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ABSTRACT
Topography of an active mountain range is a reflection of
perplexed interactions between bedrock uplift and denudation
and consequently can provide valuable information on the
responsible processes. The topographic architecture of the
Backbone Range of Taiwan is asymmetric in the E-W profile. The
highest elevation of the range developed where low-grade
metamorphic rocks outcrop and is skewed to the west. Analyses
of the available fission-track and structural data suggest that
synorogenic extensional structures contributed significantly to
the development of the asymmetric topographic profile, although
differential erosion across the mountain range may also have
played a role. On the other hand, decreasing extrusion velocity
or decreasing strike-slip extrusion component westward across
the mountain range during the upward extrusion of the Backbone
Range caused by oblique convergence, and the "space" problem
induced by the presence of the Hsuehshan Range in the west
hampering the westward rock movement of the uprising Backbone
Range in the east, might also be important factors.
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INTRODUCTION
Grand scale topography is an integrated result of natural processes. For a tectonically
active orogenic belt, its topography is dictated by a complicated competition between processes
that lead to the accumulation of energy (such as crustal thickening and bedrock uplift) and
processes that lead to the dissipation of energy (such as tectonic and erosional denudation).
The shapes of mountains therefore contain valuable information on the relative contributions of
uplift and denudation across the mountain ranges. To understand the controlling factors for the
observed topographic profile of an evolving mountain range is hence not only crucial in delineating
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the topographic effects of various processes but also of prime importance in identifying boundary
conditions for further simulation modeling (e.g., see Koons, 1995).
The Backbone Range of Taiwan is located at the eastern part of the active Taiwan
Mountain Belt. Its present topography has largely been fabricated during the Cenozoic arccontinent collision. The Hsuehshan Range, which runs parallel to the Backbone Range and is
also a component of the Taiwan Mountain Belt, lies to the west. The Longitudinal Valley,
which marks the boundary between the Eurasian and the Philippine Sea plates, lies to the east
(Fig. 1). The surface of the Backbone Range is now composed mainly of prehnite-pumpellyite
facies (~200-300oC/2-3 kbar) to greenschist facies (~300-450oC/3-5 kbar) metamorphic rocks
(see Chen and Wang, 1995), suggesting that the cover strata with a maximum 7-15 km thickness
were removed from across the mountain range since the collision. The topography of the
Backbone Range (Fig. 2) shows that the elevation decreases both north- and south-ward,
probably resulting from the opening of the Okinawa trough in the north and the commencement
of the arc-continent collision in the south. The central part, from latitude 23o to 24.5o north, may
have a steady-state topography (Suppe, 1981; Liu et al., 2000) and will be the main subject of
the present study. In this central part of the Backbone Range, the E-W topographic profile,
however, is not symmetrical. Characteristically, the highest elevation (about 3000 m) of the
mountain range, where prehnite-pumpellyite facies metamorphic rocks outcrop, is skewed to
the west, while the metamorphic rocks recording the highest metamorphic conditions in this
mountain range crop out at the eastern part with lower elevations (Fig. 1B). The purpose of the
present paper is, based on the available data, trying to analyze the possible processes contributing
to this characteristic profile of the Backbone Range. With all these controlling factors in mind,
more quantitative studies could be formulated in the future.
GEOLOGICAL BACKGROUND
The island of Taiwan is located at the boundary between the Asian Plate and the Philippine
Sea Plate. Its formation is due to the Luzon arc-Asian continent collision from the Plio-Pleistocene
to the present (Suppe, 1984). The Philippine Sea Plate is now subducting northward beneath
and overriding westward on top of the Asian Plate at the Ryukyu and the Manila Trench,
respectively (Fig. 1A). Geologically, the island can be divided into five major tectonostratigraphic
units. From west to east, they are the Coastal Plain, the Western Foothills, the Hsuehshan
Range, the Backbone Range and the Coastal Range (Ho, 1988) (Fig. 1A).
Structural and Metamorphic Characteristics of the Backbone Range
The Backbone Range is composed of the prehnite-pumpellyite-facies Lushan Formation
of Miocene age, the prehnite-pumpellyite-facies to greenschist-facies Pilushan Formation of
Eocene age and the greenschist-facies to amphibolite-facies Tananao Metamorphic Complex
of pre-Tertiary age. The metamorphic grade correlates roughly with the age of the rock units.
