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Slip-sense inversion of the Yangsan fault, Bokyeongsa area, Pohang, Korea

Dohee Gu - Raehee Han™ - Sangwoo Woo

Department of Geology and Research Institute of Natural Science, Gyeongsang National University,
Jinju 52828, Republic of Korea
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ABSTRACT: In strike-slip faults, slip-sense inversion between sinistral and dextral can occur under changing stress
fields. Sinistral slip of the Yangsan fault has been reported based on various geological evidence, but direct
observation of this in fault rocks is rare. This paper reports the occurrence of sinistral slip on the Yangsan fault,
confirmed by observing two fault rock samples collected from the Yangsan fault outcrop, Bogyeonsa area, Pohang,
South Korea. In one sample, the sinistral slip was confirmed by shearband boudin. In another sample, it was
confirmed by an asymmetric structure defined by the dominant foliation in the P-shear direction and its reflection
in the R-shear direction. Unlike the clear indications of dextral slip sense throughout the fault rocks in the study
area, the indicators of sinistral slip sense were observed in the limited areas and appeared less well-developed.
This suggests that the sinistral slip occurred before the dextral slip, but the absolute timing of the sinistral slip is
uncertain, necessitating further research.

Key words: Yangsan fault, slip-sense inversion, sinistral strike-slip, fault gouge

LME 39 B T 2L AGAA7A 2124 5%
o] YA FAI=H FY3L v EHAZ S A=

AZke] HAgGgo AdHFES 2 TS5 A 5 ok B, BRI o] 4 =
FAo o), = 7|E o= W Ao T2 EHS T2 HFH(compressional tectonic inversion)©| 2HY

ke B AE MEA Bghd 242 83l e
A W LAY G2 TF DS oE A HE

HE| nzt njE ol 93) WASgitHe.g., Sykes, 1978;
Sibson, 1985; Martell ef al., 1988; Scholz, 1998). Tt
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3ltH(e.g., Turner and Williams, 2004; Sibson, 2007, A= ZA] EAAKR Fof| =y FAEES
Smith ef al., 2017). At)E 3R ol ek Fao]  ALOR Thpe] DY ARE ATl YT AR
5 O30 AR AR SOl B 04 alo] VAT 012 B U3 AR 94

37t m) Y72 HhA(slip-sense inversion)< HY 9l 3 2k L HE HojRl thxoks vy
4= QltH(e.g., Holloway and Chadwick, 1986). 3t oo B oA okAlthE B AARY

e F5 5o 9 AR FAHT2 T GFHoA Uehhes 95 122 e &
Ay wiely] F71o) BAE ol AT BE  AF 01 BUZZ ko] thaf 2heke) .
ol= w0 2 A A QQth(Cheon et al., 2017, 2019;

