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Petrography of the Cretaceous Sandstones of Hokkaido, Japan*

By

Koji Fujin

Introduction

The celebrated Cretaceous deposits of Hokkaido have been studied by a number
of stratigraphers and palaeontologists. MatsumoTo (1954) has recently shown a
summary of the stratigraphy of these deposits. On the other hand the “ Hidaka
Orogenesis” in the backbone of Hokkaido has been outlined by the investigation
of a group of field geologists and petrologists (Funanasur and Hasuimoro 1951).
Yet up-to-date petrographical study of sandstones is necessary for tracing their
provenance and making clear the relationship between tectonics and sedimen-
tation ; nevertheless few precise descriptions of them have previously been published.

Having paid much attention to the constituting matters of these deposits since
the beginning of his study, Professor Marsumoro has suggested me to examine
them in detail and facilitated my study by placing at my disposal his large col-
lection of sandstones. Furthermore, through his kind offices, I could visit some
selected places in Hokkaido to take more specimens of sandstones, especially those
from the standard fields of Ishikari Province. I have studied those specimens in
the laboratory through both thin-section observation and heavy mineral separation.

In this paper I describe the petrographical characters of the sandstones in
question and inquire further the origin of the deposits, thus attempting to clarify
the Cretaceous geological history of Hokkaido. However, in view of the fact that
the standard fields cover relatively small areas within the extensive Cretaceous
deposits, it may be natural to say that the present study should be of only an
exploratory character.
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General Straitgraphy

Fig. 1 shows the nomenclature of the stages and formations of the Cretaceous
deposits in the standard fields of Hokkaido. It is reproduced principally from
MaTtsumoTo’s (1954) and partly from Hasuimoro’s papers (1953, 1955). Fig. 2 (adap-
ted from Martsumoro, 1954) schematically illustrates the change of sedimentary
facies in space and time.

Generally speaking, in the Cretaceous rocks of Hokkaido, mudstones or silt-
stones are predominant, while sandstones are subordinate in amount, occurring at
several horizons. Some of the latter rocks have been regarded as representing
the marginal parts of the sedimentary basin which contrast to the deeper, muddy
facies in the off shore. Some geologists interpret that the Cretaceous Yezo group,
especially its lower half, has the character of what Alpine geologists call flysh.
The deposits may have been accumulated in the period of tectonic mobility fol-
lowing the depositional period of the Sorachi group.

Material For Study

The following list shows the derivation of the material which I have dealt
with. The major formational names and the areas of the derivation are indicated
along with the contributors and the data of their sample collection. As to the
details of the localities and stratigraphic records, the reader may refer to the
descriptions by Marsumoro (1941-43, 1954) and by Hasuimoro (1936, 1953, 1955).

(1) Sorachhi group: (a) Si-yubari valley (MaTtsumoro, 1939)

* This paper is a part of the results of “A Synthetic Study of the Late Mesozoic of
Japan.” We are indebted to the Ministry of Education whose aid has rendered it possible
for us to undertake the study. (T. MaTsumoTo and K. Fujir.)
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The generalized stratigraphy of the Cretaceous deposits of
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Fig. 2. Schematic illustration of the Cretaceous deposits of the standard areas in Hokkaido, showing both the rock-
stratigraphic and time-stratigraphic classifications (adapted from T. MaTtsumoto, 1954). Boundaries of the rock-
stratigraphic units.—A: groups, B: formations, C: members. Predominant lithology.—1: conglomerates, 2: sandstones,
3: fine sandy siltstones, 4: interbedded sandstone and shale, 5: massive mudstones and laminated shales, 6: limestone,
7: chert, 8: tuff, 9: basic lavas. Localities.—Yw: f)yubari, Iw: Ikushunbetsu-Ponbatsu, Ie: Ikushunbetsu valley
(eastern wing), As: Ashibetsu valley (main part), YE: Western side of the Ashibetsu-Yubari mountain-range (the
Shiyubari and the upper Ashibetsu); a, b, ¢,d, e, f, g, h, 1, j, k and 1 indicate the approximate position of the localities
in the text and in the geological map (fig. 3).
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Fig. 3. A compiled geological map of the Cretaceous area in Ishikari Province, central
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Geological legend.—Lp: Liparite (late Tertiary), Tr: Trondhjemite and other leucocrates
(late- to post-Cretaceous), T: Tertiary, Hk: Hakobuchi group (Hetonaian), Uy: Upper Yezo
group (main or upper part) (mainly Urakawan), Ts: Tsukimi member in the Upper Yezo
group, Uy’: Lower part of the Upper Yezo group (mainly Upper Gyliakian), Sk: Saku forma-
tion (Upper Gyliakian), Ms: Mikasa formation (mainly Gyliakian), My: Middle Yezo group
(main or lower part) (Upper Miyakoan-Lower Gyliakian), Ly: Lower Yezo group (Lower
Miyakoan+?), So: Sorachi group (Jurassic-Neocomian ?), Kt: Kamuikotan metamorphic rocks
(uncertain age), Sp: Serpentinite (late- to post-Cretaceous).

Localities.—1: Ponbetsu, 2: Ikushunbetsu, 3: Mikasa-machi, 4: 6yubari, 5: Ashibetsu, 6:
Tomitoi, 7: Furano, 8: Yamabé, 9: Tonashibetsu, 10: Kanayama, 11: Mt. Ashibetsu-dake,
12: Mt. Yubari-dake. a-1 indicate the localities trom which specimens have been collected
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(2) Lower Yezo group: (b) Tomitoi and Ochiai, Ashibetsu-shi, Sorachi-gun
(MaTsumoro and Fuji, 1952)
(c) Tonashibetsu river and Sekkaizawa, Minamifurano-machi, Sorachi-gun
(Marsumoro and Fujmr, 1952)
(d) Shi-yubari valley (Matsumoro, 1939)
(3) Middle Yezo group: (e) Tonashibetsu river (MaTsumoro and Fuj, 1952)
(f) Ikushunbetsu valley (Matsumoro, 1951, 1955-56; Fujym, 1952)
(g) Ponbetsu river, a tributary of the Ikushunbetsu (MaTsumoTo, 1955-1956)
(h) Ashibetsu valley (Marsumoro, Kansg, Yosuipa and Fuju, 1952)
(i) Shi-yubari valley (MaTsumoTo, 1939)
(4) Upper Yezo group: (j) Ikushunbetsu valley (MaTsumoro, 1951 ; Fujsir, 1952)
(5) Hakobuchi group: (k) Hakobuchi gorge, Yobari-Shi (Fu, 1952)
(1) Asibetsu valley (MaTsumoro, 1951 ; Marsumoro and Fujir, 1952)
As is shown in the index geological map (Fig. 3), all the localities from (a)
to (1) are situated in Ishikari Province, where the standard of the Cretaceous
succession has been established.

