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INTRODUCTION

T.G. Churikova, tchurikova@mail.ry National Geophysical Committee, Russian Academy of
Sciences, Moscow, Russia. Institute of Volcanotogl Seismology, Far East Division, Russian
Academy of Sciences, Petropavlovsk-KamchatskyjaRuss

This report submitted to the International Assacrabf Volcanology and Chemistry of
the Earth’s Interior (IAVCEI) of the Internationélnion of Geodesy and Geophysics (IUGG)
contains results obtained by Russian volcanologistsgeochemists in 2011-2014. In the report
prepared for the XXVI General Assembly of IUGG (fua, Czech Republic, 22 June - 2 July
2015), the results are briefly outlined of basisearch in volcanology, geochemistry, isotopic
systematics, geodynamics, geothermy, as well asrire other disciplines.

The period from 2011 to 2014 was still difficult rfdRussian volcanologists and
geochemists. Owing to economic reasons scientiiear in Russia is still believed to be lacking
in prestige. Thus recruiting younger scientists fiandamental research in volcanologists and
geochemists actually failed. Economic difficultieere redoubled by difficulties arising from
reorganizing the Russian Academy of Sciences, Russtience and the educational system of
Russia initiated by the leaders of the country. film@ber of Russian scientists in governing bodies
of IUGG, IAVCEI, IASPEI, and their commissions igateasing. In spite of the difficulties,
Russian scientists participated in practicallycahferences of the International Association of
Volcanology and Chemistry of the Earth’s InteridA{CEI), in the General Assemblies,
international projects and international centers.

Even in such difficult conditions high scientifiofential, great experience in research and
the traditions of Russian volcanologists and geousis allowed obtaining a number of
fundamentally important new results in the periodier review. Many of them are presented in
the following sections of this report.

One of the most pronounced events in Russian vology during reviewing period was
the IVS 50th anniversary Fissure Tolbachik Erup{iefiE-50) in 2012-13, named in honoradfth
anniversary of the Institute of Volcanology andsBedlogy of the Far East Division of Russian
Academy of Sciences. At the present time the spé&sae of JVGR on 2012-13 Tolbachik
eruption is in preparation. The most valuable angdartant results on this eruption available to
present time are presented in this report.

In the reviewed period several volcanoes of theilg&dtamchatka arc were erupted.
Volcanoes Shiveluch, Klyuchevskoy, Bezymianny, Kasky are erupting regularly and these
volcanoes were erupting during 2011-2014 with guescy several times per year. Additionally
during this time were erupted several volcanoekviwere not active during several decades.
This is such volcanoes as Kizimen volcano (laseatic eruption was in 1928-29; there is no any
deposits after this eruption) which was erupted f@imof December 2010 to 9th of December
2013, Zhupanovsky volcano (last eruption was in6t9%) started erupting from 24th of October
2013 and continue up to now, and Tolbachik fisgutgtion FTE-50 (last eruption was in 1975-
76) was continue from 27th November 2012 to Sepé&r2013. We also include in present report
new data on the Koryaksky volcano which was eruftesh December 2008 to the beginning
2010 (the previous eruption was in December 198#arch 57 and last volumetriava flows
occur 3-3.5 Ka).

The present report includes five chapters that rdesdhe achievements of Russian
scientists. Three of them have regional charactdrpgesent the results by regions — Kamchatka
Peninsula, Kurile arc and investigations that wkyee outside Russia. Additionally two chapters
present the results on mineral deposits connectealtanic processes and general theoretical
guestions in volcanology. Inside these chaptersowghly split all results by subjects on Geology,
Geochemistry, Geophysics and Geochronology. Eacth@fsections has a list of the most
interesting and important scientific papers publishe 2011-2014 including publications

8



prepared in cooperation of Russian scientists ard tolleagues from other countries. Many
presentations also accompanied by figures that sarimenthe main results of investigations.

For a number of reasons not all results obtaineRigsian scientists on the problems of
volcanologists and geochemists of the Earth’s iotén 2011-2014 are included in this report. At
the same time it is hoped that authors may pretbese results at symposia of IUGG XXVI
General Assembly and at future IAVCEI meetings.



1. VOLCANOLOGICAL AND GEOCHEMICAL STUDIES IN
KAMCHATKA AREA

1.1. Klyuchevskaya Group of Volcanoes and Central
Kamchatka Depression

T.G. Churikova, tchurikova@mail.ryNational Geophysical Committee, Russian Academy of
Sciences, Moscow, Russia. Institute of Volcanotogly Seismology, Far East Division, Russian
Academy of Sciences, Petropavlovsk-KamchatskyiaRuss

The Klyuchevskaya Group of Volcanoes (KGV, Fig..1)Ihas been the foremost object
of volcanological research in Russia since theyeB®B0s. The beginnings of these researches
were associated with the names of such outstarstiegtists as academicians F.Yu. Levinson-
Lessing, A.N. Zavaritsky, V.l. Vlodavets, corresdorg member of the USSR Academy of
Sciences B.I. Piip, S.I. Naboko, and others. Sévetaanological expeditions worked in the KGV
during the period from 1931 to 1935; the KamchatYa@canological Station of the USSR
Academy of Sciences was inaugurated in the villag&Klyuchi near the northern foot of
Klyuchevskoy Volcano on September 1, 1935. Thei@tahas been conducting continuous
valuable observations of the KGV volcanoes sincettimee. This research has expanded since the
Laboratory of Volcanology of the USSR Academy afEfces with its Kamchatka Volcanological
Station were set up in 1945-1962 and afterwardesstally continued in the 1960s after the
Institute of Volcanology of the Siberian Branch {|SB the USSR Academy of Sciences was set
up in the city of Petropaviovsk-Kamchatsky. By tlegent time the study of the KGV volcanoes
has been conducted for nearly 80 years. Fundamscitattific results have emerged from the
comprehensive study of major eruptions. These dethe paroxysmal summit eruption of 1944—
1945 on Klyuchevskoy, the disastrous eruption ainected explosion of the andesitic volcano
Bezymianny in 1955-1956, and the Great Tolbaclskuiie Eruption GTFE of 1975-1976, which
is the greatest basaltic eruption to have occurrémchatka during historical time.

Fig. 1.1.1. Klyuchevskaya Group of Volcanoes (vigam the West): from left to right are volcanoes:
Ploskie Sopky (Krestovsky and Ushkovsky), Klyuch@ysand Kamen. (Photo by B. Gordeychik and
T. Churikova).
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The most intense Holocene activity in Kamchatk#&isnd in KGV (Fig. 1.1.1) of the
Central Kamchatka Depression with Klyuchevskoy &ate (4750 m) being the most productive
arc volcano in the world (63xiQons magmalyear). Additionally it was shown presigu
(Kersting and Arculus, 1995; Tsvetkov et al., 1988rner et al., 1998), that the amount of the
sedimentary component is limited, offering the cleatwinvestigate a relatively simple system.
All these advantages make the Klyuchevskaya Groembthe best volcanic laboratories not only
for Russian scientist, but also for one of the be&tanic places in the world.

In this section we will consider the investigatiodene by Russian volcanologists,
geochemists and geophysists in the area of Klywsiaga Group.

1.1.1.Fissure Tolbachik Eruption (FTE-50) in 2012-13
1.1.1.1. The eruption history and the first eruption parameters

Gordeev E.l., gordeev@kscnet.ruMurav’ev Ya.D., murjd@kscnet.ry Samoilenko S.B.,
Volynets A.O., a.volynets@gmail.com Mel'nikov D.V., dvm@kscnet.ry Dvigalo V.N.,
dvig@kscnet.ry Demianchuk Yu., demyanchuk.yu@yandex,r8elousov A., Belousova M.,
belousov@mail.ruChirkov S.A., Melekestsev 1.V.Institute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Pettopsk-Kamchatsky, Russia

Senyukov S,ssl@emsd.ruKamchatka Branch of Geophysical Surveys RAS opatovsk-
Kamchatsky, 683006, Russia

Edwards B., edwardsb@dickinson.edDepartment of Earth Sciences, Dickinson College,
Carlisle, Pennsylvania 17013, USA

Izbekov P.E.,pavelizbekov@gmail.coprGeophysical Institute, University of Alaska, fanks,
AK 99775, USA

The eruption occurred within the Tolbachik regiomahe of cinder cones approximately
900 kntin size and 70 km long. The centers of the predagteruption are located to the north
and closer to Plosky Tolbachik Volcano as compavétl the centers of the Great Tolbachik
Fissure eruption (Fig. 1.1.1.1.1).

Z Igor Menyailov 208/2314

center ’2239

Eruption cone formed in 1941

1
160° E 165°
Vodopadnoe
lava field

Sof’ya Naboko
center

Leningradskoe
lava field

Fig. 1.1.1.1.1. Schematic location of the latespdon and centers and map of lava flows for Deamb
13, 2012.
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At 17 h 15 min local time (5 h 15 min UTC) on Noveen 27, 2012, lava started erupting
from the submeridional fault formed south of TolbikcVolcano. The fault zone extended for
approximately 6 km between altitudes of 2200 an@aDlm. On November 28, lava flowing from
two centers was accompanied by ash ejections watdistribution in the NNE direction for a
distance of approximately 100 km. The period of dlaber 29-30 was marked by moderate
explosions, lava eruption from the upper eruptemeter, intense lava flowing, and rapid movement
of lava flows in the lower part of the fault. On d@enber 1, activity in the upper center ceased.
The length and area of the lava flow that eruptethfthe upper center amounted to 9 km and 5.6
km?, respectively. From the beginning of December,ahgtion became localized in the lower
part of the fracture accompanied by an outflowigfiid Hawaiian-type lava from the fissure
approximately 1 km long at altitudes of 1500-16Q0 m

The lavas form variably shaped corded pahoeho@i#lod structures to form a system of
lava channels. The maximal measured temperatutieeainelt was approximately 1100°C. The
calculated in the field density of lavas with temgtares of 1100°C and water contents ranging
from 0 to 1 wt % that erupted on the first daytaf event varied from 2.65 to 2.58 gfcidensities
of 2.7 to 2.63 g /cicharacterized lavas with the same parameters fhemower part of the
fissure. The effective viscosity was 104 and 1.6-31F Pa at the beginning of eruption and in
January 2013, respectively.

Lava flowing and effusion started at 20h on Novembg, 2012, few hours after the
eruption started. The eruption was preceded byaarswf low-magnitude earthquakes (maximal
M = 2.25) that occurred at shallow depths (appratety 5 km) 15 hours prior to eruption.

Its initial stage characterized by the intense lowtfof moderately viscous lavas, which
formed two spacious fields named Vodopadnoe andngesdskoe (Fig. 1.1.1.1.1). The table
presents the data on these fields.

Parameters of lava flows according to aerosurveying data of
December 13, 2012

Parameter Vodopadnoe | Leningradskoe
Area, km? 5.654 17.035
Volume, km? 0.027 0.208
Average thickness, m 4.8 192

The eruption was accompanied by the formationmdei cones near both centers, with an
integral volume of 0.008 kfrestimated for December 13, 2012.

A peculiar feature of the latest eruption is itsisive mode with the volumetric coefficient
of explosiveness (ratio between ash and lava vadlilmeing equal only to approximately 3%. Ash
ejections were observed at the initial stage ofathption, when the upper center was in action.
They accompanied extension of fissures and lavasion into dead ice and permafrost on the
southern slope of the Plosky Tolbachik Volcano. Ass documented approximately 100 km
away from the eruption, the rate of ash depos#imounted to 500 g/n

The eruption started with the outflow of high-K @mous trachybasaltic andesites (Fig.
1.1.1.1.2). The lavas of the initial stage diffesrh the varieties that previously erupted in the
Tolbachik regional zone primarily in the high silicontent. Later, at the beginning of December,
the erupted products became more mafic. The Sddtent decreased by 2%. Eruption of such
rocks was in progress during the entire subseqoemndd until the end of January. Lavas that
erupted since mid-December exhibit larger plageelghenocrysts, some of which are up to 1 cm
across and 1-2 mm thick, and the occurrence ofr@ierystals (approximately 1 mm across) is
also larger as compared with their counterpartdder lavas.
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This approximation done on the volumes of lavadfetstimated for November 29, 2012,
and December 13, 2012, from aerophotographs aedliteaimages obtained on March 6, 2013
(data of the EO-1 NASA satellite) yields the foliog values: the maximal volume of erupted
material B = 0.38 krf) the maximal discharge at the initial stage ofehaption W = 250 #is,
and duration of the eruption 140 days. The realmaagdischarge at the beginning of eruption
(according to aero surveying on November 29, 208@)eeds 400 fs. Such a significant
difference between the calculated and real disehaeadpes is explained by eruption at the initial
stage along the entire fissure 4-5 km long, whetieasapproximation formula is valid for the
channel with a constant section.

The emission of sulfur dioxide (S©oduring the first days of eruption (November 27-28)
was 5 x 104 t. The cloud containing this gas mowethe northwesterly direction under the
influence of meteorological factors and on Novenffrit was located above the southern coast
of the East Siberian Sea being 190 008 knsize.

The Scientific Council of the Institute of Volcaongly and Seismology (Far East Branch,
Russian Academy of Sciences) came to a decisioante the eruption under consideration the
Tolbachik fissure eruption of the 50th AnniversafyVS (TFE-50); the upper and lower eruption
centers are named in honor of Igor Menyailov antly&dNaboko, respectively.
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1.1.1.2. Propagation style controls lava-snow interactions

Edwards B., edwardsb@dickinson.ediDepartment of Earth Sciences, Dickinson College,
Carlisle, Pennsylvania 17013, USA

Belousov A., Belousova M.pelousov@mail.rulnstitute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Petfopsk-Kamchatsky, Russia

Unique field observations of interactions betweeavwgpack and advancing basaltic lava
flows during the 2012-13 eruption at Tolbachik amlo were presented. Our observations show
that lava—snow heat transfer is slow, and thatestydf lava propagation control snowpack
responses. ‘A’a and sheet lava flows advance olleng caterpillar-track motion on top of the
rigid, snowpack substrate with minor lava—snowriaté&on. In contrast, pahoehoe lava propagates
by inflation of lobes beneath/inside the snowpgekducing rigorous lava—snow interaction via
meltwater percolation down into the incandescevd lzausing production of voluminous steam,
rapid surface cooling and thermal shock fragmemnatirhe textures produced by pahoehoe—
snowpack interactions are distinctive and, wheseoled at other sites, can be used to infer syn-
eruption seasonality and climatic conditions (Fig4.1.2.1 and 1.1.1.2.2).
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1.1.1.3. Monitoring of the volcanic rock compositions during the 2012-2013
FTE

Volynets A.O., a.volynets@gmail.cominstitute of Volcanology and Seismology, Far East
Division, Russian Academy of Sciences, Petropakdesnchatsky, Russia. GZG, Abteilung
Geochemie, Universitat Gottingen, Goldschmidtsealss37077 Gottingen, Germany
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belousov@mail.ry Chirkov S.A., Gordeev E.l.., Muraviev Ya.D., Demanchuk Yu.V.,
Samoilenko S. B., Dvigalo, V. N.Melekestsev 1.V.,Institute of Volcanology and Seismology,
Far East Division, Russian Academy of Sciencesppatlovsk-Kamchatsky, Russia
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Kamchatsky, 683006, Russia

Yakushev A., antemp@inbox.ru Griboedova |., irinagriboedova@ramlbler.rulnstitute of
Geology of Ore Deposits, Petrography, Mineralogyd a@eochemistry RAS, Staromonetnyi
pereulok 35, Moscow 119017, Russia

Edwards B., edwardsb@dickinson.edDepartment of Earth Sciences, Dickinson College,
Carlisle, PA, 17013, USA

Izbekov P.E.pavelizbekov@gmail.conGeophysical Institute, University of Alaska, Fanks,
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Tolstykh M., Vernadsky Institute of Geochemistry and Analyti@la¢mistry RAS, Russia

Tolbachinsky Dol (TD) is the southern part of thegest zone of monogenetic volcanism
in Kamchatka, which is superimposed on the Klyuskey group of composite volcanoes at the
northern end of the Kamchatka volcanic arc (Fif).113.1). At its northern end, TD intersects the
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edifice of the Upper Pleistocene Plosky Tolbachratevolcano. TD has formed by numerous
eruptions of high-alumina, sub-alkaline basalt badaltic andesite throughout the Holocene, and
since 2 ka also by high-Mg, medium-K basalt. Thestwmecent prior activity took place here in
1975-76, in an eruption that is known as the GFassure Tolbachik Eruption (GFTE). The
extensive research on the GFTE produced a serjgagpefrs and a monograph on the volcanology
and petrology of the eruption (GFTE..., 1984; Fedabal., 1991; Volynets et al., 1978 and many
others). The volume of the erupted products wakm®? and the area covered by lava flows was
~45 knt. This event started in July 1975 with a highlylesjpve eruption of high-Mg basalts from
the ‘Northern Breakthrough’ and lasted about 2 henThen the center of activity moved to the
south and the eruption continued from the ‘Souttgneakthrough’ by the effusion of the high-
alumina, sub-alkaline basalts and basaltic andegitel its end in December 1976. Volcanic rocks
with compositions intermediate between the highdvid high-Al basalts were erupted during the
short period at the end of the Northern Breakthihoaigd beginning of the Southern Breakthrough
activity (Volynets et al., 1978). After almost 36ars of quiescence a new fissure eruption began
on 27 November 2012 in the TD approximately 5 kmtnof the Northern Breakthrough. It lasted
9 month and was named the “IVS'5@nniversary Fissure Tolbachik eruption” (here —20013
fissure eruption of Tolbachik volcano; FTE).

160°12'E 160°15'E

55°50'N

55°46'N

@
o F
-

[AT)1 [AT]2 [c7]3 ©4 k5]

" - " . - T T
160°5'E 160°9'E 160°12'E 160°15'E 160°19'E 160°23'E

Fig. 1.1.1.3.1. Scheme of the 2012-2013 Tolbachikt®n lava flows distribution. Legend: 1 — Merlpai
group of vents lava flows; 2 — Naboko group of gdava flows; 3 — Menyailov group of vents lavaik
later in most parts overlapped by the Naboko gadyents lavas; 4 — sampling sites; 5 — locatiooestters
of activity. This scheme is based on satellite iesaJERRA ASTER (NASA, JPL), EO-1 ALI (NASA)
interpretation and field work observations. Topgipia base — DEM SRTM X-band (DLR).
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4 A . .
Fig. 1.1.1.3.2. Field photographs of the Menyatpoup of vents activity on November 29,
the activity of the Naboko group of vents in Jagu2013 (B). At the lower picture two smaller vents
activity is clearly seen: simultaneous explosiorepcing ash clouds from one vent (to the left) kv
gushing from another vent (to the right). The lafteally remained as the main vent and a 123 nh hig
cinder cone was built here.




The new eruption started from a fissure that opemed7 November and formed the Igor
Menyailov group of vents, which are located at N&® /E 160°1939 at an elevation of 1900
m a.s.l. on the upper south slopes of Plosky Tdlikastratovolcano (Fig. 1.1.1.3.1, 1.1.1.3.2A).
About 18 hours later (Melnikov et al., submittedJ¥GR) a second fissure opened further down
the slope that eventually formed the Sofia Nabalaug of vents at N 55°46 /E 160°1859 at
an elevation of 1650 m a.s.l. (Fig. 1.1.1.3.2B)e TMenyailov vents were active during the first
three days of the eruption (27-30 November). Affitat the focus of the eruptive activity shifted
exclusively to the Naboko vents and continued fthare until the end of eruption in September
2013. Composition of lava, bombs and cinder, edipgdering this event, were constantly
monitored in the course of the eruption. Full geesults of this work are submitted to the Journal
of Volcanology and Geothermal Research. Productthisf eruption are represented by high
alumina basaltic trachyandesites with higher alsafind titanium contents than in all previously
studied rocks of the Tolbachinsky Dol volcanic dieRocks erupted during the first three days
(27-30 November) from the Menyailov group of veats the most silica- and alkali-rich (SiO
concentrations up to 55.35 wt. percent an@ Kip to 2.67 wt. percent). From December onwards,
when the eruptive activity moved from the Menyail@nts to the Naboko group of vents, silica
content dropped by 2 wt. percent; concentration8igD, TiO, and Mg# increased; 0, NaO
concentrations and0/MgO ratio decreased (Fig. 1.1.1.3.3). From thasrrant, until the end of
the eruption the composition of rocks remained tammtsand homogeneous, no systematical
compositional differences between lava, bombs aonda samples were evident. Trace element
distributions in the rocks of the Menyailov and Mkb vent lavas are relatively uniform;
Menyailov lavas have slightly higher Th, Nb, Hf, &hd HREE concentrations than the Naboko
vent lavas at more or less constant element réfigs 1.1.1.3.4). Concentrations of Nb, Ta, Zr,
Hf, and Y in rocks of both vents are higher thatypical arc-front lavas, reflecting variable saairc
enrichment by these elements. The 2012-2013 FT&s|aave lower Mg#, higher FeO, Biénd
alkali concentrations and higher.®MgO ratio than lavas produced by all of the large
stratovolcanoes located in the Central Kamchatkaré&ssion (Klyuchevskoy, Bezymianny,
Kamen, Shiveluch). Similar evolution trends areestsd in the Ploskie Sopky volcanic massif
(Churikova, 1993), although the 2012-2013 FTE potslustill have higher alkali and Ti
concentrations. Geochemical, petrological obsesnatand modeling are in agreement with the
newly erupted material being derived from remnaghiAl magma from the 1975-76 eruption
with only slight amounts of cooling (less than 15 year) during the intervening 36 years.
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1.1.1.4. Aerial photogrammetric monitoring of Tolbachik eruption 2012-13

Dvigalo V.N., dvig@kscnet.ru Institute of Volcanology and Seismology, Far Eastidion,
Russian Academy of Sciences, Petropaviovsk-Kankgh&sssia

Shevchenko A.V., shevchenko@kscnet,ruSvirid [.Yu., svirid@kscnet.ru Institute of
Volcanology and Seismology, Far East Division, Rus#&cademy of Sciences, Petropavlovsk-
Kamchatsky, Russia. Vitus Bering Kamchatka Statevddsity (KamGU), Petropaviovsk-
Kamchatsky, Russia

Based on aerial photogrammetric observations wentdigal the parameters for the
Tolbachik Fissure Eruption (TFE) of 2012-2013 fog period between November 27, 2012 and
June 5, 2013. The largest lava discharge was ifirfdtéwo days (440 fiisec), when there was a
maximum amount of active lava vents along the whele fissures. In the following two weeks,
the lava discharge decreased (140sac in average). From the second part of Dece@ik? to
June 2013, the lava discharge was close to*I8em From November 27, 2012 (the beginning of
the eruption) to June 5, 2013 the erupted lavareolvever 35.23 kA its volume was 0.52 kin
According to our preliminary estimations the tot@lume of lava deposits at the end of the
eruption (September 17, 2013) comprises 0.55-M&5 k

We revealed that TFE 2012-2013 was primarily efeisiThe volume of pyroclastic
deposits is not more than 0.1 kin 1.5 km from the new fissures area. We made rtmgiow
the location of the fissured zone, the main veantsl, lava flows on the slope of Plosky Tolbachik
Volcano.

The comparative analysis of the 2012-2013 TFE &ed1975-1976 Great Tolbachik
Fissure Eruption (GTFE) allows to reveal some dttarsstic features for the new eruption: the
onrush of eruptive process (TFE began 15 hour aétesmic precursor, whereas GTFE began 10
days after swarm of volcanic earthquakes), theratgsef continuous initial explosive phase and
also more close location of eruption zone. The hase of Plosky Tolbachik Volcano was not
involved in TFE 2012-2013, at that several daysieethe GTFE there was a bit of crystal-lapilli
and Pele's hair ejected from its summit pit cradéex] by the end of the eruption due to the
subsidence the volume of the pit crater increasad 0.022 km to 0.347 km.

We also note the contrast between the predominaxyosive character of the GTFE
initial phase and the exclusively effusive actiwyring the first few days of the 2012-2013 TFE.
The discharge rate of lava during the first 2 dafythe 2012—2013 TFE was an order of magnitude
greater than the discharge rate of solid mateudhd the generation of the first cinder cone ia th
GTFE. The above facts are very likely to indicdtattthe initial period in the 2012-2013 TFE
followed the “fluid hammer” scenario. We can con@ushsed on the character of the 2012—-2013
TFE fissure zone that this “fluid hammer” was ardtime Menyailov Vents where the fissure zone
is the widest and where the first lava flows weseklarged. Subsequently, when the fissure zone
opened, the magmatic material propagated alongdne southward down the slope until it
reached an altitude of 1700 m and formed the ldeyerflows and cones in those locations during
quieter eruption behavior.
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1.1.1.5. Minerals in Tolbachik eruption 2012-13
Diamonds and accessory minerals in products of ti§d2-2013 FTE

Gordeev E.I., Karpov G.A, karpovga@kscnet.r#nikin L.P., Flerov G.B., flerov@kscnet.ry
Ovsyannikov A.A., Chubarov V.M., Dunin-Barkovsky R.L. Sokorenko A.V. Sidorov E.G.,
Institute of Volcanology and Seismology, Far Eastidion, Russian Academy of Sciences,
Petropavlovsk-Kamchatsky, Russia

Silaev V.I., Rakin V.I., Petrovskii V.A., Institute of Geology, Komi Republic, Science Center
Urals Branch, Russian Academy of Sciences, ul.dPesiskaya, 54, Syktyvkar, 167982 Russia
Vasil'ev E.G., Gornyi National Institute of Mineral Resources, Vasskii ostrov, 21 liniya, 2,
St. Petersburg 199106 Russia

Krivovichev S.V., Filatov S.K., filatov.stanislav@gmail.com St. Petersburg University,
Universitetskaya nab. 7/9, St. Petersburg, 19903gsR

Antonov A.V., Karpinskii All-Russia Scientific-Research Geolagjiimstitute, Srednii pr. 74, St.
Petersburg, 199106, Russia

Based upon the studies of the ejecta of the 2013-Eskure Tolbachik Eruption named
after the 58 Anniversary of the IVS FEB RAS, first discoveredcrndiamonds and their
accessory minerals have been characterized. Comgledies of crystal-morphological,
spectroscopic, thermal and isotope-geochemical piepeof those diamonds have been
conducted. Diamond grains are yellowish-bluishatog of cubic-octahedral habit, sized 250 up
to 700 mem (Fig. 1.1.1.5.1).

\! a1 (100)

)

\L

100 mkm

e TolbacHikmonds. Arrows indicate- - pits of diffusive
depletion; f — sculpture of equiponderant etchirtg pn the cube face; g — anatomic structure aflace
octahedron individual; h — a typical twin.

SME analyses has revealed that most diamonds driovmeed isometric, plane-faced and
sharp-edged monocrystals. Crystal cubic faces dftexh rather large pits of diffusive depletion
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(15-80 mcm), and etching pits sized 1-5 mcm (Fify.115.2). Occasionally, xenomineral coatings
can be found on the diamond surfaces (mostly withgretching pits). By their composition, these
coatings can be divided into silicate, alumosikcatilicate-oxide and sulfate. Notable is high
contents of Fe, Ni and Cu admixtures in them (Eif.1.5.2).

Fig. 1.1.1.5.2. Coatings and films of alumosilisag-c), quartz and sulfatesly, and native metalse(f)
on the surface of Kamchatka diamonds. SEM standsifages made by elastically reflected electrons.
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Considered have also been the peculiarities obuaraccessory minerals: native metals
(Cu, Fe, Al), their alloys, as well as Ti-bearimyundum, moissanite, garnet (almandine), globular
hematite, spinellides (Fig. 1.1.1.5.3).

Fig. 1.1.1.5.3. Particles of native iron: a—f —goand containing SiMnCr-admixtures; g, h — pure ingth
enclosures of AgR(OH):—x and zinc-bearing iron. SEM images, backscattetedtren (a—f, h) and
secondary electron analysis (g).

Phase diagnostics of the diamond grains was catly X-ray and Raman spectroscopy.
The resulting X-ray photographs exhibit all thestamain reflections from (111), (220), and (311)
in diamond structure. Ultramicroblock structure dexturing of the diamond phase have been
reported. The elementary cell parameter as fouowh fihe X-ray diagram was 0.3556 (3) nm,
which is in agreement with data for a sufficientlgrfect crystalline diamond phase. The Raman
spectra which were recorded using a red lasera2@9—3000 cnt range and a resolution of 1.6
cm L, showed a single strong line at 1332 twhich is consistent with a diamond. Spectra excite
by a 785 nm laser show a broader line peaking @0 371 its intensity varies between 1 and
70% of the diamond line intensity at 1332 ¢niThe resulting spectra showed two series of
absorption lines differing by their nature. IR-spescopy has shown that the Tolbachik diamonds
and low- to medium-Ni, with absolutely non-aggreghstructural Ni defects, which attests to
relatively low temperatures of crystallization aatasence of mantle anneal. Tolbachik diamonds
are peculiar by the isotopically light carbon tignot typical for monocrystal diamonds and is
closely related to the carbon in the Brazil carlsimavhose formation is known to be associated
with the fluid-rich mantle melts or with the fluigsoper.

The results acquired suggest that in contrastamdnds from kimberlite, lamproite, and
tuffisite deposits, the Tolbachik diamonds are rehogenic with respect to the lavas and
exhalations that brought them to the surface. Hyg&rzed is also their genesis due to “shock’-
crystallizing mechanisms occurring within the ghasge. Based on all these considerations, we
suggest classifying the Tolbachik diamond occurenas a genetic type that was unknown
previously; we think it would be reasonable to dathe volcanogenic-eruptive or Tolbachik type.

Gordeev, E. I, Karpov, G. A., Anikin, L. P., Kmchev, S. V., Filatov, S. K., Antonov, A. V., &
Ovsyannikov, A. A. (2014). Diamonds in lavas of Tim#bachik fissure eruption in
Kamchatka. Doklady Earth Sciences, 454(1), 47-49. 10.1134/S1028334X14010097

Karpov, G. A., Silaev, V. I., Anikin, L. P., Rakin,l., Vasil'ev, E. A., Filatov, S. K., Petrovskii
V.A. & Flerov, G. B. (2014). Diamonds and accessumgerals in products of the 2012—
2013 Tolbachik Fissure Eruption. Journal of Volclgy and Seismology, 8(6), 323-339.
Doi: 10.1134/S0742046314060049

Karpov, G. A., Anikin, L. P., Flerov, G. B., Chubay V. M., & Dunin-Barkovsky, R. L. (2014).

Mineralogical and petrograpic features of diamommhtaining ejecta of the 2012-2013
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Tolbachik Fissure Eruption. Volcanism and relatedgesses. Annual regional scientific
conference dedicated to the Volcanologist Day. Pedings of the conference. March 27-
28, 2014, Petropavlovsk-Kamchatsky. Petropavlowsit¢hatsky: Institute of volcanology
and seismology FED RAS, 283-288. (In Russian).
http://www.kscnet.ru/ivs/publication/volc_day/204M43.pdf
Anikin, L. P., Sokorenko, A. V., Ovsyannikov, A.SAdorov, E. G., Dunin-Barkovsky, R. L.,
Antonov, A. V., Chubarov, V. M. (2013) Finding doeas in lavas Tolbachik eruption of
2012-2013 years. Volcanism and related processesu#{ regional scientific conference
dedicated to the Volcanologist Day. Proceedingshef conference. March 29-30, 2013,
Petropavlovsk-Kamchatsky. Petropavlovsk-Kamchatdkgtitute of volcanology and
seismology FED RAS, 20-23. (In Russian).
http://www.kscnet.ru/ivs/publication/volc_day/204r83.pdf
Karpov, G. A, Silaev, V. |, Anikin, L. P., Fler&. B., & Petrovsky, V. A. (2014). A new genetic
type of diamonds in association with native megasdound in ejecta of the 2012-2013
Tolbachik Fissure Eruption. Problems and perspestiof modern mineralogy (Yushkin
Memorial Seminar—2014) Proceedings of mineralogisaiminar with international
participation Syktyvkar, Komi Republic, Russia 19M&y 2014, Syktyvkar: Geoprint,
2014. 128-131. (In Russian). http://geo.komisc.ru/scientific-
publication/proceedingofmeetings/meetings/237-yn@d 4/file

Unusual minerals in hot lava caves of Tolbachik gation 2012-13

Belousov A., Belousova M Institute of Volcanology and Seismology, Far Easidion, Russian
Academy of Sciences, Petropavlovsk-KamchatskyjaRuss

Fig. 1.1.1.5.4. Entrance into the biggest lava twhih is 350 m long
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In June 2014, nine months after the end of Tolbaehiption the investigations of new
formed lava tubes were conducted. Two lava tub#s lemgths 355 m and 150 m and width 10 m
were visited and mapped, the temperature was Ifegfees C and there were no volcanic gases
inside them. One more tube was too hot (>110 dedzg¢and only the first 50 m were investigated
(Fig. 1.1.1.5.4). Some tubes have temperaturesi8gfees C and more. The big white stalactites
and stalagmites composed of sulfates and chloatigswere found in the caves (Fig. 1.1.1.5.5).
The lava tubes of this eruption are bigger tharsmiel 975-76 eruption.

Fig. 1.1.1.5.5. Stalactites composed of sulfatesciutorides of K.

Belousov, A. B., & Belousova, M. G. (2014). Hoalawbes of Tolbachik volcano and their unusual
mineral formations. Vestnik DVO RAN, 5(177), 148:15(In Russian).
http://elibrary.ru/download/45837075.pdf

Oxysulfates of copper, sodium, and potassium in thea flows of the 2012-2013 FTE

Karpov G.A., karpovga@kscnet.rivergasova L.P., Anikin L.P., Moskaleva S.V Institute of
Volcanology and Seismology, Far East Branch, Russieademy of Sciences, bul'var Piipa 9,
Petropavlovsk-Kamchatsky, 683006, Russia

Krivovichev S.V., Chernyateva A.P., Anikin L.P., Moskaleva S.V., Filatov S.K.,
filatov.stanislav@gmail.const. Petersburg University, Universitetskaya naB, 3t. Petersburg,
199034, Russia

Samples from the surface of lava flows discharggthle 2012-2013 Tolbachik Fissure
Eruption were found to contain oxysulfates of cappesodium, and potassium:
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K2CwO(SQy)2 (fedotovite), NaKCpO(SQy)2, and NaKsCusOs(SQu)s. The last two phases have
no naturally occurring or synthetic analogues Wagre aware of. They form flattened crystals of
prismatic to long-prismatic habits. The crystals NBKsCusOs(SQy)s have a chemical
composition corresponding to the empirical formiNE.2XKs 47CUs.0256.05036. An X-ray analysis

of this compound showed that it has a monoclinienmsetry,P2/c,a= 13.909(4)b =
4.977(1),c =23.525(6) A, =90.021(5)°V = 1628.3(7) A The crystal structure was determined
by direct techniques and refined to yi®d for 3955 reflexes//web// with2> 4 F. The
compound NaKCO(SQ). also belongs to the monoclinic systdPg/c,a= 14.111(4)b =
4.946(1),c = 23.673(6) A, = 92.052(6)°V = 1651.1(8) A The structure was determined by
direct techniques to yield a tentative structuraldel that has been refined upRa = 0.135 for
4088 reflexes witlF 2> 4 F. The crystal structure of Mé&sCusOs(SQy)sis based on chains of
[02Cw]** consisting of rib-coupled oxy-centered tetrahedrarf (OCu)®*. The chains are
surrounded by sulfate radicals, resulting in colamh{[O-Cus](SOs)4}* aligned along the axis.
The interchain space contains completely orderedipos of Na and K cations. The principle
underlying the connection of NaK@d(SQy).columns in the crystal structure of
{[02Cw](SOs)a}* is different, in view of the relation Na:K = 1 asntrasted with 3:5 for the
compound Ne&KsCusOs(SQw)s. The presence of oxy-centered tetrahedrons isttheture of these
new compounds furnishes an indirect hint at theoirtigmce of polynuclear copper-oxygen radicals
with centering oxygen atoms as forms of transpodopiper by volcanic gases.

Karpov, G. A., Krivovichev, S. V., Vergasova, . Ghernyat'eva, A. P., Anikin, L. P., Moskaleva,
S. V., & Filatov, S. K. (2013). Oxysulfates of capsodium, and potassium in the lava
flows of the 2012-2013 Tolbachik Fissure Eruptidournal of Volcanology and
Seismology, 7(6), 362-370. Doi: 10.1134/S0742046803831

1.1.2.Petrology and geochemistry of the volcanoes of Klghevskaya
Group and Central Kamchatka Depression

1.1.2.1. Tolbachik volcanic massif
Petrology, geochemistry and isotope chemistry & fiolbachik volcanic massif

T.G. Churikova, tchurikova@mail.ry Institute of Volcanology and Seismology, Far East
Division, Russian Academy of Sciences, Petropakdiesnchatsky, Russia

Gordeychik B., gordei@mail.ry Institute of Experimental Mineralogy, Russian Acagieof
Sciences, Chernogolovka, Russia

Iwamori H., hikaru@jamstec.go.jp Nakamura H., hitomi-nakamura@jamstec.go.jp,
Haraguchi S, haraguti@sys.t.u-tokyo.ac,jMiyazaki T., tmiyazaki@jamstec.go.jp)/aglarov
B.S., bog@jamstec.go.jpJapan Agency for Marine-Earth Science and Techngl¥okosuka,
Japan

Ishizuka O., ishizuka@aist.go.jdnstitute of Geology and Geoinformation, GeologiSatvey of
Japan/AIST, Ibaraki, Japan

Nishizawa T2, nishizawa.t.ad@m.titech.ac.jpokyo Institute of Technolog¥pkyo, Japan

The numerous of national and international publcet were dedicated to Plosky
Tolbachik volcano eruptions and adjacent monogenmines, which were erupted repeatedly
during Holocene, including historical time. Howeyalt these data mainly relates to monogenetic
cones, but the information on stratovolcanoesfifg@lctically absent. There are only few papers
on Ostry and Plosky Tolbachik stratovolcanoes fomu®n geology, petrography and some
petrochemistry of the rocks. The modern geochenaindlisotope studies of the stratovolcanoes
were never achieved. In this report we present aggcdl, petrographical, petrochemical,
geochemical and some K-Ar data on the rocks of daiik massif. The present report based on
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representative collection of 154 samples from sualtanoes, dikes, monogenetic cones of
different ages, including last 2012-13 eruption. l\ddally our study included samples separately
standing edifice of Povorotnaya mount, which ageoeding to K-Ar dating is 0,306+0,01

(Fig. 1.1.2.1.1).

Ostry Tolbachik

Plosky Tolbachik

Povorotnaya Mourft Tolbachik pedesth

POV-10-05 TOL-13-03
K-Ar age 306 ka K-Ar age 86 ka

N —

Fig. 1.1.2.1.1. Tolbachik volcanic massif and madaavorotnaya, view from the North.

The geological history of Tolbachik massif consatour consecutive periods of volcano
activity: basement formation about 0,086+0,016 ago (according to K-Ar dating), growth of
two sub-simultaneous stratovolcanoes, developmfetike complex and formation of numerous
cinder and cinder-lava monogenetic cones.

Fig. 1.1.2.1.2. SiO2 vs. major elements diagram3 ébachik massif rocks, Povorotnaya mount and KGV
basement. 1975-76 Northern Breakthrough showndoparison.

All rocks of Tolbachik massif belong to a mediumalkd high-K calc-alkaline basalt—
basaltic—andesitic series. In detail, however dlaee some differences in the trends for major and
trace elements. On all variation diagrams (Fig.21112) all samples split for three groups with
formation of two different trends and one sepasats. The first trend consists of medium-K
basalts and basaltic andesites (Fig. 1.1.2.1.2dtt¢. It includes all samples of Tolbachik massif
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basement, the lower parts of stratovolcanoes tipet@levation 2100 m, as well as all samples of
Povorotnaya mount. This trend shows increasipng &d NaO and decreasing #Ds, TiO2, CaO,
FeO, and MgO from basalts to basaltic andesites. Ji variation is the largest compared to
other groups of samples.

The second medium-high-K trend includes the uppsds gd stratovolcanoes higher than
2100-2500 m and the lavas of majority of cinder eimdler-lava cones. This trend is very steep
and at SiQvariations only by 2.5% shows the sharp increasglailies, POs and TiQ and sharp
decrease in MgO, MnO, BK&s; and CaO (Fig. 1.1.2.1.2, trend 2).

The third group of rocks, which forms a separagaamn all variation diagrams represented
by basaltic andesites with Si64-55%, high alkalis, s, TiO2 and FeOs at relatively low MgO
and CaO. This group includes only the rocks offifs¢ three days of 2012-13 eruption (so-called
Menyailov Vent).

Fig. 1.1.2.1.3. NMORB-normalized trace element grat for different volcanic complexes found at
Tolbachik volcanic massif and Povorotnaya Mount. GIRB values after (Sun and McDonough, 1989).

Trace element patterns for all studied rocks hgpeal arc signatures with strong but
variable LILE and LREE enrichment and low HFSE, ethiestify fluid influences. The samples
of trend 1 have systematically lower values for REB and Ta compared to samples of trend 2
(Fig. 1.1.2.1.3). On trace element and trace elémaios binary diagrams the samples of two
trends are also systematically different. The rookghird group are mostly enriched in all
incompatible elements not only inside the Tolbaahnikssif lavas, but also inside all rocks of
Klyuchevskaya Group of Volcanoes. At the same timgh-Mg basalts of 1975 eruption show the
lowest patterns in all incompatible elements ato@ohik massif. The samples from trend 1 and
high-Mg basalts of 1975 are systematically deplatetlb, Ta and REE compare to NMORB
while the rocks of trend 2 and group 3 are systeaalft enriched.

Conclusions(1) Volcanic activity at the area of Tolbachik massérted with formation
of large basement, which was represented by middb-bearing basalts and basaltic andesites
including the augite-porphyric associations. Masteirce of these melts was depleted compare
to N-MORB. This magma chamber was active also dufinst stages of stratovolcanoes
formation. (2) Younger, upper parts both stratogntes were influenced by different high-K
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mantle source, which was enriched in alkalies,2T#0s, and all incompatible trace elements.
The rocks of this series are systematically endat@mpared to N-MORB. The Holocene lavas
of monogenetic cones also belong to this rock se(® The rocks of the Povorotnaya mount
similar in petrography and chemical compositiorthe Tolbachik massif basement. Taking into
account these data and data of K-Ar dating, we ladecthat the Povorotnaya mount is the block
of Tolbachik massif basement.

Churikova, T. G., Gordeychik, B. N., lwamori, Hakdmura, H., Ishizuka, O., Nishizawa, T.,
Haraguchi, S., Miyazaki, T., & Vaglarov, B. S. (8D1Petrological and geochemical
evolution of the Tolbachik volcanic massif, KamkhatRussia. Journal of Volcanology
and Geothermal Research. (In review).

Churikova, T. G., Gordeychik, B. N., Edwards, B. Ronomareva, V. V., & Zelenin, E. The
Tolbachik volcanic massif: a review of the petrglogolcanology and eruption history
prior to the 2012-2013 eruption. (2015). Journal W@blcanology and Geothermal
Research. (In review).

Churikova, T., Gordeychik, B., Iwamori, H., NakamuH., Nishizawa, T., Haraguchi, S.,
Yasukawa, K., & Ishizuka, J. (2014). Petrology ayebchemistry of the Tolbachik
stratovolcano. 8-th Biennial Workshop on Japan-Khatka-Alaska Subduction Processes
(JKASP-2014): Finding clues for science and digashétigation from International
collaboration. Sapporo, Japan, 22-26 September 2014
http://hkdrcep.sci.hokudai.ac.jp/map/jkasp2014/R8M0.pdf

Mineralogy of the rocks from the Tolbachik volcanimassif

Flerov G.B., flerov@kscnet.ru Ananyev V.V., Ponomarev G.P.,ponomarev@kscnet.ru
Melekestsev L.V, Institute of Volcanology and Seismology, Far Haisision, Russian Academy
of Sciences, Petropavlovsk-Kamchatsky, Russia

Based on whole rock and mineral composition analyke petrological-geodynamical
model of the magmagenesis of the volcanic mantiest&in the area of Tolbachinsky Dol was
elaborated. It was shown that the melt evolutiothefOstry and Plosky Tolbachik stratovolcanoes
were similar while the basalts of the areal zonethd cinder and cinder-lava cones are
systematically different from the stratovolcanddse main conclusions of this research is that the
basaltic and trachybasaltic magmas are genetinatlyelated and mixed during the period when
the regime activity of the volcano was change froentral to fissure types. The main process
responsible for the rocks variations inside theali&s and trachybasaltic fields is crystal
differentiation. The existence of basalts and tyhelsalts at the same magma system can be
explained by the addition of the alkalies to thedlgc magma chamber and by tiecumulation
of these alkalies during fractional crystallizatiging. 1.1.2.1.4).
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Fig. 1.1.2.1.4. Petrological-geodynamical modeltloé volcanic magmagenesis of the basaltic and
trachybasaltic magma at the Tolbachinsky Dol g@ddime of formation of the Ostry and Plosky Talbik
stratovolcanoes; (b) first stage of the formatidriigsure volcanic zone of the monogenetic cinded a
cinder-lava cones; (c) second stage of the formatidissure volcanic zone of the monogenetic airzohel
cinder-lava cones. 1 — basaltic magma; 2 — tradaiba magma; 3 — magma of mixed composition; 4 —
magma chambers; 5 — transition crust-mantle zorenpggmatic columns; 7 — direction of the basaltic
magma migration; 8 - direction of the trachybasatiagma migration. Upper continental crust layérs:
Quaternary volcanic rocks; (2) volcanic-sedimentargks of N1-N2 age; (3) — volcanic and intrusion
rocks of the K—P age; (4) — crystalline basementhef Pz age. OT — Ostry Tolbachik, PT — Plosky

Tolbachik.

Flerov, G. B., & Melekestsev, I. V. (2013). 2012-2@ruption as result of continuous activity of
the Tolbachik regional zone of cinder cones. Volsanand related processes. Annual
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regional scientific conference dedicated to thecenblogist Day. Proceedings of the
conference. March 29-30, 2013, Petropavlovsk-KansityatPetropavlovsk-Kamchatsky:
Institute of volcanology and seismology FED RAS,-220 (In Russian).
http://www.kscnet.ru/ivs/publication/volc_day/204r320.pdf

Flerov, G.B., Ananyev, V.V., & Ponomarev, G.P.rétnesis of the rocks from Ostry and Plosky
Tolbachiks and the relationship of the volcanic ifestations of basaltic and
trachybasaltic magmas at the Tolbachinsky Dol dkesanchatka). Journal of Volcanology
and Seismology. (In printing).

New mineral species in products of fumarole actwif the 1975-76 Tolbachik eruption

Vergasova, L.P, vip@kscnet.ruAnanyev V.V, Institute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Pettopsk-Kamchatsky, 683006, Russia
Starova G.L., Filatov, S.K., Britvin, S.NSt. Petersburg University, Universitetskaya naM,
St. Petersburg, 199034, Russia

Important aspect of the mineralogy of the Tolbacallcanic massif is the diverse mineral
population that forms after eruptions from secopahaposits at fumaroles. Minerals of volcanic
exhalations represent a special genetic group. Hneyformed at surface pressure, elevated
temperatures and with the participation of a flpidise. The 1975-76 eruption was very productive
with respect to such minerals and during the 3%syatier this eruption more than 120 exhalation
minerals have been identified, 32 of which were r{@able 1.1.2.1.1; Vergasova and Filatov,
2012) and 52 of which are the first reported oamees in Kamchatka (Table 1.1.2.1.1). Minerals
of exhalations were found at all cones of 19754Up#on, but the most varieties were found at
cone 2. Most of them were also found around theeczone.

The exhalation minerals mainly consist of lithoph(iK, Na, Mg, Ca, Al, Si, Rb, Cs, P, V,
C, O, F, Cl) and chalcophile (S, Cu, Zn, Pb, As, 8a, Bi, Te) elements, with lesser
concentrations of Fe and Mo. Some ore elementsGikePb and Zn are also present in these
minerals, particularly the Cu-rich minerals (Taldle.2.1.1). The present-day volcanogenic—
exhalation copper ore occurrence was detected & 2af the 1975-76 eruption (Naboko and
Glavatskikh, 1983). It was accompanied by As, V, Bie Te, and Au mineralization and large
concentrations of Na, K and F (Vergasova et ab,720

Most of the new minerals occur in dispersed, fingirged forms, and grains larger than 0.1
mm are rare. However, they can be spread acroas afep to several thousands of square meters
(Naboko and Glavatskikh, 1992). Many new minerals anstable in atmosphere and can
disappear after cooling.

All new minerals can be divided on 7 groups: fldes, chlorides, oxochlorides,
carbonates, arsenates, vanadates, sulfates andlfakgs, selenites, and oxyselenites. Most of
them are anhydrous. Detailed classification wasthas precise crystal structure determinations.
The most common minerals at 1975-76 eruption ar@farevite and Tolbachite. It was found
that isomorphism plays an important role in thenciséry of minerals from the exhalations. To
date many of the new minerals have been syntheghoedrding to experimental data, the metals
in fumaroles can be transported as chlorides, drades, oxo-centered complexes £And also
can be transported in water-free conditions.

