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A Study on the Cretaceous Sedimentation
in Hokkaido, Japan

By
Keisaku TANAKA

Abstract

This paper is composed of three parts. In Part I, the Cretaceous deposits,
especially the Middle Yezo and Upper Yezo groups in the Obirashibe Valley, northern
central Hokkaido are described with special reference to their sedimentary facies.
The cyclic sedimentation recognized in the Cretaceous and the facies distribution related
te the disposition of the depositional environments are the two main subjeets discussed
here. In connection with the subjects relationships between the lithofacies and bio-
facies are considered. Furthermore, a preliminary note is offered on the petrographic
characters of the sedimentary rocks, especially on the characters of sandstones in the
Nakakinembetsu sandstone member to elucidate the facies change of the member.

In Part II, an outline of the Cretaceous rocks in the areas investigated by the
writer other than the Obirashibe area is given, with some remarks on special features.

In Part III, some notes are presented on the stratigraphy and sedimentation of
the Cretaceous rocks in the meridional zone of Hokkaido. First, on the rock-strati-
graphic and time-stratigraphic units a brief discussion is offered. Then a stratigraphie
classification based on the sedimentary cycles is proposed for the Cretaceous sequence.
Thus the sedimentary cycles are stressed among other stratigraphical problems.
Concerning the sedimentation, the sedimentary facies, especially thz mutual relation-
ships among thickness, lithofacies and biofacies, sedimentary provinces, the relation-
ship between subsidence and deposition, cyclic sedimentation and so forth are explained.
Furthermore tectonic influence upon the sedimentation and configuration of and condi-
tions in the basin of sedimentation, i.e. the Yezo geosyncline are discussed in relation
to Cretaceous sedimentary history.

Introduction and Acknowledgements

The Cretaceous deposits in the meridional zone of Hokkaido are extensively de-
veloped and provided with a great amount of fossil remains of good preservation almost
throughout. Therefore they have been studied by many authors from the strati-
graphical and paleontological standpoints and so forth. Of a number of geological
investigations, epochmaking comprehensive and synthetic studies are as follows: (1)
Dr. Hisakatsu Yabe’s pioneer stratigraphical works (1926, 1927), (2) the succeeding
works published by Dr. Tatsuro Matsumoto (1942-43, 1954, 1959) from the stand-
point of biostratigraphy and (3) Dr. Wataru Hashimoto (1954, 1958) from the stand-
point of geohistory or geotectonic development.

The detailed stratigraphic succession of the Cretaceous deposits has been estab-
lished in several important areas within the meridional zone of Hokkaido by certain
previous investigators. Especially Prof. T. Matsumoto (1942-43, 1954, 1959) did a fine
work in connection with his biostratigraphic study. The geological conditions in many
other Cretaceous localities, however, have remained to be not fully made clear. Ac-
cordingly, under the sheet-map survey conducted by the Geological Survey of Japan,



the present writer has for several years carried out field work in selected Creta-
ceous areas, where detailed investigation has not been accomplished. On the basis of
this investigation as well as the previous work he has endeavoured to elucidate the
Cretaceous stratigraphy and sedimentation in Hokkaido, which is the main subjects
of this work.

For this purpose the writer defined quantitatively the relative abundance of such
lithologic elements as sandstone, tuff and calcareous concretion, and that of fossils.
Thereby he has attempted to give special attention to both vertical and lateral changes
in lithologic aspects and also in composition of fossil assemblage which is fundamen-
tally represented by the ammonite-inocerami ratio, aberrant ammonite-coiled ammo-
nite ratio, etc. Although previous works are not always useful for reference in a full
discussion of Cretaceous stratigraphic sequence and sedimentary facies in Hokkaido
from this point of view, much available data have alrsady been obtained in certain
{imited Cretaceous areas. The areas are as follows, enumszrated from north to south
{Fig. 1).
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Fig. 1 Index map showing the distribution of the Cretaceous deposits
in Hokkaido and location of the standard areas

1. Kamisarufutsu district 6. Furano district
2. Abeshinai Valley 7. Shiyubari Valley
3. Obirashibe Valley 8. Tomiuchi district
4. Sorachi anticlinal area 9. Urakawa district
5.

Tkushumbetsu Valley

{1) The Abeshinai Valley, province of Teshio (Matsumoto, 1942-43, 1954)

(2) The Ikushumbetsu Valley, province of Ishikari (Fukada and others, 1953;
Matsumoto, 1943, 1954, 1959)

(3) The Shiyubari Valley, province of Ishikari (Matsumoto, 194243, 1954)

{(4) The Tomiuchi (or Hetonai) district, province of Iburi (Matsumoto, 1942-
43, 1954)



(5) The Urzkawa district, province of Hidaka (Matsumoto, 1942-43, 1954)

In addition, the Naibuchi Valley, southern Saghalien, offers many valuable data
(MMatsumoto, 1942-43, 1954). Furthermore, many contributions are now being made
b, many persons in regard to the Cretaceous stratigraphy of various areas.

Nevertheless, the writer feels it needful to gain by himself more sufficient knowl-
edge on Cretaceous stratigraphic succession, sedimentary facies, and biofacies. More-
over, in the course of the writer’s investigation he recognized cyclic features not only
in the Hakobuchi group, the case of which has already been pointed out by Hanai
and others (1952) and Matsumoto (1954), but also in the Cretaceous sequence lower
than that. Thus, it has been another main purpose of the present study to ascertain
how the cyclic phenomena took place in the Cretaceous sedimentation throughout the
meridional zone of Hokkaido.

The areas covered by the writer’s survey are from north to south as follows (Fig.
1).

(1) The Kamisarufutsu district, province of Soya

(2) The Obirashibe Valley, southern part of province of Teshio

(8) The Sorachi anticlinal area, province of Ishikari

(4) The Ikushumbetsu Valley, province of Ishikari

(5) The Tomiuchi district, province of Iburi

The results of the biostratigraphic study in each of the areas mentioned above
are generally in harmony with the previous work (e.g. Matsumoto, 194243, 1954,
1959). In the Kamisarufutsu district, some new knowledge was obtained from the
Cretaceous strata in the Kamuikotan zone. The zone is to the east of the other sur-
veyed areas. The relationship between the lithofacies and biofacies was examined
in various ways in the Cretaceous rocks of the Obirashibe Valley; also in the Cre-
taceous deposits in the Sorachi anticlinal area a stratigraphic correlation was done on
the basis of cycle of sedimentation and the geological meaning of the deposition of
the Tsukimi sandstone member was clarified. Further, as to the Cretaceous forma-
tions in the Tkushumbetsu Valley and Tomiuchi district, a detailed stratigraphic suc-
cession of the Upper Yezo group can be established respectively.

On the basis of the data obtained by the writer and contributed by many other
persons the stratigraphy and sedimentation of the Cretaceous sequences in the merid-
ional zone of Hokkaido are here discussed. This paper is composed of three parts.
In Part I the geological conditions of the Cretaceous deposits along the Obirashibe
Valley are described with special reference to the sedimentary facies and sedimenta-
tion. In Part II the writer intends to give an outline ¢f the Cretaceous sequences
in the areas investigated by the writer other than the Obirashibe area. In Part III
he presents general account on the stratigraphy and sedimentation of the Cretaceous
deposits in the meridional zone of Hokkaido.

Heartfelt thanks are expressed to a number of persons for their help and advice
in numerous ways. The writer is much indebted first of all to Prof. Tatsuro Matsu-
moto of the Geological Institute, Kyushu University for his constant guidance and
many valuable suggestions. Prof. T. Matsumoto read the manuscript and sincere grati-
tude should be offered to him. For the study of the sedimentary rocks, indebted-
ness is expressed to Mr. Yasuo Sumi of the Geological Survey of Japan for his help.
Further thanks are offered to Messrs. JIsao Imai and Eiji Inoue of the Geological
Survey and to Mr. Yasuo Maeda of the Taisha Middle School, Hyogo Prefecture for
assistance in field work, and to Prof. Wataru Hashimoto of the Geological and LIin-
eralogical Institute, Tokyo University of Education for his suggestions.



PART 1
SEDIMENTATION OF THE CRETACEOUS FORMATIONS
IN THE OBIRASHIBE VALLEY,
NORTHERN CENTRAL HOKKAIDO

I. Introduction

The Obirashibe (or Opiraushibets) Valley is in the so-called Rumoi coal-field,
northern central Hokkaido (Fig. 2). The area has been known to exhibit a good
display of Cretaceous deposits in Hokkaido from several decades ago as a result
of some pioneer paleontological works on some ammonites from the area carried
out by the late Dr. K. Jimbo (1894) and Dr. H. Yabe (1903-4, 1909, 1910). Never-
theless the Cretaceous strata of the present area have not been fully investigated
since Dr. S. Yamane’s provisional survey (1926)%*.
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Fig. 2 Index map showing the Cretaceous locality
of the Obirashibe Valley, northern central
Hokkaido

In 1953 and 1954 the writer engaged himself to do field work on the Cre-
taceous formations of the Obirashibe Valley and an adjoining part of the northern
Kotambetsu Valley. The general geological results have already been published
in “Tappu and Horokanai,” Explanatory Text of the Geological Map of Japan

* The Cretaceous foraminifera of the present area were recently studied by Dr. Y.
Takayanagi (1958, 1960).



with scale of 1:50,000 (Tsushima, Tanaka, Matsuno and Yamaguchi, 1958; Igi,
Tanaka, Hata and Sato, 1958). For the Kotambetsu Valley there is a report by
T. Shimada (in Agatsuma and Masatani, 1953). The Cretaceous rocks of
the area under discussion are composed mainly of the two of the four major rock-
stratigraphic divisions in the Cretaceous deposits of the meridional zone of Hok-
kaido, viz., Middle Yezo and Upper Yezo groups. In this area the highest, Hako-
buchi group, is entirely lacking, and only a fraction of the Lower Yezo group is
exposed in a very small area. In addition to the biostratigraphie study, the re-
sults of which are generally in harmony with the previous work (e.g. Matsumoto,
1942-43, 1954, 1959), writer’s special attention has been paid to the sedimentary
facies and sedimentation. The following description includes, among others, that
of the relationship between the lithofacies and biofacies of the Cretaceous de-
posits. Furthermore, a preliminary study has been attempted on the sedimentary
rocks themselves.

II. Outline of the Topography and Geology

The valley of the Obirashibe, running westward into the Japan Sea, is bor-
dered on the eastern side by the Teshio mountain range of roughly N-S trend.
The middle and upper valley occupied by the Cretaceous deposits under considera-
tion is on the whole a hilly land; it adjoins the northern Kotambetsu and north-
western Sankebetsu valleys. The eastern backbone with the general altitude of
600 to 900 m is built up of the Cretaceous rocks themselves, while the western
divide of the Tertiary. In this area, the main course of the Obirashibe is of near-
Iy N-S trend in the upper stream and nearly ENE-WSW in the mid stream, show-
ing incised meandering; it is joined by many larger and smaller tributaries. The
northwestern and eastern tributaries are mostly rather consequent streams, on
the other hand the southeastern ones, of which the three tributaries of the Kami-
kinembetsu-zawa, Nakakinembetsu-zawa and Shimokinembetsu-zawa are very long,
are generally rather insequent streams.

The geological conditions of the area under discussion may be outlined as
follows. In the first place, the geological map of the Obirashibe Valley and its
neighbouring area is shown in Map I and Fig. 3 respectively. The Cretaceous
deposits along the Obirashibe Valley occupy the western wing of a large scale
anticlinal structure, the axial part of which exhibits the Kamuikotan metamorphics
and Jurasso-Cretaceous Sorachi group accompanied by serpentinite masses which
intruded near the close of the Cretaceous or the beginning of the Tertiary. Here,
the Cretaceous rocks consist of the Lower Yezo, Middle Yezo and Upper Yezo
groups in ascending order. The Lower Yezo group lying on the Sorachi group
with unconformity is composed mainly of sandstone and shale in alternation of
Flysch type; it is exposed in a very much small area at the northeastern extremi-
ty of the area under discussion®*. This group and the Middle Yezo group are in
disconformable relation, as is observed at the eastern adjoining area, i.e. along a
western tributary of the Uryu. The relation between the Middle Yezo and Upper

* In the northeastern adjoining area covered by the Pliocene deposits (Fig. 8) Puzosia
cf. communis SPATH was found in a boulder of siltstone which was probably derived
from the middle or upper part of the Lower Yezo group. This fact may therefore sug-
gest that the comparatively upper part of the Lower Yezo group is referred to the
Albian stage.
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Yezo groups is conformable. The latter, in turn, is unconformably covered by the
Oligocene, Lower Miocene and lower part of the Middle Miocene. A considerable
amount of the Cretaceous rocks were eroded away before the deposition of the
lower part of the Middle Miocene at the western margin. In the present area,
the Hakobuchi group, the uppermost strata of the Cretaceous deposits in the merid-
ional zone of Hokkaido, is not exposed owing to the denudation before the de-
position of the Tertiary, although it is supposed to have been originally deposited
therein. Sandstone dykes, which intruded in the Cretaceous age, are found
throughout the Cretaceous domain, being especially frequent in its southwestern
and western central parts.

The Cretaceous rocks in the area show a remarkable tectonic gap in their re-
lation to the Neogene formation, but none to the Paleogene. As described above,
they occupy the western wing of a large scale anticlinal structure. The strata
form a westward homoclinal, locally fluted structure in the north and east where
faults of N-S trend are predominant, while they show a great nose structure pro-
jecting to the west in the southwest. The nose structure is disturbed by minor
foldings, minor nose structures and numerous faults which run dominantly in
directions of NE-SW and NW-SE.

III. Stratigraphic Sequence
I1I. 1 General Remarks

The minor rock-stratigraphic classification of the Cretaceous strata in the
area can be made on the basis of the vertical changes of both the lithofacies and
the biofacies. The lithofacies means rock characters such as grades of coarseness,
stratification and fissility, sandstone-shale ratio, enclosed tuffs or tuffaceous rocks,
calcareous concretions, megafossils, drifted plant remains or carbonaceous flakes.

The biofacies is represented by the composition of the gross fossil assem-
blages which are especially well represented by the dominance ratio of ammonites
te inocerami and that of aberrant ammonites to coiled ones, and so forth.

The abundance of some lithologic elements and that of fossils are defined as
follows in this paper.

(1) Thin beds or layers of sandstone and tuff (As to the abundance of sand-
stone, the case of sandstone and mudstone in frequent alternation is ex-
cluded.)

a) Abundance in a given exposure (in percentage of total thickness)

abundant: 10~20%
common @ 5~10%

few r 1~5%

rare : 0.5~1%

very rare: less than 0.5%

b) The abundance in a given unit (e.g. a member) is represented by
the approximate average grade of abundance varying from horizon
to horizon within the unit.

¢) Where thick beds of sandstone or tuff are almost exclusively inter-
calated in a given unit (e.g. a member), their abundance also is to
be here determined on the basis of the percentage noted above [in

al.



(2) Calcareous concretions (of moderate size)
a) Abundance in a given exposure (in number per a given square meas-

ure)
abundant: more than 1 per 1 metre square
common 1 per 1~2 metres square
few : 1 per 2~4 metres square
rare : 1 per more than 4 metres square

b) The abundance in a given unit (e.g. a member) is shown in the same

way as noted above.

¢) Where huge concretions are almost exclusively contained in a given

exposure, their certain abundance is to be here raised to the rank
just superior to that determined by the same way as noted above.
(8) Fossils

For defining the fossil abundance of a given unit (e.g. a member) within
a certain sequence, there should be taken into consideration the abundance of
the following three categories within the unit: (1) abundance of a given
species at a certain locality, (2) abundance of gross fossil assemblages at a
given locality, and (3) fossil abundance at a given fossiliferous horizon.

a) With these items in mind, on the basis of the abundance of species
at a given locality (i), the abundance of gross fossil assemblages at a given
locality (ii) is defined as below; also on the basis of the fossil abundance at
the fossiliferous horizons within a given unit (e.g. a member) (iii), the fossil
abundance in a given unit (e.g. a member) (iv) is defined as below.

(i) (ii) (iii) (iv)
2VA or more VA 2va or more VA
3A or more 3a or more
1VA 1lva
2A 2a
2A+1C b 2a+tlc A
1A+2C la+2c
1A ‘ la
1A+1C A | la+t1le C
2C or 3C 2¢ or 3c
1C 1c
2F or 3F o 2f or 3f B
1F 1f
5R~9R ¥ 5r~9r B
1R~4R R 1r~4dr VR

VA, va: very abundant, A, a: abundant, C, c: common,

T, f: few, R, r: rare, VR: very rare

2VA in (i): two species occur very abundantly at a given locality.

2va in (iii) : two horizons where fossils occur very abundantly are counted

in a given unit (e.g. a member).

In the case of (i) and (iii) there are many other examples in each of all the



ranks other than the base. For example, 1C + 2F (or 3F) is to be included into
the third rank from the top, because 2F (or 3F) is of the same rank as 1C.
For the abundance of the above four categories the following explanations

are given.
b) Abundance of a given species at a certain locality (in number of
individuals)

very abundant: numerous, not easily countable

abundant : more than 16

common . 6~15

few : 3~5

rare : 1~2

In the case of inocerami, the joined two valves are of course to be
counted as one individual. A huge fossil such as an individual of a certain
puzosid or pachydiscid, where it forms a calcareous concretion itself, is to
be counted in the same way as a calcareous concretion.

¢) Abundance of the gross fossil assemblages at a given locality

This value is to be represented by both number of species and abun-
dance of each species within the locality. Thus, three species (e.g. the first
example in the above table) which are respectively very abundant, abundant
or common in number of individuals, are to be here counted per each locality.
This should be done because in the Cretaceous deposits of this area three
species as defined above are counted in many localities.

d) Fossil abundance at a given fossiliferous horizon

This value is to be represented by the approximate average grade of
abundance of gross fossil assemblages as defined above varying from locality
to locality within the fossiliferous horizon.

e) Fossil abundance in a given unit (e.g. a member)

This value is to be represented by both number of fossiliferous hori-
zons and fossil abundance at each fogsiliferous horizon within the unit. Thus,
three fossiliferous horizons (e.g. the third example in the above table) where
fossils are respectively very abundant, abundant or common are to be here
counted per each sequence of 100 m thickness. This is the case because as
to the Cretaceous deposits in the area under discussion, difference of both
lithologic and faunal aspects are generally diseriminated per each sequence
of about 100 m thickness which ordinarily coincides with a member or its sub-
division and three fossiliferous horizons as defined above are counted in
many sequences.

Such definitions of the abundance of some lithologic elements and that of fos-
sils as mentioned above are also applied to the Cretaceous deposits in other areas
covered by the writer’s survey which are described in Part II of this paper.

The stratigraphic succession thus established is shown in Fig. 4*. All of the
minor stratigraphic units subdivided here may be equivalent to members in recent
stratigraphy.

Before entering into a stratigraphic description the following notes [ (1)—(7)]
are briefly given on some of the rocks constructing the Cretaceous strata under
discussion.

* For the correlation of the Japanese Cretaceous time-stratigraphic classification to the
European standard, see Fig. 29 in page 74 of this paper.
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(1) The sandstones are generally greenish grey to bluish grey in colour
where they occur as thick beds with several to ten metres or so, but grey to dark
grey where intercalated as thin beds or layers with various thickness ranging
from 3 or 4cm to 30 cm or so. Some of them are calcareous or tuffaceous. In
the alternating sandstone and mudstone graded bedding is well developed.

(2) The argillaceous rocks, ordinarily dark grey in colour, pass into blackish
as their coarseness decreases and are at various horizons shaly, occasionally grad-
ing even into shale. In this paper, the general term ‘“mudstone” is often, for
convenience, to be used for rather clayey rock, i.e. indurated rock of silt-clay mix-
ture, which is, in turn, to be classified into mudstone (clayey) and mudstone
(silty) in some cases, discriminating the former from claystone (s. s.) and the latter
from siltstone (s. s.). The mudstones become furthermore sandy, such being oc-
casionally more or less greenish coloured. The term “laminated sandy mudstone”
in this paper means mudstones very frequently interlaminated with sandstones.

(8) The tuffs or tuffaceous rocks (tuffaceous sandstones and mudstones),
which are as a rule whitish to greenish in colour, are mostly intercalated as thin beds
or layers with various thickness ranging from 3 or 4cm to 30 cm or so and oc-
casjonally as thick beds, several to ten metres or so in thickness. They are oc-
casionally well stratified or laminated, and generally rather loose. Some of them
are hard, compact and of flinty appearance especially in the sandy facies. Fur-
thermore they are in some cases altered into bentonitic.

(4) A great amount of greensand grains, the mineralogical characters of
which must be left for future study, are disseminated in the mudstones as well as
in the sandstones at several horizons.

(56) The calcareous concretions are rounded, generally ellipsoidal or spherical
but occasionally irregular in shape, and of various sizes ranging from 3 or 4 em to
Im or more in diameter. Concretions are ordinarily spherical or irregular in
shape in the massive rocks, while ellipsoidal or flattish in the stratified ones.

(6) The marine fossil remains represented chiefly by ammonites and ino-
cerami occur abundantly with a random orientation or with an orientation sub-
parallel to the plane of sedimentation in the concretions as well as in the host
rocks themselves, They are however rather scarce in the ellipsoidal or flattish
concretions as the drifted plant remains and carbonaceous flakes mentioned below.

(7) The drifted plant remains and carbonaceous flakes are included in both
concretions and host rocks, the latter showing stripped patterns in some of the
sandy rocks.

III. 2 Middle Yezo Group

The Middle Yezo group, about 3,500 m thick, lies on the Lower Yezo group
with unconformity. Mudstones are rather predominant throughout the group, but
sandstones commonly occur in the lowest and uppermost parts.

The lowest part of the group (Ma-Mc), 1,000 m or so in thickness, is named
the Kanajirizawa formation and composed mainly of sandstones with subordinate
mudstones and conglomerates. It is subdivided into three members, the middle
one of which is finer grained than others and the upper one of which intercalates
a thick tuffaceous rock. Calcareous concretions and fossil remains are very poor
in this formation.

The main part (Md-Mk), nearly 2,000 m thick, is comparatively monotonous
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Table 1 List of the fossils from the Nakakinembetsu sandstone member (Ml)
in the type exposures along the Nakakinembetsu-zawa

| Lower course of the | Mouth of

B Area [ 5 | 4
Nakakinembetsu-zawa the Nakakinembetsu-zawa
Bt Locality : —
HESLER = _ |91-a 91-b 91-¢|91-d 60-a 60-b | 60-c 60-d| 59
Neophylloceras subramosum | ‘ | ‘ I ‘ | 'R |
N. ramosum [ | | R i
| Tetragonites sp. R | | C | |
| Tragodesmoceroides subcostatus | R | | | ? | | R ‘
| Tragodesmoceroides sp. | | : R |
' Mesopuzosia pacifica | | ? | R
| M. yubarensis R | | R ?
| Mesopuzosia sp. | R | . |
| Jimboiceras planulatiforme I ’ | I | |
i Hyphantoceras venustum | | | R R | |
| Bostrychoceras otsulat R ‘ ‘ | R '
Scaphites planus . A | |
S. pseudoaequalis A | R ‘
Scaphites sp. ' | R R ‘
Otoscaphites puerculus \ A | | R | R
| Scalarites scalaris | JON _ ~ R ‘
| Scalarites sp. R | | !
| Inoceramus tenwistriatus | R | [ ? R | R |
L hobetsensis ! : | : R i | R
I. teshioensis | | | 7 | :
| I incertus | | . |
Inoceramus sp. ' | F R | | F | R
I Simple coral | | | R
i Fish scale | | ; | R |
Plant remains or carbonaceous flakes | A | | | C A |
All the locality numbers in the lists of fossils are to have prefix NH.
A: abundant R: rare
C: common ? . identification indefinite; rare

F: few
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Fig. 5 Columnar sections and lithologic characters of the Nakakinem-
betsu sandstone member (Ml) in the type exposures along
the Nakakinembetsu-zawa



13

Explanation of Fig. 5

Legends for the stratigraphic sections
[ o e |

0
X Fossils of marine organisms, all the numbers being to have prefix NH

VVVVVVV] Tuff or tuffaceous rock

Mudstone

== —= == —— Fault relation

Thin beds or layers of sandstone being sporadically intercalated

Siltstone

Fine sandy siltstone
Sandstone and mudstone (or siltstone, in thin-bedded alternation

Mudstone (or siltstone) teing predominant
sandstone and mudstone (or siltstone) in medium-

or thick-bedded alternation

Both being approximately in egqual amount

Sandstone being predominant

Sandy siltstone to silty fine-grained sandstone
Silty fine-grained sandstone

Fine-grained sandstone

Medium-grained sandstone

Coarse-grained sandstone

Conglomerate

Near the lower limit, though not observable

<«—Horizons of rock samples, all the numbers being to have prefix OB
Explanation of the abbreviations

Cs: colour of the sandstones
B, : thick-bedded

B, : medium- to thick-bedded
B, : thin- to medium-bedded
L : lamination

Cl : cross-lamination

Ub: upeven bedding plane

R : ripple mark

M : contemporaneous breccia of mudstone
Cb: carbonaceous matter

C calcareous concretion

Explanation of the lines

Colour of the sandstones
Thick line: varigated
Thin line: greenish grey
Broken line: bluish grey
Dotted line: grey

Grades of abundance or frequency of the elements other than colour of the sandstones
Thin line: abundant or frequent
Broken line: not abundant or not frequent
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and fine-grained deposits containing sporadic calcareous concretions, some of
which are fossiliferous. However, beds or layers of sandstone are frequent in its
lowest part and those of tuff or tuffaceous rock are found at several horizons.

The uppermost part (Ml-Mo), about 500 m thick, begins with a unit of rela-
tively thick sandstone (Ml) named the Nakakinembetsu sandstone member (Fig. 5;
Table 1), and grades upward into concretional and fossiliferous mudstone with
frequent intercalation of sandstone, being finer grained in its middle part than in
the other. This part is referable to the Saku formation of the Abeshinai and Shiyu-
bari areas (Matsumoto, 1942-43, 1954) in its rock-facies and fossil contents. It oc-
cupies, however, a shorter stratigraphic range than the Saku formation in the stand-
ard areas. The Nakakinembetsu member, 50 to 90 m thick, are made up of sandstone
and mudstone (or siltstone) in alternation of various thickness with some conglom-
erates in its upper part. Furthermore, the member shows a noticeable lateral
change of the lithofacies and biofacies as mentioned below.

The fossils contained in the group are shown in Table 2. From this fossil
evidence the age of the group is concluded as presented in Fig. 4*. Inoceramus
hobetsensis characterizing the Upper Gyliakian stage occurs most abundantly in the
upper part of Mn (Mn:) and Mo, which are to be referred to the upper part of the
stage. This species is abundant also in the middle and upper parts of Mj (Mj2
and Mjs), which belong to the middle part of the stage.

III. 3 Upper Yezo Group

The Upper Yezo group shows a gradual change of rock-facies to the Middle
Yezo group and is no less than 1,700 m in thickness. The group is divided into
the main and the uppermost parts.

