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Abstract: This paper describes the Jurassic clastic sequence of the South Kitakami Belt with special
reference to the sedimentary facies. The strongly folded Jurassic formations comprise several basinal
occurrences and are distributed in two nearly north-south trending synclinal subbelts, the Western
and the Middle Subbelts. The Jurassic strata of the Western Subbelt consist predominantly of mari-
ne muddy deposits, whereas those of the Middle Subbelt consist of coarser clastics including abun-
dant non-marine deposits. The latter added to the Lower Cretaceous clastic sequence are altogether
about 1600 to 4200 m thick, that is, three to four times as thick as the former.

These Jurassic strata comprise the following six facies associations. 1) Alluvial (Fluvialy Associa-
tion includes migrating fluvial, distributary-interdistributary complex and alluvial fan deposits. 2)
Lake Association, which was derived from lake, marsh and fluvio-lake environments, represents
deposits on relatively lower land and consists of finer clastics than the previous association. 3) Beach
Ridge-Coastal March Association is mainly originated from coastal dunes. 4) Shallow Marine Association
consists of coarse- to fine-grained sandstone occasionally accompained by sandy shale containing
marine molluscan fossils. 5) Flysch Association consists chiefly of turbidite showing graded bedding
and the Bouma sequence with subordinate fluxoturbidite. 6) Basin Mud Association consists mostly of
monotonous bedded black shale including marine molluscan fossils.

The Jurassic to Lower Cretaceous formations of the Middle Subbelt, comprise three major
cycles of sedimentation. Each cycle begins with a shallow marine facies, grades through quiet basin
muds into flysch facies (partly lacking) and ends abruptly with thick alluvial associations of two
types.

These deposits show approximately northward paleocurrent directions in the main. The
longitudinal facies changes combined with the mode of deposition indicate that the Upper Jurassic
sedimentation took place in response to northward progradation of deltaic deposition. On the other
hand, it is suggested that a tectonic land existed to the east of the Jurassic basin of the South
Kitakami Belt, from the mode of lateral facies changes in addition to the directional analyses of
slump folds and submarine channel structures. As to the provenance, it is assumed to have been due
to denudation of granitic rocks with subordinate metamorphic and sedimentary rocks during
Jurassic time. The analysis of the combined data indicates that great differences of depositional en-
vironment and geohistory exist between the Western and Middle Subbelts, and that there is a close
affinity in Jurassic sedimentation between the South Kitakami Mountains and the Soma area at the
eastern margin of the Abukuma Mountains.

rocks have made remarkable progress in recent

I. INTRODUCTION AND years. The earliest epoch-making contribution
ACKNOWLEDGMENTS ' was the turbidity current theory proposed by

KUENEN and MIGLIORINI (1950). The rapid

Sedimentological studies including the  progress in marine geology had a great impact
elucidation of sedimentary environments and  on such studies around 1950 and active studies
depositional processes of clastic sedimentary  have been made of flysch type-deposits. Since
the early 1960’s, many studies have been
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shallow water origin including fluvial and
deltaic deposits. These sedimentological studies
have clarified the depositional environment and
thus it has become possible to reconstruct the an-
cient sedimentary basins and to establish their
depositional history. This also has contributed
greatly to the prospecting of underground
resources. _

Sedimentological studies in Japan have been
concentrated on flysch-type basins and less on
non-marine and shallow marine deposits com-
pared with the western European countries.

The writer has made stratigraphical and
sedimentological studies of the Mesozoic forma-
tions of the South Kitakami Belt, Northeast
Japan. The Mesozoic formations of this region,
especially of the Jurassic and Cretaceous forma-
tions are epicontinental deposits with alterna-
tion of marine and non-marine deposits. This
paper analyzes the sedimentary facies of the
Jurassic formations with the purpose of clarify-
ing their sedimentary environments, deposi-
tional patterns, provenance and paleogeo-
graphy. Some studies were also made briefly of
the sedimentation of the Lower Cretaceous for-
mations which conformably cover the Jurassic.

On the sedimentary facies which can be used
as the basis of facies and basin analysis, SELLEY
(1970) says as follows: ‘‘A sedimentary facies is
a mass of sedimentary rocks which can be defin-
ed and distinguished from others by its
geometry, lithology, sedimentary structures,
paleocurrent pattern, and fossils.”’
siders paleoecology, petrography and geochem-
istry as important branches related to sedi-
mentlogical studies (SELLY, 1976). After all,
comprehensive studies from various angles

He con-

would clarify depositional environment and
history, and paleogeography. Here, the con-
cepts of facies and basin analyses in this study
are summarized in Table 1.

The measured sections as a key for the facies
analysis have been correlated by mapping
various sedimentary features. However, the
following difficulties are encountered in the
sedimentological study of this region: 1) These
strata show a complex geologic structure and
key beds are scarce. These factors make the cor-

relation of strata and the establishment of
geometry of beds or facies (e.g. solid feature of
a sand body) difficult. 2) Strictly speaking, the
most fundamental classification of marine or
non-marine beds is not easy in certain cases.

Thus the region is in some difficulties for
sedimentological studies and it is not possible to
conduct detailed description and comprehen-
sive discussion on all the strata constituting a
maximum thickness of 4200 m in five areas.
However, as no full-scale sedimentological
study has yet been made on the whole Jurassic
formations of the South Kitakami Belt, this is
an attempt to provide the basis for more detail-
ed studies in future.

The South Kitakami Belt is mostly floored by
Mesozoic and Paleozoic formations which con-
tain many standard stratigraphic successions
of Japan. On the Jurassic
stratigraphical and paleontological contribu-
tions have been made since the 1880’s. The past
major stratigraphical studies were made by
MasucHr (1933) and INar (1939) in the
Shizugawa area, by MORI (1949) and KASE
(1979) in the Hashiura area, by HAYAMI
(1959a) in the Mizunuma area, by SHIIDA
(1940, 1940-1941) and EHIRO (1974) in the
Karakuwa area, by INAT and TAKAHASHI
(1940), TakaHASHI (1962) and TAKIZAWA et
al. (1974) in the Oshika (Ojika) area, and by
MASATANI (1950) and MORI (1963) in the
Soma area. Syntheses of the above strati-
graphical descriptions include those of ONUKI
(1956, 1969) and HavAmr (1961a). The past
outstanding and important paleontological
studies are those on ammonoids by SATO
(1962) and TakAHASHI (1969) and on marine
bivalves by HAvAMI (1958, 1959b, ¢, d, 1961d)
and TAMURA (1959).

The very few sedimentological studies car-
ried out in the past include the facies analysis by
Takizawa (1975) on the Cretaceous forma-
tions of the Oshika area and that by TAKIZAWA
(1976) on a part of the Jurassic formations
of the same area. Apart from the above, de-

strata many

scriptions of peculiar types of sedimentary
structures were made by BANDO (1959, Creta-
ceous formation ), TAKAHASHI { 1964, Triassic)
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and KAMADA (1979, Triassic). General sum-
mary was given by Havamr (1961b, ¢) and
TakizAwA (1977) on the sedimentary facies
and geological history of the Jurassic formations
of the whole South Kitakami Belt.
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II. STRATIGRAPHY

1. General Remarks

The South Kitakami Belt as defined by
YosHIDA (1975) is one of the important geotec-
tonic divisions of Northeast Japan. The belt con-
sists mostly of Paleozoic and Mesozoic rocks
ranging from Silurian to Cretaceous in age. It is
bordered by the Hayachine Tectonic Belt on
the northeast in the South Kitakami Moun-
tains, extending southward to the Soma area,
the eastern marginal part of the Abukuma
Mountains bordered by the Hatagawa Tectonic
Line on the west (Fig. 1). The Soma area (or
‘“Soma Subbelt”’) is largely floored by
Paleozoic and Mesozoic sedimentary rocks in
addition to pre-Devonian metamorphic rocks
and Cretaceous granitic rocks. These pre-Ter-
tiary rocks have a close geologic relation to
those of the South Kitakami Mountains.
Besides, this belt includes as its southern ex-
tremity the Takakurayama area where late
Paleozoic and metamorphic rocks are exposed.

The Paleozoic strata in the South Kitakami
Belt have been regarded as deposits in the
marginal area of a geosyncline (MINATO,
1966) or in a miogeosynclinal (NAKAZAWA and
NEWELL, 1968) or in an epicontinetal area
(YosHIDA, 1975), and the Mesozoic strata in
this belt most likely consist of non-geosynclinal
deposits. In the southeastern part of the belt pro-
per, the Mesozoic strata comprise Triassic,
Jurassic, and Cretaceous (pre-Aptian) forma-
tions and are covered by Early Cretaceous
volcanics and intruded by late Early Cretaceous
granitic rocks.

Of the Mesozoic strata, the Jurassic to Lower
Cretaceous formations consisting mostly of

clastic sediments occur in three meridional sub-
belts (Fig. 2): the Western (Shizugawa-
Hashiura), the Middle or Central (Karakuwa-
Oshika) and the Eastern (Ofunato) Subbelis.
The last subbelt consists only of the Cretaceous
(probably Hauterivian to Barremian) accom-
panied by a large amount of volcaniclastics, and
brackish to littoral faunas as described by
ONUKI and MORI (1961) and NAKAZAWA and
MuRrATA (1966). The Triassic strata are
represented chiefly by the Scythian to Anisian
Inai Group which widely envelopes the Jurassic
to Cretaceous formations. They are generally of
marine origin and are composed of shale and
sandstone with conglomerate. They are divided
from bottom to top into the Hiraiso, Osawa,
Fukkoshi and Isatomae Formations, being
2000 m or more in total thickness. In addition,
the Anisian to lower Ladinian Rifu Formation
and the Carnian to Norian Saragai Group are
narrowly distributed, the latter being covered
by the Lower Jurassic strata in the Western Sub-
belt.

The Mesozoic and Paleozoic strata of the
South Kitakami Belt are complicatedly deform-
ed by folds of upright type and faults. Each
Jurassic outcrop area is occupied by a single
syncline or an assemblage of minor synclines.
As an example, the structural elements in the
Oshika area where the strata are most intensely
folded are shown in Figure. 3. The structures
with north-south trending fold were formed by
compression in east-west direction and cut by
strike slip faults of east-northeast and northwest
trends.

The folds are classified into four or five orders
according to the scale of wave lengths. They pro-
duced well-developed slaty cleavage in the
strata. This should be taken into consideration
in elucidating lateral changes in thickness of the
folded strata (Fig. 4), Special attention should
be given to the influence of such rotational defor-
mation in measuring current directions of the
sedimentary strucures. Deformation of the mud-
dy rocks is remarkable as seen in the deforma-
tion (rotation) of fossils and calcareous nodules
(P1. VIII-3). The folds in the Oshika area are
understood as flattened flexural folds with
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Fig. 1 Compiled geological map of the South Kitakami Belt, Northeast Japan. The belt comprises the South Kitakami

Mountains (or South Kitakami region) and the eastern margin of the Abukuma Mountains. The boundary between
both mountains is demarcated by a large northwest directional fault crossing Sendai Bay.
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Fig. 4 Schematic profiles for the structural interpretation of the Ogachi Anticline. The left figure (A) is by the previous
authors, and the right one (B) by the writer. Note the difference in thickness between both wings of an anticline.

estimated shrinkage of 50 percent or more in
east-west direction (TAKIZAWA, 1981). Folding
deformation is strongest in the Oshika area,
and moderate in the Karakuwa, Soma and
Mizunuma areas, becoming much weaker in
the Shizugawa and Hashiura areas.

The major tectonic lines related to the South
Kitakami Belt are the Hayachine Tectonic
Line(Belt), Hizume-Kesennuma Line, Futaba
Fault and Hatagawa Fault. All these tectonic
lines are linear in north-northwest direction
with the exception of the Hayachine Tectonic
Line. The last three are considered to have been
formed in the Cretaceous Period, and they con-
trol the distribution of the Mesozoic forma-
tions. The Hayachine Tectonic Line is curved
and possibly originated in pre-Permian time.

There is a large and broad graben of nor-
thwest trend which is regarded as a kind of tec-
tonic zone, near Sendai Bay. It probably
separates the South Kitakami Mountains from
the Abukuma Mountains by horizontal shift-

ing. A right lateral dislocation of 20-30 km be-
tween the two blocks is inferred from the
distribution of the older metamorphic rocks and
the formations.
Moreover, such a dislocation is reflected in the
distribution of an aeromagnetic anomaly zone,
20-30 km wide, just off the Kitakami Moun-
tains.

Mesozoic and Paleozoic

The Mesozoic synclinal structures originally
plunged to the north, but later tilted southward
to show the present structural attitude.

2. Middle Subbelt

The Jurassic to Cretaceous formations in the
Middle (or Central) Subbelt are distributed in
three areas, the Karakuwa, Oshika and Soma
areas from north to south. They comprise the
Middle and Upper Jurassic strata, in addition
to the lowest Cretaceous, and cover the Triassic
Inai Group with an unconformity. Thus, the
Upper Triassic and the Lower Jurassic forma-
tions are lacking in this subbelt. Compared
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with the sequence in the Western Subbelt, that
in the Middle Subbelt is very thick and very
abundant in granitic coarser material.

2-1 Karakuwa Area

This area is situated in the northern part of
the Middle Subblet, where Middle Jurassic to
Lower Cretaceous sequence is distributed. The
stratigraphic succession and geologic map are
shown in Table 2 and Figure. 5. The traditional
two fold divisions of the Jurassic of this area are
not available at present. Consequently, the new-
ly defined Jurassic to Lower Cretaceous se-
quence is called the Karakuwa Group as a
whole.

The Kosaba Formation rests unconformably
upon the Triassic Inai Group, and consists
mainly of massive arkosic sandstone. The basal
part of the formation consists of conglomeratic
sandstone containing fossils such as trigoniids
and Sandstone is
medium-grained with frequent cross-bedding in
the lower part of the formation and fine-grained
with shaly intercalations in the upper part.
Thickness of the formation is about 200 m in
maximum, and thickens to the northeast. The

inoceramids. coarse- to

Kosaba Formation grades into the Tsunakizaka
Formation above.

The Tsunakizaka Formation, about 400 m
thick, is composed mostly of massive or thick-
bedded black shale or sandy shale in the main
part, accompanied by stratified medium-to fine-
grained sandstone in the upper part, the
Sakaguchiirizawa Sandstone Member. The
shale is very sandy and poorly sorted in the
lower half of this formation, and contains oc-
casionally plant fragments.

In the northern part of this area, Bajocian am-
monites such as Stephanoceras cf. plicatissimum,
Sonninia cf. corrugata, Pelekodites (Spatulites) spa-
tians, Otoites sp. and Strigoceras cf. languidum.
(SaTo, 1962, 1972) and bivalves such as In-
oceramus karakuwensis, Inoceramus cf. lucifer, and
Posidonia sp. (HAYAMI, 1961a) occur in this for-
mation.

The Ishiwaritoge Formation consists mainly
of conglomerate and sandstone, being 130 to
190 m thick. In the northern part of the area,
the conglomerate occupies about 45 to 65 per-
cent of the total thickness of this formation. It is
characterized by the abundance of large

Table 2 Stratigraphical succession of the Jurassic system in the Karakuwa area. Abbreviations for stratigraphic units are

used in other tables and figures.

Geologic Age Formation Thickhess| Lithology
i ¥ Calcareous sandstone and
g| Barremian Oshima Fm ca 400 shale with tuff.
S i ; it d i
g Hauterivian Kanaigaura Fm ca 1,00Q Andesitic lavas an —fiycmrco:lfs
3 ‘Valanginian T
2 Isokusa Fm 150 | Bedded shale with sandstone
O! Berriasian
Tithonian g Kogoshio Fm §70-420 | Massive coarse sandstone and
2 shale
et
Kimmeridgian | © e
© _ Bedded shale and sandstone-
Oxfordian 2 Mone Fm 160-360 shale alternation
O =]
- 'é
14 . . Conglomerate and sandstone
© . @ |Ishiwaritoge Fm 130-190 with shale
3 Callovian X
Bathonian (Sakaguchiirizawa Mb) (85) (bedded medium sandstone )
Tsunakizaka Fm 390! Massive sandy shale
Bajocian
Kosaba Fm 200-40 | Coarse to medium sandstone
A
Q
-
m .
S Inai Group ca 1,200 Shale and sandstone
=
-
G: Group Fm:Formation  Mb:Member
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boulders or cobbles of granitic rocks of which
the largest is 60 cm across. On the other hand in
the southern part, the conglomerate is thin and
sandstone interbedded with shale is dominant.
The conglomerate and sandstone beds frequent-
ly show penecontemporaneous erosion struc-
tures and cross-bedding.

It is considered that the Ishiwaritoge Forma-
tion is in conformable contact with the underly-
ing Tsunakizaka Formation, in spite of the
rapid change in lithology. Animal fossils are bar-
ren in this formation, but the shale occasionally
yields plant fossils in the vicinity of Mone.

The Mone Formation consists mainly of
bedded shale in its lower half and medium- to
thin-bedded alternation of sandstone and shale
in its upper half. The lowermost part is oc-
cupied by ‘massive medium-grained sandstone
which has a gradational contact with the
underlying Ishiwaritoge Formation. This sand-

fUNAKIZA A

Geological map of the Jurassic in the Karakuwa area.

stone-shale alternation laterally changes into
laminated shale in the northern part of the area.
The thickness of the formation is 360 m in the
southern part, but it shows a remarkable lateral
change to be reduced to less than half nor-
thward.

A few fossils occur, and they comprise am-
monites such as Perisphinctes ozikaensis, and
bivalves such as Myophorella ( Haidaia) crenulata,
Mpyophorella ( Promyophorella) sp. and Nuculana
sp. (KATO et al., 1977; HayaMmI, 1961a).

The about 500 m
thick, is characterized by very coarse-grained
whity arkose sandstone, which is massive or
very thick-bedded accompanied by shale. The
sandstone is well exposed for thickness of 5 to
20 m in a single bed and shows frequent cross-
bedding. The basal sandstone of the formation
contains abundant reworked pebbles of fossilif-
erous or oolitic impure limestone in the eastern

Kogoshio Formation,

—211 —




Bulletin of the Geological Survey of Japan, Vol. 36, No. 5

edge of the islet of Oshima. Thin orthoconglom-
erate beds are present at several horizons, and
they contain pebbels of granitic rocks, quartz
porphyry, and metamorphosed quartzose
rocks, hornfels and dacitic volcanic rocks.

The marine molluscan fossils are obtained at
several horizons in this formation. They are
Astarte sp. and Nerinea (?) sp. in the lower part,
Goniompa sp. in the lower-middle part, and
Trigonia sp., Chlamys sp., Astarte sp. and Pygurus
(Mepygurus) sp. in the upper part (HAYAMI,
1961a, TAKAHASHI, 1973, EHIRO, 1974 ). Fur-
thermore, the following bivalve fossils occur in
the formation along Higashihama-Kaido;
Nuculana ( Praesaccella) sp. ex. gr. yatsushiroensis,
Pinna sp., Myophorella( Promyophorella) obsoleta
and Astarte cf. spitiensis (HAYAMI, 1961a).

The Isokusa Formation crops out at Isokusa
(Wakagihama) and Nagasaki on the west and
east coasts of the islet of Oshima, and another
outcrop is newly found near Tsurugaura along
the northern coast of the Oshima straight. This
formation consists mainly of black shale partly
intercalated with fine-grained sandstone. At the
top of the formation there is very coarse arkosic
sandstone near Tsurugaura, and it is cor-
relative with the upper part of the Ayukawa For-
mation of the Oshika area. The base of this for-
mation is defined by the sandy shale which con-
formably overlies the coarse sandstone in the up-
permost of the Kogoshio Formation. The
thickness of the formation is very variable as be-
ing 60 m at Wakagihama of the islet of Oshima
and more than 150 m at Tsurugaura of the
Karakuwa Peninsula. The detailed succession
of the formation along the eastern coast of the
islet was given by TAKAHASHI (1973). It yields
many fossils such as Thurmanniceras isokusense,
Berriasella akiyamai, Kilianella sp., Olcostephanus
sp. and Substeueroceras sp. (Sato, 1958, 1962;
TAKAHASHI, 1973 ), and Parallelodon kesennumen-
sis, P. (Torinosucatella) kobayashii, Grammatodon
takiensis, G. sp., Gervillia sp., Pinna sp., Varia-
mussium cf. habunokawense, Entolium kimurai, Man-
tellum akiyamae, Myophorella ( Promyophorella) ob-
soleta, Astarte cf. spitiensis, A. sp., Coelastarte sp.
and Pleuromya sp. (HAYAMI ¢t al., 1960).

2-2 Oshika Area

The Oshika Group ranging from the Middle
Jurassic to the Lower Cretaceous is divided
stratigraphically into three formations, the
Tsukinoura, the Oginohama and the Ayukawa
Formations in ascending order, and is subdivid-
ed into 10 members (Fig. 6 and Table 3). The
group is strongly folded and forms three south-
plunging synclines. The group is distributed
mainly in the Oshika Peninsula occupying most
of the area, and the smaller outcrops occur in
the Oura-Izushima and Urashuku areas to the
north. The thickness and distribution of the
Jurassic to Cretaceous sedimentary sequences
of the South Kitakami Belt are the greatest in
the Oshika areas.

The Tsukinoura Formation overlies the
Triassic Inai Group with an unconformity in
the Ishinomaki sheet-map area (TAKIZAWA et
al., 1984). This formation can be divided
stratigraphically into two members. The lower
member, Tsukinoura Sandstone, is more than
150 m thick, and consists of littoral or inner
neritic sediments which comprise sandstone,
sandy shale and conglomerate. It exhibits two
sedimentary cycles with a decrease upward of
grain size. The upper member, Samuraihama
Shale, underlain by the Tsukinoura Sandstone
with a gradual change of rock-facies, is
represented exclusively by bedded black shale.
The formation is referred to the Bajocian on the
basis of the occurrence of ammonites such as
Stephanoceras sp. and Normannites (Itinsaites) cf.
itinsae (SATO, 1972).

The Oginohama Formation, about 1,400
thick, is conformable to the underlying Samu-
raihama Shale Member, and is divided into
the following four members. The Kitsunesaki
Sandstone and Shale Member, 350 m thick, is
characterized by sandstone and shale in flysch-
like, medium-bedded alternation, intercalated
with conglomerate in the eastern part of the
area. The Makinohama Sandstone Member,
less than 380 m thick, is composed of coarse-
grained sandstone and shale in very thick-
bedded alternation with subordinate conglom-
erate. Plant fossils are contained in several
shale beds (TAKAHASHI, 1941). A thick con-
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glomerate bed rich in pebbles of granitic rocks
crops out at the west of Shirahama. The
Kozumi Shale Member, 150 to 200 m thick,
consists dominantly of bedded black shale
which is probably of neritic deposition. Some
ammonoids and bivalves are found. The Fuk-
kiura Shale and Sandstone Member, about 650
m thick, is composed mainly of shale and sand-
stone in medium-to thin-bedded alternation, ex-
hibiting a flysch appearance.

From the occurrence of some ammonites
such as Perisphinctes (P.) ozikaensis, P. (Kranao-
sphinctes) cf. matsushimai, Lithacoceras onukit,
Discosphinctes sp., Virgatosphinctes aff. communis
and Aulacosphinctoides sp. (FUKADA, 1950;
SATO, 1962; TAKAHASHI, 1969), the geologic
age of this formation is assigned to Late Jurassic
(Oxfordian to Kimmeridgian or Early Titho-
nian age).

The Ayukawa Formation is underlain by the
Oginohama Formation with a conformity, and
is divisible into four members, the Kiyosaki
Sandstone, the Kobitawatashi Sandstone and

Shale, the Futawatashi Shale and the Domeki
Sandstone Members in ascending order. Pale
greenish felsic tuff occurs at several horizons,
and the sandstone except for that of the
Kiyosaki Member commonly contains volcanic
rock fragments.

The middle part of the formation (Kobita-
watashi and Futawatashi Members) contains
ammonites such as Thurmanniceras cf. isokusensts,
Kilianella sp. and Berriassella sp. (TAKIZAWA,
1970) and is assigned to Berriasian to Valangi-
nian in age.

The Kiyosaki Sandstone Member, 640 m
thick, consists of coarse-grained sandstone and
shale in very thick-bedded alternation. Three of
the five stratigraphic units composing the
member are rich in sandstone, but the others
dominated by shale.

The Kobitawatashi Member, 400 m thick,
consists of coarse-grained sandstone and black
or gray shale in very thick-bedded alternation.
Its basal conglomerate contains abundant peb-
bles of dacitic to rhyolitic rocks, and the sand-

Table 3 Stratigraphical succession of the Jurassic System in the Oshika area.

Geologic Age Formation, Member Thickness Lithology
£ U
e Basalt Mb 400 Basalt lava and tuff
.. |EF Andesitic Volcan- Dacitic- Andesitic volcaniclastic
o | Hauterivian| 0 5 iclastics Mb 1,200 ~rocks
g SAN
(] .
o e Domeki Sandstone Mb 600 | pebbly coarse sandstone
S | Valanginian "
g . Bedded and laminated shale with
S ‘; Futawatashi Shale Mb 620 sandy intercalations
o - A
x |Kobitawatashi
Berriasian i Ss & Sh Mb 400 | coarse sandstone and shale
<
Tithonian g- Kiyosaki Sandstone Mb 640| Coarse sandstone and shale
2
Kimmeridg- o LE Fukkiura Sh & Ss Mb 650 | sandstone-shale alternation
ian| $| o
"ﬁ’ £ |Kozumi Shale Mb 150-200| Thick-bedded shale
©
O <« -
(3]
= | Oxfordian e Makinohama
» S Sandstone Mb 880 | Coarse sandstone and shale
©
~ o .
3 | Callovian Kitsunesaki Ss &Sh Mb 35(Q| Sandstone-shale alternation
| E .
Bathonian S L |Samuraihama Shale Mb 500| Massive or thick-bedded shale
T ®
x 0 -
Bajocian 2 3 |Tsukinoura Sandstone Massive sandstone with conglom-
- Mp | 150-250 erate and sandy shale
e
g Sandy shale, slate, sandstone
= inai Group ca 2,000 and conglomerate
b
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Fig. 6 Geological map of the Jurassic in the Oshika area. Geologic section (A-A') is given in Fig. 3.
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stone contains numerous rock fragments of the
kind. Cross-bedding is
developed in the sandstone. Neritic bivalves of
the same kinds as those of the Isokusa Forma-
tion of the Karakuwa area occur in the shale
beds (Takizawa, 1970).

The Futawatashi Member, 620 m thick, con-
sists chiefly of muddy flysch-like sediments
which are represented by black, thin- to
medium-bedded or laminated shale frequently
interbedded with sandstone. The member is
characterized by the frequent occurrence of dis-
turbed beds as represented by slump overfolds
and slump balls. Thin layers of fine-grained

same commonly

sandstone display various kinds of sole marks,
cross-lamination and current ripples.

The uppermost Domeki Member consists
mostly of very coarse-grained, feldspathic sand-
stone with subordinate conglomerate prevailing
of felsic volcanic pebbles. Cross-bedding is com-
mon. Molluscan fossils are barren in this
member. The member is mostly of non-marine
origin.

2-3 Soma Area

The Middle Jurassic to Lowermost Creta-
ceous Soma Group crops out in a narrow zone
along the eastern margin of the Abukuma

Mountains forming a north-south trending an-
ticlinorium. The Group is divided into seven
formations as shown in Table 4 and Figure 7.
Of these formations the lower three are
distributed in the northern part and are discon-
formable with each other. The upper four for-
mations are distributed more extensively in the
central and southern parts. They form an an-
ticlinorium of a nearly north-south trend with
many strike-faults. The total thickness of the
group is more than 1600 m. The thickness of
each formation is given in Table 4.

The lowermost Kitazawa Formation consists
mainly of coarse- to medium-grained arkosic
sandstone and is similar in lithology to the pro-
bably pre-Jurassic Karosan Formation in the
northern part of the mapped area. Its lower
limit and thickness are unknown because of the
fault, and exact age can not be determined
because of no fossil evidence.

The Awazu Formation disconformably over-
lies the Kitazawa Formation to the west of
Awazu and the Karosan Formation at the nor-
thern margin of its outcrop area(the upstream
of the Shiiki-Gawa). Its basal conglomerate con-
tains pebbles of adamellitic granite. This Forma-
tion, 160 m thick, consists mainly of black

Table 4 Stratigraphical succession of the Jurassic System in the Soma area.

Geologic Age Formation Thickness Lithology
n {my
; Shale with sandy intercala
& | Berriasian Koyamada Fm 160 —tions and dacitic tuff
Tithonian g Tomizawa Fm 400 [Coarse sandstone and shale
T
[} Coarse sandstone, Timestone
Kimmeridgian Nakanosawa Fm 140 Wwith sandy shale
Oxfordian :
© ; Coarse to fine sandstone and
g E Tochikubo Fm Ca.350 shale
4 7]
o | Callovian . s . .

,S Yamagami Fm Ca.200 Massive medium sandstone with
S shale
Bathonian Awazu F 160 Shale or sandy shale, fine

urm

Baioclan : sandstone and conglomerate

\K/:M;/\/\ ? Coarse to medium sandstone

Itazawa rm
?

Coarse to medium sandstone
? Karosan Fm 2 with shale
i Pelitic schist with psamitic
Wariyama Fm schist
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Fig. 7 Geological map of the Jurassic in the Soma area.

shale, which is similar in lithology of the
Tsukinoura Formation of the Oshika area, but
is thinner and the shales are more sandy than
the Tsukinoura Formation. It yields bivalves
such as  Chlamys Latitrigonia
pyramidalis, Vaugonia awazuensis (MASATANI
and TAMURA, 1959) and Bigotites sp. (SATO,
1962). From these fossils, the formation is
assigned to Late Bajocian or Early Bathonian in

awazuensis,

age.

The Yamagami Formation, about 200 m
thick, consists mainly of massive medium-grain-
ed sandstone, accompanied by alternating sand-
stone and shale in the southern part of the out-
crop area. Marine molluscan fossils occur rare-
ly.

The Tochikubo Formation consists of arkosic
sandstone and shale with coal seams. This for-
mation yields abundant plant fossils, but lacks
marine fossils, probably because of non-marine
origin. The formation is similar in lithofacies to
the Makinosaki Sandstone Member of the
Oshika Group, but devoid of thick conglomer-
ate beds.

The Nakanosawa Formation consists mainly
of arkosic or calcareous sandstone accompanied
by impure limestone in its upper part (Koike
Limestone Member). The formation is charac-
terized by the abundant occurrence of marine
molluscan fossils (SATO, 1962; TAMURA, 1959,
1961). In addition, the Koike Limestone con-
tains abundant fossils such as stromatoporoids
and corals which are common to the Torinosu
Fauna (MORI, 1963). This formation was con-
sidered to range in age from Oxfordian to Kim-
meridgian by MORI (1963), but the Koike
Limestone Member should be assigned to Early
Tithonian in age because of the occurrence of
Aulacosphinctoides cf. steigeri (SaTO, 1967).

Tomizawa Formation is composed of arkosic
sandstone and shale in very thick-bedded alter-
nation, and is very similar to the Tochikubo
Formation in lithology. The Formation which
lacks marine fossils is considered to be mostly
non-marine deposits.

The Koyamada Formation, the uppermost of
the Group, is dominated by black shale with
dacitic tuff interbeds. This formation is mostly
assigned to Berriasian in age because it yields
Parakilianella umazawensis and Thurmanniceras sp.
(SaTo, 1962).

