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Geometry of Southern Taiwan Faults are
associated with Manila interface.
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簡報者
簡報註解
南部斷層幾何有兩條主要斷層與四條其他斷層幾何與板塊界面相關。南部邏輯樹包涵這四條斷層但本ＰＰＴ只討論兩條主要斷層。Hengchun Fault System＋West Hengchun Offshore Structure
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簡報註解
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Faults Geometry Modeling in Southern Taiwan
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Construction of three Geometry Modeling Cases for the faults system

around NPP3 in consideration of the Uncertainties.
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簡報者
簡報註解
南部斷層幾何有兩條主要斷層與四條其他斷層幾何與板塊界面相關。３情況


Southern primary faults & Manila subduction interface

Geometry
Interface Rupture Rupture Slipate  Magnitude Model Branch Point (B)
Model Model Source (mm/yr) pdf (Case) / Interface 2(M) (Depth)
RM1 D1+D2+D3 (620km) B:8 km[{) “;']‘30"“‘
Interface 1 [0.1] ( \ Case 1 )
; D1 (117km
* '“t[e’fa]ce 2 [ _RM2_ 55,53 (503km) [0.4] \B:8 km / M:50km
0.3 0.2
|£M3] D1+D2 (346km) [0.5]
D3 (274km
021 p1 (137Kkm Y&C Char
RM4 D2 (229km
[0.3] [0.5]
[0.5] L D3(274km) 14 : B:12 km / M:40km
RM1 D1+D2+D3 (620km) Truncated
| face 2 " [02'2] Xxponential Case 2 / [0.8]
nterface D1 (117km
03] D2:D3 (503km)  [0.3] [0.5] [0.5] :12 km / M:50km
D1+D2 (346km) [0.2]
[0.2] D1 117km__
RM4 D2 (229km)
[0.5] D3 (274km
RM1 S1+S2+S3 (485 km) Case 3 B:15 km / M:50km
+S|pltay:ault2 Lowﬂ $1(33 km) [0.1] [1.0]
nterface |
[0.4] [0.2] 1 S$2+53(452 km)
$1+52(355 km) ]
RM3 53 (130km) Hengchun Fal..l|t Sy:stem HC-RM
s1 (33 km) North Luzon Strike Slip Fault NLSSF-RM
S2 (322km) North Luzon Backthrust Fault NLBF-RM
[0.5] $3 (130km) Manila Splay Fault MSF-RM
* Note: East Hengchun Offshore Fault EHCOF-RM
*Max Magn. = Char. Magn. + 0.25
*Char. Magn. is calculated from Magnitude Scaling Law: Wells and Coppersmith G0 = ) O e WHCOS-RM

(1994), Yen and Ma (2011) .
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Southern primary faults & Manila subduction interfacem

Seismogenic Style of Rupture Rupture Source Vertical Rate Fault Geometry Model

Magnitude Distribution Model
Probablility ~Faulting Model (Length) (mm/yr)

Dip Seismogenic Depth Max. Magn. Magnitude pdf

(0.4, 1,0.5][0.2] W&C (1)+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90) HC-RM CC+HC+SWHC (144 km) /]1.6, 4,1.41[0.6] 60 (Stop at Manila interface) V&C (A)+0.25[0.3] Truncated

0.4] CC+HC+HCO (140 km) \vam (A)+0.28).3 Exponentual
RV/OB (45) CC+HC (117 km) -4, 6,2.3][0.2] s fn B) ]
[0.6] HC+HCO (63 km) Manila Trench ?ifl'ﬂ Souaes Pk hesgeen Bkt
HC+SWHC (67 km) [SWHC, HC, el i &\
SWHC (27 km)
CC (77 km) £
Hc (40 km) = — 5 5 200 25( M:j:f 0
HCO (23 km) 0 50 100 150 50 3
4* [0.3] . ZZV%MMLOA] Y&C Char[0.5]
Seismogenic RV/OB (45) NLSSF-RM (216 km) / 6 *[0.4] 70° (Stop at Manila interface)(y e ¢ (A)+0.25[0.3] ./ Truncated [0 5]
\_8*[03] \Y&m (a}:0,260.3] \Exponential
5% [0.3] o - WI_L)_L&C L1+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90) _ NLBF-RM (593 km) / _8*[04] 35" (StopatManilainterface)(yg,c (A)+0.25[0.3] " Truncated f0.5
*0.3] &M (A)+0.240.3] \Exponential
MSE-RM1 [0-1] $1+52+53 (485 km)
Seismogenic RV (90) /MsF-RM2 [0-2], 521153‘3( 25'5’?(’,“) 4% [0.3] (Stop at Manila branch WS&C (1)+0.25[0.4]  ygc char|0.5]
- 0.2] _S1+S2(355 km) < g* [0.4] 11° point (8 km)) Truncated
SF-RM3 | ]| SS?. ((:!.’,:’Soli(m)) *[0.3] Exponentia[O'S]
SF-RM4 [0.5] ¥ 34’2krrrl‘1) * Means constant slip rate
S3(130km)
5 [0.3] W&C (1)+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90)  EHCOF-RM (190 km) /7 [04] 70° (Stop atManila interface) 0.3] ¢ Truncated( ¢
\__9 [0.3] &M (A)+0.240.3] ExponentiaJ '

1.2[0.2] )X&&M&A] Y&C Char[0.5]
Seismogenic RV (90)  WHCOS-RM (19 km) 1.6 [0.6] 30" (branch fault off interface){V&C (A)+0.25[0.3] ,/ Truncated Io 5
[0.5] :

2.4 (0.2 . Exponentia
Non-Seismogenic ] \Y&M (A)+0.28).3]
[0.5]




