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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. Until now, the nature of a fault, its accurate location and the
parameters of its activity are not completely derived for all of the 33 recognized active faults in
Taiwan owing to the limitation of survey condition and societal factors. Furthermore, the current
geologic maps of the Taiwan active faults are mostly based on surveys conducted 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. There is a 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 active faults which activity characteristics are incomplete. The 7
unlisted faults are known as Chusiang fault, Chekualin fault, Lunhou fault, Kousiaoli fault, Yuchang

fault, Touhuanping fault, and Futoukeng fault. The goals of this project are (1) to pinpoint the
location of a fault accurately; (2) to unravel the nature of the fault; and (3) to analyze the rate of

its activity. For the south part of the Lunhou and Kousiaoli faults, which are the targets in this year,
the results include aerial photography, geological survey along the two fault traces, 200-hectare high-
resolution aerial photography of the Zengwen riverbed, a trench dug across the Kousiaoli fault, three
pits on Zengwen river terraces, 12 C-14 ages, and 3 OSL ages. The Lunhou fault can be clearly
identified at the Zengwen riverbed and Luzhikeng creek. The fault is covered by a terrace in the region
between these two sites. The fault zone observed in a cliff by the Zengwen River at Tsoumalai is
about 15~20 m wide and is composed of highly sheared fault rock. In contrast, the shear zone at
Luzhikeng creek is composed of two or three sets of shear bands. The width of the shear zone 1s about
120 m. There is an obvious of fault contact at upper boundary of shear zone. The attitude of the fault

measured at Luzhikeng creek is N18°E, 30°SE. The Kousiaoli fault can be clearly identified at the

southern bank of the Zengwen River and at Mao-er-gan. North of the Zengwen River and south of
Mao-er-gan, the fault trace can be defined at few sites only, based on escarpments in terraces or the
change of bedding attitude. The width of the fault zone, composed of densely distributed, sub-parallel,
shear bands, is about 32 m. A few shear zones are composed of numerous shear bands with a width
of up to tens of centimeters. The Kousiaoli fault can be referred to as a thrust fault based on field
observations. Based on the dating results and terrace analysis, there is no relative vertical movement
between the hanging-wall and footwall of the Lunhou fault in the last 2 ka. The Kousiaoli fault can

be identified as an active fault because it cuts into the Holocene sediments. Based on tentative terrace



correlation, we estimated a maximum vertical slip rate 9.5 mm/yr and a maximum fault slip rate of
13.9 mm/yr since at least 4 ka, maximum vertical slip rate 3.2 mm/yr and a maximum fault slip rate
of 4.6 mm/yr since at least 12 ka. The fault trace mapping of the south part of the Lunhou fault and
Kousiaoli fault at the scale of 1 to 5000 and the structural mapping of the Zengwen riverbed at the

scale of 1 to 1000 are completed in this second-year project.

KEYWORDS: active faults, nature of a fault, Lunhou fault, Kousiaoli fault
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Fig.1 Distribution map of active faults in Taiwan (CGS, 2012) .
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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 that lack long-term slip rate data
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Table 4 Synthesis of the required items for Project (2/4) of detailed investigation of characteristics

of active faults.
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Table 5 Location of the excavated geological profile (trench )

4% | TWD97 X TWD97 Y
192374.132 | 2557657.869
192372.803 | 2557655.132
KSLT-02
192391.19 2557646.266
192388.907 | 2557643.33

%6 FEF R R R

Table 6 Location of the pits excavated for terrace sediment sampling

gL SR P b TWD97 X TWD97 Y E/%/F (m)| &z
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2.1 == /21
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Table 7 List of C-14 ages produced for Project (2/4) of detailed investigation of characteristics of active faults.

