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BonbleTpounLKoe MecTOpPOXKAEHUE PbIX/IbIX MAapTUTOBbIX PYA,
3aKapCTOBaHHOM NaneoKopbl BbIBETPUBAHUA KeNe3UCTbIX KBapLUTOB
n pxxecnunntos KypcKoil MarHUTHOM aHOManum

N.N.HUKYIUH (O6LLecTBO C orpaHnYeHHOM OTBETCTBEHHOCTbIO «HopuabcKreonorua»; 195220,
r. CaHkT-lNeTepbypr, MpaskaaHCcKUit npocnekT, a. 11)

PaccmoTpeHo reosiormyeckoe CTpoeHWe U BelLecTBeHHble 0COBeHHOCTM Kenes3opygHoi naneo-
Kopbl BbiBETPMBaAHUSA (KB), pa3sBUTON Ha KeNe3nCTbIX KBapuMTax U Aykecnmuantax bonbwerponuroro
MECTOPOXKAEHUA B JOMNO34HEBM3ECKOoe Bpemsa. KomnieKcHble nccnegosanHma KB, a Takxke npo-
[AYKTOB €€ pa3mbiBa B GOPMMPYIOLLYIOCA Ha TO BPeMsA KapCTOBYHO MOI0CTb NO3BON/M BOCCTAHOBUTb
0cobeHHOCTU GOPMUPOBAHMA MUHEPAbHBIX TUMOB BoraTbix »KenesHbix pys (BXP). MowHocTm
Bo/IbLLETPOMLKOM OCTAaTOYHOM NaNIeOKOPbI BbIBETPUBAHMUA Hanboblume B pernoHe —80-310 m. Mo
MWHEepanbHOMY COCTaBy BblAeNATcA 9 MMHepanbHbIX TMNOB BXKP, ocHOBHbIE 13 KOTOPbIX: MapTH-
TOBbIE, IENTOreMaTUT-MapTUTOBbIE U KapboHATHO-remaTuToBble. MpeobnagaoWwmnmm muHepana-
MU B KB ABAAIOTCA OKCMAbl U TMAPOKCnAabl Fe, cuaeput 1 6epTbepuH B PasMYHbIX COYETAHUAX.
Mpu dopmmnpoBaHum 3anexn bXP B npoduie BoIBETPUBAHMA NPOUCXOAMUNO HAKOMNIEHWE Kenesa
M aKTUBHbIM BbIHOC KpeMHe3éma. lMocneaytolme HaNoKEeHHbIE NPOLLECChl NPUBEN K YaCTUYHOMN
LeMeHTaLMM 1 pasyb0XMBaHUIO PYA, MOHUKEHUIO B HUX COAepKaHuii F.O,, yBeNIMYEHUIO KOHLEeH-
Tpauuit FeO u Si0,. AHann3 MMHEpPabHO-reoXMMUYEcKoit AnddepeHLaLmn BelecTsa No3BoNua
BblAeNNTb 4 OCHOBHbIX 3Tana: 1) gonaTepuTHbIi, 2) naTepuTHbIN, 3) AnareHeTUYeckuii u 4) anure-
HETUYECKMI. BbIACHEHO, YTO MUHEpasbHbIA COCTaB OCTAaTOYHOM 3anexu BXKP 3aBucuT oT mcxoa-
Horo cybcTpaTta 1 3Tana nepekpbiTA Bonee MonoabIMU OTNOXKEHUAMU. peasoxKeHHaa Moaesb
dbopmunpoBaHua BKP no3sonset 06bACHUTb UX CNI0XKHbIM MUHEPA/IbHBIN COCTaB M MPOTrHO3MPOBATL
YUaCTKM 3a/1eKel PbIXbIX FTeMaTUTOBbIX PYA.

Kntouegole cn08a: MapTuUT, Kene3Hana CAOAKA, 1enToreMaTuT, 6epTbepuH, cuaeput, boratas xe-
Nle3Han pyaa, Kopa BbIBETPUBAHUA, KENe3UCTbI KBapLUT, AXKeCnuanT, cnaHel, Kypckaa marHmt-
HaA aHOMA/IMA, UCTOPUKO-FEHETUYECKUI aHANN3, FTe0N0rO-reHeTUYECKasn MOLENb.
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Bol’shetroitskoye deposit of friable martite ores as karst in the
paleoweathering crust of ferruginous quartzites and jespilites of
the Kursk Magnetic Anomaly

I.ILNIKULIN (PLC «Norilskgeologia»)

The geological structure, mineralogical and chemistry features of the iron-bearing paleoweathering
crust and developed on ferruginous quartzites and jaspilites of the Bol’shetroitskoye deposit in the
pre-late Vise period are considered. As a result of the comprehensive research of iron-bearing pa-
leoweathering crust, as well as its erosion products into the karstic cavity that was being formed at
that time, found out to restore the peculiarities of the formation of mineral types of high-grade iron
ores. The capacity of the paleoweathering crust of the Bol’shetroitskoye deposit is the largest in
the region — 80—310 m. The mineral composition is divided into 9 mineral types of high-grade iron
ores, the main of which are martite, leptohematite-martite and carbonate-hematite. The predom-
inant minerals in paleoweathering crust are oxides and hydroxides of Fe, siderite and berthierine
in various combinations. During the formation of the friable martite ores in the weathering profile,
iron accumulation and active removal of silica occurred. Subsequent superimposed processes led
to partial cementation and dilution of ores, a decrease in their F,O, contents, and an increase in the
concentrations of FeO and SiO,. Analysis of the mineral-geochemical differentiation of substances
allowed us to distinguish 4 main stages: 1) pre-lateritic, 2) lateritic, 3) diagenetic and 4) epigenetic.
It was found that the mineral composition of the residual deposit of friable martite ores depends
on the initial substrate and the stage of overlapping by younger sediments. The proposed model for
the formation of friable martite ores allows us to explain their complex mineral composition and
predict areas of deposits of high-grade ores.

Key words: martite, microplaty hematite, leptohematite, berthierine, siderite, high-grade ore,
weathering crust, ferruginous quartzites, jaspilites, shale, Kursk Magnetic Anomaly, historic-genet-
ically analysis, geologic-genetically model.



BoublieTpouikoe MECTOPOXKICHHE PACIIONIOKEHO BOIU3H
noc. bonbmerpounnkoe [1ledexunckoro paitona benropon-
ckoil obsactu, B 50 KM K BOCTOKYy OT T. bexropon. Ilpu
MPOBEACHUHU TOMCKOBBIX padoT (1960—-1963 rr.) no cetu
3800-5500%x200—400 m 24 ckBa)xnuHam# OBUIH BCKPBITHI
kKene3ucTole kBapuuThl Kopouancko-bonbmerpounkoi
rpabeH-CHHKIMHAIH, sBIsIoLIelics yacTpio bearopos-
CKOTO I'pa0eH-CHHKJIMHOPHS, 1 0XapaKTepu30BaHO boib-
LIETPOHUIIKOE MECTOPOIKICHHUE JKEJIE3HBIX Pyl B Mpeenax
npoduieit 1V, V u VI. 3arem 1151 BbIsSICHEHUsT OOKCHTO-
HOCHOCTH CJIaHIICB KypcKoit cepuu B 1964—1965 rr. mpo0y-
pensbl emé 16 ckBakuH. [1o pesynbraTram 3THX paboT Ha To-
cynapcTBeHHoM Oanance ¢ 1964 r. uncnunoch 1500 MyiH. T
3aI1acoB MapTUTOBBIX U KEJIE3HO-CIIOAKOBO-MapTUTOBBIX
pyx 1o kareropuu C, ¢ conepxanunem Fe . =61,5% (H.1.Bu-
supakuH, B.H.Knexns u ap., 1964). CornacHo yTo4HEH-
HbIM JJaHHbIM 1989 r., 3amacel cocraBiusiau 2150 MiH. T
no kareropuu C, ¢ conepxanuem Fe o =62,41%. B cBsizu
C IOJIOKUTEIBHBIMH PE3yJITaTaMHu I'MAPOAOOBIUHBIX pa-
6ot (CT'/]) na lllempacBckoM MecTOpOKaeHUH U FOxKHOM
yudacTke ['octumeBckoro mecropoxaeHust B 1988—1998 rr.
Ha bonbierpouiikom mectoposxkaenun B 2007 r. mpousse-
JIEH MEPBBIM MYCK re0J0ro-TeXHOJIOTNUYECKON CKBaYKHHBI
nuamerpoM 630 mm. Metonom CIJ] ocymiecTBisiii 100bI-
14y PBIXJIBIX MAPTUTOBBIX Py CPEIHEH IIIOTHOCTH 5,6 T/cM?
¢ riyounsl 6onee 680 M. JloObya mpoBoauiIack 0e3 mpu-
MEHEHHS IIeJ0Yel, a B KaueCTBe MCTOYHHKA BOABI JJIs
PYAHOI MyJbIbI B AKCILTYaTallMOHHBIM LIUKJ 3a/1€UCTBO-
BaJlach BOJla M3 CaMOro PyJHOro ropu3oHTa. B mepuon
2007-2012 rr. reonoropaszBeIo4HBIMU PA0OTaMH YTOUHEHO
CTPYKTYPHOE IOJIOKEHHUE MOPOJ KYpPCKOIl ceprH, BHOBb
BbIJIeJIeHa BEPXHss crlaniuesas noacsuta (PR, 'kr,), oxon-
TypeHa 3aJiekb O0raThIX JKeJe3HbIX pyn [1], 3amacs! yBe-
nuyens! Ha 30% (.M. Hukynus, 2011): o kareropusim B —
110,3, C, - 306,4 (npu Fe | =67%) u C, — 1980 muH. T (1pu
Fe =62,41%).

