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Abstract

The Lunhou fault (LHF) dips to the east and Kouhsiaoli fault (KSLF), which is to the
east from LHF, dips to the west. These two faults are striking north-south and are located in
southwestern Taiwan through Chiayi and Tainan area. InSAR Images show 20 mm/yr of
uplift across these two faults. Therefore, this study aims to reveal if LHF and KSLF have
any contribution to this vertical component, based on the river terraces along the Tsengwen
River. Firstly, we used a 5m DEM and a Lidar DTM for terrain interpretation and terrace
mapping. Then, we conducted field investigations to measure the elevation of terrace surface,
terrace strath and dated samples using total station, VBS-RTK and UAV, and to collect
samples for *C dating to complete the terrace correlation. Secondly, we draw a geological
profile based on geological data. We integrated these two approaches to better analyze and
explain the structural relationship and activity of these two faults. Eleven levels of terraces,
which are TO (15-18 ka), T1 (8 ka), T1b, T2a, T2b, T3 (3-4 ka), T4a, T4b (2 ka), T4c, T4d
and TS from oldest to youngest, have been classified according to their elevation difference
from the modern river, and radiocarbon dating. In the field, the LHF dip angle is high and
the KSLF dip angle is 42°. Combining '*C ages from this study and previous studies, we
found that the age of the terrace T4b on the hanging wall of LHF is 1998-1878 cal BP and
the age of the terrace T4b on the footwall is 1867-1615 cal BP. Additionally, the strath
elevation of T4b on both sides of LHF are similar. This indicates that LHF has been inactive
since 2 thousand years. The age of the terrace T3 on the hanging wall of KSLF is 3-4 ka,
which is similar to the footwall, but the elevation difference of the strath between them is 30
m. These results suggest that KSLF is active. The activity of the KSLF is further
demonstrated by our observation of the Liuchenwan outcrop, where the KSLF cut through
the river deposit. There, four “C samples were collected from west to east in the river terrace

sediments on the footwall of the KSLF. Ages of 15256-14854 cal BP and 18480-17887 cal



BP were obtained near the strath, and 8976-8595 cal BP and 3212-3005 cal BP were obtained
in the upper fine-grain part of the terrace deposits at the east side of fault at about 260 m
distance. These four samples are all deposited in the same terrace sequence and we have two
explanations for that. First, the fault activity led the bedrock to uplift, which caused the path
of the Tsengwen River to migrate towards the east. Second, the riverbed here was quite stable,
with limited incision and deposition between 18 ka and 3ka. The terrace and age dataset were
also used to calculate river incision rates. For the terrace T3, we observed fairly similar
incision rates of 6.0-8.4 mm/yr 6 km west of KSLF and of 3.8-5.3 mm/yr 500 m east of
KSLF. But the terrace T3 located 2.2 km west of KSLF shows a faster incision rate of 15.0-
21.0 mm/yr that indicates that this is area is affected by tectonic activity. Therefore, our
observations indicate that the KSLF has been active since at least 3-4 ka, and we can classify
it as a type I active fault. In a next step, we project the coordinates of the river terrace surface
on the N75°W section and analyze the study area in combination with existing InSAR data.
From our terrace deformation profile the distribution of river terraces exhibits an
asymmetrical antiformal geometry, and there are signs of uplift within at least 6 km to the
west of the KSLF. This study proposes two possible explanations. First, the LHF is locked
because of the high dip angle at its shallow part and hence it cannot continue to move,
forming the KSLF back thrust toward the east; Second, Wushantou anticline (WSTA) is
adjacent to the west of the LHF. However, the anticline is 1 or 2 km below the surface, and
the two limbs are too tight and locked, so that the interlayer sliding is at the flexural point of
the anticline western limb. The KSLF expanded and cut through the LHF and terrace
deposits. From the terrace section of this study, it can be clearly observed that the KSLF
hanging wall uplifts relative to the footwall with a range of about 6 km across WSTA and
LHF. To summarize, this study revealed that the KSLF is a reverse fault that cut through the
WSTA and the LHF. The WSTA growth and KSLF activity generate surface uplift to the
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west of KSLF. According to the correlation of river terraces and the incision rate, the relative
uplift rate between terrace T3 near the WSTA and terrace T3 east of KSLF is 13.7-15.7
mm/yr. Using the relative uplift rate of terrace T3 across the KSLF, the fault dip angle (42°)
of the KSLF outcropping in Liuchenwan, we inferred the maximum fault slip rate to be 20.0-

