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Posib 11 ycnoBUst IMKBALIMOHHOTO OTAEJICHUS WM KPUCTAJUIM3ALMU CYTbGUIHOM (has3bl B Ipoliecce 3BOJI0-
LIMX MarM B 30HaX CyOQyKIIMU — 3TO IUCKYCCUOHHBIE BOMPOCHI, UMEIOIIIME OTHOLLIEHUE K MeXaHU3MY (op-
MUPOBAHUS METHO-TTOP(MOUPOBBIX MECTOPOXKICHUI 1 3BOJIIOLIMY KOHTMHEHTAIbHO# KOpbl. HaMu n3ydeHbl
penKue ByJKaHUYeCKHUe MOPOIbl C BKIIOUEHUSIMU MarMaTU4eCKuX Cyab(MrI0B B OJTMBUHE — 06a3aIbTHI TOPBI
MenBexbss B ABAaUMHCKOI TpyIIne BYJKaHOB. [Topoabl OTHOCATCS K MPUMHUTUBHBIM (Mg# = 66 mMoi. %)
OCTPOBOIYKHBIM OJIMBMHOBBLIM Oa3zaibTam ymepeHHO-K cepuu. Cpenu BKparieHHUKOB OJIMBMHA MPe00-
nanatot (~98%) KpucTaulbl ¢ HOPMAJIbHOM 30HAILHOCTBIO M TUITMYHBIM 1151 6a3aibToB KaMyaTku cocra-
BOM, 3a MCKJIIOUEHMEM HEOOBIYHOTO TpeHaa yBennueHus coaepxanus MnO ot 0.20 no 0.55 mac. % u 1o-
HikeHus Fe/Mn ot 60 1o 35 npu u3sMeHEHUU COCTaBa OJIMBUHA OT Fogy g 10 Fo7g 5. OJIMBUH 3TOI IPYIIIbL
CONEP>KUT MHOTOUMCJIEHHbBIE BKIIOYEHUSI MUHEPAJIOB TPYMIIbl IIMWHEIN, BapbUPYIOIIUE 10 COCTaBy OT
XPOMMCTOM IITTMHEIN 0 MarHe3uaJIbHOro MarHeTuTa. BKparyleHHUKY OJTMBUHA C CYIb(MUIHBIMU BKITFOYE-
HUSMU OTJIMYAIOTCSI OTCYTCTBUEM WJIM CJ1ab0ii 0OpaTHOM 30HAJIBHOCTBIO, TOHVXKEHHBIMU CONEPKAHUSIMU
Ca, Ni, Mn, Cr u Al. OueHeHHbIe TeMITepaTypbl KPUCTALIN3ALIMUA OJIMBHUHA TTpeo0Jiaialoliero Tura co-
crapisior 1036—1241°C, g cynbdunconepxkaiiero onuBuHa — 1010—1062°C. TToayyeHHbIE JaHHBIE TTO3-
BOJISIFOT MPEAIIOJIOXUTh, YTO KPUCTAJUTM3ALMsl OCHOBHOM TMOMYJISILIMUA OJIMBUHA TTPOUCXOIMIA B OTHOCH-
TEJBLHO MAJIOTIYOMHHBIX YCJIOBUSIX U COMTPOBOXIATIACH CUIIBHBIM OKHCIIEHEM MarM. XapakTep 30HIbHO-
CTU U OCOOEHHOCTH COCTaBa CybhUICOAEPKaIlEero OJUBUHA, HATTPOTUB, MPEATOIAraloT ero KCEHOTeHHYIO
MIPUPOY U BEPOSITHYIO KPUCTAJUTU3ALIMIO B TTTYOMHHBIX KOPOBBIX YCIIOBUSX U3 HU3KOTEMIIEPATYPHBIX BbI-
COKOBOIIHBIX U/nUiu HU3K0-Ca marm. [TonydeHHbIe pe3yIbTaThl TOATBEPXKAAIOT BO3MOXHOCTb HACBIIIEHUSI
OKVCJIEHHBIX OCTPOBOMYKHBIX MarMm CyabMuaHoM (ha3oii B yCIOBUSX HUKHE KOPBI, HO MOKAa3bIBAIOT pel-

KOCTb 3TOTO IMpouecca n €ro HETUIMMMYHOCTD IJIs HI/I3KO6apI/I‘-IeCKOI71 CTagun KpuctajJimudalvu.
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BBEAEHUE

IIpoiiecchl CMINKATHO-CYIbGUIHOMN TUKBALIAN U
KPUCTAIIN3aLUU CYIbMUIHBIX (a3 B OCTPOBOLYK-
HBIX Marmax OmnpelessiioT XapakTep (MpaKIuOHUPO-
BaHMSsI XaJIbKO(MUIILHBIX 3JIEMEHTOB B paciuiaBax (Ha-
npumep, Jenner et al., 2010; Lee et al., 2012; Park et
al., 2015; Richards, 2015; Nekrylov et al., 2022), ipu-
BOOSAT K KOHLICHTPALIMM PYIHBIX 3JIEMEHTOB, M IO-
5TOMY MOTYT UTPaTh KIIFOYEBYIO POJIb B 00pa30oBaHUM
MeIHO-TTOP(PUPOBBIX MECTOPOXICHUU (HAIIpUMeEp,
Mungall et al., 2015; Lee, Tang, 2020; Bai et al., 2020), a

! DononuurensHas uHdopmanus sl 9TOM CTaTbU AOCTYITHA
doi:10.31857/S086959032303007X myist aBTOPM30BaHHBIX MOJIb-
30Baresiei.
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TakKKe CIIOCOOHBI OOBSICHUTh XapaKTepHbIE COIEpKa-
HUS XaJIbKO(PMIGHBIX 9JIEMEHTOB B KOHTUHCHTAJIBHOM
kope (Hampumep, Chen et al., 2019). CBunerenscTBa
y4yacTusi cyJb(pUAOB B Mpolieccax (ppakKIIMOHUPOBAHUS
OCTPOBOIYKHBIX MarM, KakK IPaBMJIO, HETIPSIMBIE 1 OC-
HOBaHbl Ha aHAJIM3€ COAEPXKAHMI XaJabKOMIMILHBIX
3JIEMEHTOB B TTOpoAax 1 cTekyiax (Hampumep, Jenner
etal., 2010; Lee, Tang, 2020). B cBs13u ¢ 3TUM 0CO0YIO
LIEHHOCTb MMEIOT IaHHbIE MO COCTaBY U YCIOBUSIM
HaxoXAeHUs CyIb(GUI0B B MPUMUTUBHBIX OCTPOBO-
IYXHEBIX ITopogax (HampuMep, Bai et al., 2020; Kame-
netsky et al., 2017). OmauMu 13 HanboJiee AeTaJIbHO
U3YUYEHHBIX SIBJISIOTCSI 00pa3libl MarHe3uajbHbIX Oa-
3JIBTOB M3 MOHOTE€HHBIX KOHYCOB TOJIOQUMHCKOIO
nmona (KamMyartka), B OJJMBUHE KOTOPBIX OITMCAHBI 1
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Puc. 1. T'opa MenBexbs B cocTaBe ABaUMHCKOM TPYMITBI BYJIKAHOB. (a, 6) — mojioxXeHue o0beKTa uccienoBanus, (B) — ¢poro
ropbl MenBexnbsi. BBIT — BocTouHbli ByJIKaHMYECKUIA TTOSIC.

JC€TAaJIbHO ITpOaHaJIM3MPOBaHBbI Cy.J]b(I)I/IIIHbIe BKJIHO-
gyenus (Kamenetsky et al., 2017; Zelenski et al., 2018,
2022).

IMpyuuHbI MosIBIIeHUSs CyabhUaHON (ha3bl Ha paH-
HUX BTafax 3BOJIOLUU OCTPOBOMYXXHBIX MarM ocCTa-
I0TCSI TIpeAMETOM aucKyccuu (Hampumep, Kame-
netsky et al., 2017; Lee, Tang, 2020; Zelenski et al.,
2022), a nmemlmecss MOIEIM BO MHOTOM CITEKYJIsI-
TUBHBI U HY>XKIIAIOTCSI B 00JIee TOYHBIX OLIEHKaX YCJIO-
BUi1 HACBIIIIEHUST MarM cyJIbduaHoii ¢a3oii. B HacTo-
diieii ctaTbe Mbl MPEACTaBsSIEM €llle OAWH OOBEKT,
duKkcupyolmii paHHee Cylb(hUIHOE HACBIIIEHUE B
OCTPOBOJIY>KHBIX BYJIKAHUTAX, — MardHe3uajbHble 0a-
3a]IbThl TOpbl MeaBeXbsi, PacloJOXEHHON MexXay
ABaunHckuM 1 Kopskckum ByiakaHaMmu Ha Kamuart-
ke. Ha ocHOoBe HOBBIX AeTajlbHBIX MUHEpaJlorhye-
CKMX TaHHBIX MbI TTIOKa3bIBa€M, YTO KPUCTAILIU3ALIMS
pe3Ko IpeoObJiagaroiiero OOJBIIMHCTBA BKparJjeH-
HUKOB B U3YyYEHHBIX TTOPOJaX MPOUCXOANIIA B YCIIO-
BUSIX HEAOCHIIIIEHHOCTU CYJIb()UIOM, a BKparJIeHHU-
KW OJIMBUHA C BKJIIOYEHUSIMU CYJIL(MUIOB SIBISIOTCS
KCeHOreHHbIMM B OasaibTax. Haxogku 3Tux Kpu-
CTJJIOB YKa3bIBAIOT HA TOCTUXXEHME HACBIILIEHHOCTHU
CYyJIbUIOM MarMm, KpuCTaJJIM30BaBIIUXCS Ipu 00-
Jiee HU3KMX TEMIIeEpaTypax U, BEPOSITHO, Ha OOJTBIIINX
nIyOMHax, 4yeM OOJbIIMHCTBO MUHEpPaJIOB-BKpall-
JICHHUKOB B 0a3ajibTax ropbl MenBeXbsl.

OBBbEKT UCCJIEAOBAHUN

JlaBoBHIIT KOHYC TOopbl MenBexbs (53.236° c.i.,
158.676° B.1.) pacIoyioXeH B Ipeaenax ABaYMHCKOMN
IPYIIbI BYJIKAHOB BOCTOUHOro ByJIKAaHMYECKOTO 1O~
sgca Kamuatkm (puc. la). Drta rpymma ByJIKaHOB
BKJTIOJAET OEHCTBYIOIINE BYJKAaHBI ABAaUYMHCKUMN W
Kopsikckuit, motyxiue ByakaHbl Kozenbckuii, Aar u
ApUK, a TakXe psijl IIJaKOBBIX M JAaBOBBIX KOHYCOB
(Ilyzankos, 1990; MacypenkoB u ap., 1991; Krash-
eninnikov et al., 2020). l'opa MenBexXbsi HAXOOAUTCS B
8 KM Ha 1oro-3arnaa oT ABaYMHCKOro IiepeBaja Ha
npaBoM 0opTy noauHkbl p. Cyxas Peuka (puc. 16, 1B)

U MMeeT abCOIOTHYI0 OTMETKY 613.7 M U OTHOCH-
TeJbHY10 BbicoTy 0KoJi0 80 M. ITo nanHbiM C.I1. Kpa-
IMIeHMHHWKOBA C coaBTOpaMu, Tedpa, CBI3aHHAs C
U3BepKeHEeM Topbl MenBexbsi, MMeeT Bo3pacT 13.1
ThIC. JieT (Krasheninnikov et al., 2020). O6pa3iibl JiaB
ropbl MenBexXbsT OBIIT OTOOpaHBI B KOPEHHBIX OOHA-
>KEHUSIX BOJM3M BEpILIMHBI U HA CEBEPO-BOCTOYHOM
CKJIOHE.