I'eosntornyeckoe crpoenme. [lo Bcemy Oacceiiny Kyp-
ckoif maruutHoi anomanuu (KMA) 3adukcupoBaHbl 3a-
nexu BXP (puc. 1), KoTopble SBISIOTCS OCTATOYHBIMU KO-
paMu BBIBETPUBAHUS, PA3BUTHIMU NPEUMYIIECTBEHHO O
IOpoJIaM KEJIEe3UCTO-KPEMHHUCTO-CIaHIIeBOI (opMaiiu
Kypckoii cepun [2]. SxoBneBckas, Pasymenckas, ['octu-
mieBckas, benenuxuHckuit ygactok OnpxoBatckoit, bonb-
me Tpounkas u lllempaesckas 3anexu BXP cocrasnstor
6ouiee 65% 3amacos Bcero xenesa benropoackoro pyaHoro
paiiona (®.5.Bonouaes, 1985). Pynnas 30Ha benropocko-
ro paiiona KMA pacnonoxxena B mpejenax 10KHOH 4acTH
benropoacko-MuxailloBCKOro CUHKIMHOpUS. 1 1aBHas py-
JIOHOCHAs CTPYKTypa — benroposckas CHHKIMHAIL CEBEPO-
3amajHoOro mpocTupanus (8], B KOTOPOH BBIJAECNEHBI TPU
KpyIHBIE CKJIa4aThle CTPYKTYPbI BTOPOTO MOPsSIKa CeBe-
po-3amaaHoro mpoctupanus: SIkosneBckas u OapxoBat-
CKas CHHKJIMHAIM, pa3nesiéHHble MenuxoBo-l'ocTumies-
CKOM aHTHKJIMHAJIBIO U OCIIOKHEHHBIE CKJIaJKaMu OoJiee
BBICOKMX NMOPAAKOB. KopouaHCKasi CHHKJIMHAJIb CEBEPO-
BOCTOYHOT'O MMPOCTUPAHUS pacnooxena Ha 0opty Kypcko-

Kopouanckoro aHTHKIMHOpHS U OTAemsiercs: oT benropon-
CKOM CHHKJIHMHAIHU AlekceeBcko-JIomeeBcKkoi 0I0KOBOM
AHTUKINHAIBI0. KopodaHcKast CHHKIMHAIB K 10Ty CMEHSI-
ercst bonpmeTponnkoi, KOTopast pe3ko MEHsSIET MPOCTH-
paHue ¢ ceBepo-3araHoro Ha foro-3amnajaHoe. Ckiaayarsie
PYAOHOCHBIE CTPYKTYPBI KEJIE3UCTO-KPEMHHUCTO-CIIaHIIe-
BOM (opmaruu bosbnieTponIKoNH CHHKINHAIN 3aJIeTaloT
Ha niryouHax cBeltre 500 M 1 pa3OoUTHl CHCTEMOW KPYITHBIX
MIPOJIOIIBHBIX U MOMEPEYHBIX Pa3JIOMOB, KOTOPBIE BBIsIBIIC-
HBI TI0 TeO(PHU3NIECKUM U a3POKOCMUYECKUM MaTepHajam
re0JIOropa3BeJOYHBIX IKCIEAUINI. Meaknue pa3pbIBHbIC
HapyUIeHNs YCTaHOBIICHBI B X0/1¢ OyPOBBIX paboT MO Ma-
TepuajaM KepHa CKBa)KHH.

Ha nmaneonoBepXHOCTb MOJ Me3030M-KallHO30ICKUM
0CaJJOYHBIM YEXJIOM BOJBIIETPOUIIKOTO MECTOPOXKACHHUS
BBIXOJAT MOPOABI MUXaUIIOBCKON U KypCKOH cepuil, cia-
rafomye OAHONMEHHYIO CHHKIIMHANb, Ha CIOKHOCKJIIa14a-
TOM LIapHUPE KOTOPOH pa3BUTA KOPA BEIBETPUBAHMSL, CIIO-
skenHast B)KP u 6okcntamu (puc. 2). MuxaisioBekast cepust
(AR,mh) npencrapiena aqeKcanpOBCKON CBUTOH (aM(pu-
OOJMTHI U CIAHIIBI Pa3JIMYHOTO COCTaBa C MPOCIOSIMH Me-
tanecuanukos). Kypckas cepus (PR kr) — croiinenckoi
(MeTanecyaHUKHU ¢ MPOCIOSIMH METaaJeBPOIUTOB, AJICB-
POdMIINTOB M KBAPL-MYCKOBHTOBBIX, KBapIl-OMOTHT-MY-
CKOBHTOBBIX M KBapIl-CEPUIIMTOBBIX C YIVIUCTHIM Bellle-
CTBOM CJIAaHIIEB) M KOPOOKOBCKOW (HMKHSISI CITAaHIICBO-)Ke-
JIe30py/IHAs, CPETHSIS CIIaHIeBast, BEPXHSIS KEJIe30py THas
¥ BepXHss craniesas noacsutel (PR 'kr, ,)) ceuramu [3].

[Tonorast MOHOKJIMHAJIb TOPOJT KYPCKOH Cepru, HHTEH-
CHBHO ro()pupoBaHHast TOJIBKO Ha YPOBHE MEJIKOH CKJIa1da-
TOCTH, OCJIO’)KHEHA PYIOKOHTPOJINPYIOMINMH Pa3pbIBHBI-
MU CTPYKTYpPaMH — MaJIOAMITIIUTYAHBIMHU 30HAMU JIpO0JIe-
HUSI 3aI1aIHO-CEBEPO-3aIaTHOrO M CEBEPO-CEBEPO-BOCTOU-
HOTO NPOCTUPAHUM, BIOIb KOTOPBIX MOIHOCTH BXXP pesko
Bo3pacraeT B 1,5-3 pasza. AGCOIIOTHBIE OTMETKH KPOBJIH
3anexxn BXKP menstorest ot —200 1o —370 M (puc. 3). Ocra-
tounble MomHocTH KB Bapeupytot: 1) BXXP ot 80 M Ha
JOKECTTIINTAX U 10 310 M Ha )KeJIe3uCThIX KBApIUTaX BepX-
Hell HaJICBUTHI KOpoOKoBckoi ceuThl (PR 'k7,) 1 2) Gokcu-
TOB U K€JI€30-TIMHO3eMUCTBIX pya A0 50—70 M Ha ciaH-
1ax BepXHel HaJICBUTHI KOpOOKoBCKoi cBuTHI (PR 'A7,).

