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Kap6oHatHbie cTskeHUsT U3 paiioHa [TapaMyIMpcKUX TMAPOAKYCTUISCKUX aHOMAIUI TePPUTOPUATBHO
MPUYPOYEHBI K 30HAM BBIXOJ0B METAHOBBIX CUIIOB, KOHTPOJUPYEMBIX, B CBOIO O4epEab, INTyOMHHBIMH TEK-
TOHWYECKU OCIabJeHHBIMM yJyacTKaMu IHa. [1o cTpyKType, XUMUYeCKOMY U MUHEPATbHOMY COCTaBY CTSI-
JKEHUSI MOXHO KjiaccuUuIIMpoBaTh, KaK BYJKAHOIM€HHO-0CAIOUYHYIO MOPOAY, COCTOSIIYIO U3 BUTPO-,
JINTO-, KPUCTAIOKJIACTOB Y 3aXOPOHEHHOM MUKPOGayHBI, CLIEMEHTUPOBAaHHBIX KAPOOHATHBIM (aparoHu-
TOBBIM) LIEMEHTOM. PaccMaTpuBaloTcs AeTaau 1 MOoCie0BaTeIbHOCTh MUHEPaI000pa3oBaHus KapOoHaT -

HBIX CTSIKEHU.

Kniouegvie croéa: kKapOOHATHbBIE CTSKEHUS, AparOHUT, METaH, YIJIEKUCIIBIA ras.
DOI: 10.31857/50024497X23700106, EDN: BXIEJT

B nepuon ¢ 1982 o 1991 rT. B ceBepo-3anamHoit
yact OXOTOMOpPCKOTO ckjloHa o. [Tapamyiup (puc. 1)
B TBUTOBOI YyacTu KypuiibCcKoit OCTpOBHOI OyTH OBI-
JIU BBIIOJIHEHBl MHOIOYMCJIEHHBIE MCCIeI0BaHUS
OTEUYECTBEHHBIX M 3apyOCKHBIX YUYEHBIX 110 M3y4e-
HUIO TUAPOAKYCTUYECKMX aHoManuii (puc. 2), 3a-
¢UKCHPOBAHHBIX B BOIHOI TOJIIIIE B TOUKE C KOOPAU-
Haramu 50°30.8" c.ur. u 155°18.45" B.O. [ABOEiiko U
Ip., 1984, 1986; Asneiiko, KpacHos, 1985; UepTkoBa,
I'yceBa, 1986; bonmapenko, Hanmexuwrit, 1987; 30-
HeHualiH, 1987; 3oHeHmaiH u ap., 1987; JlemuHa
u ap., 1989; Jleun u np., 1989; Hanexnrrii, bornga-
peHko, 1989; OoGxwupoB m ap., 1989, 1999, 2007;
YeprkoBa, Crynxac, 1990; OoxwupoB, 1993;
IT'unzoypr, ConoBbeB, 1994; ConoBbeB u np., 1994;
Soloviev, Ginsburg, 1994, 1997; bapanoB u ap., 1996;
Basov et al., 1996; I'aBpunenko, 1997; Gaedicke et al.,
1997; Becenos u ap., 2000, 2006; MatseeBa, Co-
noBbeB, 2003; Comosnes, 2003; TekTonuka ..., 2004;
I'mymoB u ap., 2005; Bonmapenko, Pamunos, 2006,
2021a; Jleun, Banos, 2009; Illakupos, 2018; I1la-
KMpoOB u ap., 2019 u op.].
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ITo cBoeii popme BBISIBIIEHHBIE THUAPOAKYCTUYE-
CKU€ aHOMajJny HAaIlOMHMHaIM (pakKeabl, KOTOpPEIC
¢uKCcHUpoBaINCh OT JHA MOPS Ha IIIyOMHE OKOJIO
700 M mo rmyouH 400—200 M ¥ MOJIYYMIIN B TaJbHEM -
meM HaszBaHue “IlapamyniMpckue ruapoaKycTude-
CKUe aHOMaJIuu” .

INlepBoHaYaaIbHO OBLIO BHICKA3aHO MPEAITOIOXKE-
HHE O Ta30TUIpOTePMAIbHON MPUPOIE BHISIBICHHBIX
TUIPOAKyCTUYECKMX aHoMaiuii [ABmeiiko u mp.,
1984, 1986; Asneiiko, KpacHos, 1985; YUepTkosa, I'y-
ceBa, 1986], a mo3gHee — 006 MX ra3oBOIi IIpUpoAe U
pa3BUTUU B TaHHOM pailoHe MPOLIECCOB IMAPATO00-
pazoBaHUsI B BEpXHEW 4YacTU OCAJOYHOIO paspesa
[bonnapenko, Hanexusriii, 1987].

B 1986 r. B peiice 11* HAyIHO-HCCIIEIOBATEIHCKO-
ro cynHa (HUC) “Axanemux MctucnaB Kennpi” ¢
LIEJIBIO M3YyYEeHUST TIpearogaracMbiX T'MApOTepMab-
HBIX BBIXOJOB THO B palioHE TMAPOAKYCTUUECKUX
aHoOMaJInii ObUIO 0OCIEOOBAHO C ITOMOIIBIO MTOABOM-
Horo obutaemoro anmapara (ITOA) “Ilaiicuc” [30-
HeHImaiH, 1987; 3oHeHmaitH u ap., 1987; Jleun
u ap., 1989; Yeprkosa, Crynxac, 1990; bapaHoB u
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0.XO0KKai1o

Puc. 1. Mecrononoxenue [TapaMyImmpcKux ruipoaKyCTUIECKUX aHOMAJIHIA.

Ip., 1996]. BeInmoaHeHO 1Mo pa3HbIM UCTOYHUKAM — 10
[UeptkoBa, Ctynxac, 1990], 11 [3onenmaiix, 1987;
3oHeH1IaiH u ap., 1987] wiu 13 norpyxxeHuit [T0OA
[bapanoB u ap., 1996]. 1o aTuM maHHBIM, XapaKTep-
HBIMH (hopMaMU MUKpopeiibeda B pailoHe aKyCTHIE-
CKOM aHOMaJIMU SIBJISIIOTCSI XaOTUYHO PACIIOJIOXKEH-
HbIE XOJIMBI, TIPOBaJIbHbIE BOPOHKU U sMbl. Ha mHe
ObLTM OOHApyXXeHbl KpYMHbIE KOJOHWUM TIOJUXET,
OakTepualibHble MaTbl, CKOIUIEHUSI PAKOBUH MOJI-
JIIOCKOB, KpYIIHBIE IJIbIOBI KapOOHATHBIX IIOPO..

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 3

31ech ke ObLIM BCTpeueHbl KapOOHATHBIE KOPKH, 11e-
MeHTHupylole TpyHT [3oHeHuiaiiH, 1987; 3oHeH-
1IaiH 1 ap., 1987].

Bo BpeMs1 3THX uccleqoBaHUN HUKAKUX TMAPO-
TepMaJIbHbIX ICTOYHUKOB BBISIBJICHO He ObLIO. B Me-
CTE MPOSIBJICHUS TUAPOAKYCTUUECKIX aHOMAJINIA ObI-
JIU OTMEUYEHBI pacCesHHbIC BBIIEIICHUS ITy3bIPHKOB
rasa B BOIHYIO TOJIILY, B OCHOBHOM MeTaHa. ITpu nu-
TOJIOTMYECKMX UCCIIETOBAHUSIX TPYHTOBOI TPYOKOI1 C
DIyOMHBI 3 M HIKE THA OBLIM ITOOHSTHI Ta30BbIE TU/I -

2023



232

pathl [3oHeHIaiiH, 1987; 3oneHmaita u ap., 1987].
Ilo3gHee B 3TOM MeCTe Ta30Bble TUAPATHI ObLIN MO -
HaTel B peiice HUC “Teonor Iletp AHaponoB”
[TuH36ypr, CosoBbeB, 1994].

JI.T1. 3oHeHmaliH ¢ coaBTOpaMM CBS3BIBaJIN 00-
pa3oBaHMe ra30BOro MCTOYHUKA (M, COOTBETCTBEH-
HO, 00pasoBaHUE ra3OrMAPATOB) C BHEAPECHUEM
BYJIKAHMYECKHUX KYIIOJIOB B OCAaIOYHYIO TOJIIY U
BO3IeiicCTBMEM TeIlIa, BEI3BAHHOTO 3TUM SIBJICHUEM
[3BoneHmaiiH, 1987; 3oHeHmaiiH u ap., 1987].

B pabore [bornanoBa u ap., 1987] HanucaHo, 4ToO
“... KapOOHATHBIC CTSKCHMSI, COCTOSIINE U3 TOHKO-
KPUCTAJZINYECKOTO aparoH1Ta, B HEKOTOPHIX KOJIOH-
Kax, oToOpaHHbIXx B peilice 11* HUC “AxkameMuk
MctrcimaB Kennbir”, cOCTaBIISTIOT IO TTOJOBUHBI
Macchl ocanka, a conepxxanue CaCO; nuaMeHsieTcs B
nuamnasoHe or 45 1o 70%”.

Taxxke B 1986 . caxaIMHCKMMU YYEeHBIMU B peiice
31 HUC “Ilerac” paiioHe I[lapamMyImmmpcKux TMapO-
aKyCTMYECKUX aHOMaJIMU B TpeX Aparax ObLIA TOI-
HSTHI aJIEBPOJIMTOBBIE XKeJIBaKU MPUIYIJIUBOM (hop-
MBI ¢ KapOOHATHBIM IIEMEHTOM W TOHKUMHU Kapbo-
HATHBIMU MTPOXWIKAMH, U cIeJaH BHIBOI O TOM, YTO
5TU 00pa30BaHUsI, BOBMOXHO, CBI3aHbI C TUAPOTEP-
mamu [Katanor ..., 1992]. U3 pabot [AcTtaxoBa, [op-
O6apeHko, 1987, 1988; AcraxoBa, CopounHcKkas, 1989;
ActaxoBa, 2007] cienyet, 4To ogHa U3ydyeHHas1 KOH-
Kpelusl ClieMeHTHpOBaHA aparoHMTOM, B oOpa3smax
MPUCYTCTBYET 3HAYUTEITLHOE KOJTMIECTBO OpraHmIe-
CKHMX OCTaHKOB, a TakKXe IMPUBEICHbI XMUMUYECKHE
COCTaBBI TPpeX 00PAa3OB U M30TOMHbBIE COCTABHI KIC-
Jlopoza ¥ yriepoa ImecTu o6pasIoB.

