RUSSIA-JAPAN-US PARTNERSHIP TO UNDERSTAND
EXPLOSIVE VOLCANISM

John Eichelberger!, Evgenii Gordeev?, and Takehiro Koyaguchi®

!Geophysical Institute, Univ. of Alaska Fairbanks, Fairbanks, AK, USA
?Inst. of Volcanology and Seismology, Petropaviovsk-Kamchatsky, Russia
JEarthquake Research Institute, University of Tokyo, Tokyo, Japan

Introduction

Arc volcanoes are inherently unstable structures, prone to sudden failure. When this occurs,
magma at shallow depth undergoes catastrophic decompression, leading to eruptions first of
exceptional violence and then of exceptional duration. Such events represent both a hazard we must
evaluate and an opportunity to understand crustal magma systems through a natural “pressure test”.

The eruption sequences of Bezymianny Volcano, Russia; Sheveluch Volcano, Russia; and
Mount St Helens, USA; initiated in 1956, 1964, and 1980 respectively, provide the opportunity to
view temporal stages in response of similar magma systems to decompression. Moreover, they
provide the opportunity to engage Russian, Japanese, and American students in internationally
collaborative research. This new project is especially timely in light of the coming 50" anniversary
of the great eruption of Bezymianny, where the phenomenon of coupled sector-collapse and blast
was first closely observed, and the unexpected renewal of eruptive activity at Mount St Helens in
October 2004.

Value of volcanic comparisons and international collaboration

Volcanoes are complex systems that seem at first look to be individually unique. Many kinds
of observations can be made of such natural systems, some of which may be “noise” and some of
which may be keys to new understanding. We are interested in what parameters control system
behavior so that useful risk assessment and eruption forecasting will be possible. If we take a global
view, we find that there are volcanoes with remarkable similarities, and that we can use these sites
as natural laboratories where we can isolate the effect of individual variables, such as crustal setting,
tectonic setting, depth to subducting slab, time, etc.

In casting a global net, we accrue another advantage: that of expanding the set of hypotheses to be
considered. Scientists exchange ideas most often with peers in their own language and country, and
most research proposals and many publications are reviewed internally within countries. This is a matter
of convenience and cost, but it sets unnecessary limits on the scope of thought. The volcanological
communities of the US, Russia, and Japan are no exception to this limitation.

We are beginning a project of detailed comparison of two volcanoes in Russia and one in the
United States that seem to be following remarkably similar paths of evolution. It draws on the
strengths of geophysical monitoring capabilities and historical geochemical data sets in Russia and
the US, and on eruption modeling capabilities in Japan and Russia. The variable we wish to isolate
is time, so that we can anticipate future activity of Mount St Helens, now in eruption. We also
anticipate that we can learn much about the initiation of explosive eruptions in general.

Methods of investigation

We emphasize use of three observational techniques in concert: seismology, geodesy, and
petrology. Much work has been done at all three volcanoes of interest, therefore our task is to
supplement existing data so that data sets are sufficient and equivalent. Locations of seismic events
reveal both the vicinity of where magma or hydrothermal fluids are moving and, because magma
itself cannot fracture except at very high strain rates, where magma is absent. Additionally,
tomographic techniques allow for 3-D imaging of physical parameters beneath the volcanoes.
Geodetic measurement of surface deformation provides a means of determining the depth of
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Fig. 1: Schematic sketch of sector collapse sequence. Cone collapses to produce a landslide.
Simultaneously, magma within the cone expands explosively in a directed blast. Once this material is
out of the way, a normal explosive eruption ensues. Following the prompt explosive response to
decompression, dome growth over many years gradually restores the pre-collapse pressure condition
within the magma column.

eruption-related inflation and deflation, as well as constraining the magma flux involved. Petrology
provides an independent line of evidence for depth of storage in terms of pressure of last
thermodynamic equilibrium. Changes in bulk composition may reflect new magma inputs with
time, perhaps triggered by the unloading event, or vertical zonation of a progressively tapped magma
column. Disequilibrium within phases can be used to determine the time between perturbation of
the system and eruptive quenching. These observations will provide critical new constraints on
system boundary conditions, through which dynamical models for explosive and effusive eruption
can be improved.