3. Western Subbelt

In the Western Subbelt, Jurassic formations
are distributed in four separated areas. The
areas are the Chonomori, Shizugawa, Hashiura
and Mizunuma areas, from north to south. The
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Shizugawa and Mizunuma areas, among
others, serve as the main sources of the stratigra-
phic descriptions of the present subbelt (Figs. 8
and 9). The Jurassic sequence in the Western
Subbelt consists of two groups, the Lower
Jurassic Shizugawa Group and the Middle to
Upper Jurassic Hashiura Group. Besides these,
probable lowest Cretaceous Jusanhama Group
is distributed only in the Hashiura area.

The successions of the two major divisions of
the Jurassic sequence are essentially the same

SHIZUGAWA

throughout the Shizugawa and Mizunuma
areas as shown in Tables 5 and 6. Therefore,
the successions will be described together. The
thickness of each formation is given in Tables 5
and 6.

Shizugawa Group This group overlies the
Upper Triassic Saragai Group and the
Uchinohara Formation, and the Middle
Triassic Isatomae Formation with an uncon-
formity, and is subdivided into the Niranohama
Formation below and the Hosoura (Mizu-

Porphyrite
Sodenohama Fm

% Arato Fm

E  (ss.-sh. alternation)

Aratozaki Fm
I]]m]]]l Shizugawa G.
(Lower Jurassic)
Saragai G.
(Upper Triassic)

Fig. 8 Geological map of the Jurassic in the Shizugawa area.

Table 5 Stratigraphical succession of the Jurassic System in the Shizugawa area.

Geologic Age Formation Thickness Lithology
; m :
Tithonian (0] Sodenohama Fm ca 200 Fine sandstone w‘1th sandy.
- @ intercalations.|
] i- b
Q K,mmjéllan E Arato Fm 470 Thick-bedded shale and )
g- (Bath. — Oxf.) g shale-sandstone alternation
O Bajocian = Ki F Coarse sandstone and conglom
S Aratozaki Fm 55 erate
“
m .
3 Aalenian 0]
= ~ © Hosoura Fm 135 | Bedded {sandy) shale
g Toarcian z
o| Sinemurian| o
=2 3 A h F 80 Fine sandstone and sandy
Hettangian| = Niranohama Fm shale
(2]
° Coarse to medium sandstone
S Saragai Group ca 500 and sandy shale
]
2
|: Sandy shale, slate,sandstone
Inai Group ca 1,500 and conglomerate
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numa) Formation above. Its detailed succession
and fossils were reported by Havamr (1959d,
1961a).

The Niranohama Formation consists of fine-
grained sandstone and sandy shale which are
frequently interbedded and interlaminated with
each other in the main part. Moreover, massive
medium- to fine-grained sandstone occurs in
the lower and upper parts. A thin conglomerate
bed is found in the basal part of the formation
in the Mizunuma area. The formation contains
very abundant bivalves such as Burmesia japon-
ica, Eomiodon vulgaris and Geratrigonia hosourensis,
and in its upper part, a Hettangian ammonoid,
Yebusites onoderai and abundant bivalves such
as Vaugonia and Meleagrinella occur. In the
Mizunuma area, there are more than ten shell-
beds, several tens of centimeters to 1m in
thickness.

The Hosoura({ Mizunuma) Formation is com-
posed mainly of black-bedded shale (or sandy
shale) including calcareous nodules. The shale
is finer grained than that of the Niranohama. In

KITAKAMI RIVER

fi L\IJ"J l‘[

Al

IHARAZU

ISHINOMAK | A

the Shizugawa area the formation yields abun-
dant ammonoids indicating Sinemurian-Aale-
nian age, such as Arnioceras yokoyamai, Hosourettes
tkianus, Planammatoceras kitakamiense and Tmeto-
ceras recticostatum (SATO, 1958). In addition,
some bivalves such as Variamussium, Vaugonia
and Inoceramus are contained (Havami, 1961a).
The Mizunuma Formation is equivalent to the
Hosoura Formation, but it does not contain
ammonites in spite of the occurrence of brack-
ish bivalves such as Bakevellia, Isognomon and
Eomiodon (HAYAMI, 1959b).

Hashiura Group This group rests discon-
formably on the Shizugawa Group, and is sub-
divided into the Aratozaki(Qjima), Arato
(Owada) and Sodenohama Formations in as-
cending order. The Sodenohama Formation is
distributed only in the Shizugawa area. Along
the western wing of the syncline this group rests
immediately on the Triassic Inai Group.

The Aratozaki(Ojima) Formation consists of
massive arkosic coarse-grained sandstone. In
the Shizugawa area, it is accompanied by con-

Plutonic rocks
Dike(porphyrite)
Cretaceous
% Owada Fm

[
< ﬂmﬂm Mizunuma Fm
[

9) [ﬂ]mmm Niranohama Fm

Fig. 9 Geological map of the Jurassic in the Mizunuma area.
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Table 6 Stratigraphical succession of the Jurassic System in the Mizunuma area.

Geologic Age Formation Thickness Litholo
s gy
Kimmeridgian?| 5 N
. Oxfordian @ Owada Fm 420 | Massive or th1ck-bedd§ga]e
>
g: Caliovian =
w e
S Bajocian s | Ojima Fm 20 | Massive coarse sandstone
gl | =
(lg [Aalen'an] (z Mi E Massive shale,
3|~ |Toarcian fzunuma Fm 85 occasional sandy
3|s z
2
(-] (Sinemurian) g’ Cearse to medium sand )
=~ N | Niranohama Fm 140-200 —stone {Upper part
Hettangian = Fine sandstone and sandy
@« ” shale {Lower part)
© Uchinohara Fm 250 | Massive medium sandstone
>
©
L]
-
.= Sandy shale, slate, sand
Inai GI‘OUD Ca.2,000 —stone and conglomerate

glomerate in parts and by fine-grained sand-
stone in the lowermost part. It contains abun-
dant bivalves represented by Trigonia sumiyagura
and other trigoniids. Also, Cucullaea, Modiolus,
Oxytoma, Inoceramus, Camptonectes, Entolium etc.
were obtained from the lowermost part and
Kobayashites, Isognomon, Eomiodon and Protocardia
from the uppermost part by Havamr (1958).
The Arato Formation is composed of sand-
stone-shale alternation, laminated shale and
bedded shale from the base upward. The
Owada Formation consists mainly of bedded
shale. The sandstone-shale alternation is of
flysch type showing distinct graded bedding and
lamination. The laminated shale is rich in trace
fossils in the Shizugawa area. The Arato and
Owada Formations and their equivalents yield
Bajocian ammonoids such as Leptosphinctes cf.
martiusi, Stephanoceras hashiurense and Cadomaites
bandoi, Callovian Kepplerites(Seymourites) sp.
and Ozxfordian Perisphinctes (Kmnaosphinctes)
matsushimai (KOBAYASHI, 1947; SaTO, 1958,
1962; TAKAHASHI, 1969). Furthermore, Kim-
meridigian ammonoids such as Idoceras (?) sp.
are known to occur in the Arato Formation, in
addition to Tithonian or earliest Cretaceous
sp. and
Olcostephanus (?) sp. in the Hashiura area

ammonoids such as Berriasella

(Kask, 1979).

The Sodenochama Formation possibly rests
disconformably on the Hashiura Group and
consists dominantly of fine-grained sandstone
intercalated with shale. Its detailed stratigra-
phic succession and upper limit are not known
because of the complicated fold and fault struc-
ture and the scarcity of guide fossils. It yields
Aulacosphinctoides of the Lower Tithonian.

Jusanhama Group This Group is probably
referred to the Lower Cretaceous and is
distributed only in the Hashiura area. It is sub-
divided into three formations each of which con-
sists mainly of arkosic coarse- to medium-grain-
ed sandstone and carbonaceous shale. The
Group covers unconformably the underlying
Nakahara Formation which is nearly equivalent
to the Arato Formation. In this group a diagnos-
tic bivalve fanule represented by Filosina jusanha-
mensis (corbiculid), Crenotrapezium kitakamiense,

Protocardia morii etc. are found (Havamr,
1960).

4. Stratigraphic Comparison Among the
Jurassic Formations
The Lower Jurassic formations are distrib-
uted only in the Western Subbelt. On the other
hand, the Middle to Upper Jurassic units ex-
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Fig. 10 Comparison of the Jurassic strata in the South Kitakami Belt.

tend over both the Western and the Middle Sub-
belts, and further south into the Soma area.
The lithological comparison of these strata is
shown in Figure 10. From the mode of develop-
ment of the Jurassic formations between the sub-
belts, it can be recognized that the two subbelts
were well differentiated during the Jurassic.
The Jurassic formations of the Western
Subbelt, viz., the Shizugawa, Hashiura and
Mizunuma areas, show more or less similar ver-
tical changes of lithofacies and biofacies. They
have two transgressive megacycles which are
represented by the Shizugawa and the
Hashiura Groups respectively. The Lower
Jurassic megacycle is about two hundreds
meters thick and the Middle to Upper Jurassic
one exclusive of the Sodenohama Formation

roughly four hundreds meters. The stratigra-
phic correlation of this subbelt is summarized in
Table 7.

As suggested from the geological maps of the
Shizugawa and Mizunuma areas (Figs. 8 and
9), the Hashiura Group is far more broadly
distributed than the Shizugawa Group, marked-
ly overlapping the latter toward the west. Thus,
it is noted that the Middle Jurassic transgres-
sion was comparatively extensive.

On the other hand, the Jurassic formations of
the Middle Subbelt including the Karakuwa
and Oshika areas differ in lithofacies and succes-
sions from those of the Western Subbelt. Such
is the case particularly with the Upper Jurassic
formations. The Jurassic sequence of these
areas, in addition, is several times as thick as
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Table 7 Stratigraphic correlation of the Jurassic System in the Middle Subbelt.

Age i KARAKUWA OSHIKA SOMA Selected ammonoid species
Barremian Oshima Fm Crioceratites ishiwarai
Hauterit ian . & Basalt Mb

Kanaigaura Fm g g Andesitic Volcaniclas-

a . > 8 tics Mb

3 S S s i N N Ny (N N N N . e e W

¢ | Valanginian i

& Domeki Sandstone Mb Olcostephanus sp.

® Kilianella sp.

8 Isokusa Fm

a Futawatashi Shale Mb Thurmanniceras isokusense
B Protacanthodiscus akiyamai
Berriasian % Kobitawatashi Ss & Sh Mb Koyamada Fm Berriasella sp.
i Substeueroceras sp.
) < . . . . . .
Tithonian Kogoshio Fm Kiyosaki Sandstone Mb Tomizawa Fm Aulacosphinctoides cf. steigeri
Aspidoceras sp.
. R Fukkiura Sh & Ss Mb . . .. . .
Kimmeridgian Mone Fm g } Nakanosawa, Fm Discosphinctes cf. kiritaniensis
%’ é E Lithacoceras onukii
5 g Kozumi Shale Mb Perisphinctes ozikaensis

it Oxfordian g % & Tochikubo Fm Kranaosphinctes cf. matsushimai

@ Ishiwaritoga Fm 8 g | Makinohama Sandstone Mb g

81 callovian ) © Bul latimorphites sp.\—

=4 5; |§akaguchiirizawa. Ss Mb Kitsunesaki Ss & Sh Mb 5 Yamagami Fm Choffatia(?) oginohamaensis

“ e N N N A
. Bigotites sp.
Bathonian Tsunakizaka Fm g gl Samuraihama Shale Mb Awazu Fm Normanites(Itinsaites) sp.
gH Pelekodites spatians
Bajoci i< Otoites spp.
Joclan Kosaba Fm é Kitazawa Fm Stephanoceras cf. plicatissimum
e~~~ & | Tsukinoura Sandstone Mb 2 A
%)

Trias-

Inai Group

Inai Group

Karosan Fm (?)
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Table 8 Stratigraphic correlation of the Jurassic System in the Western Subbelt.

Area
Age SHIZUGAWA HASHIURA MIZUNUMA Selected ammonoid species
Tsukihama Fm . . . .
Early % Filosina jusanhomensis
Cretaceous g ] Tategami Fm
Q
5_ | Yoshihama Fm
2~
Tithonian Sodenohama Fm Aulacosphinctoides sp.
& | Kimmeridgian 2
5 Taramelliceras sp.
. . Nagao Fm . Kranaosphinctes cf. matsushimai
Oxfordian & Arato Fm o P
— « Hecticoceras sp.
Callovian é g E Owada Fm Kepplerites sp.
(3] © Kw) o~ g
ol —
n | g Bathonian § E =t
%] ©
o N . . .
g g Bajocian g Garantiana sp., Parkinsonia sp.
) Aratozaki Fm Nakahara Fm Ojima Fm Cadomites sp., Leptosphinctes sp.
— ralons S e e e NP NP NN DN N~~~ Stephanoceras sp.
alenian . ; S Irigonia_sumiyagurai
&) [&2)
. Hosoura Fm Hosoura Fm g Planammatoceras kitakamiense
5 Toarcian i A .
= ) ) % % 8 Mizunuma Fm Hammatoceras kitakamiense
k| Sinemurian éo gt g Hosoureites ikianus, Harpoceras sp.
Hettangian K S| e Arnioceras yokoyamai
© | Niranohama Fm ? | Niranohama Fm @ | Niranohama Fm - Yebisites onoderai
o Late Saragai Group Uchinohara Fm Uchinohara Fm
.:;l) M'ddl i Tl e N N e N Dl i g
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the corresponding strata of the Western Sub-
belt. Special emphasis must be made on the fact
that the Jurassic strata of the Karakuwa and
Oshika areas bear resemblance to the Soma
Group of the Abukuma region in the lithofacies
and biofacies in addition to the mode of their
vertical changes, as Havamr (1961c) and
MOoRI (1963) have also strongly pointed out.

The sequence of arkosic sandstone and black
shale in the Middle Jurassic of the Karakuwa
and Oshika areas, viz., the Kosaba, Tsunaki-
zaka and Tsukinoura Formations is well com-
pared with that of the Awazu Formation in the
Soma area. The Ishiwaritoge Formation of the
Karakuwa Group and the Makinohama Mem-
ber of the Oshika Group are likewise compared
with the Yamagami and Tochikubo Formations
of the Soma area. These strata of probably Ox-
fordian age are characterized by pebbly arkosic
sandstone containing plant beds. The occur-
rence of Perisphinctes and Myophorella is common
in the Mone, Oginohama and Nakanosawa For-
mations. The arkosic very coarse sandstone of
the Tomizawa Formation are very thickly bedd-
ed and its weathered color is characteristically
whity. It is quite comparable to the sandstone of
the Kogoshio Formation and the lower part of
the Ayukawa Formation. The uppermost Koya-
mada Formation, moreover, can be correlated
with the Isokusa Formation and the middle part
of the Ayukawa Formation based on the lithol-
ogical and faunal resemblance. The respective
lowermost parts of the Kogoshio and Ayukawa
Formations have intraformational conglomer-
ate composed of limestone pebbles. And they
can be roughly correlated with the Koike
limestone of the Nakanosawa Formation in the
Soma area.

Thus, judging from the similarity of the
lithology and fossil content, it will be said that
the Middle to Upper Jurassic series of the Soma
area is quite identical with that of the
Karakuwa and Oshika areas in the Middle Sub-
belt, and consequently the Jurassic correlation
of these three areas can be summarized in Table
8. It is considered that the three areas were
originally included in one and the same
sedimentary trough. The Soma area, therefore,

will be treated in the capacity of the Middle Sub-
belt of the South Kitakami Belt.
III. FACIES

Most of the Jurassic formations are compos-
ed of clastic sedimentary rocks with a small
quantity of tuff and limestone. Lithologically,
these rocks fall into five facies groups: sand-
stones, shales, sandstone-shale rhythmic alter-
nations, conglomerates and calcareous rocks in
order of abundance.

The framework of classification of facies to be
presented in this chapter is based mainly on the
features of these lithologies in addition to the
sedimentary structures (containing stratifica-
tion style) and fossils. Besides, petrological and
geochemical properties are available for the
recognition of facies, as the case may be.

The classification of stratification according
to thickness is given in Table 9.

1. Sandstone Facies
Sandstone, together with shale is the main

Table 9 Thickness classes of stratification in this study.

1. Bedding
Type of bedding Thickness in cm
Massive-beded(non-repeated)
. > 300
Very thick-bedded
Thick-bedded 100 — 300
Medium-bedded 30 — 100
Medium thin-bedded 10 — 30
Thin-bedded 3 — 10
Very thin-bedded 1T — 3
Laminated < 1
2. Horizotal stratification
Horizontal-bedded > 1
Parallel-lamination < 1
3. Cross-stratification
Cross-lamination < 4
Cross-bedding > 4
Small-scale 4 — 10
Medium-scale 10 — 30
Large-scale > 30
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constituent rock of the Jurassic strata of the
South Kitakami Belt. As the result of the field
and microscopic observations, five sandstone-
dominated facies are recognized as mentioned
below (Facies a, b, ¢, d and e). Facies ¢, d and
e are accompanied by only a small amount of
shale in comparison with the others. The
classificatory scheme proposed by OKADA
(1971a) is used basically for the sandstone
classification in this study. Commonly used
term ‘‘arkose series’’ of sandstone is applicable
according to PETTIJOHN’s
scheme (PETTIJOHN, 1975).

The grain size as well as the matrix content of
the sandstone is quite variable. It is noted that
poorly cemented coarse- to very coarse-grained
sandstone which is partly disseminated with
granules occurs commonly in the Upper
Jurassic and Lower Cretaceous strata of the
Middle Subbelt. This sandstone belongs mostly
to arenite whose clay matrix is usually less than
10 percent. As the sandstone contains more
than 25 percent of feldspar in general, it

in some cases,

belongs to typical arkose or feldspathic arenite.
But a small amount of quartzose sandstone and
quartz arenite exist in part. On the other hand,
medium- to fine-grained sandstone which is
rich in matrix (more than 15 percent), that is,
feldspathic wacke, is also commonly found in
the rhythmically alternating beds of the Upper
Jurassic.

The differences of sandstone-types mention-
ed above, especially in round volume of matrix,
will give an important significance to examine
the sedimentation of these strata.

Facies a: Massive Coarse-grained Sand-

stone (containing marine fossils)

The massive coarse-grained sandstone ap-
pears to be structureless, but it often shows
cross-bedding (Pl. III-2) and parallel lamina-
tion. This type.of sandstone is poor in muddy
matrix to be referred to arenite and is occa-
sionally calcareous. Trigoniids, as a represen-
tative of the bivalve fauna, occur in the sand-
stone.

Based upon the above-mentioned features,
sandstone of this facies indicates that the
sediments were transported by traction currents

under a shallow sea environment.

This facies occurs in the Kosaba, Tsuki-
noura, Awazu and Nakanosawa Formations
of the Middle Subbelt, and also in the Arato-
zaki and Ojima Formations in the Western
Subbelt.

Facies b: Massive or Thick-bedded Medi-

um- to Fine-grained Sandstone
(Arenite)

This facies is similar in stratification and

sedimentary structure to the massive coarse-
grained sandstone noted above except for the
grain size. It should be noted that the well-
sorted feldspathic arenite is very common in
this sandstone facies but does not show graded
bedding in spite of occasional alternating with
bedded sandy shales (Facies g). This facies is
subdivided into two types, namely Subfacies b,
and bo.
- Subfacies by shows the same sedimentary
features as Facies a except for the grain size of
sandstone and also yields marine bivalve fossils.
Thus Subfacies b; sandstone is clearly of
shallow marine origin. The transitional phase
from Facies a is recognized commonly in Facies
bs. This subfacies is found in the same forma-
tions as Facies a in addition to the Kogoshio,
Oginohama (Kozumi M.) and Sodenohama
Formations.

On the other hand, Subfacies by does not con-
tain marine molluscan fossils and it is difficult
to clarify environmental conditions clearly. The
exposures of the subfacies are found in the
Yamagami and Tochikubo Formations in the
Soma area.

Facies c¢: Very Thick-bedded Coarse-grain-

ed Sandstone Intercalated with
Shale
beds)

This facies consists of very thick-bedded alter-
nating coarse-grained sandstone and shale.
Each bed measures from 5 to 30 m in unit-
thickness as shown in Figure 11. The sandstone
shows conspicuous cross-stratification (Fig. 12;
Pl. I and II). It also contains exotic pebbles
and/or intraformational shale clasts which
measure a few tens of centimeters in diameter
(Fig. 17). The compactly aggregated shale

(containing plant fossil
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Thickness of a single cycle

Fig. 11 Thickness distribution of fining-upward cycles in
the Makinohama Sandstone Member of the Oshika
Group. These cycles are represented by Facies c;.

0 im

Fig. 12 Epsilon cross-stratifications (lower half of the
figure) and intraformational shale clast conglomerates
(upper half) in the Makinohama Sandstone Memaber
of the Oshika area. Dotted area, sandstone; black area,
shale.

clasts are occasionally recognized as intraforma-
tional conglomerate beds. Shale is generally
gray to dark gray and partly black, and yields
plant fossils, thus being very similar to that of
Facies h. Furthermore, the shale of Facies ¢
contains occasional intercalations of carbona-
ceous or coaly shale.

Based on the mode of vertical grading within
a single unit bed of sandstone, Facies ¢ is sub-
divided into two subfacies as follows.

Subfacies c1: This subfacies is characterized
by that the sandstone bed becomes upward finer
grained and finally grades up into the shale bed.
The bottom surface of sandstone bed shows con-
temporaneous erosional structures and its basal

part consists of intraformational conglomerate
less than 1m thick. The cross-stratification
within a sandstone bed tends to decrease up-
ward in scale from large-scale cross-bedding
through small-scale cross-bedding to ripple-
drift cross-lamination.

The carbonaceous shale interbeds yield many
plant fossils. There are occasionally thin inter-
calations of fine- to medium-grained sandstone
in the shale of Subfacies c;. The sandy intercala-
tions show well-developed lamination of various
kinds such as parallel and wavy laminations
and ripple-drift cross-lamination.

Subfacies c;: This subfacies is characterized
by alternation of sandstone and shale, in which
sandstone below pass abruptly into shale above.
Large-scale cross-bedding is often found, but
small-scale cross-bedding or cross-lamination is
uncommon. The shale is similar to that of Sub-
facies ¢y, but laminations and thin sandy interca-
tions are worse developed therein.

Of these two subfacies (¢, and ¢,) , Facies c; is
probably attributable to meandering river
deposition (TAKIZAWA, 1975, 1976). A part of
Facies ¢, was considered by the writer (op. cit.)
to have accumulated in a sandy belt along the
coastal line, but is now regarded as including
also deposits under distributary and inter-
distributary environments as will be discussed
later.

The sandstone of the above two subfacies is
very common in the Ishiwaritoge (in the
southern part of its outcrop area), Kogoshio,
Oginohama (Makinohama Sandstone), Ayu-
kawa (Kiyosaki Sandstone), Tochikubo and
Tomizawa Formations of the Upper Jurassic.

Facies d: Bedded and Laminated Fine- to

Medium-grained Sandstone In-
terbedded with Shale (containing
plant beds)

The sandstone bed generally has conspicuous

stratification represented by association of -

smaller-scale cross-bedding and cross-lamina-
tion (Pl. II-1B) either of which is well
developed according to grain size. The sand-
stone is mainly referred to arenite. This facies
appears to have no features of flysch-type se-
quence in spite of the sandstone being frequent-
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ly intercalated with shale. There are many cases
of fining- or thinning-upward and some of
reverse cases ( P1. II-1A ). This facies has in part
coaly shale and plant fossil beds.

Facies d is considered to be mixed load ( trac-
tion and suspension) deposited under a non-
marine environment based on its close associa-
tion with Facies ¢ which has no marine indica-
tion.

The Tochikubo Formation and the Sakagu-
chiirizawa Sandstone Member include a large
amount of this facies.

Facies e: Thick- to Medium-bedded Medi-

um-grained Sandstone (wacke)

This facies consists of relatively thick sand-
stone beds associated with Facies j represented
by flysch-type alternation. The sandstone bed is
usually 30 to 300 cm thick (PL. IV-3) and occa-
sionally attains several meters thick. Composite
bedding (Fig. 13) is very common. Sandstone

40

of this facies consits mostly of wacke, of which
matrix makes up 13 to 20 percent of the total
volume of the sandstone. The sandstone is com-
monly massive and structureless, but shows ap-
preciable parallel lamination and poorly graded
bedding. Dish structure (PL. V-3) is characteris-
tically observed only in sandstone beds of this
facies (more than 15 percent of total sandstone

Fig. 13 Composite sandstone beds of the Kitsunesaki
Sandstone and Shale Member, Oshika. Graded bedding
is well developed in the uppermost part of each bed.
Each arrow indicates a single graded unit.
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Fig. 14 Thickness distribution of Facies ¢ (white area) and dish structure-bearing sandstone (black area) in the Fukkiura
Shale and Sandstone Member of the Oginohama Formation of the Oshika Group.
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beds: Fig. 14). Channel structure and intrafor-
mational shale-clasts conglomerate (Pl. VIII-
2) are sometimes observed in the sandstone.

The sandstone of this facies has no evidence
of traction current activity and shallow water
origin. From this combined with the sedimen-
tary features, Facies e is referable to the fluxotur-
bidite (DZULYNSKI et al., 1959; STANLEY and
UNRUG, 1972). It is suggested that highly con-
centrated sands accumulated in a condition of
rapid transportation and deposition in relative-
ly deep-water. This facies frequently occurs in
the upper part of the Mone Formation and the
Oginohama Formation (Kitsunesaki and Fuk-
kiura Members).

2. Shale Facies

There are several characteristics relating to
stratification, granularity, fossils and color
tones in the shales of the Jurassic System. The
shale of one type is usually black and contains
marine fossils such as bivalves and ammonites,
abounding in iron sulfides. The other type of
shale is gray to dark gray and sometimes black,
its color tone being very variable from horizon
to horizon within a shale sequence. In the shale
of the latter type no marine fossils occur, but oc-
casionally plant fossils are found. Concerning
slaty cleavages, the shale of the former type is
often broken into very thin leaves along the sla-
ty cleavages, whereas the latter breaks into
blade flakes or irregular and angular granules
in many cases. Therefore, the two types of shale
are clearly different from each other, and it is
considered that the former is of marine origin,
while the latter is of non-marine origin.
However, difficult problems remain to deter-
mine the origin uniquely.

According to KEITH and DEGENS (1959) and
ITIHARA and ITIHARA (1971), sulfur content is
different between marine shale and non-marine
one. The latter authors concluded that the
marine clay of the Plio-Pleistocene Osaka
Group is distinguished by containing much
sulfur and pyrite (FeS,) from the fresh-water
clay. According to DEGENS (1965), about 30
different sulfides are known to be present as
authigenic minerals in

low temperature

sedimentary rocks, and quantitatively most im-
portant are the two polymorphs of FeS,, i.e.
pyrite and marcasite. He also points out that
marcasite is wide-spread in fresh water, coal,
peat and swamp environments which are acid
in nature, while pyrite is abundant in marine
sediments that provide a neutral or alkaline.
The distinctive marine black shale in the
Jurassic of the South Kitakami commonly con-
tains fine-grained pyrite with a little ag-
gregative pyrite (nodule-like), while probable
non-marine gray shale rarely. The shale
samples from the Jurassic of the South
Kitakami treated in this study were analyzed
for sulfur and carbon contents. The sulfur was

Table 10  Contents of total sulfur and total carbon (%) in
the Jurassic and Cretaceous shales of the Oshika area.
Based on the preliminary analyses of 30 samples, most
of total carbon is regarded as organic carbon. Numeral
in parenthesis shows number of samples.

=
E Total carbon Total sulfur
o
; Member Stanaara | Standard
" Mean deviation 2% | deviation
Futawatashi Mb
Ft (4 0.678 | 0.161 0.232 0.164
B Kobitawatashi
g kKb (7) Mb| o0.604 | 0.151 0.470 0.322
= Kiyosaki Mb
Ky (27) 0.902 | 1.233 0.058 0.024
Fukkiura Mb
Fk  (9) 0.747 | 0.200 0.121 0.122
Kozumi Mb
™ Kz (10) 0.668 0.388 0.193 0.118
g Makinohama Mb
| Mk (31) 1.267 | 1.408 0.073 0.031
&
Kitsunesaki Mb
Kt (10) 1.266 0.597 0.244 0.327
Samuraihama Mb
g. sm (6) 0.991 | 0.194 0.487 0.240
=
Q9
5 -
—é Tsukinoura Mb
8 Kd — —- — -
Marine type (23) . 0.265 | 0.354 | 0.212
(K=, Sm, Kb) 0.733
Flysch type
(Ft, Fk, Kt) (23) 0.961 | 0.294 0.194 | 0.218
Alluvial type  (58) 1.007 | 1.327 | o0.086 | 0.028
(Ky, Mk)
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Fig. 15 Relation between total carbon and total sulfur in Jurassic and Cretaceous shales of the Oshika Group. Most of
total carbon is regarded as organic carbon. For abbreviations of stratigraphic units as given in Table 10.

analysed by the coulomatic titration analyzer
(VK-3B) and the carbon by the CHN coder.
The results of the chemical analysis are shown
in Table 10 and Figure 15.

The total carbon content of the marine shale
greatly differs from that of the non-marine one,
particularly in the dispersion of the analyzed
values. This supports the writer’s classification
of the shales into marine and non-marine types
based on the field observations.

The shale of marine deposits contains 0.5 to
1.0 percent carbon and this value is confined to
a narrow field of variation. On the other hand,
the carbon content. of the non-marine shale
varies widely from 0.1 to 5 percent with more
than 10 percent in the coaly shale samples. In ac-
cordance with the color tones, the black or dark
gray shale has a larger amount of carbon,
whereas the gray shale have less than 0.5 per-
cent carbon.

There is also a great difference in sulfur con-
tent between the two types of shale. The
mollusca-bearing marine shale have more than
0.1 percent of sulfur, while the non-marine
shale contains less than 0.1 percent. The

average values of the two types of shale differ by
a magnitude of about 5.4. This is very close to
the magnitude of 6.1 which was estimated by
KEITH and DEGENCE (1959) for the shales from
the Carboniferous of the Appalachian in the
United States.

The results of these analyses show that the
discriminations between marine and non-
marine shales based on the field observations
especially on color tones of shale beds and
cleavage flakes is of significant value and is in ac-
cordance with the geochemical considerations.
Generally, the estimation of marine or non-
marine shale from field observation is most
valuable in determining depositional environ-
ments.

The shales of the Jurassic treated in this
study are classified into the following four facies
based on the lithological features, fossils and
geochemical properties.

Facies f: Bedded black shale (containing

marine fossils)

This facies is a typical marine shale facies
and consists of monotonous rocks, which yield
bivalves and ammonites. Lamination of sand-
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stone or siltstone is generally poor, but there is
a development of lamination in very restricted
areas. The calcareous nodule in the bedded
black shale measures 5 to 10 cm in tangential
diameter and up to 80 cm in maximum (PI.
VIII-3). Stratification is generally well visible,
but is occasionally obscure, being even im-
perceptible under the influence of slaty
cleavages. This facies generally occurs as fairly
thick sequences ranging in thickness from 100
to 650 m.

The absence of any features indicative of cur-
rent activity combined with the fine-grained
nature of the sediments suggests that the facies
was deposited largely from suspension in a
quiet water environment.

