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Over the past 10 years, the Central Geological Survey (CGS) has con-
ducted a wide-range of investigations of the Taipei basin by drilling over 30
wells (100 - 700 m). During the same period, we have also scanned the basin
area ( 20 20×  km) using over 300 shallow reflection seismic lines. The pur-
pose of this paper is to compile these seismic data, incorporating it with the
borehole drilling results, to better describe the Tertiary basement, and the
Quaternary layers above the basement including their respective P- and S-
wave velocities. It is found that 1) the deepest part of the basin basement is
probably at the outlet of the Tanshui River, i.e., at the NW corner of the
basin, 2) the Kanchiao fault forms a separation boundary bisecting the
basin into a deep NW part and a shallow SE part, 3) the Sungshan and
Chingmei Formations are relatively flat deposits at the top, which implies
the existence of a comparatively quiet deposition period since about 100 thou-
sand years ago, 4) the P- and S-wave velocities inside the basin are 1500 - 2200
m s-1  and 170 - 880 m s-1 , and 3000 m s-1  and 1500 m s-1  for the basement.

 (Key words: Taipei basin, Shallow reflection seismics, Basin structure, P and S velocities)

1. INTRODUCTION

Taipei city, the capital of Taiwan, is located in the Taipei basin. The thick recent deposits
in this “soft” basin have caused significant earthquake damage due to site amplifications,
although the earthquakes have mostly occurred outside the basin (Sokolov et al. 2001). A
severe building collapse caused by the 1999 Chi-Chi earthquake (Mw = 7.6; epicenter 200 km



TAO, Vol. 15, No. 4, November 2004610

to the south) is a recent example (Tsai and Huang 2000). The Taipei basin is triangular in
shape (Fig. 1) with an area of about 20 km 20 km× . Four young formations are found sitting
flat above the basement which is at most 700 m deep (CGS 1999; Teng et al. 2001). The top
near-surface layer, called the Sungshan Formation, is thought to carry the burden of the site-
effects because of its loose sand and silt content.

Besides weak surface conditions, there are also three significant faults that traverse the
basin (Fig. 1b). Of these, the Sanchiao fault, along the NW border of the basin, has a good
possibility of being active (Bollina 1977; Lin et al. 1999). Much effort has been devoted to
investigate the structural and engineering properties of the basin, especially the Central Geo-
logical Survey (CGS 1999) in the ninety’s. Over 30 wells were drilled, 17 of which reached
the Tertiary basement. Some of these wells concentrated on detecting the Sanchiao fault (Lin
et al. 1999). This drilling effort has added a great deal to the understanding of the structure of
the Taipei basin. This paper summarizes the shallow reflection seismic results we have ob-
tained over the past decade. After archiving these results and comparing them with the CGS’s
well data, we ought be able to better describe the basement shape, the layer structure, and the
velocity structure, including the P-waves and the S-waves, of the Taipei basin. These data are
likely to be of fundamental importance in the seismic study of basin effects for Taipei city and
neighboring areas.

