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(Abstract)

GEOLOGY

Paleozoic and Mesozoic rocks constitute the major part of the
map-area. They are the members widespread in the so-called Outer
Zone of Southwest Japan, and manifest the structural feature
characteristic of the pre-Neogene rocks of the region, that is a
conspicuous zonal arrangement of rocks in northeast trend with
steep or even overturned inclinations, which is caused by intense
folds. A number of stratigraphic divisions are distinguished in
the Paleozoic and Mesozoic rocks. They are bounded from each
other usually by tectonic lines, so that few exposures indicating the

covering relationships are observable in the field.



Showing a striking contrast to the folded structure of the
foundation, a sedimentary formation and a successive volcanic
series occur flatly, and acidic rocks are intruded discordantly. They
are thought to have formed in a geologically short time presumably
in Miocene epoch. Owing to the acidic intrusives, the enveloping
rocks are thermally metamorphosed to a large extent, and many
mineral deposits are formed.

The northwestern part of the map-area is the outskirt of famous
Aso volcano. The pumice flow, which was accompanied by the
collapse of the gigantic caldera in Pleistocene epoch, extends through

the map-area, following the topography.

PALEOZOIC

Gotlandian

Rhyolite which is remarkably altered and shows cataclastic
structures occurs at the southwestern corner of the map-area. It
composes a narrow belt bordered by faults on both sides. This
belt is the northeastern termination of the Gotlandian belt which
is well developed in the neighbouring Kuraoka map-area, where
the rhyolite becomes intercalations between the sedimentary beds

containing the fossils diagnostic for the Gotlandian.

Permian

The broad terrain traversing the middle of the map-area from
northeast to southwest is built up of thick geosynclinal deposits
consisting of sandstone and clayslate, accompanied by numerous
intercalations of chert, sporadic beds of limestone and a few lenses of
conglomerate, and interbedded or invaded by lava flows, pyroclastic
beds or sills of diabasic rock. The complex geologic structure
makes it difficult to clear the stratigraphy, but the rock assemblage
enables in rough respect to divide this terrain into the following

zones, but with no distinct boundaries.



Northern zone composed dominantly of clayslate, which is phyl-
litic in part, and characterized by the abundance of
diabasic rock.

Middle zone composed of sandstone and clayslate in nearly
equal amounts, and characterized by prominent inter-
calations of chert.

Southern zone characterized by the outstanding abundance of
limestone and chert.

The fossil evidences, so far as known, including the discoveries

of fusulinids such as Schwagerina, Verbeekina, Neoschwagerina and
Yabeina from some limestone lenses reveal that most parts of the

deposits are Permian in age.

PALEOZOIC AND MESOZOIC INTRUSIVE ROCKS
Old intrusive rocks, not precise in age, occur as many lenticular
or slender bodies parallel to the regional trend of the Paleozoic and

Mesozoic strata.

Granodiorite

Small lenticular bodies of acidic rock, which ranges from biotite
granite through biotite-hornblende granodiorite to quartz diorite in
composition and is remarkably mylonitized, are distributed in the
northern and southwestern portions of the Permian terrain. A
prominent body occurring in the southwestern corner expresses an
intimate association with the Gotlandian belt. Generally, the
cataclastic structure is particularly intense along the peripheries
and the related contact-metamorphic effect on the surroundings is
absent, so it seems that the emplacement of granodiorite is mainly
not by means of magmatic intrusion, but by uplifting of already
consolidated mass from the depth during the time of tectonic move-

ments.

Peridotite and serpentine

A lot of slender bodies of peridotite which has been serpen-



tinized in varying grades occur in the Permian terrain, especially
in its northern zone and in the proximity of its southwestern corner.
In the northern zone, the association of the peridotite and the
diabasic rock is conspicuous. In the southwestern corner, the
localization of peridotite along the faults bounding the intervening
Mesozoic belts is impressive. The peridotite is in intrusive relation
to the Permian rocks, but does not occur within the Mesozoic
belts. The peridotite bodies along the faults are, therefore, not
of magmatic intrusion posterior to the Mesozoic rocks and the
faults, but may be pieces of the consolidated mass forced to contact
with the Mesozoic rocks by the tectonic movements.

