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Ground Deformation and Magma Reservoir at Aso Volcano:
Location of Deflation Source Derived from Long-term Geodetic Surveys

Yasuaki Supo*, Tomoki Tsutsur**, Makoto NakABoH***,
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So far the ground deformation associated with a magma supply system of Aso Volcano had not been discussed
because any clear signals in ground deformations and volcanic earthquake activity had been hardly observed near
the Nakadake active crater during its activity enhancement cycles. In this article, however, the deflation source
and magma supply system is investigated by the long-term geodetic surveys. The secular subsidence is observed
in the Kusasenri area about 3km west of the Nakadake active crater from the 1951’s levelling survey in compiled
levelling surveys along the Bouchuu-line since 1937. While the ground deformation near the active crater has
been obscure. The source of this deflation near the Kusasenri area is estimated on the basis of the spherical
pressure source model through the non-linear least square method with using recent survey data which include the
Bouchuu-line and an extended survey route. The deflation source is located beneath the Kusasenri area at about
5km depth. However, recent volume changes at the spherical deflation source are smaller than before 1959.
The location of the deflation source coincides with the low P- and S-wave velocity body in the 3D seismic velocity
structure. This fact supports a hypothesis that the low seismic wave velocity body represents a magma reservoir.
Therefore this magma reservoir beneath the Kusasenri area must be connected to the Nakadake active crater.
We inferred a rigid conduit in the magma supply system from the obscure ground deformation in the vicinity of
the Nakadake crater.

Key words: Aso Volcano, ground deformation, magma reservoir, 3-D seismic wave velocity structure, magma
supply system
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PROCESS OF VOLCANIC ACTIVITY AT ASO NAKADAKE CRATER Fig. 1. The process of volcanic activity at Aso
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Nakadake crater. At the weakly active stage
there is a hot and super acid water lake in the
crater, with a diameter of about 200m, a
temperature of about 60°C, and a greenish white
color., The water level is maintained from
groundwater and fumaroles, and does not
change. The ingredient responsible for the
green color is iron. When the volcano becomes
more active, its temperature rises up to the
boiling point, evaporation is promoted, and the
hot water level decreases gradually, and many
mud eruptions (small phreatic explosions) occur
intermittently, ejecting hot water and old rock
fragments of 5m diameter or more to distances
of up to 1km outside of the crater. At the bot-
tom of crater many small pits open, with dia-
meters of several meters, ejecting high tempera-
ture volcanic gases and ashes, and becoming
incandescent. After this a lot of volcanic ash
is ejected accompanied by intense rumblings,
flames several tens of meters high, and ejection
of volcanic rocks. So the vents expand, grow-
ing to a size of tens of meters diameter, and
eventually cover the entire crater bottom. In
this stage a lot of ash is ejected to some tens of
kilometers height. The volcanic activity then
becomes even more intense and a Strombolian
type eruption stage begins. For some weeks or
months the volcanic activity is at a high level
with violent rumblings, and ejection of many
fresh magma fragments and ashes. A Strom-
bolian type eruption becomes gradually weaker
and the volcanic activity ceases. The volcanic
ash deposited around the crater is washed into
the crater by rainwater and the crater wall
collapses. Then the bottom of crater is buried
and the floor at the crater bottom begins to
appear again. A lake covering the whole crater
bottom is again gradually formed, as the crater
fills with hot water. The water level goes up
gradually, and becomes more stable. A phrea-
tic explosion can still occur if there is some
power remaining in the volcanic activity. This
is the end of the eruption cycle. In this way, as
a calm period ensues, the lake becomes green
and a cycle is completed. This is one volcanic
cycle at Aso Volcano. And at every active
stage a lot of volcanic ashes are ejected during
the time when new vents are opened. These are
the main characteristic of the eruptions of Aso
Volcano.
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Fig. 2. Index maps of Aso Caldera showing levelling benchmarks and levelling routes with benchmarks at the

central cones.

Triangles show tops of notable central cones.

In the Aso Caldera map, solid circles indicate

benchmarks of AVL (Aso Volcanological Laboratory of Kyoto University) and open circles indicate

benchmarks of GSI (The Geographical Survey Institute).

In the levelling route map, solid circles indicate

significant benchmarks and open circles indicate auxiliary benchmarks.
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Fig. 3.

levelling route of Bouchuu-line in Aso central
The benchmark of AVL-1 was held
fixed. Displacements during the period from
1937 to 1953 were calculated by comparing
results of the 1937’s survey.

Vertical displacements observed along the

cones.
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Fig. 4. Secular vertical displacements observed at
the benchmark AVL-14 near the Nakadake
active crater during 67 years from 1937 to 2004.
Each displacement was calculated by comparing
the result of 1937’s survey.
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Fig. 5.

levelling route of Bouchuu-line at Aso central
The benchmark of AVL-1 was held
fixed. Displacements during the period from
1958 to 1959 were calculated by comparing
results between the 1958’s survey and the 1959’s
survey.

