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Magmatic evolution of Avachinsky volcano (Kamchatka) during the Holocene
revealed from composition of tephra, their matrix glasses and melt inclusions in
minerals
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Avachinsky volcano is one of the most active volcanoes in the frontal volcanic zone of
Kamchatka. Previous studies have recognized two distinct phases in the Holocene eruptive history
of Avachinsky: 1) early phase of rare and voluminous andesitic eruptions (7.3-3.5 '*C ka BP) and 2)
later phase of frequent eruptions of basaltic andesites associated with the construction of the Young
Cone (3.5 '*C ka BP to the present) [1]. The change in the eruptive style was marked by the initial
eruption of the Young Cone ~3.5 '*C ka BP, which produced >3.6 km’ of basaltic andesite tephra
[2, 3]. In order to assess the chemical changes of Avachinsky magma, we have studied a
representative collection of 61 samples representing 40 main Holocene eruptions from the '*C-dated
composite section covering the entire history of the volcano. Here we report the results of this
study, obtained by chemical analysis of bulk tephra samples, microprobe investigation of matrix
glasses (~600 an.) and more than 500 melt inclusions in minerals.

Both matrix glasses and melt inclusions in minerals have systematically more evolved
compositions compared to their host rocks and span a large range of compositions within the fields
of the low- and middle-K island-arc series. Low- and marginally middle-K rhyolitic compositions
of glasses and inclusions predominate during the early Holocene. Relatively high-K melt inclusions
were found in minerals from six tephra samples. The compositions of matrix glasses and inclusions
change to predominantly middle-K dacitic and andesitic in the late Holocene (fig. 1). Primitive
basaltic melt inclusions occur in olivine in the 600 "*C yrs old tephra. Chemically contrasting glass
shards and melt inclusions were found in the samples of different ages and often found in the same
tephra sample. The data on matrix glasses and melt inclusions thus testify an important role of
magma mixing in the origin of Avachinsky rocks that occurred along with fractional crystallization.
Compositions of bulk tephra span a much narrower range of compositions compared to matrix
glasses and melt inclusions and represent magmas formed by effective mixing of compositionally
contrasting melts, crystallization and accumulation of phenocrysts.

The most pronounced chemical changes in the composition of bulk rocks from andesites to
basaltic andesites correlate with the beginning of the later phase of activity at 3.5 "*C ka BP. The
data on melt inclusions and matrix glasses indicate, however, arrival of relatively K-rich mafic
melts in the magma feeding system starting already at ca. 4.1 '*C ka BP (fig. 1). The catastrophic
eruption AV 3500 and the volcano changes at 3.5 '“C ka BP were thus preceded by frequent
injections of mafic K-rich magmas in the magma chamber beneath Avachinsky volcano during the
previous 500-600 '*C years.

