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Abstract

The South Korea Plateau is a complex of ridges, seamount chains, troughs and a basin. Detailed analysis of
12019 line-km Chirp (2-7-kHz) subbottom profiles from the South Korea Plateau and the eastern continental slope of
Korea reveals a distinctive zonal distribution of echo types depending systematically on seafloor morphology.
Pelagites/hemipelagites (type I-2) and basement highs (type III-1) prevail on the ridge summits, seamount chains and
the upper to middle part of the eastern continental slope of Korea, and are commonly bounded downslope by creeps
(type III-3) and slides/slumps (type IV-1) that occur extensively over the entire slope areas of the ridges, seamount
chains and eastern continental slope. The mass-movement deposits change downslope to debrites and turbidites (types
II, III-2, IV-2 and IV-3) in the troughs and Onnuri Basin, suggesting successive downslope evolution from slide and
slump to debris flow and turbidity current. The voluminous creeps, slides and slumps over the entire slope areas of the
plateau and eastern continental slope, deeper than 300 m in water depth, were most likely generated by frequent
seismic shakings. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

High-frequency (3.5-12-kHz) subbottom profil-
ing has served as an invaluable tool for the study
of depositional and erosional processes in deep-
sea environments (Hollister and Heezen, 1972;
Damuth, 1975, 1980; Embley, 1976; Damuth
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and Hayes, 1977; Jacobi and Hayes, 1982, 1992;
Chough et al., 1985a,b; Klaus and Ledbetter,
1988; Pratson and Laine, 1989; Dowdeswell et
al., 1997; Piper et al., 1999; Wynn et al., 2000;
Zaragosi et al., 2000). The types and regional dis-
tributions of reflected echoes are an important
basis for the interpretation of depositional and
erosional processes. The reflected echoes are
mainly controlled by surface topography, subsur-
face geometry, and sedimentary texture of the se-
quence (Damuth, 1975, 1980; Embley, 1976;
Damuth and Hayes, 1977). Highly variable and
complex surface topography of submarine plateau
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and ridge, however, generally causes relatively
poor acoustic images and abrupt changes in the
reflected echoes, hampering detailed studies on
echo types and their regional distributions.

The South Korea Plateau in the western part of
the East Sea is characterized by highly rugged
topography (Chough et al., 2000) (Figs. 1A and
2). Recent acquisition of large amounts of densely
spaced (~ 5.5-km intervals) Chirp (2-7-kHz) sub-
bottom profiles from the plateau (Fig. 1B) pro-
vides an unprecedented dataset for detailed anal-
ysis of echo characters in complex morphologic
areas. Furthermore, the digital, wide-band fre-
quency and matched-filter correlation processing
of the Chirp profiling system generate higher-res-
olution (ca. 10-20-cm scale) images than those
(ca. meter scale) of the 3.5-kHz system (Schock
et al., 1989; LeBlanc et al., 1992). Thus, it is es-
pecially useful for delineating sedimentary pro-
cesses in highly variable, complex topographic
areas. The Chirp subbottom profiles in the South
Korea Plateau image a variety of mass-movement
and gravity-flow deposits on the entire plateau.
This paper details Chirp echo characters and re-
gional distribution of these deposits and suggests
a possible triggering mechanism for extensive
mass movements and slope failures.

2. Physiography

The East Sea (Sea of Japan) is a semi-enclosed
back-arc basin surrounded by the eastern Asian
continent and Japanese islands (Fig. 1A). In the
west, the continental shelf is dominantly flat and
narrow ( <20 km wide). Fluvial sediment input to
the shelf has been insignificant due to the lack of
large-scale rivers along the eastern coast of Korea
(Chough et al., 2000). The shelf drops abruptly
onto the steep (2-8°) continental slope (Fig. 2).
Between 36°20'N and 37°15’'N, the continental
shelf and upper continental slope are character-
ized by the Hupo Bank and Hupo Trough that
are aligned parallel to the N-S-trending shoreline
(Yoon and Chough, 1995) (Fig. 2). The Hupo
Bank is ~100 km long and varies in width
from <1 to 14 km. Its top is relatively flat and
lies between 100 and 200 m depth. The Hupo

Trough is ~230 m deep at the eastern boundary
and gradually shoals landward. East of the bank,
the slope gradient increases to 8-10° (Fig. 2). The
continental slope is devoid of large-scale, distinc-
tive submarine canyons and channels (Yoon and
Chough, 1995), and passes abruptly onto the flat
basin floor of the Ulleung Basin at water depths
of 2000-2100 m (Fig. 2).

To the north of 37°15’N, the continental shelf
and slope trend NW-SE (Fig. 2). The shelf width
reduces northward by up to 5 km. The continen-
tal slope is initially < 3°, but increases northward
to 8-10°. It is characterized by a few small-scale
V- or U-shaped transverse channels and gullies
which are mostly restricted to the continental
slope (Yoon et al., 1996) (Fig. 2). The continental
slope is bounded on the east by the Korea Plateau
at water depths of 1000-1500 m.

The Korea Plateau is a topographically rugged
feature with 1000-1500 m of relief. It separates
the Ulleung and Japan basins, the latter depres-
sion indenting the plateau divides it into the
North and South components (Chough et al.,
2000) (Fig. 1A). The plateau ends abruptly to
the south against an E-W- to ENE-WSW-trend-
ing escarpment (Fig. 2). It is bounded on the
north by the Wonsan Trough (Fig. 1A). In the
east, the plateau abruptly passes into the flat ba-
sin floor of the Japan Basin in the northern part
and into the Ulleung Interplain Gap connecting
the Ulleung Basin to the Japan Basin in the
southern part (Fig. 1A).

