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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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RESEARCH OF GOLD EXTRACTION TECHNOLOGY
FROM TECHNOGENIC RAW MATERIAL

Abstract. The results of the leaching of the tailings from the heap leaching section with the aim of extracting
gold associated with sulfides are presented. A representative sample of the tailings of the heap leaching section was
selected and its chemical, phase, and mineralogical composition were studied. It was established that the test sample
contains 1.2 g/t Au. According to a rational analysis, by sorption cyanidation at a fineness of 95% class minus 0.071
mm, 76.09% of gold is extracted from a sample of heap leaching tailings, which is mainly (71.74%) represented by
intergrowths with ore and rock-forming components. The mass fraction of free (amalgamable noble metal is
insignificant (4.35%). The main reason for the persistence to sorption cyanidation is the close association of gold
with sulfide minerals. In the optimal mode of cyanidation of oxidation residues, 71.7 % of gold is recovered in 24
hours.

Keywords: gold, heap leaching tailings, phase composition, cyanide.

Introduction

Currently, the state of world mineral resources is characterized by a decrease in the quality of
minerals. Due to the depletion of placer gold and silver deposits and the involvement of raw materials with
a low content of valuable components and a complex composition, new, more modern and highly efficient
technologies for their extraction are required. The intensification technologies currently used make it
possible to obtain un-extracted gold from technogenic raw materials. Technogenic wastes are
environmentally hazardous, they cause significant harm to the environment, polluting water bodies, soil
and air, as dust storms increase the content of toxic elements in the air to a level exceeding the maximum
permissible concentrations.

In article [1], dissolution of noble metals by solvents of various types was considered. It should be
noted that one of the promising technologies for processing technogenic raw materials is chemical
leaching with preliminary oxidation, nitric acid opening, and bacterial leaching [2-4].

Abroad, in particular, South Africa, the tails of gold deposits are involved in recycling, and in Russia
example are the tailings of the processing plants of Baleizoloto LLC [5-7].

At present, most gold processing plants process ores in which sulfide minerals are present. Gold in
such ores is partially associated with sulfides, and partially is in a free state. In most cases, ores of this
type are classified as refractory [8-25].

Technological mineralogy methods allow us to identify useful and harmful minerals and their
associations in ores, determine the features of their real composition and structure, the nature of
relationships between themselves and with rock-forming phases, control, explain and predict the
properties of ores in technological processes.

The raw materials for the re-extraction of gold are heap leach tailings, sorption tailings, flotation ore
tailings and substandard raw material reserves. In this regard, the aim of the present research was to
develop new methods for additional extraction of gold from the tailings of the heap leaching site.
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Experimental methods and results

The object of research was the tailings from the heap leaching section of a gold extraction plant
(Kazakhstan). The chemical composition of the studied tailings sample is represented by the following
main components, %: 1,385F¢; 0.132 Sia; 0.005 Zn; 0.006 Cu; 1.4 g/t Au. A sample of the tailings of
the heap leaching area is a finely ground material with a particle size of 90% of the class minus 0.071 mm.

The tail cyanidation products — solution and cake — were subjected to atomic adsorption and assay
assays, respectively.

Electron microscopic studies of the main sulfide mineral, arsenopyrite, extracted from the initial tail
sample, were performed on a JEOL JXA-8230 scanning electron microscope (Japan) equipped with an
energy dispersive analyzer. As can be seen in Figure 1, pyrite, in addition to the main structural elements -
iron and sulfur, also contains gold and trace elements of copperand zinc.

3 L5 ]
=

—

o

.ﬁq:

o L o

5 3 3

= - =

¥ |2 @3

- Q Ll " L]

= '3 = o

1 Y &

[=] . £ (=2 [

L o Fd =L T
[ = -1
= E] =
g = w| ke <

= 5 o - = -3
] E i = X ]
| et I E -
4 | A s
| | I |
00 200 4 00 £ (i) £ 10 00 1200

[rar

Figure 1 - The microstructure of the initial sample of the tailings (a) and energy dispersive analysis of pyrite (b)
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It was established that silver, gold, and silicon are present in the microstructure of the sample. A large
part is dominated by non-metallic minerals (quartz more than 30%). According to the electron - probe
analysis, we see a particle of gold with a silver content, which develops in sulfides. The shape is gold-
plate, irregular, isometric.

