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Introduction.

The Chichibu System has been well investigated stratigraphically,
because it is widely distributed in Japan and econtains abundant marine
fossils in various horizons. Petrographically speaking, however, this
system has been almost neglected concerning the determination of the
mineral ‘composition, although such investigation is very necessary from
various geological standpoints.

In the sedimentary peterography of the Chichibu System, it would
be very interesting to confirm the problem whether there were igneous
activities prior to its deposition or not. With regard to such geological
subjects, the Usuginu conglomerate was discussed some years ago. This
conglomerate has many granite pebbles, large or small, and is supposed
by T. Kobayashi® to have been accumulated as a delta deposit. The
thin sections of these pebbles were examined by H. Yamada® under the
microscope. According to his opinion, they are normal types of granite
which are quite different from those younger than the Chichibu System,
but it is still unknown from where such pebbles were supplied.

From February of 1952, one of present writers (T. Ichimura) started
his peterographical work on the specimens of sandstone collected from
several horizons of the Chichibu System exposed extensively in the Hanng-
Agano-Shomaru district, and another writer (H. Matsubayashi) co-operated
in his laboratory work. The same area was already investigated strati-
graphically by R. Morikawa® and Huzimoto,? and all specimens were
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obtained from the beds assigned by them to the Permian. From the
microscopical investigations of thin sections cut from sandstones and
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Fig. 1. Map showing the location where the specimens of sandstones were collected.
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heavy minerals separated by their mechanical analyses, it was proved
that igneous activities also took place before the deposition of the Chichibu
System in this distriet. They are partly represented by granitie intrusions
similar to those shown by the Usuginu conglomerate.

The writers are deeply indebted to Mr. R. Morikawa for his many
useful suggestions during their field and laboratory works.

General Features.

It is necessary to give a short deseription of the area where sandstones
were colleeted before the writers explain the various characters of these
specimens. The district under consideration is interposed between the
Koma-gawa and Nakuri-gawa and is easily accessible from Agano or
Hamno of the Musashino Railway Line. It is a mountainous area extending
from northwest to southeast along the backbone ridge passing through
Shomaru Pass, Izugatake, Komitake, Amamezashi Pass, Nenogongen,
Mameishi Pass, ete. The highest peak here is ecalled Izugatake, about
two kilometers to the south of Shomaru Pass, and rises up to 851.4 meters
above sea-level. One
of the characteristic
topographical  fea-
tures of this area is
the abundance of
steep ridges due to
the predominance of
siliceous sediments.
This is indicated
clearly by Izugadake,
Komitake and others
(Figs. 1-2).

The Chichibu

system exposed here [Fig. 2. A part of the mountainous area under consideration
viewed from Takayama. 1-:Izugadake, 2-=Komitake.

is eomposed of chert,
schalstein, clayslate, shale, sandstone, limestone and conglomerate. The
beds of these rocks were subjected to intense folding and faulting and
show varying strikes and dips from place to place. Such a feature is
commonly seen in chert beds here and there. They have, however,
a general strike of N 40°-60° W and are repeatedly folded with large
anticlinal or synelinal structures.

Of these sediments, chert is most extensively exposed in close associ-
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ation with schalstein and limestone. They are frequently intercalated by
sandstone and clayslate or shale. Sandstone seems to occur in several
horizons and is occasionally found together with clayslate or shale, but
the same bed has a tendency to be not traceable for a long distance.
Ample exposures of this rock may be seen along the bus road between
Agano and Shomaru Pass as well as in the area including Izugadake,
Amamezashi Pass, Nenogongen, Kaminakazawa, etc. In these cases,
some sandstone beds are 150 meters or more in the thickest part. The
occurrence of limestone is also known in many places, assuming mostly
a lenticular form in alternated beds of chert and schalstein. The largest
mass is now mined on the ridge behind the Agano Station for the purpose
of cement industry. It is very noteworthy that the limestone of this area
contains Schwagerina, Neoschwagerina, Pseudoschwagerina and Yabeina.
Such Fusulina-bearing limestones are divided by Morikawa® into five zones,
viz., (i) Yebeina zone (Kamikuzi, Yoshinobe, Tenné-zan, Nitayama Pass,
ete.), (i) Neoschwagerina zone (Asamido), (iii) Schwagerina tschernyschewi
—S. kraffti zone (Nakao, Nenogongen, ete.), (iv) Schwagerina vulgaris
zone (Koika, Shomaru Pass, Shimokuza, Tobimura, ete.) and (v) Pseudo-
schwagerina zone (Kamikuzii, Old Shomaru Pass, ete.). From such a
paleontrogical evidence, the sandstone-bearing formation of this district is
assigned to the Permian.

