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Abstract

After the 1999 Chi-Chi earthquake, the phase of active fault investigation has been shifted from
overall survey to detailed investigation. Up to now, the nature of a fault, the accurate location of the
fault and the parameters of its activity are not completely derived for all of 33 active faults owing to
the limitation of survey condition and societal factors. Furthermore, the current geologic maps of the
Taiwan active faults are mostly based on the survey results from 2002 to 2009. Researchers have
proposed some unlisted “active” faults or structures in the past few years. These faults or structures
haven’t been systematically examined. They are lack of the evidences for their activity, as well. Thus,
this project will spend 4 years focusing on the detailed investigation of 7 unlisted faults as well as
those incomplete active faults. The 7 unlisted faults are known as Chusiang fault, Chekualin fault,
Lunhou fault, Kousiali fault, Yuchang fault, Touhuanping fault, and Futoukeng fault. The goals of
this project are (1) Pinpointing the location of a fault accurately; (2) unravelling the nature of the fault;
and (3) analyzing the rate of its activity. For Chusiang fault and Chekualin fault, which are the targets
in this year, the results include aerial photography and geological survey along the two fault traces,
200-hectare high-resolution aerial photography of Choshui riverbed, one 812-meter-long ERT profile
straddling the Chusiang fault, scraping and mapping on one Chekualin-fault outcrop, and four pits on
Dungpuna river terraces. The Chusiang fault is exposed on the Choshui river and was reported on
Dungpuna river. The fault trace is constrained with the abrupt change of bedding attitude and
topographic features north of Chusiang fault and south of Dungpuna river. Furthermore, the fault
trace is determined by ERT profile in Chusiangdi between Choshui River and Dungpuna River. Based
on the exposure of the Chusiang fault zone along the Choshui river, the width of fault-affected
deformation is only 3 m in the footwall, and the one is 150 m in the hanging wall. Not only are the
widths of the deformation but also the characteristics distinctly different in between the footwall and
the hanging wall. The long-term slip rate of the Chusiang fault is 2.5-7.5 mm/yr estimated based on
the elevation difference and dating results on the river terraces. The Chekualin fault zone continuously
extends approximately 4.5 km long from the region west of Kunshan to Qianqiuliao, but the rest part
of its trace is hard to be delineated. According to the fault outcrops and the mapping result of the
scrapped fault outcrop, the Chekualin fault zone is estimated in the range of 5 to 10 m thick. The fault
zone is composed of many thin shear bands with spacing of few centimeters or/and one decimeter.
The fault trace mappings of Chusiang fault and Chekualin fault in a scale of 1 to 5000 and the

structural mappings of Chusiang fault in a scale of 1 to 1000 are completed in this first-year project.

KEYWORDS: active faults, nature of a fault, Chusiang fault, Chekualin fault
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Fig.1 Distribution map of active faults in Taiwan.
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Fig.2 Distribution map of potential active faults that scholars addressed in recent years.
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Table 1 Potential active faults in Taiwan
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Table 2 Active faults that haven’t been delineated their geologically sensitive area.
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Table 3 Active faults which lack of long-term

slip rate data
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Table 4. Collated table of required items for Project (1/4) of detailed investigation of characteristics

of active faults.
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Table 5 Locations of pits for sampling terrace sediment

FUEL TWD97 X TWD97 Y £ /% /1% (m)
222681.051 2627770.947
222681.226 2627772.641

CSP-01 1.7/1.6/1.8
222683.109 2627772.473
222683.064 2627770.819
221376.271 2628538.557
221377.869 2628538.194

CSP-02 3.1/23/2.2
221377.474 2628535.128
221375.555 2628535.108
222017.315 2628557.268
222017.098 2628559.391

CSP-03 233/19/1.54
222014.756 2628558.897
222015.468 2628556.892
223426.271 2628956.599
223428.182 2628956.849

CSP-04 45/2/32
223430.035 2628952.611

223428.296

2628951.398
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Table 6 Sample list of C-14 dating for Project (1/4) of detailed investigation of characteristics of active faults.

Lk L ko - Rl iR T# £ (BP) R T & & s
CSP01-Cl1 Charred material | # ¥x CSP-01 | 101.76 +/- 0.38 pMC 1954 - 1956 cal AD (-5 ~ -7 cal BP) AMS
CSPO1-C2 Charred material | #83< CSP-01 | 560 +/- 30 BP 1307 - 1429 cal AD (643 ~ 521 cal BP) AMS
CSP01-C4 Plant material ##* ¥ CSP-01 | 100 +/- 30 BP 1805 — 1935 cal AD (145 ~ 15 cal BP) AMS
CSP01-C6 Charred material | £+ CSP-01 | 124.96 +/- 0.47 pMC 1980 - 1983 cal AD (-31 ~ -34 cal BP) AMS
CSP01-C10 | Organic sediment | % ¥ CSP-01 BZRETFWAFF LT AL ER T LB Pk 2 DT E SR A e
TR o FAR IR PR A T % o
CSP02-C1 Organic sediment | #F3# CSP-02 | A A S FHF R E LT HFA R Z 3 &0 sridk B PR AF 5% o
CSP02-C2 Wood # ¥ CSP-02 | 134.65 +/- 0.50 pMC 1975 - 1978 cal AD (-26 ~ -29 cal BP) AMS
CSP03-C3 Charred material | # 3¢ CSP-03 | 111.58 +/- 0.42 pMC 1993 - 1997 cal AD (-44 ~ -48 cal BP) AMS
CSP03-C4 Wood #F L CSP-03 | 113.26 +/- 0.42 pMC 1991 - 1994 cal AD (-42 ~ -45 cal BP) AMS
CSP03-C10 | Organic sediment | #% ¥ CSP-03 RERCGPAHF AT R B AFRFHER DA R DL ST A
I > Gk A
CSP03-C13 | Charred material | % 3w CSP-03 | 101.51 +/- 0.38 pMC 1954 - 1956 cal AD (-5 ~ -7 cal BP) AMS
CSP03-C16 | Charred material | #% 3w CSP-03 | 210 +/- 30 BP 1646 — 1806 cal AD (304 ~ 144 cal BP) AMS
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Fig. 3 Tasks of the Chusiang Fault for this project.
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Fig. 7 Work flow chart of aerial photography for this project (Heish et al., 2016).
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Fig. 8 UAVs used in this project (a) DJI Phantom 3 Professional. (b) DJI Mavic pro. (c) DJI Mavic