X-ray phase analysis showed that the main sulfide mineral in the sample is pyrite (5.8%). In addition,
the tail contains a mineral, phyllosilicate of magnesium and aluminum with hydroxyl 7.3% clinochlorine.
The mineral composition of the test sample is represented by the following non-metallic components, %:
20.3 albite; 3.2 muscovite; 38.9 quartz; 4.6 calcite. Mineralogical analysis showed that gold is mainly
present in finely divided form in quartz and sulfide. The particle size of free finely divided gold is 2.5-3.9
pum, in intergrowths it is 1.2—4.0 pm, and gold grains of irregular isometric shape.

From the results of a rational (phase) analysis of gold in the tails, finely ground to a fineness of 95%
class —0.071 mm (table 1), it follows that 76.09% is extracted by sorption cyanidation. Of these, 71.74%
fall to intergrowths with ore and rock-forming components, and 4.35% fall to free (amalgamable) metal.

Table 1 - The results of a rational analysis for gold samples of the tailings of the site of heap leaching

The forms of gold and the nature of their association with ore and rock-forming Gold allocation
components
g/t %

Free gold (extractable by amalgamation) 0,040 4,35
In the form of intergrowths with ore and rock-forming components (extracted by sorption 0,660 71,74
cyanidation)

Total in possible for cyanidation form 0,700 76,09
[Extractable by cyanidation after treatment with alkali (associated with amorphous silica, 0,050 5,62

coated with surface membrane)

[Extractable by cyanidation after treatment with hydrochloric acid (associated with iron 0,018 1,94
hydroxides, chlorites, carbonates, iron sulfates, sphalerite, etc.)

[Extractable by cyanidation after treatment with nitric acid (associated with sulfides: 0,120 13,02
pyrite, arsenopyrite, chalcopyrite, etc.)

Finely interspersed in rock-forming minerals 0,031 3,33
Total (on balance): 0,920 100,00

The mass fraction of refractory (not extractable by cyanidation) gold is 23.91%. It is mainly
associated with sulfides (13.02%), partially - it is coated with surface membranes (5.62%). To a lesser
degree, tenacity is affected by the relationship of gold with a complex of minerals soluble in hydrochloric
acid — hydroxides, chlorites, and iron carbonates (1.94%).

Determination of the sorption activity of the solid phase was carried out according to the method of
JSC Irgiredmet [8]. For this, two parallel cyanidation experiments were carried out on the ground ore
sample: in the sorption mode in the presence of activated carbon with a concentration of 10 vol. % and
without loading of activated carbon in the following conditions: ratio Liquid: Solid= 2: 1; NaCN
concentration - 2.0 g / 1; CaO loading - 3 kg / t; cyanidation duration - 24 hours

The relative sorption activity (A, %) was calculated by the formula:

A=

( R - CAu ) 100 %

Bsource — Bcake O'
where R — ratio L:S; Cay — the concentration of gold in solution (in the experiment without a sorbent),
mg/l; Bsource and Peake — accordingly, the gold content in the initial product and cyanide cake in the
experiment with the sorbent, g/t

The experimental results are presented in the table 2.
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Experimental part

Vat-agitation cyanide leaching of the initial sample of the tailings of the heap leaching site. The
results of studies on propaganda cyanide leaching of tailings using an oxidizing agent and a surfactant are

presented.

Table 2 - The results of experiments to determine the sorption activity of the tailings from the heap leach plot

Mass fraction of Experimental Concentration Au content Extract Aufrom Relative sorption
class minus conditions Au in solution, in cake, g/t operations,% activity,%
0.071 mm, mg/l

%
95 Without sorbent 0,47 - - 4,1
With sorbent - 0,22 82,1

* gold content in the initial sample according to the analysis - 1.2 g/t

The results presented in table 2 show that the initial tailings sample does not have sorption activity
with respect to the gold cyanide complex.

The optimal parameters for processing the tailings of the heap leaching section were selected by
comparing various leaching variants. Taking into account the significant content of carbonates in the tails,
in all cases they were pre-treated with acid in order to dissolve the carbonates.

In the process of preparing a sample of the tailings from the heap leaching site for hydrometallurgical
studies, it was ground to a particle size of 0.040 mm in a planetary mill. Leaching pulp density is 30%
solid. The pH of the pulp during leaching of the tests was maintained at a level of 10.5-11.0. Leaching
time is 24 hours (Table 3).