2. GEOLOGIC BACKGROUND

The Taipei basin is considered to be structure forming in origin. From the Pliocene to the
Pleistocene age, three reverse faults developed in this area, along the western Taiwan foothills
(Wang Lee 1969). They are (from NW to SE), the Hsinchuang fault, the Kanchiao fault and
the Taipei fault (Fig. 1); all trend in the NE-SW direction. At this period, the Linkou area was
a delta fan at the foot of this fault-generated hill, where gravels and conglomerates were widely
deposited. About 400 thousand years ago, the tectonic pattern in northern Taiwan changed
(Teng et al. 2000) and the area was “flipped” to become a tensile environment. One of the
reverse faults, i.e., the Hsinchuang fault, altered its sense of movement and became a normal
fault, now called the Sanchiao fault, which caused the Taipei basin to sink. This tectonic ex-
pansion could have been induced by a pure tension (Teng et al. 2001) or by a pull-apart mecha-
nism (Lee et al. 1999), which caused the basin to assume its triangular shape. Thus, the deepest
part of the basin is along the NW border, where the Sanchiao fault is located. This one-sided
subsidence made the basin’s Tertiary basement in a half-graben shape (Fig. 1b; Wang et al.
1994, 1995). Four newly deposited unconsolidated strata were overlying the basement (Fig. 2;
Teng et al. 2001). Of these, the middle Chingmei Formation is mainly composed of gravels. It
separates the overlying silt-dominated Sungshan Formation and the underlying sand-and-silt
Wuku Formation and the gravel-rich Banchiao Formation. Their ages are 400 (Banchiao), 250
(Wuku), 100 (Chingmei), and 30 (Sungshan) thousand years (Ka), respectively. The topmost
Sungshan Formation is quite soft and weak, which has led to earthquake damage and engi-
neering troubles (Wen et al. 1995).
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Fig. 1. (a) The Tertiary basement depth contours of the Taipei basin overlying
the Tertiary basement. The triangles indicate the reflection seismic lines
and the “#” symbols are the CGS wells (name and depth are attached).
(b) A stereo plot of the shape of the Tertiary basement. Three faults are
indicated. There was obvious sinking along the Sanchiao fault, which
has made the northwestern part of the Taipei basin a deep depression.
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The CGS has drilled over 30 boreholes throughout the Taipei basin since 1992, in an
attempt to investigate the configuration of the basin. Their interesting findings are: 1) the
deepest point is probably near the Wuku well (WK-1, 679 m; Fig. 1a) which is located almost
at the middle of the basin segment of the Sanchiao fault (Lee et al. 1999), 2) the Guandu plain
(northern basin) has an unexpectedly deep basement, perhaps more than 500 m, 3) two layers
of volcano-related lahar, with ages of 200 and 400 Ka, respectively, were found buried at
depths of 240 - 320 m and 400 - 480 m in the Guandu area (Tsao et al. 2001), 4) the Sungshan
and Chingmei Formations are levelly deposited above the Sanchiao fault (CGS 2003, p.118).
By combining the CGS’s data with the shallow seismic mapping, we can depict the shape of
the Taipei basin, as shown in Fig. 1. A representative cross section is illustrated in Fig. 2,
which has also been regulated by the well data present in Teng et al. (1999).

3. SEISMIC REFLECTION SURVEYS

We have collected a lot of shallow seismic reflection data throughout the Taipei basin
(triangles in Fig. 1a) (Wang et al. 1994, 1995). It was quite a challenge to carry out the seismic
work in such a heavily populated city. The large survey system used for oil exploration was
obviously not suitable; instead, a small system of shallow seismic reflections were found to be
more convenient. The shallow seismic method has the merits of mobility, efficiency, high-
resolution and cost-effectiveness (Steeples and Miller 1990). The small size made it easy to
move around in the city. Most of the seismic lines had lengths less than 500 m, and could be

Fig. 2. A profile across the Taipei basin perpendicular to the strikes of the faults.
The Sanchiao fault controls the deep depression on the northwestern Taipei
basin. In contrast, the Kanchiao fault forms a boundary which separates
the deep NW and the shallow SE parts of the basin. (partly modified
from Teng et al. 2001, partly the seismic data)
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deployed in narrow streets or public places (such as parks, schools). These lines were spread
out over a wide region to form a regional distribution. A 3D-like structure can be obtained
when these distributed data are compiled together, and adjusted by the well logs. In this respect,
the shallow reflection seismic sections can be thought of as artificial well logs, using which we
can extend the borehole data to neighboring areas.

The survey equipments used in this study were: 1) source:  EWG-III impact pulse generator,
2) receiver: OYO 40 Hz geophone, 3) recorder: DAS-1 48-channel seismograph, and the sur-
vey parameters were: 1) source interval: 4 m, 2) receiver interval: 2 m, 3) near-offset: 60 m or
100 m, 4) fold: 12 or 16, 5) sampling rate: 0.25 ms, 6) low-cut filter: 40 Hz. Most of the field
work was carried out in the early night to avoid traffic noise, and also not to disturb neighbor-
hoods too much. The data processing followed standard CDP data processing, except for the
emphasis of some dip filters and static corrections.