The Lushan and the Pilushan Formations are collectively known as the slate belt. The Tananao
Metamorphic Complex is the basement rock of Taiwan and was interpreted as an ancient
accretionary complex that has experienced several stages of tectonic processes during the
Mesozoic in addition to the most recent arc-continent collision (Yui et al., 1990a, 1990b). The
Backbone Range has been extensively studies in the past two decades. Three conspicuous
features on structural and metamorphic observations, which can be best illustrated in the transect
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across the central part of the mountain range as shown in Figure 1B, are summarized as
follows:

Figure 1. (A) Simplified tectonic and geologic map of Taiwan showing the present tectonic setting
around Taiwan and the 5 major tectonostratigraphic units: the Coastal Plain (I), the Western Foothills
(II), the Hsuehshan Range (III), the Backbone Range (IV), (which includes the Lushan Formation
(ML), the Pilushan Formation (EP) and the Tananao metamorphic Complex (MT)), and the Coast
Range (V). The Longitudinal Valley is located between units IV and V. (B) A geologic transect/
profile across the central part of the Backbone Range showing characteristic metamorphic and
structural features. See text for details. P/P: prehnite-pumpellyite facies; Gs/L: lower greenschist
facies; Gs/H: higher greenschist facies; I: inverted metamorphic zonation; and N: normal metamorphic
zonation. The lower hemisphere stereographic projections show the poles of the cleavage (P) and
projections of stretching lineation (L). (Data compiled after Yen et al. (1984), Faure et al. (1991) and
Lee (1997).)

108

Western Pacific Earth Sciences, Vol.2, No.2

Figure 2. Simplified topographic map of Taiwan. Elevation contours of 2000 m (labeled as 2) and 3000 m
(labeled as 3) are shown. Bold-dash line outlines the geographic area of the Backbone Range shown
in Figure 1.

(1) The strike of the dominant cleavage of the metamorphic rocks is in the NNE direction,
roughly parallel to the main trend of the island. The dip of the cleavage, however, shows a
fanning orientation, i.e., the strata’s cleavage gradually changes from dipping to the east for
rocks in the western part to dipping to the west for rocks in the eastern part of the mountain
range (Fig. 1B). The rocks at the westernmost part of the Tananao Metamorphic Complex
show an almost vertical cleavage, albeit in the southern part of the mountain range rocks with
vertical cleavage are located at the easternmost part of the Pilushan Formation. Although part
of the metamorphic rocks (such as the basement complex) may have a complicated tectonic
history, this dominant cleavage was suggested to have been formed during the Cenozoic arccontinent collision (Stanley, et al., 1981; Yen et al., 1984; Faure et al., 1991; Clark and Fisher,
1995; Crespi et al., 1996; Lee, 1997).
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(2) Down-dip stretching lineation with top-to-the-northwest shear sense was recorded in
the east-dipping metamorphic rocks. This lineation direction is approximately perpendicular to
the trend of orogen. On the other hand, the stretching lineation is roughly parallel to the strike of
the cleavage (or to the trend of orogen) and exhibits a left-lateral sense of shear in the westdipping rocks. The change between these two sets of lineations is gradual (Fig. 1B) (Faure et
al., 1991; Lee, 1997; Byrne et al., 1999).
(3) The amphibolite-facies mineral assemblages of limited occurrence in the Tananao
Metamorphic Complex were largely formed during the Mesozoic tectonic events. The collisioninduced metamorphism during the arc-continent collision generally yielded greenschist facies
and prehnite-pumpellyite facies minerals in rocks from the Backbone Range (e.g., Ernst, 1983a).
Across the transect in Figure 1B, the metamorphic grade increases from west to east, and then
decreases further east. The highest metamorphic condition (i.e., 450oC and 3-4 kbar) was
recorded in the Tananao Metamorphic Complex (e.g., Ernst, 1983a; Yui, 1994). It was also
noted that there is no prominent break in metamorphic grade across the Backbone Range
(Ernst, 1983a, 1983b, 1984; Warneke and Ernst, 1984, Yui et al., 1996) and the isograde is
roughly parallel to the strata’s cleavage (Chen and Wang, 1995). Considering the rock attitude
mentioned above, the rock strata along the transect can be divided into three parts. The eastern
and western parts show an inverted metamorphic zonation while the central part gives a normal
metamorphic zonation (Fig. 1B). Because the metamorphic grade roughly correlates with the
age of rock unit in the Backbone Range, the inverted metamorphic zonation also denotes a
stratigraphic inversion in terms of the Lushan Formation, the Pilushan Formation and the Tananao
Metamorphic Complex.