Kopa BeIBeTpHBaHUS Mi1aeo0pa3zHoi MOp(HOIOriH ¢ Co-
OTHOILIEHUEM CBOEH JJIIMHHON OCH K MOLIHOCTH OKOJIO 1:6
(puc. 4, A) ociioxHEHA pa3BUTHEM 30H MOBBIIICHHOH TPEIIHn-
HOBaTOCTH Ha KOHTAKTaX MEXAY Pa3HOTHITHBIMH (KBapil-
coziepKaluMK 1 OeCKBapIEBBIMH) MaTEPUHCKHUMH TIOpPO-
JlaMi. 3a c4€T 3TOro MOIIHOCTh yBenuyuBaercs B 1,5-2,0
pasa, 94To B [IEJIOM XapaKTepHu3yeT e€ Kak KOHTAKTOBO-IIJIO-
maanyto KB [6]. LlentpanbHast 4acTh KOPbI BHIBETPUBAHHS
CHIIBHO 3aKkapcToBaHa coocTBeHHO BXXP ¢ HesHaunTensHpIM
KOJINYECTBOM MPOCIIOEB JHKECIIMINTOB (cM. puc. 4, b). Bromnb
JIByX OCel TEKTOHMYECKHX HapyIIeHHH ceBEepO-BOCTOU-
HOT'O ¥ CEBEPO-3aI1a{HOTO HAIPABJICHUH TIO/IOMIBA 3AJICXKH
BXP nmprobperaet uepThl «(PanbIIKUIID) C YBEITHUCHUEM
MouHocTH B 1,5-3 pa3za: ot 100—-150 no 200-300 M o npo-
¢ V 1 V+400 1 ot 50-60 110 150 M o npodmmio V-400.
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Puc. 1. Cxema pacnpocTpaHeHUA »KenesopyaHbIX KOp BbiBeTpUBaHUA B npegenax 6acceiiHa Kypckoit MarHUTHOW aHOManuu:

1-4 — ocafiouHbIV Yexon: 1 — rMnHbI, J,_,n K, 2 —u3BectHaku u gonomutsl, C v, 3 — mnHUCTbIE M3BECTHAKK, C t, 4 — NIUHBI, MIMHUCTbIE
ussecTHaku, D ; kenesopyaHas dopmaums: 5 — 3anexu BIKP, 6 — xenesncroie KBapuuTbl U ClaHLb KypCKoW cepum, Pler
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Puc. 2. Teonormuyeckas cxema 50/ibLIETPOMULLKOTO }Kee30PyAHOro MecTopoXKAeHUA. 10 [8], ¢ usMeHeHUAMU U O0MONHEHUAMU:

1 — BOKCUTbI M aNAUTbI; 2 — }Kene3opyaHas naseokopa BbIBETPUBAHMUSA; 3 — KeNe3ncTble KBapLuUTbl KYpCKon cepum (KOpobKoBCKan cBu-
Ta: BepxHAs, PR *kr, n HWxHAA, PR 'kr, Kenesnctblie NoAcBuMTbI); 4 — KBapUMTbI CO CraHUamm (HepacuneHéHHble); 5 — cnaHubl KypcKoii
cepuu (kopobKkosckas cauTa: BepxHaa, PR 'kr, n HuKHAS, PR 'kr, cnaHueBsble NOACBMTbI); 6 — ClaHLpl YIIepoANCTbIe ABYCIOAAHbIE
KYPCKOI4 cepun (cToineHcKasa ceuTa, PR 'st,); 7 — MeTanecuaHWKM KBapLieBble, apKO30Bble, MeTaaNeBpO/INTbI, aNeBPOGUANUTDI Kyp-
CKOW cepuu (cToiineHckas ceuTa, PR st ); 8 —amdnbonnTbl, opToCaHLbl MUXaiioBCKOM cepumn, AR, mh; 9 — TeKTOHMUYECKMe Hapye-
HUA; 10 — CKBaXMHbI U reonoropassesfoyvHble npodpuan



B ceBepo-3anaiHoil YacTH MECTOPOXKACHUS B MOPOAAX
MHXAHIOBCKOW cepuu 3apUKCHPOBAHBI TPAHUTHI aTaMaH-
CKOT'0 KOMILIECKCA.

OcaouHbIi KOMILJIEKC Ha BoJIbIIETPOMIIKOM MECTOPO-
JKJIEHUU MMeeT MOIIHOCTh 389—550 M npu cpenHem 3Ha-
uennu 495 M. Kak u Ha Bcell Tepputopun benropoackoro
pynHoro paitona KMA oH cll0eH KaMEHHOYTOJIBHBIMU OT-
JIO)KEHUSIMU a€03051, FOPCKUMH U MEJTOBBIMU OTJIOKEHHU-
SIMA M€303041, [1aJICOT€HOBBIMU U YETBEPTUUHBIMH OTJIO-
JKEHHSIMU KailHO3051.

KaMmeHnHOyrosIbHBIE OTJIOKEHHS B CBSI3U CO 3HAYUTEIb-
HBIMU KOJICOAHUSIMH a0COTIOTHBIX OTMETOK KPUCTAJIIH-
YeCKOTo (PyHIaMEHTa XapaKTEePU3YIOTCSI BeChMa M3MCH-
YUBON MOIIHOCTEIO — OT 141 M 70 MX MOJIHOTO BEIKJIMHH-
BaHus B npoduie V-2000, npu cpeaHeM 3HaUeHUH 64 M.
OHHU CIIOKEHBI CEPbIMU OPraHOr€HHO-IETPUTOBBIMU, HE-
PEAKO rpaHyIMPOBAHHBIMU U MEPEKPUCTAIIIN30BAHHBIMU
MU3BECTHSIKAMU C JKEJIBAKaMU YEPHBIX KaMHEHN U MPOCIOSIMU
TEMHO-CEPBIX U CEPBIX TJIMH MOLIHOCTBIO 10 4 M MUXal-
JIOBCKOTO U BEHEBCKOI'O TOPU30HTOB BU3EUCKOTO sipyca, a
TaKKe OCTIBIX U CBETIIO-CEPBIX KPEMHUCTHIX, IEPEKPUCTAT-
JIN30BaHHBIX, 3aKAPCTOBAHHBIX U3BECTHIKOB CTEIIEBCKO-
r'0 U TapyCCKOr0 TOPU30HTOB CEPIYXOBCKOTO sipyca. B oc-
HOBaHMM KaMEHHOYTOJBHBIX OTJIOKEHUHU 3aJIEratoT nepe-
OTIIOXKHHBIC JKEJIC3HBIC PYABI, OOKCHTOBBIC MTOPOBI MOIII-
HOCThIO 0—14 M.

CpenHe- 1 BEpXHECIOPCKHE OTIOKEHUS (TIECKH U TIIUHEI
amnTa M alb0-CCHOMaHa, Mella TYPOH-KOHBSIKAa U MEpTeiu
CaHTOH-KOMIIaHAa) UMCIOT CPEIHIOI MOIIHOCTH 242 M, a
MEJIOBbIE KaMIIaH-MaacCTPUXTCKOrO sipyca U MajeoreHo-
BbI€ OTJIO’KEH U COXPAHUIIUCH JIMILIb Ha BOJOpa3eax, Iae
MOIITHOCTh JOCTHTAET, COOTBETCTBEHHO, 28 1 22 M. MomI-
HOCTb YETBEPTUUYHBIX OTIOKEHUN 0KOJIO 12 M.

Oco0eHHOCTH 3KeJIe30PYIHON NAaJICOKOPbI BhIBETPH-
BaHus. B paspese nezakapcroannoii yactu KB (puc. 5)
BBIJICIISIIOTCS MATH 30H (CHU3Y BBEpX): 1) MapTHTH3UPO-
BaHHBIC JKEJIC3UCTHIC KBAPIUTHI (HAYaIBHOTO OKUCIICHUS),
2) IOpUCTHIE MAPTHTOBBIC PYyAbI (BBILIETaYNBaHNUA), 3) JETI-
TOTEMaTHT-TETUTOBBIC PYABI (BBIBETPHBAHUS). BepxHsis
ITOJIOBMHA 30HBI 2 MOJBEPIiach OepThepHHU3ANNH (30HA
nuareHe3a — 4 30Ha), a 30Ha | ¥ BEpXHsS 9acTh 30HBI 2 —
KapOoHaTH3aIUH (30Ha MTUTeHe3a — 5 30Ha). B 3akapcTo-
BaHHOM Tpoduiie KOpel BEIBeTpUBaHUs 3aieranue bXXP
00yCJIOBJICHO MHOTOKPATHBIMHU ITPOBaJaMH MTOPOJ] B Kap-
CTYIOLHECS KEJIE3UCThIE KBAPLIUTHL.

MapTuTU3upOoBaHHbIE JKEIE3UCThIE KBAPLUUTHI HUKHEN
30HBI MOLITHOCTBIO JI0 9 M BCTpEUaIOTCsl MPEUMYLIECTBEHHO
B BOCTOYHOW YaCTU MECTOPOKIACHUS, TOJCTUIIAS PBIXJIbIE
n cnabocuementupoBanusie BXXP. Ot xene3ncTsix kBap-
LIUTOB OHU OTJIMUYAIOTCA YETKO BBIPAXKEHHOW MapTUTH-
3alMel MarHeTUTa U MOBBILIEHUEM COJAEPKaHUI FeZO3 B
npoduite. [Io KyMMUHT TOHUT-MarHeTHTOBBIM KBapIIUTaAM
pasBuT eppocenaoHuT.

30Ha BBILETAYUBAHUS CO CPEAHENH MOIIHOCTBIO 76 M
npeacTaBlieHa NOpUCTHIMU MapTUTOBBIMH BXKP, koTO-
pbI€ YCIOBHO JIESATCS HA BEPXHIOIO M HUKHIOIO TOA30HBI.

