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Abstract

The Western Taiwan Foreland Basin formed during the Early Pliocene as the flexural response to the loading of Taiwan
orogen on the Eurasian plate. Using more than 4000 km of marine multi-channel seismic reflection profiles and 22 exploration
wells offshore and on land, we recognized a major unconformity separating the overlying sediments of foreland basin from the
underlying passive margin strata and a flexural forebulge located at the distal part of the foreland basin. Those allow us to refine
and extend the area of the Western Taiwan Foreland Basin to the middle of the Taiwan Strait. The Western Taiwan Foreland
Basin is about 350 km long and 150 km wide between the west front of the Taiwan orogen and the Chinese craton.

Seismic lines show that a narrow zone of uplifted Miocene passive margin sequences at the distal parts of the foreland basin
extends approximately parallel to the strike of the deformation front of the Taiwan orogen. The Miocene bulge is generally
200 m high, a subtle morphologic/structural feature, and is characterized by an unconformity where Quaternary sediments
overlie the eroded Miocene strata. Positive Bouguer gravity anomalies associated with the bulge on the cratonic side suggest
that the Chinese continental margin is flexed upward to produce the bulge with higher density materials compared to the
negative gravity anomalies of the sediments deposited in the adjacent foreland basin.

The base of the foreland basin fills is a regional angular unconformity. The stratigraphic patterns of sediments overlying the
unconformity change laterally, towards the Taiwan orogen, into conformity or disconformity of insignificant gap at the coastal
areas. In contrast, the chronostratigraphic gap across the unconformity increases cratonward, with the largest gap at flexural
forebulge. The increase in stratigraphic gap reflects the progressively younger transgression of the Pliocene—Quaternary
orogenic sediments from Taiwan onto the Chinese passive margin combined with progressively older Miocene units subcrop-
ping towards the forebulge. The characteristic geometry, stratigraphic pattern and large gap up to 10 Ma suggest that the basal
unconformity is a flexural forebulge unconformity rather than a type 1 unconformity, mainly due to sea level change.

The flexural forebulge and associated basal unconformity mark transition from shelf-slope-rise deposition on a passive
margin to deposition in a foreland basin associated with a convergent margin. The flexural unconformity developed during the
collision between the Luzon Arc and the Chinese continental margin, reflecting the uplift and erosion of progressively
cratonward migrating forebulge. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction bulge. The flexural bulge is a subtle morphologic/
structural feature, compared to the adjacent foredeep,

Flexure of foreland creates an asymmetrical subsid- with a height from a few tens to a few hundreds
ing basin bounded on the cratonic side by a peripheral meters (Jacobi, 1981; Stockmal et al., 1986;
Crampton and Allen, 1995; DeCelles and Giles,

* Corresponding author. 1996). The recognition of a peripheral forebulge and
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forebulge unconformity is important in evaluating
the dynamics of foreland basin development. It has
direct link to the flexural response of the continental
margin to the topographic load of the thrust-belts and
to the subsequent progressive sedimentation. During
the early stage of underfilled foreland basin, the
peripheral bulge may uplift the shelf on the cratonic
side above sea level, thus subjected to subaerial
erosion and resulting in an unconformity. In the
late overfilled phase, the peripheral forebulge is
tended to be buried by sediments shed from the
orogen and may become a subdued forebulge (Stock-
mal et al., 1986; Crampton and Allen, 1995; DeCelles
and Giles, 1996).

The distance between a forebulge and an orogenic
wedge front and the height of a forebulge are direct
insights into the flexural response of foreland plate. In
general, high flexural rigidity creates a low and wide
forebulge, whereas low flexural rigidity produces a
relatively high and narrow forebulge (Flemming and
Jordan, 1989; Sinclair et al., 1991). The forebulge is a
key element of the foreland basin system (DeCelles
and Giles, 1996). The correct identification of a
peripheral forebulge on the cratonic side should
provide a better constrain to define a complete fore-
land basin system.

