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Geometry and Kinematics of Complex Structures in the Fold-and-Thrust Belt, NW Taiwan

Kenn-Ming Yang, Shiu-Tsann Huang, Chin-Weei Lin, Jong-Chang Wu, Kung-Chou Chuang, Wan-Chi Chiang, Hsin-Hsiu Ting, Chen-Jung Chou, Jar-Ben Wang, Wen-Wei Mei
1 Ta Yuan, Wen Shan, Miaoli, 36010, Taiwan, 155055@cpc.com.tw

Introduction

The fold-and-thrust belt is the major gas-producing area in NW Taiwan. Hydrocarbons are trapped
in fault-related structures that were formed during the latest phase of orogeny. The foreland areas
are imprinted with pre-existing structures, which resulted in the syn-orogenic complex structures.
Foreland tectonics in western Taiwan can also be divided into two domains, the structures in the
pre-orogenic extensional tectonics and those in the outer fold-and-thrust belt that had mingled with
the normal fault reactivation of the syn-orogenic tectonics. Transverse faults, which have originated
from normal fault reactivation, are predominant in the outer fold-and-thrust belt in NW Taiwan.
Transverse faults also have formed several characteristic features of the geological structures in
NW Taiwan, including the en echelon arrangement of fold axis, two sets of intersectional thrusts and
the NE-SW trending thrust obliquely cutting off the fold structure with upthrusting block on the SE
side of the thrust (Fig. 1). The transverse faults extend toward the hinterland and are terminated on
the surface by structural settings of the inner fold-and-thrust belt. The main purpose of this study is
to investigate the geometry and kinematics of subsurface complex structures in NW Taiwan. This
study built several balanced cross sections through the fold-and-thrust belt and used seismic data
together to delineate a 3-D structural geometry in the study area. The kinematics of the complex
structures was analyzed based on delineated displacement variation along fault planes and physical
modelings.

Construction of Balanced Cross Sections

We constructed ten balanced cross sections (Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11) across the Foothills
belt (Fig. 1) to infer the subsurface features of the thrust system with its lateral variation in structural
feature. The constraints are based on the published geological map (Fig. 1), internal reports,
drilled well data and seismic data (Figs. 12, 13, 14, 15, 16, 17, 18, 19, 20) from Chinese Petroleum
Corporation. The subsurface structures in the inner fold-and-thrust belt are interpreted mainly based
on surface geology and drilled well data. The main character of the subsurface major thrust can be
deduced with some confidence according to the consistency and continuity of structural feature on
parallel balanced cross sections.

Characteristics of Transverse Structures in the Outer
Fold-and-thrust Belt

In the outer fold-and-thrust belt, the subsurface structural settings that strike NNE-SSW are mainly
characterized by open folds, which are accompanied with thrusting, and are developed by low angle
thrusting and wedging along the base of the Neogene sedimentary layers (Figs. 2, 3,4, 5,6, 7, 8,

9, 10, 11). The lateral variations in the feature of thrust faults are manifested by the level of bedding
slip becoming shallower to the north and forming the lateral ramp (Fig.16). On the other hand, the
subsurface structural settings that strike NNE-SSW or E-W are developed by the thrusting that has
originated from normal fault reactivation. The lateral variations in the feature of the structure are
manifested by decreasing throw of the thrust and the width of anticline in the hanging wall of the
thrust to the northeast (Fig. 1).

In the outer fold-and-thrust belt, the surface thrust and fold settings are offset by the transverse
fault apparently in a left-lateral sense. However, heave measured along low angle thrust fault on
both sides of the transverse fault (Figs. 5, 6, 21) indicates right-lateral relative displacement along
the transverse fault. Some isolated subsurface fold structures in the footwall of the low angle
thrusts were mapped and are arranged in a right-lateral en echelon (Fig. 22), in consistent with the
right-lateral strike-slip component along the transverse fault.

