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D.G. Yoo, H.Y. Lee, S.P. Kim, K.O. Kim, N.H. Koo and Y.G. Kim

Petroleum and Marine Research Division, Korea Institute of Geoscience and Mineral
Resources (KIGAM), Taejon 305-350, Korea

ABSTRACT

Interpretation of high-resolution seismic profiles collected from the inner shelf of the Korea Strait reveals
that the shelf sequence in this area consists of three sedimentary units (I, II, and III in a descending
order) formed after the last glacial maximum. Lower two units (I and III) represent the transgressive
systems tract formed during the Holocene transgression. Unit III above the sequence boundary is interpreted
to be the transgressive estuarine deposit, whereas Unit II above the ravinement surface forms a thin transgressive
sand which consists of the sediment produced through shoreface erosion and winnowing during the transgression.
Unit I above the maximum flooding surface is the highstand systems tract consisting mainly of recent
muds derived from the Nakdong River.
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1. Introduction

The field of seismic stratigraphy as a tool in
depicting depositional history has received much
attention since the publication of the Exxon Pro-
duction Research Group (e.g. Mitchum et al., 1977).
Identification of seismic sequences and nature of
acoustic characters allow us information for the
interpretation of depositional history and sedimentation

patterns of shelf deposits. The basic concept has
been applied to the study of late Quaternary sediments
based on the interpretation of high-resolution seismic
profiles, and a number of results yield a detailed
identification of shallow sedimentary units and
depositional history in response to sea-level changes
(Hernandez-Molina et al., 1994; Okyar et al., 1994,
Saito, 1994; Trincardi et al., 1994; Tesson et al.,
2000).
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The Korea Strait located between the southeastern
tip of the Korean Peninsula and Tsushima Island
is a sea way through which the Warm Tsushima
Current flows into the East Sea (Fig. 1). Various
aspects of the late Quaternary sedimentation in the
Korea Strait have been addressed previously by
several authors (Park and Choi, 1986; Park and Yoo,
1992; Yoo et al., 1996; Park et al., 1999; Lee and
Chung, 2000). According to them, the shelf serves
as the principal depocenter of clastic sediments
derived from the Nakdong River in the late
Quaternary. As the shelf was flooded since the last
glacial maximum (LGM), the study area has

undergone a whole suite of dramatic environmental
changes resulting from progressively landward
migration of shoreline (Park and Choi, 1986; Yoo
et al., 1996; Lee and Chung, 2000; Yoo and Park,
2000). As a result, various sedimentary units may
have been created and left in the modern Korea
Strait shelf. Especially, the Korea Strait inner shelf
is an area of thick accumulation of late Quaternary
sediments since the mid- to late stage of Holocene
transgression (Park et al., 2000). Such shelf sediments
associated with the sea-level changes are widely
interpreted within the framework of sequence
stratigraphic concepts (e.g., Posamentier et al., 1988),
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Fig. 1. Index map showing the bathymetry and sediment distribution.
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using high-resolution seismic profiles (Tesson et al.,
2000; Hernandez-Molina et al., 1994; Okyar et al.,
1994; Saito, 1994; Trincardi et al., 1994; Morton
and Suter, 1996; Tortora, 1996; Yoo et al., 2002).
In this paper, we discuss the internal structure and
depositional pattern of inner shelf deposits in order
to reconstruct Holocene sequence stratigraphy and
depositional history.

2. Description of Study Area

The Korea Strait is a narrow shelf located between
the southeastern Korean Peninsula and Tsushima
Island (Fig. 1). The shelf can be divided into three
regions: inner (shallower than 80 m depth), mid-
(80 - 120 m depth), and outer shelves (deeper than
120 m depth). The inner shelf is flat and smooth
in response to deposition of recent mud derived from
the Nakdong River. In contrast, the mid-shelf
occupies the central part of the Korea Strait and
forms a relatively flat platform covered by sandy
sediments containing large amounts of gravels and
shell debris (Yoo et al., 1996). The fine-grained
sediment of the inner shelf consists of the highstand
systems tract, whereas the mid-shelf sand belongs
to the transgressive systems tract formed during the
post glacial transgression (Fig.1). The outer shelf
is occupied by the NE-SW trending trough which
is as deep as 230 m. The outer shelf sediment consists
of sandy mud or muddy sand forming a lowstand
systems tract (Fig. 1; Yoo and Park, 2000).