Copper appears to be closely connected to K an@ihis transported with them as a gas
phase. This suggests that crater areas of bagaltanism can be important for the formation of
copper ore deposits (Vergasova and Filatov, 2012).
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Table 1.1.2.1.1. New mineral species that wereogsed in the fumarole deposits of th875-1976
Tolbachik eruption
Num- Name of mineral
ber

Formula of mineral References

Fluoride
4 ISI(S 4)F13*12 > [Vergasova et al., 2004]
Chlorides and oxychlorides

1 Menyailovite

2 Tolbachite u lo [Vergasova and Filatov, 1983]

3 Melanothallite | [Vergasova and Filatov, 1982]

4 Ponomarevite Kus lio [Vergasova et al., 1988c]

5 Lesukite l2( )s I*2 > [Vergasova et al., 1997a]
Carbonates

6 Chlorartinite g( 31 *3 [Vergasova et al., 1998b]
Arsenates

7 Alarsite | s 4 [Semenova et al., 1994]

8 Coparsite wO2( s,V) 4 | [Vergasova et al., 1999

9 Urusovite u I s ¢ [Krivovichev et al., 2000;

Vergasova et al., 2000]
[Vergasova et al., 2004]

10  Filatovite K[( ,Zn)2( 1,Si)2 g

11  Bradaszekite NaG{AsOs)3 [Filatov t 1., 2001]

12  Lammerite-b b-G4(AsOn)2 [Starova et al., 2011]
Vanadates

13 Leningradite PbGIVO4)2 1, [Vergasova et al., 1990]

14  Averievite Ce(V0O4)202*nMX [Vergasova et al., 1988

Starova et al., 1997]
Sulphates and oxysulphates
b-VOS® [Krivovichev et al., 2007]

15 Pauflerite

16  Piypite K wO2A(S 4)a* I [Vergasova et al., 1984;
Filatov and Vergasova, 1989]
17  Fedotovite K usO(S 4)3 [Vergasova et al., 1988b]
18 Kamchatkite KCsO I(S 4)2 [Vergasova et al., 1988
19  Klyuchevskite K usFE'0x(S )a [Vergasova et al., 198p
20  Alumoklyuchevs Kz usAlO2(S 4)4 [Gorskaya et al., 1995]
kite

21  Vlodavetsite AICHS 4)2F2 I*4 [Vergasova et al., 1995
22  Nabokoite Uz O4(S 4)5*KCl [ v etal., 1987]

23 Atlasovite CeF > i%04(S 4)5*KCI [ v etal., 1987]

24  Vergasovaite wO[( ,S) 4][S 4] [Bykova et al., 1998]

Selenites and oxyselenites

25  Sophiite ZS 3) I2 [Vergasova et al., 1989b]
26 llinskite NaCgO2(S 3)2 I3 [Vergasova et al., 1997b]
27  Bernsite KCACtD2(S  3)2 o [Krivovichev et al., 2001]

28  Chloromenite usZnO2(S  3)a e
29  Georgbokiite usO2(S )2 I2
30 Parageorgbokiite b-GD2(S 3)2 I
31  Prewittite KPbsZn usO2(S 3)2 lio [Krivovichev, 2008]

32  Allochalcoselite  CICU'sPbO2(S  3)2 Is [Vergasova et al., 2005]

Note: Oxygen of oxy-salts that is not included @daradicals is highlighted in bold. Table takeonfr
[Vergasova and Filatov, 2012].

[Vergasova et al., 1999b]
[Vergasova et al., 1999]
[Vergasova et al., 2006]
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Vergasova, L. P., & Filatov, S. K. (2012). New maihgpecies in products of fumarole activity of
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1.1.2.2. The petrological relationship between Kamen volcanand adjacent
volcanoes of Klyuchevskaya group

Churikova T.G., tchurikova@mail.ry Institute of Volcanology and Seismology, Far East
Division, Russian Academy of Sciences, Petropakdasnchatsky, Russia

Gordeychik B., gordei@mail.ry Institute of Experimental Mineralogy, Russian Acagieof
Sciences, Chernogolovka, Moscow region, 14243%i&us

Ivanov B., ivanovbv@kscnet.rulnstitute of Volcanology and Seismology, Far Eastidion,
Russian Academy of Sciences, Petropaviovsk-Kankgh&sssia

Worner G., gwoerner@gwdg.d&sZG Abteilung Geochemie, Universitat Gottingen, r@sany

Data on the geology, petrography, mineralogy, amochemistry of rocks from Kamen
Volcano (Central Kamchatka Depression) are predeated compared with rocks from the
neighboring active volcanoes. The rocks from Kanagw Ploskie Sopky volcanoes differ
systematically in major elemental and mineral cosijmms and could not have been produced
from the same primary melts. The compositionaldseaf Kamen stratovolcano lavas and dikes
are clearly distinct from those of Klyuchevskoy lava all major and trace element diagrams as
well as in mineral composition. However, lavas leéd monogenetic cones on the southwestern
slope of Kamen Volcano are similar to the modeyatéh-Mg basalts from Klyuchevskoy and
may have been derived from the same primary mftis. means that the monogenetic cones of
Kamen Volcano represent the feeding magma for Kiguskoy Volcano. Rocks from Kamen
stratovolcano and Bezymianny form a common tren@lbmajor element diagrams, indicating
their genetic proximity. This suggests that BezymiaVolcano inherited the feeding magma
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system of extinct Kamen Volcano. The observed gewatal diversity of rocks from the
Klyuchevskaya group of volcanoes can be explairsetha result of both gradual depletion over
time of the mantle N-MORB-type source due to thense previous magmatic events in this area,
and the addition of distinct fluids to this marglaurce.

Like other KGV, Kamen Volcano overlies the largedalateau of a shield volcano with
its center below Ploskie Sopky Volcano. These las@ag out mainly in the Studenaya and
Khapitsa river valleys as well as near the Kozykearsd Klyuchi settlements. The age of these
plateau lavas was determined by Ar—Ar dating to268—-274 ka. The edifice of the Kamen
stratovolcano formed after the emplacement of taepl lavas (i.e. since ca. 260 ka) in two stages
with different types of eruptions and erupted matefThe first stage is characterized by an
explosive regime with accumulation of thick pyratla deposits composed mainly of tuffs and
tuffaceous breccias. The second stage of the stlaamo was mainly effusive and is represented
by thin lava flows that covered the early cone. Mupas dikes — lava flow conduits — also formed
during this second stage. A similar sequence wagestigd for the formation of Klyuchevskoy
and Stariy Shiveluch stratovolcanoes. The sequehaetivity of Kamen and its neighboring
volcanoes is summarized in Fig. 1.1.2.2.1, basegeochronological evidence.

Fig. 1.1.2.2.1. Age-distribution diagram of Kameml&ano and its surrounding stratovolcanoes and
monogenetic centres. HAB — high-aluminium basat®)B — moderate-magnesium basalts; HMB —
high-magnesium basalts.

Data from Kamen Volcano lavas show that major aacktelements as well as the mineral
compositions of rocks from the stratovolcano arksliare similar. This suggests that both suites
crystallized from the same parental melts under paable pressure—temperature (P-T)
conditions and were derived from similar mantle sear Similar Ol and Cpx Mg# in stratovolcano
and dike rocks also suggest that both mineralsagquilibrium, but they do not fall on the mantle
array. Low OIMg# and CpxMg# and low Ni and Cr camtcations in both minerals show that
these magmas were significantly fractionated anchatorepresent primary melt compositions.
This conclusion is confirmed by the absence of {@glSp inclusions in Ol.

At the same time systematic differences in rock mungkeral composition exist between
Kamen stratovolcano/dikes and monogenetic coneishvaimply reflect the different degrees of
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differentiation of these suites. Most Ol from themsmafic monogenetic basaltic andesite cones
are >Fo85, whereas Ol from more differentiated tet@cano lavas are <Fo085. Cpx in
monogenetic samples is also more magnesian than i€gkamen stratovolcano/dikes. Pl
compositions fall between the two Pl generationsioin stratovolcano rocks: monogenetic cone
Pl compositions are An60-75 while stratovolcano dik@ Pl compositions are An40-55 and
An75-90.

Fig. 1.1.2.2.2. Major elements (a—e) and #8QO (f) vs. SiQ in rocks from Kamen Volcano and
neighbouring volcanoes. Data for Ploskie Sopky sp8ezymianny lava flows, and Klyuchevskoy basaltic
andesites are from (Churikova, 1993; Kersting amtulus, 1994; Ozerov et al., 1997; Pineau et 8R91
Churikova et al., 2001; Ishikawa et al., 2001; Bds=t al., 2003; Bindeman et al., 2004; Aimee¥Q=0
Portnyagin et al., 2007; Turner et al., 2007).

Mineral assemblages in monogenetic cone rocks agesumilar to those documented in
Klyuchevskoy Volcano rocks. In contrast to sampfesm the stratovolcano and dikes,
monogenetic cone Ol is more Mg-rich than is Cpxgasting that Cpx crystallized significantly
later than Ol and that these minerals were nogjinlie@rium.
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Kamen rocks exhibit major and trace element contjposil trends that are distinct from
those of Klyuchevskoy and Ploskie Sopky volcanaglierlap with, and extend the mafic range
of lavas from Bezymianny (Figs. 1.1.2.2.2, 1.122Kamen rocks are also distinct from
Klyuchevskoy and Ploskie Sopky rocks with respe¢he CaO—Fo systematics in their Ol. Again,
Ol from Bezymianny lavas falls on an extensionhaf Kamen Ol trend (Fig. 1.1.2.2.4).

Fig. 1.1.2.2.3. Major elements vs. Sifdund in Kamen and Klyuchevskoy volcanic rockstdDéor
Klyuchevskoy Volcano are from (Portnyagin et abD02). HAB — high-aluminium basalts; MMB —
moderate-magnesium basalts; HMB — high-magnesiumalts|a The black arrow indicates the
evolutionary path of Klyuchevskoy melts; the dotsesbw shows the evolutionary path of the Kameasav

Two more observations argue for a close genetiatiogiship between Kamen and
Bezymianny magmas: (1) the occurrence of late-stgeich lavas in the evolution of Kamen
stratovolcano lavas and dike samples. Compositipsahilar Hbl-rich rocks were also erupted
at Bezymianny Volcano; and (2) the termination @nken Volcano activity 10-11 ka, which
overlaps directly with the initiation of magmatisat Bezymianny about 10-11 ka ago (Fig.
1.1.2.2.1).

Samples similar to Klyuchevskoy HMB were not fouaidKamen volcano. However,
Kamen monogenetic cone lavas are close to the Kbuskoy MMB field on all major and trace
element diagrams and in mineral compositions (Hidl.2.2.2), suggesting their genetic
relationship.

From these observations, a direct genetic relatipris suggested between Klyuchevskoy
MMB and monogenetic cones from Kamen, implyingghae primary melts and mantle sources
for these two volcanic series. These new data wardin earlier suggestion based on field work
(I.V. Melekestsev, A.P. Maksimov, pers. com.) and@wn observations of the morphologies and
ages of these cones: (1) they are situated onldpessof Kamen Volcano and were active after
Kamen Volcano activity had ended (i.e. after aeseaf gravitational collapses); (2) most of the
Klyuchevskoy Volcano cinder and cinder—lava conmesséuated at same distance (between 7 and
15 km) from the centre of the main edifice and tbusrlap with the monogenetic cinder cones
around Kamen, at a distance of 9 to 14 km from Kiyawuskoy; (3) the age of the studied cones is
about 2-3.5 ka BP (unpublished data from O.A. Beaid and V.V. Ponomareva), being a much
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later occurrence relative Kamen volcano's ceasdéditgcbut coeval with the evolution of
Klyuchevskoy (Fig. 1.1.2.2.1).

Fig. 1.1.2.2.4. CaO vs. Mg# in Ol for Klyuchevskayaup of volcanoes rocks. There is a trend from
Klyuchevskoy through Kamen to Bezymianny volcan@srom the Ploskie Sopky Volcano form a field
that is separate from this trend.

The rocks of Ploskie Sopky Volcano, the oldeshefKGV, form systematically different
trends from all studied KGV on major and trace edahtdiagrams and thus cannot have originated
from the same magma source by fractional crystdlbn. They are enriched in K20, TiO2, and
P205 and depleted in MgO and CaO (Fig. 1.1.2.@2Pfyom Ploskie Sopky Volcano is also highly
enriched in CaO compared to Ol from all other KGdlcanoes studied (Fig. 1.1.2.2.4). Three
samples of plateau lavas, which are older stikgriap with the Ploskie Sopky compositional field.

Some conclusions may obtained:

1) Data on major and trace elements in rocks fromm&n Volcano and neighbouring
volcanoes fall into three distinct geochemical gougavas from the Kamen stratovolcano and its
dikes are distinct in their geochemical charactemf magmas erupted at Ploskie Sopky and
Klyuchevskoy.

2) A close genetic relationship exists between Kaara Bezymianny volcanoes in which
the Bezymianny lavas comprise the more evolved pathe common trends. This Kamen—
Bezymianny trend is dominated by fractional crystation and magma mixing and is typical for
many arc magma series. This trend suggests thaeK&fulcano shares the magma source and a
common magma plumbing system with Bezymianny Vabcan

3) Monogenetic cinder and cinder—lava cones situate the W-SW slopes of Kamen
Volcano are compositionally similar and thus geradly related to Klyuchevskoy Volcano (MMB
lavas).

4) Klyuchevskoy lavas are geochemically separatm fthe Kamen — Bezymianny rocks
and define three distinct magma compositions thatnat genetically related by simple low-
pressure fractionation and/or mixing. Rather, theagmas either (a) represent high-P fractionated
melts from a common arc basalt, or (b) are derivech the same mantle source with different
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degrees of melting and magma mixing, or (c) arevddrfrom distinct sources in the mantle
wedge.

5) Ploskie Sopky Volcano rocks are systematicaliffecent from Kamen and
Klyuchevskoy rocks in major elements and mineral position; some are similar to the older
plateau lavas. Thus they could not have origin&tech the same primary melts by fractional
crystallization.

6) The geochemical diversity of KGV rocks and theilationship to underlying plateau
lavas results from both (a) gradual depletion wiitie of the mantle NMORB-type source due to
previous magmatic events, and (b) the additionstirett and variable fluids to this mantle source.

7) Trace and volatile element ratios in rocks areltrinclusions show that the fluid
composition can differ even between neighbourinigarmoes with rather similar mantle sources.

Churikova, T. G., Gordeychik, B. N., Worner, G.)\vé@anov, B. V. (2011). Variable fluids and
mantle sources documented in the geochemistry mielavolcano and the Kluchevskaya
volcanic group. % Biennual Workshop on Japan-Kamchatka-Alaska Sulmiuc
Processes: Mitigating Risk Through International d&sio, Earthquake, and Tsunami
Science. JKASP-201Retropaviovsk-Kamchatsky, Russia. August 25-301 .281stracts.

— Petropavlovsk-Kamchatskytnstitute of Volcanology and SeismologfEB RAS,
Kamchatkan Branch of Geophysical Service RAS145-146. -
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comparison with neighboring volcanoes of the Khawdkoy group. Journal of
Volcanology and Seismology, 6(3), 150-171. D0i1184/S0742046312030037
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fluid mobile trace elements. Joint Symposium ofabts2012 and GEOFLUID-2.
Dynamics and Evolution of the Earth's Interior: sj@@ emphasis on the role of fluids.
March 18-21, 2012, Misasa, Tottori, Japan, 18&ittp://www.misasa.okayama-
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1.1.2.3. Japanese-Russian project of study Klyuchevskoy vaoo

Bergal-Kuvikas O., olgakuvikas@gmail.corHokkaido University, Graduate School of Science,
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Nakagawa M, mnakagawa@mail.sci.hokudai.a¢.jgokkaido University, Graduate School of
Science, Department of Earth and Planetary Scientagsan

Muravyev Y., murid@kscnet.ru Malik N., maliknataliya@mail.ru Ovsyannikov A.,
oval@kscnet.rulnstitute of Volcanology and Seismology, Russia

Ishizuka Y., y.ishizuka@aist.go.jgGeological Survey of Japan, Japan

Hasegawa T.,hasegawt@mx.ibaraki.ac,jPepartment of Earth Sciences, College of Science,
Ibaraki University, Japan

Uesawa S.uesawa@criepi.denken.or,.j@eosphere Science, CRIEPI, Japan

In the frameworks of Japanese-Russian project hngckevskoy volcano was studied. The
Klyuchevskoy volcano is one of the famous and sgjgelcano in the Eurasia (altitude ~ 4750
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m, volume ~ 250 kr). It is located in the Central Kamchatka Depressio the northern part of
the Eastern Volcanic Belt of Kamchatka. The Klyugi®y volcano is voluminous stratovolcano
with numerous cinder cones. Based on the tephraological data the volcano has been formed
6000-7000 BP.

This research represents one of the part JapanesaR project investigation of
Klyuchevskoy volcano. We will focus on the geoladiand petrological aspects. Field work was
started in 2010 and continues three years. Onaitieyt we have representative collected rocks
including 104 samples of prehistorical eruptions 468 samples of historical eruptions (from
1932 to recently eruptions in 2013). Representatoliection of the samples allow us understand
temporal changing of magma composition during hisabtime.

Klyuchevskoy volcanic group include 14 volcanoed present us one of the active group
at the Kurile-Kamchatka volcanic arc. Since 16971981 Klyuchevskoy volcano mainly had
erupted on the summit. However new circle of attiwas started in 1932 and continued
approximately 80 years. The circle is characterlagedombination of flank eruptions and summit
activities. After the paroxysmal summit eruption 1894, for volcano typically weak small
explosions. However since 2003 new cinder conesfarasing on the top and during to present
day effusive and/or strombolian eruptions have aurred until the present day.

Location of cinder cones are controlled by fractgrzone on the slopes of volcano. Most
of cinder cones are located in Northeast and Sastheectors. Relations between locations of
cinder cones, lava volume, altitude and age tedtifibout existence fissures or fracture zone on
the slope of Klyuchevskoy volcano. Along fissurgges and altitude of flank eruptions are
increasing.

Analysis of the location cinder cones suggests flaak eruptions had gone up to the
summit from 450 m to 4500 m (summit) since 19321 a®B9. Consequently distance from central
crater degrease with time. Clear dependence vohfreelcanic material and years of eruptions
not observed. However, most effusive eruptionstedig the beginning of the cycle.

Geochemical data of prehistoric eruptions havelatively wide diapason of variations
(51-54.5 wt. % SiQ). Magma was characterized by more mafic and &wifs compositions (4-
12 wt % MgO, 8.7-10 wt % E6s). In opposite, historical eruptions are charazeztiby more
fractionating magma. The higher contents of SE5-55 wt %, AlO314-18 wt %, NaO 2.7-3.8
wt. % are determined. Spatial magma variationgne {0-3000 BP) suggests that composition of
rocks continuously changed from more depleted st f|amore enriched in modern time (higher
contents of Zr, Y, Ba, Sr, ). Simple fractional crystallization not explaimngpositional
variation of magma.

On the Klyuchevskoy volcano are defined two diffeneagmatic suites: First suite is low
K20. This group is characterized by lowest contehts:® (0.5-0.8 wt. %), high MgO (7-13 %
wt. %), low contents of incompatible elements (Ba, Rb). For second suite is typical high
contents of KO (0.8-1,2 wt %), highest Zr, Ba, Rb, Eiistribution of these magmatic groups
in the time are irregular. Thus, since 3000 BP36QLBP low KO suite has been dominating.
Since 1000 BP to present time highCKsuite prevail. However, general pattern magmatrans
in time (0-3000 BP) shows that high@® suite dominate over lowzR suite.

Relation between location of cinder cones and magmitas has a some tendency. Low
K20 suites are located on the lower slopes, in oppdsgh KO suite are located in the upper
slopes and on the top of volcano. Additionally, IK¢D suite belong to fracturing zone with large
concentration of cinder cones.

This topic show just first results of our researolajn purpose of this presentation is show
geochemical and petrological features of the ptehcal and historical eruptions. Now
geochemical works are continuously. We will pred&f-MS and isotope data on the conference.
Discuss about origin of the magma and causes ofiratag variations in space and time will be
studying in the future.
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1.1.2.4. Geochemical studies of the Shiveluch volcanic maksi

Gorbach N.V., n-gorbach@mail.ruTembrel 1., Institute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Petfopsk-Kamchatsky, Russia

Portnyagin M.V., mportnyagin@ifm-geomar.gdeVernadsky Institute of Geochemistry and
Analytical Chemistry, Russian Academy of Scienceschv, Russia. Leibniz Institute of Marine
Sciences (IFM GEOMAR), Kiel, Germany

Hauff F., fhauff@geomar.deHelmholtz Centre for Ocean Research Kiel (GEOMAR®/,
Germany

Shiveluch is one of the largest (up to 1000%km@nd most active volcanic centers in
Kamchatka, which occupies a unigue geodynamicnggttiose to the edge of the subducting
Pacific plate at the Kurile—Kamchatka and Aleuta junction (Fig. 1.1.2.4.1). Volcanic massif
has a long and complex eruptive history that stidoefore 80 ka (Pevsner et al., 2014). It edifice
includes the Late Pleistocene Old Shiveluch st@tano, partially destroyed by a large-scale
sector collapse, and Young Shiveluch eruptive centeich has been active through the Holocene
(Melekestsev et al., 1991).

Fig. 1.1.2.4.1. Shiveluch volcanic massif, vievitie northwest.
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Geology and Petrology of the Lava Complex of Youslgveluch Volcano, Kamchatka

Detailed geological and petrological-geochemicatlgtof rocks of the lava complex of
Young Shiveluch volcano made it possible to evalilé lava volumes, the relative sequence in
which the volcanic edifice was formed, and the munin age of the onset of eruptive activity. The
lavas of Young Shiveluch are predominantly magmesiadesites and basaltic andesites of a
mildly potassic calc—alkaline series (Si€55.0-63.5 wt %, Mg# =0.56—-0.69). Geologic relagio
and data on the mineralogy and geochemistry of raoksposing the lava complex led us to
conclude that the magnesian andesites of Youngekiul volcano are of hybrid genesis and are
a mixture of silicic derivatives and a highly maga® magma that was periodically replenished
in the shallow magma chamber. Geological linesvafence of the mixing processes are provided
by lavas of heterotaxitic structure and by the ommoe of melanocratic nodules in the lavas of
the modern extrusive dome. The mineralogical lioe®vidence are compositionally discrete
groups of hornblende and plagioclase phenocrystscand their sharp zoning, the occurrence of
highly magnesian olivine in all rock varieties, tleaction relations of this mineral with pyroxenes
and hornblende, and the reversed zoning of thexpyes.

From the viewpoint of geochemistry, magma mixingstrdgnificantly affected the Cr and
Ni concentrations, which are the most contrastmipe primitive and evolved rocks. In the Cr vs.
SiOp plot (Fig. 1.1.2.4.2), the trend predicted for trectional crystallization of basaltic melt has
a hyperbolic configuration and leads to a signiitcdepletion of the melts in Cr (as well as Ni)
during early crystallization stages. The data moaftavas from Young Shiveluch plot away from
the crystallization trend and define diffuse lin&@nds, which suggests that these magmas were
produced by the mixing of primitive basalt magma endlved andesites.

Fig. 1.1.2.4.2. Variations in the concentrationsS@D2 and Cr in lavas and pyroclastic rocks of Ygun
Shiveluch volcano. Lava compositions are our dedapositions of pyroclastic rocks are according to
(Ponomareva et al., 2007). Thin lines with cirdlaew the model trends of fractional crystallizatie® of
basalt melt with initial concentrations of Cr = 7@im and SiO2 = 51.5 wt % (solid circle) at varivakies

of the bulk partition coefficient & between minerals and melt. The calculations weadarusing the
dependence between the SiO2 concentration andede§erystallization, according to (Brophy, 2008).
Heavy arrows show possible mixing trends of a deiféiated magma with 65 wt % SiO2 (open circle) and
() primitive basalt, and (Il) basaltic andesitaaibed by 35% crystallization of primitive melt. &dashed

41



line with an arrowhead shows the mixing trend dfedéntiated andesite and an average composition of
high-Al basalt of the mildly-K series (star) of teastern Volcanic Front (Geochemical Types..., 1990).

The “adakitic” geochemical characteristics (Sr/$0; Y < 18 ppm) of andesites of Young
Shiveluch volcano are most clearly pronounced in st evolved rock varieties and are
produced by the fractional crystallization of as@agation of plagioclase and hornblende at the
incomplete separation of plagioclase crystals ftbenfractionating magmas (Fig. 1.1.2.4.3).

Fig. 1.1.2.4.3. Variations in the concentration&ud2, Sr, and Y in lavas and pyroclastic rock¥ oéing
Shiveluch volcano. Lava compositions are our dedapositions of pyroclastic rocks are according to
(Ponomareva et al., 2007). The field of adakite positions (Y < 18 ppm, Sr/Y > 40, SiO2 > 56 wt %) i
shown according to (Defant and Drummond, 1990). ifiset in Fig. 1.1.2.4.3c shows trends for Yb (a
close geochemical analogue of Y) in the crystdilimacourse of basalt melt (1) without and (2) with
amphibole under lower crustal conditions and ({B¢ad based on data in (Brophy, 2008). The heaoyer

in Figs. 1.1.2.4.3c and 1.1.2.4.3d show the vectfr¢he melt compositional evolution during the
crystallization of various phases.

Gorbach, N. V., & Portnyagin, M. V. (2011). Geol@md petrology of the lava complex of Young

Shiveluch Volcano, Kamchatka. Petrology, 19(2), -16a. Doi:
10.1134/S0869591111020068
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Volcanic structure and composition of Old Shivelustolcano, Kamchatka

Fig. 1.1.2.4.4. Geological map of the Shiveluch volcangssif compiled based on the 2006-2009 field
observations and previously published data fromatiopet al. (1979) and Melekestsev et al. (199hg T
field of the Holocene proximal pyroclastic depogitshown after Ponomareva et al. (2007). The fiéld
proluvial deposits, moraines and expected Old Sinvesector collapse deposits allocated based@n th
interpretation of aerial photographs.
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We report results of a new comprehensive geologizgdping of the Late Pleistocene Old
Shiveluch volcano. The mapping results and geoctendata on major and trace element
composition of the volcanic rocks are used to attarae spatial distribution, eruptive sequence
and volumetric relationships between different rogdes of the volcano. Old Shiveluch volcano
had been constructed during two main stages: lireti@losive and subsequent effusive ones.
Pyroclastic deposits of the initial stage are repnéed by agglomerate and psephytic tuffs with
very few lava flows and form at least 60% of voluafg¢he Old Shiveluch edifice. The deposits
of the second stage are dominantly lava flows ediffom four vents: Central, Western, Baidarny
and Southern, reconstructed from the field relainps of their lava flows. About 75% of the Old
Shiveluch edifice, both pyroclastic deposits andajaare composed of magnesian andesites
(Si0=57.3-63.8 wt %, Mg#=0.53-0.57). The most abundautesitic lavas were coevally erupted
from the Central and Western vents in the centaal pf the edifice. Less voluminous high-Al
basaltic andesites (SK»3.5-55.7 wt %, Mg#=0.52-0.56) were produced bg WWestern,
Baidarny and Southern vents situated in the sowstevn sector. Small volume high-Mg basaltic
andesites (Si©53.9-55.0 wt %, Mg#=0.59-0.64) occur in the uppert of the pyroclastic
deposits.

Andesites of Old and Young Shiveluch Volcanoes lsavdélar compositions, whereas Old
Shiveluch basaltic andesites are compositionafiiirtitive from those of the Young Shiveluch by
having lower Mg#, Si@ Cr and Ni, and higher ADs, Fed, CaO, TiQ, and V contents at given
MgO. Geochemical modeling suggests that the cortiposiof the intermediate Old Shiveluch
magmas can be reasonably explained by simpledredtcrystallization of olivine, clinopyroxene,
plagioclase and magnetite (zhornblende) from whagaring (~3 wt % BD) high-Mg# basaltic
parental magma at intermediate to shallow crustathde(<15 km). Mixing of evolved (S¥S60
creating the compositional diversity of the Old \&hiich magmas compared to the Young
Shiveluch ones. The pronounced change in the Stukkehagma compositions could have been
related to adjustments of the magma plumbing sy$&emeath Old Shiveluch following the large
scale sector collapse in the Late Pleistocene éhabled a common mixing of evolved and
primitive magmas on the later, Holocene stage of/tiieano evolution.

Old Shiveluch (1-6): 1 — Initial agglomerate tuffs of Hbl-PI aktbl-Px-Pl andesites, 2 —
Initial OI-Cpx-PI basaltic andesites, 3 — lavadHtil-Pl and Hbl-Px-Pl andesites, rarely lavas Px-
Pl Hbl basaltic andesites, 4 — lavas of Px-PI biasandesites, 5 — extrusive lavas of Hbl-PI +Px
andesites, 6 — expected deposits of Old Shivelactoscollapse.

Young Shiveluch and Karan domeg7-9): 7 — lavas of OI-Cpx-PIl+ Hbl basaltic andesit
and andesites, 8 - extrusive lavas of Hbl-Pl and Rk} Pl andesites, rarely Ol-Hbl+ Pl andesites,
9 — proximal pyroclastic deposits.

Other symbols(10-17) 10 — block of terrigenous rocksl — dikes, 12 — moraingk3 —
proluvial and lahar deposits, 14 — modern glaciEss; collapse crater rim, 16- reconstructed Old
Shiveluch vents (1 — Central, 2 — Western, 3 — &aig, 4 — Southern) 17 — crater of 1964 eruption,
18 - boundary of 1964 eruption deposits.
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Fig.1.1.2.4.5Composition of Old Shiveluch rocks in Si© FeO*/MgO (a), Si@-K-0 (b) and Si@-Mg#

(c) diagrams. The compositions of Young Shiveluakiak and pyroclastics (Volynets et al., 1997;
Ponomareva et al.,, 2007 and Gorbach and Portnya@itl), A- and P-type primitive high-magnesian
andesites (Yogodzinski et al., 1994; 1998) are shimiwcomparison.

Gorbach, N., Portnyagin, M., & Tembrel, I. (201¥plcanic structure and composition of Old
Shiveluch volcano, Kamchatka. Journal of Volcanglagd Geothermal Research, 263,
193-208. Doi:http://dx.doi.org/10.1016/j.jvolgeores.2012.12.012

Gorbach N. V., & Portnyagin M. V. Evolution of thate Pleistocene Old Shiveluch Volcano,
Kamchatka // 2nd Bilateral Workshop of KALMAR- Rh&sKurile-Kamchatka and the
Aleutian Marginal Sea-Island Arc Systems, Trierfri@any. May 16-20, 2011. P. 58-59.

Gorbach N. V., & Portnyagin M. V. (2011). Geochergiand mineralogy of the Late Pleistocene
Old Shiveluch volcano, Kamchatka. 7th Biannual Wbdp on Japan-Kamchatka-Alaska
Subduction Processes: Mitigating Risk Through Imé¢ional Volcano, Earthquake, and
Tsunami Science. JKASP-2011. Petropavlovsk-Kangha®issia. August 25-30, 2011.
Abstracts. — Petropavlovsk-Kamchatsky: Institutev/ofcanology and Seismology FEB
RAS, Kamchatkan Branch  of  Geophysical Service  RA360-261,
http://www.kscnet.ru/ivs/slsecret/jkasp _2011/aljsigp 2011.htm

Sr-Nd isotopic composition of Shiveluch volcanic ssf (Kamchatka)

Several hypothesis have been proposed regarditigetorigin of Shiveluch magmas: 1)
slab melting (Yogodzinski et al., 2001; Churikovaak, 2001; Minker et al., 2004); 2) two
subducted slabs beneath Shiveluch which are redpen®r variable magma compositions
(Ferlito, 2011); 3) a highly depleted harzburgiti@antle source (Volynets et al., 1999); 4) low
temperature mantle melting and large contributi@mf pyroxenite sources (Portnyagin et al.,
2007; Portnyagin and Manea, 2008; Portnyagin e2@09; Nikulin et al., 2012). Melekestsev et
al. (1991) proposed an extensive interaction of megywith the lower crust. Published Sr-Nd
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isotope data were obtained for Holocene Shiveludks so far (Ivanov, 2008; Volynets et al.,
2000, Churikova et al., 2001). Here we report ngetdpe data for rocks representing all major
Shiveluch units and spanning age interval fromintiteal Late Pleistocene to historic eruptions.

The OIld and Young Shiveluch rock have Sr and Ntb@o compositions which are typical
for the Quaternary volcanic rocks of Kamchatka amdrlap data for three volcanic zones of
Kamchatka (Fig. 1.1.2.4.5 8’SrF®Sr isotope ratios vary from 0.703215 to 0.70367®d/*“Nd
range from 0.513123 to 0.51304M(@ = 9.5-7.9) and correlate negatively with Sragat ratios.
Compared with Klyuchevskoi and Bezymianny, Shiviluacks have lowet’Srf°Sr but similar
3NdANd. The similar range of isotope compositions ofi @hd Young Shiveluch rocks
suggests that these rocks originate from a comraorcs, not from two distinct sources for Old
and Young Shiveluch magmas (Ferlito, 2011). Thi=ehce in major element composition of the
Old and Young Shiveluch magmas is likely relateddifferent crystallization histories and
increased role of magma mixing on the most recegesof Shiveluch activity (Gorbach et al.,
2013). With exception of high-K basalts erupted B8 BP, Sr isotope ratios correlate with
major elements in Shiveluch rocks and increase wtneasing Si@ (Fig. 1.1.2.4.6b). All
Shiveluch rocks, including high -K basalts, exhib#trong positive correlation betwe€srfeSr
and KO (Fig. 1.1.2.4.6¢), Th/La (Fig. 1.1.2.4.6d), ThAarad La/Sm.

Fig. 1.1.2.4.6. Sr-Nd isotope systematics (a) aaniations off’SrfeSr vs. SiQ , and Th/La (b-d) in
Shiveluch rocks. Fields of Sredinny Range (SR),tétasVolcanic Front (EVF); Central Kamchatka
Depression (CKD) are shown after Churikova et(a001). On fig. (c) (d) possible trends of amphibole-
mica schists assimilation and mixing with mantlerekrl high-K basalts are shown. The amphibole-mica
schists composition are after Tararin et al. (2GW27,0).

The variability of Sr and Nd isotope ratios careeff heterogeneous mantle source and/or
crustal assimilation. In order to evaluate the ptiée effects of heterogeneous mantle source we
calculated a mixing trend of the higféNd/A*Nd and low&’SrfeSr Shiveluch basalts as depleted
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end-member and 3636C BP high-K basalts as end-member derived fronchad mantle source
(Portnyagin et al., 2007). To simulate crustal ragation, amphibole-mica schists of
Khavyvenskaya Rise were chosen as possible asstmfifihough the crust composition under
Shiveluch is unknown, Khavyvenskaya Rise amphilmolea schists can be present in the
basement of the Central Kamchatka depression anparticular, under the western sector of
Shiveluch (e.g. Avdeiko et al., 2001). The amptebwiica schists hav&/SrfeSr= 0.70727,
13NdANd=0.512968, » =4.3 wt. %, Th/La= 0.46 (Tararin et al., 2007; 2D10

The results of our modeling are shown in Fig. 14L& .Variations in Sr-Nd isotopic ratios
and KO contents in Shiveluch rocks can be well explaimgdither mixing with high-K 3608'C
end-member or by assimilation of crustal rockadré and 2 in Fig. 1.1.2.4.6a, c). The systematics
of 8’SrP%Sr and Th/La ratios allows discriminating the effeaf magma mixing and assimilation.
This model suggests that both mixing with high-kKsddés (up to 50 %) and crustal assimilation
(less than 5 %) could contribute to the geochendodl isotopic variations of Shiveluch magma.
Assimilation of about 2% of rocks is suggestedtfier Karan dome andesites, whose compaosition
differs from typical Shiveluch compositions (Figl2.4.6a-d).

Gorbach N.V., Portnyagiv M.V., Hauff F. Sr-Nd comipon of Shiveluch volcanic massif,
Kamchatka. 8-th Biennial Workshop on Japan-Kamdhdtlaska Subduction Processes
(JKASP-2014): Finding clues for science and digastetigation from International
collaboration. Sapporo, Japan, 22-26 September 2014
http://hkdrcep.sci.hokudai.ac.jp/map/jkasp2014/8&8.pdf

1.1.3.Geophysical investigations of the Klyuchevskaya Gugp of
volcanoes

1.1.3.1. The Peripheral Magma Chamber of Plosky Tolbachik

Fedotov S.A, karetn@list.ru Institute of Volcanology and Seismology, Far Eastidion,
Russian Academy of Sciences, Petropavlovsk-Kankgh&sssia. Shmidt Institute of Physics of
Earth, Russian Academy of Sciences, Moscow, Russia

Utkin 1.S., Utkina L.I., isutliut@mail.ry Shmidt Institute of Physics of the Earth, Russian
Academy of Sciences, Moscow, Russia

The Klyuchevskoy group of volcanoes (KGV) in Kamitfaais the most powerful existing
island arc and subduction zone volcanic center. Hbl®cene volcanic activity in the southern
part of the KGV is concentrated in a large basaiicano, Plosky Tolbachik (PT), altitude 3085
m and in its Tolbachik zone of cinder cones (Thdth 70 km, which are similar to Hawaiian-
type volcanoes and their rifts. A variety of ditfet basalt types are erupted at a rate of 18°x 10
t/yr.

This research provides information on the PT penipghmagma chamber obtained by
several independent methods. We used data on thietiem, eruptions, magma discharge,
deformation, and earthquakes in the PT and TZ,edlsas calculations that give the size of the PT
flow-through magma chamber. The use of seismolbgind geodetic data places the chamber
under the PT summit caldera, gives its transvarseas below 6 km, and the top of the chamber
at a depth of 2 km. Our calculations give 4.9-518f&r the transverse chamber dimension, 3.2—
3.9 km for its vertical dimension, 40—70 kifor chamber volume, and about 4 km for the depth
of chamber center.

The information we provide makes the propertiethisf source of PT and TZ alumina-rich
basalts clear, as well as those of the entire K@Gviex plumbing system.

The Plosky Tolbachik (PT) basaltic volcano alongwine Tolbachik zone of cinder cones
(TZ) is and outstanding object of volcanologicatearch and a major natural feature in the
powerful Klyuchevskoy Group of Volcanoes (KGV) inakichatka. This is the third (by the
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discharge of ejecta) volcanic center at the KurdrtChatka arc and the one that shows the greatest
similarity to Hawaiian-type volcanoes among thea¢f@ive volcanoes at the arc.

Fig. 1.1.3.1.1. Theoretical functiofs(t) andRx(t) for the length of the chamber’s horizontal ax} i
relation to timeli(t) andV(t) are chamber volumes of Plosky Tolbachik (b),dh@mber having the shape
of an ellipsoid with a vertical axis of revolutiogince chamber origin (45000 years ago) until nbkhe
vertical bar marks the present time. Continuousslishow the function:*°, R*°, V;*, andV,%, 0 that
were calculated assuming 30% (in weight) of the meagn the chamber being crystallized. Dashed lines
show the function&?°, R?°, Vi?°, andV,?°, calculated by assuming 20% of the magma volumieeto
crystallized. Dashed-dotted lines show the funstiRii®, R1%, V110, ;1 assuming that 10% of the magma
volume is crystallized.
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The paper make reference to numerous works thag¢ gecounts of multiyear
comprehensive research of the KGV, PT, and TZ coeduusing the methods of volcanology,
seismology, geodesy, geophysics, petrology, geostigtmand other disciplines. This research
provide data obtained by volcanology, geodesy,saisimology concerning the properties of the
PT and TZ and calculations for the PT peripheraymachamber. The whole is a sequel to studies
in the powerful and complex magmatic plumbing sysfer the KGV and in its geophysical
model.

We obtained similar independent estimates for dwatlon and dimensions of the PT
peripheral magma chamber: it lies beneath the A&psEd summit caldera, the top of the chamber
is at a depth of 2 km, the transverse dimensigheothamber is 4.9-5.8 km, the vertical dimension
is 3.2—3.9 km, the volume is 40-70 ¥rand the center of the chamber is at a depth aftabkm
(Fig. 1.1.3.1.1). The Great Tolbachik Fissure Eampbf 1975-76 (GTFE) caused 0.45 %of
alumina-rich basalts to be removed from the chambee above information will be useful for
attacking the following problems.

There is scant information on the rise of deep teamagmas toward the PT peripheral
chamber. It is still unclear why the 1939-1941 énupof alumina-rich basalts at the PT summit
terminated in a breakthrough of deep-seated magmésisalts in May 1941, while an opposite
sequence of types of erupting basalts was obselweag the GTFE.

There has been little research on pressure chamgjes extensive and complex magmatic
plumbing system for the KGV, which occurred aftee PT summit caldera subsided by 200 m
during the GTFE, to name one among other unresajuedtions.

These questions can be part of further basic relsear the KGV, its magmatic plumbing
system, and the properties of magma chambers benelaanoes.

Fedotov, S. A., Utkin, I. S., & Utkina, L. I. (201The peripheral magma chamber of Ploskii
Tolbachik, a Kamchatka basaltic volcano: Activitycation and depth, dimensions, and
their changes based on magma discharge observatibmsnal of Volcanology and
Seismology, 5(6), 369-385. Doi: 10.1134/S074204680042

1.1.3.2. The movement of the magmas below Klyuchevskaya Grpu of
volcanoes

Fedotov S.A, karetn@list.ru Institute of Volcanology and Seismology, Far Eastidion,
Russian Academy of Sciences, Petropaviovsk-Kankgh&sssia. Schmidt Institute of Physics of
Earth, Russian Academy of Sciences, Moscow, Russia

Slavina L.B., Kuchay M.S., Schmidt Institute of Physics of the Earth, Rusgdaademy of
Sciences, Moscow, Russia

Senyukov S.L.,Kamchatka Branch of Geophysical Service, Russiaadé&my of Sciences,
Petropavlovsk-Kamchatsky, Russia

Seismic and volcanic processes in the Northerngyodwolcanoes (NGV) of Kamchatka
2012-2013 accompanying the Tolbachik fissure evupfi FE, lately called «50 years of [VS»)
and the Great Tolbachik fissure eruptions (GTFE)®f5-1976, and also seismic activity during
the period between these two large basalt erupiiori®77-2012 are considered. Features of
development of seismic processes, similarity afféréinces in behavior of seismicity of the main
volcanoes of NGV — Plosky Tolbachik, KlyuchevskBgzymianny and Shiveluch — are revealed.
Features of distribution of earthquakes on defbidir tmigration in space and time in the NGV
area connections of seismic and volcanic activitiNGV are considered. The description of the
main features of seismic activity during preparataod development of GTFE of 1975-1976,
development of swarms of the earthquakes preceslimgrgence of its Northern and Southern
breaks is provided. Features of seismic activityrduthe long period between GTFE and TFE
eruptions are studied. The description of the niedtures of development of the seismic activity
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preceding and accompanying TFE in 2012—-2013 isgife a result of the conducted researches
the main sources and channels of a magmatic feexfinglcanoes of NGV are revealed. It is
shown that there is the main feeding channel imthatle and the general intermediate magma
center for all NGV. Depth of its location accorditiyseismic data is 25-35 km. Ways-channels
of magma outflow rise from this general intermegliegnter to active volcanoes Klyuchevskoy,
Tolbachik, Bezymianny and Shiveluch. Existence ty&r of neutral buoyancy at depths 15-20
km under all NGV and existence of a source of a@alarolcanism of magnesian basalts at North-
East from the Klyuchevskoy volcano at depths ~ 20ake shown. These data partially confirm
the geophysical model of magmatic feeding systemKlyuchevskoy group of volcanoes
constructed earlier in 2010. The presented datarasider area of all NGV and are based on new
observations (Fig. 1.1.3.2.1).

Fig. 1.1.3.2.1. The distribution of the seismicrgan time and depth at NGV before and in the fgigig
of TFE 01.01-31.12.2012 (a) and during the erupdiod the ending of TFE 01.01.2013- 31.03.2014
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(b) and related maps of the locationghad epicenters of earthquakesd). 1 — theearthquakesf TFE in
the area of the Plosky Tolbachik volcae; theearthquakedn the area of Klyuchevskoy volcano. K —
Klyuchevskoy volcano, B — Bezymianny volcano, T elbachik volcano. AB {ine crossing from the
southwest to the northeast the rectangle boundimdptality of the volcanoes.

Fedotov S. A., Slavina L. B., Senyukov S. L., &ydJ. S. (2014). Seismic processes and
movement of the magmas, occurring at the Greatabblifx fissure eruption 1975-1976
and the Tolbachik fissure eruption 2012-2013 (Kaatkh). Geofizicheskie process i
biocfera, 13(3), 3-30. (In Russian).
http://gpb.ifz.ru/fileadmin/user_upload/documerasfnals/gpb/13-
3/01_2014 N3_rus.pdf

1.1.4.Geochronology of the Klyuchevskaya Group of volcares
1.1.4.1. Eruption 10,200 cal BP at Ploskie Sopky massif

Ponomareva V, vera.ponomareval @gmail.coinstitute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Pettopsk-Kamchatsky, Russia

Portnyagin M., mportnyagin@ifm-geomar.gdeHelmholtz-Zentrum fir Ozeanforschung Kiel
(GEOMAR), Kiel, Germany. V.l. Vernadsky Instituté&seochemistry and Analytical Chemistry,
Moscow, Russia

Nurnberg D., Helmholtz-Zentrum fur Ozeanforschung Kiel (GEOMA&8], Germany
Krasheninnikov S.,V.l. Vernadsky Institute of Geochemistry and AmedytChemistry, Moscow,
Russia

Derkachev A.,V.l.I'ichev Pacific Oceanological Institute, Vladistok, Russia

Pendea |.F. Department of Interdisciplinary Studies, Lakeheadvédrsity, Orillia, ON, Canada
Bourgeois J, Department of Earth and Space Sciences, Univeo$it{yashington, Seattle, WA,
USA

Reimer P. J, School of Geography, Archaeology and Palaeoecol@geen’s University Belfast,
Belfast, Northern Ireland, UK

Garbe-Schonberg D.,Institute of Geoscience, Christian-Albrechts-Unsigr of Kiel, Kiel,
Germany

We report tephrochronological and geochemical adeteearly Holocene activity from
Plosky volcanic massif in the Kliuchevskoi volcagioup (Fig. 1.1.4.1.1), Kamchatka Peninsula.
Explosive activity of this volcano lasted for ~ky, produced a series of widely dispersed tephra
layers, and was followed by profuse low-viscosityd flows. This eruptive episode started a major
reorganization of the volcanic structures in thestemn part of the Kliuchevskoi volcanic group.
An explosive eruption from Plosky (M~6), previousiystudied, produced tephra (coded PL2) of
a volume of 10-12 ki (11-13 Gt), being one of the largest Holocene @sigk eruptions in
Kamchatka. Characteristic diagnostic features oPth2 tephra are predominantly vitric sponge-
shaped fragments with rare phenocrysts and miesolif plagioclase, olivine and pyroxenes,
medium- to high-K basaltic andesitic bulk compasiti high-K, high-Al and high-P
trachyandesitic glass composition with $©57.5-59.5 wt%, KO = 2.3-2.7 wt%, Al03=15.8-
16.5 wt%, and FOs= 0.5-0.7 wt%. Other diagnostic features includgpacal subduction-related
pattern of incompatible elements, high concentratmimall REE (>10x mantle values), moderate
enrichment in LREE (La/Yb~5.3), and non-fractiomhiteantle-like pattern of LILE.
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Fig. 1.1.4.1.1. Panorama photos of the Kliuchevskdéianic group including the Plosky volcanic m§ssi
the latter made up by Ushkovsky (Plosky Dalny) Erestovsky (Plosky Blizhniy) volcanoes. Upper photo
view southward from the slope of Shiveluch volcdowjer photo view eastward from along the Kamchatka
River valley. Photos by Philip Kyle.

Geochemical fingerprinting of the PL2 tephra witte thelp of EMP and LA-ICP-MS
analyses allowed us to map its occurrence in termesections across Kamchatka and to identify
this layer in Bering Sea sediment cores at a distafi >600 km from the source (Fig. 1.1.4.1.2).
New high-precisio?C dates suggest that the PL2 eruption occurred 80@& BP, which makes
it a valuable isochrone for early Holocene clim@ietuations and permits direct links between
terrestrial and marine paleoenvironmental recoftie. terrestrial and marirtéC dates related to
the PL2 tephra have allowed us to estimate an eknllycene reservoir age for the western Bering
Sea at 1410+6%'C yrs. Another important tephra from the Early Haloe eruptive episode of
Plosky volcano, coded PL1, was dated at 11,65@8BalThis marker is the oldest geochemically
characterized and dated tephra marker layer in IKatka to date, and is an important local marker
for the Younger Dryas - early Holocene transitione@nore tephra from Plosky, coded PL3, can
be used as a marker northeast of the source ataande of ~110 km.
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Fig. 1.1.4.1.2. Maps of dispersal of Plosky teph¢asApproximate position of a 2.5 cm isopachPa2
tephra. Sites at Uka and on Bering Island are geetions where no Plosky tephra has been found. (b)
Enlarged inset from a showing isopach lines for fhagenta) and PL1 (darkpurple); thickness in cm.

