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-~ Seitard TSUBOL, Rigakushi.

With' 6 Plates and 42 'Te:z:t-ﬁgures,

I. Introduction.

The plesent paper embodles the results of the writer’s geologic
" investigation of the insalar volcano C)shlma,, in the provmce of
Idzu”, conducted under the auspices of the Earthquake Investiga-
tion Committee and of the Imperial University of Tokyo.

The field 'observations_ on .which the present work is based
- were carried out chiefly during two months in the sumier of
1916, and supplementarily by making two trips in 1917 and 1918.
The laboratory study was performed during the writer’s third
year course in the Imperial Un]ver81ty and in the year after
graduatlon ,

In its p1 esent state the Work is stlll far from complete but
with the hope of contrlbutmg to the vulcanology of  Japan the
writer has decnded to publish the results so far obtamed deferrmo'
‘the making up of deficiencies to a later ‘opportunity.

Here the writer wishes tc - tender his ‘hearty :thanks to Pro-
fessor B. Kord for his great kmdness in rev1ewmg the manuscnpt
~ and for the valuable adv1ee he has constantly glven '

1) ﬁ*ﬂ_—k%
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Geographic Sketch.

A 3 . E . . )
Oshima in -the province of Idzu is the largest member of a
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Fig. 1. Index map to scenic illustrations in the text.

In the above index map, the thick numerals indicate text-figure
numbers; the arrows indicate the direction in which the scenes given
in the text were photographel. The squares, into which the map is
virtually divided, will be referred to in the legends of those illustrations
by the numerals and letters on its margin.
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:;gnmip of volcanic islands off the Idzu peninsula, commonly called
Idzu * Shichito®, or the Seven Idzu Islands, and lies in the sea of
‘Sagami® about 110 km. S.8.W. of Tokyo, extending over 34°40.5'-
A7'N. lat. and 139°21'-27.5'E. long. | | |

The island is nearly elliptic in shape with _a’ length of about
15 km. from NNW to S.S.E., a breadth of about 8.5 kim. from
ENE. to W.S.W., and a circumference of about 50 km. It has
an area of 103.8 sq. km. émd a volume of 22.6 cub. km. (Calculated
after Simpson’s method.) '
~ The coast line is simple, being 1ndented only at the inlet of
Habu® (3e) in the S.S.E. corner. The shore for the most part
~ends abruptly with precipitovus ‘cliffs whose elevations vary up to
“more than a hundred meters. Around the whole coast there are
only two sandy beaches of any extent, one on the west, Yuno-
hama® (lc), and the other on the south, Sonohama® (le).

The island itself is a gigantic rheuclasmatic volcano elevated
755 m. above sea level or about 830 m. above the supposed basc
on the sea floor. It consists of a central homate called Mihara- ‘

yama® (2¢), with an active crater at its summit, and a somma-

separated by an extensive barren atrio, with such a dreary aspect
that it is palled X Sabaku ' (the desert) by the islanders.

The ring-wall of the somma, is incomplote, lacking its nortk,
eastern and southwestern sides; and from both these gaps barren A
strips of land extend toward the sea shores.

The outer slopes of the insular volcano vary greatly in diffor-
ent dlrectmns On the wost"rn S1de, the slope is regular and
makes a fine concave curve, the inclination being about 25° near

'fthe summit and decrcasing umfulmly toward the foot; on the

1) FEEB ?) febE 3 W 4 /R 5 B/&
6) =Ful 7 i ‘
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east it is abnormal, varying from 15° to less than 5° and con-
tinuing from the top half way down, until, on approaching the
shore, it becomes suddenly as steep as 40° The skirt of the
mountain is especially well developed on the northwestern side,
whereas on the southeast it shows a complex irregular relief.
The further continuation (submarine) of the mountain slopes is
traceable far along the coast, inclining stéeply toward north and
east but gently in the opposite directions.

The relief of the cone surface is further diversified by a
number of parasitic knobs on its flanks, but as a whole the shape
of the island is that of a homate, and its outline viewed from a

distance conveys a strong impression of the voleanic origin of the
island (Fig. 2).

Fig. 2. The island of Oshima (0), viewed southeastwards from Atami
in the Idzu peninsula, Notice the asymmetric form of the voleano.
H....Hatsushima, a small island near Alami.

The climate of the island is equable and rather moist, but
the land being built up of loose materials, is dry and lacking in
rivers and streams of any importance, as is usnal in young vol-
canoes. Such being the case, rain water is generally used for
drinking purposes.
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Voleano Oshima; Idzu.

'The island was inhabited as eatly as in the “prohistoric stone

age by. a pedplo. belonging to an unknown race whose remains
are now. found under a lava flow exposed on the precipitous cliff
about 0.8 im. to the’ south of ‘the village of Nomashi” (1¢).- Tt is
not known when the island " became inhabited. by the ‘Japanese,
but history shews that-it’ wasa place of banishment from about
the 7th Century till the end of the 18th.
T At present, the population of about 7400 is dlstrlbuted in
six villages—Motomura (lc), Nomashi (1¢), Okata (2a),-Sendzu
(3a), Sashikiji (2e), and Habu (3e).” In the.island pecuhar’eus-
toms are found in" coiffures, dress, and the general mode of living,
~especially of -the women.

Previdus Work

Oshima hLas been c,elebrated in “many respects from early times
and studied by not-a few .whose works have been made use of
largely. - L _

The ﬁrs.t"jgeélogisﬁ to visit Oshima (twice in 1877) was
Eomunp Naumanx®  With him were TsUNASHIR) Wapa® .and Jomy
N ‘MILNE’” The main object of their visit was to see the actual
state of ‘the volcanic eruption which had lasted from Deeember
- 1876 to February 1877, at which time they also made a oeneral

geologic survey of the island: ) '

According to NAUMANN, Who also ‘gave a - brief "petrography

1) ¥rig :

2) . The.populition -of the island was 7356 aceirding to the statistics in 1918,

3) A BER WD S EAN R

4) «Die Vulenninsel Ooshima und ihte jingste Eraption,” Zeitschr zﬂ de'r Deutsclzen geo’og-
4schen Gesellschaft, Bd. XXIX., S. 364, 1877.

NauMaNN's opinion -was reviewed in ‘the fouO\Vlng works by Wapa and Mmye:—

5)- « Notes on the Voleaho Oslumn ” - Galeugei Slunn, Vol. 1, No. 1, 1877 (in ananese)

6) “The Volcanoes of Japan,” Trensactions of the .Sezsmo’oqw(d Society of Japan, Vol. IX.,
Dart. 11, 1883 ; Geological Magazine, Decade 11, Vol, I, No. 5, 1887,
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of the island, the whole history of the voleano may be divided
into three periods. (1) The first period is that represented by the
crater of Habu” (3e¢) which he considered to have been submarine
till the vent was completely congealed. (2) The sccond period is.
marked by the extinction of the Habu crater and the birth of a
hypotbetical voleano at the northern part of the present Oshima.
The supposed remains of this volecano he considered to have been
completely buried later. He assumed the existence of this northern
voleanic body to explain the abnormal topography of the island,
writing :—

“....Die Convexitit des nOrdlichen Abhauges lisst sich gewiss.

nicht besser erkliren, als durch Annalme einer ilteren besonderen Erup-

"

tionsaxe fir diesen Theil des Berges....

Fig. 8. Navmasy's ideal profile of Oshima (N.-S.).
a--.-1he crater of the first yperiol b....-The crater of the second period.
¢.-- The crater of the third period.

(3) The third period was represented by the present crater of
Mihara.”

In 1886, Smoco Nisarvama® wrote a brief note on the topo-
graphy of Oshima and the state of the crater at that time; but

the geology’ of the island was not studied further after Naumann’s.
visit until 1895, when Naomasa Yamasakr” made his trip.
He noticed the abnormal complex topography of the eastern

1) %' An inlet at the SSE. end of the island.

2) =@/

3) « Explanatory Text to the Geologic Sheet of Idzu' 1886 (in Japanese).

4) » Report on the Voleano Oshima,” Report Euwthq. Invest. Com., No. 9, pp. 33—£3, 1896.
i)n Japanese). d
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part of the island in contrast to the regular slope of the .Westqrn
part, and -tried to explain this by supposing the existence of older
voleanic bodics to the east of the .p‘resent Oshima. On this as-
‘sumpt.ion, he divided the whole volcanic history into two stages:
the first stage being represented by the hypothetical volcanoes
Which-he considered to have been mostly submeygéd in water, so
that only high parts of the crater wall were above the sea level
as in the island of Santorin; the second stage being represented
by the present voleanic body which- consists of a. somma and a
central cone. | |

The hatbour of Habu® (3e), according to him, was one of
the craters in the first stage, the hills standing to the north of
Habu being the remains of the older volcanic bodies.

He moreover recognized the tectonic line running through the
island in the direction N.N.W.—S.S.E., along ‘which the central
crater.and a number of 'parasitic 4c9nes are linearly arranged.

A brief description of the rocks was also given.

It is an interesting fact that some remains of the prehistoric
stone age were discovered in 1901, under a lava flow (PL VI;
BC 3) imbedded in a rugged cliff of Tatsunokuchi® (1d) not far
from the village of Nomashi® (1c). YONOSUKE Orsukr® and Rvozod
Torn® were sent at the time to examine these and to report on
what they saw there. e

A

Next year (1902), Dexzo Saté and Nosuvo- Fukucer® visited

) o@E#® . 2 Wn 3) pm :

4) <« Human Remains under a Lava of Oshima in the Province of -Idzu,” Jour. Geol. Soc
Toékys, Yol. VIIL, No. 99, 1901 (in Japanese).

5) “Remains of the Sione |Age under a Lava of Oshima in the Province of Idzu,” Jour
Geogr. Tékyd, Vol. XIV., Nos. 159 & 160, 1902 (in Japanesz); Jour. Anthropol. Soc. Tékyo, Vol
XVIL, p. 320, 1902 (in Japanese). :

6) « Geol)gical Notes on Oshima, Idzu,” Jowr. Geogr. Tékysd, Vol. XIV., Nos. 161 & 162, 1902
(in Japanese), : )
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the island and made some geological observations. They pointed
out that the harbour of Habu” (3e), which was thought by the
earlier writers to be the crater of an old voleanic body, might be
an explosion crater formed at the foot of the main cone of Oshima ;
and that Hikubo® (3e), a depression lying to the west of Habu
and hemmed in by a horse-shoe shaped wall, might be also of
like origin. They further attributed the formation of a great gap
on the northeastern side of the ring-wall of the somma to an
explosive action.

Cape Chigasaki® (1a), an elevated spot at the northwestern
end of the island, was noticed by them for its peculiarity and was
considered to be either a parasitic cone or an old voleanic body.

' Fukvenr” visited
the island again in

b 1905, when a destrue-

tive earthquake occur-

Somma :
red there. A geologic

Parasitic cones sketch map presented

Central cone by him with his report

Eruptioncrter  SHOWS  the existence

of old voleanie bodies

22 FEIMORS

Explosion-erater

lying to the north and

" il to the ecast of the
_ island (Fig. 4).
Fig. 4. Fugvcar's geologic sketch map of Oshima. In 1907 s Sen1

Nakamura, Toraniko Terapa, and Dex’icrird Isarrast” studied the

1) kit 2) erx 3) Foky or iy

4) * Geological Observation on the Earthquake of Oshima in 1905, Report Earthq. Invest.
Com., No. 53, p. 87, 1906 (in Japanese).

§) “The Voleano of (Oshima, its Past and Present,” Proceedings of the Tékys Mathematico-
Physical Society, Vol. IV., p. 293, 1908; Jour. Geogr. Toleys, Vol. XX., Nos. 238-239, pp. 682 &
786, 1908 (in Japanese).
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physical aspec'ts of the volcario and ‘madé, a* topographic survey of
the inside of the ‘erater (Fig. 18, p.~83). i
In 1909, - IMMANUEL " FRIDDLAENDER" Spoke of the island as'

'
‘

(l) The -volcanic activity began with:the eruption -of many
craters along the east coast of the present Oshima. The volcanoes
of this stage are too old (probably ¢f the Tertiary period) for the
position of their craters to be pointed -out-now, but the hills in
that part consisting of ¢ andesite” mustf:_irepresent the remaius of
those volcanoes. - : _ |

(2) In the next stage; the .vulcanism was displayed along
“the weak line” running in ‘the' direction' N.N.W.—S.8.E.: a
great cone of the somma was formed very gradually by successive
extrusions of “ olivine-bearing angite-andesite, very near to basalt”;
Habu crater (an  explosion-crater) ! (3e), Futago® (2d), and Ito-
nashi” (2b) were then formed on the flanks of the main cone;
after that, the huge crater at the top of the present somma was
formed either by explosion- or by depression,. while its northeastern
" quarter was:blownaway by explosion ; the- central cone, Mihara®,

as well as the ‘parasitic craters, Hlkubo (3e) and 'I‘a.kenohu"a"’ (‘)e)
were born in a later stage. ' o

In 1909— 10, Ryodrour Omasur® demed the existencé of any
old. voleanic bodies which all prewous wr1t01s had suppose,d to
anderlie the present voleano. o '

He considered .that the lavas exposed on ‘the ehﬁ" oppos1te to
Fudeshlma” (3d) and those. on. the cliff west of Okata® (2&) be-

1) «Ueber einige japanische Vulkaune,” Mjileilungen der D:zulschen (;eeells‘cimft fur Nulur—
und Vilkerkunde Ostasiens, Bd. XIL, Teil 1, S. 49-59, 1909."

?) =7 3) pE - 4 =K . .5 R®FE

6) “On the Geology of Volcauo Osh.mn,” Jour Geol Soc rawo Vol. ‘{VI P 519, 1‘)()9 :
Vol. XVIL, pp. 15, 56, and 96, 1910 (in Japanese). )

7 &g 8) mm
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long to the earliest stage. Subsequently, at intervals, repcated
extrusion of ““ black lavas ™ took place, followed by the ejection of
ashes, sands, lapilli, etc. and the extrusion of * gray lavas”. In
this way a great cone (the present somma) was built up, but a
depression took place at its summit and a central cone zippoared'
after repeated eruptions. | _

~ He divided the volcanic history into two stages: the olivine-
bearing stage represented by ¢ Fudeshima lava ”, * Okata lava”
and “black lavas”; and -the olivineless stage represented by
“gray lavas” and the lavas of the central cone.

Very recently the same writer”® advanced the view that the
area adjacent to the island is rising, or has risen, more rapidly in
the east than in the west, thus explaining the asymmetrical form
of the volcano,—that the eastern slope is gentler than the western.

During the eruption in 1912-/14, the island was visited by
Fusaxrcur Omort?, Skt Nakamura®, Denzd Sa1d®, and Yozd Oxa-
MURA”, who 'reported on the volcanic eruptions.

Kvoroxu Fusn® also visited the actual scene of activity and
-measurcd the temperature of flowing lava by means of the HorsorN-
KurLeauM optical pyrometer and found it to be from 995°C. to
1048°C. in the red hot portion, and 857°C. in the (dull portion.

1) R. Omasmy, “On the Asymmetiical Form of Oshima,” Jour. Geol. Soc, Toyks, Vol. XXIV.
No. 281, p. 72, 1917 (in Japanese).

2) ¢ Preliminary Report on the Eruption of Voleano Mihara,” .R(port Earthg. Invest,
Com., No. 81, 1915 (in Japanese).

3) «The Eruption of Volecano Mihara, Oshima, Idzun,” Téyé Gakugei Zasshz, Nos. 3€8 &
369, 1912 (in Japanese).

4) “The Present Activity of the Mihara Volcano,” Jour. Geogr. T6ky6, No. 239, 1912
(in Japanese).

5) “Report on the Eruption of Volecano Mihara,” Report Geol. Surv. Japan, No. 48 1914
)in Japanese).

6) “A Method of Determining the Meliing or Solidifying Range of Tempemtures of Lava
by the Measurement of the Electric Conductivity,” Proceedings of the Tolyd Mathematico-
J Mysical Society, 2nd Ser., Vol. VI, No. 14, 1914.
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,II.V Structure and Morphology:.
Structural Outline.

A general stractural idea of the volcano may be formed ab
a-glance. In attempting, however, to discover the inner structuro
in detail, much difficulty arises as the mountain is covered -with
jecta on its sides and is still young in dissection.

" Such being the case there seems to be no other way than
to conjecturc the structure from. the exposures on the sea cliﬁ"é
which afford good natural profiles, as well ‘as from the morpho-
graphic features which are so perfectly preserved in their original
form, and. are consequently so very intimately related with the
geologic structure, that they aid us much in the structural inves-
tigation. ' . ' o '

It is mainly from these two features that the hiétory of the
building up of the  volcano has been traéed, and the results will
" be stated in the following chapters.  Before the detailed deserip-
tions of the structurc are given a general summary will be briefly
outlined here. .

~ The voleano is a coin'posito stratified one consisting of double-
“homates-~a somma and a central one—and is built up of numerous
layers, alternatcly accumulated of rheumatitica and clasmatica of
basaltic nature, which have been extruded repeatedly without.
long intervals of rest between anj two successive periods of ex-
trusion. " o
The somma has several satellitic bodies. On the flanks of

the main body of the somma there are many parasitic knobs :
Atago” (1b), Kazamachi® (1b), Mitsumine® (1a), on the northwest :

1 #5 ?9) R 3) =#
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Hachinoo” (2b), Kotsuki® (3b), Itonashi® (2b), on the northeast
and Futago® (2d), Takenohira” (2e), on the southeast. Two small;
explosion-craters, Habu® (36) and Hikubo (3e), are at the south-
eastern foot. . , .

Besides these, there are, along tlie.\vestern half of the north-
ern coast, small igncous bodies strikingly demolished which are
considered to have been born in the middle of the volcanic-history' »
of the island and are now stluetmally separated flom the main
body of the somma. - , :

The top of the somma is tlun(ated with a 11nmwall that
surrounds a huge oval caldera. . The wall is not completely closed
but there are two gaps, a greater one on the northeastern and a
smaller one on the southwestern side.

The active central homate Mlharayama.S> (2¢) stands i the
caldera and its volcanic products not only cover the ground within
the encnclmor wall but have also spread. down to. the sea shore
‘bhloucrh the gaps in the wall. L

The structural scheme above outlined may be shown in a
tabular form as fo]lows —

(The somma—A. homate truncated at its top
. with a ring-wall surrounding a
The main body caldera, with parasitic cones and
’ explosion-craters on its flanks.
The central cone (Miharayama)—A homate
A - with an active crater, standing in
the caldera.
The demolished igneous bodies along the western half of the
northern ‘coast of the island.—The small satellitic

igneous bodies which are considered to have been -
formed during the development of the somma.

‘Voleano
Oshima

/R 9 aava 3 tEE 4 =F
5) /% 6 g ) erw 8) =W
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Bmldmg Matenals of the Somma

The best oppmtumty for the structural study of the main
part of the somma is afforded by the exposures on the sea cliffs.
'Those observed by the writer are shown in PL VI, from which '
one can see that the somma has been built up by many repeated
: cruptmns We can enumerate over -a hundred lava ﬂows separated
by the layers of e]ecta—ashes sands, lapllh etc. Undoubtedly
- some of those Whleh _appear to be separate flows may represent
rne1°e]y branches of one flow, but considering that what we see
on the sea cliffs are only those parts of many lava flows that have

been exposed by maring abras‘iorr; their actual total number must
| be very gleat “ ‘ :

These lavas are of basic nature, and owing to their ﬂurdrty»
a,ll of them are ve.y thin, seldom exceeding 10 m. and ranging
mostly from a few to several meters, sometimes even bemo' less
than half a meter in thlckness ,

Althouorh all of these’ lavas bear close resemblance to one .
another in their petrocnaphm characters, yet they may be dis-
,tmuulshed 1nto four roek-types. |

Petlooraphle descrlptlons and mtermacrmatw relations will be
dealt with later (pp. 67—125), but the general characteristics of
each type are:— “ - o -

(1) Basaltzc bandazte almost free  from phenocrysts of maﬁc.
minerals.

- Lavas of this type predommate and are of Lhe W1dest dis-
tl 1but10n

Phenocrysts of bytowmte varying in amount, are scattered
through the aphanitic groundmsass, gray to black in colour, con-
sisting * of labradorite, augite, magnetite, and a ‘smr.a,ll quantity of
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- glass. In the great mhjority of lavas of this type, small olivine
phenocrysts are sporadically found in negligible amount, though in
some they are lé.cking.

© (2) Hypersthene-basaltic bandaite.

 Lavas of this type are exposed only on the sea cliff marked
IT (1c) on the geologic map (Pl if.), to the south of Motomura®
(le), and are intercalated by the lavas of the first type (PL VI.
BC 2). | o -

This type does not differ from the preeeding in its essential
characters but is characterized by the presence of hypersthene
phenocrysts in moderate quantity. A

(3) Z'wo-pyroxene-basaltic bandaite.

This is seen only at Gyoja” (3c; marked IIT on the geo-
logic map; PL° VL FG 6), in three layers, each about 20 m. in
thickness, intercalated by layers of ejecta. This type is marked by
the presence of phenocrysts of both hypersthene and augite in
moderate quantity, besides those of plagioclase, as well as by the
entire absence of olivine crystals. '

These lavas appear to have been cxtruded from a flank
opening while the main one was pouring out lavas of the first
type. ) ' . :
(4) Hypzréthene-bear@w augite-oliyine-bytownite-basalt.
This occurs only at the locality marked IV (3d), on the
geologic map (PL V.), on the east coast (PL VI. EF 5). The ex-
posure shows clearly that the lavas of this type were discharged
from a local vent during the extrusion of lavas of the first type
(p. 77). A

The characteristic feature is the presence of olivine and augite

crystals in abundance.

1) wH - 2) TH
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Of the above four types of the somma lavas, the first. pre-
donﬁnates, _being exposed almost at every part of the island,
‘while the other types are #ery much limited in their occurrence,
being found only locally and intercalated with lavas of the first
type, and even so only on the sea cliffs and never -on the ‘ring-
wall of the somma. This suggests that the lavas of the second
to fourth types were discharged as the “ effluent” flows in Dana’s
term. Even the lavas of the first type. may perhaps not all have
- come from the summit crater, but some may have been discharged 4

from flank openings. _ '

" The question as to how these different rock-types were formed
will be discussed later (pp. 118-—120). ,

Fragmenial materials are by no means less important than
~lavas in thé building up of the somma. According to their origin
-they - may be divided into two kinds: - (a) those originating in
the magma itself before its consolidation—juvenile e¢ecta, and (b)
those coming from the disturbed and shattered portions of the
preexisting rocks. | : ‘

Most of the ejecta are juvenile eJecta (a), and are of alI

crtades in size,—volcanic ashes, sands, lapilli, and bombs.
.+ The blocks belonging to (b) are found imbedded in the layers
of volcamc ashos and sands, forming agglomerate beds. Ejecta
of various kinds are exposed in alternate layers on the sca cli(i"s,
on the walls' of valleys, on road cuttings, and on the, cra(i;er
walls. These appear, so far as observed, to be subaerial deposits,
there being no trace of any so;'ting action by the water on the
pieces of ejccta. } ) '

Of the various volcanic products, special mention must be
made of scorize, which are brown to black, consisting almost
. wholly of glass, ahd having been formc¢d by the sudden chilling
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of the magma. The surface of the lava is often scoriaceous.
Some of the scoriaceous Japilli may have originated from the dough
in the crater ; but another origin is also probable. 1t is conceivable
that as the lava flowed out its surface consolidated while the interior
was still in the molten state, so that when the molten pieces were
ejected they broke the sarficial crust of the lava,—hence the
formation of scoriee. Scorize considered to have been formed in
- this way were often observed, beirg associated . with the lavas or’
~ accumulating on them as small spatter cones. Examples of such
accumulation of scoriee are seen at Kagamihata” (lc) and at
Akahage” (1b). -

In shmt, the somma consists of many lavas and ejecta, the
result of repeated volcanic actions, Whicﬁ accumulated in alter-
nating layers. The effect of these and later ejections is, that the
surface of the ground is so entirely covered that it 1s impossible to
estimate the structure of the -core of the volcano and the dis-
tribution of each lava flow. |

- Steep Slope along the East Coast.

A remarkable feature of the island is a belt of steep slope,
about 40° in inclination, along' the east coast running in the direc-
tion from north to south (Fig. 5). On examining this part it
became clear that it does mnot represent the original slope, since
the lavas and ejecta layers are cut by it, but the oreolooic explana-
tion for this pecullm feature could not be found except by ‘in-
ferences based on its topooraphv '

Omasur® considered this steep slope to be the remains of the
old sea cliff formed by marine abrasion. This explanation, how-
ever, does not seem to agree 'With some of the observed facts :

) ogm 2 RE - ' L
3)" ¢ On the Geology of Voleano Oshima,” Jour. Ged!. Soc: Tékyé, Vol. XVI.,, 1909 (in Japanese),
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(1) the stecp slope bas been formed only on the east shore and
nowhere elso, and there is no apparent justification for supposing

Fig. 5. The steep slope along the east coast of the island, viewed mnorth-
wards from the flat land at the southeast end, consisting of overflowed lavas

and ejecta (Fig. 1, 3e).
that this side of the sea coast has becn specially subject to wave
action ; (2) there is no such platform on the sea bottom of the
castern side of the island as would be present if the steep slope
in question had been formed by marine abrasion.

To explain these and other observed facts, the writer proposes
another origin, which secms to be more probable, i.e., that this
steep slope along the east coast of the island was formed by de-
pression of the eastern part of the volecano along a weak line
running in N.-S. direction.

As to the time of its formation, it was no doubt before the
completion of the development of the somma, since many somma
lavas have obviously overflowed on this steep slope. The flat land

at the southeastern end of the island is a composite delta consist-



18 , Vol. XLIiI, Art. 6. — 8. Tsuboi :

ing of alternate layers of overflowed lavas and ejecta. Pouring
out of lavas and ejection of fragments from the local side vents
have taken place at several points along the eastern foot of .the
steep slope so that for the most part these later materials have
concealed the materials which constitute the original escarpment sur-
face. These are exposed only at a few places on this steep side
under consideration and on the sea cliff opposite to Fudeshima” (3d).

Vulcanism on the Flanks of the Somma.

Parasitic Cones.—On the flanks of the somma, there arc a
‘number of small elevations which are considered to be parasitic

cones simply from their outer forms. Their morphographic features

are —
Elevations | Elevations above| p. g It_xclim?
Names of parasitic cones above sen - | the surrounding ash t10u o
. level area extension the side-
(in m.)’ (in m.) (insq. m.) ‘ slopel
Atago (£ 1b; Fig. 6) 1215 80 . 175,000 | 20°
Kazamachi (FL#% 1b) 128 70 283,000 i
n"g:':i_ Mitsumine (=% 1a)
WE:SED The south-eastern-most hill 58 © 20 25,000 .
The middle hill ' 56 30 . 25,000 “
The north-western-most hill 434 30 18,000 "
rhe | Hachinoo (i, f& %b; Fig. 7) 419 {lgg In & | 237,000 .
rthe | 1o . . : i
enstern | KOtsuki (34> % 3b; Fig 7) 315 { i | o0 |,
flank " - . 0 in N
I b . b U 1n N.
tonnshi (*5ess 2b; Fig. 8) 128 { o s 138,000 .
Th " | With a double : .
¢ | Fatago (=F 2d; Fig. 9) summit 250 in ST | 954 09
south . 6179 & 60 in N.W. »
eastern 179 &640
flank | 'Pakenohira (& , 7= 2 ; Fig. 10) 2314 160 411,000 | 20°.23° |

Unfortunately, most of. these elevations are entircly covercd

1)

Epg
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Fig. 6. Atfago, a parasitie
knob on the northwestern
flank of the somma, as
seen southwestwards fromn
the foot of Kazamachi.
(Fig. 1, 1hb)

Fig. 7. Hachinoo (II) and
Kotsuki (£), parasitie
knobs on the northeasiern
flank of the somma, as
reen southwards., R- Ring-
wall of the somma. (Fig.
1, 3b)

Fig. 8. Itdnnshi, a parasi'-
i¢ knob on the northeast-
ern flank of the somma,
as seen southwestwards.
(Fig. 1, 3b)

Fig. 9. Fatago ' (F), =
paasitic knob on the
southeastern flank of the
‘somma, as seen mnorth-
wards, beyond the hem-
ming wall of Hikubo (/).
It. -Ring-wall of the somm:.
T ..Tukenohira. (Fig. 1,
3e)

Fig. 10. Takenohima (7,
a parasitic knob on the
sotheastern flank of the
somma, as seen norlh-
wards from the village of
Sashikiji. F.-Futago. {Fig.
1, 2¢)
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by ejecta of later eruptions ‘and are not yet dissected so that.
practically nothing is known ‘of' their ‘geologic structure and re--
lationship to the main body of the somma. Three of the above,.
however,—the middle hill of Mitsumine® (la), Futago® (2d), and'.
Takenohira® (2e)—appear to be built up of scorie consisting of
glass with some plagioclase phenocrysts.