The South Korea Plateau consists of numerous
ridges, seamount chains, and intervening troughs
and Onnuri Basin trending N-S or NE-SW
(Chough et al., 2000) (Fig. 2). The ridges and
seamount chains occur at about 600-1500 m
water depth. The ridges are relatively broad
(>30 km wide) and rarely exceed 1° in slope
gradient, mostly ranging from 0.1 to 0.5° except
near the ridge summits and small-scale topo-
graphic highs rising about 200-300 m above the
surrounding seafloor (Fig. 2). In contrast, the sea-
mount chains are mostly steep and narrow (<10
km wide). The ridges and seamount chains are
commonly bounded by troughs and Onnuri Basin
(Fig. 2). The troughs and Onnuri Basin occur at
about 1500-2200 m water depth and are 15-40
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Fig. 1. (A) Major physiographic features of the East Sea (Sea of Japan). NKP = North Korea Plateau; UIG = Ulleung Interplain
Gap; WT =Wonsan Trough. (B) Map showing tracklines of Chirp (2-7-kHz) subbottom profiles. E-W tracklines are spaced at
approximately 5.5-km intervals. Numbers with thick bars indicate the location of Figs. 3-6 and 8. In A and B bathymetry in me-
ters.
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Fig. 2. Detailed bathymetry and physiographic features of the South Korea Plateau and the eastern continental slope of Korea.
Bathymetry in meters. Contour interval is 100 m. HB=Hupo Bank; HT =Hupo Trough; NUE =North Ulleung Escarpment;
NUT = North Ulleung Trough; Smt. =seamount. Arrows indicate small-scale transverse gullies and channels on the eastern conti-

nental slope of Korea.

km wide. The Sokcho Trough deepens northward
and extends to the Japan Basin. The South Korea
Plateau is divided into the western and eastern
parts by the North Ulleung Trough (Fig. 2).
This depression deepens northward along the
North Ulleung Escarpment and extends to the
Japan Basin. In the western South Korea Plateau,
the ridges, troughs and Onnuri Basin dominantly
trend N-S or NNE-SSW (Fig. 2). On the other
hand, the eastern South Korea Plateau is charac-
terized by ENE-WSW-trending ridges, seamount
chains and troughs.

3. Data and methods

Between 1996 and 1997, the National Oceano-
graphic Research Institute (NORI) of Korea re-
gionally mapped the seafloor of the East Sea.
During the 1997 cruise, 12019 line-km of high-
resolution subbottom profiles were collected in
the area of 36°57'N-38°27'N and 128°30'E—
133°00'E wusing a Chirp profiling system (Fig.

1B). Bathymetric data were acquired concurrently
using a multi-beam echo sounder system (Sea-
Beam 2100). The survey lines were mostly aligned
E-W at ~5.5-km spacings, with a few N-S
survey lines. The area covered was about 58 000
km? (Fig. 1B). The Chirp profiling system (Data-
sonics CAP-6000W), tuned-frequency profiler,
emits a computer-generated FM swept pulse
with a frequency band of 2-7 kHz as a source
signal. Returning signals were processed using a
matched-filter correlation technique in order to
collect the frequency band of 2-7 kHz, which
provides higher-resolution images than those
of the 3.5-kHz system (Schock et al., 1989; Le-
Blanc et al., 1992). Navigation was controlled
using a Differential Global Positioning System
(Trimble 4000RS/DS) with a positional accuracy
of £10 m.

4. Echo types

Ten echo types are identified on the basis of
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Description and interpretation of echo types

Description and interpretation of echo types

Class

Type Line drawing

Description

Occurrence

Interpretation

I

I-1

Very sharp surface echo with no or few diffuse
subbottom reflectors; nearly flat or slightly
inclined topography with slightly irregular relief;
prograding geometry of diffuse internal reflections
in intra-shelf topogragphic depression

Distinct bottom echo with several continuous
internal reflectors; nearly flat to steeply inclined
topography; conformable subbottom reflectors to
the surface topography; 20—60 m in sound

penetration depth

Acoustically transparent masses; lens-shaped or
laterally wedged form; variable surface echoes
ranging from seafloor-tangent hyperbolae to weak
or very prolonged echoes; convex-up or nearly flat
upper surface with concave-upward base

Eastern continental shelf
of Korea

Summits and broad,
gentle-sloping areas of
the ridges and seamount
chains, and the upper to
middle part of the
eastern continental slope
of Korea

Lower part of the
eastern continental slope
of Korea; lower slope of
the ridges and seamount
chains; axis of the
troughs and Onnuri
Basin

Coarse-grained
sediments on the
surface (Damuth and
Hayes, 1977; Pratson
and Laine, 1989)
Pelagites/hemipelagites
(Pratson and Laine,
1989; Yoon et al.,
1996)

Debrites (Embley,
1976; Damuth, 1980)

m

TI-1

11-2

111-3

111-4

Large single or irregular overlapping hyperbolae
with widely varying vertex elevations above the
seafloor; strongly reflective surface echo and
prolonged subbottom echoes