This facies is found in the T'sunakizaka For-
mation, the lower part of the Mone Formation,
the Samuraihama Shale and Kozumi Shale
Members of the Ojika Group, the Awazu For-
mation, the Arato Formation, the Owada For-
mation and the Hosoura Formation.

Facies g: Massive Sandy Shale (containing

marine fossils)

The massive sandy shale is similar to the
shale of Facies f, but it differs from the latter in
its coarser-grained and poorly sorted silty or
very fine sandy nature. The massive sandy
shale is generally black or dark gray, struc-
tureless and is very poor in laminations and
stratifications. The slaty cleavage of this sandy
shale is poorly developed in comparison with
that of Facies f shale.

Marine bivalves are abundant in this shale
and also various kinds of vertical and oblique
burrows frequently occur. The inky black shale
become reddish brown on their weathering sur-
face, and pyrite grains which are sometimes
made of nodule-like aggregative pyrites are com-
monly contained in this shale facies. Laterally
or vertically, the massive sandy shale easily
changes to somewhat carbonaceous shale in the
Western Subbelt.

It seems unlikely that sediments can be mov-
ed as bed load, without ripple formation
(SIMONS ¢t al., 1965) though sediments contain
some fine or very fine sands. From the absence
of current-formed structures, the sediments of

Facies g were deposited from suspension, and
probably originated from a higher concentra-
tion of fine-grained sediment and of more prox-
imal deposition than the sediments of Facies f.
Facies g as a whole is regarded as the transi-
tional facies between Facies f and Facies b.

This facies occurs in the same fomations with
Facies f.

Facies h: Massive or Bedded Gray, Partly
Black Shale (containing plant
fossil beds)

This shale facies is similar in grain size to
Facies f, but differs from the latter in its color
tones and the lack of marine fossils. It is gray to
dark gray. Well-preserved plant fossils are
found in the bedded or laminated shale. The
massive shale is clayey in some places and yields
less plant fossils.

The shale of this facies is usually placed
above and below either Facies ¢ sandstone, or
Facies d sandstone in contact with the two sand-
stone facies. Occasionally, the facies has sandy
or silty intercalations which show ripple-cross-
lamination and parallel lamination. As the
result of much increasing of the intercalations,
the facies grades into Facies d. The sulfur con-
tent of this shale is low and pyrite micrograins
which are well known to be commonly included
in marine shale are also few.

Thus this shale is recognized as being of non-
marine origin. The lack of current structures
suggests that the facies was deposited mainly
from suspension. The sandy intercalations and
fluctuations in grain size probably reflect sedi-
ment supplies which were related to flood cur-
rents or climatic factors on the land. This facies
mostly occurs in the strata adjacent to Facies ¢
sandstone as beds which are less than several
tens of meters thick.

Coal seams in this facies are found at the
several horizons of the Tochikubo and To-
mizawa Formations in the Soma area. Also car-
bonaceous shale which, here defined, contains
organic carbon more than 3 percent and plant
fragments, is inserted into the many beds of the
above two formations added to the Kogoshio,
Oginchama and Ayukawa Formations. Ex-
amples of the occurrence of the carbonaceous
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shale are shown in Figure 28.

Facies i: Laminated Shale

This shale has a great amount of sandy or sil-
ty lamina to show a streaky appearance in the
field, and includes frequent intercalations more
than 1 cm thick as well. Graded bedding is seen
in some intercalations, but not in others. The
laminated shale is subdivided into the following
three subfacies on the basis of sedimentary
features such as internal sedimentary structure,
thickness of streaks or intercalations and sand-
mud ratio. The rapid interbedding of different
rock types on a small (cm-dm) scale is frequent-
ly observed.

Subfacies i;: Thinly Laminated Shale

This shale has a great number of sandy or sil-
ty intercalations which are generally less than 1
cm in thickness. Intercalations, several milli-
meters thick, are very commonly observed in

Table 11

this shale. Therefore, this shale shows a very
streaky appearance. This streaky bed frequent-
ly shows parallel lamination or graded bedding,
but cross-lamination is rather poorly developed.

Subfacies i; can be subdivided into two
varieties on the basis of bedding features as
shown in Table 11. One variety, Subfacies i, is
characterized by very thinly and very closely
developed silty streaks embedded in shale. It is
predominant in parallel-lamination, but does
not always show graded bedding. In the other
variety, Subfacies iy, the intercalations are com-
paratively less close than those of Subfacies i,
and usually display graded bedding.
thickness and grain size the streaks in Subfacies
i1, are inferior to the intercalations in Subfacies
ip. It frequently occurs, however, that these
two varieties resemble considerably each other

both

In

and then the discrimination between

Classification and sedimentary features of laminated shales.

FEATURES

Laminated Shales

Subfacies i;, var. a

Subfacies i, var. b Subfacies i,

Interval of streaks Very close

(a few-10 mm intervals)

Thickness of sandy or silty |Few to 10 mm
intercalations

Bedding feature Well-developed parallel
lamination occasionally
with very small cross-
lamination

Wide
(5-15 cm intervals)

Close or wide
1-5 cm intervals)

Several to 10 mm 10-30 mm

Faintly parallel lamination,
usually sharp based

Well-developed cross-lamina-
tion subordinately with
parallel lamination

non-existent

Graded bedding

Grain size of intercalations

Accompanied lithofacies

Ripple marks
Sole marks

Characteristic trace fossils
Interpretation

Example of outcrops

Occasionally observed

Mostly silt, with a small
amount of very fine-
grained sand

Fluxoturbidite and turbidite
sandstone, laminated shale
of Subfacies i, type

non-existent

non-existent

Chondrites

Suspension currents deduced
from storm, flood and tide

Mone Formation (southern
facies)

Fukkiura Member
Niranohama Formation

Commonly observed
Very fine-grained sand and
coarse silt

Sporadic turbidite sandstone

few or no
few

Cosmorhaphe, Phycosiphon
Neonereites

Distal turbidity currents

Mone Formation (northern
facies)

Lower part of Arato Forma-
tion

Fine to very fine-grained
sand

Fluxoturbidite and turbidite
sandstone

abundant

few or no

Zoophycos
Bottom tractional currents

Mone Formation (southern
facies)

Fukkiura and Kitsunesaki
Members
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varieties is rather difficult in field. Therefore,
they did not permit their separate depiction on
the columnar sections. Subfacies i, is con-
sidered to be deposits probably deduced from a
fluctuated suspension current, whereas Sub-
facie iy a distal part of turbidity current. Fluc-
tuations of the former type current may have
been caused by storms, tides, or variations in
river discharge as mentioned by De RAAF ef al.
(1965), READING (1970) and TAKIZAWA
(1975).

Thick beds of the thinly laminated shale are
typically found in the lower part of the Arato
Formation and the Mone Formation. This sub-
facies often alternates with Facies j to form sand-
stone-shale rhythmic alternation (PL. V-2).
Moreover, the subfacies is sometimes inserted
in Facies b and in Facies f represented by bed-
ded shale of the Lower Jurassic formations of
the Western Subbelt.

Subfacies iy: Shale Intercalated with Thin
Sandstone Layers

This type of shale is characterized by fre-
quent intercalations of thin very fine- to fine-
graind sandstone in black shale as in the case of
Subfacies i;. These sandy intercalations are
usually 1 to 3 cm thick and are thicker than
those of Subfacies i; (Table 11). They occur
rhythmically in the shale and show the ap-
pearance of streaky shale (Pl. V-1A). Most of
the intercalations show cross-lamination and
parallel lamination. The intercalations occur
generally at intervals of over 3 cm. Sometimes,
there are sporadic intervals of 10 cn. There-
fore, the subfacies is similar to Facies j, mark-
ed by thin-bedded shale-sandstone alternation,
but can be distinguished from the latter by the
absence of graded bedding.

The subfacies forms a part of the flysch facies
association mentioned later. The thickness of
a single unit of this subfacies is generally 0.5
to 10 m, rarely up to about 20 m. In a flysch
type sequence of the Fukkiura Member at
Koamikura in the central part of the Oshika
area, this subfacies occupies about 70 percent of
the total thickness. This subfacies is regarded as
a very conspicuous or unique facies as com-
pared with the flysch type sequences of many

other areas in Japan.

The origin of the cross-laminated sandstone
layers within the subfacies could either be bot-
tom tractional currents or turbidity currents. It
should, however, be noted that the thin sand-
stone layer sometimes has current ripple marks
of lingoid or undulatory type on its top surface
(P1. V-1B), particularly where it has sharp con-
tact with the overlying shale, and that the
distribution pattern of the grain-size analysis is
different from that of cross-lamination in tur-
bidite as mentioned later.

The subfacies is contained as a supplemental
facies of the Mone Formation, the Kitsunesaki
Member and the Fukkiura Member.

Subfacies i;: Sandy Laminite ( sandstone in-

terlaminated with shale)

The sandy laminite is laminated rocks con-
sisting of dominant volume of cross- or parallel
laminated sandstone or coarse siltstone as
against Facies i;. Generally, this subfacies oc-
curs as an intercalation within Facies c or
Facies d (Pl. II-1B). But the Jurassic contains a
small quantity of this subfacies. This is largely
distributed in the Cretaceous marine strata in
the Oshika area and the writer once designated
this subfacies as ‘‘Sandstone interlaminated
with shale’’ ( TAKIZAWA, 1975). This subfacies
is distributed rarely in the Lower Jurassic for-
mations of the Western Subbelt.

The sandy laminite should be classified as
sandstone in terms of facies, but it is tentatively
classified as the shale in this paper, because of
being similar to other laminated shale facies in
sedimentary features.

3. Sandstone-Shale Alternation Facies
Facies j. Medium- to Thin-bedded Sand-
stone-Shale Alternation

This facies consists of the flysch-type alterna-
tion accompanied by marine beds with a small
amount of bivalves and ammonites. It shows
graded bedding and a medium- to thin-bedded
and rhythmic appearance. Each sandstone
layer is marked by a sharp base occasionally
with sole marks, and commonly ranges in
thickness from 1 to 150 cm(Fig. 16). Based on
the ratio of sandstone and shale, the alternation
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is subdivided into two subfacies as follows.
Subfacies ji: Sandstone-shale  Alternation
(sandstone dominant)
Subfacies jo: Shale-sandstone  Alternation
(shale dominant)

In the case of thin-bedded alternation, shale
is dominant over sandstone (Pl. IV-1), while
sandstone is dominant in medium-bedded alter-
nation (Pl. IV-2). The shows
distinct graded bedding and characteristic inter-
nal sedimentary structures of the ‘‘Bouma se-
quence’’ (BOUMA, 1962) as shown in Table 12.
The complete five-fold Bouma sequence (T a-
e) consists of a lower division (Ta) which is
usually graded or massive, overlain by a
parallel laminated division ( Tb), in turn follow-
ed by a ripple cross-lamination division (Tc)
which occasionally displays convolute lamina-
tion. The topmost two divisions (Td and Te)
are seldom separable in outcrop. Not all sand-
stone beds display the complete sequence, and

sandstone

bottom truncation of the sequence is most com-
mon as given in Table 12. A given sandstone
bed begins with the lower parallel lamination
division or even with the ripple cross-laminated
division. Sole marks are occasionally recogniz-
ed and trace fossils are commonly found in the
alternation. Also, this facies alternates with
Facies i; and i; (P1. V-1, 2). Some of the sand-

stone beds consist of two to three sedimentation
units to show composite bedding. This com-
posite bedding occurs at maximum rate of 10
percent in the sandstone beds of this facies.

The sandstone consists of medium- to fine-
grained sand material and belongs to wacke
(matrix: 15-35%). The matrix is generally
composed of sericite and clay minerals and
sometimes is very limy. The sandstone occa-
sionally contains fossil wood fragments about
80 cm in maximum length and defaced
molluscan fragments (P1. VIII-T).

The fact mentioned above indicates that most
of the sandstone beds constituting the facies are
considered to be turbidite. On the other hand,
most of the shale beds are considered to be of
the same origin as Facies f, but some others
could be formed by turbidity currents.

This facies is developed in the upper part of
the Mone Formation, the Kitsunesaki Sand-
stone and Shale Member, the Fukkiura Shale
and Sandstone Member and the lower part of
the Arato Formation, but can not be observed
in the Mizunuma and Soma areas.

Graded Bedding

Graded bedding is usually recognized in the
sandstone beds of Facies j. The sandstone is
generally medium-grained and sometimes fine-
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Table 12 Relationship between sequence type and layer thickness in the Fukkiura Shale and Sandstone Member of the
Oshika area. Numerals in parentheses indicate the number of dish structure bearing beds. Sequence types refer to
BOUMA’s sequence type; Ta: massive (graded) sandstone division, Th: lower parallel laminated sandstone division, Tc:
cross-laminated sandstone division, Td: upper parallel laminated siltstone division.

Western, Fukkiura Section

Thickness | Number I‘(Ifng:‘i‘i‘en)g Ta 259 Tababd Tac,ad Thebed Thbd Te,ed,d mud-conglo.
0-1 — — - - — - - —
1-3 427 — 4 — — -~ 6 7 410
3-6 148 5 22 14 - 27 2 55
6-10 65 2 16 4 2 21 9 4 3
10-30 150 345, 29 31 9 7 25 8 3
30-60 66 210y 14 14 13 1 — -
60-100 18 1 2 3 2 — - - —
100-300 31 185, 7 2 ) 2 — - -
300-600 5 509) ~ - — - - — —
600-1000 1 - - -~ - - — -
Total 911 9715y 94 55 44 12 79 49 472 9
Eastern, Tomari Section
Thickness | Number I\(Iﬂlisf;%g (mTass.) Tabe, Tab,abd Tac,ad Thebed Thbd Te,cd,d mud-conglo.
0-1 — — -~ - — - -
1-3 375 2 8 — - - 6 2 357
3-6 158 6 17 3 7 3 51 9 62 2
6-10 82 7 9 4 4 2 40 3 13
10-30 121 29s) 17 19, 12 1 28 1 4
30-60 55 252 13 13 3 1 - = —
60-100 | 34 265) 5 3 — — — - —
100-300 | 285 20(s) 3 - - - — - 1
300-600 6(r) 50 - - — - — —
Total 85920) 120,19, 75 45 26 7 125 25 436 10

stone bed is composed of very coarse- or coarse-
grained in some cases. In such cases the bottom
surface of the sandstone bed is remarkably
uneven because of the occurrence of sole marks.
The graded beds intercalated in Facies f general-
ly show an uneven bottom surface.

The degree of the development of grading is
different among the four flysch-type formations
of the Jurassic mentioned earlier. The graded
bedding observed in the lower part of the Arato
Formation is of straight type showing a relative-
ly consistent grading from the bottom upward.
Facies j in the Fukkiura Member and the Mone
Formation shows complete ‘‘Bouma sequence’’
(Table 12), but division Ta of the sequence fre-

quently shows crude or obscure grading, while
clear grading is generally observed above divi-
sion Th.

The sandstone bed of the Kitsunesaki
Member is thicker and worse laminated than
that of the Arato and the Mone Formations and
the Fukkiura Member. Therefore, in the
Kitunesaki Member a few complete Bouma se-
quence can be observed and the sandstone com-
monly consists of division Ta or Tab. General-
ly, the sandstone bed of the Kitsunesaki
Member frequently shows composite bedding
compared with that of the other flysch-type for-
mations.

Convolute lamination exists in graded beds
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with considerably high appearance rates. It is
abundant in graded beds of the sequence type
Tabcd or Tabc. The thickness of convolute
lamination is about 5 to 8 cm, but sometimes it
is about 15 cm or more.

Sole Marks

The sole marks observed in the sandstone-
shale alternation facies are of two principal
types. One is of tool marks such as groove casts,
striation casts and bounce casts. The other is of
current scour marks such as flute casts, rill
marks, and longitudinal furrows and ridges,
most of them being ill defined and of small
scale. Especially, the morphology of the flute
casts is immature in most cases. The tool marks
are seen much more frequently than the current
scour marks. The appearance rate of current
scour marks against the number of sandstone
beds is less than 5 percent.

The groove casts are most typical of tool
marks and is most numerous in all of the sole
marks. Generally, the groove casts measure 3 to
7 cm wide and less than 3 cm deep, and are
sometimes superimposed by minor furrows or
striation casts.

The sole marks are usually found in the divi-
sion Ta-bearing sandstone beds, but there are a
few cases of sole marks recognized in the divi-
sion Tb- or Tc-starting sandstone. Sometimes,
small flute casts are observed even in the thin
Thc type sandstone bed about 1.5 cm thick. A
similar situation is recognized in the Cretaceous
of the Oshika area (TakIZAWA, 1975).

4. Conglomerate Facies

Although conglomerate occupies less than 5
percent of the whole sedimentary rocks in every
area, it is very important in pursuing the
sources of sediments and in analyzing the
sedimentary environments and paleogeography.

A few meters thick conglomerate occurs in
the Jurassic formations of the Western Subbelt,
while in the Middle Subbelt conglomerate with
larger-sized pebbles is exposed abundantly 10
times as much as that of the Western Subbelt.
The classification of conglomerate follows PET-
TIJOHN’s scheme (1975).

Facies k: Orthoconglomerate (Petromict-

conglomerate )

The orthoconglomerate occurs at the base of
or within a given stratigraphic unit and consists
of exotic pebbles and cobbles with some
boulders from various source rocks. It is usually
grain-supported. The boulder-sized gravels are
occupied by granitic rocks and can be easily
found in the Upper Jurassic formations of the
Middle Subbelt. The rounding of pebbles, cob-
bles and boulders is generally well.

The formation of a grain-supported con-
glomerate is attributed to the winnowing activi-
ty of a strong current enough to carry all but the
coarsest fraction of load in rapid transport by
saltation. Mass flows such as debris flow may
have partly participated in the deposition of con-
glomerate. It is difficult for this conglomerate to
interpret their depositional environments
satisfactorily based only on the lithological
features. Nevertheless, the following explana-
tions can be given by an examination of the
sedimentary features of the associated strata.

The following conglomerates are considered
to have been deposited in a shallow marine en-
vironment; the basal conglomerate and the
Owandawan conglomerate of the Tsukinoura
Formation, the basal conglomerate of the Awa-
tsu and Yamagami Formations,
glomerate of the Aratozaki Formation, and the
conglomerate of the middle part of the
Ayukawa Formation. The conglomerate of the
Kitsunesaki Sandstone and Shale Member of
the Oginohama Formation is judged to be
deposits in a deeper environment such as a
basin-slope, because it is inserted into the flysch -

the con-

type sequence and is accompanied by slump
folds.

Poorly sorted orthoconglomerate several tens
of meters thick occurs as an interformational
conglomerate in the Ishiwaritoge Formation
and the Makinohama Sandstone Member of
the Oginohama Formation (Pl. I-4). It can be
regarded as being of non-marine origin.

Facies 1: Paraconglomerate ( pebbly

mudstone)

The paraconglomerate is defined as con-
glomeratic mudstone which mudstone matrix is
more than clasts in total volume, and is
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referable to the pebbly mudstone of CROWELL
(1957). There are a few outcrops of this facies
in the Jurassic strata.

The paraconglomerate is recognized in the
lower part of the Oginohama Formation and
the upper part of the Tsunakizaka Formation.
Generally, exotic pebbles of granite, volcanics,
porphyry and other rocks are sporadically in-
cluded in ill-sorted sandy mudstone. Slump
folds are associated with the paraconglomerate
of the two formations mentioned above.

Facies m: Intraformational Conglomerate

Most of the intraformational conglomerate
and breccia consist of sandy matrix and shale
clasts which were reworked from the contem-
poraneous beds. However, some intraforma-
tional conglomerate and breccia include con-
siderable amount of sandstone clasts of contem-
poraneous origin. This facies is recognized in
the non-marine deposits having large clasts
reaching several tens of centimeter in diameter
(Fig. 17). On the other hand, the intraforma-
tional conglomerate in the sandstone facies
(Facies e) of flysch type has generally smaller
shale clasts reaching several centimeters in
diameter. In the conglomerate of this type,
there are a small number of exotic pebbles.
Roundness of the embedded shale and sand-
stone clasts varies from angular to sub-rounded
class depending on distance of transportation.

Generally, the intraformational conglomer-
ate and breccia are considered to be deposits
which were due to contemporaneous erosion of
the underlying strata. In rare cases, limestone-
clast conglomerate exists in the Kogoshio and
Ayukawa Formations (Pl. III-1) and such
limestone clasts were derived from the coeval
limestone.

5. Limestone and Calcareous Rock Facies

Limestone facies is found only in the Koike
Limestone Member of the Nakanosawa Forma-
tion of the Soma area. It is well known that the
Koike Limestone belongs to the Torinosu-type
Limestone which is sporadically exposed in the
late Mesozoic strata of the Chichibu Terrane in
the Outer Zone of Southwest Japan and also in
the late Mesozoic strata along the Pacific coast

™
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Fig. 17  Size distribution of shale clasts in the intraforma-
tional conglomerates of the Makinohama Sandstone
Member, Oshika.

of Northeast Japan. What is here referred to
calcareous rock facies comprises calcareous
sandstone and intraformational limestone-clast
conglomerate. In actual fact, these rocks are oc-
casionally seen in other facies (e.g. Facies b and
m). These calcareous rocks are observed in the
Upper Jurassic formations.

Facies n: Limestone facies

The Koike Limestone consists mainly of
thick-bedded dark gray oolitic and micritic
abundant  corals,
molluscs and other fossil fragments. However,
there are found neither bioherms nor bio-

limestones  containing

stromes as pointed out by previous authors
(e.g. MORI, 1963). MORI suggests that the
Koike Limestone is not a true reef limestone.
Compared with the Trinosu-type limestone in
other areas of Japan, the characteristic feaure of
the Koike Limestone, about 50 m thick, is exten-
sive in distribution, being traced for a long
distance of about 9 km in meridional direction.
Sedimentological and petrographical studies of
the limestone have been reported in detail
by KiMURA (1954) and EcucHI and SHOjI
(1965).

Calcareous sandstone is usually gray to dark
gray, and has a matrix volume of calcite greater
than 30 percent. Calcite-matrix constituent
makes up more than 50 percent of the total
volume in some cases. Such a sandstone has a
dispersed framework as if the framework grains
float in a calcite matrix. Calcareous sandstone
is often found in the Nakanosawa Formation,
and the upper part of the Oginohama Forma-
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tion (Fukkiura Member ), which are nearly con-
temporary with each other.

Calcareous sandstone in the middle part of
the Nakanosawa Formation is more than 30 m
thick and fine- to medium-grained, with abun-
dant molluscan fossils in the central part of the
Soma area. The calcareous sandstone of the
Fukkiura Member occurs as small lenses about
1.8 m in maximum thickness or nodular bodies.

A peculiar type of calcareous sandstone show-
ing oolitic texture occurs at two horizons within
the lower part of the Kogoshio Formation. One
of them has been reported by HAYAMI (1961b) R
and is in the lower part of Unit Kg-1 of the
writer’s scheme of subdivisions (Fig. $2). The
other occurs in the lowermost part of Unit Kg-
2, and is about 5m thick. This oolitic
calcareous sandstone is rich in well-developed
ooliths which are wusually 3 to 6mm in
diameter. It contains a small amount of quartz
and feldespar grains.

Intraformational limestone-clast conglomer-
ate contains abundant limestone clasts more
than 50 percent of the total volume, its matrix
being coarse- to very coarse-grained sandstone
with a small volume of cemented calcite. This
conglomerate occurs in the lowermost parts of
both the Kogoshio and the Ayukawa Forma-
tions (Pl ITI-1) and is about 10 m and 15m
thick, respectively. The aggregative clasts of the
conglomerate are usually pebble- or cobble-
sized, but scarcely exceed 30 cm in diameter.
The limestone clasts are dark gray impure
limestone, either oolitic or micritic. Some of
them contain corals, calcareous algae, crinoids,
spines of echinoids, gastropods and bivalves. It
is noted that the features of these limestone
clasts are fairly similar to those of the Koike
Limestone Member mentioned earlier.

IV. FACIES SEQUENCE

The vertical and horizontal changes of the
sedimentary facies and some of sedimentary en-
vironments of the Jurassic formations are
described in this chapter. The recognition of
sedimentary environments is based on the syn-
theses of types of facies, properties of sedimen-

tary structures and attributes of clastic
sediments, characters of small-scale sedimen-
tary cycles, and biofacies, in conjunction with
the mutual relationships among sedimentary
facies.

The geologic columnar sections showing the
occurrence of facies in each area are given in
Figure 18 to 26. The alphabetical symbols in
parentheses attached to the types of lithofacies
in the following descriptions are the same as
those of facies descriptions in the preceeding
chapter.

1. Facies Sequence of the Jurassic in the
Middle Subbelt

1-1 Middle Jurassic

The Kosaba Formation of the Karakuwa
area, the T'sukinoura Sandstone Member of the
Oshika area and the lower part of the Awazu
Formation of the Soma area consist mainly of
three facies, orthoconglomerate (Facies k),
massive coarse-grained sandstone (Facies a)
and massive to thick-bedded medium- to fine-
grained sandstone (Facies b) in ascending
order. Especially, very coarse-grained sand-
stone prevails in the Tsukinoura Sandstone
Member which comprises two or three sedimen-
tary cycles and is associated with sandy shale
(Facies g). Trigonia, Inoceramus and other
bivalves occur in this member. The sandstone is
poor in matrix and frequently shows cross-bed-
ding. Therefore, the Tsukinoura Sandstone
Member is considered to have been deposited in
a nearshore shallow marine environment with
active wave action.

The massive to thick-bedded sandy shale
(black or dark gray in color) (Facies g) and the
thick to medium-bedded black shale (contain-
ing marine fossils) (Facies f) conformably
overlie the above sandstones ( Facies a and b).
They constitute the Tsunakizaka Formation
of the Karakuwa, the Samuraihama Shale
Member of the Oshika and the main part of the
Awazu Formation of the Soma. These shales
are monotonous but generally stratified at inter-
vals of more than several dozen centimeters
thick. They include molluscan fossils such as
ammonites and bivalves, though scarcely. The
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shales sometimes contain limy nodules which
are generally several centimeters in diameter,
but attain to 80 cm in the eastern part of the
Oshika area. Sandstone intercalations within
the shale are scarce in the Karakuwa and the
Soma areas, but they are sporadically found in
the eastern part of the Oshika area.

The shale facies in the Middle Jurassic strata
is also well exposed in the Western Subbelt, as
will be mentioned later. Because of the occur-
rence of very thick beds, the wide distribution
and the lack of current structures, this shale
facies is considered to have been deposited in a
stable and quiet offshore environment in the
transgressive phase.

1-2 Lower Part of the Upper Jurassic

The strata described here are referred to the
Oxfordian, probably ranging up to the Callo-
vian. The Oxfordian strata of the Middle Sub-
belt are characterized by the conspicuous ver-
tical and lateral facies changes and the
predominance of coarser-grained clastic sedi-
ments,

Karakuwa Area

The Sakaguchiirizawa Sandstone Member
of the Tsunakizaka Formation and the
Ishiwaritoge Formation are the units which
were formed during early Late Jurassic time.
The stratification of the former is shown in
Figure 27.

The Sakaguchiirizawa Member consists of
bedded and laminated fine- to medium-grained
sandstone interbedded with shale (Facies d)
and massive or bedded gray, partly black shale
(Facies h). Cross-bedding and ripple-drift
cross-lamination (Pl. II-1B) in addition to
parallel lamination coexist within a single sand-
stone bed. This fact indicates that the sandstone
was deposited in a shallow water environment
affected by traction currents. Generally, the
sandstone beds of the member are 1 to 2 m thick
and become finer grained upward. Sometimes,
however, there are upward-coarsening beds as
shown in Plate II-1A. The sandstone is not
quite coarse-grained, and contains few intrafor-
mational shale-clast conglomerate. Therefore,
the sandstone is not of fluvial deposition.

The shale of the member is gray on its fresh

surface and yellowish gray on its weathered sur-
face, and does not yield marine fossils. Thus,
the shale is possibly of non-marine origin.

The depositional environment of the
Sakaguchiirizawa Sandstone Member is con-
sidered to be an ephemeral lake or lagoon in an
alluvial low land.

The Ishiwaritoge Formation consists mainly
of massive to very thick-bedded coarse-grained
sandstone interbedded with shale (containing
plant beds) (Facies c) in the southern part of
the area (section no. 2 in Fig. 18), but is
dominated by orthoconglomerate in the nor-
thern part. In the southern part, more than 10
beds of coarse-grained sandstone alternate very
thickly with gray shale beds of probable non-
marine origin. The thickness of each bed varies
from 5 to 20 m. These alternating beds are refer-
red to the sedimentary cycle of fining-upward se-
quence described by ALLEN (1964, 1970) and
VISHER (1965a).

The individual sandstone beds in this se-
quence (cycle) are bounded by the contem-
poraneous erosional basal surface and become
finer grained upward. The lowermost part of
the sandstone bed has sometimes intraforma-
tional conglomerate consisting of shale clasts
and the lower half is coarse grained, frequently
showing large-scale cross-bedding and parallel
lamination. The upper half of the sandstone
bed varies from medium- to fine-grained
toward the top and grades up into the shale.
The scale of cross-bedding in the sandstone also
becomes smaller upward. The lower part of the
shale bed occupying the upper part of the se-
quence consists of sandy shale or alternating
fine-grained sandstone and shale. Sometimes,
plant fossils are found in the shale or the
parallel-laminated fine-grained sandstone.

Similar fining-upward of the
Cretaceous and Jurassic formations of the
Oshika area have already been described by
Takizawa (1975, 1976). These sequences were
probably formed by lateral migration of a

sequences

meandering river.

The Ishiwaritoge Formation in the northern
part of the Karakuwa area is characterized by
the predominance of ill-sorted conglomerate
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with subordinate massive sandstone. The
fining-upward sequence is therein rather rare.
This conglomerate consists mostly of exotic peb-
bles such as granitic rocks. The conglomerate
contains large quantities of contemporaneous
erosional shale clasts (or blocks) with a
diameter of several dozen centimeters (max-
imum: 2 m). Scour and fill structures are abun-
dant in the Ishiwaritoge Formation, but shale
intercalations are very few (Fig. 27). The nor-
thern conglomeratic facies of the Ishiwaritoge
Formation is also presumed to be terrestrial
deposits, which were affected by a river.
Generally, alluvial sediments in which muddy
sediments are very poor and cobble to boulder
bearing ill-sorted conglomerate is predominant,
are considered to have been deposited in a pied-
mont fan (alluvial fan) environment.

In brief, the lower part of the Upper Jurassic
strata in the Karakuwa area is wholly non-
marine sediments which probably accumulated
in lake to fluvial flood plain in the southern part
or to piedmont fan environments in the nor-
thern part.

Oshika Area

The Kitsunesaki Sandstone and Shale and
the overlying Makinohama Sandstone Mem-
bers of the Oginohama Formation belong to the
lower part of the Upper Jurassic. The former
consists of medium- to thin-bedded sandstone-
shale alternation (Facies j), thick- to medium-
bedded medium-grained sandstone (Facies e),
laminated shale (Facies i) and orthocon-
glomerate (Facies k). In the Kitsunesaki
Member, about 50 amalgamate beds can be
observed in all of the thick- to medium-bedded
sandstone beds. Repeated graded beddings
with more than several units in only one bed are
observed in the composite beds and as a whole
those form considerably thick sandstone (Fig.
13).

