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Introduction.

The Aoso voleano® is included in the Za6 voleanic group and rises at
the eastern end of the South Zas. It is a small composite voleano isolated
from the main part of the Zao voleanoes, being bordered by the Akiyama-
zawa, Matsu-kawa and Kosute-gawa. This voleano rests upon the Tertiary
formation and is composed of Aoso-yama (799.9 m.),” Omori-yama (800 m.),
Takokura-yama (666.1 m.), Tomori-yama (564 m.), ete. It is now dissected
deeply by Akamatsu-zawa, Do-zawa, Onashi-zawa, Namin-zawa, Taiko-
zawa and Itahashi-zawa. The structure of the Aoso volecano is greatly
complicated by its successive eruption, as can be seen along these valleys.

One of the remarkable features observed here is the occurrence of
dacite flow® which is entirely lacking in other parts of the Zao voleanoes.
It forms central cones represented by Aoso-yama and Omori-yama, and its
eruption seems to have been investigated by the writer since the autumn
of 1947. They are summarized in this paper, with a brief description of
lavas and ejecta.

Location.

The Aoso volcano (Figs. 1, 2, 3) is situated near the northern corner
of Katta-gun, Miyagi Prefecture. It is easy of access from Shiroishi or
Ogawara of the Tohoku Railway Line, since there is a bus road between
these towns and Aone, going round the eastern or northern periphery of
this voleano. The summit of Aoso-yama is accessible from such villages
Miya, Teppo-cho, Magatake, Nagano, Kotsumazaka, Togatta and Kitahara.

1) The Aoso voleano was formerly named <Ogatta volcano”” (A. TAKADA, The Zad
Voleanoes, M. S., 1922).

2) Aoso-yama was once. called “Ogatta-dake” (B. Kotd, Jour. Geol. Soc. Japan, 23
(1926), 34). .

3) The eruption of dacite flows is also known in the final activity of the Kurikoma
voleanoes and Osore-yama volcanoes which belong to the Nasu volcanie zone.




130 . T. ICHIMURA. [Vol. XXXI,

R

W

(7

) ooy RS TEA k
Namin-zawa:\wl(abettal N
im0 WY G AP0y
S
mori-yamac— 3 R
)
N \}
A
' = e E - 1 i®
xplosion
5 Q crater .
LS 77 Pre-existing.
7 ‘<o’ crater
st 1 G YA :
e e e

Fig. 1. Topographical map of the Aoso voleano and its vicinity,
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Geological Features of Aoso Volcano and Its Adjacent Area.

Besides lavas and ejecta of the Aoso voleano, the area under conside-
ration is composed of Tertiary sediments, agglomerate, andesite, felsite (?)
and basalt as well as of Quaternary fluviatile deposits. There is, however,
no exposure of granite which can commonly be seen in other parts of
the Zad volecanoes. The Tertiary formation exposed here consists mostly
of shale, sandstone and green tuff, but it is represented by alternate beds
of sand, clay and gravel in some places. The Aoso voleano rests upon
the eroded surface of these Tertiary sediments (Figs. 2, 3).

(1) Shale, sandstone and green tuff beds: In Aoso volcanic area,
important base rock are shale, sandstone and green tuff. They are
extensively exposed on the hills extending northwards or eastwards from
this voleano.

Characteristic exposures of shale and sandstone beds can be seen
near Miya and Magatake as well as Togatta. In the former case, the
eastern extension of shale and sandstone beds disappears beneath the
accumulation of voleanic detritus. These beds change their strike and dip
from place to place. The shale bed of Tdgatta has a strike of N70°E
to N80° E and a dip of 5° to 10° N, whereas the shale and sandstone bed
exposed near Magatake and Miya indicate respectively a strike of N20°E
or N10°W to N45°W and a dip of 70° to 80° ESE or 13° WSW and
10° to 40° NE.

Green tuff is the commonest rock in the area including Togatta and
Kotsumazaka. Generally, it has a light green color which grades into
greyish white in weathered specimens.

The writer has not yet found any fossil in these shale, sandstone
and green tuff beds, but they have some lithological similarities to
those which has been assigned hitherto to the Miocene in the neighboring
distriets.

(2) Clay, sand and gravel beds: The horizontal beds of clay, sand
and gravel are exposed on the cliff which extends from east to west along
the southern side of the Akiyama-zawa and Matsu-kawa. Of these. the
gravel bed contains such pebbles as granite, propylite, andesite, ete.
The almost flat surface of these beds is covered by mud flows, pumice
layers and lava flows. The field evidence suggests that they have not
been subjected to any strong disturbance since their deposition, and the
distribution is restricted to a small extent. Most of them are, further-
more, represented by very loose sediments without any fossil. They are
probably Pliocene sediments (Fig. 4).
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Fig. 2. Geological map of the Aoso volcano and its vicinity.
fluviatile deposits, 3. Nanokahara mud flow,

5. Itahashi-zawa agglomerate,

site),

merate,

11. Two-pyrox. basalt,
16. Green tuff,

12. Aug. andesite,

I. Mine abandoned, II. Hot spring.

13. Felsite,

1. Recent fluviatile deposits, 2. Older
4. Omori-yama lava (hornb. -bearing two-pyrox. andesite),
6. Onashi-zawa lava (01.-bearing two-pyrox. andesite or two-pyrox. ande-
7. Tomori-yama lava (01.-bearing two-pyrox. andesite or 01. two-pyrox. andesite),
(two-pyrox. andesite) and agglomerate, 9. Matsu-kawa mud flow covered partly by talus deposits,
Clay, sand & gravel (Pliocene?),

15. Shale & sandstone,

8, Do-zawa lava

14. Agglo-
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(8) Agglomerate and some effusive independent of the activities of
the Aoso voleano: In association with the green tuff mentioned above,
the occurrence of andesitic agglomerate and basalt is a characteristic
feature of this district.

