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ABSTRACT

The wedge-top depozone in the southernTaiwan foreland basin system is con¢ned by the

topographic front of theChaochouFault to the east and by a submarine deformation front to thewest.

The Pingtung Plain, Kaoping Shelf and Kaoping Slope constitute the main body of the wedge-top

depozone. In a subaerial setting, the alluvial and £uvial sediments accumulate on top of the frontal

parts of theTaiwan orogenic wedge to form the Pingtung Plain proximal to high topographic relief. In

a submarine setting, ¢ne-grained sediments accumulate on the Kaoping Shelf and dominant mass-

wasting sediment forms theKaoping Slope.Wedge-top sediments are deformed into a series ofwest-

vergent imbricated thrusts and folds and associated piggybackbasins.Amajor piggybackbasin occurs

in the Pingtung Plain. Four smaller piggyback basins appear in the shelf^slope region.Many small-

sized piggyback basins developed over ramp folds in the lower slope region. Pliocene^Quaternary

deep marine to £uvial sediments about 5000m thick have been deposited on top of the frontal

orogenicwedge in southernTaiwan.Sedimentary facies shows lateral variations from extremely coarse

£uvial conglomerates proximal to the topographic front (Chaochou Fault) to ¢ne-grained deep

marine mud close to the deformation front near the base of the slope.The stratigraphic column

indicates that o¡shore deep-water mud is gradationally overlain by shallow marine sands and then

£uvial deposits.The transverse cross-section of the wedge-top depozone in the southernTaiwan is a

doubly tapered prism.The northern boundary of the wedge-top depozone in southernTaiwan is

placed along the southern limit of theWestern Foothills where the frontal orogenic wedge

progressively changes southward to a wedge-top depozone (Pingtung Plain), re£ecting ongoing

southward oblique collision between the Luzon Arc and the Chinese margin.The wedge-top

depozone is bounded to the south by the continent^ocean crust boundary.The deep slope west of the

Hengchun Ridge can be viewed as an infant wedge-top depozone, showing initial mountain building

and the beginning ofwedge-top depozone.

INTRODUCTION

Basin setting and previous studies

Taiwan is located at the junction between the Ryukyu and

LuzonArcs in the northwest Paci¢c (Fig.1).The mountain

belt of Taiwan was formed by collision between the Luzon

Arc and the Chinese margin beginning in Late Miocene^

Early Pliocene (Suppe, 1981, 1984; Ho, 1988).The resultant

development of theTaiwan Orogen £exed down the fore-

land region on the eastern edge of Chinese margin to form

an east dipping wedge-shaped foreland basin (Fig. 1).

More than 5000-m thick Pliocene^Quaternary sediments

derived from the Taiwan Orogen have been deposited in

the adjacent foreland basin (Covey, 1984, 1986).

The westernTaiwan foreland basin can be classi¢ed as a

peripheral foreland basin in terms of the classi¢cation of

Dickinson (1974) or a collisional foredeep (Bradley &

Kidd,1991; Johnson&Beaumont,1995;Galewsky&Silver,

1997; Sinclair,1997;Chen etal., 2001;Chou&Yu, 2002).On

the basis of lithofacies and depositional environments of

the western Taiwan foreland basin, Covey (1984) distin-

guished a mature foredeep in the north from a youthful

one in the south.The former consists mainly of deep mar-

ine facies or £ysch facies but the latter comprises mainly

£uvial^shallow marine facies or molasse facies (Fig. 2).

Covey (1986) suggested that the northern mature foredeep

in Taiwan has reached a steady state in the evolution of a

foreland basin with a balance between sedimentation and

subsidence. These two papers about the foreland basin

west of Taiwan (Covey,1984,1986) have been commonly ci-

ted and comparedwith other foreland basins. For example,

Karig et al., (1987) and Galewsky & Silver (1997) compared
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Fig.1. Geological setting of Taiwan.The mountain belt of Taiwan, resulted from collision between the Luzon Arc and the Chinese

margin, is accompanied by a foreland basin on its western side. Pliocene^Quaternary orogenic sediments have ¢lled the basin (upper

panel). A nearly east^west cross-section in the southernTaiwan foreland basin shows the prevailing wedge-top depozone proximal to

theTaiwan Orogen (lower panel).
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the Timor Trough and the Finisterre Foredeep with the

Taiwan foreland basin in detail, respectively. Covey has

done important works to build the framework of the wes-

tern Taiwan foreland basin. However, his studies are con-

¢ned to land areas of Taiwan.

Fifteen years later, using industrial marine seismic pro-

¢les and explorationwell data,Yu&Chou (2001) andChou

& Yu (2002) continued and expanded the mature basin in

central-north Taiwan to o¡shore areas and to reveal a lar-

ger foreland basin system (Figs1and 2).Using the foreland

basin system nomenclature of DeCelles & Giles (1996),

they determined a foredeep depozone, a sedimentary

wedge thickening eastward in the Taiwan Strait distal to

the Taiwan Orogen. A prominent £exural forebulge west

of the foredeep depozone and a basal £exural unconfor-

mity underlying the foredeep are also recognized (Fig. 2).

Normal faults related to £exural extension are found in the

youngest strata of the foredeep zone (Chou & Yu, 2002).

The foreland basin system west of Taiwan occupies the

Western Foothills, coastal plain and the eastern Taiwan

Strait (Fig.1).

