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ABSTRACT: In this study, we conducted a geomorphologic analysis, fieldwork, geophysical survey, and trench
survey to trace the Quaternary faulting along the northern Yangsan fault. We also complement the study with the
Electron Spin Resonance and luminescence datings of the fault rocks and Quaternary sediments, respectively, to
constrain the timing of the Quaternary faulting. As a result of geomorphological analysis, two lineaments with
lengths 6.8 km and 0.35 km are recognized by the linear distribution pattern of fault saddles and deflected streams.
The amount of deflection of deflected streams is 2.05-2.82 km, 1.72 and 0.74 km, and 0.43 km in Seojeongcheon,
Cheonghacheon, and Gwangcheon stream, respectively, which decreases gradually toward the north. Faults cutting
the unconsolidated sediments were found at an outcrop and trench site, and both the sites have the following similar
features: slickenlines on the fault surface in contact with the Quaternary sediments, indicating a dextral strike-slip
including a reverse component, and a mixed zone of Quaternary sediment and fault gouge between the fault core
and the Quaternary sediment. Their cross-cutting relationship indicates at least two faulting events during the
Quaternary. Luminescence ages obtained from the sediment layers indicate that the latest faulting event occurred
between 154413 ka and 0.9+0.1 ka. The slip rate, calculated by dividing the net displacement by the age gap, is
0.007 to 0.008 mm/yr. Also, the conversion of the vertical displacement of the Yugye site reported in the previous
study into the net displacement gives rise to an estimated slip rate of about 0.08 mm/yr. Combining the results,
the slip rate of the northern Yangsan fault in the study area is estimated to be in the range 0f 0.007 to 0.08 mm/yr.
The moment magnitude (Mw) obtained using the net displacement in the empirical equation is about 6.7, and the

magnitude of about 6.0 is derived using the lineament length as the surface rupture length.

Key words: Yangsan fault, the Quaternary fault, active fault, slip-rate, moment magnitude

1LLAMA

AL 21417) ol 71 B SRS W A
A3l 5 sholth 2004 12¢ 26Y o= 2uH]|
(A2 D) ] Atz Ql=uAfof 5 Q=g At 14
7N =7l 359te] Fgo] AU AFHTh ELF 2005
H 109 8Y = 7.62] u}7| A8 X R 2 & 2F 75,000
H, 2008 59 12 & 7.99) #FHA AROoZ2
¢k 87,0007, 2010 1€ X 7.0¢] olo]g] R|R o
2 2F160,0009, 2011 2 9.09] SUE XA
g oF 18.400%0] SMEIRTE. ol AY AL A
AET} A Ehol ofat 722 W), A5k 57 5
& o7 puk oz XA, ), Aiel Ho
2 <18 o 227 T3 frare 4 9.

febloba 50 TFgAlol SRIshs Sk
2 la) 2 A)30] W] sk 7 77 X
oJa ge) A7 WA Tl A0l Be AeE 2l
slof gioh. e} 37 @A} Blol Azo] Ty
A3 1009 o2} 1T HE Ao Tl 7]
Zlo] dAYgE 71 5 o] R FITH(Lee, 1998, 2010; Lee
and Yang, 2006). 3t L 79 WA =7} =
7hsha glom, AZ=AF(2016W 9Y 12¢, Mw 5.5),
TFARQ20179 1Y 159, Mw 5.4)0] Holo] ur
RSFEA Gl A AT 02 Q) B A}
8124 w7k stk ol s gk
L 2] QHAA G} ohujeie Bekztat s AR

