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O6vexm uccnedosanuii. CTaThs MOCBSIICHA U3y YEHHUIO ClIECCaPTHH-KBAPIIEBBIX TIOPOJ] TPHACOBOIT KpeMHEBoii (opma-
nuu Cuxory-Annas. OOBeKTaMH HCCIEJOBAHUH CITYXKIJIM KOPEHHBIE BBIXOBI CIIeCCapTHH-KBAapIEBBIX Mopox ['opHOi
u lllupokonagHuHCcKoM miomaneit ManuHoBckoro u ONbIrMHCKOT0 pyJIHBIX paiioHoB (B CamapkuHCKoM U TayXHHCKOM
TeppeifHaXx COOTBETCTBEHHO). Mamepuanvl u memodsi. OTOOp KaMEHHOTO MaTepHalia MPOBOAMICS MTY(QHBIM CIOCO-
0oM. /lmarHocTHKa MHHEPAIOB BBHINOIHSIIACH MOJ MUKPOCKOIIOM B NPOXOASINEM M OTPaKeHHOM CBETE M 3aBepsIach
OIpeeNICHHEM HX COCTaBOB. AHanu3bsl MuHepanoB (B anuuingax) seimonnensl B JJBI'M IBO PAH na peHTreHocnex-
TpaiabHOM MEKpoaHanu3aTope J X A8100. Peszyrsmamsr. CieccapTHH-KBapIEBbIE U MapraHIIeBOCHIINKATHBIE TIOPOJIEI 3a-
HUMAIOT OZMHAKOBOE IOJIOKEHHE B pa3pe3e TPHACOBBIX oTiIokeHNH TayxuHCcKoro 1 CaMapKHHCKOro TeppeifHOB, 4TO
CBHJIETENBCTBYET O CHHXPOHHOM HAKOIUIEHHH OCaAKOB (IPOTOJNIMTOB 3TUX MOPOM) B €AMHOM OcaJouHOM Oacceifne. B
TayxuHCKOM TeppeiHe 3TH MOPOALI 00pa30BaTUCh TPH KOHTAKTOBOM MeTaMop(u3Me KpeMHUCTO-POAOXPO3UTOBBIX TEJ
B IIO3/IHEM MeJy IPU CTAHOBJICHWU TPAaHUTOMIHBIX MacCUBOB BocTOouHO-CHXOT3-AJIMHCKOrO BYJIKaHOILUTY TOHUYECKO-
ro nosica, a B CaMapKHHCKOM TeppeliHe — B paHHEMENIOBOE BpeMsI ITpH ()OPMHUPOBAHUH I'PAHUTOUTHBIX Tel XyHrapu-Ta-
THOWHCKOTO TUTyTOHMYECKOro mosica. [IpoTonmuTaMu KpeMHHCTO-POIOXPO3UTOBEIX MOPOJ U UX KOHTAKTOBO-METaMOp-
(M30BaHHBIX AHAJIOTOB SIBJSUINCH KPEMHHUCTBIE MIIbI OMOT€HHO# Mpupobl. 13-3a 0MHAaKOBOH MPHUPOABI TPOTOIUTOB U
Onu3KHX ycnoBuil MeTamop(dn3Ma MapraHIeBOCHIMKATHBIE U CIIECCAPTHH-KBapIEBbIE TOPOABI OOHAPYKUBAIOT MIHE-
paJtormueckoe cxocTBo. OHO BBIpaXkaeTcs B IPUCY TCTBUHM MHOT'HX OOIIUX JIsI HUX MHHEPAJIOB, TAKMX KaK CIIECCapTHH,
YJIEHBI HIBMEHUT-MUPO(YAHUTOBOTO PSAA, TUTAHUT, MOHAIIUT, OACTHE3UT, aJUIAaHUT, allaTUT, IIUPKOH, OaAETEUT, TOPH-
aHuT " ap. B crneccaprun-kBapneBsx nopogax CHXOTI-ATHHS MPUCYTCTBYET I'PYIIA PEAKUX B MPUPOIE MHHEPAJIOB!
YepaJnuT, TPIUHT, peaKasi pa3HOBHIHOCTh (PTOP-TIIMHO3EMUCTOr0 TUTAHNUTA, B KOTOPOM OKOJIO MTOJOBHHEI Ti 3aMelieHo
Al, u xapmenTtasut. 3axaouenue. IlosiBaeHne (IpH KOHTAKTOBOM MeTaMop(du3Me KPEMHUCTO-POIOXPO3UTOBBIX MOPOL
B BOCCTAaHOBHTEJBHBIX YCIOBHSX) CIIECCAPTHH-KBAPIEBEIX MM, BMECTO HUX, MapraHI[eBOCHINKATHBIX TIOPOJI, CIOKEH-
HBIX I'ITaBHBIM 06pa30M MAPOKCEHOMAAMU, ONPEACTATACTCA OTHOCUTEIIbHBIMUA KOJIMYCCTBAMU Kap60HaTHOFO H I''IMHH-
CTOTO BEIIECTBA B HCXOTHBIX 0Ca/IKaxX, a TAK)Ke COAEPKAHUSIMHY B HUX Ba u menouei.

KuroueBble ci10Ba: cneccapmun-keapyesvie nOpoobl, KPeMHUCTHO-POOOXPO3UMOBbIE NOPOObl, MAPSAHYEBOCUTUKATNHYLE
NOPOObL, MUHEPANIO2USL, YEPAIUN, KAPMENMA3UM, 2pIUUm, mpuacosas kpemuesas gopmayus, Cuxoms-Anuns
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Research subject. The article is devoted to the study of spessartine-quartz rocks of the Triassic chert formation of the
Sikhote-Alin. The research objects involved the outcrops of spessartine-quartz rocks of the Gornaya and Shirokaya Pad
areas from Malinovka and Olga ore districts (in the Samarka and Taukha terranes respectively). Materials and methods.
The selection of stone materials was performed manually. The diagnostic of minerals was performed using the micro-
scope in transmitted and reflected light and carried out by the determination of their composion. The polished sections
of the minerals were investigated at the FEGI FEB RAS using JXA8100 microanalysers. Results. Spessartine-quartz
and manganese silicate rocks occupy the same position in the section of the Triassic deposits of the Taukha and Samar-
ka terrains. This indicates a synchronous accumulation of sediments (protoliths of these rocks) in a single sedimentary
basin. The rocks formed by contact metamorphism in the Late and Early Cretaceous large granitoid massifs. This pro-
cess is manifested in the presence of a variety of such minerals, as spessartine, members of the ilmenite-pyrophanite
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series, titanite, monazite, bastnesite, allanite, apatite, zircon, baddeleyite, torianite and others. The rocks under study
also include such rare minerals, as cheralite, greyite and a rare variety of fluorine-aluminous titanite. Conclusion. The
occurrence (during contact metamorphism of siliceous-rhodochrosite rocks) of spessartine-quartz or manganesesilicate
rocks composed mainly of pyroxenoids, was determined by both the relative amounts of carbonate and clay matter, as
well as the concentrations of Ba and alkalis in the initial sediments.

Keywords: spessartine-quartz rocks, siliceous-rhodochrosite rocks, manganesesilicate rocks, mineralogy, cheralite,

carmeltazite, greyite, Triassic chert formation, Sikhote-Alin

BBEJIEHUE

Ocob6ennocThio CUX0T3-AINHS, 0TMEYaeMOM MHO-
TUMU HCCIEIOBATENSIMHA IPH H3yYCHHH MeETajiore-
HUU 3TON KPYITHOM I'€0JIOrHYECKON CTPYKTYPbI, ABJIS-
€TCs PacHpoCTpaHEHHE OOTaTHIX HIIM OO0OTameHHBIX
Mn reonorudeckux oOpasoBanmii (PaxkeBud u ap.,
1960; Kymum, Kymum, 1974; U'ynsiea, 1982; u np.).

Hawubonee 3HauuTenbpHble KOHIIEHTpauu Mn xa-
paxtepusl 1t CaMapKUHCKOTO U TayXMHCKOTO Tep-
peiiHoB CuxoT3-Anuns (puc. 1). B atux crpykrypax
pacrpocTpaHEeHbl T'e€OJIOTHYEeCKHuE 00pa3oBaHMs, KO-
TOpBIE (II0 COMIEPKAHUIO U MUHEPATLHOU hopme Mn,
a Tak)Ke YCJIOBHUSIM 3aJieTaHus) COOTBETCTBYIOT IIPO-
MBIIUICHHOMY THIY CTpaTU(UIHPOBAHHBIX Kapbo-
HaTHBIX MapraHIleBbIX pyJl (HO MJIOXO U3YYEHHI B OT-
HOIIIGHUH 3aI1aCOB) HJIM SBISIIOTCS IICHHBIM IOBEIIUP-
HO-TIOJICTIOYHBIM WJIM MOJEIOYHBIM MatepuajoMm. K
HHUM OTHOCSITCS KPEMHHUCTO-POJOXPO3UTOBEIE MTOPO-
IIbI TPHACOBOM KpemHeBol Gopmannu CuxoTd-Amnu-
HS ¥ TaK Ha3bIBaeMbIE ‘“pPOJOHUTHI” — KOHTAKTOBO-
MeTaMOp(hU30BaHHBIE AaHAJOTH KPEMHHCTO-POJOX-
po3uToBbIX mopo. OcoOkIil HHTEpeC K 0OTaThIM HIIH
oborameHHbIM Mn o0pa3zoBaHusIM (BKJIFOYAs CKap-
HBl IIUPOKO M3BECTHBIX MECTOPOXKJeHuU JlanmbHe-
FOPCKOW T'PYIIIBI U PYJIBI HEKOTOPHIX KHIIBHBIX Me-
cropoxaeHuit [IpumMopss) cBsizaH ¢ COMyTCTBYIOLIEH
nM Au-Ag-Pd-Pt Mmunepanuzanueii (Kazauenko u np.,
2012; u mp.), a Takke OOPHBIMH, TTOJTUMETATITNICSCKU-
mu (c Ag, Au unu Sn) WA OJOBSHHO-TIOTUMETAJLIIH-
YECKUMU PyAaMHu.

HawnbGonwsmiee Hakorienne Mn B CuxoTs-AnuHe
MPOUCXOJUIIO B CPEAHEM—IIO3HEM TpUACE B METaJl-
JIOHOCHBIX OCaJIKaX, YaCTHYHO METaMOP(PU30BAaHHBIX
[IPU CTAHOBJICHUHU KPYITHBIX I'PAHUTOUIHBIX TEJI [TO3/1-
HeMenoBoro (B TayXmHCKOM TeppelHe) U paHHEMEO-
Boro (B CamapkuHCkOM) Bo3pacta. OHH IpeacTaBiie-
HBl B HBIHEITHEM BHUAE KPEMHHCTO-POIOXPO3HTOBBI-
MH, CIECCApTHH-KBAPIIEBHIMU, MapraHIeBOCHINKAT-
HBIMHU (CJIIO)KEHHBIMHU TJIaBHBIM 00pa3oM CHIIMKaTa-
Mu Mn) nopofiaMH ¥ CHIIMKAaTHO-MarHeTUTOBBIMH PY-
JlaMU TPUACOBOI KPEMHEBOW (POpPMAIIMH, KOTOPAs U3-
BecTHa B CHUXOT3-AJIMHE B BUJE KPYIHBIX OJOKOB B
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0CaJIOUHBIX NOPOJIaX FOPCKOTO U PAHHEMEJIOBOTO OJIM-
CTOCTPOMOBBHIX KOMILIEKCOB CaMapKHHCKOro (U ero
anajora — Hanmanbpxana-bukunckoro) m TayxuHCKO-
ro teppeiHoB (cM. puc. 1). OHa cioXeHa KPEMHSIMU,
KPEMHEBBIMHU apTrUJUTHTaMH, apriJUIATaMH M aJieB-
poaprummutamu (Bomoxua u np., 2003). Mectamu (B
HenTtpansaom u CeBepHom CUXOTI-ANMHE) B cOCTa-
BE TPHACOBOW KpPEMHEBOW (hOpMaluu IPHCYTCTBY-
0T MPOCIION HU3BECTHAKOB, MEpreyiel, TIMUHUCTHIX U
KPEMHHUCTBIX M3BECTHSIKOB. Ee 0COOCHHOCTBIO SIBIIS-
eTCs TaK)Ke HAJIM4YUe SIIM, YTIIEPOIUCThIX pa3HOCTEH
KPEMHUCTBIX U KPEMHHUCTO-TTIUHUCTBIX TOPOJ, TPH-
YPOUYCHHBIX K OINPEAENeHHBIM CTpaTHTpaduIecKuM
ropuzoHTaM. HrkHSAS bacTe (opManuu CcloxeHa
“INTMHACTO-KPEMHUCTON TONIIEH (OJeHEeK—CpeaHuit
aHU3Wii), 00OTalleHHONW MPOCIOSIMH YTIIEPOIUCTHIX
pa3HOCTEHN MOpPOX M MEPEKPBHITON “KpEeMHEBOW™ TOJ-
IIEH CBETIIO-CEPBIX INIMTYATBIX KpeMHEeH. B ocHOBa-
HUHU TIOCTIENHEN MPUCYTCTBYET TOPU3OHT SIIM (BEPX-
HUW aHU3MH—JTaJIMHCKUI SIPyC) MOIIHOCThIO OoJiee
3 M. Bpimenexammue KpeMHH OTHOCSTCS K KapHHIO
U Hopuro. Bo BpeMs IOpCKOM M MeJNOBOM aKKperui
(hparMeHTHI TPHACOBOW KPEMHEBOH (dopmaruu ObLITU
BKJIIOYEHBI B COCTAB KPYITHBIX T€OJIOTHYECKHUX CTPYK-
Typ Cuxor3-Anuns — CamapKuUHCKOro U TayXHMHCKO-
r'o TepPEeHHOB COOTBETCTBEHHO.
KpeMHHCTO-pOI0XpO3UTOBBIE, MapraHLEBOCHIIH-
KaTHBIE TOPOJIbI U CHJIMKATHO-MarHETHTOBBIE PYABI
clararoT CTpPaTUGHUIIUPOBAHHBIE JIMH3000pa3HbBIC H
IJTACTOBBIC TEJla B OCHOBAHHWH ‘‘KPEMHEBOW TOJIIH .
Bwmecre ¢ smMaMu oHH 00pa3yloT €NUHYIO PYIOHOC-
HYIO MMa4YKy WJIH CMEHSIOT JIPYT ApPYyTa IO MPOCTUPA-
HUIO nopoa. Ha moBepxHOCTH UX BBIXOABI, TPYIIIUPY-
IOLIMECS B CEPUM MPOTAKEHHBIX JTUHEMHBIX 30H, Ma-
paJIeNbHBIX MPOCTUPAHUIO BMEIIAIOIIUX ITOPOJI, Map-
KUPYIOT BBIXOABI CMATOTO B CKJIAAKH PYJOHOCHOTO T'O-
puzoHTa. HexoTopsle 30HBI IPOCIEKEHBI IO MPOCTH-
paHHIO Ha pacCTOSTHUU He MeHee 4.5—6.5 kM (puc. 2).
Ha HekoTOpBIX HHTEpBaNIaX TAKUX 30H MapraHIIEBOCH-
JUKATHBIE ITOPOJIbl U CHIIMKATHO-MarHETUTOBEIE PYAbI
3aJleraloT B ClieCCapTUH-KBApLEBBIX Mopoaax (puc. 3),
B HEKOTOPBIX OTHOIIEHUSX OMU3KHX K smMaM. Kak u
SIIIMBI, OHU TIPEACTaBISAIOT cOO0H MeTaMOp(pH30BaH-
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Puc. 1. [Tonoxxenne n3ydeHHBIX 00beKTOB B CuxoT3-AnnHe. TekToHnueckas ocHoBa o A.M. Xanuyky (I'eoquHa-
MHKa. .., 2006) ¢ HeOOMBITUMH U3MEHEHHUSIMH.

