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PaGora mocBsilieHa U3yYeHUIO PYIHBIX MUHEPAJIOB MOBEPXHOCTHOTO TOPU30HTA PYHOHOCHBIX OCAIKOB
ruaporepmasibHoro ysia [To6ena. Micrnosib30BaHbI CIIEAYIONIE METOAbI: ONITUYECKAsT MUKPOCKOITHUS, CKAaHU -
pyiollasi 3JIeKTPOHHAsE MUKPOCKOITMSI U PEHTIEHOCIIEKTPaIbHbIIE MUKPOAHAINU3. YCTAHOBIIEHO, YTO Py -
Hble MUHEepaJbl IPeACcTaBIeHbl 00JJOMKaMU CYIbMUIOB MEIU U XKeje3a (M30Ky0aHUTOM, XaIbKOIUPUTOM,
MMUPUTOM ), HOBOOOpA30BaHHBIMU TMAPOKCUAAMM Kejle3a U aTakaMuToM. KpoMe Toro, mpucyTcTByeT 6a-
pyT U 31adOreHHBI MaTeprall B BUAe 00JJOMKOB OTaJIbKOBAaHHBIX TTOPO, MHOTAA C BKIIOUCHUSIMU CYJIb-
¢unoB. BolaeneHbl CTPYKTYPHO-MOP(MOIOTMYECKIE TUIIBI TUAPOKCUIOB Xene3a. Ha ocHoBaHuu ruapodu-
3UUYECKUX JaHHBIX YTOUYHEHO PACIIOJIOKEHHUE TPEANoIaraeMoro akTHBHOTO T'MIpOTepMaIbHOIO UCTOYHUKA
B paitoHe pynmonposiieHus [To6ena-3. OnucaH xapakTep pacnpeneacHus N3yYeHHbIX MUHEPAJIOB B 3aBU-
CUMOCTHU OT PACIIOJIOKEHUSI OTHOCUTEIbHO aKTMBHBIX TMIPOTEPMAaJbHbIX MCTOYHUKOB. [Ipu ynaieHuu
OT UCTOYHUKOB OTMEUYEHO YMEHbIIIEHNE pa3MePOB 1 KOJIUUECTBA 0OJIOMKOB I'MAPOTEPMATIbHBIX MUHEPAJIOB
¥ 31aOreHHOTO MaTepuaa, U yCujieHre CTeneHr 3aMelleHUs CyabGUIOB rTUIApOKCUaaMu Xee3a. Takke
IIpU yIaJIeHUM OT UCTOYHMKA HabJtonaeTcst yMeHbleHue oTHoueHust Cu/Fe B XMUMUUYECKOM COCTaBe CyJib-
bugoB Menu U xkeje3a. B moBepXHOCTHOM rOpU30HTE KOJOHKM CT. 371.245g, ycTaHOBJIeHA HEe UACHTU(DU -
nupoBaHHas dasza coctaBa Cus s7_425F€] 71-21954.99_5.3] C BKIIOUEHUSIMU JIaMeJIeil XaJIbKOIIUPUTA.

Karoueswie crosa: CpennHHO-ATIAaHTUUECKUN XpeOeT, TMapoTepMalibHbI y3en [Tobena, kapOoHaTHbBIE Me-
TaJJIOHOCHBIE I PYIOHOCHBIE TOHHBIE 0CaIK1, MUHEPAJIbHBIN COCTaB, CYAbGUIbI MEIU U XeJle3a, TUIPOK-

CHIBI 2KEJIe3a.

DOI: 10.31857/50024497X23700179, EDN: TMMFHF

PaboTa nocssieHa M3y4eHUI0 MUHEPAJTBHOTO CO-
CcTaBa MOBEPXHOCTHOTO TOPU30HTA METAJUIOHOCHBIX
U PYJOHOCHBIX OCaJKOB THMIPOTEPMAJIbHOIO Yy37a
ITobena, u xapaktepa pacnpeneacHUsI B HEM PYIHBIX
MUHEPAIOB B 3aBUCUMOCTH OT PACIOJIOXKEHUS OTHO-
CUTEJIbHO aKTUBHBIX TMAPOTEPMATbHBIX MCTOUHUKOB.
B 30Hax akTUBHOIT COBpeMEHHOI TUAPOTEPMATbHOMI
JIeSITeIbHOCTH Haxonmgarcst ctaHuuu 371.244g, 371.245¢g
(mone Ilo6ena-2) m ct. 37L075k (mmone IlobGema-1).
B HekoTOpOM ynajeHUM OT aKTUBHOTO MCTOYHMKA
nojist ITo6ema-1 (1.5 KM) pacIioIoOXeHBl CTaHIIAU
371L.246g n 37L184k (pymomposiBienue I[loGena-3).
Cranuug 371215k Haxomutces B 69 KM K ceBepy OT
rugporepmaibHoro yana [lobena, 3a mpenensamMu 30-
HbI TUIPOTEPMAILHOI aKTUBHOCTH.

CorocTaBjieHe BO3pacTa OCagKoB, OIpeaelieH-
HOTO paguoymIepoOmaHbIM MeTonoM [bua, 2017; buu,

338

ITetpos, 2018], u aTanoB ruapoTepMaIbHON aKTUB-
Hoctu [['abmmHa u np., 2018; Kuznetsov et al., 2020]
CBUJIETEJILCTBYET O COBNAJ€HUN BpeMeHU (hOPMUPO-
BaHMsI TIOBEPXHOCTHOTO TOPU30HTA C TO3JHUM 3Ta-
IMOM T'UAPOTEPMAaJIbHOM JeSITeIbHOCTH, MMPOAOJIKAIO-
miefics mo Hacrogiiero BpeMeHu. CrenoBaTesnbHO,
B €r0 COCTaB€ MOTYT MPUCYTCTBOBAaTh MUHEPATbHBIC
YacTUIIbl, BHITIABIINE U3 TUAPOTEPMATBHOTO TLTIOMA.

MeTallIOHOCHBIE OCaaKM, pa3BUThIC B 30HAX CO-
BpPEMEHHOI TUAPOTEpPMaIbHOIT aKTUBHOCTHU CPEITH-
HO-OKE€aHNYECKMX XpEeOTOB, OMMCAaHbl B MHOTOUMC-
JIEHHBIX paboTaX OTeYECTBEHHBIX U 3apYOCKHbBIX HUC-
caenoBaTenieii [MeTalmoHOCHBIE Oocaiku ..., 1976;
Jlucunpia, 1978; Metz et al., 1988; JlucuupiH u ap.,
1990; Mottl, McConachy, 1990; IunpoTrepMaibHEIE ...,
1992; Feely et al., 1992; I'opaeeB u np., 1993; German
et al., 1993; Mills, Elderfield, 1993; Rudnitsky, Elder-
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field, 1993; I'ypuu, 1998; Dias, Barriga, 2006; Gur-
vich, 2006; Pycakos, 2007, 2009 u ap.]. OcHOBHOE
BHMMAaHUE B HUX YIEJICHO OcagKaM, C(popMUPOBaHHBIM
MPUA BBITTAACHUN PYOHBIX KOMIIOHEHTOB W3 TLTIOMA
WIN IPU pa3pylIeHUM TUAPOTEPMaIbHbBIX CYIbMuUI-
HEBIX TTocTpoeK. Oba 3Tu TUIla Mo BCeMy pa3pe3y Me-
TaJJTOHOCHBIX OCaIKOB paccMOTpeHHI B padoTte [ Kuk-
sa et al., 2021] Ha mpuMepe TUIAPOTEPMAIILHOTO y3J1a
ITob6ena. IToBEepXHOCTHBI TOPU3OHT B HEU WU3Yy4YeH
o KoJOHKaM ocankoB craHumuit 37L075k (mome
IMoGena-1), 371.244g (mone IloGema-2) u 371.246g
(pynoniposiBieHue [lobena-3). Hamm uccnenoBaHust
BHOCST JIOIIOJTHUTE/IbHBIE JaHHBIE IO MUHEPATbHOMY
COCTaBy IMOBEPXHOCTHOIO TOPU30OHTA OCAIKOB 3TOIO
00BEKTa 1 XapaKTepy ero MU3MeHEHUS TP yIaJIcHUN
OT TUAPOTEPMaJIbHBIX UICTOYHUKOB.

XAPAKTEPUCTUKA PAMOHA PABOT

Pynnerit y3en [Tobema 01 OTKPHIT B peiice Ne 37
MpU MMPOBEACHUM 3aBEPOUYHBIX pabOT aHOMAaJIUil Mo-
TeHIMana ecrecTBeHHoro nojs (EIT), 3acbukcupo-
BaHHBIX B 0;10Kax 37 n 39 Poccuiickoro pa3BegodyHoO-
ro paiioHa, BblaeeHHOro Poccuu ¢ 1iebio pa3Beaku
¥ JajibHelIIeit aKcITyaTauuy MexXayHapOIHBIM Op-
raHoM 1o Mopckomy 1Hy ipy OOH B ceBepHOIf Ipn-
SKBaTOpUAJbHON 30He (Mexay 13° m 20°50 c.mn.)
CpenuHHo-ATnaHTUYeckoro xpeota (CAX). Peiic Ne 37
npoBoamiica @PI'YHIIII “IToasgpHast MopcKasi reo-
Joro-pa3BenouyHas skcreguiusa’ B 2014—2015 rr.
[benbreneB u mp., 2016]. [moporepMalbHEBIN y3em
IToGenma pacmosoxeH Ha BOCTOUYHOM OOpTY pUPTO-
BOM JOJIMHBI, HA KPYTOM CKJIOHE TOPHOTO MacCHBa, B
uHTepBasie youH 1950—3100 M. PynHblit y3en npu-
YpOUeH K Trab0po-HepuIOTUTOBOMY KOMILIEKCY U
BKJIIOYAeT B ce0sl TMAPOTepPMalibHbIe PYIHBIC II0JIS
ITo6ena-1, IMobema-2 u pynonpossieHue Ilobena-3
(puc. 1). YyactBylomiue B CTPOSHUHM y3JIa OCAIKH
MpeACTaBJIEHbI TOJIOLIEH-BEPXHENIEHCTOLIEHOBBIMU
KapOOHAaTHBIMU  KOKKOJUT-(HOpaMUHUDEPOBBIMU
WIaMM, MHOTIA C BKIIOYEHUSIMHU PAKOBUH NTEPOIIOT
¥ 37apOoreHHOro MaTepuaa.

IMone IloGema-1 pacmonoxeHO Ha TIIyOWHE OT
1950 mo 2300 M 1 cocTouT U3 3 PyOHBIX T, IPEI-
CTaBJISTIOIIUX CO0O0I X0aMBbI BbIcOTOM 10 10 (?) M, He-
peIKo ¢ TpyOHbIMU KOMILJIEKCAMU Ha BeplLIMHAX U
TMIJIUTOOOPa3HBIM 1IIOKOJIEM, ITOKPBITHIM OaKTepHaITh-
HbIMU MaTaMu. BOKpyr MocTpoeK pa3BUTHI PhIXJIble
OTJIOXeHUS (PYAOHOCHBIE OCallKM, PBIXJIble U OpeK-
YUPOBAHHbIE PY/bl), IPOHU3AHHBIE MHOTOUYMCIIEH-
HbIMU KaHajlaMu Aud@y3HBIX TOTOKOB [benbreHen
u ap., 2016; F'a6nuua u ap., 2018]. Hapsoy ¢ penuk-
TOBBIMM MOCTPOKaMU, B Mpeaesax pPyAHOTO MOJs
BBISIBJICHBI IPU3HAKU COBPEMEHHOI TMIPOTEpMaTbHOI
aKTUBHOCTH. 1o faHHBIM TUAPODU3NIECKUX UCCTIe-
JIOBaHUH B BEPTUKAJIbHOM paclpeaeIeHU MyTHOCTH
Ha ctaniuu 371198z (pynHoe Tesno II) mpocnexuBa-
IOTCSI YePThl TMIPOTEPMATBLHOTO IUTIOMA: TTOBBIILIEHHbIE
3HayeHus myTtHoctu 0.035—0.038 FTU B 60-MeTpo-
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BOM cioe, TpurtogHsiToM Ha 200 M oT 1HaA, ¢ MaKCH-
mymoM 0.047 FTU Ha ropuzonte 1994 m. Ilpu BbI-
IMOJTHEHUY PACIIOJIOXKEHHOM PSIIOM CTAaHIUU TeJle-
rpeiidepa 37L.196g, BU3yanbHO HAOIIOAANNCH KITYObI
IbIMa, YTO CBUAETEJILCTBYET O HAJIUYUM TUAPOTEP-
MaJIbHOM aKTUBHOCTU B 3TOM paiioHe.

Cranumsa 371075k (17°08.562” c.1u., 46°23.359 3.11.,
rnyouHa 2208 M) pacriojiokeHa B IIpenesax IoJs
ITo6ena-1, oxHee pygHoro Teia 11, okono 300 M oT
ct. 37L196g, 371198z, rme 3acdukcupoBaHa COBpe-
MEHHasl TMApoTepMalibHasl AeSTeNbHOCTh [beybTe-
HeB U 1p., 2016].