The andesitic agglomerate can be seen on the hill behind Kotsumazaka
and Iboiwa. In the latter case, it is remarkably exposed along the bus
road between Nagano and Togatta. The agglomerate here is intercalated
with tuff beds, showing a strike of N45° E to N 60° E and a dip of 30°
to 40° NW or NNW. The fragments in agglomerate usually have an
angular or subangular form and range mostly from 5em. to 20 cm. in
diameter. They are olivine two-pyroxene andesite with a dark grey color
and porphyritic texture. The similar condition is seen in the agglomerate
of Kotsumazaka which contains fragments of two pyroxene andesite or
olivine-bearing two-pyroxene andesite and extends from mnorthwest to
southeast.

Moreover, the occurrence of basalt in the area of green tuff is to be
seen on a hill about 1500 m. north from the bus road near Iboiwa. The
exposure of this rock has a nearly circular outline about 400 m. across.
1t is two-pyroxene olivine basalt which has a black color and is porphyritic
in its texture. Under the microscope, the rock consists of plagioclase,
olivine, augite, hypersthene, magnetite, goethite, serpentine and brown
glass. Of these, phenoerystic minerals are plagioclase, augite, hypersthene
and olivine. '

It is also noteworthy that the felsitic rock is found together with
shale or green tuff bed. An example is shown at the Miya Mine where
it projects out as a cliff called “Kago-yama” along the bus road. The
felsitic rock here has a white or greyish white color and it frequently
stained by iron oxide derived from pyrite. It strongly resembles the
silicified shale in its appearance, being composed of fine aggregates of
quartz, feldspar and sericite under the microscope.

The small isolated hill behind Miya is an erosion remnant of augite
andesite. The fresh specimen has a black color and is indistinctly por-
phyritic to the naked eye. When it is intensely subjected to weathering,
an onion structure is to be seen on the surface. The phenocrystic mineral
of this rock are plagioclase and augite. They are embedded in the
groundmass consisting of minute ecrystals of lath-shaped plagioclase,
auglite and magnetite. .

(4) Lavas and ejecta erupted from the Aoso volcano: The Aoso
voleano is composed of lava flows and various kinds of ejecta which rest
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upon the Tertiary formation. They are the Matsu-kawa mud flow, Do-
zawa lava and agglomerate, Témori-yama lava, Onashi-zawa lava, Itahashi-
zawa agglomerate and Omori-yama lava in the order of eruption.

(i) Matsu-kawa mud flow. The Aoso voleano is skirted with the
exposures of the Matsu-kawa mud flow which is supposed to have poured
out from its pre-existing crater or- its neighboring Byobu volecano® at
the earliest stage of activity. The northern end of this mud flow is
highly cliffed along the Matsu-kawa and the lower course of the
Akiyama-zawa where it is underlain by nearly horizontal beds of clay,
sand and gravel (Fig. 4).

The mud flow exposed here is intercalated with several ash beds,
pumice layers and thin lava flows. Such a mud flow is also seen along
the Akamatsu-zawa, Do-zawa and Itahashi-zawa, but it has some
different appearance in the area including the lower course of the
Taiko-zawa, Yamada, Kabettd, ete. In the latter case, it is extensively
covered by talus deposits and is underlain by shale and sandstone beds.

The repeated occurrence of pumice layer is also found in this place.
It is generally 80cem. to 1 m. and consists of pumice fragments with
a grey or light grey color. Lava flows associated with this mud flow
are seen on the cliff of the Akiyama-zawa. They are mostly two-pyroxene
andesite.

(ii) Do-zawa lava (olivine-bearing two-pyroxene andesite) and agglo-
merate: The Matsu-kawa mud flow was followed by the eruption of
the Do-zawa lava and agglomerate. They extend from south to north,
forming a narrow ridge between the Do-zawa and Onashi-zawa. The
northern end of this lava flow and agglomerate is highly cliffed along the
Matsu-kawa, but they disappear beneath the Tomori-yama lava southwards
and are supposed to have been supplied from the pre-existing crater.

(iii) Tomori-yama lava (olivine two-pyroxene andesite or olivine-bearing
two-pyroxene andesite): Tt is widely exposed around the central cones
of the Aoso voleano and forms a part of somma which is now dissected
deeply by the Akamatsu-zawa, Do6-zawa, Onashi-zawa, Namin-zawa,
Taiko-zawa, Itahashi-zawa, etc. The lava is amply exposed on Tomori-
yama, Takokura-yama and Shinbayashi-yama. Of these, Tomori-yama
rises as a small but characteristic cone which is easily distinguishable
from other parts of the Aoso volcano. The Tomori-yama lava is partly
covered by the Onashi-zawa lava, Itahashi-zawa agglomerate, Omori-yama
lava and talus deposits, but is underlain by the Matsu-kawa mud flow.

4) The Byobu voleano belongs to the South Zad.

R
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(iv) Onashi-zawa lava (olivine-bearing two-pyroxene andesite or
two-pyroxene andesite): The lava flow poured out from the same crater
as mentioned above. It is underlain by the Tomori-yama, but is covered
by the Omori-yama lava. The lava exposed here seems to have run down
northeastwards, and its terminal is now cut off by the Matsu-kawa.

(v) Itahashi-zawa agglomerate:. It is amply exposed along the
Itahashi-zawa and at the uppermost course of the Onashi-zawa in close
association with the Omori-yama lava. It contains abundant fragments,
large or small, of hornblende-bearing two-pyroxene dacite. In this case,
this agglomerate is covered by the Omori-yama lava and seems to have
been the forerunner of the lava which formed the central cones.