Regular, intense overlapping hyperbolae with little
or slightly varying vertex elevations; less than 10
m in hyperbola relief; 50-250 m in wavelength;
laterally wedged geometry; convex-up upper
surface and concave-upward base

Irregular, wavy surface echo and several
continuous internal reflectors; basal mingled
reflections overlying the undeformed layers;
wavelength of 0.2-5 km and wave height of 2—15
m; systematic variations in both wave dimensions
and thickness of internal reflectors with change in
slope gradient; common internal faults in the wave

troughs

Wavy, prolonged bottom echo with a few
indistinct, parallel subbottom echoes; 0.3-2 km in
wavelength and <5 m in wave height; internal
faults in wave troughs; slightly higher (5-10 m)
topographic position than the adjacent echo types

ITand IV-1

Ridge summits,
seamount chains and
escarpments;
topographic highs in the
eastern continental shelf
and slope of Korea

Middle to lower part of
the eastern continental
slope of Korea; lower
slope of the ridges and
seamount chains; axis of
the troughs

Broad, gentle-sloping
(<0.5°) areas of the
ridges

Intervening troughs

Basement highs or
outcrops (Damuth,
1980; Laine et al.,
1986).

Debrites (Nardin et al.,
1979; Damuth and
Embley, 1981; Lee et
al., 1999)

Creep deposits
(Syvitski et al., 1987;
Lee and Chough, 2001)

Deformed turbidites by
shearing of debris
flows and slides/slumps
(Damuth and Hayes,
1977; Gardner et al.,
1999)

1v-2

V-3

Irregular blocky, lumpy or hyperbolic masses
bounded upslope by scarps or scars; highly
variable degrees of internal deformation; scars
marked by sharp glide plane or irregular drape of
thin acoustically transparent or hyperbolic masses;
several scars below the head scarp; step-like

geometry of failed masses

Flat, distinct to indistinct surface echoes with
several continuous subbottom echoes; filling
geometry on the depressions; nearly flat internal
reflectors in the upper part and wavy internal
reflectors with a subbottomward increase of wave
amplitude in the middle to lower part; small-scale
internal faults in the wavy part

Upper to lower slope of
the ridges and seamount
chains; upper to lower
part of the eastern
continental slope of
Korea

Axis of the troughs

Laterally wedged transparent masses and indistinct ~Axis of the troughs

stratified masses; filling geometry in the
depressions; transparent masses: convex-up to
nearly flat upper surface and concave-up base,
often bounded below by the eroded indistinct
stratified masses; indistinct stratified masses:
partly disrupted reflections

Slide/slump deposits
and mass-failure scars
(Embley and Jacobi,
1977; Chough et al.,
1985b)

Turbidites (Pratson and
Laine, 1989; Chough et
al., 1997); wavy
internal reflectors in the
middle to lower part:
deformation (O’Leary
and Laine, 1996)
Interlayered debrites
(transparent masses)
and turbidites
(indistinct stratified
masses) (Embley, 1976;
Chough et al., 1997).

231
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clarity, continuity, geometry of the bottom and
subbottom echoes, as well as the seafloor mor-
phology (Table 1). These types are classified into
four major classes: (1) distinct echoes (types I-1
and I-2), (2) indistinct echoes (type II), (3) hyper-
bolic or wavy echoes (types I1I-1 to I1I-4), and (4)
combined echoes (types IV-1 to IV-3) based
mainly on the schemes of Damuth (1980) and
Chough et al. (1985b).

4.1. Distinct echoes (1)

4.1.1. Type I-1

Type I-1 is characterized by very sharp surface
reflector with no or few diffuse subbottom echoes
(Fig. 3A). The surface echo shows nearly flat or
gently sloping topography with slightly irregular
relief. In the intra-shelf topographic depressions,
diffuse internal reflectors often show prograding
geometry.

The very sharp bottom echo with no or rare
internal reflectors reflects dominance of coarse-
grained sediments such as sands and gravels on
the surface (Damuth and Hayes, 1977; Pratson
and Laine, 1989).

4.1.2. Type I-2

This type consists of distinct bottom echo and
several continuous, parallel internal reflectors that
are conformable to the surface topography (Fig.
3B,C). The surface echo shows nearly flat to
steeply inclined topography. This type ranges
from 20 to 60 m in sound penetration depth. In
the eastern South Korea Plateau, it is thinner
than that in the western South Korea Plateau.
Type I-2 is commonly dissected downslope by
head scarps or scars (Fig. 3C). Above the head
scarps, this type exhibits slightly wavy, diffuse in-
ternal reflectors with synthetic, extensional faults
and crown cracks (Fig. 3C). The extensional
faults have only small displacements in the order
of a few meters and dip downslope. Type I-2
mostly occurs on the topographic highs and the

upper to middle part of the eastern continental
slope of Korea. In cores, this type consists dom-
inantly of bioturbated muds (Table 2; Yoon et
al., 1996).

Although type I-2 can be interpreted as turbi-
dites or pelagic/hemipelagic sediments, the con-
formity of internal reflectors with the surface to-
pography, the occurrence on the topographic
highs, and the dominant bioturbated muds in
cores favor pelagic/hemipelagic origin (Pratson
and Laine, 1989; Yoon et al., 1996; Chough et
al., 1997). The eastward thinning of type I-2 re-
flects that sedimentation rate decreased to the east.

