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Holocene uplift and subsidence along an active tectonic margin
southwestern Taiwan
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Abstract

Taiwan is located along a convergent plate boundary, where the Luzon Arc collides with the Eurasia continental margin. The
Tainan Plain of southwestern Taiwan is incorporated into and deformed by a regional fold-and-thrust belt associated with this
convergent plate margin. In this study we establish a tentative regional Holocene relative sea-level curve that allows us to analyze
crustal uplift and subsidence rates of the Tainan Plain. The maximum Holocene uplift rates on the Tainan Plain occur on the Tainan
Tableland and the Chungchou Terrace. These two areas have experienced long-term (Holocene) uplift rates of 5 and 7 mm/yr,
respectively. The Tawan Lowland, located between these two areas, is subsiding at a long-term rate of about 1 mm/yr. Based on this
pattern of the crustal movement, the Tainan Tableland is interpreted as a mud diapiric dome, and the Chungchou Terrace as the
product of a blind thrust fault. The Holocene reference sea-level curve proposed in this study can be used to determine the pattern of
crustal movements elsewhere in Taiwan. It also can suggest that the Holocene terrace development does not occur in area where the
uplift rate exceeds 8 mm/yr, while late Holocene regression, the general trend around the western Pacific, is not recorded where the

rate of subsidence is lower than 1 mm/yr. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Taiwan is located along a convergent plate boundary
between the Philippine Sea plate and the Eurasia conti-
nental plate (Fig. 1; Teng, 1990). The Tainan Plain of
southwestern Taiwan (Fig. 2) therefore provides an op-
portunity to study uplift and subsidence rates in the outer
part of a regionally active fold-and-thrust belt. Based on
radiocarbon ages (Wu, 1990; Wu et al., 1992; Chen, 1993;
Chen et al., 1994) and our relative sea-level curves for late
Holocene (Chen and Liu, 1996), we measure rates of the
crustal movement along a west-east cross-section (Fig. 2)
of the Tainan Plain. The purpose of this study is to
establish both rates and possible causes of crustal move-
ment on this plate boundary.

Because compaction of thin, young, and sandy superfi-
cial deposits in the Tainan Plain is negligible when
compared to rapid sea-level change and rapid
crustal movement (deduced from Steckler and Watts,
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1978, 1982), relative sea-level change recorded in the
covering sedimentary deposits is resulted only from
the two latter factors (Orford, 1987; Tooley, 1987). We
establish absolute vertical crustal movements along
southwestern Taiwan, by first-determined synchronous
sea-level change in the western Pacific. This we achieve
by combining the sea-level change curve of the Penghu
Islands (Chen and Liu, 1996) with those from other
adjacent areas of the Pacific region (Adey, 1978;
Beaman et al., 1994; Chappell and Polach, 1991; Chao,
1984; Fujii et al,, 1971; Geyh et al,, 1979; Gibb, 1983,
1986; Huang et al., 1987; Katili and Tjia, 1969; Larcombe
et al, 1995; Maeda et al., 1986; Nunn, 1990; Ota and
Machida, 1987; Suggate, 1968; Sugimura et al., 1988;
Thom, 1983). Then we construct a set of relative sea-level
change curves for southwestern Taiwan to evaluate rates
of local crustal movement during the Holocene (Fig. 5).
Finally, we evaluate local uplift and subsidence in south-
western Taiwan by combining these sea-level curves with
time-altitude data points sampled along a line across the
Tainan Plain. (Fig. 5; Wu et al.,, 1992; Chen, 1993; Chen
et al., 1994). Previous studies, including seismic stratigra-
phy, gravity, and aerial photography analyses (Hsieh,
1972; Sun, 1964), supposed the dual diapirism occurring
under this area. However, our result of the crustal
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Fig. 1. Map showing the tectonic setting of Taiwan, which is at the
junction of two arc-trench systems. Due to ongoing arc-continent
collision, a fold-thrust wedge consisting of several mountain belts is
being built westward. Modified from Page and Suppe (1981), Ho (1982)
and Teng (1990).

movement during the Holocene indicates that only one
of the proposed diapir is still active (Fig. 5; see text for
discussion). We, hence, suggest that the eastern side of the
Tainan Plain has been affected by front thrust of the
fold-thrust belt situated in the east of the study area. In
addition, the success in using a reference sea-level curve
makes such a reference curve and a method could be
applied to the other places, where the Holocene neotec-
toics has long been understood.

