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Abstract:
their associated marine area in order to clarify their geological significance in the western
Pacific. From the petrochemical points of view, it is safe to get the conclusion that three
groups of rocks from Nishinoshima-kyuto Island (abbr. NO), Nishinoshima-shinto Island (abbr.
NN) and the associated marine area (abbr. NM) are likely to belong to the similar rock
series, in other words, to high-alkali tholeiite and low-alkali tholeiite near high-alkali tholeiite
on the basis of the rock classification. For the sake of comparison, petrochemical data have
been cited from marine area associated with the Izushoto Islands, Ooshima Island, Miyake-
jima Island, Mikurajima Island, Hachijojima Island, Aogashima Island, Myojinsho Reef,
Bayonnaise Rocks, Torishima TIsland, Sofuiwa Rock, Yuojima Islands, Uracas Island, Moug
Island, Agrihan Island, Pagan Island, Alamagan Island, Sarigan Island and Anatahan Island.
The rock series from Yuojima Island, marine area associated with Izushoto Islands—Bayon-
naise Rock—Nishinoshima Islands—Minami-Yuojima—northern Mariana Islands, and Islands
from Ooshima to Kita-Yuojima have been mainly characterized by alkali basalt, high-alkali

Volcanological classification has been discussed on the Nishinoshima Islands and

tholeiite and low-alkali tholeiite, respectively.

1. Introduction

he origin and development of the islands
arc and trench in the western Pacific has been
one of the most controversial problems in geo-
On this account, a lot
of excellent papers have been published to clarify

science of this century.

the problem under controversy (for example,
PEIvE, 1980). Under these
petrochemical and geological problems are sum-
marized by the present writer and others (AOKI,
1969; AOKI et al., 1976; AOKI and TSUCHI,
in press).

circumstances,

The Nishinoshima Islands are composed of

the old island called ‘‘Nishinoshima-kyuto’ and
the newly formed island called ‘‘Nishinoshima-
shinto” (AOKI and OSSAKA, ed., 1974). Twenty
rock samples, namely ten from the marine area
related to the Nishinoshima Islands, two from
Nishinoshima-kyuto Island and eight from
Nishinoshima-shinto  Island, are chemically
analized to throw light upon the mechanizm

* Received June 4, 1984
** Faculty of Marine Science and Technology, Tokai
University, Shimizu-shi, Shizuoka-ken, 424 Japan
#6 Y, UTsUNOMIYVA, H. OKITSU, M. KAWAKAMI,
I. NakajiMA and M. ICHIKAWA

under which the islands arc, including the Nishino-

shima Islands, might have been formed.

2. Sampling station and locality

As shown in Fig. 1, rock samplings were
carried out at seven stations around the Nishino-
shima Islands by the wuse of dredge. Their
sample number, location and water depth of
respective stations are summarized as follows:

Stn. 1-1-1  27°17.30'N 140°53.80'E 1025m
Stn. 1-2-2  27°15.00/N  140°50.75'E  676m
Stn. 1-2-5 Ditto
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Fig. 1. Location map for the Nishinoshima
Islands and the position of dredge.
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Stn. 1-2-6  Ditto
Stn. 1-4-3  27°14.50’'N 140°54.75'E ~ 595m
Stn. 1-6-3  27°13.13’N 140°53.40'E  195m
Stn. 1-6-4 Ditto
Stn. 1-9-0 27°15.65’'N  140°52.78'E 65m

Stn. 1-12-4 27°14.3¥N 140°52.39E 65m

Stn. 2-18-5 27°16.20’'N  140°55.40'E  1040m

As shown in Fig. 2, rock samplings were also
carried out at eight localities on the Nishino-
shima Islands for chemical investigation. Their
sample number and location of respective locali-
ties are summarized as follows:

NO-02: Uppermost lava of Nishinoshima-
kyuto Island

NO-05: Intrusive of Nishinoshima-kyuto
Island

NN-02: Lava of the 1st crater of Nishino-
shima-shinto Island

NN-05: Lava of the 2nd crater of Nishino-
shima-shinto Island

NN-11: Lava of the 2nd crater of Nishino-

shima-shinto Island

[y
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Fig. 2. Topography of the Nishinoshima Islands
with contours in meters. The positions are also
indicated for the locality of rock sampling for
the petrochemical investigation.

