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Sedimentation of the Cretaceous Flysch Sequence
in the Ikushumbetsu Area, Hokkaido, Japan

By

Keisaku TANAKA*

Abstract

This paper describes the Cretaceous flysch sequence constituting the main part of the
Middle Yezo Group, about 1,000 m thick, in the Ikushumbetsu area, central Hokkaido, with
reference to its sedimentary features.

The sandstones in the flysch deposits are mostly of turbidity current origin. In order to
make clear details of sedimentary features, statistical analysis was made of the lithology and
thickness of the sedimentation units which are called here graded units, consisting of sand-
stone in the lower part and shale in the upper part. The relations of sedimentary features
to thicknesses of graded units, the type of facies, the lateral facies variation and the cyclic
sedimentation are discussed. Descriptions of the inorganic and biogenic sedimentary struc-
tures also constitute part of this paper. Palaeocurrent analysis is one of the main purposes
of the sedimentological study. The sediment-transport pattern represented by the axial and
lateral current directions is discussed in connection with the palaeogeographic control of
sedimentation of the flysch sequence and the overlying formations in and around the present
area.

I. Introduction

The epoch-making turbidity current hypothesis proposed by KUENEN and
MIGLIORINI (1950) has found general acceptance among geologists and has had a
strong influence especially on sedimentology through a large number of contri-
butions on modern deep-sea sands and ancient flysch or flysch-like deposits in
many parts of the world (see KUENEN and HUBERT, 1964, p. 222-246; DZULYN-
SKI and WALTON, 1965, p. 255-265). In Japan, however, few sedimentological
investigations have been made as yet of flysch-type or turbidite formations in
spite of the extensive distribution of such sediments. Actually, pioneer studies
of such deposits did not go beyond a morphological description of peculiar types
of sedimentary structures observed in certain limited areas. Very recently, in-
tensive studies from various angles of flysch-type or turbidite series have been
undertaken and are still under way in many parts of the country.

Under the circumstances, I feel it necessary to gain by myself sufficient
knowledge of Japanese flysch or turbidite sequences. Therefore, I have endeav-
oured for some years to make clear sedimentary features of some such formations.
For example, as to the Upper Cretaceous Izumi Group which consists mainly of
turbidite sequence, in the Izumi mountain range about 45 km south of Osaka,

* Geology Department
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Fig. 1. Index map of the main part of Hokkaido showing distribution of
the Cretaceous deposits.
The Ikushumbetsu area is indicated by a black spot.

study was directed to the sedimentary facies, cyclic sedimentation and current
pattern (TANAKA, 1965). Then the Cretaceous flysch sequence in the Ikushum-
betsu area, central Hokkaido (Fig.1) has been investigated from the standpoint
of sedimentology, and the results are described in this paper.

The Ikushumbetsu area is known as one of the classical and typical fields of
the Cretaceous System in Hokkaido. The Cretaceous sequence in this area has
been studied by various authors from the standpoint of stratigraphy, palaeon-
tology and so forth. Of a number of geological contributions, outstanding and im-
portant studies succeeding to YABE's pioneer works (1903, 1909, 1926a, 1926b,
1927) are as follows: (1) stratigraphical or biostratigraphical works by FUKADA
et al. (1953) and MATSUMOTO (1943, 1954, 1959, 1965); (2) sedimentological,
especially petrographieal, works by FuJu (1958) and OKADA (1965). Neverthe-
less, little attention has so far been directed to the sedimentary features of the
flysch-type deposits constituting the main part of the Middle Yezo Group,
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In 1958 and 1959 in the course of the sheet-map survey conducted by the
Hokkaido Development Agency I engaged myself in the field work on the
Cretaceous formations in the Ikushumbetsu area. The general geological results
have already been published in “Iwamizawa,” Explanatory Text of the Geological
Map of Japan, scale 1:50,000, with some preliminary explanations of the sedi-
mentary features and current patterns of the flysch succession (TANAKA in
MATSUNO et al.,, 1964). The litho- and biostratigraphical schemes established
are generally in agreement with MATSUMOTO’s schemes (see MATSUMOTO, 1959,
plate 7, 1965, figs. 4,5; OKADA, 1965, fig. 6). Thereafter, more detailed investiga-
tions including statistical analysis of sedimentation units have been extended
to the Cretaceous flysch deposits in the Ikushumbetsu area in order to obtain
much information about the sedimentary features. In connection with the
Cretaceous regional sediment-transport pattern of the Ishikari coal-field, palaeo-
current measurements were made of the contemporaneous flysch sequence in
adjacent areas and of the overlying formations in and around the Ikushumbetsu
area. On the basis of this sedimentological investigation the lithological charac-
ters, depositional features of sedimentation units, inorganic and biogenic sedi-
mentary structures, lateral facies variation, cyclic sedimentation and sediment-
transport patterns of the Ikushumbetsu flysch are to be described in the
present paper.
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II. Stratigraphy

II. 1 General Remarks

The Cretaceous deposits extensively developed in the Ishikari coal-field
(FUKADA et al., 1953; MATSUMOTO, 1959, 1965; MATSUMOTO and HARADA, 1964;
TANAKA, 1959, 1963, in SHIMIZU et al., 1953, in MATSUNO et al., 1964, in SAsA
et al., 1964), including the Tkushumbetsu area, are a western representative of
the Cretaceous sequence in the meridional folded zone of Hokkaido, i.e., the Yezo
geosyncline (Figs.2,3). The Cretaceous sediments are covered by the coal-
bearing Palaeogene Ishikari Group with a slight clino-unconformity and are
complicatedly deformed by a number of folds and faults. The fundamental
structure of the Cretaceous rocks was finally completed at the close of the
Tertiary Period, It comprises an anticlinal structure which is called the Sorachi
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anticline in the north and the Ikushumbetsu anticline in the south, the Manji
dome and the Hatonosu dome (or Yubari dome) from north to south. In these
four major structural units transverse faults of NW-SE trend are prominent
and the strata on the western wing of the anticlines and domes tend to be more
steeply inclined than those on the eastern wing. Except for the first-named unit
the strata are even overturned.

The Cretaceous formations in the Ishikari coal-field are a thick, conform-
able, marine sequence ranging from Albian to Maastrichtian in age, and are
divided into the Middle Yezo, Upper Yezo and Hakobuchi Groups in ascending
order. The Hakobuchi Group is not exposed in the Ikushumbetsu anticlinal area
nor in the two domes in the Yubari area. Before the deposition of the Ishikari
Group the Cretaceous deposits were eroded away, and roughly speaking, the
erosion was greater in the west than in the east and more in the south than in
the north. The stratigraphic succession of the Cretaceous in the Ikushumbetsu
area is shown in Table 1.

The Cretaceous sequence in the coal-field changes from a relatively near-
shore, shallow facies to a relatively offshore, deep facies with increasing thick-
ness of the strata from west to east. Therefore, the source area is suggested to
have always been situated to the west of the Cretaceous domain. Furthermore,
the southern part of the eastern wing of the Sorachi anticlinal area was usually
brought into most intensely subsided environments, whereas the Yubari area
along with the southernmost part of the Ikushumbetsu anticlinal area was con-
tinuously under the conditions quite contrary to the former.

II. 2 Middle Yezo Group

The Middle Yezo Group in the Ishikari coal-field, though its lower limit is
not observable in the field, measures up to about 1,600 m thick, and is divided
into the main part (Middle Albian? to Upper Albian in age) and the upper-
most part called Mikasa Formation (generally Cenomanian to Upper Turonian
in age). The main part of the group with a thickness of nearly 1,300 m
consists chiefly of mudstone which is frequently interlaminated and interbedded
with sandstone, thus being dominated by flysch-type sediments. It shows a
similar lithostratigraphic succession all over the coal-field, but considerably
decreases in thickness in the southernmost part of the Ikushumbetsu anticlinal
area and in the Yubari area including two domes. Ammonoids, inocerami and
other molluscan fossils occur sparsely throughout the sequence.

The main part of the Middle Yezo Group in the Ikushumbetsu area is about
1,000 m thick and consists predominantly of flysch-type deposits on which
the present sedimentological study is focussed. It is stratigraphically divisible
into five members (Ma through Me), each of which can be subdivided into
several facies (e.g. a, B, vy and §) according to their lateral variation of rock-
facies (Figs. 4,5; Table 1).

In Member Ma the argillaceous sediments themselves are generally coarser
grained in facies B8 than in facies «. Member Mb corresponds to the lower part
of the Yunosawa Sandstone (FUKADA et al., 1953). In the lower part of the
member, Mb,, the sandstone of facies £ is thicker and coarser grained than that
of facies « and y. The sandstone of the upper part of the member, Mb, becomes
thinner and finer grained in the order of facies «, 8 and y. Member Mec is
referred to as the upper part of the Yunosawa Sandstone, Bedded sandstone ig
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prevalent in all facies, but massive sandstone, too, is common in facies 8 and y.
Member Md which decreases in thickness southwards consists mainly of
argillaceous sediments. In the member laminated mudstone and laminated sandy
mudstone are predominant in facies «, while rather massive siltstone predomi-
nates in facies 8 and y. The middle part of the member, Md, of facies § is
dominated by sandstone and mudstone in thin-bedded alternation. In Member
Me the sandstone is generally massive in facies «, B and y; it is frequently in-
terbedded with mudstone in facies §. The member on the eastern wing of the
Tkushumbetsu anticline thins out southwards to be replaced by the lowermost
part of the Mikasa Formation.

The Mikasa Formation, formerly called Trigonia Sandstone (YABE, 1909,
1926a, 1926b), is neritic, partly littoral sediments, consisting of sandstone with
subordinate conglomerate and siltstone. Shallow-sea pelecypods such as tri-
gonians are abundant throughout, and ammonoids and inocerami also are com-
mon. The formation is considerably variable in facies, thickness and time-
range from place to place throughout the Ishikari coal-field.

The Mikasa Formation on the eastern wing of the Ikushumbetsu anticline is
a little more than 400 m thick and comes to have a more offshore, deeper facies
towards the south of the eastern wing of the Sorachi anticline where the forma-
tion shows a considerably short time-range as represented only by part of the
Cenomanian. On the other hand, the formation on the eastern wing of the
Tkushumbetsu anticline becomes a thinner and mnearer-shore, shallower type
towards the southernmost part of the Ikushumbetsu anticline where the forma-
tion is no more than 170 m thick, in spite of the longest time-range, and
contains an oyster bed. The formation on the western wing of the Iku-
shumbetsu anticline is about 300 m in thickness and fairly resembles that on
the western wing of the Sorachi anticline in sedimentary facies and thickness.
The formation in these two areas shows a near-shore, shallow facies in contrast
with that on the eastern wing of the Ikushumbetsu-Sorachi anticline, and is
intercalated with some seams of coaly shale. The Mikasa Formation in the
Yubari area is quite similar to that in the southernmost part of the Ikushumbetsu
anticline, coming to show a relatively offshore facies eastwards.

The Mikasa Formation in the Ikushumbetsu area is classified into four
facies (a, B, v and 8) according to its remarkable lateral variation of rock-facies
(Fig.5). The formation of facies a on the east wing of the ITkushumbetsu anti-
cline is stratigraphically divisible into four units (Table1). The lower mem-
ber, Th, contains a large number of neritic shells such as trigonians and not a
few ammonoids. The formation of facies 8 on the western wing of the anticline
is thinner and coarser grained than that of facies « on the eastern wing, and is
intercalated with several oyster beds. It is stratigraphically divisible into the
following four units in ascending order: Twa (80 m; fine-grained sandstone),
Twb (90 m; coarse-grained sandstone with subordinate conglomerate, carrying
several thin seams of coaly shale), Twe (25 m; fine-grained sandstone) and Twd
(105 m; medium- to coarse-grained sandstone with frequent intercalation of con-
glomerate). The formation of facies y in the southernmost part of the anticline
consists chiefly of coarse- to medium-grained sandstone. The formation of
facies 8 in the southernmost part of the western wing of the anticline, though
its lower and upper limits are not observable in the field, is estimated at about
180 m in thickness and is very similar in rock-facies to the formation of
facies 8 and y.



II. 3 Upper Yezo Group

The Upper Yezo Group is represented by a comparatively monotonous
sequence of rather massive siltstone and mudstone containing fossiliferous cal-
careous concretions. It ranges from Upper Turonian to Lower Campanian in
age. The sediments are coarser grained in the lowermost and uppermost parts
than in the main part. Fossils such as ammonoids and inocerami are abundant
throughout,

The Upper Yezo Group in the northern part of the eastern wing of the
Ikushumbetsu anticline, though its upper limit is not observable in the field, is
some 500 m thick and is considerably thin in comparison with the 850 m
thick equivalent on the eastern wing of the Sorachi anticline where the
group has a total thickness up to about 1,100 m. The group on the east wing of
the Sorachi anticline is characterized by the frequent intercalation of thin
sandstone in some parts in addition to the Tsukimi Sandstone Member, the
middle part of the group. The Tsukimi Member is nearly 150 m thick and made
up predominantly of tuffaceous sandstone in its eastern facies and rich in
pebbly mudstone in its western. Unlike the group in other areas of the coal-field,
the group on the eastern wing of the Sorachi anticline begins with the Ceno-
manian Stage. The Upper Yezo Group on the western wing of the Ikushumbetsu
anticline is very similar to that on the eastern wing in many respects, but the
lowermost part, approximately 130 m thick, is much thicker than its eastern
equivalent, which is nearly 30 m thick. The group on the western wing of the
Sorachi anticline differs largely from that on the eastern wing in many respects,
while it fairly resembles the group in the main part of the Ikushumbetsu area.
Actually, glauconitic sandstone occurs as intercalations at some levels, espe-
cially in the lower half of the group on the eastern wing of the Ikushumbetsu
anticline and the western wing of the Sorachi anticline. As to the Upper Yezo
Group in the southernmost part of the Ikushumbetsu anticlinal area, the lower
limit is at a considerably higher horizon than that of the group in the northern
part and the thickness is 70 m or so, being no more than one fourth of that of
the northern equivalent. Here, at least part of the group shows a comparatively
near-shore, shallow facies as evidenced, for example, by the occurrence of an
oyster bed. The group in the Yubari area is quite similar in rock-facies and
thickness to that in the southernmost part of the Ikushumbetsu anticlinal area.

The Upper Yezo Group in the northern part of the eastern wing of
the Ikushumbetsu anticline is stratigraphically divisible into thirteen units
(Table 1). The lower half (Ua-Uf) consists mostly of fine-sandy siltstone; the
upper half (Ug-Um) is made up chiefly of mudstone. The group on the east
wing begins at a higher horizon and is more deeply eroded away before
the deposition of the Ishikari Group in the south than in the north. Thus the
group in the southernmost part of the anticline is referred to the sequence of
the upper part of unit Ub to unit Ui in the north. The group on the western
wing of the Ikushumbetsu anticline corresponds to the sequence of the upper
part of unit Ub to unit Ug on the eastern wing. Here, the equivalent of the
upper part of Ub is called unit Ub'.

II. 4 Hakobuchi Group

The Hakobuchi Group is neritic, partly littoral sediments consisting predom-
inantly of sandstone with subordinate conglomerate and siltstone. It ranges
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from Upper Campanian to Maastrichtian in age. Marine molluscan fossils are
found in several places, though very rarely. The group is distributed only in
the Sorachi anticlinal area and in several thrust sheets on the eastern outer side
of the Tkushumbetsu anticline. The group on the eastern limb of the Sorachi
anticline ranges from 150 to 300 m in thickness and is intercalated with some
seams of coaly shale. On the other hand, the group on the western limb, about
100 m thick, is much richer in conglomerate than that on the eastern.

III. Lithology

As is generally known, the Cretaceous sequence in the meridional folded
zone of Hokkaido in which the Ikushumbetsu area is included is part of geosyn-
clinal sediments of the syn-orogenic or pre-paroxysmal stage of the Hidaka
orogeny (MINATO et al., 1965). Actually, in the main part of the Middle Yezo
Group in the studied area sandstone and shale* are frequently interbedded with
each other in various thicknesses and proportions. Such deposits are referred to
as a flysch facies (for definition of flysch, see KSIAZKIEWICZ, 1954; SUJKOWSKI,
1957; DZULYNSKI and SMITH, 1964; SEILACHER, 1967a). According to SEILACH-
ER’s definition of flysch facies (SEILACHER, 1967a), the flysch sediments in the
Ikushumbetsu area are a ‘“‘genuine” or “true” flysch. The great majority of
the sandstone beds display various sedimentary atfributes of turbidites which
are described in many publications (KUENEN, 1951, 1953; KUENEN and CAROZZI,
1953; DZULYNSKI ef al., 1959; TEN HaAFr, 1959b; Bouma, 1962; POTTER and
PETTIJOHN, 1963; KUENEN, 1964; McBRIDE, 1966; PoTTER, 1967). In some
parts the flysch sequence under discussion is a series of massive or poorly
bedded sandstone showing little, if any, sedimentary features typical of tur-
bidites. In other parts it is associated with a series of shale which ig not
even interlaminated with sandstone and exhibits nothing of typical turbidite
aspects. Tuff or tuffite beds with insignificant thicknesses are found at some
levels. Furthermore, it should be noted that conglomerate occurs as very minor
constituents and occurrence of slump beds also is of no importance throughout
the flysch sequence,

IIl. 1 Sandstones

The sandstones of the Cretaceous flysch range from laminae a fraction of a
centimetre thick to beds as thick as several metres. These sandstones fall into
five groups in terms of their mode of occurrence: massive sandstone, bedded
sandstone, sandstone rhythmically interbedded with shale, sandstone sporadically
intercalated in shale and sandstone frequently interlaminated with shale, the
third of which is most widespread.

Massive sandstone

Massive sandstone in which pelitic rock between is either absent or as
thin as mere partings is prevalent in Member Mc of facies 8 and y and in
Member Me of facies a, 8 and y. Sandstones of this type are grey, bluish grey or
greenish grey in colour and are generally medium-grained, but occasionally

* Shale, unless otherwise stated, is to be used in this paper as a general term for various
types of indurated pelitic rocks. There are, however, few true shales in the studied area,
although many of the pelitic rocks are well laminated.
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coarse-grained. They are on an average coarser grained, less muddy and
better sorted than other types of sandstones to be mentioned below. Graded
bedding and clear current sole markings cannot be detected at all in such sand-
stones. Moreover, the massive sandstone is in some cases crudely laminated,
but it does not exhibit large-scale cross-bedding. It seems possible, therefore,
that most, if not all, of the massive sandstones are interpreted not as inshore,
shallow-sea deposits, but as fluxoturbidites (DzZULYNSKI et al., 1959; UNRUG,
1963; KUENEN, 1964) or as sand-flow deposits (DZULYNSKI and WALTON, 1965).

Bedded sandstone

Bedded sandstone that is as a general rule thickly bedded is widespread
especially in Member Mc of each facies (Plate I-2). In such sandstones bedding
planes occur at intervals of 0.3 to 1 m, occasionally up to 2m, and the shale in-
terbeds are commonly silty and interlaminated with sandstone, ranging from
mere partings to beds nearly 5 c¢m thick.

The sandstone here referred to as bedded sandstone is similar in colour and
grain size to the massive sandstone mentioned above. On the other hand, it is
generally thicker bedded, coarser grained and less muddy than the sand-
stone rhythmically interbedded with shale mentioned below. Graded bedding
is well developed in some sandstones, but imperceptible in others. Repeated
graded bedding and intra-stratal wash-outs are occasional. TLaminations are
poorly developed on the whole,” The base of the sandstone beds usually shows a
sharp boundary with the underlying shales; directional sole markings are com-
monly found, but many of them are not conspicuous. In some sandstones con-
temporaneous breccias of shale occur in abundance. No autochthonous macro-
fossils of shallow-sea habitat are found in the sandstone or in the shale
interbed. Furthermore, it is noted that beds of pebbly mudstone containing
displaced shallow-sea shells occur in a certain bedded sandstone sequence.

It seems probable that all the sandstones of this category were deposited
in relatively offshore, deep-sea environments. From the above sedimentary fea-
tures, then, it may be concluded that some of the sandstones are interpreted as
turbidites, but others as fluxoturbidites or sand-flow deposits.

Sandstone rhythmically interbedded with shale

Sandstone frequently and regularly interbedded with shale is one of the
most. characteristic rocks of the flysch succession in the studied area, It is the
rule in particular for Member Mb of each facies and Member Me of facies §
(Plate I-1).

The sandstone ranges from 3 to 100 cm in thickness, being mostly grey
to dark grey in colour and fine- to medium-grained. The interbedded shale is
variable in thickness from 1 to 30 cm and commonly interlaminated with sand-
stone. Each sandstone layer is well persistent without any remarkable change
of thickness and is always sharply separated from the underlying shale with an
erosional surface. Graded bedding and lamination are well developed in such
sandstones, The sandstone occurring in alternating succession with shale is
for the most part comparatively muddy and moderately or poorly sorted.
Small-scale cross-lamination, current ripple lamination, convolute lamination and
various kinds of directional sole markings such as flute casts and groove casts
are ubiquitous sedimentary. structures. Current, ripple marks also are occasional.
However, neither wave ripple ‘marks nor large-scale cross-bedding do occur in
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such sandstones. Furthermore, there are never found any other sedimentary
structures as shallow-sea indicators. Sandstones of this type occasionally include
contemporaneous breccias of shale. Autochthonous fossils are absent in the
sandstone. However, in some of the shale interbeds there are found thin-shelled,
weakly ornate, coiled ammonoids such as desmoceratids and gaudryceratinids¥®.
Organic hieroglyphs, if present, are commonly found on the sole of relatively
thin, fine-grained sandstones. The thicker sandstones (30 to 100 em thick) tend
to be better graded and less laminated and cross-laminated than the thinner
ones (less than 30 cm thick).

From all the available data it is concluded that the sandstone under dis-
cussion is of relatively offshore, deep-sea deposition and is interpreted as
turbidite.

Sandstone sporadically intercalated in shale

Sandstones of this type are usually, though not always, less than 30 cm
thick and invariably show a sharp boundary with the shale above and below.
Some are almost structureless, but others are distinctly graded and/or laminated.

Sandstone frequently interlaminated with shale

Sandstones of this type occur as laminae, a fraction of a centimetre thick,
in shale interbeds between the aforesaid types of sandstones or in thick
sequences of laminated sandy mudstone to be described later. Further remarks
are reserved, because explanation of such sandstones will be given in reference
to the laminated sandy mudstone.

To sum up, it can be pointed out that these different types of sandstones
come to have a more offshore (or off-source), deeper facies in the order of the
massive sandstone, bedded sandstone and sandstone rhythmically interbedded
with shale,

Petrographic characters of the sandstones

Preliminary notes on the petrographic characters of the sandstones in the
Cretaceous flysch are here briefly cited from FuJi's (1958) and OKADA’s (1965)
works, so as to supplement the megascopic features of the sandstones described
above.

The sandstones of the flysch sequence are referred to the subgreywacke
and the greywacke clans of PETTIJOHN’s scheme of classification (PETTIJOHN,
1957). The majority of the sandstones of Member Me of facies « belong to the
greywacke clan (clay matrix: about 35 per cent of the total); the sandstones
of the sequence lower than Member Me are represented by the subgrey-
wacke clan (clay matrix: 5 to 15 per cent of the total), which may be regarded
as washed greywacke, a product of current agitation at or near the site of
deposition. The general roundness of sand grains is not so good in either case,
because it falls in the subangular class of PETTIJOHN’s scale (PETTIJOHN, 1957).
The mineral composition of the sandstones is represented by guartz, feldspar and
rock fragments with lesser amounts of heavy minerals. The mineralogical
maturity index expressed by the ratio of quartz plus chert/feldspar plus rock
fragments shows the values ranging from 0.56 to 2.79, averaging about 1.3.

* The lower part of the graded part within a certain sandstone layer of this type in unit
Mby is made up mainly of redeposited shell sands. Impressions of ammonites on the under-
side of sandstones of this group are casts of the remains on the mud substratum.
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In the sandstones of the flysch series rock fragments are in many cases
much more predominant over feldspar, the former being composed of older
sedimentary rocks, such as chert, sandstone and slate, and subordinate igneous
rocks (e.g. andesite). The sandstone tends to be more or less calcareous. In
particular, the subgreywacke sandstone has often more calcite cement than
does the greywacke one. The quartz is for the most part of igneous origin. The
heavy mineral content is 0.03 to 0.09 weight per cent, and prominent are zircon,
garnet and minor tourmaline and biotite in addition to abundant iron minerals
(pyrite and leucoxene). Furthermore, it draws one’s attention that spherular
authigenic pyrite replacing microfossils is of common occurrence in the flysch
sequence, but very rare in the overlying neritic Mikasa Formation. Another
matter to be noted is that authigenic marcasite is detected in a certain sample
from Member Mec.

II. 2 Shales

The shales of the Ikushumbetsu flysch are classified into the following five
categories according to their lithological features: siltstone, sandy mudstone®,
laminated sandy mudstone, laminated mudstone and massive mudstone. Among
the most widespread pelitic rocks is laminated sandy mudstone. These argilla-
ceous rocks are occasionally more fissile along lamination planes until their
fissility becomes so high that the rocks may be regarded as shales.

Siltstone

Siltstone occurs as thick sequences on the one hand and on the other it con-
stitutes the lower part of shale layers frequently alternating with sandstone
layer. It is dark grey in colour and rather massive or structureless, becoming
occasionally fine-sandy.

Sandy mudstone

In some cases sandy mudstone is associated with thick sequences of laminat-
ed sandy mudstone; in others it occupies the lower part of shale layers frequently
interbedded with sandstone layer. The sandy mudstone is represented by dark
grey silty mudstone in which sand grains are disseminated or sandstone
laminae, if present, are very thin and discontinuous.

Laminated sondy mudstone

Laminated sandy mudstone is prevalent not only as thick sequences but
also as the middle or main part of shale layers frequently alternating with
sandstone layer. It is laminated mudstone as defined below, very frequently in-
terlaminated with sandstone and usually has a markedly striped appearance.
The sandstone laminae involved are on occasion ripple cross-laminated or current
ripple marked, thus forming discontinuous lenses along level surfaces.