A Sd ok R 7ol Bl E & (BP) | il £ & ==

TW20-C26 | & & (Charred material ) | T1 F## (190141.748,2558999.672) | 7940+30 BP 8979-8642 cal BP - P
TW20-C79 | &£ & (Charred material ) | T4b P (192372.334,2556830.472) | 3710+40 BP 4219-3926 cal BP ¥ - B
TW20-C76 | & & (Charred material ) | T2 & (189700.889, 2558479.447) | 410+30 BP 520-330 cal BP - P
TW20-C31 | &£ & (Charred material) | T1 ¥ (190141.748,2558999.672) | 7870+30 BP 8770-8589 cal BP EE )T e
TW20-C128 | &£ & (Charred material ) | T4a F¥# (191052.642,2559153.079) | 1990+30 BP 1998-1878 cal BP EH T kS
TW20-C158 | & & (Charred material) | T4b ¥ (192128.369, 2556890.661) | 2960+30 BP 3212-3005 cal BP EE )T e
TW20-C188 | & & (Charred material) | T3 F¥# (189819.089, 2557539.747) | 3280430 BP 3578-3446 cal BP EHE T kS
TW20-C135 | & & (Charred material ) | T4a F£# (191052.642,2559153.079) | >43500 BP >43500 cal BP ¥ - %k
TW20-C147 | & & (Charred material ) | T2 F£# (189700.889, 2558479.447) | 250+30 BP 429-149 cal BP - ¥k
TW20-C164 | & & (Charred material ) | T3 F£# (189819.089, 2557539.747) | 3420430 BP 3820-3584 cal BP ¥ 95
LKP03-C07 | t£4 (Plant) T3 rg3 (194852.544,2563142.139) 190+30 BP 302-137 cal BP EE )N ES
TW20-C201 | & & (Charred material ) | T3 F&#¥ (195330.766, 2563567.843) :ﬁ:*‘ ij ; jjt i; ;‘j;;; Eﬁ R 8 2 T
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Table 8 List of OSL samples, associated information and age models produced for Project

(2/4) of detailed investigation of characteristics of active

faults.
okl [# B s | FEAE(GY) s w2 |MEEX (k)
1 7=
(TWD97) (TWDI7)  I'cam MAM-3 | L5% (Gyka) — FEAM [MAM-3 | L5%
T4a FF 3=
Twao.L2 | 027105 pm 109.7+52 | 67.7+43 |581+43 |270+014 |40.6+4.0|251+29 |21.5+27
?E‘;?‘ﬁf_ ( 189595.055, . . . . . . . . . . . . . .
2559601.283 )
T1 FE ¥
Tw20.L3 | 027103 pm 843430 |61.1433 |523 + 06 [257+0.13 |32.8+29 (238425 |204+1.3
2558999.672)
T2 P& b
TW20-Le | 027103 pm 549+30 [31.9+22 |277+17 [274+015 |201+22|11.6+14 |10.1+1.2
EE‘}E*i ( 189700'889’ . . . . . . . . . . . . . .

2558479.447 )
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Fig. 3 Location map of excavations and UAV acquisitions completed for this project, on the southern

part of the Lunhou Fault and Kousiaoli Fault.

11



i

kN

nl ‘iﬁ?ﬁ{:ﬂ__,

Fig. 4 Photograph collection illustrating the education training session of this project.

=
4

E)

%

B 4

12



Fo% PERFCEIEEHD

AP ELERND A H N AR CE R B A TRER N APN T F AR
A SRR R B R SRR R DB F A P ERFL A LA P R
REFme il 2 AR BN B 0T RFRRA PR PRI 1 TR F R
LR A & e R R REE e SR mW%¢1m§%§%%%ﬁ¢ﬁ@F$
Pihzdp 2 ¥ FHE AT A M1 0T BHETK LD FH AT E R R B3 C-
14 &2 OSLEAE1 T B BLRAFAZTALIEZ Ay BRI EREEFEHw
BHE(24)) FEREFELF > AR DD FRARICR S Tn 0 FH DL FR A e

i Lol s Rak B
|
e W7 A SURR B4R R
W7 7 S0 3F Sh A B
I I
EOHNELE ES WA i 83 ]
wE o H B3RP
|

l |
W R £RAMBRY oM (% ]
wuk | | o || SXH | s || BT ) PR

LY HEH) “ (1T ’”*?*‘ "'“OSIR*
[ |

MR EMELS
WA SE(P) W B - :
Wk Bt *ingna

I
E 0 W A5 e
ARREE

Bl 5 A~%2 1 (%, 421

Fig.5 Work flow chart of this project.

