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Ji-Min Choi and Hee-Kwon Lee, 2020, Evolution and space-time activity patterns of the Kenamwang fault
at Girin-myeon, Inje-gun, Gangwon-do. Journal of the Geological Society of Korea. v. 56, no. 4, p. 425-452

ABSTRACT: We investigated two outcrops of fault core of the Keumwang fault discovered in the study area at
the Girin-myeon, Inje-gun, Gangwon-do. The 23 m thick fault core which is composed of fault breccia dominated
zones and fault gouge dominated zones occurs in cataclasite derived from Jurassic biotite granite. Structural
evolution of fault core generated from cataclasite was revealed by structural characteristics and Quarternary fault
activity was studied by ESR dating of fault gouge. Structural evolution of the Keumwang fault in the study area
was studied by characteristics of fault rocks, orientations of shear surfaces and foliations developed within the
fault core. At the first stage, there occur fracturing, rolling and sliding of rock fragments past one another. As such
rock fragments are displaced, the space between them increases, and then the gouge material filled those space.
Moreover, frictional sliding of particles past one another increased roundness of rock fragments. At the second
stage, development of sidewall bands of fault gouge were dominantly formed by frictional wear. Frictional wear
process was dominated which include brittle shearing of asperities, sidewall cracking, plucking, cataclastic flow
and grain comminution. The shear strain is localized and discrete shear surfaces and fault gouge bands are developed
within the breccia dominated layers. Penetrative foliations are developed by the preferred orientation of clay
minerals in the gouge dominated layers. ESR dates from both two fault cores and three subsidiary faults range
from 510 to 210 ka and has five active periods within the Quaternary period. We suggests that the fault gouge
collected boundary between fault core and host rocks of cataclasite appear to activated repeatedly during active
periods. However, we could only determine the ESR age of last movement (210 ka) which is consistent from Inje-gun
to Seoraksan area.
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Fig. 1. Distribution of Cretaceous strike-slip faults and
sedimentary basins (black areas) in the Korean Peninsula
(modified from Chough and Sohn, 2010; Ryang, 2013).
Red lines represent Kongju fault system and black box
represents this study area located at the northeastern end
of the Keumwang fault.
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Fig. 2. Different categories of shear surfaces to the
main-fault plane in the dextral (a) and sinistral (b) slip
movements (modified from Rutter et al., 1986).
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Fig. 3. (a) Geological map of the study area (modified from Kim et al., 1975; Kee et al., 2010). Red solid lines indicate
the trace of the Pillye and the Keumwang fault, developed in the study area. (b) DEM image of the study area with
an azimuth of 315° and altitude of 45°. Red solid lines indicate the trace of the Pillye and the Keumwang fault. Red
points indicate two locations of fault core (Location A & B) and yellow points indicate three locations of subsidiary

fault (Location a, b & ¢) in the Keumwang fault.
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el THAHCTI)S =5 Ao ezt g (cast)o] 71do] ol Fele BAAHAY 4b,
Yol G, W Aol At gl o3 AA 4o BEHS N ATE BN wet 67l PR
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Boundary fault plane Boundary fault plane
N32°E/88°'NW N20°E/86°NW _\

FG1 FB2 [FG2[FB3

a CT Cataclasite  FB Fault breccia dominated zone ~ [FG Fault gouge dominated zone

Fig. 4. (a) Schematic diagram of map view of the fault core at location A. (b) Outcrop photograph of foliated cataclasite
at CT1. (c) Microphotograph image of cataclasite at CT1. (d) Outcrop photograph of fault breccia dominated layer
at FB1. (e) Outcrop photograph of sheath fold at FG1. (f) Outcrop photograph that dark gray gouge cut by sinistral
movement at FG1. (g) Outcrop photograph of fault breccia dominated layer at FB2. (h) Outcrop photograph of fault
gouge dominated layer at FG2. (i) Outcrop photograph that dark gray fault gouge cut by dextral movement at FG2.
(j) Outcrop photograph of fault breccia dominated layer at FB3. (k) Outcrop photograph of fault gouge dominated
layer at FG3. Symbols: Qtz=Quartz, MTX=Matrix, PI=Plagioclase, B=fault breccia, G=fault gouge.
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Fig. 6. Stereonet showing (3-plot of sheath fold at FG1
in location A. The input data are from both limbs of the
sheath fold. The black point is 3-axis.
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Table 1. Concentrations of U, Th and K for each sample of fault cores (location A & B) and subsidiary faults (location
a,b&c).