2 pro.
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Fig. 9 Picture of setting a ground control point.
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Fig. 10 Picture of measuring the location of ground control points by VBS-RTK.
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Fig. 11 Picture of operating UAV in the field.
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Fig. 12 Snapshot of processing orthoimage.
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Fig. 13 Diagram of electrical resistivity imaging instrument and wiring configuration.
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Fig. 14 Work flow chart of electrical resistivity prospecting for this project.
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Fig. 15 Electrode configuration of the CPP array. P, is a common negative electrode, C is a current
electrode, and P is a potential electrode. During the measurement, two current electrodes C are
selected for discharge, and the common negative electrode P, and all potential electrodes P are

measured.
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Fig. 16 Tag marked the position where the electrode rod was placed. The Arabic number of 360

indicates the distance of 360 meters between this site and the western end of the survey line.
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Fig. 17 Working picture for fixing the wire on the electrode rod.
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Fig. 18 Working picture for connecting the wire to the equipment.
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Fig. 19 Topographic map containing the entire Chusiang Fault trace (the image was produced from

Im Lidar DTM provided by CGS).
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Fig. 20 Panoramic view of the topography in the northern part of Chusiang Fault. This picture was

taken toward the south at parking space of Ho-in temple. The dashed line in red shows the valley, that

is likely the fault trace.
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Fig. 21 Topographic characteristic of northern side of the Dungpuna river viewing to the north from

south bank of the Dungpuna river.
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Bl 22 A iEs Alf s A o “RT R PIER 2= B YrizE o
Fig. 22 Escarpment at the southern bank of the Dungpuna river. The red line indicates the toe of the

escarpment.

7R e B o

Fig. 23 Inferred Chusiang fault trace south of Chusiang village. The arrow indicates a topographic
escarpment as shown in Fig. 22. The dashed line in red indicates the inferred fault trace.
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Table 7 Collated table of the ground sampling distance (GSD) of each aerial image along Chusiang

Fault.
KoL % 247 R (cm)
Chusiang 01 8.26
Chusiang_02 8.23
Chusiang_03 7.51
Chusiang_04 7.10
Chusiang_05 9.71

28



F 8 AFRETR L R ZHBGI G BT REEpRL o

Table 8 GSD information excerpted from report of each aerial image along Chusiang Fault
Chusiang_01

Project Chusiang N_all
Processed 2019-09-06 16:18:45

Camera Model L1D-20c_10.3_54720648 (RGB)(1), FC220_4.7_4000x3000 (RGB)2), FC220_4.7_4000:3000 (RGB)3), L1D-
(RGBX4), L1D-20c_10.3_S4723648 (RGB)(S), FC300X_3.6_4000:3000 (RGB)

Awerage Ground

Sampling Distance 826am/325in

(GSD)

Acea Covered 20.063 km? / 20062543 ha /7.75 sq. mi. / 4960.1284 acres
Chusiang_02

Project chusiang_S_at

Processed 2019-09-13 210334

Camera Model Name(s) FC300X_3.6_4000:3000 (RGB), L1D-20c_10.3_5472x3648 (RGB), FC220_4.7_4000:3000 (RGB)
| Average Ground Sampiing Distance (GSD) 823 cm /324in |

#Area Covered 11.410 km? /11409837 ha / 441 sq. mi. /28208915 acres

Time for Inifal Processing (without report)  13h16m01s
Chusiang_03

Project Chusiang_Sa

Processed 2019-00-06 08:49.05

Camera Model Name(s) L1D-20c_10.3_54723648 (RGB), FC220_4.7_4000:3000 (RGB)
| Average Ground Sampiing Distance (GSD) 7.51cm/2961in|

Area Covered 20.125km? / 20125155 ha /7.7 sq. mi. / 4975.6082 acres
Chusiang_04

Project Chusiang_Sa2_final

Processed 2019-09-18 120020

Camera Model Name(s) L1D-20c_10.3_5472x3648 (RGB), FC220_4.7_4000:x3000 (RGB)

| Average Ground Sampling Distance (GSD) 7.10am/280in |

Area Covered 12,539 km?/ 1253.8666 ha / 4.84 sq. mi. / 3099.9756 acres
Chusiang_05

Project Chusiang_Sb

Processed 2019-09-06 082717

wmg-) FC220 4.7_4000:3000 (RGB), L1D-20c_10.3_5472:3648 (RGB)

Ground Distance 971an/382in
Area Covered 17.575 km?2/ 17574648 ha / 6.79 sq. mi. / 4345.0378 acres
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Fig. 24 Index map of aerial images along Chusiang Fault
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Table 9 The definition of proper nouns relative to fault in this project.

PR R LE BRI AW | A
fault-affected HAp ST 2 BB T 2 ha R R > T T R

zone PR ¥ 2 B B e ARLR g -

d3F S B T SRR R SR ETR R ATl i)
gk F fault zone A RPN RELT REEB LT R Z
FETREEHE TR BAA o

BARREOUTR Y AP R T A s AR
gk pros F fault core TR AT dE A > L YN REHERE T Y

»o TETE W o

85 FLI fault damage LARREOEE S Y R 8 ek
zone AEBHEADFERE 0w AR L L PR
THY shear zone FEIAETRESSEL T AV RSB LT R
B R e A niE A R R
i R T e e 0 IR T A2 o N E P e
T shear band

AP Rl BRE K WHAR el TS B
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Fig. 25 Geological map containing the entire Chusiang Fault trace. The base maps are geological
maps in scale of 1 to 50000 published by CGS. (Chen et al., 2004; Huang et al., 2000; Liu et al., 2004;
Chen et al., 2016)
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Fig. 26 Outcrops at Kenkoubei creek. (a) Medium to thickly bedded fine-grained sandstone with high
dipping angle (b) Low-angled fine-grained sandstone 80 m west of the outcrop in Fig. (a)
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Fig. 27 Chusiang Fault profile at Choshui river.
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Bl 28 A R4 FRETR & RIF AT K DB R R
Fig. 28 Medium to thickly bedded fine-grained sandstone with high dipping angle west of Chusiang
fault in Chusiangdi.