Other knobs are entirely covered by later e]ecta, so that it is.
not evident of what they are composed; but it may not be un-
reasonable to suppose that they are also constructed of scorize-
seeing they resemble the above three in morphographic features.
as well as in other respects. |

Mention has already been made (pp. 17— 18) of the formation
of spatter cones by the accumulation of scoriaceous lapilli on the-
lava surface. It is mot impossible that the knobs now under con-
sideration originated in the same way as those spatter cones.
Bat, so far as observed, the lavas are generally on too small a
scale to account for such a comparatively large’ quanmty of scoriee-
as would be contained in these knobs. ,

On the.other hand, some of the somma lavas are considered
to have been discharged as effluent flows from flank openmns.
though the location of these cannot be pointed out at present. It
is possible that scoriee would have accumulated on some of these-
openings from whbich the lava flows weére extruded‘. As a matter
of fact, it was actually observed in the central crater of Mihara®
(2c) on the eruptions in 1876-'77 and in 1912-'14, that a large
quantity of scorie was spattered out from the vents throucrh which.,
the lavas were issuing. : o ” :

The parasitic knobs on the flanks of the somma are considered
to have been formed in this way by the .aceumulatiOnlof scorise

1 = ?) =7 3 m/oE 4 =&
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from the side vents which were afterwards buried under later
ejecta. Fig. 11 is a diagrammatic representation of the ideal
structure of a parasitic cone according to this infercnce.

As to the order of the forma-
tion of these parasitic cones no
reliable statement is possible, since

the geologic condition of each of
them and their muiual relation are

Bl T

not known. Takenohira (2¢) ap-
Lava Scorice  Other ejecta

pears, however, to be the most re-

‘ Fig. 11. Diagrammatic representa- T - - 7
tion of the ideal structure of a parasitic cent, for it is the least covered by

~come, later ejecta and its original form is
nearly perfectly preserved with a bowl-shaped depression, to the
north of the highest point, which must represent the crater.

The parasitic cones are arranged mainly along the major axis
of the island, NNN.W.—S8.S.E. This shows that the main flank
-eruptions took place along the line running in the direction N.N.W.
—=S.8.E., and that this afforded one of the factors for the exten-
sive development of the skirts of the somma on the northwestern
and southeastern sides,

Explosion-Craters of Phreatic Origin—At the southeastern
foot of the somma there are two explosion-craters: Habu” (3e)
-and Hikubo®” (3e).

Habu (Figs. 12 & 13) is a harbour at the southeastern end
-of the island (3e). Nearly circular in shape it is about 300 m.
broad, and is connected with the open sca by a narrow channel.

The surrounding wall is precipitous, with an average height
-of about 50 m. On this wall, lavas and cjecta are exposed in
-alternate layers as shown in Fig. 13.

1) & T erE
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Fig. 12. Tte harbour of Habu (3e), a phreatic explosion erater viewed northwards,

Reference letters, A, B, and , corresp md to those in Fig. 13. (Fig. 1, 3e)

T

<] il
A £
; Horizontal scale 1,710,000
Vertical scale 1/ 5,000
F.g. 13. Habu phreatic explosion-crater (3e).

The harbour was believed by some earlier authors” to be-
Zeitschrift der

Navamawy, “Die Vuleaninsel Ooshima und ihre jingste Eruption,”
" Report Earihy. Invest, Cum., No. 9, 1826

1)
Deutschen geol gyischen Gesellschft, Bd. XXIX., 1877

Yanasagr, “ Report on the Voleand Oshima,’

(in Japanese).
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‘the oldest erater in Oshima, but a close esamination does not re-
veal any evidence for such a supposition. No topographic feature
suggests that there was once a volcano having the plesent harbour
as its crater. Thele are no such maomatm mateua,ls as one -would
‘e'xpioct.to" have issued from this crater. The lavas and ejecta ex-
posed on the encircling wall are. nothing but ‘thosc of the .somma
as is clear from their dipping directions (generally toward the
sdtitileast), as well as from their 'petfographic characteristics.” -

It would seem more probable that this Habu crater swas

formed by a sudden blowing away of the surlicial layers of lav as
and ejecta on the flat larid at the southeastern foot of the somma,
(pp. 17-18). ' ' .
' The probability of this inference is further strengthened by
the exposures on the crater wall. In Fig. 13 the lava marked
Q shows.a slaggy surface on the left hand sidec of P, while on
its opposite side a compact. inner part is -exposed. The exposure
‘of the compact inner part is attributable to the removal of :the '
slaggy surficial part by explosive-aotién thus leaving the latter on
the left side of point P. ' S

This explosion was * phreatic”” following Surss's term, being
absolutely unaccompanied by any extrusion of incandescent ma-
terials, either fluent or pyroclastic. ~Angular blocks of lava are
found scattered in the vicinity of Habu, and if these represent the
explosion products of the ‘crater in question, as seems to be high-
ly probable, it follows that the Habu explosion must have taken
place at a very late stage of the volcanic history as these blocks
of lava are almost free from the covering of any later materials.

~ According to historic records, Habu harbour was once 2

1) Cited by. Dary in his Igmous‘RocIcs and Their Origin, 1914
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lake, but was afterwards connected with the open sea owing to
the collapse of its southern wall under a seismic tidal wave that
attended the earthquake on November 23rd, 1703 (the 12th year
of the Genroku era).

Hikubo (3e) lies about 1 km. to the west of Habu. This
is a spot hemmed in by a horse-shoe shaped wall open to
- the southeast.  This wall, consisting of cjecta and having a )
~ height of about 50 m., may also be due t6 a phreatic explosion.
As to the age of its formation, it must be very young, for its
original form is preserved without any mndification in spite of 1ts
easily destructlble and loose structure. _

If phreatic explosion is due to the heating of surfacc wator
by intrusive magma, as is generally believed, the presence of these
craters, Habu and Hikubo, indicates that the magmatic intrusion
came near the surface in this part of the island. ,

The Sea Cliff Opposite to Fadeshima.”—For about 1,000 m.
-along the coast opposite to Fudeshima (3d) in the south part of -
the east shore, there is a sca cliff about 170 . high. This is the
only cliff that was formed at the foot of that part of the fault
escarpment along the east coast (p. 16), which remained uncovered:

by later volcanic materials. On the southern half of the cliff a thick
accumulation of blocks of lava ‘is exposed, with petrographic
characters similar to-those of the first type of the somma lava (p.
13) but free from olivine; while on its northern Lalf a thick accu-
mulation of red and brown scoriee belonging to the same petrographic
type is visible. Numerous dykes’ of olivineless basaltic bandaite
(sempatic with phenocrysts of basic plagioclase scattered through
the coxﬁpaet gray groundmass of comparatively high crystallinity

)
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and’ granularity, consisting of plagioclase, augite, and magnetite)
with various widths, ranging from a half to several meters, traverse
the cliff in all directions (Pl. VI. EF).

Fig. 14. Fudeshima (F), on the east coast and the 170 m. eliff (C)
opposite to it, viewed southwards (Fig. 1, 3d).
L-...Flat land consisting of overflowed lavas and ejecta.

Scorizz Accumulation on the Southeastern Flank. —In the
southeastern part of the island an accumulation of brown scorice
are seen. These are exposed on the walls of valleys and of
cuttings along roads, being found in alternate layers with the
gomma lavas, as well as on the surface of the ground. The
scorize accumulation exposed on the clifff opposite to Fudeshima
(p- 24) is an example. That the scoriz are far more abundantly
found in this part than any other shows that these scoriaceous
materials were discharged in all probability by local voleanic
actions on this part of the flank, though the position of their
centres cannot be determined exactly. No doubt these materials
were not supplied by one continuous action only, but repeatedly
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at .intervals. Morcover, as is indicated by their occurrence in
alternate layers with the somma lavas, the ejection of these scorie
and the extrusion of the somma  lavas must have succeeded one
another.

Summarizing all that has been stated in thé present chapter,
the vclcanic actions have taken place in various parts of the
island. They are represented by the extrusion of effluent flows,
the ejection of scori_aéeous'materials, the building of parasitic knobs,
the injection of dykes, etc. Above all, the southeastern part of
the island was especially subject to volcanic actions : scorize were
repeatedly ejected in thick accumulation; magmatic intrusion came

so near the surface as to cause phreatic explosions ; and numerous
dykes were intruded, as we see on the sea cliff opposite to
Fudeshima.”

The Caldera.

The somma is truncated at the top with a ring-wall surround-
ing a huge oval caldera, the major and minor axes of which are
3.2 km. from N.N.W. to S.S.E. and 2.5 km. from E.N.E. to W.S.W.
respectively. s

The cresjﬁ line around the ring-wall is not uniform in _its
altitude. Tts highest point is Shiroishi® (2d) on the southcast, at-
taining 2 height of 737 m. above sea level. The second highest,
Kagamihata® (1c), lies on the northwest (604 m.). The rim of
the encircling cliff is, as a rule, higher on the east (620-720 m.) -
than on the west (560-600 m.) (Fig. 15).

There are two possible explanations for the genesis of the
-caldera : (1) the blowing away of the apical part of the mountain
by explosive action, (2) the depression of the summit.

1) R 9 amE 3 Hi



N

g \ © Voleano Oshima, Idzu. : ’ 27

If the former were correct we should naturally expect the-
presence: of explosion products above  the uppermost layer-of lava
exposed on the ring-wall encircling the caldelja, but-on examina-
tion no such products are to be found. : -

. Upper-" ﬂarqtn

o e i

Southwestern: Ke, yam ihata
. 630] .

Surfaceé of : 599 55560 560 ,,0,, 580 561)
the caldera ) 550 : 54

525

Fig. 15. Elevation of the crest line around the ring-wall

On the other hand, the latter explanatibn See;ns to be pref-
erable as it is highly probable that a hollow _space Qvould be
formed below consequent on the withdrawal of magina f10m below
the arca, and that this Lollow would induce the depres: sion of the
apical part of the. volcano.

Moreover it would- scem that the ‘depression must have taken
place with its csntre. somowhat to the west of the very top of the
mountain, which supposition agrees with the observed featurcs that
(1) the ring-wall is higher on the east than on the west, and that
(2) the distance from the margin of tho ring-wall to the sea shore
is longer on the east than on the west, the main volcano being
consnlered as symmetrical. 4 :

There is a crreat gap in the ring- wall of the somma on its
northeastern part, and the north side of this part is hemmed in
'by an arc-shaped wall. ‘

Sard ‘and Fukucai” consider this great gap of the somma wall
to be the result of an explosio_h; which formed, at the same time,
that paft of the wall which extends from due north of the centray

cone, Mihara,” northeastwards. They based this supposition cn

1) « Geological Notes on Oshima, Idzu,” Jour. Geoyr. Tokyd, Vol. XIV., 1902 (iﬁ Japanese).
2 =R ' )
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a consideration of the morphologic features. NAKAMURA, TERADA,
and Ismrrant® also support this view, stating:—

“......(According to an old recbtd,) detonations like thunder were
repeatedly heard in Kybto in an easterly direction, from October 19th,
1112 till the end of November, and the provincial government in Idzu |
reported that an eruption had taken place in an island. (The name of
the island is mnot stated.)... Assuming that this eruption took place in
Oshima and the noises caused by it were heard in Kybto, at a distance
of about 180 miles from the supposed origin of the disturbance, we may
estimats at least the degree of the eruption in question. By the ex-
plosion of Krakatoa, .the limit of audibility of the noise was rouglﬂj
speaking a circle with a radius equal to 2200 miles, whén a circular
aren in radids of about 4 im. was blown away. In the eruption of
Bandaizan in 1888, the limit of audibility was about 100 miles, and the

* corresponding linear dimension may be taken as 1 km. Without enter-
ing into a discussion on the masses exploded off, let us assume that the
cube of linear dimensions of the masses biown away is proportional to
the square of the distance which sound reaches. Then we obtain from
the above data for Krakatoa that in Oshima a crater with a radius of
0.75 km. must have been formed by this explosion, while from those of
Bandaizan, we get 1.5 km. as the probable radius of the crater.

Now Messts. Saté and FUurvcHI consider the large eastern gap of
the old crater wall of the somma to be the result of an explosion, . .. .
We consider this theory very probable, inasmuch as the theory of the
destruction of the crater wall by a lava stream from the central cone is
quite u‘utena,ble, if we remember that a lava siream has generally not -
such a great velocity or momentum as to sweep before it an obstacle
© some fifty meters high. The radius of this supposed explosion-crater is
estimated to be 1-2 %m. on the map. Comparing this theory with the
estimates given above, we may perhaps propose a hypothesis that the
detonations heard in Kydto in 1112, were due to that explosion which

, formed the eastern gap in the somma.” -

1) «The Volcavo of Oshima, its Past and Present,” Proceedings of the Tokys Ma'hematico-
DPhysical Society, Vol. 1V, 1908 ; Jour. Geogr. Télkys, Vol. XX., No. 233, 1908 (in Japanese).
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It seems t0 the Wmter, however, that the above is not a
pOalﬁlVG proof that the gap was formed by an explosion. That
the momentum of a lava stream is insufficient to form such a gap
as that in quesbioni is' only suggestive that the gap was formed
before “the central cone lava flowed down to the east coast. More-
over, it is mnot sure whether the recorded dctonation in 1112
resulted from the eruptlon in Oshima or not.

Omasar,” on the other hand, consxdored that tbls gap might
have been formed by depression, basing his view on the absence
of explosion products. But this also is not convineing as the later
voleanic materials cover the ground so thickly on the eastern parb
- of the island that the explosion products, if therc arc any, may
well be hidden under ‘thése surficial deposits.

To consider the problem geologically is impossible at present
as no data are available, so that in the absence of convincing
proof that the 'gap was. formed - by an’ explosion, the writer is
inclined to agree with 6ﬁASHI in regarding it ‘as the result  of
simple depression-induced by the formation of the caldera.

\

The Central Cone.

The central cone, Miha,rayama” (2c), -stands somewhat to the
south of the. centre of the caldera. It is a perfectly preserved
undissected homate. The highest point lies to the east of the
crater-wall and rises 755 m. above sea le\'el; or about 200 m. -
above the Surrouﬁding surfaco - of the atrio. The sides of “the
homate averaging 20° in slopes are bare .of vegetation and are-
covered by loose sands, lapilli, bgmbs, and lava-blocks.

1) «On the Geology of Voleano Oshima,” Jour." Geol.  Soc. Téley, Vol. XVL, p. 530, 1909
(in Japanese). - . B .

2) =Rl
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Fig. 16. The central homate, Miharnyama, viewed eastwards from the south of
Kagamihata (le). The lava seen on the left sile (An) is that extruded in 1778 (An-ei
ern). K....Kawajiri, the lowest point of the crater margin, K ...Lose ejecta of the
central come. (Tig. 1, lc) :

The homate is very simple in its building up, being composed
of superfluent lavas and ejecta the allernately accaumulated layers
of which may be well observed on the inner wa’'l of the summit
crater (Fig. 17). A

The lavas of the central econe do not differ much from those
of the somma, consisting mainly of basic plagioclase, augite,
hypersthene (including clino-hypersthene), and magnetite. But no
trace of olivine has ever been detected, in which point the central
cone lavas afford a contrast to the somma lavas, in most of which
olivine is meagrely present.  Another distinguishing character of
the central cone lavas from the somma lavas is that the plagioclase
in the groundmass is more calcic in the former than in the latter.
Chemieally, the central cone lavas are poorer in SiO. FeO; MgO,
and Na,O, but are richer in AlLO;, FeO, and CaO. As deseribed
in the petrography (p. 79), this rock is so peeuliar in its com-
positi n as to deserve a new name, for which * Miharaite,” derived
from Miharayama, is proposed.

The voleanic products of the central cone, both lavas and
ejecta, not only fill the caldera, but are also spread down to the
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sea shores through the northeastern and southwestern gaps of
the ring-wall of the somma. Especially on the eastern part of
the island, the products of the central cone are so distributed over

the surface of the somma body as to eonccal its original slope.

Fig. 17. The easlern inner wall of the Mihara crater, on which the alter-
nately accumulated layers of lavas (L) and ejecta (E) are well observed (Fig. 1, 2d).

The summit crater of the central cone is nearly circular, the
meridional and equatorial axes being about 700 m. and 800 m.
respectively.

The crater seems to have attained its present size in 1684
according to historic records (p. 55).

It is surrounded by a ridge line as shown in Figs. 18-20
(p. 33), where a is the lowest point (665 m. above sea level) and b
the highest (755 m.). 'The ground slopes gently on both sides of this
line and the margin of the almost perpendicular cliff of the crater
is obtained by descending a few steps toward the inner side. The
lowest point of the upper margin of the cliff is Kawajiri® (647 m.,
K in Figs. 18-20) on the north side.

1) Mm@
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The fcature of the inside of the crater is always changing.
It is habitual that when the vulcanism displays its fall energy,
ava fills the crater, and on declining, the layer of lava depresses

more and more due to its own weight, leaving the peripheral
‘parts in the form of terraces. ‘

-In 1874, acco1dmcr to MiLNE, southwest of the centre of the
crater-floor there was a deep hole, from which steam was issuing.

Durmo the eruption of 1876-'77, lava pom(,d out from thls

hole, and a miniature spatter cone, NauMANN’s cone (Nm in Figs.
18,19, & 21), was formed on the crater-floor where the hole had
previously been. This new cone scems soon to have been blown
away on its northwestern side, for when NAUMANN, Miyg, and
Wapa visited the island during this cruption in January 1877 they
- found it in this demolished condition. At that tims, molten lava
- 1is said to have becn scen in the summit pit of NAUMANNS cone.

Nineteen yeal‘*s later, . when 'YA,MASAK'I observed the Mihara:
cratecr (January 1896), he found that Naumany’s cone lacked its
northern half. There was an intermediate flat stage at the foot
of the crater-wall, and at about the ccntre of this stage (ie. to
the east of Naumany’s cone) he found a dopression -with steep
walls, at the bottom of which, in a round hole (vent or crater-pit),
red molten lava could be secn. Thus the vent or the crater-pit
of Naumany’s cone had gradually shifted to the east and had
transformed itself into the main pit at the time of Yamasaxkrs
, visit. | _

In the summer of 1907, Nakamura and his colleagues sur-
veyed in detail the inside of the crater. Fig. 18 is a copy of the
map they made. Comparing this map with Yamasakr's deserip-
tions we see that in the meantime (114 years) topographic changes
had again occurred. As shown in Figs. 18 and 21, NaUMANN'S -
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Fig. 18. The state of the inside
of the Mihara crater in the summer
of 1907. Scale 1/15,000.

(After Naxamura and others.)

v
Fig. 19. The state of the inside
of the Mihara crater in the beginning
of January 1 13. Secale 1/15,000.
(After OgRAMURA.)

Fig. 20. The siate of the inside
of the Mihara crater in the summer
of 1916. Scale 1/15,000.
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e e e e

Fig. 21. The state of the insile of the Mihara crater in about 1907,
looking down southwestwards (Fig. 1, 2¢). The referemce letters, Nm, V, p,
and m, corr:spond to those in Fig. 18.

cone, Nm, lacked its eastern side. The ecentral depression at the
crater-floor described by Yauasaxr had been transformed into
rugged terraces, ¢ and » in Fig. 18, of which ¢ was 20 m. lower
than the flat part denoted by =", and u was 40 m. lower than £.
At the bottom of = there was a vent V, 160 m. across, which
was successor to the vent at the time of Yawmasaxkr's wvisit. Af
the foot of the northern wall of the crater, there was a narrow
flat strip of land, m, about 20 m. broad, 500 m. in the total length,
30-40 m. higher than the bed =, and appearing like a gallery.
This gallery-like flat strip m must correspond to the erater-floor
immediately after the eruption in 1876-'77.” From amid the flat
bed n, two prominences, r and s, projected abruptly, of which »
was a mass' consisting of lava-blocks with a miniature -craterlet

at the top, while s was a loose pyramidal mass of red brown

1) 7 was about 110 m. below the upper margin of the crater-wall and must correspond to
the flat siagz observed by Yamasagr.

2) Though nothing is stated aboat the gallery m in Yamasaxi’s deseriptions, it must have.
existed at that time.
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“seorie the vrpaﬁol poition of -which must - have since been lost.
‘The area denoted:- by p was coveled with dense lava of gigantic
~dimensions. in fantastic forms. The relief ‘of the ground in the
~crater is shown in the map by means of arrows. :
The . Meiji-Taisho eruption (1912-'14) began with -the out-
pouring of -lava: from this vent (V in Fig. 18). During this - in-
~terval, the extrusion of lava took place intermittently five times,
‘of which the second and fourth can be considered as the after-
-effects of the .first and- third respectively. -In ‘the first period,
during March—June 1912, the lava reached -a level.of 62 ‘m. below
Kawajiri®, burying half 0f NAUMANN’S cone and- forming a new ‘
“spatter cone, NAKAMURA'S cone, somewhat to’ the -southwest of the
_centre -of the crater-floor. The second eruption, in July, was the
-squeezing out of a new molten lava due to the depression of the
Aava layer at the -crater -bottom and resulted in the breaking up of
-N.M(AMURA’S cone. 1In the third activity (September—October 1912),
the extrusion of the lava took place from a mnew vent at the
-western part of the crater-bottom being accompanied by the for-
fﬁm‘oibn of a new spatter cone—OMorr’s cone—around the vent.
Fig. 19 is based on the map publiéhed by the Imperial
‘~G’éological Survey, showing the state of the inside of the cratér
“in the beginning of -January 1913, i.e. after the third eruption but
“before the- fourth. Here Nm and Nk are the apical parts of the
~two spatter cones, ‘NAUMANN’s and \T\KAMURAS respectively, freed
“from the coveung of new lava, and- O is a newly formed (OMORI s)
~cone. The lava constituting the crater-floor is .that extruded by
“the third eruption. The relief at the bottom was as indicated by
~the con't(‘)m lines, each '1'ep1'esentincr a vertical distance of 5 m.
~ This feature -was modlﬁed by the fourth activity in January

1) MR Km Flga 18—20 :
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1913 which was an extrusion of lava due to the depression of the:
lava layer at the crater-bottom. The fifth eruption, a magnificent
lava outburst in May 1914, strikingly changed the feature of the-
inside of the crater. Thc lava came to a level of 14 m. below
Kawajiri, entirely burying the old cones under newly erupted
“materials and forming several new ones on the crater-bottom..
Cessation of activity was immediately followed by the beginning
of the depression of -the. crater-bottom. After this eruption a very-
small activity took place in 1915, but this did not much modify-
the state of the crater. :

. Fig. 20 is a sketch map based on the writer's eye-measure-
ments in the summer of 1916, showing the feature of. the inside-
of the crater at that time. The bottom .of the ‘crater appears,
at first sight, to be almost horizontal, being filled with th’ei
lavas (now broken into fragmental blocks) of the last eruption.
Along the foot of the encircling wall of the crater there is a.
narrow strip of land (30 m. below K) which forms two terraces.
(t. and t,) at the foot of Kawajiri. This was formed by the-
sinking of the ground due to its own weight, soon after
the last activity ; and #, corresponds to the level to- which the:
lava was raised in the last -erup‘oion.~ OmoR states that these.
terraces were in existence on his visit a week after the emption.'
of May, 1914. The surface of the dislocation wall is verticailly-'
grooved and striated. There are, .on.the crater-bottom, several
elevations—spatter cones and their ruins—which are denoted in.
Fig. 20 by A, B, C, D, E, F, G, H, I, and J; of these, the-
largest two, A and B, are combined in a long continued hill which

is pretty well preéerved on the northwestern side but is in.a state
of collapse on the opposite side. A is a spatter cone formed by
the last eruption, being elevated about 25 m. above the crater-
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bottom or about 6 m. above Kawajiri (K) with a circular pit,
about 70 m. across and facing to S.S.E., rather large for the
size of the cone. At the southeastern foot of the spatter cone,
A, thers is a wide diteh, d. The other one of the two con-
spicuous elevations, B, is a dome-shapad lava-mass the top of
which is about 4 m. below Kawajiri, K. At the southern foot of
B is a hollow, p, which is probably'the remnant of a pit. The
-area to the south of the ditch, d, shows very irregular relief, the
point marked e, about 50 m. below Kawajiri, being the lowest.

Fig. 22. The inside of the Mihara crater in the sammer of 1916, look-
ing down from the southwestern margin of the crater (Fig. 1, 21). The
reference letters, K, A, V, and d, correspond to those in Fig. 20,

The whole crater is at present a state of deep tranquility.
No motion is seen and no sound is heard to cause any uneasiness.
Activity is only indicated by fumes with a faint peculiar choking
odour of sulphur dioxide, which is the characteristic gas at less
active vents according to the law of variation in composition of
voleanic gases, first established by SaiNte-Cramre DEevILLE, namely,
that the nature of the gas evoluted depends upon the phase of
volcanic activity. The fumes rise calmly at varying places, from
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pits and clefts of the elevations on the crater-bottom and from
cracks and fissures traversing the lava which fills the erater-floor,
depositing sulphur in a yellow crust on any objects with which
they may come into contact.

Small Demolished Igneous Bodies along the Western Half of
the Northern Coast.

From the cape of Chigasaki” (la) at the northwestern end
of the island to the west of Okata® (2a), there lies along the sea
coast a row of hills elevated from the gentle skirt of the somma.
The surface of the hills is covered by the somma ejecta of a.
comparatively late eruption, but they are underlain by the strikingly
destroyed small igneous bodies.

Fig. 28. Chigwsaki (C) and Kazahaya (K), remnants of sma'l
igneous bodies along the western half of the northern coast, now covered by
later veleanic materials of the somma, as seen northwarls (Fig. 1, 1a).

The structure of these demolished igneous bodies as well as
their geological relation to the main body of the somma may be
clearly seen on the sea cliff where marine abrasion has afforded
an excellent opportunity to study them (PL VI. GA).

Chigasaki (Figs. 23-26) is an elevated spot, 95 m. above-

sea level, projecting seawards as a cape, and commanding a splen-

1) Fo & or 7Lrig 2) mMm
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did view. The peculiar feature of this projection was noticed for

Fig. 24. A disgrammatic sketch showing the structure of Chigasaki.

a....Lavas of the igneous body of Chignsaki

b ...Ejectn of the same.

¢....A layer consisting of small lava-fragments.

d....Talus acoumulation of the blocks of ¢

e ...Skirt of the somma.
the first time by D. Saro” who suggested that it might be either
the remains of an old volecanic body or a half-destroyed parasitic
cone. Omasur®, on the other hand, is of opinion that it is merely
nothing more than a part of the skirt of the somma. Frrup-
1AENDER”, on the other hand, considered it as a parasitic cone.

The structure being examined in detail, however, it becomes
clear that Chigasaki is neither a mere part of the skirt nor a
parasitic cone.

Fig. 24 represents a diagrammatic sketeh showing the structure
of Chigasaki. The hill is underlain by a demolished igneous body
consisting of lavas (¢) and ejecta (b) which dip northwards.

The lava is olivine-rich basaltic with large megaphenocrysts of
anorthite, and differs from the most widely distributed somma
lava. Over the abraded surface of this igneous body is a layer of

1) *“ Geological Notes on Oshima, Idzu” Jowr. Geogr. Tékys, Vol. XIV., No. 162, 1002
(in Japanese),

2) “On the Geology of Voleano Oshima,” Jour. Geogr. Soe. Tékys, Vol. XVIL, No. 196,
1210 (in Japanese).

3) «{jber einige japavische Vulkane,” Milleilungrn der Deutschen Gesellschaft fitr Natur- und
Vilkerkunde Ostasiens, Bd. X, Teil 1, 1909.
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small lava-fragments (¢) with a southward dip of 40° in a most

pronouncedly discordant relation.

The latter is covered at its

southern foot with a talus deposit (d) formed by the accumulation

of blocks of ¢ that have fallen from its steep surface.

It is over

this old talus that the skirt of the main body of the somma (¢)

oxtends.

M

The reference letters,

Fig 28. Chigasaki as seen northwards (Fig. 1, la),
a, b, ¢, d, and e, correspond to these in Fig. 24.
S... SBomma lava of the first type.

et

g oy

Fig. 26. Chigasaki as seen westwards from the north foot of Kazahaya (Fig. 1, 1a)
The reference letters, a, b, and ¢, correspond to those in Fig 24.
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From the foregoing it is beyond dispute that what underlies the
hill of Chigasaki is a demolished block of a small igneous body
structurally independent of the somma body.

