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Abstract

After the eruption of Usu volcano, Japan, on 31 March, 2000, we carried out microgravity
measurements around Mt. Usu. Comparing the gravity values acquired by previous measurements
in June 1993, we detected significant gravity changes presumably associated with the magma
movement. The largest change detected as of May 2000 was —820ugal at the southern rim of the
summit. Both gravity and height changes were successfully reproduced by prescribing a shallow
inflation source and a deeper deflation source at depths of 2,000 and 3,000 meters, respectively. Total
intruded mass flux is estimated to be 3.6 X10"kg.

We constructed an absolute gravity network consisting of three sites around Toya lake, and
precisely determined absolute gravity values. Moreover, from 16 May to 29 June, we took
continuous absolute gravity measurements at Usu volcano observatory, and detected a significant
post eruptive gravity change. The absolute gravity continued to decrease by 10ggal until around
25 May when it began to increase. After that, the absolute gravity gradually recovered to 10ugal for
one month., We can interpret the inferred post-eruptive gravity changes as a continuing crustal
uplift followed by a commence of the land subsidence.
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Table 1. Location of dMeasurement Sites

Site  Longitude(deg min)

Latitude(deg min) Altitude(m)

Uvo 140 50.8
OJH 140 48.4
TLS 140 47.7

42 33.4 138
42 33.9 105
42 36.4 95

Table 1: Abbreviations. UVO: Usu Volcano Observatory
of Hokkaido Univ., OJH: Toya Lake Onsen
Junior High School, TLS: Toya Lake Station of Hokkaido Univ.
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Fig. 1. Measurement sites. Small dots are used for
relative gravity measurements. BM6601 is a fixed
point for the conventional microgravity survey.
Absolute gravity measurements were carried out at
three sites. TLS (Toya Lake Station), OJH (Toya
Onsen Junior High School), and UVO (Usu volcano
Observatory). Two eruption vents, Nishiyama and
Kompirayama, are denoted as N and K. The
summit area indicated by a dashed line is roughly
the location of the former eruption vents at Mt.
Usu.
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Table 2. Abosolute gravity measureent

Site Measurement ~ Absolute gravity Standard deviation Effective drops Vertical gradient
dates (ugal) (ugal) (count) (ugal/cm)

UVO May 10-12, 2000 980436487.14+0.7 64.2 8157 3.09

OJH May 12-14, 2000 980442887.0+0.2 20.8 11152 2.66

TLS May 14-16, 2000 980423007.740.9 79.2 8060 3.29
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Table 3. Relative Gravity Measurement in June 1993

Site Longitude Latitude 9375 € g31 € Jo €
(deg min) (deg min) (mgal) (mgal) (mgal) (mgal) (mgal) (mgal)
[Jun 16. 1993]

BM6601 140 47.7 42 36.3 0.000 0.016 0.000  -0.031 0.000 0.017
BM6598 140 49.2 42 33.7 -7.819 -0.005 -7.876 0.075 -7.803  0.044
BM6596 140 47.9 42 32.8 -10.178  0.008 -10.206 0.025 -10.149  0.025
BMJ6 140 46.6 42 32.2 0.802 0.002 0.758  -0.005  0.795 0.011
[Jun 17. 1993]

BM6601 140 47.7 42 36.3 0.000 0.012 0.000 -0.003 0.000 -0.038
BM1054 140 50.7 42 33.7 -9.436 0.022 -9.410 -0.007 -9.389  -0.046
BM1053 140 51.7 42 33.2 -7.725 0.022 -7.728 0.006 -7.616 -0.109
BM1052 140 52.8 42 33.3 -7.995 -0.006 -8.008 -0.022 -7.944 -0.012
BM1051 140 53.5 42 33.3 -2.680 0.017 -2.686  -0.007 -2.647  -0.009
BM1050 140 52.8 42 32.3 -6.309 0.002 -6.316 0.018 -6.266  -0.007
BM1049 140 52.1 42 31.4 -9.091 0.012 -9.070  -0.002 -9.020 -0.006
BM1048 140 51.5 42 30.6 -8.163 -0.008 -8.170 -0.005 -8.103 -0.012
BM1047 140 50.6 42 29.7 -8.233 0.006 -8.224 0.025 -8.168  -0.021
[Jun 18. 1993]

