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Sequence stratigraphy of Pyeongan Supergroup (Carboniferous-Permian), 

Taebaek area, mideast Korea

ABSTRACT: This study focuses on the sequence stratigraphy of

the Pyeongan Supergroup (Carboniferous-Permian), central-east-

ern Korea. The supergroup consists of about 1700-m-thick silici-

clastic deposits, disconformably overlying the Joseon Supergroup

(Cambro-Ordovician). The entire succession is represented by thir-

teen sedimentary facies which can be organized into seven facies

associations (FAs) and, in turn, three sequence units. Sequence 1

constitutes FAs 1, 2, 3, and 4. FA 1 consists of conglomerate, sand-

stone and shale facies, and is bounded by a sequence boundary

(SB 1) at the base. The overlying purple siltstone with interbedded

massive sandstone and carbonate grainstone (FA 2) formed on a

coastal plain during sea-level rise, which is transitional upward

into black shale and patchy bioturbated carbonate packstone (FA 3)

of lagoonal environments. The transition from FA 1 to 3 represents

relative sea-level rise with small-scale fluctuations, i.e., transgres-

sive systems tract. FA 4 consists of cross-stratified conglomerate

and massive sandstone with black shale which prograded over

lagoonal area, forming highstand systems tract (HST). Sequence 2

consists of FAs 5 and 6. Sequence boundary (SB 2) occurs at the

transition between FAs 4 and 5. FA 5 is characterized by cross-

stratified coarse sandstone and purple fine sandstone to siltstone

of fluvial plain environments. It represents rapid change in dep-

ositional environments from shoreface to fluvial system. FA 6

comprises upward-fining units (massive sandstone to dark gray

siltstone), suggestive of restricted bay environments during rel-

ative sea-level rise. Due to an abrupt fall in sea level, the basin

was closed with thick fluvial deposits (FA7). Sequence 3 com-

prises planar and trough cross-stratified coarse sandstone and

partly bioturbated purple fine sandstone to mudstone (FA 7).

The entire succession represents deposition of a second order

cycle of sea-level rise and fall during the period between the Car-

boniferous and the Permian. A reconstructed relative sea-level

curve is concordant with eustasy in the Carboniferous, but dis-

cordant in the Permian, implying that the influence of local tec-

tonic movements was dominant in the Permian.

Key words: Carboniferous, Permian, Pyeongan Supergroup, depositional

environments, sea-level changes, sequence stratigraphy

1. INTRODUCTION

In the late Paleozoic era, the supercontinent Pangea formed

by amalgamation of several continental masses (e.g., Yin

and Nie, 1996; Scotese et al., 1999; Veevers, 2004). Six

transgressive and regressive second-order eustatic cycles

have been identified during this time (e.g., Ross and Ross,

1985, 1988; Golonka and Ford, 2000). These changes were

recorded in sediment-fill architecture of basins along the

coastline of the Paleotethys such as those in North China,

South China and Mongolia (Chen et al., 1997; Liu et al., 1997;

Traynor and Sladen, 1995; Izart et al., 2003). The Permo-

Carboniferous intracratonic basin in the Sino-Korean Block

was filled mainly with siliciclastic sediments in marginal

marine to fluvial environments under allogenic controls. 

The Sino-Korean Block was located in the east of the

Paleotethys, drifting away from the Gondwana during the

Carboniferous. The block progressively collided with the

Mongolian plate and the South China Block in the Permian

(Yin and Nie, 1996; Golonka and Ford, 2000). A tectonic

reconstruction of the Sino-Korean Block in the Korean pen-

insula suggests that the Taebaeksan Basin was in close

proximity to the Pyeongnam Basin, North Korea in the

Permo-Carboniferous (Chough et al., 2000; Fig. 1). The

successions in the Taebaeksan Basin are similar to those

scattered across the Sino-Korean Block (Fig. 1A), where

the disconformity with the underlying Cambro-Ordovician

sequence is prevalent over the entire platform (Kim et al.,

2000). The Taebaeksan Basin was located on the eastern

margin of the Sino-Korean Block where an epeiric marine

basin formed by westward transgression (Liu, 1990).

