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Preface

In the early 1980s, we took part in the comprehensive investigations on the Jiangsu coastal zone
and tidal flat resources and started to set foot in the studies on the tidal deposition and geomor-
phology on continental shelf. The radial pattern of the spectacular tidal sand ridges off the Jiangsu
coast which being consistent with the tidal current field made a marvelous impression on us. The
interest in science aroused our exploration on the pattern and genesis of submarine sand ridges in
the Liaodong shoal area, the Western Korea Bay, the Taiwan shoal area and the Qiongzhou Strait
entrance area. It is shown that there is a gorgeous submarine scene on the continental shelf, such
as the deep tidal scour trough, the sand ridges and ribbons consistent with the tidal current direc-
tions, the sand dunes and waves traverse to the tidal current directions, the gentle and raised sand
sheet and the sporadically distributed sand patches. These submarine geomorphologies are coge-
netic modern tidal current products.

In the 1990s, we took part in the China - France collaborative study projects, the Chinese nat-
ural science foundation projects and the marine development project. The hydrographic, geo-
physical and sedimentary surveys on the tidal sand bodies in the eastern Bohai Sea, the East Chi-
na Sea continental shelf and the offshore area southwest off Hainan Island coast were made. The
relation between dynamic force, bedform, and deposition in continental shelves dominated by
tidal current was comprehensively analyzed. Six tidal deposition systems in the continental
shelves of China seas have been determined, and the postglacial tidal deposition models are also
summarized.

Among a book“Tidal Sands in the China Seas”, the China seas include the Bohai Sea, the
Huanghai( Yellow) Sea, the East China Sea and the South China Sea. The authors finished this
book during working in the First Institute of Oceanography (FIO) , State Oceanic Administration.
Among the book, Chapter 2 was written by Tang Yuxiang, Senior Research Scientist of FIO, the
text of estuarine bay sand ridge in Chapter 5 was written by professor Liu Cangzi, East Normal U-
niversity, and a part of Chapter 8 was written by Dr. Liu J. Paul, NC State University of USA.
Disinterested assistances were given by professor Zheng Quan’ an, University of Maryland, USA,
professor Li Yan, Xiamen University, and Yin Ping, Senior Research Scientist of FIO during -
preparing this book. Dr. Yu Hua has worked on the graphics, a part of translation for this book.
We express our heartfelt thanks to them. We are indebted also to the National Natural Science
Foundation of China, the Ministry of Science and Technology of China and the State Oceanic Ad-
ministration of China for their support. Special thanks must be offered to the French chief scien-
tist, Dr. 5. Berné participating in two cruises under the China — France collaborative study pro-
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gram and IFREMER France.

This book is a sum - up of relevant studies by authors for more than twenty years that
include the achievements of two China — France collaborative study projects and the research re-
sults based on many relevant domestic and foreign literatures on tidal deposition. It is hoped that
this book will be helpful to the professionals engaged in scientific research, teaching and marine
exploitation in this field.

Valuable comments and criticisms on any negligence and mistake in this book are earnestly re-

quested.

Liu Zhenxia and Xia Dongxing
May 2004 in Qingdao



A Summary of Tidal Sands in the
China Seas

Since the postglacial period, the tidal current has become the most important and active dy-
namic force in the continental shelves and played a heading role in the submarine deposition
process and geomorphology development. In this book, the deposition features, depositional
process and geomorphic evolution of tidal sands on the continental shelves and in the estuaries of
China are expounded on the basis of topography, deposition, tidal current and other dynamic ele-
ments. The topics include the relationship between tidal dynamics and tidal bedforms; the charac-
teristics and material source of tidal deposition; the classification and formation mechanisms of
submarine sand ridges; and the offshore tidal deposition models in the postglacial period. 6 tidal
deposition systems and sand ridges in tidal deltas and estuaries in the China seas are depicted in
detail. Tidal deposition systems are located on the eastern Huanghai ( Yellow) Sea, the eastern
Bohai Sea, off the Changjiang ( Yangtze) River mouth, off the Taiwan coast, around the Hainan
Island, and the continental shelf of the East China Sea. The leading role of tidal current in the
nearshore and offshore deposition of China since the postglacial sea level rise are emphasized. The
close relation of tidal deposition with marine engineering and exploitation is pointed out.

The main conclusions of this book are as follows:

(1) The first leading factor affecting the tidal deposition is the tidal current force. The tidal
current nature and the magnitude of current speed directly determine the type of tidal deposition.
When the tidal current speed is greater than 3 knots, the predominant tidal current action is ero-
sion to form deep scour channels. When the tidal current speed is in the range of 1 to 3 knots, the
predominant tidal current action is accumulation to form tidal shoal deposition. There are two
types of tidal shoal deposition, tidal sand ridge and tidal sand sheet. Their formation depends on
the tidal current nature, i. e., the former is mainly formed by reciprocating currents with an ab-
solute value of M, tidal current ellipticity less than 0. 4, and the latter is mainly formed by rotary
tidal current with that greater than 0. 4. On the other hand, the tidal sand ridge and the tidal sand
sheet generally develop jointly.

