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The city of Petropavlovsk-Kamchatsky is
located near the active volcanoes
Koryaksky (left) and Avacha (on right)
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Foto N.I. Seliverstov

Explosive-effusive eruption of volcano Avacha, January, 1991

https://maxfux.livejournal.com/372479.html

Hydrothermal-magmatic eruption of
volcano Koryaksky, December 2008 - 2009

9 Apr. 2008, fumarolic aclivity, ash
10 Jan. 2009, fumaralic activity foto 5.V Ushakov

foto D.V. Meinikov

27 Aug. 2009, lummarolic activity, ash 19 Oct. 2009, fumarolic activity
foto O.A. Girina foto 5.V, Ushakov

30 Jan. 2011, week fumarolic activity
foto A.A. Nushdaev

Volcano Koryakskiy activity in 2009-2011

Kopylova, Boldina, 2012


https://maxfux.livejournal.com/372479.html�

Location of the well E-1 and active volcanoes Well structure
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WATER LEVEL CHANGES IN THE PERIOD OF KORYAKSKY VOLCANO ERUPTION, Dec. 2008-2009
' (Kopylova, Boldina, 2012)

A4Ah=1.22 m, Ap=12 kPa (0.12 bar), Ae=—(4.1.10% - 1.5.10%)
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An increase in the water level from mid-2006 to 2009 is considered as a
e growth of groundwater pressure due to volumetric compression of
water-bearing rocks during the preparation, seismic activation and
phreato-magmatic eruption of Koryaksky volcano.

Volcano Koryakskiy activity in 2009-2011



WATER LEVEL CHANGES IN THE WELL E-1, 1987-2018, KB GS RAS:
two cases of long-term increases in groundwater pressure
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Possible sources of water-bearing rock compression can be the magma degassing and

movement in the magma chambers beneath the Avacha and Koryaksky volcanoes.
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The distributions of the Vp/Vs ratio in two
horizontal and five vertical sections. Locations
of the sections are shown in the left-hand map.
Triangles depict the seismic stations and dots
are the events recorded at the sections.
Bushenkova, Koulakov, Senyukov at al. (2019).
Tomographic images of magma chambers beneath the
Avacha and Koryaksky volcanoes in Kamchatka.

JGR Solid Earth, 124, 9694-9713.
https://doi.org/10.1029/2019JB017952)
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Magma injections (dykes) below the northern foothills of
Koryaksky volcano during the time period from 2011 to 2019.
(Kiryukhin et al., 2020)
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Reducing the well E-1 sensitivity to the preparation of strong (M> 5.0) earthquakes when a
“compression source” occurred in area of Koryaksky volcano (Kopylova, Boldina, 2012)

Start of the source action
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The daily rate of the water level changes (a, ¢) in comparison with seismicity in the area of Koryaksky
volcano (b) and subduction earthquakes, M25, d <350 km (d).

Red lines show the manifestation of GP in water-level changes (gray thick lines), blue line - the absence
of GP (c).

Hypothesis: the absence of the precursor GP in water level changes before subduction
earthquakes can be a sign of volcanic activation.




PHASES OF GEODYNAMIC CONDITION OF WATER-BEARING ROCK
ACCORDING TO WATER LEVEL CHANGES IN THE WELL E-1 (Kopylova, Boldina, GVW2018)
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From Jun. 2018 to August 2020 the raising in water level at increasedr ate is observed (blueline):

- amplitude of the water-level raising 4h=0.55 m (the average rate is 0.07 cm/day);
- water pressure increase Ap=0.055 bar;
- accumulated volumetric strain A¢ = 3.7x10%, growth of strain rate 4.7x10-° day.
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Water level changes are compared with the monitoring of volcanoes Koryaksky and Avacha on the basis of four

color codes (http://www.emsd.ru/~ssl/monitoring/main.htm).

The green bars show the number of days in the month when the green color code corresponded to "the volcano is

calm“ was assigned.

(=llow bars - the number of days in a month when the =/l color code was displayed, corresponding to weak

activation (weak local earthquakes, increased gas emissions, ash, thermal anomalies).
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Changes in the rate of water-level rise in Jun. 2018 - August 2020 and forecast of

Increased volcanic activity in the area of Avacha group of volcanoes

28 Nov. 2019:
forecast of increased volcanic activity
in the Avacha group of volcanoes
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1. From Nov. 28 to the present, weekly forecasts are given about the possibility of volcanic activation in the
area of Avcha group of volcanoes. Will there be an eruption and which volcano - Koryaksky or
Avach?

2. Is there a weakening of the well sensitivity to the preparation of subduction earthquakes?



Precursor GP1 manifestation in water level changes, Jun. 2018 — Avg. 2020
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From mid-2019 to the present, the GP has not appeared.

It can be assumed that the sensitivity of the well to the preparation of subduction
earthquakes is weakened due to the action of a source of volumetric compression of
water-bearing rocks.



A difficult question: which of the two volcanoes — Koryaksky or Avacha
will erupt?

1. Volcano Koryaksky has not shown increased activity in recent years. No eruption is
expected.

2. Volcano Avacha: According to the data of the KB GS RAS
(http://www.emsd.ru/~ssl/monitoring/main.htm), in the region of the volcano, increased
seismicity and glow at night in the western part of the crater appeared.

In 2012-2016 the temperature of the Western fumarole increased from 370 to 819°C
(Malik et al., 2017).