Table 3 - Leaching of the initial sample tailings from the heap leaching section

Variant The fineness of the material, mm Gold Content, g/ t Gold extraction,%
In the original In cake

Direct cyanidation
1 90 % -0,071 1,2 0,54 55,0
2 90 % -0,04 1,2 0,52 56,7

Using calcium hypochlorite Ca(Cl0)2
3 90 % -0,071 1,2 047 60,8
4 95 % -0,04 1,2 0,34 71,7

As a result, the following gold recovery indicators were obtained for various options for processing
the tailings from the heap leaching samples: variant 1- 55.0%; variant - 56.7 %; variant 3 - 60.8 %; variant
4-71.7%.

The results obtained indicate that in the process of leaching the tailings from the heap leaching
section, sulfides are oxidized, resistant gold is opened and its extraction is increased during subsequent
cyanidation of oxidation residues. Gold recovery reaches 60.8 and 71.7 %, respectively, in variants 3 and
4 of tailings processing.

Conclusion

It was revealed that the gold content in the test sample is 1.2 g / t. Gold is found in the form of very
fine grains in sulfides (arsenopyrite, pyrite), as well as in a finely disseminated state in silicate minerals.

As a result of rational (phase) analysis, the mass fraction of refractory (not extractable by cyanidation)
gold is 23.91%. It is mainly associated with sulfides (13.02%), partially - it is coated with surface films
(5.62%).

Extraction of gold from the tailings from the heap leaching section with preliminary oxidation is 71.7 %.

This work was financially supported by the Ministry of Education and Science of the Republic of
Kazakhstan as part of program-targeted financing of the Ministry of Education and Science of the
Republic of Kazakhstan
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TEXHOTEHAI IIUKIBATTAPJAH AJITBIH BOJIIT AJTY ABIH
TEXHOJIOT'USICBIH 3EPTTEY

Annoranus. Kaszipri ke3eHzaeri aixTblH THAPOMETAUTYPTUSACHIHBIH MAaHBI3ABI MIHAETI - OHBI TEXHOTCHIIK
MIMKI3aTTaH OeuylIiH YThIMABI dmictepiH Taly. KanabikTapabsl KaiTa eHjaeyre TapTy YIIiH KaJlbIIThl eMec dJicTep
KaxeT. TexXHOreHIIK IIMKI3aTThl OHJICYIIH MEPCHEKTUBTI TEXHOJOTHUIAPBIHBIH Oipi - YJIKEH MaTepuajbIK
HIBIFBIH/AAP/Ib KOKET eTHEUTIH koHe arMoc(epaHbl JacTaMalThIH IIaiiMajay MpOIECiHAe aJbIH ana TOTHIFY/IbI
Konpany. by onic cynbuarepain TepeH albuTyblHa OaiIaHbICTBI KYpaMbIHAA alITHIHBI Oap KypaMbIH/ia IIMKi3aTTaH
QJITBIH JTy/bIH TOTHIFY TPOLECIH KYIIEHTyre MyMKiHAIK Oepeni.

CynbduarepMeHr OaillaHbICTBl ANTBIHABI aly MakKcaTbhlHAA YHIHALIEpAl KaIABIKTapblH IIaiManay HOTHXKeJIepi
KenTipuired. YHIHIUIEpII KaJlIbIKTaphIHAH YIITUIEP] ABIHBIN, OHBIH XUMISUIBIK, (ha3alIbIK KOHE MIUHEPAJIOTHSUTBIK,
Kypambl 3epTTei/i. YIrigeri anTblHHBIH Kypambl 1,2 1/T aHbIKTanapl. PammoHanael TangayaslH HOTHXKeECT OOMbIHIIA,
95% xnacter 0.071 MM MesepiHae cOpOLMSAIBIK THAHUATEHAIPY apKbuibl 76,09% anTblH abIHABL, Oy Heri3iHeH
KEH JKOHE Tay J>KbIHBICTAPBIH KYPaWTBIH eciHzinepMmeH ycoiHbuiraH (71,74%). boc (apamacaTslH achul METaJIIbIH)
yiec canMarsl mamainsl (4,35%). CopOunsuibIK MUaHUATEHYIIH HETi3ri ce0edi - aNTHIHHBIH CylTb(QHUATI MUHEpa-
JIApPMEH ThIFbI3 Oail/IaHbICHL.