The main part of the group (Ua-Ug) is made up largely of monotonous fine-
grained sediments, containing calcareous concretions, with occasional tuffs or tuff-
aceous rocks, and is very fossiliferous throughout. The thickness is nearly 1,200 m.
Of its minor rock-stratigraphic units, Ub, i.e. the Kamikinembetsu silty fine-grain-
ed sandstone member (Fig. 6), is 380 to 100 m thick and it begins with sandstone,
6 m or less thick, and grades upwards on the whole into fine-grained rock. It is
characterized not only by its relative coarseness of the rock and great dissemina-
tion of greensand grains but also by abnormal sedimentary structures. The sedi-
ments are in the main ill sorted and provided with no few isolated pebbles. They
show irregular stratification, e.g. corrugate lamination, crinkled bedding, and oc-
currence of disrupted layers or beds and irregular bodies of sandstone, and also
contain no few concretions with very irregular shape (Fig. 7).

In the uppermost part (Uh-Ul), measuring up to 500 m in thickness, rocks are
on the whole coarser grained and tuffs or tuffaceous rocks are scarce as compared

* The following list is an addition to the list of fossils given in the succeeding chapters.
Member: Specific name (Locality)
Mb: Desmoceras cf. latidorsatum (NHG636)
D. (Pseudouhligella) cf. dawsont (NH635)
Me: Desmoceras kossmati (NH5ET04)
Inoceramus aff. cripst (NHG18, 627)
Lower part of Mf (Mf,): Desmoceras (Pseudouhligella) ezoanum (collected by T. Makino
from his loe. Kanajiri-zawa 74)
Uppermost part of Mh (Mhg): Inoceramus hobetsensis (NH 94, 97)
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Lithologic characters i Remarks

Laminated sandy mudstone, shaly; calcarcous concretions and fossils very abundant

Massive siltstone, rather comparatively fine grained,
partly shaly

Calcareous concretions: depressed, ellipgoidal or
disk-like and sporadic

Fossils: sporadic in concretions and host rocks

Showing abnormal sedimentary structures

Calcareous concretions: contained in
irregular orientation

Trregular bodies (0.3~0.5m in size) of sand-
stone and contemporaneous breccias of
mudstone: abundant

Greensand grains: irregularly inter-
laminated and disseminated in metwork

Massive silty fine-grained sandstone to fine sandy
siltstone, ill sorted

Calcareous concretions: sphaerical and of irregular
shape

Fossils: very abundant in concretions

~~ Greensand grains irregularly interlaminated

Massive siltstone, rather comparatively coarse
grained

Calcareous concretions: sphaerical and rather abun-
dant

Fossils: fairly abundant in concretions

~— |Greenish grey medium-grained

) sandstone, laminated

~— Greenish grey medium-grained sandstone and
silty sandstone in medium- and thick-bedded Carbonaceous matters: abundant in

alternation sandstone B
Greenish medium- and coarse-grained sandstone, Contemporaneous breccias of mudstone:
partly silty and tuffaceous, accompanied with not a few in sandstone

sandy siltstone

. 2 Crinkled bedding: occasionally developed
Fossils: rare in sandstone

LUa Massive siltstone, rarely ‘shaly; calcareous concretions and fossils sporadic

Fig. 6 Columnar section and lithologic characters of the Kamikinem-
betsu silty fine-grained sandstone member (Ub) in the type
exposure, Takishita

Wave lines showing crinkled bedding
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An irregular sandstone body in the outcrop along the left bank
of the Obirashibe near the mouth of the Kamikinembetsu-zawa
(vertical view) a: greensand-bearing silty fine- to medium-
grained sandstone, b: silty fine-grained sandstone to fine sandy
siltstone with sporadic calcareous concretions, c: fine sandy silt-
stone, laminated in the upper, d: medium-grained sandstone,
e: silty fine- to medium-grained sandstone, f: river-beach d and
e being not in the same plane

Irregular sundstone bodies and sandstone dikes in ill-sorted sedi-
ments in the outerop along the right bank of the Obirashibe near
Takishita (vertical view) a: coarse~to medium-grained sandstone
contzining pstches of mudstone, b: silty fine-grained sandstone
to fine sandy siltstone, c: fine sandy siltstone

Crinkled bhedding in medium- to coarse-grained sandstone in the
outcrop along the right bank of the Obirashibe near Takishita
(vertical view) =a and b being not in the same plane

Fig. 7 Showing some examples of the abnormal sedimentational features
found in the Kamikinembetsu silty fine-grained sandstone member
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with the main part. This part is concretionary and fossiliferous throughout.

The fossils obtained from the group are shown in Table 8. The conclusion,
from this fossil evidence, of the correlation of the members of the Upper Yezo
group is indicated in Fig. 4*. Inoceramus wwajimensis characteristic of the Lower
Urakawan stage occurs in a great amount in Uc and the lower part of Ud (Ud1),
which are to be referred to the middle to upper part of the stage. I. naumanni,
the stratigraphic occurrence of which ranges from the Upper Urakawan stage up
to the Uppermost Urakawan substage, is most predominant in the upper part of Ug
(Ugs), which belongs to the upper part of the Upper Urakawan stage. This species
is abundant also in Uf and the lower part of Ug (Ugi), which are to be referred to
the middle part of the Upper Urakawan. The abundant occurrence of I. schmidti
characterizing the Lower Hetonaian stage is known from Ui, which is to be as-
signed to the lower part of the stage. Thus, the Upper Yezo group ranges up to
Paleohetonaian in age as in the case of the Abeshinai Valley (Matsumoto, 1942-
43, 1954).

IV. Sedimentary Facies

IV. 1 Sedimentary Facies in General

Taking a wide view of the vertical change in the sedimentary facies of the
Cretaceous strata under discussion (Fig. 4), one may say that sandstones are most
dominant in the lowest part of the Middle Yezo group, being also intercalated as
frequent beds or layers of various thickness in the uppermost part of the same
group, while on the whole they are very sporadic in the other parts. The mud-
stones are shaly at various horizons and occasionally grade even into shale, the
latter case especially occurring in the lower half of the Middle Yezo group where
the mudstones are also frequently interlaminated with sandstones, i.e. nearly from
the Upper Miyakoan to the Lower Gyliakian stage. Beds or layers of tuff and
tuffaceous rock, calcareous concretions and fossils are more abundantly contained
in the upper part of the main part of the Middle Yezo group, the uppermost part
of the group and the Upper Yezo group, i.e. nearly from the Upper Gyliakian to
the Lower Hetonaian stage than in the other strata. Greensand grains are on the
whole disseminated throughout the Upper Yezo group and are abundant at several
horizons. The middle part of the main part of the Middle Yezo group shows
rather intermediate facies between the subjacent strata and superjacent ones.
Furthermore, a lens of limestone, about 5m in diameter is contained in the mid-
dle part of the Middle Yezo group.

Tuff and tuffaceous rocks occur dominantly in the upper part of the Lower
Urakawan and the middle part of the Upper Urakawan stage and occasionally in
the Uppermost Miyakoan substage, the transitional part from the Lower Gyliakian
to the Upper Gyliakian stage, the lower and upper parts of the Upper Gyliakian
and the upper part of the Upper Urakawan stage. A thick bed of tuffaceous rock
is intercalated in the Upper Miyakoan stage.

The thickness and lithologic composition of the stages and substages recog-
* The conclusion that the uppermost part of Ug (Ugs) is referred to the uppermost sub-
stage of the Urakawan series is tenable at least in the southeastern and northwestern
parts of the area (Fig. 18; Table 27).
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nized in the Cretaceous formations of the area may be summarized in Fig. 8. The
thickness of each stage is more than 400 m, while that of each of the substages
of the Miyakoan and Urakawan series does not exceed 200m. It is noteworthy
that the Lower Gyliakian and the Upper Gyliakian stages are much thicker than
in other important Cretaceous areas in the meridional zone of Hokkaido. In con-
nection with the greater thickness of the Upper Gyliakian stage there is to be
seen a shorter stratigraphic range of the uppermost coarser part of the Middle

Stages Lithologic | Approximate
or substages |compast Lron (%) | Lhickness (i)
Uppermast Al
Urakanar || e

Cpper
650
Crafawar |,
Lower || -
Crakawar |
Ypper )
y B /200
Guliakean |
Lower
S /000
Gleakian
Vp;ffrﬂayz‘: HH ; 200
Moyakoar:
S 7700
Moyakoarn
Conglomerale Sardstore

m Sarndstone and mudstore (n allernalon
Silty Fine-grained sandstone lo sanay sillstore
m Mudstore with freguent beds orlayers

oF saridstore

LT
SiZstone, sandy muablo Mudstone

Fig. 8 Lithologic composition and approximate thickness of the stages and
substages recognized in the Cretaceous deposits of the Obirashibe Valley
*It is represented by the lower part of the Middle Yezo group.

Yezo group, i.e. the equivalent of the Saku formation. Furthermore, it is also
noticeable that proportion of fine-grained clastics is much greater in the Lower
Gyliakian stage than in the subjacent Uppermost Miyakoan substage and the su-
perjacent Upper Gyliakian stage.

IV. 2 Vertical Changes of the Sedimentary Facies

Stratigraphic changes of the sedimentary facies
Taking a look at the vertical changes of the rock-facies of the Cretaceous de-
posits under discussion, it is readily recognized that there are ten sequences show-
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Explanation of Figs. 9~16

Legends for the stratigraphic sections

Number showing the fossil locality and prefix of the locality number showing abundance

1\ Upper limit unknown

Limestone

vwwvvvy Comparatively thick tuff or tuffaceous rock

Mudstone (clayey)

Fault relation

Thin beds or layers of sandstone being frequently intercalated

Mudstone (silty)

Siltstone, fine sandy siltstone or sandy mudstone

Mudstone (s.1.) with frequently interlaminated sandstone (laminated sandy mudstone)
Sandstone and mudstone (s.l.) in thin-bedded alternation

Sandstone and mudstone (s.l.) ir medium- or thick-bedded alternation

Sandy siltstone to silty fine-grained sandstone

No stratigraphic record due to the localities being separated far from each other
Medium-grained sandstone

Medium- to coarse-grained sandstone

Coarse-grained sandstone

Coarse- to very coarse-grained sandstone

Conglomerate

Lower limit unknown

grades of fossils (VA: very abundant, A: abundant, C: common, F: few, R: rare)

Explanation of the abbreviations

B:
L2
Sh:
Sl:
T 2
(GH
B

bedding

lamination

thin bed or layer of sandstone

lamina of sandstone

thin bed or layer of tuff or tuffaceous rock
calcareous concretion ‘

plant remain or carbonaceous matter

Explanation of the lines

Thi
Thi

ck line: abundant or very frequent
n line: common or frequent

Broken line: few or occasionally developed
Dotted line: rare or scarcely developed

Explanation of the abbreviations in Fig. 9

B,:
B!
B
Ch:

thick-bedded to massive
medium- to thick-bedded
thin- to medium-bedded
carbonaceous matter
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ing vertical changes in the grades of coarseness, viz., those from relative coarse-
ness to fineness as exemplified by Ma-Mb, Mc-Md, Me-Mf, Mg-Mh, Mi-Mk, M1-Ua,
Ub-Ue, Uf-Ug, Uh-Uk;, and Uks-Ul (Fig. 4). In this connection, vertical changes
of both lithofucies and biofacies are to greater or less degree recognizable in the
above-mentioned sequences. For detailed explanation of this statement, significant
facts observed in selected sections of better exposure are described below.

Sequences Ma—Mb and Mc~Md (Fig. 9).— These strata are composed of thick
sandstones with subordinate conglomerates and alternation of sandstone and mud-
stone of rather Flysch type; calcareous concretions and fossil remains are very
scarce throughout. The sediments are generally massive or thick-bedded in the
lower part of each sequence (i.e. Ma and Mc), while they are generally thin bed-
ded or medium-bedded in the upper part, which occasionally includes laminae with
abundant carbonaceous matters. Incidentally a thick bed of tuffaceous rock is in-
tercalated in the lower part of Mc which occupies the lowest part of the sequence
of Mec-Md¥*. 1It, furthermore, goes without saying that bedding and lamination are
well developed in Mb and Md.

(B) The Shinononie- zawa @) ({ager course of the Obirashibe
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,

Fig. 10 Stratigraphic sections and vertical changes in the lithofacies
of the Me-Mf sequence

* It is known that a thick bed of tuff, 10 to 15m thick, is contained in the upper part
‘of Ma in the eastern adjoining Horokanai district.
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Sequence Me-Mf (Fig. 10; Table 4).— The most fine-grained part is represent-
ed by the middle and upper parts of Mf (Mf: and Mfs) in which bedding and
lamination are also poorly developed and arenaceous rocks are very poor. Many
fossils are contained in the upper part of Mf. There are many tuffaceous beds,
each of which has the thickness of a few metres, in the lower part of Me along
the Jiro-zawa, although they are not illustrated in Fig. 10.

In the middle part of Mf the abundance of ammonites is not much different
from that of inocerami, the former being slightly greater in number, while in the
upper part of the same member the latter is more numerous than the former.
All of the ammonites collected throughout from Me to Mf are coiled forms and
no aberrant ones are found. The dominant ammonites from the middle part of
Mf are Desmoceras (Pseudouhligella). Of inocerami, Inoceramus concentricus nip-
ponicus and I. yabei are predominant in the upper part of Mf. Bivalves other than
inocerami are dominant in Me.

(C) Yppercourse of the Obirashibe
The Jiro-zawa

BLSITE

.
i
I

i

(A) The Matchinembelsu-zama
B G (B) Thee Kanayird- 2z

REG —
F95

(D) The Kabaro-sawa

Fig. 11 Stratigraphic sections and vertical changes in the lithofacies of the Mg-Mh sequence

Sequence Mg—-Mh (Fig. 11; Table 5).— The grade of coarseness is finer in Mh
than in Mg. In Mh lamination is poorly developed and arenaceous sedimwnts are
gcarce throughout therein. Tuffaceous rocks are frequent in the upper and upper-
most parts of Mh (Mh: and Mhs) and locally so at several horizons of Mg.

Fossils are sporadic throughout, although they are locally not few in the low-
er part of Mh (Mhi). In consequence, the vertical change of the biofacies is not
exactly readable. Nevertheless, roughly speaking, ammonites represented by coil-
ed forms such as Desmoceras (Pseudouhligelle) are rather predominant in the lower
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part of Mh, while inocerami are so in the upper part. Few aberrant ammonites are
found in the sequence.

(B) The Okuriclamala
(A) 7he Nakakinembetsu-zama Upper course of the (birashibe
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Fig. 12 Stratigraphic sections and vertical changes in the lithofacies
of the Mi-Mk sequence

Sequence Mi-Mk (Fig. 12; Tables 6, 7).— The middle and upper parts of Mj
(Mj» and Mjs) carrying frequent tuffaceous rocks and calcareous concretions and
Mk are composed mainly of fine-grained sediments. In Mi laminae of sandstone
are occasionally contained. The occurrence of fossils is abundant in Mi, and is
rather so in the middle and upper parts of Mj, being more dominant in the middle
than in the upper. Drifted plant remains and carbonaceous flakes are abundant-
ly contained in host rocks as well as in concretions of Mi, and moreover they
are included in many of the concretions of Mj2. The vertical changes of the bio-
facies are illustrated in tabular form in Table 7.

Sequence MI-Ua (Fig. 13; Tables 8, 9).— The sediments of Ua in which cal-
careous concretions and fossil remains are on the whole scarce is not only the
finest grained but also most poor in arenaceous rocks. Bedding is most frequent-
ly observable in Ml and Mm. Ml itself shows vertical changes in some detailed
aspect of the lithofacies (Fig. 5). For example, the sediments are rather thin
bedded in the lower part which is rich in concretions and drifted plant remains
or carbonaceous flakes, while rather massive or thick bedded in the upper which is
poor in concretions and carbonaceous matters. The predominance of carbonaceous
matters in the thin-bedded part is harmony with the cases of Ma and Me. Fur-
thermore, it is noticeable that in Mo bedding is well developed, thin beds or lay-
ers and laminae of sandstone, and tuffaceous rocks are dominant, and concretions
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Fig. 13 Stratigraphic sections and vertical changes in the lithofacies
of the Ml-Ua sequence

and fossils are found in a great amount. These features should be considered with
reference to the biofacies of this member (Table 9). This point is discussed be-
low. The vertical changes of the biofacies are illustrated in tabular form in Table
0

Sequence Ub—Ue (Fig. 14; Table 10).— The rocks are finest in the upper part
of Ud (Uds) and Ue, the latter of which scarcely contains arenaceous matters.
Bedding or lamination and sandstones, interbedded or interlaminated, and tuffa-
ceous rocks together with calcareous concretions and fossils are least in such strata.
Drifted plant remains and carbonaceous flakes are most abundantly found in the
concretions as well as in the host rocks themselves of Ub. Furthermore, it is
worthy of mention that the sediments of Ub are provided with frequent abnormal
sedimentary structures as mentioned before.

Inocerami occur more abundantly than ammonites throughout from Ub to Ud,
especially so in Uc and the lower part of Ud (Udi). There are, however, con-
tained not a few ammonites in Ub and Uc. Aberrant ammonites of which scaphi-
tids and Baculites play the leading part are dominant in Ub, while coiled ones such
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Fig. 14 Stratigraphic sections and vertical changes in the lithofacies of the Ub-Ue sequence

as Damesites and Gaudryceras are so in Ue. The representative species of inocerami,
Inoceramus uwajimensis occurs throughout from Ub to Ud: in the greatest amount,
followed by I. mihoensis in Uc and Ud:i. Furthermore, other bivalves are not scarce
in Ub.
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Fig. 15 Stratigraphic sections and vertical changes in the lithofacies of the Uf-Ug sequence

Sequence Uf-Ug (Fig. 15; Tables 11, 12).— The lower part of Ug (Ugi) is the
finest grained. Bedding and lamination are more frequently developed in Uf and
the upper part of Ug (Ugz) than in Ugi; so are thin beds or layers and laminae
of sandstone. Tuffs or tuffaceous rocks are dominant and calcareous concretions
are abundant in Uf and Ugs. The concretions of Uge, especially of its relatively
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upper part contain abundantly drifted plant remains and carbonaceous matters.
Fossils are scarcely found in Ugi. The vertical changes of the biofacies are il-
lustrated in tabular form in Table 12.
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Fig. 16 Stratigraphic sections and vertical changes in the lithofacies
of the Uh-Uk sequence

Sequence Uh-Uk1 (Fig. 16; Tables 18, 14).— The rocks are on the whole finest
grained in Uj which is not provided with frequent bedding and lamination and
contains few calcareous concretions. Thin beds or layers and laminae of sand-
stone are rather predominant in Uh as well as in the lower part of Uk (Uki). Tuffa-
ceous rocks are rather common in Ui, especially in its lower part. Uh which
includes abundant drifted plant remains and carbonaceous matters in concretions
as well as in host rocks themselves, and Ui are rich in fossils. The vertical
changes of the biofacies are illustrated in tabular form in Table 14.

Sequence Uks-Ul (Fig. 16; Tables 13, 14).— The sediments of the upper part of
Uk (Uks) are coarser and richer in calcareous concretions and fossil remains ag
compared with those of Uki. Drifted plant remains and carbonaceous flakes are
abundantly contained in the former. From Ul which is scanty of concretions no
fossils have been found. The biofacies of Uks is shown in Table 14.

Vertical changes in lithofacies

The strata above Mh show definite vertical changes of the lithofacies in gen-
eral throughout, although their sediments are too comparatively monotonous and
fine grained to exhibit clear vertical change in grades of coarseness. In the typi-
cal sequences such as Ub-Ue and Uh-Uki, sandstones become less frequent upwards,
bedding or lamination is relatively well developed and calcareous concretions and
fossil remains are dominant in the lower half, and no few drifted plant remaing
and carbonaceous flakes are contained in the lowest part. Such tendencies are
essentially recognizable also in the other sequences, i.e. Mi-Mk, MI-Ua and Uf-Ug,
all of which however show at the same time some difference of great or small de-
gree. For example, the sequence of Mi-Mk carries abundant tuffaceous rocks, con-
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cretions, fossils and drifted plant remains or carbonaceous matters in both the
lowest part (Mi) and the middle part (Mj2); the MI-Ua sequence includes quanti-
ties of thin beds or layers of sandstone and tuffaceous rocks, concretions and fos-
sils even in its middle part (Mo), the sediments of which are well stratified. Ac-
cordingly, these two sequences may be thought to be composed of two minor ones
respectively. Such may be also pointed out in the case of the Uf-Ug sequence
with local sandstone and mudstone in alternation in the lower part of Uge. But,
as mentioned below, these points should be taken into consideration with refer-
ence to the vertical changes of the biofacies in the sequences under discussion i.e.
Mi-Mk, M1-Ua, and Uf-Ug. As to the Uf-Ug sequence, conditions in the upper
part (Ugs) are similar to those in the lower part (Uf), and they exhibit features
of the lower or lowest part of the typical sequence. TUk: also just presents condi-
tions of the lower or lowest part of the typical sequence.

The typical changes of the lithofacies as described above are not fully indi-
cated in each sequence of the strata lower than Mi, for tuffaceous rocks, concre-
tions and fossils are sporadic throughout. While sandstones are predominant in itg
lower part or lower half of the sequence. Notwithstanding, some of the above-
mentioned general tendencies are barely discernible even in such strata. While it
is needless to make mention of the Ma-Mb sequence, a thick bed of tuffaceous rock
is contained in the lower or lowest part of the Mc—Md sequence. In the succeeding
Me-Mf sequence bedding and lamination become inconspicuous upwards and tuffa-
ceous rocks are of common occurrence in the lower part. In the Me-Mf sequence
fossils are few in the lower part, where sediments are alternations of Flysch type,
but abundant in the upper part, as in the case of the Uf-Ug sequence. In the
Mg-Mh sequence, laminations are common in the lower part and tuffaceous rocks
and fossils are dominant in the upper part. Thus, the upper part of each of the
two sequences Me-Mf and Mg-Mh presents conditions more or less similar to those
in the upper part of the Uf-Ug sequence.

In a word, as mentioned above similar vertical changes of the lithofacies are
repeated throughout the Cretaceous deposits of the area. However, they are oc-
casionally modified in great or small degree under the influence of conditions of
sedimentation, such occurring especially in a given sequence which is occupied by
thick coarse-grained sediments in its lower part. Furthermore, greensand grains
are most disseminated in the lower or lowest part of a given sequence as exem-
plified in the cases of Me, Mi, Ub and Uh. And then, they are locally not few in
the uppermost part as shown in the case of the upper part of Ua and that of Ugs.

Vertical changes in biofacies

As described before, marine fossil remains and drifted plant remains or carbo-
naceous flakes are, generally speaking, abundant in the lower part or lower half of
a given sequence, occasionally rather so also in the upper or uppermost part, but
not in the middle.

In the first place, so far as the Cretaceous strata of the area are concerned,
the composition of fossil assemblages may be approximately represented by the
dominance ratio of ammonites to inocerami, although shells, most of which are
bivalves other than inocerami and ammonites, are not always few in some beds
or members (Fig. 4). Thus, on the basis of this dominance ratio, three facies,
viz., ammonite facies, inocerami facies and mixed facies, can be discriminated.
Explicitly, in the first facies ammonites are more abundant than inocerami, in the
second a quite opposite condition is shown, and in the third ammonites and ino-
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cerami are contained in nearly equzl amounts. The vertical changes in the com-
position of fossil assemblages in the typical sections of the Cretaceous deposits
of the present area are shown in Table 15.

Each of the two sequences of Ml-Ua and Uf-Ug begins with the ammonite
facies, which, in turn, is followed by the mixed facies and ends with the ino-
cerami facies, although the final stage is accompanied again by the mixed facies
which is transitional to the next sequence. Such a cyclic change may not always
be presented, when it is under the influence of other conditions of sedimentation.
But the tendency to a similar regularity is, in practice, shown in many sequences
such as Me-Mf, Mg-Mh, Ub-Ue and Uh-Uk;, if we exclude the minor modifications.
Uke which represents the lowest part of one sequence shows the mixed facies.
From these facts it is concluded that the typical vertical change in the composi-
tion of fossil assemblages in a sequence is represented by an ammonite facies, a
mixed facies and an inocerami facies in ascending order. In other words, inocerami
gradually takes the place of ammonites upwards in dominance.

Judging from the above-mentioned general tendency, the Mi-Mk sequence
should be thought to be composed of two minor sequences as previously mentioned,
while the Ml-Ua sequence is not made up of two minor sequences but itself forms
just one sequence of the scale under discussion in spite of the peculiarity of the
lithofacies of Mo. Furthermore, shells other than inocerami and ammonites,
though not always abundant, are more commonly found in the lowest or lower
part of some sequences such as Me-Mf, Ml-Ua, Ub-Ue, Uf-Ug, and Uh-Uk:; they
are indeed locally abundant in Me, Ml and Mm.

In the next place, the writer has directed attention to vertical change of the
composition of ammonite assemblages. For this purpose the abundance ratio of
aberrant ammonites to coiled ones is first analysed (Fig. 4; Table 15). For ex-
ample, in the Ub-Ue sequence aberrant ammenites are much more abundant than
coiled ones in the lowest part, such being exemplified also in the lower part of
the Uk:-Ul sequence, while such conditions turn to the opposite in the succeeding
part. The conditions in the Mi-Mk and Uh-Uk: sequences are also essentially
similar to the case of the Ub-Ue sequence. Furthermore, as to the Uf-Ug se-
quence the abundance ratio under consideration is greater also in the uppermost
part. Consequently, it is concluded that aberrant ammonites are predominant in
the lowest or lower part and even in the uppermost or upper part of a given se-
quence, but not in the middle. Such is well shown also in the MIl-Ua sequence, it
being undoubtedly one sequence itself, in which the vertical change of the abun-
dance ratio under discussion is reflected in best order. All of the sequences lower
than Mi—-Mk are not provided with the above-mentioned change because of the lack-
ing or scantiness of aberrant ammonites.

The second analysis is made about the vertical change in the occurrence of
coiled ammonites themselves. For this purpose the coiled ammonites are divided
in strongly ornate and less ornate or unornate groups. The latter are furthermore
subdivided as follows on the basis of some external morphological characters of
their adult stage. The specific names are given as examples of the proposed sub-
divisions (Plate I).

Group A thin-shelled; whorl inflated, with nearly circular cross-section.

1: involute, rather weakly ribbed. Phyllopachyceras ezoense.
2: rather évolute; smooth but constricted. Tetragonites glabrus.

Group B thin-shelled; whorl rather compressed and oval in cross-section.



Table 15 Schematic vertical changes of the biofacies in the typical stratigraphic
sections of the Cretaceous deposits in the Obirashibe Valley
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1: rather involute; smooth but constricted; whorl more compressed in
some cases as compared with the following two subdivisions.
Desmoceras (Pseudouhligelle) japonicum and D. (P.) ezoanum.

2: involute; weakly ribbed. Tragodesmoceroides subcostatum.

3: involute; on the whole weakly ornamented, i.e. smooth or finely
ribbed, with constrictions and a ventral keel. Damesites damesi
and D. semicostatus.

Group C rather thick-shelled; evolute; moderately ribbed.

1: whorl less compressed, with rounded oval cross-section; less strongly
ribbed than the following two subdivisions. Gaudryceras tenwi-
liratum.

2: whorl less compressed, with rounded oval cross-section. Gaudry-
ceras denseplicatum.

3: whorl compressed, with elliptical cross-section. Mesopuzosia yubar-
ensis and Neopuzosia ishikawas.

The strongly ornate ammonites are called here group D. Actually they are,
however, at any given locality, very few in number. Genera belonging to this group
are: Yokoyamoceras, Anapachydiscus (not so strongly ornamented), Eupachydiscus,
Menuites, Calycoceras, Yubariceras, Romaniceras, Collignoniceras, Reesidites, Peroni-
ceras, Texanites, ete. (Plates II, IIT).

