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ABSTRACT: Geological study of the Gorae I structure in the southwestern part of the late Cenozoic Ulleung Basin
has rarely been performed even though the structural and depositional evolution of the Gorae I is crucial for analysis
of the petroleum system in the basin. This study focuses on interpretation of the detailed history of the Gorae I
structure and associated depositional environments by analyzing seismic facies of the 3D seismic and well data.
Interaction between the Eurasian and Pacific Plates played a major role in the geological evolution of the Ulleung
Basin, East Sea (Japan Sea) during the Cenozoic. The Basin was formed by back-arc rifting and thermal subsidence,
and deformed by NW-SE compression in the late Miocene and by E-W compression from the Pliocene. The
NW-plunging fold (the Gorae I structure) was induced by thrusting of the NE-SW trending Dolgorae structures
during the NW-SE compressional stress. The late Miocene sediments, which were deposited in transitional
environments from the coastal to the inner shelf, were generally supplied from the SW to NE direction in the area.
In the E-W compressional tectonic setting, the Gorae I structure formed SW-plunging folds and NE-SW 4-way
dip anticlines by strike-slip movements along the existing NE-SW thrust fault planes since the Pliocene. The growth
strata sediments of the Plio-Pleistocene time consist predominantly of submarine canyon fills supplied from NNE
or NE.
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Fig. 1. (a) Physiographic map of the East Sea (modified from (Lee ef al., 2011) with plate boundary (modified from
(Taira, 2001). KP: Korea Plateau, KYR: Kita-Yamato Ridge, OB: Oki Bank, YR: Yamato Ridge. Red box indicates
the location of study area. (b) Location map of Gorae I, Gorae V and Dolgorae structures. Each structure indicates
shape at the time of formation.
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Fig. 2. Location map of seismic and well data used for this study.
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Table 1. Seismic facies of this study area and their characteristics.

Facies Characteristics Seismic Appearance Geological Interpretation
2| WA AR
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——
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Facies 2 continuity to semicontinuity, | P—— Inner shelf
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Fig. 4. (a) The present sea bed is described by the time structure map of the top of SU10. Distinguished submarine canyon features are well recorded on the sea
bottom. (b) Time structure map of the top of SU9 (1.9 Ma). Small four way dip closures are developed within the Gorae I area. Structural highs are identified
in the Gorae I and Gorae V, and in the northwestern corner of the study area. (c¢) Time structure map of the top of SU8 (2.2 Ma) similar with that of the top of
SU9. The Gorae I area is generally attached with the Gorae V structure toward east. The strike of west limb in the Gorae I and V plunging fold is NE-SW. (d)
Time structure map of top of SU7 (2.5 Ma) slightly modified from the general trends due to submarine canyon and channel incisions. (¢) Time structure map of
top of SU6 (2.6 Ma). (f) Time structure map of top of SU5 (4 Ma). NE-SW trending strike-slip faults are well observed. (g) Time structure map of the top of SU4
(5.33 Ma). The structural patterns are highly controlled by cut and fill activities within the study area from 5.3Ma to present time. (h) Time structure map of the
top of SU3 (7 Ma) showing the Gorae I structure attached with the Dolgorae thrust area toward southeast. The general dipping trend of the west limb is changing
from NE-SW to ENE-WSW within this interval. Southwestern edge of the Gorae V which is separated from the Gorae I is well observed. (i) The NW plunging
Gorae | feature is well defined with the time structure map of'the top of SU2 (10.6 Ma). The plunging direction of SU2 is changing from NNE of SU3. (j) Time structure
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Fig. 5. (a) Isochron map of SU10 (sea bed - 1.9 Ma). ANE-SW trending main thin part (blue) is controlled by the present submarine canyon incision. (b) Isochron
map of SU9 (1.9-2.2 Ma). A small portion of submarine canyon cut and fill feature is remain in the NE corner. (¢) Isochron map of SU8 (2.2-2.5 Ma). A striking
NE-SW trending thick body (yellow) is submarine canyon fill. (d) Isochron map of SU7 (2.5-2.6 Ma). A thin oppositive feature compared to SUS is controlled
by submarine canyon cut. () Isochron map of SU6 (2.6-4 Ma). A NW corner and NE part are getting thin due to structural developments. (f) Isochron map of
SUS (4-5.33 Ma). A thinning NE part is controlled by submarine cut and fill. Isochron maps from the sea bed to 5.3Ma in the study area are mainly controlled
by submarine canyon activities. (g) Isochron map of SU4 (5.33-7 Ma). Growth strata of the Gorae I and the SW structure generate the thinning toward SW and
SE features. (h) The growing of Gorae I structure provides generally thinning toward SE isochrons map of SU3 (7-10.6 Ma). (i) Isochron map of SU2 (10.6-12.5
Ma). A gentle thickening toward NE caused by thermal subsidence is observed. Without structural development, thermal subsidence of the Ulleung Basin provides
deepening of the basin center which is NE direction in the study area. (j) Isochron map of SU1 (12.5-14 Ma). Thermal subsidence of the basin generates the subtle
thickening toward NE.
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Fig. 6. A northwest-southeast seismic section showing the Gorae I structure as a plunging fold with a Dolgorae struc-

ture and reactivated reverse fault by strike slip movement.
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Fig. 7. (a) Time structure map of 2.5 Ma showing northeast anticline of the Gorae I structure. (b) E-W compression
by eastward movement of the Eurasian Plate after Pliocene. (c) Time structure map of 10.6 Ma showing northwest
plunging of the Gorae I structure. (d) NW-SE compression due to subduction of the Philippine Plate to the Eurasian
Plate during 10.6-5.33 Ma. Arrows mean direction of compression.
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Table 2. Interpretation of depositional environments of study area.

o ; . . Biostratigraphy Well Log Pattern/ Depositional
Seismic Unit F
Seismic Facies (KNOC, 2019) Rock Sample Environment
SwW NE
SU10
1.9 Ma|
SuU9
2.2Ma
SuU8
Ll Facies 3 No data Cy]indrica] shape Outer shelf
SuU7
6 Mal
SU6
4 Ma
SUs
e ] . Y Inner shelf
Su4 Facies 1(SW), Facies 2(NE)
. Bell shape, T
: ; Thin sandstone (Max. 5 m) > nner
SuU3 6 Facies 1(SW), Facies 2(NE) Shale dominant, Coastal shelf
: . Coal bed
su2 Facies 1 Coastal to inner shelf o be
o . Bell shape (Funnel)
SU1 Facies 2
i Thick sandstone (Max.15 m) Innexshelf

Fig. 8. Strain ellipse of the Gorae I structure. Formation
of the northeast-southwest Gorae I anticline and re-
activation of pre-existing thrust faults with strike slip
movement due to east-west compression after the
Pliocene. Arrows mean direction of compression.
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Fig. 9. Time structure maps of seafloor at present. (a) Submarine channels extend shelf edge (b) Submarine channels

of enlarged study area.
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Fig. 12. (a) A isochron map of SC4-c with boundary of SC4-a and SC4-b. A blue line means location of fig. (b).
(b) Lateral migration to southeast direction of submarine channels during 5.33-4 Ma. Dolgorae structures block
lateral migration of submarine channels. SC: Submarine channel.
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Fig. 13. Development of submarine channels formed by mass failure after 2.6 Ma.
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Fig. 14. Geological evolution of study area during formation of the Gorae I structure. Arrows mean direction of

compression. Dotted lines indicate form of structures.
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