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Abstract

Electron microscope study of polished and etched surfaces of chert and silica is presented.
Three types of surface morphology of chert are recognized in the chert specimens from the Tam-
ba district. Field evidences of the cherts in the district are discussed in relation to the results of
electron microscopic observation. Presence of clay minerals in the chert specimen is suggested.

Introduction

Chert and other siliceous sediments are common in geological columns. Some
of these sediments have been clarified on their origins. However the origins of most
chert and other siliceous sediments have not yet been interpreted sufficiently. Many
theories or hypotheses have been proposed by various authors, and some of them are
valid to explain the origins of a few examples, but most of them have remained un-
explained.

Why are the origins of these siliceous sediments not known, while other ordinary
clastic or argillaceous sediments are almost thoroughly clarified on the elementary
mechanisms of their formation? There are some considerable difficulties in the pro-
blems of these origins: in the case of the other sediments, present sea-floor offers analo-
gous sediments to these clastic or argillaceous sedimentary rocks, but the siliceous
sediments are not abundant on the present sea-floor, and although they are found in
a small part, the recent siliceous sediments are not analogous to the siliceous sedimentary
rocks on their environments or composing materials and other properties. Moreover
the chemical data of silica, especially of its solubility, are not sufficiently obtained
because of difficulty in detections of the quantity of soluble silica, and of the slowness
of the reactions of silicic acid under the ordinary condition.

Accordingly the investigation of the siliceous rocks and their field evidences, as
well as the theoretical or the experimental investigations from the physico-chemical
point of view, are important in order to study the origin of cherts.

In the Paleozoic formations distributed in the Tamba district, a large ammount
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of chert are contained. The chert of this region have been studied by only a few
investigators. And the classification of these cherts as well as their origin have not
yet been stated.

The writer is going to present, in this paper, general characteristics of the chert of
this district and results of electron microscopic observation of its micro-texture as a
part of his investigation series of the chert in the Tamba district.

More advanced field investigation and microscopic and electron microscopic
observation of chert will be presented in another paper.

Cherts in the Tamba District

In the Tamba district situated mainly to the northwest of Kyoto, there distributes
the upper Paleozoic formation which is estimated to be more than 10000 meters in
thickness. It is correlated to the Chichibu Paleozoic System together with the other
Upper Paleozoic formations which are distributed in many extensive areas in the Inner
Zone of Southwest Japan.

This formation consists of shale, sandstone, chert and schalstein, and contains
very little ammount of calcareous member, The strict stratigraphical sequence or
succesion of the formation has never been established, however a few reliable strati-
graphical sequences have been proposed. The latest one of them is made by S. Sa-
kaguchi on the areas around Sasayama Town,

According to S.SaxacucH1 (1960), the upper Paleozoic formation of this region is
divided into three subgroups: the Upper, the Middie and Lower sugbroups in descend-
ing order. An extraordinary thick bed of chert is contained in the Lower subgroup.
The lower and upper boundaries of this chert bed contact possibly conformably with the
shale. The lowest part of the Middle subgroup consists of remarkably thick and conti-
nuous bed of schalstein and an intermitent but partially thick bed of chert is traceable
immediately above this schalstein bed.

"The Upper subgroup contains almost none of chert, even the smalllest lenses of it.
But in the Middle and Lower subgroups, numerous small lenticular cherts are con-
tained. Especially in the Lower subgroup, a great number of chert lenses which are
a few to less than a hundred meters thick and some hundred meters in elongation are
found as intercalations in massive shale.

It is a well known fact that numerous manganese ore deposits are scattered in the
Tamba district, and they are intimately connected with the chert beds.

The writer with his collaborator should like to propose some presumed horizons
in which most manganese deposits are distributed and consequently the chert beds of
peculiar type with which manganese deposits are associated, are distributed in the
same horizons. These horizons, however, are not so distinct as to be available for
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keys of the stratigraphy.

This characteristic distribution of manganese ore deposits in the district must

be taken into the interpretation of the origin of chert.

The cherts in this region can be preliminarily classified by the features observed
with the unaided eyes as follows:-

A) Bedded chert

B)

C)

ey

2)

Mn-type chert: thickness of a single layer is 2-10 cm. Veining feature is
regular. Colors are bluish, dark greenish gray, red or purplish red. The
chert of this type composes a small lens, exclusively associated with man-
ganese ore deposit.

Intermediate type: thickness of the layer is more than 10 cm. Colors are
translucent gray or dark. This type is intermediate between bedded chert
and massive chert.