The upper Paleozoic coal-bearing siliciclastic strata

(Pyeongan Supergroup) occur in the central-eastern Korean

peninsula, formed in marginal marine to fluvial environ-

ments (Cheong, 1969; Kim, 1978; Ryu et al., 1997). The

lower part of the Pyeongan Supergroup is dominated by

quartzose sandstone, whereas the upper part contains abun-

dant feldspars, implying a change in provenance (Lee, 1990a,

1990b; Yu et al., 1997; Ko et al., 1999). Detailed measure-

ments of lithologic units and sedimentary facies from avail-

able sections of the Pyeongan Supergroup (Hwangji Group

in Taebaek area, southern part of the Baegunsan syncline)

have led to modifications of the lithostratigraphy (Lee and

Chough, 2006; Table 1). In this paper, we focus on the

sequence stratigraphy of the Permo-Carboniferous succes-
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Fig. 1.  A: Distribution of Carbonifer-
ous-Permian deposits in Sino-Korean 
Block and Korea. SKTL = South 
Korean Tectonic Line.

Fig. 1. (continued) B: Geologic map of the study area (modified from KIGAM, 1979). H = Hambaeksan fault, M = Mungok fault,
C = Cheolam fault. Inset: D = Deokpori thrust fault, S = Seonwol thrust fault.
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sion in the Taebaeksan Basin and further its implications in

the eastern margin of the Sino-Korean Block.

2. GEOLOGIC SETTING

The Pyeongan Supergroup (Carboniferous-Permian) in the

central-eastern part of the Korean peninsula is a thick silici-

clastic succession (conglomerate, sandstone, and siltstone),

which disconformably overlies the Joseon Supergroup (Cam-

bro-Ordovician). The succession forms part of the Permo-

Carboniferous succession in the Sino-Korean Block (Fig. 1A).

The Pyeongan Supergroup was initially designated in the

Taebaek area by Japanese workers and GICTR (1962) as

Hongjeom, Sadong, Gobangsan and Nogam series (forma-

tions), following the scheme of the Pyeongan System in

the Pyeongnam Basin of North Korea. Cheong (1969)

established a stratigraphic scheme in the Taebaek area and

divided the Pyeongan Supergroup into three groups and

seven formations (Table 1). However, these units were

lithologically poorly defined due to the lack of detailed

measured sections. Cheong (1969) placed the group

boundaries at perceived geochronological boundaries,

without reference to the lithological changes. Lee and

Chough (2006) have recently refined the lithostratigraphy

of the succession based on detailed mapping of all avail-

able sections in the Taebaek area. The Hwangji Group

comprises the Manhang, Geumcheon-Jangseong, Ham-

baeksan, Dosagok, Gohan and Donggo formations in

ascending order (Table 1). 

