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Abstract
The distributary-channel deposits in the deltaic system of the Tertiary Taishu Group,

Tsushima Islands, southwestern Japan, are classified into two types of sequence; the lower and
upper distributary-channel deposits. The lower distribuatry-channel deposits represent deposi
tion in a lower reach of distributary channels, which extended out into the subtidal zone of a
delta front. The lower part of the sequence comprises thick, cross-stratified sandstone, which
illustrates fluvial-dominated sedimentation. The upper part of the sequence is represented by
interbedded sandstone and mudstone, which demonstrates tide-influenced sedimenatry struc
tures such as mud-draped cross-stratification and flaser to lenticular bedding. However, unidi
rectional paleocurrents and the erosional base of sandstone beds indicate fluvial-dominated
processes, as in the lower part of the sequence. They are interpreted as indicating that
sedimetation in the lower distributary-channel fills was controlled by the combined effects of
tidal and fluvial processes. The upper distributary-channel deposits represent deposition in
distributary channels on a delta plain, characterized by fining-upward sequences which lack
mud interbeds. They represent fluvial-dominated, channel-fill sedimentation. These facies
changes between the lower and upper distri bu tary-channel deposits are caused by the rate of
tidal inf! uences on distri butary-channel sedimenta tion.
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Introduction

Distributary channels on a delta plain have
many of the characteristics of fluvial channels,
such as predominant unidirectional flows, peri
odic stage fluctuations, switching and avulsion
of channels, and accumulation of fine materials
in the adjacent low-lying areas. Resultant depos
its are similar to fluvial-channel deposits, which
show erosively based sand with basal lags that
fine upwards, through cross-bedded sands, into
ripple-laminated finer sands, topped by mud
with rootlets indicative of emergence (Oomkens,
1970, 1974; Coleman, 1976). However, differing
from fluvial channels, the lower reaches of the
distributary channels, near the coastal area of
deltas, are influenced by basinal processes. Tidal
processes particularly have an effect on
distributary-channel sedimentation, because tidal
influences row up the distributary channels from
the river mouth.

Unlike the fining-upward sequence of grain

size, de Raaf and Boersma (1971) and Smith
(1987, 1988) have reported that channel-fill se
quences contajned interbedded sandstone and
mudstone from modern and ancient distributary
channel and estuarine deposits. They suggested
that these sequences were formed by tide
influenced, channel-fill deposits. Similar se
quences have been reported from ancient channel
fill deposits (e.g., Cotter, 1971; Elliott, 1976;
Jackson, 1978; Flach and Mossop, 1985).
However, depositional processes and depositional
conditions of these channel-fill sequences have
not been fully understood.

This study focuses on facies changes of
distributary-channel deposits in the delta system
of the Tertiary Taishu Group, Tsushima Islands,
southwestern Japan. The successions of distrib
utary-channel fills in the Taishu delta system
have various sedimentary facies, including thick
bedded sandstone with interbedded sandstone
and mudstone, and fining-upward sequences.
The facies changes of the distributary-channel



38 Takeshi NAKAJO

Geologic setting

Fig. L Distribution of Paleogene deposits in north
Kyushu and the adjacent areas (simplified
from Sakai, 1993).

posits in Tsushima and Iki Islands, which are lo
cated to the north of Kyushu, are mainly of ma
rine origin and are dominated by mudstone.

The Tsushima Islands, which are composed of
two major islands (Kami-shima and Shimo-jima
Islands), are chiefly underlain by the Tertiary
Taishu Group, intruded by Miocene igneous
rocks (Fig. 2). Stratigraphic studies of the
Taishu Group have been made by MITI (1972,
1973, 1974) and Takahashi (1992). The Taishu
Group is more than 5400 m thick, and is mainly
of marine origin. Its lower and upper limits are
unknown. The predominant lithology is black to
dark-grey mudstone with subordinate sandstone.
The framework structure of the Taishu Group is
controlled by folding. Major fold axes run en
echelon in a NE-SW direction, plunging gently
northeastward. The Taishu Group has been
lithostratigraphically subdivided into three infor
mal formations: the lower, middle and upper for
mations. The Taishu Group yields marine
molluscan fossils (Kanno, 1955; Takahashi and
Nishida, 1975) and planktonic microfossils
(Ibaraki, 1994; Nakajo and Funakawa, 1996),
and has been regarded as being entirely of ma
rine origin. Planktonic microfossils suggest a
geologic age of Early Eocene (Nakajo and
Funakawa, 1996) and Early Miocene (Ibaraki,
1994) for the lower and upper formations, re
spectively.