Petrography
The characters of sandstones

Before entering into the description, I make some mention of the classification
of sandstones. Although various schemes have been proposed and discussed by a
number of authors (Kryning, 1948; Pertijoun, 1949, 1954; Nicerr, 1952; Darprrks,
KrumBein and Scoss, 1953; Fork, 1954; Wircrams, Turner and GiLsert, 1954), they
are not always adequate for describing the natural states of the rocks. My pro-
posal made in Japanese papers (Fujm, 1955, 1956) for descriptive purpose is outlined
here. At first, sandstones are divided into two main types based upon the pro-
portion of their matrix. Thus, sandstones containing more than 25 per cent
matrix are called muddy sandstone, while those containing less than 25 per cent
matrix sendstone. Further subdivision is based on relative amount of the three
components: quartz-chert, feldspar and rock fragments. Fig. 4 shows the sub-
divisions with their nomenclature.

1. The Lower Yezo group. At the base of the formation, a member of sand-
stones, 300-500 m thick, is developed on the eastern and western sides of the
Yubari mountainrange. This is locally called the Tomitoi sandstone (Hasuimoro,
1936, Yosuipa and Kawnee, 1955). The sandstone is rather massive, thick bedded
and alternated with shale and mudstone. It is megascopically white or light grey
and coarse-grained. The composition is as follows: matrix 15, quartz+chert 30,
feldspar 40, rock fragments 10 per cent.* It belongs to a coarse sublithic sandstone
in my classification.

The remaining part of the Lower Yezo group, superjacent to the Tomitoi

* The percentage in the text shows the average of the examined specimens. Thercfore
these values do not always make a sum total of 100. More precise data are given in
Table 1.



134 . K. Fujur

Quartz + Chert

QUARTZOSE

SUBFELDSPATHIC

FELDSPATHIC

LITHIC

SuB-
LITHIC

/
4:) 1

Feldspar Rock Fragments

Fig. 4. The composition diagram of sandstones.

sandstone, is composed mostly of sandstone and shale in frequent alternation. The
sandstone in this part is fine-grained and dark grey in colour.

2. The Middle Yezo group. In the Tonashibetsu river, the basal part of the
group Is represented by rather thick bedded, coarse to medium-grained sandstones
of light grey colour. The composition is as follows: matrix 19, quartz+chert 35
-++10,* feldspar 35, rock fragments 5 par cent. That is a feldspathic sandstone.

In the Ikushunbetsn area shales predominate in the lower part of this group
(i.e. the Lower Ammonite group of Yagg, 1926), but in the middle part there is a
member that consists of rather thick bedded sandstones with intervening shales.
This is the Yunosawa sandstone of Fukapa ef al., 1953. The sandstone is partly
massive and even conglomeratic. In this member ripple marks are found on the
bedding planes. The sandstone is muddy and light green owing to its chloritic
matrix. The composition is as follows: matrix 30, quartz+4chert 30+5, feldspar
25, rock fragments 10 par cent. This is a muddy feldspathic sandstone. The
Yunosawa sandstone is overlain in turn by a member of predominant shale and
sandy shale with a laminated structure occasionally associated with thin-bedded
sandstone. Further upwards but still about a hundred meters below the unmis-
takable Mikasa formation there is another member of alternating sandstone and
shale. The composition of this sandstone is as follows: matrix 40, quartz-4chert

* This ;eién‘sw?ss percent of quartz plus 10 per cent of chert.
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Table 1. Percentage composition of the selected
Cretaceous sandstones of Hokkaido

Quartz Matrix Feldspar Chert ?ﬁ?gfn;g(tzg ‘?Slcgz?gfg
Tomitoi 1 24.2 17.3 44.4 4.3 9.5 0.1
” 9 33.0 14.0 37.4 1.0 13.4 0.5
T 15a 36.7 17.5 20.6 9.4 15.7 0.2
Ky 80 31.4 17.0 33.6 1.3 17.2
» 81 25.7 28.1 40.6 2.2 2.7 0.4
” 104 35.1 18.5 33.0 8.7 3.3 0.5
Yonosawa ss. 30.7 30.0 35.2 1.4 2.5 0.1
Ik 3a 27.0 32.0 15.0 7.0 17.0
' 11 17.0 48.0 18.0 14.0 1.0
’ 1061 34.0 33.0 15.0 11.0 4.1
Torigonia ss. 15.0 48.90 20.0 1.0 15.0 0.4
1k 3d 20.2 42.4 33.8 0.8 1.2 1.4
" 980 31.6 42.0 22.0 3.8 3.0
" 985a 23.0 45.0 23.0 6.3 0.7
“ Suiro 17 28.7 34.7 35.7 0.2 0.4
Ia 12 26.4 20.3 32.3 - 13.8 6.8 0.1
Yu 18 10.8 50.0 17.8 2.0 15,0 3.0
. 21 21.0 45.0 21.0 1.1 11.0 0.4
” 30a 23.0 33.0 5.0 3.0 33.0 2.8

25412, feldspar 17, rock fragments 3 per cent. This is a muddy feldspathic sand-
stone. The alternating sandstone and shale just mentioned is followed by a mem-
ber of fine-sandy siltstone containing fossiliferous nodules. There is a bed of
tufaceous sandstone in the lower part of the member.

Above this member comes the Mikasa formation (Martsumoro, 1951 ; * Trigonia
sandstone ” of Yasg, 1926). In the eastern wing of the Ikushunbetsu anticline it
consists of three members (Fig. 5). The lower member consists principally of
massive and partly of stratified sandstone and sandy siltstone containing fossili-
ferous nodules along with scattered fossils. The sandstone is muddy and fine to
medium-grained. Its essential composition is: matrix 48, quartz-+chert 1541,
feldspar 20 and rock fragments 15 per cent. This is a muddy sublithic sandstone.
The matrix is composed chiefly of chloritic clay minerals, to which is perhaps
due the greenish tint of the rock.