Laminated mudstone

Laminated mudstone, usually shaly, constitutes thick sequences or the upper
part of shale layers frequently alternating with sandstone layer. It is composed
of interlaminated more dark clayey mudstone and less dark silty mudstone

% The term mudstone in this paper means indurated, rather clayey rock which is composed
of mixtures of clay and silt grades and does not split easily along lamination planes. Mud-
stone is classified into clayey mudstone and silty mudstone, discriminating the former from
claystone and the latter from siltstone.
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both of which are as thin as several milimetres or less, thus having an appreci-
able striped appearance.

Massive mudstone

Massive mudstone, where preserved, usually occupies the uppermost or up-
per part of shale layers in alternating sequence of sandstone and shale; it does
not occur as any thick sequence. In general, mudstones of this category are
dark grey to blackish grey in colour, structureless and homogenous. They are
represented chiefly by silty mudstone which grades upwards into clayey mud-
stone, if present.

In all the aforesaid types of shales calcareous concretions and marine macro-
fossils are very scarce on the whole, but rather common in some limited parts of
laminated sandy mudstone sequences. The common molluscan fossils contained
are thin-shelled, weakly ornate, comparatively inflated coiled ammonoids such as
Ammonoceratites, Anageudryceras and Desmoceras, subordinate strongly
ornamented, coiled ammonoids such as Mortoniceras and thin-shelled pelecypods
such as Inoceramus, Propeamusium and Solemya (TANAKA in MATSUNO et al.,
1964, table 3). The foraminiferal assemblages in the argillaceous sediments of
the flysch formation are dominated by arenaceous benthonic forms such as
Bathysiphon and Haplophragmoides. Calcareous benthonic forms such as Den-
talina, Lenticulina, Saracenario and Gyroiding also are common. Hence, it will
be inferred that the argillaceous deposits indicate comparatively deep-water
environments. These different types of shales come to show a more offshore (or
off-source), deeper facies in the order of the siltstone, sandy mudstone, laminat-
ed sandy mudstone and laminated mudstone.

When the lithological features and mode of occurrence of the aforemen-
tioned distinct types of sandstones and shales are integrated, the following suites
can be discriminated: (1) massive sandstone-siltstone and sandy mudstone, (2)
bedded sandstone-sandy mudstone and laminated sandy mudstone, (3) sand-
stone rhythmically interbedded with shale-laminated sandy mudstone and lami-
nated mudstone, and (4) sandstone frequently interlaminated with shale-lami-
nated mudstone.

II. 3 Conglomerates

The conglomerates of the flysch deposits under consideration are of three
types: petromict conglomerate, intraformational conglomerate and paracon-
glomerate.

Petromict conglomerate

Petromict conglomerate (PETTIJOHN, 1957), the matrix of which is sandy,
occurs at two levels within Member Mc in the form of pebble- or granule-bearing
sandstone, several decimetres thick. The gravels involved are rounded and
comparatively well sorted, their kinds being rocks of exotic origin such as older
sedimentary rocks (sandstone, slate and chert), voleanic rocks (andesite and
rhyolite) and hornfels.

Intraformational conglomerate
Intraformational conglomerate (PETTIJOHN, 1957) with a general thickness
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of several centimetres is met with in the massive or graded part of sandstone
layers. In sandy matrix of these conglomerates many thin or tabular pieces of
contemporaneous shale are embedded.

Paraconglomerate

Referred to paraconglomerate (PETTIJOHN, 1957) or conglomeratic mud-
stone (PETTIJOHN, 1957) is the pebbly mudstone (CrROWELL, 1957) that occurs
at a certain level within unit Ma, of facies 8 and Member Mc of facies «
(Plate II-1; see Fig. 20B, TANAKA in MATSUNO et al., 1964, plate 1). These
pebbly mudstones, 1 to 1.5m thick, are structureless, very ill-sorted rocks
originating from chaotic mixtures of silt and sand. They contain randomly
distributed, angular or twisted lumps of the intra-basinal rocks such as sand-
stone, shale and calcareous rocks in addition to rounded pebbles of exotic rocks.
The pebbly mudstone occasionally shows internal folds due to slumping. In
accordance with CROWELL’S opinion (CROWELL, 1957) the probable origin of
such sediments may be ascribed largely to subagueous mudflows abounding in
pebbles and flowing into a relatively deep-sea. Further details will be given in
the description of the slump structures later.

III. 4 Other Rocks

As minor constituents of the flysch formation tuff and calecareous and
carbonaceous rocks are found.

Tuff and tuffaceous rocks

Tuff, tuffaceous sandstone or tuffaceous shale is usually a few centimetres
to several decimetres, exceptionally up to a few metres, in thickness. Some beds
are structureless; others are well laminated and/or distinctly graded. The tuff
is greenish grey or greyish white in colour, comparatively fine-grained and is re-
ferred to vitric crystal tuff or vitriec tuff. Some contain quartz, feldspar
(mostly andesine) and biotite, thus being of probable dacitic nature; others
comprise feldspar (mostly labradorite and betwynite), pyroxene and minor, if
any, biotite, thus being of probable andesitic nature.

Calcareous rocks

Calcareous rocks occur as sporadic coneretions, several centimetres to
several decimetres across, in the argillaceous rocks. They are lithologically re-
ferred to calcareous shale or maristone, being ellipsoidal or flattish particularly
in the laminated mudstone and laminated sandy mudstone. Some of them in-
clude fossils such as ammonites and inocerami.

Carbonaceous rocks

Carbonaceous rocks do not occur as distinet layers or beds. Laminae or
fragments of coal (0.1 m thick and 0.2 m long in maximum size) are contained,
though locally, in some sandstone layers,

IV. Graded Units

The Ikushumbetsu Cretaceous flysch is dominated by alternating graded
sandstone and shale. Any component sedimentation unit or stratal unit in such
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alternating sequence is termed here a graded unit. A single standard graded
unit is defined as including the whole sequence of lithological units from the
base of one coarse phase up to the base of another coarse phase at the upper
level, being in the present case composed of sandstone (or rarely very sandy,
coarse siltstone*) below and shale above. In reference to the sedimentary attrib-
utes of the graded units to be described, the lithological data obtained from
the statistical analysis and part of the detailed stratigraphical columns of some
selected sections are given in Table 2 and Fig. 6 respectively**, Similar statisti-
cal investigations on lithological aspects of some other flysch or turbidite
sequences have already been made by Bouma (1959, 1962), McCBRIDE (1962,
1966), TANAKA (1965) and WALKER (1967).

IV. 1 Unit Types

Sedimentation units as represented by graded units have been classified,
as an example of their subdivision, into several groups according to their
thickness (DoTT, 1963). However, the graded units in the studied area were
classified on the basis of both unit thickness and sandstone percentage which is
calculated from the proportion of sandstone layer in each graded unit (Table 3)
as in the case of the Izumi Group (TANAKA, 1965).

Table 3. Classification of graded units based on their thickness
and sandstone percentage

| Sandstone

Unit type = Thickness (in cm) percentage (%) Remarks
0 >300 >80 Thickness: generally less than 500cm.

I 100-300 >80
II 60-100 >80
II1 30-60 >50
v 10-30 >50

Vv 0-10 >10 Thickness: generally more than 0.5cm.
VI 10-30 10--50
VII 30-60 10 -50
VIII 60-100 10 -50
X 100-300 10 -50
x | 60~100 50 -80
XI 100-300 50 ~80

As will be seen from Fig.7, the distribution of unit types thus distin-
guished shows a unimodal pattern with the primary mode of type IV or V
except for unit Mb, of facies «, in which the distribution is polymodal and has
the primary mode of typeIIl. The unimodal distribution exhibits a much
stronger mode in unit Mb, of facies « and y and Member Me of facies § than
in other sequences.

* Very sandy, coarse siltstone layers are to be dealt with as sandstone layers for the

statistical analysis of the graded units, because the former also exhibit some of the sedimen-
tary features characteristic of the latter.
#% Tn addition, statistical analysis of sedimentary features was attempted for the following
two sections: (1) about 8 m sequence of sandstone and shale in alternation (number of
graded units: 72), lower part of unit Mb: of facies «, Takambetsu; (2) about 20 m sequence
of bedded sandstone (number of graded units: 32), lower part of unit Mb. of facies a,
Ikushumbetsu Valley. The data from the former section are not included in Tables 5, 6
and 7 and Figs. 8§, 9, 10, 11 and 20.
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Fig. 7. Distribution of unit types.

IV. 2 Sequence Types

The graded units in the flysch series vary in degree of vertical change
of their lithological features. To the ideal sequence of internal structures of the
graded units in the studied area Bouma’s model of fivefold subdivision (Bouwma,
1962) can be applied with a slight terminological modification as follows:

From the top downwards

Shale layer
(e) Massive mudstone
(d) Laminated sandy mudstone
Sandstone layer
(¢) Cross-laminated sandstone
(b) Laminated sandstone
(a) Graded sandstone

General account of the sedimentary features of the graded units is given in
the lines to follow. To begin with, division @ usually concentrates the coarsest
grains at or mnear its base and occasionally contains contemporaneous shale
fragments at any level, especially in its relatively upper part. Where materials
are well sorted throughout, graded bedding is hardly visible in this division.
Graded bedding, if still present, is finely developed in division b into which
division @ ordinarily grades. Below division a is rarely found a thin laminated
part. Division b is characterized by parallel lamination throughout. Both divi-
gion b and division ¢ are finer grained than division @, the boundary between
the former two divisions being often clear-cut. Division ¢ occasionally shows
current ripple lamination in association with cross-lamination and in some
cases ends with current ripple marks, Convolute lamination is occasional in
division ¢ as well as in division b, Transition from division ¢ into division ¢ is
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gradual, but less commonly rapid. Division d consisting of siltstone which
grades upwards into silty mudstone is commonly laminated, and graded though
not distinctly. This division is interlaminated with very fine-grained sandstone
which decreases upwards in frequency and thickness. In division d it is noticea-
ble that, in addition to parallel lamination, cross-lamination and/or ripple cross-
lamination is commonly developed; this division is equivalent to BouMA’s upper
interval of parallel lamination (Bouma, 1962), though the latter is devoid of
cross-lamination, A similar situation is found in some other flysch deposits
(BALLANCE, 1964; SNAVELY et al., 1964; HUBERT, 1967). Thus the sandstone
laminae in this division occasionally exhibit flaser structure. Division e,
having a gradual boundary with the underlying division, consists of clayey
mudstone showing no visible structures. Under the microscope, however, faint
laminations can be occasionally observed in the division e. Furthermore, marl-
stone or clayey marlstone occurs, though only locally, as laminae or thin layers
in shale layers constituting the graded units. -

An ideal vertical sequence of internal structures of a single graded unit as
mentioned above has been ascribed to waning velocity of a turbidity current by
various authors, but is now more appropriately interpreted as reflecting change
of flow regime represented by the integrated resultant of all variables (HARMS
and FAHENESTOCK, 1965; WALKER, 1967). This is equally true of the Ikushum-
betsu flysech. Concerning shale layers alternating with graded sandstones in
many flysch deposits, a seemingly overwhelming opinion now is that shale
layers are composed of turbidite sediments below and pelagic sediments above
(CROWELL, 1955; DZULYNSKI et al., 1959; NEDERLOF, 1959; UNRug, 1963;
ScoTT, 1966; WALKER, 1967). Actually, the shale layers constituting the graded
units of the Ikushumbetsu flysch commonly exhibit a gradual transition from
the underlying turbidite sandstone layers. Hence it is plausible that such shale
layers, at least their lower parts, are of turbidity current origin. However, the
occasional occurrence of thin-shelled, weakly ornated, comparatively inflated
coiled ammonites in the shale layers may suggest the presence of some pelagic
or hemi-pelagic sediments.

Considerable variation of sequence type, i.e. sequence of internal structures,
is noticed in the graded units of the Cretaceous flysch formation (Table4).
Taken altogether, the graded units begin most commonly with division a¢. This
situation is strikingly different from the distribution of sequence types in the
flysch sediments of the Peira-Cava area, Alpes Maritimes, France (BouMa, 1962)
in which the majority of the graded units begin with division ¢, although the
thickness distribution of graded units is remarkably similar between the two
cases (Table 5%). In addition, unlike BouUMA’s sequence types (Bouma, 1962,
figs. 8, 9, 10, 11), the graded units in the studied area are occasionally lacking
one or more intervening divisions. Similar occurrence was reported from the
Upper Carboniferous turbidite formation of northern England in which division
d is always absent (WALKER, 1966). Where division a is considerably thick
divigsion ¢ is commonly lacking or very poorly developed as exemplified by the
case of Member Mec of facies «, Ikushumbetsu Valley.

The distribution of the sequence types varies largely with stratigraphical
unit and facies type (Table4). For example, graded units beginning with
division o are especially widespread in unit Mb. of facies « and Member Mec of

* From BouMA's data sequences Td-¢ and Te (approximately 14.2 per cent of the obseryed
cases) are omitfed, : ’
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Table 4. Distribution of sequence types of graded units

For divisions a, b, ¢, d and e in graded units see text. For example, a graded unit of
type abc consists of divisions a, b and c¢ in ascending order.

Mb, f Mb, Mc Me of facies

P Facies Facies iFacies Facies ' Facies iFacies! Facies %DivisioniDivision Division
equence o g | r a g | r «

type S, | : :

'}{ku- Nuno- | g | }Ilku— Nuno- ¢y I{ku-
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Table 5. Comparison of thickness and sequence type of graded units from the Ikushum-
betsu area with those from the Peira-Cava area, Alpes Maritimes

The data are given In percentages. For divisions a, b and c see text.

Peira-Cava area,

Tkushumbetsu area Alpes Maritimes

Thickness (in cm)
0-2

|
’ 0.9 0.1
24 11.6 6.6
4-10 33.4 34.7
10-20 l 26.6 21.8
20-40 14.7 l 12.0
40--100 10.1 _ 9.6
100-200 1 9.4 | 7.6
200-400 0.2 1 4.8
>400 | — | 2.9
Total | 99.9 ] 100. 1

Sequence beginning with | ‘

Division a 62.6 14.1
Division b 24.9 ‘ 10.5
Division ¢ 12.5 | 75.4
Total ] 100.0 ‘ 100.0
Total number of graded units { 850 1 910
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Fig. 8. Relation between umit type, sandstone layer thickness and sequence type.

1: graded units beginning with graded sandstone division,

2: graded units beginning with laminated sandstone division.

3: graded units beginning with cross-laminated sandstone division.

Numerals in parentheses are the number of graded units or sandstone layers
in each class,
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facies « in both of which the sandstone is comparatively thick and poorly
laminated. In this connection, it is mnoteworthy that only a few units
end with division e in Member Mc of facies @. On the contrary, in unit Mb,
of facies « and y which is dominated by thin, well-laminated sandstone the
graded units begin more commonly with division b and end with division e
than in other sequences. After all, from such striking contrasts of sequence
types between Mb, of facies @ and y and Mec of facies & it may be suggested
that the eroding power of turbidity currents was generally stronger
and the sand-depositing currents were of higher velocity for Me of facies « than
for Mb, of facies a and y. The graded unit in the laminated sandy mudstone
sequences is, of course, commonly composed of divisions d and e. Furthermore,
there is a definite correlation between the sequence type, unit type and sand-
stone layer thickness. That is to say, graded units beginning with division a
decrease in abundance in the order of unit types II, III, IV and V and with
decreagsing thickness of sandstone layers (Fig.8).

IV. 3 Some Notes on the Sedimentary Features

Each of the graded units constituting the flysch sequence shows usually,
but not always, a sharp bottom contact which is undulating in varying degree,
due to the presence of many kinds of sole markings, though occasionally even.
The undulation of the lower contact of a sandstone layer against the underlying
shale layer falls into three orders of magnitude according to its general am-
plitude which is given in parentheses: strongly undulating (more than 3 c¢m),
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Fig. 9. Relation between thickness, grain size at base and lower contact of
sandstone layers.
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moderately undulating (1 to 3cm) and weakly undulating (less than 1cm).
The underside of very thin sandstones occasionally exhibits irregular pattern,
where the bed contact is gradual. Undulation of the lower contact has a marked
tendency to become stronger with increasing thickness and grain size at the
base of sandstone layers (Fig.9). This trend is in harmony with the case of the
Izumi Group (TANAKA, 1965). It may imply that swift currents depositing
thick, coarse sandstones roughly eroded the mud substratum which, in turn,
was subjected to intense load deformation due largely to rapid deposition of a
series of such sandstones. However, in Member Mc of facies « along the
Tkushumbetsu Valley the bottom contact is often weakly undulating in spite of
the predominance of relatively thick, coarse-grained sandstone (Table2). A
probable explanation of this fact may be that the shale layers (mud floors) of
this member were in some cases rather smoothed in erosion by fast currents
and in other cases the layers were too thin and/or firm to suffer load deforma-
tion.

Passage from sandstone below to shale above is rapid in some graded
units, but gradual in many others. In the former case the bounding surface is
occasionally ripple marked; this point indicates that the top part of turbidite
sandstone layers was reworked and sorted by bottom currents., Gradual transi-
tion tends to become more frequent in the order of unit types III, IV and V
and with decreasing thickness and coarseness of sandstone layers, The higher

Table 6. Relation between unit type, sequence type, grain size at base and thickness of sandstone
layers and gradual passage from sandstone layer to overlying shale layer in graded units
The data are given in percentages. Numerals in parentheses are the number of
graded units or sandstone layers in each class.

Unit type
III v Vv VI
(76) (216) (388) (83)
48.7 59.7 74.7 68.7

Basal division of graded units

Graded sandstone Laminated sandstone Cross-laminated sandstone
(510) (204) (71)
58.8 68.1 88.6

Grain size at base of sandstone layers

Sand
Coarse- to Medium- Medium- to B et Very ikl 010
medium-grained grained fine-grained BEIErALn fine-grained
(29) (46) (132) (455) (123) (33)
55.2 47.8 43.9 65.5 84.5 100.0
Thickness of sandstone layers (in cm)
0-3 3-10 10-20 20-30 30-60 60-100
(210) (327) (141) (47) (68) (21)

78.1 67.2 93,8 3.3 49,9 428
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the division where the graded units begin, the more prevalent becomes the
gradational upper contact (Table6).

Concerning the sandstone layers constituting the graded units, the follow-
ing positive correlation is found between thickness, grain size at the base and
thickness of graded division. The proportion of graded division to sandstone
layer is extremely high in Member Mc of facies o, Ikushumbetsu Valley which
is dominated by relatively thick, coarse-grained sandstone; it is exceedingly
low in unit Mb, of facies «, Ikushumbetsu Valley which consists mostly of
relatively thin, fine-grained sandstone (see Tables 2, 8). The thicker the
sandstone layers, they become coarser grained at the bottom (Fig. 10) and the
proportion of graded division to sandstone layer is higher (Fig., 11). These
trends pertain largely to the velocity of the sand-depositing currents. A
positive correlation between thickness and coarseness of sandstone layers is
found also in the Izumi Group (TANAKA, 1965).

The shale layer of the graded unit is occasionally traversed by sand-
filled burrows (exichnial burrow casts, MARTINNSON, 1965) and the sandstone
laminae involved are disturbed thereby. Massive mudstone division is present in
some graded units, but in others it, though originally deposited, is now missing

Grain size at base
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Fig. 10. Relation between thickness and grain size at base of candstone layers,
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Table 7. Relation between thickness of shale layers, grain size at base and thickness of
overlying sandstone layers and presence of massive mudstone division at

top of graded units

The data are given in percentages.

Presence of massive
Number mudstone division
Thickness of shale layers (in cm)

0-3 433 38.5
3-6 173 64.1
6-10 76 64.5
10-20 58 43.1

Grain size at base of overlying sandstone layers
Coarse- to medium-grained sand 32 3.1
Medium-grained sand 50 28.0
Medium- to fine-grained sand 128 36.7
Fine-grained sand 441 40.1
Very fine-grained sand 121 56.2
Sandy silt 33 75.7

Thickness of overlying sandstone layers(in cm)
4 194 50.5
3-10 334 46.2
10-20 145 37:2
20-30 46 19.6
30-60 69 26.1
60-100 20 550

Table 8. Thickness data from some selected sections in the
The standard deviations are given in parentheses.

Mb,
Facies a | Facies a Facies § | Facies 7
Tkushumbetsu | | Nunobiki- |
Valley Takambetsu i no-sawa | Honsawa
THICKNESS OF THE SECTION (IN M) 9.10 7.91 9.99 7.13
NUMBER OF GRADED UNITS 86 72 . 57 ; 80
AVERAGE THICKNESS (IN GM) | : |
Graded unit 10.6(9.2) | 11.0(10.4) | 17.5(11.7) | 8.9( 4.7)
Sandstone layer 6.2(6.2) | 8.5(10.1) | 14.5(10.8) | 3.9( 2.3)
Shale layer 4.4(5.1) 2.5( 1.7) | 3.0( 2.2) ‘ 5.0( 3.7)
Graded sandstone division 0.4(0.7) 1.1( 2.8) | 5.2( 6.4) | 0.6( 0.9)
Laminated sandstone division 3.7(4.8) 4.7( 7.9) ‘ 7.8( 7.0) | 1.9¢ 1.7)
Cross-laminated sandstone division |  2.1(2.1) 2.7( 2.0) | 1.5( 2.9) | 1.4 1.1)
Laminated sandy mudstone division | 2.2(4.0) 2.0( 1.5) | 2.1( 2.0) | 4.1( 3.9)
Massive mudstone division 2001.77) 0.5( 0.9) ! 0.9( 1.3) | 0.9( 0.9)
MAXIMUM THICKNESS (IN CM) . -
Graded unit 57.0 56.0 53.0 28.0
Sandstone layer 29.0 49.0 50.0 12.0
Shale layer 28.0 7.0 10.0 20.0
AVERAGE SANDSTONE PERCENTAGE 54.5(18.3) | 67.4(19.8) | 78.1(15.6) ; 46.7(20.0)
AVI:;RAGE DIVISION PERCENTAGE | -
Graded sandstone division 3.0( 7.5) 4.9( 9.2) 26.7§24.9) 15.1(13.1)
Laminated sandstone division 28.7(20.1)  24.7(25.8) | 34.3(24.2) 22.5(18.6)
Cross-laminated sandstone division 22.8(14.5)  38.2(23.4) 16.9(15.8) 17.5(16.0)
Laminated sandy mudstone divisien 21.6(19.3)  27.5(19.5) | 15.0(13.4) 39.1(24.4)
Massive mudstone division 23.5(20.0) 4.8(7.9) 6.7( 9.5) 11.4(10.5)
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because of the erosion before the deposition of the overlying sandstone. Oc-
currence of this division tends to become commoner as the overlying sandstone
layer decreases in thickness and grain size at the base (Table 7). A similar con-
clusion applies to the turbidite sequence of the Izumi Group (TANAKA, 1965).
The shale layers in Member Mc of facies «, Ikushumbetsu Valley are mostly
lacking in massive mudstone division, whereas those in unit Mb, of facies «,
Ikushumbetsu Valley in the majority of cases are provided with this division
(Table 2). Such a striking contrast depends largely on the before-mentioned
distinet differences between the two sequences in thickness and coarseness of
sandstone layers. Hence, it may be suggested that the turbidity currents from
which relatively thin, fine-grained sandstones were deposited had a relatively
small ability of scouring the pelitic substratum.

IV. 4 Thickness

The thickness data on the graded units from each member or unit in the
Tkushumbetsu flysch sequence are given in Table 8, As to the thicknesses of
the graded units, sandstone and shale layers and individual divisions within
the graded units, generally speaking, the average values vary in accordance with
the maximum ones, and the standard deviations are considerably large. The
standard deviations are invariably smaller than the average values for the unit
thicknesses. They are more commonly below the average values for the sandstone
and shale layer thicknesses than for the division thicknesses. The standard

Cretaceous flysch sequence of the Ikushumbetsu area

Mb, | Mc | Me
_ _ - _ ] - :
' Facies ¢
Facies o I Facies 8 Facies Facies a
Ikushumbetsul Nunobiki- Honsawtx Tkushumbetsu| Eambrisn Valley
Valley | nekanes Valley | Division B | Division B | Division F
10.17 | 1087 | 814 36.74 1071 14.32 | 8.63
67 |52 66 91 134 105 | 81
SV IS . il S e
52.2(46.0) | 20.9(20.0) | 12.3( 7.4) = 40.4(36.5) = 8.0( 7.9)  13.6( 9.3) | 10.7( 7.1)
30.8(27.1) | 15.0(19.2) | 5.7( 5.4) | 38.6(36.2) = 6.5( 7.4) 9.0( 7.8) | 8.4( 6.4)
21.4(33.7) | 5.9( 5.7) | 6.6( 4.4) | 1.8( 2.6) | 1.5( 1.4) | 4.6( 3.6) | 2.3( 2.3)
26.6(27.3) | 9.6(15.5) | 0.9( 1.4) | 36.0(33.8) | 3.7( 2.4) | 1.9( 3.0) | 4.6( 4.5)
3.4(2.9) | 4.1(6.6) | 2.9(4.0)  2.2(3.1) = 1.3(5.9 51(6.5) | 2.8(4.2)
0.8( 1.1) 1¥3§ 1.7) | 1.9( 1.8) | 0.4( 1.0) | 1.5( 1.2) @ 2.0( 1.9) | 1.0( 1.2)
19.9(12.5) | 4.9( 5.8) | 5.9( 4.3) | 1.7( 2.6) | 1.3( 1.7) | 3.8( 3.5} | 1.8( 2.1)
1.5(2.7) | 1.0( 1.8) | 0.7 0.8) | 0.1( 0.4) | 0.2( 0.3) | 0.8( 1.4) | 0.5( 0.7)
_ - | — | _
220.0 | 130.0 | 449 | 170.0 | 345 | 43,0 32.0
105.0 126.0 33.0 170.0 |  39.0 37.0 30.0
175.0 35.0 19.0 | 160.0 | 13.0 18.0 12.0

57.6(20.5) | 65.1(21.2) | 47.4(20.0) | 91.5(13.2) | 77.6(10.3) !63.1(26.6)! 77.2(15.0)

44.9(20.7) | 34.8(26.3) | 9.1(13.6) = 79.2(25.4) | 29.6(26.9) | 13.7(21.1) | 39.1(28.7
9.1(12.7) | 16.4(16.9) | 19.4(17.0) 10.0(16.1) | 19.9(22.5) | 30.8(28.9) | 23.9(23.5
2.8( 5.0) | 11.9(20.2) | 16.2(13.6) = 2.3( 6.2) | 28.0(25.5) | 21.5(18.2) | 14.1(21.7)
38.0(27.8) | 28.9(21.5) | 47.0(22.3) = 8.0(12.0) | 20.0(13.5) | 28.5(20.1) | 17.3(15.6)
4.9(10.0) | 8.6(12.1) | 5.4( 6.6) = 0.7(3.3) | 2.2( 47) | 8.0(10.8) | 5.9( 7.1)
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deviations of the layer and division thicknesses also tend to vary with the mean
thicknesses and maximum ones. Furthermore, the standard deviations of the
sandstone percentages together with those of the division percentages show com-
paratively high values. The former are always much smaller than the average
values, while the latter occasionally exceed the average values.

