KL & 51 % (2006)
%55 291-309 H

#

flgR KL OHIREE &< 7 < D
— B OZEBY & FE IR B —

CH B U WP fR] R R PR e rh I Bk
LS| Slaauakir==10 1| I Skl Sl ol =

(2005 4= 12 H 26 H=2f), 2006 47 H 20 H=ZHE)

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

Yasuaki Supo*, Tomoki Tsutsur**, Makoto NAkKABoH™ *¥,

Miyuki YosHikawa™** Shin Yosnikawa® and Hiroyuki INoug*

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 3 km 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
S5km 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
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Fig. 1. The process of volcanic activity at Aso

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
cones. 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.
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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. 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
1958 to 1959 were calculated by comparing
results between the 1958’s survey and the 1959’s
survey.
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Fig. 6. Vertical displacements observed along the

levelling route of Bouchuu-line at Aso central
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.

cones.

IR, TOKTIE, Fig. 3 EELL, 1958 FEDE 8 [
DOHEAFEL LT, TDHKD 1959 F GF9[R) DifilE
TOKIESE T EIEARKD, AVL-1 Z A8 E LTHREL
Thb., KESAVL-12 FTRIZEAETHBED LN
WS, JKHERS AVL-13 & AVL-14 1275 % & K& i
DEFNA LN D, FRHIKES AVL-13 OAE)LBEE ©
» 5. AVL-13 3 EK OO0 5PN 2km O IZH 5
KUES TH B, T DOREEED 1958 4F 6 A DIRFEHR O ARZN
EHE D MOV T DHER IR a2 b .

3-3 1959 FELIFE, 2004 F£F TOMBEEH)

1959 4F (55 9[aD) /5 2004 4E (55 15 [m]) & TIZiTh
NIKERBEOER A Fig. 6 1I/R8d. I THROHE
BHERIEOEA EFE LT, 1959 F ORIl 2 R &
L, SloloflEEs o E#EE KD 7GR N2 2R
ShTws, InsOHlE~BREME T2 &, Fig.3 T
B O P 1951 55 © DR A E) & 123 E CEAIC H 5
ZEbnd, Tbb, KIELS AVL-8 5 AVL-13
CETHp o) iwhdT, 19774 GE11ED »5
1981 4F (58 12[0]) & CcoMlT R EE AR & 1
7zbD® (Fig. 6T, 19594FE %2 ke & L 72 1977 4F &
1981 FEDZE B 2 N2 & 1981 FEDILMER D 1F 5 H3/bis
{E->TWVW3), BEMICEIEFEOERPRVIZEN S,
2%, 2LDIEF5oXIAONDEY, BEHICASE
BT HAFTIC & 72 5 KHERS AVL-10 7> 5 AVL-13 O T
ARK S~6em BEFEL TV &b S

B )15 « &)1

He LR

4. KEAENSHTE SN D ILEEEHOLE

1937 0 & OWPEFEFR TdH % Fig. 3, Fig. 5, Fig. 6 ©
B %A 2 &, BEKODSPEN 3~4km OETH{HT
TORREE, —HHOREETND 2 & DD, 19534
GE7lED OfE» SEBHISWEDIcE>THSE. =
T, TITIERI1934FEEL DA - 72 OB TRAHTD
hbE% 705 LT RO ME 2 HEE T 5.

WIERO R E A HEE ST 21CH2D, 2007 =%
oy bRV, OLDE, PO 1993 4 (G 13 [8)
& HORNETH 5 2004 4F (55 15[ HEE 0L
FHEFVWLEF—sty P ARTERD TH2E. 20&ED
&, YiRfRoE L < 1993 4 (55 13 ) AR & 1997 4
GE14) HEEOEEHEEH « FRKED 1989 F &
1997 FEDHIE E A Lic7F— 4 £ v b BUHRE2) TH 5.