2. Tectonic and geomorphic setting

Taiwan is located on a convergent plate boundary
(Fig. 1; Teng, 1990) where the Luzon Arc collides with the
Eurasia continental margin. The main structural ele-
ments in Taiwan trend northeast with a northwestward
vergence. The westernmost surface exposures of the fold-
and-thrust belt reach the boundary between the Foothills
region and the Tainan Plain (Fig. 1). Suppe (1981) treated
the westernmost exposed thrust fault as the thrust front
in his interpretation of the mechanics of orogen develop-
ment. Ho (1982) reported that the thrust front probably
lies at the western boundary of the Foothills, but he also
mentioned that it might extend westward beneath the
coastal plain area. Two recent papers, based on inter-
pretation of submarine seismic profiles, suggest that the

Fig. 2. Map showing geological and geomorphic features on
the Tainan Plain (unshaded area). Seven sampling sites are located
along the X X' traverse, which is perpendicular to the major structural
trend.

deformation front of southwestern Taiwan extends into
Taiwan Strait (Lundberg et al., 1991; Liu et al., 1997).
This conclusion is deduced from attributing the observed
antiform structures deforming the uppermost sedimen-
tary deposits to mud diapirs that form in response to
high pressure associated with thrust loading. Similar
diapiric structures occur under the Tainan Plain (Hsieh,
1972), and locally control topography (Sun, 1964). By this
interpretation, the Tainan Plain is located between the
uplifted thrust belt and the active deformation front with
abundant mud diapirism.

The Tainan Plain can be divided into three parallel
geomorphic units of different altitudes (Fig. 2). These
units are all covered by the Holocene coastal deposits less
than 20 m thick over a basement high, and more than 70
m thick over a basement low. On basement highs, i.c., the
Tainan Tableland and Chungchou Terrace, we found the
contacts between the covering strata and their underlain
strata are the angular unconformities. In the basement
low, so far no study has been done reaching the contact
depth. Thus, the exact position of the basement is still
unknown, whereas it should be deeper than — 50 m due
to our core study. The radiocarbon ages show that the
strata of the basement on the highs are all older than
50 ka; however, the covering strata are all younger than
35 ka and mainly during Holocene. Thus, it is expected
that this is the place where the Holocene local crustal
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activities can be understood if the synchronous depos-
itional water-depth has been identified.

In the western part of the plain area lies the Tainan
Tableland, which lies about 30 m above sea-level. Its
western edge slopes gently seaward into the Taiwan
Strait, whereas its eastern edge is a scarp bordering the
Tawan Lowland. This scarp has been mapped as the
Houchiali Fault based on aerial photographic study
(Sun, 1964). The Tawan Lowland has an average altitude
of about 6 m above sea-level. Its surface elevation in-
creases eastward and gradually merges with the third
unit — the Chungchou Terrace, a terrace with an elev-
ation of 40 m in its inner part. The highest position of the
Chungchou Terrace is located at its eastern boundary,
where it merges with the Foothills, the westernmost part
of the mountain range of Taiwan.