Huxnsist mon3oHa xapakTepusyeTcss phIXJIbIMU MapTUTO-
BBIMU pyAaMu. BepxHsisi moa30Ha BbIAEISAETCS HATHUUEM
B HEM MPOKUIIKOB IIaMO3UTOB Pa3IMYHON OpUEHTALUU U
CJIIOMCTOH BKPAIUICHHOCTH OepTheprHa. HIKHSS rpaHUTa
OepThepUHU3ANH HAXOJUTCS B IIPEeIic OHON a0COTOT-
Hoit ormetku. B)XXP npeacrasnensi [4, 5, 7] cnenyomumu
Pa3HOBHIHOCTSIMU: 1) PBIXIIBIC-TIOTY PBIXJIBIC CYIICCTBCH-
HO MapTUTOBEIC CEPOBATO-CHHUE 0 TEMHO-CHHUX, 2) CJI0-
HCThlE MapTUTOBBIE CEPOBATO-CUHUE U3 YIIIOTHEHHBIX
PBIXJIBIX, CIA00- ¥ CHIBHOCIIEMCHTHPOBAHHBIX, 3) ci1abo-
Y CWJIbHOCLIEMEHTUPOBAHHBIE MAPTUTOBBIE C MATHETUTOM U
JICTITOTEMATUTOM, 4) PBIXJIBIC-TTONY PBIXJIBIC CYIIECTBEHHO
JIENTOr€MAaTUTOBbIE U JTUMOHUTU3UPOBAHHBIE, KPACHOBA-
THIC U Oy pPOBATO-KENTHIC.

30Ha BBIBETPUBAHUS B BUJIE€ MAJIOMOIIHOIO JaTepUTa
CJIOKE€HA MPEUMYLIECTBEHHO T'MAPOKCHIAMHU JKEJle3a U JIeT-
TOT€MAaTUTOM II0 JDKECIIIMTaM B CaMOM 3amaJHOM 9acTHu
MecTopoxaeHus. [1o Bcell 30He pa3BuTa OepThEpHHU3A-
uust. [Topospl mecTpoLBETHBIE B HIPKHEH YacTH, CMEHSIFOTCSI
K Bepxy OoJiee CBETIBIMH U TOTyOOBAaTHIMH OKpPacKaMH 3a
cuét Oonpmeit mHTeHCHBHOCTH cuaeputusanuu bXXP. [To-
CJeIHUE MPEJCTaBICHBI CIEAYIOIUMHI PAa3HOBUIHOCTAMMU:
1) croncThIe YIUTIOTHEHHBIC PBIXIIBIC, XOPOIIO- U CHIBHO-
CLEMEHTHPOBAHHbIE JIEITOr€MaTUTOBBIE, TMMOHUTHU3UPO-
BaHHbIE, HA CUACPUTOBOM LIEMEHTE CEpPbIE, KPACHOBATHIE U
OypoBaTo-KENTHIE, 2) XOPOIIO- ¥ CHILHOCIICMEHTHPOBAH-
Hble MAPTUTOBbIE C MATHETUTOM U JIEITOr€MAaTUTOM Ha
YaCTUYHO CHICPUTOBOM I[EMEHTE Cepblec M OypoBaTO-
KpacHOBAaTHIC, 3) PBIXJIBIC U YIUIOTHEHHO-PHIXJIBIC CYyIIIe-
CTBEHHO JIMMOHUTOBBIC C TEMAaTHTOM W MapTUTOM OT Oy-
PBIX H0 SIPKO-KENTHIX, 4) CIOUCTHIC YIJIOTHEHHBIC PBIX-
JIbI€, XOPOILIO- U CHJIbHOCLEMEHTHUPOBAHHBIE CYIIECTBEHHO
JIUMOHUTHU3UPOBAHHBIE CO CIOUCTBIMU CHUJIMKATaMHU Ha
YACTUIHOM CHACPUTOBOM IIEMEHTE, 5) XOPOIIIO- ¥ CHIIEHO-
CLEMEHTHPOBAHHBIE MAPTUTOBBIE CYILLIECTBEHHO JTUMOHHU-
TU3UPOBAHHbIE, CUAEPUTUIUPOBAHHBIE C MATHETUTOM U
JIEITOTeMAaTUTOM, OypBIC H CBETIIO-KPACHBIC.

BepreepuHU3anus mposiBIIcHa B ABYX OpPMax — B BUJIE
BKparuieHHbIX mpociioiikoB (1o 10 mm) B BXKP HeBbinep-
’KaHHOW MOIIIHOCTH U B PACCESIHHOM BUJIE B COCTABE 1IEMEH-
THPYIOIIET0 KapOOHATHOTO MaTEePHIIa B XOPOIIIO- U CHITBHO-
cueMentupoBaHHbix BXKP. beprbepun xapakrepusyercs
CKPBITOKPUCTAITMYECKON Maccoil OJMBKOBO-3€JEHOTO U
TpaBsiHO-3eNEHOr0 1BeTOB. O0IIee 3aTyXaHUE 30HBI Oep-
ThCPUHHU3ANNY C TIYOMHOU MpenoiaracT Hanooee cy-
LIECTBEHHOE Pa3BUTHE ITOr0 MPOLECCA B BEPXHUX YACTIAX
pynHbIX Tes. OgHaKo B J€MCTBUTENBHOCTH HU OAMH UCCIIE-
JOBAaTeIb 3TO HEe HAOMoAaNn. bepTheprH BCTPEUCH | B TT0-
nomse bonbmerponnkoi KB nox 280-meTpoBoit Touei
BXXP, u B €€ npuKpOBEIbHON YacTH.

3ona cupeputusanuu npunaét bXKP maccuBHBIN 00MHK,
IJIABHO CMEHSISICh BBEPX MO pa3pe3y MOJHBIM 3aMEIEHU-
eM bXXP cunepurom, a 3arem BU3EHCKUMU U3BECTHIKAMMU.
3neck HaOMOgaeTCst O0JIee O3 IHEE OKUCIICHUE CHICPUTA,
CONPOBOXKAAIOLIEECs 3aMELEHNEM 0 CIAasiHHOCTHU U rpa-
HsIM 3€pEeH FUJIPOKCUIAMHU Kele3a, 3a CYUET Yero nepBblil
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Puc. 3. CxemaTHUYeCKMi1 reonorMyeckunii paspes BA0/Nb PyAHOI 3aneu BosbLIeTPoMLKOro MecTopoXKaeHuUA:

1 — BU3EWCKME U3BECTHAKN U CUAEPUTDI, C,V; 2 — HXKHEKAaMEHHOYTO/IbHbIE PYAHble KoHrnomepaTo-bpekunu; 3 — BbiBeTpesibie dpui-
NUTOBMAHbIE CNaHLUbl, 6oKcnTbl, Fe-Al-nopoapl, PR 'kr, 1 npocnom cnaHues cpean Fe-ksapumTos, kr, ,; 4 — Tonwa, nepexofHas ot

cnaHues K Fe-kBapuuntam; 5 — Fe-kBapuuTbl, kr,  u kr ; 6 — BXXP no kr.

mpuoOpeTaeT KENTOBATO-0y Py OKpacKy. B muMoHUTH-
3UpPOBAaHHBIX KaBepHAX Ha CTEHKAX ITYCTOT YacTO Pa3BH-
THI ETKU OoJee Mo3THUX KapOboHaTtoB. Hepenko menkue
ITYCTOTHI 3aIIOJIHEHBI PHIXJIBIM CHIITMKATHBIM MUHEPAJIOM.
KapOoHaTHBII MUHEpAI B TUX TCHEPAIUAX 00pa3yeT 00-
Jiee KPYITHO3EPHUCTHIC arperaThl.

OdYeHp 4acTo B MPOCIIOIKax KapOOHATOB BCTPEUYAFOTCS
PeNHKTH KBapna. B cMemaHHOM CHACPUTO-KaIbIIATOBOM
LIEMEHTE CHACPUT OOBIYHO PACIIOIOKECH MEXKIY KaJIbIIH-
TOM U MapTUTOM, 00pa3ys pyOamrku BOKPYT 3EpeH IO-
CJICTHETO.

