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Mt. Usu had erupted on March 31, 2000, about 23 years after the 1977 eruption. The
volcanic activity excited a lot of earthquakes and volcanic tremors. We conducted seismic
array observation at three sites around Mt. Usu in May and June of 2000 to investigate the
nature and source location of tremors. In May, the observation was done at only one site,
the western part of the new craters, and in June, it was done at three sites adding the southern
and eastern parts of the new craters. The array configuration consisted of 7 seismometers;
these were installed inside a circle with a radius of about 500m. During the May observa-
tion, conspicuous tremors with a predominant period of about 1 sec are occasionally seen on
the seismograms. During the June observation, such tremors are not seen, but their spectral
amplitudes show a peak around 1 sec. Then, we apply the semblance analysis to the
bandpass-filtered (passband: 0.83-1.2Hz), vertical component seismograms in order to deter-
mine arrival directions and apparent velocities of observed tremors. The results show that
apparent velocities are about 1km/s, and that arrival directions approximately turn to the
new craters. However, we cannot determine exactly the positional relation between the new
craters and the source of tremors. Next, we examine the temporal change of tremors
including an extra observation (single station) in July at ‘the western part of the new craters;
at this site observations have been done in May and June as well as July. The amplitudes
of tremors in May and June are almost stationary through the observation period, while the
amplitudes in July are drastically changing with time. Spectral analyses of these tremors
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show a peak at 1 to 2 Hz. Spectral amplitudes at 1 Hz decrease monotonously from May
to July. On the other hand, spectral amplitudes at 2 Hz continuously exist with some
fluctuation from May to July. These facts may be related to the excitation mechanism of
tremors.
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ABILE 2000 4 3 A 31 H 138 745, 1977 SELIR# 23 5 DTk L7z, BUAIE F 38R
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2 (MTY, Fig. 1) Tithi/, ZBREL, SHBLOMADDLITITSHERICH ), BED
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Fig.1. Top: Location map showing array observation sites (open circles), new
craters (solid circles) and the summit of Mt. Usu (solid triangle). The size of
open circles roughly represents the array size. Bottom: Array configuration at
each site. Seven seismometers are located at solid circles.
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IRDWEEN R L e Wi (Fig. 2(a) @ 210 B2 6 100 DK E 77— 227 V%
Fig. 2(c)iciR¥. 7— ) = 27 b VD EHEIT, 10 B ) time window TYI D H L 7232 5%
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WDINT—H/NEL B2 % DIZHL, Fig. 2(c) DA77 Fuhl ~2 Hz fhlEice—2
ERo TR i kINEHOBEL LEZ b5, Fig. 2(d), (e)13, #EKkT 2HIDWE (Fig. 2
(@), (D) TREDEBNFHF TE LD 5720, TNHLIEHEL IR 28 % H L T3, Fig. 2
(IR L - BB SR 1 7T, BRI 3 ~ 48, BokIRIEE 0.001~0.002 cm/sec
Thob, 2, INLDEHEND AT P iz 1 HzfHElc k&L -7 2 ->TEBN, Z0RIEL
~)UIFEERER (Fig. 2(c)) & D M 5MKE v, 1 Hz &9 JIBEBREEN TRReBRAlSTo 2~
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BE (A M) 2EMLCEASECIELDENRLNS, LrL, E—7UN0BEEG
TOWBL ~OViE R (Fig. 2(c)) $BIZELTH S, kL, Fig 2(e) DEHIcBW
T, BRIRIEE Fig. 2(d) &i3IZFA L Th 55, FEMAOWE  E LGSR 3B TH 5.
27 b VEAKIZ R (Fig. 2(c)) W, 3 Hz &Y I BEEREGH CIRIEL ~ A 0En b
DD, 0.5~ 3 Hz OFEHEHE CIUTIZR LIREBL UV TH D, 29 LEBEORE» 5, Fig. 2
(d) DiEBE% %), Fig. 2(e) DUHEHEBICL 2D WML 22, Fig. 2(f) 34~ FASTT
FRAELEMBBEOWRE & A7 UV TH D, EBAEOBERIZIZIZREAMAE CIEEICE CMITw
5. %7, A7 MUF0.3HzIcE—27 %85, 1 Hz & ) LEBEEEN TIHIZIZ—KL T3,
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Mitoyo; May 4, 2000 (UD comp.)
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Fig.2. An example of velocity seismograms recorded at MTY (Mitoyo) during the
May 4, 2000 array observation and their Fourier spectra. Top: Velocity seismo-
grams (UD components) at seven stations for 700 sec. The time windows are 13: 00:
00-13: 11: 40 for (a) and 13: 20: 00-13: 31: 40 for (b). Several events that have
remarkably large amplitudes at seven stations at the same time can be seen on
these records. Middle: Velocity seismograms for the short time window of 10 sec.
(c) is for ordinary part, and (d), (e) and (f) are for selected events. Bottom: Fourier
spectra for the seismograms shown on the middle. Each panel has seven spectra.
In this study, we conclude that: (c)=volcanic tremors with small amplitudes, (d)}=
volcanic tremors with large amplitudes, (¢)=a small volcanic event, and (f)=a
teleseismic event.
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Fig.3. An example of velocity seismograms recorded at IRE (Irie), SBT (Sobetsu)
and MTY (Mitoyo) during the June 16-17, 2000 array observation and their Fourier
spectra. Any events are not seen on these records. For more details, see the caption
of Fig. 2.
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h, 5 AR oBmEsg (Fig 2(c) CABORHERLTW 3,
RIFRTIE, 5 HOZBTHOBRAIEEIC Ao - SREBEI W 1 Boms (Fig. 2(d) iciEH
L, 2> 772N & ) #NREFRLH#ET 5.