Measured throw along the low angle thrusts decreases laterally toward the transverse fault (Fig.
21). Clay model (Fig. 23) also indicates that a left-lateral arrangement of thrust segments forms in
comparison to the structural features in Fig. 1 if the compressed block is accompanied with a pre-set
right-lateral strike-slip fault parallel to the compression.

Characteristics of Transverse Structures in the Inner
Fold-and-thrust Belt

The major structural features in the inner fold-and-thrust belt are tight folds (Figs. 2, 3, 4, 5,
6,7,8,9, 10, 11). The subsurface parts are characterized by fault-propagation folds, with some
varieties in geometry, including steeper or even overturned and thinner forelimb in the latter stage
of development, upsection breakthrough of the propagating fault through axial plane of syncline
or through anticlinal forelimb. Overlapping fault-propagation folds forming imbricate fan were also
interpreted and revealed in the balanced cross sections.

The transverse structures in the inner fold-and-thrust belt can be demonstrated by comparing the
lateral variation in footwall structures of the low angle thrust (Figs. 5 vs. 6 and Figs. 10 vs. 11). The

trend of structure in the hanging wall of a low angle thrust is not consistent to that in the foot
wall of the thrust (Figs. 5, 6, 7), and the latter strikes more or less E-W (Fig. 24), parallel to that
of the transverse structures. The structural geometry in the footwall (Fig. 24) does show that
that a transverse fault extends underneath the low angle thrust. The parallel balanced cross
sections also show that the sole slip surface of the fault-propagation fold structure changes in
depth laterally and may form a subsurface lateral ramp (Figs. 2, 3, 4, 5), which is consistent

to the existence of the transverse fault. Such features manifest different role played by the
transverse fault in the outer and inner fold-and-thrust belts, respectively.

Kinematics of the Complex Structures

The kinematics of the complex structures can be manifested by several structural features.
The lateral variation in displacement along the low angle thrusts in the outer fold-and-thrust belt
(Fig. 21) suggests that low angle thrusts and the associated structures have been developing
and propagating laterally until they met with and were confined and affected by the transverse
fault, which is inferred as a reactivated normal fault. The displacements along the high angle
thrusts, which were originated from the reactivated normal faults, show that the thrusts with
minor right-lateral strike-slip components change into the strike-slip dominant faults (Fig.

25), indicating that, during the development of the reactivation under the compression, the
transverse faults propagated toward the hinterland and were cut by the developing low angle
thrusts to the east on the surface. The Physical modeling of sand box provides some clues

for the development of the fold-and-thrust belt tectonics (Fig. 26). In the initial stage, the
transverse faults develop in the far-side area of the developing low angle thrusts and propagate
toward and terminated by the thrust front on the surface(Fig. 26a). The low angle thrusts
represent the structural settings in the inner fold-and-thrust belt. In the latter stage, another set
of low angle thrusts representing the ones in the outer fold-and-thrust belt develop between

the transverse faults, propagate toward and meet the transverse faults (Fig. 26a). Ultimately,
the development of the low angle thrust is confined between the transverse faults and never
beyond the transverse faults (Fig. 26a). The surface termination of the transverse faults in fact
extend underneath the low angle thrust in the inner fold-and-thrust belt, which can be shown by
a series of vertical profiles(Fig. 26b).

Conclusions

Structural analyses indicate that, in the beginning of each episode of major thrusting in NW
Taiwan, low-angle thrusting in the inner fold-and-thrust belt and the normal fault reactivation
in the outer fold-and-thrust belt might happen coevally but with transverse faults propagating
toward the front of the developing low-angle thrust system in the inner fold-and-thrust belt.
During the next stage of the episode, low-angle thrusts started to develop but were confined by
the transverse faults. In the meaning time, transverse faults continued to develop underneath
the low-angle thrust system and resulted in the surface and subsurface discontinuities between
the fault-propagation fold structures in the inner fold-and-thrust belt. Such kinematic model
provides the best explanation for the structural pattern of the fold-and-thrust belt in NW Taiwan.
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