1 — hparMeHThI paHHENaIe030MCKUX OporeHHbIX noscoB 1o JI.M. ITapdenosy (ITapdenos u ap., 2003): XH — Xankaiickuii mac-
cuB, BP — Bypeunckuii maccus; 2 — 1opckue TeppeitHsl (pparMeHTsl akKpeuoHHbIX mpu3M): CM — Camapkunckuii, Hb — Ha-
nanbxana-buknHckuit; 3 — kanuHoBckue rabopouasl (neBon?); 4 — Okpanncko-Cepreesckuii Teppeita (CP) u ero ¢pparmenTsi,
BKJIIOYEHHBIE B CTPYKTYPbI IOPCKOH aKKPEITHOHHOW MPU3MBI U HCHBITABIINE BMECTE C HUMHU IIUKJ CHH- U TIOCTAaKKPEIHOHHBIX
npeoOpa3oBaHuil; 5—8 — paHHEMENIOBbIE TePPEHHEI-(hParMEeHTHI: 5 — HEOKOMCKOH akkpernronHol npu3Msl (TY — TayxnHckuii),
6 — IPUKOHTHHEHTAJIBHOTO CIPEAMHTOBOro TypbuanToBoro dacceiina (JKP — XKypasnescko-Amypckuii); 7 — 6appemM-anbOcKoit
ocTtpoBoayxHoi cucteMbl (KM — Kemcknit); 8 — anpOckoit akkpennonHoit mpusmsbl (KC — Kucenecko-MaHoMuHCKHT); 9 — J1e-
BbIe ciBury, B ToM uncie: KK — Kykaunckuii, AP — ApcenbeBckuii, MOA — Munranb-®Oymynbsckuii (Anmuanckuit), [{CA — Ien-
TpanbHbld Cuxor3-Anunckuid, ®P — dypmanosckuii; 10 — HaaBury; 11 — u3ydeHHBIE IUIOMAIN C BBIXOJAMU TPHACOBBIX KOH-
TaKTOBO-METaMOP(hH30BaHHBIX METAJUIOHOCHBIX ocafgkoB: 1 — [llnpokonagnuHckas, 2 — MokpymmHcKas, 3 — Beicokoropcekas,
4 — CanoBas, 5 — ['opHas.

Fig. 1. Position of the studied objects in the Sikhote-Alin. Tectonic base after A.I. Khanchuk (Geodinamika..., 2006)
with little changes.

1 — fragments of early paleozoic orogenic belts according to L.M. Parfenov (Parfenov et al, 2003): 1 — XH — Khanka massif,
BP — Bureya massif; 2 — Jurassic terranes (fragments of accretionary prisms): CM — Samarka, Hb — Nadan’khada-Bikin; 3 — Kalin-
ovka gabbroids (Devonian?); 4 — Okraino-Sergeevka terrane (CP) and its fragments included into the structures of the Jurassic ac-
cretionary prism and that underwent together with them the cycle of the syn- and post-accretionary transformations; 5—8 — the Early
Cretaceous terranes — fragments of: 5 — the Neocomian accretionary prism (TY — Taukha), 6 — the near-continental spreading turbi-
dite basin (KP —Zhuravlevka-Amur); 7 — the Barremian-Albian island-arc system (KM — Kema); 8 — the Albian accretionary prism
(KM — Kiselevka-Manomin); 9 — left-lateral faults including: KK — Kukan, AP — Arsenyevka, M®A — Mishan-Fushun (Alchansky),
ILICA — Central Sikhote-Alin, ®P — Furmanovka; 10 — thrusts; 11 —the studied areas with the exposures of the Triassic contact-meta-
morphosed metal-bearing sediments and deposits: 1 — Shirokaya Pad’, 2 — Mokrusha, 3 — Vysokogorsk, 4 — Sadovaya, 5 — Gornaya.
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Puc. 2. Cxema reonorudeckoro crpoerus Llnpoxomagaunckoit miomann (mo ®.U. Pocrosckomy 1 ap., 1981 ¢ nzme-

HCHUSMHU U )IOHOJ'IHeHI/IHMI/I).

1 — yeTBEpTHUHBIE OTIOKEHHSL; 2 — BJIKaHUTHI BocTOUHO-CHXOTI-AJIMHCKOTO BYJIKAaHOT€HHOTO 110sICa; 3 — IeCYaHUKOBast TOJ-
ma (K,?); 4 — menut-aneBposnTOBas TOJIIA C TOPU3OHTAMU TYPPHUTOB, KPDEMHHUCTHIX MOPO U IecHaHNKoB (J, 3); 5 — KpeMHU-
CTO-TJIMHUCTAsI TOJIIIA CPEHEr0—TI03THET0 Tpuaca; 6 — KapOOH-TIEPMCKHE OTIIOKEHUS; 7 — IpaHuTH Bragumupckoro (a) u Iu-
poxonagHUHCKOro (0) MaccuBOB; 8 — pyJOHOCHAs MayKa: a — yCTAHOBJICHHOE MECTOINOJIOKEHHE, O — peanonaraemoe; 9 — pas-
phIBHBIC HapylIeHHs; 10 — ycTaHOBJIEHHBIE BHIXO/bI PYIOHOCHO# ITaYKH.

Fig. 2. Schematic geological structure of the Shirokaya Pad’ area (after F.I. Rostovskii, et al., 1981 with changes and additions).

1 — Quaternary sediments; 2 — volcanics of the East-Sikhote-Alin Volcanic Belt; 3 — sandy sequence (K,?); 4 — clays and siltstones
with tuffite, siliceous rock and sandstone units (J,;); 5 — siliceous-clayey sequence (Middle—Late Triassic); 6 — Carboniferous-
Permian sedimentary rocks; 7 — granites of the Vladimir (a) and Shirokaya Pad’ (6) massifs; 8 — ore-bearing unit: a — proved,
6 — inferred; 9 — fractures; 10 — proved exposures ore-bearing unit.

HbIe, OKpaIlIEHHbIE (B KOPUYHEBBIN IIBET) KPEMHUCTHIE
U TJIUHUCTO-KPEMHHCTHIC MOPOJbI MUKPO3EPHUCTOU
CTPYKTYpHI (puc. 4), HO oOoraneHHbIE BOCCTAaHOBJICH-
HBIM JI0 JIByXBaJICHTHOro cocTosinusi Mn. Ilo muHe-
paTBpHOMY COCTaBY CIIECCApTHH-KBApIEBBIE MOPOIBI
ONM3KU K TOHIUTaM (OOBIYHO MEITKO3EPHHUCTHIM), OJI-
Hako uX 0oOpa30BaHUE CBSI3aHO HE C PETHOHAIBHBIM
(kak B cliyyae TOHAMTOB), @ C KOHTAKTOBBIM METaMOP-
(U3MOM METaJIIOHOCHBIX 0CaIKOB.

KpeMHUCTO-pOI0XpO3UTOBEIE TOPOABI IPEICTAB-
JISIIOT COOOW KPEeMHH, HACBHIIMIEHHBIE KPUTITOKPHUCTA-
JIMYECKUM POJOXPO3UTOM HIIM arperaramMu W3 Mellb-
JaHIuX JEeHIPUTOIOAOOHBIX KPUCTAJIJIOB 3TOTO MH-
Hepana. OHH comepKaT MHOTOUYWCIIEHHBIE MelbYaii-
[IUe BKJIFOUEHUS PYJHBIX MUHEPAJIOB, OPraHUYECKO-
r'0 BEIIECTBA, MUKPOCKOITMYECKUE YCITYHKU XJIOPUTA,
KPHUCTAJIbl TUTAHUTA U allaTUTA.

B MapraHueBOCHJIMKATHBIX MOpOAax Mpeodiana-
IOT PONOHHUT, MHUPOKCMAHTHT, CIECCAPTHH W KBapIl.

LITHOSPHERE (RUSSIA) volume21 No.1 2021

Pacnpoctpanensl nmupodaHuT, TePpOUT, MaHTaHAK-
THHOJIUT, MapraHlOBUCTBbIE Pa3HOBHIHOCTH KIIHHO-
MUpOKCeHa W amdpuboia KyMMHHTTOHHT-TPIOHEPH-
toBoro psga (IlepeBozamkoBa, 2010). Pexxe BcTpeda-
IOTCS MAHTaHNIUPOCMAJINT, ajda0aHANH, MAaHTAHAKCHU-
HUT, TEIbBUH, POXOXPO3UT, Ba-conepkamuii ¢uoro-
UT, THano(daH, Lenb3uaH, MarHeTUT, TpaguT U Ipy-
rue muHepaisl. Copepkanue MnO B MapranueBocH-
JIMKaTHBIX Topojax aocturaet 47 mac. %. Mapraniie-
BOCUJIUKATHBIE TIOPOJIBI COACPIKAT aKLECCOPHYIO MU-
HEepalu3aluio B BHJE Pa3HOOOPA3HBIX COEIUHEHUH
Th, U, REE, Ni, Co 1 MHOTHX ApYTHX METAJIJIOB.
CunIMKaTHO-MAarHeTUTOBBIE PYyIbl NPEACTaBICHBI
TOHKO- ¥ MEJIKOKPUCTANTNYECKIMH Pa3HOCTSIMU TaJIbK-
MarHeTUTOBOTO, TAJIbK-XJIOPUT-MAarHETUTOBOTO, MAHTa-
HAKTHHOJMT-MAarHETHTOBOIO (CO CIIECCApTHHOM) U XJIO-
PHUT-MarHETUTOBOTO COCTaBa C IJIOXO COXPaHWBILEH-
cst cmoucToi TekcTypoi (Kazauenko, 2002). B Hux npu-
CYTCTBYIOT CHHTEHETHYECKHE MHUKPOBKJIIOUCHUS Kac-
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Puc. 3. XapaxTep 3aneranus u cTpoeHue py1oHOCHOM nauku Ha lllupoxonagHuHckoi miuomaau OIbrUHCKOro pai-
oHa (pynonpossieraue 19), mo (Kazauenko, Cami, 1990) ¢ qOnOTHEHUSIMU ¥ H3MEHECHUSMH.

1 — TOYBEHHO-PACTUTENBHBIH CIIOi; 2 — NEeNOBU; 3 — KPEMHHUCTO-TIIMHUCTHIE TTOPOABL; 4 — ClieccapTHH-KBAapIEBbIE TOPOIBI;
5 — MapraHIeBOCHIMKATHBIE TOPOABI; 6 — CHIMKAaTHO-MarHETHTOBBIE PYIBL.

Fig. 3. The nature of occurrence and structure of the ore bearing layer at Shirokaya Pad’ area of the Olga district (ore
occurrence 19), by (Kazachenko, Sapin, 1990) with additions and changes.

1 — ground-vegetation layer; 2 — deluvium; 3 — siliceous-clay rocks; 4 — spessartine-quartz rocks; 5 — manganese-silicate rocks;

6 — silicate-magnetite ores.