OmJienyi KublH (IBIHOANTBIH COPOLMSUIBIK [[MAHU3ALNS) TYPiHAE anThiHHBIH 23,91% kypaiinsl. On kenecineit
Oemineni: aMopdThl KpeMHHUIIMEH OailylaHbICKaH JkKOHE OETTIK KaObIpIIakTapMeH KanTajiraH - 5,62%; Ty3 KbIIIKbI-
JIBIHIA €PHUTIH MHHEpaIAap KeIICHIMeH OaiylaHbICThl (THIPOKCUATEP, KapOoHATTap, TeMip xioputrepi) - 1,94%;
cyibduarepmen OaiinaHbICTh: MUPUT, apceHONUPHUT - 13,02%; Tay >KBIHBICTapbl TY3UI'€H MHHEpAJIapMeH oTe
YKaKChI apanacaisl - 3,33%.

DJIeKTpOHIBl MUKPOCKONMSIBIK aHanu3 (SEM) apkputel yHiHaUIEp Al maimManay CeKIUACHIHBIH (OKyKa CeKIMs-
J1ap) KaJIIbIKTapbIHBIH OACTAIIKBI YITICIH 3epTTEy HOTHXKENEpi ChIHaMaHbIH MUKPOKYPBIIBIMBIH/A KYMIC, aJIThIH JKOHE
KpeMHHiI 0ap ekeHiH KepcerTi. YJNKeH OeJiriH MeTal emMec MuHepanuap Kypauael (kBapy 30% -maH acram).
DNEeKTPOHIBI-30HATHIK aHAU3re ColiKec, Cynb(pUATEpAe NTAMHUTHIH KYMIiC KypaMmbl Oap anThIH OeIeriH KepeMmis.
[TitmiAi anTeIH TOPENKE TOPi3/i, U30METPHSITBIK.

Bacranksr ynriHi (KiHIIIKe CEKIUSIIapIbl) MIHEPAJIOTHSIIBIK Tanay Oip skarmaiimga 00c JKBIHBICH Oap OeJImeKke
TyTikuieni 6eti 6ap xyka aucnepcusuianran Au (3.6x5.3 mk) Tasi3 mblFaHaK TOPi3Al KipicTipyAiH KapanaibiM xKueri
TaObIFaHIbIFbIH  KopeeTTi. (12x18 Mk). CyperTe anThIHHBIH KOKIIUI-KachkUl peHkKi Oap, o1 Oop, KOBEJIHT
KOMIO3HIUSUTAPBIHBIH 00Tysl MYMKiH ekeHiH kepceteni (bopaut - CuSFeS4; Kosemmmn - CuS). Mynnait puismaep
LUAaHUATIH aJThIHFA KOJI JKeTKi3yiHe kexaepri kenripeai. Kymic a3 memmepze sxyka Oesextep TYpiHAe Ooiaibl,
memmepi Ag-na (1-5,7 Mk), Heri3iHeH epkiH. Tapasnysl OolibIHIIA Ti3IMAEIreH acCOLMalUsIaHFaH KOMIIOHEHTTEp:
Apc apcenonupurti (FeAsS), mupur (FeS2), xanuonupur Cn (CuFeS2) xone a3 marautut Mgt (Fe304), chanepur
Ca (ZnS); xone teHHantut tn (Cul2As4S13); Oip xarnmaiina ranena ra (PbS) Gap miorblpiaHraH apceHOIMPHT
TaOBLUIIBL.

AJBIHFaH HOTIDKENep YVHIHIUTepHAi maiManay CeKIMSCHIHBIH KAIABIKTAPBIH CUITLIEY MpoueciHae Cyabpuurep
TOTBIFa]Ibl, OHJICIYI KUBIH aJThIH AllIbUIA/IbI XKOHE OaH KEHIHTT TOTHIFY KAJbIKTAPBIH [IMAHU3AIHMSIAY Ke31HIEe OHBIH
IKCTPAKIHUSACHI HKOFAPBLIAHIBI.

ToThIFy KanIbIKTapbhlH LUAHWATEHAIPYIIH OHTAMIbI KargalblHIa anTbHHBIH 71,7 % -bI 24 caraT imiHze
AJBIHA/IBL.

Tyiiin ce3nep: anThIH, MmaiMaiay aiiMarbIHBIH YHIHALIEPIHIH KaJIIbIKTaphl, (pa3aibik Kypambl, IHAHHITEY.

