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Annomayusn. B craTbe U3JI0KEHBI Pe3yJbTaThl MUHEPAIOTHUECKOro H3yUueHus cylbpuaHbx pyy Camo-
JIa30BCKOTO MECTOPOXKACHHS (AJIIaHCKHUHI IIUT) U MPOIYKTOB UX OaKTEPUAIbHOTO OKHCJICHUSI B OKCIIEPUMEH-
TaJIBHOM HITabesie OMOOKUCIIeHUs. [JTaBHBIMU PYJAHBIMH MHHEpAJIAMH TIEPBUYHBIX PYJ SBISIOTCS TUPUT, 00-
PasyIoIHii MEJIKO3EPHUCThIE KPUCTAIIIMYECKHE U TOHKO3EPHHUCTBIE /IO CKPBITOKPUCTAJUIMYECKUX arperarsbl, U
Mapkasut. [IpucyTcTBYIOT caliepuT, TaleHHT, XaabKOIUPUT, TUPPOTHH, OJIEKIIbIE PYIbI, JIOLOHT, OYpHOHUT
U Ipyrue cyib(HOCOoIH CypbMbl, CTHOHUT, aPCECHOIUPHUT, PSIKO — THMAHHUT, KOJIOPAJIOUT, KAJIABEPUT, [ECCHUT,
HETLUT, CAMOPOLHOE 30J10T0. VI3MeHeHUs pya B SKCIEPUMEHTAILHOM LiTabene OMOOKHCICHNS! MAaKCUMaIbHO
IIPOABJICHBI B €0 BerHeﬁ YacTHU U COCTOAT B pa3BUTHU KOPOK BTOPUYHOI'O TOHKO3CPHUCTOI'O KajJblIUTa C 10~
BBIIICHHBIMU COACPIKAHUAMUA Mg u S, CMCKTHUTOB, 3aMCIAIOIUX MOJICBBIC IMNAThI, U MJICHYATbIX OKCUTUAPOK-
cuyioB Fe Ha MOBEPXHOCTH U B TPEHIMHAX PY/. B HIDKHEH 4acTH 1ITabesist TeXHOTCHHBIC TPOIIECChI IPOSIBICHBI
c11a00 ¥ B OCHOBHOM BBIpaXeHbI B (popmupoBanuu rurnca. Cyabpuiapl B TOW WM MHOW Mepe COXPaHUIIUCH
BO BCEM paspese mradess, BKIoUas CKPITOKPUCTAIINYECKHE, KOJIIOMOP(HbIE 1 OOTPOUIAIbHBIC arperarbl
C HECTEXMOMETPUYHBIM COOTHOIICHHEM KaTMOHOB M aHMOHOB W mpumecsimu As, Ni u Cu. B 6orpounnais-
HBIX BBIICIICHISIX CYb(GUI0B Fe BcTpeueH rajieHuT, 00pa3yromuid CTPYKTYphl THIIA «MUKPOCEITApUiiy, HE
YCTaHOBJICHHBIC pPaHee B NIEPBUYHBIX Pyrax. BrICOKOIIPOOHOE caMOPOAHOE 300TO BBISABIECHO B ACCOLUALIUH
C KOJIOPAJIOUTOM M KaJlaBepPUTOM B BUJIE BKIIIOUEHHH B TOHKO3EPHUCTHIX arperarax aucynbpunos Fe. Crenan
BBIBOJ] O HEJIOCTaTOYHOM BO3JCHCTBUU OAKTEPHU HA YIIOPHBIE PY/Ibl B UCIIOJIb30BAHHOM PEKUME OPOILEHHUS 1
(hopMHUPOBAHUHU BTOPHUUHBIX MUHEPAJIOB, MPETSATCTBYIOIIMX M3BICUCHHIO 30JI0TA.

Knioueswie cnoga: CaMoi1a30BCKOE MECTOPOXKICHUE, AJIIAHCKUM MIUT, KOJIOPAJOUT, KaJlaBepUT, 30J10TO,
YIOpPHBIE PY/bI, OMOOKUCIICHHUE.

Abstract. The paper presents the results of a mineralogical study of sulfide ores of the Samolazovskoe
deposit (Aldan Shield) and the products of their experimental bacterial oxidation in a heap. Pyrite and
marcasite are the major minerals of primary ores. They form fine-grained crystalline and micrometer-grained
to cryptocrystalline aggregates. Sphalerite, galena, chalcopyrite, pyrrhotite, fahlore, luzonite, bournonite and
other Sb sulfosalts, stibnite and arsenopyrite are minor minerals. Tiemannite, coloradoite, calaverite, hessite,

45



46 Benory6 E.B., HoBocenos K.A., ®aguna U.b., Paccomaxua M.A.
Belogub E.V., Novoselov K.A., Fadina I.B., Rassomakhin M.A.

petzite and native gold are rare. The ores in the experimental biooxidation heap are mostly altered in its upper
part. The secondary alteration products of ores include fine-grained Mg- and S-bearing calcite, smectites after
feldspars, and films of Fe**oxyhydroxides on the surface and in fractures of ore. In the lower part of the heap,
technogenic processes are weak and are mainly related to the formation of gypsum. The sulfides are preserved
throughout the heap vertical profile including very fine crystalline, colloform and botryoidal aggregates with
a nonstoichiometric cation/anion ratio and the presence of As, Ni and Cu. The botryoidal aggregates of Fe
disulfides contain galena, which forms a «microseptary» structure, which was not found in primary ores. The
high-fineness native gold was found in assemblage with coloradoite and calaverite as inclusions in fine-grained
aggregates of Fe disulfides. It is concluded on an insufficient impact of the bioleaching of refractory ores in an

applied irrigation regime and the formation of secondary minerals that prevent the extraction of gold.
Keywords: Samolazovskoe deposit, Aldan Shield, coloradoite, calaverite, native gold, refractory ores,

biooxidation.

BBenenue

UccnenoBanus mo OMOJOTHYECKOMY BBIIIETA-
YMBaHUIO 30JI0Ta U3 Pyl BegyTcs yxe Ooiee 100 ner.
Tem He MeHee, COOCTBEHHO OMOBBIIIEIAYUBAHUE 30J10-
Ta (KOorja 30JI0TO MPUHUMAET y4acTHE B METaboIn3Me
OakTepuii) MPOMBIIUIEHHOCTBIO IIOKa HE UCTIONB3YETCS.
Baktepuu HCIIONB3YOTCSI HCKITFOUUTEIBHO ISl BCKPBI-
THS 30510Ta B ynopHbix pygax (Miller, Brown, 2016;
Mourym, 2010). [Ipu GakTepualbHOM BBIIIETAYNBA-
HUH 30JI0TO-MBIIIBSKOBBIX Py, COAEPKAIIUX 30JI0TO
B XMMUYECKH-CBSI3aHHOW QopMe U B BUIC TOHYANIINX
BKJIFOYCHUH B apCEHOIUPUTE U MTUPUTE, TPUMCHSICTCS
HIMPOKUH CIIEKTP MUKPOOPTAHU3MOB, META0OIU3M KO-
TOPBIX OCHOBAH KaK Ha OKMCIICHUH CEPbI, TAK U Ha OKHC-
nenuw xkenesa (Thiobacillus ferrooxidans, Thiobacillus
thiooxidans, Acidithiobacillus thiooxidans,
Acidithiobacillus  ferrooxidans, Leptospirillum
ferrooxidans, Acidithiobacillus caldus, Leptospirillum
ferriphilum,  Sulfobacillus  thermosulfidooxidans,
Sulfobacillus benefaciens) (Rawling, 2004). Jlesrens-
HOCTBh OaKkTepHii crIoCOOCTBYET OKHUCIICHHUIO XaJIbKOTre-
HUJIOB U BBICBOOOXKIICHHIO 30510Ta, obecreynBas J0-
CTyH K HeMy pactBoputenei (Anbopos u ap., 2018).
EnuncrBenHas B Poccuu mpombllsieHHAs yCTaHOBKA
0aKTepUaIbHOTO BBINICIAYMBAHKUS B HACTOSIILEE Bpe-
Msl pealiu30BaHa Ui YHOPHBIX pyn OnuMIinajauH-
ckoro Mectopokaenusi' (Fomchenko et al.,, 2010).

CaM0I1a30BCKOE MECTOPOKICHHE PACIIOIOKEHO B
56 kM 1okHee I. Angana, PecniyOnuka Caxa (SIkytus).
Mectopoxxaenue skcmyatupyercs ¢ 1999 . ITAO
«Cenurnap» OTKpbITBIM cniocoOoM. [lepepaboTka
OKHCJICHHBIX PyA METOAOM KYYHOT'O BBIIIEIaYMBAHMS
MO3BOJTHIIA TOTY4YHTh 0K0JI0 11 T 30;m0Ta®. K HacTosIIe-
MY BPEMEHH 3aI1achbl OKUCJICHHBIX Py, IPUTOJHBIX JUIS
LIUaHUPOBaHUs, UcUeplanbl. B mepBUUHBIX cyiabdui-
HBIX pylax 30JI0TO MPUCYTCTBYET KakK B BUAE TOHKUX
1 CyOMHKpPOHHBIX BBICICHUI CaMOPOAHOTO 30J10Ta B
cynbpuaax U KWIBHBIX MUHEpaJax, TaK U B XUMHYeE-
CKHU cBs3aHHOHU cyibduanoii hopme (JleontseB u ap.,
2018; Belogub et al., 2019; Filimonova et al., 2020),
YTO SIBISICTCS OCHOBHOW MPUYMHOHW MX TEXHOJOTHYE-
ckoit «ynopuoctu» (Yannopoulos, 1991). Menkuii pas-
Mep 3epEH 30J10Ta NPEISTCTBYET UX IPABUTALIHOHHOMY
W3BJICYCHUIO, CBSI3b YaCTH TOHKOTO 30JI0Ta C KHUJIbHbI-
MH MHHEpaJaMu U TOHKO3EPHHUCTBIN XapakTep arpera-
TOB 30JIOTOHOCHBIX CYJIb()HI0B HE MTO3BOJISIET [TOTY4aTh
YIOBJICTBOPHUTEJIBHBIC PE3YJIBTaThl IMyTeM (IoTauuy,
cynbpuaHas Gopma HE IPUMEHUMA Ui M3BJICUCHHS
30]10Ta IMAHUTHBIMHE pacTBOpaMu. B cBs3u ¢ 3TuM, B
2017-2020 rr. na CamM0Ja30BCKOM MECTOPOXKICHUU
OBbUTM TIOCTaBJICHBI SKCIIEPUMEHTHI M0 OaKTepHaIbHO-
MY OKHCJICHHUIO CyabpuIHbIX pyA (puc. 1).