In the southeastern part of the area, the Ki-
tsunesaki Member contains many conglom-
erate (orthoconglomerate) beds as shown in
Figure 21 (section 23) and Plate VII. The con-
glomerate is composed of pebble- to cobble-
sized gravels embedded in coarse-grained sand
matrix, and is 1 to 10 m thick. The bottom of

the conglomerate has occasionally undulated
channel-like surface cutting into the surround-
ing sandstone-shale alternation and laminated
shale. Thus these conglomerate beds are regard-
ed as deposits which filled submarine channels.
The sandstone of the member in section 23 in
Figure 21 are generally conglomeratic and abun-
dant in composite bedding. Thus, most of the
Kitsunesaki Member as a whole is regarded as a
proximal turbidites (WALKER, 1967) or flux-
oturbidite-type sediments (DZULYNSKI ef al.,
1959).

The uppermost part of the Kitsunesaki Sand-
stone and Shale Member is composed mainly of
rather ill-sorted coarse- to medium-grained and
thick-bedded sandstone. This part changes
rapidly into the pebbly coarse- grained sand-
stone accompanied by cross-bedding of the
Makinohama Sandstone Member.

The Makinohama Sandstone Member con-
sists mainly of massive to thick-bedded coarse-
grained interbedded with shale
(Facies c), accompanied by massive or bedded
gray, partly black shale (Facies h), and well-
bedded and laminated fine- to medium-grained
sandstone interbedded with shale (Facies d). A
typical section of the member is given in Figure
30. A single unit of the coarse-grained sand-
stone measures 3 to 35 m in thickness with an
average of about 9 m. The sandstone alternates
with shale showing an upward-fining sedimen-
tary cycle. As the writer has already mentioned
(TAKIZAWA, 1976), a standard cycle begins
with conglomerate. bottomed by
poraneous erosional surface, through coarse-
grained sandstone in its main part, into
medium- to fine-grained sandstone and ends
with shale. Cross-bedding is by far the most
common and decreases in set thickness upward
in accordance with the upward-fining of grain
size. Shale of the upper part of each cycle varies
in color from medium gray through dark gray
to black and is frequently accompanied by inky
black coaly shale. The plant remains occur in
the shale or parallel laminated fine-grained
sandstone, but no marine fossils occur in the
member.

sandstone

contem-

The sedimentary cycle of the fining-upward

— 240 —



Sh & Ss M.

Fukkiura

Sandstone M.

Makinohama

13

KITSUNESAKI =
KIMIGANESAKI 5
]
(4
(%]
=
[1]
n
[
c
3
&
X

TAKENOURA

SLs8

NONOHAMA

17

COBALT-LINE

FSF

18
KOYADORI

NONOHAMA

r400m

—300

—200

100

Lo

1

&
®

=2 horizontal type
yy/ Trace fossil s<

vertical type
Plant fossil
} Animal fossithivalve etc.

ammonoid
Fault relation
Slump structure
Tuff & tuffaceous shale
Calcareous nodule
Shale
Sandy shale
Laminated shale (subtype:2)

Laminated shale (subtype:1)
Shale-sandstone alternation (sh>ss)

Sandstone-shale alternation (ss>sh)

Bedded medium-grained sandstone
Fine-grained sandstone

Medium-grained sandstone

Very coarse-
to coarse-grained sandstone
Intraformational conglomerate

%] Orthoconglomerate

Fig. 20 Columnar sections of the Upper Jurassic formations of the western part of the Oshika area showing facies

sequences.




FSF

AMF

SENM, ™

SNM'_

FSF

Jurassic sedimentation in the South Kitakami Belt, Northeast Japan (Takizawa, Fuminori)

Sh & Ss M.

N
N\

. Fukkiura
\

Shale M.

Kozumi

-
[%2]
A

Ss &Sh M.

Kitsunesaki

FSF E

NORTHERN COAST SOUTHERN COAST
HAKINOSAKI

KOBUGHI
-KUKUNARI

— 241 —

24
TORARI

400"

300-

200+

Fig. 21 Columnar sections of the
lower half of the Upper Jurassic
formations of the eastern part of
the Oshika area showing facies se-
quences.




Bulletin of the Geological Survey of Japan, Vol. 36, No. 5

sequence in the non-marine sediments has been
regarded by ALLEN (1964) as being of fluvial
deposition due to the lateral shifting of a river.
On referring to his idea, the coarse-grained part
(sandstone) of the cycle in the Makinohama
Member is interpreted as stream-channel
deposits, and the fine-grained part (shale) as
flood-plain sediments. The cycles dominated by
shale probably indicate meandering river
sediments in a drainage basin.

In the southeastern part of its outcrop area
of the Makinohama Sandstone Member is
characterized by the predominance of con-
glomerate (Pl. I-4) and thick-bedded sand-
stone. As shown in section 23 in Figure 21, the
conglomerate is estimated to be 50 m in thick-
ness and contains a large amount of granite
boulders. This conglomerate resembles that of
the Ishiwaritoge Formation of the Karakuwa
area in the very local distribution, but is poor in
contemporaneous erosional structure. The
Makinohama Sandstone Member, however, is
interpreted as alluvial fan sediments. This
evidenced by the scarcity of muddy sediments
and lateral facies change into migrating fluvial
deposits.

As will be seen from the above, the sedimen-
tary facies of the lower Upper Jurassic forma-
tions in the Oshika area is considered to be of
the transitional phase from the flysch ( proximal
turbidite and fluxoturbidite ) to the fluvial facies
(PL. I and VII). In the southeastern part of
the Oshika area, conglomerate is found abun-
dantly in both the flysch and the fluvial facies.
This combined with other available data in-
dicates that the source area of the sediments ex-
isted in the proximity of the Jurassic sedimen-
tary basin.

Soma Area

The Yamagami and Tochikubo Formations
are referable to the lower Upper Jurassic. The
Yamagami consists
massive medium-grained sandstone ( Facies b).
This sandstone is characterized by comparative-
ly good sorting, and very massive or struc-
tureless nature. In the southern part of the area,
the sandstone becomes somewhat finer grained
intercalated with shale. Several kinds of

Formation mainly of

bivalves such as trigoniids are contained in the
Yamagami Formation. Therefore, this forma-
tion is believed to have accumulated in a
shallow marine environment. In the southern
limit of the distribution, on the other hand, it is
considered to be a distal part of the shallow
marine sand-sheets.

The Tochikubo Formation consists mainly of
massive to very thick-bedded coarse-grained
sandstone (Facies ¢) in the lower part and
massive medium-grained sandsone (Facies b)
in the upper part. These facies are accompanied
by massive or bedded gray, partly black, shale
(Facies h) and well-bedded and laminated fine-
to medium-grained sandstone interbedded with
shale (Facies d). Intercalations of coaly or car-
bonaceous shale are frequently visible. Also
some fining-upward sedimentary cycles are
recognized in the lower part of the formation.
These facts indicate that the lower part of the
Tochikubo Formation was deposited in a fluvial
environment. Facies d of the Tochikubo Forma-
tion is similar to that of the Sakaguchiirizawa
Sandstone Member in the Karakuwa area, and
is inferred to deposits of a fresh water environ-
ment.

The sedimentary environment of the massive
medium-grained sandstone of the upper part of
the Tochikubo Formation is probably a transi-
tional zone in a coastal environment. This is
evidenced by the plant beds or coaly shale
seams and also by the conformable relation to
the overlying Nakanosawa Formation which
consists of shallow marine deposits.

To sum up, the lower part of the Upper
Jurassic sequence in the Soma area consists of
regressive sedimentary facies changing from
shallow marine upward to non-marine deposits,
which is similar to the regressive facies
recongnized in the Karakuwa and Oshika
areas.

1-3 Middle Part of the Upper Jurassic (Up-

per Oxfrodian—Kimmeridgean )

The Mone Formation of the Karakuwa area,
the Kozumi Shale and Fukkiura Shale-Sand-
stone Members of the upper half of the
Oginohama Formation in the Oshika area and
the Nakanosawa Formation of the Soma area
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are assigned to the middle part of the Upper
Jurassic, and all of them are marine trans-
gressive sediments.

Karakuwa and Oshika Areas

The Mone Formation and the upper half of
the Oginohama Formation have
lithofacies. Their respective lower parts consist
mainly of thick- to medium-bedded black shale
(Facies f). The massive medium-grained sand-
stone (Facies b) underlies the shale facies as a
transitional facies. In the Oshika area, this
shows cross-bedding and sandstone contains
abundant trigoniids (Mpyophorella). Therefore,
this sandstone is considered to be of shallow
marine deposition.

The bedded shale of the lower part of Mone
Formation and the Kozumi Shale Member is
very akin to those of the T'sunakizaka Forma-
tion and the Samuraihama Shale Member.
They are of suspension load origin, which were
formed under a calm environment in a stable
sedimentary basin. The shale facies gradually
changes upward into sandstone-shale alterna-
tion (Fig. 20).

The upper part of the Mone Formation has
an estimated total thickness of 240 m and the
Fukkiura Shale-Sandstone Member more than
600 m. These characterized by the
prevalence of medium- and thin-bedded sand-
stone-shale alternation. As to the lateral facies
change of the flysch sequence, the upper part of
the Mone Formation in the Karakuwa area con-
sists of sandstone-dominated facies in the
southern area (sections 1-3 in Fig. 18), but is
marked by thinly laminated shale (Subfacies
isp) (see Table 11) in the northern area which is
only several kilometers away from the south
(sections 4-6 in Fig. 18). In the Fukkiura
Member in the western part of the Oshika area,
too, laminated shale ( Subfacies i;,) more or less
increases northward (Fig. 20), and bedded
sandstone (Facies e) rather decreases nor-
thward. Thus, northward fining is noticed in
these two areas. This is in harmony with the
paleocurrents, as will be mentioned later. On

similar

are

the whole, sandstone is more dominant in the
eastern part than in the western part of the
Oshika area.

The flysch facies of the Fukkiura Member
yields a small amount of bivalves such as
Mpyophorella and Chlamys and ammonoids. Co-
quina beds with abraded shell fossils, measur-
ing 15 cm in thickness, are present in the Fuk-
kiura Member in the eastern part of the Oshika
area. Also, trace fossils are very abundant in
the flysch-type deposits. According to the
preliminary identification, Zoophycos sp., Chon-
drites sp., Cosmorhaphe sp. and others occur
abundantly in the Oshika area, and Zoophycos
sp. and Phycosiphon sp. in the Karakuwa area.

Soma Area

The Nakanosawa Formation consists mainly
of massive coarse-grained sandstone and
limestone. In the Soma area, sandstone-shale
rhythmic alternation (flysch-type deposits),
which could be observed in the Karakuwa and
Oshika areas, is lacking (Fig. 23). In the south-
ern part of the area {the vicinity of Koike),
the lower part of the Nakanosawa Forma-
tion consists of massive coarse-grained sand-
stone with occasional cross-bedding (Fig. 35).
Some sandstones are medium to fine grained,
and are calcareous, dark gray, silty, with bur-
rows which stretch obliquely or vertically to the
bedding plane. The volume of coarse-grained
sandstone decreases toward the north within the
outcrop area of the Nakanosawa Formation,
and that of medium-grained sandstone which is
frequently limy or silty increases. The medium-
or fine-grained sandstone, or silty sandstone of
the Nakanosawa Formation yields abundant
molluscan fossils (bivalves, gastropods and am-
monoids) and a few plant fossils. The shale in-
tercalation occurs rarely.

Judging from the features of the sandstone
and the fossils mentioned above, it is suggested
that the Nakanosawa Formation accumulated
in a typical shallow marine environment. The
characteristics of the Nakanosawa Formation in-
dicate that the paleoenvironment in the vicinity
of Koike experienced a series of transition
history from the stronger current conditions
through small scale oscillations to the weak cur-
rent conditions as suggested by the deposition
of the limestone.

"The upper part of the Nakanosawa Forma-
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tion (Koike Limestone Member) is consists
mainly of dark gray oolitic and micritic
limestone. Oolitic limestone prevails in the
lower part of the member. The sedimen-
tological and petrographical studies of this
limestone have been reported in detail by
KiMURA (1954) and EcucHI and SHOJI
(1965). According to the latter report, this
limestone, as a whole, has five sedimentary
cycles each of which is bottomed by eroded sur-
face and consists of alternating beds of oosparite
(prevailing in the upper part) and biomicrite in-
terbedded with biosparite ( prevailing in the up-
per part). It was clarified that each cycle in this
limestone sequence was attributed to the deposi-
tional process which began with a bank environ-
ment with strong currents and proceeded to a
calm reef (lagoon) environment with weak cur-
rents (EGUCHI and SHOJI, 1965).

1-4 Uppermost Jurassic

Almost all of the deposits of this category are
assigned to Tithonian in age. The Kogoshio For-
mation of the Karakuwa area, the lower part of
the Ayukawa Formation (Kiyosaki Sandstone
Member) of the Oshika area and the Tomizawa
Formation of the Soma area belong to the
deposits of this age. They are characterized by
thick beds of very coarse- to coarse-grained
sandstone and frequently contain shale which
yields abundant plant fossils.

Karakuwa Area

The Kogoshio Formation is subdivided into
five stratigraphical units (Kg-1 to Kg-5) of
which three units are dominated by sandstone
and two others by shale (Fig. 32). Its basal part
(Kg-la) is defined by the appearance of whity
arkosic coarse-grained sandstone. In the
southern part of the area (Oshima), the basal
part of the Kogoshio Formation contains con-
temporaneous limestone pebbles abundantly
(PL III-1B). The limestone pebbles are compos-
ed of oolitic limestone, and biomicritic lime-
stone containing many bivalves and corals.
They are generally subrounded and measure
from 5 to 25 cm in diameter. The limestone peb-
bles occupy more than 70 volume percent of this
intraformational conglomerate. The conglomer-
ate sometimes includes a small amount of peb-

bles of granite, siliceous rocks and others which
are less than 15 cm in diameter.

Thus, Unit Kg-la was obviously deposited in
a shallow marine environment affected by
strong currents. Unit Kg-1b consists of very
coarse-grained quartzose sandstone and seems
to be coastal deposition along a shoreline
because the overlying Unit Kg-1c is composed
of fluvial sediments as mentioned later. Pro-
bably Unit Kg-1b accumulated near a river
mouth or a shoreline. Unit Kg-1c shows typical
fining-upward cycle and the sandstone therein
has frequent cross-stratification. Therefore, this
unit is regarded as fluvial deposits. Unit Kg-1d
consists of well-sorted medium-grained sand-
stone, black sandy shale, and channel-like
coarse-grained sandstone obliquely cut into the
underlying sandy shale. This unit seems to be
littoral sediments.

Unit Kg-2 consists of black shale which
overlies the coarse-grained sandstone of Unit
Kg-1d with a sharp boundary. This shale along
the eastern coast of the islet of Oshima yields
marine bivalve fossils, and is sometimes well-
laminated or interbedded with fine-grained
sandstone layers. In the Karakuwa Peninsula,
oolitic calcareous fine-grained sandstone is con-
tained in the lowermost part of Unit Kg-2. This
peculiar kind of sandstone is referred to a
calcite-cemented ‘‘sandy oolite’” which shows
concentric circular structures less than 5 mm
across. It is, therefore, noticeable that the lower
part of the Kogoshio Formation is regarded as
sediments of shallow marine environment con-
taining calcareous material.

Unit Kg-3 consists of thick beds of coarse-
grained sandstone with intercalations of shale
probably of non-marine origin. Unit Kg-3 is
characterized by the occasional occurrence of
fining-upward sequence similar to that of Unit
Kg-1c. Accordingly, the unit is inferred to be of
non-marine origin under the influence of a
river.

Unit Kg-4 has a predominant amount of
shale of non-marine type with a few sandstone
beds showing a fining-upward sequence. The
northern facies of Unit Kg-4 consists mainly of
well-sorted medium- to fine-grained sandstone
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and sometimes yields marine fossils such as
trigoniids. Therefore, this facies is regarded as
shallow marine sediments.

In Unit Kg-5, the uppermost part of the
Kogoshio Formation, vertical burrows are occa-
sionally found and marine bivalves also occur.
Unit Kg-5 gradually changes into the bedded
black shale of the Isokusa Formation. Thus,
this unit is represented by sediments of marine
transgressive phase.

From the above, it can be said that the
Kogoshio characterized by
oscillatory sediments consisting of alternating
The
marine sediments are predominant in the nor-
thern part of its distribution. Moreover, the
geomorphological gradient during the deposi-
tion is imagined to have been deeper toward the

Formation is

shallow marine and fluvial sediments.

north.

Oshika and Soma Areas

Both the Kiyosaki Sandstone Member and
the Tomizawa Formation are very similar to
each other with respect to lithofacies and fossil
contents (Figs. 22, 23). The Kiyosaki Member
and the Tomizawa Formation resemble the
Kogoshio Formation in sandstone petrography.
These strata are occupied mostly by very
coarse- to coarse-grained arkosic sandstone
with gray to partially black and very thick-bedd-
ed shale. Also fining-upward sedimentary
cycles are frequently recognized and no marine
fossils are found. The Kiyosaki Member and
the Tomizawa Formation are, therefore, regard-
ed as non-marine deposits chiefly of an alluvial
environment.

The lower part (Unit Ky-2) and the upper
part (Unit Ky-5) of the Kiyosaki Sandstone
Member consist of gray shale accompanied by
black shale. Also, bedded and laminated fine- to
medium-grained sandstone (Facies d) subor-
dinately occur in both units (Pl. II-1A). Both
units yield abundant well-preserved plant
fossils. These facts show that Units Ky-2 and
Ky-5 were deposited in a non-marine aqueous
environment without strong currents, for in-
stance, ephemeral lake or marsh.

1-5 Lowermost Cretaceous

The lowermost

Cretaceous formations,

which conformably overlie the Upper Jurassic
formations, are distributed in three areas of the
Middle Subbelt. There is a great difference in
sedimentary facies and total thickness among
the lowermost Cretaceous formations of the
Karakuwa, Soma and Oshika areas. That is to
say, the Isokusa Formation (200 m thick) in
the Karakuwa area and the Oyamada Forma-
tion (150 m thick) in the Soma area consist of
thick- to medium-bedded black shale ( Facies f)
accompanied by massive or bedded sandy shale
(Facies g). These shales yield various species of
marine bivalves and ammonoids. As there are
rare sandstone intercalations, these formations
are regarded as sediments of a quiet offshore
marine environment.

The Cretaceous formations in the Oshika
area (middle and upper parts of the Ayukawa
Formation) are about 1200 m in total thickness
(Fig. 24). The writer (TAKIZAWA, 1975)
described the following vertical facies change of
the formation in ascending order.

The Kobitawatashi Sandstone and Shale
Member, 400 m thick, consists of the following
four lithologic units from the bottom upward;
Kb-1, basal conglomerate followed by thick
sandstone, which is probably of estuarial or lit-
toral origin; Kb-2, littoral sandstone and shale
in thick-bedded alternation, partly including
Thalassinoides-like burrows; Kb-3, neritic sandy
shale including abundant marine bivalves and
many ammonites ( Berriasella sp.) interbedded
with fine-grained sandstone; and Kb-4, in-
terbedded assemblages of shale-clast con-
glomerate, coarse-grained sandstone often show-
ing cross-bedding, and shale containing plant
remains. The last unit may have been deposited
on a coastal alluvial plain. The paleocurrent
directions in this member are approximately to
the north. In harmony with this fact, the
deeper-water or distal facies of this member is
predominantly distributed in the northern part
of the studied area.

The Shale Member, 620 m
thick, is lithologically tripartite as follows. The
main part of the member, showing a muddy
flysch appearance, is composed chiefly of
laminated shale (Subfacies i;, iy, and i3) and

Futawatashi
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bedded shale, frequently interlaminated and in-
terbedded with sandstone and coarse siltstone,
and is accompanied by frequent slump beds.
The lower and upper parts of this member con-
sist of coarser clastic material, as represented by
thicker-bedded sandstone with cross-bedding,
thus showing a shallower marine environment
than does the main part.

Sandstone interbedded with shale in the
main part of the member is lithologically of two
principal distinctive types. One is graded fine-
to very fine-grained sandstone which contains a
large amount of mud matrix. The other is rip-
ple cross-laminated very fine-grained sand-
stone, which has little or no grading and is poor
in mud matrix. The latter commonly occurs as
a single thin layer topped by current ripple
marks. This type of sandstone may have been
deposited by bottom traction currents. Most of
the sole marks indicate northward (axial) cur-
rent direction, while the cross-laminations and
ripple
southeastward current direction. The Domeki
Sandstone Member consists mostly of cross-
bedded, very coarse-grained sandstone accom-
panied by conglomerate. The member is 330 m
thick in the east and about 600 m thick in the
west. The lower half of the member shows a
repetition of fining-upward cycle probably of
fluvial origin. The upper half dominated by con-
glomeratic sandstone was perhaps originated
from piedmont-type fluvial sedimentation.

marks are characterized by east-

2. Facies Sequence of the Western Subblet

2-1 Lower Jurassic (Shizugawa Group)

The Lower Jurassic consists of the Nirano-
hama and Hosoura (Mizunuma) Formations.
They are less than 200 m in thickness altogether
and become thinner or pinch out toward the
west (Fig. 26).

The lower part of the Niranohama Forma-
tion in the Mizunuma area comprises fine-grain-
ed sandstone, sandy shale, black shale and
laminated shale. In the Shizugawa area, sandy
shale is predominant. Parallel lamination and
cross-lamination as well as ripple-marks are oc-
casionally observed in the fine-grained sand-
stone. The shale is partially carbonaceous and

includes plant fragments. The laminated shale
is poorly exposed in the Shizugawa area and
well in the Mizunuma area. This shale is well
stratified and streaky. On occasion, the
laminated shale grades laterally into very fine-
to fine-grained sandstone or sandy shale.
According to HAavamr (1959d, 1961d), em-
bayment or brackish molluscs such as Eomiodon,
Isognomon and Burmesia occur abundantly form-
ing a shell bed in the lower part of the
Niranohama Formation. In the eastern part of
the Mizunuma area, there are a dozen shell
beds, 10 to 100 cm thick, containing bivalves
and gastropods. Judging from the above facts,
the lower part of the Niranohama Formation is
regarded as sediments of shallow embayment.
In contrast, the upper part of the Niranoha-
ma Formation consists mainly of arkosic
medium- to coarse-grained sandstone. It attains
thickness of 100m in the
Mizunuma area. This sandstone is massive and

a maximum

structureless. Cross-bedding is rarely, and a
few molluscan fossils (e.g., Vaugonia) are
found. On the whole, the thickness of the upper
part thins out toward the west. From the fossil
content and facies, the upper part of the
Niranohama Formation is regarded as more or
less open embayment sediments in comparison
with the lower part.

The Hosoura Formation is widely distributed
in the Shizugawa area. Its lower and upper
parts consist of sandy shale (Facies g) and
monotonous black shale (Facies f), respective-
ly. Well-sorted fine-grained sandstone is inter-
calated in the sandy shale of the lower part of
the formation in which calcareous nodules are
included. A few bivalves and ammonites occur
in the upper part. The Hosoura Formation is
regarded as sediments of transgressive offshore
marine environment.

2-2 Middle to Upper Jurassic

The Middle and Upper Jurassic formations
in the Western Subbelt are represented by the
Hashiura Group which consists of the Bajocian
Aratozaki Formation, the Bajocian to Kim-
meridgian Arato Formation and the Tithonian
Sodenohama Formation in the Shizugawa
area. The Aratozaki Formation is composed of
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transgressive sediments. In the vicinity of
Aratozaki, the basal part of this formation com-
prises to medium-grained sandstone
(Facies by) measuring about 10 m thick, and
the main part consists of coarse-grained sand-
stone (Facies a) with conglomerate (Fig. 25).
The basal fine- to medium-grained sandstone
yields including
Trigonia, Inoceramus and others (HAYAMI, 1958,
1961a). The sandstone of the main part of the
formation frequently shows cross-bedding and
is scarce of muddy matrix. This sandstone has
the same sedimentary features as the basal sand-
stone of the Middle Jurassic formations in the
Middle Subbelt. The top surface of the coarse-
grained sandstone shows irregular and wave-
shaped contemporaneous erosional structures.
The muddy fine-grained sandstone and sandy
shale overlying this erosional surface abruptly
change into the Arato Formation consisting of
alternating sandstone and shale. This indicates
an abrupt change of environment from shallow
marine to more or less deeper marine.

The lower part of the Arato Formation in the
northern part of the area (along the Isatomae-
gawa) consists of sandstone-shale alternation of
flysch type (Facies j;: Pl. VI-2), with graded
bedding and ‘‘Bouma sequence’’ as shown in
Table 13. This alternating sequence is thin, less
than 30 m in total thickness. The lower part of
Arato Formation at Akaiwa-zaki in the
southeastern part of the area consists mostly of
thin-bedded or very thin-bedded shale-sand-
stone alternation (Subfacie j,: Pl. VI-3) and
laminated shale (Subfacies i;). Moreover, chan-
nel-shaped sandstone bodies cut into thin-bedd-
ed shale-sandstone alternation and laminated
shale (Pl. VI-1). Trace fossils of horizontal
type occur in the laminated shale of the Arato
Formation.

fine-

shallow marine bivalves

The upper part of the Arato Formation con-
sists of bedded black shale (Facies f). This
shale is very similar to the shale of the
Tsunakizaka and Tsukinoura Formations. The
Owada Formation of the Mizunuma area also
consists of bedded shale very similar to the shale
of the upper part of the Arato Formation. The
Arato Formation is regarded as consisting of
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Fig. 25 Columnar sections of the Jurassic formations of
the Shizugawa area showing facies sequences.

distal turbidites in its lower part and muddy
deposits of a quiet basin floor in its upper part.

The Sodenohama Formation of Tithonian
age consists of well-sorted fine-grained arenite
(Facies b) with few fossils and laminated shale
(Facies i;). There is a gradual westwards in-
crease of shale intercalations. This formation is
regarded as sediments deposited in a offshore
part of shallow sea.

2-3 Lower Cretaceous

The probable Lower Cretaceous formations
are distributed in the Hashiura area as the
Jusanhama Group and to the east of the
Mizunuma area as the Kanayama Formation in
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Table 13 Relationship between sequence type and layer thickness in the lower Arato Formation of the Shizugawa area.

For sequence types see Table 12.

Thickness Number No-grading, Ta Tabed Tab, The, Tb. bd Te. cd Td Others

in cm of beds massive abd bed ’ ’
1-3 20 — 1 — — — — 7 3 9
3-6 15 — 6 — — 4 1 3 1
6-10 15 1 — — 3 5 2 3 1

10-30 18 1 1 2 5 4 3 2 —

30-60 1 1 — — — — — — —

60-100 1 — — 1 — — — — —

Total 70 3 8 3 8 13 6 15 5 9
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the Western Subbelt.

The Jusanhama Group consists of massive
coarse- to medium-grained sandstone in the
lower part, medium- to thick-bedded sand-
stone-shale alternation in the middle and
massive very coarse- to coarse-grained sand-
stone in the upper. The group yields abundant
brackish molluscan fossils. The sandstone in
the lower and upper parts of the group is ill
sorted and sometimes shows cross-bedding.
Therefore, It possibly can be regarded as pro-
ducts of estuarial environment.

The middle part of the group comprises
thick- to medium-bedded alternating medium-
to fine-grained sandstone and sandy shale with
plant fragments, and is characterized by
obscure grading. This part seems to show a pro-
ximal flysch, but its depositional process is
uncertain. Brackish molluscan fossils are found

in the sandy shale and fine-grained sandstone of
the middle part of the formation (HAYAMI,
1960). It follows from this that the middle part
is embayment sediments. Judging from the
presence of slump folds as previously reported
by BANDO (1959) and the lithofacies, it seems
that in the depositional time of Jusanhama For-
mation slightly steep lateral slopes existed in the
sedimentary basin.

The Kanayama Formation consists of very
thick-bedded very coarse- to coarse-grained
arkosic sandstone, containing exotic pebbles.
This formation is considered to be non-marine
sediments on the whole, and shows a fining-up-
ward sequence in which cross-bedding is
prevalent. Therefore, the Kanayama Forma-
tion is regarded as fluvial deposits.

Table 14 Relationships between facies and facies association.

X Lithology sandstone- calcareous
Faf&z:ocimion sandstones shales shale alt. |conglomerates rocks
. .
W ulluvngl fan Ca k,m
(8} deposits
&
_ migrating fluvial i
g deposits o] h, iz m
>
=
= distributary-inter c h
< distributary deposits 2
w quiet lake -or marsh
< deposits h
i agitated lake .
deposits d I3

BEACH RIDGH-

COASTAL MARSH bz,C2 h

(deposits)
littoral to neritic

Y . a, b[ k
= sand deposits =1=
&
= embayment muddy .
> deposi b, g,in,3
z eposits
e}
3 neritic muddy g 0
% deposits =
S quiet basin mud by ¢
= deposits -
=
2] agitated basin mud
& - li,2,3 J
@ deposits h,2,3 |
I~ lateral slope .
4
5 deposits e t2 N k,l,m
' delta slope
5 deposits e ll,Z
0 .
E; pro-delta deposits o I8

Undertined lithology = Predominant facies
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V. FACIES ASSOCIATION
AND SEDIMENTARY ENVIRONMENTS

The foregoing discussion on the facies se-
quence of the Jurassic formations in the South
Kitakami Belt has led to the recognition of
various sedimentary environments ranging
from alluvial through shallow marine to
offshore marine (basin mud, ﬂysch). The six
principal facies associations which are dis-
tingushed in terms of gross sedimentary en-
vironments and their facies combinations are
summarized in Table 14. In this chapter the en-
vironments and mode of sedimentation of the in-
dividual facies associations are described pay-
ing attention to both common and special
features of these facies discriminated in each
stratigraphic unit as well as in every areas.

1. Alluvial (Fluvial) Facies Association

The Jurassic formations of the South
Kitakami Belt contain a considerable amount of
non-marine deposits represented by fluvial
deposits (TakIZAWA, 1976, 1977). Various
kinds of fluvial deposits such as alluvial fan,
braided river, meandering river and distribu-
tary-interdistributary deposits are exposed in
the Middle Subbelt.

1-1  Alluvial Fan Deposits (APF)

The alluvial fan deposits belong to the
Makinohama Sandstone Member and the
Ishiwaritoge Formation in the Middle Subbelt.
These are composed of conglomerate contain-
ing intraformational shale clasts (PL. I-4) (fre-
quently of boulder or blocky size), accom-
panied by massive to very thick-bedded pebbly
coarse-grained sandstone and minor pelitic
rocks. The conglomerate is comparatively well
stratified with scour and fill structures in some
places (Fig. 27), but it is massive in others.
Both types of conglomerate are poorly sorted in
granularity, consisting of pebbles and cobbles
With common boulders. The mode of horizontal
distribution of the conglomerate is localized,
suggesting lateral supply. The fan deposits
change horizontally into the migrating fluvial
deposits.

BLISSENBACH (1954) and McGOWEN and
GROAT (1971) distinguished the following three
sub-environments of alluvial fans: i) fanhead
(upper fan) or proximal fan, ii) mid-fan (mid-
dle fan) and iii) base of fan or distal fan (lower
fan). Among these, the proximal fan is usually
predominated by boulders and cobbles, and the
mid-fan consists of conglomerate interbedded
with pebbly cross-bedded sandstone. The distal
fan is dominated by cross-bedded sandstone. In
addition, sediments due to sheet-flood seem to
be predominant in the mid-fan and those due to
(braided) stream channel in the distal fan
(BLUCK, 1967; STEEL, 1974). The fanhead or
the proximal fan deposits are rich in
paraconglomerate which is interpreted as mud
flow (debris flow) deposits (BLISSENBACH,
1954; BLUCK, 1967; STEEL, 1974). Proximal
debris flow deposits contain more angular
gravels in some cases (RuUST, 1979; BLUCK,
1967). HEWARD (1978) subdivided the mid-fan
deposits into the following four types, namely,
unstratified conglomerate, stratified
glomerate, pebbly sandstone and cross-bedded
sandstone.