Lee er al., 2022). RHE ERe] ngegol 2 2. 3t HAAIR|Y QAMCHE

=9 5ol w71 2| A At AA Al

A H3lsligtthe A ettt ol AR FAIEZ-2 FEE HFE ol YIAg 8 A+
25 EAE o A a5t SIS 7e 22A At X0 0|27 7kA] WiFellARt 200
43& AT oleiet ZRolA] pATkEol AuT  km oAS] GRS Mol BE BRG] thpn 3
g7 o] Wgle} oo whE 58H JAbo ek o]F TFo|th(LH la; Lee and Jin, 1991; Hwang
AT A 0] A A o]t Chae and Chang, 1994; et al., 2004, 2007; Cheon et al., 2019, 2020; Lim
Chang and Chang, 1998; Choi ef al., 2009; Kang and et al.,2021; Ko et al., 2022; Gil et al., 2023). |+
Ryoo, 2009; Cheon et al., 2017, 2019; Kim et al., Al A B SabHo| X3t EAHAF AR Q1
2022). 2y a7te] dojll 253H8 JRE=oby] Lol BA-EE WA EEA-EEE LR &
THA = Al oloj A B} SHAgH A S ] B A5 wet iHdSY yWiR27 HEE
A AT o] Ao uEIHRZA o = =FEe] UBTHIE 1b). &5 &4l 3
gt F71AQ A= gE7F Fadh Aotk £ A S AT]o] IAIQe] ASHes A EuyERtE ©
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Dacitic lapilli tuff
(Yucheon Group)
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(Hayang Group)
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v (temple)¥
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Damage
zone (DZ) z (?Z). /;EOHE(BZ)
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Fig. 1. (a) Satellite image showing the trace of the Yangsan fault (yellow line). (b) Close-up view of the boxed area
in (a), where the study area marked by a star is located. (c, d) Route map and schematic illustration showing the
internal structure of the fault and the lithology in the study area, respectively, modified from Kim ez al. (2016) and
Guetal. (2021).
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39| AL AT A E| sl FF Hol7] "zl
ko] At BolstAl= Yt o] A Hofx] FAtS
= Wol7| slefete] A1/ B A AT Wetr] 11
9 PRI (EARIEE S3the HSAIZIH Y
BT Lo). BEl0] Z& oF 10 mo]o] 24
H]X|tj(brown gouge zone, BZ), A -Z}A H]X| ]
(blue-purple gouge zone, BPZ) & ul2j|¢ttl|(cataclasite
zone, CZ)2.2 o]F2o]A QItiKim et al., 2016; 1
g 1d). &35 vlEHe] 7 FJFE G99 FuEE
olj(principal slip zone, PSZ)+= CZ&} FHol= FA K
£ w2 BZ ollA] 1-2 em F2 = Yehm(] 2),
PSZ9] F3F2 N10°E, A= 80°NW W|#] 90°(1
9 2a), T Al(striation) ] AFZH(rake)2 05°N
ok BPZY 211 22 dl=Ae] she H2eH
o} o]5 e FEA A7} EA A olth(Kim et
al., 2016; Gu et al., 2021). Fu|EHY & 0|2 =t
ZHR o gt Al A= vHEEs, BEHE
A3}, fAIY s 2o WHE HIRY] {53 T
D84 ZRAAS ANSHE 1| 7EE, FEeH 5
#o] 44 mmolA] 42 mm =] FL o} el

CHZO| O|B2ZtzH HEY 663

A BRIELAL, o= X7 A Al AT o] S=
2 259 AAFTHGu et al,, 2021). T
S = DS FHolA Ve AH S| SHA
o S = oF 120 m, FHE EAY A= oF
80 m9] £-Z Zr=t} @AY= oY &
Zrard 9 sl A Al 3 2 7)Y BAgEE0]
HSeH(Kim et al., 2016, 2022; Woo et al., 2016;
Woo and Han, 2019). 2|0 o] Ao =35
G =T 22 RA Y BT AdS =
H o] 33 wht A|47] 5t Ha 23] TgEuE
Ho| WASIH o HH(Lee et al., 2022), o)== FAE
= FARARANA Y A7) FFSu|EE A-ETe} o
o] Mol opAITkE BHEA(Choi ef al., 2017)
9] R F7bo] AA7HA] B A= A Azt

S5 oA Qe TFR(slab scale)o] APH] T2
B 93] ofe] 1Mol FulZY et 1 2w

Fig. 2. (a) Outcrop photographs of the western boundary between the fault core (CZ and BZ) and damage zone (DZ,
dacitic tuff). (b) Close-up view of the boxed area in (a). Sampling locations of the fault rocks are shown in the white
boxes. CZ, cataclasite zone; BZ, brown gouge zone; PSZ, principal slip zone.
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2R A G5 WolgNEE AR 2
 2bol= AR DU AR T =T H-TF T
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BGS_039)|4= AZoA 5 CZ, PSZ U Z13]4
H] Xl (dark gray gouge zone, DGZ)E 3Z3§5l=BZ
$02 Sedo] Lehith Y 3a). B85 g0
2 PSZ7} ddh= 712, BZolAl= PSZ 73 A
I R = e SR bl b = o) AT e B
3 B B0 iEE <] o o5 EHEe &
FESE ZHE ] YePdTHH 3a, 3b). &35
O] AThHY A| R-AT WeFo == dubyog ek
e, Fo Zo| Ady] T FH Jalo Zdo|
Ehpal P-Ae eFe 2= vt E Aol v
Av Q& oz et ddshs ol ZASH
(e.g., Blenkinsop, 2000), BGS_03 A|&oj|A4] PSZ+=
Y-Ae W3k, g AA HtAE v 239
S P-A W3k, ]9 =242 R-AY U3k
= AAZTHIE 3a, 3b). I ER, o]2|3t 25
o M| =HE F55e vEE A % T
o]Fo|t}. 3HH, PSZt DGZ HARE Wt FA=
2-3 mm, 3& A2 = 3-4 cm@] FHof| A BITh