IMome Ilobema-2 HaXOOWTCSI Ha PaCCTOSTHUU
0KOJIO 4 KM K 1oro-3amnany ot 1nois ITodenga-1 Ha nry-
ouHe 2800—3100 M, KOHTYpBI €rO0 HE YCTAHOBJICHBI.
3a LIeHTp PYIHOTO IO IIPUHUMAIOTCS KOOPAWUHATHI —
17°07.45’ c.u1., 46°24.5" 3.1. ITo JaHHBIM COHOIPpaMM
npodumirorpadpa 'O “MAK-1M” MOIIHOCTh OCaj-
KOB Ha TIOJIOTUX CKJIOHAX M BO BITaJIWHaX B paifoHe
pyaHoro 1ioias gocturaet 4—4.5 M. Ha runpodusnye-
ckoii ctanuuu 371,199z B ipuaoHHEBIX BogaxX (hMKCH-
pyetcs 125-MeTpoBOif CJIOM, C TTOBBIIIEHHLIMA 3Ha-
yeHusmu mytHoctH 0.036—0.040 FTU, ¢ makcumy-
moM 0.050 FTU nHa ropmu3onte 2741 B 200 M ot mHa,
YTO MOXET CBUIETEIBCTBOBATh O CYIIECTBOBAHUU B
Ipeesax mojs COBpeMEHHON T’MIPOTEPMAIbHOM aK-
TuBHOCTH [benbrenes u np., 2016]. Ocagku pyaHOro
noist I[Todena-2 ormpoOoBaHBI CTAHIIMSIMU TEJICBU3H -
oHHoro rpeiipepa (TBTI): 37L.244g (17°07.371 c.uu.,
46°24.706’ 3.11., wiyomHa 2995 M), 371.245g (17°07.602” c.1u.,
46°24.842" 3.11., tmy6uHa 3106 M) BGIM3U THAPODU3N-
yeckoil craHuuu 371199z (cMm. puc. 1). Ha obGeux
CTaHIUSIX BCKPBITHI METAJIZIOHOCHBIE, PYIOHOCHBIE U
PYIHBIE OCAIKMN.

Pynonposasnenue I1obena-3 pacnojioxkeHO B UH-
tepBaje nryouH 2500—2700 M. 3a LIeHTp pyAOIIPOsIB-

JIEHUS TIPUHUMAIOTCA KoopauHatel — 17°08.3 c.uu.,
46°24.2" 3.0. Ha Bcex cranuumax KIT (kopoGuatkiii
mpo0o0oTO0pHUK) U cTaHIMKU TBI MOmHSITHI pynoco-
Jepxaniue KOKKoIUT-(hopaMuHubEpPOBbIE U TITEPO-
MOJOBBIE OCAJKM KOPUYHEBOTO U KOpPUYHEBATO-0¢-
JKEeBOTO 1IBETa, MPOMUTAHHbIE TUAPOKCUAAMU XKeJle-
3a, C BKJIIOUEHUSIMU 3€pEH MUpUTa, OapuTa, MHOTIA
Fe—Mn KopoK, TOHKMX MPOCJIOEB PYAHBIX OCaIKOB.
B pa6ore [Kuksa et al., 2021] BrICKa3aHO HPEIIIOI0-
XeHWe, YTO M B paiioHe pynonposiBieHud [1obena-3,
BOIM3MU cT. 3712462 MOT HAXOOUTHLCS TUAPOTEPMATTb-
HbI UCTOYHUK.

Hamun n3ydeH MOBEpXHOCTHBIN CIIO KOJIOHOK CO
cranuuii 37L.246g (17°08.393" c.ui., 46°24.090" 3.1.,
myouHa 2556 M), u 37L184k (17°08.418" c.ui.,
46°24.068’ 3.11., mry6uHa 2544 m) (cMm. puc. 1, [benb-
TeHeB u 1ap., 2016]).

Donopag cranuma 371215k (17°44.899" c.uu.,
46°24.428" 3.1., miyobuHa 3535 M) pacrnosiokeHa B
69 kM ceBepHee ruaporepMaiabHoro ysia Ilobega B
PoccuiickoM pa3BemodyHoM OJoKe 33, Ha 3aItagHOM
CKJIOHE TOpHI 17°45” ¢.111. Ha miyouHe 3535 M [benbre-
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Puc. 1. Cxema ruaporepmaibHoro ysia [To6ena (o marepuanam [benbrenes u ap., 2016] ¢ nodaBieHUsIMI).

1 — KOoKKOIUT-(hopaMUHUGDEPOBBIE Wb, 2 — MarMaTU4eCKue MOpPOoabl, YACTUMHO MOKPBIThIe KAPOOHATHBIMU OCaIKaMMU;
3 — MeTaJUTOHOCHBIC 0CanKu; 4 — pyIaHbIE TeJla U UX HOMepa; 5 — TUAPOTEPMAIbHO U3MEHEHHBIC TIOPOIbI; 6 — TUAPOTEP-
MaJIbHbIe UICTOUHUKHU (@ — HE aKTUBHBIE, 6 — aKTUBHbIC, 6 — MpelrnoyiaraeMbie); 7 — reoJIOrM4eckue TpaHuLlbl IO JaHHBIM
TesenpodUINPOBaHUS; 8§ — TPAHUIIBI PyIHOTO ToJs; 9 — n306atsr; 10—12 — ctanumu ot6opa mpobd 1 nx Homepa: 10 — ko-
po6uaThlii mpobooT6opHUK (k); 11 — Tenmerpeitdep (g), 12 — ruapoduzmdeckuii 3011 (z).

HeB U Ap., 2016]. Ocagku MolrHOCTHIO 110 ¢M TTOgHSI-
ThI KOPOOYATHIM ITPOOOOTOOPHMKOM B HEHAPYIIICH-
HOM cocTosiHUM. OHU TpecTaB/IeHbl ONHOPOIHBIMU
KOKKOJUT-(PopaMUHU(EPOBBIMU WJIaMU OEKEeBOTO
Y KOpUYHEBaTO-0€eXXeBOTO 1IBETa ajeBPOIEIUTOBOM
cTpyKTyphl (0.1 MM) ¢ mpUMechIO MecyaHoii hpak-
muun (0.1-2 mm). IlecuaHasi ¢ppakuus COCTOUT U3
KaJIbLIMTOBBIX PAKOBUH TIAHKTOHHBIX 1 OEHTOCHBIX
dopamuHudep Xopolleil COXpaHHOCTU M JeTpUTa
MTEPOIIO, ajeBpOIeIMTOBasI MpeaCcTaBleHa KOKKO-
JINTAaMW W DIMHUCTBIMU MUHepasiamu [[abmvHa u np.,
2021].

JIUTOJIOIA U NOJIE3HBIE NCKOITAEMBIE

BospacTt ocagkoB rugpoTtepManbHOTo y3ia [ToGe-
I1a, onpeae/ieHHBI paguoyIjIepOIHBEIM METOIOM, a-
tupyetcs B npenenax 31829—5030 yet (rmose IMobe-
nma-1, ct. 37L075k) u 29550—10325 net (pynonposiB-
nenune Ilo6ema-3, cr. 37L.246g) [buu, 2017; buu,
ITetpos, 2018]. @opMupoBaHUEe OCAIOYHOI KOJOH-
ku 37L244g pynHoro nossi Ilobena-2 oxBaTbiBaeT
BO3PAacTHOI MHTEpBAN OT ~76 T.JL.H. 10 ~19.5 T.JL.H.
[benbrenes u np., 2016]. Ilo KOMITIEKCY KOKKOJIM-
TOB, U3y4YEHHBIX B KoJIoHKax ctaHuuii 37L.075k (ITo-
oena-1), 371.244¢g, 371.245g (IlobGena-2), 37L179Kk,
371184k, 371.246¢g (IloGena-3) Bo3pacT 0CamgKoOB CO-
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OTBETCTBYeT OnmocTpaTurpadmyeckoii 3oHe Emiliania
huxleyi mo cxeme I'aptHepa [Xycun u ap., 2018].

Bo3spact BepxHeit 9acTu pa3pesa, onpeneIeHHbII
mo KoyioHKam ctaHmuii 371075k (mone IToGema-1)
u 371.246g (IToGena-3) HaxoAUTCS B MHTEpBaje OT
22130 n.H., mo HacTosero BpeMeHu. [Ipomexyrou-
HBbIE TaTMPOBKM BO3pacTa OCAIKOB BEepXHEW 4YacTH
coctapisoT 10500 n.H., 8155 n.H. u 5030 n1.H. [buy,
2017; buu, IlerpoB, 2018]. AOGCOIIOTHEIII BO3pacT
cynbUIHBIX pyn moisg Ilobema-2, ompeneseHHBIN
20Th/U MeTooOM 110 BaJIOBBIM ITPO0aM, KOJIEOIETCS
B uHTepBaie 5.1 = 0.2—11.2 £ 0.4 Teic. neT [[abauHa
u ap., 2018], yTo BMCHIBAaeTCsl B paMKH BO3pacTa py-
MIOHOCHBIX OCAIIKOB BEpXHE# YacTu pa3pesa U MOXET
CBUETEILCTBOBATH O X OMHOBPEMEHHOM 00pa3oBa-
Huu. OnpeaesieHUe BO3pacTa Mo MOHOMUHEPAJIbHBIM
o6pasilaM HeM3MEeHEHHBIX CYTb(MUIOB OTHOMN TeHe-
panuu, nposeaeHHoe B. Ky3HelIoBBIM ¢ coaBTOpaMu
[Kuznetsov et al., 2020], mo3BoJAUI0 UACHTUD UM -
poBaTh 3 mepuoma TUAPOTEPMAIBHONM aKTMBHOCTH:
1)221+£1.2,2) 146 £0.7u 3) 6.5+ 0.3 10 0.27 £
+ 0.13 TeIC. €T B ipeaenax noist [lodema-1 u: 1) 37.2 =
*8.1,2)8.59 £ 0.41 u 3) 4.3 = 0.7 ThIC. IET B peaeaax
nonst ITobena-2. Mcxonst U3 3TOTO, MOXKXHO MPENITo-
JIOXKUTb, YTO (hOPMUPOBAHUE TTOBEPXHOCTHOTO TOPU-
30HTA OCAIKOB MPOUCXOIWIIO TIPU YIACTUHM MIUHEPAITb-
HBIX YaCTUII, BBIMAMAIOIIMNX M3 TUAPOTEPMATBLHOTO
IUTIOMa B MOCJIENHUI TIepuoa T'MApOTepMaIbHOIN aK-
THUBHOCTH, KOTOpast GUKCUPYETCS B 3TOM paiioHe 1 B
HacTosIIIIee BpeMs.

MATEPHAJIBI U METOJbI

OT60p IPO6 O0CagKoOB ¢ GOpTa CyIHA TPOBOANICS
C TIOMOIIIbI0 KOpoOuaToro rnmpobdoordoopHuka (K) u te-
nerpeiidepa (g). KomoHK ocagkoB ajist maabHeiie-
ro ucciienoBaHusl 6euin oroopanbl M.M. IaGauHoi
BO BpeMs peiica. M3yyeHue BogHOM TOMIM (Z) TpO-
Boauioch E.B. HapkeBcKUM ¢ MpMeHEeHUEeM 30HIU -
pytoniero komiuiekca SBE 911 plus B cocTaBe mmorpy-
xkaemoro ycrpoiictea CTD SBE 9 plus u 6opToBoro
61oka DU SBE 11 plus.

Hamn Oblim oTOOpaHBI 0Opa3lbl OCAaIKOB W3
BEPXHUX TOPU3OHTOB (10 10 cM) KOJIOHOK, pacnojo-
KEHHBIX BOJIM31 UCTOYHUKOB TUIPOTEPMAJIbHOM aK-
TUBHOCTH U Ha pa3INYHOM ymajeHu oT Hux. OTdop
00pa3LoB B KaMepaJIbHbBIX YCIIOBUSX IIPOBOAMIICS U3
KOJIOHOK B BBICOXIIIEM COCTOSIHHMM, YTO HE BCErIa
MO3BOJISUIO TOYHO YCTaHOBUTh WMHTEpBaJ OTOOpa.
ITo ymaneHu1o OT TUAPOTEPMATIBHOTO UICTOYHUKA KO-
JIOHKH MOXHO PaCHOJIOXUTh B CJIEAYIOIIEM IIOPSIIKE:
371L.245g u 371.244g (ITob6ena-2) nmpumepHo B 200 m
OT IIPEAIIoJaraéMoro ruapoTePMaIbHOIO MCTOYHM-
ka, 37L075k (ITo6ema-1) okomo 300 M OT yCcTaHOB-
JIEHHOTO ncTouHuKa, 371.246g n 371184k (ITo6ena-3)
OPpUOJU3UTENIBHO 1.5 KM OT yCTaHOBJIEHHOI'O UCTOY-
Huka Ha 1ojie [To6ena-1 u 371215k, pacrionoxkeHHast
B 69 KM ceBepHee T/T y3na [Tobena.

JINTOJIOTUA U INTOJIE3SHBIE UCKOITAEMBIE ~ Ne 4

Bo Bpems peiica mpoBOAMJICS IIJIMXOMHUHEPAIO-
rudyeckuii aHanu3 (ucnoiaHutenb WM.I. oGperona),
JIJIST KOTOPOTO ITPOOBI OTOMPAJIMCh M3 TTOBEPXHOCT -
HOTO cjosl U 3a00s1 KogoHKH. Ilon OMHOKyJIsIpoM
n3y4dajcsi MUHEPaIbHBIM COCTaB TSDKeJIOl (pakiuu
rpoMbIToM poosl (ppakums 0.1—0.25 mm). Tskenast
¢dpakuus BblAeIsIaCh METOIOM pasliesieHUust B 6po-
Modopme [ benbrenes u ap., 2016].