Bl 20 L dpiEA- FRETR o (a) K3 Ip KA SRET R B ER (FREc > 2008) 5 (0)2002 & & 3 4ph K A"
FRUTR B T IT 2 B Mok #) 5 () 2019 & A yp kA T A BT AR R E o

Fig. 29 Chusiang Fault at Dungpuna river. (a) Chusiang Fault outcrop at Dungpuna river (Lin et al.,
2008); (b) Panoramic view of Chusiang Fault outcrop at Dungpuna river in 2002 (Photograph by Lin) ;
(c) Chusiang Fault outcrop has been covered with vegetation in 2019.

35



'a'...'m?_f - _ - o =%
Bl 30 AHINE FPABE - BRAFE MFFrREBHADRESAHRAEZ T -
Fig. 30 Outcrop upstream of Dungpuna river. The thick terrace sediment is overlaid on top of steep

dip strata, part of Kueichulin formation.
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Fig. 31 Site and outcrop at alley of Section 3 of Zong-Zheng road, Road No.48. (a) Toe of 2~3 m high
escarpment indicated by a dashed line in red. It is inferred as the Chusiang fault trace. (b) Thickly
bedded sandstones with a steep dip on the top of the escarpment. The location of this outcrop is

indicated by an arrow in Fig (a).
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Table 10 Collated information of electric resistivity survey line.

. . j BlRE B A& 1E (TWD97)
AR 3 =gl ‘
Al A AP m) N = 72
T ) 2630844.044 | 223764.448 | 397.656
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Fig. 32 Location of the ERT survey line 108-CSF-ERT at the Chusiangdi area.
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Fig. 33 Electrical resistivity raw-data profile.
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Fig. 34 Electrical resistivity inverted profile I.

40

100

60

20

10



NW R E RS & SE

500

Elevation [m]
5
o

W 35
Fig. 35

el R T A ®

100 200 300 400 500 600 700 800
Distance [m]

s e @Il

Electrical resistivity inverted profile II.
SE

500

Elevation [m]
N
o
o

300

Bl 36

100 200 300 400 500 600 700 800
Distance [m]

TreF L e W

Fig. 36 Electrical resistivity error-data profile.
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Fig. 37 Electrical resistivity interpretation profile.
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Fig. 38 Calcite-filled fractures within rock cores.
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Fig. 39 Topographic map containing the entire Chekualin Fault trace (the image was produced from
Im Lidar DTM provided by CGS).
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Table 11 GSD collated table for aerial images along Chekualin Fault

3 ¥ & f247 & (cm)
CGL 01 7.55
CGL 02 9.43
CGL_03 9.79
CGL_04 8.16
CGL 05 9.80

NN

12 B ARETE &R G AR G BT R A TR -

Table 12 GSD information excerpted from report of each aerial image along Chekualin Fault

CGL 01
Project CGL_part1
Processed 2019-09-07 07:52:38

Camera Model Name(s) L1D-20c_10.3_5472x3648 (RGB), FC220_4.7_4000x3000 (RGB), FC300X_3.6_4000x3000 (RGB)
| Average Ground Sampling Distance (GSD) 7.55cm/2.97 in |

Area Covered 18.343 km?2/1834.2611 ha/7.09 sq. mi./4534.9040 acres
CGL 02

Project CGL_02 plus_1

Processed 2019-09-06 21:07:45

FC220_4.7_4000x3000 (RGB)(1), FC220_4.7_4000x3000 (RGB)(2), L1D-20c_10.3_5472x3648 (RGB),

Came bbelmote) FC300X 3_4000x3000 (RGB)

Average Ground Sampling

Distance (GSD) 943cm/371in

Area Cowered 17.298 km?/ 1729.8117 ha /6,68 sq. mi./ 4276.6702 acres
CGL 03

Project CGL_03 final

Processed 2019-09-21 06:12:15

Camera Model Name(s)

FC220_4.7_4000x3000 (RGB), L1D-20c_10.3_5472:3648 (RGB)

l Average Ground Sampling Distance (GSD)

979cm/385in |

Area Covered

Time for Initial Processing (without report)
CGL 04

Project

Processed

Camera Model Name(s)

13.589 km?/1358.9008 ha / 5.25 sq. mi. / 3359.6550 acres
19h:34m:59s

CGLO4_ 02
2019-09-11 12:27:34
FC220_4.7_4000x3000 (RGB), L1D-20c_10.3_5472x3648 (RGB)

I Average Ground Sampling Distance (GSD)

816cm/321in |

Area Covered

Time for Initial Processing (without report)
CGL 05

Project

Processed

Camera Model Name(s)

11.629 km?/1162.8819 ha/4.49 sq. mi./ 2875.0311 acres
17h:54m:47s

CGL05
2019-09-11 02:36:13
FC220_4.7_4000x3000 (RGB), L1D-20c_10.3_5472x3648 (RGB)

Average Ground Sampling Distance (GSD)

9.80cm /3:861n|

Area Cowered
Time for Initial Processing (without report)

11.142km?2/1114.1679 ha/ 4.30 $q. mi./ 2754.5940 acres
06h:21m:22s
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Fig. 40 Index map of aerial images along Chekualin Fault.
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Fig. 41 Fault zone in mudstone in original aerial photo.
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Fig. 42 Geological map containing the entire Chekualin Fault trace. The base map is from 1/50000
geological map published by CGS (Lin, 2013).
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Fig. 43 Outcrop at the end of Danken alley in Bantianliao. It is mainly composed by the thickly

bedded mudstone embedded with thinly bedded sandstone.

Bl 44 3 40 oA RIPVF 2R o B ARREE S (d RE)X YT EPF L 2 o
Fig. 44 Panoramic view of the northern side of Road No. 40. The Chekualin fault zone, pointed by

red arrows, can be traced at least 1 km long.
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B 45 % 40 3 R 2 AHRETRE S BEEX o o ¥TA S - L MRA > TR Y 15~20 2% o
Fig. 45 Chekualin fault zone outcrop profile at the southern side of Road No. 40. The fault zone dips
to the east with 15~20 m in width.