[Tabenp BeicOTON 2—3 M OBLT cHOPMHUPOBAH M3
Mmarepuana KpynHocTbio <50 mm. Opomenue Oakre-
pHaIBHOM KyJbTypol Hayaro B aBrycte 2017 r. bakre-

I https://nedradv.ru/nedradv/ru/find_place?obj=5be75
702d 47898b5f1ecaf91820a4b81

2 https://nedradv.ru/nedradv/ru/find_place?obj=5be75702
d47898b5f1ecaf91820a4b8
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Puc. 1. O0Omwmii BU Ha mTAadENb KyYHOTO BBIIEIaYUBaHMs 1 Kapbep CamornasoBckoro Mmectopoxaenus, 2017 1. (cnesa),
1 BEPTHUKAIBHBIN pazpes mTadesns onosbinenaunBanns, 2020 1. (cripasa).

Fig. 1. General view of the leaching heap and an open pit of the Samolazovskoe deposit, 2017 (left), and a vertical section
of the bioleaching heap, 2020 (right).

pHaTBHBIN ITaMM OBUT BBIJIENICH in Situ U3 MOTYOKHC-
JeHHBIX pyn CamMos1a30BCKOTO MECTOPOKICHHS CIICIIU-
amuctamu OO0 «HBII Hentp-OCTAreo» mo 3akazy
ITAO «Cenurmap». MOHUTOPHHT TpOIECCa OKHUCIE-
Hus ocymectsisuicss B Teuenue 2018-2020 rr. Ilocne
TpeX JIET IEPUOANIECKOTO OPOIIEHHUS OaKTepHaIbHBIMH
KyJIbTypaMH, MpUMEHEeHne pactBopa pearenta Flotent
GL3G, aHamoruyHoro 1o JICWCTBHUIO ¢ IMaHUJOM Na,
MO3BOJIMIIO 100UTHCs M3BiIeueHust ~80 % B oxkene3HeH-
HOM MOBEPXHOCTHOM CJIO€ IITa0eIIsi MOITHOCTHIO OKOJIO
30 cMm (puc. 1) u ~50 % B cpenHe-HIDKHEW YacTH 1Ta-
oest. [leprionuyueckuii MoIMB YacTH IITA0SNs KUCIOTON
JUTSL TIOAIJIep KaHUsl cpe/ibl, OJIAarONPHUATHON JJISl JKU3-
HEJNIeSTeTbHOCTH OaKTepHid, IO3BOJIWII YBEITUUUTD H3-
BJIEYEHME B TIOBEPXHOCTHOM ciioe Ha 8 %, B cpeHeM-
HIKHEM — Ha ~20 %. bbuto ycTaHOBJIEHO, YTO PY/IBL,
OTOOpaHHBIE C TMOBEPXHOCTH, MO CPAaBHEHHIO C OTO-
OpaHHbIMH Ha OOJbIICH TIIyOWHE, XapaKTepH3yIOTCS
OoJsiee HU3KOW MEXaHUYECKOH MPOYHOCTHIO, OONBIITHM
COZICp’)KaHHEM TIIMHUCTBIX MHHEPAJOB, OKCHUTHIPOK-
CHJIOB jKene3a, Cynb(})aToB U MOHWKEHHBIM IOYTH Ha
30 % conmepxkanneM Au. Takum oOpazom, 3a Bpems
9KCIIEPUMEHTA B Pe3yJIbTaTe MPEUMYIIECTBEHHOTO BO3-
JecTBUS OaKTepHii Ha MOBEPXHOCTHBIN CIIOW B IITa-
Oene copMHpoBaach BEpTUKANbHAS 30HAJIBHOCTH,
NPOSIBIICHHAS! KaK B Pa3IMYHOM COJCPKaHUH 30J10Ta,
TaK U B pa3IMYHbIX TEXHOJIOTUYECKUX CBOHCTBAX pyII.
KucnorHoe Bo3nelcTBHE YaCTUYHO HUBEJIUPOBAJIO ATY
30HAJILHOCTD.

MWHEPAJIOTVISI/MINERALOGY 9(1) 2023

B 2021 r. mocne mpekparmieHus BO3ACHCTBUS
OakTepuaNbHBIMH KyJIbTypamu, B jadoparopun [TAO
Cenurmap Oblia MpOaHAIM3UPOBAaHA TPEICTABUTEINb-
Has mpoba, XapakTepusyromas Bech 00beM ITadens
0e3 BepTUKaIbHOTO pasaenceHus. Oka3aaoch, 4TO MPH
conepxann 2.06 T/1 85 % 3070Ta HAXOTUTCS B «YTIOp-
HO¥» opMe 1 TOMBKO 15 % u3BIeKaeTCs IMaHUTHBIMU
pacTtBOpaMu, B CBA3U C UEM ObILITO MPUHATO PCIICHUC
OCTAaHOBUTH OKCIICPUMCHT.

B nanHoii cTaThe paccMarpuBaroTCs MUHEPAJIO-
TUYCCKUE OCOOCHHOCTH YIOPHBIX PYI M3 OTpabOTaH-
HOTrO ImTabenss OWoBkINIeIadnBaHus. Llens wmccnaeno-
BaHUs COCTOAJIa B BBIABJICHUU MHWHCPAJIBHBIX HOBO-
o0pa3oBaHWil W yCTaHOBJIEHHE (OpPM 30JI0Ta B KEKe
6I/IOBBIHIGJ'IaLII/IBaHI/I$I B COIIOCTABJICHUU C ICPBUYHBIMU
Cynb(pUIHBIMU PYIAMH.

KpaTKafl XapaKTepucCTuKa
CamMo0J1230BCKOT0 MECTOPOKACHUSA

CaMo1a30BCKO€ MECTOPOXK/ICHHE HAXOIUTCS B
56 kM 10kHEee T. AnjaH U puHAUIeRUT LleHTpambHo-
AJlJlaHCKOMY PYIHOMY PailoHy, KOTOPBIM pacmosioKeH
Ha AnmanckoM mmTte. Kpucrammmdaeckuii GyHIaMEHT
CJIOXEH PAaHHEIPOTEPO30MCKUMU THEcaMu U KpU-
CTAJIOCIAHIIAMH BEepXHEANTAHCKOW ¥ (HETOPOBCKOMN
cepuil, MPOPBAaHHBIMU HMHTPY3USMU IPOTEPO30HCKUX
HOPMAJIBHBIX U YMEPEHHO-IIEJIOYHbIX KaJMEBBhIX I'pa-
HuTonaoB (JleontreB u ap., 2018). [Inardhopmennsrit
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Yexoll 00pa30BaH BEHA-HIKHCKEMOPHUHCKUMH Kap-
OOHAaTHBIMH ¥ FOPCKHMH TEPPUTEHHBIMH TOPOIAMH.
C Me3030/CKOil TEKTOHO-MarMaTH4ecKOW aKTHBU3a-
el CBs3aHO O00pa3oBaHHWE PaTUATHHO-KOJBIICBOM
CTPYKTYPBI, HAJIO)KEHHON Ha KPHUCTAJUTMUCCKUH (PyH-
JTaMEHT ¥ MaJIOMOITHBIA TardopmennHsiii gexon (Ka-
3anckuit, 2004). B 3TOT eproa MpouCcXOAwIIO BHEAPE-
HUE MarMaTH4ecKuX TeJ alJaHCKOTO INEIOYHOTO HH-
TPY3WBHO-BYJIKAaHOTeHHOTO KoMrmiekca (J,—K;).

CaMona30BCKO€  MECTOpPOXJICHHE  IPHHAI-
nexntT KOXTHHCKOMY pyZHOMY Y31y, KOTOPBIH Tpo-
CTPAaHCTBEHHO MPHUYPOUEH K OJHOMMEHHOMY MacCHUBY
M3BEPIKEHHBIX TOPOJ], OTHOCSAIIEMYCS K aJIJaHCKOMY
komruiekcy (JIeonTreB u np., 2018). FOXTHHCKHI Mac-
CHB pacrojOXeH Ha TIEPEeCeYeHHH CeBepO-3armaiHon
IOxTHHCKOM M CyOMepHINOHANBHONW SIKOKYTCKO#M 30H
pasiomoB. MaccuB uMeeT B miane (GopMy oBajia, BbI-
TSHYTOTO B CEBEP-CEBEPO-BOCTOYHOM HAIPABICHUH
6osee vem Ha 10 kM mpu mmpuHe 5 kM. OH 00benU-
HSIET HECKOJIBKO KPYIHBIX CONMMKEHHBIX HHTPY3UBHBIX
TeN CIIOKHOH M INTOKOOOpa3HOU (hOpM, CIIOKCHHBIX
TpeMs (azaMu J1eOeTUHCKOTO MOHIIOHUT-CHEHUTOBOTO
rkomruiekca (J;—K,). B reomormdyeckoM cTpoeHWH Me-
CTOPOXKJIEHHUS TTPUHUMAIOT y9acTHe HepacuIeHEeHHBIE
MeTaMop(pUIECKIe U HHTPY3UBHBIC 00pa30BaHUs KpHU-
CTAJTHYECKOTo (pyH/IaMeHTa, KBaplleBble CHEHUT-TIOP-
(GbUPBI B MOHIIOAWOPHUT-TIOPPHUPHI JICOSTUHCKOTO KOM-
TJIEKCa, KOHTaKTOBO-MeTaMopdraeckne 00pa3oBaHus,
pa3BUTHIE HA KOHTAaKTe MHTPY3UBHBIX 00pa3oBaHUM H
BEH/-KEMOPHUHUCKHAX JIOJJOMHUTOB OCaJOYHOTO HYeXJIa.
OpyneHeHrne CBS3aHO C THAPOTEPMaJIbHO-METacoMa-
THYECKOH MPOPaOOTKOM MIETOTHBIX HHTPY3UBHBIX TI0-
PO ¥ SK30KOHTAKTOBBIMU M3MEHEHHUSMHU BMEIIAIONTIX
CTpaTU(HUITIPOBAHHBIX TOJII.