B 61 peiice HUC “Axkanemuk M.A. JlaBpeHTbeB”
B 2013 1. B paitone [TapamMyImnpcKuX ruipoaKycTuye-
CKUX aHOMalIMii coTpygHuKamu MHcTUTyTa OMOJIO-
run mopst IBO PAH 6b17111 BeITTIOTHEHBI TITyOOKOBOI-
Hble MCCJIEIOBAaHUS C IMOMOIIbLIO MOTPYKAeMOTO
TeJIeyIIpaBISIEMOTO ITOABOAHOTO arrapara “Coman-
che” m cnemaHbBl MHTEpECHBIE HaXOIKM TIIYOOKOBOI -
HBIX OpIOXOHOTMX MOJUIIOCKOB-OYKIIMHUI, a TakXke
OTMEUeHa aHOMAaJIbHO BBICOKASI KOHIEHTpALUsI
pacTtBopeHHOTO MeTaHa [['ynmsomH, UBnH, 2015].

B pa6ore [bonnapenko, Pamunos, 2006], ocHO-
BBIBasICh Ha pe3y/JbTaTax UCCIEAOBaHUI, BHITTOJTHEH-
HBIX B Tpex peiicax HUC “BynkaHoiior” Ha ydacTke
pa3zMmepoM 38 X 22 KM, OBIII clieJIaH BEIBOI O TOM, 4TO
IMapamympckue TUAPOAKYCTUYECKHWE aHOMAJIMU
TMPUYPOYEHBI K TOJTOXUBYIIEH, AKTUBHOM, IO Kpaii-
Heil Mepe C HeoreHa, 30HE ITTyOMHHBIX Pa3JIOMOB.
AKTHUBHOCTb B TIpeeiaxX BbIACJICHHO 30HbI ITPOSIBU -
JIach B 3HAYMTEJIbHBIX BEPTUKAIBHBIX 1, BO3MOXHO,
TOPU3O0HTAIbHBIX IBUKECHUSX TI0 pa3joMaM, ByJIKa-
HU3M€ W THIPOTEPMAJIbHON nesiTenbHOCTU. [Tpuun-
HOI TUOPOTEPMAJIbHOM aKTUBHOCTU SIBUJIOCH (Op-
MUpOBaHMeE, COBMAIAIONICH C 30HOM INTYOMHHBIX pa3-
JIOMOB, 30HBI TpPS3€BOr0 BYJIKAaHM3Ma W BBIXOOOB
CBOOOIHBIX Ta30B B BOAHYIO ToJy. boabiias Mo~
HOCTb OCaJOYHOTO YeXJia U BBICOKMIA TEIUIOBOI MOTOK

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

ITETPOBA u np.

1000 m

A

Puc. 2. AKycTndeckure IIoMexXyu B BOTHOM Tollle, 3auK-
cUpOBaHHBIE Ha caMmommcue 93xojora WD-110M
(menTpanbHasa yacrora 12.5 xIr) 21.07.1989 r. Ha xomy
HUC “Bynkanosnor”.

CHOCOOCTBOBAIM TeHEPALMU 3HAUUTEIbHBIX 00be-
MOB rasa, KOTOPbIi MUTPHUPYST U CBSI3bIBAsICh B
KPUCTAJUIOTUAPATHI, (POPMUPYET Ta30HENPOHUIIAC-
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Puc. 3. Mopdosorust KapOOHATHBIX CTSKEHUI, OTOOPaHHBIX B paifoHe ITapaMyIIMpcKUX TMAPOaKyCTUISCKUX aHOMATHiA B

peiice 11* HUC “Axanemux Mctucnas Kenapi”.

MBII Ta3oruapaTHbIi 5KkpaH. CiaeayeT OTMETUTD, 4YTO
MpOSIBJICHUSI TIOABOAHOIO TPSI3€BOTO ByJIKaHM3Ma
BBISIBJICHBI U B Ipyrux paiioHax Kypmibckoii ocTpoB-
Hoii nyru [bonmapenko, Pammnos, 2011, 20216].

HMHudopMaLio o IpoBeIeHUN re0JI0ro-reousm-
YyecKUX padboT B paitoHe IlapamMymmpcKux TUIpPO-
aKycTUYeCcKux aHoManuii B mepuon ¢ 1991 mo 2021 rr.
aBTOPHI HACTOSIIEN paboThl HE CMOIJIM HAlTH HU B
OITyOJIMKOBAHHBIX JIMTEPATyPHBIX UCTOYHUKAX, HU B
cetu UutepHeT. U Toabko 18 aBrycra 2021 r. cotpyn-
HUKU TUXOOKEaHCKOr0 OKEaHOJIOTMYECKOIO MHCTU-
tyra IBO PAH BO Bpems peiica HUC “Axamemnk
M.A. JIaBpeHTbEB” Ha 3aIIMCSIX 3XOJOTHOTO ITpoMepa
BHOBB 3a(PUKCUPOBAIN aKyCTUYECKUE ITIOMEXHU B BOJI-
HOI TOJIIIE, KOTOPhIe OTMEYAIMCH C TITyOrH oT 800 M
oo rayouH 600 m [BamuroB u np., 2022; http://xn—
80aphn.xn—plai/news/2021-06-15/geologo-geofizich-
eskaya-ekspeditciya-toi-dvo-ranv-vostochnoy-ch].
Takum obOpa3oM, B HacTosillee BpeMs MOXHO yBe-
PEHHO TOBOPUTH O TOM, UTO aKYCTUYECKUE TIOMEXU B
BOMHOM TOJIIIIE OTYETIMBO (DUKCUPYIOTCS B 3TOM
paitoHe B TeueHue 39 jer.

Otob6pannbie B peiice 112 HUC “Axagemuk
Mcrucnas Kennpiii” B paitoHe Ilapamymmmpckux
TUJIPOAKYCTUYECKMX aHOMaIMM KapOOHAaTHBIE CTsI-

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 3

KEHMSI, HECMOTPSI Ha JUIMTEJbHYIO UCTOPUIO HCCIe-
JIIOBaHWSI TOHHBIX OTJI0XEHU 3TOro paifoHa 1 UMeto-
muecs myonukanuu [Acraxosa, [opbapeHko, 1987,
1988; bormanoBa u ap., 1987; AcraxoBa u ap., 1993;
ActaxoBa, CopoumHckas, 1999; Acraxosa, 2007],
JIO CHX TIOP HEe ObUIN IeTAIbHO U3y4eHbl. ABTOPBI Ha-
crosieii pabGoThl TONBITAIMChH 3aIllOJHUTh CYIle-
CTBYIOIIUI TPOOEII.

MATEPHAJIbI U METO/1bl UCCITEOJOBAHUN

B pamkax HTeTpallMOHHbBIX UCCJIETOBaHUI ObUTU
U3y4YeHbl KapOOHATHBIE CTSKEHUSI U3 KOJUIEKIMU
HMHctuTyTa BynKaHojoruu u ceiicmosnorun IBO
PAH, oro6panHbie B peiice 11 HUC “Axkanemuk
McrtucnaB Kengpln” u IIpeAcTaBIISIIONIAE COOOI
YIUIOILIIEHHbIE JIEMEKOBUAHbIE 0Opa3oBaHUs, KO-
pauionogoOHble BETOYKU, HEeMpaBWIbLHBIE TIPSIMO-
YIOJIbHUKU U KBanpaThl (puc. 3).

[IBeT cTskeHuit — OesIblil ¢ OTTeHKaMU 3€JIEHOTO
u ceporo. I[lopona cpenHe-, MecTamMu TUIOTHO Clie-
MEHTHPOBAaHA, XOPOILIIO BUAHO €€ aXKypHOE CTPOEHUE
(puc. 4). B mopoBbIX MPOCTpaHCTBAX OOBIYHO 3aKJIIO-
YyeHbl MUHEpaIbHble W OWOTeHHbIE KOMIIOHEHTBI
BMemapliero ocaaka. Ilpu HagaBiuMBaHUM MOpoja
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Puc. 4. CTpykTypa MOBepXHOCTH KapOOHATHBIX CTSIKEHMUIA.

IMTETPOBA u np.

ChbeMKa B OTpaXKeHHOM CBETE TP YBEJIMYSHUSIX ONTUYECKOTO MUKPOCKOIa: a — 9.6X, 6 — 32X,

pacramaeTcsl Ha COCTaBJISIOIIME MecYaHOU pa3zMep-
HocTu. CTSDKeHUsI OYeHb €1abdo pearupyloT ¢ COJIsI-
HOM KUCJIOTOIA.

HccnenoBaHust IPOBOAMINCH C TIOMOIIBIO OITH-
yecKoro Mukpockoria ¢upmsl Carl Zeiss Jena u cka-
HUPYIOIIETOo 3JeKTpOHHOro Mukpockona VEGA3
TESCAN c npucTaBKO# 11 SHEPTETUISCKOTO OUC-
MEPCUOHHOTO PEHTI€HOBCKOTO MUKpoaHanusa. J1is
M3YYEeHUSI MUHEPAJIbHOTO COCTaBa MCIIOJIb30BAJICS
peHTreHoBcKMi anmapaT Hdpon D-8 advans dupmbl
Bprokep ¢ Cu-anomom.

PE3VYJIBTATbBI UCCJIEAOBAHUA

MuHepanbHBIE COCTaB M CTPOCHUE M3YyYEeHHBIX
00pa3oBaHM XOPOIIIO WLTIOCTPUPYET puc. S. BumHo
(cM. puc. 5a), YTO OHU COCTOST U3 Pa3pO3HECHHBIX U
HEpaBHOMEPHO pacIlipele/IeHHBIX CBEXUX MUHepa-
JIOB (I1arnokJjas, IMPOKCEeH, MarHETUT U JIp.) U 00-
JIOMKOB BYJIKAHUTOB (CTEKJIO, 3 (y3UBHI) pa3zMepoM
OT COTBIX JIO JECSITHIX IOJICit MM, CLIEMEHTUPOBAaHHBIX
¢71a00 M/UJIU XOPOIIO PACKPUCTAIIM30BaHHBIM apa-
roHuToM. OCoOEHHOCThHIO cocTaBa Imopoasl [ bonma-
peHKo u np., 2022] aBaseTcs HaXOXIeHNE B HEl 3Ha-
YUTEIBLHOTO KOJIWYECTBA OPTaHUYECKMX OCTATKOB:
M3BECTKOBBIX CKeJIETOB (hopaMUHUDEP, KPEMHEBBIX
MaHuMpei 1MaToMeid 1 HEKOTOPBIX IPYyTMX OpraHu3-
MOB (puc. 6).