CUTEPUTA, UIBMCHUTA, TUTAHUTA, IICCIUTA, KCEHOTH-
Ma, MOHAIUTa, OajJielienTa, TOPUAHNUTA, YPAHUHUTA,
Kyjapura, 0apuTa, apCeHHUJIOB U CylibhoapceHuI0B Ni
u Co u qpyrux MuHepayioB. CHUIINKaTHO-MarHETUTOBBIC
pyxmst coneprkar 49.26-91.37 mac. % (FeO + Fe,05), 060-
ramens! Mn (o 0.82 mac. % MnO) 1 Sn (1o 0.65 mac. %
Sn0,).

CoBpeMeHHOEe HakorjieHue Mn, Kak IOKa3aHo
MHOTOYHUCJICHHBIMU HCCIIEOBATEIsIMU, B TOM 4YHC-
ne HamuMu cooteuectBeHHUKamMu H.M. CtpaxoBbsiMm,
.M. BapeHLOBBIM U Jip., BHECIIMMHU 3HAYUTEIbHBIN
BKJIaJl B pEUICHHE MpoOjieM o0pa3oBaHUs MapraHiie-
BBIX MECTOPOXKICHUN M OKCAaHWYECKOTO JIMTOTCHE-
3a, MPOUCXOINT B OKeaHaX, MEJIKOBOIHBIX MOPSX, (QH-
opHax, MPeCHOBOAHBIX o3epax W Oojorax. boipmmH-
CTBO 3aJIeXkeH B OKeaHe, MPEACTABIISIIONINX COOO0M CKO-
IJICHUE KEJIe30MapraHLIeBbIX KOHKPELHi, pacmonara-
FOTCS B O0JIACTSX PAa3BUTHUS KPACHBIX TITHH HJIH KPEM-
HUCTHIX WioB. Hakomienne Mn npoucxonuT Ha abuc-
CaJlbHBIX paBHUHAX, MOABOIHBIX IIJIATO, TMOTHATHSAX,
BO BITAJIMHAX U APYTHX MOPGHOIOTHIECKUX DIIEMEHTaX
OKEaHCKOTO JTHA, B 30HaX KOHTHHEHTAIHHOTO 00paM-
JIeHUs, B KOHTHHEHTAJIBHBIX PU(PTOBBIX CTPYKTypax.
BonbpmmuHCTBO 3a5exeid, 11 KOTOPBIX Mperoiaraet-

cs sHAOreHHBINH ucTouHnK Mn, Fe, Cu, Ni u Co, pac-
MOJI0KEHO BOJIM3M MIIM B CAMBIX LICHTPAX CIIPEIUHTA,
Takux kak CpeanHHO-ATnaHTuueckuil u LleHTpans-
Ho-Unnniickuit xpeOThl, TuxookeaHCKO-AHTapKTH-
yeckoe W Boctouno-Tmxookeanckoe momasaTus, [a-
JAnaroccKuii puT 1 30HbI Pa3IOMOB OKEAHCKOTO JHA
(Mennocuno u Atinantuc) (Poii, 1986).

OOpa3oBaHne MapraHieBBIX W JKEJIE30MapraHiie-
BBIX 3aJie)kell B MOPCKOM OacceliHe, 0 COBPEMEHHBIM
MIPEICTaBICHUSAM, MOXKET MPOUCXOAUTH MyTEM OCaXK-
JeHUSI U3 MOPCKOW BOJBI, THIPOTEpMAIbHBIM (OTIIO-
KEHUS TOPSIYUX HCTOYHHUKOB) U JIHATCHETHYECKUM
crocobaMu. 3aneXy MapraHieBbIX KapOOHATOB, Kak
otMmedaeT C. Poit (1986), dopMupoBanmch myTem Jin-
00 HEemocpeACTBEHHOI'0 OCAKIACHUS U3 BOJ OacceiiHa,
00 OTIOKEHUS U3 UIOBBIX BOJ B XO/I€ JUATr€HETHYE-
CKOTO NepepacIpeielIeHHs] B BOCCTAHOBIIEHHBIX OCajl-
kKax. B remunenarumueckux oO0IacTsIX COBPEMEHHBIX
OKEaHOB, MEJIKOBOJIHBIX MOPSIX M IPECHOBOJHBIX 03€-
pax ¢ BOCCTAHOBJIEHHBIMH, 0OOTaIEHHBIMH OpTraHU-
YEeCKHUM BEIIECTBOM JJOHHBIMH 0CaJIKaMH IITMPOKO pac-
MIPOCTPAaHEH POLECC JUareHETHUECKOr o Iepepaciipe-
nereHus Mn ¢ oOpa3oBaHueM KapOOHATHON (QoOpMBI
sToro snemenTa. Criocod U MEXaHHW3M KOHLCHTPaINH
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Puc. 4. BHemHuii BU M () U CriecCapTHH-KBapPIEBBIX Mopox (0).

Fig. 4. Appearance of jaspers (a) and spessartine-quartz rocks (0).

MEePEXOHBIX METAJUIOB B TIOPOBBIX BOJAX BOCCTAHOB-
JICHHBIX OCAJIKOB M3y4YaJiCh MHOTUMH HCCIICIOBATE-
JIAMH B pa3nudHbIX Oacceitrax (Li et al., 1969; Price,
Calvert, 1970; Jlorsunenko, 1972; u np.). 3anexxu map-
raHIeBbIX KapOOHATOB B OoJiee IPEBHUX OTIOXKEHUSIX
HEPEAKO CBA3aHBI C TAKUMH O0OTallleHHBIMHU YTIIEpPO-
JUCTBIM BEIIECTBOM BOCCTAHOBIICHHBIMU OCaJKaMHU.

LITHOSPHERE (RUSSIA) volume21 No.1 2021

Bo MHOrmx ciy4asx NpH NOCIEAYIOIEM MeTaMop-
(m3Me B HIX 00pa3oBaFICh MapraHIEBOCUIINKATHBIE
MOPOJIBI M CHIIMKAaTHO-KapOOHATHBIE MapraHIeBbIE Py-
Ibl C TpaduTOM, OJM3KUE TI0 MHHEPAJIBHOMY COCTa-
BY U OCOOCHHOCTAM 00pa30BaHUs K MapraHIeBOCHIIHU-
KaTHBIM U CIIECCapTUH-KBapIEeBbIM nopogam CHXOTI-
Anuns. MapFaHHeBOCI/IJII/IKaTHI:IG OpoOAbI U CUJIMKAT-
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HO-KapOOHaTHBIE MapraHLEeBble PYIbl SBISIIOTCS IIU-
POKO pacnpoCTpaHeHHBIMHU 00pa3oBaHusIMU. VX mipu-
MepaMH MOTYT CIyXHTh KapOOHAaTHO-MapraHIIeBO-
CWJIMKATHbIE IOPOIbl B BEPXHEIOPCKUX PagHOJISIPH-
tax Ansn (Peters et al., 1973, 1978; Trommsdorff et al.,
1970; u np.), AE€BOHCKHE OKCHIHO-KapOOHATHO-CHIIH-
KaTHbIEe, OKCUIHO-CHJIMKATHBIE PYAbl U MapraHleBO-
CHIIMKaTHBIEe opoasl Ypana (bpycaunsis, 2000; Cra-
pukoBa u 1p., 2004; bpycuunsis, Xykos, 2005; u np.),
a TaKe TPHACOBBIE TIACTOBBIE MECTOPOXKACHUS SIT0-
nuu (Barana6s u ap., 1973; Sato, 1980) okcugHO-Kap-
OoHaTHO-MapraHIreBocmwiInkaraoro tuma. Creccap-
THUH-KBapLEBble MOPOAbl HU3BECTHH B PONOHUTOBBIX
MecTopoxieHusx Ypana (IIpubaskun u mp., 2018; u
Ip.) U OIpyrux peruoHoB. Bce 3t oOpa3oBaHus, Kak
1 MapraHleBOCWJIMKATHBIE U CIIECCApTUH-KBapLEBbIC
nopoasl CuxoT3-ANKNHSA, COTJIacHO 3aJeralT B CHIIH-
LUTOBBIX TOPU30HTAX, OHH 00Pa30BaluCh B Pe3yJbTa-
T€ KOHTAKTOBOTO HJIM PErHOHAILHOTO MeTaMophu3Ma
OoraThIX MapraHIleBEIMA KapOOHATaMH OTIOXEHU. B
H3y4YeHHUEe MHUHEPAJIOTUH, MUHEPAJIbHBIX aCCOLUAINM
W yCIIOBHI MeTamMopdu3Ma MOAOOHBIX 00pa3oBaHU
3HaYUTENbHBIN BKia] BHecau I1. bpays, O. [lerepcen,
X. Momowu, B. Mapemr, A. Motrana, 5. A6pexrt, T. ITe-
tepc, A.W. bpycauusin, W.I. XKyxkos, E.B. Crapukosa,
E.I. Oxoruna, B. Mbniicon, K. Ummna u apyrue wuc-
CIIeZIOBaTEH.

BrlsicHeHEe 0COOCHHOCTEH MPOUCXOXKICHHUS Map-
TFaHIIEBOCUIIMKATHBIX MOpoJl CHXOT3-AJIMHA TOTpe-
00BaJI0 pemeHus psia BaXKHEHIINX BOIPOCOB, B TOM
YHCJie OINpelesIeHUs] TeOJOrMYeCKUX YCIOBHH 3alie-
ra"us (IJ1acTOBOM M JIMH30BUAHOW MOP(HOJIOTHH pya-
HBIX TeJ, TPUACOBOI'O BO3pacTa, COIVIACHOTO 3ajiera-
HUSI B KPEMHHUCTBIX MOpOAaxX TPHUACOBOIO BO3pacTa).
Kpome Toro, morpeboBanuck oOHapykeHHe KPEeMHU-
CTO-POIOXPO3UTOBBIX IOPOA M IOIY4YEHHE [OKa3a-
TEJIBCTB, YTO OHM SIBIISIOTCS IPOTOJIMTAMU MapraHIie-
BOCHJIMKATHBIX NOPOJ, BBICHEHHUE UX AHAareHeTHYe-
CKOTO ITPOMCXOKICHHS B OCallKax, 0OOTallleHHBIX Op-
raHUYECKUM BELIECTBOM, BBIICHEHME HCTOYHHKAa Mn
(o TeoJoruYecKuM, T€OXMMHYECKHUM M H30TOMHBIM
JTaHHBIM), a TAK)Ke JJ0Ka3aTesIbcTBa KOHTAKTOBOW IIpH-
poabl MeTaMopdu3Ma, MPUBOJUBIIETO K Mpeodpaso-
BaHUIO NIPOTOJINTOB B MAPTaHLEBOCUIMKATHBIE IIOPO-
Ibl B UX HbIHEUIHEeM Buje. PemieHue 3TUX BOIPOCOB
MO3BOJIHIIO C(HOPMHUPOBATH LIEIOCTHYIO KapTUHY NPO-
UCXOXACHUSI MapraHLCBOCHJINKATHBIX MOPOJ B pam-
Kax reojoruueckod ucropuu Cuxordr-Anuns (Kasa-
YEeHKO U JIp., 2016), koTopas MOYTH BO BCEX OTHOIIIE-
HUSIX MPUMEHUMA U K BMEUIAIOMINM HX CIIECCapTHH-
KBapueBbIM mopoaam. [Ipu 3ToMm cymiecTBoBanmm mpu-
YUHBI, 00yCIOBUBIIKE INOSIBIEHUE CIIECCAPTUH-KBap-
LEBBIX HOPOA BMECTO MAapraHLUEBOCHIMKATHBIX M UX
CYLLECTBEHHbIE MUHEPAJIOTHUeCKue pa3nudus. Borsc-
HEHHE 3TUX IPUYMH Ha OCHOBE CPaBHUTEIBHON MUHe-
pajorun4eckoil xapaKTepUCTUKN MapraHLEBOCHIINKAT-
HBIX U CTIeCCapTHH-KBapLEBBIX MOpos CuxoT3-AnuHs
U SIBJIAJIOCH LIENBIO JAHHOTO UCCIIEOBAHMUSL.

