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Recent seismic activities at active volcanoes in Hokkaido
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(Received January 5, 2004)

We reconstructed the volcano monitoring network around Hokkaido Komagatake
Volcano in January 2001 to start its continuous seismic observation. Prior to this, back-
ground seismicity around Komagatake Volcano during its dormant period has not been
thoroughly revealed because overall seismicity was very low and the seismic network
configuration was too poor for hypocenter distribution to be discussed in detail. With data
from the remade network until December 2003, it is now evident that there are three
remarkable focal areas around Komagatake Volcano. The first locates under the summit
crater, with activity concentrated in an area shallower than 6 km below sea level. The
second is seen at intermediate depths of 8—12 km on the northeastern side of the volcano.
Deep low-frequency earthquakes also occurred on the same side of the volcano. While the
relationship between these seismicities at some depth has not been revealed yet, these are
noteworthy phenomena to be considered in the magma supply system of Komagatake
Volcano. The last focal area is 6 km north of Mt. Yokotsu-dake. Seismicity in this area
has been sustained for more than half a year since April 2003. Earthquakes in this area can
be divided into two groups according to P wave polarities. In sum, seismicities in these three
focal areas are considered as background activity for the dormant period of volcanic activity.
We anticipate that this study will be exploited as the basis for detection of unusual volcanic
activity in the future. An outline of the new data transmission system for volcano monitor-
ing after January 2001 is appended to this report.
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*:Now at Volcano Fluid Research Center, Tokyo Institute of Technology (Kusatsu-Shirane Volcano Observatory)
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7 KIS 5 10 FELEARBL, E < L WRICe S B ADRES RSN TSk
WD 12Thb, 1929 FiC KR L = 72 HRMA LT - 72 h & 1942 4 11 AOB Ak 2 REZICIZE
AEEEZRIEL Tva724%, 1996 4F 3 A & N INTRA B EAIC B\ MR L OKERRBRZ LITL
FREIC L EREER ) L) % XUEHHIEBD 51T 5, Z 0 1996 SFE LD XILIES)
2%, 1929 SEDKBLAIC AT L THAEL 72 1919 FLIED/INEAER) EFHPL T2 652 R
HY, SROKNEH OB AHH I N TS, FEDENMER GPS BROKE, L3 T
b IRBEDMEIA SRS L, R THAD= 7 2DEWEIETL T 5 EHRMEN TS (K
B34, 2003).

JEHEEEY & 1213 1966 IS RBITIC & B HRBUBEBRNMB FRIT 6 0, BAEICES $ ChlE
HWERE BTN —F BIATb N T 5 GLIREX AR A, 1987). dLMEEAFEHEEI T
b 1977 FEDFERAIMBRIATERSL 2 520, 1980 AR 5 TV 2 —F & F v 2 R HURBR %
BfA L 72 (ALMBE RSB EE AR K ILERRIAT, 1984a), Zok ) K ERHERN TR LN T—
73, MEFOFERE & LI 1980 FAVEAED 5 BAD T BN THEENHEL LIz b
JEARwLNE LItk > TET, ZDRDUERN & ) L RmBENFAIMER 72T TlI %<,
I BRI E A 7 &Y KIMRAZ O MERIKHRICREI N, thEh0EHD
BRE2EP LT —IEEIRALNTETNS, L3z, KIIEHMBEDOEEE % Hinic 8
BLAUESOERLHAMT 57200 1 D0EL T 5, &) BERMBEBRN S FORL EEY
FHEIL, 0 FULRHOBBMBEBLRIALELEDL > T, L Lad s, B » TR
NN EIERANEUEI D $ TR EEDBR S 2 KUK LICERT 2 Z 8L <, FHEC
RETHXIEHENOREBB LS LNV L H - T, IRTHLRIFETHS £ DRHEL &
EHRHLTHBERIICOWTR T VRESNTI Ld o 2.

