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TECTONIC SIGNIFICANCE OF TOPOGRAPHIC
LINEAMENT ANALYSIS USING ARTIFICIAL
ILLUMINATION: OFFSHORE SOUTHWESTERN
TAIWAN

Jinder Chow*, Tzun-Der Lai**, Char-Shine Liu***, and Robert Sun****

Key words: topographic lineament, seismic section, strike-slip fault.

ABSTRACT

A digital topographic relief map, shaded by means of artificial
illumination, has been compiled for southwestern Taiwan for alinea-
ment analysis of the area. We discover a pronounced fanning toward
the southwest in the lineaments. Six major offsets of lineaments have
been identified, with the following trends: N60°E, N60°E, N65°E,
N85°E, and N40°W. The trends of the offsets can all be correlated
with faults predicted by experimental models of right-lateral strike-
slip deformation. This paper presents a detailed submarine topo-
graphic lineament analysis in southwestern Taiwan and provides
additional evidence of Lu’s model for the vast offshore area.

INTRODUCTION

The island of Taiwan occupies a zone of conver-
gence between the Philippine Sea plate and the Eurasian
plate and has been recognized as a model site for ob-
lique arc-continent collision [2, 4, 6, 10, 14, 18, 25, 29].
In the studied southwestern Taiwan area (Fig. 1), Lu
[20] has noted the role of the rigid Peikang Basement
High in determining the structural configuration of the
collision zone (Fig. 2): on the northeastern side of the
high, aleft-lateral shear zone exists, while on the south-
eastern side of the high, aright-lateral shear zone exists.
South of the rigid basement block is a zone of escape
structures which may have been formed as material was
forced out of the path of the impinging block of rigid

Paper Submitted 03/17/04, Accepted 05/03/04. Author for Correspondence:

Jinder Chow. E-mail: jdchow@ms24.hinet.net.

*Professor, Institute of Applied Geophysics, National Taiwan Ocean

University, Keelung, Taiwan, R.O.C.

** Graduate student, Institute of Applied Geophysics, National Taiwan
Ocean University, Keelung, Taiwan, R.O.C.

*** Professor, Institute of Oceanography, National Taiwan University,

Taipei, Taiwan, RO.C.
**** Professor, Department of Earth Sciences, National Chenkung
University, Tainan, Taiwan, RO.C.

crustal basement. Lu’s [20] escape model provides a
useful framework to understand the neotectonic fea-
tures on the island of Taiwan, but Lu’s[20] paper lacks
supporting don’t have any data in the offshore area to
test his theory. The offshore data of this paper provide
additional evidence of the vast area.

Some of the structural features of the offshore area
of southern Taiwan, representing the incipient stage of
collision, have been identified in previous studies. Liu
et al. [19] concluded that thrust faulting is the major
structural feature in the accretionary wedge in this area.
However, a study by Chow et al. [8] unveiled the
presence of shear structures (including flower struc-
tures and strike-slip faulting) off the southwestern coast
of Taiwan, north of 22°N . Strike-slip faulting in the
area off the southern coast of Taiwan has also been
described by Fuh et al. [12], based on a detailed study of
seismic reflection profiles. Fuh et al. [12], however, did
not identify any of these structures as the offshore
extensions

Many previous studies[5, 9, 10, 15, 16, 19, 22, 28]
have described the relationship between faulting and
the well-known mud diapirs and mud volcanoes in the
study area. Chang [5] concluded that the faulting in the
area exerts some influence on the distribution of the
mud diapirs, but he did not attempt to explain the
relationship. Huang et al. [16] also broadly attributed
the en-echelon pattern of the mud diapir ridges in the
study areato regional tectonic stress patterns. Liu et al.
[19] proposed that growth of the offshore mud diapirs
was triggered by thrusting, but they did not consider the
possible influence of strike-slip deformation. One of
the goals of the present study is to determine the extent
of strike-slip deformation in the study area.