CaMoIa30BCKO€ MECTOPOXICHNE IPHYPOUCHO
K TPOBHCY KpOoBIH HOXTHHCKOTO MacchBa, 3allOJTHEH-
HOTO CKapHUPOBAaHHBIMU M MPaMOPHU30BaHHBIMH JI0JI0-
muTamu. [1o TeKCTypHO-CTPYKTYpHBIM 0COOEHHOCTSIM
W YCIIOBHSM 3aJIeTaHHsi HA MECTOPOXKACHUW BBIJEIS-
FOTCSL PYIBI CKAPHOBBIE B SK30KOHTAKTE MaccuBa (OT-
paboTaHbI), MTOKBEPKOBBIE W OpPEKUNEBO-KHUIIBHBIC.
[TpoXKUITKOBO-BKPATUIEHHBIE, IITOKBEPKOBBIE  PYIBI
pPa3BUTHI B Mpejenax Me3030MCKON 1IEeT0OYHON UHTpPY-
3UU. BpeKurneBOo-KUIIbHBIN TUIT MPEJICTABIEH KPYyTOIla-
JTAIONIMMHA MHWHEPATN30BAHHBIMHU 30HAMHU JPOOICHUS
(Opexunm, TepexoAIIe B JKUIBI) BHYTPH WHTPY3UH
1 TIOpOJT KpHcTautmaeckoro ¢pynmamenTa (JIeonTseB 1
np., 2018).

B wmuHepanrpHOM cocTaBe MPOKHUIKOBO-BKpa-
TUIEHHBIX U TIPOXKHIIKOBBIX PYJI MTPEe0OIaiatoT ToJIeBbIe
ITaThI, KBapIl, CEPHUIINT, TOIOMUT, (hrrooput. U3 pyn-

HBIX MHHEPAJIOB HanOoJee pacrpoCTpaHeHbI MHPHUT U
MapKa3uT, B HEOONBIINX KOTMYECTBAX MPUCYTCTBYIOT
TaJeHUT, c(haJepuT, XaJIbKOMUPUT, TUPPOTHH, apPCEHO-
MUPUT, OJEKIIbIe PYIBI IIHPOKOTO CIIEKTpa COCTABOB,
JIOIIOHUT, OYPHOHUT, CYALBAaHUT, cyabhoconu Bi, Ten-
nypunsl Ag, Ag u Au (JIleontses u np., 2018; Belogub
etal., 2019). lucynshumast Fe B pymax mo Mopdoaoruu
MOYKHO Tpy00 pa3ie’nTh Ha TOHKO3EPHHCTHIE 10 CKPBI-
TOKPHUCTAIUTHIECKUX, KaK MPABUIIO, THPUT-MApPKa3UTO-
BOTO COCTaBa, W MEJIKO3EPHHUCTHIE, MPEICTABICHHBIE,
MpeuMyIecTBeHHO, mupuToM. 1o maraemM JIA-MCII-
MC TOHKO3epHHUCTHIC MacChl nUCyabhuIoB Fe 3Haun-
TeTpHO oOoramens! npuMecsmu As, Sb, Te, Hg, T, Au
1 Ag 10 CpPaBHEHHIO C MEITKO3ePHUCTHIMU KPUCTAIIIH-
geckumu pazHoctsamu (Belogub et al., 2019).

MeTonuka pador

[lepBuunbie pymbl W3ydeHBI B IMTY(HBIX 00-
pasiax, oTOOpaHHBIX M3 KEpPHA CKBaXXHH, MEPECeKaro-
IUX MTOKBEPK, poOypeHHbx B 2015-2016 rr. I1po-
06a CMII-4 otoOpana u3 mTabenss OMOOKHCICHHUS B
aprycre 2021 r. U3yueHHbIi HAMU Marepuan OTKBap-
TOBaH U3 KPYITHO-00BEMHON MPOMBIIIIIEHHO-TEXHOIIO-
rudeckoi mpoOsl Maccoir 1000 KT, cocTaBIeHHOH U3
100 gacTHBIX P00, OTOOPAHHBIX TI0 PETYIISIPHOMN CETH
1 XapaKTePU3YIOIINX BeCh 00bEeM MITa0eTIs.

N3 mpoOBI 0TOOpaHO HECKOIBKO 0Opa3IloB s
M3ydeHUs HOBOOOPa30BaHWI Ha TOBEPXHOCTH PYI U
W3TOTOBJICHHS TPENaparoB Ui ONTHKO-MHUKPOCKOIIH-
YECKUX MCCIIEOBAaHUH, OCTaJbHAs 9acTh U3pOOIIeHA.
N3 marepuana KpynmHOCTbIO —1 MM MOJYYEH TSKENbINA
KOHIIEHTPAT TyTEM OTMBIBKH B JIOTKE C JIOBOAKOH B
opomodopme. @paktust +1 MM IPOCMOTpPEHA IO CTe-
PEOMUKPOCKOTIOM. M3 TsHKEemoro KOHIIEHTpaTa W3To-
TOBIICHBI TIOJTMPOBAHHBIE OPUKETHI.

BanoBelii MUHEpallbHBIA COCTaB M COCTaB IIO-
POIITKOBAaTBHIX ~ MPOAYKTOB HW3MEHEHHS  OTpENeieH
PEHTTEHOCTPYKTYPHBIM METOJIOM C TIOMOIIBIO PEHT-
reHoBckoro gudpaktomerpa Shimadzu XRD-6000,
Cu K-o m3i1ydeHne ¢ MOHOXPOMAaTOPOM, KOJTMIECTBEH-
HBIE COOTHOIIIEHUS PACCUNTAHBI METONOM PuTBensb-
Ila, porpaMMHBIN makeT Siroquant V.4. OnTudeckas
MHUKPOCKOTIHSI OTPaKEHHOTO CBETa HCIOIB30BAIACh
TIpH aHAJN3e MEPBUYHBIX PY/ U TSHKEJIOTO KOHIIEHTpa-
Ta Keka OWOBBINICTAYMBaHUA. JIaHHBIC ONTHYECKOU
MHUKPOCKOTIHH YTOYHSJINCH C TIOMOIIBIO AJIEKTPOHHON
mukpockorm: COM VEGA3 TESCAN SBU, ocHa-
MICHHBI  9HEPTOAMCIIEPCHOHHBIM  CIIEKTPOMETPOM
Oxford Instruments X-act, yckopsromee Hampspke-
aue 20 kB, Tox 30872 0.3 HA, OIS KOJIHMYSCCTBEHHOTO
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Puc. 2. IlepBrUuHBIC IITOKBEPKOBO-IIPOXKMIIKOBBIC PYABL: a, 0 — OCHOBHBIC MOP()OJIIOrHYECKUE TUITBI IIUPHUTA: & — OPEKIH-
POBaHHBIIl MEJIKO3EPHHCTBII C 3aMELIEHHEM TOHKO3EPHUCTBIMH arperaramMu, 6 — TOHKO3EPHUCTBIC Ka MBI BOKPYT cyOreaparib-
HBIX M aTOJUIOBHIHBIX 3€PEH; B—3 — 3epHA 30JI0Ta (CTPEJIKH): B — B CKOIJICHHH MHUKPOKOHKPELHiI B ACCOLUMALIMH C TAJICHUTOM,
KBapLeM, (QIFOOPHTOM H POCKOITUTOM (TOYKA P), I — B MUKPOKOHKPELIMH B aCCOLMALIMH C 3BIepajbHBIM IIUPUTOM; JI — B HH-
TEPCTULMH IUPHUTA; €, K — B TPELIMHAX [TUPUTA B ACCOLMALIMH C TAJICHUTOM, 3 — BO (NIFOOPHTE C BKIFOUCHHEM LIEJICCTHHA.

a, 0 — oTpakeHHbIH cBeT, B—3 — BSE-¢oto.

Fig. 2. Primary stockwork veinlet ores: a, 6 — main morphological types of pyrite: a — brecciated fine-grained replaced by
micrometer-grained aggregates; 0 — fine-grained rims around subhedral and atoll-like grains; B—3 — gold grains (arrows), B — in
micronodular aggregate in assemblage with galena, quartz, fluorite and roscoelite (point p); r — in micronodules in assemblage
with euhedral pyrite; 1 — interstitial in pyrite; e, > — in fractures of pyrite in assemblage with galena; 3 — in fluorite with celestine
inclusions.

a, 0 — reflected light, B3 — BSE-images.

aHaJM3a UCTOIB30BaHbl ATAIOHBl MINM-25-53 dupm Pesyabratsl padot
«ASTIMEX Scientific Limited», (crammapt Ne 01-
044) u «Microanalysis Consultants Ltd.» (crammapt OO0pasipl NEPBUYHBIX PyA U3 KepHA XapaKTepu-

Ne 1362). B TekcTe UCoNb30BaHbI Clienyomnue abope-  3YIOT IITOKBEPK KBApL-(PIFOOPUTOBBIX KHJI C CYIbQHI-
Buarypsl: Py — muput, Gn — ranenut, Po — nuppotuH, HOW MUHEpalu3alHed B M3MEHEHHBIX (CEPULUTU3UPO-
Fo — 6nexnas pyna, Ang — annie3ut, Cer — IepycCUT,  BaHHBIX, KapOOHATU3UPOBAHHBIX, CYIb(QHINZUPOBAH-
F1 — ¢moopwurt, Sr — nenectun. HBIX, (IIIOOPUTU3UPOBAHHBIX) CHEHUTAX NOPPHUPOBOMH
CTPYKTYpHl. B MUHepaisHOM cocTaBe pya npeodiaia-
0T ITOJICBBIC MIMAThI (MUKPOKJIMH, OPTOKJIa3, albOuT),
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KBapil, (IFOOPUT, CIIOOLI (CEPUIIUT, CMEKTHTH3HUPO-
BaHHBIN POCKONIHT), KapOOHATHI (IOJIOMHUT, B MEHB-
mel CTenmeHH — KalbOWT). [J1aBHBIC aKIeCCOpHBIE
MUHEpaJbl CHEHUTOB — allaTUT U IUPKOH, TICEBIOMOP-
¢o3s1 pyTHIa IO TUTAHATY. C TIPOTYKTHBHBIMHU KBapII-
(hITIOOPUTOBBIMH JKWJIAMHU CBSI3aHBI IIEJICCTUH, OApHT,
MOHAIIUT ¥ TOYHO HE JUAarHOCTUPOBAHHBIE CHIIMKATHI
P3D.