The peripheral forebulge unconformity is a mega-
sequence boundary separating the overlying foreland
basin fills from the underlain passive margin
sequences and differs from type 1 unconformity
characterized by a major eustatic sea level fall
(Crampton and Allen, 1995). The characteristic
geometry of the forebulge unconformity and
progressive onlap of overlying sediments are clues
for understanding the history of foreland basin sedi-
mentation associated with the events of the advancing
orogen. The recognition and correct interpretation of a
peripheral forebulge and associated basal uncon-
formity should provide useful information for
investigating the stratigraphic evolution of foreland
basin sequences.

2. Regional setting: the Western Taiwan Foreland
Basin

Taiwan is located at the junction between the
Ryukyu and Luzon Arcs in the northwestern Pacific

(Fig. 1). The fold-thrust mountain belt in Taiwan
resulted from oblique collision between the passive
Chinese margin and northern Luzon Arc in Late
Cenozoic (Biq, 1972, 1997; Chai, 1972; Bowin et
al., 1978; Chi et al., 1981; Suppe, 1981, 1984; Ho,
1988). The geological history of Taiwan is well docu-
mented, although some details of the orogenic
processes remain uncertain. However, the west flank-
ing foreland basin has not been fully investigated until
the work of Covey (1984, 1986). In west Taiwan the
Pliocene—Quaternary foreland basin is filled with
sediments up to 5000 m thick derived from the
Taiwan orogen. The asymmetrical and wedge-shaped
foreland basin was named Western Taiwan Foredeep
(Covey, 1984) and can be classified as a peripheral
foreland basin in the classification of Dickinson
(1974).

Only few papers related to the Western Taiwan
Foreland Basin have been published (Teng, 1987;
Shiao and Teng, 1991; Chou et al., 1994; Chiang,
1998). Lately, using industrial marine seismic
profiles and well data, Chou and Yu (1997, 1998)
refined and extended the boundary of the Western
Taiwan Foreland Basin from the coastline to the
middle of the Taiwan Strait (Fig. 1). They also
pointed out that a prominent flexural forebulge
unconformity exists in the middle of Taiwan Strait
at the most distal part of the foreland basin.
However, the characteristics and development of
the flexural forebulge and the basal unconformity
associated with uplift and erosion of the forebulge
were not fully discussed. This paper aims at describ-
ing the characteristics of the forebulge at the basin
margin and the associated basal unconformity and to
relate them to the development of the basin. Results
of this study can be used as input for geophysical
modeling to determine the flexural properties of the
underlain foreland plate in the future study.

3. Data and study area

More than 4000 km of industrial migrated multi-
channel seismic reflection profiles and 22 exploration
wells were used for this study (Fig. 2a). Most of the
seismic sections were acquired and processed by
Chinese Petroleum Company between 1976 and
1985. Data of nannofossil and geophysical logging
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Fig. 1. Geological setting of the Western Taiwan Foreland

Quaternary foredeep sediments
Pliocene foredeep sediments

Miocene sequence with schematic time-stratigraphy
Paleogene sequence

: Coastal plain
: Western foothills

Basin. Note that the Pliocene—Quaternary orogenic sediments from Taiwan orogen

are progressively transported westwards to Taiwan Strait. A NW—-SE-trending geological profile showing the wedge-shaped Western Taiwan
Foreland Basin with a prominent forebulge unconformity separating the foreland basin fills from the underlying passive margin strata. After

Chou and Yu (1998).
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Fig. 2. Locations of marine seismic lines and exploration wells offshore and onshore for this study. The frontal thrust zone of Taiwan is marked by solid triangles (left). Geologic
units around the study areas: Ky (Kuanyin basement high); Pk (Peikang basement high). Nanjihtao and Penghu basins are early Tertiary rift basins. Six selected seismic lines (e g.
lines 1-6) are examined to determine the approximate locations of the flexural forebulge of the foreland basin (right). The approximate locations of the maximum relief on
forebulges are marked by open triangles.
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were obtained from bore-hole information of these
wells providing fairly good age calibration on seismic
profiles.

