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Review

of the aftoreferat of dissertation “SEISMICITY OF THE KIZIMEN VOLCANO
(KAMCHATKA PENINSULA) DURING THE ERUPTION IN 2010-2013”, submitted by
Alexandra Albertovna SHAKIROVA in partial satisfaction of the requirements for the

degree of Candidate of Sciences in Geology and Mineralogy

Dissertation of A.A. Shakirova is devoted to study of dynamics of eruptive process using
the seismic signals recorded at different stages of eruption at andesitic volcano Ksudach
(Kamchatka). The eruption, which continued from November 2010 to December 2013,
was preceded by preliminary seismic activation from October 2009. The seismic network
of three seismic stations, installed in the region of the volcano, as well as the regional
Kamchatkan seismic network, allowed high quality registration of the seismic signatures of

eruption events.

The main subjects of analyses, presented in this dissertation, are concerned to two
types of seismic events: volcano-tectonic (VT) earthquakes and so called “drumbeats

(DB)”. Their informativity for understanding of eruption process is discussed.

VT earthquakes are generated by stresses, which arise during magma migration in
the Earth’s crust. These earthquakes may be caused by shear or tensile fracturing during
magma movement from depth to the Earth’s surface through conduits and dykes. VT
earthquakes occur within and around the volcanic edifice and reflect the interaction of two
general geological processes: the magma migration to the Earth’s surface and the crustal
tectonic activity. The study of spatial and temporal distributions of VT events allows to

better understand the development of eruptive process.

In this dissertation, the catalog of 3611 VT earthquakes, occurring at the depths
between -3 km (above sea level, asl) and 19 km (beneath sea level, bsl) with magnitudes
ML from 0.8 to 5.2 is used. The epicentral field of VT events, recorded in 2009-2013,



developed along the SW-NE regional faults where the volcano is situated. Analysis of the

depth distribution of VT events allowed to propose the position of magma chamber at the
depths from 5 to 11 km bsl.

The number of VT earthquakes, as was showed by the author, sharply decreased
with beginning of eruption. Analysis of tempofal variations of b-values, reflecting the
comparative participation of small and large earthquakes in the volcanic activation (a
low b-value indicates larger proportion of large earthquakes), gave possibility to check the
variations in the stress situation in the region of volcano. A gradual decrease in b-values
during 10 months before the beginning of the eruption indicated a stress increase in the
active zone while during the eruption the b-values began to grow reflecting a general stress

decrease.

As is seen, the author successfully discussed in detail the informativity of VT

sequences for better understanding of the eruption dynamics.

The seismic signals of micro-earthquakes, called as “drumbeats (DB)”, are also
informa{tive for understanding of eruptive processes. The swarms of these micro-
earthquakes, that were observed firstly during the 2004-2005 effusive-explosive activity at
Mount St.Helens volcano, consisted of repetitive long-period (peak frequencies in the 2-3-
Hz range) and hybrid (peak frequencies in the 8-16-Hz range) seismic signals which
preceded and accompanied the extrusions of several dacitic spines. Most of these seismic

signals occurred in families of similar events.

The first DB sequences were recorded at Kizimen volcano in 2010. They
accompanied the growth of.lava blocks in the crater and preceded a series of explosions.
Later the swarms of DBs were recorded during formation of lava flows in 2011 and 2012.
In this case, the author distinguished three types of the DB multiples: associated with the
movement of the initial lava flow, with the movement of the secondary lava flow and with
the growth of extrusion on the summit of volcano. As the author considers, the difference in
these three types of dynamic characteristics of DBs may serve as the indicator of the type of
effusive activity. The depths of occurrence of DBs were estimated at 0.9 to 1.9 km, their
sources were located along the lava flows. Author developed the phenomenological model

of generation of DBs as the result of self-oscillating process of the lava flow movement
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along the slope of volcano. It was a first time, when DBs were met at Kamchatkan
volcanoes, and this study, realised by the author, is important for better understanding of

dynamics of effusive process of these volcanoes.

