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Abstract

To investigate the long-term crustal movement of the Chiuchiungkeng Fault (CCKF), a proposed active fault located in the

southwestern coastal plain of Taiwan, two boreholes and dissected alluvial fans were selected for determination of depositional ages

using luminescence. The standard single-aliquot regenerative-dose (SAR) protocol was applied to large aliquots of 90–150 mm quartz,

with dose rates based mainly on high-resolution gamma spectrometry. The laboratory growth curves show a relatively large saturation

value, which should allow reliable ages to be determined back to �150 ka. To test whether a significant sensitivity change occurred during

natural measurement, the single-aliquot regeneration and added dose (SARA) method was also used to estimate equivalent dose; this

showed that a sensitivity change of �4% may be introduced during the routine SAR procedure. The age results, unaffected by significant

sensitivity change, all lie within 60–105 ka, and an 80 ka synchronous surface is used to evaluate the long-term fault behaviour. Based on

the offset across the hanging wall and footwall, a long-term fault slip rate of �1.5mka�1 is estimated for the near-surface CCKF. From

the anomalously steep slope of an 80 ka abandoned fan surface observed in the hanging wall, a long-term tilt rate of �42mkm�1 can be

also derived based on the assumption that the initial slope is given by the modern river bed. Finally, it is deduced that the slip rate of the

CCKF along its deeper part must be greater than �1.5mka�1 since the apparent rate is reduced by folding of the hanging wall.

r 2008 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

The Philippine Sea plate and the Eurasian plate have
been colliding since the late Miocene, resulting in the
emergence of Taiwan. The island is composed of five major
topographical and lithostratigraphic subdivisions: the
Coastal Plain (alluvial cover), the Western Foothills (clastic
sediments), the Central Range (argillite-slate series and
metamorphic complex), the Longitudinal Valley (major
suture), and the Coastal Range (volcaniclastic and
turbiditic sediments; Ho, 1986; Teng, 1990). This oblique
arc–continent collision has resulted in the progressive
migration of active deformation and foreland basin
development southwards and westwards (Suppe and
Namson, 1979). Chapple (1978) showed that an actively
e front matter r 2008 Elsevier Ltd and INQUA. All rights re
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deforming fold-and-thrust belt is mechanically analogous
to a wedge of soil and sand in front of a moving bulldozer.
The Coastal Plain and Western Foothills are currently
regarded as the active foreland basin and the tip of the
critical taper of the fold-and-thrust belt. To the immediate
east of the foreland basin a series of imbricated thrust
faults has been clearly defined as the frontal thrust wedge
of the entire Western Foothills eastwards (Angelier, 1986;
Deffontaines et al., 1997; Lu et al., 1998; Mouthereau et al.,
2001).
In the national project ‘‘Earthquake Geologic Investi-

gation and Data Bank Compilation on Active Faults in
Taiwan’’, the basic survey involved locating faults, deter-
mining their characteristics, and analysing their tectonic
behaviour (Chen et al., 2003a). Based on seismic inter-
pretation, biostratigraphic correlation, and sedimentary
facies analysis (Chi et al., 1998), the continental margin of
the Eurasian plate appears to have been extended in the
served.
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early Tertiary by the development of many normal faults.
Seismic profiles in the coastal plain area of western Taiwan
clearly show that several pre-existing normal faults have
been reactivated by subsequent low-angle thrust faults or
even turned to reverse faults after the orogeny (Yang et al.,
2006). Unfortunately, because of a lack of age control,
recent fault activities are largely unknown.

