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ABSTRACT

We have constructed a regional Bouguer gravity anomaly map using marine and land data from Taiwan and the Chinese
province of Fuchien, as well as SEASAT altimetry-derived gravity data for the Taiwan Strait and its surrounding area. The map
shows isogals trending generally in a NE-SW direction, conforming with the overall shallower geological strike of the strait.
Removing gravity effects generated by the water layer and seafloor topography, the regional Bouguer gravity anomaly is
obtained, reflecting the subsurface structure. Moho depth is then computed by the Parker-Oldenburg iterative method from the
regional Bouguer gravity data set. Over the strait area, the geometry of the Moho relief is smooth with an average depth of
about 30 km, except for the Penghu uplift. Moho depth is shallower in the Taiwan Strait and thickens toward both sides of the

strait. The relatively shallower Moho depth, reaching up to 28 km, is convex upward underneath the Penghu uplift.
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1. INTRODUCTION

The Taiwan Strait is situated on the continental shelf off
the southeast China coast between the East China Sea and
the South China Sea, trending NE-SW (Fig. 1). Regional
stresses of the Taiwan Strait area can be considered as a re-
sult of two tectonic forces. The first is the compressional
stress related to the arc-continent collision between the Phi-
lippine Sea plate and the Eurasian plate, and the second is
the extensional stress related to the opening of the South
China Sea to the south. Under these two mechanisms, the
crust of the Taiwan Strait is formed by a complex structure of
uplifting, normal faulting, and volcanic intrusion (Gao and
Huang 1994). A center of thinning lithosphere and asthe-
nosphere upwelling has been identified on the western side
of Taiwan based upon geochemistry interpretations (Chung
et al. 1994). The crust of the Taiwan Strait area can be con-
sidered as a part of the Eurasian continent slightly deformed
due to the arc-continent collision. The Moho dips slightly
from west to east shown by P, velocity study (Huang et al.
1998).

From a tectonic point of view, there are several alter-
nating basins and uplifts in the Taiwan Strait. The Kuanyin
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uplift and Peikang High alternate with the Taichung-
Taihsi and Tainan basins located on the east side of the
strait. The Taichung-Taihsi and Tainan basins have accu-
mulated dense sediments of great thickness due to rapid
subsidence (Chou 1991) and have extended to western
Taiwan separated by the Peikang High. The Tainan ba-
sin, with sediments more than 6000 m thick, is character-
ized by extensional normal faults trending mainly in the
NE-SW and E-W directions (Yang et al. 1991). The Taiwan
Strait, as a part of the South China Sea margin, consists of
the Paleocene syn-rift sequence and the Neocene-Qua-
ternary post-rift sequence (Teng 1992). A number of Pale-
ocene fault-bounded troughs, including the Nanjihtao
basin and Penghu basin, developed on the thinning Me-
sozoic basement (Sun 1982). Both the syn-rift and post-
rift sequences are composed of paralic and shallow ma-
rine deposits derived from southeastern China. The half
graben is the principal feature in the rifting continental
margin (Rosendahl 1987). As expected, the early Ter-
tiary sediments are primarily confined to the half grabens
and form a thick asymmetrical wedge. These wedge-shaped
sequences, such as Nanjihtao and Penghu basins along the
Taiwan Strait, are comprised of thick sediments (Sun 1982;
Hsiao et al. 1991; Yu and Huang 1994).
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Fig. 1. Map showing the geological and tectonic settings near Taiwan.
The Philippine Sea plate moves toward the northwest relative to the
Eurasia plate at about 8 cm yr”' (big red arrow). Dashed lines show the
major geological structures of the Taiwan Strait (by a series of basins:
the Taichung-Taihsi, Nanjihtao, Penghu, and Tainan Basins; the
Kuanyin and Penghu Uplifts; and the Peikang High).