The rock is constituted essentially of olivine associated sporadi-
cally with rhombic pyroxene. These minerals are partly or entirely
changed to serpentine minerals such as antigorite, chrysotile and

brucite.

Porphyritic granodiorite

This rock is exposed as a small mass, just out of the northern
border of the Permian terrain. It is presumably, but not proved,
in fault relations with the surrounding Permian rocks and Tertiary
rhyolite, while it is clearly cut by the Tertiary granite. Petrogra-
phically, it is biotite-hornblende granodiorite of somewhat porphyritic
aspect, and is characterized by micrographic intergrowth of quartz
and potash-feldspars. It is quite fresh, showing neither cataclastic
features nor conspicuous alterations. The situation of occurrence
relative to the Permian terrain as well as the petrographic character
fairly accords with those of the Tsurugabuchi granite known in

the Kuraoka map-area.

MESOZOIC
Some of the Mesozoic formations are identified by the fossils
contained, but others are presumed with the lithologic characters

which are quite different from those of the Paleozoic rocks. The



prevalence of well-marked stratifications of sandstone and shale,
the presence of conglomerate in notable amounts, and the scarceness
of chert and limestone interbedded serve as useful criteria for
discriminating the Mesozoic formations from the Paleozoic rocks.

The Mesozoic formations are classified into two major units,
tectonically. One is made up of thick geosynclinal deposits called
the Shimanto group and composes a broad terrain on the southwest
side of the Permian terrain. The other comprises a number of
stratigraphic divisions, namely the Kamura, Tonegoyama, Takaya-
san, Tabaru, Oishi and Tsuchiiwa formations, which are mostly of
shallow sea sediments and compose narrow belts intervening within

the Permian terrain, respectively.

Shimanto group

The Shimanto group is a complex undifferentiated Mesozoic in
age, and the name is derived from its type-locality in Shikoku
Island. In the present map-area, the group consists of sandstone,
clayslate, phyllite, banded alternation of these rocks and small
amounts of conglomerate and diabasic rock. No fossils are discov-

ered.

Kamura formation

There is a persistent bed of limestone trending from northeast
to southwest in the Paleozoic terrain of the central part of map-
area. In the vicinity of Kamura, it is observed that the bed
measures more than 100 m in total thickness, and that the upper
20~30m is of grayish white limestone containing early Triassic mol-
luscs, while the remaining part is of dark gray limestone containing
Permian fusulinids. Consequently, the upper grayish white lime-
stone is distinguished as the lower Triassic and is named the Kamura
formation. The Triassic limestone rests conformably upon the
Permian limestone on the south side, and is probably bounded by

a fault on the north side.



Tonegoyama formation

This formation forms a narrow belt sandwiched in the Permian
terrain in the southwestern corner of the map-area. It consists of
sandstone and shale with a few amount of conglomerate. The belt
continues southwestwards as far as the vicinity of Tonegayama in
the Kuraoka map-area, where fossils including an ammonite pos-

sibly indicative of the upper Jurassic have been collected.

Takayasan formation

This formation occurs as a belt traversing east-west through
Takayasan (a mountain) 4 km southwest of Mitai. It consists of
well-stratified, comparatively soft sandstone and shale, with a small
amount of conglomerate. No fossils, except for printed traces of

creeping worms and fragments of plants, are yielded.

Tabaru formation

This formation is well exposed at the road cut west of Tabaru
in the western part of the map-area, and constitutes fault blocks
situated between the Permian strata and the Tertiary volcanic rocks.
The composing rocks are conglomerate, subordinated by sandstone
and shale. The material of the conglomerate is mostly sandy,
but in part is rich in diabasic rock and its decomposed product.

Some fossil molluscs were once discovered from this formation,
but the geologic age has remained unclear. As regards the pre-
ponderance of conglomerate and the situation of occurrence adjacent
to the Tertiary volcanics, this formation looks like the Tertiary
Mitate formation. But, the facts that the Tabaru formation shows
disturbed structures and is unconformably surmounted by a part
of the Tertiary volcanics and that the conglomerate rich in diabasic
material exists also in the Cretaceous Shibanomoto formation known
in the Kuraoka map-area imply that the age may be not Tertiary,

but later Mesozoic.