70 FERH O KHERIER T — 4 2 v bodT, ThbD
F—% ey b EHOHEBIE, b okEES AVL-1
5 AVL-14 F TOKUERIE I 1937 0 5 15 [0l D K
SINTVBD, FUES 1 KONOEE SR OMIE 1 1993
FEOFE13EML ST TVWA T EE, TOMBICH T
B EomiliE (AVL-XX 1/2) OZEE S A T
W3 ETHD HiffE Lo AVL-XX 1/2 EFrsh 3
RIS, JKEES AVL-XX Offise%E Hrg & L CTKEES
AVL-XX & 3IERFOBE THE SN TLEHDTH
50T, KELSLFEFSHIEEORVEZLTEV), &5
12, 1997 4 (58 14 [BD HIE T, YRz 0 b oiThni
Tk O e va R > © PERHE & 7 N — 3 2 [ - Hi e
B EH « FKEROKERIGE P E N TH D, HELE)
DHEHIR & W EHEE S M BT E g o 0182
& O IKMERRER DS S LT W B 7o, NTROHEEICH
FEBPETH 5.

TEHEE IC b, RHFERRO (FHE 131 FE 03 47,
Jb#E 32 BF 54 43, #§4K 0.0m) = (0.0, 0.0, 0.0) (m) & L
L, BAR B & OHE FS %I &4 5 Rt
FERER A W, DU, SRR S 0 ZHIT B LT,
FRICHERD IS WIR O i KEAFHE L LS 205D C
EITd 5.

4-1 HARS 1993 HE~2004 FEDEHBEMBHTE

—IKEEREHRI RN D> —

1993 4E0 5 2004 HE £ TD 104EdH £ © ORIOLEH T
HBF—5 2y b ADD, EFER/N"TEE (Marquardt
) (1% 3) 2V, AT TV GRIREAEE V)
(Mogi, 1958) <55 < A GRRETIIED DAL %Ko
fo. 1oL, BEIROGLE SRR TR D S 2
rEAvElc B B HES N B 0, IERIERN T REE
1o > CORETEMEOVIRE E LT, #KED
55km OESICEE L2 ) » N —FEIC L B3



Prgg kIO D) & < 7 <l & b —RIPROZEE) & IET RO ALiE— 297

Komezuka

éYunotani

Initial

Jigoku
—Tarutama

Bouchuu-line

N
4 Ohjo
4 Kishima AN
arao
Taka‘dake
Nakadake

Kusasenri

Eboshi

okm  1km  2km

Fig. 7. Locations of deflation sources BCU and BYA and the levelling routes with benchmarks at the central

Triangles show tops of notable summits among central cones. The cross mark
indicates the initial coordinate of deflation sources. 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 BYA 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
surveys along the Yoshida-line and the Akamizu-line in the southern west flank of Kusasenri. The depth of
the source BYA is estimated at about 5.8 km below the sea level beneath the southern region of Kusasenri near

cones in Aso Volcano.
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HTRLTHE, 7=ty b AZHRWPTEBRITES
FoEs 1, BHTHOMPY, #EhHF 5.0052.41km TH
5. F1z, 1993 40 5 2004 FEOFKY 11 FERNIT D 7 B 16F
ZALBRIIH —4.195.09X 100 m® EHEES N, DI, <
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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) k 4y (') x (m) y(m) z(m) ko AV (m)
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. (Tterations=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)

DOALEICHTFEZE D% BCU £ 7V (Hdige 7 1)

ENE3 LT d 5.

