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Characteristics of the Cenozoic crustal deformation in
SE Korea and their tectonic implications
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Abstract : The southeastern Korean Peninsula has experienced crustal multi-deformations according to changes of global
tectonic setting during the Cenozoic. Characteristic features of the crustal deformations in relation to major Cenozoic
tectonic events are summarized as follows. (1) Collision of Indian and Eurasian continents and abrupt change of
movement direction of the Pacific plate (50~43 Ma): The collision of Indian and Eurasian continents caused the eastward
extrusion of Fast Asia block as a trench-roliback, and then the movement direction of the Pacific plate was abruptly
changed from NNW to WNW. As a result, the strong suction-force along the plate boundary produced a tensional siress
ficld trending EW or WNW-ESE in southeastern Korea, which resultantly induced the passive intrusion of NS or NNE
trending mafic dike swarm. (2) Opening of the East Sea (25~16 Ma): The NS or NNW-SSE trending opening of the East
Seca generated a dextral shear stress regime trending NNW-SSE along the eastern coast line of the Korean Peninsula. As
a result, pull-apart basins were developed in right bending and overstepping parts along major dextral strike slip faults
trending NNW-SSE in southeastern Korea. The basins can be divided into two types on the basis of geometry and
kinematics: Parallelogram-shaped basin (rhombochasm) and wedged-shaped basin (sphenochasm), respectively. In those
times, the basins and adjacent basement blocks experienced clockwise rotation and northwestward tilting
contemporaneously, and the basins often experienced a kind of propagating rifting from NE toward SE. At about 17 Ma,
the Yonil Tectonic Line, which is the westernmost border fault of the Miocene crustal deformation in southeastern Korea,
began to move as a major dextral strike slip fault. (3) Clockwise rotation of southeastern Japan Istand (about 15 Ma):
The collision of the Izu-Bonin Arc and southeastern Japan Island, as a result of northward movement of the Philippine
sea-plate, induced the clockwise rotation of southeastern Japan Island. The event caused the NW-SE compression in the
Korea Strait as a tectonic inversion, which resultantly terminated the basin extension and caused local counterclockwise
rotation of blocks in southeastern Korea. (4) E-W compression in the East Asia (after about 5 Ma): Decreasing
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subduction angle of the Pacific plate and eastward movement of the Amurian plate have constructed the-top-to-west
thrusts and become a major cause for earthquakes in southeastern Korea until the present time.

Keywords : Cenozoic, crustal deformation, collision of Indian continent, opening of East Sea, Amurian plate
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Fig. 1. Structural map in the area to the east of the Ulsan Fault
showing the traces of major faults, bedding, and dikes. Shaded
area indicates the area in which the Tertiary Miocene basins
are developed and the clockwise deflections of remanent
magnetization are observed. () Dongrae Fault, @ Ulsan Fault,
"3 Yonil Tectonic Line.
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Fig. 2. Contoured n-(lower hemisphere, equal-area projection) and
rose diagrams of the attitudes of intrusion of basic dikes in the
Bulguksa Granites (a) in the west of YTL, (b) adjacent to it,
and (c) in the east of it. Great circles indicate the mean
attitudes. Mean: Strike/dip are measured according to the
right-hand rule.
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1. Pohang Basin