BayioBblii cocTaB KapOOHATHBIX CTSIKEHUM TMOMI-
TBEepXACH XUMNIeCKMMU aHanu3amu (tadi. 1). Cpe-
1 TIOPOJOOOpa3yIOIIMX BJIIEMEHTOB IIPeOo0JIazaroT
Beicokue conepxaHus CaO u CO,, a KOJIMYeCTBEH-
HOe pachpeeiecHe OCTaJbHBIX OKCUOIOB YPE3BbI-
JaifHO HepaBHOMEPHO OT o0pasiia K oopasny. Cpenn
MaJibIX 3JIEMEHTOB oOpalllaeT Ha ce0s1 BHUMaHUE T10-
BBILIIEHHOE KOIWYeCcTBO St, S ¥ yacTU4HO Ba n V.

PeHTreHOCTpYKTYpHBII aHAIN3 TOPOIIKA IIOPOIEI
(cM. puc. 50), TIoKasai, YToO OHa COCTOMT U3 aparoH1-

JIUTOJIOIA U NOJIE3HBIE NCKOITAEMBIE

Ta, KBaplia, IJlarnokJjiaza 1 HeOOJIbIIOro KOJIMJecTBa
cmekTuTa. OCHOBHOM (pa30ii SBISIETCS aparoOHUT,
HauboJjiee UHTEHCHBHbIE MUKW KoToporo (d,/n =
= 3.40, 3.28, 2.70) yeTKO OpOSIBIECHBI HA PEHTTEHO-
rpamme. MeHbllIasds MHTEHCUBHOCTb OTMEUEHa IS
MUKOB IUIarMoKJja3a, CMEKTUTa, KBaplia 1 ST Talo
ByJIKAHWYECKOTO cTekia. Pedraexkchl kambpnonra Ha
PEHTreHorpaMmax OTCyTCTBYIOT.

AparoHUT TIPUCYTCTBYET B BUJIE CIUIOLIHBIX KOM-
KOBaTBIX MAacC WJIM TOHKUX KPUCTAJIJIOB M YIJTMHEH-
HBIX U (OTHOIIeHUe mupuHa/mrHa = 1/(10—15)).
PasMep urospuaThiX KpUCTaIOB aparoHUTa B IJIMHY
0.01—0.1, a B mmpuny 0.001—0.03 mMm. B TpemmmHHBIX
1 CBOOOMHBIX MPOCTPAHCTBAX HAOIOJAIOTCS CKOILIe-
HUSI MOAOOHBIX BEEpOOOPa3HBIX KPUCTALIIOB, PACTy-
IIUX BHYTPb MyCTOT (cM. puc. 6, 7). Cpeau 06J10M0OU-
HOI1 YaCTH XOPOIIIO BUAHBI OPTAaHUYECKUE OCTATKU U
3aKJIIOYEHHBIE B ITyCTOTaX BHYTPU UX CKEJIETOB HOBO-
oOpa3oBaHHBIC “IIApPUKN~ TUpPUTa (CM. pHC. 7).

Apaeonum. DTOT MUHepas 3aMedaTesieH TeM, UTo,
UMesl ONMHAKOBBI XMMUYECKUI COCTaB C KaJblU-
ToM (CaCOQs;), gaBiusiercss poMObuyeckoit noaumopd-
HOI MomuduKalyrei mociaeaHero. XuMUIeCcKUi co-
craB [IpunapamylmpcKoro aparoHura IpeacTaBieH
B TabJ1. 2, TIepecyeT aHAIM30B Ha MUHEPaJIOrnyecKue
dopmynsl gaH B [Ipunoxenun K Tada. 2. Konedbanus
B conepkanuu CaO (mac. %) B 06p. 1413 ot 48 10 60-
Jiee 53, B 00p. 1419 ot 53—54.5. Bo Bcex cayvasix 1o
CPaBHEHUIO C TEOPETUUYECKUM COCTAaBOM aparoHuUTa
(CaCO;) HabmoaaeTCsl OYEHBb HEOOJTBIIIOE TTPEBhILIE-
HHME B KOJIWYECTBe yIiepoga U HemocTarok Ca.
CTpOoHIIMIT, KOTOPHI YaCTO CUMTAIOT JIJIST aparOHUTAa
00s13aTe/IbHOM MPUMEChIO, WJIM OTCYTCTBYET, WU
MpPUCYTCTBYeT B KojmdecTBe 1—1.5 mac. %, uTo B Te-
pecdeTre Ha GOpMYITy MUHEpasa COCTABIIsIET He OoJiee
0.01 dopmynbHbix emuHull (¢.e.). Kak mnpumecu
npucyTCTBYIOT Mg, Na, ux KOJIU4YeCTBO He OOJIbIe
0.01-0.02 ¢.e. Pexxe ormeuarorca Fe, Sc, Mo, HO nx
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0 aparoHuT

3.40

0.8

=2.702 aparoHut

4.031 niarnokias

=3.000 riaruoxiias

CMEKTUT

3.754 narnokias
— 3.626 rutaruokias
—3.473 rutaruoksias
3.132 narvokias
-~ 3.038 rutaruokiias

- 4.258 kBapi
= 2.880 aparoHuT

Puc. 5. CtpykTypHble 0COOEHHOCTH Y MUHEPTBHBIN CO-
CTaB TUITMYHOTO yYacTKa AParupoOBaHHOM MOPO/IbI.

a — $oTo yyacTka Mmopoabl (CKaHUPYIOIINN 3JIEKTPOH-
Helit Mukpockort VEGA3 TESCANc mpucTaBKOM st
SHEPreTUYEeCKOro JAUCIEPCUOHHOIO PEHTIEeHOBCKOTO
MUKpoOaHain3a); 0 — peHTreHorpaMmMa IMOpoIlKa aparu-
pOBaHHO MOpoakl (peHTreHOBCcKMii armmapar JdpoH D-8
advans ¢pupma Bprokep, Cu-aHomI, YMCI0 MHTEPBAJIOB 1,
pexuM momnaroBeiii. AHamuTuK E.B. ITokpoBckasi, 'eo-
sornyeckuii uHCTUTYT PAH).

BykBeHHbIe 0003HaUYeHUSI (30€Ch U Ha TTOCIEAYIOIIMX PU-
cyHkax): Cm — cMexTuT, K6 — KBapil, /11 — njaaruokinias,
Ilup — nmupokceH, Ap — aparoHuT, Cm — ByJTKaHUYECKOE
CTeKJ10, ¢ — 3cbdy3uBHas mopoa.

TaK MaJio, YTO MOXHO HE YYUTHIBATh MIPU MEpPECUETE
Ha (pOpMYJILHBIN COCTaB.

Ilraeuoknas. D10 BTOpOH MUHEpas MO CTENEHU
pacnpocTpaHeHUsI B KApOOHATHBIX CTSKEHUSIX ITPe -
CTaBJICH KpUCTAJUIAaMX M UX OOJIOMKaMH. XUMUYe-
CKMi1 cOCTaB IJIarvokjia3a IpuBeIeH B TaOI. 3 U B
IIpunoxenun x Heil. HabmrogaeTcs: mmpokuit pas-
Opoc B colep:KaHUNU OCHOBHBLIX MHUHEPAIO00pa3ylo-

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 3
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LIUX BJIEMEHTOB, YTO OTPaXaeT KoJIeOAHUSA COCTaBa
OTHENBHBIX 3epeH IIarMokKjasa OT OJUIoKIasza J0
ouTtoBHMTA. IIpM 3TOM OCHOBHBIE IUIATHOKJIIA3bI
BCTpeYaroTcs yalle. B cocrase I1armokjia3os IOYTU
HET 2JIEMEHTOB-TIpUMeceli. ENMHCTBEHHOE UCKIIIO-
YeHUE COCTABIISIET KAJIUM, HO U €0 KOJIUYECTBO CO-
CTaBJISIET [ECATBIE [OJAM IPOLEHTA, IIOBLIIIASACD
TOJILKO B OIIHOM CJIy4ae — B PEIKO BCTPEYAEMOM OJIU-
rokiase 1o 2.4 mac. %.

Iupokcen. XuMUYECKUI cocTaB MUHEpayia MpU-
BelieH B Ta01. 4 u B [Ipmnoxenun K Heit. Cpenu mpo-
aHaJIM3UPOBAHHBIX 3€PEH MOXHO BBIIEIUTD YEThIpe
pasHoBuUgHOCTU. K mepBoii rpymre OTHOCUTCSI CO-
CTaB C TIPUMEPHO PaBHBIM COJEPKaHUEM KaJlbLUS U
MarHusl ¥ ¢ HU3KOM keJie3oM (5 aHanm3oB). CpenHee
cofep:kaHue GOpMYIbHBIX enuHUll (%): Ca = 42,
Mg = 43, Fe = 15. Bo BTOpOI1 rpynIie COOTHOIICHMS
KOMITOHEHTOB MPUMEPHO TaKHe XKe, HO KOJINUYECTBO
KaJIbLIMsl Y MarHUs HIDKeE, a xkese3a Bolile (%): Ca = 35,
Mg = 37, Fe = 28 ¢.e. (2 ananuza). TpeTbs rpymia
XapakTepu3yeTcsl IPUMEPHO PaBHBIM OTHOCUTEIHLHO
HU3KUM KOJIMYECTBOM KaJIbLIMsI U Xejie3a U TOBbI-
meHHbIM MarHUS (%): Ca =27, Mg =47, Fe =28 ¢.e.
(3 ananmm3a). YeTBepras rpymiia, caMast MaJaIodnCIeH-
Hasl (OAWH aHaJKU3), B KOTOPOii OJIM3KKME KOJIMYeCcTBa
KeJie3a W KaJdblus U HU3KUi Marauii (%): Ca = 43,
Mg = 18, Fe = 39 ¢.e. Ha nnarpamme coctaBoB ITi-
pokceHa (puc. 8) BUIHO, UTO BCE 3€pHA XapaKTepU3y-
IOT aBIUT.