A chulE 1%t 24
At

U] 249S A9 19909 2R
2433l on, 2 Ay fE AdE
o] AT S B7HEEE] 913 FF o]
ek wEbA YR EHarE 2 A5k FE
= gsi A9E FAeE Mg en, O A
At 300 |AZE FAIS, 2ATES, dYt2A 5
< wat oF 600 7he] AHANM AW7] EHES W
N1 w7 50] B v} k2 e Okada
et al., 1994; Ryoo et al., 1996, 1999, 2001, 2002, 2006;
Kyung, 1997, 2003; Chwae et al., 1998; Kyung et al.,
1999a, 1999b; Lee, B.J. et al., 1999; Chang, 2001;
Kyung and Chang, 2001; Choi, W.-H., 2003; Im et
al., 2003; Lee, 2003; Kim, Y.-S. et al., 2004, 2011b;
Choi, P., 2005; Kim and Jin, 2006; Kee et al., 2007,
Kang and Ryoo, 2009; Ryoo, 2009; Choi et al., 2012,
Jin et al., 2013; Lee, J. et al., 2015; Kim, M.-C. et
al., 2016; Lee, Y. et al., 2017; Cheon et al., 2020,
Song et al., 2020; Gwon ef al., 2021). 3}X|5t 7]&
AT HFE AN oA Y AP o] o)A
@3] AT WA £ B4, 1A% AlFgt
2 o]y Foll gt Ad Ao AXFQ I A
F+= n|&35k) Kim ef al. (2011a)3} Choi et al.
(2017)+= o123 =AIE s 2st7] HsliA Laiite
Y4 HAFT} LiDAR (Light Detection and Ranging)

&3 79| o] FE

=
©
)




ISH

71 58 Bgste] A BA) 7128 BT
39) F50] BAgS Ak

o AL ZHA FokA AN b
Are] Q9] GPAEES uheh LIDAR 54} 1954
ol B9E YA o §U A FEAH LAS F
o w3 AHE WA FAsNgon, AP F
A% uigo = BAE 4g7Rs ofd) A YR L
ATEEGA AR ol g3 AN EEL AR

@ ~ Amurian Plate \: North American /
s -~ : ‘ | Okhotsk Plate
1.0 :

East Sea

Eurasian Plate

Y
T A

S5 {A-SLUI0M ERIEl= FLHEO| A47| HERS &Y 429

o} Al47] g5o] HE A FolA = AT 25
A3}k A|47] B AS-2] a4 2 (luminescence) ¢
h&783} 5ol sl AR AFH(ESR; Electron
Spin Resonance) ANE4& T8l 2541719 9
£ 9l aA) shgek E3 AR RS A
Qlste] 2 SEAZeRRY 73 G5
Y AWLF 2 AP RS Tl FHE A E

Tt Zole} |75t ete] AHAS o] 83Tt

36.5°N

Intrusive Sedimentary Rocks and
Rocks  Volcanaclastic Racks

Neogene Miocene Rocks

Paleogene

Cretaceous

Jurassic
~Triassic

36.0°N—|

35.5°N |

® Quaternary fault
locality

 fault
" inferred fault

Fig. 1. (a) Present-day tectonic map in the vicinity of East Asia showing several plates and their moving velocities
(modified from Schellart and Rawlinson, 2010). The velocities of the plates are based on the Indo-Atlantic hotspot
reference frame (O’Neill et al., 2005) and the relative plate motion model (DeMets et al., 1994). (b) Simplified geo-
logical map (modified from Hwang ez al., 1996; Kim et al., 1998; Choi et al., 2002) of the Gyeongsang Basin and
Miocene basins. Stratigraphic correlation of the Gyeongsang basin-fills is reconstructed from Chang et al. (2003),
Chough and Sohn (2010), and Kang and Paik (2013). Distribution of Miocene basin-fills and faults are modified
after Son ez al. (2013, 2015). (c) Distribution map of major faults and observed locations of Quaternary fault outcrops
in SE Korea. Black arrows indicate geometrically defined fault zone segmentation (Choi ef al., 2017).



430 ONF - BHER - BTl - sl - LY - 2
2. |2 v

b= AR Aokl B o= i o]l
AAsH, BB FE, 2T 5 = Hat
e7vel, 05230 YR T AR B
T Ags ARFTHIE 1a). ko= QARTE
B g Azt YT =-fEtilopte] FEl
ot FFo = F-A WA TET-AEA HFY 2
B5gg el Agat Ut oz delA Yt
(e.g., Park et al., 2006; Kim et al., 2016).