Significance and purpose

What makes Taiwan interesting is the oblique collision,

which allows the foreland basin to be seen at di¡erent

stages in its evolution at the present day. NorthernTaiwan

is in a steady state of arc^continent collision (Covey, 1986;

Lallemand & Tsien, 1997).West of theTaiwan Orogen, the

foreland basin has developed to a mature system compris-

ing awedge-top depozone, a foredeep depozone and a £ex-

ural forebulge from theWestern Foothills westward to the

middle of theTaiwan Strait. Southern Taiwan and its o¡-

shore areas are currently undergoing incipient collision

(Lallemand & Tsien, 1997). The Pingtung Basin immedi-

ately south of the Western Foothills became a large Plio-

Pleistocene piggyback basin, receiving sediments derived

from theTaiwan Orogen (Wu, 1993). The shelf^slope re-

gion west of the Pingtung Basin is considered to be a mar-

ine foreland basin distal to the Taiwan Orogen. The

sediments are deformed into folds and thrust faults and

form part of the wedge-top depozone (Chiang, 1998;

Chiang & Yu, 1998). In other words, the mature molasse

basin in northernTaiwan has expanded into a foreland ba-

sin system including characteristic features of awedge-top

depozone, namely the foredeep depozone, the forebulge

and the £exural unconformity.The immature £ysch basin

in the southern Taiwan consists of a prevalent wedge-top

depozone and an incipient foredeep depozone (Figs1and2).

The purpose of this paper is to extend the scope of the

immature foreland basin de¢ned by Covey (1984) to the

o¡shore areas in SW Taiwan by combining geological data

from on land and o¡shore areas in southern Taiwan.This

paper adds more structural, stratigraphic and morpholo-

gical information than those presented by Covey (1984,

1986).We propose a wedge-top depozone model to replace

the immature basin of Covey (1984, 1986) and de¢ne the

topographic front and deformation front to re¢ne the ex-

tent of the immature basin to a larger basin.The prelimin-

ary results of this study indicate that a relatively large

piggyback basin is con¢ned by two thrust faults in the

Pingtung Basin. Four smaller piggyback basins occur in

the shelf and slope regions. The strata of the lower slope

are deformed into west-verging folds and thrust faults.

Limited sediment has been deposited on these structures.

The characteristics of thewedge-top depozone in southern

Fig. 2. The westernTaiwan foreland basin can be divided into a mature basin in the northernTaiwan and an immature one in the

southernTaiwan. In terms of lithofacies, the mature basin consists mainly of shallow marine and £uvial sediment and the immature one

is dominated by deep marine ¢ne-grained sediment (left column). Using the foreland basin system nomenclature of DeCelles &Giles

(1996), the mature basin consists of distinguished features from east towest: awedge-top depozone, a dominant foredeep depozone and

a forebulge.The immature one is characterized by a dominant wedge-top depozone and an incipient foredeep (right column).
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Taiwan are somewhat di¡erent from that of the foreland

basin system (DeCelles & Giles, 1996). The wedge-top

depozone in southernTaiwan is at an early stage of devel-

opment. Hence, the wedge-top depozone in southern

Taiwan could be considered as one variant of the wedge-

top depozone in general. This paper therefore presents a

revised view of one component of the foreland basin sys-

tem. This study of the wedge-top depozone provides a

modern analogue for other foreland basin systems (mod-

ern or ancient) in a similar geological setting.

Study area and data

Taiwan is one of few places where ongoing processes of

mountain building and foreland basin formation can be

examined simultaneously. The study area in particular is

within the initial arc^continent collision zone in theTai-

wan region (Lallemand & Tsien, 1997), demonstrating the

formation of the paired wedge-top depozone and proto-

orogen system.The study area includes the PingtungBasin

in southwesternTaiwan and the adjacent o¡shore shelf^slope

region (Fig. 3) where mainly Quaternary sediments derived

from theTaiwanOrogen accumulate on top of theunderlying

orogenic wedge. The study area is bordered to east by the

Chaochou Fault, a thrust fault separating the Central Range

from the Pingtung Basin, and to the west by the submarine

deformation front of theTaiwanOrogenwhere the westward

propagating thrust faults terminate (Fig. 3).

This paper is mainly based on more than 2000 km of

marine four-channel seismic re£ection pro¢les distribu-

ted mainly in the shelf^upper slope region (Fig. 3). Seis-

mic sections were acquired onboard R/V Ocean

Researcher I and processed by the Institute of Oceanogra-

phy, National Taiwan University from 1992 to 2002. An air

gun array was deployed as the seismic source. Seismic re-

£ection datawere processed using theSIOSEIS and PRO-

MAX software at the institute. Related data in the areas of

the onshore Pingtung Basin and lower slope are derived

from the published literature. Two exploration wells

drilled by Chinese Petroleum in the Pingtung Basin pro-

Fig. 3. The study area includes the Pingtung Basin in southwesternTaiwan and adjacent o¡shore shelf^slope region.The Chaochou

Fault (topographic front) is located to the east and the submarine deformation front along the base of the Kaoping Slope is the western

boundary. Open circles indicate locations of exploration wells. More than 2000 km of four-channel seismic re£ection pro¢les were

collected in the shelf and upper slope. Heavy segments of seismic line show representative structural and stratigraphic features.
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vide age information of the foreland basin sediments and

allow age calibration of seismic pro¢les.

Wedge-top depozone

Byde¢nition, the wedge-top depozone is a mass of sediments

that accumulate on top of the frontal part of an orogenic

wedge (DeCelles &Giles, 1996).The frontal edge of a wedge-

top depozone is the deformation front in transition to the

foredeep. The topographic front £anking the mountain belt

is the boundary of the wedge-top depozone in the hinterland.

