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Recent eruption of Unzen Volcano in 1991-1995 has caught attention of scientists all

over the world because of disastrous character of previous one in 1792. Intrusion of andesitic
magma to the chamber with rhyolitic magma is proposed as a trigger for this eruption.
Parameters of two end-member magmas has been estimated several times, but usually
estimations are based on phenocrysts assemblages. Origin of these phenocrysts is unclear:
usually only mineral composition and reaction rims are used to prove their source. So it is
possible to propose another explanation of phenocrysts formation instead of magma mixing.

In our work we selected several mafic enclaves from 1995 lava dome and proved a

magma mixing origin only by petrographic features. Our arguments are:

Smooth edges of enclaves have “chilled margins” structures. Major axis of microlithes in
margin is usually between 0.4-0.9 from the size of the major axis of microlithes inside
enclave, which is a general feature for quenching process. An X-Ray microtomography has
been applied to estimate it (Skyscan 1172).
“Chilled margin” near cusps (angular in form edges) is absent. It can be interpreted as a
result of enclave fragmentation process after quenching and host magma heating.
In some places chilled margin is found broken and host rock groundmass with small
phenocrysts can be found in cracks. According to these observations, chilled magrin’s
microlithes formed after the enclave formation and before crack formation. It give us direct
prove for magma-in-magma heterogeniety.
Large plagioclase phenocrysts can be observed in enclaves. They are the same to
phenocrysts from host rock, so they could be rapidly captured from it before quenching.
In addition, such features as opacitization of hornblend and biotite in host rock, pyroxene
rims around quartz phenocrysts, as well as two glasses inside mafic enclaves also can be
used to estimate magma mixing exent. Absence of quartz microlithes is another argument
for this theory.

Therefore it is possible to use these mafic enclaves instead of phenocrysts for estimation

of thermodynamic parameters. Also it confirms the possibility of capturing of the phenocrysts
from intruded magma.

Previous investigations provided us with the following thermodynamic conditions:
For host rhyolitic magma: 100+300MPa, 775+8750C, 4+1 wt. % H,0, fo, = NNO [Holtz
et al., 2005]; 790+200C, 160 MPa [Venezky, Rutherford, 1999]; 770L1C, 300-400 MPa,
7+8 wt. % H,0 [Cichy et al., 2009].
For intruded andesitic magma: 1050+£750C, up to 8 wt. % HO [Holtz et al., 2005];
1030+11300C [Venezky, Rutherford, 1999]; 10500JC [Cichy et al., 2009].
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e For magma after mixing: 870+900LIC, 6+1 wt. % H,O [Holtz et al., 2005]; 850+-930LIC
[Venezky, Rutherford, 19991, 9300C [Cichy et al., 2009].

Our thermometry data (two pyroxenes, hornblende and plagioclase, oxides) gave
750+8500JC for host magma, 1050+11000LC for intruded one and 850+9500L1C for magma after
mixing.

This data provided the possibility to calculate the volume per cent of intruded magma in a
part of magmatic chamber, that was involved both to the magma mixing and extrusive processes.
Our estimation is 16 vol.%.

Maximum observed size of the enclaves is 20 cm. We assume, that thermal equillibration
time was not exceeded 32 hours [Plechov et al., 2008]. That means, that chilled magrins formed
quickly enough to prevent any effective assimilition of enclaves and this fact can be used to
estimate mafic end member of the mixing process.