23.0 mm/yr.
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Figure 1. Schematic diagram of the plate tectonic setting in Taiwan (% 4% -4% 3% AL 5 |

2018). Taiwan is located at the convergent boundary between the Eurasian plate and the
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Figure 2. GPS horizontal velocity field in the Jianan area during 2010-2017 relative to the

Penghu Paisha Station (SO1R) (Ching et al., 2018). The red rectangle is the study area.
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from Ryerson et al., 2006). (A) Channel T1 is formed; (B) Tectonic activity on the thrust
fault uplifts T1 on the hanging wall; (C) Channel T1 is abandoned due to river incision:
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Figure 5. Topographic map of the study area, including the Wushantou anticline and the fault
trace for the southern part of Lunhou fault and for the Kouhsiaoli fault (Huang et al., 2020).
Red line: observed fault trace; red dashed line: inferred fault trace; black line: other active
faults; blue lines: scarps identified in LIDAR 1-m DEM that may or may not be related to

fault activity.
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Figure 6. Geological maps of the study area, including the Wushantou anticline and the fault trace for the southern part of Lunhou fault and for the Kouhsiaoli fault (modified from Ho et al., 2005). The color of
geological map is classified by age. Index map- CP: Coastal Plain; WF: Western Foothills (fold and thrust belt); HR: Hsuehshan Range Cenozoic slate belt; BR-C: Backbone Range (Cenozoic slate belt); BR-M:
Backbone Range (Pre-Tertiary metamorphic complex); CR: Coastal Range.
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Figure 7. Geological maps of the study area, including the Wushantou anticline and the fault trace for the southern part of Lunhou fault and for the Kouhsiaoli fault. In the geological map also shows the geological
projection line of previous studies. Index map- CP: Coastal Plain; WF: Western Foothills (fold and thrust belt); HR: Hsuehshan Range Cenozoic slate belt; BR-C: Backbone Range (Cenozoic slate belt); BR-M:
Backbone Range (Pre-Tertiary metamorphic complex); CR: Coastal Range.
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Figure 8. Crustal deformation observed by precise leveling along the Beimen to Nanxi
survey line (Ching et al., 2018). (A) Time series comparison between leveling benchmark
1088 and the continuous GPS station GS44, distant by 0.9 km (see location on panel B). The
dotted lines are the Jiaxian earthquake on March 4, 2010 and the Meinong earthquake on
February 6, 2016; (B) Location map of the Beimen-Nanxi leveling survey line (in red),
topographic profile along this survey line, and vertical velocity before and after the Jiaxian
earthquake: from 2003 to 2012, in green, and from 2010 to 2018, in blue; (C) Elevation
changes between each survey. The interval between each tick on the vertical axis represents
10 mm; Similarly to B, the vertical dotted lines indicate the main geological structures. The
horizontal axis is the distance along the E-W direction. Vertical dotted lines indicate the main
geological structures: LCAF: Liujia fault, NSA: Niushan anticline, CDS: Qiandapu syncline,

CKUF: Chukou fault, YJS: Yujing syncline.
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Figure 9. Precise leveling measurements (Courtesy of Ching Kuo-En, 2020). (A) Vertical
velocity field relative to Penghu, Baisha, based on precise leveling measurements and GPS

observations along the Beimen-Nanxi survey line; (B) Vertical velocities across the foothills
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section of the leveling route (within the white dashed-line rectangle), before and after the
2010 Jiaxian earthquake: 2003-2010 (Blue cross) and 2010-2020 (Orange circle). The
horizontal axis shows distance along the survey line, with benchmark locations projected

parallel to the strike of geological structures.
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Figure 10. Results from InSAR studies. (A) Line-of-sight (LOS) velocity map based on