Vertical displacements observed along the

cones.
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Fig. 6. Vertical displacements observed along the
levelling route of Bouchuu-line at Aso central
cones. The benchmark of AVL-1 was held
fixed. Displacements during the period from
1959 to 2004 were calculated by comparing
results from the 1959’s survey. The benchmark
of AVL-12 had been destroyed during the 1977’s
survey and the 1981’s surveys.
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Fig.

7. Locations of deflation sources BCU and BYA and the levelling routes with benchmarks at the central
cones in Aso Volcano. The cross mark
A large open ellipsoid BCU indicates the location of
deflation source during the period of about 10 years from 1993 to 2004. Lengths of each axis represent
standard deviations. The source BCU is derived from the spherical deflation source model by the 1993’s and
2004’s surveys along the Bouchuu-line. The depth of this source is about 5km below the sea level. A smaller
solid ellipsoid BY A indicates the location of deflation source during the period of about 4 years from 1993 to
1997. Lengths of each axis represent standard deviations. The source BYA is derived from the spherical
deflation source model by the 1993’s and 1997’s surveys along the Bouchuu-line and the 1989’s and 1997’s
The depth of
the source BYA is estimated at about 5.8 km below the sea level beneath the southern region of Kusasenri near

Triangles show tops of notable summits among central cones.
indicates the initial coordinate of deflation sources.

surveys -along the Yoshida-line and the Akamizu-line in the southern west flank of Kusasenri.
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(%3 D x, y, z, ko) ZHIFHEFTICHEE %17 - <.
T—45 %y b ADGEDETNRNEOHEEMLREE S
AontmEEE & B Table 11289, F— & b
A DG, FEFEPCEREICBEY 3 3 > OFHES TS
SnFIczoTE/MBE LTHE R, THEPTED
B/ N RO R EOEHFAMNICNE > TWA T &

The 1989’s levelling data were obtained by GSI.

ZRLTEBY, TOXIBEMOS ETIRSERBLIL
IR m N R/ETEHA YL — v a YR TLTLED
Mo TH5B. Fig TIHENBEOHEENE % = OIEHER
ZLEBIOHTRL (BEBREETIFIRORZTITRL
TH5B), SSWHIHEICHNY T 541E % Fig. 7Huc +
HITRLTHE. F—%€y b AZHEATEZREN
FoEsd, =THEORMN, #H P 5.001241km ThH
5. 1z, 1993 5 2004 DK 11 Fflic b 7o 2 4F
ZALRIZH —4.1975.09x 10°m® LHEE S nte, D,
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Table 1. The coordinates of deflation source for Table 2. The coordinates of deflation source for
BCU-Model BYA-Model
x(m) ¥ (m) z(m) ko 47 m’) x(m) ¥ (m) z(m) ko 47 ()
Initial value -500.00  -3800.00 . -5000.00  -1000000. - Initial value 500.00  -3800.00  -5000.00 -1000000. -
Final location Final location
(lterations = 4) -500.00  +3800.00  -5000.00 -1000000.  -4190000. (lterations=4) -87.70  -4360.00  -5830.00  -874000.  -3660000.
Uncertainty 1923.00 2183.00 2413.00  1210000. 5090000. Uncertainty 370.80 672.00 1490.00 459000. 1920000.
*( The coordinate of the origin : 131° 03" 32° 54" Om) *( The coordinate of the origin : 131° 03’ 32° 54" Om)

DONBICHEAE L D% BCU €57V GHhgEFIL)

ERERC EizT B,

4-2 HARS 1993 HE~1997 EDEHRELIBHETE
—IKZERRIRYE R - FH « FRKBRBEEND—

IR X 57— % v b AT & TR E
E (BCU ®7 V) TR, KEUAHEEL -7, £
T, DFLRENRABEEREOWEEZMNS L H
& LT, oK ERIEERICIA T, IhETD
HIED O AT S R Z W EHES N ET B/
o s A BT & 5 18 KEERERR A & B E L HFERE D 7K
PRI o FOKERIC D W T b KHEERIR A 1T - 145 R
(1997 FHHIB) sHWHF—4+» b BItoWT, Hifii&
[Elkk I IR R N 3R A O TR IR LE & SR 7z,

F—%ty b BOHERICHZD, PR E T OE T
HEOER « FkigE OHEEROZICOVWTHET S
VBB B, T1bb, R TIE 1993 &0 5 1997 4F
O 4 FEROLEFEMSEHTE S0 LT, HH - 77K
5T 1989 HICE RS YIS TRIEXIT-TE D,
14 0AE (1997 44F) FTOMREESERY E15-T
WARZIEThA.

