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Introduction.

About 820 km. east of Okinawa-zima, one of the Rytkyf island
chain in the Pacific, is a linearly-arranged group of three islands, Okino
Daitd-zima (Rasa 1.), Minami Daité-zima, and Kita Daitd-zima, aligned
in the order given in a 8. to N. direction, and separated from the

Rytkyt island chain by a trench (Rytkya trench), the depth of which
varies from 6000m. to 7000 m. Each island rises as a separate
mountain from the ocean floor, from depths of 1000 m or more, and

consisting of double or triple rock-rings encircling a central basin,
presents remarkable topographical analogies with existing atolls in the

Pacific. Okino Daitd-zima in 181°11° E. and 24° 28’ N., is about 1 km.
across and 33 m. above sea level. So far as can be made out from parts
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exposed to view, the islet is built up entirely of coral reefs, besides
phosphatic deposits formed by the chemical action of guano on the un-
derlying coralline limestone. Minami Daito-zima, situated 131°13’ E.
and 25°50’N., is about 6km. in diameter and 52 m. above sea level.
-Kita Daito-zima, which lies about 8 kin. N. N. E. of the northern side
of Minami Dait6-zima, is about 5km. in longest diameter and 71 m.
above sea level. According to Prof. R. Aoki?, who, in company with
Prof. H. Yabe, made a geological investigation of these two islets, Minami
Daité-zima and Kita Daitd-zima, it was found that they are built up
practically of a limestone formation (“ Daitd limestone ”), covered with
a subsoil of terra rossa type. The limestone, which in places may be
called coral limestone and Halimeda limestone, contains reef-forming
corals, foraminifera, calcareous algae, polyzoa, and mollusca. On the
northern island, however, some phosphatic deposits and pumice beds
are sandwitched in between the limestone and the subsoil. The phos-
phatic deposits, which are worked in the island, contain 16'38—5216 %
P.0;, besides Fe,05, ALO;, and H.O. The pumice beds, about 3 m. thick,
form a terrace resting on the phosphatic deposits.

The pumice beds of Kita Daitd-zima, which show an almost hori-
zontal stratification, and suggest an old submarine deposit, consist vir-
tually of pumice. This pumice is worth noting in that neither an
insular nor a submarine volecano whence they might have been derived,
is to be found anywhere in the vicinity of the limestone island.

The following notes refer to ten specimens of the pumice, all of
which were collected by Mr. T. Sugiyama from the pumice beds at the
Tamaki-taira mine on the island. Among the specimens, which are
alphabetically marked from A to J, nine (4, B, C, D, E, F, H, T and J)
are augite-bearing hypersthene-dacite, and the remaining (@) augite-
bearing hornblende-hypersthene-dacite. ’

Petrography.

(1) Augite-bearing hornblende-lypersthene-dacite. (Fig. 2.)

Megascopic Characters.—The pumice of augite- bearing horn-
blende-hypersthene-dacite, which is round and about 3 em. in diameter,
is white to ash-gray, with a porous and friable texture. Phenocrysts,
up to 1 mm. in diameter, of plagioclase and quartz are scattered through
the vitreous base. There are also grouped phenocrysts of plagioclase.

1) R. Aoxr, Jour. Geol. Soc.,, Tokyo, 41 (1934), 341~3843.
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The phenocrysts of the mafic minerals, pyroxene and hornblende, are
scarcely visible to the naked cye.

DMicroscopic Characters.—Microscopically, the pumice, perpatic
in fabric, consists of phenocrysts of plagioclase, quartz, hypersthene,
hornblende, augite, and magnetite, the remainder being a holohyaline
base densely charged with vesicles.

The plagioclase, which is euhedral and 0'5~1'0mm. in diameter,
is usually twinned according to the albite and Carlsbad laws. Zoning
of less and more calcic plagioclases is faintly exhibited. Optically posi-
tive, 2 V=76~80°. The refractive indices—ny, and n.p in (010) or (001)
—, measured with the dispersion method are 1-5525 and 15586 respec-
tively, according to which the mineral is identified as andesine Abg
Ang. Inclusions of colorless or pale brownish glass base are sparingly
found in the mineral.

The quartz, about 0-5~1'0 mm. in diameter, with rounded outlines,
usually shows irregular cracks and undulating extinction. The mineral
contains minute globular inclusions of a colorless or pale brownish glass
base and of dust material.

The hypersthene, which is cuhedral and 0'3~1'5 mm. in length, has
the following optical properties: optically negative, 2 V=63'5°; optic
axial plane parallel to (010); pleochroism, X pale brown, Y pale yellowish
brown, Z pale green; nip=17004. One large crystal shows very minute
twinning lamellae (IFig. 3.) in section nearly parallel to (100). The
mineral encloses small prisms of apatite, plagioclase prismoids, magnetite
grains, and drops of the glass base.