Moreover, conglomerate is exposed on the river bed of Shimokuzi,
1 kilometer south of Hatai. It consists of abundant limestone pebbles
and schalstein-like matrix. Morikawa® obtained many fossils from these
pebbles with a greyish white or black color. They are Pseudoschwagerina
sp., Schwagerina wvulgaris, S. tschernyschewi S. kraffti, Parafusulina
japonica var. hayasakai, P. kairimizuensis, Nagatoella fujimotoi, Mizza
velebitana and Pleurotomaria sp.

Distribution and Structure of Sandstone Beds.

The Chichibu System of this district is intensely folded and repeats
anticline or syncline whose axis extends from northwest to southeast or
west-northwest to east-southeast. The distribution of sandstone beds
here depends upon such geological structure, and the same beds are
repeatedly exposed.

One of these beds is traceable along the axis of anticline which
seems to pass through Yunosawa, Amamezashi Pass, Kaminakazawa and

5) Personal communication by R. MORIKAWA.
6) R. MORIKAWA, op. cit., 1952, 187-190.
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Shimonakazawa. It appears on each wing and respectively show a steep
inclination northeastwards.

By proceeding eastwards, there is also found a remarkable sandstone
bed almost parallel to the exposures mentioned above. It can sporadically
be followed from Kamikuzii to Tobimura and is supposed to be of a more
upper horizon.

Such sandstone bed reappear along the Koma-gawa beyond the axis
of syncline which. stretches from Kamikuzi to Yoshinobe. This can be
confirmed by the distribution of Fusulina-bearing limestones in this area.
They are amply exposed on the bed of the Koma-gawa and the cutting
of the bus road between Agano and Shomaru Pass, forming here an
anticline which again passes into a syncline in the adjacent area.

Moreover, minor exposures are observed here and there at Morigawara,
- Nittachi, ‘Tochiyagai, Nakauchi, Arata, Mameishi Pass, ete.

Megascopical Characters of Sandstones.

Sandstone is one of predominant sediments of the Chichibu System in
this district. It is generally represented by fine or medium-grained
sandstone with a gray or black color in fresh specimens. The sandstone
here is so hard and compact that it can not easily be crushed by a hammer.

Megascopically, most of the specimens are rich in quartz and feidspar,
containing small fragments of black clayslate with or without regular
arrangement. There are also some specimens intercalated with thin
layers of clayslate and traversed by calcite veinlets. Through weathering,

such sandstones obtain a yellowish brown color and is frequently stained
with iron oxides.

Mineral Components and Rock-fragments in Sandstones.

Fifty seven specimens of sandstone (Fig. 1) were mechanically analysed
to find out how many kinds of heavy minerals are contained in them.
Moreover, each of these specimens was examined under the microscope by
using thin sections. Both microscopical 1nvest1gat10ns and mechanical
analyses indicate that the sandstone of the Chichibu System consists of
quartz, orthoclase, microcline, plagioclase, biotite, calcite, glauconite,
muscovite, sericite, allanite, anatase, augite, epidote, garnet, hornblende,
hypersthene, ilmenite, limonite, magnetlte, pyrite, pyrrhotite, rutile,
titanite, zircon and zoisite.