Ponomareva, V., Portnyagin, M., Derkachev, A., Rendl F., Bourgeois, J., Reimer P. J., Garbe-
Schonberg D., Krasheninnikov S., & Nurnberg D. @0Early Holocene M~6 explosive
eruption from Plosky volcanic massif (Kamchatkal ats tephra as a link between
terrestrial and marine paleoenvironmental recordsternational Journal of Earth
Sciences, 102(6), 1673-1699. Doi: 10.1007/s0053:a808-0

1.1.4.2. Chronology of explosive eruptions of the Shiveluchalcano

Ponomareva V, vera.ponomareval @gmail.coinstitute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Petfopsk-Kamchatsky, Russia
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Portnyagin M., mportnyagin@ifm-geomar.gdeHelmholtz-Zentrum fir Ozeanforschung Kiel
(GEOMAR), Kiel, Germany. V.l. Vernadsky Instituté&seochemistry and Analytical Chemistry,
Moscow, Russia

Nurnberg D., Helmholtz-Zentrum fur Ozeanforschung Kiel (GEOMAREI, Germany, V.I.
Vernadsky Institute of Geochemistry and Analytichémistry, Moscow, Russia

Derkachev A.,V.l1.I'chev Pacific Oceanological Institute, Vladistok, Russia

Pevzner M.,m_pevzner@mail.ruGeological Institute, Moscow, Russia

Blaauw M., School of Geography, Archaeology and PalaeoecolQuyen’s University Belfast,
Belfast, UK

Kyle P. Department of Earth and Environmental Science, Nexico Institute of Mining and
Technology, Socorro, NM, USA

The ~16 ka long record of explosive eruptions fishiveluch volcano (Kamchatka, NW
Pacific) is refined using geochemical fingerprigtof tephra and radiocarbon ages. Volcanic glass
from 88 prominent eruptions was analyzed by electnacroprobe (Fig. 1.1.4.2.1). Eruption ages
were estimated using 113 radiocarbon dates forimalixXephra sequence. These radiocarbon dates
were combined with 76 dates for regional Kamchatkaker tephra layers into a single Bayesian
framework taking into account the stratigraphicesialg within and between the sites. As a result,
we report ~1700 high-quality glass analyses fron588eluch eruptions of known age. These
define the magmatic evolution of the volcano amaljote a reference for correlations with distal
fall deposits. Shiveluch tephras represent two ntgmes of magmas which have been feeding the
volcano during the Late Glacial-Holocene time: Baingebasaltic andesites and Young Shiveluch
andesites. Baidarny tephras erupted mostly duhed_ate Glacial time (~16 - 12.8 ka BP) but
persisted into the Holocene as subordinate adneixtuthe prevailing Young Shiveluch andesitic
tephras (~12.7 ka BP - present). Baidarny basaltidesite tephras have trachyandesite and
trachydacite (Sigx71.5 wt. %) glasses. The Young Shiveluch anddsjérashave rhyolitic
glasses (Sie»71.5 wt. %). Strongly calc-alkaline medium-K chagaistics of Shiveluch volcanic
glasses along with moderate Cl, CaO and le@sReontents permit reliable discrimination of
Shiveluch tephras from the majority of other lakH@ocene tephras of Kamchatka. The Young
Shiveluch glasses exhibit wave-like variations i@Scontents through time that may reflect
alternating periods of high and low frequency/voduof mafic magmas supply to deep magma
reservoirs beneath the volcano. The compositionailabidity of Shiveluch glass allows
geochemical fingerprinting of individual Shivelutdphra layers which along with age estimates
facilitates their use as a dating tool in paleocantwogical, paleoseismological,
paleoenvironmental, and archaeological studiextileic tables accompanying this work offer a
tool for statistical correlation of unknown tephnagth proximal Shiveluch units taking into
account sectors of actual tephra dispersal, eruipa and expected age. Several examples
illustrate the effectiveness of the new databa$e data are used to assign a few previously
enigmatic wide-spread tephras to particular Shskeleruptions. Our finding of Shiveluch tephras
in sediment cores in the Bering Sea at a distahre6@) km from the source permits re-assessment
of the maximum dispersal distances for Shivelugihtas and provides links between terrestrial
and marine paleoenvironmental records (Fig. 1.124.2
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Fig. 1.1.4.2.1. Backscattered electron images d&écted Shiveluch tephraa—c Young Shiveluch
pumiceous tephra SH1 (unit 4, sample 757-1),SH2800 (unit b, sample 775-8)early Holocene high-
K pumice (sample 775-25)f cinders:d SHsp (unit 28, sample 757-2@)dark package” (unit 46, sample
K01-17); f Baidarny cinder (sample 97057-3). For stratigraphesition of the samples, see Online
Resource 1.
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Fig. 1.1.4.2.2. Minimum dispersal of selected Y$®hras based on new correlations with distal sites.
Color circles show locations of the analyzed distal tephra sasnfals of matchingcolors show
minimum dispersal areas for tephra units 56, 595h{Lower yellow). Findings of YSH tephras in the
marine cores SO201-2-81 and SO201-2-77 are theefiexr findings of Shiveluch tephra in the marine
sediments, which allow us to estimate the minimuspetsal of Holocene Shiveluch tephra at 560-580
km. Insetshows the location of Attu Island, where tephra gas attributed by Kyle et al2Q1l) to
Shiveluch likely come from another source

Ponomareva, V., Portnyagin, M., Pevzner, M., BlaaMy Kyle, P., & Derkachev, A. (2015).
Tephra from andesitic Shiveluch volcano, KamchatM&y Pacific: chronology of
explosive eruptions and geochemical fingerprintiofy volcanic glass. International
Journal of Earth Sciences, 1-24. Doi: 10.1007/s00835-1156-4

Kyle, P. R., Ponomareva, V. V., & Schluep R.R. I2@eochemical characterization of marker
tephra layers from major Holocene eruptions in Kaat&a, Russia. International Geology
Review, 53(9), 1059-1097, Doi: 10.1080/0020681092382

1.1.5.Geological observations at the Klyuchevskaya Groupf volcanoes

1.1.5.1. Aerial photogrammetric monitoring of active volcanes and
geothermal objects

Dvigalo V.N., dvig@kscnet.ruMelnikov D.V., dvm@kscnet.ruMelekestsev 1.V. Institute of
Volcanology and Seismology, Far East Division, Rus#&cademy of Sciences, Petropavlovsk-
Kamchatsky, Russia

Shevchenko A.V., shevchenko@kscnet,ruSvirid 1.Yu., svirid@kscnet.ru, Institute of
Volcanology and Seismology, Far East Division, Rus#&cademy of Sciences, Petropavlovsk-
Kamchatsky, Russia, Petropavlovsk-Kamchatsky, &uségitus Bering Kamchatka State
University (KamGU), Petropavlovsk-Kamchatsky, Rassi
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Aerial photogrammetric monitoring of the active samhoes of Kamchatka has been
carrying out at the Institute of Volcanology FESGS&R and the Institute of Volcanology and
Seismology FEB RAS since 1973. Our team perforrasetitire work cycle: aerial photo survey,
stereophotogrammetric processing of the photogcapiaterial, building the Digital Terrain
Models and creating specialized topographic mapgpkarns. The photogrammetric processing of
the aerial photographs provides high accuracy of dhtained qualitative and quantitative
characteristics of the active volcanic objectsngghis method we can also estimate the effect of
eruptions and detect their precursors. The majofithie studied objects now is too dangerous for
direct observations due to high eruptive activityerefore, the remote sensing, in particular
photogrammetry, is the most appropriate way of nooimg them.

Aerial photogrammetric monitoring of the Shiveluctolcano

Fig. 1.1.5.1.1. Three-dimensional model of the Miolp Shiveluch lava dome fduly 12, 2012.

The detailed analysis of morphological featureshef Molodoy Shiveluch Volcano lava
dome showed that since 2001 the dome has grownynexstgenously: numerous lava lobes and
crease structures have been extruded at its diffeeetors. Using geomorphological interpretation
of stereo imagery and aerial photogrammetric metwedhave made the morphological and
volcanological descriptions of the lava dome, bDilgital Terrain Models (Fig. 1.1.5.1.1) and
obtained precise morphometric characteristics Herdifferent stages of its growth. The crease
structures detected at Molodoy Shiveluch were iladsinto three types: radial, bilaterally
symmetrical and irregular. These crease structanesnorphologically similar to those formed at
Unzen Volcano during the 1990-1995 eruption. Wepeagpd that the reason of change in type of
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the dome growth from endogenous to predominanthgerous may be in intensification of lava
output, as well as in change of extrusive matetigisical properties due to increasing of 5iO

Also we defined that the role of gravitational pFeses was significant during recent period
of Molodoy Shiveluch activity. Relatively loose reatl of exogenous lava lobes is subject to
failures. Debris avalanches produce the greatéist-ferming effect in comparison with other
processes at Molodoy Shiveluch. Thus one of thgektrecent eruption of February 28, 2005 was
triggered by partial failure of the dome (not Il¢isan 0.11 krin volume). The largest partial
failure (0.28 ki) occurred on October 28, 2010, when the eruptitizity was low. Performed
geomorphological analysis revealed the similarityhaf 1964, 2005 and Upper Pleistocene post
failure landforms.

Shevchenko, A.V. (2014). Exogenous dome growthobtdidly Shiveluch Volcano, Kamchatka.
1st International Workshop on Volcano Geology: eduss book. July 7-11, 2014, Madeira,
Portugal, 132-136.
http://www.kscnet.ru/ivs/bibl/sotrudn/zhevchenkoishenko wvg2014.pdf

Shevchenko, A.V., Svirid, I.Yu., & Dvigalo, V.N012). The formation of the exogenous dome at
Molodoy Shiveluch Volcano. Volcanism and relatedcpsses. Annual regional scientific
conference dedicated to the Volcanologist Day. Pedings of the conference. March 27-
28, 2014, Petropavlovsk-Kamchatsky. Petropavlowsit¢hatsky: Institute of volcanology
and seismology FED RAS, 128-134. (In Russian).
http://www.kscnet.ru/ivs/publication/volc_day/204M20.pdf

Shevchenko, A.V., & Svirid, .Yu. (2014). Collagsprocesses of the current lava dome at
Molodoy Shiveluch Volcano. Natural environment lbé tKamchatka. Materials XllI
regional youth scientific conference, 15 April, 201Petropavlovsk-Kamchatsky.
Petropavlovsk-Kamchatsky: Institute of volcanolagg seismology FED RAS, 129-142. (In
Russian)http://www.kscnet.ru/ivs/publication/young_conf/200art11.pdf

Aerial photogrammetric monitoring of the Kizimen \@ano

Fig. 1.1.5.1.2. 2010-12 eruption of the Kizimenoaoio.
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The detailed analysis of aerial photographs andespaages for the Kizimen area allowed
us to characterize the geologic and geomorpholeffects of the eruption over the 2010-2011
period. The total volume (>0.5 Knof the erupted material makes this eruption onth@fmost
productive in Kamchatka over the past 200 yearns. (Eil.5.1.2).

The pyroclastics (tephra, deposits of the juvepyliclastic avalanches and incandescent
debris avalanches) comprise >0.3%kiWe defined the parameters of the very thick bjoeka
flow: 3.052 km in length, up to 232 m in thickne8s163 kn? in area, and about 0.195 kim
volume. With the exception of the tephra, which dsler an area of about 100000 %rthe rest of
the material was accumulated on the Kizimen core ants base (Fig. 1.1.5.1.3). The mean
discharge rate was about 15/sec (29 t/sec) for 13 months (from November 11120

December 11, 2011).

Fig. 1.1.5.1.3. The space distribution and thickneghe 2010-12 Kizimen eruption

Dvigalo, V. N., Melekestsev, I. V., Shevchenkdy.A& Svirid, 1. Y. (2013). The 2010-2012
eruption of Kizimen Volcano: The greatest outpubn{f the data of remote-sensing
observations) for eruptions in Kamchatka in thely&ist century part I. The November
11, 2010 to December 11, 2011 phase. Journal afaralogy and Seismology, 7(6), 345-
361. Doi: 10.1134/S074204631306002X

Melnikov, D. V., Dvigalo, V. N., & Melekestsew1.(2011). The 2010-2011 eruption of Kizimen
volcano, Kamchatka: dynamics of eruptive activiig geologic-geomorphological impact
(based on remote sensing data). Bulletin of Kani@heggional association "Educational-
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Scientific Center". Earth sciences, 2(18), 87-101.(In Russian).
http://www.kscnet.ru/kraesc/2011/2011 18/art7.pdf

1.1.5.2. Volcanic activity of andesitic volcanoes

O. A. Girina, Nuzhdaev, Institute of Volcanology and Seismology, Far Eastidion, Russian
Academy of Sciences, Petropavlovsk-KamchatskyiaRuss

Bezymianny volcano eruptions

Bezymianny Volcano is one of the most active vobein the world. In 1955, for the first
time in history, Bezymianny started to erupt antdragix months produced a catastrophic eruption
with a total volume of eruptive products of morertt3akn?. Following explosive eruption, a lava
dome began to grow in the resulting caldera. Lavaalgrowth continued intermittently for the
next 57 years and continues today. During this rel¢d period of lava dome growth, 44
Vulcanian-type strong explosive eruptions occurbeiween 1965 and 2012. This research
presents a summary of activity at Bezymianny Vaicd#iom 1956 to 2010 with a focus on
descriptive details for each event.

Girina, O. A. (2013). Chronology of Bezymianny ¥ale activity, 1956—2010. Journal of
Volcanology and Geothermal Research, 263, 22-41. i: Do
http://dx.doi.org/10.1016/].jvolgeores.2013.05.002

Shiveluch volcano eruptions

The explosive eruption of Young Shiveluch volcamowred on September 22, 2005. A
20-km long pyroclastic flow formed in the Baydaraayalley. Ash deposits from this eruption
were observed in an area of the Northern volcarnogof Kamchatka.

Girina, O. A., & Nuzhdaev, A. A. (2014). On sonaues peculiar to the September 22, 2005
eruption of Young Shiveluch Volcano, Kamchatka. riu of Volcanology and
Seismology, 8(4), 218-227. Doi: 10.1134/S074204630@34

1.1.6.Petrophysical studies of the Bezymianny volcano rés

Ladygin V. ., Frolova Yu.V., skalka@geol.msu.ri.V. Lomonosov Moscow State University,
Moscow, Russia

Girina O.A., girina@kscnet.rulnstitute of Volcanology and Seismology, Far Eastidion,
Russian Academy of Sciences, Petropaviovsk-Kankgh&sssia

This research presents results from a study of Bows that were discharged by
Bezymianny Volcano at different times, from old ¢gab3500 years ago) to recent ones (1985—
1989). We provide detailed descriptions of the cositpmn, structure, and petrophysical properties
for the main types of constituent rocks, which aneesites and basaltic andesites. It was found
that porosity is the leading factor that contraskr properties, while the effects of structural and
mineralogical features are less prominent. We detratieshe variation in the properties of rocks
that compose the lava flows in relation to theesghe older a rock is, the higher its density and
strength and the lower its porosity is.

Ladygin, V. M., Girina, O. A., & Frolova, Y. V. (BD). Petrophysical features of lava flows from
Bezymyannyi Volcano, Kamchatka. Journal of Voloagywpland Seismology, 6(6), 341-
351. Doi: 10.1134/S074204631206005X
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Melekestsev |.V., annasm@kscnet.yuKartasheva E.V., Kirsanova T.P., Kuz’'mina A.A.

Institute of Volcanology and Seismology, Far Eastidion, Russian Academy of Sciences,
Petropavlovsk-Kamchatsky, 683006, Russia

Fig. 1.2.1.1.1. Three eruptive vents in the norttern sector of the Koryaksky summit portion inukamy
2009. Photographed by A.V. Sokorenko.

This study is the first to show, using data from #raption of Koryaksky Volcano,
Kamchatka that began in December 2008 and contitmedgh 2009 that the water in permanent
and temporary streams that start on the slopdseo¥dlcanic cone and in temporary lakes when
contaminated with fresh tephra is a specific hataetbr related to long-continued hydrothermal—
phreatic eruptions on that volcano. This wateh@racterized by increased acidity (pH 4.1-4.35)
and large amounts (up to 50-1003giter) of solid suspension and is unfit for dringi and
irrigation. When combined with tephra, it probalpiloduced mass destruction of a number of
animals who lived on the slopes and at the ba#desofolcano. The water contaminated with tephra
is an important component of the atmospheric maddloccurring on Koryaksky Volcano; for
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several future years it will be a potential soulmeenhancing the acidity of ground water in the
volcanic edifice.

Fig. 1.2.1.1.2. Water sampling sites (the ZhelearRiyer and its left tributary): (1) Koryaksky ed#, (2)
western crater and eruptive fissure responsibléhfod 956—-1957 and 2008—2009 eruptions on Koryaksky
(3) water sampling sites (a) and the well (b).

Table 1.2.1.1.1. Chemical analyses of water sanipléte Koryaksky area (ing/dn?), hardness in meq/l)

Note: The chemical analyses of the samples wereeaadhe Analytical Center IV&S FED RAS by

Researchers E.V. Kartasheva and Junior ResearcheKAz'mina. The data for comparison (average for
Kamchatka) were based on long-term observatiomsitgr compositions observable in the drinking water
supply system. AAS stands for atomic absorptioespmetry, FES for flame emission spectrophotometry
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well LGA denotes a water sample from the well ie 8hiveluch LGA (at the base of Koryaksky Volcano),
depth 110 m, 950 denotes a water sample from theZhaya River at 950 m altitude, 900 denotes arwat
sample from the tributary of the Zheleznaya at 808ltitude, 144 is a water sample from the Zhelgana
at 144 m altitude.

Melekestsev, I. V., Kartasheva, E. V., KirsanovaPT & Kuz’'mina, A. A. (2011). Water
contaminated by fresh tephra as a natural hazamtdia The 2008-2009 eruption of
Koryaksky Volcano, Kamchatka. Journal of Volcanglamnd Seismology, 5(1), 17-30.
Doi: 10.1134/S0742046311010064

Koryaksky volcano: the recent state and its recaativity
Gordeev E.l., Droznin V.A., Dubrovskaya I|.K., Muravyev Y .D., murid@kscnet.ru

Ovsyannikov A.A. Institute of Volcanology and Seismology, FEB RAS®{rapaviovsk-
Kamchatsky, Russia

Presented the results of studying of the weak exmogas-ashed eruption of the Volcano
Koryaksky occurring since December, 2008 on thernmigg of 2010. Based on the previous
eruption of a volcano in 1956-1957, it is possiblallocate separate fumarolic or Koryaksky type
of eruption.

High resolution thermal cameras were used in obensof gas and ash plumes during
eruption of the Koryaksky volcano in March 2009 r@asults provide the thermal structure of gas
and ash flows. The structure of the eruption colwonsists of several individual plumes. The
vertical velocity of plume rise was estimated &-5. m/s. The eruption column or plume can be
conventionally divided into three parts: a highbneective region, a buoyant region, and a region
of horizontal motion. The temperature of the plummehigher than that of the surrounding
atmosphere by 3-5°C for the horizontal motion regad by about 20°C for the buoyant region.
The velocity at the buoyant region is 5—7 m/s. ther boundary between highly convective and
buoyant regions, where the plume diameter is knaleyapor mass flow and the heat capacity
of the thermal jet flow can be determined from lieat balance equation. The mass flow of the
overheated vapor, which has a temperature of 480tU3comprises a gas and ash eruption plume,
was estimated to be Q = 35 kg/s. The total masgtér vapor over the period of eruption (100
days) is estimated at 3 - 105 t. The total theenargy of the eruption amounted t& M.

Fig. 1.2.1.1.3. Photograph of the gas and ash ieruplume taken at a distance of 6.3 km from the
observation site (a). The heads of plumes are rdawiéh a black line; (b) growth of the plume rissdht;
(1, 2) lower vent; (3, 4) upper vent.

Gordeev, E. I., Droznin, V. A., Dubrovskaya, I.Muravyev, Y, D., & Ovsyannikov A. A. (2011)
Volcan Koryaksky: the recent state and its acti2@8—2010. Vestnik DVO RAN, 3(157),
25-34. (In Russian). (In Russiah}tp://elibrary.ru/download/60259377.pdf
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Maximov A.P., Anikin L.P., Vergasova L.P., Ovsyanrkov A.A., Chubarov V.M. Institute of
Volcanology and Seismology FEB RAS PetropavlovskdRatsky, 683006, Russia

Fig. 1.2.1.1.4. The patrticles of silica gel from #sthes of the eruption of the volcano Koryaksky:
single particle of silica gel and particle of oxéd rock with kidney-shaped build-up silica gel.
Photos taken with a stereomicroscope Discovery V12.

Fig. 1.2.1.1.5. Diagrams compositions of rock-faxgiminerals in the ashes of the eruption of theamd
Koryaksky 2009.
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The paper presents results of granulometric, chedrarad mineral analysis of ash from the
Koryaksky 2009 eruption. Ash is fine grained with tnaces of fresh volcanic glass. There is a
wide range of minerals of various genesis: commagmmatic minerals, various accessories and
minerals of hydrothermal genesis. The article ptesithe conclusion of mixed genesis of ash and
the hydrothermal nature of the volcano activity.

Maximov, A. P., Anikin, L. P., Vergasova, L. P.sgannikov, A. A., & Chubarov, V. M. (2011).
Ashes from the 2009 eruption of Koryaksky volcamd @istinguishing features of their
genesis. Bulletin of Kamchatka regional associati@tucational-Scientific Center".
Earth sciences, 2(18), 73-86. (In Russian).
http://www.kscnet.ru/kraesc/2011/2011_18/art6.pdf

1.21.2. ,&5&6!)*&#1014130147

Malik N.A., malik@kscnet.ru 8"- &.#! 9:9:; oval@kscnet.ruy Maximov A.P.,

maximov@kscnet.rth 9 ! £/ Gordeev E.l., gordeev@kscnet.ru Girina O.A.,

girina@kscnet.ni<# & !£9:; dva@kscnet.ruMurav’ev Ya.D., murjd@kscnet.ruManevich

A.G., lav217@kscnet.ruMel'nikov D.V., dvm@kscnet.ry Nuzhdaev A.A., Demyanchuk
Yu.V., demyanchuk.yu@yandex,rnstitute of Volcanology and Seismology, Far Easidion,
Russian Academy of Sciences, Petropavlovsk-Kankgh&33006, Russia

Fig. 1.2.1.2.1. (upper left) Regional location azikhen on Kamchatka Peninsula, Russia; red square
indicates area of enlarged map. (lower right) Lasilting of Kizimen among neigh boring volcanoes.
Regional map was found on the internet, authonghimown. Local map was provided by Droznin Valery
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(Institute of Volcanology and Seismology, Russiatademy of Sciences, Far Eastern Branch). Figure
taken from (Bulletin of the Global Volcanism Netwololume 36, Number 10, October 2011).

One of the active Holocene volcanoes of the Kufidéenchatka arc - Kizimen Volcano (N
55°08, E 160°2Q alt. 2375 m) - is located on the eastern edgeéhefCentral Kamchatka
Depression (CKD), in the area of Schapinsky gradomh midway between the eastern volcanic
front (EVF) and CKD at the latitude of the Klyuchkaga Group (Fig. 1.2.1.2.1). In historical
time only one eruption was documented in 1928 Viguut probably this eruption was very poor
and no any deposits were found. Their volcanic petglare represented by pyroclastic deposits
and lava flows of basalt-dacite composition. Onerfament fumarole at W slope of volcano is
known since 1825.

Fig. 1.2.1.2.2. New summit fumaroles at Kizimencaslo. Photo done from the south 20.11.2011 by A.V.
Sokorenko.

The seismic activity before new 2010-2013 erupsitanted at 2009. In October 2010 two
new fumaroles at the volcano summit occur (Fig.11222). The first ash fall was documented at
November 12 2010. The intensive explosive activis documented at October 10-14 with ash
plumes up to 1 km and pyroclastic flows (Fig. 1.2.3). Than ash activity was continue and the
active explosions started at December 10 2010. Samedusly with this eruption large lahar (17-
18 km long) was formed in December 13 at PopereemaylLevaya Schapina rivers. To the end
of 2011 Kizimen ash covers area about 300 thoukanfd The estimated mass of ash for this
period (December 2010 — March 2011) was about 1lomions. Numerous pyroclastic flows
mainly at SE slope of volcano are characteristatuiee of this eruption (Fig. 1.2.1.2.4.). The
chemical composition of ash and lapilli is highakldesites and dites.

The first lava flow occurs in February 2011. Th@lesive eruption was continuing up to
the end of 2011 when the pyroclastic flows were eto NE slope of volcano. The future activity
was represented by effusive events and by lavadiqueezing. At September 2011 the lava front
was on the elevation 1300 m, and the lava flow 2v&8skm long. At March 2012 the lava front
was on the elevation 1100-1200 m, and the lava fi@s8 3.1 km long (Fig. 1.2.1.2.5) and it's
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thickness was 50-100 m. The velocity of the lawavffront was about 4-12 m/day. This effusive
stage of eruption was continuing up to Septemb#&2 2¢hen it was switched on extrusive-effusive
phase.

Fig. 1.2.1.2.3. View of explosive Kizimen eruption5.01.2011 from the west. The permanent fumdsole
left of crater. Photo by E.S. Vlasov.

Fig. 1.2.1.2.4. Pyroclastic flow 26.01.2011. PhoydS.A. Chirkov.
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Eruption of Kizimen volcano finished on December, @913. Activity of the volcano
changed with time: in 2012-2013, there was effusveption from mid-January 2011, till
September 2012, and extrusive-effusive eruption fs@ptember 2012, till September 2013.

Fig. 1.2.1.2.5. Lava flow, photo done by Malik NAyril 30 2012: 1 — lava front, 2 — edge of lavauil,
3 — fresh lava flow.

Lava flow composition is andesites with Sifdom 56.3 to 63.5% at constant FeO*/MgO,
which covers all earlier known Si®@alues for the Kizimen lavas of different ages (kova et
al., 2001, 2007, 2013). Composition of volcanicsglrom the 2010-2011 eruptions from Kizimen
is also identical to that from its largest pre-bist eruptions (Ponomareva et al., 2012).

The main rock-forming minerals in Kizimen erupti®2®10-2013 are plagioclase (#nes)
and hornblende (F/FM — 0.25-0.40). Other phenosrgst represented by Opx (E&nrg, Aug
(Eruz—sag 5 Fsi3-18 Wollza 5-49, Ol (Foro—76.9, Mt (6—-14% TiQ), and IIm. Two different volcanic
glasses were measured in these rocks — one witbFB1@ and KO=4%, second one with
SiO=77% and KO=4%, which was explained by the liquation process.

Malik, N. A., & Ovsyannikov, A. A. (2011). The drp of the Kizimen volcano in October 2010
— March 2011. Bulletin of Kamchatka regional asstion "Educational-Scientific
Center". Earth sciences, 1(17), 7-10. (In Russian).
http://www.kscnet.ru/kraesc/2011/2011_17/artl.pdf

Malik, N. A., Maximov, A. P., & Ananyev, V. V. (2DEruption of Kizimen volcano in 2010-2012
and its products. Volcanism and related proces8esual regional scientific conference
dedicated to the Volcanologist Day. Proceedingghefconference. March 29-30, 2012,
Petropavlovsk-Kamchatsky. Petropavlovsk-Kamchatshkgtitute of volcanology and
seismology FED RAS, 64-70. (In Russian).
http://www.kscnet.ru/ivs/publication/volc_day/204r210.pdf
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Gordeev, E., Droznin, V., Malik, N., & Muravyev{(X012) Kizimen Volcano, Kamchatka, Russia:
2010-2012 Eruptive Activity. American Geophysicaldn, Fall Meeting, December 3-7,
2012, San Francisco, California. Abstract #V33D-289

Churikova, T. G., Ivanov, B. V., Eichelberger,\@grner, G., Browne, B., & Izbekov, P. (2013).
Major and trace element zoning in plagioclase fréazimen Volcano (Kamchatka):
Insights into magma-chamber processes. Journaladéaviology and Seismology, 7(2),
112-130. Doi: 10.1134/S0742046313020024

Gordeev, E. I., & Girina, O. A. (2014). Volcanoemdaheir hazard to aviation. Herald of the
Russian Academy of Sciences, 84(1), 1-8. Doi: Ba/E1019331614010079

Girina, O. A., Manevich, A. G., Melnikov, D. V.,Zkddaev, A. A., Demyanchuk, Yu. V. (2014).
Activity of Kamchatkan Volcanoes in 2012-2013 arahdier to Aviation. 8-th Biennial
Workshop on Japan-Kamchatka-Alaska Subduction Besse (JKASP-2014): Finding
clues for science and disaster mitigation fromidnéional collaboration. Sapporo, Japan,
22-26 September 2014ttp://hkdrcep.sci.hokudai.ac.jp/map/jkasp2014/RdB.pdf

Ponomareva, V. V., Portnyagin, M. V., & Melnikov, \2 (2012). Composition of tephra from
modern (2009-2011) eruptions of the Kamchatka amdléislands volcanoes. Bulletin of
Kamchatka regional association "Educational-ScigntCenter". Earth sciences, 2(20),
23-37. (In Russianhttp://www.kscnet.ru/kraesc/2012/2012_20/art5.pdf

Emission of the volcanic ash amount into the at atBphere

Gordeev E.I., gordeev@kscnet.ruFirstov P.P, firstov@emsd.rulnstitute of Volcanology and
Seismology, Far East Division, Russian Academy @énSes, Petropavlovsk-Kamchatsky,
683006; Kamchatka Branch, Geophysical Service, iBagscademy of Sciences, Petropaviovsk-
Kamchatsky, 683006, Russia

Kulichkov S.N., snk@ifaran.ruObukhov Institute of Atmospheric Physics, Russiegad@my of
Sciences, Moscow, 119017, Russia

Makhmudov E.R., Kamchatka Branch, Geophysical Service, Russian éuogdof Sciences,
Petropavlovsk-Kamchatsky, 683006, Russia

The 1S44 station operates at the observation pbiNachiki on the Kamchatka peninsula,
which is part of the International Monitoring Syst€éIMS), and it helps verify compliance with
the Comprehensive Nuclear Test-Ban Treaty (CTBTe Kamchatka Branch, Geophysical
Service, Russian Academy of Sciences (KB GS RA&3, astation operating in the village of
Paratunka. Both of these stations allow one to toorstrong explosive eruptions of andesitic
volcanoes (Fig. 1.2.1.2.6).

Both kinematic and dynamic parameters of acougjitats accompanying the eruptions of
the Bezymianny volcano (at a distance of 361 km fiexchiki) in 2009-2010 and the Kizimen
volcano (at a distance of 275 km) on December 31,12 are considered. A low-frequency
rarefaction phase 60 s in length has been revéaldg initial portion of the record of acoustic
signals accompanying such strong eruptions. lhasve that the rarefaction phase occurs due to
the rapid condensation of superheated juvenile vépatr enters the atmosphere during such
explosions. The amount of volcanic ash emitted theoatmosphere has been estimated within
(3.2—7.3) 16m? on the basis of acoustic signals recorded dutiagtuptions under consideration.
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Fig. 1.2.1.2.6. Layout of acoustic stations and Klaatka active volcanoes; (1) 1IS44 station (Nach{i)
stationary stations (Paratunka and Tundrovyi)a3ive volcanoes, and (4) populated areas.

Gordeev, E. I, Firstov, P. P., Kulichkov, S. N. Makhmudov, E. R. (2013). Infrasonic waves
from volcanic eruptions on the Kamchatka peninsiazgestiya, Atmospheric and Oceanic
Physics, 49(4), 420-431. Doi: 10.1134/S0001433806686

Eruption of Kizimen volcano in 2009-2013 in seisndata and visual observations
Firstov P.P.firstov@emsd.ruShakirova A.A., shaki@emsd.ruArbugaeva O.A., Kamchatka

Branch, Geophysical Service, Russian Academy an&es, bul'v. Piip 9, Petropaviovsk-
Kamchatsky, 683006 Russia

Eruption of andesitic volcano Kizimen in 2010-204@s recorded for the first time of
detailed seismological observations in Kamchatkéfei2nt forms of activity of the volcano is
well diagnosed by satellite images in the infraspectrum and seismic effects. Quasi-periodic
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appearance of micro earthquakes generated bydhedf the lava flow when it moves down the
slope was observed first for Kamchatka volcanoaptems with andesitic lava.

Kizimen eruption was preceded by long seismic papan for one year and eight months,
when in the region of the volcano were recorded¢amb-tectonic (VT) earthquakes with energy
class K>5 (K = IgE, J). According to the catalogeafrthquakes of 2010 seismicity increased
significantly in the area of the volcano. By latpri the accumulated conditional strain reached
a value of 2*10 DzH’-° then until October observed its monotonic increase then there were
two intervals amplification of seismic activity (fi1.2.1.2.7). The first occurred in mid-October,
when there were a series of shallow earthquakdésk#fL0. In November 2010 there was a second
activation of seismicity with four earthquakes With10. The total value of the conditional strain
in 2010 was 8*180DzHP->. Powerful explosions with emission of ash to ajheof 10 km occurred
12 and 31 December 2010 (Fig. 1.2.1.2.7b).

The space-time seismicity of the Kizimen volcanonp®io the restructuring of the stress
field area under the influence of viscous magmiagiso the dyke with a complex configuration

before the eruption. Preparation of eruption wag/sindicating sluggish processes in the magma
chamber.

Fig. 1.2.1.2.7. Distribution focuses depth of volodectonic earthquakes preceding and accompanying
Kizimen eruption (a) and conventional strain gréph

After the eruption and during the formation of adaflow in 2011 VT earthquakes
continued to occur (Fig. 1.2.1.2.7a), and theiufss in a northeast direction from the volcano
with a depth of 0 to 5 km were clearly gravitatedte fault NW-trending (Fig. 1.2.1.2.8). It is
possible that seismic activity of these structurekted to the establishment of isostatic

equilibrium associated with the appearance of exaesght in the form of lava flow of more than
1 kP on the eastern slope of the volcano.
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Fig. 1.2.1.2.8. VT earthquakes in 2011 gravitatethe fault NW-trending.

Shortly after the start of the eruption thermalraaty was observed on satellite images up
to 25 pixels (January 2011). In March 2011 on tbpes of the volcano was seen lava flow. With
the advent of lava flow explosive activity decrahsggnificantly and in April 2011 the number of
pixels of the thermal anomaly has been decliningrdased thermal anomalies up to 25 pixels in
December 2011 - April 2012 due to the formationhef $econd tongue of the lava flow.

Since October 2011 a second lava flow tongue bég&orm. During the formation of a
second tongue temperature of thermal anomalieheda¢5-80°C. Area of the lava flow equal
1.16 knt by 5 September 2011, the flow area has incredssssain double and amounted to 2.16
km? to December 11, 2011. In November 2011 - Janu@itg #he formation of a lava flow stopped
and PF recorded mainly, area deposits amounte@ kBXby 11 December 2011.

Squeezing lava flow resumed at the end of Januatf,2vhich ceased its motion in June
2012 and then began to form apical extrusion. Thisonfirmed by the presence of thermal
anomalies, dedicated to the top of the volcanoAjmil-May 2012 temperature of thermal
anomalies decreased 10°C and the number of pisslsiécreased dramatically. With the start of
squeezing extrusion temperature rose to 30°-50R€rnial anomaly was recorded continuously
until June, and then appeared in the SeptemberbeckD13.
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Pressing viscous andesitic lava and lava flow wasmapanied by unusual seismic activity
not previously observed during eruptions of andesilcanoes of Kamchatka. Seismic stations
KZV and TUMD recorded quasiperiodic appearanceiofoearthquakes similar in form and with
the same amplitude, with duration from tens of rtesuo tens of days. Microearthquakes with
guasiperiodicity from 8 to 50 seconds and energg<IK = 2.0 - 5.5 started to be recorded
continuously from May 13, 2011. A distinctive feauof this seismicity is quasistability of
earthquakes maximum amplitude on longer time interva

Legitimate statistically significant changes iniaats of seismic waves at seismic stations
KZV and TUMD are observed for earthquakes moderfireats”. Increase.-p at station KZV
from 0.7 to 1.5 s with an root-mean-square errorS&8VE 0.2 s, and a decrease tTUMD-tKZV
from 0.9 to 0.5 s with RMSE = 0.1 s indicate tha earthquake epicenters naturally removed
from the station KZV and approach the station TUMDe spatial location of the lava flow and
seismic stations distinctly indicate that microtbquakes were generated by the movement of the
viscous front ofava flow. Appearance of regime «drumbeats» agrediswith a photography of the
lava flow and thermal anomalies.

Firstov, P. P., & Shakirova, A. A. (2011). Seismpieenomena accompanying Kizimen volcano
eruption in 2011. Bulletin of Kamchatka regionalsasiation "Educational-Scientific
Center". Earth sciences, 2(18), 7-13. (In Russian).
http://www.kscnet.ru/kraesc/2011/2011_18/artl.pdf

Shakirova, A. A. (2011). Regime «xDRUMBEATS» duhageruption of volcano Kizimen in 2011.
Research in the field of Earth sciences. Matera@lgshe IX regional youth conference,
December 1-2, 2011. Petropavlovsk-Kamchatsky: I[#8 RAS, 201-212. (In Russian).
http://www.kscnet.ru/ivs/publication/young_conf/20¥art18.pdf

Shakirova, A. A. (2012). Lava flow of Kizimen valztaas a generator seismicity seismicity
«DRUMBEATS». Research in the field of Earth scienglaterials of the X regional youth
conference, November 28-29, 2012. PetropavlovskeKataky: IVS FEB RAS, 127-139.
(In Russian)http://www.kscnet.ru/ivs/publication/young_conf/20¥art11.pdf

Firstov, P. P., & Shakirova, A. A. (2012). Eruptioh Kizimen volcano in 2009-2012 and its
manifestation in the seismic effects. Volcanism @ated processes. Annual regional
scientific conference dedicated to the VolcanoloDisy. Proceedings of the conference.
March 29-30, 2012, Petropaviovsk-Kamchatsky. Petvtgpyvsk-Kamchatsky: Institute of
volcanology and seismology FED RAS, 76-81. (In iBOks
http://www.kscnet.ru/ivs/publication/volc_day/204r212.pdf

Firstov, P. P., Shakirova, A. A., Arbugaeva O.201@3). Activity of the Kizimen volcano during
May 2012 —March 2013 in seismic data and visuakolsions. Volcanism and related
processes. Annual regional scientific conferencdicdded to the Volcanologist Day.
Proceedings of the conference. March 29-30, 2018trdpaviovsk-Kamchatsky.
Petropavlovsk-Kamchatsky: Institute of volcanolagg seismology FED RAS, 130-138.
(In Russian)http://www.kscnet.ru/ivs/publication/volc_day/2041319.pdf

Firstov P., Shakirova A. Eruption of Kizimen voloain 2009-2013 in seismic data and visual
observations. 8-th Biennial Workshop on Japan-KaatiarAlaska Subduction Processes
(JKASP-2014): Finding clues for science and digashétigation from International
collaboration. Sapporo, Japan, 22-26 September 2014
http://hkdrcep.sci.hokudai.ac.jp/map/jkasp2014/R8H{7.pdf

Pre-eruption deformation caused by dike intrusioereath Kizimen volcano

Ji L., Second Crust Monitoring and Application Center, @@hEarthquake Administration, Xi'an,
Shaanxi, China

Lu Z. lu@usgs.gov,Dzurisin D., Cascades Volcano Observatory, U.S. Geological €tirv
Vancouver, WA, USA
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Senyukov S.,ssl@emsd.ruNuzhdina I.N., Droznina S.J., Garbuzova V.T., Kokevnikova
T.Y., Sobolevskaya O.V.Kamchatkan Branch of Geophysical Survey, Russiadéwcegy of
Sciences, Petropavlovsk-Kamchatsky, Russia

Fig. 1.2.1.2.9. (a) Epicentral distribution of émakes near Kizimen. Blue, yellow, and green escl
represent earthquakes that occurred during Julyefideer 2009, January—June 2010, and July 2010-
November, 2011, respectively. For clarity, onlytequakes with ML > 3 are shown. (b) Cross-section
showing the depth distribution of earthquakes @edrfrom July 2009 to November 2010. Hypocenters
were projected onto profile A-B (see Fig. 4b aetlal., 2013). Kizimen volcano is marked with black
triangle, with surface projection of best-fit dikelicated by black line. Rectangle below shows lolauies

of best-fit dike prior to its ascent to the surface

Interferometric synthetic aperture radar (InNSARages reveal a pre-eruption deformation
signal at Kizimen volcano, Kamchatka, Russia, whaneongoing eruption began in mid-
November, 2010. The previous eruption of this liassahdesite-to-dacite stratovolcano occurred
in 1927-1928. InSAR images from both ascendingdestending orbital passes of Envisat and
ALOS PALSAR satellites show as much as 6 cm ofbfisight shortening from September 2008
to September 2010 in a broad area centered at KiziAbout 20 cm of opening of a nearly vertical
dike provides an adequate fit to the surface dedtion pattern. The model dike is approximately
14 km long, 10 km high, centered 13 km beneathrif&r, and strikes NE-SW. Time-series
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analysis of multi-temporal interferograms indicatieat (1) intrusion started sometime between
late 2008 and July 2009, (2) continued at a neawlystant rate, and (3) resulted in a volume
expansion of 3.2 x 107%by September 2010, i.e., about two months befe@®hset of the 2010
eruption. Earthquakes located above the tip ofdike accompanied the intrusion. Eventually,
magma pressure in the dike exceeded the confitieggth of the host rock, triggering the 2010
eruption (Fig. 1.2.1.2.9.). Our results provideighs into the intrusion process that preceded an
explosive eruption at a Pacific Rim stratovolcaalboiving nearly a century of quiescence, and
therefore have implications for monitoring and hrdsaassessment at similar volcanoes elsewhere.

Ji, L., Lu, Z., Dzurisin, D., & Senyukov, S. (201Bje-eruption deformation caused by dike
intrusion beneath Kizimen volcano, Kamchatka, Ryssibserved by InSAR. Journal of
Volcanology and Geothermal Research, 256, 87-95. i: Do
http://dx.doi.org/10.1016/].jvolgeores.2013.02.011

Senyukov, S. L., Nuzhdina, I. N., Droznina, SGarbuzova, V. T., Kozhevnikova, T. Y., &
Sobolevskaya, O. V. (2011). Seismicity of the walddizimen. Problems of complex
geophysical monitoring of the Russian Far East. ddientific-technical conference.
Petropavlovsk-Kamchatsky, = October 9-15, 2011, 144-1 (In Russian).
http://www.emsd.ru/files/konfl11009/pdf/sb/Sekdianitoring/Senyukow?2.pdf

Senyukov, S. L. (2013). Monitoring and predictidnvolcanic activity in Kamchatka from
seismological data: 2000—2010. Journal of Volcaggland Seismology, 7(1), 86-97. Doi:
10.1134/S0742046313010077

1.2.1.3. New activity of the Zhupanovsky volcano

Samoilenko S.B.,samsergey@kscnet.riMlel’'nikov D.V., dvm@kscnet.ru,Chirkov S.A.,
Manevich A.G., lav217@kscnet.runstitute of Volcanology and Seismology, Far Eastnigh,
Russian Academy of Sciences, Petropavlovsk-Kankgh&tsssia

Zhupanovsky volcano (N 53°36, E 159°8 , alt. 2958 m) composed by four fused
stratovolcanoes of basalt-dacite composition fornanguountain chain (Fig. 1.2.1.3.1). Active
Holocene cone is third one. This cone is compogethé phreatic deposits as well as by lava
flows and have 2 craters, one with diameter 30tchdepth 100 m, second one with diameter 80
m and depth 40 m. In historical time this cone e@agpted 6 times with last eruption in 1956-57.
Series of fumaroles with temperatures from 983 430° are active permanently at second and
third cones.

According to KVERT data (http://www. kscnet.ru/ikgért/van/ index.php?n=2013-25) a
moderate explosive phreatic eruption of the Zhupskgwolcano occurred at 15h October 23,
2013 (UTC) with fissure opening at the elevation&@ According to thermal imaging survey
obtained by Flir ThermaCAM P 640 equipment the tgasperature in this fumarole was 170°
Ash explosions rose up to 5 km a.s.l. and ash puertended for about 120 km mainly to the east
and south-east of the volcano covering area al2itkir?. A thickness of ash was about 15-20
cm at the volcano summit and less on some distamcef volcano (Fig. 1.2.1.3.2). The amount
of ?ssh was estimated as 100 thousands of tons-Q00&7kn? at the measured ash density 1.4
kg/nr).
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Fig. 1.2.1.3.1. View on Zhupanovsky volcano frome #outh. Numbers of cones are shown by Roman
numerals. Photo by Samoilenko S.B.

Fig. 1.2.1.3.2. Ash deposits on the slopes of tanake of the Zhupanovsky volcano in October 23294 3.
Photo by Samoilenko S.B.
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More active explosive eruption of Zhupanovsky valcdbegan on June 06, 2014 and
continues at least up to March 2015. This timeaswhe summit eruption (Fig. 1.2.1.3.3) from the
smaller crater. According to Russian pilots andyiioWAAC (http://ds.data.jma.go.jp/svd/vaac/
data/vaac_list.htnpldata the eruptive column rise up to 6 km a.sdcdkding to KVERT data
(Girina et al., 2013, 2015) ash explosions roseup10 km a.s.l. on June 19, September 05 and
07, October 11, November 07 and 22; in the othgs daup to 5-6 km a.s.l. Ash plumes extended
for about 1000 km mainly to the eastern directi@isthe volcano. Ash falls occurred at
Petropavlovsk-Kamchatsky on September 07. Actiatythe volcano during this time was
dangerous to international and local aviation. &sbkness in 6 km from the volcano crated was
less than 5 mm and less than 1 mm out of volcane.déeumarole activity increased. The fissure
with numerous fumaroles of 140trossed the volcano summit from W to E at theatlem about
2600 m at the distance 1.4 km. On the space imageldat 7 ETM+ (NASA, USGS) from
16.06.2013 seven main fumaroles could be distifggi®n the volcano summit along the fissure.

Fig. 1.2.1.3.3. Ash cloud, view on Zhupanovsky aolg from north June 13, 2014. Photo by D. Melnikov.

13th of June Zhupanovsky volcano had two types<tvity: permanent fumarole activity
and explosive events each 20-40 min. Remote measuats of SQ@ using the equipment
MobileDOAS with USB2000+ spectrometer show thatimyimpermanent activity average gas
consumption was 720 tonn/day (x10%), and durindasige events 1510 tonn/day (x9%). Till
now this eruption has explosive character and regnmatic or phreato-magmatic nature.

Samoilenko, S. B., Mel'nikov, D. V., Chirkov, S. & Manevich, A. G. (2014). Activation of
Zhupanovsky volcano in 2013-2014. Bulletin of Kaatich regional association
"Educational-Scientific Center". Earth sciences, 23) 21-26. (In Russian).
http://www.kscnet.ru/kraesc/2014/2014 23/art2.pdf

Girina, O. A., Manevich, A. G., Melnikov, D. V., 2tidaev, A. A., Demyanchuk ,Yu. V., & Petrova,
E. (2013). Explosive Eruptions of Kamchatkan Votein 2012 and Danger to Aviatio.
EGU General Assembly 2013. Geophysical Researchaths Vienna, Austria: 2013. V.
V15. 6760-1http://meetingorganizer.copernicus.org/EGU2013/EGW2-6760-1.pdf
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TiminaT. Y., Kovyazin S. V., Tomilenko A. A.timina@igm.nsc.ruSobolev Institute of Geology
and Mineralogy, Siberian Branch, Russian Acadenfyaxénces, Novosibirsk, Russia

This work considers the studies of melt and flundlusions in spinel of ultramafic rocks
in the mantle wedge beneath Avacha volcano (KarkehaiThe generations of spinel were
identified: 1 is spinel (Sp-I) of the "primary" péotites, has the highest magnesium number
(#0.69-0.71), highest contents o8k and lowest contents of £33 (26.2-27.1 and 37.5-38.5 wt
%, respectively), and the absence in it of anydflamd melt inclusions; 2 is spinel (Sp-Il) of the
recrystallized peridotites, has lower magnesium imemiMg# 0.64-0.61) and the content of®@4
(18-19 wt %), a higher content of £ (45.4-47.2 wt %) and the presence of primary fluid
inclusions; 3 is spinel (Sp-11l) that is characted by the highest content of2Og (50.2-55.4 wt
%), the lowest content of ADs (13.6-16.6 wt %), and the presence of varioussygfeprimary
melt inclusions. The data obtained indicate thataswmatic processing of "primary" peridotites
occurred under the influence of high concentratedl$s of mainly carbonate-water-chloride
composition with influx of the following petrogenatements: Si, Al, Fe, Ca, Na, K, S, F, etc. This
process was often accompanied by a local meltinigeoinetasomatized substrate at a temperature
above 1050 °C with the formation of melts closandesitic.

