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The tidal deposits in the Haenam Bay, southwest coast of Korea, are stratigraphically divided
at least into two units (Unit I of Holocene and Unit II of late Pleistocene) based on the obtained
vibracoring sediments. In Unit I, clay mineral$ of illite, chlorite, kaolinite and smectite are ob-
served as similar to those of the other modern tidal deposits. Of note, however, is the absence of
smectite and chlorite in the upper part of Unit IT compared with the clay mineral compositions
of Unit I. It is concluded that the subaerial weathering and diagenetic effects rather than de-
positional processes are responsible for the positive and characteristic differences in clay mineral
compositions between two units, that is, the upper part of Unit II was exposed subaerially and
weathered diagenetically prior to the late Holocene transgression. Therefore, the bounding re-
lationship between Unit I and Unit II is unconformable.

INTRODUCTION

Korean tidal flats along the west coast of Korean
Peninsula are worldwidely famous for the macro-
tidal regime (> 5 m tidal range) and the extensive-
ness, which is about 5 km wide and about 1,000 km
long in average. A variety of sedimentological, bio-
logical and geochemical studies on the modern tidal
flat deposits along the west coast of Korea have
been carried out (Chung and Park, 1978, Frey et al.,
1989; Wells et al., 1990; Alexander er al., 1991;
Shin et al., 1993; Lee et al., 1994). Most of the stu-
dies deal with the distribution pattern of surface
sediment types, clay mineral compositions, the dyna-
mic morphologies and the transport and deposition
of suspended materials in the macrotidal environments.

Recently, Park et al. (1995) investigated the
stratigraphic sequences in the Namyang Bay tidal
deposits in order to understand the evolutional stage
of tidal deposits during the late Quaternary. Accor-
ding to their results, the late Pleistocene tidal depo-
sits are overlain by the modern tidal flat sediments
of Holocene age with sharp unconformable boun-
dary. It was also suggested that the late Pleistocene
tidal deposit was exposed to the subaerial condi-
tions during the last glacial maximum (LGM) when
the sea level was low (Kim and Park, 1988; Chang,
1995; Chun et al., 1995). Therefore, in particular,
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the upper part of the late Pleistocene tidal deposit is
characterized by yellowish brown color and oxi-
dized signatures.

The Haenam Bay is a semi-enclosed coastal bay
elongated in NW-SE direction with narrow entrance
to the northwestern part (Fig. 1). Tidal flats are
developed along both sides of the bay with average
width of about 2.5 km. In 1993, the tidal flat
reclamation project dammed the mouth of the bay
resulting in the -air-exposure of the intertidal flat
surface. Representative of preliminary stratigraphic
frameworks constructed from the twenty-three vibra-
coring sediments obtained in the tidal deposits of
the Haenam Bay is depicted in Fig. 2. The deposi-
tional sequences consist of the intertidal muddy
deposits (Unit I) of transgressive and/or high-stand
sea-level sequence during the Holocene as well as
the tidal muddy deposits (Unit II) of late Pleistocene
in age. The sequence boundary between Unit I and
Unit II is an erosive and distinct unconformity,
which can be traced for the entire Haenam Bay.

The present study reports the clay mineral
compositions of the Holocene tidal flat sediments
(Unit I) and the upper part of the late Pleistocene
tidal deposit (Unit II). Comparison of compositional
differences between two units provides an evidence
for the subaerial exposure and postdepositonal wea-
thering of intertidal deposits.
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Fig. 1. Location map of the study area and sample stations.
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Fig. 2. Representative of stratigraphic framework constr-
ucted by the preliminary vibracoring specimens in the Hae-
nam Bay. The Holocene intertidal deposits of Unit I over-
lies the late Pleistocene tidal deposus of Unit II by ero-
sional unconformity.

MATERIALS AND METHODS

Three vibracoring specimens (HN-AS5, HN-C3
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and HN-C4) selected for the present study are
almost up to 6 m in length, which comprise the
oxidized yellowish-brown layer of upper part of
Unit II and the Holocene tidal deposit of Unit I. Due
to the limitation of mechanical apparatus, we are not
able to retrieve all the complete section of Unit II.
After splitting the cores in half, vane shear strength
and water content were measured. Sediment sam-
ples, taken at the 10 cm intervals, were subjected to
the granulometric and clay mineral analyses.