The data obtained from the observations along several typical sections, which
are suitable for this analysis, are shown in Tables 4, 5, 6, 8, 10, 11, and 13. From
these data the vertical changes in the occurrence of the leading coiled ammonites
under discussion may be summarized in Table 15. The noticeable types of upward
changes are from Cs to C1 or Ce, from Bs to A1 and from Bz to A2 as shown in the
Mi-Mk and Uh-Uk; sequences. Such being the case, vertical changes are recogniz-
able as a general tendency from coiled ammonites with compressed whorl of el-
liptical section and with ornament of moderate intensity upwards to those with
inflated whorl of circular section and without or with only weak ornamentation.
Changing the expression, the leading occurrence of the former ammonites becomes
gradually superseded upwards by that of the latter. Bi becomes predominant up-
wards in the Me-Mf and Mg-Mh sequences and is the most abundant in the middle
part of these sequences. Such fact is however essentially not in disharmony with
the above-mentioned general tendency, if we consider that Bi is provided with a
smooth whorl and that its section is not elliptical. In the MI-Ua sequence, Az is
predominant in the rather middle part. This condition is in accord with the gen-
eral tendency. The case of the Uf-Ug sequence also is not fundamentally differ-
ent from this general tendency if we notice that Bs is abundant not in the lowest
part of the sequence (the lower part of Uf), bu* in the lower part (the upper part
of Uf) and that Bs is predominant over Cs. ‘'his is exemplified by the strati-
graphic section of a limited area which is here dealt with as a substitute for the
type sections*. Moreover, it is natural that As is not few in the lower part of the
sequence. The upward change from Ci to Cz in the upper part of the Uf-Ug se-
quence, though in reverse order, agrees with the general tendency. This is of course
closely related to the fact that both the lower and the upper parts of the sequence,

* Leading ammonites from this stratigraphic section are as follows:

Upper part of Uf: NH 467, 468 (same horizon), Damesites damesi (abundant), D. semi-
costatus (abundant), and Neopuzosia ishikawai (not few)

Lower part of Ug (Ugi): NH 470, D. semicostatus (abundant)
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ji.e. both Uf and Ug: (plus Ugs) are similar in the relative coarseness of the rock
and in the predominance of tuffaceous rocks, calcareous concretions and fossils.
Furthermore, as to the Ub-Ue sequence, though Inoceramus is quite abundant
throughout the sequence, the tendency is apparent in the same way, because B is
predominant not in the lowest part, but in the lower part¥®.

Furthermore, strongly ornate ammonites with inflated or rather compressed
whorl section such as pachydiscids, kossmaticeratids and peroniceratids are oc-
casionally found in the lower part of the Uf-Ug sequence, i.e. in Uf. In Mg which
occupies the lower part of the sequence concerned (Mg—Mh), there are sporadi-
cally contained strongly ribbed and prominently tuberculate ammonites which
have rather subquadrate whorl section such as acanthoceratids. Such tendency
is, though inconspicuously, recognizable also in some other sequences, viz., Mi-
Mk, Ml-Ua and Uh-Uk; (Table 15). Accordingly, it may be regarded as a general
tendency that strongly ornate ammonites, i.e. group D, are more frequently found
in the lower part of a sequence as here discussed than in the succeeding part.

When a species of Inoceramus has the same stratigraphic range as another but
has different strength of ornament or convexity of shell, the prolific bed (within a
given sequence) of the former is of different stratigraphic position from that of the
latter (Plate III). For instance, a Neogyliakian species, Inoceramus teshioensis, the
test of which is comparatively convex especially on the left valve and has ribs of
moderate intensity, is dominant in the lower part of the lower minor sequence of
Mi-Mk (Mi-Mj:), while I. tenuistriatus with the same life period, the test of which
is nearly as convex as the former species but weakly ornamented, is so in the upper
part (Tables 6, 7). The prevalent species in the lower part of the M1-Ua sequence
is I. teshioensis; on the other hand, that of the middle and upper parts is I. incertus,
another Neogyliakian species, the test of which is equivalve, only slightly convex and
rather weakly ornamented (Tables 8, 9). And then, in the Uf-Ug sequence, I. ezo-
ensis and I. amakusensis which are provided with expansive and roughly ornamented
shells are the most abundant in its lower part, while I. naumanni which is provided
with obliquely elongated and finely ornamented shells is so and very plentiful in the
upper part, although these three species are co-existent with one another in the se-
quence (Tables 11, 12). In consequence, there seems sometimes to exist a certain re-
lation between the predominant occurrence of certain inocerami and the sedimentary
facies.

Cyclic sequences

The above-described sequence which essentially shows a cyclic vertical change
of the lithofacies and biofacies could be regarded as a kind of cyclothem. How-
ever, it is not appropriate to use the prevailing term “cyclothem” for defining a
series of beds deposited during a single sedimentary cycle in a geosynclinal area
such as the Cretaceous geosyncline of Hokkaido. The term ‘“cyclothem” was orig-
inally proposed with reference to the Pennsylvanian coal measures, the deposits
on a comparatively unstable shelf. Such being the case, the term ‘“eyclic se-
quence” is here for convenience used for the Cretaceous deposits under considera-
tion as a substitute for the term “cyclothem.” In some cases the cyclic sequence
may be incomplete or even hemi-cyclic, as understood from actual examples. In
the Cretaceous deposits under discussion there are recognizable ten cyclic se-
quences as exemplified by the sequences Ma—-Mb, Mc-Md, Me-Mf, Mg—Mh, Mi-Mk, Ml-

* Leading ammonites from this stratigraphic section are Damesites damesi (common) and
D. sugata (few) from Ue.



Ua, Ub-Ue, Uf-Ug, Uh~Uk;, and Ukz-Ul. Each of them is here, for convenience, de-
fined with its lower limit at the base of a more or less thick, relatively coarse-
grained sediments of a sequence. But, strictly speaking, the boundary between
the two succeeding cyclic sequences should be naturally placed at a certain position
within the comparatively coarse-grained sediments concerned. The absurdity on
this point, however, may be practically almost negligible (Tanaka, 1960a). The
cyclic sequence under discussion essentially represents the vertical change from
relatively shallow environments to relatively deep ones.

Boundaries between the individual cyclic sequences do not always coincide
with those of the chronologic scale, but are rather generally situated within the
stage concerned. Each of the cyclic sequences is to be referred to one formation,
a unit of rock-stratigraphic classification, being as a rule composed of several
members. Its time-stratigraphic range is ordinarily not more than that of one stage
and not less than half of it. The vertical changes of the lithofacies and biofacies
which are recognizable in the lower half of a cycliec sequence should be repeated in
reverse order in the upper half where the changes should be however very gradual.
The cyclic sequences represented by Uf-Ug and Me-Mf are almost complete in
such a sense, but others are not. It is reasonable and natural that the strati-
graphic positions where Inoceramus occurs abundantly, as in the case of Inoceramus
hobetsensis, I. wwajimensis, I. naumanni, and I. schmidti, are closely related to the posi-
tions of inocerami facies within the cyclic sequence concerned. In addition to the eyclic
sequences of the above-mentioned scale, there are also those of minor scale, e.g.
two minor cyclic sequences constituting a major one represented by Mi-Mk.

Takayanagi (1960) who recently examined the Cretaceous foraminiferal as-
semblages from the Obirashibe area presented several cycles in the frequency
curve of species and individuals. Minor discrepancy between the foraminiferal
cycles and the above-mentioned cyclic sequences recognized by the vertical change
of both lithofacies and biofacies should possibly depend on the insufficiency of the
foraminiferal samples as stated by Takayanagi. But most of the foraminiferal cycles
especially in the uppermost part of the Middle Yezo group and in the Upper Yezo group
are nearly equivalent to the corresponding cyclic sequences®*. In foraminiferal cycle
VIII referable to the eighth cyclic sequence represented by Uf-Ug, the conditions
shown in the total number and composition of assemblage of the lower part and
those of the upper part are similar to each other, differring from the conditions in
the middle part. Therefore, from the foraminiferal assemblage as well as from
the lithofacies and megafossil assemblage noted above, the cyclic sequence repre-
sented by Uf-Ug can be stated to be nearly complete.

The lithologic composition of the cyclic sequences recognized in the Creta-
ceous deposits under discussion are shown in Fig. 17. In this connection, the sand-
stone ratio, which is expressed by the ratio of coarse-grained sediments such as
conglomerates and sandstones to the gross sediments of a given stratigraphic unit
composed of clastic rocks, is smallest in the Mg—Mh sequence. Of course, this fact
bears directly on the minimum ratio of the Lower Gyliakian stage as described before.
Furthermore, the thickness of the cyclic sequence is, in general, not less than about
400 m and not more than nearly 700 m.

* The boundary between the foraminiferal cycles IV and V is probably the same as that
between the two minor cyclic sequences within the Mi-Mk sequence, the fifth cyclic se-
quence.
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Fig. 17 Lithologic composition and approximate thickness of the cyclic
sequences recognized in the Cretaceous deposits of the Obira-
shibe Valley For the legends see Fig. 8.

IV. 3 Lateral Changes of the Sedimentary Facies

Lateral changes in the sedimentary facies of the stratigraphic units

All of the members constituting the Cretaceous deposits in all parts of the
area roughly show a similarity in their thickness, rock-facies and fossil contents.
However, to speak more exactly, they exhibit lateral variation of great or small
degree in the lithofacies and also in their thickness. In this connection, all of the
members above Mh which are exposed almost throughout the area are here dealt
with. Some of them can be divided into several facies due to a conspicuous lat-
eral variation.

For recognizing the lateral variation of biofacies in a given member, localities
of abundant occurrence of fossils should be here selected in the constant number
and moreover they should be distributed at similar intervals of horizons from low-
est to uppermost within the member of the individual facies concerned. In case
of indistinctness of lateral change in the biofacies of a given member, the occur-
rence of aberrant ammonites, even if sparse, should be duly noted.

Taking into consideration the distribution of strata and lateral variation of the
sedimentary facies, the Cretaceous area would be partitioned as shown in Map II.

Mi (Tables 6, 16).— The member can be differentiated into facies a« (Fig. 12-
A), 8 and y (Fig. 12-B). In facies o aberrant ammonites are predominant¥®.

* In facies S, Inoceramus cf. hobetsensis oceurs in a small number only from loe. NH
412, which is not dealt with in Table 6.
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Table 16 Lateral changes in the sedimentary facies of Mi

Sedimentary facies

Facies division

Facies «

Facies g

Facies vy

Thick (60m)

Thickness Thin (30~60m) Thick (50~90m)
Silty fine-grained ‘Mudstone and
Lithology sandstone <fine Fine sandy siltstone | siltstone, commonly
sandy siltstone shaly
Dark grey,

Colour of the rocks

Greenish dark grey

Dark grey

occasionally greenish

Biofacies

Sorting m Somewhat well Well
Bedding Scarcely developed Occasionally developed
3 -
.g [
! Lamination Scarcely developed ! Occasionally developed
'g I
= g
= | Beds or layers:
Sandstones ‘ common Laminae: few
| Laminae: common
Calcareous
_0 Few Rare
concretions
Plant i
nt remains or Abundant
carbonaceous flakes
Fossils Abundant Few Not yet found
Composition of the Ammonites i
: . - (Inocerami)
fossil assemblages >inocerami

Composition of the

Aberrant ammonites

ammonite :
assemblages <coiled ones
Dominant Tragodesmoceroides
ammonites and Seiponoceras

Dominant inocerami

Inoceramus
teshioensis

Explanation of the signs in the tables on lateral changes in the sedimentary facies
>the left being much predominant over the right
>the left being predominant over the right
=both the left and the right being approximately in equal amount
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Fig. 19 Showing the stratigraphiec positions of the fossil localities of the selected
members in the Cretaceous deposits of the Obirashibe Valley
a, f3, ¥, and & show the type of facies. The prefix of the
locality numbers shows the abundance grades of fossils.
In facies ¥ and 6 of the second figure from the bottom,
Ug, is added to Uh.
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Table 19 List of the fossils from Mm sorted in the individual facies

Facies division
7\_,

Species 3
_ Locality
—

Facies o

Facies g

Facies y

Facies ¢

142

163

64

286-a

300

|181-a

Neophylloceras sp.

Tetragonites glabrus

Gaudryceras denseplicatum

Tragodesmoceroides subcostatus

Mesopuzosia cf. pacifica
Mesopuzosia sp.

Hyphantoceras venustum
Hyphantoceras sp.
Bostrychoceras sp.

oI =~~~

Scaphites planus

S. pseudoacqualis
Otoscaphites puerculus
O. puerculus teshioensis

Q=R H|x

Scalarites scalaris
Scalarites sp.

H e

Inoceramus concentricus costatus
. tenuistriatus

. hobetsensis

. hobetsensis nonsulcatus
. tburiensis

. teshioensis

== B B S W=~

Q=

"

e T T R ]

. incertus
Inoceramus sp.

181-b

Tessarolax acutimarginatus

Plant remains or carbonaceous flakes




41

Mj— There is little lateral change in both lithofacies and biofacies. Aberrant
ammonites are scarcely found in the southeastern part of the area, but in the
southwestern no few of them occur in the middle and upper parts rather than in
the lower part.

Mk.— The lithofacies and biofacies show barely a slight lateral variation.
However, the upper part, about 30 m thick, is represented by massive siltstone in
the southwestern part of the field, and thin beds or layers of sandstone, though not
very frequent, are more commonly met with there than elsewhere.

Ml (Tables 17, 18; Fig. 19).— This member named the Nakakinembetsu sand-
stone presents the most noticeable lateral change of the sedimentary facies in the
Cretaceous of the Obirashibe Valley. Itis divided into four facies, viz., facies «,
A (Figs. 5-A, 13-A), v (Figs. 5-B, 13-B) and §. Moreover, the occurrence of aber-
rant ammonites is abundant in the order of facies @, 8 and ¥, yet unknown from
facies 6.

Mm (Table 19; Fig. 19).— The lateral variation of the biofacies is not incon-
spicuous and therefore this member is classified into facies «, 3 (Fig. 13-A), y
(Fig. 13-B) and 8. The occurrence of fossils is common in facies «, and 3, while
sporadic in facies ¥y and 4. Ammonites are in facies « much more numerous than
Inoceramus which, in turn, are nearly equal to the former in facies 5 and y; facies
6 is represented only by Inoceramus. Aberrant ammonites, the principal part of
which are scaphitids, are predominant over coiled ammonites, and are more com-
monly found in the southwestern part. The dominant species of Inoceramus is re-
presented by Inoceramus teshioensis in facies 8, while I. hobetsensis in facies v and 5.

Mn.— The lithofacies as well ag the biofacies show little lateral variation. How-
ever, as to the biofacies, aberrant ammonites are dominant in the southwestern
part, but not yet obtained from the upper part of this member in the southeast-
ern part.

Mo.— The sedimentary facies does not show conspicuous lateral changes, but
some variation can be pointed out; facies o (Fig. 13-A), 5 (Fig. 13-B), ¥ and ¢
are discriminated. The criteria are as follows. The thickness is about 100 m in
facies «, while is more thick, i.e. nearly 150 m in the other facies. The mudstones,
which are the main constituent of the sediments, are as a rule coarser in facies a,
on the other hand on the whole finer in facies ¥y and 6. The mudstones of facies
B are rather intermediate grained. Furthermore, aberrant ammonites are most
scarce in facies o.

Ua.— It hardly shows any lateral variation of the sedimentary facies. In the
southeastern part, aberrant ammonites are not yet found from Uai, and only a few
ones are found from Uas.

Ub (Tables 20, 21; Fig. 19).— This member named the Kamikinembetsu silty
fine-grained sandstone is characterized by common occurrence of abnormal sedimentary
structures, and is partitioned into four facies: facies « (Figs. 6, 14-B). 3 (Fig.
14-C), v and 6. The abundance of aberrant ammonites decreases in the order of
facies «, B8 and y-6. Facies « includes a number of isolated pebbles in the west, and
therefore such facies is here distinguishable from it by the name of facies o’

Uc (Table 22).— It is divided into facies « (Fig. 14-B), 3 (Fig. 14-C) and y.
I'moceramus wwajimensis occurs abundantly in every facies, but I. mihoensis so only
in facies 3 (Table 10)*.

* I. mihoensis occurs commonly at loc. NH 230.
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Ud.— The thickness, though being variable, shows no change in a definite di-
rection. Tuffs or tuffaceous rocks occur more commonly in Udi~Ud:2 in the south-
western and southeastern parts than in the other areas, otherwise the lateral
variation of the lithofacies is hardly recognizable as is the case of the biofacies.
No aberrant ammonites are found in the southeastern.

Ue.— Although little Iateral changes of both litho- and biofacies are shown,
the thickness of this unit is about 100 m in the southwestern and southern cen-
tral parts, while it is so great as attaining nearly 200 m in the other areas. No
aberrant ammonites occur in the southeastern part.

Uf (Tables 23, 24; Fig. 19).— This member is divided into facies « (Fig. 15-
B), 8, v (Figs. 15-C, D) and &; the first and third of which are similar to each
other in the sedimentary facies, but they can barely be distinguished by the com-
position of ammonite assemblages. The occurrence of aberrant ammonites dimin-
ishes in the order of facies « and -6 except for facies y in which it is pre-
dominant.

Ug (Table 25) .— Ug: shows scarcely changes of the sedimentary facies. How-
ever, throughout the area exclusive of the southeastern part the lowest part of
the member is occupied by massive medium-grained sandstone or fine sandy silt-
stone, about 10 m thick. Ugs, from which its upper part (Ugs) correlated to the
Uppermost Urakawan substage is excluded in the southeastern and northwestern
barts because the member is usually referred to the Upper Urakawan stage, shows
lateral variation in its lithofacies. Therefore, it is partitioned into facies « (Fig.
15-A), B, v (Fig. 15-C) and 8. The thickness of the part with facies « of Uge
possibly thins out to the southwest. Here, the thickness of the part with o type
facies of Ugs is estimated to be nearly 50 m, while the total thickness of the mem-
ber to be no more than 100 m. Accordingly, this part can be represented by facies
a'. The biofacies, though the quantity of fossils is variable, exhibit essentially
no noticeable lateral changes. However, aberrant ammonites are more dominant
in facies @ and y than in the others. Aberrant ammonites are not yet collected
from this member in the southeastern part. Furthermore facies 7y is rather simi-
lar to facies « in lithofacies and biofacies.

Uh (Tables 26, 27; Fig. 19).— Ugs exposed only in the southeastern and north-
western parts is here included in Uh. This member is differentiated into facies
a (Fig. 16-A), 3, v (Fig. 16-B), 6 and & of which facies ¥ and & are akin to
facies « and 3 respectively. The thickness of the part with « type facies becomes
nearly 30 m to the southwest. The sediments with such thickness ean be distin-
guished from typical facies « and is here called facies &’. The occurrence of
aberrant ammonites are much more dominant in facies « and y than in facies 3
and J.

Ui— Any lateral variation of the lithofacies and biofacies is hardly observa-
ble. Thin beds or layers of sandstone, which are generally scarce in this member,
are occasionally intercalated in the southwestern part where many laminae of
sandstone are also met with (Fig. 16-A). No aberrant ammonites are obtained in
the southeastern part.

Uj— The sedimentary facies of the member, which is on the whole very poor
in arenaceous rocks, is scarcely variable laterally. However, in the southwestern
part frequent laminae of sandstone and a few beds or layers of sandstone are
contained (Fig. 16-A).

Uk (Tables 28, 29).— Ukz is divided into facies « and g8 (Fig. 16-B). Aber-



46

— ‘

saey | uepuUNqy meq jurpunqy s[issoq
; o L _ S
soY Bl SNO0SOBUOGIBD
Moy ' jou A[paed Mmay ® jou £pjred
I0 SUIBWAI JUB[J
Mmag uowuro)) M juBpunqy SUOI}8IOU0D SN0AIBI[BD
SY20X snosaeyny
arey Mo UOUITUO))
I0 syny,
- £
5
arey juepunqy uowwo)) juBpunqy seulwR] m;
il A S9U0)SpuURy m.
sI04®|
axey moq Mg Ma g
I0 speg
pedojoasp Ljenieog podojoadp [jom Iayley podojeasp AJ[BUOISBII) podo[aasp oM uoljBUIWE T
d. £ dote A[[euolsedd padopEsay adofesep A[[euorseod, 3
PRUOIATP. AT padojaasp Afjeuot 0 Apeoaeos 1eyjey poedo[aasp Afjeuor (¢ uippeg
suojspnuw < auo)spnwi suojspnur Apues suojspnw
QUOISPIYY A3oroygq1y
Apues pejeurure| pojeUIIB] < SUO)SPNIY Apues psjeurmer]
({W0g) (2) 21y (wpgT) uryy Ieyjey JWOOZ~08T) AOIYL (WOOT) WYY, SsouyoIY],
] gﬂ AIgjusmIipagy
¢ sotdRy 4 selory g seeq v soroe]
UOISIAID S010%,] //

¢3n)

30 jo jaed geddn ayj

Jo saroey ArejuswIpas oy} Ul sedueyo [BISIBT] CF O[qBL




47

spava0yofizdhiijog 7 823182 ULD(] s9jIuoWwe JUBUIUO]
* o | T .
,A sary UoWuIo)) aley | MmoaJ ® 0N SOjIUOWIWE juBiIoqY |
o . S | 2
* S9UO PoYIod = M SaU0 PajIoa < SOUO pa[Iod> Sede[qUIessE 9} IUOWIE m.
SojIuowUIe a:&ﬁmnﬁwoﬁzoﬁﬁm JUBII|Y sejIuowWwWe jurIIaqy| oY) Jo uoryisoduon &
; rueIsooul> TUIRI990Ul TWBIII0UL sode[quesse [ISSoF
| SOJTUOW Y 2599 TUOWW Y 289 IUOW WY a3 Jo uorjrsodwio))
punoy 304 30N Uowmo)) arey juepuUNqy S[ISS0.q
[ - : = - :
| : SoY B SN09dBUOGIBD
) MmaI B 0N juBpuUNgY arey JuBpUNQ Y 10 Surewrex juelg
Mo UOW o)) Mo juepunqy SUO1}2IOUO0D STOBIBI[R])
T o UOWUIO)) ma areyg Mo q 0 w.uﬂ.m.amq = =
— — — i seuojspueyg W
. W.oEEoO Mo aary Mo il mu
ado[oAd adotess 2.
podoreasp Afeoaeog | poado[sasp [t 10N zmanommmowo podojeaap A[00180g Em w:ommauwo uorjeUIE] 2
adofeae
padojorep A[soaedg hmxnowmmow 0 pedojeasp A[eaarog Suippeg
mem [[oa Iayjey I [[94 I8yjey [TI Burgaog
2u0}Spues paureiS-aug | ouU0SpuES pauiBiS-duy ,.,\ ~ 9UOISIIS au0jspues pauipiS-auy
U0 IS A3jis< auoysi{is £311s<ou03siis | Apuws auy <BUMS Ayfis<ouo)syyis A3o10yy]
Apues 2Uy PUB SUORSI[IG | APUBS SUY pu® sU0ISIIg -pnw pue SU0JSIIS Apues auy pue suolsIg
(moeI~00T) ( (WQST~08)
(OGT) HOIYL “ o1y I9Y1BY (WQST) HIYL o1y A[[eo0] Uy, SSUAIIY T,
, e soloe] A1BjUSWIPOY
3 seloey ¢ soroeyq 4 soroBy g semeqg v saror] = )

UOISIAIP SOI0B,

e

YN jo sepey Arejuewripes oy} up sefueyd [BI9)BT] 97 9[qBL



48

rant ammonites are predominant in facies 4, while they are scarce in facies a.
Uk: shows hardly any lateral changes of the sedimentary facies and yields no
aberrant ammonites in the area where Uks shows facies a.

Ul— This member is so narrowly exposed that no definite remarks can be
given.

Facies distribution

The lateral changes of both the lithofacies and the biofacies in the individual
members as explained above show a general tendency whi¢h is quite similar to
that shown by the vertical changes in the lower half of the individual cyclic se-
quences. It is the case, as mentioned above, that a vertical change of the lithofacies
and biofacies recognizable in the lower half of each cyclic sequence is inferred
to indicate essentially a vertical change from relatively shallow environments to
relatively deep ones. If that be so, a similar change would be laterally applica-
ble to the case of lateral variation of the sedimentary facies within a given unit.
As are described in the preceding paragraphs, about half of the members here
dealt with are divisible into several facies (e.g. a, o, 5, ¥ and &) respectively
(Fig. 18). These facies are here for convenience grouped to relatively shallow,
intermediate and deep facies, these three facies being approximately referable to
near-shore, intermediate and offshore facies in relative sense respectively (Fig. 20).

The sediments of the relative shallow (or near-shore) facies under discussion
are generally comparatively coarse grained, not well sorted, as a rule less thick
and provided with abundant tuffaceous rocks, calcareous concretions, fossils and
drifted plant remains or carbonaceous flakes. On the other hand, the sediments
of the relative deep (or offshore) facies exhibit quite opposite features. Predomi-
nant occurrence of ammonites gradually takes the place of that of inocerami to-
wards the deeper (or offshore) facies. Of ammonites, aberrant ones play the
leading part in the shallower (or near-shore) facies. As exemplified by the case
of Uf, the prevalent occurrence of coiled ammonites with compressed, oval and
weekly ornamented whorl becomes gradually replaced by that of coiled ammonites
with inflated, rounded and smooth whorl from the shallower (or near-shore) facies
to the deeper (or offshore) ones (Tables 23, 24; Figs. 18, 20). Of course, there
are some exceptions to such a generalization. Some comparatively coarse-grained
members such as Mi and MI are rather thick in their relative shallow (or near-
shore) facies. As to the other members showing no or very slight lateral changes
of the sedimentary facies, special attention should be given to the occurrence of
aberrant ammonites besides the thickness, rock type or grades of coarseness, ete.
Also in this case, the sediments in the southeastern part of the area are known
to correspond mnearly to the deeper (or offshore) facies. Furthermore, greensand
graing are abundant in Ub and Uh throughout the present area. Such grains are
also much more disseminated in the southwestern part of the area as may be seen
in Ue, Ud, Ug and Uj, while they are few or likely not to be contained in the
southeastern part.

The general tendency of the facies distribution in this area was kept nearly
unchanged from the Upper Gyliakian to the Lower Hetonaian stage. Namely, dur-
ing this period the southeastern or eastern part of the area was generally oc-
cupied by relatively deep facies and the southwestern or western part by relative-
ly shallow facies. Therefore, the strata of the former are as a rule relative off-
shore facies, while those of the latter are relative near-shore facies. Moreover,
paying special attention to the difference in the composition of ammonite assem-



Table 28 Lateral changes in the sedimentary facies of the
upper part of Uk (Uk,)
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\\ Facies division
. . Facies o ! Facies 8
Sedimentary facies Sm—
N |
Bedding Scarcely developed | Occasionally developed
| -
Lamination Scarcely aeveloped Occasionally developed
«» Beds or layers: few
2 Sandstones Beds or layers:rare . -
3 Laminae : few
&
E Calecareous concretions Rare Abundant
Plant remains or
Rare Common
carbonaceous flakes
Fossils Few Abundant
.
Composition of the . . . ! 3 : :
k. Ammonites <inocerami Ammonites=inocerami
fossil assemblages
wn
Q
'g Composition of the Aberrant ammonites
:’é‘ ammonite assemblages >coiled ones
m
Dominant ammonites Polyptychoceras

Table 29 List of the fossils from Uk, sorted in the individual facies

TR \f‘imes division Facies « Facies (*
Species \\\~ |
~Locality g6 | 454 | 742 743
Hauericeras (Gardeniceras) angustum ! R
|
Polyptychoceras haradanum ! R F A
Inoceramus orientalis R 'I A A A

* In the northern just adjoining area, a northern tributary area of
the Kotambetsu, Baculites occurs abundantly together with inocerami

in the same strata.
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blages between the sediments of facies « and those of facies y in Uf and Uh, it
may be said that the northwestern part of the area was occupied by somewhat
shallower facies in comparison with the greater part of the southwestern part in
the middle Neourakawan age and the Infrahetonaian subage. Relatively deep en-
vironments seem to have been expanded further to the north at least in the mid-
dle Paleourakawan age and then contracted to the south at least since the middle
Neourakawan age. Traces of the comparatively deep branch were still retained
in nearly the central part within the western side of the area. Among the strata
lower than Mi (i.e. older than the Upper Gyliakian age), the middle and upper
parts of Mf (Mf: and Mfs) contain laminae of sandstone in the northern part and
the northern central and mid-central parts of the area, while these strata scarcely
contain arenaceous materials in the southern central part. Hence, it may be pointed
out that the sediments of these strata become finer grained from north to south nearly
in harmony with the case of the strata upper than Mh.