Massive chert

1)

@)

Large rock body type: the distinct bedding plane is absent or partially barely
visible, but when it is recognized, the shape of bedding plane is disturbed and
transformed. Colors are light gray, bluish gray, cholcolate brown, greenish
gray or white,

Massive type proper: only a few veins develop in this type, but brecciated
features are observed in some specimens. Color varies from brownish to

greenish gray.

Transitional type

M

2)

Transitional type to schalstein: beddings are observed in some outcrops.
Colors usually vary from dark red to reddish brown. Veins are scarcely re-
cognized. However a specimen obtained from a silex producing area is
cut with many networks of veins. This type of chert, tentatively named
silex-type is considered to have a different origin from that of the other types
of chert, namely it is a chert-like rock, but not chert.

Transitional type to shale: this is a well-bedded variety, and resembles closely
the Mn-type in field appearances. And its occurrence is also closely as-
sociated with the Mn-type chert. Some of this type contains regularly
shaped systems of veins, but most of this type are cut with few veins. This
type may have a continuous transition to and from the Mn-type within the
same horizon even within a single bed, but the evidence of the fact is lacking.
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Electron Microscope Study

A) Preparation of rock specimens

Rock specimens of various cherts were cut with the diamond saw into pieces of
a few centimeters square. The selected surface of the piece was polished on an even
glass plate, using the polishing powder of about 3000 mesh grain size.

After the surface was sufficiently smoothed, the specimen was fully cleaned in
water and finally in distilled water especially on the polished side. The specimen was
left to be dried, and then it is ready to make replica. Some freshly fractured unpo-
lished specimens are prepared to confirm the fidelity of reappearance of the polished
surface.

Etched surface of some specimens are also prepared for the replica. The polished
surface was soaked for about 5 seconds in fluoric acid diluted with water of two times
volume as the acid. After the etching treatment, the specimen was washed thoroughly
with distilled water and treated just as the non-etched one.

B) Replica method

Because of the low penetrating power of the electron beam, it is impossible to
study chert specimens directly, and a very thin replica or mold of the actual surface must
be made with a plastic film, which was, in this study, made of the methylmethacrylate
polymer. One or two drops of the polymer dissolved in suitable volume of acetone, is
placed on the polished surface of vertically held specimen, and allowed to spread over it.
And the specimen is immediately placed in a desiccator in order to dry the plastic
film in water-free air. For the purpose of removing any dust or adherent material
on the surface, some blanc-replicas are taken. In the case of the present study, the
filmy replica method was employed for the purpose and was effective in saving time
for the treatment of rock specimens.

After the film was dried, the specimen is immersed in distilled water to make it
easy to tear off the film from the surface of the specimen. The film is carefully peeled
from the surface of the specimen and the inner side of the plastic film is then a negative
replica of the surface of the chert.

Molding replica method was also applied to some specimens. A sheet of plastic
film which was previously made of methyl-methaerylate polymer and cut into a suitable
size, is pressed tightly against the surface and heated up at about 130°C for a few
minutes. After the cooling in the air, the film is taken off and the pressed film, which
is a negative replica too, is ready to the next treatment, the shadowing.

The replica is shadowed with vaporized chromium under high vacuum and then
coated with vaporized carbon under vacuum (two-step replica method). The coated



A Study of the Micro-Texture of Cherts 63

plastic film is cut with a sharp-edged tool such as razor blade into 3 mm square size.
And the square cut film is immersed in the soluvent prepared with benzene and chlo-
roform mixed half and half. After the plastic film was thoroughly dissolved, the
chromium-shadowed carbon replica is scooped with a seat mesh screen and then it is
ready to the electron microscopic observation.

1000 to 10000 magnifications were used.

C) Descriptions of electron micrographs of some cherts and silica

R.L. Fork and C.E. WEavER (1952) proposed three types of surface morphology
of chert through the electron microscopic observation.

They are two distinct end-points and a transitional type between them. One
of the end-points is called the “novaculite” type surface. It is characterized by sharply
defined, equant polyhedral blocks with slightly curved surface, all blocks being of about
the same size. The novaculite type surface occurs with varying degrees of distinctness.
and shows a complete transition to the “intermediate” type. A few blocks contain
small swarms of beautifully defined spherical cavities, which are almost uniformly 0.1
micron in diameter.