Cheong (1973) recognized three fusulinid zones in the

Manhang Formation: Eostaffella subsolana Zone, Beedeina

mayiensis Subzone and Pseudostaffella kimi Subzone of the

early to middle Moscovian age. Lee (1992) described some

conodont fossils and established the Idiognathoides sulca-

tus zones of the lower to middle Morrowan and Neogna-

thodus bothrops zone of the upper Atokan to the lower

Desmoinesian. In the lower part of the Geumcheon-Jang-

seong Formation, Cheong (1973) reported marine fossils of

the Moscovian age in patchy limestone layers. According to

Chun (1985, 1987), the upper part of the formation includes

abundant plant fossils such as Annularia, Baiera, Tingia,

Radicites and Strobilites, which are indicative of the Early

Permian (?Artinskian). In the overlying Hambaeksan For-

mation, plant fossils (Annularia mucronata, Lobatannularia

sinensis, Calamites suckowi, Sphenophyllum thonii, Pecop-

teris arborescence, Taeniopteris latecostata, Nemejecopt-

eris feminaeformis and Plagiozamites oblongifolius) are

indicative of the Early Permian (?Kungurian) (Chun 1985,

1987). The Dosagok Formation includes plant fossils of the

Permian age, such as Lobatannularia, Sphenophyllum, Tingia,

Glossozamites and Gigantopteris (Shiraki 1940). The Gohan

Formation also contains the Permian plant fossils: Chiropteris,

Desmopteris, Elatocladus, Pecopteris, Tingia, Lobatannu-

laria heianensis, Taeniopteris mutinervis and Cordaites

principalis (Shiraki, 1940; Chun, 1985, 1987).

The lower part of the Pyeongan Supergroup represents

the Upper Carboniferous, based on fusulinids (Cheong,

1969, 1973). Due to the lack of fossils, the geologic age of

the upper part of the Pyeongan Supergroup was poorly

defined, although plant fossils are indicative of the Late

Permian. The upper boundary of the Pyeongan Supergroup

with the overlying the Jeokgakri Formation is characterized

by an angular unconformity (Fig. 1B). The Jeokgakri For-

mation formed in a piggy-back basin (e.g., Chough et al.,

2000). Rhyolite bodies that were intruded into the Pyeon-

Fig. 1.  (continued) C: Tectonic reconstruction of the Carbonifer-
ous, Late Permian and Triassic. SKB = Sino-Korean Block, SCB
= South China Block, NM = Nangrim Massif, GM = Gyeonggi
Massif, YM = Yeongnam Massif, PB = Pyeongnam Basin, TB =
Taebaeksan Basin, OB = Okcheon Basin, KP = Korea Plateau, FP
= Farallon Plate.
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Table 2. Description and interpretation of sedimentary facies.

Facies Code Description Interpretation

Crudely cross- 

stratified cong-

lomerate (Ccd)

This facies is represented by either crudely cross-stratified conglomerate or disorga-

nized clasts in moderately sorted sand to silt matrix. Clasts are well to moderately 

sorted and granule- to pebble- grade (max. dL=3 cm). Poorly sorted clasts are scarcely 

present. The clasts are subrounded to rounded and include dark gray mudstone chips. 

The matrix is partly abundant (more than 25 %). The crude stratifications are repre-

sented by discontinuous pebble-concentrated layers or gravel-grade trains and clusters 

with general parallel orientation of grains. Each facies unit ranges in thickness from 50 

to 300 cm, but amalgamated beds reach up to 460 cm. Most units are generally tabular 

and laterally continuous in outcrop scale, whereas some are lenticular or wedged with 

a slight change in thickness. The lower bed boundary is commonly sharp and planar, 

although some beds are bounded by undulatory or erosional boundary. The upper 

boundary is either gradational or sharp.

Deposition by en masse of 

mixed sand and gravel with dif-

fuse sheets by high-magnitude 

heavy-laden flows (Miall, 1977; 

Todd, 1989; Todd and Went, 

1991).

Planar cross-strat-

ified sandstone 

(Sp)

This facies consists of planar cross-stratified medium to very coarse sandstone and peb-

bly sandstone. Cross stratification is represented by alternation of either coarser and finer 

strata or gravelly and sandy strata. Cross set is 10 cm to a few decimeters thick and com-

monly solitary set. Each bed ranges in thickness from 30 cm to a few meters.

2-D dunes, linguoid dunes, or 

bar with slipface (Harms et al, 

1982; Miall, 1996).

Trough cross-

stratified 

sandstone (St)

The facies is represented by trough cross-stratified medium to very coarse sandstone 

and pebbly sandstone. pebbles and/or mudstone intraclasts are recognized at the base 

of some units. Each set is 1 cm to a few meters thick and set thickness generally is pro-

portional to grain size.