The middle member of the Mikasa formation on the eastern wing of the an-
ticline is occupied mostly by mudstones or siltstones rich in calcareous nodules.
The upper member is again composed of sandstones of various coarseness; pebbly
layers or conglomerates and shell beds (“ Glycymeris beds”) are found at several
horizons. The composition of this sandstone is: matrix 44, quartz 25, feldspar 22,
rock fragments 4 per cent. This rock is a muddy feldspathic sandstone.

Further east in the Ashibetsu-Yubari mountain-range the main part of the
Middle Yezo group is composed mostly of predominant shale with occasional sandy
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Fig. 5. Stratigraphic section of the Mikasa formation and sub- and superjacent parts
in the Ikushunbetsu valley (on the eastern wing of the anticline) (after T. MaTsumorTo,
1955-56 MS.).
<: horizon of rock samples. 1-10: predominant lithology.-—1: mudstone, 2: shale with
interlaminated sandy siltstone and fine-sandstone, 3: fine-sandy siltstone, 4: muddy fine-
grained sandstone (rather massive), 5: muddy medium-grained sandstone (rather massive).
6: stratified sandstones (fine- to medium-grained), 7: conglomerate and coarse-grained
sandstone, 8: shale and sandstone in alternation, 9: tuff, 10: train of huge nodules. Smal-
ler nodules are omitted from the figure.
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Fig. 6. Stratigraphic section of the Hakobuchi group at Hakobuchi gorge
(type locality). Predominant lithology.—1: mudstone, 2: fine-sandy siltstone, 3:
tuff, 4: coal, 5: shale and sandstone in alternation (shale being predominant),
6: shale and sandstone in alternation (both being approximately in equal a-
mount), 7: fine-grained sandstone, 8: medium-grained sandstone, 9: coarse-grained
sandstone, 10: conglomerate. <« : horizon of rock specimens.
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laminae and thin layers. Only in its upper part (of Turonian age) sandstones
become predominant, though they are still frequently intercalated with shale.
This part is considered as a continuation of the Saku formation, the type locality
of which is in the Saku area of Teshio Province. An example of the sandstone
of the Saku formation has the following composition : matrix 20, quartz-+chert 26+
13, feldspar 32, rock fragments 5 per cent. This is a feldspathic sandstone. The
examined sandstone is medium-grained and light grey in colour.

3. The Upper Yezo group. The Upper Yezo group consists mainly of mudstones
containing fossiliferous nodules. Only a few sandstone-beds of about 10 m or less
thickness are intercalated. Several specimens of them are similar in the assem-
blage of heavy minerals to those from the lower part of the Mikasa formation.

4. The Hakobuchi group. Showing a distinct contrast to the muddy facies of
the Upper Yezo group, various sandstones are developed abundantly in the Hako-
buchi group. Even a conglomerate, though in a subordinate amount, is met with.
In the type section at Hakobuchi gorge (Fig. 6), the group is divided into two
parts, each of which represents a sedimentary cycle. The sandstones are classified
into six types based upon the constituents of their matrix: (1) The sandstone
with a matrix of illitic clay minerals and certain green mineral (e.g. Yu 18).
This is muddy and has dark green spots composed of glauconite. (The details of
this mineral will be given on p. 140.) The composition is as follows: matrix 50,
quartz+chert 11, feldspar 17, rock fragments 15 per cent. It falls into a muddy
sublithic sandstone; (2) The sandstone with a matrix of chloritic clay mineral is
fine-grained and dark greenish grey. The examples are Yu28c, Yu28d and Yu2l.
The percentage composition is: matrix 45, quarzt+chert 20, feldspar 21 and rock
fragments 15. This indicates a muddy sublithic sandstone; (3) The sandstone
with a matrix of clay mineral and calcite is fine-grained and white grey (e. g.,
Yu30a, Yu30b). The composition is matrix 33, quartz+chert 26, feldspar 5 and rock
fragments 33 per cent. The rock is a muddy lithic sondstone; (4) The sandstone
with a matrix of illitic clay mineral (e. g., Yu3la, Yu3lb). It is muddy and con-
tains the fragments of drift wood; (5) The sandstone with a matrix of green
(chloritic) mineral and calcite (e. g., Yu32c, Yu22a, Yu22b). It is dark green and
medium to coarse-grained. The film of chlorite coats the grains and calcite fills
the interspaces between the coated grains—this may suggest the special physico-
chemical processes for the deposition of this sandstone. The sand grains consist
of angular zoned sodic plagioclase and euhedral quartz, though extremely rounded
and corroded quartz are also met with. (6) The sandstone with a tufaceous matrix
(e.g., Yu32b). It is white and medium-grained.

Mineral Composition

The mineral composition, i.e., major constituents and heavy minerals (S.G.>
2.9, separated with Thoulet’s solution), of the examined sandstoncs are shown in
Tables 2-5, Table 6 being a general summary. Some explanatory notes on these
tables are given below.
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Stqku f?rtrlrlla- %2 '; X X | x X X X 8A A 8A A Ka 8 X XX X X A A| iron ore (]
ion o e X X X X A AN
Ashibetsu | IA 12 | X X X X O A Ola Ka 8 | x X X [ } A A
: S| Y 270 e~ | A X ||| 1a Ka 6 X XX X X| X @ | A A
Shi-yubari
0 Y 134 OA | O |[X A
district v 574b ® A Ka 12 X XX X X O_ @)
Explanatory notes for the tables 2-6.
Quartz Feldspar R.F. (Rock Fragments) Heavy Minerals @ predominant
(1) plutonic - (K) K-feldspar (I) igneous rocks Tm: tourmaline - Px: pyroxene O abundant
(2) metamorphic (P) plagioclase (M) metamorphic Zr: zircon Hy: hypersthene A fairly abundant
(3) volcanic (Mi) microcline rocks Gt: garnet An: anatase A common
(4) aggregates of (My) myrmekite (S) sedimentary Ru: rutile Bi: biotite X tare
cryptocrystalline rocks Tn: titanite Ms: muscovite
quartz » Ep: epidote : Ch: chlorite
Zs: zoisite
‘Am: amphibole (a) colourless

(b) coloured
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1. The amount of non-opague minerals. The amount of heavy minerals exclud-
ing opaque minerals (mainly iron ores and their altered products) falls into three
classes: small, moderate and large. Generally, the muddy sandstone tends to con-
tain larger amount of heavy minerals than the less muddy one. Thus the Mikasa
formation contains the largest amount of heavy minerals. In the Hakobuchi group
the non-opaque heavy minerals are scanty, while opaque minerals (ilmenite and
magnetite) are abundant.