B xapOoOHaATHBIX CTSDKEHMSIX aparoHMT, MJaruo-
KJ1a3 U MUPOKCEH SIBJISIIOTCSI OCHOBHBIMU TTOPO1000-
pasylolMMyd MUHEpajJlaMM, OIHAKO ITOMHUMO HMX
MPUCYTCTBYIOT 3€pHa APYTrMX MUHEPAJIOB, CpeAU KO-
TOPBIX B MIEPBYIO OUYEPEab HYXKHO OTMETUTh amguoon.
OH BcTpeuvaeTcsd B BUIE PEINKMX TJIACTMHYATBIX
00JIOMKOB KOPUYHEBOTO 1IBETA C CUJIbHBIM IJIEOXPO-
M3MOM U XOPOIIIO BbIPaXXeHHOM cnaitHOCThI0. XU-
MUYECKMI COCTaB MUHepasja mpuBeaeH B Tabi. S.
IlepecyeT cocTaBa MPUBOIUT K CAEAYIOLIEH MUHEpa-
Jioruyeckoii hopmyJie:

(Ko.19Fe§.+71Mgo.60C30A21Nao.06)1.77 :
- (Tig 5Aly 94Mg0 41)s0Si5.080:2(0H),.

IIPU TEOPETUYECKOM COCTaBEe MOHOKJIMHHOM pO-
TOBOII OOMAaHKMU:

(Caa Na’ K)2—3 (Mg7 Fe? Mn7 Al)S :
- (51, Al)30,,(0,0H, F, Cl),.

B cocTaBe onmuceiBaeMoro MuHepaja HaOIogaeT -
cg HeOOJIbIIOM HETOCTATOK CYMMBI KaTMOHOB (6.8
npoTuB TeopeTndeckoro 7—8). IpennoaoxuTeabHO
MUHEpaJI MOXHO OIIPeIeTUTh, KaK HU3KOKAIbIINE-
BYIO POTOBYIO0 OOMAaHKY IPYNITbl KYMMUHITOHUTA.

O0610MKU K6apya MIPUCYTCTBYIOT B OU€Hb HEOOIb-
moM kKojmmyecTBe. [lo XMMM3My 3TO NpaKTUYECKU
qucThiii Si0, ¢ MU3EPHOM TIPUMECHIO ATIOMUHUS U
Kanbius (cMm. Tabin. S5). dpyrum mpeacTaBUTENEM
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ITETPOBA u np.

Puc. 6. Pa3HOBUIIHOCTY MCKOTIAEMBIX OPTraHU3MOB 1 0OJIOMKOB BYJIKAHUTOB, BCTPEYEHHBIX B OTOOpaHHBIX 00pa31iax Mmopo.
CKaHMPYIOIIUIA 3JI€KTPOHHBIIT MUKPOCKOIT, Ha (hOTO Ha MepenHeM IUlaHe: a, 0, B — U3BECTKOBbIE CKesleThl (hopaMuHUbep;
T, I — KpeMHEBbIE TTAaHIIUPU AUATOMEi; € — 00JJOMOK C/1a00 PacKpUCTAIM30BaHHOTO cTeKia (pparMeHT hoTO“B”); XK, 3 —
OCTaTKU MCKOMAaeMbIX MUKPOOPTaHU3MOB, HE OIpe/ieJIeHHbIE aBTOpaMU; U — 0OJIOMOK TUTarMOKJIa30BOi 3((y3MBHOI TTOpO-
nbl. Ha Bcex ¢oTo B LIeMEHTUPYIOLIEH Macce XOpOIIO BUIHbBI UTOJIbYAThIE U MJIACTUHYATHIE KPYUCTAUIbl aparoHuTa.

KpeMHe3eMa SIBJSIIOTCSI OOJIOMKU  8YIKAHUHECKO20
cmekaa. BcTpedalores ero ITIOTHBIE, TOHKOUTOJTbYA-
ThIE, IIIECTOBAThble W ITy3bIpYyaThie Pa3HOBUIHOCTH.
Bce oHu nmMerot kuciblii coctas (SiO, — 73—75, AL,O; —
12—14 mac. %). XapakTepHOit 0COOEHHOCTBIO CTeKIIa
SBJISIETCSI €ro KajaueBas crenuduka (comepxkaHue
K,O ot 1.5 no 6 mac. %) (cM. Tabm. 5). Takke MOXHO
OTMETHTh SIMHUYHBIC HAXOIKHM TaKWUX AJTIOMOCHUIIV-
KaToB Kak yeoaum (Hampoaum?) u cmekmum. Ho st
MUHEpaJIbl TECHO acCOLIMUPYIOT ¢ 00JIOMKAMU BYJI-
KaHWUTOB M, TTO-BUINMOMY, TaKKe, KaK ¥ MMOCIICTHHE,
TMIPUBHECEHHI B OCAIOK U3BHE.

Cpenu pyaIHbIX MUHEPAIOB BCTPEUECHbI 00JI0MOY-
HBIIl MaeHemum W HOBOOOPA30BaHHBIN HuUpUm
(cM. puc. 7). BbioeneHus: MarHeTWTa TPEIIMHOBATHI,
paspyiueHbl. [TupuT BcTpeuaeTcsi peako U YeTKO Mpu-
YPOUEH K OCTaTKaM MUKPOOPraHU3MOB WJIM K KPaeBbIM

JIUTOJIOIA U NOJIE3HBIE NCKOITAEMBIE

30HAM KPUCTAJIOKJIAaCTOB MarHetuTa. IlonoxeHue
MUHepasa B mopoje 1 (popMa ero BbIIeIeHUIT He BbI-
3bIBAlOT COMHEHUS O INIABEHCTBYIOIIEH POJIK B €T0
o0pa3oBaHUM CyIb(paTpeayIUPYIOIINX OaKTepHii.
XUMHUYECKUN COCTAB MUHEPAJIOB IIPUBEIEH B Ta0I. 6.
Ecnu B aHanm3e MarHeTuTa IBE TPETU KOJIMYECTBa
CYMMAapHOTO Xejie3a IepecUYnTaTh Ha TpeXBaJleHT-
HYI0 (POpMY, TO CYMMapHOE KOJIUUECTBO aHaIn3a Oy-
neT 98.62 mac. %, T.e. HaOIIOOAETCS HEKOTOPAst CTEIEHb
nmpeo6pa3oBaHUsl MUHEpaJia, YTO MOATBEPKIAECTCS
HEIOCTAaTKOM KaTMOHOB B IIlepecUrMTaHHON (popMyJie:

[Mno.mMgo.osFeg.zM )0.53(V0.02Tio.07A10412Fe;.307 0228128104

He uckiroueHo, 4TO HEKOTOpAasl YacTh MarHeTHUTA 3a-
MellleHa TMAPOKCUIOM Keue3a. Kak BUumHO MarHeTUT
COIEPXXUT HEeOONbIIOe KOJUYECTBO IIPUMECHBIX Al,
Ti, V, Mn, Mg. B oTinure oT MarHeTuTa B IIMPUTE
HaOJIIogaeTCs HEOOIBIIION N30BITOK B aHMOHHOI 4a-
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Tabomuna 1. XyuMuueckuii coctaB KapOOHATHBIX CTSKEHU I

237

O6p. Ne 1413a 14136 14138 1419/1 1419/1 1394/1
Mac. %
SiO, 38.03 15.42 21.41 21.25 31.04 21.01
TiO, 0.45 0.19 0.27 0.31 0.38 0.29
Al,O4 8.95 3.19 4.16 5.01 6.20 3.90
Fe,03 1.76 0.53 0.95 1.10 1.77 1.14
FeO 1.56 0.74 0.86 0.94 0.87 0.74
MnO 0.07 0.03 0.04 0.04 0.06 0.04
MgO 3.10 1.37 1.51 1.39 1.70 1.31
CaO 24.14 43.13 39.88 39.73 33.19 40.18
Na,O 2.22 0.90 1.12 1.20 1.62 1.19
K,O 0.98 0.48 0.61 0.66 0.96 0.63
P,05 0.09 0.03 0.04 0.05 0.07 0.04
i, % 18.49 33.92 29.06 28.21 22.03 29.45
Cymma 99.84 99.93 99.91 99.89 99.87 99.92
CO, 15.93 31.68 27.34 27.12 20.03 26.96
H,0 1.17 0.73 0.92 0.71 0.99 1.01
ppm
As <5.0 6.6 <5.0 <5.0 5.3 <5.0
Ba 238 168 193 178 268 152
Co 6.6 <5.0 <5.0 <5.0 <5.0 <5.0
Cr 34 41 33 33 32 33
Cu 37 30 40 28 64 40
Ga 10 <5.0 <5.0 7.2 9.6 5.6
Mo <2.0 <2.0 <2.0 3.2 8.6 <2.0
Nb <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Ni 16 14 9.4 13 13 13
Pb 8.6 <5.0 6.9 <5.0 6.6 7.1
Rb 17 <5.0 5.1 5.4 19 9.3
S 4980 5636 5257 5352 5251 4784
Sc 17 8.4 6.9 9.00 14 5.3
Sr 4385 9233 7830 8028 5981 8102
Th 3.9 7.9 6.7 7.0 5.3 7.0
U 8.4 16 14 14 11 14
\Y 159 92 134 143 145 127
Y 13 4.1 6.4 6.8 10 6.3
Zn 36 4.2 9.1 9.9 30 10
Zr 47 7.1 8.4 13 30 8.2

ITpumeuanue. JlanHble peHTreHO(a30Boro aHanmm3a, aHaauTuk b.B. Epmonaes (I'eoornueckmii mHcTuTyT PAH).

JIUTOJIOIUA U ITOJIE3SHBIE NCKOITAEMBIE
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Puc. 7. Mopdonorust MarHeTUTa, MAPUTA M aparoHUTA.

Jlokanuzanusi apoOBUIHBIX IPY3, COCTOSIIIUX U3 MEIbYANIIMX KPUCTALUIOB ayTUTEHHOTO MUPUTA: @ — BHYTPU CBOOOIHOIO
MPOCTPAHCTBA B cKesieTe hopaMuHudepsl; 6 — B MTOPOBOM MPOCTPAHCTBE LIEMEHTUPYIOLIEH MacChl TOPOIBI B aCCOLIMALINU C
HOBOOOPA30BaHHBIM aparOHUTOM; B — BOKPYT 00JIOMKa IMEPBUYHOIO MAarHETUTA; I' — 3all0JIHEHUE TPELIMHHOTO MPOCTPaHCTBA
BeepOOOPa3HbIM CKOIIJIEHUEM MTOJIbYAThIX KPUCTALJIOB aparoHMUTa. a—B — CKAaHUPYIOIINI 3JIEKTPOHHbBIM MUKPOCKOTT; T — OIl-

TUYECKUI MUKPOCKOII.

CTU — KOJIMYECTBO CEPBI HECKOJIBKO BBIIIIE TEOPETH-
yecKoro (cM. Tabir. 6).