(2) The second leading factor is material source. The massive fluvial, lacustrine and aeolian
sediments formed in the late Pleistocene and early Holocene low sea level period and the massive
loose sediments in the modern and old subaqueous delta areas are reserved on the continental
shelf. These sediments are in a hydrodynamic field and easy to be eroded, transported, and rede-
posited and to be moulded into different tidal sand bodies. Both of sandy tidal deposition and
wave deposition are generated in marine high ~ energy environment, therefore their sediments are
generally coarse. The offshore tidal deposits in the China seas are composed mainly of well — sor-
ted fine sands. The Holocene tidal deposits originate mainly from the local and neighboring late
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Pleistocene submarine sediments and were formed by redeposition after being eroded and transpor-
ted by the tidal current. Because the modern tidal deposits originate mainly from the late Pleisto-
cene sediments, these deposits are bound to contain many biological fossils inconsistent with the
present environment. For example, the spore pollen assemblage reflects an environment cooler
than that at present; the shells are broken, lusterless and calcified; and some brackish water and
even terrestrial mammal relict bodies are found in the deposits. Another important feature of mod-
ern tidal deposition is that the deposits seem to be generally old or the mixture of ancient and mod-
ern sediments. It is concluded that the Liaodong shoal, the Bozhong shoal, and the Yangtze shoal
are typical modern tidal depositions rather than relict depositions.

(3) The sea level changes are important conditions for the tidal sand ridge development. The
sand ridges are reserved in the sirata as typical transgressive sequence, and have a close relation
with the sea level changes. The subsidence of the East China Sea continental shelf ( about 30 ¢cm/
ka) and the abundant sediment supplies provide a favorable environment for the sand ridges to be
reserved in the area. It is shown from the seismic stratigraphic profiles that the tidal sand ridges
formed in the transgression oxygen isotope stages 8 — 7 (U10), stages6 — 5 (U6. 1) and stages
2 - 1 (U2 and U3. 1) are reserved in the East China Sea. This indicates that their formation pe-
riod roughly corresponds to the 100 ka period of sea - level equilibrium activity.

(4) The bottom sediment distributions of tidal sand ridge on the continental shelves of the
China areas are different from those on the West European continental shelves. The modern tidal
deposits originate mainly from the late Pleistocene sediments, which result in the characteristics of
the Holocene tidal deposition to a great extent. For example, the late Pleistocene sediments on the
northwestern European continental shelf are mainly glacial and glacioaqueous sediments with a
coarse grain size, therefore, the tidal sand ridges of coarse bottom material are generally formed.
The bottom sediment distributions are characterized by the sediment on the crest finer than that on
the swale, i. e., the crest sediments are composed of fine sand, medium - fine sand, and the
swale sediments are composed of gravel and grit. However, the late Pleistocene sediments on the
continental shelves of China seas are mainly relatively fine fluvial, lacustrine and aeolian depos-
its which mostly form the tidal sand ridges of fine bottom material. The bottom sediment distribu-
tions are characterized by the sediment on the crest coarser than that on the swale, i. e., the
crest sediments are composed of fine sand and medium fine sand, and the swale sediments are
composed of silty sand and clayey silt. As viewed from the grain threshold velocity, the threshold
velocity of fine sand and medium fine sand is the lowest, the essences reflected by the two bottom
sediment distributions are the same, although their patterns are opposite to each other. This im-
plies that the current speed is larger on the swale than on the crest, which is consistent with the
basic geological theory that the strong tidal current erodes the swale and the weak tidal current ag-
grades the sand crest.

(5) The genesis and development theory of sand ridge and shoal is still at an exploration and
hypothesis stage. The theoretical studies in this field cannot predict the size and evolution of dif-
ferent shoals. Among these theories, the prediction for the linear shoal on the open continental
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shelf is the best one. Based on the basic geological theory, some geologists have applied the heli-
cal current and the dynamic geomorphologic analysis to qualitative interpretation of the phenome-
non that the sediments on both sides of sand ridge are transported to the crest to form a clockwise
circulation.

(6) The tidal deposition models on the continental shelves of China seas since the postglacial
sea level rise can be classified into two types, the strait — shoal model and the common shoal mod-
el. The first type of tidal deposition has deeply extending scour strait or channel due to the tidal
current erosion. The eroded materials are brought to the lower reaches with a lower current speed
to form tidal shoals, hence this type has obvious material source area, namely, the tidal eroding
area. The second type of tidal deposition has all shoals and no strait, i. e. , this type has no obvi-
ous material source area; and its sediments originate from the local and neighboring continental
shelf. The reason for the phenomenon is that the rotation of the tidal current in the material source
area is too strong to form narrow and long scour channels.

