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AHanns popMrpoBaHUs MECTOPOXAEHN camopogHon mean BonbiHn, Kutaa n CLUA (wTt. Muyn-
raH) No3BONU YCTAHOBUTbL POJib OUTYMOB B NpoLeccax GpopMUpoOBaHNG MeOHOW MUHepanm3a-
umn. ONrUcaHHblE MUHEPabHbIE aCCOoLMaLMM YKa3blBAOT HA USMEHEHUNSI FEOXMMUNYECKNX YCIO-
BUI B xoA4e GOpPMMPOBaHNS BUTYMHOW 1 MeAHOW MUHepanu3auuin. TEKTOHNYECKME NPOLLECCHI,
KOTOpblE NPOUCXOANN B PUDTOBLIX YCIIOBUSIX, CO3AaBann 61aronpusaTHbIE YCIOBUS AT MUT -
pauun pygoHOCHbIX pacTBOpPOB. MOXHO npegnonaraTb, YTO NepBOHAYasIbHO NEPEHOC Meau 1
yrneBoa0opoa0B OCYLLECTBASANCS BO GNOVAe, U B NOPOAAX Medb 1 BUTYMbl GOPMUPOBANIUCH O/ -
HOBPEMEHHO. 1pu annreHeTM4eCcKoM NpoLecce OTIoXeHne Meam N3 pacTBOPOB NPOUCXOANT B
pesynsTare BOCCTaHOBMTENLHOr0 npouecca nog aencrenem rasdos (Corg, CHy).

Knto4eBbie coBa: BUTyM, caMopogHas Meap, n-oB KNBMHO, MeCYaHUK, SNUreHeTUYeckoe Mu-
HepanoobpasoBaHune, popmauus Konep Xapbop, 6azanstoBas npoBuHUUsS EmMenaH, BonbiHb.

THE ROLE OF BITUMEN IN THE COPPER MINERALIZATION FORMATION
IN TERRIGENOUS-VOLCANIC ROCKS
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The role of bitumen in the copper mineralization formation was found by analysis of the native
copper deposits formation of in Volhyn, China and USA (Michigan) have established. Described
mineral assemblages indicate changes

in geochemical conditions during the bitumen and copper mineralization formation. Tectonic pro-
cesses, which occurred in the rift environment, created favorable conditions for the ore-bearing
solutions migration. It can be assumed that the original copper and hydrocarbons transfer carried
in the fluid, and copper and bitumen in the rocks were formed at the same time. Epigenetic pro-
cess of copper deposition from solutions occurred as a result of the reduction process under the
action of gases (Corg, CHa).

Key words: bitumen, native copper, redox conditions, Keweenaw peninsula, sandstone, epige-
netic mineralization, Copper Harbor formation, basalt province Emeishan, Volhyn.
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AHaniz popmMyBaHHsS poaoBULL, CaMOpPOaHOi Miai BonuHi, Kutato Ta CLUA (wT. MiyuraH) no3sonvse
BCTaAHOBUTW POJib BiTYMIB y NpoLeci dopmyBaHHSA MigHOT MiHepanidauii. OnucaHi MiHepanbHi aco-
uiauii BKa3yoTb Ha 3MiHW reoXiMidHMX YMOB Y npoueci @opMyBaHHS BiTyMHOI Ta MiHOi MiHepa-
nizauji. TeKTOHIYHI npoLecwu, ski BigdyBanucs y pudTOBUX YMOBaX, CTBOPIOKOTb CNPUATANBI yMOBU
Ons Mirpauii pyaAoOHOCHUX PO34MHIB. MOXHa NpunyCcTUTK, L0 NO4YaTKOBE NEPEHECEHHS Mifdj Ta
BYrNeBOAHIB BigbOyBanocs y dnigj, i B nopoai Migp Ta 6itym popmyBanmncs ogHodacHo. MNpwu eni-
reHeTMYHOMY MPOLLECI BiakNaaaHHS Mifli 3 pO34MHIB BiAOYyBaeTbCA Y pe3ynbTaTi BiGHOBNEHHS NMig,
nieto ragis (Corg, CH4).

Kntoyosi cnoBa: 6iTyM, caMopogHa Miflb, OKUCHO-BIZHOBHI yMOBW, Mn-iB KiBiHO, NiCKOBUK, enire-
HEeTUYHe MiHepanoyTBOpeHHs, dopmauis Konep Xapbop, 6azanstoBa NPOBiHUiS EMeNLaH,

BonuHeb.

BctynneHune

B nocnegHune rogbl NOSYy4EHO MHOMO HOBbIX
[aHHbIX O NOBEAEHNN YINEBOOOPOA0B B 3HA0-
reHHbIX npoueccax. lNpupoaHbie BUTYMbI U
yrneBoAOpPOAHbIE ra3bl YCTAHOB/EHbI B 9HO0-
FeHHbIX MECTOPOXOEHUAX 30J10Ta, PTYTH,
dnopuTta U Ap., KOTOPbIE NPUYPOYEHbLI HE
TONbKO K 0Caf04YHbIM 0O6pa30BaHNSAM, HO U K
N3BEPXEHHBIM U MeTaMopPUYECKNM KOM-
nnekcam nopog [LymnaHckumin, 1983].

B YkpanHe camopogHOMeHbIN reosioro-
MPOMBILUSIEHHBIA TUN OPYOEHEHUS OUEHWBa-
eTcs Kak 0aMH U3 nepcnekTuBHbIX. [lepcnek-
TUBHBLIMW CYNTAIOTCS NPOSIBNEHNA CAMOPOHOMN
Mean B BYJIKAHOTEHHbIX M TEPPUreHHO-BYJIKa-
HOreHHbIX 06pasoBaHUsAX BonbiHW, KOTOpblE
obHapyxeHbl B npeaenax Mpunatcko-LHecT-
POBCKOW CTPYKTYPHO-METaNI0reHN4eCcKom
30HbI. TeppureHHo-ByIKaHOreHHasa popmaLms
BonblHM comepXuT Takke NposiBIeHUst OUTYM-
HOWN MUHEepanusaumm n OTHECEHA K Nepcrek-
TUBHbIM Ha BbISIBIEHNE MPOMBbILLIEHHbLIX MECTO-
POXAOEHNI YINEBOAOPOAOB.

