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Geophysical and geological characteristics of Nishinoshima volcano obtained before the 2013 eruption’

Koji ITO*

Abstract

Nishinoshima volcano in the middle of the Izu-Bonin (Ogasawara) Arc is one of the active volcanoes that
we, the Japan Coast Guard, regularly monitor for maritime safety. We conducted geological and
geophysical surveys in 2010, 2011, and 2012, preceding the 2013 Nishinoshima eruption, which occurred
for the first time after approximately 40 years of quiescence. In this paper, we report the data of the
detailed seafloor topography, free-air and Bouguer gravity anomalies, magnetic anomaly, and rock
sampling obtained before the eruption.

Nishinoshima volcano is a young volcano formed on or among old volcanoes. Gravity anomaly data would
indicate the location of the magma chamber. Both alkaline and subalkaline rock series are recognized for

the Nishinoshima magma, indicating different magmatic processes beneath the volcano.
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Fig. 1. Location map of Nishinoshima volcano. The red
triangles are the volcanic islands and the
submarine volcanoes observed by Japan Coast

Guard.
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Fig. 2. Survey lines in this report. Topographic survey,
seismic survey, gravity survey, and geomagnetic
survey were conducted on the black survey
lines. Topographic survey, gravity survey, and
geomagnetic survey were conducted on the red
survey lines.
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Fig. 3. Topographic chart around Nishinoshima volcano.
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Fig. 4. Free-air anomaly map around Nishinoshima
volcano. Unit of numeral is mgal. Background is
the topographic chart.
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Fig. 5. Bouguer anomaly map around Nishinoshima
volcano. Unit of numeral is mgal. Background is
the topographic chart.
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Fig.6. Geomagnetic anomaly map around
Nishinoshima volcano. Unit of numeral is nT.
Background is the topographic chart.
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Table 1. Dredge points around Nishinoshima volcano.
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Fig.7. Location map of dredges. The numbers
following each name stand for the surveying
year.
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Table 2. Phenocryst assemblages of the rocks dredged around Nishinoshima volcano.
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Table 3. Chemical compositions of the rocks dredged around Nishinoshima volcano.
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P1-1 (2000) P1-2 (2010) P1-3 (2010) P3 (20100 P4 (20100 PB (2010} PS-1 (2010) PS-2 (2010) P2 (2011} P1-1 (2012) P1-2 (2012) P3 (2012) PE (2012)
ALK HE] BMEoalE  BEOALSE  BERoXLE | EZRMALE NXRALE MZREALE 2RSS MZBiLEEs 2R LE B2 R LR 2Rkl T LET PR
BWERI| FiLhus Filhu$ FILAYE FILh U FilLAUER FlLhUE FILAUE FILAYE  Md-KY L7 b Mid-KY L7 b Md-KY L7 - Mid-KY L7k
w WEHET rhSAE LA BEST ?]W%}d;:‘ NG NEHNE AT EREN 'ES‘:B.F'. HEET s ﬁ‘&%{‘fﬁ WEEEREN
B88|  ppews wumnzms TPROERE oo rer _MPFE s lpaan AvELPAR 2YaPSqr TAOAE ey WAL SRGERSR Eme