Upward Extrusion of the Backbone Range
To explain the above mentioned structural and metamorphic characteristics, Yui and Chu
(2000), based on the stable isotope profiles of thin marble layers, postulated an upward extrusion
model to account for the exhumation of the Backbone Range during arc-continent collision.
Their model can be conceptually summarized in Figure 3.
The Backbone Range of Taiwan represents the southeastern margin of the Eurasian
continent. During the Miocene, this part of the continental margin was preceded by the South
China Sea plate, which was subducting beneath the Philippine Sea plate to form the Luzon Arc
(Biq, 1972). When the South China Sea plate was completely consumed through subduction,
the leading edge of the continental margin was dragged down beneath the Philippine Sea plate
that marked the beginning of the so-called arc-continent collision. This continental subduction
did not last long because the resistive buoyancy of the lighter material would have soon increased
to the point where decoupling occurred and the subducted crust exhumed back to the surface
through the combined effects of buoyancy, compression and erosion (Angelier, 1986; Ho, 1988;
Lin and Roecker, 1998; Lin et al., 1998).
When it was dragged down beneath the Philippine Sea plate, the southeastern margin of
the Eurasian continental crust was thickened and heated. It is likely that not only the younger
covers but also the continent basement were subjected to the metamorphism/deformation induced
by this continental subduction. New metamorphic minerals were formed and new cleavage
planes developed accommodating the subduction shear stress. The inclined lines in Figure 3A
depict metamorphic isotherms parallel to the subduction plane of this leading edge (Lin and
Roecker, 1998). These lines may also roughly represent separations of the cover (incipiently
metamorphosed) strata, slate and schist, as well as approximate the newly developed strata's
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cleavage planes. The thick black line at the bottom of the schist denotes the highest metamorphic
grade rock currently outcropping along the transect of the Backbone Range shown in Figure
1B.

Figure 3. Simplified conceptual diagrams showing the cross section of upward extrusion exhumation model of the
Backbone Range (taken from Yui and Chu, 2000). (A) Continental crust was metamorphosed/deformed when
it was dragged down beneath the Philippine Sea plate. Inclined lines are metamorphic isotherms, as well as
approximate newly developed rock cleavage planes. (B) Hot mid-crust was extruded upward due to buoyancy
and compression after continental crust decoupled from the subducting oceanic plate. (C) Extrusion exhumation
resulted in an orogen-scale antiform and ultimately led to a fanning orientation of the rock cleavage as well as
inverted metamorphic zonations. (D) The crust might have been twisted from the ideal geometry due to the
shape and dip angle of the rigid indenter. The dashed line roughly represents the structural level of rock section
currently outcrops in the central part of the Backbone Range shown in Figure 1B.
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As the continental crust decoupled from the subducting oceanic plate, both buoyancy and
compressive force caused the exhumation. In addition to the bulk exhumation of the continent
along the subduction plane (Lin and Roecker, 1998; Lin et al., 1998), differential movement
within the exhumed crust is also anticipated. It is conceivable that through continuous convergence
the heated mid-crust might have behaved plastically and could have been extruded upward like
toothpaste in a tube (Fig. 3B). This mid-crust upward extrusion might have occurred close to
the point where the continent started to subduct. When extruded material pops up forming a
huge antiform above the zone of lateral shortening, the upper parts would start an orogennormal horizontal escape by gravity spreading (Merle and Guillier, 1989; Bonini et al., 1999).
That would result in a mushroom-like cross section (Fig. 3C). The upper part of Figure 3C
displays the stratigraphic inversion, inverted metamorphic zonation and fanning orientation of
rock strata. In the ideal situation, the highest metamorphic grade rock would occur at the
extrusion center and exhibit a vertical attitude as shown by the thick black line in Figure 3C.
However, the real geometry would be highly influenced by the shape and dip of the frontal face
of the rigid indenter (i.e., the Luzon Arc and the Philippine Sea plate) (Bonini et al., 1999). It is
quite probable that the mushroom-like cross section was twisted a little and yielded the final
result as in Figure 3D. The dashed line in Figure 3D represents the approximate structure level
that would exhibit the same cleavage and metamorphic characteristics as the transect of the
Backbone Range shown in Figure 1B
Stretching Lineation: Secondary
In the above extrusion model (see Figs. 3C and D), the sense of shear of stretching
lineation should be reversed across the extrusion center (i.e., the highest metamorphic grade
rock). Such a reversal of shear sense of stretching lineation, however, was not observed in the
high-grade metamorphic rocks of the Backbone Range. In the Tananao Metamorphic Complex,
the shear sense of stretching lineation is mostly left-lateral (Fig. 1B). This shear sense can be
interpreted as a result of transpression due to the northwest oblique collision between two
plates (Fig. 1A), but it does not agree with that predicted by the extrusion exhumation model.