Regarding more detailed features in the facies distribution of the Cretaceous
rocks under discussion, it is first of all noteworthy that the facies distribution of
MI in the southwestern part of the area is arranged in rather concentric form when
the original state is restored. Such an outline, as well as the characters of sedi-
mentary facies themselves, may suggest that the sediments of Ml are presumably
the eastern extension of some delta-type sediments. In the second place, it should
be mentioned that the uppermost part of Ug is in the northwestern and south-
eastern parts of the area correlated to the Uppermost Urakawan substage. This
local part is called Ugs, expressing the obliqueness between the rock-stratigraphic
clasgification and time-stratigraphic one, and is distributed chiefly in the area
where Ugs shows facies 8, i.e. deeper environments than in facies o/, « and 7.
Ugs is exposed also in the northern part of facies A area of Ug:. In short, it is
plausible that the southeastern part, the south of the northern part and the most
of the central part of the present area were under deeper sea at the beginning of
the Infrahetonaian subage. In this connection, the base of a cyclic sequence rep-
resented by Uh-Uk: is known to be different in age at different places, but such
is beyond thinking so far as a limited area such as the present field is concerned.
Accordingly, as noted above, the base of a given cyclic sequence in the Cretaceous
deposits of the area should be naturally placed at a certain position within the
comparatively coarse-grained sediments concerned.

Relation between the occurrence of ammonites and the sediments

Special attention should now be paid to the relations between the abundance
of ammonites and the types of the sediments. From the field evidence (Table 30),
it is known that ammonites are not abundantly contained in such sediments as
represented by conglomerates, cross-laminated or ripple-marked sandstone contain-
ing a number of shallow sea bivalves, sandstone and mudstone in thin-bedded al-
ternation in which sandstone is predominant, and also in black, very fine-grained
and homogenous mudstones which are inferred to have been deposited under re-
ducing condition. As can be seen in the tabulated data (Table 30), the abundant
or common occurrence of the coiled ammonite species is ordinarily recognized at
localities occupied by mudstone (clayey) (“Mz”) to siltstone or sandy mudstone
(“sM”)*, while that of the aberrant ammonoid species is generally encountered

* From the writer’s field observations in other areas, there are found in great amounts
from localities occupied by “mS” the following two species: (1) Reesidites minimus,
the whorl of which is much compressed subquadrate in cross-section, strongly ribbed,
tuberculated and keeled, and (2) Metaplacenticeras subtilistriatum (JIMBO), which has
much compressed, discoidal and rather strongly ribbed whorl with keels.
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at localities where siltstone or sandy mudstone (“sM”) to silty fine-grained sand-
stone (“mS”) are exposed. The sediments of the. category “M:2” and “Mi” (mud-
stone, silty), mudstones without sandy admixture, include no localities of abun-
dant aberrant ammonoid species but many localities of abundant coiled ammonite
species. Moreover, no species of aberrant ammonites, except for Polyptychoceras
haradanum and P. pseudogaultinum are contained in large number even at any
locality occupied by “Mi”. Thus a species of the coiled ammonites and that of the
aberrant ammonites do not show abundant co-existence at one and the same
locality. However, there are some exceptions in the case of mudstones with fre-
quently interbedded sandstones (“MS’) in which also many other genera and species
coexist to some extent. This seems reasonably relatable to the mechanism of the
deposition of “MS”, which was frequently under the influence of the so-called tur-
bidity currents.

IV. 4 Preliminary Notes on the Sedimentary Rocks

Preliminary notes are here cited chiefly to the petrographic characters® from
a recent work (Sumi and Tanaka, MS.), so as to supplement the megascopic fea-
tures of the sediments described in the foregoing chapters.

Characters of the sandstones and conglomerates

The sandstones of the Lower Yezo, Middle Yezo and Upper Yezo groups in
the present area are, generally speaking, rich in rock fragments and therefore be-
long chiefly to lithic sandstone and muddy lithic sandstone in Fujii’s (1958) or
to lithic graywacke and subgraywacke in Pettijohn’s (1957) scheme of classifica~
tion. In addition, though in much subordinate amount, there are sublithic, feld-
spathic and muddy feldspathic sandstones of the former definition to which arkose,
subgraywacke and feldspathic graywacke in the latter definition approximately
correspond. From the relative abundance of the main constituents of the sand-
stones (Table 31), one may say that as a common character of the sandstones of
this area fragments of volcanic rocks are abundant throughout from the Lower
Yezo to the Upper Yezo group. But the sandstones in the middle part of the Up-
per Yezo group proper are poor in fragments of voleanic rocks. The composition
of rock fragments themselves is variable from horizon to horizon. Fragments of
metamorphic rocks are more abundantly contained than those of sedimentary rocks
in the Lower Yezo group and the lowest part of the Middle Yezo group. In the
main and uppermost parts of the Middle Yezo group and the Upper Yezo group,
sedimentary rocks are much more abundantly found than metamorphic rocks. Fur-
thermore, Potash-feldspar is commonly found in the Lower Yezo group, while
scarcely in the Middle Yezo and Upper Yezo groups.

Conglomerates occur frequently in the Kanajirizawa formation, i.e. Ma and
Me, and occasionally in the Nakakinembetsu sandstone member, i.e. M1**. The peb-
bles of the conglomerates in the Kanajirizawa formation are those of granodiorite

* Discrimination of the quartz and heavy minerals is left for further study. Rock sam-
ples from the Lower Yezo group were obtained in the eastern adjoining Horokanai
area together with the greater part of those from the lowest part of the Middle Yezo
group.

*# Jdentification of the kinds of pebbles is done mainly by naked eye, but when necessary
done under the microscope.
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(biotite-granodiorite), altered diorite-porphyry (hornblende-diorite-porphyry),
hornfels, dacite (hyaline dacite, biotite-dacite, hornblende-biotite-dacite, horn-
blende-dacite, ete.), altered andesite, basalt or basic andesite, older sandstone,
meta-tuff, slate, and chert. The pebbles of the Nakakinembetsu member are
granite (biotite-granite), quartz diorite, altered diorite-porphyry (pyroxene?-
hornblende-diorite-porphyry), altered porphyrite (porphyrite, hornblende-porphy-
rite), gabbro, hornfels (low grade ones such as muscovite-biotite-quartz-hornfels),
quartzite, older hyaline rhyolitic rock, altered dacite (biotite-dacite, hornblende-
biotite-dacite, etc.), altered andesite (pyroxene-andesite), basalt, diabase (show-
ing various textures), older sandstone (generally slightly hornfelsic), older con-
glomerate, older tuffaceous sandstone, slate and chert. In a word, the pebbles in
the conglomerates of Ma, Me and Ml are mainly sandstone, chert and hornfels,
with dacite in subordinate amount. In Ma many of the gravels of dacite attain
boulder size. It is worthy of special mention that the conglomerates of Ml con-
tain a great number of pebbles of rocks quite resembling those of contemporane-
ous or just subjacent Cretaceous formations such as calcareous rocks of frequent-
ly fossiliferous concretions, sandstone, mudstone and shale, the last two of which
are subordinate, besides pebbles of exotic origin. Accordingly, this fact may sug-
gest the contemporaneous erosion during the deposition of M1. Furthermore, iso-
lated pebbles are found in the ill-sorted sediments of the Kamikinembetsu silty
fine-grained sandstone member (Ub). The pebbles are biotite-hornfels, hornfels,
altered pyroxene-dacite, altered andesite, older sandstone and chert of which dacite
is the most abundant and followed by andesite. It is worthy of attention that the
pebbles of this member with frequent abnormal sediments and sedimentary struec-
tures are, though not exclusively, voleanic rocks in contrast with the conglomerates
of Ma, Mc and Ml in which the pebbles of sedimentary and metamorphic rocks are
the normal constituents.

Petrographic characters of the sandstones of the Nakakinembetsu sandstone

member
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betsu sandstone member (Sumi and
Tanaka)



53

Sp.Aa
6 fsr
&
7/}
&AL
&8
648
E4-A
72-A
2-8
63 -
62
6/
60
1905
Fercentage  composition
Fig. 22 Showing percentage composition
of the sandstones in facies 3 of
the Nakakinembetsu sandstone
member (Sumi and Tanaka)
The legends for this figure are
the same as those for Fig. 21.
For the stratigraphic positions
of the rock samples see Fig. 5.
Sp.No.

i '3'5,'%

Percentage composition

Fig. 23 Showing percentage composition
of the sandstones in facies y of
the Nakakinembetsu sandstone
member (Sumi and Tanaka)

The legends for this figure are
the same as those for Fig. 21.
For the stratigraphic positions
of the rock samples see Fig. 5.



54

As noted above the Nakakinembetsu sandstone member shows noticeable lat-
eral changes of the sedimentary facies and therefore can be discriminated into
facies @, (5, ¥ and 6. In connection with the changes from facies « to facies v,
one may be able to note lateral variation in the petrographic characters of the
sandstones as follows. The sandstones constituting this member are mainly lithic
and muddy lithic in Fujii’s classification. The former is predominant in facies «
and the latter is so in facies y. As indicated in Fig. 21 the matrix shows a higher
percentage in the sandstones of facies ¥ than in those of facies o« and 3, and
quartz shows the lowest percentage in those of facies . The percentage of rock
fragments and especially that of voleanic rock fragments diminishes in the order
of facies «, B and 7. In accordance with such a tendency, the maturity, as ex-
pressed by a Feldspar 4+ Rock Fragment / Quartz + Chert ratio, also becomes low
in the same order as mentioned above. Therefore, one can say that the lateral
changes in the definite direction of the percentage composition and maturity are
just in harmony with those of the depositional environments inferred from the
megascopic observation of the sedimentary facies noted above.

In the next place, the vertical change of the characters of the sandstones in
this member itself (Figs. 5, 22, 23) is examined. There seems to be no signifi-
cant regularity in the vertical change. However, it may be pointed out that the
percentage composition of the fragments of volecanic rocks diminishes upwards as
compared with that of sedimentary and metamorphic rocks. Characters of the
sandstones of selected horizons may support the adequacy of the stratigraphic
division and correlation of both facies A and facies ¥y as indicated in Fig. 5. The
reasons are as follows: (1) The sandstone of OB 62 in the lowest of the five divi-
sions in facies S has chert of a comparatively large percentage, viz., 14 per cent
of the total, and also in the sandstone of OB 90, at the same horizon in facies 7,
chert shows a high content, viz.,, 30 per cent of the total, when the matrix is ex-
cluded. (2) In the bed succeeding to the lowest division of both facies 3 and
facies 7, the sandstones are characterized by a smaller percentage of chert as
compared with the subjacent and superjacent divisions. This is exemplified in the
sandstones of OB 64-A and 64-B with chert of a negligible percentage in facies
B and those of OB 91 and 92 in facies y with chert of 2.5 and 5.5 per cent of the
total respectively, when the matrix is excluded. Furthermore, it is interesting
that even in the sandstones at the two horizons just mentioned chert content in-
creases from facies 3 to facies y in accordance with the case of the average per-
centage.

Characters of the tuffs and tuffaceous rocks

Tuff and tuffaceous rocks such as tuffaceous sandstone and tuffaceous mud-
stone are intercalated at various horizons throughout the Middle Yezo and Upper
Yezo groups and are also found, though sparsely, in the Lower Yezo group. Their
frequency in the stratigraphic sequence has already been illustrated in Fig. 4.
Roughly speaking, the stratigraphic range of their frequent or dominant occurrence
mostly occupies one-tenth to one-third of the stage concerned.

Some of the petrographic characters of such rocks are shown in Table 32.
Tuffs are fine grained, consisting of particles smaller than lapilli size, and are
mainly vitric crystal tuffs, and subordinately crystal and vitric ones. They are
chiefly of dacitic nature, containing plagioclase, quartz and biotite, partly of an-
desitic nature. Very rarely there is tuff of rhyolitic nature which occurs at a
single horizon within the Middle Yezo group. The tuffs in the Lower Yezo group



55

are of dacitic nature. Tuffs and tuffaceous rocks in the Middle Yezo group are
principally of dacitic nature and partly of andesitic nature. While, in the Upper
Yezo group tuffs of andesitic nature become as common as dacitic ones. As to
the tuffs and tuffaceous rocks in the Upper Yezo group it may be also pointed
out that those on all of the four horizons of frequent or dominant occurrence are
of various natures as in the case of Mf: and Mo in the Middle Yezo group. To
sum up, it can be pointed out that the deposition of tuffs in the present area may
have been attributed chiefly to volcanic eruptions belonging to cale-alkali rock
series. However, no contemporaneous volcanoes have been recognized which can
be actually tied with the tuffaceous rocks under discussion. Furthermore, in al-
most all of the cyclic sequences noted above, tuffs seem to show upward change
from relatively acid to relatively basic nature which is succeeded again by rela-
tively acid nature in the final stage.

V. Some Notes on the Sedimentation

Roughly speaking, the southwestern or western part of the present area was
on the whole not only relatively near to the presumed land mass and under rel-
atively shallow sea environments but also was less subsided, while the south-
eastern or eastern part was under the quite opposite conditions for a long time
at least since the Neogyliakian (Turonian) age. Hence, it would be concluded
that a part of the main land mass, the exact position of which is yet uncertain,
was probably situated to the west of the present area. However, at least since
the middle Neourakawan (Santonian) age the western central part of the area and
its northern and southern adjoining areas were also brought into rather deeper
and more subsided environments even though these areas were not far from the
land mass.

The Lower Gyliakian (i.e. Cenomanian) stage is represented in the present
area by much thicker, and more fine-grained sediments than in other areas. Re-
lated to this point is the fact that the sediments of the Upper Gyliakian stage
also is very thick in the area. Accordingly, judging from the geographical and
geological positions of the area within the Yezo geosyncline, and also geological con-
ditions of the nearby areas such as the northern Abeshinai Valley (Matsumoto, 1942-
43, 1954; Ijima and Shinada, 1952; Takahashi, 1958; Osanai, Mitani and Takahashi,
1960), one may point out that a kind of trough, which was also a much subsided
part within the basin, was located therein at least in the Paleogyliakian and Neo-
gyliakian ages. Such conditions, though being relieved to some degree, still continued
until the earlier Paleohetonaian (Campanian) age.

That beds or layers of tuffs or tuffaceous rocks occur frequently throughout
the strata in and later than the Neogyliakian age is one of the characteristics in
the Cretaceous of the area. It is worthy of mention that less frequent intercala-
tion of sandstones in the upper half of the Upper Gyliakian stage, and the short-
er stratigraphic range of the strata referable to the Saku formation are closely
related to the above-mentioned great thickness of the Upper Gyliakian stage. The
facies distribution and deposition of the Nakakinembetsu sandstone member (MI)
which has been described in page 50 is also noteworthy. The sediments of this
member are presumably a kind of deltaic sediments. The conglomerates of the
same member contain in abundance pebbles of rocks quite resembling those of
contemporaneous or just subjacent Cretaceous formations. Hence, such phenomena
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are thought to suggest the existence of local contemporaneous ervsion during
the deposition of M1l. The conditions of the source area during the deposition of
the Nakakinembetsu member are inferred as follows (Sumi and Tanaka, MS.). The
source area was extensively occupied by the slightly metamorphosed complex com-
posed of argillaceous and arenaceous rocks with subordinate cherty rock and com-
plex composed of slate with subordinate chert. All of such rocks were extensive-
ly developed in the inland area where alsc acid and intermediate plutonic rocks
were considerably exposed. While the coastal area was, though narrowly, occu-
pied by altered acid and intermediate volcanics and subordinate acid ones, slight-
ly metamorphosed. There were also rather narrowly exposed contemporaneous or
a little older sediments, e.g. mudstones containing calecareous concretions and sand-
stones. Furthermore, the frequent occurrence of isolated pebbles and abnormal
sedimentary structures in the Kamikinembetsu silty fine-grained sandstone member
(Ub) also attracts one’s attention in that their origin is ascribed to the redeposi-
tion caused by subaqueous mudflow and sliding.

It is true, as already mentioned, that the Cretaceous deposits of the present
area show cyclic sedimentations with regular vertical changes of both lithofacies and
biofacies, and with rather constant duration and quantity of subsidence. The great
thickness of the Upper Gyliakian stage owes its origin essentially to enormous sub-
sidence. However, we should take into consideration the following: the present
area may not have corresponded to the most offshore part, which was usually most
intensely subsided as noted in Part III, within the Yezo geosyncline, but it was
presumably situated on the western, less offshore part of the basin because the sedi-
ments are rich in tuffaceous rocks and fossils, and are not poor in aberrant am-
monites. Accordingly, the great thickness of the Upper Gyliakian can be ascribed
partly to the fact that the lower of the two cyclic sequences constructing the
stage under discussion is composed of two minor cyclic sequences. In this case
repeated occurrence of epicycles within one ecycle probably rejuvenated the in-
tensity of subsidence in the depositional area, and thus gave rise to thick sedi-
ments.

So far as the western side of the area is concerned, the Cretaceous rocks are
overlain unconformably by the lower part of the Middle Miocene formation. The
base of the Middle Miocene formation cuts the Cretaceous beds of various horizons,
such as Ul in the northern part, Uk in the northern central part, Uj in the south-
ern central part and then strata presumably referred to Uj in the southwestern
part. The Cretaceous were thus subjected to deeper denudation before the deposi-
tion of the Middle Miocene to the south in the western marginal area. In the
far southwestern part, i.e. in the valley of the Shimokinembetsu-zawa, the Creta-
ceous is covered by the Lower Miocene at a considerably lower horizon within the
Upper Yezo group than the horizons mentioned abcve and even at the uppermost
part of the Middle Yezo group. These facts may indicate that the southwestern
part was upheaved much more intensely than the other parts of the area after
the deposition of the Cretaceous strata. Accordingly, it would be concluded that
such denudation had some connection with the disposition of the sedimentary en-
vironments in the Cretaceous age which was shallower and less intensely subsided
in the southwestern part than in the southeastern part.

Lastly, the relation between the sedimentation of the Cretaceous formation
and that of the Tertiary is here outlined. As previously noted, the southeastern
part was under deeper sea and also more intensely subsided than the other parts
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of the area in the Cretaceous age at least since the Neogyliakian age. Similar
circumstances appeared again during the deposition period of the Oligocene, Low-
er Miocene and lower part of the Middle Miocene strata which were also thicker
in the south than in the north. However, the deposition of the upper part of the
Middle Miocene represented by the deposits of so-called “Nagelfluh” type occurred
under quite opposite conditions, that is, the sediments were deposited with a
greater thickness in the north.

VI. Summary and Conclusion

As to the Cretaceous deposits of the Obirashibe Valley, northern central Hok-
kaido, the following is offered as concluding remarks.

(1) The Cretaceous rocks are divided into the Lower Yezo, Middle Yezo and
Upper Yezo groups in ascending order, the latter two of which are here chiefly
dealt with.

(2) The strata of the Upper Yezo and Middle Yezo groups, exclusive of the
lowest part of the latter group, are generally finer grained and poorer in arenaceous
rocks and contain more tuffaceous rocks in this area than in other standard areas
in the meridional zone of Hokkaido.

(8) From the vertical changes of the sedimentary facies, it is known that
the Cretaceous shows cyclic sedimentation in a definite order.

(4) Examining the lateral variation of the sedimentary facies, one can say
that the southeastern part of the present area was under an offshore or compara-
tively deep and much more intensely subsided condition than the other parts.

(5) For analysing the biofacies, special attention is paid to the ratio of
abundance of ammonites to inocerami, that of aberrant ammonites to coiled ones, and
dominant occurrence of a certain ornate type of coiled ammonites.

(6) The lateral variation of particular characters, especially percentage com-
position and maturity of sandstones, in the Nakakinembetsu member is in har-
mony with that of the general sedimentary facies.



PART II
A BRIEF SUMMARY OF THE CRETACEOUS
DEPOSITS OF THE SURVEYED AREAS

I. Introduction

Attempting to develop the study on the basis of the previous works, the writer
has carried out a survey on the Cretaceous deposits of the following selected
areas in the meridional zone of Hokkaido: (1) the Sorachi anticlinal area in the
Ishikari coal-field, (2) the Obirashibe Valley in the Rumoi coal-field, (8) the Kami-
sarufutsu district in the Tempoku coal-field, (4) the Tomiuchi district, southern
central Hokkaido, and (5) Ikushumbetsu Valley in the Ishikari coal-field (Fig. 1).
Most of these areas are situated in the Ishikari zone where the folded Cretaceous
and Tertiary rocks develop; a part of them is in the eastern Kamuikotan zone
characterized by the occurrence of the Kamuikotan metamorphics and serpentinites

(1)and (2): Boundary of the tectonic
provinces
(8): Boundary of the sedimentary
provinces
(Asahikawa-Rumoi Line)
Tectonic provinces
Hd : Hidaka zone
Km: Kamuikotan

Meridional
2ans zone of
Is : Ishikari zone 3
Kb : Kabato Hokkaido
mountainland

Sedimentary provinces
N: Northern province
S: Southern province

Fig. 24 Tectonic provinces and sedimentary provinces in the
meridional zone of Hokkaido (Dotted area is the
distributional area of the Cretaceous rocks.)

(Fig. 24). The Cretaceous deposits in these areas belong chiefly to the Middle
Yezo, Upper Yezo and Hakobuchi groups.

Since the detailed descriptions have already been given in the Explanatory
Text of the Geological Map or another report (see references below) for each of
the surveyed areas, only an outline of the Cretaceous sequence is given, with some
remarks on gpecial features.
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II. Cretaceous Deposits of the Sorachi Anticlinal Area
in the Ishikari Coal-field, Central Hokkaido
(Fig. 25; Tables 33, 34)

The Cretaceous deposits of the present area (Shimizu, Tanaka, and Imai, 1953;
Tanaka, 1959) are covered by the Paleogene Ishikari group with disconformity and
afford a large scale anticlinal structure pitching to the north, named the Sorachi
anticline.

The Mikasa formation on the western wing (the Bibai-Sunagawa area), car-
rying a local coaly seam, is thinner and on the whole coarser grained than that
on the eastern (the mid-valley of the Ashibetsu). It becomes coarser grained and

Ry

}6{0,02}' Yezo group
Tsukimi member

Mikasa formation
E Main part
/)c/ Ardiclinal axés

/a/ Overturned ardiclinal axis

/ Synclinal oxis

,// Fault

}/’fiz}’dk Yezo group

Minenobu

Fig. 25 A compiled geological map of the Sorachi anticlinal area and
the Ikushumbetsu Valley, Ishikari coal-field, central Hokkaido
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Table 33 Generalized stratigraphic sequence of the Cretaceous deposits in the
mid-valley of the Ashibetsu. the eastern wing of the Sorachi anticlinal area
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Explanation of Tables 33~37

Thickness and lithology

«—> Showing lateral variation
from west (left) to east (right): Table 35 and Tsukimi member in Table 33
from south (left) to north (right): Tables 33 and 34

Lithofacies
Lithology

G, : conglomerate

G, : conglomeratic sandstone

S : sandstone

S, : very coarse-grained sandstone

S, : coarse-grained sandstone

Ss + medium-grained sandstone

S : fine-grained sandstone

SM, : sandstone and mudstone in thick- or medium-bedded alternation

SM, : sandstone and mudstone in thin-bedded alternation

mS, : silty fine-grained sandstone

mS, : silty fine-grained sandstone to fine sandy siltstone
(the former being predominant or both approximately in equal amount)

MS, : fine sandy siltstone to silty fine-grained sandstone
(the former being predominant)

MS, : mudstone with frequently interbedded sandstone

sM, : mudstone with freguently interlaminated sandstone
(laminated sandy mudstone)

sM, : siltstone, fine sandy siltstone or sandy mudstone

M, : mudstone, partly sandy

M, : mudstone

T + tuff

TS : tuffaceous sandstone

gs @ green sandstone

c coal or coaly shale

( thin beds or layers

the left being predominant over the right

)

> : the left being much predominant over the right

> .

= both the left and the right being approximately in equal amount

s . thin beds or layers of sandstone

t : thin beds or layers of tuff or tuffaceous rock
(thickness of thick bed being shown)

c : calcareous concretions

f : marine megafossils

P : drifted plant remains or carbonaceous flakes

Grades of abundance

VA ‘ very abundant

A abundant
C common

F few

R rare

VR : very rare

() : local
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Biofacies

Fossil assemblage

S
A
M
I e
A>M:

shell facies

ammonite facies

mixed facies

inocerami facies

ammonite facies rather akin to mixed facies

Ammonite assemblage

co
ab

~

VvV

Fossil

An
Ba
By
Ca

Co

Dd
De

D
Dk
Eh
Gt

Mi

My
Nh

Nr

Ns

Op

Ph

Pp
Rm

Se

Sp
Sps
Sy

Tg

Ts

coiled ammonites

aberrant ammonites

the left being much predominant over the right

the left being predominant over the right

both types of ammonites being approximately in equal amount

Anapachydiscus sp. Ia : Inoceramus emokusensis
Baculites sp. Iaw : L (?) awajiensis

B. yokoyamai Ie I, ezoensis

Calycoceras sp. Th I. hobetsensis

C. orientale Ij 1. japonicus

Damesites damesi Im I. mihoensis

Desmoceras (Pseudouhligella) In I naummani

ezoanum Ini 1. concentricus nipponicus
D. (P.) japonicum To L orientalis

Desmoceras kossmati Is 1. schmidti
Eupachydiscus haradai Ish L shikotanensis
Gaudryceras tenuiliratum It I. teshioensis
Mesopuzosia indopacifica Iu L nwwajimensis

M. yubarensis Iy I. yaber

Neophylloceras hetonaiense
N. ramosum

N. subramosum
Otoscaphites puerculus
Polyptychoceras haradanum
P. pseudogaultinum
Reesidites minimus
Seiponoceras sp.

Scaphites planus

S. pseudoaequalis
Subptychoceras yubarense
Tetragonites glabrus
Tragodesmoceroides subcostatus

Vertical line: stratigraphic range of species

X

stratigraphic position of the occurrence of species

Thick line and thick sign: abundant occurrence

Correlation

K3
K4
Kb
K6

Lower stage
Upper stage
Uppermost substage

Miyakoan series
Gyliakian series
Urakawan series
Hetonaian series

X W™ R



Table 34 Generalized stratigraphic sequence of the Cretaceous
deposits in the Bibai-Sunagawa district, the western
wing of the Sorachi anticlinal area
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richer in calcareous concretions and fossil remains to the south on both wings.
The Upper Yezo group on the eastern wing is as a whole thicker and finer grained
as compared with that on the western wing. The Tsukimi member, the middle
part of the group, which occurs only on the eastern wing, is composed mainly of

ler

23
b2

-0

Fig. 26

T CBBBEBLARMG

Explanation of some abbreviations
T : tuffaceous
B, : massive
As: abnormal sedimentary structures
Explanation of the lines
Colour of the sandstones
Thin line: grey to dark grey
Broken line: bluish white
Dotted line: varigated
Thin line for the elements other than
the colour of the sandstones shows more
abundant or more frequent occurrence
than the broken line.

