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Moon Son, Cheol Woo Song, Min-Cheol Kim, Youngbeom Cheon, Soohwan Jung, Hyeongseong Cho,
Hong-Gyun Kim, Jong Sun Kim and Young Kwan Sohn, 2013, Miocene Crustal Deformation, Basin
Development, and Tectonic Implication in the Southeastern Korean Peninsula. Journal of the Geological
Society of Korea. v. 49, no. 1, p. 93-118

ABSTRACT: Tertiary volcanic and sedimentary rocks in SE Korea are divided into the Hyodongri Volcanics,
Beomgokri, Janggi, and Yeonil groups in ascending order. The Hyodongri Volcanics are a dacitic-andesitic volcanic
complex which locally erupted in the earliest stage of crustal deformation due to East Sea opening in the Late
Oligocene. The Beomgokri and Janggi groups are redefined as volcanogenic rocks composed of dacitic and basaltic
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materials, respectively, and the intercalated terrestrial sediments that are filling the basins extended due to vigorous
crustal deformation during the Early Miocene. The Beomgokri Group is conformably overlain by the Janggi Group.
The Yeonil Group refers to non-volcanic terrestrial to marine sediments which accumulated in the Pohang Basin
and the nearby areas east of the Yeonil Tectonic Line (YTL) because of rapid migration of depocenter at about
17 Ma. During the Early Miocene crustal deformation, parallelogram-shaped pull-apart basins formed between
NNW-trending principal displacement zones (PDZs), accompanied with clockwise horizontal block rotation,
northwestward block tilting, and southwestward propagating rifting. At about 17 Ma, the realm of crustal
deformation in SE Korea expanded suddenly toward the west and the north because of the activation of YTL,
resulting in dramatic change of depositional environment and the extension of the wedge-shaped pull-apart basins
such as the Pohang and Ulsan basins. The YTL and the western border fault of the Pohang Basin, which intersect
obliquely about 50° in Bomun area, are the westernmost limit of the Miocene crustal deformation in SE Korea.
Kinematic models for the East Sea opening include bar-door and pull-apart models. All the features of the Miocene
crustal deformation in SE Korea reasonably support the latter. They also indicate that the NNW-trending faults
like the YTL acted as the PDZs rather than the NNE-trending Yangsan Fault under a consistent dextral simple shear.
At about 16 Ma, the collision of Philippine Sea Plate and the southwesternmost part of Japanese Islands caused
a tectonic inversion from tensional to compressional stress regime in East Asia. This inversion resulted in the
compositional change of basaltic magma at about 15 Ma, from subalkali to alkali, and the crustal uplift in SE Korea,
which subsequently caused the cessation of sedimentation in the basins at about 10 Ma.

Key words: East Sea opening, Miocene stratigraphy, dextral simple shear, pull-apart basin, Yeonil Tectonic Line,
tectonic inversion

(Moon Son, Cheol Woo Song, Min-Cheol Kim, Youngbeom Cheon, Hyeongseong Cho and Jong Sun Kim,
Department of Geological Sciences in PNU, Busan 609-735, Korea; Soohwan Jung, Petroleum & Marine
Resources Division in KIGAM, Daejeon 305-350, Korea; Hong-Gyun Kim, Geotechnical Engineering Research
Division in KICT, Goyang 411-712, Korea; Young Kwan Sohn, Department of Earth and Environmental Sciences
in GNU, Jinju 660-701, Korea)
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Fig. 1. (A) Simplified tectonic map of the East Sea modified after Jolivet e al. (1991). (B) Landsat TM satellite
image of the southeastern Korean peninsula, showing the distribution of the Miocene sedimentary basins and major
faults (modified from Kim et al., 1991; Yun et al., 1991; Son, 1998; Son et al., 2000a, 2000b, 2002, 2005, 2009;
Kim et al., 2011; Cheon et al., 2012; Jung et al., 2012) and (C) the regional structural map in SE Korea with the
Miocene stress regime. The thick black arrows indicate the mean declination directions of ChRMs.
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Table 1. Comparison of the Tertiary stratigraphies in SE Korea.
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Fig. 2. Geological map of the Waup and Eoil basins with the stress regime and slip motions of the major faults (modified
from Son et al., 2000a, 2005). Symbols in the legend: conglomerates (ac) and sandstones (as) in the Andongri
Formation; agglomerates (ag), tuffaceous sandstones (ts), tuffaceous conglomerates (tc), andesitic tuffs (at), and
crystal tuffs (ct) in the Beomgokri Volcanics; acidic tuffs (a) in the Gampo Conglomerate; basaltic lavas (b), basaltic
tuffites (t), agglomerates (ag), and lacustrine sediments (1) in the Eoil Formation; conglomerates (c), breccias (br),
and sandstones (s) in the Songjeon Formation.
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Table 2. Previous age data of the Tertiary rocks in SE Korea.

