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The late Pleistocene Epoch refers to the period
between the beginning of Last Interglacial Period
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A series of radiocarbon dating from intertidal, subtidal, and inner continental shelf deposits investi-
gated along the west coast of Korea as well as from its offshore sea floor (namely. the eastern
Yellow Sea Basin) show (1) the Holocene sea level rise, ie. the eustatic sea-level history during
the oxygen isotope stage 1, and (2) pre-Holocene sca-level fluctuations during the oxygen isotope
stages 2 and 3.

Marine geophysical investigations in the Yellow Sea reported a possible development of desert
and loess deposits due to desertization under the cold and dry climate during the Last Glacial
Maximum. The Kanweoldo deposit overlain unconformably by the Holocene inertidal deposits, which
is mainly exposed along the tidal channels and intertidal flats in the Cheonsu Bay. the west coasl
of Korea, shows the characteristic cryogenic structure (cryoturbation). Such cryoturbation structure
of the Kanweoldo deposit appears 1o indicate the cold and dry climate under the eustatic sea-level
lowering during the Last Glacial Maximum. Up to now. for the first time in Korea. the possible
paleoshoreline standing before and after of the pre-Holocene interstadial period (about 30000 y BP)
is shggested and its shoreline curve is constructed.
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INTRODUCTION and the end of the Wurm Glacial Period. covering
about 120,000 years (130,000 to 10000 yr BP). Du-

ring this long period. the world climate has follo-
wed a periodic pattern with glacial and interglacial
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Fig. 1. The generalized time subdivisions of the Quaternary period. The Late Quaternary is additionally subdivided
into oxygen isotope stages (after Martinson et al. 1987).

cycles. Measurements of 8O in pelagic foramini-
fera from deep-ocean cores (where the rate of se-
diment deposition is slow and reasonably uniform)
exhibit cyclic variations with depth that Emiliani
(1955) attributed to alternations between the glacial
and the interglacial. These glacial-interglacial cyc-
les correspond to the eustatic sea-level fluctuations,
keeping up with the world temperature cycles. Fig.
1 (Martison et al., 1987) shows. in detail. the gene-
ralized time-divisions of the Quaternary period, in
which the stable oxygen isotope stage in the late
Quaternary exhibits the well-defined sea-level fluc-
tuations. For example, odd numbers are intergla-
cial period and even for glacial time, such as stage
1 for Holocene transgression and stage 2 for Last
Glacial period.

It is generally understandable that the relative
sea level is continuously changing elsewhere. Such
relative sea-level varations are influenced by the
combined function of the sea-level changes and
land-level changes, that is, each of which is cont-
rolled by several different factors: the level of the
sea affected by tectono-custasy, glacial eustasy.

geoidal eustasy, and dynamic sea surface changes.
and the level of the land affected by tectonics.
isotasy, geoidal deformations and compaction
(Moérner, 1987: Scott et al.. 1989). Therefore. the
initial @ priori assumption of the present study is
that the regional eustatic curve proposed by Mo
mer (1987) can be used as a benchmark for com-
parison of sea-level records from different loca-
tions in the world. In other words, we need to
understand the regional eustatic curves and should
stay away from inter-regional and global correla-
tion of eustatic curve.

This paper is an attempt to consolidate and in-
terpret some of the earlier evidences. and to illust-
rate some of the most recently collected “C data.
and 1o elucidate the evidence of climatic changes
at the Last Glacial Maximum in the Yellow Sea
Basin.

PREVIOUS WORKS

The Yellow Sea is a typical example of the epi-
continental shelf lying adjacent to the Asian conti-
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Fig. 2. Bathymetry of the Yellow Sea, East China Sea, and Cheju, Korea, and Tsushima Straits. The lowest stand
of Holocene sea-level seems to be developed along the shelf edge and its outer continental shelf beyond 135

m water depth.

nent. It has a wide continental shelf and to the
south of the continental shelf continues the Oki-
nawa Trough that separates the Yellow Sea Basin
from the Pacific (Fig. 2). Unlike the Japanese is-
land-arc system, the Yellow Sea Basin has been
tectonically stable on the basis of the old basin
geology, even though the neotectonical activity has
influenced the morphology of basin and deposi-
tional system in the Chinese part. For nearly two
decades. numerous oceanographic investigations
have been carried out to clarify (1) the sedimento-
logic characteristic of the continental shelf. and
(2) the history of sea-level changes during the pos-
tglacial period in the Yellow Sea. The understan-
ding of the Late Pleistocene-Holocene sea-level hi-
story has important implications for the distribu-

tion and the processes of sediments on the cont-
nental shelf, and the paleoceanographic and pa-
leoclimatic records of the Yellow Sea Basin. In
the geomorphological, sedimentological, and bio-
logical evidences indicative of the position of sea
level, there are sometimes samples suitable for ra-
diorcarbon datings, which provide a sound basis
for the establishment of the sea-level curve. Like
other studies in this investigation, radiocarbon
analysis played an important role in the reconst-
ruction of the late Quaternary sea-level history.
Since the pioneering study of sea-level history
of Park (1969), it has been pointed that the Yellow
Sea Basin is a good region for better understan-
ding of sea-level changes during the late Quater-
nary and that the topic of sea-level history has
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Fig. 3. Holocene sea-level curves along the west coast
of Korea (a) and along the eastern coast of
China (b) (after Bloom and Park, 1985 and Han
and Meng. 1987). It is noted that the two different
regions exhibit the history of sea-level rising du-
ring the Holocene transgression.