ZOXH B 22 HORERROHGICHI-T, KDL
ARTHODREEB W, &3 1989 Hh 5 1997 4
F TONBREERI ETHIE LI L E, B9
D EDIEHEH « RGN BT 3 1989 4FE - TR ORI
BHEBEOEENERINTVEDL > DT, FUXED
WMEF0.003m THLHELILIETH D, BIEDRED
LI Fig. 4 IR S W5 7KEEL AVL-14 O FEEFETAH)
D3ZBFENTH S, 1977 FELIFE, KEEL AVL-14 D) =
F—EDHFRIHE>TVBEICRALZNETH .
F 7, BEDOIEORPUI/KER IR R & FHH « 7Rk
& O S BM10407 I B 1 5 1997 FERIE DR ZED
O ET IR D E WD 5 —FoKERIEOFK (BIAZ I,
thiff, 1981) TH 3. TORED FTHH « FRAKFRD
1989 fE) & 1997 D § ERIN DRIEFE R A 4 0y & A
g, 1/2%2F L HDIC0003m #i8EE L TH
AtbDEF—5+Ey FBE L WoT, AHEETE
Bk 5 B TJFRIREECE L 1993 0 5 1997 F £ T
D4FERICHEET B DL S,

JER T N ET D HE Y5 2 — 7 —HEE O YIAE
BEiEioxhERLbOEER . 77—y P B%EX
< #BAd AWUE /I Fig. 7 IC@HITRENALALEIC
koSN, BCU 7V EELUHEDBRERAEIZE
ROREESTRLTH S, KO SNICENREOKEALE
HETFEORMEET, ES#5.83+51.49km &0,
12 1993 £/ & 1997 0K 4 FERlic b - 2 (RREE{LE IR
$—3.6611.92X10°m® LHEES . DR, COAIER
HEEEBEL D% BYA E7 0 (Bih « HH « KR E
FN) ERESIZ i d B, Table 2 ICIER R/ N 34
1T - T FIHAME & iRl A R g,

43 REEOXEZELIOTENEICONT
Fig. 7I2/REN 5 K5I BCU £ 7L & BYA €70
LEWKT B E, BEOHVBHEERICHT 2 IEMERFEMN
INELH-TWVE, T, BEDT—4 &y MTfT
A S cE W « FRKERD TIRALE % 2 9 5 7KEERS KR
WERT 2w ThHbEEELZONS. 1, Fig. 7ic
RENB LS, BYA EFNLVONEOHTENE & BCU
EFNVONFOHETENIE & A 5 &, EERFEEDH
P Tl i —E L TV 5.

WE- T, 1993 Fh 5 2004 FE DA B I BRIRKIL
thivk Ot kEE & % 5.2 5 BHJROALE 4, Fig.
TOBYAEFADPRETH D EEZL o0, DKFAL
ERETEOMICHET 2 BETEDOMMEIA 1 km i1
I e

5. FEALBRRAARICEITS 1958 EMD 2004 F
DT E DRER :
BRD BYA € FA2HWT, Ih cicdhg el
Stz 1958 5 & 2004 FICE 5 B O /KERIEFE R 2
SIFE NEAREEAL AT L THhle, TOHEEICHI -
THW R, BEEDFREOHEEICHER L%
NERUTH B0, RARGTEFFO TJIRALE O BEH & il
LTHBEFENEILCBET 335 X — 5 —D A EHEL,
153 3 © (3) T & » THIRAEELEHETE Lz, #E

fE% % Table 3 12 Y.
Table 3 T3 1977 FFLIEOAREE LR V3 AER]
10°~100m* FRETH 5 2 EhRENTW A, HIERREL
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Table 3. Volume Changes and Rates of BYA-Model for 1958-2004

Period 1958-1959 1959-1963 1963-1977 1977-1981 1981-1993 1993-1997 1997-2004
Years 1 4 14 4 12 4 7

Volume change
(x 108m3)
Volume change rate
(% 10m?3/Year)
(The coordinate of deflation source : {x, y, z) = (-87.70, -4360.00, -5830.00) (m))

-40.7£0.5 37.4£0.5 "6.43+0.74 1.356+0.66 1.46+0.55 -3.66+1.921 -6.24£0.21

-40.7+0.5 9.85+0.13 ~0.460+0.052 0.339+0.164 0.121+.0.046 -0.915+0.480 -0.891+0.030

Table 4. Residuals and Errors at each Benchmark in meters (underline represents that residual value is
more than two times of error value )