Locality Stratigraphic Unit Lithology Dating Method Age (Ma) Reference
. 14.82 +£0.40
Daljeon Basalt Basalt K/Ar 15.16 + 0.42 Lee et al. (1992)
Pohang Basin 12.83+0.30
. 13.62 £0.33
Dal Basal Ar .
aljeon Basalt Basalt K/ 13.89 £ 0.35 Yun et al. (1995)
14.56 £ 0.46
. 17.2+6.0 .
Eoil Basalt Basalt K/Ar 19.6 4 0.3 Jin et al. (1988)
180+1.1
Eoil Basin 18.4+0.6
Eoil Basalt Basalt K/Ar 18.7+0.6 Lee et al. (1992)
192+0.6
19.3+£0.5
204 £0.5
Dyke intruding into .
Churyeong e Churyeong Breccia Dacite “ATPAr eLe =0
Area Andesitic Rocks Dacite OAT/PAr 220+05  Kimet al. (2005)
Waup Basin Yongdongri Tuff Dacite ©Ar/*Ar 21.6+04
Hyodongri Volcanics  Andesite “Ar/*Ar 240+0.5
HE oA TS AS AT Tk 2 A7 o|ER 33, S3E 99 2 SIE AL F
© HFE 7SS Bl ol =RE 3ME Rl AR &R AYY, s S3Y
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(

2= % 2519 M2 9] 7|42 HojalnA}
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A o] AT ATES Fste] 17] vol 24 %]
29 AuFD 1 BEAS Ytk 2 22
o] AAIEE A% E5-e x| o] net theFsithSon
and Kim, 1994; Son, 1998; Son et al., 2000a, 2000b,
2002, 2005, 2009; Kim et al., 2011; Cheon et al.,
2012, Jung et al., 2012).

31, Tateiwa (1924)2} Yoon (1992)9]) &3} 7]
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= 24.040.5 Ma2 245 =o vlsf 127191 &2
A o] AgS W o ZTH(IE 2; Kim et al., 2005).
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Table 3. Summary of paleomagnetic data from the basements and basin-fills of the Miocene basins, SE Korea.

Locality and stratigraphy ChRM vep P R
D) 1(9 ass () k Lat (°) Long ()
Basement rocks

Pohang Basin 56.4 47.0 3.7 206.9 423 212.0 N ®
Pohang Basin 87.5 70.5 4.0 418.5 30.1 171.2 N ®
Janggi Basin 46.2 424 -- -- 48.9 222.5 N ®
Janggi Basin 226.8 -73.6 12.5 97.9 52.0 166.4 R ®
Janggi Basin 269.3 -73.2 14.0 44.3 30.5 166.4 R G
Janggi Basin 4.0 53.0 16.2 - 85.9 254.9 N @
Eoil Basin 58.9 66.8 7.4 - 45.8 182.5 N )
Eoil Basin 203.0 -54.0 11.0 69.0 71.2 216.5 R @
Ulsan-Jeongja Basin 251.5 -51.9 - -- 32.0 200.1 R ®

Mean (N=9) 49.8 61.6 11.6 20.6 50.7 190.3

Ay5=16.0 K=11.3

Basin-fills (Janggi Basin)

Yeonil Basalt 49.3 53.9 5.4 123.9 50.1 206.8 N @
Yeonil Basalt 67.7 447 7.6 - 324 208.7 N @)
Yeonil Basalt 246.5 -69.2 8.4 - 41.5 177.3 R )
Yeonil Basalt 148.2 -63.2 10.2 - 64.4 69.3 R @
Yeonil Basalt 214.5 -43.1 39 184.2 58.5 230.1 R ®
Yeonil Basalt 356.0 68.2 2.0 1009.2 74.4 120.2 N ®
Yeonil Basalt 191.9 -48.0 6.6 -- 77.8 250.9 R @
Janggi Group 7.5 40.1 6.8 -- 75.3 281.2 N @
Janggi Group 30.9 40.0 23.5 -- 60.2 237.3 N @
Janggi Group 0.6 47.1 6.4 - 82.3 305.6 N @
Janggi Group 326.8 38.7 27.8 - 57.9 225 N )
Janggi Group 252 58.6 19.8 - 69.8 202.4 N @
Janggi Group 212.7 -55.0 19.8 - 63.6 210.8 R @
Janggi Group 191.0 -59.0 7.0 349.0 80.5 192.7 R @
Janggi Group 193.0 -39.0 25.0 12.0 72.0 267.0 R @
Janggi Group 49.0 38.0 19.0 18.0 45.1 224.8 N @
Janggi Group 16.0 53.0 7.0 66.0 76.7 2253 N @
Janggi Group 199.0 -55.0 7.0 99.0 74.6 215.6 R @
Janggi Group 198.8 -55.5 6.7 99.5 74.8 213.8 R ®
Janggi Group 210.7 -55.6 10.0 59.3 65.3 210.0 R ®
Janggi Group 253 61.1 5.5 193.6 69.5 1943 N ®
Janggi Group 143 54.4 6.5 66.6 78.3 220.6 N ®
Janggi Group 209.4 -47.3 13.4 21.3 64.1 228.0 R ®
Janggi Group 30.4 56.7 7.5 86.2 65.7 207.4 N ®
Coal-bearing Formation 35.6 36.4 7.4 -- 55.1 236.7 N @
Beomgokri Group 222 59.6 4.9 - 72.1 198.5 N @
Beomgokri Group 18.3 38.2 19.1 -- 68.4 256.9 N @)
Beomgokri Group 229.0 -40.0 20.0 40.0 458 223.0 R @
Beomgokri Group 203.0 -66.0 12.0 65.0 69.1 176.3 R @
Beomgokri Group 192.0 -65.0 -- - 75.8 164.9 R @
Beomgokri Group 45.0 48.0 6.0 483.0 51.8 216.8 N @
Beomgokri Group 47.0 60.0 -- 34.0 53.3 197.2 N @

