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Clusters of Earthquakes
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14 100 160 0 340 10 90 2.8 480
15 100 110 10 340 3 90 5.6 540
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4 =i

AEIOEF L THIZEEG S b SHEOWE 2 &7 b3 ik kT ATy — v %
E<HITETND, 7T ¥~ U#EO PortBlair TOMMREEE DHEE S 172 0.8
mOERE S A EHEE SN ET VTR TE 5, 1 R U7 O v I VRO
RO B AP TE 5, DF 0 SEEEEE» HHEE ST o3~ 85541
B ST B MR A & LRI TH 5,

SHIT, AEEE ST TR0 BT, HUEEBAEHT & 320 By A e L7
Ammon et al. (2005) DR & REMICEN—EE2 /R L T\ 5, £72 GPS ZHO kA
7 — X N OHEE ST &5 (Subaya et al.,20068) &t B —F A7,
7272, A= R T ALEOR KT N & 30m (Z ERL 2 oOFR LD b kEDICHEE S
Niz, 5k, ZOEVWDRRKREZRDL ZENEEEER D,

2% R

Ammon, J.C., C. J1, H. Thio, D. Robinson, S. Ni, V. Hjorleifsdottir, H. Kanamori, T.
Lay, S. Das, D. Helmberger, G. Ichinose, J. Polet, and D. Wald, Rupture
process of the 2004 Sumatra-Andaman earthquake, Science, 308, 1133-1139,
2005.

Hirata, K., K. Satake, Y. Tanioka, T. Kuragano, Y. Hasegawa, Y. Hayashi, and N.
Hamada, The 2004 Indian Ocean tsunami: Tsunami source model from
satellite altimetry, Farth Planets Space, 58, 195-201, 2006.

Subarya, C., M. Chlieh, L. Prawirodirdjo, J-P. Avouac, Y. Bock, K. Sieh, A. J.
Meltzner, D. Natawidjaja, and R. McCaffrey, Plate-boundary deformation
associated with the great Sumatra-Andaman earthquake, Nature, 440,
do1:10.1038/nature04522, 2006.

Tanioka, Y., Yudhicara, T. Kususose, S. Kathiroli, Y. Nishimura, S. Iwasaki, and K.
Satake, Rupture process of the 2004 great Sumatra-Andaman earthquake
estimated from tsunami waveforms, Farth Planets Space, 58, 203-209, 2006.

58



R ETAETIC X 5 2005 £ N 1937 EEH AT HIBOBIRE TS NVHE
A it 55 T RIS

2005 FEYIRIPHEOT R B 2 ERIEERRER LD A =T a U FREEH
WTHERE L7z, IR T 01T 1.4m CTHEEE OB EMICHEE S v, mHHE R
TE B L (MUBBFZERT) 2SR & 7240 1.6m ZHEE LIl & R UHATCh o 72,
2005 FE IR HIEEOEE — 2 MIWIMEEREE 6.56X10 N/m E{RETH &, 74X
10 Nm (Mw7.2) &EHEE SHuiz, WIZ 1937 EE IR HUE 2>V CT\F O R Eo i
= ﬁ%7w§%$LkAEW$®% ﬂhhﬂ0®7v~kﬁﬁﬂﬁaf%ék
T 5L, BESNFE B SN2 W=olaiE, WEidkel v GHEREIEL) |
M%ﬁ%é%ﬁﬁﬂokoZ@%%ﬁﬁ%ﬁiﬁﬁot%%ﬁﬁﬁ@#%k%ﬁﬁ%
Th b,

2004 FEHNEEH () HE ORI AN
[ BB TR

2004 - 11 A 29 BITHAE L7281 () HEIC Lo dal s sAa L, Ak
BN OB (TERE « §IIEE - ) CTEESEN Sz, 200 OER IR
Z W CEFIERROMT 21T o7, HED A =X LT (2004) H35E HHE 17
EMT N HHEE U7z A1) 238 B2, AL 26 FE, 30 £ 111 EZ /e, £& 15km,
g 15km OWiEZ (LH (2004) OFT Y BHMAICH D KO ICE W, EEEERAE

TR % 2206 T -, BRI IAERE - IR - O 3 A2 vz, Bl
@&ﬂ AR R —B L, #EEINTZT0 &IX 1,Tm, HEET—
yk@27XHWNm<Mw6%TMﬂHmm@@FﬁHﬁﬂuf%é 2004 G (L
thh) MR O RIFERR TR TE 0 O HEE SR T, BRI LI TE 2 EN
IR 7160 770