Oceanic circulation in this region is dominated
by the northeastward-flowing Tsushima Current. The
speed of the Tsushima Current is about 30-90 cmys,
being strongest in summer and weakest in winter
(Korea Hydrographic Office 1982). Tidal currents
generally flow northeastward during ebb and south-
westward during flood with a maximum velocity
of 90 cm/s (Korea Hydrographic Office 1982). A
coastal current flowing northeastward along the
southeastern coast of the Korean Peninsula is also
reported (Kim er al. 1986). The Nakdong River,
which is the second largest fluvial system in Korea,
is a major source of terrigenous sediment to the
Korea Strait; its drainage basin occupies an area
of 23,656 sz(Korea Ministry of Construction,

1974). This river discharges about 63 billion tons
of fresh water and contributes annually 10 million
tons of sediment which are mainly concentrated
during the rainy season from July to August (Kim
et al., 1986).

3. Data Acquisition and Processing

High-resolution (3.5 kHz and air-gun) seismic
reflection profiles used in this study were acquired
by the Korea Institute of Geoscience and Mineral
Resources (KIGAM) (Fig. 2). 3.5 kHz subbottom
profiles were collected using a GeoAcoustics 3.5
kHz subbottom profiling system (model 137D
transducer, 5430A transmitter, 5210A receiver, EPC
9800 thermal graphic recorder). Air-gun data were
also acquired using a PC-based system of KIGAM
(Lee et al., 1996). The layout of the survey is shown
in Fig. 3. The energy source was a 30 in’ air gun
and the receiver was a 30 m long 6 channel streamer
cable with a group interval of 5 m. The offset distance
between the source and the first channel was 20
m and the shooting interval was 12.5 m (about 5
sec). The data were digitally recorded with a sample
interval of 0.2 ms and a record length of 2 s using
KDAPS (KIGAM data acquisition and processing
system) PC-based system where an A/D converter
and analog filter board were installed. Ship-board
navigation was controlled using a Differential
Global Positioning System (DGPS). Ship speed was
maintained about 5-6 knots.

To improve data quality, the data were processed
by KDAPS system. The processing flow involved
gain recovery, deconvolution, filtering, normal move-
out and CMP (common mid-point) gathering. After
data processing, seismic data which have a trace
spacing of 2.5 m and 1 fold were plotted with a
variable area method.

4. Results and Discussion

4.1. Seismic Units with Bounding Surfaces

We divide the inner shelf sequence above the
older sedimentary strata into three seismic units (Unit
I, I, and I in an ascending order) based on air-gun
seismic profiles (Figs. 4-6). Three units are separated
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Fig. 2. Track lines of seismic surveys. Heavy lines denote selected
profiles shown in Figs. 4 -6.
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Fig. 3. Layout of 6-channel high-resolution seismic survey.
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by two bounding surfaces (R1 and R2). R1 is the
first subbottom reflector within the sedimentary
sequence, and can be traced over most of the inner
shelf. It is well defined by a non-erosional surface
with continuous reflection on seismic profiles (Figs.
4 and 5). It occurs at depths of about 10 - 30 m
below the sea floor and crops out at the seaward
termination of Unit I (Figs. 4 and 5). In contrast,
R2 separating Unit III from the overlying Unit II
is defined by an erosional truncation cuttting the
internal reflector of underlying unit. Acoustically,
it locally pinches out on the upper surface of older
sedimentary strata (Fig. 6A). The basal surface of
Unit III shows an irregular, erosional unconformity

(Fig. 5).

The lower unit (III) directly overlying the older
sedimentary strata is found on the inner shelf near
the eastern part of Geoje Island. Internally, it shows
the transparent or semi-transparent subbottom with
some weakly stratified reflections (Figs. 4 and 6).
Locally, its upper part contains irregular subbottom
reflectors and obliquely inclined beddings. On the
eastern part of Geoje Island with a deep erosional
part of the acoustic basement, it shows small-scale
progradation or coastal onlap patterns with faintly
stratified reflections. It also contains the acoustically
turbid layer, which masks the underlying internal
structures (Figs. 5 and 6). This turbid layer indicates
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Fig. 4. High-resolution air-gun profile (for location, see Fig. 2), showing three sedimentary units (I, II,
and III) separated by two bounding surfaces (R1 and R2). SB; sequence boundary.
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Fig. 5. High resolution air-gun profile (for location, see Fig. 2), showing three sedimentary units (I, II,

and TII).
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the presence of gas bubbles within sediment column
which scatter and attenuate the acoustic energy (Min,
1994).