Location Sample U (ppm) Th (ppm) K (%)

IMO048-1 8.09+0.22 42.45+0.67 3.72+0.04

JMO0438-2 3.89+0.14 34.46+0.68 5.34+0.05

IMO048-3 3.46+0.19 35.15+0.73 0.43+0.06

IM048-4 3.10+0.18 27.18+0.82 6.32+0.06

IMO048-5 3.00£0.15 31.91+0.55 5.17+0.05

IMO048-6 2.37+0.13 25.45+0.60 4.57+0.04

A IM048-8 3.41+0.19 27.87+0.65 5.15+0.06
JMO048-9 4.14+0.19 29.17+1.06 5.32+0.06

IMO048-11 1.90+0.09 19.32+0.46 3.57+0.04

IMO048-12 2.86+0.15 23.36+0.57 3.51+0.04

IM048-13 5.00+£0.18 25.63+0.51 5.13+0.05

JMO048-18 7.11£0.32 31.04+0.87 4.83+0.05

IMO048-24 2.42+0.12 26.44+0.69 5.23+£0.06

IMO021-5# 2.64+0.09 21.05+0.43 3.49+0.03

IMO021-6# 2.36+0.08 19.34+0.34 3.41+0.03

IMO021-7# 2.57+0.08 24.32+0.58 2.944+0.03

IMO021-8# 2.4540.05 18.95+0.37 3.10+0.03

IMO021-9# 3.96+0.10 21.43+0.34 3.66+0.03

IMO021-10# 4.39+0.06 10.14+0.31 3.80+0.03
IMO21-11# 4.2440.10 12.48+0.32 3.23+0.03
IMO021-12# 2.93+0.09 11.43+0.30 3.30+0.03
IMO021-13# 3.60+0.10 25.66+0.45 3.32+0.03
IMO21-14# 3.51+0.07 24.22+0.41 3.34+0.03

B IMO021-15# 2.40+0.09 23.18+0.45 2.94+0.03
IMO021-16# 3.08+0.11 19.79+0.49 3.22+0.03
IMO21-17# 3.28+0.08 15.88+0.40 2.774+0.03
IMO021-184# 2.27+0.10 17.5340.45 3.06+0.03
IMO021-20# 1.65+0.06 18.19+0.56 3.10+0.03
IMO021-31# 4.06+0.11 32.88+0.74 3.51+0.03
IMO021-32# 4.04+0.14 38.10+0.62 3.21+0.03
IMO021-33# 1.79+0.12 11.35+0.37 3.21+0.03
IMO021-34# 3.17+0.12 11.30+0.42 3.51+0.03
IMO021-35# 2.53£0.15 23.90+0.46 3.39+0.03
IMO021-36# 2.4440.11 12.30+0.36 3.22+0.03

IMO031-1 6.85+0.22 30.94+0.57 4.70+0.04

: IMO031-2 8.42+0.25 32.84+0.58 4.75+0.05
b JMO001-1 13.04+0.24 30.68+0.52 4.87+0.04
IMO001-2 4.3440.10 13.49+0.27 4.39+0.03

c JM029-1 8.14+0.25 27.05+0.58 4.35+0.04
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Table 2. Analytical data for ESR dating for each sample of fault core at location A. Weighted means are calculated
from the ESR ages within the plateau and the values have been rounded up.

Location Sample Grain size Center De Dose rate ESRage  Weighted
(um) (Gy) (uGyl/year) (ka) mean(ka)

25~45 E’ 1552+185 7312+670 211429

IMO048-1 203+20
45~75 E’ 1398+173 71244651 195428
25~45 E’ 1521+165 5621517 270+38

IMO048-2 45~75 E’ 1524+176 5477+501 278+40 277423
75~100 E’ 1973+169 5332+486 285+42
25~45 E’ 1672+258 5649+422 265+29

JMO048-3 45~75 E’ 1694+309 5504+409 27027 268+20
75~100 E’ 1900+298 5360+397 336446
25~45 E’ 12294206 6444+490 258+22

IM048-4 45~75 E’ 1248+164 6274+475 262+23 266+15
75~100 E’ 1908+246 6100+459 296+36
25~45 E’ 1787+224 6410+600 278+43

IMO048-5 45~75 E’ 1671+90 6241+581 267+28 270+23
75~100 E’ 1951+269 6068+562 32153
25~45 E’ 1651+190 6162+471 267+36

JMO048-6 45~75 E’ 1584+186 5998+455 264+36 273+21
75~100 E’ 1677+144 5801£539 289+36
25~45 E 1420176+ 6790+640 209+32
A 45~75 E’ 1507+306 6680+620 228+51