The hornblende, which is euhedral and about 0-5mm. in average
diameter, is fresh, without suffering any resorption. Its optical pro-
perties are: optically negative, 2 V=80°; optic axial plane parallel to
(010) ; relatively weak pleochroism, X pale brown, 1" greenish brown,
Z dark greenish brown; X< Y<Z; n,p=16595, n:p=16742.

The augite, which is very sparingly found, is euhedral to subhedral,
about 0-3 mm. in diameter, and pale brown.

The magnetite, which is euhedral to subhedral and 0-1~0'2 mm. in
diameter, occurs as isolated grains or in association with the pyroxene
phenocrysts.

The groundmass, in which neither microlite nor crystallite is visible,
is a water-clear glass densely crowded with round or elongated vesicles.
The refractive index of the glass is 1-5020 for Na light.
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(2)  Augitc-bearing hypersthene-dacite. (Fig. 4.) -

Megascopic Characters.—The nine specimens of the augite-bear-
ing hypersthene-dacite are round to subangular and 8~5 em. in diameter.
Megascopically, they are similar to the pumice above-deseribed.

Microscopic Characters. Microscopically, the pumices contain
phenocrysts of plagioclase, quartz, hypersthene, augite, and magnetite,
scattered through a holohyaline groundmass.

The plagioclase phenocrysts, which are euhedral and 0'1~1-0 mm.
in diameter, are twinned according to the albite and Carlsbad laws.
Zoning of less and more calcic plagioclases is faintly exhibited. The
refractive indices and the compositions identified therefrom are shown
in Table I '

Table 1.
Pumice No. nin nep Ab% | Pumice No. nip nep Ab%
A 15498 15561 56 F { Looey  Lootr 53
B 15537 15588 51 H 15502 15544 55
C 16535  1'5588 51 I 1:5563 15602 50
D 3 {1'5519 15561 53
’ 15491 15533 58
B 15533 15564 51 ‘
1'5481 15530 59 [

Optically positive ; 2 V=84° in sample B, 81° 82° and 90° in F, 88°
in H. Accordingly, the plagioclase phenocrysts -are identified as ande-
sine AbsmAnm~AbyAns. Excepting a few colorless glass drops, no in-
clusions are found in the mineral.

The quartz, which shows irregular cracks and undulating extinetion,
has usually rounded-outlines, but sometimes a bipyramidal form indented
by inlets of the groundmass. The mineral carries inclusions of the
colorless glass base.

The hypersthene, which is euhedral, prismatic, and 0:2-0'5 mm in
length, is sparingly found in the pumices. The mineral found in
samples I and I has the following optical properties : optically negative ;
2 V=44° in H, 66° in I; optic axial plane parallel to (010); pleochroism,
X pale brown, Y pale yellowish brown, Z pale gréen; np>1-7030 in
H, np=16991 in I. The mineral is practically free from inclusions,
but rarely small grains of magnetite.

The augite, which is euhedral and 0'3 mm. in diameter, is of very
rare occurrence. The mineral found in pumice I shows the following
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optical properties: optically positive; 2 V=48°; ¢ AZ'=42°; np=16920;
pale brown without pleochroism.

Magnetite, 0'1~0-2 mm. in diameter, occurs as isometric grains.

The groundmass is entirely glassy, showing a cellular structure with
many vesicles. The refractive indices of the groundmass glasses of
pumices A, C, and H are respectively 1:5018, 1-5010, and 1-5007.

Chemical Composition.—Chemical analysis of pumice H, which
is the freshest among the nine specimens of the augite-bearing hypors-
thene-dacite, was made by Mr. 8. Tanaka of this Institute.(Table II, 1)

Table II. Table TIL
1 2 3 1 2 3

Si0, 7240 7016 . 7275 Q 3886 2853 3165

Al,0, 1216 13:85 14:54 Or 1447 1725 14:47

Fe, 0,4 020 083 064 Ab 2884 8408 3564

FeO 1'68° 174 143 An 640 11°13 1224

MgO 026 057 067 C 1'53 — 051

Ca0 178 277 2:66 Di — 139 —

Na,0 342 402 423 Hy 324 295 368

K.0 248 2:90 243 Mt 023 115 0.93

H,0(+) 370 203 024 11 046 030 030

H,0(—) 080 Ap 093 031 031

Ti0, 025 014 017

P,0s 044 011 014 1. Pumice (augite-bearing hypersthene-

MnO 010 003 004 dacite). Kita Daité-zima, Analyst S.
Tanaka.