NN-26: Lava of the 5th crater of nishino-
shima-shinto Island
NA: NB: NC: Lava of the vent in the Ist

crater of Nishinoshima-shinto Island

3. Results

Petrochemical examinations have been done
on rocks from the marine area around the
Nishinoshima Islands, Nishinoshima-kyuto Island
and Nishinoshima-shinto Island, with special
attention to alkalinity.

As clear from Table 1 and Fig. 3, chemical
compositions of the marine area around the
Nishinoshima Islands seem to change in wide
area in SiQ, contents and those from Nishino-
shima-kyuto Island are characterized by the
more limited variation in SiOp contents. Rocks
from Nishinoshima-shinto, on the contrary, are
likely to have the limited chemical composition
ranging 58.35 to 59.56 wt. %, of SiOs.

As far as the alkali-SiO; relation is concerned,
three groups of rocks from the Nishinoshima
Islands appear to have the chemical composition
characteristic in rock series of high-alkali tholeiite
or low-alkali tholeiite near high-alkali tholeiite
(AOKI and Ito, 1969).

The following data can be cited for the sake
of comparison of rocks from the Nishinoshima
Islands and their associated marine area with
those of the Izu-Bonin-northern Mariana Islands
arc and the marine area intimately related with
ihe Izushoto Islands.
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Fig. 3. Na)0+XK;0-Si0O; diagram for volcanic
rocks in the Nishinoshima Islands and their

associated marine area.

1. Rocks from the marine area around the
Nishinoshima Islands.

2. Rocks from the Nishinoshima-kyuto Island.

3. Rocks from the Nishinoshima-shinto Island.
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Table 1. Chemical composition of rocks from the marine area around the Nishinoshima
Islands, the Nishinoshima-kyuto Island and the Nishinoshima-shinto Island. Stn. 1-1-1:
Olivine-Cpx andesite, Stn. 1-2-2: Cpx andesite, Stn. 1-2-5: Porphyrite, Stn. 1-2-6:
Olivine basalt, Stn. 1-4-3: Olivine-Cpx andesite, Stn. 1-6-3: Two-pyroxene andesite,
Stn. 1-6-4: Ditto, Stn. 1-9-0: Ditto, Stn. 1-12-4: Ditto, Stn. 2-18-5: Cpx andesite.
NO-02: Cpx andesite, NO-05: Olivine-Cpx andesite, NN-02: Two-pyroxene andesite,
NN-05: Ditto, NN-10: Ditto, NN-11: Ditto, NN-26: Ditto, NA: Ditto, NB: Ditto,
NC: Ditto. Analyst: Y. UTSUNOMIYA

