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Abstract To better understand the characteristics of the
clay minerals in the southern Yellow Sea, the X-ray quantita-
tive determinations have been carried out for the surface
samples obtained from the Yellow Sea. With newly compiled
clay mineral synoptic maps, the depositional processes were
described for four main clay minerals (illite, chlorite, kaolin-
ite and smectite). The analysis shows that most clay minerals
are of terrigenous source with the Huanghe River acting as
the major sediment supplier. Besides, the source of muddy
sediments in the Yellow Sea was also discussed. As for the
central Yellow Sea mud (CYSM), the sediments in its north-
ern part mainly come from the Huanghe River, and those in
the rest are of multi-origin. Very similarly, a large amount of
sediments in the northern part of the southeastern Yellow
Sea Mud (SEYSM) derive from the Keum River and Yeong-
san River, while those in the southern part are of multi-ori-
gin.
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Clay minerals are the important components of
sediments in the ocean environments. With its unique
characteristics and sensitivity to the geological processes
and environmental changes, many features such as com-
ponents, assemblages, modalities and textures have been
widely used to interpret the marine sedimentation, source
origin, sedimentary environment, stratigraphic division,
paleoclimate and paleoenvironment study[1,2].

The Yellow Sea lies in a postglacial and stable sub-
sided basin, where muddy sediments are well developed.
And clay minerals are the main geological and dynamical
information carrier among those muddy matters. Prede-
cessors have carried out many investigations on clay min-
erals and gained numerous valuable results. To the
knowledge of the authors, however, those results are
somewhat spatially limited. Generally, Chinese research-
ers usually investigated the central and western parts of
the southern Yellow Sea[3�5], while the Korean colleagues

focused on the eastern part[6,7]. Despite all the well-known
facts, no one or institution could examine the clay miner-
als covering all the study area before 1998. With the
China-Korea joint study starting in 1998, the program
“Study on Sedimentary Dynamics and Paleoenvironment
in the Yellow Sea” had provided us such a chance to better
understand the clay mineral characteristics and get a com-
prehensive knowledge of its distributions in the southern
Yellow Sea. About 88 surface samples were obtained dur-
ing the autumn cruise of 1998, usingR/V “Xiangyanghong
9” (the distribution of sampling stations is shown in Fig.
1). In this paper, the clay mineral distributions in the
southern Yellow Sea are studied and the depositional
processes of muddy sediments in the area are also dis-
cussed.

Fig. 1. Study area and sampling stations in the Yellow Sea.

1 Samples preparation and analysis

Samples were dispersed by H2O2 (30%), and hydro-
chloric acid (5%) was used to get rid of the organic mat-
ters. Then the clay fractions (�2 µm) were separated
from the sediment suspension by Stokes settling law in the
lab. Being saturated with Mg2+, two sets of natural ori-
ented slides were prepared for each sample. And the XRD
measurements recorded both the air-dried untreated and
the glycol-saturated spectra. Some important parameters
for the measurements are as follows:

X-ray diffractometer: Y-2 model; X-ray wavelength:
1.54178 Å�(CuKα); voltage: 35 kV; current: 25 mA;
scanning speed: 0.03˚/s; scanning range: 2θ = 4˚�34˚.

With the same setup, the air-dried untreated spectra
and the glycol-saturated spectra were recorded. Following
the semi-quantitative evaluation method of Biscaye[8], the
characteristic peaks of smectite (17 Å), illite (10 Å), chlo-
rite (7 Å) and kaolinite (7 Å) were derived from the spec-
tra and assigned an empirical weighting factor 1, 4 and 2,
respectively. The abundance ratio of kaolinite/chlorite
could be achieved by the rations of 3.53 Å and 3.58 Å
peaks, which lie round the 25˚ (2θ).
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2 Results

(�) Clay mineral components. It is shown from
the X-ray spectra (Fig. 2) that clay minerals (illite, smecite,
kaolinite and chlorite) prevail in the clay-size sediments
besides some detrital minerals (quartz, calcite, feldspar,
etc.). The clay minerals, however, are characteristic of
lower content of smectite, and more kaolinite than chlorite,
and the illite to some extent dominates the clay minerals
in this study area.

Fig. 2. XRD spectra of the clay minerals in the southern Yellow Sea.