3-D sandy dunes and ripples; 

infills of scour hollow (Miall, 

1977; Collinson and Tompson, 

1989).

Crudely cross-

stratified 

sandstone (Scs)

The facies consists of poorly to moderately-sorted and well-rounded to subrounded 

coarse sandstone to granule-grade conglomerate and is characterized by crude cross-

stratification with discontinuous granule trains or streaks. Each set is decimeter to a 

few meters thick. It shows sharp erosional lower boundary and gradational upper 

boundary in some beds. Each facies unit ranges in thickness from 150 to 300 cm

Traction-dominant subaqueous 

and subaerial stream flow; 

migration of medium to large-

scale bedforms (Miall, 1977, 

1996; Bridge, 1993).

Horizontally 

stratified 

sandstone (Sh)

This facies consists of moderately to well sorted, horizontally stratified (laminated) 

fine to coarse sandstone, gray to dark gray in color. Stratifications consist of alternation 

of coarse sand and fine sand or discontinuous trains of well sorted granule and sand 

grains. Each facies unit ranges in thickness from 60 to 380 cm. 

Migration of either low-ampli-

tude bed forms or upper flow 

regime plane bed (Bridge, 1981, 

1993; Allen, 1984).

Massive 

sandstone (Sm)

The massive sandstone is represented by massive medium to coarse sandstone occa-

sionally with some granules or mudstone chips (max. dL=2 cm). Grains are relatively 

well sorted and well rounded to subrounded. Each facies unit ranges in thickness from 

40 to 500 cm and slightly changes in bed thickness in outcrop scale. Occasionally 

some beds are wedged or lenticular. The upper and lower bed boundaries are com-

monly planar and sharp, and often undulatory or irregular.

Plane bed migration in upper 

flow regime; bed boundary 

amalgamated by rapid deposi-

tion; rapid deposition from high-

concentrated flow (Jo and 

Chough, 2001).

Purple sandstone 

(Spu)

The facies consists of moderately sorted medium sandstone to siltstone, showing high 

variation in grain size. Some beds are horizontally-stratified. It shows purple, dark red 

and chocolate in color. Granule to coarse sand trains or streaks, calcite concretion and 

bourrows are commonly recognized.

Overbank or fluvial plain 

deposit (Miall, 1996).

Purple homoge-

neous mudstone 

(Fp)

The facies mainly consists of massive fine sandstone or homogeneous mudstone. Platy and 

blocky structures occur in some beds. In some cases, dark red mudstone chips occur in pur-

ple siltstone or fine sandstone and rimmed by gray contact. This facies varies in color from 

dark red, purple to purple mottled and mingled with gray. The gray parts are commonly 

coarser than the purple ones. In part, it is characterized by dispersed gray color and platy 

structures. Each facies unit ranges in thickness from 40 to 550 cm. The upper and lower 

boundaries are commonly sharp and planar or irregular.

Overbank deposits in coastal 

plain suggested by its fine grain 

size and slight bioturbation 

(Walker, 1967; Bentham et al., 

1993).

Gray homoge-

neous 

mudstone (Fg)

The facies consists of massive fine sandstone and homogeneous mudstone. Occasion-

ally, dark gray to black mudstone chips (max. dL=3 cm) or pyrites are dispersed. The 

mudstone chips are oriented parallel to bedding plane. In some cases, partly faint lami-

nation occurs. The facies shows bright to dark gray, yellowish gray, greenish gray and 

milky white in color. The lower bed boundary is commonly gradational, whereas the 

upper is sharp. Each facies unit ranges in thickness from 10 to 350 cm.

Rapid sedimentation from sus-

pended material; slightly biotur-

bated; post depostional graying 

under reducing condition (Miall, 

1977; Turner, 1980).
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gan Supergroup and the Jeokgakri Formation are dated at

88.351±2.709 and 67.107±2.500 Ma, respectively. Chough

et al. (2000) also suggested that sedimentation in the Tae-

baeksan Basin ceased prior to the major crustal deformation

in the Triassic.