Although some seismic sections have already been published (Wang et al. 1994, 1995;
Wang and Sun 1999), those in the NW portion of the basin are worth of further examination.
Figures 3 and 4 show these sections. The vertical and horizontal axes of the seismic sections in
this paper have been adjusted to the 1:1 scale in order to approximate real underground structures.
Figure 3 shows the seismic sections aligned in a south-north direction and Fig. 4 in the west-
east direction. The WK-1 and LC-1 well data are also utilized to connect the lithologic units
and the seismic layers. The most dominant phase in the seismic sections is probably the Chingmei
Formation. The coarse gravels in this layer cause seismic signals to reverberate. The other
easily identified seismic phase is the boundary between the Wuku and Banchiao Formations,
where the lithologic properties change (due to the appearance of gravel, massive mud, or even
lahar layers). One surprising feature of Fig. 3 is that the deep layers in the Wuku and Banchiao
Formations keep dipping toward the north. This implies that the basement is probably deeper
in the north of this seismic profile. The deepest part mostly lies close to the outlet of the
Tanshui River, not at the WK-1 position as has been commonly thought.

Figure 4 further confirms that the deepest part of the basement is actually along the line
passing through the LC-1 well. The lithological and seismic layer relationships in this profile
are not difficult to establish. Figure 4 shows a well log profile consisting of 12 aligned wells
(adopted from CGS 2003, p.120) on the western border, called the Chentzuliaw (CZL) profile.
When combined with the CZL section, we may construct a slanted basement, stretching from
the edge toward the center, with an inclination angle of about 30 - 40 degrees. This means that
it may be less than 1 km from the edge to a depth of 700 m. Details of structural variations
across the NW boundary are nicely presented in this profile. Figure 5 shows another seismic
section taken near the basin’s western border (Fig. 3a). The data quality in this section is not
very good, but still recognizable. This is a long section (1.3 km), passing through the Wuku
flood discharge area. A small depression is visible in the middle, but only for the deep layers.
The top Chingmei and Sunshan Formations are nearly flat, even making an angular contact
with the Wuku Formation (see the western edge at 0.2 seconds). The section in Fig. 5 nicely
describes the shape of the basin’s structure at or near its deepest center.

To investigate the lahar (volcanic debris flow) deposits, we also collected a long seismic
line in the Guandu area, northwestern Taipei basin (Fig. 3a). It is composed of two separate
lines (DADU and KDU) (Fig. 6). Several wells give the control points (wells KT-1, SCF-8,
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Fig. 3. Shallow reflection seismic sections in the northwestern Taipei basin. (a)
is a map showing the position of each section, (b) contains four sections
roughly aligned in a NS direction. The horizontal and vertical scales of
all the seismic sections in this paper have been set to approximately the
same scale. The lithological log of well WK-1 (adopted from Teng et al.
2001) is attached for comparison. The arrows on this log indicate the
different layers’ boundaries. It is interesting to see that the layers con-
tinuously decline toward the north, which implies a deeper basement to
the north.
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SCF-9; Fig. 3a). Section DADU gives a nicely sloped surface of the basement, above which
deposits mixed lahar material with quite low P-wave velocity and low frequencies. On the
contrary, the layers in section KDU are relatively flat. The KT-1 well (basement at 499 m) is
located at the right corner of this section to provide layer controls. The basement surface has a
little tilt toward the west, below which a dipping Wuchishan Formation (an early Miocene
strata) forms an angular-unconformity contact. The basement in the Guandu area is estimated
less than 550 m deep. The fast lateral changing phases for the lahar layers are obvious, due to
their debris nature. But this layer is basically flat. The strong reflection at 0.2 seconds could
correspond to the gravel deposits of the Chingmei Formation.

4. S-WAVE SEISMIC REFLECTION SURVEYS

The topmost Sungshan Formation in the Taipei basin is quite soft. It is composed of uncon-
solidated sand, silt and clay, with a thickness between 50 m (SE) and 120 m (NW) (Fig. 7). Most
of the earthquake-related damage and the engineering troubles can be attributed to the destruc-
tive behavior of this loose layer. Figure 7b, adopted from Wen et al. (1995), illustrates the
magnification of the seismic waves (shown as the peak ground acceleration, PGA) at different
depths, observed at the WK-1 well. Most site effects have been concentrated in the top 140 m.
The shape of this Sungshan Formation can be obtained by seismic reflection surveys and the
data from numerous engineering wells as is shown in Fig. 7a. Except for a deeper part to the
NW, there is a local depression to the east, near the Taipei airport.