In Shimo-jima Island, the Taishu Group is in
truded by Miocene igneous rocks (Fig. 2), which
include plagiophyre, quartz porphyry, rhyolite,
dolerite, granophyre, and granite (Matsumoto
and Takahashi, 1987; Takahashi, 1992). Taka
hashi and Hayashi (1985, 1987) reported fission
track ages of 16-18 Ma for the plagiophyre and
14-15 Ma for other rocks.

Taishu delta system

The distributary-channel deposits In the
deltaic sequences under study belong to the
lower part of the lower formation of the Taishu
Group. Sections were measured along the coastal
outcrops to the north of Kunehama in Shimo
jima Island (Fig. 2). Depositional processes and
envi ronmen ts of deposition of these del taic de
posits have already been discussed in detail
(Nakajo and Maejima, in submission).

The succession of the deltaic deposits in the
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Paleogene clastic rocks are widely distributed
in North Kyushu and the adjacent area in south
western Japan (Fig. 1). These Paleogene basins
are regarded as intra-arc basins which formed
due to a change in plate motion of the Pacific
Plate, from north-northwest to west-northwest
(Sakai, 1993). Intra-arc basin fills are commonly
1000 to 3000 m thick in North Kyushu. These
deposits comprise mainly coarse, clastic sedi
ments deposited in continental to paralic envi
ronments. The successions generally contain
coal-bearing deposits, and many coalfields have
been developed in North Kyushu. In contrast to
the deposits in North Kyushu, the equivalent de-

deposits depend on the rate of tidal influences
on the channel-fill sedimentation. This paper re
ports depositional processes and facies organiza
tion of distributary channels under the
interaction of fluvial and tidal processes.
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Fig. 2.. Geologic map of southern Tsushima Islands (simplified from Takahashi, 1992).
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lower formation of the Taishu Group shows ver
tically stacked, coarsening-upward sequences re
cording repetitive progradation of the bird's-foot
shaped to elongated deltaic system towards the
north. Wi thin the succession of the del taic se
quences, six sedimentary facies associations are
recognized; the basin floor, prodelta, channel
mouth bar, lower distributary-channel, upper
distributary-channel and interdistributary facies
associations. The Taishu deltaic sequence dem
onstrates that the active distributary channels
are deeply incised into channel-mouth bars in
the delta front due to inertia-dominated, river
mouth regimes and tidal processes. These
channelized mouth-bars grew as narrow and
elongate protrusions in the transitional zone of
the delta. As a result, a coarse-grained, bird's
foot-shaped delta was generated. The interaction
of fluvial inertia force and tidal processes was
the major controlling factor in the morpho
dynamic development and facies organization of
the Taishu delta.

Distributary-channel deposits

The distributary-channel deposits In the
Taishu delta system form 3 to 20 m-thick
channel-fill sequences. Two types of channel-fill

sequences have been recognized. They represent
deposition in the lower and upper distributary
chan nels, respec ti vely.

Lower distributary-channel deposits

Description
The lower distributary-channel deposits are

characterized by thick-bedded sandstone, up to
11 m thick, with interbedded sandstone and
mudstone (Fig. 3). The channel-fill sequences
are 5 to 20 m thick, and overlie the channel
mouth bar deposits (Nakajo and Maejima, in
submission). In each sequence, the boundary be
tween them is marked by a remarkable erosional
surface at the base of a thick-bedded sandstone.
Some of the successions show a fining- and
thinning-upward sequence (Fig. 3).

Sandstones are medium- to very coarse
grained, and are 2 to 11m thick. They have an
irregular, erosional basal surface, with up to 50
cm-deep scours cutting into the underlying de
posits. Shallow internal scours are also common
within the sandstone (Fig. 4A). Mud clasts and
pebbles tend to be concentrated on scour sur
faces. Internally, sandstones are trough cross
strati fied insets that are 20 to 40 cm thick.
Planar cross-stratification, asym metrical-ripple
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Fig. 4. Lower distributary-channel deposits. (A) Thick-bedded sandstone having internal scours, log A in Fig. 3.
(B) Lateral transition of mud-draped foresets on the cross-bedded sandstone into very thinly interbedded
sandstone and mudstone, interpreted as combined effects of fluvial flows and tidal currents, log C in Fig.
3. (C) Lenticular bedding in mudstones, log B in Fig. 3.

cross-lamination and climbing-ripple cross-lami
nation also occur, but are rare.