Region Marine area of Nishinoshima
Sample No.  Stn. 1-1-1  Stn. 1-2-2  Stn. 1-2-5 Stn. 1-2-6 Stn. 1-4-3 Stn. 1-6-3 Stn. 1-6-4
Si02 55. 46 61.13 61.32 51.61 54.94 64. 05 60.63
TiO; 0.87 0.96 0.76 0.79 0.89 0.75 0.99
Al:Os 18.25 15.47 14.60 18.41 18.51 15.41 14.98
Fe 03 1.43 1.43 3.88 2.16 1.88 1.32 1.93
FeO 7.18 7.49 3.45 7.34 7.11 4.95 7.44
MnO 0.19 0.23 0.07 0.20 0.17 0.20 0.22
MgO 2.99 2.39 3.08 5.28 2.71 1.69 2.41
CaO 8.80 5.31 5.99 10.39 9.05 4.05 5.87
Na:O 3.62 4.01 5.60 2.33 3.29 4.68 3.77
K:O 0.76 1.12 0.22 0.26 0.78 1.27 1.10
P05 0.14 0.20 0.22 0.09 0.23 0.21 0.18
H.O* 0.39 0.38 0.12 0.70 0.48 0.87 0.52
H.0~ 0.14 0.21 0.11 0.32 0.17 0.19 0.20
Total 100. 22 100. 33 99.42 100. 08 100.21 99.64 100. 24
Q 6.07 14.84 13.26 4.22 7.47 18.42 15.45
Or 4.49 6.62 1.30 2.72 4.61 7.51 6.50
Ab 30.63 33.93 47.39 19.72 27.84 39.60 31.90
An 31.30 20.90 14.05 38.42 33.43 17.28 20.70
Ne — - — — — —
Di(Wo) 4,78 1.73 5.94 5.24 4.16 0.60 3.02
Di(En) 1.95 0.61 4.28 2.79 1.66 0.23 1.10
Di(Fs) 2.86 1.16 1.12 2.28 2.54 0.38 1.99
Hy(En) 5.50 5.35 4.28 10.36 5.09 3.98 4.90
Hy(Fs) 8.06 10. 25 0.89 2.28 7.80 6.75 8.85
Ol(Fo) — — - — — — —
Ol(Fa) — - - - — — -
il 1.65 1.82 1.44 1.50 1.69 1.42 1.88
Mt 2.07 2.07 5.63 3.13 2.73 1.91 2.80
C J— —_— —_— —_— J— — —_—
Total 99.69 99.74 99.19 99.06 99.56 98. 58 99.52
Region Marine area of Nishinoshima Nishinoshima-kyuto Nishinoshima-shinto
Sample No.  Stn. 1-9-0 Stn. 1-12-4 Stn. 2-18-5 NO-02 NO-05 NN-02 NNO05
Si0¢ 61.61 61.23 53.34 60.15 57.01 58.35 59. 56
TiOg 0.96 0.95 0.81 0.95 0.90 1.04 1.02
AlOs 15.88 15.57 18.52 16.03 17.54 15.49 15.36
Fe:03 2.69 1.40 0.38 2.30 3.92 1.43 1.86
FeO 6.07 6.76 8.53 6.18 5.14 8.23 7.73
MnO 0.22 0.21 0.18 0.22 0.18 0.22 0.22
MgO 2.24 1.89 4.07 2.33 3.01 2.66 2.65
CaO 5.28 4.65 10. 43 5.67 7.56 6.17 5.54
Na:O 3.88 4.25 2.56 4.68 3.79 4.50 3.91
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Table 1. ({continued)
Region Marine area of Nishinoshima Nishinoshima-kyuto Nishinoshima-shinto
Sample No.  Stn. 1-9-0 Stn. 1-12-4 Stn. 2-18-5 NO-02 NO-05 NN-02 NN-05
K0 1.13 1.22 0.53 1.12 0.75 1.09 1.13
P.0O; 0.23 0.23 0.09 0.19 0.15 0.26 0.26
H.,O* 0.09 0.89 0.68 0.33 0.24 0.27 0.43
H.O~ 0.04 0.16 0. 46 0.13 0.20 0.11 0.11
Total 100. 32 99.41 100. 58 100. 28 100. 39 99.92 99.78
Q 17.64 15.50 4.68 11.39 11.24 7.97 13.25
Or 6.68 7.21 3.13 6.62 4.43 6.44 6.68
Ab 32.83 35.96 21.66 39.60 32.07 38.08 33.09
An 22.58 19. 80 37.48 19. 42 28.63 18.85 21.02
Ne — — — — — — —
Di(Wo) 0.88 0.74 5.71 3.12 3.30 4.20 1.99
Di(En) 0.37 0.24 2.38 1.29 1.88 1.48 0.74
Di(Fs) 0.52 0.52 3.36 1.84 1.27 2.82 1.28
Hy(En) 5.21 4.47 7.76 4.51 5.61 5.14 5.86
Hy(Fs) 7.23 9.56 10.98 6.44 3.78 9.80 10.10
Ol(Fo) — — — — — —
Ol(Fa) - — - — - - -
11 1.82 1.80 1.54 1.80 1.71 1.97 1.94
Mt 3.90 2.03 0.55 3.33 5.68 2.07 2.70
C —_— —_ J— — J— _ —_
Total 100.19 98. 36 99. 46 99.82 99.95 99.44 99.24
Region Nishinoshima-shinto
Sample No. NN-10 NN-11 NN-26 NA NB NC
Si0: 58.67 58. 56 58.80 58.76 59.02 58.61
TiOs 1.03 1.04 1.05 1.01 1.03 1.00
Al:Os 15.65 15.63 15.83 15.32 15.53 16.17
FesOs 1.90 2.38 1.46 2.48 3.27 2.27
FeO 8.07 8.07 7.76 7.84 6.92 6. 46
MnO 0.22 0.22 0.22 0.22 0.22 0.21
MgO 2.52 2.70 2.52 2.68 2.62 2.56
CaO 5.84 5.94 5.93 6.20 6.09 5.75
Na:O 4.01 3.44 3.93 4.40 4.36 4.30
KO 1.12 1.13 1.13 1.07 1.06 1.07
P:Os 0.25 0.19 0.24 0.15 0.14 0.15
H.0* 0.33 0.38 0.48 0.16 0.13 0.15
H.O~ 0.21 0.13 0.11 0.15 0.04 0.06
Total 99.82 99.50 99. 54 99.52 99.97 99. 50
Q 11.33 13.69 11.71 9.51 11.15 11.09
Or 6.62 6.68 6.68 6.32 6.26 6.32
Ab 33.93 28.11 33.25 37.23 36.89 36. 39
An 21.39 23.87 22.22 18.89 19.67 21.66
Ne — — — — - -
Di(Wo) 2.48 1.82 2.35 4.55 4.02 2.46
Di(En) 0.88 0.68 0.84 1.74 1.72 1.04
Di(Fs) 1.67 1.17 1.57 2.88 2.30 1.42
Hy(En) 5.40 6.04 5.44 4.94 4.80 5.34
Hy(Fs) 10.29 10.37 10.15 8.21 6.41 7.30
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Table 1. (continued)
Region Nishinoshima-shinto
Sample No. NN-10 NN-11 NN-26 NA NB NC
Ol(Fo) — — — _ _
Ol(Fa) — — — — —
11 1.96 1.97 1.99 1.92 1.96 1.90
Mt 2.75 3.45 2.12 3.60 4.74 3.29
c _ _ — _ -
Total 99. 28 99. 30 98.87 100.13 100. 26 98.55
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Fig. 4. Na;O-+K:0-Si0; diagram for volcanic OO~ 0 ;u:m
ks f he Izu-Bonin-Mariana Islands
rocks Trom t?e FumbommTAlanana - s ands Fig. 5. Nax0O-+K30-Si0:-Al0; diagram for vol-
and their associated marine area in the western X L ; =
Pacific canic rocks from the Izu-Bonin-Mariana Islands
1 Ro'cks from the islands from Ooshima to and their associated marine area in the western
.Kita-Yiloiima : Pacific. Symbols are the same as those in
2. Rocks f-rom the marine area associated with Fig. 4.
the islands from Ooshima to Aogashima and
islands fro i o Aogashima an 1980)

