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Abstract: A Q-mode factor analysis for 115 surficial bottom sediments on the continental
shelf off the southeast coast of Korean Peninsula (the Korea Strait) has been carried out to
determine the depositional environments. The first four factors are taken as the “principal”
factors, and the results are considered to represent the depositional history and sedimentary
processes in relation to the Holocene sea-level changes. The fact implies that the sediments
are grouped as outer-shelf relict sand sediments, inner-shelf modern muddy sediments, and
finally the palimpsest sediments that are mainly distributed within and around the Korea

Trough.
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INTRODUCTION

During the last three decades, a great deal of
sedimentologic studies have been made to inter-
pret the clastic depositional environments using
the textural parameters of the sediment grain size
distribution (Folk and Ward, 1957; Folk, 1962,
* The present study was supported by the Basic

Science Research Institute Program, Ministry of
Education, 1984,

é,_
A
ol

1966; Friedman, 1961, 1962, 1967, 1979;
Passega, 1957, 1964; Duane, 1964; Cronan,
1972; Moiola and Weiser, 1968). Certainly signi-
ficant advances have been made to define and
interpret the depositional environments by using
the textural parameters. Multivariate analysis
techniques, however, were proposed (Imbrie and
Van Andel, 1964) and used to discriminate the
environments. Klovan (1966) performed a Q-
mode factor analysis using the entire grain-size
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spectrum as input data, and Solohub and Klovan
(1970) concluded that Q-mode factor analysis
might be useful to identify depositional environ-
ments.

In the present study, a Q-mode factor analysis
have been carried out based on the grain-size data
of the continental shelf sediment samples. The
purposes of the present study are 1) to evaluate
the merits of factor analysis, 2) to differentiate
the regional depositional environments, and fur-
ther 3) to interpret these results in relation to the
history of Holocene sea-level changes.
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Fig. 1. Index map. A} Bathymetry. B) 3 lines of
cross-section. Note water depth in meter.

The study area is the continental shelf off the
southeastern part of the Korean Peninsula and
covers approximately 10,000km?, where most of
the area is shallower than 200m water depth. The
study area has a trough between Korean Penin-
sula and Tsushima Island, which is named as the
Korean Trough (Fig. 1A). The Korean Trough
has the maximum depth of deeper than 230m
and its shape is rather symmetric in cross-section
(Fig. 1B). The slope of the side walls changes
abruptly at the depth between 120m and 130m
forming an edge-like morphology. The northeas-
temn part of the study area is bordered by shelf
break and steep continental slope passing into
the deep Ulleung Basin of more than 1,500m
water depth.

Recently, continental shelf sediments around

the Korea Strait area were studied by many
workers. Park (1983a, 1985) found the so called

relict sand materials along the shelf break off the
southeast coasts of Korea. Park and Song (1971)
also recognized a sort of relict sediments in the
outer part of South Sea shelf of Korea. The
modern fine-grained materials derived from the
nearby landmasses are confined and deposited
within the inner shelf region forming the typical
“nearshore mud-belt” (Park, 1983b).

MATERIALS AND METHODS

A total of 115 superficial bottom sediment
samples were obtained during the three cruises in
1981, 1982 and 1983 using a Van-Veen type
grab sampler (Fig. 2). For the granulometric
data, sediment samples were analyzed by the
standard dry-sieving and pipetting methods pro-
posed by Carver (1971). After removing the
organic matters by treatment with 6% hydrogen
peroxide, each samples were sieved into 13 size-
fractions from —1 ¢ to > 10 ¢ with 1 ¢ interval.
From weight percentages of each fractions, 115
by 13 data matrix was constructed and used for
Q-mode factor analysis with a technique of
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Fig. 2. Location of sample stations. Dashed line
represents 200m water depth.

varimax rotation. Computer program for the
Q-mode factor analysis was adopted from Davis
(1973) and was run on a VAX-11 computer at
the Seoul National University, Seoul, Korea.

RESULTS

Table 1 shows the eigenvalues, percent sums
of squares and cumulative sums of squares for
each factors. The first four factors were chosen
as the “principal” factors. The selection of the
principals were determined for two reasons: 1)
cummulative sums of squares exceeding 86%,
and 2) most of the samples within the range over
90% of totals depend significantly (communality
larger than 0.7) on the “principals” (Table 2).