2. The roundness of mineral grains. The degrees of roundness are divided into
four classes: angular (A), subangular (SA), subrounded (SR) and rounded (R).
The roundness of mineral grains less than 0.06 mm is noted, for it has been
known as the reliable criterion for judging whether or not the grains have passed
through more than one sedimentary cycle. In this paper the roundness of pre-
dominant types of zircon grains in various sandstones has been compared with
one another.

3. Heavy mineral suite. The heavy mineral assemblage in sandstones may be
more or less variable even in one definite formation. Nevertheless, the variation
within one formation is so small that almost all the sandstones belonging to one
formation has a characteristic mineral assemblage in common which is easily
distinguished from that of the sandstones of other formations. The term “mineral
assemblage ” in this paper refers not only to the kinds of associated minerals but
also to their physical properties as mineral species, such as colour, crystal habit,
etching figure and pleochroism. The heavy mineral suite in Table 6 has been led
from the actual observation of all the specimens listed in Tables 2-5.

4. Index mineral. Index mineral in this paper means a particular mineral that
is characteristic to a certain formation and is not found in other formations. The
heavy mineral suite consists of common mineral which appear rather in abundance,
while the index mineral is of relatively rare or sporadic occurrence.

Major constituents

1. Quartz. As usual, detrital quartz is the chief component of the investiga-
ted sandstones. The following kinds of different origin have been distinguished :

(1) Plutonic quartz (Mackirg, 1896 ; Grrican, 1920; Tyregr, 1936; Kryninge, 1940;

Weaver, 1955) (a) free of inclusions, (b) with inclusions of small disected
bubbles, (¢) with inclusions of bubble trains, (d) with inclusions of den-
dritic bacuolas, (e) with inclusions of microlithic rutile. The grain may
show either no or moderate strain shadows.

(2) Metamorphic quartz (Kryning, 1940)

(3) Volcanic quartz (Weaver, 1955)

(4 Aggregates of cryptocrystalline quartz.

The plutonic quartz is most abundant in the examined sandstones. The me-
tamorphic quartz is often met with, especially in the Mikasa and Saku formations.
The volcanic quartz is common in the sandstones of the Hakobuchi group—in
fact, euhedral prismatic quartz with pyramidal faces is characteristic to this
group, though corroded and distinctly rounded grains are often present as well.
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They may have been derived from some porphyritic acid rock.

2. Feldspars. Feldspars are common constituents in the Cretaceous sandstones
of Hokkaido.

(1) K-feldspar is common in the Lower Yezo group and fairly common in the

Hakobuchi group, while rare in the Middle Yezo group.

(2) Microcline is common in the Lower Yezo group, while rare in the Middle
Yezo group.

(3) Plagioclase occurs commonly in all the groups. Zoned plagioclase is found
in the tufaceous sandstones of the Middle Yezo, Upper Yezo and Hakobu-
chi groups.

(4) Myrmekite is found, though rarely, in the Lower and Middle Yezo groups.

3. Rock fragments. Common rock fragments are of chert, sandstone and vol-
canic rocks. Schist and granite fragments are occasionally met with.

(1) Chert occurs in almost all the samples. Sometimes radioralian remains

are detected in the chert fragments. ,

(2) Volcanic rocks, including such rocks as showing hypabyssal rock texture,
are found in almost all the specimens. They are especially abundant in
the Hakobuchi group.

(3) Schists: Fragments of sericite-quartz schist are occasionally found in the
Tomitoi sandstone and rarely in the Hakobuchi group.

(4) Granite: Grains composed of quartz and microcline with hypidiomorphic
granular texture occur in the Lower Yezo group.

4. Clay minerals. Some matrixes of sandstones have been examined by D. T. A.
and the X-ray powder method. Nevertheless, since no precise identification has
been done owing to impurities of the samples, they have been roughly identified
under the microscope.

5. Green minevals. So-called “ Glauconite Sandstone ” has repeatedly been re-
ported from the Tertiary and Upper Cretaceous deposits of Hokkaido, but few
reliable data on the green minerals have been added since Yacr and Taxanasurs
work (1932, 1939). I have studied some green minerals of the Cretaceous sandstones
by D.T.A. and the X-ray powder method. The mineral samples have been pre-
pared through the following procedure: (i) crushed in an iron mortar, (ii) passed
through a 80-mesh standard screen, (iii) separated with Thoulet’s solution and (iv)
picked up with a needle under the microscope.

The green minerals are classified according to their mode of ocurrence as
follows: (1) granular grains consisting of dark green microcrystalline minerals,
(2) coats and cement with radial structure of and around the grains. It is noted
that the latter is always intimately associated with calcite.

X-ray powder photographs (Fig. 7) indicate that (1) is glauconite, while (2) is
a species of chlorite group.* The result is in exact accordance with that of

* Y()ISAHIMU;kI)SB) has already pointed out after his microscopic examination that a
certain green sandstone of the Hakobuchi group in the Hetonai area of Iburi Province is
characterized by a cementing matter which is made up of the delessite-like chlorite.




Table 6. General summary of the heavy mineral composition

Items | Amount of non- | Roundness . . Index Rock fragments
Formation name and locality opaque minerals| of grains Heavy mineral suite mineral | as sand grains
. (). large A Zr (colourless, pink), Gt, Am, Px
S;J:“;g‘ (a) OY large A Zr (colourless, pink), Gt, Px } Px andesite
0z large A Px
— Zr (type A), Tm, Bi, Gt,
(b) Tomitoi sandstone moderate SR Zr (type Ej. Gt, Ms o
. . te
Lower Yezo | (¢) Tonashibetsu-river Zr (type A), Am, andesi
group and Sekkaizawa moderate SR IPx iﬁgﬁt
(d) Shi-yubari district moderate SR 12)1}'{,
(e) Tonashibetsu-river small SA IZ,; %‘y
Zr (type A), Tm, Bij,
(f 1) Lower part of the :
Ikushunbetsu valley large A %; (type E), Gt, Am, Ep, ?ngflte
. . le
Middle Zr (type A), Tm, Bi, sha
Yezo group | (f 2) Mikasa formation large A [Ep, Zs, Gt, Zr (type E), Ep Z§2g§§§ne
Px, Hy diabase } -
Zr (type A), Tm, Bi, porphyrite
(g) Ponbetsu valley large A Ep, Zs, Gt, Zr (type E) bles |
(h) Saku formation of the Zr (type A), Tm, Bi, pebbies 1n-con-
Ashibetsu valley large A {Ep, Zs, Gt, Zr (type E) glomerate,
Upper Yezo | ,. Zr (type A), Tm, Bi,
group (i) Ikushunbetsu valley moderate A Ep, Zr (type E), Gt Ep
k) Hakobuchi gorge small A Iron ore, Zr, ver andesite
Hakobuchi o BoTE moderate A Zr, Gt, Ep scarge chert
rou s small A Iron ore, Zr, An, of E shale .
group (1) Ashibetsu valley moderate A Zr, Gt, Ep type Zr. |} |schist or phyllite
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Suirozu’s study (1956) of the minerals in the Lower Tertiary sandstones of Kyushu.