This paper focuses on the Chiuchiungkeng Fault
(CCKF), the frontal fault in a series of imbricating thrust
faults that were incorporated into the westernmost thrust
wedge of the Western Foothills in the late Pleistocene.
Tectonic activity in southwestern Taiwan is of concern
because this is the main agricultural supply region for the
whole island and supports a large population. The CCKF
is thought to have the greatest probability of reactivation
Fig. 1. The sampling site and close-up of the site relief map. The regional tecto

locality of the 3D view map at the Tahukou River. The topographic profiles o

between the slopes of the modern channel and dissected alluvial fans shows th

older dissected fans.
in this area, and it is highly desirable from a geological,
geo-technical, and sociological perspective to know more
about the history and present activity of this fault. This was
explicitly described in kinematically restored cross-sections
(Hung et al., 1999) but the fault could not then be defined
as active without further geomorphological and geochro-
nological surveys. The sedimentary rocks in the Western
Foothills appear to be beyond the radiocarbon age range,
and so there is no chronological basis for interpreting
tectonic behaviour in this region. In this study, several
samples of woody material were found in the river terrace
gravels (Fig. 1; Hsu, 2003), but these were all found to be
too old for radiocarbon dating. The various depositional
processes resulting from high rainfall and considerable
stream power complicate the interpretation of the in-situ
nic environment is shown in the inset. The dark red dash square shows the

f the cross-sections AB and AC are shown on the map, and the difference

at tectonic activity on the CCKF has resulted in tilting to give rise to the
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carbon-containing material because of the likelihood of
reworking. Furthermore the dilution by huge amounts
of sediment makes studies of pollen, foraminifera, and
micro-fossils very difficult. Given previous successful
applications of luminescence dating in southwestern
Taiwan (Chen et al., 2003b), the same approach was
applied to sand-sized quartz extracted from two dissected
fan deposits and two borehole deposits; it was expected
that these would help determine whether the fault is still
active. The depositional ages of two dissected fans are
compared with time-equivalent layers in the borehole
section, and 18 optical ages from borehole samples are
used to compute accumulation rates. The sheared fault
zone has been previously identified in the borehole sections
(Liu et al., 2003), but the sequence correlation is difficult to
achieve owing to frontal deformation on the hanging wall.
It was expected that the combination of chronology
and the geometry of the old deformed dissected fan
surface would allow a better understanding of the faulting
history.

2. Sampling sites and experimental treatment

2.1. Geomorphological features

The shaded relief topographic map (Fig. 1) was derived
from the digital elevation model (DTM) of Taiwan on a
grid of 40m, and a N101E lineament parallel to the
contours can be identified. Between the CCKF and
Tachienshan Fault (TCSF), the distributions of long,
narrow terraces parallel to the river indicate this area has
been tilted. Based on the number of terraces and the
gradient difference, the vertical displacement rate of the
northern CCKF segment is thought to be higher than that
of the southern segment; this is consistent with the results
of seismic reflection (Shih et al., 2002; Wang et al., 2005).
It is clear that fault movement has led to river capture
and has deflected the river flow parallel to the lineament
identified above.

2.2. Depositional environment and stratigraphy

In the study area (Fig. 1), the evolving modern river bed
and two dissected fans of obviously different ages are used
to describe the gradient differences. The older dissected fan
(profile AC) appears to have tilted by up to �2.41
compared to the modern channel, indicating the effects of
the CCKF movement. The 3D view of the geomorphology
map at the Tahukou River indicates two steps of river
terraces along the modern channel (Fig. 1). Two optically
stimulated luminescence (OSL) samples were collected
from the sandy layers within fluvial gravel layers from
the above two terraces by horizontally pushing opaque
plastic tubes into sandy layers. The sampling positions
were at depths of 1–2m from the terrace surface.

Three wells were drilled along the CCKF in this area to
confirm the existence of a fault zone, but only the two
southernmost were investigated. The one situated in the
middle of the CCKF was avoided because of the possibility
of interference from the Hsiaomei anticline and Meishan
Fault nearby. Samples for OSL were collected from the two
boreholes, and the stratigraphic descriptions and sampling
locations are given in Fig. 2. In the CCKF-BH-2 section
(Fig. 2a), the fault was identified at �17m, where grey-blue
fine sand with intercalated mud has been thrust upon
fluvial gravel. This is consistent with the field observation
in the northern section of the CCKF, which shows that the
river terrace gravel (late Pleistocene) is overlain by a thrust
silty sand layer (Plio-Pleistocene; Chen et al., 2003a).
However, the different lithology of the silty sand and gravel
is the only feature in the borehole that suggests the
presence of the fault. Liu et al. (2003) were unable to
identify shearing associated with the fault zone in the
CCKF-BH-3 borehole. OSL ages are needed to establish a
time framework and to interpret the behaviour of the
CCKF.
Silt to fine-sand layers were chosen for OSL sampling.

