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The Klyuchevskaya Group of Volcanoes (KGV) is the most powerful volcanic center of island
arcs and subduction zones of the world. Several significant results derived since the 1960s have
been reported, emerging from the study of magma sources, eruptions, earthquakes, deformations
and deep structure of KGV [Fedotov, et al., 2010(1); Fedotov, et al., 2010(2)].

The first evidence for the magma chamber of Klyuchevskoi Volcano has been published by
G.S.Gorshkov in 1956 [Gorshkov, 1956]. He studied attenuation of shear waves from Japanese
earthquakes and found that the probable magma chamber is in the upper mantle beneath the volcano
at a depth of about 60 km.

In later decades an anomalous, nearly vertical column-like zone 2 km in diameter extending from
50 km depth was identified by geophysical methods. An andesite magma chamber was found at a
depth of 10-20 km beneath the Bezymyannyi Volcano; this chamber is connected with the magma
conduit of the basaltic Klyuchevskoi Volcano.

Fundamental scientific results were derived from comprehensive studies of the Great Tolbachik
fissure eruption [GTFE]. It occurred between July 6, 1975 and December 10, 1976. On
seismological data, rise of deep basalts occurred within 10 days before eruption from depth of 10-20
km. From the top of caldera Ploskii Tolbachik 0.35 kM’ megaplagiophyre basalts of the previous
eruptions sank down into magmatic feeding system. In the feeding magmatic chambers and
channels there was a mixture of two types of basalts. By calculations, the volume of that part of
magmatic feeding system KGV from which there was an outflow of magmas during GTFE is
estimated by size (1.6-4.0)10° km®. During of eruption stops crust earthquakes appear under most
parts of KGV. It showed that under all KGV there was a system of the interconnected magmatic
chambers.

Subsidences of the earth surface after eruptions are noted also on the volcano Bezymmyannyi.
According to the leveling executed in 1978 and 1987 along a profile, laid at distance 5 km from
volcano subsidence of the earth surface to 50 mm was noted. On these data the centre of magmatic
pressure under the volcano Bezymmyannyi was on the depth 9.5 km.

The repeated leveling survey executed on a radial profile located on the NE slope of the
Klyuchevskoi volcano also marked sign-variable vertical displacements: rise before preparation of
eruptions and putting down of the earth surface after the summit eruptions.

Estimations of the sizes of the intermediate and peripheral chambers of the Kljuchevskoi volcano
were received at processing of geodetic data about vertical displacement on slopes and the volcano
foot in 1982-2010. It was accepted, that deformations on a surface were created by changes of
effective pressure in two chambers, the intermediate and peripheral ones which depths are equal 25
and 3 km. Average volumes of the intermediate and peripheral magmatic chambers have appeared
equal 156.2 and 30.7 xm’, the volume of intermediate chamber is approximately in 5 times more
then peripheral one.

Seismotomography methods are applied for studying of a structure and properties of the earth
crust and the mantle, the magmatic chambers and magmatic feeding systems of volcanoes under
KGV. Received seismotomography data confirm that the deep source of substance and energy of
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magma formation is located at the top border of a seismofocal zone or plate. The area enriched by
melts stretches upwards to the earth crust through the asthenosphere. On level-by-level maps and
vertical sections of seismic velocity anomalies for the depths of 0-40 km, the probable arrangement
of the magmatic chambers of active volcanoes, possible zones of magma movement and the
solidified chambers in the earth crust under KGV are visible. There are intensive anomalies under
all KGV. The low velocities are observed on depths of 25-35 and 0-10 km under the Kljuchevskoi
volcano.