Southern primary faults & Manila subduction interfaceM

Seismogenic Style of Rupture Rupture Source Vertical Rate Fault Geometry Model Magnitude Distribution Model
Probablility Faulting Model (Length) (mm/yr) Dip Seismogenic Depth Max. Magn. Magnitude pdf
(0.4, 1,0.5][0.2] W&C (1)+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90) HC-RM CC+HC+SWHC (144 km) /i1.6, 4,1.41[0.6] 75 (Stop at Manila interface) AN&C (A)+0.25[0.3] ./ Truncatedl
0.4] CC+HC+HCO (140 km \ ( ] Exponentia
RV/OB (45) e i ™ Ye.62.31(0.2] Y (8):028) 3]
[0.6] HC+HCO (63 km) - o SR n e
HC+SWHC (67 km)  WHGHCGCCl o \“ ' '
SWHC (27 km) 2 oo b1
CC (77 km) B
Hc (40 km) ] (L1E] 150 [l [ {1
HCO (23 km)
4* [0.3] N ZZV%MMLOA] Y&C Char[0.5]
Seismogenic RV/OB (45) NLSSF-RM (216 km) / 6 *[0.4] go° (Stopat Manilainterface)(y e ¢ (A)+0.25[0.3] ./ Truncated [0 5]
\__8*[0.3] \v&m (A)+0.28).3] \Exponentia
5% [0.3] W&C (1)+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90) NLBF-RM (593 km) /  8*[0.4] 45° (Stop at Manila interface) fyg ¢ (A)+0.25[0.3] /" Truncated 0.5
12*[0.3] \v&m (A)+0.240.3] \Exponentia[ '

MSF-RM1 [0-1] $1+452+53 (485 km)
Seismogenic RV (90) MSF-RM2 [0.2] S1 (33 km)

2+S3(452 km 4* [0.3] (Stop at Manila branch W&C (L)+0.25[0.4] Y&C Char[0.5]
3 * [0.4] 15° point (12 km))
seaws 02 Szl (0 Jmeios
SF-RM4 [0.5] SS% (g‘?zlf(rr?\)) * Means constant slip rate
S3 (130km)
5 [0.3] W&C (1)+0.25[0.4]  ygc char[0.5]
Seismogenic  SS (0) EHCOF-RM (190 km) / 7 [0.4] 80° (Stop at Manila interface) 0_3]@5]
\ 9 [0.3] &M (A)+0.240.3] Exponentia! '
1.2[0.2] WTU—L&C 11+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90)  WHCOS-RM (19 km) /  1.6[0.6] 40° (branch fault off interface){n&c (A)+0.25[0.3] /" Truncated 10_5
Non-[gé?slmogenic 24102] V&M (A)+0.26).3] \Exponentia

[0.5]



Southern primary faults & Manila subduction interfacem

Seismogenic Style of Rupture Rupture Source Vertical Rate Fault Geometry Model

Magnitude Distribution Model
Probablility ~Faulting Model (Length) (mm/yr)

Dip Seismogenic Depth Max. Magn. Magnitude pdf

(0.4, 1,0.5][0.2] W&C (1)+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90)  HC-RM __CC+HC+SWHC (144 km) /1.6, 4,1.41[0.6] 75 (Stop at Manila interface) fV&C (A1+0.25[0.3] / Truncated

04] CC+HC+HCO (140 km) \Y&M (A)+0.2 3 Exponentlal
RV/OB (45) CC+HC (117 km) 4, 6,2.3](0.2] &M (A):0.26). ]
[0.6] HC+HCO (63 km) ety e
HC+SWHC (67 km) [SWHC, HC, cc] I~ : ' ]
SWHC (27 km) 2 e N
CC (77 km) . L4
HC (40 km) oL - e
HCO (23 km) i ' '
4* [0.3] . ZZV%MMLOA] Y&C Char[0.5]
Seismogenic RV/OB (45) NLSSF-RM (216 km) /—6 *[0.4] g0° (Stop at Manila interface)y e (A)+0.25[0.3] ./ Truncated [0 5]
\_8*[03] \Y&m (a}:0,260.3] \Exponential
5* [0.3] JX&MM@A] Y&C Char[0.5]
Seismogenic RV (90) NLBF-RM (593 km) / 8*[0.4] 55° (Stop at Manila interface) (yg ¢ (A)+0.25[0.3] / Truncated [0.5
*0.3] &M (A)+0.240.3] \Exponential
MsF-RM1 [0-1] $1+52+53 (485 km)
. . S1 (33 km)
Seismogenic RV (90) /MSF-RM2 (02] —; +$3(452 km) 4* {0.3} (Stop at Manila branch W&C(1)+0.25[0.4]  ygc char[0.5]
- 0.2] _S1+S2(355 km) g+ [0.4 18" point (15 km)) Truncated
SF-RM3 | ]| SS?_ ((:!;:;Oli(m)) : ;;*[03] Exponentia[O'S]
SE-RM4 [0.5] S 34’2krrrl‘1) * Means constant slip rate
S3 (130km)
5 [0.3] WE&C (L)+0.25[0. 4] Y&C Char[0.5]
Seismogenic SS (0) EHCOF-RM (190 km) / 7 [04] 80o (Stop at Manila interface) Truncated 5
\ 9 [0.3] &M (A)+0.240. 3] ExponentlaJ

1.2[0.2] )X/&_C(Ll%&“] Y&C Char|[0.5]
Seismogenic RV (90)  WHCOS-RM (19 km) 1.6 [0.6] 50° (branch fault off interface){V&C (A)+0.25[0.3] /" Truncated Io 5
[0.5] .

2.4 (0.2 . Exponentia
Non-Seismogenic ] \Y&M (A)+0.28).3]
[0.5]




Southern primary faults & Manila subduction interface

Geometry
Interface Rupture Rupture Slipate  Magnitude Model Branch Point (B)
Model Model Source (mm/yr) pdf (Case) / Interface 2(M) (Depth)
RM1 D1+D2+D3 (620km) B:8 km[é“;']::‘mkm
Interface 1 [0.1] ( \ Case 1 '
; D1 (117km
+ mt[erfa]ce 2 RM2 [D2+D3 (503km) [0.4] \B:S km / M:50km
0.3 0.2
|£M3] D1+D2 (346km) [0.5]
D3 (274km
021 p1 (137Kkm Y&C Char
RM4 D2 (229km
[0.3] [0.5]
[0.5] L -D3(274km) 14 - B:12 km / M:40km
RM1 Truncated
D1+D2+D3 (620km) [0.4] e | Case 2 / [0.8]
Interface 2 D1 !117km! 24 P 0.5
[0.3] D2+D3 (503km [0.3] [0.5] [0.5] :12 km / M:50km
D1+D2 (346km) [0.2]
[0.2] D1 117km_:
RM4 D2 (229km)
[0.5] D3 (274km
RM1 S1+52+53 (485 km) Case 3 B:15 km / M:50km
+S|pltay:ault2 Lolvg $1(33 km) [0.1] [1.0]
nterface |
[0.4] [0.2] 1 S$2+53(452 km)
$1+52(355 km) ]
RM3 53 (130km) Hengchun Fal..l|t Sy:stem HC-RM
s1 (33 km) North Luzon Strike Slip Fault NLSSF-RM
S2 (322km) North Luzon Backthrust Fault NLBF-RM
[0.5] $3 (130km) Manila Splay Fault MSF-RM
* Note: " East Hengchun Offshore Fault EHCOF-RM
*Max Magn. = Char. Magn. + 0.25
*Char. Magn. is calculated from Magnitude Scaling Law: Wells and Coppersmith G0 = ) O e WHCOS-RM