In conclusion, I am pleased to note the actuality of this study. Detailed knowledge
of dynamics of volcanic eruption, obtained from the seismic monitoring, may be useful for
development of the system of monitoring of volcanic activity in Kamchatka. These detailed
studies of the seismic activity demonstrated a high level of scientific preparation of the
author and her ability for analysis of seismic signals at volcano. The main results of this
study were published in scientific journals. The dissertation is prepared at high scientific

level and author can be honoured as the Candidate of Sciences in Geology and Mineralogy.
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Or3bIB
Ha aBTOpedepar quccepranun «CeiicMuaHocTh Byjakana Knsumen (m-os
Kamuarka) npu m3sep:kenun B 2010-2013 roxax», npeacrasiennyio Illaknposoii
AnlexcaHApoii Ha yI0BJIeTBOPEeHHE TPeOOBAHMIA HA COMCKAHME YUEHOI cTeleHn KaHAHIATA
reoJ10ro-MHHEPAJTOTHIECKHX HAYK

Huccepramusa A. A. IllaxupoBoi IOCBSINEHA WU3YYEHHIO AMHAMMKH H3BEPXKEHHUS IIO
CEACMUYECKMM CUTHAJIaM, 3apPETHCTPUPOBAHHBIM Ha Pa3HBIX CTaMsAX MU3BEPIKEHHS aHIE3UTOBOTO
Bynkana Kusumen' (Kamuatka). M3Bep:keHMIO, HPOODKABIIEMYCS ¢ HOs0ps 2010 1. Mo exabpb
2013 r., mpemmecTBoBaNa MpeBapUTENbHAS CeficMUYecKas akTHBH3amus ¢ OKTs6ps 2009 T.
CelicMuueckas ceThb M3 TpeX CEMCMOCTaHIHMM, YCTAHOBIEHHBIX B paifoHe BylKaHA, a TaKKe
pernoHanbHas Kamuarckas celicMudeckas CeTh ITO3BONMIM KaueCTBEHHO PETHUCTPHPOBATH
CEHCMUYECKHE CUTHATYpHI U3BepxeHus. OCHOBHbBIE TeMBl aHaIM3a, IIPEJCTABIICHHBIE B JaHHOM
JUCCepTalluy, KacatoTCs ABYX THIIOB CEMCMMYECKHX COOBITHIl: BynkaHO-TekToHHYeckux (BT)
3EMIICTPACEHUA M TaK HaspiBaeMoro «bapabanHoro 6os» (Bb). OGcyxkmaercs wux
MH(OPMAaTHBHOCTD Ul NOHUMAHUS Ipoliecca u3BepxeHus. BT 3emiieTpsiceHns reHepHpyrOTCs
HaNPsDKCHUSIMY, BO3HUKAIOIIMMM IIPH MHIDAllMd MarMbl B 3€MHOH Kope. DTH 3eMIICTPSCEHUs
MOTYT OBITh BEI3BaHBI CJIBUTOM HIIH Pa3phIBOM IPH PACTSDKEHUM BO BPEMs JBIDKEHUS MarMbl U3
TIIyOHHBI K TOBEPXHOCTH 3eMITH 9epe3 KaHabl 1 1aMObl. BT 3emuieTpsceHns npoucxoaaT BHYTPH
Y BOKPYT BYJIKAHUYECKOM IIOCTPOHKY U OTPaXKarOT B3aUMOJIEHCTBHE ABYX OOIIMX I'€0JOTHYECKAX
IIPOIECCOB: MHUIPAIMM MarMbl K IOBEPXHOCTH 3€MJIM M TEKTOHMYECKOH aKTMBHOCTH 3€MHOM
Kopbl. M3yueHne mpocTpaHCTBEHHOTO M BpeMEHHOro pacnpeneneHus BT coObITHI MO3BOJISET
Jy4lie NMOHSATh PasBUTHE SPYNTUBHOIO npouecca. B muccepramum ucrnonbsyetes xaramor 3611
BT 3emieTpscenui, Ipon3omenInx Ha IIyOHHaX OT -3 KM (Hax ypoBHeM Mops) 10 19 kM (Hmxe
ypoBHs Mops) ¢ marHutymod My ot 0.8 ngo 5.2. Dnunenrpamsnoe mome BT coObiTHid,
3aperucTpupoBaHHbiX B 2009-2013 rr., passusanock Brons K03-CB pernoHajibHEIX Pa3ioMOB,
IJI€ pacloJioKeH ByJKaH. AHanu3 TIiyOuHHOro pacnpenencuus BT coObitmii mo3Bosmn
IPE/IIONIOKHUTE TIOJIOKEHHE MarMaTH4ecKoro oyara Ha rybuHax ot 5 1o 11 kM Hajx ypoBHEM
Mops.

