulfice (b) contents in rocks of the Ulyuk-Bar deposit
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Panee HaMu ycTaHoBiI€HO Haubojee 4acToe mpe-
Beimenue [1JIK B moBepxHoCTHBIX Bogax A3P mis Sb u
pexe s As, Fe, Mn, Cu [19]. U3 sToro cnenyer, 4To
[JIaBHBIMM ~ MUHEpaJaMU-3aTPA3HUTENIAMUA  TTOBEPX-
HOCTHBIX BOJI SIBJISIFOTCS CYIB(MHIBL.

Paszpabotka mMecropoxmenus Yirok-bap B HacTos-
mee BpeMs OCYIIECTBISCTCS OTKPBITHIM CIOCOOOM
MyTeM TPaBUTALMOHHOTO 0OOTAIICHHS PYABI C UCTIONb-
30BaHMEM MEXaHMYECKUX cemaparopoB. C skojorude-
CKOH TOYKH 3pEHUS TAKOU CIoco0 cunTaeTcs Haubolee
0e30macHbIM, MOCKOJIBbKY HE TpeOyeT MNpHUMEHEHUs
BPEIHBIX XUMHUYECKUX BEIICCTB (KHUCIOT U 1p.). «OT-
paboTanHble» pynbl (O6e3cynb(uIHbIE XBOCTHI) CKJa-
JIUPYIOTCSl HA 3HAYUTEIILHOM PACCTOSIHUHM OT Py4bs
Bonbemoit Kitou u pexu Kypramuis, 3010T0100b1Bar0-
miee MpeanpuaTue copoca CTOYHBIX BOJ B HUX HE TIPO-
u3BoauT. CofepiKaHus TSKEITbIX METAUIOB U MeTall-
JIOUJIOB B 3THUX PEKaX CXOJIHBI C TAKOBBIMH B JAPYTHX
MPUTOKaX peku bombmioit AB3sH, KOTOPBIE MPOCTPaH-
CTBEHHO HE MOTYT OBITH CBS3aHBI C BO3MOXHBIM TEX-
HOTeHHBIM 3arpsisHeHueM [19]. U3 storo cieayet, 4ro
3arpsisHeHne pyubs bonpmioi Kiou u apyrux pydnes
u pek B A3P 00yci0BIeHO B MEpBYO ovepeab HE Be-
JTYIIUMUCST pa3pabOTKaMH 30JI0TOPYAHBIX MECTOPOXK-
IeHUH, a MHHEPATOTHYECKUMH H TCOXHMHYECKIMHU
0COOCHHOCTSIMH BMEIIAIONINX WX TOPHBEIX IOPOA U
pya. IlpoBeneHHoe wuccienoBaHUE OOBEOUHSET HH-
(dhopManuio A BBISBICHUS SKOJIOTHYECKHX MPoOIIeM,
CBSI3aHHBIX C TEOJNOTO-TEOXMMHICCKAMHI OCOOCHHO-
CTSIMH MECTOPOXKJeHHs YIoK-bap u oOnerdaer BEIOOp
MOAXOAIIEH KOMOMHAIIMA METOMOB JII MHHHMH3a-
LMY 3KOJIOTUYECKUX PUCKOB U BO3AECHCTBHIA.

BbiBO b1

1. Ha ocHoBanmu pacuéToB TOKa3aTels MOTCHIHAIIb-
HOM TOKCHUYHOCTH YCTAaHOBJICHO, YTO MECTOPOXKJIE-
Hue Ymok-bap obnamaeT BBICOKOW MOTEHIMAIbHOM
OMacHOCTHIO. JIaHHBIN MTOKa3aTenb JUisl HOPOa U3 KO-
PBI BHIBETPUBAHHS 1 HEM3MEHEHHBIX THIIEPTeHHBIMA
IPOLIECCAMHU TIOPOJ COCTABIIAET 3,18-103 " 1,22'103,
COOTBETCTBEHHO. | JTABHBIM MOTEHIMAIHHO OMACHBIM
TOKCUKAHTOM SIBJISIETCSI MBIIIBSK, TPEBBIMIAOIINA
knapk B 95-309 pa3. Bmecte ¢ Tem yrposy mpen-
CTABJIAKOT U 3JICMCHTHBI C MCHBIIMMMHM I10KA3aTCIIIMU
TTOTEHITUATEHOW TOKCUYHOCTH, TAKHE KaK XPOM, KO-
0anbT, HUKENb, Me/lb, TAJUIAANHI, CypbMa U JIp.