The observed stretching lineation in metamorphic rocks of the Backbone Range was therefore
treated as "secondary" in nature to reconcile this discrepancy (Yui and Chu, 2000). This means
after exhumation folding, the overturned strata still behaved plastically, but due to rheologic
change induced by temperature decrease and/or due to the overburden loading, the strata
responded to the convergence stress differently from that during the initial stage of exhumation
folding. During this stage, the strain would have been partitioned into orogen-parallel and orogennormal directions as a function of distance from the indenter (e.g., Fitch, 1972; Pinet and
Cobbold, 1992), as recorded in the west-dipping and east-dipping strata, respectively. That the
angle between the Eurasia/Philippine Sea plate boundary and the plate motion before 3-4 Ma
was much smaller than the present tectonic configuration (e.g., Angelier et al., 1986) would
substantiate this suggested strain partitioning. Because the "primary" stretching lineation was
largely obliterated, the exact direction of material movement in response to oblique collision
during the initial stage of rock exhumation is difficult to determine.
FACTORS AFFECTING THE TOPOGRAPHY OF THE BACKBONE RANGE
As mentioned previously, the E-W topographic profile of the Backbone Range is not
symmetrical. The highest elevation of the range is not located near the extrusion center, but is
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skewed about 20 km to the west as exemplified by the transect/profile in Figure 1B. The
Tananao basement has a lower elevation than the slate belt to the west in spite of its being the
extrusion center and its higher metamorphic grade. Since the topography of a mountain range
is mainly a result of interaction between uplifting and denudation, possible factors relating to
this interaction will be discussed separately.
Denudation Factors
In a fission-track study across the Backbone Range, Tsao et al., (1992) showed that
during the arc-continent collision the metamorphic temperature of the Lushan Formation was
not high enough to totally reset the detrital zircons and that zircons from the Pilushan Formation
and the Tananao Metamorphic Complex were completely annealed. The fission-track age of
zircon for the Pilushan Formation ranges from 1.5 to 3.0 Ma and that for the Tananao basement,
from 1.0 to 2.0 Ma (Shieh, 1990; Taso et al., 1992). The exhumation rate for the latter was
therefore suggested to be higher than that of the former, if the paleo-geothermal gradient of the
two areas did not differ significantly. Liu (1982) also showed that the exhumation rate of the
Tananao basement increased significantly especially during the past 0.6 Ma chiefly based on
fission-track data of apatite (0.3 - 0.6 Ma) and zircon (0.9 - 1.3 Ma). The blocking temperatures
of fission-track dating for apatite and zircon in the Backbone Range were suggested to be
135oC and 235oC, respectively (Liu, 1982). Pelitic rocks under these temperature conditions
mainly behave elastically. This is also evidenced by the suggestion that extensional joints (i.e.,
brittle deformation) in the Tananao Metamorphic Complex at the Hoping area might have
developed before 1.5 Ma (Wang, 1997). That would mean the higher exhumation rate of the
Tananao basement derived from fission-track data could not be due to faster transport of rocks
through the cover strata, but most likely resulted from more intense normal faulting or higher
erosion rate to remove the overburden. It should be noted that both normal faulting and erosion
are two major denudation processes that can effectively reduce the surface elevation. Assuming
o
a 40-50 C/km paleo-geothermal gradient due to the fast exhumation, the zircon fission track
data mentioned above would suggest at least a ~2 km difference in denudation thickness between
the Tananao basement and the slate belt during the past 2.0 Ma.
Recent GPS surveys of Taiwan showed that while Taiwan is in general under horizontal
contraction, the Backbone Range is extending (Yu and Chen, 1996). The above mentioned
extrusion exhumation model for the Backbone Range (Yui and Chu, 2000) seems to be consistent
with this observation. In addition, in agreement with the GPS data, synorogenic normal fault
has been observed both in the slate belt and in the Tananao basement of the Backbone Range
(Crespi et al., 1996; Lee, 1997). Semi-brittle to ductile normal-displacement shear zones were
also reported to have developed locally in the basement rocks (Crespi et al., 1996). These
extensional structures were reported cutting across the compressional ones and were therefore
interpreted to have taken place later (Crespi et al., 1996; Lee, 1997). Seismic studies further
showed that shallow microearthquakes (<30 km) with normal-type fault plane solutions occur
only beneath the basement rocks (Lin et al., 1998). Such extensional features at the rear part
of a mountain range are not uncommon worldwide and can be accounted for by crustal thickening
(Platt, 1993), although the obliqueness of the shear convergence may also have played a role
(McCaffrey and Nabelek, 1996). These observations, therefore, may suggest that normalsense rock movement might have recently been occurring more intensively within the Tananao
basement than in the slate belt and could, at least partly, contribute to the observed topographic
characteristics.