Period 1958-1959 1959-1963 1963-1977 1977-1981

Residual Error Residual Error Residual Error Residual Error

AVL-2 :0.662E-02 0.018E-02  0.429K-02 0.018E-02 0.168E-02 0.047E-02 -0.197E-03 0.936E-03
AVL-3 ‘0.300E-02 0.276E-02 -0.804E-03 1.65E-03 0.241E-02 0.121E-02 0.135E-02 0.142E-02
AVL-41 - - - - - - 0.190E-02 0.147E-02
AVL-5 0.662E-03 3.19E-03  0.343E-02 0.199E-02 0.361E-03 1.73E-03 -0.212E-02 0.194E-02
AVL-6 0.905E-02 0.340E-02 -0.167E-01 0.029E-01 0.514E-02 0.257E-02 -0.382E-02 0.238E-02
AVL-7 0.242E-01 0.035E-01 - - 0.369E-02 0.279E-02 -0.298E-02 0.245E-02
AVL-8 0.444E-01 0.040E-01 -0.549E-01 0.038E-01 -0.257E-02 0.322E-02 -0.131E-02 0.279E-02
AVL-10 0.786E-01 0.043E-01 -0,929E-01 0.043E-01 -0.647E-02 0.416E-02 -0.766E-03 0.370E-02
AVL-11 0.868E-01 0.048E-01 -0.949E-01 0.050E-01 -0.837E-02 0.481E-02 0.704E-03 0.409E-02
AVL-13  0.163E+00 0.005E+00 -0.102E+00 0.006E+00 -0.131E-01 0.060E-01  0.140E-02 0.465E-02
AVL-14  0.138E+00 0.005E+00 -0.922E-01 0.059E-01 -0.136E-02 0.599E-02 0.811E-02 0.480E-02
AVL-15  0.104E+00 0.005E+00 - - - - - -

AVL-17  0.102E+00 0.005E+00 -0.591E-01 0.061E-01 - - - -

Period 1981-1993 1993-1997 1997-2004

Residual Error Residual Error Residual Error

AVL-2  0.181E-03 1.12E-03 :0.212E-02 0.093E-02 0.102E-02 0.051E-02
AVL-3  0.708E-03 1.34E-03 -0.227E-02 0.137E-02 0.106E-02 0.094E-02
AVL-41  0.631E-03  1.44E-03 -0.290E-02 0.172E-02 0.215E-02 0.107E-02
AVL-5  0.211E-02 0.174E-02 -0.107E-02 0.201E-02 0.738E-03  1.44E-03
AVL-6 . 0.193E-02 0.206E-02 -0.237E-03 2.38E-03 -0.160E-02 0.164E-02
AVL-7 -0.130E-02 0.221E-02 0.109E-02 0.309E-02 -0.124E-02 0.168E-02
AVL-8 -0.201E-02 0.246E-02 0.135E-02 0.413E-02 0.447E-03 1.72E-03
AVL-10 -0.115E-01 0.031E-01 0.186E-02 0.659E-02 0.892E-03 2.10E-03
AVL-11  0.355E-02 0.334E-02 0.117E-02 0.706E-02 0.238E-02 0.235E-02
AVL-13  0.561E-02 0.357E-02 -0.935E-03 7.25E-03 0.141E-02 0.252E-02
AVL-14 = 0.502E-02 0.380E-02 0.786E-03 6.36E-03 0.212E-02 0.260E-02
AVL-15 - - - - - -
AVL-17 - - - - - -
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HETEEVOT, FERREKOICE T 5 E 4 OEKXE
FEELHICHIESE ST & 3HL WY, Table 3 IC/RE
h 3 FREELOBENE, Fig. 6 ISR S N7 KEERS AVL-8
5 AVL-12 OZEBEAICIZIEIET 5 5 2, 1993 Hhp

5 2004 4 O HARST i< B 1 B /KHE S AVL-14 O £ B (&[]
(Fig. 4) & b g 5.

wic, ThZnoBiics i 2lBERE =7 VEHE
& DETH BEE% Table 4 12789, Table 4 Tl b
Wil %2, 2o ToNEs Mok E%, &
EOHAICEREDOEREA VT NG m TR,

Table 4 TIRED 2 £L) EOERERIC FEET W,
1958-1959 » 1959-1963 « 1963-1977 @ 3 > O AR, 7K
HERRIR DR K 25 0 D7KEE S BHIC R & I ERE N TR
2dH S b BMEADEED S, o OEREOHHEIE
WP b IKEES AVL-13 IR » TR E L 12 BB D3R
»oNb, AT 1958-1959 « 1963-1977 O 2 > D R
TRKES AVL-13 32 OB R TH - L b RER
HHEDEZEZEZ/RT ZENFEHEINS, L LN,
DX BEEDEAVPERILHONZDIF 1977 %
TT, hLBOHBICIEENRELFEERE,ZN L
DH/NEVWT &S Table 4 IS/ RENTWV S,

1958-1959 @ WS i< B 1F % /KEE S AVL-13 D E 2
+0.16320.005m T, 1958 4F 6 H 24 HITHA L 1-18%
DEHD T HH» S 8 Hich i TE 8 oI iThbh ik
T ERERT LS, HEKODPSOEHICHES EFOE
NES R L TOAAREENSVWEFEL 6N S, O
v, ftho AR CEE 6.6 ) L 0EWE 1 DR
FRCHIEATHh T T D 1958-1959 D R O HIAR A B Ic
13, 1958 4F 6 A OFFIcBbD A KIEEI £ 1EHERr s 1
T, BYA ®FASIE & BBIONEIC & 5 RHMIE R
MHEBIERRELTVEELEZLISNS.