Fig. 1.2.2.1.1. Reflected electron microphotos rifnpry fluid and melt inclusions in spinel of pestie
xenoliths from Avacha volcano. (a) is combined taksluid inclusion, (b) is normal melt inclusiong)
Is an anomalous melt inclusion, (d) is a combinett mclusion. Ol is olivine, Cpx is clinopyroxen@mph
is amphibole, Ca is calcite, Anh is anhydrite, @uuartz, Fl is fluorite, Fe-phase is an unidesdifiron-
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bearing phase, Ca, Cl-phase is an unidentifiedwaland chlorine-bearing phase, Sulf is sulfide <Gl
glass, is water—saline—fluid isolation, V is a gasephasd.H20+salt

Timina, T. Y., Kovyazin, S. V., & Tomilenko, A.(2012). The composition of melt and fluid
inclusions in spinel of peridotite xenoliths frommagha volcano (Kamchatka). Doklady
Earth Sciences, 442(1), 115-119. Doi: 10.1134/S3062812010229

1.2.2.2. Gorely volcano mineralogy

Gavrilenko M., max.gavrilenko@gmail.comnstitute of Volcanology and Seismology, Far East
Division, Russian Academy of Sciences, Petropakdesnchatsky, Russia. Department of Earth
and Planetary Sciences, Rutgers, The State Uniyep§iNew Jersey, Piscataway, NJ, United
States

Herzberg C. Department of Earth and Planetary Sciences, Ruigédre State University of New
Jersey, Piscataway, NJ, United States.

Portnyagin M., mportnyagin@ifm-geomar.deVernadsky Institute of Geochemistry and
Analytical Chemistry, Moscow, Russia. Leibniz togti of Marine Research, IFM-GEOMAR,
Kiel, Germany

Ozerov A., ozerov@ozerov.rulnstitute of Volcanology and Seismology, Far EBSstision,
Russian Academy of Sciences, Petropavlovsk-Kankgh&tsssia

Tolstikh M.L., Naumov V.B., Kononkova N.N., Vernadsky Institute of Geochemistry and
Analytical Chemistry, Moscow, Russia

Source Lithology inferred from olivine composition

Kamchatka peninsula (Russia) is an island-arc aitbtomplex geological history and
structure. It has three distinct volcanic frontse brigin of which is still debated. Moreover, a
junction with the Aleutian Arc (at ~56°N) complieatthe understanding of geodynamics at the
region.

However, the south part (from ~53°N) of Kamchatkaipsula is thought to be a “textbook
case” of subduction zone with relatively rapid (o8&m/yr) near-normal convergence and a steep
(over 50°) angle of subduction. Kamchatka is unbsuthe world because its volcanoes contain
a significant amount of primitive high MgO lavasthare rich in olivine crystals. Furthermore,
high precision contents of Ni, Ca, and Mn can helponstrain the source lithology. Straub et al.
(2008) reported high Ni contents on olivines frofingted number of samples from the Mexican
Volcanic Front, and concluded that pyroxenite meltivas important. Portnyagin et al. (2009)
reported high precision Ni, Ca, and Mn contentslines from a wide range of volcanoes from
Kamchatka, and similarly concluded that pyroxenmeiting is widespread (Fig. 1.2.2.2.1). We
have extended the work of Portnyagin et al. (200@)analyzing olivine phenocrysts from
volcanoes in the southernmost Kamchatka penin€ua.work confirms that there are regional
variations in olivine phenocryst composition thiétely arises from variations in pyroxenite
composition, the amount of peridotite melt that @sixvith pyroxenite melts, and a variable role
played by magnetite fractionation. We conclude phabxenite melting is likely to be important
in subduction zones world-wide, but its significantas been underestimated because of the
general rarity of olivine-bearing high MgO lavas.
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Fig. 1.2.2.2.1. Ni-Fo (Ol) diagram for the olivimemposition from the basalts of Gorely volcano. The
genetic fields of olivines were obtained by meltingdelling of the fertile peridotite KR-4003 (acdory
to Herzberg, 2011).

Gavrilenko, M., Herzberg, C., Portnyagin, M., & @ae A. (2012). Identification of Source
Lithology at South Segment of Kamchatka Subduzooe. American Geophysical Union,
Fall Meeting, December 3-7, 2012, San Franciscdif@aia. Abstract #V31A-2761.

Melt inclusion study

Melt inclusions in olivine and plagioclase phenatsyfrom rocks (magnesian basalt,
basaltic andesite, andesite, ignimbrite, and dpoftearious age from the Gorely volcanic center,
southern Kamchatka, were studying by means of the@mogenization and by analyzing the
glasses in 100 melt inclusions on an electron miwise and 24 inclusions on an ion probe. The
SiO, concentrations of the melts vary within a broadge of 45-74 wt %, as also are the
concentrations of other major components. Accordintheir SiQ, NaO, KO, TiO,, and BOs
concentrations, the melts are classified into seyr@nps. The mafic melts (45-53 wt % 9O
comprise the following varieties: potassic (on ager4.2 wt % KO, 1.7 wt % NaO, 1.0 wt %
TiO2, and 0.20 wt % #s), sodic (3.2% NgO, 1.1% KO, 1.1% TiQ, and 0.40% FOs), and
titaniferous with high FOs concentrations (2.2% TiD1.1% BOs, 3.8% NaO, and 3.0% KO).
The melts of intermediate composition (53—64% pi@lso include potassic (5.6%®, 3.4%
NaO, 1.0% TiQ, and 0.4% POs) and sodic (4.3% N&®, 2.8% KO, 1.3% TiQ, and 0.4% FOs)
varieties. The acid melts (64— 74% %j@re either potassic (4.5%®, 3.6% NaO, 0.7% TiQ,
and 0.15% POs) or sodic (4.5% N, 3.1% kO, 0.7% TiQ, and 0.13% Os). A distinctive
feature of the Gorely volcanic center is the pameasccurrence of Krich compositions throughout
the whole compositional range (silicity) of the itselMelt inclusions of various types were
sometimes found not only in a single sample but aisthe same phenocrysts. The sodic and
potassic types of the melts contain different @ &rconcentrations: the sodic melts are richer in
Cl, whereas the potassic melts are enriched in & aw the first to discover potassic melts with
very high F concentrations (up to 2.7 wt %, 1.194vwbn average, 17 analyses) in the Kuriles and
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Kamchatka. The average F concentration in the suodits is 0.16 wt % (37 analyses). The melts
are distinguished for their rich ness in variousugs of trace elements: LILE, REE (particularly
HREE), and HFSE (except Nb). All of the melts shaertain geochemical features. The
concentrations of elements systematically incréase the mafic to acid melts (except only for
the Sr and Eu concentrations, because of activgiqulase fractionation, and Ti, an element
contained in ore minerals). The paper presentsiaweof literature data on volcanic rocks in the
Kurile—-Kamchatka area in which melt inclusions wiigh K:O concentrations (#O/NaO > 1)
were found. Krich melts are proved to be extrenveilyespread in the area and were found on
such volcanoes as Avachinsky, Bezymianny, Bol'sBemyachik, Diky Greben’, Karymsky,
Kekuknaisky, Kudryavyi, and Shiveluch and in thdaginsky and Tumrok Ranges.

Tolstykh, M. L., Naumov, V. B., Gavrilenko, M. Gzerov, A. Y., & Kononkova, N. N. (2012).
Chemical composition, volatile components, anddraements in the melts of the Gorely
volcanic center, southern Kamchatka: Evidence firmctusions in minerals. Geochemistry
International, 50(6), 522-550. Doi: 10.1134/S0018902060079

1.2.2.3. Plagioclase zonation from the Kizimen volcano

Churikova T., tchurikova@mail.ruJvanov B., ivanovbv@kscnet.rulnstitute of Volcanology
and Seismology, Far East Division, Russian Acadefhiyciences, Petropavlovsk-Kamchatsky,
Russia

Worner G., gwoerner@gwdg.dé&sZG Abteilung Geochemie, Universitat Gottingen, riamy.
Eichelberger J., jeichelberger@usgs.gowniversity of Alaska Fairbanks, Department of
Geology and Geophysics Reichardt Building, Alagk&,.A. Currently at: U.S. Department of the
Interior, U.S. Geological Survey, Office of Comneation, 119 National Center, Reston, Va.,
20192, USA

Browne B., bbrowne@fullerton.eduDepartment of Geological Science, California State
University, Fullerton, CA, USA

Izbekov P., pavel@qgi.alaska.eduGeophysical Institute, University of Alaska, Fainks, AK,
USA

The data on the geochemistry of the rocks of Kizirdelcano and results of microprobe
studies of major and trace elements in plagiodgams from acid lavas and basalt inclusions are
presented. The characteristics of the Kizimen Mwdcare the following: (1) basalt inclusions are
abundant in acid lavas; (2) banded, mixed lavasipd®8) the distribution curves of rare-earth
elements of acidic lavas and basalt inclusionssetd; (4) Sr—Nd isotope systematics of the rocks
and inclusions do not indicate mixture with crusteterial; (5) plagioclase phenocrysts are of
direct and reverse zonation; (6) olivine and haenlle, as well as acid and mafic plagioclases,
coexist in the rocks. The studies revealed thatdbks are of a hybrid nature and originated in the
course of repeated mixture of acid and mafic meatteer with chemical and thermal interaction of
melts or exclusively thermal ones. Study of theanaand trace-element distribution in zonal
minerals provides an informative tool for understagdhe history of the generation and evolution
of melts in a magma chamber (Fig. 1.2.2.3.1).

Based on textural evidence from plagioclase groxethes and major, minor and trace
element contents, we conclude that:

1) All rocks of Kizimen volcano, including mafic eéaves, are hybrids and represent
mixture of mafic and acid endmembers in differempartions. These end-members are likely to
be derived melts from the same parental melt bgtatyractionation including amphibole.

2) The unusual negative correlation of Mg with Arhigh-An plagioclase can be explained
by fractional crystallization of the high-Al basaldtith Pl-only fractionation or by nonlinear
behavior of Kgig in PI-melt system.
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Fig. 1.2.2.3.1. A diagram of the Mg content in jpte¢ase versus its An number (a). The symbol shape
designates the positions of points inside a crystalares denote the center, circles denote inthatee
zones, diamonds denote rims, and triangles deniotelites. (1) PI-1 from mafic inclusions; (2) Pli2m
mafic inclusions; (3) PI-1 from host dacite lavd) PI-2 from host dacite lava. The scheme of ctysta
evolution is shown by arrows from the centers trtfargins of the grains (b). The gray fields cqroesl

to high-An (mafic) plagioclases from basalt andditzsandesite inclusions in lavas; the white feefthow

the evolution of low-An (acid) plagioclases frontlvéavas and their inclusions.
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3) Incomplete mixing maintains the physical idgntdf distinct, though somewhat
hybridized, end-members. While (incomplete) cheimin&ing is abundant, we also observe
evidence for the transport of heat (or increase@m@ontent) only in the variation of An content
in plagioclase at constant trace element conceémtisat

4) The trend within mafic enclaves toward more mabtmpositions with time at Kizimen
indicates that generation (by fractional crystallian) of the evolved dacite is not keeping pace
with mafic recharge and outputs are likely diret¢tiggered by inputs.

Using petrological experiments, an investigatiorth& pre-eruptive conditions (T, P and
fO2) of dacite magma erupted during the KZI cycle (082;€8,400 years ago) of Kizimen Volcano
was achieved. This cycle is the earliest, mostmalous, and most explosive eruption cycle in
the Kizimen record. Titanomagnetite-ilmenite geoth@metry calculations require that the dacite
existed at a temperature of 823 +20°C immediateigr go eruption. Hydrothermal, water-
saturated experiments on KZI dacite pumice revesdldt those temperatures the dacite was stable
between 125-150 MPa. This estimate correspondsstauetural discontinuity between Miocene
volcaniclastic rocks and Pliocene-Pleistocene votcaocks at a depth of 5-6 km beneath the
Kizimen edifice, which may have facilitated the aewlation of dacitic magma below Kizimen
during the KZI cycle.

Browne, B., Izbekov, P., Eichelberger, J., & Chavik, T. (2010). Pre-eruptive storage conditions
of the Holocene dacite erupted from Kizimen Vol¢damchatka // International Geology
Review, 52(1), 95-110. Doi: 10.1080/002068109033324

Churikova, T. G., Ivanov, B. V., Eichelberger,\@grner, G., Browne, B., & Izbekov, P. (2013).

Major and trace element zoning in plagioclase fréazimen Volcano (Kamchatka):
Insights into magma-chamber processes. Journaladéaviology and Seismology, 7(2),
112-130. Doi: 10.1134/S0742046313020024

1.2.3.Geophysical investigations of the Klyuchevskaya Gugp of
volcanoes

1.2.3.1. Nuclear-geophysical investigations of thermal areas the Nalychevo

Firstov P.P, Kamchatkan Branch of Geophysical Survey RAS,opatovsk-Kamchatsky,
Russia

Rashidov V.A, Institute of Volcanology and Seismology FEB RA&topavlovsk-Kamchatsky,
Russia

Melnikova A.V., Shulzhenkova V.N, Kamchatka Bering State University, Petropavlovsk-
Kamchatsky, Russia

In July 2010 the scientists from Kamchatkan BraofcGeophysical Survey RAS, Institute
of Volcanology and Seismology FEB RAS and studéots Kamchatka Bering State University
carried out geomagnetic and nuclear-geophysicalstigations at two thermal travertine areas:
young — «Kotel» and modern anthropogenic — «Grif@mbva». The thermal areas are located in
the valley of the Goryachaya River being the parthe 15-20 thousand years old Nalychevo
hydrothermal system. The thermal waters of Nalycheyarothermal system are carbonaceous
sodium-chloride with high concentration of arseamd boron. The thermal travertine area «Kotel»
was named for travertine dome, and thermal aredarGivanova» was given that name because
of an anthropogenic grifon, named after the sawelrogeologist V.V. Ivanov. The thermal area
«Kotel» is ~ 180x200 m, and the thermal area «@rlf@nova» is 90x100 m. In each of 501
observation points the vector magnitude of magnetiactance, magnetic susceptibility and the
dose rate of-radiation were sequentially measured. Volumetciivdy of Rn in subsoil air was
measured in 73 boreholes. Geomagnetic researchleeMiat travertine dome «Kotel» is located
within the zone of negative magnetic field () . The map of magnetic susceptibility shows zonal
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distribution of various types of sediments. The mam value of magnetic susceptibility in the
south-western and east-southeastern parts ofabwertine area «Kotel» coincide with those from
the anomalous magnetic field. Laboratory analysisanfipled rocks revealed that travertines are
almost non-magnetic rocks. 2.5D magnetic modelimgyv&d that within the thermal area «Kotel»
that cause anomalies are located at the depth-8518 in argillic and detritus-pebbly sediments.
Research revealed that local anomalies-ddiation with values 20-30 mR/hr were caused by
high radium concentration which deposited in tréimercover in zones of unloading of thermal
waters. The authors also detected volumetric agtfiRn that reached 78.6 kBgiin the subsoil

air. High values were caused by both emanatingecimts with high concentration of Ra and
fracture zones. Numerous travertine formationg;ugsshaped so dome-shaped, revealed within
the thermal area «Kotel» are located along radiatiragks observed both in relief and in
geophysical fields. We didn't reveal significanbaralies of magnetic field (T)a produced by
natural source within the thermal area «Grifon bxaa». Anomaly, observed on Grifon Ivanova,
is caused by casing tube and with iron-rich rockslifred by hydrothermal influence developed
in zone of the borehole. Anomalies witlradiation at the thermal area «Grifon lvanovaetstr
northeastward. There are two local anomalies wéllnes 8-10 mR/hr: the first is located within
the Grifon's zone; another is about 90 m away fibriVe suppose that this is a zone where
radium-bearing minerals deposit into evolving modeavertine cover. Studied thermal areas are
ideal natural laboratory for various 4D surveysathare currently developing at the hydrothermal
regions.

Fig. 1.2.3.1.1. Gamma-field levels map of the trdrarea «Kotel» (a) and the thermal area «Grifon
Ivanova» (b), R/h.

Firstov, P. P., Rashidov, V. A., Melnikova, A. Ahdreev, V. |., & Shulzhenkova, V. N. (2011).
Nuclear-geophysical investigation in Nalychevo natyrark, Kamchatka. Bulletin of
Kamchatka regional association "Educational-ScigntCenter”. Earth sciences, 1(17), 91-
101. (In Russianhttp://www.kscnet.ru/kraesc/2011/2011 17/art8.pdf

Firstov, P. P., Rashidov, V. A., Melnikova, A. Ahdreev, V. |., & Shulzhenkova, V. N. (2011).
Geomagnetic and nuclear-geophysical investigatiohshermal travertine areas in the
Nalychevo hydrothermal system, KamchatkaBiennual Workshop on Japan-Kamchatka-
Alaska Subduction Processes: Mitigating Risk Thromgg¢rnational VVolcano, Earthquake,
and Tsunami Science. JKASP-20Pktropaviovsk-Kamchatsky, Russia. August 25-30,
2011. Astracts. —Petropavlovsk-Kamchatskynstitute of Volcanology and Seismology
FEB RAS, Kamchatkan Branch of Geophysical Service RA®4-297,
http://www.kscnet.ru/ivs/sisecret/jkasp_2011/alasits] 34.pdf

1.2.3.2. The deep structure of the southern Kamchatka volcaio zone
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Moroz Yu.F., morozyf@kscnet.ruSamoilova O.M. Institute of Volcanology and Seismology
FEB RAS, Petropavlovsk-Kamchatsky, Russia

We discuss the interpretation method and resultsmafjnetotelluric soundings in
combination with other geological and geophysi@bdThe interpretation method was developed
by studying possible distortions in MTS curves usiBB-numerical modeling of the
magnetotelluric field. Deep conductivity was stubli®y using longitudinal MTS curves below a
period of 400 s, which are nearly unaffected by itiduction effect due to marine electrical
currents. Transverse curves were used to obtaie aetail for the geoelectric model. Inversion
of average longitudinal MTS curves resulted in agdectric section of the lithosphere down to a
depth of 60 km. Anomalies of high conductivity iretlithosphere were detected and were found
to produce certain effects in gravity and seisnetogities. MTS and seismic tomography data
were used to determine the possible origin of flgb bonductivity anomaly and to estimate rock
porosity and the concentration of magma melts.

Moroz, Y. F., & Samoilova, O. M. (2013). The detepcsure of the southern Kamchatka volcanic
zone from geophysical data. Journal of Volcanolagg Seismology, 7(2), 99-111. Doi:
10.1134/S074204631302005X

1.2.3.3. Application of georadar profiling (GPR) at Kamchatka region

Pavlova V.Yu., Lungun O.A., Konstantinova T.G.Vitus Bering Kamchatka State University
(KamGU), Petropavlovsk-Kamchatsky, Russia

Delemen I.F., delemen@kscnet.rulnstitute of Volcanology and Seismology FEB RAS,
Petropavlovsk-Kamchatsky, Russia

GPR is one of the recent and fast developing metbbdontrol of ground conditions. This
method useful tool to solve series of engineeringjagcal problems, which is very actual for
Kamchatka with volcanic deposits, earthquake dedfbions and numerous engineering-
geological problemgdnstitute of Volcanology and Seismology FEB RA®operation with Vitus
Bering Kamchatka State University (KamGle this method to predict natural hazards in most
populated areas of the Kamchatka Peninsula, edlyemiaund Petropavlovsk-Kamchatsky city.

Another application of GPR at Kamchatka is connétteobservation of the caprock on
geothermal power stations such as Mutnovsky gewtdlgnower station. The study of caprock of
any geothermal deposits is the most important dédgjeothermic geology which helps to use use
natural heat more effectively. This method is vesgful as on the stage of exploration drilling of
the geothermal reservoir as well as during geoplaysietalization of the geothermal deposits.

Pavlova V.Yu., Delemen |.F. (2014). Georadar ingesions of zone of discharge of thermal
water at the site Karymshinskii hydrothermal sys{&amchatka) Volcanism and related
processes. Annual regional scientific conferencdicdded to the Volcanologist Day.
Proceedings of the conference. March 27-28, 2014trdpaviovsk-Kamchatsky.
Petropavlovsk-Kamchatsky: Institute of volcanolaggl seismology FED RAS, 214-220.
(In Russian)http://www.kscnet.ru/ivs/publication/volc_day/204434.pdf

Lungul, O. A., Pavlova, V. Yu. (2012). Clarificatiof seismic conditions and landslide hazard at
the site of treatment facilities at Chavycha ca@édvycha cape, Kamhatka Peninsula).
Research in the field of Earth sciences. Materiigshe X regional youth conference,
November 28-29, 2012. Petropavlovsk-Kamchatsky:H&ZB RAS, 85-100. (In Russian).
http://www.kscnet.ru/ivs/publication/young_conf/2(i¥art8.pdf

1.2.4.Geochronology of the Eastern volcanic front
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1.2.4.1. Multi-cyclic magma generation in Gorely eruptive cater

Seligman A., Bindeman |, Geological Sciences, 1272 University Of Oregamgéhe, OR 97403,
USA

Jicha B., Department Of Geoscience, University Of Wiscordimdison, Madison, WI 53706,
USA

Ellis B., Institute Of Geochemistry and Petrology, Departim@f Earth Sciences, Eth Zurich,
Switzerland

Ponomareva V., Leonov V,Institute of Volcanology and Seismology, Far Easidion, Russian
Academy of Sciences, Petropavlovsk-KamchatskyjaRuss

Fig. 1.2.4.1.1. Digital elevation map of Gorely eaho and its surrounding caldera, showing the éxten
the ignimbrites and pumice, which are describethis study (shaded in pink), and the location & th
studied samples. The sample names have been adibre(g.g.'11G-3’ is written as ‘3’, and ‘77L-144’
written as ‘77L’). The locations of Opasny Canybhtnovsky volcano, Zhirovskoy volcano, Dvugorbaya
Mountain, and Vilyuchinsky volcano are indicatedhit® dashed lines denote outcrops of the Akhomten
Massif, and yellow dashed lines denote the extetiteosouthern edge of the Karymshina caldera. G-1,

2, and G-3 refer to the Gorely-1, Gorely-2, and€BeB cones, respectively.
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Fig. 1.2.4.1.2. Section illustrating the volcani@sgraphy below Gorely volcano. Symbols and cofor
each layer, where appropriate, are the same ae thsedd in subsequent figures. The image behind the
modern Gorely stage shows the current Gorely owitle steam emanating from the top. The image behind
the ignimbrite series shows the sampling locatio@pasny Ravine.

The Kamchatka Peninsula is home to some of the fregtient and prolific subduction
related volcanic activity around the world, with flaegest number of caldera-forming eruptions
relative to the size of the volcanic arc. Gorelycawlo, located behind the currently active Eastern
Volcanic Front, has a topographically prominenteLBteistocene caldera (13 x 12 km - estimated
to have produced >100Kf magma), which is now almost completely fillegl d central cone.
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We report new 40Ar/39Ar ages and geochemical astomsc characteristics of newly recognized
Mid-Pleistocene ignimbrite units of large but untmovolume sourced from the Gorely eruptive
center. These ignimbrites have crystallinities @b 24% and most are quartz-, amphibole-, and
zircon-undersaturated.  Additionally, we studied 32ruptive units, including
tephrochronologically-dated Holocene tephra, ané- @nd post-caldera lava sequences, to
understand the petrogenetic and temporal evolutiothis long-lived arc volcano. Materials
erupted prior to those that formed the modern Grageifice, including the voluminous ignimbrites
and eruptions of the “pra-Gorely” stage, consisharily of dacite, while sequences of the modern
Gorely edifice are represented by basalt to basattilesite. MELTS modeling shows it is possible
to obtain silicic compositions near those of theleed ignimbrite compositions, strictly through
60-75% fractional crystallization at 1 kbar and NN&ygen fugacity. However, newly compiled
major element compositions for Gorely yield two sepabimodal peaks in our SiO2-frequency
diagram, showing a prominent Daly-gap, with a deficy in andesite. Trace element
concentrations and ratios define two parallel tsgrahe for more silicic and another for more
mafic sequences, indicating different parental saelddditionally, deltal8Omelt values
reconstructed from coexisting plagioclase and clmoyene phenocrysts range from a low value
of 4.85 %o to a normal value of 6.22 %o, with lowwas$ ranging throughout the known lifespan of
Gorely and the lowest value being from the firsown ignimbrite to erupt, indicating episodic
but temporally decreasing crustal assimilation agvmusly hydrothermally-altered material.
87Sr/86Sr and 143Nd/144Nd isotopic ratios rangenfi@70328 to 0.70351 and 0.51303 to
0.51309 respectively, also suggesting incorporasi@urrounding crust, although these trends are
random throughout the lifespan of Gorely. The carabon of light and diverse deltal80 values
as well as elevated 87Sr/86Sr and low 143Nd/144tids, and the bimodal nature of erupted
material suggest derivation from older and isotalpyadiverse, low-deltal80 country-rocks, such
as the neighboring 11 Ma Akhomten granitic Massifich shows prominent ranges in deltal80,
87Sr/86Sr, and 144Nd/143Nd values overlapping @itinely magmas. In addition, the presence
of glomerocrysts and mafic enclaves in the majasitysorely thin sections indicate a period of
crystal settling and subsequent intrusion of hamipive basalt that likely triggered an eruption.
Finally, elevated Nb concentrations suggest thesgnmas are not sourced strictly through
subduction, and may involve a decompression comyptikely caused by delamination. Our
results argue against a long-lived batholithic escalagma body under Gorely, and rather
demonstrates an incremental view of silicic magreaegation at so-called “long-term eruptive
centers” consisting of magmatic and hydrothermaiviyg in Kamchatka and worldwide. We
demonstrate that large volume (10-100°kar eruption) isotopically distinct silicic magroan

be generated rapidly between largely cone-buildingses of volcanic activity through a
combination of delamination, fractional crystallioa, assimilation of older country rocks,
shallow crustal assimilation of hydrothermally &dt& but otherwise similar older material. These
transient shallow silicic magma chambers emptylpeampletely in ignimbrite eruptions after
103-105 years of assembly.

Seligman, A., Bindeman, I., Jicha, B., Ellis B.nBmareva, V., & Leonov V. (20140. Multi-Cyclic
and Isotopically-Diverse Silicic Magma Generationan Arc Volcano: Gorely Eruptive
Center, Kamchatka, Russia. Journal of Petrology, (885 1561-1594. Doi:
10.1093/petrology/egu034

1.2.5.Geological studies of the Eastern volcanic front

1.2.5.1. Aerial photogrammetric monitoring
Dvigalo V.N., dvig@kscnet.rp Institute of Volcanology and Seismology, Far Eastidion,
Russian Academy of Sciences, Petropavlovsk-Kankgh&tsassia
Shevchenko A.V., shevchenko@kscnet,ruSvirid [.Yu., svirid@kscnet.ru Institute of
Volcanology and Seismology, Far East Division, Rus#&cademy of Sciences, Petropavlovsk-
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Kamchatsky, Russia. Vitus Bering Kamchatka Statevdusity, Petropavlovsk-Kamchatsky,
Russia

Aerial photogrammetric monitoring of the active samhoes of Kamchatka has been
carrying out at the Institute of Volcanology FESGS&R and the Institute of Volcanology and
Seismology FEB RAS since 1973. Our team perforrasetitire work cycle: aerial photo survey,
stereophotogrammetric processing of the photogcapiaterial, building the Digital Terrain
Models and creating specialized topographic mapgpkars. The photogrammetric processing of
the aerial photographs provides high accuracy of dhtained qualitative and quantitative
characteristics of the active volcanic objectsngghis method we can also estimate the effect of
eruptions and detect their precursors. The majofitiie studied objects now is too dangerous for
direct observations due to high eruptive activityerefore, the remote sensing, in particular
photogrammetry, is the most appropriate way of nooimg them.

Maly Semyachik Volcano

We have studied the Troitsky crater of Maly Semyladsfolcano using photogrammetric
processing and interpretation of data from aen@hgery since 1946 and 1950. We used all
available data from aerial survey and previous stigations, which resulted in rather detailed
morphodynamic analysis. We have obtained the pren@phometric characteristics of the crater
and revealed new parameters of the crater laker: Begeriod 1950-2012 the water level of the
lake increased by 53.3 m (Fig. 1.2.5.1.1.). Thecgssing of the most detailed aerial images
allowed us to estimate the volume of scree matéoai the crater’s inner walls. Over the period
1968-2012 the volume of the scree material comgripeto 17 % of the lake’s increasing volume.

Fig. 1.2.5.1.1. Topographic maps of Troitsky crateMaly Semyachik Volcano.
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We find out lack of reliable data on explosive wityi at Maly Semyachic Volcano over
1945-1946. The crater lake was formed in earlyot@ise 20th century inside the already existing
crater, which had been formed rather due to codlegubsidence processes than as a result of
previously suggested explosive processes of mare4h0 years ago.

The investigation also revealed a possible inveoseelation between the activity of Maly
Semyachik and Karymsky volcanoes.

Svirid, I. Yu., Shevchenko, A. V., & Dvigalo, V.(RD13). Investigation of Maly Semyachik
Volcano (Kamchatka) activity using morphodynamidad&om the Troitsky crater.
Bulletin of Kamchatka regional association "Eduoatl-Scientific Center". Earth
sciences, 2(22), 129-143. (In Russian).
http://www.kscnet.ru/kraesc/2013/2013_22/art12.pdf

Svirid, 1. Yu., & Shevchenko, A. V. (2013). Formatf the Troitsky crater and Zelyonoye lake at
Maly Semyachik Volcano (Kamchatka). Materials of Xiaegional youth conference,
November 26, 2013. Petropavlovsk-Kamchatsky: IV8 IRAS, 67-76. (In Russian).
http://www.kscnet.ru/ivs/publication/young_conf/30Vart5.pdf

The Valley of Geysers

Over the past 33 years three mud flows have oatuatethe Valley of Geysers in
Kamchatka: October 4, 1981; June 3, 2007, and dnBué, 2014. We defined the morphometric
parameters of these mud flows. Viktor Dvigalo hasdm a precise prediction of the place of
formation of the January, 3-4, 2014 mud flow. Wegasged that mud flow hazard in the Valley
of Geysers is underestimated: if people were onwhkking rout, that was covered with the
January, 3-4, 2014 mud flow, fatalities would h&een inevitable. At the present time the most
hazardous is the new dammed lake, which was folwdtle damming of Geysernaya river with
the January, 3-4, 2014 mud flow deposits. Theafdiatalities for the tourists becomes very high.

Dvigalo, V. N., Svirid, I. Yu., Shevchenko, A. & Jarkov, R. V. (2014). Mud flows in the
Kamchatkan Valley of Geysers: monitoring and prieaiic based on photogrammetric
researchlll International Conference «Debris Flows: Disasi®isk, Forecast, Protectionx»:
proceedings, Yuzhno-Sakhalinsk, September 22-264.20uzhno-Sakhalinsk: Sakhalin
Department of Far East Geological Institute FEB RAB)1-104. (In Russian).
http://debrisflow.fegi.ru/ru/proceedings.pdf

1.2.5.2. Thermohydrodynamic modelling of the Valley of Geysks

Kiryukhin A.V., avk2@kscnet.rtRychkova T.V.,Institute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Pettopsk-Kamchatsky, Russia

The formation of the hydrothermal system in thel&abf Geysers is shown to be governed
by a structure of radial and circular faults of ed&antrusion zone of a partially melted magmatic
body with an epicenter near the Upper-Geyser Fighdle the hydrothermal system is shown to
receive its water from elevations of +500 to +900abs (according to isotopic data). The
catastrophic landslide of June 3, 2007, was justage in the general scenario of the gradual
hydrothermal transformation of the inclined Geysait (Q 34grn), building up the roof of the
hydrothermal reservoir, with a gradual decline lafesresistance. The slide was triggered by the
increased pressure in the hydrothermal and magsiems and the saturation of the Geyser unit
by moisture during spring flood. According to theaof continuous regime thermohydrodynamic
observations carried out in the Valley of Geyseith Wwhe use of HOBO-loggers of temperature
and pressure since July 2007 to April 2010, themtae between eruptions of Velikan geyser
was 348 minutes. The intensification of precipdatinput directly into the geyser pool causes a
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short-time increase in the time between eruptiapst¢ the maximum of 32 h). According to
observations at the “Plotina” gage, the total ested mean annual discharge of thermal springs

(by chlorine ion) in the Valley of Geysers is 268 the discharge of thermal springs is governed
by the level of Poldprudnoe Lake and its seasoaahtions exceed 40%.

Fig. 1.2.5.2.1. Geometry of model and computatignal forthermohydrodynamic modelling of the Valley
of Geysers.

Kiryukhin, A. V., & Rychkova, T. V. (2012). Funaotitg of natural and natural-engineering
systems formation conditions and natural statdnefttydrothermal system in the Valley of

Geysers (Kronotsky Nature Reserve, Kamchatka). VMiRasources, 39(7), 722-736. Doi:
10.1134/S0097807812070056
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1.2.5.3. Numerical simulation of a tsunami in Karymskoe lake

Torsvik T., Bergen Center for Computational Science, Uni ResedBergen, Norway

Paris R.,CNRS-GEOLAB, Clermont-Universit'e, 4 rue Ledru,%3Clermont-Ferrand, France
Didenkulova I., Laboratory of Wave Engineering, Institute of Cybése Tallinn, Estonia.
Department of Nonlinear Geophysical Processesitutstof Applied Physics, Nizhny Novgorod,
Russia

Pelinovsky E., Department of Nonlinear Geophysical Processes,tutistof Applied Physics,
Nizhny Novgorod, Russia

Belousov A., Belousova MEarth Observatory of Singapore, Nanyang Technobddimiversity,
Singapore. Institute of Volcanology and Seismoldegr, East Division, Russian Academy of
Sciences, Petropavlovsk-Kamchatsky, Russia

Karymskoe caldera lake is a nearly circular bodwater with a diameter of approximately
4 km and a depth of up to 60 m. The sublacustfuetseyan-type eruption in the lake on 2-3
January 1996 included a series of underwater explssA field survey conducted the following
summer showed signs of tsunami wave runup arouecettire coastline of the lake, with a
maximum of 29m runup at the north shore near theceoof the eruption, and 2-5m runup at
locations on the east and south shore far away fhensource. The tsunami has been simulated
using the numerical long wave model COULWAVE, witiput from reconstructed realistic pre-
eruption bathymetry. Estimated result for wave pate of the same order of magnitude as field
measurements, except near the source of the emugntis at a few locations where analysis show
significant wave breaking.

Fig. 1.2.5.3.1. Simulated maximum wave amplitudé&Karymskoe lake during the 1996 eruption. The
bathymetry is represented by dashed lines, whigldwn at 10 m depth intervals.
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Torsvik, T., Paris, R., Didenkulova, I., PelinovsEy, Belousov, A., & Belousova, M. (2010)
Numerical simulation of a tsunami event during 196 eruption in Karymskoye lake,
Kamchatka, Russia. Natural Hazards and Earth SySemnce, 10(11), 2359-2369. Doi:
10.5194/nhess-10-2359-2010

1.2.5.4. Uzon volcano caldera (Kamchatka): a unique naturalaboratory

Kontorovich A.E., Bortnikova S.B., Kashirtsev V.A., Kostyreva E.A., Fomin A.N., United
Institute of Geology, Geophysics and Mineralogy R3€5, Novosibirsk, Russia

Karpov G.A., Institute of Volcanology and Seismology, Far Eastidion, Russian Academy of
Sciences, Petropavlovsk-Kamchatsky, Russia

Oil shows from the thermal springs of the Uzon aale caldera have been studied by gas
chromatography—mass spectrometry methods. Basetheortomposition and distribution of
biomarker molecules, their genetic identity with tbeganic matter of Pliocene—Quaternary
deposits has been established. It has been shaatnthid Uzon caldera is a unique natural
laboratory of the present-day oil formation frone tbrganic matter of Pliocene—Quaternary
sediments. It has been stated that attempts tadewrtie compounds forming these oil shows as
a product of hydrothermal abiogenic synthesis beolaitely unfounded.

Kontorovich, A. E., Bortnikova, S. B., Karpov, G.Kashirtsev, V. A., Kostyreva, E. A., & Fomin,
A. N. (2011). Uzon volcano caldera (Kamchatka): Mique natural laboratory of the
present-day naphthide genesis. Russian GeologyGeuphysics, 52(8), 768-772. Doi:
http://dx.doi.org/10.1016/].rgg.2011.07.002

1.3.  Sredinny Range

1.3.1.Petrological and geochemical studies on the SrediprirRange rocks
1.3.1.1. Volcanic centres of the Sredinny Range in the back@aof Kamchatka

Flerov G.B., flerov@kscnet.ru, Koloskov A.V., kolosav@kscnet.ru,Melekestsev 1.V.,

Puzankov M. Yu., puzankov@kscnet.ruFilosofova T.M., Institute of Volcanology and
Seismology FED RAS, Petropavlovsk-Kamchatski, Russi

Perepelov A.B.region@igc.irk.ruShcherbakovYu.D., scherb@igc.irk.ruyinogradov Institute
of Geochemistry, Siberian Branch, Russian Acaddrmgiences, Irkutsk, Russia

Petrology and mineralogy of the Belogolovsky MassifiKamchatka’s Sredinny Range

The rock associations which represented by seymrtabchemical series of different
alkalities are widely developed among the late @eiwvolcanic rocks of the Kurile-Kamchatka
island arc. These series are characterized byreliffeock compositions and magmagenesis. The
joint manifestation of such series of rocks ofeliént alkalinity was found in Belogolovsky massif
of late Pliocene — early Pleistocene age, whidogated in the Sredinny Range of Kamchatka.
Six rock associations were identified from nornwahrtoderate alkality (Fig. 1.3.1.1.1).
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Fig. 1.3.1.1.1. Belogolovsky complex: 1 — basaticlesites, andesites, dacites; 2 — trachybasattaltic
trachyandesites; 3 — trachyandesite, trachydaeitedrachytes; 5 — trachyrhyolites, comendites;réck
of Rassoshina complex. | — a normal alkalinity rdtk- moderately alkaline, 11l — alkaline.

A geological and petrologic model for the generatibthe Belogolovsky Late Pliocene to
Early Pleistocene volcanic massif was proposed. alaution of volcanic products and the
mineralogic composition of rocks of varying alkalies provide evidence that the sources of
parent magmas are spatially independent and restiddifferent depths. We identified two
petrochemical series of rocks with varying alkales, viz., normal and moderate. Crystallization
differentiation is the leading process that is resjlale for the generation of the initial melts that
give rise to the range of rocks within a seriese Tagmatic activity at the Belogolovsky massif
started from the eruptions of the basaltic magmaarmal alkality in geodynamic setting of
compression which is typical for the island arccamlism. The formation of rock with enriched
alkalies (intraplate rocks) took place in rift moddne evolution of the alkaline basaltic magma
occurred stepwise, producing autonomous daughtdts meth the following compositions:
trachybasalt-trachyandesite-trachyte-trachyrhyalitd comendite. These melts were localized in
inter-mediate magma chambers at different depths. Magma mixing processes in intracrust
magma chambers are responsible for the formatiamefmediate rocks.

Flerov, G. B., Perepelov, A. B., Puzankov, M. YoloBkov, A. V., Filosofova, T. M., &
Shcherbakov, Y. D. (2014). The space-time reldtipssetween volcanic associations of
different alkalinities: The Belogolovskii massifdmamchatka’s Sredinnyi Range. Part 1.
The geology, mineralogy, and petrology of volcawicks. Journal of Volcanology and
Seismology, 8(3), 135-155. Doi: 10.1134/S074204630@26

Kekuknai Volcanic Massif

The evolution of the Quaternary Kekuknai volcaniassif (the western flank of the
Sredinnyi Range in Kamchatka) has been subdivided five stages: (1) the pre-caldera
trachybasalt— basaltic andesite, (2) the extrusraehyandesite—trachydacite, (3) the early
trachybasalt, (4) the middle hawaiite—mugeariteti{woccasional occurrences of basaltic
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andesites), and (5) the late trachybasalt—hawaiiigearite (with occasional andesites) of areal
volcanism (Fig. 1.3.1.1.2). On the basis of pegaaata we identified the island arc and the
intraplate geochemical types of rocks in the ma3$ie leading part in petrogenesis was played
by dynamics of the fluid phase with a subordinaitéd of fractional crystallization and hybridism.

Fig. 1.3.1.1.2. Geological-geomorphological maghefKekuknai volcanic massif. (1) Accretion depmsit
of various origins: fluvioglacial, alluvial, lacuste, etc. (2) moraines of the second phase of Late
Pleistocene glaciation (3) eruptive centers (aamj flows (b, d) of trachybasalt—andesite, hawaiite
mugearite (a, b) and dacite—rhyolite (c, d) comasiof the late stage of Holocene areal volcan(i@a);

(4) eruptive centers (a) and flows (b) of trachyiaghe early stage of areal volcanism) and hdesii
mugearite (the middle stage of areal volcanismMiafdle—Late Pleistocene age (); (5) plateau sl
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Middle—Late Pleistocene age (Q2 — ); (6) trachyaitdetrachydacite extrusions of Early—Middle
Pleistocene age (Q1-2); (7) eruptive centers (d) feegments of destroyed volcanic edifices (b) of
trachybasalt—andesite basalt of the pre-caldege sthEarly—Middle Pleistocene age (Q1-2); (8) &aic
rocks of Miocene—Pliocene basement (N1-2); (9)@sipk craters, maars, funnels of phreatic explasion
on lava flows; (10) volcanic domes; (11) escarthefvolcanic—tectonic caldera; (12) faults, landfglL3)
inferred faults. Insert: position of the Kekuknaisanic massif in the map of different-aged volcdmlts

of the Kamchatka island-arc system. 1, E1- volcéeit of western Kamchatka; 2, E3—N1 and N2—-Q
volcanic belts of Kamchatka (SR, Sredinny Range,s8ith and EK eastern Kamchatka; 3, Kekuknai
volcanic massif; 4, conventional boundaries of ¢hatral Kamchatka depression (CKD) and Aleutian—
Kamchatka junction (AK).

Successive saturation of rocks with the fluid phagbe course of melt evolution stopped
at the time of caldera generation when most fluabile elements and silica had been extracted.
The geological and petrologic data attest to then&tion of the massif in the environment of a
backarc volcanic basin during the beginning ofrriftwith active participation of mantle plume
components.

The Kekuknai massif was formed in the course dbtem—magmatic activity that involved
the origin of a shield volcano and a caldera desppeswith associated emplacement of extrusions
that terminated in intense post-caldera areal vadoa. The mineralogical compositions of the
massif’s rocks have been considered in detail. UReeof previously known and newly developed
indicator properties of rock-forming minerals alledvthe reconstruction of the general picture of
the magmatic melt evolution and conditions of rawkstallization (various fluid and water
saturation levels, as well as the oxidation stath® system). Essentially island-arc or intraplate
characteristics of the massif’s rock compositiomsfaund at different stages of development of a
single fluid-magmatic system. Decompression ewvotutf the parent deep-seated basanitic
magma occurred via occurrence in intermediate maghwmbers of daughter magmas of
trachybasalt (pre-caldera stage) or hawaiite (arglabnism) composition. Subsequent emanate—
magmatic differentiation of these melts, combineithverystallization differentiation under
changing P-T— conditions, resulted in the formatibthe entire diversity of the Kekuknai rocks.

Koloskov, A. V., Flerov, G. B., Perepelov, A. Beldkestsev, I. V., Puzankov, M. Y., & Filosofova,
T. M. (2011). Evolution stages and petrology ofKle&kuknai volcanic massif as reflecting
the magmatism in Backarc zone of Kuril-Kamchatkanid arc system. Part 1. Geological
position and geochemistry of volcanic rocks. Jouafd/olcanology and Seismology, 5(5),
312-334. Doi: 10.1134/S074204631104004X

Koloskov, A. V., Flerov, G. B., Perepelov, A. Bel@kestsev, I. V., Puzankov, M. Y., & Filosofova,
T. M. (2013). The evolutionary stages and petrolofythe kekuknai volcanic massif
reflecting the magmatism in the backarc zone ofkilné-kamchatka island arc system.
Part Il. petrologic and mineralogical features, pmienesis model. Journal of Volcanology
and Seismology, 7(2), 145-169. Doi: 10.1134/S078303020048

1.3.1.2. Oxygen isotopes and clinopyroxene-melt thermobaronig in Miocene-
Quaternary volcanic rocks from Sredinny Range, Kambatka

Volynets A., a.volynets@gmail.cominstitute of volcanology and seismology FEB RAS,
Petropavlovsk-Kamchatsky, Russia

Worner G., gwoerne@gwdg.dePrzybilla R., rprzybil@gwdg.de Geowissenschaftliches
Zentrum, Georg-August-Universitat Goéttingen, Gergnan

The Sredinny Range of Kamchatka (SR) is locatetthe@tback-arc of the contemporary
Kamchatka subduction zone (Avdeiko et al., 2006; i&Bbua et al., 2001; many others). The
Benioff zone at the south end of the Range (beldarar volcano) lies at 350 depth; further to
the north it is not constrained by geophysical d&arbatov et al., 1997). Active volcanism in
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Kamchatka, which is driven by Pacific plate subductis mostly concentrated at the Eastern
volcanic front and in the Central Kamchatka DepoegsShiveluch is the northernmost active
volcano. Volcanic rocks from both zones demonstrgiieal island-arc features (Volynets, 1994;
Churikova et al., 2001). In Pliocene-Miocene tintbs, present SR back arc was in the position of
the active front of the island arc system (Avdegtaal., 2006; Volynets et al., 2010). Volcanic
rocks, erupted at that time, have typical island-signature and are represented by extensive
effusive plateau-like lava fields. These Miocen®édne plateaubasalts formed from high degrees
of fluid-induced melting (>20%, fluid amount — 14586; Volynets et al., 2010). Due to the gradual
accretion of parts of paleo-Kronotsk arc from tbetk to the north of Miocene SR (Pevzner et al.,
2009), accompanied by slab roll-back and formatiba new trench, volcanic rocks of so-called
“hybrid” type started to erupt in the SR as stratoanoes, monogenetic cinder cones and lava
flows (Volynets et al., 2010). These Quaternaryksoshow HFSE enrichment but still have
relatively high fluid-mobile/immobile element rasi@and were formed due to the lower degrees of
mostly decompression melting (8-10%) with lower amtoof fluid involvement (<2%) in the
back-arc (Volynets et al., 2010). A very intriguifegture of the studied rocks is the similarity of
slab fluid compositions in rocks for all age grodpsthe whole Sredinny Range. This suggests
that surprisingly similar fluids segregated frone #ame Pacific Plate below the arc front during
the Late Miocene-Pliocene and the back-arc in that€nary. Oxygen isotope data have the
potential to constrain the amounts of slab compbeentributing to arc lavas, and possibly even
the part of the slab from which these fluids/malts derived (Bindeman et al., 2005). Kamchatka
has been described lately as a region of highligte 0 values (Bindeman et al., 2004, 2005;
Dorendorf et al., 2000; Pokrovsky and Volynets, 4 9ineau et al., 1999; Duggen et al., 2007;
Auer et al., 2008, etc.). The source for higfO in volcanic rocks is attributed to the additidn o
high 80 slab fluids to the magma generation zone (Dordrad@l., 2000), sediment melts and/or
crustal contaminants, dependent on other petrabdeatures of the rocks (Bindeman et al.,
2005).

We investigated samples from Sredinny Range (SRKavhchatka (Quaternary Alnej
volcano, Sedanka, Kekuknajsky and Right Ozernayaogenetic lava fields, Tobeltsen and
Nilgimelkin cinder cones (north SR), as well as Mine-Pliocene plateau basalts of Left and Right
Ozernaya rivers, Dvuh’urtochnoe plateau and Krukige, Fig.1.3.1.2.1). Composition of olivine
in selected rock samples is F065-87 in plateauslaval Fo60-85 in monogenetic lava samples.
Measured ®Oqjivine Values vary from 5.47 to 7.78 %o, and are subsaiythigher than mantle
values (lgoolivine“5-5.5%o, Eiler, 2001). Calculated 180mei=6.17-8.48 %o (lgomelt:

1800ivine+0.7). The observed variations cannot be conneftethe fractional crystallization
processes, which is confirmed by the absence oéledions with Mg# and Si©content in the
whole rocks. Oxygen isotope composition also do¢sowelate with the age of the studied rocks
and with the geographic location of the volcanitiegs (from the south to the north of SR): high

180-olivines are found both in young and old rocksthie southern and northern parts of SR.

Depending on the other geochemical characterisificshe rocks, subduction fluids
(Dorendorf et al., 2000), sediment melts and/osttruaterial contamination (Bindeman et al.,
2005) have been suggested as heavy oxygen isatapees for the island-arc volcanic rocks. SR
volcanic rocks have mantle-lik&Srf®Sr (0.7028-0.70336, Volynets et al., 2010) and non-
radiogenic lead isotope composition (for &PbPPb ~ 18.2, Volynets et al., 2010). Neogene
plateau basalts are characterized by the stronijyeosorrelation of 80 with Ba/Th, Ba/Nb,
Sr/Yb, U/Nb ratios, and weak positive correlatioithv?®PbP*Pb andf’SrfSr (Fig. 1.3.1.2.2).
Quarternary volcanic rocks do not show any of thfest¢ures. Instead, in Quaternary rocks we
observe positive correlation betweeffO and Ta/Yb, Zr/Y ratios and alkalis content. (Harm
and Hoefs, 1995) mention that alkaline OIB rockslte be enriched of the heavy oxygen isotopes
compared to the tholeitic OIBs, and (Pokrovsky ®onty/nets, 1999) report positive correlation of
the O isotopes with ¥O concentrations in the alkaline rocks, but theatmms reported in these
rocks, are much smaller than observed in SR rodkerefore, high 10 in the rocks of the two
age groups we refer to the two different scenardmcene-Pliocene plateau basalts of the

97



Sredinny Range are the result of the mixing betwbenstrongly depleted MORB-type mantle
with the subduction fluid, impregnant by the heaxygen. The source of the Quaternary volcanic
rocks must be 1) basic; 2) HFSE-enriched and 3y ¢eravy oxygen. This kind of signature might
appear as a result of the massive fluid influx legdb the serpentinization of the mantle wedge.
The other opportunity is an additional source eftieavy oxygen (with®0~10-15 %), resulting
from the assimilation of the ancient subducted neteeworked.