3akapcroBanHble B)KP 3aneraror B BUAE MmiIacTtoB u
JTUH3000pa3HBIX MIPOCIIOEB, HIDKHIE IUTACTHI UMEIOT Oosee
KpyTO€ IaJICHUE, BEPXHIE MOCTCIICHHO BBHITOJIAKUBAIOTCS.
B cpemneii wacTu mpoBal He GUKCHPYETCS, BCTPEYAIOTCS
MECTPBIE TOHKOIUCTICPCHO-TEMAaTUTOBBIC IIPOCIIOH, BKITIO-
qaromue pparMeHThl cI1a00CIeMEHTHPOBAHHBIX MAPTUTO-
BEIX MMOPOI. B KOppO3HOHHO-TIPOCAIOYHON YacTh 3aKap-
cTOBaHHOM KOpbl BeiBeTpuBaHus bXKP 3anerator ciosimu B
HIDKHEH 9acTH MPUMEPHO MapalieIbHO pebedy aenpec-
cuU. DTO YKa3bIBaeT Ha IOCTENEHHOE IPOCEIaHHe 3aI0J-
HSIFOIIHX JKEJIe30PYIHBIX MOPOJI TI0 Mepe yIayOIeHHs BO-
POHKH 32 CYET BBIHOCA KPEeMHE3EMa U3 POTOBHKOB. B Bepx-
HEW 4acTH 3aKapCTOBAaHHOH KOPHI BEIBETPHBAHHS CIOU
BBITIONQKMBAIOTCS U €Ba OTPAXKAIOT Pelbed JCTPECCHIA.
B xoppo3uonHO-TIpoBansHON yacTu KB cTeHKH 00pBIBH-
CTHIE, CO cleJaMu OOpYIICHUs MaTepUHCKUX mopon. Ilo
TpaHHUIIEC NENPECCUN YCTAaHABIMBAIOTCSA TEKTOHHYECCKHE
HapPYIICHS, BEIPAXKEHHBIC MapIIaIUTOBON MyKkoi. Ham-
9gue mpoBaja GUKCHPYETCS IO HATPOMOXKACHUIO XJIOPUTO-
BBIX INIMH ¥ 610 citaHteB. [IposiBieHre 00BaIbHBIX CMETIe-
HUU TOCTIe 3aTI0THCHHS KapPCTOBOW BOPOHKH BBIPAXKACTCS

, 5 7 —Npeanonaraemas oCb 30HbI ApobneHnsa

HAKJIOHHBIM MOJIOKEHHEM CIIOEB PHIXJIBIX MAPTUTOBBIX HIIN
KEJIE3HOCITIOAKOBBIX MOPOA ACTIpEecCHH. [ opu30HTaIbHOE
3aJIeraHue BBITOTHAIONINX OTIOKEHUH, C Pe3KUM Hecorya-
CHEM YHHUPAIOIINUXCS B KPYTHIC, MOYTH OTBECHBIE CTCHKHU
BOPOHKH, YKa3bIBaCT Ha TO, YTO MPOBAJ IIPOUCXOAIII B Pa-
Hee CyIIEeCTBYIOIINE MOJIOCTU. B 11e10oM BeIACTIAI0TCA Clle-
JTYIOIINE TUTOTCHETUUECKHE TPYTIBI (CHU3Y BBEPX):

1. KapcToBbIe MpOBaIbHO-OMOI3HEBBIE OPEKYHH U TITbI-
OBl MaTEPUHCKUX METaMOP(QHUUECKUX MOPOA C THE3TAMHU
PBIXJIOTO MApTUTOBOTO Mareprana. MOIIHOCTh MPOBaJIbHO-
OTIOJI3HEBOTO 0OJIOMOYHO-TIIEIOOBOTO TOPU30HTA BapbHPY-
et ot 5 10 50 m. B paspesax npeodiaagaroT KPymHOTIIbI-
6oBbIC 00pa30BaHUsl, KOTOPHIE CI0KEHbI HEU3MEHEHHBIMH
(MM co CTabbIMH CICIaMU OKHCIICHHUS) MeTaMop(uiec-
KUMH 1opoaMu. KpymHbie 00JIOMKH UMEIOT pa3Mepbl OT
0,5 10 5,0 M. B 00pyIIICHHBIX U CIOJ3MINX TIIBIOAX KEC-
MUAJNTOB UM CIIAHLEB CIOUCTOCTH OPUEHTHUPOBAHA TIOJ
yriaoM 50°. B HEnMpoYHOM TOHKOJIHMCIIEPCHOM ILIEMEHTE
MPUCYTCTBYIOT IPUMECH MapTHUTA, JKEJIC3HOW CIIOAKU U
MapajuinTa. [locneaHuil BBINOIHSET MyCTOThI BhILIENA-
YUBAHMS U TPEUIMHBI B 00JOMKaX, pexe 00pa3yeT Mex-
OJsi0uHbIe THE3/1a MOIIHOCTHIO 10 3 MM. CocTaB pa3HOMHU-
HEepaJIbHBIN. Menkue 00JI0MKH MEeTaMOP(HUISCKUX TTOPOT
MPEAICTABICHBI MATEPUHCKUMU KPEMHSAMH, T€MaTUTOBBI-
MU ¥ MarHETUTOBBIMHU CPOCTKAMHU.

B oTmenpHBIX MHTEpBajax KepHa CKBa)KMH OOMIIBHO
MIPECTABICHBI BU3YAJIbHO BHIUMBIC XJIOPUTOBBIC TPOIYK-
ThI pa3MbiBa MeTamopduueckux nopoa. Ha nHe kapcro-
BOM BOPOHKH MapTUTOBBIN PBIXJIbIA MaTepua JOKaJIN30-
BaH MOJ] TNIbIOAMU (0 5 M) CJIaHIIEB MM TOHKOCJIOUCTHIX
JKeCTIMIIUTOB. TOHKOAMCIIEPCHBIN reMaTuT paccilauBaeTcst
KOCOCJIOMCTBIMH 00pa30BaHMsIMU U apTUILTATONOJ00HOM



JIEHTOYHOH CIIOMCTOCTBIO. B cocTaBe TOHKOIUCIIEPCHO-TE-
MaTHTOBBIX KPACHBIX ITPOCIIOEB C MPUMECHIO 0oJIee KpyTI-
HOW TeMaTHTOBOW (PpaKIIHH BCTPEUAIOTCS peakne 0000BH-
HBI TUAPOKCUIOB JK€JIe3a KEITONU OKPACKH.

2. IIpocagoIHO-0NOA3HEBON TOPHU3OHT — MECTPOIIBET-
HBI€ TIIMHUCTO (TOHKOANCIIEPCHO)-aJIEBPUTOBBIE U AJIEBPU-
TO-TJINHUCTBIE C MEOHEM KEJIE3UCTHIX POrOBUKOB HECIIO-
HCTBIE PA3HOT€HETUYECKHE TIOPOABI CO CIIEIaMHU CIIIIBIBOB,
I'PaBUTAI[IOHHOTO CKOJIBXEHHS (3€pKajia CKOJIBXEHUS) U
MIACTUYCCKUX JePOPMAIIHii, C MHOTOYHCICHHBIMHA 6000-
BUHAMH U OOJINTAMU T'HAPOKCHAOB XKeJe3a, C HOAUNHEH-
HOM POJIBIO TOHKOANCIIEPCHO-TEMATUT-MapTUTOBBIX JINH30-
BUJIHBIX TEJI ¥ MEJIIKOOOJIIOMOYHBIX OPEKIHI CIIAHIIEB.

ITpeobnanatommue B KEpHOBBIX pa3pesax xKeye3Has CIoJ-
Ka ¢ meOHeM MaTEepHHCKUX MOPOJ MPEACTABISAIOT COO0H
CHJIBHO TJIMHUCTBIC MJIOTHBIE HECTOMCTHIE MTOPOBI C KyC-
KOBAaTOW OTAEJIBHOCTBIO, CEPOMl, KUPIIUYHO- U BUIIHEBO-
KpacHOM, kEITOMN, po30BOii U spKo-3enéHoit okpacku. Co-
JepKaHne MEOHNCTHIX 00IIOMKOB CBETIIO-CEPhIX OKpEMHE-
JIBIX KBapIUTOB pazmepoM 2—5 cm cocrasisieT 10-30%. B
HeOobIIOM KoandecTBe 10 10% oTMeUeHbI OOJIUTHI U 00-
OOBUHBI THIPOKCH/IOB JKeJe3a pa3MepoM ot 15 mm. B Bepx-
HEl 4aCTH FOPU30HTA B LIEHTPAJIBHON YaCTH BOPOHKHU He-
PEAKO 3aJIeraroT JUH3bI KPYIHBIX BTOPUYHBIX OpeKumit
MOIITHOCTBIO 0 3 M.

310 pa3HOOOIIOMOYHBIC OPEKUNH BUITHEBO-KPACHON H
CBETIO-(DHONIETOBOM OKpacku, coaepsxkammue 10 20% med-
HHUCTBIX 00JIOMKOB MYYHHCTBIX ’KEITOBATO-0EIBIX Map-
aJUTUTH3UPOBAHHBIX MOpoA pa3mMepom 1—4 cm. Hepen-
KO BCTpedaroTcs KpymnHble 10 30 cM 00JIOMKH JKeJIe3Hc-
TBIX POTOBHKOB M peke ciaHieB. [Ipocioit medenyaTrIx
JKEJIE3HOCITIOKOBBIX MTOPOJ MOIIHOCTHIO OT 15 1m0 30 m
B OT/ICIBHBIX CIIydasiX COCTaBISET OCHOBHYIO MaccCy ro-
PHU30HTA.