METOAbI UCCIIEAOBAHHUA

OmpeneneHne XMMUYSCKOTO COCTaBa AByX o0Opas3-
OB OBLIO BBIMOJHEHO B IHEHTPE KOJIEKTUBHOIO
nojb3oBaHusA MHcTuTyTa reoxumuu uM. A.I1. BuHo-
rpanoBa, I. Upkyrck. KoHIleHTpaliuy meTpOoreHHBIX
OKCHUJIOB OITpeIeJIEHbl METOIOM PEHTIeHOMII00peC-
ueHuuu (XRF) Ha o6opynoBanum Bruker AXS S4 Pi-
oneer, cortacHo Metonuke (Amosova et al., 2016).
ConepxaHUsi MUKPO3JIEMEHTOB OIPEIEIsIOCh Me-
tonoM ICP-MS Ha npu6ope Thermo Finnigan ELE-
MENT 2 ¢ ucnons3oBanueMm ctangaptoB AGV-2 u
BHVO-2 ng KoHTpoJISI KauecTBa aHaIU30B. Pesyibra-
ThI aHaJIn3a onyoyiukoBaHbl B padote (Nekrylov et al.,

2022) u npuBeneHsl B Supplementary?, ESM_ 1.

2 B 1OMOHHUTEIbHBIX MaTepualiax K pyccKoi M aHIJIMICKOM OH-
JIaH-BepCUsIM CTaThbM Ha caiitax https://elibrary.ru/ wun
http://link.springer.com/ cOOTBETCTBEHHO MpUBeneHBI Supple-
mentary:

ESM_ 1.xIsx — CocTaB uccienyeMbix o0pa3los;

ESM_2.xIsx — BoicokoTouHblit WDS-aHanu3 coctaBa OJIUBU-
Ha 13 U3y4eHHBIX 00pa3oB (MIY);

ESM_ 3.xIsx — WDS usmepeHre BTOpUYHOIO CTaHIapTa OJIMBUHA;
ESM_4 xlIsx — BeicokoTounbriit WDS-aHanm3 coctaBa OJIMBU-
Ha U3 U3YYEHHBIX 00Pa31I0B;

ESM_5.xlsx — CocTaB BKIIIOUEHW I IIITTMHEIN B OJIMBUHE U BbI-
COKOTOYHbI WDS-aHaiu3 o1MBUHA-X035IMHA;

ESM_6.xlsx — WDS-aHanmum3 cocTaBa BKpaIJIeCHHUKOB IITTAHE-
JIU U3 UCCIIETOBAHHBIX 00Pa31IoB;

ESM_7.xlsx — COM-aHaymm3 BKITIOYEHUI CYILMDUIOB B OJIMBUHE;
ESM_ 8.xIsx — WDS-aHanu3 KIMHOIIMPOKCEHOB;

ESM_9.xlsx — WDS-ananu3 rnjaaruokJjasa;

ESM_10.xlsx — WDS-aHanu3 pyaHbIX MUHEPaJoB OCHOBHOI
Macchl.

MNETPOJIOTHUA TomM 31 Ne3 2023
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OxoJ1o 10 KT 6a3a1b6TOB OBIITO U3APOOICHO Ha IMIe-
KOBOI IpoOuJiIKe 1o pa3zMepHocTH yacTull 3 MM. Ilox
OMHOKYJISIPHBIM MHUKPOCKOIIOM M3 pa3apo0JIEHHOTO
MaTepuaia ObUJIM BbIOpaHbl MOHOMPaAKIIMK OJIMBUHA
U IIOUHeIW. 3epHa, colepXallue CcyJbDuaHbie
BKJIIOYCHUSI, OBIJIM OOHAPYKEHBI B OJIMBUHE pa3Mep-
HBIX (ppakuuii 0.5—1 u 1-2 mMm. [Ipumepno 100 3epeH
OJIMBMHA OBLJIO MOHTHUPOBAHO B IIpeNapaThl U3 310K~
CUIHOM CMOJIBI M OTIIOJIMPOBAHO C IIPUMEHEHUEM
alMa3HbpIX macT. Ha ckaHupylommem 3JeKTPOHHOM
mukpockorie SEM Vega 3 Tescan, 060pyI0BaHHOM
sHepreTudeckumM crnekrpoMerpoMm Oxford X-max, B
Muctutyte ByakaHoioruu u ceiicmojioruu JIBO
PAH wusyden coctaB cynbdunoB (comepxanusi Fe,
Ni, Cuu S) u 3epeH onuBuHa (Toabko Mg, Fe u Si) u
mrmHenu (Ti, Al, Cr, V, Mn, Mg, Ni, Fe), xotopsie
ux BMelaioT. ComepaHusl 3JIeMEHTOB-IIpUMeceii B
onuBuHe (Ti, Al, Mn, Ca, Cr, Ni), a Takxke cocTaB
OJIMBMHA W IIIIMHEIM I10 OpoPMWIsIM KPUCTAJLIOB
onpeneIsuIiCh Ha 3JeKTpoHHOM 30HAe JEOL JXA-
8230 Ha kadenpe neTpogaoruu U ByjkaHojoruu I'eo-
Joruyeckoro ¢akyiaprera MI'Y (ycioBusi usmepe-
Huii: omBuH — 20 kB, 300 HA, mmuHens — 20 kB,
100 HA). bouto BeImonHeHo 122 aHanu3a no 88 3epHaM
OJIMBHMHA, a Takxke caejaHo 170 Toyek M3MepeHus Mo
7 mponiIsiM MO BKparuieHHUKaM OJIMBUHA (4 C BKITIO-
YEeHUSIMM CYJTbMUIHBIX Kareiab U 3 — 6e3 cylnbpuIoB)
JUTST U3yYE€HUS 30HATbHOCTHU. B KauecTBe BTOpUYHOTO
cTaHaapTa ucroJjb3oBajcs onuBUH MongOL-Sh11-2
(Batanova et al., 2019). Ilpenensl oOHapyKeHUsI 3Jie-
MEHTOB-TIpUMecei ISl JaHHOTO aHaJIN3a OITyOJIMKOBa-
Hbl B (Nekrylov et al., 2022). AHaiiuTUUYecKasl morpelri-
HOCTb UI3MEPEHMSI COCTABOB OJIMBUHA (IBa CTAHIAPTHBIX
OTKJIOHEHMSI IIPU aHaJIM3ax CoCTaBa oJMBUHA Mon-
gOL-Sh11-2), mac. %: 0.0017 mna Al,O, 0.0026 mrst
TiO,, 0.003 o CaO, 0.0026 mrst Cr,05, 0.0067 mrs
MnO, 0.0107 mna NiO, 0.45 mrs SiO,, 0.0026 mnsa
Cr,0;, 0.46 g MgO, 0.13 misa FeO. M3mepeHHbIE
BMECTe ¢ oOpaslamMM COCTaBbl CTaHAapTa OJMBUHA
npuBeneHbl B Supplementary, ESM_ 3. Taxxke 0ObLIO
caeslaHo 52 aHalvM3a 3epeH MUHEIU, BKITIOYEHHBIX B
onuBUH, U aBa npodwisa (19 u 20 aHaiIu30B) MO
BKparuleHHUKaM 1nuHeau (onpenenstiuch Si, Ti, Al,
Cr, V, Mn, Mg, Ni, Zn, Fe). Beuui cienaHbl aHaIU3bI
BKpaIUIeHHMKAa KJIMHOMMMPOKCceHa (nBa mpodurst — 17
¥ 12 aHaIM30B — BIOJb U MOIEPeK KpUCTaia) u 32
aHaIM3a KJIMHOIIMPOKCEHOB OCHOBHOIT Macchl (Sup-
plementary, ESM_8). AHanu3bl IJ1arnokJia3a u pya-
HBIX MUHEPaJIOB OCHOBHOM MaCChl TaK>Ke MPUBEAEHBI
B Supplementary, ESM_9 u ESM_ 10.

KpomMme 3Toro, coctaBbl OJIMBMHA U IIITUHEIN (CO-
nepxanus Si, Ti, Al, Cr, Mn, Mg, Ni, Fe) obuiu
ompeleJcHbl IIPYM MOMOIIM 3JIEKTPOHHOIO 30HIa
JEOL JXA-8200 B Helmholtz Centre for Ocean Re-
search Kiel (GEOMAR, r. Kunb, ®PI') — caenano 74
aHaJiM3a Mo BKparuIeHHUKAaM OJIMBMHA, 24 aHaiu3a
3epeH IITMHEIN, BKIIIOYEHHBIX B OJIUBWH, 1 17 aHa-
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Puc. 2. bazanbtel ropel MenBexbs. @ororpadum cuena-
Hbl Ha ONTUYECKOM MUKPOCKOIEC B MPOXOASIIEM CBETe,
HUKOJIX CKpellleHbl. BKparjieHHUKHY B e npeacran-

JICHBI OJIMBUHOM.

JIM30B BKpAaIUICHHUKOB IInuHenau (mo 17 3epHam, B
HeHTpe 3epeH) (Supplementary, ESM_4—ESM_6).

PE3YJIBTATBI
Ilempoepaghus u cocmae nopod

M3ydeHHbIe 06pa3ibl ropbl MenBeXbsI SIBISTIOTCS
OJIMBUHOBBIMU Oa3ajibTaMu. BKparnjieHHUKU OJIMBU-
Ha B 6asayibTax coctaBisior 10—12% o6beMa mopoabl
U TIpencTaBlieHbl UAMOMOPMHBIMU KpUCTAJIaMU C
npeobaamaromuM pazmepom 0.5—1.5 MM (puc. 2). Pe-
Xe BcTpeyaroTcst bonee KpynHbie (40 3 MM) ¢deHo-
KpUCTajibl. B HEKOTOpbIX BKparuleHHMKaX OJMBUHA
Ha0II0IaI0TCs BKIIIOUeHUS cyibhuaos (puc. 3). Kpome
OJIMBUHA, CPeAu BKPAIUIEHHUKOB OTMEUYEHO HeOOJb-
1moe Kosm4yecTBo (1—2 06. %) yMepeHHO-MarHe3uaib-
Horo Beicoko-Ca (Mg# = 75—83 mac. %) KJIMHOIU-
pokceHa pazmepoMm a0 0.5 MM U eAMHUYHbIE KPYII-
Hble BBIAEJIEHWS WIIMUHEIU pa3zMepoM 10 1 MM.
OcHoBHasi Macca Mopobl CJIOKeHAa MUKPOJIUTAMU Bbl-
coko-Ca KJIMHOMMPOKCEHA U TJIarMoKJia3a u MarHe3u-
QTbHBIM TUTaHOMarHeTUToM. CoCTaBbl MUHEPAIOB
npuseneHbl B Supplementary, ESM_8—ESM_10.