Miaoli—Taichung—Tainan and adjacent offshore
areas of western Taiwan are the study area where
the basal unconformity separating the foreland basin
deposits from the underlain passive margin sequence
needs to be determined to evaluate the stratigraphic
evolution of the foreland basin. The frontal thrust
zone of Taiwan is close to the study area so that
marine seismic sections can be correlated to the seis-
mic profiles on land, allowing the determination of the
distal and proximal stratigraphy of the foreland basin.
Six seismic lines (e.g. lines 1-6) are examined to
determine the approximate locations of the forebulge
of the Western Taiwan Foreland Basin (Fig. 2b). The
study area is geologically bordered to the north by the
Kuanyin basement high, to the east by the Western
Foothills, to the west by the Nanjihtao rift basin and to
the south by the Peikang basement high (Fig. 2b).

4. Evidence for flexural forebulge based on
recognition of regional basal unconformity of the
foreland basin

Seismic lines (Figs. 3-5) calibrated by bore-holes
show that a major basal unconformity separates the
Pliocene—Quaternary foreland basin sequences from
the underlying Miocene passive margin sequences.
Seismic line 1 shows that Pliocene—Quaternary fore-
land sediments progressively onlap the Miocene
sequences of passive margin of the Chinese craton
(Fig. 3). The base of the Pliocene—Quaternary sedi-
ments tilts upwards and towards the Chinese margin
and ends approximately at the middle of the Taiwan
Strait where the Quaternary sediments unconformably
overlie the Lower Miocene strata. Farther south, both
seismic lines 2 (Fig. 4) and 5 (Fig. 5) show that the
basal unconformities of Pliocene—Quaternary fore-
land basin sediments are similar to that on the seismic
line 1.

The unconformity is angular over a wide area
(50 km wide, 300 km long), suggesting regional
erosion. The foreland basin sediments progressively
onlap the unconformity towards the craton and the
corresponding stratigraphic gap increases towards
the craton. The largest stratigraphic gap occurs at

the distal parts of the foreland basin where Quaternary
sediments overlie the Lower Miocence strata, repre-
senting a time gap more than 10 million years. On the
other hand, the foreland basin fills proximal to the
Taiwan orogen exhibit conformable sequences from
Late Miocene, Pliocene to the Quaternary in an
ascending order.

The increase in stratigraphic gap reflects the
progressively younger transgression of the Plio-
cene—Quaternary orogenic sediments from Taiwan
onto the Chinese passive margin combined with
progressively older units of Miocene subcropping
towards the distal basin margin. The basal unconfor-
mity is characterized by: (1) large-scale (>100 km)
progressive erosion into older strata toward the
craton; (2) the great time scale of onlap over 10
million years; and (3) most of the sediments in the
foreland basin is derived from the Taiwan orogen.
These characteristics of the basal unconformity suggest
that it can be interpreted as a flexural forebulge uncon-
formity (Sinclair et al., 1991; Crampton and Allen,
1995) rather than a type 1 unconformity mainly due
to sea level changes (Van Wagoner et al., 1987).

The forebulge associated with foreland basins is
generally subjected to non-deposition or subaerial
erosion, resulting in an erosional unconformity.
Continued movement of thrust sheets in the evolution
of a foreland basin would cause the forebulge migra-
tion across the craton and result in a regional erosional
unconformity (Jacobi, 1981; Stockmal et al., 1986;
Lash, 1988; Sinclair et al., 1991; Crampton and
Allen, 1995). The peripheral forebulge unconformity
is different from that caused by eustatic sea-level
changes (Jacobi, 1981). Our study shows that the
regional forebulge unconformity of Western Taiwan
Foreland Basin is no exception to those associated
with other foreland basins.

The location of flexural forebulges at the distal part
of Western Taiwan Foreland Basin can be recognized
from the associated unconformity. Seismic lines show
that there exists a narrow zone of regionally uplifted
Miocene passive margin sequences unconformably
overlain by Pliocene—Quaternary foreland basin fills
at the basin margin on the cratonic side. The present
uplifted feature of the maximum relief on the basal
unconformity could delineate the trend and approxi-
mate the position of the forebulge of the Western
Taiwan Foreland Basin (Fig. 2b).



0
\ e
_ = d
x = r g 5
3 * =
-~ -~ R S
RSN —~—
RS
14 S~ i N \t\ NS
~|
I: Paleogene
3.4,5: Lower Miocene
%7 6.7.8: Middle and Upper Miocene
a,b.c: Pliocene
d.e:Quaternary
r—
3 o Skm

~— forebulge unconformity

wa~ post-rift unconformity

FB : foreland basin sequences

PM : post-rift passive margin
sequences

Time (sec.)