3. B mpuKpOBENHHON 0CEBOW YACTH ICMIPECCHOHHOM TT0-
JIOCTH 3aJIeraeT KpyHasi IPOrHyTas JINH3a PBIXJIBIX Map-
THTOBBIX WIJIH JKEJIE3HOCIIOJKOBBIX Py MOIIHOCTBIO 10
40 M, TECTPOIBETHBIX KAOJUHUT-TOHKOIUCIIEPCHO-TEMa-
TUTOBBIX apTHJIINTOB ¢ OOYTJICHHBIMH PACTUTEIBHBIMU
ocTaTKaMHu. JTa JIMH3a CII0KeHa 03EPHO-O0JOTHRIMHU U
MIPOJTIOBUAIIBHO-03EPHBIMH OTI0KEHHSIMH B TIPOCAIOTHO-
OTI0JI3HEBOM 3aseranuu. O3&pHbIe (Gauu mpeacTaBICHBI
MPOCEBLIIMMH OTJIOKEHUSIMH TEMHO-CEPOH, pO30BOH, JIU-
JIOBOH, Oypoif, KOpUIHEBOH U 3€JIEHOBATOM OKPACOK C TO-
CTOSIHHOW HE3HAUUTEJIBbHOM IPUMECHIO IECUAHOI0 KBapIe-
BOTO Marepuraia. [ paHuIb! CIOEB pacIuIbIBYATHIC, C OOMITH-
€M HOBEpXHOCTEl cKoIbkeHHs. [IoCTOSHHBI BKIIOUEHUS
06000BHH THIPOKCH/IOB JKeJle3a.

DakTopbl (POPMUPOBAHMS 3aKAPCTOBAHHOI KOHTAK-
ToBo-maomaanoii KB. Ananns Bcell mMmeroeics reoso-
THYECKON M MUHEPAIOTHYECKON WH(POPMAITUH TTO3BOISACT
CJIeNIaTh BBIBOJ O TOM, UTO 0OOTaIIEHHE KETE3UCTHIX KBap-
LIMTOB B DK30TCHHBIX YCIOBHUAX U oOpa3oBanue BXKP 6pum
o0ycnoBnieHHI psiioM (paxTopoB. Cpean HUX BaKHEHIIH-
MH [5] BBIACNCHBI: TEKTOHUYECKHUH, MTETPOXUMHUYCCKUH,
KIMMAaTHYECKUHA U OMOTHUECKUH.

Texmonuueckuii pakrop, ASUCTBYsI Yepe3 pebed), onpe-
JIENTNJIT OCITa0JICHHBIE 30HBI 110 MATEPHHCKHUM ITOPOAAM IS
o0pazoBanus AmoBust. KOHTpacTHOCTH penbeda, B KOTOpOM
HKEJIe3UCThIE KBAPIUTHI BO3BBIIAINCH HAJl yYACTKAMU pa3-
BUTHSI TPAHUTOTHEICOB, CIIOCOOCTBOBAIA BEIHOCY PACTBO-
PUMBIX KOMIIOHEHTOB M3 OPOJ PO st BHIBETPUBAHUS.

Tempoxumuyeckuti GaxTop onpeneaéH BOCIPUUMIH-
BOCTBIO K BHIBETPHBAHHIO HCXOJHBIX TOPHBIX TTOPO/I, BbI-
HIEIINX Ha THEBHYIO MTOBEPXHOCTb.

Knumamuueckuti paxTop cBs3aH ¢ 0JIArOMPUSITHBIMU
YCIIOBUSIMU JUJISl PA3BUTHSI TOBEPXHOCTHBIX THIIEPTEHHBIX
MPOLIECCOB (BBICOKUE TEMITEPATypbl, OOMIIbHBIE aTMOChEp-
HbIe ocanku). Bo3meiicTBue armMocheps! (asparus UCXO/-
HOTO cybcTpara) mposiBICHO MPEUMYIIECTBEHHO Ha HaYallb-
HOM dTarie pa3BUTHsL, GOPMHUPYS OKUCIUTEIbHBIC YCIOBUS
U, KaK cliencTeue, oopasoBanue nareputHoii KB. MHoro-
KpaTHasi CMCHa YPOBHS M UHTCHCUBHOCTH ITPOMBIBHOTO pe-
KMMa OIIpeJIeNINIIa BEPTUKAIBHY IO 30HAIBHOCTh MPOQHIIS
KB. Temmneparypa BO MHOTOM OMpEAEIseT HUPKYIISIINIO
aTMOC(EpHBIX BOJI, KOTOPBIE BKYIE C MOA3EMHBIMH BOJIa-
MU (OPMUPYIOT MOPUCTOCTH BBIBETPHUBACMBIX TTOPO/I.

buomuueckuii hakTop BbI3BaH OOLIMPHBIM Pa3BUTHEM
pPacTUTENBHOCTH B paHHEM KapOOHE U B CBSI3M C TUM HH-
TeHCU(UKAIMel MPOLIECCOB THIIEPTEHHOT0 py1000pazoBa-
Hus. Iloatomy KB, nepexpriThie 1€BOHCKUMH HOpOJa-
MU, HMEIOT rOpa3/l0 MEHBIINE MOLTHOCTh U MPOPabOTaH-
HOCTb 3K30T€HHBIMH IIPOIIECCAMHU T10 CPABHEHUIO C PAHHE-
KaMEHHOYTOJIbHBIMU. Posb Onosorunveckoro ¢akropa B
dbopmupoBanuu KB ocyiectBisieTcss mpu BO3AeHCTBUU
XUMHYECKUX U (PU3UYECKUX IMpoleccoB arMocdepsl. [1o
MHOT'OYHCJICHHBIM JIaHHBIM T€OXUMHKOB MOHSTHO, YTO BbI-
BETPUBAHMUE MO/ BIUSHUEM OPraHUYECKOT0 BEIIEeCTBA yC-
JIOXKHSAETCS M YCKOPSAETCS, @ CAMU M3MEHEHHSI KacaloTCs He
KayecTBa, a KoJIMyecTBa 3a cuéT Temna aectpykiuu. ITo-
3TOMY HEOOXOMMO CTaBUTh AKIIEHT Ha COCTAB U CBOMCTBA
IVIaBHBIX areHTOB BHIBETPUBAHUS — arMoc(epy 1 ruapocde-
PY, KOTOpBIE KOPEHHBIM 00pa3oM TPaHCHOPMHUPOBAHBI Aesi-
TEIBHOCTBIO <OKMBOTO BelecTBay» miaaHeTsl (mo B.B.Bep-
HaJICKOMY) — pe3K0e YBEJIMYECHHE COACPKaHUS KUCIOpoaa
3a cu€T (HPOTOCHHTE3a, KOT/Ia <OKU3HB) BBIIILIA HA CYIY.

Ha munepanbubiii coctaB BXKP npu ux ganpHeiem
COXPAaHEHUH MOBIUAIN JUAr€HETHYECKUE U IMHUTCHETH-
Yyeckue mpoleccsl. Bee nmepedncieHHbIe MPoLeccs yepes
reOXMMHYECKYI0 MU PepeHInannuio MUHEPaIbHOTO Be-
IIECTBA, U30MOP(HBIX 3aMEUICHU I U KHCIOTHO-IIEII0YHO-
IO PaBHOBECHS NMPHUBEIN K €CTECTBEHHOMY MHHEpaJIbHO-
My OTOOpY ¥ €ro HEeKOTOPOH INCCUMMETPH3AIIHH.

Craauu o0pa3oBanusi KOHTaKTOBO-ILIoWAAHOKH KB.
Takum 00pazom, CTPYKTypHO-MOpdooruueckasi 0cooeH-
HOCTb, 3aKOHOMEPHOCTB MEPEX0/1a MEXKAY OPOJaMH, TOA-
4EPKUBAIOIIAS OPUCTOCTh U CIOUCTOCTH MAaTEPHUHCKUX
MOPOJI, OOLIHI TEOXUMHUYECKUH MTPO(HUITh, YKa3bIBAIOLIHH
Ha OKUCIIMTENIbHBIEC YCIIOBUS M BRIHOC KpeMHe3EMa 0e3 npu-
BHOCA HOBBIX XUMHUYECKHX JIEMEHTOB U X COCTUHEHUH, a
TaKk>ke BePTUKAJIBHYI0 30HAJIbHOCTh, OTPAXKAIOLTYI0 CMEHY
(danuanpHBIX YCIOBUH C HEKOTOPBIMH OCOOCHHOCTSIMH,
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MO3BOJISIFOT BBIJCIIUTh KAK MUHUMYM 4 3Tamna HopMupo-
Banus bXKP.