Fig. 1.3.1.2.1. General plate tectonic setting afit€hatka and area studied. The outlines of theanaic
zones are from http://kamchatka.ginras.ru/ (SregdiRange active volcanism zone after (Pevzner 2006))
Plate boundaries after DeMets et al. (1990), Zdm@nsand Savostin (1979) and Lander et al. (1994).
White arrow shows the Pacific-Okhotsk convergerfter &choll (2007). SR - Sredinny Range, CKD -
Central Kamchatka Depression, EVF - Eastern Votc&nont, SK — South Kamchatka. Locations of the
studied samples in the Sredinny Range: 1 - Nyldimeadone, 2 — Right Ozernaya monogenetic lava field
Left and Right Ozernaya plateau, 3 - Sedanka moreggdava field, 4 - Dvuh'urtochnoe plateau, Sne)-
Chashakondzha massif, 6 - Kekuknajsky monogenatiz field, 7 - Kruki Ridge. Sampled edifices: a) —
active stratovolcanoes and shield volcanoes; Xtinat volcanoes; c) — Quaternary monogenetic cente
(cinder cones and lava flows); d) — Miocene-Plieplateau.
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Fig. 1.3.1.2.2. Composition of oxygen isotopes carag to 206/204Pb and Ba/Nb ratio and modeling of
the source compositions on a base of Th/Ce and Byg¥matic. Fields of Eastern volcanic front (EVF,
black), Central Kamchatka Depression (light gréakening (dark grey) and Ichnisky volcano (grey
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crosses) are shown on a base of the unpublishadti@hurikova T., Dorendorf F. anddMer G. Orange
line represents mixing ling of NMORB and sediméther symbols are described in the legend.

Differences in the geochemical characteristics adddne-Pliocene and Quaternary rocks
are most likely caused by the different geodynaseitings of magma generation. Therefore, we
should be able to discriminate these rocks as imelerms of magmatic temperatures and/or
melting conditions (KO, fO;). Higher temperatures should be found at decorsfmesnelting
and lower — at fluid-induced melting. To check thigoothesis we studied compositions of
minerals in volcanic rocks from both age groups taied to estimate temperatures and pressures
of crystallization. Pyroxenes in all studied samspee represented by augites and salites, in Right
Ozernaya plateaubasalts also by diopside. Cpx frtmiocene monogenetic lava flow from
Sedanka area are enriched by Ca and Ti (up to 698 WO,). Rocks of the monogenetic cinder
cones of Right Ozernaya river and basaltic andegifeDvuh’urtochnoe plateau also contain
orthopyroxene (bronzite and hypersthene); Mg aasitional pigeonites are found in Kruki ridge
basalts.

To calculate the equilibrium conditions for clinopyene-melt system (Putirka, 2008) the
melt composition has been modeled by Ol extractiom the whole-rock composition of the
corresponding sample until the equilibrium with Gpxthe resulting melt. This approach was
necessary because we did not work with the melusnans, while whole-rock compositions,
obviously, were affected by the composition and a&ketphenocrysts and therefore not in
equilibrium with Cpx anymore. In most cases the ami@f the extracted olivine was 5-8%,
composition Fo80-82, what is in accordance with riieroprobe analyses (the exception was
Kruki Ridge basalt sample, where all measured Qkviee-rich and for the calculation we used
Fo58). In Miocene-Pliocene plateau lavas the dajuilim conditions, calculated by (Putirka, 2008)
geothermometer, are: Left Ozernaya river plateauayierage): 1145+42°and 2.2+2.2 kBar;
Dvuh’urtochnoe plateau: 1070£42 and 1.5+2.2 kBar; Kruki Ridge: 1114+42%and 4.2+2.2
kBar; Right Ozernaya plateau (by two samples): 11080+42° and 3.7-2.8+2,2 kBar (Fig.
1.3.1.2.3). The pressure estimates are done fairtheonditions.

For the Quaternary monogenetic cones and lava finsresults on equilibrium P-T
conditions divided into two groups, depending om ¢bmposition of the Px used for calculation.
The clinopyroxenes of the first group have roughly same composition as Cpx from Neogene
plateau basalts, and give the following estimatdésraperature and pressure: monogenetic cones
of Right Ozernaya river (by two samples): 1100-H4B and 3,9-3.2+2.2 kBar; Alney volcano:
1127+42° and 3.4+2.2 kBar; Nylgimelkin cone 1111+42and 3.1+2.2 kBar; Sedanka area (3
samples): 1000-1100+42°nd 0-3.5+£2.2 kBar; Kekuknajsky area 1133t4anhd 6.4+2.2 kBar
(Fig. 1.3.1.2.3). These conditions are similarie talculated for the Miocene-Pliocene plateau
lavas and, most likely, reflect the sub-surfacestafjization processes. The second group of Cpx
from the Quaternary basalts has been found in &adamd Kekuknajsky monogenetic field areas.
These clinopyroxenes are characterized by the tévalumina content (Al203 6-11 wt.%,
compared to average 3 % (maximum up to 6%) in yinexenes from the first group) and sodium
(Na20>1% in a contrast to 0.2-0.6 % in both grawspectively) (Fig. 1.3.1.2.4). Calculated Cpx-
melt equilibrium conditions for these pyroxenes ai83-1140+42° and 11.6-24.9+2.2 kBar
(Sedanka area); 1163-1200+42and 10.8-18+2.2 kBar (Kekuknajsky area) (Fig. 1233).
Similar results for the temperature were calculdtedhe Ol-melt equilibrium in basalt sample
from Kekuknajsky area (with whole-rock compositissed for the melt composition) 1248+43°
(by (Putirka, 2008) geothermometer). The calculapeedssure estimates for these samples
correspond to approximately 54-100 km depth. Aleothe same samples we have found the
inclusions of high-Al, high-Mg Sp in Ol (D3 >25 wt %, Mg#>30). Unfortunately, Sp was re-
equilibrated during the cooling, but the tempemtestimates made by several quasi-equilibrium
compositions also give us the high values (128@12390° by (Ponomarev & Puzankov, 2012)
geothermometer). High alumina concentrations ise¢hex and Sp confirm deeper conditions of
phenocrysts crystallization in Quaternary basal tin Miocene-Pliocene plateau basalts.
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Fig. 1.3.1.2.3. Calculated phenocrysts’ and miteslicrystallization pressure and temperature by-Cp
melt equilibrium (Putirka, 2008). Legend: triangleQuaternary monogenetic cones and stratovolcanoes
with hybrid type of incompatible elements distrilbat circles — Miocene-Pliocene plateau basalt wit
typical island-arc signatures. Horizontal and wailtlines represent error bars.

Fig. 1.3.1.2.4. AI203 vs. Na20 in clinopyroxenemirSredinny Range. Legend same as in Fig. 1.3.1.2.3
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Therefore, the obtained set of data of clinopyroxeampositions in Sredinny Range
basalts confirm the hypothesis, that the crystilon in Quaternary basalts with hybrid type of
incompatible elements distribution started at higeenperatures and pressures than in Miocene-
Pliocene plateau basalts with typical island-agoaiures.

Volynets, A., Worner, G., Kronz ,A., Griboedova,&.Babansky, A. (2014) Composition of
pyroxenes in Miocene-Quaternary basalts of the @rgdiRange of Kamchatka:
Implications to the crystallization conditions. B-Biennial Workshop on Japan-
Kamchatka-Alaska Subduction Processes (JKASP-2FidAding clues for science and
disaster mitigation from International collaboratio Sapporo, Japan, 22-26 September
2014.http://hkdrcep.sci.hokudai.ac.jp/map/jkasp2014/pisichtml.

Volynets, A., Woérner, G., Kronz, A., GriboedovaBlapansky, A. (2013) Pyroxenes from the
Miocene-Quaternary basalts of the Sredinny Rangé&ainchatka: composition and
crystallization conditions. VII International comémce “Volcanism, biosphere and
ecological problems”. Abstract volume: Maykop, A®U22-25. (In Russian).

Volynets, A., Worner, G., Kronz, A., Ponomarev,(ZB12) Crystallization conditions of the
Miocene-Quaternary volcanic rocks of Sredinny RawofeKamchatka inferred from
mineralogical data. Contemporary problems of geacistry: abstract volume of the
conference. Irkutsk, SB RAS Sochava Institute ajrgpehy publishing group. Vol. 2. P.
35-37. (In Russianhttp://www.igc.irk.ru/images/Conf IGC-2012/TezigfF@.pdf

Volynets A., Worner G., Przybilla R. (2012) Oxygsotopic composition of the Miocene-
Quaternary volcanic rocks of the Sredinny Rang&ahchatka and compositions of the
magma sources // Contemporary problems of geoclmwmiabstract volume of the
conference. Irkutsk, SB RAS Sochava Institute ajrgphy publishing group. Vol. 2. P.
38-40. (In Russianhttp://www.igc.irk.ru/images/Conf_IGC-2012/TezighF@.pdf

Volynets, ., Worner, G., & Przybilla, R. (2011). Oxygen iqms in Miocene-Quaternary
volcanic rocks from Sredinny Range, Kamchatk&.Biennual Workshop on Japan-
Kamchatka-Alaska Subduction Processes: Mitigatisg Rhrough International Volcano,
Earthquake, and Tsunami Science. JKASP-2@dtropaviovsk-Kamchatsky, Russia.
August 25-30, 2011.b&tracts. -Petropavlovsk-Kamchatskinstitute of Volcanology and
SeismologyFEB RAS, Kamchatkan Branch of Geophysical Service RA&8;169.
http://www.kscnet.ru/ivs/slsecret/jkasp 2011/alais/74.pdf

1.4. Regional studies at Kamchatka peninsula

1.4.1.Geochemical investigations
1.4.1.1. Geodynamical model of adakite formation
Avdeiko G.P., Paluyeva A.A.]nstitute of Volcanology and Seismology FED RASsRuU

Kuvikas O.V., kuvikas@mail.ry Department of Natural History Science, Graduathd®| of
Science, Hokkaido Univ., Japan; Institute of Voldagy and Seismology FED RAS, Russia

Review and analysis of genesis conditions for dadakand magnesian andesites with
adakite properties showed that there are variou®rie and geodynamic settings within
subduction zones of the Pacific Ring. These sedtprgvide additional heating sufficient for slab
melting in subduction zones.

The model of the adakite formation in Kurile-Kamtiteazone is created. In difference to
previous models, this model operates with the mgltif the cold subduction slab with age more
than 95 Ma. As a rule, on the initial stage of sudtidm process a front part of a new slab suffered
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melting caused by heat from hot asthenospherdidrcase, their association with NEB type can
be traced. A large number of adakite location ddpam additional heating and slab melting in
slab windows regardless geodynamic conditions. B\ee formation of adakites may probably
be caused by subduction of hot spreading centdréqu® subduction and transform interactions
between plates may generate additional heatingcgift for adakite volcanism. This model can
be used for any subduction systems with age mare 3Ma (Figs. 1.4.1.1.1 and 1.4.1.1.2).

Fig. 1.4.1.1.1. Tectonic setting of the adakitdieels at Kamchatka peninsula. 1 — adakite locatidr;
volcanic belts, volcanoes and volcanic front; 3aleBrifts and transform faults; 4 — old and red¢eeriches;
5 — fault; 6 — subduction window.
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Fig. 1.4.1.1.2. The model of Miocene-Qaternary geadiical evolution and adakite formation. 1 —
continental crust, 2 - continental crust of the kotskaya paleo-arc; 3 — oceanic crust, 4 — adekifeces,

5 — volcanoes.

Avdeiko G. P., Paluyeva A. A., & Kuvikas O. V. @0Adakites in subduction zones of the Pacific
ring: review and analysis of geodynamic genesisdi@ns. Bulletin of Kamchatka
regional association "Educational-Scientific CeriteEarth sciences, 1(17), 45-60. (In
Russian)http://www.kscnet.ru/kraesc/2011/2011_17/art5.pdf
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1.4.1.2. Sr-Nd-Pb isotop distribution along the North-Easten Pacific

Koloskov A.V., kolosav@kscnet.runstitute of Volcanology and Seismology FED RAS,
Petropavlovsk-Kamchatski, Russia

Sr-Nd-Pb systematics of the volcanic rocks of Uppestatious — Cenozoic ages along the
North-Eastern Pacific edge was achived based gmafiand earlier published data (Kay et al.,
1978; Davis et al., 1993; Yogodzinski et al., 199994, 1995; Moll-Staleap, 1995; Kersting,
Arculus, 1995; Tatsumi et al., 1995; Johnson etl@96; Kepezhinskas et al., 1997; Volynets et
al., 1997; Apt et al., 1998; Turner et al., 199&ré&ndorf et al., 2000; Churikova et al., 2001,
Bindeman et al., 2004; George et al., 2004; Ji¢dd. £2004; Akinin et al., 2005; Portnyagin et
al., 2005; Fedorov, 2006; Volynets et al., 2010)-Pb isotopes suggest that volcanic rocks at
Kamchatka Peninsula and Kurile-South-Okhotsk regjiaere originated from Indian MORB
mantle (I-MORB) while volcanic rocks of Komandor&itian island arcs were originate from
Pacific MORB mantle (N-MORB)(Fig. 1.4.1.2.1).

Fig. 1.4.1.2.1. Schematic sketch of the Late- Ceinozolcanic rocks manifestations and local isotope
anomalies for the Okhotsk, Kamchatka and Beringr8gmns. 1-3 — volcanic centres with isotopes-of |

MORB-type (1), intermediate (2) and N-MORB type; (@)~ Late- Cenozoic valleys; 5 — tectonic faulis;

— the border of Eastern-Asian graben belt; 7 -bthrelers of the deep-sea trenches; 8 — deep-sehéren

9 — The border between the different mantle arBas: N-MORB type, 11 — Indian MORB type; 12 —local

anomalies of Sr isotopes (I and ).

Koloskov A.V. (2012) Isotope-geochemical featurfesate-Cenozoic volcanics of the north-
eastern Asian margin and subduction-related prolsleyhgeodynamics Volcanism and
related processes. Annual regional scientific coeriee dedicated to the Volcanologist
Day. Proceedings of the conference. March 29-3@,22@Petropaviovsk-Kamchatsky.
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Petropavlovsk-Kamchatsky: Institute of volcanolagy seismology FED RAS, 50-55. (In
Russian)http://www.kscnet.ru/ivs/publication/volc_day/204r28.pdf

1.4.1.3. Siberian mantle

Konc Z., zoltankonc@iact.ugr-csic.eMlarchesi C., Hidas K., Garrido C. J.,Instituto Andaluz
de Ciencias de la Tierra (IACT), CSIC-UGR, Armilzxanada, Spain

Szabo C. Lithosphere Fluid Research Lab, E6tvos Univerdiydapest, Hungary

Sharygin V. V., S. Sobolev Institute of Geology and Mineralogy ${3 RNovosibirsk, Russia

We present new data on spinel peridotite xenolitfzsted in Agardag alkaline
lamprophyres from the Sangilen Plateau (Tuva, S8ilihria, Russia), sampling at similar to 450
Ma the subcontinental lithospheric mantle of thediongolian micro-continent that belongs to
the accretionary Central Asian orogenic belt atsthiethern edge of the Siberian craton. Xenoliths
are spinel Iherzolites principally showing poikdiand subordinately coarse granular and coarse
equigranular textures. Geothermobarometric calculatfor pyroxene yield a narrow range of
equilibration temperature (ca. 1000-1100 °C) tlmatesponds to lithospheric depths from 43 to
53 km (1.3-1.6 GPa) along a hot intracontinentatigerm. Variation of mean Mg# [100*Mg/(Mg
+ Fe)] of olivine (87.9-90.9) with mean Cr# [1007(r + Al)] of spinel (9.5-45.7) indicates that
spinel Iherzolites are mostly residues of up to I@etting of a fertile peridotite source. In terms
of normalized REE (Rare Earth Element) and incorbfttrace element patterns of
clinopyroxene, the Sangilen xenoliths can be diaskinto three types: Type | characterized by
convex-upward REE patterns depleted in LREE (0.20L&/Yb-N <= 0.49), and with relative
negative anomalies of Rb, Pb. Hf, Zr and Ti andtp@sspikes of U and Sr; Type Il displaying
variable LREE/HREE ratios (0.53 < La/Yb-N < 2.10)tlgenerally flatter REE patterns) and
similar abundances of other trace elements compardgpe |; and Type Il showing a LREE
enriched pattern [(La/Sm)(N) = 2.22; (La/Yb)(N) 8], high REE contents and no relative
anomalies of U and Sr. The elevated Yb-N concentraif one Type Il clinopyroxene and the
variable fractionation of LREE-MREE relative to HREh most xenolith types indicate Sangilen
xenoliths underwent variable metasomatic enrichm&hts enrichment is well accounted by
percolation-reaction between depleted peridotite small-melt fractions of alkaline mafic melts
precursor to the Agardag alkaline lamprophyres. [Ho& of correlation with depth of modal
variations, textural types, inferred degrees oftimgland trace element patterns in xenoliths
indicates the absence of a texturally or compaowsitiy layered lithospheric mantle sampled by
Ordovician lamprophyres beneath the Sangilen plafEae observed compositional variations are
better accounted by depleted lithosphere varialdjasomatized along a network of percolating
alkaline mafic melts heterogeneously distributedulghout the Sangilen lithospheric mantle
section.

Konc, Z., Marchesi, C., Hidas, K., Garrido, C. Szabd, C., & Sharygin, V. V. (2012). Structure
and composition of the subcontinental lithosphen&ntle beneath the Sangilen Plateau

(Tuva, southern Siberia, Russia): Evidence fromplaphyre-hosted spinel peridotite
xenoliths. Lithos, 146-147, 253-263. Doi: http:/6tbi.org/10.1016/].lithos.2012.05.012.

1.4.2.Geochronological and geodynamical regional studies
1.4.2.1. Arctic and Pacific paleoclimatic records

Ponomareva V., vera.ponomareval@agmail.conmstitute of Volcanology and Seismology,
Petropavlovsk-Kamchatsky, Russia
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Analytical Chemistry, Moscow, Russia. Helmholtzt#en fir Ozeanforschung Kiel (GEOMAR),
Kiel, Germany

Derkachev A.,V.l1.I'chev Pacific Oceanological Institute, Vladistok, Russia

Juschus O. Faculty of Landscape Management and Nature Consienje&Eberswalde University
of Sustainable Development, Eberswalde, Germany

Garbe-Schonberg D.,Institute of Geoscience, Christian-Albrechts-Unsigr of Kiel, 24118
Kiel, Germany

Nurnberg D., Helmholtz-Zentrum fur Ozeanforschung Kiel (GEOMA&8], Germany

Fig. 1.4.2.1.1. Location of the Rauchua tephrassiied its minimum outline (solid line); with Old @y
(~124 ka) [Preece et al., 2011] and Kurile Lake (k®.4 ka) [Ponomareva et al., 2004] tephras aeglin
(dashed) for comparison. Karymsky volcanic cergeshiown with the star. Some other sites with th& M
5e (Eemian) interglacial deposits according to Baig-Grette et al. [2001], Kaplina [2011], and
Schirrmeister et al. [2011]. Long axis of the Rawekephra outline is ~1800 km
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Very few age controls exist for Quaternary depositer the vast territory of the East
Russian Arctic, which hampers dating of major emwmental changes in this area and prevents
their correlation to climatic changes in the Araitd Pacific marine domains. We report a newly
identified ~177 ka old Rauchua tephra, which hantmlispersed over an area of >1,500,008 km
and directly links terrestrial paleoenvironmentalaves from Arctic Siberia with marine cores in
the northwest Pacific, thus permitting their symehization and dating (Fig. 1.4.2.1.1). The
Rauchua tephra can help to identify deposits formeerrestrial and marine environments during
the oxygen isotope stage 6.5 warming event. Chéroaraposition of volcanic glass from the
Rauchua tephra points to its island-arc origin, levhis spatial distribution singles out the
Kamchatka volcanic arc as a source. The Rauchiaaeppresents a previously unknown, large
(magnitude >6.5) explosive eruption from the Kantkaaolcanic arc.

Ponomareva, V., Portnyagin, M., Derkachev, A., BuscO., Garbe-Schdnberg, D., & Nurnberg,
D. (2013) Identification of a widespread Kamchatkaephra: a middle Pleistocene tie-
point between Arctic and Pacific paleoclimatic ret®r Geophysical Research Letters.
40(14), 3538-3543, Doi: 10.1002/grl.50645.

Ponomareva, V., Polyak, L., Portnyagin, M., Abbétt, & Davies S. (2014). A Holocene
cryptotephra record from the Chukchi margin: thestfitephrostratigraphic study in the
Arctic Ocean. Proceedings of the Il PAST Gatewayterhational conference and
workshop, Trieste, Italy, May 19-23, 2014, C. 69-70
http://pastgateways2014.inogs.it/sites/defaulBfiRAST-Gateways 2014 O.pdf

1.4.2.2. Sediment cores extracted from Lake El'gygytgyn, inthe Far East
Russian Arctic

van den Bogaard C.cbogaard@geomar.d6EOMAR Helmholtz-Zentrum fur Ozeanforschung
Kiel, Wischhofstr. 1-3, 24148 Kiel, Germany

Jensen B. J. L., Froese D. GDepartment of Earth and Atmospheric Sciences, 1E&6h
Sciences Building, University of Alberta, EdmontaB, T6G 2E3, Canada
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Llandinam Building, Penglais Campus, Aberystwy¥23$3DB, Wales, UK

Portnyagin M., mportnyagin@ifm-geomar.¢geV.l. Vernadsky Institute of Geochemistry and
Analytical Chemistry, Moscow, Russia. Helmholtzt@en fur Ozeanforschung Kiel (GEOMAR),
Kiel, Germany

Ponomareva V., vera.ponomareval@gmail.conmstitute of Volcanology and Seismology,
Petropavlovsk-Kamchatsky, Russia

Garbe-Schonberg D.,Institute of Geoscience, Christian-Albrechts-Unsigr of Kiel, 24118
Kiel, Germany

Wennrich V. University of Cologne, Institute for Geology andnktialogy, Cologne, Germany
*now at: School of Geography, Archaeology and Pa&mlogy, Queen’s University Belfast, UK

Ash layers from explosive volcanic eruptions (tephra) represent isochronous surfaces
independent from the environment in which theydeposited and the distance from their source.
In comparison to eastern Beringia (non-glaciatedovuénd Alaska), few Plio-Pleistocene distal
tephra are known from western Beringia (non-gladaarctic and subarctic eastern Russia),
hindering the dating and correlation of sedimentyohd the limit of radiocarbon and
luminescence methods (Fig. 1.4.2.2.1). The ideatifon of eight visible tephra layers (TO-T7) in
sediment cores extracted from Lake ElI'gygytgyntha Far East Russian Arctic, indicates the
feasibility of developing a tephrostratigraphicnfrework for this region (Fig. 1.4.2.2.2). These
tephra range in age from ca. 58 ka to 2.2 Ma, actl & described and characterized by its major-
, minor-, trace-element and Pb isotope composiiitiese data show that subduction zone related
volcanism from the Kurile—Kamchatka—Aleutian—Arc afihska Peninsula is the most likely
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source, with Pb isotope data indicating a Kamchatkdcanic source for tephra layers TO—T5 and
T7, while a source in the Aleutian Arc is possiptebable for Tephra T6. The location of Lake
El'gygytgyn relative to potential source volcanogs 1000 km) suggests these tephra are
distributed over a vast area. These deposits pravideique opportunity to correlate the high-
resolution paleoenvironmental records of Lake HEiggyn to other terrestrial
paleoenvironmental archives from western Bering@raarine records from the northwest Pacific
and Bering Sea. This is an important first stepaias the development of a robust integrated
framework between the continuous paleoclimaticrésof Lake EI'gygytgyn and other terrestrial
and marine records in NE Eurasia.

Fig. 1.4.2.2.1. Location of Lake El'gygytgyn (LEh irelation to volcanic areas in the Kuriles (Ku),
Kamchatka (Ka), Aleutian Arc (AA) and Alaska Penilas(AP). Reconstructed distribution patterns af Ol
Crow Tephra (OCt; -124 ka; Preece et al., 2011)cRa Tephra (RAt; -177 ka; Ponomareva et al., 2013b
and KO Tephra (KOt; -7 ka; Derkachev et al., 200Uistrate the potential for widespread tephra
distribution in this region. The Wrangell volcarfield (Wr) and other smaller cinder cones and maars
indicated by additional markers, are either toafeld and/or do not produce the type of tephreoditp
that are found in Lake EI'gygytgyn. During glacimhes, the Bering shelf between Russia and Alasks w
exposed, and only mountainous areas in this regxperienced limited glaciation, creating the glacia
refugium known as Beringia. As a result, Beringiatains terrestrial paleoenvironmental recordsrikiat
marine deposits in their richness and length.
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Fig. 1.4.2.2.2. Photos of the sections of coret Wit detected tephra layers from Lake El'gygtgyd:
(5011-4D-2H1), T1 (5011-1B-1H2), T2 (5011-1B-7HZ83 (5011-1B-10H2), T4 (5011-1A-19H1), T5
(5011-1A-19H2), T6 (5011-1A-25H1), T7 (5011-1A-35ELength of each segment is 12 cm.

Van den Bogaard, C., Jensen, B. J. L., Pearce,.N5.]J Froese, D. G., Portnyagin, M. V.,
Ponomareva, V. V., & Wennrich, V. (2014). Volcash layers in Lake EI'gygytgyn: eight
new regionally significant chronostratigraphic mark for western Beringia, Clim. Past,
10, 1041-1062, Doi: 10.5194/cp-10-1041-2014, http://www.clim-
past.net/10/1041/2014/cp-10-1041-2014.pdf

1.4.2.3. Vegetation dynamics and climate change in KamchatkdPeninsula
during last 11.5 ka

Dirksen V., dirksen@kscnet.ruDirksen O., dirksen@kscnet.rulnstitute of Volcanology and
Seismology FED RAS, 9 Piip Blvd, 683006 Petropakidéamchatsky, Russia

Diekmann B., Bernhard.Diekmann@awi.de Alfred-Wegener-Institute fur Polar- und
Meeresforschung (AWI), Telegrafenberg A43, 144A3dan, Germany

We re-examined sixteen pollen records from nonamlc areas in the Kamchatka
Peninsula to reconstruct vegetation and climategbésiduring the Holocene. Pollen records were
first summarized and evaluated for each of threi@ piaysiographic regions: (1) Western Lowland
(WL), open to the Sea of Okhotsk (6 records); (@httal Kamchatka Depression (CKD), bordered
by mountains (4 records); and (3) Eastern Coas},(f&Cing the Pacific Ocean (6 records), and
then compared over the peninsula. The synthesiatdsiiggest that the climate over Kamchatka
was generally wet and mild before ca. 5.8 ka (11K#®€ cal. yrs BP) due to strong and prolonged
maritime influence. The first forest maximum in t6&D started at ca. 8.9, indicating a warmer
climate; however, forest spread along the bothtsoass delayed until ca. 7 ka, suggesting a
possible modulation of greater effective moisturétencoastal sites (Fig. 1.4.2.3.1). The warmest
period at ca. 7-5.8 ka is defined by the evideiceaximal forest extension overall the peninsula.
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During that time, birch (Betula) prevailed overaldAlnus) in forest everywhere except in the
EC. Since ca. 5.8 ka, divergent vegetation pattbeteme evident in northern vs. southern and
coastal vs. interior sites that correspond with haft sfrom warmer/maritime climate to
cooler/continental climate. Also, greater climateiafaility accompanied the Neoglacial cooling
since 5.8 ka. This climate cooling, indicated bagstiic shrub expansion, advanced southward from
the northern coasts (ca. 5.8 ka) to the centratimt and coastal areas (ca. 5 ka) and then to the
south (ca. 3.5 ka). Subsequent warming, suggestéaebevidence of a second forest maximum,
advanced westward from the EC (ca. 5.2 ka) to tiB ¢Ca. 3.2 ka) and then to the WL (ca. 1.9
ka). An advance of larch (Larix) in the CKD sinca. 3.2 ka points to increased climate
continentality and larger seasonal variations. éntiast, alder forest spread after ca. 1.7 ka,
reported only from the southern EC and CKD sitediciates a mild, maritime-like climate that
also agrees with the first apparent advance ofcgp(Ricea) in the interior. The latest cooling
event, indicated by another shrub expansion, skeastwvard trend: it occurred much earlier at the
WL (ca. 2.4-1.6 ka) then at the EC (ca. 900-350yralBP), and was less evident in the CKD.
Instead, there was a remarkable coniferous expaisiong the last millennium when both larch
and spruce invaded and replaced deciduous foregsisby ca. 450-320 cal. yrs BP, an extensive
coniferous forest (“Coniferous Island”) appearedha interior of Kamchatka. Since ca. 300 cal.
yrs BP, spruce expanded most rapidly what broanilycides with the beginning of the Little Ice
Age.

Fig. 1.4.2.3.1. Comparison of climate changes &amnchatka.

Dirksen, V., Dirksen, O., & Diekmann, B. (2013).I6t®ne vegetation dynamics and climate
change in Kamchatka Peninsula, Russian Far Easwie®e of Palaeobotany and
Palynology, 190, 48-65. Donnttp://dx.doi.org/10.1016/j.revpalbo.2012.11.010

1.4.2.4. Geogynamics in North-West of Pacific region: resut from marine
terraces investigations

Pinegina T.K., pinegtk@kscnet.rupinegtk@yandex.ruKravchunovskaya E.A., Institute of
Volcanology and Seismology, FED, RAS, Petropavigeskchatsky, Russia
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Normandie University, Caen, France, UCBN, Caen,nes CNRS, UMR 6143, Caen, France
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Washington University, Ellensburg, Washington 98328A
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Fig. 1.4.2.4.1. Proposed geodynamic model for tam&hatsky Peninsula region. (A) Proposed boundary
of Kamchatsky Peninsula block (KPB): Western onslmundary is after Kozhurin (2009) and Kozhurin
and Pinegina (2011); other boundaries are showansatically; southern boundary is after Bourgeois et
al. (2006) and Pedoja et al. (2006); northern amsteen boundaries are shown along the base of the
continental slope (margin). I-ll—position of thensenatic cross section shown on B. (B) Schematisscro
section of the Kamchatsky Peninsula region divit¢al plates. PAC—Pacific plate, BER—Bering plate,
OKH—Okhotsk plate, KIB— Komandorsky [Commanderhistl block. Okhotsk and Pacific plates extend
to the northwest, Komandorsky Island and Beringeglare limited by the Kamchatsky Peninsula block.
(C) Geological map of Kamchatsky Peninsula (modiffieom Freitag et al., 2001), showing its main
structural features and main faults, both activé @ld and zones of Holocene vertical coastal deftion.
Note that the faults in C are based on differet@rpretations than in A.
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Kamchatsky Peninsula lies within a complex meepilage of tectonic plates, in particular,
the orthogonal interaction of the west-moving Kowharsky Island block with mainland
Kamchatka. Examining the Holocene history of vattadeformation of marine wave-built terraces
along the peninsular coast, we differentiated tectblocks undergoing uplift and tilting separated
by zones of stable or subsided shorelines. We aedlgbout 200 excavations along >30 coastal
profiles and quantified vertical deformation on $ngrofiles as well as along the coast using
paleoshorelines dated with marker tephras. Forpdst 2000 yr, the average rates of vertical
deformation range from about —1 to +7 mm/yr. Upbditterns are similar to those detected from
historical leveling and from mapping of the stage GQuaternary marine terrace (ca. 120 ka).
Average vertical deformation in the Holocene ishieigt for the shortest studied time period, from
ca. A.D. 250 to 600, and it is several times fastan rates for marine oxygen isotope stage (MIS)
5e terraces. Vertical displacements observed atbegcoast are most likely coseismic and
probably have included subsidence as well as ueliints. Because subsidence is generally
associated with erosion, almost surely more prehdstiarge earthquakes occurred than are
recorded as topographic steps in these terracesugfgest that the distribution of coastal uplift
and subsidence observed along the Kamchatsky Rémiosastline is qualitatively explained by
the squeezing of the Kamchatsky Peninsula blockdst the Bering and Okhotsk plates, and the
Komandorsky Island block.

Vertical deformation of the southeast Kamchatskyifsila averaged over the past 2000
yr ranges from approximately —1 to +7 mm/yr. Thestimtensive and continuous Holocene
vertical uplift has taken place around Capes Afand Kamchatsky, consistent with their being
uplifted mountainous massifs generated over a lomge scale. Sharp changes in rate of uplift in
the Holocene correspond to three known active $aalong the Pikezh, First, and Second
Pereval’naya Rivers.

In individual locations, the average rate of vettideformation varies over different time
intervals and even changes from net uplift to sidrsie. Through comparison of our data with
seismological and geodetic data, we hypothesized#imrmation of marine terraces was most
likely coseismic. Earthquake source locations mighon mapped onshore and offshore faults as
well as on unmapped faults under the continentalf.sBome coseismic deformation could be
realized during the slip of the Pacific slab atNt&/ corner. The highest gradients of rate change
along the coast took place during the shortest timt@gval we analyzed (about 350 yr long). This
supports our conclusion that it is coseismic detdram rather than slow tectonic movement. There
IS some suggestion that the net rates for the 243 yr include episodes of both uplift (raised
terraces) and subsidence (completely or partly erteteaces).

We see no reason to assign the same rate of ldispdhcement to the Cape Africa block
as to Krutoberegovo station (as in Baranov e8l10); also, it seems clear that the Cape Africa
block is not moving at the same rate as the Komaskgdsland block. If the GPS measurements
represent a longer-term trend (such as the Holooelonger), then the shortening could be taken
up either offshore (suggested by Baranov et allOP@r onshore or, most likely, both. The
dramatic difference in uplift between Cape Africeddahe subsiding area to the south suggests to
us that there should be a thrust fault boundingthehern side of the cape.

We propose a qualitative explanation for the varadtvertical movements observed on
the Kamchatsky Peninsula coastline. The shallowspdrthe Kamchatsky Peninsula are pressed
(squeezed) between three bounding plates—Beringpk, and Komandorsky Island block—
whereas the base is partly coupled with the Paslab (Fig. 1.4.2.4.1). We think that in the
northern and northeastern part of the peninsularah@tion is primarily the result of interaction
with the Bering plate, resulting in slow to moderaplift. Cape Africa rises rapidly as a result of
collision with the Komandorsky Island block. Theufzern and western parts of the peninsula are
under the influence of two plates: interaction villle Okhotsk plate and tangential stress on the
base as result of coupling with the Pacific slatisigeodynamic model helps explain the pattern
of coastal uplift and subsidence described in Hetahis paper.
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At the NW corner of the Pacific region, just sowhthe Kamchatsky Peninsula, the
northern tip of the Pacific plate subduction ansbagted volcanic arc interacts with the western
end of the Aleutian-Komandorsky dextral transforiaitgp boundary and associated arc. Study of
both Holocene and Pleistocene sequences of upliferthe terraces and also of fluvial drainage
patterns on the Kamchatsky Peninsula allows ugtdight active tectonics produced by complex
plate interaction. Our results show that the cérdestern coast of the peninsula is currently
divided into four different zones consisting inifted blocks associated with various uplift rates
in front of a fold-and-thrust zone to the west. @Gnain tectonic benchmark—the altitude of the
shoreline correlated to the Last Interglacial Maxim(Marine Isotopic Stage 5e)—yields late
Pleistocene uplift rates ranging from 0.2 to 2.7#/gr. One of the main active faults bounding
the coastal blocks is dextral and is interpretea @®longation of an offshore fault of the Aleatia
Komandorsky dextral transform plate boundary. Wegssgthat structures on the Kamchatsky
Peninsula accommodate a part of the transform mgdtiat that mainly, the arc-continent collision
of the Aleutian arc against Kamchatka produces ddbrer” effect on the Kamchatsky Peninsula.

Fig. 1.4.2.4.2. Cartoon representing the “encroastimof the Komandorsky Island block on the
Kamchatsky Peninsula.

Our results show marked tectonic segmentation ottastal fringe of the Kamchatsky
Peninsula (Fig. 1.4.2.4.2). Late Pleistocene upifés along the coast vary in space with marked
rapidity, ranging from 0.2 to 2.74 mm/yr. Geomoiphnalysis suggests folding and thrusting in
the hinterland of the Kamchatsky Peninsula anthgliof the coastal blocks associated with
vertical and strike-slip displacements along faattthe block boundaries. Since the Kamchatsky
Peninsula is located near the western end of the @extral transform system associated with the
western Aleutian-Komandorsky arc, the structuretherpeninsula likely accommodate westward
convergence of the Komandorsky Island block andatlsion with the continent, producing the
effect of a bulldozer.

This deformation pattern indicates that the KanghaPeninsula actively undergoes arc-
continent collision with the Aleutisarc at the triple junction between the Okholdikarth American, and
Bering plates, as suggested by several earlierestu®n the other hand, the pattern, in particular
the shortening in the hinterland associated witimnkach Range blocking, contravenes an active,
rigid, clockwise rotation of the entire KamchatdRgninsula as proposed by Kozhurin [2007].
Also, the connection between onshore faults op#r@nsula and offshore faults of the Aleutian-
Komandorsky transform boundary suggested by Gaeditlkal. [2000] is not supported by our
results, except for the fault zone of the secon@\Ré¢'naya River valley, which can be linked to
a proposed splay of the Bering fault zone. Thigpahdence of onshore faults was also proposed
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by Kozhurin [2007], although our kinematic modeledonot agree with some details of his
analysis.

In this study, uplift rates and active deformatafrihe Kamchatsky Peninsula—Ilocated at
the intersection of the Pacific subduction zone nedKomandorsky-Aleutian dextral transform
boundary—have been estimated using a combineddigidmap analysis of Pleistocene marine
terraces, drainage anomalies, and active faultsteriSive field data accompanied by
morphotectonic analysis using several remote-sersicitniques have permitted us to refine a
neotectonic model for the entire Kamchatsky Periénas affected by this very active and complex
collision zone.

Pinegina, T. K., Bourgeois, J., KravchunovskayaAE Lander, A. V., Arcos, M. E. M., Pedoja,
K., & Maclnnes, B. T. (2013) A nexus of plate iat#ion: Vertical deformation of
Holocene wave-built terraces on the Kamchatsky meha (Kamchatka, Russia).
Geological Society of America Bulletii25(9-10), 1554-1568. D0i:10.1130/B30793.1

Pedoja, K., Authemayou, C., Pinegina, T., BourgebjiNexer, M., Delcaillau, B., & Regard, V.
(2013) “Arc-continent collision” of the Aleutian-Koeandorsky arc into Kamchatka:
insight into Quaternary tectonic segmentation thitowgjeistocene marine terraces and
morphometric  analysis of fluvial drainage. Tectanic 32(4), 827-842.
Do0i:10.1002/tect.20051

1.4.2.5. Rate of collisional deformations in Kamchatsky Pemisula

Kozhurin A. ., anivko@yandex.ruZelenin E. A., egorzelenin@mail.ruGeological Institute,
Russian Academy of Sciences, Pyzhevskii per. €£dvp419017 Russia

Pinegina T.K., pinegtk@kscnet.ru, pinegtk@yandex.ru, Ponomareva V. V.,
vera.ponomareval@gmail.comnstitute of Volcanology and Seismology, Petropakev
Kamchatsky, Russia

Mikhailyukova P. G., Faculty of Geography, Moscow State University, dteg 119234 Russia

Detailed data are discussed on the rate of Holobeneontal and vertical movements
along a fault in the southeastern Kamchatsky Patanghich is situated between the converging
Aleutian and Kamchatka island arcs. The fault isntiehern boundary of the block invading into
the peninsula under pressure of the KomandorskykBéddhe Aleutian arc. The rate of right-
lateral slip along the fault was increasing in iH@ocene and reached 18-19 mm/yr over the last
2000 years and 20 mm/yr by contemporary time. Corsga of these estimates with those that
follow from offsets of older rocks also indicatealeration of horizontal movements along the
fault from the early Quaternary to the present. Témults obtained from rates of GPS station
migration show that about half the rate of the modstern drift of the Komandorsky Block is
consumed for movement of the block of the soutate of the fault. The remainder of movement
of the Komandorsky Block is consumed for movemépitsbably, underthrusting) at the eastern
continental slope of the Kamchatsky Peninsula (Figs2.5.1 and 1.4.2.5.2).

The horizontal movements along the Second Peresa’'r-ault in the Holocene were
characterized by a high rate. For comparison,ntlmaseen that the mean rate over the last 2000
years (18—19 mm/yr) and the suggested modern~+a@erim/yr) are equal to the rate of horizontal
movements in the Holocene along the North Anatokanlt (18 + 5 mm/yr) and that it only
slightly yields to the rate of movements along s@@gments of San Andreas Fault (24 £ 3 mm/yr)
over the last 14000 years. The fast propagatiahesouthern side of the Second Pereval’naya
Fault is apparently determined by the geodynamntieason, especially by the closeness to the
contact of the western Aleutian arc and PacifiddP&s a source of motion. Comparison of the
estimated rates of horizontal movements along thevea fault and the rates of GPS station
migration suggests that the southern side of tb# &nould be limited in the east and west by
zones of horizontal shortening of the crust; iieis a separate block. This implies, first, the
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possibility, to a certain degree, of independentveneent of the southeastern part of the
Kamchatsky Peninsula relative to the KomandorskypcBl| and second, that the Second
Pereval’naya River Fault is not an immediate onslextension of the right-lateral Bering Fault
on land.

Fig. 1.4.2.5.1. (a) Collisional interaction of istharcs in the northwestern Pacific: 1, Izu—Bomid dapan;

2, Japan and Kurile-Kamchatka; 3, Kurile—-Kamchaikd Aleutian; bathymetry and topography, after
SRTM30-PLUS; (b) conceptual scheme of tangentia mormal components of oceanic plate motion
relative to island arcs (above) and their relatigos in the junction of Kamchatka and Aleutiantislarcs
(below). (1a) Direction of the Pacific Plate motidfib) orthogonal and tangential components ofeplat
motion relative to island arcs, (1c) direction obtion of part of island arc toward collisional zor2)
subduction zone; size of triangular ticks showsdase (decrease) of underthrusting (normal) comgpne
(3) collisional domain. KP, Kamchatsky Peninsula; Pacific Plate.
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Fig. 1.4.2.5.2. 3D model of topography of wave tuérine terrace cut by the Second Pereval'nayé.Fau
(1) Fault line along which landforms and sedimentgehaeen deformed; dashed line is segment of fault
where young marine terrace remains undeform2dal¢rasion cliff displaced along fault 30-32 r8) (
topographic profile;4) terrace level Il undeformed by faul, (6) terrace levels Ill and IV retained only
in southern uplifted side of faulty) scarps separating terrace leve®;térrace level number. Contour
lines are spaced at 2 m.

From the two-thirds of the transform movement ratated to the northwestern drift of the
western Aleutians, almost half is consumed by siolfial deformation of the Kamchatsky
Peninsula, which is a buffer in the zone of inteoacbetween the Aleutian arc and Kamchatka.
The remaining motions of the Komandorsky Block amparently consumed by movements
(probably underthrusting) in the zone of tectorontact at the eastern continental slope of the
peninsula established by Geist and Scholl.

The increase in mean rate of horizontal movemdotggahe Second Pereval'naya River
Fault reflects the acceleration of movement ofgbethern side of this fault (southeastern block
of the Kamchatky Peninsula) since the onset ahitéion in the early Quaternary.

Kozhurin, A. ., Pinegina, T. K., Ponomareva, \/.Zélenin, E. A., & Mikhailyukova, P. G. (2014).

Rate of collisional deformation in Kamchatsky Penia, Kamchatka. Geotectonics, 48(2),
122-138. Doi: 10.1134/S001685211402006X

1.4.3.Volcano monitoring and geoinformation systems
1.4.3.1. Kamchatkan Volcanic Eruption Response Team (KVERT)

Gordeev E.l.,gordeev@kscnet.riGirina O.A., girina@kscnet.rulnstitute of Volcanology and
Seismology, Petropavlovsk-Kamchatsky, Russia
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In March 2013, the Kamchatkan Volcanic Eruption fftese Team (KVERT) celebrated
the 20th anniversary of its activity. This team,iethwas created by the joint efforts of Russian
and American scientists, analyzes on a daily bdmisdata supplied by the complex (seismic,
video, visual, and satellite) monitoring systenvolcanoes of Kamchatka and the Northern Kuril
Islands to notify airline companies and all intéeelsorganizations about potential hazards.

Kamchatka is one of the most active volcanic regionsthe planet. Large explosive
volcanic eruptions, in which the ash elevates ug-1& km above sea level, occur here every 1.5
years. Study of eruptions precursors in order tluce a volcanic risk for the population is an
urgent problem of Volcanology. The available preourof strong explosive eruptions of
volcanoes, identified from satellite data (therraabmaly), as well as examples of successful
prediction of eruptions using this precursor, &gresented in this research.

The Alaska Volcano Observatory (AVO) staff alsotiggpated in hazard communication
and monitoring of multiple eruptions at ten volcamoeRussia as part of its collaborative role in
the Kamchatka and Sakhalin Volcanic Eruption Respdreams

Gordeev, E. I., & Girina, O. A. (2014). Volcanoemdaheir hazard to aviation. Herald of the
Russian Academy of Sciences, 84(1), 1-8. Doi: Ba/81019331614010079

Girina, O. A. (2012). On precursor of Kamchatkaricanoes eruptions based on data from
satellite monitoring. Journal of Volcanology andis®eology, 6(3), 142-149. Doi:
10.1134/S0742046312030049

McGimsey, R.G., Neal, C.A., Girina, O.A., Chibistdd/., & Rybin A.V. (2014) 2009 Volcanic
activity in Alaska, Kamchatka, and the Kurile Istsr—Summary of events and response
of the Alaska Volcano Observatory: U.S. Geologi€akvey Scientific Investigations
Report 2013-5213, 125 p. Ddittp://dx.doi.org/10.3133/sir20135213

1.4.3.2. Information system «Volcanoes of the Kurile-Kamchaita island arc»

Romanova |I.M.,roman@kscnet.riGirina O.A., girina@kscnet.ruMelekestsev 1.V., Maximov
A.P., maximov@kscnet.runstitute of Volcanology and Seismology, PetropeskeKamchatsky,
Russia

Fig. 1.4.3.2.1. WMS-service «Volcanoes of the Kailamchatka island arc».
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Fig. 1.4.3.2.2. Example of the the web page «Imagasachinsky volcano).

This research was conducted with aim to createnfioennation system «Volcanoes of the
Kurile-Kamchatka island arc» which is being develdpn the Institute of Volcanology and
Seismology FEB RAS. The system will allow integoatiof wide range of data on volcanoes in
Kamchatka, Kurile Islands and adjacent seas irgingle information environment available for
the world scientific community and for Internet tssél he general interface of the system is shown
on Figs. 1.4.3.2.1 and 1.4.3.2.2.

