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The cheniers of east China, which form some of the broadest chenier plains in the world, consist
of shell and fine sand, and rest on marsh. They are built at the front of the supratidal zone by
swash because of a reduction in sediment supply and a relative increase in the strength of wave
energy. The formation of the chenier plains on the west coast of Bohai Bay and in north Jianjsu
is related to the migration of the lower reach of Huanghe River (Yellow River). But the chenier
plain of the Changjiang Delta is related to the shifting of the main channel in the Changjiang
estuary over the last 7,000 years. The oldest chenier of the Changjiang Delta formedabout 6,500
year BP, it follows that sea level reached or at least approachedits present level before 6,500
years BP. On the average, the historic growth rate of the chenier plains is more than 7 m/yr.
ADDITIONAL INDEX WORDS: Huanghi River, Changjiang River, Bohai Bay, chenier, chenier plain, coastal plain, marsh-beach ridge, stratigraphy, paleoenvironment, supratidal zone.

INTRODUCTION
The term chenier refers to a long, narrow, and
shallow beach ridge composed of a mixture of
shell and sand. Its base rests on muddy marsh
or high mudflat. The term 'chenier' was used in
Cameron and Vermilion Parishes, southwestern Louisiana, U.S.A., to refer to this ridge
upon which a type of oak tree (French: Chine)
grows well. As a special category of beach ridge,
the term was introduced into geological literature by RUSSELL and HOWE (1935). In 1955,
the term 'chenier plain' was used by Price to
describe the Holocene sequence of alternating
chenier ridges and mudflat/marsh deposits in
southwestern Louisiana. Subsequently many
workers have researched further the genesis
and development model of cheniers and the
relationship between the formation of chenier
River
plains and the shifting Mississippi
(GOULD and McFARLAN, 1959; BRYNE,
LOROY, and RILEY, 1959; McFARLAN, 1961;
GOULD and MORGAN, 1962; COLEMAN,
1966; TODD, 1968; BEALL, 1968; HOYT, 1969;
TANNER, 1973; GREMILLION and PAINE,
1977; KACZOROWSKI, 1978, 1980; OTVOS
88009 received 11 February 1988; accepted in revision 18 July 1988.

and PRICE, 1979; WELLS and KEMP, 1981).
Since first being described for Louisiana, cheniers and chenier plains have been reported from
numerous other coastal regions including the
Mexico
Gulf of California,
northwestern
Suriname
(AUGUS(THOMPSON, 1968),
TINUS, 1980; WELLS and COLEMAN, 1981),
Essex, England (GREENSMITH and TUCKER,
1969, 1975), Mekong Delta, Viet Nam (KOLB
and DORNBUSCH, 1975), Broad Sound (COOK
and POLACH, 1973), The Gulf of Carpentaria
(RHODES, 1982) and Princess Charlotte Bay
(CHAPPELL and GRINDROD, 1984) Australia,
and the Firth of Thames, New Zealand (SCHOFIED, 1960; WOODROFFE, CURTIS and
McLEAN, 1983).
After reviewing the morphology and genesis
of many of the chenier plains distributed
around the world, OTVOS and PRICE (1979)
identified two patterns of chenier plains formed
in the different settings: the 'bight-coast chenier plains' that develop along the open-shores,
and 'bayhead chenier plains' that develop at the
head of deeply indented embayments. The chenTexas
ier plains of the west Louisiana-east
coast and the Guiana coast are examples of the
former; the chenier plains of the Gulf of Cali-
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fornia, Broad Sound, and Firth of Thames,
among others, are examples of the second type
(OTVOS and PRICE, 1979).
the chenier plains of east
Unfortunately,
China, which are among the largest in the
world, have not attracted much attention from
geologists and geomorphologists to date. It is
interesting, to note, however, that as long as
1,000 years ago, Jia Shan, an officer of the Sun
Dynasty, not only described the distribution
and material component of cheniers (which he
called 'ridge bodies') in the southern Changjiang Delta but also illustrated their genesis.
He published this documentation and proposed
his theories in his famous "Works on Water
Conservation". It is not until the late 1950's
that systematic surveys and researches were
begun by CHEN et al. (1959) and WANG (1964).
Through the use of 14Cdating and modern sedimentological techniques, Chinese workers have
recently made considerable headway toward an
understanding of the sedimentology, chronology, and geomorphology of the cheniers of
China (ZHAO et al., 1980; CAI, 1981; ZHANG
et al., 1982; YU et al., 1982; GU et al., 1983; LIU
et al., 1985).
The purpose of this paper is to illustrate the
sedimentary characteristics, ages, and origins
of cheniers, as well as the formational process
involved in the chenier plains, of east China.
SEDIMENTARY CHARACTERISTICS
CHINESE CHENIERS
Distribution