M3 oTtoOGpaHHOTrO MaTepuaga BEpXHUX TOPU30H-
TOB KOJIOHOK OCaJIKOB IMpUTroToBieHo 10 npo3payHo-
MMOJIUPOBAHHBIX NIIM(OB: M3 KonoHku 371.245g —
2 munda (o6paszen 245-1, uarepBain 0—3 cMm); U3 KO-
nouku 371.244g — mumnuder 244-1 (uarepBain 0—2 cM)
u 244-2 (uaTepBan 2—5 cM); U3 KonoHok 371075k —
075-1 (unrepBan 0—2 cm); 37L.246g — 246-1 (uHTEp-
Bast 0—2 cM) u 246-2 (uHtepBai 2—5 cm); 371184k —
184-1 (uaTepBan 0—5 cm) u 184-2 (unTepBai 2—10 cM);
371215k — 215-1 (uaTepBan 0—10 cm).

[IInudel mpeagBapuTEIbHO M3YyYEHBI Ha ONTUYE-
CKOM MUKpockorie Axiolab ¢hupmer Zeiss.

M3yyeHue 3J1eMEHTHOTO COCTaBa MUHEPAJIOB 3TUX
Mpo6 MPOBOAWIOCH TPU TOMOIIU CKAaHUPYIOIIETO
anekTpoHHoro mukpockona “TESCAN VEGA 3”
(“TESCAN”, Yexust), OCHAIIEHHOTO 3HEPIrOIMC-
nepcuoHHbIM criekrpoMeTrpoMm “ULTIM MAX 407
(“Oxford Instrument”, Benukoopuranus (aHaIATH-
ku H.B. ToprkoBa u A.A. Kucenes, TMH PAH). s
aHajM3a BCeX DJIIEMEHTOB UCIOJIb30BaIUCh K-cepruu
SMUCCUOHHBIX JIMHUIA; CPABHUTEIbHO MPOCTON XU-
MM3M U OTCYTCTBUE MHTEep(hEPEHIIMN SMUCCUOHHBIX
JIMHUII B BSHEProAUCHEePCUOHHBIX CIIEKTpax Oaju
BO3MOXHOCTH MPSIMOTO M3MEPEHUsI KOHIIEHTpaluu
kuciaopona. JlokajgbHble M3MEPEHUsI OCYILECTBIISI-
JIUCh B pexXnuMe c(hOKYCUPOBAHHOTO 30H/1a MPU YCKO-
psitonieM HanpsixkeHuu 20 KB 1 cuie Toka 3J1eKTpOH-
Horo 3o0H7a 10 = 0.05 HA. CpenHsisi cKOpocTh o0pa-
OOTKM HAaHHBIX COCTaBjsIa OKOJO 14 THIC. MMII/C,
a BeJIMYMHA “MepTBOro” BpeMeHu He npesbiinana 40%.
OKCMO3UIMS B KaXJIOM U3MEPEHUU HOPMaIM30Ba-
Jlach MO BEJIMYMHE “>XKMBOT0” BpEMEHU M COCTaBJIsLIa
105 c.

INepen mpoBeaeHUEM 3JIEKTPOHHO-MUKPOCKOI-
YeCKUX U 3JIEKTPOHHO-30HI0BBIX UCCIeOBAHU TTO-
BEPXHOCTh 0Opa3liia Oblia MOKpPhITA YIIAEPOAHON NI
30JI0TOM TUICHKOM B BAKYyMHOM HCITApUTEIIE.

O06paboTKa B>HEProJAUCIIEPCUOHHBIX CIEKTPOB
MPOBOANUIACH C UCTIONb30BaHUEeM XPP-koppekiiumn
B nporpamme “AZtec Advanced” (IIpoOu3BOICTBO
“Oxford Instruments”, BenrukoopuraHus).

JJ1st AMarHOCTUKY HEKOTOPBHIX MUHEPAJIOB JOTTON -
HUTEAbHO IIPUMEHSINUCH METOABI CIIEKTPOCKOMNUU
KOMOMHAIIMOHHOTO paccesHus 1 EBSD (ucnonnu-
tesb A.Jl. JlloTkeBuY).
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JJIOTKEBHWY u np.

Ta6mmma 1. MuHepaJIbHBIN COCTaB TSIKEIO0M (hpaKIIUK MIJTUXOBBIX IMTPOO IMTOBEPXHOCTHOTO ropu3oHTa (%)

m
o
':I I
S id g = g~
§ z o O s S
ast = — % N’
Ne ipo6 3 = E 5 . 5 g = I
o g5 o S = E z = B = 5 g
5 E 2 o E 5 = S R
= | £2 | & 5 | 3 = | & = | E = | 2%
>
= e & = S @ 3 S = 3 = @ &
371245 1.9 — 4.0 73.6 — 1.0 — 0.2 — 19.3 0.1
371244 3H. — 5.0 87.3 — 0.5 — 2.3 — 5.0 0.1
37L075 5.0 5.9 2.4 68.0 2.5 1.6 9.6 3H. 3H. 5.0 0.1
371.246 6.7 6.7 4.5 67.5 — 3H. 0.5 14.3 — — 0.05
37L184 4.8 9.5 0.3 79.8 3H. 1.0 4.8 — — — 0.1
371215 — 3H. — 3H. — 3H. — 3H. 3H. - <0.01

ITpumeuanue. ITpouepk — He o6HapyxkeHo. Mcnonuutens — W.T. [lo6penioBa [ benbrenes u ap., 2016].

PE3VJILTATDI
Illruxomunepanocuueckuii anaiu3

Bo Bcex koyioHKax rugpoTepmaibHoro ysina Ilo-
Oema B TsDKeJIOM (ppaKLM IIOBEPXHOCTHOIO TOPHU-
30HTA IPe001agaoT TUAPOKCHUIBI XKejIe3a, COCTaBIISI-
omue ot 68% (ct. 37L075Kk) mo 87.3% (ct. 371.244g)
TseKenoil ppakumu. Kpome Toro, B 30He TMAPOTEP-
MaJIbHOI aKTUBHOCTHU (TuapoTepMaibHbie o [1o-
6ema-1 u [1obena-2) ycraHoBaeHbBI aTakamMuT (10 19.3%,
cT. 371.245g), mput (mo 2.3%, ct. 371.244g), reMaTuT
(2.5%, cr. 37L075Kk), 6apur (0.5—1.5%), 3HaKM XaTb-
KoNupuTa U cyibduaoB Meau. Ha ynajeHuun ot rum-
pOTepMaJIbHBIX UCTOYHUKOB (pynorposiBicHue Ilo-
O0ema-3) MUHEPaIbI-MHANKATOPHI THUAPOTEPMAIbHOM
JIESITEIbHOCTH B IIOBEPXHOCTHOM T'OPU30HTE KOJIOH-
ku 37L184k mpencraBlieHbl TOJILKO THAPOKCHUIAMU
xenesa (79.8%), 6aputom (1%) n 3HaKaMU reMaTHTa,
B KoyioHKe 371L.246g, KpoMe TOro, yCTAaHOBJIEHBI ITH-
purt (1o 20%) u cyabdumb Meau (Tab. 1).

KpoMe ruaporepManbHBIX MUHEPAJIOB B IIOBEPX-
HOCTHOM CJIO€ TUApOTepMabHOro y3ia [Tobema mmpu-
CYTCTBYIOT OOJIOMKHU ITOPOI M ITOPOI000pa3yIOIInX
MUHEPAJIOB. IMMPOKCEHA, MarHEeTUTA, XPOMIIIIMHEIIN,
onmBHHA, aMm(purooaa. MakcuMaaIbHOE X KOJIMYECTBO
OoTMeyYaeTcs B TsKesoi (ppakumu ocaakos ct. 37L075k
u 371184k (cm. Tab6n. 1).

B noBepXHOCTHOM TOPU3OHTE OCANKOB 3a Mpeae-
JIAMM 30HBI THAPOTEPMAaIbHOIM aKTUBHOCTH (CT. 371L.215k)
MUHEPTBI-MHANKATOPBI (TMAPOKCUIBI XKeJle3a, CyIb-
buabl Meau, 6apuT), a TakKe 00JIOMKU MTOPOJ, ITOPO-
IO00OPa3YIONINX U aKIIeCCOPHBIX MUHEPAJIOB (TTMPOK-
CEH, XpOMIIITMHEJb) OTMEYAIOTCS B BUIIE €IMHUYHBIX
3HAKOB (cM. Tab. 1).

Haimu npenpiayiniMu UccaeqoBaHUSIMU OCa/l-
KOB CT. 371.244g ¢ ncnoib30BaHUEM CKaHUPYIOLIEH
3JIEKTPOHHOUM MHMKPOCKOIIUM, PEHTTeHO(ha30BOTO 1
MUKPOPEHTTeHOCTIEKTPAILHOTO aHAJIM30B BO (Ppak-
i >0.05 MM TOBEpXHOCTHOTO TOPMU30HTA YCTAHOB-
JICHBI TaKXKe MUHEPaJTbl, HE BXOIIIINE B COCTaB Ts-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

xenoit dpakuun: Tanbk (8%), ceprnientur (2%) u
kBapll (1%), xa0oput u nansiropckur [[abnuHa u op.,
2021].

Onmubtecxaﬂ, CKARupyrwuias 3AeKmpoHHas
MUKDPOCKONnUA upeHmeeHocnelcmpaﬂbetﬁ MUKDpOAHAAU3

Kak mokazanu wuccinenoBaHusi Ha ONTUYECKOM
1 BJICKTPOHHOM MUKPOCKOIIaX, O00JIbIasi YacThb U/ -
POKCUIHO-XXEJIE3UCThIX 3€PEH, YCTAHOBJICHHBIX IIUIU-
XOMWHEPaJIOTUYECKUM aHaJIM30M B TOBEPXHOCT-
HOM TOPU3OHTE, COACPKUT PEJIMKTOBbIC BKIIFOUCHUSI
cynbUIHBIX MUHepanoB. Cynbhuabl Npencrabie-
Hbl TIPEUMYIIECTBEHHO IMUPUTOM, XaJIbKOITMPUTOM,
n3okyoanutoM. CpeaHuit pazMep CyabOUIHBIX 3€pEeH
cocraBisieT 82.5 MKM (puc. 2). bonbiast yacth 3epeH
BO BCeX KOJIOHKax MMeeT pa3Mep oT 15 mo 160 MkM.
B xononkax 371.245g u 371.075k HalineHbl HECKOJIBKO
3epeH OoJibliiero pa3mepa: oT 225 10 314 MKM U cuu-
KaTHBIE OOJIOMKM pa3MepoM =>1500 MKM ¢ BKparnie-
HUSIMU CYJIb(DUIOB.

IMone IloGena-2, crannumsa 371.245g. B moBepx-
HOCTHOM ropu3oHTe (umHTepBan 0—3 cM) cTaHIUU

371L.245g cpeay pyaHbIX MMUHEpaJIoOB IpeobyagaroT
TUAPOKCUIBI XKejie3a, KOTOpble pa3BUBAIOTCS IO
cyibduaam: U30KyOaHUTY, XaJIbKOTIMPUTY, TIUPUTY
(puc. 3a—B). M30Ky0aHUT M XaJIbKOMMUPUT Mpen-
CTaBJISIIOT OO0l M30METpUUYHbBIE 3epHA C KaliMaMu
TUIPOKCHUIOB XKene3a (cM. puc. 3a—3B). M3okybaHuTt
MHOTIA MPUCYTCTBYET B BUJIC BKPAIJICHHUKOB B CU-
JIMKATHEIX 00J10MKax (puc. 4a). OH TakKe 3aMelaeT-
cs ruapokcugamu Fe, KoTopble pa3BUBAIOTCS MO Tpe-
IIMHAM 1 00pa3yloT TOHKME KaeMKU oOpacTaHusl.

I[MupuT B BepxHEeM TOPU30HTE OCAIKOB CTAHIIMU
371.245g mMeeT pas3IMUHYIO CTEIleHb 3aMEIICHMS:
C TOHKHMMU KaiiMaM¥ TUIPOKCUIOB KeJie3a 1 TTOJTHO-
CTbIO 3aMellleHHble uMu (cM. puc. 3a, 36). CocTaBbl
M30KyOaHWTa W MUPUTA U3 TTOBEPXHOCTHOTO TOPHU-

Ne 4 2023
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Puc. 2. Paszmepsbl cyibUIHBIX 3epeH B BEpXHUX TOPU30HTAX OCAIKOB KOJIOHOK 371.245¢g, 371.244¢g, 371075k, 371.246g, 37L184k.
3epHa B KpaCHBIX KPY>KKaX — CHJIMKATHbIE 00JIOMKHU C BKITIOUEHUSIMU CYTbduraa.

Puc. 3. TuaporepmanbHble MUHEPAJIbl, B pPa3JIMYHOM CTEIEHU 3aMelIeHHbIe THAPOKCUIAMU Xejle3a B 0CaIKe, COCTOSIIIEM U3
TOHKO3EePHUCTOro 31ahOreHHOro, TUAPOKCUIHO-KEJIE3UCTOr0 U IIMHUCTOTO MaTepuaa ¢ BKIIOYeHUSIMUA KapOOHATHBIX pa-
KOBUH MUKpoopraHnusMoB. Dororpadun B oTpaxkeHHbIX ajieKTpoHax. O6pasen 245-1 (unrepsan 0—3 cm). HanblieHue yriie-
ponom. YepHoe — amoKCUIHAas CMOJIa WX Tylllb. B ckoOKax — HOMepa aHaJIM30B.

a — obnomku xanbkonuputa (Cp) Cug g7Fe| S, o; (an. 3, cm. Tab. 4) u muputa (Py) (an. 1, 2, cm. Tabi. 3) ¢ xkaiimamu ob6pac-
TaHus TMaIpokcuaamu xkenesa (Fe hydr), BeimeneHue atakamuta (Atc), CMMKaTHBINA 00J1oMOK (omuBUH?) (Ol); 6 — mUpuT ¢
KaliMaMu 3aMelleHuss M o0pacTaHusl TUAPOKCHUIAMU Kejie3a Y TTOYTH MOJHOCThIO 3aMEeILeHHbI UMY, B BUIE METKUX PEJIUMK-
TOBBIX BKJIIOYEHUI, aTakaMuT (Atc); B — M30Ky6aHUT (aH. 61, 62, cM. Tab1. 2) ¢ KaiiMoii oOpacTaHusi TMAPOKCUIAMU XKeJjie3a;
r — 6apur (Ba, aH. 77, 78) c KaiiMoit oOpacTaHUsI TUIPOKCUIAMU Keje3a.