4.2. Indistinct echoes (II)

Type II represents laterally wedged, internally
transparent masses (Fig. 4). Bottom echoes are
highly variable, ranging from meager, weak ech-
oes through very prolonged echoes to seafloor-
tangent hyperbolae. Sediments of this type com-
monly fill the depressions and exhibit either soli-
tary unit or stacked form of several units (Fig. 4).
On contour-parallel section, it generally displays
either convex-up or nearly flat upper surface with
concave-upward base. The lower base is often
bounded below by eroded sedimentary sequence
(Fig. 4A, open arrow). This type consists of sev-
eral-meters-thick homogeneous muds with minor
occurrence of thinly laminated muds and biotur-
bated muds (Table 2; KORDI, 1995).

The laterally wedged geometry and the internal
acoustic transparency have been recognized as the
most conspicuous features of debrites (Embley,
1976; Piper et al., 1985). This transparency re-
flects internal homogenization, probably resulting
from a disintegration of slope-failed masses by
shear deformation and mixing with an ambient
water during debris-flow formation (Middleton
and Hampton, 1973; Nardin et al., 1979). The
various bottom echoes appear to be related to
bedforms developed on the surface of mass-flow
deposits (Masson et al., 1998; Lee et al., 1999).

Fig. 3. Chirp subbottom profiles of distinct echoes (I). For location of each profile, see Fig. 1B. (A) Sharp surface echo with no
or few diffuse internal reflectors (type I-1). (B,C) Distinct bottom echo with several continuous internal reflections (type I1-2).
Note crown cracks and small-scale, synthetic extensional faults above the head scarp in (C).
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Fig. 4. Chirp subbottom profiles showing laterally wedged, acoustically transparent masses (type II). For location of each profile,
see Fig. 1B. Acoustically transparent layers lying within the depressions. Note erosion into the underlying transparent layer (open

arrow in A).
4.3. Hyperbolic or wavy echoes (I11I)

4.3.1. Type III-1

This type is characterized by large single or
irregular overlapping hyperbolae with widely
varying vertex elevations above the seafloor
(Fig. 5A,B). Each hyperbola generally shows
very strong surface echo and prolonged subbot-
tom echoes.

The large, strongly reflective, single or irregular
overlapping hyperbolae with widely varying ver-
tex elevations above the seafloor are suggestive
of basement highs or outcrops (Damuth, 1980;
Laine et al., 1986; Wynn et al., 2000).

4.3.2. Type III-2
Type I11-2 has regular, intense overlapping hy-
perbolae with little or slightly varying vertex ele-

Fig. 5. Chirp subbottom profiles showing hyperbolic or wavy echoes (III). For location of each profile, see Fig. 1B. (A,B) Large
single or irregular overlapping hyperbolae with widely varying vertex elevations (type I1I-1). (C) Regular, intense overlapping hy-
perbolae with little or slightly varying vertex elevations (type I1I-2). Note eroded underlying stratified layers (open arrow). (D,E)
Irregular, wavy surface echo and distinct to indistinct, continuous internal reflectors (type III-3). Note basal mingled or transpar-
ent reflections in D. A subbottomward increase in wave amplitude (open arrow in E). NIF =normal internal fault. CIF =com-
pressional internal fault. (F) Wavy, prolonged bottom echo with a few indistinct, parallel internal reflectors (type 111-4). Note a
slightly higher topographic position of type III-4 than the adjacent type II.
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vations and no internal reflectors (Fig. 5C). Each
hyperbola is generally less than 10 m in relief and
50-250 m in wavelength. Size, spacing, and eleva-
tion difference of the hyperbolae gradually de-
crease downslope, transforming to a very tiny
hummocky terrain (Fig. 5C). This type generally
exhibits laterally wedged geometry. On contour-
parallel section, it commonly has convex-upward
upper surface and concave-up base. Type III-2 is
often bounded below by eroded sedimentary
layers (Fig. 5C, open arrow). This type is com-
monly bounded upslope by type IV-1. In cores,
type III-2 consists dominantly of mud-clast muds
with minor occurrence of thinly laminated muds
and bioturbated muds (Table 2; Yoon et al.,
1996).

The laterally wedged geometry with regular, in-
tense overlapping hyperbolae, the abundant mud-
clast muds, and the common association with up-
slope slides and slumps (type IV-1) are suggestive
of debrites (Damuth and Embley, 1981; Lee et al.,
1999). The hummocky echoes have been com-
monly ascribed to bedforms on the surface of
gravity-induced mass flow deposits (Normark
and Gutmacher, 1988; Masson et al., 1998).

4.3.3. Type III-3
This type shows irregular, wavy surface echo
and distinct to indistinct, continuous internal re-

flectors (Fig. 5D,E). The wavy topography exhib-
its a succession of broad crests and narrow
troughs (Fig. 5D). Waves are 0.2-5 km long and
2-15 m high. Wave dimensions and thickness of
internal reflective layers vary systematically with
change in slope gradient (Lee and Chough, 2001).
On relatively steep slopes, the wave displays
broad spacing (1.5-5 km) and low relief (2-5 m).
On the other hand, it has narrow spacing (0.2—
1.75 km) with high relief (4-15 m) in the toe re-
gion downslope. Internal reflective layers are thin
on relatively steep slopes and thick at the base of
the slope. In the basal part, this type exhibits
mingled reflections (Fig. 5D) that are correlated
with chaotic reflectors overlying the undeformed
sedimentary layers (Lee and Chough, 2001). Wave
amplitude commonly increases with subbottom
depth (Fig. 5SE). Wave troughs are commonly as-
sociated with normal or compressional internal
faults showing small-scale displacement (Fig.
SD,E). Type III-3 is commonly bounded down-
slope by type 1V-1 with head scarps and scars
on steeper slopes. Above the head scarps, internal
faults are commonly present. This type consists
dominantly of bioturbated muds with rare thinly
laminated muds (Table 2; KORDI, 1995).

