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EXPLANATORY TEXT

OF THE

GEOLOGICAL MAP OF JAPAN

Scale 1 : 50, 000

YAWATAHAMA & IYO-TAKAYAMA

Kochi, No. 68, No. 76

By
KeN Hiravyama & NoBukazu KAMBE

(Written in 1955)

(Abstract)

Two geological sheet-maps, the Yawatahama and the lyo-
Takayama, are explained together in this text. The geology of
the southern half of the lyo-Takayama was already mapped as a
part of the Hiburishima sheet-map, scale 1 : 75, 000, so this part
is omitted on the present survey.

TOPOGRAPHY

The area mapped is located at the western part of Shikoku



island. The mountaineous land in this area is the westerly
extention of the high mountain range of the central Shikoku, but
is almost not so high and steep in this area.

The southern half of this mountainland formed by the Mesozoic
and Paleozoic strata, shows an elevation of 550 m in maximum,
while the northern half composed of the metamorphic rocks is
comparatively flat-topped, less than 400m high, except Kurakake-
yama at the northeastern corner of the area.

The trends of the mountain ranges in the both parts are
generally ENE-WSW, and coincide with the direction of the strata ;
this feature is most remarkably shown by the trend of the Misaki
peninsula.

To the south, some of the coastlines are in intimate relation
with the geological structure of the area; vig., most of the
embayments are on the extended direction of the faults.

GEOLOGY

1. Upper Paleozoic

The upper Paleozoic sediments are divided lithologically as
well as tectonically, into the following three formations, namely,
the Futaiwa, the Iwaki and the Tawarazu, from the northward to

southward.

Futaiwa Formation This formation is distributed in the eastern
part of the Yawatahama sheet-map.

It is mainly composed of black phyllite, green phyllite,
sandstone, chert, limestone, schalstein, and diabase. The
abundance of phyllites is characteristic in this formation.

The Futaiwa formation strikes generally N60-70°E and dips
to the north, but often to the south, forming small anticlines and
synclines. So, the thickness of the formation is difficult to calculate.

The northern side of this formation borders on the Nagatoro
metamorphic rocks interposing the Mikabu tectonic line.



The ore deposits of dolomite, manganese and copper occur in
this formation.

This formation is correlated from the resembrance of rock-facies
with the Kume series in the Unomachi sheet-map, which occupies
the east neighbouring area of the Yawatahama sheet-map. Though
fossils available for the determination of geological age are not
found, the Futaiwa formation might be considered the slightly
metamorphosed facies of the upper Paleozoic Chichibu system.

Iwaki Formation This formation is distributed in the south-
eastern part of the Yawatahama sheet-map.

It is conformable with the Futaiwa formation lying to the
north, but in some part the relation between them is thought to
be a fault.

This formation is composed mainly of clayslate, sandstone,
chert, limestone, schalstein, and diabase, but scarce of phyllite.

It is characteristic that the alternations of clayslate, sandstone
and chert are predominant.

The Iwaki formation shows the horizontal stratification around
Dodokoro-yama. Such gentle inclinations of strata as seen in the
formation are rather peculiar in the Chichibu Paleozoic terrain in
the Outer Zone of Southwest Japan.

In this formation, many manganese ores are found. Though
the fossils assigning the geological age are not found, this formation
may be correlated from the resembrance of rock-facies with the
upper Paleozoic Chichibu system (Permian or Carboniferous) of
the Unomachi sheet-map.

Tawarazu Formation This formation is distributed to the south
of the Iwaki formation interposing the Jizoyashiki fault which trends
from east to west. But partially, the Mishima formation (Mesozoic)
is inserted along the fault between these two formations. At the
southern limit of the Tawarazu formation develops a fault
accompanying heavy disturbances (the Itogawa-Butsuzo tectonic line).

The northern and middle parts of the formation consist mostly



of clayslate, sandstone, chert, and conglomerate, but the southern
part consists mostly of limestone and schalstein.

The structure of this formation is monoclinic, the strike being
generally ENE-WSW and the dip generally to the north.

This formation may be correlated with a part of the Sambosan
group (undifferentiated strata including the Permian, the Triassic
and the Jurassic) in Kochi Prefecture, owing to the resembrance
of rock-facies as well as of the tectonic position.

2. Nagatoro Metamorphic Rocks—Metamorphic Facies of the Pale-
ozoic Formation

The area occupied by the Nagatoro metamorphic rocks is
called “Nagatoro metamorphic zone”, and is separated from the
Paleozoic terrain by the Mikabu tectonic line. This zone is
composed of the metamorphic facies of the Paleozoic strata (inclu-
ding pyroclastic rocks), and the basic~ultrabasic igneous rocks
(partly metamorphosed likewise to the Paleozoic) are intruded into
the Paleozoic strata. The metamorphics and intrusives are exten-
sively distributed in the NE-SW direction, and are inclined to the
north or south by folded structures.