—7, 1963-1977 OHARTIC B F 2 K#ELS AVL-13 D
13 0.01310.0060m T, FEREED 1959-1963 OEHRGD
FRERBLT—H/h&{E-cbDD, KELS AVL-
13OREFICHNTRESKARE LTREVWI EERL
TW3, Thid, /KES AVL-13 HHEZEE) & 15| 0HE
HTEHWT L B L AR b E L S 508,
Table 4 1C & 11iE, AVL-13 O PHIIC BEHE S 2 7K#E S
AVL-11, 10 DEZEERIT AVL-13 &L [ERESMEEEZR LT
W3, INoDKESICBIYZEETZTDBRED 151
PlbEERLTVWS, UEDT &b, JKEES AVL-13 43
RTREBERER, COKESHMOHKTHD LTS
WBERIESZH>THS. o%0, HIFOSFIC X %
ZEERLTWEEEZ NG, 1, ORI
IBE DIK#EL AVL-6 2 & T 5 EDEELH O DN
TBY, TORBOBRENHBLIUVEBRELEESTLEC

FHINZERR -

e LR

NHEPLF T OB L 2 HBEBB AR L THWE EE
Zohb.

% T, /KEEL AVL-13 it 1km OHEE (KSM) B
TTHE L 197849 H 19 HOEFMIEES &, ki
HAVL-3OZXE L oBEMPEHE NS, T10bb,
1977 AERIE LIRS, KEES AVL-13 B TREBEES
AH oMV L, 1978 FEOFFMIE LB IC L TKEE
R AVL-13 1L O R D IEE A3 AR BE TS L~
WKETIB - EEEKRT 2O LAKL,

o &k 5tk AVL-13 DR REEE, ETak
NPT SBEOALE OHEE A & DREA KT T &
BREBENZDT, AAIL, =9ty P ABXUBT
IKHERS AVL-13 OEENE % BRA L 7358 O IEToer h
Ferkh 41T - 72 (Fig. 8, Table 5, 6). 5 X 7= fFIHHE & sk
ZHIEE4TDOBCU £ 7B L U BYA £ F L DEE
ERE—iz Lt

F—4%+ty b ATE, KIES AVL-13 OEEE %R
L7igs, BUEAEMAE S tmmmicEE L, B b9
PELCD 948km), EEREDN 0% BEREL
1ot THRKHES AVL-13 S HROEEICAE L,
TR EOHET I L CTEEWIKEHTHS T a2
TWw3, UL, /KIESAVL13 OEBELESAKIES
(BCU ®7 V) LA L Ice (BRHEE) & T, R
ZORESHOLATHEMEOEZRZEEL I VEL.

—7, F—%+tv b BTId, /KL AVL-13 DX EHE
EBRALTH LAEL TY, BMENEREMEOHEENLIZ
EAEHB LN T,

PiEoz &S, 19581977 FORBITRED Sh b &
3 1 KHES AVL-13 2l & ¢ 3 ERED TN, Fido
BYA EF VTR TEX L OHBREHNEET S5 &
AR LTWS, IhidhEKONEVEE L~V EiE
BLTOE 1963 FELFIKE FICRoN2H#MTH 200,
HEWIFIFEFIEOEB Ry — VTRABE I BRI
Ron2BHMB0h, SHBROMGERETH 5.

6. FBAKILDBENEE <7 vtk
—BmmE KL —

61 BEHEREZTITEBZEY

HIE TN/ & DI, ERETNVERWTEEEK
DIFER, WHENFESETREORRMLI kD sk,
FEF A Lok OFE0—>HIKTH 2 ETEIZ, HE
KILIEB A FEF S E KO DOFES 3~4 km OALE I H
%,

—7, HTHERCE, ZOEMCe/<BEnEE
Z bh B HIBHKEE RS O FESEREIh TV 5.
Sudo and Kong (2001) (&, PI#&EK|Lic& i bk
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Bouchuu-line

Komezuka

dYunotani

ioku
Tarutama

4 Ohjo

4 Kishima & Narao
Takakdake
Nakadake

Kusasenri

Initial

Okm 1km  2km

Fig. 8. Locations of deflation sources determined without AVL-13.- The display scheme is the same as the
previous figure. The depth of the source BCU is about 4.8 km below the sea level. The depth of the source
BYA is estimated at about 5.9km below the sea level beneath the southern region of Kusasenri near Mt.

Eboshi.