OCHOBHBIE pyAHBIE MHHEPAIbl — MUPHAT U Map-
ka3uT. [Iluput oOpasyet: 1) sBreapanbHbIC U CyOTe-
JIpallbHbIE BBICTICHHUS] C BKIIOUEHUSMH THPPOTHHA,
TaJieHnTa, OJEKIBIX Py, pacCestHHbIE B CHEHUTAaX, da-
CTO KOPPOAHWPOBAHHBIC W OpeKIMpoBaHHBIC (pHUC. 2a);
2) TYCTyI0 BKpPaIUICHHOCTh CYOMHKPOHHBIX WH/IWBH-
ITOB, 9acTO oOoTrameHHbIX As, mHOTIa — Sb 1 Cu, dhop-
MHPYIOIUX MUKPOKOHKPEIMH W THe3ma (puc. 20-T);
3) xomroMopdHBIE KOPKH, aTOJUTOBUIHBIE BBIICICHNUS,
TOHKO3EPHUCTBIE W CKPBITOKPUCTAIUIMYECKNE arpe-
raTtbl, 9acTO B TECHOH acCONHAIMM C MapKa3hTOM,
WHOTAA 3aMeMIaIoNIie 3EPHUCTRIM THPHUT (pHUC. 2a);
4) 30HaTBHBIE UANOMOPQHBIE KPUCTAILTHI C 30HATEHBIM
pacrnpejeneHueM As U BKIOYeHUH. MapKka3uT MOXKeT
3aMeniaTh MUPUT, HApacTaTh Ha HETO, 9aCTO 00oTalieH
As. BropocTeneHHBIE MUHEpANbl — TalleHUT, cdaire-
PUT 1 XadbKONUPHUT. Pekne MuHEpabl MpeICTaBIeHBI
(B mopsiake yOBIBaHUS) TETPAdAPUTOM, OYpHOHHUTOM,
JIOIOHUTOM, TOYHO HEAMAaTrHOCTHPOBAHHBIMU CYJb-
dboconmssmu Sb, CTHOHUTOM, MOJTUOICHUTOM, TECCUTOM,
TeuTypuaaMu Ag u Au, KOJIOPaTOUTOM, CYIb(MUIOM
Hg, TamanauToM, cynmbdunamu u xiopumgamu Ag u Hg,
CaMOPOIHBIM CepeOpOM.

30710T0 HaMU OOHAPYKEHO TOJBKO TPU TTOMO-
mu COM B BuIe CyOMHUKpPOHHBIX BKIIOUeHHMHA (0.2—
0.8 MKM) B Tpex mo3unusix: 1) B arperarax CyOMHKPOH-
HoTO MUCcynb(huaa Fe B accormanmm ¢ TOHKO3EpHUCTHIM
KBapIeM, (UIFOOPUTOM W POCKOIIHUTOM, aHAIOTHIHYIO
TTO3UIMIO 3aHMMAET KOJOPAIOWT W HEIWAarHOCTHpYe-
MbIe CyOMHKpPOHHBIC BBIZEICHUS CYIb(pocomeit (puc.
2B, T); 2) B BUJI¢ BKIIOUCHUI B TPEIIMHAX B KPHUCTAII-
JTUYECKOM MTUPUTE W HA €TO TIOBEPXHOCTH, YacTO aHa-
JIOTUYHYTO MTO3UINIO 3aHUMAIOT TEJUTYyPHU/IbI, HHOTIA —
rajeHuT (puc. 21-K); 3) Ha MMOBEPXHOCTH BCKPBITHIX
¢dbmronaHEIX BKITIOUeHUH (?) Bo (mroopute (puc. 23).
[To manaeM [TAO «Cenurmap» B pymax OYeHBb PEIKO
MIPUCYTCTBYeT Ooliee KPYyMHOE 30JI0TO PasMepoM JI0
400 MKM, KOTOPOE TECHO aCCOLIMUPYET C apCEHOMUPH-
TOM.

[Ipoba, oroOpanHas w3 1mTabenss OWOBHIIIC-
TaYMBaHMS, TpEACTaBiIeHa (parMeHTaMHd CHEHHTOB,
MIPEUMYIIECTBEHHO KapOOHATU3UPOBAHHBIX U CYIb(hHU-
JMU3MPOBAHHBIX, MHOTIA COMIEPIKAIINX KBapI[ + KapOo-

HaT-(OITFOOPUTOBBIC TPOXKMIKH. 110 JaHHBIM peHTTreHo-
CTPYKTYPHOTO aHajin3a, B IIpoOe TpeodIagaroT moire-
BBIC ITIATHl (MUKPOKITMH, OPTOKJIa3, aTbO0MT), KBAPI[ U
cirona, B KonmndecTse >1 mac. % MPUCYTCTBYIOT ITHUPHT,
KaJIBITUT, HEOOTBIIIOE KOJTHIECTBO CMEKTHTOB.

OOGJIOMKH PYI 9aCTO TMTOKPBITHI TTOPOITKOBATHIMHU
HaJeTaMu ceporo, OypoBaToro 1BeTa, HHOTA — TUIOT-
HBEIMHU OeJTBIMH, OypPOBAaTBIMH KOPOYKAMH KOJTOMOPQ-
HOTO CTPOEHHSI MOIIHOCTBIO TIEPBBIE JIECATHIC JTOIU
MuuTuMeTpa. HameTsl 00pasyroTcs, MpenMyIecTBEeH-
HO, Ha CYIIECTBEHHO KBapI[-KAJIUIIIATOBBIX METaco-
MaTHTaX M COCTOST M3 THUAPOCITIOANCTO-CMEKTHTOBBIX
arperaroB, MPOMUTAHHBIX THIICOM M peHTreHoaMop(-
HeIMH TuApokcuaamu Fe. ComeprkaHuwe Turica B Ha-
JeTax MOXeT JocTturarb 3—5 mac. %. He uckiroueHo
MIPUCYTCTBHE IPYTUX CYAb(GATHBIX MUHEPAJIOB, COMEP-
YKaHWe KOTOPBIX HE JIOCTHTAeT TPeIesioB OOHapyxke-
HUS peHTreHOCTPYKTypHBIM MeToioM (0.5 mac. %). Ha
(hITFOOPUT-TOITOMUTOBBIX METACOMATUTaX HOBOOOPa30-
BaHUS Pa3BUBAIOTCS 3HAYUTEIFHO MEHBIIIE 1 TIPE/ICTaB-
JIEHBI TUIGHKaMU PeHTreHoaMOp(HBIX THApokcuIoB Fe
WJTH TUTOTHBIMU O€JTBIMH KapOOHATHBIMH KOPOYKaMH.

CMEKTHTBI 00pa3yroTCsl B pe3ylibTare M3MeHe-
HUH KaJTUEBBIX MTOJIEBBIX IITIATOB U PA3BUBAIOTCS TIO MIX
CIAHOCTH W Ha MOBEpXHOCTU. [IepBUYHBIN KaTueBbIN
MOJIEBOW IITIAT CONEP)KUT HEPAaBHOMEPHYIO TPHUMECH
Ba. B nponykrax 3amenienust Ba oTcyTcTBYyeT, 3HaUU-
TEJIHHO CHIDKAIOTCS cofepkanust K, mosBisroTes mpu-
Mecu Ca, S u F (Tabmn. 1). AnaauTudeckas cymma ne-
¢uIMTHA W3-32 PHUCYTCTBHSA BOABI. PeHTreHorpamma
COOTBETCTBYET HEYNOPATOYCHHOMY CMEIIaHOCIOHHO-
My MUHEpaIy CIoIa-CMEKTHUT. | UTIC yCcTaHOBIIEH peHT-
TeHOTpa(pUIECKH B COCTAaBE MOPOIIKOBATHIX arperaroB
CO CMEKTHUTOM.

[In0THBIE 30HANBHBIE TOHKOKPHCTAJUTMYECKHE
KOPKA Ha TIOBEPXHOCTH HEKOTOPHIX OOJIOMKOB TIO-
PO TIpEeNCTaBICHBI KaBIUTOM. B €ro XumMmdeckoMm
cocraBe mpucytctBytor mo 0.43 mac. % MgO, mo
0.34 mac. % SrO u mo 1.59 mac. % SO; [lpu Bo3zmeii-
CTBUU DIIEKTPOHHOTO ITyYKa Ha KaJBIIUT BO3HUKAIOT
Kparepsl, CBUACTEIbCTBYIOIINE O CIA00N KPUCTAIIIN-
YECKOM yIopsJJ04EHHOCTH, CBOMCTBEHHON BTOPUYHBIM
00pa3oBaHUsM.

Cpenu pymHBIX MHHEPAJIOB TPeoOIamaroT IIH-
cynebunel Fe. HanbompImiee pacmpocTpaneHne uMeeT
3€pPHUCTHIN MUPUT pasMepoM J0 1 MM, MpeacTaBiieH-
HBI BKPAIJIEHHOCTHIO B YaCTHUIAX TOPOA M CBOOOJ-
HBIMH YacTHIIaMH B TSDKEJIOM KOHIleHTpare. MHorma
OH OpEeKYMpOBaH W MEMEHTHUPYETCS MEIKO3EPHUCTHIM
KPUCTAJUTMYCCKUM MapKasuToM (puc. 3a), COACPKUT
BKJTFOUEHHUST HEPYIHBIX MHHEpaoB (puc. 30), XaabKo-
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Tabnuya 1
XuMHYeCKHii cocTaB KajineBoro nojesoro mmata (1, 2) u npoaykroB ero 3amenrenus (3) (Mac. %)
Table 1
Chemical composition of K-feldspar (1, 2) and product of its replacement (3) (wt. %)
Ne n/m SiO, AlLO; Na,O K,O BaO CaO SOs F Cymma

1 63.47 19.56 0.95 13.86 1.76 - - - 99.59

2 64.32 18.40 1.11 14.38 0.53 - - - 98.73

3 53.81 17.75 0.65 1.13 - 1.16 0.12 0.69 81.98

IIpumeuanue. 31ech U qanee, MpouepK — HIKE Mpejiesia O0HAPYKEHHUS.