24.6 53.8 5.3 239 70.2 213.9

Mean (N=32)
A95=6.6 K=15.8

ChRM: site mean directions after tilt correction; D: declination; I: inclination; k: Fisherian precision parameter; as: 95% confidence interval; VGP: virtual
geomagnetic pole; Lat: latitude; Long: longitude; K: best-estimate of the precision parameter k of the observed distribution of site mean VGPs; Ags: 95%
confidence interval for calculated mean pole; P: polarity; R: reference, @ Han (1989), @ Kim and Kang (1989), @ Kim et al. (1993), @ Kim and Doh
(1994), ® Kim et al. (1994), ® Min et al. (1994), @ Kim and Kang (1996), ® Son et al. (1996).



et HEF Ol0|XM| A|ZHHY, 2XAILE 2|10 X=X 9|0] 101

Table 3. continued.

. , ChRM VGP
Locality and stratigraphy R
D(®) 19 a5 (%) k Lat (°) Long (°)
Basin-fills (Eoil-Waup Basins)
Eoil Formation 445 443 3.9 - 50.9 221.2 N )
Eoil Formation 237.8 -34.7 8.2 - 36.9 221.5 R )
Eoil Formation 124 70.5 - - 69.3 149.9 N )
Eoil Formation 71.4 64.1 5.7 -- 36.9 185.0 N @
Eoil Formation 354.9 51.1 13.3 -- 84.2 357.4 N @
Eoil Formation 48.8 53.5 2.5 625.0 50.4 207.2 N ®
Gampo Conglomerate 0.0 42.6 7.3 - 78.9 309.4 N @
Janggi Group 212.0 -49.0 8.0 88.0 62.6 222.6 R @
Janggi Group 235.0 -61.0 -- 28.0 47.5 193.6 R @
Janggi Group 213.0 -48.0 -- 37.0 61.5 223.6 R @
Janggi Group 217.0 -60.0 6.0 210.0 60.8 198.1 R @
Waeupri Tuffs 204.2 -37.8 6.6 - 64.3 247.5 R @
Waeupri Tuffs 117.2 54.0 6.8 - 1.5 176.5 N @
Beomgokri Group 218.0 -53.0 -- 140.0 58.9 212.3 R @
Beomgokri Group 218.0 -36.0 6.0 152.0 53.2 234.5 R @
Beomgokri Group 230.0 -48.0 9.0 29.0 47.7 213.9 R @
Mean (N-16) 394 53.5 9.2 17.2 57.8 208.5
Ass=11.8 K=10.7
Basin-fills (Haseo Basin)
Yeonil Basalt 252.2 -44.7 19.6 - 28.7 206.2 R &)
Yeonil Basalt 65.0 43.7 8.4 - 34.1 210.6 N &)
Haseori Andesites 181.0 -40.9 5.7 - 77.8 305.2 R @
Haseori Andesites 193.9 -65.8 7.4 - 73.9 164.8 R @
Hyodongri Andesites 262.5 -70.4 11.7 - 32.4 172.4 R &)
Mean (N=5) 45.9 57.6 24.7 10.5 53.4 197.8
A9s=32.7 K=6.4
Basin-fills (Jeongja Basin)
Dangsa Andesites 220.5 -65.5 5.4 92.8 57.8 184.7 R ®
Dangsa Andesites 18.0 47.4 8.6 26.5 73.3 239.0 N ®
Dangsa Andesites 228.7 -50.4 53 83.6 49.5 211.3 R ®
Dangsa Andesites 185.7 -43.2 11.6 342 78.5 282.6 R ®
Dangsa Andesites 201.2 -42.7 8.8 31.3 68.8 244.1 R ®
Mean (N=5) 24.9 50.9 13.8 31.5 68.4 220.4
Ay5=16.9 K=21.5
Mean (N=58) 30.3 54.1 4.3 19.8 65.4 210.7
(Janggi and Beomgokri G.) A9s=5.5 K=12.5
Basin-fills (Pohang Basin)
Duho Formation 11.0 54.0 -- -- 80.9 226.0 N €)
Duho Formation 19.0 45.0 - - 71.2 244.5 N )
Duho Formation 17.0 48.0 -- -- 74.1 240.7 N ©)
Duho Formation 180.0 -49.0 -- -- 83.8 309.3 R ©)
Duho Formation 215.0 -68.0 -- -- 61.0 177.3 R ©)
Duho Formation 3.0 50.0 -- -- 84.1 283.2 N €)
Duho Formation 357.0 55.0 -- - 87.5 27.0 N ©)
Duho Formation 5.0 45.0 -- -- 79.6 283.8 N €)
Duho Formation 3.0 50.0 -- -- 84.1 283.2 N €)
Duho Formation 7.0 46.0 - - 79.4 273.1 N ©)
Duho Formation 11.0 42.0 - - 74.8 267.7 N @
Duho Formation 3.0 46.0 -- -- 80.9 292.2 N ©)
Duho Formation 8.6 55.3 5.9 114.5 83.0 218.9 N ®
Duho Formation 3443 37.0 14.6 18.4 69.3 355.1 N ®
Hakjeon Formation 189.3 -63.7 144 56.3 78.4 163.7 R @
Hakjeon Formation 2.9 54.8 7.3 73.0 87.5 236.6 N ®
Mean (N=16) 6.3 51.0 4.7 63.2 83.3 251.8