OF

and Geometry

It is well known that cheniers, in general, are
located on coastal plains near the mouths of rivers, especially large rivers. The main cheniers
of east China are found mainly west of Bohai
Bay, in north Jiangsu, and in south Changjiang
Delta (Figure 1). The cheniers west of Bohai
Bay are south of the mouth of Huanghe River,
a river noted for its high sediment discharge;
those of north Jiangsu are situated on the
coastal plain near the abandoned Huanghe
River; whereas those of the Changjiang Delta
are in the vicinity of Changjiang estuary. The
number of cheniers vary in the different
regions. There are four chenier ridges west of
Bohai Bay, five in north Jiangsu, and eight in
the Changjiang Delta.
The geometry of sand bodies varies in differ-

ent sedimentary environments. As the 'shoestring' designation given by FISK (1955) suggests, cheniers are long and narrow. In China,
they usually vary in length from several to tens
of kilometres, have a width between 20 and 300
metres, and are lenticular in shape. Generally,
the chenier ridges rise above the surrounding
plain between 0.5 and 4.0 m (Figure 2). The
height of cheniers differs from area to area.
Usually, the older the chenier the lower the
height because of the lowering that has resulted
from intensive farming and sand mining. Both
sides and the bottom of the lenticular sand body
are bordered by silt and clay. The width of chenier plains (i.e. both the cheniers and the muddy
plains between) ranges from 35 to 70 km in
China (Table 1). These widths are up to three
times that of those in Louisiana (Table 1).
Composition
Cheniers consist of shell and fine sand with
some silt. Shell contents range from 10 to over
90%; that in the cheniers of northern Jiangsu is
less than 30%, whereas the cheniers of Bohai
Bay are almost all shell and shell fragments.
Because mollusc species require certain habitats, shell assemblages reflect well sedimentary environments and facies. According to the
identification of shell species from cheniers, the
molluscs consist chiefly of Cylina Sinensic Gmelin, Mactra quadranqularis Deshayes, Meretrix
meretrix Linne, Ostrea rivularis Gould, Sinonovacula constricta (Lamarck), Arca subcrenata
Lischke, Aloididae sp., Dosinia sp., Terebre
anssumieri, Umbonium thomasi, and Polynices
dydyma among others. The overwhelming
majority of these species are shallow-water
molluscs that grow in muddy and silty tidal
flats, i.e. in low energy, tidal flat environments.
However, the facts that the shells of various
species occur together and that most of the
shells are deeply abraded show that they have
undergone intensive wave action and have been
transported shoreward by waves before being
concentrated at high tide levels. The fact that
the remains of molluscs that grow in lowenergy tidal flats are found accumulated in
mid-energy swash zones, undoubtedly implies
have
environments
that the sedimentary
undergone change. i.e. tide-dominated lowenergy environments have been transformed
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Figure 1. The distribution of the chenier plains of East China.

into wave-dominated
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environ-

Texture
Generally, grain size components and parameters are regarded as important criteria in designating types of sedimentary environments.
The cheniers of China contain both siliceous
and calcareous sands. Siliceous sands, consisting of quartz, feldspar, and other silicate minerals, are the predominant components in the
cheniers of northern Jiangsu and of the Changjiang Delta. In accordance with the grainsize analysis of sands, their grain-size parameters are as follows:
mean (Mz)
= 2.10 - 2.834)
= 0.22 - 0.43
standard deviation
(U')
skewness (SK1)
Kurtosis (kg)

= -0.30 - 0.14
= 0.93 - 2.44

The sediment is a well sorted fine sand. The
value of standard deviation and skewness are
close to those of beach sand (u, = 0.30 - 0.35,
SK1 = -0.20 - 0.02) as advanced by MASON and
FOLK (1958). Almost all points fall in the
range of beach sand on the scatter plot of skewness and standard deviation (Figure 3) (FRIEDMAN, 1967). On the probability cumulative frequency curve of grain-size distribution (Figure
4), the rolling populations are less than 5%. The
suspension populations are less than 10%, and
the saltation populations are more than 85%, in
which there are two saltation subpopulations,
which reflect the variable direction and velocity
of swash and backwash.
The calcareous sand in cheniers along the
west coast of Bohai Bay are as high as 90% of
the total because of the lack of available siliceous sands and the high production shell bodies in the extensive tidal flats of the area. The
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Figure 2. The chenier of Qikou, Huanghua, Hebei which ranges between 2 and 4 m above the surrounding plain.