Ilepesosnurosa, Kasauenxo
Perevoznikova, Kazachenko

METOJIMKA MCCJIEJJOBAHUI

OT060p KaMEHHOTO MaTepHalia JJisi HCCIICAOBAHMIMA
MIPOBOMMIICA MTYGHBEIM crocoboM. [[ms yBepeHHOMH
JUAarHOCTUKHM OOJIBIIMHCTBA MHHEPAJIOB M3YUYCHHBIX
MOPOA, TAKUX KaK I'paHaT, MOJEBbIE LIMNAThI, CIIOABI,
XJIOPHUT, SIUAOT, aJUIAHUT, WIIBMEHHUT, MOHAIIUT, LIUP-
KOH, alaTUT ¥ MHUPOKCEH, ObUIO TOCTAaTOYHO H3yue-
HUS ONITUYECKUX CBOHCTB U MOP(OJIIOTHU KPUCTAIIIOB
MOl MUKPOCKOIIOM, a TaKXe OMPEeNICHHs UX COCTaBa.
JlarHocTHKa HEKOTOPBIX PEIKUX MHUHEpAJoB, TPH-
CYTCTBYIOIIMX B BHJE MEJIKUX €IUHUYHBIX 3€PEH H3-
3a OTCYTCTBUS BO3MOXXHOCTH HCIOJIB30BAHUS IPYTUX
METOZOB, BEIIIOJTHEHA TOJIBKO 110 Pe3yjIbTaTaM oIpese-
JIeHUs cocTaBa. AHaJU3bl MUHEPANOB (B aHILTH(DAX)
nposoawnck B [IBI'M JIBO PAH nHa pentrenocnex-
TpanbHOM MukpoaHnaiuzarope JXA8100 ¢ Tpems Boi-
HOBBIMH CIIEKTPOMETPAMH M JHEPrOJUCIIEPCUOHHBIM
cnektpomerpom INCAx-sight (tad:. 1, 2) npu yckops-
toreM Hanpsokernn 20 kKB u toke 1 % 1078 A, st o6Ge-
CIIEYEHHUS 3IEKTPONPOBOIAUMOCTH MPUMEHSIOCH Tpa-
¢uTOBOC HAMBLIICHHE. B KauecTBe CTaHIAPTOB HCIOb-
30BaHbl YHCTHIE METAJIbI, 36pPHa MUHEPAJIOB (IpoaHa-
JTU3UPOBAaHHBIE APYTHMHU METOAAMH), a TAaKKe HaOop
STAJIOHOB, IOCTaBIsieMbIX pupMoii Agar Scientific.

PE3VYJIBTATHI

CrieccapTHH-KBapleBbIe TIOPOIBI CONIEPKAaT MHOTO-
YUCIIEHHBIE MeTbUailiie BKIIOYCHUsI CIIECCApTHHA U
nupodaHuTa (puc. 5), KOTOPHIMH M OOYCIIOBJICHA UX
KOpUYHEeBas okpacka (cM. puc. 40). Smmel 1 crieccap-
THH-KBaplEBbIE MMOPOABI 3aHUMAIOT OIWHAKOBOE IIO-
JIO)KEHUE B pa3pe3e TPUACOBOW KPEeMHEBOW (opma-
uu CUXOTI-ANUHS M UIMEIOT OJIMHAKOBBIN UM OYCHb
O3kt Bo3pacT. OHH TIPUYPOUYEHBI K OCHOBAHHUIO
“kpemHeBO#” Tonmmu. B mummdax cmeccapTuH-KBap-
ueBbix nopoxa lupokomagnuHckoil miomwanu Onb-
TUHCKOT0 paiioHa, 0TOOpaHHBIX y 000OMX KOHTAaKTOB
PYAOHOCHOM madku (cM. puc. 3), 0OHapy>KeHBI MHO-
rouuciienubie chepsl Triassocampe sp., Tripocyclia
sp., Spongosaturnalis sp., 00JIOMKH KOHOTOHTOB. [lo-
cie mpenapupoBanus mpoo smm Inpokona THUHCKOM
IIJIOIIA/IN BBISBJIIEHBI MHOTOYHCIEHHBIE chepsl — Tri-
pocyclia sp., Triassocampe sp. (BO3MOXHO, HECKOJIb-
ko BumoB). Pon Triassocampe mUPOKO pacmpocTpa-
HeH B Tpuace [Ipumopss, Xabaposckoro kpas, Caxa-
nuHa, Anonnn n Kapenuu. [lo pesynsraram naneoH-
TOJIOTHYECKUX HCCIIEIOBAHUN BO3PACT SIIIM U CIIeC-
CapTHUH-KBapIEBBIX TIOPOJl OTBEYAET CPEAHEMY-IIO3/-
Hemy tpuacy (Kazawenko, 2002). bonee TouHO BO3-
pacT SIIM TPUAcOBO KpeMHEBOU (hopmaruu omnpee-
sieH FO.I. BOJOXHUHBIM ¢ COABTOpaMHM 0 KOHOJIOHTaM.
CornacHo UX TaHHBIM, BpeMsl TIOSIBIICHUS 3THX TTOPOJ]
(TOuHEEe, UX TPOTOIHMTOB) COOTBETCTBYET MO3IHEMY
aHusuio—naanny (Boxoxun u ap., 2003).

CneccapruH-kBapueBsie nopoabl 'opHoii nJo-
AU HApsy C KBapIlleM, CIIECCAapTHHOM U MUpoda-
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Mineralogy of spessartine-quartz rocks of the Sikhote-Alin

Puc. S. BHyTpCHHCe CTPOCHHUE CIICCCAPTUH-KBAPLECBBIX TOPOA.

a — MEJIKHI IJIaH, BUAHBI KBApLEBbIC 30HKU NEPEKPUCTAJIIIN3AUU TOPOJ BAOJIb MUKPOTPCIIUH C KPYITHBIMHA Y4aCTKaMU CII€C-

capTuHa; 6 — OTHOCHTEIBHO KPYITHBIN IJIaH.

Fig. 5. Internal structure of spessartine-quartz rocks.

a — small plan, quartz signs of recrystallization of rocks along microcracks with large areas of spessartine; 6 — and relatively

large plan.

HHUTOM COJIEpKaT KallMeBBIU TOJEBOH IITIAT, XJIOPHT,
AHHHT, KIIMHOIIOU3UT, KIIMHOMTUPOKCEH U APYTUC MH-
Hepajbl. B kajnueBoM MoJIeBOM IINATE MPUCYTCTBYET
10 5 Moi. % ansbuToBOrO MHUHaNA (cM. Tadu. 1). TOT
MHUHEpaJl claraeT 30HaJbHBIC KPUCTAJLIBI, KpaeBbIe
4acTH KOTOpHIX oboramensl Ba. Berpedaercs kaonu-
HHUT (B THE3/aX W MPOXKIIKaX BMECTe C THAPOKCH/IA-
mu Fe u Mn), SBISIONIUICS TPOIYKTOM SK30T€HHO-
r'0 U3MEHEHHU TOJIEBhIX IIMAaTOB. AHHUT, HabIro1ae-
MBI B SIIIIMaX B BUJIC OTMIEIBHBIX PACCESIHHBIX YCITy-
€K WJIM MX arperaTroB, COJACPKUT HeMHOro Na u Mg.
Xnoput cnaraet 6ecopMeHHbIe THE3/1a K MaJIOMOIII-
HbIE TPOKHIJIKUA. B TakuX MPOXHUIKAX M BIOJb HX
KOHTaKTOB MPUCYTCTBYIOT CKOIICHHS YelIyeK OHO-
THTa. XJIOPUT 0OOoTrameH Mn 1 XapaKTepu3yeTcs He-
MOCTOSSHHBIMU copaepxkanusimMu Mg u Fe. Knunono-
M3UT o0Opa3yeT cpacTaHus C IMSATHUCTO-HEOTHOPOJI-
HBIM IO COCTaBY XJIOPUTOM M KallUEBBIM ITOJICBBIM
ImaToM. ITOT MUHEpaI cofepxkuT HemHoro Fe. [1u-
POKCEH BCTpEUaeTCs PEAKO, B BUJC CIMHUYHBIX KPH-
CTaJJIOB U OTHOCUTCS K JHUOIICHJI-TEIEHOCPTUTOBO-
My psaay. OH oboramen Mn v npefcTaBieH CalluTOM
C IPUMEPHO OAMHAKOBBIMHU COJEPKaHUSIMH JUOTICH-
JIOBOTO W TeZIcHOEPTUTOBOTO MUHAIIOB U HEOOIBIITUM
KoJndecTBOM Sc u Al

Borareie Mn mnopomooOpa3syroniye MUHEPaIbl
MPE/ICTABIICHBI CIIECCAPTUHOM U YJICHAMU WJIBMEHUT-
nupoGaHUTOBOro M3oMopduoro psima. CreccapTuH
OTHOCHUTCS K OOraTodl aJIbMaHJIMHOBBIM M T'POCCYJIS-
poBBIM MUHANIaMu (cM. Tab:. 1) pazHoBuaHOCTH. Kpo-
Me TOT'0, OH COJEPXKUT 110 6.5 MoI1. % MUPOTIOBOW KOM-
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MOHEHTHI M HeMHOTo Ti. DTOT MUHEpa XapaKTepusy-
€TCs1 HETTOCTOSIHCTBOM pa3MepOB KPUCTAJIIIOB U HX CO-
cTaBa, 0cOOEHHO B OTHOLICHUH conepxkannii Ca u Mn.
UiteHBl UIBMEHUT-MTUPOPAHUTOBOTO Psijia — BHICOKO-
MapraHlOBUCTBII HJIBMEHUT W BBICOKOXKEJIE3UCTHIN
nUpOQaHUT — CIararoT MHOTOYHCIIEHHBIE KPUCTAJIIBI
WJIM Y4aCcTKU HENPaBUIIbHOHN Gopmbl. MnbMeHUT HHO-
Ir7ia IpeacTaBieH V-coaepKalie pa3sHOBUAHOCTHIO.

K unpkxoHHEBBIM MUHEpaJIaM OTHOCUTCSI LIUPKOH U
Hf-copepxxamuii 6agneneut (cm. Tabmn. 1). Ux peakue
U MEJKHE KPHCTaJUIBl PacCesHbl B 0ObeMe MOPOABI.
ATIaTUT OTHOCUTCS K BEICOKO()TOPHCTOH Pa3HOBHIHO-
ctu (F-amatury).

B cneccaptun-kBapueBbix nopojgax l'opHoi mio-
aay IPUCYTCTBYeET rpynmna muHepaiaoB P32, Hanbo-
Jiee pacpoCTPaHEHHBIMU SIBJISIOTCSI MOHALIUT U 0acT-
He3uT. O0a MuHepasa oborameHs! (B mopsiaKe yobIBa-
Hus ux conepxannii) Ce, La u Nd (cMm. Taba. 1). Mo-
HAIUT U 0aCTHE3UT OOBIYHO CIIAraloT KPUCTAIIBI Cce-
yeHueM 10 3 X 4 MKM, pacCcesHHBIE B Macce MOpPObI
WM 00pa3yloline CKOIUICHUS B MPOXKHUIIKAX OpPraHu-
yeckoro BemecTBa. CTPyKTypHBIE OCOOEHHOCTH MO-
HaIUTa I0APa3yMeBalOT BO3MOKHOCTb FeTEPOBAJICHT-
HBIX 3aMEILCHHUH, ONPEeIONINX CONpPsDKEHHOE (U3-
32 HEOOXOIMMOCTH KOMIEHCAIIMH H30BITOYHOTO 3a-
psiAa) BXOXKICHHE B ATOT MHUHEpaT HEKOTOPBIX JBYX-
1 YETBIPEXBAJEHTHBIX AJIEMEHTOB C OTHOLIEHHEM HX
aTOMHBIX KonndecTB Kak 1:1. KpaiiHue, u30cTpyKTyp-
HbIE MOHAIIUTY, WIEHBl TaKUX W30MOPQHBIX PSIOB,
KOTJ]a IBYXBaJIGHTHBIN 3JIeMeHT mpeacTasien Ca, u3-
BECTHBI B Ka4€CTBE MPUPOIHOI0 MUHEpasa yepaanuTa
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CaTh(PO,), 1 UICKyCCTBEHHBIX XMMHYECKIX COCIIHHE-
Huii CaCe(PO,),, CaU(PO,), u CaNp(PO,), (Borhan
et al., 2010). I'pynnuposku (PO,) B MOHAIIMTE MOTYT
3aMeratees rpynmuposkamu (Si0,)™ ¢ KoMIeHcaIu-
€l M30BITOYHOr0 OTPHULATEIBHOIO 3apAza MyTeM 3a-
memienusi REE™ gersipexBanentHsiM Th BILIOTH 10
oOpazoBanus xartoruta ThSiO, (Pabst, 1951). Takum
00pa3oM, IPUPOJHBIC MHHEPAJIbl MOHALIUTOBOM IpyI-
MBI OTHOCATCA K HEMpPEpBIBHON MOHAIUT-YEpasIUT-
XaTTOHUTOBOW M30MOp(hHOH cepun. B orpannueHHOM
KOJINYECTBE B MHUHEpaJiax 3TOHl CepHu MOTYT IpH-
cytctBoBath St 1 U, 3amemarorue Ca u Th coorBet-
CTBEHHO. UepaJInTOM epBOHAaYaIbHO ObLT Ha3BaH MU-
uepan  Thy;Cag;Ce,Ndy;Lag REE ¢s(PO4),4(Si04)o,
n3 mrrara Kepana (Menus) (Bowie, Horne, 1953). Bnio-
CIICICTBUY ISl YepajuTa B KauyecTBe UAeaJbHOM Obl-
na npuHsata ¢opmyna CaTh(PO,), (Linthout, 2007).
MoHanuT u3 crneccapTHH-KBAPLEBBIX Mopox lopHoi
IUTOMAIH, Kak mpaBuiio, odoramieH Th u Ca, komuue-
CTBO aTOMOB KOTOPBIX B (pOpMyJie OOBIYHO MPAKTHYIE-
CKHM OIWHAKOBO (cM. Tabiy. 1). DTo yka3sIBaeT Ha TO,
YTO KOMIIEHCAMs M30BITOYHOTO 3apsiia B MOHAIUTE
npu 3amemennd REE™ gyersipexBanentasiM Th mpo-
ucxonuia nytem 3amemienns REE & nByxBageHTHBIM
Ca c oOpa3oBaHHEM 4YEpaIMTOBOrO MuHaja. Jpyru-
MH CJIOBaMU, MOHAITUT U3 CIIECCAaPTUH-KBapLEBBIX T0-
poa I'opHoi1 1Ioagu OTHOCUTCSI K MOHAIIUT-4epaiu-
toBoMy m3omopuomy psany 2REE(PO,)—-CaTh(POy),.
B cpacranusix ¢ XJIOpuTOM BCTpeYaeTCss MUHEPaJ MO-
HaIUT-4epaIUTOBOIO Psila, B KOTOPOM U€PaTUTOBBIH
munan CaTh(PO,), npeobnagaeT Hax MOHAIIUTOBBIM.
Ilo cocraBy (cM. Tabin. 1) yepanut [opHOW TUIOmAAH
ONMM30K K YIIOMSHYTOMY MUHepany u3 mrTara Kepana
(Uunus). CoctaBel MHUHEPAJIIOB MOHAIUT-YEPAIHUTO-
BOT'O psiJia U3 CIeCCapTUH-KBapIEBbIX mnopoj ['opHOM
MIJIOIIaI BBIHECEHBI Ha KJIacCH()UKAIIMOHHYIO JHa-
rpammy (puc. 6). [lonoxenue Touku 6oratoro Cau Th
YJIeHa 3TOTO Psia MOATBEPKAAET IPABOMEPHOCTH €TO
OTHECEHUs K 4yepanuTty. B yepanute ['opHOU mioma-
1Y, KaK ¥ B NHJIUHCKOM MHHEpaJe, COAEep KaHNe Kallb-
LIUEBOr0, TOPUEBOTO U PEIKO3EMENBHOTO MHUHAJIOB
MPUMEPHO OJMHAKOBHL. B OacTHe3uTe HHOT/Ia B 3aMET-
HOM KOJIMYECTBE NpUCyTCTBYET Pr unu F.