Unfortunately, the original coring strategy was not
planned with OSL dating in mind, and split cores had
been archived and dried before this study. As a result, OSL
samples were taken only from apparently intact sections,
and every attempt was made to ensure that sufficient
material was removed from surfaces that might have been
exposed to sunlight. Nevertheless, the possibility that some
unintended light exposure took place cannot be completely
ruled out.

2.3. Dose rate determination

Radionuclide concentrations were measured using high-
resolution gamma spectrometry, and compared with the
results from chemical analyses by ICP-MS (for uranium
and thorium concentration) and XRF (for potassium
concentration; Fig. 3). Mass concentrations were converted
to activity concentrations (Bq kg�1) using the conversion
factors presented in Aitken (1985, 1998). Given the limited
range of concentrations, the agreement is considered
acceptable, but since the sample mass used in gamma
spectrometry is �200 times larger than that used in
ICP-MS and XRF, the gamma spectrometer data are
considered more likely to be representative. As a result,
only the gamma spectrometry data were used in age
calculations, but nevertheless the ICP-MS and XRF results
serve to confirm that no unexpected gross errors have
occurred. The borehole samples were almost certainly
water saturated throughout the burial period, and cosmic
ray contributions were estimated for the appropriate
altitude, latitude, longitude, and burial depth (Prescott
and Hutton, 1988, 1994). The saturated water contents
were determined by rewetting the core sediments in the
laboratory. The water contents of the terrace samples were
determined immediately after returning to the laboratory,
and the field water contents are assumed to represent
the average water content throughout the burial period.
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Fig. 2. The stratigraphic descriptions of the two boreholes (Liu et al., 2003) together with the sampling positions to the left (red solid circles) and OSL ages

to the right. (a) The OSL ages from the hanging wall in CCKF-BH-2 are shown in red solid circles, and those from the footwall are in black solid circles.

The accumulation rate of the lower section is �2.7mka�1. (b) The accumulation rate in CCKF-BH-3 is �4.5mka�1 (black solid circles). Anomalous ages

(blue solid circles) are also shown to the right and discussed in the text.
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Dose rates in the range 2.01–3.48Gy ka�1 were obtained
and are listed in Table 1.

3. Luminescence characteristics

The single-aliquot regenerative-dose (SAR; Murray and
Wintle, 2000, 2003; Wintle and Murray, 2006) protocol has
been applied previously to borehole deposits on the
southwestern coastal plain in Taiwan (Chen et al.,
2003b), and it is known that quartz from these sediments
is sensitive and dominated by the fast component
(e.g. decay curve in Fig. 6). Quartz grains (90–150 mm)
were cleaned using HCl, H2O2, and HF in the standard
way, and checked for feldspar contamination using IR
stimulation. All measurements were undertaken using a
Risø TL/OSL-DA-15 reader with blue (470 nm) light
stimulation, and luminescence detection was through
7mm of U-340 filter (Bøtter-Jensen et al., 2000).

3.1. Preheat plateaus

To determine the appropriate thermal treatments in the
SAR protocol, a preheat plateau was measured for sample
030715-02 (Fig. 4). The De appears to be constant in the
temperature interval 220–280 1C. The relevant recycling
ratios (R5/R1) were all close to unity (1.02670.008),
and recuperation was small compared to the natural signal
(R4/No3%). All subsequent measurements reported em-
ployed a 220 1C preheat for 10 s.