Romanova, I. M., Girina, O. A., Melekestsev, |.&Maximov, A. P. (2012). Information system
“Volcanoes of the Kurile-Kamchatka island arc. BRaih of Kamchatka regional
association "Educational-Scientific Center". Easitiences, 1(19), 128-137. (In Russian).
http://www.kscnet.ru/kraesc/2012/2012_19/art9.pdf

Romanova, I.M., Girina, O.A., Maximov, A.P., & Mastsev, |.V. (2012) The creation of a
comprehensive web-based information system “Volesiod the Kurile-Kamchatka island
arc* (VOKKIA). Information science and control sgsts, no. 3 (33), 179-187. . (In
Russian)http://ics.khstu.ru/media/2012/N33_19.pdf

Romanova, I. M., Girina, O. A., Maximov, A. P., &lgkestsev, I. V. (2013). Volcanoes of Kurile-
Kamchatka Islands Arc information system. Forecast/olcanic Activity - Reading and
translating the messages of nature for society GEV2013 Scientific Assembly, July 20-
24, Kagoshima, Japan. http://www.kazan-
g.sakura.ne.jp/iavcei2013/iavcei_hp/PDF/4H.pdf
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1.4.3.3. HBYHOH& #& @! -6

Gordeev E.l., gordeev@kscnet.ru,Girina O.A., dirina@kscnet.ry, Mel'nikov D.V.,
dvm@kscnet.ry Manevich A.G., lav217@kscnet.ru Romanova |.M., roman@kscnet.ru,
Institute of Volcanology and Seismology, Far EasanBh, Russian Academy of Sciences,
Petropavlovsk-Kamchatsky, Russia

Efremov V.Yu., evgeny@iki.rssi.rul. upyan E.A. , Matveev A.M., Proshin A.A., Flitman
E.V., Space Research Institute of RAS, Moscow, Russia

Kramareva L.S., kramareva@dvrcpod.risar-Eastern Center of State Research Center for
Space Hydrometeorology «Planeta», Khabarovsk, 680R0ssia

Sorokin A.A., alsor@febras.neKorolev S.P.,Computer Center of Far East Branch, Russian
Academy of Sciences, Khabarovsk, 680063, Russia

Fig. 1.4.3.3.1. The area of coverage by the Hypesquipment along the Kurile-Kamchatka arc avadabl
for the information system VolSatView at January£20

Annual Kamchatkan strong explosive eruptions wgh amissions of 8—15 km above the
sea level represent a real threat to modern jettiani. To reduce the risk of aircraft encounters
with volcanic ash clouds in the North Pacific regidthe KVERT team of the Institute of
Volcanology and Seismology of Far Eastern BranclsRINS FEB RAS) conducts daily satellite
monitoring of Kamchatkan volcanoes. In 2011, expeftVS FEB RAS, Space Research Institute
RAS, Computing Center of Far Eastern Branch RASFardEastern Center of “Planeta” Research
Center for Space Hydrometeorology created andrgattrial operation an information service
"Monitoring of volcanic activity of Kamchatka aniget Kurile Islands™ (VolSatView). This service
allows working with different satellite data, inclad hyperspectral data, as well as meteorological
and ground information. VolSatView will be ablepgmvide volcanologists with the possibility of
continuous monitoring and study of volcanic acyivit Kamchatka and the Kurile Islands. The
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paper presents examples of hyperspectral satdlite use in the VolSatView environment to

analyze different volcanic processes.
The coverage area for "Monitoring of volcanic adgivof Kamchatka and the Kurile

Islands" information system is shown on Fig. 1.413.and the examples of satellite images for
the active volcanoes of Kamchatka are shown onl+4g3.3.2 and 1.4.3.3.3.

Fig. 1.4.3.3.2. Reflectance of the lava flows @& Tolbachik eruption 2012-13 in spectral diapaz2.08-
2.35 mkm from space image EO-1 ALI (NASA) from 2813TC 01.05.2013.

Fig. 1.4.3.3.3. Reflectance of the Klyuchevskoyaldows from space image EO-1 ALI (NASA) from
21.09.2013 in IR diapason (combination of chant|9, 8).
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Gordeev, E. I, Girina, O. A,, Lupyan, E. A. , Sanp A. A., Efremov, V. Yu., Mel'nikov,, D. V.,
Manevich, A. G., Romanova, I. M., Korolev, S. PKr&mareva, L. S. (2014). Possibility
of using hyperspectral data from satellite obsera to study activity of Kamchatka
volcanoes on the basis of the VolSatView geopddiaifrent problems in remote sensing
of the earth from space, 11(2), 267-284. (In Rusgsia
http://d33.infospace.ru/d33_conf/sb2014t1/267-28#.p

Efremov, V. Yu., Girina, O. A., Kramareva, L. Sipyan, E. A. , Manevich, A. G., Matveev, A. M.,
Mel'nikov, D. V., Proshin, A. A., Sorokin, A. A.,Hiitman, E. V. (2012). Creating an
information service “Remote monitoring of activecanioes of Kamchatka and the Kuril
Islands”, Current problems in remote sensing of dath from space, 9(5), 155-170.
http://d33.infospace.ru/d33_conf/sb2012t5/155-1@D.p

1.4.3.4. Database of marker tephra layers from major Holocee eruptions in
Kamchatka

Kyle Ph.R., kyle@nmt.edu,Rourke Schluep R.,Department of Earth and Environmental
Science, New Mexico Institute of Mining and Teobgy! Socorro, NM, USA

Ponomareva V, vera.ponomareval@amail.conmstitute of Volcanology and Seismology,
Petropavlovsk-Kamchatsky, Russia

Kamchatka Peninsula is one of the most active widcaegions in the world. Many
Holocene explosive eruptions have resulted in widesd dispersal of tephra-fall deposits. The
largest layers have been mapped and dated by‘@henethod. The tephra provide valuable
stratigraphic markers that constrain the age ofyng@ological events (e.g. volcanic eruptions,
palaeotsunami, faulting, and so on). This is thet 8ystematic attempt to use electron microprobe
(EMP) analyses of glass to characterize individgethra deposits in Kamchatka. Eighty-nine glass
samples erupted from 11 volcanoes, representingell7/identified Holocene key-marker tephra
layers, were analysed. The glass is rhyolitic irtegdhra, dacitic in two, and multimodal in three.
Two tephra are mixed with glass compositions ragmdgrom andesite/dacite to rhyolite. Tephra
from the 11 eruptive centres are distinguishecheyrglass KO, CaO, and FeO contents. In some
cases, individual tephra from volcanoes with mudtiptuptions cannot be differentiated. Trace
element compositions of 64 representative bulk ieglamples erupted from 10 volcanoes were
analysed by instrumental neutron activation analgiNAA) as a pilot study to further refine the
geochemical characteristics; tephra from theseavales can be characterized using Cr and Th
contents and La/YDb ratios.

Unidentified tephra collected at the islands ofagansky (3), Bering (11), and Attu (5) as
well as Uka Bay (1) were correlated to known emumi Glass compositions and trace element
data from bulk tephra samples show that the Kar&gifsland and Uka Bay tephra were all
erupted from the Shiveluch volcano. The 11 Berislgrid tephra are correlated to Kamchatka
eruptions. Five tephra from Attu Island in the Alans are tentatively correlated with eruptions
from the Avachinsky and Shiveluch volcanoes.

Using these data the geochemical database onoglag®osition was created. This batabase
includes analyses of 1000 ash samples from the Katka's volcanoes and represented by 15000
microprobe analyses and by 360 LA-ICPMS analyse&s (F4.3.4.1).

This database allows correlate the ash betweenteesaotions and thus allows to compare
paleoclimate, paleooceanic, volcanic and paleos#@yical events as well as the scales of past
explosive eruptions.

At present time the geospatial database of Kamahaiklocene volcanism is in
development. This database will include informateonvolcanic deposits distribution, their ages,
chemical composition, location of calderas, crat@rgler cones and metadata for single volcanoes
or group of volcanoes.
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Fig. 1.4.3.4.1. The location of ash sampling.

Kyle, Ph. R., Ponomareva, V. V., & Schluep, R2&L1). Geochemical characterization of marker
tephra layers from major Holocene eruptions in Kaat&a, Russia. International Geology
Review, 53(9), 1059-1097. Doi: 10.1080/0020681092382

Zelenin, E. A., Ponomareva, V. V., & MikhaylyukavaG. (2014). The geospatial database of
Kamchatka  Holocene  volcanism:  structure and  implgaten  using
PostgreSQL/PostGIS. Modern Information TechnologeSarth Sciences: Materials of
the International Conference, Petropavlovsk-Kamskwt September 8-13, 2014, 158.
Vladivostok, Dalnaukahttp://kamchatka2014.feqi.ru/images/abstracts1.pdf

1.4.3.5. Integrated Instrumental Monitoring of Volcanoes

Chebrov V.N., chebr@emsd.iks.ruProznin D.V., Droznina S.Ya., Kugaenko Yu.A.,
ku@emsd.ruNuzhdina I.N., Senyukov S.L.ssl@emsd.ruSergeev V.A., Serovetnikov S.S.,
Titkov N.N., Firstov P.P., firstov@emsd.ruYaschuk V.V., Geophysical Survey, Kamchatka
Branch, Russian Academy of Sciences (GS KB RAB)pBeovsk-Kamchatsky, Russia
Zakharchenko N.Z., Mishatkin V.N., Geophysical Survey, Russian Academy of Sciences,
Obninsk, Kaluga oblast, Russia

Melnikov D.V., dvm@kscnet.ruMurav'ev Ya.D., murjd@kscnet.rulnstitute of Volcanology
and Seismology, Far East Branch, Russian Acadenfceices, Petropaviovsk-Kamchatsky,
Russia

Rybin A. V., Institute of Marine Geology and Geophysics, FartEBranch, Russian Academy of
Sciences, Yuzhno-Sakhalinsk, Russia
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This work presents the project of the first stageingplementation of the integrated
instrumental system of volcanic activity monitorilg Kamchatka and the Kuril Islands (Fig.
1.4.3.5.1). The system of monitoring was desigradttie purpose of ensuring public safety,
aviation safety, and reducing economic losses chbgerolcanic eruptions. The most active and
dangerous volcanoes in Kamchatka (North and Avgobiaps of volcanoes) and the Kuril Islands
(volcanoes on the islands of Kunashir and Paramyuata of first priority for monitoring. For this
purpose, special observation points are planndzktmstalled on the volcanoes. The system of
monitoring will include a complex of observationsrqadband seismic station with a large
dynamic range, tiltmeter, devices for gas, acoustic electromagnetic observations, and video
camera). All the data will be passed to informatioocessing centers in real time. New methods
and algorithms of automatic and automated idenafifom of the volcanic activity level and the
probabilistic volcano hazard assessment have beaetoped.

Fig. 1.4.3.5.1. The block diagram of a typical \alo observation point. 1 — Ethernet lines, 2 —
analog signals.

Chebrov, V. N., Droznin, D. V., Droznina, S. Y klZachenko, N. Z., Kugaenko, Y. A., Melnikov,
D. V., Mishatkin, V. N., Murav’ev, Ya. D., NuzhdihaN., Rybin, A. V., Senyukov, S. L.,
Sergeev, V. A., Serovetnikov, S. S., Titkov, Nriigtov, P. P.,. & Yaschuk, V. V. (2013).
The development of the system of integrated instntathmonitoring of volcanoes in the
Far East Region. Seismic Instruments, 49(3), 254-P®i: 10.3103/S0747923913030055

1.4.4. The phenomenon of the Khailinskoe earthquake in th&outh-West
of the Koryak highland. Tectonic conditions of formation and
localization

Yarotskij G.P. Institute of Volcanology and Seismology, Far EastnBh, Russian Academy of
Sciences, Petropavlovsk-Kamchatsky, Russia
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We determined the tectonic setting of the Khailireskarthquake (1991, M>6.6) in Koryak
seismic belt. This earthquake had unusual north-wksid orientation, which cross cut the
regional NE structures (Fig. 1.4.4.1). The eartlkguaas localized in the area of longitudinal deep
NW fault, which was formed in the axis of grabenetinal of the Olutorsky bay crust. This fault
cross cut at some depth the area were two terrpimesd producing on the top of it the column of
heterogeneity with pores, voids, and so on. Koryagrmsic belt is located on the northern edge of
the Bering plate. Due to rotation of Bering platetbe depth of 35 km the relaxation was occur.
Khailinskoe earthquake was a foreshock of the Q@le@mrthquake which happened in 2006
( >7.6). The deep modelling was confirmed by llpirR§13) and Ust'-Kamchatsky earthquakes
(1971) and can be considered as a part of the maikforecast for this area.

Fig. 1.4.4.1. The model tectonic structure of thakinsky earthquake. (1) transverse transcrustsfa(2)

faults determined by the loss of correlation inttbendaries at the basement, crust, Moho and uppetie
(a), author interpretatzion (b); (3) the areaseflbss of correlation in the crust and upper neafitedotov
et al., 2011) and zones of loss of converted wéBeBavsky et al., 2007); (4) the main epicentéds €

Olutorsky earthquake, Khl — Khailinskoe earthquake} supposed borders.

Yarotskij G. P. (2013). The phenomenon of the kiskibe earthquake in the South-West of the

Koryak highland. Tectonic conditions of formatiomdalocalization. Geodynamics, Lviv
city, Ukraine, “Lvovskaja politekhnika”, 14, 95-10@in Russian).
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2. COMPLEX RESEARCHES ON THE VOLCANOES OF THE
KURILE ISLAND ARC

2.1. Volcanological studies along the Kurile island arc

2.1.1.Bubbled lava from the floor of the Sea of Okhotsk

Baturin G.N., gbatur@ocean.ishirshov Institute of Oceanology, Russian Acada®giences,
Moscow, Russia

Dubinchuk V.T., Fedorovskii Russian Scientific Research InstitateMineral Resources,
Moscow, Russia

Rashidov V.A.,rashidva@kscnet.runstitute of Volcanology and Seismology, Far Bastnch,
Russian Academy of Sciences, Petropaviovsk-Kankgh&sssia

Fig. 2.1.1.1. Microstructure of the lava: (a) lioa microstructure of the inner part of the samgly
porous microstructure of the outside of the sam(alemicroglobules within the porous mass; (d) aiga
residues on the surface of the lava.
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A sample of bubbled lava (Fig. 2.1.1.1) raised fraraubmarine volcano in the Sea of
Okhotsk was analyzed by means of electron microseop the ICP-MS technique. The outside
of the sample is flecked with rounded micro- anatraeavities, and the inner part is characterized
by a liquation structure. Along with this, the umstured mass of the rock contains globular
particles of nearly the same diameters as theieavithe lava is close to andesites and volcanic
ashes of Kamchatka Peninsula in the macro- andeiemental composition but different in the
somewhat increased content of barium, strontiuthjulin, niobium, tungsten, uranium, and
thorium. It is suggested that the cavities werenfedt during the eruption of the submarine volcano
owing to contact of the boiling gas-saturated lawth seawater accompanied by the ejection of
ash, which was spread by marine currents over |@sigretes.

Baturin, G. N., Dubinchuk, V. T., & Rashidov, V(2014). Bubbled lava from the floor of the Sea
of Okhotsk. Doklady Earth Sciences, 456(1), 579-B&4: 10.1134/S1028334X14050225

2.1.2.0rigin of spatial compositional variations of volcanic rocks from
the Northern Kurile Islands, Russia: Geochemical stdies of active
volcanoes on the Paramushir, Atlasov, Antsiferov lands and
adjacent submarine volcanoes

Kuvikas O.V., olgakuvikas@gmail.comDepartment of Natural History Science, Graduate
School of Science, Hokkaido Univ., Japan. Institditeolcanology and seismology FEB RAS, Piip
boulevard 9, Petropavlovsk-Kamchatsky 683006, Russi

Nakagawa M., mnakagawa@mail.sci.hokudai.a¢.jpepartment of Natural History Science,
Graduate School of Science, Hokkaido Univ., Japan

Avdeiko G.P, gavdeiko@kscnet.tu Rashidov V.A., rashidva@kscnet.ru,Institute of
volcanology and seismology FEB RAS, Piip boulev@rdPetropaviovsk-Kamchatsky 683006,
Russia

The Northern Kurile Islands located on the Northeairt of the Kuril Arc, on the boundary
between continental Southern Kamchatka basemenbesahnic Kurile Arc. Investigated area
includes active volcanoes of Paramushir, Atlasévasiferova islands and adjacent submarine
volcanoes (Fig. 2.1.2.1). We newly determined majod trace element compositions, Sr-Nd
isotopic variations.

Peculiarities of petrography and whole-rock chemishable us to divide all volcanoes into
three main zones: frontal, intermediate and reagsorfFrontal zone include Chikurachki,
Tatarinova, Lomonosova, 1.3 volcanoes. The rocksQifrCpx bearing Opx basaltic andesite.
Fuss, Shirinki and Ebeko volcanoes locate at thernmediate zone. Hbl-Cpx-Ol-bearing Opx
andesite (Si@~ 49-63%) are commonly characterized by the presehbornblende phenocryst.
Alaid, Grigoreva volcanic group locate at the reane. Ol-bearing Cpx basalts and basaltic
andesite are typical (S¥O~ 48-52%). In addition, Alaid and Grigorev volcangroup is
characterized by the largest eruptive volume (158) kAnalyzed rocks have subduction origin,
about it suggest Ta, Nb minimum on the spider diangrand naturally enriched of the LILE, LREE
and depleted of the HFSE, HREE from front to baak zone (Fig. 2.1.2.2). Frontal zone is
characterized by lowest contents of incompatibéenents (e.g. Rb, Ba, K) and LREES (e.g. Nd,
Ce).

Isotopic variations have the highest valu&*&ld/*Nd and®’Srf®Sr as 0.7031-0.7034 (Fig.
2.1.2.3). In the opposite, rear and intermediategshow narrower lower contentstNd/A*Nd
and®’Srf%Sr as 0.7029-0.7031. The rocks of rear zone shghelst contents of LILE (e.g. K, Rb),
LREES (e.g. La, Gd, Nd, Sm) and HFSEE (e.g. Nb, Ba}h ***Nd/A*Nd and®’SrfeSr ratios of
the rocks from intermediate and frontal zones iaseewith increasing of silica contents. These
suggest that andesitic and dacitic rocks from thesges are possibly affected by crustal
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component. In contrast, crustal assimilation miggatminor process in the case of the rear zone,
because basaltic rocks are predominant in the Z8mechemical features of the mafic rocks
investigate the spatial difference in magma soucfethree zones. Rocks from rear zone are
systematically enriched in Nb/Y, Th/Yb, Ta/Yb, Niv)YLa/Yb ratios (Fig. 2.1.2.2a). These data
are implied by the fact that magma in the rear zonee enriched with comparing depleted frontal
zone. In addition, chemical variations of fluid-miebelements (e.g. Cs, Ba, U, Th, Sr) and
immobile elements (e.g. Nd, Nb, Zr, Hf) of the noafocks will be explained by different types of
subduction components (Fig. 2.1.2.2 b).

Fig. 2.1.2.1. Index map of the NKI and surroundangas (inset). Small points denote volcanoes. hash
define tectonic zones relatively to slab depth:-120 km frontal zone, 140-160 km rear zone.

Fig. 2.1.2.2. Inter-element ratios with less flabbile or immobile elements (a) and strongly floidbile
(b). Data source are: N-MORB (Sun, 1989), AOC (Darggt al., 2007), sediments subducted beneath the
Kurile (KUR) and Kamchatka (KAM) (Plank and Langmui998).
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Fig. 2.1.2.3. Isotopic compositions 87Sr/86Sr vers43Nd/144Nd for rocks from NKI and Pacific Island
Arc systems. With using data from Yogodzinski e{2001), Duggen et al. (2007), Martynov et al.1@0
and Kosugi and Nakagawa (201X). Symbols are thes sesmin Fig. 2.1.2.2.

Besides across arc variations the along arc vanatis defined. It is determined in enriched
mantle source to northward. Maximum concentratmitie high incompatible elements (Th/Ta,
Th/Yb, Nb/ Yb) are typically for Alaid, Grigorev drEbeko volcanoes. The highest contents of
isotopic ratios *Nd/*Nd 0.51303-0.51314 arfdSrf°Sr 0.7301-0.7304) characterized southern
frontal and intermediate zones. In the opposite,eBiwisotopic ratios distinguish northern
intermediate and rear ones. Various types of suimucomponent of intermediate zone can be
explained by differences in distance to slab andesponding processes. Ebeko volcano formed
by dehydration fluid, because distance to slab lemahd temperature in mantle wedge is not
enough for sediment melting. In contrast Peak FassaShirinki volcanoes are located on the
farther distance to trench and formed by sedimesiting, since temperature and pressure are
enough for this process.

In summary, the following parameters have mainfiecéd the observed geochemical
zonation in the primary magma; variably depleted emiched mantle source, the different types
of the fluid flux from the slab to the mantle wedge

Kuvikas, O. V., Nakagawa, M., Avdeiko, G. P., &Hdav V. A. (2011). Spatial compositional
variations in quaternary volcanics from the norhétaril Islands, Russia. 7th Biennual
Workshop on Japan-Kamchatka-Alaska Subduction Besse Mitigating Risk Through
International Volcano, Earthquake, and Tsunami Soge JKASP-2011. Petropavlovsk-
Kamchatsky, Russia. August 25-30, 2011. Abstraetetropaviovsk-Kamchatsky:
Institute of Volcanology and Seismology FEB RASnétwmtkan Branch of Geophysical
Service RAS, 284-28Bttp://www.kscnet.ru/ivs/sisecret/jkasp_2011/alaéts 30.pdf

Kuvikas, O. V., Nakagawa, M., Avdeiko, G. P., &Hdsv, V. A. (2011) Geochemical features of
volcanic centers from the Northern Kurile Islan&jssia. The volcanological society of
Japan. October 2-4, 2011 Fall Meeting. 80 p.
https://www.researchgate.net/publication/272170888ochemical_features_of volcani
c_centers_from_the Northern_Kuril_Islands_Russia

Kuvikas O.V., Nakagawa M., Avdeiko G.P. (20F2culiarities of across arc variations of
volcanic rocks from Northern Kuriles: Estimation sfibduction component in magma
genesis // Modern problem of metamorphism and magmaSankt-Peterburg, October
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1-2, 2012. Sankt-Peterburg. 318-3109. (In Russian).
http://window.edu.ru/resource/124/79124

Kuvikas O.V., Nakagawa M., Avdeiko G.P. (2013) @r@f spatial compositional variations of
volcanic rocks from Northern Kurile Islands: Geonfieal studies of active volcanoes on
Paramushir, Atlasova, Antsiferova islands and sutomeavolcanoes Forecasting Volcanic
Activity - Reading and translating the messagesatfire for society. IAVCEI 2013
Scientific Assembly, July 20-24, Kagoshima, Jap&W_1B-P20.http://www.kazan-
g.sakura.ne.jp/iavcei2013/iavcei_hp/PDF/4AW_1B-Pa0.p

Kuvikas O.V., Nakagawa M., Avdeiko G(2013) Origin of spatial compositional variations of
volcanic rocks from Northern Kurile Islands. Jap&goscience Union Meeting 2013.
Chiba. Japan.

Kuvikas O.V., Nakagawa M., Avdeiko GZF01X) Origin of spatial compositional variation$ o
volcanic rocks from the Northern Kurile Islands:d&gbemical studies of active volcanoes
on the Paramushir, Atlasova, Antsiferova islandsl aajacent submarine volcanoes.
Contribution of Mineralogy and Petrology. (In sulssion)

2.2.  Geophysical studies along the Kurile island arc

2.2.1.Modern techniques for interdisciplinary investigation of submarine
volcanoes in the Kurile island arc

Blokh Yu.l., yuri_blokh@mail.r,y Moscow, Russia

Bondarenko V.I., Nekrasov State University in Kostroma, 156000, Russ

Dolgal A.S., Novikova P.N.3Mining Institute of the Ural Branch of the RASiRe 614007,
Russia

Pilipenko O.V., Schmidt Institute of Physics of the Earth RAS; Masd 23995, Russia

Rashidov V.A., rashidva@kscnet.rulnstitute of Volcanology and Seismology FEB RAS,
Petropavlovsk-Kamchatsky, 683006, Russia

Trusov A.A., CIJSC «GNPP Aerogeofizika», Moscow, 107140, Russia

The Kuril Island Arc with submarine volcanoes on side of Okhotskoye Sea slope is a
key element of a transit zone between Asia contiard the Pacific Ocean. Scientists carried out
11 systematic and multidisciplinary investigati@isubmarine volcanic activity within the Kuril
Islands Arc onboard R/V «Volcanolog». The volcagatanvestigation included echo-sounding
survey, continuous seismoacoustic profiling, hydagnetic survey, and geologic sampling, and
consisted of two phases. In the first phase waethout profiling and areal survey. During the
second phase we carried out dredging within zoatsghined from results of geophysical survey.
Geophysical research at the monitored area wagedasut using profile network which were
chosen according to goals of volcanological inggzdgion.

The authors used various profile networks extentiegmonitored area during following
cruises. Unfortunately, profiles were irregular dahdir density was low. In order to process the
data from irregular networks, we created a higHguerance technology for quantitative
interpretation of data from hydromagnetic survepgsontinuous seismoacoustic profiling, echo-
sounding survey, and analysis of remnant magnetizaind chemical composition of dredged
rocks. This technology allows interpretation usiemnchmark data and avoids gridding (Blokh et
al., 2010a, b). The technology consists of a metbfosingularity using SINGULAR software
(Blokh et al., 2010a), 2.5D modeling on single pesf followed by 3D modeling for all profiles
using SIGMA-3D (Blokh et al., 2011) software. Tieshnology uses a model of sub-horizontal
layer which suffers fluctuation of magnetizatioorad lateral. In order to correct vector direction
of magnetization of a volcanic edifice we use IGidftware (Blokh et al., 2007) which uses initial
magnetic field.
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Fig. 2.2.1.1. Clarification of the orientation dfet magnetization vector of the rocks frpm submarine
volcano 6.13, using the IGLA program.

For modeling the authors used a true relief of awic edifices determined by echo-
sounding survey and continuous seismoacousticlimgpfiin order to locate attitude position of
submarine volcanoes conduits an assembly methodiseas(Blokh et al., 2011).

Fig. 2.2.1.2. Contours of the anomaly magnetiafiel (a) 3D plot (b) showing the spatial distribution
of quasimagnetization of the rocks of the submaviieano 6.13 and its orthogonal cross-sections (c)

Modern techniques allowed distinguishing singlealdlows, summit calderas, lateral
volcanic cones, active volcanic centers, peripheragmatic chambers, conduits and estimating
magnetic properties of rocks in natural depositiiwilarge volcanic edifices of the Kuril Islands
Arc. Multidisciplinary method allows creating theost accurate geomagnetic model.
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New submarine volcanoes, calderas and zones ofvmadnic and hydrothermal activity
were revealed within the Kuril Islands Arc. The laars traced evolution of certain isolated
volcanoes and volcanic massifs as well as estinairds, types and, in some cases, duration of
submarine volcanic activity.

During 2011-2014 these methods provides results fapplication of authors’ modern
computer technology designed for interpretation noterials from complex geophysical
investigation of submarine volcanic centre neardbeth-western coast of Simushir Island, the
Kurile island arc. Estimated magnetic propertiesogks in natural deposits showed that the most
magnetized is the part of the volcanic centre &vitBin the depth interval 480 to 950 m, where
productive magnetization is about 3 A/m. The awthsarggest a subvertical direction of feeding
channels and a solidified peripheral magmatic chauatee depth of 2.5 km (Figs. 2.2.1.1, 2.2.1.2).
The main ferromagnetic carriers of magnetizatiom single-domain and pseudo-single-domain
poor anisotropic grains of titano-magnetite and medite. Besides, the authors created an
interpolation 3D model of the causative magneticybd@lokh et al., 2014).

Another example was shown in (Blokh et al., 2018)dubmarine volcanoes 2.7 and 2.8,
which are located west of the south-western coa®hnekotan Island in the Kurile island arc (Fig.
2.2.1.3). The research resulted in estimation ok rmagnetic properties in natural deposits and
revealed that the south-western flanks of submaheno 2.8 are the most magnetized with their
productive magnetization of about 2 A/m. The awhsuggested that the feeding channels of
volcano 2.7 stretch southwest, while the feedingnaels of volcano 2.8 stretch subvertically,
southwest and southeast. A peripheral magma chaofliiee volcano was revealed at the depth
of about 650 m.

Fig. 2.2.1.3. Clarification of the orientation dfet magnetization vector of the rocks from submarine
volcanoes 2.7 and 2.8, using the IGLA program.

Blokh, Yu. I., Bondarenko, V. I., Dolgal, A. S.vRova, P. N., Rashidov, V. A., & Trusov, A. A.
(2013). Complex modeling of submarine volcanoesa®d 2.8, the Kurile island arc.
Bulletin of Kamchatka regional association "Eduoatl-Scientific Center". Earth
sciences, 1(21), 77-85. (In Russidmt}p://www.kscnet.ru/kraesc/2013/2013_21/art9.pdf

Blokh, Yu. I., Bondarenko, V. I., Dolgal, A. S.vkova, P. N., Pilipenko, O. V., Rashidov, V. A,
& Trusov, A. A. (2014). Application of modern comtgpuechnologies for investigation of
submarine volcanic centre near the south-westerrstcof Simushir island, the Kurile
island arc. Bulletin of Kamchatka regional assomat"Educational-Scientific Center".
Earth sciences, 2(24), 27-40. (In Russian).
http://www.kscnet.ru/kraesc/2014/2014 24/art3.pdf

Blokh Yu.l., Bondarenko V.l., Dolgal A.S., NovikoRaN., Rashidov V.A., Trusov A.A.
Geophisicheskiye issledovaniya podvodnogo vulkahgkurilskaya ostrovnaya duga).
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Voprosy teorii i praktiki geologicheskoy interprestia geophisicheskikh poley. Materialy
tridtsat vosmoy sessii Mezhdunarodnogo nauchnoguonsea imeni D.G. Uspenskogo,
Perm, 24-28 yanvarya 2011 goda. Perm, Gl UrO RAN,12 P. 32-35. (In Russian).

Blokh Yu.l., Bondarenko V.l., Rashidov V.A., Truadk. Primeneniye integrirovannoy sistemy
SINGULYAR dlya izucheniya glubinnogo stroeniya pddikh vulkanov Kurilskoy
ostrovnoy dugi. Voprosy teorii i praktiki geologishey interprettatsii gravitatsionnikh,
magnitnikh i elektricheskikh poley. Materialy tsdt vosmoy sessii Mezhdunarodnogo
nauchnogo seminara imeni D.G. Uspenskogo, Mosky&92yanvarya 2010 goda. M:
IPhZ RAN, 2010a. P. 62-65. (In Russian).

Blokh, Yu. I., Bondarenko, V. I., Rashidov, V.Thusov, A. A. (2010). Istoriya geomagnitnikh
issledovaniy podvodnikh vulkanov Kurilskoy ostroguvritugi. Materialy Vserossiyskoy
konferintsii, posvyashonnoy semidesyatipyatiletigamchatskoy vulkanologicheskoy
stantsii. Otv. red. akademik E.l. Gordeev. Petrdpesk-Kamchatskiy. lzdatelstvo IViS
DVO RAN, 2010. P. 6-10. http://www.kscnet.ru/ivs/slsecret/75-
KVS/Material_conferenc/art2.pdf

Blokh Yu.l., Trusov A.A. Programma IGLA dlya intdhenoy ekspress-interpretatsii lokalnikh
gravitatsionnikh i magnitnikh anomaliy. Voprosy rieoi praktiki geologicheskoy
interpretatsii gravitatsionnikh, magnitnikh i elekheskikh poley: materialy tridtsat
chetvyortoy sessii mezhdunarodnogo seminara ime@i Dspenskogo. M: IPhZ RAN,
2007. P. 36-38. (In Russian).

2.2.2.Ancient subduction zone in Sakhalin Island

Rodnikov A.G., rodnikov@wdcb.ruSergeyeva N.A., Zabarinskaya L.P.GGeophysical Center,
Russian Academy of Sciences, Moscow, Russia

The northern part of Sakhalin Island is an are@oént intensive tectonic movements and
hydrothermal processes, as well as a place of adation of useful minerals. The deep structure
of the lithosphere beneath the region of the Neftggearthquake of May 27, 1995 in North
Sakhalin, which killed residents and caused sigaift destruction, is examined in this paper. Our
geodynamic model shows that North Sakhalin consikthe North Sakhalin Basin, Deryugin
Basin and an ophiolite complex located between thdme Deryugin Basin was formed in place
of an ancient deep trench after subducting the @kh8ea Plate under Sakhalin in the Late
Cretaceous—Paleogene. The North Sakhalin Basiriomagd on the side of the back-arc basin at
that time. The ophiolite complex is fixed in thespimn of ancient subduction zone that was active
in the Late Cretaceous—Paleogene. ApproximatelyarMiocene, the subduction of the Okhotsk
lithosphere apparently ceased. The remains of ubdwstion zone in the form of an ophiolite
complex have been identified from geological anoldmysical data. On the surface, the subduction
zone is manifested as deep faults stretched alakfalin. It is probable that the Neftegorsk
earthquake was a result of activation of this antcse&bduction zone.

The constructed model for a deep structure of ljgthese under the Neftegorsk earthquake
region shows that North Sakhalin consists of thetiN&akhalin sedimentary basin, Deryugin
Basin and ophiolite complex located between thehe Deryugin Basin was formed in the
position of an ancient deep trench after subdudtiegOkhotsk Sea Plate under the volcanic arc
along Sakhalin in the Late Cretaceous—Paleogene Nnth Sakhalin Basin was formed in the
place of a back-arc basin at that time. The opei@omplex combined with the ultrabasic rocks,
fixing the position of an ancient subduction zorenf the Late Cretaceous—Paleogene. On the
surface, the subduction zone manifests itself ap d®ults running along Sakhalin. The center of
the Neftegorsk earthquake was directly produceth fidourst of activity in this ancient subduction
zone. Due to the position of the ancient subductare under Sakhalin, which is a cause of strong
earthquakes there, the region is one of the masnhsmlly dangerous in Russia.
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Fig. 2.2.2.1. Geodynamic model of the deep strectirthe Neftegorsk earthquake region with the area
scheme (see upper right). The Deryugin Basin wamdd on the side of an ancient deep trench afeer th
subduction of the Okhotsk Sea Plate under Sakhddioh had been completed in the Neogene. The basin
is located above a hot plume in the mantle thahissthenosphere diapir of partial melting reveateal
depth of 25 km. The ophiolite belt of ultramafic gnaatic rocks is an ancient (Late Cretaceous to
Paleogene) paleo-subduction zone separating theigiarBasin from the North Sakhalin Basin. The Kort
Sakhalin Basin was formed on the side of the LagtaCeous—Paleocene back-arc basin. Observedygravit
in mGal and measured heat flow values in m¥\4ne shown along the profile (see top) (Rodnikoalgt
1996).

Constructed on a basis of complex interpretatiothefgeological and geophysical data,
geodynamic models of active continental margins fieechance to: (a) study the deep structure
of the Earth under seismically dangerous zones;amit areas, mineralization regions and
sedimentary basins; (b) investigate the role ofpde®cesses in the mantle that influence the
formation of crust units; (c) represent the dynanaitthe development of continental margins; (d)
ascertain the correlation between geological festurectonomagmatics, hydrothermal activity
and processes in the upper mantle; and (e) plailédeétmaps identifying zones of increased risk
to prevent active construction or other economiwvaies in highly dangerous regions.

Rodnikov, A. G., Sergeyeva, N. A., & Zabarinskaya. (2013). Ancient subduction zone in
Sakhalin Island. Tectonophysics, 600, 217-225. Doi:
http://dx.doi.org/10.1016/].tecto.2012.12.014
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3. INVESTIGATIONS OUTSIDE RUSSIA

3.1. A comparative analysis of magnetic properties in roks:
five active submarine volcanoes in the Western Pdi

Rashidov V. A.,rashidva@kscnet.runstitute of Volcanology and Seismology, Far Eastngh,
Russian Academy of Sciences, Petropaviovsk-Kankgh&sssia

Pilipenko O. V., Institute of Physics of the Earth, Russian Acaden8cences, Moscow, Russia
Ladygin V. M. Department of Geology, Moscow State University,ddos Russia

We studied the petrophysical and magnetic propediadredged rocks that compose the
edifices of five active submarine volcanoes in Beific Ocean, viz., the Fukujin, Esmeralda,
Kovachi, and Simbo at island arcs, and lle des @=nth a marginal sea. We measured the
standard petrophysical and magnetic characteriatidgerformed three kinds of thermomagnetic
analysis as well as an electron-probe analysis. g2oative analysis of magnetic properties in
rocks showed that they are strongly differentidigdhe value of natural remnant magnetization
and of magnetic susceptibility. The greatest vamresshown by the Esmeralda aphyric basaltic
andesites, the lowest occur in the lle des Cendnesliths. The principal carriers of magnetization
in the rocks are grains of unaltered and/or oxdlizéanomagnetite with varying domain
structures. All the samples are magnetically igmtro

Our study was concerned with the petrophysical @etdomagnetic properties of erupted
rocks that compose the edifices of five active satone volcanoes in the Pacific Ocean, viz.,
Fukujin, Esmeralda, Kovachi, Simbo (all of the mglearc type) and lle des Cendres (in a marginal
sea).

A comparative analysis of the magnetic propertiethe rocks showed that the rocks are
strongly differentiated as to NRM and K. The highB#&RkM and K values are shown by the
Esmeralda aphyric basaltic andesites and the loleshe lle des Cendres xenoliths. All the
samples studied here are magnetically isotropiccantain comparatively low coercive magnetic
minerals with varying domain structures.

The magnetic properties of these rocks are tym€aloung oceanic basalts. The main
carriers of magnetization in the rocks are grainsnafitered and/or oxidized titanomagnetite with
varying domain structures. The high NRM valueslargely due to the single domain structure of
titanomagnetite. Magnetite is the main magnetizatiarrier in the Fukujin sample. It may be
hypothesized that the original titanomagnetite alasady oxidized in this sample under natural
conditions.

These studies made a substantial contribution to dkeilable information on
petromagnetic characteristics of the rocks thatpmmsa the active submarine volcanoes in the
Pacific Ocean. The results may be used for botbti@bunderstanding and comparative analysis
of magnetization in the rocks that compose youtgrerine volcanic edifices and for interpreting
materials from geomagnetic surveys of the worlcaace
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Fig. 3.1.1. The locations of the submarine volcansteidied here. Stars mark the following submarine
volcanoes: (1) Fukuijin; (2) Esmeralda submarinead; (3) lle des Cendres; (4) Kovachi; (5) Simbo.

Rashidov, V. A., Pilipenko, O. V., & Ladygin, V. ([014). A comparative analysis of magnetic
properties in rocks: Five active submarine volcasmae the western Pacific. Journal of
Volcanology and Seismology, 8(3), 168-182. D0i1184/S074204631403004X
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3.2.  An outstanding achievement of the Russian Academyf o
Sciences: the successful forecast of the earthquab®eMarch 11,
2011, in Japan

Sidorin A.Ya., sidorin@ifz.ry Schmidt Institute of Physics of the Earth, Rus#\daademy of
Sciences, Moscow, Russia

The seismic catastrophe in Japan was forecasteah&ad of time by scientists from the
Russian Academy of Sciences. The most reliable&stavas made by A.A. Lyubushin, a leading
researcher at the Schmidt Institute of Physick®@Barth. Over the 2008—-2010 period, at a number
of the most important international conferenceslutiog that of the Seismological Society of
Japan, Lyubushin warned that an earthquake with@nrtude of 8.5-9.0 could occur in Japan; it
was published in English in leading scientific joails all over the world. On April 26, 2010,
Lyubushin officially informed the Russian Advisogouncil on Earthquake Prediction and
Seismic Hazard Assessment of his forecast. Onenclise feature of this fore cast is that it is
based on large bodies of data on microseismiclasgoits for the territory of Japan, which were
mathematically treated using presentday methods.félecast has a reliable physical justification
and a visual interpretation. Brief information dmetresults of other Russian studies on the
precursors of the main shock and aftershocks ot#rthquake of March 11, 2011, in Japan is
given.

Sidorin, A. Y. (2011). An outstanding achievemdnthe Russian Academy of Sciences: The
successful forecast of the earthquake of Marci201], in Japan. Izvestiya, Atmospheric
and Oceanic Physics, 47(8), 901-903. Doi: 10.116@0843381108010X

3.3.  Explosive interaction of lava flows with ice

Belousov A, belousov@mail.ru Earth Observatory of Singapore, Nanyang Technokdgic
University, Singapore. Institute of Volcanology a8dismology, Far East Division, Russian
Academy of Sciences, Petropavlovsk-KamchatskyiaRuss

Boris Behncke Istituto Nazionale di Geofisica e Vulcanologia, iSee di Catania, Italy

Marina Belousova Institute of Volcanology and Seismology, Far Easvidion, Russian
Academy of Sciences, Petropavlovsk-KamchatskyiaRuss

We describe a new type of secondary rootless phressgmatic explosions observed at
active lava flows at volcanoes Klyuchevskoy (Rusaiad Etna (Italy). The explosions occurred
at considerable (up to 5 km) distances from primaniganic vents, generally at steep (15-35°)
slopes, and in places where incandescent basaltltagaltic-andesitic lava propagated over
ice/water-saturated substrate. The explosions peatinigh (up to 7 km) vertical ash/steam-laden
clouds as well as pyroclastic flows that traveleda@ km downslope. Individual lobes of the
pyroclastic flow deposits were up to 2 m thick, Iséekp lateral margins, and were composed of
angular to subrounded bomb-size clasts in a pawiyed ash—lapilli matrix. Character of the
juvenile rock clasts in the pyroclastic flows (plyowesiculated with chilled and fractured
cauliflower outer surfaces) indicated their originexplosive fragmentation of lava due to contact
with external water. Non-juvenile rocks derived fridme substrate of the lava flows comprised up
to 75% in some of the pyroclastic flow deposits. SUggest a model where gradual heating of a
water-saturated substrate under the advancingfliawaelevates pore pressure and thus reduces
basal friction (in the case of frozen substrateswat initially formed by thawing of the substrate
along the contact with lava). On steep slope #asl$ to gravitational instability and sliding of a
part of the active lava flow and water-saturatethssate. The sliding lava and substrate
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disintegrate and intermix, triggering explosive ‘lftmolant” type interaction that produces large

volume of fine-grained clastic material. Relativebld steam-laden cloud of the phreatomagmatic
explosion has limited capacity to transport upwie produced clastic material, thus part of it

descends downslope in the form of pyroclastic fl8imilar explosive events were described for

active lava flows of Llaima (Chile), Pavlof (Alagkand Hekla (Iceland) indicating that this type

of explosions and related hazard is common at soewlad volcanoes.

Fig. 3.3.1. Pre-climactic stage of 1994 eruptiorkKiyfuchevskoy volcano on September 30; cloud of the
secondary rootless phreatomagmatic explosion @tgat front of the active lava flow at 3 km aand
rises up to 7 km a.s.l. (much higher than eruptiond of the Strombolian eruption in the summitera

Fig. 3.3.2. Sketch illustrating the mechanism afoselary explosions and PF generation at Klyucheysko
volcano. The processes shown on the sketch cam oc@ny part of active lava flow (not only at thent).
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Belousov, A., Behncke, B., & Belousova, M. (20G&&heration of pyroclastic flows by explosive
interaction of lava flows with ice/water-saturatedbstrate. Journal of Volcanology and
Geothermal Research, 202(1-2), 60-72. Doi:
http://dx.doi.org/10.1016/].jvolgeores.2011.01.004

3.4. Volcanic tsunamis

3.4.1.Volcanic tsunami: a review of source mechanisms

Paris R., R.Paris@opgc.univ-bpclermon{.fENRS, UMR 6524, Magmas et Volcans, 63038
Clermont-Ferrand, France. Clermont Universite”, Uaisite” Blaise Pascal, BP 10448, 63000
Clermont-Ferrand, France

Ulvrova M., Clermont Universite”, Universite” Blaise Pascal, BB448, 63000 Clermont-
Ferrand, France

Switzer A. D., Earth Observatory of Singapore, Nanyang Technolddimiversity, Singapore,
Singapore. Division of Earth Sciences, Nanyang meldgical University, Singapore, Singapore
Belousova M., belousov@mail.rpyBelousov A, Earth Observatory of Singapore, Nanyang
Technological University, Singapore, Singaporetitate of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Pettopsk-Kamchatsky, Russia

Whelley P. L., Earth Observatory of Singapore, Nanyang Technoblddimiversity, Singapore,
Singapore

Ontowirjo B., BPDP BPPT, Jakarta 10340, Indonesia

Fig. 3.4.1.1. Principal source mechanisms of tsunamvolcanoes: underwater explosions, air wave
generated by blast, pyroclastic flow, caldera qsllg flank failures.
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Southeast Asia has had both volcanic tsunamis assepses some of the most densely
populated, economically important and rapidly depelg coastlines in the world. This
contribution provides a review of volcanic tsundrazard in Southeast Asia. Source mechanisms
of tsunami related to eruptive and gravitationalgeisses are presented, together with a history of
past events in the region. A review of availableéadehows that many volcanoes are potentially
tsunamigenic and present often neglected hazatitetoapidly developing coasts of the region.
We highlight crucial volcanic provinces in Indoreesihe Philippines and Papua New Guinea and
propose strategies for facing future events.

Paris, R., Switzer, A., Belousova, M., BelousovOhtowirjo, B., Whelley, P., & Ulvrova, M.
(2014). Volcanic tsunami: a review of source medras, past events and hazards in
Southeast Asia (Indonesia, Philippines, Papua Newéz). Natural Hazards, 70(1), 447-
470. Doi: 10.1007/s11069-013-0822-8

3.4.2.Coupling the eruption and tsunami record: the 188¥Krakatau case
study, Indonesia

Paris R., R.Paris@opgc.univ-bpclermont.iBenbakkar M., Clermont Université, Université
Blaise Pascal, BP 10448, 63000 Clermont-Ferrancharfee. Magmas et Volcans, CNRS, UMR
6524, 63038 Clermont-Ferrand, France

Wassmer P, UMR 8591, Laboratoire de Géographie Physique, CNR$95 Meudon, France.
Faculté de Géographie et d’Aménagement, Universt8tdasbourg, Strasbourg, France
Lavigne F., UMR 8591, Laboratoire de Géographie Physique, CNR395 Meudon, France.
Université Paris 1 Panthéon-Sorbonne, PRES HESA&uddn, France

Belousov A.,belousov@mail.ruBelousova M, Institute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Petfopsk-Kamchatsky, Russia

Iskandarsyah Y. Laboratorium Geologi Lingkungan dan Hidrogeologiakealtas, Teknik
Geologi, Universitas Padjadjaran (UNPAD), Bandurigdonesia. Laboratoire Image, Ville,
Environnement (LIVE), UMR 7362 CNRS, Universit&ttasbourg, Strasbourg, France
Mazzoni N, Clermont Université, GEOLAB, Université Blaise PdscaP 10448, 63000
Clermont-Ferrand, France. GEOLAB, UMR 6042, CNR¥®5 Clermont-Ferrand, France
Ontowirjo B., BPDP BPPT, Jakarta 10340, Indonesia

The well-documented 1883 eruption of Krakatau vetc@indonesia) offers an opportunity
to couple the eruption’s history with the tsunaetard. The aim of this paper is not to re-analyse
the scenario for the 1883 eruption but to demotestreat the study of tsunami deposits provides
information for reconstructing past eruptions. lkedethough the characteristics of volcanogenic
tsunami deposits are similar to those of otherdmirdeposits, they may include juvenile material
(e.g. fresh pumice) or be interbedded with disyabplastic deposits (ash fall, surges), due tarthei
simultaneity with the eruption.
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Fig. 3.4.2.1. Maps showing distribution of 1883 katau tsunamis, pyroclastic surges and ash fathsiep

in Sunda Strait region (Indonesia), after previousrks on tsunami deposits by Williams (1941),
Ongkosongo (1983), Bronto (1990), Carey et al. 3Ghd Van den Berg et al. (2003). Distribution of
coral boulders after Umbgrove (1947), Verstapp@36) and Setjaatmadja (2007). Typical tsunami wave
propagation time in Sunda Strait (in minutes) watsreated by Yokoyama (1981), Giachetti et al. (9012
and Maeno and Imamura (2011).
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Paris, R., Wassmer, P., Lavigne, F., BelousovBAlpusova, M., Iskandarsyah, Y., Benbakkar,
M., Ontowirjo, B., Mazzoni, N. (2014). Coupling ption and tsunami records: the
Krakatau 1883 case study, Indonesia. Bulletin ofc&imology, 76(4):814, 1-23. Doi:
10.1007/s00445-014-0814-x

3.4.3.Volcanic tsunamis: from Krakatau to Karymskoye

Belousov A.,belousov@mail.ruBelousova M, Institute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Pettopsk-Kamchatsky, Russia

In this paper we describe tsunamis connected wiitewic eruptions but of different scale:
the great 1883 Krakatau eruption and comparativalllsunderwater explosions in Karymskoye
lake in 1996. The results of this comparative staigivery important, such as they allow to predict
danger from underwater explosions happened in@hallater basins (lakes or sea bays) which
coastal areas are usually densely populated.
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Fig. 3.4.3.1. Runup height vs. distance from tlaerr Note change in trend about 1.3 km from théecy
Dotted line gives log decay as discussed in tesisHed line is best fit to our data that approxihgate
matches 1/distancel/2 decay.

Belousov A, Belousova M. (2011) Volcanic tsunaimisn Krakatau to Karymskoye. Priroda 6,
26-34. (In Russianhttp://www.ras.ru/publishing/nature.aspx

3.5. Reconstruction of modern eruptive history of Tatun
Volcanic Group, Northern Taiwan

3.5.1.Deposits, character and timing of recent eruptions and

gravitational collapses in Tatun Volcanic Group, Nethern Taiwan:
Hazard-related issues
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Belousov A. belousov@mail.ruBelousova M, Institute of Earth Sciences, Academia Sinica, 128
Academia Road Sec. 2, Nankang, Taipei 11529, Taikanth Observatory of Singapore,
Nanyang Technological University, N2-01la-15, 50 yéag Avenue, 639798 Singapdrestitute

of Volcanology and Seismology, Far East Divisions$tan Academy of Sciences, Petropavlovsk-
Kamchatsky, Russia

Chen C.-H, Institute of Earth Sciences, Academia Sinica, 1@8damia Road Sec. 2, Nankang,
Taipei 11529, Taiwan

Zellmer G. F., Institute of Earth Sciences, Academia Sinica, 128d®mia Road Sec. 2, Nankang,
Taipei 11529, TaiwarLamont-Doherty Earth Observatory, 61 Route 9W, S2dles, NY10964,
USA

Taipei City, with a population of around 8 millioas well as two nuclear power plants is
located in close proximity to the Quaternary, daanity andesitic Tatun Volcanic Group (TVG)
of Northern Taiwan. We have investigated the gjraphy of the youngest volcaniclastic deposits,
as well as the morphology of lava flows and donfes@TVG in order to reconstruct the character
and timing of the most recent eruptions and relateghrdous events in the area.