KomuuectBo BT 3emnerpscenuii, Kak 1mokasajl aBTOp, Pe3KO0 YMEHBUIMJIOCH C HAYAIOM
M3BEPXKEHUS. AHAIN3 BPEMEHHBIX BapUaLiii 3HAUCHUH b, OTpaXKaloIiX CPaBHUTEIHHOE YIaCTHE
MaJIbIX ¥ CUJIBHBIX 3eMJICTPSCEHUH B BYJIKAHMYECKOM aKTUBHOCTH (HU3KOE 3HAYEHHE b yKa3kIBaeT
Ha OONBLIYIO JONIO CHJIBHBIX 3EMJIETPSCEHMi), Jal BO3MOXKHOCTH ITPOBEPUTH BapHAIHH
HaNpsHDKEHHOM CUTyalluu B paiioHe BynkaHa. [locTenenHoe cHuXXeHME 3HaYeHuH b B Teuenue 10
MECSIIeB 10 Havyajla M3BEPIKEHUS CBHMJECTEIbCTBOBAIO 00 YBEIMUCHHUHN HANPSIKEHUS B aKTUBHOM
30HE, TOTAa KaK BO BPEMs M3BEPIKEHMs 3HAYCHUE b CTANO pacT, OTpa)kas oOluee CHIDKCHUE
HanpsbkeHus. Kak BuaHO, aBTOpYy ynanoch mnoapoGHO o6cynuTh uHpOpMATUBHOCT, BT
IOCJIEIOBATEIBHOCTEH /ISl JIyYIIero IOHMMaHHs JUHAMUKY M3BepxeHus. VHGOpMaTHBHEI Ui
NOHHMaHMsl 3JPYNTHUBHBIX IIPOIIECCOB M CEHCMHYECKHE CHTHAIBI MHKPO3EMIICTPSCEHMH,
HaspiBaeMble  «bapabanueiM  G6oem» (BB). Po#f 3TMx MuKposemieTpsiceHuii, BIepBbIe
HabmogaBmuiics Bo BpeMs 3({y3HBHO-3KCILIO3MBHON aKTUBHOCTH ByikaHa CeHT-XejleHC B
2004-2005 rr., COCTOST U3 HOBTOPSIOIIMXCS JUTMHHOIEPHOJHEIX (ITMKOBBIE YaCTOTHI B JHANA30HE
2-3 I'm) u rubpuaHBIX (MHEKOBBIE YacTOTH B quanasoHe 8-16 ') celicMHYeCKHX CHTHAIOB,
KOTOpPBIE MPEIIICCTBOBANN U COMPOBOXNKIAIH BEDKMMAHHE HECKOJBKUX IAIUTOBBIX XPEOTOB.
BONBIMMHCTBO U3 3TUX CEHCMHUYECKUX CHUTHAIIOB POU30IIIO B CEMEHCTBAX MOJOGHBIX COOBITHIA.
IlepBeie mocnenoBarensHocTd bb Obutu 3apeructpupoBansl Ha Bykane Kisumer B 2010 r. Oxu
COIIPOBOXAAIIM POCT SIBAHCKMX OJIOKOB B KpaTepe U IPeIIIeCTBOBAIN CEPHH B3phIBOB. I103xke pou
bb Obun 3adukcuposansl npyu GopMupoBaHuM 1aBoBEIX MOoTOKOB B 2011 1 2012 rr. IIpu sTom