. FRFARDMEE

1. 2275 @\

TVv—BEAIC & - TR LN SWBDBR A, Ry EELZ#HETHILr 75
YA EAT 572, vy 77 AREBOBRBOREE 2R TEMETH ), Ho8A LicBlT 3
77w AE SR R RRNTE#HENS (Neidell and Taner, 1971),

k+(21v/2) [ Mf~-]2 N BB T— 7 #%
S(k)= j=k—k(f(/13)/2)i=1M M - BSOS
2
Mj=k§N/2) i=1f"’ fo L TBAIEIZBIT S jFEHoY TN T— Sl

S(k) i 0~ 1%L, ERISERC—BLTwAHBEITIE LItk 5,

7 L —WM % horizontal slowness #° (sz, Sy) DFEEPERL 72 EHET S &, EEER S
X4 2 M E D (de, dy) DB S TBRU S N D WHIE, BB S RS N EEFRRZ
At =dzSe+dysy 72T H L1223 DIC% D, Lizh»T, Tv—HNOZBEASICHT 5 df 23K,
Z ORI ABR S OB T 583, BRNCREBEMANERII—3L, Fn60lkic
LT SUh)=1¢%3. Ll, EROBRAGELFHBHEI2E, BFoRSR T 2 AYEIIC
Fo T T VA THOREBENEN G ENHEZZT T, ELW (s5,50) 2BCEL THEFED*
FLEI—HT 5 (S(h)=1) L 3BEL LW, L 75> RIBH TR, B2 % (s, 59) #IEL T S(k)
RHEL, 2055 S(k) DAL % BEAD (52, 5) % T L —HW %128 L 72 FHE W 0 horizontal
slowness & &% L,

0 =tan“<~s—z~>

Sy
v 1
Jsitsh
&), BEoBREE (6) L RPITEE (v) PHEEI NS,

AR TIE, 5 AICBE S 85 BBYHN 1 Boid (Fig. 2(d) 2#hrodg e+, %
7z, Fig. 2(d) BEHEETRR T nn, #EK (Fig. 2(c)) L#E (Fig. 2(e)) DA L
121 ~2 Hzicv—7HRoNbZ ed b, TNLDWEBICX L CLERZITH. 127701, B8
L HMBAOWUFENE AL, METRERERES PSR TWEIENATHDLEEZ LNDLO
T, ZZTHBREROEZNAEHEINICHVS, /2, KE» LR FN 55, EHMENGRE

(Fig. 2())) 2L Ty 2> 75> 2 %475 72,

ATICIE, BECSIc 1 Hz 2 .0 B ES & 7 % Butterworth B x> P74 17—
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(0.833~1.2 Hz) #Hil 72 W E ATz, 74 NI —DfREIwE (1978) N7 07 F7 itk
BHL, 2> 77> 2AMEEFET 2BITXBEIL, 74 08— B0 1/2 1234057 3 0.5%
ElL, 2n% 0.2 25 LTS 258 LR (sg8) &ELTE, 2NFN—-5.0~5.0
sec/km DHEIF% 250 H4> L 72fE (0.4 sec/km #A) #REL 2, EHENEES (Fig. 2(f)
WXL TiE, A7 b —27350.3Hz fhtic » % 728, 1 Hz @ Butterworth Bl v — 2
T4 NI —FHWT, BHEEE 1.SHH, Z0OBEBMZ 0.758 8 L THT 217572,

2. RIS

5 BicBBl N5 5 b, SBEMsY 1 BOREBOKE 258 (Fig. 2(d) &, #ick
EIRBOWED R N7 b - 12 8RR o iisk (Fig. 2(c)), L ¢, @B sk (Fig. 2(f))
KL Ty 7Ty AT 24T - 1o kR %, ZNFNFig. 4(a), (b), (c) ITRT.

