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THE MANIFESTATION OF STRONG SUBDUCTION EARTHQUAKES AND
LOCAL GEODYNAMIC ACTIVATION IN CHANGES OF WATER LEVEL IN THE
WELL E-1, KAMCHATKA

Kopylova G.N., Boldina S.V.

Kamchatka Branch, Geophysical Survey RAS, Petropavlovsk-Kamchatsky, gala@emsd.ru

Water level observations in the well E-1 (53.26 lat., 158.48 long., depth 665 m) are carried
out by Kamchatka branch of Geophysical service RAS since 1987 [1]. The well is located not far
(11 km) from the active volcano Koryakskiy. In changes of water level are reviled the increases and
decreases during 3-6 years with amplitudes from tens cm up to 1.5 m, barometric variations and
changes due to strong earthquakes. The tidal and seasonal variations are not manifested in water
level changes. The well E-1 exposes in depth 625-645 m the groundwater reservoir containing fluid
(water and gas) with increased compressibility [1, 2].

Two types of geodynamic effects are extracted in changes of water level: 1 - water level
decreases with the accelerated velocity within one week - months before 70-80% of subduction
earthquakes with M>5 on distances up to 350 km (hydrogeodynamic precursor), 2 — the rising of
water level with amplitude 1.22 m during middle 2006 to 2009 preceding and following to the
swarm of earthquakes (Ks<8.3) in area of volcano Koryakskiy and phreatic eruption [3] (fig.).
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Fig. Water level changes in the well E-1 in 2005 - 2010 (a) in comparison with the seismicity (b) and the
activity of volcano Koryakskiy (the time of phreatic eruption is shown by horizontal line); ¢ — the amount earthquakes
with Kg>4.0 per month in area of volcano Koryakskiy (the numbers indicate the peaks of seismic activity: 1 - March
2008; 2 - October 2008; 3 - April 2009; 4 - August 2009).
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The attenuation of the well’s sensitivity to earthquakes preparation processes was observed
during the rising of water level (fig.). It was manifested in the absence of hydrogeodynamic
precursors before earthquakes with M>5 in 2007-2009. The sensitivity of the well E-1 to
earthquakes preparation processes was recovered in 2010 after the termination of water level rising.
Hydrogeodynamic precursors in water level were fixed before all three seismic events with M>5 in
2010.

The water level rising continued 3.5 years and showed the pore pressure increase in the
reservoir as a result of the volumetric compression. The source of the volumetric compression was
connected with preparation and development of the swarm of earthquakes and volcano Koryakskiy
eruption. The increase of pore pressure was equal 12.2 kPa (0.12 bar) taking into account to the
elastic parameters of reservoir and the amplitude of water level rising. The volumetric compression
of the groundwater reservoir Ae= —(4.1-9.9)-10°°.

The tectonic stresses due to structure formation of the expansion zone in the earth's crust are
the most probable source of the water-saturated rocks compression [3]. The continuous growth of
tectonic stresses was accompanied by the activation of weak seismicity in depth 0-10 km within the
extended submeridional area since March 2008 and by phreatic eruption of volcano Koryakskiy in
2009.

The long-term observations of the water level show the unique sensitivity of the well E-1
with respect to preparation processes of strong subduction earthquakes and to the geodynamic
activation in the interior of the Avachinskaya volcanotectonic depression accompanied by the
swarm of earthquakes and phreatic eruption of volcano. The example of this well give a
demonstration of two types of the present-day geodynamic processes reflected in water level
changes: 1 - preparation and realization of strong subduction earthquakes and 2 - preparation and
realization of local displacements in the continental crust accompanied by seismic and volcanic
activation. Such processes can «collide» at each other and cause the overlapping responses in water
level changes.
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IMPOSBJIEHUE 3®PEKTOB CWIbHBIX CYBAYKIINOHHBIX
3EMJIETPAACEHU U JIOKAJIBHOM TEOJUHAMUWYECKON AKTUBU3AIIUU B
N3MEHEHUAX YPOBHS BOJAbI B CKBAKHUHE E-1, KAMYATKA

Konwosa I'.H., bonnuna C.B.

