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Gravity Anomalies on Nishinoshima Volcano

By Shiro OHKAWA and Izumi YOKOYAMA
Department of Geophysics, Faculty of Science, Hokkaido University
(Received December 20, 1976)

In May 1973, a submarine eruption broke out in the old central crater at about 0.5km
east of the Nishinoshima Island, and succesive eruptions and lava flows formed a new island
“Nishinoshima-shinto”, and finally the new island was united with the old one in June 1974.

Gravity surveys were carried out twice on Nishinoshima Volcano which is located at
about 130 km west of the Ogasawara (Bonin) Islands, first in August 1975 and supplemented in
August 1976. Bouguer anomalies on Nishinoshima Volcano are about + 190 mgal : apparently
smaller than those on Chichijima and Hahajima which belong to the outer arc at the east of the
inner arc volcanic islands such as Torishima and Iwojima. The difference in gravity anomalies
between the inner and the outer arc islands seems to reflect the regional variations of the crust
and the upper mantle structures. As for the local anomalies on Nishinoshima Volcano, high
gravity anomalies are found in the bay embraced by the new and the old islands. From the
high gravity anomalies, bodies of denser material are inferred to exist beneath these areas.

In order to deduce the distribution of gravity anomalies before the formation of the
new island, gravitational effects of the new island were calculated from the changes in sea-
bottom topographies before and after the eruptions. The lava of density 2.40 gr/cc was as-
sumed to take place of the sea water of density 1.03 gr/cc. The calculated results show that
the effects of the new island amount to 4.1 mgal near the central crater and the pattern is
similar to the old sea-bottom topography. By subtracting these effects from the present
gravity anomalies, the distribution of gravity anomalies before the eruptions can be estimated.
This procedure is almost equivalent to the estimation of free-air anomalies on the sea before the
eruptions. From the distribution of gravity anomalies supposed to be observed before the
eruptions, it may be deduced that low anomalies might have existed near the old central crater
and the above-mentioned local grvity high in the bay may have existed. Comparing the
wondering loci of the eruption center with the distribution of Bouguer anomalies, it may be
concluded that the eruption center had wondered along the periphery of the gravity high near
the bay, and further that the magma had upwelled from the depth to the earth’'s surface
avoiding the body of high density material corresponding to the gravity high.
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Gravity values and anomalies on Nishinoshima Island.
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. Observe Normal Free-air | Bouguer
Gravity point Lat. | Long. | Height l\()/alue d value anomaly anor{rglaly
orN | 140°E (m) mgal) (mgal} (mgal) (mgal)
979, 979,
1 Nishinoshima 14.762 | 52.’79 5 303.44 114.80 190.19 189.68
2 " .63 .70 2 302.86 114 .81 188.67 188.47
3  Hydrog. Dept. B. M. .56 .84 6.20 302.19 114.72 189.38 188.75
4 Nishinoshima .94 .84 1 305.24 115.19 190.36 190.26
5 Hydrog. Dept. B. M. .84 .81 10.64 302.67 115.07 190.89 189.82
6 Nishinoshima .81 77 2 304.53 115.03 190.12 189.91
7 " .75 T2 5 303.77 114.96 190.35 189.85
8 Hydrog. Dept. B. M. .72 77 24 .98 298.01 114.92 190.80 188.29
9 Nishinoshima .74 .80 1.5 304.68 114.94 190.20 190.05
9 " .70 79 1 304.44 114.89 189.86 189.76
10 " .68 .79 1 303.91 114.87 189.35 189.24
11 Nishinoshima-shinto .56 .83 0.5 303.81 114.72 189.24 189.19
12 " .bb .89 0.6 304.13 114.71 189.60 189.54
13 n .46 .86 2 302.67 114.60 188.69 188.49
14 " .47 .95 2 303.01 114.61 189.01 188.81
15 " .51 | 53.04 2 302.64 114.66 188.60 188.40
16 n .57 1 3 303.00 114.74 189.19 188.89
17 " .63 .14 3.5 303.10 114.81 189.38 189.02
18 " .63 1 4.5 303.16 114.81 189.74 189.29
19 " .76 .04 4 303.56 114.97 189.83 189.43
19’ " .74 .02 1.5 304.27 114.94 189.79 189.64
20 " .72 | 52.99 9.00 302.33 114.92 190.19 189.28
21 " .49 .80 2 302.41 114 .64 188.39 188.19
22 " .56 75 2 303.05 114.72 188.94 188.74
23 " .64 .93 0.5 304.41 114.82 189.74 189.69
24 " .67 .90 0.5 304.16 114.86 189.45 189.40
25 " .72 .95 0.5 304.32 114.92 189.55 189.50
26 " 77 .97 2 304.17 114.98 189.81 189.60
27 " .66 | 53.13 5 303.45 114.85 190.15 189.65
28 " .68 .07 11 301.72 114.87 190.24 189.14
29 " .62 .07 23 296.79 114.80 189.09 186.77
30 " 63 | 52.97 16.5 300.09 114 .81 190.37 188.71
31 " .59 93 1.1 304.30 114.76 189.88 189.77
32 4 .54 .92 4.5 302.87 114.70 189.56 189.11
33 " .61 .84 2 304.19 114.78 190.02 189.82
34 " .60 .76 5.5 303.49 114.77 190.42 189.86
35 " .58 71 3 303.08 114.75 189.26 188.95
36 Nishinoshima .68 .71 22 299.01 114.87 190.92 188.71
26° 142°
37 Hahajima (E. Port) 41.2 8.5 4 305.94 074.15 233.01 232.63
38 n (N. Port) 41.7 8.3 1.5 304.62 074.76 230.33 230.17
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Fig. 5. Distribution of Bouguer gravity anomalies on Nishinoshima Volcano.
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Table II. Bouguer anomalies on the volcanic islands in the [zu-Mariana Arc.

Island Bouguer Anomalies
Inner Arc Outer Arc Inner Arc Outer Arc Observers
(active) (inactive)
mgal mgal

[zu-Ooshima + 130~ + 150 Yokovama and Tajma
Niijima + 115 Tomopa et al.
Kozushima + 115 Tomopa et al.
Miyakejima + 135~ + 155 Yokoyama and OKADA
Hachijojima + 150~ + 200 Fun et al.
Torishima + 160~ + 195 Fujm et al.
Nishinoshima + 190 Present authors

Chichijima + 320~ + 340 | TANAKA et al.

Hahajima + 230 Present authors
Iwojima + 165~ + 170 EHARA
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Photo. 1.
Gravity points on Nishinoshima

and Hahajima (August, 1975).
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