Mmeowmeca Ha BonbiHM MeneHOCHbIe
naoLwaan XapakTepmayTcs 3HAYUTESTIbHbIMU
MacltabamMm, HO HA3KMM COAEPXKAHMEM Me-
Tanna. OHM oTHoCcATCS K BonbiHO-HECTpPoB-
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CKOW MeTanioreHmn4yeckom cybnposuHumn. Ca-
MopogHas Meab NpUypoYeHa K amurganong-
HbiM 6a3anbTam, pa3HOOOPa3HbLIM BPEKIUAM,
Tydam, a Takke rpaBennTo-necyaHmkam, 3a-
feraloWyM B NOOOLLUBE BOJILIHCKOW cepun.
K nepcnekTuBHbIM CTPYKTypamMm B pPErvoHe
MOXHO OTHECTM 30Hbl YHapTOPbLINCKOro u
Benuko-OcHuukoro pasnomoB. 9To cybna-
pannenbHble pas3fioMbl CEBEPO-3anagHoro
HanpaBJiIEHUs, BOOJb KOTOPbIX BbIABNEHbI OT-
HOoCUTeNbHO BoraTasi BKparjeHHas MMHepanu-
3aumsa caMmopogHOM Meau, a TakxKe NPOXMIKM
1 MEJIKME XWJTbl Pa3IM4HOro CocTaBa Kak C ca-
MOPOOHOMEOHbIM, Tak U C MeOHO-Cybdua-
HbIM OpPYAEHEHNEM.

leHe3nc camoponHom meauy Ha BonbiHn 0o
CUX MOP OCTAETCHA OANCKYCCUOHHBIM, MOCKOJbKY
HeCeT 4epTbl Kak MarMaTU4eckux, rmopoTep-
MaJibHbIX, TaK 1 0CaA04HbIX 0OpPa30BaHNN.

Ha cerogHsa mnpoBas NPOMbILLSIEHHAsA A0~
Obl4a Mean OAaHHOro reosioro-npoMbILLIEH-
HOro Tuna NPOBOAUTCS TOJIbKO HA MECTOPOX-
neHnax ceBepHom YyacTtu WwTt. Muduran (CLUA)
[WymnaHcbkuin Ta iH., 2006; Bornhorst, Bar-
ron, 2011]. I3BeCTHbIM Hay4YHbIM PAKTOM ECTb
TO, YTO NPosIBNEHUS camopogHon mean Ce-
BEepHOW AMEepUKM TECHO CBA3aHbI C BUTyMamu,
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MonobHble caMOpPOAHOMEOHbIE MECTO-
poXaeHns GopMMPoOBaNINCh Takke B 6a3asb-
TOBOW NPoBUHUMKN EMelilaH (ceBepo-3anaa-
Hbin Kutan). B 2002 . B. Zhu et al. [Zhu et al.,
2003] ycTtaHoBMNKM, 4TO MedHas pyda B ba-
3anbTax MpUrpaHn4yHoro pervoHa KHHaHbL-
l'ynyxoy TecHo cBsizaHa ¢ butymamn. 3gechb
CerogHs npoBOASATCA MHTEHCUBHbIE MO-
MCKOBO-pa3BeoyHble paboThl.

ABTOpamMn CTaTbW MONYYEH KaMEHHbIN
MaTepuan 3 PyaoOHOCHbIX «HUXKHUX» MeCYaHN-
KOB, KOTOpbIE 3aneratT nog, cnaHuamm HoH-
cay 1 3akaH4YMBalOT paspes3 Tonawm Konep
Xapbop. 3TO caMblii HUXKHUIA TOPUSOHT, KOTO-
pbii HECET MeOHOEe OpPYyOEHEHME B parioHe
BanT lMaiH. Ing onpeneneHns ponn 6UTymoB
B nMpougeccax pynoobpasosaHus 1 GopmMmpo-
BaHUM MeEOHOW MUHepanuM3auum B Teppu-
rEeHHO-BYJIKAHOT€HHbIX MOPOoAax ObII0 NpoaHa-
nM3npoBaHo GopMNUPOBaAHNE MECTOPOXOEHMUI
camopogHon meau BonbiHn, Kutasa u CLUA, a
TakKe NPoBeAEHbI KOMMIIEKCHbIE MUHEPANOro-
reoxmmMmnyeckmne ncenegoBaHms (netporpapum-
yeckne, MMKPOPEHTreHoCNeKTPasnbHble, MUK-
po3oHaoBble 1 T.4) popmaunm Konep Xabop
(Mwnywnran).

KpaTtkas reonornyeckas
XapakTepucTuka pyaHoi NnpoBUHLIUN
ceBepHoM 4yacTu wTt. Munuurax
MonyoctpoB KuBnHo (03. BepxHee, MuyuvraH)
XOPOLUO U3BECTEeH reosioramMm 6narogapsi KoH-
LEeHTpaLNM MEeOHbIX MECTOPOXAEHUN, KOTO-
pble cocpenoTo4eHbl B ME30ONPOTEPO30MCKMX
nopogax CpeaMHHOKOHTUHEHTaIbHON PUPTO-
BOI 30HbI (CKP3) (puc. 1). CtpatndOopMHble
NMPOSIB/IEHNS MeaM NMPUYPOYEHbI K Naneonpo-
TEPO30MCKMM 0CaA04HbIM Mopogam (cynep-
rpynnbl MapkeTT Penoxx n KoHa JonomunT), 06-
pa3oBaHMe KOTOpbIX Ha4Yanochb 2,3 mnpa net
Hazag Ha 9pOoaANPOBaAHHOM apXxenckom pyHaa-
MEHTE PUPTOBON KOHTUHEHTAJIbHOWM OKPaMnHbI,
KoTopas Oblna NorpyxeHa B okeaH (puc. 2).
MepgHasa MuHepanu3aumsa cocpenoTovyeHa B
6-MeTpOoBOI TOJILLLE aprUIUTOB, KOTOPLIE Ne-
pekpbIThbl kKBapuuTamu. OHa pacnpocTpaHeHa
B BUOE MEIKO3EPHUCTON PaCCEAHHOW CyIlb-
dUOHON MUHEPaNN3aLMK (Xaibko3MH, BOPHNT,
XanbKOMMpUT), KOTOpasi CocpeaoToYeHa B Kap-
6oHaTHOM LieMeHTe [Bornhorst, Barron, 2011;
Nicholson et al., 1997].