Interbedded sandstone and mudstone form 3
to 10 m-thick units, which either rest on or are
intercalated within thick-bedded sandstones.
Sandstone beds are most commonly 5 to 90 cm
thick, and locally show flaser or wavy bedding.
The beds generally have a sharp and flat basal
surface. Some beds have an erosional base, 20 to
30 cm deep, and contain abundant mud clasts.
The sandstones are internally planar and trough
cross-stratified, asymmetrical-ripple cross-lami
nated or climbing-ripple cross-laminated. Thin
mud drapes, which cover foresets of cross
stratification, are common. In some instances,

mud-draped cross-stratification grades laterally
into interbedding of very thin (l to 3 mm) lay
ers of sandstone and mudstone (Fig. 4B).
Mudstone interbeds, up to 50 cm thick, are com
monly silty to sandy. Mudstones show thin lami
nations or lenticular bedding (Fig. 4C).

Paleocurrent azimuths of these deposits, de
termined from cross-stratification and ripple
cross-lamination, are generally unidirectional and
indicate predominantly northward-flowing cur
rents (Fig. 5).

Interpretation
These deposits represent deposition III a

lower reach of distributary channels, which
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by superimposition of the sandstone with a re
markable erosional base on the channel-mouth
bar deposits. Mud clasts and pebbles concen
trated on the scour surface are interpreted as
lag deposits on a channel floor. The cross
stratified sandstones with internal scours are in
dicative of channel-bar development, due to
vertical accretion of bedload in the form of mi
grating dunes and sand waves, and of rapid lat
eral shifting of bars and active tracts in a
channel.

The interbedded sandstone and mudstone In

the upper part of the fining- and thinning
upward sequences indicate decrease in activity
of the channel. Mud drapes on foresets indicate
pauses in the migration of dunes and sand
waves, and suspension settling of mud on them
in slack-water conditions. Flaser to lenticular
bedding indicate intermittent currents, accompa
nied by slack-water periods. Very thin inter
bedded sandstone and mudstone is attributable
to repetition of regular shifts in the transport of
materials, and is similar to tidal bedding (d.
Dalrymple, 1992). These features are strongly
suggestive of tidal influences on sedimentation.
However, an overall paleocurrent pattern is not
multi- or bidirectional but is consistantly unidi
rectional, and is quite similar to that of fluvial
dominated, channel-mouth bar deposits (Nakajo
and Maejima, in submission). This suggests that
fluvial flows in a channel overpowered the tidal
activity and played a principal role in sediment
transport and deposition in a channel, with
modification by tidal processes. In this context,
the erosional bases of some sandstone beds may
be attributable to erosion of the substrate by
high-energy flows in the fluvial flood stage
rather than by periodic tidal currents (Fig. 6A).
Except in the fluvial flood stage, however, tidal
influences increased on the channel-fill sedimen
tation (Fig. 6B). Sand transport was enhanced
by the combined effects of fluvial flows and
ebb-tidal currents (Fig. 6Ba). On the other hand,
flood tides were seldom able to generate reversal
currents in a channel against fluvial flows, but
were only responsible for producing slack-water
conditions and for suspension settling of mud
(Fig. 6Bb). Accumulation of mud during slack
water periods promoted infilling and up-building
of the lower distribu tary channel.

ripple lamination

ripple lamination

359
8

1020 40%

cross stratification

cross stratification

12

B

A

c

333

cross stratification ripple lamination
Fig. 5. Paleocurrent rose diagrams of the lower distrib

utary-channel deposits. A, Band C corre
spond to the logs labelled A, Band C in Fig.
3. Arrows show vector mean. n: Number of
readings.

extended out into the subtidal zone of a delta
front. In this paper, the term lower distributary
channel is used for these channels. The channel
fill sequences of thick-bedded sandstone with
interbedded sandstone and mudstone are attrib
uted to tide-influenced, fluvial channel-fill depos
its (Smith, 1987, 1988). Decrease in activity of
the channel resulted in fining- and thinning
upward sequence.

Thick-bedded sandstone in the lower part of
the fining- and thinning-upward sequences repre
sents deposition in an active subtidal channel.
The subtidal origin of a channel is documented
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(A) erosion and rapid deposition

(B) a. ebb tide b. flood tide
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Fig. 6. Depositional processes of the interbedded sandstone and mudstone in the lower distributary-channel de

posits. (A) Fluvial flows overpowering tidal activity in the fluvial flood stage. (B) a. Sand transport was
enhanced by the combined effects of fluvial flows and ebb-tidal currents. b. Flood tides were responsible
for producing slack-water conditions against fluvial flows and for suspension settling of mud.