Thickness distribution

The thickness distribution of graded units in any member or unit within
the flysch deposits can roughly be deduced from the distribution of unit types
classified in terms of both thickness and sandstone percentage of graded units
(see Fig. 7). The thickness distribution of the sandstone layers shows a wider
spread than does that of the shale layers with some minor exceptions (Figs. 12,
13). The distribution approaches a normal distribution in sequences consisting
chiefly of thin sandstone layer (e.g. unit Mb, of facies y and Member Me of
facies §), and seems to display a polymodal pattern in sequences dominated by
relatively thick sandstone layer (e.g. unit Mb. of facies a« and Member Mc of
facies «). The histograms of the thickness distribution of both sandstone and
shale layers tend to be skewed towards the greater thickness values. The
skewed shapes of thickness distribution demonstrate that the sedimentary
process of the flysch succession under consideration had a tendency to deposit
movre thin beds than thick.

The histograms of the shale thickness distribution are found to be more
skewed than those of the sandstone thickness distribution if compared on the
same scale. The probable explanation for this is that as already pointed out
by KOLMOGOLOV (see NEDERLOF, 1959, fig. 7), owing to erosion by the turbidity
currents depositing the interbedded sandstones the original thickness distribu-
tion of shale layers, which in an ideal case is expected to be a normal distribu-
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Fig. 12. Histograms showing thickness distribution of sandstone layers.
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Fig. 13. Histograms showing thickness distribution of shale layers.

tion, was transformed towards the smaller thickness values. Thus, extremely
skewed patterns of shale thickness distribution, as would be expected, result
from frequent complete absence of shale layers due to erosion by turbidity
currents. The best example will be the very strongly skewed shape for Member
Me of facies «, Ikushumbetsu Valley in which the shale layers end with massive
mudstone division only in about 7 per cent of the observed cases and are often
even missing between the successive sandstone layers. A similar, but less
skewed distributional pattern is recognized also in Member Me of facies 8,
Pombetsu Valley in which the shale layers have massive mudstone division in
some 40 per cent of the observed cases. On the contrary, the thickness distribu-
tion of shale layers is similar to a normal one for unit Mb, of facies ¢, Ikushum-
betsu Valley and that of facies y, Honsawa. In the shale layers of these two
sequences, massive mudstone division exists in about 70 per cent of the observed
cases. An intermediate pattern is displayed in unit Mb, of facies B8, Nunobiki-
no-sawa in which this division is present in nearly 50 per cent of the observed
cases. Similarly, the histogram of the shale thickness distribution in division E of
Member Me of facies 8§ along the Pombetsu Valley shows a distribution close to a
normal one in comparison with the cases of divisions B and F in which the graded
units end less commonly with massive mudstone division than in division E (see
Fig. 32; Table 2). From these facts described above, it may be considered that
there is a close relationship between the distributional pattern of shale thick-
nesses and the presence of massive mudstone division and that the shale thick-
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ness distributions become closer to a normal distribution with increasing occur-
rence of massive mudstone division.
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The cumulative frequency of the sandstone and shale thicknesses plotted
on the logarithmic probability paper tends to show a log normality which is con-
firmed by an almost straight line (Figs.14, 15). A similar relationship was
noted for many other flysch-type deposits or turbidite sequences (BOKMAN,
1953; PETTIJOHN, 1957; NEDERLOF, 1959; WEBBY, 1959; McBRIDE, 1962; Dorr,
1963; HIRAYAMA and SUZUKI, 1965; TANAKA, 1965; Scort, 1966). Such a log
normal distribution may demonstrate that the sandstone and shale layers of any
member or unit within the flysch series in question were deposited respectively
from currents of similar origin. For thicker layers the plots of both sandstone
and shale layers often exhibit a systematic deviation. This is interpreted as
meaning that thicker layers occur at a frequency greater than could be expected
if the distribution perfectly followed the log normality. While the data of
the Izumi Group (TANAKA, 1965, figs. 8, 10) also displays a similar systematic
deviation of sandstone and shale thicknesses, the reverse is the case with the
data of the Carboniferous flysch of northern Spain (NEDERLOF, 1959, figs. 8, 9).
The lowermost part of the plots also exhibits slight deviations from the log
normality.

Some of the plots of sandstone and shale thicknesses are found to comprise
two or more straight lines, thus indicating a mixture of two or more log normal
populations., This point pertains to polymodal distribution of thicknesses. For
instance, the plot of sandstone thicknesses for unit Mb, of facies « and Member
Mc of facies « is broken at about 50 cm, thus consisting of two straight lines
in its upper part. As would be expected, this results probably from differences

Table 9. Relation between grain size at base, type of graded bedding and thickness of
sandstone layers in unit Mb, of facies ¢« and Member Mc of facies o along
the Ikushumbetsu Valley

I'he data are given in percentages. For types of graded bedding see text.

Mb, | Me
Grain size at Type = . = a0
ralg SIZEla of graded Thickness (in cm) Thickness (in cm)
ase bedding s - e
0-50 >50 0-50 ‘ >50
Very coarse- to 1 5.8 6.7 9.4 29.6
coa(llrse-, coarse- 2 - Pt 6.3
- 1
eliwnpraioed| © amd 4 3.8 20.0 3.1 37.0
sand 5 = =z — —
1 7.7 6.7 1.6 3.7
Medium-grained 2 =3 =4 3.1 —
sand 3 and 4 9.6 20.0 21.9 14.8
5 1.9 s - —
o 1 9.3 | 67 | 125 | s
Medium- to { |
fine-, fine- and 2 . - | e . =
very fine-grained 3 and 4 36.6 13.3 28.1 ' -
sand
5 11.5 26.7 14.1 ’ =
Sandy silt l 4 l 3.8 i — | — | —

Number of layers ‘ 52 15 64 27
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in mode of deposition between the sandstones 50 cm thick or less and those
more than 50 cm thick. That is to say, the sandstones of the latter group
are coarse-grained and poorly graded in comparison with those of the former
group (Table 9). Several other plots of sandstone thicknesses, on the other
hand, are broken at certain small values such as 8 em and 5 em. The main,
if not the only, reason for this is that the thinner sandstone beds may have
been different from the thicker ones in mode of emplacement as inferred from,
for example, the fact that the thinner beds begin much more commonly with
laminated or cross-laminated division or show much lower percentage of
graded division than do the thicker beds. The plot of sandstone thicknesses for
unit Mb, of facies « indicates an abnormal shape in its lower part. This may
be attributed to the small number of thickness samples in addition to the above-
mentioned difference in mode of deposition. While the plot of sandstone thick-
nesses inclines gently in Mb. of facies « and Me of facies « in which the
sandstones over 50 cm thick are left out of consideration, it tends to incline
steeply in some other sequences. This contrast implies that the sandstone
thickness distribution of the former two sequences has a very wide spread
about the mean. Furthermore, the steepest inclination of the plot of sandstone
thicknesses for unit Mb, of facies y indicates that the thicknesses are closely
grouped about the mean as evidenced by the smallest value of standard devia-
tion (Table 8).

The plot of shale thicknesses for unit Mb, of facies « is most steeply
inclined and much more ideal than that for other sections, thus approaching a
perfect log normality. The probable explanation for this is that the original
thickness distribution of the shale layers was not so strongly transform-
ed because of the small erosive power of the turbidity currents depositing the
interbedded sandstones, as inferred from the most common occurrence of
massive mudstone division. On the contrary, the most gentle inclination of the
plot of shale thicknesses is found in unit Mb. of facies « whose thickness dis-
tribution is very wide about the mean. The plots of shale thicknesses for certain
sections are broken at certain small thickness values.

The thickness of each division in the graded units was plotted on the
logarithmic probability paper (Fig.16%). Any division which occupies the
uppermost part of a given graded unit is ignored, because it does not indicate
the original thickness owing to erosion before the deposition of the overlying
graded unit. The plots for the individual divisions have a tendency to exhibit
an essentially log normal distribution as defined by an almost straight line, A
similar relationship is recognized in Prealpine flysch of Switzerland (HUBERT,
1967). The plots for the studied area, however, occasionally show deviations
from the log normality in their lowermost and uppermost parts, In addition, it
is found that the plots for graded sandstone division in unit Mb, of facies «
and Member Mc of facies o are found to comprise two straight lines joined at a
certain large value of thickness. Such a pattern is closely similar to the afore-
said pattern of cumulative frequency of the sandstone layer thicknesses in these
two sections, because the proportion of graded division to sandstone layer is
very high,

Sandstone-shale thickness correlation
Some correlation in thickness is occasionally found between the sandstone

# The data based on a small number of thickness samples are omitted from Fig.16.
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Table 10. Thickness correlation of sandstone and shale layers
Numerals in brackets are the number of sandstone or shale layers.

| Upper limit of
| thicknesses Correlation coefficient

dealt with l
| (incm) |
| sand- Shale Sandstone-overlying | Sandstone-underlying
| stone shale i shale
Facies @ Ikushum- . .
st Valley 15 | 10 | 0.498 (P<0.001) [74] —0.208 [73]
Facies @ Takam- | 0.292
Mb, | _beisu -t 15 110 | (5055 p>0.02) [601) —0.019 58]
acies 5 Nunobiki-|
SRy 15 | 10 | —0.164 [37]| —0.087 [37]
Facies y Honsawa 15 10 0.023 [75]| 0.202 [74]
: ‘ . ] 338 = — o
[ %alll'e‘;"-h““' 70 | 40 | —0.048 [53] 0.035 [53]
Wby | Fooion § Wunchikl am | 98 | utde 1] o0.072 [42]
3 0.419
Facle.s”;.' _H01lsawa 15 15 _ 0. 108. . _[60] ~ (0.01>P>0.001) [59]
| Facies ¢ Tkushum-| i —0.257
ME | “Boiey Valley | 60 | 6 | (0.05>P>0.02) [72]| 0.003 [n]
: . , - |
. Flz)tciesé Division B 15 | 10 l (("1,43%‘001) [114]] 0.125 [112]
e oM~ |;yro s - | 0.
bty (Division E 15 ‘ 10 | (hiespso.0z) 1831 0.053 [80]
| Valley |Division F| 15 | 10 | 0.234 [67]| —0.163 [67]

layer and the overlying or underlying shale layer (Table10). No systematic
relation is recognized between the correlation coefficient for sandstone-shale thick-
ness, the average sandstone thickness, the average sandstone percentage and the
presence of magsive mudstone division in shale layer. However, Member Mec of
facies « with the largest average value of sandstone thicknesses and sandstone
percentages shows a markedly negative correlation between the sandstone
thickness and the overlying shale thickness. In strong contrast with this mem-
ber, units Mb, and Mb, of facies y, both being characterized by the smallest
average value of sandstone thicknesses and sandstone percentages, have compara-
tively high positive values for sandstone-underlying shale thickness correlation.
On the other hand, high positive values of sandstone-overlying shale thickness
correlation are found in unit Mb, of facies « and Member Me of facies § which
are extremely similar to each other in sedimentary aspects. These values are
considerably high in comparison with the data of the Cretaceous flysch of
southern Chile (Scort, 1966). It may be possible to distinguish Mb, of three
separate facies from one another in terms of the values of correlation coeffi-
cient for sandstone-shale thickness. Furthermore, for certain three divisions
within Member Me of facies § the sandstone-overlying shale thickness correla-
tion has much higher positive values than do the sandstone-underlying shale
thickness correlation.
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IV. 5 Lithological Classification based on Types of Graded Units

The flysch and associated deposits in the studied area are lithologically
classified into various types according to their component unit types as in the
case of the Izumi Group (TANAKA, 1965). The lithological types thus dis-
criminated are shown in Table 11.

Table 11. Lithological classification of flysch and associated sediments according

to unit type
Graded units
Lithological division Symbol Paingipa] Subor di;late
type type
: So
Massive sandstone S o T
1
Very thick-bedded sandstone S, | 1 11
A Thick-bedded sandstone Ss 11 I and III
g I
B o & | Sandstone and shale in medium-bed-
g 5 wg | ded alternation _ Al I 1L wmd IV
8 b q'a S o . |
= o andstone and shale in thin-bedded
3. | RS | “iraion SM, v II1,V and VI
ag & 8
=
B‘g P | Sandstone and shale in very thin-
-é‘;‘.a‘ , | bedded alternation 5M, ¥ IV and VI
L8] .
é]‘ - g g}g Shale and sandstone in thin-bedded MS VI IV. V and VII
g:‘é EE E alternation L ’
';% E.g 5 Shale and sandstone in medium-bed- MS VII VI snd VIII
E 2| w8 ded alternation 2
s || D ‘5: Shale and sandstone in thick-bedded | ;g VIII VIT and X
"g'g "2 2 S | alternation 2
S |'s& g | Shale and sandstone in ver i
y thick- =
§ e bedded alternation MsS, X VIII and X
QL e . .
E g %5 S;lrzg;t&?;:nd shale in thick-bedded | ¢ X VIIT and IX
n D oS
ke : 3
¢.2 8 | Sandstone and shale in very thick-
S2.5 | bedded alternation Smy el IX and X
|'Thin beds or Ia(}iers of sand-
stone are sporadically inter-
— Shale M calated.
Sandstone percentage is less
than 10 per cent. ‘

Among the lithological types sm, and sm. which belong to sandy flysch™ oc-
cur only in a very limited amount throughout the flysch formation in the present
area. Sandy flysch-type sediments (S,, S, and 8,) are widespread in Member Mc
of every facies and Member Me of facies «, 8 and y. In general, the sandstones
of 8, and S, types are comparatively coarse-grained and show no or little

#* Flysch deposits are divided into three types of facies on the basis of their sandstone-
shale ratio: sandy, normal and shaly flysch (VASSOEVIC, 1957).
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graded bedding and lamination both of which are in a greater or lesser degree
developed in the sandstones of S, type. The sandstones that are referred to as
the bedded sandstones mentioned before are of S. and S, types. Normal flysch-
type deposits are indicated by SM, SM, and part of SM,. SM, is characteristic
of unit Mb, of facies « and Member Mec of facies ¢, and SM, is typical of unit
Mb, of facies @ and Member Me of facies 8 in particular. In the sandstones con-
stituting SM, and SM, graded bedding and lamination are the most common
internal structures. In addition, the sandstones of SM, are in some cases
characterized by the exclusive occurrence of lamination as in those of SM,
which are generally fine-grained, Referred to shaly flysch-type sediments are
MS,, MS., MS,, MS, and part of SM, the first of which is most prevalent. MS,
and MS, are uncommon throughout the flysch sequence, MS, is dominant in unit
Ma, of facies « and Md, of facies 8. In the normal flysch-type deposits some
sandstones are well laminated, but others are poorly laminated.

V. Inorganic Sedimentary Structures

The sandstone layers of the Ikushumbetsu flysch abound in various types of
inorganic sedimentary structures which are characteristic of, but not always
restricted to, turbidite sandstones. These structures observed fall into three

Table 12. Distribution of inorganic and biogenic sedimentary structures

Double circles: abundant, very frequent or very well developed; open circles: common,
frequent or well developed; open triangles: scarce, occasional or poorly developed;
crosses: rare, very occasional or very poorly developed. Local occurrence is given in
parentheses. «, 8, v and § show types of facies.

Ma, Mb, Mb, Mc Md Me
Sedimentary structures e ] - — U | _
a B o |apBpyr|laBrlaf v|lad|a yvo
Flute casts X X X | 000 |©@00®x x| X A|x (@)
Longitudinal furrows and ridges X X X
Groove casts X X X X X |©O X X X X X b
Bounce casts X A > % X
Prod casts X % X
Brush casts X X
Striation casts X X AANANATOANAA|O X A O
Frondescent casts l X
Load casts ¥ 2K ‘ A A K| O A % [N A e}
Graded bedding X OX | AOQO X |O A X |O(x}Xx) X X |(xX)xX)A
Parallel lamination O 00 |0OOO|A OO |x(x)x) O (XN xX)O
Cross-lamination OO0 0| OOB®|A OO |x(xX)X) xX O |(xX)UX)D
Current ripple lamination 54 AA XA X % % ¥ (x)x
Wavy lamination X X X | %X X % (% % A
Convolute lamination : X A X | % X A|X % | (x)yx
Parting lineation O 0 A| X O X X l ©
Slump structures : pes ' X
Current ripple marks : A X % X % A
Tracks and burrows © ,‘ 0 J A JA } 0 ’ ©



34

groups: sole markings, internal structures and top surface structures. Dis-
tribution of the sedimentary structures, whether inorganic or biogenie, vary
with lithofacies or properties of sandstone layers from member to member and
from place to place (Tables 2, 12).

V. 1 Sole Markings

The sole markings on the bottom surface of the sandstone layers in the
flysch series include a wide variety of pre-depositional to post-depositional casts®.
Among the most prevalent sole structures are flute casts and load casts.
Striation casts and groove casts also are common. Any member or unit is
dominated by certain types of sole markings which have characteristic sizes and
shapes, although larger or smaller variation occurs from sole to sole.

Flute casts

Flute casts are elongated ridges which have a relatively rounded or bulbous
termination upstream and fade away downstream (Plate III-1; TANAKA in
MATSUNO et al., 1964, plate 8). These casts are widespread in unit Mb, of
facies @« and Members Mc of facies « and Me of facies 8. Flute casts become
abundant in occurrence as the thickness of sandstone layers increases. They are
rare on sandstones less than 3 cm thick. The structures described here are more

Table 13. Relation between thickness, grain size at base and type of graded bedding
of sandstone layers and presence of sole markings

The_ data are given In percentages. Numerals in parentheses are the total number of
sandstone layers with each type of sole markings. For types of graded bedding see text.

sﬁg;%z;gs(fd Flute casts |Groove casts Stglaaszlson Load casts
Thickness (in cm)
0-3 49 2.0 2.0 — 2.0
3-10 148 19.0 3.4 1.5 17.6
10-20 84 29.8 6.0 20.3 31.0
20-30 31 38.7 6.5 16.1 51.6
30 -60 54 35.2 25.9 16.7 38.9
60 -100 20 40.0 20.0 15.0 55.0
(93) (31) (51) (100)
Grain size at baje
Cloarse- to medium- -
grained sand 29 20.7 24.1 10.3 48.3
Medium-grained sand 35 31.4 25.7 14.3 37.2
Wit Lo e AR 89 37.1 10.1 15.7 39.4
Fine-grained sand 213 18.3 3.3 2.9 18.8
Very fine-grained sand 16 — — — —
(89) (32) (49) (102)
Type of graded bedding '
1 64 i 32.8 23.4 ~ 23.4
2 and 3 80 | 35.0 10.0 [ 10.0
4 and 5 246 | 17.9 3.7 10.2
L (93) (32) \ (#) |

* Although the objects on sandstone sole should be called moulds (D_ZULYNSKI and WAL-
TON, 1965), the term casts that is very commonly used in the literature ig employed here in
the terminology of sQle markings,
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commonly developed on the bottom surface of relativeiy coarse-grained or well-
graded sandstone beds than on that of relatively fine-grained or poorly graded
ones (Table 13). They are occasionally met with on the sole of sandstones which
are more than 1 m thick and coarse-grained or very coarse-grained at the base.

As to the shapes of the flute casts of the Ikushumbetsu area, they are of
four basic types in plan view: linguiform (Plate III-I), spatulate-shaped
(comparable to elongate-symmetrical type), fan-shaped (comparable to conical
or triangular type) and bulbous (ef. DzULYNSKI and WALTON, 1965, fig.27),
the last type being very rare. Linguiform and spatulate-shaped casts are ge-
nerically called here elongated forms. Linguiform casts are by far the most
dominant type. The shape of the flute casts seems to bear no definite relation to
the thickness and coarseness of the sandstone layers under which the casts occur
(Fig.17). It, however, may be pointed out that the flute casts are apt to be
linguiform or spatulate-shaped where sandstones carrying the structures are
comparatively thick, say, 60 to 100 ¢cm or coarse- to medium-grained at the

7 &0 40 20 a

V/////////

n%__\
7 —) 2&lZ

Thickness of samdstone layer

‘W/////////%E
R ||IIII|IllI|IIIIIIIIIIIIIIIIIIIIIIIII ) rae-szet o llllm“\\\\\ |

'1 T | i
/00% 80 60 9 80 /00%

/ Spatylate-
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Thickness of sandstone layer(incm)  Grain size af base of sandstone layer

8 k ery coarse - to coarse-grained
% Coarse-grained
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Fig. 17. Relation between shape and average size of flute casts and thickness and grain
size at base of sandstone layers.

Very large-sized casts are included in large-sized ones.
Numerals in parentheses are the number of sandstone layers with flute casts,
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base (Fig.17). Elongated forms are widespread in Mb, and Mc of facies « in
comparison with Mb, of facies « and Me of facies 8 in which flat, fan-shaped
casts are predominant. The casts in unit Mb, of facies a are commonly of cork-
screw type, showing spiral twisting at the up-current end. Superimposed casts
that show closely spaced overlapping arrangement occur generally on the
soles of relatively thick, coarse-grained sandstones.

The size of the flute casts of the studied area varies over a wide range,
thus falling into five classes as follows (the length is given in parentheses) : giant-
(more than 30 cm), very large- (10 to 30 e¢m), large- (5 to 10 cm), medium- (2
to 5em) and small-sized (less than 2em; more than 0.5 ce¢m). The ratio of
width to length is, roughly speaking, 1 : 4 (or 5) to 1 : 1. Small-sized forms are
most dominant. The smaller flute casts tend to occur on the bottom of rela-
tively thin, fine-grained sandstone layers, while the larger casts on the bottom
of relatively thick, coarse-grained ones (Fig.17). A quite similar situation is
found in other fiysch sediments (McCBRIDE, 1962). The maximum size of flute
casts is 5 em for unit Mb, of facies «, 20 cm for unit Mb, of facies «, 15 cm for
Member Mc of facies « and 8 em for Member Me of facies §. Thus, it is evident
that the maximum size is larger in sequences dominated by relatively thick,
coarse-grained sandstone than in sequences consisting chiefly of relatively thin,
fine-grained sandstone. Actually, large- and very large-sized casts also are
characteristic of Mb, of facies a.

In the light of the result of RUCKLIN’s experiments (RUCKLIN, 1938) it may
be suggested that the aforesaid difference in size and shape or features of the
flute casts depends largely on the flow conditions, e.g. velocity and turbulence of
the sediment-laden turbidity currents and the consistency and cohesion of the
mud floor on which the flutes were cut. On the assumption that the eroded
mud substratum was uniform, the large elongated forms of the Ikushumbetsu
area are regarded as having been produced by fast, strongly turbulent currents
which had great erosive power. However, it seems that the shape of the flute
casts was not so largely influenced by the flow conditions as was the size.
Similarly, it is considered by DzULYNSKI and SANDERS (1962) that flow
conditions were responsible largely for the kinds of current marks and the type
of mud bottom secondarily influenced the shape of marks,

Longitudinal furrows and ridges

Longitudinal furrows and ridges are composed of closely spaced, continu-
ous ridges separated by furrows. They are occasional in the flysch sequence.
The structures described here are of two types: onc is referred to as furrow
casts which grade into furrow flute casts (McBRiDE, 1962; Plate VI-1), and
the other to as ridge casts (Bouma, 1962; Plate III-2).

Some show parallel patterns in which up-current bifurcation of the ridges
is uncommon and its angle is generally some 10 degrees; others show distinct
dendritic patterns, their bifurcating angle occasionally attaining to about 30
degrees (Plate III-2). The ridges range from 0.3 to 2.5 ecm in width; the
furrows in between are one to several milimetres in width., The sandstone
layers under which these structures occur are 30 to 60 em thick and medium-
grained or medium- to fine-grained at the base. The relatively small-scale struc-
tures with ridges less than 1 cm wide are found restricted to the underside of
sandstones which are comparatively fine-grained at the base. The structures
described here occasionally occur in association with small- to medium-sized flute
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casts or groove casts on the same sole. It is accordingly conceivable that the
flow conditions (e.g. velocity and turbulence) were quite similar for the forma-
tion of the structures in question and the small- to medium-sized flute casts and
groove casts.