(1994), Yen and Ma (2011) .

Structure
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Manila subduction interface - Geometry Model

Geometry
Model Branch Point (B)
(Case) / Interface 2(M) (Depth)
B:8 km / M:30km
Case 1 [0.5]
[0.4] \ B:8 km / M:50km
[0.5]
B:12 km / M:40km
Case 2 / [0.8]
[0.5] B:12 km / M:50km
[0.2]
Case 3 B:15 km / M:50km
[0.1] [1.0]

Geometry Model

We assumed that the dips of all faults are varied by interface
geometry.

Marine geophysical researches show the interface dipping from
shallow to steep. However, marine reflection seismic research
shows some faults have low angle thrust features in shallow part,
such as North Luzon back thrust fault (Reed et al., 1992). Case 2 is
the closest model to the surface of interface which is determined
from seismicity.

Thus, the weighting of Case 2 was given as [0.5] with high
confident. The Case 3 with steep fault dips is given lowest weight
[0.1] and Case 1 with shallow fault dipping is given higher weight
[0.4].
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簡報者
簡報註解
Case 2 is the basecase so we give it a weighting of [0.5].

In case 3, the fault plane angle is steeper and the depth fault is deeper than case 1, through the depth is less likely to that deep, we give it a weighting of [0.1] for Case 3. 


Southern primary faults & Manila subduction interfacem

Seismogenic Style of Rupture Rupture Source Vertical Rate Fault Geometry Model Magnitude Distribution Model
Probablility Faulting Model (Length) (mm/yr) Dip Seismogenic Depth Max. Magn. Magnitude pdf
(0.4, 1,0.5][0.2] W (1)+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90) HC-RM CC+HC+SWHC (144 km) /1.6, 4,1.41[0.6] 60 "(Stop at Manila interface) AV&C (A)+0.25[0.3] /" Truncated JO 5]
0.4] CC+HC+HCO (140 km) \v&m (A)+0.26).3] \Exponentia
RV OB (45) CC+HC (117 km) .4 6 2.3][0.2] Manila West Hengchun Hen| I|+:| ]? Nu!thl.uzun\-w h Luzon
[0.6] HC+HCO (63 km) Meste ok mly gl E” el RS Sl
HC+SWHC (67 km) ~ SWHGHGCC .o '
SWHC (27 km)
cC ((77 I;(m))
HC (40 km e
Hengchun Fault System 25 (23 k) 7 T
- g+ (0.3]
Seismogenic RV/OB (45) NLSSF-RM (216 km) / 6 *[0.4] 70° (Stop at Manila '”terfacem&c (A)+0.25[0.3] ./ Truncated

\__8*[0.3] \v&m (A)+0.28).3] \Exponentla[
5* [0.3] W&C (1)+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90) __ NLBF-RM (593 km) /8r[04] 35" (StopatManila interface) g (3)+0.25[0.3] ,/ Truncated g 5,
\_12#03

] \(&M (A)+0.2§0-3] \Exponentia[ ’

MSE-RM1 [0-1] $1+52+53 (485 km)

Seismogenic RV (90) /MSF-Rm2 [0-2] SZS+1§3‘3(25k2nII<)m] 4* [0.3]

(Stop at Manila branch W& (L)+0.25[0.4]  ygc char[0.5]

- [0.2] __S1+S2(355 km) g* [0.4] 11° point (8 km)) Truncated [y
SF-RM3 I SS?. ((:!.’a:}oli(m)) *[0.3] Exponentia[0 ]
SE-RM4 [0.5] S 34’2krrr|‘1) * Means constant slip rate
S3 (130km)
5 [0.3] W&C (1)+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90)  EHCOF-RM (190 km) /7 [04] 70° (Stop atManila interface) 0.3] <Truncated 0.5]
\__9 [0.3] &M (A)+0.240.3] ExponentiaJ '
1.2[0.2] )X&&M&‘H Y&C Char[0.5]
Seismogenic RV (90)  WHCOS-RM (19 km) 1.6 [0.6] 30" (branch fault off interface){V&C (A)+0.25[0.3] ,/ Truncated Jo 5
[0.5] \__2.4[0.2 ) Exponential
Non-Seismogenic ] \Y&M (A)+0.26).3]
[0.5]
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Ipengchun Fault System - Style of Faulting

Seismogenic  Style of Rupture Rupture Source Vertical Rate Fault Geometry Model
Probablility Faulting Model (Length) mm/yr Dip Seismogenic Depth
[SWHC, HC, CC]
RV (90) HC-RM CC+HC+SWHC (144 km) [0.4, 1,0.51[0.2] o
Seismogenic [0.4] CC+HC+HCO (140 km) [1.6,4,1.4][0.6] 60° (Stop at Manila interface)
RV/OB (45) CC+HC (117 km) [2.4,6,2.3](0.2]

‘ [0.6]

Hengchun fault with oblique component

(Chang et al., 2003)
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簡報者
簡報註解
資料來源雖顯示其為斜向，但角度卻不明確，故將權重設定為［RV (Rake:90)、RV/OB(Rake:45)］[0.4]、[0.6]
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Manila subduction interface - Geometry Model

Geometry
Model Branch Point (B)
(Case) / Interface 2(M) (Depth)
B:8 km / M:30km
Case 1 [0.5]
[0.4] \ B:8 km / M:50km
[0.5]
B:12 km / M:40km
Case 2 / [0.8]
[0.5] B:12 km / M:50km
[0.2]
Case 3 B:15 km / M:50km
[0.1] [1.0]

22

200

Geometry Model

We assumed that the dips of all faults are varied by interface
geometry.