The work will be accomplished by bi- and trinational teams with an emphasis on involvement
of students and young scientists. The equal objectives of this program are significant scientific
progress and lasting international collaboration. A Partners in International Research and Education
(PIRE) grant from the US National Science Foundation supports US students and scientists in
this research as well as a substantial proportion of logistical and equipment costs in Russia.
Collaborators (besides the authors) include E. Vesna, D. Melnikov, A. Belousov, M. Belousova,
and O. Melnik of Russia and P. Izbekov, J. Freymueller, M. West, and J. Pallister of USA.
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BBenenne

BynkaHbl OCTpOBHBIX AYT MNPEACTABISIOT OO0 HeCTaOMIIbHbBIE CTPYKTYPbl, CKIOHHBIE K
oopyumeHugam. Korga nmogo0Hbie 0OpylLIeHNWs NPOUCXOAAT, MarMa, HaxoadIascd Ha MaJlou
[IyOMHE, UCTIBIThIBAET CUJIbHEHIIYIO TIeKOMIIpeCcCUIo. B pesyabTaTe 3TOro mpoucxoasaT U3BeEp-
JKEHHS BHAYajle HEBEPOSITHOM CUJIBI, 4 3aTEM — MPOJOJIKUTEAbHOCTHU. Takue COObITUS TPEACTaB-
JISIIOT BBICOKYIO OITACHOCTb 1, OMHOBPEMEHHO, TIPU MOMOILIM IMTPUPOJHOIO «TECTa HA NABJICHUE»,
Jal0T BO3MOXKHOCTb MOHSITh MarMaTU4eCKre CUCTEMbI 36MHOI KOPHI.

W3ydeHue MocieacTBUI U3BepXKeHUI ByIKaHOB be3biMsiHHbli, [IIuBenyu u CeHr-XeeHc,
npousoweamux B 1956, 1964 u 1980 rr., COOTBETCTBEHHO, TaeT BO3MOXHOCTh Ha0II0AaTh Bpe-
MEHHbIE 3Tallbl, BOSHUKAIOIIKE B pe3yJibTaTe IEKOMIIPECCUM CXOXMX MAarMaTUYECKUX CHCTEM.
bosee Toro, 3To JaeT BO3MOXHOCTh IIPUBJIEKATh CTyAeHTOB U3 Poccuu, SnoHun u AMepuku K
MEXIyHApOIHOMY COTPYIHUUYECTBY. DTOT HOBBI MPOEKT ceiiyac 0COOCHHO aKTyajleH, BO-TICPBBIX,
B CBSI3M C TOJOBIIMHON U3BEPXKEHMS ByJIKaHa Be3bIMSIHHBII, B X0Ie KOTOPOT'O yAaJlOCh BIIEPBhIC
BOJIM3KM HabJ0aaTh HEHOMEH CEKTOPHOTO OOpYIIeHUs, CONMPSXKEHHOTO ¢ HalpaBlIeHHBIM
B3PBIBOM, @ BO-BTOPbIX, B CBSI3U C HEOXKUIAHHBIM BO30OHOBIEHUEM 3PYIITUBHOM AeSITEIbHOCTH
BysikaHa CeHT-XeseHC B okTsiope 2004 r.