Bl 46 BE 35LAM PP 2R3 40 23 BT W 3 5L R ?é“? B g pg A
TRETR H (= d HE) -

Fig. 46 Panoramic view of the northern side of Highway No. 3. The Chekualin fault zone, pointed by
red arrow, can be traced on outcrops in between Road No. 40 and Highway No. 3.
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hFBE(OT T KR I B -
Fig. 47 Chekualin fault zone at the southern side of Highway No. 3. (a) Panoramic view of the

southern side of Highway No. 3. (b) Shear zone outcrop at the northern side of Hongkong temple. (c)

Shear zone outcrop at the eastern side of Hongkong temple.
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Fig. 48 Outcrop east of Mt. Jiguan. Thinly bedded sandstones with a high dip are embedded in thick

mudstone along with a shear zone tens of centimeters wide.

W 49 %2y ARIBFING - Ko HE(F I mdT L)ANA RIRE -
Fig. 49 Outcrop profile east of Shengxings temple. Beddings, represented by dashed lines in yellow,

are steep and become gentler toward the northeast.
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Fig. 50 Index map of high-resolution aerial images.
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Table 13 GSD collated table of each high-resolution aerial image

Kot ¥ o247 R (cm)
Choshui_R 01 5.28
Choshui R 02 4.19
Choshui R 03 4.19

14 FHAZHBGERIPBAS 6 HTAHSpHETA

Table 14 GSD information excerpted from report of each high-resolution aerial image

Choushui_R_01

Project
Processed
Camera Model Name(s)

ChiChiDam_CGSDetail
2019-07-02 21:14:04
L1D-20c_10.3_5472x3648 (RGB), FC220_4.7_4000x3000 (RGB)

| Average Ground Sampling Distance (GSD)

528cm/2.08in |

Area Covered
Time for Initial Processing (without report)

3.002 km?/300.2409 ha / 1.16 sq. mi. / 742.2954 acres
28m:07s

Choushui_R_02 & Choushui_R_03

Project
Processed
Camera Model Name(s)

20190808 _chichi
2019-08-09 00:31:59
FC300X_3.6_4000x3000 (RGB)

| Awerage Ground Sampling Distance (GSD)

4.19cm/165in|

Area Covered
Time for Initial Processing (without report)

3.250 km?/325.0150 ha/ 1.26 sq. mi./ 803.5454 acres
03h:49m47s
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Fig. 51 Choshui-river profile in between Chusiang fault and Chelungpu fault.
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Fig. 52 High-resolution aerial image of the Choshiu riverbed across the Chusiang fault downstream
of Chi-Chi dam (upper) and structural recognition (lower). The yellow lines in the figure are 1 m

interval contours.
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Fig. 53 Beta diagram (left) and Pi diagram (right) of Tingsichou anticline. The attitude of anticline
axis is 34°, N59°E.

Bl 5S4 BENFRALENEERE - (QFE R EERFE 5 (D)5 | 4k £ )
TEIA

Fig. 54 Strata of eastern limb of the Tingshuicho anticline. (a) Several very thickly bedded sandstones
containing sedimentary pillows; (b) Alternation of sandstone and shale cut by minor faults.
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Fig. 55 Two sets of deformation bands within the thick-bedded sandstone along Choshui river on the

hanging wall of Chusiang fault.
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Fig. 56 Chusiang fault outcrop at the Choshui river downstream of Chi-Chi dam. West of the fault, exposure of thickly and very thickly bedded greenish
or darkly gray greywacke, thickly bedded mudstone and the alternation of medium to thinly bedded sandstone and shale striking northeast to southwest
and dipping 25° to 30° to the east. East of the fault, exposure of thickly bedded mudstone and the alternation of medium to thin bedded sandstone and

shale with dramatic change in their attitude.
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Fig. 57 Close-ups of Chusiang fault outcrop at the south bank of Choshui river. (a) Chusiang fault

and minor fault adjacently exposed in its foot wall; (b) Close-up of Chusiang fault plane; (¢) Pod-like

sheared sandstones adjacent to the Chishiang fault in its hanging wall.
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Fig. 58 Location of the scraped and mapped Chekualin fault outcrop(No. CGL-001 ).
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Fig. 59 Oblique aerial photograph of the Chekualin fault outcrop.
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Fig. 60 Aerial photograph of the scraped fault outcrop. The region bounded by light blue lines is the

area being scraped and mapped.
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Fig. 61 Image and elevation mapping of the scraped profile. (a) Integrated picture of the scraped profile (b) Elevation sketch of the scraped profile (c) Index map of structural partitions.
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Fig. 62 Structural sketch of section A, 0~5 m, in scraped profile. The lithology in this region is

massive sandy mudstone. There are at least 3 sets of fractures, which can’t be traced over than 1 meter.

There are some black fractured zones which can be traced over than 1 meter.
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Fig. 63 Structural sketch of section B, 5~10 m, in scraped profile. The lower boundary of the fault
zone cut through this section. The lithology outside of the fault zone boundary is massive sandy
mudstone. There are two sets of fractures in the fault zone, one set of the fractures are with lower dip
angle and subparallel to the lower boundary of the fault zone, the other set of fractures are with a

higher dip angle. Fracture density is much higher in the fault zone.
69



. b S R 1% s : S 2R RO
Bl 64 316 14~19m 5 C ® A 2R Bl o 474+ 2 F R (d BT T 47K+
RGBS EEI P HG e piT o B2EET L ER e o

Fig. 64 Structural sketch of section C, 14~19 m, in scraped profile. The upper boundary of the fault
zone cut through this section. The lithology outside of the fault zone is mainly dense muddy block.