3. Using reference Holocene sea-level curves to derive
rates of uplift and subsidence

Relative movement between the sea and the land con-
sists of three main components: regional and local cha-
nges of sea-level, regional and local movements of the
crust, and local compaction of unconsolidated deposits.
Because of thin sandy Holocene deposits, the compaction
effect in the Tainan Plain is probably negligible when
compared to rapid sea-level change and rapid crustal
movement (Steckler and Watts, 1978, 1982). The net
movement of the crust cannot be resolved, however, if the
Holocene sea-level changes are not well known. Because
a sea-level curve for southwestern Taiwan has not been
completed, we choose the sea-level change curve from the
Penghu Islands (Chen, 1993; Chen and Liu, 1996),
located 60 km east of our study area, as a starting refer-
ence. According to its R3 type and smooth characteristics
(Fig. 3; Nakada, 1986; Chen and Liu, 1996), we are able to
reconstruct the entire sea-level curve for our study area
by adding two more critical data points, 6000 and 10,000
years ago (Fig. 3). For the first point we analyzed the R3
type sea-level curves of tectonically stable areas from the
Pacific Ocean (Fig. 3) to deduce a value of — 1.3 +2.7
(1o) m as the paleo-sea-level. Unfortunately, there are not
enough R3 curves for understanding the paleo-sea-level
prior to 6000 years ago. Therefore, in deriving the second
point at 10,000 yr ago, all the R1-R3 curves from the
Pacific region were used instead (Fig. 3). These allowed
us to calculate a value of — 30 + 6 (lo) m as another
paleo-sea-level. Based on the above approach, we are
able to extend the late Holocene sea-level change curve
from Penghu to 10,000 yr ago by smoothly connecting
these two points. This results in a complete Holocene
reference sea-level curve (Fig. 3 and sea-level marked by
0 mm/yr in Fig. 5).

On the basis of the reference Holocene sea-level curve
derived above, we further obtain a series of relative sea-
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Fig. 3. (a) Reference Holocene sea-level change curve is derived by
extending the curve of the Penghu Islands (Chen and Liu, 1996)
smoothly drawing through two critical points (6000 and 10,000 years
ago) which are from averaging the curves of other places around the
Pacific. For the younger point, only R3 type curves are chosen
(Nakada, 1986; see figure in left corner) and the value of — 1.3 +2.7
(1) m is derived. Another point of — 30 + 6 (16) m below the sea-level
of present day can be determined, but all the R1-R3 type curves are the
contributors. Two dash lines represent the uncertainty of our reference
curve with 1o standard deviation. (b) Categorized types of Holocene
sea-level curves (Nakada, 1986). The changing characteristics of the
sea-level curve of Taiwan Strait matches the R3 type. Perpendicular
bars represent the uncertainties that reported in the references. Note: A:
Sugimura et al., 1988; B: Nunn, 1990; C: Adey, 1978; D: Suggate, 1968;
E: Beaman et al., 1994; F: Geyh et al., 1979; a: Chappell and Polach,
1991; b: Geyh et al., 1979; c: Ota and Machida, 1987; d: Huang et al.,
1987; e: Chao, 1984; f: Thom, 1983; g: Larcombe et al., 1995; h: Gibb,
1983, 1986; i: Adey, 1978.

level curves for the Tainan Plain by applying rates of
tectonic uplift and subsidence of + 8 to — 3 mm/yr to
the reference curves (Fig. 5). The curve marked 0 mm/yr
in Fig. 5 represents a place which underwent null vertical
crustal movement during Holocene. In other words, it is
the original reference curve integrated in Fig. 3. The
other curves are derived from simply integrating the
uplift and subsidence rate over time to this original
reference curve. When we already have had such a set of
curves in an age-height figure, the apparent net rate of
uplift or subsidence then can be determined for each
sampling locality by plotting on dated sample points
(Fig. 5).