Taking into account the data of the KB GS RAS on the development of seismicity,
fumarolic activity and water-level data, it can be assumed that the Avacha volcano is the
most likely candidate for an eruption in the coming months - the first years.

Continuation of water-level observations in the E-1 well and use the additional predictive
signs such as the increase in the rate of water-level raise, a weakening of the well's
sensitivity to the preparation of subduction earthquakes and other data will clarify the
time of the Avacha volcano eruption.
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Ouenka 00vemHoil Oechopmauuu no OAHHBIM YPOBHEMEPHBIX HAOI00eHUll 6 ckeadxicune E-1

Ouenka 00beMHOI 1eopmanun B pailoHe CKBAKMHBI
IIpeHeOperass TeYeHHEM JKUAKOCTH B pe3epByape JUId CTaTHYECKH
M30JIMPOBAHHBIX YCIIOBUAX MOYKHO OICHUTH TPHpAIleHHe OObEMHOM
nedopmarn BOJIOBMEIIAOIINX OO/ (paciupenue -
noJoKUTEIbHOE) U3 ypaBHeHnus [Roeloffs, 1988]:

Ap= —(2GB/3)[(1+v,)/(1-2v,)]Ae, tae v, _xo3dd. Ilyaccona
s HeapenupoBaHHbIX yemosuii (0.3)

Ah=1.22 m
Ae=—(pgAh)/(2/3GB[(1+v,)/(1-2v,)])

Ouenka moayas caura G u ko3¢ dpunmnenrta

CkemnrTona B
Monayns casura u kKodp¢uuueHT CKEMITOHA OLEHUBAIHUCH IO
(I)OpMYJ'IaM TCOpUH HOPOYIPYroCTU I CTATUYCCKU H30JIMPOBAHHBIX
YCJIOBI/Iﬁ B CUCTEMC «CKBAKUHA—PE3CPBYyap», ¢ - I10 aHAJOI'nnu CO CKB.

1303: B=(pgAsP)/[L+pgAs(B-B,)]  B=pgB.A,
B=(B-B.)/[(B-Bu)+6(Br+B,)]  G=3/2[(1-2v)/B(1+V)]

Ouenka nedopmMoMeTpHIECKON YYBCTBUTEJILHOCTH VPOBHSA BOABI

Ouenka ynpyroi Bo1ooTaaum S no pe3yjibraram
MO/1eJIUPOBAHMS BOCCTAHOBJIECHHUS YPOBHS
nocJje Cmycka gardyuka AJ

YpoBeHb BOAbI, M

28.14
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28.00

T
Bpems cTabunusaumm ypoBHs BoAbl, CYT.

20

L
30

—T T T
40

Craduniau3auus ypoBHs BOJbI:
1 - pacyeTHasi cTa0MJIM3ANSA
yposus npu T=0.005 m?/cyT u
S=2.10;

2 - pacueTHasi
craduwin3zaumsi ypoBHs pu
T=0.005 m%/cyT u S=5.8-105,
Bi=4.4-10°Mat;

3 - pacyeTHas cTabuaIn3aums
yposus npu T=0.008 m?/cyT u
S=4.4.10"%

4 — cTabuau3auus ypoBHs 1Mo
AaHHBIM 10 MHUHYTHBIX
IKCNEePHMEHTAIBHBIX 3aMepoB.

S=d[pg(B+Br)].

rie B, ¢ - no ananoruu co cks. 1303, a §,=4.4-100+ 4.4.10° Ia!

Tak kak ckBaxuHa E1 He pearupyer Ha NPMIKBEL, TO 1ehOpMOMETPUIECKas YyBCTBUTEIBHOCTE A\, HEOOX0IUMast It OTIpEIeIICHUS
HIOPOYIPYTUX IapaMeTPOB pe3epByapa, ObuIa moaydeHa u3 ypaBHEHUS ANyys s/A/1035=ANg /A g ¢ HCTIONB30BaHUEM JTaHHBIX 10
IPOSIBJIEHUIO T'MAPOreoJMHaMHUECcKOro npeasectiuka Kponoukoro zemnerpsicenns B ckBaxxuHax F03-5 u E1.

) ) ) Hpenupo- Kosg- )
Ckea bapouer Tpuus BaHHas Y nennHas Benu- ¢uupnent Koo IIbe30-
xuHa/ pudeckas Has Monaynb Koadpu- . | ¢unuent
CKHUMa- ynpyras ITopuc- 4YUHA BOZOTPOBO IIPOBOJ-
OTKpBI- s dex- qyBCTBU- CABUTa LUECHT bub-
N €MOCTh €MKOCTh TOCTh BOJIOOT- AUMOCTH HOCTb,
TBII THUBHOCTH TEILHOCTD ckeeTa G CkeMnToHa S y - T, TpaLuy, —=K/S
crsou, d, E, AJA, ITa-10%0 B 1o e T k=T/d, 0
M cm/rlla M/10°7 P 10 S=5 m/c wele
IMat.1011
E1/20 0.01 0.010/0.015 7.59 0.79 0.044+0.17 29.0 0.05 5.8-10° 6.3-108 3.2:10° 0.001
1303/200 0.43 0.143/0.215 7.37 0.81 0.64 9.81 0.06 9.8:10° 2.4-10° 2.4-107 0.25

Ag = — (4.1x10°6 + 1.5x10°5)
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