Table 3 shows the varimax factor scores
which represent the effects of each variables to
the selected factors. Factor 1 depends mainly on
the fine sand class (variable 5) and very fine sand
class (variable 6) materials with factor scores of
52.85 and 24 .80, respectively. Factor 2 repre-
sents the clay-sized materials smaller than 8 um
(variable 10, 11, 12 and 13) with scores ranging
from 16.86 to 26.42. Factor 3 depends on the
medium sand (variable 4) and coarse sand frac-
tion (variable 5), whereas Factor 4 depends
primarily on the fine silt sized materials (variable
9).

Table 1. Eigenvalues, percent sums of squares, and cumulative percent sums of squares.

. Percent sums of Cumulative sums of
Factor Eigenvalue
Squares Squares
1 48.80 41.71 41.71
2 29.70 2538 67.09
3 15.04 12.86 79.95
4 7.21 6.16 86.11
5 5.04 431 90.42
6 3.07 2.26 93.04
7 2.34 2.00 95.04
8 168 144 96.48
9 1.21 1.03 97.51
10 1.10 0.94 98.45
11 1.05 0.90 99.35
12 041 0.35 99.70
13 0.34 0.29 99.99
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The contour maps of factor loadings are
shown in Figure 3. The sediments of Factor 1
with high loading values (0.5-0.9 and 0.9-1.0) are
distributed widely on the northeastern part of
the study area, especially near the shelf break
area (Fig. 3A). These fine-sand deposits are well

sorted and characterized by iron stained quartz
grains. Furthermore, the sediments contain abun-
dant shells and other carbonate materials {maxi-
mum of more than 50% in weight). Most of the
shell fragments are deeply weathered (Park,
1985), but some of them were identified to be

Table 2. Number of samples, camulative percentages with communality to the selected factors.

Number of . Number of Cumulative
Communality
factors samples percent
> 0.90 43 37
0.89-0.80 35 67
3 0.79-0.70 10 76
0.69-0.60 8 83
<0.59 21 100
>0.90 63 54
0.89-0.80 33 82
4 0.79-0.70 9 90
0.69-0.60 3 93
<0.59 9 100
>0.90 82 70
0.89-0.80 21 88
5 0.79-0.70 9 96
0.690.60 1 97
<0.59 4 100
Table 3. Varimax factor scores for each variable
) Factor
VAR Size (um) 1 ) 3 4
1 > 2,000 1.8449 -1.2814 5.7072 0.5539
2 1,000-2,000 1.8587 -1.0470 6.0887 0.7602
3 500-1,000 2.0059 -1.2917 14.5282 0.5820
4 250-500 3.3950 -4 9961 49.6949 -0.3745
5 125-250 §2.8466 -7.2307 —2.7477 3.3525
6 64-125 24,8011 8.5732 -3.9397 —3.9253
7 3264 2.5824 4.5256 0.8723 0.9289
8 16-32 1.6599 3.7887 0.7257 8.0589
9 8-16 0.5180 -3.6757 0.2863 53.6782
10 4-8 -1.0172 20.0399 0.8883 18.1506
11 24 -0.7169 17.8430 13126 -0.5159
12 1-2 —0.8206 16.8631 1.2184 -0.6730
13 <1 0.2055 26.4197 2.2271 -10.7509
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the cold water species such as Patinopecten
yessoensis, Swiftpecten swifti, Mercenaria stimp-
soni (Chiji, et al., 1981) and Amussiopecten prae-
signis (Honza, 1978). The age of these carbonates
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Fig. 3. Distribution of loading values. A) Factor
1. B) Factor 2. C) Factor 3. D) Factor 4.
Note dashed line showing 200m water
depth.

is considered to be up to 16,000 yrs B.P. repre-
senting the Wuerm Glacial time (Chiji, et al.,
1981). On the basis of lithology and biology,
Park (1985) and Chiji, et al. (1981) considered
the sediments on the Korea Strait shelf area to
be the relict sediments that were deposited in the
shallow water environments such as beach, when
the sea level was lower than the present level. In
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fact, the authors agree that the Factor 1 sedi-
ments in the present study area might be the
relict sediments.