Columnar section and lithologic characters of
the Tsukimi sandstone member (Ug;-UE,), its
eastern facies in the type exposure along the
Ashibetsu

For the legends and abbreviations see Fig. 5.

well-stratified tuffaceous sandstones in the east (Fig. 26). On the other hand,
in the west the member is rich in pebbly mudstones or muddy conglomerates, car-
rying abnormal sedimentary structures such as irregular stratification and a ran-
dom orientation of disrupted layers of sandstone or irregular bodies of contempo-
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raneous sediments presumably due to sliding and slumping at the time of deposition.
The Upper Yezo group shows an increase as a whole in the grades of coarseness and
the occurrence of concretions and fossils towards the south on both the eastern
and the western wings. On the eastern wing, especially in its southern part coarse-
grained sediments are frequently intercalated in the group. In the group on the
western wing aberrant ammonites are rather common and green sandstones, a few
metres thick, are occasionally found. The Hakobuchi group, though more deeply eroded
away on the western wing than on the eastern, was also originally much thicker
on the eastern wing than on the other as is the case of the subjacent strata. The
lower half of the group is as a whole coarser grained on the western wing than
on the eastern. Furthermore, the group on the eastern wing carries coal seams
which thicken toward the south, and increases in thickness to the south in apite
of the denudation subsequent to the deposition. The group on the western wing
decreases in thickness to the south and is more deeply eroded away in the south
than in the north.

Judging from the lateral variation of sedimentary facies throughout the whole
sequence from the Mikasa formation to the Hakobuchi group, it is suggested that
these deposits on the eastern wing were represented by offshore and deeper facies.
On the other hand, the sediments of the above strata on the western wing show
near-shore and shallower facies. The southern part of the western wing was con-
tinuously in relatively shallow water and nearer the presumed western land at
least during the deposition of the Upper Yezo and Hakobuchi groups. Fur-
thermore, it is plausible that the coarse-grained sediments such as the Tsukimi
member in the lower half of the Upper Yezo group on the eastern wing were not
derived from the west but rather from the southwest where an upwarping belt (the
Minenobu upwarping belt) of nearly ENE-WSW direction is thought to have ex-
isted (Tanaka, 1959).

III. Cretaceous Deposits along the Obirashibe Valley,
Northern Central Hokkaido

The geological conditions of the Cretaceous rocks in the area have been fully
described and discussed in Part 1.

IV. Cretaceous Deposits of the Kamisarufutsu District,
Northern Hokkaido
(Fig. 27; Table 35)

The Cretaceous strata of this area (Tanaka, 1960b), form, roughly speaking,
a large scale anticlinorium structure pitching to the north. They are disconform-
ably overlain by the Oligocene and unconformably by the Miocene, being more
deeply eroded away in the western part of the area than in the eastern. The Low-
er Yezo group is found only in scattered small areas. Therefore it does not de-
serve general discussion.

The Hoshin formation, the uppermost part of the Middle Yezo group, is rather
similar to the Mikasa formation in the predominance of coarse-grained sediments,
but as a whole younger than the Mikasa formation, being equivalent to the Saku
formation. The uppermost part of the Upper Yezo group is correlated to the Up-
permost Urakawan substage to the Lower Hetonaian stage, as in the cases of the
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Quaternary
Upper Miocene
7\ Lower Miocene

Oligocene %

Serpentinite S /é\hf

Hakobuchi. group

Uppermost part

P Upper Yezo groy
Main part } e aaa
Unpermost part

} Middle Yezo group
Main part

Lower Yezo group

| Sorachi group

o 5 1ka

Fig. 27 A compiled geological map of the Kamisarufutsu district,
Tempoku coal-field, northern Hokkaido

Obirashibe Valley (see Part I) and Abeshinai Valley (Matsumoto, 1942-43, 1954).
The Hakobuchi group is comparatively thick. While sandstones are dominant in
its lower part, siltstones and mudstones predominate in the upper. Accordingly,
it shows an intermediate facies between the typical Hakobuchi group of the Ishi-
kari province and the Chinomigawa formation (Matsumoto, 1942-43, 1954) of the
Urakawa area. It is furthermore worthy of special mention that Inoceramus(?)
awajiensts MATSUMOTO occurs in the uppermost part of the group.

The Cretaceous rocks in the present area show such lateral changes in thick-
ness and rock-facies as follows. The upper part of the Hoshin formation (M),
which is concealed in the eastern part of the area, is on the whole thicker and
coarser grained in the central than in the western part. Abnormal sediments such
as pebbly mudstone or muddy conglomerate and abnormal sedimentary structures
as displayed in the Tsukimi member noted before are found in the central part.
Pebbles of volcanic rocks and those of rocks quite resembling those of contempo-
raneous or just subjacent Cretaceous formations, such as calcareous rocks forming
concretions, are abundant in the central part, while they are scarce in the west-
ern. The sandstones in the central part are rich in volcanic fragments, but those
of the western part are very poor in such fragments. The Upper Yezo group de-
creases in grades of coarseness to the west. As to the Hakobuchi group, the strata
from member Hi to member H: are on the whole finest grained in the central
part and member Hi there seems thicker than in other parts; member Hj is finer
grained in the eastern than in the central part. From the facts mentioned above the
following inference is drawn: the sediments of the eastern coarser facies of these
strata may have been derived from the east. Furthermore, in the eastern part



Table 35 Generalized stratigraphic sequence of the Cretaceous
deposits in the Kamisarufutsu district
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of the area the Hakobuchi group shows in general an increase in grades of coarse-
ness to the south as in the case of member Uz, the uppermost part of the Upper
Yezo group; the group contains abundant shallow sea bivalves in the south.

Upper part

% Tomiuchibashi tuf¥

=] #itle prt
Lower part

y
Fig. 28 A compiled geological map of the Tomiuchi
district, southern central Hokkaido

V. Cretaceous Deposits of the Tomiuchi District,
Southern Central Hokkaido
(Fig. 28; Table 36)

The Cretaceous deposits of this area (Tanaka, 1960a) are chiefly in fault re-
lation to the Tertiary on both the eastern and the western sides, showing in them-
selves an intensely overturned folding. Throughout the Upper Yezo group, the
sediments are more uniform and finer grained in comparison with those of other
surveyed areas. It is also noteworthy that the thickness of the Upper Urakawan
stage is great, attaining to 900 m. Further, a thick tuffaceous rock, about 30 m
thick, named the Tomiuchibashi tuff member is contained in the upper. The Hako-
buchi group differs from that of the Sorachi anticlinal area in its great thickness,
predominance of fine-grained deposits, and abundant fossil remains.

VI. Cretaceous Deposits along the Ikushumbetsu Valley
in the Ishikari Coal-field, Central Hokkaido
(Fig. 25; Table 37)

The area is famous as the classical and typical field of the Cretaceous deposits
in Hokkaido. The Cretaceous strata (Tanaka, Matsuno, Mizuno and Ishida, MS.)
are disconformably covered by the Paleogene Ishikari group, and afford an anti-



Table 36 Generalized stratigraphic sequence of the Cretaceous
deposits in the Tomiuchi district
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Table 37 Generalized stratigraphic sequence of the Cretaceous
deposits in the Ikushumbetsu Valley, the eastern wing of
the Ikushumbetsu anticlinal area
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clinal structure pitching to the south, named the Ikushumbetsu anticline. They
are more deeply eroded away in the western part of the area than in the eastern
and moreover than in the western part of the northern Sorachi anticlinal area.

The Mikasa formation and the Upper Yezo group on the eastern wing of the
Ikushumbetsu anticline are rather similar to those on the western wing of the
Sorachi anticline in the sedimentary facies. The Mikasa formation becomes, on
the whole, coarser grained on the western wing of the Ikushumbetsu anticline and
moreover frequently contains Ostrea beds in its detached localities further west
outside of the anticline. It also becomes, in general, thinner and coarser grained
southward on both the eastern and the western wings like the main part of the Mid-
dle Yezo group. Thus, the Mikasa formation in the southernmost part of the Iku-
shumbetsu anticline is much similar to that in the southern Yubari area®* where
its stratigraphic range is considerably long** and Osire~ is abundantly contained
at certain horizons. Furthermore, ammonites and inocerami are much more abun-
dant on the eastern wing than on the western wing and in the southernmost part
of the anticline. In the Upper Yezo group green sandstones of a few metres thick
are found at several horizons like on the western wing of the Sorachi anticline.
This group also becomes considerably thin in the southernmost part of the anti-
cline in harmony with the underlying strata. In this connection, it is noteworthy
that an Ostrea bed occurs therein.

To sum up, judging from the lateral variation of sedimentary facies through-
out the whole sequence from the Middle Yezo group to the Upper Yezo group, it
is evident that the sediments of the above strata on the eastern wing of the anti-
cline show offshore and deeper facies. While, the deposits on the western wing
and in the southernmost part are represented by near-shore and shallower facies.

* The Yubari area, about 20 km south of the Ikushumbetsu area, where the Cretaceous
strata form two dome structures is now under the writer’s survey.

#* The Mikasa formation in the Yubari area ranges from the whole Uppermost Miyakoan
substage to near the top of the Upper Gyliakian stage, although this matter is not
illustrated in Fig. 29.



PART 111
NOTES ON THE CRETACEOUS SYSTEM IN THE
MERIDIONAL ZONE OF HOKKAIDO

i. Introduction

For establishing the reasonable scheme of stratigraphy of the Cretaceous de-
posits in the meridional zone of Hokkaido, there should be taken into consideration
on the geological conditions in the individual localities the following points: (1)
sedimentary facies, and position within the basin of sedimentation, i.e. in the Yezo
geosyneline, (2) province within the basin, (3) history of sedimentation, and (4)
tectonic province. In this connection, the sedimentary facies are discriminated
into relatively near-shore or (shallow) and offshore (or deep) facies. Two sedi-
mentary provinces are discriminated: northern and southern, their boundary being
called the Asahikawa-Rumoi Line (Tanaka, 1959). There are contrasting features
in the sedimentary facies between the northern and the southern provinces. One
should also bear in mind that the sedimentation of the Cretaceous rocks was fun-
damentally controlled by both the geosynclinal sinking particular to this region
and the epeirogenic movements of much wider extent (Matsumoto, 1941). Lastly
it should be remembered that there is a certain geological relationship between
the position within the Cretaceous basin of sedimentation and the tectonic config-
uration of the Ishikari and Kamuikotan zones (Fig. 24).

The history of sedimentation of the Cretaceous sequence in the meridional
zone of Hokkaido has been hitherto discussed by (1) T. Matsumoto (1942-43, 1954)
from the standpoint of facies development, by (2) W. Hashimoto (1954, 1958) who
took into consideration the connection of sedimentation with tectonic history
throughout the Mesozoic, and by (8) M. Hunahashi (1957) who ascribed the sedi-
mentation to the products of his Alpine-type Hidaka orogenic movement. For the
discussion of the sedimentation of the Cretaceous formations in the meridional zone
of Hokkaido, first of all, the detailed stratigraphic sequence and sedimentary facies of
all parts of the area should be clarified. Petrographical studies on the sedimentary
rocks which are not yet fully accomplished except for those in some areas (Fujii,
1958; Iijima, 1959; Tanaka, 1960b; Sumi and Tanaka, MS.) are also necessary in order
to discuss the sedimentation, especially about the conditions of source areas. Fur-
thermore, the configuration of the basin, i.e. the Yezo geosyncline has not yet been
clarified, even in an outline. In short, sufficient data are indeed not now available
for this purpose. Notwithstanding, it would not be a waste of time to discuss the
sedimentation of the Cretaceous deposits from the present knowledge.

From these points of view, on the basis of the data described in Part I and
Part II and contributed by many investigators the writer presents here general
account on the stratigraphy and sedimentation of the Cretaceous deposits in the
meridional zone of Hokkaido. As to the stratigraphy, first of all, some notes are
offered on the rock-stratigraphic units and time-stratigraphic units. And then,
for excluding the inconsistency between the two types of stratigraphic classifica-
tion, cyclic sedimentation is taken into consideration. Thus a stratigraphic classi-
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fication based on cyclic sedimentation is stressed among other stratigraphical
problems. As regards the sedimentation, the sedimentary facies, sedimentary prov-
inces, the relationship between subsidence and deposition, cyclic sedimentation,
and so forth are explained. Furthermore, the writer would like to discuss the tec-
tonic control of sedimentation and development of the basin of sedimentation. In
addition to the data from the areas covered by the writer’s survey, those form
the Abeshinai and Shiyubari valleys and the Urakawa and Furano districts (Fig.
1), contributed by other persons, are largely cited in the following description.

II. Notes on the Stratigraphy
II. 1 Note on the Rock-Stratigraphic Units

Since the stratigraphic classification from the standpoint of facies-development
of the Cretaceous deposits in the meridional zone of Hokkaido is summarized by
T. Matsumoto (1942-43, 1954), only some notes are here presented on the rock-
stratigraphic units (Fig. 29).

Lower Yezo group

The Lower Yezo group is composed essentially of sandstone and shale in al-
ternation, in which shale dominates in the middle part rather than in the lower
and upper parts. The lowest part of the group is represented by the Onodera
sandstone member (Ijima and Shinada, 1952) in the northern province, and by the
Tomitoi sandstone member (Hashimoto, 1936) in the southern. The base of the
upper part is occupied by sandstone, carrying Orbitolina limestone, which chiefly
occurs in the southern province.

Middle Yezo group

The lowest or basal part consists mainly of sandstone with subordinate con-
glomerate. This part is called in the Obirashibe area the Kanajirizawa forma-
tion which represents a western facies in the northern province. The Kanajiri-
zawa formation is considerably thick, its middle part being finer grained than its
lower and upper parts. Other representatives are the Moihoro sandstone member
(Ijima and Shinada, 1952) of the Abeshinai area in the northern province and the
Kasamorizawa sandstone and conglomerate member (Hashimoto, 1953) of the
Furano district in the southern province. The last one indicates an eastern facies.
In this part or at a certain horizon a little upper than that, thick beds of tuff,
ordinarily presenting flinty appearance, are intercalated. Furthermore, it is said
that the Middle Yezo group covers the Sorachi group with unconformity in some
areas within the Kamuikotan zone (Hashimoto, 1953, 1958; Osanai and others,
1958).

The main part of the group consists largely of muddy or silty rocks, but in
the uppermost part sandstone is more predominant. The western near-shore facies
is represented by the Mikasa formation in the Ishikari coal-field, which is as a rule
subdivided into three parts, of which the middle is finest grained and the upper
is coarser grained than the lower. The stratigraphic range of the Mikasa forma-
tion is the longest in the Yubari area, while the shortest on the eastern wing of
the Sorachi anticline. The occurrence of trigonians characterizing this formation
is much more abundant in the lower part than in the middle and upper parts.
On the other hand, the Hoshin formation is regarded as representing the eastern
near-shore facies in the northern province, and the Kondoyama sandstone formation
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Explanation of Fig. 29

Explanation of the lines

Boundary line of the group; unconformity

——— Boundary line of the group; conformity

———— Boundary line of the minor rock-stratigraphic unit

Explanation of the abbreviations
Rock-stratigraphic units (thickness in m)
S: Sorachi group (in part)
L: Lower Yezo group (1,000~1,700)

M: Middle Yezo group (2,000(?)~38,500)
M,: Lowest or basal part (20-~900)
M.: Main part (1,500~2,200)
M;: Uppermost part, Mikasa formation (Kondoyama formation contained) (180 ~400)
M, Uppermost part, Saku formation (Hoshin formation contained) (400~600)

U: Upper Yezo group (450~2,000,
U,;: Lowest part (70~300)
U,;: Main part (300~1,200)
U,;: Tsukimi member (80~ 240(4))
U,: Omagari member (250)
U;: Uppermost part (10~50, 180~450)
U,: Chinomigawa formation (1,100(+))

H: Hakobuchi group (70~ 800)
H,: Tomiuchi formation (40~300)
H,: Lower sandy siltstone to Sanushibe formation (30~500)
H;: Lower part (300)
H,: Upper part (500)

The conformable relation between the Sorachi and Lower Yezo groups is recently
recognized as being doubtful by some investigators.
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(Hashimoto, 1936) that in the southern. These two formations occur in the Kamui-
kotan zone as well as in the Ishikari zone. Each of the three formations noted
above shows on the whole coarse-grained facies. The comparatively fine-grained facies
is represented by the Saku formation which in general begins with comparatively
coarse-grained sediments as exemplified by the Nakakinembetsu sandstone member
in the Obirashibe Valley and grades upwards into comparatively fine-grained sedi-
ments. The Saku formation also is finer grained in its middie part than in the other
ones like the Mikasa formation. The uppermost part with this facies shows an
offshore facies in some areas as exemplified by the case of the Obirashibe area where
its stratigraphic range is the shortest.

Upper Yezo group

Although this group is made up chiefly of comparatively monotonous fine-
grained deposits throughout, the lowest, main and wppermost parts can be dis-
criminated therein.

The lowest part, a local stratigraphic unit developed only in the Ishikari
coal-field, shows some resemblance to the Saku formation mentioned above in res-
pect to the predominance of comparatively coarse-grained sediments. But it does
not show frequent graded bedding which prevails in the Saku formation.

In the main part, there are to be found some local coarse-grained facies such
as the Neourakawan Omagari member (Matsumoto, 1942-43, 1954) in the Abe-
shinai Valley, the Paleourakawan Tsukimi member on the eastern wing of the
Sorachi anticline and the Paleourakawan Kamikinembetsu member in the Obi-
rashibe Valley. They are on the whole ill sorted, and provided with frequent
abnormal sedimentary structures and a large amount of muddy conglomerates or
pebbly mudstones. In the Tsukimi member, especially in its eastern facies, the
sediments are derived mainly from an acid volcanic source, being somewhat dif-
ferent from those of the Omagari member which are derived chiefly from an
andesitic source. The main part of the group contains thick tuffaceous rocks at
certain horizons within its middle and upper parts: the representatives are the
Tsukimi member and the Tomiuchibashi tuff member.

The uppermost part of this group in the northern province consists of the In-
frahetonaian comparatively coarse-grained clastics and the succeeding Paleoheto-
naian fine-grained deposits characterized by the abundant occurrence of Inoceramus
schmidti MICHAEL. In the southern province, the part under discussion is a just
transitional member to the Hakobuchi group noted below and is Infrahetonaian in
age. The Chinomigawa formation (Matsumoto, 1942-43, 1954) exposed in the
Kamuikotan zone, representing more offshore facies than the contemporaneous
part of the Hakobuchi group, is built up essentially of a thick sequence of muddy
or silty rocks, although its lowest part is as coarse grained as the Hakobuchi
sandstone. Furthermore, green sandstones are intercalated at several horizons
in the Upper Yezo group, especially in its lower half of the western part of the
Ishikari coal-field.

Halkobuchi group

This group is characterized by the predominance of sandstone but exhibits
considerable vertical changes in rock-facies. In the southern province, this group
is on the whole coarser grained in the lower part named Tomiuchi formation
than in the upper which, in turn, is classified into the Lower sandy siltstone,
Fukaushi formation, Upper sandy siltstone and Sanushibe formation in ascend-
ing order. In the northern province, the Hakobuchi group of the Kamisarufutsu
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district, which is also coarser grained in the lower part than in the upper, shows
an intermediate facies between the typical of the same group and the Chinomi-
gawa formation mentioned above. The group in this area is developed not only
in the Ishikari zone but also in the Kamuikotan zone as is the case in the Chinomi-
gawa formation. It is therefore worthy of mention that the Hakobuchi group
shows no remarkable difference in facies between the Ighikari and Kamuikotan
zones. In the present group comparatively thick beds of tuff, occasionally flinty
in appearance, are intercalated at some horizons.

II. 2 Note on the Time-Stratigraphic Units

Because the biostratigraphic foundations for the definition of stages and sub-
stages in the Cretaceous deposits under consideration have been established by
Matsumoto (1942-43, 1954, 1959), only a few notes are here given on the strati-
graphic occurrence of some important fossils and the sedimentary features con-
cerned.

Stratigraphic occurrence of some important fossils

Almost all the gspecies of Imoceramus are characteristic respectively to a certain
stage and generally occur in great number. The stratigraphic occurrence of several
of them is here discussed.

Inoceramus hobetsensts NAGAO and MATSUMOTO occurs abundantly in the middle
part of the Upper Gyliakian stage, I. uwajimensis YEHARA from that of the Lower
Urakawan, and I. naumanni YOKOYAMA from the middle and upper parts of the Up-
per Urakawan. Therefore it is known that these three species occur abundantly in
the middle part of their own stratigraphic ranges. I. japonicus NAGAO and MATSU-
MoOTO characteristic to the Upper Urakawan stage is of common occurrence in the
rather middle part of this stage, it being superjacent to the horizon of dominant
occurrence of I. amakusensis Nacao and MATSUMOTO characteristic to the same stage
and subjacent to that of I. orientalis nagaoi MATSUMOTO and UEDA. The lower half
of the Lower Hetonaijan stage is marked by the abundant occurrence of I. schmiti
MICHAEL, and the upper half of the Upper Hetonaian by that of I. (?) awajiensis
MATsuMoTO. Furthermore the common occurrence of I. shikotamensis NAGAO and
MATsuMoOTO is known from the lower half of the Upper Hetonaian stage. Consequently,
the horizons of dominant occurrence of certain species mentioned above may give a
clue for deciding the stratigraphic position of a given fossiliferous bed.

Sandstone ratio of the stages and substages

The sandstone ratio of a given stratigraphic unit is defined as the ratio of the
coarse-grained sediments such as conglomerates and sandstones to the gross sedi-
ments concerned. The sediments of a given stratigraphic unit are classified into
coarser, intermediate and finer facies on the basis of the value of sandstone ratio.
Generally speaking, sediments of coarser facies were formed under near-shore en-
vironment, while those of finer facies were formed under offshore environment.

The approximate sandstone ratio of the stages and substages in the surveyed
areas is given in Fig. 30. In each stage or substage of the sequence from the
upper part of the Upper Miyakoan stage to the Upper Hetonaian stage, the bound-
aries between the coarser facies, the intermediate facies, and the finer facies are
for convenience defined by the sandstone ratios of 50 per cent and 20 per cent
respectively. However, there are some exceptions to such a definition. For ex-
ample, in the Lower Urakawan stage there are no sediments of the coarser facies
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of this definition. Thus, so far as this stage is concerned, the sediments of inter-
mediate facies as defined above are here regarded as a coarser representative.
Further, the Upper Urakawan stage is represented exclusively by sediments of
finer facies of the above definition. Thus they are discriminated into relatively
coarser and finer parts with the boundary at the sandstone ratio of 10 per cent.
The sequence of the entire Lower Yezo group ranging from the Lower Miyakoan
stage to the lower part of the Upper Miyakoan stage shows the ratio of 30 to 50
per cent.

So far as present knowledge extends, it is noteworthy that a remarkable dif-
ference of sandstone ratio exists between the northern and the southern prov-
inces. For example, in the northern province the ratio of the Lower Gyliakian
stage is very small, being smaller than that of the superjacent Upper Gyliakian
stage and the subjacent Uppermost Miyakoan substage. On the other hand, in the
southern province it is, though not always, relatively larger than that of the Up-
per Gyliakian stage and the Uppermost Miyakoan substage, and very high in some
areas, e.g. in the Ishikari coal-field*. The Lower Hetonaian stage possesses a
much higher sandstone ratio as compared with the Uppermost Urakawan substage,
except in the Urakawa district where it is only slightly higher.

* In the eastern part of the Ikushumbetsu area the sandstone ratio is somewhat larger
in the Upper Gyliakian stage than in the Lower Gyliakian. This fact is, though not
exclusively, closely related to the intense upheaval of the Minenobu upwarping belt
noted below. But the conditions of the western part are of course in accord with those
of the Ashibetsu and Bibai-Sunagawa areas, although they are not shown in Fig. 30.
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After all, the sandstone ratio of the stage or substage, generally speaking,
decreases upwards from the upper part of the Upper Miyakoan stage to the Lower
Gyliakian stage in the northern province, while it increases in the southern. The
ratio is higher in the Upper Gyliakian stage than in the Lower Gyliakian in the
northern province; on the other hand it is, though not always, lower in the south-
ern. In the two provinces, the ratio of the Upper Urakawan stage is smaller than
that of the Uppermost Urakawan substage. Consequently, in both the northern and
the southern provinces two conspicuous discontinuities in the vertical change of the
sandstone ratio are recognized between the Lower Gyliakian and the Upper Gyliakian
stages, and between the Upper Urakawan stage and the Uppermost Urakawan substage.

Thickness of the stages and substages

The approximate thickness of the stages and substages in the surveyed areas
is shown in Table 38. So far as present knowledge extends, the upper part of the
Upper Miyakoan stage is nearly 1,000 m thick throughout the three facies of the
above definition. In every stage or substage above the Upper Miyakoan the finer
the facies, the thicker the sediments. Generally speaking, in a given stage the
sediments of the coarser and intermediate facies are not more than 400 m thick,
while those of the finer facies measure over 400 m thick; those of certain stages,
e.g. the two stages of the Gyliakian, are 1,000 m thick or a little more than that
in some places. The thickness of the sediments of coarser facies is usually less
than 200 m. To the Uppermost Miyakoan substage the general tendency mentioned
above may be applicable except in the case of the Ikushumbetsu Valley.

In contradiction to the general tendency, the Upper Gyliakian stage in the
Kamisarufutsu area, which is presumably represented by the Hoshin formation, is
exceptionally 600 m thick, in spite of its representation by a coarser facies. Such
an abnormality is probably due to the difference in the source area. The general
tendency noted above is deduced from data on the sediments derived from the
presumed western source area, while the sediments of the Hoshin formation were
derived chiefly from the presumed eastern source area (Tanaka, 1960b). Another
exception is the case of the Lower Urakawan stage on the eastern wing of the
Sorachi anticline. There the stage is represented by very thick sediments of a
coarser facies, such as the Tsukimi member which possesses abnormal sediments
and sedimentary structures (Tanaka, 1959). Furthermore, the sediments of coarser
facies of the Lower Hetonaian stage is exceptionally 300 m thick in the Tomiuchi
area. This may be partly due to the fact that a single cycle of sedimentation
recognized therein comprises exceptionally three minor cycles as shown in Table
40. The Lower Hetonaian stage in the Kamisarufutsu area is considerably thick,
although it is represented by the intermediate facies. Such an exception may be,
though not exclusively, related to the fact that this area is located in the Kamui-
kotan zone as well as in the Ishikari zone, the sediments of which offer data on
generalization mentioned above. The thickness of the Lower Urakawan stage is
ordinarily less than that of the Upper Urakawan stage and two stages of the Gyli-
akian series in each area. As to the Uppermost Urakawan substage, generally
speaking, the thickness of the sediments of coarser facies is less than 50 m, and
on the other hand that of the sediments of intermediate and finer facies does not
measure up to 200 m. Moreover the Upper Gyliakian stage is less than 600 m thick
in the southern province, while it is nearly 600 m or more in the northern prov-
ince.