Marine geophysical researches show the interface dipping from
shallow to steep. However, marine reflection seismic research
shows some faults have low angle thrust features in shallow part,
such as North Luzon back thrust fault (Reed et al., 1992). Case 2 is
the closest model to the surface of interface which is determined
from seismicity.

Thus, the weighting of Case 2 was given as [0.5] with high
confident. The Case 3 with steep fault dips is given lowest weight
[0.1] and Case 1 with shallow fault dipping is given higher weight
[0.4].
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. Manila Trench Fault  Structure System Offshore Fault  Fault Fault
Dip Depth L ;
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o 50 100 150 200 250 300
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“""""'""““ Fault  Struet System  Offshore Fault  Fault Fault
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= 104
Z 204
£ a0
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S aod
N21.96°
0 50 100 150 200 250 300
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簡報者
簡報註解
Case 2 is the basecase so we give it a weighting of [0.5].

In case 3, the fault plane angle is steeper and the depth fault is deeper than case 1, through the depth is less likely to that deep, we give it a weighting of [0.1] for Case 3. 


H@\gchun Fault System —
Geometry Model

Fault Geometry Model
Dip Seismogenic Depth

Case 1
[0.4]

60° (Stop at Manila
interface)

Case 2  75° (Stop at Manila

Geometry Model

[0.5] interface)

Case 3

75° (Stop at Manila
T 1205 )

[0.1] 121°

25 [

(32)3Iney noysoeyy

22.57

74
=]
E
. 5%3
22 S=®
%%
' -~
5% %
%.c ®
EACh
A NPP3 3
21_50:__:; NPP 20 km radius

Manila West Hengehun Hengchun East North Luzon North Luzon
Manila Trench Splay :]ffshnre Fault Hengehun  Backthrust  Strike Slip
. Fault Struct S Offshore Fault  Faul Fault
Dlp Depth au ructure System r 1t ault
gentle shallow_ ] ceser \ .
£ z
TI.‘- Z0m.
£ .JCase 1
5 40
N21.96 M=50
IR E 100 T150 200 T250 300
Manila West Hengchun Hengchun East North Luzon North Luzon
e Tea Splay Offsh Fault engchun  Backth Strike Slip
Manila Trench l-'I:lu.{I: Strl:ctc:.lrrct‘ S_\':rem EJF:"\Ilurr Fault ai";ul:‘u“ Fault I
9 case2
= 104 10
= 204 20
‘;: 30n Case 2 30
= aod N21.96° M=50
S0 L T i L L L L L L L L L L L L
0 50 100 150 200 250 300
Manila West Hengchun Hengehun East  North LuzonNorth Luzon
Manils Trench Splay Offshore Fault Hengehun Backthrust Strike Slip
Fault Structure System Offshore Fault Fault Fault
Y case3
- 10 L
_E 20w 1]
v \ A
= 30d an
steep deep £ .o Case 3
N21.96
S0 v T
0 50 100 150 200 250 300
TEM(2016 CGS LCI, Sinotech NCU T
) (2015)
Stop at
Depth p.
13-17 14-18 15-35 20 Manila
(km) :
interface
Dip (*) 70-80 | 45-70 45-75 50E 60 ~ 75 ~ 75
Vertical rate Oblique: 2-10
5.74-6.62 | 1.5-6.5 9 1-3 1/4/6.
(mm/yr) Reverse: 1-7



簡報者
簡報註解
資料來源雖顯示其為斜向，但角度卻不明確，故將權重設定為［RV (Rake:90)、RV/OB(Rake:45)］[0.4]、[0.6]


2 120.5° 121°
. 29 " | E—
Fault trace from reflection

{20) }nej noysoey)

22.5

e
290
232 2
=5 =
. ne S
22 o3
Z % %
T 5 e
. d‘é. c ©
> %
/\ NPP3 97
21*5.,{1_:3 NPP 20 km radius i



簡報者
簡報註解
中興公司，2012於恆春外海施做營運中核能電廠補充地質調查工作 時，發現恆春外海有兩個HT-I與HT*2斷層，期中HT-I為陸域恆春斷層的外海延伸段，因此滑移速率沿用陸域恆春斷層之滑移速率。HT-2斷層為SSHAC Level3之西南恆春斷層（Southwest Hengchun fault），其滑移速率之估算由所中興社2015發現之海底海階與末次冰期時濱面落差之總高度除以末次冰期其實間（1萬4千年-2萬年前）計算得出滑移速率。


120.5° 121°

Hengchun Fault System Rupture Rupture Source 5
Model (Length) a
- Rupture Model H
Rupture Source HC-RM CC+HC+SWHC (144 km) 3
CC+HC+HCO (140 km) =
CC+HC (117 km) 225 8
HC+HCO (63 km)
HC+SWHC (67 km)
SWHC (27 km)
CC (77 km)
HC (40 km)
HCO (23 km) 22

areaneg
 Taiwan

&

P 7
Left (restraining) step results s
in shallow backthrusts

It is unclear
if fault extends
to North at depth

!

W
<
Z SRR ach
[} \ and formation of
> fault- bounded
-3
%
\\ \ (From Lettis LCI, 2015)
N

Chaochou fault (CC)
9 Hengchun fault (HC)
9 Hengchun offshore fault (HCO)

Southwest Hengchun fault (SWHC) 17

4 "
— Kilometers




Slip rate data of Hengchun Fault

: Slip rate(mm/yr)
Reference Method Vertical rate(mm/yr) (Thrust fault assumed)
Chen and Liu, Marine terrace 6.0 6.5 (Dip 70)
1993 3.876.1 4.04~6.49(Dip 70)
Chenetal » 2006 | <™ reef;rflllii gat'”g and 5.9+ 0.1 6.17~6.39 (Dip 70)
Chenetal » 2010 | Coral reefs dating and Drilling 4.0~4.4 4.26~4.68 (Dip 70)
Sinotech » 2012 Drilling 1 1.41 (Dip 45)
Drilling 0.3-0.8 0.42~1.13 (Dip 45)
(Hu et al., 2015)
120.5° 121’
23 [ —
2
225° R
o
2%%
223
22° CAR
o 69 0.42-1.13 \| 047649 o
4.26~4.68 2 %%
HT-1: 41 km LL%
¢ (Sinotech, 2012) A NPP3 > id
21'50(_7) NPP 20 km radius