Bayonnaise Rock.
3. Rocks from the Nishinoshima Islands.
4. Rocks from the northern Mariana Islands.
5. Rocks from the Yuojima Islands.

Marine area associated with the Izushoto
Islands (KiCHINA and OSTAPENKO, 1977)

Ooshima Island (TsuBoI, 1917; IWASAKI,
1935; KANI, 1939; NAGATA, 1941; TSUYA and
MORIMOTO, 1951; TSUYA et al., 1952; SAWA-
MURA, 1952; NAGASHIMA, 1953; GEOLOGICAL
SURVEY OF JAPAN, 1957; KATSURA and NAKA-
MURA, 1960; KUNO, 1962; ISSHIKI et al., 1963)

Miyakejima Island (T'suyva, 1937, 1940, 1941;
HaGIwARA, 1941; KAWANO and AOKI, 1959;
IssHIKI, 1960, 1964; MATSUDA and MORIMOTO,
1962)

Mikurajima Island (Tsuva, 1937; ISSHIKI,

Hachijojima Island (Tsuva, 1937; KATSURA,
1956; KUNO, 1962; Issiiki, 1958, 1959, 1963)

Aogashima Island (Tsuva, 1937; ISSHIKI,
1955)

Myojinsho Reef and Bayonnaise Rocks (NIINO
et al., 1953; TSUYA et al., 1953; HAMAGUCHI
and MATSUMOTO, 1953; Suwa, 1953; MORI-
MOTO et al., 1955; HONDA and KITANO, 1974)

Torishima Island (Tsuvya, 1937; TANAKA-
DATE, 1940b; KuNoO, 1962)

Sofuiwa Rock (AOKI and OSSAKA ed., 1974)

Yuoto Islands (Tsuya, 1936; IWASAKI, 1937)

Minami-Yuojima Island (YUASA and TAMAKI,
1982)

