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1-D basin modeling of the Kunsan Basin, 

Yellow Sea and implications 

 

Young Ho Yoon 

 

Department of Environmental Exploration Engineering 

The Graduate School 

Pukyong National University 

 

Abstract 

 

The petroleum system of the Kunsan Basin in the Northern South Yellow 

Sea Basin is not well known, compared to other continental rift basins in the 

Yellow Sea, despite its substantial hydrocarbon potential.  Restoration of two 

depth-converted seismic profiles across the Central Subbasin in the southern 

Kunsan Basin shows that extension was interrupted by inversions in the Late 

Oligocene-Middle Miocene that created anticlinal structures.  One-

dimensional basin modeling of the IIH-1Xa well suggests that hydrocarbon 

expulsion in the northeastern margin of the depocenter of the Central Subbasin 

peaked in the Early Oligocene, predating the inversions.  Hydrocarbon 

generation at the dummy well location in the depocenter of the subbasin began 
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in the Late Paleocene.  Most source rocks in the depocenter passed the main 

expulsion phase except for the shallowest source rocks.  Hydrocarbons 

generated from the depocenter are likely to have migrated southward toward the 

anticlinal structure and faults away from the traps along the northern and 

northeastern margins of the depocenter because the basin-fill strata are dipping 

north.  Faulting that continued during the rift phase (~ Middle Miocene) of the 

subbasin probably acted as conduits for the escape of hydrocarbons.  Thus, the 

anticlinal structure and associated faults to the south of the dummy well may 

trap hydrocarbons that have been charged from the shallow source rocks in the 

depocenter since the Middle Miocene. 

 

Key words: Yellow Sea, Kunsan Basin, cross-section restoration, basin 

modeling, 2DMove
®
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황해 군산분지의 1 차원 분지모델링 연구 

 

윤영호 

부경대학교 대학원 에너지자원공학과 

 

요약 

 

남황해분지내의 군산분지는 탄화수소의 부존 가능성이 매우 높음에도 

불구하고 황해의 다른 분지들과 비교해서 상대적으로 탄화수소와 관련된 연구가 

충분히 이루어지지 않았다.  군산분지의 퇴적 깊이가 최대인 지역을 가로지르는 두 

탄성파 측선을 깊이 단면으로 변환한 후에 2DMove
®
로 구조복원하여, 백악기 

후기 이후로 침강을 시작하였으며, 후기 올리고세와 중기 마이오세 사이에 

구조역전에 의해 배사구조들을 형성했다는 것을 확인하였다. 

분지의 북동쪽 주변부에 위치하는 IIH-1Xa 시추공의 1차원 분지 모델링은 

깊은 근원암에서 초기 에오세에 탄화수소 생성이 시작되었으며 초기 올리고세에 

탄화수소의 배출이 최대였음을 보여준다.  IIH-1Xa 시추공 지역 천부의 근원암은 

열적으로 성숙되지 않았다.  퇴적된 층이 가장 두꺼운 지역에 위치하는 가상 

시추공에서는 탄화수소의 생성이 후기 팔레오세에 시작되었으며 현재도 계속되고 

있다.  가상 시추공 지역에서의 탄화수소 배출은 초기 에오세에 시작하여 현재까지 

진행되고 있다.  그러나 가상 시추공 지역에서 형성된 탄화수소는 분지 지층들이 
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북쪽 방향으로 회전되어 경사를 이루고 있기 때문에 분지의 북동 주변부의 

트랩으로부터 멀어지며 남쪽의 배사구조를 향하여 이동했을 것으로 보여진다.  

연구 지역에 분포하는 단층들은 적어도 중기 마이오세까지 활동하였으며 

탄화수소의 트랩을 형성하였을 뿐 아니라 탄화수소의 누출경로 역할도 했을 것으로 

생각된다. 