1. Ha HayasibHOM 3Tane BhIBETPUBAHUS (JJOJIATEPUTHBIH
9Tal BBIBETPUBAHUS — JIOJIEBOHCKOE BpeMsi) Ha CIIOKHOM
CHUCTEME CKJIAJIOK JKEJIC3UCTBIX KBAPLUUTOB U JIKCCITUIUTOB
HEOOJIBIION U CPeTHEH MOIITHOCTH C(HOPMUPOBAIIHCH TIPe-
HMYIIECTBEHHO KpacHOIBeTHbIe ManomoIniHsle BXXP, no
TpelIMHAM B MAarH€TUTOBLIX POrOBHKAaX — MApTUTOBLIC, a
Ha MEXPYJIHBIX CIaHLAX — FUAPOCITIONUCTO-KAOIMHHUTO-
BB IPOQHIIb BBIBETpUBaHMsL. 13-32 MHOTOKPATHBIX TEK-
TOHUYCCKHUX JleCprKLlI/lﬁ 1 BbIBETPUBAHUA B IKCCIIUJIN-
Tax MPOU30LLIA Ae3UHTErpalys MeTaMop(pHUUECKOro remMa-
THUTA J10 KEJIE3HOU CITFOJIKU U TOHKOIUCIIEPCHOTO TeMaThuTa
(menToremMaTHTa), a MO CHJIMKATaM CJIaHLEB 00pa3oBajcs
KaOJIMHUT.

B ycioBusIX NOHMKEHHOT'O COZIEP)KAHUsI KUCIOpO/a B
aTMoc(hepe OKHCICHHE MarHeTUTa ObIJI0 MaJIO3HAYUTEIb-
HBbIM. MapTl/ITl/I?)aLlI/Iﬂ CBsA3aHa NPCUMYHICCTBEHHO C BBIHO-
COM YacTH HMOHOB JByXxBajeHTHoro ene3a (H.A.Kopuu-
0B, 1968, 1970):

3Fe,0,(tB.)=4Fe,0,(rB.)+Fe*" (B BoaH. pacTB.)+2e, MpH
Eh=-0,032+0,02951g [Fe*" ] (P.M.T'apperc, 1962).

910 NOATBEPKAACTCA HAJIMYUCM IMOPUCTOCTHU B MarHe-
TUTOBBIX KBapuuTax, 3aTPOHYTHIX IMpoHeccaMu MapTHu-
THU3alu, B CaMbIX HUXKHHUX YaCTAX HpO(bI/IJ'UI BbIBETpHBa-
Hus. OKUCIIeHHe MarHeTUTa KOHTPOJIMPOBAJIOCH KOHIICH-
Tpauuei yriaekuciaoTsl, 00pa3oBbIBaBILEHCs B pe3yJsibraTe
pasiioKeHus1 KapOOHATOB, KOTOPBIE B Pa3HbIX KOJIMUECTBAX
HaxXo[sATCA B HCOKHCJICHHBIX KCJIC3UCTBIX KBapuuTax.

PacTBOpeHune kapOOHATOB IIPH HUYTOXKHOM COJEpIKa-
HUHU KHCJIOPO/ia COMPOBOXK1AJI0CH 00pa30BaHUEM JICTITO-
rematura (spko-kpacusix bXKP) (H.A.Kopuunos, 1970):
2FeCO,+2H,0(kuak.)+0,50(ra3)—Fe O, +2H,CO,(Boan.),
npu IgPO,=41g[H,CO,]-58,06.

Te »xe mpoueccsl HabIOAAIOTCS B padoTax HCCIeI0-
Bareseit BXKP Kpusbacca (B.C.®denopuenko, 1955, 1956;
I'I"bypa, 1957 u ap.).

2. Jlaunble najeoianama@THOrO aHaIk3a BU3CHCKOTO
BEKa MO3BOJISIFOT CYJIUTh O CIIXOBCKO-O0OPHUKOBCKOM Bpe-
MEHHU KaK 00 OCHOBHOM B CTaJ{H JAaTCPU3AIHNH (IOMO3/-
HeBH3elcKas cTajusl), HaJoKeHHOo Ha 6osee qpesHue KB
[10]. B paHHeM Bu3e 30Ha TYMHIHOI'O KiuMarta (DUKCH-
pyeTCs BBITAHYTOU I0J0COH uepe3 BopoHexckuil cBoj U
Juenposcko-JloHeKuil POorud ¢ MUPOKUM PacpocTpa-
HEHHMEM YIJICHOCHBIX (hOpMaluii Ha BOCTOKE U B LIEHTpE
Pycckoii muiaTopmsl.

B npoduiisix BeIBeTpUBaHHMS € IJTyOOKUMH FOPH30HTA-
MU I10 0Cﬂa6ﬂeHHbIM IIPOHUIIACMBIM 30HaM 110 MarHeTUTy
00pa30BbIBAJICS IPEUMYIIIECTBEHHO MAPTHUT, a 110 F'eMaTH-
Ty — KeJIe3Has CIltojika. Peakiuy OKHCIeHUs B 3aBUCHMO-
ctu ot Eh u pH cnenyromue (P.M.I'appeic, 1960):

2FeSO4 Kpuc'r.+0’502 raz.:3FeOS kpuct.’

HZOmu;u(.zzH B BUL\H.p‘dCl'B.+0’502 1'as.+2e
2F6204 A;pucn.+HZO»<u;xK,:3FeZO3vaxc1;+2H B BO/IH.pac rn.+2e
CJICA0BATCIIbHO,

3AF; )05 +2AF, —2AF, Fe; 0, —AF; Hp:AF°

peakuun

(3x—177,1)+(2%0)~(2x242,4)~(~56,69)=+10,2 KKal.

. 4102 0,059, _ [Fe,0.JHT
E= 2x23.06 =0,221v; Eh=0,221+ ~5"log [Fe.0.] TH.O]’
Eh=0,221+>2 log[H T

Eh=0,221-0,059pH.

OTOT pacu€T Mo NPeII0KEHHON peakluy MOKa3bIBaET,
YTO MUHUMAJIBHBII OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIN
MOTEHITHAJ JIJIS TIPOLIECCa OKUCICHUS JKEJIC3UCTHIX MUHE-
panoB MeHsbuie, yeM 0,221v, 1 yMeHbIIAETCS C MOBBIIIE-
Huem pH. IlosToMy Ha riryOMHE MOTJIO HMPOUCXOIUTH
OKHUCJIEHUE MarHeTUTAa MPH ITUX YCIOBUAX CO 3HAYECHHEM
Eh=—0,232v u naxxe MEHBbIIIE.

3. JlmareHeTHueckuil aTan (cperHeBU3EHCKNH, TTOCe-
60OpPMKOBCKHI) XapaKTEpH3yeTCsI CMEHOH TEKTOHNYECKO-
ro pexxuma, 3akijrouaronieiica B norpyxenun bXKP, pas-
BUTBIX 10 KEJIE3UCTHIM KBAPLUTAM U JUKECIIUIINTAM, CO3/a-
HUU THIPOMOP(HBIX YCIIOBUH M Ha4aJIa IHareHeTHIECKUX
npeoOpa3oBaHnil JATEPUTHOTO TIOKPOBA, BEIPAKEHHBIX B
OepThepHHN3AINY, IAMO3UTH3ALNH M CHICPUTU3AINN X
B 30HE IIEMEHTAIINH TIEPEJI TIEPEKphITHEM e ocaakamiu. c-
CIEJOBaHUS OTJIOKEHHUH TYJIBCKOIO BPEMEHU MO3BOJISIIOT
CUHTATh €ro pyOeKOM MEX Ty JIaTepUTH3AINEH U THarcHe-
THYECKUM IpeoOpa3oBaHUEM MPOAYKTOB BHIBETPHBAHHS
MeTamop¢uueckoro komrurekca KMA [11].

WnaukaTopHBIMA MUHEpPATaMHy, IOMUMO COXPaHHUBIIHX-
Cs1 OT BTOPOT'O 3TAna, BIAI0TCS 0epThepuH-1M, mamosur,
a TaK)K€ CHUACPUT MEPBOM MeHEpalllH, Pa3BUTHIE B BEPX-
HUX YacTsax npoduieil. bepreepun-1M sBisiercst npeoo-
JaJAOIIM MHHEPAJIOM CPeau CIOUCTBIX CUIHKAaTOB. OH
Mor obpa3oBarbest 3a CUéT Tuponn3a u cMeHbl pH-ycio-
BUH NPH MHPHUIBTPALIUH IETOYHBIX PACTBOPOB U3 BhIIIE-
dopmupyromuxcst ocakos [14]:

Al Si,0,(OH),+2FeCO,—Fe Al Si,0,(OH),SiO,+2CO,.
Ota peakuys HOATBEPKIAETCS B IKCIIEPUMEHTAIBHBIX Pa-
6orax [16, 17]. I[Ipu rmyObuHHOM MeTacoMmaTo3e JajJbHEH-
11ee yBEJINYCHHUE TEMIIEPaTyPhl TPUBOIUT K TPeodpa3oBa-
HUIO KAOJIMHUTA B IamMo3uT [13].