Heavy minerals

In the following pages I describe the ‘heavy mineral in order of abundance.

1. Zircon. Zircons occur in all the samples examined without a single excep-
tion, but they are varirble in their kinds. They are classified according to their
colour by transmitted light, crystal habit and roundness for mere descriptive
purpose. Following are typical varieties:

ethedral ....cooooviiiiiiiiiii i, A
colourless

rounded........eiiieiie e B

euhedral........coocoiiiiiiiiiiiiii e, C
light purple

TOUNAEd .. oe i D
purple: rounded.......cccoemiiiiiiiniiii e E
broken crystals of the above varieties.........cccooeiiiiviiiiiinniinnn. br.

The distribution of these types in the examined specimens is shown in Table 7.

The type E which is characterized by dark purple colour, dark spot-like
inclusions and nearly perfect roundness probably belongs to Tomita’s Archean
granite zircon (Tomita, 1954). Though it may have been derived, at last partly,
from reworked sediments and metasediments, its ultimate source rock may be in
some Pre-Cambrian area. The Hakobuchi group is distingushed by the exceedingly
rare occurrence of the type E. It contains also corroded as well as long prisma-
tic zircons, the latter being liable to be broken during sample preparation. Ac-
cording to Marsumoro and Tomrra’s view (1953) that long prismatic zircon

Table 7.
A B C D E br.
b 21 37 8 2 | =z
¢ 43 10 3 4 18 17
f1 24 34 1 4 29 8
£2 42 36 6 13 8
K 5 | 23 2 30

b: Lower Yezo group, at Tomitoi and Ochiai;

c¢: Lower Yezo group, in the Tonashibetsu river and Sekkaizawa;
f1: Middle Yezo group (Lower Ammonite group) in the Ikushunbetsu valley;
f2: Mikasa formation (Zorigonia Sandstone) in the Ikushunbetsu valley;

k: Hakobuchi group. Numerals show the percentage of the subdivided types.

(elongation ratio of which is about 4) is characteristic to volcanic rocks, the long
prismatic zircon of the Hakobuchi group may have been derived from some
volcanic rocks.

2. Garnet. Garnets are ‘common in many specimens.* The are mostly colour-

* Required further study to discriminate the species of garnets is postponed to the
future.
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less to pink and rarely dark brown, and show angular shape characterized by
marked concoidal fracture, euhedral crystal (dodecahedron) being rare. The grain
surface is often peculiarly patterned by the mosaic development of rectangular
facets on it.

In some grains the pattern is less geometrical in appearance, in which case
the grain surface seems to be covered with closely spaced hillocks. Many authors
have attributed this patterning to the impact between mineral grains which
occurs during transportation. Recently Koen (1955) has postulated that the pat-
terns on detrital garnets were formed after their deposition. Anyhow the patter-
ned garnet is abundant in the sandstones of the lower part of the Middle Yezo
group and the Mikasa formation in the Ikushunbetsu valley, but rare in the
Hakobuchi group.

3. Tourmaline. This mineral is sporadically found in the specimens hitherto
examined. Krynine (1946) attempted to trace the varieties of tourmaline up to
their original rocks. He classified (a) granite tourmaline, (b) pegmatitic tourma-
line, (¢) pegmatitized, injected metamorphic terrane tourmaline, (d) authigenic
tourmaline and (e) reworked sediment tourmaline.

Granitic tourmaline (a) is common in all the Cretaceous group of Hokkaido;
the type (c) occasionally occurs in the Lower and Middle Yezo groups; the type
(b) is rare.

4. Amphibole. Sparse as its distribution is, amphibole falls into three types.
(a) Thick prismatic flake with dark yellowish green colour and indistinct dichro-
ism (Z’: dark yellowish green; X’: with increased yellowish tint); Cz’: 20°. This
amphibole may be common hornblende. (b) Green, prismatic, fibrous, actinolitic
amphibole with distinct dichroism (Z’: dark green; X’: light yellowish green);
C7’: 10°. (c) Tiny green flake.

There is a tendency that the type (a) is rather predominant in the Lower
Yezo group and the type (b) is common in the Middle Yezo group.

5. Hypersthene. It occurs as fresh, large prismatic grains with rather rounded,
dome-like termination. Pleochroism is distinct with X’: light brown and Z’:
green. Inclusions are classified into two types; (a) abundant rectangular inclu-
sions arranged in a plane and (b) those in an irregular arrangement.

6. Pyroxene. Of the heavy mineral concentrates of the Cretaceous sandstones,
pyroxene is not uncommon in the Middle Yezo and Hakobuchi groups. Pyroxene
grains have brilliant light green colour and vitreous luster; C7’: 35°-40°. Prisma-
tic grains are rarely met with. The pyroxene grains may have been derived from
the Sorachi and related volcanic groups, because a similar pyroxene is characteris-
tic to the volcanic and tufaceous sandstones of the Sorachi group.

7. Epidote. Tabular and prismatic epidote occurs as angular or subangular
grains. It is mostly yellowish green and faintly pleochroic. This mineral is the
index mineral of the Middle and Upper Yezo groups.

8. Biotite. Biotite is common. Brown flakes without distinct dichroism are
abundant. The tufaceous sandstones of the Middle and Upper Yezo groups contain
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prismatic biotites with distinct dichroism.

9. Anatase. This is generally rare, but is abundant in certain sandstones of
the Hakobuchi group. It is euhedral (pyramidal or tabular) or anhedral and light
blue or colourless.