The basal mingled reflections overlying the
undeformed layers are typical acoustic characters
of internally deformed layer (Hill et al., 1982;

Table 2

Sedimentary features of echo types in cores (ca. 6-9 m long) (KORDI, 1995; Yoon et al., 1996)

Type Major facies Minor facies Cores
-2  Bioturbated muds (pelagic/hemipelagic settling) PC-1
11 Homogeneous muds (> 5 m thick; debris flows) Thinly laminated muds (a few centimeters thick; PC-+4

turbidity currents); bioturbated muds (a few
centimeters thick; pelagic/hemipelagic settling)

III-2 Mud-clast muds (1-2 m thick; debris flows)

Thinly laminated muds (a few centimeters thick;

PC-5, PC-9

turbidity currents); bioturbated muds (a few
centimeters thick; pelagic/hemipelagic settling)

I1I-3  Bioturbated muds (pelagic/hemipelagic settling)

Thinly laminated muds (a few centimeters, turbidity PC-2

currents)
IV-1 Deformed muds (1-2 m thick; slides/slumps); mud- Thinly laminated muds (a few centimeters thick; PC-8

clast muds (<1 m thick; debris flows)

turbidity currents); homogeneous muds (a few

centimeters thick, turbidity currents); bioturbated
muds (a few centimeters thick; pelagic/hemipelagic
settling)

For location of cores, see Fig. 7.
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O’Leary and Laine, 1996). The irregular wavy,
continuous reflective layers with internal faults
overlying the deformed layer suggest that the
wavy geometry most likely formed by defor-
mation (Hill et al., 1982; Syvitski et al., 1987).
Wave dimensions and thickness of internal reflec-
tive layers vary systematically with change in
slope gradient, indicating a gravity-influenced de-
formation (Lee and Chough, 2001). The gravity-
induced deformational structures, the common
association with downslope type IV-1 (slides/
slumps) on steeper slopes, and the dominant bio-
turbated muds suggest that type I1I-3 was most
likely generated by creep movements of pelagites/
hemipelagites (type I-2) at much smaller strains
than those forming slides and slumps (Lee and
Chough, 2001).

4.3.4. Type III-4

Type I111-4 is characterized by irregular wavy,
prolonged bottom echo with indistinct to semi-
distinct, parallel subbottom reflections (Fig. 5F).
Waves are 0.3-2 km long and <5 m high. The
internal reflectors are slightly disrupted (Fig. 5F).
In the wave troughs, small-displaced internal
faults are commonly present. This type is gener-
ally underlain and surrounded by types II and IV-
1 (Fig. 5F). On contour-parallel section, it com-
monly occurs in slightly higher (5-10 m) topo-
graphic area than the adjacent seafloor (Fig. 5F).

The prolonged bottom echo and indistinct, dis-
rupted internal reflections with wave geometry are
suggestive of deformed turbidites (Damuth, 1980;
Hill et al., 1982; O’Leary and Laine, 1996). The
lateral surrounding of types II (debrites) and IV
(slides and slumps) reflects that the deformation
was generated by lateral shearing of debris flows,
slides, and slumps (Gardner et al., 1999).

4.4. Combined echoes (IV)

4.4.1. Type IV-1

Type IV-1 comprises irregular blocky, lumpy or
hyperbolic masses bounded upslope by scarps or
scars (Fig. 6A,B). Below the head scarp, several
scarps commonly occur (Fig. 6A). Above the head
scarp, types I-2, I-3 and III-2 commonly display
crown cracks and small-scale, synthetic extension-

al faults (Fig. 3C,E). Head regions of the scars are
marked either by glide and slide planes underlain
by undisturbed to slightly disturbed sediments or
by irregular drapes of small-scale, thin blocky or
hyperbolic or transparent masses (Fig. 6A,B). The
displaced masses exhibit various degrees of inter-
nal deformation ranging from intact masses
through folded or faulted internal reflectors to
mingled or no internal echoes. This type often
includes the slightly translated or rotated blocks
of type III-3 (Lee and Chough, 2001). The scarps
with displaced masses generally exhibit step-like
geometry (Fig. 6A). Type IV-1 consists domi-
nantly of deformed muds (1-2 m thick) and
mud-clast muds (<1 m thick) (Table 2; Yoon
et al., 1996).

The scars and scarps, the blocky, lumpy or hy-
perbolic morphology of the displaced masses with
deformed or transparent internal reflectors, and
the dominant deformed muds are typical charac-
ters of slides and slumps (Embley and Jacobi,
1977; Chough et al., 1985b; Mulder and Cocho-
nat, 1996).

4.4.2. Type IV-2

This type consists of flat, distinct to indistinct
surface echoes and continuous subbottom reflec-
tions that are initially flat but become wavy with
subbottom depth (Fig. 6C). It generally shows
filling geometry in the depressions. The wave-
forms are irregular-spaced, and range in height
from 3 to 10 m with a subbottomward increase.
Small-scale internal faults occur in the wavy in-
ternal reflectors (Fig. 6C, open arrows). Type IV-
2 is mainly recorded from the axis of the narrow
intervening troughs. It is commonly associated
upslope with types IT and IV-1 (Fig. 6C).