The presence of altered phenocrysts could be a result of principally another mechanism of
intruding. We suppose, that the first portion of andesitic magma formed enclaves and only heated
magmatic chamber, while the further magma could be efficiently mixed with the host one before
crystallisation.
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HenaBuee uzBepkenue BysikaHa YH3eH B 1991-1995 rr. [IpuBnekio BHUMaHHE YUEHBIX
BCErO MHpa BCJEACTBUE KaTacTpO(UUYECKUX TIOCJIEJCTBHM, BBI3BAHHBIX MPEAbLAYIINM
u3BepkeHreM B 1792 r. B kavecTBe NpUUYWHBI HM3BEPKCHHS TNPEANONIAracTCs BHEIPCHHUE B
KHUCIIBI BYJIKAHWYECKHI OdYar TOPIUH aHJE3UTOBOW Marmbl. PaboThl TO yCTaHOBJICHHUIO
TEPMOAMHAMUYECKHX MMapaMeTPOB KOHEUHBIX WICHOB CMEIICHHs OBUIH CJIIEIaHbl HECKOJIBKO Pa3,
HO OOBIYHO OHM OCHOBaHbI HAa W3YyYEHUHU TIIOMEPONOP(PHUPOBBIX CPOCTKOB U (HDEHOKPHCTOB.
VIcTOYHHMK STHX BKPAIUICHHHKOB HEOJHO3HAUYEH, TaK KaK OOBIYHO JIOKA3aTENIbCTBO Oa3zupyeTcs
UCKJIIOYUTEIHPHO HA MUHEPATbHOM COCTaBE M PEaKIMOHHBIX KaiMax. OmHako asi oOBsCHEHHS
UX TPOUCXOXKICHHUS MOXKHO TPEANOIOKHTh M HHYIO TI0 CPaBHEHHIO CO CMEIIEHHEM Marm
MOJIeb.

B mameit paGoTe MbI BBIOpaNiM HECKOJBKO TEMHOIIBETHBIX BKIIIOUCHHU (QHKIJIABOB) W3
3KCTpy3UBHOTO Kymnoia 1995 roga m nokazanu MX NPOUCXOXKACHUE B PE3yJbTaTe CMEUICHUS
Marm, UCMoJjb3ysl TOJIBKO NeTporpaduyeckue KpUTepuu. ITUMH KPUTEPUSIMU SBIISIOTCS:

e Ckpyri€HHBIE TpaHMIBI BKIIOYEHHH HMEIOT CTPYKTYphl 3akanounoro tuma (“‘chilled
margins”). J{nMHHAs OCb MHKpPOJUTOB B KaiiMe 0ObIYHO cocTaBisieT okoio 0.4-0.9 ot
pa3Mepa COOTBETCTBYIOUIEH OCH MHUKPOJIUTOB BHYTPH BKJIIOYEHHS. OTO OBLIO
MOJITBEPKIACHO PEHTICHOBCKOM Mukpotomorpadueit (Skyscan 1172).

e BOiu3u yrioBaThIX T'paHUI] BKIIOUYEHUH TPAHUIBI 3aKaJIOYHOTO THMA OTCYTCTBYIOT. DTO
MOJKET OBITh MHTEPIPETHPOBAHO KaK pe3yJIbTaT (pparMeHTAllMd BHEAPUBIICHCS MarMbl
M0CJIe 3aKaJIKH U MPOrpeBa BMEIIAOLIEH MarMbl.

e B HEKOTOpBIX MecTax 3akajoyHas KaiiMa pa3OuTa TPEUIMHAMHU, B KOTOPBIC MPOHHUKACT
BEIIECTBO (pacruiaB U MUKPOJIHUTHI) BMEIIAIONIeH Marmbl. [109TOMy 3akajo4yHble KalMbI
00pa3oBaiuCh mociie 00pa3oBaHUs BKIIOUEHUHN U 10 00pa30BaHUs TPEUIUH. JTO SBISETCA
MPSIMBIM JI0KA3aTeIbCTBOM HAJIMUUs TTI00YJT OJJTHOW MarMel B IPyToi.

e Hanuune BO BKIIFOUEHHSIX KPYIHBIX BKPAIJICHHUKOB IJIATMOKIa3a, aHAJOTHYHBIX TAKOBBIM
BO BMEIIAIOIINX ITOPOJaX, MOKET OBITh OOBSICHEHO UX 3aXBaTOM J0 3aKaJIKH aHJIaBOB.

e Takue O0COOCHHOCTH, KaK OIAIUTH3AIMS POTOBOW OOMaHKHM W OMOTHTA, MHPOKCCHOBHIC
KaliMbl BOKPYT KBaplia, J[Ba CTECKJIa BHYTPH TEMHOIIBETHBIX BKJIFOUEHHH TaKKe€ MOTYT
CBUJETEIHCTBOBATh B TMOJB3y CMeElIeHuss MarM. [IpucyTcTBuMe KBapua TOJIBKO B
(beHOKpHUCTaX TaK)Ke CBUACTEIBCTBYET B MOJIb3Y JAHHOTO MPEATIOI0KEHUS.