JEHRE KRB E W R IR R K LU IR BRI+ > & —FER A BRI (LT ISV-UVO)
Tld, 2000 F5E & ) ALHEEE » IS B 5 H R A IUBRIERE O KL T — S ER S A T 4
DEAEER 2D, T ZHE L )R KB RFERE » WBMEER (AT 2R -
7. WHEMBEBUNAABI b b L )ik o TUR 7w HOBAER % L Ty WiLHEEE »
ETE, AERUDE JICEAZBE)ETAILEIZRL Y, XIUMEMEFEINOZELI K ILTEB 2K
DR TEDL ) UEREFODPIT LA EFD > T, 2D L5 RO TRITERE 2
FHEI L, S 5ICKINESOHB TR 2 B3 7201013, EEMNTHBENFAERBBR 3 KT % E
B 2R L CE MO D—H L % b, £ TAHKTIE, KUEBHENEETT L
TRRD CREMD) WEEHZRZ 52 &2 SBEICEES DD, HRAUBHET— S EB%ES R T
LHTRHE & M7z 2001 SELIEO BB T — £ I DWW, PEEHC BT 5 KUKELE TOMER
BELBETLZL2HNET S, EFROFL T — 5% 2T 212D Tid Appendix T
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Fig. 1. Monthly frequency (vertical solid bars, ten times left axis) and cumulative number (solid
curve, right axis) of earthquakes observed at station JMA~-A since 1966. Also shown on
the left axis is the monthly frequency of earthquakes averaged over 3 years (solid line with
open circles, left axis). Original data are provided by Volcano Monitoring and Informa-
tion Center at Sapporo District Meteorological Agency (JMA). The counting criterion for
volcanic earthquake of JMA was changed on August 1, 1994. The old criterion required
peak-to-peak amplitude of 0.05 gm and S-P time shorter than 4.0 s at station JMA-A. The
now one requires peak-to-peak amplitude of 0.3 gm and S-P time shorter than 2.0s. Three
solid triangles in the upper right corner of the graph indicate small phreatic eruptions at
the summit crater after 1996.
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Fig. 2. Location map of seismic stations around Hok-
kaido Komagatake Volcano which ISV-UVO oper-
ates as of December 2003. Solid circles and squares
correspond to permanent and temporary stations
from which all monitoring data are sent to UVO in

real-time.

The solid triangle in the southeastern

end of the map represents a temporary off-line
seismic station installed on November 1, 2003.

— i HER D
BRELTCWS, 2003411 A
F L7z,

Table 1. Location of and list of instrumentation for seismic stations of Komagatake Volcano as of

Nov. 2003.
Station | Lon.(deg) | Lat.(deg)| Alt{m) | Seismometer | Digitizer Comm. Power Supply Remarks
MG-40T RT/RR-48 | 12VDC(Solar
KM7 | 1406862 | 42.0400 ----égl% ----- ?A’-BG'\}'(:D"' LT800 | o G/W2400 100\fic’ca )| Borehole
27 MG-40T Analog lin

NUM | 1407247 | 42.0897 }---- iég ------ 'Csﬁﬁ.gdéi%’s’" LT8500 p l?feg ¢ 100VAC Borehole
IKS | 1407208 | 419723 | 185 CMG-40T | LT8500 | Digital 64k 100VAC

KME | 1407383 | 420492 | 310 CMG-40T | LT8500 | RT/RR-48 100VAC Temporary
0SD | 1406533 | 420758 | 310 CMG-40T | LT8500 | RT/RR-48 100VAC Temporary
SAW 140.6736 42.1179 17 L-4C-3D LS7000 100VAC Temporary
MOR | 1405733 | 420941 79 L-4C-3D | LS7000 (Local) 100VAC

SKB | 1408173 | 42.0282 45 L-4C-3D | LS7000 | Digital 64k 100VAC

SUN | 140.7164 | 42.1243 20 L-4C-3D | LS8000SH | Analog line 100VAC

AKG | 1406459 | 420118 | 168 L-4C-3D | LS7000 | Digital 64k 100VAC

SWD | 1407047 | 420693 | 727 | CMG-40T |LS7000XT | RT/RR-48 | 12VDC(Solar)

KNG | 1406878 | 42.0553 | 895 | CMG-40T |LS7000XT | RT/RR-48 | 12VDC(Solar)