The distinct to indistinct bottom echoes and
continuous internal reflectors, the filling geometry
in the depressions and the common association
with upslope debrites, slides and slumps (types
IT and IV-1) are all suggestive of turbidites (Prat-
son and Laine, 1989; Chough et al., 1997). The
irregular spacing and wavy internal reflectors with
small-scale internal faults are typical acoustic
characters of deformation (O’Leary and Laine,
1996; Gardner et al., 1999). The flat topography
of surface echo and upper internal reflectors is
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Fig. 6. Chirp subbottom profiles of combined echoes (IV). For location of each profile, see Fig. 1B. (A,B) Irregular blocky, lum-
py or hyperbolic masses bounded upslope by scarps and scars (type 1V-1) in contour-transverse (A) and contour-parallel (B) sec-
tions. Note several scarps below the head scarp in A. (C) Flat, distinct to indistinct surface echo with several continuous internal
reflectors (type 1V-2). Wavy internal reflectors in the middle to lower part with a subbottomward increase in wave amplitude.
Note internal faults (open arrows). (D) Combined laterally wedged transparent masses and indistinct stratified sediments (type
IV-3).
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suggestive of subsequent filling of turbidites upon
the lower deformed, wavy subbottom reflections
(Flood, 1980).

4.4.3. Type IV-3

Type IV-3 comprises laterally wedged transpar-
ent masses and indistinct stratified masses which
commonly fill the depressions (Fig. 6D). The
transparent masses generally exhibit convex-up
to nearly flat upper surface and concave-up base
(Fig. 6D). These masses are often bounded below
by eroded indistinct stratified masses, and are less
frequent in the distal part. The indistinct stratified
masses often display disrupted reflectors (Fig. 6D).

Type 1V-3 represents interlayered debrites
(transparent masses) and turbidites (indistinct
stratified masses) (Embley, 1976; Chough et al.,
1997). The disrupted reflectors in indistinct strati-
fied masses are suggestive of deformation after the
deposition (O’Leary and Laine, 1996).

5. Occurrence
5.1. Eastern continental shelf of Korea

The shelf south of 37°30'N is generally domi-
nated by types I-1 (surficial coarse sediments) and
IT1-1 (basement highs or outcrops) (Fig. 7): the
Hupo Bank and small-scale topographic highs by
echo type III-1, the inner shelf and the Hupo
Trough by echo type I-1.

5.2. Eastern continental slope of Korea

The continental slope region is characterized by
types IV-1 (slides and slumps with scars) and I-2
(pelagites/hemipelagites) (Figs. 7 and 8A). Be-
tween 36°57'N and 37°45'N, type I-2 is dominant
on the upper to middle slope, often extending to
the lower slope, whereas it rarely occurs in the area
between 37°45'N and 38°27'N (Fig. 7). Type I-2 is
commonly truncated downslope by scarps, scars,
and small-scale, transverse gullies and channels on
the upper to middle slope (Fig. 8A). Large-scale
blocky, lumpy or hyperbolic masses (type IV-1)
are dominant downslope of the head scarps and
scars. On the middle to lower slope, the displaced

slide and slump masses (type IV-1) are transitional
downslope to types II and I11-2 (debrites) (Figs. 7
and 8A). On the lower continental slope bounded
by the Sokcho Trough and Onnuri Basin, types II
and III-2 are commonly dissected by scarps and
remoulded downslope into blocky, lumpy or hy-
perbolic masses (type 1V-1), forming a step-like
geometry (Fig. 8A).

5.3. Ridges (Sokcho-Donghae, NE Ulleung and
NW Ulleung ridges)

The ridge summits are dominated by type I11-1
(basement highs or outcrops) (Fig. 2B). The rela-
tively flat areas of the ridge summits consist of type
I-2 (pelagites/hemipelagites) with minor occur-
rence of type III-3 (creep deposits) (Figs. 7 and
8B). Types I-2 and III-3 are commonly truncated
by scarps and scars at the upper to middle slope of
the ridge summits and remoulded downslope into
slide and slump masses (type IV-1) (Fig. 6A,B).
Where the slopes of the ridge summits are directly
bounded by the troughs (e.g., the eastern slope of
the Sokcho-Donghae Ridge and the northern slope
of the NE Ulleung Ridge), slides and slumps (type
IV-1) generally extend to the middle to lower slope
and often change to debrites (type II) on the lower
slope (Fig. 7). The escarpments flanking the sum-
mits of the NE and NW Ulleung ridges are dom-
inated by basement outcrops (type III-1) with
small-scale, thin slides and slumps (type IV-1)
(Fig. 7). The broad, gently sloping areas down-
slope of the ridge summits consist dominantly of
creep deposits (type I1I-3) with rare occurrence of
pelagites/hemipelagites (type I-2) (Figs. 7 and 8B).
Types I-2 and III-3 are generally transitional
downslope to slides and slumps with scars (type
IV-1) on the upper to middle slopes of the ridges.
The displaced slump and slide masses (type IV-1)
downslope of the head scarps are commonly redis-
sected by scarps and remoulded downslope into
blocky, lumpy or hyperbolic masses, forming a
step-like geometry (Fig. 6A).