The geophysical model of modern magmatic feeding system of KGV is constructed [Fedotov,
etc., 2010(1); Fedotov et al., 2010(2)].
1. Depths about 160 km under KGV, the upper part of a plunging Pacific plate.
An energy source and fluids necessary for magma origin are here.
2. Depths of 160-40 km, the asthenosphere. A partial melting, formation of picritic magmas,
gravitational convection, and rise of diapires and asthenosphere magmatic columns occur here.
3. Depths of 40-25 km, the crust-mantle layers. The excess pressure of ultramafic magmas should
be maximum. Here at a base of the lithosphere intrusions and main accumulation of magmas occur,
first of all, in the intermediate chamber of the Klyuchevskoi volcano where it is accompanied by
many small long-period earthquakes.
4. Depths of 25-5 km, earth crust. The rise of magmas to the Klyuchevskoi volcano, to other
volcanoes and differentiation of magmas, the crust magmatic chambers of the andesite volcano
Bezymmyannyi and of the basaltic volcano Ploskii Tolbachik are here. These main active volcanoes
of KGV located in its average part are stretched along the axis of volcanic belt of Kamchatka. On
depths of 35-5 km under all KGV is located a big complex system of the connected magmatic
chambers which total volume can exceed 1900 xv’.
5. Depths of 5-0 km, the upper part of the crust and the volcano edifices over them. The
formation of magmas and the accumulation of magmas of summit and adventive eruptions of the
Klyuchevskoi volcano, intrusion over numerous dikes and sills from its feeding channel occur here.
Volume of the peripheral magmatic chambers of KGV volcanoes is 10 times less than intermediate
ones. Under summit caldera of the volcano Ploskii Tolbachik is found its peripheral chamber,
volume 50 ku°.
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Kirouesckas rpynmna BynkanoB (KI'B), nHaxonsamasics Ha Kamuarke B ceBepHoit yactu Kypuiio-
KamuaTckoro ByJTKaHHYECKOTO MOsica, SBISETCS OJHUM M3 HauOoliee MOIIHBIX BYJIKaHUYECKUX
LEeHTpoB Mupa. [IpuBoauTcs psia MoKa3aTENbHBIX PE3yJbTaToB, NOIY4YeHHBIX ¢ 1960-X ronoB mpu
W3Y4YeHHH UCTOUYHUKOB Marm, U3BEP>KEeHUH, 3eMieTpsiceHuil, neopmMannii 1 riyOUHHOTO CTPOCHUS
KI'B [@enoToB u ap., 2010; Fedotov et al., 2010].

[lepBrie nanHbie 0 MarmaTHueckoMm ouare KiroueBckoro BynkaHa ObutH omyOnukoBanbl [.C.
lNopmikoBbiM B 1956 r.[T'opuikos, 1956]. On Hamen no gaHHBIM 00 SKpaHUPOBAHUU IONEPEUHBIX
BOJIH SIMOHCKUX 3€MIIETPSICEHHIA, YTO ATOT OYar HaXOJIUTCS B BEpXHEH MaHTHH HA TIyOMHE OKOJIO
60 kM.

B nmocnenytomue aecarunetust reopuznuecKuMu MeTtoaaMu noj KiroueBcKkuM ByJIKaHOM ObLia
BBIJICJICHA aHOMaJbHAs, IIOYTH BEPTHKAJIbHAas CTOI0000pa3Has 30Ha TOMEPEYHHKOM 2 KM,
nogHuMaromasics ¢ rnyounsl 50 km. Ilox Bynkanom besbiMsHHBIM Ha rayOune 10-20 kM
OoOHapy»XeH aH/JIC3UTOBBI MarMaTWYeCKUH Odar, COSHUHSIONIMICS C MarMoBOJOM 0a3aibTOBOTO
KiroueBckoro Bynkasa.

Baxwneiimue cBeneHuss ObUTM TOJYYEHBI TPU BCECTOPOHHHMX HCCIEAOBaHUSAX boibmioro
tpemmHHoro Tonbaunnckoro wusBepxkenus (BTTU), koropoe mpoucxomauno c 06.07.1975 no
10.12.1976 r. Ilo ceificMONIOTHYECKUM JaHHBIM, MOABEM TIYyOMHHBIX 0a3aJbTOB MPOMCXOIMI B
teuenue 10 mgHEW mepen u3BepxkeHueM c¢ rayounsl 10-20 kM. 3 BepmmHHOM Kanbaepsl [lnockoro
TonGaunka OMyCTHIOCh B MArMATHYECKYIO THTAIOMyI0 chcTeMy 0.35 KM Merararno(upoBBIX
0a3aJbTOB MpEAbIAYIIUX HU3BEpXKEeHHH. B mHuTaommx MarmMaTMY4eCKMX ovarax M KaHajiax
MIPOUCXOJWIIO CMEIIEHUE JIByX TUNOB 0a3anbToB. [lo pacueram, 00beM TOW 4acTH MarMaTU4ecKOu
nutatomed cucteMbl KI'B, u3 kotopoil npoucxoaun ortok marm Bo BpeMsa BTTHU, onenuBaetcs
Besmannoi (1.6-4.0) 10° kv’ IIpu ocTaHOBKaX U3BEPKEHUS HAUMHAIUCH KOPOBBIE 3€MIIETPSICCHUS
nox Oonemmeit yacteto KI'B. D10 ykaswsBasio Ha TO, uto moxa Bced KI'B naxomurcs cuctema
B3aMMOCBSI3aHHBIX MAarMaTU4ECKUX OYaroB.

