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(Abstract)
TOPOGRAPHY

Topographically, the area inc'uded in this sheet is divided
into four segments of nearly equal dimension: first, the upland
in the southern part of the area; second, the Asan-range in the
middle part; third, the highland in the northern part ; and fourth,
the alluvial plain of the Yoshino river. These four kinds of
‘topographical features were formed under the influences of the
agencies of former and present Yoshino river. The upland in the
-southern part, with the altitude of 200 meters in the east and
about 1,500 meters in the west, represents the northern flank of
the backbone of Shikoku Island; and is in the mature stage of
erosion. Its slope, gently slanting eastwards, suggests a former
peneplain. This peneplain continues to the erosion surface of
about 1,000 meters in alutitude, in the ‘area immediate south of
this sheet. The upland is limited in the north by a straight fault-
:scarp, along which there is a row of several hills representing
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the remnants of faulted blocks. Along the Yoshino river and its
largest tributary Akui, there are two stepped river terraces at
submontane. In the eastern part of the area, the older térrace is
locally observed. The present broad and triangular plain along
the Yoshino river is a reclaimed drowned valley of the former
Yoshino river. The meandering Akui river is of an antecedent
nature and its valley at the lower reaches shows marked modifica-
tions caused from this subsidence. Other tributaries from the
southern upland are the consequent rivers after the subsidence.
The Asan-range on the northern bank of the Yoshino river is the
uplifted mountain after the Diluvial age. It is bounded by a
straight faultscarp in the south. Occasionally complicated splinter-
ings - of the faultscarp are observable from the presence of
some miror fault blocks carrying kernbut and kerncol, and of
complicated valley systems. The flattopped Asan-range, about
1,000 meters high, gently slants eastwards into Naruto Strait. Pro-
trude peaks on the range are the remnants of the higher pene-
plain, previously existed. The most characteristic features of
this range are “ Piedmonttréppe” and “ Piedmontflache’ on its
‘southern slope, formed by the erosion on the stratified rocks
dipping southeastward. Nothern part of the range is hilly due to
the existence of soft black shale. Lithological change between
the hard sandstone and the soft black shale can be seen on the
topography with a steep slope between them. The area, occupied
by this black shale, conglomerate and granodioritic rock, is hilly
and is well dissected by streams lasting from Diluvial age. Where
the effusive rock exists on the granodioritic rock, there is a
characteristic feature, represented by small protrude peak. Along
the coast of the Inland Sea, small scaled dunes are observed.

GEOLOGY

The area is divided into two tectonic units, the Inner and
OQuter, by the Median Dislocation Line, which can not be seen
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actually in this area, being hidden under the alluvial plain along the
Yoshino river. Inner Zone consists of granodioritic rocks and the
. Tzumi sandstone series (Senonian), resting unconforma_bly on the
former, the Outer -Zone consists of crystalline schists of the
so-called ‘‘ Sambagawa metamorphic rocks.” ' '
Sambagawa Metamor phic Rocks
The rocks have almost eastwest schistosity, dipping to the
north or the south. The apparent succession of the schistose rocks.
is as follows, though-the relation between the schistosity and strati-
fication planes is not clear.

upper (E) alternation of green schist and black schist
T (D) green schist
‘ (C) black schist and black phyllite
green schist and green phyllite
(B) black phyllite
lower (A) schistose sandstone

(A) Schistose Sandstone: The rock is exposed with low
angles in the cores of anticlines, and is covered by the thick
black phyllite or interbedded in black phyllite. It is dark or grey
in colour with rather indistinct schistosity and is composed of
porphyroblastic quartz and albite, minute scales of sericite,
black carbonaceous substances, a few quantity of blastoporphyritic
common augite and other accessories.

(B) Black phyllite: Black phyllite forms a thick bed cover-
ing the schistose sandstone. In this rock, minor foldings and
false ‘cleavages are éspecially frequent. -It consists chiefly of
quartz, sericite and graphite, carrying abundant minute lenses
and veinlets of quartz. In this bed, green phyllite and sericite-
quartz schist are interbedded as many thin layers. The former is
composed chiefly of chlorite and actinolite, and the latter changes
to quartz schist in occasion.