13



2.1 HRensThy 2 2 RO J 2 RTR I AIE b A

AR GERPD MR SR A T T LM e R LR AR e R
(SUTR s 2 v 7 LETR chIL  B 0 BT B TR - AP ahin g o

a. 80k LA T A

%%%ﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁiﬁiﬁﬂﬁﬁﬁﬁ’@ﬁ‘ﬁ%*?%é%ﬁ@ﬁﬁ
W A A ELRARERT BT THBEN o 0D bR R 0 K ITH

b

%23!

m\

=]

F3rerk 4 2 PAF af o F

DAlEs R A REDATE AN L LR R HORF R AT PR ST
(Shearzone) d ¥ R 3 = Ed o ‘H * oz ?Fl 8’ ,’g,\;z,l % ,ﬁ

DR ABEEr FHERDBT 4 T ZHPGA G I RER LS L2 e XL
dE B R LT SRR

b

b. i ER % 4

~EBERRE (24p) m*ﬁf’?&r%ﬂ 6477 » pANZHFFPN > ERULER VEDEE
P B G e (B 7)) Frdlghene 4 R VB BT FRERL R g
TpEds i 2 (VBS-RTK) 77 2 Bl £ 5 & #4128 (B 8) > B8 o 183 H R chd ko
T HEBEAFHERFT AL > FSRRGI BN KT E R EH N ER SRS Rl
740 (B 9) - HEFFHNGTHT - HIL B GEFT AL » BB RIDE 5 8L S 4R 2 Sy R
35 Y Gt 2 Ap 4

A S EEF S T LEER YT Rz P 2 ARE > EE T RGBS E S RFEFR
ZHECIDRERRERESE (B 10) B8 35300 PR (AR LY B 6 g2

B F e ).

# # » Pix4Dmapper pro & ¥ P4 $x %8 i€ (7 > Pix4Dmapper pro 7

%@ % eh7 dp 48 5 DJIPhantom 3 Professional ~ DJI Mavic pro 2 DJIMavic 2 pro *
3#HE A (B 1) =& A2 3 Fd 2 TS EME > Mavic pro 22 Mavic 2
pro ¥ #Bp i > = i #HF - Mavic pro en &pF ¥ iE 27 4 48~ Mavic 2 pro shf SupF I v iE
30 %~ 4% ~ Phantom 3 pro e & B P 7 12 20 4 48 > VANEERA B LS O B ik (T o 7
FRASEE AR RETR 2 BAP S > Mavic pro &2 Phantom 3 pro ¢hgief ¥ 45 ¥ % 1200

14



& A hB Y > Mavic2pro (BLEER| T 2000 F 3 o 0 = S A ALt 2 iR
I rkier > A FR AR ERZ g A PREAFPERZIHFRE A

EE F3 o

R e Lk St RS ST L e

Ttk ke E STETR S M S R T FEE R R e 7 B G

ﬂb?b'%\';:f ’ q_#ﬁ-ﬂmﬁf"fif'gl 12 #7157 > ﬂ\‘&mq_;}p«ﬂ"ﬂm«*ﬁ,ij\:’ » B OE B ELELE N - RIS
- R RAeF Refp B E S A0 80%~85%2 [ o Apakina Ba 4p B E S 42 60%~72%
22U o

s At S
1 . BEMEZEI
445 580 Bt T 422 5 B
I ™ RIS ERHIE
AR e
1 R §
REREAN  — T jus ;
I L =P=EAR ;
. Eswpe | | sme ;
E o LEZE(L ;
E YEEE : i DL RIE R
é - ! g
| DSM | E IR ER !
E L EsReER :
| IDMEEmER | DSMAER §

B 6 A& zdpfiminge GHPREE > 2016)-
Fig.6 Work flow chart of aerial photography acquisition and derivative products for this project( Hsich
etal., 2016) .