Uracas Island (KAISER, 1903; TANAKADATE,
1940a; Kuno, 1962)

Moug Island (ISHIKAWA and EGawa, 1977)
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Agrihan Island (SCHMIDT, 1957; ISHIKAWA
and EGAwA, 1977)

Pagan Island TANAKADATE, 1940a: SCHMIDT,
1957; LARSON et al., 1974; ISHIKAWA and
Ecawa, 1977)

Alamagan Island (SCHMIDT, 1957)

Sarigan Island (LARSON et al., 1974; IsHI-
KAWA and Ecawa, 1977)

Anatahan Island (LARSON et al., 1974; ISHI-
KAWA and EcAawa, 1977)

From Figs. 4 and 5, it is evident that the
rocks from Yuojima Island are of alkali rock
series, whereas those of Qoshima, Miyakejima,
Mikurajima, Hachijojima, Aogashima, Myojin-
sho Reef, Torishima, Sofuiwa Rock, Kita-Yuo-
jima Island are of low-alkali tholeiite.

Of special interest is the character of rocks
dredged from the marine areas associated with
the Izushoto Islands, Bayonnaise Rock and
Minami-Yuojima to belong to high-alkali tholeiite
and low-alkali tholeiite. Rock series of the
northern Mariana Islands such as Uracas, Moug,
Agrihan, Pagan, Alamagan, Sarigan and Ana-
tahan have also been characterized by high-
alkali tholeiite and low-alkali-tholeiite nare high-
alkali tholeiite.

As already mentioned, the rocks of the
Nishinoshima Island and their associated marine
area are composed of high-alkali tholeiite and
low-alkali tholeiite near high-alkali tholeiite.

4. Discussion and conclusion

There have been existed so scarce mineralo-
gical, petrological and petrochemical data avail-
able on the seamounts and ridges in the north-
western Pacific that it was impossible to discuss
their problems fully. But on the basis of the
petrological and petrochemical data obtained on
the islands arc and oceanic ridges, one of the
writers had proposed the distinct differences be-
tween rocks of Quaternary and Tertiary ages and
the subdivision of the former (AOKI, 1969, 1970).

Quaternary volcanics: RKK-Type, OMM-
Type and Mixture Type
BSG-Type

Laterly some corrections have been made on
the rocks of OMM-Type (LARSON et al., 1974,
IsHikAWA and EcAwWA, 1977; AOKI et al.,
1981; YuasA and TAMAKI, 1982).

Rocks of the northern Mariana Islands from

Tertiary volcanics:

Uracas to Anatahan are found to belong to rock
series of high-alkali tholeiite distinctly different
from those of low-alkali tholeiite of the Izushoto
Islands (LARSON et al., 1974; ISHIKAWA and
Ecawa, 1977).

Based on the new data obtained from the
Nishinoshima Islands and their associated marine
area, the present writers had proposed the ex-
tension of high-alkali tholeiite to the Nishino-
shima Islands (AOKI et al., 1981). The similar
conclusion is also obtained by YUASA and
TAMAKI (1982).

The increase in alkalis in basaltic rocks across
the Japanese arc, observed by Kuxo (1959),
has been related to the increasing depth to the
dipping Benioff seismic zone. Hence it was
expected that the difference observable in alkalis
between the Izushoto Islands and the northern
Mariana Islands was directly related to differ-
ences in depth to the Benioff zone beneath the
two islands arcs (ISHIKAWA and EGAWA, 1977).
On the contrary, LARSON et al., {1974) are led
to the conclusion that it presently cannot be
determined whether this discrepancy in alkalis
values reflects the difference in depth from the
volcanic arc to the dipping seismic zone or
related to other phenomena.

As far as the present knowledge iz concerned,
it is obvious that the rocks of marine areas
associated with the Izushoto Island
alkalic than those of the Izush:

that the latter was emplaced on the former,
in other expression, the Izushoro Islands of
low-alkali tholeiite might have been formed on
the basement of high-alkali tholeiite. Another
explanation was expected to throw more light
on the evolution of the islands arc volcanism.