3.2. Dose recovery tests

To test the ability of our protocol to measure a known
dose accurately using previously unheated samples, 12
aliquots from each of two samples (030715-01, 030715-02)
were first bleached with blue light at room temperature
before being given a known beta dose slightly higher than
the measured De of Table 1. Afterwards, a routine SAR
sequence was used to measure the De (Fig. 5). The average
ratio of measured to given doses was 0.9970.02 (030715-
01, n ¼ 12) and 0.9470.02 (030715-02, n ¼ 12). The SAR
protocol applied to the quartz from this region allows
reliable assessment of known laboratory doses.

3.3. Growth curve shape

When trying to date old samples in a moderately high
dose rate environment (�2.5Gy ka�1), it is important to
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Fig. 3. Comparison of the different radionuclide activities derived from

gamma spectrometry and chemical analyses (ICP-MS & XRF) for 18

samples. One sample (CCKF-BH-3-10) shows clear underestimated

radionuclide activities from chemical analyses (open circles).
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investigate the upper limit to the dose that can be measured
before saturation of the luminescence signal. Two single-
aliquot growth curves fitted with two saturating exponen-
tials from two samples serve to illustrate the typical
behaviour of these samples (Fig. 6). For sample 030715-
01, the slope becomes linear above �500Gy but continues
to rise slowly (D0�125Gy and D1�1111Gy), whereas
sample 030715-02 saturates at �500Gy (D0�233Gy and
D1�21Gy). Therefore, both aliquots could be used to
determine equivalent doses well above the actual values
observed. The recycling points at the lowest and highest
doses show variation of o10%, and recuperation tests that
were placed in between every three different regenerated
doses give a signal ofo7% of the natural signal. The decay
curves are dominated by the fast component and the signal
intensity drops by �50% within 1 s of stimulation.
Since the growth curve shape seems to allow dose

measurement up to several hundred Gy, equivalent doses
were measured for all samples using the SAR protocol.
These data were used to derive 20 luminescence ages, and
all the results are summarised in Table 1.

3.4. Single-aliquot regeneration and added (SARA) OSL

method

Without discussing the ages in Table 1 in detail, it is clear
there is very little increase in age with depth in either of the
two cores, and the values of De are all high, some well over
200Gy. Although the SAR characteristics seem to allow
dating in this range, one must always be cautious when
measuring large doses with quartz, and the lack of increase
in age with depth suggests at least the possibility of
saturation effects. Accordingly, the single-aliquot regen-
eration and added dose (SARA) approach (Mejdahl and
Bøtter-Jensen, 1997) was also employed, to check for the
existence of any unidentified sensitivity change during the
measurement of the natural signal. Thirty aliquots of
030715-02 were divided into five groups and a different
beta dose (0, 80, 160, 240, 320Gy) was added to each
group. The SAR protocol was then used to measure the
total dose recorded by each aliquot (the first group gives a
natural dose of 290720Gy). When the measured total
dose is plotted against the added laboratory dose, the
resulting correlation should be linear (Murray, 1996) and
the intercept on the added dose axis should give a De,
independent of any sensitivity changes occurring during the
first OSL stimulation (Fig. 7). If the slope of this line is
unity, then there has been no such change in sensitivity,
and the SAR De (i.e. the dose recovered by the routine
SAR sequence) should be identical to the SARA De (i.e. the
intercept on the dose axis). In Fig. 7, the ratio of the SAR
De (290720Gy) to the SARA De (301736Gy) is 0.96.
Any sensitivity changes thus are considered as minimal,
and have resulted in errors in the SAR De of �4%. It is
interesting to note that the SAR growth curve of 030715-02
(Fig. 6) suggests that an added dose of 300Gy (as used in
SARA) should bring the OSL signal close to saturation;
nevertheless, the SARA and SAR results are in good
agreement.