4. Holocene coastal deposits and radiocarbon ages

In the Tainan Plain almost all the Holocene deposits,
named the Tainan Formation (Lin, 1969; Hashimoto,
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1972), are characterized by sedimentary structures rep-
resenting coastal marine environments (Wu, 1990; Wu
et al., 1992; Chen, 1993). In sand-rich units, plane bed and
large-scale trough cross-stratification are the dominant
sedimentary structures. Burrow-type trace and mollusc
fossils derived from neighboring marine environments
(i.e., shallow marine and lagoon) are common. In
mud-rich units, flaser and lenticular sand structures are
frequent and abundant driftwood occurs. Also found in
the mud-rich deposits are in situ molluscs and rhizomes.
The thickness of the Tainan Formation varies across the

Tainan Plain. It is more than 100 m thick upon a struc-
tural low (Chang, 1977), whereas less than 20 m thick on
the basement highs (Lin, 1971). Based on subsurface data,
at the basement high area the raised-up geomorphic
surface is underlain by an anticline (Hsieh, 1972; Fig. 4).

Four driftwoods and eight mollusc samples were col-
lected for '*C dating from the coastal sediments de-
scribed in Fig. 4 (Table 1). The observed altitude of these
samples is accurate to + 0.2m due to uncertainties
caused from leveling and sampling. This error is small
when compared to the error in tide levels, which is 2 m on
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Fig. 4. a. Cross section X-X' (locality see Fig. 2) showing the column sections and, their modern heights. Circled numbers are our study sites. Vertical
altitude scale and thickness scale of the column section are exaggerated 8 and 11 times, respectively. Age data attached on the left side of the column
sections are calculated mid-points of calibrated '*C age range. Dot line represents the modern sea-level. Dash lines connect estimated synchronous
depositional surface: upper one for 6 ka and lower one for 10 ka. In this figure, site 4 is obviously the depo-center along the cross section. b. The same
cross section X-X' but showing the topography, subsurface data, and mechanism for crustal movement suggested by previous and this study. Symbols

as in Fig. 2, show locality elevation projected onto the line of cross section.
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Table 1
14C ages from the Tainan area

Locality Longitude/Latitude Elevation (m)  Age (*C yr B.P.* Calibrated Age = Sample Type® Lab.? and
(cal yr B.P.) (Reference®)

Tainan Tableland 120°10'59"/22°58'58" 2.0 1710 + 40 1530-1710 Molluscs (As, Pr)  NTU-1214 (A)
Tainan Tableland 120°12'10"/22°58'03" 10.0 4590 + 50 5050-5450 Molluscs (As) NTU-1256 (A)
Tainan Tableland 120°14'24"/23°00'01" 22,6 5840 + 50 6500-6770 Driftwood NTU-1147 (A)
Tainan Tableland 120°14'24"/23°00'01" 20.3 5930 + 50 6660-6880 Driftwood NTU-1149 (A)
Tainan Tableland 120°14'24"/23°00'01" 17.7 6950 + 150 7480-8050 Driftwood NTU-1153 (A)
Tainan Tableland 120°14'24"/23°00'01" 13.0 8810 + 180 9500-9990 Molluscs (Mi, Bz)  Teledyne (B)
Tawan Lowland 120°15'00”/22°58'11" —10.3 5320 + 50 5940-6270 Molluscs (Ap) NTU-1262 (B)
Tawan Lowland 120°15'00"/22°58'11" —46.0 8850 + 80 9580-9990 Molluscs (Mi, Bz) NTU-1180 (B)
Chungchou Terrace 120°19'41"/22°56'27" 15.0 7250 £+ 100 7830-8180 Molluscs (Ad) NZA2341 (B)
Chungchou Terrace 120°19'107/22°54'43" 27.5 5840 + 50 6500-6770 Molluscs (As) NTU-1194 (B)
Chungchou Terrace 120°19'10"/22°54'43" 15.5 8110 + 50 8760-9210 Driftwood NTU-1447 (B)
Low Hills 120°20'54"/22°53'37" 375 7900 + 50 8510-8950 Molluscs (Ag, Pr) NTU-1465 (B)

2All the conventional ages were calculated using the '*C half-life of 5568 yr, and were corrected for mass-fractionation of carbon isotopes by
normalizing the §!3C values of the samples to — 25%o0 relative to PDB, an international standard. Carbonate samples were all checked by X-ray

diffraction analysis; all samples contain > 95% aragonite.