ISR E=2 ) T FD2
(R RE

B DR Z T 5 T2 O] 50O FiE %2 W CIREYS /)35 DR 2L % E
=XV TT D ENIEF E%T&é.mm5$%%$éﬂ$ﬁémﬁwf,mﬁ
T U NA N g E T NERTR BN 2 R T WD 2 L KV RIS 1Y
EHEET D HEERE L. SREREORTA—FEHAL, ThAbE7 U v K
P —F TRETHZ &k i, BRI FIRIZLL TO®EY TH 5.

1. ST oI A o= g EE, 2BOMBED A 1 =X LMR&E2Z VT, K
K+ 1l - Fe/hd 3 DO FISSEO FALA EAERME, B L3 DO IS OFEIHE
ERIRMEEHETDIHETHD. 22 T30 %E S1>82>83 45 &,

=(S1-S2)/(S1-83) (D).

2. 3DODEISIOYEMETFAE P IR a 2T 7BICELVWEB XD &,

aP=(S1+S2+S3)/3 (2).

3. Coulomb Stress Function (CSF) IZLL FTOXTERINS.
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CSF(b)=(S1-S3)(sin2b—u cos2b)/2 -u (S1+S3)/2 (3)

72720, b % S1 LE L oM, u lZBRKELBE LI EZREEBRHTH Y,
u= - tan(bm)Z W72 9 bm O, CSF T AEAID. HEEHEIL CSFbm)Z L
B4 2 LARET D.

4. )-®mnaturhbzsbeSl, S2, S3% —FHIIRETE .

5. S OFEREMERR Y ST o TWBNET S, a b u 2L S8 CR b ML
oI MAGDEE 7Y vy RYP—F35.

A method for monitoring the tectonic stress in the Earth
Kei Katsumata

It 1s important to monitor the regional tectonic stress that causes earthquakes.
Katsumata (2005) proposed a method for estimating the regional tectonic stress
by using a stress tensor inversion method and microearthquake seismicity. In this
study I investigated two unknown parameters by using a grid search method.
Analyzing procedure is as follows.

1. The stress tensor inversion method provides stress parameters including the
direction of principal stresses and R. R is defined by,

R=(S1-82)/(81-83) (1),

where S1, S2 and S3 are principal stresses.

2. I assumed that,

aP = (S1+S82+S3)/3  (2),

where P is a lithostatic pressure and a is a constant.

3. Coulomb Stress Function (CSF) is defined by,

CSF(b)=(S1-S3)(sin2b - u cos2b)/2 - u (S1+S3)/2  (3),

where b is an angle between the S1 and the failure plane and u is a coefficient of
friction. The equation (3) as a function of b takes the maximum when u = -
tan(bm). I assumed that CSF(bm) is proportional to the microearthquake
seismicity rate.

4. S1, S2, and S3 are obtained if the two parameters, a and u, are given. The a
and u are searched by a grid search method.

5. In the grid search method I selected the parameters that are consistent at
most with the equation of equilibrium.

Gravity Anomaly in and around the focal region of Dec. 14, 2004
Rumoi-nanbu Earthquake (M6.1)

Ryo Honda

An earthquake, magnitude of which MJMA 6.1, occurred in December 14, 2004,
at southern area of Rumoi sub-prefecture, northern Hokkaido. The earthquake
intensity of nearly 6 was assumed in Obira town. In Hokkaido, this is the first
inland earthquake larger
than M6 since Teshikaga earthquake (M6.4, 1967). Institute of Seismology and
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Volcanology, Hokkaido University operated a temporal seismic observation, and

reported detailed aftershock distribution (Ichiyanagi, et al., 2005). It shows that

the aftershocks occur on an eastward dipping plane of 10 km square, depth of
141°36' 141748 142°00' 142°12'

4412
44°00
4348 - J :
km mQGal
0 10 20 -10 0 10 20 30 40 50 60

Figure 1. Current Bouguer Anomaly map. Overlaid dots indicate aftershocks.

which 5km. The mainshock assumed tohave occurred near the southern end of
this plane. The northern part of the Hokkaido is a seismic gap region, where no
large earthquake occurs for at least 200 years. This earthquake occurred in a
southern end of this seismic gap.