Based on the results of the studies of alluvial
fans by various authors, the writer considers
that the conglomerate facies of the Ishiwaritoge
Formation was formed under proximal fan to
mid-fan environment. The formation in the
vicinity of the Tadakoshi Pass (Fig. 27) con-
sists of stratified conglomerate which grades nor-
thward into unstratified, massive conglomerate
with an increase in gravel size. In addition,
these conglomerates are poorly-sorted, poly-
modal, and stratified, containing large angular
fragments of shale and sandstone and exotic
gravels of boulder size (mostly granitic rocks).
They have features similar to those of the prox-
imal fan subfacies by McGOWN and GROAT
(1971) and HewarD (1978). In the
Ishiwaritoge Formation, coarse-grained sand-
stone referred to the distal fan deposits is found
in the lower part in the western border and only
in a small amount in the upper part in the north-
ern part of the outcrop area (Fig. 18).

On the other hand, the conglomerate facies
in the southeastern part of the outcrop area of

con-
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Fig. 27 Detailed measured section of the Ishiwaritoge Formation at Tadakoshi-toge, Karakuwa. This sequence is regard-

ed as alluvial fan deposits (mid-fan).

the Makinohama Sandstone Member (Fig. 21)
is divided into the following subfacies in ascen-
ding order; massive coarse-grained sandstone,
pebbly coarse-grained sandstone, unstratified
conglomerate containing boulders (Pl. I-4),
stratified conglomerate with sandstone and
shale, and pebbly sandstone showing upward
decrease in grain size. Its gravels have smaller
maximum size and are rather well sorted and
smaller in intraformational shale clasts than
those of the Ishiwaritoge Formation. The con-
glomerate facies is probably sediments in the
above-defined distal fan to mid-fan.

1-2 Migrating Fluvial Deposits (AMF)

Migrating fluvial deposits are extensively
developed in all of the Upper Jurassic forma-

tions of the three areas in the Middle Subbelt.
They are composed of massive to very thick-
bedded coarse-grained sandstone interbedded
with shale (Facies c), and yield plant fossils in
many places. As illustrated in Figure 28, a
single unit of the deposits consists of sandstone
in the lower half and shale in the upper half,
showing a fining-upward sedimentary cycle, 5
m to 35 m thick, averaging about 16 m. An
ideal vertical sequence of the sedimentary cycles
in the Makinohama Sandstone Member is com-
posed of basal intraformational conglomerate
(Fa), lower half sandstone (Fb) which grades
upward from coarse- through medim- to fine-
grained sandstone, and upper half shale (Fc)
with subordinate amount of interbedded fine-
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Fig. 28 Detailed measured sections of the Makinohama Sandstone Member (in part), Oshika. This sequence is
characterized by fining-upward cycles suggesting fluvial deposition in origin.

grained sandstone and laminated siltstone (Fd)
(Fig. 29).

Regarding with the fining-upward cycles of
the Makinohama Sandstone Member, the
writer (TAKIZAWA, 1976) examined the sand-
stone’s textural properties and flow characters
of sedimentary structures, and then discussed

the depositional environment and depositional
model, making reference to similar sequences
in foreign countries (e.g. ALLEN, 1964, 1965a,
1970). The study led to the following conclu-
sions: first, the sandstone of the lower half is
referred to point bar deposits in a river and the
fine-grained material of the upper half to flood
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Fig. 29 Ideal sequence of fining-upward cycles in the Upper Jurassic of the Oshika area (after TaKIZAWA, 1976).

plain deposits aside a channel; second, lateral
migration of a stream channel played an impor-
tant role in the genesis of the sedimentary cycles
mentioned above. A considerable amount of
shale in the sedimentary cycles supports that
the cycle is attributed to deposition in a
meandering river of alluvial plain.

The above fining-upward cycles that are con-
sidered to be of fluvial origin are well developed
in the following seven Mesozoic formations of
the Middle Subbelt of the South Kitakami Belt,
namely, the Ishiwaritoge Formation, the Maki-
nohama Sandstone Member, the Tochikubo
Formation (the above three: Oxfordian in
age), the Kogoshio Formation and Kiyosaki
Sandstone Member, the Tomizawa Formation
(the above three: Tithonian in age), and the up-
per part of the Ayukawa Formation (Lower
Cretaceous). These formations are fairly simi-
lar one another in principal features such as
cycle unit thickness, shale content and sand-
stone granularity. However, fining upward
grade, some of sedimentary structures and
sandy intercalations in the shaly part differ
among different formations.

The fining-upward cycle is well developed in
the Tomizawa Formation (Fig. 23), the
Makinohama Sandstone Member (Fig. 28)

and the lowermost part of the Kogoshio Forma-
tion (Fig. 30). In these units, coarse-grained
sandstone 1s developed in the lower half of each
cycle, and medium- to fine-grained sandstone
in the upper half, which grades into shale. On
the other hand, in the cycles of the Ishiwaritoge
Formation (southern facies), the Kiyosaki
Sandstone Member, the Tochikubo Formation
and the Ayukawa Formation (Domeki Sand-
stone), the sandstone is mostly coarse- to very
coarse-grained, medium- or fine-grained sand-
stone being as low as 10 to 20 percent in the
sandstone.

Furthermore, cross-bedding is very distinct
in some places while it is poorly developed in
others where most part of the sandstone is
massive and structureless. Small-scale cross-
bedding or ripple-drift cross-lamination is in-
distinct on some exposures of fine-grained sand-
stone and sandstone is apparently structureless
although lamination is barely observed by
weathering. However, it is not rare that ap-
parently structureless sandstone is revealed to
have laminations when polished.

Carbonaceous shale is abundantly contained
in the Makinohama Sandstone Member, the
Tochikubo Formation and the Tomizawa For-
mation, but is less abundant in other forma-
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Fig. 30 A fining-upward sequence in the Unit Kg-1 of the lower Kogoshio Formation, Karakuwa. For legend see Figure

28.

tions. A small amount of graded sandstone
layers are found in the very thick shaly part of
the fining-upward cycles. These sandstone
layers are of medium-grained graywacke-like
character, and show distinct parallel and cross-
lamination. They are less than several dozens of
centimeters in thickness and apparently similar
to turbidite sandstones of flysch facies.
However, they are solitarily developed and are
variable laterally in thickness, showing ir-
regularly undulated surfaces at their bottom in
many places. One to two, at most several sand-
stone layers, are sporadically interbedded in a
cycle in some places.

Such graded sandstone layers have been
reported by various authors (SANDERS, 1968;
STANLEY, 1968; HUBERT and HYDE, 1982) for
alluvial flood plain deposits. In these cases, the
graded layers have a variety of features, such as
sedimentary structures similar to those of tur-
bidites, the coexistence of graded bedding and
cross-bedding in the main part of a sandstone
bed {( HUBERT and HYDE 1982), or the intercala-
tion of about 2 m thick sandstone layer contain-
ing pebbles in its lowermost part (STANLEY,
1968). However, PICARD and Hicu (1973)
maintained that the materials of these graded
layers were transported by waning currents due
to flashed flood on a lower ground of a flood
plain. Such an idea is equally true of the
Jurassic graded layers in the South Kitakami
Belt.

In the transitional part between the sandy
part below and the shale part above in the
fining-upward cycle of the South Kitakami Belt,
the following three facies are distinguished,
namely, massive sandy shale, thinly bedded
alternating shale and sandstone (Plate I-3),
and laminated sandy siltstone, all of which are
considered to be natural levee deposits. A good
example of the deposits is shown in Figure 30.
Actually, it is well known that such lenticular
sandstone layers occur abundantly in recent
levee (or stream bank) deposits (P1cARD and
HIGH, 1973: p. 151-153). These facies grade up-
ward into finer shale facies, where the intercala-
tions of fine sandstone layers, several cen-
timenters thick, tend to thin rapidly laterally.

It should be noted that the lower sandy part
of the fining-upward cycle is as much as 20 to
30 m or more in thickness. Its sedimentary cy-
cle will be discussed below in relation to chan-
nel pattern. A good example of this is presented
in sequences C and D in Figure 28.

Stream channel patterns have been, in
general, classified into three types, namely
braided, straight, and meandering (LEOPOLD
and WOLMAN, 1957; ALLEN, 1965b). Regard-
ing the straight type as a meandering type of
very low sinuosity, the basic patterns are
grouped into two types, braided and meander-
ing (SELLY, 1970; SHELTON, 1973). Many re-
cent and ancient examples of braided stream
sediments have been given by various authors
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(DoEGLAS, 1962; BLUCK, 1967; COLEMAN,
1969; WiILLIAMS and RuSsT, 1969; SMITH,
1970; CANT and WALKAR, 1976) and in addi-
tion there are a number of reviews. However,
braided river sediments do not seem to be easily
distinguished from meandering river ones only
by the vertical sequence as described by
WALKER and CANT (1979). According to the
data obtained from the various types of braided
river sediments reported in the
references, it seems that muddy sediments due
to vertical accretion are, generally, markedly
few, and sandy sediments are coarse grained,
and poorly sorted in comparison with those of
meandering river sediments. Moreover, braid-

above

ed river sediments contain a very small amount
of levee sediments, epsilon-type cross-bedding,
and ripple-cross lamination. These are also
characterized by such sedimentary structures as
planar tabular sets of cross-bedding developed
in the middle to upper sandy parts of the cycles,
and by conspicuous scour structures in the sand-
stone beds. Braided rivers having the above-
mentioned features form wide channels in fur-
ther upstream reaches of river and on higher
slopes (WALKER and CANT, 1979).

In some cycles where muddy sediments are
almost lacking as shown in sequences C and D
in Figure 28, the major part is composed of
coarse-grained sandstone with a small amount
of fine-grained sandstone and shale. Up to the
upper half of the cycle, tabular cross-bedding is
predominant and ripple-cross-lamination is
almost lacking. These characters may corre-
spond fairly well to those of braided river
sediments as mentioned above. It is, therefore,
presumed that the cycles lacking muddy
sediments represented by such units as C;; -D4
and -D; in Figure 28 were formed in environ-
ment of intensely braided stream and that the
succeeding Cs and D3 units were deposits under
circumstances suitable for sedimentation of
meandering river. Braided river deposits are ex-
pected to be found between the alluvial fan
deposits to the north and the meandering river
deposits to the south in the Ishiwaritoge Forma-
tion and also between the two deposits of the
Makinohama Sandstone Member. They are

represented by the western border facies in the
Ishiwaritoge Formation (Fig. 18: section 6)
and by the lower part of the Makinohama Sand-
stone along the Makinosaki section (Fig. 21).
In addition, the facies of braided river type is
found in the uppermost part of the Ayukawa
Formation (Cretaceous) (TaAKIZaAwa, 1975),
and sediments presumably of braided river
origin are scarcely found in the Jurassic alluvial
facies on the whole.

As briefly reviewed by Takizawa (1976),
the fluvial deposits of geologic age, such as the
Devonian and Carboniferous deposits (par-
ticularly the Lower Old Red Sandstones and
the Appalachian System) in the European and
American continents (ALLEN, 1964, 1970;
ALLEN and FRIEND, 1968; MECKEL, 1970) and
the Gondwana System (CASSHYAP, 1970; BAR-
RET, 1965), have been studied in detail.
Besides, deposits of this type are found in the
wide geochronological range from the Precam-
brian (SELLY, 1965) to the Cenozoic { CON-
RAD, 1969; PUIGDEFABREGAS, 1973). In the
light of these references, it should be emphasiz-
ed that the fluvial deposits of the Jurassic of the
Kitakami region have coarser-grained sand-
stone and thicker cycles than those of the Lower
Old Red Sandstones and the Gondowana
System. However, the fluvial deposits in the
Kitakami region appear to be similar to those of
the Devonian and Carboniferous of the Ap-
palachian in many respects, such as granularity
of sandstone, thickness of cycles, ratio and pro-
perties of muddy materials. On the other hand,
it is also known that some of the fluvial fining-
upward cycles in the Upper Devonian of the Ap-
palachians are very thick, averaging nearly 30
m (WALKER, 1971). This gives an ancient ex-
ample of energetic fluvial sedimentation.

1-3 Distributary-interdistributary

Deposits (ADI)

The deposits consist of massive to thick-bedd-
ed coarse-grained sandstone interbedded with
shale which contains plant beds (Subfacies c;)
and they do not show upward decrease in grain
size. Moreover, they are rather poor in intrafor-
mational conglomerate (channel lag). In com-
parison with Subfacies ¢, the shaly portion is
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poor in lamina but predominant in car-
bonaceous shale and plant fragments. The
deposits of this type are represented, for exam-
ple, by the lower part (Ky-1: P1. II-3A) and the
upper part (Ky-4: Pl. II-3B) of the Kiyosaki
Sandstone Member of the Ayukawa Formation,
the upper part (Kg-4) of the Kogoshio Forma-
tion, and the upper part of the Tomizawa For-
mation.

It is well established in general that rivers are
one of the most contributory continental en-
vironments to accumulating large quantities of
coarse-grained sandstone. However, the depos-
its comprising Subfacies ¢, are somewhat dif-
ferent from the migrating fluvial deposits ver-
tically adjacent to Subfacies ¢, in any sequence.
The almost absence of channel-lag combined
with other available data suggests a sedimen-
tary environment with relatively low flow
energy. Moreover, from the fact that in the up-
per half of the Kobitawatashi Member of the
Cretaceous strata in the Oshika area, the
deposits consisting of Subfacies ¢, rapidly
changes northward to shallow marine facies,
the writer (TAKIZAWA, 1975) once suggested
that the deposits have been originated in a
coastal distributary environment.

Distributary channel sediments in many
parts of the world are consistent with those of
the Kitakami region in the abundance of car-
bonaceous mud and plant fragments. The
forms of the stream channels in a distributary or
could be gradient
meandering or considerably straight according
to their places. Some distributary channels can
form complicated stream systems as proposed
by WURSTER (1964) and FERM and CAVAROC
(1968) or as seen in many recent deltas.

In the distributary of complex flow system,
some natural phenomena, such as irregular
channel migration and development of chute

estuarine environment

and chute bar, are liable to prevent the sedimen-
tation from making fining-upward sequences
(McGOWEN and GARNER, 1970). FISHER and
McGowen (1969) pointed out that distributary
channels are relatively straight streams and the
accumulation of sandstone therein is due to the
downward accretion which is facilitated by com-

pactional subsidence. If the deposition is at-
tributed to the downward accretion, the
phenomenon of the upward decrease in grain
size is not inevitable, because stream channels
are liable to abandon and to change suddenly in-
to abandoned in which muddy
sediments are mainly deposited. Subfacies c; is
considered to have been generated from such
process of deposition in a distributary environ-
ment.

From the above evidences and discussions,
Subfacies c; is inferred to have been formed in
distributary channels and interdistributary
area. Going into detail, these deposits are
referable to the distributary channel-marsh-
swamp facies in the fluvial systems proposed by
FISHER and McGOWEN (1969).

channels

2. Lake Facies Association

This association, which is inferred to be of
non-marine origin from the nature of the
associated shale, includes sedimentary deposits
formed under a variety of continental en-
vironments, such as coastal plain in alluvial
lowlands, and limnic depression (marsh or
ephemeral lake). With respect to the
lithofacies, sandstone is abundant in some
places, while shale is predominant in others.
Generally, this association is found above the
shallow marine sand deposits of regressive
phase or both above and below the migrating
fluvial deposits. It is regarded as an in-
termediate association between the two deposits
mentioned above. But it is difficult to ascertain
the depositional environment of this association
in some cases. This facies association is
classified into the two facies types of deposits to
be described below.

2-1 Agitated Lake Deposits (ALM)

As shown in Figure 31, the deposits consist of
bedded and laminated fine- to medium-grained
sandstone interbedded with shale ( Facies d: Pl.
II-1). This deposits occur in the Sakaguchi-
irizawa Sandstone Member of the Karakuwa
Group, the Kiyosaki Sandstone Member of the
Oshika Group and the Tochikubo Formation of
the Soma Group. Also, similar deposits are
found, for example, in the thick shaly portions
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Fig. 31
the Sakaguchiirizawa Sandstone Member, Karakuwa.
The strata above and below consist mainly of Facies h,

Detailed measured section of the middle part of

massive or bedded gray shale of non-marine type. The
sequence is probably agitated lake deposits.

of the fining-upward cycle in the Makinohama
Sandstone Member. The predominance of
cross-stratified sandstone and the frequent inter-
calations of muddy sediments indicate sedimen-
tations attributed to repetitions of active water-
flow action and suspension load. Such non-
marine sedimentation due to mixed load oc-
curred probably in a lacustrine (lake ) environ-
ment as well as in a fluvial environment.
However, Facies d is distinguished from

fluvial deposits represented by Facies ¢; by the
following charactersistics; no indication of
strong water action such as penecontem-
poraneous erosion structures, intraformational
conglomerates (shale clasts) and large-scale
cross-bedding. It is rather characterized by
small-scale cross-bedding and good stratifica-
tion marked by the frequent intercalations of
thinner finer-grained and better-sorted sand-
stone beds. In the studied area the shales are
massive in some places, but in many others they
are thinly bedded or show a varve-like ap-
pearance. The above features coincide with
those of the lacustrine sediments listed by
PicarD (1957). He described the differences
between two types of deposits, lacustrine and
fluvial, in sediments comprising sandstone and
shale. In addition, the sediments of the studied
area have a sedimentary sequence very similar
to that assigned to lacustrine sediments by
HEWARD (1978) and POLLARD e al. (1982).
These are regarded as the sediments related to a
lake delta. Incidentaly, as to recent lake delta
sediments, for instance, in the Rhein-delta of
Lake Constance, the 2-3 m thick sandstone bed
which has been deposited since 1900, can be
located down to 30 m below the lake bottom
(FORSTNER et al., 1968). This suggests that san-
dy sediments can be deposited in a comparative-
ly deeper portion of a lake.

On referring to the above references, the
Sakaguchiirizawa Sandstone of the Karakuwa
Group and a part of the Tochikubo Formation
of the Soma Group can be interpreted to be lake
sediments which are comparatively rich in sand-
stone. However, it is not possible to determine
whether the above strata are of deltaic origin,
because its lateral facies change has not been
sufficiently understood yet. It is considered that
these strata of the South Kitakami showing
cross-bedding were most probably formed
under a lake-delta environment. If they were
deposited under a non-delta environment, rip-
ple-cross lamination or small-scale cross-bed-
ding should be easily formed in the shallower
part of lakes. In any case, the Jurassic of the
South Kitakami Belt, as mentioned earlier, con-
tains predominantly of sandy fluvial deposits;
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the lake in the area may have been easily in-
fluenced by sandy inflow, mostly due to rivers.

The sequence with thicker muddy rocks in
the fluvial fining-upward cycles in this area is in-
terbedded with distinctly varve-like, laminated
siltstone (10 m in maximum thickness: e.g.
Fig. 28) and thinly bedded sandstone in some
parts of the thick shale sequence. The siltstone
and sandstone can be explained to be sediments
accumulated in ephemeral and small lakes on
depressions of flood plain.

2-2 Quiet Lake or Marsh Deposits

(NLM)

The deposits consist predominantly of non-
marine shale represented mainly by massive or
bedded gray shale, with some black shale
(Facies h). They are interbedded with
laminated siltstone or fine-grained sandstone at
some localities. These deposits, 30 to 200 m
thick, are representatively found in the lower
part of the Makinohama Sandstone Member,
the Kiyosaki Sandstone Member (Unit Ky 2
and 5) and the Tochikubo Formation.

The sediments of non-marine environment,
and the prevailing thick muddy sediments due
to suspension load are considered to have ac-
cumulated in lake (lacustrine) or alluvial flood
plains. The alluvial flood plain deposits are easi-
ly mixed with sandy material due to bed load
transportation, consisting mainly of mixed load
deposits (REINECK and SINGH, 1973: p. 259).
Therefore, a lake or marsh environment is ex-
ceedingly suitable for the development of thick
mudstone (shale).

Except for the agitated lake deposits mention-
ed earlier, it is known that in lake sediments the
grain size distribution generally varies with
water depth, that is, finer material increases
with depth (TWENHOFEL, 1932; MULLER,
1963; MULLER and GEES, 1970). On the other
hand, ancient lake sediments in continental
regions contain a large amount of carbonate
rocks such as limestone and dolomite in addi-
tion to clayey or silty, clastic material ( VISHER,
1965b; PicarRD and HiGH, 1972; COLLINSON,
1979). But such non-marine carbonate rocks
are not found in the Jurassic of the Kitakami
region. In this region, the muddy lake deposits

are interbedded sporadically with graded sand-
stone layers or cross-stratified and parallel
laminated sandstone in some places. Graded
beds are well known in recent lake deposits
(HouBOLT and JONKER, 1968) as well as in
older ones (SANDER, 1968). These graded beds
are explained as transport and deposition by tur-
bidity currents flowing down lake bottom. The
example of the Kitakami region suggests that
some sediments were accumulated by flood cur-
rents at the lake bottom.

From the above description, the deposits com-
posed of Facies h are considered to be relatively
small scale ephemeral lake deposits on the
alluvial flood plain, associated with fluvial
deposits.

3. Beach Ridge-Coastal Marsh Associa-

tion (ABR)

The deposits are composed of massive to very
thick-bedded sandstone interbedded with shale.
Upward decrease in grain size is indistinct or
not observed. Although the deposits are similar
to the distributary-interdistributary deposits on
the whole, the sandstone is finer grained and
better sorted than that of the distributary
deposits. Moreover, the amount of the in-
terbedded shale is as much as 10 to 30 percent
of this association and the shale is shomewhat
carbonaceous in many cases. The sandstone
generally shows cross-bedding of planar type
and is massive and structureless in some parts.
Cross-bed sets range in thickness between 0.2
and 1.5 m and occur in cosets up to 4 to 8 m
thick in the case of the Makinohama Sandstone
(PL II-2).

These deposits are found in a part of the
Kogoshio Formation (Kg-1 and Kg-4: Fig. 32),
the uppermost part of the Makinohama Sand-
stone Member, the lowermost part of the
Kiyosaki Sandstone Member, and some other
formations. The uppermost part of the
Tochikubo Formation also may be referred to
these deposits. As the shallow marine deposits
are in contact with the above formations, these
deposits suggest that the deposition took place
in coastal areas. Moreover, considering the com-
paratively well-sorting of sand grains, there is a
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Fig. 32 Sedimentological sectios of Unit Kg-1 of the Kogoshio Formation, at the eastern extremity of the islet of Oshima,

Karakuwa. Deposition in mixed environments of shallow marine and non-marine (fluvial sequence) is shown. Arrows in

circles and hemicircles indicate paleocurrent directions of cross-bedding and sole marks respectively.

large possibility that the deposits are beach
ridge sands such as coastal dunes. Since the in-
tercalated shale is comparatively, carbona-
ceous, this could have been derived from
coastal back marsh. As seen from Figure 33,
distributary of estuarine environments with ex-
tended beach ridges on the sides
presumably on a coastal plain. The deposits
may be comparable with the medium-scale
cross-bedded cosets which are underlain by the

were

distributary channel deposits of the Kinderscou-
tian deltaic sediments ( Upper Carboniferous,
northern England) reported by McCABE
(1977).

4. Shallow Marine Facies Association

Shallow marine facies association is one of
the principal deposits characteristic of the
Jurassic in the Southern Kitakami Belt. This
association is rich in coarse-to fine-grained
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Fig. 33 Diagram showing suggested disposition of various sedimentary environments of the Jurassic non-marine deposits

in the South Kitakami Belt. This illustration is based on sedimentological data of the Oshika area.

arkosic sandstone yielding abundant molluscan
fossils. However, it is difficult to exactly
estimate the depth of deposition in a shallow
marine environment. WALKER (1979) has
defined the ‘‘shallow seas’’ as the seas of depths
of 10 to 200 m. Taking this into consideration,
the Jurassic shallow marine sediments are con-
sidered to be deposited on the sea floor at most

100 m deep off the shoreline.

== (downward or

= Lateral acceretion
deposits)
I

RIVER
Outer fan (
- }

of the South

Regarding the Jurassic
Kitakami Belt, littoral sediments are included

in the present association, because the distinc-
tion between the littoral (intertidal or beach)

and sublittoral sediments is insufficient.
This association is classified into the follow-

ing several types of the deposits which were
formed under various shallow sea conditions.
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4-1 Transgressive Shallow Marine Sandy
Deposits (SLS)

Transgressive shallow marine sandy deposits
are composed mostly of massive to bedded
coarse- to fine-grained sandstone {Facies a and
b), frequently showing cross-bedding and
parallel lamination. The greater part of the
sandstone is characterized by arenite. These
deposits are also characterized by yielding abun-
dant marine bivalves, especially trigoniids.
Shallow marine sand deposits are found in the
three stages of Bajocian, Upper Oxfordian and
Berriasian in the Middle Subbelt, and also in
the four stages of Hettangian, Bajocian, Titho-
nian and Berriasian in the Western Subbelt. Of
these deposits, the Bajocian ones are most exten-
sively exposed in the Jurassic in the South
Kitakami Belt. The thickness of these deposits
is generally in the order of several tens of meters
or less, but in some areas it reaches 200 m or
more as in the case of the Tsukinoura Sand-
stone Member in the Oshika area (Fig. 19).

The transgressive shallow marine sandy
deposits bigin with coarse-grained sandstone,
and grade through medium- and fine-grained
sandstone into sandy shale in ascending order,
and in many cases, further upward into thick
shale beds of probable offshore basin-floor
deposits. Conglomerate is bedded in its basal
part in some places. The deposits as a whole
grade gradually from nearshore facies into
offshore mud, suggesting a transgressive en-
vironment changing from shallow-water to
deep-water.

It is well known that in shallow seas a large
amount of sands can be accumulated on
beaches (back shore, foreshore and shoreface),
sublittoral sandbar and sandwaves. Moreover,
channel- or sheet-like sandstone beds may be
formed under the influence of strong river-flood
flow or storm.

The details of the sedimentary environment
of the Jurassic shallow marine sandstone beds,
however, are not understood very well, because
the sedimentary structures of these beds are not
yet sufficiently clear. It is obscure whether
massive and structureless appearances of the
Jurassic sandstone beds at many exposures are

original or due to disappearances of the
stratification structures by strongly weathering
or other factors. Actually, in the same sand-
stone beds, lamination is distinctly displayed at
some exposures but not seen or obscure at other
localities not far apart. For example, in the sand-
stone consolidated by calcite
sedimentary structures are very clearly observ-
ed at some weathered exposures, but are very
obscure at other fresh outcrops. According to
REINECK and SINGH (1973), JOHNsSON (1977)
and WALKER (1979), it is unlikely that the ma-
jority of recent and ancient shallow marine
sediments are massive and structureless.

The physical processes through which
sediments are transported into shallow seas are
very diverse compliéated, and the processes
were classified by SWIFT ef al. (1971) as fol-
lows: 1) intruding ocean currents, 2) tidal cur-
rents, 3) meteorological currents (direct wind,
wave and storm surge), 4) density currents.
WALKER (1979) pointed out that, of these pro-
cesses, storm and tidal currents are the most
important major processes. In this way, the
shallow sea sediments of the South Kitakami
Belt are studied in the light of the concept of
storm-dominated and
cesses.

cementing,

tide-dominated pro-

In discussing the shallow marine deposits of
the Jurassic in the South Kitakami Belt, it is
necessary to take paleogeographic conditions in-
to consideration. As will be described later, the
Jurassic basin of the South Kitakami probably
was formed as an inland sea with an upheaval
zone on its eastern side. Therefore, the transpor-
tation of sediments by the intruding ocean cur-
rents mentioned above probably had no impor-
tant effect upon the deposition. According to
certain reports (e.g. MOGI, 1963), tidal action
is generally powerful in inland seas, and thus
smooth beaches showing gentle slopes can be
easily developed. The beds which, from the con-
spicuous development of burrows, are inferred
to be deposits in an intertidal or littoral zone are
found in the lower part of the Kozumi Member
(Fig. 34; Pl. III-3A) and the Kobitawatashi
Member (Pl. IT11-3B; TaK1zAwA, 1975) in the
Oshika Peninsula and the Kogoshio Formation
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Fig. 34 Detailed measured section of the lowest part of the Kozumi Shale Member, Oshika. This sequence were probably

originated from a nearshore shallow marine environment.

(Kg-1d and Kg-5) in the Karakuwa area.

It is well established that in the littoral zone,
powerful actions of tidal currents, wind and
‘wave have important effects upon the sedimen-
tary processes of sand. However, as regards the
Jurassic strata, it is difficult to reconstruct some
concrete bed forms and processes or currents
which were contributory to the deposition,
because the sedimentary structures and bed
forms are not fully clarified at present.

In some parts of the Tsukinoura Sandstone
Member and the Aratozaki Formation of Bajo-
cian age where shallow marine sand deposits
are best developed, thick coarse-grained sand-
stone beds are interbedded with sandy shale
beds. A portion of these shale beds yield fossils

such as Bakevellia, Kobayashites and Eomiodon, be-
ing assigned to the Cyrenoid (“Corbicula”)-
facies of HAYAMI (1962). These fossils suggest
a lagoonal environment.

Consequently, the Tsukinoura Sandstone
Member and the Aratozaki Formation are main-
ly of littoral facies, but parts of them are pro-
bably of temporary lagoon or embayment
origin. During the deposition of the Tsukinoura
and the Aratozaki, a part of the shallow sea was
probably closed by a barrier bar and then a
lagoon was formed. A probable tidal channel
traversing sand ridges between the lagoon and
the shallow sea was possibly formed and was ac-
companied by tide-dominated sand deposition
as in flood-tidal delta and ebb-tidal delta.
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On the other hand, the sandy muds of the
Tsukinoura Member and the Aratozaki Forma-
tion were accumulated probably toward off-
shore free from any sublittoral wave action.
These sandy muds (sandy shales) together with
some finer mud (shales) which were probably
deposited further offshore, are interbedded
with coarse- to medium-grained sandstones.
These sandstone layers, 0.2m to 3m in
thickness, are classified into three types; len-
ticular sandstone with tabular cross-bedding
( type 1), massive and structureless sandstone
with sole marks such as groove and flute casts
(type 2), and parallel-laminated thin sandstone
(mostly fine-grained; type 3).

Of these various types of sandy intercala-
tions, the sandstone of type 1 is considered to
have generated from mega-ripples or small-
scale sand waves, and to have been transported
probably from a littoral zone to a sublittoral
zone by tidal currents. The sendstone is rarely
mixed with granular or fine pebbles. The sand-
stone of type 2 is massive containing com-
paratively abundant carbonaceous material,
and its sole marks indicate approximately nor-
thward paleocurrent. This type of sandstone
shows graded bedding at some places, but the
grading becomes indistinct as the layers in-
crease in thickness on the whole, thus closely
resembling fluxoturbidite or proximal turbidite
of flysch facies. Actually, a number of examples
of such ancient shallow marine deposits in-
terbedded with turbidite-like sandstones have
been reported by WALKER (1969, 1970),
READING (1970), BARTOLINI ¢t al. (1975) and
MCcBRIDE ¢f al. (1975). They have maintained
that these deposits were formed by river-
generated flood As
sediments, turbidite-like sediments generated
by river-floods are known from the offshore of
the mouth of the Kongo River (HEEZEN et al.,
1964) and also from that of the river mouth
in the western coastal region of France
(NESTEROF ¢t al., 1968). Therefore, it is con-
sidered that the sandstone of type 2 is of high
energy origin and is river-generated flood
deposits.