ALOS-1 images during 2007-2010 (Pathier et al., 2015). The line of sight has an angle of

about 40° from vertical and about 80°E; (B) Map of vertical mean velocity measured by Lu

et al. in 2020; (C) InSAR measurements along the same transect across the study area: blue

dots are Pathier’s data, extracted from the black rectangle in fig. 10A; orange dots are Lu’s

data, extracted from the red rectangle in fig. 10B.
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Figure 11. Geological profile across the Wushantou anticline and the southern part of the
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Bl 12 223 %8 2 5w A% 2 st .4 (Hsieh and Knuepfer, 2002) - (A)B] #
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Figure 12. Distribution and long profile along the Tsengwen River. (A) Map of river terraces
of the Tsengwen River in the Yuching area and radiocarbon dates and sampling sites (Hsieh
and Knuepfer, 2002). Radiocarbon dates were calibrated based on Stuiver and Reimer (1993)
and are shown with 1o uncertainty, in cal BP. Inset map locates Pleistocene structures, major
towns, and inferred Holocene structures. The fault labeled Chukou fault corresponds to the
Lunhou fault; (B) River terrace longitudinal profiles along the Tsengwen River and
distribution of radiocarbon dates. Orange numbers are incision rates provided in Hsieh and

Knuepfer (2002).
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Table 1. 'C dating results of previous studies

ID # A kiR BT | PR =R k33 FREL(E) TELR (#) By Apma | HER
(the Source B Terrace (TWD97) (TWD97) Conventional Calibrated age (2- Sample site H (%) A2 (=
number Lab label Longitude Latitude age (yr B.P) sigma cal BP) Strath )
used on (TWD97) (TWD97) elevation Sample
the (m) elevation
maps) (m)
Hsieh & B E
I(a) NTU2322 T4b 192081.541 | 2559744.823 1810+50 1630(1715)1811 70 70
Knuepfer (2002) Cuowei
Hsieh & B R
II(a) WK6135 T4b 192280.772 | 2559559.823 2590+60 2717(2740)2757 67 67
Knuepfer (2002) Cuowei
3627(3740, 3750,
Hsieh & EpAL
II(a) WK5136 T3 186591.727 | 2559920.763 3520+140* 3770, 3790, 3830 39 47
Knuepfer (2002) Toushe
3976)
Hsieh & 3071(3170, 3190, frpe
IV(a) WK6130 T3 194546.63 | 2557614.131 3001+67* 55 57
Knuepfer (2002) 3210)3324 Hemu
Yen-Chiu Liu et Sl P
V(b) - TO 191874.367 | 2556956.976 12670440 X 59 59
al., 2020 Liuch-enwan
Hsieh
Hsieh Meng- Meng- T g
VI(c) TO 191956.945 | 2556945.284 14950+120 18480-17887 60 60
Long (2022) Long Liuchenwan
(2022)
Hsieh
Hsieh Meng- Meng- Tl g
VII(c) Tla 192071.628 | 2556904.266 7900+40 8976-8595 64 67
Long (2022) Long Liuch-enwan
(2022)
Hsieh & 13740(13870) frpe
VIII(a) NTU2323 TO 193866.887 | 2558139.666 11900470 37 41
Knuepfer (2002) 14014 Hemu

(1) Sample number assigned at dating laboratory: BETA=Beta Analytic Testing Laboratory; NTU= National Taiwan University; WK= the University of Waikato.

(2) Calibrated by using program and calibration curve(s) of Stuiver and Reimer (1993). Value(s) in parentheses is (are) median values.

(3) Calculated by dividing height of bedrock above the modern channel by the calibrated age with 1o range (only the ages derived from the samples located no higher than
3 m above the bedrock surface are calculated).

(4) Measured by accelerator mass spectrometry.

(5) (5) Source: (a) Hsieh and Knuepfer (2002); (b) Yen- Chiu Liu, Jon-Wei Hsu and Chii-Wen Lin (2020); (c¢) Hsieh Meng-Long, personal communication, 2022.
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Figure 13. Workflow chart of aerial photograph acquisition and derivative products for this

project (quote from #-i T & > 2016).
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Figure 14. Drones used in this study- DJI Mavic 2 pro.
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Bl 15 ¥ & drdlgimka TR o
Figure 15. Set-up of a ground control point.

