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ABSTRACT: In this study, we conduct structural characterization and Anisotropy of Magnetic Susceptibility
(AMS) analysis of the Quaternary fault, and the OSL/IRSL age dating for the Quaternary sediments to identify
the characteristics and timing of the Quaternary faulting events for which the fault is found through trench survey
at Dangu-ri, Gyeongju-si, SE Korea. Based on these, the study of paloeseismology, including the calculation of
earthquake magnitude, was conducted to identify the characteristics and timing of the Quaternary faulting event.
The trench site is located 1 km north from the Byeokgye site, where Quaternary slip has been reported by previous
studies. We selected trench site location based on results of the geomorphic analysis through LiDAR image and
resistivity survey. In the analysis, N-S-trending geomorphic relief estimated to fault line scarp, and low resistivity
anomaly were found. In the trench section, seven fault surfaces with dextral reverse slip sense observed, and the
cross-cutting relationship between the Quaternary sediments and fault surfaces indicates that at least three surface
faulting events occurred during the Quaternary. The Quaternary sediments are subdivided into 9 unit layers, unit
A~I from the top, based on grain size, type, content, roundness of gravel, degree of sorting, and color. In particular,
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soft-sediment deformation structure (SSDS) interpreted as a result of liquefaction and fluidization due to seismic
ground motion are clearly observed in the unconsolidated layers (unit E, G) composed of fine-medium sand. AMS
analysis reveals that the fault core 1 in contact with the Quaternary layer shows magnetic fabrics indicating a dextral
reverse slip sense, while fault core 2 shows magnetic fabrics indicating a dextral strike-slip sense. The paleostress
reconstruction from slickenline on fault surfaces and the magnetic fabrics of fault gouge correspond with the
maximum horizontal stress (Oxmax) in the ENE-WSW directions, which is consistent with the current stress field
on the Korean Peninsula. The slickenline and vertical separation of the most recent event indicate 0.64~1.81 m
of a true displacement. The estimated moment earthquake magnitude (Mw) using the empirical equation of
maximum displacement - moment earthquake magnitude is 6.7~7.0. To determine the timing of the faulting event,
OSL/IRSL dating was carried out on the Quaternary deposits cut by the fault. Based on the OSL ages of unit B,
it is concluded that the timing of the most recent event is younger than 3.2+0.2 ka.
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Fig. 1. (a) Distribution map of major inherited fault zones and observed locations of the Quaternary fault site in
the southeastern part of the Korean Peninsula (modified from Kim et al., 2016; Choi et al., 2017). (b) Simplified

geological map of the southeastern Korean Peninsula showing the distribution of the Cretaceous to Neogene rocks
and major faults (modified from Cheon et al., 2019a).
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Fig. 2. (a) Detailed geological map of the study area (modified from Um ez al., 1964; Hwang et al., 2007b; Song,
2015). (b) LiDAR image of the study area with the location of the trench site (red circle) and previously studied
sites (yellow squares). LIDAR image showing a N-S-trending geomorphic relief (indicated by green triangles),
which is estimated to be a fault line scarp.
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Fig. 3. (a) The resistivity survey line (black dotted line) located about 20 m south of the trench site (red circle). (b)
Location of survey line and (c) result of subsurface 2-D electric resistivity structure.
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Fig. 4. (a) Photomosaic of the trench section of the northern wall. Yellow dotted lines indicate AMS (Anisotropy
of Magnetic Susceptibility) sampling localities. (b) Detailed sketch of the trench section. Light grey lines indicate
I mx 1 m grid.
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Fig. 6. Schematic diagram showing how to calculate true displacement. S;: true displacement, S: vertical displace-
ment, Sy,: dip separation, a: dip of fault surface, [3: dip of cut slope, v: rake of the striation(modified from Xu et
al., 2009; Jin et al., 2013). Inset: Photograph showing the measured vertical separation. Syn: vertical separation.
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Table 1. Anisotropy of magnetic susceptibility (AMS) data from the fault gouges in the trench section.

. kmean Mean eigenvectors AMS parameters
site n FSA
(L SI) ki ke ks L F P T

Fault core 1
BYGA 13 2221 008/23  143/60 269/19 1.005 1.013 1.019 0.484 002/69
BYGB 13 1312 354/04 110/81 263/08 1.004 1.008 1.012 0.347 002/69
BYGC 12 1705 355/04 136/85 265/03 1.003 1.014 1.019 0.668 002/69
Fault core 2
BYGD 8 5211 349/13  192/76  080/05 1.006 1.034 1.043 0.715 028/86
BYGE 9 7729 003/01  095/78 273/11 1.008 1.032 1.043 0.615 028/86
BYGF 8 2798 168/04 004/86 258/01 1.006 1.013 1.020 0.376 028/86

n: number of specimens; kmean: mean magnetic susceptibility, (ki +k»+ks)/3; mean eigenvectors: site-mean directions,
declination/inclination of k; (maximum), k, (intermediate), ks (minimum); L: lineation, k,/k», after Balsley and
Buddington (1960); F: foliation, ky/ks, after Stacey et al. (1960); P;: corrected anisotropy degree, exp[2{(n;-ny)°
H(ny-Nw) +H(1-0) } 1172, ni=Inky, ny=Ink,, ns=Inks, n,=(n;+ny+ns)/3, after Jelinek (1981); T: shape parameter,
[(2In(ko/ks)/In(ki/ks)]-1, after Jelinek (1981) and Hrouda (1982). FSA: Fault Surface Attitude.