 

색인어: 황해, 군산분지, 측선복원, 분지모델링, 2DMove
®
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1. Introduction 

 

The Yellow Sea (Fig. 1) consists of Mesozoic-Cenozoic continental rift 

basins including the Bohai Bay, North Yellow Sea, Northern South Yellow Sea, 

and Jiangsu (Subei)-Southern South Yellow Sea basins.  The Bohai Bay Basin 

is the most petroliferous basin in China, providing about one third of the total 

oil production of the country (Hao et al., 2009).  In the Subei Basin, oil has 

been produced from a number of small fault blocks with multiple reservoirs 

(Liu et al., 2007).  Small volumes of oil have been produced in the West Korea 

Bay Basin in the eastern North Yellow Sea Basin (Massoud et al., 1993; Wu et 

al., 2008).  No commercial discovery has yet been made in the Northern South 

Yellow Sea Basin.  Five wells were drilled in the Kunsan Basin in the eastern 

Northern South Yellow Sea Basin.  These wells encountered shaly, poorly 

sorted sands and volcaniclastics (Shin, 2005).  By 2004, a total of 33,800 km 

of 2-D multi-channel seismic data had been acquired from the Kunsan Basin 

(Shin, 2005).  However, despite the extensive 2-D seismic surveys and 

exploratory drilling efforts, the petroleum system of the Kunsan Basin remains 

poorly understood.  Timings of hydrocarbon generation and trap formation are 

not well constrained.   
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Fig. 1. Bathymetry of the Yellow Sea and vicinity and major Cenozoic basins, 

modified from Lee et al. (2006).  Basin locations are adapted from Liu (1986), 

Zhang et al. (1989), and Yi et al. (2003).  Inset is the tectonic map of eastern 

China and the Yellow Sea from Kim et al. (2000).  Contour interval is in 

meters. 
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In this study, we sequentially restored two depth-converted seismic profiles 

traversing the depocenter of the Central Subbasin (Fig. 2) in the southern 

Kunsan Basin to investigate the timing of trap formation and to backtrack the 

subsidence history that was the key input parameter for one-dimensional basin 

modeling.  The two seismic profiles were selected from a large data set, 

consisting of different vintages of 2-D multi-channel seismic profiles, acquired 

by various oil and service companies between 1986 and 2001.  IIH-1Xa well, 

drilled on a structure in the northeastern margin of the depocenter of the Central 

Subbasin, and a dummy well, located in the depocenter of the subbasin, were 

used in one-dimensional basin modeling.  Reconstruction of the depth-

converted seismic profiles and basin modeling have provided important insights 

into the hydrocarbon potential of the Kunsan Basin. 
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Fig. 2. Bathymetry of the Kunsan Basin and locations of exploratory wells.  

Heavy lines indicate seismic profiles and their depth-converted sections 

restored in this study.  Dummy well is located at the intersection of these 

seismic profiles.  Contour interval is in meters.  
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2. Geologic setting  

 

The Yellow Sea (Fig. 1) is a very shallow (< 90 m), semi-enclosed 

continental shelf basin, lying between China and Korea.  It can be divided into 

the northern and southern parts by the Qinling-Dabie-Sulu collisional belt (Kim 

et al., 2000; Wu, 2002).  The Qinling-Dabie-Sulu collisional belt forms the 

suture zone where the northward moving Yangtze craton was accreted to the 

Sino-Korean platform in the Paleozoic-early Mesozoic (Hsü, 1989; Gilder and 

Courtillot, 1997).  The northern Yellow Sea, including the Bohai Bay and 

North Yellow Sea Basin, and the southern Yellow Sea, including the Northern 

and Southern South Yellow Sea basins, belong to the Sino-Korean (or North 

China) platform and the Yangtze (or South China) craton, respectively (Ree et 

al., 1996; Kim et al., 2000).   

In the early Mesozoic, the eastern margin of the sutured continent became 

an active zone of subduction (Hsü, 1989), which caused crustal extension 

toward the interior of the continent, creating numerous rift basins (Liu, 1986).  