(C) Green schist and green phyllite, black schist and black
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phyllite : These rocks lie on the above-mentioned black phyllite,
the phyllitic members occur especially in the lower zone. The
main type is green schist, with yellowish green bands of
epidote. Actinolite-chlorite-epidote-albite schist is the common
green schist in this horizon, often with glaucophene. Albite never
occurs as ‘‘spots’” — rounded or ovoidal porphyroblasts. One of
the other types of the green schists is actinolite-albite schist, oc-
curing as thin interbedded layers in the above-mentioned green
schist or in black phylli‘te. In the former schist, calcite-stilpno-
melane-chlorite-quartz schist is interbedded in one-meter-wide
bands. The black schist and black phyllite are almost of the
same characters with those of the (B) zone. But in the upper
part of this horizon, small albite spots are observed to be scattering
through the rock. In the eastern part of the area mapped, this
spotted schist is not seen, and the green schist is directly covered
by the green schist of the (D) zone. ,

(D) Green schist: This zone comprises spotted green schist,
piedmontite-bearing schist, glaucophene-bearing schist, and others.
The spotted green schist is represented by actinolite-epidote-
chlorite schist carrying albite-spots, 0.2-0.8 mm in diameter. The
spots include small cx'ysfals of epidote, titanite, actinolite, etc.,
arranged mostly parallel to the schistosity, though sometimes, in
curved rows indicating rotations of the spots. Generally, the
spots increase their sizes as well as their quantities towards upper
horizons, where they reach as much as nearly 80-902 of the
rock volume. All of the cupriferous pyrite mines in the area
mapped are situated in this horizon.

' Piedmontite-seric te-quartz schist occurs as thin bands less
than 15 meters in thickness, but well continues in the horizontal
direction in the field. The rock is pink in colour, siliceous, and
carries piedmontite, quartz, sericite, and a few amount of hematite,
garnet and others. Occassionally it grades into quartz schist.
' Epidote-sericite-glaucophene-albite schist. occurs as thin layers,
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except in the vicinity of the Kotsu mine where it is exposed
widely. .

(E) Black schist and green schist: These rocks appear in
intimate alternation and are distributed chiefly in northern part
of the crystalline schists area along the Yoshino river. Both are
characterized by albite-spots.

Black schist — This is mainly graphite-sericite-albite-quartz
schist with albite-spots of about 0.5-2 mm in diameter, ‘‘ Augen ”’
or lense-formed, containing graphite, quartz and garnet inclu-
sions. Garnet porphyroblasts are scattered occasionally ' through
the rock. Piedmontite-sericite-quartz schist, of much the same
with that in horizon (D), is interbedded as thin layers in the
spotted schists. . ,

Green schist — Alternating with the spotted black schist,
actinolite-epidote-chlorite-albite schist is the main member of the
upper horizon of the cry_stalline schists. Spots increase in quantity
and in size in the northern part of the area. The aggregation of
the spots in bands is occasionally -observed; more than 902 in
volume of the rock is composed of albite-spots. The characters
of the albite-spots are same as those above-mentioned. Garnet is
found occasionally as porphyroblasts of 1.5 mm in diameter. One
of other types of the green schists is albite-epidote-hornblende
schist, consisting of hornblende, epidote, clinozoisite and others.
‘The rock is partly, rather massive. Hornblende is subhedral,
always altered to actinolite.

SERPENTINE It occurs as intrusive sheets and bosses in the
“Sambagawa metamorphic rocks.” Judging from their occasional
developement of schistosity usually in peripheral parts, it is thought
that they were subjected to the same regional metamorphism
with the crystalline schists. »