Total 9967 10015 99'94 2. Pumice. Moé-zima, about 1300 m. north-
east from Sakura-zima in Kagosima

Bay, Analyst K. Yamaguchi.
3. Hyparsthene-plagioliparite, a variety of the so-called “IHai-isi” (ash-stone).
Sakuhana-taira, Analyst K. Yamaguchi.

According to the C.I.P. W. quantitative system, the pumice be-
longs to alsbachose (1.8.”72.’4). The normative plagioclase has the com-
position of oligoclase AbsAny,. For comparison with this pumice, chemi-
cal composition” of a pumice from Moé-zima and that of a variety of
the so-called “Xai-isi” (ash-stone) found in southern Kylsy(, are
shown respectively in columns 2 and 3 of Table 1I. Their analyses
are fairly similar to that of the pumice from Kita Daitd-zima.

2) K. YamacgucHi, Jour. Geol. Soc., Tokyo, 35 (1928), 256.
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Source of the Pumice.

The pumice of Kita Daité-zima suggests, although remotely, the
former existence of an insular or a submarine acidic voleano that yielded
it.  On the limestone island itself however there is no trace of a volcanic
centre to which the pumice can be traced. According to Prof. Yabe, a
boring was made under his supervision in the central basin of the
island to a depth of 200 m., which unfortunately however did not reach
the foundation of the island. The cores brought up were all limestone.
There is therefore at present no way of telling whether the foundation
is volcanic or sedimentary. Even should the foundation of the island
-be voleanie, it is unlikely that the pumice came from this foundation,
so deeply buried beneath the limestone formation. It must have come
from a voleano on a neighbouring shore, or else from a Submarine
volcano in the adjoining ocean floor.

As possible sources of the pumice, we may mention two insular
voleanic zones, the Huzi and the Rytikyt Volcanic Zones, between which
Kita Daitd-zima lics. The Huzi volcanic zone, in which numerous in-
sular voleanoes, such as O-sima, Miyaké-zima, Hatizyd-zima, Sulphur
islands, ete.,, are aligned in a N. N. W. to S. S. E. direction in the
Pacific, far eastward of Kita Daitd-zima, consists practically of pyro-
~ xene-andesites and basalts. Although submarine eruptions have often
taken place in this zone, the pumice found floating on the sea when
these eruptions occurred were all of a basaltic nature. The nearest’
volcano to Kita Daitd-zima lies in the Ryfikyt island chain, which
latter, according to Prof. B. Koto, may be divided into three concen-
tric zones, viz., the outer Tertiary and post-Tertiary, the middle Palaeo-
zoic, and the inner voleanic. This Rytky( volcanic zone comprises a
number of insular volcanoes, Tori-sima, Suwanosé-zima, Nakano-sima,
Kutiérabu-zima, cte., besides Sakura-zima, Kirisima-yama, Aso-san,
cte. in southern Kytisyt, which are aligned in the order given from 8.
W. to N. E. on the boundary between the Pacific and the Tung Had,
and which consist of pyroxene-andesites. None of these late-Diluvial
and Recent andesitic volcanoes of both the Huzi and Rytkyt zones is
believed to be the source of the dacitic pumice under consideration.

Although the dacites and allied acidic effusives, that are so widely
distributed in Japan, are for the most part late Tertiary or of still later
age, analogous rocks of Quaternary age are also present, though of rare

3) B. Koro, Jour. Coll. Sci., Tolyo Imp. Univ.,, Art. 8, 38 (1916), 1~237.
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occurrence. In this connection, it may herc be remarked that there is
a linearly-arranged group (Nii-zima group) of three Quaternary liparitic
islands, Kodu-sima, Sikiné-zima, and Nii-zima, which are aligned in
the order given from S. W. to N. E. in Sagami Bay. The liparites of
these islands however differ in many respects, microscopically as well
as chemically, from the pumice of Kita Daité-zima. On the other hand,
as shown in Table II, the latter presents some chemical analogics with
the pumice from Moé-zima (An’ei-zima), an island about 1300 m.
northeast of the volecano Sakura-zima in Kagosima Bay, though that is
as far as the comparison holds, unless we are certain that they arc
genetically related to each other. According to Mr. Yamaguchi®, Mogc-
zima is built up practically of a pumice bed, more than 40 m. in thick-
ness, together with an intercalating diatom-bearing tuff. The pumice
bed, which is intruded in places by pumiceous lavas corresponding to
the An’ei lavas of Sakura-zima, is covered with a molluscan shell bed,
about 2m. thick. The pumice that constitutes the greater part of the
pumice bed have a dacitic or liparitic composition (Table II, 2). From
these facts it is inferred that the pumice bed of Moé-zima is not the
product of the andesitic Sakura-zima volcano, but an older submarine
deposit corresponding to the pumice-lapilli formation of the environs of
Kagosima, just referred to. Moé-zima, which, according to certain old
trustworthy records, is a new island that sprang up during the An’ei
(1780) eruptions of Sakura-zima, is nothing but an old land block that
formerly lay at the bottom of Kagosima Bay, and which was thrust up
during the Sakura-zima eruptions as the result of the upward intrusion
of the underlying Sakura-zima magma.