The southern part of the Nagatoro metamorphic zone is chiefly

occupied by the green semischists derived from the pyroclastic ro-
cks interbedded with black phyllites, siliceous rocks, and crystalline
limestone; and this part is called the Kawanazu subzone. In the
central part, black phyllites derived from argillaceous rocks are
dominant; and the thin layers of green schists, schistose sandstone,
conglomerate schist, and siliceous rock are partly interbedded.
This part is collectively called the Yawatahama subzone. The
relation between these two subzones is conformable. In the north-
ern part, thick layers of green schist are interbedded with thin
layers of black schist and siliceous schist. This part is called the
Kawanoishi subzone.

The rocks of the Nagatoro metamorphic zone are derivatives
of siliceous, argillaceous, pyroclastic and calcareous sediments.

The presence of residual structure of unaltered basaltic rocks in



some members of the green schist would might be suggest that
the rocks originated from basaltic igneous mass.

The main members of the Nagatoro metamorphic rocks are
classified as follows :
A) Siliceous, argillo-siliceous and calcareous members

Black quartz schist and black phyllite

Sericite-quartz schist

Quartzite

Schistose sandstone

Conglomerate schist

Crystalline limestone

B) Basic members
Schistose schalstein
Diabase schist
Actinolite schist

A) Siliceous, argillo-siliceous and calcareous members.

Black quartz schists and black phyllites consist chiefly of gra-
phite-sericite-quartz schist and phyllite having albite, chlorite,
epidote, hematite, garnet, and glaucophane as minor constituents.

Quartzite and black phyllite which occur in the southern and
central parts of this zone are almost same to the schists above men-
tioned, but generally lower in metamorphic grade. Schistose sandstone
is composed of quartz, albite, carbonaceous substances, sericite, a
little chlorite, calcite, and leucoxene ; containing quartz, plagioclase,
common augite, zircon, and sphene as scattered relict minerals.

Conglomerate schist is interbedded in the black schist at the
central part (at Gotanda, just south of Yawatahama City). The
thickness is about 7 m. The pebbles are flattened to elongated
forms, less than 10x7x2cm in size. They are arenaceous and
cherry rocks, none of igneous origin. Irregular lenses of black
phyllitic substances are scattered and are assumed to be the trans-
formed pebbles of argillaceous rocks. Crystalline limestone is inter-
bedded as thin layers in black phyllites.



B) Basic members

In the southern part of the Nagatoro zone, green pyroclastic
rocks are slightly metamorphosed and recrystallized in minute gra-
ins, having schistose structure. In the north, recrystallization is
more proceeded. Some parts of these metamorphic rocks are
metasomatized due to the action of soda-rich hydrothermal soluti-
on derived from the ultrabasic intrusions.

Actinolite semischist is interbedded or mixed with the green
rocks retaining pyroclastic nature. So the actinolite semischist
is assumed to be derived from the pyroclastic rocks. Majority
of them consist of actinolite, zoicite, and chlorite of secondary
origin, and some of them have pyroxene crystals. The actinolite
semischist in the southern part changes gradually to actinolite
schist in the northward. Schistose schalstein consists of minute
crystals of epidote, chlorite, actinolitc, and albite, but pyroxene
and plagioclase are also recognized as relicts.

Diabase schist is characterized by the pyroxene crystals (partly
aegirine-augite) of relict nature, and other constituents are epidote,
chlorite, albite, actinolite, glaucophane, colorless amphibole, cli-
nozoicite, sphene, magnetite, and calcite. Albitic substances are
intruded in this rock, making many small lenticular forms as well

as network veins.

Structure Tectonically, this area is situated in the Outer
Zone of Southwest Japan. The Median Dislocation Line runs about
15 km north from the northern boundary of this sheet-map area.
The Mikabu tectonic line, which generally divides the non-meta-
morphosed Paleozoic and the metamorphic facies of the Paleozoic,
passes through the middle part of the area mapped. The line
bounds the Futaiwa formation (Paleozoic) and the Nagatoro meta-
morphic zone in the direction of NE-SW.