Groove casts

Groove casts are rectlinear ridges of slight relief which are parallel to the
current (Plate IV-2; TANAKA in MATSUNO et al., 1964, plate 4). They are
particularly widespread in unit Mb, of facies a. Groove casts are more dominant
on the base of relatively thick, coarse-grained sandstone layers than on that of
relatively thin, fine-grained ones as is the case with the flute casts (Table 13).
However, so far as the available data from the flysch sequence studied are con-
cerned, the groove casts are found to have a stronger tendency to occur on
relatively thick, coarse-grained sandstone beds than the flute casts (Table 13).
The tendency just referred to is not in accord with some author’s views that
flute casts in general were produced by a faster current flow than groove casts
(Hsu, 1959; McBRIDE, 1962, 1966). This discrepancy may depend largely on the
thickness distribution of the sandstone layers investigated and the size dis-
tribution of the flute casts and groove casts observed. Nevertheless, it should
be noted here that as far as the studied area is concerned, unlike the flute casts,
the groove casts do not occur on the sole of sandstones which are more than
100 c¢m thick or coarse- and very coarse-grained at the base, In addition, groove
casts are more commonly met with on well-graded sandstones than on poorly
graded ones (Table13). They exhibit a marked tendency to occur on well-
graded sandstones in comparison with the flute casts (Tables 13,14). A similar
conclusion was offered by some authors (Hsu, 1959, 1960; PLESSMANN, 1961).

Table 14. Relation between sandstone layers with ute casts, those with groove casts
and type of graded bedding of sandstone layers

The data are given in percentages. For types of graded bedding see text.

Type of graded bedding
Number |- —— e . -
| 1 | 2and3 4 and 5
Sandstone layers with flute casts ! 179 . 15.1 ‘ 31.3 53.6
Sandstone layers with groove casts | 51 33.3 27.4 39.2

Groove casts are crowded or closely spaced on the lower bedding plane of
some sandstones (Plate IV-2). These structures in unit Mb, of facies « are
commonly marked with longitudinal ridges and striations throughout the length
(Plate IV-2). Groove casts rather commonly occur in association with flute
casts on the same sole. However, there seem to be no cases where groove casts
of closely spaced type and superimposed flute casts coexist with one another
on the same sole. The groove casts on occasion form two, exceptionally three,
sets intersecting at an acute angle up to about 30 degrees, of which one is
parallel to the flute casts indicating the primary orientation on the same sole.
In a few cases groove casts are cut by flute casts, which means that the former
was formed earlier than the latter. A similar age relation of groove casts and
flute casts has already been noted by KUENEN (1957a) and TEN HAAF (1959a).
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The size of the groove casts observed varies over a wide range, thus falling
into five classes as follows (1, length; w, maximum width) : giant- (I, several
metres or more; w, more than 10 cm; not yet found in the studied area), very
large- (1, several metres; w, 5 to 10 cm), large- (l, several metres; w, 1 to 5
cm), medium- (1, 30 cm to several metres; w, 0.1 to 1 cm) and small-sized (1, 3
to 30 cm; w, 0.1 to 1 cm). The height ranges from 0.1 to 1 cm or more, in some
cases as much as several centimetres being accentuated by subsequent load cast-
ing. Small-sized casts are found most commonly in the flysch series; large- and
very large-sized casts are characteristic of unit Mb. of facies o. The maximum
width of the casts is 0.2 em for unit Mb, of facies a, 7 em for unit Mb, of facies
@, 1 em for Member Mc of facies «, and 0.3 cm for Member Me of facies 8.
There is a marked tendency that the gmaller casts occur on relatively thin, fine-
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Fig. 18. Relation between average size of groove casts and thickness and grain size
at base of sandstone layers.

For legends see Fig. 17.

Very large-sized casts are included in large-sized ones.
Numerals in parentheses are the number of sandstone layers
with groove casts.

grained sandstone beds and the larger casts on relatively thick, coarse-grained
sandstone beds (Fig. 18). As mentioned before, such a positive correlation be-
tween the size of the casts and the thickness and coarseness of the sandstone
layers concerned is recognized in the flute casts as well. Thus, we reach a con-
clusion that both flute casts and groove casts of the same order of size are apt
to occur on sandstones having similar thicknesses and grain sizes.

Bounce casts

Bounce casts are short ridges, parallel to the current, which fade away in
both up-current and down-current directions (Plate V-1). Apart from minute
casts, less than 1 cm long, that constitute striation casts to be described later,
they are not common throughout the flysch sequence in this area. The bounce
casts in some cases are associated with groove casts of a small size on the
same sole.

These structures are as a general rule less than 3 cm, but exceptionally at-
tain to 5 cm in length and range from 0.2 to 1 em in width. The longer, more
slender forms bear a close resemblance to short groove casts in appearance
and grade into the latter. The sandstone layers carrying bounce casts, as is
generally the case, are less than 20 cm thick and fine-grained or fine- to medium-
grained at the base. The small-sized groove casts mentioned before are also most
common on similar sandstone layers. These facts may suggest that the bounce
casts, roughly speaking, were formed under the flow condition similar to that
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producing the small-sized groove casts.

Prod casts

Prod casts are short ridges running parallel to the current. They deepen
downstream and abruptly disappear upstream, in contrast to flute casts
(Plate V-2). In the great majority of cases they are slightly curved sideways
at the downstream end. These casts are occasional in the studied area. The
structures to be described are generally 3 to 5 e¢m in length and 0.3 to 0.6 cm in
width, but an exceptionally large form attains to 15 em long and 3.5 cm wide.

The prod casts tend to occur on the sole of sandstone layers that are less
than some 20 em thick and medium- to fine-grained or fine-grained at the base.
Accordingly, it can be pointed out that the sandstones with such structures
are quite similar in thickness and coarseness to those with bounce casts or
small-sized groove casts. This conclusion demonstrates a similarity of flow con-
dition for the formation of these three types of structures. Furthermore,
minute forms, several milimetres long, together with bounce casts of such a
scale, occur in myriads all over the sole, thus constituting striation casts de-
scribed below.

Brush casts

Brush casts are short ridges with crescent depressions at the down-current
end (Plate VI-1). They are scarce in this area and are 1.2 to 3em long and
0.7 to 2 cm wide near the down-current extremity.

Striation casts

Striation casts®, parallel to the current, consist of minute bounce casts, prod
casts and allied structures, occurring in groups over the entire bottom surface.
They are of common occurrence in the flysch succession. The individual struc-
tures constituting the striation casts are reprcsented by faint scratches which
are less than 1 cm long and less than 0.1 e¢m wide. Striation casts occur in
common association with small-sized flute casts and groove casts on the same
sole,

There is no systematic relation between the occurrence of the striation casts
and the thickness and grain size of the sandstone layers, although prominent
casts are not developed on very thin, very fine-grained sandstones (Table 13).
Flute casts and groove casts coexisting with striation casts, however, are com-
monly of small size. Therefore, it can be pointed out, as would be expected, that
the sandstone layers with striation casts are apt to be thinner and finer grained
than those carrying flute casts or groove casts in general (Table 13). Further-
more, striation casts more commonly occur on the underside of well-graded sand-
stones than on that of poorly graded cnes (Table 13).

Frondescent casts
Frondescent casts consist of a group of crowded ridges which are elongated,
bifurcated downstream and crenulated at the edge, thus presenting an appear-
ance of large leaves (Plate VI-2). They are encountered on only one sand-
stone sole, having a length of some 20 em. The structures to be described are
associated with flute casts on the same sole and are elongated in the direction
* The term striation casts (PETTIJOHN, 1957) was abandoned by DZULYNSKI and WALTON

(1965) but has been adopted in some works (Bouma, 1962; POTTER and PETTIJOHN, 1963;
PETTIJOHN and POTTER, 1964),
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of the latter. Hence, it may be supposed that the frondescent casts were largely
of pre- to syn-depositional formation rather than post-depositional formation,
although the casts have somewhat higher relief than the associated structures.

Load casts

Load casts are irregularly shaped swellings formed by differential down-
ward sagging of sediment (e.g. sandstone) into the underlying sediment (e.g.
shale). Load casts are one of the most widespread sole markings throughout
the flysch series of the Ikushumbetsu area. They are well developed in unit
Mb. of facies « in which the shale layers as well as the sandstone layers are
comparatively thick. Load casts are not common where sandstones are thin,
say, less than 10 em or fine-grained at the base (Table 13),

In some cases load folds (SuLLwoLp, 1959), load waves (SuLLwoLD, 1959)
and deformed internal structures (e.g. laminations) in load pockets (SurLLwoLp,
1959) are well developed as outstanding phenomena resulting from load casting
(Figs. 19, 22). The load waves (or flame structures) oriented in the same
preferred direction as the current marks on the same or adjacent sandstones

0 10 20cm
| PP S |

.

B 0 10 20¢m
——

Fig. 19. Rough sketches of load casting.
A. Load casting at the base of a sandstone layer, Unit Ma, of facies (3,
Middle Yezo Group, Nunobiki-no-sawa.

a: sandstone.

b: sandstone (upper part being laminated).

¢: laminated sandy mudstone.

The.sole markings on adjacent sandstones indicate currents from right to left.

B. Load casting at the base of a pebbly mudstone bed. Unit Ma, of
facies 3, Middle Yezo Group, Nunobiki-no-sawa.

a: chaotically mixed sandy siltstone containing pebbles of exotic origin.

b: reworked -calcareous siltstone which originally occurred somewhere as
concretions.

¢: sandstone (upper part being laminated),
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indicate lateral displacement due to curernt drag (Figs.19A,22). The load casts
observed differ greatly in size and shape from sole to sole, but are much the
same on the same sole. They are of two types. One is pure load casts that are
not connected with earlier sole markings, thus indicating no preferred orienta-
tion; the other is load casts produced from directional current marks as indicated
by flute-load-casts and groove-load-casts (KELLING and WALTON, 1957) which
are common in unit Mb, of facies «. It, however, is a matter of course that
there are a variety of intermediate forms. For example, the finely-textured,
oriented load casts in Member Me of facies 8, Pombetsu Valley (Plate VII-2)
may have owed their origin to pre-existent flute casts, although they cannot be
clearly referred to as typical flute-load-casts.

Marks of unknown origin

Sole markings of a peculiar kind are found on only one sandstone sole
(Plate VII-1). The structures observed consist of crowded, small circular pits
with a minute projection at the centre. The pits are 1 to 2 mm across and 0.5
to 1 mm deep. The described structures are suggested to be casts of mounds
with a central pit which were produced on a soft mud floor by gas escaping
thereform. If so, the structures may be referred to pit and mound structures
(SHROCK, 1948).

Notes on the relation between the properties of sandstone layers and the
occurrence of sole markings

Table 15. Relation between distribution of sole markings and thickness
and grain size at base of sandstone layers
Triple asterisk: dominant, double asterisk: fairly dominant, single asterisk: present
(not common). Striation casts coexisting with other types of sole markings on the
same sole are omitted here.

Thickness (in cm) Grain size at base
- . Medium- to 3 Coarse- to
ine-grained @ - ¢
0-10 |10-3030-60 [g0—100/Fine-grained g o ined| Medium- | = gt m-
sand grained sand|_ .
sand grained sand

In generalI *¥% K%k w*oReR WK %% *k¥ *H% *%
ﬂ i
@ | Large- to
© medlum' *% *% KE¥ L2 w¥ FR® W% R
8 | sized
2 | Small
FT-‘ Sig;zé, 2 *R% KK % *% Heke¥ *X% 3% *¥*
Longitudinal
furrows and e 4 * 3
ridges
& In general *H *¥ Hw¥ kR *¥* *¥* KK FR¥
a
@ | Large- to
© | medium_ *¥ i H¥H H#H% *¥ *HKX b Fe¥e¥
L] .
4
g sized
(‘5 S_maau' XX e *% *% ey H¥ #% %%

size
Bounce casts * & & 5 £
Prod casts % * * | *

| |
Striation casts i *
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The distribution of the individual types of sole markings with respect to the
properties of sandstone layers is summarized in Table 15. First of all, it is
readily seen that the flute casts as a whole occur dominantly on the sole of
thinner or finer-grained sandstone layers than do the groove casts. However,
the above-mentioned two kinds of structures display a quite similar occurrence
according to their size. In this connection, it is noteworthy that the width of
the flute casts is, roughly speaking, 1 to 5cm for the large- to medium-sized
forms and a few to ten milimetres for the small-sized ones as in the case of
that of the groove casts, although the two kinds of structures are quite differ-
ent in shape and origin. Concerning both the flute casts and the groove casts,
the large- to medium-sized forms have a strong tendency to be well developed
on relatively thick, coarse-grained sandstone beds in comparison with the small-
sized ones. The longitudinal furrows and ridges having 0.8 to 2.5 cm ridge
width occur in common association with small- to medium-sized flute casts or
groove casts on the same sole, As would be expected from the above fact,
actually the sandstone layers carrying longitudinal furrows and ridges generally
have the properties intermediate between the sandstones with large- to medium-
sized flute casts and those with small-sized ones.

The bounce casts and prod casts observed are generally several mili-
metres to one centimetre in width as in the case of the small-sized groove casts
of similar origin and the small-sized flute casts of quite different origin., In
harmony with such a similarity of sizes (widths), the sandstone layers with
bounce casts and prod casts usually resemble those with small-sized flute casts
or small-sized groove casts in thickness and coarseness. Occurrence of the
striation casts not accompanied by any other prominent current marks on the
same sole is restricted to relatively thin, fine-grained sandstones as in the case
of the bounce casts and prod casts.

To sum up, a conclusion presented here is that the size (or width, to be
more precise) of the current marks is closely related to the properties (e.g. thick-
ness and grain size at the base) of the sandstone layers. That is to say, the
larger forms are well developed on the underside of relatively thick, coarse-
grained sandstones, while the smaller ones are dominant on the underside of
relatively thin, fine-grained sandstones. This positive correlation, together with
the general consistency of the directions of sole markings and those of internal
structures in the same sandstone layer (see p. 80 of this paper), may suggest
continuity of the eroding currents forming current marks on the mud floor
and the sand-depositing currents. Assuming that the properties (e.g. consist-
ency and cohesion) of the mud bottom were uniform, the larger forms are
thought to have been produced by faster, more turbulent currents than for the
smaller ones. It should be added here that the current marks of similar sizes
(widths), regardless of their types, tend to occur on sandstone layers with
similar thicknesses and grain sizes. Another point of interest is that the
general correlation between the four classes of thickness and those of grain
size at the base of the sandstone layers is demonstrated by the relationship
between the distribution of current marks and the thickness and grain size of
the sandstone layers with current marks (Table 15). That is to say, class 0-10
em is correlated with the class of very fine- to fine-grained sand, class 10-30 cm
with the class of fine- to medium-grained sand and so on. This positive correla-
tion is confirmed by Fig.10 as well.
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V. 2 Internal Structures

Among the most widespread internal structures in the sandstone layers of
the Cretaceous flysch formation are graded bedding, parallel lamination and
cross-lamination all of which are ubiquitous in turbidite sandstones. Current
ripple lamination, wavy lamination and convolute lamination also occur in com-
mon association with the above-mentioned two types of laminations. In addition,
parting lineation is one of the infrastratal structures prevailing in well-
laminated sandstones. Slump structures are of no important occurrence in the
present area.

Graded bedding

Graded bedding is well developed in many of the sandstone layers, par-
ticularly in unit Mb, of facies 8, unit Mb. of facies « and Member Mec of facies
a. A typical graded bedding observed presents an upward decrease of the mean
as well as the maximum grain size from bottom to top. The sandstone layers of
the flysch sequence as a general rule show single grading. The single grading
observed is classified into the following five descriptive types.

Type 1 (distinct) : grading continuous throughout; upper part generally

gradational to overlying shale layer.

Type 2 (rather distinct): grading indistinet in main part, but distinct in
both lower and upper parts; upper part generally gradational to
overlying shale layer.

Type 3 (rather indistinct): grading indistinct in main part, but distinet
in lower part; upper part gradational or not gradational to over-
lying shale layer.

Type 4 (rather indistinct): grading indistinct in main part, but distinct
in upper part; upper part generally gradational to overlying shale
layer; corresponds to “delayed” grading (KUENEN, 1953, fig. 1E;
KSIAZKIEWICZ, 1954, fig. 1b; Scort, 1966, p. 80, type 2).

Type 5 (indistinet) : little or no grading detected throughout; upper part
gradational or not gradational to overlying shale layer.

The sandstones showing graded bedding of type 1 are generally poorly
laminated, while those showing graded bedding of type 5 are in many cases well
laminated almost throughout the thickness. Of the above-mentioned types,
type 4 is the most common, and is much predominant over type 3 where thin,
well-laminated sandstone is widespread; these two types are nearly equal in
abundance where thick, poorly laminated sandstone is dominant (Table16). As
far as the sandstone layers less than 100 cm thick are concerned, they become
better graded with increasing thickness (Fig. 20).

Graded bedding is repeated in some of the sandstone layers. Thus a given
layer is to be made up of two or more superposed graded units. The re-
peated graded bedding is classified into two types according to the mode of
the contact of two successive graded units: multiple graded bedding (multiple
bed, Woop and SMITH, 1959; multiple grading, BALLANCE, 1964, fig. 5A; com-
posite bed in part, D2zULYNSKI and SLACZKA, 1958, figs. 3, 6; complex bed, UNRUG,
1963, fig. 8; KUENEN, 1953, figs. 1C, H) and composite graded bedding (com-
posite bed, Woob and SMITH, 1959; composite grading, BALLANCE, 1964, fig. 5B;
multiple graded bedding and pen-symmetrical graded bedding, KSIAZKIEWICZ,
1954, figs. 2A, D, E; recurrent grading, KUENEN, 1953, fig. 1D). Where a single
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Table 16. Distribution of types of graded bedding
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sandstone layer displays composite grading, the vwo successive graded units in-
volved are bounded with a welded contact, not with a horizontal joint, and
no intervening shale layer is found throughout the length of the outcrop
(Figs. 21E, F'). On the other hand, where sandstone layers show multiple grad-
ing, the boundary between the two successive graded units therein is repre-
sented by a visible horizontal joint with occasional load casts or a discontinuous
shale layer is preserved at the boundary (Figs.21A,B,C,D;22A). In Member

0 10 20cm

1 !

Fig. 22. Rough sketches of multiple graded bedding. Unit Mb, of facies «,
Middle Yezo Group, right bank of the Ikushumbetsu.
A. Two successive graded sandstones (a) are bounded with a
visible horizontal joint on the right and left sides, but with a welded
contact accompanied by load waves (or flame structures) in the
middle. A discontinuous shale layer (b) is preserved at the boundary.
B. The middle of the upper figure (A) is magnified. The solid
line indicates a visible horizontal joint and the broken lines indicate
a welded contact. The sole markings on adjacent sandstones indicate
current flows from right to left.

Mc of facies a multiple grading is fairly common and composite grading is oc-
casional. A possible explanation of the origin of these two types of repeated
graded bedding may be presented in the lines to follow, according to some
authors’ views (BouMa, 1962; UNRUG, 1963; BALLANCE, 1964). Concerning the
multiple grading, it is suggested that a later turbidity current had an erosive
power strong enough to remove the pre-deposited shale layer or a later turbidity
current arrived so soon after the preceding one that a shale layer was not de-
posited at all. In the case of the composite grading, two phases of a single tur-
bidity current arrived at a given depositional site with a very short time-inter-
val, thus any shale layer or even the upper finer part of a sandstone layer could
not be deposited.
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Furthermore, even in some of the shale layers graded bedding is percep-
tible which is shown typically by an upward decrease in grain size from silt-
stone through silty mudstone to clayey mudstone. By way of example, graded
bedding in shale layers can be clearly detected in 34 cases, some 56 per cent of
the 61 cases in unit Mb, of facies «, Ikushumbetsu Valley.

Parallel lamination

Parallel lamination is prevalent in common association with cross-lamina-
tion in the sandstone layers especially of unit Mb, of each facies, unit Mb, of
facies y and Member Me of facies § (Plate VIII-1). The parallel laminations
observed are most commonly manifested by flat-lying carbonaccous flakes and
occagionally by an alternation of thicker coarse and thinner fine material or
selective iron oxides staining. The laminae are generally less than several
milimetres thick. The laminations described here are of two types: internal
gradation is present in one type, but absent in the other. In a single sandstone
layer these laminations are normally overlain by cross-laminations. They, more-
over, are well developed in the laminated sandy mudstone division of graded
units,

Cross-lamination

Cross-lamination is well developed in the thin sandstone layers con-
stituting Mb, of each facies, Mb. of facies y and Me of facies 8. The cross-
lamination is best shown by carbonaceous flakes like other types of laminations.
Being occasionally accompanied by current ripple lamination and convolute lami-
nation, the structure to be described is underlain by parallel lamination in
some sandstones, but in others it is developed throughout the thickness.
Cross-laminations, moreover, are occasionally detected in sandstone laminae con-
stituting laminated sandy mudstone.

The cross-laminations observed are either of tabular type or trough type,
although intermediate types are also common. The thickness of individual sets
of the cross-laminations ranges from 0.5 to 3 cm, mostly 0.5 to 1 cm. The general
dip of the foreset laminae is less than 15 degrees. Such is the case with unit
Mb, of facies « (a relatively distal facies), but in unit Mb, of facies 8 (a rela-
tively proximal facies) the foreset laminae commonly incline at an angle up to
approximately 80 degrees where the sandstone layers are thicker and coarser
grained on an average than those of Mb, of facies «. Taking into consideration
that the inclination of foreset laminae tend to become steeper with decreasing
velocity of the currents (McKEE, 1957) and that the general velocity of sand-
depositing currents is supposed to have been swifter for facies 8 than for facies
a, it is evident that the facts just referred to contradict themselves. In Mb, of
facies B, however, the cross-laminations often suffered convoluions in a greater
or lesser degree and the resulting conspicuous convolute laminations are occa-
sionally found. Therefore, it is natural and reasonable to interpret the steep
inclination of the foreset laminae in Mb, of facies 8 as a result of oversteepen-
ing caused by load casting effect or soft-sediment deformation. Furthermore,
ripple cross-laminations produced by migrating current ripple are commonly
developed in very thin interbeds or interlaminae of sandstone within laminated
sandy mudstone.
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Current ripple lamination

Current ripple lamination that is comparable to lamination forming cur-
rent ripples is found in common association with cross-lamination (Plate VIII-
1). This structure is seldom in sandstone layers less than 5cm thick. The
current ripple laminations in plan view exhibit linear pattern with relatively
straight, continuous crests or linguoid (or cuspate) pattern with notably curved,
discontinuous crests. In a certain example of current ripple lamination from
Member Me of facies §, the carbonaceous flakes are observed to be oriented
perpendicular to the axis on the ripple crests but parallel to the axis in the
ripple troughs. The current ripple laminations in the present area are classified
into large-sized (wave length, 10 to 30 em; amplitude, 2 to 5 cm) and small-sized
forms (wave length, less than 10 cm; amplitude, less than 2 cm), the latter be-
ing dominant over the former. In some cases, however, they are convoluted
and deformed by load casting, thus the amplitude being exaggerated.

Wavy lamination

Wavy lamination is a kind of stratification in which the lower and upper
limits of the laminae are weakly undulating. It occurs within the laminated
division of sandstone layers but are very rare in sandstones less than 5c¢m
thick. The wavy pattern of these laminations is not so regular in both wave
length and amplitude as the current ripple laminations mentioned above. The
structure here referred to as wavy lamination is one to several decimetres in
wave length and less than 1.5 cm in amplitude. The wavy laminations may be
of various origins. Actually, they generally grade vertically or laterally into
parallel laminations, and occasionally into current ripple laminations. It is ac-
cordingly conceivable that some wavy laminations owe their origin to rippling.
In other cases, however, the wavy laminations are quite similar in appearance to
or perhaps identical with incipient convolute laminations originating from
parallel laminations; the two structures may be genetically closely related to
each other.

Convolute lamination

Convolute lamination is characterized by syngenetic intricate corrugations
of laminations which are normally composed of narrow peaked anticlines
and broad rounded synclines and die out both downwards and upwards
(Plate VIII-2). The convolute laminations in the studied area originated
from parallel lamination, cross-lamination and current ripple lamination, show-
ing various degrees of corrugation. Convolute laminations exhibiting moder-
ately or strongly contorted patterns are occasionally, if not commonly, found in
the sandstone layers especially of units Mb, of facies 8 and Mb, of facies 7.
They seldom occur in sandstone beds less than 5cm thick. However, incipient
forms, which are not dealt with in Tables 2 and 12, are not uncommon. The
conspicuous convolute laminations normally range from 10 to 20 cm in wave
length and from 3 to 8 cm in amplitude.

The convolute laminations observed are simple as a rule. A very.complicated
form in division A of Member Me of facies §, Pombetsu Valley (Plate VIII-2),
however, is referred to as corrugate lamination of DAVIES (1965) which is dis-
tinguished from typical convolute lamination by the absence of contortions of
an overall anticline-syncline morphology. Furthermore, it is to be noted that
in all of the convolute laminations the corrugation of laminations dies out both
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downwards and upwards within the sandstone layer involved and the convolute
lamination is overlain by undeformed laminations, being not truncated by the
superjacent erosion surface. This fact, therefore, strongly demonstrates that
such laminations were of syn-depositional origin. Some of the convolute lami-
nations pass downwards into current ripple laminations, showing remarkable
serial overturning in a down-current direction. Such forms are suggested to
have been produced in a close relation to current-rippling.

Parting lineation

Parting lineation is manifested by a group of parallel ridges and hollows
of low relief (usually less than one milimetres) on the upper surface of
laminae constituting sandstone layers. It is widespread in unit Mb, of
facies a and Member Me of facies 8 where the sandstone is well laminated
(Plate IX-1). This structure is restricted to the laminated division within
sandstone layers. The sandstone layers showing parting lineation are 10 to
30 cm thick and fine-grained. It is well known that ridges and hollows in parting
lineation depend for their origin on the preferred orientation, parallel with
the current flow, of the component elongated clastics of sandstone layers in which
this structure occurs. Actually, the preferred orientation of carbonaceous flakes
or plant fragments in the sandstone layers is found to be nearly parallel to that
of parting lineation with respect to a given bedding surface (see Fig. 40).

Clast lineation

Clast lineation is a kind of intermal structure of sandstone layers which is
represented by a preferred orientation of elongated clastic components on the
bedding plane of sandstones (CROWELL, 1955; McCBBRIDE, 1962). The elongated
clastic components in the clast lineation of the flysch sandstones in the studied
area are carbonaceous flakes or plant fragments and contemporaneous breccias
of mudstone. Carbonaceous flakes tend to exhibit a preferred orientation nearly
parallel with the orientation of parting lineation in the same or adjacent sand-
stone layers as is often the case with Member Me of facies 8§ (see Fig. 44). This
ig equally true of flattened elongated shale fragments (see Figs. 41A, 44).