B 16 ™ VBS-RTK & B3 o 47482 1 1EFR o

Figure 16. Measurement of the location of a ground control point using VBS-RTK.
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| Average Ground Sampling Distance (GSD) 4.58cm/1.80in |
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© Geolocation Bias X Y z
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Figure 17. Index map of aerial images along the southern part of the Lunhou and Kouhsiaoli
faults and quality report from Pix4D. (A) Point cloud (left image) dataset, where we can
target a point along the strath to obtain its coordinates (see in the red rectangle on the upper
right) and visualize drone photographs that include this point (see images on the right, where
the green cross is the selected position); (B) Calculated average ground sampling distance:
1 pixel represents 4.58 cm, on average; (C) Geolocation bias: It defines the bias between
initial image (without ground control point) and computed geolocation (with ground control

point) given in the output coordinate system.
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Figure 18. Data and principles used to classify the river terraces. (A) Shaded map; (B) Slope
map; (C) Topographic contour lines, with 5 m interval; (D) Elevation comparison based on

digital elevation model.
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Figure 19. Measurements of the absolute elevation of the strath, using VBS-RTK (upper
photograph), and using total station (lower photograph).
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Figure 20. River terrace analysis. Sketch of a deformed river terrace due to fault-related
folding: The relative uplift rate associated to the fold and fault can be estimated based on the
river incision rates near the fold axis, across the fault, and in the non-deformed area,
upstream and downstream the fold and fault. The incision rate is calculated as the elevation
difference between the strath and the modern river divided by the age of terrace; the relative
uplift rate is the difference in incision rate between the deformed area and the non-deformed
area; the fault slip rate is calculated as the relative uplift rate divided by the sine of the fault

dip angle.
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Figure 21. Field observations of Lunhou fault and Kouhsiaoli fault along the Tsengwen River

(vellow small dots). The basemap consists in geological maps at the scale 1 to 50000

published by CGS (Ho et al., 2005; Sung et al., 2000; Shao et al., 2009; Chang et al., 2008).
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Figure 22. Geological survey along the north bank of the Tsengwen River, near the
Wushantou anticline fold axis, west of Tsoumalai bridge (see location on Fig. 21). (A)
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Attitude measurements of bedding (black) and shear zone (red). Wushantou anticline is a M
fold (The parasitic folds figure is taken from Roland et al, 2013); (B) Cross bedding
structures, used to determine the top and base of the bed; (C & D) Minor fault evidenced by
numerous shear bands and show bedding deformation (yellow line is bedding); (E) and shear

sense (E: thrust fault).
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Figure 23. Lunhou fault outcrop located east of the north end of the Tsoumalai bridge (see

location fig.21). (A)15~20-m-wide fault zone can be identified on the northern wall of the

outcrop (yellow rectangle B); (B)The outcrop on the northern wall only shows the east

boundary of the fault zone. The dip angle of the sand layers east of the fault zone is 70° to

west; (C) The fault didn’t cut through the terrace.
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Figure 24. Outcrop on the cracked road, south of the Tsoumalai farm (See location fig.21).

The shear band(red line)cut through the thinly bedded sandstone.
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Figure 25. Outcrops in Wantan area (see location fig. 21). (A)The bedding dip angle on the
western side of the fault is steep; (B) 20 meters further east, the bedding dip angle is shallow
and the west side of the outcrop is densely fractured. The lack of outcrop between the two
photographs prevented us from characterizing the transition between these dip domains.

53



> = H27(B
3‘ t“'b'u .ft":.ii 'r.w“.h‘*'(\ . \‘)-
%

RRmR
828~ 29

Bl 26 FIpiEE R8> 53 AR RN BREELTR21 - (A)F 2 iZa ita A
FAEBEFENGE BT v iEs fEe R REOSEFF TR o BT LRl
R PR A BrE X 300K PR 0 A @ RIVE & A 60°K B o

Figure 26. Outcrops on both sides of the Tsengwen River, in Liuchenwan area (see location
fig. 21). (A) Overview of the outcrops that we investigated in this area; (B) The width of the
Kouhsiaoli fault zone is about 32 m. The bedding dip angle is gentle east of the fault, around

30° E, and steep west of the fault, around 60° E.
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Figure 27. Outcrops along an abandoned branch of the river at Liuchenwan (see location fig.