ITo xuMHUYecKoMy cOCTaBy JlaBbl OTBEYalOT yme-
PEHHO-KAJIMEBLIM 6a3albTaM HOPMAJILHOM IIEJIOYHO-
ctu (Supplementary, ESM_1). Ilo conepxanuio MgO
(10.5 mac. %) n BeauunHe Marae3naibHocTn (Mg# =
= Mg/(Mg + Fe?*) ~ 0.66) mopoasl IMpeacTaBIsioT
co00it ofHyY U3 HanboJiee MPUMUTUBHBIX Pa3HOCTEN
6a3alIbTOB, U3BECTHBIX Cpeau Imopoa BoctouHoro Byi-
KaHuyeckoro mnosica Kamuatku (Harpumep, Nekrylov
et al., 2022). CopepkaHusl 3JIEMEHTOB-IIpUMeECEil B
MOpOJIe UMEIOT TUIIMYHOE OCTPOBOMYKHOE pacnpeme-
JIeHUe, XapakTepHoe Wi 6a3ansToB BBIT.
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Puc. 3. ®parMeHTHI BKpAIJICHHUKOB OJTMBUHA C CYTbMUIHBIMU BKIIOUeHUSIMU. MUKpodoTorpadum caeaHbl Ha ONTHYECKOM
MMKPOCKOIIE: (a) — B peXrUMe CBOOOIHOro (hoKyca B OTPaKEHHOM cBeTe, (0) — B IPOXOSILEM U OTPaXEHHOM CBETE OIHOBpEe-
MEHHO, (B) — MHOWBUAYaAJIbHbIE aHAIM3bI CYIb(PUIHBIX (ha3 BO BKIIOYECHMSIX B OJIMBUHAX Ha Irpaduke MoIbHBIX gojeii Cu-Fe-Ni.
MSS (monosulfide solid solution) — Fe-Ni ¢aza — moHocynbbuaHbii TBepablit pacTBop, ISS (intermediate solid solution) —

Fe-Cu-Ni ¢aza — mpoMeXyTOYHbBIiT TBEpABIA PacTBOP.

Onueun

BxpannenHuku onuBrHA B 0a3aibTax ropsl Men-
BEXXbs1 BAPBUPYIOT T10 COCTaBY OT Fo5 5 10 Fogs g (Sup-
plementary, ESM_2). Bapuaiumn comepxxaHuii siie-
meHToB-nipuMeceit (Ca, Ni, Mn, Al) B 3aBUCUMOCTU
OT MarHe3MaJIbHOCTH IJIST OJIMBUHA C BKITIOYEHUSIMH
CyTb(pUI0B 1 OTUBMHA 0€3 BKIIIOUSHUI ITOKa3aHbI Ha
puc. 4. BKpaluileHHMKM OJMWBWHA IEMOHCTPHPYIOT
OTYETIMBYI0 OMMOJAJILHOCTD 10 coaepxkaHuw CaO.
B rpynmne Huzko-Ca onuBuHa comepxkanue CaO <
<0.12 mac. %, a B Beicoko-Ca rpymme >0.12 mac. %
(puc. 4a). IlpakTuuyecku Bce OJIMBUHBI HU3KO-Ca
TPYIIIBI COAEPKAT CYJIb(PUIHBIE BKIOUEHUS (OKOJIO

1.5% Bcex BKpaIlJICHHUKOB), a BLICOKO-Ca OJIMBUHBI
(okomo 98.5%) Takmx BKIIOYEHUM HE ComIepsKar.
KpoMe paszHoro comepkaHUs KaJbllWs, 3¢epHa OJIM-
BHMHA C CYyTbGUIOM U 6e3 cynbduaa NUMEIOT CUCTeMa-
TUYECKU Pa3IUYHbIC COACPXKAHUS HUKEJIsSI, MapraH-
11a, XxpoMa M ajtoMuHus (tabiu. 2). 3epHa Hu3ko-Ca
CcyIb(MUICOomepXamero oJIMBUHA COAepXKAaT MEHBIIE
BCEX IMEePEUYNCICHHBIX KOMIIOHEHTOB 0 CPaBHEHUIO
¢ 6eccynb(MUIHBIMU 3€pHAMU MpU OJIU3KOM MarHe-
3uajbHOCTU (pUC. 4a—4r). OTINYUTENILHO 0COOEH-
HOCTBIO OeccyibdumHoro Beicoko-Ca onuBrHa B 0a-
3aJbTax TOpbl MenBeXnbs SIBIISIETCS BBICOKOE COIEp-
xkaHue Mapranua (mo 0.56 mac. % MnO B HanMeHee
MarHe3uajibHbIX 3epHax) (puc. 4B). DTo HaubOJbIIINE

Taomuua 1. [TpeactaBuTeIbHBIC COCTABbl BKPAIUIEHHUKOB OJIMBUHA, Mac. %

OJMBYH ¢ cyabbuIaMmu OnuBUH 6e3 CynbhuaIoB
KommnoHeHTBI 3epHo 3-5 3epHO 3-6 3epHO 9-1 3epHo OI2 3epHo Oll 3epHo OI3
LEHTp | Kpail | HeHTp | Kpail | ueHTp | Kpail | LeHTp | Kpai | LeHTp | Kpai | LeHTp | Kpai
SiO, 39.72 1 39.93 | 39.72 | 40.36 | 39.20 | 39.53 | 39.71 | 38.33 | 39.36 | 38.53 | 38.32 | 38.53
TiO, 0.011 | 0.009| 0.011 | 0.015| 0.012| 0.014| 0.007| 0.012| 0.008| 0.011 | 0.008| 0.013
Al O4 0.014 | 0.014| 0.014| 0.023| 0.017 | 0.015| 0.026| 0.016 | 0.028| 0.018 | 0.022| 0.015
FeO 16.59 | 15.48 | 16.59 | 14.59 | 18.58 | 17.66 | 13.9 19.52 | 13.73 | 17.96 | 18.04 | 19.38
MnO 0.27 0.27 0.27 0.28 0.31 0.34 0.28 0.52 0.25 0.45 0.43 0.52
MgO 43.72 | 44.58 | 43.72 | 45.33 | 41.9 42.57 | 45 39.93 | 44.8 41.01 | 42.87 | 39.93
CaO 0.093( 0.130 | 0.093| 0.161| 0.109| 0.147| 0.134| 0.186| 0.172| 0.183| 0.158| 0.185
Cr,04 0.010 | 0.012| 0.010| 0.018 | 0.005| 0.008| 0.128 | 0.033| 0.024| 0.011 | 0.02 0.008
NiO 0.118 | 0.142| 0.118 | 0.195| 0.107| 0.124| 0.276| 0.099| 0.194| 0.123| 0.131 | 0.094
Cymma 100.55 |100.56 (100.6 |100.97 |100.24 (100.41 | 99.46 | 98.64 | 98.57 | 98.30 |100.00 | 98.68
Fo 82.4 83.7 82.4 84.71 | 80.1 81.1 85.2 78.5 85.3 80.3 80.90 | 78.60
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Tab6muna 2. CpaBHeHUE 30HAJIBHOCTH OJIMBUHA U3 JBYX Pa3HbBIX IPYIII

30HaIbHOCTD ONUBYH € CyIbhUIOM OnuBuH 0e3 cynbhuna
ITo Mg# CioxxHasi 30HaJIbHOCTb — LIEHTpP ¢ HU3Koi Mg#, ee | HopmasibHast 30HaabHOCTh — Mg# Bo3pacTaer
MOBBIIIEHUE K Kpalo, MHOTJA — BHEIITHSS KaeMKa | OT LieHTpa K Kpaio
Cc HU3Kol Mg#
ITo CaO IHentpsl 3epen ¢ CaO < 0.1, noseiieHue K kpasgMm | Lentpsl 3eper CaO = 0.14—0.17 mac. %, noBbILLIE-
1o 0.14 mac. % HuUe K Kpasim 10 0.18, Ho ecTb BKparjIeHHUKHU C
6oJiee CIOXHON 30HATBHOCTBIO
ITo MnO IToutu He 30HanbHBL, MnO okoo 0.3 mac. % YeTKast 30HATLHOCTDH C BO3pacTaHMEM OT LIEHTpa
K Kpalo, eHTpaibHble YacT MnO = (0.25, 0.3,
0.4 mac. % — B 3aBUCUMOCTH OT Mg#), Kpast — 10
0.55 mac. % MnO
ITo Al,O3 30HAJIBHOCTH HET, cogepxaHue Al,O3; B OCHOBHOM | 30HaJIbHOCTb HEYETKAsI, B OCHOBHOM IaJIcHUE
0.010—0.018 mMac. % OT LIEHTPA K Kpalo, LIEeHTPAIbHbIE YaCTH —
Al,O3 > 0.020 mac. %, Kpasi — MEHbILIE

3HaueHuss MnO 13 Bcex cOCTaBOB OJIMBUHA BYJIKAHU -
yeckux mopona Kamuatku (Nekrylov et al., 2018). ITpu
5ToM HU3KO0-Ca OIMBUH C cylbdumamMu (B 6a3aabTrax
ropbl MenBeKbs1) TTOKa3bIBACT COAEPKaAHUSI, TUITNY -
Hble 1JIS1 OJIMBUHA ByJIKaHUYecKux nopoa Kamuyatku
(0.20—0.36 mac. % MnO). Bricoko-Ca OMMBUH B
W3YYEeHHBIX Oa3zajibTaX OTIMYAeTCsl TaKXKe UYEeTKUM
TPEHIOM MOHUXeHUsT BeauynHbl Fe/Mn (puc. 4n) ¢
YMEHBIIIEHEM MarHe3MajIbHOCTY B 00J1aCTh 3HAYCHUIA
Fe/Mn < 40, koTtopble He TUIWYHBI IUISI OJIMBUHA U3
Ipyrux 6azanbToB KamyaTku M Takske ISl OJIMBUHA,
KPUCTAJUTM3YIOIIETOCS 13 MarM, MMEIOIINX IePUI0TH~
TOBBII MaHTHITHBIN ncTouHUK (Fe/Mn = 60—70; Her-
zberg, 2011).