B cneccaptun-kBapueBbix nopogax l'opHoi mio-
1aJI1 BCTPEYAIOTCSl pACCESIHHbBIE BKJIIOUEHU MUHEpa-
J1a, aHAJIM3Bl KOTOPOTO NIEPECYUTHIBAIOTCS HA UEalb-
HY10 (popMyIy penkoro B mpupoze, odoramenHoro Dy
n Gd kap6onata Y — renreputa-(Y) (cm. tabmn. 1). Ero
OKOHUaTelbHas JUarHOCTHKa, TPeOyIoIIast HOATBEPIK-
JeHHUS TpYTMMH METOAaMH, 3aTpyAHEHa U3-3a MaJIbIX
pa3MepoB U PEIKOi BCTPEYaeMOCTH 3epeH 3TOr0 MU-
Hepana. Teareput (?) U3 creccapTHH-KBapIEBBIX TO-
pon I'opHol Tomaau, Kak TeHTepuT u3 Utrepou u
Nucaka (Miyawaki et al., 1993), o6oramen Dy u Gd.

B cneccaptun-kBapueBbix nopogax lopHoi mwio-
maau BeTpevyaercss GTop-TIIMHO3EMUCTBIA TUTAHUT —
ero peaKasi pa3HOBUAHOCTb, B KOTOPOM MHOIIA A0 TO-
noBuHBI Ti (M gake HECKOJIBKO Oonee) 3amenieHbl Al.

Ilepesosnurosa, Kasauenxo
Perevoznikova, Kazachenko

2Th(SiO4)

Monauur

Yepanur

2REE(POy) 50 CaTh(POy);

Puc. 6. [TonoxxeHne To4ek yepaanTa U3 CrieccapTHH-
KBapueBbix nopox Cuxors-AnuHs Ha Kiaccuu-
kamuonHor muarpamme 2REE(PO,)—CaTh(PO,),—
2Th(Si0,) (Linthout, 2007).

1, 2 — MuHEepaIbl MOHAIIUT-YEPATUTOBOTO U30MOP(HOTO
psina u3 creccapTHH-KBapleBbIx nopox [opHoit (1) u [Iu-
poxonagHUHCKOH (2) miomaneit Cuxor3-Anuss; 3 — ye-
panur u3 Uuaun.

Fig. 6. The position of the points of cheralite of spes-
sartine-quartz rocks of the Sikhote-Alin on the clas-
sification chart 2REE(PO,)—CaTh(PO,),—2Th(SiO,)
(Linthout, 2007).

1, 2 — minerals of monazite-cheralite isomorphic series
from spessartine-quartz rocks of the Gornaya (1) and Shi-
rokaya Pad’ (2) areas of the Sikhote-Alin; 3 — cheralite
from India.

Kpome ocHOBHBIX 31eMeHTOB, a Takxke Al u F, B Tu-
TaHWTE MHOIJAa MPUCYTCTBYET HE3HAUUTENIbHAS MpH-
mecb Mn u Fe. CoctaB MuHepaia HEMOCTOSIHEH TJ1aB-
HBIM 00pa3oM B OoTHomIeHWH conmepkanus Ti u Al a
takxe O u F (cm. Tabm. 1). @Top-rIMHO3EMUCTHIN TH-
TAaHUT BCTPEYAETCS B BHUJE MHOTOUMCICHHBIX pacce-
SHHBIX B KBaple OAHOPOIHBIX MO COCTAaBY KpHUCTAaJI-
noB pazMepom g0 10 x 30 mxm (puc. 7). bonee kpyn-
Hble KpHUcTaJbl (¢ pazmepoM ceueHus go 200 x 200
MKM) OTMEYaJINCh B CPACTAHUU C 36pHAMU CIIECCapTH-
Ha M KPYIHBIMHU uemyiikamu xjioputa. MHOrna kpu-
CTaJUTBl (PTOP-TIIMHO3EMHUCTOTO TUTAHHUTA C BKIJIOYE-
HUAMH THUPOGaHUTAa IPUCYTCTBYIOT B OTHOCHTEIb-
HO KPYIHBIX XJIOPUTOBBIX delyiikax. Bmecte ¢ aTum
MUHEpPAJOM B TOpOXE, CIOKEHHOH TIIaBHBIM 00pa-
30M KBaplLeM U conepKallell MHOTOYHCIEHHBIE KpH-
CTaJJIbl ¥ HETPaBUIIBHOW (YOPMBI ydacTKH oOorarieH-
Horo Ba (1o 3.66 mac. %) kajaueBoro mojeBoro Iima-
Ta ¥ XJOpUTa, OOHAPYKEHbl MHOTOYHCIICHHBIC 3epHa

JINTOCDEPA Ttom 21 Nel 2021
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[V M Cneccaprun ¥

DTOP-rIHHOZEMHCTHII . <,
THTAHHT

JEOL COMP

Kanuesniii
HoJMeBoH
uinarTr

2n. kY

Puc. 7. Kpuctani GTop-riHHO3EMHUCTOrO THTAHNUTA B CIIECCAPTHH-KBAPIIEBO# mopose [opHo# miomaim.

Fig. 7. Crystal of fluorine-alumina titanite in spessartine-quartz rock of the Gornaya area.

V-conepxallinx pa3HOBUIHOCTEN JKEJIE3UCTOr0 MUPO-
(haHWTAa ¥ MAapPTAHIIOBUCTOT'O HJIBMEHHUTA (CM. TaoOiI. 1),
a TakKe KJIMHOIIOU3UTA, IpaHaTa IPpoCCyIsap-creccap-
THHOBOT'O W aJbMaHINH-CIIECCAPTHHOBOTO COCTaBa U
F-anaruta. BeTpewaroTcs Menkue 3epHa U KPUCTAJUTBI
6aputa (BagosCag02)006(SO4); 04, IMPKOHA, OasenenTa
U YepanuTa.

B Buze 3epen pazmepoM NiepBble MEKPOMETPhI—JIe-
CATKM MHKPOMETPOB B CIECCAPTHH-KBAPIEBBIX IIO-
ponax I'opHO# Mmomany NPUCYTCTBYIOT KACCUTEPUT,
Ni-comepxarmuii uppotuH (Fe,gNiggs)o0sS, came-
put (Zny,4Fe,,3)S, 03, camopomgroe Au (¢ Ag), “menu-
CTOE€ 30JI0TO”, MIJLIEPUT, AHTUMOHUT W MOJUOCHHUT.
BerpevaroTcst BKIIOYEHUS U MPOXKHUIIKU OPraHUYECKO-
r'O BEIECTBA.

B cneccaprun-kBapueBbix nopogax lllupokonan-
HUHCKOI TJIOINAIH B Ka4eCTBE MOPOI000pa3yOIINX
MHHEPAJIOB, HAPAy C KBapIleM, BCTPEYArOTCs Crieccap-
TWH, TAPO(aHUT, aTbOUT, XJTOPUT U OHOTUT. DTH MH-
HEpaIbl CIaraloT B KBapiie OecpopMeHHbIe THE3/a, OT-
JENTbHBIE KPUCTAILIBI M YSITYHKH WIIN MPHUCYTCTBYIOT
B COCTaBE€ MaJIOMOIIHBIX MPOXKHIKOB. AJNBOUT HE CO-
JEPXKUT MPUMECH aHOPTUTOBOTO MHHAJA (CM. Tab. 2).
Buorut oboramen Mn. B Hem, kpome TOro, mpUCyT-
cTByeT HeMHOro Ti. XJIOPUT OTHOCUTCS K MapraHIIOBH-
ctoit (7o 2.19 mac. % Mn) pa3HOBHIHOCTH.

CrieccapTuiH 00pa3yeT poCCHITTb MENbYANIITNX UITH
OTHOCHUTENBHO KPYITHBIX KPUCTAIIIOB (CM. pHC. 5), 0cO-
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OCHHOCTH paclpeaeaeHus KOTOPBIX, Kak U 000co0te-
HUH APYTUX MUHEPAJIOB, HHOIIA TIONYEPKUBAIOT IIEP-
BHYHYIO CIIOMCTOCTH Topox (cM. puc. Sa). s crec-
CapTUH-KBapLEBBIX HOPOJ XapaKTEPHbl MUKPOTPELH-
HBI, BJOJIb KOTOPBIX OHHM HCIBITATH MEPEKPUCTAIIIHU-
3alMI0 C YBEIMYEHHEM pa3MEpoOB KPUCTAIIOB TJaB-
HbIM 00pa3oM KBapua u cneccaptuna. [locaeqauii co-
JEPXKUT CYIIECTBEHHYIO JIONIO aJbMaHIMHOBOTO H
HEeOOJIBIIOE KOJINYECTBO T'POCCYISIPOBOTO MHHAJIOB.
WNHuorna B ero coctaBe NpucyTCTBYET HEMHOT0 Mg nnu
Ti (cM. Tabm. 2). B kpynmHBIX KpUCTaJIax CIIeCCapTH-
Ha OTMEYaJIMCh BKIIIOYCHMS YIbMaHUTA, MUJIJICPUTA,
OKCHJIa WJIU, BO3MOXKHO, kapOoHnata Ce u La. Berpe-
YaroTcAd MPOKUIKH OMOTUT-CIIECCAPTUHOBOTO COCTa-
Ba MJIM CIIECCAPTHHA C MHOTOYHUCICHHBIMHU BKIIOYE-
HUSMH MOHauTa. [IlupodaHUT U MIBMEHUT, TPaHUA
MEX]ly KOTOPBIMH YCJIOBHO IIPOBOAMTCS IO COAEpIKa-
HUSAM WIBMEHUTOBOIO U NUPOGaHUTOBOIO MUHAJIOB B
50 mo1. %, cnararoT B IOPOAE MHOT'OYHCICHHBIE KPH-
CTaJIbl YAJIMHEHHOTo ceuyeHus. [lupodanut Berpe-
YJaeTcs 3HAUUTEIBHO Yalie uiabMeHuTa. OH COOep UT
MEJIKHME BKJIIOYEHHsS] MOHALUTa M HMHOrHA 00pasyeT
cpacTaHUs C XJOPUTOM. DTOT MUHEpal UMEEeT U3MEH-
YUBBIM cocTaB (cM. Tabj. 2), HO B IIEJIOM OOrar Hiib-
MEHHUTOBBIM MUHAJIOM, COAEP)KaHUE KOTOPOro MHOI A
npubnamxaetcs kK 50 mon. %, a mIIBMEHUT O60raT TUpo-
(aHUTOBBIM MHHAJIOM, KOJHMYECTBO KOTOPOrO JOCTH-
raet 48 mon. %. BenencrBue 3Toro coctassl nupoda-
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Puc. 8. Kpucran yepanuta (C BKJIIOYEHHEM I'aJIeHUTa) B ClIeCCApTUH-KBApLIEeBOi nopoye [1lnpokona HUHCKON TIOIIa, 1.

Fig. 8. Cheralite crystal (with the inclusion of galenite) in spessartine-quartz rock in Shirokaya Pad’ area.

HUTA ¥ UIBMEHHTA B CIIECCAPTHH-KBAPIIEBBIX OPOAAX
[IInpokona ITHUHCKON TIJIONIAAN B HEKOTOPBIX CIydasx
oueHb Om3ku. [TupodanuTt nHOTAA COACPIKUT HEMHO-
ro Zn (cM. Tabi. 2) B BUIe IKaHJAPIOCUTOBOTO MHHAIIA,
KOJIMYECTBO KOTOPOTO HE MpeBbImaeT 2 Mo Y%.