Deformation front

In southern Taiwan, the submarine deformation front of

theTaiwan orogenic wedge is located along the base of the

KaopingSlope and around thePenghuSubmarineCanyon

(Fig. 3). Seismic pro¢le CPC-1 across the submarine de-

formation front shows that the submerged Taiwan oro-

genic wedge with west-verging thrusts is advancing

northwestward and overriding the Chinese passive margin

(Fig. 4).West of the deformation front lies theTainanBasin

which is a Pliocene^Quaternary foredeep characterized by

£exural normal faults (Chou, 1999). Seismic lines 584-1

(Fig. 5a) and 613-1 (Fig. 5c) show that sediments derived

from the Taiwan Orogen progressively are transported

westward and bury the outermost parts of the Chinese

margin. West of the Kaoping Slope is the South China

Sea Slope underlain by the passive Chinese margin com-

posed mainly of Tertiary strata. The Penghu Submarine

Canyon separates the western front of the Kaoping Slope

of the orogenicwedge ofTaiwan from the base of theSouth

ChinaSeaSlope of the cratonicmargin. Seismic line 584-1

shows that the sediments at base of the Kaoping Slope are

characterized by chaotic seismic facies and ruptured by

intense erosion. Seismic line 613-1 indicates that westward

thrust faults occur at the base of the Kaoping Slope.The

deformation front is located along the Penghu Canyon.

The interpreted seismic line MW03 (Fig. 5b) shows a series

of west-verging thrust faults. The deformation front is lo-

cated at the bottom of the PenghuCanyon.The regional dis-

tribution of the deformation front follows the structural

trend of the frontal deformation of a series of west-verging

thrusts in the o¡shore region of southwesternTaiwan (Reed

et al., 1992; Lee et al., 1995; Liu et al., 1997;Yu &Huang, 1998).

The submarine deformation front trendsNNW^SSE in the

lower slope but bends to the northeast at about 221N, follows

an approximately northeast trend and probably can be ex-

tended onshore into the ChishanFault (Fig. 3).

Topographic front

Towards theTaiwanOrogen, the eastern limit of thewedge-

top depozone is about 120 km (the maximum cross-sec-

tional width) to the east of the submarine frontal thrust

and coincides with theChaochouFault (Fig. 3).TheChao-

chou Fault is an east-dipping high-angle thrust fault and

trends north to south along the western £ank of the south-

ernCentral Range (Yen&Tien,1986;Ho,1988).TheChao-

chou Fault may extend o¡shore to the south inferred from

seismic pro¢les. Signi¢cant topographic relief of about

1000m of terrace-cli¡s has been produced along the trace

of the Chaochou Fault (Shih et al., 1984). Streams draining

uplifted cli¡s along the Chaochou Fault transport sedi-

ments towards the west. Many Holocene alluvial fans have

developed at the foot of the cli¡s (Chang, 1997).The Cen-

tral Range, east of the Chaochou Fault, is undergoing ero-

sion and is an important sediment source for the wedge-

top basin west of the fault.

Main body of wedge-top basin

The wedge-top depozone in the southernTaiwan foreland

basin system is con¢ned by the topographic front of the

ChaochouFault to the east and by the submarine deforma-

tion front to thewest.The Pingtung Plain and theKaoping

Shelf^Slope constitute the main body of the wedge-top

depozone.

Fig.4. Seismic pro¢le CPC-1across the submarine deformation front shows that the submerged Taiwan orogenic wedge withwest-

verging thrusts is advancing northwestward and overriding the Chinese passive margin.West of the deformation front lies theTainan

Basin, which is a Pliocene^Quaternary foredeep characterized by £exural normal faults. Seismic re£ectors are labeled: (A) base of

Oligocene; (B) top of middleMiocene; (C) top of upperMiocene; and (D) top Pliocene (after Chou, 1999).
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The Pingtung Plain lies west of the Chaochou Fault

where more than 5000m thick Plio-Pleistocene sediments

derived from southernCentral Range are deposited on top

of the frontal part of theTaiwanOrogen (Hsieh,1970).West

of the Pingtung Plain is the Kaoping Shelf, a very narrow

(10 kmwide) and very shallow (40m deep) island shelf (Yu

&Chiang,1997). Seaward of theKaoping Shelf, the Kaop-

ingSlope is a broad anddeep sloping region and extends to

a depth of about 3000m at the northern limit of the abyssal

plain of theSouthChina Sea.The slope is characterized by

a very irregular surface (Yu & Song, 2000).

Alluvial sediments accumulate on top of the Taiwan

orogenic wedge to form the Pingtung Plain proximal to

high topographic relief. In a submarine setting, ¢ne-

grained sands accumulate on the shelf and mass-wasting

sediments dominate the Kaoping Slope (Boggs et al.,

1979; Chen, 1997; Liu et al., 1997).

STRATIGRAPHY

The wedge-top sediments west of the Chaochou Fault and

underlying the Pingtung Plain consist mainly of Pliocene^

Quaternary marine to £uvial sediments of more than

5000m thick (Figs 6 and 7). The basement, overlain un-

conformably by the wedge-top sediments, is the Wushan

Formation, characterized byUpperMiocene shallow mar-

ine sediments derived from Mainland China (Fig. 7).

Overlying the Wushan Formation, the Kaitzuliao Shale

consists mainly of o¡shore ¢ne-grained mudstone inter-

bedded with some thin layers of sandstone and is Early

Fig. 5. Seismic lines 584-1and 613-1 show that orogenic sediments derived fromTaiwan progressively onlap westward and bury the

outermost parts of the Chinese margin. Seismic line 584-1 shows that the sediments at base of the Kaoping Slope are characterized by

chaotic seismic facies and ruptured by intense erosion. Seismic line 613-1 indicates that westward thrust faults occur at the base of the