In the eastern part, the line passes straight through the area
from the east to the west and dips at about 70°to the north. In
the western part (at the western side of the Senjo fault), the line

curves in arcuate feature and dips at 50°to the northwest. It is



considered that the line is an overthrust from northwest in both
parts. As mentioned above, the line is cut and dislocated by the
Senjo fault. This fault runs in the NW-SE direction, and is
assumed to be a fault having greater throw than heave. The area
of the eastern side of this fault is chiefly constructed of the rock
of the Yawatahama subzone making isoclinal foldings with north-
ward dip. In the western side, the rocks of the Kawanazu and
Yawatahama subzones are distributed from the south to the north-
ward. These two subzones are conformably accumulated forming
an isoclinal structure in appearance, and inclined steeply to the
north. The Yawatahama subzone is bounded to the Kawanoishi
subzone by a strike fault which runs roughly in the E-W direction.
The Kawanoishi subzone is widely distributed in the northwestern
part of this sheet-map area. It is almost flat in appearance, tho-
ugh it is folded gently, making small dome and basin structures.
The faults in this area are almost in small scale and they seem to
have been dislocated chiefly horizontally.

3. Mesozoic

The Mesozoic sediments are divided into the following six for-
mations, namely the Mishima, the Edaura, the Oura, the Okuura,
the Takashima, and the Maana, owing to the difference of the
rock-facies as well as to the tectonic relations.

As compared with the Paleozoic, the Mesozoic shows simple
geological structure.

Mishima Formation This formation occurs in small blocks te-
ctonically inserted in the Paleozoic terrain of the southeastern part
of the Yawatahama sheet-map. This formation is composed of
clayslate, sandstone, conglomerate, and limestone. The structure
of the bed is monoclinal, striking from east to west with nor-
thward dip.

It is reported by Mr. Abe that the limestone of this formation
contains “Hexacoralla” and “Brachiopods”, characteristics of the
“Torinosu” limestone, and the age of this formation is assigned



to upper Jurassic.

Edaura Formation This formation is exposed in a narrow belt
in the northeastern part of the lyo-Takayama sheet-map.

The northern boundary to the Paleozoic is the so-called Itogawa-
Butsuzo tectonic line.

This formation is composed of clayslate, sandstone and small
nodules of limestone of the “Torinosu” type. The bed of this
formation shows the general strike trending from east to west and
the dip to the north.

This formation is a part of the Shimanto group distributed on
the southern side of the Itogawa-Butsuzo tectonic line of the Outer
Zone of Southwest Japan ; due to the presence of the “Torinosu”
limestone, this formation is correlated with the Nishigawa forma-
tion of the Shimanto group distributed in Kochi Prefecture and
may be probably Jurassic in age.

Oura Formation This formation occurs in the southern side of
the Edaura formation and partially of the Tawarazu formation.
It is conformable to the Edaura formation and these two formations
show a monoclinal structure. The Oura formation is composed
of the alternation of sandstone and clayslate.

This formation is a part of the Shimanto group, and might be
correspond especially to the Higashigawa formation of the group
in Kochi Prefecture, owing to the resembrance of the rock-facies
as well as the tectonic position. So, the age of the Oura formation
is probably Triassic and possibly extends to the older.

Okuura Formation This formation is distributed in the middle-
eastern part of the lyo-Takayama sheet-map. A fault is estimated
between this formation and the Oura formation. The Okuura
formation is composed of the alternation of sandstone and clay-
slate with thin lenses of conglomerate and limestone. The beds
dip generally to the north, but partially to the south.

This formation is the western extension of the Akigawa series



in the Unomachi sheet-map and is thought that this formation
corresponds to the western extension of the upper Cretaceous
Nanyo group (Gyliakian and Urakawan ages) surveyed by Mr.
Kudo.

Takashima Formation This formation is distributed at the Mi-
tsukuri-shima, the Kodaka-shima, and the Taka-shima located at
the middle-southern part of the Yawatahama sheet-map. It is
composed of conglomerate, sandstone, and slate, attending the
small lenses of calcareous sandstone and limestone.

No fossils are found, but it may be thought from lithological
viewpoint that this formation belongs to the Mesozoic.

Maana Formation This formation is distributed in the central
part of the Yawatahama sheet map. The margin of the occurrence
is intruded by serpentinite. The formation is mainly composed
of sandstone intercalated with clayslate.

The disturbance of the bed is generally rare as compared
with the Paleozoic strata. The bed has the strike trending east-
northeast and shows some anticlines and synclines.

Though it is not able to discover any fossils, this formation
may also belong to the Mesozoic. But the rock-facies of this
formation differs from that of the Takashima formation.