BM6601 140 47.7 42 36.3 0.000 0.025 0.000 0.230 0.000 0.013
BMUVO 140 50.8 42 334 -20.474  0.008 -20.472 0.232 -20.417 -0.002
T-7 140 51.0 42 33.3 -12.2563  -0.002 -12.234 0.241 -12.206 -0.005
GIH3-5 140 51.9 42329  -16.375 -0.003 -16.370 0.241 -16.335 -0.023
GIH3(N) 140 51.6 42 32.6 -33.031 0.004 -33.026 0.238 -32.966 -0.029
GIH2 140 51.9 42 32.2 -37.354 0.009 -37.234 0.068 -37.308 0.004
BMU101 140 50.3 42 33.3  -121.519 0.000 -121.407 -0.004 -121.535 -0.007
[Jun 19. 1993]

BM6601 140 47.7 42 36.3 0.000 0.010 0.000 0.664 0.000  -0.007
BMJ6 140 46.6 42 32.2 0.818 0.014 1.333 0.001 0.834 0.011
BMU5 140 48.6 42 31.4 -20.223  0.018 -19.706 - -0.014 -20.154  0.040
BMUS8 140 49.4 42 31.6 -66.257 0.009 -65.763 -0.023 -66.278  0.003
BMU10 140 50.0 42 31.9 -103.449 0.011 -102.953 -0.004 -103.390 -0.012
BMU17 140 51.0 42 34.0 -117.988 0.005 -117.496 0.012 -117.983 -0.018

w? / 7, WKTEBCES EARIC L 5 b0 LB L, AT
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Eruption Vent
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Fig. 2. Gravity changes (unit in ggal) from June 1993 R, e s s TN
to May 2000. Two eruption vents, N and K, and T CTOV, D,y AR, HEAROES, ®7v v

former summit eruption vents at the area of Mt. Thb. £/28G0'ld, 79—z 74 (3.086ugal/cm

Usu are indicated. The star represents the esti- T—EE L), FESIHATEE mA (FEHEE L
mated horizontal location of the deflation source of .
VEOEETH 5.

both gravity and height changes.
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Table 3. (Continued)

Site Longitude Latitude 9375 € 931 € Jo €

(deg min) (deg min) (mgal) (mgal) (mgal) (mgal) (mgal) (mgal)
[Jun 19. 1993]
BM6601 140 47.7 42 36.3 0.000 0.010 0.000 0.664 0.000 -0.007
BMJ6 140 46.6 42 32.2 0.824 0.016 0.998 0.017 0.815 -0.001
BMU6 140 49.3 42 30.7 -13.143  0.009 -12.944 -0.025 -13.115 0.002
BMU11 140 50.3 42 31.2 -38.091 -0.003 -37.891 0.003 -38.066 0.012
[Jun 22. 1993]
BM6601 140 47.7 42 36.3 0.000 0.017 0.000 0.064 0.000 0.042
BMJ6 140 46.6 42 32.2 0.809 0.002 0.828 0.019 0.821 0.037
BM7193 140 45.8 42 31.1 -0.839 0.000  -0.848 0.017  -0.834 0.063
BM7194 140 47.7 42 30.8 -1.749  -0.001 -1.726 0.027 -1.735 0.044
BM7195 140 48.8 42 30.1 -12.927  -0.009 -12.868 -0.046 -12.871  0.008
BM7196 140 49.9 42 29.5 -9.354  -0.005 -9.307 -0.050 -9.301 0.007
BM7197 140 50.8 42 29.0 -9.014 0.001 -8.978 -0.014 -8975 -0.012
[Jun 23. 1993]
BM6601 140 47.7 42 36.3 0.000 0.004 0.000 0.018 0.000 0.016
NRM 140 50.3 42 329 -106.384 0.016 -106.316 0.035 -106.339 0.004
CR-4 140 50.2 42 327  -109.378 0.021 -109.342 0.038 -109.344 0.010
USN 140 50.2 42 326 -124.276 0.019 -124.234 0.028 -124.261 0.018
TP 140 50.1 42 32,5 -152.729 -0.005 -152.690 0.012 -152.740 0.026
USG 140 50.1 42 325 -152.784 0.006 -152.743 0.028 -152.784 0.019
OGG 140 50.3 42 32.3  -154.137 -0.017 -154.070 -0.012 -154.136 -0.009
ouG 140 50.5 42 324  -170.132 0.006 -170.084 -0.007 -170.094 -0.015
[Jun 24. 1993]
BM6601 140 47.7 42 36.3 0.000 0.012 0.000 0.018 - -
43TP 140 50.4 42 33.5 -47.416  0.000 -47.392 -0.010 - -
[Jun 25. 1993]
BM6601 140 47.7 42 36.3 - - 0.000 0.012 0.000 0.016
BMUVO 140 50.8 42 33.4 - - -20.485 -0.042 -20.408  0.008
T-7 140 51.0 42 33.3 - - -12.246 -0.037 -12.210 0.031
GIH3-5 140 51.9 42 32.9 - - -16.407 -0.040 -16.317 -0.009
GIH3(N) 140 51.6 42 32.6 - - -33.053 -0.078 -32.957 -0.006
GIH2 140 51.9 42 32.2 - - -37.314  0.030 -37.317  0.017
BMU101 140 50.3 42 33.3 - - -121.500 -0.004 -121.511 0.008
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Table 4. Relative Gravity Measurement in May 2000