Corrected (vertical fault-plane) Corrected (vertical fault-plane)
Coordinate System Coordinate System

@ 5 BYGA s @ - BYGD .

i

Geographic Coordinate System Geographic Coordinate System

A
fault core 1 fault core 2

Principal axes of each data  Mean principal axes

" . .
@ Pole to Fault Plane ~ Fault Plane (2 95% confidence ellipses Wk Ak ©ks Bk Ak Oks

Fig. 7. AMS results from the fault gouges of (a) fault core 1 and (b) fault core 2. Left: equal-area lower hemisphere
projection showing the AMS principal axes (ki, k» and k), their 95 % confidence ellipses, and fault attitude. Right:
equal-area projection, in which fault surface is corrected to be vertical for convenience of interpretation (Grey color
area represents hanging wall).
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S/W (v.5.8.5) & ArEste] B4 tHDelvaux and
Sperner, 2003). £4 A7} SEE A kA ko] 2
D833 (OHmax) ©] =EE A2 H(R'=1.66; Delvaux
et al., 1997; 19 8), o] A3 AFoA L&A
= gk ) SeP) 2 Ratalk(Kim et al, 2016).
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K-34) & o]-&sto] 22l g Al47] 53
59| HAAZIE FATCEN B9 FAVIE
et shoick OSL/IRSL Adj2ge =%
% Vol E3hE Aol KA drtzie Way
£ Foy|AdA A5 (latent luminescence signal) S
olgstel HHAIE ARt djages, o
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Murray and Wintle, 2000)¢] 7f¢d o] & A&7
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Fig. 8. Fault slip data in the fault zone (lower-hemi-
sphere, equal-area projection). Convergent and di-
vergent arrow heads represent contraction (Opmax) and
horizontal stretching (Ommin) directions respectively.
The principal stress axes 0 (circles), 0, (triangles), 03
(squares) are also projected. R"=2-R (03 is vertical)
[Delvaux et al., 1997; R=(0,-03)/(01-03)]
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Table 2. OSL/IRSL ages of the Quaternary sediment samples in the trench section.

Sample Code Dating Method Age (ka, 10 SE) Unit
BYG-01 OSL 1.2+0.1 A
BYG-02 OSL 9.0£1.0 B
BYG-03 OSL 10.0+1.0 B
OSL >92.0+4.0

BYG-04 E
IRSL 146.0 £ 6.0

BYG-05 OSL 49+0.3 B

BYG-06 OSL 32+0.2 B
OSL >68.0+3.0"

BYG-07 H
IRSL 149.0+ 7.0
OSL >77.0+2.0

BYG-08 G
IRSL 151.0+£4.0
OSL >53.0+10.0

BYG-09 E
IRSL 143.0+£5.0
OSL >85.0+6.0

BYG-10 E
IRSL 165.0 £ 6.0
OSL >71.0+3.0

BYG-11 H
IRSL 155.0+£5.0
OSL >70.0+3.0

BYG-12 H
IRSL 142.0+£4.0

BYG-13 OSL 17.0+ 1.0 C

BYG-14 OSL 8.1+03 B

DThe inequality sign indicates a minimum deposition age. For example, "> 68+3 ka" means that this sample was

deposited before 6843 ka.

7 Aol A= B =2ollAl A8 v
oJ7g o] th(Kim et al., in preparation).
A& Z40] 30 cm, A7 5 cm 9] Fo| IS ARG
stof unit D, F, [E A &J7t A|47] EZSoA F 14
A A-HBYG-1~14)oM AHF=Jom(T™H 4b),
OSL/IRSL ATh24-2 3H7| 20t 474 ©
A &4 Fuulds ASSHEAE ARSI
th. OSL/IRSL AdiS4 2= & 29 R9Fsl3e
H(Kim et al., in preparation), ZZFA| 2] A|47]
G52F Al7I= YA ZHA|3] 7|3k it

=
—/

6. E 2

6.1 Hl47| BH5 25 2149 Al7|
A AlA AR Aol 222A1E Be 1

A
AL G5 540 A1 diFt RS

B3R} sk A7 A7 EE S| 3 E I glow
(McCalpin, 1996; Burbank and Anderson, 2001),
T A= AR LXK A5 T Al 47] S
9] ZAES°] Ba=E3 QIti(Okada et al., 1994; Ryoo
et al., 1996, 1999, 2001, 2002; Kyung, 1997, 2003;
Chwae et al., 1998; Kyung et al., 1999a, 1999b;
Lee, BJ. et al., 1999; Chang, 2001; Kyung and Chang,
2001; Choi, W.-H., 2003; Lee, Y.H., 2003; Kim et
al., 2004, 2011; Choi, P., 2005; Kim and Jin, 2006;
Kee et al., 2007, Kang and Ryoo, 2009; Jin ef al.,
2013; Lee, J. et al., 2015). o] AT GA| HFA] 7
THY TR FAESS A2 S22 2AE A
AlskaL, o] Lo A EelE ©39 7|5k}t 584
S48 525 ddixz 28a o] 59| FEA
£ Tdsto] A47] S35 S Bl EYsta
2} gtk E3F o] 23S oW FRHA|H O] FE A%




o Yx3H= HA|(Ryoo et al., 1999)<} TR
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=R A Sl = A7) HH S 7o) SF
=9 71312t FEBA = 7R Woll 71&f EA st
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Z 27 9] st et S 2Elst s
LS A2 Aoz &EA 1o(Cheon et al., 2019a),
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H 70]9] 9 JolsA ©@Eol A=t ol
A A B2eE0 2 45T event I; 13 %,
9b). A HA G325 = 70Xl A F 7|52 o]
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+ + +
+
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[ e
B e
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Fig. 9. Schematic diagrams of reconstruction of faulting events at the trench site, based on the cross-cutting relation-
ships between the faults and unit layers, reveal at least three faulting events. The red lines indicate the Quaternary

fault surfaces, named F1-7 from the west to the east.
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