Two slide specimens were prepared for the clay
mineral analysis; one is untreated and the other
ethylene-glycolated. X-ray diffractions were con-
ducted by the MAC X-ray diffractometer under the
40 kV and 30 mA condition attached Ni filtered Cu-
Ko radiation with scanning speed of 3°26/min.
After the identification of clay minerals, semi-quan-
titative calculations were made following the
standard graphic area method by Blscaye (1965). In
spite of mixed-layer clay mineral$ present in the
diffractogram, four major clay minerals (illite, chlo-
rite, kaolinite and smectite) are considered.
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RESULTS

X-ray diffractogram patterns

Almost invariably the principal clay minerals
(illite, chlorite, kaolinite and smectite) are observed
in the Holocene intertidal sediments of Unit I. The
pattern of X-ray diffractogram of Unit I and the
upper part of Unit II shows the vertical changes of
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Fig. 3. Pattern of X-ray diffractograms of clay minerals;
(a) core HN-C3, (b) core HN-AS5. S: smectite; C: chlorite,
K: kaolinite, and I: illite. - .

the clay mineral compositions (Fig. 3). In the core
of HN-C3 (Fig. 3a), swelling smectite peaks at 5.2°
(d=17 A, peak S) are clearly present in ethylene-
glycolated specimens of Unit I, but are completely
absent in the upper part of Unit II. Concurrently,
chlorite peaks at 6.6° (d=14 A, peak C) are also
absent in the upper part of Unit II. Such extinction
of chlorite in Unit II is also observed at 18.4° (peak
C) in the untreated samples. Furthermore, doublet
peaks of kaolinite and chlorite at about 25° (peak K/
C) in Unit I are changed into single peak of kao-
linite in the upper part of Unit II.

The pattern of X-ray diffractograms in the core
HN-AS is similar to that of core HN-C3 (Fig. 3b). Sm-
ectite (peak S) and chlorite (peak C) are also absent
in the upper part of Unit II. In this core, the doublet
peaks of kaolinite and chlorite at about 25° (peak K/
C) are altered into a single peak same as the pattern
in core HN-C3. In addition, it is interesting that the
illite peak from the untreated samples (8.8°, Peak I)
in Unit II has the shoulder to the low angle side.

Clay mineral abundance, texture and geotechnical
characters

Vertical profiles of clay mineral abundances from
the HN-C3 and HN-C4 cores are illustrated in Fig. 4,
together with the granulometric and geotechnical
data. In core HN-C3, the yellowish brown sedi-
ments in the upper part of Unit II, showing typical
cryoturbated structures, are mostly fine-grained
with mean grain size more than 6 phi (Fig. 4a). This
unit is characterized by semi-consolidation with
shear strength higher than 1 kg/cm’ and less than
30% of water content. However, the sediments of
Unit T show up to 75% of water content and less
than 0.1 kg/cm® of shear strength, respectively,
which defines the typical properties of recent soft
intertidal sediments. Abundances of chlorite and
smectite in Unit I are about 16% and 12%, respec-
tively. On the other hand, the upper part of Unit II is
characterized by the absence of smectite and chlo-
rite, and consists dominantly of 72% illite and 24%
kaolinite (Fig. 4a).

In core HN-C4, the yellowish brown sediments in
the upper part of Unit II, showing typical cryotur-
bated structures, are largely fine-grained with mean
grain size between 5 and 8 phi (Fig. 4b). These semi-
consolidated sediments in the upper part of Unit II
has less than 30% of water content and up to 1.5 kg/
cm’ of shear strength, respectively. In contrast, the
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sediments of Unit I have similar values of water
content and shear strength compared to those of
Unit I of core HN-C3. Vertical changes in clay
mineral compositions of HN-C4 are also similar to
those of HN-C3. In fact, amounts of chlorite and
smectite in Unit I are 16% and 11%, respectively.
On the other hand, smectite is not found and less
than 5% of chlorite is observed in the upper part of
Unit II (Fig. 4b).

Results of such semi-quantitative analyses of clay
mineral compositions in the sediments of Unit I and
the upper part of Unit II are summarized in Table 1
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as well as illustrated in the ternary diagram (Fig. 5).
Clay mineral compositions between the intertidal
sediments of Unit I and of the upper part of Unit II
are grouped as the different clusters. Such separa-
tion is caused by the relative amounts of smectite
and chlorite between Unit I and Unit II.