The outer edge of the continent was also disintegrated, resulting in back-arc 

basins (e.g., the Philippine, Banda, Sulu seas) (Lee and McCabe, 1986).  The 

disintegration processes continued throughout the Cenozoic and formed the 

Yellow Sea, East Sea (Japan Sea), East China Sea, and South China Sea (Hsü, 

1989).  The collision of India and Eurasia in the Middle to Late Eocene further 
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complicated the area, creating complex strike-slip faults (Tapponnier et al., 

1982).  During the Cenozoic, volcanism in association with extensional or 

transtensional faults was widespread across eastern China (Barry and Kent, 

1998) and the Yellow Sea (Lee et al., 2006).  

The rift basin development phase (Liu, 1986; Li, 1995) of the Yellow Sea 

consisted of rifting/downfaulting followed by subsidence/downwarping (Zhang 

et al., 1989).  The development of the Northern South Yellow Sea Basin can 

be divided into six stages (Yi et al., 2003): (1) initial rifting during the Late 

Jurassic (?) – Cretaceous; (2) subsidence from the Paleocene to Middle Eocene; 

(3) alternation of uplift and subsidence in the Late Eocene; (4) synrift inversion 

and erosion throughout the Oligocene; (5) uplift during the Early Miocene; and 

(6) regional subsidence from the Middle Miocene onwards, interrupted briefly 

by uplift in the Early Pliocene.  The basin fill of the Northern South Yellow 

Sea Basin is over 7,000-m thick and consists largely of nonmarine (fluvial-

alluvial and lacustrine) sediments (Yi et al., 2003).  Basement highs and faults 

divide the Northern South Yellow Sea Basin further into subbasins.  

The Kunsan Basin in the eastern Northern South Yellow Sea Basin includes 

the southeastern part of the NE Subbasin and the eastern parts of the Central 

and SW subbasins (Figs. 1, 2, 3).  The basin fill of the Kunsan Basin consists  
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Fig. 3. Depth-structure map of the top of the acoustic basement modified from 

Han (2008).  The depths of the acoustic basement range from less than 400 m 

over basement highs to more than 8,000 m in the southwestern part of the 

Central Subbasin.  Large basement faults form the boundaries of the 

subbasins.  Contour interval is in meters. 
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mainly of non-marine clastic sediments (Yi et al., 2003) and can be divided into 

three distinct tectono-stratigraphic units: pre-Cretaceous, Cretaceous-early 

Tertiary (Paleocene), and Tertiary (Eocene-present) (Shin, 2005).  The Late 

Cretaceous and Paleocene shales are potential source rocks and the younger 

Paleocene-Eocene fluivio-deltaic sediments may form reservoirs (Shin, 2005). 
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3. Cross-section restoration 

 

3.1 Methods 

Two representative seismic profiles (Lines 1, 2; Figs. 4, 5), traversing the 

thickest part or depocenter of the Central Subbasin, were selected for cross-

section restoration.  The eight key unconformity surfaces and the top of the 

acoustic basement, identified and mapped originally by Han (2008), and one 

additional unconformity were correlated at the IIH-1Xa well with those of 

KIGAM (1997) and Ryu et al. (2000) (Fig. 6).  The ages of these 

unconformities were estimated, assuming that the sediment accumulation rates 

between the key unconformity surfaces were constant.  The sedimentary 

sequences bounded by the unconformities are referred to as S1 to S10 from 

oldest to youngest. 