JIUTOJIOTUA U ITOJIE3SHBIE UCKOITAEMBIE  Ne 4 2023
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Puc. 4. BxitoueHus cy1bGbUIOB MEU U XeJie3a B CWIIMKATHBIX 06710MKax (Tasibke?). doTorpaduu B OTpaskeHHBIX 2JIEKTPOHAX.

Oo6paszerr 245-1 (0—3 cM). HanbuteHue yraepomom.

a — BkioueHue n3okyoanura (Isc) (an. 20, 21, cm. Ta6n. 2) B Tanbke (Tlc); 6, B — He uaeHTuduULIMpoBaHHas (asza (cBeTioe),
cocraBa Cus 594 15F€] 782 255.08—5.31, B CWJIMKaTHOM 00JI0MKe (0OBeNEH GeJIbIM MyHKTUPOM, YEPHOE — CJIEbI TYHUIN); T — TO
Ke TIpy OOJIbIIEM YBEJMYEHUN: TEMHBIE IJIACTUHYAThIE BKIIIOYEHUs (J1aMen) — XanbKormuput Cug gg 1 29F€( 78_0.9951.97-2-

30HTa OCAgKOB TIUIpOTepMajibHOTO Yy3na IloGema
IpeacTaBieHEl B Ta0I. 2 1 3.

Panee B untepBaiie 3—8 cM kooHKu 371.245g Ha-
MU ObUI YyCTAaHOBJIEH MUPPOTUH cocTaBa FeygsS ¢
npumechbio Co (0.23 mac. %) u Ni (0.74 mac. %) B Bu-
JIe eIMHUYHBIX MEJTKUX KpUcTauioB [JItoTkeBUY u Ap.,
2022]. KpoMme cynbhuaoB B ocagKax TOpru30HTA IIPH-
CYTCTBYIOT TaKKe aTaKaMUT U 0apuT. ATaKaMUT pas3-
BUBAaETCsI MO U30KYOAHUTY, B BUAE OTAEIbHBIX CKOII-
JICHWII B OCHOBHOII Macce (CM. puc. 3a), ICeBIO-
Mopd03 110 00JI0MKaM KPUCTAJLIOB Cyabdumos (?)
(cm. puc. 360). Kpucramisl 6apuTa MHOTIA OKPYKEHEI
TOHKMMU KaliMaM¥ TUAPOKCHUIIOB Xee3a (CM. puc. 3r).

B onHOM M3 cUJIMKATHBIX OOJIOMKOB (Tajbke?)
pazmMepoM =183 X 200 MKM CynbdWI IIpeIcTaBIIeH N30~
KybaHuToM pasmepom =91 X 150 mxm. Btopoe cyb-
dunHoe BkparuieHue (=325 X 375 MKM) B CWWIMKAaTHOM
o6soMKe (1618 X 1470 MKM) TIpeACTABIISLIO COOOI He-

JIMTOJIOTHUA U ITOJIE3SHBIE UCKOITAEMBIE

u3BecTHyI0 (asy coctaBa Cuss;_42Fe) 715108499-531
¢ 6oJ1€€ TEMHBIMM JIAMEJISIMU XaJIBKOITUPUTA CUg g5 59
"Feg.780.9951.92-2 (eM. puc. 4).

CocTaBbl He MASHTU(hUIIMPOBAHHOM (ha3bl, Ipe-
CTaBJICHHOI1 ©00Jiee CBETJION MaTpUIle U JaMesIMU
XaJIbKOMMPUTA, MpUBEACHbI B Ta0. 4 1 5.

CynbbuaHble MUHepasbl (MAPUT, XaJIbKOMUPUT,
M30KYyO0aHWUT), B Pa3JIMYHONI CTEHEeHMW 3aMellleHHBIE
TUAPOKCUIAMM XKeJie3a, MPUCYTCTBYIOT TAKKe B HUXK-
Heil yactu (3—10 cM) TTOBEpXHOCTHOrO TOPU30HTA
KoJioHKu 371.245g.

Ione IMo6ena-2, crannmg 371.244g. B o6p. 244-1
(0—2 cM) cpenu pyaHBIX MUHEpPAJIOB IMpeodIagaT
TUAPOKCHUIBI Keie3a B PENKUX CIydasiX ¢ peuKTaMu
3aMeIlIeHHOro mupuTa (puc. 5a) u n30KyoaHura (CMm.
puc. 5B). BeposATHO, THAPOKCHUIBI 3KeJie3a COXPaHSIIOT
¢opMmy OOJOMKOB WJIM KPUCTAJIOB 3aMeIIeHHbBIX
cynbdunoB. HekoTopele MOHOMUHEpaAJIbHEIE BBIIC-
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Taomuuna 2. CocTaBbl M30KyOaHUTA U3 BEPXHETO TOPU30HTA OCAAKOB TaApoTepMaibHoro yaia [lobema (mac. %)

Howmepa o0pa3iioB 1 Touek aHaau3a

DJIEMEHTBI 245-1 244-1
20 21 57 61 62 66 67 35 29 30 22
Fe 39.23 38.94 42.59 43.18 43.58 41.97 41.85 43.2 41.1 40.88 38.48
Cu 25.27 25.32 21.35 21.33 21.38 23.09 22.92 21.87 24.03 24.15 27.45
Co H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O.
S 35.59 35.7 36.13 36.71 36.93 35.81 36 36.96 37.13 36.67 34.34

Cymma | 100.68 | 100.5 100.16 | 101.97 |102.64 | 101.79 | 101.6 102.34 |102.37 | 101.85 | 101.01

dopmyiia B pacueTe Ha 6 aTOMOB

Fe 1.91 1.89 2.05 2.06 2.06 2.02 2.01 2.04 1.64 1.57 1.88
Cu 1.08 1.08 0.90 0.89 0.89 0.98 0.97 0.91 0.85 0.82 1.18
Co H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O.
S 3.01 3.02 3.04 3.05 3.05 3.00 3.02 3.05 2.59 2.46 2.92
Homepa o6pa3iioB u Touek aHaau3a
DneMeHTsl | 244-1 075-1 246-1
27 1 2 13 14 15 16 17 18 19 12

Fe 38.77 43.99 44.08 43.75 44.66 39.35 43.36 45.98 45.3 45.08 44.47
Cu 26.54 20.82 20.28 21.92 20.92 18.95 22.43 19.73 20.4 20.16 18.95
Co H.O. H.O. H.O. 0.47 0.6 H.O. H.O. H.O. H.O. H.O. H.O.
S 32.73 36.55 36.64 36.32 36.63 33.9 36.44 36.49 37.05 36.77 33.61

Cymma 98.98 | 101.51 | 101.25 |102.47 |102.91 99.92 |102.32 |102.36 |102.76 |102.16 | 101.14

®dopmyiia B pacuere Ha 6 aTOMOB

Fe 1.94 2.10 2.10 2.07 2.10 2.01 2.06 2.17 2.13 2.13 2.21
Cu 1.17 0.87 0.85 0.91 0.87 0.85 0.93 0.82 0.84 0.84 0.83
Co H.O. H.O. H.O. 0.02 0.03 H.O. H.O. H.O. H.O. H.O. H.O.
S 2.85 3.03 3.05 3.00 3.00 3.02 3.01 3.01 3.03 3.03 2.91

TTpuMeuaHue. H.0. — He OOHAPYXKEHO.

Taomuuna 3. CocTaBbl MMPHUTA U3 BEPXHETO TOPU30HTA OCAIKOB rMApOoTepMaibHOrO y3i1a [To6ena (mac. %)

Howmepa o0pa3iioB u Touek aHaau3a
DJIeMEHTBI 245-1 244-1 246-2 184-1
1 2 33 48 49 63 69 79 80 18 32 34 4 17 18
S 53.36| 53.38| 53.71| 54.36| 54.55| 54.46| 53.86| 54.21| 54.79| 54.27| 55.34| 54.71| 50.74| 47.92| 47.12
Fe 46.81| 46.94| 47.02| 47.8 | 47.57| 47.85| 47.51| 46.81| 45.9 | 47.63| 46.66| 47.85| 47.68| 50.69| 50.61
Cu H.0. | H.O. | HO. | H.O. | H.0. | H.O. 0.6 0.67| 0.77| H.0. | H.O. | H.O. | H.O. | H.O. | H.O.
Zn H.0. | H.O. | H.0. | H.O. | H.O. 0.37| H.o. 0.37| H.0. | H.O. | H.O. | H.O. | H.O. | H.O. | H.O.
Bcero [100.17 |100.32{100.73(102.16|102.1 {102.68(101.97|102.07|101.46{102.06|102.2 {102.8 | 98.99| 99.69| 98.91

B pacuete Ha 3 aToma

S 2.001 1.99| 2.00{ 1.99| 2.00{ 1.99| 198 1.99| 2.02{ 1.99| 2.02| 2.00| 1.95| 1.87| 186
Fe 1.00{ 1.01| 1.00f 1.01| 1.00{ 1.00| 1.00{ 0.99| 097| 1.01| 0.98| 1.00f 1.05| 1.13| 1.14
Cu H.0. | H.0. | H.O. | H.O. | H.O. | H.O. 0.01{ 0.01f 0.01| H.0. | H.O. | H.O. | H.O. | H.O. | H.O.
Zn H.0. | H.0. | H.0. | H.0. | H.O. 0.01| H.o0. 0.01| H.0. | H.O. | H.O. | H.O. | H.O. | H.O. | H.O.

ITIpumeyaHue. H.0. — He OOHapYyXEHO.

JIUTOJIOTUA U ITOJIE3SHBIE UCKOITAEMBIE  Ne 4 2023



346 JJIOTKEBUWY u np.
Taomuua 4. CocTaBbl XaJIbKOIIUPUTA U3 BEPXHETO TOPU30HTA OCAIKOB ruapoTepMajbHoro y3na [lobena (mac. %)
Howmepa 06pa3ioB 1 ToueK aHaau3a
D1eMEeHThI 245-1 245-1 (Jramenn) 075-1
3 7 3 4 5 6 7 10 11 17 30 31 36 38 29 30
Fe 31.12(29.45(26.97 | 26.81 | 27.5 [25.67 | 30.18|25.29|23.18 |25.46 [25.76| 30.34 |26.59 [26.06 | 34.29| 34.72
Cu 33.62(34.3 |38.06|38.55|37.5 [40.19| 34.29|40.71 [43.58 {39.44 [40.12| 34.11 {38.24|39.22 | 32.07| 31.26
Co H.0. | H.O0. | H.O. | H.O. | H.O. | H.O. 0.47| H.0. | H.0. | H.0. | 0.23| 0.27| H.0. | H.O. 0.31| 043
Ni H.O0. | H.O. | H.O. | H.O. | H.O. | H.O. 0.31| H.0. | H.O. | H.O. | H.O. | H.O. | H.O. | H.O. | H.O. | H.O.
S 35.07 {34.58|33.73|33.55(33.83|33.54| 35.13({33.48|32.54|32.08 [33.59| 35.42|33.85|33.56 | 36.17| 36.18
Cymma |99.81(98.33(98.76198.91 |98.84/99.4 |100.38|99.49 (99.3 [96.97|99.7 |100.14 [98.68 (98.84 [102.84(102.6
®opmyia B pacueTe Ha 4 aToMa

Fe 1.02| 0.98| 0.91| 0.90| 0.92] 0.86| 0.99| 0.85| 0.78| 0.88|0.86| 0.99| 0.89| 0.88| 1.09| 1.11
Cu 0.97| 1.01| L.12| 1..14| 1.10| 1.18| 0.99| 1.20| 1.30| 1.20| 1.18| 0.98| 1.13| 1.16| 0.90| 0.87
Co H.O. | H.O. | H.O. | H.O. | H.O. | H.O. 0.01| H.0. | H.O. | H.O. | 0.01| 0.01| H.O. | H.O. 0.01] 0.01
Ni H.O. | H.O. | H.O. | H.O. | H.0. | H.O. 0.01| H.O. | H.O. | H.O. | H.O. | H.O. | H.O. | H.O. | H.O. | H.O.
S 2.01| 2.01| 1.97| 1.96| 1.97| 1.96| 2.00| 1.95| 1.92| 1.93| 1.95| 2.02| 1.98| 1.97| 2.00( 2.01

TTpuMeuaHue. H.0. — He OOHAPYXKEHO.