In a word, it is concluded that each of the stages from the upper part of the
Upper Miyakoan to the Upper Hetonaian attains 1,000 m or so in maximum thick-
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ness. Furthermore, the thickness of the sequence from the Lower Miyakoan to
the lower part of the Upper Miyakoan stage ranges from 1,000 to 1,500 m or so
throughout the three facies noted above. Similarly the upper part of the Upper
Miyakoan stage shows little difference in thickness between the sediments of the
three facies.

II. 3 Stratigraphic Classification based on Cyclic Sedimentation

Tt has already been pointed out that the Hakobuchi group shows four cycles
of sedimentation (Matsumoto, 1954). Inconsistency between the rock-stratigraph-
ic classification and the time-stratigraphic classification has been recognized
throughout the Cretaceous deposits in the meridional zone of Hokkaido (Fig. 29)
(see also Matsumoto, 1943; 1954). To know a general regularity in the sedimen-
tary history the present writer attempted to pay special attention to the cycles
of sedimentation not only in the Hakobuchi group but also in the Cretaceous se-
quences lower than that. Thus, a scheme of classification from the standpoint of

Table 39 Chronologic position of the cyclic sequences in the Cretaceous
deposits of the standard areas in the meridional zone of Hokkaido
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cyclic sedimentation has been established for the Cretaceous formations in the
meridional zone of Hokkaido. The scheme is here summarized in Table 39. Notes
are further extended onto cycles of sedimentation recognized in some other Creta-
ceous deposits of Japan.

Cyclic sedimentation and cyclic sequence

For recognition of the cyclic sedimentation showing change from shallower
to deeper sedimentary environments through the Cretaceous sequence in the merid-
ional zone of Hokkaido, one should consider both lithofacies and biofacies. Im-
portant elements of the lithofacies are the grade of coarseness, the sedimentary
structure such as lamination, bedding, surface markings on the bedding plane and
intraformational deformation, and the occurrence of greensands, tuffaceous rocks,
calcareous concretions, marine fossils, drifted plant remains or carbonaceous flakes
and so forth. Those of the biofacies are the quantity of the enclosed marine fos-
gils, the composition of the gross fossil assemblages, especially the dominance
ratio of ammonites to inocerami, composition of ammonite assemblages, and so
forth. In case of insufficiency of the data on both lithofacies and biofacies, the
beginning of a cyclic sequence can however for convenience be accepted as the
base of a rather thick comparatively coarse-grained sediments. Although cyclic
sequences in the Cretaceous deposits under discussion are on various scale, they
should be in this case recognized, taking into consideration their site of deposi-
tion within the sedimentary basin, that is, the Yezo geosyncline, and time-space
magnitude.

The cyclic sequences of a given scale universally recognized from this point
of view are two in the Lower Yezo group and twelve in the sequence from the Mid-
dle Yezo group to the Hakobuchi group. Also, cyclic sequences of minor scale,
two or three of which constitute one cyclic sequence, are of course locally found
(Table 40). In addition, eyclic sedimentation on major scale can be recognized.
The individual cyclic sequences of the second order, that is, of the standard scale
discussed here, are to be referred to one formation, a unit of rock-stratigraphic
clasgsification, being generally composed of several members. The stratigraphic
range of the individual cyclic sequences under discussion is as a rule not more
than that of one stage concerned, and moreover not less than half that of one stage
concerned (Table 39).

Vertical change of lithofacies and biofacies in the cyclic sequence

The vertical changes of lithofacies may be generalized as follows. First of
all, the sediments grade upwards into comparatively fine-grained ones. In the
ideal case a eyclic sequence begins with arenaceous rocks which, in turn, are fol-
lowed by argillaceous ones and end with arenaceous ones. In a cyclic sequence
composed of fine-grained deposits the intercalation of sandstone becomes less fre-
quent upwards. Lamination and bedding well prevailing in the lower part of a
cyclic sequence decline gradually upwards. In a cyclic sequence consisting of
coarse-grained sediments, the rocks in the lower part are frequently massive and
cross-laminated or ripple-marked. The abundant occurrence of calcareous concretions,
marine megafossils and tuffaceous rocks is characteristic to the lower part. Green
sandstones, thought not always glauconitic, are commonly contained in that part.
Furthermore, the quantity of drifted plant remains or carbonaceous flakes diminishes
upwards.

The following vertical changes of biofacies tend to be exhibited in an ideal
cyclic sequence. The megafossils, the main constituents of which are ammonites
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and inocerami, are abundant in the lower half. As exemplified by the case of the
Obirashibe Valley, in such fossiliferous part, there are as a general tendency dis-
criminated in ascending order three facies: ammonite facies in which ammonites
are more numerous than inocerami, mixed facies in which inocerami are as abun-
dant as ammonites, and inocerami facies in which inocerami dominate over am-
monites. Thus, it 1s seen that the dominant occurrence of ammonites becomes
replaced upwards by that of inocerami. In other words, inocerami become more
numerous upwards. This general tendency is recognizable also in other areas
covered by the writer’s survey (Tables 33-37, 40). However, the lowest or lower
part of a given cyclic sequence, where it is occupied by comparatively thick, fos-
giliferous, arenaceous sediments, contains abundant shells of littoral or shallow
sea origin such as oysters, glycimerids, trigonians and other bivalves. Such a part
is to be called “shell facies.” This is best displayed in some cyclic sequences
within the Mikasa formation and Hakobuchi group. Accordingly, in an ideal
cyclic sequence four facies, viz., shell facies, ammonite facies, mixed facies and
inocerami facies, can be discriminated in ascending order. Regarding ammonites,
aberrant forms occur abundantly in the lower part of an ideal sequence, while
coiled forms become predominant over aberrant forms upwards. Changing the
expression, aberrant ammonites decrease upwards in number. This generalization
can be derived not only from the conditions of the Obirashibe area but also from
those of the other surveyed areas (Tables 33-37, 40). As regards the coiled am-
monites, the following tendency is recognized in the Obirashibe area. Here, the
predominant forms in the lower part of the cyclic sequence are thin-shelled, com-
pressed and moderately ornamented, with elliptical whorl section, while those in
the upper part are thin-shelled and smooth or weakly ornamented, with inflated
whorl of nearly circular section. From the conditions in the Obirashibe Valley,
it is further known that strongly ornate forms are more common in the lower part
than in the succeeding parts. This is best expressed by the following examples.
Acanthoceratids occur in a large number in the lower part of sequence IV in the
Tkushumbetsu Valley (Fukada and others, 1953; Matsumoto, 1959; Tables 37, 40),
and Reesidites minimus is abundant in the lower part of sequence VI in both the
Bibai-Sunagawa area (Tables 34, 40) and Ikushumbetsu area (Fukada and others,
1953 ; Matsumoto, 1959; Table 40). Such a tendency is shown also in the sequence
VIII of the Kamisarufutsu (Tables 35, 40) and Tomiuchi areas (Tables 36, 40) as
can be seen from the occurrence of pachydiscids. Therefore, it is generalized
that thick-shelled, highly ornamented coiled forms with nearly quadrate or com-
pressed whorl section predominate in the lower part of an ideal sequence. Chang-
ing the expression, such forms decrease upwards in number.

The above-noted typical vertical changes of lithofacies and biofacies are, in
practice, not often recognized as they are deseribed, but rather commonly modified
depending upon the condition of sedimentation. For example, in certain cyclic
sequences which are occupied by a kind of coarse-grained sediments at their low-
er or lowest part, calcareous concretions and fossils are sporadic and tuffaceous
rocks are comparatively less frequent. Sequence VII shows essentially the typical
tendency of the vertical changes in the biofacies; nevertheless fossils of inocerami
especially Inoceramus wwajimensis YEHARA are dominant throughout.

The general tendency of vertical changes recognized in the lithofacies and
biofacies of the lower half of the ideal cyclic sequence is of course presented in
reverse order in the upper half. But the conditions shown therein are not so
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conspicuous as those in the lower half, for example, the inclusion of calcareous
concretions, tuffaceous rocks, megafossils, and moreover green sandstones are less
abundant than in the lower half. Furthermore coaly seams are occasionally
intercalated near the top of cyclic sequences showing near-shore facies. Judging
from the vertical changes of the lithofacies and biofacies actually observed in the
cyclic sequence, it is known that almost all of the cyclic sequences are rather in-
complete or some of them are even hemi-cyclic. In the strata lower than the
Hakobuchi group, only sequence VIII is exceptionally complete. Some cyelic se-
quences within the Hakobuchi group also are complete. In a word, such vertical
changes of both the lithofacies and the biofacies reflect essentially the changes
from shallower to deeper environments. The vertical changes mentioned above
are well exhibited from sequence IV to XII, but are not from I to III and in the
two cyclic sequences (I’ and II’) constructing the Lower Yezo group, which are
scanty of concretions and fossils because of Flysch-type sediments. Furthermore,
a similar change of lithofacies and biofacies would be laterally applicable to the
case of lateral variation of the sedimentary facies within a given unit. Hence, it
may give a clue to an understanding of lateral changes in sedimentary environ-
ments as exemplified by the case of the Obirashibe area described in Part I and
the Sorachi anticlinal area (Tanaka, 1959).

Lateral wvariation of lithofacies and biofacies in the cyclic sequence

The ideal cyeclic sequence is modified by greater or minor variation, depending
on the conditions in the source areas as well as in the depositional areas. The ef-
fects are shown not only in the lateral variation of gross aspect of lithofacies
and biofacies but also in that of detailed lithologic and faunal composition. Thus,
a cyclic sequence occurs in three types, viz.,, in the sediments of coarser, inter-
mediate, and finer facies, of which the first type ordinarily corresponding to near-
shore or shallower facies, while the third to offshore or deeper facies (Fig. 31).

It is needless to say that the thickness of a given cyclic sequence ordinarily
increases from the sediments of coarser facies to those of finer one. In the typi-
cal case a coal or plant bed is intercalated near the top of the cyclic sequence of
the coarser facies, where tuff is ordinarily met with. The best example of this
case is the lower part of the typical Hakobuchi group, i.e. the sequence IX and
minor sequences within that in the southern province. In the Tomiuchi area,
the second minor cyclic sequence within the sequence IX shows a minor erosion
surface at its base (Tanaka, 1960a). The sequence IV within the Mikasa forma-
tion of the Bibai-Sunagawa area is another example of the cyclic sequence in
coarser facies (Tables 34, 40). The sequences IV and V within the Mikasa forma-
tion to the lowest part of the Upper Yezo group in the Ikushumbetsu area are
rather intermediate type between the sediments of coarser facies and those of in-
termediate facies (Tables 37, 40). In the sediments of intermediate facies sand-
stones are frequently interbedded and interlaminated, thus graded bedding is well
developed. This facies is represented by the sediments of the eyclic sequence
within the Saku formation, and by those of the sequence V, ranging from the up-
per part of the Mikasa formation to the lower part of the Upper Yezo group, on
the eastern wing of the Sorachi anticlinal area (Tables 83, 40). The sequence VI
in the Obirashibe area, which is nearly equivalent to the Saku formation, shows a
rather intermediate facies (Fig. 4; Table 40). A finer facies is best displayed in
the muddy facies of the Middle Yezo group and the considerably fine-grained facies
of the Upper Yezo group.



85

A Coarse-grained or shallower
(near-shore) facies
1: conglomerate 2: coarse- to
medium-grained  sandstone,
partly stratified and cross-
laminated 3: medium- to fine-
grained sandstone, partly
stratified 4:silty fine-grained
sandstone to fine sandy silt-
stone 5: siltstone or sandy
mudstone 6: coal or coaly
shale
B Intermediate facies
1: medium- to fine-grained
sandstone, stratified 2: sand-
stone and mudstone (or silt-
stone) in thin-bedded alterna-
tion 8: siltstone or mudstone,
laminated, with frequently
interbedded sandstones 4: silt-
stone or sandy mudstone,
laminated 5: mudstone 6:
siltstone or sandy mudstone
C Fine-grained or deeper (off-
shore) facies
1: silty fine-grained sandstone
C to fine sandy siltstone, partly
laminated 2: siltstone or
sandy mudstone, partly lam-
inated 38: mudstone 4: silt-
stone or sandy mudstone
Thick line: shell facies thin line:
ammonite facies broken line:
mixed facies dotted line: ino-
cerami facies

MO

Fig. 81 Three types of cyclic sequences recognized in the Cretaceous
deposits of the meridional zone of Hokkaido

In addition to lithologic and faunal aspects shown in Fig. 81, the following fea-
tures of sediments are noted in the three types of cyclic sequences. Tuff is, if
any, very sporadic, but is occasionally thick, hard, and compact, presenting flinty
appearance in the sandy part of the coarser facies. The sediments of coarser facies
are in some cases fairly fossiliferous, containing numerous fossils in a particular
part. Huge calcareous concretions are, though not always abundantly, contained
especially in such sediments as is often the case with the comparatively coarse-
grained part within the sediments of the other two types. In the sediments of
finer facies the upper part is commonly nearly unfossiliferous. Carbonaceous mat-
ters or drifted plant remains are contained abundantly in the coarser facies and
occasionally in the lowest part of the intermediate or finer facies.

Chronologic position of the cyclic sequences

The individual cyclic sequences on the standard scale under discussion are
recognized in the same number in both the northern and the southern provinces.
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They occupy in many cases nearly the same chronologic position all over the areas
under consideration (Table 89). Even if there is such a contemporaneity of chron-
ologic position, the duration of tectonic movement which caused a given cycle
seems reasonably different to some extent among different areas. On the other
hand, the chronologic positions of certain cyclic sequences such as IV, V, IX, X
and XI considerably differ from each other between the northern and southern prov-
inces, and moreover at different places within the same province. In the Gyliakian
and Hetonaian epochs during which the chronologic positions of cyelic sequences
are different as mentioned above, local epicycles appear in some places (Table 40).
One epicyclic sequence within a sequence in a given area sometimes occupies near-
ly the same chronologic position as the corresponding sequence in another area
within the same province. For example, the upper epicyclic sequence of the se-
quence V in the Obirashibe Valley and on the eastern wing of the Sorachi anticline
is respectively almost equivalent to the sequence V in the Abeshinai Valley and the
Tkushumbetsu Valley. Furthermore, the Hetonaian series of the Urakawa district
in the southern province consists of four cyclic sequences, at least lower two of
which are correlated to the Lower Hetonaian stage. This exception depends upon
the fact that, although this area is included in the southern province, it is situ-
ated at nearly the same position within the basin and also in the same tectonic
zone, i.e. the Kamuikotan zone, as in the case of the Kamisarufutsu district.

In short, the above-mentioned consistency or inconsistency in the chronologic
position of eyclic sequences and the local oceurrence of epicyclic sequences in some
restricted ages noted above are regarded as being closely related with the history
of sedimentation in the Cretaceous deposits under consideration; the geological
meaning will be discussed below.

Mention, furthermore, is made of the fossils significant to the determination
of the stratigraphic position of the cyclic sequences recognized from the Middle
Yezo to the Hakobuchi group. For this purpose, one must take into considera-
tion the dominant occurrence of certain fossils characteristic to one stage or sub-
stage and occurring abundantly all over the area, and moreover the frequent oc-
currence of some fossils characteristic to one subzone and supplementary zonules
(Matsumoto, 1954, 1959).

Mortoniceras imaii (YABE and SHIMIZU) is characteristic to sequence II. De-
smoceras (Pseudouhligelle) japonicum YABE, Calycoceras orientale MATSUMOTO, SAITO,
and FUKADA, and C. asiaticum (JIMBO) are dominant in sequence IV. In sequence
VI Reesidites minimus (HAYASAKA and FUKADA) is characteristic to the lower part,
and Inoceramus hobetsensis NAGAO and MATSUMOTO dominates in the lower and middle
parts. Inoceramus wwajimensis YEHARA is predominant in the lower half of se-
quence VII, I. amakusensis NAGAO and MATSUMOTO in the lower part of sequence VIII,
1. japonicus NAGAO and MATSUMOTO in the rather middle part of sequence VIII,
and I. naumanni YOKOYAMA in the rather middle and upper parts of the same se-
quence. Gaudryceras tenuiliratum YABE and Eupachydiscus haradai (JIMBO) show
dominant occurrence throughout sequence VIII. Furthermore I. orientalis SOKOLOW
dominates at the uppermost part of sequence VIII in the southern province. The
lower part of sequence IX is marked by the dominant occurrence of I. orientalis,
while the middle part by that of *I. schmidti MICHAEL. I. shikotanensis NAGAO and
MATSUMOTO is characteristic to sequence X of the southern province, and to sequence
XI of the northern province. The characteristic species of sequence XII is I. (?)
awajiensis MATSUMOTO.

Sandstone ratio of the cyclic sequences
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The approximate sandstone ratio of the cyclic sequences in the surveyed
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Fig. 32 Approximate sandstone ratio of the cyclic sequences 1n the
Cretaceous deposits of the surveyed areas in the meridional

zone of Hokkaido
For the legends see Fig. 30.

areas is given in Fig. 32. It is needless to say that the sediments of a given
cyclic sequence within the Middle Yezo to the Hakobuchi group (sequences I-
XII) are discriminated into coarser facies, intermediate facies and finer facies on

the basis of the same values of sandstone ratio as in the stages and substages

previously discussed. However, some exceptions to such a definition are found in
Specifically, sequences VI and VII do not show coarser

sequences VI to VIII.
facies. In such strata, the intermediate facies itself is for convenience regarded
as representing the coarser part. In the VIII sequence the sediments are exclu-
sively of finer facies of the above definition. They are, however, for convenience
divided into the relatively coarser and finer parts, with the boundary at the sand-
stone ratio of 10 per cent.
So far as present knowledge extends, between the northern and southern prov-
For example, in the

inces a noticeable difference of sandstone ratio exists.
northern province the ratio of sequence IV is very small, being smaller than that

of sequences III and V. On the other hand in the southern province sequence 1V,
though not always, possesses a relatively higher ratio than the underlying or over-
lying sequence, and a very high one in some areas, e.g. in the Ishikari coal-field¥*.

* In the eastern part of the Ikushumbetsu area the sandstone ratio is considerably higher
in the sequence V than in the sequence IV against the case of the western part, which
is not illustrated in Fig. 32. This is naturally explained by the same reason as discussed
on the sandstone ratio of the two stages of the Gyliakian series in the present area

(see p. 78 of this paper).
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In the northern province a very high sandstone ratio is exhibited at sequence X.
On the other hand, in the southern province the ratio of sequence IX is very large,
being larger than that of sequences VIII and X except in the Urakawa area where
it is small and only slightly larger. In the Lower Yezo group the lower sequence
(I’) shows the ratio of 40 to 60 per cent and the upper sequence (II’) that of nearly
20 per cent.

After all, as a general tendency the sandstone ratio of the cyclic sequence
decreases upwards from sequence I to sequence IV in the northern province; on
the other hand it increases in the southern. The ratio is larger in sequence V
than in sequence IV in the northern province, while it is, though not always,
smaller in the southern. In the two provinces, the ratio of sequence VIII is lower
than that of sequence IX. Accordingly, in both the northern and the southern prov-
inces the vertical change of the sandstone ratio shows two conspicuous discontinu-
ities between sequences IV and V, and between sequences VIII and IX.

Thickness of the cyclic sequences

The approximate thickness of the cyclic sequences in the surveyed areas is
shown in Table 41. So far as present knowledge extends, the thickness of each
of sequences I and II ranges from 400 to 700 m regardless of the difference in the
three facies at most places*. Similarly each of the two sequences (I’ and II) in
the Lower Yezo group exceeds 400 m in thickness and attains in many places
1,000 m or so regardless of the facies difference. In almost all of the succeeding
sequences, IIT to XII, the thickness of sediments, generally speaking, increases in
the order of coarser, intermediate and finer facies. As a general tendency, the
sediments of the coarser and intermediate facies are not more than 400 m thick
except in certain sequences in the Kamisarufutsu area; while those of the finer
facies is more than 400 m thick and less than 700 m. Moreover, the sediments of
the coarser facies are usually not more than 200 m thick.

There are, however, some exceptions for such a generalization. First of all,
it attracts one’s attention that sequences V and VI in the Kamisarufutsu district
are exceptionally thick, although they are represented by the coarser facies. This
fact is closely similar to the case of the Upper Gyliakian stage which was men-
tioned in my another paper (Tanaka, 1960b). The reason is the same as dis-
cussed on that occassion (see also p. 80 of this paper). It is a matter of course
that sequence VII including the Tsukimi member on the eastern wing of the
Sorachi anticlinal area is exceptionally thick as also in the case of the Lower
Urakawan stage of this area. Moreover, in the Tomiuchi district the sequence IX
is exceptionally thick in spite of its representation by a coarser facies. This may
be naturally explained by the same reason as in the Lower Hetonaian stage of the
area. The abnormally greater thickness of the sequence IX, which shows the in-
termediate facies, in the Kamisarufutsu area is of course related to that of the
Lower Hetonaian stage in the area.

After all, it is known that the thickness of each cyclic sequence, recognized
throughout from the Middle Yezo to the Hakobuchi group, is not more than 700 m.
The thickness of a cyclic sequence is bounded at nearly 400 m between the finer
facies and the intermediate one and usually not more than 200m in the coarser
facies. This is similar to the case of the thickness of the stages and substages

* In the southernmost part of the Ikushumbetsu anticline the sequence II shows coarser
facies and is less than 400 m thick.
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described in page 80. Furthermore, the average thickness of cyeclic sequence de-
creases in approximate order of I'-II, ITI-VIII and IX-XII.

Stratigraphic classification based on cyclic sedimentation

The stratigraphic classification based on cyclic sedimentation as previously
described may be summarized as follows. The cyclic sequence on the standard
scale under discussion is minor stratigraphic unit recognized throughout the Cre-
taceous rocks of the meridional zone of Hokkaido. As has already been men-
tioned, the Lower Yezo group is divided into two cyclic sequences, and the whole
sequence from the Middle Yezo to the Hakobuchi group is divided into twelve.
All of these cyclic sequences exclusive of those of the Lower Yezo group can or-
dinarily be subdivided into two or three members and in some cases into four or
five as rock-stratigraphic units. The relationship between the stratigraphic classi-
fication from the standpoint of cyclic sedimentation and that from the standpoint
of facies-development is shown in Fig. 33.

The cyclic sequences now under discussion may be grouped into three se-
quences of larger scale which, in turn, can be divided into several parts respectively
on the basis of sedimentary facies on major and minor scales. This stratigraphic
classification founded on sedimentary cycles of a major scale is concluded after all
to be nearly coincident with the existing major rock-stratigraphic classification.
The Lower Yezo group which consists of Flysch-type sediments is divided into two
parts, viz., the lower and upper parts represented by sequences I’ and I’ respec-
tively. The deposits nearly equivalent to the Middle Yezo group are classified
into three parts, the lower (I-II), middle (III) and upper parts (IV-V). The for-
mer two are sometimes rather Flysch-type sediments or an intermediate facies be-
tween the Lower Yezo group and the succeeding strata. Especially the lower part
is essentially similar to the Lower Yezo group in sedimentary facies. The sedi-
ments nearly equivalent to the sequence from the Upper Yezo to the Hakobuchi
group can be discriminated into the lower (VI), middle (VII-VIII), and upper
parts (IX-XII), the last of which corresponds to the Hakobuchi group. It is
noteworthy that the third sequence mentioned above is represented by conglom-
erates with a great number of contemporaneous pebbles at or near the base as
exemplified by conglomerates in the Saku formation and its equivalent of several
places.

Application of the stratigraphic classification based on cyclic sedimentation to

the stratigraphy of the Cretaceous deposits in the Yezo geosyncline and its allied

areas

The stratigraphic classification based on cyclic sedimentation is useful in the
correlation of some formations which contain no fossils available for age deter-
mination. For example, the stratigraphy of the Cretaceous deposits in certain
areas are here discussed.

In the Kamisarufutsu district (Table 35), any fossils available for correlation
have been found nowhere from the Middle Yezo group, except Anagaudryceras cf.
sacya (FORBES) from the upper part of member Mi. The cyclic sedimentation of
the Cretaceous deposits of the present area is in harmony with that of the other
areas within the northern province. Therefore member M is suggested to belong
to the sequence II, which is referred to the upper part of the Upper Miyakoan stage
(Tables 89, 40). This inference seems to be plausible judging from the sandstone
ratio and thickness of the cyclic sequences recognized and those of the stages
and substages supposed in the Middle Yezo group and moreover from the domi-
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nant intercalation of tuffaceous rocks in some horizons of the group (Tanaka,
1960b).

In the Sorachi anticlinal area (Tables 33, 34), the main part of the Middle
Yezo group is lower than the sequence IV and divided into three cyeclic sequences.
From the thickness and sandstone ratio these three sequences are suggested to be-
leng to the sequences I, IT and III. Therefore the age of the main part of the
Middle Yezo group may range down to the Neomiyakoan age (Tables 39, 40).

In the Naibuchi Valley, southern Saghalien, the Cretaceous strata are north-
ern extensions of those in the meridional zone of Hokkaido, and composed of the
“presumably equivalent of the Lower Yezo group,” the Kawakita subgroup, and the
Miho and Ryugase groups (Matsumoto, 1942-43, 1954) in ascending order. Through
these strata, at least twelve cyclic sequences are recognized (Table 40). The dis-
crimination of the sequences IV to VIII in the lithologically monotonous Miho group
can be carried out by means of the biofacies. The Kawakita subgroup itself rep-
resents the sequences II, III, and lower part of IV. Accordingly, it is suggested
that the sequence I, i.e. the lowest part of the Middle Yezo group or the rather
middle part of the Upper Miyakoan stage, is contained in the “presumably equiva-
lent of the Lower Yezo group.” Furthermore, the chronologic positions of some
cyclic sequences in southern Saghalien may differ a little from those of the corre-
sponding ones in the northern province of the meridional zone of Hokkaido. Name-
ly the boundary between the sequences IIT and IV corresponds to that between the
Uppermost Miyakoan substage and the Lower Gyliakian stage. The base of the
sequence IX is situated near the top of the Uppermost Urakawan substage. These
points are greatly similar to the case of the southern province of Hokkaido. How-
ever, each of the two stages in the Hetonaian series is composed of two cyclic
sequences as in the northern province.

Notes on deposition of the cyclic sequences

Cyclic sedimentation of various natures has been recognized in a number of strata
of various ages throughout the world (Lombard, 1956)%*. A famous example is pre-
sented in “cyclothems” which prevail in the Pennsylvanian coal measures. Also
in Japan cyclic successions approximately conforming to cyclothems are recognized
in some coal-bearing formations: (1) the Upper Trias Mine group in Southwest
Japan, sediments of Molasse type (Tokuyama, 1958), (2) the Paleogene Ishikari
group in Hokkaido which is said to be geosynclinal sediments (Tashiro, 1952;
Teshima, 1954), and (3) the Tertiary in the Joban coal-field, sediments on a compar-
atively stable shelf (Eguchi and Shoji, 1953; Shoji, 1960). Cyclic arrangement is
displayed also in the sediments of the Upper Cretaceous Izumi group in Southwest
Japan as has already been and will be again pointed out by myself together with

* Lombard uses the term of rhythmic sedimentation (or sequence) for the sedimentation
showing such a serial change of various characters and on various scales as recognized
in a cyclothem, other allied cases, an alternation of coarse and fine sediments, or a
varve. The term of cyclic sedimentation here used is of broader sense, implying the
sedimentation of various successions which range from a complete cycle to a quite in-
complete hemi-cycle. However, the sedimentation of a very small or microscopic order
as shown in an alternation of coarse and fine sediments or a varve is here to be ex-
cluded from the cyclic sedimentation, but the term rhythmic sedimentation may be ap-
propriate for it. In addition to the numerous examples given in Lombard’s work, a
serial succession of clay-sand-limestone is known also in the Jurassic of England (Arkell,
1933).
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other authors (Matsumoto [Editor], 1954, p. 186). Furthermore, it is known that
the Miocence Kawabata formation or Kotambetsu formation in Hokkaido, represented
by the deposits of “Nagelflub” type, shows a serial succession of conglomerate—sand-
stone-mudstone (Tsushima and others, 1958).