(Yeonil Group) Ags=5.4 K=47.7
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Yoon (1992)0] ]3] 27| ufo] 9 A¢] o] 1RG0
= o vt QITHE 1). e} ArjAnat A ste
AREE FUHY, oF BRYRE A F 37
2 FEET & ZFEA ojgy EXEIA 3
oA TEEE= 17~20 Ma®] 8|22 (subalkali)
AE ARGFe ZFEA oA FlE 13~15
Ma9] &Zte] AlE dFUFE FEHTH(Lee et al,
1992; Yun et al., 1995; Shim et al., 2011; Choi et al.,
2013). o] £ F5) FHE SARFAIS) B W
Zro M & A= AAREEFQ] BHH, S &= WhA A
om 47 sl PAHE BolRT glo] AR &
0|7} Ith(Kim and Kang, 1989; Son et al., 1996).
ol FHEL 15~17 Ma Afolof| gt=5 =Z3Hst
FOtAo} Ao X|F2E7 o] F245] HIE UL
& gRAsHEs), o] A7l Baksi Welwsiuo)
AR AR Gt} FES A SeubHol]
Asto] 2E= GAFE7 AANFeR Y
A gt dHo] AEE L AMdETHE EBA
V= FEA A WYt oA SSE0l UE
o}2)7] A&kt A7]9} Q|3kck(Kim, 1992; Fabbri et
al., 1996; Son et al., 1996, 2007; Son, 1998; Kim et
al., 2008). whebA] FHEE FE o] @R M E
2 A7)0l ke A7) v @A| 9] vz oF
At o) X724 gewbio 2 AAE 7] vl
A 29 o] Ao g S FRETIE St
o} Fxhe) olzre] @RQFRLE A=A TP
(A9 SRARIT 2FRE ZAF 2]
Solont, AAIE ek A AaEe e e
% ol EAS o) ARG FH50) ARE
olof Z3hd 7hs/do] &t

0

3. DIOI2AMI X|Zfgidnt EX|eE

10
M
=0)
am
0

3.1 X|n|9] +HENMES

71&9 o7 A7 A5 e R
7] ato] @A HAEQ ZH7A7| HZto] Y= A
AASFe 2 HEFE | QleS HasHeh(Kim et
al., 1986, Han, 1989; Kim and Kang, 1989, 1996;
Kim et al., 1993, 1998; Kim and Doh, 1994; Min et
al., 1994; Son et al., 1996). o]+= o] Lo -2 A
chg2o] 7es] AEatgon], o= <la) A7t
NAe 2 4% ek A|zhge] wAlslgl

99 2| X|atth(Kissel and Laj, 1989). 7] ulo] @.A
ASE(ZFEA oot B ol A M=} A
RHAo| AAE EAJZFAL7](ChRM: Characteristic
Remanence Magnetization) ] HZ}E-& AHEH,
25°-50° W2 AAEEO R BaEo] glov, A
Al Bt 72 30.3°0|th(& 3; 19 3). o] AV |E
A, AY-SRFEA], ShAEA] 1|3l YAEAR 2|
¥z Lo AWuu, 77 BF U6, 3947
45.9° 121 24.9° 25 A Yo we} tha 2jolE B
o3 gloit mE AR Weysel oc.
o]t 52 ZTFEA] o' A o] H7| npo] A
Bt AR Q1 A AR A1) 3 H--5o] WAYsE
out 239 e FUSHA it T2 o]
wje} grebd 4 9l izt