Taomuna 5. CoctaB MaTpullbl U pe3ybTaThl IUIOIIAAHBIX U3MepeHUid (1) CyabGUIHOTO 3epHa, MPEArNoI0XUTETbHO

CuyFe,Ss, B cunkaTHoM o610MKe (06p. 245-1, mac. %)

Howmepa Touek aHan3a
DneMeHT
13 33 39 40 42 18(m) 32(m) 37(m) 41(m) 19(1m) 20(1r)
Fe 22.91 19.82 18.74 19.44 19.08 21.69 22.46 21.7 20.47 20.92 23.42
Cu 44.11 47.48 49.73 49.23 49.43 45.37 43.92 46.08 47.81 46.54 43.39
S 32.72 32 30.73 31.26 30.82 32.46 32.73 32.06 31.54 31.44 31.76
Cymma | 99.73 99.3 99.19 99.92 99.33 99.52 99.1 99.84 99.82 | 101.28 | 101.59
®dopmyina B pacuete Ha 11 aToMOB
Fe 2.12 1.86 1.78 1.83 1.81 2.02 2.09 2.02 1.92 1.97 2.20
Cu 3.59 3.91 4.15 4.06 4.11 3.71 3.60 3.77 3.94 3.86 3.59
S 5.28 5.23 5.08 5.11 5.08 5.27 5.31 5.20 5.15 5.17 5.21

JIEHUsI TUAPOKCUAOB Xelle3a UMeloT (hopMy Hellpa-
BUJIBHBIX “KOPOHOBUIHBIX CKOIUICHMI (CM. puc. 50).

ATaKaMUT pa3BUBAETCS B aCCOIMAIIMU C THIPOK-
CUIaMM KeJie3a B MEXK3epPHOBOM IIPOCTPAHCTBE (CM.
puc. 5B). DmadoreHHbIII MaTepural IIpencTaBieH 00-
JIOMKaM CHWJIMKATHBIX MHUHepajoB (Taiabka?) (CM.
puc. 5m).

B HmxHeit yactu (2—5 ¢cM) NOBEPXHOCTHOTO CJI0SI
(00p. 244-2) cynbbdunsl He oOHapyxXeHbI. [IpucyT-
CTBYIOT TUAPOKCHUIHI 3Kejle3a (CM. pHC. ST, 1) U aTaKa-
MUT B Buae mnceBaomMopdos3 1o cyiabdumam(?) (cM.
puc. 5e).

I'mnpoxcuner Fe o06pasylor MOHOMWHEpanbHBIC
XJIOTIbEBUAHbBIE CKOTUJIEHUSI HENPaBUJIbHOI, WHOTIA
YIIMHEHHOI (popMBI (CM. pHC. 5T), TOHKO paccesH-
HYIO BKpaIJIECHHOCTh B OCHOBHOI1 Macce (CM. puC. 51),

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

penko — 1ceBOAOMOpP¢O3bl IO MENKUM (IO 2 MKM)
UIMOMOP(MHBIM KpHCTajslaM KyOHM4eckKoro raburyca
(muputa?). BeiaeneHust ruapokcunoB Fe Hepenko
coaepkar rmpuMech Si (1o 5.69 mac. %), 3aMmenast cu-
JIMKaTHBIC MUHEpaJIbl (CM. pUcC. 51).

ATakaMuT, OObIYHO B acCOLIMAlIMU C TUAPOKCUAA-
mu Fe, oOpasyeT HelpaBUJIbHOM (pOPMBI BbIACICHUS,
BO3MOXHO, T10 Cy/Ib(hraaM Meau 1 xKejie3a (CM. puc. Se),
a TaKKe 3aroJIHSET MEXXK3epPHOBOE IMPOCTPAHCTRO.

IMone IloGena-1, cranima 371.075k. Ocanku mo-
BEpPXHOCTHOTO ropu3oHTa (06p. 075-1, uHTepBan

0—2 cM) COCTOSIT U3 KAJILLIUTOBBIX PAKOBUH 0€3 IIpH1-
3HAKOB 3aMelleHus1. PymHble 00JIOMKM pa3Mepom
0.1—0.5 MM cocTaBisioT He 6oiee 10—15% mtomanu
nummda ocagkoB. B To ke BpeMs OCHOBHasl mMacca
0CaIKOB IIPOTUTaHa OYphIMU TUAPOKCUAAMMU Keje3a
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Puc. 5. ®opMbl BiIeIeHNS TUAPOKCHUIOB XKejle3a U aTaKaMHUTa B TIOBEPXHOCTHOM ciioe cT. 371.244g. dortorpaduu B oTpaxkeH-
HBIX 2JieKTpoHax. O6pasusl 244-1 (0—2 cM, a—B) u 244-2 (2—5 cM, 1—e).

a, 6, T—e — HaIlblJICHUE 30JI0TOM, B — YIJICPOIOM.

a — Kaiimbl odpactanus runpokcunos xenesa (Fe hydr) B arperare (?) nuputa (Py); 6 — “KOpoHOBUIHBII” (hparMeHT xene3u-
cToit KOopkH (?); B — riceBmoMop¢hO3bl THIPOKCHUIOB XeJjle3a 1o U30KyO0aHUTy (aH. 22, 27, cM. TabJ1. 2) 1 aTaKaMUT B OCHOBHOI
Macce ocanka (Atc) B accollMaliy ¢ TMIPOKCUAAMU XKeJle3a; T — XJIOMbeBUIHOE MOHOMMHEPAIbHOE BbIIEICHUE TMIPOKCUIOB
KeJe3a B OMOreHHOM OCajiKe C paKOBUHAMM XOPOILIel COXPaHHOCTH; 1 — CUJIMKATHBIN 061oMoK (Taibk?) (Tlc) B ocHOBHO
Macce ocajlika ¢ TOHKOI BKparIeHHOCThIO ruapokcuaoB xeie3a (Fe hydr); e — nceBmoMopdo3bl atakamuTa (Atc) mo cyiabhu-
nam (?).

JIUTOJIOTUA U ITOJIE3SHBIE UCKOITAEMBIE  Ne 4 2023
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U COJIEPKUT MeJIKMe (TTblIeBaThle) YaCTULIbI CYbDU-
noB. Cynbduabl NpeacTaBieHbl NUPUTOM, XaJlbKO-
MUPUTOM, U30KYOAHUTOM.

IIpeobmamaloT TMAPOKCHUOBI XKejle3a, OOBIYHO C
MEJKOW PpEeIUMKTOBOW BKpaIlJIEHHOCTbIO TIUMPUTA
(puc. 6a). dopMa 0OJIOMKOB PEAKO yIiIoBaTast Ujn B
BUJIE OTIETBHBIX KPUCTAIIIOB, X CPOCTKOB (CM. pHC. 60).
B ocHOBHOM OOJJOMKM HMEIOT OKPYIJIyIO (opMy.
HMuorna ruapokcunsl Fe, 3amenaroniye mmpuT, uMe-
IOT KOJIOMOP(HYIO CTPYKTYPY (CM. pUC. OB).

B cyiiecTBeHHO MEHBIIIMX KOJMYECTBAX MPUCYT-
CTBYIOT 3€pHa XaJbKOITMPHUTA (CM. pHUC. 6T) M U30KY-
GaHuTa (CM. pucC. 611), KOTOphIE TaKXe IO KpasM 3a-
MelaTcd ruapokcugamu Fe.

BcTpeuaroTcs enMHUYHBIE 3¢pHa OapuTa 6€3 Kalim
TUAPOKCHUIA Xeje3a (CM. puc. 6e).

Pynonpossnenue Ilobena-3, cranumsa 371.246g.
B oGpasne 246-1 (uarepsan 0—2 cM) yCTaHOBJIEHBI

U30KYOAHUT U XaJIbKOIUPUT, KOTOPbIE 3aMeIIat0TCs
ruapokcugamu Fe (puc. 7a). Berpeuarorcss 00JIOMKH
CUJIMKATHBIX MUHEPAJIOB, KAK OTHOCUTEIBLHO CBEXKME
(cM. puc. 70), TaK ¥ IpaKTUIECKHU MTOJTHOCTHIO 3aMe-
leHHble Tuapokcuaamu Fe, coaepxaiiumuy mnpu-
Mech Si, Mg, Al u np. B HEKOTOPBIX THAPOKCUIAX KE-
Je3a mpucyTcTByeT S (mo 19.96 mac. %), BeposITHO,
MpencTaBisgoas coOoil peIMKTOBYIO MPUMECH MO-
cJie 3aMelleHUST TPUTA.

CrenieHb OKUCIESHUS CYIb(GUIOB U Pa3BUTHUS TU/I -
POKCHUIOB B 00pasie 246-2 Bhlllle, YEM B TOPU3OHTE
0—2 cM. B rumpoxkcugax Kejae3a yCTaHOBJICHBI pe-
JuKTH uputa (ot 20 MxMm). MHOrma rmapoKCUIIbI
Kene3a 3aMelIaloT IIPU3MaTUYeCKUe KPUCTAJIbl C
peuKTaMu cyiabduaa xeae3a (CM. puc. 7B) U odpasy-
IOT KaiiMbI 110 CKOIUIEHUSIM BBIIIEIIOYEHHBIX ITPU3-
MaTUYECKUX KPUCTAIUIOB, MIPEANOI0XUTEIbHO, ITUP-
poTtuHa (cM. puc. 7). BcTpeuarorcst 3epHa nu3okyoa-
HuTa (ot 20 MKM 10 150 MKM) ¢ KailiMaM# 3aMeIeHUS
1 obpacTaHMs THAPOKCUIAMM XKene3a (CM. puc. 71) 1
B BUJIE PEJIUKTOB B HEM.

O6HapyxeHo 2 3epHa uibMeHUTa Feg g7 15Tl 91_0.99°
*O, 83 293 (CM. pHUc. 7€), a Takke OapuT ¢ KaliMaMu
TUIPOKCHUIA XKeye3a.

Pynonposasinenue Ilo6ena-3, cranuumsa 371.184k.
I'mapokcuabl XKejle3a COCTaBISIIOT He Oojiee 5—7%

ocajKa, MpeACcTaBJIeHHOIO IEeIUTOBON (TIIMHUCTO)
OCHOBHOII Maccoii ¢ BKJIIOYEHUSIMU KaJIblIMTOBBIX
PaKoOBUH XOpolleit coxpaHHocTH (puc. 8). B o6pas-
e 184-1 (marepsBan 0—5 cM) NpUCYTCTBYIOT TUAPOK-
CHUIIBI XeJjie3a ¢ MEJIKMMU PEeJMKTaMM TupuTa (CM.
puc. 8a).

Oo6pazen 184-2 (uHTepBan 2—10 cM) comepKUT
TUAPOKCUOBI XeJjie3a (CM. puc. 80), NPUCYTCTBYeT
snadoreHHbIN MaTepHall, KpUCTAJIbI 0apuTa, He 13-
MEHEHHBbIE U ¢ KaliMamMu oOpacTaHus TUAPOKCHUIaAMU
Kejne3a, U HeyCTaHOBJIEHHbIE (pa3bl — OKCUABI (TUI-
poOKcuaBI?) Kejle3a W MapraHia ¢ IIpUMeCsSIMH, CO
CPEIHMM COCTaBOM IO ABYM aHanu3am (mac. %) CO,

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

29.35, FeO 29.33, MnO 19.6, SiO, 7.4, CaO 4.98,
MgO 2.31, Na,O 2.05, AL,O; 1.28, CuO 1.03, K,O
0.33, TiO, 0.25.

Crannms 371.215k. IToBepxHocTHbII coit (0—10 cM,
00p. 215-1) cocTouT U3 He UBMEHEHHBIX KaJIbIIUTO-
BBIX PAKOBUH, MOTPYXXEHHBIX B TJIMHUCTO-XKEIe3U-
cThiit cyocTpar (puc. 9). PakoBuHbl (hopamMuHudep
WHOTIA OKpallleHbl TUAPOKCUIAMM XKejle3a MO KO-
PUYHEBOro IiBeTa, MPUCYTCTBYIOT OOJIOMKU BYJIKa-
HUYECKOTO CTeKJIa, KPUCTAJUTMKKA GapuTa, eIMHWY-
HbIE€ 3HaKU NMUpUTa, cyabduaoB meau (?). B coctase
dpakayu >0.05 MM MeTOOOM pEeHTreHoda30BOro
aHaim3a KpoMe KablinTa (76 %) ycTaHOBIIEHBI TAKKe
KBapll, aJbOUT, KaJIMEBBIC ITOJICBBIC IIMATHI, TTTUHM-
CThle MUHEPAJIbI, XJIOPUT, MAJILITOPCKUT, CEPIICHTHH,
TaJIbK, TETUT, B COCTaBe TTIMHUCTOMN (DpaKIINU: CMEK-
THT, KBapll, XJIOPUT, KAOJTUHUT ¥ ENMHUIHBIEC 00JTIOM-
KM MOJIeBbIX 1ImaToB. O01ass KapOOHATHOCTh Ocal-
KOB TOPM30HTA COCTaBIIsIeT 76.23% TIpu HU3KOM CO-
nepxanuu Fe,05 (5.55%) u Cug,, (0.03%) [[abauna
u ap., 2021].

HccnenoBanust Ha COM mokazaiu, 4TO 3HAYM-
TeJibHasl 4acThb PAKOBUH MHUKPOOPraHU3MOB U lie-
MeHTHUpYyIoIIast Macca oboraieHsl Fe u Si (cMm. puc. 9).
IMpu comepxanuu (Mac. %) CaO 72.40% (cymmap-
HBII CIeKTp KapThl), KojaudectBo SiO, mocTturaer
12.48%, FeO 5.28%, Al,0; 4.62%, MgO 1.31%.
Kpowme Ttoro, ycraHoBieHbl npumecu Na, K u Yb
(mo 1.02% Yb,0;). DTO CBSI3aHO C MPUCYTCTBUEM B
OCHOBHOII Macce NIMHUCTBIX MUHEPAJIOB, XJIOPUTA,
MaJbITOPCKUTA, MOJEBBIX IIIATOB, TeTUTA U IPYTUX
MUHEPAIOB, UIEHTU(ULIMPOBAHHBIX peHTIreHOo(da3o-
BBbIM aHAJIU30M.