3epHa OJIMBUHA C BKITIOYSHUSIMU CYITh(MUIOB 1 03
CyTb(UIOB PA3TNYAIOTCS TAKXKE XapaKTEpPOM 30Haslb-
HocTU (Tab:. 2, puc. 5, 6). Beicoko-Ca BKparieHHUKU
OoNMBHHA 0e3 CyJIb(PUIOB XapaKTepU3YIOTCS TIPSIMOM
30HAJILHOCTHIO — UMEIOT 00Jiee MarHe3uaabHOE SIAPO U
MeHee MarHe3ualibHyIo Trepudepuro (puc. 5a). Huzko-
Ca BKpamieHHMKM OJMBWHA, COIepXKallre CyIbDuI-
HbIe BKJTIOUEHUsI, 00J1a1ai0T 6oiee CJI0KHOM, Kak Mmpa-
BUJIO, OOpaTHOM 30HAIBHOCTBIO. Sapa BKparjieHHU-
KOB HE 30HaJIbHBbI WJIMU CJIa0030HATbHBI U UMEIOT
MEHBIIYI0 MarHE3UATLHOCTh, YeM MX KpaeBasi yacTb
(puc. 56, 6). B HEKOTOPBIX 3epHAX UMEETCST y3Kasl
BHEIIHSISI KaeMKa C MEHbIIe MarHe3uajibHOCThIO. B
3epHax OJIMBUHA 0e3 Cylb(puaoB HaAOII0JAETCS Clla-
Oblii poct comepxaHus CaO 1pu nmoHwkeHuu Fo
oJvBUHA. Bo BKpamsieHHUMKaxX OJMBUHA, COAepXkKa-
IIUX CYIb(pUIHBIC BKIIOYEHUS, OT LIEHTpa K nepude-
puu HaGmoaaetTcss pocT coaepxkaHus CaO B y3koM
WHTEepBaJie 3HaUeHUi Fo, TaK 4YTO KpaeBble YacTU 3€-
PEH UMEIOT COCTaB, OJIM3KUI K BKparjleHHUKAaM OJIv-
BUHA 0€3 CyJbMUIHBIX BKIIOUeHU . 30HATLHOCTD I10
HUKEJI0 aHAJIOTMYHA MOBEAECHNIO MarHe3uajlbHOCTHU
(puc. 5). B 6eccynbduaHBIX 3epHAX OJIMBUHA C MPSsi-
MOIi 30HaJIbHOCTBIO COAePKaHUe HUKES CHUXKAETCs
OT s1/ipa K Kpalo, a B cyJibpuacoaepxaliux 3epHax Ha-

METPOJIOTUS Ne 3
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OJroaeTcss oOpaTHOE pacripefieiecHue — KOHIIEHTpa-
LIS HUKEJIST pacTeT B KPaeBbIX 30HAX KPUCTAJIOB.
ITo conepxannio MnO oauBHH ¢ CyTbGHUIOM HE 30-
HaJIeH, 0e3 cynb(UIOB — 30HAJICH C BO3pacTaHUEM
coliepKaHUsl OT LIeHTpa K nepudepun (puc. 5).

Cynbgbuonbie 6KA0HEHUSL 8 0AUBUHE

CynbdunHble BKIIOUYEHUST NMEIOT pa3Mep OT 5 1o
50 MxMm (puc. 3a, 36). B 6oJibLIMHCTBE 3epeH OOHapY-
KEeHO He 0oJiee TpeX BKIIOUEHU cyTb(d1raa, HO B He-
KOTOpBIX 3epHax HaOmomaauchk “pou” — IECATKH
MEJIKMX BKJTIOYEHUI, BUIUMBIX B OIITUYSCKUI MUKPO-
CKoIl. BKimloueHUsT MeIoT OKpyIriyio (cepuuecKyio
WJIH 3JUTATICO00pa3HyIo) dopmy. Cpenn 3epeH OJIMBHU-
Ha, cofepXalllnX cyJabhUbl, HAOIIOAAIOCh HECKOJIb-
KO KPUCTAJLJIOB, B KOTOPKIX CYTb(MHUIHBIE BKIIIOUECHUS
pacIiojiaraloTcsl mo 30HaM pOCTa OJVMBUHA, IpUYEM
pa3Mep 3TUX BKJIIOYEHUIT YBEJIMYMBACTCS OT LIEHTpa
K niepudepun 3epHa. B 1ieHTpaIbHO# YacTH 3TUX 3e-
peH, a Takke Ha nepudepnn CyIbUIHbIC BKITIOUE-
HUSI OTCYTCTBYIOT. B Ipyrux 3epHax oJIMBUHA C CYJIb-
dumaMu Takoi 30HAILHOCTYM HE OBIJIO OTMEYEHO,
CcyJAb(UIAHBIE BKIIIOUSHUS Pa3HOI0 pa3Mepa pacroa-
raloTCs XaOTUYHO.

YacTh BKIIIOYEHUI UMEIN OMHOPOMIHBIM COCTaB Ha
BCKPBITOI TTOBEPXHOCTH M ObUIN mpencTaBiacHbl Fe-Ni
dasoii c conepxannem Ni < 4 ar. % wim Fe-Cu-Ni ¢a-
301 ¢ pazmmuHbM cootHomeHreM Cu/Fe (puc. 3B). B
JIPYTroi 4acTW BKJIIOYEHWI OBUIN YCTAHOBJIEHBI 00¢
aTu asbl pu npeodnaganum Fe-Ni ¢aszsl. Coctas
CYNIb(UIHBIX BKIIOYEHUI MTOKAa3bIBAET, UTO OHU SIB-
JISTIOTCSI TIPOAYKTOM KPMCTA/UIU3ALUU CYIb(UIHBIX
KUAKOCTEH ¢ pa3nuyHbIM cooTHolneHueM Fe, Cu u
Ni. B HEKOTOPBIX BKIIIOUECHUSIX KPOME CYJIb(PUIHBIX
¢da3 HaOIIOTaINCh BBIIEICHUS OKCUIIOB 3KeJie3a, 4To
TOBOPMUT B MOJIb3Y CYILLIECTBOBAHUS CYlIbhUIa B KU~
Koii (paze B MOMEHT €TI0 3axBaTa OJIMBUHOM (Hampu-
mep, Fonseca et al., 2008). IToaydeHHBIC pe3yabTaThI
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Puc. 4. CocTaB BKparuleHHMKOB OJIMBMHA B 6a3aibTax ropbl MenBexbsi. OJIMBUHBI TO3IHEYETBEPTUYHBIX ByJIKAHUUECKHUX O~
pon KamuaTku Ha (a—B, 1) moKa3aHbl o 1aHHbIM paboThl (Nekrylov et al., 2018) ¢ nonoHeHEM HEOTTYOIMKOBAHHBIX TaHHBIX,
Ha (1) — 1o (Nekrylov et al., 2022). Ha puc. (1) 3aTeHEHHBIM T10JIeM MoKa3aHa 00J1acTh OJTMBUHOB, TPOM3BOIHBIX U3 IIEPBUY-
HBIX MaHTUIHBIX MarM ¢ MgO 8—20 mac. % no (Herzberg, 2011).
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Puc. 5. 30HaJIbHOCTh OJIMBMHOB JIBYX MOMYJISALIMA. M300paXeHne B OTPakeHHbBIX 2JIEKTPOHAX (2 — 3¢epHO OJIMBUHA C BKJIIOUE-
HUSIMMU IIIIMHEIN, 03 BKIIIOYeHUH Cynbduaa; 6 — 3epHO OJIMBUHA, colepKalllee CyaIbOrUaHbIe BKIodeHnsT). Ha mikane admuce
M0Ka3aHO PaCCTOSIHME OT OJHOTO Kpasl 3epHa OJIMBUHA JI0 IPYTOro Yyepes3 ero LHeHTP.
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Puc. 6. TpeHIbI 30HAIBHOCTU 3€PEH OJIMBMHA Ha rpadu-
ke 3aBucuMoct CaO oT MarHe3majJbHOCTH OJIMBWHA.
CrpenkaMu MoKa3aHbl HalpaBJIeHUs! OT LIEHTpa BKpar-
JIEHHMKa K nepudepun. 1—3 — TpeHIbI 30HAIBHOCTH 3€-
pEeH OJIMBMHA C BKIIOYEHUSIMU CYJIbGUIOB, 4—6 — TpeHIbI
30HAJIbHOCTU BKPAIlJIECHHUKOB OJIMBMHA 03 CyIb(UI0B.

MOKa3bIBAIOT CXOICTBO COCTABOB CYIb(UIHBIX BKJIIO-
YeHUI B 3epHAaX OJIUBHHA TOPbl MeIBeXbsI ¢ CYIb(PU-
JTaM1 B M3y4eHHBIX 0a3ajbTax Toja0aumHCKOTO Toaa
(Zelenski et al., 2018) u m-oBa KamMuyaTCKUii MBIC
(Savelyev et al., 2018), oTIM4asich OT HUX MEHBIINM
conepxanueM Ni B Fe-Ni-(a3ze, uro Koppeanpyert ¢
MEHbIIUM coAepXkaHueM Ni B OJMBUHE-XO3SIMHE
BKJIIOUEHUI B cllydae TOpbl MeIBeXbsl.

IlInunens

MuHepanbl TPyInbl IMIIMHEIN IIPUCYTCTBYIOT B
M3YYEeHHBIX 00pa3liaX B BUAE BKIIOUEHUI B OJIMBUHE
M OTHEJIbHBIX PEeIKMX BKparieHHUKOB. CocTaB Kpu-
CTaJIJIOB IMWHEIN, 3aKJTIOYeHHBIX BHYTPU BKpaIUICH-
HUKOB OJIMBMHA, MPUBEACHBI B Ta0JI. 3 1 MOKa3aHbI HA
puc. 7. lllnuHenb, 3aKIIOUeHHasI B 3epHax OJIMBUHA C
cyabhuIaMy, OTINYACTCS HECKOJIbKO MNOHKEHHON
xpomuctoctbio (Cr# = Cr/(Al + Cr) = 0.14—0.48) 110
CPaBHEHUIO CO LIMUHEISIMU B OecCylb(PUIHbIX 3ep-
Hax (Cr# = 0.30—0.77) (puc. 78, Tabi. 4). OKucieH-
HOCTb IIMUHEIEHN, 3aKII0OYEHHBIX B 9TUX ABYX I'PYII-
rnax ojluBMHA, IMTPAKTUYECKU He pa3iudaercs (puc. 7r),
Fe?* /Fe’* = 0.85—1.92 npu FeO < 50 mac. %. Ilpu
5TOM B 0a3ajibTax ropbl MeaBexKbs OOJIbIIAsT YaCTh
BKJTIOYCHUI IIITTMHEITN, HE aCCOLIMUPYIOIINX C CYITb(I-
nmamu (27 u3 43 anann3os), comepxxut FeO > 50 mac. %.
MHorue BKparjieHHUKY OJIMBUHA TUITMYHOTO BBICO-
Ko-Ca cocraBa oOoOTallleHBl KPHUCTAJNIAMUA TaKOoM
IIIMUHEIU (puc. 5a).