Travel

(414

162—£LZ (100T) ££€ so158ydouoidaf / noy) "M-'X Nk "S-'H

Fig. 3. Interpreted seismic line 1 showing an up-dipping basal unconformity separating the Pliocene—Quaternary foreland basin fills from the underlying passive margin strata.
Foreland basin sediments progressively onlap the basal unconformity. Note that at the northwestern end of this section there is an erosional unconformity with Recent sediments
overlying the Lower Miocene strata. Well No. 1 is marked by circle and is used to provide age calibration for the seismic interpretation. Locations of seismic line 1 and Well No. 1
refer to Fig. 2.
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Fig. 5. Seismic line 5 shows the possible forebulge located at the highest place of the base of Pliocene foreland basin sediments. The shallow depression west of the forebulge is
filled with sediments from China Mainland and is termed backbulge depozone. In contrast, the basin east of the forebulge is the foredeep receiving sediments from Taiwan.
Location of seismic line 5 refers to Fig. 2.
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Seismic line 1 shows that there exists an uplifted
feature at the basin margin and the crest of the uplifted
bulge could be located around the middle of the
Taiwan Strait, not far away from the northwest end
of seismic line 1. As shown in Fig. 4, seismic line 2
shows that a positive feature of eroded Lower
Miocene strata more than 5 km wide can be recog-
nized where Quaternary sediments directly uncon-
formably overlie the Miocene sequences with dual
sediment sources both from Taiwan and China Main-
land (Chou, 1976). It is noted that the Pliocene—
Quaternary sediments derived from Chinese Mainland
are thinning towards the positively uplifted Miocene
bulge (Fig. 5). The subtle morphologic/structural
feature of Miocene strata can be interpreted as the
flexural forebulge, the basin receiving sediments
from Taiwan orogen as the foredeep and the shallow
depression with sediments from Chinese Mainland as
the backbulge depozone in terms of classification of
foreland basin system (DeCelles and Giles, 1996).

Alternatively, the structural relief across the fore-
bulge could be related to volcanic activity. The chao-
tic seismic facies underlying the possible forebulge
could be interpreted as volcanic plug. The onlap
pattern above the Miocene unconformity on the east-
ern part of seismic line 5 is not clearly seen as those on
seismic lines 1 and 2. Therefore, the possible fore-
bulge shown on the seismic line 5 is debatable.

The aligned positive features of elevated Miocene
strata located along the middle of Taiwan Strait runs
approximately parallel to the strike of the deformation
front of the Taiwan orogen (Fig. 2b). The maximum
uplift occurs approximately 100 km from the defor-
mation front of the Taiwan orogen and is generally
less than 200 m high. The relative position of the
uplifted feature with respect to that of the Taiwan
orogen suggests that the Chinese margin was flexed
downward in response to the tectonic loading of the
westwards advancing thrust sheets of Taiwan.
However, the shallow-water shelf on the Chinese
margin was uplifted to form a forebulge. The width
between the forebulge and the thrust sheets depends
mainly on the flexural rigidity of the continental crust
and the loading of the mountain belt (Beaumont,
1981; Speed and Sleep, 1982; Stockmal et al., 1986).

The identified forebugle of the Western Taiwan
Foreland Basin is a subdued forebulge with low relief
since it is buried by sediments shed from the Taiwan

orogen which has reached a steady state (Covey,
1986) or an overfilled stage (Sinclair, 1997). The
western Taiwan foredeep is unable to accommodate
large volumes of orogenic sediments from Taiwan.
Bypass sediments of the Taiwan orogen thus travel
as far as the middle of Taiwan Strait and bury the
forebulge.