Site Longitude Latitude 9375 € 9875 € gs76 € 91009 €
(deg min) (deg min) (mgal) (mgal) (mgal) (mgal) (mgal) (mgal) (mgal) (mgal)

[May 11. 2000]

OJH 140 48.4 42 33.9 0.000 0.033 0.000 -0.030 0.000 -0.029 0.000 0.015

BMJ6 140 46.6 42 32.2 8.864 -0.006 8879 -0.038 8.848 -0.038 8.838 0.025
BM7193 140 45.8 42 31.1 7.196 -0.004 7.212 -0.028 7.187 -0.028 7.178 0.014
BM7194 140 47.7 42 30.8 6.278 -0.007 6.292 -0.036 6.270 -0.036 6.266 0.024
BM7195 140 48.8 42 30.1 -4.889 -0.008 -4.866 -0.001 -4.850 -0.001 -4.889  0.006
[May 13. 2000]

TLS 140 47.7 42 36.4 0.000 0.016 0000 -0.031 0.000 -0.031 0.000 0.045
BM6601 140 47.7 42 36.3 1.672  0.020 1.683 -0.020 1.677 -0.020 1.703  -0.060
BM1047 140 50.6 42 29.7 -6.549 0.008 -6.513 -0.005 -6.490 -0.005 -6.491  0.046
BM1048 140 51.5 42 30.6 -6.523  0.001 -6.547 0.014 -6.525 0.014 -6.530 0.019
BM7196 140 49.9 42295 -7.684 -0.010 -7.664 -0.032 -7.637 -0.031 -7.644 0.006
BM7195 140 48.8 4230.1 -11.261 -0.007 -11.243 0.005 -11.205 0.005 -11.224 -0.040
[May 15. 2000]

UvO 140 50.8 42 33.4 0.000 0.050 0.000 0.024 0.000 -0.003 0.000 0.078
BM1054 140 50.7 42 33.7 12.091 0.017 12.099 -0.020 12.104 -0.025 12.060 0.051
BM1053 140 51.7 42 33.2 13.796 0.009 13.798 -0.027 13.785 -0.012 13.770 0.025
BM1052 140 52.8 42 33.3 13.588 0.013 13.587 -0.027 13.588 -0.017 13.770 0.025
BM1051 140 53.5 42 33.3 18.907 0.022 18903 -0.013 18917 -0.034 18.867 0.042
BM1050 140 52.8 42 32.3 15.304 0.010 15.314 -0.014 15.275 -0.019 15278 0.035
BM1049 140 52.1 42 314 12.458 -0.012 12.490 -0.008 12.460 0.012 12.438 0.039
BM1048 140 51.5 42 30.6 13.397 -0.009 13.410 0.006 12.381 0.023 13.389 -0.006
[May 15. 2000]