Table 1. A Comparison of Chenier and Chenier Plain
Characteristics.
West coast
of Bohai
North
Bay
Jiangsu
Chenier
width
Chenier
thickness
Chenier
length
(max.)
Number of
Cheniers
Width of
Chenier
Plain
(max.)

20-200m
0.5-4.0

20-300m
m 0.4-4.0

Southwest
Changjiang Lousiana,
Delta
USA
200 m
(Ave)

20-250m
m 0.5-2.5

m

2 m (Ave)

70 km

100 km

47 km

48 km

4

5

8

7

35 km

70 km

45 km

24 km

grain size parameters of the calcareous sands
are as follows:

Mz

aF1

SK,
Kg

=
=
=
=

1.62 0.50 -0.06
0.74 -

2.094
0.85
- 0.34
1.11

The specific gravity of the calcareous sand is
less than that of siliceous sand. The mean specific gravity of various shell types found in the
west coast of Bohai Bay cheniers ranges
between 1.95 - 2.05 (CAI, 1981). Thus the grain
size parameters of the calcareous sand are not
as typical as those of the siliceous sand.
In addition, a few mudballs formed in the surf
mingle with the shell and sand. Their presence
suggests that cheniers are built while the
muddy shoreline is eroding and retreating.
(Figure 5).
Structure
On the seaward sides of chenier sand bodies
the parallel beds range from nearly horizontal
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Figure 3. Scatter plot of skewness and standard deviation.

to low angles of less than 10 degrees (Figure
6).In contrast, the dip angle of the bedding surface on the landward side of the chenier is often
more than 10 degrees. Shell layers alternate
with fine sand layers or shelly sands to form
interbedded laminations (Figure 7). In some
profiles, dark heavy mineral layers (concentrated by waves) alternate with light mineral
layers.

99.9,
99
o

95

THE UNDERLYING LAYER OF
CHENIERS
It is well known that an understanding of
stratigraphic sequences is important in the
reconstruction of paleoenvironments. Thus, an
analysis of the sedimentary facies of underlying
layers contributes to the establishment of the
facies model of cheniers.
(1) Grain-size analyses of the Chinese cheniers show that underlying layers are silty muds
or muddy silts, with textural parameters of:
M.

= 7.2 - 9.804

a1 = 2.39 - 3.16

U 90
800
70'
7"60

SK, = 0.10 - 0.51
Kg = 0.64 - 1.47

50

40
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Figure 5. Mudballs with shell and sand, Fangtai, Jiading,
Shanghai.

1
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4

50

Figure 4. The probability cumulative frequency curves of
grain-size distribution.

The grain size properties of the underlying
sediments are similar to those of modern supratidal (used in this paper to indicate the zone
between mean high tide and high spring tide
levels) zone sediments (Figure 8).
(2) The underlying sediments contain a number of microfauna. The great majority of the foraminifera and the euryhaline shallow-water
species, in which Ammonia beccarii var., a lowsalt marsh dominant species predominates.
Pseudononionella variabilis, Gibrononion subincertum, Ammonia annectens, and Elphidium
magellanicum, among others are secondary
components. In addition, a littoral-supratidal
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Figure 6. Horizontal to low-angle parallel beds in a chenier at Jugezhuang, Tianjin.