Fig. 3.5.1.1. At the foreground — downtown of Taja& background — Tatun volcanic group.

Our data indicate that recent eruptions of the growere dominated by long-term,
voluminous extrusions of crystal-rich, very viscdagas. These eruptions formed closely spaced
monogenetic domes and lava flows. Based on morgleab parameters of the lava flows
(thicknesses 80—150 m, lengths up to 5.6 km, ahshwes up to 0.6 ki), average rates of magma
effusion ranged from 1 to 10%s, eruption durations from 500 to 1800 days, and front speeds
from 0.5 to 6 m/h.

Explosive activity of TVG was diverse, ranging fromeak phreatic to highly explosive
(VEI 4) Plinian eruptions; vulcanian activity witteposition of lithic ashes was most common.
Interaction of rising magma with ground water fregglieoccurred during the eruptions.
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This study presents the first radiocarbon datesaoious volcaniclastic deposits of the
TVG, which indicate that Cising, Siaoguanyin, ams$gibly Huangzuei volcanoes had magmatic
eruptions in the period 13,000-23,000 years agadttition, Mt. Cising had a phreatic eruption
6000 years ago, and possibly an effusive eruptish lpefore that. Gravitational collapses of
volcanic edifices with volumes 0.01-0.1 krand H/L 0.16-0.25 were also common. They
occurred on intersections with tectonic faults aray have been triggered by seismic activity. The
youngest collapses occurred at Mt. SiaoguanyirO®@BBP) and Mt. Cising (6000 BP).

It is concluded that the TVG should be considereldanically active. The results of this
study provide a basis for volcanic hazard assessamehinitigation in the area.

Fig. 3.5.1.2. Sketch map of Tatun Volcanic Groug@), Northern Taiwan. Locations of the main voleani
ridges, volcanoes, lava flows, collapse scars aydokitcrops are indicated. Location of the TVG afi w

as the tectonic regime of Taiwan is shown in tleetinEP— Eurasian Plate, PSP —Philippine Sea Plate,
OT—Okinawa Trough, RT —Ryukyu Trench.

Belousov, A., Belousova, M., Chen, C.-H., & ZellrgerF. (2010). Deposits, character and timing
of recent eruptions and gravitational collapses Tatun Volcanic Group, Northern
Taiwan: Hazard-related issues. Journal of Volcaggland Geothermal Research, 191(3—
4), 205-221. Doihttp://dx.doi.org/10.1016/j.jvolgeores.2010.02.001
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3.5.2.Generation of calc-alkaline andesitic rocks of thélatun volcanic
group (Taiwan) by shallow crystal fractionation within an
extensional environment

Shellnutt G.,Department of Earth Sciences, National Taiwan Nbtomaversity, Taipei, Taiwan
Belousov A.,belousov@mail.ruBelousova M.,Institute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Pettopsk-Kamchatsky, Russia

Wang K.-L,Institute of Earth Sciences, Academia Sinica, Tiaipa&wan

Zellmer G.,Soil and Earth Sciences Group, Massey Universaymerston North, New Zealand

Rocks collected from the Tatun volcanic group idelltbasaltic to andesitic rocks. The
basalt is compositionally similar to within-platertinental tholeiitic whereas the basaltic andesite
and andesite are calc-alkaline. Petrological modgknd the Sr-Nd isotope results indicate that
the volcanic rocks from Tatun volcanic group arewvae from the same mantle source and that
the andesites are the product of fractional criystdion of a parental magma similar in
composition to the basaltic andesites. Furthermmuweyesults indicate that, in some cases, calc-
alkaline andesites may be generated by crystatidreation of mafic magmas derived in an
extensional back-arc setting rather than a subaluzibne setting.

Shellnutt, J.G., Belousov, A., Belousova, M., W&nAl,, & Zellmer, G.F. (2014). Generation of
calc-alkaline andesite of the Tatun volcanic gro(faiwan) within an extensional
environment by crystal fractionatioNTERNATIONAL GEOLOGY REVIEW. 56(9),
1156-1171. Doi: 10.1080/00206814.2014.921865

3.6. Influence of pre-eruptive degassing and crystallizgon on
the juvenile products of laterally directed explosbns

Neill Owen K., Department of Geology & Geophysics, UniversityHaiwaii - Manoa, 1680 East
West Road, Honolulu, HI, USA, 96822. Geophysicatitate, University of Alaska Fairbanks,
903 Koyukuk Drive, Fairbanks, AK, USA, 99775-7320

Hammer Julia E., Department of Geology & Geophysics, UniversityHzwaii - Manoa, 1680
East West Road, Honolulu, HI, USA, 96822

Izbekov Pavel E, Geophysical Institute, University of Alaska Fainis, 903 Koyukuk Drive,
Fairbanks, AK, USA, 99775-7320

Belousova Marina G., Belousov Alexander B.pelousov@mail.ru Earth Observatory of
Singapore, Nanyang Technological University, 50 ydang Avenue, Block N2-01a-15, Singapore
639798. Institute of Volcanology and Seismology, Far Eastidion, Russian Academy of
Sciences, Petropavlovsk-Kamchatsky, Russia

Clarke Amanda B., School of Earth and Space Exploration, ArizoreteStUniversity, P.O. Box
871404, Tempe, AZ, USA, 85287-1404

Voight Barry, College of Earth and Mineral Sciences, Pennsydv&tate University, University
Park, PA, USA, 16802

Strikingly similar examples of edifice collapse adidected blast are the 18 May 1980
eruption of Mount St. Helens (MSH) and the 30 Mat&56 eruption of Bezymianny Volcano
(BZ), Kamchatka. In these cases, flank failures tlechear-instantaneous decompression and
fragmentation of intra-edifice cryptodome magmaichiproduced catastrophic, laterally directed
blasts. In both instances, the blast products stewiof juvenile material with bimodal
density/vesicularity distributions: low- and higlkestsity modes at 1900 and 2400 kg m 3 for BZ,
1600 and 2300 kg m 3 for MSH, although the propamtiof high-density material is greater at
BZ. Blast materials also exhibit striking variety groundmass crystallinity (b40 to N90 vol.%)
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despite having fairly uniform phenocrystallinitiesjggesting that degassing-driven groundmass
crystallization occurred to varying extents witliryptodome magma at both volcanoes. New
bulk-rock H20 and D measurements confirm that progressive open-systggassing occurred
prior to both blasts. The correlations betweentatisity, clast density, and bulk H20O contents
suggest that syn-blast magma expansion was modudata by non-uniform volatile distribution
within the cryptodome and rheological controls agged with non-uniform crystal content.

Neill, O. K., Hammer, J. E., 1zbekov, P. E., Betuas M. G., Belousov, A. B., Clarke, A. B., &
Voight, B. (2010). Influence of pre-eruptive degagand crystallization on the juvenile
products of laterally directed volcanic explosiodsurnal of Volcanology and Geothermal
Research, 198(1-2), 264-274. Dbitp://dx.doi.org/10.1016/].jvolgeores.2010.09.011

3.7. New Petrological Data on the Volcanic Rocks of the
Chichinautzin Region: The Sources of the Magmatic Mits
and the Origin of the Trans-Mexican Volcanic Belt

A.V. Koloskov, kolosav@kscnet.fi5.A. Khubunaya,Institute of Volcanology and Seismology,
Far East Branch, Russian Academy of Sciences, patlovsk—Kamchatsky, Russia

Fig. 3.7.1. Sketch of Trans-Mexican volcanic bé&lt: TMVB, 2a and 2b — local and square volcanic
structures. 3 — Californian ring structure (I) addlapagos «slab window» (Il), 4 — boundaries of thean
plumes, 5 — trenches, 6 — boundaries of plates
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New petrographic, isotopic—geochemical, and mingiabl data are presented for the
volcanic rocks of the Chichinautzin region of tHEMVB). The geological setting and the
peculiarities of the composition of the volcanic kedrom different regions of the belt are
compared to the plume-related volcanic rocks from dreas of the Gulf of California, Central
America, and the Galapagos hot spot. It was coedulkat the composition of the intraplate rocks
from the western and eastern parts of the TMVB sudgected to the Californian and Galapagos
plumes, respectively. In its turn, the ascendingntteaplumes provoke melting of the
subcontinental lithospheric mantle related to T+stexican volcanic belt the formation of island-
arc rocks. The model of the consecutive propagaiftigg in the eastward direction suggested by
some researchers (Marquez et al., 1999; Verma,)208tead of the subduction hypothesis is in
agreement with the geological and geophysical aatethe isotopic—geochemical peculiarities of
the volcanic rocks within the TMVB.

Koloskov, A. V., & Khubunaya, S. A. (2013). Newqgbegical data on the volcanic rocks of the
Chichinautzin region: The sources of the magmatstsnand the origin of the Trans-
Mexican volcanic belt. Russian Journal of Pacifiedbgy, 7(4), 247-261. Doi:
10.1134/S1819714013040052

3.8. Rhonite in alkali basalts: silicate melt inclusionsn olivine
phenocrysts

Sharygin, V. V., sharygin@igm.nsc.tuTimina, T. J., V.S. Sobolev Institute of Geology and
Mineralogy, Siberian Branch of the Russian Academ$ciences, pr. Akademika Koptyuga 3,
Novosibirsk, 630090, Russia

Kéthay, K., Szabo, C., Lithosphere Fluid Research Lab, Department of Regy and
Geochemistry, E6tvds University, Pazmany Pétengét&C, H-1117 Budapest, Hungary

Torok, K., Lithosphere Fluid Research Lab, Department of Hegyp and Geochemistry, E6tvos
University, Pazmany Péter sétany 1/C, H-1117 Buskapelungary. Research Group for
Environmental Physics and Geophysics of the Hulagaficademy of Sciences, Department of
Geophysics, E6tvos University, PAzmany Péter sétAnyH-1117 Budapest, Hungary

Vapnik, Y., Department of Geological and Environmental ScienBes-Gurion University of the
Negev, P.O. Box 653, 84105 Beer-Sheva, Israel

Kuzmin, D. V. V.S. Sobolev Institute of Geology and Mineralogye&an Branch of the Russian
Academy of Sciences, pr. Akademika Koptyuga 3, S\mksk, 630090, Russia. Geochemistry
Division, Max Planck Institute fir Chemie, Joh.-Joae-Becher-Weg 27, Mainz, 55128, Germany

Silicate melt inclusions containing rhonite g, Fe&*)Fe* Ti[Al 3SisO2¢ were studied
in olivine phenocrysts from alkali basalts of sifelient volcanic regions: Udokan Plateau, North
Minusa Depression, Tsagan-Khurtei Ridge (RussiakoBy-Balaton Highland, Nograd-Gomor
Region (Hungary) and Makhtesh Ramon (Israel). Riedoearing silicate melt inclusions are
relatively common phenomena in alkali basalts angilgs coexist with inclusions containing no
rhonite. Inclusions with rhonite generally occutle core of the olivine phenocrysts. According
to heating experiments and e@icrothermometry, all the rhonite-bearing inclusadn core of
the olivine phenocrysts were trapped as silicatl atel > 1300 °C and P > 3-5 kbar. Rhonite
crystallized in a narrow temperature range (11809125 and P < 0.5 kbar. The petrography and
thermometry of rhonite-bearing silicate melt inoduis show a general crystallization sequence:
Al-spinel -> rhonite -> clinopyroxene -> apatite +4~ amphibole, Fe-Ti oxide (ilmenite or Ti-
magnetite) -> glass.

Majority of rhonites from melt inclusions have Mgl + F€*) > 0.5 and belong to Mg-
rich species GMgsFe**Ti[Al 5Sis02q). There are no essential differences in chemiamong
rhonites from olivine-hosted silicate melt inclussdnom phenocryst, from groundmass of alkali
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basalts, from alteration products of kaersutitigphibole mega/xenocrysts and of kaersutite in
deep-seated xenoliths in alkali basalts. The raoeimence of rhonite as essential constituent in
rocks may be explained from its microstructural ydecities. This mineral is an intermediate
member of the polysomatic spinel-pyroxene seriessily, the structural feature of rhonite does
explain why it is an unstable mineral in under @hag crystallization conditions. In general, the
presence and chemistry of rhonite may be usedfagtr estimation of temperature, pressure and
oxygen fugacity during crystallization of alkalidadts.

Fig. 3.8.1. Photomicrographs of primary rhonite+irea silicate melt inclusions in phenocrystal atigi
from alkali basalts of NMDVF, UPVF, TKRVF, and MRVBrdinary and reflected lights.

Sharygin, V. V., Kéthay, K., Szabg, C., Timind,, TTorok, K., Vapnik, Y., & Kuzmin, D. V. (2011).
Rhonite in alkali basalts: silicate melt inclusioimsolivine phenocrysts. Russian Geology
and Geophysics, 52(11), 1334-1352. Dtp://dx.doi.org/10.1016/j.rgg.2011.10.006
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3.9.  Silicate-natrocarbonatite liquid immiscibility in 1917
eruption combeite-wollastonite nephelinite, Oldoingp Lengai
Volcano, Tanzania: Melt inclusion study

Sharygin, V. V.,sharygin@igm.nsc.fl¥.S. Sobolev Institute of Geology and MineralogyR3,
Koptyuga prospect 3, Novosibirsk 630090, Russia

Kamenetsky, V. S., Kamenetsky, M. BAARC Centre of Excellence in Ore Deposits and School
of Earth Sciences, University of Tasmania, Hobaasrmania 7001, Australia

Zaitsev, A. N.,Department of Mineralogy, Faculty of Geology, SitdPsburg State University,
University Emb. 7/9, St. Petersburg 199034, Rugspartment of Mineralogy, Natural History
Museum, Cromwell Road, London, SW7 5BD UK

Fig. 3.9.1. Variable relationships between gas maaocarbonatite in silicate—melt inclusions withou
daughter silicate minerals, nepheline phenocrgstsiple Ol 7/2000, CWN, Oldoinyo Lengai.Scale bar is
10 m. Inclusions with numbers refer to data in Tallesnd 6. Symbols: Gl — silicate glass; g — gas
bubble; Cc — natrocarbonatite aggregate; Ap — fipatite; FI — fluorite.
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Primary silicate-melt and carbonate-salt inclusioosur in the phenocrysts (nepheline,
fluorapatite, wollastonite, clinopyroxene) in th@l¥ eruption combeite-wollastonite nephelinite
at Oldoinyo Lengai. Silicate-melt inclusions in hepne clearly show liquid immiscibility
phenomena expressed in the presence of carbomdmigleg in silicate glass. The coexistence of
inclusions with markedly different proportions dicate glass + vapor-carbonate globule in the
core of nepheline phenocrysts, the presence obnatb-salt inclusions in fluorapatite and our
heating experiments strongly suggest that therapnient began at temperatures higher than 1130
°C in an intermediate chamber when initial carbedatephelinite melt was heterogeneous and
represented a mixture of immiscible liquids. Steaatrocarbonatite melt immiscibility took
place at high temperature and immiscible nepheliaitd carbonatite liquids coexisted over a wide
temperature range from >= 1130 °C to 600 °C. Homigeion of a carbonate globule (dissolution
of the gas bubble in carbonate melt) at 900-940ntates that after separation from silicate
magma the natrocarbonatite represented homogenigois in the 900-1130 °C temperature
range, whereas below these temperatures immispibklés of different composition and fluid
phase have separated from it. The bulk compostafdmomogeneous natrocarbonatite melt may
be estimated as approximate to 20% £dB-60% (Na, K)COsz and 20-40% CaC{based on the
coexistence of nyerereite, calcite and fluorite Hrerapid phase transition (carbonate aggregate
-> carbonate liquid) at 550-570 °C observed in vagawbonate globules of nepheline-hosted
silicate-melt inclusions and on the JM#:-CaCQ-Cak phase diagram. Silicate glasses of
nepheline-hosted immiscible inclusions drasticdiffer from host nephelinite in the abundance
of major and trace elements. They are high pernakk#&(Na + K)/Al - up to 9.5) and virtually free
of water (H0O<0.6 wt.%). Their very high Zr/Hf and Nb/Ta ratiasd Li contents indicate that
these silicate glasses represent the most evobragasitions at Oldoinyo Lengai. The peralkaline
character of nephelinite melt is expressed in treposition of the daughter mineral assemblage
within silicate-melt inclusions in nepheline (dejkeéte, leucite, mica, clinopyroxene). These
minerals show strong deficiency in Al and enrichmantFe* that is also common to the
groundmass of the Oldoinyo Lengai combeite-wollagtomephelinites.

Sharygin, V. V., Kamenetsky, V. S., Zaitsev, A.&\NKamenetsky, M. B. (2012). Silicate—
natrocarbonatite liquid immiscibility in 1917 eruph combeite—wollastonite nephelinite,
Oldoinyo Lengai Volcano, Tanzania: Melt inclusiotudy. Lithos, 152, 23-39. Doi:
http://dx.doi.org/10.1016/j.lithos.2012.01.021

3.10. Mineralogy, geochemistry and petrology of the phonldic
to nephelinitic Sadiman volcano, Crater Highlands;Tanzania

Zaitsev A.N, burbankite@gmail.comDepartment of Mineralogy, Faculty of Geology, St.
Petersburg State University, University Emb. 740 Petersburg, 199034, Russia. Department of
Mineralogy, Natural History Museum, Cromwell Roadntdon, SW7 5BD, UK

Marks M.AW., Wenzel T., Markl G., Universitat Tudbingen, Mathematisch-
Naturwissenschatftliche Fakultat, FB GeowissensenaftVilhelmstrasse 56, D-72074 Tubingen,
Germany

Spratt J., Strekopytov S, Department of Mineralogy, Natural History Museump@well Road,
London, SW7 5BD, UK

Sharygin V.V., V.S. Sobolev Institute of Geology and Mineraloge@an Branch of Russian
Academy of Sciences, Koptuga pr. 3, NovosibirdbQ83, Russia

Sadiman volcano is located in the Crater Highlaam@s of northern Tanzania, which lies
next to the western escarpment of the Gregorargart of the eastern branch of the East African
Rift system. It consists of inter-layered phonolitiffs, tuff breccias (with blocks of nephelinites
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and nephelinitic lava flows. Rare xenoliths of pblie lava and ijolite were observed within the
nephelinite lavas with ijolite blocks occurringphonolitic tuffs. No evidence for the presence of
melilite-bearing and/or carbonatitic rocks was foaing this study.

Fig. 3.10.1. (a) Volcanoes in the Crater Highlaadsa and the Gregory rift in northern Tanzania. ERT
data (February 2000); view size: 44.5 km wide b®.54«m distance; location: 3° South latitude, 363t
longitude; orientation: View 35° south of west, I&low horizontal; image courtesy NASA/JPL/NGA
Shuttle Radar Topography team. (b) Pickering's 4198eological map of Sadiman volcano, with
lithologies as identified by Pickering. Abbreviai® Nv = Neogene volcanic rocks, f = tuffs, t =chmgte,

b = basalt, p = phonolite, n =nephelinite, | = aggerate Numbered outcrops (red dots) representleamp
collected for the current study.

On the basis of petrography, mineralogy and geo@tgnthe nephelinites are divided into
highly porphyritic nephelinite, wollastonite nepinéle and phonolitic nephelinite, the latter of
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which is the dominant variety at Sadiman. Nephetimdinopyroxene + titanite +/- perovskite +/-
andradite-schorlomite +/- wollastonite +/- sanidie sodalite are the principle pheno- and
microphenocryst phases. The nephelinites are highiblved (Mg# = 0.17-0.26) alkaline to
peralkaline (Al = 0.88-1.21) rocks enriched in ingmatible elements such as Rb, Ba, Th, U, Nb,
Pb, Ta, Sr and light REEs, and strongly depleteB snd Ti. This suggests derivation from an
enriched mantle source and fractionation of apatitkTi-rich mineral(s). Primary melt inclusions
in nepheline phenocrysts (T-homogenization = 860011C) indicate enrichment of volatile
components in the melts, particularly of fluoring ¢o 1.8 wt % in silicate glass) resulting in the
formation of daughter fluorite in partly and contglecrystallized inclusions. The Sadiman
nephelinites crystallized under relatively oxidgioonditions (above the FMQ buffer), which
differ from the reducing conditions reported fadhytic and pantelleritic rocks from other parts
of the Gregory rift. Similar rock types and relali oxidizing conditions are known from
Oldoinyo Lengai and other localities, all of whiahe closely associated with carbonatites. By
analogy, we conclude that andradite-schorlomitk-niephelinites may indicate a pre-stage on the
evolutionary path towards carbonatitic magmatism.

Zaitsev, A. N., Marks, M. A. W., Wenzel, T., SpdatiSharygin, V. V., Strekopytov, S., & Markl,
G. (2012). Mineralogy, geochemistry and petrolodytlee phonolitic to nephelinitic
Sadiman volcano, Crater Highlands, Tanzania. Litho452, 66-83. Doi:
http://dx.doi.org/10.1016/].lithos.2012.03.001

3.11. Rhyolite xenolith from the neovolcanic basalts offte rift
valley of the Juan de Fuca Ridge, northeastern pdis:
reconstruction of interaction between MOR silicic ocks and
basic magmas

Sharapov, V. N., vik@igm.nsc.ry Tomilenko, A. A., Smirnov, S. Z., Sharygin, V. V.,
Kovyazin, S. V.Sobolev Institute of Geology and Mineralogy, SieiBranch, Russian Academy
of Sciences, pr. Akademika Koptyuga 3, Novosib&38090 Russia

This paper discusses the conditions of rhyolitestadlization and interaction of its
fragment with later portions of basic magmas onlthsis of the investigation of melt and fluid
inclusions in minerals. This study was focusedrarhyolite xenolith and host basalts of the Cleft
segment of the Juan de Fuca mid-ocean ridge (EE&#id}. The basic rocks of the southern part
of this segment are typical MOR basalts in termbBuk chemistry and the compositions of melt
inclusions in phenocrysts. Olivine, clinopyroxeaad plagioclase crystallized at temperatures of
1160-1280 °C and pressures of 20 and 100 MPa. &helixh represents a leucocratic rock with
negligible amounts of mafic minerals, which cleatigtinguishes it from the known occurrences
of silicic rocks in the rift valleys of MOR. The rblte melt crystallized at temperatures of 900-
880 °C. At 780-800 °C the final stages of rhyafitelt crystallization were accompanied by release
of a saline aqueous fluid with high chloride conser@n the basis of melt inclusion and rhyolite
melting products geochemistry it is suggested thay were produced by hydrous melting of
metamorphosed oceanic crust of the Cleft segmetéruthe influence of saline aqueous fluid
occupying pore and interstitial space of the mgltiocks. The xenolith represents latest products
of those melt differentiation. The final portionstbhe melts show high volatile contents;@H>
3.0 wt %, Cl ~2.0 wt %, and F ~ 0.1 wt %. The iattion of the xenolith with the host basaltic
melt occurred at temperatures equal or slightiyhérghan those of ferrobasalt melts (1190-1180
°C). During the ascent the xenolith residence timé&e high-temperature basic magma were few
tens of hours and xenolith started to melt. Meareykliffusion exchange between the basaltic and
silicic melts was very minor.
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Fig. 3.11.1. Sampling sites of rocks in the axi@imalley of the Cleft segment of the Juan de FRadge.
Dacite is an exposure of the andesite—dacite eatrudescribed by Cotsonika (2006); 893 and 922 are
dredge stations; and 901 is the area of the valteyre the rhyolite sample was recovered. Inset® $ap

the location of the area of interest in the systémdges and (b) the distribution of lineamentshia Juan

de Fuca Ridge and adjoining regions obtained bgtaphical processing of the Google map of theoregi

Sharapov, V. N., Tomilenko, A. A., Smirnov, SSHarygin, V. V., & Kovyazin, S. V. (2013).
Rhyolite xenolith from the neovolcanic basaltshefift valley of the Juan de Fuca Ridge,
northeastern pacific: Reconstructsen MOR silicick®@nd basic magmas. Petrology,
21(5), 427-453. Doi: 10.1134/S0869591113050044
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4. INVESTIGATIONS OF ORE DEPOSITS

4.1. The study of crystallization conditions, melt and luid
compositions of rare-metal ore magmatic systems

4.1.1.0ngonite-elvan magmas of the Kalguty ore-magmatic ystem
(Gorny Altai): composition, fluid regime, and genes

Sokolova E.N., Smirnov S.Z.,ssmr@igm.nsc.ruV.S. Sobolev Institute of Geology and
Mineralogy, Siberian Branch of the Russian Academ$ciences, pr. Akademika Koptyuga 3,
Novosibirsk, 630090, Russia. Novosibirsk State &fsity, ul. Pirogova 2, Novosibirsk, 630090,
Russia

Astrelina E.I., Kotler P.D., Novosibirsk State University, ul. Pirogova 2, Nakosk, 630090,
Russia

Annikova l.Y., V.S. Sobolev Institute of Geology and Mineralogyei$an Branch of the Russian
Academy of Sciences, pr. Akademika Koptyuga 3, S\msk, 630090, Russia

Vladimirov A.G. Novosibirsk State University, ul. Pirogova 2, Naobosk, 630090, Russia

The Kalguty ore-magmatic system (OMS) is a complaxbination of a granite pluton, a
hydrothermal Mo-W deposit, pegmatites, greisens,abélt of rare-metal (RM) and ultra-rare-
metal (URM) elvan and ongonite dikes.

Studies of melt inclusions (MI) in quartz phenotsyis the dike rocks have demonstrated
that quenched glass has major element contents dkose of the dike rocks but rare elements
(Li, Rb, Be, Cs) and P contents. This suggeststkieal| represent magma at the stage preceding
the dike emplacement. The Ml in quartz from the URIdks are poorer in Si, Fe, Mg, and REE
than those in quartz from the RM rocks but richeCis, Rb, Nb, and Ta, like the URM rocks
themselves. This indicates that the melts had gatgd into RM and URM ones before the studied
quartz phenocrysts began to crystallize. The cortipnsof Ml glass corresponds to "the albite
trend" of differentiation, suggesting that theiaditmelt compositions were ongonitic, while their
K enrichment and formation of elvan magma followdw crystallization of the quartz
phenocrysts.

According to our estimates, the melt contained Wt®6 HO. The quartz phenocrysts
crystallized in a heterogeneous medium consisting silicate melt and an aqueous fluid. The
latter was a high-density supercritical fluid wghL2 wt % NaCl equiv. Variations in the gas and
salt compositions of the fluid inclusions (FI) atributed to the interaction between fluids of
magmatic and hydrothermal systems. This possihgitgonfirmed by ample evidence of their
coeval formation.

Quartz crystallization from the RM melts took plateé30-650 degrees C, whereas quartz
from the URM melts formed at 20-30 degrees C lowammperatures. Quartz phenocrysts
crystallized at 4.5-5.5 kbar. Additional estimateth regard to the mineral composition and quartz
compressibility yielded values of 3-6.5 kbar.

A petrogenetic model of some crystallization stagiethe dike rocks within the Kalguty
OMS was constructed on the basis of the resul@irdd in this study. The melts which formed
the dikes of the East Kalguty belt are derivatigéshe same magma which formed the major-
stage granite pluton. Quartz is present as intmatel phenocrysts, which crystallized at
considerably greater depths than those of the @ikplacement. Differentiation of the parental
magma was accompanied by rare element and P acationulThe compositions of the Fl and Ml
confirm that the magma and hydrothermal systerhe&alguty OMS exchanged their substances.
It is associated with the increasing K contenthef melts and the subsequent elvan crystallization
as well as considerable variations in the saltgasdcompositions of the magmatic fluid inclusions.
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Sokolova, E. N., Smirnov, S. Z., Astrelina, EAnhnikova, I. Y., Vladimirov, A. G., & Kotler, P. D.
(2011). Ongonite—elvan magmas of the Kalguty orgmmatic system (Gorny Altai):
composition, fluid regime, and genesis. Russianléggoand Geophysics, 52(11), 1378-
1400. Doi:http://dx.doi.org/10.1016/].rgg.2011.10.017

4.1.2.Petrology of the tin-bearing granite-leucogranitesof the Pia Oak
Massif, Northern Vietham

Vladimirov A. G., vladimir@igm.nsc.ruSobolev Institute of Geology and Mineralogy, Seeri
Branch, Russian Academy of Sciences, pr. Akad.ykigat Novosibirsk, 630090 Russia.
Novosibirsk State University, ul. Pirogova 2, Nakosk, 630090 Russia. Tomsk State University,
pr. Lenina 36, Tomsk, 634050 Russia

Anh P. L., luuanhphan@yahoo.cgninstitute of Geological Sciences, Vietnam Academy of
Sciences and Technologies, Hanoi, Vietham

Kruk N. N., Annikova I. Y., Pavlova G. G., Kuibida M. L., Moroz E. N., Sobolev Institute of
Geology and Mineralogy, Siberian Branch, Russiaad&my of Sciences, pr. Akad. Koptyuga,
Novosibirsk, 630090 Russia

Smirnov C. Z., Sokolova E. N.Sobolev Institute of Geology and Mineralogy, SieiiBranch,
Russian Academy of Sciences, pr. Akad. KoptyugaydWorsk, 630090 Russia. Novosibirsk State
University, ul. Pirogova 2, Novosibirsk, 630090 Sas

Astrelina E. 1., Novosibirsk State University, ul. Pirogova 2, Nakosk, 630090 Russia

Fig. 4.1.2.1. Geological scheme of the Piaoak nae¢al granite massif and related ore deposits (iéont
Vietnam). Compiled by Phan Luu Anh and A.G. Vladioniusing materials (Bourret, 1924; Lacroix, 1933;
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Lazarev, 1958; I1zokh et al., 1986; Nguyen Van Qugeal., 1986), as well as the State Geologicalsmap
of Vietnam on scales of 1 : 1000000 (Chan Van C€hil.e 1977) andl : 500000 (Chan Dyk Lyong et al.,
1992). (1) Quaternary deposits; (2) volcanogenicigenous sequences (conglomerates, gravelstones,
sandstones, and mudstones) with intercalationglsicftuffs, tuff rhyolites, and rhyolites of theiddle
Triassic age; (3) Early Triassic deep-water bldeMdes; (4) undivided Permian massive and oolithades
with bauxite interbeds; (5) undivided Early Devangubstantially carbonate sequences with interbéds
dolomites, shales, and siliceous rocks; (6) Latet&eous Piaoak granite—leucogranite complex; (7)
gabbrodolerite (congo-diabases) of the contingeBtyly Triassic Caobang Complex; (8) geological
boundaries: (a) observed, (b) inferred; (9) bouiedanf structural unconformities of stratified seqoes;
(10) faults; (11) shear zone with brittle ductilewing of the matter; (12) zones of intense fractgiwith
signs of greisenization (after granites), (13) ggaized hornfels in the roof and contacts of theod&k
granite—leucogranite massif; (14) occurrences agpbsits (Fe, Mn—postmagmatic magnetite veins,
(Sn,W) tin—tungsten-bearing quartz vein—greiserugences; (F, Be) fluorite-bearing metasomatited an
occurrences); (15) Tinh Tuk open pit cassiterifeodd.

The Pia Oak tin-bearing granite-leucogranites keda the Caobang Province of Northern
Vietnam compose a stock-like hypabyssal body. Hosts are represented by Early Devonian
carbonate sequences and Early Triassic "black®eshdlhe geochronological age of the Piaoak
granite-leucogranites corresponds to the Late Ceetss: T = 83.5 +/- 6.2 Ma, Rb-87/Sr-86
method; T = 89.7 +/- 1.0 Ma, Ar-39/Ar-40 method.eTimassif has a simple basic to acid order:
two-mica and muscovite granite-leucogranite -> maatal aplites, pegmatites -> tin-bearing
greisens and hydrothermal veins. The petrograpmicraicrostructural studies revealed a sharp
change in crystallization conditions of the graidecogranite magma at the late magmatic stage
and formation of muscovite via incongruent meltwigprotolithionite. The study of melt and
coexisting fluid inclusions showed that solidus stajylization occurred under fluid-saturated
conditions at 635-600 °C. In composition, the gedteucogranites of the Piaoak Massif
correspond to the rare-metal-plumasite geochenypa (according to L.V. Tauson), and reach
Li-F facies in terms of their rare-element comgosit The composition of aplites and pegmatites
demonstrates that granite-leucogranite magma did ascumulate lithophile and volatile
components in the residual melt during differemndiatbut was initially enriched in rare-metals. It
IS most probable that the melt was generated froateRPzoic lithotectonic complexes and
overlaying Lower Triassic "black” shales.

Vladimirov, A. G., Anh, P., Kruk, N. N., Smirnov,ZC, Annikova, I. Y., Pavlova, G. G., Kuibida,
M. L., Moroz, E. N., Sokolova, E. N., & Astrelia,. (2012). Petrology of the tin-bearing
granite-leucogranites of the Piaoak Massif, North®lietham. Petrology, 20(6), 545-566.
Doi: 10.1134/S0869591112050074

4.1.3.Melt compositions and fluid regime of crystallizaton of rare-metal
granite and pegmatites from the Sn-W Tigrinoe depas(Primor'e)

Smirnov S. Z.,ssmr@igm.nsc.rusobolev Institute of Geology and Mineralogy, SineBranch,
Russian Academy of Sciences, Novosibirsk, Russishbirsk State University, Novosibirsk,
Russia. Tomsk State University, Tomsk, Russia

Bortnikov N. S., Gorelikova N. V., Institute of Geology of Ore Deposits, Petrography,
Mineralogy, and Geochemistry, Russian Academyieh8es, Moscow, Russia

Gonevchuk V. G.,Far East Geological Institute, Far East Branch, Rias Academy of Sciences,
Vladivostok, Russia

The Tigrinoe deposit is located in the central mdrSikhoteAlin (Primor’e). The small
intrusions of biotite bearing porphyry granite loé Bolshoi stock and medium grained, sometimes
porphyric, protolithionite—zinnwaldite granite dfe Malyi stock related to the first and second
intrusive phases of rare-metal granite magma, céisigdy, occur in the junction zone between the
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Sikhote Alin and Tigrinskii faults. Drilling in théMalyi stock revealed a body of porphyric
zinnwaldite granite interpreted as the third pha$ese bodies contain wide greisenization zones,
vein stockworks, and ore breccias composing thgel&@n—W deposit. The Malyi stock also
contains small bodies of pegmatites (stocksheiddrsgrved at the contacts with magmatic rocks
of different phases and along their contacts witkt Isedimentary rocks replaced by hornfels, and
with greisen bodies in granites. The paper repuets data on fluid regime of crystallization of
rare-metal granites and constrains conditions gfrzite formation.

The melt and fluid inclusion study revealed tha¢ ttrystallization of granites and
pegmatites occurred from the same Li and F-richigcamelts at 550-600 °C. The crystallization
of pegmatites was related to heterogeneous migfiure silicate melts and aqueous fluid enriched
in CHs. No traces of C®were detected. melt and fluid inclusion petrogsapmplies that
crystallization occurred under high water pressBegmatites may be considered as a result of
crystallization of relatively small areas of the gmea chamber containing a high portion of the
methane—hydrous fluid phase. The presence of lisisgy most likely of a complex “crust-mantle”
nature, could explain the input of extra potasstonthe pegmatite forming batches. Magmatic
methane-rich aqueous fluids with no or traces ot @Qively participated in the processes of
transport and accumulation of Sn, W, and Mo in byftgrmal veins of the deposit.

Fig. 4.1.3.1. Melt and fluid inclusions in quartorh rare-metal granite and pegmatites of the Tagin
deposit. (a—c) Inclusions in quartz from the Boldlag b) and Malyi (c) stocks; (d—f) inclusionsqoartz
from pegmatites: decrepitated melt inclusions ¢gthgenetic melt (MI) and fluid (Fl) inclusions (end
combined fluid (gas (g) + liquid (1)) inclusion wmittrapped topaz (top) crystals and probably daughte
muscovite (mu) crystals (f).

Smirnov, S. Z., Bortnikov, N. S., Gonevchuk, V&&orelikova, N. V. (2014). Melt compositions
and fluid regime of crystallization of rare-metalagite and pegmatites from the Sn-W
Tigrinoe deposit (Primor'e). Doklady Earth Scienced56(1), 558-562. Doi:
10.1134/S1028334X14050201
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4.1.4.Geochemistry and age of rare-metal dyke belts in stern
Kazakhstan

Khromykh S. V., serkhrom@mail.ruSobolev Institute of Geology and Mineralogy, Seeri
Branch, Russian Academy of Sciences, Novosibirsksi&® Novosibirsk State University,
Novosibirsk, Russia

Sokolova E. N., Smirnov S. Z.Sobolev Institute of Geology and Mineralogy, Séefranch,
Russian Academy of Sciences, Novosibirsk, Russishbirsk State University, Novosibirsk,
Russia. National Research Tomsk State Universitmsk, Russia

Travin A. V., Sobolev Institute of Geology and Mineralogy, SiénemBranch, Russian Academy
of Sciences, Novosibirsk, Russia

Annikova I. Y. Sobolev Institute of Geology and Mineralogy, SieBranch, Russian Academy
of Sciences, Novosibirsk, Russia. National Reseboohsk State University, Tomsk, Russia

The results of studies of the Chechek and Akhmiacd¥yke belts (the Kalba-Narym zone
of Eastern Kazakhstan) constituted by rare-metdt-granitoids (ongonites) are presented. The
results of geochemical mapping of dyke belts avergias are the first-obtained data on the rare-
metal composition of rock-forming minerals and metiiusions. The data on precision dating of
rocks by means of the Ar-40/Ar-39-isotope technigreepresented. It is shown that the dyke belts
were formed from the melts of three different geoaital types. The existence of these types
might be caused by differentiation within the deeated magma chambers. The data of
geochronology permit us to conclude that the cerderare-metal Li-F-magmatism characteristic
of the large magma provinces that appeared un@emtpact of mantle plumes on the arisen
continental crust might have been formed at thd &teges of the formation of the Kalba-Narym
batholith. This allows one to assume the rare-mat&lgranitoids (ongonites) of the dyke belts
in Eastern Kazakhstan belong to the large LateeRale magma province that appeared in the
region of Central Asia as a result of the actiatyhe Tarim plume.

Fig. 4.1.4.1. Scheme of the dislocation of the Gkr&and Akhmirovo rare-metal dyke belts (by [7]twit
corrections). The positions of dykes are mappethbydecoded data of the Google Earth satellite @hag
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1, 2 — Siltstones, sandstones, and schists (D2); gheisses, amphibolites, and crystalline schifsthe
Irtysh contortion zone (D3—-C1?); 4 — gneiss—graoowis and gneiss—granites (C2); 5 — gabbros,
diorites, gabbronorites (C2-37?); 6 — faults; 7, 8Ghechek dyke belt: 7 — highly rare-metal rocks;-8
rare-metal rocks; 9 — rare-metal dyke rocks ofAkbmirovo belt. The asterisk marks the sampling sit
for dating. In the inset: 1 — granitoids of the BatNarym batholith (undivided); 2 —g abbroids (C%:3

3 — dyke belts of the Mirolyubovo complex; 4 — taulISZ is the Irtysh shear zone).

Khromykh, S. V., Sokolova, E. N., Smirnov, S. @yii, A. V., & Annikova, I. Y. (2014).
Geochemistry and age of rare-metal dyke belts steza Kazakhstan. Doklady Earth
Sciences, 459(2), 1587-1591. Doi: 10.1134/S1028834X0174

4.2. The study of deep seated processes related to alkal
magmatism

Kamenetsky V. S., Dima.Kamenetsky@utas.edu,aBamenetsky M. B., ARC Centre of
Excellence in Ore Deposits and School of Earth ridgs, University of Tasmania, Hobart,
Tasmania 7001, Australia

Golovin A. V., Sharygin V. V., VS Sobolev Institute of Geology and Mineralogy, RF3ES,
Novosibirsk, Russia

Maas R.School of Earth Sciences, University of Melboukfie,3010, Australia

Fig. 4.2.1. Backscattered electron image and Xel@ynent maps showing euhedral zoned crystals of
olivine (Si, Fe, Mg maps) set in the groundmass pmsed of S-bearing Na—K—Ca carbonates, calcite
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(highest intensity on Ca-map), halite, phlogopi& Mg and K maps), sodalite (Al and Cl maps), épat
(P map), Fe-oxides and Cr-spinel (highest intermityFe-map). The maps are recorded on the electron
microprobe JEOL JXA-8200 (Max Planck Institut flin&@nie, Mainz).

An ultrabasic/ultramafic composition of kimberlteagmas is difficult to reconcile with
existing models of the kimberlite mantle source andlting conditions, inferred magma
temperatures and rheological properties, and tyle sf magma ascent and emplacement. The
inconsistencies in current thinking indicate sesidlaws in understanding kimberlite magma
compositions. Much of the uncertainty over true li@rlite compositions may stem from almost
ubiquitous hydration and leaching of kimberlite kec This study presents petrographic and
geochemical data for kimberlite samples largelyfi@esed by postmagmatic modification, from
the Devonian Udachnaya-East pipe in Siberia. Thasgles are unusually enriched in chlorine
and sodium, yet they are essentially anhydroussé& Heatures are consistent with the phase
composition of the groundmass which is dominatedhinyerals such as Na-Ca carbonates, Na-K
chlorides and sulphates which appear to be - irsamples - co-magmatic with common silicates
and oxides, but are unknown in other kimberlitesapely found within magmatic assemblages.
We suggest that a kimberlite parent melt of esalytnon-silicate composition, with high
concentrations of alkalis, G@nd Cl may be a viable alternative to the curyefavoured water-
rich, high-Mg model primary melt. Entrainment of mila silicates into such a melt en route to the
surface, followed by gravitational accumulatiom@dntle olivine and liquidus oxides (perovskite,
Cr-spinel) at the bottom of vertically extensivegma bodies after emplacement, would explain
the observed properties of kimberlite magma/rockally enrichment in olivine and trace
elements in the hypabyssal kimberlite facies. Acaate melt composition would retain attributes
of the standard model such as trace element eneictwia low degrees of partial melting, it would
explain low temperatures of crystallisation and elkeeptional rheological properties that enable
kimberlite primary melts to segregate from thedgpheric source and buoyantly ascend at high
speed, while mixing and reacting with country racks

Kamenetsky, V. S., Kamenetsky, M. B., Golovin,.ASNarygin, V. V., & Maas, R. (2012).
Ultrafresh salty kimberlite of the Udachnaya—Eagiep(Yakutia, Russia): A petrological
oddity or fortuitous discovery? Lithos, 152, 17318 Doi:
http://dx.doi.org/10.1016/|.lithos.2012.04.032

4.3. The study of ferromanganese crusts from the Sea of
Okhotsk

4.3.1.Distribution of microelements in ferromanganese crats of the Sea
of Okhotsk

Baturin, G. N., gbatur@ocean.ru Shirshov Institute of Oceanology, Russian Acadefy
Sciences, pr. Nakhimovskii 36, Moscow, 117997 Russi

Dubinchuk, V. T., Fedorovskii All-Russian Institute of Mineral Resms (VIMS), per.
Staromonetnyi 29, Moscow, 119017 Russia

Rashidov, V. A., Piip Institute of Volcanology and Seismology, Heeist Branch, Russian
Academy of Sciences, bul'v. Piipa 9,Petropavlovakighatsky, 683006 Russia

The contents of 60 macro- and microelements wetermiéed by inductively coupled
plasma mass spectrometry in the samples of ferroammsg crusts collected on submarine slopes
of the Kuril Islands. Along with a pronounced vaildy in the chemical composition of the crusts,
the contents of several microelements vary accgrtbrthe values of the europium anomaly. A
positive value points to local volcanogenic hydesthal activity, which provides for the
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accumulation of manganese and iron at the expentbe giccumulation of some nonferrous and
rare metals.

Fig. 4.3.1.1. Scheme of the location of samplitagichs.

Baturin, G. N., Dubinchuk, V. T., & Rashidov, V.(2011). Distribution of microelements in
ferromanganese crusts of the sea of Okhotsk. Dylktadith Sciences, 440(1), 1291-1297.
Doi: 10.1134/S1028334X11090121
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4.3.2.Ferromanganese Crusts from the Sea of Okhotsk

Baturin, G. N., gbatur@ocean.ru Shirshov Institute of Oceanology, Russian Acadedfy
Sciences, pr. Nakhimovskii 36, Moscow, 117997 Russi

Dubinchuk, V. T., Fedorovskii All-Russian Institute of Mineral Resms (VIMS), per.
Staromonetnyi 29, Moscow, 119017 Russia

Rashidov, V. A., Piip Institute of Volcanology and Seismology, Heeist Branch, Russian
Academy of Sciences, bul'v. Piipa 9, Petropavld¢akichatsky, 683006 Russia

Fig. 4.3.2.1. The microlaminated area of the comster a scanning electron microscope.
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New data on the microstructures and the mineral enemical compositions of
ferromanganese crusts obtained from the westerre stbpghe Kuril Island Arc in the Sea of
Okhotsk during cruises of the R/V “Volcanolog” atiscussed. The study of the crusts using
analytical electron microscopy methods revealed tingir manganese phase is represented by
vernadite, Fe-vernadite, todorokite, asbolane amtlane—buserite, while the iron phase consists
of hematite, hydrohematite, ferroxyhite, and mag@ethe assemblage of lithic minerals includes
apatite, quartz, epidote, and montmorillonite. Adaog to the chemical analysis, most of the
crusts contain a significant share of volcanogemd hydrothermal material, which is evident
from the elevated values of the Mn and Ti modules)ow concentrations of some trace elements,
and the positive Eu anomaly in the rare earth etésn@omposition.

Baturin, G. N., Dubinchuk, V. T., & Rashidov, V(2012). Ferromanganese crusts from the Sea
of Okhotsk. Oceanology, 52(1), 88-100. Doi: 10.7$8801437012010031

4.4.  Nizhne-Koshelevsky geothermal field south Kamchatka
neomorphic minerals on surface of the pyrite grains

Rychagov S.N.]nstitute of Volcanology and Seismology, Far Easidion, Russian Academy of
Sciences, Petropavlovsk-Kamchatsky, Russia

Schegolkov Yu.V.Central Research Institute of Geological Prospegtior Base and Precious
Metals, Varshavskoe sh., 129 korpusl, Moscow, B Raksia

Fig. 4.4.1. Geological sketch map Pauzhetskaya-k#mpkKoshelevo geothermal (ore) areas at a scale of
1: 200 000:

XPS and AES studies of the pyrite grains extraftech hydrothermal clays underlying
Nizhne-Koshelevsky geothermal field in the KamchaBeninsula demonstrated that mineral
films coat surfaces of these grains. Such filmssaneeral nm through several hundred nm thick
and consist of two layers. The lower one consistthimisulfate complexes of iron containing
reduced nitrogen, whereas the upper one is a Tidgeaxide-silicate phase. Presumably,
formation of such mineral substance coating thégwgrain surfaces displays influence of a deep
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metal-bearing reducing fluid on the physicochemjmalcesses in the near-surface part of the
geothermal field.

Rychagov S.N., Schegolkov Yu.V. (2011) Nizhne-Kostkg geothermal field south Kamchatka:
neomorphic minerals on surface of the pyrite graigdy | Metally 2, 52-57. (In Russian).
http://www.tsnigri.ru/?g=node/24

4.5, Native metals in voicanic ashes

Karpov G.A. Institute of Volcanology and Seismology, Far Hastision, Russian Academy of
Sciences, Petropavlovsk-Kamchatsky, Russia

Fig. 4.5.1. Particle native copper from the asheth@ volcano Sn. Helens and its X-ray
spectrum.

Based on the research of accessory ore mineralsa@sre volcanoes of Kamchatka
concluded that modern volcanic fluid systems hawe load, ie, are mineralized. Frequently
observed in the composition of the same sampleréffit-ash (from the maximum reduction to the
oxidized) state ore components show complex redoxlitions in the area of fluid transport and
on - apparently for emergency heterogenetic camtbtof the gas-transport reactions in gas - ash
column during the eruption. Transfer ore materates the form of native elements and
intermetallic compounds, possibly in the form afsters or nanoparticles.

Karpov G.A. (2014) Native metals in voicanic asl@sence in Russia 4, 19-28. (In Russian).
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Simakin A.G., simakin@iem.ac.rulnstitute of Experimental Mineralogy RAS, Chernogéh,
142432, Russia. Physics of the Earth RAS, MosceiM ) Russia, 123995

Bindeman I.N., bindeman@uoregon.edGeological Sciences, 1272 University of Oregon, OR
97403-1272, USA

Process of rhyolites formation by the basalts upldéng of the ancient (Precambrian)
silicic rocks and young siliceous pyroclastics ¢tual in many important occasions including
formation of Spervolcanoes of Snake River PlateA)JJ¥onvective melting dynamics at the
underplating was theoretically considered in thenited number of publications with
overwhelming citation leadership of (Huppert ancai®p, 1985). We extend simple analytical
model to include realistic melting diagram and mpttase magma rheology. At the relatively
large Rayleigh numbers of 106-108 typical for maggitia dimensions chaotic plumes convection
develops. Resolution with grid size around 20 cmedguiired to properly resolve flow field even
for granitic magma. Low viscosity basaltic magmadee even finer resolution. For technical
reasons we model melting of the silicic protolithtbe superheated rhyolitic magma. This system
can represent relocated rhyolitic magma or just uppé of the underplating pair at the properly
defined bottom heat flux. First of all we definevétat melt and rock temperatures convecting
melting occurs (Fig. 5.1.1.1).