Note. Hereinafter, dash — below detection limit.

MTUPUTA, PEIKO — OOPHUTA, TalleHUTA, CarepuTa, miup-
poTHHA ¢ TeJTypHuaaMu (puc. 3B), oOpacraer KaitmaMu
TOHKO3EPHUCTOTO Mapkazurta (puc. 3r). Berpewarores
CIIOKHBIE «CKEJIETHBIE» (POPMBI MEITKO3EPHHUCTOTO TIH-
puta (puc. 31), a TaKke MEIKO3EPHHUCTHIC arperarsl
MTUPUT-MAapKa3UTOBOTO cocTaBa. Bokpyr wacTwil nmupu-
Ta yacTo HabOromaercs kaiima omana (puc. 30). Taxoke
B COCTaBe MPOOBI MIPHUCYTCTBYIOT TOHKO3EPHHUCTHIE JI0
CKPBITOKPUCTAINTMYECKHUX arperarbl. VX kommdecTBo
orieHnBaeTcs B ~5 % oT macchl nucynbduaos Fe. Onn
00pa3yloT KalilMbl W 3alONHSAIOT TPEIIWHBI B Oolee
paHHEM IUIOTHOM THpUTE, (HOPMUPYIOT KOJIOMOP(]-
HBIe (pHC. 3€, 3, 1), TOYKOBUHBIE (pHC. 3U) arperarsl
U MHUKPOKOHKpernuu (puc. 3W), 4acTo acCOIHMHUPYIOT
C TOHKO3EpHHUCTHIM MapkazutoM (puc. 3e). Jms Hux
TUTTUYHO TIOPUCTOE CTPOESHHE M BKIIOUEHHUS 30JI0Ta,
TEJTypuAOB (KajaBepuTa, KOJIOPaJONuTa), TaJCHUTa U
BTOPHUYHBIX MUHepajoB Pb. Ha moBepxHocTH mouex
MOYKeT HaOroaThes KaiiMa omnana (puc. 3x).

Kommomopduseie nmouku nucynbdumos Fe nme-
10T 30HaJIbHOE CTPOCHUE, OTUETIUBO MPOSBIIIONIEECS
Ha ¢ororpadusx B orpakeHHOM cBete U BSE, HO He
BCErJia OTPaXEHHOE HAa MUKPOTEOXMMHUYECKHAX KapTax
M, BEPOSTHO, OOYCIIOBIEHHOE PAa3IMYHOW CTENEHBIO
KPUCTAIUTMYHOCTHU CyIbGuI0B (puc. 4). s aTux arpe-
raToB XapaKTEepHO OOWIINe MpUMecel, Cpeii KOTOPHIX
npeobianatot As, Sb, Te, Ni, nnorma Cu, nHorma B co-
ctaBe arperaroB npucyTcTBytoT Si u O. Cymma aHa-
mu3a o0bIYHO AedunuTHA (Tadmn. 2). [lomydenHbie aHa-
JU3BI HE COOTBETCTBYIOT CTEXHOMETPUHN TUCYIb(DUIO0B
Fe, 4o, mo-BUANMOMY, CBS3aHO C TOPUCTHIM CTPOCHHU-
€M arperaros.

B xoHmeHTpaTax B HE3HAYUTENHHBIX KOIUYE-
CTBaX BCTPEUEHBI XAIbKOIUPUT, TUPPOTHH, CAIIEPHT,
MOJUOICHAT, OJIeKIIast py/ia, TaJIEHUT, 30JI0TO U TEITY-
PUIBL.

bnexmas pyma mpeacTaBiieHa TPOMEKYTOUHBI-
MU WIEHAMH psiia TEHHaHTUT-TeTpa’dapuT (Ttadm. 3),
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CpacTaeTcs ¢ XaJbKOIMMPUTOM U IUpuTOM. Pasmep ot-
JENbHBIX BBIIEICHUH OJICKION pyabl B KOHLIEHTpPATax
JOCTHUTAeT 2 MM, HO NIPeo0IaaioT 3epHa pa3MepoM 10
0.5 mm. [lo Gnexioit pyne wHOTIA pa3BuBarOTCs che-
pHUECKHUE arperarsl IeHIPUTOBUIHOTO IUPUTA C pajiu-
ANbHBIMU TPELIMHAMHM, 3aIOTHEHHBIMH BTOPHYHBIMH
MUHEpajaMu CBHUHIA (pHC. Sa, 0).

I'aneHuT B TSKEIOM KOHLIEHTPATE MPEACTaBICH
BKJIIOUCHHUSIMH B TIMPHUTE (B TOM YHCIIE B C(HEPOTUTO-
BBIX arperarax), CpacTaHUSIMH C IHPHUTOM, a TaKXKe
CBOOOZHBIMU YaCTHLAMU. [ aJleHUT 4acTo 3aMeInaeTcs
LEPYCCUTOM U aHIVIE3UTOM, 00pa3yIOIINMHU KaiiMbl BO-
KPYT TaJICHUTA WM MOJIHbIE ICEBAOMOP(O3bI IO HEMY.
B cdeponuroBbix arperatax rajJe€HUT HIM MPOLYKTHI
€ro 3aMELICHNUS 3aM0IHACT PaJuabHble TPEIIUHBI, 4TO
MIPHUJIAET arperaraM BUJI «cemTapuin» (puc. S5a, 0).

30JI0TO COBMECTHO € KaJaBEPUTOM U KOJIOPaIO0-
UTOM BCTPEUEHO TOJIBKO B BHJIEC BKJIIOUECHHH B TOHKO-
3EPHHUCTBIX U CKPBITOKPUCTAIUTMYECKUX AUCYIb(UAAX
Fe. Pasmep 3omotun gocturaer 10 MM, 3010TO-Tel-
JYPUIHBIN arperar MOXKeT JOCTHrath pasMepa 50 MKM
(puc. 5). CocraB 3050Ta OTIIMYAETCS BHICOKOW YHCTO-
TOW, NPUCYTCTBYET TOJILKO HE3HAYUTEIbHAS MPUMECH
cepedpa (tadm. 4). CocTaB KOIOpaJonTa U KajlaBepuTa
OJM30K CTEXMOMETPUIECKUM (OPMYIIaM.

BropuuHble pyaHble MUHEpaslbl IpPEACTaBlIe-
HBI cynbharamu 1 kapbonaramu Pb (cm. puc. 5a, 0)
okcuruapokcuaamu Fe. I'etut mpucytcTByeT B Buzae
nceBaoMopdo3 Mo MUPUTY PAa3HBIX MOP(OIOrHIECKUX
THUIIOB U BXOZIUT B COCTAB MOPOILKOBATHIX arperaToB Ha
MOBEPXHOCTH Py B IIPHUIIOBEPXHOCTHOHN 30HE mITale-
ns1. CozeprkaHue reTUTa B KOHIIEHTPATax COCTaBJISET
2-5%.

Oo6cy:xneHue

Jectpykuust cynbGuI0B ¢ ydacTHeM OakTepuil
xoporro u3ydena (SIxonrona, 3Bepesa, 2000). B atom
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Puc. 3. Mopdomnorust nucynbduno Fe B keke OMOBBIIIENaqMBaHuS, TSHKEIIBIH KOHIIGHTPAT: a — 36pPHUCTBIN MUPHUT-MapKa-
3UTOBBIN arperar; O — KaiiMa CKpPBITOKPUCTAIUIMYECKOTO THUCYIb(uaa Fe, yacTHIHO 3aMEeIeHHOro OmaioM Ha cyOrepaibsHOM
MIPHTE; B — BKJIIOUEHHE MUPPOTHHA 1 TeJUTypuia Bi B MpuTe; T — MENKO3epHHUCTAs! BKPAIIEHHOCTh IINPUTA B CHEHHTE; JT — CKe-
JIETHBIE KPUCTAJIIBI MUPUTA U cHKaT P30 (cTpernka) B CHeHNTE; € — KOJUIOMOP(HBIN MUPHT C KaMOH KPHCTAJUIOB MapKa3nTa;
K — KaliMa CKpBITOKPHUCTAIIHIECKOro aucynbduaa Fe u onanxa BOKpYr YacTHYHO pa3pyIISHHOTO MMUPHTA; 3 — KOIIoMopdHas
nouka gucynsuaa Fe (c) B HOpOIIKOBaThIX MPOAYKTaX pa3pylIeHHs CHEHUTOB; M — KoJutoMop(Hast modka aucynsuna Fe ¢
Oouree TIOTHOM KalMOIt; K — MEKPOKOHKPEITHSL.

a, 0, e, )K — OTpaKeHHBIH cBeT, B—1, 3—k — BSE-¢oro.

