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Han-Kyung Bae and Hee-Kwon Lee, 2016, Quaternary activity patterns of the Wangsukcheon Fault in the
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ABSTRACT: We investigated spatial and temporal patterns of Quaternary fault activities of the Wangsukcheon
Fault developed in the Pocheon-Namyangju area, using ESR dating method. The Wangsukcheon Fault is a major,
80-km-long, NNE-striking, dextral strike-slip fault in Gyeonggi-do, Korea. The fault is composed of a fault core
and zones of damaged host rocks. The fault core consists of 3.2 m-thick fault gouge layer bounded fractured biotite
gneiss. The NW-fault plane developed between fault gouge and damage zone strikes N41°E and dips 80°SE, SE-fault
plane strikes N43°E and dips 81°SE. Some subsidiary faults including R-shear, R’-shear, P-shear and Y-shear were
developed in the damage zone. ESR dates from the fault core and subsidiary faults range from 960 ka to 210 ka.
A SW-NE migration of fault activities along the strike of the fault appears to have occurred. The results show
temporal clustering within active period, analogous to those seen in historic and Holocene earthquake fault
activities. Although, the Wangsukcheon Fault was formerly considered to be an exhumed ancient fault, results
of this study suggest that the long-term cyclic fault activities along the fault continued into the Quaternary period.

Key words: Wangsukcheon Fault, fault gouge, fault core, ESR dating, Quaternary pattern of fault activities

(Han-Kyung Bae and Hee-Kwon Lee, Department of Geology, Kangwon National University, Chuncheon 24341,
Republic of Korea)
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Fig. 1. Geological map of the study area showing the locations of sampling sites (A, B, C and D) along the
Wangsukcheon Fault (modified from Kim ez al. (1981), Kee ez al. (2005), Koh and Song (2005) and Lee et al. (2006)).
The intrusive contacts of biotite granite show dextral offset of about 1.5 km in the red rectangle.
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Fig. 2. Stereo plots of subsidiary faults in the damage
zone of the Wangsukcheon Fault. (a) Faults in the ori-
entation of Y-shear, (b) Faults in the orientation of
P-shear, (c) Faults in the orientation of R-shear, (d)
Faults in the orientation of R'-shear.
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Fig. 3. Outcrop photographs of subsidiary faults at site A. (a) P-shear plane, sampling location (yellow box) and
ESR age of WS17, (b) Y-shear, sampling location (yellow box) and ESR age of WS18.
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Fig. 4. Outcrop photographs of subsidiary faults at site B, (a) Y-shear cut the R'-shear (dotted red lines show each
subsidiary fault planes). Sampling locations (yellow boxs) and ESR ages of WS16-1 and WS16-2, (b) Dotted red
line is Y-shear fault plane. Sampling location (yellow box) and ESR age of WS16-3, (c) Dotted red line is R-shear
fault plane. Sampling location (yellow box) and ESR age of WS16-4, (d) R'-shear fault plane and P-shear fault plane
(dotted red line). Sampling locations (yellow box) and ESR age of WS16-5.
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Fig. 5. Outcrop photographs of subsidiary faults at site C, (a) Dotted red lines are P-shear fault planes. Sampling
location (yellow box) and ESR age of WS2, (b) R'-shear plane with slickenlines, (c) Y-shear fault plane. Sampling
location (yellow box) and ESR age of WS4, (d) Y-shear plane with slickenlines.
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Fig. 6. Outcrop photographs of fault core and subsidiary faults of the Wangsukcheon Fault at site D, (a) Fault core
showing sampling locations (yellow boxs) and each ESR ages, (b) Fault plane with slickenlines, (c) Boundary fault
plane between fault gouge and damage zone, (d) Relics of light fault gauge within dark fault gauge. Sampling loca-
tions (yellow boxs) and ESR ages of WS22-8 and WS22-10.
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Fig. 7. Outcrop photographs of subsidiary faults in the damage zone of the Wangsukcheon Fault at site D. (a) Boundary
fault plane between damage zone (left side) and fault gouge zone (right side). (b) Close-up photograph of boundary
fault plane showing sampling location (yellow box) and ESR age of WS22-7. (c) and (d) Subsidiary faults in the
damage zone of fault (dotted red lines show each subsidiary fault planes). Note that fault gouge samples of WS22-7
is separated by about 20 m along the strike from fault gouge smples of WS22-8 and WS22-10 in Fig. 6d.
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Table 1. Amounts of U, Th, K for each sample of Wangsukcheon fault gouges. *WS 22 is average of all samples
of fault gouge collected from site D.