' B TekcTe oT3biBa HanucaHo Kcyau — oneyatka aBropa
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aBTOD BBIIEIHII TPH THIIA KpaTHBIX bb: cBA3aHHBIE ¢ IBMXEHHEM HCXOMHOIO JaBOBOTO MOTOKA, C
ABIDKEHUEM BTOPHYHOIO JIABOBOTO IIOTOKA M C POCTOM 3KCTPY3HMH Ha BepINHMHE ByikaHa. Ilo
MHCHHUIO aBTOPA, pa3Mile JHHAMHYECKUX XapakTepucTHK bb 3THX Tpex THIIOB MOKET CIIyXKHTh
HHEKaTopoM Tumna 3¢¢dy3uBHOH akTuBHOCTH. ['Ny6uns! 3aneranus bb onenuBamucs ot 0.9 1o
1.9 KM, HX HCTOYHMKM pacIoNarajuch IO XOAy JABOBBIX IIOTOKOB. ABTOp pa3paboTan
denomenonornyeckyo Monens o6pasosanus BB B pesynbTaTte aBTOKOIE6ATENHHOIO nporecca
ABWOKEHMS JIABOBOTO IIOTOKA MO CKIOHY Bynkana. Ha xamuarckmx Bynkanax BB BcTpeueHs!
BIIEPBLIE, U JaHHOE HCCIE/OBAHME, IPOBEJEHHOE aBTOPOM, BKHO I JIYYINEro HOHUMAHHUS
JAUHAMUKY 30 Qy3UBHOTO IIPOLIECCA STUX BYJIKAHOB.

B 3akimrouenne ¢ yHOBONBCTBHEM OTMEYAld AKTYaTbHOCTh JAHHOTO HCCIIETOBAHMS.
JletanbHble 3HAHUS O JIMHAMMKE BYIKAHHYECKHX H3BEDXKEHHH, IMONyYeHHBIE B pe3ylIbTATE
CEHCMUYECKOTO MOHUTOPHHIA, MOTYT GHITH TIONE3HBI JUI Pa3pabOTKH CHCTEMBI MOHHTOPHHTA
BYJIKaHWYECKOM akTMBHOCTH Ha Kamuarke. DTH [eTanpHble HCCIEHOBAHUSA CeHCMUYECKOM
aKTUBHOCTH MPOJEMOHCTPUPOBAIN BBICOKMH YpPOBEHb HAy4HON MOATOTOBKH aBTOpa M ee
CIIOCOOHOCTH K aHamM3y ceHCMHYecKHMX CHTHAIOB Ha ByinkadHe. OCHOBHBIE Pe3yJIBTAThI 3TOTO
HCCIIeOBaHUs ObLIM OMyONMKOBAHEI B HAy4YHBIX JXKypHauax. JlMccepTals MOATOTOBJICHA HA
BBICOKOM Hay4YHOM YPOBHE, aBTOPYy MOXKET OBITh IPUCBOEHO 3BaHME KAHIWMATa Te0JIOro-
MUHEPAJIOTUYECKHUX HAYK.

IMoxmuce neyaTh OpraHu3anuu

Ipodeccop Bsuecnas M. 306un

JoxTop Qu3smKo-MaTeMaTHIECKHUX HAYK (CeficMOorys)

YHHUBEPCUTETCKUHN NIEHTP BYIKAHUIECKUX HCCIIEN0BaHuM, YHuBepcuTeT Koimb
r. Komuma, Mekcuka

vzobin@ ucol.mx
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