Unit II shows a semi-transparent subbottom with
faintly stratified reflectors (Fig. 5). Locally, it contains
some hummocky reflections with a low amplitude.
Unit II is less than a few meters thick. Externally,
it is shaped in a sheet type with a slightly increase
in thickness landward.

The upper unit (I) forms a stratal wedge that thins
seaward from a maximum thickness of 30 m near
the river mouth. Closer inspection of seismic pro-
files, Unit I acoustically shows a well-stratified to
transparent subbottom with a variable amplitude
(Figs. 5 and 6). In the landward portion, it is defined
by a distinct and laterally persistent internal reflectors
(Fig. 6A). The internal reflectors are concordant
with the sea floor and show parallel to slightly
progradational configurations. Toward the offshore,
internal reflectors become progressively weak with

Two-way travel time (ms)

low continuity. For most part of the inner shelf,
Unit I shows a transparent or semi-transparent
subbottom with no internal reflectors (Fig. 6B). In
some places, the acoustically turbid layer masks the
underlying structures, as in the case of Unit III. This
feature is isolated or wide-spread over a distance
of several kilometers. Externally, Unit I shows a
wedge shape, decreasing in thickness seaward. It
downlaps on the underlying surface at water depths
of about 70-80 m.

4.2. Distribution of Seismic Units

The sedimentary sequence above the older
sedimentary strata ranges from 5 m to 50 m in
thickness; the thickest section occurs near the eastern
part of Geoje Island, associated with the deep
erosional depression of older sedimentary strata (Fig.
7A). The sediment thickness is less than 10 m near
Pusan where the basement rock is partly exposed
on the sea floor. However, the thickness increases

Two-way travel time (ms)
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Fig. 6. High-resolution (3.5 kHz) seismic profiles (for location, see Fig. 2), illustrating three
sedimentary units (I, II, and III). Note that Unit I near the river mouth shows well-stratified
reflections (A), whereas toward the offshore the internal reflections become progressively weak
and then Unit I is characterized by a transparent subbottom with no internal reflectors (B).
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again northeastward. Generally, the total thickness
of sediment decreases progressively seaward, showing
a wedge shape.

Unit I is commonly 10 - 20 m thick (Fig. 7B).
Two different depocenters of this unit occur around
Gadeog Island: one with a thickness of more than
25 m is located on the inner shelf between Geoje
and Gadeog islands, whereas the other with a
maximum thickness of 20 m occurs on the eastern
part of Gadeog Island (Fig. 7B). Toward the offshore,
the thickness of this unit decreases progressively.
Although it is less than a few meters thick or absent
on the inner shelf near Pusan, it extends northeastward
along the coast where the thickness increases up

to 10 m (Fig. 7B). Figure 7C is the isopach map
of both units II and III. The thickness ranges from
5 m to 25 m, and the depocenter is located near
the eastern part of Geoje Island. In most case, Unit
II is about 5 m thick, but its thickness increases
slightly landward. In contrast, Unit III has variable
thickness and the depocenter up to 20 m thick is
located on the eastern part of Geoje Island where
the older sedimentary strata is deeply depressed.
However, the overall thickness of Unit III is about
5-10 m.

4.3. Late Quaternary Depositional History
On the basis of seismic profiles, two bounding
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Fig. 7. Isopach map of the inner shelf sediments; (A) total, (B) highstand systems tract (Unit I), and (C) transgressive

systems tract (units II and III).
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surfaces (R1 and R2) were identified within the
sedimentary sequence above older sedimentary strata
(Figs. 4-6). We interpreted that the second bounding
surface (R2) belongs to a ravinement surface formed
by shoreface erosion that shifted landward during
transgression (Demarest and Craft, 1987; Trincardi
et al., 1994). On seismic profiles, R2 between Unit
IT and Unit III is defined by an erosional surface
with strong, continuous reflectivity, possibly
developed under the high-energy condition such as
coastal environment. On the other hand, R1 is defined
by a non-erosional surface on seismic profiles (Fig.
5). It can be also traced over the most part of the
inner shelf. The occurrence of same type of R1 has
been reported on shelf regions of the world by a
number of workers (Hernandez-Molina et al., 1994;
Okyar et al.,1994; Saito, 1994; Trincardi et al., 1994)
and they interpreted this surface as maximum flooding
surface. R1 in this area is interpreted as a maximum
flooding surface that marks the transition from a
retrogradational phase to a progradational phase.
Therefore, R1 is an isochronous surface created when
shoreline reached its maximum landward excursion,
whereas R2 is a time-transgressive, erosional surface
formed by shoreface erosion that shifted landward
during postglacial transgression. Consequently, units
IT and IIT between the maximum flooding surface
and the sequence boundary belong to the transgressive
systems tract mainly formed during the postglacial
transgression, while Unit I directly overlying the
maximum flooding surface is the highstand systems
tract formed during the recent highstand of sea level.