The ability to identify geologic structures, such as
faults and folds, through lineament analysis using digi-
tal topographic data has been demonstrated by a recent
study of the Canadian Arctic [21]. Deffontaines et al.
[11] pointed out that most of the onshore lineaments on
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the island of Taiwan can be linked to specific geologic
features, such as the Longitudinal Valley Fault Zone,
the Lishan Fault, and the fault zones along the Western
Foothills. Song et al. [27] also used the lineament
patterns off the coast of northern Taiwan to study the
origin of the Chilung Valley. A shaded topographic
map made from digital topographic data has been
previously published for the area off the southern coast
of Taiwan [12], but our study is the first oneto carry out
a detailed lineament analysis on this type of map.

In this study, an analysis of surface lineament
patterns using digital topographic data from the area off
the southwest coast of Taiwan has been supplemented
with interpretations from seismic reflection profiles for
the purpose of defining the neotectonic features of the
offshore area. In order to accentuate linear features, the
digital topographic data were artificially illuminated
from different angles according to the method of Siegal
and Short [26]. As aresult of this study , probable

offshore extensions of the onshore escape structures
have been identified in the area south of 23°N.

DATA AND METHODOLOGY

The study area covers both onshore and offshore
areas of southwestern Taiwan, and extends from
119°20’E to 121° and from 22°N to 23°15'N (Fig. 1).

Digital Topographic Data

Topographic data for onshore areas and bathymet-
ric data for offshore areas were first combined into a
single data bank, and were then interpolated into a grid
framework. A minimum curvature surface method was
used to create a Mercator-projection map; a tension
parameter of 0.75 was chosen in order to minimize
distortion.

Topographic lineaments were enhanced by filter-
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Fig. 1. Thelocation of seismic sectionsand en-echelon diapir ridges which trending N35°E (compiled from Huang et al., 1995) in the study area.



104 Journal of Marine Science and Technology, Vol. 12, No. 2 (2004)

ing out both low- and high-frequency noise from the
data bank, using GMT software (version 3) in a SUN
workstation. By trial and error, it was determined that
lineaments were most prominent using data with wave-
lengths in the range of 4-10 km. The filtered topo-
graphic relief data were then illuminated artificially
from different angles in order to discover the optimum
angle for enhancement of the structural discontinuities
in the study area. On a shaded topographic relief map,
lineaments perpendicular to the illumination angle are
usually the most prominent ones [21, 26].

Seismic Data

The seismic reflection data used in this study are
taken from profiles obtained by Cruises 320 and 329 of
the R/V Ocean Researcher | (Fig. 1). The two-channel,
single-fold profiles were processed using SIOSEIS
software. Preliminary analyses of these sections have
been presented in a previous study by Chow et al. [8],
which documented the existence of certain features
characteristic of strike-slip deformation, namely, flower
structures. Since the length limitation of this paper, we
only display two seismic sections instead of showing all
the seismic sections we studied.

LINEAMENT ANALYSIS

Figure 3 is constructed from the land topographic
data in combination with marine bathymetric data. Fig-
ure 3 shows the major geomorphic provinces of the
study area. These maps depict the terrain clearly in its
true complexity. Figure 4 is an enlarged land topo-
graphic shaded relief map of Figure 3. In Figures 3 and
4, the illumination comes from S60°E and N60°W
respectively, and features perpendicular to this direc-
tion are emphasized. In this type of representation (Figs.
3 and 4), both light and dark tones indicate areas of high
relief (slopes dipping toward the illumination are
lightened, while slopes dipping away from the illumina-
tion are darkened); intermediate tones indicate areas of
gentle terrain.

Description of Lineaments

In Figure 3, lineaments on the continental slope
(Fig. 3, E1~E4) can be divided into four zones: west of
119°53'E (E1), the lineaments trend from NW-SW to N-
S; between 119°53' E and Kaoping Canyon (F), thereis
a middle zone (E2) characterized by NNW-SSE linea-
ments overprinted with lineaments running NNE-SSW;
and in the east, there are two zones (E3 and E4) which
are characterized by NW-SE lineaments. Differencesin
the major trends of the lineaments in these four zones

may be related to the change in the dip of the continental
slope. However, the overprinted NNE-SSW lineaments
in the middle zone (E2) and the NW-SE lineaments in
the eastern zones (E3 and E4) are extensions of, or are
parallel to, the trends of lineaments on the coastal land,
and thus appear to be structurally controlled.