A number of hypotheses have been proposed to account for cyclic sedimenta-
tion of various natures (Lombard, 1956). For example, as to the cyclothem with-
in the Pennsylvanian coal measures, the deposition has been ascribed to diastroph-
ic control (Weller, 1930, 1956) or glacially controlled eustatic changes in sea
level (Wanless and Shepard, 1936; Wheller and Murray, 1957). Further, cyclic
calcareous sedimentation of the Cretaceous in the Helvetic zone is thought to owe
its origin to climatic changes (Briickner, 1951, 1953) or oscillation of the sea-bot-
tom (Carrozi, 1951). At any rate, it appears an overwhelming opinion that no
few of cyclic sedimentation of various natures are, though not exclusively, attrib-
uted to tectonic movements. Such an opinion may be also reasonable. Thus,
cyclic sedimentation is considered as ordinarily taking place in comparatively
mobile or unstable areas. Also, the cause of the cyclothemic sedimentation ob-
served in the Japanese coal-bearing strata, all of which have no limestones, has
been discussed by some authors (Tashiro, 1952; Eguchi and Shoji, 1953; Teshima,
1954; Shoji, 1960). Above all, it is worthy of mention that Shoji (1960) attaches
great importance to volecanic action for the eyclic sedimentation in some coal-bear-
ing formation of Japan.

However, the stratigraphic division based on cyclic sedimentation may have
been little attempted for marine sediments deposited within a geosyncline. Un-
der the circumstances, it attracts one’s attention that the Cretaceous sequences in
the meridional zone of Hokkaido show in themselves several cyclic successions.
Further, it is noteworthy that in the Upper Cretaceous geosynclinal sediments of
North Spain, which are very thick, i.e. 5,000 m in maximum thickness and rich in
calcareous rocks, are recognized fifteen cycles (Lotze, 1960). The cyclic sedimen-
tation of this Cretaceous may have been not only due to tectonic movements caus-
ing change in depth of the basin but also to climatic change causing change in
temperature of surface water of the oceanic sea.

On the other hand, “cycles of sedimentation,” which is a concept proposed for
the deposition of the Eocene of the Anglo-Franco-Belgian basin (Stamp, 1921), are
similar to the cyclic sedimentation noted above in sedimentation of cyeclic fashion,
but are not necessarily attributed to the same origin as in the latter. They are
said to be best and typically displayed in sediments on stable shelves. The con-
cept of cycles of sedimentation has been applied in a number of stratigraphical
studies in Japan as well as in foreign countries. Yabe's pioneer synthesis of the
Japanese Cretaceous stratigraphy (1927) is of course based on this concept. After
all, it has been a prevailing opinion that cycles of sedimentation recognized by
many authors extending Stamp’s idea are attributed to repeated rise and fall of
the sea level or transgression and regression caused by epeirogenic movements.
Yabe’s major stratigraphic division of the Cretaceous in Hokkaido were, of course,
made in accord with such a view.

Now, the cause of the cyclic succession in the Cretaceous deposits in the merid-
ional zone of Hokkaido is briefly discussed. It goes without saying that the ver-
tical changes of lithologic and faunal aspect observed in each of the cyclic se-
quences show change from shallower environments to deeper ones as noted above.
Such change itself, of course, results from change in the position of the sea level
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relative to the depositional area. The relative changes in sea level may be attrib-
uted to: (1) repeated uplift and subsidence of the depositional area, with sub-
sidence greater than uplift, when sea level is constant, (2) repeated subsidence
of the depositional area without uplift, when sea level is constant, thereby shal-
lowing of the depositional area being due to saturation of sediments in the area,
and to (8) repeated rise and fall of sea level when depositional area is stable.
Furthermore, cyclic deposition may be ascribed to (1) such tectonism as men-
tioned above, (2) periodic voleanism and to (8) cyeclic climatic change.

As to the cyclic sequences recognized in the Cretaceous deposits in the merid-
ional zone of Hokkaido, judging from the stratigraphic range, extension, thickness,
and features of sediments of individual eyclic sequences, it seems that repeated
uplift and subsidence of the depositional area, with subsidence greater than up-
lift was fundamentally responsible for the deposition of the cyclic sequences. Af-
ter all, repeated movements of the depositional area in such fashion is closely
related to periodicity of the tectonism taking place in the source area where vol-
canism accompanied tectonism. However, relative duration and intensity of such
tectonism are not always the same in different areas and in different ages. Thus the
stratigraphic range, extension, thickness, and features of sediments of the cyclic se-
quence show sometimes great similarity, sometimes much difference. It is a matter
of course that the deposition of the eyclic sequences under consideration may be
fundamentally controlled by both the geosynclinal sinking particular to this region
and epeirogenic movements of much wider extent, although the deposition results
from such tectonism as discussed above. Accordingly, from the standpoint of the
development of the Yezo geosyncline, the deposition of each of the cyclic sequences is
known to be not always attributable to the same cause. For example, the deposi-
tion of the cyclic sequences in the Gyliakian and Hetonaian series may have been
controlled largely by tectonism in the depositional areas as well as in the source
areas, the duration and intensity of which show considerable difference from part
to part of the basin. It is noteworthy that cyclic sequences in the Lower Heto-
naian stage, especially in the lower part of the typical Hakobuchi group present
much similarity to the eyclothem under the original definition although they have
no limestones. On the other hand the deposition of the cyclic sequences in the
Urakawan series may have been controlled by the so-called Urakawan transgres-
sion accompanied with mild tectonism. Furthermore, the deposition of the cyclic
sequences in the Lower Yezo group is supposed to have been much subjected to
intermittent change of tectonism of minor scale accompanied with turbidity cur-
rent in the depositional areas.

After all, the cyclic sedimentation or the deposition of the cyelic sequences
observed in the Cretaceous strata in the meridional zone of Hokkaido can essen-
tially be attributed to a cause rather similar to the case of the Pennsylvanian
cyclothems in that in both cases tectonic control in a broad sense may be responsi-
ble for the deposition. The tectonic environments are however considerably dif-
ferent between the two cases. That is, the Cretaceous cyclic sequences in Hok-
kaido are geosynclinal sediments, while the cyclothems sediments on unstable shelf.
In this connection, it is worthy of mention that the Cretaceous cyclic sequences
are generally incomplete, and that volcanism took part in their origin. The cyeclic
sequences under discussion are of considerably longer stratigraphic range or
larger formational order than the case of the Cretaceous in North Spain and the
Pennsylvanian cyclothems or the so-called cyclothems in the Japanese coal-bear-
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ing formations. Furthermore, it may be suggested that the one major cycle shown
by the Lower Yezo group and the two major ones from the Middle Yezo group to
the Hakobuchi group as described in the preceding pages can be ascribed to epeiro-
genic movements of much wider extent.

Notes on cycles of sedimentation in other Cretaceous deposits of Japan

In the Cretaceous sequences of the areas other than Hokkaido, unconformity
occurs at various horizons. Thus, any formation or group bounded by unconform-
ity itself shows a single cycle of sedimentation. Then, in some of such forma-
tions are recognized sedimentary cycles of ordinary or broader sense (Matsumoto,
1954). Under the circumstances, some brief discussion is here offered on the cycles
of sedimentation in some Cretaceous deposits of the areas other than Hokkaido*.

The Cretaceous formations of the Yuasa district in the western part of the
Kii Peninsula, Outer Zone of Southwest Japan (Matsumoto, 1947, 1954; Hirayama
and Tanaka, 1956a, b) are sediments on an unstable or mobile area. They show
in themselves six major cycles (or often better to say hemi-cycles), three in the
Lower Cretaceous and three in the Upper Cretaceous (Table 42)*¥  Each of
these major cycles, which corresponds to one series in stratigraphic range is, in
turn, generally composed of two or three minor cycles (or often better to say hemi-
cycles). The stratigraphic range of a minor cycle is in a general way from one
stage to about half. The thickness of each minor cycles within the sequences lower
than the Urakawan series is, generally speaking, from 150 to 250 m, and that in
the Urakawan and Hetonaian series exceeds 300 m and is less than 700 m. 1In the
Cretaceous deposits in the Yatsushiro area, Middle Kyushu (Matsumoto and Kan-
mera, 1952; Matsumoto, 1954), major and minor cycles as noted above are rec-
ognizable in the same way as in the case of the Yuasa area (Table 42)*** How-
ever, it should be noticed that the stratigraphic relation between given two major
or minor cycles is often different between the two areas, being conformable in one
area while unconformable in the other. The major and minor cycles discussed
here may be regarded as being referable to the individual stages of uniform or
differential sedimentation (see p. 98 of this paper) and cyclic sequences in the
Cretaceous deposits of Hokkaido in scale and origin respectively.

It has already been pointed out that the Izumi group lying with distinet un-
conformity on granitic rocks, quartz-porphyry and the Ryoke metamorphic rocks
reveals in itself four cycles of sedimentation (Matsumoto, 1954). In the central
part of the Izumi mountain range, the Izumi group is best displayed from base
to top; it is said to be composed of sediments within a parageosyncline. Here, the
group, over 6,700 m in thickness, shows in itself five major cycles (or better to
say hemi-cycles), the upper four being, in turn, composed of several epicycles (or

* The Cretaceous strata in the Kushiro coalfield, southeastern Hokkaido, measuring up
toc about 2,000 or 3,000 m in thickness, are overlain by the coal-bearing Paleogene with
unconformity. They are composed mainly of fine-grained sediments in the lower part and
coarse-grained ones in the upper, being rich in volcanic materials at certain horizons
but rather poor in fossils. The formation, though its lower limit is unknown, com-
prises three cycles; the lower is referred to the Lower Hetonaian stage and the suec-
ceeding two to the Upper Hetonaian.

** The case of the Lower Cretaceous has already been pointed out by Matsumoto (1954).
*%% According to the personal communication from Professor Matsumoto, recently ammonites
indicating the early Neocomian was found in a part of the strata, which is provisionally
referred to the Upper Jurassic, within the Kawaguchi formation.
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better to say hemi-epicycles) respectively (Table 43; Hirayama and Tanaka MS.).
One’s attention is attracted by the fact that the sediments of epicycles, generally
speaking, increase in thickness step by step upwards, from generally 200 m in the
lowest epicycle to 400 m in the uppermost. Tuff is ordinarily intercalated in the
lower or upper part of minor cycle, and never in the middle. It is noteworthy
that the stratigraphic occurrence of tuff in the minor cycles as mentioned above
is in harmony with the case of the cyclic sequences in the Cretaceous deposits in
the meridional zone of Hokkaido. The Hakobuchi group of Hokkaido, which is al-
most the same age as the Izumi group, comprises four cycles as noted before. It
may be suggested that the major cycles recognized in the Izumi group are nearly
equivalent to the cyclic sequences in the Cretaceous of Hokkaido in formational
order and the former owed their origin to conditions nearly similar to the case of
the latter. Minor cyecles within the second, third and fourth major cycles of the
group under discussion showing much frequently rhythmic alternation of (con-
glomerate—) sandstone—shale are, of course, of much smaller scale; their origin owed,
though not exclusively, to periodical change of tectonism (rate of uplift-erosion)
in the source areas accompanied with acid volcanism taking place in the northern
source area and to that of tectonism (rate of subsidence) in the depositional areas.
Furthermore, it is a matter of course that the Izumi group itself presents a single
cycle of sedimentation.

The Himenoura group in Middle Kyushu (Matsumoto, 1938; Ueda and Furu-
kawa, 1960) lying with a distinct unconformity on the basement of granodiorite
and gneiss is about 1,200 m thick, and is chiefly referable to the Upper Urakawan
stage; it ranges up to the Lower Hetonaian and presumably down to the Lower
Urakawan stage. This group is said to be sediments within a basin akin to the
Izumi parageosyncline. It reveals in itself a cycle of sedimentation, which, in turn,
seemingly comprises two minor cycles as in the case of the Upper Urakawan stage
in the Yuasa district. Regarding the biofacies of the cyclic sequence, four facies,
viz., shell, ammonite, mixed and inocerami facies, are discriminated in ascending
order as noted in the Cretaceous of Hokkaido. Furthermore, also in the Himeno-
ura group, generally speaking, aberrant ammonites and strongly ornate coiled am-
monites are predominant in the ammonite facies, and weakly or moderately orna-
mented coiled ones in the mixed facies in common with the case of Hokkaido.

III. Notes on the Sedimentation
III. 1 Sedimentary Facies and Sedimentation

Large scale vertical changes in the sedimentary facies

One would note that the sedimentary facies, especially as represented by the
thickness and lithologic composition or sandstone ratio, indicates conspicuous region-
al variations in some periods while in others it indicates opposite conditions.
From this point of view, the vertical changes on a large scale in the sedimentary
facies, that is, the depositional history of the sediments since the Miyakoan epoch
would be divisible into the following five stages: (1) the first stage of relatively
uniform sedimentation (Paleomiyakoan age—earlier Neomiyakoan age), (2) the
second stage of uniform sedimentation (later Neomiyakoan age — Infragyliakian sub-
age), (3) first stage of differential sedimentation (Paleogyliakian age —early
Neogyliakian age), (4) the third stage of uniform sedimentation (late Neogyliaki-
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an age— Urakawan epoch), and (5) the second stage of differential sedimentation
(Hetonaian epoch).

The vertical change on a large scale in the sedimentary facies through these
five stages is illustrated in Fig. 29. The cyclic sedimentation took place almost
gimultaneously between the northern and scuthern provinces in the stages of uni-
form sedimentation, but at considerably different times between them or from
place to place within the same province in the stages of differential sedimentation.
The stratigraphic range of a cyclic sequence is small in (1) and (2), while large
in (4), and then either small or large in (38) and (5), but yet on the whole rather
large in (8); rather small in (5) (Table 39). The discontinuity in the vertical
changes of the sandstone ratio of the cyclic sequences (see p. 89 of this paper)
is recognized within (3) and nearly at the transition from (4) to (5) as in the
case of the sediments of the time-stratigraphic units (see p. 80 of this paper).
The average thickness of a cyclic sequence decreases in approximate order of (1)~
(2), (3)=(4), and (5). Furthermore, fossil remains are poor in (1) and (2), while
abundant in (4) and rather so in (3) and (5). The occurrence of calcareous con-
cretions shows the same tendency of abundance as in the case of fossils. Lastly,
tuffaceous rocks are, generally speaking, more frequent in (4) and (5) than in
(2)—(3), and scarce in (1) (Fig. 36).

In conclusion, the vertical changes of the sedimentary facies mentioned above
are closely related to the following points: the stage (1) was characterized by
rather Flysch-type sedimentation; the stage (2) often represented the conditions
similar to those in the stage (1); the stage (3) was subjected to some mobility of
the basin where the rising part and the sinking part were differentiated and the
upheaval of the adjacent source area, thus showing sedimentation differing from
place to place; the stage (4) marked by the general transgressive sedimentation,
whereas the stage (5) by the general regressive sedimentation; and moreover be-
tween the stages (1) and (2) a temporary emergence of some parts of the basin
happened; in other words, the stages (1), (2)—(8), and (4)—(5) coincide with, and
are correlatives of the first, second and third major cycles of sedimentation noted
above respectively.

Large scale lateral changes in the sedimentary facies and sedimentary provinces

It is pointed out that the depositional basin was not always under similar
conditions of sedimentation throughout but sometimes under remarkable different
ones between the northern and southern provinces. Namely, one should note the
essential differences recognizable from (1) the chronologic position of the base of
the Hakobuchi group (Figs. 29, 33), (2) tlie sandstone ratio of the Lower Gyliaki-
an stage (see p. 78 of this paper) and of sequence IV (see p. 87 of this paper),
and (8) the chronologic position of the sequences such as IV, V, IX, X and XI
(Fig. 33; Table 39). The bhase of the Hakobuchi group is situated within the Lower
Hetonaian stage (or sequence IX) in the northern province, while it corresponds
to the base of the same stage (or the same sequence) in the southern. The ap-
proximate boundary between the two provinces is here named the Asahikawa-
Rumoi Line (Fig. 24), it being a kind of discontinuous part within the basin. In
addition to the above-mentioned dissimilarity, the Orbitoliana limestone of the Low-
er Yezo group occur mainly in the southern province, but scarcely in the northern.

It is furthermore noteworthy that difference between the two provinces as
noted in the Cretaceous seems to be reflected in some of the succeeding geological
condition. Examples may be found in facies development, deformation and struc-
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tural behaviour of the Paleogene and Neogene deposits, and upheaval caused by tec-

tonic disturbances. Moreover, tectonic behaviour of the so-called Hidaka orogenic
zone (Kizaki, 1959) may be algso applicable to this explanation.

Subsidence and deposition

The facies variation in the Cretaceous deposits under consideration is shown
in Fig. 84% in which boundary of the stages or substages is also indicated. As
previously stated, the thickness of any omne stage is measured up to about 1,000 m
in maximum. However, the sediments of the relatively fine-grained facies of the
Lower Gyliakian and Upper Gyliakian stages are a little more than 1,000 m thick
in some places. Generally speaking, the Upper Gyliakian stage is thicker in the
northern province than in the southern. The sandstone ratio of the Lower Gyliaki-
an stage conversely differs between the two provinces. The sediments of the low-
er part of the Lower Hetonaian stage represent muddy facies everywhere in the
northern province, while they ordinarily represent sandy facies in the southern.
Moreover, on the assumption that each age is nearly constant in duration, for which
absolute age determination is necessary, the approximate rate of deposition may
be known to be large in the Miyakoan series, small in the Hetonaian series and
moderate in the Gyliakian and Urakawan series.

Although the sedimentary facies are variable all over the area, relationship
among the thickness, lithofacies and biofacies in the various stages of the Upper
Cretaceous may be generalized in Fig. 35**. Some remarks on this figure are as
follows. Aberrant ammonites usually, if not always, occur more abundantly than
coiled ones where the thickness of the sediments is less than 200 m per stage,
while the former usually, if not always, occur less abundantly than the latter
when the thickness of the sediments is 200 to 400 m per stage. Where the sedi-
ments are over 400 m thick per stage, coiled ammonites always predominate over
aberrant ones.

The most offshore part in the basin normally corresponds to the most sub-
siding part. The Gyliakian series in the Obirashibe Valley represents far offshore
sediments as compared with that in the Ikushumbetsu and other areas. However,
the area may not have corresponded to the most offshore part within the Yezo geo-
syncline, but it was presumably situated in the western, comparatively offshore
part of the basin. Since the series is very thick the area is regarded to have great-
ly subsided. This area, furthermore, remained in great or small degree under
such conditions at least until the Paleohetonaian age. In the southern province,
the most offshore part subsided most intensely, as exemplified by (1) the Shiyu-
bari Valley in the Paleogyliakian age, (2) the Tomiuchi district in the Neouraka-
wan age where the Hetonaian series is also considerably thick, and (38) the Ura-
kawa district in the Hetonaian epoch. It is noteworthy that the three most sub-
siding parts mentioned above are situated from north to south in the present geo-
graphical position. In the sediments of the Hetonaian series are recognized facies
change from the near-shore facies in the Ishikari coal-field through the intermedi-
ate facies in the Tomiuchi area to the offshore facies in the Urakawa area. It is
needless to say that the intensity of subsidence increased in the order of the

* The first type of coiled ammonites illustrated in Fig. 34 includes groups Cz and D, and
the second type groups A, B, C; and Ca.

#* The first type of coiled ammonites illustrated in Fig. 35 includes groups A, B, C; and
Co, and the second type groups Cz and D.
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first, the second and the third areas.

Furthermore, judging from the lateral variation of facies in the uppermost
part of the Upper Yezo group and the lower part of the Chinomigawa formation
in the Urakawa area it would appear that the far offshore part (or more intensely
subsided part) shifted northeastwards, or better to say, eastwards in the original
situation, in the Paleohetonaian age (Tanaka, 1960b). A similar change of facies
and thickness took place from west to east within the basin of the Kamisarufutsu
area in the Hetonaian epoch (Tanaka, 1960b). The conditions of this area are in
common with those of the Urakawa area, as reflected in some resemblance between
the two areas in the rock-facies of the Lower Hetonaian stage and in conditions
of the cyclic sequences concerned, as has previously been mentioned. Thus such
a fact suggests that the two areas which are located in the Kamuikotan zone were
placed under very similar conditions of sedimentation, although they are geographi-
cally much separated.

In the next place, the writer outlines the variation in the constituents of the Cre-
taceous deposits under discussion. The Paleomiyakoan coarse-grained sediments are
represented by the Tomitoi member as an eastern facies in the southern province,
and by the Onodera member in the northern. In the sediments of the former mem-
ber, the materials derived from granitic rocks are predominant, and those derived
from schistose rocks are also in subordinate amounts (Fujii, 1958). However, the
sandstones of the Lower Yezo group, which is presumably referred to the Lower
Miyakoan stage to the lower part of the Upper Miyakoan stage, of the Horokanai dis-
trict in the northern province are rather rich in fragments of voleanic rocks (Table
31). In the Paleomiyakoan age, limestones containing Oribitolina were deposited
mainly in the southern province. As the coarse-grained sediments in the western facies
of the basal or lowest part of the Middle Yezo group, which is probably referred to the
middle part of the Upper Miyakoan stage, there are the Kanajirizawa formation and
the Moihoro member in the northern province, both of which intercalate comparatively
thick tuffs. The tuffs are rhyolitic and dacitic in the former and rhyolitic in the latter.
The Kasamorizawa member in the southern province represents the eastern facies.
The coarse-grained sediments of the Kanajirizawa formation are rather rich in mate-
rials derived from acid and intermediate volcanic rocks (Table 31).

The Gyliakian Mikasa formation, the coarse-grained sediments of which are not
necessarily poor in materials derived from volcanic rocks, is the sediments of the
western near-shore facies in the southern province. In the formation, one facies
containing abundant shallow-sea fossils such as trigonians and the other facies
which is coarser grained than the former and intercalates several Ostrea beds or
a coal seam are discriminated from east to west. On the other hand, the Gyliakian
eastern coarse-grained facies of the same province is shown in the Kondoyama
formaticn. The comparatively fine-grained facies of the Upper Gyliakian stage is
represented by the Saku formation. This formation shows an offshore facies in
some places such as the Obirashibe area. Of the component in the coarse-grained
sediments of the Saku formation volcanic rocks are, generally speaking, subordi-
nate as in the Mikasa formation (Fujii, 1958), but they are rather fairly predomi-
nant in the Obirashibe district (Table 31). Also in the Hoshin formation, the
sediments of the eastern near-shore facies in the northern province, materials
derived from andesitic rocks are rather predominant (Tanazka, 1960b). Further-
more, it is noteworthy that conglomerates of the western facies of the Saku forma-
tion and those of the Hoshin formation contain a large number of contemporaneous
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pebbles (Fig. 37).

In the Urakawan series fine-grained sediments are predominant with frequent-
ly intercalated acid tuffs. As the representative coarse-grained sediments locally
contained in the rather offshore facies of the same series, there are (1) the Paleo-
urakawan Tsukimi member with rhyolitic tuffs in the southern province, and (2)
the Paleourakawan Kamikinembetsu member and (8) the Neourakawan Omagari
member in the northern province. The sediments of the first are derived principal-
ly from an acid volcanic source, and those of the third essentially from an andesitic
one; the pebbles of the second are chiefly dacite and andesite. Furthermore, the
Neourakawan Tomiuchibashi tuff in the Tomiuchi area is dacitic (Tanaka, 1960a).

In the succeeding Hetonaian series, there are distinct lateral changes of facies
in the southern province; one facies of the Hakobuchi group intercalating coal
seams passes into another facies of the group containing abundant marine organ-
isms which, in turn, changes into the Chinomigawa formation composed mainly of
muddy facies from west to east or from north to south. The coarse-grained sedi-
ments of the Hakobuchi group which occasionally contain beds of tuff or tuffaceous
rock, mainly of dacitic nature (Tanaka, 1960a, 1960b), are largely of volecanic origin
(Fujii, 1958; Tanaka, 1960b). Moreover, as far as the pebbles of conglomerate
are concerned, those of rhyolite are frequently found on the western wing of the
Sorachi anticline (Shimizu, Tanaka and Imai, 1953), while those of andesite in the
Kamisarufutsu area where the sandstones also are rich in fragments of andesite
(Tanaka, 1960b).

Tuffs or tuffaceous rocks are intercalated as layers or beds of various thickness,
ranging from a few centimetres to a few tens of metres, at various horizons through-
out from the Middle Yezo to the Hakobuchi group, but are scarcely found in the
Lower Yezo group. Abundant or dominant occurrence of such rocks is seen in
thirteen horizons of which Tz (T1)-T4, Ts—T10, and Tiz are three remarkable ones
(Fig. 36)*. Roughly speaking, the stratigraphic range of the abundant or domi-
nant tuffs often occupies one-tenth to one-third of the stage concerned. It is note-
worthy that each of the above three remarkable horizons occurs in the earlier
half or in the rather final stage of the major cycle of sedimentation concerned,
i.e. the second (cycles I-V) or third major cycle (eycles VI-XII) in harmony with
the horizon of abundant or dominant tuffs within the cyclic sequence. Such a
tendency may be, though inconspicuously, recognized also in the first major cycle
which is represented by the Lower Yezo group. Tuffs or tuffaceous rocks, almost
all of which contain plagioclase, quartz and biotite, are chiefly dacitic. Some of
them are rhyolitic or andesitic. Hypersthene is contained not only in some tuffs or tuff-
aceous rocks of the Hetonaian series but also in those of the Upper Urakawan
stage. Moreover, it attracts one’s attention that in the cyclic sequences of the
Obirashibe area tuffs seem to show, as a general tendency, upward change from
relatively acid to relatively basic nature which is succeeded again by relatively
acid nature in the final stage. To sum up, it can be pointed out that the deposi-
tion of tuffs in the Cretaceous deposits of the meridional zone of Hokkaido may
have been attributed chiefly to volcanic eruptions belonging to the cale-alkali
rock series. In this connection, one’s attention is attracted to the fact that basic
volcanism represented by pillowed basalt took place during the deposition of the
Jurassic and Lower Neocomian Sorachi group, and that in southeastern Hokkaido a

* Tyo prevails in the southern province, but it is very inconspicuous in the northern.
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voleanism represented by trachydolerite, rather abnormal in Japan, played an im-
portant part during the Hetonaian epoch.

Greensand grains are disseminated at various horizons throughout from the
Middle Yezo to the Hakobuchi group. They are abundant especially in the Up-
permost Urakawan substage at many places. Greensand grains are moreover much
disseminated at several horizons in the sequence from the upper part of the Upper
Gyliakian to the Lower Urakawan stage in the western part of the Ishikari coal-
field.