Kamuamcxuii punuan I'eogpusuueckoii cnyscovt PAH, 2. [lemponasnosck-Kamuamckuil,
gala@emsd.ru

YpoBHeMepHBIe HaOMIOACHUS Ha ckBakuHe E-1 (53.26° c.mr., 158.48° B.1., TiryOouHa 665 M)
npoBoaarcs Kamuarckum dunumanom ['eodpusndeckoit cimyx06p1 PAH ¢ 1987 1. [1]. Ona HaxoauTtcst
B 11 kM or geiictByromero BynkaHa Kopskckuil. B m3MeHeHUsX ypoBHS BOJBI IIPOSBISIOTCA
MOBBIIIEHUS M MOHWKEHHS MPOJOKUTENBHOCTBIO 3 - 6 JIET C aMIUIUTYJJaMH OT MEPBBIX JECSITKOB
cM g0 1.5 M, cnmabple OapoMmMeTpuuecKWe BapHallMd W HU3MEHEHHS B CBS3M C CHJIBHBIMHU
3eMJIeTpsICeHUsIMU. [IpHIIMBHBIE U CE30HHBIE N3MEHEHMS YPOBHS BOJbI HE MPOsIBIIsAtOTCSA. CKBaXHHA
BCKPBIBAET pE3epByap IMOA3EMHBIX BOJ B 30HE 3aTPYAHEHHOI'O BOJOOOMEHa C IOBBIIICHHON
CKUMAEMOCTBIO TIOPOBOM BOJIBI, COIepIKalieit ra3oByro dazy [1, 2].

B u3MeHeHHMSX YpPOBHS BOJABI BBIACICHBI JBa THUMA reoAuHaMuueckux 3¢dekron: 1 —
MOHMKEHUSI YPOBHS C MOBBILIEHHON CKOPOCTBIO B TEUEHHE HENENH - IEPBBIX MECSILEB MPUMEPHO
nepen  70-80% cyOQyKUMOHHBIX 3emjeTpsiceHuii ¢ M2>5 Ha pacctosHusx 10 350 kM
(ruaporeoAMHaAMHUYECKUM MPEIBECTHHK); 2 - MOBBILIEHUE YPOBHS BoJbI ¢ cepeaunsl 2006 mo 2009
IT., MIPEIIECTBYIONIEE U COMyTCTBYomee poro ciaaldbix (Ks<8.3) 3emierpsiceHuil B pailoHe BIIK.
Kopskckwii 1 ero pymaponsHO akTuBH3anuu [3] (puc.).
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Puc. Uzmenenue ypoBHs Bojpl B ckBakune E-1 8 2005 — 2010 rr. (a) B conocTaBieHHH ¢ CEHCMUYHOCTBIO (6)
U BYJIKAHHYECKOH aKTUBHOCTHIO ByJKaHa Kopskckuil (rOpH30HTaIbHOW JIMHMEH IOKa3aHO BpeMsi (peaTHuecKoro
W3BEPXKEHUs); 6 — CYMMapHOE 3a MecCsIl KoJmuecTBo 3emierpsicenuit ¢ K¢>4.0 B paiione Bik. Kopskckuit (mudpamn
0003HaYCHBI MAKCUMYMBI ceicMuueckoi akTuBHOCTH: 1 — mapT 2008 r., 2 — okTs16pb 2008 1., 3 — anpens 2009 1., 4 —
asryct 2009 r.).
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Bo Bpems moBbllIeHUs] yPOBHS BOABI (pHC.) HAOIOATI0Ch OCIa0IeHUE YyBCTBUTEIBHOCTH
CKBAKMHBl K IpOIEcCaM IOArOTOBKU 3€MIIETPSCEHMM, BO3HUKAIOIIMX B Ipolecce MOJABHUra
TuxookeaHCKOW OKeaHWYECKOW IUIUTHI M0 OXOTOMOPCKYIO IUINTY KOHTHHEHTAJIbHOTO THUIA. DTO
NpOSABIIAJIOCH B OTCYTCTBUM  T'MIPOr€OJUHAMHMYECKOIO  IMPEIBECTHUKA  IEpel  TaKUMH
3emiierpsiceHuaMu B 2007-2009 rr. YyBCTBUTENBHOCTh CKBaXKMHBI K IpOILIECCaM IOATOTOBKH
CyOyKIIMOHHBIX 3eMileTpsceHui BoccTaHoBMIIach B 2010 1. mocyie OKOHYaHUS MOBBIIIEHUS! YPOBHS
Bozbl. B 2010 1. rupporeogmHaMUYecKUil MPEIBECTHUK OBUT 3a()MKCHPOBAH TEpe] BCEMHU TPeMs
ceficMUYeCcKUMH COOBITHSAME ¢ M>5.