Structure The structure is most complicated in the ‘‘ Samba-
gawa metamorphic rock’ region. There is an anticline in the
south and a syncline in the north. The southern wing of the anti-
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cline is cut by a strike fault, which is the oldest structural line in
this area. 'Two sets of later faults cut these folded rocks and the
strike fault. One is of NW-SE direction, con.lprising many parallel
faults particularly in the eastern part of the area. By these
faults the eastern part manifests the step by step block move-
ments. Faults of the other set are overthrusts of low angle,.
running from NE to SW or from NW to SE.
Granodioritic Rock .
This is unconformably covered by the Izumi sandstone series-
at its southern boundary, and is intruded by volcanic rocks.
Hornblende-biotite granodiorite is the main rock which oc-
cupies about 902 of the area. It has porphyritic texture. Locally’
it has unusual appearances due to later cataclastic }movements
and mineralizations. It is composed chiefly of plagioclase (oligo-
clase to andesine), quartz, }nicrocline, dark brown biotite (r=
1.672-1.678) and hornblende. The rock is partly biotite granodiorite
in character, as at the northern coast of Hiketa-machi. There,
basic ovoidal xenoliths are occasionally found. In some places
biotite clusters as elliptic form or lenticular masses or bands.
Plagioclase (chiefly oligoclase), quartz, microcline, and reddish or
hazel brown biotite (r=1.663-1.665) are the principal constituents..
There are small masses of rather fine-grained, aplitic biotite
granite. It occurs as enclosing in the above-mentioned granodi-
orite, but the relative age of two masses in contact is difficult to
determine. The granite carries plagioclase (dsually oligoclase to
andesine), quartz, microcline, biotite (r=1.657-1.662), as essentials.
Aplite veins cut throngh the granodioritic rocks as well as
basic rocks as describing below. At the northern coast of Hiketa-
machi, aplitic veins occur in network. These are observed only
in the basic rocks and never in the granodiorite. Lath-shaped
plagioclase, characteristically present, may be remnants of the
surrounding basic rocks left in the course of the metasomatic

action.
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In the granodioritic area there occur dark, compact, basic
rocks and grey or milky white, compact granophyre. Both are
independent simple or composite dike-forms. In field observation
the joint system in these rocks are continuous, not independent,.
to those of the surrounding granodiorite. One of the char-
acteristic features under the microscope in both kinds is a presence.
of lath-shaped plagioclase with dusty, calcic core and clear, sodic
periphery, irregularly shaped hornblende and biotite; all of these
mineral behaviors may suggest some metasomatized effects upon
the original rocks. From the facts in the field as well as under
the microscope, these rocks are the metasomatized products of
doleritic, diabasic and porphyritic rocks, existed before the intru-
sion of granite. The basic igneous rocks were subjected to meta-
somatic actions due to certain, ichors emanation, now represented
by aplitic veins traversing basic rocks in network, and acquired.
petrographic characters of meta-diabase to grénophyre.

Izumi Sandstone Series

Izumi sandstone series is bounded by the Median Dislocation
Line to the “Sambagawa metamorphic rocks” and covers the
granodioritic rocks with an erosional unconformity. The series.

belongs to Senonian and consists of Lhe following strata :

upper western part eastern part
T (E) alternation of black (E1) alternation of black
shale and greenish shale and green grey
grey sandstone sandstone
(D) black shale (E2) black shale, greenish

grey sandstone, green
tuff, conglomerate.
(C) greenish grey sandstone (D) black shale
(B) basal conglomerate (C) greenish grey sandstone:
(A) arkosic sandstone (B) basal conglomerate

lower

Arkosic sandstone attains a thickness of several to 100 meters
in the western half of the sheet, but usually this sandstone bed
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is missing in the eastern half of the region. Where the arkosic sand-
stone is lacking, the basal conglomerate directly covers the
granodioritic rock. It attains 50-300 meters in thickness and con-
tains pebbles chiefly of granitic rocks with some amount of clay-
slate, chert and quartzite pebbles. " The thickness of the bed
increases eastward and decreases westward. At Kitadani, Koumi
village, Okawa dist., Kagawa Pref., Astarte sp. and Trigoria sp.
have been informed to occur from this horizon. Creenish grey
sandstone, resting on the basal conglomeraté conformably, attains
30-500 meters in thickness and interbeds some layers of black
shale. It is fine-to medium-grained and its colour turns grey by
weathering. Marine fossils are embedded abundantly in the sand-
stone, collected and described -ones being listed in p. 20 in the
Japanese text. Black shale lying on this sandstone, has a thick-
ness of about 500 meters. It is black in colour, fine-grained and
has no clear bedding planes. By weathering it turns white and
«crumbles into fine angular pieces on exposures. It also enclosed
richly marine fossils. On this black shale, alternations of black
shale, greenish grey sandstone, green tuff and conglomerate are
widely exposed, attaining more than 2,500 meters in thickness.
The strata are probably repeated by many isoclinal foldings,
though the fossils, from these strata, are not enough to make
«clear the structure and the stratigraphy. In the western part,
rocks involved in these strata, are sandstone and shale in alterna-
tion. In the east, conglomerate and tuffaceous sandstone inter-
vened in these strata. The tuffaceous sandstone is as much as
30 meters thick. It is green in colour and contains pumiceous part
and liparitic tuff. Sandstone has the same appearance as that of
the lower horizon and locally grades to conglomeratic. In this
sandstone, a few marine shells and Archeozostera have been found.
Black shale is fine, argillaceous, and is intercalated with varying
thickness. It contains prolific fossils, of which collected and
described ones are listed in p. 22-23 of the Japanese text. The
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interbedding of the conglomerate appears first in Fukuei village,
Okawa dist., Kagawa Pref., and increase its thickness eastwards.
Pebbles are less than a fist in size, consisting chiefly of clayslate,.
quartzite, and chert of the Palaeozoic formation. Absence of grani-
tic pebbles is noticeable. Upper part of this alternation consists
of sandstone and black shale. Lithologically they are similar to the
sandstone and the shale in the lower horizons. They contain
many fossils (cf. list in p. 23 in the Japanese text).