Slump structures

Slump structures which were formed in poorly consolidated sediments
owing to gravity-generated downslope movement are characterized by the oc-
currence of folded structures such as slump overfolds and spiral slump balls
and chaotic mixture of sediments, Apart from the occasional incipient slump
structures as shown by pull-apart structures, simple, weak folds and so forth,
noticeable slump beds are associated with local extension and have insignificant
thicknesses at several horizons in the flysch succession of the present area.
One or more sedimentation units are involved in the slumping. Among these
slump deposits, the chaotic masses of silt and sand are usually accompanied by
some angular or twisted fragments of sandstone and shale, a single unit being 1
to 1.5 m thick. '

The slump sediments in unit Ma, of facies B, Nunobiki-no-sawa are com-
posed of two units of chaotic mass separated by a graded sandstone layer, about
30 cm thick, the upper unit including a number of reworked calcareous concre-
tions and not a few molluscan fossils such as Natica (Lunatia), Dentalium and
bivalves (Fig. 19B; TANAKA in MATSUNO et al.,, 1964, plate 1). The base of the
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Fig. 23. Rough sketch of slump structure. Division F, Member Me of facies §,
Middle Yezo Group, left bank of the Pombetsu.

a: chaotically mixed sandy siltstone.

b: sandstone,

c: visible internal folded structure.

d: laminated sandy mudstone.

The heavy lines indicate contemporaneous faults.

slump bed described here is marked by conspicuous load casts. The slump de-
posits in Member Mc of facies «, Ikushumbetsu Valley are divided into three
units; the lower and upper units are characterized by chaotic masses with some
bent slabs of laminated sandy mudstone and displaced molluscan fossils (Plate II-
1); the middle unit consists of sandstone and pebble-bearing shale in thin-
bedded alternation, showing folded structures due to movements of décollement
type. Since the above-mentioned chaotically mixed sediments in both Ma, and
Mec contain many pebbles of exotic origin, they are referred to as pebbly mud-
stone (CROWELL, 1957) the origin of which can be ascribed to submarine mud-
flow. The chaotic mass in division A of Member Me of facies §, Pombetsu
Valley is nearly 10 em thick and is rich in fragments of contemporaneous
tuffaceous rocks and other intra-basinal rocks such as sandstone and shale. The
slump deposits in division F of Member Me, Pombetsu Valley are accompanied by
a bed of chaotic sediments showing slump overfolds and some other internal
folded structures. This chaotic mass, together with the superjacent and sub-
jacent argillaceous beds, is deformed by slumping and contemporaneous faults,
and is overlain by normally bedded younger strata (Fig. 23). In the division
another slump bed, about 1 m thick, is found which is characterized by folded
structures resulting from slumping of décollement type.

V. 3 Top Surface Structures

Ripple marks

Unlike current ripple laminations, a kind of intrastratal structure, ripple
marks occur on the upper surface of sandstone layers, although the two
structures have identical features except for their modes of occurrence (Plate
VIII-1, 1X-2). Ripple marks are ocecasional, if not common, throughout the
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flysch formation and are generally found on narrowly exposed top surfaces of
sandstone layers. Only one noticeable example of ripple marks is seen on the
wide bedding surface of a sandstone bed in Member Mec of facies « on the right
bank of the Ikushumbetsu near the Katsurazawa Electric Station (Plate IX-2).

All the ripple marks observed belong to current ripples. They are of two
types; one is referred to linguoid (or cuspate) ripples with markedly curved,
discontinuous crests, and the other is relatively straight crested forms, the
former being commoner than the latter. The internal ripple laminae, when
viewed in vertical sections parallel to the currents, are truncated at the upper
extremity and thus the foreset laminations dipping to one side are developed
internally. The crests have an asymmetrical profile with a rounded top; the
troughs in between are flattened. The current ripples are 6 to 18 cm in wave
length, 1 to 1.5 cm in amplitude and 6 to 12 in ripple index. As to the afore-
mentioned spectacular ripple marks of Member Me, the crests are 20 to 50 cm
long, the longer and the shorter in alternation and more or less curved, the
shorter being more curved than the longer.

V1. Biogenic Sedimentary Structures

Biogenic sedimentary structures found in the Ikushumbetsu flysch sequence
are various types of animal tracks and burrows on many sandstone soles and
less commonly on the top surface and in the interior of sandstone layers. These
sedimentary structures of organic origin fall into two categories, pre-deposition-
al and post-depositional, depending on whether they were formed before or after
the deposition of the sandstone layers on which the structures occur. Taken
altogether, pre-depositional structures are much predominant over post-deposi-
tional ones, although exposures of the latter are not sufficient.

VI. 1 Pre-depositional Biogenic Sedimentary Structures

The pre-depositional sedimentary structures due to organisms in the
studied area are sole impressions of animal tracks and burrows, represented
mostly by narrow, variously sinuous casts of marks. In general, they are
preserved on the underside of sandstone layers as convex (or positive) hypore-
liefs (SEILACHER, 1964) or hypichnial casts (MARTINSSON, 1965). These struc-
tures are particularly abundant in Member Me of facies 8. No case is found in
which the sandstone layers of the flysch sequence are internally burrowed by
organic sole markings.

The pre-depositional biogenic sedimentary structures are found on the
bottom of sandstone layers of any thickness and coarseness. However, the
sandstones carrying such structures tend to be comparatively thin and fine-
grained (Table 17). This tendency just referred to becomes more pronounced
by examining the sandstone soles on which pre-depositional sedimentary struc-
tures of organic origin do not coexist with current marks (e.g. flute casts and
groove casts). Thus, it can be pointed out that such sandstone layers in the
majority of cases are less than 10 ecm thick and fine-grained at the base (Table
17). In view of the general tendency described above, it is suggested, as would
be expected, that the current flows producing small-sized current marks and
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Table 17. Relation between presence of pre-depositional biogenic sedimentary
structures and thickness and grain size at base of sandstone layers

The data are given in percentages.

Number of

soles exposed

Soles with pre-
depositional biogenic
structures

Soles with pre-deposi-

tional biogenic struc-

tures coexisting with no
current marks

Thickness (in cm)
0-3
3-10
10-20
20-30
30-60
60-100

Grain size at base
Coarse-grained sand

Coarse- to medium-grained
sand

Medium-grained sand
Medium- to fine-grained sand
Fine-grained sand

Very fine-grained sand

49
148
84
31
54
20

29

35
89
213
16

12.5
22.3
23.8
3.2
11.1
5.0

3.4

5.7
22.4
20.7

Total number

67

17.4
43.4
23.9
6.5
8.7

Total 99.9

2.2
2:2
4.3
21.7
69.5

Total 99.9
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Table 18. Relation between presence of flute casts and groove casts and
that of pre-depositional biogenic sedimentary structures

The data-are given in percentages.
Numerals in parentheses are the number of soles,

Flute casts present
Groove casts present
Flute casts and groove casts absent

B. Flute casts-bearing soles (177)
Pre-depositional biogenic structures present
Pre-depositional biogenic structures absent

Groove casts-bearing soles (47)
Pre-depositional biogenic structures present
Pre-depositional biogenic structures absent

Pre-depositional biogenic structures-bearing soles (91)

41.7
8.1
48.8

205
78.5

14.9
85.1

C. TFlute casts coexisting with pre-depositional biogenic structures (38)

Small-sized
Medium-sized

73.7
26.3

Groove casts coexisting with pre-depositional biogenic structures (7)

Small-sized
Medium-sized

85.7
14.3
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subsequently depositing thin, fine-grained sandstone layers were too small in
erosive power to completely wash out tracks on the mud floor or burrows disclosed
there. Nevertheless, these organic hieroglyphs are not common on the sole of
sandstone layers which are less than 8 em thick or very fine-grained at the base
(Table 17). This fact implies that the turbidity currents depositing such sand-
stones had not enough eroding ability to reveal burrows, if present, in the
underlying shale layer.

The pre-depositional sedimentary struetures of organic origin are commonly
associated with current marks on the same sandstone sole (Table 18A). How-
ever, the vast majority of the soles carrying flute casts or groove casts are not
provided with such organic hieroglyphs (Table 18B). Actually some pre-
depositional biogenic structures are partially obliterated by current marks,
particularly flute casts. In this connection, it is to be noted that flute casts
or groove casts are in many cases small-sized where they coexist with pre-
depositional biogenic sedimentary structures on the same sole (Table 18C). A
most probable explanation of this is that pre-depositional biohieroglyphs were
apt to be spoiled to a great degree by strong current flows producing large-
sized flute casts or groove casts than by weak current flows producing small-
sized casts. A further point which draws one’s attention is that current marks
were cut, though very rarely, by animal tracks before the deposition of the
overlying sandstone layer, thus the latter being younger than the former
(Plate IV-1).

VI. 2 Post-depositional Biogenic Sedimentary Structures

The post-depositional biogenic sedimentary structures of the flysch succes-
sion are represented by variously sinuous or branching burrows which occcur as
concave (or negative) epireliefs (SEILACHER, 1964) or epichnial grooves
(MARTINSSON, 1965) on the top surface of sandstone layers and less commonly
in the interior of sandstones as full reliefs (SEILACHER, 1964) or endichnial
burrows (MARTINSSON, 1965).

These structures are especially widespread in the upper part of unit Mb, of
facies @, Ikushumbetsu Valley, where the sandstones are mostly less than 5 cm
thick. In fact, most of about fifty sandstone layers in a 2 m sequence therein have
such structures all over the top surface. It should be noted that in many cases
the post-depositional biogenic sedimentary structures on the top surface of
sandstone layers occur uniformly over a wide area in contrast to the pre-deposi-
tional ones on the soles. The sandstone layers carrying post-depositional struc-
tures due to organisms are usually, but not always, less than 10 cm in thickness,
while those with pre-depositional biohieroglyphs have a much wider range of
thickness and are generally thicker than the former (Tablel17). A similar
tendency was noted in the flysch sediments of northern Spain (SEILACHER, 1962).
The post-depositional biogenic sedimentary structures inside sandstones are
represented mostly by burrows filled with muddy material.

VI. 3 Assemblages of Trace Fossils

Many different kinds of biogenic sedimentary structures in the Cretaceous
fiysch sequence of the studied area are regarded as tracks and burrows of
sediment-eating animals, The prevalence of such organic structures indicates
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that various kinds of bottom dwellers (presumably annelids and gastropods)
thrived during the deposition of the flysch formation in spite of the uncommon
occurrence of shell fossils such as ammonites and other molluscs. It attracts
one’s attention that these tracks and burrows are very abundant in Member Me
of facies 8 on the western wing of the Ikushumbetsu anticline. On the other
hand, they are sporadic in unit Mb, of facies « on the eastern wing which
closely resembles the above sequence in lithological features. This point, to-
gether with many other available sedimentological data to be mentioned later,
suggests that the depositional site of Member Me of facies 8 was in relatively
shallow-sea environments in comparison with that of unit Mb, of facies «.
Among the biogenic sedimentary structures, there are trace fossils of which
nine genera and ten species have been identified as will be described on another
occasion (Table19). There are many other undeterminable forms including
excrements of unknown animals and bores and casts of worms, Of these trace
fossils listed in Table 19, one genus, Anapaleodictyon (Plate X-1), and two
species are new to gcience and four genera, Anapaleodictyon, Chondrites

Table 19. List of trace fossils from the Cretaceous flysch sequence
of the Ikushumbetsu area
Double asterisks indicate abundant occurrence.

' Ikushumbetsu Valley ‘ Pombetsu Valley

|
|

Mb[ |

—'l Md, | Md; | Me

Lower | Upper i i =
part part Facies §Facies ¢Facies §

Facics a|[Facies a

Ma,
Facies «|

|
Pre-depositional trace fossils i

Anapaleodictyon irregulare * * *%
n. gen. and n. sp.
Helminthoida japonica n. sp. * >
Helminthopsis akkeshiensis |
(MiNATO and SUYAMA) * | I -
Lorenzinia (?) sp. |
Paleodictyon sp. a (regular type) ki * ! %
Paleodictyon sp. B (irregular type) i * i
Spirorhaphe (?) sp. ® |
Post-depositional trace fossils . “
Chondrites sp. * ! |
Neonereites aff. uniserialis SEILACHER * LL IR ‘ *%
Polydora (?) sp. * e * } *

(Plate XII-1), Lorenzinia (?) and Neonereites (Plate XI-2) have not been
hitherto reported from the Cretaco-Palaeogene in the Shimanto terrain of
Southwest Japan and Okinawa (KoriBA and Miki, 1939; KarTo, 1960a, 1960b,
1964 ; KONISHI, 1963 ; HARATA, 1965; HARATA et al., 1967). Anapaleodictyon is
closely allied to Protopaleodictyon (KSIAZKIEWICZ, 1958, pl. 2, fig. 1; 1960, p.
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745-746, pl. 1, fig. 5, text-fig. 1) from the Eocene of Poland. Helminthopsis
akkeshiensis (MINATO and SUYAMA, 1949, p. 277-279, pl. 11, figs. 1, 2; Plate
XII-2) was reported from the Upper Cretaceous of eastern Hokkaido. Some
forms of Paleodictyon with regular meshes (Plates XI-1, XII-2) resemble P.
majus MENEGHINI (KoRBA and MIKI, 1939, pl. 4, fig. la-g) from the Palacogene
of the Kii Peninsula. Paleodictyon with irregular meshes is to some extent
similar to Paleodictyon of irregular type figured by SEILACHER (1962, fig. 1).
Neonereites aff. wuniserialis (Plate XI-2) is closely similar to Neonereites
uniserialis (SEILACHER, 1960, p. 48, pl. 2, fig. 1, text-fig. 3) from the Lower
Jurassic of Germany.

Among the most common pre-depositional trace fossils from the flysch
formation are Helminthoida japonica (Plate X-2) and Pealeodictyon of regular
type. Spirorhaphe (?) also is one of the representative forms of the pre-deposi-
tional trace fossils. The most prevalent of the post-depositional trace fossils is
Neonereites aff. uniserialis and Polydora (?) sp. All the pre-depositional trace
fossils are feeding trails or burrows, i.e. “Pascichnia” (SEILACHER, 1964), pro-
duced by animals creeping and grazing on the mud floor. Many of the post-depo-
sitional trace fossils, on the other hand, are referred to “Pascichnia” and feed-
ing burrows, “Fodinichnia” (SEILACHER, 1964) formed by sediment-eating ani-
mals. In this manner, it is evident that the assemblages of trace fossils from the
flysch series under discussion are fundamentally characterized by feeding trails
and feeding burrows, and are lacking in resting tracks, “Cubichnia” (SEILACHER,
1964) and undoubted dwelling burrows, “Domichnia” (SEILACHER, 1964) made
up of U-shaped or vertical tunnels. Therefore, we are led to a conclusion that
the trace fossil communities of the Ikushumbetsu flysch clearly correspond to the
Nereites facies (SEILACHER, 1964) characteristic of geosynclinal areas or flysch
facies. In connection with this, it should be added here that some recent repre-
sentatives of the Nereites community are found on the deep-sea floor of about
3,000 m and 4,700 m depth (SEILACHER, 1967b). This fact is suggestive of a con-
siderable depth for the Ikushumbetsu Cretaceous flysch basin.

VII. Sedimentary Facies

VIIL. 1 Sedimentary Facies in General

In the Cretaceous flysch of the Ikushumbetsu area the individual members
or units show lateral variations in lithological aspects, so that several facies (e.g.
a, B, v and §) can be discriminiated (Figs. 4, 5). As mentioned before, the
sandstones of the flysch sequence fall into the following groups in terms of their
mode of occurrence: sandstone, either massive or bedded, sandstone frequently
interbedded with shale (sandstone and shale in alternation) and sandstone fre-
quently interlaminated with shale (laminated sandy mudstone). On the other
hand, according to the mode of deposition of the sandstones involved the flysch
deposits are to be classified into four principal types of sediments: fluxoturbidite
(or sand-flow deposits), turbidite A, turbidite B and laminite* facies (Table 20;

* The term laminite in this paper is for convenience used as a descriptive name for a
particular stratum that is lithologically referred to part of LOMBARD's laminites of second
order (LOMBARD, 1963) without respect to the origin, Some of such sediments, however, are
regarded as having been deposited from slow, dilute turbidity currents,
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The Fombetsu

Tkushumbetsug

General facies

Fluxoturbicite
Eﬂﬂ! Flukofurbidite and turbidite f

[D:D Turbidite A
& Turbicite B

Stlistore

4 E Lamenite and siltstone
% Laminite and lominated mudsione
o Pebbly mudstone

s Slump bed (excluding pebbly mudsione)

/
The Mirutomappu

Fig. 24. Geological map showing the facies distribution in the main part of
the Middle Yezo Group in the Ikushumbetsu area.

Figs. 24,25). Roughly speaking, the fluxoturbidite facies is characterized by
sandy flysch, the turbidite A facies by sandy flysch and normal flysch, the tur-
bidite B facies by normal flysch and shaly flysch, and part of the laminite facies
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by shaly flysch.

Brief comments are given on the above-mentioned types of facies. On the
whole, the sandstones of the fluxoturbidite facies are less muddy than those
of the turbidite A facies. In the turbidite B facies are commonly developed
equivalents of LOMBARD’s laminites of first order (LOMBARD, 1963). On the
other hand, the sandstone laminae in the laminite facies correspond exclusively to
part of LOMBARD’s laminites of second order. The proportion of laminated divi-
sion-cross-laminated division to sandstone layer increases in the order of the
fluxoturbidite, turbidite A, turbidite B and laminite facies. Furthermore, sole
markings tend to become larger and more commonly load casted in the turbidite
A and fluxoturbidite facies than in other facies. As contrasted with the above
various types of flysch deposits, a neritic sandstone facies as represented by the
Mikasa Formation covering the flysch sequence is marked especially by the
abundance of shallow-sea bivalves inclusive of trigonians and glycimerids, among
others, by the absence of graded bedding and directional sole markings, and by
the predominance of comparatively well-sorted sediments.

VII. 2 Lateral Variation of the Sedimentary Facies

Large-scale lateral variation of the sedimentary facies

The sandy sequences represented by Members Mc and Me on the eastern
wing of the Ikushumbetsu anticline change from the turbidite A to fluxoturbidite
facies southwards. The fluxoturbidite facies of Member Me, in turn, passes
southwards even into the trigonians-bearing neritic sandstone facies which is
referred to the lowermost part of the Mikasa Formation. In this way, the sandy
sequences become less stratified and poorer in shale interbed from north to
south. Member Me thins southwards; Member Mc thickens in the same direc-
tion. In Members Ma and Md dominated by muddy sequence laminated mud-
stone facies is widespread in the north, while massive siltstone facies is pre-
dominant in the south. Thus, in these members the argillaceous roeks themselves
become generally coarser grained and less stratified to the south, Moreover,
Member Md decreases in thickness southwards and in the southernmost siltstone
facies area it thins westwards as well as southwards.

In the northern part of the west wing of the Ikushumbetsu anticline, the
middle part of Member Md (Md.) of facies § and Member Me of facies §
principally exhibit the turbidite B facies and the upper part of Member Ma
(Ma,) of facies § is richer in sandstone than that of facies a on the east wing.
From the facies distribution together with the current directions to be mention-
ed later, it is evident that facies § on the western wing of the anticline is devel-
oped independently of the particular facies change in the N-S direction of both
the sandy and the muddy sequences on the eastern wing of the anticline.

The lateral facies variation in Member Mb which consists of alternat-
ing sandstone and shale is more complicated than the aforesaid tendency
of facies variation in the N-8 direction of the sandy and the muddy sequences.
That is to say, the lower part of Member Mb (Mb,) changes southwards from
the turbidite B facies through the turbidite A-like facies of relatively thick
sandstones to the turbidite B facies. In the upper part of Member Mb (Mb,) the
turbidite A facies is dominant in the north, while the turbidite B facies prevails
in the south.

To sum up, the flysch deposits and associated beds on the east wing of the
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Ikushumbetsu anticline come to have a near-source (or proximal) facies from
north to south. The lateral variation in lithology and thickness in Member Md
suggests that the source area was situated probably to the west of the Creta-
ceous outcrop area during the Md period. The lateral change in facies from the
near-source (or proximal) to off-source (or distal) facies falls into the following
three principal, though somewhat idealized, types (facies which is not developed
in the field is marked with an asterisk): (1) in the sandy sequences, neritic
sandstone facies — fluxoturbidite facies— turbidite A facies — turbidite B
facies*; (2) in the alternating sandstone and shale sequences, laminite facies—
turbidite B facies — turbidite A facies — turbidite B facies — laminite facies;
(3) in the muddy sequences, massive siltstone facies — laminated siltstone (or
mudstone) facies— laminite facies — laminated mudstone facies. In each
case a more proximal or a more distal facies is unknown for the lack of field

evidence.

Lateral variation of the sedimentary facies in Member Mb

Member Mb is dominated by alternating sandstone and shale and is divided
into facies @, 8 and y. In the lower part of the member, Mb, which consists
mostly of sandstone and shale in thin-bedded alternation, facies S is clearly
distinguished in many respects from facies « and y which are slightly or little dif-
ferent from each other; facies « is more similar to facies B than is facies y
(Tables 2, 4, 8,16). The graded units in facies 8, as compared with those in facies
a and y, begin commonly with graded sandstone division, and the proportion of
graded division to sandstone layer is generally larger and the sandstone layers are
on the whole coarser grained at the base and less cross-laminated. These differ-
ences may signify that the sand-depositing currents had a generally higher veloci-
ty for facies B than for other facies. In this connection, graded units ending with
massive mudstone division are fewer in facies 8 than in the others. Assuming
that any shale layer was originally occupied by massive mudstone division at its
top and had the same degree of compaction and plasticity, it may be suggested
that the turbidity currents flowing on the muddy bottom had a greater erosive
power, i.e. higher speed, for facies 8 than for facies ¢ andy. It is added here
that the general rate of sedimentation of the sandstones may have been greater
for facies B than for the others. This will be inferred from the larger mean
thickness of sandstone layers, smaller mean thickness of shale layers, higher
sandstone percentage and more common occurrence of markedly undulating
soleg due to load deformation. Furthermore, graded bedding is better developed
and thicknesses of sandstone layers show a greater distributional spread for
facies B than for facies a and vy.

The lateral variation in sedimentary aspects presented here is a variation
along the general trend of the strata., Judging from the regional current pattern
(see Figs. 87, 38), it may be safely said that the above-mentioned lateral change
of sedimentary attributes reflects the lateral change along the axial part of the
gross sedimentary body of unit Mb,., Thus facies a, 8 and y are denominated
here the distal, medial and proximal facies respectively, From Figs. 26 and 27
it is readily seen that the lateral variation from facies 8 to facies « in unit
Mb, is more gradual than from facies B to facies y. Facies 8, viz., the medial
facies, is developed in the extremely posterior part of the sedimentary body
under consideration. In relation to the aforementioned lateral change in facies
it may be remarked here that the total thickness of unit Mb, is greater
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in facies B (the medial facies) than in facies o (the uistal facies) and
probably in facies y (the proximal facies). In other words, the total thickness
of this sequence varies with the total thickness of the sandstone layers
therein. Another interesting fact is that the correlation coefficient for sand-
stone-shale thickness clearly differs among facies &, 8 and y(see Table 10). That
is to say, in regard to facies a the thickness of the sandstone is positively cor-
related with that of the overlying shale, whereas it is negatively correlated with
the thickness of the underlying shale, Facies y, on the other hand, shows a posi-
tive value of correlation coefficient for sandstone-underlying shale thickness. In
the case of facies B, however, no strong correlation of thickness is found be-

Facies o
Tak " .
Facies e Facies § Facies 7
Tkushumbetsu Valley Nunobiki-no-sawa  Honsawa
vzacm
Mby /g )
&
o
- N
-8

-0

Fig. 26, Diagrams showing the lateral variation in average thickness and average division
percentage of graded units in units Mb, and Mb,.

graded sandstone division.
laminated sandstone division.
cross-laminated sandstone division.
laminated sandy mudstone division.
massive mudstone division.
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Fig. 27. Diagrams showing the lateral variation in sedimentary features of
graded units in units Mb, and Mb,.
Open circles: graded units beginning with graded sandstone division,
solid circles: graded units ending with massive mudstone division,
crosses: average proportion of graded division to sandstone layer, open
squares: moderately undulating bottom surface of sandstone layer, solid
triangles: graded units beginning with grain sizes coarser than fine-
grained sand, open triangles: distinct and rather distinct graded bedding.
The average proportions of graded division to sandstone layer are
given in percentages and other sedimentary parameters are given in
percentage frequencies.

tween sandstone and overlying shale or underlying shale.

The upper part of the member, Mb, is dominated by sandstone and shale in
alternation. From Tables 2, 4, 8 and 16 and Figs. 26 and 27 it may be seen that
the sedimentary features tend to change in a definite direction, i.e. from facies «
through facies B8 to facies y or from north to south. The lateral facies varia-
tion from facies a to facies y is indicative of the facies variation along the
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axial part of the gross sedimentary body of unit Mb. as in the case of unit Mb,
and is nearly in harmony with the general tendency of lateral variation from
facies 8 to facies y in unit Mb,. Therefore, as to unit Mb,, facies a should be
close to the medial facies® and facies yis referred to as the proximal facies.
There are, however, some exceptions to the rule of the lateral variation in
sedimentary aspects in unit Mb.. Such is the case particularly with the average
value for shale thicknesses and average proportion of shale layer to graded unit.
In reality, the average thickness of shale layers is much greater for facies «
than for facies 8 andy. This implies that in the relatively distal facies area
laminated sandy mudstone division within graded units, together with underly-
ing sandstone layer, was extraordinarily thickly deposited by waning turbidity
flows. Furthermore, unit Mb, of facies yis quite similar in many respects to
unit Mb, of facies y (Tables 2, 4, 8; Fig.26). Their similarity is exemplified by
the values of correlation coefficient for sandstone-shale thickness (see Table 10).