15



B 8 ' VBS-RTK £ #|# & f= 482 1 (v o

Fig.8 Measurement of the location of a ground control point using VBS-RTK.
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Fig.9 Operating UAV in the field.
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Fig.10 Snapshot of the processing of an orthoimage.
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Fig.11 UAVs used in this project. (a) DJIPhantom 3 Professional ; (b) DJIMavic pro ; (¢) DIJI

Mavic 2 pro.
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Fig.12 Fly track of UAV in this project. The dots show the place where to take photos.
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Fig.13 Trench excavation process ( Modified from Huang & Jian, 2017 )
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Bl 15 $FFUEE FIZMR o BEG IR P P A 3 RIFI G et 2 L E R AR
Fig.15 Working in the pit. The walls were scraped in order to reveal the details of the stratigraphy

and the presence of datable samples of organic material in the profile.
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Fig.16 Collection of carbonaceous-rich materials in the sedimentary deposit. After collection, the

sampling location will be marked with nails and labels.

Bl 17 58 4 Benk & ok E fE & o

Fig.17 Photo of a luminescence dating (OSL) sample collected in pit using a metal tube.
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Fig.18 Collection of samples for C-14 dating from an outcrop.
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Fig.19 C-14 dating: Pieces of charcoal material extracted from one of our samples after sample

chemical pretreatment by Beta laboratory.
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Fig.20 OSL dating samples. Left: sample used for estimating the annual dose rate of the sediment.
Right: sample protected from light, used for measuring the total irradiation dose acquired since the

quartz grains were buried in the sediment.

A T Rk A o

Fig.21 Sampling for OSL dating in the field. Hitting a metal or PVC tube into the vertical outcrop

using a hammer to collect fine-sand sediment samples protected from the light.
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Fig.22 Measuring the equivalent dose in the OSL laboratory. The quartz grains, isolated during

chemical treatment, are placed on stainless steel discs and loaded in the Risoe TL/OSL reader.
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Fig.23 Sediment sample ready for the annual dose measurement by gamma-ray spectrometry. The

sample is poured homogeneously into a U-shape cylindrical box.
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Fig.24 Topographic map containing the entire fault trace for the southern part of Lunhou fault and

Kousiaoli fault ( the image was produced from 1m Lidar DTM provided by CGS ) .
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Fig.25 Topography characteristics at the north end of the Nanxi Tunnel. (a) The location of the
Lunhou fault is roughly along the boundary between mountains and hills ( red dash line ) ; (b)) Falling

rocks at the boundary between mountains and hills.
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Fig.26 Mountain and river terrace (T4b) at the south bank of the Zengwen River at Tsoumalai. There

is no obvious scarp along the Lunhou fault referred by the project on the terrace
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Fig.27 Lineament near the Cailiao River, at the southern end of the Lunhou fault: N40°E linear

escarpment within a river terrace, near the boundary between hills and terrace
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Fig.28 Two escarpments, nearly parallel to the Kousiaoli fault, on the river terrace in Chaoxing area.
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Fig.29 Topography characteristics at Neifeng area, northern side of the Zengwen river, along the

Kousiaoli fault. (a) Several N-S escarpments located on the river terrace, Neifeng area ; (b) The

height of each escarpment is about 3~5 m..
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Fig.30 Index map of aerial images along the southern part of the Lunhou and Kousiaoli faults.
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Table 9 Ground sampling distance (GSD) of each aerial image along the two target faults.

3 ¥oa a4t R (cm)
Lh&Ksl 01 8.77

Lh&Ksl 02 8.53

Lh&Ksl 03 8.47

Lh&Ksl 04 10.37

Lh&Ksl 05 10.47

3010 Bsuh s 62 v T LERILME BRI HBN A JRITAMB A TR -

Table 10 GSD information excerpted from the report of each aerial image along the southern part of

the Lunhou fault and Kousiaoli fault.