Kaoping Slope.The interpreted seismic line NW03 shows a series of west-verging thrust faults (after Fuh, 1997).The locations of

deformation front are along the Penghu Canyon.The alignment of the deformation front shows the structural trend of the frontal

deformation of a series of west-verging thrusts in the o¡shore region of southwesternTaiwan.
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Pliocene in age. The thickness of this formation varies

from 200 to 1000m. The Nanshihlun Sandstone (Early^

Late Pliocene), consists mainly of storm-dominated sand-

stone and deltaic sandstone, and overlies the Kaitzuliao

Shale.TheNanshihlun Sandstone is overlain by the £uvial

facies of the Linkou Conglomerate (Pleistocene) that in

turn is covered by Holocene alluvium. The vertical se-

quence of strata in the Pingtung Basin indicates a shallow-

ing-up transition from deep-water o¡shore to £uvial,

representing £ysch^molasse facies change during a late

foreland basin ¢lling stage.The wedge-top strata thin and

pinch out towards the £anking thrust faults. Figure 6

shows that east of Chishan Fault near the basin margin,

Pliocene^Pleistocene strata are tilted upward and pinch

out, resulting in small-scale local unconformities indicat-

ing syndepositional tectonism (Bryhni & Skjerlie, 1975).

Along the Chaochou Fault, slates and metamorphosed

sandstone of the Lushan Formation (Middle Miocene)

are thrusted westward over the Wushan Formation (Fig.

6). Coalesced alluvial fans of Holocene age form a north^

south bayada along the topographic front of the Chaochou

thrust east of Pingtung Basin (Chang, 1997). West of the

Chaochou Fault sediments become progressively ¢ner

away from the Taiwan Orogen and are dominated by

braided stream deposits (Covey, 1984;Wu, 1993).

The Pingtung Plain, west of the Chishan Fault, com-

prises mainly thick Plio-Pleistocene sediments (Figs 6

and 7). The Wushan Formation (Upper Miocene) is un-

conformably overlain by the thick Gutingkeng Formation

(Pliocene^Pleistocene), which can be divided into three

members. The Lower Gutingkeng Formation consists

mainly of marine mud with thin layers of ¢ne-grained

sandstone, deposited in bathyal depth about 1000m

during the Early Pliocene (Teng, 1987;Wu, 1993). Its thick-

ness varies from 500 to 1000m. The Middle Gutingkeng

Formation consists mainly of Late Pliocene o¡shore ¢ne-

grained sandstone with thick layers of mudstone, and

ranges in thickness from 1600 to 3000m.The Upper Gu-

tingkeng Formation comprises Early Pleistocene thick

mudstone interbedded with coarse-grained sandstone up

to 1400m thick. Conglomerates occasionally are found in

the top of the Lower Gutingkeng Formation.The Middle

and Upper Gutingkeng Formation is dominated by mud-

stone interbedded with thin layers of ¢ne-grained sand-

stone, showing a coarsening-upward sequence. Clay

mineralogy of the Gutingkeng mudstones shows a reverse

metamorphic grade, suggesting the sediment sourced

from the Central Range to the east (Hsueh & Johns, 1985).

The Liushuang Formation (Late Pleistocene) consists

mainly of £uvial sandstones with minor conglomerates

and mudstones. The contact between the Liushuang and

Gutingkeng Formations is generally conformable, but lo-

cal disconformities are present (Teng, 1987;Wu, 1993).

Farther southwestward and seaward the Pingtung Plain

extends into the shelf and slope regions where thick sedi-

ments equivalent toGutingkengFormation, dominated by

o¡shore muddy sediments are deposited. Seismic pro¢le

340-1 shows that sediments reach a thickness at least of

2500m (Fig. 8a). However, Sun&Liu (1993) suggested that

these Pliocene^Quaternary sediments may reach a maxi-

mum thickness of about10 000mbased on seismic pro¢les

without well control. These sediments deposited in the

shelf and upper slope are considered to be paleo-channel

deposits con¢ned by NNE^SSW trending mud diapiric

structures.We interpreted these depocentres of Late Plio-

cene^Pleistocene sediments con¢ned by anticlinal struc-

tures as piggyback basins.

In the lower slope, sediments derived from the Taiwan

Orogen gradually thin and eventually pinch out along thede-

formation front (Fig. 4).The sedimentary sequences in the

lower slope are only mildly deformed into low-relief ramp

anticlines. Syntectonic sediments less than 1.5 km thick are

deposited behind many of these ramp anticlines. Sediments

covering the lower slope are mainly silty clays derived from

theTaiwanOrogen (Chen,1983; Chuang &Yu, 2002).

Clearly, sedimentary facies show lateral variations from

extreme coarseness of £uvial conglomerates proximal to

the topographic front to ¢ne-grained deep marine mud

close to the deformation front.The Pingtung Plain is in a

subaerial setting with relativelyhigh topographic relief, al-

Fig. 6. A NW^SE section in southernTaiwan shows the Pingtung Basin (piggyback basin) is con¢ned by two thrust faults. Basin ¢lls

show a coarsening upward sequence and sedimentary facies from deep marine to alluvial, representing £ysch^molasse facies change

during a late foreland basin ¢lling stage.The westward propagation of folds and thrusts is the dominant structural style evidenced by

decreasing age ofwestward fault movement (modi¢ed fromHsieh, 1970;Wu, 1993; Lee et al., 1999;Mouthereau et al., 2001).
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lowing coarse-grained sediments to prograde into the dis-

tal submarine slope. At present, the Kaoping Shelf^Slope

region is a site for the deposition of marine sediments, re-

presenting the under¢lled stage of the foreland basin. In

contrast, the Pingtung Basin, ¢lledwith £uvial sediments,

has reached the over¢lled stage in terms of foreland basin

development (Sinclair, 1997).

Combining the distribution of sediments in the Ping-

tung Plain and its o¡shore Kaoping Slope, the thickest se-

diments are found in the coastal plain to shelf region and

sediments progressively thin towards the topographic

front and the deformation front.The transverse cross-sec-

tion of the sedimentary basin in southern Taiwan and its

o¡shore extension can be viewed a typical cross-section

of a wedge-top depozone having the geometric form of a

doubly tapered prism (DeCelles &Giles, 1996).