Upper distributary-channel deposits

Description
The succession of the upper distributary

channel deposits are represented by up to 13 m
thick, most commonly 3 to 7 m-thick, fining
upward sequences, in which medium- to coarse
grained sandstone grades upwards into very
fine- to fine-grained sandstone with interca
lations of mudstone (Fig. 7). These fining
upward sequences are enclosed within the mud
dominated interdistributary deposits (Nakajo
and Maejima, in submission).

The sequences show marked erosion, 30 to
50 cm deep, at the base. Shallow internal scours
are also common in the lower part of the se
quence. Mud clasts are locally concentrated on
the scour surfaces. The sandstones in the lower
part of the sequences display medi um-scale,
trough cross-stratification in sets 15 to 30 cm
thick. Planar cross-stratification and asym
metrical-ripple cross-lamination also occur, but

are rare. In the upper part of the sequences,
sandstones are asymmetrical-ripple cross-lami
nated, and locally show flaser to wavy bedding.
Paleocurrent azimuths determined from cross
stratification and ripple cross-lamination are gen
erally unidirectional, and indicate predominantly
northward-flowing currents (Fig. 8). The mud
stone intercalations are silty to sandy, and
occur in up to 1 m-, commonly less than 10 cm-,
thick units. Mudstones are generally massive,
and locally contain abundant plant debris.

Interpretation
These deposits represent deposition 10

distributary channels on a delta plain. In this
paper, such channels are called upper distrib
utary channels. Presence of plant debris, chan
nel scours, fining-upward sequences and unidi
rectional paleocurrent patterns are most compat
ible with a fluvial-dominated, channel-fill inter
pretation. Fining-upward sequences suggest de
crease in activity of such channels. Mud clasts,
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Fig. 7. Examples of logs of upper distributary-channel
deposits. For legend see Fig. 4.

ripple lamination

Fig. 8. Paleocurrent rose diagrams of the upper distrib
utary-channel deposits. A and B correspond
to the logs labelled A and B in Fig. 7. Arrows
show vector mean. n: Number of readings.

tide-influenced sedimentation of the upper part
of the lower distributary-channel sequences, and
is consistent with the interpretation that the
channel sequences of this type originated in the
upper reach of distributary channels on the
delta plain.

cross stratification

aa

concentrated on the scour surfaces are inter
preted as lag deposits on a channel floor. The
cross-stratified sandstones in the lower part of
the sequence are interpreted as an infilling of an
active channel by vertical accretion of bedload
in the form of migrating dunes and sand waves.
Asymmetrical-ripple cross-laminated sandstones
found in the upper part of the sequence repre
sent deposition under the lower flow regime
conditions, implying decreased channel activity.
Locally flaser to wavy bedding and interca
lations of mudstone are suggestive of fluctua
tions in flow conditions, which have might been
due to tidal processes. The limited occurrence of
these facies, however, indicates that tidal influ
ences, if any, were minimal even in inactive or
abandoned channels. This is in contrast to the

Discussion and conclusions

The distributary-channel deposits in the
Tertiary Taishu delta system are classified into
two types of sequence: the lower and upper
distributary-channel sequences. Facies changes
between the lower and upper distributary
channel sequences were the consequence of the
difference in the rate of tidal influences on sedi
mentation. Sedimentation in the lower distrib
utary channels occurred under the interaction
of fluvial and tidal processes. In the active stage
of the channel, however, intensity of fluvial
flows overpowered tidal processes, and thick
bedded sandstones were deposited. When the
channel became inactive, decreased fluvial action
allowed an increase in the effects of tidal
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processes on channel-fill sedimentation. The
combined effects of fluvial flows and ebb-tidal
currents enhanced acceleration of outflows, re
sulting in active sand transport and deposition
in a channel. Flood tides were seldom able to
generate reversal currents against fluvial flows,
but were only responsible for producing slack
water conditions and suspension settling of mud.
The upper distributary affected minimal or no
tidal influences on sedimentation. Deposition
took place almost totally due to fluvial proc
esses.

The delta in the lower formation of the
Taishu Group had an elongated channel-mouth
bar on which a distributary channel extended
and deeply incised into the subtidal zone in the
delta front, and formed into a bird's-foot-shaped
to elongated geometry (Nakajo and Maejima, in
submission). This is probably due to a limited
lateral effluent expansion because of high
velocity fluvial discharge from the river mouth
and an inertia-dominated river-mouth regime.
Tidal processes further accelerated the develop
ment of the elongated protrusions of the
channelized mouth-bar. Ebb-tidal currents en
hanced acceleration of outflows from the chan
nel, resulting in extension of the distributary
channel out onto the mouth bars. Mud settling,
particularly on the levee of the subtidal chan
nels in a low-energy condition during flood
tides, contributed to stabilization and consequent
up-building of subtidal channels.
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