been one of the important research in the Yellow
Sea. At that time, Park (1969) used the lithostratig-
raphic criteria of the tidal deposits and the radio-
carbon (“C) dating of peat materials along the
west coast of Korea. During the two decades, the
relative changes in sea level and the nature of

cnvironmental changes in the Yellow Sea margins
over the last 20000 radiocarbon years have been
studied in some detail (Youn et al, 1977; Jo, 1980;
Geng, 1982; Wang and Wang, 1982; Zhao et al,
1982; Park, 1983; Chen et al,, 1985; Li et al, 1985;
Li et al. 1987; Suk. 1989; Park, 1992). At the same
nime. the variations of the sea-level have been in-
terpreted with the comparison to the lithostratigra-
phic, biostratigraphic, chronostratigraphic and ar-
chaeological data.

It is difficult to clearly define the Holocene sea-
level history in the Yellow Sea Basin because of
the difference between the published data (Fig. 3).
Relative sea-level curve for the west coast of Ko-
rea, based on peat chronology, showed —8 m at
8600 yr BP, —2 m at 4800 yr BP, and 0 m at
present (Fig. 3A); the sea level rose rapidly, at an
average rate of about 1.6 mm/yr from 8600 yr BP
1o about 4800 yr BP and subsequently the rate
decreased to about 0.4 mm/yr (Bloom and Park,
1985). On the other hands, Han and Meng (1987)
reported about 12000 years ago the sea level was
in the extent between —60 m and —40 m and
about 8000 years ago the sea level was 5 m to
10 m lower than the present (Fig. 3B). Wang and
Wang (1982) established the sea-level change in
the East China Sea and suggested that the sea
level stood at —100 m at 23000 yr BP, and —60
m at 11000 to 10000 yr BP. However, many scien-
tists have suggested that the sea level of —145
m is the evidence of a maximum sea level lowe-
ring in the late Pleistocene time (Geng 198X
Wang and Wang, 1982; Zhao et al, 1982; Park,
1983: Chen et al, 1985; Li et al, 1985; Suk, 1989;
Park, 1992). 1t is also speculated that the lowest
stand of Holocene sea level seems to be developed
along the shelf edge and its outer continental shelf
beyond 135 m water depth. Such the lowest stand
of sea level might suggest the timing of the Last
Glacial Maximum.

LATE QUATERNARY SEA-LEVEL
HISTORY IN THE YELLOW
SEA BASIN

The Last Interglacial Period started between
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Fig. 4. Sea-level fluctuations in the southeastern Yellow Sea Basin of Korea during the late Quaternary. Note the

reference level (mean high water level).

130000 and 120000 yr BP. This period reflected
the existence of higher sea level on the basis of
the dating of marine terraces in the Barbados is-
land and Huon Peninsula, Papua New Guinea
(Bloom et al, 1974). Emery et al. (1971) reported
that the sea level was around —140 m with the
age of 40000 yr BP in the southeastern coast of
the Korean Peninsula. At the time of the Early
Wurm Culmination Period (40000 yr BP), the sea
level in the Yellow Sea Basin might have once
lowered —100 m or more, the paleocoastline ret-
reated to the Cheju Strait, and entered the outer
shelf of the East China Sea. basically correspon-
ding to 100 m isobaths (Geng. 1982).

It was generally known that at 38000 yr BP the
sea level began to rise again. The *C datings of
peat samples (taken from the offshore of the
Keum River mouth) in the Yellow Sea revealed
that the sea level had risen up to —31 m by about
37000 yr BP (Fig. 4). which corresponds to the
depth-corrected Chinese data. The rising trend of
the sea level indicated the termination of the Early
Wurm Period. In the middle of isotope stage 3
(about 30000 yr BP). the sea level might have
come up to the highest point in the Yellow Sea.
since which the sea level went down again.

From about 25000 yr BP the sea level began
to lower down abruptly until 20000 yr BP. The

paleocoastline retreated farther to the outer shelf
from —230 m of 23800 yr BP to —853 m of
22100 vr BP (Fig. 4). According to Chinese data.
the lowering trend of sea level is similar to this
study even though they have a little deeper depth
on the same time. However, the maximum of Late
Wurm Period. ie. Last Glacial Maximum, may
result in the similar lowest position of the sea level
in the Yellow Sea Basin.