Sample U (ppm) Th (ppm) K (%) Sample U (ppm) Th (ppm) K (%)
WS 2 2.54+£0.04  1541+049  2.80+0.02 | WS 22-1 1.16+0.02 7.51£0.16  2.12+0.02
WS 4 3.05+0.05  25.74£0.59  2.53+£0.02 | WS22-2 1.80+£0.02  11.06£0.27  2.93+0.02

WS 16-1  4.45+£0.06 3036039  4.35+0.03 | WS 22-3 1.31+£0.02  10.17+0.22  2.90+0.02
WS 16-2  4.66+£0.05 29.43+037  5.54+0.03 | WS 22-4 1.48+0.02  10.7120.25  2.74+0.02
WS 16-3  6.88+0.07  55.44+0.60  5.00+£0.03 | WS22-5 2.06+£0.03  20.97x026  2.84+0.02
WS 16-4  6.89+0.08  41.28+0.50  5.24+0.03 | WS 22-6 1.69+£0.03  12.74+025  3.34+0.02
WS 16-5  4.33£0.05  2694+033  3.91+0.02 | WS22-7 1.45+£0.02  13.27+0.25  2.72+0.02
WS 17 4.244+0.05  23.87+039  5.10+0.03 | WS 22-8 1.00+0.02 9.11£0.15 3.21£0.02
WS 18 3.96+0.05  34.74£0.43  5.19+£0.03 | WS 22-10  1.54+0.02 10.7£0.24  2.85+0.02
*WS 22 1.50+£0.02  11.80+0.23  2.85+0.02

Table 2. Analytical data for ESR dating of Wangsukcheon fault gouge in study area. Weighted mean is calculated
from the ESR ages within the plateau (shown as rectangle in column of ESR age) and the values have been rounded up.

Sample Gr?:frlns)lze Center DE (Gy) (Egij;:;i) ES(Iliaz;ge r\rﬁgﬁl}fs)
WS 2B 25-45 E' 2025+598 34514290 586+179
ws2C 45-75 E' 2646+293 3361+281 787+109
WS 2B 25-45 Al 1648+471 34514290 477+142 520+110
WS 4B 25-45 Al 4541+1361 4766+389 9524296 960150
WS4 C 45-75 Al 4465+714 4648+378 960+172
WS 16-1 B 25-45 E' 18354390 6229+523 294+67 20050
WS 16-1 C 45-75 E' 1641+454 6065+£507 270+87
WS 16-2 B 25-45 E' 2612+428 7173+608 364+67
WS 16-2 C 45-75 E' 3180+980 6982+589 455+145 18050
WS 16-2 B 25-45 Al 2743+893 7173+608 382+128
WS 16-2 C 45-75 Al 2622+728 6981589 375+109
WS 16-4 B 25-45 E' 2245+646 8098+676 277+83
WS 16-4 C 45-75 E' 2278+159 78431653 290+31
WS 16-4 D 75-100 E' 2031+266 7671+£635 264+41 290+20
WS 16-4 E 100-150 E' 2238+286 7406+609 302445
WS 16-4 F 150-250 E' 2266+325 6954+567 325453
WS 16-5 B 25-45 E' 1221+171 5644+474 216+35 220+40
WS 16-5C 45-75 E' 1624+84 5496+458 295+28
WS 16-5D 75-100 E' 1813237 5346+444 342+52
WS 16-5 E 100-150 E' 1107+140 5158+426 323487
WS 16-5F 150-250 E' 16574237 4838+396 342+56
WS 16-5 B 25-45 Al 1781+199 5645+474 315444
WS 16-5C 45-75 Al 2199+169 5497+458 385+44
WS 16-5D 75-100 Al 2282+197 5347+444 42651

WS 16-5E 100-150 Al 2065267 5160+426 400+61
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Table 2. continued.