As mentioned, not a lot of geological and geophysical
investigations in parts of the Taiwan Strait have been re-
ported in the past (Sun 1985; Chen and Nakamura 1992; Yu
1993; Chung et al. 1994; Gao and Huang 1994; Kao and Wu
1996; Huang et al. 1998, Chen et al. 2005). Because access
to the Taiwan Strait as a whole has been limited for years due
to political reasons, the overall tectonics of the strait, derived
from tomography results and detailed seismic profiles, re-
mains obscure, even though it forms an important part close
to the collision boundary. Although three local networks,
Fuchien Seismic Network (FJN), Broadband Array in Tai-
wan for Seismology (BATS), and the Central Weather Bu-
reau Seismic Network (CWBSN) are located on both sides
of the strait, very few seismic constraints on the tectonic
structure of this area are available. Recently, Ai et al. (2007)
utilized seismic waveforms recorded by the above three net-
works to illustrate the 2-D crustal and upper mantle struc-
tures of two parallel profiles across the southeastern China
region by using common converted point stacking of re-
ceiver functions. Regrettably, the shallower structures be-
neath the Taiwan Strait within those two profiles could not
be solved due to sparse seismic data.

Up to now, gravity data over the Taiwan Strait are cur-
rently the most integrated and provide the best geophysical
data coverage. Fundamental information regarding struc-
tural configuration, such as Moho relief, generally can be in-
verted by using essential gravity data. For simplicity, we as-

sume a density contrast between the two media, i.e., crust
and mantle, to obtain the gross feature related to the depth of
the interface. In this study, Moho depth in the Taiwan Strait
area is inverted using a MATLAB source code 3DINVER.M
(Gomez-Ortiz and Agarwal 2005) from an integrated new
gravity data set. The result gives us a preliminary under-
standing of crustal strcture and deformation beneath the
Taiwan Strait area.

2. DATA COMPILATION AND BOUGUER
ANOMALY MAP

Gravity measurements and analyses are particularly
useful as a reconnaissance tool for a large tectonic region. A
high-resolution regional gravity map over the Taiwan Strait
(21 - 27°N and 116 - 122.5°E) can help us understand its
tectonic signature. There is, therefore, a need to compile a
gravity map that encompasses the entire strait region. In this
study, the gravity data are compiled from four sources: (1)
603 Island-wide gravity stations have been established by
the Institute of Earth Sciences, Academia Sinica (Yen et al.
1995b) since 1980. Several tens of measurements from the
offshore islands, such as Penghu, Lutao, Lanyu, and Peng-
chiayu (Fig. 1), have since been added to the data set. (2)
There are several tens of ship tracks in the National Geo-
physical Data Center (NGDC) archive of the NOAA, USA,
with continuing gravity observations of offshore Taiwan.
Those data with obvious noise, large time gaps and suspi-
cious glitches or drifts in the digital records are first rejected.
Any cruise without a base tie is useful only if it yields consis-
tent crossover differences with all intercepting, calibrated
cruises. This means that for the crossover differences, the
root-mean-squares deviation from the mean must be small
compared to the mean itself. Thirteen such ship tracks plus
similar two from the Chinese Petroleum Company are re-
tained as suitable for the study. Three cruises mentioned
above are analyzed through the crossover analysis. Follow-
ing this strategy, most gravity lines are tied to the MW9006
in the southern area and to the POP 1 and 2 to the northeast of
Taiwan (Yen et al. 1995a). (3) To maintain a reasonable ex-
trapolation of the strait area where no ship tracks were pre-
sent, the SEASAT gravity data was used to fill data gaps
during the overall compilation (Haxby 1987). These data,
given at 1/4° grids, are derived from the SEASAT satellite
geodetic mission verified with the gravity data at the Penghu
islands, and are therefore characterized by relatively smooth
variations. (4) The gravity data of Fuchien Province, China
was digitized from the Bouguer gravity anomaly map of the
South and East China Seas and adjacent regions, as com-
piled by the Ministry of Geology and Mineral Resources,
People’s Republic of China and published by the Geological
Publishing House (Liu 1992).