Acoustic and density logs from four exploratory wells (IIH-1Xa, IIC-1X, 

Haema-1, and Inga-1) were used to generate synthetic seismograms for 

synthetic-to-well tie that helped obtain the time-depth relationships at the well 

locations.  The velocity field of the area was constructed from these time-

depth relationships and used for time-depth conversion of the two seismic 

profiles.  Kingdom Suite
®
 (version 8.3) was used for synthetic-to-well tie and  
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Fig. 6. Age control at the IIH-1Xa well from (A) KIGAM (1997) and (B) Ryu 

et al. (2000).  (C) Seismic sequences identified in this study and the ages of 

their boundaries.  The sequence boundaries or unconformity surfaces were 

correlated at the IIH-1Xa well with those of KIGAM (1997) and Ryu et al. 

(2000).  Ages of the unconformity surfaces were estimated, assuming that the 

sediment accumulation rates between the key unconformity surfaces were 

constant. 
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time-depth conversion.  The depth-converted sections or depth models were 

imported to 2DMove


 (version 2008.1) for balanced cross-section restoration. 

Restoration of the depth models (Fig. 7) was carried out by successfully 

stripping off (backstripping) each sequence and restoring faults and folds so 

that the paleo-topography or depositional surface was restored to a continuous 

layer with topography.  The paleo-depositional surface was assumed to be flat 

because the basin fill in the Kunsan Basin consists dominantly of non-marine 

sediments.  The integrity of the depth models (e.g., horizon termination, 

attachment of horizons to faults and boundaries, complete closure of polygons, 

etc) was checked and minor inconsistencies were edited before and after 

restoring faults and folds.  Decompaction correction to account for the loading 

effect of the removed top sequence was accomplished during backstripping.  

The porosity-depth relationship for 50% shale/50% sand (Sclater and Christie, 

1980) was assumed because the study area is dominated by sand and shale 

(KIGAM, 1997).  If the top horizon is truncated, the truncated layers were 

restored by projecting the horizons that terminate at the top surface, assuming 

constant thickness and parallel geometry.  Then, faults were restored using the 

Inclined-Shear module.  Shear angles of 60 – 70 gave good results.  

Unfolding to the paleo-depositional surface was accomplished using the  
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Fig. 7. Cross-section restoration procedure.  The depth models for Lines 1 

and 2 were constructed from seismic profiles using Kingdom Suite


.  

2DMove


 was used for cross-section restoration. 
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Flexural-Slip module.  After unfolding, the new top sequence was 

backstripped and the same procedure was repeated. 
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3.2 Results and interpretation 

3.2.1 Line 1 

Line 1 is about 50 km long and crosses the depocenter of the Central 

Subbasin and the IIH-1Xa and dummy wells in a NE-SW direction (Figs. 2, 3, 

4).  A basin began to form in the Late Cretaceous (Fig. 8A) and remained a 

depocenter throughout the evolution of the Central Subbasin.  The large SW-

dipping fault bounding the depocenter appears to have rotated, as evidenced by 

the thickening of sedimentary layers toward the fault (Figs. 8D, E, F), and soled 

out into the N-dipping regional fault that forms the southern boundary of the 

Central Subbasin.  Extension continued until the Late Oligocene-Early 

Miocene (Figs. 8F, G) when a local inversion created an anticline-like structure 

at the IIH-1Xa well location in the northeast.  The amount of uplift due to this 

inversion is estimated to be about 1 km.  This local inversion may be related to 

transpression because crustal shortening was apparently not accompanied.  

The basin experienced two more inversions in the Early (22-17 Ma)-Middle 

Miocene (17-13 Ma) (Figs. 8H, I).  The 17-13 Ma inversion appears to be very 

minor.  These inversions were also probably due to transpression because 

crustal shortening is hardly recognizable.  These inversions marked the end of 

the rift phase of the Central Subbasin.  Faults were active throughout the rift 

phase (~ 13 Ma). 
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Fig. 8. Sequential restoration of the depth model of Line 1.  Vertical 

exaggeration is approximately 2.   
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Fig. 8. Continued. 
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Fig. 8. Continued. 
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3.2.2 Line 2 