The other end-point, “spongy’ type surface, is found exclusively in specimens that
are classed petrographically as chalcedonic quartz. The appearance is somewhat like
a piece of “Swiss cheese” or a sponge. The surface of the chert contains no descrete
grains, but permeated with tremendous numbers of small hemispherical holes, many
of which coalesce to form vague tubules, which tend to be parallel to each other and
perpendicular to the orientation of the fibers as seen under the light microscope.

The “‘intermediate” type of surface apparently represent a transitional stage
between the novaculite and spongy types. It consists of highly irregular, somewhat
indistinct areas of low relief without many cavities. It sometimes contains patches
showing the novaculite type surface.

The writer describes his electron microscopic observation of some chert specimen,
based on the thesis of surface morphology presented by R.L. FoLk and C.E. WEAvVER,
which is shortly summarized above.

The descriptions are made with special reference to the following properties:
which type of the surface morphology each specimen belongs to, where the judgement
is given collectively from various points, and whether the spherical cavities are present
or not. ‘

The following descriptions are of some examples extracted from more than three
hundred micrographs of about forty samples of chert and silica.

(The abbreviations: (p) stands for polished surface, (¢) for etched surface.)
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1. (p). 610730-3. Bedded chert occuring in the lenticular masses intercalating a
thick schalstein bed. Reddish in color, especially shaly part-
ings are deeply red.

Characteristic novaculite type surface with well-defined block outlines. Grain
size of the blocks ranges from 0.5 to 1 micron in the finer grained part and from 3 te
6 microns in the coaser. Few or no bubbles are observed on the surface, no spongy
type surface is contained. (See Pl 6, Fig. 1)

2. (p). 601103-2. Hornfelsic chert of probable intermediate type. Brownish
gray in color, and it is cut by many veins.

Novaculite type surface with well developed crystal grains. The grain size is
remarkably large, in the finer grained part it is 4 to 8 microns, and the crystal outlines
are sharply defined and the along the margins of blocks, a few pillar shaped crystals,
which may be clay minerals, are observed. The unusually large size of the crystals may
have been originated by the heat of contact with the granite which occurs near the point
of the sampling locality of this specimen. Some etched figure-like spots which are
convex on the actual surface of the specimen, are found. Since the specimen did not
undergo etching treatment, the spots seem to have developzad from the cavities in some
stage of treatment, possibly by immersion in water. (PL 6. Fig. 2)

3. (p.) 610618-5. Chert of Mn-type, red colored and slightly leached. Veins are
distributed in the middle part of the bed.

Surface of novaculite type proper. Crystal outlines are very sharp and have
the grain size of 3 to 5 microns in the coarser part, and in the finer part itis 1 to 3
microns. Spongy type surface is hardly observed, but spherical bubbles are in
places noticeable, etched figure-like spots are also noticed. (Pl. 7, Fig. 1)

4. (p). 610731-7. Chert of transitional type to shale or siliceous shale, which is
well-bzdded just like the Mn-type chert. Dark gray to black
in color. An appreciable ammount of pyrite grain is observed
to be enclosed.

Rather poorly developed novaculite type surface, which is named, in this study,
“semi-novaculite” type surface. But outlines of the blocks are not so distinct as to
enable the estimation of the grain size. Conchoidal frauctures are clearly seen on
the surface with som= bubbles. Spongy type surface is observable in places. The



A Study of the Micro-Texture of Cherts 65

whole surface has poorly developed relief, the fact can be partly ascribed to the com-
paratively low hardness of the rock specimen, which was more thoroughly smoothed
by polishing than the other chert specimens. (PL 7, Fig. 2)

5. (unpoliéhed). 620326-No.5. This sample was not collected from usual
outcrop but in the Tamaiwa manganese Mine, near the ore bed.
Bedded chert or cherty rock of gray color. Many veins filled
partially with manganese compounds are observed.

Novaculite type surface with well-defined crystal outlines. Grain size of the blo-
cks is medium, bubbles are abundantly scattered on the crystal surfaces. Spherical
cavities of larger scale and etched pits of the same dimension are observed. A small
amount of spongy surface is present among the blocks of larger relief, which is naturally
developed much better than that of the polished surface. (Pl 8, Fig. 1)

6. (p). 610618. Chert of intermediate type, and cut by veins. Chocolate brown.
in color. '

Typical spongy surface with no distinct crystal outlines. Bubbles are extraor-
dinarily abundant, and the surface has low relief. (Pl 8, Fig. 2)

7. (p). Agate. White in color.

