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Magma Supply System of the 2004 Eruption at Asama Volcano Estimated

by Crustal Deformation Data

Akimichi Takacr*, Keiichi Fukur*, Kenji Funtwara®, Yoshihiro UEpa™**, Sei TnmmMa™*,

Tetsuya Yamamoro™, Takayuki SAKAT®, Tomoyuki KaNNo™* and Hiroaki KATAyaAMA™*

>k

A geodetic observation network with GPS and EDM at Asama volcano detected pre- and co-eruptive crustal

deformation.
outward from the active summit crater.
2002 to the occurrence of the 2004 eruption.

Observed horizontal displacements by GPS before the 2004 eruption indicated radial pattern
An east-west baseline indicated secular extension with 7mm/yr from
Rapid extension of 10 mm was detected at the baseline near the

summit, which may suggest magma discharge into the shallower chamber.

We estimated the magma supply system from the observed geodetic data assuming buried two pressure

sources.
km east of the summit at sea level (Source B).

magma from the deeper to source B was 200X 10°m?’, and from source B to source A was 14X 10°m’.

One is at a height of 2200 m above sea level beneath the summit crater (Source A) and another is 1.5
Our data indicated that before the first eruption discharged

Total

amount of increase in volume of source A was estimated to be more than 50X 10°m® by EDM and GPS data by

the end of the eruptive activity.

These small but significant signals could be observed only in our network near the crater.

Our results

indicated that dense geodetic observation near the active crater or vent could give important and interesting data

to clarify and monitor the active volcano.

Key words: Asama volcano, magma supply system, GPS, EDM
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Table 1. Location of GPS and EDM observation sites.
# 1. GPS &U' EDM Bl
Station . Latitude Longitude Height
code Site [Deg] [Deg] [m] Note
KWS  Weather Station 36.34167N 138.54722E 1010 Permanent point. Managed by JMA.
TAK  Takamine 36.40833N 138.46944E 1985 Permanent point. Managed by JMA.
ONI Onioshidashi 36.43889N 138.54444E 1348 Permanent point. Managed by JMA.
Cc C 36.38428N 138.54156E 1584 Permanent point.
E E 36.41831N 138.53650E 1715 Permanent point.
G G 36.40394N 138.50531E 2183 Permanent point.
G1 Koasama 36.40825N 138.56081E 1626 Temporary point. Installed by ERI.
G2 Sannotorii 36.40439N 138.54847E 1826 Temporary point.
G3(M3) Maekake-E 36.40347N 138.52697E 2443 Temporary point. Combined with EDM point.
G4(M2) Maekake—S 36.40150N 138.52200E 2443 Temporary point. Combined with EDM point.
G5(M1) Maekake-W 36.40119N 138.51803E 2455 Temporary point. Combined with EDM point.
G6 Crater-E 36.40669N 138.52292E 2568 Temporary point. Installed by ERI.
G7 Crater-S 36.40511N 138.51961E 2546 Temporary point. Installed by ERI.
G8 1000-ton Rock 36.40889N 138.51978E 2502 Temporary point.
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Fig. 2. Time series of the baseline lengths observed
by three permanent GPS points from April to
December, 2004 with daily number of volcanic
earthquakes. Rapid extension with 10 mm was
observed at E-C baseline between 21 and 22,
July.
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Table 2. Step changes of GPS baseline accompanied

with seismicity.

% 2. WEIEEOZ(L & - 7o GPS EfEAL.
Date Amount of change  Change of seismicity
2003/6/11 - 6/18 -10mm 2003/6/10 Increase
2004/3/22 - 3/31 -5mm 2004/4/3  Increase
2004/7/21 - 22 +10mm 2004/7/26 Increase

in-tc.
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Fig. 4. Horizontal displacement vectors detected by
repeating GPS measurements, from April to
July, 2004.
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Horizontal displacement data of GPS sites in Asama volcano, 2002-2004. Reference point is G5.
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D 2002/7/30 2002/10/16 2003/5/6 2003/10/16 2004/4/26 2004/7/28
ate 2002/7/31 2002/10/18 2003/5/11 2003/10/21 2004/4/28 2004/7/30
Staton  Gomponent Displacement (Standard deviation) [mm]
Kws & 00 (10) -85 (2) 53 66 137 (48  -188 (69  -101 (63
NS 00 (103) =36 93 09 (78)  -24 (90) 26 (85 10 (11.4)
TAK W 00 (8.1) 45 (11) 00 B9 -18 () 81 (34)  -138 (43
NS 00 (68) 25 (28  -29 35  -52 (44)  -28 (55)  -47 (58)
ONI EW 00 (63  -16 (49  -81 68  -61 32  -187 G1) 09 (47
NS 00 (1) -47 (57)  -34 100)  -54 (61)  -1.2 (138)  -17 (82)
C EW 00 60) 76 (28) 65 @)  -115 28  -170 GN)  -114 62)
NS 00 (89) 22 (5.) 25 (44) 02 (56) 44 (6.4) 35 (6.9
E EW 00 (63)  -25 (42) 05 (44)  -09 (34)  -53 4] 6.1 (27)
NS 00 (107)  -32 (80) 1.0 (55) 1.0 (53) 49 (102) 110 (62)
G EW 00 (@4  -04 (19)  -52 (26) -i112 (1.8 44 (26
NS 00 22)  -09 20)  -42 30)  -27 (61) 24 (30)
G1 EW 00 G -53 (56)  -114 (43)  -142 (60) -89 (41)
NS 00 (7.9) -54 59)  -69 60)  -12 (83) 25 (60)
a2 EW 00 (32 55 (44) 17 34)  -35 (45) 29 (39
NS 0.0 (6.2) 4.2 (45) 1.1 (5.5) 5.6 (6.8) 9.0 (49
a3 EW 00 @6 22 12 07 (19 -20 (1) 16 (16)
NS 0.0 (4.1) 43 (1.6) 1.7 (1.8) 0.7 (4.1) 27 (1.8)
G4 EW 00 (29 22 (09 -01 (08  -35 (10)  -1.7 (09)
NS 0.0 (14) 2.2 (0.9 -0.6 (1.0) 38 (4.8 2.6 (0.8
G5 EW 00 00 00 00 00 00
NS 00 00 00 00 00 00
G6 EW 0.0 (26) 8.7 (1.3 79 (1.3) 8.1 (0.9) 14 (1.1 0.0 (1.5)
NS 00 (44) 81 (29)  -42 (1)  -143 (L) -200 (56)  -149 (1.7)
G7 EW 00 (1:3) 50 (1.1) 7.1 (1)
NS 0.0 (1.7) 1.0 (6.3) 35 (2.1)
Gs EW 00 (19) -89 (14  -54 (14)
NS 00 28) 47 (69 43 24)