On the basis of our new data, we propose that the Holocene evolution of Avachinsky
volcano was driven by fractional crystallization associated with periodic injections of mafic middle-
K magmas into initially low-K silicic magma reservoir, perhaps, left over after deceasing of
Kozelsky volcano, whose early Holocene products are compositionally quite similar with Avacha’s
early phase. The injections of mafic magmas and subsequent volcanic eruptions led to exhausting of
the low-K rhyolite magmas and resulted in the systematic change of magma compositions to more
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mafic and K-rich over time. The most pronounced changes in the magma composition had occurred
during period from 4.1 to 3.5 '*C ka BP.
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Figure 1. Variations of SiO; and Kss contents in matrix glasses, melt inclusions and bulk tephras of
Avachinsky volcano during the last 8 HC ka. Kss 1s K,O content normalized to 55 wt. % of Si0,.
Dashed line - the border dividing andesitic and basaltic andesites phases of volcanic activity; grey
field — time period of frequent injections of mafic K-rich magmas in the magma chamber; black
arrows — the largest Holocene eruptions of Avachinsky volcano.
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MarmaTnueckas 3B0JIIONUS ABAaYNHCKOro ByJkaHa (Kamuartka) B roJionene, BbisiBJIeHHas1 110
BAJIOBBIM COCTaBaM Te(p, COCTABAM UX MATPUYHBIX CTEKOJI M PACIIABHBIX BKJIIOYEHHH B
MHHepaJjax
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ABauMHCKUN BYJKaH SIBISETCS OJHUM U3 HamOoJee aKTHBHBIX BYJIKAHOB BYJIKAHUYECKOU
¢dponTanpHON 30HBI Kamuatku. [lpenmpimyiime wucciaemoBaHUsS IMOKa3ald, YTO B TOJIOICHOBOM
HCTOpUU ABa4MHCKOTO ByJIKaHa MO>KHO BBIICTUTH JIBE TJ1aBHBIC (Da3bl akTUBHOCTH: 1) paHHss daza
PEJIKKX, HO CHIBHBIX M3BEpXKeHHH anae3utoB (7.3-3.5 tic. ''C .H.) U 2) mo3mHss (asa 4acThix
M3BEPIKCHHI aH/Ie310a3aIbTOB, CBSI3aHHAs ¢ oOpasoBaHeM Moogoro konyca (3.5 tsic. *C mH. u
no Hactosamee Bpems) [1]. Cmena xapakrepa H3pyNTHBHOM AaKTHUBHOCTH Oblla OTMEYEHa
MHUIMAIBHEIM H3BepXkeHHeM Momomoro Kkonyca ~3.5 Thic. 'C JLH., KOTOPOE BBIHECIO Ha
IOBEPXHOCTb Gonee 3.6 KM® aHIe3n0a3ambToBOi mupokmacTukd [2, 3]. C LeNbl0 H3ydeHHs
BapHalMii XUMHYECKOTO COCTaBa aBaUYMHCKUX Marm, HaMu Oblla H3yueHa NpeacTaBUTENbHas
kosutekmus 61 obpasna tedp, npeacraBisromux 40 rIaBHBIX TOJIONEHOBBIX U3BepkeHHH. OOpa3Ilhl
ObUTH 0TOOpaHbl U3 TaTUPOBAHHOTO CBOJHOTO Pa3pe3a, OTPa)KAIOUIero BCIO UCTOPUI0 aKTHBHOCTHU
ByJnkaHa. [IpencraBieHHbIE B 3TOM pabOTe pPe3yJIbTAThI MOJIYYEHBI HA OCHOBE BAJIOBBIX XUMHUYECKUX
aHaJIM30B 00pa3IoB Tedp, MUKPO30HIOBBIX UCCIIEIOBAHUI MaTpUYHBIX cTeko (~600 aH.) u 6onee,
yeMm 500 pacriaBHBIX BKIIOYEHHUI B MUHEpaax.

MatpuyHble CTEKJIa U pacIiaBHbIE BKIIOYCHHS B MUHEpaIaX UMEIOT CUCTEeMaTU4YecKu Ooee
mudQepeHIpPOBaHHBIE COCTaBBI 110 CPABHEHHMIO C BAJIOBBIMH COCTaBaMu Mopoj. CocTaBbl CTEKOI
IIMPOKO BapbUPYIOT M OTHOCATCS K HHU3KO- U ymepeHHO-K ocTpoBomyxHbiM cepusM. Ha
MPOTSHKECHUHM PAHHETOJIOIICHOBOTO BpPEMEHU Mpeodiafany HU3KO- M IOTPaHUYHBIE C HHUMH
yMepeHHO-K pHONIHTOBbIE COCTaBbl MAaTPUYHBIX CTEKOJI U PACIUIaBHBIX BKItoueHui. PacriaBHbie
BKJIFOUEHHUSI C OTHOCUTEIHHO TIOBBIIICHHBIMH COACPXKAHUSIMH Kalldsg ObUTH OOHapy>KEHBI B
MUHepajiax mecTd o0pa3loB MHUPOKIACTUKU. B MO3AHEro01eHOBOe BpeMs COCTaBbl MATPUYHBIX
CTEKOJI M PACIUIABHBIX BKJIIOYCHH CMEHSIFOTCS MPEUMYIIECTBEHHO yMepeHHO-K manuToBBIMU U
anzesuroBbiMu (Puc. 1). B onuBuHax u3 oGpasua tedps ¢ BospactoM 600 *C 1. 6bum Haiinens!
MPUMHUTHBHBIE 0a3albTOBBIC pACIJIaBHBIC BKIIOUEHUS. XHWMHUYECKH KOHTPACTHBIC (HparMeHTHI
CTEKOJI U pacIlylaBHbIE BKIIOUYEHUS ObLTM OOHapy» eHbl B 00pa3liax pa3HbIX BO3PACTOB, HEPEIKO B
omHoMm obOpasiie Tedpsl. Takum oOpa3oM, HaHHBIE O MATPUYHBIM CTEKJIAM W PACIUIABHBIM
BKJIIOUEHHUSIM YKa3bIBalOT HA Ba)KHOCTh IPOIECCOB CMEIICHHS MarM B (OPMHPOBAHUHM MOPOJ]
ABa4YMHCKOTO BYJIKaHa, KOTOPOE IMPOUCXOAMIO COBMECTHO C (DPaKIMOHHON KpHCTaTU3AIHCH.
Banossie coctaBbl Tepp UMEIOT Oojiee Y3KUH CHEKTpP COCTaBOB, MO CPaBHEHHUIO C MAaTPUYHBIMU
CTEKJIAMH M PACIIAaBHBIMHU BKIIOYCHHSIMH. JTU COCTaBBI MPEACTABISIOT MarMbl, 00Opa30BaHHBIC B
pesynbrare 3(PQPEeKTUBHOTO CMEUICHHsS] pa3HbIX IO COCTaBaM pACIJIaBOB, KPUCTAIM3ALUU U
KyMYJISIIIUY BKPAIJICHHUKOB.