Fig. 3. Morphology of Fe disulfides in a bioleaching cake, heavy concentrate: a — fine-grained pyrite-marcasite aggregate;
0 — rim of cryptocrystalline Fe disulfide partly replaced by opal on subhedral pyrite; B — pyrrhotite and Bi telluride (arrow)
inclusion in pyrite; r — fine-grained pyrite dissemination in syenite; 1 — skeletal crystals of pyrite and REE silicate (arrow) in
syenite; e — colloform pyrite with a microdruze of marcasite crystals; s — rim of cryptocrystalline Fe disulfide and opal around
partly fragmented porous pyrite; 3 — colloform aggregate of Fe disulfide (c) in powdered products of syenite disintegration; u —
colloform aggregate with a denser rim; k — micronodule.

a, 0, e, ) — reflected light, B—m1, 3k — BSE.
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g
Puc. 4. Pactipenenenme Fe, S, As, Pb B kommomopdHoit mouke mucynbhumos Fe.
Fig. 4. Distribution of Fe, S, As, Pb in a colloform aggregate of Fe disulfides.
Tabnuya 2
XHMMHYeCKHIl COCTAB arperaToB TOHKO3¢PHUCTBIX Aucyabduaos Fe (mac. %)
Table 2
Chemical composition of fine-grained aggregates of Fe disulfides (wt. %)
Ne n/m Fe S As Cu Te Ni Sb O Si | Cymma IIpumeuanue
1 38.58 | 46.60 | 2.90 0.65 1.27 0.54 0.39 7.60 | 0.15 | 98.67
2 39.63 | 4848 | 3.24 - 0.89 0.71 0.33 4.87 | 0.08 | 98.23 Kommomop st
3 40.99 | 45.85 8.52 - 2.85 0.47 0.95 - - 99.62
4 43.51 45.01 9.67 1.10 - — — - - — OTaenbpHas MoYKa
5 45.85 | 52.93 0.40 0.56 - - - - - 99.79 «CxeneTHbIi
Tabruya 3
Xumuyeckuii coctaB 0J1ekJ10i pyasl (mac. %)
Table 3
Chemical composition of fahlore (wt. %)
Ne ni/mt S Fe Cu Zn As Sb Cymma dopmyia
1 26.26 1.88 39.17 5.98 7.65 19.06 100.00 CUQ]g(Zn],45FC()_53)1_93(Sb2,4gAS]_52)4_10813,00
2 27.52 3.77 40.72 3.97 15.95 8.06 100.00 CU9A70(FC10221’10‘92)1A94(AS3Azzsb1,00)4‘22813‘00

Ipumeuanue. ®opmyisl paccunTansl Ha S = 13.
Note. Formulae are recalculated to S = 13.

npolecce MUKPOOPTaHU3M HUIpaeT poib akienTopa
AJIEKTPOHOB, B TO BPEeMs KaK OKHUCIISIOLIHICS MHUHEPa
sBysieTcst foHopoM. CroCOOHOCTB JKUBBIX KIIETOK MPH-
COCAMHSTH DIIEKTPOHBI CBsI3aHa CO cHennu(UKO dHEp-
reTudeckoro Meradonusma. JlocTymHOCTh CynbpuI0B
JUIS BO3JIEMCTBUS OKHCIIMTEJIEH, B TOM 4YHCJIE OaKTe-
pUH, 3aBUCUT OT UX YAEIbHOU MOBEPXHOCTH, CTEIEHU
JIe(pEeKTHOCTU CTPYKTYpbI, Hannuus npumeceit (Posfai,
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Dunin-Barkowski, 2006). D¢dexruBHOCTE OHOOKHC-
JICHUSI OIPEACISeTCsl KONMYECTBOM aKTHBHBIX JKHUBBIX
OpPraHu3MOB, KOTOPOE 3aBHCUT OT KUCIOTHO-II[EJIOYHO-
rO U TEMIIEPATypHOTO PEKUMA, a TaKKe MPHUCYTCTBHS
TOKCHYHBIX JJIs1 OakTepuii aeMeHToB. Cynb(uI00KUC-
JsroIIMe 0akTepU HYKIAIOTCA B KUCIIOW cpelie U J0-
crarouno TepmopuibHbI (Yannopoulos, 1991; bauuibl-
KoBa u Jip., 2005). [Ipeogonenue BIUSHUS TOKCUYHBIX
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Puc. 5. Penkyie MUHEpAJIBI B THKEIIOM KOHLICHTpATE: @ — CPOCTOK OJICKIION PyIbl U CheponTa JeHIPUTOBUIHOIO TUPUTa
C BKJIIOYCHUSIMU BTOPUYHBIX MUHEPAJIOB Pb; 0 — BKIIFOYEHHE TOHKO3EPHUCTOTO CyiIbduaa Fe ¢ KOHIEHTPHYECKMMH BKIFOUCHH-
siMu MuUHEpaJioB Pb; B — cpoctok 30mota (h, ananmus 1 tabm. 4) u xonmopagouta (i, aHamu3 4 Tadl. 4) ¢ KOJTIOMOP(HBIM TUPUTOM.
BSE-doro.

Fig. 5. Rare minerals in heavy concentrate: a — intergrowth of fahlore and spherulite of dendritic pyrite with inclusions
of secondary Pb minerals; 6 — inclusion of mircometer-grained Fe disulfide with concentric inclusions of Pb minerals; B —
intergrowth of gold (h, analysis 1, Table 4) and coloradoite (i, analysis 4, Table 4) with colloform pyrite. BSE-image.

Tabnuya 4

Xumuyeckuii coctaB caMmopoHOro 3o0.10t1a (1-3), kosiopaaoura (4, 5) u kanasepura (6) (Mac. %)

Table 4

Chemical composition of native gold (1-3), coloradoite (4, 5) and calaverite (6) (wt. %)

Ne m/mt Au Te Hg Ag Cymma dopmyna
1 100.00 - - - 100.00 Au, g0
2 99.75 - - 0.07 99.82 Auj0
3 98.90 - - 0.55 99.45 Au g0
4 - 39.60 59.99 - 99.59 HgoosTer.00
5 - 39.69 60.11 - 99.80 Hgi04Ter .00
6 43.11 56.44 - - 99.55 AuggoTez 00

AIIEMEHTOB JIOCTUTACTCS ITyTeM PUMEHEHHS «TUKUX)
W aJanTaluyd HMCKYCCTBEHHBIX IITaMMOB OakTepuid
(baueikoBa u ap., 2005). UMeHHO Takol mOAX0A ObLT
WCIOJIh30BaH Npu OuookuciaeHnu pya Camona3oBCKo-
ro MecropoxaeHusi. OnHako TpeOyemble Pe3ylbTaThl
0 U3BJICYCHUIO OBLIM JOCTUTHYTHI TOJIBKO B BEpXHEH
YacTH mTadesst, Tae pa3BUThl OKCUTHAPOKCHAb Fe*',
[IpruuHBl HEAOCTATOUHOTO pa3pyUICHUS CYIbPHUI0B
3aKIIIOYAIOTCS B PEXKUME OMOBO3JCHCTBUS, OTPaXKCHHU-
€M KOTOPBIX SBISIOTCS OCOOCHHOCTH MHHEPaIHHOTO
cocTaBa py/[ B mraoerne.

Mopdghonozua u mexanuzmot 0dpazoeanusn Koj-
aomopdueix azpecamoe. TOHKO3EPHUCTHIE U CKPBI-
TOKPHUCTAJNIMYECKUE arperarbl aucyibpumoB Fe B
pynax Camo01a30BCKOTO MECTOPOXJICHUS Pa3BUTHI B
JTIOTIOMUT-(DIIFOOPUT-KBAPIIEBBIX JKUJaX IITOKBEPKa
Kak HauOoliee MO3AHHE TUIAPOTepPMalIbHbIC (a0MOTeH-

Hble) oOpaszoBanus. Jucynsuasl Fe dpopmupyror ot-
JeNbHBIE KOJUIOMOP(HBIE W MOYKOBH/HBIE arperarsl,
KOJJIOMOP(HbIE KaliMbl BOKPYT 3€pHHCTOTO MUPUTA H
3aJeYMBalOT B HEM TpeluHbl. X Mopdonorndeckue
0COOEHHOCTH OIHO3HAYHO YKa3bIBAIOT Ha Oosee Mmo3a-
Hee MPOUCXOKICHUE TI0 CPABHEHHIO C 3€PHUCTBIM IMTH-
pUTOM. MHUKPOCTPYKTypa 3THUX arperaros, B Te€X CIy-
Yasx, KOraa pasperaronas cnocoOHOCTh ONTHYECKOM
WM JIEKTPOHHON MUKPOCKOIIHH MTO3BOJISET €€ BUACTD,
panuanpHO-JIIydyucTass WIM MHKPO- HaHO3EpHHCTas
(puc. 3u, k). B oboux ciaywasx cTpykrypa sBIsETCS
pe3yNbTaTOM CHOHTAaHHOTO 00pa30BaHUsI MHOXKECTBA
LEHTPOB KPUCTAJUIM3ALUM JTHO0 PaCILEINICHUsI PacTy-
IIMX TPaHel, CBSI3aHHOTO C 3aXBaTOM HEKOI'€PEHTHBIX
nprUMecei, BO3MOXKHBIX IIPpU OBICTPOM pOCTE M3 Tepe-
CBILICHHBIX PAcCTBOPOB NPH OTHOCHUTEIBHO HHU3KUX
temneparypax (Kpacnosa, [letpos, 1995; Barrie et al.,

MUHEPAJIOTUS/MINERALOGY 9(1) 2023
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2009). Uem BbIlIE CTENCHb NEPECHIICHUS, TEM BBILIE
CKOPOCTb HYKJICALlUH [0 OTHOLIEHHUIO K CKOPOCTH PO-
cra. [lo Mepe ucroeHns pacTBOPOB KOIJIOMOPQHBIE
arperatbl MOTYT 3aMEINATbCsl PaJuaIbHO-TYyYUCTbI-
Mu kpuctammueckumu (Barrie et al., 2009). Takue
CTPYKTYPBl THPUT-MAapKa3UTOBBIX arperaroB ¢ MOCTe-
MICHHBIM YBEJIMYEHHEM pa3Mepa KpUCTaJUIUTOB U 00pa-
CTaHUSAMH KOJUIOMOP(HBIX KOPOK KPHCTAIITHYECKUMHU
MUKPOILETKAMU TMPHUCYTCTBYIOT B NMEPBHYHBIX Pynax
Cam01a30BCKOTO0 MECTOPOXKIICHHS.