31, R A=AHGAD: Geocentric Axial Dipole)
2UE AT AR ANFE TR0 TARTE
ol o) AR Al A7) 47 B A A
(29 3), A7 HlAte|ER 3HiIeHR, A7) ulo]
QA A 223 F7] upo] 24|19 oA 9 7-9-of
F#0] ZF7H 51.0°418.2°, 30.4°45.4°, 12| 1 6.7°%5.8°
2 BE AF0R 245 43 FHTo] Phasis
Aot Bt ZFPRA] AYSY Foles o4

0°E

o carly Middle Miocene basin-fills (Yeonil Group)

A Early Miocene basin-fills (Janggi and Beomgokri Group)

W Basementrocks
Fig. 3. Comparison of paleomagnetic poles of the base-
ment rocks and basin-fills of the Miocene basins, SE
Korea.
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% (OHmm)ol 747 B B4 gL

2 %49 Yool DT S A et o

9] §4—~E Sshe, kA o) 17 ot
oloH BASE BA ) BEA o] S5
FolFHZE Aolol A AT AEA-FHE U]

A HARE WY A9 sl 2E P
AYRARN, BF A BHE P AT YA
WA 79 715HE FAshe] Ha BAIO] A H P
2 A7t AFHE AAUFL AL AOE A
k.

3, 9F 17 Mao| A2ksje] 72 37] upol 2.4
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#7) FehE Kol o]tk 1B, C). thiie]

71 AN EFEAL o] ParErEo] o
o AASI, o] Wil FUAYA S5 2

ol FHFTEE S st T FALHRAZ Y
=)o} gktk(Han et al., 1987; Kim, 1992; Yoon and
Chough, 1995; Choi, 2006). &L} ZL9] AbA|EH
ool 2ALE Bo EFEA AL PRI A
5}7] gren, of Mo} S0 JATH: BRA of
S&S(transfer fault)d BE55~55 93] Jot
FEY E4E oA AZA T FEH o dFHi=
ZAAE o] B lcHSohn and Son, 2004; Song et
al, 012). EFF 2A)S BURLS BE x| HES
ooz wdH ouTE
20| Er&HHCheon et al.,

Al eJs -2 =1

2012).
ERA W49 REA D) A2 AT T
2A A5t AFA 5 AH B H(Song et al., 2012),

B9 HE AARSL FAs A2 Fel=
Aeg o 23 o 23 km FHo] A\t E
o] HEe BEEI B0 HATZoR T4
T 4). oFSlolA BEE BEEE 60° oz
AAA Glom £ GRS WAl BaET
(29 5). T3 AT 7)ok A sy slo]
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929 Z97H 233 JA A4 Aol Ge
§ S g o v]uet 7] 902 Alof cmel
A Zt 1 m o]4e) HFo] g BaFat A5
FAE o5 AATE QHRAA PolH B3]
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Fig. 4. (A) Geological map of the southern part (Bomun area) of the Pohang Basin with (B) the representative
cross-sections. YTL: Yeonil Tectonic Line. (C) Fault-slip data from the basements adjacent to the border faults
(lower-hemisphere, equal-area projection). Divergent arrows represent horizontal stretching (Gumin) calculated by
the method of Choi (1991). The principal stress axes o; (filled pentagons), o, (filled squares), and o3 (filled triangles)
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Fig. 5. Outcrop photographs showing (A) the NNE-trending western border fault of the Pohang Basin and (B) the

pervasively fractured basement rock and (C) the basin-filling disorganized angular conglomerate adjacent to the fault.
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etal, 2012). ol& &5 5 7M Ut 2 EE(LeA
3 0] F71 nto] @49 23R 9 7] uio] @A)
O] A7 RAE AH AAS=, ©o] B2 FAZ
L8 AE $Z ML EolE 7S 715t
o} &53H E4E 7Kt o] ©35-& 7] wlo|
Aol A718A19 A FAGST o= SEse
1, ¢ 17 Mao] o] 22| 354 o THaFA- o] 5t
A ZFEA Y TEE AAGT LR AfFE Ao
2 M EHTE 6). T o] T2 F7] "lo] 2.4
Fetol ZAFE EEA Wk 94 Ao s
AAREFeR FHRAHo g IHEHA 520l
ool Al FpF AtolF o2 St Heg |
= QA Cheon et al., 2012). TA}7|8H4] Ato] wh
2 ZFPEA] AF FADSY AH EA] 7|6k
FAFA7 = HFEA] g2 v (Kang, 1995), 24
@3A FHE A7INE A A= AA
WeFo 2 gt oF 25° 3| AE o] glof o]gt sS4l
A ABFH( 29 1C Kim ef al., 1986; Kim and Kang,
1989; Min et al., 1994).
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ko) 7] nol .4 BX S F YA A
T3 s A o sl BEA WY T8 &5
9l F3FhZ(Kim, 1992; Lee et al., 1999)0] FH 9
2R g o]2T T TE] o] &ko] AHA-5
W W) Aol A ste] wEolAl shtel o
ACHEAZ A Er) 3HH, L HES2 2FEA
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Fig. 6. Schematic block diagrams showing the roles of the Ocheon Fault System on the evolution of the Janggi and
Pohang basins (from Cheon et al., 2012). (A) Stage I: Subsidence of the Janggi Basin during Early Miocene. (B)
Stage II: Clockwise rotations of faulted blocks due to continuous dextral simple shear during Early Miocene and
the rapid subsidence of the Pohang Basin at late Early Miocene (about 17 Ma). See the text for detailed explanation.