ObCYXIEHMUE PE3YJIILTATOB

ComracHO TIpWBEIEHHOMY MaTeprally, MOXHO
KOHCTaTUPOBaTh, YTO KapOOHATHBIE CTSKEHUS IO
COCTaBYy U CTPYKTYpe MPEACTaBIISIOT COO0M TydoreH-
HO-0CaIOYHYIO TTIOPOY, COMEePKaIIyIo B pa3HBIX CO-
OTHOIIEHUSIX NPUBGHECEHHble KPUCTAIIIO-, TUTO-, BUT-
pOKJIacTBI, a TaKkKe KpeMHEBble W KapOOHATHBIC
MUKpOGhayHUCTUUECKUE OCTaTKH, CIIEMEHTHUPOBAH-
HbBIC ayMmueeHHbIM aparOHUTOM.

I1ceBnoraneunas popMa CTSKEHWN, HATMINE KO-
COM CIIOMCTOCTU, HEpaBHOMEPHOE paclipelesieHue
MUHEPaIbHBIX COCTABISIIONINX B ITIOPOJIE YKAa3BIBAIOT
Ha 0CaJIKOHAKOIUICHUE B YCIOBUSIX ITOIBUKHOM BO-

JIUTOJIOIA U NOJIE3HBIE NCKOITAEMBIE

HolIi cpenbl. [IprBHOC KITacTUUEeCKOI COCTaBISIONICH
MOpOIbI, CyAs IO HEOOTHOPOIHOMY MHHEpPaIbHOMY
cocTaBy (IJ1IarMOKJIa3bl OT HAYaJIbHBIX HOMEPOB ajlb-
OuTa OO0 KOHEUHBIX OMTOBHMTA, OTHOBPEMEHHOE
MIPUCYTCTBUE BHICOKOKAIBIIMEBOTO IIMPOKCEHA, HU3-
KoKayiblieBoro amdubdosia, KBapliia, KUCJIOTO ByJIKa-
HMYECKOIO CTEKJIa), OCYIIECTBIISIIICS U3 Pa3HBIX HC-
TOYHMKOB B YCJIOBUSIX HECTAOMIIBHOM TMAPOIHAMMU -
Ku Bo. He nckiitodyeH 30/10BbIN MpUBHOC TTeTuia. Bee
NepevyrcIeHHbIE MUHEPaJbHbIE COCTABIISIONINE I10-
pondbl, B TOM YMCJIE peaKIIMOHHOCIIOCOOHOE BYJIKa-
HUYECKOE CTEKJIO, He HECYT IIPU3HAKOB BTOPUYHOTO
U3MEHEHUST U, COOTBETCTBEHHO, HE MOTYT OBITH HC-
TOYHMKOM KaJIblIusl 111 GOPMUPOBAHUSI aparoHUTA.

B oTHoIIeHMM OMOTreHHOM COCTaBJISIONIEeI ITOPO-
JIbl MOXHO OTMETHUTH MOBBIIIEHHOE KOJUYECTBO U
pa3HooOpa3ue OpPraHMYECKMX OCTAaTKOB (MaHIIUPU

Ne 3 2023



COCTAB U TEHE3UC KAPBOHATHBIX CTSKEHUM PAMOHA 239
Ta6mmma 2. XuMHUJecKuii cocTaB aparonuta (mac. %)
Anso0oM 22.03.22 24.03.22
0O6p. Ne 1413 1419
3epHo No 2 4 5 13 1 11
AH;F;MB 1 2 4 19 21 27 33 37 38 50 51 52 1 12 16 19 20
CaO 53.66| 53.65| 50.21| 52.69| 52.64| 49.09| 51.31| 50.46| 49.21| 50.98| 51.25| 48.76| 54.39| 53.38| 54.00| 54.15| 54.53
CO, 46.29| 50.05| 53.34| 48.15| 50.07| 44.24| 43.61| 44.35| 44.85| 42.95| 45.17| 45.17| 56.90| 46.71| 53.30| 60.18| 54.25
SiO, 3.4 0.87] 3.12 091 2.39
Al,O3 0.17| 0.58 0.27 0.12 0.25| 1.27 0.31 0.14
YFeO + 0.26 0.18| 0.14] 0.15| 0.21| 0.41 0.19 0.18
+ F€203
MgO 0.22| 0.20[ 0.19 2.1 0.13 0.25 0.22| 0.95] 0.35| 0.76 0.63
Na,O 0.32| 0.31| 0.40| 0.52] 0.29] 0.38 0.7 0.24| 0.26] 0.24| 0.14 0.44
SrO 1.2 114 1.25{ 0.98] 117 1.14 1.2 112 1.29 1.46
Sc,0;5 0.35 0.36 0.42
MoO 0.51 0.57 0.43
Cymma | 100.18/104.58{109.50{102.28|104.62| 96.94| 96.5| 97.75| 99.64| 94.57| 99.57| 98.98|112.38|102.15{108.25| 116.37|110.02

IIpunoxenne K Tadmuue 2. TTepecueT mpuBeIeHHBIX aHAIM30B HAa MUHEPaJIOTUYECKHe (hOPMYJIB aparoHUTa

Oo6pa3zen; Ne Ananuz Ne ®opmyia (teopetudecku CaCOs) *) IMosnoxeHue MuHepasa B mopozae
1413 1 Ca 93C 0303 CreHka ckesera popaMuHU@EDPD
2 Ca.89C1.0503
4 Nay 1S19.01Cag 30C1.09 O3 MeJIKOKpUCTAIUIMYECKUI LIEMEHT
19 Nay 91S19.01Cag.89C1.04 O3 HopoRHt
20 Nay 1519,01C29.87C1.0503
27 Nay (»S19.01Cag.99C1.03 O3 CreHKa nNaHUUpsl AMATOMEN
33 S19.01C9.94C1.02 O3
37 S19.01Cay.99C1.03 O3 MenKOKpUCTaIITMYECKNIA LIEMEHT
38 €29.90C1.0403 HopoRHt
30 Ca9,95C1.0203
52 S19.01C29.92C1.0303
53 S19.01C29.89C1.0603
1419 1 Mg 02Cay g, C 03 O3 Crenka ckesnera (hopaMuHUbEpLI
12 Nay (1Sr¢ 01Cag 9,C1 93 O3 MenKoKpUCTaITMYECKN A LIEMEHT
TOPOIbI
16 Mg 01Caj 5C1.07 O3 CreHka ckesiera hopaMuHUdepb!
19 Nay 1S19.01Mgg.01Cag.77C1.10 O3 MenKOKpUCTaIIMYECKUIA LIEMEHT
MOPOIbI
20 Mg 02Ca 84C1.07 O3 CreHka ckeneta hopaMUHUGEPD

IIpumeuanue. ) npucytcTBue Al u Si paccMaTpUBaIOTCSI KaK IIPUMECh. He BXOSINAs B COCTaB MUHEpaa.

JIUTOJIOIUA U ITOJIE3SHBIE NCKOITAEMBIE
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Ta6muna 3. XuMuyeckuii cocTaB I1aruokiiasa (Mac. %)

ITETPOBA u np.

O6p. Ne 1413 1419
3epHo No 4 5 6 1
Anammus Ne 16 22 25 29 34 43 4 9
SiO, 44.59 52.72 47.88 50.28 56.47 46.76 55.44 46.59
Al,O4 34.07 29.12 32.57 29.86 20.99 31.03 25.8 36.91
YFeO + Fe,03 0.79 0.4 0.83 0.36 1.17 1.2 0.27 0.57
MnO 1.5
CaO 17.3 11.09 15.09 12.3 4.41 15.16 8.24 18.45
Na,O 1.5 5.05 2.86 4.08 6.92 2.63 6.45 1.32
K,O 0.19 2.37 0.14 0.37
Sc,04 0.18
Cymma 98.43 98.39 99.22 97.08 92.33 96.91 96.56 103.84
Eggg?::”e BxparuieHHUKM MUxKpoauThl BxparieHHuK

IIpunoxenne K Tadmuue 3. [epecyer MpuBeIeHHBIX aHATM30B Ha MUHEpaJIOTMIecKue (DOpMYITbI TJIarnoKIasa

Oo6pazenr Ne | AHanus Ne MuHepanoruueckast hopmyia TTnaruoxias Ne
1413 16 [Nag 3Cag 56Mng o6]1.05(Al} 8sFed 03512.06)3 9505 ButoBHHT 85
22 [Nag 45Cay ss]1.00 (Al 577 1 Sir.42)4.000s Jlabpanop 54
25 [Nag 25Cay 7511 00 (Al; 77Feq 351 20040005 BurosHut 74
29 [Nay 37Ko.01Ca 6211 o(Al; 4Fed 1Sz 35)4.00s Jlabpanop 61
34 [Nag 65Ko.15Ca0 2311.03(Al1 29 Feg'ysSia 75)4.00s Oxnuroxias 22
43 [Nay 54K 01Cag 76]1.01(Al; 73F€5 5581 21)3, 9705 burosHut 77
46 [Nay 55K 0.02Cag 4011.0(Al 42Fe0 1 Sia 57)4.00s Anzesnt 41
1419 9 [Nag 1,Cag gl (Al 92Fe) 0551 063)4.005 Burosnur 88

IIpumeuanue. TeopetTnueckuii cocras muarnokiasa [Na.Ca](Al.Si)4 (Og.

IraToMeii, cKeneTsl popaMuHMdEp, CIeabl 0aKTepu-
aJIbHBIX MaToOB 1 Ap.). KapOoHaTHBIE CTSDKEHUST HA
BCIO DIIYOMHY MPOHM3aHBl MUKPOTIOPaMH, KOTOPhIE
MOTYT OBITh CBUIETEIILCTBOM KU3HEAESITEIbHOCTU
0aKkTepuii, a TakKKe MyTSIMU MUTPAlIUU ra3oB.

LleMeHTUpYOIIVIT TTOPOAY aparoOHUT pacHpencsicH
IOCTaTOYHO paBHOMepHO. Ero xpucramiorpapude-
CKHM XOPOI110 0hOpMIIEHHBIE KPUCTAIITBI PACTIOIOXKE-
HBI B MEK3EPHOBBIX ITPOCTPAHCTBAX U HE TIPUypoUIe-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

HBI K KAKUM-JINOO0 MUHEPAJIbHBIM WX (DayHUCTUYE-
CKMM KOMIIOHEHTaM ITOpoabl. BaxkHO OTMETUTB, UTO
BeepooOpa3HbIe IPY3bl YIVIMHEHHBIX KPUCTAJIJIOB 3a-
MOJTHSIOT TPEIMHHEIE IPOCTpaHCcTBa. Takoe MecTo-
TToJIOKeHEe 1 (popMa MUHEpaia OOBITHEI IIPU €T0 00-
pa3oBaHUU B pe3yJibTaTe CUHTE3a U CBOOOIHOTO PO-
CcTa M3 pacTBopa. 30HAJbHBIX WJIM KOHLIEHTPUYECKU
30HAJBHBIX CTPYKTYP aparoHuTa, XapaKTepHBIX IS
ero OMOreHHOTO MPOUCXOXKACHUS, HE BCTPEUYECHO.
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COCTAB 1 TEHE3MC KAPBOHATHDLIX CTAXKEHUUN PAMOHA
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Puc. 8. Ilnarpamma coctaBa MMpOKCceHa, 3aKJIIOYEHHOTO B KApOOHATHBIX CTSIKCHMSIX.
1—4 — pa3sHOBUIHOCTHU COCTABOB aBrura (CM. TabI. 4).