Lh&Ksl_01
Project
Processed
Camera Mbdel Name(s)

LK001_2
2020-04-24 08:14:04
L1D-20c_10.3_5472x3648 (RGB), FC220_4.7_4000x3000 (RGB)

[ Average Ground Sampling Distance (GSD)

8.77 cm/3451n|

Area Covered

Lh&Ksl_02
Project
Processed
Camera Model Name(s)

22461 km?/ 2246.0787 ha/ 8.68 sq. mi./ 5553.0541 acres

LK002 V2
2020-05-08 10:49:39
L1D-20c_10.3_5472x3648 (RGB), FC220_4.7_4000x3000 (RGB)

| Average Ground Sampling Distance (GSD)

853cm/3.36in|

Area Covered

Lh&Ksl_03
Project
Processed
Camera Model Name(s)

20.610 km?/2061.0199 ha/7.96 sq. mi./ 5095.5271 acres

LK003 \2
2020-04-27 16:13:27
L1D-20c_10.3_5472x3648 (RGB), FC220_4.7_4000x3000 (RGB)

| Average Ground Sampling Distance (GSD)

847 cm/3.34in|

Area Covered

Lh&Ksl_04
Project
Processed
Camera Model Name(s)

15.967 km?/1596.7217 ha/6.17 sq. mi./ 3947.6275 acres

LK004_\2
2020-04-24 20:31:39
L1D-20c_10.3_5472x3648 (RGB), FC220_4.7_4000x3000 (RGB)

| Average Ground Sampling Distance (GSD)

1037 om /4.08 in

Area Covered
Lh&Ksl_05

Project
Processed
Camera Model Name(s)

21.482 km?/2148.1786 ha/8.30 sq. mi./ 5311.0125 acres

LK005_\2
2020-05-18 22:24:10
FC220_4.7_4000x3000 (RGB), L1D-20c_10.3_5472x3648 (RGB)

Average Ground Sampling Distance (GSD)

10.47 cm /4.12in|

Area Covered

24.473 km?/ 2447.2604 ha / 9.45 sq. mi. / 6050.4423 acres
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Table 11 Definition of the terms relating to fault zones used in this project.
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Fig.31 Geological map containing the entire fault trace of the south part of Lunhou fault and Kousiaoli

fault. The base maps are geological maps in scale of 1 to 50000 published by CGS. (Ho etal., 2005;
Sung et al., 2000; Shao et al., 2009; Chang et al., 2008 )
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Fig.32 Geological profile across the southern part of the Lunhou fault and Kousiaoli fault, Yujing area (modified from Ho et al., 2005). Profile location

is shown on Fig. 31.

40



3301 Bisurk b5
(1) g~ iEn

BTk e BB 2 AR E AU FEg o 30 F B LA LIRDT B0 Jp s e i
PRE NG BiEL T A R ABS B2 FRIL VO EL  AFREFIE T
Bl Lok IR EE T B BB X 5 N33'E> fE & 81°E> & § Lidf Liv%d f

5 o BRSO ENE 30°~50" % A o
(2) 4B 9E-% 2 %P

BiGETR TR RN R 2 A SRS R AR & PR A S G T B
& 2 PR RN 100 2% oA Rlehg et 2 Y g EY EA
H3~10 2> P FR e koA w BT BRRIE R Y 15~20 o = %7k F (fault zone )
éagﬁzmaw%%%miwéﬁ’a@$iw M‘ﬂ@AM'ﬁF%**?%E%’
BRIMENLS T0 e d A EE I T RELIEREEBRIEFEE BEHENS 80w
(

(3) ¥~ ixre I §Irul

T R4 R f?}}%'lra_L”*’im/i B 5P B A BRI ERLER wbpE
AREEGE 40°~T70 % Lo A > A B s Rlo] SR MR e TEEIEEMRT
# (shearband) # %7 % (B 34)-

(4) )%J: im/f— J

EZHdae ot A8 9% 05 3.5 22k AN BN 800 2 ¢ Behgla o 26 AR
300 2 % TR B RPALT R BT A E - AL EH
G S00 2 % WA R R BRI B A B BT L
FPHAEAGL L 2412 S BFhd RV ARG ENTHF P HF P 4 23
BTk P A A S 26730 KATA . FAF L B TS £ T AR E N 450
FiEA (B 35)e

v &L 9% 2] 7 (shear zone )

|

41



FH

3

v =

R TR TR C TR IR
;UJ?%:F“ "ﬁ'?’ﬁil*?&' K 40°~50° e 11)}':}:% S gu)}:\l% E»}i ]ﬁi Nz
PAF TR kS P ERMEE (B 36) T 248 ®