For both unit Mb, and unit Mb. the average thickness of sandstone layer
and graded sandstone division, the average proportion of graded sandstone
division to graded unit (or sandstone layer) and the thickness ratio of mean
level of graded sandstone division to laminated and cross-laminated sandstone
divisions all increase from the proximal to medial facies (Fig.26). Neverthe-
less, there are some distinct differences between Mb, and Mb. in the general
tendency of lateral variation in the same direction. From the proximal to medial
facies, the average thickness of laminated and cross-laminated sandstone divi-
sions in unit Mb, markedly increase, while that of unit Mb. shows little change.
The average proportion of laminated sandstone division plus cross-laminated
sandstone division to graded unit becomes higher in the same direction for unit
Mb,; it decreases considerably for unit Mb.,. In addition, the average thickness
of graded sandstone division increases from the proximal to medial facies at a
greater rate in Mb, than in Mb,.

Closely related to the aforementioned types of lateral variation in sedi-
mentary aspects of unit Mb. are the differences in features of sole markings
among facies types. The flute casts in the sediments of facies @ (the medial
facies) are in the great majority of cases medium- and large-sized, occasionally
even very large-sized, as contrasted with the generally small-sized forms in the
sediments of facies 8 andy (the proximal facies). Fan-shaped casts are domi-
nant over linguiform ones in facies 8 and y; in facies a the reverse takes place
and even spatulate-shaped casts are occasionally found. Groove casts are very
common, many of them being medium- to large-sized in facies «; they are scarce
and small-sized in thé other facies. From these differences it follows that the
turbidity currents producing current marks had a higher velocity and a greater
eroding power for facies a than for facies §andy.

Lateral variation of the sedimentary facies in Member Mc

Member Mec consists chiefly of sandstone throughout. The lateral facies
variation of this member is examined along the trend of the strata roughly
parallel with the long axis of the gross sedimentary body (Figs. 28,29). In
this member three relatively coarse-grained horizons are discerned which are
called here C,, C. and C, in ascending order (IFig.29).

Unit C., as compared with unit C,, is coarser grained and extends more

* Sandstone decreases along the upper valley of the Pombetsu (see Fig.45) north of the
Ikushumbetsu Valley,
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Fig. 28. Columnar sections of Member Mc along some selected routes,

The horizons of flute casts and groove casts are omitted from the
Ikutshumbetsu section because of the ubiquitous occurrence of these
casts,

northwards than the latter, It is coarsest in the southern part of facies y
area, becoming pebbly there. TUnit C. much thickens in facies B area where
the sediments are coarser grained and more thickly bedded in the medial part
than in the proximal and distal parts. In this manner, the lenticular profile of
the sedimentary body and the lateral variation of the sedimentary features in
unit C, of facies B8 remind us of those in unit Mb,. Taking into consideration the
extension and coarseness of units C, and C. as well as the lateral change in
frequency of bedding in the lower and middle parts of the member, it may be
suggested that the facies advanced northwards farther for unit C, than for unit
C. or farther for the middle part than for the lower part. The northward
advance of facies with time may be ascribed largely to increasing uplift of the
source area and resultant increasing supply of materials.

The uppermost coarse horizon, C,, becomes finer grained from facies y to
facies 3, i.e. northwards. It, however, becomes coarser grained again in facies
a in the northernmost part. Unit C, of facies 8 and vy is finer grained than unit
C. of the same facies. Furthermore, it should not be overlooked that as will be
mentioned later unit C, is characterized exclusively by southeastward, lateral
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Diagrammatic section showing the facies distribution and current
data of Member Mec.

Fine dots: relatively coarse-grained zones (Ci, C: and Cs), coarse dots:
coarsest part within relatively coarse-grained zones, inclined Iines:
argillaceous sediments at the top of the lower part.

Density of lineation is directly proportional to relative frequency of
bedding. Heavy symbols for current directions indicate three or
more readings.
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currents in facies « area where unit C, is not developed, Hence, it may be con-
cluded that during the C, period the coarse-grained facies advanced southeast-
wards in the northern part of the studied area but retreated southwards in the
southern part.

Summary of the lateral facies variation in the flysch sequence

The general lateral variation in sedimentary aspects in the Ikushumbetsu
Cretaceous flysch is of two types as in the case of the Izumi Group (TANAKA,
1965) : one is observed in lenticular sedimentary bodies, and the other in wedge-
shaped ones.

Lateral variation in sedimentary features in a lenticular body is best
exemplified by unit Mb, (Fig. 26). It is a matter of course that the lateral
change of mean level in thickness of a group of graded units in unit Mb, is
correlative to a general lateral variation in thickness of a single graded unit

which itself forms a lenticular sedimentary body. Thus, a model of lenticular
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Fig. 30. Schematic, greatly fore-shortened diagrams showing model of basin-filling
by flysch (or turbidite) sediments. The vertical scale and slopes are
greatly exaggerated.

A and B: lenticular sedimentary body; A, plan; B, section.
C: wedge-shaped sedimentary body, section.

Typical examples of facies distribution: a, turbidite A facies; b,
turbidite B facies; ¢, laminite facies; di, massive siltstone facies; do,
laminated mudstone facies; e, neritic sandstone facies; f, fluxotur-
bidite facies,

body (Fig. 30A, B) is presented with some minor but significant modification
of BouMA’s model of the deposition cone of a turbidity current (Bouma, 1962,
fig. 25A; EINSELE, 1963, fig. 6). The model presented here, on the other hand,
is the same as that of the Izumi Group (TANAKA, 1965, fig. 22). In the len-
ticular body under discussion the proximal, medial and distal facies (or parts)
are recognized. The medial facies is thicker and coarser grained than the others,
being developed in the posterior (up-current) part within the sedimentary body,
but not at the proximal extremity of the body. In this way the lenticular sedi-
mentary body is very asymmetrical lengthwise, A similar situation is found in
MEISCENER’s model of allodapic limestones referred to turbidites (MEISCHNER,
1964, fig. 2) and the Neogene graded sandstone layers in the Boso Peninsula,
southeast of Tokyo (HIRAYAMA and SUZUKI, 1968). In BouMA’s model, however,
the equivalent of the medial facies designated here is developed just at the
proximal extreme part of his deposition cone of a turbidity current. Further-
more, it should be emphasized that the more proximal facies of a lenticular body
or the much more proximal shale facies is occasionally accompanied by slump de-
posits as exemplified by the chaotically mixed sediments in unit Ma, of facies S.
In an ideal case, the sedimentary features of the flysch deposits forming a
lenticular body show the following significant changes from the medial to distal
facies. With regard to a single layer of sandstone involved, the layer thickness
and graded division thickness decrease, and the percentage of graded division
becomes lower, while the percentage of laminated division plus eross-lami-
nated division becomes higher. The sandstone layers become finer grained at the
base, more weakly undulating on the bottom surface and less graded. In a
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sequence of graded sandstone frequently interbedded with shale, which cor-
responds to stratigraphical units like members, the following lateral variations
from the medial to distal facies would be noticed in addition to the general
tendencies described above. Graded units beginning with graded sandstone
division decrease, but those ending with massive mudstone division increase.
Composite graded bedding becomes less common. Thickness distribution of
sandstone layers becomes narrower.

The general tendency of the lateral facies variation from the proximal to
medial is opposed to that from the medial to distal. However, it can be pointed
out that the lateral variation is much more gradual from the medial to distal
facies than from the medial to proximal facies because of the extremely posterior
position of the medial facies. It is also known that graded sandstone division oc-
curs less commonly and is much thinner in the proximal and distal facies than in
the medial facies, and that cross-laminated sandstone division becomes predomi-
nant over laminated sandstone division from the medial to distal facies and from
the medial to proximal facies. These facts demonstrate that graded sandstone
division comes to be progressively replaced by laminated sandstone division and
then the latter, in turn, by cross-laminated sandstone division distally as well as
proximally. Equally important is that the lateral variation of graded unit thick-
ness ig controlled fundamentally by that of sandstone thickness which, in turn, is
ascribed to the lateral change of graded division thickness. Furthermore, it seems
probable that massive mudstone division has a general tendency to increase its
thickness from the proximal to distal facies despite that this division is usually
eroded by the turbidity current depositing the overlying sandstone layer. How-
ever, the average thickness of the massive mudstone division in unit Mb, is
smaller in facies «, Takambetsu, and in facies B than in facies «, Tkushumbetsu
Valley, and in facies y (Fig.26). The main, if not the only, reason for this is
that the division originally deposited in the former two facies was deeply eroded
by turbidity currents.

In order to know whether any turbidite sequence exhibits a proximal facies
or a distal facies, WALKER (1967) proposed the ABC index, P, that represents the
proportion of layers in the group beginning with divisions ¢, b and ¢ (see p. 17
of this paper) and is largely a function of proximality. The index is applicable
to the lateral variation from the medial to distal facies, but not to the prox-
imal to medial facies variation, in the lenticular body under consideration, and
to the proximal to distal facies variation in the wedge-shaped body to be men-
tioned below. With unit Mb,, this index gives 52.9 for the distal («) facies,
82.5 for the medial (B) facies and 58.2 for the proximal (y) facies. With unit
Mb,, the index changes from 65.2 through 83.4 to 91.7 from the proximal (vy)
facies through facies 8 to the medial («) facies.

An example of the distribution of unit types and sequence types is shown
in Figs. 80A and B. As to the facies disposition of the flysch sequence, a
lenticular body displays a generalized facies variation in the downstream direc-
tion as follows: laminite facies with slump beds—turbidite B facies—turbidite
A facies—>turbidite B facies->laminite facies (Fig. 830A, B). The proximal
laminite facies is distinguished from the distal laminite facies by the predomi-
nance of incongpicuous or discontinuous sandstone laminae, and grades up-
current into the massive siltstone facies that was deposited mainly on the
continental shelf. Thus, it is worthy of mention that the lenticular turbidite
facies characterized by redeposited sandstone is separated from the autoch-
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thonous sandstone facies in the marginal part of the basin by the massive silt-
stone facies (Fig. 30B).

Another type of lateral variation in the flysch sediments occurs in wedge-
shaped sedimentary bodies. The lateral facies change from Member Me to the
gsouthern equivalent, the lowermost part of the Mikasa Formation on the east
wing of the Ikushumbetsu anticline, is a case in point. The idealized facies
variation from the proximal to distal facies is as follows: neritic sandstone facies
—fluxoturbidite facies —>turbidite A facies — turbidite B facies — laminite
facies (Fig.30C). In their relatively distal part, however, wedge-shaped sedi-
mentary bodies occasionally have the same general tendency of lateral facies
change as lenticular bodies. By way of example, the turbidite B facies is devel-
oped between the proximal, fluxoturbidite facies and the distal, turbidite A facies.
Such is the case with the middle coarse horizon (C,) of Member Mec (Fig. 29). It
should be added here that any wedge-shaped sedimentary body tends to become
thinner on the outer edge of the continental shelf.

The flyseh sediments forming a wedge-shaped body display the following
significant variations as the facies changes from proximal to distal: sandstone
layers become thinner, more regularly bedded and finer grained; various kinds
of laminations in sandstone layers become better developed:; shale interbeds
become more frequent and thicker, thus the sandstone percentage of graded units
or the sandstone-shale ratio becoming lower. Graded bedding which is absent or
little developed in the proximal, fluxoturbidite facies is well developed in the
distal, turbidite A facies, but becomes imperceptible as the facies becomes more
distal. Directional sole markings are uncommon in the proximal, fluxoturbidite
facies, while they are widespread in the distal, turbidite A facies and then de-
crease in abundance and size towards a more distal facies.

Furthermore, it should be noted that the flysch deposits dominated by sand-
stone form wedge-shaped sedimentary bodies (tongues), whereas the deposits
composed largely of alternating sandstone and shale occur in the form of
lenticular bodies (lentils). Whether the flysch sediments in question are lentic-
ular or wedge-shaped may depend on the conditions in and around the basin,
properties of turbidity currents and so forth. Differing from the case of the flysch
deposits forming wedge-shaped bodies, the deposition of the flysch deposits
forming lenticular bodies may be ascribed largely to a rather small supply of
coarse materials on account of a mild upheaval of the source areas and to a well-
defined trough flanked with steep submarine slopes due to intensive subsidence
of the basin. Furthermore, it may be suggested that the turbidity currents for
the lenticular bodies were derived mainly from mudflows, whereas those for the
wedge-shaped bodies were derived mainly from sand-flows.

Finally, a brief mention might be made of the relation between the litho-
facies and the mode of occurrence of sole markings. For this purpose, Mb,, Mb.,
Me and Me of facies a on the eastern wing of the Ikushumbetsu anticline are to
be compared with one another as the representatives of different types of facies
in the flysch sequence under discussion (Table21%). Directional sole markings,
e.g. flute casts, groove casts and striation casts, are widespread in the turbidite
A facies. In the fluxoturbidite facies, however, directional sole markings are
few, if any. The flute casts of the turbidite A facies are as a general rule
larger sized, more elongated, more commonly superimposed and more frequently

* In Member Me of facies « the subordinate turhidite A facies with some current marks
is not included,
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and strongly load-casted than those of the turbidite B facies. Groove casts also
are of larger size in the turbidite A facies than in the turbidite B facies.

VII. 3 Vertical Variation of the Sedimentary Facies

Large-scale wvertical variation of the sedimentary facies and sedimentary

cycles

The Cretaceous formation in the meridional zone of Hokkaido shows in
itself three major cycles of sedimentation (TANAKA, 1963). The flysch sequence
in the Tkushumbetsu area is referred to the lower to middle parts of the second
major cyclic sequence that is represented by almost the whole sequence of the
Middle Yezo Group. Tt roughly indicates the Middle Albian (?) to Upper Albian
age. The general rate of sedimentation of the flysch deposits may be at least
about five times as large as that of the overlying Mikasa Formation and Upper
Yezo Group. The second major cycle ranges from Middle Albian(?) to Upper
Turonian in age, so the flysch formation marks the early stage of the cycle.

On the basis of the large-scale vertical variation of grain size from coarse to
fine, it is noticed that the sediments of the flysch sequence present three minor
cycles, which are, in ascending order, cycle 1 (more than 450 m thick) re-
presented by Ma-Mb, cycle IT (350 to 450 m thick) represented by Me-Md, and
cycle ITIT (50 to 140 m thick) represented by Me, locally inclusive of Ta, the
basal member of the Mikasa Formation (Fig.25). In the southern part of the
studied area cycle III is represented by the lowermost part of the Mikasa

_ Formation. Since Member Me as cycle IIT is much thinner than the sequences
of cycles T and II, it is alternatively referred to the upper, sandy part of cyeclic
sequence II which is dominated by argillaceous sediments. However, taking
account of the vertical facies change in Member Me as will be mentioned later,
it is natural and reasonable to regard the member as presenting a distinct cycle
of the same order as cycles I and II.

The upward variation of the sedimentary facies in the minor eyeclic
sequences on the eastern wing of the Ikushumbetsu anticline is roughly as fol-
lows: cycle I (lower limit unknown), turbidite B facies — laminite facies with
subordinate laminated mudstone facies _sturbidite B facies—turbidite A facies;
cycle II, local fluxoturbidite facies—turbidite A facies with local slump beds—>
laminite facies with subordinate laminated mudstone facies_sturbidite B facies;
cycle III, fluxoturbidite facies—sturbidite A facies—slaminite facies—>massive
siltstone facies. Cyclic sequence III on the western wing exhibits an upward
change from the turbidite A facies with a slump bed through the turbidite B
facies to the turbidite A facies with slump beds. In short, the vertical facies
variation is symmetrical (sequence: a-—sh—c—b—sa) in cycle ITI on the western
wing and in cycle I, but asymmetrical (sequence: a-—sb—e—sa) in cyele IT and
in cycle III on the eastern wing, Transition from a given cycle to the succeeding
cycle is generally rapid. Thus, an ideal minor cycle in the flysch sequence would
display the following upward symmetrical changes in facies: fluxoturbidite facies
—turbidite A facies—turbidite B facies—laminite facies—»turbidite B facies—
turbidite A facies — fluxoturbidite facies at the beginning of the succeeding
cycle.

Epicycles are superposed on the minor cycles described above; they are
seven in cycle I, five in cycle II, three in cycle III on the east wing of the
anticline and more than five in cycle II1 on the west wing (Fig. 25). The epicyclic
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sequences range generally from 20 to 130 m in thickness. Furthermore, it
should be emphasized that acid tuff usually occurs in the lower or upper part of
the epicyclic sequences, but never in the middle part (Fig.25) as in the case of
the minor cyclic sequences of the Izumi Group (TANAKA, 1965) which are com-
parable to the epicyclic sequences of the Ikushumbetsu area in time-space
magnitude and mode of origin. Whenever tuff is found in the middle part of any
epicyclic sequence, it actually occur in the lower and/or upper part of the con-
stituent smaller-scale epicyclic sequences. A good example is presented in epicy-
cle 7 within cycle I, Tkushumbetsu Valley.

Vertical variation of the sedimentary facies in Member Mb

The lower part of Member Mb (Mb,) is mostly characterized by the turbidite
B facies all over the area, while the upper part (Mb,) shows the turbidite A
facies (or in certain places the turbidite B facies) accompanied by the laminite
facies. Unit Mb, and unit Mb. are compared in the following lines (see Tables
2, 4, 8, 16; Figs. 26, 27).

Concerning Member Mb of facies «, the average thickness of graded unit,
sandstone layer and graded sandstone division and the average proportion of
graded division to sandstone layer (or graded unit) are all much larger and the
sandstones are much coarser grained in unit Mb, than in unit Mb, The graded
units of Mb., as compared with those of Mb,, begin much more commonly with
graded sandstone division and end much less commonly with massive mudstone
division. All these differences becorie smaller in the case of facies 8. With re-
spect to facies B, the sandstones of unit Mb, are generally fine-grained and poor-
ly graded in comparison with those of unit Mb,. Units Mb, and Mb, of facies y
are extremely similar to each other in many respects.

To sum up, it is concluded that the differences in sedimentary features
between unit Mb, and unit Mb. become insignificant in the order of facies «, 8
and y, i.e. from north to south. In this connection, the flute casts in Mb, of
every facies are similar in size and shape to those in Mb. of facies £ and y.
These casts are larger and more elongated in Mb. of facies «, in which many
large-sized groove casts also occur, than in Mb, of the same facies. As previ-
ously mentioned, units Mb, and Mb. of facies y exhibit the proximal facies.
Unit Mb, of facies B is represented by the medial facies with the greatest total
thickness of the unit. Unit Mb, of facies § shows an intermediate facies be-
tween the proximal and the medial facies. Facies « is comparable to the distal
facies for Mb,, while for Mb. it is regarded as the medial facies in which the
thickness of the whole sequence becomes greatest. Hence, the difference between
Mb, and Mb, in facies disposition, considered together with the aforesaid differ-
ence in sedimentary features between the two scquences, suggests that the facies
and the centre of subsidence may have shifted northwards as the time lapsed
from Mb, to Mb. owing to the increasing rate of uplift in the southwestern
source area, thus supplying a larger amount of sediments into the basin, and to
the increasing distance of sediment-transport by turbidity currents of higher
speed and other conditions. A quite similar northward advance of facies took
place during the deposition of Member Mec.

Vertical variation of the sedimentary facies in Member Me along the Pom-
betsu Valley
As was mentioned earlier in this chapter, Member Me of facies § is re-
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garded as showing a single minor cycle of sedimentation. This point, however,
should be confirmed by more detailed investigation of the vertical variation of
the sedimentary features. For this purpose, a statistical analysis was made of
the sedimentary features of divisions B, E and F which were selected, for con-
venience’ sake, to represent the lower, middle and upper parts of the member
respectively (Tables 2,4, 8,16; Figs. 31,% 32, 33).
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Fig. 31. Stratigraphic section of Member Me of facies § along the Pombetsu Valley.
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tuffaceous sandstone.

slump bed.

mudstone, laminated.

laminated sandy mudstone.

fine-sandy siltstone with occasional thin sandstones.

mudstone and sandstone in thin- to very thin-bedded alternation
(mudstone being predominant).

mudstone and sandstone in very thin-bedded alternation (ditto).
sandstone and mudstone in very thin-bedded alternation (sandstone
being predominant).

sandstone and mudstone in thin- to very thin-bedded alternation (ditto).
fine-grained sandstone.

fault relation.

Ar.rows indicate the sections selected for statistical investigation of
graded units.

Division E, despite its some resemblance to division F in sedimentary

* Shale layer thicknesses are thinner on an average in the basal part of division F than
in the uppermost part of division E,
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Fig. 33. Diagrams showing the vertical variation in average thickness and average division
percentage of graded units in Member Me of facies 8§ along the Pombetsu Valley.

For legends see Fig. 26.

features, is clearly distinct in many respects from divisions B and F which
are similar to each other. The significant vertical changes from division B to
division E are described in the lines to follow. Average thickness of graded
sandstone division, average sandstone percentage and graded sandstone per-
centage all decrease; average thickness and percentage of shale layers increase.
While graded units beginning with graded sandstone division become less com-
mon, the reverse is the case with those ending with massive mudstone division.
Sandstone becomes less undulating at the sole nnd more poorly graded. On the
contrary, the vertical change from division E to division F, roughly speaking,
takes place in the reverse manner. Therefore, it must be conceded that Member
Me of facies & actually exhibits a single minor cycle. In this connection,
WALKER's proximality index P, (WALKER, 1967) is 70.5 for division B, 64.3 for
division E and 83.3 for division F. Furthermore, the flute casts in division E
are smaller on the whole than those in divisions B and F.

Taken altogether, the vertical variation of sedimentary features from
division B to division E displays the same tendency as the aforementioned
idealized lateral variation from the medial to distal facies in a lenticular
sedimentary body. There are some significant differences between them,
however. For instance, both graded units and sandstone layers increase
their average thicknesses from division B to division E. This tendency is similar
to the lateral variation from the proximal to medial facies in a lenticular
body, but not to that from the medial to distal facies. Such is the case with
the vertical change from division F to division E. These contrasts are due
largely to the essential differences in sedimentary attributes between Member
Me of facies 8 on the western wing of the Ikushumbetsu anticline and unit Mb,
on the eastern wing as follows., As will be mentioned later, the current pattern
of Member Me of facies § is characterized by the predominance of transverse
directions, whereas that of unit Mb, shows exclusively longitudinal direc-
tions in each facies, Thus, Me of facies § is indicative of a relatively near-
shore facies in comparison with Mb,. Equally important is that the sediments
of divisions B, E and F of Member Me were derived from different sources in
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contrast with the consistent derivation of the sediments of unit Mb,. After all,
it can be said that all the general tendencies of lateral variation of sedimentary
features are not always reflected in any vertical variation in exactly the same
manner. Furthermore, it is pointed out, as will be mentioned later, that divi-
sions B and F exhibit a proximal facies characterized by transverse current
directions and division E in which the shale is finer grained than that of the
other two divisions shows a distal facies marked by longitudinal current direc-
tions.

There are, however, some exceptions to the cyclic variation of the sedi-
mentary features in the member in question. One of the most significant
phenomena is that the sandstones generally become finer grained in the order
of divisions B, E and F. It will be inferred from this that the topographic relief
in the source area for Member Me of facies § became lower with time during the
deposition of the member,

Vertical variation in thickness of the sundstone end shale layers

Whether or not the vertical variations of sedimentation in the Ikushumbetsu
flysch sequence exhibit a general regularity on a relatively small-scale is
examined here with special reference to the thickness of sandstone and shale
layers in thin-bedded alternation.

The vertical variation of the sandstone thickness in thin-bedded alternations
of sandstone and shale is classified into NEDERLOF’s three types (NEDERLOF,
1959) : oscillation, fluctuation and trend. The oscillations are small-scale varia-
tions in random sequence from layer to layer, hence not to be discussed here.
The fluctuations and trends, on the other hand, are variations showing certain
definite sequences, the former being of a much smaller scale than the latter.

The fluctuations recognized here are of at least two orders, major and
minor, showing either a symmetrical or an asymmetrical pattern (Fig.34). In
the fluctuations of the asymmetrical type sandstone thickness decreases upwards,
while in the fluctuations of the symmetrical type it shows an upward decrease
which, in turn, is followed by an upward increase. The asymmetrical type is
dominant over the symmetrical one. Any major fluctuation is composed of two
to five minor fluctuations which, in turn, include ordinarily two or three sand-
stone layers for the asymmetrical type and three to five sandstone layers for the
symmetrical type. The major fluctuations are of random variations in con-
trast with the minor ones. The former consists of five to, say, fifteen sand-
stone layers. The shale layer thickness, on the other hand, shows longer-term
variability than does the sandstone layer thickness. The vertical variation of the
shale layer thickness is not dealt with here, because the thicknesses measured
do not represent the original thickness owing to erosion by the turbidity cur-
rents. As will be mentioned later, however, it may be possible to recognize
eyclicity in the vertical change of mean level in the shale thickness. The major
and minor fluctuations presented here correspond to SCHLEIGER’s subcycle and
unit (SCHLEIGER, 1964) respectively.

Trends or cycles, if present, should be detected by vertical variation of
mean level, because they show much more random variations than do the
fluctuations. For this purpose, taking the sequence of about 65 m within Member
Me of facies § along the Pombetsu Valley the vertical variation in thickness of
the sandstone and shale layers, together with that of the sandstone percentages
and sand-shale ratios, is expressed in terms of 25-layer moving average (Fig.
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35%). It is clear from this figure that the sandstone layer thickness is
variable in comparison with the shale layer thickness which is fairly con-
stant in the sequence lower than layer 530 or so and on the other hand con-
siderably variable in the sequence upper than that. However, going into detail,
it may be seen that the cyclic variation of the shale thickness is nearly in
harmony with that of the sandstone thickness throughout the greater part of the
section under discussion. This suggests that the shale layers, or better expressed
as the laminated sandy mudstone divisions, occupying the greater part of the
shale layer concerned were similar in mode of deposition to the sandstone layers
deposited by turbidity currents. An alternative, but less probable, explanation
is that the thickness of the sandstone layers may have been controlled by the
thickness of the shale layers or by the duration of deposition of the shale layers.
At any rate, from the vertical change of the sandstone and shale thicknesses
combined with that of the sandstone percentages and sand-shale ratios it can
be pointed out that Member Me of facies 8§, Pombetsu Valley shows various
orders of cyclic sedimentation, For a more reasonable conclusion, as will be
mentioned later, the variation with time of the current patterns or current di-
rections also should be taken into consideration.