Cyns 1o IpUMEPHO OAMHAKOBOMY KOJIMYECTBY U LIEMEHTUPYIOIIETO MOPO1y ayTUTEHHOTo MUHEpasia —
OTCYTCTBMIO arpeCCUBHBIX OTHOIIEHMI MEXIy IIpHU-  aparoHMTa.
BHECEHHBIMU M3BHE U KPUCTAJUIM3YIOIIMMUCS Ha B suteparype npob6ieMe reHe3rca CXOIHbIX Kap-
MECTC KOMITIOHCHTAMM, NX KOHCOJIMOAllA 1 IpeBpa- OOHATHBIX CTSDKEHUU B IOOHHBIX OcagKax Mopeff[ yae-
LIEHME B OCAI0YHYIO TIOPOY ObLIM OMHOBPEMEHHBI-  jieTcsl 3HAYMTEIbHOE BHUMaHue [AcTtaxoBa, [op6a-
Mu. B cBA3U ¢ 5TUM Hanbosee ”HPOPMATUBHEIE IaH-  peHKO, 1988; JleuH u ap., 1989; Ueptkosa, CtyHxac,
Hble 00 yciaoBusX (popMupoBaHUs TOPOAbl MOXHO  1990; Shoji et al., 2005; Jleun, MUBanos, 2009; I'ert-
MOJY4YUTh, aHaJIM3UPYys MapaMeTpbl cTaHOBJeHUsi Hep, 2010; O6xupos u ap., 2012; JIsicenko, 1uk,

Ta6muua 5. X¥MUYEeCKU COCTAaB CUJIMKATOB U aTIOMOCWIMKATOB, BCTPEYEHHBIX B OCAIKAaX BITaIMHbBI

Ap00M 24.03.22 22.03.22 24.03.22
O6p. Ne 1419 1413 1419
®doto 36 4a 11a la
AnHanu3 Ne 3 15 17 23 17 18 4 6 3
Munepan | Ampudon Crekiio KBapu 61/10?:}?11111)1171
SiO, 50.65 73.4 72.93 74.76 77.4 76.34 99.37 99.04 69.78
TiO, 0.40 0.54 0.51 0.35 0.39 0.47
Al,O4 26.27 12.29 13.47 12.09 12.39 14.7 0.31 0.61
YFeO + Fe,0; 5.32 0.78 2.08 1.16 1.32 2.59 0.23
MgO 2.59
CaO 1.23 0.52 2.23 0.48 0.76 2.13 0.09 0.19 0.27
Na,O 0.21 2.34 3.68 1.92 2.52 3.36 0.7
K,0 0.93 5.98 2.94 4.48 5.43 1.38 0.16
Cymma 87.61 95.86 98.20 95.25 100.21 101.39 100.00 |100.00 90.20
[TonoxeHne O6ioMKH Kpait
B NopoZe Obnomox ITnoTHbIE IMopucTteie ‘HJ‘IOTHLIC‘ HOpI/ICTI)Ie‘ ITnoTHbIE BOIOPOC/IN
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Tabomuna 6. Xumudyeckuii CoCTaB TUAPOKCUIIA U CYTb(OUIOB
Kenesa (Mac. %)

O6p. Ne 1419
3epHO 7 11
AnHanmuz Ne 13 14 15 21
(0] 22.78
S 54.58 56.74 51.61
Si 0.41
Ti 2.87
Al 1.38
YFe™2+ Fe™| 65.16 42.84 42.47 43.85
Mn 0.62 0.32 0.39
Mg 0.99
Ca 0.08 0.20 0.26 0.51
K 0.18 0.13
\% 0.41
CyMmma 94.28 98.11 99.99 96.38
Ddopmyna
Fe; 5104 |Fe 005222 IFe100S737 [Feq goS
MHHepasa €281Y4  |F€10092.22 [F€1.0092.32 [F€1.0092.05

2013; Hamcapaes u ap., 2020; JlorBuHa u ap., 2022
u 1p.]. [TokazaHo, 4To KapOOHATHBIE CTSDKEHUS, aHA-
snormyHble [lpunapaMylmmpcKuM, reHeTUIEeCKH CBSI-
3aHbl C NMPUIOHHBIMU Bbixogamu MeTaHa (CH,),
KOTOPBIi B XO/Ie aHA?POOHOTO OKUCICHUS B IIPUCYT-
CTBUM CyIbdaTpeayLIUPYIOIINX OaKTepUil OKUCIISISTCS
MUKpOOpPTaHU3MaMU 10 OMKapOoHaTa Mo peakluu:

CH, + SOi_ — HS~ + HCO; + H,0. Ilocne storo
obOpasyromuniicsd 6nKapooHaT pearupyeT ¢ KaJbIIeM
U3 OKpYyXalolllei cpedbl ¢ ocaXIeHHeM KapOoHaTa

Caj + HCO; — CaCO,l + H*. B oTnenbHbIX clyya-
s1x (hopMUpyeTcs ellle U MUPUT. B OOJbIIMHCTBE 1K~
TUPYEMBbIX Bblllle pabOT OTMeYaeTcsi, YTO MUHEPAIIb-
Hble pazHoBUAHOCTU CaCQO; NMpuypoUeHbl K MecTam
MMY3bIPbKOBBIX BBIXOJOB METaHa, KOTOPbIE MOCTyMNa-
10T K TOBEPXHOCTHU Yepe3 30HbI Pa3ioMoB. B aTux xe
MecTax HabJIIoJaeTcsl MOBBIIIIEHHOE COAEPKaHUe 3a-
XOPOHEHHOU MUKPOOUOTHI.

b.M. BansieB [2013, cTp. 3] cBSI3BIBAET IIyTU MU-
rpallii Ta3000pa3HBIX YIIIEBOIOPOIOB C Pa3pPbIBHBI-
MM 1 COPOCOBBIMHM HAPYIIICHUSIMU B 30HAX Pa3BUTHUSI
rpabeHoB, “... KaHaJIbl KOHTPOJIUPYIOTCS, KaK Ipa-
BWIO, NHBEKIIMOHHBIMU CTPYKTYpaMM THUIIA AUATI-
poB, mceBaoguanupoB, Tpyo (chimneys); HauboJsee
WHTEHCUBHbBIE U3 HUX aCCOLIUMPYIOTCS C TPSI3€BBIMU
BynkaHaMu”’. CXOIHBIE YCIIOBUSI HAOIIOMAIOTCS B 30-
HE BBIXOIOB METAHOBBIX CHUIIOB B paifoHe [lapamy-
MIUPCKUX TUAPOAKYyCTUIECKUX aHoMmaiauii |[BboHma-
peHko, Pammunos, 2006].

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 3
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s monrBepxaeHus csizu CO,, HEOOXOAUMOTO
IJ1s1 popMUpOBaHUSI KApOOHATOB, C NTYOMHHBIMU UC-
TOYHUKAMM MeTaHa IIPUBJIEKACTCS] M30TOMHBINA CO-
cTaB yriieponaa B KapooHaTe. CuuTaeTcsi, 4TO mpeae-
Jbl Kosie6aHuit kapboHaTtHoro 6°C cocTaBisioT LIS
MHKpOoOHOTO (0T —55 mo —100%0) 1 (o1 —35 mo —50%0)
11 TepMoreHHoro MetaHa [Jlemn, MBanos, 2009].
OO0pamaioT Ha cebs BHMMaHuE OJM3KME 3HAYCHUS
813C 1151 pa3HbBIX MECTOHAXOXIEHMI, B KOTOPBIX apa-
TOHMUT SIBIISIETCS INOO OCHOBHBIM, JINOO COITYTCTBYIO-
muM MuHepasnoMm. CopepxaHue B kapboHarte d3C
(%o0): Mpunapamymupckuii paitoH (—47.5 mo —50.1)
[ActaxoBa, T'opbapenko, 1988; Jleun u ap., 1989,
Jleun, 2004; Jeun, MiBaHnos, 2009], YepHoe mope
oyxra Jlacmm (—32.5 mo —40.4) [JIeicenko, Iux,
2013], Oxorckoe mope crpykrypa XAOC (—37.4 no
—46.2) [Jlorsuna u ap., 2022]. ComtacHO 3TUM 3Ha-
YEeHWUSIM, TIPEeAIojaraeTcs, 4ro yriekucuora B [Ipu-
MmapamyIliMpcKuil aparoHUT MOCTYIaeT ¢ METaHOM
ITyOMHHOTO 3apOXAeHUs, Tpeoopa3zoBaHHbBIM B CO,,
B TOM 4YHCJIe, OJ1arogapsi JIeMCTBUIO METAHOTPO(GHBIX
oaxkrepuit. A.IO. Jleun ¢ coaBropamu [JleuH, Tayib-
yeHko, 1989; Jlemn, Banos, 2009] nipeajiaraloT 3T0T
CMEIIAHHbIN TEPMOTeHHO-0aKTepUaIbHbII MEXaHU3M
IJ1s1 oopa3oBaHusl [lpunapamyipckux KapoOoHaTOB
u razoruaparos (883C = —54.6%0). [1o HEKOTOPHIM
Bepcusim CO, B [Tpunapamymupckuit kKapoboHart no-
nmajgaeT u3 rasoruapatoB [AcrtaxoBa, ['opbGapeHKO,
1988; Jleun u np., 1989; Yeprkona, CryHxkac, 1990].