I LSS 0jo[2A| X2

—

o

HEet 550 2R A St EHEFo| 71
Y= e} B3 F7] vto] e Al oll= 3l o] LAYt
ZFEAQ} T olde o], FA} 17 SAREA]
A Vicarya-Anadara SHF 02 R E+= 3|45
o] EZ=|¢lth(Yoon, 1992). d}Lte] E2] HjellA o]
2t A G FFS xH o2 7P 2 B
Z2 FFEAZHN, £A W SHAEQ] A A®ol
5ol GAZRLRE 445 AR o= XS
2 B oj (1 2; Son et al., 2000a, 2000b, 2005).
OFFEA = AF T2} 2|30 Ex et Al 7H 9
T2 &, 5541, FIA T 2 FAA T
2 JEHD o] NI BEF EE FAAL &S
=0 g8l L=, 55, Y, FAALY &A=
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39 A Lolx= EA o] F3sttHSon et al.,
2000a, 2005). ©]&} FARSHA A YEA &= EFof 4
MR ZeE AF dFo] FAoRE ol &
TEE o] A= BE5AEA| S} GALEA R
ZFdo] Yo R, MAs g2 W 7| ulo] e
A BHER SAEC] Q= ¥, 2= 57 vto]
QA Y EHE] Exsith wEba oS X%t
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E|o] A|7to] Ao whet A Z o & S0l EAt
= 493 Aade] S AH Ao wo
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17 Ma 7 9] A d E 834 9] o] 52 AY+
249 L&t YA IAET A AFEE vkt
Zo] AYTRAL TFEX 9 FAGH TS F
=35t AE FHANREA, S5AR Q=T FFA
BEA A xR o] NH FATGSH 2=
2 1). B3 YA oREA9F 24
Ao N FAE o] F L Sl=tl, F EAL T Ao
o] AYFRA AP R = LSl = &
3 Fetat al g ARt 2 o]rEo] H3EkAL YUtk o
£ A7) npo] 2 A|of| Fal 7t EE = < Falctel
7VeliRl EEASEe =3 Aol &Y Y5
° & AuE|glon, o] YL AYSo| EHE]
A ZFsHd ¢k 17 Mao] 0|28 AY1rzxAe g
52 IR HEE AABET IeKSon et al., 2002).

AL 7|1E 1A A ERRE d
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& SEshRakE ApelN FUstel, o)F 547
A opelzAlZIE o BNl LAITHEHO 2
H oF5 km SHo] 91X E 24 me] A&l o
2 T 1 EA7 24 B2 1; Kang
et al., 1996; Son et al., 1997, 2002; Kim et al., 1998;
Son, 1998). 322] 7|2 FU)2] BAE-L o] F A
3 PR W GO T8 TRH A
U3 EE 2HE0] $4F Tl TR 0N
535t 292 st goh(Han et al., 1987;
Kim, 1992; Yoon and Chough, 1995; Fabbri et al.,
1996; Chough et al., 20008] th<r). o]& &1s}7]
3l HA A FHA AAE 12AE7] A
A, 7 ATk 7|tje} oA B o oA Ee) 7
FA)7} B HEA ehgo] UehithKang et
al., 1996). 0|5 A U] EFAEPeRl
gt 22}7] A A= (Son et al., 1997; Kim et al.,
1998) A4t o s LRl SARAEFIE AT
FH A SoNA ZH7A7Y] Ho] YehA] st
o} ¥, Su|EAIE Folehe] uho] e A £4] A<
oA d yehts ZH7A7| 9 AAS S HEFAA
o] FAFTHORHE FZCR oF5km o[t B
% Ao Aut WEEHATHIE 7). wEhA A
34 FH oF 5 km A3 mho] @49 23] 4~
IS AR 2] Y& AL R FA5L, o]
FERHOR “AUTEA 0% 22 YT Son
et al., 1997; Kim et al., 1998). o|of] &2 ] AbA| St
NS B3 24T ALTEA] 2 54 m
o A%A BF Tl 24 SIS B
W ohe, AAME AR o= Sl A
Aol A mto] e Ajof] Estd At Bl & gE 1
21 BEAE AR AASEL AE d3T 47]
4 o] W= AL o] HEAT
(Kim et al., 2002; Son et al., 2002). w2bA] ALLE
A8 FHREE EE ol A EAEgE mho] @ A X7
= T AR A Ao BT AR
Tt