3.5. Multiple-aliquot method

To further check that our samples are not saturated, the
traditional multiple-aliquot additive and regenerative dose
technique was applied to the oldest sample (030715-02)
based on the ‘‘Australian slide method’’ described by
Prescott et al. (1993). An additive dose growth curve was



ARTICLE IN PRESS

Table 1

OSL ages and the total dose rates from gamma spectrometry

Code Depth or

elevation (m)

Equivalent dosea

(Gy)

n Dose rateb

(Gyka�1)

Water contentc

(%)

Age (ka)

CCKF-BH-2-1 3.4 211711 30 3.12 24 6875

CCKF-BH-2-2 8.2 19677 30 2.94 24 6774

CCKF-BH-2-3 15.0 20876 30 2.63 19 7974

CCKF-BH-2-4 20.0 18877 30 2.59 22 7274

CCKF-BH-2-7 27.6 221710 30 2.94 23 7575

CCKF-BH-2-5 36.1 20875 30 2.65 32 7974

CCKF-BH-2-8 39.4 19778 30 2.48 25 7975

CCKF-BH-2-6 49.8 16775 30 2.46 22 6874

CCKF-BH-3-1 5.1 13576 27 2.01 21 6774

CCKF-BH-3-2 11.2 15575 27 2.61 26 5973

CCKF-BH-3-7 11.9 175710 30 2.39 19 7375

CCKF-BH-3-3 15.7 14979 24 3.18 24 4573

CCKF-BH-3-8 16.9 19275 30 2.62 21 7374

CCKF-BH-3-4 27.0 211710 27 2.59 20 8175

CCKF-BH-3-9 36.7 273711 30 2.73 23 10076

CCKF-BH-3-5 37.5 231712 27 3.06 17 7575

CCKF-BH-3-10 41.3 253713 30 3.48 20 7375

CCKF-BH-3-6 48.9 21478 27 2.59 24 8375

030715-01 420 (m.a.s.l.) 209719 12 2.61 8 8077

030715-02 617 (m.a.s.l.) 273715 12 2.61 9 10578

aStandard errors calculated using results from ‘n’ aliquots.
bBased on gamma spectrometry activity results, converted to dose rates using the data of Olley et al. (1996), and cosmic ray contribution based on

Prescott and Hutton (1988, 1994).
cWater contents are measured after taking samples back to the laboratory and are assumed to be saturated since the depths for all samples are below the

groundwater table. The last two dissected fan samples are exceptions, which are measured immediately after taking samples.

Fig. 4. (a) Preheat plateau and (b) recycling ratios and recuperation, for

representative sample 030715-02. Preheats from 220 to 280 1C gave a

constant De with three aliquots measured at each temperature; the cut-

heat temperature was fixed at 160 1C.
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constructed using 72 aliquots, with added doses of up to
�1700Gy. This approach is intended to avoid any change
in characteristics resulting from repeated dosing and
heating and any dose-quenching effects. A further 48
aliquots were used to regenerate the growth curve by
bleaching with blue light at room temperature in the
TL/OSL reader, and then adding laboratory doses. After
additive or regenerated doses, a preheat of 220 1C was
given and a short shine (0.1 s) at room temperature and full
signal depletion (40 s) followed. The response to a test
dose (after preheat and stimulation) was used to normalise
the response between the different aliquots. In Fig. 8, the
added dose laboratory growth curve (solid symbols) is seen
to saturate at an added dose of �500Gy. The regenerated
dose laboratory growth curve (open symbols) has a curva-
ture consistent with the additive dose growth curve (the
data can be represented by the sum of two exponentially
saturating growth curves, with D0 ¼ 85 and D1 ¼ 411Gy).
Both curves were fitted together by shifting along the dose
axis. Taken together, these data suggest an average
equivalent dose of 22177Gy (Fig. 8). This estimate of
De is certainly not larger than the SAR result of
273715Gy (see Table 1).
In summary, a comparison of three different methods for

determining De has not provided any evidence that the
SAR method underestimates the burial dose. It may be that
the added dose method gives a slightly lower result, but this
is presumed to arise most likely from the additional
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Fig. 5. Dose recovery tests for samples 030715-01 and 030715-02. Twelve

aliquots of each sample were measured using a 220 1C preheat and 160 1C

cut-heat temperature. The given dose was selected to be close to the

equivalent dose. The ratios of measured to given dose are shown as solid

circles, and the recycling ratios (R5/R1) of each aliquot are shown as open

circles.