C2KTIVHADPOAHOT'O COTPVIHNYE BA 1 DABHCHUA BYJIKAHOJTOTHYECKHUX W 1€ TOBAHUN

BysikaHBI — 3TO CJIOXKHBIE CUCTEMBI, KaXkKIasi U3 KOTOPBIX ITO-CBOeMY YHUKaIbHA. CylliecTBYeT
MHOXECTBO BapMaHTOB HAOJIIOICHUI 32 STUMM €CTECTBEHHBIMU crcTeMaMu. OmHY HaOTIOneHUS
MOTYT OBITH OECITOJIEe3HBIMU, a IPYTHe — CyXKaT KIIOYOM K HOBBIM 3HaHUSM. MBI CTpeMUMCS
MTOHSTh, KaKKe XXe TTapaMeTphl YITPaBJISIOT MTOBEICHUEM CUCTEMBbI, YTO TTO3BOJIMT HAM HE TOJIBKO
MpeacKa3aTh U3BepKeHNWE, HO M OLICHUTD CBSI3aHHBIN ¢ 3TUM pHUCK. B MupoBom Macirabe Mbl
MOXeM OOHAPYXWUTh BYJIKAHbI, YIUBUTEIBHO CXOXME MEXIy co00ii. MBI MOXEM MCITOIb30BaTh
3TU BYJKaHBI B KaueCTBe MPUPOMHBIX JaOOpAaTOPUil, MOXKEM MCKITIOUUTh UX WHANBUIYaTbHbBIC
0COOEHHOCTH, TaKue, HalpUMep, KaK TEKTOHUYECKOEe TOJIOKEHME, TIIyOMHA MOrpyXarolencs
TUTUTBI, BPEMSI U TIp.

Co31aB BCEMUPHYIO CETh, MbI IIOJIyIMM €e1lI€ OOJIbIIIee ITPEUMYIIEeCTBO, IIOCKOJIBKY PaCIIPUM
HanpapJIEHUSI TUINOTE3, KOTOPbIE HEOOXOAMMO OOCYAUTh. YUEHbIe OOMEHUBAIOTCS OIBITOM B
npeaesax CoOOCTBEHHBIX CTPaHbl, pa3roBapuBasi Ha COOCTBEHHOM $I3bIKE, OOJbIIMHCTBO UCCE-
JTOBaHUI 1 ITyOJIMKALIMIA HE BBIXOMST 3a MPEAEIbl MX CTpaH — TaK MPOLLE, U 3TO TPeOyeT MEHbIINX
3arpar. OgHaKo MOJOOHBINM MOAXOM IPEISITCTBYeT OOMEHY HayYHBIMHM JOCTIDKEHUSIMU. DTO B
paBHOI CTEIIEHM 3aTparuBaeT M ByJKaHoJorndeckue coobiectsa Poccun, CIHA n Anonun.

Mpbl HauMHaeM HOBBIM MPOEKT IO MOAPOOHOMY CpaBHEHUIO ABYX ByJkaHOB Poccum u
ByJsikaHa B CIIIA, KoTopbie, TOX0Xe, pa3BUBAIOTCS YAMBUTEIBHO CXOXUM 00pa3oM. OH BKIIOYAET
B ce0s BCE BO3MOXHOCTU Teo(U3UUYeCKOr0 MOHUTOPUHTA U MCTOPUUYECKHE TE€OXNUMUUYECKHUE
nanHbie B Poccum u CIIA, a Tak:ke BO3MOXHOCTU 3pYINITUBHOTO MOJAEIMPOBaHMS B SITOHUU 1
Poccuu. BpeMst — 310 Ta 0COOGEHHOCTD, KOTOPYIO Mbl XOTHUM BbIAEIUTD, YTO TTO3BOJIUT HAM TTpe-
yraabiBaTh B OyayllieM aKTUBHOCTb ByJikaHa CeHT-XeJleHC, KOTOPhII M3BEpraeTcs B JaHHbINH MO-
MeHT. MBI TaK>Ke HaJleeMcsl B TIOJTHOM Mepe U3YUYMUTh 3apOKACHUE U BECh ITPOLIECC IKCITJIO3UBHOTO
M3BEPXKEHMUSI.