(�) Clay mineral distribution
(1) Illite. Illite is the most abundant clay mineral in

the sediments of the southern Yellow Sea (48.01%�

75.06%, on average 60.99%). If the isolines of 58%, 62%
and 66% are taken as demarcation lines, the synoptic dis-
tributions could be subdivided into four parts in turn:
lower content zone (LECZ, <58%), low content zone
(LCZ, 58%�62%), high content zone (HCZ, 62%�66%)
and higher content zone (HECZ, >66%) (Fig. 3), and two
HCZs (> 64%) could be found in the Yellow Sea with one
lying in the northwest of the study area (Haizhou Bay�

sea off Qingdao) and the other lying in the central muddy
zone. In addition, several patches of HCZ occur in the sea
area adjacent to Chengshantou Cape. The LCZs lie mainly
in the southwest, east and north of the study area with a
sporadic distribution in the southeast of the Yellow Sea. In
a word, illite in the northwest of the Yellow Sea and the
central part is generally high in content, and that in other
areas is low in content. As far as the south and west of the
study area is concerned, the HCZs are well consistent with
the influence area of matters from old Huanghe River.

(2) Smectite. The concentration of smectite is the
lowest among those of clay minerals in the sediments of
the southern Yellow Sea (3.7%�16.78%, on average 8%),
and its distributions could also be subdivided into LECZ
(<7%), LCZ (7%�10%), HCZ (10%�13%) and HECZ

(>13%) (Fig. 4). The LECZs are located in the northwest-
ern inshore area (Qingdao�Chengshantou Cape), the
central southern Yellow Sea (center of the muddy zone)
and the east of the southern Yellow Sea. And HECZs
(>13%) are distributed in the southwest, southeast (west
of Cheju Island), south and north of the study area. The
smectite distributions are opposite to the illite ones and
characterized by high content in the north, west and south
of the study area and low content in the central and east-
ern parts of the study area.

Fig. 3. Illite content distributions in the southern Yellow Sea sediments.

Fig. 4. Smectite content distributions in the southern Yellow Sea sedi-
ments.

(3) Kaolinite. The content of kaolinite in the study
area ranges from 9.19% to 18.13% with an average of
13.94%. And similarly, four divisions could be derived by
taking the contour lines of 12%, 14% and 16% as the de-
marcation lines (Fig. 5). It is shown from Fig. 5 that kao-
linite abounds in the east of the study area (west of Ko-
rean Peninsula) and in the southwest of the study area
(outside of the Changjiang River mouth), and occasionally
could also be found in the northwest of the study area
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(Qingdao�Chengshantou Cape). The LCZ and LECZ of
kaolinite are mainly distributed in the area off the old
Huanghe River mouth, the central part and the southeast
of the study area (west and southwest of Cheju Island).

Fig. 5. Kaolinite content distributions in the southern Yellow Sea sedi-
ments.

(4) Chlorite. With the mean percentage of 17.06%,
the chlorite content ranges from 9.85% to 22.87% in the
study area. And LECZ (<14%), LCZ (14%�17%), HCZ
(14%�17%), HECZ (>17%) could also be obtained by
taking the isolines of 14%, 17% and 20% as the demarca-
tion lines (Fig. 6). As a whole, chlorite abounds in the
eastern and central parts of the study area except for the
central muddy zone, and the western study area is charac-
terized by poor chlorite.

Fig. 6. Chlorite content distributions in the southern Yellow Sea sedi-
ments.

(�) Clay mineral assemblage. The clay mineral
assemblages, generally speaking, are closely related to the
clay fractions of the surface sediments in the Yellow Sea.
In more detail, illite abounds in the area where clay frac-
tions accumulated andvice versa. Unlike illite, the other

clay minerals have a distribution tendency largely con-
trary to that of illite, but that is just a general case, and
some exceptions happened at times.

Two clay mineral assemblages exist in the central
Yellow Sea muddy zone (CYSM). One is illite (>64%)-
smectite (<7%)-chlorite (<17%)-kaolinite (<14%) assem-
blage, which lies in the central and southern zone. The
other one stays in the north of the muddy zone, taking on
illite (<62%)-smectite (>10%)-chlorite (>17%)-kaolinite
(>14%) assemblage. As a result, the CYSM could be di-
vided into two different parts, the northern zone and the
southern zone, which indicates that the muddy zone might
be of multi-cause and multi-origin.

Another two types of clay mineral assemblage could
also be found in the southeastern Yellow Sea muddy zone
(SEYSM). One type is illite (<58%)-smectite (7%�
10%)-chlorite (>17%)-kaolinite (>16%) assemblage cen-
tral and northern muddy zone, and the other type is illite
(>58%)-smectite (<7%)-chlorite (<17%)-kaolinite (<16%)
assemblage in the southern muddy zone. The differences
between the two assemblages might be caused by the
sediment supplies of different origins.