e FERols Woty] AAEA EHAFY
SHIAR7E WA Fazstar Fof S wRigh to)
A BR8] FHEC] TS wet Rt
A 1b). E3FF Wolr]- AT St St A1
o8 FAASA, 7R A, AdtRA el nf
o| oA EA =Y BAGSTEC] sl Yt
le). o % TRk b 2 PAESAL A2, U,
B, P, B9, YPHFOE THE, o527
ARA) HAARE el 1A SRS A
SR AL FAREAS TN U5 S
% Agol 71 41 959 Bo] Yo gEow
3ol o] B2 et BholEl g T Ee] Zo|
9170 km oo =, Zff 4= km Z9] THEte} 20~
35 km9| 9o =B L7} QA HHe.g., Reedman
and Um, 1975; Choi et al., 1980; Um et al., 1983;
Chang et al., 1990; Hwang et al., 2004, 2007a, 2007b).
gHH 7]1E A5 FAESAZE Wty o R
gpAJopt of g = {5 A GO =
= 29 0|59 iR ¢ deHsfne
ol ol thsHB= 4 2= Earskal ItHCheon
etal., 2017,2019).

Chang (2002)2 FAFHSHHE ot Aadste A
P2 W] W3, G o W, og IR
o Iy, TS FAGS 7H] TA!f <A
3 FARAof| A A A1 Afo] oF 110 km 17k
= 9F 20~30 km®] Zo|& 7= 709 EE=E
B3ttt 3HH, Lee and Jin (1991)2 AR} A7)
AZARE o2 AHSS 320 BE= A
B3t o, 2|2 Choi ef al. (2017)2 X A&} £z
A8}, 1A 2moh 914 GAblA AR El
7slety BA4E Hlgom opgge] Ak 32
o BAGY, 38, EHB Y AR 2z 7

of\r

o

rdl

- 0|%3| - ZUMZl - 25| - Zio

-]

- 9fiA -

Tk
Ao

[=} o= [=

25FTE ol¥ AR H-2 Choi et al. (2017)0] A
SRt &4 5 557 249 Jio stk
ARG Z3FA] Gt fAZ oA S F
Ate] A9 FAESol AT Woly] SR}
FHY HHURE BASH ddsial JArHIH 2).
o] FAIAFTE FFRA BE L= 7MHA £ =
Z(right bending)E1l F 7jo] d=o=2 BX =t}
] grEo] 555 e g2 Qs e ol
FAIES FHO= vo] oAl ZEA] A HAT
0] TAER QLI HAYY £2E HFAIS
Qo o] AARSE BEF Uk AdFH &

A W3] ol53(transfer fault)o] 2| 1A} 71 FE
2 o]o|X|&= 7]81E ERItKSon er al., 2013).
e 5 Fols A47] ol A xuds

Inferred fault

. Trench site
o Quaternary fault

:| Quaternary deposits
~~~~~=Unconformity~~~=~~

|:| Sedimentary rocks -
~~~~Unconformity~~~~=~

B cranite

e U O e

ounsom

snossmei)