STRUCTURE

Sediments on top of the frontal orogenicwedge onshore in

southernTaiwan and o¡shore are deformed into a series of

west-vergent imbricated thrusts and folds (Hsieh, 1970;

Reed et al., 1992;Wu, 1993; Liu et al., 1997; Lee et al., 1999).

In the proximal wedge-top depozone, westward propagat-

ing thrusts are the main structures in the Pingtung Basin

(Fig. 6). Structural lows between thrust faults and folds

are depocentres for wedge-top sediments, forming piggy-

back basins. For example,Wu (1993) suggested the Ping-

tung Basin is a piggyback basin because the sediments are

derived from the uplifted region of theTaiwanOrogen and

are con¢ned by the Chaochou and Chishan Faults (Fig. 6).

Several smaller piggyback basins have been determined

west of the Chishan Fault in the coastal plain of the Ping-

tung Basin (Lee et al., 1999).

In contrast, contractional anticlines, forming NNE^

SSW trending ridges, are the most prominent structures

in the Kaoping Shelf and upper Kaoping Slope regions

(Liu et al., 1997; Chiang, 1998).These folds and thrusts ex-

tend continuously to the coastal plain of the Pingtung Ba-

sin (Fig. 8a).Wedge-top sediments are generally deformed

at or near the syntectonic erosional/depositional surface,

resulting in progressive deformation and local unconfor-

mity (DeCelles & Giles, 1996). Seismic pro¢le 340-2 (Fig.

8b) shows features of progressive deformation in which

parallel- strati¢ed packages of sediments are uplifted and

disrupted. Syntectonic features of propagating piggyback

thrusts and local unconformity are observed on line 441-1

(Fig. 8c).We propose tentatively that four o¡shore piggy-

back basins occur in the shelf and upper slope regions

(Fig.9). Basins A and B are the o¡shore extension of Ping-

tung Basin and are separated by thrust faults (Fig. 8a). Ba-

sin C is wedge-shaped and con¢ned by a shale ridge to the

west and by the o¡shore extension of the Chaochou

Fault to the east (Fig. 8b). Basin D is characterized by syn-

deformational features of piggyback thrust propagation

(Fig. 8c).

In the distal wedge-top depozone, imbricated thrusts

and ramp folds are the main structures distributed in the

lower Kaoping Slope east of the deformation front (Fig.

4). Ramps progressively steepen eastward and become

tightly spaced (Fig. 5b). Small- sized slope basins devel-

oped syntectonically with ramp folds in the lower slope re-

gion. Sediments are deposited in the ramp synclines and

have a thickness of less than 1500m to form small- sized

slope basins (Liu et al., 1997).We interpret these slope ba-

sins between structural highs to be piggyback basins.The

overall structural style of the wedge-top depozone from

Pingtung Basin to the lower Kaoping Slope is character-

Fig.7. Stratigraphic columns of the Pingtung Basin and the Pingtung Plainwest of the Chishan Fault, respectively, in the southwestern

Taiwan. Pliocene^Pleistocene foreland basin sediments show characteristic coarsening upward and shallowing upward sequences.

Lithology and time correlations between formations are discussed in the text (modi¢ed fromTeng, 1987; Ho, 1988;Wu, 1993;

Mouthereau et al., 2001).
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Fig. 8. Thrust faults and anticlines are characteristic of the shelf and upper slope region.Line 340-1shows that o¡shore extension of the

Pingtung Basin to the shelf is con¢ned by thrust faults at its northwest side. Line 340-2 shows that features of progressive deformation

ofwhich some parallel layers of sediments are uplifted and disrupted. Line 441-1 indicates probable syntectonic piggyback thrust

propagation and local tilting of strata and truncation. Locations of seismic lines are provided in Fig. 3.
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ized by a series ofwest-verging thurst faults and folds (Figs

4 and 6).

The westward propagation of each thrust/fold of the

wedge-top depozone in southern Taiwan can be dated by

the age of associated syntectonic sediments (Wu,1993; De-

ramond etal.,1995; Lee etal.,1999;Mouthereau etal., 2001).

The Chaochou Fault has formed since about 3Ma BP and

is associated with the syntectonic Linkou conglomerates

and Gutingkeng mudstone in the £anking Pingtung Basin

(Fig. 6).West of the Chaochou Fault, another east-dipping

thrust fault, the Liukei-Wanlung Fault, displaces the

WushanFormation over the wedge-top sediments ofKait-

zuliao shale, Nanshihlun sandstone and Linkou conglom-

erate. At the western edge of Pingtung Plain the Chishan

Fault began to move westward about 1.7Ma ago and the

Wushan Formation was thrusted westward over the lower

Gutingkeng Formaion. During the period from 1.7 to

0.8Ma, the thrusting of theChishanFault caused thePing-

tung Basin to continuously subside, accumulating over

1000m thick of the Linkou conglomerates (Lee et al.,

1999).West of the ChishanFault, three west-verging thrust

faults have formed during Pleistocene to Recent time with

decreasing age from east to west. The Lungchuan Fault,

immediately west of the Chishan Fault, initiated about

1.6Ma ago. Farther to the west, the Meilin thrust fault

moved about 0.8Ma BP and the westernmost Chungchou

Fault has formed in the Recent (Lee et al., 1999; Mouther-

eau et al., 2001). Displacement of these late thrust faults

is relatively small compared with that of Chishan and

Chaochou Faults. For example, the Meilin thrust fault

shows tens of metres of displacement at outcrops. In

contrast, the Chaochou Fault has displacement over

2000m. Note that these younger thrust faults west of

the Chishan Fault are con¢ned in the Gutingkeng Forma-

tion, o¡shore mudstones over 3000m thick of Pliocene^

Early Pleistocene age (Teng, 1987; Wu, 1993). Relatively

thin layers of Liushuang £uvial sandstone above the

Gutingkeng Formation are not shown on Fig. 6. It was

proposed that onset of tectonic escape in the Pingtung

Basin and upper Kaoping Slope occurred in the Late

Pleistocene. N/S and NE/SW along-strike motions

occur along the Chaochou Fault and Chishan Fault,

respectively (Lacombe et al., 2001). However, westward

propagation of folds and thrusts is the dominant structural

style in the Pingtung Basin and its o¡shore extension

(Fig.10).