26). The dip angle is 20° to east on the eastern part of the abandoned river (A), and 60°~70°

to the east on the western part (B).
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Figure 28. Image and mapping at the northern wall of the trench. (a) Integrated photomosaic
of the northern wall of the trench; (b) Elevation sketch of the northern wall of the trench.
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Figure 29. Image and mapping at the southern wall of the trench. (a) Integrated photomosaic

of the southern wall of the trench; (b) Elevation sketch of the southern wall of the trench.
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Figure 30. Shear band (red line) capped by the conglomerate layer at 4~6 m on the southern

trench wall. Yellow lines indicate bedding of bedrock strata.
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Figure 31. Sandstone layers (yellow and pink lines) cut by shear bands (red line) at 8~11 m

on the northern trench wall.
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Figure 32. Outcrop of the Kouhsiaoli fault in Liuchenwan, with structural interpretation and attitude measurements of main fault (red) and shear band (orange) (see location fig. 21, 26).
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Figure 33. Structural characteristics of the Kouhsiaoli fault zone at the Liuchenwan outcrop

(see location fig. 32). (A) The fault zone shows thrust shear sense; (B)The eastern branch

fault of the fault zone cuts through the conglomerate layer and brings bedrock above terrace

deposits.
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Figure 34. Potential terrace location of pits along Lunhou fault and Kouhsiaoli fault.
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Figure 35. Stratigraphic sketch of pit LKP-01 (see location on fig. 34).
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Figure 36. Stratigraphic sketch of pit LKP-02 (see location on fig. 34).
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Figure 37. Stratigraphic sketch of pit LKP-03 (see location on fig. 34).
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Figure 38. Preliminary map of the Tsengwen River terraces based on elevation relative to

the modern river.
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Figure 39. Field observations and stratigraphic log for terrace T1 in Qizikeng (see location
on fig. 38). The outcrop location is shown on fig. 38. (A) Aerial photo of T1a; (B) Contact
between bedrock and terrace deposits consisting in a basal gravel layer; (C) Silt layer in the
upper part of the terrace deposits; (D) Stratigraphic column. Red symbols and labels indicate
the position of 14C samples, the calibrated age and the sample elevation.
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Figure 40. Field observations and stratigraphic log for terrace T2 in Zhuoshuikeng (see

location on fig. 38). (A) Fine sand layers ;(B) Gravel layer ;(C) Lithologic column.
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Figure 41. Terrace T3 in Xinshe (see location on fig. 38). (A) The top of T3 consist of a

gravel layer; (B) Thin fine sand layers within a thick gravel layer; (C) Thick gravel layer
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Figure 42. Terrace T3 in Liuchenwan (see location on fig. 38). (A)Aerial photo; (B)

Lithologic column.
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Figure 43. Terrace T3 in east side of Liuchenwan (see location on fig. 38). (A)Aerial

photo ;(B) Lithologic column.
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Figure 44. Terrace T4 in Tsoumalai Farm (see location on fig. 38). (A)Fine sand layer; (B,

C) Gravel layer; (D) Lithologic column.

69



522 Bitw xRy

TR B AR R (R4S R E R X T M A E ] 2 R
SEEIRIERE A 2 N HBC14 TERE- £ 10 2% 1 £ K BETA
ANALYTIC 3% 387 2 & > T E P AMS 2 > 9 5718 chip| & (8 4B
905.4%(F BHEREL P ) PFFEFRDT » &% D & 8 5 INTCALI3(Reimer et al.,
2013) ) KB fSchE R RBRUILZHE AV EFFIFL AR E R LR A TR
% Bl SRR C

N RBETR T R F Bh TR R R FIEA G 3 o %5 TW20-C26 1k »
K s enE % 5 8979-8642 cal BP » ¥ — ‘e 45 TW20-C31 & » H &t (5 e X 5
8770-8589 cal BP([] 46) -

N HSETR G R v ke A OKFLP T2 E BB TR A B o B TW20-
C76 # & » & {4 ¢ % % 520-330cal BP » ¥ — ‘2 %% TW20-C147 4~ > H & 14
thiE % 5 429-149 cal BP(B] 47) » F] T2 3230 119 2 ¢ o fe + 2 B - 14 120 2
Ches FREF ARG BEREA G IOVRERDT S AR - wEn i
oA ARAT R A G o wdnip] T2 E Pl AT A AL RO AT R A o

RS ETE T RIATAANTIFEE > BT A T B > HhBh TW20-C188 5 fa i
tsehE N 5 3578-3466 cal BP 5 ¥ — %5 TW20-C164 » i {4 e % 4 3820-3584
cal BP([] 48) -