Thus, in the measured section that represents minor cycle III are recognized
four major epicycles denoted by III1, ITI2, 1113 and III4. Major epicycle III1 in-
cludes at least three minor epicycles (IIIla, I1I1b and IIIlc). The sequences of
the major epicycles are 20 to 35 m thick; those of the minor epicycles are 5 to
10 m thick, consisting of about 90 to about 120 graded units. As will be seen
later, all the major epicycles and some minor ones are nearly correlative to and
coincide with cycles recognized in the vertical change of the current patterns or
current directions., Then minor epicycle IIIla comprises two smaller-scale,
less distinct cyeles (IIIlaec and IIIlaB), each consisting of some 60 graded
units. In short, at least three different orders of epicycles are discriminated in
the measured section. In reality, some discrepancy is found between the epicyecle
boundaries for the sandstone thicknesses and those for the sandstone percentages
or sand-shale ratios. Furthermore, many fluctuations are recognizable in the
vertical variation of mean level of the sandstone and shale thicknesses. They
are composed of about ten graded units on the average (Iig.34). Such fluctua-
tions are to be correlated with the major fluctuations mentioned before.

Notes on the cyclic sedimentation of the flysch sequence

The Cretaceous flysch sequence of the Ikushumbetsu area is referred to
the early stage of one major cycle and shows in itself three minor cycles which,
in turn, consist of some epicycles. The stratigraphic range of the minor cyelic
sequences which are 100 to 480 m thick or more is nearly one fourth to one third
of that of one stage, a unit of time-stratigraphic classification.

The upward facies variation in the minor cyclic sequences is generalized
in a symmetrical fashion as follows: fluxoturbidite facies— turbidite A
facies — turbidite B facies — laminite facies — turbidite B facies — turbidite A
facies — fluxoturbidite facies of the succeeding cycle. The generalized signifi-
cant upward variations of the sedimentary aspects in the lower hemicyclic
sequence are outlined in the following lines. Graded unit, sandstone layer and
graded sandstone division decrease in thickness. Sandstone percentage and

* The blank in the curve for sand-shale ratio is due to the presence of a graded unit con-
sisting of sandstone layer alone.
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proportion of graded division to sandstone layer become lower. Sandstone be-
comes finer grained, less graded®, better laminated and composite graded bed-
ding and multiple one therein become less common. Sole markings decrease in
size. Interbedded shale layers increase in thickness and decrease in coarseness.
Besides, slump deposits become fewer. With regard to the spatial distribution
of the flysch deposits in the minor cyclic sequence, it is likely that the sedimen-
tary body was wedge-shaped (tongue) at the earlier stage of the lower hemi-
cycle, and lenticular (lentil) at the later stage. This change is supposed to have
depended largely on decreasing sediment-supply due to progressive degradation
of the source area and also on progressive sinking of the depositional area
whereby the trough became deeper with increasing inclination of the lateral
slope.

The major epicycles superposed on the minor cycles are represented by 20
to 130 m sequences and are composed of several minor epicycles. The general
tendency of the vertical variation in the sedimentary features is essentially the
same as that in the minor cyclic sequences mentioned above. The epicyeles are
mostly of asymmetrical type. Acid tuff beds are usually intercalated in the lower
or upper part of epicyclic sequences, whether major or minor, and never in the
middle.

It goes without saying that the deposition of the Cretaceous formations in
the meridional zone of Hokkaido may have been fundamentally controlled by
the geosynclinal sinking particular to the basin of sedimentation, i.e. the Yezo
geosyncline in which the studied area is included, and by the epeirogenic
movements of a much wider scope. Such is the case with the Ikushumbetsu
flysch sequence. Judging from the time-space magnitudes and sedimentary
aspects, however, it would be plausible to consider that the formation of each of
the sedimentary cycles of various scales mentioned before cannot always be
ascribed to the same cause.

In the first place, the major cycle comprising the flysch sequence under
consideration began with the stage of transgression which, in turn, was followed
by the stage of marine inundation combined with intense geosynclinal subsid-
ence and ended with the stage of regression. The first stage, though unobserved
in this field, is expected to be represented by the coarse sediments that uncon-
formably covers the Lower Yezo Group in certain areas; the second stage is
characterized by the flysch formation that is much thicker than the overlying
neritic Mikasa Formation marking the third stage, in spite of the much shorter
period of deposition. In short, it seems likely that the origin of the major
cycle is ascribed largely to epeirogenic movements in comparison with that of
the minor cycles involved.

In the second place, the individual minor cyclic sequences, judging from
their general tendency of the vertical variation in the sedimentary features, are
interpreted as largely indicating changes in the depositional environments, e.g.
the depth of the depositional site and its distance from the source area. It is
known that any cycle of this scale in the Yezo geosyncline is not always equal
in chronologic position and time-length (TANAKA, 1963). Hence, it may be
reasonable to ascribe the origin of the minor cycles largely to periodic changes
of tectonic movement (uplift and subsidence) of a comparatively large scale
in and around the whole basin which was closely related to the geosynclinal

# From the lowermost fluxoturbidite facies to the succeeding turbidite A facies graded
bedding in sandstone becomes distinct.
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sinking rather than to epeirogenic movements of a much wider scope. Such
changes may have naturally affected the landward and basinward migration of
the shoreline, the extension and general depth of the basin and the disposition
of intensely subsiding parts of the basin, as well as the topographic relief of the
source areas.

Tectonic movements in the depositional and source areas responsible for the
epicycles were local and of a small scale in comparison with those responsible for
the minor cycles. Therefore, it is most likely that epeirogenic movements of a
much wider scope never played a role in the formation of the epicycles. At
any rate, it is conceivable that the epicycles owe their origin largely to periodic
changes of tectonic movement (magnitude of uplift) in the source areas, and
the changes, at least in some cases, were closely related to periodic acid volecanism
in the source areas and to periodic changes of tectonic movement (magnitude of
subsidence) in the depositional areas. KSIAZKIEWICZ'S idea (KSIAZKIEWICZ,
1960) that the megarhythms in the Carpathian flysch are regarded as having re-
flected cycles of erosion can be applied here to explain the origin of the epicycles.
Thus, we are led to infer that in the lower hemicycle within the epicycle the
magnitude of upheaval and resultant topographic relief and erosion of the
source areas and the frequency and amount of sediment-supply into the basin
all decreased with time, Moreover, it can be pointed out that such changes in
the lower hemicycle, in an ideal case, were rapid at the earlier phase, but sub-
sequently became gradual towards the later phase. This may suggest that rapid
upheaval of the source areas took place intermittently.

Several orders of fluctuations of a smaller scale than the epicycles are
recognized in the vertical variation of mean level of the thicknesses of thinly
alternating sandstone and shale in Member Me of facies 8§, Pombetsu Valley.
These fluctuations are supposed to owe their origin largely to periodic changes
in the local conditions of sedimentation at and around the point sources (mouth
of submarine canyons) from which turbidity currents flowed into the trough,
although their formation was possibly less influenced by tectonic movement
responsible for the epicycles. By conditions of sedimentation are meant the
amount of sediment-supply into the trough, the initial composition and intensity
of the turbidity currents, the amount and distance of sediment-transport along
the trough, the rate of accumulation, and so forth. At the same time, control
of epeirogenic movements is completely negligible in the origin of such fluctua-
tions, After all the fluctuations described here may have been caused chiefly
by successive, relatively short-term change of the properties of the turbidity
currents from a common point source, because current directions were essentially
constant throughout. On the other hand, relatively long-term migration of the
point sources due largely to tectonic movements in the depositional and source
areas is supposed to have played an important role in the formation of some
of the epicycles in Member Me of facies § that show, as will be mentioned
later, a definite serial change of current directions or are characterized by a
distinet current pattern.

Finally, the Ikushumbetsu Cretaceous flysch is compared with the Izumi
Group of the Izumi mountain range which is dominated by turbidite sequence
(TANAKA, 1965) in terms of cyclic sedimentation. The major cycles, minor
cycles and major epicycles in the Ikushumbetsu area correspond respectively to
the cycles of first, second (major cycle) and third (minor cycle) orders in the
Izumi Group in time-space magnitude and mode of origin. The whole sequence
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of turbidite series occupying the main part of the Izumi Group is some 6,000 m
thick, ranging from Upper Campanian to Lower Maastrichtian in age, and the
major and minor cyclic sequences therein are nearly 2,000 m and 400 m in re-
spective maximum thickness. Therefore, the general rate of sedimentation of
the Tkushumbetsu flysch may be roughly estimated at one fourth to one third of
that of the turbidite formation in the Izumi Group. This striking contrast is
closely related to the lithological difference between the two sequences since
coarse sediments such as conglomerate and sandstone are much more predominant
in the Izumi Group than in the Ikushumbetsu flysch.

VIII. Palaeocurrents

VIII. 1 Current Directions

Notes on the palaeocurrent measurements

Among various types of inorganic sedimentary structures to be examined
for the palaeocurrent data on the Ikushumbetsu Cretaceous flysch, representa-
tives are flute casts and groove casts of sole markings and parting lineation and
carbonaceous flake lineation, whose down-current sense is undeterminable, of
internal structures (Table 22). Flute casts, bounce casts and prod casts, when
as minute as several milimetres in length, are not dealt with here, because they
occur together in groups constituting striation casts. Cross-laminations are of
minor importance in the palaeocurrent measurements because of the difficulty
in obtaining accurate reading in the field, although they are quite ubiquitous
throughout the flysch deposits. Thus about 590 azimuthal measurements were
made of the directional-current structures of the flysch sequence.

The general orientation of each type of directional sedimentary structures
in a single sandstone layer was usually represented by only one reading. On
rare occasions where two or more considerably different orientations are dis-
criminated in one layer, two or more readings were taken. For presentation of
the palaeocurrent data, any member (e.g. Ma) along a given route (e.g. Iku-
shumbetsu Valley) is designated here as a single station which will be called a
station-member for convenience’ sake (Fig. 36). A single station comprises
several small areas or observation points for azimuthal measurements. For di-
rectional readings of the current indicators, post-depositional tiiting of the strata
concerned is removed by rotating the sirata about a horizontal axis. Since the
plunge of the axis of the Ikushumbetsu anticline is generally gentle, its influence
on the current directions measured is almost negligible throughout the area,
except the southernmost part of the anticlinal area. Furthermore, apparent
horizontal flexures of the strata having current structures, due to faults or
loeal structural behaviour must be modified to meet the general trend of the
strata.

In principle the current directions of each type of sedimentary structures
at any station-member are represented by a mean direction that is referred 1o
as a station-member direction, i.e. a mean of mean directions at individual ob-
servation points within a given member or unit. In some cases, however, they
are indicated by two or more widely separated modal directions or a principal
modal direction accompanied by subordinate directions. In this manner, the
palaeocurrent data obtained from the sole markings and from the internal
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The Pombelsu

Thkuskumbetsu©

' g The Mir ulomappe

Fig. 36. Map showing the locations of station-members for palaeocurrent measurements of
the Cretaceous deposits in the Tkushumbetsu area.

Figures: station-members in the main part of the Middle Yezo Group.
Romans: station-members in the Mikasa Formation and Upper Yezo Group.
Ma, Mb, Mc, Md and Me: main part of the Middle Yezo Group, T: Mikasa
Formation, Ua-b, Ub’ and U:-s: Upper Yezo Group.
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The Pombetsu

Thushumbetsu ©

Mair part of the Miatde Yezo Group
=~ Cross-lamination

—— Current ripple lamination
«— Current ripple marks
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Mikasa Formation and Upper Yezo Group
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e Carbonaceous flake dineation

'
The Mirutomappe

Current directions deduced from the internal structures and top surface struc-
tures of sandstone layers in the Cretaceous deposits of the Ikushumbetsu area.

Heavy symbols indicate three or more readings. A groove cast of the Mikasa
Formation is exceptionally dealt with here. Ma, Mb, Mc, Md an.d Me: fnaln
part of the Middle Yezo Group. Dotted areas: Mikasa Formation, hatched
areas: Upper Yezo Group.
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Fig. 39. Relation between orientation of flute casts and that of other types

of sedimentary structures in a single sandstone layer,

structures and top surface structures are shown in Figs. 37 and 38 respectively.

General remarks on the current directions

The directions of various kinds of sole markings on the same bottom surface
are usually, though not always, nearly consistent with one another (Fig. 39).
No significant difference in orientation is found between the flute casts and the
internal structures or top surface structures in the same sandstone layer,
although there are a few exceptions (Fig, 39; Table 23). In other words, the
current directions deduced from various types of current indicators measured
tend to remain nearly constant during the deposition of materials from the
base to the top of any sandstone layer. This point may strongly demonstrate
that both the eroding current responsible for the formation of the scle markings
and the depositing current forming the internal structures and top surface
structures generally belonged to a single turbidity current. A similar conclusion
was drawn also from the Prealpine flysch in Switzerland (CROWELL, 1955).
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Table 23. Relation between orientation of flute casts and that of
two or more types of sedimentary structures other than
sole markings in a single sandstone layer

The data are given in azimuthal deviation from the orientation of flute casts.
Plus signs: clockwise deviation, minus signs: counterclockwise deviation.

Station- | Member or | Type of | Parting cgc?lf]s:)%n;i;e Cross- Cﬁ;l‘:lfét C;llll?l;igt
member unit facies | lineation | “|: ° > " llamination)y <t b rks
8 Division B a +20° —-20°
of Me
+35¢ +30° —30°
0° -10°
0o +5o
Division E 5 °
of Me 8 0P A
Upper part 5 o °
i1 | of Me . 0 +5
17 Mb, a 0o 0°
—25° — 250

Entering into further details, however, it can be pointed out that deviation
from the direction of the flute casts in the same sandstone layer has a tendency
to become greater in the order of the other sole markings (e.g. groove casts), in-
ternal structures and current ripple marks (Fig. 39). A probable explanation for
this is that during the deposition of materials from the base to the top of the
sandstone layer the turbidity current slowed down progressively and thus its
course became more sensitively influenced either by submarine topographic re-
lief or by indigenous currents. In this context, it is noteworthy that a very
marked azimuthal discrepancy up to about 90 degrees is detected between the
flute casts and the current ripple marks on a certain sandstone layer (Fig. 39).
Such divergence implies that the reworking current forming the current ripple
marks flowed nearly at a right angle to the course of the turbidity current that
produced the flute casts. A nearly perpendicular relation between directions of
sole markings and those of current ripple marks has been noticed in other
turbidite sequences (WALTON, 1963; KELLING, 1964; NAGAHAMA, 1967).

Mention, furthermore, is made of the discrepancy in direction among dif-
ferent kinds of sedimentary structures other than sole markings in the same
sandstone. The direction of current ripple marks on the top surface of sand-
stone layers and current ripple laminations in the relatively upper part of sand-
stone layers tends to deviate from the direction of parting lineation more
greatly than does the direction of carbonaceous flake lineation which is de-
veloped in the relatively lower part of sandstone layers (Fig.40). A very ex-
treme case is the azimuthal discrepancy up to some 150 degrees between the
current ripple marks and the parting lineation in a certain sandstone layer
(Fig. 40%). It is added here that the directions of internal structures and top
surface structures show no marked systematic deflexion, whether clockwise or
counterclockwise, from the directions of sole markings throughout the area,

* The direction of the parting lineation whose down-current sense is undeterminable can
be inferred from the current directions of the flute casts on adjacent sandstone layers,
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Fig. 40. Relation between orientation of parting lineation and that of other types of internal
structures and top surface structures in a single sandstone layer.

although there are a few exceptions as mentioned below (Fig. 39). No pro-
gressive divergence from the direction of sole markings is found within a single
sandstone layer (Table 23).

Various types of directional-current structures measured have a sirong
tendency to have nearly the same mean or modal direction in most of the station-
members (Figs. 37, 38). Going into details, however, in the case, for ex-
ample, of station-member 17, Member Mb of facies « along the Ikushumbetsu
Valley, the mean direction varies more or less with the type of structure, and
the mean directions of the internal structures and top surface structures show
a greater diversity than do those of the sole markings, as a whole deviating
clockwise from the latter (¥ig.41A). In reality, any type of the sedimentary
structures at a given station-member often exhibits a fairly directional spread.
For instance, at station-member 17 the orientations of the groove casts are
variable in comparison with those of the flute casts (Fig.41B). The azimuthal
distribution of the flute casts measured displays a stronger mode or a nar-
rower spread in unit Mb, of facies « than in unit Mb, of the same facies (Fig.
41C). This may suggest that the turbidity currents producing the flute casts
had a higher velocity during the Mb, time than during the Mb, time. Counter-
clockwise deflexion of the direction of cross-laminations from that of sole
markings is recognized at station-member 37, unit Mb, of facies y, Honsawa.
Here the cross-laminations are consistently directed towards the north-north-
west throughout the greater part of the sequence, whereas the flute casts in-
dicate a general north-northeasterly direction. Furthermore, two or more
strong principal modes of the current directions at a given station-member
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Fig. 41. Current data for Member Mb.

A. Average orientation of each type of the current-directional structures in Mem-
ber Mb of fdcies ¢ along the Ikushumbetsu Valley. Heavy symbols indicate three
or more readings.
B. Histogram showing the azimuthal distribution of flute casts and groove casts
in Member Mb of facies o along the Jkushumbetsu Valley.
C. Histogram showing the azimuthal distribution of flute casts in Member Mb of
facies ¢ in the whole Tkushumbetsu area.

For number of readings see Table 22,

depend on distinet differences in current direction between two or more
stratigraphical units within the member concerned, as exemplified by the cases
of station-member 8, Member Me of facies 8, Pombetsu Valley and station-
member 18, Member Mc of facies «, Ikushumbetsu Valley (see Figs. 43, 44).

Regional current pattern
Apart from the current directions in the northern part of the western
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Table 24. Discrepancy between orientation of flute casts and
strike of sandstone layers with flute casts

The data are given in percentages.

Southern part

Northern part j Central part
Discrepancy
Ikushumbetsu VaIIey} rl:ﬁl;il?:vi;su Sekiyu-zawa
0°-15° 51.4 ‘ 47.5 ; 45.5
150-300 41.3 [ 475 45.5
300-45° 7.3 ] 5.0 9.1
Total number ’ 109 | 40 11

wing of the Ikushumbetsu anticline, the dominant current dirvections are to-
wards the north-northeast in the northern part of the studied area, the north-
east in the central part and again the north-northeast in the southern part. In
order to find out whether the above-mentioned difference in the general direction
of currents is due to pre-tectonic cause or to post-tectonic cause, the three parts
of the studied area, each differing in the general trend of the strata, were com-
pared in view of the relation of discrepancy between the direction of flute casts
and the strike of sandstone layers on which these casts occur to the general
trend of the flysch deposits. In consequence of this, it can be said that the rela-
tion is essentially similar throughout the area (Table 24). This clearly demon-
strates that the local difference of the leading current directions depends
fundamentally on the horizontal flexure of the general trend of the strata caused
by tectonic deformation.

The sole markings, internal structures and top surface structures of the
Tkushumbetsu flysch succession are found to be oriented consistently in most of
the station-members (Figs. 37, 38). It is evident that north-northeasterly and

Fig. 42. Rose diagrams showing the current directions of the main part of
the Middle Yezo Group.
A-C: flute casts, A: whole area, B: eastern wing of the Ikushum-
betsu anticline, C: western wing of the Ikushumbetsu anticline,
D: groove casts, whole area.

Upper figures: number of station-members, lower figures: number of data.
The data from station-members 43 and 44 are omitted from the diagrams,
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northeasterly flowing, longitudinal turbidity currents which run nearly parallel
with the regional tectonic trend or the axis of the Cretaceous flysch basin played
the leading part in the studied area. On the other hand, in the northern part of
the western wing of the Ikushumbetsu anticline, much predominant over longi-
tudinal turbidity currents are transverse ones flowing to the east, southeast
and south-southeast, intersecting the axis of the flysch basin at large angles.
The regional current pattern just described is well confirmed by the rose dia-
grams showing the current directions of the flute casts which have the largest
number of measurements (Fig.42B,C). It is added here that the southern-
most part of the Tkushumbetsu anticlinal area is characterized by transverse
currents flowing towards the. east-northeast. The general orientation of the
groove casts nearly coincides with that of the flute casts (Fig. 42A, D).

From the overall current pattern of sediment-transport in conjunction with
the lateral variation in the gross sedimentary facies mentioned before, it would
be concluded that the source area for the Ikushumbetsu flysch sequence and
associated sediments, though its exact location is uncertain, was probably situat-
ed to the west of the studied area and that the offshore facies of the eastern
wing of the anticline passes into distal facies northwards. Thus, the major longi-
tudinal currents in the east may be regarded as representing the axial turbidity
currents, in the sense that they flowed along the presumed axial part of the
trough or in the relatively offshore part of the basin., On the other hand,
subordinate are longitudinal currents in the northern part of the western wing
of the anticline which was nearer the presumed western margin of the basin
than the eastern wing.

It should be noticed that the general direction of the axial currents is
reverse to the direction of the plunge of the Ikushumbetsu anticline. A similar
relation is found in the Izumi Group where the west-flowing, axial turbidity cur-
rents indicate a direction opposite to that of the plunge of the synclinal struc-
ture (TANAKA, 1965). The situation of the Izumi Group presents a strong con-
trast with the examples given by KNILL (1959) and DEwEY (1962) in which the
direction of the flute casts is consistent with that of the plunge of the syncline.
Another matter to be noted is that the locus of maximum accumulation shifted
northwards, i.e. in the same direction as the axial currents, from the Mb, time
to the Mb, time. In the lower subgroup of the Izumi Group, on the contrary,
the locus of maximum acéumulation is found to be shifted successively in a
direction opposite to that of the axial sediment-transport (TANAKA, 1965).

VIII. 2 Variation of the Current Patterns

Stratigraphical and areal variations of the current patterns

The current flows in Member Ma show consistently longitudinal directions
throughout the studied area, except in the northernmost part of the western
wing of the Ikushumbetsu anticline where they are characterized by transverse
directions. Member Mb which is not exposed in the northern part of the west
wing is represented almost exclusively by longitudinal currents all over the
area. For Member M¢ dominated by longitudinal currents transverse ones play
an important role in the northeastern and southernmost parts of the studied
area. Members Md and Me exhibit consistently longitudinal current directions
on the eastern wing of the anticline, whereas in the northern part of the
western wing the current directions are dominantly transverse (Figs. 37, 38),
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The current pattern of Members Mc and Md in the southernmost part of the
area is characterized by transverse directions.

