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Abstract. Regular monitoring of some geophysical parame-which illustrate the connection between anomalous electro-
ters in association with seismicity has been carried out sincenagnetic phenomena and acoustic phenomena with earth-
last year at the Japan-Russian Complex Geophysical Obsequake preparation, were presented in a rather comprehensive
vatory in the Kamchatka region. This observatory was or-collection of papers edited by Hayakawa (1994, 1999). Itis
ganized in connection with the ISTC project in Russia andevident that further investigation of these connections as well
was motivated by the results of the FRONTIER/RIKEN and as the simultaneous observations of a wide complex of dif-
FRONTIER/NASDA research projects in Japan. The mainferent geophysical fields is necessary. For this purpose the
purpose of the observations is to investigate the electromagcomplex Geophysical Observatory (hereafter CGO) was es-
netic and acoustic phenomena induced by the lithospheréablished in the Kamchatka peninsula seismic active region
processes (especially by seismic activity). The seismicityby Russian and Japanese scientists during 1999. It is located
of the Kamchatka area is analyzed and a description of thén Karimshino, (52.94N, 158.25 E, L=2.1) at a distance
observatory equipment is presented. At present, the activef about 50 km from Petropavlovsk-Kamchatskiy and none
ity of the observatory includes the seismic (frequency rangeof the sources of industrial noise are observed close to this
AF = 0.5 — 40 Hz) and meteorological recordings, together particular area. The following phenomena are observed by
with seismo-acousticAF = 30— 1000 Hz) and electromag- CGO: variations in the ULF/ELF magnetic field, geoelectric
netic observations: three-component magnetic ULF variafields (telluric currents), VLF signals from navigation radio
tions (AF = 0.003—30 Hz), three-component electric poten- stations and acoustic emission. Some meteorological param-
tial variations AF < 1.0Hz), and VLF transmitter’s signal eters (atmospheric wind velocity, humidity, air temperature,
perturbations AF ~ 10 — 40 kHz). air pressure) are also recorded.

2 Seismicity of Kamchatka region

1 Introduction . ] )
The region of Kamchatka, together with the Kurile and the

Recently, the interest to investigation of the electromagnetic/@Panese Islands forms the tectonically active northwest mar-
and acoustic phenomena connected with lithosphere prodin of the Pacific Ocean. That represents a zone of the Pacific

cesses is increasing considerably. Some experimental result@late subduction beneath the Eurasian continent. Thus, the
seismotectonic processes all over this zone are similar and
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Fig. 2. The seismicity of Kamchatka peninsula. Strong earthquakes
(Ms > 4.5) are shown as ellipses, with a large axis oriented as the
The Kamchatka region itself is characterized by extremelyearthquake origins appear; the triangle shows the location of the
strong seismicity: during the last 30 years, more than 30 larg&*GO Karimshino.
earthquakes with magnitudes of M$.5 (Fig. 2) and about
280 events with M- 5 have occurred. More than 700 earth- tioned parameters are chosen as the most appropriate ones
quakes with Ms> 2.5 occur here every year. The earthquake yhich may correlate with variations in the electric and mag-
number distribution versus the distance from the observatory,etic fields. After observation of seismic wave fields over
show a noticeable domestic weak seismicity: no EQ withseyeral months, it is possible to estimate the average level of
tance of less than 50 km from the observatory.
The seismicity of the Kamchatka is described in detail in | hvsical
many recent works. New features are revealed including theé COMPplex Geophysical Observatory
do_uble-plgned spatial c_zlls_trlb_u t'(.m of e_ar_thquake hypocenter%GO consists of three separate measuring systems for obser-
(Fig. 3), signs of self-similarity in statistics of focal mecha- vations of:
nisms, characteristics of seismic regime and its variations be- '
fore and after strong earthquakes, etc. (Lutikov and Kuchai, 1. Seismic waves, ULF/ELF magnetic field and acoustic
1998; Lutikov, 2000; Yunga and Rogozin, 2000). emissions,