species such as Cribrononion poeyanum, Miliammina fusca, and Haolophragmoides canariensis as well as Centropyxis (a benthic foraminifera growing in fresh water environments)
were discovered in the underlying layers of
Changjing Delta cheniers (ZHANG et al., 1982).
The ostracods of the underlying sediments are
mainly Sinocytheridea latiovata and Neomonceratous dongtaiemsis, as a euryhaline shallowwater species. There also are a few brackish
species (Spinilebris bradyi) and fresh water
species (Candoniella albicans) (ZHANG et al.,
1982; XU 1984). The above mentioned microfauna assemblages indicate that the sedimentary environment of the underlying layers was
a low-energy marsh with high-tidal mudflats.,
(3) Usually, the underlying layers have massive to thinly laminated beds. Some burrow
structures, formed by a crustacean growing in
the supratidal and upper intertidal (the zone
between mean low and mean high tide) zones

and filled by sand and shell debris, exist on the
top of the underlying layers (Figure 9). This
structure suggests that there is an interval of
time between the formation of the chenier and
its underlying layer. In some profiles, the
remains of the roots and stems of the salt or
brackish plants growing in the marsh, are
retained in the underlying layer. Some have
been replaced by limonite. This combination
shows that cheniers grow on marshes as the
coast is retreating.
AGES OF CHENIERS
With the application of 14Cdating techniques,
it is possible to determine the age of cheniers
but only within certain limits. The dates
obtained range over several hundred years
because: (1) it has not proven possible to separate those mollusc shells that grew during tidal
flat progradation from those that were living
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Figure 7. Interbedded laminations in a chenier consisting of shell and sand, Maqiao, Shanghai.
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Figure 8. Cumulative frequency curves of the underlying
layers of Chinese cheniers and present-day supratidal zone
sediments.

during chenier growth, because of mixing, (2) a
chenier often consists of several small ridges
that may have different ages, (3) many of the
shell samples used in dating were collected by
different researchers and may represent different positions on the chenier, and (4) the length

of time for an individual chenier to grow may
take several hundred years, e.g., the presently
growing chenier in northern Jiangsu has been
growing for over 100 years and is still considered embryonic.
For these reasons, we are taking average values as representative of the ages of the cheniers
(Tables 2, 3, and 4). The results of 14C dating
show that the ages of the four cheniers distributed along the west coast of Bohai Bay are 4480,
3290, 1790, and 645 years BP, from inland to
the sea, respectively. In the northern Jiangsu
coastal plain, the ages of the four inland cheniers are 6160, 4650, 3600, and 1150 years BP,
respectively. In addition, there is the modern
chenier mentioned above that is growing on
this plain. The ages of cheniers in the Changjiang Delta are 6460, 5370, 3940, 3150, 2000 (?),
1220, 835, and 795 years BP, respectively, from
inland to the sea. The age of the fourth chenier
from sea is inferential because of the lack of
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Table 2. 14Cdating from Cheniers along the Western Coasts
of Bohai Bay.

Average Age Measuring Age
Sequence
(yr BP)
(yr BP)
1

2

3

4

645

C G 277
C G 276

1080
1110
1460
1790
2020
2030
2290
2530

?

90
60
95
? 100
? 100
+ 100
? 120
? 120

C G 69
SH 220
C G 75
G C 73-03
C G 73
C G 74
G C 73-02
G C 73-01

3291

2700
3040
3060
3120
3190
3400
3495
3730
3880

+ 120
120
? 105
? 60
? 60
? 115
? 115
? 150
? 160

G C 73-09
G C 73-04B
C G 179
SH 219
S H 218
GC 18
C G 173
G C 73-80
G C 73-04A

?
?
?

4484

3955
3955
4185
4205
4740
5115
5235

CG174
CG175
C G 326
C G 176 (1)
C G 177
C G 327
C G 176 (2)

1788

Figure 9. The peel of a burrow structure at the top of an
underlying layer of a chenier at Caojing, Jinshan, Shanghai.

enough shell material to obtain radiocarbon
dates.
It is reputed that cheniers are not only indicators of shoreline changes, but also of sea-level
changes. According to the ages of cheniers and
their distances from modern shorelines, the historic growth rate of the chenier plains of the
west coast of Bohai Bay, northern Jiangsu, and
the Changjiang Delta are 7.81, 11.36, and 6.97
m/yr, respectively. These rates were calculated
by dividing the chenier plain widths given in
Table 1 by the average age of the oldest cheniers as given in Table 2. All of these rates
exceed the growth rate of nearly 3.45 m/yr of
the chenier plain of southwest Louisiana (KACZOROWSKI, 1978).
The sequence of the development of chenier
ridges has also been used in constructing
models of Holocene sea-level changes. It
appears that the oldest chenier of southwest
Louisiana formed about 2,800 years BP. Using
this age, GOULD and McFARLAN (1959) proposed that sea level reached its present position
about 3,000 years ago. Similarly, COOK and

520
85
770 _ 75

Lab Name*
and Sample
No.