42



SEARBHEERRD

cj

SOABBOERRRD

B 33 2 EAFppA A RIS F B o (a) Ao BETREIY 15-20 = ¢ 5%y
BF (b)) ad BEIINAEUEFI ARG A FARHER LT wF A -

Fig.33 Fault outcrop located east of the north end of the Tsoumalai bridge. (a) A 15~20-m-wide
fault zone can be identified on the northern wall of the outcrop (red bracket) ; (b) The outcrop on
the southern wall only shows the east boundary of the fault zone. The dipping angle of the sand layers

east of the fault zone is 70° to west.
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Fig.34 Outcrop on the cracked road, south of Tsoumalai farm. The shear band (red line ) cut through

the thinly bedded sandstone.
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Fig.35 Outcrop at Luzhikeng creek. (a) 700-m-wide outcrop exposed at Luzhikeng creek ; (b) Numerous shear bands cut folded sand layers on the

western part of the outcrop; (c¢) Thick-bedded mudstone with sand layer, and few-meters thick, east-dipping shear zone in the middle part of outcrop.
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Fig.36 Shear zone on the hills, south of Luzhikeng creek. (a) A few-meters-wide East-dipping shear

zone can be found near the Lunhou fault. (b) The dipping angle of sand layer near the shear zone is

steep.
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Fig.37 Outcrops near the Zengwen bridge No. 2. (a) The bedding plane on the eastern side of

Zengwen bridge No. 2 is gentle ; (b) The dip angle of folded bedding on the western side of Zengwen

bridge No. 2 is about 40°~60°to the east.
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Fig.38 Outcrops in Wantan area. (a) The bedding dip angle on the western side of the outcrop is
steep ; (b ) 20 meters further east, the bedding dip angle is shallow and the outcrop is densely fractured
on the west side. The lack of outcrop between the two photographs prevented us from characterizing

the transition between these dip domains.
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Fig.39 Outcrop in Neifeng area. (a) No outcrop can be found in the stream, in the western part of

Neifeng area ; (b) The bedding dip angle is about 30° to the east in the eastern part of Neifeng area.
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Fig.40 Outcrops on both sides of the Zengwen River, in Liuchenwan area. (a) Extensive outcrops

across or near the Kousiaoli fault can be found in this area ; (b) The width of the Kousiaoli fault

zone is about 32 m.
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Fig.41 Outcrop along an abandoned branch of the river at Liuchenwan. (a) The dipping angle is

20° to east on the eastern part of the abandoned river ; (b) The dipping angle is 60°~70° to the east

on the western part.
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Fig.42 Structural characteristics of the Kousiaoli fault zone at the Liuchenwan outcrop. (a) The

fault zone shows thrust shear sense ; (b) The eastern branch fault of the fault zone cut through the

conglomerate layer.
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Fig.43 The outcrop in Mao-er-gan, south of Luichenwan. There are amounts of outcrop at the southern

side of the Zengwen River. Suddenly-changed bedding outcrop can be observed at two sites.
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Fig.43 Two outcrops in Mao-er-gan that show sudden changes in bedding attitude. (a) West-dipping

fault on the outcrop ; (b) The dipping angle is low at east of minor fault while is high at west.
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Fig.45 Index map of high-resolution aerial images.
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Table 12 GSD collated table of high-resolution aerial image

K% 53R (cm) #ix

M ABCGLL - AR 13 F

ZengwenR 01 5.36

213 BMHAE (F1TR) THRGERZHRVG> 6 BRI AT -

~

Table 13 GSD information excerpted from report of high-resolution aerial image

ZengwenR_01
Zengwen_river_CGS2020_merge

Project

Processed 2020-04-02 08:56:25

Camera Model Name(s) L1D-20c_10.3_5472x3648 (RGB)(1), L1D-20c_10.3_5472x3648 (RGB)(2)
536cm/211in |