BT 5L, UTFT0EBYTHS. Hy INEFHERE
A BIEETH 5.

(1) 200447 A 2122 HiZ, E—CHERATZ T v 7k
DIEREE b - 12, —H, 200241 55 2005 43
A1, E—TAK [IOHEED AIT, Tmm/yr FEEOMTH
Hont. (GPS sfEH)D

(2) 20044F4 F FA)(4/2628) 70 5 7 H NA) (7/28
30) OfIT, INTEREL O A 75 54, MoBHlS TS 0~
10mm DIFZEZ B H - 72, (GPS # 0 & LEHD

(3) 2004 % 6 A LIRE LTES DR SfkEE L, 12 A
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CIOH 9 1.5km Dtk F 200 m TAREHENTE 13 200 X
10°m® & 75 - 7z, Fig. 71213, BMlsnZ6 (FRED
L, Thamb I RHTE 3 2 >0 E» HEES
Nz (BEED 2Rl $£122 5O jEONE
bRd. A1, COEES Gk 2,200m) OFETEE Y —
2 A, PREH GEEMT) OENEEY — X B LIRS
Lz .
INETOWETIE, ~ 7/ ~<lEROGEHAEZY —Z B
PHEE SN HMICHEET 2 2 & i3d F 0 FI27S
<, HRHIRE S Z{bEA R 72 E SOBHRIEIC Y — 2
B OEGEENG | X HH SN T ENEEbNI. LL,
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Fig. 5. Time series of slope distances by EDM with

weather elements correction. Anomalous gaps
in November, 2004 at M2 and M3 were due to
the hitting of the ballistic ejecta to the reflectors
on the November 14 eruption.

X 5. SERmEEBIAN X 3 & LE O MR (KWS-
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E SABA L TIREEHTE L TH 2 OERIFIZIEED S
9, V=2 BWLUTEOHMNZH 2 D IF[EVIZVWEEZ
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Kot &Id, TH2122 Hic#ex 72 E—C Sl =2
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E (E3JbIc# 10 mm, C (3FFICH Smm) Th - 72D
T, A7 v 7ZE 10mm 3Z DK 3 ND2I1TH1cb.

E—C A0 E 2 7 » FZ#ce L, [6 L HOh
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Fig. 6. Slope distance change by EDM from Jan-
vary, 2004 to March, 2005. Artifical gaps in
November were eliminated. Bold curve repre-
sents variation with smoothing processing.
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Fig. 7. Observed and calculated horizontal displace-

ments. Two pressure sources were evaluated by

finding the best fitting location.
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Fel (1968) 1< knid, WHIEE KILTH - fc BB
3, BAEHMATEENTWS DD, EEfaETL
THEE L 71T K O o f7iE 13, BAEDILTEK IO T
2km OBOFAULMIE & 75 5. Fex OBHFERIE, 20
HRICTER S B~ /<2 £ 0 0EFER TV S
afEtEsH 5. F, Bl (1990) 12k B &, 1935-1939
FEOMICHID TIITEE A TIT » 7oKEERIE TIRREKT
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Fig. 8. Relationship between calculated slope dis-
tance (M1, M2, and M3) and amount of in-
crease in volume versus height of pressure
source.
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V=2 AT, TOMEPES2,200m 0 52 L LS -
TSEOHTH Y, TOMGEMIE L WREIR SO,

Z 2, IWTEKOE FOM A SES I NRZGE L
TEBEAZFIEL, KWS 2 o8l & N pigtoZ b

Zilcd KO BIENROFRS LABEEAHEET 2 C
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JRDPES 135 1,000 m LI EISTEAE L 7S v & BES 54
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WY =2 A0 BEVENFREEZ SV, /-7,
12 A & TR B & N8 % 304 5 [E R
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LTAT, EAEBO 9 AR KOECES IR
L, 10 HIC 3K TKORRES» 5 100m BEF T
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7B IERYD 5N TV WA TEE S DEEIc B VT
IS HIE T b > - T EERELTWA, FRES

4km
Summit crater
3kmp
Mt Kugofu o, MaOMapocket .
2km } Jun.- Dec., 2004
Source A
1kmp 2200m
o Source B\ Magmareservoir
Sea level AV =200 x 103
SourceC .-~ Apr.- Jul., 2004
gl | —
- Deeper dyke chamber ?
-2kmp
-3kmg 2km
_4km " ™ ™ ™ Y o r ™ I " " a2 o " o
138.40 138.45 138.50 138.55 138.60 138.65

Fig. 9. A model of magma supply system of Asama volcano during the 2004 eruption series estimated from GPS

and EDM data.
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