The sediments of Factor 2 with significant
loading values (0.7-1.0) are distributed mainly
in the inner shelf area forming a so called inner
shelf mud belt paralleling the coast, especially
on the inner shelf area off the coast between Ul-
san and Gampo (Fib. 3B).

The sediments of Factor 3 with significant
values (0.509 and 0.9-1.0) are mainly distri-
buted on the floor of the Korean Trough deeper
than 140m and on the northeastern part of the
study area (Fig. 3C). The distribution pattem
of Factor 3 sediments is similar to that of the
gravel, which is abundant near the Korean
Trough area and on the northeastern part of the
study area (Fig. 4). These gravels are well round-
ed (Park, 1985) and some of them have traces of
attaching mark of oysters and other kind of
mollusks. These gravelly coarse sediments are
considered to be a sort of relict sediments de-
posited during the earlier glacial time (Inoue,
1975; Honza, 1978; Park, 1985).
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Fig. 4. Distribution of gravel content.

The sediments of Factor 4 are also distribut-
ed dominantly in the inner shelf area as the dis-
tribution of the Factor 2 sediments (Fig. 3D).
Especially the inner shelf area off Gampo, Ulsan,
and the Nagdong River estuary have high loading
values (0.7-1.0) to Factor 4 forming local patch
distributions.

Figure 5A, 5B and SC show the results of
plotting the rotated varimax factor loadings for
Factor 1 and 3, Factor 2 and 4, and Factor 1 and
2, respectively. As shown in Figure SA and 5B,
there are trends in loading values between Factor
1 and 3, and between Factor 2 and 4. In Figure
5C, however, data points are scattered widely
and do not show any continuous trend between
Factor 1 and 2. These results indicate that most
of the samples are grouped and distinguished into
the sandy sediments of Factor 1 and Factor 3
and muddy sediments of Factor 2 and Factor 4.

For a better interpretation of the distribution
of sediments, the principal factors are taken as
end-members, and the normalized factor compo-
nents are plotted on the modified ternary dia-
gram (Fig. 6). From the scattered data points
shown in Figure 6, the samples are further divid-
ed into 7 sub-groups, and the distribution pattern
of these sub-grouped sediments is shown in
Figure 7.

In general, the sub-group 3 sediments occur
mainly on the central part (deeper than 140m) of
the Korean Trough. To the east, they are bounded
by the sub-group 1 and 5 sediments. Subgroup 5,
however, is the mixed sediments between sub-
groﬁp 1 and 3 (Fig. 6). These three sub-grouped
(sub-group 1, 3 and 5) sediments are dominated
by the sandy materials and are considered pro-
bably to be the relict sediments as mentioned
above.

Sub-group 2, 4 and 6 sediments are distributed
in the inner shelf region between Busan and
Gampo. These sediments are considered to be the
modermn sediments that have been deposited dus-
ing the last 7,000 years since the sea level appro-
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ached to the present level.

Sub-group 7 sediments are characterized as
the mixed facies between modern muddy sedi-
ments and relict sandy deposits. They occur only
on the western part (between 100m and 130m
water depth) of the Korean Trough.

DISCUSSION

In general it has been understood that most of
the continental shelf sediments have experienced
several significant dynamic transgressive-regressive
effects due to the sea level fluctuations during
the Qﬁatemary. Niino and Emery (1961), Park
and Song (1971), Inoue (1975), Honza (1978),
Kim, S.W. et al. (1980, 1981, 1984, 1985), Kim,
CS. et al. (1982, 1983, 1985}, Oshima, et al.
(1982), and Chough (1983) studied the continen-
tal shelf sediments around the Korean Peninsula,
and stated that the sandy materials distributed
on the outer shelf and near the shelf break area
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Fig. 6. Plots of normalized factor components.
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Fig. 5. Plots of factor loadings. A) Factor ! and
3. B) Factor 2 and 4. C) Factor 1 and 2.
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Fig. 7. Distribution of sub-grouped sediments.

might be the relict sediments deposited during
the last glacial time when the sea level was low.
More recently, Park (1983a, 1985) focused on
the sedimentary processes of continental shelf
off the southeastern coasts of Korea to find out
the probable boundary between modern and
relict sediments. The former group of sediments,
ie. modern muddy sediments are deposited in
the nearshore and inner shelf area and the latter
are distributed widely on the outer shelf and
shelf break area.