In order to study the earthquake response of the Sungshan Formation, we also conducted
S-wave seismic reflection surveys in the Taipei basin. This work was much tougher than the P-
wave survey due to the difficulty in handling shear-wave sources. We used a sledge hammer
horizontally striking a 1 m long railroad rail iron that was damped by an automobile riding on
it. The generated S-wave signal was weak, and usually out of phase for different strikes, which
makes it impossible to enhance the data by stacking. We took five records at each location, and
picked the better ones to process in the laboratory. Figure 8 shows examples of the recorded
S-wave and P-wave reflection signals. Here a walk-away type of data acquisition (moving one
receiver spread-length for each shot, and 3 or 4 shots for one survey) was applied to get pro-
files which would be long enough to provide reliable velocity analysis. It is noticed that
S-wave signals exist within the near-source time window (Fig. 8a, lower-left corner), thus no
near-offset is necessary. The receiver interval is kept as small as 1 m for its short effective
travel distances. Figure 8b also shows how to get the S-wave velocity by simply fitting hyper-
bolic curves with appropriate velocities. Due to the weak signals, the S-wave surveys were
usually carried out in the later night. Small survey noise and size made it easy to move, thus
facilitating the search for suitable survey locations. Figure 8a also indicates the feasible
P-wave window, which is at the far and upper corner. Figure 8c gives the P-wave walk-away
velocity estimation. Relatively low velocities are noticeable for both the S- and the P-waves.
The velocity values obtained from the walk-away acquisitions are then converted into layer
velocities based on the Dix equation (Yilmaz 1987).

Using walk-away type surveys, we collected more than 100 S-wave velocities throughout
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Fig. 7. (a) shows the depth contours of the Sungshan Formation which is the
topmost strata of the basin, (b) measures the PGA magnification in the
Sungshan Formation (top 100 m) at the WK-1 well (adopted from Wen
et al. 1995). Most of the seismic wave magnifications are concentrated in
this soft layer.



TAO, Vol. 15, No. 4, November 2004620

Fig. 8. The concepts leading to obtaining the P- and S-wave velocities in seismic
reflection surveys. (a) gives the time windows where the S-wave (lower-
left corner) and the P-wave (up-right corner) signals prevail, (b) and (c)
respectively show the real data from which the velocities of the S- and P-
wave are measured. The velocities are obtained according to the hyper-
bolic travel time assumption.
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the basin area. Details of the results can be found in Lee (1996). Figure 9 shows one P-wave
and one S-wave velocity profile along the same line as that in Fig. 2. Only the S-wave veloci-
ties of the Sungshan Formation are presented because of the weak S-wave sources used. Three
S-wave velocity layers (170, 230, 340 m s 1− ) are found inside the Sungshan Formation. These
three velocity layers possibly correspond to the three deposition cycles of the Sungshan formation.
The S-wave velocity for the lower Chingmei formation is around 450 m s 1− . Figure 9a shows the
P-wave velocities for the whole depth; the values are 1500 - 1600 m s 1−  and 1700 - 1800 m s 1−  for
the Sungshan and Chingmei formations, respectively. All the velocity values in the Taipei
basin are actually quite low, especially that S velocities, which are only about one fifth of the
P-wave velocities. These low S-velocities could be related to the main factor affecting the site
conditions. Table 1 lists the P- and S-wave velocity values for the whole basin. The S-wave

Fig. 9. The P- and S-wave velocity distributions in the Taipei basin. The same
profile as in Fig. 2 is chosen. Only the S-wave velocity in the Sungshan
Formation in (b) is shown. (after Wang and Sun 1999)
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velocities of the deep part are just for reference. They were observed at several survey lines
where the basement is shallow.

Table 1. P- and S-wave Velocities in the Taipei Basin.

5. DISCUSSION AND CONCLUSIONS

The seismic reflection surveys were difficult to carry out in the urban area, however, we
could still obtain significant results after careful field work design and data processing. It took
seven years to collect the data discussed in this paper. The basin structures, especially, the
basement depths were found after compiling hundreds of seismic records from the whole ba-
sin area.

It is interesting to see that the Kanchiao fault forms a boundary that separates the basin
into two halves. The NW part has a deep bottom, greater than 500 m, with 4 layers, while the
SE part is shallower, less than 300 m, dominantly 2 layers (the bottom two layers pinch out).
This fundamental difference in the basin’s structure should be noted when simulating seismic
wave propagation through the basin.