DISCUSSION

Semi-consolidated and yellowish brown deposits
overlain unconformably by the Holocene intertidal
deposits have been reported from the various parts
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Fig. 4. Vertical variations of clay mineral compositions, grain size properties, water content and shear strength of (a) core

HN-C3 and (b) core HN-C4.
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Table 1. Clay mineral compositions analyzed from the Holocene
tidal deposit (Unit I) and the upper part of late Pleistocene tidal
deposit (Unit II)

Clay Minerals (%)

Core ; ; — — Sequence
smectite  chlorite  kaolinite illite

HN-AS 5 20 16 59 Unit I

0 4 39 57 Unit II
HN-C3 12 16 16 56 Unit I

1 4 24 72 Unit 11
HN-C4 11 16 12, 60 Unit I

3 4 28 65 Unit II

/\/V\/\ Chlorite
Kaolinite 100 o Sm;ch'te

o 25 50 7% 100

Fig. 5. Ternary diagram of clay mineral compositions of
Unit I (closed circles) and upper part of Unit II (open cir-
cles).

of intertidal flats along the west coast of Korea;
Cheonsu Bay (Kim, 1988), Namyang Bay (Park et
al., 1995), Hampyung Bay (Park et al, 1997),
Youngjong Island (Park and Choi, 1997) and Hae-
nam Bay of this study. Kim and Park (1988) and
Kim and Park (1992) interpreted these yellowish
brown deposits (named Kanweoldo deposit) as the
late Pleistocene tidal flat deposits. The depositional
environment of Unit II is interpreted as the tide-
dominated (intertidal flat) environment accounting
for the characteristic ichnologic features of fossil-
ized crab burrows and plant remains (Kim et al,
1995). Oh ez al. (1995) reported that cryoturbated
sedimentary structures observed in the upper part of
Unit II indicated the dry and cold climate conditions
during LGM. Such boundary between the Holocene
and late Pleistocene deposits can be traced in the
various areas of the intertidal flats along the west
coast of Korea as listed above.

In the Haenam Bay the Holocene muddy sedi-
ments of Unit I overlie the yellowish brown, semi-
consolidated deposits of upper part of Unit II with
sharp unconformable erosional boundary (Fig. 2).

Based on the results of Ashmore and Leatherman
(1984) and Weimer (1984), yellowish color of the
upper part of Unit II is indicative of the subaerial
exposure to reflect the experience of oxidation stage.
As shown in Fig. 5 and Table 1, both smectite and
chlorite are nearly absent in the upper part of Unit II,
whereas these clay minerals are present in Unit I
Such difference in clay mineral compositions bet-
ween Unit I and Unit II seems to be not because of
the depositional processes but because of the dia-
genetic weathering of clay minerals when the upper
part of Unit II deposit was exposed subaerially
during LGM. Many previous studies explained that
smectite and chlorite are very unstable clay minerals
at the subaerial condition (Trudgill, 1983; Segal et
al., 1987; Chamley, 1989). Even these clay minerals
are vulnerable to the destruction being transformed
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into illite and/or kaolinite as suggested by Alts-
chuler et al. (1963).

Furthermore, the weathering index based on the
concentrations of geochemical elements (Y.A. Park,
unpublished) distinguishes the Holocene deposits of
Unit I from the upper part of Unit II in the Haenam
Bay (Fig. 6). Generally, some geochemical concen-
trations (K, Na, Mg, and Ca) of the upper part of
Unit II are significantly lower than those of Unit I.
Selective leachings of such weak elements from the
upper part of Unit II may be caused by the subaerial
weathering processes, which is similar to the des-
truction of unstable clay minerals such as smectite
and chlorite. Therefore, under the cold and dry
subaerial condition during the glacial period of
LGM, the original properties of the sediment
deposits (upper part of Unit II) such as color, clay
mineralogy and geochemical compositions might
have been altered by effective weathering and dia-
genetic processes.

CONCLUSIONS

Tidal flat deposits of the Haenam Bay, located in
the southwestern coast of Korea, show two depo-
sitional units consisting of the Holocene tidal flat
deposits (Unit I) and the overlying yellowish, semi-
consolidated late Pleistocene tidal deposits (Unit II).
The yellowish brown and oxidized layer comprises
only the upper part of Unit II. When comparing clay
mineral compositions of Unit I with those of the
upper part of Unit II, it is found that smectite and
chlorite are almost absent in the upper part of Unit
II. From the clay mineralogical data, the oxidized
and yellowish brown sediments of upper part of
Unit IT have experienced the subaerial exposure for
a long time during LGM, resulting in the
destruction of smectite and chlorite minerals by
postdepositional weathering.
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