(7) There are six tidal deposition systems on the continental shelves of China seas. Each
system is composed of two to four tidal erosion and deposition geomorphic units. The six systems
are (a) the eastern Yellow Sea tidal deposition system composed of the western Korea Bay sand
ridges, the Kanghwa Bay sand ridges, the sand ridges off the Keum River mouth, the eastern
Yellow Sea offshore sand sheet, and the tidal sand ridges northwest of the Cheju Island; (b) The
eastern Bohai Sea tidal deposition system composed of the Laotieshan Channel scour trough, the
Liaodong Shoal sand ridges and the Bozhong Shoal sand sheet; (c) the tidal deposition system off
the Changjiang Estuary composed of the tidal sand ridges off the Jiangsu coast and the Yangtze
Shoal tidal sand sheet; (d) the tidal deposition system off Taiwan coast composed of the Taiwan
Strait scour trough, the Taiwan Shoal tidal sand ridges, the Penghu Channel scour trough and the
Taizhong Shoal sand ridge; (e) the tidal deposition system around the Hainan Island composed of
the Qiongzhou Strait scour trough, the eastern shoal sand ridges and the western shoal sand rid-
ges, and offshore tidal deposition southwest of Hainan Island; and (f) the tidal deposition system
of the East China Sea continental shelf composed of the East China Sea tidal sand ridges and the
East China Sea sand sheet.

(8) The most complete and typical tidal deposition and dynamical geomorphologic system on
the continental shelves of China seas has developed in the eastern Bohai Sea. The maximum sur-
face current speed in the Laotieshan Channel is greater than 5 knots, hence the tidal current has
strongly eroded the sea bed of the channel; the maximum tidal current speed in the Liaodong
Shoal area is in the range of 1. 3 to 2. 3 knots. The absolute value of the M, tidal current ellip-
ticity is less than 0. 4, which indicates that the reciprocating current is predominant in the area,
so that the linear submarine sand ridges are formed. The maximum tidal current speed in the
Bozhong Shoal area is in the range of 1.2 to 1. 6 knots. The absolute value of the M, tidal cur-
rent ellipticity is greater than 0.4, which indicates that the rotary tidal current is predominant in
this area, so that the raised sand sheet bedform is formed. The Liaodong shoal and the Bozhong

shoal are the evolutionary products of the Holocene flood tidal delta. Their material sources origi-
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nate mainly from the Laotieshan Channel, and the two shoals resulted from the tidal current ero-
sion, transportation and redeposition. The Holocene marine sedimentary strata in the two shoal ar-
eas are over 20 m thick, and the two shoal areas become the modern depositional areas with the
fastest sedimentation rate and the thickest sediment in the Bohai Sea other than the Yellow River
mouth area.

(9) The tidal deposition system off the Yangtze River mouth is controlled by the strong Pacif-
ic tidal wave system. The tidal wave system travels from the southeast and forms large — scale tidal
sand ridges and tidal sand sheets. Among them, the tidal sand ridges off the Jiangsu coast are
composed of over one hundred linear sand ridges and inter - ridge channels. The radial tidal sand
ridges have a fan apex at Qianggang and cover an area of about 30 000 km® with an N — S length
of over 260 km and an E - W width of over 150 km. The sand ridge extending direction is con-
sistent with the major axis direction of the M, tidal current ellipse. The average spring tidal cur-
rent speed in the sand ridge area is about 2 knots. The absolute value of M, tidal current ellip-
ticity is less than 0.4, so that the tidal current is a strong reciprocating current. The maximum
flood and ebb tidal current speed in the Yangize Shoal sand sheet area are in the range of 1.0 to
2.4 knots. The absolute value of M, tidal current ellipticity is greater than 0. 7, so that the tidal
current ellipse is nearly a circle. This sand sheet area is a large M, tidal current ellipticity area
of the East China Sea. The Holocene marine sedimentary strata in the sand sheet area are 8 to 25
m thick. The transverse bedforms of varying sizes — submarine sand dunes superimpose on 2/3 of
sand sheet area (about 20 000 km?®) , which indicates that the sand sheet is the product of modern
tidal actions. The Yangtze Shoal tidal sand sheet and the sand ridges off the Jiangsu coast together
constitute the modern tidal deposition system off the Yangtze River mouth.

(10) Controlled by the Pacific tidal wave system, the sandy deposition on the East China
Sea continental shelf is classified into tidal sand ridge facies and tidal sand sheet facies. The East
China Sea sand ridges are large — scale deep water sand ridges on open continental shelf, and are
mainly constructed in the postglacial transgression period. When the sea level was lower than that
at present and rose slowly or was relatively stable, the original tidal sand ridges were formed in
the estuary or offshore area. The sea level then continued to rise, the bottom materials were ero-
ded, transported and redeposited under the tidal current actions. The bedform shapes were con-
stantly adjusted, so that the sand ridges gradually lost their initial features and evolved into open
shelf sand ridges in equilibrium with the tidal current force. The East China Sea tidal sand ridges
are still affected by the modern tidal current and storm surge and belong to the transitional sand
ridge between the active sand ridge and the moribund sand ridge, namely, the quasi — active -

sand ridge.
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