In spite of the sparseness of gravity measurement points existing over the focal
region, the comparison between aftershocks and Bouguer Anomaly distribution
was attempted. The compiled datasets were as follows. Gravity data of
Geographical Survey Institute
( http://vldb.gsi.go.jp/sokuchi/gravity/grv_search/gravity.pl ), Gravity CD-ROM of
Japan edited by Geological Survey of Japan (Geological Survey of Japan, 2000),
Gravity Data of Hokkaido University. It was found that the aftershocks occur just
above the gravitational rise of about 20 mGals (Figure 1). The focal region is
covered with tertiary sediments. There seems to be a gravitational lineament
related to fold lines, though it is not clear because of sparse gravity data.

So the gravity survey was operated in Nov. 2005, to make a detailed Bouguer
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anomaly map and to explicate the subsurface structure of the focal region. The
measurement was done with CG-3 type gravimeter (Scintrex Ltd. No. S227).
Measurement positions were carefully decided by operating differential GPS
observation. The accuracy of altitude decision is within 1 meter in all of the
measurement point. Besides, data provided by Japan Petroleum Exploration Co.
Ltd. was very helpful. We report about Bouguer anomaly map by current dataset,
and attempt to infer the focal region subsurface structure.

The gravity measurement operated in 2005 was disturbed by instrumental
trouble and also by snow. So we could not accomplish our measurement plan. We
are going to make additional measurement.
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D SRAER - FERRBE « BURUK « TR » 5K

BT IR KT EEE IR ERE L2 H 1 DO KILUTHEE L TWD. 2005
IR I 2 RICEMRIC X AEEREZ T 7. BEIIRELI ST T2o0
HEMNLRD., OEDEFANY a7 Z—z2HWTEEEETRSEETHY, OV
Ol EMTIEIC L D HIEPHIEE TH D, £ 1ICHEEDO EREE %2R,

2P RIEE T, IURD AR LS 2 AT 2 & & big, [WTEOFIERAT
WL - T, KIUNFENCE D BAEBEOREZRET 2 2T AEE L. FH
A« fth (2008) DEFHTIC L AVIE, B UH Lo FE AR RE IS 2 mg ki
< v B ENTIED, BN O AT TR KR T D & B b IR b R
WO S £77, GPS 2 W TR v — 0 BN B A2 5 em OFSE CHIE L
TEL I ET, MR LA METE A2 X OICEE L., M EMTERETIE, H
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Kinematic Features of Isolated Volcanic Clouds Revealed by Video-records

Akihiko TERADA* and Yoshiaki Ida**
* Institute of Seismology and Volcanology, Graduate School of Science, Hokkaido

University, North 10 West 8, Kita-ku, Sapporo 060-0810, Japan.

** Graduate School of Life Science, University of Hyogo
(Geophs. Res. Lett., submitted)
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Ascent processes of small volcanic clouds are analyzed using video-records
obtained for some eruptive events at Asama and Miyakejima volcanoes, Japan. In
this analysis, each segment of the volcanic cloud (3)0.95

is treated as an isolated thermal, i.e. a spherical & <> Ambienta ZVTJJ':A
body ascending independently through the %,0'90 oy
ambient air by its buoyancy. Our kinematic io.as
analysis reveals that the ascending thermals well ‘é 080
meet the entrainment hypothesis and the § /
relation that was obtained from a dimensional s 18
analysis by Scorer until they arrive near their (b)
maximum heights. Empirical dimensionless 10° §
constants characterizing the entrainment ‘g 10° 4
hypothesis and the Scorer's relation are about £ 102‘ 1
0.36 and 0.6, respectively, consistent with some 2185 i
results of laboratory experiments. Therefore W 104 w g
kinematic features of small volcanic clouds 103 , :
including their sizes, ascent velocities and mean () 00, 04 2, fk?n] = 1
densities can be described quantitatively by the 25
simple model based on these empirical relations —,, | g
without thermodynamic consideration. § -

£ = {Observedheight =/ .
Figure. Analysis of the volcanic cloud of Asama volcano '% 1.0 ’
at 8:38 am on 18 September 2004. Integrating (6) by use T os _
of the ambient air density given by the upper air 0.0 s ;
observation at 9:00 am at the TTN station (close circles). 10" 10° 10" 10°  10°

2
(a) The calculated density of the volcanic cloud compared (d Fo [kg/m/s7]
0.5

with the ambient air density from the upper air

observation at 9:00 am at the TNN (close circles), WJM 0.4
(open squares) and HMT (triangles) stations. (b) The 03l
change of F calculated as a function of the center height

for selected initial 0
values: Fo = 106, 107, 108 and 109 kgm/s2. (c) Calculated 017
maximum cap and center heights as a function of Fo. The 0.0

Y00 04 08 12 16

observed height of cloud’s cap (The horizontal line) gives z._[km]
C

Fo=1.4x108. (d) The Scorer’s constant C calculated from
equation (8) in our paper at each height.