Spongy type surface with numerous cavities or bubbles. Crystal outlines are
never appreciable. (PL 9, Fig. 1)

8. (e). 620326-No. 5. The same sample as the 5. the surface is etched.

Novaculite type surface with clear crystal outlines, which are more sharply defined
than that of non-etched one. Grain size of the blocks is of course equal to that of
non-etched, but the shapes of each grains have become more sharply edged. Etched
pits are developed all over the surface of the crystals, and the shape of the etched pit
shows property of the crystallographic face of quartz, on which the etched pits of
peculiar shape develop. Accordingly the approximate orientation of the quartz grain,
which may be equivalent to each block on the surface, can be determined by etching
treatment.

Spongy type surface which is recognized partially on the non-etched surface,
survives through the etching process. Clay minerals or pillar shaped minerals of
that kind, which are assumed to be developing along the mafgins of quartz crystal
grains or blocks are more easily attacked by fluoric acid than quartz grain around,
co;xsequently the etched surface has higher relief than the non-etched and along the
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margins of the grain, fissures of the replica film are ready to develop, where carbon
coating thinly covered the plastic film because of high relief. The fact that pseudo-
replicas are more abundantly found on the replica of the etched surface, can also in-
terpreted as an evidence for the presence of the clay or such-like minerals along the
margins of quartz crystals. (PL 9, Fig. 2 and PL 10, Fig. 1)

9. (e). 610802-5. Etched surface of the sample 3.

Novaculite type surface. The crystal outlines are more definite than those of
non-etched one. Spongy surfaced-part still survive though the surface feature is
slightly altered. Etching has given different modification on the surface of the speci-
men from the sample 8, which has been etched in the same way. Few etched pits
and some what blunt edges of the blocks are observed, and these fact seem to be caused
by the different degree of etching reaction. There is also such. a tendency that fissures
of the replica film develop along the margins of the blocks.

10. (e). 601103-2. Etched surface of the sample 2.

Novaculite type surface with clearly defined crystal outlines. No spongy surface
is found. A number of regularly arranged etched figures are observed. The fissures
along the margins of the blocks and comparatively abundant pseudo-replicas are
observed. ’

11. (p). Opal. Spongy type surface with plenty of cavities. No crystal outlines
or blocks are recognized. (PL 10, Fig. 2).

12. (unpolished). Agate. Spongy type surface, but in a part, probably it is
vein, rather definite crystal grains are observed. The grain size in the “vein” is
rather fine (about 0.5 micron) along the contact line with the spongy part, and it
increases towards the inner part of the vein up to the size as large as approximately 5
microns, therefore the contact line can be regarded as the wall of the vein. Bubbles or
cavities are observed both on the spongy part and the vein. One of the micrographs
of this sample shows streaks which were made by the scratching of the diamond saw.
(PL 11, Fig. 1)

13. (unploished). Quartz. Tabular section, approximately normal to c-axis.

The surface is almost wholly covered with conchoidal fractures. But in a limited
part of the surface, spongy type-like feature is noticed, which is apparently somewhat
porous by the presence of bubble-like cavities. (PL 12, Fig. 1)

14. (e). Agate. Etched surface shows a peculiar pattern which resembles a sort
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of mesh or network. Accordingly this hydrous variety of silica is more easily attacked
by fluoric acid than anhydrous member of silica, that is, quartz. Spongy part and
bubbles are still observed. (Pl 12, Fig. 2)

15. (¢). Opal. Etched surface of beautiful network, the pattern is more regular and
finer than that of agate, The size of the unit mesh is estimated to be in the neigh-
borhood of 0.2 to 0.3 micron, Some bubbles or cavities are observed. Numerous
pseudoreplicas are found. Opal is possibly the variety of silica that is most easily
attacked by fluoric acid among these three varieties of silica such as quartz, chalcedony
and opal itself. (PL. 12, Fig. 3)

D) Discussions

Microcrystalline quartz

A majority of the observed specimen contain sharply defined, polyhedral blocks.
The blocks range, in diemeter, from 0.5 to more than 5 microns. Through their
demensions of diameter and shapes of outlines, these blocks may correspond to that
novaculite type surface termed by Folk and Weaver. The individual block shows par-
tially sexangle-like outlines, which can be said possible crystal outlines, however the
decisive evidence is lacking but for the etched figure on the surface of the block.
Unless each grain of the block correspond with a crystal grain of quartz, the block must
be a part of quartz grain, because under the light microscope thin section of chert always
consists of numerous microcrystalline quartz, and other components such as chalcedonic
quartz, chloritic minerals and carbonates are very small in quantity. Moreover the

grain size of quartz crystal measured under the microscope roughly coincides with
that of electron micrograph.