Oishi formation

The Oishi formation occurs as a belt in the southwest corner
of the map-area. This formation is composed of sandstone, conglom-
erate and shale. Sandstone in part (for example, at the vicinity
of Oishi located in the southwesterly extension of the belt in the
Kuraoka map-area) is arkosic. Pebbles of conglomerate are com-
posed of the Permian rocks as well as the Gotlandian rocks and
granodiorite exposed immediately on the northern side. Although
fossils have not been found from the formation throughout
the belt, the composing rocks are, quite similar to those of the
Shibanomoto formation, which occurs in another belt in the
Kuraoka map-area, and is proved by fossils as early Cretaceous in

age.

Tsuchiiwa formation

The formation occurs near the northern border of the map-
area and extends to the north, at least, as far as Tsuchiiwa in the
adjacent area. It is in fault relations with the surrounding Paleozoic
rocks and the Tertiary volcanics. The composing rocks are massive
sandstone and stratified shale, which are entirely metamorphosed
into compact biotite hornfels by the Tertiary intrusion. The Tsu-
chiiwa formation is anticipated as an extension of the upper Cre-
taceous beds typically developed in the Onogawa district to the

northeast.

TERTIARY

Mitate formation

The Mitate formation is distributed mostly in the eastern part
of the map-area. It rests on the folded basement, and itself is not
folded, but subjected to block movements. Conglomerate is the
chief constituent, and a small amount of sandstone is present in
the upper part. Conglomerate contains unsorted pebbles of the

basement rocks in abundance, and sporadic boulders of granodiorite,



some of which attain more than 1m in diameter. The uppermost
part of sandstone is locally rhyolitic tuffaceous. The thickness of
the formation measures about 100 m. This formation is wholly

metamorphosed by the later granite, and yields no fossils.

Sobosan volcanic rocks

The Mitate formation is covered without significant break by
the Sobosan volcanic rocks, which are mostly lava and partly pyro-
clastic rock. On Hontani-yama (a mountain) and its environs, only
rhyolite is piled up to the top as much as several hundred meters
in thickness, while on Sobosan, rhyolite is exposed only on the
lower slope and is covered by thick piles of intermediate rocks
which range from andesite (in part quartz-bearing) to dacite. The
block movements and the erosion have obliterated the original
topography of volcano. The rhyolite belongs to biotite rhyolite,
and is exceedingly heterogeneous, comprising porphyritic or non-
porphyritic varieties. The andesite and dacite are porphyritic, non-
porphyritic or brecciated, and contain mostly pyroxene or in part
hornblende as ferromagnesian mineral. All volcanics are subjected

to alterations such as propylitization and sericitization.

Granite, granite porphyry and their related metamorphism

After the end of extrusion of the Sobosan volcanic rocks, there
was a slight time interval, during which distinct fault movements
took place, and then granite and granite porphyry were intruded.

The granite is exposed to rather small extents at several separate
places, particularly at much denudated places such as the bottoms
of valleys and basin. In most exposures, the slopes of the contact
planes are gently outwards, suggesting that the granite bodies
increase in size with depth. Petrographically, the rock is fresh,
medium- to coarse-grained biotite granite. The marginal facies

is somewhat aplitic and porphyritic.



The granite porphyry composes many, steeply standing and
persistent dykes which may be offshoots from the parent intrusive
mass of granite. Many of the dykes follow the fault planes which
are mostly formed posterior to the Mitate formation and the Sobosan
volcanic rocks. The rock is fresh, (hornblende-) biotite granite
porphyry, of which the groundmass is usually not micrographic,
but microgranular.

The intrusive rocks remarkably exerted contact metamorphism
upon the surroundings. The metamorphic effects contributed strictly
by the granite porphyry reach only short distance, say 100m or
less. The metamorphic aureole caused by the granite extends as
far as several kilometers from the visible contacts, and covers
the eastern half of the map-area, namely much extensive area
as compared with the granite exposures. It may be estimated from
the extensive metamorphism and the outward slopes of granite
contact that a large continuous mass of granite is concealed in
the depth not far from the surface and only the upward bulges
from this intrusive core are exposed on the surface.