CKP3 npocTtupaetcsa Oonblue 4eM Ha
2000 km oT r. KaH3ac uyepe3 Tepputopuio
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Benuknx o3ep Kk MuunraHy. E€ Bo3pacTt co-
ctaenset 1,15-1,0 mnpa net. PudtoBas 30Ha
3anosiHeHa BYIKAHMYECKMMK MOpoaamMu Cy-
neprpynnel KuenHo (03. BepxHee). BT10 npe-
VIMYLLLECTBEHHO 6a3abTbl U 06I0MOYHBLIE NO-
pPOAbl, MOLLHOCTb KOTOPbIX COCTaBnseT 6oblLue
25 kM 1 8 KM, COOTBETCTBEHHO (puc. 2). Nocne
3aTuxaHnsa BYJIKAHWYECKOM aKTUBHOCTU B
pervoHe pndToBas 30HA NPOAOIKAET ONyC-
KaTbCs M 3anosiHAETCs KNnacTU4eCcCkMMm ocap-
kamu rpynnel OpoHTo. Ha nocnegHem atane
pa3BuTUs CpeauHHOKOHTUHEHTAIbHOIO pudTa
NPONCXOOUNO CXaTue Kak pesynbTaT KO-
3MNOHHOW 0OCTaHOBKM BAOJIb 30HbI [PEHBUIbL
(1,06 mnpa net). 3TO NPUBENO K KOOPAUHANb-
HOW NepecTporike pudTOBOM 30HbI M 0OPA30-
BaHMIO HOBbIX PA3J/I0MOB, CMELLEHWNI U K CKIag-
koobpasoBaHuio. Pasnom KuBuHO oTcekaeT
4acTb BYJIKAHMYECKONM MOCNeaoBaTebHOCTH
BOO/Mb N-0Ba KMBMHO. B 3TO Xe Bpems necya-
HUKK I>xakobcBunb (6onee 3 kM) ObICTPO 3a-
nosHAIT pudToBylo 30HYy (1,06-1,02 mnpa
ner) (puc. 2) [Bornhorst, Barron, 2011].
MepHoe opyaeHeHne pacnpoCcTpaHeHo B
nopoaax cpeaHero v sepxHero KnsnHo (3a uc-
kntoyeHnem popmaummn dpena) B TOSLLE MOLLL-
HoCTbiO NnpumMmepHo 7000 M. Ha n-oeBe KuBMHO
OHO 00pa3yeT PyOOHOCHbIM MOKAC LUMPUHOWN
3-6,5 kM 1 gnvHoi 160 KM, N3 KOTOPbIX 42 KM
OblNN BLICOKONPOAYKTMBHbIMU. OpyneHeHus
nokanna3mpoBaHbl B 6a3anbrax, BamyHHbIX KOH-
rnomMmepartax (denb3uToBbLIX arromMeparax),
necyaHukax n cnaHuax. B npegenax mecto-
poxaeHus Bant lNMNanH megeHOCHbIMW BbICTY-
natT MNecYaHMkM U cnadubl. BonblWWHCTBO
PyOHbIX 3anexen MMeeT MaacToBylo Gopmy
[YanT, 1972; Bornhorst, Barron, 2011].
PynoHocHble nocnenoBaTenbHOCTU Me-
cTopoxaeHusa Bant MNanH (necyaHnkn, anes-
POSINTbI, CNaHLbl) COCPeaoTOYEHbI B 6a3anb-
HOW nayke MOLHOCTLIO 18 M cnaHueBon
TOoNWM HoHCcay, a Takke B «HUXKHUX NeCcYaHu-
Kax» B KpoBJie KOHrnomepaTtoB Konep Xap6op
(puc. 2) [YanT, 1972; White, 1968; Bornhorst,
Barron, 2011]. lNMopoapl nocnenHen npencras-
JIeHbl KpPaCHOBATbIMW U CepoBaTo-6enbiMu
anesponutamn. Hawmbonblwee copepxaHue
Meau (8o 4,5%) npnypoyeHo K 30He nepecnan-
BaHWS YePHbIX IMNHUCTbIX CTAHLUEB C TEMHO-Ce-
pbIMUK aneBponuTamMm n necyaHnkamm. Obwas
MOLLHOCTb OTNOXeHur — okono 0,35 m. B 6a-
3a/IbHbIX OT/IOXKEHMAX CNaHueBON ToNWwmM HoH-
cay mMeab NpuypoyeHa K TEMHO-CepbIM Mac-
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Puc. 1. CxemaTtunyeckasn kapta n-osa KnsnHo (Muuunran) u CpegHEKOHTUHEHTaNIbHOM PUPTOBON CUCTEMBI
03. BepxHee. Cxema pacnofnioxeHus pyaHbIx MegHblx parioHoB [Bornhorst, Barron, 2011]

Fig. 1. Schematic map of the Keweenaw Peninsula (Michigan) and Midcontinent rift system of Lake Su-
perior. Arrangement of copper ore districts [Bornhorst, Barron, 2011]