OBCYXIEHMUWE PE3YJIIbTATOB

CyliecTBeHHass 4acTb MMHEPAJbHOIO COCTaBa
M3yYEeHHBIX OCAIKOB MpeACTaBiIeHa TUIPOKCUIAMMU
XKelle3a, CpeAy KOTOPBIX BBIACISIOTCS CIIEIYIOLINe
CTPYKTYPHO-MOP(OIOTNYEeCKHE TUIIHIL: 1) TOHKO pac-
cestHHasl BKparyIeHHOCTb B OCHOBHOM Macce ocaaka
B CMECH C INIMHUCTBIM 1 31a(Ore HHBIM MaTepUaJIOM;
2) CTPYKTYpHI 3aMEILIeHUS CYIbGUIHBIX U CHIMKAT-
HBIX MMHEPAJIOB — OT Ka€MOK 3aMellleHUsI 10 00pa3o-
BaHUS TceBIOMOpdo3 Mo HuM; 3) KaiiMbl obpacTa-
HUS (MHOTOA KOJUIOMOP(GHOI CTPYKTYphl) BOKPYT
cynbduaoB u 6apurta; 4) 060cobJIeHHbBIE MOHOMUHE-
pajbHbIC BEIICIICHUS XJIONBEBUIHON 1 “KOPOHOBUI -
HOI” popMEI, chopMrpoBaHHBIE B IToMe(?) u/wim
MpeACTaBIsIoNIMe co00ii (hparMeHThl KEIEe3UCThIX
KOpPOK.

®dparMeHTBl KOPOK U BBIIEJIICHUS, ITPEATOI0KN-
TeJIbHO C(OOPMUPOBAHHBIE B ILTIOME, OTMEUEHBbI B 110~
BepxHOCTHOM Tropu3oHTe (0—5 cM) cT. 37L.244¢g (cMm.
puc. 5). CTpyKTypHl pa3IMIYHOI CTEIIEH! 3aMEIICHUS
cyabduUA0B (OT KaliM 10 TICeBAOMOP(dO3 ¢ PEIUKTO-
BBIMU BKPaIUIEHUSIMU 3aMellleHHBIX MUHEPAJIOB) Ha-
OJIIOIaINCh BO BCeX 0Opasiiax IMMOBEPXHOCTHOTO TO-
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Puc. 6. Xapakrep Bblfe/IeHUs TUIPOKCUIOB XKeJie3a U 0apuTa B TOBEPXHOCTHOM ropusoHTe cT. 37L075k. doTtorpaduu B oTpa-
XeHHBIX a5ieKTpoHax. Obpaszerr 075-1 (0—2 cm).

a—J1 — HaIbUICHUE 30JI0TOM, € — YIJIEPOJIOM.

a — nicepaomopdo3a runpokcuaos xesesa (Fe hydr) mo nuputy, ¢ penukToBoii BKparuieHHocTbhio nuputa (Py); 6 — ncesno-
Mopdo3a (?) TMAPOKCHUIOB Kejle3a 1Mo UAMOMOp(OHOMY KpUCTaJLTy cyibduna (?); B — KoJoMopdHast CTpyKTypa 3aMelleHUs
TUOPOKCHUIAMU XKeJie3a 3epHa cyabduna meau u xkenesa (Fe—Cu sulf); r — kaiiMbl 3aMellieHUSI 1 00pacTaHUSI THAPOKCHUIOB XKe-
Jie3a BOKPYT Kpuctayuia xanbkonupura (Cp); I — CTpyKTypa 3amellieHust n3okyoanura (Isc) runpokcuaaMu xejesa; € — Kpu-
crayut 6aputa (Ba) (aH. 31, 32) B GMOreHHOM OcCalKe.

JIUTOJIOTUA U ITOJIE3SHBIE UCKOITAEMBIE  Ne 4 2023
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Puc. 7. CynbdunHble MUHEpaIbl, THAPOKCUIBI KeJie3a U 3nadoreHHbI MaTepual B TOBEPXHOCTHOM Topu3oHTe CT. 371.246g.
dortorpaduu B OTpaKeHHBIX JIEKTPOHAX.

a—J1 — HaIbUIEHUE 30JI0TOM, € — YIJIEPOJIOM.

a, 6 — o6p. 246-1 (0—2 cm): a — xanbkonuput (Cp) ¢ KaeMKaMu THAPOKCHUIOB XeJje3a (?), 6 — cuiauMKaTHbI 0610MOK (Sil) co-
craBa (Mac. %) O 40.66, Mg 18.72, Al 1.14, Si 16.24, Ca 0.12, Fe 4.56, Cu 0.16 (cymma 82.49); B — niceB1oMopdh03bI THAPOKCUIOB
xeie3a (Fe hydr) o mpuamatndeckum Kpuctauiam cyinbduna xenesa (Fe sulf); 1 — KaeMKM 1 TOHKOKPUCTATMYECKUE arpe-
raThbl TUAPOKCUIOB XKeJle3a MO CKOIJICHUIO MOJIHOCTBIO BBIIIETOUYEHHbBIX TPU3MATUYECKUX KPUCTALTUKOB, MPEATIOIOXKUTEb-
HO, MMPPOTUHA; I — YACTUYHO 3aMeIIeHHOE U 00pocIiiee KaitMoil TMAPOKCHUIOB XeJie3a 3epHo n3okyodanuta (Isc); e — 3epHO
nnbMenuta Feg 97Ti 99O, 93 (Ilm) B 6MOoreHHOM KapOOHATHOM OCaIKe.

JIUTOJIOTUA U IMOJIE3SHBIE NCKOITAEMBIE  Ne 4 2023
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Puc. 8. ITceBnoMopdh0o3bl TUAPOKCHUIOB XKeJie3a B MoBepxXHOCTHOM cioe. Craniust 37L184k. dororpaduu B oTpaske HHBIX SJIeK-

TpoHax. HarmblieHue yriiepoaom.

a — penukTtel tupuTta (Py) (aH. 17, 18) B ruapokcunax xenesa (Fe hydr), oop. 184-1 (0—5 cm); 6 — ruapokcubl xkesesa 1o CKOI-

JICHUIO KPUCTAJIOB cyinbduna (?), oop. 184-2 (2—10 cm).

Puc. 9. Kokkonut-hopamunudeponbie ocanku ct. 37L215k O630pHast ororpacdusi B OTpaxkeHHbIX 3J1€KTPOHAX (a) ¢ KapToit
pacripeneneHus aeMeHToB (0). O6paserr 215-1 (0—10 cm). HanbuieHue yraepomnom.

pu3oHTa THUApoTepManabHoro ysna Ilobema. Bommsu
npeamnojaraeMoro uctouynuka (ct. 37L.245g), a takxke
B ocankax cT. 371.246g HanGoyiee ”THTEHCUBHO (C 00-
pa3oBaHueM MceBIOMOpP(d03) 3aMelleHbl 00JIOMKU
nuputa (cM. puc. 36). Cynbpunsl Cu—Fe vaie 3ame-
IIEHBI JUIIb M0 KpasiM (KalMbl 3aMeIIeHusI) U 10
TpemnHaM (cM. puc. 3, 4, 5). bojee nHTeHCUBHOE
3aMellleHrne He TOJbKO IHUPHUTa, HO M CYIbOUIOB
Cu—Fe, c obpa3oBaHueM IceBaoMop@do3 HabI0-
MaloTCsT Ha OOJBIIeM yHaJeHWHW OT WCTOYHHMKA
(ct. 37L075Kk, 37L184Kk) (cm. puc. 6, 7). KaitMbr 06-
pactaHusi OOBIYHO PAa3BUBAIOTCSI BOKPYT OOJOMKOB
CyTb(pUIOB, yKe YaCTMYHO WJIM TTOJTHOCTBHIO 3aMe-
IIeHHBIX TUApPOKCcHIaMu (CM. puc. 3, 6, 7), a TaKke
BOKpPYT KpUCTaJIJIOB 6aputa (cMm. puc. 3). [uapokcu-
IIbI, TOHKO pacCcesTHHbIE B OCHOBHOI Macce OCaaKoB,

JINTOJIOTUA U INTOJIE3SHBIE UCKOITAEMBIE ~ Ne 4

pacrpocTpaHeHbl MOBCEMECTHO, B TOM 4YMCIIEe 3a
npeaejaMM 30HbI TMIPOTEPMaJbHONM aKTUBHOCTHU
(ct. 37L.215k).

Oo6paszoBaHNe pa3IUIHBIX CTPYKTYPHO-MOPGOI0-
TMYECKMX THUITOB TMIPOKCUAOB Fe Morio mpoumcxo-
IUTh: 1) B IUTIOME MOJ BO3ACMCTBUEM KHUCIOPOACO-
nepxarieir mopckoii Boasl [Feely et al., 1992; Kpac-
HOB u Ap., 1992; l'opnees, bornanos, I'ypBuy, 1993;
T'ypuu, 1998; Dias, 2006; Gurvich, 2006; Pycakos,
2007, 2009; CynapukoB u ap., 2014 u np.]; 2) B ocan-
Ke, B pesyjbraTe raibMupoiusa [Hannington et al.,
1988; Maslennikov et al., 2023]; 3) mom Bo3aeiicTBEM
Gaoua0B, MPOXOOSIIMX CKBO3b OCAIKHU, KOTOpPOE
MPOSIBIISIETCS B 0Opa30BaHUM OYPHIX MSATEH U XKelle-
3UCTHIX KOPOK Ha ITOBEPXHOCTU ocaikoB [[abmuHa,
2022; I'abmuna n ap., 2017]. Pazanmune B cocTaBe 3TUX
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,HaHHbIC aBTOPOB:

l=|']=l He npentuduumposanHas
daza (MaTpula, CBETJIbIC 30HBI)

TeopeTnyeckue cocTaBbl:

A Cp Y Cu,Fe,S;

v CUzFCS:;

X CusFes,

<> He unentuduunposanHad ¢asa
(u3MepeHus 10 IJIoanu,
MaTpuLa BMECTE C JIaMEeJISIMU)

Bic < Bn

JlutepatypHble naHHble [Mozgova et al., 2005]:

D Bn (po3oBwiii, JIoraues-1) O Bn (opanzkeBrlit, PaitH6oy)

0 ®aza A (Bn) —|— ®daza B (Bn)

* ®aza X (Cp) D ®daza Y (Cp)

Puc. 10. CocraBbl He ACHTU(GULMPOBAHHOH CynbOUIHOM (ha3bl U3 MOBEPXHOCTHOIO rOpU30HTa KOJIOHKU 371.245g 1 cocTaBbl

paHee U3y4eHHBIX (a3, 1mo [Mozgova et al., 2005].

MOP(POJTOTMYECKUX TUTIOB 1 YCIIOBUSI MX 0Opa30BaHUsI
SIBJISIETCS IPEAMETOM NATBHEHIINX UCCIIETOBAHUIA.

B nmoBepXHOCTHOM TOPU30HTE OCAIKOB, BCKPBI-
TBIX Ha CaMbIX OJIM3KUX K aKTUBHOMY THIPOTEPMaJIb-
HOMY UCTOUYHUKY cTaHluax 371.244g u 371.245¢g (11o-
ne I[lobena-2), cpenu ruapoTepMaaIbHOro MaTepuaia
IIUPOKUM PaCHpOCTpaHEHUEM IOJIb3YIOTCSI 00JI0M-
KU U3MEHEHHBIX (OTaJIbKOBAHHBIX) TIOPOJI, C BKIIOUE-
HUAMU CyJIbhUI0B (M30KyOaHWTA, XaJIbKONUPUTA,
nuputa) pasmepoM ot 20 MkMm 1o 0.5—1 MM, B pas-
JINYHOI CTeNeHU 3aMEIleHHBIX TUAPOKCUIAMU Ke-
Jne3a. B omHOM u3 Takux 00JIOMKOB YyCTaHOBJIEHA
daza Cus 574 2F€] 712195499531 CTAMENSIMU XAJIBKO-
ruputa Cuggg_;20F€) 7809951922 (cM. puc. 4). Tun-
POKCHUIBI XeJjie3a 10 HUM Pa3BUTHI B BUZE Y3KUX Kae-
MOK U TOHKUX IMTPOKUIKOB.

CocTaBbl MaTpuILbl IpUBEACHEI B Ta0J. 5. PaHee
nomoOHBIE COCTAaBhI HE BCTpeYannch B okeaHe (puc. 10).
Dopmyry ¢das3bel MOXHO TpencrtaBuTh Kak Cu,Fe,Ss
mwm Cu,FeS;. TTonbITKM IMarHOCTUPOBATH €€ C I10-
MOIIbIO CIIEKTPOCKOTIMM KOMOMHAIIMOHHOIO pacce-
sauusa 1 EBSD He mpusenn K pesynbraty. HecMmoTpst
Ha TIOBBILLIEHHOE COAepKaHWEe MeIU OTHOCUTEIbHO
KeJjieza, pasa He MoriagaeT B MoJie BBICOKOTEMITepa-
typHOTO (700°C) GOPHUTOBOIO TBEPIOrO PacTBOpA,
MpeacTaBJIeHHOro Ha auarpamMmme B pabote [Yund,
Rullerud, 1966], n3-3a 60yiee BEICOKOTO COIEPKaHUS
Cephbl.

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

ITpuypoyeHHOCTh CyIb(OUIOB MEAU U XKeje3a K
00JIOMKaM M3MEHEHHBIX ITOPOJI CyOCcTpaTa B IIOBEPX-
HOCTHOM cioe CcT. 37L.245g CBUIOETENBCTBYET O HX
51a(OTeHHOM TIPOUCXOXIEHUM M BEPOSITHOM OCa-
XKIEHUH 13 BOCXOMSIIETO IIIoMa BOIU3M UCTOUHMKA.
HaHHble, moATBepKIatolIe OJIM30CTh K UCTOYHUKY
ct. 371.244¢, pacnionoxkeHHoii B =400 m ot cT. 371.245g,
npuBeaeHbl Takke B padoTte [Kuksa et al., 2021].