Table 5. The coordinates of deflation source for
BCU-Model without AVL-13

Table 6. The coordinates of deflation source for
BYA-Mod el without AVL-13

x (m) y(m) AV () x (m) y(m) z{(m) ko 4V (mY)
Initial value -500.00 -3800.00 - Initial value -500.00 -3800.00 -5000.00  -1000000. -
Final {ocation Final location
(Iterations=4) -853.00 -4260.00 ~4460000. (Iterations=4) -55.90 -4350.00 -5880.00 -885000. -3710000.
Uncertainty 2530.00 2830.00 6150000. Uncertainty 376.40 670.00 1510.00 470000. 1970000.
*( The coordinate of the origin : 131° 03° 32° 54" Om) *( The coordinate of the origin @ 131° 03" 32° 54" Om)

BERO 3 UOTHIS IR A RS AHEL, TOME, HE 1 OPEE L XU SEEEDZNZOHIEREE
BRSSO R K OE T I3, 3~4kmE0  BEPIHE v 22 {LE2R L, FOR I3k X
BETHEHO N IHEELTVWEDAERWELTWVS Bi3km 5 A ~ OWMAITO PFEEH L U SEEHE OZE
(Fig. 9; MIIBRESHOBEFREL oAb FRIPKIRINT {LTH B).

WBESIENTWS, TOKD FIZES 6km (HB/KEE C DI EHEE R T, PIREET 10% » 5 25
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P Velocity Perturbation (%)

PNl TR

Y, km

S Velocity Perturbation (%)

FRrE EPEPE PSS AT ETUT ITETISET S APErOTITE SRR |

1Z=6km [
B R BSAma s
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P Velocity Perturbation (%)

AVL Kusasenri crater
. IS S

0 - W 8/ ’3’0 D _
y ’

g /I./\ | L
£ 5 100%1“? s -
N‘- /‘___//,l -, 0 ) [

-10 e L-_
X=3km LS [
EASRAE S B | T
0 5 10 15 20
Y, km
S Velocity Perturbation (%)
AVL Kusasenri crafer
0- SETYEE TG
XN |
1‘;-:\ r
vg _5 —.: )r"‘,\? N \' (0\0—/:
N ] 0"\ ;
-10 3 a0’ o lr

Y, km

Fig. 9. The seismic wave velocity perturbations modified from Sudo and Kong (2001). AVL is Aso Volca-
nological Laboratory. A heavy solid line delineates the outline of the caldera. Perturbations are contoured
at 10% intervals with solid and dashed lines indicating velocities faster and slower than the average model,
respectivery. Top: Horizontal P- and S- wave velocity perturbation sections at the depth of 6km, at which
the velocity resolution is very good. Bottom: Vertical P- and S- wave velocity perturbation sections at 3km
X-axis, at which the velocity resolution is very good above 8 km depth.
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W E

Mt. Takadake
. Nakadake Crater

/

(1 3 /

LPT-Source
/

/
/ Conduit
> /
/

Magma Reservoir
I

elevation (km)
o

-4 -3 -2 -1 0 1 2

distance (km)

Fig. 10. Model of magma supply system in Aso
Nakadake
LPT-Source indicates the source of long period

Volcano. Crater is now active.

tremor with a period of about 15 seconds
(Yamamoto et al., 1999a, 1999b). The magma
reservoir is located from 3-D tomography of P-
and S- wave velocities (Sudo and Kong, 2001).
A conduit from the magma reservoir to the
crater is kept to be its shape.

%, S HHE T 20% U LOEERDPELCTVWE, EN
FECEINIE, 10% BEOSHOERIKETH L, P
BT T 20%, S HEE T 30% HEOHEERD &S
(Mavko, 1980; Sato et al., 1989). - T, T I CTHTH
FEBE M R W72 S M 7o MR R SRS S B B L B o
BRIREETHNITHMTE A &ich b, »E b, BT
HEHE N /v @lE0ONEEL TV S EEES NS
DTHAH., TORITTEEHOREIL, HERERK
TD20%~30% %5R & NITER 3~4km FE2EDH
BrEZ LN,
CCTHHTRE &, T OMERIHE SR O AT
& & A EPKERIE D 53K 5 N BIEDFEOALE & A3,
BEAE—HBLTWAIETHA. E-T, /KEHERE
Rick koo BENFIL, ZOME»SEZ S
L, I 2BEOONMEERL TV A HEFEMAH B,
62 BAMELALL

5 2 BT PIER K LD KILTEB) ORI BIZ L,
IhFETOFERTHEONIL< /2B 0 LENFEOME

B SEEIKILE WO BIETEZ 5 LHES N 5.
FIER KT, ZOREPREFE CESH NS L b0D
WHALEES BB SN S, CHIER, kKO 5K
ERA DKL ZAPBEH L TWE T & EEBEERTIE
O, ZLTThEEIKUT 2 OEERERSTERS N
TR SBEWI EA2/RL, Fig. 10iIc/rRLiE
TIVTHHTE 3.