R e e = e

Fig. 27. Kazabaya, n remnint of small Sgricons by (K) covered
by later ejected materials (E). (Fig. 1, 1a)

The easterly lying Kazahaya” (1a), a hill with a height of 108 m.,
is also underlain by a demolished igneous body (Fig. 27). It consists
of lavas (petrographically somewhat different from those of Chigasaki,
but also rich in olivine) and ejecta, dipping also toward the sca,
and having a structure like that of Chigasaki (PL. VL. GA).

To the east of Kazahaya other small igneous bodies of olivine-
rich basaltic and doleritic rocks in the form of lavas and intrusives
are found (PL. VI. GA 10—11). They are overlain by layers of
contemporaneous ejecta, over the denuded surface of which later
materials of the somma are again spread.

Another ruined igneous body (PlL. VL. GA 9) lies to the
west of Okata® (2a). This consists of many thin layers of
lavas (olivine-bytownite-basalt) and ejecta. What is considered

1) B 2) mm
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to bo the centre of the igneous action is exposed on the cliff, the
layers of lavas and ejecta inclining ontwards (Fig. 28). The whole
mass is highly disturbed, being traversed by many fissures, cracks,
fractures and joints. Faultings, small in scale (vertical downthrows
being & m. in fi, 1 m. in f. and £, and 5 m. in f)), are also seen
on this cliff, always with downthrows on the side of the igneous
centre. The formation of these faultings seems to be attributable

£ a < £ b P4
Fig. 28. Diagrammatic sketch)showing the exposure on the sea cliff to the west of Okata.
@......Lavas of the ruined igneous body.
b ......Ejecta of the same.
B amane Ejecta of the somma.
J1—f,. Faults. (f)....Tissare.

to the depression of the layers, due to:their own weights, after
the igneous agitations were over.” An ejecta bed of the som-
ma body (¢ in Fig. 28) discordantly covers this demolished
igneous mass.

From what has been stated in the foregoing pages, it may be
claimed that the small demolished igneous bodies along the western
half of the northern coast have no direct structural relation to the
main body of the voleano Oshima, and that the materials con-
stituting them were supplied by local vents.

These igneous bodies must have existed, as their structure
shows, before the skirt of the main body had developed to its
present state, constituting at some time or other islets separated
from the main body by the sea. It was not until marine abrasion

1) Depression of lava laye s due to their own weight is a phenomenon actually observed
in some active volecances as Milara (p. 32), Asama (Omont, Bull. Earthq.? Invest. Com., Vol. VIL,
No. 1; Report Earthq. Invest. Com., No. 81), ete.
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had- destroyed these: igneous bodies that these islets were connected
with the main body. .

As to their.probable birth-time, we have no direct evidence,
but that such small igneous bodies as these still maintain their
existenée, though now in a highly demolished condition, in spite-
of the constant action of the sea, suggests that their birth was:
not at a very remote date. It would seem to be most reasonable-
to assume that- they were born in the middle of the volcanic.
history of the miain cone, soon after Wh1ch they ceased to appear.:

It is noticeable that the lavas consbltutmo these igneous bodies-
are all comparatively rich in olivine and pyroxene, in contrast to
. the common somma lava in which these minerals are either absent.

or found only in a negligiblé amount.

Since these olivine-rich lavas are considered to have been-
discharged from the local vents while the main centre was pouring-
out olivine-poor ] lavag, the peculiar character of the former can not.
be attributed to what is called the magmatic cycle.

It appears likely that these olivine-rich lavas constltutmo- the
small igneous bodies: were derived from the lower part of a local
satellitic magma reservoir. On this supposition all the petrographic
facts, especially the occurrence of olivine which the writer believes.
to be due to gravitational control, seem to be best explained. This-
point will be dlscussed fully on pp: 118—119.

The view, that the lavas of the demohshod igneous’ bodies.
“came from a local satellitic magma reservoir, explams the short-
life of the vents of these bodies. As to the pel'siétencé of - vents.
in general, it is believed to be due to the action of *gas-

-fluxing ” or * blow-piping 7?3 so if the vents now in question are:

1) DLAY’, ¢ The Nature of \'olcanic Action,” Proc. Am. Acad. of Arts and Sciences, Vol..
XLVIL, 1911, . - = L
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supposed to have direct connection with the main magma reser-

- voir, it is difficult to explain why they expired so soon in view

of the high probability of a constant action of * gas-flaxing” or
“¢ blow-piping.”

Explanation of the Prasent. Features.

The topography is the end'-product- of structure, process, and
stage, as Davis says, and all the present features of Oshima are
well explained when they are considered to be the combined results
of the structure of the volcano and the agencies at work on it.
The surficial agencics that are believed to have been acting on
the island arc winds, temporary streams caused by cloudbursts,
and séa waves. No doubt these agencies must have been operat-

ing at every stage of the development of the insular volecano

since it came into existence. But, on the other hand, repeated

voleanic eruptions depositing juvenile products have covered the
effects (f these surficial agencies, whereupon the. agencies have
begun to act anew. Thus the surficial agencies have not yet had

- sufficient opportunity to modify greatly the original topographic

features dependent on the structure. In the following, an ex- .

planation for the more remarkable topogfaphic features will be

given :—

(I)  The Development of the Mountain Slopes.

The development of the mountain slopes of Oshima is not
uniform in all directions. _

(1) The western flank of the somma is very 1;egula1'ly de- .
'veloped showing a gradual slope with decreasing inclination down-
wards. This .may be because no conditions have obstructed the -
matural development of the mountain slope in this part. |
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(2) The northwestern skirt’ of the somma is ex_tensivély de-
veloped with very gentle slope. This is attributable partly to the
extrusion of the lavas from flank openings, the more striking of
" which are indicated by the scorize accumulations as Atago”, Kaza-
ma.cbi”-, ete. (p. 20), and partly to the existence of small. igneous.
bodies (p. 3§). along the western half of the northern coast of the
- present Oshima, which must have protected the new depos1t1on from
“marine action, thus affording’ cond1t10ns specml]y favoutable for the
extensive development of the skirt. ,

(3) -The southeastern part of the island is also extensively
) dueloped "This may be due to its’ havmcr been the ‘scene of fle-
“quent voleanic actions (pp. 25-26). .

(4) The eastern slope of the mountain is abnolmal the gentle '
slope continuing from the summit to half way and becoming sud-
denly steep on approaching | the sea shore. The profile of the
<island cut in an E.-W. diregbion: through the centre shows a
striking asymmetmc form. ' -

This asymmetric form has been notlced by prevmus erters,
and various views have been suggested to explain ib.  Yamasaxr”
tried to explain the abnormal feature of the eastern slope by sup-:
posing the ex1stence of some older volea,mc bodies " in that part
(p. 7), while OHASHI denied the .presence of old volcanic bodies®”
~and attributed the asymmetric form to the tilting of the ground”
(p. 10). These are, however, hypotheses for which there is no
direct evidence, while the latter maj} now be proved impossible.

) ® 2) e

3) “Report on the Voleano Oslnma Report Earthq. Invest. Com., No. 9, 1896 (in
Japanese).

4) “On the .Geology of Volcm:o Oshxmq, Jour. Geol. Soc. Tokyd; Vol. XVIL, pp. 522-524,
1909 (in Japanese). )

5) «“On the Asymmetrical Form of Oshima,” id., Vol. XXIV., p. 72, 1917 (in.
Japanese). s
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It is" the writer’s belief that the steep slope near the east
«coast is the.remnant of a fault escarpmeunt, as has already been
stated (p. 17). |

With . regard to the cause of the abnormally gentle slope of ;
the eastern flank of the mountain, the present writer differs from
previous writers, considering it to be due mainly to an ununiform
distribution of the volcanic materials. That this is not improbable
may be illustrated thus:— i '

(a) In the first place, it is a fact often recognized that in
some  volcanoes”, during their eruption, fine clasmatic ejecta fall
more abundantly on the east than on the west, being transported
by the upper atmospheric current (at least 4-5 km.) which is -
always travelling eastwards owing to fhe effect of the rotation of
the earth ; accordingly it is to be expected that in such volecanoes
as Oshima, where fine clasmatic ejecta take an important part in
the building up of the voleano, the asymmetric form of the moun-
tain was originally developed, though the writer has not yet found
any direct evidence for this in Oshima.

(b) As already stated (p. 27), the caldera is considercd to
have been formed with its centre somewhat to the west of the
very top of the somma. The more extensive development of the
slope on the east than on the west may be partly attributable to
this eccentric depression. _

(c) The ring-wall of the somma that sarrounds the caldera
must have checked the lavas of the central cone from flowing out
~of the caldera, but there is a great gap in the wall on the east,

1) 'B.  Kord, .“ The Great Eruption of Sakura-jima in 1914, Jour. Sci. Coll. Imp. Univ.
Téleyd, Vol. XXXVIIL, Art. 3, p. 125, 1916. ‘

F. - Omor, “The Sakura- -jima Eruptions apd Earthquakes IL,” Bull. Imp. Earthq Invest.
«Com., Vul. VIIL, No. 2, p. 115, 1916.

It is said tl}ut during the eruption of Asama in May 1911, ushes fell mainly on the cast
:although the surface winds at the time were east or south.
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consequently the lavas could flow out through this eastwards, thus
affording an additional factor for the abnormal_qdev'elopment of the
eastern slopé. o | o L
(d) Another cause “for the development of the abnormal to-
pographic features on the ~('3zl.s_tem flank may be wind action on
the dry surface of the caldera. The effects of winds now in
operation and acfu’ally recognizable arc by no means small. The
inside of the caldera is thickly covered by loose ejecta (volcanic
ashes; sands, lapilli, bombs, ‘lava-blocks, cte.) and by fragmental
materials produced by friction or by other destructive actions. The
effects - of ‘the “winds on this dry surface is considerable. The
sand-worn blocks, some of which are three faceted in the form of
<« Dreikanter ”, lying in the caldera, and various marks on the sandy
surface show the abrasive effects of wind-blown sands. These
‘marks indicate the direction of the prevailing wind in the caldera.
Feather-like patterns markéd on the surface of an aerial volcanic
sand bed at the northeastern brim of the central crater show the
divection of the wind to be N.E. to E: by N., while the patterns
marked on the loose sandy surface at the northeastern part of
the caldera by the sorting action of the wind (according to the
size of the fragmental materials) show it to be N. by E. to due
E.” That the finer particles are found accumulated on the lee side
of large blocks is an indication of the strength of the winds. The
" eastern slopa of the voleano is. thickly covered by sands and lapilli
transported by the winds from the caldera through the great eastern
gap- of the. encircling wall. o
Although the effect of each of the above may be comparatively
slight, yet the writer .bclieves that taken together they may be
sufficient to cause the abnormal feature of the easbtern slope.
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(II)  Surface Sculpture of the Mountain Slopes.

There is no river in Oshima, nor is it believeﬁ that there.
ever has béen one. Meteoric water in ﬂowing down the nataral
slopes of the grouhd as temporary streams (consequent streams)
excavated shallow channels or gulches, but later volcé.nie_
products often filled -these up. Expdsures as- shown in Fig. 29
are frequently met with on some road -cuttings, for example,
midway along the road from Nomashi” (1c) to Sembasaki”- (1d)."

These reveal the alternately re-

peated accumulation and dissec-

tion.

4

= : "~ As a whole, Oshima -is young

—_ - = = in dissection, the radial gullies ex-

Fig. 29. Ejecta layers showing

. raining channel ing
alternate excavation and deposition. cavated as draini g ohe els be e

_ mostly not deep. A

In géneral, the depth of valleys depénds on the thickness of
the surficial deposit of ejecta overlying the solid lava, since the
streams have excavated -the ground till the underlying lava -surface
has become exposed. - Most of the vallesfs in Oshima (ﬁot all) have
"not yet reached a stage of developmentf. where the solid lava is
excavated deeply. _ :

Thus different parts of the island are variously disseeted. The
difference in dissection, however, will be understood when the
geologic condition of the island and the surficial agencies acting
on it are considered. ' _ , .

In the northwestern half of the somma, i.e. on the northern
and western flanks, comparatively shallow radial valleys are
rather regularly developed. This is quite natural as the inclination

1) g 2) oM
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of the outer slopes of the somma is normal in this part and the
layers of ejecta covering the solid lavas are comparatively thin.

On the soutlicastern flank, as the original relief is complicated.
owing to specially fréqu’é’nt volcanic actions on "this side (p. 26),
the development of the valleys is accordingly irregular. Moreover,
as casily dissectible scoriaceous ejecta _constitute the ground in
this pa't; temporary streams have excavated it deeply.

The eastern slope of the voleano, continuing from the inside
of the caldera toward the east coast throucrh ‘the great n01th-
castern gap of the. rifig: wall of the somma; is tlncldy covered by :
loose sandy mateualb There the ground is almost undissected.
This is due to the constant les;elling action of the western wind
in. shifting the loose materials. .

The part along the east coast of the island is deeply disscct-
ed, valleys being sometimes as deep as 200 m. These " apparently
]nc,omplehenmble sculptures may be well understood when the
drainage in Oshima is considered, The water that falls in the
caldera, after soaking down’ through the sands and lapilli, by
which the inside of the _,ca,ldem is loosely covered, till the surface
- of the underlying lava is rcached, runs off the natural slopes ;
accordingly a larger qu’mtlty of water is supplied to the easteln
part of thc island than to any other, smce the ring-wall of the
“somma is greatly broken on the eastern side and the running
down of tempmzuy streams is uninterrupted. Moreover, the slope
of the ground is espemally steep near the east coast. - Both of
thesc conditions. would naturally favour a greater dissection here.

(III)  The Coast.

The island is constantly subjected to marine erosion at its
margins.. The waves that 'dash against_the shore break up and
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remove the rocks thus forming preeipitous cliffs around the island.
So the shore of Oshima ends for the most part abruptly with
cliffs. Their eclevations vary in different parts. The cliff between
Nomashi” (1¢) and the cape of Sembasaki” (1d) in the southern
part of the western shore, and that opposite to Fudeshima® (3d)
in the southeastern part, are especially high, attaining 100 m.
and 170 m. respectively. In other parts, the heights of the eliffs
usually vary up to some sixty or seventy meters.

Between Nomashi and Sembasaki the relief of the mountain
side as well as that of the sea bottom (notice the 100 fathom
line in Fig. 42, p. 140) suggest that this part once projeeted far
into the sea, and that the high cliff may have been formed by

the removal of this projecting part by wave erosion.

Fig. 80. The northward view of the east const. S ...Somma rocks after the
formation of the escarpment along the east coast I, .. .Fund no Taki (a water-fall).
An....Central cone Java in 1778. Ca....Central cone ejecta. (Fig. 1, 3d)

The formation of the 170 m. cliff at the shore opposite to
Fudeshima (Fig. 14, p. 25) may be explained by the special eon-
ditions of this part. This cliff is at the foot of the steep slope along

1) ¥pg 2) v 3) MR
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‘the east coast of the island. As already stated (p. 18), the original
surface of this steep slope is covered for the most part by later
lavas and ejecta, being protected from marine abrasion, while only
-at the part where the 170 wm. cliff is now developed could no
«covering of later materials be seen. This part, then, must have
been subjected to marine action for a long time and the high cliff
must have consequently been formed. The steepness of the original
slope may also have favoured the development of this high cliff.

The action of the waves has clearly been far more vigorouas
than the dissecting action of streams, for at every point where
a valley ends it hangs high on the sea cliff. The sole, more or
-less permanent stream in Oshima near the eastern shore flows down
into the sea over a hanging valley in a water-fall called Fund
no Taki” (3¢c; Fig. 30).

Fig. 81. Sunohama, a beach on the southwest coast formed by the.asea-
mulation of loose ejec!a of the central cone blown down from the caldera.
S....Sand-covered sonthern flank of the somma. € ...0'd s2a cliff showing
the stratification of ejecta. (Fig. 1, 1e).

1) Figs i
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Angular blocks which have fallen from the cliffs are gradually
rounded and reduced in size by the action of waves until at last
they become sands. Every stage of this course, from large angular
blocks to sands, is seen at different parts on the coast of the island.
Large angular blocks are found at the foot of every precipitous
cliff. Gravel beaches are found at several places, ie., on the
coasts of Chigasaki” (la), of Nomashi” (1le¢), of Okata® (2a), ete.,
while a sandy beach, developed by wave action, is seen on the
coast of Motomura” being called Yunohama™ (lc).

Besides the above, there are two sand beaches, a small one,
Gyojahama® (3¢), on the east coast, and a more extensive one,

Sanohama” (le; Fig. 31), on the southwest coast. But these differ

Fig. 82. Cave of Gydjn on the east coast excavated by wave action.
The rock constiluting the cliff is somma lava of the third type. (Fig. 1, 3¢)

from the above in their origin as they were not formed by the action

of the waves, but were developed by the accumulation of sands

blown down by the wind from the ecaldera through the north-

1) Fo4 or Ly 2) Wpf 3) mm 4) FeH 5 ¥/
6) 17¥R ) #/|
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- -eastern and the southwestern gaps of the:ring-wall of the somma.
- "The former sea-cliffs,” at the base of which the wind-blown sands
-accumulated, are now inland at distances of some 200-500 m. from
the pres'enﬂ strands, while from the tops of these cliffs to the
inside of the caldera extend barren strips of sandy land.

- Other effects of the sea waves are the excavation of caves on
‘the precipiccs and the formation of sea arches and of detached
islands of rocks or stacks. Caves are found at some places, i.e.
at GYéja (3c; Fig. 32), at the cliff opposite to Fudeshima” (3d),
.and at the cliff to the south of Chigasaki (la). An example of
-sea-arches is Neji no Iwaya® (3d), on the east coast. Many stacks -
are seen along the shores of the island. T..heAmost conspicuous of
‘these is Fadeshima (3d; Fig. 14, p. 25), on the south part of the
-east shore. o

IiI. Volcanic Activity in Historic Times.

(A)MQRI“’ and Naxamura® have compiled  historic records - of
“the voleanic activity of Oshima from many scattered and sometimes
not readily accessible -sources. "The following: succinet account of
the eruptions of ‘Oshima in historic times is taken mainly from
their records.

(1) 684 AD. (RRK &+ =4)

On November 29, 684 (KXKET=£PHELRTHATMH), an
-eruption took place in Oshima. This is -the first eruption ever

1) R 2) *FIHE '

3) « Preliminary Report on the Eruption of Voleano Mihiara,” Report Ewthq. [nvest. Com.,
. No. 81, 1915 (in Japanese). .

« No‘es on the Volcanic Eruptions in Japan,” i4d., No. 86, 1918 (in Japanesz).

4) «History of the Eruptions of Voleano Mihara, Oshima, Idzu,” id, No. 79, 1915
«(in Japanese).
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-recorded in our chronology. The land increased by more tham
300 jo (3) on the western .and northern sides of the island.”
Several authors are of opinion that the area now occupied by-
the villages of Motomura® (formerly called Niijima®) and Noma-
shi” was formed by this eruption. For such inference, however,.
there is no reliable basis, it apparently being merely etymological
as Niijima (the former name of Motomura) means “new island ™’
(nit new, jima island) and Nomashi means * field increase” (no-

field, mashi increase).

R 112 (R & =4

An eruption of Oshima, ? : 4

From November 18, 1112 (K& =444 =+H) till the end of
the next month, detonations like thunder were repeatedly heard'
in Kyoéto from an easterly direction.” ' A

Some authors consider that these were caused by an eruption
‘of Oshima. It is this eruption that was assumed by NAKAMURA,
Terapy, and Ismrrant® to have resulted in the formation of the-

great.gap in the somma wall on its northeastern side (p. 28).

(3) 1416 (FE 5k 1 = 4F) .
On September '2,' 1416 (ExH=4AH=H), an eruption of’
Oshima took place.”

(4) 1421 (& A4
On May 14, 1421 (M &A% A A, an eraption of Oshima.

1) HAkEf 2) SR 3 R 4) PR

5) fifgEd (A diary written by Muxerapa Naxaromr [Hifigi8]).

6) «The Voleano of Oshima, its Past and Present,” Proceedinys of the Tdleyd Mathematico--
FPhysical Society, Vol. IV., 1908 ; Jour. Geogr. Télcyd, No. 238, 1908 (in Japanese).

) ¥rd WA | '
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occurred. *Noises like thunder were heard in Kamakura® and the
sea water became so hot as to cause the death of many fish.”

(5) 1600-1601 (B & F—% i @)
1612-1613 (B & T t—+ A4 \H)
1636-1637 (% sk -F =+ M 4 1)

In these years, small eruptions took place in Oshima.”

(6) 1684-1690 (s X T 4— 7T ik = &)

"On March 31 1684 (HETEZATNRE), a violent eruption of
Oshima began, the act_lwty contmumg for seven years.” It is said-
that a crater measuring about 10 ché (MF) in diameter was formed
on the summit of Mihara®. This may probably mean that the
central crater of Mihara reached these dimonsions at that time. '

"~ On April 22, 1684 (ﬁ%i{:@EFj/‘\H),'ldva flowed out from
‘the foot of ‘K_okamata.ki,“) about 1 7 (4 km.) distant to N. 60° E.
- from the central crater of Mihara, and reached to the sea shore.

(7) 1777-1778 (% 5k /< 4F—L 4¢)

The eruption of the An-ei era was the most violent one ever
recorded in the history of the volcanic activity of Oshima. Many
writings” mention this maamﬁcent outburst. '

The first eruption began on August 31, 1777 (jcﬂﬁnifi/[:fl

1) @& - 2 WakEm

3) E BT (This book tells of an official mmmscnpt of etuptlons)

4) PEEMRE HEHE ERREws BEREARE B KRR - 9*5.4:
BUER CEEEBE &EB#I&—"}‘%‘E FIEER

5 =&

6) /% (The locality is not known.) )

7) BHARER- GEEERE HEW RIEER KBUAR PFELBUMRL Aﬂ*ﬂjﬁ
BRAsE @T#E®E The most authentic and detailed descriptions are found in « Oshima:
Sankwaki” (kBiliAk5), a collection of official reports concerning the eruption of the An-ei era.
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+JjuB). At night, lighting flashes were seen and noises were
heard from the summit of the mountain. The land was frequently
shaken (probably airquake?), and ashes and Pele’s hairs fell
throughout the island. On September 29 (A BH-EH), the yolcano
became quiet, but again broke out in a violent eruption on October
1 (AAHILA), culminating in the middle of February, 1778
(ZK-ELRIEA D)), then gradually declining.

On May 27, 1778 (®RK-ELEZHAZ+=8), lava flowed out
-from the Mihara crater to the northeast and crept down along
Nakanosawa,” reaching a length of 14 (4 km.).

From October, 1778 (&ik-E4EAS T4), the volcanic activity
again became violent, and on November 6 (JLJ +AH), lava
flowed down to the southwest along Akasawa® for 1.5 ri (6 km.),
while on November 15 (JuH =+ H), another lava streamed
along Gomisawa® for 2 ri (8 km.) falling intot he sea Q.fi;er
the « Sawaiian type " (Fig. 30, p. 50).

On December 18, 1778 (Zek-b4p- F—HAZ-+—H), an eruption
took place at Sohajikama.” .

The areas covered by the lavas of the An-ei era are indicated
on the geologic map (PL V.). For the most part they can actualiy
be traced. The locality of Sohajikama is not known. At the place
where a shrine called HLJLkama, now stands (3b) there is no trace
of any such er uption.

(8) 1803 (3 1 = 48)
On November 14, 1803 (5*BE¢‘IﬁHEﬁHH), an eruption of

1) g 2) kg 3) = iiE :
4) B. Kord. “The Great Eruption of Sakura- -jima in 1914, Jour. Sci. Coll. Imp. Univ.
Tdokys, Vol. XXXVIIL, Art. 3, p. 78, 1916,

5 smEmE 6) wk%
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Oshima ook place, and on the next dé.y' ashes fell in Yedo
(Tokyo).” ‘ ' |

(9) 1822 (3 B T 4g)

An eruption of Oshima took place and ashes fell for two or
three years.”

(10) 1846 (il Ik = %)

At about this date an cruption of Oshima took place.”

(A1) 1870 (% = 4)

A small eruption of Oshima lasted for four days.

(12) 1876-1877 (W) 35 Ju 4—1 Z5)

A rather violent eruptioil‘ took place in 1876-1877, being
miriu_tely described by Nauvmany®, MmNe®, and Wapa®. The erup-
tion began toward the end of December, 1876 (%?Sﬁtﬁ).- On
the 27th, an earthquake (airquake ?) occurred, and at night a
light on’ the top of the mountain was seen. The volcanic activity
lasted till February 6 (forty days).’ -Lava was poured out in the
crater of Mihara” but it did not run over the brim of the crater.
The result of this eruption was the formation of a miniature spatter
- cone, NAUMANN’S cone, at the bottom of the Mihara créter.

(13) 1912-1914 (W ¥ N + F 4£—K IE = 48)

This eruption lasted for two years and three months, from

1) BBAER—E REER 2) &.3) kpwmE

4) “ Die Vulkaninsel Ooshima und ihre jiingste Eruption,” Zeilschrift der Deutschen geolog-
ischen Gesellschaft, Bd. XXIX., 1877, .

5) «The Volcanoes of Japan,” T'ransactions of the Seismological Soci:ty of Japan, Vol. IX,,
DPart 11, 1886 ; Geologica! Maqnzine, Decade II., Vol. 1., No. 5, 1887.

6) * Notes on the Volenno Oshima,” Galcugei Shir'n, Vol. 1, No. 1. 1877 (in Japanese).

N =K
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March 1912 (W#&M-+H%) till May 1914 (KEZ4). During this
eruption, several experts” visited the island and reported in detait
their observations on the actual state of the eruptibn.

Lavas were oxtruded in five periods with short intervals of
quietude between each two successive periods. They did not run
~over the brim of the Mihara crater but they changed the state of
the inside of the crater. ‘
 As a premonitory_ symptom, slight roarings. were frequently
heard as early as in 1910. '

The first activity began with the pouring out of lava from a
vent at the crater bottom in March 1912 and terminated on June
10. - During this interval, lava was raised to a level of 62 m.
- below Kawajiri® (the lowest point of the upper margin of the
crater wall of Mihara, I in Figs. 18-20), half burying NAUMANN’S
cone, while a small new spatter cone—NAKAMURA’S cone®—was.
formed on the surface of the lava layer, somewhat to the south-
west of the centre of the crater-bottom.

~ On July 27, a sudden depression of the consolidated lava
layer took place, due to its own weight, leaving the peripheral
fpart" in the form of a terrace. This accompanied the breaking up . -
of NakaMURA’S cone and the squeezing out of a new lava, from
July 27 to 29, from the clefts and cracks that traversed the lava
layer.

The volcano broke out again in a remarkable eruption on

1) Owmonr, « Prehmmary Report on the Eruption of Volcano Mihara,” Repmt Earthq. Invest,

Com., No. 81, 1915 (in Japanese).

Naramura, “The Eruption of Volcano Mxham, Oslumq Iazw,” Téyb Galcugea Zasshi,.
Nos. 368 & 369, 1912 (in Japanese).

SaTd, “ The Present Activity of the Mihara Volcano,” Jour. Geogr. Tdkyd, No. 289, 1912
(in Japanese).

OrAMURA, “ Report on the Eruption of Volcano Mihara,” Report Geol. Su'rv. Japun, No_
48, 1914 (in Japanese). :

2) IR 3) il
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September 16, 1912 (KiE5E'E), which lasted till October 29 (forty-
three days). Dunno' this interval the extrusion of lava took place
from-a vent nmvly formed at the western part of the crater-bottom.
NAKAMURA’s cone was buried under the new lava except at its
_apical part, and a new larger spatter cone—Ouorr’s cone® (O in
" Tig. 19, p. 33)—was formed on the bottom o :

The laycr of the- Java extraded by the eluptlon in Septembe1
—October sank owing to its own weight on Januzuy 14, 1913
(KEZ4). This was accompanied by a mew extrusion of lava.
which lasted till the 25th..

A maonlﬁcent lava outburst that becran a,cra,m on May 15,
1914 (kE_ﬁ) reached -its climax of mtenmty during the next.
three days, thence - becoming gradually weaker until on the 21st.
the continuous lava cxtrusion ceased, after which erupting int_er'-'
mittently several times in a da,y it stoppeci completely within a fow -
daYs. The lava extruded in this -eruption filled up the depreésed
- part formed in January - 1913, réaching a level of 14 m. below ‘
Kawajiri. ~ Both Naksamura's cone and Owmorr’s cone were buried.
entirely under the newly erapted materials while several new spat-
ter cones were formed on the crater-bottom (Fig. 20, p. 33). |

(14) 1915 (K IE M 48)

On about the 10th of October, 1915 2 light on’ the top of the-
‘mountain was seen at night. On 14th a small amount of black:
ash fell . in Motomura® (le), Sanohama® (le), etc., and at midnight.
of the 16th sﬁrona roarings were heard and airquakes were felt
at Motomura. The activity contnmed till the cnd of October but.

ceased without havmcr pouled out ‘mv lava.”