CMBHbIM aneBpoanTamMm MowHocThio 0,3-0,35m
(1-2,5%) n x nntepsany (0,6 m) TOHKOrO Nepe-
cnaMBaHUs TEMHO-CEpPbIX afeBpoSINTOB C
YyepHbIMM CnaHuamMu, B NOAOLWIBE KOTOPOro
YCTaHOBJIEHbI TOHKO3EPHUCTbIE MECYAHUKN.
CpenHee copepxaHne Meau B MHTepBane
cocTtaBnseTt 1-3%. XapakTepHon 4yepTon §B-
NIeTCs Hanuyne B Nnopoaax yrnepona opraHum-
4YeCKOro NpPOUCXOXOEHUs!, CoaepXXaHne KoTo-
poro He npeBbiwaetT 0,5%. B necuyaHukax
LLEMEHT COLEPXUT XJTOPUT, KanbLUT, KBAPLL,
MecTaMun — YepPHOE YrMepoanCTOe BELLLECTBO,
MHorga ¢ cCaMopoOAHOW Meaplo.
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Y.C. Yant [Yant, 1972; White, 1968] cuu-
TaeT, YTO caMopoaHasa Meab MEeCTOpPOXAe-
HUIM naBoBou cepuu MopTtenx Jlenk apnsaeTcs
anureHeTmn4eckon n obpasosanach B 6asab-
Tax U KOHroMepartax Nocsie Toro, Kak OHu
Oblnn nepekpbiTel 6onee MonoabIMU Nnecya-
Hukamn dpepa. MocnegHwe nNpopkiBalOTCA
PUONINTOBBLIMU CUTNAMK, JaikaMu 1 LUTOKaMU
¢ K-Ar Bo3pacTtom (978%40) MnH neT, KOTO-
pbii paccMaTpmUBaKOT Kak BO3MOXHbIA BO3-
pacTt camMOpOAHOMEOHOro opyaeHeHus. Ho
CYLLECTBYIOT NPU3HAKN TOro, 4TO MeLEHOC-
Hble PacTBOPbI y4acTBOBaNM B 06pa3oBaHnmn
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Puc. 2. Teonornyeckune popmauum B npenenax Me3onpotepo3omnckon CpeanHHOKOHTUHEHTaNbHOM pud-
TOBOV CMCTEMbI (COCTaBNIEHO C KUcrnosib3oBaHnem [Bornhorst, Barron, 2011; Yaint, 1972; Nicholson et al.,

1997])

Fig. 2. Geologic formations within the Mesoproterozoic Midcontinent rift system (with using [Bornhorst,

Barron, 2011; Yaiit, 1972; Nicholson et al., 1997])

CTPaTUPOPMHbIX TMAPOTEPMASIbBHO-0CAA04 -
HbIX 3a/ieXel xanbko3nHa B YepHbIX cnaHuax
cBUTbl HoHcau — (1046+46) mnH net. icnonb-
3oBaHMe Rb-Sr meToaa ons annureHeTn4Yecknx
MMHEPANoB (Kanbumurta, anmaoTta, NoJeBoro
wnarta, xaopuTta), KOToOpbl€ BbIMOMHAIOT MUH-
OanuvHbl, MO3BOJINIO YCTAHOBUTbL, YTO BO3-
pacTt caMmopOgHOMEOHON MUHEpPannu3aumm n-
oBa KneuHo coctasnsaet ot 1060 oo 1047 mnH
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net (20 MmnH net). 3TOT BO3pacT HEMHOIO
Monoxe (Ha 5-70 MnH neT) Bo3pacTa nuka
BYJIKQHMYECKOW akTUMBHOCTU C o0bOpasoBa-
HMem BMellaolwmx 6azansToB (B npegenax
1086-1098 mnH neT) n oTBEYaEeT APYrnMm reo-
NIOrnyecknM aokasaTesibCTBaM OTHOCUTESb-
HOro Bo3pacTa o6pasoBaHUs CcamMOpPOAHO-
MegHon muHepanmusauun [Bornhorst et al.,
1988].
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KpaTkas reonornyeckas

XapaKTepucTuka

PYAHO NPOBUHLUUU

ceBepo-3anaga Kurtaa

CamopoaHomMenHas MuHepanuaaumsa B 6a-
3anNbTOBON NPOBMHUMWM EmMenwaH wupoko
pacnpocTpaHeHa Ha ceBepo-3anane Kutasa —
B MPUIrPaAHNYHBIX panioHax NPOBUHLNNA KOH-
HaHb, MNynuxoy n CnyyaHb 1 3aHMMaeT 6onee
300 TbIC. KM?. 3Ta NPOBUHLMS Oblnia chopmMn-
poBaHa B puUPTOBbLIX YC/IOBUSIX HA 3anagHomn
OoKpauvHe KpaTtoHa AHU3bl, Ha Tpex 6rokax
(AHu3bl, Kataasusa n IHookuTasa) B Havane
nosagHen nepmu. Nopoasl OTHOCATCS K KOH-
TUHEHTaNIbHbIM MOKPOBHbIM 0asanbTam u
MOFyT UMETb OTHOLUEHUE K MaHTUINHOMY
nnomy Emen [Zhu et al., 2007; Zhu et al.,
2003]. O6was MowHocTb hopmauumn Emein-
waH coctaBnseT 6onee 1 kM. C HUMK CBS-
3aHbl MHOIO4YMCNIEHHbBIE HAXOAKM MEOHOW M-
Hepanusauum, pygonposiBIEHNS N Meskue
MECTOPOXAEHNSI Meay B OCHOBHbIX BYJIKAHN -
Tax. YCTaHOBNEHO, 4TO nopoabl Obinv OUTy-
MMWHN3NPOBaHbLI. BbuTymbl BCTpeyalTcs B
accouuvaumm ¢ caMmopogHoOM Meabio 1 3anon-
HAIOT MOJIOCTU B Ny3blpyaThiX SlaBax, ByKa-
HNYECKMX BPEeKYMsaX, NCNeYeHHbIX Tydax un
kapboHaTHbIX aprunnmtax, obpasys mMenkme
BKpanaeHus, AWH3bl UM MNPOXUAkn. Onga
Takmnx NOpoa xapakTepHO coaepXxaHne meam
6onee 8%. bonbluas 4yacTb OUTYMOB CBETNO-
cepas UM KOpnyHeBas, UMeeT MO3anYyHyIo
CTPYKTYPY WK C anemeHTamm TedeHms. Pop-
MUpPOBaHME CaMOPOLHON Mean MPOUCXO-
ONN0 OOHOBPEMEHHO C BUTYMHOM MUHEpann-
3auven.