OFN | 1409159 | 41.9346 95 L-4C-3D | LS7000 - 12VDC(Batt) | Off-line

(*1) Orientations of horizontal components; Xch(+) : N7I’E, Ych(+) : N16I'E.
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BNLHEBADOHEE T 0~13km 2 BRI HEI N - MENA % 7 vy b L7, Fig.1 & Fig. 4
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bdHo72h (200045 H, 8H, 108, 200243 A% &), EHMICRE 1+ Hic SMBED
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Fig. 4. Space-time distribution of hypocenter and cumulative number of earthquakes for
January 2001 to December 17, 2003. (a) Map view of epicenters. (b) Projection of
hypocenters on an EW vertical plane. (c) Projection of hypocenters on a NS vertical
plane. (d) Depth-time distribution. (e) Latitude-time distribution. (f) Cumulative num-
ber of earthquakes. Magnitude scale is given on the upper left.
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Fig. 6. Focal mechanisms of 9 earthquakes that occurred at intermediate depths. Focal
solutions are projected on the upper hemisphere. Stations MRR and MIT locate in
Muroran city and near Usu Volcano, respectively.
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Fig. 7. P wave polarity distribution of 11 earthquakes near Mt.
Yokotsu-dake. All polarities are projected on the upper hemi-
sphere. The earthquakes can be classified into two groups
according to the polarity distribution. Focal mechanisms of the
largest earthquakes in each group are shown on the lower right.
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Fig. 8. P wave polarity and focal mechanism
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Fig. 9. Projection of hypocenters on a NS vertical plane and their frequency-magnitude distri-
bution for every 2 km depth interval. Bin width of magnitude is 0.5. To extract an
influence of remarkable activity near Mt. Yokotsu-dake, we divide the area at latitude
42°N. Thick bars in each depth interval show frequency-magnitude distributions for
earthquakes near Komagatake Volcano that occurred farther up north of 42°N. Narrow
bars show the distribution of earthquakes that occurred in the whole area in Fig. 4.
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Fig. 10. Velocity waveform of a deep low-frequency earthquake
(DLF event) that occurred on November 10, 2003, and its velocity
spectra from the UD component at 4 different stations. The
location of the hypocenter is shown by a pentagram in Fig. 5.
Each velocity spectra is smoothed by a Parzen window of a 0.1
Hz bandwidth. The dominant frequency is lower than 1.0 Hz at
all stations.
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Fig. 11. Composite geologic, earthquake epicenter and Bouguer
anomaly map of the Komagatake area. The hatched area north
of Mt. Yokotsu-dake corresponds to an epicenter determined
through four points observation by Tomatsu (1971). White large
circles around Mt. Yokotsu-dake are epicenters determined by
the Sapporo Meteorological Agency during October 1969 and
February 1970 (after Tomatsu, 1971). Light gray and dark gray
zones correspond to the Tertiary system and pre-Tertiary sys-
tem, respectively (after Hata and Umemura, 1984; Ishida and
Kubo, 1983). Bouguer anomaly is expressed in contours of 5
mgal ingerbal (after Hiroshima et al., 1997).
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Fig. Al. Schematic diagram of the data transmission network of Hokkaido Komagatake

Volcano. We introduced private WAN connecting satellite stations at the foot of the
volcano that transmit to UVO observed data such as seismic data, tilt data, strain data,
airwave data, GPS raw data, picture image data and tide gage data using the same
transmission line. Mori branch at the northwestern foot is the gate of the Komagatake
network to UVO. A PC installed at the Mori branch aggregates all monitoring data from
the satellite stations and relays them to UVO by a single telephone line. The stations
where AC power supply and commercial telephone lines are available, are organized with
private WAN. These constitute the backbone of the volcano monitoring network of
Komagatake and function as hub stations. In this figure, stations SKB, IKS and Mori
branch are hub stations. Data from stations on the edifice where telephone lines are not
provided are sent to the hub stations at the foot of the volcano by a radio telemeter. We
mainly use the one-way communication radio telemeter, and partly operate the two-way
communication-type radio telemeter that can request retransmission from the sender when
data packets are destroyed during radio transmission. A spread spectrum radio router
(SS-router) can be used for short distance data transmission from Mori branch to Mori
town office where seismic data are distributed experimentally. For instrumentation
details, see tables in the appendix. (L'T8500, LS7000, LS7000X T, IP converter and GPS-IP
converter are products of Hakusan Corp. RT/RR-48 radio telemeter is a product of
Meisei Electric co., ltd. ImageCap is a product of Big Island Co.)
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Table Al. Specifications of seismometers used for volcano monitoring in Hokkaido.
Type | Manufacturer Model Natural Period Sensitivity Power Supply Remarks
Mark 276V, 55000hm t:
Vel. o L-4C-3D Is 6V/m/S(open) - oum e
Products 171V /m/sth=0.7) Rs=89050hm (h=0.7)
+10~+36VDC
Vel. Guralp CMG-40T 30s 2X400V/m/s 05W Standard type
+10~+30VDC