N RBEE T RASHEEEN N T4 R A T A 2 TW-CI28 4% 4
K t5eh#E R 5 1998-1878 cal BP» ¥ — 2 %5 TW20-C135 # 4 » {1t 14 chE %>43500
cal BP (] 49) -

e T R ETE L RIFIRER B T3 PR R EDIR AT A B %Ki TW20-
CI58 A~ » F I 5 e % 5 3212-3005cal BP » ¥ — %% TW20-C79 & ~*t= = &

3 5 QI {5 hE & 5 4219-3926 cal BP (B 50) -

70



i) ',':J,lnr’/

e
g g
b=3 o
[=1% o
5 5
~ o~
o o
S S
3 <
2 8
~ ~N
o i
PR J o4 YaNs,
22
s AH R ATAR | g
g 1:8979-8642  1:1867-1615 3
2 8770-8589  11:2844-2488 | 2

2:
3:520-330 111:4224-3454
i 4:429-149 1V:3363-2993
5:3820-3584  V:15256-14854
|6:3578-3446  VI:18480-17887
;,: 7:3212-3005  VII:8976-8595
8:4219-3926  VIII:17239-
9:1998-1878 16342
10:>43500

186000 ; o 190000 ) 194000 198I000
Bl 45 8 < s A e K F B2 e P hE A T R -
Figure 45. Preliminary terrace map based on elevation relative to the modern river and

radiocarbon sampling sites. Red dot: our research; Blue dot: previous research; Square: strath

location.
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Figure 46. Sample location of terrace T1 in Qizikeng. See location on Fig. 45.
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Figure 47. Sample location of terrace T2 in Zhuoshuikeng (see location fig. 45). There is a

thin strath in this outcrop (white dash line) that presents a sedimentaty event. So the samples
can’t present the terrace T2 age.
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Figure 48. Sample location of terrace T3 in Xinshe (see location fig. 45).
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Figure 49. Sample location of terrace T4 in Tsoumalai Farm (see location fig. 45).
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Figure 50. Sample location of terrace T3 in Liuchenwan (see location 45).
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Table 2. Terrace analysis and '*C dating results

ID AER | FEF
E R
(the e (= | £ (2
F %I FARER(E) (&)
number # A L R = SR FHREE 2) 2)
g Conventional | Calibrated age
used on Sample number Terrace | Longitude Latitude Sample site Strath Sample
Lab label age (yr B.P.) (2-sigma cal
the elevation | elevation
BP)
maps) (m) (m)
Y Our study
Beta- [ 150.0-
1 TW20-C26 Tla 190144.327 | 2559004.423 7940430 8979-8642 162.8
557425 Qizikeng 153.0
Beta- L 150.0-
2 TW20-C31 Tla 190144.327 | 2559004.423 7870430 8770-8589 162.7
563900 Qizikeng 153.0
Beta- ke
3 TW20-C76 T2a 189700.889 | 2558479.447 410£30 520-330 109.0 118.2
558047 Zhuoshuikeng
Beta- ke
4 TW20-C147 T2a 189700.889 | 2558479.447 250430 429-149 109.0 118.2
567242 Zhuoshuikeng
Beta- FTAL
5 TW20-C164 T3 189819.089 | 2557539.747 3420+30 3820-3584 84.0-86.0 87.5
569561 Xinshe
Beta- ATAL
6 TW20-C188 T3 189819.089 | 2557539.747 3280430 3578-3446 84.0-86.0 87.3
563904 Xinshe
Beta- ¥ g
7 TW20-C158 T3 192128.369 | 2556890.661 2960+30 3212-3005 50.0-58.0 65.9
563903 Liuchenwan
Beta- Sl P
8 TW20-C79 T3 192372.334 | 2556830.472 3710+40 4219-3926 48.0-50.0 53.0
559505 Liuchenwan
Beta- A5 H R SR
9 TW20-C128 T4b 191052.642 | 2559153.079 1990430 1998-1878 53.0-56.0 64.9
563902 Tsoumalai farm
Beta- A5 R B
10 TW20-C135 T4b 191052.642 | 2559153.079 >43500 X 53.0-56.0 65.1
568101 Tsoumalai farm
APy Previous studies
Hsieh & Knuepfer Bk
I(a) NTU2322 T4b 192081.541 2559744.823 1810+50 1867-1615 70.0 70.0
(2002) Cuowei
Hsieh & Knuepfer Bk
II(a) WK6135 T4b 192280.772 | 2559559.823 2590+60 2844-2488 67.0 67.0
(2002) Cuowei
Hsieh & Knuepfer Ef At
I1I(a) WK5136 T3 186591.727 | 2559920.763 3520+140 4224-3454 39.0 47.0
(2002) Toushe
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Hsieh & Knuepfer fepk
IV(a) WK6130 T3 194546.63 2557614.131 300167 3363-2993 55.0 57.0
(2002) Hemu
Yen-Chiu
Yen-Chiu Liu et al., FImE
V(b) Liu et al., TO 191874.367 | 2556956.976 12670+40 15256-14854 59.0 59.0
2020 Liuchenwan
(2020)
Hsieh
Hsieh Meng-Long Meng- ¥l g
VI(c) TO 191956.945 | 2556945.284 14950+120 18480-17887 60.0 60.0
(2022) Long Liuchenwan
(2022)
Hsieh
Hsieh Meng-Long Meng- ¥ g
VII(c) Tla 192071.628 | 2556904.266 7900+40 8976-8595 64.0 67.0
(2022) Long Liuchenwan
(2022)
Hsieh & Knuepfer et
VIII(a) NTU2323 TO 193866.887 | 2558139.666 11900+70 17239-16342 37.0 41.0
(2002) Hemu