(vi) Omori-yama lava (hornblende-bearing two-pyroxene dacite): A
different type of lava can be observed on Omori-yama and Aoso-yama
which were deformed by the presence of explosion craters. It rests
directly upon the Itahashi-zawa agglomerate and Tomori-yama lava.
The relationship between this and the Itahashi-zawa agglomerate can
be seen on the northern cliff of Omori-yama and the uppermost course
of the Itahashi-zawa and Taiko-zawa. In this case, the lava eruption
took place within the crater surrounded by the Tomori-yama lava.

(5) Quaternary fluviatile deposits: Younger or older fluviatile
deposits are found along the present river course where they are
composed of clay, sand and gravel. ‘

(6) Talus deposits: The eastern or western flank and foot of the
Aoso voleano is widely covered by talus deposits supplied from various
kinds of lava flow and agglomerate. In such a case, the andesite fragments
derived from the TOmori-yama lava are more predominant than others.

Structure of the Aoso Volcano and Its Pre.existing Crater.

The present Aoso voleano is composed of somma and central cones,
but it seems to have been a characteristic homate in the earlier stage
of its activity. Such cones as Takokura-yama (Figs. 6, 7), Tomori-yama
(Figs. 5, 6), Shinbayashi-yama, etc. seem to have been formed on the
peripheral part of the crater which is supposed to be 2.5km. or there-
abouts in diameter. The original form of this crater was subsequently
destructed by the eruption of the Onashi-zawa lava, Itahashi-zawa
agglomerate and Omori-yama lava.

As has already been stated, the Aoso voleano is constructed by mud
flow, two-pyroxene andesite, olivine-bearing two-pyroxene andesite,
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olivine two-pyroxene andesite, hornblende-bearing two-pyroxene dacite
and agglomerate. It rests upon the Tertiary formation, and there is
an evidence that the mud flow directly covers the flat surface of horizontal
beds ecomposed of sand, clay and gravel assigned to Pliocene (?). Of these,
the Toémori-yama lava is most extensively distributed and almost surrounds
the Omori-yama lava, although it partly disappears beneath the Omori-
yama lava, Onashi-zawa lava and Itahashi-zawa agglomerate. The
structure of this voleano can be confirmed along several valleys to some
extent, but lavas and ejecta are poorly exposed within the erater where
it is thickly forested. The crater here is almost filled up with the

Itahashi-zawa agglomerate and Omori-yama lava.

Central Cones.

There are two central cones called Omori-yama and Aoso-yama in
the crater mentioned above (Figs. 8. 5). These central cones stand side
by side with a narrow watershed of the Onashi-zawa and Itahashi-zawa
between them. They are composed of the Omori-yama lava underlain
by the Itahashi-zawa agglomerate. Such a feature can be observed at
the uppermost course of the Onashi-zawa, Taiko-zawa and Itahashi-zawa,
where the Omori-yama lava directly covers the Itahashi-zawa agglomerate.
Omori-yama and Aoso-yama seem to have been formed almost simultane-
ously on the fissure running from east to west. The present topographical
features of these cones are much affected subsequently by the formation
of explosion craters here and there.

Explosion Craters.

The presence of 6 explosion craters have been hitherto known on
the Aoso volecano. They are respectively found on the northern or
southern side of central cones and the southern flank of Takokura-yama
as well as on the northern side of a cone situated about 1km. northwest
from the summit of Aoso-yama. Of these, two are characteristic explosion
craters opened semicircularly northwards and northeastwards at the source
of the Onashi-zawa and its branch. They are highly cliffed and are
walled by a thick accumlation of the Omori-yama lava and Itahashi-zawa
agglomerate.

Other explosion craters of these central cones can be seen at the
opposite side, but are of a small scale as compared with those of the
northern flank. They open westwards or southwards, passing downwards
into the valleys of the Itahashi-zawa and Taiko-zawa.
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The explosion craters of Takokura-yama and the cone 1 km. northwest
from the summit of Aoso-yama are smaller and older than those of the
central cones. The former exploded southwards on the southern flank of
Takokura-yama, but it has been more or less obscured by the subsequent
erosion. The latter is, on the other hand, still preserved as a horse-shoe-
shaped hollow on the northern slope of the cone. This topographical
feature can be observed fully from the opposite side near Kotsumazaka.

Mineral Composition of Lavas and Ejecta.

(1) Andesite fragments of the Matsu-kawa mud flow: Andesite
fragments, large or small, are abundantly contained in the Matsu-kawa
mud flow. Most of these are two-pyroxene andesite, but they are some-
times represented by olivine-bearing two-pyroxene andesite. The writer
collected such specimens along the Matsu-kawa, Akamatsu-zawa, Akiyama-
zawa, ete., where this mud flow is well exposed. The specimens thus
obtained show features differing from place to place. They, however,
have a porphyritic texture and black or dark grey color, being composed
of such ingredients as plagioclase, augite, hypersthene, olivine, magnetite,
tridymite, apatite and brown or colorless glass. Of these, the occurrence
of olivine is restricted to some specimens obtained from the middle course
of the Akamatsu-zawa.

Plagioclase is the most predominant mineral as phenocryst and also
in the groundmass. The phenocryst of this mineral has a tabular or
rectangular form and is 2.04 mm. x1.16 mm. in its maximum size. It
ranges from labradorite to bytownite with a composition between Ang and
Ang,. Moreover, the erystal is always characterized by the frequency of
zonal structure and turbid zone. In such a case, the turbid zone is
generally found in the central part or periphery of the crystal. It some-
times contains augite, hypersthene, magnetite and brown glass.