The lowest stand of sea level at the Last Glacial
Maximum has been studied on the basis of sub-
merged geological and geomorphological features
or of the buried peat in the continental shelf. Ac-
cording to the present bathymetric patiern in the
Yellow Sea. we can say that the minimum sea
level was about —145 m that is the possible maxi-
mum limit value of the Late Wurm Glacial Pe-
riod, ie.. Last Glacial Maximum. This is fully ide-
ntical with the result obtained by Park et al. (1987}
that the lowest stand of sea level was described
by the geomorphological, sedimentological, and
biological indicative features along the continental
margin of the eastern and southeastern coasts of
Korea. Around the Japanese islands. the age of
the lowest sea level also falls between 20000 and
17000 vr BP. with the estimated depth of about
— 140 m (Kaizuka et al, 1977).
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Fig. 5. The pre-Holocene Kanweoldo deposit overlain by
the Holocene intertidal deposit. The underlying
Kanweoldo deposit preserved a lot of cryogenic
structure (cryoturbation) that indicated the cold
and dry climate during the Last Glacial Maxi-
mum.

LATE QUATERNARY CLIMATE IN
THE YELLOW SEA BASIN

The study of sea-level fluctuations has been co-
nsidered as core to the understanding of climatic
changes. Due to the Yellow Sea continental shelf
exposed mostly between 60000 and 35000 yr BP.
the sea floor was dried. weathered and oxidated.
The Early Wurm glacial stage (55000 yr BP) with
lowering sea level was correlated with the coldest
period around Japan, as shown the subsequent
development of glacial cirques on the Japanese
Alps (Fujii and Naruse. 1982). Oxygen isotope
analyses of benthic foraminifera in the decp Paci-
fic Ocean (V19-3) show that the global climate
cooled rapidly to about 0°C. and then cooled more
slowly to the coldest value of about —1°C at 40000
yr BP.
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Fig. 6. Schematic appearance of the Yellow Sea and
East China Sea during the Last Glacial Maxi-
mum (oxygen isotope stage 2) (after Zhao. 1990).
Most of the exposed Yellow Sea shelf was deser-
tized by the intensified wind processes under the
cold and dry condition.

During the Last Glacial Maximum (18000 yr
BP). the palcocoastline receded to the outer shelf
of the Yellow Sea, connecting to the Chinese mai-
aland with the Korean Peninsula as the Yellow
Sea shelf was emerged and completely drained.
During such period, the climate condition of the
Korea became undoubtedly drier, colder, and
more continental than the present. Winters were
probably much more severe than the present time.
Some of the pre-Holocene intertidal deposits be-
fore the Last Glacial Maximum have been repor-
ted in the west coast of Korea. It is the Kanweoldo
deposit exposed along the tidal channel and inter-
tidal flat that is overlain unconformably by the
Holocene intertidal deposits (Fig. 5). Characteristi-
cally. this pre-Holocene Kanweoldo deposit well
preserved the cryogenic structure (cryoturbation),
a kind of periglacial structures that are produced
under the cold and dry climate with almost free-
zing temperature (Butrym et al, 1964). It is one
of good evidence that the Kanweoldo deposit ex-
perienced and indicated the cold and dry climate
of the Last Glacial Maximum.
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Fig. 7. Seismic stratigraphy and interpretation of the buried dune groups near “ancient wind gap” of the Yellow Sea

Trough (34°45'N 123°45'E) (after Zhao, 1990).

In the cold climate condition of the Last Glacial
Maximum, the average annual temperature of the
whole globe was 6°C lower than at present (Emi-
liani, 1966). Faunal fossil derived from the Yellow
Sea shelf also reflected the cold climate such as
typical microbiological fossil ‘Buccella frigida
(Geng, 192). With sharp temperature drop in that
period, the Mongolian High Pressure became
much stronger, leading to the particular monsoon
climate in Eastern Asia. Under the Monglolian
High Pressure, the cold and dry air flowed domi-
nantly. Furthermore, the exposed Yellow Sea shelf
at that time was the marginal place of the desert
belt in the middle Asia (Fig. 6). Due to the dege-
nerated drainage systems under cold climatic con-
dition and the dominant wind process, the expo-
sed shelf areas of loose sediments with sparse pla-
nts were subject to strong deflation, thus turned
to be desertized. Marine geophysical investigations
reported that a possible desert and loess deposits
as buried dunes were developed due to desertiza-
tion under cold and dry climate during the Last
Glacial Maximum (Fig. 7). Zhao (1990) called
these desert deposits and their derivative sediments
as “residual sediments” in the Yellow Sea contine-
ntal shelf during the last stage of late Pleistocene.
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