4-2 HARS 1993 F£~1997 EDEHBEMBHE
—IKEREIRY R - FH - FKIEHEND—

A D XS5 F— % €y b AITK BT IIEALE HE
E (BCU €7 V) Tld, REBAMEESH-72. £
T, D WHENEMEREEREOREEXS L2 H
K& LT, SidiokeEEER Iz T, chETo
I & HBEAF S BT R & W EHEE S e BT Hr
TR 2 P & 5 15 KEERRRR A & 5 [FE L HIEEBE D 7k
HERKAITE ] « JROKERIC D W T b KHERIE 41T - 7o fE 3
(1997 FHIE) bHWIF =5 £y F BIZOWVT, Fiffi &
[EIRRIC IR i N3 & B O IR JIELE 23k 72,

F—% &y b BOWKICHIZD, Yirpgid Z OETH
HFEDEH « JRkE & ORIERROZIC > W THET 5
WERH B, Tibb, HHhiTld 1993 £ 5 1997 4
O 4 FROLEENEHTE 201k LT, &HH « JRk
T ld 1989 I T HIFRFE S # D CilE % 1T > TH O,
9514 [BIE (1997 4F) £ TORBEAS 8 FERD &1 - T
WA ETHA.

CDXI B 2HOBERERDOHFEITH > T, IRDEX
IR CODREEB O, O EDIE 1989 £ 5 1997 4F
F CONFRBEARI-ETHrE LT EE, £
O EDIFEM « RKERICE T B 1989 FEE L HIFREE O
BEROBEENTIRINTVEP 720 T, FUXED
H130003m THBELATETH B, BIEDIED
HRILIS Fig. 4 1O/RE M 27KEER, AVL-14 O EEFHELH)
D32BFENTH B, 1977 LI, 7KIEEL AVL-14 OF) =
E—EDW PRI ->TVAEEIICRABNOTH B,
F 72, HREOIRE ORI KERER i & 5 H « 2Rk
H & DR BM10407 126 1F 5 1997 4Filll B 0 3% B
K OE T HFEBE D TE 8 5 — oK EENE O (F12 1,
hyE, 1981) Th 5. TORED FTHME « FRIKFED
1989 fF-/r 5 1997 D 8 S DI EFE R % 4 5y & &
By, 1/2%2FLESDIC0.003m Z8EAEE L TR
ZAhbDEF—5+ty FBELE. W-T, AHETH
FeRkd 5N B NEAREZ LR 1993 £ 5 1997 4 T
D4ERITHET 2D 5.

IR N_FE T DI 5 A — & —HEE O YIIE
BFRIfio T EFLSDOEGA, 7=y FBE &
< #0BHd 2 T /175 13 Fig. 7 \IC@HI TR E N fii@ic
ko bt BCU &7V & 6] U < #HEE O (R ZE 13
RORESITRLTH B, kD OSNIETHEOIKENE
BETHOMMEET, HESH583L1.49km 750D, F
72 1993 4F7» & 1997 FEDFY 4 FERIC D 72 2 (FREE LR 1F
#—3.661.92X10°m® LHEE S N, LIBE, CONLEIIC
HEAEL D% BYA 570 (M« &H « kR E
FV) ENEIIT &1 d B, Table 2 ICIEfE S/ N TRk %
1T = 7 TS & Bk A 7R 4.

43 REMOLEELLITENRICDONT

Fig. 7I1C/R&15 X 512 BCU £ 7L & BYA €57V
RIS 2 &, BEOHPHEERICH T 2 IEERED
INELTB-oT0AE, Thid, BEDT—4 &y Ml
A SN EH « SRAKERDTIIRALE A P 3 % 7K EERE KR
AT 220 ThbEEIONS,. 1, Fig.71c
REND X HIT, BYA EF VO NEOHETENE & BCU
EFIVDOHFEOHEENLE & & s 2 &, HEHEREZEOH
FHANCHiE I3 —E L TV 3.

P> T, 1993 FEh S 2004 DA B 1 B FlEE KL
FRgLk O oK EEZE B 2 5.2 2 IRIE IR O ALiE (3, Fig.
7D BYA EFVDBRETH B EEZ OHN, TOKEAL
BT Ho M Ik 2 ST OMEEPE 1 km i
YT 5.