Figure 4 shows that some known faults coincide
with the lineaments. For example, the Chaochou Fault
(A) coincides with the terminations of lineaments and
serves as the boundary between the Central Range (Cin
Fig. 3) and the Pingtung Floodplain (B in Fig. 3). Onthe
other hand, some faults offset the lineaments, for
example, the Jenwu Fault (L) coincides with the offset
of the lineaments (Fig. 4).

To facilitate interpretation, some areas containing
prominent lineaments were enlarged (Figs. 5 and 6) and
observed from different illumination angles. Yu and
Chang (2002) described the main course of the Penghu
Submarine Canyon of the southwestern Taiwan extends
in a nearly north-south direction. Therefore, some of
the lineaments in the study area are of erosional origin.
Although the highlighted lineaments in Figs. 5 and 6
are possibly tectonic or/and erosional features, we can
derive strike-slip movement from the offset of the
lineaments. This means either these lineaments are
of tectonic origin or erosional origin, if the lineaments
have offsets, strike-slip faulting occurred. The exist-
ence of strike-slip fault can be proved by the flower
structure on the seismic section in the study area
(Fig. 7). From the lineament offsets and terminations
that were observed when the continental slope area
was illuminated from N25°E, the existence of four
fault sets was inferred with trends as follows: N60°E,
N60°E, N65°E, and N85°E (Fig. 5). With illumina-
tion from S60°E, another fault was inferred trending
N40°W in the area off the coast of Kaoshiung (Fig. 6).
The significance of these faults will be discussed
below.

Fan-shaped Distribution of Lineaments and the Escape
Model

Some onshore lineaments can also be seen to ex-
tend offshore, such as the N-S lineament that follows
the Chaochou Fault and the NE-SW lineaments that
extend from the Pingtung Floodplain (Fig. 8). The
extension of prominent lineaments in the study area
shows a fanning from the Chaochou Fault toward the
southwest, a pattern which becomes more prominent in
the offshore area (Fig. 8). This fan-shaped pattern of
lineaments supports the escape model proposed by Lu
[20]: according to Lu’s model, this kind of fan-shaped
pattern would be expected to result from the regional
stress patterns around the basement high.



J. Chow et al.: Tectonic Significance of Topographic Lineament Analysis Using Artificial lllumination: Offshore Southwestern Taiwan 105

24"
TAIWAN STRAIT
ﬂ 9
<
PENGHU ISLANDS
(o
23"
= P =
10 A
22"
120" 121"

Fig. 2. Map showing the present-day indentation and escapetectonics of western Taiwan (after Big, 1990; Lu, 1994). Key: (1) The presumed indenter,
the Peikang Basement High. (2) The Coastal Plain. (3) The Western Foothill area. (4) Central Mountain. (5) The Taiwan Strait. (a) Normal
fault, (b) thrust fault, (c) strike-dlip fault, (d) uncertain strike-dlip fault. Thebox in thelower half showsthelocation of the study area.
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Mud Diapirsin the Lineament Fanning Zone

Some of the offshore seismic profiles cross the
fan-shaped pattern of lineaments (See Figures 1 and 8
for the location of seismic lines). On seismic profile
329-11 (Fig. 9), two mud diapirsthat are typical of those
within the lineament fanning zone (Fig. 8) can be clearly
distinguished from surrounding strata. The mud diapirs
were possibly triggered and formed by thrust faults
majorly and possibly with minor strike-slip component.
The reason is that the surrounding faults of the fan head
such as Chaochou Fault and Jenwu Fault are thrust
faults with strike-slip component related to the mecha-
nism of fan formation. (Figs. 4 and 8). Strata were
domed upward over the diapirs, while the strata between
the diapirs were warped or faulted downward in an
intervening graben or an egg-carton shaped depression
(G). Asexplained in the next section, we propose that
folding within the escape tectonics regime was possibly
one of the driving mechanisms for the formation of the
mud diapers in this region.