[ToBeIlIEHNE YPOBHS BOJBI IPOOJIKAIOCH 3.5 ro/la M MOKa3bIBaJIO POCT MOPOBOT'O AABJICHUS
BCJIEJICTBME BO3HUKHOBEHMS MCTOYHHMKA JAedopManuu OOBEMHOrO CXaTHd BOJOBMEIIAIOLINX
nopoJi. IcTOYHHMK OB CBS3aH C TOATOTOBKOW M Pa3BUTHEM POSI 3€MIICTPSCEHHA U M3BEPKCHUS
BiIK. Kopskckoro. AMIUMTyJa NOBBILIEHHMS YpoBHS cocrtaBuina 1.22 m. C yyeroM ynpyrux
IapaMeTpoB pe3epByapa IO AMIUIUTY/JE TOBBIIIEHUS YPOBHSI BOABI POCT IOPOBOTO JaBJICHUS
coctaBun 12.2 klla unu 0.12 6ap. Bennuuna aedopmanyi 00beMHOTO CKAaTHUA B pallOHE CKBAXKIHBI
cocrasiia Ag = —(4.1 - 9.9)-10°.

Haunbonee BepoSTHBIM HCTOYHHMKOM CKaTHs BOJOBMEIIAIOIIMX IOPOJA  SBISIOTCS
TEKTOHUYECKUE HANpPSHKEHHS, CBSI3aHHbIE C (DOPMHUPOBAHMEM CYyOMEpHUIMOHAIBHOW pa3BUTOBOU
30HBI B 36MHOHN KOpe B paiioHe BIK. Kopsikckuii [3]. POCT TEKTOHMYECKUX HAINpPSIKEHUH ¢ MapTa
2008 r. compoBOXKIAJICA AaKTUBM3aLUWEHl Cnabol CEHCMHYHOCTH B Tpejaenax MpOTsSHKEHHOU
cyOMepuIMOHATIBHOM 30HBI U CJIA0bIM (PpeaTHUECKUM SKCIUIO3UBHBIM U3BEPIKEHHEM.

MHoroneTHuii MOHUTOPUHI YPOBHSI BOJABI IIOKa3bIBA€T YHUKAJIbHYI0 YYBCTBUTEIBHOCTH
TUIAPOJIMHAMUYECKOTO PEeKUMa CKBaKMHBI E-1 M0 OTHOIIEHUIO K IponeccaM IMOATOTOBKY CHIIBHBIX
CYOMyKIIMOHHBIX 3€MJIETPSICEHUH M K T'€OAMHAMHUYECKOM aKTHUBHU3AlMM B HeApax ABauMHCKOU
BYJIKAHOTEKTOHUYECKON JICTIPECCUH, COMPOBOXKIAIOIICHCS POEM 3eMIICTPSCEHU U (PpeaTndecKum
n3BepxeHueM ByikaHa Kopskckuii. Ha nmpumepe 3Toi cKBa)kMHBI IOKa3aHoO, 4TO, 110 KpaillHEW Mepe,
JIBa BUJA COBPEMEHHBIX I'€OJMHAMMYECKHUX INPOLECCOB: | — MOATOTOBKA M pealn3anus CUJIBHBIX
CYOyKIIMOHHBIX 3€MJICTPSCEHHI U 2 — JIOKAJIbHBIC JIBM)KEHUS B TIpeiesiaX KOHTUHEHTAJIbHON KOPBI,
CONIPOBOXKAAIOIINAECA CECMCMMUYECKON M BYJIKAHMYECKOM aKTHBHM3ALUCH, MOTYT «HAKJIAIbIBATHCS»
JpyT Ha ApyTra U BbI3bIBATH NEPEKPHIBAIOLINE IPYT APYra OTKIMKH B U3MEHEHUSAX YPOBHS BOJBI.
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