The orientation of the fractures is consistent and subparallel to the lower boundary of the fault zone.
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Fig. 65 Structural sketch of section D, 28~34 m, in scraped profile. The lithology in this region is

dense mudstone.
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Fig. 66 Small rotated and dragged sandstone blocks in black shattered mudstone.
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Fig. 67 Rotated and dragged sandstone blocks in yellow shattered mudstone.
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Fig. 68 Braided black sheared bands in dense mudstone. Their thickness ranges from 2 to 5 mm and

their continuity is commonly well, i.e. they can be traced for few meters.
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Fig. 69 Lower boundary of fault zone and boundary between yellow shattered mudstone and black
shattered mudstone. There are rotated and dragged sandstone blocks and traceable black shear stripes

in the shattered mudstone.
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Fig. 70 Structural sketch of section B1 at spot of 5 m in scraped profile. The traceable black shear

bands are on the surface which is oblique to the scraped profile.
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Fig. 71 Photograph of section D, 28~34 m, in scraped profile before being scraped. There are some

black shear stripes/bands on the surface of the dense mudstone.
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Fig. 72 River terraces along the rivers flowing through the Chusiang fault. The terraces are distributed

along Houliao river, Qingshuigang river, and Dungpuna river.

76



220000 223000 226000

= =
[ =
B g
[ o
g &
g S g
5 & 17 3
S | RAWMEM e
220000 223000 226000

Bl 73 AFpERPRl e PREET A S lf o d 3 F42 5 Toppl ~ Toe2 ~ Tor3 % Topd > Bl
?E Ry Top2 b5 ¢ W ATAp 2 s PURE ARG o

Fig. 73 Dungpuna river terraces. The terraces are divided into four groups, Tprl, Tpp2, Tppr3, and
Tpp4 from the oldest to the youngest group. The yellow arrows in this figure indicate an obvious fault

scarp on Tpp2.
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Fig. 74 Locations of pits for sampling terrace sediment. CSP-01 and CSP-02 are on the Tpp2. CSP-

03 is just near the modern river. CSP-04 is on the Tppl.
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Fig. 75 Construction process of CSP-01.

B 76 CSP-02 £ ¥i3s 1 BB & o
Fig. 76 Construction process of CSP-02.
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Fig. 77 Construction process of CSP-03.
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Fig. 78 Construction process of CSP-04.
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Fig. 79 Profiles of CSP-01 and C-14 sampling locations. (a) Construction location. (b) Profile
facing to the south. (c) Profile facing to the north. (d) Profile facing to the east. Photo above is the

enlargement of the tape measurement.
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Fig. 80 Profiles of CSP-02 and C-14 sampling locations. (a) Construction location. (b) Profile facing to the east. (c) Profile facing to the south. (d) The

profile facing to the west.
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Fig. 81 Profiles of CSP-03 and C-14 sampling locations. (a) Construction location. (b) Profile facing to the north. (c) Profile facing to the west. (d)

Profile facing to the east.
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Fig. 82 Profiles of CSP-04. (a) Construction location. (b) Profile facing to the east.
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Fig. 83 Dungpuna river and profile of Tpp2 which traverses the Chusiang fault. (a) Elevation of
riverbed and Tpp2 along the line B-B’ are projected on the line A-A’. (b) Data along the B-B’ are
projected on the A-A’ profile, and vertical displacement is 85 meters based on the difference of

elevations between the tops of the footwall and the hanging wall.
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Conclusions

The purposes of this project in first year are the geological survey along the Chusiang fault and
the Chekualin fault. The survey included 89-km? aerial photography of two targeted potential active
faults, 200-hectare high-resolution aerial photography, one 812-meter-long ERT profile, scraping and
mapping on one Chekualin-fault outcrop, and four pits. Based on the previous studies and the results
from field survey, the fault traces of the Chusiang fault and the Chekualin fault are mapped. The
following is the brief conclusions for this first-year project.

(1) Location of Chusiang fault:

The summaries below are based on previous studies and our own survey. The fault trace could
be positioned from the Choshui river up to 3 km north from the river. The fault outcrop is well exposed
at the Choshui river. From the Choshui river to Chusiangdi, the fault trace could be positioned along
the obvious fault scarp. From Chusiangdi to the region northwest of the Dungpuna river, the NE-SW
striking valley might be the western boundary of the Chusiang fault zone according to the ERT result.
In the Dungpuna riverbed, the fault trace could be positioned easily. An obvious fault scarp remains
on the terrace south of the Dungpuna river. From the south of the Dungpuna river to the southern
endpoint of the fault, the Chusiang fault trace is inferred based on the outcrops and V-shape rules in
order to link to the Chelungpu fault.

(2) Structural characteristics of the Chusiang fault:

The outcrop exposed along the Choshui river is the most complete Chusiang fault outcrop. The
width of the fault zone in the footwall is 3 m. On the contrary, the width in the hanging wall is up to
150 m. Not only do the widths of the fault zone in the hanging wall and the footwall change a lot, but
also the deformation characteristic varies a lot. This mature fault zone includes a fault plane with a
fair amount of slip, an intensely deformed fault core, and damage zones of fractures.

(3) The long-term slip rate of the Chusiang fault:

Based on the elevation differences of the terrace and strath tops along the Dungpuna river in the
hanging wall and the footwall, and 56°as the fault dip proposed by Simoes et al. (2007), the slip
amount could be estimated as 34 to 102 meters. According to the radiocarbon dating result provided
by Chen et al. (2003) and our estimated amount of the fault slip, the long-term slip rate of the
Chusiang fault is about 2.5 to 7.5 mm/yr.

(4) Location of Chekualin fault:

The summaries below are based on previous studies and our own survey. Chekualin fault is

covered by vegetation in between Neimen and Bantianliao. The Chekualin fault trace should be

located west of its location reported by Lin (2013). The Chekualin fault zone can be traced
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continuously about 4.5 km from the west of Kunshan to Qianqgiuliao. There’s no exposure of
Chekualin fault from Qiangiuliao to Qiliu. However, there are some narrow shear zones and high-
dipping angle bedding at some survey sites. Based on these observations, we infer that the Chekualin
fault trace should be located in the west of the survey sites. The Chekualin fault trace from Qiliu to
the outskirt of Yanchao is delineated according to the terrain cliff in the west edge of Qiliu mountain.
(5) Structural characteristics of the Chekualin fault:

The Chekualin fault is well exposed from the west of Kunshan to Qiangiuliao. From the field
survey and the findings of the scraped profile, we think that the thickness of the fault zone is
approximately 5-10 meters and it is composed of dense shear bands spacing few centimeters to ten
centimeters more. The thickness of individual shear bands are commonly few millimeters but some

of them can reach few centimeters thick with fair continuity.