IpucyrcTBUEe aparoHUTa OTMEUYaeTCsl B Mopoaax
pa3HoOTO reHe3nca, B TOM Yuciie, HU3KOTeMIepaTyp-
HO-TUAPOTEPMATBbHOTO, OCAIOYHOTO, TUTIEPTEHHOTO,
OGUMOreHHOTo U psima Apyrux. JJIs KpucTaan3aiuu
aparoHUTa TUAPOTePMATLHOTO TeHe3uca Oaromnpu-
satHa meiiouHas cpena (pH or 7.4 mo 10.8) m oTHOCH-
TeJiIbHO HM3Kas Temmepatypa (ot 40 mo 100°C) [Cu-
JJaHTbeB U np., 2009; Tapacos u np., 2018]. C noBbI-
meHueM temneparypbl Boimie 100°C u ¢ TeueHUEM
BpPEMEHU aparoHUT CTAHOBUTCS HEYCTOWUYMBBIM U
MePEXOIUT B KATBIIUT. ADarOHUT TUAPOTEPMATLHOTO
reHe3nca OOBIYHO BCTpEYaeTCs B BHIE YIUIMHEHHBIX
WUTOJIbYATBIX KOMBbEBUIHBIX KPUCTAIOB, YaCTO 00b-
€NMHEHHBIX B paIMaIbHO-JTYIUCThIe BeepooOpa3Hbie
WJIA BOJIOKHUCTBIE CKOTIICHUS.

IIpakTUuecK 3KCHEepUMEHTAIbHbIE JAHHBIE IO
¢GOpMHUPOBAaHUIO aparOHUTAa M KaJbIUTa IMPUBOIUT
I'.A. Axmenos [2010]. UccnenoBannch KapOOHATHEIE
HOBOOOPA30BaHUSI HAa BHYTPEHHUX TOBEPXHOCTSX
MPOMBIIIUIEHHBIX TEIJIOOHEPTeTUYSCKUX TPYO, Mpo-
BOISIIMX NPUPOIHBIE YIVIEKUCIbIE TepMaJlbHbIE BO-
bl ¢ Temnepatypoit 70—105°C. ITokazaHo, uyTo dop-
MUpOBaHME 3apOAbIIIe KPUCTAIJIOB KapOOHATOB
HayMHAaeTCsI TOTIa, KOTaa BCJISACTBUE ITPOLIECCOB e~
razalyu JOCTUTAETCs MepeChIleHNe pACTBOPOB reo-
TepMmanibHOU Bonbl o CaCOj;, M BO3HUKAET 00pa3o-
BaHUE OOJIBIIIOTO KOJWYECTBA MUKPOITY3bIPHKOB,
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BBITIOJTHSIIOIIMX POJIb LIEHTPOB 3apOoJblllie00pa3zoBa-
Husl. JlemaeTcst BBIBO O TOM, YTO KaJbIIUT (DOpMUPY-
€TCs IIPU HU3KUX MEPECHIIIEHUAX PACTBOPOB U BEICO-
KUX TeMIeparypax, a aparOHUT — MPU BBICOKUX IMe-
DPECBIILLIEHUSIX U HU3KUX TeMIlepaTypax.

Taxkum obpazom, WISl KPUCTATIN3ALNU HeopeaHu -
yeck0eo apacoHuma ONArOMpPUSITHBI CleAylolie mna-
paMeTpbl MUHEpaJIooOpasylolux pactsopos: pH =
= 7.5—10, remnepatypa 40—100°C, nepechbllieHue o
CaCo..

Cy1miecTByIOT KapOOHATHI, T€HE3MC KOTOPHIX SIB-
JISIETCS KaK Obl “MOCTMKOM” MEXIY OPTaHUYECKUM U
HEOpraHMYeCKUM CIIOCOO0M oOpa3oBaHus. [Ipume-
POM 3TOTO MOTYT CIY>KUTb XOJIETUTHI (3KEJTUHBIC KaM-
HU), MHOTHE M3 KOTOPEIX COCTOSIT U3 MUHEPAJIbHBIX
monupukanuit CaCO;, B TOM 4ucie U3 aparoHura.
B pa6ore E.B. Mamunoii u C.H. IllanuHoit [2019]
IMOKAa3aHo, YTO (pOPpMUPOBAHNE XOJICIIUTOB IIPOMCXO-
JIUT MIPU HEMOCPEACTBEHHOM YYacTUM OEJIKOBOTO Be-
IIECTBAa, B YaCTHOCTH, O€JIKa KOHXMOJIMHA, B COCTaBe
KOTOPOTo OOHApyXeHbI BBICOKME CONIEepXKaHUSI KHC-
JIBIX aMUHOKUCIOT. I1pucyTCcTBYIONINE B AaMIUHOKMC-
JIoTax KapOOKCUJIbHBIC TPYNIBI C OOJBIINM OTPU-
LAaTeJILHBIM 3apsiioM, B3aMMOICICTBYIOT C MOHAMU
KaJIbLIMsI, UMEIOLIMMM MOJIOKMUTENIbHBIN 3apsia. [1pen-
roJiaraeTcsi, 4TO, aacopOupyss MOHBI KaJlbLUs U3
pacTtBopa (B IUTUPYEMOI CTaThe — M3 XEI4Mn), OCIKU
MOTYT CIY>KUTh LIEHTPAaMM HYKJIeallUU KaJbLIMEBBIX
MuHepayioB. OTMeYaeTcs, YTo0 KpOME aMUHOKMCIIOT B
XOJIeJINTax OOHAPY:KEHBI ITPOIMMOHMNOAKTEPUH, CITO-
COOHBIE TPOAYLMPOBATh (Cpeayr IPOUYNX KOMITOHEH-
TOB) YIJIEKUCIBIA Ta3. Mopdonorndyeckm aparoHu-
TOBBIE XOJICJIUTHI IPEACTABIISIIOT COOOI IITapOBUIHbBIC
00pa3oBaHMs ¢ KOHLEHTPUYECKU 30HAIBHOM BHYT-
peHHel cTpykTypoil. IIpouecc oOpa3zoBaHUsl Xoje-
JIMTOB IIPOUCXOIUT B TEJIE YeJIOBEKa, T.€. TeMIlepary-
pa KpUCTAJIJIM3allMU aparoHUTa B 3TOM CJIy4ae OKOJIO
40°C.

Ha ypoBHe HaHOpa3MEpPHOCTH TEHE3UC cOOCMEeH -
HO OuoceHHbIX KapboHamos pa3dUpaeTcs B CTaTbe
3.b. HamcapaeBa ¢ coaBropamu [2020]. AHaim3upys
M3BECTHBIN TUTEpaTypHbBIA U COOCTBEHHBII MaTepu-
aJbl, LUTUPYyeMbie aBTOPHI BBLIACISIOT ABa THUIIA
OMOreHHOTro MUHepaJiooOpa3oBaHUs: 1) BRICOKUI
YPOBEHBb — “OMOJIOTMYECKU KOHTPOIUPYEMOE MUHE-
panoobpa3oBaHUe”, TPU KOTOPOM MUMKPOOPTaHMU3-
MBI OTHOCHUTEIBHO BBICOKOI OpTraHM3alluM CIIOCO0-
HBI KOHTPOJMPOBATh IIpoliecC 0O0pa3oBaHUS MUHE-
pajoB OT caMoil TiepBoOii cTaauu (HhOPMUPOBAHUS
KpucTajia 10 (pruHaIbHOIO PacIOIOXEeHUS KPUCTAJI-
Jia Ha TOBEPXHOCTU MUKPOOPraHusma; 2) “OnoJioru-
YyeCKM MHIYLMPOBaHHOE MUHepaaoo0pa3zoBaHue” —
0oJiee HU3KUI YPOBEHb, KOTAa KJISTKM MUKPOOpra-
HU3MOB CO3[AIOT JIMIIbL YCJIOBUS IJISI 0Opa30BaHUSI
MuHepasioB, IMEHHO 3TOT YPOBEHb XapaKTEPEH IS

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

ITETPOBA u np.

aHa’pOOHBIX 0aKTepuii, B TOM 4YMCJie OTHOKJIETOU-
HbIX apXei.

B miporiecce o6pazoBaHMs MUHEpaIOB KapOoHaTa
KaJIbLUs ¢ y9acTueM MUKpoopraHusmo 3.b. Ham-
capaes c coaBTopamu [2020], co cchuTKaMu Ha APyTUX
HccliemoBaTeNeit, BBIIEISIOT CICTYIOITHe STAIbL:

— oOpa3zoBaHUe IIEJOYHOIO TE€OXUMUYECKOTO
Oapnbepa,

— obpazoBaHue nepecwiieHHoro no CaCO; pact-
BOpa,

— obpa3oBaHUe KOJIJIOUIOB KaJIbIINTa,

— Hykieauust CaCO; Ha GaKTEepUAIBHOM CIIU3HU,
Ie HAXOIUTCA UMMOOUIM30BaHHbIi Ca’’,

— COOCTBEHHO OUareHeTUYECKIE HpeO6pa3OBaHI/ISI,
BEAYIIHNE K KpUCTAJIM3alIlMU MUHEPAJIOB KaJIbL U4,

— npeo6pa30BaHI/Ie 0CaaKoOB B ITOpoay 3a CHET LIC-
MCHTALMU U YIINIOTHECHU .

ITo mannbM 3.6. Hamcapaea ¢ coaBropamu [2020]
B aHAd’POOHBIX OOCTAHOBKAX Ha HAHOYPOBHE MUHE-
painooOpa3oBaHMe Ha 3TUX O3Tallax BBIpaXaeTcs B
TOM, 4TO B IIpOLIeCCe pOCcTa OaKTepuH BLIpaOaTHIBAIOT
TOHKUM CJIOU TMJIEHKMW BHEKJIETOYHBIX IOJMMEPOB
TommuMHOM ~0.02 MKM, TIpUIETAIOIINI K KIETOYHOMN
crenke. [lo3mHee 3TOT CI0i MOKPHIBAETCS MajleHb-
KUMU chepaMu “aparoHMTOII0I00HOro” KapOoHaTa
mmametpom 0.08—0.1 mxm. Kpome Toro, Ha moBepx-
HOCTH KJIETKM HaOJII0Oal0TCs O0JIbIre Chephl U 1ie-
Jabie miooynbl (muamerpoM 0.12—0.20 MKM), cOCTOSI-
e 13 NogoOHBIX cep, KOTOPhIE YBEININBAsICh B
pa3Mepax, MOTYT OTPBIBAThCSI OT ITOBEPXHOCTU KJICTKU.