10. Rutile. It is occasionally found in the Lower and Middle Yezo groups
and rarely in the Hakobuchi group. It is prismatic and blood-red, orange-red or
yellow in colour.

11. Opague minerals. Opaque minerals cemented by polyester resin are exami-
ned under the reflecting microscope. Ilmenite is abundant in the sandstones of
the Hakobuchi group.

Heavy mineral suites

When we consider the origin of heavy mineral assemblages in sediments, we
should take into consideration the horizontal distribution of component minerals.
There are various factors that have combined to produce the distribution of heavy
minerals in sediments, say in sandstones, so that their separate effect in the result
may sometimes be untangled with difficulty and sometimes be undissolved. Eactors
such as difference in density and in resistance to weathering and attrition of the
different component minerals, the amount of abrasion that all mineral grains have
undergone during transportation, the different settling velocities of the different
grains at the site of their deposition, and the degree of sorting to which all
grains have been subjected there—all these factors seem to be competent to cause
large variation in the relative abundance of various minerals not only in different
samples of the deposits that have been derived from a single source rock, but
also in different size-fractions of each sample; thus for example, zircon is more
abundant in finer-grained sediments than in coarser ones. To grasp any major
geologic events, if present, during the deposition of the Cretaceous of Hokkaido,
I, taking one formation as an unit, have summarized the mineral assemblage of
each formation in Table 6. Predominant minerals and the index mineral shown
in the Table are of great importance to this broader problem of sedimentation.

As has already been pointed out in my previous paper (Fujm, 1956), the sand-
stones of similar rock types in a given geological province tend to exhibit certain
similarities of heavy mineral assemblages. Thus in the Cretaceous basin of Hok-
kaido, for example, the less-muddy sandstones are apt to contain the assemblagc
of zircom, garnet, tourmaline, biotite, amphibole (rare) and pyroxene (rare), while the
muddy sandstones of the same age apt to cantain the mineral assemblage of epidote,
zoisite, zivcon, pyroxeme, amphibole, garnet and tourmaline, both in order of abundance.
Therefore, comparision of given sandstones taken from different formations should
be made on the basis of both sandstone type and heavy mineral assemblage.

The heavy mineral suites and the predominant rock types of the formations
(or groups) under consideration are summarized below.

1. Lower Yezo group. The heavy mineral grains are sub-rounded and ill-sorted.

Suite A: zircon (type A), biotite, tourmaline (granitic), garnet...... predominat

Suite B: zircon (types B, D, E), tourmaline (type C), muscovite, Garnet
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Suite C: pYroxene ................. DTS UUUUUUSRRRRR rare

The predominant type of sandstone in the Lower Yezo group is sublithic sand-
stone.

2. Middle Yezo group.

(a) In the Mikasa formation and other members of the Middle Yezo group in
the Tkushunbetsu valley the heavy mineral grains are abundant and well-sorted.

Suite A: zircon (type A), tourmaline (granitic), biotite, garnet ...subordinate

Suite B: zircon (type E, doubtfully types B, D), epidote, zoisite

........................................................................... fairly predominant

Suite C: hypersthene, PYTOXENE ....ocooivvieieriiiiiieneeeieeeeneeeeeeevanennnns subordinate

Suite D: zircon (types B, D, E) eovvvvvriiiieeiiiiieiieee fairly predominant

(b) The heavy mineral assemblage of the Saku formation in the Ashibetsu
valley is similar to that of the Mikasa formation of the Ikushunbetsu valley. The
index mineral is epidote.

(¢) The heavy mineral assemblage of the Mikasa formation in the Ponbetsu
canyon is similar to that of the Mikasa formation in the Ikushunbetsu valley. In
the Ponbetsu valley and in the western wing of the Ikushunbetsu anticline, con-
glomerate beds are frequent. The pebbles are mostly of chert. In addition there
is a conglomerate bed of about 10 m thickness in the middle part of the Mikasa
formation at Ponbetsu. The pebbles in this conglomerate are, according to T.
MatsumoTo’s observation, cherts, chloritized granite (granodiorite), aplite, diabase,
porphyrite, andesite, liparite and hornfels. As sand grains chert (including ag-
gregates of cryptocrystalline quartz) is very common.

(d) The heavy residues of the Middle Yezo group in the Shi-yubari district
consist of zircon, garnet, tourmaline, amphibole, pyroxene, biotite, muscovite and
rather scanty epidote. This assemblage is rather similar to that of the lower part
of Middle Yezo group of the Ikushunbetsu valley. The sandstones of this group
are muddy feldspathic-sublithic.

3. Upper Yezo group. So far as the sandstones are concerned, the heavy mine-
ral assemblage is similar to that of the Mikasa formation.

4. Hakobuchi group. Non-opaque minerals are rather scanty, while iron ores
are abundant. The genetical assemblage of heavy minerals are not precisely
determined, but the following two types of assemblages may be distinguished:

Suite C’: pyroxene, zircon (volcanic type), amphibole, garnet,

B o} 10 & £ 1RO UPTN generally predominant

Special suite: iron ores, anatase, ZirCON..........cco.ovevvvvnnnenn locally predominant®
The absence or rarity of the type E zircon may be a characteristic feature. The
predominant rock type for suite C’ is muddy sublithic sandstone.

* According to Yosmimura (1938) an iron ore bed that occurs at the base of the Hako-
buchi group in Iburi Province is a sandstone consisting mainly of ilmenite cemented with
greenalite-like chlorite, the associated heavy minerals being commonly pyroxene and am-
phibole and rarely olivine and allanite.
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Source Rocks

Generally speaking, source rocks for materials of a given sandstone can be
inferred from its heavy minerals as well as its major constituents. In this paper,
the source rocks have been determined as follows for respective heavy mineral
suites already referred to:

Suite A: granitic rocks

Suite B: metamorphic rocks

Suite C: volcanic rocks

Suite D: reworked sediments

This determination has been supported by the major constituents of the sand-
stones in question. The Tomitoi sandstone, for example, that is characterized by
the heavy mineral suite of granitic origin (Suite A), consists mainly of quartz, K
-feldspar, microcline and fragments of granite, aside from other admixtures.