Line 2 is about 60 km long and crosses the depocenter of the Central 

Subbasin and the dummy well in a NW-SE direction (Figs. 2, 3, 5).  The large 

SW-dipping fault bounding the depocenter and the S-dipping faults (see Fig. 3 

for fault orientation) in the central part of the depocenter appear to have rotated, 

soling out into the N-dipping boundary fault along the southern margin of the 

subbasin.  Rotation of the SW- and S-dipping faults resulted in thick sediment 

accumulation in the downthrown side of the fault (Figs. 9C, D, E).  Extension 

(> 4 km) was greatest during the Paleocene-Early Oligocene (Figs. 9A, B, C).  

At least two inversions are observed in the Early to Middle Miocene: (1) 

between 22 Ma and 17 Ma (Figs. 9G, H) and (2) between 17 Ma and 13 Ma 

(Figs. 9H, I).  The 26-22 Ma inversion seen at the IIH-1Xa well location in 

Line 1 is not observed in Line 2, suggesting that it was local.  The magnitude 

of uplift during the first inversion is estimated to be about 2 km.  The second 

inversion was very mild.   The inversions are probably due to transpression or 

mild compression because crustal shortening is not evident.  Faulting 

continued until the Middle Miocene (Fig. 9I). 

 

 

 



21 

 

 

 

Fig. 9. Sequential restoration of the depth model of Line 2.  Vertical 

exaggeration is approximately 2.   
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Fig. 9. Continued. 
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Fig. 9. Continued. 
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4. Basin modeling 

 

4.1 Methods 

Source rocks in continental rift basins include early synrift lacustrine, late 

synrift nonmarine and fluvio-deltaic, and early postrift marine sediments, as 

known in many Tertiary rift basins in SE Asia (Doubst and Sumner, 2007).  

Thus, lacustrine and nonmarine or fluvio-deltaic sediments deposited during the 

rift phase are potentially the most important source rocks in the Kunsan Basin.  

In the Subei Basin, the known source rocks are nonmarine sediments, 

consisting mainly of type III kerogen (TOC 1.08% average) (Wu et al., 2008).  

In the West Korea Bay Basin, the Eocene sequence contains organic-rich (TOC 

up to 7%) lacustrine mudstones with a mixture of type I and type III kerogens; 

the Lower Cretaceous argillaceous sediments are organic-lean (TOC 0.9% 

average) and contain gas-prone type III kerogen (Massoud et al., 1991).  

The depocenter of the Central Subbasin in Lines 1 and 2 was analyzed for 

seismic facies to interpret lacustrine and nonmarine/fluvial sediments (Figs. 5, 

10).  Lacustrine sediments are commonly characterized by high-amplitude, 

locally continuous reflections (Dempsey, 1996; Girardclos et al., 2008), 

whereas nonmarine/fluvial sediments are characterized by variable amplitude 

reflections with poor continuity (Mitchum et al., 1977).  The seismic facies, 

interpreted as lacustrine sediments with type I kerogen in Lines 1 and 2, are 
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characterized by moderate- to high-amplitude, locally continuous reflections, 

onlapping onto the underlying layer (Fig. 10A).  Because typical 

nonmarine/fluvial seismic facies (e.g., variable amplitude reflections with low 

continuity) (Fig. 10B) occur at many stratigraphic levels, the nonmarine/fluvial 

seismic facies with two-way travel time thickness greater than 25 ms were 

assumed to have source rock potential with type III kerogen.  The depocenter 

of the Central Subbasin contains source rocks at six stratigraphic levels that 

include four lacustrine (source rocks #1, 3, 5, and 6) and two nonmarine/fluvial 

layers (source rocks #2 and 4) (Fig. 11A).  Seismic facies in the southern part 

of the Central Subbasin away from the dummy well were not interpreted 

because of the poor data quality. 