Sample Gr?:lrllns)lze Center DE (Gy) (Eg;e/;s;i) ES(lliaa;ge H\?;ealﬁléff)
WS 17B 25-45 E' 17784314 6399+546 277+54 280+50
WS 17C 45-75 E' 2266640 6227+528 363+107
WS 17D 75-100 E' 2111+368 6051+£510 348+67
WS 17B 25-45 Al 2169+170 6399+546 338+39
WS 17C 45-75 Al 38224896 62294528 613+152
WS 18 B 25-45 E' 14934244 7065+595 211+38 210+40

WS 22-1B 25-45 E' 1740+169 33594290 518+67

WS 22-1C 45-75 E' 1663+£225 32674281 509+70 530+40
WS 22-1D 75-100 E' 1737+169 31754271 547+70

WS 22-1B 25-45 Al 2290+303 33604290 681+107

WS 22-2 B 25-45 E' 1516+191 3389+292 447+68 490260
WS 22-2C 45-75 E 1710+296 3297+282 518+100

WS 22-3 B 25-45 E' 2008+154 32144278 624+72

WS 22-3C 45-75 E' 1940+£219 3126+269 620+88 630+50
WS 22-3D 75-100 E' 1980+181 30354260 652481

WS 22-3B 25-45 Al 2313+787 3214+£278 7194252

WS 22-3C 45-75 Al 25074423 31274269 801+151

WS 22-3D 75-100 Al 35274461 30394260 1160+181

WS 22-3E 100-150 Al 3498+768 29264247 1195281
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Table 2. continued.
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Fig. 8. Growth curves of ESR signals for WS17 and
WS18.

1500 1500

Signal WS17 Signal WS18
o—o—aF" (#—e—aE'

7 (m—m—mai 1
1000 1000
T k)
= =
1 1
> > |
& &
4 4
7] 7
W 500 o W 500

1 1 [ ]

L T T 0 T
a) 0 50 100 150 b) 0 50 100
Grain Size(micrometer)

Grain Size(micrometer)

Fig. 9. ESR ages vs. grain sizes for WS17 and WS18.
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Fig. 10. Growth curves of ESR signals for WS16.
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Fig. 11. ESR ages vs. grain sizes for WS16.
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Fig. 12. Growth curves of ESR signals for WS2 and WS4.
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Fig. 13. ESR ages vs. grain sizes for WS2 and WS4.
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Fig. 14. Growth curves of ESR signals for WS22-1 and
WS22-2 in NW-fualt plane between demage zone and
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Fig. 15. ESR ages vs. grain sizes for WS22-1 and
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Fig. 16. Growth curves of ESR signals for WS22-3 and
WS22-4 in fault core.
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Fig. 17. ESR ages vs. grain sizes for WS22-3 and
WS22-4 in fault core.
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Fig. 19. ESR ages vs. grain sizes for WS22-5, WS22-6,
WS22-7, WS22-8 and WS22-10 in SE-fualt plane be-
tween demage zone and fault core.
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Fig. 20. Sampling locations (yellow boxs) and each
ESR ages in the core of the Wangsukcheon Fault at site
D. Dotted red lines show each fault planes.
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Fig. 21. Temporal activity pattern of the Wangsukcheon
Fault in the Pocheon- Namyangju area.
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Fig. 22. Spatial activity patten of the Wangsukcheon Fault in the study area. (a) about 960 ka years ago, (b) about
630 ka years ago, (c) about 490~530 ka years ago, (d) about 380~430 ka years ago, (¢) 280~290 ka years ago, (f)

about 210~220 ka years ago. For explanation, see text.
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