The minute crystals of lath-shaped or rectangular labradorite are
abundantly found in the groundmass together with augite and magnetite
as well as glass. Such erystals are mostly 0.03 mm.~0.2 mm. in length.

In several specimens collected along the Akiyama-zawa, Matsu-kawa
and Akamatsu-zawa, augite is always an important ingredient. It takes
an euhedral or suhhedral form, being 2.04 mm. x 0.68 mm. in its maximum
size. It sometimes shows that the extinction angle, Z/\e, is 38°~40° and
twins on (100) or (101). The ecrystal is closely associated with hypersthene
in parallel intergrowth or granular aggregation. It contains magnetite
as an enclosure. Small prismatic or granular augite crystals are commonly
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seen in the groundmass where they are 0.01 mm.~0.03 mm. in length or
longer diameter.

The occurrence of hypersthene is known in all. specimens. It is
frequently more abundant than the phenocrystic augite. This mineral
usually occurs as subhedral or anhedral phenocrysts, but well-defined
crystals are not rare in the specimens of the Akamatsu-zawa. The largest
one is 2.14 mm. x 0.81 mm. in size. Such crystals often include magnetite,
apatite and plagioclase. When hypersthene and augite occur together in
parallel intergrowth, the former is always fringed by the latter.

Olivine is rarely present as a phenocrystic mineral, and its occurrence
is only known in the andesite fragments from the Akamatsu-zawa. It has
a granular form. Octahedral or granular magnetite is 2 common accessory
mineral in the groundmass. In most cases. it is shorter than 0.01 mm. in
diameter, although there are some large crystals whose diameter is more
than 0.5 mm. ‘

Besides the ingredients mentioned above, chlorite is an alteration
product derived from hypersthene. Tridymite and brown or colorless glass
are sometimes found in the groundmass where they fill up the interstices of
other ingredients. Moreover, some xenoliths of basaltic or noritic character
are contained in the specimens obtained from the mud flow exposed along
the Matsu-kawa, the lower course of the Akiyama-zawa and the middle
course of the Akamatsu-zawa.

(2) Do-zawa lava and agglomerate: The Dé-zawa lava and the
fragments of its agglomerate have similar characters megascopically and
microscopieally. They are olivine-bearing two-pyroxene andesite with
a black color and porphyritic texture. The andesite specimens collected
by the writer on the cliff of the Matsu-kawa is a compact and hard rock
composed of plagioclase, augite, hypersthene, olivine, magnetite and brown
glass. Of these, plagioclase, augite, hypersthene and olivine are found as
phenocrysts and ingredients of groundmass.

The phenocrystic plagioclase is usually euhedral or subhedral and
takes a tabular or rectangular form. The largest crystal is 7 mm. in longer
diameter. Some of it is well zoned and remarkably turbid, containing
small grains of augite and magnetite as well as irregular patches of brown
glass. The indices of refraction measured on (010) indicate that this
plagioclase ranges from labradorite to bytownite and is An,~An, in
composition.

The plagioclase in the groundmass mostly occur as minute lath-shaped
crystals, 0.03 mm.~0.2 mm. in length, and is more acidic than the pheno-
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crystic one. In some specimens, the parallel arrangement of this mineral
in the brown glass gives a hyalopilitic texture to the groundmass.

Augite is one of remarkable ingredients, and most of phenocrysts have
a subhedral or anhedral form. Among them, the largest one is 2.5mm.
long and 1.05mm. across. Such phenoerysts are occasionally twinned on
(100) or (101), and the maximum extinction angle, Z/\¢, is 40°. In these
crystals, hypersthene and magnetite are always contained. Moreover, small
prismatic or granular augite is -abundantly found in the groundmass
together with plagioclase, magnetite and brown glass. In this case, the
length of prismatie erystals is less than 0.05mm.

Hypersthene is also an important mineral as augite in all of the
specimens collected by the writer. The amount of this mineral is, however,
variable in different specimens. Thus, andesite fragments of Do-zawa
agglomerate contain hypersthene less abundantly than augite. The large
phenoeryst is 1.2 mm. or more in length, and it is sometimes associated
with augite in parallel intergrowth, the former passing suddenly outwards
into the latter.

The composition of phenoerystic plagioclase and the optical characters
of phenocrystic augite and hypersthene are summarized in the following
table.

’ No. 1 (T.I. 47110101) No. 2 (T.I. 47110102)

. Core Margin
Plagioclase ( - )2V =86° ( - )2\7 =88° An73~ 81
' i Angg Ang,
|

a=1.68540.002
$==1.69440.002

0:=1.68140.002
$==1.69240.002

Augite ¢==1.71140.002 ¢ =1.90940.002
y~a=0.028 y~a=0.028
(+)2V =50° (4)2V =52°
0==1.69320.002 ' =1.696-£0.002
8.=1.700+0.002 B==1.705+0.002
Hypersthene 4 =1.705+0.002 ==1.709 +0.002
y~a=0.012 y~a=0.013
(—)2V =64° (—)2V =62°
P>V p>v

No. 1.=Andesite frgment in the Do-zawa agglomerate.

No. 2.=The Do-zawa lava. (Measured by F. Hori)

Olivine is an important phenocrystic mineral, 2.12mm. x1.11 mm. in
its maximum size. It is subhedral or anhedral and partly or entirely alters
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into serpentine. The crystal encloses magnetite like other phenocrysts.

Magnetite is either octahedral, granular or skeletal in form. The
crystal contained in plagioclase, augite. hypersthene and olivine are larger
than those in the groundmass. It is 0.51 mm. by 0.34 mm. in the biggest
crystal, but its diameter is mostly shorter than 0.02 mm. in the latter case.