Fig. 4(a) » LBt ERIZ, Fig. 2(d) 28> Fo2 74 Wy —2 LB TH L, b
WD 5 AHEICIRIGEDO A E L EBVR LS. ZOWBHINT 24> 77~ 2l (Fig. 4(a) F
25 2BH)NIZ0.95 22 ARELEERL TS, TDIH b, 7T AEEKRE L7
4.7582H0ETH 05 WMZIITRB E LZBED (54, 8) I2XT 52> 77> RENGAR %
Fig. 4(a) TRICRT, HWEOE— 7 0HAEL T 257, Tkl (BH ; S(£)=0.98) i3l —
7 0.8LUT)ICHNTHLPIKRERETHS, ZOL—27IN L THESINLEHROBERSR
13 N63.4E, RpHEEX1.1km/sec TH 5.

Fig. 4(b) 3#EnKRE (Fig. 2(c) I2NT 22> 77> 2BHOERTH D, ZoFicd
Y77 AMEH 0.9 2B DDV RLNSE, EFEEk (Fig. 2(c)) TR TE L - 72d
Ny FNZT7 4 NVE— L 2B (Fig. 4(b) LB 1213, £> 77 > 2ZMEOEEAHIITG L
TA DRI RRIRBO K E H I L COBU S THATE S, ZOWRBIHT2 75>
ZfEn4AE (Fig. 4(b) TFE) (L, RIEOKSE L@ 28R (Fig. 4(a) TE) L REkC,
BAEZRLTHE—7 3L D DAL KRELEE L > T d, Fiz, TNLDEHNE]
kFHE N68.2°E, B it#EId 1.2km/sec TH Y, WIBHK X ZeM@ic iy 2554 (Fig. 4
(@) LIZELTH B, ZZIIITRE LW, 5 ANBROSEEE (% 2 KR 30 5 /8) oxt
LTy 7Ty A% AT-72 & 25, HEER CIIIRBO K & L EES RS LT VR L 80,
ZIZERBHICE > T 77 2 @A 0.9 e L aanRoni. £, INLDE WL
¥ 7T v ZMEIHIEY B EEOFIRGE, RATEERIREOKE BN NT 2R (Fig. 4
(@) LIT—HL T3, ZDZEhb, 5 ADERENC Z DM T SBELH 1 BoiiE)
7, RIBOKMNMEID 2L DOITTEFRCFREN TR DL EZ LS,

#&Hic, Fig 2() RLZ2EMHMEBOPERSICN L T 77 2B 2 4T- 28R %
Fig. 4(c) IR $. PHWERBICL 5 1.5 EP.LET2HBEBCHXL Y 75 > DS
(Fig. 4(c) TE) BIEHICHMTH L. > 77> 2EIFITIT1 T, AL2IHEEIIHI km, F
RKFMIE N1BW ThY), ZHRITIZTETH LDAS T, EOBIRFHNZIAL > FR T OHEE
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Fig.4. Results of the semblance analysis for the data recorded at MTY during the
May 4, 2000 array observation. The first line: Band- or Low-pass filtered traces for
the velocity seismograms shown in Figs. 2 (d), (c) and (f). The passband of bandpass
filter is from 0.83 to 1.2 Hz for (a) and (b), and the cut-off of lowpass filter is 1.0
Hz for (c). The second to the 5th lines represent results of the semblance analysis:
apparent velocities, arrival directions, semblance values and an example of the
semblance diagram. The results with the semblance values larger than 0.8 are
shown. In the semblance diagram, a solid circle indicates the point of the maxi-