The land surrounding Kagosima Bay is a plateau of pumice-lapilli
beds, more than 100 m. thick, and attaining an altitude of 230 m., and
which bounds the shore of the bay in sharp perpendicular cliffs. The
pumice-lapilli bed (* Plateau Formation ”) is intimately associated with
the so-called “ Hai-isi” (ash-stone), so named on account of its having
the appearance of hardened volecanic ash. The ash-stone is a group of
submarine lavas that gave birth to the pumice-lapilli bed.” One of

4) K. Yamacucar, loc. cit.

5) Owing to the very complicated mode of occurrence of the ash-stone, the volca-
nism to which the eruption of the rock is due, is interpreted in different ways by dif-
ferent authors, namely, fissure eruption, central eruption, and injection into the pumice-
lapilli formation. B. Koro, loc. cit. ; K. Yamagucnr, Jour. Geol. Soc., Tolyo, 40 (1933),
877~879; T. Marsumoro, Geogr. Rev., Geogr. Soc., Japan, 9 (1933), 62~74.
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these lavas, identified as trachyandesite or plagioliparite, is the ncarest
chemical analogue to the pumice of Moé-zima (Table II, 3). According
to T. Matsumoto, similar rocks occur on Kutiérabu-zima, though much
younger Dbasic andesites are the prevalent rock type in the island.
Although we do not know exactly to what extent these acid voleanies
distribute in the Rytky® district, it is inferred that they represent the
Diluvial pre-andesitic volecanism in the Rytky( volcanic zone. Further
study of the Rytky® insular volcanoes may give evidence of the wide
distribution of the products of that volecanism. Accordingly, if the
dacitic pumice of Kita Daitd-zima is genetically related with the ash-
stone and pumice-lapilli in southern Kyfisy®, then the source of the
former may be located somewhere in the Rytkyh voleanic zone, where
the latter may still be found.

Conclusion.

From what has been stated, the identification of the pumice bed of
Kita Daité-zima as the pumice-lapilli formation in southern Kytsyd,
although it is'no more than as inference, may be provisionally accepted.
The pumice-lapilli formation, together with the ash-stone, are regarded
as products of early or middle Diluvial volcanism that took place in
southern Kytisytt. Then the pumice of Kita Daité-zima may well belong
to the same period of volcanism. It is however improbable that the
pumice, which floats on water, had been transported against the ocean
current from southern Kytsyl to Kita Daitd-zima, a distance of about
500 km. It is much more likely to have been fed by a vent nearer at
hand in the middle part of the RytkyQ volcanic zone, where the same
voleanism would have taken place. Some of the pumice ejected during
the volcanism were transported eastward to where Kita Daitd-zima now
is, and they accumulated on the partly phosphatized limestone elevation,
which at the time was entirely in the sea or just above sea level. Kita
Daité-zima was elevated to its present position subsequent to the deposi-
tion of the pumice.

The limestone and phosphatic deposits of Kita Daito-zima, which
are older than the pumice bed, may be dated as being approximately
earlier Diluvium. Accordingly the limestone, so far as can be judged
from its exposed parts, may be contemporancous with, or somewhat
younger than the Rytikyt limestone, which is considered to be lowest

6) T. Marsumoro, Bull. Vol. Soc., Japan, 2 (1934), 17~18.
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Sikisima (the Japanese Pleistocene) or uppermost Miduho (the Japanese
younger Tertiary). .

In conclusion the writer desires to express his sincere thanks to
Prof. Yabe for the loan of the pumice specimens described in this paper
from the collection of the Téhoku Imperial University.
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Fig. 2. Augite-bearing hornblende-
hypersthene-dacite. 27, See p. 3
Q....quartz,
Hy... .hypersthene,
Ho.. . .hornblende,

M....magnetite,

Fig. 3. Ditto. Crossed Nicols. x27.
A. .. .augite,
Hy... hypersthene showing

twin-lamellae.

Fig. 4 Augite-bearing hypersthene-
dacite. x27. See p. 4.

A....augite.

Microphotographs of the Pumice from Kita Daitd-zima.
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