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Asama volcano, one of the most active andesitic volcanoes in central Japan, started a series of eruptions on

September 1, 2004 and the eruptive activity lasted about three months.

We have carried out microgravity

measurements at the volcano three times; one year before, immediately after the eruption and one and a half

months later.

ment at a reference station, was employed to observe temporal changes in absolute gravity value.

“Hybrid measurement”, combining relative measurements over an area and an absolute measure-

The data

obtained before and after the eruption shows that the gravity changes preceding the eruption are from —6 to +9

microgals, which are of the nearly same value as that of the accuracy of observations.

The gravity changes

predicted from the tensile fault models and Mogi models proposed for the ground deformations are always less

than 1 microgal at any gravity station.

gives some constraints on the magma accumulation in the conduit.

The observational fact that gravity changes did not exceed 10 microgals

A numerical examination suggests that the

volume of the magma accumulated in one year preceding the eruption may be less than 210" m?.
Key words: microgravity, hybrid measurement, Asama volcano, volcanic eruption, magma accumulation
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Fig. 1.
stations on and around Asama volcano, central
Japan. Solid circles denote the gravity stations.

Map showing the distribution of gravity
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Table 1. Coefficients of various kinds of error for the employed G-type gravity meters.
Kind of Error Coefficient Gravity Meter

G31 G375 G581 G682 G705

Scale Factor Error A (X10'3) -0.03 -0.34 -0.26 -0.42 -0.22

Geomagnetic Field Bc (mgal) - - - -0.004 -

Dependency Bs (mgal) — — — 0.011 —

Periodic Error

period 7.3 mgal C1 (mgal) — — — — 0.0017
S1 — - - - 0.0061
3.7 C2 — — — — -0.0008
S2 — - - — 0.0000
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Table 2a. Gravity values obtained by the measurements in the period of 25-27 September 2003.

Gravity Standard Observation* by Each Gravity Meter
Station Value* Error G31_ G581 G682 G705

AVO-FG5  528.312 0.000 528312 528312  528.312  528.312
BM7000A 528.453 0.007 528443 528451 528471  528.446
Pt001 526.491 0.004 526488  526.502  526.490  526.485
Pt003 498.651 0.009 498.667  498.633  498.661  498.641
BM7030 527.972 0.007 527983 527966  527.979  527.958
BM7060 540.111 0.009 540.121  540.089  540.124  540.108
BM7100 528.416 0.005 528406 528421 528424  528.411
BM5060 559.232 0.006  559.245  559.221  559.224  559.236
BM5000 552.274 0.003  552.275 552271  552.268  552.282
BM608 548.192 0.005 548.193 548203 548183  548.187
BM10418 597.790 0.008 597.770  597.797  597.791  597.802
BM10416 627.347 0.015 627.327 627374 627324  627.364
BM549 619.696 0.008 619.684 619716  619.691  619.691

"+979000.000 mgal
AVO-FGS5 is the station where an absolute measurement was carried out and the reference
station for relative measurements. To obtain absolute gravity values, 979000.000 should be
added to the numerals. Unit is mgal (=10 °m/s?) for all the numerals.

Table 2b. Gravity values obtained in 09-11 September 2004.

Gravity Standard Observation* by Each Gravity Meter
Station Value* Error G31_ G581 G682 G705

AVO-FG5  528.306 0.000 528306 528306 528306  528.306
BM7000A 528.453 0.006  528.447  528.463 528461  528.441
Pt001 526.500 0.004 526509  526.498 526497  526.494
Pt003 498.657 0.011  498.685  498.639  498.652  498.653
BM7030 527.970 0.003 527972 527976 527971  527.962
BM7060 540.115 0.008 540.117  540.095 540.119  540.129
BM7100 528.412 0.003 528407 528417 528416  528.407
BM5060 559.238 0.003 559.245  559.236  559.235  559.236
BM5000 552.281 0.006 552273 552296  552.282  552.274

BM608 548.196 0.007 548211 548.196  548.195  548.180
BM607 552.514 0.008 552519 552529  552.511  552.497
BM606 552.517 0.006  552.519  552.527  552.520  552.501
BM603 562.081 0.007  562.065 562.094 562.080  562.084

BM10418 597.796 0.005 597.790  597.808  597.797  597.788
BM10416 627.364 0.006 627.358 627379  627.360  627.358

BMb549 619.707 0.009 619.717  619.711  619.693
ASM4 594.784 0.015 594.752  594.812 594.796  594.777
ASM3 405.911 0.005 405914 405912 405918  405.899

*+979000.000 mgal
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Table 2c.