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It should be noted, however, that semi-brittle to ductile normal-displacement shear zones
can lower the surface elevation but can not help exhume rock strata at shallower depths dominated
by brittle deformation. Normal-faulting effect should be more pronounced in the Tananao
basement than in the slate belt, if the different exhumation rate between the Tananao Basement
and the Pilushan Formation derived from fission-track data were solely attributed to the extensional
processes. The available data, however, cannot yield any quantitative assessments at the moment
supporting such a difference (Crespi et al., 1996; Lee, 1997). This leads to the possibility that
differential erosion may also have played a role in causing the higher exhumation rate of the
Tananao basement during the past 2.0 Ma compared with that of the slate belt, and may have
also contributed in part to the observed asymmetric topography.
Erosion rate is related to the physical/chemical properties of bedrocks, the relief of mountain
ranges, the climatic temperature (range), as well as the meteoric precipitation (or the runoff).
The average erosion rate of the Taiwan Mountain Belt since the Pliocene is rather high (i.e., 5.
5 mm/yr, Li, 1975), but there is no available data showing rate variations across the mountain
belt. Although differential erosion across a mountain range during orogenic processes may not
be uncommon, its exact effect is difficult to assess. Koons (1989, 1990, 1995), based on numerical
modeling, presented the effects of collision-erosion interplay to demonstrate the topographic
evolution of the Southern Alps of New Zealand. He showed that if precipitation, and therefore
erosion, was concentrated at the toe of the wedge facing the indenter, it would cause low
elevation, rapid uplift, exposure of deep crustal rocks at the wedge side near the indenter and
consequently the asymmetric topography of the Southern Alps. He also demonstrated that the
relationship among uplift rate, total amount of uplift and elevation across a mountain range is
not straightforward and is highly influenced by the erosion rate. Similar results could also be
derived for the Himalayas and the Western European Alps (Koons, 1990). Note that the shape
profiles of these mountains (see Figure 2 of Koons, 1990) seem to be comparable to the
topographic characteristics of the Backbone Range. However, the present precipitation across
the Backbone Range (Fig. 4) does not show the same marked difference as that seen across
the Southern Alps. Koons' model could therefore not be applied in such a straightforward way.
Noteworthily, Koons (1989) also showed that temporal variation in precipitation with a period
of about 50 ka could effectively perturb the uplift-elevation relation for about 200 ka. If the
climatic variations, which may change the precipitation pattern, in such a time scale did occur
during the past 2.0 Ma, Koons' model of differential erosion could be an appropriate one to
account for the topographic characteristics of the Backbone Range. Quantitative estimations
on erosion rates across the Backbone Range, as well as through geologic time, are needed to
substantiate the possibility. It is, however, worth mentioning that the collisional uplift mechanism
employed by Koons’ numerical modeling (1990) was a modified bulldozer accretionary prism
rather than an upward extrusion exhumation.
Uplifting Factors
Based on the available age data, extrusion exhumation of the highest metamorphic grade
rock in the Backbone Range might have started at ~8 Ma (Lo and Onstott, 1995). Considering
the depth of metamorphism of the highest-metamorphic-grade rock before uplifting (i.e., ~15
km), a simple estimate of its average (rock) uplifting rate would be ~2 mm/yr during the time
period. This estimate is a lower limit because it has not considered the surface uplift. Note that
the uplifting rate of a mountain range might not be the same temporally. The uplifting rate may
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also not be equal to the exhumation rate. In this regard, the real uplifting rate of the Tananao
Metamorphic Complex might have been higher than, equal to, or lower than its exhumation rate
during the past 2.0 Ma (which might be as high as 6-9 mm/yr (Liu, 1982; Liu et al., 2000)),
depending on whether the surface elevation of the area has increased, been constant, or
decreased during the time period considered.

Figure 4. Normal annual total precipitation map of Taiwan (CWB, 1990). The labeled number near an
isoline times 100 giving the normal annual total precipitation in mm. Bold-dash line outlines the
geographic area of the Backbone Range shown in Figure 1.