3 Discussions

Most of the sediments of the southern Yellow Sea are
composed of terrigenous matters. As viewed from the
depositional settings, matters mainly derive from China
mainland, and partly originate from Korean Peninsula. It
is shown from the previous studies that there are two ma-
jor sources in the west of the southern Yellow Sea[9]: they
are the sediments of the modern Huanghe River trans-
ported by coastal current and the sediments of old
Huanghe River mouth congeries by erosion and resuspen-
sion. In addition, the Changjiang River diluted water also
contributes to the sediments of the Yellow Sea[5,10,11]. In
the east, the Keum River and the Yeongsan River in the
Korean Peninsula empty into the Yellow Sea[12], and some
matters are carried here from open sea by Yellow Sea
Warm Current[3,13,14]. Cosmic and volcanic dusts might
drop into the sediments. Besides the above-mentioned
sources, eolian dusts are also a considerable source for
this area. It was reported that several ten million tons of
fine materials were transported to the sea every year by
winter monsoon[3], but the researches on the eolian sedi-
ments in the Yellow Sea are still vulnerable. Just recently,
it was suggested that rotten products of Tertiary sand-
stones and gravels on the seabed also contribute to the
sediments in the Yellow Sea[15]. To sum up, it is believed
that the materials of the Huanghe River, the Changjiang
River, the Keum River and so on, and the rotten products
on the seabed constitute the main material sources and
have a control over the sedimentation in the southern Yel-
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1) Kim, D. C., Recent clay minerals of the Yeongsan estuary and the adjacent continental shelf, Masters thesis, Seoul National Univ., 1980, 63.

low Sea.
It is generally accepted that most of the clay minerals

in the southern Yellow Sea principally originate from ter-
rigenous matters. After the terrigenous clay minerals are
discharged into the sea, transportation, diffusion and floc-
culation could be involved in the formation process. But
the chemical character of the clay minerals would be kept
with few changes[16], i.e. they would still take on the pri-
mary properties of the sources. However, in the Yellow
Sea, chemical or colloid chemical differentiation and me-
chanical sedimentary differentiation usually cause the
zonation of clay minerals. Study shows that matters from
the Huanghe River inherit the properties of China loess
with a large amount of smectite and abundant Ca, Sr and
Ba[17]. The Changjiang River is characteristic of abundant
kaolinite, and the clay minerals from the Keum River and
the Yeongsan River are characteristic of extremely low
content of smectite and high content of kaolinite and chlo-
rite (Table 1). It is shown from the clay mineral assem-
blage distributions that the influence of the Huanghe
River discharged matters is largely confined to the west-
ern Yellow Sea, which agrees with the viewpoints of Li et
al.[18]. The abundant smectite in the northern part is the
modern Yellow Sea matters transported by the Yellow Sea
Coastal Current. As viewed from the clay mineral assem-
blages in Subei shoal, most of the materials are supplied
by the old Huanghe River. The high content of chlorite in
the east of southern Yellow Sea reflects to some extent the
influence of the Keum River and the Yeongsan River. Be-
sides, the rich kaolinite in the southwest and east of the
southern Yellow Sea is also related to the Changjiang
River matters, the Keum River and the Yeongsan River.

Table 1 Relative contents of clay minerals for several rivers (%)

Source Illite Smectite Chlorite Kaolinite Reference

Loess 60�68 9�19 11�12 10�11 [19]
Keum River 63.7 <0.1 19.3 17 [7]
Yeongsan
River 63.9 <0.1 16.8 19.2 Kim1)

Huanghe
River 62 16 12 10 [10]

52.9 14.6 17.6 14.9 [21]
Changjiang
River 65 10 11 14 [10]

56.6 9.5 20 13.9 [21]

67.97 5.52 12.65 13.86 [20]

Though the mixing process taking place during the
sediment transportation in the sea area makes it difficult to
identify the clay minerals quantitatively provided by each
river, we are sure at least that the substances from the

Huanghe River (including the old Huanghe River) domi-
nate over the fine deposits. Zhao et al.[14] addressed the
viewpoint of “modern multi-original mud” to explain the
genesis of the central Yellow Sea mud. The northern
CYSM characteristic of high content of smectite is mainly
composed of the Huanghe River matters, while the central
and southern CYSM derives from the multi-source mixed
sediments. It is shown from kaolinite and chlorite distri-
butions that the mud in the northern SEYSM contains
more substances from the Keum River and the Yeongsan
River, and that in the southern SEYSM derives from the
multi-source sediments. Of course, the relevant detailed
information remains to be further studied.

4 Conclusions

In the study area, smectite abounds in the west, while
kaolinite and chlorite minerals prevail in the east of the
southern Yellow Sea.

Most of the clay minerals are terrigenous. The
Huanghe River is the major source of the fine sediments
besides the contribution of the Changjiang River. And the
Keum River and Yeongsan River matters affect the clay
deposits in the east of the southern Yellow Sea.

Different assemblages could be found in both the
central Yellow Sea mud and the southeastern Yellow Sea
mud. The northern part of CYSM is mainly composed of
the Huanghe River matters, while the central and southern
parts are of multi-origin. Matters of the Keum River and
the Yeongsan River are rich in the northern of SEYSM,
and muds in the southern SEYSM are multi-source mixed
sediment.
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