It is also time-consuming, tedious and difficult work to
integrate gravity data from so many sources (inland, off-
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shore islands, marine, and satellite data). Details of gravity
compilation procedure and data quality for items (1) to (3)
have been described by Yen et al. (1995a, b). To ensure the
reliability of the Bouguer anomaly of Fuchien Province, we
carried out a gravity survey at the offshore islands of Kin-
men, Wuchiu, and Matsu (Fig. 1) located nearby Fuchien’s
provincial coast to correct their Bouguer anomaly value.
These data sets were accurately calibrated using the Inter-
national Gravity Standardization Net 1971, and the gravity
anomaly were referenced to Geodetic Reference System
1967, thus facilitating the construction of a regional map that
includes both land gravity data (Bouguer anomaly) and ma-
rine gravity data (free-air anomaly). The compiled gravity
anomaly map for the Taiwan Strait is shown in Fig. 2a. The
isogals trend generally in a NE-SW direction, in consonance
with the overall shallower geological strike of the strait.
Conspicuous negative anomalies cover Fuchien Province
and Western Taiwan, whereas positive anomalies dominate
the Taiwan Strait. An anomaly high over the Penghu islands
and their southern part reaches a maximum value of 60 mgal.
Taichung-Taihsi, Tainan, Nanjihtao, and Penghu basins
show relative gravity lows due to thick sediments. It is ob-
vious that dominants influence over those gravity anomalies
are the sediment and water layers. To better suppress gravity
effects due to the shorter wavelength attributable to the
water layer and submarine topography, Bouguer, and terrain
corrections should be considered for the marine gravity data.
Fortunately, the average depth of the water layer is about
100 m, and the topography of the seafloor is not rugged over
the Taiwan Strait. The water layer can be replaced directly
by the crust with a density of 2.67 g cm™ by using a simple
integration process, and the terrain correction of the seafloor
topography can be neglected. The density of the Penghu is-
lands, composed of extensive basalt flows, is close to the
average crustal density (2.67 g cm™). To obtain Moho depth,
corresponding longer wavelength anomalies, the regional
Bouguer gravity anomaly (Fig. 2b) is calculated by the Grif-
fin method (1949). A semicircular gravity high, with a maxi-
mum value of 180 mgal, manifests itself as a prominent, con-
tinuous high extending northerly to the Penghu islands from
the southern border of the map. This anomaly is most pro-
bably caused by the oceanic crust beneath the southern strait
and high-density extrusive basalt outcrop on the Penghu is-
lands.

3. THEORY AND ALGORITHM

The program, based on the Parker-Oldenburg method,
has been presented by Gomez-Ortiz and Agarwal (2005) for
computing 3D geometry of the density interface from a
gridded gravity anomaly. This procedure is based on a rela-
tionship between the Fourier transform of the gravity anom-
aly and the sum of the Fourier transform of the interface to-
pography. Given the average depth of the interface boundary

and density contrast between the two media and the geo-
logical control depths described above, the 3-D geometry
of the interface is iteratively calculated.
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Fig. 2. (a) Gravity anomaly map of the Taiwan Strait area with a 20 mgal
contour interval. The map is obtained by joining the interpolated land
gravity data (Bouguer anomaly) and the marine data (free-air anomaly)
on a 1/12° grid. The isogals trend generally to the NE-SW direction,
consistent with the overall shallower geological strike of the strait. (b)
After replacing the sea-water layer to the crust, the regional Bouguer
gravity anomaly map was obtained. The contour interval is 20 mgal.
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The equation described by Parker (1973) is used to cal-
culate the homogeneous layer with an uneven boundary ge-
nerated by density contrasts. Using the Fourier transform
of the gravity anomaly, we have:

F(sg) = ~22Gpe™ Y. i (0] M

where F(Ag) is the Fourier transform of the gravity ano-
maly; G is the gravitational constant; p is the density con-
trast across the interface; k is the wave number; 4(x) is the
depth to the interface (positive downwards); and z, is the
average depth of the horizontal interface.