Warm wind holes at the top of the Yasukajigamori lava dome, Mikurashima volcano,
Steaming only during the winter

Warm wind hole swarms were found at the top of the Yasukajigamori lava dome
of the Mikurasima volcano, Japan.
Akihiko Terada*, Masayuki Hino** and Keiji Takeiri**
* Institute of Seismology and Volcanology, Graduate School of Science, Hokkaido

University, North 10 West 8, Kita-ku, Sapporo 060-0810, Japan.

** Mikurahima, 100-1301 Tokyo 100-1301, Japan.
(J. Geol. Soc. Japan, in press)
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A white steam column with height of less than 1-2 m was seen rising from
the major hole Y-a only during the depth of winter. The results of temperature and
relative humidity measurements in and around the Y-a hole indicate that
temperature and density of vapor in the Y-a hole strongly depend on the
temperature of the outer air. This suggests air circulation involving outer air
percolating through porous lava dome. Thermal energy discharged from the Y-a
hole is estimated to be about 16, =
20 GdJ in each year, similar to gli ) I
the value reported from at o,,| e "L TV Sl
the Nakayama wind holes in 12 T, FE. 200 s t
Shimogo, Fukushima. As a &1 )

£ 10 ® Outer air
result of measurements of & Vi
; : (@) (1) )
emperature, pH and electric 8 - = =
conductivity of water around
the lava domes, we have 5100 | {STRWE TRS0T
found no evidence to suggest °; Gl .
volcanic thermal activities. 3~ T Cee oitue s
Some of wind holes at other 5 soigme® ©
active volcanoes could be o *

: AY A% ) 2 ® Outer air
mistaken as volcanic & 2° (b) 1) @) Vent
fumaroles. 2 o - = =

& 14 LX)
(\EJ) 12 A . - ~

Figure. Variations of (a) 1o
temperature, (b) relative % g ol
humidity and (c) density of vapor > ¢ .
between 12 pm. April 22 and 00 2 4 .
am. April 24. Data in the vent ’é 2 ) ) '8:;‘]‘:" aly
and outer air are recorded at the @ (C) - - > |
] 3 05/4/21 4/22 4/23 4/24
intervals of 1 minute and 1 hour, 12:00 0:00 12:00 0:00 12:00 0:00

respectively.

IK Db FREREE 2 F U 7 il R e BV R
— BRI LK O RO K> B D BR HRHEE —

SFHBEE* « RIBIMEY « HEARF I « JRIGE —** .

* T060-0810 AcifFiEtLiR XL 10 2598 8 T H
ALHRIE KR 2R B BRI FE R B R A (L SR & o & —
b E FL I B kA
(A AKX [L7E2S 2005 FFRAZR RS HER)

AERILPE Lk AR (2000 4501L) BN oML TIE, BV I 2 ko &
L2 EDNRL TR, T E T, RN D OERNERMICH LN 2
XV, ZOHBADO—o L LT, A SDORAREMEICKEE LS REL D5
ENEELRWZ ENETF NS, 22T, AUBICANTKOBBEE b L1Z,
R A R HUZEHIT 2 ka5 %, Wik OfE~#EH L.
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An exposed cross section of the tilted Tottabetsu plutonic complex allows
direct observation of its 2-D cross-sectional shape and pretilting vertical
variation in lithology and small-scale internal structures. Furthermore,
the cross-sectional exposure allows direct evaluation of pretilting vertical
density variations in both the pluton and the country rocks, which serve as
a strong constraint in gravity modeling that complements information on
the ‘missing’ original horizontal dimension of this tilted pluton.