95



242t

Chen, Y.G., Chen, Y.W., Chen, W. S., Zhang, J.F., Zhao, H., Zhou, L. P. and Li, S. H. (2003).
"Preliminary results of long-term slip rates of 1999 earthquake fault by luminescence and
radiocarbon dating. Quaternary Science Reviews, 22, 1231-1221. doi:10.1016/S0277-
3791(03)00037-4

Ching, K.E., Gourley, J.R., Lee, Y.H., Hsu, S.C., Chen, K.H. and Chen, C.L. (2016) Rapid
deformation rates due to development of diapiric anticline in southwestern Taiwan from
geodetic observations. Tectonophysics, 692, 241-251. doi:10.1016/j.tecto.2015.07.020

Simoes, M., Avouac, J.P. and Chen, Y.G. (2007). Slip rates on the Chelungpu and Chusiang thrust
faults inferred from a deformed strath terrace along the Dungpuna river, west central Taiwan.

Journal of Geophysical Research, 112(B3). doi:10.1029/2005jb004200
Storti, F., Billi, A. and Salvini, F. (2003) Particle size distributions in natural carbonate fault rocks:

insights for non-self-similar cataclasis. Earth and Planetary Science Letters, 206, 173-186.

Sun, S.C. (1965). On the occurrence of an unconformity in the upper. Proceedings of the geological
society of China, 100-102.

Wang, C.Y., Li C.L., SuF.C., Leu M.T., Wu M.S., Lai S.H. and Chern C. (2002) Structural Mapping
of the 1999 Chi-Chi Earthquake Fault, Taiwan by Seismic Reflection Methods. Terrestrial,
Atmospheric and Oceanic Sciences, 211-226

AHAE (1939) s4Rin 25 B TR Bl ZF AL - 0 SHAEREAR > % 866
BoooX 64 F o

PREE D (1989) cas FRl oI FE AL - 0 P REN DT LN FHEY K

Fo& (1932) g2 LT aRd o AAFEE B TR VB ZFAL - r;%*..:,u%*}fr]—fﬁ.
Ak %6105 > £ 37F o

HEC? ~pF 7 ~F 2~ B R A S EE (2000) AR IRk E e B Rl B BETR
B AT SN A B TR ATET . 525 5 89-111 |

HEce ~ pi#F7 ~ FRZA ~fRiwze o~ I3 R mdpdt (2008) B 4 %"r/é] o AR g BT
BHAET B L -8 ¥ 81-120 F

HEe> ~ F80R - ZRE S ¥ B3 (2012) i/g*ra e -F 2R B F R TG o A
P L EALATRT] % 2550 % 143-174 F o

Hekc® (2013) A LBIEHRP E o T FA2 - B FREPE > BIFS 56 50 SANY &
BB £ 02T .

e ~ ¥ B 5T 02 (2019) 0 LY IR ORER R A iR HL R X
PR TR AR B2t g s B I23F o

MEBSFETHF 2L G- B RITHR 2 AKF (2019) S BT 230 F R Ao L
BTk %“T#i%%'ﬂp"' P SRR L A AT 52w gl % 83-100 F o

BARZ (1975) 5@ FhE FARRAATA BN O IRKHER K TR o bl D FT F Az o
R Ew o RdDRFL o

"'f"
< AR

+'\

96



EEF (2014). M AR R EFTHEFRLEEEBLEE LA R B 80
42 5 2110 F o

F #ok o~ BHYRS US4 (2000) 2 %‘fﬂgﬂ” T H A - SBFTREPE > BFS
3280 KRR L FA AT X TS F o

M %~ BB IE RS 28 BBk L (2002) FEE Ao R RS e KLY
BOES B o P RE TR EL - EEEmYE 0 B 12147 -

MERSEESFRA 200]) s RF e EH TAAFTT « SARY L TR L4
TERFPTHEFEL > X S0F o

RET s M4 B2 (2004) 3y FRIRP 3 o T 342 - S#r TRRP
318 AR LB FA AT X T9F o

Form s MUAL (2013) B kE R FREKRF AL THEZE BN > LARY L i
?"féﬁaﬁw’~53ﬁ 0

FRZ (2017) Fit o a e EBER Y MELR LM st,; € R BETYE L5
e il °$Hi*f$%%f‘ PEIEHAEL > L 24T o

AL KA (2016) 1% ~ 3 R 2 PSInSAR Bjstfzt h L#T A 2 Fd e o W2 A5 & o
?J'Qﬁ‘ FAL Y 0 £ 89 F o

WELARAER AP (2013) B AP IRA SRR Y X 2R B T AN AL RHREIEEL
ARk %aﬂw\,&aw P £ 60 F o

P R (2010) < AFR T AFF R TR EF S B BRI G B B 1§
126 87 » % 20-22 | o

HRESFTEE e F R RiF (2016) & 4 B APLEP BRSO T 2R
2 o BUp| R HRIE T —”J‘—%"’J"JL‘EP’M 257-269 F o

Fliad ~ 243 (199) 2 #» "I gL 2 - Atgx TRIZ®RP Z 0 % 385.— 2 HkRItF o 5§
AR L A B ATIR S 94T o

FHad ~ 24847 53¢ (2004) 2+ FREPE T 842 - CHFTREPE  BFS
38 5L 0 LAY i %‘r’%ﬁwr’— 65 F °

= & (2019) SR SN FR M HE LRI AR ERE] R L E
AT TR L®H Y o & 124 F o

bull'

S

97



LERAVA L
1R v BN E
FMETR B2 M m A o P24 AR | 2 R 5 301 ) & P24 2 P31 4R

B :B 3R KER R LETE i A R
Mg R R ILE P ETR B P31 3T S A

SR EH T2 F RS F S PAL RS
R S AR SCR

oL TR e B e

/\

& R Rt R

P84, & AHRETE Gp 3 T o L X FriTio
POREETR H 2 F o FlUtEF 4
Fr= (2013) 2 HI3K o 222k A L P R pL

A e i B T

(2013) 3% 2. 12 o

S dF 2% % 6.1 & PS8 A DKL B -
A L2 P e Lufrlé] a\lﬁ' ﬁ]?’i/g T

Ko IR T A M
B B H(Ec 2 2013)