Kak m mpennosaranm mpeaiiecTBYIOIINE NCCe-
JloBaTeJiu, KapOOHATHbBIE CTSIKEHUS MOSIBUJINCH OJa-
rogapsi B3aMMOJECTBUIO OMOTEHHOTO M, TaK Ha3bl-
BaeMOTI0O, TEPMOI€HHOIO, a TOYHEe THUIPOIE€HHOTO
MpoleccoB MUHepamoobpazoBaHus. HeodbxoguMbim
ycjoBueM IJjist GOpMUPOBaHUs KapOoHaTa SIBJISIETCS
MIPUCYTCTBYE B 30HE MUHEPAIIOO0Opa30BaHMsI MEeTaHA
(MCTOYHMKA YTJIEKMCIIOTO ra3a) u MpoCTEeUIINX MUK-
POOPTaHU3MOB — OKHMCIUTENIEN MeTaHa 10 OMKapOo-
HaTa.

HoBooOpa3zoBaHHas mopucTasi CTpyKTypa XOpo-
IITO TIPOSIBJIEHA Ha TTOBEPXHOCTH 1 BHYTPEHHUX CKO-
Jlax cTsKeHui (cM. puc. 4). B pesynbTrate Iutudurka-
IIMU Y TIOCTETICHHOTO OTMMPAHUS MUKPOOPTaHU3MOB
b opMupyIOTCSI HeTpaBUILHOM (DOPMEI KapOOHATHBIE
CTSIKEHUSI.

B yc0BUSIX TOCTOSTHHOTO TIPUTOKA MeTaHa CKBO3b
0CaJIK1, BHYTPU CTSIKEHUST MOKET CO3/1aBaThCs Mepe-
coiieHue no CO,. HoBooGpa3zoBaHHbIE KapOOHAT-
HBIe chepbl U IIIOOYIM CTAaHOBATCSA “3aTpaBKaMu’”
JUTST KpUCTAIM3aluy KapOooHaToB. MOXHO Mpearo-
JIOXXUTH, YTO TIPA TOM WTOJbYATHIE M Beepooopas-
Hble KPUCTAJUTBI aparOHWUTa, pacTyIIre BO BHYTPb
CBOOOMHBIX MEXK3€PHOBBIX MPOCTPAHCTB U B TPEILIY-
HaX, MOTYT WMMETb HEOPraHMYeCKOe THUIPOTeHHOE

Ne 3 2023
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npoucxoxneHre. O6 3TOM CBUIETEIBCTBYIOT U MOP-
donormyeckre 0COOEHHOCTU KPUCTAJJIOB aparoHM-
Ta: UX UToJbYaTasi 1 BeepooOpa3Hast popMa, a TaKKe
pasMep HOBOOOpa3zoBaHMIA, mocturamomuit 0.5 MM
(cMm. puc. 7).

Bospact IIpunapamMmymmpcKux 0caakoB, B TOJIIIIE
KOTOPBIX PACTYT aparOHUTOBBIE CTSKCHUSI, OIIpeIe-
JIsieTcsl, Kak TojiolieHOBbIN. Korma, Kak n10iaro u npu
KaK1X ITapaMeTpax OKpyXKarolleid Cpeabl OHU POCIH,
Hemn3BecTHO. He McKiIoYeHo, 4TO TeMmepaTypa My~
Hepajgoo0pa3yIolIero pacTBopa Morjia OTJIUYaThCS OT
TeMIIepaTyphbl IPUAOHHOI BOIBI B HACTOSIIIIEE BpeMs,
TeM OoJiee, COIIaCHO JIMTePAaTYPHBIM TaHHBIM, TEM-
repaTtypa MpoayLUpPYIOIINX METaH TpearnogaracMbixX
IpsI3E€BYIKAHNYECKUX PE3ePBYyapOB MOXET KOJieOaTh-
ca ot 18 go 160°C [Kikvadze et al., 2020; JlaBpymus
u ap., 2021]. He uckimodeHo U Ipyroe mpearnoaoke-
Hue. B yclIOBUSIX OTHOCUTEIBHO OTIPAaHUYEHHOTO
cJ1abo MPOHUIIAeMOTro MPOCTPAHCTBA U IIPU 3HAYU-
TEJILHOM IIEPECHIIICHUN MMHEpPaao00pa3yroIero
pacTBOopa KpucTajuiorpaduyeckasi OpUEHTHPOBKA
HoBooOpazoBaHHOTO NToauMopda CaCO; (B yaCcTHO-
CTH, aparoHMWTAa) MOXKET HacJIeIoBaTh OCOOEHHOCTU
CTPYKTYpPBI 3apOJbIIIEBOIl 3aTpaBKU JaXXe MPU HU3-
KOIi TeMIlepaType.

BbIBO/1bI

B BepxHeit yacTu ocamo4yHOTO yexJia B paiioHe
IMapamMymmmpckux THUAPOAKYCTUYECKUX AHOMATUIA
CKOTUIEHUST KAPOOHATHBIX CTSIKEHUI TIPUYPOUYEHBI K
BBIXOJJaM M€TaHa (METAaHOBBIM CHUIIaM), KOTOpBIE, B
CBOIO OYepenb, TEKTOHWYECKU KOHTPOJIUPYIOTCS
OocCJIabJIeHHBIMU YYacTKaMU JHA JOJTOXWUBYIIEH, aK-
TUBHOW, TIOTPEOEHHOU BYJIKAHUYECKOI 30HBI, BBISIB-
JIeHHO B pa6ote [ bormapenko, Pamumnos, 2006].

ITo BHyTpeHHEMY CTPOEHUIO U COCTaBy KapOoOHaT-
HbI€ CTSDKEHMSI MOXKHO OINpenenuTb, KaK U30JUpPO-
BaHHbIE CJ1a00 JUTU(MUIUPOBAHHBIE TY(HOTeHHO-
ocaoyHble 00pa30oBaHMsI, COCTOSIIWE U3 MPUBHE-
CEHHbBIX KPUCTAJIJIO-, JIUTO-, BATPOKJIACTOB U OCTaT-
KOB MUKPOOPTAaHU3MOB, CIIEMEHTUPOBAHHBIX ayTH-
TeHHBIMU KpHCTajlaM1 KapOoHarta (aparoHuTa).

Kaxk v mpearmosaraaoch IpealecTBYIOIMIMMU 1C-
clieqoBaTeIIMU, KapOOHATHBIC CTSDKCHUSI ITOSIBU-
JIMCh OJraromapsl B3aMMOIIEWCTBUIO OMOTEHHOTO W,
TaK Ha3bpIBaeMOI0, “TePMOTeHHOTO”, a TOUHEee THII-
POTEeHHOTO IIPOIIeCCOB MUHEpaiooOpa3zoBaHus. He-
00XOIMMBIM yciioBHMEeM (DOPMUPOBAHMS, KaK Omnoca,
TaK W HOBOOOpPA30BAaHHOTO KapOoHaTa, SBWJIOCH
MPUCYTCTBME MeETaHa, B pe3yJbTaTe aHa’pOOHOTO
OaKTepHAIILHOTO OKWCJIEHUSI KOTOPOro odOpasyeTcs
YIJIEKUCIBIH ra3. O0pa3oBaHne KapOOHATOB IIPOMU30-
LIJTO TIPU B3aMMOAEHCTBUY 3TOTO Ta3a ¢ paCTBOPEH-
HbIM Ca mioBbIX Box [Jlewn u ap., 1989].
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IIpoiiecc ob6pazoBaHMsT KapOOHATHBIX CTSDKEHUIA
IIPOMCXOIII IBYMSI COIPSKEHHBIMU ITyTSIMU: 1) CBSI-
3bIBAHME COAEPKAIIMXCS B MOPCKOI BOJIe KATHOHOB
KaIbLISI BepxHEil OEJIKOBOII OTpUIIATEIbHO 3apsi-
KEHHOI ITOBEPXHOCTHIO KJIETOK aHA’POOHBIX OaKTe-
puii, bopMupoOBaHKE II0 MX KOHTypaM M I'paHUIIAM
0akTepuaJIbHOTO MaTa TOHYAMIIIE KarCyIupyIolei
ieHku CaCQO;, co3naHue BHYTPU KarcyJibl MOBbI-
IIEHHOM IeJOYHOCTU M TiepechieHus no CO,,
o0Opa3oBaHME MeENIbYANIINX aparoOHUTOBEIX cdep.
Ha nporskeHun mpoiliecca KarcyJadpoOBaHMS HeE
TOJILKO KOHCEpBHUpYeTcs: ¢opMa 0OaKTepualIbHOIO
MaTa, HO ¥ BO BHYTPb 00beMa KarcCyJibl 3aXBaThIBACT -
csk MaTepua, (opMUPYIOIINI BMEIIAIONINIA 0CaI0K;
2) Ha OCHOBE 3apOMBIIIEBHLIX C(hep B YCIOBUSX IIIE-
JIOYHOTO MEPECHIIIEHHOTO pacTBOpa BHYTPU KaIlCy-
JIBI TI0 3aKOHAM HeOpTraHWYeCKOM KpucTauiorpadun
IIPOMCXOMUT POCT KPUCTAJLUIOB aparoHuTa. Beicokast
IIPOHMUILIAEMOCTh CO3IaHHOI OaKTEpUSIMU KOHCTPYK-
LM TI03BOJISIET OCYIIECTBISTHCS IIOCTOSTHHOMY TP~
TOKY ¥ OOHOBJICHUIO MHUHEPaAI000pa3yolIero pacT-
BOpa.

IpuBeneHHbI MaTepuaa MOATBEPXKIAeT BbICKa-
3aHHoe A.P. I'entHepom [2010] mpeanonoxeHue o
TOM, YTO MPUCYTCTBUE HEOOBIUHOI (POpMBI Kapbo-
HaTHBIX CTSDKEHUI B MOPCKMX MPUIOHHBIX OCadKax,
MOXET CJY>KUTb IMTOMCKOBBIM TIPU3HAKOM HaJIMYUS B
pErMoHe METaHOBBIX CUITOB NIYOMHHOTO 3aJI0KEHUSI.
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Composition and Genesis of Carbonate Constructions in the Region of Paramushir
Hydroacoustic Anomalies (Sea of Okhotsk)
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IGeological Institute, Russian Academy of Sciences, Pyzhevsky lane, 7, bld. 1, Moscow, 119017 Russia
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Carbonate nodules from the area of the Paramushir hydroacoustic anomalies are territorially confined to the
zones of methane seeps, controlled, in turn, by deep tectonically weakened bottom areas. According to the
structure, chemical and mineral composition, the screeds can be classified as volcanogenic-sedimentary
rock, consisting of vitro-, litho-, crystalline clasts and buried microfauna, cemented with carbonate (arago-
nite) cement. The details and sequence of mineral formation of carbonate nodules are considered.

Keywords: carbonate concretions, aragonite, methane, carbon dioxide.
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