1) kBl 2) TR 3) w2/
4) Toys Galkugei Zosshi, No.. 411, 1915 (in Japanese).
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IV. Petrography.

Oshima i built up wholly of volcanic rocks. A brief petro-
graphic description of these was given for the first time by Nau-
MaNN” in 1877, then by Yamasaxr® in 1896, and somewhat more
in detail by Omasmr® in 1910. Specially of the lavas erupted in
1912, brief notes were published by Oxamura® who visited the
scene of the voleanic activity and collected some specimens.

These descriptions, however, are not sufficiently detailed while
some are not quite correct; moreover, there is still a wide field
open for further study. ‘ |

Of the previous writers, NAUMANN spoke of sanidine as one
of the essential component minerals, citing in his 'petl*ogl*ap}iic
description the resalt of the chemical analysis made by KorscHELT
which shews a very high porcontage of alkalies (K.0 6.28%,
Na,0 2.02%). This would be ‘quite incomprehensible to any one
who examined for himself the rocks of Oshima, which are, in
reality, characterized by special'ly, high lime and extremelj; low
alkalies. Nevertheless, this erroncous result has been reproduced
in many later papers by MiLNe”, Wapa®, Nismrvams®, Bacrer®, and

Stark”, and has become widely known among the petrologists of

1) “Die Vulkanins:l Ooshima und ihre jﬁngste Eruption," Zeitschrift der Deutschen geolog-
tschen Gesellschaft, Bd. XXIX,, 1877.

2) <« Report on the Volcano Oshima.” Repmt Ewthq. Invest., Com., No. 9, 1896. (m Japanese),

3) ¢ Onthe Geology of Voleano Oshima,” Jour. Geol. Soc. Tékyd, Vol. XVIL, 1910 (in Japanese).

4) “Report on the Eruption of Voleano Mxham,” Tlegort Geol. Surv. Jf&p an, No. 48, 1914
(in Japanese).

5) «Volecanoes of Jap.in,” Transactions of the Seismological Sociey of J. Lp(m Vol. IX,, Tart
‘11., 1886 ; Geological Magazine, Decade 1L, Vol. I, No. 5, 1887.

6) « Notes on the Volcano Gshima,” Galcugei Shirin, Vol. I, No. 1, 1877 (in Japanese).

7) ¢ Explanatory Text to the Geologic Sheet of Idzu,” 1836 (in Japanese).

8) « UJber die Laven der kleineren Idzu Inseln,” Miinchen, 1914,

9) « Petrogmphlsche Provmzen " Fortschritte der Mineralogie, Kristallographie wml Petro-
-«n(zphte, Ba. 1Iv, 1914,
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the world. Abaove all, the last two of these authors laid emphasis
on the assumed alkaline nature of this rock, considérinc it as
one of the examples of the sporadic occurrence of alkaline rocks in
the region of calci-alkaline rocks, a fact which has an important
bearinz on the current discussion of the genetical relationship of
“these two branches of igneous rocks. ' N '

It is to be regretted that this erroncous report has led some
petrolooristsito such an important but incorrect conclusion as stated
above. The writer hdpés that the followincr'petrorrraphic decrip-
‘tions wﬂl serve to eliminate this erroneous conception and to add
to the meagre petrographw knowledge of the Idzu islands.

In applying names to our rocks, the definitions given by
IppinGs in his “Igneous Rocks,” Vol. II. have been _followed, partly
because of the distinctness .of his definitions but mainly because
his terms seem to- be better fitted to our .present case than any
others yet proposed. ‘

The rocks of Oshima may perhaps be called « basalt *> according
to the loose prevailing nomenclature. ~ In the typical basalt, how-
ever, the amount of silica -is generally insufficient to form the
higher silicates ;> while in the main types of our rocks, the silica,
in sp1te of its low percentage, is more than enough to form the
highest silicates, leavmg some of it still in free state, as indicated
by the value of & in OsaNx’s formula (k>1) and by the presence
of normative quartz.

What has been just stated is one of the common characteris-
ties of the recent volcanic rocks which are 50 widely spread through

the Japancse archlpelago and are commonly called “ pyroxene-an-

1) The type-basalt, calculated by Rommxsox (U.S. Geol Surv., Prof Paper No. 76, p. 101,
19.3) yields 9.79 of olivine in the norm.
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'desites,.’—’ IopiNGs’s term “'bandai’oe,”1> which includes the quartzose
aphanites characterized by normative labradorite, is not only sug-
gestive of the intimate relation of our rocks with * pyroxecne-
andesites ” but also clearly implies the oversaturation of silica with
respect to other components.

The application of the term * basalt ”” in this paper is restricted
~only to those rocks so rich in olivine that they are inferred to
belong to the perfelic order. A

To the rocks of the central cone, a new name ‘ miharaite ”
has been given on account of their pecaliar chemical composmona
which will be given later (pp 87~ 88)

Some Specially Devised Petrographic Methods.

For the exact identification of the rock-forming minerals, the
writer wished to determine their optical properties as far as
circumstances permitted. But, since fow of the methods of optical
measurement have proved to be applicable owing to the minute-
ness of the mineral grains, the writer has introduced some specially
devised ones, of which brief notes are given in the following :—

_ Refractive Indices—The refractive indices of the minerals
were determined by the Becke-line method, immersing the mineral
grains in liq'uids of the known indices. With a biaxial mineral,
observations  were made twice on each grain above a nicol, placing
first one of the vibration directions of the mineral grain and then
the other parallel to that of the nicol. Repeating the process on
a large number of _grains of various orientation with different
liquids, the highest and the lowest values of the refractive indices, 7'

and ¢, were obtained, and then r and « were expressed as fol--

" 1) Igneous Rocks, Vol. IL, p. 111, 1913.
2, Ibid.,, pp. 196-193.
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lows : r>7', ald. For the deterrhi_nation of the limiting values
of B, the following method was a_dopted.

The method is based upon the principle that the value of 3
lies always between the two values of the refractive indices to be |,
observed on a crystal grain of ahy orientation. . V

To prove this principle, let N, and N: be respectively the greater
and the smaller normal- velocities in any direction N (Fig. 33) in a
crystal, that makes the angles, ¢ and ¢' (where ¢>¢' without any
loss of generality), with the two poles of the Optié binormals, A
and B; and let @ and ¢ be respectively the greateét ~and the
smallest principal velocities. Then N, and N: may be expressed by

1 1

Ni=gl@tatg@-emlote)

Since the values of the normal
velocities are the reciprocals of ‘those

of the refractive indices, :We have -the
relations '
N=1,
. ny
N;:_']‘__’-
7
a=1,
. [/
_ Fig. 88. , 1
. c= 2
7

where n, and "n: are the refractive indices for the faster and the
slower waves respectively. From these relations we may trans-
form (1) into ‘
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_L(i+iq>+i(_1,___l)_>cos(tp—-¢’)
2\ u r 2\ ¢ 7’
......... (2)
_ 1
N T )
Tt ) e

Specially when N coincides with B, we have
m=ny=f
=20 p'=0°
where £ is the angle between the Z-axis a,nd onc of the optic
binormals, (2) may therefore be wutten as

1
(—— )+—( 1 —L)coszg
2 az r‘Z

Now, as we have in_ the spherical triangle ABN (Fig. 83)

p—¢' =28=9+¢
it follows that ‘
| cos (p—¢') = cos 29>cos (p+¢") e (4)
for any values of ¢—¢/, ¢+¢', and 2 2, within the limit of 0°—180°"
and accordingly from (2), (3), and (4) we have
| | n ==k

Moreover, as n, n., and B are positive, we. have

Applying the principle just proved, the limiting values of 2
were determined as follows :— -
The finely crushed fragments of a biaxial mineral were im-

1) We have here no Vnecessity to consider any angles out of this limit.
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mersed successively in liquids of different refractive indices and
the determination was made on each fragment whether the refrac-
tive index of the liquid, p, was above, Below, or lay between, the
two values of.the refractive indices of the fragment, n, and n.
Getting the results »/<n/<p' in any trial and p"<n/'<n/ in
another, 3 was determined from (5) as p'<p<p. ‘ ' '

In the writer’s practical work with refractive liquids, WRIGHT’S
solutions were used for feldspars, and mixtures of monobromnaph-
thalene and methyleniodide for the mafic minerals. The indices
. of refraction of these sets of liquid for sodium light were measured
on a refractometer and their, constancy was cheeked from time
to time durmo' experiments.

Optical Orientation.—Optical orientatiOn of feldspar was deter-
mined with the cleavage piece parallel to M (010)—in which one
. of the optical binormals i§ visible through a conoscope—by the . -
Afollowmcr method :— _

Exammmg the section iwith a conoscope and putting the zero-
isogyre parallel to one of the vibration planes of the nicols, the
azimuth (¢) and the central angunlar distance (p) of the polé were
measured with the screw Amicrometer" ocular, p’ bei_rig reduced from

the observed linear distance first to '

M ¥ the apparent angle by means of Mar-

LArD’s formula and then to the true
angle within the crystal, using the
value of B obtained by the meéthod
described above. The position of

extinction was then observed ortho-
B’ scopically, and all the data obtained

were plotted in stereographic projec-
tion as in Fig. 34 where O is the

~
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centre of the stereogram, XX' and' YY' the vibration directions
of nicols, A the position of the observed optic axis, XAX' the
great circle representing the optical plane, and MN the direction
of extinction. The 'st-raight line OA was then drawn to cut the
stereographic circle at A’, and taking the point B' on the same
circle so that A’N=NB' and connecting B’ with O, the position
of the other optic axis B was determined as the point of 1nter-
section of the - straight line B'O with the great circle XAX '
(Brot-FRESNEL’s law). _
The azimuth (¢') and the. central angular distance (p') of the
second pole werc calculated as follows :—
o' =B'ON+ Y'ON=A'ON+Y'ON
—@+Y'ONX2....... S 1)
In spherical tfiangles, OAD and OBD, we have the rcla-
tions :—

sin AD=sin gsinp........(2)
tan OD=cos ¢tanp........ 3)
- cot o'=cos ¢’ cot OD... c...(4)

tan BD=sin OD tan ¢'.... . .(5)

and from the formulee (1), (3) and (4) the valucs of ¢’ and pf
were obtained. _

The inclination of the optical plane with 1ospect to the side
pinacoid, i.e. O.P.AM(010), was determined by subtractmg the
value of angle OD from 90°.

Optic Axial Angle.”—Calculating the values of AD and BD
_ with the formale (2), (3). and (5), the optic axial angle was de-
termined (AD+BD).

l) S. Tsusor, ¢ On the Methods of Measurement of the Optl«. Axinl Angle of « Mmcml in
Rock Slics,” Jour. Geol Soc. Té'eyd, Vol. XXIV., p. 149, 1917 (in Japanese).
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N Special Descriptions. . _
Special _descript-i-ons of the rocks of Oshima will vb_e.' given _
below in the following order :— '

(A) Lavas of the Somma. .
1). Basaltic bandaite almost free from phenocrysts of mafic
minerals. : | ‘
2) Hypersthene-basaltic bandaite.
3) T\Vo—pWO\ene-ba,sﬂtlc bandaite.
" 4) - Hypersthene-bearing auglte—ohvme—bytownlbe-basmlt
(B) Lavas of the Central Cone.
5) Mlhmra,lte

- (C) Rocks constltutmw the Demolished Igneous BOd)GS a,long the
Western Half of the Northern Coast. :

6) Two-pyroxene-oliv ine-anorthite-basalt.
7)" Olivine-bytownite-basalt («).
8) Olivine-bytownite-dolerite.
9) QIivine—bytownfte—ba.sa.lt- (3.
{D) Rocks occurring as Dykes.
IOj Olivinéless—basaltic bandaite («).
11) Olivineless-basaltic bandaite (3).
(£) Ejecta. o - -
© 12) Ashes, Sands, Lapilli, and Bombs.
13) Micro-allivalite.
'14)  Augite-micro-diorite.

(4) Lavas of the Somma.

1) Basaltic bandaite almost free from phenocrysts' of mafic
minerals, (The first typs of the somma lava.) (PL I Figs. 1-6.)

This type contains ‘the lavas of more or less wide latitude.
The characteristic feature which diét-inguishes this from the others
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is mcagreness of phenocrysts of mafic minerals.

Mode of Occurrence.—The somma lavas of this type are of
the widest distribution. They are found through all parts of the
island in numerous flows, both superfluent and effluent, alternated
by layers of clasmatic materials and constitute the main part of
the somma. The best exposures of these lavas are met with on
the precipitous cliffs that surround the island (PL. VI.) and on the:
ring=wall at the top of the somma. |

Megascopic Characters.—The rock varies in megascopic char-
acters from only slightly to strongly porphyritic, plagioclase con-
stituting the most conspicuous phenocrysts. They are usually
equant in development, very often grouped in cumuloporphyric:
fabrie, and vary in diameter from 0.2 to 3 mm. In most lavas,
small sporadic phenocrysts of olivine are found, but in some, they
are wholly wanting. In rare instances, it happens that small
phenocrysts of hypersthene and augite occur in negligible amount.
These phenocrysts aré scattered through the groundmass with no
trace of any regular arrangement.

The groundmass is megascopically of two types: («) black in.
colour and gencrally porous and slaggy, and (J) gray in colour
and rather compact or almost free from pores and vesicles; the
two, however, are connected by intermediate types. The differences.
between these types are attributable merely to the varying
conditions under which the rocks "consolidated. As a rule, the
surficial part of each lava has the groundmass of a-type and the
inner part that of B-type.

" Microscopic Characters,—Under the microscope, phenocrysts.
of plagioclase are always seen, but those of other minerals rarely
appear in thin section.

Phenocrystic plagioclase is gencrally euhedral to subhedral,
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-and often forms a group of two or three individuals. The following
optical propertics were determined -for sodium light :—

a<1BTl - 15T2<B<LET5  1578<;  7—a>0.007
2V = 82° supposing =1.574 Optical cha,rac‘te;-----~négat1've_,

‘The three principal refraétiVe indices were determined with a
‘number of specimens from various localities. The optic axial angle,
2V, was measured with a cleavage piece of feldspar parallel to
M (010) taken from the lava exposed on the sea -cliff to the south
of Chigasaki® (1a; Pl. VL. AB 1). From the above optical prop:
-erties, the mineral was identified as calcic bytownite with its
-chemical composition Ab,An, according to Brcke.” ‘Three types
-of t\\;ir_]hing of -this mineral were observed: those according to
‘the Carlsbad, albite, and pericline laws. = The former two are very
-common, while the -Jlast is only rarely met with. Albite-twinned
lamellee are generally thick - and not- numerous. Zohal‘structure
due to a differcnce of chemical compositions is not noticeably
.exhibited. The mineral is generally poor in inclusions, but it
sometimes contains ancrystallized or half-crystallized substance
' whlch seems to be rock mass imprisoned before consolidation.
Olivine, which is found in most lavas as, phencerysts thouoh
“these are-cxtremely small in number, is always subhedral to an-
- hedral, occasionally with a resorption-border. Sometimes olivine
-erystals are reduced to very small grains by magmatic resorption.
With the grains of this mineral scparated from the chemically

-analysed specimen, the following optical measurcment was made :(—

1< 1.6906< 3< 1.7146 <y 7 —0>0.024

1) Ty or frks .
?) «“Zur Physiographie der Gemengteile der l\rystall nen Schiefer,” Denksclhriften der
deaisertichen Alcademie der Wissenschaften, 75 Band, 8. 103, 1913 (Wien). .
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From these values. of the refractive indices the composition of
the olivine is inferred to be about (Fe,Si0, ) (Mg, Si0, )nn ac-
cording to I. BACKLUND. ' ‘,

Pale light greenish augite and low double-refracting, weakly
pleochroic hypersthene are extremely rare as phenocrysts. The -
former is in subhedral to anhedral forms, sometimes twinned on
(100) ; the latter is always normal in optical orientation so far as
015_served. Sometimes the two occur in parallel intergrowth. |

The groundmass consists of prismoid plagioclase, light greenish
anhedral augite, and magnetite, ilsually with more or less interstitial
glass. Plagioclase is here labradorite varying' from AbyAn, to-
Ab..ﬁAnC; with the mean refractive index 1.558—1.565. Augite
has the refractive indices «<1.6836 1.6836<p<1.6869 1.6975<r,
and is eompmable with the mineral described as diopside from.
Taberg * in which the medium refractive index is 1.6836. Th
texture of the groundmass varies in different parts. In its mega-
scopically black part («-type), it is docrystalline ; and fine-grained.
: irregularly shaped, often dendritic, skeletal crystals of magnetite-
disseminate among the plagioclase  prisms and augite grains. The
interstitial glass is colourless but sometimes appears brown in the-
vicinity of the vesicles owing to fine dusty inclusions. In its mega-
scopically. gray, compact part (3-type), the groundmass is nearly
holocrystalline, granular intersertal, and the felsic and mafic com-
ponents are present in equé.]. amount. Here the magnetite crystals.
are generally large and show their own forms. -

. Chemical Characters.—A. specimen from the uppermost lava
(PL. VI. DE 4) exposed on the south shore at the east end of
Sashikiji” (2¢) was chemically analysed by Mr. Omasur of the
Geological Survey through the kindness of Prof. Koto, to both.

1) ki
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of whom the writer is much indebted. The analysed specinien
was ‘nearly holocrystalline, consisting of calcic bytownite, labra-
dorite, 'diopsidic augite, and magnetitc, with a negligible amount
of olivine. This specimen has ‘been selected for analysis because
"it belongs to the most widely spread type of the somma lavas,
while being nearly holocrystalline, as stated, it consequently affords
“a correlative comparison of its mineralogical and chemical chafacters.
The result of the chemical analysis is as follows :—

] Weight percentage. - -Molecular ratio.
Sio, 5301 © o 0.884
AlLO, 14.73 - 0.144
Fo,0, 3.38 - 0.021
TeO 9.42 0131 .
MgO 4.97 0124
CaO . 9.09 0162
Na,O 209 . 0.034
KO - 044 - 0.005 -

. HO 1.22 0.068 -

CTiO0 103 0.013
710, 0.04 —
MnO 034 0.005
PO, | 0.11 £ 0.001

Total - 99.87
Osany’s formula.

§=58.12 A=252 (=680 F=23.24
a=155 c=4.18 f=1427"
n=8.70 k=112 ‘

Norm.
QUATEZ . oottt i i e e e 9.6
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Albite ... i i e e 17.8
Anorthite....... T 29.2
Diopside ..o, e 12.4
Hypersthene ..... R R R TR T 19.7
Magnetite ............ ... .. i, 4.9
Tmenite .« vvvenn et e, 2.0’
Apatite ... ...l PR 0.3
Ratios. 3
Sal —_ 157 Class 11T
Fem
Q _ 019 Order &
F
_——-—Nazol—+'KZO’ = 0.37 . Rang 4
CaO’
”—ér:f)' = 0.15 Subrang 4'

According to the C. I. P. W. quantitative system, the rock
belongs to 'IIl. 4'. 4. 4'., an unnamed subrang.

Name of Rock.—The characteristic feature of the present rock
is well seen in Osany’s formula as well as in the norm. In the
values of a, ¢, and f, the presént rock accords with plagioclase-
basalt of the Royat type >, from which, however, it is decisively
distinguished in the value of k. '

Normatively, the present rock is characterized by labradorite
AbyAn; and contains quartz molecules in such  quantities that’
it is classified in the quardofelic order in the quantitative system.
The rock is, therefore, to be classed as “ bandaite " according to
IppiNGs’s term. But as the present rock is transitional to * basalt
~ in its less quaric and more femic characters, it may properly be
called * basaltic bandaite.”

1) Osaws, Tschermak’s Min. w. Petr. Mitth., Bd. XX., S. 451, 1901,
2) Ippines, Igneous Rocks, Vol. IL, p. 111, 1913.
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2) Hyper%thene basaltlc bandaite. (The second type of the
somma lava.) (Pl II. Fig. 1.)

. This type looks like the sempatic variety of the preceding
one in its megascopic appearance, but is characterized by the -
presence of hypersthene phenocrysts in moderate quantity.

Mode of Occurrence.—The rock of this type occurs only as-
a small flow and is exposed on the sea cliff to the south of Moto-
mura" (Pl_. V. 1c IT; Pl VI. BC 2). As-seen in PL -VI, it is
clear that lava of the present type was poured out in the middle
of the outpouring of lavas of the first type, and accordingly that
the petrographic difference botween this type and the precedihg
one is not due to a difference in the time of its extrusion but
must be atﬁributed to another cause. This point will be discussed
‘la‘rel (pp. 118-119).

Megascopic Characters. —Mecrascopmally, the rock is strongly
p01phy11t1c, with numerous phenocrysts of plagioclase and moderate
ones of hypersthene. They are 'scattered with no trace of any
regular arr*dnoement The plagioclase is 2 mm. in average diameter
and the hypelbtbene, is of about the same - size being dark green
with resinous luster. The groundmass is grayish black and
. aphanitic, and has many small pores of rather im:egular shape,
‘averaging in diameter about 1.5 mm., uniformly distributed through
the whole parts of the rock, but is not slagg

Microscopic Characters. :

Under the microscope, the rock is
porphyritic and sempatic. The conspicuous phenocrysts are short
prismatic crystals of -calcic bytownite (Ab,An,). Its character is
‘quite the same as that of the mlneral in the preceding type and
requires no special mention.

1) e
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Other. phenocrystic minerals. are pyroxenes, only in a subordi-
nate quantity. Of these, subhedral pnsmatlc crystals of hypm sthene
greatly predominate over those of light greenish augite in which
¢NZ=43° The latter are often found surrounding the forme} in
thin shells in parallel intergr owth. _

The following optical properties of hypersthene ~were

‘observed :—
a<1.6906 = 1.6906<p<1.7146 1.7014< 5
2V == 85° supposing 8=1.7 Optical character. . . .negative.

Pleochroism is not strong:—

X ... light reddish brown
Y ... light reddish yellow
. light bluish green,

The above opticai properties of hypersthene are comparable to
those of the mirieral from Labrador containing 109 of FeO, which
was studied by Lgvy and Lacrorx. The Labrador specimen has
the refractive indices :—

a=1.692 B=1.702 y=1.705

The groundmass is percrystallihe and eehtimillimeter-grained,
and consists of prismoid crystals of labradorite (Ab;OAnﬁo), an-
hedral light greenish augite, and isometric magnetite, with only
a trifling amount of interstitial glass pigmented into brown with
very fine dusty inclusions. The felsic and mafic components are
nearly equal in quantity and the texture is granular intersertal or
typically basaltic. '

3) Two-pyroxene-basaltic bandaite. (The third type of the
“somma lava.) (Pl IL Figs. 2-3.)

* The rock of this type is marked by the presence in moderate
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quantity . of ph-enoerystsA of both hypersthene and augite besides
- those of plagioclase, and by the entire absence of olivine.

Mode of Occurrence.—The exposure of the lavas of this type
is seen only on the cliﬁ"_‘at'.Gyéja”, on the east coast, in three
layers, -each about 20 sm. in thickness, intercalated by layers of
ejecta (PL V. 3¢ III; Pl VI FG 6). The geologic relation be-
‘tween lavas of this type and those of the first type could not be
observed ‘ow'nc* to the -nccumuiation of sands and lapilli of the
central cone blown down by the wind from the caldera throucrh the
northeastern gap of the ring- -wall of the. somma.

Megascopic Characters. The rock. is megascopica]ly fine-

Agrai'ned, non-vesicular and is gray, sometimes with a purplish tone
due to the ‘part‘ial hematitization of magnetite grains in its ground-
mass. It is megascopically dopatic, the phenocrysts being of pla-
gioclase, usually less than 2 mum. in diameter, and of dark greenish
pyroxenes, smaller and_less abundant than the former ‘but not.
negligible. | '
Microscopic Characters.—Microscopically, the rock is do-
crystalline in crystallinity and seriate porphyritic in fabric. . The
‘most conspicuous phenocrysts are of calcic bytownite near Ab,Ang, -
as identified - from its optical properties, commonly exhibiting the
" Carlsbad and albite twins but rarely the pericline, and with rather
- scanty inclusions of fmcr1te microlites, black glass, and fine dust,
arranged irregularly or zonally. Sometimes the mineral is coated
by a thin layer of less calcic plagioclase (labxadorlte) with a
distinct boundary between them. The core part has the following.
optical properties :— A |
' a<1.571 1574 <3< 1577 1.578<y
2V =84° supposing ,3:1.576 Optical chaméter‘. .. .negative.

1) 7%
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’

The subordinate phenocrysts are of hypersthene, rather low in
FeO as may be inferred from its optical propertieé, and of light
greenish augite, subhedral to anhedral and prismoid to equant,
sometimes twinned after (100). The two are found in some cases
in parallel intergrowth. Their optical propertics arc :—

Hypersthene

«<1.6906 < < 1.7146< r
2E=89° 2V =82° supposing 3=1.7  Optical character. .. .negative.
* Pleochroism :—
- X....light reddish brown

Y. .. light reddish yellow
Z ... .light bluish green

Augite
«<1.6869 1.6869< < 1.6906 1.7014 <y CNZ=45° A

The angle ¢A\Z was measured on a section of augite in parallel
intergrowth with hypersthene whose interference figure shows that
the section is cut parallel to (010).

The intersertal groundmass consists of plagioclase prisms,
0.05—0.3 mm. in length, light greenish augite grains (¢<1.6836<p
<1.6869<7), and magnetite, subhedral to anhedral often showing
dendritic skeletal crystals. o

4) Hypersthene-bearing augite-olivine-bytownite-basalt.
(The fourth type of the somma lava.) (PL IL Fig. 4.)

Rock of this type is highly characterized by the presence of
abundant olivine phenocrysts, and is decisively distinguishable from
the preceding types in this respect. .

Mode of Occurrence,—This type is a decidedly rare one, oc-
curring only at the locality indicated on the geologic map (Pl V.
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3d) by IV on the east coast (Pl VL. EF 5). The exposure at
this locality is as shown in Fig. 35, where L; is the lava of
the present type, and L; that of the first type, i. e. the most

Fig 388. Ag...ciiiciiaan Agglomerate bed,
e n a e A Cther ejecta bed.
Ing TNy sisvace Lava of the first tyre.
£ T ..o Liava of the fourth typa.

widely spread basaltic bandaite. There the present rock-type occurs
in ten flows, each under 1m. in thickness and with thin layers of
scorie and ashes between them. As may be seen from Fig. 35,
lavas of the present type Ls must have been discharged from a
local vent during the extrusion of the lavas Lz, and Lp, both of
which belong to the first type.

Megascopic Characters.—Megascopically, the rock is strongly
porphyritic with phenocrysts of plagioclase, olivine, and augite,
scattered through the groundmass without a trace of any regular
arrangement. Plagioclase phenocrysts, single or grouped, are most
abundant and average about 2 mm. in diameter, the largest being
over 5 mm. Olivine, though small in size (<1 mm.), is found abun-
dantly and is conspicuous for its characteristic luster. The augite
phenoerysts, mostly in groups of two or three individuals, are about
2 or 3 mm. in diameter, and vary greatly in amount in different
flows. The groundmass is grayish and aphanitic and has pores of
various size (<3 mm. in diameter).

Microscopic Characters.—Microscopically, the rock is sem-
patic. Single or grouped phenocrysts of calcic bytownite (Ab,yAn,)
with the refractive indices «<1.571 1.572<pA<1.575 1.579<7r
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are seen '1bundant1y They are generally subhedral, commonly
twinned according to the Carlsbad, albite, and rarely per icline laws,
and carry rather abundant inclusions (mostly augite grains, ex-
- tremely few magnetite crystals, and a fine dusty substance), usually
arranged zonally in thin bands parallel to the crystal outline. The
zonal structure due to chemical difference is sometimes exhibited,
especially in the psripheral pafrt, though very faintly. In the
simplest case, the less caleic plagioclase surrounds the more calcie,
but in some cases the more calcic and less calcic zones alternate
between the most calcic core and the least calcic outermost shell.

Phencerysts of olivine, next to those of plagioclase in amount,
are anhedral to subhedral, generally resorbed, often with decp
indentation. The alteration products, iddingsite and magnetite, are
often seen deposited along the cracks. Very poor inclusions of this
mineral are colourless glass and trichites.