簡報者
簡報註解
恆春斷層陸域有東恆春與西恆春兩斷層，由胡植慶等（2015）所彙整出來的恆春斷層滑移速率，彙整過去對於恆春斷層的研究，包含斷層面傾角與垂直抬升速率。垂直抬升速率來自於海階定年、珊瑚礁定年及鑽井資料等估算出恆春斷層之長期滑移速率主要在0.42-6.7mm/yr 之間。西斷層的滑移速率相對較低，約為0.42-1.41mm/yr，恆春斷層的滑移速率約為4.0-6.7mm/yr。顯示目前的較為活躍的為東恆春斷層。詳細海階定年與鑽井見P20-P24。


Ipengchun Fault System — Slip Rate

Vertical Rate
mm/yr

[SWHC, HC, CC]
[0.4,1,0.5] [0.2]

[1.6, 4, 1.4] [0.6]

v

\ [2.4,6,2.3][0.2]

23° [

22.5°

(32)3Iney noyooey)

74
£8 0
23
T 6
. ag
22 =]
@ é
9%
S
A\ NPP3 54
21‘5"(__? NPP 20 km radius

Single source

(lager veftical rate)

[

|

Multi-sources

(smaller vertical rate)

\

CC+HC CC+HC+HCO CC+HC+SWHC HC+HCO HC+SWHC

Total cc HC  HCO SWHC
~ CC 14 » |O.8 0.3 0.2 0.1
Onshore -
. HC 4.0 » 2.2 0.3 0.2 0.1 1.0 0.2
- Hco | 40 B 2.8 0.2 1.0
Offshore
| swHC | 16 B |1.3 0.1 02 19



簡報者
簡報註解
Single source is more active than Multi-source.

Onshore Fault is more active than offshore fault.

If the source is more active, the weighting would be given higher.




I-pengchun Fault System — Slip Rate N )
= Slip rate data of each fault segments. §
= Tljudgment é"
— Large magnitude is directly proportional to fault length which follows the 29 5° ‘;r:‘
scaling law.
— Fault with longer/smaller length has longer/smaller returned period, r
smaller/larger (long term) slip rate.
—  Possibility of linked fault. (offset < 5km) %‘%%
= Slip rate allocation rule 22" 853
— Slip rate of Individual fault segments > whole fault zone
— Slip rate of high possibility of fault segment linkage > low possibility of é‘u@é;_
fault segment linkage ‘:’—%‘-’» %
— Slip rate of fault segment with smaller length > with longer length 215A :ﬁzom cadie %
Multi-sources

Single source
(lager veftical rate)

(smaller vertical rate)

\

[ \

Total CcC HC HCO SWHC CC+HC CC+HC+HCO CC+HC+SWHC HC+HCO HC+SWHC
Ccc | 14 g |O.8 0.3 0.2 0.1
Onshore S
| HC | 40 » 2.2 0.3 0.2 0.1 1.0 |02
- Hco | 40 B 2.8 0.2 1.0
Offshore
| swHC | 16 B |1.3 0.1 02 29



簡報者
簡報註解
Single source is more active than Multi-source.

Onshore Fault is more active than offshore fault.

If the source is more active, the weighting would be given higher.




23° I

Hengchun Fault System - Slip Rate

225 8
Vertical Rate .
mm/yr o
[SWHC, HC, CC] % o
HE
ey =
‘[0'41 11 0-5] [02] 29° fé% 3
I/[1.6, 4,1.4] [0.6]
2.4, 6,2.3][0.2] KN
3.2
/\ NPP3 (52
21’5“:’_ ) NPP 20 km radius
Rupture Chaochou fault Hengchun fault Hengchfuar:"ct)ffshore Southwis;ul;ltengchun
Source Rate(mm/yr)| % of total | Rate(mm/yr) | % of total |Rate(mm/yr)|% of total|Rate(mm/yr)|% of total
CC 0.8 57.14%
HC 2.2 55.00%
HCO 2.8 70.00%
SWHC 1.3 81.25%
CC+HC 0.3 21.43% 0.3 7.50%
IHC+HCO 1 25.00% 1 25.00%
|HC+SWHC 0.2 5.00% 0.2 12.50%
|CC+HC+HCO 0.2 14.29% 0.2 5.00% 0.2 5.00%
CC+HC+SWHC 0.1 7.14% 0.1 2.50% 0.1 6.25%
Totals 1.4 100% 4 100% 4 100% 1.6 100% ,




Hengchun Fault System - Max. Magn.

2
Rupture Source str;:; Length (km|Dip () PEPth (km| Area (km?) | W&C (L)}+0.25 | W&C (A)+0.25 | Y&M (A)+0.25
D1 A1 Mw Mw Mw

60 978

cC 77 75 1201 7.55 7.27-7.46 7.08-7.26
75 1576
60 644

HC 40 75 793 7.21 7.11-7.28 6.93-7.09
75 1000
60 426

HCO 23 75 552 6.90 6.95-7.12 6.78-6.94
75 663
45 399

SWHC 27 65 515 7.00 6.92-7.10 6.76-6.92
75 | oo 628
60 Mgﬁig 1622

CC+HC 90 (RV) 117 75 | 4ocelmant 1994 7.77 7.47-7.65 7.27-7.43
75 2576
60 1071

HC+HCO 63 75 1345 7.44 7.31-7.48 7.12-7.28
75 1663
60 1190

HC+SWHC 67 75 1438 7.48 7.35-7.51 7.15-7.30
75 1796
60 2049

CC+HC+HCO 140 75 2546 7.87 7.56-7.74 7.35-7.52
75 3239
60 2168

CC+HC+SWHC 144 75 2639 7.88 7.58-7.76 7.37-7.53
75 3372

22




Hengchun Fault System - Max. Magn.