®Age data were calibrated according to Stuiver and Reimer (1993). We chose dataset # 1 and an error multiplier of one (k = 1). The calibrated age

ranges represent two standard deviations.

°Ag: Anadara granosa; As: Anomalodiscus squamosus; Ap: Anomalocardia producta; Mi: Macoma incongrua; Pr: Periglypta reticulata; Bz: Batillaria

zonalis

dNTU: The '#C dating laboratory of the Precision Instrument Development Center, National Science Council, Republic of China, located in the
Department of Geology, National Taiwan University. Teledyne: The '*C dating laboratory located in New Jersey, United States of America. NZA:
The AMS '*C dating laboratory located in Institute of Geological and Nuclear Science, New Zealand.

¢A: Wu et al., 1992; B: Chen et al., 1994.

an average and the major error source in this study. The
mollusc shell samples were all checked by X-ray diffrac-
tion analysis to assure their purity. Broken or incomplete
mollusc shells were not analyzed to minimize the possi-
bility of dating reworked material. The molluscs we
analyzed lived only in lagoons, we did not apply an
additional marine reservior correction before calibrating
the shell ages (Pirazzoli et al., 1987; Pirazzoli and Mon-
taggioni, 1988). Both driftwood and mollusc shell sam-
ples were calibrated with the same calibration curve
(Stuiver and Reimer, 1993; Table 1).

5. Differential crustal movement rate

A plot of elevations and measured stratigraphic sec-
tions at seven localities along cross section X-X' (Figs. 2
and 4) shows that different geomorphic units of the
Tainan Plain have undergone different styles of crustal
movement. The data show a subsiding area, the Tawan
Lowland, and two areas that have been uplifted, the
Tainan Tableland and Chungchou Terrace. To measure
the rates of local crustal movement, sedimentary environ-
ments with a known relation to former sea-level must
be identified. The best environments are beach face and
intertidal deposits; we estimate an uncertainty of only
+ 2 m in altitude for these types of deposits according
to the modern tidal range, which is generally lower
than 2 m.

5.1. Chungchou Terrace

The beach face sand and intertidal mud in the strati-
graphic section of the easternmost site (no. 1 in Fig. 4)
formed near sea-level. The shell sample with a calibrated
age of 8510-8950 cal. yrBP dates this sea-level position.
The second site (no. 2 in Fig. 4), contains a beach face
sand embraced between two muddy layers from which
two dates were obtained. The upper muddy layer con-
tains intertidal sedimentary structures, such as flaser and
lenticular sand, thus representing a paleo-sea-level posi-
tion. The lower mud unit has a massive structure with
numerous driftwood fragments and shells of Macoma
incongrua, a typical lagoonal and intertidal mollusc.
Thus, the lower mud was deposited near sea-level. Only
beach face sandy deposits, identified by the very flat,
extended plane bed and the paleo-topography, are found
in the third site; therefore, the paleo sea-level position of
the third site can also be defined, because beach deposits
are usually formed within tide interval. When plotted on
our model of relative sea-level curves, the three sea-level
points on the Chungchou Terrace give long-term uplift
rates of about 4-7 mm/yr (Fig. 4).

5.2. Tawan Lowland
A 70 m long core was drilled at the lowest position in

the Tawan Lowland without reaching bedrock, the tilted
Pleistocene strata found below the Holocene deposits at
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the Tainan Tableland and Chungchou Terrace. Two
shell samples were '*C dated from — 10.3 to — 46.0 m.
For the purpose of understanding the detailed sedimen-
tary environment, the morphology-composition analysis
(Murry, 1973; Loeblich and Tappan, 1964) was conduc-
ted, based on assemblages of the benthic foraminiferids,
the deposits of the upper 60 m of the core formed in
a hypersaline lagoon except for the superficial 4 m
(Chen, 1993; Chen et al., 1994). Modern analogs of such
an environment suggest that the water depth was less
than 6 m. If so, a subsidence rate of 1 mm/yr can be
approached (Fig. 5).