CrieccapTun-kBapieBbie noponsl [1lupokonagHuH-
CKOH TJIOIIaAW COnIepKaT pa3HOOOpa3Hylo akleccop-
Hyr0 MuHepainnsauui. Munepansl REE npencrasienst
aJUTAHUTOM, MOHAIIUTOM U YePaIMTOM. AJIJIAHWUT, BCTPE-
Yaromuiics B BUAE PEOKUX pacCcesHHBIX 3epeH, odora-
meH Mn u otHocuTenbHO OemeH REE (cm. Tabm. 2), u3
KOTOpBIX MprOopoM oOHapyxeHb! Tosbko Ce, La u Nd.
MoHanuT, UHOT/A TPUCYTCTBYIOIINIA B BUJIE CKOTLICHUN
MHOTOYHCIICHHBIX KPUCTAILIOB, TOxke oboramieH Ce, La
1 Nd 1 He COIEPIKUT YEePATUTOBOIO UITU XaTTOHUTOBOTO
MUHaJIOB. UepanuT (cM. Tabi. 2) BCTpeyaeTcst B BUIIE OT-
JEIBHBIX KPUCTAJIJIOB, MHOT/IA BMEIIAOIIMX KaIlJIeBUI-
HBIe BKJTIOUeHUS rajieanTa (puc. 8). ComepkaHue gepa-
JIUTOBOTO MUHAJa B 3TOM MuHepaie (52 momn. %) Tumib
HE3HAYHUTEIHHO TPEBBIIIACT COACPKaHIe MOHAIIUTOBO-
ro (48 momn. %). [IpaBoMepHOCTh €ro OTHECEHUS K Ye-
paNUTy MOATBEPXKIACT MOJOKEHHE TOYKH COCTaBa Ha
KJIaCCH(UKAIMOHHOM TUarpaMmme (CM. puc. 6).

Cpenu TOPUEBBIX MUHEPAJIOB B CIIECCAPTUH-KBAP-
1eBbix nopoaax IupokonagHUHCKON TMJIOIMIAAN Hau-
0ojiee pacmpoCTpaHeH TOPHWAHUT, MHOTIA COAep)Ka-
muit mpuMech U W o0Opa3yromuii OTHoeNbHBIE pac-
CesHHBIE B TIOPOAE KPHUCTAIIBI HJIH MHOTOYHCIICH-

Hble Mellbuaiiliine BKIIOYEHUss B OMOTUTE crieccap-
THUH-OMOTHUTOBBIX (C OPraHMYECKUM BEIIECTBOM) IIPO-
YKUITKOBHTHBIX 30HOK. Pexe momajarorcss equHUIHBIC
BKJIIOUEHUS penkoro B mpupozae docdara Th — rpaii-
uta (cM. Tabn. 2). BcTpeuarores Takke penkue pacce-
STHHBIC BKJIOYCHUS (TOpANaTUTa, B KOTOPOM IMpakK-
TUYECKH BCE IMO3WIHMM THIPOKCHIIBHOW TPYIIIBI 3a-
uathl F, a Taxoke Hf-, u Sr-cogepxkainero nupkona u
OYCHb PEIKOr0 B MPUPOJE IHPKOHUEBOI'O MUHEpa-
nma — kapmenrtasuta ZrAl,Ti,O,, (cMm. Tabmn. 2), coaep-
JKaIIero MelbYaiiie BKIIOYSHHS MUPKOHA MK 00-
pasymomero ¢ HUM cpactaHus. Kapmenrtasurt, mpu-
YHUCJICHHBI K AparoleHHbIM KaMHSM, B KayeCTBE HO-
BOr0 MHUHepajia OblI OmKcaH B KOPYHIOBBIX arpera-
Tax M3 OCHOBHBIX U yJIBTPAOCHOBHBIX MUPOKJIACTHYE-
CKHX TIOpoA Ha ceBepe M3paunns, B paiione r. Kapmenn
B 2018 1. Panee oH ObLT M3BECTEH TOJIBKO B METEOPH-
Te AnwpeHne, ynasmem Ha 3emutio B 1962 1. Kapmen-
Ta3uT 00JaaeT BHICOKOW TBEPAOCTHIO, MPEBHIIMIAI0-
e TakoByro anmasa. [lo mpeacrasnenusm (Griffin et
al., 2018), strot munepan u3 MU3panns obpazopacs Ha
IpaHULe 3eMHOW KOpPBl M MaHTHH, Ha TTyOMHE OKOJIO
30 kM. B cneccaptun-kBapueBsix nopoaax Llupoxo-
MAJHWHCKOW IJIOMA gy 0OHAPYKEHBI TaKXKe BKIIOYe-
HUs KoOaJbTHHA, yipMaHuTa, Ni- 1 Co-conepikaiiero
nuppotuHa  (Fego1-0.05C0005-0.01N10.04-003)0.0051.00,  YME-
peHHO-Xkeae3ucToro chaneputa (ZnggsFeg 3)o0sS: 02,
xanpko3uHa Cu, 43S, o9, ITUHKCOIAEPIKAIIETO KyOaHH-
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Ta (Cug9Zng, )i 11Fe€101S,05 1 coenuaenus CuFe;S, (mo
ananu3y — Cu, go(Fe, g5Nig3)20184.00). BeTpedarorcs 6a-
PHUT ¥ XaJIbKOIUPHUT, CJararoline MajJOMOIHbIC MPO-
JKHJIKH, a TaKXKe IIHHKHUT, KOBEJIJIUH, IICEIIHT, KACCH-
TEPUT, TAJICHUT U “MEUCTOE 30JI0TO .

OBCYXJEHUWE PE3VJIbTATOB

Hapsny ¢ nmnactoBoi wium nuH3000pa3Hol (popmoit
TSI U UX COTJIACHBIM 3aJICTAHUEM B KPEMHHUCTBIX OTJIO-
JKEHUSIX TPHACOBOTI'O BO3pacTa OOJIBIIOE 3HAUCHHE IS
TOHMMAaHUS TeHe3rCa MapraHIIeBOCIIINKATHBIX U CIeC-
CapTHH-KBapIEeBLIX Topoa CHUXOTI-AJUHS UMEI0 00-
Hapy>keHue ux mpotonutoB. [lpu mpoBeneHnn mose-
BBIX HccienoBaHui B OBIrMHCKOM PYJTHOM paifoHe ObI-
JI0 BBISICHEHO, YTO MAPTraHIIEBOCHIIMKATHBIEC U CIieccap-
THUH-KBapIIEBBIE MOPOJIBI 33 MpeaeiaMi KOHTaKTOBOTO
opeona mo3gHeMenoBoro lllupoxomagHUHCKOTO Tpa-
HUTOUIHOI'0 MacCCHBa NEPEXOJAT B IIIACTOBBIC KPEM-
HUCTBIE TIOPOJBI, HACKHIIIEHHBIE KPUIITOKPUCTAILTHYE-
CKHM DPOJIOXPO3UTOM U BKJIIOYCHHSIMH OPTraHUYECKO-
ro BemectBa (IlepeBozHukoBa, 2010). C ynaieHuem
OT KPOMKHM MacCHMBa B MapraHUEBOCUIMUKATHBIX HOPO-
Jax Ha (pOHE 3aKOHOMEPHOT0 U3MEHEHUSI CTPYKTYPHBIX
0COOCHHOCTEH MPOUCXOIUT CMEHA BRICOKOTEMITIEPATY -
HBIX accolMaluil cpeiHe-HU3KoTeMIlepaTypHbIiMu. Ta-
KHM 00pa3oM, yCTaHOBJICHO, YTO MapraHICBOCHIIMKAT-
HbIE U CIIeCCapTHH-KBapIEBBIE OPOIBI 00pa30BATHChH
B pe3yJbTare KOHTAKTOBOTO MeTaMop(u3Ma KpEeMHH-
CTO-POIOXPO3UTOBBIX Topox. IlomyyeHHbBIE BBIBOIBI O
MOP(OJIOTHH TEll, COTJIACHOM 3aJIeTaHUU B KPEMHSX U
BO3HUKHOBEHHMH PACCMATPUBAEMBIX TIOPOA B pe3yibTa-
Te MeTaMop(pr3Ma KPEMHHUCTO-POIOXPO3UTOBBIX TIOPOIT
OYEeHb BaKHBI B F€HETHYECKOM OTHOIIeHNU. OHU MO-
3BOJIAIOT HpHﬁTH K 3aKJIFOYCHHUIO, YTO HCXOAHBIM MaTc-
pHAJIOM SIBIISUTHCH OCAKH TPHACOBOTO BO3pAcTa U YTO
BaXXHYIO POJIb B 00pa3oBaHWU MapraHIEBOCHIIMKAT-
HBIX U CIIeCCapTHH-KBAPIEBBIX TIOPOJ UTPAIIH TIPOIIEeC-
CBI IMareHe3a U KOHTaKTOBOro Metamopdusma. Kpem-
HUCTO-POIOXPO3UTOBBIA COCTAB MOABEPraBIINXCS KOH-
TaKTOBOMY METaMOpP(U3My MOPOJI, MPUCYTCTBHE B HUX
OpPraHMYECKOTO BEIIECTBAa CBUICTEIBCTBYIOT O BOC-
CTaHOBUTECJIIBHOM XapaKTEpEC AUarcHe3sa UCXOAHBIX OT-
JIOKEHUH, B pe3ylIbTaTe KOTOPOro BeCh Mn OBLIT BOC-
CTaHOBJIEH 10 IBYXBaJIEHTHOTO COCTOSHUSA. JTH 00-
CTOSITENIhCTBA YKA3HIBAIOT HAa OOOTAIIEHHOCTh WCXO-
HBIX OCAJKOB OpraHWyYecKuM BerecTBoM. [Iporonu-
TaMH KPEMHHCTO-POIOXPO3UTOBBIX TOPOA, MPEICTaB-
JSIOMKX co00i o0oraleHHbIe POJOXPO3UTOM Pavo-
JIAPUTHI W TNIMHUCTO-KPEMHHUCTBIC ITOPOABLI C MHOI'O-
YHCIICHHBIMHU (pparMeHTaMu Pajroisipuid U OpraHuye-
CKMM BEIIECTBOM, SBJISUIINCH, OYEBUIHO, OOOTaIlleHHBIE
Mn u opraHuKoi OMOTeHHbIE KPEMHHUCTHIC UIBL. JloMH-
HUpPOBaHUWe JIBYXBaJleHTHBIX Mn u Fe B MapranmeBocu-
JUKATHBIX TOPOAAX IPU OTCYTCTBUU MUHEPAJIOB TPEX-
Y YETHIPEXBaJICHTHOIO Mn CBUIETEILCTBYET 00 yHAC-
JIEMOBAaHHOCTH BOCCTAHOBUTEIHLHOI'O PEXXUMA TIPU KOH-
TaKTOBOM MeTaMmopdusme.
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OTH BBIBOABI COTJIACYIOTCS C pe3yjbraTaMH W3-
y4eHUs MMOJOOHBIX 00pa30BaHMUI U 4acTO COMYTCTBY-
IONIMX UM OKCHJIHO-KapOOHATHO-CHJIMKATHBIX M OK-
CU/IHO-CUJIMKATHBIX MapraHIEBbIX PyI OTE€YECTBEH-
HBIMHM U 3apyO€XHBIMHM HCCIIEOBATEJISIMU B IPYTUX
pervonax miaHeTsl. [IpuMepaMu MOTyT CITyKUTh Kap-
OOHAaTHO-MapraHIeBOCUIMKATHBIE IOPOALl B BEPX-
Heropckux paguonsiputax Anen (Trommsdorft et al.,
1970; Peters et al., 1973, 1978; u ap.), AEBOHCKHE OK-
CHJIHO-KapOOHATHO-CUJIMKATHBIE, OKCHJIHO-CHUIIUKAT-
HBIE PyJbl ¥ MapraHIEBOCUIUKATHBIC IOPOJBI Ypama
(CrapuxoBa u ap., 2004; bpycuautsrg, JKykos, 2005; u
Ip.), @ TAK)Ke TPUACOBBIE IIJIACTOBBIC MECTOPOKICHHUS
Anonnu (Barana6o u np., 1973; Sato, 1980) okcuHO-
KapOOHAaTHO-MapraHLEeBOCUINKATHOTO THIA. Bee oHu
3aHUMAIOT CTPATU(QULIHUPOBAHHOE TIOJIOKEHHE B CH-
JUIMTOBBIX TOPU30HTAX U 00pa30BaluCh B Pe3ybTa-
T€ KOHTAaKTOBOTO HJIM PErHOHAIEHOTO MeTaMophu3Ma
OoraTsIX MapraHIeBbIMU KapOOHaTaMH OTJIOKEHHUH.