Gravity values obtained in 22-24 October 2004.

Gravity Standard

Observation* by Each Gravity Meter

Station Value* Error G31_ G375 G581 G682 G705

AVO-FG5  528.322 0.000 528322 528322 528322 528322  528.322
BM7000A 528.468 0.003  528.463 528472 528468 528475  528.463
Pt001 526.504 0.011 526.522  526.518  526.483  526.492
Pt003 498.678 0.003 498.676  498.685  498.675 498.674
BM?7030 527.980 0.004 527968 527984 527990 527977  527.982
BM7060 540.136 0.005 540.128 540.138 540.122  540.147  540.145
BM7100 528.437 0.005 528445 528438 528441  528.425
BM5060 559.239 0.005 559.242  559.252 559238  559.238  559.226
BM5000 552.292 0.006 552281 552302 552302 552.296  552.279
BM608 548.204 0.003 548204 548205 548208 548208 548.193
BM607 552.537 0.011 552566 552538 552541 552536  552.506
BM606 552.525 0.007 552530 552,515 552526  552.545  552.508
BM603 562.097 0.005 562.089 562104 562108 562.098  562.085
BM10418 597.795 0.008 597.776 597812 597.813 597.783  597.791
BM10416 627.350 0.008 627330 627.365  627.368 627340  627.349
BMb549 619.700 0.007 619.692 619.694 619.716 619.714  619.685
ASM4 594.789 0.006 594.777 594.785  594.809 594.792  594.783
ASM3 405.919 0.004 405913 405932 405914 405924  405.912

*+979000.000 mgal
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< OSSO VWTIE, E& LT, GPS BRERIEN
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7 — 2 IcFHES 0T, KO OPEILPER 6km DOKE K 3
km L Zdul & L CIRIFEES 51 7 (5 6.8X10°
m) WEALLELTOVE, —F, EHIEE (2004)
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Table 3. Summary of the gravity measurements in September, 2003 (a), September, 2004
(b) and October, 2004 (c), and the differences between the observations in Sep-
tember, 2003 and September, 2004 (d), and in September and October, 2004 (e).
Unit is mgal for all the numerals.

Gravity Value* Difference
Station a)Sep.2003  b)Sep.2004 c)Oct.2004  d) b-a e)c-b

AVO-FG5 528.312 528.306 528.322 -0.006 0.016
BM7000A 528.453 528.453 528.468 0.000 0.015

Pt001 526.491 526.500 526.504 0.009 0.004
Pt003 498.651 498.657  498.678 0.006 0.021
BM7030 527.972 527.970 527.980  -0.002 0.010
BM?7060 540.111 540.115 540.136 0.004 0.021
BM7100 528.416 528.412 528437  -0.004 0.025
BM5060 559.232 559.238 559.239 0.006 0.001
BM5000 552.274 552.281 552.292 0.007 0.011
BM608 548.192 548.19 548.204 0.004 0.008
BM607 552.514 552.537 0.023
BM606 552.517 552,525 0.008
BM603 562.081 562.097 0.016
BM10418 597.790 597.796 597.795 0.006  -0.001
BM10416 627.347 627.364 627.350 0017  -0.014
BM549 619.696 619.707 619.700 0.011  -0.007
ASM4 594.784 594,789 0.005
ASM3 405.911 405.919 0.008
"+979000.000 mgal

£

‘ ' sl R o | WL o
138°30" 138°32' E138°28' 138°30"

Fig. 2. Distribution of gravity changes (a) obtained from the observations on 25-27 September 2003 and 09-11
September 2004, and (b) those on 09-11 September and 2224 October 2004. Unit is microgal (=10 *m/s?).
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Table 4. Various source models proposed for geodetic observations (top) and gravity

values calculated from the models (bottom: dGcala).