Subordinate phenocrysts of pyroxenes, of which kipersthene is
. negligible in quantity, show the usual characters. Of the augite

phenocrysts the following refractive indices were measured™—
o' Z=1.6869  1.68F9<3<1.6906  17014<; < 17168

The groundmass is percrystalline, centimillimeter-grained, and
granular intersertal, being built up of gi‘anular augite and prismoid
plagioclase with euhedral magnetite scattered here and there and
ozi]y a negligible amount of glass, very often appearing brown be-
cause of fine dusty inclusions. It is a remarkable feature of the
groundmass that the mafic components nearly cqual, and at times

even exceed the felsic, in quantity as well as in size.
| Name of Rock.—The present rock is so rich in olivine that it
is inferred to belong to the perfelié order of the quantitative system,

- 1) Here o' and ' denote respectively the observed minimum and maximum refractive
indices.
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and is therefore classed as * basalt ”, following the definition given
by Ippings.” '

(B) Lavas of the ‘Central Cone,

5) Miharaite. (Pl I Figs. 5-6. Pl IIL Figs. 1-4.

The central cone is built up of many lava flows intercalated ,
by layérs of ejecta, as has alfeady been stated (p. 30). Though '
each of these has certain "peculiar characters, both in magascopic
and microscop"é featurés; all agree so closely ‘in their important
petrographic charactors that they are r1crhtly treated as belonging
to the same type. )

It is a remalkxble fact that no trace of 011vme has cver been
dotected in the lavas of the central cone in contrast to the ohvme-
) bearmcr somma lavas. :

Older Lava (Pl II. Fig. 5).—0Lder lavas of the central cone
are exposed in layers on the inner 'wall of the crater. The
specimen of which the following description is given came from
_ the lowest exposed lava on the east wall of the crater. |
Megascopically, phenocrysts- of plagioclase, 2 or 3 mm. in
- diameter, are scattered moderately, and those of hypersthene, far
smaller than the former, sporadically through the groundmass.
The groundmass is gray to black, aphanitic, and varies from com-
pact to more or less porous and slagg |

Under - the microscope, calcic plagioclase and hypersthene are
found as phenocrysts; and less calcic plagioclase, augite, and
magnetite, as the constituents of the groundmass. Interstitial glass
is present. in variable but generally in small qué.ntities.v The

groundmass varies' within a wide range both in- granularity and

1) . Iyneous Rocks, Vol. IL, p. 196, 1913.
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crystallinity, and the texture is accordingly from nearly hyalopilitic
to granular intersertal.

An-ei Lava (1778) (Pl 1II. Fig. 6).—The lava of 1778
is the most conspicuous now seen in Oshima. As is shown in the
geologic map (Pl V.), extensive lava fields stretch from the top
crater eastwards and southwards to the sea shores in almost
uncovered condition. The field feature of this lava shows that it
belongs to the ¢ Pahoehoe” type. The vesiculation of the mass
of the lava is rather evenly developed and uniforinly disseminated
as DaLy” says, but the size of the pores is not always very small.

Megascopically, plagioclase phenocrysts, 0.5 —3 mm. across, are
sparsely scattered through the compact, aphanitic groundmasslwith
abundant vesicles varying in diameter from a few zun. to 1 cmn.
They are mostly spherical, but some are elongated in one direction,
even to such an extent that the length is ten times the breadth.

Microscopically, plagioelase phenocrysts aro always seen. The
groundmass consists of plagioclase, augite, magnetite, and brown
glass. Its texture varies in different parts 6wing to the different
conditions of consolidation. A specimen from the lava field on the '
northern flank of the central cone shows microporphyritic ground-
mass (Pl IL. Fig. 6) with microphenocrysts (0.05-0.3 mm. across)
of plagioclase, augite, and a few of hypérsbhene scattered in dopatic
fabric through the black base which even in thin section is opaque
owing to the fine dissemination of magnetite. Another specimen
collected near the eastern end of the flow has its groundmass quite
like that of a-type (p. 70) of the somma lava.

- Meiji-Taishé Lava (1912-1914) (PL IIL Figs. 1-4).—During .

" the eruption in 1912-/14, the extrusion of lavas took place in five

1)> Igneous Rocks and Their Origin, pp. 290-291, 1914,
<“The Nature of Vulcanic Action,” Froceedings of the American Academy of Arts and
Sciences, Vol. XLVIL, No, 3, 1911.
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periods. These lavas did not run over the brim of the crater but
filled the bottom of it.” =~ - " - -
Megascopically recognizable .minerals are plagioclase and
pyroxene. The former occurs abundantly as megaphenoctysts with
-a diameter varying mosﬁly from 0.2 to 3 mm., while the latter is
only sporadically found and is far inferior in size. The colour of
the groundmass varies in different parts. In its slaggy part it is
jet-bléck while in its more ‘compact part it is dark gray. The
surface of each lava is often coated -with a thin scorlaceous film,

- brown in colour.

Microscopically, the rock contains abundant phenocrysts of ,
B placrloclase a few of hypersthene and clino- -hy persthene and a
negligible amount of augite. The texture of the Oloundmass varies.
In the megascopically gray, comparatwely compact part, it is
percrystalline in crystallinity -and decimillimeter- orainéd in granu-
larity, consmtmo' of prismoid plagioclase, augite grains, magnetite,
and apatnte (extlemely rare), with only a necrhcnble amount of
_interstitial glass, arranged in ophitic texture (PL III Fig. 1) ; while-
in the black slaggy palt, it is hyalocrystalhne or doclystalhne,
. plagioclase and augite swm1m1ncr in the brown base, -and is almosb-
free from visible magnetite crystals (PL IIL. Fig. 2). In the part
of the intermediate cr ystalhmty, the groundmass is black and
opaque in' thin section owing to the dlssemmatlon of fine grains of
maonetlte (PL 1L Figs. 3 & 4).
" Characters of the Component Minerals;—l’lagioclasc occurs
as phenocrysts and as-a constituent c;t' the groundmass. The
pllenocl;ystic one -is euhedral and subhédral, and is developed in
prismatic and nearly équant habits. Two or three individuals of

1) Specimens of the earlier lavas which are now entirely buried were kindly furnished by
Prof. Osort and Mr. Oxanura to whom the writer extends his grateful acknowledgements.
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this mineral often form a grouped phenoeryst. Twinning is usually
present in simple and polysynthetic lamelle according to the albite,
Carlsbad, and rarely pericline laws. Zonal structure due to chem-
ical difference is often very faintly exhibited. The mode of
zoning is not always very simple, the more caleic and less calcic

feldspars being often alternately
Most caleie.

e i developed in successive zones
Less caleic.  (Fig., 36). It is a general rule,

Least calcic,

B fo 20

however, that the outermost one

coating each crystal in a very
thin shell is the least calcic and the innermost one is the mosé
calcic. The refractive indices measured with the isolated pieces
are: a<1,572< 3<1.578<7, so the mineral was identified as calcie
bytownite with its chemical composition Ab,Ang according to
Becke.” The optic axial angle was determined to be approximately
88° supposing A=1.575. The mineral contains numerous inclusions
of angite, feldspar, glass, and fluid bubbles. These are often
arranged in distinet zones orientating thcmselves parallel to the
outline of the host.

The plagioclase in the groundmass is too fine to be determined
accurately, but as the mineral has its refractive indices near 1.57
in average it may be slightly less calcic (sodic bytownite) than
the phenocrystic one. It is prismoid in erystal habib and is very
commonly twinned in two or three lamelle.

Another mode of occurrence of plagioclase which deserves
special mention is as “ rhombic lamellae” (Pl I Fig. 2). Thoese
are found imbedded in brown glass and are often so extremely
thin that their action on polarized light is scarcely recognizable.

1) «Zur Physiographie der Gemen_teile der krystallinen Schivfer,” Denleschriften der kai-
serlichen Aleademie der Wissenschvifte, 75 Band, 8. 103, 1913 (Wien).
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They are more noticeably developed in more hyaline facies and
make gradual -transition to the plagioclase of common type., Most
-of them measure from 0.03-0.12 mm. along the longer diagonals
: P P ' of the rhombs. Well defined rhombs
,7'0'1 . have angles measuring about 52°, 116°, -
' . Fig. 87, . - and 128° and thus seem to be bounded
by the faces M (010), P(001), rc(lOl) and- 7'(110) or I (110), as
shown in Fig. 37, i. e. the lamellee are very thin tabular parallel
to M (010).” ~
Hypersthene and  clino-hypersthene.—Hypersthene occurs in
ssubordinate amounts as phenocrysts of prismatic form measuring
0.2-1 mm. along the longest' direction, being nearly euhedral to
:anhedral.  Prismatic - cleavage is sometimes notideablyl exhibited
~and transverse craeks are often seen. Axial colours observed in
thin section are :—
lle... igreenish Le....brownish

Conoséopic examination shows that the two forms of hypellsthene
are present—tlie “hormal one and that of the clino-form, with the
trace of the optical plane parallel and transverse to the c-axis respect- .
1vely. In proper"cies other than the optical orientation the two
behave quite alike and have no other characteristics to distinguish

1) A similar occurrence of plagioclase is said to have been observed in the basaltic glass
-of Ogasawarajima (Bonin Islzinds), on which an account was given by the late Dr. Y. Krrucax
(** On Pyroxenic Components in Certain Volcanic Rocks from Bonin Is'lands,” Jour. Sci. Coll. Imp.
Univ. Japan, Vol. IIL, pp. 70-73, 1889). There he observed that the * rhombic lamellze” make
:;gradunl transition to the porphyritic. crystal of plagioclase, as in the present case, and thus
he confirmed that they are plagioclase (probably anorthite), as suggested by PeExck (= Studien
iiber lockere vulkanische Auswiirflinge,” Zeitschrift d. Deutschen geol. Gesellschafi, Bd. XXX., S. 99,
1878), Krrurz (“ Ueber Vesuvlaven von 1881 und 1883, T'sckermak’s Min. w. Petr, Muth., Bd. IV.,
'S. 139, 1885), and Doss (“ Die basaltischen Laven und Tuffen der Provinz 'Hnman und vom Diret
-et-Tuliil in Sirien,” T'schermale’s Min. w. Pelr. Mitth., Bd. VI, S. 527, 1836). Crystal faces ob-
served by him are as follows :— )

FP(001), M(010), y(201), o(11I), p(11I), =«(101).

‘Twinning according to the albite and Carlsbad laws was also observed by him in the rock of
‘Ogasawarajima.
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them from each other. Polysynthetic twinning after (100) ‘which
is_-said to be very characteristic of clino-enstatite® is entirely
absent in our clino-hypersthene.
. Augite is a light greenish variety. It is found very rarely as
microphenocrysts, but abundantly in the groundmass as one of the
essential ingredients, and ranges from nearly euhedral to anhedral.”
Sometimes the mineral occurs in a - thin rim around hypersthéne
in parallel intergrowth: The common type of twinning after (100)
" is often met with, while the intergrowth with plagioclase penetrat-
ing each other in cross is sometimes seen.

Magnetite occurs in rather large euhedral crystals in the more
crystalline part, reaching as large as 0.06 mm.. in diameter, while
in the less crystalline part it shows very often dendritic skeletal
forms.

Apatite is almost absent, its needle with characteristic negative
elongation (0.02 mm. in length) was detected only in one instance
in thin section from the percrystalline part of the recent 1&\(&.

Glass base is uniformly bern in thin section. Its index of
-refraction was measured with the powders from the more hyaline
part of the recent lava to be n=1.593 —1.596. This high refractive
index shows the basic nature of the glass.: |

Chemvical Characters.

The chemical “analyses of three of
the lavas and one of the scorie of the recent eruption. gave the
following results :”—

A A B (o} ’ D E
. Sio, 51.94 5113 5132 5140  b5L45
ALO, 1536  17.75  16.84 1742  16.84
- Fe,0, 3.11 045 0.65 1.74 1.49

1) O. ANDERSEN, “ System Anorthite-Forsterite-Silica,”” Am. Jowr. Sci. (4), Vol. XXXIX., p. 419,
1915, ' ' o

2) These analyses were made in the Geological Survey and were published b'y OrAMUEA in
his report on the recent eruption (I'eport Geol. Surv. Japan, No. 48, 1914).
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A B_ G D
F.O 981 1158 1214 1026  10.95
MgO 493, 440 422 436 448
a0 1054 1083 1085 1051 1071
Na,0 077 130 152 144 193
KO - 049 036 041 022 037
H,0 0.43 0.95 1000 049 072
Ti0, 153 101 10l 144 127
P,0, 089  ftrace  trace 015 026
MnO . 021 025 029 003 019
Total - 100.01 100.01 100.25  99.46  99.96
AL Lava in April, 1912.
B...... ..Lava in October, 1912.
C...... . .Scoria in October, 1912,
D........ Lava in December, 1912. .
B T The averagé of the above four analyses.
‘Qsann’s formulee. :
A B c D B
s " BT.69 56.24 56.26 57.10  56.84
A 1.10 1.63 1.88 1.63 1.56
¢ 8.66 . 8.68 8.81 9.52 9.15
ya 922.86 2214 2236  20.60  2L74
a - 0.67 0.97 1.14 1.03 0.96
o 5.31 579 533 6.09 5.64
v 14.02 1324 1353 1297 1340
n 7.06 8.40 8.62 920 833
E 123 1.02 110 1.16 1.15
Norms. '
A . B C D .
Quartz . 14.2 6.1 5.3 9.2 8.8
Orthoclaso . 28 22 22 11 22
Albite 63 110 131 - 121 105
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A B ¢ D E

Anorthite. 37.3 414 378 406  39.2
Diopside 84 103 136 91 103
Hypersthene 214 25,5 - 243 214 23.2
Magnetite 44 0.7 0.9 2.6 2.1
Tlmenite 2.9 20 20 17 . 24
Apatite . 1.9 —_— —_— 0.3 - 0.6
Ratios. '
A B ' C D E
_ Sl 155 158 143 179 157
Fem
'QT 031 011 010 017 017
Na0'+KO 43 017 021 017 017
Ca0’
KO 042 019 016 009 020
NaO

Of the four analjsed rocks, two (B and C) belong to auvergnose
(’IIL ‘5. 4. 47.), one (D) to bandose (II'. 4’. 4'. 5.), and one (A) to-
an unnamed subrang (III. 4. '5. 4.). The average of the four
analyses places the rock at 'IIL. 4. 4'. 4.

Name of Rock.—As is clear from the above description, the-

rock is basaltic, but is remarkable in its amount of silica relative:

to other components. This amount is not only sufficient to form.
the highest silicates but yields it to excess, which appears in the
norms as occult quartz, so that the rock finds its position in
average at the quardofehc order in the C. I. P. W. quantitative-
‘system. The normative plagioclase, on the other hand, is as.
calcic as bytownite (Ab,An, in A, Ab,Ang in B, Ab,An; in.C,.
Ab,An, in D, ahd Ab,An, in average). The rock is, therefore,
an aphanite belonging to the quardofelic order or very mear to i,
with the mormative bytownite. » >
The rocks with strongly calcic normative -plagioclase usually—
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beiQng to the perfelic order with either a negligible amount of

quartz or none, while those belonging to the-quardofelic order are

not yet known to have such calcic plagioclase as bytownite.”

Thus, the rock now wunder consideration is quite unique in its

composition.

Of the quardofelic aphanites characterized by lime-soda-feld-

spars, those with normative oligoclase, andesine, and labradorite are

1'espectivelj7 called ungaite, shastaite, and bandaite. It is clear from

the characters described above that the present rock must occupy

. the vacant position next to bandaite, or thereabout in-the same

'

group, being characterized by normative bytownite. "Thus, it seems

to be neccessary, on aceount of its peculiar characters, to give a

new name to our rock, for which ¢ smiharaite ™ is here proposed,

derived from the name of the central cone, Miharayama.”

In the following table, miharaite is compared with (i) the type-

basalt given by Rosmnsoxn,” (ii)- the alboranite from Isla de la Nube,

Alboran, described by Becxr”, and (iii) the diabase from Barima

District, British Guiana, described by Harrison.”

A....
" B...

C...
D....

.Average composition of the present vock TIL. 4'. 4'. 4.
.. Type-basalt, calculated by Ropmsox from 246 analyses in II.

5. 4. 3, IIL. 4. 3. 4., IIL. 5. 3. 4 & 5., IIL 5. 4. 3, IIL 5. 5.

.. Alboranite, 'TIL. 5. '4. 3(4). auvergnose.

.Diabase, 'IIL. '5. '5. 5. ouenose.

1) IppINes says, in a description of the phanerites belonging to the same group as the _
present rock, that the feldspars of any rock of this group almost never average as calcic as
bytownite-anorthite (Igneous Rocks, Vol. IL, p. 44, 1913).

2) “Mihara-gan” (ZJR4) in Japanese.

3) =ZE

4) < The San Franciscan Volcanic Field, Arizopa,” U. S. Geol. Surv., Prof. Paper No. 76, p.

101, 1913.

5) Tschermak’s Min. w. Petr. Mifth., Bd. XVIIL, S. 525, 1899.
6) DRep. G. N. W. District, 1L, p. 6, 1898. Reproduced in the following works:—
H. S. Wasmmoroy, * Chemical Analyses of Igneous Rocks,” U. S: Geol. Surv., Prof.
Pager No. 14, p. 337, 1903. : -
Ippivas, Igneous Rocks, Vol. IL, p. 227, 1913.
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_A B C D
Si0, 51.45 . 480 53.13 50.76
ALO, 16.84 16.3 15.61 16.83
Fe,0, 1.49 4.0 233 416
FeO 10.95 7.6 8.23 4.45
MgO 448 .13 5.80 10.09
Ca0 10.71 9.9 11.75 11.30
Na,0 1.23 - 28 1.86_ . 097
KO . - 037 L1 176 006
T HO . 0.72 14 0.73 0.14
TiO, 1.27 14 — 0.46.
PO, . 0.26 0.3 —_— e
MnO 019 " 02 — 0.69
Total 99.96 100.3 101.21 99.91
Norms.
_ A B c D
Quartz 8.8 _— 2.0 6.7 .
~ Orthoclase 2.2 6.7 10.6. 06
Albite 10.5 23.6 .- 157 8.4
Anorthite 39.2 28.6 28.9 41.1
Diopside 10.3 15.6 24.8 . 11.8
Hypersthene 23.2 5.9 17 23.8
Olivine _ 9.7 S — C—
' Magnetite 2.1 5.8 33 - 6.1
Tlmenite - 2.4 2.7 T — 0.9

Apatite 06 C 19 S— —

(C) Rocks constituting the Demolished Igneous
Bodies along the Western Half of the
Northern Coast.

The rocks constituting the ruined igneous bodies along the
western half of the northern coast (pp. 38-44) contain a fair
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‘amount of phenoerysts of olivine and other mafic minerals in
contrast to the somma lavas of the first type (p. 67), in which
these minerals are either entirely. wanting or negligible as pheno-
crysts. A moderate quantity of olivine in, the rocks of the ruined
igneous bodies indicates that these may belong to the perfelic order
of the quantitative system. From this character as well as from
others. described below, the rocks:are to be classed as “ basalt”"
'fol]owmor the definition of this term given by IppiNgs.”

6) Tw_o-pyroxene-olivine-anorthlte-basa.lt. (PL-IIL I‘Jgj 5.)

Mode of Occurrence.—The rock occurs in several lava flows
constituting the Tnined igieous body of Chigasaki® (la; pp. 38
41; Pl VL. GA 14). o ' '
| Megascopic Characters.—The rock shows very conspicuous
'phenoerysts of plagioclase, equant, mostly 2 or 3 mm. " but some-
times as large as 1 or 2 ¢m. in diameter. Phenocx ysts of olivine,.
hypersthene, and augite are also seen but -are far inferior both in
size and quantity, to those "of plagioclase, being commonly less
than 1 mm. in diameter. ' -

The groundmass is meuascoplcally aphamtlc, gray and rather

compact

Microscopic Characters.—The phenocrystic minerals seen
under the microscope are anorthite, olivine, hypersthene, and augite, :
in quantltatlve order. : ‘
The large phenocrystlc anorthite has the following optxcal

properties : — :

(1) Estinction angle on. M (010):  —34°8':32'

(2) Refractive indices : a<1.578< 3<1.582<y

(3) Positions of -the optic axes relative to M (010):

1) Igneous Roclks, Vol. IL, p. 111, 1913.
. 2) Foeyor Aol
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=53 ¢'=87°30""
p=23°8' o =80°22'
(4) Imeclination of optical plane to the side pinacoid :
O.P. A M (010)=T5°35"
(5) Optic axial angle : 2 V'=81°40'
(6) Optical character...... negative.

From the values of refractive indices, the mineral was identified
as anorthite with its chemical composition Ab,An, according to
Brcke.” Optical constants other than refractive indices.also show
a close agreement with those of anorthite.

The mineral enclogses small ecrystals of olivine, (Fe,8i0,)in
(Mg.Si0,)sr—s1, with the refractive indices ¢<1.678<j3<1.691<7.

Plagioclase, as microphenocrysts, is also anorthite with refrac-
tive indices similar to the above, euhedral to subhedral, commonly
twinned according to the Carlshad and albite laws, but rarely to
the pericline and Manebach laws. Some of the plagioclase crystals
are almost free from inclusions, but most of them include rather
abundantly anhedral grains of light greenish augite and uncrystallized
or partly erystallized opaque masses (slag), which latter may have
been imprisoned prior to crystallization. Olivine is only rarely found
as an inclusion. Zonal arrangement of

1. Most ecaleie.  inclusions is very well developed in some
2. Medinm caleie,
3. Least calcic.

cases. Zonal strocture due to chemical

difference is almost lacking except that the
Fig. a8. less calcic plagioclase forms the shell of the
anorthite phenoeryst. In very rare cases a more complex zoning
(Fig. 38) is extremely faintly exhibited.

1) As to the meanings of ¢, p, ¢/, and p/ see Fig. 34, p, 65, The values in (3)—(6) were
calenlated by supposing 8=1.578.

2) «Zur Physiographie der Gemengteile der krystallinen Schiefer,” Denkschriften der
kaiserlichen Alcademie der Wissenschaflen, 75 Bd. S. 103, 1913 (Wien).



Voleano Oshima, Idzu. . ) 91

/

Olivine phenocrysts, next to those of. anorthite in amount but.
far less numerous; range in diameter- from 0.3 to 1 mm. These
have irregular outlines with rounded corners and sometimes deep
indentations, each being fringed with a resorption-border, .consisting
of magnetite grains, surrounded in turn by a specially fine-
grained thin layer similar in composition to the groundmass. The
refractive indices of olivine crystals were mea.sured “with the
result: 2<1.678<3<1.691<y. The mineral is therefore inferred
to have the chemical composition (Fe.SiO,)is19(Mg,SiOs)sr-s. The
mineral is fresh, but irregularly cracked, and is almost free from
inclusions except fluid enclosures which are very rarely found.

Subordinate phenocrysts of hypersthene and augite are present.
'Hypersthene phenocrysts are subhedral and prismatic, the largest
_in thin section measuring 1 mm. along the c-axis, and are traversed
by the usual cleavage lines and other cracks, of which those
perpendicular to the c-axis are conspicuous. The mineral has the
optical plane parallel to (010) and shows its characteristic pleo-
chroism. As inclusions it often contains small plagioclase crystals.

Light greenish augite phenocrysts, 0.3 mm. across in the
largest example are euhedral to anhedral, twinned sometimes on
(100). - -

A, parallel growth of two pyroxenes is commonly seen, the
hypersthene being always enclosed by 'a very thin rim of augite.

The minerals in the groundmass are prismoid plagioclase which
‘is at least as calcic as labradorite-bytownite ‘with the maximum
symmetrical extinction angle rcaching 45°, light greenish anhedral
augite, and euhedral isometric magnetite, with an extremely small
amount of interstitial glass, light brown in colour,: clonded by
numerous clobules. These component mmerals vary from 0.01 to

0.1 mn. in diameter and build up the crranul‘u mterseltal crround—
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mass which is high in crystallinity (nearly holocrystalline) but low.

in granularity.

" 7) -Olivine-bytownit'e-basalt (). {PL IIL. Fig. &)

Mode of Occurrence.——The rock occurs as lavas donstituting
the. ruined igneous Abody underlying Kazahaya® (la; p. 41; PL
VI.. GA . 13).

. Megascopic Ckaracters.

-The rock is dark gray and is
strongly porphyritic. The phenocrysts are mainly of plagioclase
with diameters from 1 to 3 mm. Minute olivine phenocrysts are
scen in smaller quantities. Irregulai' pores with diameters, mostly
from 1 to 2 mm. and in maximum 5 mm., are distributed through
the rock mass. ‘ '

Microscopic Characters.—Microscopically, the rock is dopatic.
Phenocrysts of plagioclase, which is caleic bytownlte (AbnAns,)
W1th the . refractive indices «<1. 972<ﬁ<15 8<y, are generally
.subhedml, twinned ‘as usual, and often carrying inclusions of
-augite, uncrystallized groundmass, and fine dusty substances.
Zonal structure due to chemical diﬁ"efe_nce is only " very faintly
developed or almost lacking. ’

The microphenocrysts of slightly greenish olivine, (Fe.Si0.),;
Mg:Si0,)q_ (2<1.678<p<1.691<7), averaging about 0.2-0.3 mm.
in length, are anhedral often with deep indentations, remarkably
tlawersed by cleavage lines and cracks perpendicular to the c-axis,
and not infrequently surr ounded by the alteration product, brownish
yellow iron oxide.

These phenocrysts are scattered through the noally holocrys-
talline, centimillimeter-grained, gr anular intersertal groundmass. The

minerals that build up the groundmass arc prismoid plagioclase

1 B
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(labradorite-bytownite) which is - simply or polysynthetically
twinned, light greénish" anhedral augite occasionally twinned on
(100), and sﬁ_uall isbmetric magnetite. Colourless glass .encl(')'sing'
"'a fine dusty substance is found very sparingly as the interstitial
matrix. - S ‘

' 8) Ohvme bytowmte -dolerite. (PL IV. Tig. 1.)

" Modeé of Occurrence —To the east of Kazahaya (1a) igne-
ous bodies are exposed on the sea cliff in the form of lavas and
intrusives (p. 41; PL VL GA 10-11). The rock specimen here
described was taken from the westernmost intrusive mass which
appears to be a congealed vent (PL. VI. GA 11). »

Megascopic Clzaractei's;—_—Tlle' rock 1s megascopic%lly_ fine-
grained non-vesicular, and is gray - in colour. Porphyritic éom-
ponents recognizable with the naked eye are plagioclase, 5 mm. in
maximum diameter Vﬁth nearly equant development, ‘and olivine,
10.38 ‘abundant and smallér than the former. :

. Microscopic Characters.—Under the microscope, the pheno-
crysts of calcic bytownite, Ab, An,, with the refractive indices a< 1.571 -
1.5672<B<1.575 1.577<y, show the usual characters. They are
generally subhedral, twinned, very faintly exhibit zonal structure,
and commonly cairy inclusions. . )

Sabhedral to anhedral digpsidic augite, occasionally twmned
~on (100), and anhedral olivine, (FezSIO4)15_19(MngLO4)sz_m (»<1.678
>BA1.691<7), with brown iron oxide deposited along the cracks
that traversc the mlneral are seen as mlcxophenocl ysts, less than
1 mm. in diameter.

The nearly holoerystalline  groundmass consists ‘of sodic
by towmte light. coloured diopsidic augite, and m‘wnetlte with

only a trifling amount of brown glass clouded with fine dust.

« . =
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The characteristic feature of the gr oundmass is high oranulauty,

being decimillimeter- grained and doleritic in texture.

9) Olivine-bytownite-basalt (3). (PL IV. Fig. 2.)

Mode of Occurrence.—This rock constitutes the igneous body
to the west of Okata® (23,; pp. 41-42; PL VL. GA 9).

Megascopic Characters.~——Megascopically, the rock is sem-
patic with aburdant phenocrysts of plagioclase, 1-4 mm. in diameter,
scattered among the grayish, a,phanitic, more or less porous ground-
mass. Olivine crystals are found far smaller in size and less in
quantity. '

Microscopic Characters. —DMicroscopically, the single or
grouped phenocrysts of calcic bytownite, Ab,Ang (¢<1.574<3
<1.578<y), are equant, mostly subhedral, and commonly twinned,
often exhibiting a very faintly marked zonal structure:
' Inclusions, sometimes with zonal arrangement, are as usual.

Olivine phenocrysts, 0.05-0.7 mm. across in average, with
rounded corners and indentations, are comparatively com_mOn-v
The refractive indices are 1.67 8<p«<1.691, so the composition of
the mineral is inferred to be (Fe,5i04)i1(Mg.SiO))ss. Secondary
iron oxide is seen along the margin of the crystal, and iddingsite
along the cracks.

The groundmass is almost holocrystalline, centimillimeter-grained,
and basaltic, being built up of prismoid plagioclase (extincﬁon angle
>30°), anhedral light greenish augite, and small isometric magnctite.