_
+

?

70
70
80
? 105
? 105
? 85
? 140

*Codename of 14CLaboratory:
CG: The Geological Research Institute, State
Bureau of Seismology.
GC: Institute of Geochemistry,Academia Sinica.
HL: The Second Oceanographic Research
National
Bureau
of
Institute,
Oceanography.
PV: Institute of Vertebrate Paleontology and
Paleoanthropology,Academia Sinica.
SH: The East China Normal University.
ZK: The Archaeological Research Institute,
Chinese Academyof Social Science.
POLACH (1973), noting that the oldest chenier
in Broad Sound, Queensland, Australia formed
about 5,000 years BP and that elevations in the
chenier sequence show little variation, proposed that present-day sea level was reached by
5,000 years BP and that fluctuations in it since
then have not exceeded ? 1 m.
In contrast, the oldest chenier in the Changjiang Delta developed more than 6,500 years
ago and that in northern Jiangsu more than
6,000 years ago. Judging from these dates, sea
level in eastern China has reached or at least
approached its present level some 6,500 years
ago and it has been relatively stable since then.
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Table 3. 14CDating from Cheniers of the Northern Jiangsu.
Sequence Average Age Measuring Age
(yr BP)
(yr BP)
1
2

1150

100 to present
1150 + 60
3310 + 80
3880 + 70

Lab Name*
and Sample
No.
S H 37
C G 530
S H 36

3

3595

4

4650

4650

100

P V 482

6162

5680 + 75
6265 ? 100
6540 + 80

SH35
C G 527
SH 34

5

?

*See Table 2
ORIGIN OF MODERN CHENIERS
Recognizing that "present processes are similar to those of the past", it would seem that the
best way to understand the formation of old
Table 4. 14CDating from Cheniers of the Changiiang Delta.

Average Age Measuring Age
Sequence
(yr BP)
(yr BP)
1
795
580 ? 90
1010 + 65
2

835

3

1220

4

2000(?)

5

3145

6

7

8

*See Table 2

3937

5371

6457

Lab Name*
and Sample
No.
H L 81018
SH 281

600 ?
1070 ?

85
65

H L 81019
SH 282

730
1240
1290
1345
1495

+
?
?

90
65
65
65
70

H L 81020
S H 305
S H 295
SH 304
S H 286

3145 ?

70

S H 44

?

+

-

-

? 105
? 110

3670
3820
3905
3955
4110
4116

+ 100
+ 95
+ 70
? 70

C G 243
C G 234
C G 232
CG247
SH70
SH51

4950
5040
5135
5230
5500
5510
5560
5700
5715

+ 75
+ 75
? 75
+ 140
?+ 70
+ 180
+ 75
+ 80
+ 80

SH47
S H 40 (1)
SH 46
H L 81028
S H 68
Z K 344 (A)
SH 48
SH 39
SH 40 (2)