The pluton is rectangular in cross-sectional shape, measuring ~10-km
thick by ~8-km wide. It is stratified with the uppermost thin granitic unit
(~1-km thick) and the underlying thick gabbro-diorite units (~9-km thick)
that preserve a stratigraphic record of numerous hotter replenishments in
the form of alternation of originally horizontal mafic sheets and cumulate
layers. The paleohorizontals (.e. floor of the magma chamber at any one
time) inferred from the sheets, pipes and cumulate layering and foliation
dip steeply eastward, being roughly perpendicular to the original side
walls and subparalell to the original roof of the pluton. Thus, in terms of
the 2-D cross-sectional exposure, the pluton apparently had a
vertically-elongated cylindrical form with vertical side walls and a flat roof
before tilting.

Both the pluton and the country rocks show systematic density increase

with paleodepth, but density contrast of the pluton with the country rocks
varies between each unit. The gabbro-diorite units show positive density
contrasts (Ap=0-0.2 g/cm3) with the tonalitic and metasedimentary
country rocks, while the granitic unit shows negative density contrasts
with the country rocks (Ap=~0.1 g/cm3). The new Bouguer anomaly map
shows distinct correlations between the bedrock geology and local gravity
field. As expected from the positive density contrasts of the gabbros and
diorites relative to country rocks, a local gravity high is seen associated
with the exposure of the gabbro-diorite units. At the same time, a weak
gravity low is seen associated with the exposure of granite, concordant
with the negative density contrasts of the granites relative to the country
rocks. The gravity model shows that the subsurface contact between the
pluton and the country rock gently dips westward, being roughly
perpendicular to the steeply east-dipping paleohorizontals inferred from
the surface geology. This strongly supports that the hidden pretilting side
wall of the pluton was also nearly vertical.
At first sight, the cylindrical shape with vertical side walls and a flat roof
could be interpreted as being the result of emplacement at dilational sites
along major faults and shear zones. However, such an emplacement
mechanism invoking space creation by horizontal displacement of country
rocks contradicts gradual vertical stacking of the originally horizontal
mafic sheets that represent recurrent hotter injections. We suggest that
space for the successive magma batches injected into the Tottabetsu
magma chamber was created by vertical displacement of fault-bounded
blocks of roof or floor country rocks with little horizontal displacement.
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Volcanic deformation of Mt. Usu revealed by the comparison of precise DEM

Jun Okada
Institute of Seismology and Volcanology,
Graduate School of Science, Hokkaido University

Mt. Usu is an active dacite volcano in Japan. Among nine historical eruptions
recent 4 occurred in the 20th century. Shallow inflation and deep deflation process
proposed by regional edifice-scale deformation study characterizes dacite
magmatic intrusion to shallow depth of Mt. Usu (J. Okada, 2006). On the other
hands, we have yet to understand local deformation patterns at the summit area,
where magma intrusions occurred repeatedly since 1663 and there are many
characteristic topographies and geological structures, such as lava domes,
crypto-domes, large deformation faults, a somma caldera and craterlets. Not only
for understanding shallow intrusion process of Mt. Usu, but also basic
understanding for dacite volcanism, it is very important to examine how each
portion of the summit was deformed at each eruption and also evaluate the
changes during inter-eruption dormancy. However, until recently, this has not
been done because the lack of geodetic data sets in both time and space excepting
for Usu-Shinzan crypto-dome formation in 1977-1982 (ex. Yokoyama et al., 1981).
In this study, to investigate detailed deformation patterns of the summit, 3-D
deformation analyses utilizing precise DEMs are done. The precise DEMs are
newly generated from large scale topographic maps (~1/2,500) by STRIPE method
(Noumi et al., 2002). A several m of significant displacements both for vertical and
horizontal are detectable at the summit by comparing 1993 and 2000 DEMs.
These are mostly due to the shallow intrusion associated with the 2000 eruption.
Great subsidence (60 m ~) of Ko-usu lava dome is most remarkable in the period
1976-1977 (Fig. 1). This caldera-like subsidence is closely related to the graben
structure accompanied by Usu-Shinzan crypto-dome growth. From the case study
of Mt. Usu, it is confirmed that the precise DEM analysis could be very useful tool
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for the investigation of dome building process with a few m scale large

topographic changes in the difficult-accessible summit area.
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Fig. 1 Great subsidence of Ko-Usu lava dome revealed by the comparison of 1976 and 1983 DEMs:
Im mesh DEMs newly produced from large scale topographic maps of Mitsubishi Co. (1978) and
Kokusai-Kogyo Co. (1983)
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