Fig.9. Four piggyback basins denoted A, B, C andD, respectively, are tentatively proposed in the shelf and upper slope area.These

basins are con¢ned by syndepositional thrust faults. Landward lies a relatively large piggyback basin (Pingtung Basin).The lower slope

area is dominated by west-verging thrusts and folds. Little sediment is deposited in the structural lows between these structural highs.

Folds are indicated by lineaments with arrows on both ends.Thrust faults are marked by solid triangles.
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DISCUSSION

The northern boundary of the wedge-top depozone in

southern Taiwan may be placed along the southern limit

of the geological province of the Western Foothills (Fig.

11).TheWesternFoothills are low-relief hills no more than

1000m high extending in a north^south direction west of

the Central Range of Taiwan.This geological unit consists

mainly of unmetamorphosed Miocene to Pleistocene

rocks, which are deformed into westward propagating

thrust faults (Ho, 1988). North of the Pingtung Plain, the

Western Foothills province is bounded to the east by the

Chaochou Fault and to the west by the fault equivalent to

Chishan Fault. Morphologically, Pliocene and Pleistocene

strata con¢ned by these two major thrust faults are highly

deformed and become tilted, folded and uplifted, forming

low-relief hills. Structurally, these deformed Late Ceno-

zoic strata are deformed into fold-and-thrust belts, acting

as sources of orogenic sediments. In turn, sediments shed

from the Western Foothills are transported partly west-

ward to the coastal plain and partly southward to the Ping-

tung Plain. Tectonically, the area north of the Pingtung

Basin is characterized by uplift, whereas the Pingtung Ba-

sin is dominated by subsidence (Chen, 1984).

No piggyback basins are found in theWestern Foothills

immediately adjacent to the Pingtung Plain. Syntectonic

sediments are not deposited in the structural lows between

the folds and thrusts of the Western Foothills, which can

therefore be considered as a part of orogenic wedge, not a

part of a wedge-top depozone. From north to south, the

Western Foothills change to a coastal plainwith piggyback

basins ¢lled with syntectonic sediments in the Pingtung

Basin. In other words, the frontal orogenicwedge (Western

Foothills) progressively changes to wedge-top depozone

(Pingtung Plain) in a southwest direction, re£ecting on-

going southward oblique collision between the Luzon Arc

and the Chinese margin (Suppe, 1984).

The submarine wedge-tope depozone con¢ned by the

deformation front and the Chaochou Fault decreases from

120 km in cross-section width southward to 70 km where

the continental crust gradually changes to oceanic crust

(Fig. 11).The continent^ocean crust boundary (COB) lo-

cated in the region of about 211200N is likely a transition

zone along the inferred boundary (Liu et al., 1992). South

of the COB the oceanic crust of South China Sea is sub-

ducted eastward beneath the Luzon Arc. The Manila

Trench is the surface trace of this subduction zone. The

Manila Trench passes northward across the COB and

merges into the Penghu Submarine Canyon, indicating a

transition from subduction south of COB to collision

(Luzon Arc^Chinese margin) north of COB (Yu & Song,

2000; Chuang & Yu, 2002).

Fig.10. The overall structural styles of a series ofwest-verging imbricated thrusts and folds and shale ridges in thewedge-top depozone

con¢ned by the topographic front proximal to theTaiwanOrogen and by the distal submarine deformation front transition to the passive

Chinese margin (modi¢ed fromWu,1993; Liu et al., 1997; Chiang, 1998).
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The submarine Hengchun Ridge (HR) can be consid-

ered the submerged proto-Central Range (Fig.11), result-

ing from the initial collision between Luzon Arc and

Chinese margin. Sediments derived from theHR and on-

land Central Range are deep marine facies and are de-

formed into imbricated thrusts and ramp folds.The deep

slope west of theHR can be viewed as an infantwedge-top

depozone, showing initial mountain building and the be-

ginning of wedge-top depozone. The COB is tentatively

considered the southern boundary of the wedge-top de-

pozone of the southernTaiwan foreland basin system.

CONCLUSIONS

Much sediment derived from the thrust belt in southern

Taiwan has been accumulated on top of the frontal oro-

Fig.11. The areal extent of the wedge-top depozone in southernTaiwan foreland basin system.The northern boundary of the wedge-

top depozone in southernTaiwan may be placed along the southern limit of the geological province of theWestern Foothills.The

continent^ocean crust boundary in the northern South China Sea may be the southern boundary of the wedge-top depozone.Varying

characteristics of boundaries re£ect incipient collision between the Luzon Arc and the Chinese margin together with syndepositional

and syntectonic features.
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genic wedge, forming a wedge-top depozone.These sedi-

ments are referred to aswedge-top sediments and are con-

¢ned between the Taiwan Orogen and the submarine

deformation front distal to the orogen. Syntectonic defor-

mation and deposition are the main characteristics of the

wedge-top sediments. Sedimentary facies show lateral

variations from extreme coarseness of £uvial conglomer-

ates proximal to the topographic front to ¢ne-grained

deep marine mud close to the deformation front.The stra-

tigraphic column indicates a gradual shallowing-up from

o¡shore deep-water mud to shallow marine sands and to

£uvial deposits. The transverse cross-section is about

120 kmwide and is geometrically a doubly tapered prism.