Average Ground Sampling Distance (GSD)
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Fig.46 The relationship between fault outcrop at south bank of the Zengwen River, abandon river

outcrop and trench site.
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Fig.47 Location of the trench ( No. KSLT-02) along the Kousiaoli fault.
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Fig.48 Image and mapping at the northern wall of the trench. (a) Integrated picture of the northern wall of the trench (b)) Elevation sketch of the northern wall of the trench.
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Fig.49 Image and mapping at the southern wall of the trench. (a) Integrated picture of the southern wall of the trench (b) Elevation sketch of the southern wall of the trench.
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Fig.50 Sand layers cut by shear zone at 8~11 m on the northern trench wall.
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Fig.51 Shear band capped by the conglomerate layer at 4~6 m on the southern trench wall.
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Fig.52 Shear bands and small fault in the Lunhou fault zone east of the Tsoumalai bridge. Shear bands

and small faults have a high dip angle.
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Fig.53 Near-view picture of the conglomerate layer east of the Tsoumalai bridge. There is no elevation

difference for the boundary between conglomerate layer and bedrock (blue dashed line ) across the

fault zone.
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Fig.54 The fault outcrop on the western part of Luzhikeng creek profile. (a) 120-m-wide braided-

liked shear zone on the western part of the profile; (b) The thickly bedded sandstone is nearly

vertical and cut by the fault.
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Fig.55 Picture and sketch of the Kousiaoli Fault outcrop on the south bank of the Zengwen River at Liuchenwan. (a) The cliff shows a continuous

outcrop across the fault;

(b) The cut and folded layering can be found on hanging wall and a kink-like fold can be found on the footwall. In the fault

zone, the dip angle of the bedding is high. Some shear zone (orange solid line ) in the fault zone can be traced along several meters.
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Fig.56 Shear zone in the Kousiaoli fault zone.
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Fig.57 Hanging wall outcrop of the Kousiaoli Fault at Liuchenwan. The outcrop shows some sand

layers that are cut and displaced by shear planes, and that are affected by small-scale folds.
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Fig.58 A shear zone 600 m west of the Tsoumalai bridge.
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Fig.59 Sand layer cut by a shear band at the Zengwen riverbed, between the Lunhou Fault and

Kousiaoli Fault.
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Fig.60 River terraces along the Zengwen River around the Lunhou fault and Kousiaoli fault.
Terraces were classified based on their elevation relative to the modern riverbed. P-P' profile is

shown on Fig. 70.
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Fig.61 Outcrop near the Kousiaoli fault, Wantan, showing bedrock probably thrusted on

conglomerate deposit.
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Fig.62 Shaded topography and topographic profile across the Kousiaoli fault at Wantan. (a) The
N30°E direction escarpment is interpreted as the Kousiaoli fault trace, also supported by geological
observations within the streams flowing across the fault ( Fig. 61 ). ( The shaded image was produced

from a 1 m Lidar DTM provided by CGS ) ; (b) The elevation difference across the Kousiaoli fault

scarp is about 40 m.
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(the image was produced from 1m Lidar DTM provided by CGS )
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Knuepfer, 2002). Profile location is shown on Fig. 60.
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Fig.71 Equivalent dose distributions for OSL samples TW20-L2, TW20-L3 and TW20-L6. The numbers of successfully measured aliquots are 45, 53
and 42 for TW20-L2, TW20-L3 and TW20-L6, respectively. CAM ( central age model ) , MAM-3 ( 3-parameter minimum age model ) and L5% ( Lowest-

5% age model ) are three different assessment models to determined the representative dose ( Bailey and Arnold, 2006 ) .
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Table 14 Water content, geochemical composition (measured by gamma-ray spectrometry), cosmic dose and total annual environmental dose rate for the

OSL samples analyzed in this project.

_ _ YT E.