Haubonee sipko BbIpak€HHbIE HM3MEHEHHsI BaJOBBIX COCTAaBOB Tedp, OT aHAE3UTOB K
anyie3nbdaszanbTaM, COOTHOCATCS ¢ HA4aJloM Mo3/IHeH (a3bl aKTUBHOCTH ByJKaHa (3.5 ThIC. e JLH.).
OpHako, HNaHHbIE MO pACIJIaBHBIM BKIIOYEHUSM M MaTpUYHBIM CTEKJIaM YKa3bIBalOT Ha
MOCTYIIJICHUE OTHOCUTENIFHO OOOTaIleHHBIX KaJHeM OCHOBHBIX PACIUIABOB B MAarmMoIlOJIBOJSIIYIO
cucteMy yxe Ha pyGexe 4.1 teic. *C mH. (Puc. 1). Karactpoduueckoe mssepxenue AB 3500 u
pe3KHe M3MEHEHHSI B XapakTepe aKTHBHOCTH H COCTaBaX BYJIKAHHTOB 3.5 Teic. 'C JLH. GBUIM
BBI3BAHbl YaCTHIMU HHBEKLUUSMU OCHOBHBIX, Ooratbix K marM B Marmatuyeckuil odar IMoj
ABAUHHCKNM BYJIKAaHOM B TeUeHHe npeauecTByommx 500-600 *C ner.
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Ha ocHOBe HOBBIX aHHBIX, MBI TIPEIONAraeM, YTO TOJIOIEHOBAS SBOMIONMS ABaYMHCKOTO
ByJIKaHa OblIa BBI3BaHA IMpoleccaMu (HPaKIMOHHONW KPUCTAJLTU3AINN, COMPOBOKIABITHMHUCS
MEePUOANYECKUMH HMHBEKIUSAMH OCHOBHBIX yMepeHHO-K marM B wu3HadanbHO HH3KO-K
KPEMHEKHUCIIbI MarMaTu4eckuii ovar. Bo3MOXKHO, STOT odyar ObUT yHacleqoBaH ABayWHCKUM
BYJIKAHOM  TIOCJ€  3aTyXaHMs CBOEro nmpeAmiecTBeHHHMKa -  Kosembckoro — ByInkaHa,
PaHHETOJIOIICHOBBIE BYJKAHUTHI KOTOPOTO OJIM3KH IO COCTaBY CaMbIM TEPBBIM TOJIOLIEHOBBIM
TepaMm ABaYMHCKOTO ByJIKaHA. VIHBEKIIMM OCHOBHBIX MarM U MOCIEAYIONIME BYJIKAHUYECKHE
W3BEP)KCHUS MIPUBEU K UCTOIICHUIO OYara puoJIMTOBBIMU HU3KO-K pacruiaBamu u, B pe3yJibTare, K
CUCTEeMAaTUYECKUM HM3MEHEHHsIM COCTaBa MarM BO BpEeMEHH Ha Bce 0Oojee OCHOBHOU U
obOorameHHpld kKanmueM. HaumOosee sipko BBIpaKEHHBIE M3MEHEHHSI COCTaBa MarM MPOW3OLUIH B
nepuon ot 4.1 1o 3.5 ThIC. YC nn.
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Pucynox 1. Bapmauun cogepxkanuii SiO; u Kss B MaTpU4HBIX CTeKJaX, pPacIUIaBHBIX
BKITIOUCHHSIX M BATOBBIX COCTaBaX Te(p ABAaYMHCKOro ByiKaHa B mociaexuue 8 ' C Thic.1. Kss —
cogepxkanus K,O HopmanusoBanHble k 55 Bec.% SipO. IlyHKTHpHas JMHUS — TpaHMIA,
pasaensiolas paHHIO U MO3JHIOK (a3bl aKTUBHOCTH; CEPOE IOJE€ — MEPHUOJ YaCThIX MHBEKIMH
OCHOBHBIX, Ooratelx K MarM B MarmMatudyeckuid ouar; 4YepHble CTpPEJIKM — KpyHHeHIme
rOJIOLIEHOBBIE U3BEPKEHUSI ABAaUMHCKOIO BYJIKaHa.
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