We compute the undulating interface depth from gravity
anomaly data, following Oldenburg (1974) in a rearranged

Eq. (1):
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The first term of the equation is computed by assigning
h(x) = 0 (Oldenburg 1974) and the first approximation
value /(x) from its inverse Fourier transform. The value of
h(x) is iteratively used in Eq. (2) to estimate a new value
until a reasonable solution is achieved. Because the Parker-
Oldenburg method is unstable at high frequencies, Gomez-
Ortiz and Agarwal (2005) add a cosine low-pass filter to
constraint the high-frequency signals. After a simple test, we
set 0.012 Hz as the corner frequency to deal with the anoma-
lous data.

The above algorithm is applied to compute Moho depth
in the Taiwan Strait area (21 - 27°N and 116 - 122.5°E) from
the regional Bouguer gravity anomaly (Fig. 2), with grid
spacing of 5 km. Because of the inherent non-uniqueness
of gravity interpretation and a paucity of deeper geologi-
cal cross-sections, seismic profiles, and velocity tomogra-
phy in the strait area, an attempt was made to consider the
relatively simple assumption that the two parameters of
depth and density contrast between the mantle and crust
interface. Referred to as the global crustal model (CRUST
5.1), a crustal thickness of 30 km is taken from the world-
wide crustal thickness contour map (Mooney et al. 1998).
The assumed crustal thickness of 30 km in this study is in
basic agreement with previous literature reports (Kim et
al. 2004; Hwang and Yu 2005; Aietal. 2007), describing a
typical old and stable continental crust. In other words,
the inverted Moho’s relief relative to the average Moho
depth of 30 km is practicable. The common density con-
trast of 0.6 g cm™ between the mantle and crust interface is
appropriate (Dehlinger 1978; Gao and Huang 1994; Yen
etal. 1998).

4. MOHO DEPTH AND DISCUSSIONS

Convergence of the iterative procedure has been achieved
at the sixth iteration, with an RMS error of 0.0157 km. This
RMS error, referred to as the RMS error of 0.0157 km from
Gomez-Ortiz and Agarwal (2005), interprets that the inver-
sion result can be acceptable.

Figure 3 shows the Moho depth distribution in the
Taiwan Strait area. Its variation is basically consistent with
two seismic observations. One is the seismic refraction pro-
file (A-A’) offshore of Fuchien Province (Liao et al. 1988).
Here, the average Moho depth is about 31 km except for a
change that takes place at 150 km where a fault cuts through
the entire crust (Fig. 4a). The other seismic observation
(B-B’) along the western coast of Taiwan is obtained from
tomographic inversion by jointly using the seismic data set
of the CWBSN and two temporary seismic arrays in Hualien
and Pingtung (Kim et al. 2005). We assume that the Vp =
7.5 km s™', taken as the average velocity of three seismic
tomography results (Rau and Wu 1995; Ma et al. 1996; Wu
et al. 2007), is the discontinued interface between the lower
crust and upper mantle. The depth of interface estimated
from the velocity structures range from 32 to 34 km (Fig. 4b).
They generally agree with our results calculated from the
gravity anomaly. The Moho depth of Penghu uplift is shal-
lower in the Taiwan Strait and thickens toward both sides of
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Fig. 3. Moho depth distribution in the Taiwan Strait area derived from
the regional Bouguer gravity anomaly data. To avoid edge effects
caused by the calculation process, the map is only shown 22 - 26°N and
117 - 121.5°E. (Contour interval: 1 km)
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the strait (Fig. 4c). The relatively shallower Moho depth,
reaching up to 28 km, is convex upward underneath the
Penghu uplift. Figure 5 shows the difference between the
observed regional gravity anomaly and the gravity anomaly
due to the computed 3D Moho relief (by means of the for-
ward modeling algorithm). These differences are at most in
the range of -5 to 5 mgal and can be tolerated for the whole
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Fig. 4. Locations of three Moho depth profiles (purple lines A-A’,
B-B’, and C-C’ at the index map). (a) The average Moho depth (black
line) from the seismic refraction survey is about 31 km, except for a
fault cutting through the entire crust at a distance of 150 km (Liao et al.
1988); (b) the Moho depth (corresponds to Vp = 7.5 km s™, black line)
variations referred from the velocity structures (Kim et al. 2005). The
Moho depth along the A-A’ and B-B’ profiles calculated from the grav-
ity data (red line) are basically consistent with two seismic observa-
tions; (c) The Moho depth along the C-C’ profile across Island Penghu
taken from Fig. 3 (red line).

strait area. In short, Moho depth distribution in the Taiwan
Strait area obtained from the gravity anomaly is acceptable
in that the results are generally consistent with two seismic
constraints and front evaluation.