5. Evidence for flexural forebulge based on gravity
anomalies

An elongated narrow zone at the basin margin of
the Western Taiwan Foreland Basin matches with
positive Bouguer anomalies of about 30 mgal (Hsu
et al., 1998). In contrast, the adjacent foreland basin
proximal to the Taiwan orogen is associated with
negative gravity anomalies, reflecting mass deficiency
caused by thick infill of much less dense sediment of
the basin. The gravity anomaly profiles across the
basin also agree with that of the flexure caused by
the end-loading, which creates an asymmetrical fore-
deep bounded on the cratonic side by a flexural fore-
bulge with a higher density than the adjacent
foredeep. Therefore, the uplifted Miocene strata
located in the middle of Taiwan Strait show many
aspects of a flexural feature (Jacobi, 1981; Crampton
and Allen, 1995; DeCelles and Giles, 1996), and
hence, it can be interpreted as a present-day forebulge
belonging to the Western Taiwan Foreland Basin.

6. Evidence for flexural forebulge based on lateral
facies changes

Quaternary sands from Well No. 2 near the fore-
bulge are well-to-moderately sorted but the equivalent
sands from Well No. 1 and No. 3, located far away
from the forebulge, are moderately-to-poorly sorted.
Location of these wells is shown in Figs. 2b and 6.
Quaternary sediments from Well No. 2 contain abun-
dant debris of coral reef. In contrast, fragments of
carbonate rocks are not found from Quaternary sedi-
ments from Well No. 1 and No. 3. It appears that the
forebulge region has been uplifted to become shallow
marine shelf with high-energy regime, resulting in
deposition of well-sorted sands. The middle of
Taiwan Strait became the site of carbonate sedimen-
tation when the supply of clastic sediments decreased.
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Fig. 6. The areal extent of the basal unconformity of the Western Taiwan Foreland Basin is between the forebulge along the middle of the
Taiwan Strait and the frontal thrust zone of Taiwan. Four chronostratigraphic sections across the foredeep and one chronostratigraphic section
along the tectonic strike are constructed by connecting wells to show the time and space distributions of the unconformity. Locations of twenty-
two wells are marked by circles that are consistent with those marked in Figs. 2—4.

In the equivalent time intervals, the sites of Well
No. 1 and No. 3 at the down dip side of the fore-
bulge have not been flexed upward and belong to
low-energy offshore depositional environments,
producing poorly sorted sands. Being close to the
deformation front of Taiwan the sites of Well No. 1
and No. 3 are dominated by silisiclastic sedimentation
where much terrigenous supply from emergent thrust
sheets was received, with the result of no carbonate
deposits.

The variations of sedimentary features between
these core samples from these three wells could be
related to the flexural uplift effect on the sedimenta-
tion in the Western Taiwan Foreland Basin.

7. Discussion

The flexural forebulge unconformity of Western

Taiwan Foreland Basin extends from the frontal thrust
zone to the middle of Taiwan Strait (Fig. 6). Using 22
wells onshore and offshore, we constructed four
chronostratigraphic sections across the foreland
basin and one chronostratigraphic section along the
strike of front thrust zone to illustrate the variations
of the stratigraphic pattern of the unconformity
(Figs. 7 and 8).

The northernmost chronostratigraphic section near
the city of Miaoli shows that the Pliocene sediments
conformably overlying the Miocene passive
sequences are confined to the coastal area in front
of the thrust zone (Fig. 7). Conformable strata pass
laterally westward into unconformable sequences
in the eastern Taiwan Strait with small stratigraphic
gap between the base of Pliocene foreland basin
deposits and underlying Late Miocene passive margin
strata. The unconformity gap then increases progres-
sively westward with the largest chronostratigraphic
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Fig. 7. Four chronostratigraphic sections across the foredeep reveal the changes in stratigraphic pattern from north to south in the foreland
basin. Note that the unconformity gap separating foreland basin sediments from underlying passive margin sequences is progressively
increasing towards the forebulge region. The eastern ends of the northernmost and southernmost sections near the frontal thrust zone are
represented by conformity between the foreland basin sediments and the passive margin strata. Chronostratigraphic gap is marked by hatch

lines. Vertical-ruled pattern is missing equivalent strata.

gap between the Pleistocene sediments and the under-
lying Upper Miocene strata at the middle of Taiwan
Strait.