MeToapl uCCIeT0BAHUS

Mpul ipuaaémM ocoboe 3HaUEHUE TPEM B3aMMOCBSI3aHHBIM BUAaM HaOJIOAEHUS: CEMCMO-
JIOTAU, TEONIE3UN U TETPOJIOTUU. YK€ mpojenaHa 6oyblas padbora B OTHOLICHUN TPEX WUHTE-
peCyoIX HAC BYJIKAHOB, MOSTOMY HallleH 3amavyeid SBJISETCS JOTOJHUTH CYIIECTBYIOIINE JaH-
HBIE, YTOOBI BECh OOBEM NAaHHBIX OBLT MCUEPITHIBAIOIINM M PABHOLIEHHBIM. MeCTOTIOIOXEHNE
CeMCMUYECKOTO COOBITHS YKa3bIBAET OMHOBPEMEHHO Ha 00JTACTU ABUXKEHUS MarMbl WX TUIPO-
TepMaJIbHBIX (DIIOMI0B, a TakKe Ha 00J1acTu OTCYTCTBUS MarMbl. [lomMmuMo 3TOTO, CyllleCTBYET
MeToJ ToMorpaduy, KOTOPbIi TTO3BOJISIET CO3AaBaTh TPEXMEPHbBIC KAPTUHbBI (PM3UYECKUX Tapa-
METPOB MoJ ByJiKaHaMu. ['eofe3nueckre u3amMepeHus: MOBEPXHOCTHBIX AehopMalliii TTO3BOJISIOT
OIPENENIATh IIYOMHY OIYCKaHWI WM BO3IBIMAHUM BYJKAHUYECKOU MOCTPOMKHU, CBI3aHHBIX C
M3BEPXKEHUEM; 4 TAKXKE CBSI3b C JABJICHUEM MarMaTU4YeCKOro IoToka. [leTposorust mpenocTapiseT
HE3aBUCUMBIE CBUIETEIBCTBA O TIyOMHAX OYaroB UCXOMI U3 NABJIECHWUI MPU MOCIEAHEM TEPMO-
JTUHAMUYECKOM PaBHOBECUM CUCTEMHEI.

N3meHeHMsT XMMMYECKOTO COCTaBa MOTYT OTpaxkaTh MOCTYIIJIEHME HOBOW MarMbl CO Bpe-
MEHEM, BEPOSITHO CITPOBOLIMPOBAHHOE, CHITHEM Harpy3ku, JM00 MOCTYILUIEHEeM HOBOM MarmMbl
M3 MarMaTuieckoi kosoHHbl. HepaBHOBeCHOCTh (a3 MOXHO MCMOJIB30BATh ISl ONPeaeIeHUS
BPEMEHM MEXIy BO3MYILIEHUEM CUCTEMBI 1 €€ CTabMiIu3anueit B Xo[e U3BepKeHUs1. DTU HabII0-
JIeHYS JaayT HOBYIO MH(GOPMAIIMIO O TPAHUYHBIX YCIOBUSIX TaHHOM CUCTEMbI, B pE3yJIbTaTe YEro
JIUHAMUWYECKME MOJEIMN 3KCIUIO3UBHBIX U 3(P(Py3UBHBIX M3BEPKEHUI MOJydaT HajbHeEMIIee
pa3BuUTHE.

PaboTty OymyT IIpoBOAUTE TPYIIIBI, C(POPMUPOBAHHBIC M3 IPEACTABUTENCH ABYX MM TPEX
crpaH. Ocoboe BHUMaHUE OyIeT yAeJeHO IPUBICUYCHHUIO K YIACTUIO CTYIEHTOB M MOJIOIBIX
YIEHBIX-CIICIMAINCTOB. Llenn manHO# mporpaMMbl — OOCTMKEHHE 3HAYMTEIBHBIX YCIIEXOB B
Pa3BUTUU HAYKM U CO3IaHNE TOJTOCPOYHOTO MEXKAYHAPOTHOTO coTpymHmdecTBa. I'panT «Cort-
PYIHUYECTBO B MEXKAYHAPOIHBIX McciienoBaHusIx u oopazoBaHum» (PIRE), momyyennsrit ot US
NSF, cnoHCcupyeT KaK y4€HBIX U CTYIEHTOB C aMEPUKAHCKOM CTOPOHEI, TaK, B paBHOI CTEIICHMU,
u co ctopoHHEl Poccun. CoTpymHMKaMM JaHHOTO IIPOeKTa, cpeau npouunx, saeistorcsa E. BecHa,
. MenbsauxkoB, A. beiaoycos, M. benoycoBa, O. MenbHUK ¢ poccuiickoii cTopoHHI 1 I1. 136eKoB,
Ix. ®peitmyennep, M. Yact u JIx. [lannuctep ¢ aMepuKaHCKOM CTOPOHBI.
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