[Ipocenannsi 3eMHOM MOBEPXHOCTH IIOCJIE W3BEPKEHHI OTMEUEHbl TaKXE€ Ha BYyJKaHE
be3piMaHHbIN. [0 naHHBIM HUBEIMPOBOK, BBINOJHEHHBIX B 1978 m 1987 rr. Boomp Tpaccel,
MPOJIOKEHHOM B 5 KM MO KacaTelbHOW K BYJIKAHY, OTMEYEHBI OMyCKaHUs 3€MHOU MMOBEPXHOCTHU 10
50 mm. Ilo »TMM JaHHBIM LEHTP MarMaTHYECKOrO JAaBJIEHUS IOJ BYJIKaHOM be3pIMAHHBIN
HaxOJUJICS Ha TIIyOuHE 9.5 KM.

MHoroKkpaTHble TOBTOPHbIE HAOJIOACHNUS, BHIIOJHEHHBIE HA PAJAUATBHOM K BYJIKaHy IpoQuie Ha
CB ckione Bysnkana KiroueBCkoH, Takke OTMEYar0T 3HAKOIIEPEMEHHBIE BEPTUKAJIbHBIE CMEIICHUS:
NIOABEMBI IIE€pel IOATOTOBKONM W3BEPKEHMM M OIYCKAHUA 3€MHOM IIOBEPXHOCTH IIOCIE
MpEeKpamieHus U3BEPKEHUH.

OneHkH pa3MepoB MPOMEXYTOYHOTO M mnepudepuyeckoro oyaroB KirroueBCKOro ByJKaHa
MOJIy4€HbI TpU 00pabOTKE reo/Ie3MYeCKUX MAHHBIX O BEPTHKAIbHBIX CMEIIEHUSX HAa CKJIOHAX U
o HOXbe BynkaHa B 1982-2010 rr. beuio npunATo, uTO NedopManuy Ha MOBEPXHOCTH CO3AAIOTCS
W3MEHEHUAMU 3>(PPEKTUBHOTO IaBICHUA B JBYX IIEHTpaX, MPOMEXKYTOYHOM M mepudepuueckoMm
oyarax, rIyOMHBI KOTOpPBHIX paBHBI 25 u 3 kM. CpeaHue BEeTHMYUHBI 0OBEMOB MPOMEKYTOYHOTO U
nepueprudeckoro MarMaTUYeCcKMX OdYaroB OKasajduch paBHbIMH 1562 wu  30.7 KM,
MIPOMEKYTOYHBIN ouyar o 00beMy MpUMEpHO B 5 pa3 0oblie nepupeprudecKkoro.
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JUia u3yuyeHus CTpPOEHHs] M CBOMCTB 3€MHOW KOpbl M MAHTHUH, MAarMaTU4ecKuX OYaroB u
MarMaTU4ecKUxX MNUTalmMX cucreM  ByinkaHoB 1noj KI'B  mpumenstorcs  mMeTobl
ceiicMoromorpaduu. [lomyueHnble ceficMoToMorpadudeckne HaHHBIE MOITBEPKIAIOT, YTO
TIIyOMHHBIN MCTOYHUK BEIIECTBA M SHEPTUM MAarMoOOpa30BaHUs HAXOIHUTCS y BEPXHEH TpaHUIlbI
ceiicMO(OKaIBHOTO CIIOS, OTKYyAa BBEPX K 3€MHOM KOpE CKBO3b acTEHOC(Epy NpPOTATHBACTCS
o0racth, oOoramieHHas paciiiaBaMd. Ha mocnoifHbIX KapTax ¥ BepTUKAJIbHBIX pa3pe3ax aHOMallui
ckopocteit s TayOmH 0-40 KM BHIHO BEPOSTHOE pPACIOJIOKEHHE MarMaTHYeCKHX OuYaroB
JIEHUCTBYIOIMX BYJIKAHOB, BOBMOYKHBIX 30H MEPETEKaHUsI MarM U 3aCThIBIIMX O4aroB B 3€MHOUM KOpe
nog KI'B. HurencuBnbie anHomanuu wumerorcss noa Bced KI'B. IloHmkeHHbIE CKOpOCTH
HaOmoaroTes Ha rTmyOuHax 25-35 u 0-10 kM mox KimroueBCKUM ByJIKaHOM.