2. Changgi Peninsula

3. Changgi Basin

4, Eoil Basin

5. Waup Basin
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a.Yangsan Fault
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Fig. 3. Structural map showing the rotation magnitudes of structural
domains based on the mean directions of ChRMs (black
arrows). Note that the shape and geographical position of each
basin, and rotational angle of each domain.
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Fig. 4. Geological and structural maps with cross sections of the Eoil Basin.
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Fig. 5. Geological map and two schematic cross sections of the Waup
Basin. ac (as). conglomerates (sandstones) zone in the
Andongri Formation. Symbols: ag, ts, tc, at, and ct:
agglomerates, tuffaceous sandstones, tuffaceous conglomerates,
andesitic tuffs, and crystal tuffs in the Pomgokri Volcanics,
respectively.
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Fig. 6. Fault-slip data of all striated fault planes observed in the
outcrops adjacent to the border faults of the Eoil Basin (lower
hemisphere, equal-area projections). Divergent arrow head
represents horizontal stretching direction (Sgmin = N56°W).
The principal stress axes o, (filled pentagons), o, (filled
squares), o3 (filled triangles) are also projected. R: 6,-03/0)-
G3.
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Fig. 7. Two types of kinematic models explaining the opening of the
Miocene basins in southeast Korea. (a) Parallelogram-shaped
basin model (thombochasm). (b) Wedged-shaped basin model
(sphenochasm). All of them are originated by NNW dextral
simple shear.
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Fig. 8. Result map showing declination of site-mean ChRMs in the
vicinities of the Ulsan Fault. Solid (white) arrows represent the
sample sites with normal (reversed) ChRM polarity, 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
(=Yonil Tectonic Line).
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Fig. 9. Detailed geological map of the vicinity of the southern part of
the Yonil Tectonic Line. U.F.. Ulsan Fault, Y.T.L.. Yonil
Tectonic Line, S.F.: Seokup Fault. (1) geological boundary, (2)
inferred geological boundary, (3) fault, (4) inferred fault. L:
Lower part of Quaternary, U: Upper part of Quaternary.
Towns: D Malbang-ri, @ Moha-ri,® Hyodong-ri, @ Sindae-ri.
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Fig. 10. (a) Outcrop photograph showing a reactivated northwestern
border fault of the Pohang Basin which has a top-to-the-east
reverse-slip geometry and sense. (b) Outcrop photograph
showing vertically dipping Miocene sediments adjacent to the
reactivated border fault.
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Fig. 11. Stereographic projections of minor fault data and paleostress axes for NW-SE transtensional stress field. Alphabets in upper left of
stereograms mean the methods of stress inversion by Choi (1995). D: DAGUR, B: BURIAT, A: ASI. Numbers of upper left of them mean
the number of used data for the calculations. Numbers of upper right of the them show ® ratio (6,-6y/61-63), and Alphabets of the lower left
mean the site locations. All polygons indicate the principal stress axes (pentagons: G, squares: G, triangles: o3). Double polygons are those
determined by DAGUR, branched polygons by BURIAT, and simple polygons by ASI.
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Fig. 12. Result map showing the declination values of site-mean
ChRMs and subdivision of the Jeongja-Ulsan basins area. The
area is divided into five structural domains according to
detailed structural mapping {Son and Kim, 1994). Solid {open)
dots with arrow represent the sample sites with normal
(reversed) ChRM polarity, whereas solid dots without arrow
represent the sites from where no site-mean ChRM direction
could be obtained. Note the reddish arrows indicating
abnormally counterclockwise rotation.
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Fig. 13. Geological and structural map of the area in east of the Ulsan
Fault, showing the localities of Quaternary faults and their
traces.
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Fig. 14. Fault-slip data of striated fault planes observed from the
Quaternary faults in east of the Ulsan Fault (lower
hemisphere, equal-area projections). Convergent arrow heads
represent horizontal compression direction. The principal
stress axes o (filled pentagons), o, (filled squares), o; (filled
triangles) are also projected.

9], 2001). A=} AE)(1991)2 FAbtEt)e] 552l 73
5 X3 A fAEdAN 8358 daEdir Ay
o7 243 A3 B3} 24008~2,0008 Hof gEEo] 9
AL AoZ HIs 9o o]F BEEL ¢ N
53 AUE 7ol =

3, ook MR A4 AR A e
9350 SEEEY R dEoeMs AT Fd
o Xk XTSI FEdSo) sjPdtt. $HuEY A
= A37] R Woly] EAgRe] AASHTES)
o] &Y TEoZH, 199830 FFFARI T= W ok zA}
& B3 Hzx= dAHAHEFHAL 9, 1998; ol5F 9,
1999; #E7les, 2003) Al W] E-A] 2AKT-19989} T-
2002, T-2003)7} o]Fo3zl u} e},

7354 opdd gHElY) T-2003(Fig 15: A=Wk ok 50m,
dEEE oF 20m, o] Ax: oF 10m)el &3
7] shakbs, BAEE, A47) skarE, 28
4 99 2 YR IR E Fdshe &
GEe] BE4S Helth A37] shiRE dusle ¢EH
o] AAE NI4E/A40°SECH, AF2 Z4E HRdoz 7
Abzto] @obd N36°E/23°SEE Wsteth E¢, 9EHe
AR 94 BAZ N HA vl oo By|He] Ay
He Feolt(Fig. 16). sih72 o] B3 FEHe
2 3o v8s Hek(ramp and flad] 718515 BAF7)

it

2

LA A
%

12 o

U0 U QY AVRTE AF2L VS o5
o Gl BYEIH gom, 93 O U2z Yo 4F
e

o rlo

HsiA v FT BoE &5 JESY FAE A3

Fig. 15. T-2003 trench site showing the geometry of the Eupcheon
Fault.

Soil Layer

Fig. 16. (a) Outcrop photograph and (b) its sketch showing the upward
termination of the Eupcheon Fault. See the text for detailed
explanation.
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