B xononke 371075k mons ITo6ena-1 makcumanb-
HBIM pa3Mep YacTUIll TUAPOTEPMAILHOIO MaTepuasa
coctaBisger 300 MKM, mIpeobOnagaroT OoJsice MEJIKHUe
yacTulbl (59—150 mxm). OHU NpencTaBieHbl Npe-
WMYILECTBEHHO TUAPOKCUIAMU Xejae3a, 3aMellaio-
VMU T€ XK€ CyJbGUAbl — U30KYOAHUT, XaJIbKOITH-
put, nuput. Ho mpoliecc 3aMelneHus 30eCh IpOosiB-
JIEeH MHTEHCUBHEe, CyJbGhUAbl B PEAKUX CIydasix
OKpPYKEHBI IIMPOKOIT KaiitMOii TMAPOKCUIOB, OOBIYHO
OHHM HAOJIIOMAIOTCS B BUIE PEIMKTOBBIX BKIIOYCHUMI
Y TOHKOM BKpaIUuIEeHHOCTU B TUIpOKcHaax xene3a. Hau-
0o0Jiee MHTEHCUBHO 3aMelaeTcs MUPUT (CM. puc. 6).

CocTaB MOBEPXHOCTHOTO CJI0SI OCAAKOB CTaHIIU
3701.246g u 371184k, pacionoxeHHBIX B 100 M ApyT OT
Ipyra B nipenesiax pynonposisaeHus Ilodena-3, pas-
mmuaetcd. B ocamkax cr. 371.246g pucyTCTBYIOT Te
K€ pyIHblE MUHEpaJbl, YTO U B OMUCAHHBIX BBIIIE
KOJIOHKaX — NUpuUT, cyabduasl Cu u Fe nipu mpeood-
JlamaHuu rugpokcunos Fe. Pasmep o0J0MKOB 10
=137 MKM.
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Ha ocroBannn npucyrctBus cynbdnnon Cu u Fe,
XapaKTEePHBIX IS IPOKCUMAJIbHBIX OTJIOXKEHUI BOIM-
31 TUApOTepMajibHOro uctouHuka [[ypsuu, 1998],
aBTOpHI padoThl [Kuksa et al., 2021] mpenrmonoxuim,
yTO B palioHe pymorposiBieHus1 Ilobena-3, BOIM3MU
cT. 37L.246g MOTr HaXOIUTHLCS THAPOTEPMATbHBINA MC-
TOYHMK. DTOT BBIBOI MOOTBEPXKIACTCS ITPUCYTCTBUEM
B TOpM30HTE 2—5 cM (00p. 246-2, cM. puc. 7T) arperaToB
MIPEAIIONIOXUTEIBHO MUPPOTUHA, ITOJTHOCTHIO BhIIIE-
JIOYEHHOTO M 3aMEIIEHHOIO THIPOKCHUIAMM XKeje3a.
IIpenmnosoxeHre OCHOBAHO Ha MOJHON MACHTUYHO-
CTH 3THX arperaToB 10 (popMe KPUCTAJUIOB, XapaKTe-
Py MX cpacCTaHUS M II0 CTPYKTypaM 3aMeIleHMs UX
MMAPUTOM, PHIXJIBIM MUPPOTUHOBBIM pyAaM, ONKUCAH-
HbIM paHee B mipeneiiax moiist [lodema-1 [TabiuHa
n np., 2018]. IluppotnH — HanboJlee paHHUIA 1 HaM -
MeHee YCTOMYUBEIN CyIb(PUAHBIN MUHEPAJI, BBITIAa-
0L M3 BOCXOASIIIETO IUTIOMAa BOJIM3U UCTOYHMKA.

B moBepxHocTHOM cioe konoHKu 371184k pyn-
Hble MUHEPaJIbl MTPaKTUYECKU MTOJHOCTbHIO MTPeaCTaB-
JIEHbl TUAPOKCUIAMU Xejie3a, B KOTOPbIX WHOTIA
MPUCYTCTBYIOT PEIUKTHl CUJIUKATHBIX MUHEPAasoB,
MeEJIKHME PEIMKTOBBIC BKIIIOYEHUY MUpUTa (CM. puC. 8),
WA B XUMHUYECKOM COCTaBe OTMeYaeTcsl IpuMech Si,
Al, Mg, Ca, cBuaeTeabCTBYIOIIAS O 3aMELeHUU MU
CWIMKATHBIX MUHEpaioB. Takxke OTMeuaroTcsl enu-
HUYHbIE KPUCTaJLUIbl OapuTa, OKPYX€HHbIE€ TOHKOM
TUIEHKOM (KaiiMoli obpacTaHusl) TUAPOKCUIOB XKeJle-
3a. PazMep 00JIOMKOB penko IIpeBhIIIaeT 122 MKM,
OCHOBHasl Macca TUIPOKCUIIOB Kejie3a paccesiHa B
MaTpulie 0CaaKOB B BUJle TOHKOM (1—2 MKM) BKpar-
JIEHHOCTU. DTU NPU3HAKU CBUIETEbCTBYIOT O OOJIb-
meM ymajaeHuu ct. 371184k, yem ct. 371.246g, ot
MpeanojaaraeéMoro ruApoTepMaaIbHOrO UCTOYHUKA.

ITo maHHBIM THUAPOGU3UUYECKOTO 30HIANPOBAHUS
(puc. 11) MakcMMyMBI TeMIepaTypbl U COJIEHOCTU
pacrionoxeHbl Mexnmy 3oHmamMu 371.84z m 37185z
(37L.84z — nnpumepHo Ha 70 M rmyoxke u B 430 M Ha
3103 or cranuum 371.246g) u pacnpocTpaHSIIOTCS
ot 30H10B 371.84z 1 37L.85z B cTOpOHY YMEHBILIEHUS
yOMHBI (B HaIpaBJICHUM KOJOHOK 371.246g u
37L.184k). JlaHHBIE COIOCTAaBJICHUSI ITO3BOJISIOT IIPE/I-
MOJIOXKUTh HaJIWYUEe TUAPOTEPMATBLHOIO MCTOUHMKA
Ha paccTostHuM okoio 300 M oT cT. 37L.246g HuxXe 1o
CKJIOHY (CcM. puc. 1).

ATakaMUT SIBJISIETCSI OMHUM W3 HAaJAEXKHbBIX UHIU-
KaTOpOB HM3KOTEMIIEPATYPHBIX MPOIIECCOB B PYIO-
HOCHBIX OocajiKax Ha nHe okeaHa [Hannington, 1993;
PycakoB u np., 2013]. B uccienyeMbix HaMH1 TTOBEPX-
HOCTHBIX TOPM30HTaX €ro oOpa3oBaHNE CBSI3aHO C
MEePEeOTIOKEHUEM MEIU, BBHIIIEIOYEeHHONH U3 CYJb-
¢bunoB, B OKUCIUTEIbHOW OOCTAaHOBKE B Ipoliecce
TATBMUAPOJIM3a TIPU B3aUMOIECTBUU MOpPCKas BO-
Jla—O0CaaoK. DTO MOATBEPXKIACTCS €r0 acColMalneii
C TUAPOKCUIAMU XKeje3a.

B pacnpeneneHuu pyaHbIX MUHEPAJIOB B TTOBEPX-
HOCTHOM Topu3oHTe y3ja [lobGema OTHOCHTETBHO
VCThSI TUOPOTEPMAJIbHBIX PAacTBOPOB YCTaHOBJIEHA
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cJienylolass 3aKOHOMEPHOCTD: BOJIM3U MCTOYHUKOB
pacrnpoctpaHeHsbl cyabduabl Cu u Fe (M30KyOaHUT,
XaJIbKOIIMPUT), C yOaJIEHUEM OHU CMEHSIIOTCSI THI-
POKCUIAMM 3KeJie3a, a CyIb(MUIBI IIPEICTaBISHBI Pe-
KO MEJIKOM PEJIUKTOBOM BKPAIIEHHOCTBHIO B HMX
nupura. [Tono6Hast 3aKOHOMEPHOCTH OII1caHa paHee
s npyrux nmoieit CAX 1 BTTI [Rudnicki, Elderfield,
1993; I'ypBuu, 1998 u ap.]. E.I. TypBuu cBsI3bIBaeT
TaKoOe pacHpeleicHUE C TeM, 4TO KEJIE30 JOJIbIIe
OoCTaeTcs B pacTBOpE, B TO BpeMsI KaK MeIb ObICTpee
nepexoguT B TBepAylo ¢da3zy B BuAe CyIbOUIHOMN
B3BECH U BBIIIAAcT B 0caloK. B pe3ynbrare Beanum-
Ha cooTtHoureHus: Cu/Fe Bo B3BecH yMEHBIIIAETCS C
yIaJeHUEM OT UCTOUHMKA.

Kak moxkasanu Hamm ucciaegoBaHUs, 3TOT IIPO-
1ecc oTpaxaetcs maxe B cootHoueHun Cu/Fe B xu-
MHUYECKOM COCTaBe U30KYyOaHUTA U XaJIbKOITMPUTA.

CpaBHeHue cyabhUI0B MEIU U Xeje3a Mo COOT-
HomeHunio Cu/Fe (ar. %) mokasbIBaeT pa3HUILY B UX
COCTaBax B 3aBUCHUMOCTHM OT PACIIOJIOXEHUS KOJIO-
HOK. B TeopeTnyeckoM coctaBe U30KyOaHUTA COOT-
"HomeHue Cu/Fe = 0.5, B nu3oKkybaHuUTEe BEpPXHETO
ropu3oHTa konoHku 371.245g cootHomenue Cu/Fe =
= 0.48, xononku 371.244g = 0.54, xkononku 37L075k
Cu/Fe = 0.41, xononku 371.246g, roe M30KyOaHUT
cunpHO u3MeHeH = 0.37. Ha muarpamme (puc. 12)
BUIHO, UTO COCTaB M30KyOaHUTA U3 BEPXHETO ropu-
30HTa KOJIOHOK 371.245g 1 371.244g 61m3KM K Teope-
THYecKoMy miam oborameHsl Cu. B BepxHeM ropu-
30HTe KoJoHOK 37L075k m 37L246g uzokybGaHUT
CHJIbHO U3MEHEH M COIepXuUT 6obIe Fe.

CocraBbl XaJIbKOUPUTOB U3 BEPXHETO TOPU30HTA
pa3HBIX KOJIOHOK TOXe pa3IM4aroTcs IO COOTHOIIIE-
Huto Cu/Fe (at. %): B TEOpETUIECKOM COCTaBE COOT-
HomeHue Cu/Fe = 1, B kononke 37L.245g = 0.99,
B JJaMeJIsIX He UACHTUGULIMPOBAHHON (ha3bl U3 KO-
nouku 371.245g = 1.28, B xononke 37L.075k = 0.8.
B xanbkonupute pyn Ilobena (HeomyOGiMKOBaHHbBIE
nJaHHble aBTOpoB) cooTHolleHue Cu/Fe cocraBisier
0.9. Ha nuarpamMme coctaBoB (puc. 13) BUAHO, 4TO
XaJIBKOIMPUT W3 BEPXHEro TOPU3OHTA KOJOHKU
371.245g 611M30K K TEOPETUYECKOMY COCTaBY, a Xajlb-
KOIIUPUT U3 BEpXHEro ropu3oHTta Kononku 37L075k
OTJIMYaeTCs MOHMXXEHHBIM cofiepxxaHueM Cu.

M3meHeHue cocTaBa M30KyOaHUTA U XaJbKOIIU-
puUTa B BEPXHUX TOPU30OHTAX KOJIOHOK OOBSICHSIETCS
OKUCJIeHUeM Meau 10 2% u ee BeIHOCOM. ITpu 5TOM B
ocagKax B IIPOLIECCE TaJIbMHUPOJIN3a 00pa3yeTcs aTa-
KaMUT, XapaKTepHbIM IJIaBHBIM 00pa3oM IJIsl HYK-
HMX YacTeil TOBEpXHOCTHOIO TOPU30HTA, ITOJABEPraB-
IIMXcs 0oJjiee IMTEIbHOMY BO3IEMCTBUIO OKUCIH-
TEJbHON Cpebl.

B cooTtHoutenuu Fe/S B mupute Takke Habona-
IOTCSI I3BMEHEHMST B 3aBUCUMOCTH OT PACIIOJIOKEHUSI
KOJIOHOK (puc. 14a). 3a cyeT yMEHbILIEHUS KOJIUYe-
CTBa cepbl B MupuTe cooTHoleHue Fe/S pacrer mo
Mepe yIaJeHUsT KOJIOHKU OT TMAPOTePMaTbHOTO MC-
TOYHMKA W TOCTUTAeT MaKCUMaJIbHBIX 3HAYEHUU B
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Puc. 11. PacnipeneneHue ruipodru3nvecKrx apaMeTpoB Mo pe3yJibTaTaM 30HIUPOBaHHUS (Z): MOTEHIIMAIbHON TeMITepaTyphl

© (a), coneHoctu S (0) 1 moTeHIMANIbHOM TWIOTHOCTU D (B), Ha ropuszoHTte 2100 M.