Brown glass fills up the interstices of all other ingredients. It is less
abundant in the Do6-zawa lava.

(3) Tomori-yama lava: Of various lavas and agglomerates exposed
on the Aoso voleano, the most remarkable one is the Tomori-yama lava,
which has a wide area of distribution including Témori-yama, Takokura-
yama, Shinbayashi-yama and others. It is a compact and porphyritic rock
with a grey color. In weathered specimens, the porphyritic texture is shown
more distinctly than in fresh ones. The mineral ingredients of this lava is
represented by plagioclase, augite, hypersthene, olivine, magnetite, tridy-
mite, apatite, hematite and brown glass. Of these, phenocrystic minerals
are plagioclase, augite, hypersthene and olivine. There are, however, some
mineralogical differences even in the same lava. In certain specimens,
olivine is abundantly present, but it is lacking in others, although the lava
has a quite similar texture in the groundmass. Hence, the lavas from
Tomori-yama and Shinbayashi-yama are olivine two-pyroxene andesite or
olivine-bearing two-pyroxene andesite, whereas those of Takokura-yama or
elsewhere are composed of two-pyroxene andesite.

In such cases, various features are indicated by plagioclase, which
takes an euhedral or subhedral form. It is well zoned and turbid in the
inner or outer part, although each shows a fresh appearance. The largest
phenocryst is 8.14 mm. x2.38 mm. in size. Some of its erystal has a worm-
eaten structure due to the abundance of irregular patches of brown glass.
Besides brown glass, it encloses augite, hypersthene, magnetite, actinolite )
needles and biotite which are often found in the turbid zone. Some of
these are often arranged parallel to the periphery of plagioclase phenoerysts.
Indices of refraction measured on (010) suggest that this plagioclase belongs
to labradorite or bytownite with a composition ranging from An to Ang.

In the gronndmass, abundant lath-shaped crystals, mostly 0.025 mm.~
0.2mm. in length, generally takes a fluidal arrangement between pheno-
crystic minerals.

Augite and hypersthene are common ingredients of this rock. Hypers-
thene is sometimes more abundant than augite or wvice versa. The augite
phenocryst is generally subhedral or anhedral, but it is euhedral in some
specimens. The largest phenocryst is 1.78 mm.x1.07 mm. When the
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crystal is euhedral or subhedral, it has a stout prismatic form. It is some-
times found in parallel intergrowth with hypersthene. In this case, the latter
is always fringed by the former. In zoned crystals, the inner part has a
large extinction angle as compared with the periphery. It twins on (100) or
(101), and its maximum extinction angle, Z /e, is 41°. In the groundmass,
augite is abundant and occurs as a prismatic or irregular form.

Hypersthene is a characteristic mineral with a distinetly pleochroic
scheme. It is frequently found as an euhedral or subhedral crystal with
a long prismatic form, 4.59 mm.x0.93 mm. in its maximum size. This
mineral contains mostly magnetite as enclosure.

The composition -of phenocrystic plagioclase and the optical characters
of phenocrystic augite and hypersthene are summarized in the following
table.

No. 1 No. 2 No. 8 No. 4 No. &
(T.1. 47110201)|(T.I. 51040101)|(T.1. 51040106)|(T.I. 51040201)|(T.I. 51033106)
Plagioclase Angg74 Angyrg Angg 7
0=1.683 0=1.686 0=1.690 0=1.683 0==1.686
+£0.002 | - £0.002 £0.002 +0.002 +0.002
p=1.695 p=1.693 p=1.695 g=1.690 |  p=1.692
- +£0.002 +0.002 £0.002 +0.002 +£0.002
ugite
¢=1.711 1=1.708 L ¢=1.710 y=1.712
+0.002 +£0.002 1=1.710 +£0.002 +0.002
y~a=0.028 y~a=0.028 ? Y~a=0.027 | y~x=0.026
(1)2V=50°  [(4)2V=b1° | (+)2V=49° | (+)2V=50° |(+)2V=49°
2=1.700 «=1.691 0==1.689 0=1.689 0==1.693
£0.002 £0.002 £0.002 $0.002 +0.002
p=1.708 8=1.700 p=1.699 8=1.700 p==1.699
+£0.002 £0.002 $0.002 | . +0.002 £0.002
Hypersthene v=1.713 ¢=1.704 | - y=1.704 ¢=1.703 ¢=1.705
$£0.002 £0.002 +0.002 +0.002 +£0.002

r~a:==0.013 y~a=0.013 y~a=0.010 y~a=0.014 | y~0=0.012
(—)2V=59° (—)2V=59° (—)2V=60° |(—-)2V=60° |(—)2V=058°

No. 1.==The Tomori-yama lava from the upper course of the Ddé-zawa.

No. 2.=The Tomori-yama lava from the Namin-zawa.

No. 8.=The Témori-yama lava from the hill at the north of Shinbayashi-yama.
No. 4.:==The Tomori-yama lava from the hill at the north of Shinbayashi-yama.
No. 5.=The Témori-yama lava from Takokura-yama. (Measured by F. Hori)

The occurrence of olivine is not so important when compared with
other phenoerystic minerals, although it is frequently seen in the specimens
collected from the lower course of the Akamatsu-zawa. The crystal of
this mineral usually takes a subhedral or anhedral form, and its maximum
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size is 0.88 mm. % 0.59 mm. Part of it changes into bowlingite along the
peripheries and cracks. Commonly, it contains magnetite.

One of characteristic features of this rock is the abundance of small
magnetite crystals or grains in the groundmass together with minute
lath-shaped plagioclase and augite. They are frequently represented by
octahedral crystals. In some cases, these crystals are contained in the
aggregate of granular augite. The crystal is 0.06 mm. in its maximum
diameter, but it is mostly 0.01 mm.-0.05 mm. across.