2
Rupture Source Fsgjllfi :; Length (km]Dip () Depth (km| Area (km*“) | W&C (L)+0.25 | W&C (A)+0.25 Y&M (A)+0.25
D1 A1 Mw Mw Mw

60 978

CcC 77 75 1201 7.55 7.27-7.46 7.08-7.26
75 1576
60 644

HC 40 75 793 7.21 7.11-7.28 6.93-7.09
75 1000
60 426

HCO 23 75 552 6.90 6.95-7.12 6.78-6.94
75 663
45 399

SWHC 27 65 515 7.00 6.92-7.10 6.76-6.92
75 S 628
60 I\/Eﬁig‘ 1622

CC+HC 45( RV/OB) 117 75 1994 7.77 7.47-7.65 7.27-7.43

docellment

75 2576
60 1071

HC+HCO 63 75 1345 7.44 7.31-7.48 7.12-7.28
75 1663
60 1190

HC+SWHC 67 75 1438 7.48 7.35-7.51 7.15-7.30
75 1796
60 2049

CC+HC+HCO 140 75 2546 7.87 7.56-7.74 7.35-7.52
75 3239
60 2168

CC+HC+SWHC 144 75 2639 7.88 7.58-7.76 7.37-7.53
75 3372
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West Hengchun Offshore Structure




Investigation data of West Hengchun offshore

Structrue Fault Parameters

Geologic cross-section

Tectonic sequence
stratigraphy

Balanced cross section

Drilling boreholes

Earthquake surface
rupture

Exploratory trenching

Terrace dating

Seismic profile

Resistivity Image Profile

D-InSAR or PS-InSAR

Satellite image
interpretation

Aerial photo
interpretation

Aftershock distribution

Seismicity cross sections

Focal mechanism solution

Seismic tomography

GPS coseismic slip

GPS block model
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Southern primary faults & Manila subduction interfacem

Seismogenic Style of Rupture Rupture Source Vertical Rate Fault Geometry Model Magnitude Distribution Model
Probablility Faulting Model (Length) (mm/yr) Dip Seismogenic Depth Max. Magn. Magnitude pdf
(0.4, 1,0.5][0.2] W&C (1)+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90) HC-RM CC+HC+SWHC (144 km) /1.6, 4,1.41[0.6] 60 "(Stop at Manila interface) AV&C (A)+0.25[0.3] /" Truncated JO 5]
0.4] CC+HC+HCO (140 km) \ (A) 3] \Exponential
RV/OB (45) CC+HC (117 km) -4,6,2.3](0.2] | vam{aRo.2)3] MR
[0.6] HC+HCO (63 km) Tl Smich  System Offhere Tasl Fanl
HC+SWHC (70 km) [SWHC, HC, el .1
SWHC (27 km)
CC (77 km)
Hc (40 km) = — 5 s 200 25( f 0
HCO (23 km) 0 50 100 150 50 3
4* [0.3] N wﬁﬂmlﬂ Y&C Char[0.5]
Seismogenic RV/OB (45) NLSSF-RM (216 km) /_g*[0.4]  70° (StopatManilainterface)fygc (a)+0.25[0.3] " Truncated f0.5]
\_8*[03] \Y&M (a)+0.28).3] \Exponential
5* [0.3] WI_L)_L&C L1+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90) _ NLBF-RM (593 km) ( 8¥[04] 357 (StopatManilainterface)fygc (4)+0.25[0.3] ¢ Truncated g s
\__12*[0.3] &M (A)+0.280.3] Exponentia[
MSE-RM1 [0-1] $1+52+53 (484 km)
Seismogenic RV (90) /MsF-RM2 [0-2], 52§153‘3( 25'5’?(’,“) 4% [0.3] (Stop at Manila branch WS&C (1)+0.25[0.4]  ygc char|0.5]
_Rm3 [0.2]  S1+52(354 km) ox[04] 11" point (8 km) Truncated 1)
SF-RM3 | SS?. ((:!.’;-’Soli(m)) *[0.3] Exponentia[0 d
SE-RM4 [0.5] ¥ 3i!2krrrl‘1) * Means constant slip rate
3 (130km)
5 [0.3] W&C (1)+0.25[0.4]  ygc char[0.5]
Seismogenic RV (90)  EHCOF-RM (190 km) /7 [04] 70° (Stop atManila interface) 0.3] ¢ Truncated ( 51
\ 9 [0.3] &M (A)+0.240.3] ExponentiaJ '
1.2(0.2] )X&&M&A] v&C Char[0.5]
Seismogenic RV (90)  WHCOS-RM (19 km) 1.6 [0.6] 30" (branch fault off interface){V&C (A)+0.25[0.3] ,/ Truncated Jo 5
[0.5] 2.470.2 \ (A) ) Exponential
Non-Seismogenic ] Yam (A):0.20.3]
[0.5]
West Hengchun Offshore Structure 26




West Hengchun Offshore Structure- Seismogenic Probablility

Seismogenic Style of Rupture Rupture Source Vertical Rate Magnitude Distribution Model
Probablility Faulting Model (Length) mm/yr Max. Magn. Magnitude pdf
1.2 [0.2]
WeC (1)+0.25 [0.4]  ygc char[0.5]

Seismogenic |RV(90)  WHCOS-RM (19 km) / 16 106] / waciar0.25[0.3] Truncated

[0.5] Exponential0.5]

\ : _ 2.4 [0.2] \_Y&M (A)+0.25 [0.3] \EXP

on-Seismogenic

[0.5]

Seismogenic [0.5]

Non-Seismogenic [0.5]

Legend
— CGS, 2012
TEM, 2016

—— NCU, 2002
West Hengchun offshore structure

(TEM, 2016)

There is no obvious thrust fault

on reflection seismic profiles.

sSwW [ MCS994-12 . NE

TWTT(s)

Fangliao
Ridge [~

Mud Diapir of the
southern of Taiwan

e
/'1 Kaohs “"‘j
}J 4 B %
7 ’ /:Zn
4 ishet I
& e

| From C.S. Liuin TI-Team
Meeting as mini workshop.