5.4. Seamount chains (Juksan and other seamount
chains)

The seamount chains consist dominantly of
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Fig. 7. Distribution of echo types in the South Korea Plateau and the eastern continental slope of Korea.

type III-1 (basement highs or outcrops) with rare
occurrence of type I-2 (pelagites/hemipelagites)
(Figs. 7 and 8C). On the middle to lower slope
of the seamount chains, slide and slump masses
(type IV-1) generally occur without distinct scarps
and scars. The slide and slump masses on the
seamount chains are generally smaller than those
on the ridges (Figs. 6A,B and 8C).

5.5. Intervening troughs (Sokcho and other
intervening troughs)

Along the axis of the troughs, types 11, 111-2,
IV-2, and IV-3 (debrites and turbidites) are pre-
dominant (Figs. 7 and 8B,C). These debrites and
turbidites are generally associated upslope with
type IV-1 (slides and slumps with slope failures)
on the slopes of ridges and seamount chains and
the eastern continental slope of Korea. In the
Sokcho Trough and the trough north of the NE
Ulleung Ridge, bounded by the relatively wide,
gentle slopes of the ridges and the eastern conti-
nental slope, types Il and I1I-2 (debrites) are dom-
inant (Figs. 7 and 8B). On the other hand, the

intervening troughs bordered by the narrow, steep
slopes of the seamount chains and ridges consist
dominantly of types IV-2 and IV-3 (turbidites)
with minor occurrence of debrites (types II and
I11-2) (Figs. 7 and 8B). The occurrence of debrites
(types 11, III-2 and transparent masses in type IV-
3) diminishes toward the distal area.

5.6. Onnuri Basin

The entire floor of the Onnuri Basin is domi-
nated by debrites (type II) (Figs. 7 and 8A). The
large areas of slope failure and related mass
movement (types IV-1, III-2, and II) on the east-
ern continental slope and the southern slope of
the Sokcho-Donghae Ridge reveal that these ex-
tensive debrites originated mainly from the west
and north (Figs. 7 and 8A).

6. Discussion

Both the South Korea Plateau and the eastern
continental slope of Korea show a distinctive zo-
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nal distribution of mass-movement and gravity-
flow deposits (Fig. 7): slides and slumps (type
IV-1) on the upper to lower slopes of the ridges,
seamount chains, and the eastern continental
slope; debrites and turbidites (types II, I1I-2, TV-
2, and IV-3) on the Onnuri Basin, troughs and the
lower part of the eastern continental slope. The
distinctive zonal distribution reflects that slope
failures were initiated at the upper to lower slope
of the ridges, seamount chains and the eastern
continental slope and evolved successively into
debris flows in the Onnuri Basin, troughs and
the lower part of the eastern continental slope

(e.g., Chough et al., 1985a, 1997). In debris-flow
deposits (types II and III-2), the gradual down-
slope decrease in size, spacing and relief of the
surface forms suggest progressive dilution in
flow concentration due to mixing of ambient
water and removal of sediment by deposition dur-
ing downslope movement (Lee et al., 1999). The
turbidity currents evolved from debris flows
would result in types IV-2 and IV-3 in the axis
of troughs.

In the Onnuri Basin and troughs bounded up-
slope by large areas of slope failures (type IV-1),
debris-flow deposits (types II and I11-2) are dom-

Eastern continental slope
of Korea

Fig. 8. Typical Chirp subbottom profiles showing occurrence and association of echo types according to the topographic provin-
ces. For location of each profile, see Fig. 1B. (A) Eastern continental slope of Korea and Onnuri Basin in the South Korea Pla-
teau. Type I-2 on the upper to middle continental slope changing downslope to types III-2 and II with the head scarp. At the
lower continental slope, type II is dissected by scarps and remoulded into echo type IV-1. Note type II (debrites) draping over
the entire floor of the Onnuri Basin. (B) Ridges and troughs in the South Korea Plateau. Extensive occurrence of type III-3 on
broad, gently sloping areas of the ridges. Type III-3 is dissected by scarps at the upper slope of the ridges and transitional down-
slope to echo types IV-1 and III-2. (C) Seamount chains and troughs in the South Korea Plateau. Dominant occurrence of type
IV-1 on the middle to lower slope of the seamount chains and types III-2 and IV-3 on the troughs.
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inant (Fig. 7). On the other hand, the troughs
surrounded by relatively small areas of slides
and slumps (type IV-1) consist dominantly of tur-
bidites with minor occurrence of debrites (types
IV-2 and IV-3). These spatial distribution patterns
suggest that the amounts of sediment involved in

T SN
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sliding and slumping may have played an impor-
tant role for controlling downslope evolution of
sediment gravity flows. Where large amounts of
sediment were involved in slope failures, debris
flows evolving from slides and slumps tended to
move further downslope and were transformed
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Fig. 8 (Continued).
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into turbidity currents in the distal part. In con-
trast, slides and slumps of small amounts of sedi-
ments appear to have evolved into turbidity cur-
rents through debris flows within relatively short
distances, forming abundant turbidites with minor
debrites on the intervening troughs.