Takum 00pazom, 3TU BKIFOYEHHS MOTYT OBITh HCIIOJIb30BaHBI BMECTO (DEHOKPHCTOB /ISt
YCTaHOBJIEHHS TEPMOJAMHAMHYECKMX mapaMeTpoB. CremayeT OTMETHTb, 4YTO IPOBENEHHOE
JI0Ka3aTeNbCTBO MOATBEPKIAeT BOZMOKHOCTD 3aXBaTa (PEHOKPHCTOB M3 BHEIPUBILEHCS MarMsl.

B nmpenplnymux ucciieoBaHUAX MOIYYEHBI CIEAYIOIINE 3HAUYEHUS TEPMOJUHAMUYECKUX
[IapaMeTPOB:
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e Jlns Bmemaromield puonutoBoit Marmel: 100-300MPa, 775+8750C, 4+1 wt. % H,0, fo, =
NNO [Holtz et al., 2005]; 790+200C, 160 MPa [Venezky, Rutherford, 1999]; 7700IC,
300-400 MPa, 7+8 wt. % H,O [Cichy et al., 2009].

e Jlns BHeapuBIIelcs anae3utoBoit marmbl: 1050+750C, up to 8 wt. % H,O [Holtz et al.,
2005]; 1030+11300C [Venezky, Rutherford, 1999]; 1050C1C [Cichy et al., 2009].

e Jlna marmel mocne cmemenus: 870-9000JC, 6+1 wt. % H,O [Holtz et al., 2005];
850+930LIC [Venezky, Rutherford, 1999], 930L1C [Cichy et al., 2009].

Hamm nanHbIe O TEpMOMETPHUH ClEAYIOUIHE (10 IBYM MUPOKCEHaM, POTOBOM 0OMaHKe U
iaruoknasy, okcugam): 750+850UC mns marmel owara ao cmemenus, 1050+11000JC s
BHempuBIIeics u 850--9500JC a1 MarmMsel 1ociie CMEIIeHUSI.

OTU NaHHBIE MO3BOJISIIOT PACCYUTATh OOBEMHYIO JIOJII0O BHEAPUBIICHCS MarMbl B 4acTH
MarmMaTU4ecKoro oyara, HelmocpeJACTBEHHO BOBJICUEHHOM U B IPOIIECCHI CMELIEHHs, U SKCTPY3HH
Ha noBepxHocTu. Hama onenka - 16 00.%.

MaxkcumanbHbIi HaOmonaeMblid pa3mep BkItoueHuid — 20 cm. Bpemsi TemmepatypHOro
ypaBHoBemmBanus (1o [Plechov et al., 2008]) He mpeBbimano 32 4yacoB. DTO 03HAYaET, YTO
3aKaJlOuHbIe KalkMbl (POPMHUPOBAIUCH TIOCTATOYHO OBICTPO JJISl MPEAOTBPALICHHS 3HAUNTEIBHOM
ACCUMMJISIIUM  BEIIECTBA AaHKIABOB. OJTO O03HAYaeT, YTO OHHM TMOAXOIAT Ui H3YUYCHHS
BHEJIPUBIICHCS Marmel.

Hannume u3MeHEHHBIX  (EHOKPUCTOB  SABISIETCS, CKOpee BCEro, CIleACTBUEM
NPUHLIUIHAIBHO JAPYroro pexuma BHEApPeHHs. Mbl mpeanojaraeM, 4YTO MepBas MOPIHA
aH/IE3UTOBOM MarMbl 00pa3oBalia aHKJIABBI U MPOTPEa MarMaTHYECKyI0 KaMepy, B TO BpeMsI Kak
MOCJIEAYIONIME TIOPIMH MarMbl MOTJIH ObITh 3()()EKTUBHO aCCUMHIIMPOBAHBI BEIIECTBOM Ovara
JI0 KpUCTAJUTH3AIIHH.
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