There are rarely apatite crystals which have a dark brown color due
to decomposition, being 0.89 mm. x 0.05 mm. in the maximum size. Tri-
dymite fills up the interstices of various ingredients of the groundmass.
It is not a rare mineral in the specimens from the Namin-zawa and the
.east flank of Takokura-yama. Long prismatic actinolite (?) occurs as an
enclosure of plagioclase phenocrysts. The mineral shows a weak pleochroism
and a small extinction angle, Z Ae, of 16° or thereabouts.

Besides these, doleritic, noritic or gabboie inclusions are found in most
specimens. They are composed of plagioclase, augite, hypersthene and
magnetite.

(4) Onashi-zawa lava: The ridge extending northeastwards along
the eastern side of the Onashi-zawa is formed of two-pyroxene andesite or
olivine-bearing two-pyroxene andesite with a remarkable porphyritic texture.
The lava exposed here has a dark grey color, but it usually assumes a grey
or reddish color by alteration.

The specimens collected by the writer are composed of plagioclase,
augite, hypersthene, olivine, magnetite, hematite, tridymite, apatite, brown
glass and actinolitic mineral.

Under the microscope, the phenoerystic plagioclase mostly has an
euhedral or subhedral form, being 8.16 mm. x2.15mm. at its maximum
size. It is well-zoned and occasionally turbid. It is sometimes characterized
by a worm-eaten structure and includes such minerals as augite, magnetite
and brown glass which occur as irregular patches. The indices of refraction
on (010) suggest that the phenocrystic plagioclase ranges from labradorite
to bytownite with a ecomposition between Ang and An,,.

In the groundmass, lath-shaped or rectangular crystals are abundantly
present. The former is 0.02 mm.~0.05 mm. long and occasionally shows a
fluidal arrangement around phenocrystic minerals. It belongs to labradorite.

Augite is found as phenocryst and is an important ingredient in the
groundmass. The phenocrystic augite is, however, less abundant than
hypersthene and commonly takes a subhedral or anhedral form, twinning
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on (100) or (101). In this case, the largest crystal is 1.75 mm. x 0.49 mm.
in size, and the maximum extinction angle, Z ¢, 14°. Moreover, most
phenocrysts contain magnetite as enclosure. The augite crystals of the
groundmass have a granular or stout prismatic form, being 0.03 mm.~
0.08 mm. in the latter case.

Hypersthene with an euhedral or subhedral form is usually characterized
by a long prismatic habit. The crystal is 2.75 mm. in its maximum lengh
and includes magnetite. It is sometimes intergrown with augite in parallel
position, the former passing outwards into the latter. In the andesite
with a reddish color, it is intensely affected and segregates hematite.

The composition of phenocrystic plagioclase and the optical characters -
of phenoerystic augite and hypersthene are shown in the following table.
Olivine is a rare ingredient in _
the Onashi-zawa lava as compared : (T.I. 51040301y
with hypersthene and augite. The

occurrence of this minersl is only _ T Ziochse ATgi~ro

known in several specimens. It has 0=1.684+0.002

a very irregular form and partly B=1.693+0.002

changes into bowlingite along its Augite Y=é-'(7)(2)€;d:0.002
y~a=0.

periphery and crack.
Magnetite .is always a very com- !
mon mineral in the groundmass where ’ a=1.690

(+)2V =51°

it abundantly occurs in a granular Hypersth Bzi.ggg
or octahedral form. Most of magne- ypersthene Y—O.mg
. . . ~0 == -
tite crystals have a diameter ranging (_T)ZV_GOD

from 0.01 mm. to 0.05 mm., although
there are some large crystals more
than 0.4 mm. across. It passés into ,
hematite in the specimens subjected to reheating.

* The Onashi-zawa lava from the Onashi-
zawa. (Measured by F. Hori)

The interstices of the minute ingredients in the groundmass is
occasionally filled up by tridymite which is characterized by its irregular
form and exceedingly low birefringence.

The occurrence of apatite is very rare. Its prismatic crystal is
usually traversed by cracks and is somewhat decomposed in its inner
part and obtains a dark brown color. Actinolitic mineral is only found
as an enclosure of phenocrystic plagioclase. This mineral oceurs as minute
prismatic or acicular crystal traversed by cracks. It is always colorless
and has a small extinetion angle. The frequent occurrence of brown
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glass is noticed in the phenocrystic plagioclase and also in the groundmass
of almost all specimens.

The groundmass consists of plagioclase, augite, magnetite, apatite
and brown glass and reveals a hyalopilitic or pilotaxitic texture.

Besides the various ingredients mentioned above, there are some
xenoliths with noritic or doleritic character. They are composed of
plagioclase, hypersthene, augite, magnetite and brown glass.

(5) Dacite fragments of the Itahashi-zawa agglomerate: In this
agglomerate many angular or subangular fragments of hornblende-bearing
two-pyroxene andesite are cemented by tuffaceous or sandy matrix.
These dacite fragments, large or small, have an appearance quite similar
to the Omori-yama lava, being characterized by the abundance of pheno-
erystic quartz and the presence of hornblende. They are dark grey in
fresh specimens and grey or light grey in weathered ones. Moreover,
some of these obtain a reddish color by reheating.

Exclusive of quartz and hornblende, the dacite fragments under
consideration consist of plagioclase, hypersthene, augite, magnetite, olivine
and tridymite. '

Of these, the phenocrystic quartz is generally subjected to magmatic
corrosion and takes a more or less rounded form, 1.5 mm, in its maximum
diameter. It is traversed by many cracks, and there are some crystals
with liquid inclusions. Occasionally, the crystal shows a wavy extinetion
and, accordingly, a biaxial character. Quartz is also an important in-
gredient in the groundmass which shows a microgranitic texture.