KomnnomopdHsle arperarsl muputa MOryT UMETb
KaKk a0MOreHHOe, TaKk W OMOT€HHOE MPOHCXOXKICHHE
(Shang et al., 2016 u ccpuIKH B 3TOHM cTarbe). Mexa-
HU3MbI OMOT€HHOTO ()OPMHUPOBAHHS KOJUIOMOP(HOTO 1
HAHO3EPHUCTOrO MUPHUTA 10 KOHIA HE MTOHATHI, HO IKC-
TpeManbHOE 00JIErYeHHe N30TOMHOTO COCTaBa CEPhI B
HEKOTOPBIX 00pa3iax KOJUIOMOP(QHBIX MUPUTOB JOKa-
3bIBACT ydyacThe OaKTepUaNbHOW CynbdaT-peayKuun
B moctaBke S* s ¢popmupoBanus nuputa (Posfai,
Dunin-Barkowski, 2006). O0pa3oBaHre BTOPHUYHBIX
OMOTeHHBIX CYIb(GHUIOB T0Ka3aHO SKCIEPUMEHTAIBHO
(Baas Bekking, Moore, 1961; Rickard, 1969), takxe
OHU OOHApy>KeHbl B 30HAX OKHUCICHHS HPUPOTHBIX
o0bexToB (Belogub et al., 2008).

B keke OnoBbIIIEaYNBaHNS, HAPSLY C OTMEUYCH-
HBIMH B MEPBUYHBIX PyHdax 30HAJBHBIMU IO pazMepy
3epeH CTPYKTYpaMmu, MPUCYTCTBYIOT OTHAENbHBIC MOY-
KA B TOHKO3EPHHCTBIX MOPOLIKOBATBIX arperarax, 00-
pa3oBaHHE KOTOPBIX CBS3BIBACTCS ¢ OMOOKHUCICHHEM,
a TaKKe TOHKHE KaiiMbl BOKPYT 0OJIOMKOB KPHCTAIJIOB
NUPUTA. YUYUTHIBAsE IPUHYAUTEIBHOE 3acelIiCHHUE ILTa-
Oenst GakTepUsSIMHU U, COOTBETCTBEHHO, ITOBBILICHHYIO
KOHLEHTPALUIO OPTaHMYECKUX BEIIECTB B IMOPOBOM
pacTBope, CIOCOOCTBYIOIIYIO 3apOXKACHUIO CyIbdar-
penyuupyonmmx 6akrepuil, GopMUpOBaHNE YACTH HAU-
OoJiee TOHKO3EPHUCTHIX arperatoB nucyabpuaos Fe B
pe3ynbraTe KU3HEeACSITEIbHOCTH OakTepuil MmpeacTas-
JSIETCSl BIIOJIHE BO3MOYKHBIM.

Xumuueckuii cocmag. TOHKO3EpHUCTBIE arpera-
ThI AUCYNb(GUA0B Fe B mepBUYHBIX CYIbQUIHBIX PyAax
CaMo01a30BCKOTO0 MECTOPOXKACHHS 000TaIieHbl IUpPO-
KUM HaOopoM npumeceit, Brmrodas Au, Ag, Hg, T, Te,
As u Sb, nnora Taxxke Cu u Zn, IpU TOM OXXUaeMast
KOppessinusl coaepkaHuii Au—As mposiBiieHa ciabee,
yem B napax Au—T1 u Au—Hg (Belogub et al., 2019).
CIeKTpOCKONMMYECKMMU METOIaMH JOKa3aHa XUMHYe-
ckasi opma BXOKAEHHUS Au B TOHKO3EPHHCTBIH MBbI-
HIBSKOBUCTBIN MUPHUT U IPEUMYILECTBEHHAs! CylIb(u-
Hast popma Au (Filimonova et al., 2020).

MWHEPAJIOTVISI/MINERALOGY 9(1) 2023

AOUMOTreHHBIH KOJUTOMOP(MHBIH MUPHUT 4aCTO HE-
CET MOBBIICHHBIE KOHLIEHTPAIlUU PUMECe, BKII0Yast
As, Sb, Cu, Zn u npyrue metais (Barrie et al., 2009),
takxke, kak SiO, u ALO; (Schiber, Riciputi, 2004). 3a-
XBaT METAJUIOB M TOJYMETAIJIOB PacTyLIMM MHKpO-
HAHO3EPHUCTBIM arperaroM, MO-BUAMMOMY, OOBSCHS-
eTCsl KaK BO3MOYKHOCTBIO MX BXOXKACHHUS B CTPYKTYPY
NUpUTa TPU AOCTaTOYHBIX IepeckimieHusx (Barrie et
al., 2009), Tak u 3aXBaTOM Pa3BUTOW MOBEPXHOCTHIO
10 MEXaHU3MY, Onn3koMy K agcopOiuu (Taycon u np.,
2010, 2015). Konuentpauus npumeceil B MUpuTe 3a-
BUCHT, C OJHOH CTOPOHBI, OT X KOHLIEHTPALH B pac-
TBOpE, C APYyTroi — oT ckopocTH pocta. [Ipu mennenHoM
pocte, 0COOSHHO MPU HU3KUX TEMIIepaTypax, KoJude-
CTBO CTPYKTYPHBIX IpUMEcel MOAYMHSIETCS] KpUCTAJ-
JIOXUMHUCEKOMY KOHTPOIIIO M 3aBUCHUT OT U30MOPQHOI
€MKOCTH COEAMHEHHUS IpHU 3aJaHHOW TemIeparype
(Kpacnoga, Ilerpos, 1997). McToyHMKOM MOBBIILICH-
HBIX KOHLEHTPALHH NMpUMeced B MPEANOI0KUTEIEHO
OMOTreHHOM NMHUPUTE KeKa BbILIETaYMBAHUS MOTYT OBITH
TOHKO-MEJIKO3E€pPHHUCTBIE arperarbl O3JHETO THAPOTEP-
MaJIbHOTO TUPHUTA, & UX TECOXUMHUYECKUH CIIEKTP MOKET
OBITH yHACJICIOBAH.

[IpucyTcTBHE MpHUMECH NETPOTEHHBIX OKCHIOB
MHOTZIA CBSI3BIBAIOT C ICEBIOMOPQHBIM 3aMeIlIeHUEM
cunukaroB cynspunamu (Schiber, Riciputi, 2004). Ox-
HaKO B KeKe OMOOKHUCIICHHUS HaMU 3a()UKCUPOBAHbI Kaii-
MBI KOJIZIOMOP(HOTO MUPHUTA C IPUMECHI0 KpeMHe3eMa
(cMm. puc. 3k), 00pa3oBaHUE KOTOPHIX MOKET OBITh CBSI-
3aHO TOJIBKO C coocaxieHneM cyabuna Fe u onana.

BeprukanbHast 30HaNBHOCTE IUTA0ENsT BU3Yalb-
HO MpPOSIBIEHA B OXKEJIE3HEHUM HCKIIOUUTENIBHO €ro
NPUIIOBEPXHOCTHOM YacTH. YUYHUThIBas MPUCYTCTBUE B
COCTaBe pyA JOJIOMHTA, MOXKHO KOHCTAaTHUPOBATh, YTO
B CpeJHel M HIKHEH yacTH 1Ttabens He ObLT JOCTHT-
HYT HEOOXOOMMBIA Ui KU3HEAEATEILHOCTH OakTe-
puil ypoBEHb KHCIOTHOCTH cpeapl. O HelTpanu3anuu
pacTBOPOB CBUAETEIBCTBYET TaKkKe HAJIMUUE KOPOUEK
BTOPUYHOIO KapOOHaTa U HOBOOOPAa30BaHHOTO THIICA,
yctoitunBoro npu pH >~5.5, m uyacTuuHas coxpas-
HOCTh (utoopuTa. MOXKHO MPEATIOIOKHUTE, YTO B IPH-
CYTCTBHMHU OPraHUYECKHUX MPOIYKTOB KU3HEESATEIbHO-
cTH OaKTepHil, TOKaJbHBIX YUYACTKOB C 3aTPyIHEHHBIM
JIOCTYTIOM KHCJIOPOJia, HAallpPUMEp, B PE3YJIbTaTe pa3BH-
THS TUIICA, CO3AAaBAINCh M COXPAHIINCh BOCCTAaHOBU-
TeJIbHBIE YCIIOBHS, KOM(OPTHBIE IS Cyabdar-perynu-
pYIOIIUX OakTepuid, IeSTEIBLHOCTh KOTOPBIX CHOCO0-
cTBOBaJIa (POPMHUPOBAHUIO OMOTEHHBIX KOJUIOMOP(HBIX
mucynbduaos Fe, o0orameHHbIX IPUMECIMH.
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Puc. 6. Anarpamma logfTe, — logfS, s HexoTophIX cynbhuno u temrypunos npu 100 °C (Afifi et al., 1988).

TemHO-cepoe — ToIe YCTOMYMBOCTH 30JI0TO-KalaBePHUT-KOJIOPATONTOBOM acconmanuu. Alt — antant, Clv — xamaBepur,
Au — camopognHoe 30moto, Hes — reccut, Aca — akanTut, Clr — konopamount, Cin — kuHOBaps, Hg — pryTh, Sz — mrronsriut, Frb —
¢bpobeprut, ocransHbIe a00peBHATYpHI cM. B pazaene Meronuka pabot. [IyHKTHpHAsS THHAS — peakiis MarHeTHT + S2 = MHpHUT
+ TeMaTuT; TOUYeUHas TMHUS — PEAKIMs TAJICHUT + TeMaTUT = ITUPUT + aHIJIE3UT.

Fig. 6. logfTe,—logfS, plot for some sulfides and tellurides at 100° C (Afifi et al., 1988).

Dark gray — stability field of native gold-calaverite-coloradoite assemblage. Alt — altaite, Clv — calaverite, Au — native
gold, Hes — hessite, Aca — acanthite, Clr — coloradoite, Cin — cinnabar, Hg — mercury, Sz — stolzite, Frb — frobergite. For other
abbreviations, see Methods. Dotted line — reaction magnetite + S2 = pyrite + hematite; point line — reaction galena + hematite

= pyrite + anglesite.