BxiiroueHUs1 WINMUHEIW TIPpEeACTaBACHBI JIBYMSI
TPYIIIIaMHu, pa3IndarimmuMucs mopdommorueit, co-
CTaBOM U HAJIMYMEM B HUX PACTUIABHBIX BKIIOUEHU I
(Tab6m. 5). B rpynre I cogepXuUTcst MHOTO pacriaB-
HBIX BKJIOYeHUi (puc. 8a), Oojiee TUTAHUCTBHIX
(TiO, > 0.5 mac. %), B OCHOBHOM MEHEe XPOMUCTHIX

(Cr# = 0.42—0.70) (puc. 9a) 1 CXOIHBIX IO COCTABY C
BKJIFOUEHUSIMU IITTMHEIU BO BKpaIUICHHUKAX OJIMBU -
Ha. Bxmouyenud mmuHenu rpymnisl 11 (Tpu 3epHa u3
19 n3y4eHHBIX) UMEIOT OTHOPOIHOE SIIPO, HE COmep-
»KaT pacIjlaBHbIX BKIIOYEHUI 1 4acTO 00JanaroT YyeT-
KOl BHeIITHEel Oosiee Xene3ucToil Kaitmoii (puc. 80).
LenTpabHBIE YaCTW KPUCTAIUIOB INMTITHEIN TPyIIib 11
M0 COCTaBY COOTBETCTBYIOT TaKOBBIM M3 MaHTUIHBIX
KCceHOMMTOB ABaunMHCKoro ByjkaHa (lonov et al., 2010;
Kepezhinskas et al., 2022) (puc. 9a, 90) 1 xapakrepu3sy-
1oTcst HU3Ko# TtutaHucroctoio (TiO, < 0.1 mac. %) n
BBICOKO# XpomucTocthio (Cr# = 0.62—0.73). Bxitio-
YeHUS IIIWHEIA TPyIIbl I OJIM3KM 10 cocTaBy Tako-
BBbIM B OJIUBUHE (pUC. 9), a BHEIIIHUE KaliMbl KpUCTaI-
JIOB 1nuHeau Tpynnbl I 61M3KM 1Mo TUTAaHUCTOCTU
mrmHenu | rpynmsr (puc. 8).

Pacuemnoie napamenipol
Kpucmaniusauyuu oaU8UH-WUNUHeNe8blX nap

TemniepaTypbl KpUCTLIU3ALIMU, PACCUYUTAHHbIE
o pacnpeaeiaeHo Al MeXay OJIMUBUHOM U LIMUHE-
nwio o moaenn (Coogan et al., 2014), moka3aHBI Ha
puc. 10a u ta6n. 4. s BKpanjeHHUKOB OJIMBUHA,
colepKalllMX BKIIIOUEHUS cyJibduraa, MHTepBall olie-
HEHHBIX TeMmIiepatyp coctasiseT 1010—1062°C, a gis
onuBUHA 6€e3 cynbdumoB — 1036—1241°C. MarHe3u-
aJIbHOCTb BKpAIlJIECHHUKOB OJIMBUHA, UISI KOTOPBIX
MpPOBEAEHBI OLIEHKHU TeMMeparyp, 06Ju3Ka J1js o6eux
rpynit: Fogs g6 W Fogy »_g73 COOTBETCTBEHHO (puc. 10a).
ITorpenHocTs onpeaeneHuit cocrasiuset +21/—24°C
111 temmnepatyp Bomu3u 1000°C u +17°C miist remiepa-
Typ BOm3u 1200°C (3HaYeHUsT paCCUUTAHbI, UCXOOS U3
norpeitHocTeit uamepenus Al,O; B onuBuHe). Crienyer
OTMETUTD, YTO a0COIIOTHbIE 3HAYEHUSI OLIEHOK TEMIIe-
paTyp HOCAT OPMEHTUPOBOUHBIN XapakTep B CUTy OUe-
BUIHOTO Pa3jdyus YCIOBUMA SKCIIEPUMEHTAIBHOMN Ka-
JIMOPOBKU faHHOTO TepMomeTpa (7> 1250°C, 1 at™.) u
cocTaBa IIMWHENW 1O CPAaBHEHUIO C OLIEHEHHBIMU
YCJIOBUSIMA KPUCTAJUIU3ALUM MUHEPAJIOB M3Y4eHHbBIX
6asaynbToB. OQHAKO 3HAUUTEIbHAsI pa3HULIA TeMIle-
paTyp paBHOBECHUS IITIMHEIN U OJIMBMHA B OJIUBUHE,
coJiepKallleM BKJIIOUeHUS cyabduaa 1 6e3 Hero, easa
JIU MOXET OBITh OOBSICHEHA MOTPEITHOCTHIO MOJETU
U, BEPOSITHO, OTpaxkaeT peajbHOE pas3inuuune TemIie-
paTyp KpUCTaIU3aluu.

Penokc-ycinoBusi KpuUCTaJUIM3allMM, pacCYMTaH-
nHele 1o Monenu (Hukomaesa u ap., 2016), mist o6onx
NONYJISIIUIA OJIMBAHA IIPAKTUUECKM HE Pa3IMIaloTCs
n cocrabisiior AQFM = 1-2 nns GonbLIMHCTBA
onpenencHuii (puc. 100, Tadi. 4).

OBCYXIEHMUWE PE3VJIIbTATOB

Ceudemenvcmeo eubpudHoeo
npoucxoxcoenus 6a3airbmoes

OCoOGEHHOCTH cOCTaBa MUHepanoB B 0a3ajibrax
ropbl MenBesKbsI IPEIITonaraloT nx TMOPUIHOE ITPO-
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Imuuenu 6a3ansroB BocTouHoro ByakaHndeckoro nmosica Kamuarku

Puc. 7. 3aBUCMMOCTb COCTaBa IIMUHEIN, 3aKJIIOYEHHON BO BKpalUuIeHHUKaX OJIMBMHA, OT COCTaBa BMEIAIONIMX OJTMBUHOB B
6as3anbpTax ropel MenBexbst. CocTaB IIMUHEIN U3 6a3abToB BocTouHoro Bynkanmdeckoro mosica mo (Nekrylov et al., 2018).

ucxoxneHne. Hapsgny ¢ mpeoOnagaioliiMu B 3THUX
nopoiax BKparjeHHUKaMM OJIMBUHA BhICOKO-Ca co-
CTaBa, KOTOpPbIe UMEIOT HOPMaJIbHYIO KpUCTaJlJIN3a-
LMOHHYIO 30HAJIbHOCTh 1 C BBICOKOM CTEIICHBIO BE-
POSITHOCTU KPHCTAJUIM30BAJIMCh U3 MarM, OTBeYalo-
X BaJJOBOMY COCTaBY MOpoOIH, OBIIIO OOHAPY:KEHO
HeOOJIbIIIOe KOTUIECTBO MUHEPAJIOB 9K30TUUECKOIO
coCTaBa, KOTOpbIE WMHTEPIPETUPYIOTCSI HAMM KakK
KCEHOKPHCTHI. B TiepBy1o ouepenb 3T0 BKpaIUICHHUKU
onuBHHA HU3KO-Ca cocTraBa, COCTABIISIIONINE OKOJIO
1.5% Bcex KpHUCTAJUIOB OJIMBUHA, BBIACICHHBIX U3
nopon. Takke 9K30TMYECKUIA COCTaB UMEIOT pPEelKre
BKpAaIUIECHHUKN BBICOKOXPOMUCTOM HU3KOTUTAHU-
CTOM LIITUHEN.

KitoueBoif 0cOOEHHOCTBIO BKPAIJIECHHUKOB HU3-
kKo-Ca onmBUHA SBASETCSI HalMdne OOpaTHOM 30-
HaJILHOCTH B KpUCTaJlJIaX pa3HOro COCTaBa, IpUYeM B
KpaeBbIX YACTSIX 3TUX KPUCTAJUIOB COCTaB OJMBUHA
npubmIKaeTcs K MpeodiagaroiieMy B Mopoaax BbI-
coko-Ca onuBuHY (puc. 6). BaxkHoiT 0COGEHHOCTBIO
9THUX KCEHOKPUCTOB TaKXKe SIBJISICTCS HAJIMUME BKITIO-
YeHU CyTb(PUI0B 1 OTHOCUTEIIHHO TNIMHO3EMHUCTOMN
LITTMHEJN IO CPAaBHEHMIO C BKIIIOYEHUSIMHU 9TOTO MU -
Hepajla B oamBHUHE BBICOKO-Ca rpyrmbel. OcobeH-
HOCTb 30HAJILHOCTU KPHUCTAJIOB HU3KO-Ca TpyIIbl
MO3BOJISIET TIPEAIIOJIOXNUTh, YTO OHM OBLIM 3axXBaye-
Hbl MarMaMu B pe3yJibTate aedparMeHTalun Cyle-
CTBEHHO 3aTBEPIEBIINX ITOPOJ — OJTMBUHOBBIX KyMY-

IMETPOJIOTUA Ne 3
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Taomuuna 4. PacuerHble mapamMeTpsl 1 cocTab mnuHeau (¢ FeO < 50 mac. %), 3aK/110ueHHOI BO BKpalJIeHHUKAX OJIMBUHA
(B ckOOKax — MeIMaHHOE 3HAaYEHUE, 1 — KOJIMYECTBO Iap OJMBUH—LUNUHENb)

MapameTp OnuBuH nc iy);b(bI/IJ:[OM OJ‘II/IBI/IHnﬁiS lc6ym>(bm[a

Cr# Spl 0.14—0.48 (0.37) 0.30—0.65 (0.53)
Mg# Spl 0.49—0.52 (0.51) 0.32—0.58 (0.46)
Al O3, Mac. % 21-33 (25) 11-31 (19)
TiO,, mac. % 0.85—1.55 (1.12) 0.54—3.40 (1.06)
FeX* /Fe’* Spi 0.85—1.34 (1.10) 0.91-1.92 (1.17)
AQFM (HukomaeB u ap., 2016) 1.1-1.8 (1.7) 1.0-2.4 (1.5)

T, °C (Coogan, 2014) 1010—1062 (1021) 1036—1241 (1153)

Taomuua 5. [peacTaBuTeIbHBIE COCTABbI BKPAIUIEHHUKOB IIITMHENN, Mac. %

E 3epHO 9-5 3epHO 9-5 Spll | Spl2 | Spl3 | Spl4 | Spl5 | Spl6 | Spl7 | SpI8 | Spll4 | Spll5 | Spl16 | Spl17

:

E LIEHTp | Kpaii | LeHTp | Kpail | LeHTp | LIEHTp | LEHTP | LIEHTP | LEHTP | LEHTP | LIEHTP | LEHTP | LIEHTP | LIEHTP | LIEHTP | LIEHTP