Of these minerals, quartz is alway present abundantly, occurring as
angular pieces, large or small, which occasionally show a wavy extinction.
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They are filled up by arenaceous substances, and there are some grains
penetrated by calecite veinlets.

The next predominant components are feldspars represented by ortho-
clase, microcline and plagioclase. So far as is known at present, orthoclase

is found in almost all specimens examined by the writers, but is found

with less frequency as compared with plagioclase. It is characterized by
the abundance of perthite.

Microcline is partly microcline-perthite and usually occurs in a minor
amount. It is-absent in some specimens. '

Plagioclase is, on the other hand, to be seen in all thin sections and
ranges from albite to labradorite.

In these cases, feldspars have mostly a fresh appearance, although
they are sometimes sericitized and invaded by calcite.

One of the important minerals is indicated by biotite whose occurrence
is confirmed in all thin sections and by mechanical analyses. It is strongly
pleochroic from light yellow (X) to dark brown (Y and Z) or light yellow
(X) to reddish brown (Y and Z). The crystal is generally twisted and often
takes an irregular form. Chlorite is an alteration product of this mineral.

Calcite is a secondary mineral derived from plagioclase or other
caleareous sources. It is particularly abundant in the specimens collected
at Shimonakazawa.

Glauconite is a very rare component found only in the sandstone
which is exposed at Miyashiro and Kadohira. It has a bright green color
and reveals an aggregate polarization.

Sericite flakes are contained in feldspars and feldspathic matrix and
are more conspicuous than platey muscovite. Muscovite is commonly seen
in the specimens from Shomaru, Shémaru Pass, Nenogongen, Nittachi,
Arata, Tochiyagai, ete.

Allanite is rarely found in the sandstones exposed at Yoshinobe,
Miyashiro, Kadohira, Hatai, Shomaru, ete. It takes an irregular form
and is strongly pleochroic from light brown to dark brown or dark
reddish brown.

Anatase is only known in the specimens from Miyashiro, Kadohira
and Hatai. The mineral has an indigo-blue color and is weakly pleochroic.

Augite is also rare and occurs in a prismatic or irregular form.

It has a light green color and weak pleochroism. The crystal is noticed

in the specimens from Shomaru Pass, Amamezashi Pass, Morigawara,

Kunehana, etc.
Epidote is a noteworthy mineral with a yellow or greenish yellow

G
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color. It is weakly pleochroic and indicates a bright interference color.
The crystal shows high frequency in the specimens from Nakao, Miyashiro,
Hatai, Shomaru, Morigawara, Nittachi, Nenogongen, Tochiyagai, Shimo-
nakazawa, Nakauchi, etec.

Besides epidote, one of the important heavy minerals is garnet. The
most pre-dominant is colorless or of a pink variety. There is also another
kind of this mineral with a light reddish brown or a reddish brown color.
Such different types of garnet are almost free of optical anomaly. In
all specimens, garnet usually occurs as rounded or angular grains, but
beautiful rhombic dodecahedron or combination of icositetrahedron and
rhombic dodecahedron is respectively shown in the specimens from the
ridge between Shobosatsu Pass and Nenogongen as well as from Miyashiro.

Hornblende and hypersthene are unimportant components. The former
is a green variety with a somewhat bluish shade, showing such a pleo-
chroic scheme as light yellow (X), green or yellowish green (Y) and
bluish green (Z), whereas the latter is pleochroic from yellow (X) to
brownish yellow (Y) or greyish green (Z). Both minerals have a prismatic
or irregular form.

Magnetite and ilmenite are generally associated together, the latter
being more abundant than the former. In this case, ilmenite passes into
leucoxene on its surface. Hematite is very scarce, but limonite is an
abundant secondary mineral. '

Pyrite is present in most specimens. It is found in oolitic aggregates
or single grains and is exceedingly plentiful in, some specimens. This
mineral is supposed to have been in close association with the deposition
of sandstones. Pyrrhotite is, on the other hand, contained scantily only
in two specimens. .