Bd B R

ENST T EIEE T HOWRS
Rk ¥ 2 g B
 0-5m 2 2834 m A Y £ 2

HER &R SR E s 20

R R AR 0

(1) 313 0-5m &I B F st P FaE
K iEF P BELF DT R AR oo o
F TR F g o 220 28-34m i R
FIRARE G TR LT UK DR
© 362 & aiti ¢ 4 kit B P88 2 P89e
(2) B 61 & i3k

F A Ao A SRR Al oKER G 2

AHRETR 215 e B i 4 it

BH#HAAERDL -Ra - KiENsAARETA
i

GERS T

4o b P i SIEIE
AARETE e -

1—3‘7 lub‘ EEP—} f“i

\4

Jo EE 2
A fp Ao B
Ve RILE A B

EPER P BT A i B A

EABE G B GE R - A
TR RS AR E R R AT - K

i o

EHLAELL AFHES THEE U

'g\*‘%r -

& E P A

™

AT ERFERLE &

éig—ﬁ‘}a

o R

e M S B T R e e

W T AeH A R hd ko SR A

o~ TR R ot o A H A L R

e NHFA T H 220 &P 14§ 312 &P

28~ % 322/ & P43 beipppit A RiE
SE

98




B 24 ST R 2 R R MU o

BHAEFGZAN OF R BRI 6 R | R E YT LSS R ALLRE
FTRREB ZARMBAEWTAF G I REGE L | 5 SFEHRP o

R LR L PRI ERPR | ¢ A% 312 P28 % ¥ 322 & P42
EFi e PR eRTE G % 411 [ & P54

gy EL =X =
e PFloe

PR R T Ap R el B0 R

FEE BT E T RAGSLA

EH#HEALA

PR Ry p S ik w ki e

ERT 2 CPP % £ B % iRgL -

SN H 222 % &

E TR

bR FEMERRR S ERERNT R S R
it o

SR E 314 &5 2B AR

FRIET R R AR R 2 R

Todg it o FOUKA S VA 2 TE o

o ANk A AR P

P39-d &= T e o f2FR B ¢ 4~ N7
F AR RE 150 mo ZREP foe £

237

L

TR &
B

S 62 &9 A RETE F LA i o b

M3t 0 P89 e

FrE AR TR ERESZ WY AP AR TR AR AT o
PRI TS 0 400 m LTRSS R - | B REAERPF > § PN A R K 0 A R

BV i F RS hp ) BAE B
% 2 BipEE 200 2 ¢ 0 5 L

e B 0 EF PEF Y

7R i

(LA

AR E R PIRE R

P10~P 11> 4= #RET R frd A 4R¥rh 71 0%

RELR-ROLFREATHEZERY

ey AP F2 B Fo fr‘l"if%]*{rr?lt

S EREE LTS SRS YL EES S

ER e L
¥ (P64) ~ 47K S AF (P5) ~ 474 ¥ 3 (P

45)~ 8tk Hp 6 ¥ (P31)~ %75 (P86) % 37 o

87 B 5% (P8S) » 7/ 2L

LR BRI ﬁ.‘,;oﬁlam%’*m% f—»\?’ﬁ
%7k B 4 (fault-affected zone) ~ %74  (fault

zone) ~ %74 17w (fault core) ~ %74 AL

(fault damage zone) ~ 3" %] ¥ (shear zone)% ¥
*» % (shear band) > & %33 B PF 2 E &

dodR 2 F P £ 9y AR Y 5 IR - )

99



Lo riLE 2 o

B % A 1‘}“‘
oy it (4e P 34 ~

BER o RYREG
P35..% o)

T 3

Blde 4o r? EHPEE - MARES S 4231

WP o

FH 25 fcBl 41 7 4 Ek Mg & o

R P = EE

S AP doiric d BTR MG A & 2| etk

=% 0 BbIe ot B Bl o

P39 B 34~37: ¥ T3 G FFR EF K | Bl 3437 h TR w UER E 0 ¢ RiER
SUE Rl BRH o i 2z o

P45 % 7 d zRY > RHFIPET Y | AR 3% 323 & P48t H
Foodter Tie 8 L7 R TR L

P53 % 67 T 4Tz Mg R ... 053 | 23 P56 % 6 (7 4uiip

Moty T R GEETR o

BB 60 £ 3% 4¢3 Fault Core 2 Damage Zone %

i» ; B] 61~68 £ 3% ¢ :x shear Sense °

B] 61 R ET R m’F
o B OAFRETE B A 2 ety

B d RRAT T s ki kw

%’Jm ]%q ) j&;% s A
P‘}Pmm-ﬁ-éﬁ
2= g 4v 3x fault core ¢ damage zone s & o
LL?}IBH.%'m ;me.lmu,ﬁ;é j‘”F H
SRR G SRR IR o Tt R 2R

- shear sense.

A
BB’ o %7 R =B (2o F ¥k B T2 AR

TR

Bl 71~72~73 87 B8 1 2 ] 82

D e R

E%‘]”mlm’?/é] Dl

BT B RPIARNA > 2R BAA T -

WAL RIS R A AR AT o

PRHRs T RIER() # PR hsuk @
BEedFERr -yt B oA
Btk (B L7 A RDKH
Bob RIAPHESR E FEL . (2) AR F

A A B}

B 4 L g

IR e R

(1) ik P o e ek A

(2) § 4% F RS Bige A

B Rt AT PR 51

° 4«,15@\5_3]1&_‘1 B (s —

100




2640000

2638000

2636000

2634000

~ 2632000

12 o () Bl 4 B
e R (3B

224000 226?00

228?00

\

230?00

Y

T
2640000

R mﬂk%\b

Shie
2638000

AI‘
2636000

A b A bk b ki k]

B S

i’y F

S
LY RN NN N N R
Y S N

A5
i k)A
A bbb 2R

SATEE .h/.f

LJLAJI.A\.L]

A ERTE R R o ar sV Y
R N . I Y O o O e W W T
™ h.u.:uhnunpnuAanuux,&_;._n_c-—r‘llf'fn_ﬂuulx-.