The last glacial maximum reached the Korea Strait
between 15,000 and 16,000 years ago, when sea
level was about 130 m lower than at present (Fig.
8A; Suk, 1989; Min, 1994; Park ez al., 2000). At
that time, the shoreline was loacted about 60 km
southeast of its present position, and much of the
study area was subaerially exposed, resulting in the
formation of the sequence boundary that cut the
underlying older sedimentary strata. This sequence
boundary, showing an erosional unconformity, marks
the basal surface of Holocene deposits and thus the
overlying shelf sequence in the inner shelf is
considered to be late Quaternary deposits accumulated
since the last glacial maximum. In the Korea Strait,

the postglacial transgression began about 15,000 -
16,000 yr BP (Suk, 1989; Min, 1994) and the shore-
line migrated landward across the shelf. Around
11,000-10,000 yr BP, the shoreline approached the
southern part of the study area approximately 70-80
m in water depth below the present sea level (Korea
Institute of Geoscience and Mineral Resources,
2000). As sea level rose further, the coastline migrated
northward and then an estuarine environment
probably developed around the inner shelf between
Geoje Island and the present river mouth as reported
by Yoo and Park (2000). Under that condition, the
sediments derived from the paleo-Nakdong River
were trapped in this estuary forming Unit III as
estuarine deposits (Fig. 8). The estuary is likely to
trap the river-derived sediments until the shoreline
is displaced further landward, resulting in backstepping
or retrograding arrangements. Sea level continued
to rise and the shoreline migrates further landward.
The near-surface sediment was reworked and eroded
by shoreface erosion, forming a ravinement surface.
This surface was draped by a thin lag of sandy
sediments forming Unit II as a relict sand.

The rising sea level decelerated after about 7000
yr B.P. and sea level reached the present position
approximately 6000 yrs B.P. (Suk, 1989; Min, 1994).
This age is in good agreement with the occurrence
of maximum flooding surface, reflecting environ-
mental changes from retrogradational phase forming
transgressive deposits (units II and IIT) to a pro-
gradational phase consisting of highstand deposits.
Since that time, the inner shelf began to receive
large amount of fine-grained sediments from the
Nakdong River (Fig. 8). Formation of Unit I con-
sisting of the highstand systems tract initiated and
most river-derived sediments have been deposited
at and immediately beyond the river mouth, forming
a subaqueous prodelta and shelf deposits. This unit
extends seaward from the present river mouth and
pinches out at water depths of about 70-80 m.

5. Conclusions
Analyses of high-resolution seismic profiles

collected from the Korea Strait inner shelf lead us
to the following conclusions.
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Fig. 8. Sea-level curve in the Korea Strait (A), and proposed stratigraphic architecture for the Korea

Strait inner shelf (B).

(1) The inner shelf deposits above the sequence
boundary form a high-frequency sequence consisting
of three sedimentary units (Unit I, II, and III) separated
by two bounding surfaces (maximum flooding surface
and ravinement surface). A maximum flooding surface
separating Unit II from the overlying Unit I is a
non-erosional surface created when the shoreline has
reached at its maximum landward excursion, whereas
a ravinement surface is an erosional surface related
to shore retreat during the post glacial transgression.
Three units constitute the transgressive and highstand
systems tracts formed since the last glacial maximum.

(2) Upper unit (I) above the maximum flooding
surface represents the highstand systems tract formed
during the recent highstand of sea level and forms
a subaqueous prodelta. Lower two units (II and IIT)
constitute the transgressive systems tract. Lower unit
(IIT) above the sequence boundary is regarded as
the transgressive estuarine deposits formed during
the late stage of transgression, whereas middle unit
(IT) between the maximum flooding surface and the
ravinement surface forms a thin transgressive sand
layer which consists of the sediment produced through
the shoreface erosion during the transgression.
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