Chalcedonic quartz

According to Folk and Weaver, chalcedonic quartz appears to be composed of
radiating or sheaf-like bundles of fibers under the light microscope, and each fiber not
more than a few microns in diameter and attaining 200 microns or more in length.
But under the electron microscope, no fibrous structure is dtectable. And abundance
of spherical cavities causes the surface of chalcedonic quartz to have spongy look with no
descrete grains. Some specimens of chert show spongy type surface, and the samples

of chalcedony and opal show their surface almost entirely covered with spongy type
surface.

Bubbles or cavities

In transmitted light chalcedonic quartz often appears to contain brownish zones.
Under 1000 times magnification, the brownish area are found to be made up of a
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swarm of very minute dots (Folk and Weaver). The features of these dots are similar
to the water-filled cavities in the quartz of igneous rocks. On the basis of this similarity,
the brownish dots are also interpreted as water-filled cavities by Folk and Weaver.
They believed that the cavities are filled with water and not gas because of its moderate
relief, and chemical analyses of chalcedony show a content of water, which must be
present as free water. -

Some replicas of the specimen show a plenty of bubble-like spheres on the surface.
By the shadowing treatment of the plastic film, the spheres are prooved to be concave
cavities on the actual surface of the rock specimen. These cavities can be interpreted
as identical with water-filled cavities.

Etched figure

Through the replica method, many patterns of peculiar shape are observed on the
surface of the etched specimen, which turned out through the shadowing to be concave
on the surface of the specimen. From their peculiar shape and mode of arrange-
ment, they are considered as etched pit which have been caused by the treatment of
fluoric acid. And the fact that the shapes of the pits resembles closely to that of etched
figure on the surface of ordinary quartz crystal and the arrangement of the pits are
also just like that of etched figure, can be regarded as the evidence for the pits to be
minute etched figures on the surface of microcrystalline quartz. The shape of these
pits are found to be uniform within a single plane of a block such as triangular or sexan-
gular.  So, by the shape of the etched pit crystallographical property of the plane can
possibly be determined. Provided that the etched pit can be produced on the surface
of most crystal grains, the orientation of each crystal can be detectable.

Clay minerals

Along the margins of blocks, a few pillar-shaped crystals of unknown mineral are
occasionally observed in some chert specimen. The fibrous or linear structure of the
surface may be a proof of crystalline states. This columnar mineral is also observable
under the light microscope and it has strong dispersion, but it is too small to be iden-
tified. The length of this unknown mineral measured under the light microscope
roughly corresponds to the demension of that measured under the electron microscope.
Presence of the clay minerals in the chert is expected from the result of X-ray defraction
independently of this fact. Therefore this analogical inference may have some validity
in spite of the poor evidence. According to the writer’s preliminary study, the clay
minerals in the chert may be chlorite or sericite and in hornfelsic chert presence of
muscovite is assumed.

Surface morphology of chert

In various samples selected from many rock specimens of chert, all of the surface
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types of chert which were presented by Folk and Weaver have been observed in this
study. However one of the purpose of this study, that.is to clarify the mutual rela-
tions between the surface morphology and the megascopic property, has not been
accomplished successfully. Only a general tendency of the mutual relation is induced
from the results of the electron microscopic observation.

Novaculite type surface is commonly found in the samples of Mn-type chert.
Spongy type surface is found in a few samples: some cherts and agates, but in a small
part of replica this type of surface is rather frequently observed. Intermediate surface
between the two end-points, is appreciable in some cherts.

Moreover an additional type of the surface is found to be proposed. But this
type may not be essential to the surface of chert. It is “semi-novaculite” type. This
type may be essentially equal to intermediate type. The difference of replica techni-
que might have caused the divergency of appearance. In the transitional type of
chert, a peculiar type of surface is observed. This type of surface is proposed to be
named preliminarily as “transitional” or “non-cherty” type, which is characterized by
rather poor ammount of quartz grain. The type is consequently not an essential type
as is shown by the name.

The interpretation that chert originates from the amorphous silica on the sea
floor which has primarily precipitated as colloidal or hydrated state, and then the
amorphous silica is gradually crystallized and dehydrated in the process of diagenesis,
seems valid to explain the texture of the chert which is presented here.