Z
Sio, 0 0.01 | 0.01 | 0.04| 0.01 | 0.01 | 0.04]| 0.05| 0.02 | 0.01 | 0.02 | 0.02| 0.00| 0.02 | 0.03 | 0.01
TiO, 0.04 | 141 1.66 | 1.64| 097 | 1.35| 0.56 | 1.83 1.56 1.16 1.38 | 1.09 | 0.09 1.11 1.45 | 0.07
AlyO3 | 17.42 | 14.33 | 19.24 | 22.18 | 12.67 | 16.46 | 14.38 | 17.28 | 14.73 | 16.11 | 21.68 | 20.49 | 12.32 | 25.47 |20.99 | 15.48
CryO3 | 43.28 | 38.04 | 23.92 | 25.12 | 41.61 |32.08 | 49.33 | 29.57 | 34.09 | 37.92 | 32.12 | 33.75 | 49.98 | 27.12 | 27.69 | 47.45
V,0;3 031 | 019 | 0.34| 0.30 | H.0. | HO. | HO. | HoO. | HO. | H.O. | H.O. | H.O. | HO. | HO. | H.O. | H.O.
MnO 029 | 038 | 031 | 035| 034 | 035 034 | 034 | 038 | 041 | 034 | 039 | 023 | 038 | 034 | 0.34
MgO | 11.09 | 9.71 | 10.23 | 10.59 | 9.81 | 10.21 | 10.53 | 10.61 | 9.69 | 10.05 | 11.30 | 10.67 | 11.13 | 11.20 | 10.92 | 10.77
NiO 0.18 | 0.09| 0.19| 017 | 0.09| 0.12 | 013 | 0.10 | 0.10 | 0.13 | 0.14 | 0.10 | 0.18 | 0.09 | 0.15 | 0.15
ZnO 0.10 | 0.08 | 0.07 [ 0.10 | H.0. H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O. H.O.
FeO 17.09 | 19.77 | 19.92 | 19.82 | 19.75 | 19.97 | 18.88 | 20.13 | 20.81 | 19.96 | 19.32 | 19.84 | 17.02 | 19.67 | 19.79 | 18.11
Fe,O5 | 10.17 | 15.51 | 23.89 | 19.38 | 16.21 [20.90 | 7.87 |22.01 |20.47 | 15.61 | 15.40 | 15.41 | 10.62 | 16.19 | 20.35 | 9.55
Cymmal 99.97 | 99.52 | 99.78 | 99.70 {101.44 |101.46 [{102.06 (101.92 |101.86 {101.36 |101.70 [101.76 |101.58 |101.26 [101.72 |101.94

JIATOB — U WCIILITBIBAJIM YaCTUYHOE IepeypaBHOBE-
IIMBAaHUE C TPAHCHOPTUPYIOIIMMU UX MarMamMu. B
JaHHOM cCJIy4yae Mbl HEe BMIUM SIBHBIX IPU3HAKOB
CMEIICHUS MarM, coaepKalyx (heHOKPUCTHI OJIMBUHA
pasHoro cocrtaBa. B ciydae cMellleHrst MarM KOHTpacT-
HOT'O COCTaBa MOXHO ObLIO OBl OXKMIATh BCTPEUYHOU U
0o0paTHOIi 30HAJIBHOCTU B HaIlpaBjieHu HU3Ko-Ca co-
CTaBOB B OJIMBHMHAX OCHOBHOI Tomyssiuuu. OmHAKO
5TH OJIMBUHBI JEMOHCTPUPYIOT HOPMAIbHYIO 30HAJIb-
HOCTb C TUIaBHBIM NOBBIIeHUEM conepkaHus CaO ¢
YMEHbIIIEHEM MarHe3UaJIbHOCTH OJIMBUHA (pUC. 5, 6).

JIBe reHepalliy OJIMBMHA, MMEIOIIME Pa3IMYHOE
conepxanmue Ca, ObITM onrcaHBI B 6a3anpTax Kirro-
YeBCKOTo ByjiKaHa (XyoyHas u ap., 2018). x mpouc-
XOXIIEHIE WHTEPIPETUPYETCS KaK pe3ylbTaT IBYX
MOCJIENOBATEIbHBIX 3TAIIOB KPUCTAIM3AMN OTHOM
Marmbl: BBICOKOOApHUeCcKoro aTara ajst Hu3ko-Ca u
BBICOKO-Mg OJIMBMHA W HU3KO0ApMYECKOIo 3Tala,
BO3MOXHO, COIIPOBOXKIABIIIErOCs Aera3anuein Marm,
1151 BeIcoKO-Ca 1 Hu3ko-Mg onuBuHa. OIHAKO B OT-
Jmune oT oJiuBrHAa KiTloueBcKoro ByJKaHa, OJIUBUH C
pa3HBIM CoAEpKaHMWEM Kajiblivs B 0a3ajabTaxX TOpbl

METPOJIOTUS Ne 3

ToM 31 2023

MenBexnss UMeeT OJIM3KUIA MHTEPBAJ MarHe3uasb-
HOCTH W HE MOXKET OOBSICHATHCS TTOCIEN0BATENBHOM
KpHCTAZIN3alieil M3 OMHOTO pacruiaBa IIpyu U3MeHe-
HUU JABJIEHUS KPUCTAJUTU3ALUN.

KiroueBoii 0COOEHHOCTBHIO KCEHOKPUCTOB IIIHU-
Henu sBisieTcs ux KpaitHe HU3ko-Ti coctaB (TiO, <
< 0.1 mac. %), OTCyTCTBUE PACILJIABHBIX BKIIIOYEHU
M HaJTMYuMe pe3Ko 30HATIbHOI KpaeBoii KaiiMbl (puc. 80).
Oco0eHHOCTH cocTaBa 3TUX IIIMUHENIE COOTBET-
CTBYIOT TUITMYHBIM COCTaBaM 3TOrO MUHEpasa B MaH-
TUHHBIX KCEHOJIMTAX B TTOpoiaXx ABAaUYMHCKOTO BYyJIKa-
Ha (puc. 9) u, BeposITHO, OHU SIBJISIOTCS IPOYKTaMU
JIE3UHTETpallMU OA0OHBIX KCEHOJIUTOB.

Ocobenrnocmu ycao8uil Kpucmaniu3ayuu
OCHOBHOU NONYAAUUU OAUBUHA

OnuBUH BbICOKO-Ca cocTaBa SIBASIETCS TJIaBHBIM
MUHEpaJIOM-BKPAaIUIEHHUKOM B HM3yYE€HHBIX ITOPO-
nax. HopMmaiibHasi 30HaIbHOCTh KPUCTAJIJIOB MOapa-
3yMeBaeT CITOKOWHbIE YCIOBUSI KPUCTALIU3anU 0e3
SIMU30/I0B CMEIISHUSI ¢ MAarMaM# KOHTPACTHOTO CO-
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Puc. 8. /IBa Tuma BkimtoueHuit mmuHe M. MU300paxkeHne B OTpaXXeHHBIX AJIEKTpoHax (a — [ rpyrma, ¢ BKIIOUEeHUSIMU pacIiaBa,
6 — Il rpymnma, 6oJiee MarHe3uajabHas IITTMHETb C OHOPOIHBIM SIIPOM 0e3 BKITIOUEHUI ).

craBa. Ilo comepxanuio Ca, Ni u Al 3TOT OJMBUH
MMeEET COCTaB, TUIIMYHBIN IJTs BEICOKOMAarHe3uaabHbIX
6azanpToB KamMyaTku. YciaoBUsSI KpUCTALIU3ALUN ObI-
JI1 OLIGHEHBI II0 COCTaBaM BKJIIOYCHUI XPOMUCTOI
IIITMHEJIN 1 MX OJIMBUHA-X0351MHA. OLICHEHHBIE TEMIIe-
parypbl HaxomaTcsa B uHTepBaie 1241—1036°C, a pe-
Jokc-yciioBus orBedaloT AQFM = 1—2, yTo TakxKe
TUIWYHO 111 TpuMUTUBHBEIX MarM Kamuatku (To-
oenko u ap., 2019; Mironov et al., 2015; Kamenetsky
etal., 2018; Nekrylov et al., 2018). MMerommecst n7aHHbIS
HE IIO3BOJISIIOT KOJIMYECTBEHHO OLICHWTb IABJICHUE
Kpuctaumzauui. OIHAKO PeIKOCTbh BKPAIUIEHHUKOB
BbICOKO-Ca IMpOKCeHa, MX HU3KOMarHe3uajabHbIi CO-
craB (Mg# < 80 moin. %) 1 OTCyTCTBHE ITUPOKCEHA B
BUI€ BKIIIOYCHUI B OJIMBUHE MO3BOJISIOT IIPEIIION0-
KUTh OTCYTCTBHUE 3TOTO MUHEPaJja Ha JIMKBUIYCE IIPU-

MUTUBHBIX MarM UM HU3KOOApUYeCKUe YCIOBUSI KPU-
CTaJIIN3alnu, TIPENITOJIOXKNUTETEHO MeHee 5 Kbap. B
5TOM OTHOIIIEHUU U3yYEHHBbIC 0a3aJbThl OTINYAIOTCS
ot aBaunToB (IToptHsirux u ap., 2005) 1 BEICOKOMAr-
He3uaJIbHbIX 0a3anbToB KirtoueBckoro BynkaHa (Ha-
npumep, ApuckuH, bapmuna, 2004), B KOTOpPBIX
MPUCYTCTBYIOT BKparyieHHUKU BbICOKO-Mg# MUpoK-
CeHa, CBUJIETEJbCTBYIOIIIME O €T0 PAHHEM MOSIBJIEHUU
Ha JIMKBUIYCE TTPU BBICOKUX AABJIEHUSAX (BEPOSITHO,
>1 I'T1a).

OcobeHHOCThIO BbICOKO-Ca oJIMBUHA 0a3ajlbTOB
ropbl MenBexbs sIBJISIETCSl TPEHI 00OTallleHUs Map-
raHleM, HE TUTIMYHbIH 171 OTMBHMHA U3 APYTUX O3/ -
He4yeTBepTUUHBIX O0a3zanbToB Kamyatku (puc. 4n), B
KoTopbix Fe/Mn oObIUHO OCTaeTcsl Ha MOCTOSIHHOM
YPOBHE, YTO OXWUIAEMO JIJISI COBMECTHO KPUCTALTU3Y-

MMETPOJIOTHS Ne 3
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Puc. 10. YcnoBust KpucTain3aluy OJIMBUH—IIIIMHENIEeBbIX map (mis mmnuHeau ¢ FeO < 50 mac. %). Temneparypa paccuutaHa
no (Coogan et al., 2014), pyrutuBHOCTh Kuciaopona — o (Hukomnaes u ap., 2016).

FOILIMXCSI TIMPOKCEHOB 1 OJIMBMHA WJIX TIPU IUIABICHUN
MaHTUIHBIX IEpUI0TUTOB (Harpumep, Humayun et al.,
2004; Herzberg, 2011). ITockonbky Kd(Mg-Fe*") u
Kd(Mn-Mg) o4eHb c1ab0 3aBUCAT OT TEMIIEpaTyPhI,
JaBjieHMs U cocTaBa oivBrHa (Blundy et al., 2020), Ha-
omonaemble u3MeHeHus Fe/Mn B onmuBrHe ot 60 1o 35
HEO0OXOAMMO CBSI3bIBATH C AaHOMAaJIbHBIM YMEHbBIIICHUEM
Fe/Mn B paciuiaBe B XolIe KpUCTaJUIM3ALMKM MarM.
DTO MOXET NPOUCXOAUTH 1) TIpU aCCUMWIISILIMU Mar-
Moi1 6oratoro Mn MaTtepuaina, 2) Ipu YMEHBIIECHUN
Fe/Mn B paciuiaBe B pe3y/jbTaTe KpUCTALIM3ALIUU
Ne 3 2023

IIETPOJIOIT'UA  Tom 31

¢a3zsl ¢ BeicokuM Fe/Mn 1160 3) 1ipu yMeHbIIICHUA
Fe?"/Mn B pe3y/bTaTe OKUCIEHUS pacIulaBa.