The IIH-1Xa well was also used in basin modeling to include the 

depocenter margin.  Good source rocks were not encountered at the IIH-1Xa 

well (KIGAM, 1997).  The Middle Eocene and younger rocks contain type III 

kerogen of low (< 0.5%) TOC.  The older rocks are nearly kerogen-free.  To 

model the entire sedimentary section at the depocenter margin, the IIH-1Xa 

well was extended beyond the actual bottom depth (3,467 m) to the acoustic 

basement (4,365 m) (Fig. 11B).  We assumed that lacustrine sediments with 

type I kerogen are present in S1 at the IIH-1Xa well as the well penetrated the  
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Fig. 10. (A) Seismic facies interpreted as lacustrine sediments is characterized 

by moderate- to high-amplitude, continuous reflections, onlapping onto the 

underlying layer.  (B) Seismic facies interpreted as nonmarine/fluvial 

sediments is characterized by variable amplitude reflections with poor 

continuity. 
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Fig. 11. (A) Stratigraphic column, thicknesses of ten sequences, and source 

rock locations of the dummy well.  (B) Stratigraphic column, thicknesses of 

ten sequences, and source rock locations of the IIH-1Xa well.  The IIH-1Xa 

well was extended beyond the actual bottom depth (3,467 m) to the basement 

(4,365 m) to include the deep source rocks in basin modeling. 

 

 



28 

 

thickest part of the downthrown side of the N-dipping fault where lakes were 

probably formed (Figs. 8B, C).  Type III kerogen was also assumed in the 

Middle-Late Eocene section at IIH-1Xa well.  The depths of the 

unconformities and the top of the acoustic basement (Fig. 11) at the dummy and 

IIH-1Xa wells, which are the important input parameters for basins modeling, 

were obtained from the cross-section restoration. 

The stratigraphy versus time (subsidence history) and thermal history for 

the dummy and IIH-1Xa wells were modeled using GENEX


 (version 4.0.3), 

which is a numerical simulation program for one-dimensional basin modeling.  

Procedures in GENEX


 basin modeling include: (1) backstripping and 

decompaction, (2) temperature reconstruction, and (3) kinetic modeling.  

GENEX


 can compute the detailed thermal maturity of source rocks and the 

amount of expelled and residual hydrocarbons.  However, we examined only 

the subsidence and petroleum generation/expulsion histories because the 

quantitative data for source rocks are unavailable.  The three fraction kinetic 

model (Beicip-Franlab, 1995) was used to reproduce the influence of time and 

temperature on hydrocarbon generation and expulsion.  

Most input parameters involved in basin modeling generally have varying 

degrees of uncertainty (Poelchau et al., 1999).  The key input parameters for 

the basin modeling for the dummy and IIH-1Xa wells are listed in Table 1.   

 



29 

 

Table 1. The key input parameters for one-dimensional basin modeling. 
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Default values were used for some of the other input parameters that are either 

usually unknown (e.g., basal heat flow, pressure regime) or adjusted within 

reasonable boundaries to fit observations (e.g., crustal density and conductivity) 

(Beicip-Franlab, 1995).  The initial crustal thickness was assumed to be 35 

km, a typical value for the continental crust (Waples, 2001).  The surface 

temperature before 5 Ma was assumed to be 15C (Korea Meteorological 

Administration, 2009) which is the annual average temperature in Kunsan, a 

port city in western Korea close to the study area because the Kunsan Basin was 

in a nonmarine environment until the Pliocene (ca. 5 Ma) (Li, 1984).  The 

surface temperature since the Pliocene was assumed to be the present-day 

bottom-water temperature (8 C) (Kang and Kim, 2008).  The heat flow (65 

mW/m
2
) was taken from the present-day heat flow distribution in the Central 

Subbasin, predicted from the spherical harmonic method (Han and Keehm, 

1996).  The TOC of the type I and type III kerogens are assumed to be 2% and 

1%, respectively (Katz and Xingcai, 1998; Wu et al., 2008). 