5. PUERA LA KOEICHITF S 1958 D 2004 4
DHIBEZTEN D IR
FiRd BYA €EFVEHWT, IhE cicihiici
57 1958 4F7p © 2004 412 8 2 WA 0 K HEHI R AL B s
ST NIRAREZ L 2 H#EE L Th . TOHEEICH K -
THWIHER, SEIcEIRAE OHEE ISR Lz
NERUTH B0, KIERHRRFO T TIEALE D B 2
L CHEESIZLCEET /85 4 — 5 —DAEFEL,
433 @ (3) KT &k - THFRERBLLEHEE L, e
fh A Table 3 I1T/R9.
Table 3 Tld 1977 FLIEDATREZLE A O 471 & R
10°~10°m* FEEE T 5 T EavREsnTw 3. HIERRREDS
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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
*40.7£0.5 37.4+0.5 -6.43%£0.74 1.35x£0.66 1.46+0.55 -3.66%+1.921 -6.24%£0.21
(x 108m3)
Volume change rate
-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
(x 10°m3/Year)
{The coordinate of deflation source : {x, y, z ) = { -87.70, -4360.00, -5830.00) (m))

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  0.429E-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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HETRswo T, FgEREKOICE T 52 OFKIE
BEEDICHIEESE S EFH L WS, Table 3I1T/RS
NBEFEELOMEA)L, Fig. 6 IT/R S 1172 7K#ES AVL-8
» 5 AVL-12 OZFHEMNITIZIETIRT 5 5 2, 1993 4
5 2004 D BRI B 1 % K HE &S AVL-14 © Z # i [0
(Fig. 4) & bR 5.

wiT, ThEholfics i 2 EERE € FVEE
it D#*TH 57%% Table 4 1773, Table 4 T3 I
Wi %2, zo FondlsnicloLiicEEs, 7o
IO AEDOREE VFN & HA m TR

Table 4 TIRZED 2 5L FOKERICT FERAF V2.
1958-1959 » 1959-1963 + 1963-1977 ® 3 > DHIRIT, 7K
HEFRAR O TR K T O DIKIE TR & 10D /IR
IZH HbNBMEAMED SN, Th 5 OEEDHEEIR
W N & IKEEL AVL-13 IZ[a]0 > TR E < 15 B EH[AH5GE
WoN A, IA T 1958-1959 « 1963-1977 D 2 - @ WfH
TII/KEES AVL-13 2 OFFIC R T H » E b RER
HoHMED A2 RS CEMEHEN S, L LELBS
ZDLH)BEEDEHANERICRONDEDIF 1977 F £
TT, ThLBEOMMN Tl EEN R ERE, T &
D H/INESNWT &b Table 4 IS/RENTWV 5,

1958-1959 @ HAR 1T B 1 % IKUE 5 AVL-13 O 5L 2= (3
+0.1631+0.005m T, 1958 4F 6 H 24 HITFA: L 7485
DEFZD T H» 5 8 AT T 8 [mloHIENfTh L1
CLAEEET DL, EKON S OBHITHE S EiFO 1
NEF N L T 2R EWEEAL OIS, oF
0, fhoAIEIARIRIRE CEE 6.6 ) X WV 1 DR
MR CHIENTh Tz T D 1958-1959 D HRH DM ZEH) I
13, 1958 4F 6 F DI ICBED B K LiGEhhs & 754 s h
T, BYA ®FVHEE FBIOFFIC X 2 AHN 15 o2
MHBTEEREBLTVEELEZ NS,