The parallel-laminated thin sandstone (type

currents. to recent

3) probably originated from sublittoral sandy
material and was transported into muddy en-
vironments such as deeper offshore areas by
storm currents.

Compared with the Tsukinoura Sandstone
Member and the Aratozaki Formation, the
other shallow marine deposits of Bajocian age
are simple in composition and mode of vertical
variation of lithofacies. They grade monoto-
nously from littoral sandstone upward into
sublittoral sandy shale.

In the South Kitakami Belt, the transgressive
shallow marine sand deposits of Kimmeridgian
age consist of sediments better sorted than those
of Bajocian, and do not contain conglomerate.
The medium- to fine-grained sandstone of the
lower part of the Kozumi Member in the
Oshika area shows through cross-bedding, com-
prising alternation of clean matrix-poor sand-
stone and silty sandstone rather rich in matrix
in some places (Fig. 34). The latter may have
been formed in littoral depressions with weaker
wave action than the former. The absence of
muddy rocks in the sand sequence suggests that
the environments oscillated between a small-
scale wave-formed sandbars on shoreface and in-
terbar troughs. Moreover, the possibility of the
presence of a lagoon in the southeastern part of
the studied area (Kukunari area) is a problem
to be solved in the future.

The shallow marine sand facies of the
Nakanosawa Formation in the Soma Group,
containing no muddy rocks, is composed main-
ly of coarse-grained sandstone in the south
(Fig. 35), indicating dominant sedimentation
in nearshore areas where tidal action was
strong. On the other hand, medium- to fine-
grained sandstone with calcareous or silty
matrix is considerably abundant in some
places, especially in the northeast, yielding
abundant open-sea bivalves such as pectinids,
limids, astartids and trigoniids. The Torinosu
bio-facies which comprises the most represen-
tative Upper Jurassic neritic bivalve fauna of
Japan, shows a bio-facies corresponding to the
offshore ‘‘shallow mound association” -domi-
nated components (TAMURA, 1961). In the
Soma area, the sea was probably not very deep
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Fig. 35 Detailed measured section of the Nakanosawa Formation, Soma.

with many gentle undulations on the floor.
Shallow sand banks presumably extended
offshore. However, the bed forms and struc-
tures of these sand bodies have not been fully
clarified.

4~2 Regressive Shallow Marine Sandy

Deposits (SLS)

Some regressive sand bodies occur between
the alluvial facies association and the flysch
facies association to be described later. These
are represented by the lowermost part (Kg-1)
of the Kogoshio Formation in the Karakuwa
area, the lowermost unit of the Makinohama
Member in the Oshika area, and the lowermost
part of the Kiyosaki Member in the Oshika

area. These are found also in the Cretaceous of
the Oshika area (TAKIZAWA, 1975).

As shown in Figure 32, 57 and 58, these
deposits consist mainly of coarse-grained sand-
stone with remarkable cross-bedding, mixed
with exotic pebbles at some exposures. They are
distinctly different from the underlying flysch
facies, and yield marine fossils in the Kogoshio
Formation and the Kiyosaki Member. Con-
spicuous development of tabular cross-bedding
is well known in sand waves of offshore (NiO,
1976; FLEMMING, 1978) or tidal flood deltas
(HAYES, 1980; MASUDA ¢t al., 1981) as in the
regressive shallow marine sandstones with
limestone pebbles described here. The lower-
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most parts of both the Kogoshio Formation and
the Kiyosaki Member abundant
limestone pebbles derived from reef-like
limestone, which was probably formed in a
more open shallow sea, destroyed by violent
storm, and then transported approximately
parallel to the shoreline. The deposits in ques-
tion may have been formed partially by sand
waves, judging from the relation to the underly-
ing formation and the paleocurrents. However,
paying special attention to the coarse-grained
sandstone containing exotic pebbles (mostly
granites) and very abundant limestone pebbles,
the very restricted distribution of the deposits
and the presence of overlying fluvial deposits, it
is considered that these deposits of the Kogoshio
and the Kiyosaki were formed by tidal flood-
delta sedimentation rather than by sand waves.
Thus, such deposits probably resulted from peb-
bly coarser sands which were transported by
longshore currents along the beach to form tidal
delta through tidal channels in embayments.

The sequence at 3 m to 18 m above the base
of the Makinohama Member is regarded main-
ly as offshore sandbar deposits, judging from
well-developed cross-bedding and relatively
well sorted sandstone.

4-3 Embayment Muddy Deposits (SEM)

Embayment muddy deposits are typically
developed in the Lower Jurassic Niranohama
Formation in the Western Subbelt. They yield
brackish bivalves abundantly, and are compos-

contain

ed, in many places, mainly of sandy black shale
frequently interlaminated and interbedded with
very fine sandstone. The sandstone beds are in
the order of several meters thick. Shale is con-
siderably carbonaceous and sporadically con-
tains fine-grained pyrite.

Bays are classified into the two types, steep
slope and gentle slope ones, based on their
topographic profiles (MoG1, 1963). The Lower
Jurassic sediments mentioned above were form-
ed probably in the latter type bay. Also it is said
that in bays with smooth profile beaches, sand
bars are not developed because of weak wave ac-
tion (MoOGI, 1963).

The sandstone interbeds in this type of
deposits are characterized by appreciable

parallel lamination with a few ripple marks.
The majority of the muddy deposits may have
been derived from suspension load, showing
sandy lamination formed probably by floods or
not-very-strong wave actions.

5. Basin Mud Facies Association

5-1 Quiet Basin Mud Deposits (BQM)

These muddy deposits consist of Facies f
(thick- to medium-bedded black shale contain-
ing marine fossils) and indicate sedimentation
on a tranquil and stable basin floor. These
deposits are found in the Middle to Upper
Jurassic Hashiura Group and the Lower
Jurassic Hosoura Formation in the Western
Subbelt, and the Bajocian Tsunakizaka,
Samuraihama and Awazu Formations and the
Upper Oxfordian Kozumi Formation in the
Middle Subbelt. They comprise shale beds, and
are mostly between 150m and 500m in
thickness. Fossils are represented by am-
monoids, containing some bivalves in some
places. Calcareous nodules are ubiquitous in
these formations, tending to increase in size
eastward.

The deposits generally grade downward to
shallow marine sandy beds, interbedded with
episodic graded beds (turbidites) in its transi-
tional part. It is considered that suspended
material of silt and clay released from rivers in-
to sedimentary basins diffused and
deposited in the basin by various marine cur-
rents and formed the deposits in question. The
development of the bedding plane suggests
some stages of interruption of sedimentation.

5-2 Agitated Basin Mud Deposits (BAM)

Agitated basin mud deposits are composed
chiefly of laminated shale. Streaky, sandy or sil-
ty intercalations and laminations are frequently
developed in this shale. These deposits occur in

was

some places thin sequences both above and
below the quiet basin mud deposits. In many
parts, they are developed showing a lateral
change from the quiet basin type. They occur,
among others, in the northern facies of the
Mone Formation, a part of the Kozumi
Member and the lower part of the Arato Forma-
tion. The thickest sequence of the deposits of
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this type occupies the middle part ( Cretaceous)
of the Ayukawa Formation, where it is mixed
with other facies for more than 500 m in
thickness.

This laminated shale was derived from
deposits formed in basins which were agitated
by intermittent actions of currents caused by fac-
tors other than ordinary marine currents.
These deposits probably were generated from
strong suspension load containing relatively
coarser material as in the case of the end parts
of turbidity currents and storm- or river-
generated flood currents. Of the above forma-
tions, the laminated shale of both the Mone For-
mation and the Kozumi Member is inferred to
be an end facies of turbidites. This is based on
the mode of lateral and vertical facies changes.
It was proposed by the writer (TAKIZAWA,
1975) that fine-grained material (smaller than
fine sands) in flood waters
transported by suspension currents of low
energy into the basin. The material then diffus-
ed and were deposited there by bottom currents
of down-slope flow type and formed the middle
Ayukawa Formation comprising deposits of
distal delta (delta-slope or pro-delta). The
lower Arato Formation is considered to be the

river was

end facies of turbidites, as will be mentioned -

later.

The term “agitated basih mud deposits” is
derived from De RAAF ¢t al. (1965), WALKER
(1969, 1970) and REaDING (1970), which
has been applied commonly to delta, shallow
marine or lagoon deposits (interbedded also
with turbidites) formed under the influence of
wave or tidal current. The deposits of the mid-
dle part of Ayukawa Formation, among others,
are similar to the deposits designated by these
authors.

6. Flysch Facies Association (FSF:FDF)

Flysch facies association consists mainly of
sandstone and shale in medium- to thin-bedded
rhythmic alternation (Subfacies j; and j,), ac-
companied by thick-bedded medium sandstone
(Facies e), and laminated shale (Subfacies i
and iy).

In the Middle Subbelt, the deposits of Flysch

Facies Association are most thickly and exten-
sively exposed in the Oginohama Formation of
the Oshika Group (2 horizons, Kt and Fk) and
in the upper half of the Mone Formation of the
Karakuwa Group, both of which belong to the
Oxfordian to Kimmeridgian of the Upper
Jurassic. They overlie the basin mud facies. It is
considered that a slope was formed in the
regressive stage of sedimentation of the late
Jurassic basin to generate turbidity currents.
In the Western Subbelt, the flysch-type
deposits are developed in the lower half of the
Arato Formation (Table 13). In the sedimen-
tary basin of the Arato Formation, the flysch
facies developed at the early stage of transgres-
sion which indicated rapid deepening of the
basin,
As shown representatively in Figure 36,
various kinds of subfacies are associated with
each other in the Upper Jurassic flysch facies in
the South Kitakami Belt. The main consti-
tuents of these flysch-type deposits are listed
below, their representative sedimentary struc-
tures being shown in Figure 36.
1. Thin-bedded shale-sandstone alternation
(Subfacies Jz)

2. Medium-bedded sandstone-shale alterna-
tion (Subfacies j;)

3. Thick- to medium-bedded medium-
grained sandstone (Facies e)

4. Thinly laminated shale (Subfacies i)

5. Shale interbedded with thin sandstone
layers (Subfacies i)

6. Bedded black shale (Facies f)

Among them, 1 to 4 are the main facies, and
5 and 6 are the subordinate facies. Vertically
these facies change into and are replaced by
each other very rapidly (Figs. 18, 20, 22).
Generally, the thickness of the above six facies
is found to range from a few meters to about 50
m.

It is, however, recognized in the outcrops
that a coarsening- or thickening-upward se-
quence comprises the following lithofacies in
ascending order: bedded shale (Facies f) or
laminated shale (Facies i), thin-bedded shale-
sandstone alternation (Subfacies jz), medium-
bedded sandstone-shale alternation (Subfacies
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j1) and thick- to medium-bedded medium-grain-
ed sandstone (Facies e). In this manner such
a sequence shows a definite vertical change
from the shale-dominated facies to the sand-
stone-dominated facies. Thickening-upward se-
quences are, if anything, found more common-
ly in the lower part of the Fukkiura Member in
the western part of the Oshika area than in the
eastern part (Fig. 20) and the lower part of the
Mone Formation of the Karakuwa area. A
small amount of thinning- or fining-upward se-
quences are observed in'the upper part of the
Fukkiura Member in the western part of the
Oshika area.

As shown in Table 12 and Figures 37 and 38,
sandstone beds of the flysch facies mostly occur
as graded beds characteristic of the “Bouma se-
quence”, and they are referable to turbidite,
occasionally interbedded with fluxoturbidite of
Faciese.

Facies e (thick- to medium-bedded medium-

Massive, no grading
Ripple

cross-lamination others

Grading

T abed
1004 [ 20 T abc

'II‘.“ Total

Number of layers

Number of layers

20+

Fig. 37 Frequency distribution of sequence types in the
flysch facies association of the Mone Formation,
Karakuwa. For sequence types see Table 12.

grained sandstones) is characterized by shale-
clast conglomerate and dish structure (Fig. 36).
It occasionally shows channel structures (Fig.
39). Some of this facies is inferred to have
deposited over submarine channels which cut in-
to submarine slopes.

Intraformational mud-pebble conglomerate
has been reported from a number of modern
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o ___ ¢
Fig. 39 Submarine channel structure in the Fukkiura

Shale and Sandstone Member at Koamikura of the
Oshika Peninsula.

and ancient channel deposits (SHEPARD et al.,
1969; PicHA and Niem, 1974; STANLEY and
UNRUG, 1972; STANLEY and KELLING, 1978).
Furthermore, according to STAUFFER (1967),
CurpPING (1972), CORBETT (1972), STANLEY
and KELLING (1978) and HEIN and WALKER
(1982), dish structures are characteristically
present in slope or channel deposits with in
thickly bedded sandstone sequence. This sup-
ports the above depositional interpretation of
the present facies.

The conspicuous feature in the Upper
Jurassic flysch facies of the Middle Subbelt is
the juxtaposition of turbidites (Facies j) and
laminated shale (Subfacies i1, ). This laminated
shale is considered to be formed in a relatively
shallower water environment such as a suba-
queous delta as mentioned later, and a fair
amount of the turbidite is also presumed to be
formed in not so deep water environment accor-
dingly. For reference, similar deposits to Sub-
facies i;, have been reported a number of an-
cient deltaic and shallow marine deposits (De
RAAF ef al., 1965; WALKER, 1969; READING,
1970; De RAAF ¢t al., 1977).

The laminated shale (Subfacies i) is con-
sidered to be an end facies of turbidite, and
relatively coarser laminated shale to be over-
bank and levee deposits in the vicinity of sub-
marine channels or interchannel (basin slope)
deposits. In the eastern facies of the lower half
of the Arato Formation of the Shizugawa area
and the northern facies of the Mone Formation
of the Karakuwa area, laminated shale of Sub-
facies iy, is well developed together with a few
turbidite sandstone beds. In the former area, as
will be described later, inflow of sand from the
eastern side of the Middle Subbelt is inferred
and resultant deposits can be explained to be

distal turbidites. The presence of conspicuous
channel structures leads to the presumption of a
channel structure inclined westward.

The shale intercalated with thin sandstone
layers (Subfacies i;) frequently occurs adjacent
to Facies e (fluxoturbidites) which probably
deposited on slopes. The deposition of the thin
sandstone interbeds within Subfacies i, may
have been due to bottom tractional currents (in-
cluding reworked sediments) as pointed out by
Hst (1964) and KEITH and FRIEDMAN (1977).
Similar deposits in a flysch sequence to Sub-
facies i, have been reported from other ancient
submarine slope deposits; Cambrian submarine
slope deposits of New York and Vermont (Cur-
rent-ripple-laminated limestones and sand-
stones facies) by KEITH and FRIEDMAN (1977),
Archaean submarine interchannel deposits of
Western Australia (Shale with starved ripples
and laminated siltstone) by ERIKSSON (1982),
and Precambrian upper basin-slope deposits of
North Norway (Current-rippled
facies) by PICKERING (1982).

Lately, submarine slopes and fans have been
considered to be the locations of deposition of
turbidites in many cases (WALKER and MUTTI,
1973). Also together with a number of studies
on recent submarine fans and fan-valley com-
plex (SHEPARD e al., 1969; NORMARK, 1969),
the relations of turbidites and associated facies
to location of deposition have been discussed
(STANLEY and KELLING, 1978). Taking the ver-
tical and horizontal facies relations into con-
sideration, together with the results of the

siltstone

above-mentioned studies, it is necessary to
discuss whether the sedimentary locations of the
Jurassic flysch facies were major submarine
slopes and submarine fans. In connection with
the genetic interpretation of the Upper Jurassic
turbidites and the depositional pattern of the
flysch facies, this problem is discussed in the
next chapter.

Brief Remarks on the Trace-fossil Fauna in the

Flysch Facies

The formations of flysch facies mentioned
above, particularly the Fukkiura Member, the
upper half of the Mone Formation and the
Arato Formation yield abundant trace fossils.
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Table 15 Trace fossils from the Jurassic flysch-type deposits.

Formation
Type & Ichnogenus * MONE | OGINOHAMA | ARATO Rocks
R (S)l(N) ) TN
Straight, branched forms
Chondrites + | w4 | laminated
K shale
Fucusopsis (?) | | a y
Winding, unbranched forms ]
Taphrhelminthopsis [ | + laminated
. shale
Neonereites | ‘ ”
Sealalituba (?) | | P
Meandering forms ! |
Cosmorhaphe | |+t laminated
. shale
U-shaped trails(type a) | + + o + 0
Spreiten traces |
Zoophycos +| ++ | turbidite ss.
Phycosiphon ++ | + laminated
| shale
U-shaped trails(type b) +| | P
A: rare +: common ++: abundant
(S) : southern part (N) : northern part
The trace fossils are noteworthy indicators of a0 1
sedimentary environments. The morphological 5 3 White are ]
P4 area,
classification of these fossils according to £5 sequence type of 1
. 27
KSIAKIEWICZ’s scheme (KSIAKIEWICZ, 1970) is 2 '© Bler 204 1
given in Table 15. Compared with the trace 0 Dt ycos-
fossil assemblage from flysch facies in Europe s001 500
and other areas, that of the South Kitakami is
poor in variety, but the five of the total seven 200 o] P
species identified occur very abundantly. " 2 v
Among these trace fossils, Zoophycos cf. 2 3001 2 300-
laminatus occurs in the graded beds of the Mone 5 -
and Oginohama Formations (Fig. 40), and is 3 2001 5 200
especially abundant within divisions Tb (lower 5 Z T:f‘ 5 o
parz?llel. lamination) and Tc (ripple-cross- 100+ T% ol tayers ']
lamination ) of the ‘“Bouma sequence’’, some- Z &4 %7%”__
times within division Td (upper parallel lamina- 0 0

tion ). Chondrites sp. occurs also in the above for-
mations and has a variable tube width of 1 to 5
mm in diameter. It occurs gregariously from
lamina to lamina within thinly laminated shales
in the Fukkiura Member of the Oshika area.
Cosmorhaphe sp. has a narrow tube 1 to 2 mm
wide in diameter, and is found only in
laminated shale (facies i;) in the Fukkiura
Member of the northwestern part of the Oshika
area and the Arato Formation of the Shizugawa
area. Phycosiphon sp. occurs within micaceous

— ™ © O

30

o E
@ 5

100
300

; SEEEETET Y
© - Mo

1000

5]
8

1000

Western section Eastern section

Fig. 40 Relationship between sequence type and frequen-
cy of occurrence of trace fossil Zoophycos in the Fukkiura
Shale and Sandstone Member, Oshika.

laminated shale abundantly from lamina to
lamina in the northern facies of the Mone For-
mation, and the Arato Formation. U-shaped
trails of a meandering type which resemble str-

ing-like Helminthopsis, are very abundant
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especially within laminated shale of the Fuk-
kiura Member of the eastern part of the Oshika
area.

These trace fossils consist of ethologically
Pascichnia and Fodinichnia, containing neither
Cubichnia nor Domichnia, and all are horizon-
tally in relation to the bedding plane. The trace
fossils in question as a whole are assigned to the
Nereistes  to Zoophycos  facies of SEILACHER
(1964) or the mesobathyal to epibathyal zone
of Ksiaziewicz (1977).

However, the flysch facies of the Jurassic in
the studied area lacks Nereites and Paleodiciyon,
characteristic of the Nereites facies. Trace fossils
are considerably restricted in variety, occurring
nearly always in the “exclusive swarm’ in the
studied area. Therefore, these trace fossil fauna
may reflect considerably peculiar environments
or water depth, for instance, not open sea but in-
land sea.

On the other hand, in relation to the forms of
the Jurassic sedimentary basins, the Nereites
facies of the mesobathyal zone characterized by
Cosmorhaphe and Phycosiphon suggests a basin
floor, and the Zoophycos-Chondrites ‘‘fauna’ an
intermediate between basin-floor and shallow
sea, probably a basin slope. Some further
evidence of the trace fossil faunas also supports
the hypothesis that the basin was shallow in the

\

southern parts of the Karakuwa and Oshika
areas. This is consistent with the lateral facies
change, namely, the development of proximal
facies in the south. '

7. Textural Properties of Sandstones

It is clear from the preceding descriptions
that the Jurassic formations of the South
Kitakami Belt consist of a wide range of
sedimentary facies originated from various
sedimentary environments. Different sedimen-
tary environments would result in different
mechanism of transportation and thus deposi-
tion of clastics with different grain-size composi-
tions. Of many studies on the relation between
environment and grain-size composition, the
methods of FRIEDMAN (1961) and VISHER
(1969), among others, are applied here to the
study of the Jurassic formations through grain-
size analyses of thin sections.

When the data are plotted on the FRIED-
MAN’s diagram which relates to environmen-
tal distinctions in river-beach domains as shown
in Figure 41, the shallow marine sand facies of
the studied area almost overlaps the river sand
area with skewness and sorting of no mean-
ingful difference. This suggests that the shallow
marine sand did not undergo high sorting by
waves after its transportation by rivers into the

e Fluvial
© Shallow marine

& Flysch-type

+10] '\, ~FRIEDMAN(1961)
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| o .
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Fig. 41 Plot of skewness and sorting, using phi scale for beach and river sands by FRIEDMAN’s scheme (FRIEDMAN,
1961).
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shallow sea, that is, it was quickly deposited
after a short period of transportation.

The size distribution of the sandstones of
different sedimentary facies shown on the
VISHER’s logarithmic probability graph gives
patterns of considerable variety (Fig. 42). The
plots of the fluvial deposits are composed mostly
of two straight lines, while those of the shallow
marine sand deposits are given as a combina-

tion of three or more straight lines with frequent
“coarse tail”’. Thus, the graph patterns of the
shallow marine deposits seem to show
mechanism of transport different from that of
the fluvial deposits. It is noted that the turbidite
deposits mostly show distribution of a nearly
straight line with considerably steep gradient.
This means that the mechanism of transporta-

tion-deposition was simple and rapid. Although
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Fig. 42 Cumulative number-frequency curves in grain-size distribution on various kinds of facies of the Jurassic strata.
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there could be some doubts as to the validity of
the VISHER’s method for direct correlation bet-
ween graph patterns and their respective
transport mechanism of suspension—salta-
tion—traction populations, the writer believes
that this method can be applied to the present
case. Essential difference in plot is not seen bet-
ween the fluxoturbidites (massive, thick bed)
and the turbidites with barely recognisable
coarse tail in the former.

It is noted that Subfacies i, type sandstone
shows a break of the line in the fine-grained part
of its cumulative curve. This bed is intercalated
in the laminated shale of the flysch association.
Although its depositional process is uncertain,
this graph pattern is of similar tendency to that
of the fluvial fine sandstone and different from
division Tc (interval of ripple cross-lamina-
tion) of the turbiditic sandstone. This sand-
stone bed possibly includes element of trac-
tional currents to be further studied. Further-
more, the fluvial sandstone has a tendency for
the amount of mica to increase with the fining
of grain size as was pointed out by the writer
(TAKIZAWA, 1976). This can be explained by
LOVEL’s opinion (LOVEL, 1969) that hydraulic
behavior of micas differs from other clastic
grains due to its platy form.

VI. FRAMEWORK COMPOSITION
OF COARSE CLASTICS AND
PROVENANCE

1. Composition of Conglomerate

The Jurassic formations have a moderate
amount of conglomerate composed of pebbles
and cobbles. Conglomerate is prevalent par-
ticularly in the basal part of the Middle Jurassic
and the lower part of the Upper Jurassic (pro-
bably Oxfordian). The Jurassic conglomerate
is scarce in the Western Subbelt, whereas it is
abundant in the Middle Subbelt to the east. In
this chapter, reference is made to the Triassic
conglomerate as well for the purpose of ex-
amination in the Mesozoic geohistory of the
South Kitakami Belt.

1-1 Triassic Conglomerate

The Hiraiso Formation of the Inai Group con-

tains thick conglomerate at its basal part and
locally in its upper part. The conglomerate of
the Hiraiso Formation in the east, named the
Kojima Conglomerate (ICHIKAWA, 1951), is
found near Okatsu to the north of the Oshika
Peninsula. This conglomerate crops out
repeatedly owing to folds, and has different
kinds of gravels in each outcrop. As seen from
Figure 43, the conglomerate on the western
wing of the Okatsu Antictine contains abun-
dant felsic volcanic rock gravels with large
boulders of limestone. In the east, it has gravels
of various kinds of rocks such as granitic,
metamorphic, volcanic and sedimentary ones,
as shown in Table 16.

The conglomerate is poorly sorted, consisting
mostly of 5-20 cm size gravels with scattered
large boulders (Fig. 42). Gravels of metamor-
phic rocks, -especially of crystalline schist,
serpentinite and gabbro are significant in
elucidating the provenance, though in small
quantities. The limestone gravels of this
conglomerate are sometimes rich in fossils
including Carboniferous such as
Dibunophyllum sp. and Siphonodendron sp. (oral
communication by Dr. Makoto KATO) of the
Onimaru and Nagaiwa Series.

corals

This con-
glomerate also contains large boulders (up to
85 cm in maximum diameter) of conglomerate
which is presumed to have been devired from
the Permian Sakamotozawa or Kanokura For-
mation.

1-2 Middle Jurassic Conglomerate

This conglomerate occurs in the Tsukinoura,
Awazu and Aratozaki Formations. It is rich in
gravels of dacite, andesite and leucocratic
granite accompanied by those of shale and fine
sandstone of the Inai Group. Also gravels of
siliceous and hypabyssal rocks are found.
However, the gravels of the Middle Jurassic
conglomerate contain a small variety of rocks
compared with the those of Triassic one. The
rocks here referred to siliceous rocks include
hornfels of siliceous sandstone or chert and
vein-quartz. The gravels derived from the Inai
Group are generally flat shaped and subangu-
lar. They are elongated parallel to the lamina-
tion or bedding of the conglomerate. The con-
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Table 16 Kinds of pebbles in the Lower Triassic Hiraiso
Formation of the Inai Group, South Kitakami (after
TAKIZAWA, 1977). Asterisk indicates altered rocks.

Granitic rocks Metamorphic rocks

Granodiorite Amphibolite
Trondhjemite Act-epid-plag-qz hornfels
Leucogranite Qz-plag-chl-calc hornfels
Diorite*® Qz-K-feld-plag-amph-chl
Monzonite hornfels

Quartz diorite*
Diorite porphyrite*
Quartz porphyry

Biot-epid-amph-qz-plag
hornfels

Garn-qz-calc-epid hornfels

Aplite Serp-epid-amph-magn-calc
Volcanic rocks
Andesite*

Andesitic tuff breccia*

schist
Serp-chl-plag-epid-calc
schist
Rhyolitic(?) pyroclastics
Basaltic rock
Dacitic tuff

Serp-epid-pump-calc-cpx
schist

Epid-act-musc-calc schist

Porphyrite* Sedimentary rocks

Metagabbro Slate

Serpentinite Sandstone

Qz-epid aggregate Conglomerate
Limestone
Chert™*

act: actinolite, epid: epidote, plag: plagioclase, qz: quartz,
chl: chlorite, calc: calcite, amph: amphibole, biot: biotite,
garn: garnet, serp: serpentine, musc: muscovite, magn:
magnetite, cpx: clinopyroxene, pump: pumpellyite, K-feld:
Potash feldspar.

glomerate of the Awazu Formation in the Soma
area includes much more gravels of metamor-
phic rocks such as psammitic or siliceous schist
than in other areas, though in small quantities.

1-3 Upper Jurassic Conglomerate

This conglomerate is several tens of meters
thick and is found in the Ishiwaritoge Forma-
tion of the Karakuwa area and the Oginohama
Formation in the Oshika area, showing a max-
imum thickness among the Mesozoic con-
glomerates of the South Kitakami Belt. In the
Soma area, conglomerate is only scattered in
coarse sandstone or occurs as very thin layers
unlike the above two cases. In the Kogoshio,
Ayukawa and Tomizawa Formations, gravels
are frequently scattered in the coarse sandstone
and are occasionally even crowded to form thin
conglomerate beds.

The kinds of gravels of the Oginohama For-
mation are shown in Table 17 and Figures 43
and 44. Unlike those of the Triassic and Middle
Jurassic, the Upper Jurassic conglomerate con-
sists mostly of gravels of granitic rocks with 10
percent or less volcanic rocks. There are a large
amount of mylonitic rock and gneiss-like
granite. They are characterized by strong folia-
tion, granulation, wavy extinction of quartz,
kink folds or warping of plagioclase, crenula-
tion of biotite, and corroded or
phenocrysts. Quartz porphyry also includes
deformed phenocrysts and very large potash
feldspar.

In the conglomerate of the Oginohama For-
mation, pebbles of sedimentary rocks include

rolling

hornfels metamorphosed from sandstone, shale
and siliceous sedimentary rocks such as quart-
zose sandstone and chert. This quartzose sand-
stone has 95 percent or more of quartz in total
volume. The medium-to coarse-grained quartz
grains therein are surrounded by fine-grained
matrix quartz. Thus, this sandstone does not
show an equigranular texture typical of ortho-
quartzite. This sandstone includes a small
aiount of rock fragments of mica schist,
recrystallized chert (?) and dust-ring bearing

Table 17 Kinds of pebbles in the Shirahama Con-
glomerate of the Makinohama Sandstone Member,
Oshika.

Granitic rocks
Granite, adamellite
Granophyre .
. frequent mylonite
Granite porphyry
Aplite
Hornfels
Quartz porphyry
phenocryst: plagio
K-feld jvariable amount
quartz
Quartz schist (-hornfels)
Quartzite
Metaorthoquartzite
Metachert
Volcanic {including pyroclastic)
Dacitic rock (?)

Sandstone
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quartz arenite. Foliation can be noted in many
pebbles of siliceous rocks with relatively flat
quartz grains. This suggests that the siliceous
rocks were originally either typical orthoquart-
zite which had come to show a bimodal grain-
size texture through granulation of quartz

grains during the transformation into schistoze
metamorphic rock or were bimodal quartz
arenite showing two modes of coarse and fine
grains. As other kinds of associated gravels are
composed mostly of tectonites, the hypothesis of
typical orthoquartzite origin is more probable.

ol

td
]R=96 4 8 16 32 6dcm 2 3 4o 50 & 70 B0 9% %
COMPOSITION SIZE ROUNDNESS

G, Granitic rocks ; F, Volcanic rocks ; Q, Quartz porphyry
S, Sedimentary and metamorphic rocks ; Ot, Others ; R, number of readings

Fig. 44 Compositon, size distribution and roundness of the pebbles from the Oginohama Formation of the Oshika are.
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Most of the metamorphic rocks are of pelitic
rocks and show schistosity. No green rocks or
limy rocks are found.

In the conglomerate of the Oginohama For-
mation, the gravel size and the amount of
granitic rocks generally tend to increase up-
ward, while the reverse is the case with the
amount of hypabyssal, metamorphic and
sedimentary rocks (Fig. 44).