A.K. Koii:kanoBa, B.K. Ken:xxanmes, .M. KamaJios,
M.B. Epnenosa, /I.P. Maromenos, H.H. A0abLinaes

Satbayev University, AO «lHCTUTYT MeTQLTypIruu 1 000TaIECHHSD)
Kazaxcran, 050010 Ammatsl, ynuna lleBuenko 29/133

HNCCJIEJOBAHHUE TEXHOJIOI'MHU N3BJIEYEHUS 30JI0TA
N3 TEXHOT'EHHOI'O CbIPbs1

AHHOTaIIHﬂ. Baxneitmas 3aladya THUAPOMETAJUIYPTUH 30JI0Ta Ha COBPEMEHHOM OJTall€ - HU3BICKAHUE
parOHAaJIbHBIX CIIOCOOOB €ro HM3BJIEUEHHS M3 TEXHOIEHHOTO CBhIPbs. I[J'lﬂ BOBJICUCHHA OTXOAOB B nepepaGOTKy
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TpeOyroTCs HETpPaAUIMOHHbIE MeToAbl. ONHON M3 NMEPCHEKTUBHBIX TEXHOJOTHH MepepabOTKH TEXHOTEHHOTO CBIPbS
SBISIETCS] IPMMEHEHHUE B NPOLIECCE BBIMIETAUYNBAHUS TIPEIBAPUTENBHOE OKHCIIEHHE, KOTOPOEe HE TpeOyeT OobIIuX
MaTepUalIbHBIX 3aTpaT M He 3arpsisHser arMmocdepy. DTOT METOJA IO3BOJISIET HMHTEHCH(UIMPOBATH IPOIECC
OKHCJICHHsI W3BJICUYEHHS 30JI0Ta M3 YIOPHOI'O 30JI0TOCOJEPIKAILEro ChIpbsi 3a CuUeT OoJiee IIyOOKOrO BCKPBITHS
CyJIb(GUIOB.

[IpuBeneHb! pe3ysnbTaThl IMIPOLECCa BBIMIENAYMBAHMSA XBOCTOB y4YacTKa KYYHOTO BBIIIENAYMBAHMS C LEJBIO
W3BJIEYEHUsI 30J10Ta, ACCOLMUPOBAHHOTO C cyibduaamu. OcyiiecTBiIeH 0TOOp NMPEeICTaBUTEIbHON MPOOBI XBOCTOB
ydacTKa KYYHOTO BBIIIEJIAYMBAHUS W M3YYEHBl €€ XHMMHUYECKHH, (a30BbIH M MHMHEPAIIOTHYECKUH COCTaB.
YcTaHoBIIEHO, YTO B HcciexyeMoil mpobe comepxurces 1,2 /T Au. [lo maHHBIM panroOHAIBHOTO aHATN3a COPOLIMOH-
HBIM LIHaHUPOBAHUEM IIpH KpynmHOCTH 95 % kiacca munyc 0,071 MM U3 MpoOBI XBOCTOB KYYHOTO BBIIIEIAUNBAHUS
n3Biekaercs 76,09 % 3omota, kotopoe B ocHOBHOM (71,74 %) mpeacTaBieHo CpOCTKaMu ¢ pyAHBIMH B TOPO000pa-
3YIOIIMMH KOMIIOHEHTaMH. MaccoBasi 1ois1 CBOOOJHOTO (aMallbraMHPYEMOro OJaropofgHOro MeTajula He3Haudu-
tenbHa (4,35 %). OCHOBHOM MPUYMHOMN YIIOPHOCTH K COPOLIMOHHOMY LIMAHUPOBAHUIO SIBJISIETCS TECHAsI aCCOLUALINS
30JI0Ta C CYNbGUIHBIMI MUHEPATaMH.

B ymopHoi#l (He u3BiIeKaeMoll COpOLMOHHBIM IMaHupoBaHueMm) dopme Haxomurcs 23,91 % 3orxora. OHO
pacrpeeneHo ClieayIM 00pa3oM: acCOIIMUPOBaHHOE C aMOP(HBIM KPEMHE3EMOM U IIOKPHITOE OBEPXHOCTHBIMU
IUIeHKaMu - 5,62 %; acCOUMMPOBAHHOE C KOMIUIEKCOM MHHEPAJIOB, PACTBOPHMBIX B COJITHOM KHCJIOTE (THUIPOKCH-
JlamMH, kKapOOHaTaMu, XJIOpUTaMu keinesa) - 1,94 %; cBsizaHHOE C Cyab(pUIAMU: TUPUTOM, apceHONUPUTOM - 13,02 %;
TOHKO BKPAILICHHOE B TOPO000pa3yromre MIUHepaisi - 3,33 %.