In central Taiwan, the chronostratigraphic section
near the city of Taichung shows that the chronostrati-
graphic gap across the unconformity increases craton-
ward with the largest gap occurring near the middle of
Taiwan Strait (Fig. 7). The small gap between Late
and Middle Miocene deposits occurs in the frontal
thrust zone and the large gap with Late Pliocene
formation overlying Middle Miocene sandstones

was encountered by Well No. 4 east of middle of
Taiwan Strait.

Farther south, the chronostratigraphic section from
Chiai to the Penghu Islands shows that the chronos-
tratigraphic gap across the unconformity is relatively
larger than that of the Taichung cross-section. The
chronostratigraphic gap is found to be largest at
Well K in the Penghu Islands where Middle and
Late Miocene sequences and entire Pliocene strata
are missing (Fig. 7). The southernmost chronostrati-
graphic section north of Tainan City shows a
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Fig. 8. The unconformity gap separating foreland basin sediments from underling passive margin sequences is not uniform along the strike of
the frontal thrust zone. The foreland basin deposits are conformably on the passive margin sequences around the Miaoli areas in northwestern
Taiwan. Chronostratigraphic gap associated with paleo-structural high adds extra component of time gap nearby the Peikang basement high.
The sediments then change to the southwest laterally into conformity in the coastal and offshore areas. The variation of unconformity along
tectonic strike is mainly controlled by the pre-deformation irregular morphology of the Chinese passive margin, e.g. the Mioali reentrant and
the Peikang promontory in Late Miocene. Chronostratigraphic gap is marked by hatch lines. Vertical-ruled pattern is missing equivalent strata.

chronostratigraphic pattern similar to that of the
northernmost cross-section of Miaoli. The foreland
basin sediments overlying the unconformity change
laterally, towards the Taiwan orogen, into conformity
or disconformity of insignificant gap at the coastal
plain and frontal thrust zone (Fig. 7).

Chronostratigraphic sections of Mioli, Taichung
and Tainan can be regarded as records of the fore-
bulge migration across the Chinese margin and the
resultant basal unconformity with chronostratigraphic
gaps increasing cratonward. However, the relatively
large gap on the section from Chiai to Peikang is
likely due to erosion or non-deposition associated
with the paleo-structural high of Peikang. Still, the
distribution of the basal unconformities in time and
space (Fig. 7) may suggest a scenario of transition
from the passive Chinese margin to the Western
Taiwan Foreland Basin like in the model of Stockmal
et al. (1986).

Probably during Late Miocene, the proto-orogen of

Taiwan was largely below sea level, loading the outer
edge of the Chinese margin and producing a deep,
narrow basin in which Late Miocene deep water sedi-
ments are conformably deposited on the slope-rise of
the Chinese margin. On the other hand, the distal parts
of the basin, the shelf region of the Chinese margin
was flexed upward to become the region of flexural
forebulge, which tended to be eroded, non-deposition
or receiving little terrigenous supply (Step II of Stock-
mal et al., 1986). During Pliocene, the thrusts continue
to move onto the Chinese margin and the flexural
Taiwan forebulge synchronously migrated westwards.
Uplift of shallow-water shelf region above sea level
followed by submergence resulted in an erosional
basal unconformity, which is characterized by
progressive erosion into older strata toward the craton
because of the cratonward migration of forebulge with
time (Step III of Stockmal et al., 1986).
Consequently, the progressively younger Pliocene—
Quaternary orogenic sediments from Taiwan are
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onlapping the Chinese passive margin above the
unconformity. The progressively older Miocene
units below the unconformity are subcropping
towards the forebulge, resulting in a chronostrait-
graphic pattern with increasing gap towards the
Chinese craton (Step IV of Stockmal et al., 1986).
The present-day Western Taiwan Foreland Basin
probably is in Step V characterized by low topography
and old margin.

These four chronostratigraphic sections reveal
changes in stratigraphic pattern from north to south.
The unconformity gap separating foreland basin sedi-
ments from underlying passive margin sequences is not
uniform along the strike of the frontal thrust zone. Two
cross-sections located west of Taichung and Chiai in
central-south Taiwan are marked by greater strati-
graphic gap. Lash (1988) pointed out that some shelf
unconformities due to flexing upward and subsequent
erosion at distal parts of foreland basin vary along the
tectonic strike. This variation is mainly controlled by
the pre-deformation morphology of the passive margin.