2F 0, ETHERENO/<B{z o oiEE LT
WBHEKITE T, ] 5h O HBH A 18 mER 3 I
REINTEHD, KIUHEHEE b HIFREE I b RS BLH %
bl o T ML, KITEBFNER{ILTZE2DTH A
5. BERL, < I<EEOISKUTRDAEBKEICH
tHah, Ll ERd 2, diE kKO0
TEAM KL E S RA L, KOE T cRE KL
WEELE L BDTHAS.
KILoiEBHAICIE, <7<l 00508 ZEEMIN
HEND, EEEICREO &85 KRR E B
WEhTOwiEWie, KOE FTHRAENSEF Y, /N
BRI NAER, BIEOKROVHIE (7R HE)D
DEEINT 5. COERWVHIENSEINT A2 Lickh, R
B ODPHERAZ TRECKEL TV E, SRR
AT IEITKS.
WIENEPEET 5 E#HE SN EFRE T,
1978 %29 H O HFEEE F CTEREME ST L 7o s
GRS RFHF I KL 3EhEER, 1979), < CECHEERGHY
EEHIBIshTuREY, £/, ETEMAETO
R EBE D OFEER, MERKINCB T EE L D SEE
THKINERRETH B, HOR «» FHH « #lk - BRONAL
EEEERE FF LS.

7. EbH YIS

FlgR KL B W ChRultfTh 7o KEERIE & 3 ikocHilE
HEEBEEZSOLE TR 5 &, IRD LD BHEERENE
S5h3.

a. KIWEHOTERIC & 755 K= S ZH)3,
BfEOEH KO TH 2 HE KT TRIEE TS LWV,

b, ek OEILED & ik O~Fe { KERIED
R, ETHRAA TS SEEgETX 5.

c. KEHEOERIIDLWTEREFVEHWIZES
TROHEE AT &, BE/HESHREKDO N S A 3~4
km B 7o BT HEEER AT IR £ 5.

d. KEHEDOHERD SHEE S NIBENEOMNE
EHIRZ B SHEE S MU I SIS — B L, BT HR
EfHEE Ficw 7 <l E o 8FEE L, hEAKOOXKILE
BOMIERE B > TVWBEELLNB.

e. WENFE~ 7 BT OWMEEKRT 5 EEL
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f. ThonlE,s, MERKLTE, ETEHERD
< U=l E 0 oHEKOE TKILA 2D ERRBRAE
WEINCHER SN THB D, # AT E & 785 kil iE)
WEEESAIS h, EHcE </ <ShE kKOS S
NTHKOMETRIHBAAKE S EE LG VEKE &
HoTWbEEZ OLNS.

A, RHICE2/KERNED S RV iZ s h i
EE), MEERONBEHEEL/2bDTH BH, KILE
B & 75D BRI O B ERIHERS, B BV iIdZ D&
ZALE K LTEBORIHE L Sl >WTIFEEL < i i A -
7z, COXHUBEECTEHRES ZZREPFHLEIE-TW
305, T TRHIE - HBEE O ChE ToOBRlIEZ®EL
TEZONBI LA E ED., SRIECDOMDED S
BEZ TV BEDPTRDA 5.

# i3

TKERIRIZZ K DAL DREDR NS > TR LD T
ERTE . BT, FEERFAKIMEEyYy—DInE
TOBEDOH A4 %I LY, BEOFEDH 4 DEREHIS
WHind -t 1, BHHERE» SHFHPHEBS L UOH
FH » JR/KER O KEE S8 F] o Bl & 1989 A DK HERI Bk
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F—=&ty bA  HHHRER 1993-2004

(Vertical displacement between 1993 and 2004)
Benchmark X[m] Y [m] Z[m]  1993-2004 S.D.
AVL-1 2734 2794 570 0 0
AVL-1 1/2 2246 2640 597  -0.004918 0. 000216
AVL-2 1767 2511 625 -0.003170 0. 000912
AVL-2 1/2 1341 2282 652 -0.004382 0.001042
AVL-3 1649 2232 669 -0.004474 0. 001381
AVL-3 1/2 2094 1989 685 -0.003710 0.001418
AVL-41 2306 1668 703  -0.005434 0. 001546
AVL-4 1/2 2869 1400 733 0. 009081 0.001778
AVL-5 3136 1130 758  -0.005502 0. 001855
AVL-5 1/2 2657 1003 793 -0.008754 0.001859
AVL-6 2276 1105 821 -0.008857 0.002014
AVL-6 1/2 1814 1014 855 -0.014370 0. 002045
AVL-7 1361 770 876 -0.010261 0.002149
AVL-7 1/2 1120 358 903 -0.022326 0. 002224
AVL-8 679 134 928 -0.012521 0. 002255
AVL-8 1/2 397 -273 946 -0.015432 0. 002351
AVL-92 264 -754 973 -0.021031 0. 002522
AVL-9 1/2 59 -1066 997 -0.018204 0. 002599
BM10405 60 -1146 1024 -0.023173 0. 002670
AVL-10 113 -1273 1038  -0. 020056 0. 002680
AVL-10 1/2 331 -1294 1068 -0.022116 0.002812
AVL-11 429 -1610 1118  -0. 020346 0. 002981
AVL-11 1/2 678 -1888 1145 -0.025784 0. 002996
BM10406 378 -1873 1161  ~0. 028245 0. 003010
AVL-KUS 196 -2167 1152  -0.027520 0. 003020
AVL-12 1/2B 886 -1927 1115 -0.020780 0. 003039
AVL-13 1448 -2094 1100 -0.023985 0. 003158
BM10407 2079 -2544 1113 -0. 020963 0. 003264
JVMA 2426 -2541 1138  -0.020650 0. 003290
AVL-14 2665 -2649 1162 -0.018113 0. 003375
AVL-14 1/2B 3111 -2738 1184 -0.019661 0.003443
AVL-141 1/2 3088 -2676 1185 -0.016867 0.003443
AVL-152 3460 -2615 1228 -0.019669 0. 003492
BM10408 3423 -2418 1257 -0.011205 0. 003542
( The coordinate of the origin : 131° 03" 32° 54 Om)
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8% 2
F—4&%ty B Pehig 1993-1997 M - FRIKER 1989-1997 DHEE