As the results of the contact metamorphism, the invaded rocks
are converted, depending upon their original compositions, into
biotite hornfels, biotite-actinolite hornfels, amphibolite, tremolite
rock, crystalline limestone, and “skarn” containing garnet, diopside,
hedenbergite, wollastonite, etc. One of the special characters of
metamorphic rocks is the prevailing occurrence of pneumatolytic

minerals such as tourmaline, axinite and, in some places, scapolite.

Geologic age

There are Miocene rocks in several other districts in the Pacific
side region of Southwest Japan, for instance the Ishizuchi district
in Shikoku Island and the Kumanogawa district in Kii peninsula.
These Miocene rocks show gentle structures discordant to the folded
basement of Paleozoic or Mesozoic rocks, and exhibit a common

order of geologic succession, that is, the generation of rather local
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sedimentary basin at first, then a violent volcanism in the same
basin, a short interval indicated by the presence of fault movements,
and finally the intrusion of acidic rocks in the shallow depth. These
structural and stratigraphic behaviors are seen also in the geologic
sequence comprised of the Mitate formation, the Sobosan volcanic
rocks, granite and granite porphyry of the map-area, so it may
be appropriate to postulate that these rocks are also Miocene in
age, despite of no paleontologic evidences.

On the foot of Mt. Osuzu which is more than 20 km to the
south out of the map-area, acidic rocks corresponding to the rhyolite
and granite of the map-area are unconformably covered by the
Miyazaki group which is known to range from upper Miocene to
Pliocene. Consequently, the granite, granite porphyry, volcanic
rocks and Mitate formation are safely said to be older than later

Miocene.

QUATERNARY

Aso volcanic products

The volcanic products filling the valleys are the deposits of
pumice flow poured out from Aso volcano in Pleistocene. They
are indurated welded tuff, but in part unindurated pumice breccia.
They measure greater than 200m in thickness, unless the erosion
has removed much thickness.

The welded tuff is a rock of andesitic composition and of lava-
like aspect, exhibiting well-marked columnar joints. It is very
heterogeneous, consisting of dark and light gray, vesicular glass
which includes chips of black obsidian, lumps of white pumice,
lapillis of dark gray andesite and fragments of bed-rocks. The
glassy matrix shows streaks with varying darkness, obsidian and
pumice are flattened to lenses, and volcanic lapillis and accidental
fragments are aligned, giving rise to a horizontally layered structure

which looks like a flow structure.
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On the river bottoms where the foundations are exposed, it is
frequently observed that thin beds of old river gravels are buried
under the welded tuff, though they are not mapped.

The pumice breccia occurs usually as superficial layer several
meters thick upon the thick deposit of welded tuff, and is seen
chiefly in the northwestern portion of the map-area. It consists of
lumps of white pumice and gray vesicular ashes, loosely held

together and not sorted.

ECONOMIC GEOLOGY

This area together with the eastern adjoining area is well
known as the mining district near the border of Oita and Miyazaki
prefectures. The mining works have continued since 400 years
ago. The mineral deposits may be classified into two groups,

genetically.

1) Ore deposits related to Paleozoic and Mesozoic rocks

Of this group, manganese deposits in the Permian rocks are
economically important. They are bedded bodies, nests or pockets
located in or closed to the beds of chert or siliceous slate. The
ores are composed chiefly of rhodochrosite, rhodonite and manganese
oxides. An active mining is being carried on at the Akimoto mine
on the southwestern border of the area.

Iron ore deposits are exposed on the slope 3 km north of Iwato.
They consist of bedded bodies of hematite and magnetite, and are
aligned along the border of diabase and peridotite. Chromite occurs
as segregations in some peridotite bodies in the area. These two

kinds of mineral deposits, however, seem to have little value.