Using 9 wells, we constructed a north—south trend-
ing chronostratigraphic section parallel to the frontal
thrust zone to examine the changes across the uncon-
formity in detail and to relate variations in strati-
graphic gap to the pre-collision shape of the Chinese
passive margin (Fig. 8).

Fig. 8 shows that the foreland basin deposits are
conformable on the passive margin sequences around
the Miaoli areas in northwestern Taiwan. The foreland
basin sediments change laterally to the south into
unconformity in the Taichung area where some Late
Miocene strata are missing. The stratigraphic gap
progressively increases southwards and reaches the
maximum at the Chiai area (Well e) where the
sequences from the base of Late Miocene to the top
of Early Pliocene are eroded. The stratigraphic extent
of the unconformity decreases to the south towards the
Well g where the base of Pliocene and small parts of
Late Miocene sediments are missing. The foreland
basin sediments overlying the unconformity change
to the southwest laterally into conformity in the
coastal and offshore areas (Wells g and 9).

Variations in the distribution of chronostratigraphic
unconformities along the strike of Taiwan orogen can
be interpreted in terms of the irregular Chinese
passive margin colliding with the westward advancing
Luzon Arc. The Peikang basement high, in the areas

west of Chiai (Fig. 2b), is assumed to have behaved as
a continental promontory. Those parts of the continen-
tal margin north and south of the Peikang basement
high are convex to the Chinese craton, the continental
reentrants (Biq, 1992), here tentatively called Miaoli
reentrant. The continent—arc collision in Taiwan is
occurring obliquely from north to south (Suppe,
1981). The northeast—southwest trending Chinese
passive margin makes an angle with the north—south
trend of the Luzon Arc.

During early collision, the thrust terrane of proto
Taiwan moved onto the Chinese margin of which the
Peikang promontory has been emergent from Late
Miocene to Late Pliocene as evidenced by missing
strata of Late Miocene to Early Pliocene. The Peikang
high was formed before Oligocene and the tectonic
loading occurred much later. Thus, the chronostrati-
graphic gap in the Peikang area was mainly caused by
paleo-structural morphology rather than by tectonic
loading. In contrast, the adjacent Miaoli located in a
structural-low received sediments as evidenced by a
complete sequence of Late Miocene to Pliocene
deposits. In the late stage of collision, with continued
cratonward migration of the thrust terrane, the
formerly exposed Peikang promontory and Miaoli
reentrant subsided to form a foreland basin receiving
younger sediments. However, the distal parts of the
Chinese margin west of the Peikang promontory and
Miaoli reentrant were flexed up in response to the
tectonic loading and were subsequently subjected to
erosion. Finally, the forebulge migrated to the middle
of Taiwan Strait along with the accompanying fore-
land basin that migrated toward the Chinese craton,
resulting in a westward onlap of sediments from the
Taiwan orogen above the basal unconformity.

8. Summary and conclusions

We recognized a major unconformity separating
the overlying sediments of foreland basin from the
underlying passive margin strata and a flexural fore-
bulge located at the distal part of the foreland basin.
Flexural forebulges occur as a narrow zone of uplifted
Miocene strata extending approximately parallel to
the strike of the deformation front of Taiwan orogen.
The Miocene bulge is generally 200 m high and is
characterized by an unconformity where Quaternary
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sediments overlie eroded Miocene strata. Positive
gravity anomalies are associated with the Miocene
bulge, indicating higher density materials.

The regional unconformity at the base of the
Pliocene—Quaternary foreland basin fills is an angular
unconformity that extends over 100 km across the
foreland basin, implying events of regional erosion.
The characteristic geometry, stratigraphic gap
increasing cratonward and large stratigraphic duration
(up to 10 million years) suggest that the basal uncon-
formity is a flexural forebulge unconformity rather
than being due to sea level changes. The flexural fore-
bulge and associated basal unconformity mark transi-
tion from shelf-slope deposition on a passive margin
to deposition in a foreland basin associated with a
convergent margin, reflecting the uplift and erosion
of progressively cratonward migrating forebulge.
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