(Vertical displacement between 1993 and 1997
including reduced GSI survey (1989-1997))

Benchmark X[m] Y [m] Z[m] 1993-1997 S.D.

AVL-1 2734 2794 570 0 0
AVL-1 1/2 2246 2640 597 -0.003540 0. 000198
AVL-2 1767 2511 625 -0.002898 0. 000790
AVL-2 1/2 1341 2282 652 -0.003299 0. 000922
AVL-3 1649 2232 669 -0.003479 0.001132
AVL-3 1/2 2094 1989 685 -0.003726 0.001176
AVL-41 2306 1668 703 -0. 004633 0. 001326
AVL-4 1/2 2869 1400 733 -0. 004405 0. 001569
AVL-5 3136 1130 758 -0.002970 0. 001602
AVL-5 1/2 2657 1003 793 -0.002918 0. 001606
AVL-6 2276 1105 821 -0.002820 0. 001693
AVL-6 1/2 1814 1014 855 -0.004962 0.001722
AVL-7 1361 770 876 -0.002645 0. 001832
AVL-7 1/2 1120 358 903 -0.003346 0. 001920
AVL-8 679 134 928 -0.003964 0.001942
AVL-8 1/2 397 -273 946 -0.005223 0. 002048
AVL-92 264 -754 973 -0.007907 0. 002242
AVL-9 1/2 59 -1066 997 -0.006456 0. 002256
BM10405 60 -1146 1024 -0. 008053 0. 002282
AVL-10 113 -1273 1038 -0. 006588 0. 002283
AVL-10 1/2 331 ~1294 1068 -0.007761 0. 002404
AVL-11 429 -1610 1118 -0.007677 0. 002597
AVL-11 1/2 678 -1888 1145 -0.011992 0. 002598
BM10406 378 -1873 1161 -~0.011256 0.002614
AVL-KUS 196 -2167 1152 -0. 010848 0. 002626
AVL-12 1/2B 886 -1927 1115 -0. 007879 0. 002636
AVL-13 1448 -2094 1100 -0. 009978 0. 002750
BM10407 2079 -2544 1113 -0. 008697 0. 002848
JMA 2426 -2541 1138 -0.007417 0. 002866
AVL-14 2665 -2649 1162 -0. 006969 0. 002937
AVL-14 1/2B 3111 -2738 1184 -0. 006161 0. 002992
AVL-141 1/2 3088 -2676 1185 -0.006248 0. 002992
AVL-152 3460 -2615 1228 -0. 008025 0. 003011
BM10408 3423 -2418 1257 -0.003871 0. 003043
AVL-1T1 3301 -2184 1269 -0. 005451 0. 003049
BM1896 (new) 2756 3499 528 0.000012 0. 000571
AVL-0 2765 3297 530 0.000079 0. 000556
AVL-0 1/2 2910 3061 536 -0.001805 0.000154
BM10409 1722 -3789 1001 -0. 002248 0. 003000
BM10410 157 -4754 911 -0.010178 0. 003000
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BM10411 -873 -4716 803 -0.006439 0. 003000
BM10412 -1191 -4689 690 -0.012745 0. 003000
BM10413 -1553 -4496 563 -0.010557 0. 003000
BM10414 -2663 -4619 463 -0.008470 0. 003000
BM10415 -3146 -3837 444 -0.011839 0. 003000
BM10401 -3937 -3103 479 -0.012453 0. 003000
BM10402 -2675 -1918 594 -0.008523 0. 003000
BM10403 -1674 -302 702 -0.006758 0. 003000
BM10404 -339 -115 868 -0.008080 0. 003000
( The coordinate of the origin : 131° 03" 32° 54’ Om)
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BT FE

HRERIRIE DRI 8 2 [E 1R I & 2 IR REE (L
DEHA (Mogi, 1958) 2 & &ic L7z, Il (x, y z) i
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2wty 20 Au
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37 A DEHTH 2.
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