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Although it was suggested that the Backbone Range might have been uplifted as an
integral body during arc-continent collision (Lee, 1997; Lin and Roecker, 1998; Lin et al.,
1998), differential uplifting across the central part of the Backbone Range was also noted by
Tsao et al., (1992) and Liu (1995). This differential uplifting would especially have played a
role in shaping the topography of the mountain range.
As mentioned previously, the attitude of rock movement during the initial stage of rock
exhumation can not be deduced from the available lineation information. Its exact effect on
topography is therefore difficult to evaluate. However, thermal modeling of extrusion exhumation
did reveal differential uplifting rates, and hence probably different elevations, across the mountain
ranges if the strike-slip component of the rock movement had a systematical spatial variation
due to oblique convergence (Thompson et al., 1997). From the relative geographic position, it is
quite probable that the Tananao Metamorphic Complex might well have had a larger strike-slip
component than the slate belt during the initial exhumation stage caused by oblique arc-continent
collision. In such a case, the mountain range would develop an asymmetric topographic profile.
On the other hand, different extrusion velocities across the mountain range due to arc-continent
collision could mitigate the above proposition. Note that based on fission track data, Tsao et al.
(1992) showed that the Tananao Metamorphic Complex had a higher uplifting rate than the
slate belt during the past 2 Ma.
Before exhuming to shallow depths dominated by brittle deformation, it has been shown
that the west-dipping strata of the Tananao basement moved roughly in an along-strike direction
with a small vertical component as indicated by the recorded stretching lineation with leftlateral sense of shear (Fig. 1B). On the other hand, the east-dipping slates moved northwestward
with a larger vertical component (Fig. 1B). This inferred difference in vertical component is
qualitatively consistent with the present differential vertical crustal movement across the central
part of the Backbone Range (Liu, 1995 and personal communication). Although different vertical
components may yield different uplifting rates (and hence different topographic elevation), it is
difficult to make a firm conclusion without knowledge of the velocity as well as the time of such
a movement. However, it should be noted that there are two mountain ranges running side by
side in the Taiwan Mountain Belt, i.e., the Backbone Range in the east and the Hsuehshan
Range in the west (Fig. 1). The Hsuehshan Range was shown to have slightly older zircon
fission-track ages (i.e., 3.0 to 6.5 Ma) (Liu, 1988; Shieh, 1990). This Range was envisaged as
a pop-up structure internally deformed by upright symmetrical folds/subvertical cleavage and
was interpreted as genetically related to the pre-collisional half-graben structure (Clark et al.,
1993; Tillman and Byrne, 1995). While the along-strike-moving strata of the Tananao basement
in the Backbone Range may have moved voluntarily along the convergent boundary, the westmoving strata of the slate belt might have been hindered by the existing "pop-up" Hsuehshan
Range. The latter may lead to a "space" problem, which could be compensated by an increase
in surface elevation and may therefore partly account for the asymmetric topography of the
Backbone Range shown in Figure 1B.
Lastly, it should be pointed out that the differential uplifting across the central part of the
Backbone Range reported by Tsao et al., (1992) and Liu (1995) is different in trending. Tsao et
al., (1992) suggested an increasing uplifting rate eastward during the past 2 Ma based on
fissure track data, while Liu (1995) demonstrated westward increase in uplifting rate in recent
decades through leveling measurements. Although this apparent discrepancy might be due to
different definitions of "uplifting rate" in different studies, to different observation timescales or
to temporal variations of uplifting rate, the reasons, as well as the responsible mechanisms, are
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not yet clear. One possible explanation is that the extensional displacement deep within the
Tananao Metamorphic Complex may play a more important role with time.Alternatively, the
crust may deform differently on different timescales (e.g., Liu et al., 2000). In any case, this
difference certainly elucidates the complex interactions between denudation and uplifting through
time, as well as the possibility of temporal variation of topographic shape of a mountain range.
CONCLUSIONS
The Backbone Range exhibits an asymmetric topography in the E-W profile, i.e., its highest
elevation developed where low-grade metamorphic rocks outcrop and the highest elevation is
skewed to the west. The available fission-track data and structural observations demonstrate
that synorogenic extensional structures and, possibly, differential erosion across the mountain
range were two important factors. However, different extrusion velocities and/or different
strike-slip components of rock movement across the mountain range during the upward extrusion
exhumation caused by oblique convergence, as well as the "space" problem induced by the
retarding of westward rock movement due to the presence of the Hsuehshan Range, may also
have played a role.
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