Fig. 6. Growth curves for samples 030715-01 and 030715-02. The SAR

protocol was applied using 12 different regenerative doses. Three of these

were repeated (open circles) and zero regenerative doses show recupera-

tion close to zero (open triangles). The test doses were 8.3 and 12.4Gy,

respectively. Typical OSL curves (shown inset) are dominated by the fast

component.

Fig. 7. SARA measurement for sample 030715-02. Different added doses,

from 0 to 320Gy, were given to five groups each of six natural aliquots;

the correlation coefficient of added vs. measured doses is 0.992, indicating

no sensitivity change in the natural.
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uncertainties inherent in the method (e.g. in matching the
additive and regenerative curves, especially for data
approaching saturation).

4. Discussion

4.1. Borehole stratigraphy and luminescence ages

As discussed above a shear zone at a depth of 13–17m
has been found in CCKF-BH-2 (Liu et al., 2003; Figs. 1
and 2a). The gravels lying directly below the fault zone at
�20m are identified as the fluvial bed correlated with the
terrace observed at the Tahukou outcrop nearby (Chen
et al., 2003a). In other words, this borehole records two
sections superimposed by more recent CCKF action. As a
result, age duplication may exist but the establishment of
any correlation is impossible without the establishment of
the chronological framework. Since CCKF-BH-3 is located
directly to the west of the CCKF, it can be used to establish
a chronological framework for the deposition of the
sediments making up the footwall.

The OSL age at the bottom of CCKF-BH-2 appears to
be underestimated compared to the ages above. Since there
is no apparent shear zone between 39.4m (7975 ka) and
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Fig. 8. Multiple-aliquot measurement of sample 030715-02. The aliquots

represented by open circles were first bleached with blue light, and then

irradiated to regenerate a laboratory growth curve. The aliquots

represented by solid circles received added doses on top of the natural.

The same regression parameters were used to fit both data sets, and the

correlation coefficient of both pairs of dose and corrected OSL (Lx/Tx) is

0.998. The resulting De is 22177Gy.
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49.8m (6874 ka), there is no stratigraphic reason for this
inversion; nor are there any unusual luminescence char-
acteristics to account for this anomalous behaviour.
However, as this sample was taken only �20 cm away
from the bottom of the section, it is very possible that there
had been undetected damages, such as minor cracking, that
had occurred during unloading and splitting immediately
after coring. This could have easily given rise to unexpected
light exposure some time before sampling for luminescence
studies.

Although the 50m sedimentary sequence appears to
have been deposited within 10 ka, the chronological
difference in CCKF-BH-2 caused by the faulting is
obvious. The fault plane at 17m (Liu et al., 2003) can be
used as a divide: the lower section is from 72 ka older
downwards; the upper section is from 79 ka younger
upwards. The average age of the uppermost part of this
borehole is 68 ka, and the accumulation rate of the lower
section is �2.7mka�1.

In CCKF-BH-3, the ages at 11.2m (5973 ka), 15.7m
(4573 ka), and 36.7m (10076 ka) are also stratigraphi-
cally inverted, and so the adjacent samples at 11.9m
(7375 ka), 16.9m (7374 ka), and 37.5m (7575 ka) were
sampled subsequently to test these anomalous ages. These
repeated ages fit well with the overall pattern, suggesting
that the earlier results are unreliable. The De distributions
of both the original and duplicated samples do not show
any evidence of contamination with bleached grains
(always of concern with these samples because of prior
storage condition; see Section 2.2). It is not known whether
the anomalous ages arise because of errors in the apparent
dose or in assessing saturated water content. Nevertheless,
the overall chronological trends are reliable, and these data
except those anomalous ones (11.2, 15.7, and 36.7m) can
be used to compute an accumulation rate for CCKF-BH-3
of �4.5mka�1.