The coarse porphyritic texture of dacite fragments in the Itahashi-
zawa agglomerate is due to the frequent occurrence of fairly large
phenocrystic plagioclase which is 8.91 mm. x1.95 mm. in its maximum
size. Euhedral, subhedral or anhedral phenocrysts of this mineral are
always well-zoned and sometimes turbid, frequently containing magnetite,
augite and hypersthene. Indices of refraction measured on (010) indicate
that the phenoerystic plagioclase ranges from acidic labradorite to basie
labradorite with such a composition as Ang ;. Minute lath-shaped or
granular plagioclase is a remarkable constituent in the groundmass. In
the former case, it is 0.08 mm.~0.25 mm. in length and belongs to an-
desine.

Phenocrystic augite, subhedral or anhedral, is usually less abundant
than hypersthene. The crystal generally twins on (100), and its extinction
angle, Z/\¢, is 41°, being 2.2 mm. x 1.7 mm. in its maximum size. Magne-
tite is generally found as its enclosure. Augite is also a common ingredient
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in the groundmass. When it has a long prismatic form, the crystal is
0.08 mm.~0.02 mm. in length.

All specimens collected by the writer contain varying amount of
hypersthene with a long primati¢ form. The largest phenoeryst is 1.87
mm. x 0.54 mm. in size, and the prismatic crystals of this mineral in the
groundmass is 0.1 mm.~0.8 mm. in length.

The composition of phenocrystic plagioclase and the optical characters
of phenocrystic hypersthene and augite is as follows.

Hornblende is one of characteris-

tic minerals in this rock. It hasa (T.I 51033107)%
long prismatic form, and is charac- :

. . Plagioclase Ang 73
terized by a strongly pleochroic
scheme, viz., X=amber yellow, Y= «==1.682+0.002
vellowish brown, Z=reddish brown. . £=1.695-:0.002
The color probably resulted from the Augite ¥=1.710£0.002
oxidation due to reheating. Some of 1~a=0.028
it twins on (100), and the largest (+)2V=49°
crystal is 1.27 mm. long. It is partly a==1.6950.002
opacitized. £=1.703+0.002

Octahedral or granular magnetite = Hypersthene 1=1.708+0.002

is always found as an enclosure in 1~e=0.013
other minerals and in the groundmass, (—)EV=55°

where the largest crystal is 0.56 mm. * Dacite fragment of the Itahashi-zawa
. . . . . agglomerate from the upper course of the
in diameter. Besides these ingredi- Itahashi-zawa.  (Measured by F. Hori)
ents, the rock contains basaltic xeno-

liths consisting of plagioclase, augite, hypersthene, magnetite and olivine.

The groundmass indicates a microgranitic texture and contains plagio-
clase, augite. hypersthene, magnetite and tridymite.

(6) Omori-yama lava : The Omori-yama lava is underlain by the
Itahashi-zawa agglomerate, both of which seem to have been erupted
successively.  Therefore, the Omori-yama lava and dacite fragments
of the Itahashi-zawa agglomerate have some similar petrographic
characters, as is shown by the presence -of phenocrystic quartz and
hornblende. .

The phenocrystic quartz with a rounded form is always abundant in
all specimens. It is traversed by many cracks, and the occurrence of
liquid inclusions is known in many specimens. The crystal occasionally

reveals a wavy extinction, and its maximum diameter is estimated at
1.44 mm.
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One of the important ingredients is the phenocrystic plagioclase with
an euhedral, subhedral or anhedral form which is 2.41 mm. x1.70 mm.
in its maximum sixe. It ranges from acidic labradorite to basic labra-
dorite with such a composition as Ang_ . It mostly includes augite,
magnetite and apatite, partly passing into a light brown glass. The
crystal is well-zoned, and it is rarely not frequently turbid along the
periphery or in the inmer part of crystals. When plagioclase occurs as
an ingredient in the groundmass, it is mostly represented by minute lath-
shaped crystals, 0.02mm.~0.18 mm. in length. Augite and hypersthene
are found in almost the same amount as those of the Itahashi-zawa
agglomerate. Both minerals include magnetite grains and sometimes
pass into one another, showing a parallel intergrowth in which hypers-
thene is always fringed by augite.

The prismatic hypersthene crystal is 1.57 mm. in its maximum length
as phenoeryst and 0.086 mm.~0.18 mm. long as an ingredient of the
groundmass.

Augite often twins on (100) or (101), and its extinction angle, ZAgc,
is 40°. Tt has a subhedral or anhedral form, the phenocrysts being
0.81 mm x0.25 mm. in the maximum size, and the minute crystals in the
groundmass 0.01 mm.~0.15 mm. ldng.

The following table shows the composition of phenocrystic plagioclase
and the optical characters of augite
and hypersthene.

Long prismatic hornblende is mostly

‘ (T.I. 4711015)*

Plagioclase ' Angy~Ancs of an oxidized type with a strong
‘i «==1.6894:0.002 pleochroism changing from amber

' B:=1.695:0.002 yellow (X) to yellowish brown (Y) or

Augite ¥ ==1.710-0.002 reddish brown (Z). In several speci-
o mens, there is also basaltic hornblende

(+)2V=50° which shows the following pleochroic
a==1.695+0.002 scheme viz., X=light yellow, Y=

A=1.7044:0.002 browish green, Z=greenish brown.