The degree of crystallization and dehydration of microcrystaline quartz or chalce-
donic quartz is higher in the surface of novaculite type and naturally lower in the spongy
type surface. And in relation to the types of chert determined by the field observa-
tion, the higher degree of crystallization corresponds to the chert of Mn-type and of
large rock body type, and the lower degree to that of massive type or intermediate type
as well as agates and opals.

Summary

The foregoing descriptions and discussions are summarized as follows:-

Through the study of field evidences of cherts of the Tamba district, the chara-
cteristics of these cherts can be summed up as follows:

1) The ammount of the chert is extremely large compared with that of Paleozoic
formations distributed in the other regions. The quantity ammounts up to more
than 15 per cents of the whole thickness of this formation. ,

2) Association of igneous rocks or carbonate rocks with the chert can hardly be
found in this district. Association of sandstone are also scarcely found.
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3) Numerous small lenses of chert which develop in the Lower subgroup, are
frequently associated with manganese ore deposits and seem to form an indistinct
manganiferous horizon.

4) A preliminary classification of the cherts of this region is offered based on the
megascopic observations. They are of Mn-type, intermediate type, massive type and
large rock body type.

An electron microscope study of cherts has been made next to R. Shoji. Ecthing
treatment of the surface of chert specimen may have been the first attempt.

Through the clectron microscopic observation, three types of surface morphology
have been confirmed to exist in the surface of the chert specimens collected in the
studied region. And two additional but not essential types of surface are proposed.

Clay minerals are observed along the margins of microcrystalline quartz. But
identity of the minerals have not been confirmed under the electron microscope.

Through the discussions of the results of electron microscope investigation, the
following factors concerning the origin of chert are pointed out:-

Chert seems to have been precipitated originally as the silica of amorphous and
hydrated state on the sea floor and the amorphous silica then has been dehydrated and
crystallized as the lithification has proceeded. The crystallization of microcrystalline
quartz shows the best development in the cherts of Mn-type and large rock body-type.
Degree of this crystallization of quartz in the chert of this district may be generally well
developed far more than that of foreign hitherto-reported cherts.

Acknowledgement

The writer wishes to express his hearty thanks to Prof. S. Marsusuira for bis
kind encouragements and suggestions throughout this work. He thanks to Prof. K.
Naxazawa for his suggestions and discussions of this work.

Thanks are offered to Prof. E. Surro of Institute for Chemical Research, Kyoto
University for his kind encouragement and suggestions, in the institute the writer
employed himself in his electron microscope study. Thanks are also due to Dr. M.
Araxawa who gave many instructive suggestions and discussions on the interpretation
of electron micrographs. The writer owes his techniques of electron microscopy tc Dr.
M. Arakawa. Mr. K. Yamamoro, Mr. M. Astipa and Mr. T. KoBayasHI suggested
the writer on electron microscope techniques and gave many instructive discussions on
the elctron microscopic observation. The electron micrographs could not have been
made without their help.

Dr. T. Suixr and Dr. D. SuiMIzu have also given the writer many instructive
suggestions on all the extent of the work.



A Study of the Micro-Texture of Cherts 71

Thanks are also due to Dr. H. Kimura of Kyoto Gakugei University for his
suggestions, and he introduced some important reference papers to the writer.

Thanks are also due to Dr. S. Saxkacucur of Osaka Gakugei University for his
important suggestions on the field work and he gave the writer many valuable rock
specimens of chert together with thin sections of them.

Mr. N. Imoto has worked with the writer as the collaborator of field investigation
and he and the writer dicussed the interpretation of the origin of cherts and manganese
ore deposits with each other.

References

Aoki, F., 1951. Determination of silica in water. III. States of solution of silica in water:
Jour. Chem. Soc. Japan, Pure Chem. Sect, Vol. 72, p. 17.

Barth, T.F.W., Correns, C.W. and Eskora, P., 1960. Die Entstehung der Gesteine: Splinger-
Verlag, Berlin.

Carozzi, A.V., 1960. Microscopic Sedimentary Petrography: John Wily Sons Inc.

Crarxe, F.W,, 1920. Data of Geochemistry: 4 th edition. Washington government printing
office.

Correns, C.W., 1940. Uber die Loslichkeit von Kieselsaure in schwach sauren und alkalischen
Losungen: Chemie der Erde, 13 Band, 2. 92-96.

Davis, E.F., 1918, 'The radiolarian cherts of the Franciscan Group: Univ. of Calif. Publications,
Bull. Dept. Geol. Vol. 11, No. 3, pp. 235-432.