Westward propagation of thrust faults and folds is the

characteristic deformational style in the wedge-top depo-

zone. Accompanying the movements of folds and thrusts,

many piggyback basins are formed and are simultaneously

¢lled by syntectonic sediments. Thick sediments in the

piggyback basins distinguish wedge-top depozones from

the orogenic wedge of theWestern Foothills.The COB in

the northern South China Sea may be the southern

boundary of the wedge-top depozone in southernTaiwan.

ACKNOWLEDGEMENTS

We greatly appreciate S.L. Dorobek, Texas A&M Univer-

sity and Ito Makoto, Chiba University, for reviewing this

manuscript and for their valuable comments. We thank

Chinese Petroleum Corporation (CPC, inTaiwan) for per-

mission to publish the seismic line CPC-1. Constructive

comments and suggestions from Joe Cartwright, Philip

A. Allen and Philip Barnes improved this manuscript

greatly. This research is ¢nancially supported by the Na-

tional Science Council,Taiwan, Republic of China.

REFERENCES

Boggs, S.,Wang,W.C., Lewis, F.S. & Chen, J.C. (1979) Sedi-

ment properties and water characteristics of theTaiwan shelf

and slope.Acta Oceanogr.Taiwanica, 10, 10^49.

Bradley, D.C. & Kidd,W.S.F. (1991) Flexural extension of the

upper continental crust in collisional foredeeps. Bull. Geol.

Soc. Am., 103, 1416^1438.

Bryhni, I. & Skjerlie, F.J. (1975) Syndepositional tectonism in

theKvamsheten district (OldRed Sandstone), westernNorway.

Geol.Mag., 112, 593^600.

Chang, J.C. (1997) Distribution, morphology and geomorphic

implication of the alluvial fans inTaiwan.Ti-Chih (Geol. Chin.),

17, 69^93.

Chen,M.P. (1983) Physical properties and depositional environ-

ments of continental slope sediments, southernTaiwan Strait.

Acta Oceanogr.Taiwanica, 14, 42^63.

Chen,H. (1984) Crustal uplift and subsidence inTaiwan: an ac-

count based upon retriangulation results. Spec. Publ. Central

Geol. Surv., 3, 127^140 (in Chinese).

Chen, I.C. (1997) Sedimentology of surface sediments o¡

southwesternTaiwan.NationalTaiwanUniversity, PhDThesis,

160pp.

Chen,W.S., Ridgway, K.D.,Horng, C.S., Chen,Y.G., Shea,

K.S. & Yeh, M.G. (2001) Stratigraphic architecture, magne-

tostratigraphy, and incised-valley systems of the Pliocene^

Pleistocene collisional marine foreland basin of Taiwan. Bull.

Geol. Soc. Am., 113, 1249^1271.

Chiang, C.S. (1998) Tectonic features of the Kaoping Shelf-

Slope region o¡ southwestern Taiwan: wedge-top depozone.

National TaiwanUniversity, PhDThesis, 130pp.

Chiang, C.S. & Yu,H.S. (1998) Is o¡shore southwest Taiwan an

accretionary prism or a foreland basin?. In:1998AnnualMeeting

of Geological Society of China, Program and Abstracts, pp. 138^139.

Chungli,Taiwan.

Chou, Y.W. (1999) Tectonic framework, £exural uplift history

and structural patterns of £exural extension in western

Taiwan foreland basin. National Taiwan University, PhD

Thesis, 125pp.

Chou,Y.W. & Yu, H.S. (2002) Structural expressions of £exural

extension in arc^continent collisional western Taiwan fore-

deep.Geol. Soc. Am. Spec. Paper, 333, 1^12.

Chuang, C.Y. & Yu,H.S. (2002) Morphology and canyon form-

ing processes of upper reach of the Penghu submarine canyon

o¡ southwesternTaiwan.Terr. Atmos. Ocean. Sci., 13, 91^108.

Covey,M. (1984) Lithofacies analysis and basin reconstruction,

Plio-Pleistocene westernTaiwan foredeep. Petrol. Geol.Taiwan,

20, 53^83.

Covey,M. (1986)The evolution of foreland basins to steady state:

evidence from the western Taiwan foreland basin. Spec. Publ.

Int. Ass. Sediment, 8, 77^90.

DeCelles, P.G. & Giles, K.A. (1996) Foreland basin systems.

Basin Res., 8, 105^123.

Deramond, J., Souquuet, P., Delcailau, B., Angelier, J.,

Chu,H.T.,Lee, J.F.,Lee,T.Q.,Liew, P.M.,Lin,T.S. &Teng,

L. (1995) Determining the collision belt evolution from fore-

land tectono-sedimentary records. A case history: the foot-

hills of Taiwan. In: International Conference and 3rd Sino-French

Symposium on Active Collision in Taiwan. Program and Extended

Abstracts, pp.99^104.Taipei,Taiwan.

Dickinson, W.R. (1974) Plate tectonics and sedimentation.

SEPMSpec. Publ., 22, 1^27.

Fuh, S.C. (1997) Structural evolution of the oblique arc^conti-

nent collision onland and o¡shore southern Taiwan. National

Taiwan University, PhDThesis, 166pp.

Galewsky, J. & Silver, E.A. (1997) Tectonic controls on facies

transitions in an oblique collision: the western Solomon Sea,

Papua Guinea.Bull. Geol. Soc. Am., 109, 1266^1278.

Ho, C.S. (1988) An Introduction to the Geology of Taiwan: Explana-

toryText of theGeologicMap ofTaiwan, 2nd edn.Ministry of Eco-

nomics A¡airs,Taipei, 192pp.