CornacHo “°Ar-3°Ar paTnpoBkam Bo3pacT
NlaMOHTUTA, akTUHONMUTa U rennaHguTa n3
MeOeHOCHbIX 6a3anbToB B paioHe CeBepo-
BocTo4yHoro lOHHaHb cocTaBngeT 226-228
MIH neT, 235,7-238,6 n 134-149,1 MmnH nerT,
cooTBeTCcTBeHHO [Zhu et al., 2004]. U-Th-Pb
M30XPOHHbIN BO3pacT OUTyma U3 MenHomn
pyabl onpenened B 136 mnH net [Zhu et al.,
2004]. 37101 Bo3pacT Ha 30 msH neT (oo 120
MJIH JIeT) MOoJioXe Bo3pacta 06a3anbToB
Emenwan (260 mnH net). lNpuBeneHHble
baHHble no3sonunm astopam [Houmin Li
et al., 2005] caoenaTtb npeanonoxeHne obd
3MUreHeTN4YeCKOM xapakTepe MeaHom MruHe-
panusauun.
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Pe3ynbTraTthl UCCNIea0BaHNN
TeppUreHHo-BYJIKaHOIreHHbIX MNOPOoz,
mecTopoxaeHusa Baut MNaiiH

(wT. Mmnuuran)

CobcCTBEHHbIE MUHEPANoro-neTporpaduyeckme
MCCNeaoBaHNs TEPPUrEHHO-BYIKAHOMEHHOW NO-
poabl dopmaunm Konep Xabop mecTopoxae-
HUsg Bant [lMaiH (wTt. MuyuraH) nossonuim
YCTaHOBUTL cnepyouwee. Makpockonnieckun
BMeELLaoLasa nopoaa npeacrasfieHa cpefHe-
3EPHUCTBIM ICHO-3E€/1EHOBATO-CEPbIM NECYaHM-
KOM C MEeJIKO BKpanjeHHOCTbIO CaMOpPOdHOM
Mean. ConepxaHue e€ HENOCTOSIHHOE 1 B Hau-
6onee 060ralleHHbIX y4acTkax KOHLEeHTpaunus
nocturaet 3%. Habniopaetca HekoTopas
nonocyaToCcTb, KoTopas o0ycnoBneHa Yepeno-
BaHMEM OCBET/IEHHbIX MPOC/I0EB NOPOapbl, 0060-
ralleHHbIX CaMOpPOOHOW Meabld, C YEPHbIM
YrNepoanCcTbIM BELLLECTBOM.

MeTporpadpuyecknin aHanns MnO3BONNI
YCTaHOBUTb, YTO NecYaHWKM No COCTaBy BYJI-
KaHOMUKTOBble. OB/IOMKM OKaTaHHbIE WU
NoJlyoKaTaHHbIe, BbITAHYTbIE U OKPYrble, pas-
mepom 0,2-0,4 mm. CTpykTypa nopoabl pasHo-
3epHNCTas, TEKCTypa MacCMBHAA UM HESICHO-
cnoucTas, cotononobHas. MNMpakTnyeckn Bce
06/TOMKN OKOHTYPEHbI TOHKOW XNIOPUT-rnapo-
CIOOUCTON NNIEHKOW.

O6noMKM npeacTaBneHbl: KBapuUem —
65-70%, kanueBbIM TMOJIEBbIM LINATOM —
5-10%, nnarnoknasom — 3-5%, N3MEHEHHbIMU
pronnTamMm 1 porosmkamm — okono 15%, ak-
LLeCCOPHbLIMU MUHepasnamm (MOHaLUNT, CHeH) —
0kono 2%. OBOMKM KOPPOANPOBAHHbIE, Ka-
TakasnpoBaHHbIE, HacTO Pa3dbuTbl MUKPOTPE-
LMHAMW C HE3HAYUTENIbHbIM cMelleHnem. Ha
3epHax KBapLia COXPaHSIOTCS TOHKME pereHe-
pauUnOHHbIe KaMbl nnu  wunbl. KoHGOpMHOoe
3amMelleHne 3epeH cocTaBnseT okono 85%,
MHKopnopauusa cnadoBbipaxeHHas. LlemeHTa
0ok0no 15%. Tun ero NNEeHOYHbIN, pexe Nopo-
BbIl. OH NpeacTaBnieH penrukraMmm NepBmyHOro
MWHNCTO-TMAPOCTIOANCTOrO BELECTBA, HOBO-
06pas3oBaHHbIM aNbOUTOM, XJTOPUTOM, LLEE0N-
TaMu N NENKOKCEeHOM, a TakXe anureHeTmnye-
CKNMW BbIAENIEHUSIMU YHEPHOI O YrNepoancToro
BELLECTBA M pyaHbIMU MUHEpanamu.

MepBUYHbLIM LEMEHT cocTaBnseT go 2%.
B penukTax coxpaHuncs KaOMHNT-ANKKUTOBBIN
Marepwuan, cpeau KOToporo pa3BmBatoTCs HO-
BOOOpPA30BaHHbIE (KaTareHeTu4eckme) 3epHa
anbbuTta n keapua. OHM 06pasyoT CKOMIEHNS
MENKUX FMNMANOMOPPHbIX KPUCTaNNoB, 4a-
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CTUYHO 3aMeLLEHHbIE YINEPOUCTbIM BELLE-
ctBoM. Kpome Toro, B LeMeHTe OOHapyXeH
M3MEHEHHbIN NENOBLIA MaTepuasn 1 nanaro-
HUT (O0k0s10 3% LemMeHTa). XNopuT 1 Leonut
3aMeLaloT NepPBUYHbIN LIEMEHT, BbINOAHAIOT B
HEM MOpbl, a TaKXXe OKaNMAaOT 3epHa. 'mapo-
KCuabl Xenesa (NepBOHaAYasIbHO MeCYaHWKU
Obl/IM KPACHOLIBETHLIMW) MPAKTUYECKN HE CO-
XPaHUNNCb, OHN OOHAPYXMBAOTCHA B pPeaKnx

cny4asix BOKpYr o6/1I0MKOB C penvkTaMn nep-
BWYHOro LuemeHTa. Bmecte ¢ HoBooOpa3oBaH-
HbIM XTOPUTOM U ansbuTom B uemMeHTe necya-
HUKa BbldBNEH MeﬂKOKpMCTaﬂﬂMHeCKMVI annaooT.

Mono6Hble NnocTanareHeTU4ECKNE n3me-

HEHUS 0CaA04HbIX MOPO, OTBEYAIOT KOHLLY Fy-
OVHHOro KaTareHesa — HavaJly paHHero MeTa-
reHesa, 4To yKasblBaeT Ha TeMrepaTypHbIi
pexunm go 200 °C (puc. 3).