(1) Sample number assigned at dating laboratory: BETA=Beta Analytic Testing Laboratory; NTU= National Taiwan University; WK= the University of Waikato.

(2) This report provides the results of reference materials used to validate radiocarbon analyses prior to reporting. Known-value reference materials were analyzed quasi-

simultaneously with the unknowns. Results are reported as expected values vs measured values. Reported values are calculated relative to NIST SRM-4990B and corrected for

isotopic fractionation. Results are reported using the direct analytical measure percent modern carbon (pMC) with one relative standard deviation. Agreement between expected

and measured values is taken as being within 2 sigma agreement (error x 2) to account for total laboratory error.

(3) References to Probability Method: Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

(4) References to Database: INTCAL13 Reimer, et.al., 2013, Radiocarbon55(4).

(5) Source: (a) Hsieh and Knuepfer (2002); (b) Yen- Chiu Liu, Jon-Wei Hsu and Chii-Wen Lin (2020); (c) Hsieh Meng-Long, personal provide, 2021.
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Figure 54. Shaded topography and topographic profiles across the Kouhsiaoli fault at Wantan
(See location on fig. 51). (A)The N30°E escarpment is interpreted as the Kouhsiaoli fault
trace, also supported by geological observations within the streams flowing across the fault.
(The shaded image was produced from a 1 m Lidar DTM provided by CGS); (B)
Topographic profiles across the Kouhsiaoli fault scarp; (C) Adding up the elevation
uncertainty of terrace T2 to terrace T3 that will be the elevation difference across the
Koubhsiaoli fault scarp is 4013 m. We were not able to find datable material to compare the

age of the terraces on both sides of the fault.
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Figure 55. Incision rate along A-A’ projection line from Danei to Yuching. Incision rates
based on bedrock strath elevations (Table 2) relative to the modern river and radiocarbon

ages (see location on fig. 45).
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Table 3 Incision rate of each strath along the Tsengwen River

PIE PR B MAPEB AXEHG 3 TERE (£) T e K
Measuring point Modern channel
Terrace Strath elevation (m) Terrace age (yr) Incision rate (mm/yr)
location elevation (m)