—7, 1963-1977 D AT B 1 5 7k #ES AVL-13 DBk
7213 0.01310.0060m T, ERZEEDS 1959-1963 DA D
FNEHB L T—HNES B> b DD, JKEEL AVL-
13 DR FIC R THEENKA L LTREVT EERL
TW5, TN, JKEES AVL-13 2SHAZEE) & 135 o FE
HTHWT L > L 2TREM: £ 2 S B,
Table 4 1T & N 1E, AVL-13 O PG {11 BEHE 4 % /K HE
AVL-11, 10 DFEZERE AVL-13 & [ABRSEA %2R LT
W5, INSOKELITE T BHEEZEDERED 1.5 %
PIEARLTWS, LIEDOT &, KEES AVL-13 2%
NTREWEER, COKESHOHEKTHE LTS
VBRI ESZEHTHS., 2%, HTOIFIC X 2 HEE
E#rRLTWbEEZOLNS, £/, ORIt
IR DIKEES AVL-6 2l & T2 IE0EE S H L b1
ThO, TOAMOEEN B L UBREETEET S EC

B )15 « &)1

He LR

NP OHFOFIC L BHBELF AR L TVWE &
Abhb.

% 2T, KL AVL-13 Ot 1km OFFEE (KSM) E
NTHRAELK 1978 £ 9 [ 19 HORFEHIZILEN &, kg
MAVL-3OEB & oFENFEHSI NS, §85bb5,
1977 FE I LIRS, JKHES AVL-13 [0 C AR EED
FHONITWT &, 1978 FFOBFME 25512 L TkiE
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ZRALTH LI T, BIEDFEHEEME OB
EAEAR LN T,

Piboz Eno, 1958-1977 FOMTED 5N B X
5 1S KHERT, AVL-13 2l & 9 2 ZEDO 0, BB O
BYA & F )L TR T X8 WHIRZ B s (7 E T 5 T &
ZRELTCVS, CHEHHEKONESWIES) L~V E i
FiL T/ 1963 FELIHI I T O N B BT H 2 Db,
B0 1EEFEDOREZ 7 — v T RIS IR
HOoNZEME 0L, SHOMGTRETH 5.

6. BFIERKILDRENRE v U < etk
—BARRE K IL—

61 BEARETTTEBFY

BiE TN & DI, EAREFVaEHOTIE AR

WIAER, WEARESET-HOH TRk 5 k.

BE ki otk o —ohilgcdh 2 BETHIE, BE

KIGEB A TEFE S s KDV 3~4km DL ICH

5.
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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) z(m) ko 4V (m’) x (m) ¥ (m) z(m) ko 4y ()
Initial value -500.00 -3800.00 -5000.00  -1000000. - Initial value -500.00 -3800.00 -5000.00  -1000000. bt
Final location Final location
(Iterations=4) -853.00 -4260.00 -4840.00  -1060000. -4460000. (Iterations=4) -55.90 -4350.00 -5880.00 -885000. -3710000.
Uncertainty 2530.00 2830.00 2310.00 1470000. 6150000. Uncertainty 376.40 670.00 1510.00 470000. 1970000.

*( The coordinate of the origin : 131° 03" 32° 54° Om)

GERD 3 WOTHIR GRS AHE L, Z OR5E, HIE
ARG SIS K B NI 348 <, 9 3~4km PHD
HTHRETO FICHEELTVWADERWE LTS
(Fig. 9; KB IFED M OB%R D & ILD HAMBKRE T
WA EHITEHNTWS, TOXOD FIFZES 6km (E/KiE

*( The coordinate of the origin : 131° 03" 32° 54" Om)

™) @ PIRGEEES & U S WEEE D 2 T h O HIFE R HEE
S E 7 ovicdd 24 LER L, T oIS X
B 3km 5 A~ OWIHTO P IGEE S KOS JEE O
ftTH ).

C OHIEE AT AR T3, P IEET 10% 9> 5 25
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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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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.
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JEIRRYERA o (R - Ty B e HEH - FIOE - EES
531
F—&tv bA PR 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
JMA 2426 -2541 1138  -0.020650 0. 003290
AVL-14 2665 -2649 1162 -0.018113 0. 003375
AVL-14 1/2B 31 -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 FB Yreh#R 1993-1997 & EH - FRIKER 1989-1997 DHFE

(Vertical displacement between 1993 and 1997
including reduced GS!| 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. 00776t 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-171 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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