5910
6320
6400
6605
7050

+
+

SH50
77
SH11
H L 81005
SH65
SH 67

75
70
? 100
+ 65
+ 100
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cheniers would be to conduct detailed research
on modern cheniers. The modern cheniers of
China are mainly distributed on both sides of
the mouth of the abandoned Huanghe River
channel, Jiangsu. This area has a mean tidal
range of about 2.5 m and an intertidal zone that
varies in width from 500 to 1,000 m with a mean
gradient of about 1:400. The cheniers which
extend along the high-tidal shoreline are about
5 m wide and 0.3 -1.6 m thick. They have a seaward slope ranging from 1:20 to 1:8 and a landward slope from 1:100 to 1:25. The elevation of
the tops of the cheniers range from 2.65 to 3.80
m relative to mean sea level and those of the
bottoms from 2.25 to 2.50 m, which is very close
to the level of mean high tide. These cheniers
consist of shells and their debris and overlie the
marsh at the front of the supratidal zone (Figure 10). The underlying layer of the chenier is
a hard silty clay sediment with horizontal bedding and with burrows filled by shell debris.
The seaward side of the chenier is a muddy
abrasion platform which is formed of the
exposed underlying sediments and slopes seaward at 1:50 or more. There are many muddy
pebbles or mudballs formed by wave and tidal
current action on the surface of the platform.
Very fine sand and coarse silt, about 10 to 20
cm thick, overlie the surface of the entire intertidal zone or foreshore and form a sheet which
is relict sediment winnowed out of the mudflats
by waves. The shells within the mudflats are
moved landward by waves and are concentrated
at the high-tide position along the shoreline
(Figure 11) where they become the material
that forms the base of cheniers.
The Huanghe River, which is noted for its
high sediment discharge and frequent migration, emptied into the Yellow Sea from northern
Jiangsu between 1128 and 1855. During that
period of time its mouth moved seaward quickly
at a rate of 54 to 215 m/yr, building a wide delta
and extensive mudflats (Figure 12). The records
of the local chronicles show that the mouth of
the Huanghe River at that time was 22.3 km
away from the modern abandoned Huanghe
River mouth (YE, 1986).
In 1855, the Huanghe River changed its
course from Jiangsu back to Shandong. As the
sediments were abruptly diverted and the
dynamical action at the coast strengthened, the
delta of the abandoned Huanghe River and its
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Figure 10. Block diagram of an erosional shore of northern Jiangsu.

Figure 11. Shells concentrated by swash on the high tidal
shoreline near Yanweigang, Guanyun, Jiangsu.

adjacent coasts retreated steadily (Figure 12).
In light of the analysis of the historic materials
(ZHANG, 1984), the coasts near the abandoned
Huanghe River mouth retreated at the rate of

169 m/yr between 1895 and 1957 and 85 m/yr
between 1957 and 1970. Since 1970 the shoreline has been relatively stable. While the coasts
of northern Jiangsu have continually retreated
under wave attack, the sediments of the mudflats were winnowed, the fine-grained materials
were transported offshore by tidal currents and
longshore currents, and very-fine sands and
coarse silts tended to remain on the surface of
the tidal flats, and the shells and some fine
sands were moved landward as wave-field materials, and concentrated in the high-tidal shoreline where they formed a special kind of beach
ridge. High waves and storm tides hastened the
process and helped concentrate the coarse
debris farther inland, i.e. they helped move
cheniers landward so that most of them overlay
marsh in the supratidal zone. For example, the
chenier located near Yanweigang moved landward 5 m during a typhoon in September 1981
(REN, 1983).
It is obvious that the chenier develops generally along retreating muddy coasts. The
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Figure 12. Historic changes of the coastline of northern Jiangsu.

reduction of the fine-grained sediment and
reworking by waves of the original mudflats are
the most important factors for building cheniers. But it must be pointed out that cheniers
can not develop well when the rate of shoreline
retreat is more rapid than the rate at which
coarse debris can be provided, e.g., the shoreline near the deltaic headland of the abandoned
Huanghe River mouth is retreating so rapidly
that the fine sediment it supplies is forming
mud cliffs as high as 1.5 to 2.0 m instead of
cheniers. The mud cliffs are becoming predominant landforms at the front margin of the
supratidal zone.

FORMATION PROCESSES
PLAINS

OF CHENIER

It is generally agreed that the formation of
the chenier plain is related to the variable supply of predominantly fine-grained sediments. A
typical example exists in southwestern Louisiana where the chenier plain is built because the
lower reach of the Mississippi River changed
course (GOULD and McFARLAN, 1959). The
formation of the chenier plains of eastern China
is closely related to the variation of the sediment supply caused by the migration of rivers.
The lower reach of the Huanghe River is migra-
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BC) up to the last years of the Western Han
Dynasty (11 AD). During the later period of the
Northern Song Dynasty (1048 to 1127 AD), it
entered the Bohai Bay along the same course
once again. At that time, a large amount of the
sediment brought by the Huanghe River
became the material base of building the muddy
coasts and tidal flats, leading to a rapid progradation of the western coasts of Bohai Bay. During the periods of time when the Huanghe River
emptied into the sea from Jiangsu during 132
to 90 BC and 1128 to 1855 AD and from Shandong during 11 to 1048 AD, the western coasts
of Bohai Bay retreated owing to the breakdown