I
Aok koK s M-S b kb AWETE LA .y xuw

W&ALL
Ll b L 4 J‘h Bk R L

A A LM & b a b 4 &

2634000

d AL i L R

A e (R
U A_A ymER

ARG I AC &
TREM NG -2013)

FHEAEMEBE(RE)
HHEFAEMEGTA)
b ZEEm E(RE)
by & % 58 4 B (AT A)

224b00 226b00 | ] 223500
AE R B R1/50008 B 3r () R4 E B EE Mk KE Ap R1/250008 R E % E )

101



B & 27 (A ) ) 48
#1407 & (£

220000 222000 224000

N AR n,»l‘fqu acfa) ¥ W = %'\1 )
ufse Q_,L;-Lih‘xf.'_.p["w{( I 7 \ \-—}
",Lu.h..la.i*,f,afi' =\v : q
oK 0 » u u/lA 4 S : k.',] ¢
Q T~ - () o 7)
g L |‘ — %‘_}}Q\ 2 .‘P_ﬂ 7 8
ﬁ 2= ’ r 37_:_:., = Y/ ﬁ
© : ©
~ aw o~
===
Ay '
A
B e 4 b e o Y
Yf-};" 11;1..1;1[‘!'&}14‘
i N 8 A N
AN O b A A &M \ 42 P 2
/ﬁ'ffjxn)uxngL"’: vl
4 s u owean o A =)
(=] ?’///‘}"'.Qﬁ -h:'—':a....l..,_li,_é h/lh B r—:’ o
= A T S P ) K =4
§ a th\\:“r’p&; P BA 4w . 7 c_g
[7-] -'.*"_i;:“";y’fuuuaug.’f ) > o0l 2
S e LA /)T
e AN
RIS RS &N\ N7
i -.l | ;}::‘h ™ i o : “\\:Jﬁ/ .
AL s !}-'E!!!‘ £ \."
» F 2|
L. Y,
'"111._';;3173\1}%1;1 %
\"_!.‘klhllu-i. n.,'x.m y
T N S e = S N
L \e l!l gk L lti.-h"_‘h .I;:" ;'?, < + . ﬁ
\"*.f!u‘i,'.&x.a.rxxg;:,_ o ',;"®'._,, ha -:.@', A
S nin—R @i e L ",';{,‘, .o e =
FRE . el °_3‘ 3
E T g sasssnabone AT
o al i'a & ;l-:{:.‘.c" 3_"‘" = H s A
fole TR TI L AN
ey 3 r_':b-"\
o el : -\"ﬁ v, e
S lWal e i . S
00 = "-\ i o 4D _—
g ot :5‘5 ¢ '\ Loa "’—-L i s
CHVERNETNEA e iERa DA &
v Ak b . Du
v \FWE e B
T ey -
x [ £ algld
4\ )
lu_“\:\.‘ “\ = \ o :?:\- .
f .\\J 13 .'\- . 3 ok
. \ .:':_. ﬁ;é;":‘,{i (_ / 7 | .
--nq'n\::::ﬁ - V‘r’ " : 3 _‘;
- A HARS) FA A \ s s
N g iuwl | f\f g ) SOSNEN S
e N ‘| \p=! = { ¥ T SIS S \%. o
8 \\q" \ “\\:‘\, \S S S v u e dd um R R AN — e 8
© ;\\ A ‘ l\-‘ ) \/\!l ’[‘J C t ;l X & Ji- L & 4 2oL l\\ N o T e ‘-._\7‘ w0
o~ . = ‘-\. i \ 4y i \ 2 e = o~
M“E— e N T B e
. . A RN TS| gk v ou ko PRGN in
ai sues J PRI it PR umuﬁ'“*\-
m&-h.bl.-lhl\\
- L L \.\ \
L b M .\\
A_ A e (D \
7
£ A A ANERETR
A PARERIE S S AC )
= FRAEMB(RAE)
= FHEAEMEGTIA)
K e R EAMEGRE)
K EAEZAMEGIA)
/. ® 1084 EZEHETR AT RS
o o
o [=2
o Q
< -
o~ o™
m m
N | RHERTREN N

220'000 222|000 | ] 224|0(;0
(AEH G R1/500087 B F(F) R B T EEmAR > KB ALF R1/25000@ 2R B 4 E )

102



2538000
1

2536000
1

2534000
1

r () R 48 ]
INARET B (JEER)

192000

194000

2532000

N

: ‘ '.A- 7 Pffrf”z“&
Nl & “0\?&?

A

= i

AR
] N S b
= }?qfip‘g‘ﬁ- _F"

~ 1’%.5?‘;9%-
T -,_/\'f'\-{‘."j‘\.-*‘:‘

kY

2530000

188000
(AEH G R1/500087 B F(F) R B T EEmAR > KB ALF R1/25000@ 2R B 4 E )

\

AN

T AT
PAVAWSS ) ’_' :‘;,a"' (g
J’}?“ E} = &\ |
=~ NS AR 17

>
=2 ISR =
/409 LTS
O SIS 2

BN AR BT R (3R]
BN AR R
ZHEABMERE)
FaEAE/MEGTIA)
iR HEmE(RE)
i e % A4 B (AT A)
B @A ELE

1
2538000

T
2536000

1
2534000

2532000

2530000

(S
A
2

192000

103

194000




186000
1

g

g R ()B4 B

INARET B (&)

188000

2528000

2526000

2524000

2522000

2520000

R )

|l \ -
o T
=t _-7‘.'
ER S A
B
¥ b
F* -, I.f';
=Sk 4
- s
AL
o

NV A
L

192000
1

BONARET R (R
BN ET R

(A& el R1/500087 & 37 (5 ) 2] 40 [ k4 B m R+ K B & o) R1/2500048 2 iR 3670 B 45 B )

2518000
1

104

4 {
fiti BEAEMERE)
\Em:} BHEAEREGTA)
'y B R EBMERE)
4 » BB BEHEMBEGTA) R
il 5 AN N T e S
Wil -7 RIS ;3¢7“3;“
i (RSB
it j; e
N ——7~ e
186000 188000 192000

2528000

2526000

2524000

2522000

2520000

2518000



	01_定稿封面
	02_期末報告_活動斷層特性經調查_V1220
	03_附後面_斷層跡位置縮圖3
	1: 初鄉_北
	2: 初鄉_南
	3: 車瓜林_北
	4: 車瓜林_南