mum value.
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5 ANBRNESD 5 b, HAEM L HRTL ZESIcH L Cer 770 22T -2 L2 A, &
Fo8k ST HF) TE L WIRIRO/N R LB OFLEIRENT, £22T, 6 BiZiT-72 3METH
TVv—BRHOBEETSICH L Th, 5 BDRERIHTT 2B L RAEORG TR 75 > BT %
Fotz, 72720, BRTEIBE ORI L HARS Z L 0 WETH 5228, BEET- 2k
X U T 247 - 72, Z0#ER, 0.9 L EDE 2> 75 v ZEE FOWBED 2 L Z L OBH|
WETHWL D RO -2, FREO—F% Fig. 51RT. F2, £ 77> 2EH 0.9 EE
e DWEEOBIR I E BT EE R £ D THRI ISR L 72 (Fig. 6). 5 ARz 77>
2B Q9L EEL B L DD L5 IO HRTIEI TH 2 LR L 2 8 DD ARRLTEY,
6 ANFERIEELY 7 2EF 09 EE T B b DEETRLT.

Iv. & )

1. WEHDKEFE

Fig. 4@ iR L2 B OKEFRT» 5, > 7T ABFIc L > TRO LN B FmE L &
I radial &5 (REE%) & transverse B4 (THA) # AL TRHE L 2R T8l % Fig. 7I27R
9. U—RFHE TIHBA 5 42 retrograde OEEF S8 1L TE D, ZOEBOURS & REGIZE
VA N)—EPLBEEIN T2 EEZLNE, T2, THROGLVBREINTEY, 27 7%
THALEEZEZLNA, T ZIZIRRE LW, MOBREEIC BT 2 HMENEE L RO EFE 2R
LTw5,

2. WEHOEERAFHIZOWT

Fig. 6 i3> 77 > 2fEMiIc & » THES N2 3HME TOMEOFIRT 8 & BT EE % it
HKECRR L2230 TH S, IHETHUANINLMEBOREEIFEL TH L EIRET S L, &4
W7 v—ndid LERFEICET T W2 ERIT—HTRETLEEZ L5, Fig. 6icin
iE, 3HLEIC BT A ERFENSA IR RBEICIZ VTR TEL, B A DO ZH
WTWBLDD, FNLIF—HTREL Ty, R, MAOFHZIKA THNEL TW3Z2E
(MTY) &H% (SBT) o B 2ERFERECICETELTE LT, ZEBTHOBKAMIZM AD
BLIDLIBMEZENTWE, ZoBRIT, 3HATEUNINAEBOREREIFF—~T3tnwIk
ERBELTWEEEZ LNDLNOM, EMETHORRFMIKBICZAOOFHZENWT N
Z R, WEOWE (M1 km) & BMAOBEBOBER L EE2ERT 5 L 2NN E TE
ENLMBOREFE I BL D LI3EZIT W, 22T, B 24T) ETOBECOWTHRET 5.
Y7o AENOBEFELERE L TUL, BTV —nkE S L REOEBRER, RorlTH
BBk, BTV —0kE & EMBIORKERD L DEEE OBRL EFEZ LD,
COBRTRBMT v —DpEI3H 500 m Th % (Fig. 1), KR TNER L L 12@ o 28 E
IR 1M, £ 75 > 2@ LHEE S NI A EEIRM 1 km/sec TH 205, TV—HT
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Fig.5. The same as in Fig. 4, but for the data recorded at IRE (Irie),
SBT (Sobetsu) and MTY (Mitoyo) during the June 16-17, 2000
array observation.
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Fig. 6. Distribution of arrival directions and apparent velocities at each array
site, estimated from the semblance analysis applied to tremors with a
predominant period of 1 sec. The results with the semblance values larger

than 0.9 are shown. The results at MTY site are for tremors with large
amplitudes (see Fig. 2(d)). The inset shows meaning of the diagram.
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Mitoyo st.1 , May 4, 2000
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Fig.7. Top: Three components, bandpass filtered, velocity seismograms recor-
ded at station 1 in MTY array (Fig. 1). The passband of the filter is from
0.83 to 1.2 Hz. Radial and transverse components are calculated using
arrival direction estimated from the semblance analysis (Fig. 4(a)). Bottom:
Particle motions on the vertical-radial, vertical-transverse and radial-
transverse planes. The particle motions are shown for every lsec. Open
triangles denote the start point of motion. Retrograde motion is predomi-
nant on the vertical-radial plane.
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Fig.8. Temporal change of velocity seismograms (U-D components) recorded at
station 1 in MTY array. (a) May 4, 2000, (b) June 17, 2000, and (c) July 14, 2000.
Vertical scale is the same for all traces. Velocity seismograms for the short time
window of 10 sec and their spectra are also shown. Note the change of seismo-
grams and spectra with lapse time after eruption.
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