1 T0 £ 28.0 65.6-67.4 15256-14854 2.5-2.6
2 Tla £ g 28.7 66.8 8979-8589 4.2-4.4
3 Tla vE+ I 20.0 151.8-152.7 8979-8589 14.7-15.4
4 T3 TR 20.0 84.8-88.2 4219-3005 15.3-21.6
5 T3 FTAE 20.0 85.0 4219-3005 15.0-21.0
6 T3 A 21.0 94.5 4219-3005 16.9-23.8
7 T3 kIS 31.0 45.2-49 4219-3005 3.8-5.3
8 T3 EpAL 13.0 39.0 4219-3005 6.0-8.4
9 T3 Frp 40.0 55.0 4219-3005 3.5-4.9
10 T4b AR S 21.2 55.3-60.4 1998-1615 17.9-22.7
11 T4b A5 R FP 21.2 66.2-66.5 1998-1616 22.3-27.6
12 T4b gk 24.0 56.6-60.3 1998-1617 16.9-21.3
13 T4b Bk 25.0 70.0 1998-1617 22.3-27.6
14 T4b Bk 25.0 67.0 1998-1617 20.8-25.7
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Figure 57. Liuchenwan cliff (See location on fig. 51), on the east side of the Kouhsiaoli fault, showing the relative positions of the five
radiocarbon dating results. The dotted line represents the bedrock strath. The ages are quite different because the sampling locations are
different. The samples dated 15ka and 18ka were collected at the base of the terrace deposit, where the bedrock strath is slightly higher than
elsewhere. The samples dated 9 ka and 3 ka were collected about 3 m and 5 m from the bedrock strath, respectively, at a place where the
strath elevation is intermediate. The sample dated 4 ka was collected 8 m above the bedrock strath, where the strath elevation is the lowest.
The absolute elevations of the samples are shown in Table 2. Overall, this dataset indicates that the elevation of the river at this site was quite

stable from 18 to 3 thousand years ago.
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Figure 58. Reconstructions of the paleo-river channel east of the Kouhsiaoli fault in Liuchenwan area. A geological cross-section can be
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observed in the field (Fig. 27, 51, 57). The bedrock under the river terrace was evidently folded by the Kouhsiaoli fault, which indicates that

the river channel change was caused by the Kouhsiaoli fault activity.
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Figure 59. Terrace deposit east of the Kouhsiaoli fault in the Liuchenwan area (see Figure 51, 57 for the outcrop location). (A) As shown in the figure, the outcrop cliff of Liuchenwan is covered with river terrace
sediments on the top of the bedrock. Based on the dating results collected by previous researches, it can be known that the sedimentary age of the river terrace sediments bottom is at least 18,000 years old. There is no
evidence for the age of the overlying. If the fine-grained sediments on the west and east sides were deposited at the same period, it implies that the deposition of this river terrace ended. Indirectly means the Kouhsiaoli
fault may active in 8,000 years as the first type of active fault; (B) Because of bedrock kink deformed, let deposit environment changed; (C) The bedrock at the bottom is sharply folded and deformed. It can be seen
that the arrangement direction of the conglomeraate at the bottom of the terrace is consistent with the bedrock below.
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Figure 60. Escarpments of the Kouhsiaoli fault in Nanxi, Tainan (see location on fig. 51).
Along the Kouhsiaoli fault the elevation difference of the terraces can be seen on the east

and west sides of the terrain cliff.
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Figure 62. Geodesy and terrace section from Danei to Yuching. It can be seen from the figure
above that the river terraces deformation coincides with the higher present-day uplift rates.
(A) InSAR image analysis (Pathier et al, 2015) and InSAR image analysis (Lu et al, 2020);

(B) River terraces perpendicular to the structurals projection. Dash line: terraces correlation.
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Figure 63. The explaination of geological cross-section around Tsengwen River (Combined
with previous and our field survey and balanced cross section (Huang et al., 2004)). (A)
Near-surface geological section and two proposed versions for the interpretation at depth;
(B) The Kouhsiaoli fault is a backthrust of the Lunhou fault; (C) The Kouhsiaoli fault cut
through the Wushantou anticline and the Lunhou fault. The statement of the figure C is more
in line with the results of the geodesy.
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Appendix A: 3D modeling of outcrop

W P b B G R 3D 2

3D modeling of outcrop which is located in Qizikeng.

Pl T o g 5 BB 3D

3D modeling of outcrop which is located in Liuchenwan.
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Appendix B: Aerial photo of terrace in Liuchenwan
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A.Aerial photo close to the KSLF
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C.The conglomerate deposit direction similar
as bedrock kink folding
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B.The KSLF cut through the river deposit
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D.The disconformity of conglomerate
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Appendix C: Calibrated age results
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Radiocarbon determination (BP)

Radiocarbon determination (BP)
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Radiocarbon determination (BP)
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Radiocarbon determination (BP)
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