 

 

 

 

 

 



31 

 

4.2 Results and interpretation 

Oil generation at the dummy well location began as early as in the Late 

Paleocene from the deep source rocks and in the Late Oligocene from the 

shallow source rocks (Fig. 12A).  Expulsion of hydrocarbons, mostly oil, at 

the dummy well location began in the Early Eocene from the deep source rocks 

and in the Late Oligocene-Early Miocene from the shallow source rocks (Fig. 

12B).  However, most source rocks at the dummy well location passed the 

main expulsion phase except for the shallowest source rock (source #6) (Fig. 

12C).  The volumes of hydrocarbons expelled from the nonmarine/fluvial 

source rocks (source rocks # 2, 4) were very small. 

Oil generation at the IIH-1Xa well location began in the Early Eocene from 

the deep source rock with type I kerogen and continues today (Fig. 13A).  The 

shallow source rocks are thermally immature.  Hydrocarbon expulsion from 

the deep source rocks at the IIH-1Xa well location began in the Middle Eocene 

and peaked in the Early Oligocene (Fig. 13B).  Only very small amounts of 

hydrocarbons are currently being expelled from the deep source rocks at the 

IIH-1Xa well location (Fig. 13C). 
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Fig. 12. (A) Burial history and hydrocarbon windows; (B) burial history and 

expulsion windows; and (C) expelled hydrocarbons per time interval for the 

dummy well.  Oil generation began in the Late Paleocene from the deep 

source rocks and in the Late Oligocene from the shallow source rocks.  Most 

source rocks passed the main expulsion phase except for the shallowest source 

rock (source #6).  The volumes of hydrocarbons expelled from the 

nonmarine/fluvial source rocks (source rocks # 2, 4) were very small. 
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Fig. 12. Continued. 
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Fig. 12. Continued. 
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Fig. 13. (A) Burial history and hydrocarbon windows; (B) burial history and 

expulsion windows; and (C) expelled hydrocarbons per time interval for the 

IIH-1Xa well.  Hydrocarbon expulsion from the deep source rocks began in 

the Middle Eocene and peaked in the Early Oligocene.  Only very small 

amounts of hydrocarbons are currently being expelled from the deep source 

rocks. 
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Fig. 13. Continued. 
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Fig. 13. Continued. 
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5. Discussion 

 

Rift basins include over 170 of the world’s largest hydrocarbon 

accumulations greater than 500  10
6
 barrels of oil or over 3  10

12
 ft

3
 of gas 

(Mann et al., 2001), comprising about one third of discovered global 

hydrocarbon resources (Fraser et al., 2007).  Many hydrocarbon-rich Tertiary 

basins in Southeast Asia are continental rift basins (Hall, 2009).  The Yellow 

Sea also consists of Tertiary continental rift basins with thick basin fill.  The 

cross-section restoration and basin modeling for the Central Subbasin in the 

Kunsan Basin have provided, for the first time, constraints on the timings of 

trap formation and hydrocarbon generation/expulsion in the area (Fig. 14). 

The cross-section restoration suggests inversions in the Late Oligocene-

Middle Miocene that created anticlinal structures.  The inversions largely 

postdated the main phase of hydrocarbon expulsion and charge in the 

northeastern margin of the depocenter of the Central Subbasin but predated the 

hydrocarbon expulsion and charge from the shallow source rocks in the 

depocenter of the subbasin.  The hydrocarbons generated from the depocenter 

of the subbasin were likely to have migrated preferentially toward the anticlinal 

structure and faults in the south away from the northern and northeastern 

margins of the depocenter of the subbasin because the basin-fill strata are  
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Fig. 14. Petroleum event chart for the Central Subbasin.  The inversions 

largely postdated the main phase of hydrocarbon expulsion in the northeastern 

margin of the depocenter of the subbasin but predated the hydrocarbon 

expulsion from the shallow source rocks in the depocenter of the subbasin.  