The South Korea Plateau and the eastern con-
tinental slope of Korea are subject to extensive
creeps and slope failures with slides and slumps
(Figs. 7 and 8). Mass movements generally occur
when applied shear stresses reach above critical
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shear strength of sediments (Prior and Coleman,
1984; Martinsen, 1994). In submarine environ-
ments, several causes such as high sedimentation
rate, storm waves, earthquakes, biological pro-
cesses and sea-level fall either increase applied
shear stress or reduce critical shear strength of
sediments, promoting mass movements (Malt-
man, 1994; Hampton et al., 1996; Stow et al.,
1996). The South Korea Plateau and the eastern
continental slope of Korea are characterized by
low rates (ca. 5-7 cm/10° yrs) of sediment accu-
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Fig. 9. (A) Major geological structures of the eastern continental margin of Korea. DTB = Dolgorae Thrust Fault; HF = Hupo

Fault; PYB =Pohang-Yongduk Basin; TF =Tsushima Fault;

UF = Ulleung Fault; YF =Yangsan Fault. Modified from Chough

et al. (2000). (B) Epicenters of earthquakes during 1905-1996 in the eastern continental margin of Korea and adjacent area.

Modified from Baag et al. (1998).
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mulation by receiving small amount of sediment
via hemipelagic suspension settling (Yoon et al.,
1996; Hong et al., 1997; KORDI, 1997), dismiss-
ing the possibility of generation of mass move-
ments by static loading of sediments. The biologic
processes are generally insufficient to cause large-
scale slope instabilities in the South Korea Pla-
teau and the eastern continental slope (e.g., Heck-
er, 1982; Hampton et al., 1996).

As voluminous slope failures and creeps on the
South Korea Plateau and the eastern continental
slope of Korea occur at water depths >300 m,
any destabilization of sediments covered by storm
waves during lowering of sea level is unlikely. The
eastern continental margin of Korea has been tec-
tonically active with prominent N-S- to NNE-
SSW-trending strike-slip (Ulleung Escarpment
and Hupo Fault), normal and thrust faults that
formed during the back-arc opening and closing
of the Ulleung Basin (Yoon and Chough, 1995;
Chough et al., 2000; Fig. 9A). Earthquakes have
frequently occurred in the eastern Korean conti-
nental margin and its adjacent area (Baag et al.,
1998; Fig. 9B), most likely triggering the deep-
water (>300-m-deep) creeps, slope failures and
associated gravity flows.

The dominant bioturbated muds in type I11-3
(creep deposits) associated upslope with type I-2
and the slightly displaced, intact blocks of type
II-3 in slide and slump masses (type IV-1)
suggest creep deformations and slope failures of
type I-2 (pelagites/hemipelagites). These pelagites
and hemipelagites are normally consolidated or
slightly overconsolidated (KORDI, 1995; Yoon
et al., 1996). These muddy sediments can be easily
reduced in shear strength by earthquake loading
(Maltman, 1994; Hampton et al., 1996). Accumu-
lation of earthquake loading in undrained, muddy
sediments is effective in reducing the critical shear
strength of sediments to a sufficiently low level for
failure to occur (Lee and Focht, 1976). Under
these conditions, creeps and slope failures with
slides and slumps can be triggered even by small
earthquakes (Almagor and Wiseman, 1982).

In response to frequent earthquakes, pelagites/
hemipelagites (type 1-2) in the broad, gently slop-
ing areas of the ridges were deformed by slow
creep movements (type III-3), whereas type I-2

in the relatively steep slopes of the ridges, sea-
mount chains and the eastern continental slope
failed and formed slides and slumps (type IV-1)
(Lee and Chough, 2001; Fig. 7). The abundant
scarps in the slide and slump masses, and the
remoulding of debrites into slide and slump
masses are suggestive of several phases of slope
failure generated by successive seismic events.
Furthermore, the abundant crown cracks and
small-scale extensional faults above the present
head scarp and the step-like geometry of the
failed masses show that the retrogressive sliding
and slumping occurred concurrently in response
to the successive earthquakes (Syvitski et al.,
1987; Mulder and Cochonat, 1996; Gardner et
al., 1999). Seismic shaking is generally effective
in disturbing sediments in semi-enclosed topo-
graphic depressions by liquefaction (Syvitski et
al., 1987; Mulder and Cochonat, 1996; Syvitski
and Schafer, 1996), resulting in the deformation
of turbidites and debrites (types IV-2 and IV-3)
on the axis of the troughs.

7. Conclusions

A detailed analysis of high-resolution (Chirp)
subbottom profiles from the South Korea Plateau
and the eastern continental slope of Korea reveals
a variety of mass-movement and gravity-flow de-
posits. Creeps and slope failures with slides and
slumps (types III-3 and IV-1) occur extensively in
the entire slope areas of ridges, seamount chains
and the eastern continental slope. These volumi-
nous mass movements, deeper than 300 m in
water depth, were most likely generated by earth-
quakes that have frequently occurred in these
areas. The mass-movement deposits change down-
slope to debrites (types II and III-2) and turbi-
dites (types II1-4, IV-2 and IV-3), suggesting suc-
cessive downslope evolution from slide/slump to
debris flows and turbidity currents. Debrites are
dominant in the troughs and Onnuri Basin
bounded by large areas of slides and slumps. In
contrast, turbidites occur dominantly in the
troughs bordered by small areas of slope failures.
These distribution patterns imply that the
amounts of sediment involved in sliding and
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slumping have an important role for controlling
downslope evolution of sediment gravity flows.
Frequent seismic shakings would facilitate defor-
mation of turbidites and debrites (types I11-4, IV-
2 and IV-3) in the axis of semi-enclosed troughs.
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