In conclusion, the source rocks of the Cretaceous sandstones in Hokkaido are
as follows (* determined by rock fragments):

Lower Yezo group:

EranitiC TOCKS .oiiiiiiiiriie e e predominant
reworked sediments® .........ccooooiiiiiiiiiiii subordinate
SCRISE et e subordinate
VOlICANiC TOCKS oo e rare
Middle and Upper Yezo groups:
reworked sediments .........oocoiiiiiiiiiiiiie s predominant
metamorphic ToCKS .oiiiiiiiiiiiiiiiiiiie e fairly predominant
(schist or phyllite)
ZTanitiC TOCKS .iuiiiiiiii e subordinate
vOlcanic TOCKS ..iuiiiiiiiiiii e subordinate
Hakobuchi group:
VOICANIC TOCKS .iiviiiiniiniiiiiieeieeee e e predominant
reworked sediments®.......ccccoveiiiniiiriiiiiniiiine e fairly predominant
metamorphic rocks (phyllite)* ....cooooviiiiviiiiiiiniinnn. rare

The index mineral epidote of the Middle Yezo group is of questionable origin.
Thus, judging from its crystal habits and its separate occurrence as single grains
without intermingling with mafic minerals or feldspar, this mineral cannot be
regarded as of authigenic origin, but in view of the fact that garnet, zoisite and
metamorphic quartz also occur in abundance in the sandstones of this group, much
supply of this mineral from a certain metamorphic terrane may be inferred.

Concluding Remarks

As concluding remarks palaeogeographic and palaeotectonic aspects of the re-
sults are summarized. Further discussion of the subject is given below as an
appendix in cooperation with Professor MarsumoTo.



Petrography of the Cretaceous Sandstones of Hokkaido, Japan 147

Summary of results

1. The Lower Yezo group. The Tomitoi sandstone in the lower part of the
group is characterized by sublithic sandstones which differ entirely from the
lithological characters of the subjacent Sorachi group. The difference between
the two groups has already been pointed out by previous authors on the constitut-
ing rocks other than sandstones. However the stratigraphic relation between the
two groups is still uncertain.

As has already been pointed out by me (Fujym, 1956), the presence of non- or
less-muddy feldspathic-sublithic sandstone may generally indicate the change of
depositional environment at that horizon from subjacent to superjacent formation.
In many, if not all, cases it is possible to expect a disconformity or unconformity
below the sandstone of this type. Therefore, further field work is required to con-
firm the possible unconformity at the base of the Lower Yezo group.

The sandstones of the Lower Yezo group contain fragments of radiolarian
chert and grains of pyroxene which resemble the radiolarian chert and pyroxene
of the Sorachi group respectively. This fact may suggest that the Sorachi group,
at least a part of it, may have been warped up by an embryonic folding and have
supplied its material to the Lower Yezo group.

The site of the granitic and schistose rocks that supplied the material to the
Lower Yezo group is uncertain. Geologist in Hokkaido have not arrived at an
agreement as to the exact age of the granitic, gneissic and schistose rocks in the
backbone of Hokkaido (Kamuikotan and Hidaka metamorphic zones). There are
two schools of thought: one school insists that these rocks are of the latest Cre-
taceous or the early Tertiary intrusion and metamorphism, and the
other school still holds the view that some of the gneiss and schists are much
older. In addition, in southwest Hokkaido, there are granites as an geologi-
cal extension of the Norteast Honshu ones, some of which are of Miocene and
some of Mesozoic age (Professor T. Tomira’s oral communication).

2. The Middle Yezo group. The sandstone near the basal part of the Middle
Yezo group is less-muddy feldspathic; this suggests an existence of unconformity
at the base. The actual unconformity between the Lower and Middle Yezo groups
has been proved by W. Hasummoro and T. Matsumoro in the Ashibetsu-Yubari
mountain-range. The geanticlinal belt, which had been embryonic in the age of
the Tomitoi sandstone, may have continued it elevation towards this stage.

In the upper part of the Middle Yezo group sandy sediments are better con-
centrated than in other parts of this group. To these sandy parts T. Matsumoro
has given the names of the Mikasa and Saku formations. The Mikasa formation
contains shallow-sea fossils and locally those of the littoral type. This fact is in
harmony with the abundance of well-sorted heavy minerals in the sandstones of
this formation. As has been pointed out in the foregoing chapter, the source
rocks may be mainly schists and reworked sediments. Where was the mountain-
land from which the materials were supplied ? Part of them may have been sup-
plied from the above-mentioned geanticlinal area. However the well-recognized
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fact that the Mikasa sediments are coarser in the west than in the east suggests
another possible source area on the west side of the depositional basin. In this
connection it is interesting to note that volcanic and granitic rocks, though sub-
ordinate in amount, may have existed in the source areas, where the volcanic
activity as indicated by the occasional intercalation of tuffs in the Middle Yezo
group was rather episodic, though not violent.

3. The Upper Yezo group. In the Upper Yezo group, fine-grained sediments
are predominant. As far as the mineral components are concerned, the sandstones
of this group are similar to those of the Middle Yezo group. Members and lentils
of acid tuff are occasionally intercalated.

4. The Hakobuchi group. The lithological change from the Upper Yezo group
to the Hakobuchi group is very rapid and distinct. As has been described by
many authors, the latter group shows marked increase of coarse-grained sediments,
among which sandy rocks are predominant. It is notworthy that the materials
of the sandstones of this group are largely of volcanic origin and that there are
beds of tuff or tufaceous rock which contains zircon and hypersthene, showing an
interesting contrast to those of the Middle and Upper Yezo groups which contain
zircon and biotite.

Appendix

Further discussion
By

Koji Fumir and Tatsuo Marsumoto

As has been described by T. M. [Matsumoro (Editor) 19547, the Cretaceous ba-
sin of sedimentation in the meridional zone of Hokkaido (and Saghalien) is pro-
bably of geosynclinal nature in its long extension, thick clastic deposition within
it and the intense folding after deposition. Moreover, the approximate proportion
of the contrasting components estimated by the same author for the common sedi-
ments in the Cretaceous basin of Hokkaido, in which shales are predominant over
sandstones, indicates that it is of just what PerTijonn (1949) calls the geosyncli-
nal suite. Therefore the basin has been called the Yezo geosyncline.