4.2. Behaviour of the CCKF

Based on the 7274 ka age of the youngest sediments
truncated by the faulting, the latest fault movement must
occur thereafter (CCKF-BH-2-4; Fig. 2a). Since there are
late Pleistocene sedimentary sequences on both sides of the
fault, the regional ground displacement can be derived by
the reconstruction of the paleo-ground surface. Further-
more the slip rate along the subsurface fault plane can be
estimated by examining the current fault geometry. In the
hanging wall, the sediments represented by sample 030715-
01 were identified as an abandoned alluvial fan, developed
in association with the eastern mountain rise. This fan
was lifted up by movement of the TCSF (Fig. 1) and
abandoned subsequently because of the action of the
CCKF. Although the fan surface has been dissected, it is
still recognizable by tracing the relic fan surfaces (Fig. 9a).
The present day slope of this abandoned fan is 4.01, which
is much steeper than the slope of the modern active fan,
namely 1.61. This suggests that the regional total slip along
the subsurface CCKF may transform the slip into hanging
wall folding near the surface. If we take the 1.61 as the
slope at the time of deposition, the averaged tilt rate
over the past 80 ka is �42mkm�1 to the west (Fig. 9b).
Computation of the near-surface fault slip uses the
published fault geometry suggested by field surveying
(dipping 251 to the east; Chen et al., 2003a) and the
chronological data presented in this study. Since the
abandoned fan surface in the hanging wall formed
at around 80 ka (030715-01), the 80 ka sediments in the
footwall must be identified before computation of the long-
term slip rate. The two regression lines of OSL age against
depth in the footwall from boreholes CCKF-BH-2 and
CCKF-BH-3 are shown in Fig. 2. The 80 ka surface
appears to lie at depths of �40.5 and �49.1m, respectively.
An average value of 44.8m is used as the depth of the 80 ka
surface in the footwall. Based on the current slopes of the
abandoned fan surface in the hanging wall (4.01) and
modern flood plain in the footwall (1.61), a profile of tie
lines has been constructed at 80 ka and a fault plane to
show the total slip (Fig. 9c). Along the fault plane,
correcting for the offset between the 80 ka surface on both
sides yields a total slip of 117m. Assuming a negligible
strike slip (Lin et al., 2007), the long-term average slip rate
of the CCKF is �1.5mka�1 along its near-surface fault
plane. This value is consistent with a previous study based
on radiocarbon ages of river terraces, which derived a
minimum slip rate of 0.55mka�1 (Lin et al., 2007). As
discussed earlier, the CCKF also developed a hanging wall
tilt to the west at around 42mkm�1, indicating that the
deeper part of the fault may be slipping faster, but some of
this slip is transformed into a hanging wall fold. To develop
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Fig. 9. Schematic profile across CCKF. (a) The traces of relic fan surface and modern channel are shown together with the location of sample 030715-01.

The results from CCKF-BH-2 are used to represent the behaviour of the footwall. The identification of the 80 ka synchronous surface in the hanging wall

and footwall is discussed in the text. (b) The different slopes of the abandoned fan surface in the hanging wall and modern fluvial channel in the footwall

are compared to calculate the tilting rate over the past 80 ka. (c) An enlarged plot of the square area is used to explain the calculation of the long-term slip

rate of CCKF.
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a more detailed understanding of the kinematics of this
process, further study is required to provide additional
constraints on the subsurface fault geometry.

5. Conclusion

All age results from the dissected fans and the boreholes
deposits are beyond the radiocarbon age limit, consistent
with the results of the woody samples taken from the out-
crops (Fig. 1; Hsu, 2003). Based on the slip distance
(117m) inferred from correlation of the 80 ka surface
across the hanging wall and footwall, a long-term average
slip rate of 1.5mka�1 is derived for the near-surface section
of CCKF in this area. The last fault action must have
occurred more recently than 7274 ka, based on hanging
wall age results from the top of the core. This chronology
helps in the interpretation of the behaviour of CCKF, but
further chronological control and information on subsur-
face fault geometry are required to better understand the
recent kinematic behaviour.
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