Based on the above-menticned data, the pres-

ent writers have proposed the classification of
volcanics in the western Pacific as foliows:

a) Seamount on the trench (ED-Type, Erimo
Seamount and Daiichi-Kashima Seamount,
characterized by the presence of alkali rocks
and so-called ‘“‘continental’” rocks)

b) Tertiary (BGS-Type, Bonm
Islands, Saipan Island and Guam Island,
characterized by the presence of calk-alkaline
rock series)

¢) Quaternary volcanics
Y-Type (Yucjima Island, characterized by

volcanics
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the presence of alkaline rocks)
OMM-MB-Type (Marine areas associated
with the Izushoto Islands and Bayonnaise
Rocks, characterized by the presence of
high-alkali tholeiite and low-alkali tholeiite)
OMM-NMN-Type (Nishinoshima Islands,
Minami-Yuojima Island and northern Mari-
ana Islands, characterized by the presence
of high-alkali tholeiite and low-alkali tholeiite
near high-alkali tholeiite)

OMM-OK-Type (Islands from Ooshima
Island to Kita-Yuojima, characterized by the
presence of low-alkali tholeiite)

Acknowledgements

The writers are greatly indebted to Mr. Tomo-
voshi SHIBATA for his help in preparation of
this paper.

References

AOKI, H. (1969): Some petrological problems on the
seamounts and ridges in the western Pacific. La
mer, 7, 206-212.

Aok, H. (1970): Oceanic ridge and seamount. Mar.
Sci. Series, 8, 223-289.

AOKI, H. and M. ITO (1969): Against Kuno’s high-
alumina basalt concept, again. Earth Sci., 23,
118-120.

Ao0K1, H. and G. OsSAKA ed. (1974): Raddles of
submarine volcanoes with special reference to
investigation of the Nishinoshima Islands. Tokai
Univ. Press, Tokyo. 250 p.

AoKkI, H., S. Izu, M. IsHIKAWA and R. EGAWA
(1976): Historical review of some petrological
problems in the northwestern Pacific. The 3rd
Soviet-Japanese Symposium on Geodynamics and
Volcanicity of the Transitional Zone from the
Asian Continent to the Pacific Ocean. Abst.
Papers, 2, 38-39.

Aok, H., Y. UrsunxoMmiva, H. Suzuki, H. HARU-
YAMA and Y. MISAWA (1981): Geology and
petrochemistry of Nishinoshima and Nishino-
shima-shinto. Proc. Intern. Meet. on Geo-
dynamics of Western Pacific. Abst. Papers, 2, 9.

AOKI, H. and R. TsSUCHI (in press): Geology of
the Erimo seamount. Proc. 27th Intern. Geol.
Congr. VNU Sci. Press BV, Netherlands.

GEOLOGICAL SURVEY OF JAPAN (1957): Analysis
of rock. News of Geology, 35, 10-13.

HaGiwara, T. (1941): Viscosity of the Akabakkyo
lava. Bull. Earthq. Res. Inst., 19, 299-303.

HamAaGgucHI, H. and M. MATSUMOTO (1953):
Chemical investigation on the sea water and the

. AOKI

pumice stone. Jour. Tokyo Univ. Fish., 40, 20-21.

HonNDpA, T. and K. KITANO (1974): Basaltic rock
fragments and gabbroic ones from the north-
western slope of the Bayonnaise Rocks. Jour.
Geol. Soc. Japan, 80, 149-163.

IsHiIKAWA, M. and R. EgawA (1977): Volcanic
rocks from northern Mariana Islands. Earth Sci.,
31, 55-69.

IssHIKI, N. (1955): Ao-ga-sima volcano. Jap. Jour.
Geol. Geogr., 26, 209-218.

IssHIKI, N. (1958): Petrology of plutonic cognate
ejecta from Nishi-yama volcano, Hachijojima,
the seven Izu islands, Japan. Jap. Jour. Geol.
Geogr., 29, 55-74.

IssHIKI, N. (1959): The Geological sheet map
“Hachijojima’’. Scale 1:50000, and its explanatory
text. Geol. Surv. Japan, 1-85.

IssHIKI, N. (1960): The geological sheet map
“Miyake-jima’’. Scale 1:500000, and its ex-
planatory text. Geol. Surv. Japan, 1-86.

IsSHIKI, N. (1963): Petrology of Hachijojima vol-
cano group, seven Izu islands, Japan. Jour. Univ.
Tokyo Fac. Sci., 15, 91-134.

IssHIKI, N. (1964): Mode of eruption of Miyakejima
volcano in historic times. Bull. Volcano., 27, 1-20.