BanoBrie coctaBbl 0a3anbTOB TOpPBI MenBeXbs
umeror FeO/MnO = 55, yTo TUTMYHO JIs1 MarHe3u-
aJIbHBIX 0a3aJIbTOB — IMPOAYKTOB TLUIaBJIEHUSI MaH-
tuitHeix nepugotuToB (Herzberg, 2011). Cnenmosa-
TeJIbHO, HU3KUe 3HaueHUs1 Fe/Mn B oTMBUHE HEJIb351
00BSICHUTBL acCUMWIsILIMEl 6oratoro Mn Marepuala,
YTO JOJKHO OBbUIO CKa3bIBaThCSl Ha COCTAaBE IMOPO/I.
Bosnee 060cHOBaHHBIM BBITJISLAUT CLIeHAPUIA, TIPU KO-
TOPOM TIPOMCXOAUJIa KpUCTAIU3alMsl MUHepasa ¢
BbICOKUM 3HaueHueM Fe/Mn u takke okucieHue Fe
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B pacmiaBe. [leliCTBUTENbHO, BKPAIUIEHHUKI BBICO-
ko-Ca oJMBMHA B MOpOAax colepxKaT OOWIbHBbIC
BKJIIOYCHUSI BBICOKOXKEJIE3UCTOM IINMUHEIN (MarHe-
3MaJIbHOTO MarHeTuta) ¢ Oonee BeIcOKMMU Fe/Mn
(60—140), yeM B OIMBMHE W BAJIOBOM COCTaBE CaMOit
MarMbl. Kpucraminsanysi MarHeTUTa MoIJia IIPUBO-
INTh K noHmkeHnto Fe/Mn B paciuiaBe 1 paBHOBEC-
HoM ojuBuHe. HeoObIlYHO paHHee IOsIBIEHUE Mar-
HETUTa Ha JUBUAYCE MarM ropbl MeaBeKbsi MOXKHO
CBSI3BIBATh C BEICOKOI CTETICHBIO OKMCIICHMS pacIijia-
BOB (HampumMmep, Ariskin, Barmina, 1999), yTo Tax:ke
JIOJDKHO OBbLIO OKa3bIBaTh BIMSIHME Ha IOHIDKEHUE
Fe?*/Mn B pacruiaBe U onuBuHe. XOTsl BO MHOTUX OT-
HOILIEHUSIX 0a3aIbThl TOpbl MenBexXbsl OJIM3KU APYTUM
MarHe3uajbHbIM ITopogaM KaMuaTtku, ux OTIMIUTENb-
HOI OCOOEHHOCTBIO, BEPOSITHO, ObLIa HU3KOOapUue-
CKasl KpUCTAJUIM3allvsi, KOTOopasi COIIPOBOXIAIACh
OKMCJICHHEM pacIjiaBa M BbIIaJAEHUEM OOMJIBHOIO
MarHeTuTa, 4TO HAIIUIO OTPaXeHHEe B HEOOBLIYHOM
TpeHae ymeHblleHuss Fe/Mn B olMBUHE IpH KpH-
cTaJIu3aluu.

IIpoucxoxcoenue onusuna
¢ cynbhUOHbIMU BKAIOUEHUAMU

Hanuuue cynbhuaoB, BKIIOYEHHBIX B BUAC METb-
JaWIIMX Kareidbh BO BKpaIIECHHUKAaX OJIWBUHA C Mar-
HE3UAIbHOCTBIO F0,9_gg — penKuil peHOMeEH 1151 Oa-
3anbTOoB KamuyaTtku. PaHee mogoOHbIe BKJIIOYEHUS
OBbLIN OMMCAaHBI TOJIBLKO B Oa3aibpTrax Tol6adynmHCKOTO
JI0J1a ¥ TaK:Ke TIPUCYTCTBYIOT B MarHe3uajabHOM OJIM -
BuHe KitoueBckoro BynkaHa (H.JI. MupoHos, ycr-
HO€ COOOIIEHNE).

B cnydae 6a3zanbToB TonbaunmHCKOTO 10J1a B pabo-
te (Kamenetsky et al., 2017) moka3aHoO, YTO COCTaBbI
BKpPaIUICHHUKOB OJITMBUHA, CONEPXKAIIIETO CYTh(DHUIHBIE
BKJTIIOUEHUST U 0e3 HUX, MPaKTUYeCKU WIESHTUYHBI 3a
WCKITIOYeHNEM HEeOOJBINNX Pa3IMIUii B COMEPKaHMHI
MUKpo3JieMeHTOB (Sc, Co, Zn, V). 3T0 IT03BOJIUIIO CIe-
JIaTh BBIBOJ, O TOM, UTO KPUCTAJLIM3ALIMS TIPOUCXOAMIA
W3 OMHOI MarMbl, a TIPUCYTCTBHE CYIL(MDUIOB OOBSICHS-
JIOCh aCCUMWJISILIMEN M JIOKATBHBIM TIEpeCHIIECHUEM
pacruiaBa cepoii MpU OTHOCUTEJIbHO BHICOKOM 3Haue-
HuM pyrutuBHOCTU Kcinopona (AQFM ~ +1.1). Ycio-
BUS Hayajla KPUCTAJUTM3AIIMU OIEHWBAJIUCh KakK
1220°C u He meHee 300 MPa.

B otamuue ot 6azanbToB TojiGa4yMHCKOTO A0JIa,
BKpaIUICHHUKM OJIMBMHA, ColepXKallue CyTbhuaHbIe
BKJIIOUEHUSI, B 0a3aabTax ropbl MenBeXXbsI UMEIOT OT-
JIMYHBIN OT IIpeobanaroeii Monyasuy BKpareH-
HUKOB COCTaB U MHTEPIPETUPYIOTCS HaMU KaK Kce-
HOKPUCTHI. YCITOBUSI KPUCTAJUIM3AIIMU 3TUX BKparl-
JIEHHUKOB olieHuBaroTcd HaMu Kak 1010—1062°C u
AQFM = 1—2. CBUIeTeICTBOM MarmMaTU4eCcKOro
TIPOUCXOKICHUS 3TUX KCEHOKPUICTOB SIBJISIETCS IITMPO-
KMIA THTEpBaJI MarHe3uajJbHOCTHU 1 €€ HU3KUE BEeJINY-
HbI (£075,_g75) IO CPABHEHUIO C TUITMYHBIM OJIUBUHOM
M3 MAaHTUMHBIX KCEHOJMTOB ABAaYMHCKOTO BYyJIKaHa
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(Fogy_gy: Tonov et al., 2010; Kepezhinskas et al., 2022).
OLeHeHHbIE TeMIIepaTypbl CUCTEeMAaTHYECKU HITKE,
yeM TeMIlepaTypbl KpHUCTa/UIM3alliM IIpeoOdJjiamalo-
IIeil mMOoMmy/IsSIuy BKPAIUIEHHUKOB, PEIOKC-YCIOBUS
KpucTannu3auum oausku. MMerolnecs: JaHHbIC He
IO3BOJISIIOT OLIEHUTH JaBJICHUE KpUCTaIU3aluun
HU3K0-Ca OJIMBUHOB C CyIb(pUIaMU, HO, YIUTHIBAs
UX KCEHOTEHHOE ITPOUCXOXIEHUE W acCOLIMAIIUIO C
MUHEpaJlaM1 13 Je3UHTETPUPOBAHHBIX MAHTUIMHBIX
MOPOJI, MBI IIPEAIIOIaraeM BHICOKOE JaBJICHUE KPU-
CTaJUIM3alli1, BO3MOXKHO, OTBEYalolllee YCIOBUSIM
HUXHEN Kopsl (>700 MITa).

KommyectBo CaO B onMBUHE TIOHIKACTCS TIPH
YMEHBIICHUM KajJbliMs B pacIulaBe, ITOHWKEHUU
TeMITepaTyphl 1 yBeaudeHUM conepxxanusa H,O (Ha-
npumep, Libourel, 1999; Gavrilenko et al., 2016).
C1abubHOCTh CYIb(MPUIHOM (ha3bl TAKKE 3aBUCUT OT
MHOTUX (PU3UKO-XMMUUECKUX MapaMeTpoB U TIIpU
HEU3MEHHOM COCTaBe pacIllaBa pacIIupsieTCs Ipu
YMEHBIIEHUM TeMIIepaTyphl, YBEIUYEHUMN JaBJICHUS
U, BOBMOXHO, YBEJIMYEHUH KOJIMYECTBA BOIKI B pac-
mwiaBe (HanpuMmep, Li, Ripley, 2005; Liu et al., 2007;
Ariskin et al., 2013; Matjuschkin et al., 2016). Takum
oOpa3oM, accoumanusi HU3ko-Ca OJIMBUHA U CYJIb-
GUIOB MOXET TOBOPUTH O HU3KHUX TeMIlepaTypax
KPUCTAJUTA3ALIAM, YTO TTOATBEPXKAACTCS pacCUYMTaH-
HBIMM HaMU OLIECHKAMU, a TAKXKE O BEICOKOM COJEep-
kaHuu H,O B MarMe v BbICOKOM AaBJieHUU. MBI He
MOXeM MCKJII0YaTh TOTO, YTO KPUCTAILIM3ALUS IIPO-
ncxonuia n3 HU3Ko-Ca m Hu3Ko-Fe aHOe3MTOBBIX
pAacIuIaBoB, YTO TAKXKE MOIJIO CIIOCOOCTBOBATh CYJIb-
(UIHO-CUITMKATHOM HECMECUMOCTHU TP YMEPEHHOM
comepKaHUM cephbl B pacruiaBe U 6e3 HEOOXOIUMOCTHU
TUITOTETUYECKOM aCCUMUIISIIK GOTaToro cepoii MaTe-
pMaja B MarMaTu4eCcKoM KaHajie.