Pe3ynbTaThl CCIIe0BaHUS HCXOIHOTO 00pa3na XBOCTHI YYACTKa Ky4YHOTO BBIIEIAYNBaHUS (IUTH(OB) METOIOM
ANIEKTPOHHO-MHUKPOCKOMIeckoro aHanmza (POM) mokaszamw, 9TO0 B MHKPOCTPYKTYpPE IPOOBI MPHUCYTCTBYIOT
cepebpo, 3050T0, KpeMHHi. bonbiryro gacTs npeobiagaer HepyaHble MUHEpansl (kBapi Oonee 30%). [To maHHBIM
3MEKTPO - 30HAOBOIO aHAIW3a MBI BUAUM YaCTHYKY 30JIOTO C COJICp)KaHHEM cepedpa, KOTOPHIH pa3BHBAETCS B
cynbpuax. dopma 30J0THHILIACTUHYATAS, HETIPABIIIbHAS, H30METPUYHAS.

MuHepanoruueckuil aHajau3 MUCXOAHOro obpasua (UuiudoB) MoKa3aiM, 4TO B SJUHUYHOM Cilydae oOHapyk eH
MPOCTON KpaeBOl CPOCTOK 30JI0Ta, MPEACTABICHHBIA HETITYyOOKHM 3aTMBOOOPA3HBIM BKJIFOUCHHEM TOHKOHC-
nepcHoro Au (3,6x5,3 mk) ¢ 6yropuaToii MOBEPXHOCTBIO B YACTHIIC BMEIIAOLICH mycToil mopos! m.u. (12x18 mk).
Ha cHMMKe 30J10TO MMEET CHHEBATO-3€JCHOBATHIII OTTEHOK, CBUJETEIbCTBYIOIIMN O HAJIWYMU IIJICHOK, BEPOSTHO
6opHuT-KoBeMHOBOTO cocraBa (bopuut — CusFeS,s,; Koemnun - CuS). [TonoOHbIe MIEHKH 3aTPYAHSIOT JOCTYII
nuanuaa K 3osoty. CepeOpo NMpUCYTCTBYET B HE3HAUWTEILHOM KOJMUYECTBE B BHJIE TOHKOIMCIIEPCHBIX YacTHI] C
Bapuanueil pasmepoB B mpenenax Ag (1-5,7 mk), nmpenmymiecTBeHHO B cBoOoxHOH ¢opme. ComyTcTByromme
KOMIIOHEHTEI, MIEPEUYHCICHHBIEC B MOPSIKE X PAaCIpOCTPAHEHHOCTH, TpencTaBieHbl: apceHomupuToM Ars (FeAsS),
muputoM (FeS2), xamekommpurom Cp (CuFeS2), u pexe marmerurom Mgt (Fe304), cdaneputom Sl (ZnS); u
teHHaHTUTOM tn (Cul2As4S13); B enuHIYHOM citydae 0OHApy>KeH CPOCTOK apceHOMHpHTa ¢ raneHuToM ga (PbS)

[omy4eHHbIE Pe3ynbTaThl CBUAETENLCTBYIOT O TOM, YTO B NIPOIIECCE BBIIIETAYNBAHHIA XBOCTOB y4acTKa Ky4HOTO
BBIIIEJIAYMBAHUS TIPOUCXOJUT OKHCICHHE CYIb(HUIOB, BCKPHITHE YIOPHOTO 30J0Ta M MOBBIILICHUE €r0 HU3BJICUCHUS
IIPU MOCIIEAYIOMIEM INAHUPOBAHUH OCTATKOB OKHCIICHHUS.

B ontumansHOM pexyMe IIMaHUPOBAaHUS OCTATKOB OKUCIICHUA 3a 24 4 u3Bnekaercs 71,7 % 3onora.

KaioueBble ci10Ba: 30110T0, XBOCTBI Y4acTKa Ky4HOTO BbILIEJIa4ynBaHus, ()a3oBbli COCTaB, IIMAaHUPOBAHHUE.
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