IssHIkI, N., K. NAKAMURA, M. Havakawa, K.
HIRASAWA, T. YUKITAKE, Y. ARAI and B.
IWASAKI (1963): Structure of caldera of Oshima
volecano, Izu, as revealed by drilling. Bull. Vol-
cano., 8, 61-106.

IssHIKI, N. (1980): The geological sheet map
“Mikurajima, Inanbajima and Zenisu districts’.
Scale 1:50000, and its explanatory text. Geol.
Surv. Japan, 1-35.

IwaAsaKI, I. (1935): Chemical composition of the
lava of Oshima volcano, Izu. Bull. Chem. Soc.
Japan, 56, 1511-1522.

Iwasaki, I. (1937): Geochemical investigation of
volcanics in Japan, (part 10). Chemical compo-
sition of Io-zima and Kita-Io-zima, volcano is-
lands. Bull. Chem. Soc. Japan, 58, 1218-1279.

KAISER, E. (1903): Beitrage zur Petrographie und
Geologie der Deutschen Sudsee-Inseln: K. Preus-
sischen Geol. Landesanstalt und Bergakademie
Jahrbuch., 24, 91-121.

Kant, K. (1939): On the clay minerals in the rock
lava. Jour. Jap. Min. Petro. Econ. Geol., 14,
8-24.

KATSURA, K. (1956): Geochemical investigation of
volcanoes in Japan, (part 33). Vanadium contents
of volcanic zone. Bull. Chem. Soc. Japan, 77,
358-363.

KAaTsurA, K. and K. NAKAMURA (1960): Chemical
composition of volcanic rocks in younger Oshima
formation. Bull. Volc. Soc. Japan, 2 series, 5,



Petrochemistry of the Nishinoshima Islands 255

75-98.

KawaNo, Y. and K. AOKI (1959): Some anorthite
bearing basic volcanic rocks in Japan. Jour. Jap.
Assoc. Min. Petro. Econ. Geol., 43, 275-281.

KICHINA, E.N. and V. F. OSTAPENKO (1977):
Volcanoes in the northern submarine region of
the Izu-Bonin Islands. In: Marine Geology of
the Far-East Sea. O. A. MELINIKOV and I. M.
SIRIK (ed). Vladivostok. p. 46-60.

KuNo, H. (1959): Origin of Cenozoic petrographic
provinces of Japan and surrounding areas. Bull.
Volcanol., 20, 37-76.

Kuno, H. (1962): Japan, Taiwan and Marianas.
Intern. Assoc. Voleano., Catalogue Active Vol-
canoes World, Part 11, 1-332.

Kun~o, H. (1966): Lateral variation of basalt magma
type across continental margins and island arcs.
Bull. Volcanol., 29, 195-222.

Larsox, E.E.,, R.L. REyNoLDs, R. MERRILL, S.
LEvI, M. OziMA, Y. Aokl, H. KINOSHITA, S.
ZassHu, N. Kawal, T. NAKAJIMA and K.
HIROOKA {1974): Major-element petrochemistry
of some extrusive rocks from the volcanically
active Mariana Islands. Bull. Volcanol., 38, 361-
377.

MATSUDA, T. and R. MORIMOTO (1962): Eruption
of Miyakejima in August of 1962. Sci., 32, 578~
585.

MORIMOTO, R., R.L. FISHER and N. NasuU (1955):
Bathymetry and petrography of the Bayonnaise
rocks, Japan. Proc. Jap. Acad., 31, 636-641.

NAGASHIMA, K. (1953): Geochemical investigation
on volcanics in north Izu-Hakone, volcanic rocks
in Shidara and nepheline basalt in Hamada. Jour.
Tokyo Univ. Agr., 1, 1-39.

NaGgaTA, T. (1941): The mode of causation of
thermoremanet magnetism in igneous rocks.
Preliminary note. Bull. Earthq. Res. Inst., 19,
49-79.

Nuno, H., H. HAMAGUCHI and M. MATSUMOTO
(1953): Report on the submarine eruption of
Myozin-syo. Jour. Tokyo Univ. Fish., 40, 1-32.

PEIVE, A. V. ed. (1980): Geology of the Philippine
Sea floor. Nauka, Moscow. 261p.