Faults remained active until the Middle Miocene.  
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dipping north (Fig. 15).  However, most of these hydrocarbons probably 

leaked through the faults during the rift phase of the subbasin (~ Middle 

Miocene) when faulting remained active (Fig. 15A).  Some hydrocarbons from 

the deep parts of the subbasin to the north of the large SW-dipping fault 

probably migrated northward but these hydrocarbons were probably intercepted 

by the N-dipping fault immediately south of the anticline, penetrated by the 

IIH-1Xa well (Fig. 15A).   

The cessation of faulting sometime in the Middle Miocene probably had 

significant impact on the trapping potential in the area as inactive or dead faults 

can act as a seal (Fig. 15B).  Hydrocarbons from the shallower source rocks in 

the depocenter of the subbasin have migrate southward and may be curently 

filling the anticlinal structure and associated fault traps (Fig. 15B).  This 

anticlinal structure and associated fault traps have never been tested.  

Hydrocarbons from the thick sediment fill to the north of the large SW-dipping 

fault probably have migrated northward.  These hydrocarbons are not likely to 

have spilled across the N-dipping fault immediately south of the IIH-1Xa well, 

and may be trapped against the fault.  Because faults in the area not only 

created traps but probably also acted as conduits for the escape of 

hydrocarbons, a detailed fault study is necessary to better understand the role of 

the faults in the area. 
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Fig. 15. (A) Schematic cross-sectional diagram showing hydrocarbon migration 

for Oligocene-Middle Miocene time.  Hydrocarbons from the depocenter of 

the Central Subbasin migrated preferentially toward the anticlinal structure and 

faults in the south.  However, most of these hydrocarbons leaked through the 

faults during the rift phase of the subbasin (~ Middle Miocene) when faulting 

remained active.  Hydrocarbons from the deep parts of the subbasin to the 

north of the large SW-dipping fault migrated northward but were probably 

intercepted by the fault immediately south of the anticline penetrated by the 

IIH-1Xa well.  (B) Schematic cross-sectional diagram showing hydrocarbon 

migration for the present day.  Cessation of faulting sometime in the Middle 

Miocene had significant impact on the trapping potential.  Hydrocarbons from 

the shallow source rocks in the deepest part of the subbasin have migrated 

southward and may be filling the anticlinal structure and associated fault traps 

to the south of the dummy well.  Hydrocarbons from the thick sediment fill to 

the north of the large SW-dipping fault probably have migrated northward and 

may be accumulating against the fault south of the IIH-1Xa well. 
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6. Summary and conclusions 

 

 Cross-section restoration and basin modeling have provided, for the first 

time, constraints on the timings of trap formation and hydrocarbon 

generation/expulsion in the Kunsan Basin. 

 Extension with downfaulting and rotation of the basin fill continued in the 

Central Subbasin until the Late Oligocene-Early Miocene.   

 Extension was terminated by inversions in the Early to Middle Miocene, 

which were probably due to transpression or mild compression. 

 Hydrocarbon expulsion in the depocenter began in the Early Eocene and 

continues today; however, most source rocks passed the main expulsion 

phase except for the shallowest source rock.   

 Hydrocarbon expulsion in the northeastern margin of the depocenter of the 

subbasin began in the Middle Eocene and peaked in the Early Oligocene; 

only very small amounts of hydrocarbons are currently being expelled from 

the deep source rocks.  

 The inversions that created traps largely postdated the main phase of 

hydrocarbon expulsion in the northeastern margin of the depocenter of the 

subbasin but predated the hydrocarbon expulsion from the shallow source 

rocks in the depocenter of the subbasin.  

 Hydrocarbons generated from the depocenter of the subbasin are likely to 
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have migrated southward toward the anticlinal structure, away from the traps 

in the north because of the N-dipping basin-fill strata.  The anticlinal 

structure and faults to the south of the dummy well have never been tested. 
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