CrnieccapTHH-KBapLEBble MTOPOABI 3aHUMAIOT OIU-
HAKOBOE IIOJIOKEHHE B Pa3pe3e TPUACOBBIX OTIOKEHUH
Tayxunckoro u CaMapKMHCKOTO TeppelHOB CUXOT3-
ATNUHS — TaKoe e, KaK 1 MapraHLeBOCHJINKATHBIE 110-
poabl. DTO CBUACTEILCTBYET O CHHXPOHHOM HaKOILIe-
HUU 0CAJKOB (IIPOTOIHMTOB ATHX ITOPOA) B €AMHOM OCa-
Io4HOM OacceifHe. MapraHIieBOCHIIMKATHBIE TTOPOABI
00pa30BaIuCh IIPH KOHTAKTOBOM MeTaMophu3Me 000-
ralleHHBIX POIOXPO3UTOM KPEMHHUCTHIX Topoa — B Ta-
YXUHCKOM TeppeiiHe B IO3JHEM MeEJIy NpH CTaHOB-
JICHUU KPYMHBIX I'PaHUTOUIHBIX MaccuBoB Bocrou-
HO-CHXO0T3-AJMHCKOTO BYJIKaHOIIYTOHHYECKOTO I10-
sca, a B CaMapKMHCKOM TeppeiiHe B paHHEMEIIOBOE
BpeMs Ipy (pOPMUPOBAHUHU KPYIHBIX TPAaHUTOUIHBIX
Ten XyHrapu-TaTHOMHCKOTO IITyTOHHYECKOTO IosCa.
CrieccapTHH-KBapIIeBbIe MOPOIbI, BMENIAIONIUE Map-
raHIIEBOCUJIMKATHBIEC TOPOABl U SIBIISIIOIINECS, KaK U
rocieqHne, MetTaMop(OU30BaHHBIMH aHAJoraMHu 000-
raleHHbIX Mn TPHUacoOBBIX OCAIKOB, HMEIOT TAKOE XKe
npoucxoxaeHne. O0pa3oBaHHe MapraHLEBOCUINKAT-
HBIX MOPOJ MPOUCXOAMIIO B BOCCTAHOBHTEIBHBIX YC-
noBusix. OHO OBLIO CBSI3aHO INIABHBIM 00pa30M ¢ peak-
LOUSIMH MEX]y KPEMHHCTHIM, KApOOHATHBIM U TJINHU-
CTBIM BEIIECTBOM, ITPOTEKABIIMMHU BCIIEICTBUE MTOBHI-
LIEHUS TeMIepaTyphl U IPUBOAUBIINMY K BO3HUKHO-
BEHUIO OE3rJIMHO3EMHUCTBIX CHIIMKATOB JIByXBaJICHT-
Horo Mn u crneccaptuna. Takue ke MpoLecchl U TO-
€ B BOCCTAaHOBUTEJIBHBIX YCIIOBUSAX ITPOTEKAIH U IIPH
(hopMHUpPOBaHHUH CIIECCAPTHH-KBAPLEBBIX MOPOJ, C TOU
JUIIb pa3HULEH, YTO OHU MPUBOIUIHN K BOBHUKHOBE-
HUIO TOJIBKO crnieccapTuHa. M3-3a oiuHaKOBOM MpUPO-
IIbI IPOTOJIUTOB U OJIM3KUX YCIOBUH MeTamMophu3ma
MapraHlleBOCUJIMKATHBIE U CIIECCApTHH-KBapLEBbIE
OpOoABl  OOHApPY)KMBAIOT MHUHEPAJIOTMUYECKOE CXO[-
cTBO. OHO BBIPA)KAETCSI B MPUCYTCTBUU MHOTHX 00-
OMX A7 HUX MHUHEPAJIOB, TAaKMX KaK CIIECCAPTHH,
YJIeHbl WUIJIBMEHUT-MUPO(AHUTOBOTO pANla, THTAHUT,
MOHAIIUT, OACTHE3UT, aJUIAHUT, allaTUT, IUPKOH, Oaj-
JenenT, Topuanut u Ap. ConepkaHust aTbMaHIUTHOBO-
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ro MUHaJIa B CIIECCAPTUHE CIIeCCapTHUH-KBAPIIEBHIX T10-
poa I'ophoit u lllupokonaIHUHCKOW MIOLIAIEH TOYTH
onuHaKkoBBl. CrieccapTHH W3 CIeCcCapTHH-KBaPLEBBIX
MIOPOJ ATHX TJIOMIAJIEH, TT0 CPABHEHHIO C 3TUM MHHEpa-
JIOM M3 MapraHieBOCHJIMKATHBIX nopoa Cuxors-AJu-
Hs1, Ooraue Fe, KoTopoe MPUCYTCTBYET IIIaBHBIM 00pa-
30M B IBYXBaJIeHTHOH (opme (puc. 9a). CneccapTun
13 creccapTUH-KBapLeBbIX nopon I'opHo# miomanu
OTJINYAETCs] OTHOCUTENBHO BBICOKMM COJEPKaHUEM
pOCCYIIPOBOro MUHaNA (IIPY HU3KOM — B MapraHiie-
BOCHIJTMKATHBIX IOPOAAx 3Toi miomiaan). CreccapTuH
U3 aHAJIOTUYHBIX nopoj [IupokonaHUHCKOH TJI0IIA-
TV XapaKTePU3yeTCs HU3KUM COIeP )KaHHEeM 3TOTO MH-
Hajla (IpU OIMPOKHUX BapHAIMAX €ro COACpKAHHS B
MapraHIeBOCHIMKATHBIX TOpPoAax) (cM. puc. 9a). Uie-
HBbl WJIBMEHUT-MTUPO(PAHUTOBOTO PsAfia B ClIECCApTHH-
KBapIeBeiX mopoaax CuxoT3-AJuHS OpPEICTaBICHBI
BBICOKOXKEJIE3UCTHIM MUPOGaHUTOM H OoratbiMm Mn
WIIBMEHUTOM B OTIMYHE OT MapraHIEBOCHIIMKATHBIX
MTOPOJI, COAEPIKAIINX B LIEJIOM OTHOCHUTEIBHO O€THBIN
WJIBMEHUTOBBIM MHHAJIOM MHUpodaHuT (cM. puc. 90).
Takum o0Opa3om, cliecCapTHH W WIEHB THUPOGhaHUT-
HUIIBMEHUTOBOTO PAJia U3 CIECCApTHH-KBAPLEBBIX I0-
pPOA OTIHYAIOTCS O0JIee BEICOKUMU KENE3UCTOCTHIO U
Fe-Mn oTHOLIEHHEM O CPaBHEHUIO C aHAJOTUYHBIMU
MOKa3aTes MU 3TUX MUHEPAJIOB U3 MapraHlIEBOCHIIH-
KaTtHBIX nopoa CuxoTa-AnuHa. OborameHne Mapras-
LIEBBIX MUHEPAJIIOB MapTraHIIEBOCHIMKATHBIX U CIIeC-
CapTHH-KBapIEBBIX MMOPOJ IBYyXBaJeHTHBIM Fe oTpa-
JKAeT BOCCTAHOBUTEIbHYIO 00CTAaHOBKY METaMOp(huU3-
Ma METaJUIOHOCHBIX OCaJIKOB.

Munepanst REE B MapraHueBOCHUIUKAaTHBIX IIO-
poaax CuxoT3-ANWHS NPEACTABICHBI TINIABHBIM 00-
paszom MonarutoM-(Ce), topHebomutoM-(Ce) wuim
amnanuToM-(Ce). Pexe BcTpedarorcst 6actHe3uT-(Ce)
u ruapokeun (Ce, La)O(OH, F, Cl) (?). B Hebomabmom
konuyectBe REE vHOrna npucyTCTBYIOT B allaTUTE U
operrepute (IlepeBo3nukona, 2010). Bce a3t Mmunepa-
JIBI, 332 UCKJIIOUCHHEM TOPHEOOMUTA, OOHAPYKEHBI U B
CIieCCapTUH-KBApIEBHIX opojaax Cuxora-Anuns. Xa-
pakTEepHBIMH H30MOP(QHBIMHU IPUMECSIMH MOHAIUTA B
MapraHleBOCHJIMKATHBIX Mopoaax TayXHHCKOro Tep-
peitna sBusitorcst Ca u Th (npucyrtcTBytomue B BHU-
Jie 9epaauToBOro MuHaia), a CamapkuHckoro — Ca u
Sr. B MoHamuTe creccapTHH-KBapIIEBBIX OPOI 000-
WX TeppeiHOB oTMedaeTcs nzoMopdHas npumech Ca u
Th — Toxxe B Buae yepanutoBoro MuHajia. B cneccap-
THH-KBapLEBBIX OPOIaX 000MX TEPPEHHOB B OTIIMYNE
OT MAapraHlEeBOCHJIMKATHBIX MOPOJ MPUCYTCTBYIOT
oueHb Ooratsie Ca u Th 4ieHb MOHALIUT-YE€PATUTOBO-
r0 U30MOPQHOTO PAJa, MPEICTABICHHBIE YSPATHTOM,
000rameHHsIM MOHAIIMTOBHIM MHHAJIOM (CM. pHC. 0).
K munepanam Th u U B MapranieBOCHITMKATHBIX 110-
pomax CuUxoT3-ANIMHS OTHOCATCSA TOPUAHUT, Operre-
PUT U ypaHUHUT. TOpHaHUTY CBOMCTBEHHO NEepeMeH-
HOe, MHOTJa BhICOKOe coaepxkanue U. YpaHUHUT U3
MapraHleBOCHJIMKATHBIX opoj CaMapKHHCKOTO Tep-
peiina oborarmieH Zr. B cieccapTHH-KBapIEBBIX TOPO-
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nax Cuxot3-Anuns u3 muHepanioB Th u U oOHapyxe-
HbI (B TayXHMHCKOM TeppeiiHe) TOIBKO TOPUAHUT C He-
OompIiol n3oMopdHOH mpuMeckio U, a Takke peaKuit
B mpupoxne ¢pocdar Th — rpauinr.

B cnieccaptun-kBapieBbix nopogaax Cuxors-AnuHs
MPUCYTCTBYET T'PYyIIa PEIKUX B IPHPOJIE MUHEPAIOB
W MUHEpPAIBHBIX pa3HOBUIHOCTEH. Kpome yxe ymo-
MSIHYTBIX UYEPaJIUTa U TPIUUTA, K HUM OTHOCSTCS PeJi-
Kasi Pa3HOBHIHOCTH () TOP-TJTMHO3EMHUCTOTO TUTAHUTA,
B KOTOPOU 0KO0JIO moJioBuHbI Ti 3amernieHo Al, kapmen-
Ta3uT U TeHreput-(Y)(?). OTOp-rIMHO3EMUCTHIN TH-
TaHUT OOHApYKEH B CIeCCapTHH-KBAPIIEBBIX TIOPOAAX
CaMapKkuHCKOro TeppeiiHa. AJIIOMUHUM, KaK BUJHO
W3 KpHCTAINIOXUMUYecKuX Gopmyn (cMm. Tabdm. 1), 3a-
merraet Ti, a F BXOIUT B CTPYyKTYypy TOr0 MUHEpa-
Ja BMecTo Kuciopona. Hecmorps Ha To uTo Konmmdye-
cTBO F B KpHCTaImoxumMuieckux Gopmynax n3MEHUYH-
Bo (ot 0.37 mo 0.56 ¢. e.), OHO Bceraa paBHO KOJIHYE-
ctBy Al. Takum 06pazom, MOXKHO ToJlaraTh, 4TO TIPH
3aMeIeHNH TPEXBAJICHTHBIM Al YeThIpeXBaJeHTHOTO
Ti yMeHbIIIEHHE CYMMAapHOTO TOJIOKHUTEIBHOTO 3aps-
J1a KOMIIEHCHPOBAJIOCh YMEHBIIIEHNEM OTPHIIATEIHHO-
ro 3apsja B pe3ysbTaTe 3aMelleHus Kuciopoaa Gpro-
pom 1o cxeme AIP'F-—Ti*"O*. TuTaHUT OTAUYAETCS
HeoObIYaiiHO BBICOKMM conepkanueM Al u F. Okomno
noJoBUHBI o3uui Ti B CTPYKType STOro MUHepaa,
1 J1ayke HECKOJIBKO 0oJiee, Kak BUAHO U3 KPUCTAJIIIOXH-
MHIIecKux Gopmyir, MoxeT 3aHUMaTh Al. MuHepao-
TUYECKHEe OCOOEHHOCTH CIIeCCApPTHH-KBAPLEBHIX TI0O-
POl CBHUAETENBCTBYIOT O BOCCTAHOBUTEIILHOM Xapak-
Tepe KOHTaKTOBOTO MeTamop(huiMa, 00yCIIOBICHHOM
MPHUCYTCTBHEM OpraHM4ecKoro BemecTBa. C 3TUM 00-
CTOATENbCTBOM, OUEBHIHO, U CBSI3aHO BBICOKOE COZIEP-
xanue F B TUTaHWTE, 3aHUMABIIETO B CTPYKTYypE I0-
3WIIMH HEAOCTAIOIIETO KUCIOPOa U, KaK CIEICTBYE (B
CIUTY KPHCTAITIOXUMUYECKUX OCOOCHHOCTEN MUHEpPa-
J1a), BBICOKOE cofeprkanue Al.