2. Tlo moxkasareir0 NOTEHIMAIBLHON HKOJIOTMYECKON
ONACHOCTH MUHEPATOB (1,4‘107) MECTOPOXKICHHE

CITMCOK JIMTEPATYPbI

OTHOCHUTCS K OYCHb BBICOKOOIIACHBIM. B mepByro
ouepenb Takoe OOJIbLIOE 3HAYEHHE OMpPEIelIstoT
Cynb(UIbI, KOTOPBIE SBISAIOTCS HCTOYHUKOM TSDKE-
JBIX METAUIOB (XpOM, KOOANbT, HHUKEIb, MEIb,
LUHK, CBHHEI, BUCMYT) U METAJUIOUAOB (MBIIIBSIK,
cypbMa).

DakTUYeCKUH KUCIOTOHEUTPATHU3YIOIINNA TTOTEHIIN-
aJI Iopoj Onarojapsi 3HAYUTEIIEHOMY COICPIKAHHIO
B HUX KapOOHATHBIX MHHEpAIOB (KAJBIWT, aHKE-
pHUT, IOJOMHT), NPEBBHIMIAIOMNX KOHICHTPAIHIO
cynbuaoB (IUPUT, XATBKOMUPUT, ITHPPOTHUH,
repcaopuT, TaJCHUT, ApCEHOITUPHT), ONpECIIsieT-
Csl KaK CPeHHM M BBICOKHHA. DTO MPOTHO3UPYET KO-
HEYHYIO0 CPeAy APCHAKHBIX BOJ KaK HEHTpalbHO-
IIETIOYHYIO0 M YKa3bIBAET HA BHICOKYIO KHCJIOTOHEH-
TPaTH3YIOIIYIO0 CIIOCOOHOCTh W HHU3KHE KHCIIOIPO-
OyUUPYIOIIME CBOMCTBA HEM3MEHEHHBIX M Ciado-
M3MEHECHHBIX THIIEPICHHBIME TPOIECCAMU TOPOJ
MECTOPOXKACHIU. B menoM 3To MOIDKHO TMpersT-
CTBOBaTh OBICTPOMY PACTBOPEHUIO CYIb(UIHBIX
MUHEPAJIOB.

JlaHHBIE TIEPOKCHIHOTO SKCIIEPHMEHTa IIOATBEp-
JKIAIOT BBIBOX O KHCIIOTHO-IIEIOYHBIX YCIOBHSIX
JIPEHAXHBIX BOJI. Pe3ynbTaThl SKCIIepUMEHTa MOKa-
3BIBAIOT, YTO KPEMHUM, AMFOMUHUHN, TUTaH, HATPUH,
Kalui, *kene3o, MapraHer, ¢ocdop, Menpb, IHHK,
HUKEJIb, MBIIIBSK, JIAHTAH, ICPHiA, UTTPHUH, BaHa-
i, KoOanbT, HIOOUW, TUPKOHUN M MONUOACH B
MOPOAAX MECTOPOKIAECHUS YIIOK-bap SBIAOTCS He-
MOJIBM)KHBIMU WJTK MAJIOTIOJIBMOKHBIMH, a MarHuWi,
KaJbIIMid, XpOoM, CypbMa, pyOuauii, 6apuii, CTpOH-
ouil ¥ cepa OTHOCSTCS K TOABIDKHBIM DJIEMEHTaM,
KOTOPBIC BXOAAT B COCTaB KapOOHATHBIX MHHEpa-
JIOB, CIIIOJT ¥ CyIb(HUIOB.

[IpoBeneHHOE HCCIEIOBAHUE OMPEACISICT METOIBI
IUTT MAHUMHP3AIIHA YKOJIOTUIECKUX PHUCKOB M BO3-
JIEUCTBUN M TIOKA3BIBACT, YTO MOTECHI[MATIbHAS BO3-
MOKHOCTh 3arpsi3HCHHUS TI0YB, TOA3EMHBIX U TIO-
BEPXHOCTHBIX BOJ| BOJHM3H MECTOPOXKACHUS Y JIFOK-
Bap oOycioBneHa MHUHEPAJOTHUYECKUMH H TEOXH-
MHUYCCKUMU OCO6€HHOCT$[MI/I pyAa U BMEIIAOIIUX UX
TOPHBIX TIOPOX, T. €. IPUPOJHBEIMH (DaKTOpPaMH.
CrnenoBaTenbHO, B UENAX MUHUMHU3AIUKN JKOJIOTH-
YECKOTO PHCKa JUIsl HACEJIEHUS ONU3NIeNaluX Cel
UcmakaeBo u Bepxuuii AB3sH Metoabl OOpbObI
JOJDKHBI OBITH HAIpaBJICHBI B MEPBYIO OYepeab Ha
OYHMIICHUEC HCHOHBSy}OMCﬁCH JUJIs1 TINThA BOBI.
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