Uvo 140 50.8 42 33.4 0.000 0.038 0.000 0019 0000 -0.034 0.000 0.090
BMU5 140 48.6 42 314 1.141 0.028 1.152  -0.015 1.169 -0.034 1.121 0.020
BMU8 140 49.4 42 31.6  -45.309 -0.005 -45.326 -0.005 -45.331 -0.039 -45.438 0.026
BMU10 140 50.0 42 31.9 -82.705 -0.012 -82.736 -0.021 -82.735 0.002 -82.771 -0.015

Table 4: Abbreviations. BM: Bench Mark. UVO: Usu Volcano Observatory of Hokkaido University.
OJH: Toya Lake Onsen Junior High School. TLS: Toya Lake Station of Hokkaido University.

42" 39'

42° 36' 1

42" 33' 1

Fig. 3. Height changes (unit in milli-meter) of level-
ling points of Geographical Survey Institute, Japan;
results shown above are reproduced from the web
site, http: //www.gsi.go.jp/WNEW/LATEST/USU/

+21.3 level/uslevel0l.htm. The measurement period of

the levelling survey spans from May 14 to May 19,

1.1 2000, which roughly coincides with the micro-

gravity survey. Two eruption vents, N and K, and

. . i ‘ . former summit eruption vents at the area of Mt.

140°45' 140°48' 140°51° 140°54' 140°57' Usu are indicated. Two fixed points are shown.

42" 30'

< Summit Area
+ Eruption Vent
42° 27" 4 m Fixed point

& Levelling point
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Table 5. Estimated parameters for “Mogi” sources

Source Location (Longitude) Location (Latitude) —Depth ~ Volume Change Reduced x*
(deg. min. sec.) (deg. min. sec.) (m) (m?)

Single Inflation 140 50 1+7 42 31 59+6 1179450  2.18+0.30x 107 3.90

Shallow Inflation 42 32 4+£5 19504+40  8.8040.20x 10 1.31

140 49 5716
Deep Deflation -

29934100 -7.2240.10x 107

Table 5: Optimum parameters for the two models. One is based only on a single inflation source,

and the other assumes both inflation and deflation source at the same horizontal location.
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EANE < o Gravity Change
— —-500 A
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B 200F 5. .
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% o P80 " 5% s~~~ ---~p~o

-2 . . . .
%%00 4000 6000 8000 10000 12000
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Fig. 4. Changes in gravity (ugal) and height (mm).
Circles represent measurement values, while the
dashed lines are theoretical values based on a single
inflation source. Horizontal axis represents horizon-
tal distance from the inferred position of inflation
source to each measurement site.
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Table 6. Details of Absolute Gravity Measurement at Usu Volcano Observatory

Period Drops/Set Set interval (min.) Standard deviation for each set (ugal)
14 May — 16 May 100 30 3.5

16 May - 31 May 50 60 6.5-9.0

1 June - 29 June 50 120 4.0-0.0

Table 6: Each drop takes 15 seconds and delivers the absolute gravity value for the shot, whose
standard deviations range from 20 to 120 pgal. Statistically meaningful absolute gravity values are
derived by collecting a number of shots as one set. Operators can set up how many drops form one
set and what time interval is appropriate for each set. The standard deviations tabulated above
represent those for each set’s absolute gravity value.
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Fig. 6. (a) Observed absolute gravity values for each set. (b) Smoothed observed
absolute gravity (thick) and computed gravity change due to ocean tide (thin).
(c) Smoothed observed absolute gravity minus ocean tidal gravity changes is shown
with dotted line. To illustrate the change with a precision of 1ugal, set values for a
five-day period were averaged to obtain one representative value with a circle. The

fluctuations around the inferred absolute gravity at UVO are shown (see Table 2).
Unit is in ugal.
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