Rutile is not widely distributed, but it is occasionaly seen in the
specimens from Hatai and the ridge between Komitake and Amamezashi
Pass. Mostly, the mineral occurs as rounded grains or angular fragments,
although there are some prismatic crystals. Rutile has a reddish brown
or yellowish brown or light yellow color and is weakly pleochroic, being
characterized by the high index of refraction and adamantine luster.

Titanite is a common mineral in most specimens. It is, however,
always found in low frequency, and there are some varieties different in
color, ranging from nearly colorless to light brown or brownish yellow
under the microscope. Of these, the brownish varieties are weakly
pleochroic from colorless to light yellowish brown. The erystal generally

has an irregular form. Moreover, it is very high in its index of refraection
and birefringence.
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The presence of tourmaline is known in many specimens. It is
particularly noticeable in those collected from Shomaru, the ridge between
Komitake and Amamezashi Pass, Amamezashi Pass, Nenogongen, Kami-
nakazawa, Shimonakazawa, Agano, Kunehana and Arata. The crystal
takes mostly a granular or fragmental form, although some of it has
a stout prismatic habit. The mineral is strongly pleochroic with varying
absorption color., (i) X=Ilight brown, Z=brown: (ii) X=light blue, Z=
blue: (iii) X=light bluish grey, Z=greyish blue: (iv) X=reddish brown,
Z=dark brown: (v) X=yellowish brown, Z=dark brown, ete.

Zircon is an important heavy mineral with a prismatic or granular
form. It is represented by the colorless or purple variety. The former
is more abundant than the latter. When the crystal is well preserved,
zircon has a stout or slender prismatic form, occurring usually in such

Table I. Mineral eomponents and
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combinations as (100), (110); (111), (110), (100); and (110), (111), (100),
(311). Among these combinations, the first two are commonly observed.
Purple zircon is commonly rounded except that contained in the specimen
of Shomaru. Sometimes, it encloses small prismatic or granular crystals
with indistinet characters. Zoisite is a negligible component.

Besides component minerals mentioned above, the sandstones of the
Chichibu System contain many angular pieces of schalstein, chert, clayslate
and crystalline schist. Of these, the most abundant is black clayslate of
a microscopical or megascopical size. Exclusive of such erystalline schists
as graphite schist, graphite quartz schist, quartz schist, sericite schist, ete.,
they are found in almost all specimens investigated by the writers.

Mineral components and rock-fragments contained in sandstone under

consideration are summarized in the following table.

rock-fragments in sandstones.
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Localities of sandstones in the preceeding table.
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Sources of Mineral Components.

So far as is known at present, sandstones of this area have various
mineral components, differing somewhat from place to place. There is,
however, no characteristic mineral which is stratigraphically important
to distinguish minerallogically the horizons of sandstone beds.

Of several kinds of light mineral, feldspars are found in almost the
same frequency as quartz grains. On of the striking features indicated
by thin sections is the abundance of perthite. This intergrowth can be
seen even in microcline crystals, suggesting that they were supplied from
granitic rocks together with some plagioclase and other microcline erystals.
Moreover, this fact is proved by the occurrence of many fragments with

* . ‘a micropegmatitic or micrographic texture and biotite flakes as well as
of titanite and allanite. Quartz is believed to have derived partly from
such siliceous rocks as granite, granodiorite, granite porphyry and quartz

¢ porphyry. It is also noteworthy that there are rounded quartz grains
subjected to magmatic corrosion. Some of the rock-fragments evidently
resemble intrusive feldspathic rocks. Among various heavy minerals,
anatase may have its source in quartz porphyry.

As to garnet, it is represented by several varieties with different
colors and it is not clear what kinds of rock they were originally contained
in. Tt is, however, conceivable that there are some garnets drived from
the contact aureole between caleareous rocks and granites, because epidote
erystals are always found together with them in almost all specimens of
sandstone. Similarly, clayslate, shale and sandstone within the contact
aureole may be the source of tourmaline crystals, although it is likely to
oceur in granite and its pegmatite as well as in granitic contamination rocks.