Cynb@uoHO-CUNUKAMHASE HECMECUMOCMb HA PAHHUX
2Manax 36040UUU 0CIMPOBOOYICHBIX MA2M

JoxyMmeHTauus CynbGUIHO-CUINKATHON HecMe-
CHMMOCTH B cJIydae 0a3aIbTOB TOpEl MenBeKbs SIBIsI-
eTcs ellle OMHUM (pakTOM B IOJIb3y TUIOTE3bI O TH-
MAYHOCTH 3TOTO IIPOIecCa B OCTPOBHLIX Iyrax W Ha
KOHTUHEHTAJIbHBIX OKpaMHaX C KOPOil KOHTUHEH-
TajbHOro TUIla (HarpuMmep, Jenner et al., 2010; Lee,
Tang, 2020). IIpryunHHO-CIeACTBEHHAS CBSI3b MEXKIY
MOIIHOCTBIO KOPHI M MHPUCYTCTBUEM CYyJIb(MUIa Ha
JIMKBUIYCE MarM sIBJISIETCSI TMCKYCCUOHHBIM BOIIPO-
coM. Haiu HOBBIe JaHHBIE MTOKA3bIBAIOT, YTO KPU-
CcTa/UIA3alysI MarM B IIPUCYTCTBUU CYJIb(uaa Ipouc-
XOAWIa MPU OTHOCUTEIILHO OKUCTIUTEbHBIX YCIOBUSIX,
U, CIIeJOBATEIbHO, PEIOKC-YCIOBUSI HE SIBIISIIOTCS B
JTaHHOM cJiydae (haKTOpOM, KOHTPOJIMPYIOIIUM CTa-
OUNBLHOCTh CcynbduaoB. bojiee BeposiITHO, TaKUMU
dakTOpaMu SIBIISIIOTCSI HU3KHME TeMIEPaTyphl KpU-
CTaJUI3allii, BHICOKOE NaBJIEHME KpUCTaIU3alun
MarMm 1, BO3MOXHO, BBICOKOE COJIepKaHKe BObI B pac-
I1aBax. PellleHue 3Toro ¢pyHIaMeHTaIbHOIO BOIIPOCa
OCTPO HYXIAETCS B JOMOJIHUTEIBHBIX JaHHBIX.
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Psan ucciaepgoBaTeseil mpearoaraiT, YTO CYilb-
dunHas (aza Ha paHHUX dTarnax 3BOJIOLUU OCTPO-
BOMYKHBIX MarM MpeacTaBlieHa MOHOCYJIb(PUIHBIM
TBepabIiM pactBopoM (MSS) (Hanpumep, Chen et al.,
2019), kpucTamnamuzanus KOTOPOro CrocooHa o0bsic-
HUTH U30MpaTeibHOEe 00eMIHeHNEe KOHTUHEHTAJIbHOM
KODHI PSIIOM XaJbKOMWIBHBIX 3JIEMEHTOB, B YaCTHO-
ctu HUu3Koe 3HaueHne Cu/Ag 1o cpaBHEHUIO C TaKO-
BbIM MaHTHU 3eMiin. CylbpUIHO-CUIMKATHAS JINK-
Ballvsl, HAIIPOTHUB, He CITOCOOHA (hpaKLIMOHUPOBAThH
Cu/Ag B ocTaTouyHOM pacriaBe (Hampumep, Li, Au-
detad, 2012). B cnyuyae 6azanbroB ToOa0a4MHCKOTO
JIoJla M TOpbl MenBexXbsi HaOIIOOAIOTCS BKITIOUCHUST
PaCKpUCTAINIM30BAaHHON CYTb(MUIHON XUIKOCTU. DTH
JaHHbIC HE OTPUIAIOT caMOii BO3MOXHOCTU HACHI-
IMeHns pactuiaBoB MSS, HO 3TO TJOKHO OBLIO ITPO-
MCXOOMTh Ha 00Jiee MO3AHUX dTanax PpakIIMOHUPO-
BaHUs MarM. OTMETUM TakKe, 4TO “CKpbITasi” Cyjb-
duIHO-cMIMKaTHAST HECMECUMOCTD B M3BEPKEHHBIX
OCTPOBOJYXKHBIX MTOPOAAX MOXET ObITh OTBETCTBEH-
HOM 3a MCTOIIEHME UX COCTAaBOB HE TOJBKO MEIbIO,
HO Y 3JIeMEHTaMMU TPYIIIHI IUIATUHBI, TIPOSBISIONI-
MU CBOMCTBA XaJbKOMMWIbHBIX 2JieMeHTOB (Nekrylov
et al., 2022).

SAKIIIOYEHUE

Ha Kamuatke oOHapyXeH elle OauH OOBEKT C CU-
CTEeMaTUYECKUM TIPUCYTCTBUEM BKIIOUCHWI CYIIb-
¢uUI0B B OJIMBHHAX — MPUMUTUBHBIC OJIMBUHOBBIC
0azayibThl ropbl MeaBexXbsl, pacoOXEHHOI B mpe-
nenax ABAaYMHCKOM TpyNmbl ByTKaHOB. B pesyibraTe
MIPOBEASHHOTO UCCJIeOBAaHMS YCTAaHOBJICHO, YTO:

1) [Topoasl UMEOT THOPUIHOE IPOUCXOXACHNE 1
Hapsiiy ¢ IpeobyafgaloiiMyu BKparjieHHUKaMH BbI-
coko-Ca onuBMHa copepxkar peakue (okono 1.5%)
KCEHOKPUCTAIIIBI HU3K0-Ca OJIMBUHA ¢ BKITIOUCHUS -
MU CYIb(MUIOB M TaKXKe BKPAIUICHHUKM IINTUHEIN
TUIIMYHO MaHTUITHOro HU3Ko-Ti cocTaBa.

2) BkparuienHuku BbICOKO-Ca OIMBMHA MUMEIOT
HOPMAaJIbHYIO 30HAJIbHOCTb U TUTTUYHBI 1JIs1 6a3ab-
ToB KamMuaTKku cocTaB 3a UCKIIIOUEHEM HEOOBbIYHOTO
ooboraneHnst MnO ot 0.20 1o 0.55 mac. % npu u3MmeHe-
HUM COCTaBa OJIMBUHA B UHTEpBase Fo5, g75. Kpu-
craym3anys mpovicxoauia mpu 1036—1241°Cu, cyns
O OTCYTCTBUIO BKpArIeHHUKOB BbICOKO-Mg# KJIMHO-
MAPOKCEHA, TIPY HU3KO0APUIECKUX YCIIOBUSIX (BEPOSIT-
Ho, meHee 500 MI1a). HeobbsiuHOE oboraiiieHre Map-
raHieM OOBsICHsIETCS MoHmxkeHHeM Fe/Mn B pac-
IUIaBe B pe3yJbTaTe B3aMMOCBSI3aHHBIX ITPOLIECCOB
OKUCJIEHMS 3KeJle3a M OOWJIbHOM KpUCTa/lIN3aliy Mar-
HETHUTA C BEICOKMM 3HadeHneM Fe/Mn.

3) BkpalleHHUKM OJIUBMHA C CYJbMUIHBIMU
BKJIIOYCHUSIMU OTJINYAIOTCSI OTCYTCTBUEM 30HAIBHO-
CTU WJIM cIa0OBBIpaKeHHOM OOpaTHOM 30HAIBHO-
CThIO, MOHMXEHHBIMU conepxkaHussMu Ca, Ni, Mn,
Cr u Al. OuleHeHHbIE TeMITepaTypbl KPUCTAIUIN3ALUN
cyiabduacogepxamux oauBuHoB — 1010—1062°C,
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penoxkc-yciaosus orBedyann AQFM = 1-2. Xapakrep
30HAJIbHOCTU U OCOOEHHOCTU COCTaBa CYJIb(PUICO-
JIepxKalluX BKpaIJICHHUKOB OJIMBUHA IIPEAIIoIaraloT
MX KPUCTAJUTM3AUIO B NIYOMHHBIX KOPOBBIX YCIIOBU-
SIX U3 HU3KOTEeMITepaTypHbIX BbICOKOBOMIHBIX U/WIU
HM13Ko-Ca Marm.

4) INonydyeHHBIE pe3yabTaThl MOATBEPKIAIOT pea-
JIMCTUYHOCTH TIPOIIeCCa HACHIIIEHUS] OKUCIEHHBIX
OCTPOBOIYXKHBIX MarM CyJIb(PUIOM Ha paHHUX CTa-
IUSIX KPUCTA/UIM3alli, HO IT0KAa3bIBAlOT PEAKOCTh
BTOTO MpoIecca U ero HeTUITUYHOCTh IS HU3K00a-
pUYECKOM CTaguy KpUCTaJIU3alUM. YCIIOBUS IPO-
TeKaHUs CyIb(OUIHO-CUITNKATHOM HECMECUMOCTU U
cocCTaB CyIb(PUIHBIX (a3 B IPUMUTUBHBIX OKUCJICH-
HBIX OCTPOBOAYKHBIX MarMax OCTalOTCS TIOXO MU3Yy-
YEHHBIMU U HYXIAIOTCSI B MPOJOIKEHUH Pa3HOCTO-
POHHUX UCCIIEIOBaHUIA.
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The origin of olivine basalts from Medvezhya Mount (Avachinsky group of volcanoes,
Kamchatka): The evidence of assimilation of sulfide-bearing cumulates

D. P. Savelyev!, N. V. Gorbach!, M. V. Portnyagin3, and V. D. Shcherbakov?

! Institute of Volcanology and Seismology FEB RAS, Petropaviovsk-Kamchatsky, Russia
2L omonosov Moscow State University, Moscow, Russia
SGEOMAR Helmholtz Centre for Ocean Research Kiel, Kiel, Germany

The role and conditions of liquid immiscibility and crystallization of sulfide phase during evolution of sub-
duction related magmas remains to be a debated topic, which bears relevance to mechanisms of porphyry
copper deposit formation and evolution of the continental crust. We studied rare volcanic rocks with inclu-
sions of magmatic sulfides in olivine — the basalts of Medvezhya Mount in the Avachinsky group of volca-
noes. The rocks belong to primitive (Mg# = 66 mol. %) middle-K island arc olivine basalts. Olivine with nor-
mal zoning predominate (~98%) among phenocrysts. The olivine compositions are typical for Kamchatka
basalts, except for an unusual trend of increase of MnO content from 0.20 to 0.55 wt. % and decrease of
Fe/Mn from 60 to 35 with change of olivine composition from Fog; g to Fo;g . Olivines of this group contain
numerous inclusions of minerals of the spinel group varying in composition from chromium spinel to mag-
nesian magnetite. Olivine phenocrysts with sulfide inclusions are characterized by the absence or weak re-
verse zoning and reduced contents of Ca, Ni, Mn, Cr, and Al. The estimated crystallization temperatures for
olivines of the prevailing type are 1036—1241°C, for sulfide-bearing olivines — 1010—1062°C. The data sug-
gest that crystallization of the main olivine population occurred under relatively shallow conditions and was
accompanied by strong oxidation of the magmas. On the contrary, the zoning and composition features of
sulfide-bearing olivine suggest its xenogenic origin and probable crystallization at conditions of deep crust
from low temperature water-rich and/or low-Ca magmas. The results obtained confirm the possibility of sat-
uration of oxidized island-arc magmas with sulfide phase at lower crustal conditions, but show that this pro-
cess is rare and not typical for low-pressure crystallization stage.

Keywords: olivine, spinel, sulfide saturation, basalt, Kamchatka
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