It is furthermore worthy of mention that at various horizons throughout the
Cretaceous deposits under discussion, especially in the Upper Yezo group, some
strata show abnormal sedimentary structures or contain abnormal sediments in
such places as indicated in Fig. 87. Representatives of the abnormal sediments
are the Tsukimi, Kamikinembetsu and Omagari members. All of them display or
even are rich in muddy conglomerates or pebbly mudstones which are also frequent-
ly contained in the lower half of the Upper Yezo group on the eastern wing of
the Sorachi anticline. These strata occupy mostly the lowest and partly the up-
permost parts of cyclic sequences, and were deposited at intermediate positions be-
tween the near-shore and offshore parts in the basin. Their deposition is pre-
sumed to be due to the so-called turbidity currents, subaqueous mudflow or sub-
aqueous sliding, and furthermore closely related to a sort of tectonism which was
in some cases accompanied with remarkable differential subsidence as exemplified
by the case of the Tsukimi member and its allied sediments in the mid-valley of
the Ashibetsu (Tanaka, 1959).

Cyclic sedimentation

As has previously been mentioned, the Lower Yezo group represents one ma-
jor cycles of sedimentation comprising two minor cycles, and the sequence from
the Middle Yezo to the Hakobuchi group two major cycles of sedimentation com-
prising twelve minor cycles. The vertical changes of lithofacies and biofacies in
the cyclic sequences of the standard scale under discussion have already been de-
scribed. The thickness of each cyclic sequence never exceeds 700 m in the Middle
Yezo, Upper Yezo and Hakobuchi groups, but reaches 1,000 m or so in the Lower
Yezo group. Furthermore the relationship among the thickness, lithofacies, and
biofacies of the cyclic sequences recognized in the sediments from the Gyliakian
to the Hetonaian series is essentially the same as in the case of the stages or
substages noted in page 100 of this paper. There is, however, no example of cyclic
sequence with the thickness ranging from 800 to 1,200 m, so the corresponding
section is left blank in Fig. 35.

It goes without saying that a cyclic sequence shows a vertical change from
shallower to deeper environments and, in turn, to another shallower ones (Fig.
38). The cyclic deposition under consideration owes its origin essentially to peri-
odical or intermittent tectonism taking place in the depositional area as well as in
the source area. Volcanic activity is presumed to have been also in some degree
related to this periodic tectonic movement (Fig. 38). Furthermore, the cyclic
sedimentation discussed here not only represents repetition of the vertical changes
of both lithofacies and biofacies but also implies changes in the time-space mag-
nitude of a cycle during the sedimentary history of the Cretaceous deposits. The
changes in time-space magnitude of a cycle mean those in the stratigraphic range
and average thickness of cyclic sequences formed since the deposition of the Low-
er Miyakoan stage, as noted before. Thus, it may be pointed out that the average
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rate of deposition of a cyclic sequence decreases in approximate order of T'—III,
IV-VIII and IX-XII. After all, the deposition of the individual cyclic sequences is
not always attributable to the same origin. The origin of each cycle is of course
closely related to the depositional history of the Cretaceous rocks or development
of the Yezo geosyncline, as is discussed in p. 98 of this paper. Moreover, the
major cycles of sedimentation may can be fundamentally ascribed to epeirogenic
movements of much wider extent.

As exemplified in the Upper Gyliakian stage of the Obirashibe Valley and the
Lower Hetonaian stage of the Tomiuchi district, a certain stage is represented by
sediments of abnormally greater thickness in several areas, in spite of the fact that
the sediments were not originally in far offshore or the most offshore part within
the basin. This may be partly due to that one cyclic sequence within this stage
is composed of two or three epicyclic sequences. The repeated occurrence of epi-
cycles in one cycle possibly rejuvenated intensity of subsidence in the deposi-
tional area. Hence, it may be suggested that in the Cretaceous deposits in the
meridional zone of Hokkaido cyelic sedimentation played an important part to the
deposition in local areas as well as in the whole basin.

III. 2 Tectonic Control of the Sedimentation

For exploring tectonic control of sedimentation of a given thick conformable
series such as the Cretaceous deposits in the meridional zone of Hokkaido, con-
sideration of cyclic sedimentation, if it is recognizable, may be appropriate. As
already mentioned, the Cretaceous cyclic sedimentation in Hokkaido may be as-
cribed to repeated uplift and subsidence of the depositional area, with subsidence
greater than uplift. Such a movement is closely related to periodical tectonism
taking place in the source area where volcanism accompanied tectonism. Judging
from the chronologic position, stratigraphic range, thickness, lithologic aspect, and
average rate of deposition of the cyclic sequences as mentioned before, one would
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notice that generally speaking, tectonism responsible for the cyclic sedimentation
was comparatively intense in the Miyakoan epoch, while mid in the Urakawan
epoch and that it was partly intense and partly mild, in other words, not uniform
in the Gyliakian and Hetonaian epochs. In this connection, the Miyakoan series
is indeed represented essentially by Flysch-type sediments and moreover shows an
unconformity within its rather middle part in several areas. On the other hand,
the Urakawan series consists largely of comparatively monotonous fine-grained
sediments. The sedimentary facies of the Gyliakian and Hetonaian epochs changes
from place to place throughout the basin, and moreover exhibits considerable ver-
tical changes in many areas. The tectonism, which was related to the cyclic sedi-
mentation, lasted for different lengths of time in some cases. For example, several
cycles in the Gyliakian and Hetonaian epochs differed in duration between the
northern and southern provinces and also between the areas within the same prov-
ince. Furthermore, the upper of two minor cyclic sequences constructing the
sequence V of the Obirashibe area is equivalent to the sequence V of the Abeshinai
area in its chronologic position and stratigraphic range. The same is also recog-
nizable in the relationship between the Ashibetsu and Ikushumbetsu valleys. Such
conditions in the Obirashibe area are thought to reflect the fact that the area was
greatly subsided, and those in the Ashibetsu area to be connected with the for-
mation of the Minenobu upwarping belt (Tanaka, 1959).

Much subsiding parts and upwarping belts as mentioned above, which were
formed in different places and in different ages, owed their origin to comparative-
ly intense tectonism of different types at or near their sites. For instance, the
great thickness of the Upper Gyliakian stage in the Obirashibe area fundamen-
tally depends upon the comparatively intense tectonism in the depositional area as
well as in the adjacent source area, which caused rapid subsidence and the forma-
tion of the two epicyeles within cycle V respectively. In the Sorachi anticlinal
area, tectonism was comparatively intense in both the western adjoining source
area and the depositional area during the Neogyliakian and Paleourakawan ages;
the former is reflected in the existence of the Minenobu upwarping belt and the
latter in the greatly differential subsidence. The most offshore part within the
basin normally subsided most greatly and most rapidly. This may suggest that
tectonism in the depositional area was ordinarily most intense in such a part.
Examples are given in p. 100 of this paper. Furthermore, abnormal sediments
such as muddy conglomerates, pebbly mudstones, etc. and abnormal sedimentary
structures which are found especially in the Upper Yezo group at some places are
thought to reflect rising conditions of the adjacent source area, although such sedi-
ments and structures may have been originated under various conditions of sedi-
mentation. In this connection, it is worthy of mention that the case of the Tsuki-
mi member in the Ashibetsu area may reasonably have been affected by differen-
tial subsiding conditions of the depositional area and by the existence of the
Minenobu upwarping belt. Moreover, the predominant occurrence of contempora-
neous pebbles is found in the conglomerates of the Saku formation, which on the
whole represents rather offshore facies and its equivalent at several places (Fig.
37). Such a fact seems to be connected with the tectonism (rapid upheaval) in
the source area and that (rapid subsidence) in the depositional area. In a word,
it may suggest the existence of local contemporaneous erosion during the deposi-
tion of such strata.

In addition to the above-mentioned two types of tectonic effect upon the sedi-
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mentation, there was also tectonism on a large or extensive scale. As mentioned
before, the tectonism responsible for the cyclic sedimentation was not always of
the very same origin. It was, of course, controlled largely by tectonism of the
above type from which the major cycles of sedimentation resulted as in the tec-
tonism related to subsiding—upwarping parts. It goes without saying that tecton-
ism on a large or extensive scale had influence on the configuration of and candi-
tions in the basin and on the circumstances in the source area. When such a
tectonism was on the whole comparatively intensive and differential, it resulted
in the heterochronism of the cycles in the Gyliakian and Hetonaian epochs and the
remarkable difference of the sedimentary facies between the northern and southern
provinces in the Paleogyliakian age and earliest Hetonaian epoch. Geanticlinal is-
lands which originated from upheaval of seme parts of the basin are inferred to
have existed on the eastern side of the southern province, i.e. in the area nearly
equivalent to the present Kamuikotan zone at least in the Neomiyakoan age, judg-
ing from data concerning the Furano district (Hashimoto, 1954, 1958). A land
mass on the eastern side of the northern province was under the conditions of enormous
upheaval in the presumed Neogyliakian age and retreated far eastwards in the sue-
ceeding Paleourakawan age, as reflected in the sedimentary facies of the Hoshin
formation and its very abrupt change to the sedimentary facies of the super-
jacent and subjacent strata (Tanaka, 1960b). As mentioned before, much subsid-
ing parts or far offshore parts may have shifted eastward in the Hetonaian epoch
throughout the two provinces. Such a movement is presumed to have been affected
by an outrider of the intense tectonism, followed by the intrusion of serpentinite
and the upheaval of the Kamuikotan metamorphics at the close of the Cretaceous
or at the beginning of the Tertiary, which took place in the east, i.e. on the site
nearly equivalent to the present Kamuikotan zone, in addition to an effect of the
contraction and displacement to the east of the over-all basin (Tanaka, 1960b).
Furthermore, it is said that an unconformity between the Lower Yezo and Middle
Yezo groups in the Furano area becomes remarkable to the east, i.e. the Kamuikotan
zone where the Middle Yezo group lies directly on the Sorachi group at certain
places (Hashimoto, 1955, 1958). On the contrary, in the western part of the Horo-
kanai area the two groups show a disconformable relation which, in turn, passes
into a conformable one in the east (Igi and others, 1958). The conditions in and
around the western part of the basin seems to have not as a whole changed so
remarkably as in and around the eastern since the Miyakoan epoch. This can be
explained from the sedimentary facies of the Cretaceous in the western part.

To sum up, as tectonic control of the sedimentation, three different types may be
discriminated: one originating cyclic sedimentation, another related to subsiding-
upwarping parts, and lastly the over-all configuration of and conditions in the basin.
Each of the three types of tectonism did not always take place in the same way in
and around the basin. Thus, the western part of the basin under consideration is pre-
sumed to be under rather stable conditions although much subsiding parts or upwarp-
ing parts originated in some places in the Gyliakian epoch; on the contrary the eastern
part is considered to be under rather unstable conditions at least in the Miyakoan,
Gyliakian and Hetonaian epochs. Moreover, the conditions in the basin were
considerably different between the northern and southern provinces especially in
the Paleogyliakian and early Paleohetonaian ages. Such a difference is also,
though not noticeably, recognized in the case of the Paleomiyakoan age, as ex-
plained from the deposition of Orbitolina limestone.
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Some notes should be furthermore extended to the geological relationship be-
tween the deposition of the Cretaceous and that of the Tertiary of some areas in
the meridional zone of Hokkaido. In the Sorachi anticlinal area, the Cretaceous
deposits were more deeply eroded away in the west than in the east before the dep-
osition of the Paleogene Ishikari group. The area has subsided more intensely
in the east than in the west since the Gyliakian epoch. The Minenobu upwarping
belt, which existed in the area, had continuously tilted to the north after its ap-
pearance in the late Paleogyliakian age. If had influence on such denudation of
the Cretaceous as noted above and the deposition of the Ishikari group in the
over-all Ishikari coal-field in the same manner as in the case of the deposition of
the Cretaceous in the area (Tanaka, 1959). The Obirashibe area, which subsided
more intensely in the southeast than in the west at least since the Neogyliakian
age, may have been subjected to a similar tendency in the Oligocene to early mid-
dle Miocene. However, the present area seems to have been brought to a differant con-
dition in the late middle Miocene, when the depositional area may have, roughly
speaking, subsided more intensely in the north than in the south. Here, the
Cretaceous formation was more deeply eroded away in the southwest than in the
east before the deposition of the Miocene. Furthermore, in the Kamisarufutsu area
the depositional area of the Oligocene formation is presumed to be closely related
to the final effect of the progressive displacement to the east of the relatively far
offshore part of the basin during the Hetonaian epoch. In the Oligocene epoch
the western part of the area was under rising conditions which, in turn, were
replaced by sinking conditions in the earlier Miocene. In this connection the Cre-
taceous rocks of the area were more deeply eroded away in the west than in the
east before the deposition of the earlier Miocene (Tanaka, 1960b). In a word, so
far as the areas discussed above are concerned, it seems likely that deposition of
the Paleogene was closely related to that of the Cretaceous. On the contrary, the
Neogene deposition had as a whole little relation to the Cretaceous. Such deposi-
tion and denudation of the Cretaceous strata as common to the three areas men-
tioned above are also known in the Ikushumbetsu district.

I11. 3 Development of the Sedimentary Basin (Fig. 39)

The configuration of and conditions in the sedimentary basin of the Creta-
ceous deposits in the meridional zone of Hokkaido naturally changed under the in-
fluence of both the geosynclinal sinking particular to this region and epeirogenic
movements of much wider extent. The basin, called the “Yezo geosyncline” may
have continuously been margined by a land mass entirely on the western side, al-
though the exact position of the main land bordering the basin has not been as-
certained yet. This point is exemplified by the lateral changes of the sedimentary
facies and features of sediments in the Ishikari coal-field, Obirashibe Valley,
Abeshinai Valley and in the Kamisarufutsu area. It is, however, questionable
whether the basin was bordered entirely by a land mass all the time on the east-
ern side. It is supposed that a portion of another land mass, named the “Okhotsk
Land” (Hashimoto, 1958), continuously existed to the east of the northern part of
the northern provikce at least since the Neogyliakian age. This is warranted from
the geological condition of the Kamisarufutsu district (Tanaka, 1960b). On the other
hand, in the southern province the existence of geanticlinal islands to the east is
presumed at least in the Neomiyakoan age considering the lateral facies change of
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the Kasamorizawa member in the Furano district and its environs (Hashimoto, 1954,
1955). Although the later conditions in the southern province are almost entirely
obscure, it is plausible to believe that the basin expanded much more eastwards than
supposed by some investigators, from the new finding of the presumed Upper Creta-
ceous rocks in the Hidaka zone (Minato and others, 1954; Suzuki and others, 1959).

It goes without saying that the bottom of the basin was not always simple
throughout but was occupied by great or small reliefs extending in longitudinal
or transversal direction here and there. TFor example, the Minenobu upwarping
belt on the western side of the southern province is a representative of nearly E—
W trend. It came into existence in the later Paleogyliakian age and since then
had controlled the sedimentation of the Upper Yezo group in the Sorachi anticlinal
area. Representatives of nearly N-S trend are geanticlinal islands in the Neo-
miyakoan age and less intensely subsided parts or rising parts within the basin,
which perhaps emerged in the form of geanticlinal islands at some places, in the
Hetoniaian epoch, both of which were located in the area nearly equivalent to the
present Kamuikotan zone. The latter may have been closely related to the sub-
gsequent intrusion of serpentinite or upheaval of the Kamuikotan metamorphics.
Furthermore, it is said that an upwarping part of nearly N-S direction within
the basin sprung out as an embryo of the Sorachi anticline in the later Hetonaian
epoch (Ogasawara, 1953). On the other hand, the opposite downwarping or
much subsiding bottoms were of course present in some places and in some ages.
The basin ordinarily most greatly subsided in the most offshore part; examples
are the Shiyubari area in the Paleogyliakian age, the Tomiuchi area in the Neo-
urakawan age, and the Urakawa area in the Hetonaian epoch. These three areas are
situated in the southern province. In addition, less offshore part of the basin
also greatly subsided in some places. For instance, on the southwestern side of
the northern province, a kind of trough, named the Obirashibe trough with near-
ly N-S trend, which was also a rapidly subsiding part, has existed since the Paleo-
gyliakian age. The trough is supposed to have been located in the western, less
offshore part of the basin rather than in the most offshore part.

The late Jurassic and earliest Cretaceous Periods were marked by submarine,
basic volcanism represented by pillowed basalt and deposition of pyroclastic sedi-
ments, radiolarian chert and fossiliferous limestone. The very abrupt change of
conditions from that time to the succeeding Miyakoan epoch suggests a particular
phase in the development of the Yezo geosyncline. This is also reflected in an
unconformity between the Sorachi group and the superjacent Lower Yezo group.

During the Miyakoan epoch, the basin seemed to retain rather similar condi-
tions although it suffered a temporary emergence as shown in an unconformity
between the Lower Yezo and Middle Yezo groups. It was in general under com-
paratively mobile tectonic environments. The basin seems to have been as a whole
more greatly subsided than in the succeeding epochs. The deposits were on the
whole relatively uniform throughout the basin, being composed essentially of sand-
stone and shale in alternation of Flysch type. Volcanic activity which has be-
longed to cale-alkali rock series ever since was episodic throughout the epoch, but
rather intense especially in the later Miyakoan epoch. Furthermore, in the Paleo-
miyakoan age an organic limestone was deposited mainly in the southern province.

In the succeeding Paleogyliakian age, the conditions in the basin were dif-
ferent from place to place depending on unstable tectonic environments. First of
all, conspicuous differences of conditions are recognized between the northern
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and southern provinces. Regarding the northern province it may be suggested
that the basin was on the whole subjected to progressive subsidence in this age.
In connection with such conditions, a trough originated in the Obirashibe area
at the southwestern part of the northern province. This trough subsided more in-
tensely than other part of the basin, although it was not located in the most off-
shore part. On the other hand, the basin may have been under considerably dif-
ferential conditions in the southern province; some areas were rather under sinking
conditions, while some others under rising conditions. For instance, the Minenobu
upwarping belt was produced on the western side of the northern part of the south-
ern province. During this age deposition of neritic coarse-grained sediments pre-
vailed in some parts of the basin, while that of thick mudstones in some other
parts. Such diversity, although as a whole to some extent relieved, remained until
the Neogyliakian age. That is to say, the Obirashibe trough and Minenobu up-
warping belt were still present. In the northern province, the adjoining source
area on the eastern side was all the time greatly upheaved, while that on the
western side was temporarily subjected to comparatively intense rising in some
places. The former case is exemplified by the thick coarse-grained sediments of
the presumed Neogyliakian age in the Kamisarufutsu district, and the latter by
the predominance of contemporaneous pebbles in the conglomerate of the Saku
formation and its equivalent. In brief, during the Gyliakian epoch the basin was
generally under mobile tectonic environments and noticeable facies variation there-
in has resulted. There seems, however, no doubt that in the later Neogyliakian age
the basin became as a whole tectonically less mobile. Volcanism was not frequent and
rather inactive throughout the Gyliakian epoch.

Throughout the Urakawan epoch the basin spread in the southern province
as well as in the northern province under the influence of the so-called Urakawan
transgressiom of extensive scale (Matsumoto, 1941), the inundation phase of which
was perhaps in the latest Paleourakawan or earliest Neourakawan age. In this
epoch, comparatively monotonous fine-grained sediments which reflected compara-
tively stable tectonic environments became to prevaijl all over the basin. In spite
of the general tectonic stability, the continuous rising of the Minenobu upwarp-
ing belt where volcanism became rather active seems to have come to a climax in
the Paleourakawan age as inferred from the deposition of the Tsukimi member.
Moreover, judging from the predominant occurrence of abnormal sediments in the
Obirashibe and Abeshinai valleys, it may be suggested that the adjoining source
area on the western side of the basin suffered for a time comparatively great up-
lift in some places. Volcanic activity, rather episodic in the preceding epochs,
took place rather frequently or intensely in the Urakawan and the succeeding
Hetonaian epochs. The most offshore part within the northern part of the north-
ern province where land masses were situated to the east and also to the west,
possibly shifted westwards as compared with that in the Neogyliakian age (Tanaka,
1960b). The basin, however, showed on the whole some signs of shallowing at the
end of the Urakawan epoch.

Then in the succeeding Hetonaian epoch, the basin was generally contracted
and became shallower than in the Urakawan epoch, although it must have still
continued to subside. This can be deduced from the fact that the sediments are
rich in neritic sandstones and sandy siltstones with intercalated conglomerates,
coaly seams and plant beds. The deposits of this epoch displayed facies varia-
tion throughout the basin which was under unstable tectonic environments. More-
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over, in the early Neohetonaian age the basin is presumed to have been subjected
to slight deepening. In the northern province, conditions similar to those of the pre-
vious epoch were kept in the early Paleohetonaian age; accordingly fine-grained sedi-
ments were still deposited. The most offshore part within the northern part of
the northern province shifted back to the east, correctly speaking, far eastwards,
at any rate progressively removed eastwards throughout the epoch (Tanaka, 1960b).
On the other hand, within the southern province the basin may have expanded and
become deeper to the south as inferred from the sedimentary facies of the Chinomi-
gawa formation¥*. Also in the southern part of this province, i.e. in the Urakawa
area, the far offshore part, which was at the same time the intensely subsiding
part, shifted to the east in the Hetonaian epoch as compared with that of the
Urakawan epoch as in the case of the above-mentioned northeastern part of the
northern province, i.e. the Kamisarufutsu district (Tanaka, 1960b). At the close
of the Cretaceous Period the basin was subjected to retreat of the sea and sub-
sequent emergence and denudation.

IV. Summary and Conclusion

Summarized notes on the stratigraphy and sedimentation of the Cretaceous
strata in the meridional zone of Hokkaido which range from the Lower Yezo
group upwards to the Hakobuchi group are briefly presented as follows:

(1) A stratigraphic classification based on the cyclic sedimentation is appli-
cable to the Cretaceous of the entire area under discussion. The Cretaceous is
divided into two eyclic sequences in the Lower Yezo group and into twelve in the
succeeding sequence of strata. These cyclic sequence show definite stratigraphic
ranges, certain limits and ranges of thickness, definite sandstone ratios, and changes
in regular order of both lithofacies and biofacies.

(2) The stages and substages recognized in the Cretaceous show also certain
limits and ranges in thickness and definite sandstone ratios.

(83) The vertical changes on a large scale in the sedimentary facies, that is,
the history of sedimentation since the Miyakoan epoch would be divisible into five
stages marked by uniform sedimentation or differential one respectively.

(4) Concerning the sedimentary facies of the stages and substages or that of
the cyclic sequences, there are definite mutual relationships among the thickness,
lithofacies, e.g. sandstone ratio and dominant oceurrence of a particular rock such
as coal or plant bed, and the biofacies, e.g. dominant occurrence of certain fossils
such as shallow sea bivalves, aberrant ammonites, coiled ones, and so forth.

(5) From the regional difference of the sedimentary facjes, the Cretaceous
area is divided into the two provinces, northern and southern, its boundary being
called the Asahikawa-Rumoi Line.

(6) Cyclic sedimentation played an important part in the deposition of the
Cretaceous. Occurrence of abnormal sediments such as pebbly mudstone also
should be taken into consideration as one of the characters of the sedimentation.

(7) Regarding the configuration of and conditions in the basin of sedimenta-
tion, i.e. the Yezo geosyncline, there is inferred the existence of eastern source

* It would appear that the present extensive distribution of the sediments of the Hetonaian
series in the southeastern Hokkaido was to a certain degree connected with such condi-
tions.
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areas besides western ones, troughs, subsiding and upwarping parts with longitu-
dinal or transversal direction. It is worthy of mention that displacement of sub-
siding part was closely related with the development or changes of the basin as
a whole.

(8) As tectonic influence upon the sedimentation, three different types may
be discriminated: one originating cyclic sedimentation, another related to subsid-
ing—upwarping parts, and lastly the over-all configuration of and conditions in the
basin.

(9) Judging from the tectonic influence upon the sedimentation, it may pos-
sibly be pointed out that the northern and southern provinces were under consider-
ably different conditions from each other in some ages, e.g. in the Paleogyliakian
and early Paleohetonaian ages. Furthermore, at least in the Miyakoan, Gyliakian,
and Hetonaian epochs the eastern part of the basin was under unstable condition
in distinct contrast to the western part where a rather stable condition was main-
tained.
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Plate I

Phyllopachyceras ezoense (YOKOYAMA)
Figs. la-b. 1a, Lateral view, x1. 1b, Frontal view, X1. Loc. NH738, upper course of the
Kotambetsu. Hor. Ui, Upper Yezo group.

Tetragonites glabrus (JIMBO)
Fig. 2. Lateral view, x2/3. Loc. NH122, upper course of the Nakakinembetsu-zawa, a
tributary of the Obirashibe. Hor. Uf, Upper Yezo group.

Damesites semicostatus (YABE MS.) MATSUMOTO
Figs. 3a-b. 8a, Lateral view, x1. 38b, Frontal view, X1. Loc. NH467, middle course of
the Obirashibe. Hor. Uf, Upper Yezo group.

Gaudryceras denseplicatum (JIMBO)
Fig. 4. Lateral view, X1. Loc. NH138, middle course of the Nakakinembetsu-zawa, a
tributary of the Obirashibe. Hor. upper part of Mn (Mn,), Middle Yezo group.

Mesopuzosia yubarensis (JIMBO)
Figs. ba-h. b5a, Lateral view, X1. b5b, Peripheral view, x1. Loc. NH110, middle course
of the Nakakinembetsu-zawa, a tributary of the Obirashibe. Hor. Mo, Middle Yezo group.

Photo by Y. Masai
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Plate II

Yokoyamoceras jimboi MATSUMOTO
Figs. la-b. la, Lateral view, x1.5. 1b, Peripheral view, x1.5. Loc. NH478, middle
course of the Obirashibe. Hor. Uf, Upper Yezo group.

Calycoceras cf. orientale MATSUMOTO, Sarto, and FUKADA
Figs. 2a-b. 2a, Lateral view, x2/3. 2b, Peripheral view, x2/8. Loc. NH608, upper course
of the Obirashibe. Hor. middle part of Mf (M{f,), Middle Yezo group.

Photo by Y. Masai
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Plate III

Menuites japonicus MATSUMOTO
Figs. 1a-b. 1a, Lateral view, 1. 1b, Peripheral view, Xx1. Loc. NH121, upper course
of the Nakakinembetsu-zawa, a tributary of the Obirashibe. Hor. Uf, Upper Yezo group.

noceramus amakusensis Nacao and MAaTsumMoro
Fig. 2. Left valve, lateral view, x2/3. Loe. NH29-¢, Jugosen-zawa, a tributary of the
Obirashibe. Hor. Ue, Upper Yezo group.

Inoceramus noumanni YOKOYAMA
Fig. 8. Right valve, lateral view, x1.5. Loc. NH467, middle course of the Obirashibe.
Hor. Uf, Upper Yezo group.

Photo by Y. Masai
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Tanaka, K.

A Study on the Cretaceous Sedimentation in Hokkaido, Japan
Keisaku Tanaka

G AR, No. 197, p. 1~122, 1963
39illus., 3pl., 43 tab., 2 map.

Part I[: The Cretaceous deposits along the Obirashibe Valley are described
with special reference to their sedimentary facies. Part II: An outline of
the Cretaceous rocks in the areas surveyed by the writer other than the
Obirashibe area is given, with some remarks on special features. Part III:
General account is presented on the stratigraphy and sedimentation of the
Cretaceous sequences in the meridional zone of Hokkaido; the sedimentary
cycles are stressed among stratigraphical problems, and analysis of the
biofacies is a main subject of this paper.

551.763 : 551.8.051+552.5 : 5562.14 (524)





