Volcanic rocks

~~~Intrusion & Extrusion~~~

=] sedimentary rocks

Fig. 2. Detailed Geological map of the study area show-
ing the distribution of the Yangsan fault and observed
localities of the Quaternary fault (modified after Chang
et al., 1990; Song, 2015).
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Fig. 3. (a) Lineaments and geomorphic features in LIDAR image of the study area (modified from Lee ez al., 2019).
Deflected patterns of (b) Kwangcheon stream, (¢) Cheonghacheon stream, and (d) Seojeongcheon stream, which
are interpreted from aerial photo taken in 1954. Each figure shows deflected stream, and dashed lines indicate the

best fitting of each deflected stream.
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Fig. 4. (a) DEM-based shaded relief image showing the resistivity survey lines (blue line), trench site (yellow box),
and outcrop site (yellow circle) located along the lineament around the deflected Kwang cheon. (b) Aerial photo-
graphs showing the location of resistivity survey lines and (c) the result of subsurface 2-D electric resistivity
structures.
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Fig. 5. (a) UAV photograph showing the distribution and lateral change of rocks across the Yangsan fault zone that
makes a contact between the Yucheon Group (dacitic lapilli tuff) and the Hayang Group (sandstone). (b) Outcrop
photograph showing faults cutting unconsoildated sediments, (c) its closed up photograph, and (d) slickenline on

the fault surface.
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Fig. 6. Photomosaic of the southern trench section (upper) and its detailed sketch (lower). Sample codes of -E (blue
circles) and -O (yellowish boxes) represent those collected for ESR and OSL (pIRIR»;5) datings, respectively.
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AP L g2 T F2 AR(Z)E D] A
< o] ok} §Ee) Fgo|F Fok ¥ 5
Azo| &5t Y= Bt 7FsAdS AT o]
F unit B 7123 9 T3k 7]Here] e o]
A4 3 unit A7H AR W B RO At

G50 2FAI7IE 5] Hdl Rt ddE
Aol AltEar glom, o] AtollA=ESR &
ohEg it U249 OSL % KA pIRIRss)
A= AHL -85l cHSohbati et al., 2012; Kim
and Lee, 2020; Song et al., 2020; Murray et al.,
2021). ESR ATi&AL g slol s A2 ]
2| 223l oyl ASH-E &5l 9fsf At
2 HA3nit AT} 0|2 TSI Yt HHS
(unit B)ollAl {F3E vjd EHES ]88t
(3" 6, & 1). 33N AHHE S A7 F S
) AJHS YL ISR-04-ES AH|2J3t ESR Ao
+ 630+56 ka (JSR-01-E), 470+£50 ka (JSR-03-E),

. . Zk5l3 o . oI5| . A O
0|z3]- M2 - BEE - AR - PR - & =

328+35 ka (JSR-05-E), 405+15 ka (JSR-10-E)o]|t}.
o] ESR A= 22X @39 2$ L5A7|1E
A|AB} A= ok ©A] ©FH|R] Wi e] 49 ESR 4l
S =2 9934 27|3Hcomplete resetting of ESR
signals)dh= ©E2-%59| 2F 630~405 ka S-2 1 9]
ol A 7Fe/d= Yugtth &, 630~450 ka ©]
Fof] @3HA] W A2 ESR A2 5 e sHA A
AT 4= YA (EFS ol 7Hef 7l 4=24]-8-2]©] 3 MPa
o o]24] X3 FF2F°l UME B, °] 3]
929%9] A7)7} AAANAL ESR AThRRRES.
2 Selsplrl BrRsehn, 257] 9E0EL 630~
450 ka Al7] B2 71 o] %) YW Ao2 SN
L o] BiAsict B, D22 33t unit B
A Qe 4 ed OSL Athi= 0.9+0.1 ka (JSR-02-0)°]
o, TS0l ol A unit B @& K74 pIRIR s
ATji= 154+13 ka (JSR-01-0)0|T}. o] o] 3 T
9] 7] 50| 154+13 ka2} 0.9+0.1 ka AFo]9|
Y52 A ATt

Table 1. Age dating results of the Quaternary sediments and fault rocks in the trench section.

Sample code Dating Method Age (ka, 10 SE)
JSR-01-E 630+56
JSR-03-E 470£50
JSR-04-E ESR >2,500
JSR-05-E 328+35
JSR-10-E 405+15
JSR-01-O PIRIR 25 154+13
JSR-02-O OSL 0.9+0.1

A o ; S

Fig. 7. Photographs showing (a) mixed unconslidated conglomerates with fault gouge and (b) slickenline on the

fault surface (F1 in Figure 6) indicative of a dextral reverse slip sense in the trench section. Solid line and dashed
line indicate the movement direction of the missing fault block and the strike of the fault plane, respectively.
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Stage 1: Deposition of Unit B Stage 2: Faulting Event

Stage 3: Erosion

Stage 4: Deposition of Unit A

Event-1
: Faulting after deposition
of Unit B (stage 2)

Model 2

Stage 2: Faulting Event-1 (Fissure) Stage re filling (Unit B-2)
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ition of Unit B-1 8§

Event-1 (stage 2)
Fissure openning by

dextral strike slip faulting

Event-2 (stage 5)
) : Faulting after fissure filling and

deposition of unit B-2

Fig. 8. Schematic diagrams showing two reconstruction models of faulting events based on the cross-cutting relation-
ships between the faults and unit layers, indicating reveal at least (a) one or (b) two faulting events.
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