Hypersthene 1=1.709+0.002 The absorption is Z>Y >X in both
r~u=0.014 cases. These two kinds of hornblende

(=)2V =57 are subhedral or anhedral, and they

* The ?%Ori-xama lava from near the gre sometimes opacitized entirely.
summit ol mori-yama. . .
(Measured by F. Horiy ~ Lhe maximum size of such erystals
are 1.71 mm. x 0.17 mm.

Magnetite is the commonest mineral in the groundmass. It is generally
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0.01 mm.~0.08 mm. in diameter, although there are some crystals with
a diameter exceeding 0.42 mm. _

Tridymite fills up the interstices of the ingredient minerals in the
groundmass, and olivine is only found in xenolith. The groundmass is
composed of such minerals as quartz, plagioclase, augite, hypersthene,
magnetite and tridymite. Of these, lath-shaped plagioclase crystals often
exhibit a fluidal arrangement, but the characteristic microgranitic texture
is also kn_own. In this rock, the occurrence of xenolith is not rate. They
are basaltic rocks, consisting of plagioclase, augite, hypersthene, olivine
and magnetite.

History of Volcanic Activities.

The activies of the Zad volcanoes are supposed to have repeated many
times on the upheaved area composed of the Tertiary formation and such
intrusives or extrusives as granite, propylite, basalt, etc. Some of these
abundantly supplied lavas and ejecta to construct the Aoso voleano at the
eastern end of the South Zao.

The first eruption seems to have taken place through the Tertiary
formation exposed now in the district surrounding the Aoso voleano and
is supposed to have began by pouring forth the Matsu-kawa mud flow.
This mud flow was first considered by Takada to be the youngest ejecta
in the South Zad, but several field evidences here suggest that it may
have been the forerunner of activities which happened in the Aoso or
Byobu voleanic area. Moreover, the Matsu-kawa mud flow is believed to
have been ejected in the Pleistocene, since it partly rests upon the eroded
surface of nearly horizontal beds assigned to the Pliocene (7).

The next activity is indicated by the eruption of the Do-zawa lava
and agglomerate which are always associated with each other. It was,
however, restricted to a small area.

The central cone of the Aoso voleano is surrounded by the Témori-yama
lava poured out later than the Do-zawa lava and agglomerate. Its way
of distribution suggests that there was formerly a large crater at the
central part of this voleano occupied now by Aoso-yama and Omori-yama.
The lava seems to have flowed out from here or from the fissures on the
flank and to have rushed down in several directions. Tomori-yama may
be a parastic cone formed in connection with this eruption. After intensely
subjected to erosion, the Onashi-zawa lava was ejected from the same
crater and filled up the hollow between the Toémori-yama lava and Matsu-
kawa mud flow extending northeastwards.
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The final activity is represented by the eruption of the Itahashi-zawa
agglomerate and ()mori-yama lava, the latter following the former. The
Omori-yama lava is, therefore, underlain by the Itahashi-zawa agglomerate
everywhere they are exposed. Both kinds of voleanie products resulted in
the formation of central cones within the crater mentioned above. They
are Omori-yama and Aoso-yama which rise as the two main peaks of the
Aoso voleano.

In these repeated activities, the remarkable feature is the occurrence
of hornblende-bearing two-pyroxene dacite. This rock is the final product
in the activities of the Aoso voleano and suggests that it was probably
derived from the magma which had captured such acidic rocks as granite
and plagioliparite.

Summary.

(i) The Aoso voleano is isolated from the main part of the Zad
voleanoes, rising at the eastern end of the South Zao. It is a small but
characteristic voleano with central cones and several explosion craters as
well as a large dissected crater which is about 2500 m. across.

(ii) This volcano rests upon the eroded surface of two different
Tertiary formations. They are assigned to the Miocene and Pliocene (%)
respectively, the former consisting of green tuff, shale, sandstone and
andesitic agglomerate, whereas the latter is represented by clay, sand and
gravel. In these cases, the Miocene sediments are sometimes intruded by
felstic rock, andesite and basalt.

(iii) The voleano is formed of several lavas and ejecta, viz., the
Matsu-kawa mud flow, Do-zawa lava and agglomerate, Tomori-yama lava,

Onashi-zawa lava, Itahashi-zawa agglomerate and Omori-yama lava.

(iv) These lava flows and ejecta are supposed to have been supplied
mainly from the pre-existing crater which were largely destroyed later
by repeated eruption.

(v) The voleanic activities of this area probably started with the
eruption of the Matsu-kawa mud flow and were closed by the formation
of central cones constructed by hornblende-bearing two-pyroxene dacite.

(vi) The first eruption here seems to have taken place in the Pleisto-
cene. It is shown on the cliff of the Matsu-kawa near Togatta, where
the Matsu-kawa mud flow is underlain by alternate beds of clay, sand
and gravel assigned to the Pliocene (?).
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.
Fig. 6. The Aoso volecano from near Yamada.
1-- Aoso-yama, 2-—Omori-yvama, 3-=Shinbayashi-yama, 4=
Tamori-yama, H=Takokura-yama.
-
1
4t
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' =
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Fig. 7. Takokura-yama from near Omori-yama.
kil 1-=Takokura-yama (Tomori-yama lava), 2-=0mori-yama
i . :
EE lava, 3-—TItahashi-zawa agglomerate, 4="The Itahashi-zawa.
28
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In conclusion, the writer wishes to offer his hearty thanks to Dr. H.
Tsuya who allowed him to continue his work in the Earthquake Research
Institute of Tokyo University. The writer’s thanks are also due to Mr. F.
Hori for his co-operation in the petrographical investigations of lavas and
ejecta from this volcano.

The expense of this research was partly defrayed from the fund for
the Scientific Research of the Educational Ministry.
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