(S. C. Chen, 2613)
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Manila subduction interface - Geometry Model

Geometry
Model Branch Point (B)
(Case) / Interface 2(M) (Depth)
B:8 km / M:30km
Case 1 [0.5]
[0.4] \ B:8 km / M:50km
[0.5]
B:12 km / M:40km
Case 2 / [0.8]
[0.5] B:12 km / M:50km
[0.2]
Case 3 B:15 km / M:50km
[0.1] [1.0]

22

200

Geometry Model

We assumed that the dips of all faults are varied by interface
geometry.

Marine geophysical researches show the interface dipping from
shallow to steep. However, marine reflection seismic research
shows some faults have low angle thrust features in shallow part,
such as North Luzon back thrust fault (Reed et al., 1992). Case 2 is
the closest model to the surface of interface which is determined
from seismicity.

Thus, the weighting of Case 2 was given as [0.5] with high
confident. The Case 3 with steep fault dips is given lowest weight
[0.1] and Case 1 with shallow fault dipping is given higher weight
[0.4].

Manila West Hengehun Hengehun Fast North Luzen North Luzon
Splay Offshore Fault Hengehun  Backthrust  Strike Slip
. Manila Trench Fault  Structure System Offshore Fault  Fault Fault
Dip Depth L ;
9 case 1
gentle shallow EB
g
2 204
=
2 sod
=] 0
N21.96°
s
o 50 100 150 200 250 300
Manila West Hengchun Hengehun  East  North Luzon North |
' Splay  Offshore Fault  leogebun Backtbrust Strike Slip
“""""'""““ Fault  Struet System  Offshore Fault  Fault Fault
9 case2
= 104
Z 204
£ a0
£
S aod
N21.96°
0 50 100 150 200 250 300
Manila West Hengchun Hengchun  Fast  North LuzonNorth Luzon
Manila Trench Splay  Offshare Fault  Hengehun Backthrust Strike S
1 Fault  Structure  System Offshore Fault Fault Fault
TWHC 0C0
" case s Bkm
= 104
2 20
v \/ S
g
2 B
N21.96 =50
steep deep o 50 100 200 250 )& 300

150
Distance (km)



簡報者
簡報註解
Case 2 is the basecase so we give it a weighting of [0.5].

In case 3, the fault plane angle is steeper and the depth fault is deeper than case 1, through the depth is less likely to that deep, we give it a weighting of [0.1] for Case 3. 


\A@Lt Hengchun Offshore
Structure — Geometry Model

Fault Geometry Model
Dip Seismogenic Depth

Case 1
[0.4]

30° (branch fault off interface)

Case 2
[0.5]

40° (branch fault off interface)

Case 3
[0.1]

50° (branch fault off interface)
121°

120.5°

25 [

22.57

(32)3Iney noysoeyy

74
=]
B3
. 522
22 S=®
% %%
G %
%.c ®
CARC
/A NPP3 S
21_50:__:; NPP 20 km radius

Geometry Model

Manila West Hengehun Hengchun East North Luzon North Luzon
Manila Trench 3;_|1I:|]; ::rfshtnre _I-‘null lrII|h|I“u-‘.-h|“-“ | Blcl'rkllllr'usl .‘\[lli.lju-:]fl;
Dip Depth L _‘,_\s[(‘lll shore Fau an an
gentle shallow_ ] ceser \ .
£ I
TI.‘- 20
z ,JCase 1
iR PR M=50
o 50 T100 T150 "200 T250 "300
Manila West Hengchun Hengchun East North Luzon North Luzon
Manila Trench Splay Offshore Fault Hengchun  Backthrust Strike Slip
Fault Structure System Offshore Fault  Fault Fault
o Case 2 \
E‘- 10 10
-‘.E. Z0~ 20
;_ 30 Case 2 a0
%Y N2t.os M=50
0 S50 " 100 150 1200 T250 300
Manila West Hengchun Hengehun East  North LuzonNorth Luzon
Manils Trench Splay Offshore Fault Hengehun Backthrust Strike Slip
Fault Structure System Offshore Fault Fault Fault
" Case3
vy ;
steep deep & sos &ﬂée 3
% 50 100 150 200 250 300
TEM Tl
(2016)
Depth 12-16 6 km Down to South West
(km) Hengchun Fault (SWHC)
0 to 6.5~7.5 km: 60° Case 1: branch fault off interface 30°
Dip (") 6.5~7.5t09~11 km: 45" | Case 2: branch fault off interface 40"
9~11t0 11.8~15.8 km: 30" | Case 3: branch fault off interface 50
Vertical rate
1.2/1.61/2.38 1.2/1.61/2.38
(mm/yr) 29



簡報者
簡報註解
資料來源雖顯示其為斜向，但角度卻不明確，故將權重設定為［RV (Rake:90)、RV/OB(Rake:45)］[0.4]、[0.6]


West Hengchun Offshore Structure - Slip Rate

Seismogenic Style of Rupture Rupture Source Vertical Rate Magnitude Distribution Model

Probablility Faulting Model (Length) mm/yr Max. Magn. Magnitude pdf

1.2 [0.2]

W&C (L}+0.25 [0.4]  ygc Char[0.5]

Seismogenic RV (90) WHCOS-RM (19 km) 1.6 [0.6] _/ W&C (A)+0.25 [0.3] ./ Truncated
[0.5] Exponential0.5]

i . 2.4 [0.2] \_Y&M (A)+0.25 [0.3]
Non-Seismogenic

[0.5]

23

22.57

22

B The middle branch is derived from measurement and the weighting is given

to [0.2] [0.6] [0.2].

120.5°

(92)3jney naysoeyy

74
w o
223
%3
5.8
% %.%
T % e
2. c ®
CARC
A NPP3 54
) NPP 20 km radius
T —

121

9~11to 11.8~15.8 km: 30"

TEM
Ti
(2016)
Depth 12-16 6 km Down to South West
(km) Hengchun Fault (SWHC)
0 to 6.5~7.5 km: 60° Case 1: branch fault off interface 30°
Dip (") 6.5~7.5t09~11 km: 45" | Case 2: branch fault off interface 40°

Case 3: branch fault off interface 50°

Vertical rate
(mm/yr)

1.2/1.61/2.38

1.2/1.61/2.38
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West Hengchun Offshore Structure - Max. Magn.