TEpPUTECHHBIE 00JIOMKH TIOPOIBI

XJIOPHUT-LICOJIUTOBBIC OKAHTOBKH
3epeH

TUAPOKCH/BI JKEJIC3a

YITIEPOINCTOE BEIECTBO

CaMOpOJHas Me/lb

pereHepaloHHbIe OKAHTOBKH
KBapIa

Puc. 3. B3aMOOTHOLLEHMS TEPPUTEHHbIX 06JIOMKOB 1 HOBOOOPa30BaHHbIX MMHEPAJIOB B BYJIKAHOMUKTO-

BOM MecyaHuke (PUCyHoK wanda)

1 — KOHOPMHOe couneHeHue 3epeH goctTuraeT 85%, nMHkoprnopauus crnabo BeipaxeHa, yB. 135; 2 — yrnepoaucTtoe
BELLLECTBO 3aMnoJIHAET MEX3EPHOBOE NPOCTPAHCTBO, KOPPOAMPYET XIOPUT-LLEOIMTOBBLIE KaMbl BOKPYT 3epeH, yB. 300;
3 — camopogHas Mefb, NapareHeTUYeckn cesa3aHHas ¢ Gutymammn, GopmMupyeT NOPOBLIN 1 NonybasanbHbI LEMEHT,

KOpPPOAMPYeT TeppUreHHble 06510MKku, yB. 135

Fig. 3. Relationships of clastic debris and secondary minerals in volcaniclastic sandstone (figure thin section)

1 — grain conformal joint reaches 85%, the incorporation of poorly expressed, x135; 2 — hydrocarbonaceous material fills
the intergranular space, corrodes chlorite-zeolite rims around grains, x300; 3 — native copper, paragenetically associated
with bitumen, forms the pore and polubazalny cement corrodes terrigenous debris, x135
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Cpeoun pyoHbiX MUHEpPANOB Pes3Ko npe-
obnapaeT camopoaHas Medb, BMecTe C KOTO-
POV BCTpPEYaoTCA KYNPUT 1 XanbKo3uH. Kynput
BbICTYNnaeT Hanbosiee paHHMM MUHEPAJIOM ac-
coumaunm. OH KOppPOOVPYET TEPPUrEHHbIE
0610MKN, HEPaABHOMEPHO WX OKaMMNSET,
3amelas npy 9TOM U NEepPBUYHbLIN LLEEMEHT.
3epHucTble arperaTbl Kynputa TOHKOKPUCTas-
nnyeckne. OHM 06pa3yoT KOKaAPAOBbIE TEKC-
Typbl, UHOFAA UMEIOT 30HANIbHOE CTPOEHME.
Karmbl Kynputa HabniogaTcs Takke BOKPYr
yrnepoaucToro Beuiectsa. Kpome nepBuy-
HOrO KynpuTa, NPUCYTCTBYET M BTOPUYHBbIN, KO-
TOpPbIV pa3BMBaETCS MO CaAaMOPOLHOM Mean.

CornacHo Y.C. Yanty [YanT, 1972], meab
ob6pasoBbiBana accoumaLmio ¢ MUKPOKIMHOM,
XNOPUTOM, 3NMNAOTOM U nymMmnenentomMm. Bme-
CTe C CaMOpPOAHON Meablo YCTAHOBJIEHO MpPU-
CYyTCTBME NpeHuTa, AgatonuTta, aHKepuTa,
KBapua, kanbuuta n cepedpa. C meabio TECHO
CBSI3aHO yrnepoguctoe BewecTBo. CheH un
JIeKOKCEeH, BEPOSATHO, SIBASIOTCS AOPYAHBIMU.
CdeH 4aCcTMUHO NenKoKCeHn3npoBaH 1 obpa-
3yeT KPYMHblE€ BbIAENEHNS, KOTOPbLIE MPO-
CTPaHCTBEHHO CBSA3aHbI C LLeOINTOM. J1enKok-
CEH pacnpocTpaHeH HepaBHOMEPHO U
KOPPOANPYET TEPPUrEHHbIE 0B/TOMKMU.

CamopopnHas meap 3aMeLLaeT LEeMEHT nec-
YyaHuka, GOpPMUPYET CPOCTKM C KBAPLLEM U LLEO-
nMToM. B 0TAENbHBIX Ciy4dasix oHa KOppPoaMpyeT
0610MKN 1 3aMONHAET MUKPOTPELLMHBI B HUX.
YacTo oHa coaepXXnT BKITIOHEHUS MENTKUX UONO-
MOP®HbIX KpUCTannoB keapua. lNpaktnyeckm
NMOBCEMECTHO Meb OKaMMEHA KynpuUTOM, KO-
TOpbIi 06pa3oBasiCs paHee Ha CTEHKAaX MEeKnx
nonocten. paHnubl Mexay KynpuTtom v Meabio
POBHbIE, 6€3 BUOVIMOro 3aMeLLIEHNS.