To sum up, for the deposition of the coarse sediments of the Cretaceous
flysch sequences transverse (or lateral) currents flowing eastwards to south-
southeastwards are the rule in the northern part of the western wing of the Iku-
shumbetsu anticline. The sediments deposited consequently, i.e. those of facies

Lower part . Middle pare Upper part Uppermost part
Inner circles Outer circles

<«— Flute casts <—-= Longitudinal furrows and ridges

— Groove casts — Bounce casts

< Prod casts
¢ === 8triation casts

<—~ Qurrent ripple marks
~~~~~~~~~~~ Shale fragment lineation

Fig. 43. Current data for Member Mc of facies ¢ along the Ikushumbetsu Valley.
Heavy symbols indicate three or more readings.

8, can be easily discriminated lithologically from the sediments of facies «, S
and y deposited by the north-northeastward flowing, major longitudinal (or axial)
currents. Furthermore, the fan-like spread of the current directions in Mem-
ber Mc of facies «, Ikushumbetsu Valley is ascribed to the fact that the
directions vary with stratigraphical unit (Fig.43). In this case transverse
directions are restricted to the upper part of the member in which the sand-
stone layers are generally thicker and coarser grained than in other parts.

Vertical variation of the current pattern in Member Me along the Pom-

betsu Valley

The current pattern is characterized exclusively by transverse directions in
division B, the lower part of the member, and in divisions F and G, the upper
part; it is dominated by longitudinal directions in division E, the middle part.
Therefore, it can be said that division E shows an offshore facies in com-
parison with divisions B, F and G. The current pattern of division A, the
lowermost part of the member, exhibits both longitudinal and transverse direc-
tions (Fig.44). The vertical variation of the current pattern, together with
that of the sedimentary features described in the preceding chapter, strongly
demonstrates that the member in question shows a single cycle of sedimentation
(minor cycle) preceded by at least one smaller cycle (epicycle) represented by
division A. Judging from the facies distribution in Member Me, it may well be
said that the longitudinal currents of the member of facies § in the west were
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Fig. 44. Current data for Member Me of facies § along the Pombetsu Valley.
Heavy symbols indicate three or more readings.

independent of the major, longitudinal currents in the east, i.e. the axial cur-
rents depositing the member of facies «.

In an about 65 m sequence within the member under discussion in which
consecutive azimuthal measurements were made of various kinds of current
indicators wherever possible, four cycles are recognized which are represented
by periodic changes from, say, transverse to longitudinal current directions (Fig.
35%). Such a cyclic variation of the current pattern indicates that the site of
deposition changed periodically from a relatively near-shore to relatively off-
shore environment. These cycles are correlative with and correspond nearly to
the four major epicycles (III1, ITI2, III3 and IIT4) which are detected in
terms of cyclic change of mean level of the sandstone and shale layer thick-
nesses, sandstone percentages and sand-shale ratios. Roughly speaking, the
transverse currents are towards the east for the first cycle, while they are
towards the southeast for all the succeeding cycles, Thus, the point sources for
the coarse sediments of the member may have migrated laterally, say, north-
wards. Any minor epicycle is represented either by a transverse current series
succeeded by a longitudinal one or by a transverse current series alone. The
transverse current series in minor epicycle IIIla barely displays eyclic variation
of current directions in the manner in which the azimuths at the later stage
deviate slightly northwards from those at the earlier stage, that is, they some-
what approach longitudinal current directions. Roughly speaking, the two cur-
rent series thus separated mark much smaller cycles I1Ilae and IIT1aB respec-
tively. Apart from the aforementioned several different orders of eyclic varia-
tion in current pattern, longitudinal current directions are accidentally found

* The azimuths of the directional structures whose sense of current movement is un-
determinable can be inferred with a high degree of reliability from the current directions
gspecially of the flute casts on the same or adjacent sandstone layers,
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within the trangverse current series, while transverse current directions occur
rarely within the longitudinal current series. Furthermore, the short-term varia-
tions of the azimuth appear to be random.

In short, cyclic variation of various scales are recognized not only in the
thickness of sandstone and shale layers, the sandstone percentage and the sand-
shale ratio but also in the current directions. In fact, the long-term cyclicity of
sedimentation in the member under discussion would be better expressed as a
cyclic variation in current direction, It is worthy of mention that the sequences
represented by the longitudinal current series have smaller moving avérage
values of sandstone percentage or sand-shale ratio than do the subjacent and
superjacent sequences represented by the transverse current series. A further
point which requires emphasis is that the transition from the transverse current
series to the longitudinal one or that from the latter to the former is rapid as a
rule. This point may suggest that the individual current series, each having its
characteristic general direction, were derived from different point sources that
were relatively far apart. However, the transition from the eastward, trans-
verse current series to the succeeding longitudinal one is rather slow. Eventually
it is concluded that the major epicycles in Member Me of facies 8§ fundamentally
reflect periodic changes in position of the depositional site within the basin
and migration with time of the point sources which were caused by tectonic
movements in the depositional and source areas. On the other hand, the cyclic
azimuthal variation of a small scale within the transverse current series with
a roughly eastward direction in minor epicycle 1111a (i.e. the case of IIllaa
and IIT1aB) may have taken place in response to a slight change with time of
the slope (or submarine topography) as caused by differential accumulation of
sediments from a common point source and other conditions rather than in
response to migration of the point sources.

VIII. 3 Current Systems and Palaeogeography

Supplementary dato concerning the regional current patiern

In order to supplement the current pattern of the Ikushumbetsu fiysch,
described here are the current patterns of the contemporary flysch deposits in
the adjacent areas and of the overlying Mikasa Formation and Upper Yezo
Group in and around the Ikushumbetsu area. Concerning the flysch sequence
along the upper valley of the Pombetsu, northeastward, longitudinal turbidity
current directions seem to be dominant on the eastern wing of the Ikushum-
betsu anticline and eastward, transverse ones on the western wing in harmony
with the current pattern of the Ikushumbetsu area (Fig.45). Another example
of ‘current pattern of the contemporary flysch deposits is given of the Yubari
area south of the Ikushumbetsu area. Here, the palaeocurrent measurements
were made of sole markings in Member M., some 100 m thick and Member M.,
about 150m thick, which are nearly comparable with Member Mb-Mc and
Member Md of the Ikushumbetsu area respectively. As a result, it is found that
the general sediment-transport was controlled exclusively by easterly to south-
easterly flowing, lateral turbidity currents (Fig. 46). The conclusion presented
here, therefore, is that the resemblance between the Yubari area and the
southernmost part of the Ikushumbetsu antficlinal area is found not only in
lithofacies and thickness but also in current pattern.

The palaeocurrent data on the Mikasa Formation and Upper Yezo Group of
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Mikasa Formation

Main part of the Middle Yezo Group

Fig. 45. Current data for the main part of the Middle Yezo Group along
the upper course of the Pombetsu Valley.

Inner circle: western wing of the Ikushumbetsu anticline,
outer circle: eastern wing of the same anticline.

The southern part of the map corresponds to the northern-
most part of the area shown in Fig. 37.

the Ikushumbetsu area were obtained from current-oriented structures, in-
cluding carbonaceous flake lineation and ecross-lamination, in sandstones or
sandy siltstones at a limited number of station-members (see Fig. 36; Table 25).
A large-sized groove cast found in the Mikasa Formation of shallow-sea
deposition draws one’s attention. The Mikasa Formation and the lower part
of the Upper Yezo Group are characterized by northward to northeastward, longi-
tudinal (or axial) currents (traction currents) on the east wing of the Iku-
shumbetsu anticline and by east-northeastward or southeastward, transverse
(or lateral) currents (traction currents) on the west wing in harmony with
the regional current pattern of the flysch formation (see Fig.38). In addition,
the lateral currents of the Mikasa Formation in the northern part of the west-
ern wing vary in direction from place to place and from horizon to horizon.
This phenomenon may be ascribed largely to shifting deltaic distributary
patterns.

As regards the Upper Yezo Group along the mid-valley of the Ashibetsu,
the eastern wing of the Sorachi anticline where turbidite sediments are com-
mon in several parts, the turbidity currents were longitudinally directed to-
wards the north and northeast as in the case of the group on the eastern
wing of the Tkushumbetsu anticline (Fig. 47). This current pattern supports the
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Fig. 46. Current directions of the main part of the Middle Yezo Group
in the Yubari area.

The data are given in average directions. Numerals attached
to symbols indicate number of readings,

1: Ichi-no-sawa. 4: Anoro-gawa.

2: Shikoro-zawa. 5: Pomporokabetsu.
3: Futami-zawa.

interpretation that the Upper Yezo Group on the eastern wing of the Sorachi
anticline approaches a proximal facies southwards as discussed in my previous
paper (TANAKA, 1959).
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Table 25. Number of palacocurrent measurements for the Mikasa Formation
and the Upper Yezo Group in the Ikushumbetsu area

The data are given in numbers of sandstone layers dealt with for measurements.
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Fig. 47. Current data for the Upper Yezo Group along the Ashibetsu and Porokoashi-
betsu valleys on the eastern wing of the Sorachi anticlinal area.
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Palacogeographic control of the sedimentation

As can be seen from what has been mentioned so far the coarse sedimeunts
of the Cretaceous flysch sequence in and around the Ikushumbetsu area were
transported, on the one hand, by lateral turbidity currents coming from the
west and on the other by northward, axial turbidity currents in the relatively
offshore part of the basin or along the axial part of the trough in the east
(Fig.48). This general pattern of sediment-transport is well confirmed by the
lateral facies variation of the flysch sequence. It suggests that a part of the
main land mass was situated to the west of the Cretaceous outerop area during
the deposition of the Cretaceous flysch formation. From the prevalence of
lateral turbidity currents in the western part of the area under discussion, we
are led to an inference that the trough where the flysch sequence was deposited
may have been in a relatively deep-sea environment not very far from the
western land mass.

It is well established that longitudinal currents played an important role
in sediment-transport in many elongated flysch basins. Such is the case with
the flysch succession in and around the Ikushumbetsu area. Judging from the
areal distribution of longitudinal, transverse and intermediate (oblique) current
directions in the flysch sequence, it may be suggested that the lateral turbidity
currents turned to the axial ones flowing down on the basin floor or along the
axial part of the trough as discussed on some other flysch or turbidite deposits
by KUENEN (1958), DZULYNSKI et al. (1959) and KNILL (1959). Longitudinal
filling from one end of flysch basins as postulated by KUENEN (1957b) does not
apply to the Cretaceous flysch in and around the Ikushumbetsu area. Also,
DEWEY’s idea of the independence of lateral currents on axial currents for a cer-
tain turbidite sequence (DEWEY, 1962) is not applicable to the flysch formation.
Thusg, it is concluded that the east-flowing, gravity-controlled, lateral turbidity
currents from point sources flowed down the lateral slopes into the trough and
then changed their courses according to the northerly, longitudinal slope (or
axial plunge) of the trough floor to turn into the axial currents.

Judging from the current patterns and facies distribution of the flysch
series, it can be pointed out that at least two major point sources for the turbi-
dite sediments existed somewhere to the west of the Cretaceous field studied
(Fig. 48). These two major point sources thus inferred were spaced at an in-
terval of some 20 km. Similar distances are noted also in the Izumi Group
(TANAKA, 1965). In view of the lateral variation of the sedimentary facies,
especially the areal distribution of coarse sediments, it may be said that the
southern major point source, as compared with the northern one, was more
contributory to sediment-supply into the basin owing mainly to the higher relief
of the source area in some periods (e.g. the Mb, Mc and Me times), but was less
contributory in other periods (e.g. part of the Mc time and the Md time) owing
mainly to the lower relief of the source area. It follows that a large delta or
sub-gsea fan facing the northeast was situated on or beyond the shelf near the
southern major point source during certain periods. In addition to the above
two major point sources, the western marginal part or edge of the trough is
naturally supposed to have been fringed with minor point sources discharging a
small amount of sediments. A similar palaeogeographic situation and sediment-
transport pattern are displayed also in the overlying Mikasa Formation and
Upper Yezo Group.

It is important characters of the flysch deposits that conglomeratic rocks of
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insignificant thickness or dispersed pebbles are found only at several levels
(see Fig.4) and that structures indicating downslope slumping or sliding of
sediments are very rare even in the laterally derived sediments (Figs.24,25).
Hence, it will be inferred that during the accumulation of the flysch sequence the
western source area was a low land on the whole and the trough was flanked
with rather gentle slopes on the west side. It is also possible that the basin
was considerably wide. On the contrary, the Izumi Group is rich in conglom-
erate and slump deposits (TANAKA, 1965), thus showing different tectonic set-
ting. That is to say, the group was deposited probably in a relatively narrow,
steep-walled basin which was bordered by very intensely rising source areas on
the north side. Another significant difference is that the general rate of sub-
sidence of the basin was much greater in the Izumi Group than in the Creta-
ceous flysch sequence. Members Md and Me in the northern part of the western
wing of the Ikushumbetsu anticline are characterized by the predominant oc-
currence of lateraliy derived sediments. Their lateral current directions vary
markedly with horizon (Figs. 36, 37, 38, 44; Table 22). This implies that the
conditions of the lateral slopes flanking the trough changed with time owing
largely to tectonic movements of both the depositional and the source areas.
Therefore, it seems probable, as would be expected, that the marginal part of
the trough usually had irregular depositional surface or submarine configura-
tion. On the other hand, as regards the axially derived sediments on the
eastern wing of the Ikushumbetsu anticline, the current directions exhibit a
unimodal but somewhat widely spread distribution as exemplified by Member
Mb (see Fig.41). This may suggest that the axial part of the basin floor has
a gentle inclination and the turbidity currents flowing along it were of low
velocity.

Slump deposits are found in divisions A and F in Member Me of facies §
in the northern part of the western wing of the Ikushumbetsu anticline (Figs.
24,31). Therefore, they occur in the relatively marginal part of the trough
where the coarse sediments resulted mainly from lateral supply. In this con-
nection it should be noticed that the lateral supply on occasion invaded the off-
shore part of the basin where axial gediment-transport played solely the lead-
ing part. A good example is presented in the current pattern of the upper
part of Member Mc of facies «, Tkushumbetsu Valley (see Fig, 43). Addi-
tional indirect evidence is that pebbly mudstone beds of probably western
derivation are met with in the middle of Member Mc of facies « and in unit Ma.
of facies B (see Figs.24,25), The laterally deposited turbidite sequences as
represented by Member Me of facies 8 on the west wing of the Ikushumbetsu
anticline are regarded as deposits of sub-sea fans with a roughly eastward down-
slope axis. On the other hand, axially deposited Member Me on the east wing
of the anticline may be referred to a distal extension of the deposits of northeast-
facing delta fronts in the south. The overall sedimentary facies combined with
the current pattern of Member Me succeeded by the neritic Mikasa Formation
records the beginning of shallowing conditions for a part of the flysch basin.
Unstable tectonic environments concurrent with such shallowing of the basin
are reflected in the discrepancy in epicycles of sedimentation in Member Me be-
tween the eastern wing and the western wing of the Ikushumbetsu anticline (see
p. 68 of this paper). Furthermore, it may be remarked here that the northerly
gradient of the longitudinal slope of the trough floor roughly coincided with the
northward trend of thickening of the formation (e.g. unit Mb.,, Member Md and
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Member Me), hence it may have been closely related to the differential subsidence
of the trough keeping pace with the differential accumulation of the flysch
sediments.

Taking into consideration the current pattern and facies distribution of
the Upper Yezo Group in and around the Ikushumbetsu area, it is very likely
that the axial slope of the basin floor was directed towards the north and the
aforementioned two major point sources responsible for the coarse sediment of
the flysch sequence still existed without remarkable shifting during the deposi-
tion of at least some parts of the group. Unit Ul/, the lower part of the
group, in the northern part of the western wing of the Ikushumbetsu
anticline is much thicker and intercalated with much more thin sandstone beds
than the equivalents (the upper part of unit Ub and the lower part of unit U,)
in certain places within the Ikushumbetsu anticlinal area and the equivalent
(the lower part of unit U,) in the Yubari area. These facts demonstrate that
the northern major point source supplied more sediments into the trough than
did the southern one during the deposition of the lower part of the Upper Yezo
Group. Another indirect evidence for such a palaeogeographic situation is
given in the following lines. The Tsukimi Sandstone Member, the middle part of
the Upper Yezo Group, is developed only on the eastern wing of the Sorachi anti-
cline where sandstone beds of turbidity current origin occur commonly in some
other parts within the group. The member is characterized by the abundant
occurrence of pebbly mudstone in its western facies. The member of the east-
ern facies, on the other hand, is dominated by turbidite sandstone especially in
its lower part. It is plausible that the coarse materials constituting the pebbly
mudstones and sandstones may have been derived mainly from the southwest,
i.e. somewhere near the northern major point source mentioned above. In this
connection, it is interesting to note that the southern part of the eastern wing
of the Sorachi anticlinal area subsided deeper than the adjoining areas,
especially the northern part of the eastern wing of the Ikushumbetsu anticlinal
area, during the deposition of the lower half of the Upper Yezo Group (TANA-
KA, 1959).

IX. Summary and Conclusions

The Cretaceous deposits in the Ikushumbetsu area, central Hokkaido form an
anticlinal structure plunging southwards and is divided into the Middle Yezo and
overlying Upper Yezo Groups. The main part of the Middle Yezo Group is about
1,000 m thick and composed chiefly of bedded sandstone, alternating sandstone
and shale, and shale frequently interlaminated with sandstone, being extremely
poor in conglomeratic rocks. It is stratigraphically divisible into five members,
provisionally named Ma to Me, and ranges from Middle Albian (?) to Upper
Albian in age. Apart from the ammonoids, inocerami and other marine
molluscan fossils which occur sporadically, trace fossils such as Helminthoida and
Paleodictyon are commonly found on the underside of thin sandstone layers. The
sediments constituting the main part of the Middle Yezo Group are referred to
as flysch on the basis of the tectoniec, sedimentological and biological characters.

The sandstone rhythmically alternating with shale and the bedded sandstone
with or without shale interbeds are often poorly sorted and provided with vari-
ous kinds of sedimentary structures typical of turbidites, particularly graded
bedding and directional sole markings such as flute casts and groove casts. From
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all available information, it is natural and reasonable to regard most, if not all,
of these sandstones as turbidites including their proximal variety, fluxoturbi-
dites. Slump beds, however, are very rare in the whole sequence of the flysch
deposits. The sandstones are referred to the subgreywacke and the greywacke
clans of PETTIJOHN’s scheme of classification. The provenance of the sandstones
was older sedimentary rocks such as sandstone, slate and chert and subordinate
igneous rocks (e.g. andesite).

A single sedimentation unit composed of sandstone below and shale above
is called here a graded unit. An ideal unit is divisible into five divisions in
ascending order as follows: graded sandstone with occasional reworked shale
fragments, laminated sandstone characterized by parallel lamination, cross-
laminated sandstone with common current ripple laminations and convolute lami-
nations, laminated sandy mudstone and massive mudstone. As regards
the sandstone layers, some definite relationships are recognized between
the thickness and the sedimentary features such as sequence of internal
structures, undulation of lower contact, grain size at the base, type of graded
bedding and proportion of graded sandstone division to sandstone layer. The
abundance or size of several types of sole markings, whether inorganic or
biogenic, are closely related to thickness and coarseness of sandstone layers.
The thickness distribution of the sandstone and shale layers and that of the
individual divisions within the graded units tend to show different distributional
patterns according to sedimentary facies or depositional environment. They,
however, generally approximate a log-normal distribution.

In the flysch sequence the following different facies are discriminated
according to the mode of deposition of sandstones: fluxoturbidite, turbidite A
(the proportion of graded division to sandstone layer being generally high),
turbidite B (the same proportion being generally low) and laminite (laminated
sandy mudstone) facies. Accompanying the flysch deposits, neritic sandstone or
massive siltstone occurs in a relatively near-shore facies and shale (laminated
mudstone) occurs in a relatively offshore facies. The flysch and associated
sediments come to show a distal facies northwards on the eastern wing of the
Tkushumbetsu anticline, and partly come to show an offshore, deep facies east-
wards in the southernmost part of the anticlinal area.

The lateral variation of the sedimentary facies in the flysch sequence com-
prises two principal types. One type is displayed in the wedge-shaped sedimen-
tary body (tongue) which is represented by sandstone facies (e.g. Member
Me on the eastern wing of the Ikushumbetsu anticline). The sandy flysch facies
involved passes shorewards into the neritic sandstone facies, Noticeable proxi-
mal, massive siltstone facies to be mentioned below does not intervene between
these two facies. The other type is exhibited in the lenticular sedimentary
body (lentil) which consists principally of sandstone and shale in alternation
(e.g. unit Mb, on the eastern wing of the anticline). The normal flysch facies
involved becomes thinner and finer grained proximally as well as distally,
passing towards the source into the massive siltstone facies which, in turn,
comes to be replaced by the neritic coarse-grained facies in the same direction.

The flysch sequence marks the early stage of a single major cycle of sedi-
mentation that is represented by almost the whole sequence of the Middle Yezo
Group. It shows in itself three minor cycles represented by 100 to 500m
sequence which, in turn, consists of epicycles of various scales. In a certain
section made up of sandstone and shale in thin-bedded alternation, major aud
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minor epicycles can be detected by means of vertical variation of the sandstone
and shale layer thicknesses in combination with that of the current directions.
Acid tuff usually occurs in the lower and upper parts of the epicyclic sequences,
especially of the major ones, but never in the middle. The larger the scales of
the cycles, the more important is the part played by epeirogenic movements of
a much wider scope in the formation of the cycles; the smaller the scales of the
cycles, the greater becomes the influence of tectonic movements of a much nar-
rower scope on the formation of the eycles.

From the palaeocurrent measurements of the directional-current structures,
it can be said that for the coarse sediments of the flysch sequence in and around
the Ikushumbetsu area northward, axial transport by turbidity currents took
the leading part in the east, while in the west lateral transport by turbidity
currents from the west was predominant and the resultant deposits are ac-
companied by some, if not remarkable, slump beds. This general sediment-
transport pattern, together with the lateral facies variation, strongly indicates
that a part of the main land mass, the exact position of which is uncertain, may
have been situated to the west of the Cretaceous outcrop area during the depo-
sition of the flysch succession. Moreover, it is suggested that there existed to
the west of the Cretaceous field two major point sources from which sediments
were supplied eastwards into the trough by turbidity currents. A quite similar
regional sediment-transport pattern is recognized in the overlying Mikasa
Formation dominated by neritic sandstone and the Upper Yezo Group consisting
mostly of argillaceous sediments with local turbidite sediments in and around
the Tkushumbetsu area,
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REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE I

1. Outcrop of normal flysch, sandstone and shale in thin-bedded alternation (sandstone
being predominant over shale). Stratigraphic top is to the left. Division B, Member
Me of facies §, Middle Yezo Group, right bank of the Pombetsu.

2. Outcrop of sandy flysch, thick-bedded sandstone interbedded with thin shale. Strati-
graphic top is to the left. Lower part of Member Mc of facies @, Middle Yezo Group,
left bank of the Ikushumbetsu.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE II

1. Pebbly mudstone with some twisted lumps of laminated sandy mudstone. Member Mc
of facies @, Middle Yezo Group, right bank of the Ikushumbetsu.

2. OQutcrop of soles of successive sandstone layers. Note the orientation of sole markings
(e.g. groove casts and flute casts) nearly parallel with the strike of sandstone layers.
Unit Mb, of facies @, Middle Yezo Group, right bank of the Ikushumbetsu.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE 111

1. Flute casts on sole of sandstone. Current from right to left, Unit Mb, of facies e,
Middle Yezo Group, right bank of the Ikushumbetsu.

2. Longitudinal furrows and ridges (ridge casts showing a dendritic pattern) on sole of
sandstone. Current from right to left. Main part of the Middle Yezo Group, upper
course of the Pombetsu.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE IV

1. Longitudinal furrows and ridges (furrow casts and furrow-flute casts) on sole of sand-
stone., Current from right to left. Member Me of facies §, Middle Yezo Group, right
bank of the Pombetsu.

2. Groove casts on sole of sandstone. Current from right to left. Unit Mb, of facies a,
Middle Yezo Group, right bank of the Ikushumbetsu.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE V

1. Bounce cast on sole of sandstone. Member Me of facies §,
Middle Yezo Group, right bank of the Pombetsu. Scale
in centimetres,

2. Prod cast on sole of sandstone. Current from right to left.
Member Me of facies §, Middle Yezo Group, right bank
of the Pombetsu. Scale in centimetres,



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE VI

1. Brush cast on sole of sandstone. Current from lower left to
upper right. Unit Md, of facies §, Middle Yezo Group, right
bank of the Ikushumbetsu. Scale in centimetres.

2. Frondescent casts on sole of sandstone. Current from lower left to upper
right. Unit Mb, of facies @, Middle Yezo Group, right bank of the Iku-
shumbetsu. Scale in centimetres.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE VII

1. Sole markings of unknown origin (probably pit and mound
structure) on sole of sandstone. Member Me of facies 8§,
Middle Yezo Group, right bank of the Pombetsu. Scale
in centimetres.

2. Finely-textured, closely-spaced load casts on sole of sandstone. Note faint alignment in
the direction from upper left to lower right. Member Me of facies §, Middle Yezo
Group, left bank of the Pombetsu.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE VIII

1. Parallel lamination, current ripple lamination and current ripple marks in ascending
order in sandstone layer. Current from right to left. Unit Mb, of facies ¢, Middle
Yezo Group, right bank of the Ikushumbetsu.

2. Convolute lamination in sandstone layer. Member Me of facies §, Middle Yezo Group,
left bank of the Pombetsu.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE IX

R

1. Parting lineation in sandstone slab. Member Me of facies 8,
Middle Yezo Group, right bank of the Pombetsu.

2. Outcrop of current ripple marked sandstone. Current from upper to lower, Member Mc
of facies &, Middle Yezo Group, right bank of the Ikushumbetsu.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE

1. Anapaleodictyon irregulare TaANAkA (MS.) on sole of sand-
stone. Member Me of facies §, Middle Yezo Group, right
bank of the Pombetsu. Scale in centimetres.

2. Helminthoida japonica Tanarka (MS.) on sole of sandstone. Member Me of
facies §, Middle Yezo Group, right bank of the Pombetsu.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE XI

1. Paleodictyon sp. o (regular type) on sole of sandstone. Member Me of facies §,
Middle Yezo Group, right bank of the Pombetsu. Scale in centimetres.

2. Neonereites aff. uniserialis SEILACHER on upper bedding surface of sand-
stone layer. Member Me of facies §, Middle Yezo Group, left bank
of the Pombetsu. Scale in centimetres.



REPORT, GEOLOGICAL SURVEY OF JAPAN, No. 236 PLATE XII

1. Chondrites sp. on upper bedding surface of sandstone layer. Unit Mb, of
facies «, Middle Yezo Group, left bank of the Ikushumbetsu. Scale in
centimetres.

2. Helminthopsis akkeshiensis (Minato and Suvama) (lower middle) and
Paleodictyon sp. a (regular type) (upper left) on sole of sandstone. Mem-
ber Me of facies 8, Middle Yezo Group, left bank of the Pombetsu.
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As a general rule, each issue of the Report, Geological Survey of Japan will have on
number, and for convenience’s sake, the following classification according to the field of
interest will be indicated on each Report.

( Geology
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Sato, Y. : Geological significance of zircon-garnet-tourmaline ratio of the Paleogene sand-
stones of northwestern Kyushu, ‘Ia;’)an, 1969
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No. 231
Konpo, Y. : Studies on structural geology of the Iga tectonic basin, 1968
(in Japanese with English abstract)

No. 232
Geological Survey of Japan : Natural occurrence of uranium in Japan, Part 2, 1969
(in Japanese with English abstract)
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Mori, K. : Study on the subsurface geology of Musashino .upland and northern part of

Tama hilly land—ZEspecially through water well logs , 1969
(in Japanese with English abstract)

No. 234
NARriTA, E. & IcarasHl, T, : Geochemical considerations on the mineralizations in the Osha—
mambe-dake district, Oshima peninsula, Hokkaido, 1969
(in Japanese with English abstract)
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TanAkA, K,

Sedimentation of the Cretaceous Flysch Sequence in the Ikushumbetsu
Area, Hokkaido, Japan

Keisaku TAaNAKA

Report, Geological Survey of Japan, no. 236, p. 1 ~107, 1970
48 illus., 12 pl., 25 tab,

The Cretaceous flysch sequence in the Ikushumbetsu area, central
Hokkaido is described with reference to its sedimentary attributes. The
lithological features and thickness distribution of the sedimentation units
: (graded units) and the inorganic and biogenic sedimentary structures are l
described. Two types of lateral facies variation and cyclic sedimentation 1
| of various scales are discussed, Palacocurrent analysis also is one of the
main subjects of this paper.

551.763 : 551. 3(524. 32)
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