Rupture Source Vertical Rate Magnitude Distribution Model
Max. Magn. Magnitude pdf

Seismogenic Style of Rupture
Probablility Faulting Model (Length) mm/yr

1.2 [0.2]
W&C (1)+0.25 [0.4]  ygc Char 0.5]
Seismogenic RV (90) WHCOS-RM (19 km) 1.6 [0.6] WaC (A)+0.25 [0.3] < Truncated

< [0.5] \ 2.4 [02] Y&M (A)+0.25 [0.3] \Exponentiai0.5]

Non-Seismogenic
0.5 ] 120.5° 121°
[ ] 23’ T

Fault Geometry Model
Dip Seismogenic Depth

Case 1 30°(branch fault off interface)
225°

(32)3ines noyooeyy

[0.4]
o
Case 2 40°(branch fault off interface)
[0.5] e
Case 3 s50° (branch fault off interface) 22 2538
[0.1]
/A NPP3 Cr
21'5“.‘ ) NPP 20 km radius
West Hengchun | Style of |Length| . Depth (km) (ﬁ‘;?;‘) W&C (L)+0.25| W&C (A)+0.25 | Y&M (A)+0.25
Offshore Structure | Faulting | (km) D1 A1 M1 M1 M1
30 | Case 1 (downtoSWHC) | 535 7.04 6.87
L1 90 (RV) | 19 | 40 | Case 2 (downto SWHC) | 526 6.82 7.03 6.86
50 | Case 3 (downtoSWHC) | 617 7.09 6.92




Thank you
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Node: Slip Rate Cumulative geologic slip rate across the entire southern region

WS 2 Manila Trench % Manila Splay % | Other Faults (%) Total slip rate Other Faults include West Hengchun
(mm/yr) Fault (mm/yr) (mm/yr) Offshore Structure, Hengchun Fault, East
8 4 62 31.60 Hengchun Offshore Fault, North Luzon
Case 1 10| 16-25 6/ 10-13 70 54.18 Backthrust Fault, North Luzon Strike Slip
12 8 73 74.77 Fault, Soutwest Hengchun Fault.
8 4 62 31.74
Case 2 10/ 17-25 611-13 69 52.21“ B The slip rate of Manila
L : iz LIS trench accounts for 20-30
8 4 58 28.50 .
Case 3 10| 19-28 6/ 13-14 66 46.80 percent of the slip rate of
12 3 69 63.70 southern region of Taiwan.
. . . B Consider the plate
WSH 3 Manila Trench % Manila Splay Other Faults (%) Total slip rate convergence rate
(mm/yr) Fault (mm/yr) (mm/yr) ] .
3 4 63 3230 (86/mm/yr) Modify the slip
Case 1 14] 23-25 912-16 63 62.10 rate of manila trench and
24 15 59 R \\/M# 3 splay fault.
8 4 61 30.80
Case 2 14| 24-27 9/13-17 60 57.90
2; 12 Zg 23'18 B Modify the slip rate of
Case 3 14] 25-28 9 13-18 59 55.90 manila trench.
24 15 55 85.80
Manila Trench Manila Splay Total slip rate
WM# 3 —— % ==/t () 9 Other Faults (%) " »
8 4 63 32.30
Case 1 14]22-25 9/12-15 63 62.10
20 15 62 91.20
8 4 61 30.80
Case 2 14| 24-26 9/13-18 60 57.90 WSH2 12 10 8
20 15 59 84.70
8 4 60 30.10 WM#3 20 14 8
Case 3 14| 24-27 9/13-18 59 55.90
20 15 57 180 L_WoH3 A L 8 33




Node: Slip Rate Cumulative geologic slip rate across the entire southern region

WS# 2

Manila Trench

%

Manila Splay

0,

Other Faults (%)

Total slip rate

Other Faults include West Hengchun

(mmy/yr) Fault (mm/yr) (mm/yr) Offshore Structure, Hengchun Fault, East
8 253 4 12.7 62.0 31.60 Hengchun Offshore Fault, North Luzon
Case 1 10 18.5 6 111 70.5 54.18 Backthrust Fault, North Luzon Strike Slip
12| 16.0 8 10.7 733 74.77 Fault, Soutwest Hengchun Fault.
8| 25.2 4 12.6 62.2 31.74
Case 2 10, 19.2 6| 11.5 69.4 52.21
12| 16.8 8| 11.2 72.1 71.63 VIVASS:
8| 28.1 4 14.0 57.9 28.50 m
Case 3 10, 21.4 6| 12.8 65.8 46.80
12| 18.8 8| 12.6 68.6 63.70 Consider the pIate
WM 3 Manila Trench % Manila Splay % Other Faults (%) Total slip rate convergence rate (86/mm/yr)
(mm/yr) Fault (mm/yr) (mm/yr) Modify the slip rate of
8 248 4 12.4 62.8 32.30 manila trench and splay fault.
Casel 14f 22.5 9| 14.5 63.0 62.10
20 21.9 15| 16.4 61.6 91.20
8 26.0 4/ 13.0 61.0 30.80 WM# 3
Case 2 14 24.2 9| 15.5 60.3 57.90
20 23.6 15| 17.7 58.7 84.70 , ,
8 266 4 133 60.1 30.10 Modify the slip rate
Case 3 14 25.0 9 16.1 58.9 55.90 of manila trench
200 24.4 15| 18.3 57.2 81.80
Manila Trench Manila Splay Total slip rate
WSi 3 (mm/yr) % Fault (mm/yr) % Other Faults (%) (mm/yr) WSH# 3
8| 24.8 4 12.4 62.8 32.30
Case 1 14/ 22.5 9 14.5 63.0 62.10
24| 25.2 15| 15.8 59.0 95.20
8| 26.0 4 13.0 61.0 30.80
Case 2 14 24.2 9| 15.5 60.3 57.90
24| 27.1 15| 16.9 56.0 88.70 b 12 - s
8| 26.6 4 13.3 60.1 30.10| | WM#3 20 14 8
Case 3 14f 25.0 9| 16.1 58.9 55.90
24/ 28.0 15 17.5 54.5 85.80| |_WS#3 24 14 834




Geometry of Southern Taiwan Faults is associated with Manila interface

Manila West Hengchun Hengchun East North Luzon North Luzon
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Fault geometry -West Hengchun Offshore Structure
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Fault geometry -West Hengchun Offshore Structure N
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