A eT27E SARYHTY 3, 30). o] 2E
& Zurh Zol} 71 A=A Fxo|n] Htw(shear

bands)e]l <3} A1 lo] gl Avhy] Fo] A ATt
w7k AN Zo 2 gelrt oA FlelAlt 2o
2 Ho} vt RuTxo] 99 F Ay ¥4
(shearband boudin; Goscombe and Passchier, 2003;
Passchier and Trouw, 2005)¢]| sjg3sict Ao H
o] F¢ Fd Alo| o] Mtujol| 4] Aeztzto] B
o} & oA 9] Azt Y|k £ Kol
ug, o5 A&t I F2= H-F nEES A
AIRFTHZE 3c).

BGS 030 zRE =S uet BEZ20Z %F I m
o] Eoi%l BGS_109)4}= BGS_0394ek= g
E5-94 72 PSZ FHO = DGZ9F BZ7} obd
Z A v x| t(black gouge zone, BGZ)2} 3|41 H]X|
oj(gray gouge zone, GZ)7} UEFATH 1Y 4a). ]
Al 28] BGZ%} GZoA = A= thE #22] §40]
SRIFT. A, S-S w= x| 8] EA7F 544
¢ BGZo|A= 54 W3k PSZ, o] & olzte
2 AtstaA B-gd WA EES-ddA Wdes
ZEA TRt e, a8t o] GYE Be-EdA W
FLo g Aty HeA7|= 2 Fo Adu 7t v
et BGS_109] BGZo|A #&H PSZ, BY 2
g, F& FY Adul= 22 Y-Ad, P-AHEZ+=
P-gE2tal &7, R-Ado] gt (11 4b). Bt
Ao, GZo| A= BGZe= thE=A JE ¢} HItiA F
H|Z] E80] tiA|2 o2 BEa-dA] B3] ZAE &
ol 7k, IAEY EFEE AR 5%
o] Hdtu] et ydsi Rt 2 4b). A=<t Bt B
H| 2] S22 9] o] 23t LAk 2 AR 242t 2}
T AGHY A9 P-Aeky} R-ZAT W3kl s
s, BGZo|A 9] Fxok= ALHAZ BG5S
HolEoH(1| 4b). kA, BGS_10 Al&ofl A=
BAAY =T AR oA SAHA TEE = S
A28 ofue} 2 ol 52 718
Z E3H eI

oot Hr o

By

AF7HA efe] A4 S BEAel A F
a7 SIS mlBYLe 94 FgolEold

¥, Bzigre] F2) A BgHold o B
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316t 2 9K(Kang and Ryoo, 2009), thA}-& o|LAAS (Chang and Chang, 1998; Cheon et al., 2017, 2019),
3t £ E8H8 B4(Cho ef al,, 2007; Cheon eral., W T3] Alololq st ALY RA 9] 7
2019), 2HSE2HE f59 1Y £424% =3 EAJ(Cho et al., 2016) D T3] 2= Q1

Fig. 3. (a) Rock slab image of BGS_03. The sampling location is given in Fig. 2b. Note the inferred P-, Y-, and
R-shear directions at the image’s corner. (b) Close-up view of the lower boxed area in (a) with a line drawing showing
the structural outlines. Deflection of the foliation in R-shear and P-shear directions (or S and C’ directions) indicates
a dextral sense of shear. (c) Close-up view of the upper boxed area in (a) showing shear-band boudins with a line
drawing showing the structural outlines. The asymmetric boudins indicate a sinistral sense of shear. CZ, cataclasite
zone; BZ, brown gouge zone; DGZ, dark gray gouge zone; PSZ, principal slip zone.
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Fig. 4. (a) and (b) Rock slab images of BGS_10 without and with a line drawing showing the structural details.
The sampling location is given in Fig. 2b. Note the inferred P-, Y-, and R-shear directions at the image’s corner.
The foliation developed in the P-shear direction (or P-foliation) and R-shears indicate a dextral sense of shear in
the BGZ (black gouge zone). In contrast, the P-foliation and its deflection in the R-shear direction, defining an asym-
metric structure in the gouge, indicate a sinistral sense of shear in the GZ (gray gouge zone). CZ, cataclasite zone;

PSZ, principal slip zone.
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