The conglomerate of the Ishiwaritoge Forma-
tion is very similar to that of the Oginohama
Formation in gravel composition, grain size,
total thickness and stratification. Gravels of
granitic rocks constitute most of the con-
glomerate and the gravel size increases nor-
thward with a maximum of over 50 cm. Accor-
ding to KANO (1959), the granitic rocks are
mostly leucocratic adamellite, granite and
gneissose two-mica adamellite. They are pro-
toclastic-cataclastic or mylonitic and of shallow-
depth type including porphyritic adamellite,
trondhjemite, aplite, granite porphyry and
graphic granite. The gravels other than granitic
rocks are minor compared with the case of the
Oginohama Formation. They are sandstone,
slate, laminated shale, quartzose rocks and
metamorphic rocks.

As to the uppermost Jurassic Kogoshio For-
mation and Tomizawa Formation, the coarse
sandstone beds contain gravels which are
similar in rock type to those of the Oginohama
and Ishiwaritoge conglomerates and moreover,
contain a considerably large amount of dacitic
volcanic rocks in some parts. Quantitatively,
quartzose rocks such as meta-quartz arenite
and vein quartz are abundant. From the
Tomizawa Formation of the Soma area, OKAMI
et al. (1976) reported the frequent occurrence of
orthoquartzite pebbles.

1-4 Lower Cretaceous Conglomerate

The conglomerate confirmed to be of
Cretaceous age crops out in the Domeki Sand-
stone Member of the Oshika area. Major
gravels of the conglomerate are of felsic volcanic
and granitic rocks with minor amount of quart-
zose rocks. Among these, the volcanic rocks
characteristically consist of dacite and rhyolite
as major components and a small amount of

andesite. The dacitic pyroclastics are very
glassy with a clear welded structure, comprising
a small amount of pumice (maximum diameter
20 cm) in some cases. These volcanic rock
gravels frequently occur as boulders of 30-40
cm (75 cm at a maximum) in diameter. Some
of them are sub-angular. The gravels of dacitic
pyroclastic rocks including welded tuff suddenly
appear in the uppermost Jurassic strata repre-
sented by the uppermost Kogoshio, lower
Ayukawa and Tomizawa Formations.

2. Composition of Sandstone

The mineral composition of the Jurassic sand-
stone together with that of the Triassic Inai
Group, is given in Figure 45. The composition
of Paleozoic sandstone of the South Kitakami
Mountain is also shown for reference after
Mikawmi (1969, 1971).

The Jurassic sandstone is mostly feldspathic
arenite or wacke, corresponding to arkose of the
classic classification. The mineral compositions
of Upper Jurassic sandstones among the
Jurassic outcrop areas of the South Kitakami
Belt are quite similar to each other. A few
regional differences in sandstone composition
are recognized among the Middle Jurassic sand-
stones which show the largest amount of rock
fragments in Oshika, less in Shizugawa and the
least in Karakuwa and Soma.

In the Jurassic sandstone, many quartz
grains exhibit wavy extinction. As to feldspar,
generally the amount of potash feldspar which
contains abundantly microcline or perthite is
equal to or more than that of plagioclase. The
potash feldspar is considerably coarse grained
and sometimes form the largest group in grain
size. Quartz, potash feldspar and plagioclase
are believed to have derived mostly from
granitic rocks.

Rock fragments contain felsic volcanic rocks,
andesitic rocks, chert and quartzose metamor-
phic rocks, being in a small quantity. Colored
minerals are generally very small with the excep-
tion of a rather large biotite in the Oginohama
Formation. They are biotite, tourmaline, zir-
con, amphibole, sphene and garnet, with
chlorite as a secondary mineral in some cases.
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Uppermost Jurassic,
Lower part of Ayukawa Fm

Q © J2 JURASSIC, Oginohama Fm

© Tz TRIASSIC, Fukkoshi Fm

4 T, TRIASSIC, Hiraiso Fm

P2 PERMIAN, Kanokura Fm

Pi PERMIAN, Sakamotozawa Fm
C' CARBONIFEROUS

DEVONIAN

Fig. 45 Sandstone composition of the Jurassic and
Triassic strata of the South Kitakami Belt (modified
from TAKIZAWA, 1977). Samples from the Oshika area.
Data on Paleozoic sandstones of the Ofunato area from
MikaMi (1969, 1971). Q, quartz; F, feldspar; R, rock
fragments and other minerals.

The quantity of rock fragments decreases up-
ward in the Jurassic. The Soma area is an excep-
tion where the uppermost Jurassic Tomizawa
Formation contains a rather large amount of
rock fragments of felsic volcanic rocks.

It should be noted that quartz arenite is com-
mon in the respective lower parts of the
Kogoshio, Ayukawa and Tomizawa Forma-
tions. Generally, this quartz arenite contains
quartz occuping at least 95 percent of total
detrital minerals. The quartz grains are mostly
coarse-grained and subangular to angular and
seem to have been reworked very little. This
quartz arenite is generally similar in composi-
tion to the orthoquartzite of the continental
Precambrian, but is different from the latter in
the angular grain-form. OkAMI (1969) made
detailed sedimentary petrological study of the
Jurassic quartzose sandstone of the Soma area.

The quartz arenite mentioned above gradual-
ly changes into typical feldspathic arenite
stratigraphically upwards with the increasing of
feldspar content in the above three formations.
In this case, the potash feldspar is very coarse-
grained and is considered to have been more
stable than the plagioclase against weathering.
The feldspar in the sandstone below and above

the quartz arenite is almost exclusively potash
feldspar. The sandstone above the quartz
arenite often with
granular or conglomeratic sandstone. In fact, it
is the most coarse grained among the Jurassic
sandstones of the South Kitakami.

As seen in Figure 46, the stratigraphical
changes of sandstone composition throughout
the whole Middle Subbelt indicate that the
sources of the Jurassic sandstone were similar
or of the same kind of rocks. The Jurassic sand-
stones differ greatly from the Triassic and
Paleozoic ones mentioned as follows.

The Triassic (Inai Group) sandstone is

is very coarse-grained

arkosic but rich in rock fragments compared
with the Jurassic sandstone. The rock frag-
ments of the Triassic sandstone are, as in the
case of the Triassic conglomerate, of various
kinds of rocks. The sandstone of the Lower
Triassic Hiraiso Formation which contains
felsic volcanic rocks, various kinds of crystalline
schist, hornfels of muddy rocks, limestone, and
unstable basic to ultrabasic plutonic rocks
(garbbro, pyroxenite and serpentinite), thus be-
ing referred to immature lithic sandstone (most-
ly arenite). The sandstone of the Middle
Triassic Fukkoshi Formation is poorer in
unstable minerals and rock fragments and
richer in quartz and feldspar than that of the
Hiraiso Formation. Thus the sandstone of the
Fukkoshi is assigned to feldspathic arenite or
wacke. The Triassic sandstone contains a con-
siderable amount of various colored minerals,
especially epidote.

Concerning the Paleozoic sandstone, MIKA-
M1 (1969, 1971) noted that quartz is very few at
least in the Devonian and Carboniferous sand-
stones. They are mostly lithic sandstone com-
posed chiefly of volcanic rock fragments. There
are two types of the Permian sandstone, one be-
ing rich and the other poor in feldspar, while
both have abundant volcanic rock fragments,
thus being of lithic type in many cases. The Per-
mian sandstone is almost lacking in plutonic
and metamorphic rock fragments.

The vertical changes in mineral compositions
of the Paleozoic and Mesozoic sandstones of the

South Kitakami Belt are summarized as
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Fig. 46 Vertical changes in sandstone composition of the Upper Jurassic and Lower Cretaceous of three areas of the

Middle Subbelt.

follows. The paleozoic lithic sandstone consists
mostly of volcanic rock fragments, and the
Mesozoic” one decreases upward gradually in
rock fragments and increases in quartz and
feldspar. Finally, the sandstone
subarkose-quartzose sandstone in the upper-
most Jurassic. This suggests that the source of
the sandstone changed with time from ex-
ogenetic to endogenetic rocks.

becomes

‘3. Provenance of the Jurassic Deposits

As noted above, the Jurassic conglomerate
contains abundantly gravels of granitic rocks
and other rocks such as hornfels, sedimentary
rocks and felsic volcanic rocks. Most of the
Jurassic sandstone consists chiefly of quartz,
potash feldspar and plagioclase with minor
amount of rock fragments. This shows that the
greater portion of the source area of the Jurassic
deposits was occupied by granitic rocks.

These granitic rocks and the accompanying
hypabyssal rocks and hornfels have various
types of well-developed schistose or mylonitic
structures. The strongly schistose or mylonitic
structures are one of the
characterics of the granitic rocks rich in “tec-
tonite”. This indicates the high possibility of
the source rocks belonging to a sort of “paleo-

interpreted as

structural belt”” which was formed as a result of
intense tectonic movement and was composed
of various tectonites. The fact that the Triassic
conglomerate many gravels of
crystalline schists and ultrabasic rocks sustains
also this idea. The felsic volcanic rocks do not
show the effect of thermal metamorphism and
thus they probably were not intruded by
granitic rocks.

It is summarized that the lower portion of the
source area of the Jurassic deposits consisted of
granitic with strongly
mylonitic structures accompanied by hornfels
of sedimentary rock origin and the upper por-
tion of felsic volcanic rocks overlying the
granitic rocks. Most of the upper portion had
successively been eroded away during Jurassic
time.

involves

rocks schistose or

It is inferred from the intercalation of tuff in
the uppermost Jurassic that felsic volcanic activi-
ty took place immediately before the Creta-
ceous, and resulted in the terrestrial pyroclastic
flows covering the source area.

VII. DEPOSTITIONAL PATTERNS
OF THE UPPER JURASSIC

In the South Kitakami Belt, many cross-bed-
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ding and various sole marks are found in the
Jurassic strata. These structures provide a clue
to the transport direction of coarse-grained
clastics in the time of deposition.

However, paleocurrent measurements were
not made on some of the imbricated structures
in conglomerate beds, because these structures
were subjected to the rotation of the gravels in-

volved during the folding (see Chapter IT). The
total paleocurrent readings taken from the
Jurassic strata are about 700, and those of the
Cretaceous stata are about 250. Correction for
the effect of folding or tilting on the measured
values was made in terms of every measured
plunge value.

Depositional patterns of the Jurassic strata
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Fig. 47 Paleocurrent data from the Jurassic formations of the Karakuwa area.
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Tsukinoura
Formation
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Fig. 48b Paleocurrent data from the Jurassic formations
of the Oshika area ( Tsukinoura Formation).

are discussed on the basis of the lateral and ver-
tical changes of facies and facies association and
the composition and characters of clastics in con-
junction with the paleocurrent directions.

1. Paleocurrents

1-1 Karakuwa Area

Figure 47 shows paleocurrent data obtained
from the study of the Jurassic of the Karakuwa
area. It is clear from the figure that most of
the cross-bedding, cross-laminations and sole
marks indicate northward paleocurrents, except
in the Ishiwaritoge Formation. It is also noted
that there are several lines of evidence for some
subordinate paleocurrents which flowed approx-
imately to the west at every horizons. Although
not shown in Figure 47, cross-bedding (only
five readings) at the base of the Kosaba Forma-
tion shows southwestward or westward paleo-
currents.

In brief, the main currents were roughly
toward the north-northeast in the non-marine
deposits and flysch type deposits especially of
the upper half of the Jurassic strata and they
were greatly contributory to the transport of
clastics. On the other hand, there were episodic
lateral transport currents flowing to the south or
to the west when the Ishiwaritoge Formation

and the
deposited.
1-2 Oshika Area

The Jurassic formations in the Oshika area

Sakaguchiirizawa Member were

have both cross-bedding in their non-marine
deposits and sole marks and cross-lamination in
their flysch-type deposits (Fig. 48). These
sedimentary structures indicate that the paleo-
currents flowed predominantly north-north-
eastward as in the case of the Karakuwa area.
No conclusive evidence of subordinate (lateral)
currents is presented in the flysch-type deposits,
but only a few current structures indicate north-
westward or eastward flows.

The cross-bedding of the Kiyosaki Sandstone
Member consisting mostly of alluvial deposits
indicates rather wvariable current directions
which can be generalized to be toward the east.
In this member of the northern part of the
Oshika area, the different two current direc-
tions to the northeast and to the southeast are
repeatedly shown in a 650 m thick sequence. In
the southern part, the islet of Aji-shima,
however, the current directions are approx-
imately eastward and they differ very much
from those of the underlying Fukkiura Mem-
ber. The paleocurrents to the east in the lower
part of the Kiyosaki Member and the drastic
and abrupt facies change from the underlying
formation are of significance in inferring the
location of the source area.

Reference is made to Figure 49 cited from
TAKIZAWA (1975) which shows the paleocur-
rents of the middle part (Cretaceous) of the
Ayukawa Formation of the Oshika area. The
figure indicates predominant currents flowing
to the north with subordinate currents flowing
to the southeast or to the east in some parts.
The middle part of the Ayukawa Formation is
probably attributed to deltaic deposition in a
sedimentary basin with a northward plunging
gradient. Analytical study of the slump folds
shows the existence of an eastward inclining
lateral slope on the west side of the sedimentary
basin. The Cretaceous subordinate eastward
currents may be related to the similar current
pattern of the underlying Kiyosaki Sandstone
Member mentioned above.
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Fig. 49 Paleocurrent data from the Cretaceous forma-
tions of the Oshika area (after TAKIZAWA, 1975).

1-3 Soma Area

In the Soma area, a small number of
paleocurrent measurements were made by
means of the cross-bedding of the alluvial and
shallow marine associations (Fig. 50). The cur-
rent direction seems to be northward in the
main, though very variable. On the other hand,
a few currents flowing southward are observed
only in the shallow marine association of the

Soma Group §
Cross-bedding
INNER CIRCLE :
OuTer CIRCLE :

-Nakanosawa Fm
Tochikubo Fm{BROKEN LINE)
Tomizawa Fm(soLID LINE)

Fig. 50 Paleocurrent data from cross-bedding for the
Soma Jurassic strata.

Nakanosawa Formation, but there is almost no
possibility of the source of supply on the north.
The variable current directions also seem to
have been related to the geometry and other con-
ditions of the sedimentary basin.

1-4 Shizugawa Area

Of the formations in the Western Subbelt,
paleocurrent information was gathered only
about the Shizugawa area and no study was
made of the Mizunuma area.

The cross-bedding in the coarse sandstone
beds of the Aratozaki Formation shows east-
ward currents, while the turbiditic sandstone of
the Arato Formation westerly or
southwesterly current directions ( Fig. 51). The
fluxoturbiditic sandstone beds accompanied by

shows

channel structures have groove cast indicating a
southwestward current direction. it follows
from these facts that in Middle Jurassic time the
coarse material of the flysch facies of the
Shizugawa area was derived from the area
which is now occupied by the Eastern Subbelt.

1~-5 Directions of Submarine Channels and

Slump Folds

In the Jurassic formations, particularly in the
flysch facies, small-scale channel structures and
slump folds are found. Their directions are im-
portant in reconstructing the geometry of the
sedimentary basins. It is, however, not easy to
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Fig. 51 Paleocurrent data from the Jurassic formations of the Shizukawa area.

find out their directions in many cases. For this
purpose, channel walls and slump folds being
assumed to be hemi-cylindrical and their
elongated directions are plotted on stereo
graphic nets.

The examples of the Kitsunesaki Member of
the Oshika area are shown in Figure 52. With
slump overfolds assumed to have moved in the
direction of their turnover, those of Plate VII-1
show slump movement to the west. Slump over-
folds in the pebbly mudstone extend in the
north to south direction with apparent move-
ment to the west. Submarine channel structures
which are filled with pebbly sandstone and con-
glomerate several meters thick found in the
southeastern part of the outcrop area of the Ki-
tsunesaki Member extend in the southeast to
northwest direction.

The coarse-grained clastics with a large
amount of conglomerate of the Kitsunesaki
Member are locally distributed in the
southeastern part of the Oshika area (Fig. 59;
Pl. VII). Considering this, together with the
slump folds and channel structures of the
member, the writer arrived at the conclusion
that the sedimentary basin of that time had a
submarine slope dipping to the west on its east
or southeast side and the channel- filling con-
glomeratic sediments had their source, from

which pebbly coarse material was transported
directly into the basin, probably to the east.

In the Fukkiura Member, a few channel struc-
tures and abundant slump structures are also
found. The direction of the channel structures
is not determined. The slump structures are
mostly of small scale and mostly occur in beds
of less than 1m thick within the shale-
dominated facies. The directions of the slump
folding axes indicate that the slump movement
was from the south or the southwest. These
directions are different from those of the Ki-
tsunesaki Member.

The Arato Formation of the Shizugawa area
also has channel structures and slump folds. As
shown in Plate VI, the channel structures cut in-
to laminated shale and thin-bedded alternation
in the southeastern part of the area and into
medium-to thin-bedded alternation in the nor-
thern part. At Akaiwasaki in the southeastern
part of the area, channel-filling sandstone has
an estimated thickness of over 30 m and the
general direction of the channel is approximate-
ly northeast. At Nakazai in the northern part of
the area, many small-scale channels are observ-
ed. The channel-filling sandstone is at the most
5 m thick and the directions of the channels are
inferred to be north-south or northeast-
southwest.
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Fig. 52 Directions of slump movement (arrows) and submarine channel structure in the Kitsunesaki Sandstone and
Shale Member, in addition to the process of tilt correction on a stereographic net.

In the Arato Formation a considerably large
number of small-scale slump folds are found in
the laminated shale, and those of large scale are
developed at the boundary between laminated
shale and the overlying bedded black shale. The
average direction of the slump movement is
estimated to be nearly from the north to the
south. The observed examples are from N10°W

to S10°E, N4°E to S4°W and partly from the
northeast to the southwest. These observations
support the hypothesis that
sedimentary basin of the Shizugawa area had a
basin slope dipping to the southwest. The
paleocurrent directions (Fig. 51) are approx-
imately consistent with the direction of this
slope and are of slope down type.

the Jurassic
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2. Depositional Reconstruction of the
Upper Jurassic Clastic Sequences

As mentioned before, the Upper Jurassic do-
main of the South Kitakami Belt is divided into
the Middle and Western Subbelts which have
remarkably common characteristics in their
lithofacies. The Upper Jurassic of the Middle
Subbelt shows strongly oscillatory sedimentary
facies with alternating marine and non-marine
strata. It has, in a typical case, changes of facies
association in ascending order as follows;
shallow marine - offshore basin mud - flysch
type - shallow marine - alluvial (distributary) -
(lake or marsh) - alluvial (fluvial) facies as-
sociations. Such a vertical sequence is often
repeated two or three times. In this section, con-
sidering the

and en-

sedimentary facies

Kogoshio Fm &

vironments combined with the paleocurrent
data, some examinations are made here for
what kind of depositional patterns prevailed in
the Upper Jurassic sedimentary basin.

2-1 Interrelationships of the facies associa-

tions

Upper Jurassic in the Karakuwa Area

The summarized vertical and horizontal
facies changes of the Upper Jurassic formations
deduced from Figure 18 are given in Figure 53.
Opposite lateral arrangement of facies in the
sedimentation of the Ishiwaritoge and Mone
Formations suggests large difference and op-
posite direction of their sources.

Regarding the Ishiwaritoge Formation, the
coarse clastics were supplied from the north and
formed an alluvial fan in the northern part of
the sedimentary basin and a low-flat flood plain

8oo ——— —
700 o
600 MO oot = —_—
Mone Fm
500
400
lw
3o0 - —

Ishiwari Fm

200 Sakaguchiirizawa

Mb |z
Sk
oo _——
Tsunakizaka Fm

N

0 1 2 3 4 5

6 7 8 9 10 11 km

Fig. 53 Diagram showing facies interelationship of the Upper Jurassic sequence of the Karakuwa area. A, alluvial; U, un-

dathem; C, clinothem; F, fondothem.
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Fig. 54 Diagrammatic cross section showing facies distribution in the Upper Jurassic sequence of the Karakuwa area.
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incised by stream rivers in the south. With the
Mone and Kogoshio Formations, the clastics
were supplied solely from the south with a prox-
imal facies in the south of the basin and a distal
facies in the north.

The southern facies of the Mone Formation
is a proximal flysch facies rich in turbidite and
fluxoturbidite sandstone, while the northern
facies is of distal flysch with predominant
laminated shale. The Mone Formation
becomes extremely thin to the north and the
contained ichnofauna also comes to show a

deeper basin environment to the north. Bet-
ween the shallow sea and the offshore basin bot-
tom, a basin slope was formed with mud, tur-
bidite and fluxoturbidite deposited thereon.
Northward progradation of the slope was a
phenomenon common in the basin. The turbidi-
ty currents were of too small scale to transport
much sandy material into the northern part of
the sedimentary basin and thus only a distal
facies which consists mainly of laminated shale
was deposited in the northern part. Considering
shallow marine sand beds with abundant in-
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Fig. 55 Depositional reconstruction of the Upper Jurassic sequence of the Karakuwa area.
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traformational limestone pebbles directly overly-
ing the Mone Formation, the diagrammatic
sedimentary profile during the deposition is
shown in Figure 54. This profile on the Upper
Jurassic sedimentation is referable to the
RicH’s sedimentation model (RicH, 1951).
Further discussion is given of the sedimentation
model, placing great emphasis on the deltaic
sedimentation.

The Kogoshio Formation is rich in alluvial
deposits in the south, while in the north it is rich
in marine deposits with well-sorted and finer-
grained sandstone and shallow marine facies.
Its coarse-grained clastics were transported by
rivers mostly from the south.

From the above observations, the paleogeo-
graphical representation of the sedimentation of
the Mone and Kogoshio Formations is given in
Figure 55. The Mone Formation shows a
steeper gradient of sedimentary basin, whereas
the Kogoshio Formation indicates that the
basin became shallower through a regression or
active filling by clastics and thus resulted in a
gentler gradient.

Upper Jurassic in the Oshika Area

The Upper Jurassic strata contain two flysch
facies associations and two alluvial facies
associations, each facies association measuring
several hundred meters in thickness. The Up-
per Jurassic sedimentary facies of the Oshika
area changes much less laterally within a given
distance than that of the Karakuwa area. This,
together with the wider distribution of the Up-
per Jurassic strata is interpreted as evidence of
the sedimentary basin having been larger in this
area than in the Karakuwa area.

However, the clastics of both the flysch and
the alluvial deposits of the two areas were sup-
plied from the south with a more distal facies to
the north. This suggests that the basic sedimen-
tary process of the two areas was similar,
regardless of the different size of the sedimen-
tary basin. Similarity between the two areas is
also observed in the local development of peb-
bly alluvial deposits, say, fan deposits, in the
southeastern part of the area where the
Makinohama Sandstone Member is distributed
(Fig. 59). This member is considered to be

roughly coeval with the Ishiwaritoge Forma-
tion. The Kitsunesaki Sandstone and Shale
Member is composed of massive and struc-
tureless medium-grained sandstone, graded
sandstone interbedded with shale and laminat-
ed shale. Most of these rocks are regarded as
sediment-gravity flow deposits on the basin
slope. On the contrary, large-scale cross-bed-
ding is frequently observed in most of the sand-
stones of the Makinohama Member, which
were deposited from bed load. A pebbly facies
(proximal flysch) is found in the Kitsunesaki
Member as submarine channel-filling deposits
or upper slope deposits. In short, the source of
the lateral supply for the Upper Jurassic is con-
sidered to have been different from the main
source of the longitudinal supply.

2-2 Morphologic aspects of the basin

slopes

As seen from the above, the Upper Jurassic
formations in the Karakuwa and Oshika areas
show a quite similar mode of sedimentation.
The most probable paleogeographical and
sedimentary relations between the two areas are
schematized in Figure 56. Deposition of the
Jurassic flysch-type deposits is thought to have
been closely related with the basin slope, and
also with the geometry of the sedimentary basin
and the deposition of the overlying non-marine
sequence.

In géneral, flysch-type deposits are mostly
considered as turbidites and a recently prevail-
ing hypothesis has provided a submarine-fan to
their sedimentary environment (WALKER,
1975, 1978; WALKER and MUTTI, 1973). Here,
the writer proposes submarine slope formed not
tectonically as the sedimentary environment for
several subfacies of the flysch-type deposits of
the Jurassic formations.

In various parts of the world, the factors
which contributed to the formation of the slopes
are usually believed to be ‘‘tectonic” as at-
tributable to increasing gradient caused by con-
trasting tectonic movements of uplifting
background and sinking basin (STANLEY and
UNRUG, 1972).

Concerning the deposition of the flysch
association of the Oginohama Formation, it is
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Fig. 56 Paleogeographical map showing depositional patterns of the Upper Jurassic non-marine sequence in both the
Karakuwa and the Oshika areas. Arrows indicate the direction of main transportation of clastics.

evident that there were two basin slopes, one
north-dipping slope with an east-west strike on
the south side of the sedimentary basin (main
slope) and another west-dipping one with a
north-south strike on the east side. The latter is
a “lateral slope” of temporary existence and is
presumed to be a slope of tectonic origin related
to the uplifting of lateral background. A similar
situation is found in the relation between the

Ishiwaritoge Formation and the Hikamiyama
granitic body in the Karakuwa area.

As to the main slope, though there was no in-
dication of pronounced slope during Middle
Jurassic time, the slope was formed rapidly in
the southern part of the basin in the early Late
Jurassic. Since sandy material was supplied
mainly from the south-southwest, this slope
may have been formed through the northward
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“fore-accretion” of deposits in the form of
foreset in response to increasing supply of
clastics from the south. Thus, the main slope is
considered to have been formed not tectonically
but entirely endogenetically by sedimentation
itself. This case is referable to the RICH’s
sedimentation model (RICH, 1951), which puts
great emphasis on the depositional formation of
the slope (clinoform). In connection with the
origin of ‘‘graywackes’’, SHIKI (1968) main-
tained that graded beds could be deposited even
in the clino environment with some modifica-
tion of this model. He also suggested that the
three critical environments (unda, clino and
fondo environments) in a sedimentary basin
can be formed under the following conditions:
i) birth of a relatively deep basin, ii) a great
amount of sediment supply exceeding sub-
sidence, iii) growth of clinothem due to pro-
grading deposition. It is considered that the Up-
per Jurassic sedimentary basin was acceptable
to these conditions.

The environmental reconstruction for the
Jurassic clastic sequences of the South Kitaka-
mi Belt suggests depositional environments to
be different from a modern continental slope-
fan-shelf complex, because of the features of
deposits attributed to inland sea origin.
Modern large continental slopes or their an-
cient analogous submarine slopes (and fans)
have been presumed by many authors to be
depositional places of turbidite or flysch-type
deposits as reviewed by STANLEY and UNRUG
(1972) and STANLEY and KELLING (1978).
Compared with these examples the slope in the
Upper Jurassic basin of the South Kitakami
Belt probably was much smaller-scale basin
slopes facing on small and relatively shallow,
land-encircled “troughs’.

This kind of slope formed through certain
sedimentary process probably played an impor-
tant role in deposition of the flysch facies of the
Oginohama Formation and the Mone Forma-
tion. During the Late Jurassic that the two for-
mations were deposited in the Middle Subbelt,
filling-up and shallowing of the basin were pro-
gressing. Figures 54 show a diagrammatic il-
lustration of this process.

2-3 Deltaic Sedimentation in Late Juras-

sic, South Kitakami

It is probable that the sedimentary body con-
sisting of flysch association and the overlying
alluvial deposits represented by fluvial deposits
are of deltaic sedimentation.

As is well known, deltaic sequences are
characterized by the coarsening upward nature
during a regression (De RAAF et al., 1965;
SELLY, 1970; OkaDA, 1971b; TANAKA and
TERAOKA, 1973). In order to confirm deltaic
sedimentation, gradual shallowing of sedimen-
tary environments and occurrence in order,
whether horizontal or vertical, of deposits at-
tributable to prodeltaic shelf, prodeltaic slope
(delta slope), delta front and on-delta suben-
vironments from the sea landward must be
recognized (TAYLOR, 1963; De RAAF ¢ al.,
1965; GREENSMITH, 1966).

The Upper Jurassic flysch-type deposits of
the South Kitakami Belt are scarcely similar in
lithofacies to deltaic sequences of the above ex-
amples, that is, subaqueous deltaic sediments
(especially on deltaic slope and distal delta-
front sediments) known in many other parts of
the world consist mostly of muddy sediments
such as laminated muds and streaky muddy
beds (RAAF ¢t al., 1965; GREENSMITH, 1966;
KANES, 1970; OkaADA, 1971b). However, it
may have important significance that streaky
laminated shales (Subfacies i; and iy) are abun-
dant and juxtaposed with turbiditic sandstone
(Pl. V-1, 2) in the Upper Jurassic flysch-type
deposits which are presumed to be of regressive
sequence.

Here, it should be considered whether flysch-
type sediments would be able to occur on a
delta slope. From the viewpoint of the deltaic
sedimentation, detailed sedimentological reex-
aminations on the successive sequences of flysch
to non-marine deposits in the Upper Jurassic of
the South Kitakami Belt are given as follows.

Figure 57 gives a columnar section of the
boundery strata between the Kitsunesaki and
Makinohama Members. In other words, this
section shows vertical facies change of the boun-
dary strata between the flysch-type deposits and
the non-marine aluvial deposits. The former
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are regarded as deposits on the basin slope as
mentioned earlier. The pebbly sandstone bed in
the lowest part of the Makinohama Member is
massive and structureless with flute casts and
bounce casts at its sole. This sandstone is regard-
ed as a fluxoturbidite which suggests transport
and deposition by high density currents pro-
bably of river-flood origin. It is overlain com-
positely by coarse-grained sandstone with large-
scale cross-bedding of 50 cm in set-thickness.

Therefore, the boundary between the above
two members indicates a transition from the
“last turbidite (fluxoturbidite)”’ to the “initial
shallow marine deposits’’ generated by traction
current, and is attributable nearly to the wave-
base defined by RicH (1951). This indicates a
considerably abrupt shallowing of the sedimen-
tary environment. The above-mentioned peb-
bly sandstone bed is presumed to be deposits at
the top of the slope.
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Fig. 57 Columnar section of the boundary strata between the Kitsunesaki and the Makinosaki Members, showing a tran-
sition from offshore marine through shallow marine to non-marine environments.
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In this transitional sequence, there is not
found thick shale or sandy shale which is con-
sidered to be characteristic of the offshore part
of shallow marine environment of the basin.
This shows no existence of a wide shelf sea dur-
ing the deposition. Moreover, this transitional
sequence can be explained by that the shallow
sea part of the basin was almost filled with sands
originating in enormous influx from rivers into
the shallow sea. Moreover, abundant supply of
sands from rivers must have produced a sand-
dominated delta in the basin. The delta is
thought to have prograded directly into the
basin plain where monotonous bedded black
shale as seen in the upper part of the
Tsukinoura Formation was laid down.

At a horizon 18 m above the base of the
Makinohama Member, a channel structure fill-
ed with pebbly and cross-bedded coarse sand-
stone is observed. This indicates the influence
of a river channel (distributary). Six to fifteen
meters above the base there are cross-bedded
sandstone beds which are believed to have been
formed by well-sorted sands of nearshore
depositon (probably sandbar deposits) accom-
panied by the sandy shale of very shallow sea
origin below and above.

From the above examinations the lower part
of the Makinosaki Member is correlative to
delta-front (subaqueous delta top) deposits
fronting to delta slope. The main slope argued
earlier is interpreted to have been a delta slope,
and the flysch-type deposits of the Kitsunesaki
Member are considered to be delta slope
deposits. The upper boundery of the delta slope
is sharply demarcated by the lowest pebbly sand-
stone of the Makinosaki Member. The delta
slope played an important part inproducing the
flysch-type deposits roughly referable to tur-
bidites and related rocks. The on-delta (delta
platform) beds in this deltaic sequence are
represented by the distributary and the fluvial
deposits of the Makinosaki Member.