2) Ore deposits related to Tertiary granite

Most of the ore deposits belong to this group, and cluster in
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the northeastern quarter of the area where the Tertiary granite
is exposed and the contact metamorphism is intense. The ore
deposits are not found within the plutonic granite masses excepting
its external contacts and the aplitic margins, but are embraced in
the dykes of hypabyssal granite porphyry and the invaded rocks
close to or apart from the intrusives. The erosion stage that has
exposed only the upper part of the intrusive body, but not yet
the deep core and retains widely the mineralized roof-pendants,
seems to be favorable for exploration.

The types of ore deposits of this group are pegmatite deposits,
contact metamorphic deposits and veins. All contain characteristi-

cally pneumatolytic boron silicates such as tourmaline.

Pegmatite deposits

Small pegmatites are present also within the granite mass, but
valuable ones are developed along the flat-lying contacts of granite
or in the enveloping rocks near the contacts. The valuable peg-
matites are composed chiefly of large crystals of quartz, feldspar,
tourmaline and small flakes of biotite. Quartz and feldspar are
quarried as ceramic material. Some pegmatites are very rich in
tourmaline, and might become a considerable resource when the
utilization of the mineral would be realized. Some other pegmatites

contain scheelite.

Veins and contact metamorphic deposits

These types are most important as metallic mineral deposits
in this area. The leading mines are Obira, Mitate and Toroku,
and there are many other closed mines. They have produced or
prospected tin, copper, lead, zinc, tungsten and iron-sulphide ores.
Occasionally, arsenious oxide is obtained by roasting the ores. Gold-
silver bearing antimony ores are main item in a certain mine.
Recently, it becomes clear that marcasite and lievrite occurring in

this mining district have minor contents of germanium.
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The veins and contact metamorphic deposits seem to be gen-
erated by the same mineralizers from the depth, and to take dif-
ferent shapes and mineral components caused by the difference of
encountered country rocks. Generally, the massive contact meta-
morphic ore bodies are localized in the Permian limestone and basic
tuff which are susceptible to the metasomatism, while the veins are
embraced in such rocks as granite porphyry (especially along its
contact), hornfels, peridotite and Tertiary volcanic rocks which are
suitable to sustain fissures. In Obira mine, a number of veins
and metamorphic ore bodies are distributed according to the different
country rocks. One of the ore deposits of the mine exhibits a massive
form of contact metamorphic character on the surface outcrop,
whereas it takes a vein form in the underground, in response to
the change of country rocks with depth. In Mitate mine, the main
ore deposit is a typical vein 850 m in total length and 2.5 m in
average width, but carries contact metamorphic minerals in some
parts of the walls.

As to the veins, successive two stages of mineralization are
recognizable. The former stage is rather pneumatolytic, being re-
presented by cassiterite-bearing tourmaline-quartz veins with a little
amount of sulphides and fluorite, and associated with tourmalini-
zation or, rarely, greisenization of the wall rocks. The later stage is
purely hydrothermal precipitating various sulphides in quartz-siderite
gangue and giving sericitization upon the walls. The sulphides
are chiefly pyrrhotite and arsenopyrite, subordinately chalcopyrite,
sphaierite, galena and marcasite, and sporadically tetrahedrite,
stannite, bismuthinite, stibnite, etc. Some veins are solely of the
former stage or of the later stage, but many are composite of both
stages. Certain veins occurring in peridotite contain tremolite and
talc in abundance.

The contact metamorphic deposits are almost same with the

composite veins in ore minerals but differ in gangue minerals.
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They are characterized by the content of skarn minerals such as
garnet, diopside-hedenbergite, wollastonite, lievrite, hornblende,
epidote and calcite, besides quartz and pneumatolytic minerals. As
the boron silicates, axinite is dominant instead of tourmaline, and

danburite and datolite occur in some mines.

3) Other resources

Limestone
The Permian limestone is inexhaustible in amount and mostly
pure in quality, but is not exploited industrially because of bad

transport.

Building stone

The welded tuff of Aso volcano is quarried at numerous places
as building stones for local use. It is not good in appearance, but
has wide-spaced joints adequate to extract, small weight easy to

carry, and moderate hardness convenient to trimmings.
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