Brmn | Herwm SRR (%) | K (%) T(hpfjj) e jgyﬁ:‘%ﬁ ME  ame (Gyka)
T4a Fi 3

TW20-L2 (189595.055, 10 £ 5 1.66+0.12 |9.11+0.76 1.86 +0.09 0.18+0.02 2.70 £ 0.14
2559601.283)
T1 Pt

TW20-L3 (190141.748, 10 £ 5 1.49+0.11 9.55+0.78 1.97+0.09 0.15+0.02 2.57+0.13
2558999.672)
T2 Pk

TW20-L6 (189700.889, 65 1.57+0.12 | 9.69+0.79 1.92 +0.09 0.14 £ 0.01 2.74 £ 0.15
2558479.447)
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Conclusions

The purposes of this project in second year are the geological survey along the south part of the
Lunhou fault and along Kousiaoli fault. The tasks included 80-km?2 aerial photography of two targeted
potential active faults, 200-hectare high-resolution aerial photography, scraping and mapping on one
Kousiaoli-fault trench, three pits, and dating of 12 C-14 samples and 3 OSL samples. Based on the
previous studies and the results from field surveys, the fault traces of the south part of the Lunhou
fault and of the Kousiaoli fault are mapped. In the following, we summarize the conclusions for this

second-year project.

(1) Location of the south part of Lunhou fault:

The location of the Lunhou fault can be clearly identified at a cliff exposure by the Zengwen
River near Tsoumalai bridge and at an outcrop in Luzhikeng creek, south of the Zengwen River.
Between these two outcrops, the fault trace is covered by a terrace. North of the Zengwen River, the
fault trace can be roughly located at the boundary of mountains and hills. South of the Luzhikeng
creek, the location of fault trace can be roughly inferred by shear zones observed on the hills and

from a N40“E escarpment on the Cailiao River terrace.
(2) Location of the Kousiaoli fault:

North of the Zengwen River, the Kousiaoli fault can only be located based on the change in the
dip angle of sedimentary layers, from steep on the hanging wall to gentle on the footwall, and based
on a linear escarpment formed on river terraces. Obvious fault outcrops are observed along the south
bank of the Zengwen River at Liuchenwan and at Mao-er-gan area, south of Liuchenwan. Instead
of a fault outcrop, only sporadic shear bands can be found on the outcrops south of Mao-er-gan area.
Thus, the fault trace in this region can only be placed through the change in dip angle of the bedding

plane.

(3) Structural characteristics :

The structural characteristics of the Lunhou fault vary along strike. At the Zengwen River, the
Lunhou fault zone consists of steeply-dipping shear bands and small faults and it is about 15~20 m
wide. In contrast, the attitude of fault is measured as N18°E/30°E at the Luzhikeng creek profile,
south of the Zengwen River. The width of shallow-dipping shear zones attached to the fault is about

120 m.
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The Kousiaoli fault zone is about 32 m wide, and the Kousiaoli fault-affected zone is about 110
m wide based on the observation at the south bank of the Zengwen River at Liuchenwan. The

Kousiaoli fault can be identified as thrust fault according to field observation.

(4) The activity of the faults and the long-term slip rate:

Based on the dating results and terrace analysis, there is no relative vertical movement during
the last 2 ka across the Lunhou fault, as observed in the Tsoumalai-Neifeng area. The hanging-wall
of the Kousiaoli fault was uplifted relative to the footwall of the Kousiaoli fault during the Holocene,
as observed at Liuchenwan, Wantan and between Liuchenwan and Neifeng. Larger-scale
observations of dated Zengwen river terraces show that the footwall of the Lunhou fault was uplifted
relative to footwall of the Kousiaoli fault. However, it is unclear whether this uplift is due to the
Kousiaoli fault or another active structure located west of the Lunhou fault. The Kousiaoli fault can
be identified as an active fault because it cuts into Holocene sediments. However, the dating efforts
conducted during this project did not lead to successful ages that would allow calculating a fault slip
rate. Based on tentative terrace correlations, we estimated a maximum vertical slip rate 9.5 mm/yr
and a maximum fault slip rate of 13.9 mm/yr since at least 4 ka, or a maximum vertical slip rate 3.2

mm/yr and a maximum fault slip rate of 4.6 mm/yr since at least 12 ka.
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