Fig. 5.1.1.1. Dynamic diagram of melting regimesrfoyolite magma with 4 wt.% 40 in coordinates melt
(Tm’C) and surrounding rock{°C) temperatures. Regimes: C- crystallization, Qnitial crystallization
following by melting, M — melting. Dotted line thesgical boundary of the conductive melting regime
(To+Tm)=Ts (solidus temperature).
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On the dynamic diagram crystallization, initial stgllization followed by the roof melting
and roof melting fields are defined. It follows tisaiperheated in the contact with basalts rhyolitic
magma will assimilate country rocks with temperasuas low as 400-500. The most important
result consists in the evaluation of the meltimpfrpropagation rate (Fig. 5.1.1.2).

Fig. 5.1.1.2. Initial melting linear rates (Um) fdifferent rock and magma temperatures (indicatdtea
bottom of the correspondent curves). Strong acatigy two-phase effect (magma + crystals) is olesbrv
only for the low temperature magma and hot surrgnbcks (dashed line correspond to the trendrof U
for descending plumes with negligibly low crystahtent)

It follows that melting proceeds with really higites of several meters per year. We expect
thermoelastic failure at the melting front to ocalirthe melting rates above approximately 10
m/yr. These calculations explain quite short tirhkigh silica rhyolites formation in the siliceous
pyroclastics underplated by basalts in Iceland adised at the drilling during hydrothermal
exploration (). These estimates implies also thanétion of the large volumes of the rhyolites
required for the super-eruptions with volume 10006BRn? can take geologically short time and
is constrained only by the basaltic magma suppby. ra

Our results demonstrates that convection is intensnough to thoroughly mix rhyolite
and melted roof. Effective mixing is provided by ttleaotic nature of plume convection (Fig.
5.1.1.3). Heads of the descending from the rooMmplsl rotate, simple shear with rotational
component occurs in the plume tail. Thus the liquadticles chaotically travel in the set of the
closely packed swirls several meters diameter edtat opposite directions that topologically
resembles mixing in the turbulent flow.
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Fig. 5.1.1.3. Distribution of horizontal displacem® X(x,y) of the 5 x 5 cm averaged markers after Ssday
of convective melting in the rhyolitic magma chambeage is 25 x 50 m and color scale signifies the
magnitude of horizontal displacement in meters.vwBraolor corresponds to the surrounding unmelted
(static) rocks, static conditionX(x,y) = 0; green stripes correspond to the maximetative horizontal
displacement of markers.

We calculate the size distribution of the inclusicaf melted roof within superheated
rhyolite characterized by the mean length 4-6 amseto the field observations of the granodiorite
inclusions in granites (). The current velocityalesion permits modeling of the splitting in the
flow of the small inclusions only with negligibleeyding stress.

Simakin, A. G., & Bindeman, I. N. (2012). Remelimgaldera and rift environments and the
genesis of hot, “recycled” rhyolites. Earth and Pé&ary Science Letters, 337-338, 224-
235. Doi: http://dx.doi.org/10.1016/j.epsl.2012.04.011

Bindeman, I. N., & Simakin, A. G. (2014) Rhyolitétard to produce, but easy to recycle and
sequester: Integrating microgeochemical observatiand numerical model&eosphere
10(5), 930-957. Doi: 10.1130/GES00969.1
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Simakin A.G., simakin@iem.ac.rulnstitute of Experimental Mineralogy RAS, Chernogéh,
142432, Russia. Physics of the Earth RAS, MosceiM ) Russia, 123995

Zakrevskaya O., Salova T., Gordeychik B.,gordei@mail.ru, Institute of Experimental
Mineralogy RAS, Chernogolovka, 142432, Russia

Churikova T., tchurikova@mail.rulnstitute of Volcanology and Seismology, Far Easidion,
Russian Academy of Sciences, Petropaviovsk-Kankgh&83006, Russia

Amphibole with quite complex crystallo-chemistrilildacks quantitative thermodynamic
model. Nevertheless numerous empirical mono-mireergdhibole geobarometers were proposed
for the last decades. In these models correlatidgheofotal aluminum content of the experimental
amphiboles and pressure was mainly used in cabioraDnly in the most recent barometer
proposed by Ridolfi (2012) full composition regresswith pressure was performed. Our model
is based on our own experimental data on the arofghitrystallization from high magnesium
andesites of Shiveluch at 2-5 kbar and published fia the higher pressures. We find that the
most equilibrated amphibole forms at the low undeliags. Kinetic effects and disequilibrium
fractionation strongly affect amph composition &t tundercoolings above 20°8D while
reequilibration eliminating disequilibrium featurissusually incomplete in the experiments with
several hours-days duration.
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Octahedral aluminum (A} content in the melt increases with rise of presand Mg*
content. Through the portioning of @between melt and crystal amphibole compositioleces
pressure variations. Low magnesium dacitic andlitiymagmas contain very few Atherefore
mono-amphible barometer and construction of an ateumono-mineral barometer is only
possible for the constrained magma compositionga@gir calibration accounts for the preferable
occupation of M2 position in amphibole by the higrarge cations At, Ti**, F€* along with
Mg?* and Fé*. Octahedral aluminum competes with essentialy fee M2 position so that in the
oxidized environment Fé prevails with maximum content approaching 2 apally 18-1.9
apfu). To exclude influence of on the Af content in amphibole we use linear regression
AlS(FE*+Ti) for given amphibole compositions set to estinmleal maximum Al content at
Fe**+Ti=0. This maximum Al is linked with pressure for the basic to andes#salt magmas.
Liquidus temperature of the amph in the basic magimigher (950-110C) than in the more
silicious ones (750-85C) and some researcher link spikes of Al in theetbamph with heating
episodes.

Currently barometer of Ridolfi is widely used in gahologic applications, however, its
accuracy is overestimated by the author. We malepindent test on the geologic objects where
numerous independent estimates of the pressure exit

Fig. 5.1.2.1. Comparison of barometers a) an examphpplication of our barometer to the amphiboles
from cartlandite intrusion Shanuch (Kamchatka)ilbgd circles results of application of Ridolfi (28)
barometer to the different objecB,:=3 and 5 kbar corresponds to our runs conditomydlnies see text.
Error bars reflects uncertainty B, squares are our estimates.

Our experimental data obtained at P=3 and 5 kleareggroduced more or less well while
high pressure magmatic amphiboles compositionseaieed unsatisfactorily with large systematic
error and extremely wide spread. For testing weansghiboles from kortlandites Central Ridge,
Kamchatka (P=8 kbar), basaltic xenoliths from Di#iH, California (P=9.8 kbar) and Pikulney
ultrabasic-basic complex (P=11 kbar). Fig. 5.1.2ltatrates application of our barometer to the
magmatic amphiboles of Ni-bearing Shanuch kortkgniditrusion. Composition of the amphibole
is recalculated into the cations distribution by iposs in accordance with IMA-1997
classification scheme. Indicating regression laesdrawn through the upper points of the sets of
analysis and extreme point @§€Ti =1.8; AP=0), asymptotic values of Alare read at the
intersections with ordinate axis. Those values gstamates of pressure.

We apply our novel geobarometer to Shiveluch anglag An example of application to
basalts from the center located at the westerrestd®ld Shiveluch caldera (Gorbach center) is
in Fig. 5.1.2.2.
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Fig. 5.1.2.2. Amphibole from the basaltic centetlomwestern flank of Shiveluch (Kamchatka).

The indicating line (P=8 kbar) is drawn through iigh T compositions near the recovered
dissolution-decomposition surface in the centethefzoned crystal. Other parts of crystals were
grown from the more silicious magma depleted in Mgile using all available published and
our data on amphiboles from Shiveluch we get histogwith peaks at P=2.6 and 5.8 kbar. The
high pressures are grouped around 9.8 kbar (withigheest P=11 kbar). These three values mark
preferable levels of magma accumulation (near sarfanid-crustal and near Moho depths).

Simakin, A., Zakrevskaya, O., & Salova, T. (201@)eNaphibole geo-barometer with application
to mafic xenoliths. Earth Science Research, 1@29B Doi:10.5539/esr

Simakin, A., Salova, T., Gordeychik, B., & Chyw&o T. (2013) Shiveluch volcano:
mineralogical records of geodynamic complexity. édalogical Magazine, 77(5), 2213.
(Abstract of Goldschmidt Conference, 2013 August-3@5 Florence, Italy).
Do0i:10.1180/minmag.2013.077.5.19

5.1.3.Experimental study of melt and fluid inclusions anddevelopment
of new methods for deciphering P-T-X conditions offluid-rich
magmatic processes

Smirnov S.Z., ssmr@igm.nsc.ruTomas V.G., Kupriyanov I.N., Institute of Geology and
Mineralogy, Siberian Branch of the Russian Acadeim$ciences, pr. Akademika Koptyuga 3,
Novosibirsk, 630090, Russia

Sokolova E.N.,Novosibirsk State University, ul. Pirogova 2, Nabosk, 630090, Russia

The paper is devoted to the experimental studyhefiéak-tightness of water-containing
melt inclusions heated in the autoclave at highperature and under the pressure gbDQuartz-
hosted silicate-melt inclusions from the rhyoliéfs of the Taupo volcanic zone (New Zealand)
and a tourmaline-pegmatite vein from the SW Pamés heated at 650 degrees C and 3 kbar.
The penetration of heavy water into the inclusiaas controlled by IR spectroscopy. The studies
have demonstrated that the inclusions can remaik-tight under these conditions and not
exchange water with the environment even if thefinorg pressure is 1.5-3 times above their
internal pressure. The influence of water diffusibrough the quartz lattice and dislocations on
the leak-tightness can be neglected in the therrtrgré water-containing melt inclusions. The
crucial factors determining the water exchange betwthe inclusions and the environment in the
experiments performed are mechanical defects (@eh healed cracks). Using.@ as a
pressurizing medium makes it possible to controlléiaé-tightness of the heated inclusions. To
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do this, it is recommended that melt inclusionfibmogenized under the pressure eDabove
the expected entrapment pressure and studied byd&troscopy after the heating.

Smirnov, S. Z., Tomas, V. G., Sokolova, E. N., griganov, I. N. (2011). Experimental study of
the leak-tightness of water-containing silicate‘metlusions under the pressure oi@
at 650 °C and 3 kbar. Russian Geology and Geopbysi?(5), 537-547. Doi:
http://dx.doi.org/10.1016/].rgg.2011.04.006

5.1.4.Major element distribution in system basic-ultrabasc melt

Ponomaryov G.P.,ponomarev@kscnet.ribuzankov M.Yu., puzankov@kscnet.runstitute of
Volcanology and Seismology, Far East Division, Rusé&cademy of Sciences, Petropavlovsk-
Kamchatsky, 683006, Russia

This research shows the results of two interreléitexs in scientifi ¢ investigation. 600
equations based on experimental dattiNFOREX resulted from the first line of scientific
investigation. These equations allow calculatingcemtration of elements in melt, values of
temperature and pressure estimating equilibriumphaises and melts. Many of them are unique
and the analogous equations used by petrologists\marse statistical characteristics. The second
line of the scientific investigation specifies ageneralizes genetic peculiarities of bodies and
massifs, composed of rocks of basite-hyperbasiiessavith different facial, formational and
geodynamic characteristics by means of the obtagedtions.

Among the results the most essential are re-eqaildn of compositions of spinel-olivine
associations in effusive rocks with basic-ultrabasimposition, except for paragenesis in basalts
from the rift valley of the Mid-Ocean Ridge; limitelepth of crystallization (not less than 15 kb,
40-45 km) of most magmas with basic-ultrabasic amsitn; characteristics of Ca behavior in
olivine; non-magmatic genesis of diamantes fromuderiites.

A special attention was paid to the revealed padtef calcium content in olivine crystals
in the system “mafic-ultramafic melt—olivine” witihia wide range of conditions, which are
represented by 3 facial variations according taltepf formation. These patterns were revealed
using processed experimental data from “INFOREXaHase. The author separates two groups
of parameters in the “melt—olivine” system, whiate aesponsible for decrease or increase of
calcium content in olivine. As appear during expets low-calcium olivine is caused first of all
by low calcium content in the melt regardless of phessure and temperature. These data, in a
view of patterns, obtained from experimental mellsw suggest that olivine crystals lost in
certain cases initial calcium or they had not matpraigin. Low-calcium olivines that represent
all generations of this mineral in kimberlites gigeidence for non-melt genesis of diamonds
delivered by kimberlite magmas.

Ponomaryov, G. P., Puzankov. M. Yu., (2012) Distidns of rock forming elements in system
basic-ultrabasic melt between melt and spinel, imdly orthopyroxene, clinopyroxene,
plagioclase. Geological application. Moscow, Petwglovsk-Kamchatsky, Institute of
Volcanology and Seismology, 668 p. (In Russian).
http://www.kscnet.ru/ivs/bibl/sotrudn/puz/rpel.pdf

Ponomaryov G. P., (2014) The calcium content imimd crystals grown from experimental melts.

Part 1. Litosphere, 4, 66-79. (In Russian).
http://www.lithosphere.igg.uran.ru/pdf/16819004 204/16819004 2014 4 066-
079.pdf

Ponomaryov G. P., (2014) Calciunontent in rystals of natural livine as a marker of their
genesis. Part 2. Litosphere, 5, 57-70. (In Russian)
http://www.lithosphere.igg.uran.ru/pdf/16819004 20%/16819004 2014 5 057-
070.pdf
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Gusev A.A., gusev@emsd.rulnstitute of Volcanology and Seismology, Far EBstision,
Russian Academy of Sciences, Petropaviovsk-Kankgh#&83006, Russia. Kamchatka Branch,
Geophysical Service, Russian Ac. Sci 9 Piip BMBQ66 Petropavlovsk-Kamchatsky, Russia

Fig. 5.2.1.1. Fault maps depicting hypothetic rupevolution represented as a sequence of fractiés
that show instant positions of the rupture froop(teft). Black spot encircles the hypocenter; sisaof
grey represent time (the lighter, the later). Theck line, tortuous and multiply connected, depits
particular example instant position of the hypdthaipture front; its timing is arbitrary and waslected

to provide graphical clarity. At the top right, temoothed variant of the same map is shown. Urer t
maps, corresponding plots for the arrival timehaf tupture front are plotted for the line y = 6@té&linon-
monotonous dependence of onset time versus distantee unsmoothed map; it is this non-monotonous
behavior that generates random phases of contitmitf fault spots at a receiver, creating incoheze

Observed high-frequency (HF) radiation from eartlkgfaults exhibits specific properties
that cannot be deduced or extrapolated from logtfeacy fault behavior. In particular: (1) HF
time functions look like random signals, with smoatean spectrum and moderately heavy-tailed
probability distribution function for amplitudes2)( well-known directivity of low-frequency
radiation related to rupture propagation is strgnmgduced at HF, suggesting incoherent (delta-
correlated) behavior of the HF radiator, and catbting the usual picture of a rupture front as a
regular, non-fractal moving line; (3) in the spattdomain, HF radiation occupies a certain
specific band seen as a plateau on acceleratiagesspectra K(f) =%Mo(f). The lower cutoff
frequency § of K(f) spectra is often located significantly hagy than the common spectral corner
frequency § or fa. In many cases, empirica(Mo) trends are significantly slower as compared to
the simple § p Mo3, testifying the lack of similarity in spectral gies; (4) evidence is
accumulating in support of the reality of the uppetoff frequency of K(f): fault-controllednfx
or fur. However, its identification is often hampereddwch problems as: (a) strong interference
between §r and site-controlledy; (b) possible location ofifabove the observable spectral range;
and (c) substantial deviations of individual souspectra from the ideal spectral shape; (5)
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intrinsic structure of random-like HF radiation Hasen shown to bear significant self-similar
(fractal) features. A HF signal can be represeated product of a random HF “carrier signal”
with constant mean square amplitude, and a posmigdulation function, again random, that
represents a signal envelope. It is this modulafiorction that shows approximately fractal
behavior. This kind of behavior was revealed overaad range of time scales, from 1 to 300 s
from teleseismic data and from 0.04 to 30 s frorar+iault accelerogram data. To explain in a
qualitative way many of these features, it is pregothat rupture propagation can be visualized
as occurring, simultaneously, at two different spditne scales. At a macro-scale (i.e. at a low
resolution view), one can safely believe in thditgaf a singly connected rupture with a front as
a smooth line, like a crack tip, that propagatea incally unilateral way. At a micro-scale, the
rupture front is tortuous and disjoint, and carviseialized as a multiply connected fractal “line”
or polyline. It propagates, locally, in random @itens, and is governed by stochastic regularities,
including fractal time structure. The two scaled atyles are separated by a certain characteristic
time, of the order of (0.07-0.15) x rupture dumatidhe domain of fractal behavior spans a certain
HF frequency range; its boundaries, related tdather and upper fractal limits, are believed to
be manifested as &nd fr (Fig. 5.2.1.1).

Gusev, A. A. (2013). High-Frequency Radiation framEarthquake Fault: A Review and a
Hypothesis of Fractal Rupture Front Geometry. Panel Applied Geophysics, 170(1-2),
65-93. Doi: 10.1007/s00024-012-0455-y

5.2.2.A fractal earthquake source with a slip zone

Gusev A.A., gusev@emsd.rulnstitute of Volcanology and Seismology, Far EBstision,
Russian Academy of Sciences, Petropaviovsk-Kankgh#&83006, Russia. Kamchatka Branch,
Geophysical Service, Russian Ac. Sci 9 Piip BM8B066 Petropavilovsk-Kamchatsky, Russia

Fig. 5.2.2.1. Examples of simulation. (a) Exampuésignal of velocity, displacement and acceleratio
u(t), u(t) u(t)) of S-waves at the receiver. (b) Spectg(f) (solid) andu,(f) (dashes), initial
and smoothed. The thick line is the geometricataye of u, (f)over 25 random tries. Gray lines are

idealized spectra for the2 model.

An important problem of the studies of earthqualkerses is to clarify the mechanism of
formation of radiated source spectra of the2 (“omega-square”) kind, or equivalently, of flat
acceleration spectra. This spectral model is watldished empirically and has the status of a
classical one in source seismology; however, kdaamlequate theoretical foundation. It is shown
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that spectra of the=2 kind can be explained by combining the followihgee concepts regarding
source rupture: (1) the fault asperity model of dBastrov; (2) the Andrews’s concept that the
field of the stress drop over the fault is a 2DKér-noise with amplitude spectrum of the 1/k type;
and (3) the hypothesis that the distance of prapamgaf Rayleigh waves from a failing spot on a
fault is determined by the width of the slip zoseaciated with the rupture front (Fig. 5.2.2.1).

Gusev, A. A. (2013). A fractal earthquake sourcth w&islip zone generates acceleration time
histories with flat spectra. Doklady Earth Science448(2), 211-213. Doi:
10.1134/S1028334X13020049

5.2.3.Statistics of the normalized values of the shiftsiipoints of the fault-
earthquake

Gusev A.A., gusev@emsd.rulnstitute of Volcanology and Seismology, Far EBstision,
Russian Academy of Sciences, Petropaviovsk-Kankgh#&83006, Russia. Kamchatka Branch,
Geophysical Service, Russian Ac. Sci 9 Piip BM8B066 Petropavilovsk-Kamchatsky, Russia

In order to develop a statistical description floe walues of a final slip (dislocation) in
different points of an area of an earthquake soteoét, we analyzed the recently compiled
collection extended-fault descriptions, obtainedblution of the corresponding inverse problem.
The probability distribution function was studiedt the normalized average slip in a subfault (an
element of a large fault). Each large fault yieldgdan individual inversion was normalized by
division of the slip value in a subfault to the maalue averaged across the subfaults of a given
fault. The processing included the following steipgormal rejection of less reliable inversions,
normalization, and construction of empirical distion functions for individual earthquakes and
for the pooled sample. We estimated the parametdhe empirical functions and approximated
them by simple standard distribution laws. Theisiatl structure of the values of the slip is fdun
to be rather stable. The individual empirical saaspiave the coefficient of variation 0.98 + 0.28
and, generally, resemble those with the exponeuistiibution law. The upper tail of the
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distribution rather sharply tapers off, followingn average, the power law with the exponent
being approximately from 3.5 to 4. The compositistribution has a noticeable atom at zero
with a weight of about 10%. The presence of thisraimpedes approximation of the observed
distribution by a simple law. We proposed a reabtaapproximation by a modified lognormal
law; the modification includes shifting to the laftd winsorization at zero. The appearance of the
atom at zero is possibly due to the unbreakabledvarat propagation of a rupture; at the same
time, we cannot rule out the possibility for it be an artifact generated by the procedure of
inversion. Our results provide good grounds focpeal simulations of the scenario earthquakes;
they also are of interest for the physics of thehegake source.

Fig. 5.2.3.1. The examples of the individual mapsovement and their distribution functions. a € th
movement distribution in the earthquake source whilacan 1985 earthquake; the density of gray color
show the value of the movement, white color comesis to zero movement. The abscissa is the distance
along the strike (km), the ordinate is the samdHerdrop; b and ¢ — histograms and additional d¢atau
function of distribution for the normal movementdomparison with two modelled distributions; eg -

the similar graphs for the Parkfield 2004 earthguak

Gusev, A. A. (2011). Statistics of the values nbrenalized slip in the points of an earthquake
fault. Izvestiya, Physics of the Solid Earth, 47(3)176-185. Doi:
10.1134/S1069351310101015

5.2.4.The electrical conductivity of the lithosphere in he subduction zone

Moroz Yu.F., morozyf@kscnet.ruMoroz T.A., Institute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Pettopsk-Kamchatsky, 683006, Russia
Smirnov S.E.,Institute of space physics and radio wave propagatiar East Division, Russian
Academy of Sciences, Paratunka, Kamchatka regiossi®

Fig. 5.2.4.1. The time series of the real and imagi parts of tipper at periods of 300, 1000, 3G0Q®)
10000 s.
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Using electromagnetic monitoring data it was essabd that the electrical conductivity of
the lithosphere in the subduction zone changamia over the year period. These changes mostly
occur in crustal conductive layer. Annual variatadrihe electrical conductivity of the lithosphere
can be caused by turning of the Earth around time Bhich is manifested by the annual cycles in
the fracturing of the lithosphere, the degree tirsaion of the hydrothermal fluids and the degree
of tier mineralization. This result is important fgeodynamics and volcanology when studying
processes associated with earthquakes and volearptions (Fig. 5.2.4.1).

Moroz, Y. F., Moroz, T. A., & Smirnov, S. E. (20IR¢sults of monitoring the geomagnetic
variations at the Magadan and Paratunka observa®rilzvestiya, Physics of the Solid
Earth, 47(8), 698-710. Doi: 10.1134/S1069351311@B00

5.2.5.The relationship between electrical conductivity othe lithosphere
and earthquake

Moroz Yu.F., morozyf@kscnet.ruMoroz T.A., Institute of Volcanology and Seismology, Far
East Division, Russian Academy of Sciences, Pettopsk-Kamchatsky, 683006, Russia

The data of long-term electromagnetic monitoring ased for studying the dynamics of
electric conductivity of the medium and the elecfreld of the terrestrial sources. The electric
conductivity of the medium is estimated from thegmetotelluric transfer functions (impedance
tensor and telluric tensor). The electric fieldtefrestrial sources is identified by filtering the
variations of the observed electric field of thertBaThe magnetotelluric parameters and the
electric field of terrestrial sources feature antwua changes of supposedly earthquake-related
origin. The anomalies associated with the samégaake are not simultaneous. It is shown that
these anomalies are generated by processes occatrdifferent depths. The strong earthquake is
preceded by the appearance of surface anomaliesbeanths before the event and accompanied
by a deep coseismic anomaly. The probable natutteeaiecognized anomalies is discussed.

Fig. 5.2.5.1. The comparison of the impedance phagk the intensity of the electric field (E), and the
modulus of the telluric tensor component (tyy). Teeurrence time, the magnitudes, and the datdseof
strong earthquakes are shown by the arrows omntigeaixis.
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Moroz, Y. F., & Moroz, T. A. (2012). CorrelationtbEé anomalies in the electric field and electric
conductivityof the lithosphere to earthquakes in Kamchatkadtiya, Physics of the Solid
Earth, 48(4), 287-296. Doi: 10.1134/S10693513120000

5.2.6.Geophysical monitoring of stress-strain state of t# geological
environment

Gavrilov V.A., vgavr@kscnet.ru Morozova Yu.V., morozova@kscnet.ru Institute of
Volcanology and Seismology, FEB RAS, Petropavl&askehatsky, Russia

Panteleev I.A. Institute of Continuous Media Mechanics, UrB RA& R, Russia

Ryabinin G.V., Kamchatka Branch of Geophysical Survey of RAS opatiovsk-Kamchatsky,
Russia

Bogomolov L.M., Institute of marine geology and Geophysics, FEB RAghno-Sakhalinsk,
Russia

Zakupin A.S., Sientific station RAS, Beshkek city, Russia

This work presents the results of studies of a ighydasis of modulating effects of
continuous exposure to electromagnetic radiationntensity of geoacoustic processes in real
geological media. The study is based on data frang-term borehole geoacoustic,
electromagnetic, hydrogeochemical and hydrogeodimameasurements performed in the
Petropavlovsk-Kamchatsky geodynamic polygon. Thbeas have analyzed the physical reasons
for the high correlation of the RMS signals of gemastic emission and external electromagnetic
radiation at intervals of background seismicity amekstigated the physical mechanism of the
effect of degradation of geoacoustic emission rnespdo the electromagnetic effects observed at
the time of relatively close strong earthquakes.

Fig. 5.2.6.1. Results of complex borehole measunésria time vicinity of the Tohoku mega-earthquake:
(a) — water outflow of Borehole GK-1, averagingem@al — 14 days; (b) — RMS of GAE at 1012 m; (c) —
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water mineralization of Borehole G-1, averagingiuél — 14 days; (d) — water mineralization of Bure
GK-1, averaging interval — 14 days; (e) — levebatkground EMR, averaging interval — 20 days. Dark
arrows point at earthquakes of 5.5in the zone of 550 km.

The nature of GAE response to external EMR in #atdrated geological media is defined
by the values of density of the summed currentghmey the values of DEL charges on the borders
of fluid and solid phases. Generally a densitynefsummed current is a sum of three vector values
— density of conductivity current, density of dgfue current and density of current of electro-
kinetic nature. Regularities of changes of summadlent are considerably connected with a
stress-strain state of the geological media.

For seismically quiet periods changes of inteneitygeoacoustic processes are directly
connected with changes of intensity of externatteilefield and conductivity of rocks around a
borehole (Fig. 5.2.6.1). It explains the physiealgons of high correlation of RMS values of GAE
and EMR on such time intervals. Conductivity of kedhus acts as the parameter defining
geoacoustic sensitivity of the geological medianftuence of external electric field.

Effect of degradation of GAE response to the infkee of EMR in time vicinity of
relatively close strong earthquakes is related weadse in conductivity and porosity of rocks
around a borehole at a stage of compressive stress.

At a stage of dilatancy increase of the volumedoks surrounding a borehole, a significant
increase of amplitudes of GAE response to extezledtromagnetic influence takes place. The
physical reasons of the specified effect are camaeeith abrupt increase of a gradient of capacity
of the current, increase in porosity of the geatagmedia, growth of fluid saturation and increase
in specific conductivity of rock, characteristia fihe specified stage of stress-strain state of the
geological media.

Gauvrilov, V.A., Panteleev, |.A., Ryabinin, G.V.M®rozova, Yu.V. (2013) Modulating impact of
electromagnetic radiation on geoacoustic emissibmmocks. Russian journal of Earth
sciences, 13(1): ES1002, 1-16. Doi: 10.2205/20188527

Gavrilov, V. A., Bogomolov, L. M., & Zakupin, A.(8011). Comparison of the geoacoustic
measurements in boreholes with the data of laboyatnd in-situ experiments on
electromagnetic excitation of rocks. Izvestiya, $ttg/ of the Solid Earth, 47(11), 1009-
1019. Doi: 10.1134/S1069351311100041

5.2.7.The long-term earthquake forecast for the Kuril-Kamchatka arc

Fedotov S.A, karetn@list.ry Institute of Volcanology and Seismology, Far Eastidion,
Russian Academy of Sciences, Petropavlovsk-Kankgh&83006, Russia. Institute of Physics of
Earth, Russian Academy of Sciences, Moscow, 128a8sia

Solomatin A.V.,alf55@mail.ry Chernyshev S.D.chernsd@gmail.copinstitute of Volcanology
and Seismology, Far East Division, Russian Acadefhiyciences, Petropavlovsk-Kamchatsky,
683006, Russia

More 40 years ago a number of essential regularitées been noted by S.A. Fedotov at
research of the Kuril-Kamchatka seismogenic regagamicity. Major of them are «seismic gaps»
and «seismic cycle» of the strongest earthquake4965-1968 the method of the long-term
earthquake forecast for the Kuril-Kamchatka regaod Northeast Japan on the basis these and
some other regularities has been proposed by &dotbv [1]. This method is successfully applied
till now.

The values of the seismic process parameters émiqus 5 years in the most seismically
active strip of the Kuril-Kamchatka seismogenicioag(total length of 2100 km, width 100 km
and depths of the hypocenters of 0-80 km) arertitialibasis for the specified method long-term
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earthquake forecasts. Now a number of values foar2ds, comparable on the size with the
strongest earthquakes areas, for the following fi&tars is predicted:

the seismic cycle phase (I - the previous strongaghquake aftershock period, Il - the
long stable seismic energy accumulation phase; tlle seismic activation before the following
strongest earthquake);

the seismic gaps locations - areas in which astashgest earthquake was more than 80
years ago;

the expected seismic activityi#(the rationed number of the weak, Ks=10 or M=3.6,
earthquakes);

the magnitude of the average magnitude earthquakbkgh are expected with the
probability equal to 0.8, 0.5, and 0.15;

the magnitude of the expected strongest earthquakashe probability of the M 7.7
earthquakes.

The D parameter (a released seismic energy rativaeg) and A1l (a seismic activity
defined on the basis of the average earthquakéskgit11l or M=4.3) are used together with the
A10 parameter.

The seismic process has the complex, unstableatbagt the Il phase. It is accompanied
by the short-term quiescence periods. Neverthelees,eceived for the extensive time and area
intervals data show, that within the last 5-10 gexdithe seismic cycle the essential seismic psoces
activation is observed. This fact is the basidlierseismic gaps danger definition. The Il seismic
cycle phase probability for the seismic gaps ispprtonal to 1-B = 1-P(A10)*P(D)*P(A11l),
where P(A10), P(D), and P(All) are the acciderpglkarance probabilities for the observable
values A10, D, and Al1l at the Il (quiet) seismicleyphase.

The earthquake forecasts are updated twice a yeaor@ often. Their results are compared
to the other methods forecasts data.

For the more than 40-year-old period of the methpglication the following strongest
earthquakes have been successfully predicted: ahiglands (1969, 1973, 1978, 1994 and 2006),
on Kamchatka (1971 and 1997). All these earthquhlked the seismic gaps among the 2-3 most
dangerous ones.

The last published forecast has been given in @ctd®10. It has confirmed the earlier
conclusions concerning the extremely high seismingda for the Petropavlovsk-Kamchatskiy
city.

From the method initial time it was applied alsahe strongest earthquakes forecast in the
Northeast Japan region. The place of the strorgegiquake 1968 near the island Honshu forecast
was the first success of the method.

Afterwards the method was successfully used in 20@de retrospective Hokkaido 15.XI
2003, M=8.1 earthquake forecast, and in 2005 atcaction of the long-term earthquake forecast
for 2005-2010, when the extensive seismic gap heashu island has been detected (this gap
was filled 11.111 2011 by the M = 9 catastrophictbguake).

In connection with the earthquake 11.111 2011 egalal aftermath, when the atomic power
station blocks in a province Fukushima (Japan) wiamaged, it is necessary to notice, that in
1975-1976 under the director of Institute of Vololgy of S.A. Fedotov insisting the
inadmissible dangerous building of an atomic postation near to Petropavlovsk-Kamchatsky
has been stopped. The correctness of this dedsioonfirmed by the last long-term earthquake
forecast. The important part of the long-term eardlkg forecast method, concerning the
probability of the strongest earthquakes foresharid aftershocks estimation - «the foreshocks
and aftershocks scenario», was offered in 1994jumtified in practice. These estimations can be
used at planning of the activity, concerning thisree safety as directly ahead of the strongest
earthquake - in the form of its short-term forecast after it - for the danger aftershock estiorati
at the rescue and restorative works.

This long-term earthquake forecast method can bed wsother, similar on seismotectonic
conditions, regions, and also for the long-terrmésui forecast.
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The long-term earthquake forecasts data have bgmoriant as arguing for taking advance
measures for seismic safety, seismic protectiod,ratrofitting. On their basis in 1986-2001 it
were issued 6 of the USSR, RSFSR, and the Russder&tion Governmental Decisions and
Orders. In 2006-2008 a number of the Commissiorssdeen given by the Presidents of the
Russian Federation V.V. Putin and D.A. Medvedev garpose of enhancing the earthquake
resistance of residential buildings, major faahtj life-support systems of the Kamchatsky Kray
(Kamchatka area) and the Sakhalin area in 2009-211i8 works have begun in Petropavilovsk-
Kamchatsky since October, 2010.

Fedotov, S. A., Solomatin, A. V., & Chernysheld.$2011). A long-term earthquake forecast for
the Kuril-Kamchatka arc for the period from SeptemB010 to August 2015 and the
reliability of previous forecasts, as well as thapplications. Journal of Volcanology and
Seismology, 5(2), 75-99. Doi: 10.1134/S074204630022

Fedotov, S. A., Solomatin, A. V., & Chernysheld.$2012). A long-term earthquake forecast for
the Kuril-Kamchatka arc for the period from SeptemB011 to August 2016. The likely
location, time, and evolution of the next greattequake with M 7.7 in Kamchatka.
Journal of Volcanology and Seismology, 6(2), 65838: 10.1134/S0742046312020029

5.2.8.Investigations of the atmospheric electric field

Marapulets Yu.V., marpl@ikir.ruLarionov I.A., Mishchenko M.A., Institute of Cosmophysical
Research and Radiowave Propagation, Far East BrarRRhssian Academy of Sciences,
Kamchatsky krai, Paratunka, 684034 Russia

Rulenko O.P.,rulenko@kscnet.rulnstitute of Volcanology and Seismology, Far Eastngh,
Russian Academy of Sciences, Petropaviovsk-Kankgh&83006 Russia

Fig. 5.2.8.1. Behavior of relative strain in nearface rocks, , its rate, , acoustic pressufeS in the
frequency range of 0.7-2.0 kHz, gradient of eledigld’'s potential V', wind speedU, and atmospheric

pressurePa, on October 14 (a), 16 (b), 15 (c), and 18 (dPXd he increase incorresponds to extension;
the decrease, to compression.
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During the period of October 1-18, 2009, 41 km bwaaist of Petropaviovsk-Kamchatsky,
in the intersection zone of tectonic faults of was orders, simultaneous recording of the
geoacoustic emission, gradient of the atmosphéire field’s potential, strains of the Earth’s
surface, atmospheric pressure, wind speed, andntainsity was made. It was found for the first
time that anomalous disturbances of high-frequgenacoustic emission and atmospheric electric
field near the Earth’s surface originate as a diamglous response to extension of near-surface
sedimentary rocks. In the case of compression, distyrbances of geoacoustic emission occur.
Anomalies were recorded under quiet weather camditand with rocks strains being two orders
greater than those of tidal ones (Fig. 5.2.8.1).

Marapulets, Y. V., Rulenko, O. P., Larionov, I. & Mishchenko, M. A. (2011). Simultaneous
response of high-frequency geoacoustic emissioraémadspheric electric field to strain
of near-surface sedimentary rocks. Doklady Eartier8mes, 440(1), 1349-1352. Doi:
10.1134/S1028334X11090285

5.2.9.The finite-element method application for geophysial data

Dolgal A.S., dolgal@mi-perm.ru Michurin A.V., Novikova P.N., Christenko L.A.,
Sharkhimullin A.F., Mining Institute of Ural branch of RAS, Perm, 6140Russia

Balk P.1., Berlin, Germany

Demenev A.G.Permian State National Research University, Perid, 980

Rashidov V.A., rashidva@kscnet.rulnstitute of Volcanology and Seismology FEB RAS,
Petropavlovsk-Kamchatsky, 683006, Russia

Fig. 5.2.9.1. Magnetic field of the submarine vaolees.1 (Kurile arc) & and results of solving of the
inverse problem of the magnetic by the mountinghmefor three gals (b-d);— source field2 — modelled
field.
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In this research we consider finite-element intetggion technologies of gravity and
magnetic data which are used to construct soureeapproximations of fields and to determine
parameters of field sources. A new algorithm ofreewise approximations of gravity field is
described in the paper. The computation procesgesig solution of series of problems of one-
dimensional optimization resulting in good matclob$erved and modeled fields with the number
of sources lesser than the number of field poiFite main characteristics of assembly method for
solution of inverse gravity problem and the compaitcircuit are represented in the article. We
suggest a new method of calculation of reliabgisgimation for interpretation of constructions on
the basis of guaranteed approach. A new algoritbomditermination of configuration of
anomalous objects on interval value assignmendak density (magnetization) is introduced in
the paper. The article shows that application ghkperformance computer clusters is productive.
Model and practical examples for modeling of sosreegeopotential fields are described (Fig.
5.2.9.1).

Dolgal, A. S., Balk, P. I., Demenev, A. G., Michur\. V., Novikova, P. N., Rashidov, V. A,,
Christenko, L. A., & Sharkhimullin, A. F. (2012heTfinite-element method application
for interpretation of gravity and magnetic data. IBtin of Kamchatka regional
association "Educational-Scientific Center". Easitiences, 1(19), 108-127. (In Russian).
http://www.kscnet.ru/kraesc/2012/2012_19/art8.pdf

5.2.10. Geodynamical models of deep structures

Rodnikov A.G., Zabarinskaya L.P., Sergeyeva N.AGeophysical Center of the Russian
Academy of Sciences, Moscow, Russia

Rashidov V.A., rashidva@kscnet.rulnstitute of Volcanology and Seismology FEB RAS,
Petropavlovsk-Kamchatsky, 683006, Russia

Numerous natural disasters, which have occurreddent years, require the development
of a new approach in research of modern geologicadesses. One of the directions of research
in this domain of science includes creation of g@aanic models of the crust and upper mantle
structure using the results from geological andpygsical studies. The area of research includes
the transition zone between the Eurasian contiardtthe Pacific Ocean. Geodynamic models of
deep structure were constructed for the Sea of Bkh&ea of Japan, Philippine Sea and South
China Sea regions, characterized by high seismicéguent volcanic eruptions and other natural
hazards. The construction of these geodynamic reoslat based on the results of geological,
geomorphological, seismic, seismological, petralaljigeothermal, magnetic, electromagnetic
and gravimetric researches; in addition the veakxitof GPS stations and paleotectonic
reconstruction were used for this. The developmoérgeodynamic models of the deep structure
of natural disaster regions can make a significantribution to the general program studying the
deep structure and geodynamic situation of thearebeareas, essential for a further assessment
of risks in this or that zone and development cbremendations.

Rodnikov, A.G., Zabarinskaya, L.P., Rashidov, V8ASergeyeva, N.A. (2014) Geodynamical
models of the deep structure beneath the natuissstier regions of active continental
margins. Moscow: Scientific World, 172(In Russian)http://www.gcras.ru/?p=3046

5.2.11. New model of the magma chamber

Vikulin A.V., vik@kscnet.ru, Akmanova D.R., akmanova.dinara@mail.rulnstitute of
Volcanology and Seismology, Far East Division, Rus#&cademy of Sciences, Petropavlovsk-
Kamchatsky, 683006, Russia
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In the frame of block representations on crustcstme a fundamentally new model of
thermal overheating of the magma chamber, locatédnathe earth's crust has been proposed.
The model that was the basis, developed in magesicience for solid materials with intensive
plastic deformations. These deformations at sloat Bak can lead to significant heating of the
zone of plastic deformation until fracture of thedg. The main arguments of the model are as
follows.

The magnitude of localized plastic deformation megch high values in slide zonel,
and becomes close to zero outside such zon8s,When the deformation rate of exponential
manner depending on voltage and temperature, dstipldeformation can lead to temperature
increases in the region of its localization at éxpense of heat dissipation. In the case of small
values of diffusivity, when compensation of heatdages not occurs, the temperature in the zone
of intensive plastic deformation will continue irase until the output mode of the thermal self-
acceleration, which, usually, go to the destructbthe deformable part of the body, often as a
result of its melting.

The thermodynamic calculations of the solid-stafgesheated above the melting point of
the magma chamber, located at the depth boundafridse crystalline basement H = 5-6 km
(Kamchatka) were carried at low thermal condugtivitf the earth's crust. When in this
"superheated" chamber "germ" of the liquid phasecizur, in its solid part and adjacent to the
chamber earth's crust created by the elastic sse$% = 2,4-109 Pa. These elastic stresses are
more than an order of magnitude above the lithizspaéssure P, = 16 Pa. In our model of the
magmatic chamber the conditiorP >> P, is correct. It means that the thermodynamic
conditions of the processes in superheated solichbler is determined by the phase transition of
magma "solid state — melt", which is accompanie@ bglume increase, and does not depend on
lithostatic pressure. This is an important condaswhich enables a fundamentally new approach
to the interpretation of the process of eruption.

This research proves the hypothesis of a constahiralependent of the volcanic process
thickness of the magma chamber as a property dEdnth crust. This idea is based on the most
common distributions describing volcanic erupti¢recurrence curves, the squares, volumes of
erupted material). The hypothesis is discusseelation with the concept of block geomedium
and its wave geodynamic movements.

Vikulin, A. V., & Akmanova, D. R. (2014). Magma roib@r as a property of the Earth crust.
Bulletin of Kamchatka regional association "Eduocatl-Scientific Center". Earth
sciences, 1(23), 213-230. (In Russian).
http://www.kscnet.ru/kraesc/2014/2014 23/art17.pdf

5.2.12. Wave volcanic processes

Vikulin A.V., vik@kscnet.ry Akmanova D.R., akmanova.dinara@mail.ruDolgaya A.A.,
adolgaya@kscnet.rulnstitute of Volcanology and Seismology, Far EBstision, Russian
Academy of Sciences, Petropavlovsk-Kamchatsky 068 Russia

Vikulina S.A., Kamchatka branch, Geophysical Survey of the Ras&@demy of Sciences 9,
Boulevard Piip, Petropaviovsk-Kamchatsky 68300&sRu

This research was based on author’s catalogueipfiens includes data on 627 volcanoes
of the planet, which cover 6 850 eruptions in tokebugh the past 12 thousand year, i.e. from
9650 BC to 2013. The energy characteristics ohgagkes are magnitudes, M, and of eruptions
values W, where W = 1, 2, ..., 5, ..., 7 corresptnédjection volumes 16, 108, ..., 1, ..., 18
km?.

In studies of spatial and temporal distributiongweénts, such a configuraion of the zones
(Lmax>> ) allows using two coordinates instead of threerdimates (latitude, longitude, and
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time) of the plane with axes ‘distance along thiéleagthl (O | LmaX —timet (0 t Tmay, Where
Tmax — maximum duration catalogs of earthquakes &nd volcanic eruptionsf). Sets of the
nodal points are determined for the most activasafeith the largest clusters of events), and thus
they typically follow the junction lines of tectanplates and the highest amounts of the volcanoes
andearthquake sourc€Big. 5.2.12.1).

Fig. 5.2.12.1. Active zones of the plangilulin, et al., 201l 1 — earthquake foci2 — volcanoes with
eruptions;3 — lines along the axes of the belts in referencehich coordinates of earthquakes and
volcanoes are calculated— terminations of zoned.i(= O; Li, maX (i = 1 — the Pacific margin;= 2 —
Alpine-Himalayan belti = 3 — Mid-Atlantic Ridge).

Lengths of the three most active belts of the Emmtrdetermined as follows (Fig. 5.2.12.2):
the Pacific margin from Buckle Island Volcano (Amtica) L1=0 to Desepson Volcano (South
Shetland Islands) k1,max=45 000 km; the Alpine-Himalayan belt from Timolaisd (Indonesia)
L>=0 to the Azores +,,max=20 500 km; the Mid-Atlantic Ridge from South Samclwislands
(South Atlantic)L3=0 to Iceland Island (North Atlantic) ks,max=18 600 km.

The events in the chains demonstrate the lineaerdgmce between time of their
occurrence and coordinates along the belt. (F&y13.2). The inclination of this line characterize
the rate of movement of volcanic eruptions in spaoe time, which means rate of migration of
volcanic activity (V).

Fig. 5.2.12.2. Examples of migration chainsvV. 5 within the Pacific margin; B)V 4 within the Alpine-
Himalayan Belt; cW 4 within the Mid-Atlantic Ridge. Migration velocit&V for this chaingorrespond
toV = 90; 20; 2 km/year, respectively.
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Within all energy ranges for all studied regiongedted a large number of migration
chains, which allows us to assume that migrati@ndbaracteristic feature of the volcanic activity
of the Earth. The parameters of all the identifeddhins of seismic and volcanic activity are

presented in the Table.1.

Table 1. Parameters of migration chains of volceniptions revealed in the regions under study

Wk | p | Nx N| T+ T,year | L+ Lkm | V% V kmlyear
The Pacific margin
W 1 97 50 + 16 2692 + 3175 20468 + 6956 62 + 50
w 2 90 44 + 17 2833 + 3256 19768 + 8098 53 + 43
W 3 54 25+ 9 4155 + 3585 18014 + 7789 27 = 30
W 4 34 15+5 4953 + 3058 15996 + 5708 9+ 10
W 5 19 10+ 3 5400 + 2406 18426 + 6179 12 £ 15
W 6 12 5+1 5534 + 2387 11998 + 6389 2+1
The Pacific margin
W 1 38 31+17 475 + 465 3401 + 25868 10+4
W 2 33 27 + 14 475 + 465 3586 + 285¢ 9+3
W 3 11 11+5 747 + 470 3010 + 2103 4+2
W 4 5 5+£1 877 + 618 6034 + 5642 5+£2
W 5 2 5+2 4336 + 455 6936 + 6909 1+1
The Pacific margin
W 1 26 12+8 2855 + 3293 5570 + 3682 27 + 33
w 2 24 11+7 3061 + 3407 5476 + 3756 29 + 35
W 3 12 10+7 5217 + 3857 3282 + 2565 25+ 3
W 4 6 11+6 6214 + 3304 4807 + 2115 1+0.6
W 5 3 5+£3 7087 + 1747 43 £ 28 0.002 + 0.001

W — ‘energy’ of eruption;p — number of revealed migration chaii$;— average number of volcanic
eruptions in a migration chain; — average timeline of a migration chain (year): average length of a
migration chain (km)V — average migration velocity of volcanic eruptiarfsvarious ‘energy’ ranks
(km/year).

It was found that the logarithm of velocity of thelcanic activity migration LgV within
studied belts are relate to W characteristic (5i8.12.3)
W (-3.1+0.6hbgV; W (-3.9+£1.0bgV; W (-0.8 + 0.2)gV

Fig. 5.2.12.3. Migration velocity of volcanic eruptions vs. energy characterig#ica) Pacific margin; b)
the Alpine-Himalayan Belt; c) Mid-Atlantic Ridge

Presented here data obtained on a large statisti&i@rial. Despite the fact that there are
eruptions of various different types of volcanobattare located in regions with different
geodynamic conditions, and each value of the vilosas determined with a wide range of
deviations, the mean values of the rates of migmashow a linear dependence on the energy
performance of eruptions.

Slopes of volcanic curves LgyWiW, showing specific features of migration of @ahic
eruptions, are negative. Such a decrease of nograglocity of volcanic eruptions with increasing
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values of W seems to be related to tension streggi@s all the volcanic belts; the tension stresse
are caused by magma penetration from the deptlkghwdonfirms the wave origin of volcanic
process. This allows us to use the physics of waweesses to create models that describe the
distribution of volcanic eruptions in space andeiim

Vikulin, A. V., Akmanova, D. R., Vikulina, S. A.D&lgaya, A. A. (2012) Migration of
seismic and volcanic activity as display of waveodymamic process. Geodynamics &
Tectonophysics. 3(1). 1-18. Doi: 10.5800/GT-20112R58

Dolgaya, A. A., Akmanova, D. R., Vikulina, S. AVikulin, A. V. (2012) Volcanism as a
wave process. Conference ,Volcanism and rekatedcgsees”,Petropavliovsk-Kamchatsky,
Institute of Volcanology and Seismology FED RAS1220p. 112-115. (In Russian).
http://www.kscnet.ru/ivs/publication/volc_day/204r218.pdf

Dolgaya, A. A., & Vikulin, A. V. On modeling of #hestematics of the geodynamic process
/I Academical Journal of Western Siberia, 20140v.16 (55). p. 30-31. (In Russian).

Vikulin, A. V., & Melekestsev, I. V. Akmanova DRgaya A.A. Vaschenko N.A. Catalog
of seismic and volcanic events // The certificateda@tabase registration 2014620569 by
17.04.2014.
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