F751F TRE ZhE

Si0z 60.20 4660 4829 55.59 43.83 55.23 55.21 53.49 49.41 55.56 60.06 5341 57.25
TiOz 073 0.73 091 0.99 0.89 1.02 1.02 0.94 0.95 087 1.00 0.74 1.04
Alz03 1448 17.63 20,78 1773 21.01 17.53 17.55 19.06 18.55 17.30 1514 17.83 14.95
Fez203 1.65 366 287 1.18 273 1.78 1.70 1.16 389 3.20 282 3.24 3.34]
FeQ 6.97 6.23 6.80 7.83 7.93 757 7.66 7.74 7.85 6.36 6.87 6.07 8.28
MnO 0.27 017 n.is 021 0.20 0.23 0.22 0189 019 019 0.21 037 0.23
MgO 0.70 742 294 1.27 495 1.54 1.27 1.67 453 327 239 539 3.08
Ca0 392 13.32 10.58 6.18 13.35 6.26 6.35 7.78 11.76 9.06 6.15 10.46 7.03
Naz0 6.54 277 441 6.46 358 6.26 645 5.57 235 328 401 218 376
K20 192 0.40 0.55 112 0.31 1.11 1.14 093 043 075 1.1 042 083
Pz0s 019 0.09 0.17 023 0.10 0.23 0.24 018 0.10 018 0.26 0.08 0.21
Hz0+ 0.85 0.01 0.49 0.01 0.01 [eXe)] 0.0 0.11 0.05 0.00 0.01 043 0.00
Hz0- 0.00 0.29 011 0.00 0.0 0.00 000 002 016 0.05 017 0.02 005
Total 98.42 99.32 99.08 98.80 98.90 98.77 98.82 98.85 100.22 100.07 100.20 100.44 100.05
FeO*/Mg0 12.08 1.28 319 7.00 210 5.96 7.24 5.26 251 283 394 1.67 366
K20/Naz0 0.29 0.14 012 0.17 0.09 0.18 0.18 0.17 0.18 0.23 0.28 0.19 0.22
Si02 61.21 46.73 48.66 55.78 43.93 5545 55.40 53.71 4898 55.16 59.59 53.06 56.73
TiOz2 0.74 073 0.92 0.99 0.89 1.02 1.02 0.94 0.94 0.86 099 0.74 1.03
Al203 1472 17.68 20.94 17.79 21.06 17.60 17.61 19.14 18.39 1717 15.02 17.71 14.81
Fez03* 9.55 10.61 10.51 292 11.57 10.23 10.25 9.80 1250 10.19 10.37 292 12.43
MnO 0.27 017 018 0.21 0.20 023 022 019 019 0.19 021 017 0.23
MgO 071 744 296 1.27 4.96 1.55 1.27 1.68 4.49 3.25 237, 535 3.05
Ca0 399 13.36 10.66 6.20 13.38 6.28 6.37 781 11.66 899 6.10 10.39 6.97
Naz0 6.65 278 4.44 6.48 3.59 6.28 647 559 233 326 398 217 373
K20 1.95 0.40 0.55 112 0.31 1.11 1.14 0.93 0.43 0.74 1.10 042 0.8z
Pz0s 019 0.09 017 023 0.10 0.23 0.24 0.19 0.10 018 0.26 0.08 0.21
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Fig. 8. Harker variation diagrams of rocks dredged around Nishinoshima volcano. Green open squares are from
Ossaka (1973), Ossaka (1974), and Ossaka et al. (1974). Solid line and dotted line indicate the incompatible
element rich group and poor group of rocks of Nishinoshima volcano, respectively.
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Fig. 9. Total alkalis versus silica diagram of the rocks obtained around Nishinoshima volcano. Thin gray lines and
thick black lines are rock classification of Le Maitre (2002) and alkaline-subalkaline boundary of Kuno (1966),
respectively.
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Fig. 10. Alkaline-FeO*-MgO (AFM) diagram of the rocks gathered around Nishinoshima volcano. The curved line is
the boundary between the tholeiite series and calc-alkaline series of Irvine and Baragar (1971).
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Fig. 11. The subdivision of sub alkaline rocks gotten around Nishinoshima Volcano using the K,O vs. silica diagram.
The boundary is from Gill (1981). Chemical compositions of the rocks from Minamihiyoshi Submarine
Volcano (Bloomer et al., 1989b), Fukutoku-Oka-no-Ba Submarine Volcano (Ossaka et al., 1990), Minami Ioto
Volcano (Yuasa and Tamaki, 1982), and Miyakejima Volcano (Ito, unpublished data) are also placed for
comparison.
11, WZEBKRUELTHRRL 2560 K Hw/zX5, BRI G (1981) &%, ko zo, wZzE XL
OMIZFF H 5 #E1L (Bloomer et al., 1989a), fRAEM /2 ¥ K1l CUhSE 2, 1990), MmE S KL (5% - *
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_10_



Geophysical and geological characteristics of Nishinoshima volcano obtained before the 2013 eruption

A B LA

®
@ BB KUK
100 | X Al B
+ 8
S 10 |
h4
=
o
~
©
=
FEE
1F H
0.1 : ! ! ! I L
0 2 4 6 8 10 12 14

Naz20+K20 (wt. %)

Fig.12. (Na,0/K,0) - (K,0 +Na,0) diagram
(Miyashiro, 1975). Rocks dredged around
Nishinoshima volcano are mostly plotted in
“fresh” area.
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Fig. 13. Tectonic map around Nishinoshima volcano. Black lines indicate the positions of the reflection seismograms

in Fig. 14.
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Fig. 14a-c. Reflection seismograms and the explanations around Nishinoshima volcano. The positions of the

seismograms are shown in Fig. 13. The colored lines indicate the top of each layer and the color
assignment follows that of Fig. 13. The hachures on the faults indicate the relatively downthrown side.

The depth was calculated with the sound velocity as 1500 m/s.
lda-c. V825 KILJE L O BCGWE L N2 ORI, B oA EiE K 13 1R L Tw5, Mol s o
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