(D) Rocks occurring as Dykes.

Dykes are seen at several places in the island. On the chiff
opposite to Fudeshima® (3d), numerous dykes are exposed, as has

1) mm 2 &R
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already been stated (pp. 24-25; PL VI EF). Dykes are -also
seen, one at the foot of the western wall of the crater-harbour
Habu” (3e; p. 22; Pl VL DE), and four on the ring-wall of
the somma indicated by x on the geologic map (PL V. lc and
2d). These are olivineless basaltic bandaite with characters
similar to those of the first type of the somma lava. They are
of two types:— : o

10) Olivineless basaltic bandaite (). (PL IV. Fig. 3.)

The rock of dykes piercing the cliff opposite to Fudeshima is
megascopically compact, non-vesicular and is sempatic with mega-
phenocrysts of plagioclase, from 5 mm. downwards in diameter. )

Microscopically, the phenocrysts of calcic bytownite 'ﬁ‘\bmAn&.,

are mostly in euhedral to subhedral stout prismatic to equant forms,
" and usually exhibit very faintly marked zonal structure. The
. groundmass consists of lighﬁ'greenish augite, plagioclase, less calcic.
than the phenocrystic one, and magnetite, arranged in texture
~ near the ophitic fabric. The characteristic feature of the groundmass
is high crystallinity -and high granularity, it being almost holocrys-
talline and centimillimeter-grained. '

. 11) Olivineless basaltic bandaite (7). (PL IV. Fig. 4)

The rocks of the other dykes, of which the southernmost one
on the western ring-wall of the somma is taken as representative,
are gray, compact without any vesicles. The plagioclase pheno-
crysts are very small, rarcly over 1 mm. across, and are not .
conspicuous though they are fairly- abundant. A few hypersthene
phenocrysts are also seen. - o

Y
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‘Microscopically, subhedral phenocrysts of calcic bytownite (Ab,
An,) with usual characters and a few anhedral ones of hypersthene
are 'foun.d. The groundmass consists of small plagioclase prisms,
augite anhedrons, and magnetite grains, with a small amount of
colourless glass as interstitial matter. Only one crystal of apatite
was found in a thin section. These component minerals of the
groundmass vary from 0.003 to 0.04 mm. in diameter and arrange

“themselves in granular intersertal texture.

(E) Ejecta.

'12) - Ashes, Sands, Lapilli, and Bombs.

Ejecta are not less important than lavas in the building up of
the volcano Oslwinna. They are found in many. layers alternated
with lavas. _

- In size they are of four grades—(1)ashes, (2)sands, (3)
lapilii, and (4) bombs. '
 Ashes and Sands.—These are brown, black, or yellowish in

coionr; sometimes as red as rouge, having been scorched by
the intense heat of the molten lava. Ashes and sands treated
with HCl were observed under the microscope to'consist mainly -
of splinters of glass and fragments of calcic bytownite with
_ only a negligible "amount of fine pieces of ‘the ' minerals that
constitute the groundmass of the lava. This fact indicates that
these ashes and sands originated in ‘the magma itself before the
consolidation ‘of the groundmass and did not come from the
disturbed and shattered portions of the rocky walls through which
the vent was drilled. These form what Pirsson” terms < vitric

1) «The Microscopic Characters of Voleanic Tuffs,” Am. Jour. Sci. (4), Vol. XL., p. 191,
1915,
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tuff” and crystal tuff.”” Ashes occasionally form cendre granulée
or pisolite, as.was found interstratified on the ring-wall of . the
somma, some 500 m. southwest of Kagamihata® (lc).
Lapilli.—Thers are two kinds of ejecta of the lapilli grade,
viz. fragments of the pre-existing rocks and juvenile ones. The
latter which far predominate over the former are glassy and
scdriaeeous, and often contain phenocrysts of calcic bytowhite. In
most cases, lapilli form very thin beds, -ral'eiy exceeding 20 -cm. .
in thickness, between the ash and sand layers, though they some-
.times form thick "accumulations, as for example on the cliff opposite
to Fudeshima® '(3.d; pp- 26-26). The surfaces of the ground in the
caldera and the apical part of the somma are loosely covered by

the lapilli of the central cone.
Bombs.—The larger blocks of the pre-existing rocks are
imbedded in ash and sand beds and form agglomerate beds, which

are however very rare. Bombs that originated in molten lavas

are ‘scattered around the crater on the uppér slopes of the central
cone. - They are multifarious in sh&pe—spindie-shaped, subspherical, -
spheroidal, etc. Their size is also of ‘wide‘ range. A very large |
specimen found near Kawajiri,” the Jowost ‘.p_oint of the crater
margin (K in Fig. 20, p. 33), has a diameter of over 1 m. Petro-
graphically, the bombs do not diffor from the lavas of the central
cone, namely miharaite. Parallel arrangement of phenocrystic '
minerals which is said oten to have. been observed in the bombs
of other volcanoes is not markedly secn in these. "This may be
due to the high fluidity of the molten lava. It is an interesting
fact that bombs sometimes contain blocks of earlier lavas as nuclei
around which new lava-materials are coated.

Pele’s Hairs.—Among the ejecta of a peculiar form is black

) s 2 R 3 MR
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Pele’s hair or glass cotton, found and collected by Nakamura in
1907 between narrow crevices of lava in the central Mihara”
crater. This is the only specimen ever found in our country.
History records the fall of Pele’s hairs durihg the eruption on
August 31, 1777 (p. 56). | | |

' 13). Micro-allivalite. (Pl IV. Fig. &)

At the foot of Kazahaya® (1a), imbedded in an ash layer (P1. VL.
GA 12) between the lavas of olivine-bytownite-basalt (p- 92) which
constitute a small igneous body, the writer found a coarse-grained
holocrystalliné block, about 3 c¢m. across, which is petrographically
identical to that ejected in the eruption of Sakurajima® in 1914,
at the southern extremity of Kyusht, described by Kord® under
the new name of * micro-allivalite.” Specimens. of similar motex
were also collected by TsusiMura on Miyakejima®, one of the Idzu
Islands. A

The block may be what Lacrorx calls « enclaves homaogenes ™
or Harker calls “ cognate zenolith.” The writer’s view on the
genesis of this phanerocrystalline mass “will be given later (pp.
121-122).

Our micro-allivalite consists of anorthite and greenish olivine,
each grain ranging in diameter from 1 to'5 mm.

Anorthite has the refractive indices: «a<1.575 1.581<8<1.584
1.583<7, so that the chemical composition of the mineral is inferred
to be Ab,An,. It is twinned according to Carlsbad, albite, pericline,
and Manebach laws. | | -

1) =R 2) A% 3) ¥R )
4) «The Great Eruption of Sakura-jima in 1914,” Jour. Sci. Coll. Imp. Univ. Tékyd, Vol.
XXXVIIL, Art. 3, p. 195, 1916.

5 =ER
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Olivine is traversed by numerous cracks. It is (Fe.SiO)i s
(Mg,Si0,)ss with the refractive indices :—
a<1.636< 3<1.687T<y
Observed maximum refractive index <1.7185
Small interstices between the large individuals of the minerals
are filled with a material containing hypersthene, similar to the
groundmass of the lava.

14) Augite-micro-diorite. (Pl VI. Fig. 6.)

An ejected block of rather acidic nature was found at the
northern foot of Kagamihata® (1c) imbedded in the uppermost bed
of agglomerate. A

It is a holocrystalline, fine-grained (mostly 0.3-1.5 mm. in
diameter) mass of hypidiomorphic granular texture, consisting
essentially of plagioclase and augite with magnetite and apatite as
accessories.

Plagioclase belongs ' to andesine-labradorite with chemical
compositions ranging from AbgAn, to Ab,Ang, determined by
the refractive indices (1.55-1.56). These plagioclases are twinned
simply (Carlshad law) and polysynthetically (albite law) and exhibit
noticeable zonal structures. In the simplest case the innermost

zone is the most calcie,

successive ones becomo
more and more sodic with
gradual transition ; while

not a few show the more

1. Most ealeic. 2. Less calcie. complex manner of zoning

3. More sodie. 4. Most sodic. 3 =
as shown in Fig. 39.

1) #R
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Augite is a greenish, high double-refracting one, traversed by
characteristic cleavage lines parallel to (110). and often twinned on
(100). It is noteworthy for its pleochroism. Pleochroism is
noticeable in thicker sections, especially in those which extinguish
-nearly straight. It is as follows :— |

), yellowish green
YA deep green

Absorption Z'>X

Here, X’/ and Z’ respectively den.te the vibration directions.
of the faster and the slower rays in section. :

" The observed refractive indices for sodium light of this unusual
augite are given below. For comparison, those of the minerals
from other localities which have like optical properties are cited in
parallel columns. ‘

a i r
Pleochioie angite, Oshima® I 1T01<p<LTIG i;7<0i.§1r5-
Angite, Pojuna © 1688 1701 1713
Angite, Renfrew : 1.6975 1.7039 1.7227
Augite, Boreslau ' —_ 1.70 . e
Dark green diopside, Nordmarken =~ —— 1.7047 —_—

Optical plane || (010).

Augite sometimes includes small crystals of plagioclase.

Magnetite is found as an accessory ingredient in subhedral
“erystals and apatite is as usual in small needles with characteristic
negative elongation.

The interstices of the component. minerals are often filled with

a colourless salic matter with somewhat lower refractive indices

1) Here o/ and 9/ respectively denote the observed minimum and maximum refractive
indices, : ‘
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but; similar double refraction to the ,afore,-mentioned plagioclase, and
show a micrographic fabric.

Of the many kinds of phanerocrystalhne blocks found in the -
volcanoes of Japan, one somewhat similar to that deseribed here
‘was discovered by HIRABAYASHI” among the ejecta of Fuji”, being
-especially abundant around the crater of one of its parasitic cones,
. Hoeizan.® It consists of anorthite, augite, hypersthene, and
magnetite. He considered it as a fragmented block of a deep-
. seated dyke since a rock with similar petrooqaphlc characters was
actually observed occurring as a dyke in the highly dlssected
Ashitaka®, an older voleano adgaeent to Fuji.

‘ The genesis of our micro-diorite will be discussed on PP
121-125. |

V. History of the Magma.

In the foregoing pages, the various rock-types of Oshima have .
been described in detail. Each of these rock-types has certain
distinguishing characteristics, but all of them differ only slightly from
-one another, agreeing so closely in théir essential features that they
are considered to have originated from the same magma. What,
then, is this original magma ? How have the varieus rock-;cype_s
and the petrographic characters ‘as now seen been devéloped from
1t? The present- chapter is an. attempt to answer these questions
and to .discuss the history of the magma of Oshima. _

‘ The more important 1ock types, except those occurring as
dykes and ejecta, are:— '

. 1) «Volcanoes Fuji and Ashitaka,” Report Earthq. Invest. Com., No. 24,1899 (in Japanese).
2) B+ .
3) ik B -
4) RE :
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102
Phenocrysis
Names of rocks G;);;z;&
Olivine Plagioclase | Pyroxenes
. Hypérsth‘éne
Two-pyroxene-olivine- Anorthite | and augite
Rocks constitut- anorthite-basalt . AbsAngs |[Comparatively|
ing the demol- (FesSiO)is_10 : abundant
ished igneous (MB’SIOA)w—u
: Olivine- bytownite-
bodies  along b ;;:ﬂe (ay an“c,lmlﬂ) Comparatively Absent
ithe mnorthwest- ¥ abundant
ern coasb " Consisting
Olivine-bytownite- Angite of plagio-
dolerite . ]
et Slight clase (from |
odic labra-
. Hypersthene sodie
Basaltic bandaite ((I\I‘I‘Zzglc())?)i_% and augite |dorite to
. {the commonest Slight or sodic by-
sommsa lavas/ |Slight or absex.xt absent townite),
B 't s
Caleic | Hypersthene: nugite .
Hypersthene-basaltic bytownite | moderate | magnetite, |
bandaite Absent Al::ix:ss 1and glass.
Somma lavas Augite: slight
Hypersthene |
Two-pyroxene-basaltic and augite
bandaite Absent
Moderate
- hene.be Hﬁpersthene :
ersthene-bearin . light
ylzzugite-olivine- § | Comparatively =8
bytownite-basalt abundant Augite:
moderate
Hypersthene
Central cone Miharnite Absent and augite
Slight

The above table shows that the main difference between the
various rock-types exists in the amount-and character of the pheno-
crysts of olivine and pyroxenes, both of which are of comparatively
high specific gravity. This fact suggests the importance of gravita-
tive effects on these heavy crystals.

As to the effect of the separatwn and subsidence of crystals
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in the ﬁagma, Bowex” made a 'thorough consideration, based on
_ the results of recent experiments with artiﬁcial silicate mixtures
which are comparable to the natural magma.

It was seen in the rocks of Oshima that the observed facts
corréspond, at least in a general sense, to what might be expected
from Bowen’s theory. ' 7

Before-a detailed petrologic dleIlSSIOIl is given, the writer will
here briefly outline the conclusion to which he has been led.

The original magma from which the rocks of Oshima were
derived was bas'altic; from it the crystals of, oli_viné, hypersthene
(partly clino-hypérsthene) augite, and plagioclase scparatéd in the
¢ourse of cooling hefore being extruded as lavas. Of these minerals,
the former three, bemv much heavier than the magma, sank in
the magma basin as they crystallized out; while the last mentioned,
matching the magma closely in density, remained practically
suspended in it. Thus, the heavy crystals relatively concentrated
toward the bottom. The observed rock-ﬁypes’ represent various
parts of the magma basin differentiated as above, or different stages -
of the subsidence of the heavy crystals, but represent only one
stage of the cooling of thé magma. '

Probable High Fluidity of the Magma, of Oshima.

. The facility of the movement of crystals in thé magma must
.be greatly influenced by the viscosity of the latter.

The data at hand suggest a plobable high ﬁuldlty of the magma
of Oshima. i

In tho first place, 1t is known of various melts that theu

1) “The Later Stages of the Evolation of the Igncoas Rocks,” Jour. Geol. Vol. XXIII.,
Supplement to No. 8, 1915. :



104 Vol. XLII., Art. 6. —8, Tsuboi:

fluidity increases inversely thei: content of silica, and DoELTER
instanced the magma of plagioclase-basalt as one of the most fluidal
magmas. The strongly basic nature of our rocks (Si0; 51.13-53.01%)
‘suggests that the magma from which they were derived was highly
fluidal.

The behaviour of the magma. in the intratelluric stage cannot
be discerned, but its behaviour after being extruded as lavas can
be inferrcd from observed facts. As already stated (p. 13), each
of the lava flows is very thin, being mostly from a few to.
several meters, but the crystallinity of the groundmass is very high,
percrystalline, in spite of the possible greater tendency to con-
solidate as glassy rocks owing to the rapid cooling in such thin
lavas. This must be due to the high fluidity of the lavas..

The presence of volatile fluxes and a rise of temperature would
naturally diminish the viscosity of the melts. Moreover, according
to Voar's researches on slags, the rate of diminution of viscosity
with rise of tempera,ture. is greater for those of basic than for those
of acidic composilion. Thus the fluidity of the basic magma of
Oshima, which is very fluidal even in the effusive stage, must be
still greater in the intratelluric-stage when the temperature is far
higher and an amount of volatile fluxes is present as is indicated
by the vesicular nature of the lavas. |

High fluidity of the maoma of Oshima is, then, most pxobable.
In such fluidal migma, movement of the crystals is by no means
a mere speculative process, but must be necessarily expected.

Separation of a Mix-Crystal Series.

Crystallization of the magma of Oshima involves the sep-
aration of mix-crystal series as olivine, plagioclase, and py-

xroxenes.



. Volcano ﬁshima, Idzu. . 105

Bowen’s” discussion -on the crystalli@tion of melts of any
system involving a mix-crystal series undér various conditions may
be summarized as follows :—

(1) C—rystallizatioﬁ with Perfect Equilibrium.—Let A and B
be respectively the higher- and lower-melting -.components of the
mix-crystal series. When -the cooling of the melt is extremely
slow and perfect equilibrium prevails,. the erystals first separated
from the melt are rich in A, but as fhe cooling proceeds, the

* . crystals, not only those in the act of separating bub. also those
‘which have pre"viz)usly separated, continually change in composi-
tion as a result of the interchange ‘of material between liquid and
~crystals, becoming richer in B. The crystals formed in this
manner would be homoccneous throughout. ‘

(II)  Crystallization “with Great Undercooling. —VVhen the -
“cooling of the melt is extremely rapid, the liquid may be under-
cooled to a certain temperature before ecrystallization begins,
whereupon the crystals of uniform composmon ( without zonal

- structure) will separate out ' ' .

- {1n  Cr ystalluntto;z with Zoning. ——-When ‘the cooling is
moderately 1ap1d there may be only a limited opportunity or
none at all for a change in composition of the crystals already
separated, but the composition of crystals in the act of separating

 would change toward the enrichment of B, so that the resultant
crystals would show a zonal structure due to difference in com-
vposition varying from one rich in" A to one rich in B. There
is a certain rate of cooling which gives maximum zoning, in

. which _c"ase, the outermosﬁ zone 6f the crystal has the composi-
‘tion of puré B, whatever the total composibio’n of the original

1) *« The Later Stages of the Evolution of the Igneous Rocks,” Jour. Geol., Vol. XXIII
Supplement to No. 8, 1915.
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material may have been. With a rate of cooling, somewhat
quicker or slower than that which gives maximum zoning, the
range of zoning is not so great on account of either a moderate
degree of undercooling or a partial adjustment of composition
between various zones. - : ‘ :
(IV) Crystallization with Local Collection of Crystals.—In
the foregoing discussion, sinking or floating of the crystals has
been left out of consideration. The resuits as outlined above are
to be obtained only when the relative movement of the crystals
in the melt from which they are separated is prevented, In the
case of slow cooling, if the separated crystals differ from the
melt in density, sinking or floating of the crystals would take
place whereupon a local collection of them would be accom-
plished. In this case, in the part where many .crystals have
accumulated, only a small amount of liquid is available for the
interchange of material between liquid and crystals, so that the
crystals would not be subject to a’continual indefinite change in’

their composition toward enrichment in B, but would remain rich
n A. ‘ '

Crystallization of the Component Minerals.

The separation of the component minerals of our rocks took
place in two distinct generatvions-;bef01’e and after the extrusion
of the magma. The phenocrysts of blivine, plagioclase, hypersthene
(and clino-hypersthene), and angite -belong to the intratelluric
separation, while the. groundmass constituents, plagioclase, augite,
and magnetite, are of the effusive stage. A discussion on the courso
of the crystallization of these component minerals follows —

Olivine.—Olivine, which contains no other mineral as inclusion,
-appears to be the earliest separated mineral.
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There is reason for believing: that the magma of Oshima
closely matches in density calcic piagiocl'ase crystals (p. 109).
Olivine crystals are therefore of much higher specific gravity than
the magma ' from which they were separated ; .consequently the
importance of their subsidence in the highly fluidal magma during
the course of crystallization may be reasonably assumed.

" Olivine forms a mix-crystal scries belonging to Type I of
Roozesoor’s classification” composed of forsterite (Mg:Si0,; the
higher-melting component with the melting point 1890°£20°C.”)
and fayalite (Fe.SiO,, the Jower-melting component).. Following
the discussions given on .pp.’ 105-106, the net result of the
Separation and subsidence of olivine crystals, when’ the ‘xﬁagma
cools uniformly throughout the whole mass, would be: (1) at a
'given portion of the magma basin, the earlier the staore is, the
richer the olivine, crystals there present are in forsterite, and (2)
at a given stage, the lower the” portion of the magma basin is, the
more abundant the olivine crystals are, and the richer they are in
forsterite. Thus, there must be a stage where the forsterite-rich
crystals are concentrated in the lower portion of the magma basin,
and where only a few olivine crystals less rich in forsterite are in
the upper portion. If the subsidence of -the olivine crystals goes
on still further, the upper portion of the magma basin will at last
become entlrely free from olivine. '

The olivine in the lavas rich in this mlneral is rich in for-
sterite, (Fe2 S10,)is_0(Mg, Si0,)¢_s ; While that in the olivine-poor
lavas is less rich in forsterite, (Fe, SiO,)ys (Mg, Si0.)nm (P- 102).

This can be explained by supposing that bhe olivine-rich lavas were

N

1) HABKEI’ The Natural History of Igneous Rocks, . 342 1909.
2) Bowks and AxpErsey, “The System MgO-8i0,,” A4m. Jour. Sci. (4). Vol. XXXVIL,
p. 487, 1914,
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discharged from the lower portion, and the ol'ivine-poor ones from
the upper portion of the magma basin. .

Moreover, the separa’mon of the olivine crystals from the magma
should bring about an excess of silica in the residual liquid. That
this inference is Justlﬁed from observed facts, will be shown else-'
where (p. 120).

Plagioclase.—Plagioclase also forms a mix-crystal series of
Roozesoom’s Type I° consisting of albite (NaAlSi,0,, the lower-
melting coniponent with the melting point 1100°C.) and anorthite
(CaAlSi,0,, the higher-melting component with the melting point
1550°C.). The positions of both solidus and liquidus were accurately
determined and the exact composition of solid and liquid in equi-
librium with each other in the binary system became known.?

The crystallization of plagioclase takes place in one of the four
manners given on pp. 105-106.

The plagioclase phenocrysts i the rocks of Oshima show no
noticeable zonal structure due to chemical difference, though very
faint examples are frequently seen. This faet' must be construed
as meaning that the cooling of the magma of Oshima in the intratel-
luric stage was extremely slow, approaching the rate required to
produce perfect equilibrium. The crystals with only very faint
zoning would be formed also by very rapid cooling; but, if so, the
centres of crystalliz@ion about which plagioclase is precipitated
must have been mﬁolh more numerous, and the plagioclase crystals
accordingly. would not be so large as they are.

Such slow coohncr as is considered to have prevalled in the
magma of Oshima may have afforded an opportunity for the

1) Day and Arrew, “ The Isomorphism and Thermal Properties of the Feldspars,” Curnegie
Institution of Washington, Publ. No. 31, 1915.

2) Bowey, “ The Melting PhenomenfL of the Plagioclase Feldspars,” Am. Jour. Sci. (4), Vol.
XXXV, p. 583, 1913.
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movement of the crystals in the magma; consequently if the
‘plagioclase crystals had differed decisively from the. magma in
density, the movement of the growing' crystals and their. local
accumulation must have taken place in the magma. The inevitable
result would be that the plagioclase crystals in,different layers in
the magma basin would differ in composition, and accordingly the
plagioclase phenocrysts in various lavas would not be uniform in
their composition. But when we turn to the plagioclase phenocrysts' of
the _Oshima rocks, we find that they are calcic bytownite, Ab,An
or very mear to it in chemical composition, throughout all “the
lavas with the only exception that anorthite (Ab,An) occurs as
| phenocrysts in the lavas of Chigasaki® (1a; pp. 89-90). Putting aside
for a whil> this exceptional case,” the fact that all the plagioclase
phenocrysts are nearly of the same composition could be realized only
if no apin’eciable movement of the plagioclase crystals had taken
place in the intratelluric stage during the crystallization of plagio-
clase. From the above fact, we can here reasonably deduce that
the magma of Oshima (basalticA magma) closely matches the cnyétals
of calcic plagioclase in density. This conclusion as to the density
~ of the basaltic 'm:agma is noteworthy- in connection with BowEN's
statement that ¢ laboratory determination of densities of calcic’
plagioélase crystals and of melten gabbro place them very close
together,. ...
‘The degree of porphyricity with respect to the plagioclase
phenocrysts is quite variable, from only slightly to strongly- por-
. phyritic, but there is no regularity in the variation which is great.
even in one flow. Variation in the quantity of the olivine pheno-
. crysts in the lavas can be explained as due to a gravitative

- 1) Fregor qrly :
2) With regard to this exceptional case, an explanation is given later (p. 110).
3) <« The Problem of the Anorthosites,” Jour. Geol.,, Vol. XXV., p. 2l1, 1917.
. 9 - :
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effect (pp. 107-108). In the case of plagioclase phenocrysts, however,
the variation in porphyricity is too irregular to be explained in the
same manner, but it may be due in some way to varying condi-
tions at the time of extrusion. '

Anorthite phegocrysts in the lava of Chigasaki enclose small
crystals of olivine, about (Fe,SiO,), ,, (MgSiO,);_ in composition
(p. 90). This may be interpreted as indicating that the crystaléi-
zation of the plagioclase began as early as in the middle of the
separation of the olivine crystals when they were still very rich in
_forsz‘:erz'.te. " Such b‘éing the case, it is reasonable %o consider that
there was an opportunity for the sinking of the early formed
anorthite crystals in company with the olivine ecrystals which
were separating at the same time, though the anorthite crystals
themselves would be very close in density to. thc magma, and
that these accumulated toward the bottom in such a way that no
change of composition involving an increase of albite (the lower-
melting component) in crysta.lé could be accomplished. The
presénee of anorthite as phenocrysts in the rock of Chigasaki may
be explained as a result of the processes above mentioncd. The
. bytownite phenocrysts in other rocks are considered to be, in the
main, of later separation from the less calcic residual liquid after
removal of the early formed anorthite crystals.

The results of experimental investigations on the equilibrinm
of various melts in the system involving the crystallization of the
plagioclase show that the residual liquids are always very much
richer in albite than the plagioclase crystals with which they are
in equilibrium.” If, in the middle of the slow crystallization of

1) Bowen, “The Melting Phenomena of the Plagiocluse Feldspars” Am. Jour. Sci. (4),
Vol. XXXV., p. 583, 1913. ’
Bowex, “The Crystallization of Haplobasalic, Ha_lodioritic and Related Magmas,” bid.,
YVol. XL., p. 161, 1915. )
.
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plagioclase, the residual liquid happened to cool very rapidly, it
would consolidate into a crystalline mass with composition corre-
sponding to that of the residual liquid, uninfluenced by ‘that of
the :ery‘stalé present in contact with the liquid, there being no
opportunity for the adjustment of the equilibrium.. =~ )
. In the rocks of _Oshirﬁa crystals -of sodic bytownité or labra-

‘dorite. occur as a constituent.of the groundmass, and often in a
thin layer coating phenocrysts of calcic bytownite. These less
caleic crystals are no doubt products formed by the sudden cooling
of the residual liquid at the time of extrusion. This indicates that
at the last intratelluric stage the bytownite crystals (Ab,An, or near
to it) were in -equilibrium with the liquid in which the less calcic
plagioclase. was one of the. components. N

If the magmz;, had cooled slowly. further from this stage in the
intratelluric reservoir, the plagioclase crystals would have changed
their composition, becoming more sodic than Ab,An, On the
other hand, if the last intratelluric -temperature had been higher,
the phenpérystic plagioclase would haveh remained more calcic.
Hence, from the fact that all the plagioclase phenocrysts in the '
rocks. of Oshima which are ,considéréd to “have been suspended in
the magma have neaﬂy the same composition (near Ab,Ang), it
is inferréd_that throughout alZ_th'e stages in the history of the pdlcang,
50 Sfar as represented by the exposed lava#, the magmatic temperature
has not cizanged so much as {o affect appreciably the composition of
the plagioclase crystals suspended in- the magma. In other words,
the long volcanic history of the pouring out of the observed lavas ¢s:
represented by a very limited” interval in the cooling history of the
magma. ) | ’

As to the temperature of the magma at this stage, we are

" able to estimate it roughly from the experimental results with

4



112 Vol. XLITL, Art. 6. — S, Psuboi:

N

artificial plagioclases. The temperature at which the erystals
Ab,Ang are in equilibrium with the residual liquid in the binary

system albite-anorthite (NaAlSi3OS—CaAIZSi._,Ob-) is about 1470°C.,

the compdsition of the liquid being Ab,An,; while in the ternary
system diopside-albite-anorthite (CaMgSi.0s— NaAlSi;0s—CaAl:Si.Oy),
it is about 1250°C., far lower than in the binary mixture, the com-
poéition of the residual liquid béing then about 54% of Ab,An,
and 469% of diopside. The natural magma is a very complex
polycomponent mixture, so that the temperature at which the
crystals Ab,An, are in equ_ilibrium' with the residual 1iquid musb
be far lower than that in the bihary mixture. From this it can be
asserted that the intratelluric temperatﬂre of the magma of Oshima
at the last stage was decidedly lower than 1470°C., and may possibly

have been as low as 1250°C. if not still lower.

Pyroxenes.—Pyroxenes in the rocks of Oshima are hypersthene-

(and clino-hypersthene) and augite. From studies' on artificial
melts® it is expected that pyroxenes may belong to- a later crys-
- tallization than olivine. In agreement with this, no closé a8socia-
tion of olivine and pyroxene has been observed, in contrast to the
frequent association of olivine and plagioclase,” suggcsﬁng that the
durations of the crystallization of olivine and pyroxene have not
overlapped. Accordingly, it is also inferred that plégioclase pre-
ceeded pyroxene in beginning the crystallizaﬁion.