StructUrRE In the Izumi sandstone region isoclinal structures
prevail, though in its southwestern part there appears a synclinal
axis trending from west to east. Intersecting this synclinal axis
there is an overthrust running almost from west to east through the
whole area of the sheet. The strata to the south of this thrust are
so complicated in structure that their structural relation with the
rocks to the north of the thrust is not distinct. Some slippings of
the basal conglomerate of the Izumi sandstone, rather of small
scale, never exceeding 1,000 meters in horizontal difference, are
present in several places.

Volcanic Rocks

Volcanic rocks in this area are biotite-quartz andeste in lava-
flows \;vit}; agglomerate or agglomerate-tuff, and liparite in dike
forms trending E-W  direction. Sometimes, the andesite changes.
to white kaoline. Kaoline from Chikaraishi, Okawa districts has.

phenocrystic garnet crystals.

Pleistocene Series

Pleistocene series consists of higher and lower terrace de-
posits, composed of sand and gravel mixed with a considerable:
~amount of clay. Some lignite seams are contained and Palaeloxodon
sp. were found in the lower terrace deposit. The lower and the
higher deposits attain in thickness about 10-30 meters, and 20~

40 meters respectively.
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Recent

Recent deposit comprises the river terrace, alluvium and
.sand-dune.

ECONOMIC GEOLOGY

Copper Ore

Many cupriferous pyrite deposits, Kotsu, Hisamune, Higashi-
yama, Hiroishi, Mochibe and Oriki are found in the green schist
of (D) zone of the ““ Sambagawa metamorphic rocks,” as bedded
forms nearly parallel to the schistosity. The ore is massive, fine-
grained and generally associated with banded ore. Principal ore
is cupriferous pyrite, mixed with chalcopyrite and bornite, having
.quartz, magnetite and hematite as gangues. The ore-deposition is
.considered to be of metasomatic genesis and inpregnation with
occasional fissure fillings, and be related to basic intrusives, though
-in the case of this area basic intrusives are not observed. Copper
.content of the ore is 1.0% in average (1946-1949) and more than
1222 of sulphur are contained in the ore from the Kotsu mine.
The Kotsu mine is situated in Miyama village, Oe district, Toku-
shima Pref. The ore body extends 1,200 meters from mnorth to
south and 30 to 300 meters from west to east. The thickness of
the ore body is about 20 cm in a\ierage. The reserve of ore is
considered about 777,000 tons in 1949. Amount of producticn of
copper is 312,000 kg in 1949. Other mines except the Hisamune
mine, had been closed since 1945.

Manganese Ore

Rhodochrosite with pyrolusite occurs as lense-form in some
schists of the “ Sambagawa metamorphic rocks.” It is of small
scale and of no economic value.

Lignite

Some lignite seams are contained in the Pleistocene bed near
Moriyama village, Oe district, Tokushima Pref.
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Building Stone

The green schist of the “ Sambagawa metamorphic rocks”
and the sandstone of the Izumi sandstone series are quarried at
several places for tomb-stones or building stones of local uses.

Mineral Spring

A cold sulphur spring from -a fracture zone traversing the

. granodioritic rock is present at Shionoe village, Kagawa dist.,

Kagawa Pref. and is utilized for mineral bath.
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