B 00pazoBannu cuaepruTOB HA CTa U1 AUAreHe3a IPHUHU-
MaJla yuyacTHe YTJIEKHCIIOTa MopcKoro bacceitna [12]. OTta
peakuus Morja npoTekaTs B ABe ctaauu [9]:

2Fe*'+1,50,+3H,0—2Fe(OH),,

a zarem 4Fe(OH),+C+3C0O,—4FeCO,+6H,0.

4. Drtan sriurenes3a 1 GOPMUPOBAHUSI COBPEMEHHOTO 00-
nuka BXKP cBsizaH ¢ 00pa3oBaHMeM F0ro-3anaHOro CKJIOHA
naneo3oickoil Boponexckoi antexnussl. [locne Busei-
ckoro BpeMmeHu Bes Tepputopus KMA nperepnena norpy-
JkeHne. B mozgHeM kapOoHe, mepmu, Tprace, paHHel 1ope
paccMmarpuBaeMas TEpPUTOPUS TEKTOHMYECKHMH IPOLEC-
cam¥ ObllIa TPUTIOAHSATA, 3 KAMEHHOYTOJIbHBIC OTIOKCHHUS
pa3MBIBAJINCh, 0COOCHHO Ha ceBepe benroposckoro paiio-
Ha, BIUIOTH JI0 KpUCTAININYecKoro pyHaamMeHTa. Haumnas
CO CpeHel I0pbI U BIUIOTH JI0 HEOreHa TEPPUTOPHs Obla
MOTpy’KeHa IO/ MOPCKUM OacceifHOM, TpaHCTpeccupy-
omwuM u3 JInenposcko-/lonenkoit Bnaauuel. B Heorene
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Puc. 5. luarpamma BeLL,eCTBEHHOro COCTaBa pa3pe3a KOHTAKTOBO-MN/IOWAAHON YacTu 3anexu BXKP BonbleTpouuKoro mectopo-

KAeHUA:

MWHEepanbHbIM cocTas: MMT — rematut, MrT — marHeTuT, [T — rétut, Keu, — kBapu, BpH — 6epTbepuH, CAT — cnaepwT; 3oHbl npoduns: 1 —
Haya/IbHOro OKUCNEHUA (MAaPTUTU3UPOBAHHbIE XKeNe3nCTble KBAapLUTbI), 2 — BblLLea4MBaHUA (NOPUCTbIE MapTUTOBbIE pyabl), 3 —BbIBET-
pvBaHUA (TOHKOAMCNEPHO-TEMATUT-TETUTOBbIE pyabl), 4 — 6epTbepnHU3aL MK (30Ha AnareHesa), 5 — cuaepuTnsaLmm (3o0Ha anureHesa)

pernon KMA BHOBB cTan cymeil. Bcé 3To BpeMst npopaon-
*Kayach TpaHc(opManus MUHEPAJIbHOTO U XMMHUYECKOTO
COCTaBOB pyI, cinaratomux KB ux cTpykTypHO-TEKCTY -
HOTO 00JHKa.

Oo6mmpHoe 3arorieHune xxenezopyanoit KB oopazosaio
OKHMCHO-KapOOHATHBII TeOXUMUYECKN Oapbep B BEpXHEH
YacTH NPOQUIIs, TAe NPOUCXOJMIO YaCTUYHOE Tpeodpa-
30BaHME TeMaTHTa B MarHeTUT (MymkeToBuT). OOpa3osa-
HUE TUIEPreHHOr0 MarHeTUTa, MO-BUAMMOMY, IIPOUCXO-
JIJIO M3 TTOBEPXHOCTHBIX PACTBOPOB B YCIOBHUSIX HU3KHUX
TEMIepaTyp ¥ JaBJICHUS B CIA0OKHCION W BOCCTAHOBHU-
TEJILHOHM BOJHOM Cpezie PH B3aMMOJCHCTBHH CYITb(PATHBIX

1 OMKapOOHATHBIX COSIMHEHHH JKeJIe3a C CePOBOIOPOTOM
1 YTIICKUCIIBIM Ta30M:

Fe,(SO,),*H, S+Fe(HCO,),+4H,0—FeOxFe,0,+4H,SO,+
+2H,CO,.

B urore BXKP nproOpenu HOBBIE TEKCTYPHI (32 CUET CH-
JIEPUTH3ALIMN), B TOM YHCIIC TIOJIOCYATHIC U Ay THHOOOpas3-
HBbIe 3a cuéT 6epThepuHu3anuu [15]. ITo Tpemmuam u cko-
JIaM TTPOMCXOAMIIN CyNb(GUIN3anns U KaIbuTH3anus. bep-
THEPHH 3aHSJI TIIABEHCTBYIOUIYIO POJIb CPEIN CHITMKATOB.
Pynbl B 3aBUCHMOCTH OT CIIAraloinX UX MHUHEPAJIOB TIPH-
o0penn pa3nuyHyIo INIOTHOCTD B Pe3ylibTaTe HepaBHOMEp-
HOM IEMEHTAIMH B BEPXHHUX YACTIX IPOPUIICH.
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Puc. 6. feonoro-reHeTMuecKas cxema GOPMMUPOBAHUA OCTaTOMHOrO NPoduAsA BbiBETPUBAHUA BONbLIETPOULKOrO »Kee30pyAHOro

mecTopoXxaeHua

Pe3ynbraThl U3 BBIIENPUBEAEHHOTO UCTOPUKO-TE€HE-
TUYECKOr0 aHAIU3a MO3BOMISIOT COCTAaBUTh F€0JIOrO-TreHe-
TUUYECKYIO CXEMY JIJIsl YHUBEPCAJIBbHOIO IOHUMaHUs MeXa-
HH3MOB T'€0JIOTHYECKHUX MporeccoB hopmupoBanus BXXP.
MonenbHbIME 00BbEKTaMU BBIOPAHBI IMTOJIOTHYECKNE ¥ MU~
HepassHble ipusHaku BXP (puc. 6), oTHOCsIIMECS K oTIpe-
JENEHHBIM CTPYKTYPaM MaTEpPUHCKUX MOPOJ, YAOBIETBO-
psitomre GONBIIMHCTBY TPeOOBAHUIT IPU PEIICHNN T'eHe-
THYECKOH 3a7jau M 00ecreunBarolie OOIBIIYIO CIOCO0-
HOCTb JaJbHEHIIEro aHaIn3a.

Ilo u3noxxeHHBIM MaTEpraIaM MOXKHO CAENATH CIETYI0-
mue BeIBOBL. [pu popmMupoBaHNM KOHTAKTOBO-TUIONIA -
Hoi KB 110 >kene3ucTsIM KBapuuTaM U Jxkecnunntam bomis-

HIETPOULIKOTO MECTOPOKACHUS IPOUCXOANIN HAKOMICHHUE
JKelle3a M BBIHOC KpeMmHeséMma. Ipeobnanaommumu MuHe-
panamu B KB ABIAIOTCS €ro OKCUIbI U THPOKCUBL, CUTE-
puUT 1 OEPTHEPHH B pa3IUYHbIX coueTaHusx. [locnemnyto-
1Y€ HaJIOKEHHbIE MPOLECCHl MPUBEIU K YaCTHUYHOM Lie-
MEHTalUH U Pa3yOOoKMBAHHIO Py, TIOHWKCHUIO B HUX CO-
nepxanni Fe,O,, ysennaennto koruenTpamuii FeO u Si0,.

MecTopoxkaeHnEM MapTUTOBAS 3aJIEKb CTalla HA CTaIuu
JIATEPUTU3ALMH, KOTJa IPOU30IIET MAKCUMAIIBHBINA BBIHOC
HEepYIHBIX MHHEPAJIOB M3 KBapIIUTOB, B 0COOCHHOCTH KBap-
na. CyOBepTHKAIBHBIE CIION JKECITHIINTOB PA3PhIXJIMIINCh
3a CuéT JE3MHTErpally reMaTUTa 0 XKEJIE3HOU CIIOAKH.
OOmupHOEe KapCTOBaHKUE TO3BOJIMIIO 3aKOHCEPBUPOBATH



00J1b1I0I 00BEM OOTaThIX JKEJIE3HBIX PY/ U COXPAHUTH Ha
MOCJIEAYIOLIMX dTalax pa3MbIBa.
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