As described above, the results of the present
study do indicate that the continental shelf sedi-
ments around the Korea Strait area can be differ-
entiated into three-main groups, that is, modem
inner shelf muddy deposits, outer shelf fine-sand
deposits, and the gravelly sand deposits on the
floor of the Korean Trough.

During the last glacial time at about 18,000
yrs. B.P., the sea level was the lowest (about
150m lower than present). At that time, the
Korea Strait shelf area was exposed to air and
Korean Peninsula was connected with Japanese

Islands (Fig. 8A, Katsura and Nagano, 1982), but
the Korean Trough remained as an isolated basin.
When the sea level rose to about 140m below the
present level, the Korean Trough became no
more isolated and was connected with the East
Sea (Japan Sea) and East China Sea (Fig. 8B).
During that dynamic circumstances, the current
velacity in this trough might be so high that the
finer materials were winnowed out of the bottom
sediments lcaving only the gravelly coarse mater-
ials as lag facies. Yuasa, M. and Ishibashi, K.
(1978) stated that the pebbles in the Korean
Trough area might have been supplied from the
Korecan Peninsula. At the present environmental
condition, the current velocity in the Korean
Trough are measured up to 0.8m/sec at 195m
depth (Shim, et al., 1984). Such a current velo-
city can not only prevent the deposition of fine
materials but also erode and rework the bottom
sediments. In the Goto shelf area, in fact, most
of pebbly coarse sediments are considered to be
the palimpsests that are reworked by strong tidal
currents (Inoue, 1975; Ohshima, et al., 1982).
From the present study results, sub-group 3
sediments on the Korean Trough area are thought
to be the palimpsest sediments.

When the sea level rose to about 100m-120m
below the present level, most of the shelf area
was submerged as shown in Figure 8C. In this
period of transgression (from —150m to —100m)
the retreat of coastline was so fast that the trans-
gression did little to alter the distribution of the
sand or gravelly coarse sediments, and a typical
transgressive sand sheet deposit was formed. Uni-
modal fine sand deposits of sub-group 1 distri-
buted on the outer shelf area, are considered to
be the relict sediments that were deposited
earlier glacial times and remained unaffected by
modern environmental sedimentary processes.

Inner shelf sediments of sub-group 2.4, and 6
are dominated by silty and clayey sized materials,
and are thought to be the modem sediments.
Park (1983a, 1985) found the very turbid water
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mass in the inner shelf area with maximum TSM
concentrations of more than 1.0mg/! and 7.0
mg/l in surface and near-bottom waters, respec-
tively, and suggested that the source for these
suspensates might be from the Nagdong River.

Kim and Lee (1980) also referred to the Nag-
dong River as a source for the finer materials.
Park and Han (1985), however, presented that
the clay minerals in the Korea Strait area were
influenced by the Tsushima Warm Current from
the East China Sea. Hul. (1982) and Wells et
al. (1983, 1984) suggested a possible transport of
fine-grained materials from the Yellow sea and
coastal zones of the western coast of Korea Pen-
insula through so called Korean Coastal Current
to the Korea Strait and East Sea, especially in
winter time. Kim and Han (1971) found the cold
water type foraminifera from the surficial sedi-
ments of Yeongil Bay near Gampo area, and Yoo

<

Fig. 8. A) Paleogeography during pre-Holocene
when sea level was lower (—150m) than
the present. B) Early Holocene sea level
lower (-140m) than the present. C)
Early middle Holocene sea level lower
(—120m) than the present. Note —200m,
~150m, —140m and —120m bathymetry.
Modified after Katsura and Nagano
(1982).




Continental Shelf Sediments Off the Sontheast of Korea 43

(1970) pointed out the possibility that the cold
currents from Okhotsk Sea might flow southerly
to the Korea Strait shelf area. In fact, the authors
also suggest the possibility that a great amount
of fine grained sediments on the inner shelf area
might be transported from the north by the
southerly flowing North Korean Cold Water mass
which was described by Lim, D.B. (1973), Kim
and Chung (1982), Kim and Min (1983), Kim
and Kim (1983) and Lim, K.S. (1973).
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