SAWAMURA, K. (1952): On the activity of Mihara
volcano, Oshima in 1950. Bull. Geol. Surv.
Japan, 1, 171-176.

ScHMIDT, R.G. (1957): Geology of Saipan, Mariana
Islands. Petrology of the volcanic rocks. U. S.
Geol. Surv. Prof. Paper, 280-B, 127-175.

SUWA, A. (1953): Submarine volcanism of Myojin-
sho. Chigaku-Zasshi, 62, 107.

TANAKADATE, H. (1940a): Volcanoes in the Mariana
Islands in the Japanese mandated south seas.
Bull. Volcanol., Ser. 2, 6, 199-223.

TANAKADATE, H. (1940b): On the eruption of
Torishima in 1939. Jour. Geol. Soc. Japan, 47,
387-403.

TsuBol, S. (1917): Chemical composition of the
lava of old somma, Oshima, Izu. Jour. Geol. Soc.
Japan, 24, 468-469.

Tsuva, H. (1936): On the Yuoto volcano. Bull.
Volcanol. Assoc. Japan, 1, 28-52.

Tsuya, H. (1937): On the volcanism of the Huzi
volcanic zone, with special reference to the geology
and petrology of Izu and the southern islands.
Bull. Earthq. Res. Inst., 15, 215-357.

Tsuva. H. (1940): Eruption of Miyake-sima in July,
1940. Zisin, 12, 442-478.

Tsuva, H. (1941): On the form and structure of
volcanic bombs from volcano Miyake-sima. Bull.
Earthq. Res. Inst., 19, 597-611.

TsuvA, H. and R. MORIMOTO (1951): Petrography
of the 1950-lavas of Oshima volcano, seven Izu
islands, Japan. Bull. Earthq. Res. Inst., 29,
563-570.

Tsuyva, H., R. MORIMOTO and G. Ossaka (1952):
Chemical composition of the 1951-lavas of Oshima
volcano, seven Izu islands, Japan. Bull. Earthqg.
Res. Inst., 30, 231-236.

Tsuva, H., R. MORIMOTO and G. OsSAKA (1953):
A brief note on the petrography of the pumice
ejected from Myojin-syo (reef), near the Beyo-
naise rock, Sept. 23, 1952. Jour. Tokyo Univ.
Fish., 40, 16-18.

Yuasa, M. and K. TAMAKI (1982): Basalt {rom
Minami-Iwojima island, volcano islands. Bull.
Geol. Surv. Japan, 33, 531-540.



256 H. AOKI

iz B o0ox A1
A R, HEEXEEEQLPE s — T

BE: BZB (A% 3, HZELE GEET) - HZBIHE - EﬁZL%%ﬁ S 57 D oo,

ﬁ?%m%fbv//b CEALOE, HZERETHRRL 2, BZEHETHRRLA8EDA
BT Y 32700, KOEZH St Ui,

1) BEZELE - BZERS -HZEHER, B7TvhY VL TA N (METAHY Y LT AR
THEST bh, A—ERICET %,
2) #EZRLE-

FAZERE - BZEHEBORA M GEHEEMIE, EREVDL S L,

3)  JRTEAFREO B RO K LE, TWﬁUKh

JVTA N e ANIT TN ERD 4 BRCHHTE B,

1) ABRTEANSLTSE ﬁrﬁﬁ?5PMGa7@f*7
a) & ol (ED-Type. £

CEBTNANHYVLVTAL CETvA Y

¥l - B—BEEE LTV UE%S SR BB A A

b) B=4#k L (BSG-Type. /N ;q& B ANVE « JTLE. HNVTTIVE Ef
Jen3)
c) BB kil

mZE (Y-Type. 7 v # Y HHR)
?‘lgf_uﬂuw\zgg)ﬁi LJ’ 5,

B3
¥

ik kA3 2 —RFE (OMM-MB-Type. ETVvH Y VLT~

EBraony /7 A L)
FZEFE R UEEY - RS - k=) 75#E (OMM-NMN-Type. &7 L7 v
LTAR~ET VR Y VT AN

FEzE (OMM-OK-Type. &7 AU Y L T4 M)
5) BRI ETLZRLUERET VY VLT A FTERSIT DN,

e e P » ¢ > S HE ) ek L T A _
LT A NORTEENEET S, OB 2EGHREARN LI,

T

I B, TEER ﬁH“m

SN