[TocTpoena reodusnyeckas MOJEIb COBPEMEHHON MarMarhyeckou mnutaromied cuctembl KI'B
[D@enoToB u ap., 2010; Fedotov et al., 2010].

1. I'nyounsl okoso 160 xm mox KI'B, BepxHsisi yacth morpy:xawmeiicss Tuxookeanckoit
IUIMTHI. 3716Ch HAXOAUTCS UCTOYHHUK YHEPTHH U JIETYUHX, HEOOXOAUMBIX JUIS 3apOKICHUS MarM.

2. Fayounsl 160-40 kM, acteHocdepa. 31ech TPOUCXOAAT YaCTUUHOE TUTaBJICHUE, (POPMHUPOBAHUE
MUKPUTOBBIX MarM, TpaBUTAIlMOHHAs KOHBEKIMs, TMOABEM JHAMHPOB M  acTeHOC(HEPHBIX
MarMaTH4ecKuX KOJIOHH.

3. T'nyounsr 40-25 kM, KOpOMaHTHiiHbIe CJIOU. 30bITOYHOE NaBJICHHWE MAHTUIHBIX Marm
JOJKHO OBITh MAKCUMAJIBHBIM. 371€Ch Y TOJOLIBBI JIUTOCHEPHI IPOUCXOAAT BHEAPEHUE UHTPY3UN U
OCHOBHO€ HAKOIUIEHHE Marm, B IIEPBYIO OYepelb, B IPOMEXKYTOUHOM ovare KiroueBckoro ByJikaHa,
OHO COTIPOBOKIAETCS MHOYKECTBOM CIIA0BIX JJTMHHOTIEPHUOIHBIX 3eMIIETPSICEHUH.

4. I'nyOouHbI 25-5 KM, 3eMHast Kopa. 374eCh IPOUCXOAAT NOAbEM MarM K KitoueBCKoMy ByJIKaHy,
K JpyTUM ByJKaHaM ¥ JudQepeHnnanuss MarMm, HaXOAATCS KOPOBBIE MarMaTW4eCKHe OdYaru
aH/Ie3UTOBOTO ByJikaHa be3bIMsHHBIN 1 6a3anbToBOro BynkaHa [lnockuit Tonbaunk. DT riaBHBIE
nerctBytomue Byikansl KI'B, pacnonoXeHHbIE B €€ CpeHEW Y4acTH, MPOTITUBAIOTCA MO Pa3IoMy
BJONb ByJKaHudeckoro mosica Kamuatku. Ha rmyOunax 35-5 kM mon Bceit KI'B nHaxomutcs
OonblIasi CI0XKHAsE CHCTEMa CBA3aHHBIX MarMaTWYeCKHX O0YaroB, OOIIUH O0OBEM KOTOPBIX MOXKET
npesbimath 1900 KM

5. I'nyounbr 5-0 kM, BepxHHMe CJOH KOPbl M NOCTPOHKH BYJKAaHOB HaJA HHUMH. 3]€Chb
MPOUCXOTUT (HOPMHUPOBAHME MarM M HAKOIUIEHWE MarM BEpPUIMHHBIX U MOOOYHBIX H3BEPKEHHIM
Kitouesckoro BYJIKaHa, BHEJPECHUE U3 €r0 MHUTAIOUIEr0 KaHajla MHOTOYHUCIICHHBIX €K U
cuuioB. O0beM mnepudepruyecKkux MarmMaTH4ecKux ovaroB ByJkaHoB KI'B Ha mopsagok meHslie,
yeM MpoMexyTouHbIX. [loa BepmmHHON Kanpaepoil ByiakaHa Ilinockuit TonGaunk HaxomuTcs ero

nepudeprdeckuii ogar oGbemMoM 50 KM’

Jluteparypa.
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