Seismic monitoring in Karimshino includes the weak 5 tqjiuric currents
earthquakes representative registration. The earthquakes '
with magnitudes of Ms- 0.5-1.0 within the radius of 50— 3. VLF signals from navigation radio stations.
70 km from the observatory were registered. Observation of
Seismic wave forms at th? obser.vatory IS hecessary for th(ASystem and Data Acquisition Base, which is placed 500 m
estimation of natural and industrial local seismic noise and . S .
apart from one another in order to minimize the noise level.

fche r_neasunng_of earthquake wave_form pa_rameters ('nCI.Ud'Signal data and power supply cables connect both parts. The
ing time, amplitude, sign and particle motion of the main _. . . :
Plstant Measuring System includes:

seismic phase, S-wave splitting, coda, etc.). An example o
earthquake waveforms recorded at Karimshino during four 1. Geophysical measuring devices; Seismometer, Magne-
days in June 2000 is displayed in Fig. 4. The above men-  tometer, Acoustic seismometer,

The First System of CGO includes the Distant Measuring



S. Uyeda et al.: Monitoring phenomena connected with seismic activity 5

2000

. = = Day/Month  Hour:Min Sec; K=1.8M+4 (M-magnitude)
a) Depth Distribution of Earthquake (Mw>3) AP IR

Hypocentres along Seismofocal Zone of 24/6 2:3536.2; K=9.9 o ) ;
Kamchatka {(Profile 1-1) 24/6 4:22 27.4; K=9.9 o ‘”Mﬂ

0 200 400 600 800 1000 1200 L,km 2476 3:47 32.4; K=9.5 e R
24/6 8:50 18.2; K=7.4 *’M‘WMMWWWWWW’WWW%MWMW’N
25/6 18:17 41.9; K=9.2 'f\"”‘" s
24/6 1:26 11.5; K=7.5 nbitntiehobibin { “""”‘MW"“W”
24/6 5:49 24.0; K=8.5 *"h'*'MWWMW’WMMWWWWWWMWW”
26/6 15:31 32.1; K=6.6 i i
21/6 7:21 12.0; K=5.5 m'“r MW‘“
24/6 22:37 26.5; K=7.1 —W‘ b A
25/6 2:17 19.1; K=6.7 ey ‘WM“"“‘
24/6 22:40 33.0; K=5.5 "/WWWWWWW

Fig. 3a. The depth distribution of the earthquake hypocenters along 25/6 10:32 36.0; k=5.5 Aot
the seismofocal zone of Kamchatka. (profile 1-1 in Fig. 2). 20/6 12122 23.3; Ke6.3 Wkl

25/6 21:58 18.0; K=5.5 “WWMMMMWW
25/6 00:04 48.0; K=5.5 “”MWM’WWWMW

b) Depth Distribution of Earthquake (Mw>3) 26/6 16:32 26.1; K=5.0 —WWWW

:‘;’l’no::::l::sthrtzrgohs:heSGeei:pmh:fsoi:::i:r:veg:; 26/6 16:31 56.1; K=d.4 WW‘

(Profile 2-2) 25/6 12:40 03.0; K=5.5 ”’W”’“
-100 0 100 200 300 400 500 L, km ‘ ‘ ‘ ‘ ‘ ‘
0 [0] 25 [200]

S - time of S-wave arrival; P - time of P-wave arrival; D -distance | S-P (sec) [D -km]

Fig. 4. The earthquake waveforms recorded at Karimshino during

the following four days: 21, 24, 25, and 26 June 2000. The range

of the hypocentral distances is 3—240 km. The minimal distance of

3 km was observed for the event on 26 June, 12:40. The hypocentral

distance for the events on 26 June, 16:31 and 26 June, 16:32 is

00 g NW about 30 km. Other earthquakes with hypocentral distances of 100—
240 km are primarily connected to the subduction Pacific plate.

Fig. 3b. The depth distribution of the earthquake across the seismo-

focal zone through the region of the CGO (profile 2-2 in Fig. 2). 3 1 The basic characteristics of geophysical measuring de-
One can see such a feature as a double-planed spatial distribution of vices

the earthquake hypocenters at the depth range of 200-300 km.