Hsieh, S.H. (1970) Geology and gravity anomalies of the Ping-

tung plain,Taiwan.Proc. Geol. Soc. China, 13, 76^89.

Hsueh, C.M. & Johns,W.D. (1985) Diagenesis of organic mate-

rials and clay minerals in the Neogene sediments of western

Taiwan. Petrol. Geol.Taiwan, 21, 129^172.

Johnson,D.D.&Beaumont,C. (1995) Preliminary results from

a planform kinematic model of orogen evolution, surface pro-

cess and the development of clastic foreland basin stratigraphy.

SEPMSpec. Publ., 52, 3^24.

Karig,D.E., Barber, A.J., Charlton,T.R., Klemperer, S. &

Hussong, D.M. (1987) Nature and distribution of deforma-

tion across the Banda Arc^Australian collision zone at Timor.

Bull. Geol. Soc. Am., 98, 18^32.

Lacombe, O., Mouthereau, F., Angelier, J. & Deffon-

taines, B. (2001) Structural, geodetic and seismological evi-

r 2004 Blackwell Publishing Ltd,Basin Research, 16, 65^78 77

Characteristics of thewedge-top depozone



dence for tectonic escape in SW Taiwan. Tectonophysics, 333,

323^344.

Lallemand, S.E. & Tsien,H.H. (1997) An introduction to ac-

tive collision inTaiwan.Tectonophysics, 274, 1^4.

Lee,T.Y.,Hsu,Y.Y. & Tang, C.H. (1995) Structural geometry of

the deformation front between 221N and 231N and migration

of the Penghu Canyon, o¡shore southwesternTaiwan arc^con-

tinent collision zone. In: Active Collision in Taiwan Symposium,

Program and Extended Abstracts,Taipei,Taiwan, pp. 219^227.

Lee,Y.S., Shieh, K.S.,Wu, L.C., Hong, C.S., Ho, S.C., Huang,

T.Y.,Chen,H.W.&Chang,Y.C. (1999)Evolutionof forelandbasin

in southwesternTaiwan.Cenozoic SedimentaryBasins inTaiwan Sym-

posium,ExtendedAbstract,Taipei,Taiwan, pp. 229^234 (in Chinese).

Liu, C.S.,Huang, I.L. & Teng, L.S. (1997) Structural features

o¡ southwesternTaiwan.Mar. Geol., 137, 305^319.

Liu, C.S., Liu, S.Y., Kuo, B.Y., Lundberg, N. & Reed, D.L.

(1992) Characteristics of gravity and magnetic anomalies o¡

southernTaiwan.Acta Geol.Taiwanica, 30, 123^130.

Mouthereau,F.,Lacombe,O.,Deffontaines,B.,Angelier, J.

& Brusset, S. (2001) Deformation history of the southwestern

Taiwan foreland thrust belt: insights from tectono-sedimentary

analyses and balanced cross-sections.Tectonophysics, 333, 293^322.

Reed,D.L.,Lundberg,N.,Liu,C.S.&Kuo,B.Y. (1992) Struc-

tural relations along the margins of the o¡shoreTaiwan accre-

tionary wedge: implications for accretion and crustal

kinematics.Acta Geol.Taiwan, 30, 105^122.

Shih,T.T.,Teng,K.H.,Chang, J.C., Shih,C.D.,Yang,G.S.&

Hsu, M.Y. (1984) A Geomorphic Study of Active Fault in Western

and Southern Taiwan. Geographic Studies No. 10. Institute of

Geography, National TaiwanNormal University,Taiwan, 94pp.

Sinclair, H.D. (1997) Tectonostratigraphic model for under-

¢lled peripheral foreland basin: an Alpine perspective. Bull.

Geol. Soc. Am., 109, 324^346.

Suppe, J. (1981) Mechanics of mountain building and meta-

morphism inTaiwan.Geol. Soc. ChinaMem., 4, 67^89.

Suppe, J. (1984) Kinematics of arc^continent collision, £ipping

of subduction, and back-arc spreading nearTaiwan. Geol. Soc.

ChinaMem., 6, 21^34.

Sun, S.C. & Liu, C.S. (1993) Mud diapirs and submarine chan-

nel deposits in o¡shore Kaohsiung-Hengchun, southwestTai-

wan. Petrol. Geol.Taiwan, 28, 1^14.

Teng,L.S. (1987) Stratigraphic records of the Late Penglai Oro-

geny of Taiwan.Acta GeologicaTaiwan, 25, 205^224.

Wu, L.C. (1993) Sedimentary basin succession of the upper

Neogene andQuaternary Series in theChishan area, southern

Taiwan and its tectonic evolution. National Taiwan University

PhDThesis, 212pp.

Yen,T.P.&Tien,P.L. (1986)ChaochouFault in southernTaiwan.

Proc. Geol. Soc. China, 29, 9^22.

Yu, H.S. & Chiang, C.S. (1997) Kaoping Shelf: morphology

and tectonic signi¢cance. J. Southeast Asian Earth Sci.,

15, 9^18.

Yu, H.S. & Chou,Y.W. (2001) Characteristics and development

of the £exural forebulge and basal unconformity of Western

Taiwan Foreland Basin.Tectonophysics, 333, 277^291.

Yu, H.S. & Huang, E.C. (1998) Morphology and origin of the

Shoushan submarine canyon o¡ southwesternTaiwan. J. Geol.

Soc. China, 41, 565^479.

Yu,H.S.&Song,G.S. (2000) Submarine physiographic features

in Taiwan region and their geological signi¢cance. Geol. Soc.

China, 43, 267^286.

Manuscript accepted:11November 2003

r 2004 Blackwell Publishing Ltd,Basin Research, 16, 65^7878

C.-S. Chianget al.