Vel. Streckeisen STS-2 120s 2X750V/m/s W

Borehole type
Vel. Katsuji D-203B 1 50V -

e atsujima SD-203BS s /m/s Amplifier:MA-103(*1)
2X50V, L
Vel., Tokvo Sokushin! VSE-355H 50 SOOV//r?/(SIE[)) +15VDC Borehole type
okyo Sokushin| - 'm,
Acc. Y ! ° S 90mA Power unit: PF-604
100V/m/s/s
Japan Aviation +12~
Acc. Electronics JA-5V DC 0.51V/m/s/s +18VDC Borehole type
Industry 60mA
Acc. Akashi JEP-6A3 10s 0.11V/m/s/s -
+12VDC
Acc. Kinemetrics SBEPI DC 4.08V/m/s/s 65mA Borehole type
m

(*1) Output sensitivity of amplifier is 2X50V/m/s.

Table A2. Specifications of digitizers used for volcano monitoring in Hokkaido.

Manufacturer Model Chan. | Dynamic Range | Sample Rate | Input Range | Power Supply | Telemetry
22bit (~100H 20,50,100, +10V~ 12VDC(*1 RS-232C,
Hakusan LT8500 | 6~ it ( 2 0 -
20bit (200Hz) 200Hz +625mV Ave. 30W RS-422
20,50,100, +125V~ +6~+9VDC
Hakusan LS8000SH 4 14bit RS-232C
200Hz +2.778mV Ave. 70mA
2,10,20,80,
Hakusan 1L.S7000 6 24bit 100,200,500 +10V/+1V +7~+15VDC | RS-232C,
u 1 ,400,000, = =
é Ave.65mA | UDP/IP
1000Hz
1,50,100, +7~+15VDC | RS-232C,
Hakusan LS7000XT 6 24bit +10V/+£1V
200Hz Ave. 120mA UDP/IP

(*1) 100VAC is required for starting.

Table A3. Specifications of radio telemeters (wireless modem/router) used for volcano monitoring
in Hokkaido.

Manufacturer Model Modulation Trans. Rate| Trans. Dist. | Power Supply | Interface |Remarks
GMSK 38.4kb Max. 30k +11~+1 C| RS-422,
Meisei | RT/RR-48 5 ps ax. 30km SVD Modem
(400MHz-band) | ~56kbps (5elem, 1W) Max. 400mA RS-232C
GMSK Max. 30k +9~+16VDC
Hakusan RM800 9.6kbps ax. oKm RS-232C | Modem
(400MHz-band) (5elem, 1W) Max. 500mA
Hak RM300 GMSK §~56kb Max. 54km +12VDC RS-422, Mod
akusan ~ S odem
(400MHz-band) P (5elem, 1W) Max. 250mA RS-232C
SS-DS Max. 5k +12VDC
Root RGW2400 2Mbps ax. vxm 10BASE-T | Router
(2.4GHz-band) (Patch, 10mW) 1A
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Fig. A3. Location map of the volcano observation network of
Komagatake Volcano operated by ISV-UVQO as of December
2003. MOR (Mori branch) is a gate to Komagatake network.
At station MOR, all monitoring data are stored in a PC and
relayed to UVO. Data from the stations on the edifice are sent
to hub stations at the foot of the volcano by a radio telemeter.
Relay stations around the volcano are connected to MOR
through the exclusive telephone lines. In this figure, thick and
thin solid lines represent digital and analog exclusive lines,
respectively. Thick and thin dashed lines show high-speed (38.4
kbps) and standard (9.6 kbps) radio transmission lines, respective-
ly.
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