IMO048-8 75~100 E’ 0920+190 6423+599 298+40 214427
100~150 E’ 1536+203 6192+573 248+39
150~250 E’ 1837+259 5796+531 37453

IMO048-9 25~45 E’ 1116149 6790+40 164+26 195431
45~75 E’ 1311195 6680+620 198+34
JMO048-11 75~100 E’ 1205+139 4615+434 261+38
25~45 E’ 1181+200 4615+434 255+49

IMO048-12 45~75 E’ 1296+133 44924420 288+39 274426
75~100 E’ 1145+139 4367+406 270+52

IMO48.13 25~45 E’ 1399+142 6829+525 204+26 218418
45~175 E’ 1530+111 6645+508 230424
25~45 E’ 2174+151 6433+490 337+34

JMO048-18 45~175 E’ 2026+162 6261+474 323435 332421
75~100 E’ 2061227 6087+458 338445
25~45 E’ 1728+£128 6422+496 268+28

IM048.24 45~75 E’ 18844215 6250+480 274+33 280416
75~100 E’ 17374250 6074+463 290+46

100~150 E’ 1608+92 5855+444 293+30
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Fig. 13. Graphs of quartz grain sizes vs. ESR ages for fault rock samples at location A. (a) JM048-24. (b) IM048-2.
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Table 3. Analytical data for ESR dating for each sample of fault core at location B. Weighted means are calculated
from the ESR ages within the plateau and the values have been rounded up.

Location Sample Grain size Center De Dose rate ESRage  Weighted
p (um) (Gy) (uGylyear) (ka) mean(ka)
25~45 E’ 851+135 4410+339 192433
IMO021-6# 194422
45~75 E’ 841+110 4293+328 195+29
IMO21-7# 25~45 E’ 789+162 4410+339 178+39
25~45 E’ 1408+279 45294347 310+65
IMO021-8# 313+50
45~75 E’ 1404+333 4409+336 318+79
IMO021-9# 25~45 E’ 1021+164 4571+354 223+39
25~45 E’ 1772+352 4887+379 362+77
IMO021-10#
45~75 E’ 2300+418 4755+367 483195
25~45 E’ 19274481 4147+323 464+121
IMO021-11# 423482
45~75 E’ 1561+440 4032+312 387+112
25~45 E’ 1116+170 40994315 272+46
IMO021-18# 45~75 E’ 1208+164 3990+305 302+47 295+26
75~100 E’ 1208+144 3878+295 311444
25~45 E’ 883+263 4014+378 220+68
IMO021-20# 254+50
45~75 E’ 1243+£268 3906+366 318+74
25~45 E’ 1497109 5718£528 261+30
IMO021-31# 257+24
45~75 E’ 1397+176 5570+£512 250+39
25~45 E’ 557+£126 5815+432 198+24
IMO021-32# 45~175 E’ 1099+247 5668+420 202+41 200421
B 75~100 E’ 558+117 5520+412 101122
25~45 E’ 1161£125 4047+314 286+37
45~75 E’ 1171+118 3937+303 297+37
IMO021-33# 75~100 E’ 1008+134 3826+293 263+40 280+20
100~150 E’ 990+166 3687+280 268+49
150~250 E’ 13734240 3449+258 398+75
25~45 E’ 967+399 4046+314 238+100
45~75 E’ 879+£239 3936+303 223+62
IMO021-34# 75~100 E’ 709+205 3825+293 185+55 222433
100~150 E’ 1007+247 3687+280 273+70
150~250 E’ 12734687 3449+258 369+200
25~45 E’ 872486 4025+381 216+29
45~175 E’ 1771293 39184369 452485
IMO021-35# 75~100 E’ 1305+145 3807+357 342449
100~150 E’ 1092+106 33674341 297439
150~250 E’ 13204371 34304315 38413
25~45 E’ 13274212 4025+381 329461
45~75 E’ 1037116 3917+369 264+38
IMO021-36# 75~100 E’ 1241+116 3806+357 326443 294+20
100~150 E’ 11794127 3668+341 321445

150~250 E 909+124 3430+315 265+43
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Fig. 15. Graphs of quartz grain sizes vs. ESR ages for fault rock samples at location B. (a) IM021-33#. (b) IM021-18#.
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Table 4. Analytical data for ESR dating for a sample of subsidiary faults (location a, b & c). Weighted means are
calculated from the ESR ages within the plateau and the values have been rounded up.