tory; according to historical records it migrated
between Haihe River and the abandoned
Huanghe River (Figure 13). It has used three
main courses within this range: (1) a north
course which empties into the Bohai Bay in the
vicinity of Tianjin; (2) a middle course, close to
its present course which enters Bohai Bay from
Lijin, Shandong; and (3) a south course which
flows into the Yellow Sea along the Huaihe
River in northern Jiangsu (Figure 13).
From historical records, it has been determined that the Huanghe River emptied into
Bohai Bay from Tianjin and Hebei prior to the
mid-period of the Warring States (4th Century
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of the sediment source of Huanghe River and
the relative increase in the energy of coastal
processes, and the second chenier (about 200
AD) and the first chenier (about 1350 AD) were
built. Even though detailed information of the
early migrations of the Huanghe River is lacking, from the fact that the 14Cdates of the first
and second cheniers are close to the historic records of the migration of the Huanghe River, it
may be concluded that the third and fourth
cheniers were produced during earlier migrations of the Huanghe River. The chenier plain
of the western coasts of Bohai Bay was built
because the lower reach of Huanghe River
migrated and drifted back and forth during the
last few thousands years.
The coastal processes of northern Jiangsu are
similar to those of the western coasts of Bohai
Bay. As mentioned above, the Huanghe River
flowed into the Yellow Sea through the Huaihe
River during 132 to 90 BC and 1128 to 1855 AD
when the northern Jiangsu coasts prograded
rapidly. However, when the Huanghe River
returned to Bohai Bay, cheniers developed on
the northern Jiangsu coasts. The chenier of
1150 BP was built between two periods when
the Huanghe River passed through the Huaihe
River. The modern chenier along the high-tidal
shoreline has been built since 1855 when the
Huanghe River returned to Bohai Bay. It
appears that the older cheniers can be correlated with the early migrations of the Huanghe
River.
The chenier plain of the Changjiang Delta
differs from that of the above regions in the formation condition because the development
model of the Changjiang estuary is not like that
of the Huanghe River. The lower reach of the
Changjiang River is relatively stable and the
river mouth was funnel-shaped 2000 to 3000
years ago (Figure 14) (CHEN et al., 1982).
Within the broad estuary, shoals formed as a
result of diversions of the current. They divided
the estuary into two branch channels: the
North Branch and the South Branch. The main
flow alternates between the two channels.
When the main stream flows into sea through
the North Branch, a chenier is formed on the
southern coast of the Changjiang Delta and
when it flows through the South Branch, the
mudflats grow seaward in front of the chenier
owing to the abundant supply of sediments. The
southern part of Changjiang Delta progrades
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forward with the formation of the chenier plain.
Therefore, the alternating changes of the main
flow in the estuary are important to the formation of the chenier plain of the Changjiang
Delta. Perhaps the periodic changes of sediment discharge caused by fluctuations in the
rainfall over the drainage basin play a part in
the formation of the chenier plain, however
proof of this hypothesis awaits further study.
DISCUSSION
Although the history of research on the cheniers of southwestern Louisiana reaches back for
a long time, there is still considerable disagreement over the development model of cheniers.
RUSSELL and HOWE (1935) regarded the
cheniers of Louisiana to be the result of the
reworking of beaches along a retreating shoreline. They believed that the cheniers were
driven across marsh sediments. GOULD and
McFARLAN (1959) considered that cheniers
are accretionary features that develop along a
stable shoreline. Once established, cheniers
continue to build seaward slowly through the
addition of sand and shell on their front slopes.
Thus, they believed that cheniers commonly
rest on shallow-gulf-bottom shoreface deposits
and that only during storm periods can they
extend over the adjacent marsh. COLEMAN
(1966) demonstrated that "both conditions
operated simultaneously in different segments
during any one period of shoreline development"; therefore, cheniers can rest on foreshore sediments at some locations and on marsh
sediments elsewhere. He used Pecan Island and
Mulberry Island as examples (COLEMAN,
1966). Toward its west end, Pecan Island rests
on brackish marsh and salt marsh; while the
east end, 11 km distant, overlies shallow
marine and mudflat sediments. Mulberry
Island, a modern active beach ridge, is underlain by marsh deposits to the west and shallow
marine deposits to the east.
Other workers have proposed different
models of chenier development. GREENSMITH
and TUCKER (1975) proposed that the chenier
of Essex, England, is a marsh-beach ridge
developed on the margin of a retreating marsh;
its underlying layer is marsh sediment. COOK
and POLACH (1973) believed that the chenier
of Broad Sound, Queensland, Australia, rests
on mangrove sediments which are covered by
intertidal muds. RHODES (1982) demonstrated
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that the cheniers of Carpentaria, Australia, are
underlain by facies which match precisely modern low-tide muds. After surveying the chenier
plain of the Firth of Thames, New Zealand,
WOODROFFE et al. (1983) considered that
cheniers intially form on the foreshore as a
sand bar and then migrate landward over the
marsh or equivalent littoral sediments. Based
on research of the chenier plain, Suriname,
AUGUSTINUS
(1980) recognized that the
development position of cheniers is related to
type of sediment. Usually, the fine sand chenier
(as a littoral bar) forms near the mean low tide
line and then is moved landward by waves. In
contrast, cheniers consisting of medium to
coarse sand which originate from local rivers
develop along high tide lines by means of shore
drift. In spite of the existence of various viewpoints on chenier models, the tendency that
cheniers move landward has been recognized by
the majority of researchers.