&

E 9

4.1 BX|LkA}
AR =g E thoFst A7 ARES EGE ot
o| A EAUIARE AEletd th3a Zrt A37]
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Fig. 7. Result map showing the declinations of site-mean ChRM:s in the vicinities of the Ulsan Fault (modified from
Son, 1998 and Kim et al., 1998). Solid (white) arrows represent the sample sites with normal (reversed) ChRM polar-
ity, whereas solid dots without arrow represent the sample sites from which no stable ChRM direction could be
obtained. Note a dotted shadow band which represents a suspected tectonic line (=Yeonil Tectonic Line). Inset:
Site-mean ChRM direction from all granite sites. Solid (open) symbols represent the sample sites with positive
(negative) ChRM inclinations. Y: Yangsan Fault, U: Ulsan Fault, D: Dongrae Fault.
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1998; Son et al., 2000a, 2000b, 2002, 2005). A+7]&
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A3 WA ghgront, HT o] BAe] YR
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al., 2011; Cheon et al., 2012; Jung et al., 2012)-2 t}
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AR F EAS BT o A7 EAE 5
et A S 7 Ao = weE
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37] o= H7] uo] 24| Tt AEH Y F A
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2000a, 2000b, 2005; Kim et al., 2011; Cheon et al.,
2012; Jung et al., 2012). o]= B-E5 WX] 5 03F
O BA| AAGZTE T HF5LE BAK ©@Fo] A
EA-FEE B B4 Y A4 AE
T3 EFEA7] A/ A7FE AESEYS AR
ok AR, EAES FHF0| BFolA EAZes
HIEE 4FY AREHE FAuoh SA A
Hie} Zro] oj2jgt E4Jo] 7P F5gt BAl= ohF
EA(I" 224, 7] uto] A Fet SEt 53
Yo 2 e thEAH ZHel A =3 ATy
o] Alzko] YA FAF &2 HO 2 AvE S-S
ek

7] vto] @A & ¢F 17 Mad] 0|28, Hite
= AP 2719 H L7 A S EE
A B S48 9] 9AAd ks FA 9ok
EFEA Y o= R o]2Et 0|3} mho] &
Al AZPARE-S YR e Uyt #E s
7HITHZE 1, 6). A2 AAH o2 5E5A]
WoFs 7Y BEAY EE WA B85 WUk
SRS AL FHRE oA & 5%
FolgHFTHE Fo= ZFEAY AH HAALS
3 AAETHSon et al., 2002, 2007; Kim et al., 2002).
o] FRALE FIE | nol o] Azl
£79) Bx) W, 3o A 5 3
A, A3e] BAF AF 5L FATHE 1% BAM
o]thSon, 1998; Kim et al., 1998, 2002; Son et al.,
2002, 2007). AAFRAS I, B3 I Y]
55 U3 4 Eds wet FEA] o 34
Eof thu] == HIFAHY H9t D AlEo] £2511
2U(29 1B), &5 Al7]= ¢ 17 MaFE £ 4=
oh AU} oF 50° ZHE = AR Sk EZEA]
Ol M AAGSZ Ao EEF UFoR A
e o] EIF BEFI BEA W AT S
o] AZA LR o]o|R|= P HRATH1H 1B, 4).
o|X EEF 52 BA19 & A4 AT
55 Y, BEREA B2 AESE ARl o]
SHFOZH o] o] FHOA thFe] B Eo] ¥
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al., 1995; Hong et al., 1998; Sohn and Son, 2004).
o|% BA|= whE IS Ao dfj3]o] WAt
e HE 50 EAg o] S04 o= ¥
=ik ot thal = A2tz HofXl § &
&9 IAPESH AE(Yoon, 1979; Kim, 1990; Byun,
1995; Yi and Yun, 1995; Byun and Yun, 1996/1997)
£ ZASH, 2EA W EZZ oF 10 MazhA] A]
ERabiae

S, e G5 BAES BF B84 U3
o] FHAY Aol GAEH 2 S A 50]
A5k, 1 2] 1] 0] 25 EAof| whe} FHPAMHPE =+
Z](parallelogram-shaped basin; rhombochasm)
2} #7115 EX|(wedge-shaped basin; sphenochasm)
2 = 4 JtH¥ §; Son, 1998; Son et al., 2007).
Axe AAEFO R 3-dste 7|9t A& Yol
A BA-EE B3 xzgte] os AL