Kapmenrasut, comepxamuii m3oMopdHYyO TIpH-
Mech Sc, BCTpedaeTcs B CrieccapTUH-KBaPIIEBBIX TIOPO-
nax HupokonagHuHCKON miiomanu. Takon ke MUHe-
paJ, HO ¢ MEHBIIUM COZIep)KaHUuEeM Sc 0OHapy KeH Ha-
MH B smmMax Bricokoropckoi miomanun Kaeamepos-
ckoro pyaHoro paiona (TayxuHckuil TeppeitH) (Heo-
myOMKOBaHHBIC JaHHEIE). Hapsmy ¢ kapMenTazuTom
B HUX BCTPEYAIOTCS APYTHE PelKue MUHEPaIbl — Bac-
connt TiS, nepoBckut CaTliO; (¢ mpumecsto REE u
Nb), opayamumieput Ca,FeAlO;s, coenunenne Cas(Y,
REE, Sc),(CO5)s(OH)F, 6nu3koe mo coctaBy k kamda-
yrury, u 6apuodeppur BaFe,O,y. HekoTopbie u3 HUX
00pa3yroTcs B yCIOBHUSX, HE COIOCTABUMBIX C YCIIOBH-
SIMH KOHTaKTOBOT0 MeTaMopu3Ma. 3epHa TaKuX MU-
HEpaJIOB B CIIECCAPTHH-KBAPIEBBIX MMOPOAX U SIIMaX,
B YaCTHOCTH 3€pHAa KapMelTa3uTa — MIHepala BBICO-
KUX JaBJICHUMN, SIBISIOTCS, OYEBHTHO, PETUKTOBBIMH U
MOCTYHAaNH B OCATKHU, IPEATIOIOKUTENBHO, U3 radb0po-
HJIOB CEPreeBCKOr0 WJIM KaJMHOBCKOTO KOMILIEKCOB
WM U3 MeTaMOppHUECKUX Mopoxa XaHKalcKoro mac-
CHBa IIPU WX SK30T€HHOM Pa3pyILIeHHH.
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a. 1-3 — rpaHaT u3 MaprauneBocuIuKaTHBIX nopox ['opHoii (1), IllnpokonaguuHckoii (2) u Canosoit (3) muomanei; 4, 5 — rpa-
HaT U3 creccapTHH-KBapLeBbIX nopo ['opHoit (4) u LllupokonanHuHcKoH (5) miomaneii.
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0. 1-4 — nupodaHuT U3 MapraHueBOCHINKATHBIX mopox [opHoit (1), IllupoxonaguuHckoii (2), Mokpymusckoit (3) u Cano-
BO#i (4) montazelt; 5, 6 — mupopaHUT-UIBMEHUTOBBIA TBEPABII pacTBOP U3 CliecCapTUH-KBapLeBsIX nopox ['opHoit (5) u 1u-

POKOIIaTHIHCKOH Totanei (6).

Fig. 9. Diagrams of the composition of garnet (a) and pyrophanite (6) of manganese silicate and spessartine-quartz

rocks of the Sikhote-Alin.

a. 1-3 — garnet from manganese silicate rocks of Gornaya (1), Shirokaya Pad’ (2) and Sadovaya (3) areas; 4, 5 — garnet from spes-

sartine-quartz rocks of Gornaya (4) and Shirokaya Pad’ (5) areas.

0. 1-4 — pyrophanite from manganese silicate rocks of Gornaya (1), Shirokaya Pad’ (2), Mokrusha (3) and Sadovaya (4) areas; 5,
6 — pyrophanite-ilmenite solid solution from spessartine-quartz rocks of Gornaya (5) and Shirokaya Pad’ areas (6).

OCHOBHBIMM MHUHEPAJIOTHYECKUMHU OCOOEHHO-
CTSIMH CIIECCApPTHH-KBapILEBBIX MOPOJ, OTIWYAIONIH-
MU MX OT MapraHIeBOCHJIMKATHBIX TOPOI, SBIISIFOTCS
OTCYTCTBHE MHPOKCEHOHWJIOB M IPYTHX HE Cofepika-
mux Al cunukaroB Mn, a Takke OTHOCHTEIBHO HE-
OoJbIIast I0JIsI MapraHIEBBIX MUHEPAJIOB, MPEICTaB-
JICHHBIX CIIECCAPTUHOM, NUPOGaHUTOM WIM MapraH-
LOBUCTBIM MJIBMEHHTOM. B acconumanmsx mapraHie-
BOCHJIMKATHBIX TOPOJ OE3TIIMHO3EMUCTHIC CHIIMKA-
Tl Mn (pOAOHHUT, TUPOKCMAHTHT, OyCTaMUT, TePpo-
WUT U Ap.) IpeoOIaaaroT Haj TITHHO3EMCOIEPKAIIIMHU
(rTaBHBIM 00pa30M CIiecCapTHHOM), a TaKXKe Mupoda-
HutoMm. [Ipu kKoHTaKTOBOM MeTamMopdu3Me oOpa3oBa-
HUe 0e3rNIMHO3EMUCTHIX CHIIMKAToB Mn, B TOM 4YuCIe
MUPOKCEHOMI0B, BOBMOXHO TOJBKO MPU OTHOCHTEIb-
HO HU3KOH (PyTMTHUBHOCTH KMCIOPOAA U TIPH N30BITOY-
HOM (B MCXOIHOM Mopoze) coaepkanuu Mn 1o 0THO-
menuto K Al u Ti, KOTOpbIe CBA3BIBAIOT €T0 B COCTa-
Be cliecCapTHHA, MHPO(AaHNUTA UITU MAPTAHIIOBHCTOTO
nipMeHnTa. OO0pa30BaHUIO OE3TITHHO3EMHUCTBIX CHIIH-
KatoB Mn mpu metamopdu3me criocoOCTBYeT Takke
oboraienue ocaakos K, Na u Ba, cBI3pIBaronux riu-
HO3EM B COCTaBe IMOJIEBBIX IINATOB U CIION.

CrieccapTHH-KBapleBble TIOPOABI, KaK U MapraHie-
BOCHJIMKAaTHBIE, MOTYT BO3HUKaTh (IIpH HECOOMIOIe-
HUU TIEPEUUCIICHHBIX YCIIOBUH) B BOCCTAHOBUTEILHBIX
obcraHOBKax MeTamop(du3ma, Kak 3TO UMEJIO MECTO B
Cuxot3-AnmHe. OmHAKO BO MHOTHX CIydYasX UX IPO-
HCXOXIeHUE (BMECTO MapraHIIEBOCHINKATHBIX TTOPO)
CBSI3aHO C 00JIee OKUCIUTENFHBIMUA OOCTAHOBKAMH, TaK
KaK crieccapTuH Oonee yCTOHYMB ¢ Bo3pacTaHueM ¢y-
TUTHBHOCTH KHUCJIOPOJa IO CPaBHEHUIO C MHUPOKCEHO-
naamu U teppoutom (Kazauenko, 2002). [Ipumepamu
TaKWUX T€OJIOTUYECKUX 00pa30BaHMM SBISIOTCS 3HAME-
HUTBIE JTOKeMOpHICKHEe MapraHIeBOPYAHbIE mosica MH-
mnu (Dasgupta, Manickavasagam, 1981), crieccapTun- u
MTBEMOHTHUTCO/IEPKAIAE METaoCaaKn 3amaaHbix Kap-
nar (Spisiak et al., 1989), mapranuoBuctsie Meramopdu-
yeckue mopozs! 0. AHapoc (I'perus) (Reinecke, 1986) n
Onapu (ABctpanus) (Ashley, 1984) u maorHE IpyTHE.

3AKJIIOYEHUE

B pabote BnepBble IpuBeAEHa MUHEPAIOTHIECKas
XapaKTEePUCTUKA CIIECCApPTUH-KBAPLEBBIX MOPOJ TPH-
acoBoil kpeMHeBOH ¢opmaunn Cuxors-Anuna. OHu
3aHUMAaIOT OIMHAKOBOE ITOJIOKEHHE B pa3pe3e TpHaco-

BBIX oTioxkeHu Tayxuuckoro u CaMapKUHCKOTO Tep-
perinoB CHXOTI-ANMHS — TaKoe e, KaK U MapraHiie-
BOCHJIMKATHEIE TIOPOJIBI, YTO CBUIACTEILCTBYET O CHH-
XPOHHOM HaKOIUIEHHH O0CaIKOB (IIPOTOIUTOB ATHX TI0-
pOI) B €AMHOM OcalouHOM OacceifHe. MapraHIeBoCcH-
JIUKATHBIE TIOPOABI 00Pa30BaNKCh MPH KOHTAKTOBOM
MeTraMop(hu3Me 00OTallICHHBIX POIOXPO3UTOM KPEM-
HHUCTBIX MOPOJ — B TayXWHCKOM TepperHe B MO3.-
HEM MeJy IpH CTAHOBICHUM KPYIHBIX TPAaHUTOU]-
HBIX MaccuBOB BocTouH0-CuX0oT3-AJTHHCKOTO BYII-
KaHOILTY TOHUYECKOTO Tosica, a B CaMapKUHCKOM Tep-
peiiHe B paHHEMeIIOBOE BpeMsi TpH (OPMUPOBAHHH
KPYITHBIX TPAHUTOHAHBIX TeN XyHrapu-laTnOmHCKO-
ro MIyTOHHYecKoro mosica. CreccapTHH-KBapIeBbIC
MOPOBI, BMEIIAIONINE MAPTaHLIEBOCUIIMKATHBIE ITOPO-
JIbI ¥ SIBJISIFOIIMECS, KaK U MOCJICAHUE, MeTaMOp(u30-
BaHHBIMHU aHaJoraMu OOOTaIleHHBIX Mn TPHACOBBIX
ocagkoB CUXOT3-AJNHHS, UMEIOT TaKoe K€ IIPOHC-
xoxaeHne. OO6pa3oBaHHe MapraHIeBOCHIUKATHBIX U
CIieCCapTHH-KBAPIIEBBIX MOPOJ OBIIIO CBA3aHO C Peak-
IHASIMU MEXy CHIIMKATHOW, KapOOHATHOM M aroMo-
CHJTMKATHOW COCTAaBIISIIOIIMMH KPEMHHCTO-POIOXPO-
3UTOBBIX MOPOA. Peakuuu mpoTekanu B BOCCTAHOBU-
TEeNbHOW OOCTAHOBKE MU IMOBBIIICHHH TEMIICPATYPhI
Y TPUBOJUIN K BO3HUKHOBEHHUIO OC3IIIMHO3EMHUCTHIX
CUITUKATOB Mn (B OCHOBHOM MHUPOKCEHOHUIOB) U CITEC-
captuHa. [IpoTomuTaMu KPEMHUCTO-POAOXPO3UTOBEIX
MTOpPOJT M, COOTBETCTBEHHO, X KOHTaKTOBO-METaMOp-
(hM30BAaHHBIX aHAIOTOB — MapraHIeBOCUINKATHBIX U
CIieCCapTHUH-KBAPIIEBBIX TMOPOJ — SBISUIMCH B Pa3HOUN
CTeNeHu OOOTalIeHHbIE THAPOKCUAaMU Mn, opranm-
YECKUM, TIIMHUCTHIM U CIIOIUCTHIM BEIIECTBOM KpeM-
HUCTBHIE WKl OMOTeHHOM pupobl. 13-3a oquHaKOBOM
MPUPOIBI MPOTOIUTOB U OIM3KKUX YCIOBHH METaMOp-
(hr3mMa MapraHieBOCUINKATHBIC U CIIECCAPTHH-KBAP-
LIeBbIE TTOPOHI OOHAPYKMBAIOT 3HAYUTEIFHOE MHUHE-
panorudeckoe cxoacTBo. OHO BBIPAXKAETCS B MPUCYT-
CTBUY MHOTHX OOIIUX 71 HIX MUHEPAJIOB, TAKUX KaK
CIECCAPTHH, YICHBl WIBMEHUT-MTUPO(AHUTOBOTO PS-
Ja, TATAHUT, MOHAIIUT, OACTHE3UT, aJUIAHHUT, allaTHT,
LHUPKOH, OaIICTICUT, TOPUAHUT U JIP.

B cneccaptun-kBapreBbix mopogax Cuxors-Anu-
HSI IPUCYTCTBYET IPyIITia PEAKUX B MPUPOIC MUHEPA-
JIOB U MUHEPaIbHBIX pa3HOBUJHOCTEH. K HUM OTHO-
CSITCS YEPAJIUT, TPIUUT, peliKasi pAa3HOBUIHOCTE (GTOP-
TJIMHO3EMHUCTOT'0 TUTAHUTA, B KOTOPOH OKOJIO ITOJIOBH-
Hbl Ti 3amemeHo Al, kapmenta3ut u TeHreput-(Y) (?).
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OCHOBHBIMH MHHEPAJIOTHYECKHMH O0COOEHHOCTSI-
MU CIIECCApTUH-KBAPIIEBBIX MTOPOJ, OTITUYAIOIINMH UX
OT MapraHIEBOCHINKATHBIX, BBICTYIIAIOT OTCYTCTBHE
MMAPOKCEHOWIOB U APYTHX OE3rTMHO3EMUCTBIX CHIIH-
KatoB Mn, a TakXe OTHOCHTEIbHO HeOOoIbIIas M0s
MapraHIeBbIX MUHEPAIIOB, TPEICTABICHHBIX CIIeccap-
TUHOM, NUPOGAHUTOM HIM MapraHLIOBUCTBIM HIIb-
MenutoM. [losiBneHne crneccapTHH-KBapLEBBIX MOPOX
WM BMECTO HMX MapraHlEeBOCHJIMKATHBIX MpPU KOH-
TAKTOBOM MeTamopdu3me B CHXOTI-AJIMHE IPOUC-
XOJIUJIO B BOCCTAHOBUTENBHBIX YCIOBUSX MHHEPAJIO-
00pa3oBaHUs U ONPEACIISAIOCH TJIABHBIM 00pa3oM KO-
JIMYECTBEHHBIM COOTHOIIEHHEM KapOOHATHOTO U TJH-
HHCTOTO MaTepHaia B HCXOIHBIX OCaJKax U CoepiKa-
HueM B HUX Ba u menoueil.
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