Both the P-wave and S-wave surveys produced good results. Figure 10 shows an interest-
ing comparison of the obtained S-wave velocity structure with the PGA distribution of strong
motion records; averaged for 50 earthquakes. The regional S-wave velocity distribution is
calculated by the thickness weighted averaging of the S-wave velocities in the Sungshan
Formation. The apparently large magnification of the stations at the SE border of the basin,
i.e., the Sinyi district (see Fig. 1b for locations), where Taipei’s City Hall is located, is quite
obvious. Here, and at the northern (Guandu) and southern (Chungho) border, have relatively
low S-wave velocities, so might suffer greater site amplification. Figures 10c, d show com-
parison of the averaged S-velocity values and the site PGA magnifications, along a line given
in Fig. 10b. There is good correlation. It is no doubt that the low S-wave velocity is the main
factor giving rise to high PGA’s. A good and widely distributed S-wave velocity survey could
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adequately provide the necessary information to estimate the site-amplification effect in the
Taipei basin.

Fig. 10. (a) The average S-wave velocity distribution of the Sungshan Formation.
The averages are calculated by taking the thickness of the layer as the
weighting. (b) The average PGA distribution calculated from 50 signifi-
cant earthquakes. The distribution patterns in the two figures are quite
similar. (c) Several stations in the southeastern basin are picked to show
the close relationship between the high PGA magnifications and the low
S-wave velocities.
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The Sungshan Formation consists of interbedded coarse-grained sand and fine-grained
mud that attribute to its brackish water fluvio-lacustrine sedimentary environment, dating from
the late Pleistocene to the recent epoch (Teng et al. 2001). Three rivers have flowed into the
basin at different periods of time, bringing in different grain size fluvium. Figure 11 compares
the sediment material distribution and the S-wave velocities at different depths of the Sungshan
Formation. The sediment distribution patterns are taken from Hsu (1994) who classified the
Sungshan Formation into 8 sub-layers, representing the development of different river systems.
In Fig. 11, the shear velocity distributions appear to be quite consistent with the sediment
deposition patterns. This clearly indicates that the site amplifications in the Taipei basin are
actually a result of the sediment distribution. From these figures, we also find that the Sinyi
district has thick-bedded mud deposits which induce ever greater site effects.

From the seismic sections obtained in the NW basin (Figs. 3, 4, 5 and 6), we have found
that: 1) the deepest point could be located at the outlet of the Tanshui River, instead of at the
WK-1 well, 2) the Chingmei and Sungshan Formations, or even the lahar layer in the Guandu
plain, are generally flat, and 3) the drop of the basement depth is quite sharp along the boundary.
We propose a model to summarize these observations: the Sanchiao fault may be long enough
to extend beneath the Tatun volcanic region to the north. This makes the Tanshui River outlet
be located at the middle of the fault, which may fit more to the faulting pattern of the pull-apart
basin model. From relatively flat deposits of the topmost layers on the seismic profile collected at
the Guandu plain (Fig. 6), we propose that this fault could be more active before 200 Ka (i.e.,
before the deposition of the Banchiao Formation as well as the lahar), and the Tatun volcano
may also be involved in the fault movement in this period. The basin may have become rela-
tively quiet after the 100 Ka and the upper flat layers were deposited. However, the quiet
deposit of the Sungshan Formation is only an overall observation, and more data is required to
verify activity of the Sanchiao fault during the later 100 Ka.

From the above discussions, we obtain the following conclusions:
1) The shape of the Taipei basin looks like a half-graben. The part along the NW border,

where the Sanchiao fault is located is quite deep, however, the deepest place could actually
be at the outlet of the Tanshui River.

2) The old Kanchiao fault forms a boundary which separates the basin into two parts. Each
part has a different basement depth and differently deposited layers.

3) The shape of the basement in the NW basin suggests that the Sanchiao fault may include a
segment passing through the Tatun volcano and was found to be more active during the
first half (200 Ka) of its existent period (400 Ka).

4) The upper Sungshan Formation is closely related to the basin effect for earthquakes. This
layer has a thickness of around 50 - 120 m and possesses quite “soft” deposits with very
low S-wave velocities (120 - 350 m s 1− ).

5) The S-wave velocity distribution apparently controls the PGA magnification in the basin.
These S-wave velocities are also closely related to the sediment depositions. Sufficient
evidence has been observed to confirm this low S-wave velocity effect.
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Fig. 11. The close relationship of S-wave velocities and the mud-sand contents at
different depth levels in the Sungshan Formation. The Three panels com-
pare the three different depths. The low S-wave velocities may be due to
the high mud content. (b, d, f modified from Hsu 1992)
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