Now from the result of the present study the principal types of the Cretaceous
sandstones of Hokkaido are defined as follows: (In brackets the terms of DapprEs
et al. (1953) are given.}

Tomitol sandstone .......cveeveiviiiviiiiineiiieeneanes sublithic s. s. [arkose]
Sandtone in the Tonashibetsu

(Middle Yezo group) ...ccocoveevnennes feldspathic s. s. [arkose]
Lower part of the Middle Yezo group

in the Ikushunbetsu valley......... muddy sublithic s.s. [greywacke’

Mikasa formation ......ccceeeimmiinniiiiiiiiniiii, muddy sublithic s.s. [greywacke]



Petrography of the Cretaceous Sandstones of Hokkaido, Japan 149

Saku' formation..........cceeevveeeeiiiinieeeiereeieeeeneiieens feldspathic s.s. (greywacke]
Hakobuchi group Type l...ccoooriiiiiiriiiniiiciiinnnnnes muddy sublithic s.s. [greywacke]
TYPE 2eeeiiriiiiiiiiiiieiceee e, muddy sublithic s.s. [greywacke]
TYPE Bt i muddy lithic s.s. [greywacke]

The above list clearly shows that the term greywacke and arkose are so in-
sufficient and unsuitable for describing the natural features of sandstones that the
extravagant use of these terms should be rejected. The sandstones of the Yezo
geosyncline are mostly muddy and partly less or non-muddy. The muddy sublithic
and feldspathic ones are common throughout the main part, whereas less-muddy,
sublithic and feldspathic ones characterize the lower and certain particular parts.
The quartzose sandstone in Funr's classification is absent.

Further research is necessary before the Cretaceous palaeogeography of Hok-
kaido can be elucidated. Again, the provenance of materials of the sediments
concerned is still questionable, though the source rocks of the sandstones revealed
by the present study are in harmony with the results of the studies of facies-
changes and the preliminary observations on the constituents of sandstones and
conglomerates by Martsumoro (1939, 1942-43, 1954) and Hasuimoro (1936, 1953, 1954,
1955). The reworked sediments and lower grade metamorphic rocks may have
been derived partly from the geanticlinal islands in the depositonal area and
partly from the main mountainland. Although the exact position of the main
mountainland has not been known yet, it may not be imporbable that at least a
part of it was situated on the west side of the depositional area. Certainly, in
the mountainland there were certain volcanos, which may have become more
active towards the late Senonian (i.e. Hetonaian). On the other hand, another
volcanic activity took place on the geanticlinal islands, where parts of the Sorachi
group may have been cropped out.

The origin of the granitic material will provoke an interesting debate. First
of all the well-known granitic rocks in the backbone of Hokkaido might be re-
garded as the original rocks. However they are, according to the recent work by
Funasasur et al. (1951), mostly of Early and Middle Tertiary age. So long as
their view is correct, the Tertiary granitic rocks could not have been the source
of the granitic materials in the Cretaceous sediments. Secondly certain granitic
intrusions which may have provided the granitic materials of the molasse facies
to the Cretaceous sediments can not be considered to have occurred contempora-
neously with the sedimentation, because the sediments of the typical molasse facies
are not actually found in the Cretaceous of Hokkaido and because the granitic
materials in the sediments are too large in amount to be neglected as an acciden-
tal admixture. Our conclusion most commonly reached is that they were derived
from the older granitic bodies that were exposed in the above-mentioned moun-
tainland. Now it is very interesting problem to decide the geologic age of the
older granitic bodies just mentioned, but the subject demands close investigation,
more data being needed on this point.

 From underneath the extensive cover of the Cenozoic sediments and volcanic
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ejecta crop out the presumed Palaeozoic rocks* and granites of uncertain age in
the southwest and northeast parts of Hokkaido. They are the remnants of the
old mountainlands, though they are separated in distribution by the post-
Cretaceous crustal deformation. However, the northern extension of the Palaeozoic
and older Mesozoic rocks that are better exposed in the Kitakami and Abukuma
massifs and adjacent areas in Northeast Honshu might be concealed somewhere in
the subground of the Cenozoic area on the western side of the Cretaceous belt of
Hokkaido ; the Kabato massif, for example, might be its small fragmentary rem-
nant. If we compare the sedimentary materials of the Urakawan and Miyakoan
sediments along the eastern fringe of the two massifs just mentioned with those of
Hokkaido, we shall be able to obtain much reliable data on the above postulated
mountainland.

Another old landmass has been postulated by Hasuimoro (1954) on the northeast
of Hokkaido, covering mainly the area of the present Okhotsk Sea. This assump-
tion, though based on less sufficient evidence, may not be deniable, since the
overturned folds and thrusts in central Hokkaido are from east (or northeast) to
west (or southwest).

In addition to the older (probably Permo-Triassic) granitic bodies Lower and
Upper Cretaceous granites are known in the Kitakami and Abukuma massifs as
well as other areas in the Japanese Islands. Of these granites the Lower Cre-
taceous one might have already been partly eroded out during the depositional
period of the Yezo group to come into the corresponding sediments. In conclusion,
it is of the utmost importance to make clear the origin of the granitic materials
in the Cretaceous sediments of Japan, as has been pointed out by several suthors
with regard to the coarser sediments of the Lower Cretaceous in Southwest Japan.
Therefore the subject is to be discussed from various points of view. The out-
standing questions in the Cretaceous sediments of Hokkaido should be considered
in relation to the facts in various other parts of the Japanese Islands and adjacent
areas.

* Enpo and Hasuimoro (1955) discovered Permian fossils in the limestone that occurs
as pebbles in Kitami Province, northeast Hokkaido.
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Figs. 1-6. Examples of the Cretaceous sandstones of Hokkaido in thin section (microscopic

photographs).

1. Tomitoi 9, Tomitoi Sandstone, Lower Yezo group, near Tomitoi, X25, crosed
nicols (T. MaTtsumoTo and K. Fuji Coll.).

2. Ik 1061, Yunosawa Sandstone, Middle Yezo group, the Ikushunbetsu valley, x30,
crossed nicols (T. Marsumorto Coll.).

3. Ik 1055, Lower member of the Mikasa formation, Middle Yezo group, the lku-
shunbetsu valley, x25, crossed nicols (T. MaTsumoto Coll.).

4. Tk 1048, Green, tufaceous sandstone in the Mikasa formation, Middle Yezo group,
the Ikushunbetsu valley, x25, parallel nicols (T. MaTsumoTo and K. Fujir Coll.).

5. Yu 18, Type (1) sandstone of the Hakobuchi group at Hakobuchi gorge, x62,
crossed nicols (K. Fujm Coll.).

6. Yu 32c, Type (5) sandstone of the Hakobuchi group at Hakobuchi gorge, x25,

crossed nicols (K. Fujir Coll.).

Photos by Y. Uepa and 1. OBATA.
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