3onomo u mennypuovr. C xonaomMopHbIMU
mucynbpuaamn Fe na Camoina30BCKOM MECTOPOXK-
JCHUU acCOLMUPYIOT MHKPOBBIIEICHUS acCOLUALNN
3o1m0Ta W TetypunoB. [lone ycToHYMBOCTH 30110TO-
TEJUTyPUIHOH MUHEpaM3alH OIpeaeNsieTcss OTHO-
CUTEJIBHO BBICOKOH (h)yrHTUBHOCTBIO Te, JOCTaTouHOM
Ut 00pa3oBaHus JUTELTYpHua0B Au (puc. 6) 1 orpaHu-
YMBaETCS IMHUAMH pasjelia alTauT-TraJeHUT U KoJlopa-
JOUT-KMHOBApb. [Ipn MoHMKEHNUN TeMrepaTypbl Mo
YCTOMYMBOCTH TEJUTYPUAOB CIBUTAIOTCS B 00IaCTh
Oonee Bbicokoil QyrutuBHOCTH Te, MO cpaBHEHUIO C
S (Afifi et al., 1988). ITo-BunuMoMy, ¢ ITHM CBSI3aHBI
pelIKue HaXOIKH TEUIYPHIOB M NPEHMYILECTBEHHAs
cynbhuaHas Gopma HaX0XKAEHUs 30J10Ta. JlocTmkeHne
TaKUX BBICOKMX 3HaueHUH (QyruTuBHOCTH Te B TexHO-
TeHHBIX YCIOBUAX MpobiaeMarnyHo. OAHAKO MepeKpbl-
BaHHE OOJIACTH YCTOMYMBOCTH 30JI0TO-TEJUTYPUAHOU
ACCOLMALUK C 00JIACTBIO YCTOMYMBOCTH aHIJIE3UTA HE
MPOTUBOPEYHT IPEANOIOKEHHIO O TEXHOIEHHOM IPO-
MCXOXKICHUH XOTS OBl YaCTH KOJIIOMOP(HOTO ITUPHUTA C
BKITIOUCHHSIMU 30JI0Ta U TEJLTYPHIOB.

W3Bnedyenue 30510Ta LMAHUIHBIMH PACTBOPAMHU
W3 MEPBUYHBIX CYIb(QUAHBIX pya, no gaHHbIM [TAO
«Cenurgap», coctasisiio okoino 25-30 %. IIpumene-
HUE OakTepuil A OKUCIEHHs Pyl B JIaOOpaTOPHBIX
YCIIOBHSX TO3BOJIMJIO 3HAYUTEIBHO €r0 YBEJIUYHTH,

YTO U MOCIIYKHJIO OCHOBAHUEM ISl OPraHU3aluy Ha-
TypHOTO 3KcriepuMmenTa. [locine 3 et mepuoauueckoro
OpoIIeHus OaKTepHuaNbHON KyJIbTypOil M KHCIOTOH, U3-
BJICUCHHUE 30JI0Ta U3 Py BEpXHEH 4acTH mradens ao-
ctunio ypoBHs >80 %, IpU TOM, YTO B CpEAHEH-HIXK-
HEeH yacTu OHO OBUIO MOYTH BABOE HIKe. OAHAKO Ha
YEeTBEPTHIN IO/l U3BJICUCHUE IUAHUPOBAHNEM YIIaJIO Ha
15 %. HaunbGonee BeposTHO, pe3KOE yXyIIICHUE ITOKa-
3ateneil 3PEeKTHBHOCTH POU3OLLIO U3-32 HEUTpau-
3allM1 pacTBOPOB B CPeIHEH—HIKHEN 4acTH Tades,
B pe3ysbTaTe 4ero MpOM30ILI0 MaccoBoe oOpa3oBa-
HUE BOJOYIOPHBIX AarperatoB ITIMHUCTO-TMIICOBOTO
1 KapOOHATHOTO COCTaBa, YTO M SIBJISIETCS OCHOBHBIM
(baxTopoM, MPENATCTBYIOUIMM H3BJICUCHHUIO 30JI0Ta.
BeposiTHO, CBOI1 BKJIaJ B yXYAIICHHUE MTOKa3aresen a¢-
(eKTUBHOCTH BHOCHUT (POPMHUPOBAHUE HA IOBEPXHOCTU
CBOOOZHOIO 30J10Ta MUHEPAJIbHBIX IUICHOK, MOZ00HO
OIMCAHHBIM PaHee B MPOAYKTaX aBTOKIABHOIO OMOBBI-
LIeJa4MBaHMsl Py 30JI0TA IJICHKAM THIICA U SPO3UTa
(Ofori-Sarpong et al., 2020).

3aKjIoueHue

B pesynbrare u3ydeHus: Keka OMOBBILIEIAYMBA-
HUSl NEPBUYHBIX Cylb(uAHBIX pyn CamMoi1a30BCKOTO
MECTOPOXKICHHS TIOCIIE YEThIPEX JIET MEPUOIUUECKOTO
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TOJINBA KYJIETYPO OMOOpPTaHW3MOB B ImTabderne cdop-
MHUPOBAIACh BTOPUYHAS 30HATBHOCTH, MTPOSBICHHAS B
pPa3BUTUM B BEpXHEW MPUIIOBEPXHOCTHOW YACTH IITa-
Oenst OKCUTHAPOKCHAOB Fe W TIMHHCTBIX MPOTYKTOB
M3MEHEHHsI TIOPOI000PA3YIONINX MHUHEPAJIOB, B CPeJl-
HeW—HIKHEN — KOPOK BTOPUYHOTO KaJIbIIUTA C TIPUMeE-
cbto Mg. PacnipocTpaHeHue rurnca yka3blBaeT Ha yMe-
pEHHO-KHUCIBIE — HelTpansHble yenoBus (pH >~5.5),
CYIIIECTBOBABIIIE B OCHOBHOM OOBeMe mTabens. Mc-
tounnkoM Ca it (OPMHPOBAHUS THUIICA TTOCITYKIIT
HEYCTOWYHBBIN B KUCIIBIX YCIOBUSAX TOMTOMUT. CMEKTH-
THI SABIISFOTCS TIPOTYKTOM KHCIIOTHOTO PA3JIOKEHHS Ka-
JMEBOTO TOJIEBOTO MIMaTa. B yabTpakuciIbIX yCIOBUIX
o KIIII o6pa3yeTcst KaOJTUHUT, OTCYTCTBYIOIIHH B 13-
YUICHHBIX MPpo0ax, mosToMy ycinoBus n3mererws KITHI
OBLTH YMEPEHHO-KHCITBIMH.

[ToBemrenne pH B mrabese, CBI3aHHOE C HEM-
TPATU3YIOIINM BIUSHAEM KapOOHATOB, HEOIATOTPHSIT-
HO JIEHCTBOBAJIO HA aKTHBHOCTH aIlUI0(HIBHBIX CYIb-
bumookuCIAIOmMuUX OakTepuii. B cBoro ouepens, mioT-
HBIC TIJICHKH OKCHTHIPOKCHIOB Fe, oOpasyromuecs Ha
MTOBEPXHOCTH PYAHBIX MHHEPAIOB U IIEMEHTHPYIOIINE
TIMHUCTHIE MIHEPAJTBI, ¥ arperaThl THIICa ¥ TTHHUCTHIX
MHUHEPAJIOB CHIKAIOT MPOHUIIAEMOCTD PYIbI U ImTade-
15 B rienioMm. [lepeunciennbie (hakTOPBI MPETSITCTBYIOT
3¢ (HEKTHBHOMY OKHCIICHUIO CYIb(HIOB, YTO TPUBO-
JTUT K YMEHBIIIEHUIO N3BICUCHMS.

Cynpbunnas MUHEpATH3aIHs TIEPBUIHBIX PYI
B OCHOBHOM OOBEME INTa0esT XOPOIIO COXPAaHSCTCH.
Cynbuap! mpeacTaBIeHbl MMPEUMYIIECTBEHHO 3epHH-
CTBIM MUPUTOM U O0Jiee PEIKUMH XaJTbKOIIMPUTOM, Ta-
JICHUTOM, OJNIEKJION pymoH, cdaneputoM. B pyme keka
OMOBBIIIIETIAYNBAHIS TAaK)Ke BCTPEUAIOTCS (hparMeHTHI
TOHKOBKPAITICHHBIX CYAb(QHUIHBIX PYA C (QyTISIPOBUI-
HeIMH AuCyIbGumaaMu Fe. CTpykTypsI CyTbOUITHBIX PYIT
COOTBETCTBYIOT M3YYEHHBIM paHEe MEPBUYHBIM pyaaM
CaMO011a30BCKOTO MECTOPOKICHHS C HEKOTOPBIM YMEHb-
IIEHUEM JI0JIM MAKPO3EPHHUCTHIX Pa3HOBHIHOCTEH.

Kpome mepedncieHHbIX BBINIE, B KEKE BCTpede-
HBI KOJuTOMOp(HBIE, 00TpOUIaTbHBIC CKPBITOKPHCTAII-
JTUYECKHE arperarsbl U eIWHUYHBIE MHUKPOKOHKPEITHH.
B ux cocraBe mpucyrcTByroT mpumecu As, Ni, Cu,
nHoraa Si0,. Haxonkn oTAembHBIX ChEepHIeCKUX TOH-
KOKPHUCTANIMYECKUX MOoYeK auamerpom 10 10 MxMm B
Macce ApoOIeHOH 0 TOHKOTO TEeCKa MOPOJIBI CBHUJIE-
TETBCTBYIOT 00 WX POCTE IOCJe APOOJICHUS pyH, IO-
BUJMIMOMY, B PE3YJIbTATE IEATEIBHOCTH OaKTepHii.

30710TO BBICOKOW MPOOHOCTH BEHISBICHO B ac-
COIIMAIIMH C KOJIOPAJIOUTOM W KaJaBEPUTOM TOJIEKO B
BHJIE BKIIFOYEHNN B KOJUIOMOPQHBIX Aucyabpumax Fe,
YTO MOXET CBHUJETEIHCTBOBATh B TOJIH3Y BTOPHYHOTO
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(TEXHOTEHHOTO) IMTPOUCXOKICHUS XOTSI ObI YaCTH CaMO-
POJIHOTO 30J10TA.

Pabomer  noooepocanvr  [1A0  «Cenuzcoapy.
Yacmb ananumuyeckux ucciedo8anull GbINOIHEHd 8
pamkax eocorodacemnoni memor Ne 122031600292-6.
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