As to hornblende, it is uncertain whether this mineral was furnished
from igneous rocks or not, but hypersthene has occasionaily well-defined
erystal forms and is supposed to have been an ingredient of such volcanic

- rocks as andesite.

Rutile seems, on the other hand, to have been supplied from meta-
morphie rocks. On this point, the presence of garnet affords an important

’ clue to the source of rutile.

Possibilities of Igneous Activities prior to
the deposition of the Chichibu System.

The sandstones exposed here mostly indicate a high frequency of
mineral components which are commonly seen in granitic rocks, suggesting
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that there were some granitic intrusions before the sedimentation of the
Chichibu System of this district.

The distribution of such plutonic rocks is, however, quite unknown in
any part of present Japan, as has been already stated by Yamada® on
the sources of granite pebbles contained in the Usuginu conglomerate.
Moreover, all kinds of granitic rock in Japan are now believed to be
younger than the Chichibu System, but it is conceivable that older granitic
rocks had once been exposed somewhere in the area which disappeared
later by folding and faulting. The angularity and fresh appearance of
mineral ecomponents mentioned above may be an evidence that the exposures
of granitic rocks were not very far from the geosyncline where the
deposition of the Chichibu System took place. From such evidences, it is
also inferrable that these granitic rocks subsided to the bottom of the:
Japan Sea. Yamada?®, however, formerly attributed their sources to
granitic rocks of the continent. :

The possibility of igneous activities are, furthermore, supported by
the presence of corroded quartz and hypersthene as well as of augite.
They are likely to have been contained in such igneous rocks as quartz
porphyry, liparite, dacite and andesite. The frequent occurrence of
schalstein-fragments in sandstone is also an important evidence of voleanie
activities.

Summary.

1) The Chichibu System exposed in this area is ecomposed of chert,
schalstein, limestone, conglomerate, sandstone, shale and clayslate. Of
these, the most predominant are chert and schalstein.

The Chichibu System here was intensely subjected to folding and
faulting. It has, however, a general strike of N 40°-60° W, repeating
large anticlinal or syneclinal structures.

2) For the purpose of ascertaining the mineral components of sand-
stone, many specimens of this rock were collected from various places of
the area including Hannd, Agano and Shomaru Pass. They were determined
by microscopical investigations of thin sections and heavy minerals separated
by mechanical analyses.

3) So far as is known at present, these sandstones contain such
minerals as quartz, orthoclase, microcline, plagioclase, biotite, calcite,
glauconite, allanite, anatase, augite, epidote, garnet, hornblende, hyper-

7) H. YAMADA, op. cit., 692-693.
8) ’ op. cit., 693.




Part 2.] Igneous Activities prior to the Deposition of the Chichibu System. 167

sthene, ilmenite, limonite, magnetite, pyrite, pyrrhotite, rutile, sericite
(muscovite), titanite, zirecon and zoisite.

4) Such mineral components are characterized by the frequent
occurrence of orthoclase (abundant in perthite), microcline, microcline-
perthite and fragments with a micropegmatitic or micrographic texture,
as well as of titanite and allanite. These minerals are supposed to have
been supplied from granitic rocks. '

5) The sources of corroded quartz grains, hypersthene and augite
may be quartz porphyry, liparite, dacite and andesite.

6) It is also noteworthy that most of the sandstones are frequently
rich in angular pieces of schalstein. : :

7) Judging from these evidences, it is quice possible that there were
granitic intrusions and other volcanic activities prior to the deposition of
the Chichibu System of this district. The angularity and fresh appearance
of mineral components seem, furthermore, to suggest that their sources
had not been very far from the geosyncline where the sedimentation of
the Chichibu System took place. It is, however, still obscure whether
such sources existed really in Japan or in the area now covered by the
Japan Sea or elsewhere. This is an important problem awaiting solution.
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