5.3. Tainan Tableland

The two study sites from the western part of the
Tainan Tableland both expose sandy beach face deposits
(Fig. 3, site nos. 6 and 7). Two '*C ages on shells give
long-term uplift rates of about 0 to 2 mm/yr. At site no.
5 a 13-m-deep foundation excavation on the top of the
Tainan Tableland provided an opportunity for sequen-
tial sampling. The upper sandy part consists of barrier
island, which is mainly a tidal channel deposit and for-
med in the Holocene transgression (Wu, 1990; Wu et al.,
1992). On the other hand, the lower muddy part of this
sequence was deposited in a hypersaline lagoon (Wu,
1990). Based on similar modern tidal channels (Wu,
1990), the maxium water depth is about 6 m. Although
these four sea-level points plotted on a relative sea-level
curve representing uplift rate of 4 mm/yr (Fig. 4); the
water depth correction implies a higher rate of about
5 mm/yr.

6. Differential crustal movement in the Tainan area

Diagnosing the site no. 5, where we have the most age
determinations and the longest time span, it can be found
four data points nearly falling along the modeled relative
sea-level curve. It implies that the model is a good
approximation of sea-level rise on the Tainan Plain. Due
to little gravity anomaly along Taiwan Strait (Yen et al.,
1995) and lack of anomalous heat flow beneath it (Gong,
1997), we also suggest that the curve may be applicable to
the western coast of Taiwan due to its restricted size. As
we have known, the Taiwan Island is a tectonically active
region, the reference sea-level is believed to be widely
applicable in this area for studies of Holocene neotec-
tonics. Since the reference sea-level is a general average of
the tectonically stable areas around Pacific region, it
might be valid when it is applied to the Pacific. However,
outside of western Taiwan, using this reference sea-level
curve must be cautious due to the local tectonism.

As far as we know, a marine terrace develops in a
relatively uplifting place and during at least a transgress-
ion-regression cycle (Woods, 1980; Kern, 1977). If we

80 T T T
Local crustal
movement rate
60 - 4
L8 mmjyr
“f g T
g 6 mm/yr
20 ; 5mmfyr
> — 4 mmyr
b4
: 0 T 3 mmpyr
o] ——
g N 2 mm/yr
-
5 20 I mmpyr
B Y
G
= O} Tainan Tableland 0 mm/yr
40| VW =1 mm/yr
V— Tawan Lowland -2 mm
M mm/yr
-60 - D} Chungchou Terrace -3 mm/jyr
L 2
80 1 I I
0 2000 4000 6000 8000 10000 12000

Age (calibrated yrs B.P.)

Fig. 5. Curves represent the relative sea-level change at the places
undergoing specified rates of crustal movement during the Holocene.
Symbols are used as in Figs. 2 and 4. Horizontal error bars show the
total range of calibrated radiocarbon ages if the range is larger than the
symbol size. Vertical error bars show the maximum uncertainties for
height, which are 12 m or so due to the modern water depth of the
similar environment. By reading relative position of the symbols, the
Holocene tectonic activities of each sampling site can be approximately
read out.

regard the Tainan Tableland and the Chungchou Ter-
race as having the same forming mechanism as marine
terrace, such transgression-regression cycle must be ex-
perienced. Although there was a Holocene transgress-
ion-regression cycle generally happened in the western
Pacific, the trend of the curves in Fig. 5 suggests that if
the uplift rate is more than 8§ mm/yr sea-level has never
been a rising trend. Thus, the Holocene marine strata
would be hard to develop on the Tainan Plain. Conse-
quently, the Holocene transgression-regression cycle has
little chance to be detected. On the other hand, at a place
that underwent a subsidence rate of more than 1 mm/yr,
the late Holocene regression will not be found. In short,
a place inundated prior to the Holocene would be still
submerged (Lajoie, 1986). However, this latter case need
not always exist, because rapid sedimentation may often
exceed the rate of sea-level rise and cause shoreline pro-
gradation. This deposition-induced regression sometimes
causes us to mistakenly interpret crust uplift and under-
estimate the local subsidence rate. Therefore, establishing
the condition accompanying sediment deposition is very
important in this type of study. For example, the Tawan
Lowland in this study should still be inundated today,
given its subsidence rate; however, in reality, the fluvial
sediment supply makes it emerge faster than expected.
The top 4m of fluvial deposits found in the Tawan
Lowland (Fig. 4) is the best support for the sedimenta-
tion-induced emergence.