Location Sample Grain size Center De Dose rate ESR age  Weighted
(um) (Gy) (uGyl/year) (ka) mean(ka)
25~45 E’ 1432+646 7369+686 194+89
45~75 E’ 1577+142 71731664 219+28
IMO031-1 75~100 E’ 13674315 6974+642 196+48 199+18
100~150 E 1208+170 3729+616 179+£30
a 150~250 E 17324910 6077+549 284+15t
25~45 E’ 1814+371 7369+686 246+55
IMO31-2 45~75 E’ 15314341 7173+664 213451 910424
75~100 E’ 2309+755 6974+642 330+H2
25~45 Al 1456+198 7369+686 197+32
25~45 E’ 1279+129 5338+420 239430
45~75 E’ 12274222 5192+406 236+46
75~100 E’ 1078+187 5040432 213+40
b JMO001-1 100~150 E’ 1161+126 4853+375 239+31 235+16
150~250 E’ 1114+205 45274344 246+48
25~45 Al 25734481 25734481 48197
45~75 Al 1295+178 1295+178 249+39
25~45 E’ 1566327 6898+645 226451
c IMO029-1 45~175 E’ 1512+554 6712+623 225+85 228432
75~100 E’ 15124281 6525+603 231+48

wear)o]| thet npR AR "R 27 ool o4y
¢to] Zo| A w3t 17; Scholz, 1988).

SHETY A HollA AFA G FUHel
te SEIPFAo=RE Gt 4ol
P ok B3 2 3487 djofl HEd =
o) ARE wjet BESHE whael ol ek
Fme] ek HHE U AT TR G
o] A" Hong and Lee, 2012; Jang and
Lee, 2012). o]&= T3] W] A a9
ol A ajetol WEstHon, 47 iRy 4
oM Aui7iA] FE] 37 W wWety] 270 2%
A7t A= o WEsies AR LE 161
Kim and Lee, 2016).

AZA Yo A2 2= AEHS wet g
gk oF 23 m £0] T5-3 FHHof|A] wkafeto] WA g
o, apafjehe] F-L2 A|47] 52 Sl o Hoiqie] A
gt gelo] B7Fsstt 8 mo| & 7S A
oz FHHET FHT ¢ A4 Gfjoll HEd =
3o &5 T4 oF 150~900 m 9| o}k

ol

A}

oo fr Mz
of

fi

g7} ZAE th(Hong and Lee, 2012; Jang and Lee,
2012). Scholz (1988)9] =&(1 17)o] <J5hA ot
Hehol Z2 AT oA WETE F Y] 2R
o 20, Adi7t §7] & A2 7B dAUd
7h gk Al & ZFEEDZ LE Rt IHE
gk gol ZhrE W mlAltE RO A Aol
shajor Sol WAE Aoz ATtk SRR
20| olghro] RESH: 223148 59 olg
9] E]ZA]7|S 2 E&| EA|(Hauterivian) o] &g
AEAN|(Aptian)d] T2 AL Z 434 tHChoi
et al., 1995). |52 EJFA7| & AR Wl @
EEA E& 45 S5t 3FE3AY
T FFolE BTl s FA-EF £ (pull-
apart basin)?l S/4&A17F FA4 = ATk 4513
tHChoi and Choi, 2007). 24EX] dojH g Mot
At AT71A] et A9 R &2 oF 4~11 km 2]
o] 9] F/Je oA Aot Aol F T Ago] 5
A= cH1¥ 16b; Hong and Lee, 2012; Jang and
Lee, 2012; Kim and Lee, 2016; Weon and Lee,
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Fig. 16. 3D schematic diagram of the evolution of fault rocks across the Keumwng fault generated at different levels.
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Fig. 17. The Scholz’s fault zone model showing the thickness of fault rock zone (after Scholz, 1988).
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gt 9hHo] HSl= FHIE BEET, £4F 84 724+ (wear)Z}-g-of| oJ3 FJH A= sAEci1d 19b;
otsl ko] 2AHUE oz FHAETHIH 19a). Sibson, 1986; Scholz, 1988). o]&gt T-&Zr2id=}
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Fig. 18. 3D schematic diagram of the evolution of the fault core across the Keumwang fault and characteristic features
of internal structure.

Fig. 19. (a) Fault breccia dominated layer deformed by distributed crush brecciation. (b) Fault gouge dominated
layer deformed by attrition brecciation. Symbols: B=fault breccia, G=fault gouge.
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