Rotated block

Unrotated block

Fig. 8. Two kinematic models explaining the opening of
the Miocene basins in southeast Korea (from Son, 1998).
(A) Parallelogram-shaped basin model (rhombochasm).
(B) Wedged-shaped basin model (sphenochasm). Both
are originated by NNW-trending dextral simple shear.
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(Jolivet et al., 1994; Taira, 2001). 53] &A1& 4]
© WA AAE Ask flol ARl wet o
o}l AFET Yot 2A T 7 eEH =
g = BAIEA 2H(Otofuji and Matsuda, 1983,
1987; Otofuiji et al., 1985, 1991, 1994; Hayashida et
al., 1991) 3 FA G g &3 (Otsuki and Ehiro, 1978;
Lallemand and Jolivet, 1985/1986; Kimura and
Tamaki, 1986; Jolivet ef al., 1991, 1994, 1995; Kim,
1992; Fournier and Jolivet, 1995; Fabbri ef al.,
1996; Son et al., 2005) 0.2 FLEE 4= gt} HE
e Tl @Al AR YIAIEkAL /o] o]
O] AZAY EA42 Fol9] 2dE AT} 7Skt o
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7 FAEA SR 9AEE S Sklthe
TS AR ST Aotk 1y Fao dAEE
2 At 7€ A7E2 AY BF7F NS
550 mho| @A A T oA == &
AST 22 BEEF FF AF S ALz oA
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2 S{SPH(MITI, 1972, 1973, 1974; Ttoh et al.,
1992; Choi et al., 1994; Yoon and Chough, 1995;
Itoh and Nagasaki, 1996; Itoh, 2001), o]3tef g
She 23 TAl-tlol oA AATEE Ao}TE
GIHE SHEE FHA= 55 WA 55543
o] gEFF27}F 122 AHolls 55 WA A4 %
FO QUFTETL SAIRE A o2 EAA| X 1E
9). WetA 2AAmk-1E SEds FeiEa T
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2 A AN BT 7R $BL 7|1
Aute] Aulo] © F WFOE QIAEo] gk Tt
ol QP TR F7F FFHE FU ANuk T
& gEe) o4a Rl 5o Ane 1elw 45
T 0] 9F 15 Ma o] Fol MAIeE S-2ubdo]
3 24 Fp0] 50) Ak 4 o] ghrk(olivet
and Tamaki, 1992; Fabbri et al., 1996; Itoh, 2001).
Y 2 Kim et al. (2008)2] thube Ao
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Fig. 9. Regional structural map of the Korea Strait and its vicinities showing that compression structures (San'in Folded
Zone) and tensional structures (Domi Basin) are dominantly distributed in the areas to the east and to the west of
the Tsushima-Goto Fault, respectively (modified from Kim ez al., 2008). 1. normal faults, 2. thrust faults, 3. folds,
4. inferred axial trace of second-stage folding of the San'in folded zone caused by CCW block rotation of the adjacent
area to the Tsushima-Goto Fault, 5. paleomagnetic mean declinations (after Fabbri et al., 1996 and this study).
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Table 4. Summary of the tectonic history and igneous activities in the Tsushima Island (from Kim et al., 2008).

Geological Time .
Tectonic Events Igneous Activities
AGE
PERIOD| EPOCH (Ma)
Late
1.2
— 13 i 5 5 o
. * Counterclockwise rotation (28°) &
LAl - Q&/ I:Northeastward crustal tilting
> . ‘Kb refolding of the San’in folded zone Felsic intrusive rocks
w ‘ Tectonic inversion * Quartz porphyry & Granite
ac | = - — (@\d?) I: : NNW-SSE compressional
8 16.4 ‘7 ______ stress field
<< |p - 17 !
— | = L
_____ ? [ —
= i % Second-stage crustal extension _D?fltlf tgf_f _&_I_a\:a
e Early |- = I: :NW-SE tensional stress field
% NE-trending normal faults
w
— [ 5
23.8
UZJ ﬁ First-stage crustal extension
w Lo ~& ‘NNE-SSW tensional stress field
Ol Late Vi fifting & WNW-trending
5] - normal faults
]
O -

*Gray—-color arrows represent the apparent compressional stress direction caused by counterclockwise rotation.
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=

32,
12 fr

d
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T

—

T =3 ko] dBEA A FA-FEE WA
E -2 A(Son and Kim, 1994; Son, 1998; Son
et al., 2000a, 2005; Kim et al., 2011, Cheon et al.,
2012; Jung et al., 2012)37} B3tETh T4 =
550 Aole YA EE WA EEF-H
A Y] EAEE-E QA EHA] g=the HollA
Aol & Hol=t|, ol 2| Aol Tt H-E 7o
haret IS flglont Sale) 2] o] 4
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Y Y A4z2-3E e =k A7]-57] vt
o] @Al 9] A Al el AZHE A o= FHETHKim
et al., 2008). o] 3t -SHHPA-& ¢F 16 Mao]| E4)s}+
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