1, 2 — cranumu ot60pa pob ocankos: 1 — 371.246g, 2 — 37L184k.
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Puc. 12. CocraBbl U30KyOaHUTA U3 TTOBEPXHOCTHOTO TOPU30HTA PYIOHOCHBIX OCAIKOB rMApoTepMaibHoro y3ia [1obena.
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Puc. 13. CocraBbl XaJIbKOIMMpPUTA U3 MOBEPXHOCTHOI'O TOPHU30HTA OCAAKOB PYAOHOCHBIX OCAaZIKOB U Py TMAPOTCPMAJIbHOTO Y3~

na IloGena.

I'pynma 1 — XaabKONIMPUT U3 JaMeieit (1) He naeHTUOUIIMPOBAHHO a3kl M3 BEPXHETO TOPU30HTA OCaaKOB cTaHLIMM 371.245g;
rpynra 2 — TEOPEeTUYECKUIl COCTaB XaJIbKOIMUPUTA, XaJIbKOIIUPUT U3 BEPXHEro TOPU30OHTa O0caakoB craHuuu 371.245g u u3
cyabGUIHBIX pya THIpoTepMaibHOro y3ia [lobdena (ct. 37L.204d, HeonyGIMKOBaHHBIE TaHHBIC aBTOPOB); IPpyIiNa 3 — XaJlbKO-
TUPUT U3 BEPXHETo rOpru30HTa ocaakoB cTaHumu 371075k 1 u3 namerneit (1) B cyabOUAHBIX pyaaxX THaApoTepMaibHOro y3iua [1o-
6ena (ct. 37L204d u ct. 37L107d, HeonyOaMKOBaHHbIE JAHHBIE aBTOPOB).
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Puc. 14. CocraBbl nupuTa (a) 1 6aputa (6) U3 BEpXHEro ropu3oHTa pyAOHOCHBIX OCAIKOB ruapoTepMaibHOro y3ia [Todena.

koJjoHKax 371184k u 371.246g. TeopeTU4eCKOMY CO-
CTaBy B OOJIBINIEIT CTETIEHU OTBEYAIOT MTUPUTHI U3 KO-
JioHok 371.244g u 371.245g.

baput 0b11 0OHapyXXeH BO BCeX KOJIOHKAaX, KpOMe
371.244¢g, KaK B CBeXeM BUIE, TaK U C KaitMaM# 00-
pactaHusl Tugpokcuaamu xenesa. [lpaktumuecku Bo
BCeX 3epHax OapuTa oTMevyaeTcsi IpUMech CTPOHIIUS
(cM. puc. 140).

OtHouieHue Ba/Sr B KOJIOHKax He 3aBUCUT OT UX
MOJOXEHUS OTHOCUTEIBLHO TMAPOTEPMAJIBHOIO HC-
TOYHUKA: B BepXHEM TOPM30HTE KOMOHOK 371.245g n
37L184k otHouenue Ba/Sr cocraBasier 0.029, B ko-
noHke 371.246g 0.052, B kononke 37L.075k 0.054. Kak
npaBmiIo, Sr 1 Ba erko nzoMop@dHO 3aMeIaoT JpyT

JINTOJIOTUA U INTOJIE3SHBIE UCKOITAEMBIE ~ Ne 4

JIpyra M He XapakTepusyrT PT-ycioBusi B CUCTEME,
HO, BEpOSITHO, TOBOPST, O pa3HOM cocTaBe ¢ronaa
(.B. IlekoB, ycTHOE COOOIIIEHNE).

3aMelnneHne CyJab(pUIOB TUAPOKCUAAMU Kelie3a
Ha4YMHAaeTCsd, BEPOATHO, €Ille BO B3BECU U IIPOLOJIKA-
€TCs1 MOCJIe BhIMTaeHUS YacTUIl B 0cagoK. YeM 1071b-
IIIe OHM HaXOISITCSI BO B3BECH, TeM MHTEHCUBHEE 3a-
MEIIeHUE, YTO OTPaXKaeTcs B YBEJIMYECHUU CTEIICHU
OKHUCJIEHUSI CYyJAb(MUIHBIX YaCTUL C yAaJleHUEM OT
ruaporepManibHOro ucrouHuka. Ilpm ymaneHunm ot
MCTOYHMKA TMAPOKCHUIIBI XKeJIe3a BhIICSIOTCS U KaK
caMocTosITeIbHas asza, B pe3ybTaTe UHTEHCUBHOTO
pazbaBieHUs TUAPOTEPMAJIbHOTO ILIIOMa, 0OraToro
Fe, xucnoponconepxkaiieif MOPCKOM BOIOM.
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JJIOTKEBHWY u np.

Tadmmua 6. Conepxxanue CaCO3; 1 OCHOBHBIX 27IeMEHTOB (%) B BepXHEM rOpM30HTE 0CanKoB (110 Matepuanam [[abauHa

u ap., 2021])

No cranm .

(I/IHTep];lajI) Fesys Mng,, Cugy, Zng,, Ba P CaCO; Si Mg
37L 245g (3-8) 33.37 0.05 4.55 0.24 0.12 0.40 11.67 7.19 2.90
37L 244g (5-10) 19.65 0.06 2.51 0.18 0.06 0.21 45.35 7.08 1.48
37L 184k (2-10) 16.83 0.30 0.33 0.08 0.03 0.09 71.37 3.68 1.50
37L 215k (2-10) 8.83 0.36 0.03 0.02 0.02 0.07 76.23 3.75 0.26

HpI/IMC‘{aHI/IC. OKB — COACPXKAHUE DJIEMEHTA, paCCYUTAaHHOC Ha 6€CKap6OHaTHOC BCHICCTBO.

MN3MeHeHHe MUHEpaAJbHOTO COCTaBa OCaIKOB
MOBEPXHOCTHOTO TOPU3OHTA OTPAXKAETCSI B UX XUMU-
YeCKOM cocTaBe (Tabi1. 6): ¢ ymaleHrueM OT THIpOTeEp-
MaJIbHOTO MCTOYHHMKA B HUX CYIIIECTBEHHO CHMXKAETCS
colepKaHUe BCeX PYIHBIX BJIEMEHTOB, 3a UCKIIIOYe-
HMeM Mn, cHMxXaeTcs Takke cogepxanue Ba, P, mu-
TOT€HHBIX 2JIeMeHTOB (Si, Mg). B To xke Bpems pactet
conepxanue CaCO; (ot 11.67 mo 76.23 mac. %), uro
CBSI3aHO C YMEHBIIEHNEM B COCTaBE OCAIKOB THMIPO-
TepMaJIbHOIO MaTepuraa U IpeodiagaHueM 0Cag04d-
HOTO BEIECTBa, IPEACTaBJICHHOIO KaJlbIIMTOBLIMU
pakKoOBMHAMM MUKPOOPTaHU3MOB.

BbIBOJbI

1. [Ipu ymaneHUW OT UCTOYHUKOB, 3a(UKCHPO-
BaHHBIX TIPU TUAPOJIOTUIECKOM 3O0HIAMPOBAHUU U
MpennojaraeMbiX, HaOMIOgAeTCsl YMEHbIIEHUE pa3-
MEpPOB 1 KOJIMYECTBA OOJIOMKOB THIPOTEPMATBHBIX
MUHEpPaJIoB 1 3madOTeHHOTO MaTepuaiia, 1 yCujieHue
CTeTIEHU OKUCJCHUS (3aMelleHUs] TUAPOKCUIAMU
XKene3a) OO0JIOMKOB Cylnb(GUIOB. DTO OTpaXkaeTcs B
XUMHMYIECKOM COCTaBe OCAIKOB: C yIaJIeHUEM OT TUI-
poTepMaJIbHOTO HMCTOYHUKA B HUX CYIIECTBEHHO
CHITXAeTCs ComepskaHe OCHOBHBIX PYTHBIX SJIEMEH-
TOB U Bo3pacTaet coaepxaHue CaCO;. Takas 3ako-
HOMEPHOCTb COIIACYeTCsI C ONyOJIMKOBAaHHBIMU JaH-
HBIMH TI0 IPYTUM THAPOTEPpMaTbHBIM TToJIsIM CAX 1
ya3iy ITobena.

2. UckioueHue coctasiseT cT. 371.246g, yTo naet
OCHOBAHHUE COIJIACUTHCSI C MPEAIOOXKEeHUEM, BbI-
ckazaHHBIM B pabote [Kuksa et al., 2021], 0 Bo3MOXK-
HOCTH CYIIIECTBOBAHUS BOJIM3U 3TOI CTAHIIMY aKTUB-
HOT'0o MCTOYHMKA. JIaHHBIC TUAPODU3NIECKUX UCCTIe-
JIOBaHUI1 MTO3BOJISIIOT MPEANOI0XKUTh, YTO MUICTOYHUK
OBUI pacroJiokeH Ha paccTossHuu okojio 300 M ot
cT. 37L.246g HIXe MO CKITOHY.

3. Cpeou TUIAPOKCUIOB XKejie3a BBIACISIOTCS
CIIEIYIONINE CTPYKTYPHO-MOPMOIOTHIECKIE THITHL:
1) ToHKO paccessHHasT BKPaIUIECHHOCTb B OCHOBHOI
Macce ocajika B CMECH C NIMHUCTHIM 1 31a(OreHHbIM
MatepuajaoM; 2) CTPYKTYphl 3aMEIIeHUS CYJIbhUa-
HBIX M CUJIMKATHBIX MUHEPAJIOB — OT KaeMOK 3aMe-
IIeHUs 10 OOpa3oBaHUSI TCEeBAOMOP(PO3 IO HUM;
3) KaiiMbI oOpacTaHUsI BOKPYT CyIb(GUIOB U OapuTa;
4) 060cobeHHbIE MOHOMUHEpPAJIbHbBIE BBIASICHMSI,

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

copMUpoBaHHbIE B IUTIOME (?) M/WIU TIPEICTABIISI-
1o1111e co00i (hparMeHThI XKeae3UCThIX KOpokK. C yna-
JIEHUEM OT TUAPOTEPMAaTbHBIX HCTOYHUKOB ITpeobia-
JAIOIIMMU CTAHOBSITCS CTPYKTYPHBI TICEBIOMOP(HOro
3aMelIeHMs Y TOHKO paccessHHasi BKParjeHHOCTb.

4. B XUMUYECKOM COCTaBe CYJIbPUI0B MEIU U K-
Je3a (M30KyOaHMTA, XaJbKOIIMPUTA) MPU yAaJeHUU
OT MCTOYHMKA HaOJIOJaeTCsI YMEHBIIICHNE OTHOIIIE-
Hust Cu/Fe 3a cuet BbIHOCA MEIM M3 HUX B OKWCJIU-
TeJILHBIX yCJIOBUsIX. B 061oMKax myupuTa B 3TOM Ha-
MIpaBJICHUU YBEJIMYMBaeTCs1 cooTHoleHue Fe/S.

5. B TOBepXHOCTHOM TOPHM3OHTE KOJOHKH
ctT. 371L.245g (none ITobena-2), pacnosoxXeHHOM Tpe-
MOJOXUTENbHO BOJM3U TUAPOTEPMATIBHOTO MCTOU-
HUKa, ycTaHoBJeHa HoBas da3a coctaBa Cuss;_ 49"
*Fe| 7122105949953 C BKIIOYEHUSIMU JIaMEJIEl Xajlb-
konuputa. Cyabdua 3TOro coctaBa U U30KyOaHUT
MPUCYTCTBYIOT B BUJIe BKpaIruieHUii B 00JIOMKax OTaJlb-
KOBaHHBIX TTOPOJI, YTO MO3BOJISIET OTHECTU UX K da-
¢oreHHOMY MaTepuay, BbINaBIIeMy U3 TLIIOMA.
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Mineral Indicators of Hydrothermal Activity in the Surface Layer of Bottom Sediments
of the Pobeda Hydrothermal Cluster (17°44.9'—17°07.6" N MAR)

A. D. Lyutkevich! *, I. F. Gablina!, E. V. Narkevsky?, I. G. DobretsovaZ, A. A. Kiselev!, N. V. Gor’kova'
!Geological Institute of the Russian Academy of Sciences, Pyzhevsky lane, 7, bld. 1, Moscow, 119017 Russia
2Stock Venture “Polar Marine Geosurvey Expedition” (PMGE), Pobedy str., 24, Lomonosov, St. Petersburg, 198412 Russia
*e-mail: nastya.lyutkevich@mail.ru

The work is devoted to the study of ore minerals of the surface horizon of ore-bearing sediments of the Pobeda
hydrothermal cluster. The following methods were used: optical microscopy, scanning electron microscopy,
and X-ray spectral microanalysis. It was found that ore minerals are represented by fragments of copper and
iron sulfides (isocubanite, chalcopyrite, and pyrite), newly formed iron hydroxides, and atacamite. In addi-
tion, barite and edaphogenic material in the form of silicate clasts, sometimes with sulfide inclusions, are
present. Structural and morphological types of iron hydroxides are distinguished. On the basis of hydrophys-
ical data, the location of the assumed active hydrothermal source in the area of the Pobeda-3 ore occurrence
was updated. The distribution of studied minerals depending on the location relative to active hydrothermal
vents is described. A decrease in the size and amount of hydrothermal mineral clasts and edaphogenic mate-
rial and an increase in the degree of sulfide replacement by iron hydroxides were observed at a distance from
the sources. Also, a decrease in the Cu/Fe ratio in the chemical composition of copper and iron sulfides is
observed when moving away from the source. An unidentified phase of Cu; 57_42F€7/_519S499_53; With
lamellae of chalcopyrite inclusions was established in the surface horizon of the column at 371.245g.

Keywords: Mid-Atlantic Ridge, Pobeda hydrothermal cluster carbonate metal-bearing and ore-bearing bot-
tom sediments, mineral composition, copper and iron sulfides, iron hydroxides.
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