Thus, the successive strata from the upper-
most of the Tsukinoura Formation (probably
bottomset deposits) through the Kitsunesaki
Member (delta slope deposits) to the lower part
of the Makinohama Member (delta-front

deposits), roughly indicate a shallowing- and
coarsening-upward sequence, and can be ex-
plained by the successive northward advance of
a delta slope into a moderately deep basin. It
should be emphasized that this delta is at-
tributed to the development not on a shelf such
as the modern continental shelf but at a basin
floor within an inland sea basin. A relatively
steep delta slope is assumed to have existed in
the basin, compared with the case of the mud-
dominated deltas mentioned earlier.

The analogous exampes of the flysch se-
quence deposited in a delta slope environment
have been reported in the Eocene Matilija Sand-
stone of California (LINK, 1975), the Late
Cretaceous to Paleocene Difunta Group of Mex-
ico (McBRIDE e al., 1975) and the Car-
boniferous Kinderscoutian deltaic sequence of
North England (COLLINSON, 1970; McCAVE,
1978). The Matilija Sandstone has thicker
regressive shallow marine deposits than the
others including the Kitakami Jurassic, and is
poorer in or devoid of fluvial deposits as on-
delta deposits. The Kinderscoutian sequence is
richer in delta slope mudstone (Grindslow
Shale) than the others. On the other hand, the
Kitakami Jurassic is conspicuously characteriz-
ed by the frequently repeated occurrence of
thick-bedded sandstone (fluxoturbidites) through-
out the sequence.

The Tithonian regressive sequences from the
Fukkiura Member to the Kiyosaki Member
(Fig. 58) and from the Mone Formation to the
Kogoshio Formation (Fig. 32) are very similar
to the transition from the Kitsunesaki Member
to the Makinohama Formation with some local
variation. As a result, the Tithonian sequences
of the former are referable to the deltaic motif
like the latter. The abrupt changes of facies in
these transitions can not occur in a condition of
gentle gradient from shoreline to offshore. Pro-
bably, they are attributed to a sudden change of
gradient at the shallow sea bottom of the basin.
The horizon of these facies changes is con-
sidered to correspond to the position of the
wave-base generated by wave actions. Such a
horizon is recognized at both bases of the
Kogoshio and the

Formation Kiyosaki
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Fig. 58 Columnar section of the boundary strata between
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Member. The cross-bedded, coarse-grained
sandstone (arenite) with a large amount of in-
traformational limestone pebbles exists in both
basal parts. These sandstone beds directly cover
rhythmic alternating beds of sandstone {wacke)
and shale with thick-bedded sandstone (fluxo-
turbidite). The above basal sandstones of the
Kogoshio and the Kiyosaki probably were
deposited mainly in a delta-front environment
(subaqueous delta top) in like manner with the
case of the lowest part of the Makinohama
Member mentioned earlier. The upper part of
the Mone Formation and the Fukkiura Mem-
ber which consist mainly of flysch-type deposits
are believed to have been laid down on a delta
slope. In addition, the bedded and laminated
shale of the lower part of the Mone Formation
and the Kozumi Member is referable to pro-
delta (bottomset) beds and on-delta beds are
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the Fukkiura and the Kiyosaki Members, showing a transition

represented by the lower parts of the Kogoshio
(Kg-lc) and the Kiyosaki (Ky-l).

Flysch-type deposits under the conditions of
the above-mentioned sedimentary process in-
dicate that the sediments which were trans-
ported by rivers probably could easily reach the
considerably deep portion of the sedimentary
basin during floods. In connection with this, it
should be noted that large drifted wood
fragments (Pl. VIII-1) are often found in the
sandstone beds of the Kitsunesaki and Fuk-
kiura Members. They are considered to have
been transported by flooded rivers onto the sea
bottom.

OTSUKA et al. (1973) reported that abundant
fresh green grasses and woods twined around
the submarine cable were picked up from the
sea bottom about 800 m deep in the Bay of
Sagami-nada. They also described that the
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cable break was caused by submarine slumping
or turbidity current due to collapse of sediment
which was deposited from river-generated flood
currents. Actually, the cable break occurred a
few hours after passing of the peak of the river
flood at the mouth due to a very heavy rain in
July, 1972. This shows the large energy for the
currents and the
possibility for the currents to reach the deeper
portions of the sea bottom. It is noted that grad-
ed sand covered by a bed with abundant plant

river-generated density

debris was obtained from the box core samples
at the sea bottom about 500 to 1100 m deep in
the La Jolla submarine fan-valley (SHEPARD et
al., 1969). Also the generation of turbidity cur-
rents from river floods has been postulated by
HEEZEN et al. (1964) to explain the correlation
of cable breaks and floods at the mouth of the
Congo River. As to the ancient examples, COL-
LINSON (1969) and WALKER (1971) thought
that the turbidites forming flysch facies were
produced by sliding down of turbidity currents
which transformed from highly concentrated
mud water generated by river flooding. These
references indicate without doubt some of the
deep water sediments to have deposited from
large flood currents from rivers.

From the above, it is evident that there is an
intimate analogy between the flysch type
deposits of the Upper Jurassic and the above ex-
amples of turbidite-like deposits. It is therefore
proposed that most of the turbidity currents
were not the result of slumping or sliding of
unstable of sediments, but were
generated directly by the influx of water highly
laden with sediment from a river into the basin.
An abundance of streaky, laminated shale (Sub-
facies i, alternated with turbidite sandstone in
the Jurassic of the South Kitakami (P v-1,2)
may have been deposited in deltaic environ-
ment. This laminated shale was probably
generated from seasonal and periodically
smaller flood-currents or storms in a shallower
marine environment. Thus, a depositional
model of the Upper Jurassic is assumed as in
Figure 60. This model presented here is con-
cerned with deltaic deposition as well. The Up-
per Jurassic alluvial deposits were formed on

masses

low flat land which was covered by sea water
before. It seems probable that such a river
system easily formed a strongly meandering
and laterally migrating river which branched
off into many distributaries at the mouth.
Moreover, a possibility is that at high discharge
flows emanating from the distributaries of the
on-delta as high-concentration sediment gravity
flows proceeded onto the delta slope. Delta pro-
gradation, initiation and eventual abandon-
ment of distributary channels, and switching of
the main delta lobes may have contributed to
the complex facies relationships now seen in the
Upper Jurassic of the South Kitakami. In this
way, the sedimentary model of a delta-river
migration system is applicable to explaining the
frequent vertical facies changes of the flysch
facies associations of the Upper Jurassic.

VIII. DEPOSITIONAL HISTORY
AND PALEOGEOGRAPHIG
EVOLUTION

The most important characteristic of the
Jurassic basin in the South Kitakami Belt is
defferentiation of the sedimentary basin with
time (YAMASHITA, 1957). During Triassic time
as in Late Permian, the sedimentary basin was
a simple one broadly covering the South
Kitakami Belt with little horizontal changes of
the facies. During Jurassic time, however, the
sedimentary basin differentiated into two north-
south trending troughs which are now occupied
by the Western and the Middle Subbelts. They
are greatly different in amount of subsidence
and sedimentary facies from each other.

The Jurassic strata in the Middle Subbelt
show great vertical facies changes as repre-
sented by two major sedimentary cycles of trans-
gression and regression as well as great lateral
ones. Laying stress on the difference of
lithofacies between the Western and Middle
Subbelts, It should be considered that the
depositional history of the Jurassic with the Cre-
taceous of the South Kitakami Belt is divided
into four stages as shown in Figures 61 and 62.
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1. Early Jurassic

A narrow embayment elongated in a nearly
north-south direction was formed in the
Western Subbelt including the Shizugawa,
Hashiura and Mizunuma areas to receive main-
ly fine sand and sandy mud rich in organic mat-
ters. This bay was comparatively shallow, and
probably nearly closed to be a lagoon with great
breeding of brackish bivalves and gastropods to
form shell beds. Since the Sinemurian, this bay
may have opened at Shizugawa and its environs
(HAYAMI, 1961a). The coarser clastics depos-
ited mainly along the eastern margin of this bay
with thinning-out to the west. Thus, the mouth
was affected by the open sea water and increased
its width and depth. This event has been
designated as the Hosoura transgression by
SaTo (1962). This conclusion is supported by
ammonoid-bearing finer muddy rocks of the
Hosoura Formation. However, at Mizunuma
in the south no ammonoids are known. The
provenance of sediments at this time has not
been made clear about its position, but it is prov-
ed to have not existed at least to the west.

2. Middle Jurassic

In the final stage of the Early Jurassic, regres-
sion and erosion occurred and the South
Kitakami Belt was followed by a considerably
large transgression in Bajocian time. This trans-
gression covered both Western and Middle
Subbelts with considerable rapidity and became
the largest during the Middle Jurassic.
Lithofacies was nearly the same through both
subbelts. It was composed of shallow marine
sand and quiet basin mud with a common
biofacies of ammonoids and bivalves which
show that the area was of nearly uniform en-
vironment. The Karakuwa and Soma areas
were covered by a shallower sea and the in-
termediate zone between both subbelts was pro-
bably a site of deposition without barrier.
However, just after this transgression, the
Shizugawa area had a slope plunging to the
west or to the south with more rapid deepening
of the basin than in other areas, and produced
sediment-gravity flows. During this transgres-

sion, both subbelts had uniform quiet basin
mud facies till Callovian time. Amount of
depression was the greatest in the central part of
the Middle Subbelt, that is, in the Oshika area.

The coarser clastics of this age in the Middle
Subbelt were littoral sandy deposits with a max-
imum thickness of 200 m or more (Oshika and
Karakuwa) in the basal part (Bajocian)‘ Con-
glomerate is the thickest with large gravels ( cob-
bles) in the Oshika area, but is not found in the
Mizunuma area to the west. It leads to the con-
clusion that the source area was to the east of
the Middle Jurassic basin. The source area was
composed mainly of granitic rocks and felsic
and andesitic volcanic rocks. In addition, the
Triassic Inai Group was exposed nearshore and
became the source rocks for the early Middle
Jurassic deposits in the neighbourhood of
Oshika. rocks in the
Karakuwa area were granitoids. Judging from
the coaser and thicker sediments in the nor-
theastern part of the Karakuwa area, the main

The main source

source suggests to have been to the north-
eastern side. In the Soma area, the source area
was composed mainly of adamelitic granite with
a small amount of metamorphic rocks.

In the Shizugawa area of the Western Sub-
belt, a lateral change of the basal coarser facies
(Aratozaki Formation) of the Middle Jurassic
is seen from conglomerate-bearing coarse-grain-
ed sandstone in the east to medium-grained
sandstone in the west. Judging from the main
paleocurrent pattern showing sediment trans-
port toward the southwest or west, it is conclud-
ed that the sediments were transported from the
source area to the east across the Middle Sub-
belt. The flysch facies in the overlying Arato for-
mation was produced by rapid deepening of the
shallow marine basin in the early transgressive
phase. It is entirely different from the flysch
facies in the Middle Subbelt with the overlying
non-marine deposits which were formed under
regressive conditions. The estimated major
direction of the paleocurrents and channel struc-
tures of this formation is southwest as mention-
ed earlier. The coarse beds are of the same age
as those of the Tsukinoura and Kosaba Forma-
tions in the Middle Subbelt and possibly came
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from that subbelt. During the deposition of the
lower Arato Formation, shallow marine sands
accumulated in the Middle Subbelt and then
constantly flowed from there into the sedimen-
tary basin of the Shizugawa area in the Western
Subbelt to form turbidites. In the Western Sub-
belt, the sedimentary basin plunged deeply to
the south in contrast to the Middle Subbelt.
During the Mid-]Jurassic, no clear differentia-
tion of sedimentary basin into the Western and

Middle Subbelts took place.

3. Late Jurassic

This stage is noteworthy in the Mesozoic
depositonal history of the South Kitakami Belt,
as there was significant differentiation of
sedimentary facies and amount of subsidence
between both the subbelts.

In the Western Subbelt, during the period
since the former stage to the Kimmeridgian,
monotonous quiet basin mud continued to
deposit with intercalation of a small amount of
fine sandy deposits. In the Middle Subbelt, the
beginning of this stage was marked by the
appearance of sandstone-dominated strata
(Sakaguchiirizawa and Kitsunesaki Members,
and Yamagami Formation) to be tentatively
assigned to the latest Callovian or earliest Oxfor-
dian. Inflow of sandy sediments increased sharp-
ly associated with the shallowing of its sedimen-
tary environment, and coarsening-upward se-
quences were produced. This process is evidenced
by the vertical changes from the quiet basin
mud to proximal flysch-like deposits of norther-
ly prograding deltaic sedimentation in the
Oshika area, proximal lake deposits in the
Karakuwa area and shallow marine sandy
deposits in the Soma area, and further to fluvial
deposits even with conglomeratic alluvial fan
deposits in the Karakuwa and Oshika areas.
Thickness of these deposits is several times as
much as that of the Western Subbelt to result in
great differential subsidence with a barrier be-
tween the two subbelts.

Distribution of different sedimentary facies
and supply of coarse clastics during the Late
Jurassic are summarized in Figure 56. The
Soma area, though not given in this figure, has

a fluvio-lake facies possibly with partly shallow
marine facies, instead of lacking a con-
glomeratic alluvial facies.

In late Oxfordian time, a transgression
restarted in the Middle Subbelt and littoral
sand, sublittoral sandy mud and quiet basin
mud deposited in ascending order. But the
Soma area is scarce in muddy deposits. The
transgression of this stage was of smaller scale
than that of Bajocian and characterized by the
yielding of Perisphinctes, a representative am-
monoid of Late Jurassic.

In Kimmeridgian time, this marine basin of
the Middle Subbelt (Karakuwa and Oshika)
started to receive the inflow of sandy material
mainly through turbidity currents possibly
affected by the rising of the source area. This in-
flow in the subbelt was originated from
longitudinal currents from the south, almost
without lateral supply such as what occurred in
“early Oxfordian time”’. The flysch-type depos-
its thus were probably formed on the delta
slopes and at the foot of the slopes under the con-
dition of deltaic sedimentation. They show the
effects of flood flows of a river and probable
storm-generated currents, and were presuma-
bly not formed at the deep sea bottom in
general. The deposits increase distal facies
toward the north.

During this period in the soma area a shallow
sea environment continued with stronger effects
of open-sea water. On an offshore submarine
bank, limestone deposited with good lateral con-
tinuity (KIMURA, 1954). Tt is believed that the
land on the east side of the basin had already
submerged in a sea at that time. In the
Karakuwa and Oshika areas, limestone which
deposited almost simultaneously is found abun-
dantly as intraformational breccias above the
flysch deposits noted above. This limestone is
believed to have formed near the margin of the
basin because of the existence of calcareous
(oolitic) sandstone in the two areas.

Briefly, the sedimentation of the Upper
Jurassic (Oxfordian-Kimmeridgian) indicates
complete differentiation of the Jurassic basin in-
to the Western and Middle Subbelts. The
sedimentation took place in each subbelt in-
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dependently with little interrelationship. The
Middle Subbelt is characterized by the predom-
inance of coarser-grained material with fre-
quent oscillation of sedimentation.

4. Latest Jurassic to Earliest Cretaceous

Tithonian strata are not found in the Mizunu-
ma area of the Western Subbelt. This shows
some possibility that deposition in this time did
not occur in this area. in the
Shizugawa area of the same subbelt fine sand
and mud which are of distal shallow marine
origin were deposited during Tithonian time.
These sediments laid down on what seem to be
wavecut terrace where the underlying beds
were eroded away, as exemplified by the
Sodenohama Formation.

In the Middle Subbelt, the flysch or shallow
sea facies of the previous stage was replaced by
non-marine, very coarse-grained and angular
quartzose sands. The source of these sands
seems to be heavily weathered granitic rocks. It
is possible that the depositional site of these

However,

sands was a nearshore or a low land such as a
declining uprise zone on the east side of the
basin during the Kimmeridgian transgression.
This might be related with the formation of the
reef-like limestones mentioned earlier. This
latest Jurassic sandstone gradually increases its
content of feldspar upwards and it becomes
typical arkose sandstone deposited mostly in a
fluvial environment. Its supply was mostly from
the south, and there is a more proximal facies in
the south of the Middle Subbelt.

In the earliest Cretaceous ( Neocomian), the
Middle Subbelt suffered the third transgression
with thick deposition of neritic mud. Only the
Oshika area had northward inflow of a large
amount of sandy material into the Neocomian
sea, and coastal non-marine deposits and
agitated subaqueous delta formed in the south
(TAKIZAWA, 1975). Subsidence also occurred
in the eastern half of the subbelt, and here, it is
presumed to be the result of new tectonic down-
warping. The direction of the supply of clastics
was from the south to the north with the basin
plunging northward.

In the Western Subbelt, only the Hashiura

area experienced a Neocomian marine invasion
as evidenced by the Jusanhama Group. This
group is composed mainly of arkose sandstone
of shallow sea facies probably of nearly the same
age as that of the Ayukawa Formation of the
Oshika area. There is possibly some interrela-
tion between both strata.

During the latest Titonian to Neocomian
time, there was acid volcanism in the source
area and it resulted in the supply of a great
amount of coarser detritus surpassing granitic
material.

As seen from the above, during this stage
(latest Jurassic and earliest Cretaceous) the
basin geometry and sedimentation in the Mid-
dle Subbelt were basically similar to those of the
Late Jurassic. They were probably continued
from the previous stage. In the Western Sub-
belt, there were abundant supply of coarse
clastics and marked oscillation of sedimentation
compared with the quiet conditions of the
previous stages.

This Jurassic to Cretaceous sedimentary
basin underwent weak crustal deformation
followed by andesitic and basaltic volcanism in
probable Hauterivian time.

Concerning the study of paleogeography and
sedimentation of the Jurassic, uplifted land as
the lateral sources is assumed to have existed on
the east of the basin through the sedimentation
of the Upper Jurassic in the Oshika area, and a
similar idea is adapted to the Traissic Inai
Group (TAKIZAWA, 1977). This idea was also
held by Kano (1958) and MURATA (1976) and
is, nearly consistent with the “Ofunato Islands”
which have been assumed by KIMURA et al.
(1975).

The magnetic anomaly zone off the Sanriku
Coast shown in Figure 1 is noted in relation to
the above “‘eastern paleo-land”. The magnetic
zone extends in a N-S trend with a breadth of
20 km and a length of more than 80 km between
the islet of Kinkasan and Mt. Hikamiyama.
The origin of this anomaly zone has been as-
sumed by OGawA and Tsu(1976) as a high- to
medium-grade magnetic body such as granitic
rocks sitting at a very shallow position under
the sea bottom. There are three high anomaly
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subzones and the western of them is connected
also with the Cretaceous volcanic rocks at the
headland of the Oshika Peninsula and with the
Kanaegaura volcanic formation of the Karaku-
wa area to the north. These remarkable linear
arrangements show a tectonic-zonal character.
It should be noted that the Hikami granitic
body of Paleozoic or Precambrian age exists on
the northern extension of the above anomaly
zone. The source of the Ishiwaritoge Con-
glomerate is considered to have been the
Hikami granitic body (KaNoO, 1959).

The gravels of the schistose metamorphic
rocks and granitic rocks in the Jurassic con-
glomerate must have been derived from a
source area located in the magnetic anomaly
zone. This assumption can be strongly sup-
ported by the existence of the Hikami granitic
body. This source area in the Jurassic time
which existed in the area near Hikami to
Kinkasan is called here the ‘“Hikami-Kinkasan
paleo-tectonic land’’ under the assumption that
this zone was a tectonic land of pre-Cretaceous
time ( TAkizAWA, 1977).

The magnetic anomaly zone disappears
abruptly at the outside of Sendai Bay, but it
reappears off the city of Soma as a result of
about 20 km of horizontal dislocation toward
the northwest. The Jurassic strata of the Soma
area are the southern marginal facies in the
Jurassic sequences of the South Kitakami Belt,
and also are most likely to have deposited in a
closed basin with land or submarine upheaval
to the east. However, the basin also had a stage
of open sea with active currents as inferred from
the limestones and coarse arenites of the
Nakanosawa Formation of Kimmeridgean to
early Tithonian age.

Depositional history of the Jurassic basin
discussed above, together with the “paleo-tec-
tonic land” which probably existed to the east,
provides useful information concerning the
paleogeography of the South Kitakami Belt dur-
ing the Jurassic Period. The Jurassic paleogeo-
graphy are shown in Figure 62.

The Jurassic inland sea of the South
Kitakami Belt was most probably connected
with the inland sea which existed in the inner,

Japan Sea side of the Japanese Islands
(“Tedori Sea”) through the northern side of
the Abukuma Mountains. This is based on the
following two reasons. Firstly the Jurassic
deposits are generally of offshore or distal facies
in the Western Subbelt compared with those of
the Middle Subbelt. This indicates the ex-
istence of a sea possibly spreading toward the
west. Secondly the Middle Jurassic of the South
Kitakami Belt contains the same ammonoids
and inoceramids of boreal type as in the Tedori
Group in the Hida Mountains. They are
represented by Kepplerites sp. (KOBAYASHI,
1947), Inoceramus cf. lucifer and I. morr: and are
similar to those from eastern Siberia ( HAYAMI,
1961d). The Late Jurassic and Early
Cretaceous faunas have a considerable number
of species common to the Torinosu fauna of the
Outer Zone of Southwest Japan (TAMURA,
1961). Thus, it is concluded that the Jurassic
formations of the South Kitakami Belt are of in-
termediate type between those of the Inner and
Outer Zones of Southwest Japan with character
common to both.

IX. CONCLUSIONS

1) The Jurassic formations of the South
Kitakami Belt are regarded as epicontinental
deposits laid down in an inland sea basin accom-
panied by non-marine alluvial deposits. In Kim-
meridgian or early Tithonian time, the Jurassic
basin was under the influence of an open sea at
least temporally. This is shown by the presence
of coral-bearing calcareous rocks and the oc-
currence of the “Torinosu-type fauna”.

2) The basin was distinctly differentiated in-
to two minor basins which are now occupied by
the Western and Middle Subbelts, at latest Mid-
dle Jurassic or earliest Late Jurassic time. After
the differentiation, a great difference in
sedimentary facies and environments occurred
between both subbelts, and the center of deposi-
tion migrated into the east. Especially in the
Oshika area, the amount of subsidence was the
greatest in the Jurassic basin and the resultant
strata are several times as thick as the corre-
sponding sequence in the Western Subbelt.
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Jurassic time (modified from Takizawa, (1977).

3) In Late Jurassic time, a great amount of
coarse clastics which are composed chiefly of
arkosic sandstone and conglomerate deposited
in the Middle Subbelt. At least a part of the
coarse clastics were supplied from the “‘tectonic
land” to the east of the Jurassic basin. The posi-

tion of the above land is considered to corre-
spond with the narrow N-S zone of land-type
magnetic anomaly to the east of the Kitakami
Mountains.

4) The following facies associations are
recognized in the Jurassic strata: shallow
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marine, offshore basin mud, flysch, alluvial and
lake associations in ascending order. The
repeated sequences of their associations form
three major cycles of transgression to regression
in the Middle Subbelt, whereas the last two
associations, that is, non-marine deposits, are
not present in the Western Subbelt. Conse-
quently, it is presumed that the Jurassic inland
sea opened toward the west during at least Mid-
dle to Late Jurassic time and was connected
with the inner sea of the Japanese Islands
(“Tedori sea’”) and also with the outer sea of
the Islands (“Torinosu sea’).

5) Flysch facies association represented by
turbidites contains a fair amount of laminated
shales and fluxoturbidites. As regards deposi-
tional environment of the flysch facies, there is
almost no sedimentary record of a major slope
facies as indicating continental slope into a deep
sea basin. This is interpreted as having been
due to rapid deposition on a local deltaic slope.
The occasional occurrence of plant fragments
within the turbidites and fluxoturbidites shows
that parts of the flysch sediments are probably
attributed to river flood-generated turbidity cur-
rent deposition.

6) Based upon the rapid changes from
flysch through shallow marine (partially lack-
ing) into alluvial facies association, the
predominance of the northward paleocurrents
and also other combined data, the accumula-
tion of the flysch-alluvial sequence in the
Jurassic of the Middle Subbelt is assumed to
have resulted from a northerly prograding
deltaic deposition. Most of the flysch facies
association is regarded as deposits on a delta
slope. Consequently, it is possible to recognize
the following four constructional phases of a
delta: on-delta (fuvial and distributary), delta-
front (regressive shallow marine), delta slope
(flysch) and pro-delta (distal turbidites and
basin mud association).
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Alluvial Facies Association.

1.

2.

Ripple-drift cross-laminated fine-grained sandstone in middle part of a fining-upward sequence of non-marine
deposits, Makinohama Sandstone Member, Oshika.

Large-scale cross-bedding of tabular or trough type in coarse-grained sandstone of Subfacies ¢, Kogoshio Forma-
tion, Karakuwa. This sandstone is regarded as point-bar deposits originated from a meandering river.
Stratigraphic top to left.

Trangitional sequence from lower sandstone part to upper shale part in fining-upward sequence of non-marine
deposits, Kogoshio Formation, Karakuwa. This sequence is characterized by shale (siltstone) thinly interbedd-
ed or interlaminated with fine-grained sandstone, and is probably originated from levee deposits of a meandering
river.

Poorly sorted orthoconglomerate containing intraformational shale clasts, Makinohama Sandstone Member,
Oshika. This facies is referable to alluvial fan deposits { probably mid-fan deposits).

Plate 1
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Alluvial and Lake Facies Association

1.

Facies d, bedded and laminated fine- to medium-grained sandstone interbedded with shale occasionally contain-
ing plant beds. 1A: Unit Ky-5 of the Kiyosaki Sandstone Member, Oshika. Stratigraphic top to the right. 1B:
Sakaguchiirizawa Sandstone Member. The sequence of Plate 1A shows coarsening and thickening upward se-
quence. The sequence of Plat 1B consists of sandy laminite (Subfacies i;), and shows ripple-drift cross-lamina-
tion (upper half) with parallel lamination (lower half). These facies are considered to be agitated lake deposits
(probably lake delta deposits).

Subfacies by, massive to thick-bedded medium-grained sandstone frequently showing cross-bedding, uppermost
part of the Makinohama Sandstone Member, Oshika. This sandstone is considerably well-sorted, and is possibly
originated from beach ridge (coastal sand dune) deposits.

Subfacies ¢,, Massive to very thick-bedded coarse-grained sandstone frequently showing large-scale cross-bed-
ding and no or weakly upward decreases in grain size. IIIA: Lower part of the Kiyosaki Sandstone Member
(Aji-shima), ITIB: Middle part of the Kiyosaki Sandstone Member, Oshika. Both sandstones of the Kiyosaki
Member are probably originated from distributary channel deposits.

Note a hammer encircled by white line which is 33 cm long.

Plate I1




Bull. Geol. Surv. Japan, Vol. 36, No.5 Plate 111

Shallow Marine Facies Association.

1. Intraformational limestone-clast conglomerate of the lowermost part of the Ayukawa Formation at the northern
extremity of Aji-shima, Oshika (1A), and the lowermost part of the Kogoshio Formation at the eastern extremi- ‘
ty of Oshima, Karakuwa (1B). Matrix consists of calcareous coarse arkosic sandstone. Limestone clasts are dark
gray impure limestone containing abundant fragments of corals, calcareous algae, crinoids and molluscs.

2. Tabular cross-bedded quartzose sandstone, occasionally containing intraformational limestone clasts, lowermost

part of the Ayukawa Formation, Aji-shima.

Vertical burrows within silty fine-grained sandstone in the lowermost of the Kozumi Shale Member (3A) at the

west of Kozumi, and horizontal burrows on the top surface of a sandstone bed of Subfacies b, type in the middle

part of Ayukawa Formation (3B), Oshika, Aji-shima.
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Flysch Facies Association in the Fukkiura Sandstone and Shale Member, Oshika.

1. Thin-bedded shale-sandstone alternation (Facies j,: “shaly flysch””), western extremity of Makinosaki.
Stratigraphic top to right.

2. Medium-bedded sandstone-shale alternation (Facies j;: “normal flysch’), near Atsui-zaki. Stratigraphic top to
left. Hammer gives scale.

3. Thick-bedded medium-grained sandstone (Facies e: fluxoturbidites), near Tomari. Stratigraphic top to left.
This sandstone occasionally shows dish structure as shown in Plate V-3.

Plate IV
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Flysch Facies Association in the Fukkiura shale and Sandstone Member, Oshika.

1A.

1B.

Laminated shale (mainly Subfacies i,) showing slump over folds in small scale, near Atsui-zaki.

This facies is considered to be not distal turbidites but slope deposits.

Strongly undulatory current-ripple marks, almost tending to the lingoid type, Tomari. Ripple marks of this
type frequently occur on top surface of cross-laminated sandstones within Subfacies i,.

Graded sandstone beds (turbidites) interbedded with laminated shale (Subfacies il), Tomari. Stratigraphic
top to left. Pencil (lower right of the picture) gives scale.

Dish structure of a common type (A) and a large-scale type (B) in Facies e, thick-bedded medium-grained
sandstone. A: Fukkiura, B: Tomari.

Plate
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Flysch Facies Association in the Shizugawa area.

1. Submarine channel cutting into laminated shales ( Subfacies i,) and filled with thick-bedded sandstones ( Facies
e, fluxoturbidites), lower part of the Arato Formation, Akaiwa-zaki of Shizugawa. This channel structure in-
dicates a stretch of the northeast direction. Its close-up view whithin the quadrangle is given in Plate 1B.

2. Medium-bedded sandstone-shale alternation ( Subfacies j,) in the lower part of the Arato Formation, Nakazai of
Shizugawa. Arrow indicates channel-like sandstone body.

3. Thin-bedded shale-sandstone alternation ( Subfacies jz) in the lower part of the Arato Formation, Arato. Pencil
gives scale.
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Coarser flysch sequenses in the Kitsunesaki Sandstone and Shale Member, the Oshika area.

1.

Slump overfolds in sandstone-shale alternation near Ohara-hama of Oshika. Slump movement probably from
right (east) to left (west).

Submarine slide conglomerate bed cutting into laminated shales, southeastern extremity of Makinosaki, Oshika.
Such conglomerate facies is distributed in the very restricted area, only eastern part of the Oshika area.
Clinometer (basal part of the conglomerate bed) gives scale.

A coarsening upward sequence in flysch facies association, consisting of laminated shale (right side), medium-
bedded sandstone-shale alternation, thick- to medium-bedded sandstone and orthoconglomerate, Makinosaki,
eastern part of the Oshika area. Stratigraphic top to left.

Plate VII




Plate VIIT

Large plant (wood) fossil fragments with ammonoid fossil (encircled by white line) within medium-bedded
sandstone-shale alternation (Facies j;: turbidites), Fukkiura Member, Tomari, Oshika. Scale at lower right of
the picture is 16 mm width.

Aggregative intraformational shale clasts within Facies e, thick-bedded medium-grained sandstone, Fukkiura
Member, Fukkiura, Oshika.

Largest calcareous nodules within Facies f, thick- to medium-bedded black shale, Tsukinoura Formation near
Yoriiso, Oshika. Note these elongation not parallel to the bedding plane (indicated by dashed lines) but parallel
to the slaty cleavage. Younging to the right. Hammer (33 cm long) gives scale.