- Hypersthene occurs only as phenocrysts and never as the .

3 - A . - 3 .
constituents of the groundmass in the Oshima rocks, indicating that

1) Bowex and AxpErsex, “ The System MgO—SiO.z ” Am. Jour. Sci. (4), Vol. XXXVIIL,

p. 487, 1914,
Bowrx, «The Ternary System Diopside-Forsterite-Silica,” ibid., Vol. XXXVIII, p. 207,
1914, : ‘
. AxDzmsEN, “The System Anorthite Forsterite-Silica,” ibid., Vol. XXXIX,, p. 407, 1915.
2) A close association of olivine and plagicclase is seen in the Chigasaki lava (p. 90) and
in micro-allivalite (p. 98).
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its crystallization was restricted only to the intratelluric stage.

Hypersthene bhenocrysts ‘are often surrounded by augite
crystals in parallel 'intergrowth. From this it is inferred that
augite is a later crystallization product than hypersthene.

Augite is found both as phenocrysts and as a constituent of
the groundmass, showing that its separation took place both in the
intratelluric and effusive stages. _

Summarizing what has been stated above the followinor‘ con-.
clusion 1s deduoed as the most probable course of crystallization
of pyroxenes :—- _

The hypersthene crystals began to separate from the magma after
the crystallization of olivine was completed and in the middle Yof the
crystallization of plagioclase. The duration of the separation of
lypersthene was comparatively ‘short, and after the cessation (?) of
its crystallz'zation augite began to separate and continued to do so
~even in the effusive stage. -

Pyroxenes form mix-crystal series, and the change in thelr
‘composition during the course of crystallization is expected to have
been accomplished as in the cases of olivine and of plagioclase.
The data "at hand, howevér, are insufficient for a discussion on
this subject. The only point bearing on. it. is that in one of the
somma lavas, two-pyroxene-basaltic bandaite e‘(posed at Gyoja"
(3¢ p. 74), the phenocrystic augite ha.s the refractive indices :
2<1.6869 1.6869<;3<1.6906 1.7014<7, whﬂe the mineral consti-
tutmg the groundmass bas. the refractive indices: «<1.6836<p3
<1.6869<y (p. 76). From this, it is imagined that the aﬁgite crystals
whose refractive indices are a<1.6869 1.6869<[3<1.6906 1.7014<y
would, by a change in chemical 'composition, approach those whose
refractive indices are «<1.6836<3< 1.6869< ;, if the crystallization

LVATE . . T e
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of a,ucrlte were to proceed farther.

Since the specific gravity’ of the pyroxene crystals is believed
to be much higher than that of the magma from which they were
precipitated (p. 109). and the cooling of the magma to have becn
very slow (p. 108), a sufficient opportunity must be allowed for the
sinking of the pyroxene crystals. Pyroxene phenocrysts are very
scarce in most of our rocks. This fact was also noticed by Yama-
sak1i® who regarded it as one of the characteristic features of the
rocks of Oshima. This scarcity of pyroxene phenocrysts is under-
stood when it is considered that most of the Oshima rocks represent
the upper portion of the magma basin from which the heavy
pyroxene crysﬁals had been removed by their subsidence eficcted
by gravitation. . _

Magnetite.‘—Magnetite is, for the most part, a lproduct of the
period after the magma was extruded as lavas. The probability
of this inference is supported by :—(1) Magnetite occurs only as -
very small grains constituting the groundmass and never as pheno-
~crysts or as inclusions in other phenoc ystic minerals. (2) The
form of magnetite varies with the crystallinity of the ground-
mass ; thus, the glassy groundmass of some rocks (for -exa,mplé,
the hyalocrystalline part of miharaite, p. 81) is almost free from
visible magnetite crystals; in-the groundmass with a little higher
crystallinity, it disseminates in very -fine, often skeletal crystals;
while it is in euhedral crystalé in the groundmass of high crys-
" tallinity. If the magnetite crystals belonged chiefly to the intratel-
luric separation, they would be found in euhedral forms in every
rock, whatever the crystallinity of its groundmass may be.

Groundmass.—The vroundmass is the product of sudden cooling

1) « Report on the Voleano Oshimn,” Report Ezthy. Invest. Cm., Vo 9, p. 50, 189J (n
Japanese).
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-of the residual liquid after the magma has been extraded as lavas.
At such a -very rapid rate of cooling as p_revailvedvat the time of
~consolidation of the groundmass, the liquid ecrystallizes - quickly
uninfluenced by the crystals in contact with it, there being little
fopp01'tunity or none for the adjustment of equilibrium between
liquid and crystals and for the sorting of the crystals separating. '
"Thé composition of the groundmass as a bulk must therefore
4 ~correspond to that of the residual liquid. '

‘ This residual liguid in the magma basin is thought to ha,v
been practically constant in composition, since its temperature ‘i

- - -supposed- to have remained nearly the same throughout the whole

~volcanic history so far as represented by the observed lavas (p. 111);
-accordingly it is expected that no very appreciable variation will
Be "seen in the. composition of the groundmass of our rocks.
| What has been actually observed is in harmony with the
rabove expectation as to the composition of the groundmass‘, though
there is a rather wide variation in its texture—crystallinity,
_granularity, and fabric—, -which may be merely due to varying
-conditions at the time of extrusion. - | ' '
A differenice has ‘been seen, however, in the composition of
the plagioclase microlites in the groundmass, from sodic labradorite
to sodic bytownite. .This would- appear to be at variance with
what has been stated above, but it must be recalled that, on the
separating out of mix-cr ystals from the liquid, the composﬂnon of
these differs é,ccording to- the propoftion of the whole liquid that
-consolidates . as- crystals, even if the composition of the original
liquid was the same. This may account for the difference in the

composition of the plagioclase crystals in the groundmass.
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-~ Summary on the Cooling History of ‘the‘Magma..
The original magma of Oshima was basaltic, highly fluidal and
nearly equal in density to calcic p]agidc]a’se.
The magma proceeded to cool extremely slowly. Its cooling

history discussed in the foregoing pages is summarized as follows :—

(I) The First Stage.

Olivine.

The olivine began to crystallize. The first crystals.
were rich in forsterite, but they had a tendenéy to change their-
composition toward enrichment in fayalite, due to the molecular-
interchange between liquid and crystals. The high specific gravity
of olivine crystals, the high fluidity of the magma, and the very
slow rate of its cooling collectively afforded ample opportunity for
the sinking of the olivine crystals in the magma. "

(I)  The Second Stage.

Olivine.—The separation and the subsidence of the olivine:
crystals_continued to take place. The early separation of the
forsterite-rich crystals resulted in the enrichment in fayalite of the-
residual liquid, accox‘*dingly, the later sepé.rated crystals became
richer and richer in fayalite. The olivine crystals that subsided
accumulated toward the lower portion of the magma basin, and
the comparatively small amount of liquid there available deterred
the crystals from continual indefinite change in gompositior{ toward.

enrichment in fayalite. The crystals therefore remained there rich
'~ in forsterite. _ ‘

Plagioclase.—The plagioclase crystals began to separate. The
earliest ones were very rich in anorthite. Since they closely match
the magma in density, they remained practically suspended in the-

liquid where - their-composition became more and more.sodic. Some-
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<of the crystals, however, had an opportunity to ‘Sillk in company
with the olivine crystals.

Very slow cooling (Formation of phenocrysts) Very rapid
. ’ cooling
«-Mg-rich Fe-rich— . (Formation
=Qlivine . omm———— ’ of grount]mass)
i < An-tich Ab-rich »
_Plagioclase
AblﬁAns;, ,
.Hypersthene : ——— .
-Augite

_Magnetite l

Fig. 40. Diagram showing the order of crystallization.

(III) The Third Stage.
Olivine.—The separation of olivine was completed and the
dater formed crystals comparatively rich in fayalite were in the act
of sinking. As a result of the removal of olivine from the magma,
-an excess of silica was brought about in the residual liquid.

The plagioclase crystals were, Separating and

Plagioclase.
“their composition was becoming gradually sodic..

Pyroa‘;enés.-The crystals of hypersthene appeared, but the
-duration of their crystallization was brief whereupon .augite began
“to separate. Hypersthene and angite being heavier than the magma,

-sank in it.

(IV) The Last State in the Magma Basin.

. The crystallization of the magma in the intratelluric stage

-proceeded as above, while the magmatic temperature became deci-
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sively lower. than 1470°C: and possibly as low as 1200°-1300°C..
At this stage, bytownite crystals Ab,An, were suspended in the-
residual liquid.

In the lower porﬁon of the magma basin heavy mafic mincrals.
accumulated and also some of the early separated plagioclase:
crystals which had sunk. in company with the olivine crystals.
There these minerals remained rich.in higher-melting components.
owing to the small amount of the available liquid.

In. the upper portion only a few crystals of mafic minerals of -
later separation, comparatively rich in the lower-melting component-s,-~
were in the act of sinking. ' A

All the observed lavas of Oshima belong to extrusions after-
this last state of the magma was reached. - The residual liquid*in.
the magma reservoir consolidated after oxtrusion as the ground-
mass, consisting of plagioclase, augite, magnetite, and a “small.

amount of glass.

Development of the Various Roc.li-’l‘ypes.

The development of the features seen in every _rook-type can
" be explained by supposing that the rocks of different types-
were extruded from various portions of the magma basin, where
differences in amount and character of the heavy intratelluric
crystals were effected by gravitative action. '

(1) Rock-Types Compara,twely Rich in Phenocrysts of Mafic:
Minerals.—Rocks of these types are:—

(a) Two-pyroxene-olivine-anorthite-basalt (p. 89).

(b) Olivine-bytownite-basalt o (p. 92) and 8 (p. 94).

(¢) Olivine-bytownite-dolerite (p. 93).

(d) - Hypersthene-basaltic bandaite (p. 73).

(é) Two-pyroxene-basaltic bandaite (p. 74).

.(f) Hypersthene-bearing angite-olivine-bytownite-basalt (p. 76).
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. The main distinguishing characteristics of thése types are:
(1) they are eomparixtive]y rich in phenocrysts of mafic minerals ;
(2) the olivine cfystals, when present, are richer i forsterite
(Fe.Si0,) 5 (Mg,Si0,)s_g, than those in the‘ commonest type of the
somma lavas. :

These lavas are considered to have been extruded from tho '
lower portion . of the magma basin where the heavy crystals
accumulated, remaining rich in the higher-melting components owing
A to the small" amount of liquid present. In some of them, phe-
nocrysts of cach of the three minerals, olivine, augite, and.hyper--
sthene, are present; while in others they are found only singly or -
in pairs. This may be ascribed partly to there being an oppor-
tunity for the separate collection of these minerals, the durations
" of their. crystallization being remote. : '

As to the occurrence of anorthite phenocrysts in the lava of
Chigasaki® (1a), an explanation has already been given (p- 110)

(2) Common Type of the Somma Lavas (basa.ltlc band‘ute)
—This type is characterized by scarcity in phenocrysts of olivine
and pyroxenes. \Sometimes‘ these are even lacking. When the
olivine crystals are present, they are less rich in forsterite than those
in the rocks of the plecedlnv types about (Fe S10,) 5 _50(Mg:Si0,);5 1o
in eomposﬂ;mn

The lavas-of this type do not differ from those of the p1eced1no' ‘
types in the times of their extrusion. They are believed to have
come from the upper portion of the magma basin where the later
formed crystals comparatively rich in the lower-melting components.
had sunk halfway. At the time of eruption, these crystals happened.
to come out by chance with the lava flows. That the distribution

of the mafic phenocrysts is very irregular in these lavas and that.

1) Frs or A7
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they are scarce can be explained on the above supposition.

'(8) ‘Central Cone Lavas (miharaite).—The central cone lavas.
are entirely free from olivine. These must represent the upper
portion of the magma basin in' later stages when the subsidence
of the olivine crystals in the remaining liquid had progressed so
" far that they were remote from the extruded lavas.

Pyroxene crystals occur sparingly since they are of later
separation than olivine crystals and accordingly their subsidence
was less extensive. |

In connection with the above proposition that the somma lavas
" of the common type as well as the central cone lavas originated
from the upper portion of the magma basin from which the olivine
crystals had subsided, it is a noteworthy fact that chemical analyses
made of the rocks of the somma and the central cone (pp. 71 &
85) gave an excess of silica with respect to other oxides, as
shown in the following table :— '

Normative quartz Values of k in Osann’s formule
A 9.6 1.12
B 14.2 : 1.23
C 6.1 1.02
D) 5.3 1.10
E 9.2 1.16
F 8.8 1.15 )
A ...A typical somma lava exposed on the south shore at the east end
of Sashikiji® (2¢; Pl VI. DE 4).
B ... Central cone lava in April, 1912.
C....Central cone lava in October, 1912.
D....Scoria of the central cone in October, 1912.
E . ..Central cone lava in December, 1912.
F....The average of the four B—E.

1) ok



Voleano Oshima, Idzu, - ‘ 121

That the carly separation of olivine would bring about an
excess of silica in the-residual -liquid was already. pointed eéut on
p. 108. ' S

(4) Micro-allivalite."—A small ejected block of micro-allivalite
was found imbedded in a volcanic ash bed (PL. VL. GA 12) inter-
calated with laycrs of the lavas of Kazahaya® (la; p. 92). It is
a holocrystalline mass consisting of :anorthite AbaAn%- and olivine
(Fe,Si0,),,_s(Mg,Si0,) s with a small quantity of interstitial matter
(p.- 99). | Both plagioclase and 61ivine constituting the micro-
allivalite belong to the varieties richer in higher-melting components
than those in common lavas. 'This fact ‘is, according to the
writer’s belief, directly connected with the genesis of this ejected

block. | |

| There was a period when only anorthite and.olivine (rich in
forsterite) were crystallizing from the magma- (tlie second stage,
pp. 116-117), so that these had an opportunity of sinking together
in the magma rescrvoir and accumulating in such a manner
that no change in their compositions toward-enrichment in the
lower-melting components could be ‘accomplished owing to the small
‘amount of liquid available for the interchange of material between
liquid and crystals. Thus, the mass formed at the lower portion
of the magma basin would have just the characters now scen in
micro-allivalite.. The block now under consideration-may be a piece
broken off and ejected from, the mass formed by the above process
at the lower portion of the reservoir:

1) Phanerocrystalline ejects are very common both in our country as well as abroad, and
various views on their gemeses have been suggested by different writers. Especially on those
from the volcanoes of Japan, we have HiraBavasur's and Fukuchr's studies respectively on those
of Fuji («“Report on the Geslogy of Voleanoes Fuji and Ashitakn,” HKeport Earthq. Invest. Com.,
No. 24, 1889, in Japanese) and of some of {he Idzu Islauds other than Oshima (““ On the Phanero-
crystalline Bombs from Some of the Idzu Islands,” Jour. Geol. Soc. T'dkcys, Vol. VIIL, No. 95,
1901, in Japanese).

2 A
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Another fact to corroborate this inference is that it is closely
related to rocks of Kazahaya which are believed to bave been
extruded from the lower portion of the magma basin.

(5) 'Augite-micro-diorite.—This is an ejected block, about 3 cm.
across, found in an agglomerate bed at the northern foot of‘.
Kagamihata® (1c). It is a holocrystalline mass consisting of zonal
structaved plagioclase ranging from AbgAn,, to Ab,An,

559

uncommon
augite which is greenish and slightly pléochroic, and acidic inter-
stitial matter with micrographic fabric, with magnetite and apatite
as accessory constituents (pp: 99-101).

This is a mere block showing no relation to ’any' lavas, but
its potrographic characters are just what might be expected to
form at the upper portion of the magma reservoir if the cooling
of the magma proceeded at a moderate rate.

As already stated (pp. 117-118) the magma of Oshima is
believed to have reached the stage at which it was in the middle of
the crystallization of plagioclase and augité, and the temperature
was that at which bytownite crystals Ab,An, were in equilibrium
~ with the residual lignid. This state of the magma has been main-
tained throughout the whole- voleanic Iﬁstory so far as it is now
traceable. '

If the cooling of the magma proceeds further from this state
‘ab a very slow rate the results would be as follows :—

Plagioclase and augite, which were crystallizing till the above-
mentioned state of the magma was reached, would continue to
bcrysta]hze and magnetite would soon begin to crystallize. The
plagioclase and augite crystals in separating would become richer
in the lower-melting components as time goes on. 'Even the crystals
- already separated, if there is a sufficient amount of the available

1) &%
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© liquid in contact with them, would change their compositions toward
enrichment in the lower-melting components. But slow cooling
-affords a great opportuniby for the continual movement of the
growing crystals with respect to the residual liquid unless they '
match the liquid closely in density. The augite crystals being
much heavier than the magma, their subsidence in‘it is beyond
dispute. The plagioclase crystals are nearly 'eqrhl in density with
the magma, so that they must remain suspended in the liquid and
accomphsh a chanve in composition, becoming more and more sodic.
In the meantime, the separation of these crystals would bring about.
in the residual liquid a relative concentration of silica (pp- 108 &
120-121) and the liquid would become gradually lighter as crystalli-
zation proceeded and at last decisively lighter than the plagioclase |
“crystals. Then the plagioclase crystals hitherto suspended would
begin to sink.” i | '
If the cooling of the magma is rather more rapid; the sinking
of the crystals would be somewhat restricted. In this case the
plagioclase which does not differ much from the surrounding liquid
in density would have only a limited opportunity for sinking, and
the zoning of plagioclase would result. The augite crystals being
heavier than the plagioclase crystals, the former would subside from.
the liquid in the upper portion before the newly separated crystals
‘could deposite around them, so that the augite .crystals in the
upper portion would be only those rich in lower-mélting component.
" Then the resultant mass would consist in the upper parts mainly -
of zonal structured plagioclase, 10wer-molti1ig augite, and magnetite,
with the latest crystallization product as the interstitial matter.

In ‘our micro-diorite; the plagioclase is- from labradoritc” to.

1) Such a process was supposed also by Bowex when he discussed the anorthosites (Jour..
Geol. Vol. XXV., p. 213, 1017). . '
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andesine with zonal structure; the interstitial matter is acidic .

micrographic material, and the augite is of an unusual type. .If

this augite is interpreted to be one rich in lower-melting component,

then the petrographic characters of the micro-diorite are just those
which might be expected to be formed by the above mentioned
~process from the residual liquid of the magma of Oshima when
cooling at a moderate rate.

- From what has been said, the genesis of the micro-diorite
may be as follows :—

The magma of Oshima cooled at a moderate rate in some
portion of the reservoir and proceeded to crystallize following the
course mentioned above, and consolidated into a mass with petro-
graphic characters as seen in micro-diorite. The block now under
discussion is a fragmented piece of this mass, which was ejected
at the time of eruption.

By the above, the development of the general features of the
micro-diorite can be accounted for; but to rexplain some of the
more minute features, further assumptions are necessary.

That the zoning of plagioclase is not always simple in that
calcic and sodic plagioclases often .ooqur in alternate zones (p.
09) may be ascribed to a temporary rise of temperature due to
the heat evolved by crystallizaﬂion in the course of cooling of the
magma. | ' ‘

As already stated, the absence of zonal structure in the augite

~

crystals in contrast to the noticeable one in the plagioclase grysbals.

may be due to the former outstripping the latter in their sinking
down. In spite of this process the augite crystals are not.very
much inferior to the plagioclase crystals either in si_ze'or in amount.
This may be explained by supposing that the augite crystals grew
more rapidly than the plagioclase erystals.' This supposition is
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: neces-sary also to expléiﬁ that the linterstitiél matter of the latest
crystallization is strongly salic, for otherwise it must be far more

femic.

In concluding the present chapber; the writer will remark on
the change in the composition of the magma which is expected to -
be brought about by the cooling. All the rocks of Oshima, rep\resent
“only one stage of the cooling of the magma, so that the difference
" between the various rock-types does not correspond to the difference
in the course of cooling. The cooling history can only be inferred _
from the observed features of the comi)onent minerals. ‘The past
course of the magmatic change was summarized on pp. 116-118.
The salic interstitial mattcr in the micro-diorite sliggests the future
state of the residual liquid after the cooling of the magma has pro-
ceeded éuﬁicicntly far. Su'mmarizi_pg,' it is seen that tﬁei composi-
~ tion éhange of the ‘local magma due- to cooling would be from

basic to acidic. '
1V. The Geologic Pesition.

- Nearly along thé meridian of 138°E., an important -tectonie
line—the so-called * fossa magna ” or “ Fuji line "—traverses the
“main island of Japan, or Honshd, dividing it into two tectonically

very distinct halves, North'and South J apan. The line is prolonged
in the direction of S.10°E., being represented by " a submarine
' ‘ridge with a depth of less than 1,000 m. in the deep of the Pacific
Ocean. To the east of this ridge a trench runs parallel with it,»
to which it may be genetically related (Fig. 41).

"~ Oshima rests on the above-mentioned submarine ridge with the
other members of the. Idzu Islands—Toshimg, Udoneshima, N lijima,"-

1) B MERS R C ’ '
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Fig. 41. Bathymetric map of the environs of the Idzn islands,

Shikineshima, Kozushima, Miyakejima, Mikurashima, and Hachijo-
jima.” All of these islands are volcanic, and are grouped by some
as belonging to the  Fuji volcanic chain.” :

1) REB W =ER RS ALR
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This term “ Fuji volcanic chain” has, however, been variously
defined by different authors. In its widest sense it includes all the
“voleanoes 'along the above-mentioned tectonic line, starting from
the Myoko” voleanic group, passing through Yatsugatake®, Fuji®
Ashi_taka“’, Hakone®, and then through »the volcanoes of the Idzu
- peninsula and the insular and ‘submarine volcanoes of the Paéiﬁc—
Shichito®, Ogasawara”, Sulphur Islands, ete,—to the Mariana Islands.
These volcanoes are arranged linearly in the same way as those be- .
longing to one volcanic chain, but petrographically the nature of their
lavas is indefinite, being variously represe‘nted by many kinds of
rocks, and the forms of the volcanoes are multifarious®; according-
ly it is doubtful whether all of these volcanoes can be 1’easbnab1y
grouped in onc voleanic chain. Putting aside for a while a general
discussion on the problem of the so-called * Fuji volcanic chain ™ as a
whole, the volcanic lineage of the Idzu islands will be first considered
so far as this directly bears on the geologic posmlon of Oshima.

The insular voleanoes of Idzu are to be divided into two groups
in their arrangement and morphographic fez:ttures, as Weli as in the
nature of the rocks which constitute them. Oshima, Toshima,
Udoneshima, Miyakejima, Mikurashima, and Hachijojima arrange
in the direction N.N.W.—S.S.E. and are conical (homate or konide),
being built up of basaltic rocks; Niijima, 'Shikineshimz_m, and
- Kozushima arrange in N.N.E.—S.S.W., to the west of the former
group and are flat with 'éox-nparatively' steep sides in their forms
(tholoids), being constituted of rhyolitic rocks. A
. That the Idzu islands should be classed in two crroups was
ucwested by Yamasaxr® as early as in 1896, for he stated that

L) BE 2 Asik 9 ﬁi: 4 BE ‘5) BR 6 B T) AEE
8) B. Kotd, “ The Voleanoes of Japan,” Jour. Geol. Soc. T'é%ys, Vol. XXIIT, p. 6, 1916.
‘ 9) «“Report on the Voleano Oshima,” ReWt Eyrthg. Invest. Com., No. 9, 1896 (in Japanese).
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therc are two branches in what is commonly called *the Fuji
volcanic chain ”—one comprising-the volcanoces of basic rocks as
Oshima, Miyakejima, Hakone”, etc. and the other including those
of the acidic rocks as Niijima, Kozushima®, ctc. having a close”
relation to the dacitic volcanoes of the Idzu peninsula; and thab
the recent activity of some of the former is known, while of
the latter there are, according to him, no historic records of
eruptions. A '

Later, in 1902, Fukucar® gave a fuller account on the distine-
tion between thesc two groups of insular volecanoes. He con-
sidered that the basaltic islands belong to the same volcanic system
as the volecanocs of Fuji, Hakone, Amagi®, ete. which arc constituted
of similar rocks, and to this group of volcanoes he confined the
application of the term < Fuji volcanic chain,” excluding the
rhyolitic islands. - As to the age relation betwecn these two groups
of volcénoes, he supposed that the rhyolitic islands are older
than the volcanoes of *the Fuji chain.” He was led to this belief
by the fact that basaltic ejecta cover the rhyolitic rocks at the
northern part of the island Niijima, and that the rhyolitic rocks
of the Idzu islands are correlative to similar rocks at the 'southern
extremity of the Idzu peninsula. which are of the Tertiary period,,

Fukucar's view on the age relation between the rhyolitic and
basaltic islands was latér endorsed by Tak. Karo”. Kozv” also
pointed out that the rhyolitic - rocks of the Idzu islands are
petrographically similar to the plagioliparite of the middle Tertiary
which occurs in the southern part of the Idzu peninsula.

1) kB =EH B LI '
3) Geology of Niijima,’ Report Earthq. Invest. Cown., No. 39, 1902 (in Japanese).’
4) Rk

5) «The Land Slides in Kozushima,” Report Earthq. Invest. Com., No. 63, 1309 (in Japanese).
6) ¢« Geology of the Southern Part of the Idzu Peninsula,” Jour. Geol. Soc. T'ékyd, Vol. '
XIX, p. 97, 1912 (in Japanese).
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. Thus, the previous writers agree on the time relation between
the rhyolitic and basaltic .isl{ands, and are inclined to consider, with
varying emphas'is, that the former are older than the latter, being
correlative to the Tertiary rhyolitic bodies ‘in the Tdzu peninsula.

The sequence of the lavas as above being harmonious “with
that in North Japan, where pre-andesitic valcanism is represented
by plagioliparite mostly of the Tertiary period®, the above view has
“been generally admitted by geologists.

- Very recently, Tsusmura® opposed this generally accepted -view.
He noticed that Niijima and Kozushima are too: young in their
morphographic aspect to be Tertiary volcanoes, and came at last
to doubt if they are really so old as ha§ been gererally supposed.

On the other hand, Omorr and’ NakaMURA enumerate in their
historic records voleanic eruptions which they consider to mean

those of Kozushima in 838" and of Niijima in 886". |

1) B Kotd, “ Volcanoes of Jépan,” Jour. Geol. Soc. T'ékyd, Vol. XXIIL, p. 5, 1916.

2) “Kozushima and Niijimn,” Report Earthq. Invest. Com., No 89, 1918 (in Japanese).

3) Zoku-Nihon-Koki {# H A% 32) records that from August 15, 838 (RMFESE-L BB FAH)
for more than two months, some minute powders like ash fell’ in the provinces of Kav_mchi,
Mikawa, Totomi, Suruga, Idzu, Kai, Musashi, Kazusa, Mino, Hida, Shinano, Echizen, Kaga,
Etchii,” Harima, and Kii. bomg authors consider this as an eruption of Oshima, while Owmozrt
pointed out that this must mean an eruption of Kbzushima for in the .same book are found
the fo'lowing lines: — ’

EHEER B FEES, ﬁﬁﬂﬁmfﬁ%o X A= SO ‘J‘.ﬁﬁ;*ﬁo *g'ﬂéo wrEde bR
Ygik, AANAREl, T EATAEZE 4RER s S REBLH DR T3 XB R
HBEWEL, LPAT, SEEFHL, XAATHL, HBRek,--- B8 MR ko B
Rk, RAEMAECEBEN A, FREBERUED S RIFAo +ZH T BEIUE, Tk,

HETFRG M, Ak, BEAFR, ukﬁ#ﬁo RIGEBR, HRE BT~ AR, HAeT. B8

KR, -

“ LHE " in the above description mmst mean Kozushima (e ) s “HHEAARZE"
corresponds to the village, Kézushimn-mura, on the west coast of the island ; and « HEmEEfo
HEW LA, HEAHL, HAATHL, LMK, is o description of Tenjo-
yama (KFH:ilj) standing at. the northeastern part of the island. ’

4) Sandai-jitsuroku (=RE{LE) records that on July 3, 886 ({=F1—4EF -+ H), there was
observed in the province of Awa, toward the south, a very thick dark cloud, in which lightning
flashes were seen, thundering noises and earthquakes continuing all night. The sky did not
clear up till the morning of July 5 (£ B —+7<H), when the earth was covered with ashes two
or three inches thick. On the other band, it is told, according to Nihonkiryaku (H Afems) and
FusOryakki ($kZzmgie), that in 887 the provincial government of Idzu presented the central
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Thus, the almost settled opinion as to the the age relation
between the rhyolitic and the basaltic Idzu islands has become
doubtful, and an interesting problem,. which is of first 1mportance
in the geology of the Idzu islands, has presented itself for study.