FoLk, R.L. and Weaver, C.E., 1952, A study of the texture and composition of chert: Am.
Jour. Sci, vol. 250, pp. 498-510.

GorpsTEIN, A. JR. and Henbpricks, T.A., 1953. Siliceous sediments of Ouachita facies in
Oklahoma: Geol. Soc. Amer. Bull, vol. 64, pp. 421-442.

GowrpsTEIN, A. JR., 1959. Cherts and novaculite of Quachita facies: Silica in Sediments:
special publication No. 7. Soc. Econ. Paleontologists and Mineralogists, March, 1959, pp.
135-149.

Goro, K., Oxkura, T. and Kovama, L., 1953. Some properties of silica solution: Kagaku
(Science) Aug, 1953. vol. 23, No. 8, pp. 426-427.

Goro, K., 1955. States of silica in aqueous solution. II. Solubility of amorphous silica:
Jour, Chem. Soc. Japan, Pure Chem. Sect, vol. 76. pp. 1364-1366.

Goro, K., 1958. Precipitation of silica in the presence of aluminum: Bull. Chem. Soc. Japan,
vol. 29, pp. 741-732.

ILer, R.K., 1955. Colloid Chemistry of Silica and Silicates: Cornell Univ. Press.

Iwao, S., AkamaTtsu, H., Koizumi, M. and Minarto, H., 1953. Electron micrograph of some
silica rocks, with special reference to the micropores with fluid inclusions: The Journal
of the Japnese Association of Mineralogists, Petrologists and Economic Geologists, vol. 37,
No. 5.

Iwao, S., 1962. Geology of the slilca deposits in the Tamba District, Japan: Jour. Soc.
Mining Geologist Japan, vol. 12, pp. 334-345.

Iwasaki, I., Tarurawi, T. and Karsura, T., 1951. So-called silica content of naturalwaters:
Bull. Chem. Soc. Japan, vol. 24, pp. 227.

Iwasaki, 1., Tarurant, T., Karsura, T. and Arivo, H., 1954, Studies of silica in water, L.

Relationship between inoic and colloidal silicates: Jour, Chem, Sec. Japan, Pure Chem,
Sect, vol. 75, pp. 857-859,



72 H. KAIBARA

Kawo, H., Yossuipa, H. and Esixo, T., 1962. On the so-called Mitate conglomerate as one of
the Paleozoic conglomerates of the Usuginu type: Jour. Geol. Soc. Japan, vol. 68, No. 799.

Kanava, K., 1954, Electron microscope. its theory and operation: Denki shoin.

KeLLer, W.D., 1941. Petrography and origin of the Rex chert: Bull. Geol. Soc. Amer, Vol. 52,
August 1, pp. 1279-1298.

Krauskorr, K.B., 1956. Dissolution and precipitation of silica at low temparatures: Geochem.
Cosmochem. Acta, vol. 10, pp. 1-26.

Krauskorr, K.B., 1959. The geochemistry of slilica in sedimentary environments: Silica in

Sediments; special publication No. 7. Soc. Econ. Paleontologists and Mineralogists, March,
1959, pp. 4-19.

Krumsein, W.C. and Garrers, R.M., 1952. Classification of chemical sediemnts in terms of
pH and oxidation reduction potentials: Jour. Geol., vol. 60, (1), pp. 1-33.

Krumsein, W.C. and Svoss, L.L., 1958. Stratigraphy and Sedimentation: Freeman Co. San
Francisco.

Joicg, C.L., 1961. The dissolution of silica from diatom walls: Geochem. Cosmochem. Acta,
vol. 21, Nos. 3/4, pp. 182-198.

Oxamoro, G., Oxura, T. and Goto, K., 1957. Properties of silica in water: Geochem.
Cosmochem. Acta, vol. 12, pp. 123-132.

Oxura, T., 1959. Studies on the colorimetric determination of silica, 1. Discussion on the form
of silica available for colorimetric determination: Jour. Chem. Soc. Japan, Pure. Chem.
Sect, vol. 72, p. 928.

PerTERSON, H., 1959. Manganese and nickel on the ocean floor: Geochem. Cosmochem.
Acta, vol. 17, pp. 209-213.

Perrrjonn, F.J., 1957. Sedimentary Rocks: 2nd edition, Harper Brothers, New York.

Rankama, K. and Samama, Th. G., 1950. Geochemistry: Univ. Chicago Press.