CamopogHasa Meab B LEMEHTE necyaHnka
npakTUYeckn Be3ae BCTPeYaeTcss BMecTe C
TEMHO-CepbIM (B OTPaXXeHHOM CBeTe) U30-
TPOMHbLIM YrNepoaAnCcTbIM BelecTBoM. Camo-
pooHas Medb U YrnepoaMcToe BeLLeCTBO
BbIAENSANNCL NPAKTUYECKN OOHOBPEMEHHO
nan camopogHasa Megb HEMHOro No3xe, no-
CKOJIbKY BCTpeYalTcs pa3duTtbie N pacTsHy-
Tble 06/TOMKM AAHHOIO BELLLECTBA, CLLEMEHTU-
poOBaHHble CaMOpPOAHON Menabtko. [paHuubl
MX CpacTaHusi POBHblIE N pe3kune, MHorga
cnabounsBuUNnCTbIe. BblaeneHns camopoaHom
Meau B NMOPOBOM MPOCTPAHCTBE MecyaHuka
pnocturatot 0,5 mm. MHoroa Habnopaetcs
YOJIMIHEHHOCTb 3EPHUCTbLIX arperaTtoB mMeam
BLOJIb ONPeaeneHHbIX HanpaBneHU.
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MuHeparpadunyeckme nccnenoBaHus noka-
3bIBAIOT, YTO YINEPOONCTOE BELLLECTBO YEPHOIO
LLBETA, HEMPO3PAYHOE, UMEET CTEKISIHHBIN NN
cMonucTeI Gneck. OHo xpynkoe, o6pasyeT ocT-
POYronbHble 06JJOMKM C PaKOBUCTBLIM M3IOMOM.
TeBepnocTb 3. BelwectBo He pacTBopsieTcs B
HCI, a B nnamMeHn HakansieTcsa n CBETUTCHA OpaH-
XEBbIM LIBETOM. [1ocne oxnaxaeHus onsaTtb CTa-
HOBUTCH YepHbIM. YrnepoaucToe BELLEeCTBO
O4YeHb XOpOoLO nonvpyeTtcd. B oTpaxeHHOM
CBETE OHO TEMHO-CEpPOoE CO cnabbiM KOpUYHE-
BaTblM OTTEHKOM B TOHKMX ckonax. OTpaxa-
TenbHas CNnocoBOHOCTb HECKOJIbKO BbILIE, YEM Y
HepyOHbIX MUHepanos. o komnnekcy pusnye-
CKMX CBOWCTB YrNepogncToe BELLECTBO OTBE-
YaeT aHTPaKcoNUTy UM WyHruTy. NoaobHble
LWYHIUTBl  «MUTPAUVMOHHOIO TuUMa» OMUCaHbl
B.®. [MeHbkoBbIM B NMPOTEPO30MCKMX Yrepos-
coaepkallmx 0CaflovHbIX Nopogax 1 naneoba-
3anbTax (Oouabazax) 3a0HEXCKOW CBUTHI B
Kapenun. Kak ykasbiBaet B.A. LUymnasHckui
[LWymnaHcknin, 1983], oTnoxeHne GUTyMOB TeX
WU MHBIX KNACCOB 3aBUCUT OT HAYaNbHOM TEM-
nepartypbl 06pa3oBaHUsl yrIeBoA0POAHO-BOS-
HOV 3MYNbCUN 1 OTIOKEHWE aHTPaKCoNUTa nNpo-
mnexoauT npu Temnepatype 320-200°C.

Mo MHEHWIO aMmepUKaHCKNX y4eHbIX [Born-
horst, Barron, 2011; Brown, 2006; Bornhorst
et al., 1997; White, 1968], camopogHas menb
1N COMyTCTBYKOLWAS MUHEpanmM3aums Onuchl-
BaemMon TeppuTopun GOpPMMUPOBaIUCE NPU
Temnepartype 220-225°C.

XnMmnyeckumin coctaB 3epeH CaMOpPOLHOMN
MeOn U3 LeMeHTa necyaHvka onpeaeneH ¢ no-
MOLLIbIO MUKPOPEHTrEHOCNEKTPaibHOro aHa-
nn3a (aHanntuk .M. BoHaapeHko, naboparo-
pua UIT'MP HAH YkpaunHsbl). B nepBoM 3epHe BO
BHYTPEHHEN YacTum ycTaHoBneHo (%): Cu —
99,83; Fe - 0,01; Ag - 0,028; As - 0,031; Au -
0,0 (cymma — 99,9%). BHellHAA YacTb 3epHa
cooepxut (%): Cu — 99,16; Fe — 0,455; Ag -
0,048; As - 0,039; Au - 0,0 (cymma — 99,9%).
BTopoe 3epHO camMOpoaHO Meany MMeEET crie-
OyloLwmii xmummyecknii coctas (%): Cu — 99,84;
Fe — 0,022; Ag — 0,048; As — 0,0; Au - 0,0
(cymma 99,91%). bbin npoaHanmMaupoBaH 06-
pasey, CcamMOpOLHOM Meau (CKaHWPYoLWmin
3NEKTPOHHbIN MUKpockon JSM-6490LV, aHa-
nntnk B.O. TuHbkoB, HCTUTYT MeTannogpu-
3uku um. I.B. Kypaiomosa HAH YkpaunHbl) ns
BYJIKAHOMUKTOBBIX MEeCYaHMKOB MuuuraHa v
onpeneneHo, 4To OH coaepxXxuT npumecu Fe
(0,21-0,6%) n Al (0,16-0,23%) (puc. 4).
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Puc. 4. CamopogHas Meab 13 BYJIKAHOMUKTOBbIX MECHAHUKOB 1 €€ COCTaB Mo AaHHbIM MUKPO30HA0BOIrO
aHanmaa (Muuuran, CLUA)

Fig. 4. Native copper from volcaniclastic sandstones and its composition according to microprobe analysis
(Michigan, USA)
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Takmum 06pa3om, yCTaHOBJSIEHO, YTO CaMo-
poaHas Medp U3 LieMeHTa BYJIKAHOMUKTOBOIO
necyaHuka u4muctaa (Cu - 98,83-99,16%).
TunuyHbIMU NpUMecamu BoiCcTynarT Fe n Ag,
KOTOpble 000raLLaloT BHELLIHIOK YaCTb 3EPEH.

Xanbko3uH 06pas3yeT peakyl BKkpanieH-
HOCTb OAVHOKMX 3€PEH B LIEMEHTE necyaHmka
B CpOCTKax ¢ caMmopogHoi mepablo. dopma
BblAENEHNI XaNbKO3WHA naacTuH4arTas, pas-
mepbl 0kof10 0,1 mMm. o gaHHbIM [YanT, 1972;
Bornhorst, Barron, 2011], Xanbko3uH €B-
ngeTcs rmaBHbIM PyaoHbIM MUHEPANIOM B CNaH-
ueBon ceBute HoHcady, rge OH TOHKO pacce-
SIHHbIN B aN1I€BPONTAX U MUHUCTBIX ClaHLax.
CpeaHuin pasmep xanbko3nHa 30eCb COCTaB-
naetr 2-20 MkM, TOrga Kak B MnecyYaHukax
BCTPEYaloTCH OTAENbHbIE BblAgNeHns oT 2 oo
50 MM, BbITAHYTbIE BAOJIb CIONCTOCTW.