It is true that the basaltic islands afford many records of
recent eruptions, among which those of Oshima in 1876-'77 and
in 1912-'14, and of Miyakejima in 1874 are still fresh in our
memory ; while the rhyolit;ié islands have not erupted, at least in
very recent times. But it is problematical whether the rhyolitic
islands are really S0 very -old as has been hitherto generally
supposed and whether their activity had becn brought to an end
before the basaltic ones appeared.

In the summer of 1918, the writer visited Niijima, one of the
rhyolific islands, with the object of solving the above question if
possible. The following is only a very brief statement on this
particular problem. ,

The rhyolitic rocks of Niijima are readily grouped in three
main types—pyroxene-rhyolites”, hornblende-rhyolites, and biotite-
rhyolites, in order of extrusion. Besides these there is in the north
of the island a basaltic ejecta bed which caps the masses of
pyroxene- and hornblende-rhyolites. It is this fact which led
FukucH! to the conclusion that the rhyolitic islands are older tham
the basaltic ones. This fact, however, only indicates that the

government with a map of a newly created island, and so Naxamura considered that the record
of the eruption above cited probably related to this new.island. UnEortmmtely the name of the
island is not stated but from the descriptions “jpk® ik B8 T WA E " Owumorr and Narauora

‘are inclined to consider thxs as meaning an eruption in a rhyolitic islaad, probably in Niijima,

for « $RI5 ", or the “silver ‘mountain ” , may mean white rhyolitic mountain.

1) Here the rocks are called under the field names. The rocks of Niijima were described
by Fukucar (¢ Ger)logy of Niijima,” Report Earthq. Iavest. Com., N». 39, 1902) a3 “rhyolites 7 ;
while BacugEr (¢ {Uiber die Laven der kleineren Idzu Inseln,” Mimnchen, 1914) pointed out that
they are «dacites” an1 not «rhyolites”; as they conlain no sanidine. The rocks are very low
in- erystallinity so that-to what rack species they belong caanot b2 determined by microscopic
investigation only. ' ' ’
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ejection of the basaltic blocks took ‘place after the éxtrusion of the
'pa;r'ticular lavas of pyroxene- and hornblende-rhyolites that constitute
the masses underlying the basaltic ejecta, and not necessarily that
all the rhyolitic rocks are older than the basaltic rocks. On the
contrary the ejeetibn, of the basaltic blocks seems to have been
antecedent to the extrusion of the lbiotite-rhyolites:. For, while this
“basaltic ejecta bed also “contains a few blocks of pyroxene- and
hornblende-rhyolites, none of biotite-rhyolites are known to be
imbedded ; and ‘it is also not known that the basaltic ejecta’
cover a biotite-rhyblite mass. Moreover, the rhyolitic ejecta bed,
« Shiromama > bed, bears a few basaltic blocks among others. -The
homatholoid of Muakaiyama® of biotite-rhyolite in the south of the
island rests -on the ‘* Shiromama ” bed, and shows a very young
morphographic aspect. Thus, it has become clear that rhyolitic
 and basaltic: vuleanism displayed activity alternately in Niijima,:
accordingly at least some of the rhyolitic rocks must -be as young
as the basaltic ones.

All the rhyolitic bodies in Niijima, even the oldest, show far
" younger morphographic features than those on the main land, and
~the rocks constituting the former are very fresh with no trace of
alteration in contrast to the more or less altered nature of the
rocks of the latter; thus the voleanic activity of rhyolites in
Niijima seems to have begun far later than that in the Idzw
peninsula.  Tradition, indeed, speaks of an erqption‘ of Mukai-
yama that occurred about 800 years ago.A Oral - tradition does
not constitute very strbng evidence, but here it must be- noticed
‘that tales of the eruption are told only of the newest volcano and
not of the others, which makes us consider the tradition in this
case all the more credible. '

1) @
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Kozushima also shows very young morphographic features.
There is no good reason for \doub’oing that the record on the
vulcanism in 838 (see the foot-note on p. 129) refers to the
eruption in Kozushima. |

From the above the rhyolitic insular volcanoes in Idzu appear
to be quite young, and it is very probable that their eruptions
took place even in historic times. ‘

_ It will not be out of place here, to call attenhon to the cuolocry
of the Idzu peninsala which is closely related to that of the Idzu
islands, for it is mecessary in discussing the geology of isolated
districts to correlate them with the geologically connected main land.

The geology of the Idzu peninsula was studied by IsHIWARA®,
and the southern part in particular by Kozu®. The present
writer also had an opportunity of making a hasty journey through
the’ peninsula in January of 1918, and to secure some acquaintance
with the rocks there exposed. The time available, however, was
too limited for more than an observation confined o¢nly to a few
parts along the eastern shore and the small area near Shimoda®.

So far as is known to the writer principally - from books and
only to a limited extent from brief personal observation, the geology -
of the Idzu peninsula is as follows :— '

The peninsula is built up largely of voleanic roch According
to Kozu, the rocks constituting the southern part of the peninsula
are, in the order of their eruption: plagioliparite, potash-liparite,
propylite, liparite, dacite, and pyroxene-andesite; all but potash-
liparite accompanying the tuffs and breccias besides the solid
lavas. In his opinion the ‘extension of these rocks began in the

1 «YVoleanoes in the Idzu Peninsula,” Report Earthg, Invest. Com., No. 17, 1898 (in Japanese).
2) “The Geology of the Southern Part of the Idzu Peninsula,” Repmé Imp. Geol. Surv.,
No. 38, 1913 (in Japanese).

3). Tm
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middle Tertlary and 1asted toward the end, with repeated renewal
-and deeay in activity. ,

How these rocks are magmatically related to one another is
a matter needing further inVeétigation, yet it seems but natural to -
consider them as of two distinet lineages—rhyolitic and andesitic.
It is to be _n'otgd that th've rocks of these two lineages erupted.
alternately in the Idzu peninsula in the Tertiary period.

This order of eruption of these two rock-types being very
important, the writer made a special point of confirming it during
his trip. The youngest pyroxene-andesite covering the other rocks
is seen in almost everj-part of the peninsula. There is, besides
this, an older pyroxene-andesite underlying a liparitic rock. This
older andesite was inclﬁded‘ by Kozu in his “ propylite” though
the rock is, as he himself says, _sonietimes quiﬁe fresh. The age :
velation of this older andesite to a liparitic rock was observed by
‘the present -writer at two localities : near Nagata®, a small ﬁillage
4 km. (or 174 northeast of Shimoda, where a liparitic tuff bed
'-containihg blocks of pyroxene-andesite was seen; and at the
boundary of Asahi-mura” and Chikuma-mura®, on the north side
.of the main road that runs westward from Shimoda through
Kisami®, where an altered andesitic rock is overlain by a. bed of
liparitic tuff some 4 m. thick.

Of the andesitic and 1hyoht1<, rocks ‘the former continued to
extrude in the Quaternary period in the Idzu peninsula and? its
-environs. - The Quaternary volcanoes, .Ama,gi, Ashitaka, Fuji, Atami,
~_Hakone”, etc., are all built up of rocks belonging to the andesitic
lineage which are considered to have descended from the Tertiary
.andesitic rocks of the southern part of the Idzu peninsula.

As a whole, the nature of the lavas of these volcanoes appears

1) Em 2 MEN 3 HE 4 EHHEXE 5 Xk BE B B AR
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to have changed along the line from acidic to basic as time passed.
Thus, according to Ismiwara®, the main body of Ama.giz’, a volcano
of the early Diluvium, consists of rather acidic * pyroxene-andesite
with 619% of SiO,, while its> parasitic cones which were formed in
the late Diluvium are constituted of ¢ basalt” with 569% of SiOf’
HiraBavasur® also concluded that the lavas became more and more-
basic, not only locally but also regionally : from ¢ pyi'ox'ene-andosite ?
to * olivine-pyroxene-andesite ” in the volcanoes Hakone, Atami, and
Ashitaka®, and from * olivine-pyroxene-andesite ” to * plagioclasc-
basalt ” with 50% SiO, in the voleano Fuji®.

On examining the rocks of the andesitic lineage in the
. peninsula and its environs, it is seen that their petrographic.
characters approach more and more to those of the basaltic rocks.
of the Idzu islands in the course of time, while the lavas of Fuji,
(A)muroyama”, etc. bear a close resemblance to those of the basaltic:
insular volcanoes. It may be reasonably concluded, therefore, that.
the basaltic Idzu islands belong to the same volcanic lineage as.
the above-mentioned volcanoes in the main land, and that their
lavas descended from the Tertiary andesitic rocks of the southern
part of the Idzu peninsula. .

On the other hand, the rhyolitic rocks are not known to have-
erupted in the Idzu peninsula in the post-Tertiary period. But the
rocks of the rhyolitic Idzu islands are of the same petrdgraphicf
lineage as those of the rhyolitic bodies in the main land, as already
suggestecl by some previous writers ; and their extrusion took place,.
in all probability, even in historic times. It appears then that.

1) « Voleanoes in the Idzu Peninsuln,” Report Earthg. Invest. Com., No. 17, 1898 (in Japanese)..

2) Rk

3) B. Kord, “Studies on Some Japanese Rocks,” Quarferly Journal of Geological Society,.
Vol. XL., p. 451, 1884. ) ’

4) «Voleanoes Fuji and Ashitaka,” Report Earthq. Invest. Com. No. 24, 189). (Japanese).

5) AR MEEW 6 Bl 7)) KEW
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the rhyolitic rocks of the Idzu islands must have descended from
those of the Tertiary period in the Idzu peninsula.

Asg stated above, the insular group of Idzu comprises volcanoes
of two different lineages—those of basaltic and rhyolitic focks,
descended respectively from the Tertiary andesitic and rhyoliﬁc in
} the Idzu peninsula. The writer hereafter distinguishes these two
groups of the volcanic islands as * Oshima, group” and * Nigjima
group.”s In the age of the volcanic activity of these two groups
there is no disparity, all the volcanoes being very young. Of these,
the basaltic Toshima, Udoneshima, and Mikurashima®, and the
rhyolitic Shikineshima® are not known from historic records to
have ever been in a state of eruption; while the basaltic Oshima,
Miyakejima, and Hachijojima®, and the rhyolitic Niijima and
Kozushima® have displayed activity in historic times. '

The islands of the Oshima group and the volcanoes Fuji,
Ashitaka, Hakone, Amagi, Atami, etc. lie in the zone that trends in
the direction N.N.W.—S.S.E., meeting the festoon islands at large
angles, and on its southern prolongation the volecanoes Aogashima,
Torijima, and Sulphur Islands”, as well as the submarine onés near
Bayonnaise Rocks, Smith Roeks, North and South Sulphur Islands,
ete. a1:e situated. All of these are young volcanoes with historic re- ,
cords of eruptions, and their lavas are auganitic or basaltic. The writer
thinks it appropriate to define the term * Fuji volcanic chain " as
meaning this row of the Quaternary auganitic and basaltic volcanoes.

"The insular voleanoes of the Oshima group form a sub-group
in the Fuji volcanic chain in geographic contiguity, petrographic
and morplldgl*aphie. resemblance  (all konide or homate), and

similarity  in mode of eruption. Of the volcanoes in the main

1) RS MIERA GRS 2 REB 3 KB ZEB ALE
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land, Fuji is most closely related to those of the Oshima group in
all respects. These volcanoes appear to form one petrographic
prbv‘ince, and their lavas are closely comagmatic. In-the accom-
panying tables (Tables I & II), the petrographic characters of the
lavas and the time d’stribution 'of the outbursts in historic times
of thesé and the related volcanoes are shown.

As to the birth-time of the volcanoes of the Oshima group,
the writer has been led. by correlating, their 1avés with the general
course of change in the magma of andesitic lineage in the Idzu
‘peninsula (pp. 133- 134) to thmk that they mwht ‘have been
born at a late date, " plobably in late Diluvium, when the nature
of the magma regionally -became strongly basic.- Structural and
morphographic features of these volcanoes also suggest that they
are very young. The injection of' the basic ‘magma appears to
have been the first step in the igneous activity of the basaltie
Idzu islands, and these insular volcanoes may have been formed on
the injection fissure at the locations where the lava extrugsion was
specially favourable.. :

“The above is the writer's present assumption as to the geologic
position of Oshima but it must be subject to further study

In concluding« this chixptel the writer wishes briefly to
remark on the data so far known. concerning the bathymetric
conditions of the environs of Oshima (Fig. 42). The sea botbtom
near the island slopes outwards from it in all directions, steeply
toward the north and east”, -and gently toward the south and
west. A sea -over 800 fathoms (about 1,500 m.) deep separates
the island from the BoOsd® peninsula consisting chiefly of the

1) How long the belt of this steep slope is prolonged>is not known, but the bathymetric
_ map snggests that it runs in the direction S. by E. nearly in a straight line. It may perbaps
have some geotectonic. meaning such as. folding or fault.

2) BEReR
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Bathymetric map of;the environs of Oshima (after Naval Chart {of Hydrographic Office,

Fig. 42
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Tertiary sedimentary rocks, while a shallow floor under 300
fathoms (550 m.) connects the island to the Idzu peninsula which -
owes.its existence to volcanic action. The materials which con-
stitute the sea bottom near Oshima are, according to Yamasax1’,
fragments of volcanic glass with abundant microlites, pumices, and
fine pieces of pyroxenes, and feldspars, mingled with thé remains
of Foraminifera, Radiolaria, ete., appeat:ing in the main as green

mud.

VIL. General ‘Summary.

(l) Both the p081t10n now occupied by the Idzu peninsula
and its environs have been the scene of volcanic agitation since
the Tertiary period. Here the vulcanism of the two different petro-
graphfc lineages—andesitic and rhyolitic—have displayed their
activity, and built up the Idzu ‘peninsula.

Lavas of these two lineages contlnued to be extruded down
to the Quaternary period. The andesitic or basaltic lavas built up
the voleanoes Fuji, Ashitaka, Hakone, Atami, Amagi®, etc. on the
main 1and and many insular and submarine ones in the Pacific
Ocean, along the line that runs in the direction 1 \T.N.W.——S.S.E.,
conforming to. the conspicuous * Fuji voleanic chain.” The lavas

~descending from the Tertidry rhyolitic. rocks formed the rhyolitic
islands off the Idzu peninsula to the west of this volcanic chain.
Contrary to the general opinion the writer agrees with TSUJIMURA.
that these rhyolitic islands are as young as the ‘volcanoes of the
Fuji volcanic chain. ,

What is commonly called «“Idzu Shichitd " comprises the

. 1) «Geology of the Bottom of the Pa.éiﬁc Ocean between the Tokyd Bay and Ogasawara,”
Jour. Gecl. Soc. Tékyd, Vol. XV., pp. 382-383, 1908 (in Japanese). '
2) B4 £E AR BE KWK 3) FELE
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Quaternary insular volecanoes of both of the above-mentioned
lineages, and is to be subdivided into the Oshima group and the
Niijima group, consisting respectively of basaltic and rhyolitic
islands. o ‘

'The members of the former group are. Oshima, Toshima,
Udoneshima, Miyakejfma, Mikurashima, and Hachijojima.” The
rocks of these volcanic islands show a very strong resemblance to
one another and appear to be closely comagmatic. By correlating
these rocks and those in the related region in the main land,
where the general magmatic change is from acidic to basic,
it appears that the birth of the basaltic insular volcanoes was at
a late date, probably late Diluvium, by which time the magma
had become strongly basic. :

(2) The insular volecano Oshima  consists mainly of double
homates—a somma and a central cone—, and is built up of
alternating lava-flows, both superfluent and effluent, and ejecta
beds. ' ‘

The somma has eight parasitic knobs and two phreatic ex-
plosion-craters on its flanks, and is truncated at the top with a
ring-wall that surrounds a huge oval caldera, about 3 km. in
diameter. The wall is not completely closed but has two gaps, &
great one on the northeastern and a small one on the south-
western sides.

The central homate, Miharayama,” standing in the caldera, has
an active summit crater, 700 m. across. Its volcanic products
cover the ground not only within the inside of the encircling wall
but have also spread down to the sea shores through the gaps in
the wall.

Besides the above, there are along the western half of the

1) B ®B WERR =8 OFR AL 2 =
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northern- coast, several small domohshed igneous bodies now covered
by the volcanic materials of, the somma.

(3) The rocks constltutmg the volcano are of several types as
already tabulated on p. 67, but they are readily grouped under
three main headings,—basaltic bandaite, miharé;_ite,, and basalt. - _

Basaltic bandaite predominates amongst the lavas of the
somma. In it, the phenocrysts of calcic bytownite are scattered
through the granular intersertal grphudmass consisting of labra-
dorite, augite, magrietite, and a small quantity of glass. Most of
the lavas of this 't‘ype ‘bear a negligible amount of small olivine
phenocrysts, though in some this mineral is absent. Hypersthene
and augite phenocrysts are either lacking or present only in small
quantities. |

The type which the writer describes under the new mname
- miharaite ” constitutes the central cone. It does not differ much:
from the preceding in its petrographic characters butb is chara,c-
terized by an entire absence of olivine. '

Basalt is a variety comparatwely rich in phenocrysts of olivine
and pyroxene. This constitutes the northwestern demolished
igneous bodies, but is very rarely found as the lavas of the
somma. — o ' »

All of these rocks ai‘e'sbrongly basic. The chemical analyscs
made of the first two types of the above three—basaltic bandaite
and miharaite—, which exceed the third In mass, show a remark-
able character i_n that the é,mount of silica, in spite of its low
percentage, is not only enough to form the highest silicates but it
is present in excess. This is one of the common characteristics of
the most widely spread recent volcanic rocks of Japan, but the rocks
of Qshima are peculiar in their more femic and less quaric natures.:

(4) The physiographic history of the volcano since its birth



144 Vol. XLI1I, Art. 6. — S, Tsuboi :

is summarized as follows:— _

The body which now constitutes the somma i§ the earliest of
those so far seen. It was very gradually built ﬁp by repeated |
volcanic actions without any prolonged intervals -of quietude.
During the development of the somma, but far before its skirt
reached the present state of development, extruded lavas com-
paratively rich in olivine formed small igneous bodies in the north-
- western part of the present Oshima, isolated at that time from the
main body by the sea. These soon expired and were destroyed
by the marine erosion. When the developmenﬁ of the somma was
nearly completed, the stéep slope running in the direction N.-S.
along the east coast of the island was formed by the depression
of the ground. Vulcanism displayed its energy not only at the
centre of the volcano but also on the flanks of the somma at
several-spots during various. but comparatively" later stages in the
volcanic history. The products of these flank eruptions are es-
pecially abundant in the southeastern part of the island. The
depression of the summit of the somma resulted in the formation
of a huge caldera whereupon the encircling wall was badly broken
in its northeastern quarter. The central homate appeared in the
caldera and its products not only filled the inside of the caldera
but spread down to the sea shore, especially abundantly in the
east through the northeastern gap of the ring-wall. In historic
times the volcano continued frequently to display its activity, and
‘eruptions in the following years are on record: 684, 1112, 1416,
1421, 1600-1601, 1612-1613, 1636-1637, 1684-1690, 1777-1778,
1803~ 1822, 1846, 1870, 1876-1877, 1912-1914, and 1915.

(5) Turning to the problem of the magma, the original magma
is supposed to be basaltic, highly fluidal and with a specific gravity
nearly equal to that of the calcic plagioclase crystals. The magma
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" cooled gradually, separating out the crystals of olivine, plagioclase,
‘and pyroxene, in order as shown in Fig. 40 (p. 117), its temper-
ature becoming at last decisively lower than 1470°C. and probab-

ly as low as 1200°-1300°C. During the course of the cooling

of the magma, thie separated crystals were affected by gravitation.

Thus, plagioclase, matching the magma closely in density, remained
- practically suspended in the magma basin; while olivine and

pyroxene, being much heavier than the magma,. subsided in it
toward the bottom as they crystallized - out. As a result of the
separation and the subsidence of the crystals the originally homo-
‘geneous magma -became heterogeheous as time passed, the heavy
~ crystals being relatively concentrated at the bottom. All the rocks
‘of Oshima represent, according to the writer’s belief, certain stages
after the above-mentioned magmatic temperature had been reached
- and the subsidence of the heavy crystals had gone on to a fair

extent. The rock-type rich in phenocrysts of mafic minerals—basalt
| —~ma'§:' have been extruded from the lower portion of the magma
basin where the mafic: minerals were relatively concentrated ; while
most-of the somma lavas in which olivine crystals are either_' absent
or only very sparingly found—basaltic bandaite—are helieved to
have come from the upper part of the magma .basin at the stage
when the olivine crystals had half Asunk'; the central cone lavas
which are entirely free from olivine—miharaite—are probably of a
still later stage when the subsidence of olivine crystals had pro-
gressed still further so that they had no 0pp0rtunity of entering
the lavas as they were extruded. - -

The effect likely to be brought about by the cooling of the
magma was considered and it was concluded that the magma would
change from basic to acidic if the cooling proceeded. All the lavas
of Oshima now seen represent only one stage of the above course,
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—in other words, the long physiographic history of Oshima, so far
‘as 1t can be traced back from structural study, is represented by
only one stage in the cooling history of the magma.

(6) Future activity of the - volcano Oshima. The volcanic
activity may dépend upon many. factors, of which the temperature
condition of the magma is no doubt most important. Other
~ conditions being equal, a rise of the magmatic temperature would
naturally bring about a rise in the voleanic activity, while a fall
in temperatule would lead to its decay. In the volcano Oshima,
as already stated, the magma appears. to have maintained the same
temperature throughout all ‘the stages in the physiographic develop-
ment so far as is traceable. Moreover, the structural feature shows
that there has been no prolonged period of quietude in its life
history, there being many historical records of violent outbursts,
of which the latest orie that lasted from 1912 to 1914 is still very
fresh in our memory. All in all, the voleano shows no sign of
decay in its activity and appears likely to retain for some time
- the same energy which it has displayed in the past.

Geological Iﬁstitu’re, Scie_nee College,
Imperial University of Tokyd.

Published May 10th, 1920.
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PLATE 1. (MicroPhofogra,phs)

_Lavas of the Somma.

- Basaltic bandaite almost free from phenocrysts of mafic minerals
(the 1st type of the somma lava). See pp. 67-72.

1.—Somma lava with the groundmass of a-type (pp. 68 & 70). Here
the crystallinity and granularity are low, and anhedral magnetite
disseminates finely among the other components. The specimen is from
the lava delta of Okata on the north coast (PL. VI. GA 8). x70. '
2.—Somma lava with the groundmass of the same type as the above,
but somewhat higher both in crystallinity and granularity. The specimen
was collected from the uppermost lava exposed on the western ring-wall
at the point 800 m. to S.S.W. of Kagamihata. x 70. \
3.—Somma “lava with the groundmass of g-type (pp. 68 & T0).
Specimen from the uppermost lava exposed at Tatsunokuchi (Pl VI.
BC 3). x70. A

4.—Somma lava with the same gréundmass texture as the above but
with extremely fine granularity (0.008 mm. in average diameter of the
component minerals). Specimen from the lava exposed at the point,
about 1km. to N.N.W. of Habu, marked @ on PL V. 3e. xT70.

. 5.—Somma lava with higher crystallinity. The size of magnetite is here

as large as 0.08 mm. across. Specimen from the uppermost lava on the
sea cliff to the east of Sashikiji (P1. VI. DE 4). x70. See. p. 70.

ig. 6.—Somma lava with similar texture to the above, but with still larger

magnetite crystals. The specimen was taken from the sea cliff to the
west of Sendzu (PL VL. GA 7). xT70.
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PLATE II. (Microphotographs)

Flg 1.—Hypersthene-basaltic bandaite (the 2nd type of the somma lava,
Pl. VI. BC 2). xT70. See p. 73. p....calcic bytownite,
. hypersthene. '

Fig. 9.—Two-pyroxene-basaltic bandaite (the 3rd type of the somma lava),
from the lowest lava layer of the three on the sea cliff at. Gyoja
(Pl VI. FG 6). xT0. See p. 74. h. ... hypersthene.

Fig. 3.—The rock of the same type as in Fig. 2, from the uppermost lava
layer of the three on the sea cliff at Gyodja (Pl. VI. FG 6).x70. See
p- 74 p....calcic bytownite, a....augite. '

Fig. 4.—Hypersthene-bearing augite-olivine-bytownite-basalt (the 4th type
of the somma lava, Pl. VI. EF 5). x70. See p. 76.  p....calcic
bytownite, o... . olivine. '

Lavas of the Central Cone (Miharaite).

I‘lg 5. —An older lava collected hom the lowest exposed layer on the eastern
~ crater-wall. 'x70. See p. 79.  p....calcic bytownite.
Fig. 6.—Lava of 1778 (An-ei era), collected from the lava field on the
northern flank of the central come. x70. See p. 80.  p....calcic
bytownite, ... hypersthene, a....augite.
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PLATE III . (Microphotographs)

Fig. 1.—The holocrystalline part of the lava of April 1912. x70. See p.
81. Pp....calcic bytownite, a....augite. 7
Tig. 2—The hyalocrystalline part of the same, with no visible magnetite
crystals. x70. See p. 81. p....calcic bytownite, r....rhombie

lamella (p. 82), g....brown glass. ‘

Tig. 3.—The lava of September-October 1912, showing the groundmass of -
intermediate crystallinity. x135. See p. 81.  p....calcic bytownite,
m....dendritic skeletal crystal of magnetite.

Fig. 4.—The lava of May 1914, now making the crater-floor. x40. See
p. S1. p....calcic bytownite, ¢.h. ... . clino-hypersthene.

Rocks of the Northwestern Demolished
Igneous Bodies.

Tig. 5.—Two-pyroxene-olivine-anorthite-basalt, . constituting the igneous body
of Chigasaki (Pl. VI GA 14). x70. See p. 89.  p....anorthite,
o....olivine. : : .

Fig.' 6.—Olivine-bytownite-basalt (), constituting the igneous body of Kaza-
haya (Pl. VL GA 13). xT70. See p. 92. o....olivine.
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PLATE 1IV. (Microphotographs)

Fig. 1.—Olivine-bytownite-dolerite, constituting the igneous body (Pl. VI. GA
11) to the east of Kémzalmya. x70. See p. 93. p....calcic bytownite,
a....augite, o....olivine: 4 :

Fig. 2.—Olivine-bytownite-basalt (f), constituting the igneous body (Pl VI.
GA 9) to the west of Okata. x70. See p. 94. p....calcic bytownite,

o....olivine with brown iron oxide along the margin.

Rocks occurring as Dykes.

Fig. 3.—Olivineless basaltic bandaite (@), the rock of the dykes exposed on
the cliff opposite to Fudeshima. x70. See p. 95. p..:.calcic
bytownite,  a....augite. ' :

Fig. 4.—Olivineless basaltic bandaite (3), the rock of the southernmost dyke
of the three on the western ring-wall of the somma. x135. See p. 95.

P-...calcic bytownite, a....aungite.

.

Phanerocrystalline Ejecta.

Fig. 5.—Micro-allivalite. x20. See p. 98. p....anorthite, o... olivine."
Fig. 6.—Augite-micro-diorite. x30. See p. 99. p....andesine-labradorite,

a....unusual augite, §... . salic interstitial matter.
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PLATE V.

Geologic Map of Voleano Oshima.

The geologic map of this plate is virtually divided by vertical and
transverse lines into squares, which arve referred to by the numerals and
letters on the margin. Reference indices in the text,Afo]lowing locality names,
indicate the square in which those names are to be found. Red reference
letters, ABC... G, around the coast, correspond with those in Pl VL
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PLATE VI

Diagrammatic Sketch of the Exposures on the Coastal CIiff.

Red reference letters, ABC....G, correspond with those in the geologic
map of PL V. Amblc figures, 123....14, refer to the text and explanations
of plates as follows:—

1....P. 69.
2....Pp. 14, 73; Expl. of Pl II. Fig. 1.
3....P. 7; Expl. of PL I Fig. 3.
4....Pp. 70, 120; Expl. of PL I. Fig. 5.
5....Pp. 14, 77; Expl. of PL IL Fig. 4.
6....Pp. 14, 75; Expl. of Pl IL Figs. 2-3.
7....ExplL of PL I Fig. 6. '
8. ...Expl of PL 1. Fig. 1.

9....Pp. 41, 94; Expl. of PL IV. Fig. 2.
10....Pp. 41, 93.

11....Pp. 41, 93; Expl. of PL IV. Fig. 1.
12....Pp. 98, 121. '
13....P. 92; Expl. of PL III. Fig. 6.
14....P. 89; Expl. of PL IIL Fig. 5.
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