The Strike-slip Deformation M odel

Many of the structural features of the study area
are explicable in terms of right-lateral strike-slip
deformation. This can be supported by comparing the
trends of the structural featuresin the areawith the main
features developed during experimental strike-slip
deformation. In awell-known study, Wilcox et al. [30]
identified these features according to their position on a
strain ellipse (Fig. 10A). Strain ellipse plots of the
trends of the dominant structural featuresin an area can
be helpful in determining the tectonic setting in which
they formed. Using this method, Rohr and Dietrich [24]
were able to convincingly explain the azimuthal distri-
bution of faults in the offshore area of western Canada
within a framework of right-lateral strike-slip
deformation. For the purpose of this study, we have also
plotted the mentioned azimuths of the faults, such as
N85°E, that were inferred in Section 3.1 on a strain
ellipse (Fig. 10B); on the same strain ellipse (Fig. 10B),
we also show the dominant axial trend of the diapir
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Fig. 3. A new shaded relief map of southwestern Taiwan (illumination sour ce from S60°E), showing the following geomor phic provinces: (A) the
Chianan Plain, (B) the Pingtung Floodplain, (C) the Central Range, (D) the continental shelf D1-D3, (E) the gullied continental Slope E1-E4,
(F) Kaoping Canyon, and (G) Fangliao Canyon. The black lineswith white dots are province boundaries. The location of thismap is shown

in thelower half box of Fig. 1.
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ridges, N35°E, in Figure 1. If we assume that the
direction of maximum compressive stress is equivalent
to the direction of plate convergence between the Phil-

23°02°N

120° 30°E 12C° 45" E
km
0 20 40
A
Fault Ccastline  Lihneament

Fig. 4. Enlarged shaded topographic map with illumination source
from N60°W. Box of upper-left corner indicatesthelocation of
the topographic map. Traces of onshore thrust faults with
strike-slip component are shown in heavier black lines: (A)
Chaochou Fault, (L) Jenwu Fault. Location of Chaochou Fault
(A) coincides with the terminations of lineaments. Short gray
linesindicate lineaments offset by Jenwu Fault. Theirregular
black lineisthe coastline.

ippine Sea plate and the Eurasian plate, the resulting
strain ellipse for right-lateral strike-slip faulting ac-
counts very well for the structures observed in the study
area. The match of these features is good, considering
that heterogeneities in nature often cause significant
departures from laboratory results [13]. The N85°E
(Fig. 10B) fault derived from lineament offset in previ-
ous section corresponds with the direction of main
displacement, Y, in the strain ellipse (Fig. 10A). The
two faults trending of N60°E to N65°E (Fig. 10B)
correlate well with the P shear, while the N40°W (Fig.
10B) fault may represent the R’ shear (Fig. 10A). In
addition, the direction of the R shear (Fig. 10A) in the
strain ellipse is similar to the trends of the strike-slip
faulting, i.e. N80°W, observed in the flower structures
of Chow et al. [8].

The domed strata of the diapirs and the downward
warping of the intervening graben (Fig. 9) are similar to
the strata deformations that are typically seen in en-
echelon folding [30]. The trend of the offshore mud
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Fig. 5. Enlarged area(thelower figure) illuminated from N25°E show-
ing how lineament (gray lines) offsets and terminations were
used to infer the existence of four faults (black lines) with the
following trends: N60°E, N60°E, N65°E, and N85°E. Thelower
figureistheenlarged area of thelower-left corner of the upper
figure. Thelocation of the upper figureisshown in the lower
half box of Fig. 1.
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diapir ridges between Tainan and Liuchiuhsu mostly
ranges from N30°E to N35°E (Fig. 1), which is close to
the predicted trend of en-echelon folding (N35°E) in the
strike-slip deformation model (Fig. 10). This suggests
that the en-echelon folding seen both in the field obser-
vations of strike-slip environments [1, 23] and in ex-
perimental studies [22] may be represented here by the
diapir ridges shown in Figure 1, and further indicates
that the mud diapirs in the study area may have affected
by strike-slip deformation component rather than solely
by the thrust faulting mechanism, as has been previ-
ously suggested by Liu et al. [19].