Over the strait area, the geometry of the Moho relief is
relatively flat with an average depth about 30 km, except for
the Penghu uplift. It is conceivable that the crust of the Tai-
wan Strait can be regarded as a typical old and stable con-
tinental crust interior of the southeastern Chinese mainland
(part of Eurasian plate) and that it is only slightly deformed
as it is far away from the collision boundary. The relatively
shallower Moho depth, reaching up to 28 km, is convex up-
ward underneath the Penghu uplift, which may have been
caused by magma upwelling. This is consistent with the ex-
tensive basalt flows that form the Penghu Island group.
Moho depth thins rapidly for southwestern offshore Taiwan
(i.e., the southern border of the map).

The Moho depth distribution is shallower for the strait
itself and thickens toward both the Fuchien and Taiwan
coastal zones. The trend of the convex axis is roughly in a
N-S direction and nearly perpendicular to the relative mo-
tion between the Philippine Sea plate and the Eurasian
plate. According to Chung et al. (1994), in the lithosphere
section across the Taiwan Strait, the thinnest crust is located
at the western part of strait (i.e., between Penghu islands
and Fuchien Province). Kao and Wu (1996) propose that ex-
tensional N-S mantle flow under the crust in the Taiwan
Strait may have been able to create favorable conditions for
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Fig. 5. Difference between the gravity anomaly forward computation of
3D Moho relief and the observed gravity map presented in Fig. 2b.
(Contour interval 5 mgal.)
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a nearly E-W striking normal fault to occur based upon
analysis of seismic data, such as the 16 September 1994
Taiwan Strait earthquake (Dziwonski et al. 1995; Zheng et
al. 1998). The result for the Moho depth distribution seems
consistent with structural evolution of mantle uplift and
crust thinning in the Taiwan Strait area. We expect that the
PmP data from the forthcoming active seismic experiments
of the Taiwan Integrated Geodynamics Research (TAIGER)
project will substantiate our gravity findings.

5. CONCLUSION

The compiled gravity anomaly map for the Taiwan Strait
(Fig. 2a) shows that the trend of the main gravity anomaly is
in a NE-SW direction, consistent with the overall shallower
geological strike of the strait. Conspicuous negative anoma-
lies occur in Fuchien Province and Western Taiwan; positive
anomalies dominate the Taiwan Strait. An anomaly high is
over the Penghu islands, where basalt outcrops, and their
southern part, with a maximum value of 60 mgal. Removing
the gravity effects due to sea-water layer and submarine to-
pography, the regional Bouguer gravity anomaly is obtained
(Fig. 2b). A remarkable semicircular gravity high trending
N-S is found from the southern part of the strait to the Penghu
islands. This anomalous area, with a maximum value of
180 mgal, is most likely caused by the oceanic crust in the
south and high-density extrusive basalts in the north.

The Moho relief, computed from a regional Bouguer
gravity data set, is relatively flat, except for the Penghu up-
lift, with an average depth about 30 km. The Moho depth is
shallower in the Taiwan Strait and thickens toward its sides.
The relatively shallower Moho depth, reaching up to 28 km,
is convex upward underneath the Penghu uplift, which may
be caused by magma upwelling.

In this study, a thinner crust is obtained in the strait area
as compared with those in the southeastern Chinese main-
land and Taiwan. This suggests that the crust underneath the
Taiwan Strait has been undergoing a structural evolution of
mantle uplifting and crustal thinning. Moreover, our results
provide an important regional framework for further plan-
ning of a large-scale geophysical survey (such as TAIGER
project) in the Taiwan Strait area and studies on alternate in-
teractions between the Philippine Sea and Eurasian plates.
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