[pyrve cynbduapl, KOTOpble BCTPeYaTCH
B BEPXHEWN YacTuW MeOHOI 30Hbl, NpeacTaB-
NieHbl OOPHUTOM, XaNbKOMUPUTOM, KOBENW-
HOM, OuareHnToM, axxapnentom [Yant, 1972].
Han menHoOM 30HOM B TEPPUrEeHHbIX Nopoaax
YCT@HOBJIEH HEPABHOMEPHO pPaCCEesHHbIN
nupnt. OH obpasyeT nanomMmopdHble 3epHa
pasmMmepom 2-5 MkM (nHorga go 1 mm). Konu-
4YeCTBO NUPUTA B YEPHbIX CNaHLax AocTuraet
2-3%, B cepbix anesponutax — 0,5-1%. B nu-
PUTU3NPOBAHHbIX y4acTKax Hag, py4HOM 30HOM
BCTPEYaTCS FTPUHOKNT, ChanepuT v rasieHunT,
KOTOpble He 00pPas3ylT 3HAYUTESNIbHbIX KOH-
LleHTpauun.

YuutbiBas 613Kyt TeMmnepaTtypy o0opaso-
BaHMUS Meau U OUTYMHOM MUHepanmaauum
(B DAHHOM cnyyae aHTpaKCconuTa WUAW LUYH-
ruta), MOXHO npeanofiaratb, 4TO NEepPBOHa-
YyasnibHO NEePEHOC Meau U YyrineBoA0POA0B OCY-
wecTenancs Bo dnwounae, v B nopogax Meip 1
BUTYMbI GOPMUPOBANUCH OAHOBPEMEHHO 1N
B6113KO K TOMY.

Ha cnepytouiem, rugpotepmanbHOM aTane
Mu1Hepanoobpal3oBaHus, OTIIOXEHNE Mean N3
pacTBOPOB MPONCXOANT B pe3ynbTaTte BOCCTa-
HOBUTENbLHOIrO npouecca noa AencTBMeEM
YrMeKNcnoro u/unm yrneBogopoaHoro ra3oB
(Corg, CH4). Hanbonee BeposATHbIM 9BNAETCH
TO, YTO Meab Haxoamnacb B GOpMe X10PUOHbIX
komnnekcoB (CuClz nnn CuCl(aq)) n TpaHc-
nopTMpoBanachb B pacTBopax, 060ralleHHbIX
XJI0POM, B CPeAHUX OKUCINTENIbHO-BOCCTAHO-
BUTEJIbHbLIX yCcnoBusax. dopmmpoBaHne camo-
poAHoI Meau npoucxoauno B 6e3cynbdus-
HblX ycnoBusx. WICTOYHMKOM XAOPUAOHbIX
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pacTBOPOB, KOTOPbIE MMENIM BOCXOASALLNIA
XapakTtep, cuyuTaloTca necyaHukn Konep
Xapbop.

dopmumnpoBaHne camopogHo meau, o
naHHbiM [Mauk, Hieshima, 1992], moxHO
npeacTaBUTb B BUAE CNEeOyoLLInX peakLnii;

CuCly = + Corg + 2H20 = Cue + 2CI~ + CO2 + 4H7,
nnn
CuCly™ + CH4 + 2H20 = Cu° + 2CI- + CO + 8H".

Mocnepytouiee NOCTYMAEHNE B CUCTEMY
pynoobpasoBaHus cepbl cnocobeTByeT dop-
MMpPOBaHWio 6oraTom cynbduaHOM MUHepanm-
3aumn. B cnydae npucyTCTBUS CEPbI B CU-
CTeMe peakumn MMeIOT CneayoLwmin BUa,;

S042% +2CH40 — 2HCO3 + HS- + H*,
HS- + 2CuCly <> CusS + H" + 4CI-.

B npucyTcTBUM nuputa U MeaeHOCHbIX
pPacTBOPOB B CUCTEME peakLmsa MOXET ObiTb
cnepylouias:

CgHqo + 12CuCI* + 3FeSp <« 6CunsS +
+3Fe?" + 6H" + 24Cl + CgHg

06cyxaeHue U BbiIBOObI

OnucaHHble MUHepanbHble accoumaumm m3s
TEPPUrE€HHO-BYJIKAHOrEHHbIX U BYJIKAHOMEH-
HbIX popmaumii BonbiHn, Kutas n CesepHoii
AMEPVKN YKa3bIBAKOT HA U3MEHEHUS FEOXUMU-
Yeckunx ycnosuii B xoae dopmmpoBaHus 6u-
TYMHOW N MEOHOW MUHepanm3auun.

HakonneHuto camopogHo Meam B pyao-
HOCHbIX FOPU30OHTax CNOCOOCTBOBAsA MPOHU-
LaeMoCTb nopopn: OoSbloe KOINYeCcTBO
TPELVH, Nnop, MUHAANVH. TekToHuvyeckme
NpPOLECChl, KOTOPbIE NPOUCXOANNN B PUPTO-
BbIX YCJIOBUSIX M OTPaXeHbl B NOpoaax, cosna-
Ba/IM OnaronpusiTHbIE YCOBUS 11 MUTpaLLmn
PYOOHOCHbIX pacTBOpoB. CoBnageHme ycno-
BUIA cxatust n obpasoBaHus rMy6GUHHbIX Mo-
rpebeHHbIX pya, No MHeHuto [Bornhorst, Bar-
ron, 2011; Bornhorst, 1997], moxeT ObITb
Ba>XHbIM KOMMOHEHTOM B FEHETUYECKON MO-
henun, Kotopas oTAnyaeT MNPOBUHLMIO LWIT.
MwuuunraH oT opyrmx NOKPOBHbIX 6a3a5bTOBbLIX
NPOBMHLMA MUpa.

MuHepanoobpasoBaHMe MPOUCXOANIO
6naropaps cnegyowmm npoueccam: 1) cme-
LMBaHMe pyaoHocHoro dntounaa ¢ 6onee xo-
JIOOHBIMU, @ TakXe KUCNbIMU 1 pa3baBieH-
HbIMW pacTBOpamu; 2) B3aMMOAENCTBME Tuna
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nopoaa — pacTeop; 3) oxnaxaeHne pyaHoro
dnmonpga. MCToYHMKOM BOonbLLEen YacTn meamn
Obinn 6a3ansThl MopTemx Jlenk nnm o6a0MKn
BYJIKAHMYECKUX NOPOS, KOTOPbIE COAEPXKATCH
B KOHrnomMmepartax Konep Xap6op.

Pesiomurpys 3noxeHHOEe, MOXHO nNpeano-
JIOXWTb, YTO NEPBOHAYASIbHO NEPEHOC Meau 1
YyrneBo4OPOAOB OCYLLECTBAANCS BO dnovae,
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