CHRONOLOGICAL EVOLUTION OF THE
ESCAPE STRUCTURE

The following simplified three-stage chronologi-
cal evolution isto account for the complex structuresin
the study area and to explain their neotectonic
significance:

In Stage | (Fig. 11), during the Penglai M ovement

233
-7 1197 30E

-

=" 120" 00 0" 30E

- 22° 30'N

120° 30'E

120° 00'E

Fig. 6. Aninferred fault trending N40°W. Illumination sourceisfrom
S60°E. Offset lineamentsareindicated with gray lines, and the
faultsareshown asblack lines. Thelower figureistheenlarged
area of themiddle small box of theupper figure. Thelocation
of the upper figureisshown in thelower half box of Fig. 1.

in the late Pliocene, a series of folds began to form in
response to SE-NW compression caused by the colli-
sion of the Luzon arc of the Philippine Sea plate with the

Two Way Travel Time

Fig. 7. Transtensional flower structureon seismicline 329-13. Loca-
tion shown as heavy linein Fig. 1 (Chow et al., 1996).

118" S0E 120700 120 30'E 121w

Fig. 8. Fan-shaped pattern (covered by dark color) of lineaments
(traced in black), asidentified on the topography illuminated
from S60°E.
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Fig. 9. Seismicprofile 329-11 profiles crossthefan-shaped patter n of lineaments, showing the presence of two mud diapirs (A, B) and depression (G).
Uninterpreted (upper); interpreted (lower). Thelocation of the seismic section isshown in Fig. 1.
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Fig. 10. (A) Right-lateral strike-dip fault model derived from experimental deformation (modified from Wilcox et al., 1973). (B) Trendsof theinferred
faultsand of thediapir ridgesin the study area superimposed on asimilar strain ellipsefor right-lateral strike dlip faulting. The en-echelon
diapir ridgesin the study area ar e equivalent to the en-echelon foldsin the experimental model, and all thefaultinginferred in Figures5and
6 iscorrelated with the structural features predicted by theright-lateral strike-slip deformation model.
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I I1

3

ZONE OF
ESCAPE
TECTONICS

Fig. 11. Proposed evolutionary model for the development of the “ zone of escape” structuresobserved in the study area. |. A series of folds formed
asthe Philippine Sea plate (white arrow) collided with the Eurasian plate during the Penglai movement in the late Pliocene. 1. To the east
of the Peikang Basement High indenter, thesefoldswer etransfor med into thrust faultswith acomponent of left-lateral slip. 111. Convergence
continuesand an area of escape tectonics develops ahead of Peikang High. Thisareaisbounded to thenorth by right lateral strike-dlip faults
(thesefaultsareshown in Figure2) and totheeast by thrust faults (Figure 2). The zone of escapetectonics cor respondsto thelineament fanning

zonein Fig. 7.

Eurasian continental plate [14]. This folding occurred
in an area that later became the present-day site of
Taiwan. In Stagell (Fig. 11), the collision then reached
to the Peikang Basement High, and in the area of head-
on collision east of the Peikang High, the series of folds
was transformed into a series of thrust faults with a
component of left-lateral strike slip [3, 7, 17, 20, 31].
Finally, in Stage 111 (Fig. 11), a zone of escape struc-
tures formed south of the Peikang High [20]. Thisarea,
which corresponds to the lineament fanning zone in
Figure 8, is bounded by thrust faults and right-lateral
strike slip faults south of the Peikang High [3, 20].
Southeast of this bounding fault, a series of normal
faultsand right-lateral strike-slip faults developed within
a zone of “escape” tectonics. Consequently, in this
escape zone, the original tectonics of the area have been
overprinted by strike-slip deformations, such as linea-
ment offsets caused by faulting, flower structures, and
mud diapirs.

CONCLUSION

The fan-shaped distribution pattern of the linea-
ments off the southwestern coast of Taiwan revea new
evidence in the offshore area. From the offsets of other
lineaments, strike-slip faulting is inferred; these faults
have azimuths that are consistent with a strain ellipse
for aright-lateral shear zone. Flower structures, which
are characteristic of strike-slip deformation, have been
previously identified in seismic sectionsin the area. In
addition, the en-echelon mud diapir ridges are also
compatible with a strike-slip deformation model if it is

assumed that they represent the en-echelon folding that
is often observed to accompany strike-slip faulting.
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