4. Igneous Rock

In the Paleozoic and the Kawanazu and Yawatahama subzones
of the Nagatoro metamorphic zone, there develop numerous ma-
sses of basic and ultrabasic intrusives. They are hornblendite,
gabbro, diabase, peridotite, and serpentinite. These rocks are
partly metamorphosed and are now represented by amphibolite,
amphibole schist, metagabbro, and metadiabase, showing their
long axes roughly parallel to the regional strike of the country
rocks. In some places, these igneous rocks include the Nagatoro
metamorphic rocks as xenolithic layers or blocks, and the igneous
rocks themselves show partly schistose structure. So it may be
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safely assumed that they were intruded during or after the meta-
morphism of the country rocks.

Hornblendite Hornblendite is accompanied by metagabbro and
metadiabase, but their mutual relation is not clear. It is massive
but partly schistose, and dark green in colour. Hornblende is the
major constituent and small crystals of magnetite are scattered.
Hornblende is mostly pale green, but partly brownish. In some
parts it is changed to glaucophanic along the cleavages and
margin.

Amphibole Schist In the northern portion of igneous mass in
the Yawatahama subzone, small outcrops of amphibole schist are
observed. Hornblende and actinolite are major components, and
chlorite, albite, sphene, and magnetite are subordinated.

Diabase and Gabbro These are pyroxene-bearing rocks. Their
constituents are pyroxene, actinolite, epidote, zoicite, chlorite,
serpentine, and sphene. Protogeneous plagioclase is hardly found.
The presence of some soda-bearing silicates, such as aegirine-
augite, glaucophane, and albite in some parts, attracts special
attention. The rocks are partly changed to metadiabase and meta-
gabbro. Some of these metamorphosed rocks are cut by the
network veins of albite and quartz, and are changed by the
influences of such veins to dioritic rock in appearance.

Peridotite and Serpentinite crop out mainly with an intimate
relation to the diabase and gabbro as many small masses. Perido-
tite is always massive in appearance, but serpentinite is partly
schistose and talcose,

5. Quaternary

The Quaternary is the Pleistocene terrace deposit and Alluvi-
um. All these deposits are composed of sand, gravel, and clay.
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ECONOMIC GEOLOGY

Cupriferous Pyrite

The area occupied by the rocks of the Kawanoishi subzone in
the Nagatoro metamorphic zone is one of well-known metalloge-
netic provinces of bedded deposits of cupriferous pyrite. All the
deposits are interbedded in the middle part of green schist of the
Kawanoishi subzone. The middle part is about 400 m in thickness,
and is intercalated with a hematite-quartz schist, which roughly
indicates the ore-bearing horizon and is used as keybed. The ore
bodies are bedded or lens-formed and gradually pass into the
mother rock through an impregnated part in between. All ore bo-
dies are small in scale, their average thickness being about 10 cm.
The ores are composed chiefly of pyrite accompanying a small
quantity of chalcopyrite. Average ore grade is 1.0% Cu and
30% S.

Working mines are listed below :

. Ashinaru mine
. Machimi mine
. Nariyasu mine
. Omine mine
. Ohira mine
. Ouchi mine

. Kaminoyama mine

0 N OO OB~ W N

. Ryakoku mine

Manganese Ore

Over 20 manganese ore deposits and outcrops arc known in
the Paleozoic formation. Stratigraphically, three main ore-bearing
formations may be recognized, viz., the Futaiwa, Iwaki and Ta-
warazu formations in ascending order. The latter two are econo-
mically important and seem to belong to the western elongation
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of the well-known manganese district “Nomura” in Ehime Prefe-
cture.

In the area mapped, however, the ore bodies are small and
the average quality of the ore is low. The ore minerals are ma-
inly black manganese dioxide and various kinds of so-called man-
ganese carbonates.

The manganese ore production in this district after 1900 was
only a few thousand tons. In 1954, 112 tons were produced from
5 mines.

Chromite

A number of chromite veins occur in the serpentinite which
is exposed in the central part of the Yawatahama sheet-map area
and intruded into the Nagatoro metamorphic rocks. The veins are
about 30~50 cm thick filling the fissures of E-W direction.
The grade of the ore is 40~50% Cr,0O,.

Limestone

In “Takayama” district, limestone of the lower part of the
Tawarazu formation is quarried for the lime by burning. The li-
mestone beds range over 10 km in strike side, and 20~30 m in thi-
ckness. It is grayish in colour and crystalline, containing 53~
55% CaO. Annual production amounts to 40~80 thousand tons
from 17mines.

Dolomite

A lenticular body of dolomite crops out in the upper part of
the Futaiwa formation at Yanobatake, 4 km southeast of Yawata-
hama. The ore body is elongated to E-W and dips 40° to the
north. It is 55 m in thickness and about 60 m in length. The
dolomite is interbeded, here and there, with the fragments of
chert and schalstein.
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