The cross section of the Tainan area demonstrates that
the uplift rate is very low along the western coast and
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increases eastward to a peak on the top of the Tainan
Tableland. Beyond the peak, the rate drops down in the
Tawan Lowland, and it increases again when reaching
the Chungchou Terrace. The uplift rates derived from the
Chungchou Tableland, in the same way, show an east-
ward increase into the Foothills. Although the average
uplift rate in our study area is consistent with that
reported for marine terraces on the Pacific side of Taiwan
(Ota, 1986), these rates vary significantly across the
Tainan Plain. The variation is the result of subsurface
structural movement (Hsieh, 1972; Chen, 1993) as is true
in other cases (Yeats, 1986; Figs. 5-13 and 5-15 in Carver
and McCalpin, 1996). However, our average rate is quite
high compared with these studies and may arise from
a different style or scale of structural movement. Due to
a lack of monitoring data, we can neither categorize the
type, seismic or aseismic (Nelson and Manley, 1992), nor
the moving behavior, variable or uniform slip model
(McCalpin, 1996). Instead, we simply discuss the possible
mechanism, which causes the differential movements in
Tainan Plain.

Two underlying gravity anomalies have been reported
beneath the topographic highs of the Tainan Tableland
and Chungchou Terrace (Hsieh, 1972), but seismic data
are available only beneath the Tainan Tableland. Two
exploratory test wells support the idea of subsurface folds
beneath these anomalies and probably both of the anti-
clines formed by diapirism (Hsieh, 1972). Marine seismic
profiling studies (Lundberg et al., 1991; Liu et al.,, 1997)
also show that the Tainan Tableland and Chungchou
Terrace are on northwest-oriented structural trends for-
med by mud diapirism (Fig. 2). Based on these previous
studies and our data, it can be suggested that the Tainan
Tableland has been probably doming up by diapirism. Its
asymmetrical shape is caused by both of seaward pro-
gradational deposition on the western flank and fluvial
erosion on the eastern flank. For the Chungchou Terrace,
however, the uplift rate increases eastward. Therefore, we
suggest that diapirism is not the major mechanism for
uplift of the Chungchou Terrace. Instead, it is possible
that a blind thrust (Rich, 1934; Suppe, 1983) is developing
beneath the terrace. This interpretation is also consistent
with the gravity anomaly (Hsieh, 1972). As a result, the
differential crustal movement rates observed in the
Tainan area are mainly attributable to the mud diapirism
for the Tainan Tableland and blind thrust faulting for the
Chungchou Terrace.

7. Conclusions

Two Holocene uplifted geomorphic units, ie., the
Tainan Tableland and the Chungchou Terrace, demon-
strate maximum uplift rates of about 5 and 7 mm/yr,
respectively, and both show an eastward increase in uplift
rates. The Tawan Lowland located between these two

highlands has subsided at a rate of about 1 mm/yr. The
mechanism of differential uplift across the Tainan Plain
is interpreted to be the product of doming related to mud
diapirism beneath the Tainan Tableland and blind thrust
faulting beneath the Chungchou Terrace. The Holocene
reference sea-level curve used in this study is believed to
be highly applicable in determining the local crustal
movement rate in western Taiwan, but we precaution the
application to other places due to the possibility of differ-
ent local tectonism.
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