RutteEN, M.G., 1957. Remarks on the genesis of flints: Amer. Jour. Sci. vol. 255, pp. 432~
439.

SakagucHI, S., 1957. On the stratigraphical sequence and geological structure of the Western
Hills (Nishiyama) of Kyoto: Bull. Osaka Gakugei University, No. 6, pp. 13-24.

SakacucHi, S., 1959, Stratigraphy and structure of the Sasayama basin in Hyogo prefecture:
Bull. Osaka Gagkuei University, No. 8, pp. 34-46.

SakacucHI, S., 1959, Notes on mode of occurence and origin of the chert in the southern
Tamba District: Bull. Osaka Gakugei University, No. 8, pp. 47-59.

SarcenT, H.C., 1929. Further studies in chert: Geol. Mag, vol. 66, pp. 399-412.

Saimazu, M., 1962. Structural change of silica minerals by dry Mechanical griding: (I)
Quartz: Jour. Min. Soc. Japan, vol. 5, No. 5, pp. 291-310.

Suivazu, M., 1962. On the structural change of silica minerals by dry mechanical griding;
(II) Tridymite: Jour. Min. Soc. Japan, vol. 5. No. 6, pp. 359-374.

Suoji, R., 1961. Unsolved problems of sedimentology: Porblems of Geology, a symposium
on themes for investigation, March, 1961, pp. 52-59.

Tariarerro, N.L., 1934. Contraction phenomena in cherts: Bull. Geol. Soc. Amer, vol.
45, pp. 189-1232.

Tarr, W.A., 1938. Terminology of the chemical siliceous sediments: Rept. Comm. on
Sedimentation for 1937-1938. National Research Council, pp. 8-27.

Tourky, A.R. and Bangham, D.H., 1936. Colloidal silica in natural waters and the “Silicomo-
lybdate’’ colour test: Nature Octo. 3, 1936, pp. 587-588.

TwennOFEL, W.H., 1939. Priciples of Sedimentation: McGraw-Hill Co., New York.

WaLkeR, T.R., 1962. Reversible nature of chert-carbonate replacement in sedimentary rocks;
Bull, Geol, Soc. Amer, vol. 73, pp. 237-242,



A Study of the Micro-Texture of Cherts 73

WEeyL, P. K., 1959. The change in solubility of calcium carbonate with temperature and carbon
dioxide content: Geochem., Cosmochem. Acta, vol. 17, pp. 214-225.

Warre, D.E., Branvock, W.W. and Murara, K.J., 1956. Silica in hot-spring waters: Geo-
chem. Cosmochem. Acta, vol. 10, pp. 27-59.



H. KAIBARA

Explanation of Plate 6

Electron micrographs of chert. Figure 1. Novaculite type surface. 610730-3 (p). % 20000.
Figure 2. Novaculite type surface with extremely large diameter of microcrystalline quartz.

Some columnar mineral (clay mineral?) is seen. 601103-2 (p). X 6000,
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Figure 2
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Explanation of Plate 7

Figure 1. Novaculite type surface with etched figure-like pits on some planes of the blocks.
610618-5 (p). X 10000. Figure 2. A part of semi-novaculite type surface. 610731-7 (p). x20000.
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Figure 2
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Explanation of Plate 8

Figure 1. Novaculite type surface with some fissures of carbon coating. The relief of
the surface may be larger than polished surface. 610326-No. 5. (unpolished) x 20000. Figure

2. Spongy type surface with no distinct crystal outlines. 610618. (p). x 10000.
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Figure 2
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Explanation of Plate ¢

Figure 1. Spongy type surface. Agate (p). X 10000. Figure 2. Novaculite type surface
with numerous etched pits. 620326-No. 5 (e). x 20000.
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Explanation of Plate 10

Figure 1. Sexangular etched pits. same specimen as Pl. 9 Fig. 2. x 10000. Figure 2.
Spongy type surface. Opal (p). x 10000.
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Figure 2
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Explanation of Plate 11

Figure 1. Spongy type surface. Agate (unpolished). X 20000. Figure 2. Veiny part,
the same as above Fig. 1. x 10000.
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Explanation of Plate 12

Figure 1. Columnar section of quartz. Many conchoidal fratures. Quartz (unpolished). x
10000. Figure 2. Peculiar etched pattern like network. Agate (e). x 10000. Figure 3.
Beautiful mesh or network-like pattern finer than the left, Fig. 2. Opal (e). >x 10000.
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