For the source models,

locations measured from the crater, depths below sea level of the centers and
volume changes (dV) are presented. Gravity values are in microgal.

Source Model Dike" Dike & Sill? 2 Mogi Models”
Location” 6 kmWNW  8kmWNW, 5 kmW 0, 0 km
Depth (bsl) 3 km 3.5,2.5 km 0.2,-22km
dV (km”) 6.8 24,04 0.2,0.09

Station dGecalc dGcalc dGcalc

AVO-FG5 -0.4 -0.1 -0.3

Pt001 -0.4 -0.2 -0.4

Pt003 -0.4 -0.2 -0.8

BM7030 -0.4 -0.1 -0.3

BM7060 -04 -0.2 -0.4

BM7100 -0.5 -0.2 -0.5

BM5060 -04 -0.1 -0.2

BMS5000 -0.3 -0.1 -0.1

BM608 -0.4 -0.1 -0.3

BM10418 -0.4 -0.1 -0.1

"Horizontal distance from the crater

Y Aoki et al.(2005), ?GSI(2004), *MRI et al.(2004)

Mﬁ E_
Mogi 2
= : Mogi 3 E
Dike 1 Mogi 18
Dike 2 sill i
r= N ==
N :' Assumed Conduit

Distance (km)

3. Source models for ground deformations and
the assumed conduit (shaded area) projected
onto a E-W vertical cross section running
through the summit. Gravity changes caused
by Dike 1 (Aoki et al., 2005), Dike 2 and Sill
(GSI, 2004), Mogi sources 1 and 2 (MRI et al.,
2004) are evaluated. The distribution of mag-
ma accumulated in the conduit without sig-
nificant gravity changes are also examined.
Mogi sources 3 and 4 are after Miyazaki
(1990).

10°m®) &, KIIDOPEH) 5km D#E/KE K 2.5km (I TD
Vb (K 04X 100m*) DR E VS, 2 EKEEE 7L
ZIRIE L7z, & 51T, S[ERMIEHT « it (2004) 13, #R0 K
L GPS il &N RMIE O fE R 2 5IH T 2 729,
1FIFKIODE T O#/KE K 200m T 2.0X10°m® ©, #itk
2,200m T 9 X 10*m® DT AW EFEIEIN (RARE FL)
rEZ I

VI ot EiFic B s o< /= o iiffsn s
EIELE FEER Bl W2 BN L E OBfRIcO VLT
BEtd 2. BOWEOERIC & &5 EHE itV
1 Okubo (1992) Oz kv, FHERE (XK€ FV)
DEBIC L BESELITS W TIEFE (1977) DRI
Ko TRE LR, 2L, fffolbic, wkERc-o
WTCA=p 2 REL, BEGEIEELEAE (=7
<) bEL < 2,400kg/m* & Lic, T TTHOLHE, ©
b, PEREVE O g B H D B I
b/ L TEONcbDTHE. £ T, BHE
DOEFES ZME SIS SFHIT 5 2 Eic k> T, AES
DEZDEVEEE L. 72720, #5k2,200m OE)
IR OBER Y, 1UTE & JIES A2 SO s 5 O
HAEEHROES & L1,
LidoZ#EE F b i E SN AKRENHICBT S
FEHZALE% Table 4 NE¢ (dGealc) IZ/R9. WFhoE
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FIIZOWTH, EF VL SHFSNZENEE, £
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Fig. 4. Pairs of radius and height of magma columns which cause gravity changes less than 0.010 mgal (dot) or

0.005mgal (open circle) at all the gravity stations.
accumulated in the conduit within the one-year period preceding the eruption.
of the bottom and top of a magma column, respectively.

km and (c) Zt to be 0.6 km.

The magna column is assumed to represent the magma

Zb and Zt are the elevations
(a) Zb is assumed to be —5.0km, (b) Zt to be 2.4
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