SeismometerThe measurements of 3 components of ground dis-
placement velocity is provided by the seismometer SM-3 in the fre-

2. Data converter complex, which consists of quency range of 0.5-40 Hz with a sensitivity threshold of 10-8 m/s
and a dynamic range of 90 Db.

() Analog-digital converters (ADC); its inputs are pagnetometerThree axial induction magnetometer measures ge-
connected to the outputs of the geophysical mea-omagnetic field variations in the frequency range of 0.003—40 Hz.
suring devices; The sensitivity threshold is better than 20 p;ilgzat a frequency

. . of 0.01Hz, and it corresponds to 0.02pTHz at frequencies

(b) _Cor_'trOI and_data buffer mOdUIe'_Wh'Ch collects dig- above 10Hz. The low threshold of the magnetometer sensitivity
ital information from ADC, provides raw process- ang the Karimshino low level of magnetic noise at high frequencies
ing and buffer storage, records time marks andajlows one to observe up to 7 Schuman resonances (Fig.7)
transmits information into the Data Acquisition
Base in an automatic regime; Acoustic Seismometethe acoustic emission receiver is based on

a mechanical system with a ceramic transducer. The signal from

the ceramic transducer increases with the frequenc§Zaand the

resonant frequency of the sensor are at 1200 Hz, so that the working
range of the instrument falls in the pre-resonant range.
The computer system of the Data Acquisition Base creates

the archive and records it in the Magneto-Optical drive. A The instrument includes a sensor in a metal box, as well

GPS receiver provides precise time signals, which enter thes amplifier and filter blocks (Fig. 8). The last one contains

Computer and Distant Measuring System. four band-pass filters with central frequencies of 30, 160, 500

3. Distant power supply (batteries).
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and 1000 Hz. After filtration the signals are smoothed by an
integrator, and then arrive at the ADC. The sensor of the seis
mic acoustic emission is installed into the bore-hole (depth is
about 30 m) with the steel pipe.

3.2 The Second system of CGO Fig. 7. The scheme of the acoustic emission receiver.

Measurements of telluric currents are carried out by non-

polarised electrodes buried in the ground (Fig. 9). Common

electrode 1, together with electrodes 2, 3, 4 forms three NS

dipoles of different lengths: 80m, 230m and 470m. The of the dipole and represents the numbers of three dipoles
same common electrode 1, together with electrodes 5, 6, groups in the same direction£ 1, 2, 3 for NS and 4,5,6 for
forms three EW dipoles of the same length. A so-calledEW). The unit LS3300Ptv of the Hakusan corporation is uti-
VAN-method (Varotsos and Lazaridou, 1991) uses such dized for processing the potential differencs¥; (i = 1—6).
multiple-dipole measuring system in order to search for anThe Notch filters of the Logger cut out the signals with fre-
earthquake precursor. According to the VAN-method, thequencies of 50 Hz, 60 Hz and their harmonics. The rest of
telluric current signals SES (Seismic Electric Signals), whichthe signals are digitised by A/D converters (sampling rate
precede an earthquake, are characterised by the conditio®:.sp/min, dynamic range 2V, 20 bit) and recorded by an in-
AVi/li = constant, wher@\V indicates a change in the po- termediate Memory with a capacity of 1.6 Mb. The accumu-
tential difference measured by the dipolejs the length  lated data are transmitted into a PC once every two weeks.
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3.3 The third system of CGO

N L
W+ E Installed at Petropaviovsk-Kamchatskiy AbsPAL (Absolute
S E Phase & Amplitude Logger), this system measures the
E 43 phase and amplitude of the signals from navigation ra-
0>0 9<0 dio transmitters in Japan (381' N, 13951 E), Australia
47 (21°4901’ S, 1140950’ E), China (4006 N, 11305 E)
and Hawaii (222530" N, 1580920’ W). The diagram of

7 - 5 1 the radio transmitters and the receiver location is displayed
in Fig. 10. The frequencies of the transmitters are 40 KHz,
19.9KHz, 22.2 KHz and 21.4 KHz, correspondingly. There
are some evidences that anomalous variations of phase and
Fig. 8. The scheme of the positioning of the telluric currents mea- amplitude are observed along wave paths crossing over the

suring electrodes. regions with increasing seismic activity.
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