Evidence from chenier research in east China
supports the notion that cheniers are sand bodies that develop along retreating shorelines, on
the frontal margin of supratidal zones or
marshes. This evidence includes:
(1) The front margin of the supratidal zone
near the mean high tidal shoreline is the upper
boundary of sea water acting on coasts (except
for high spring tides and storm tides). Also, it
is a terminal point of the tidal-flat materials,
especially for coarse debris that is moved landward. Thus, sand and shell accumulate continually at the front of the supratidal zone.
(2) Cheniers are a product of the swash zone
which migrates with changes in tide level. At
high tide, the water layer in the intertidal zone
or foreshore is relatively thick and swash action
is strong enough to easily form cheniers. In contrast, during low-mid tide the beach surface of
the intertidal zone is exposed or at best is covered only by a thin layer of water and wave
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energy is so weak that it is impossible to form
a strong swash because of the friction of the
tidal flat surface on moving water.
(3) Sediment in the supratidal zone or marsh
is relatively hard and dense in comparison with
that of the intertidal zone because it contains
clay that is often exposed to the atmosphere.
When coasts are scoured by waves, the front
margin of the supratidal zone retreats through
the collapse of the solum. This collapse results
in the development of a slope along the front
margin of the zone and provides a favorable
condition that leads to increasing the swash
along the slope.
(4) Shell and shell debris have a special
hydraulic property because of their low specific
gravity and special shape. They are carried easily landward and washed into the supratidal
zone, becoming the main components of a chenier.
Different models of chenier development
exist because of the great contrast that occurs
in different environmental
settings. Thus,
although it is inappropriate to apply a model of
chenier development that has been derived
from one chenier plain to another without modification (WOODROFFE et al., 1983), it seems
clear that cheniers are sand bodies along the
"starved shorelines" of muddy coasts. Because
sediment is in short suppply and the energy of
coastal processes increased relatively, any initial relative equilibrium that existed between
the water body and sediment is destroyed. A
new relative equilibrium must be established
by shoreline retreat and winnowing of the mudflats. The chenier thus is just a product that
develops with retreat of shoreline. During
storms, high waves increase coastal energy,
which can cause further retreat of shoreline
and transfer cheniers up onto the marsh. Therefore, even though embryonic cheniers can be
built in the intertidal zone or on foreshore mudflats, they are always likely to be moved inland
to be ultimately perched on marsh near high
tide shorelines.
To regard cheniers as accretionary ridges
along relatively stable segments of the shore
(GOULD and McFARLAN, 1959) is the exception rather than the rule. Only when terrigenous coarse debris deposits have become abundant enough, after building a chenier, is it
possible to form a series of beach ridges which
overlie nearshore sediments. However, when

have
that happens, coastal characteristics
changed owing to the addition of a great quantity of wave-field materials; beach ridges forming on the nearshore or shoreface are no longer
cheniers dependent on muddy shores. Strictly
speaking, they are beach ridges of a normal
sandy shore. In view of the above, it appears
appropriate to define rigorously the use of the
term 'chenier' (OTVOS and PRICE, 1979). It
should be restricted to those narrow, shallowbased beach ridges that rest on marsh or high
mudflats, i.e., they are marsh-beach ridges.
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