The entire succession was deformed in the Triassic when

the Sino-Korean Block collided with the South China

Block at the Imjingang belt (Ree et al., 1996) and drifted

southwestward along the South Korean Tectonic Line

(SKTL; Fig. 1A). In the southern part of the Baegunsan

syncline the succession underwent a number of deforma-

tional events during this time (Kim and Won, 1987; Kim et

al., 1988; Kim and Kee, 1991; Kim, 1994; Kim et al.,

1994). The succession in the western part (Yeongwol area)

is dominated by westward-dipping thrust faults, whereas

the eastern part (Taebaek and Jeongseon areas) is domi-

nated by oblique-slip faults and syncline with minor thrusts

(Fig. 1B). Regional-scale thrust faults are prevalent

between these areas, namely Deokpori and Gongsuwon

thrust faults and others (Fig. 1B, inset). The Baegunsan

syncline represents a large-scale N-S compressional defor-

mation regime in which the entire Joseon and Pyeongan

supergroups were folded and offset by NNE-SSW-running

strike-slip faults, i.e., Hambaeksan and Cheolam faults

(Fig. 1B).

3. SEDIMENTARY FACIES AND INTERPRETATION

Twenty-one well-exposed outcrop sections of the Pyeo-

ngan Supergroup were examined along road and stream

cuts in the southeastern part of the Baegunsan syncline (Fig.

1B). Primary sedimentary structures and texture are pre-

served in most sections, although the strata were subject to

strong deformation and weak to moderate metamorphism.

The sedimentary facies and facies association are summa-

rized, including sedimentary characteristics of grain size,

mineralogy, sedimentary structures, bed geometry and fossil

contents (Table 2, Figs. 2 and 3). Despite discontinuous expo-

sure of succession and dimmed sedimentary structures by

deformation, the sedimentary facies are organized into seven

facies associations (Table 3).

4. SEQUENCE UNITS AND DEPOSITIONAL SYSTEMS

The disconformity (Fig. 4A) between the Duwibong (Joseon

Supergroup) and Manhang formations represents a type-1

sequence boundary of Posamentier and Vail (1988) and Van

Wagoner et al. (1988). Sequence 1 formed in shoreface

environments with low-gradient prograding deltas off river-

mouths (FA 1, Fig. 5A) during the initial transgressive

phase. FA 1 is characterized by alternation of sheet- or

Table 2. (continued) 

Facies Code Description Interpretation

Laminated 

mudstone (Fl)

The facies is represented by parallel laminated siltstone (mudstone) and shale. The 

lamination is represented by an alternation of mudstone and siltstone. In part, the lami-

nation is discontinuous and lenticular/wavy in centimeter-scale. Occasionally, finer 

laminae are commonly reddish. The lower laminae boundaries are erosional or sharp. 

Calcareous nodules or pyrites randomly occur. The lower and upper bed boundaries 

are generally sharp and planar. Each facies unit ranges in thickness from 40 to 400 cm.

Suspension settling affected by 

pulses of riverine inflows; depo-

sition from bidirectional or peri-

odic currents (Hjellbakk, 1997).

Black shale (Sb)

The Facies is represented by black shale or coaly shale. It contains abundant plant fos-

sils such as Annularia, Lobatannularia, Sphenophyllum, and Neuropteris. Parallel dis-

continuous laminae are well or crudely developed in some part. Black shale beds are 

commonly squeezed and slipped into the upper or lower beds.

Marsh or swamp deposit; high 

nutrient supply and anoxic con-

dition (McCabe, 1984; Cabrera 

and Saez, 1987).

Grainstone (Lg)

This facies is characterized by milky white to gray massive grainstone to packstone. 

The lime grains consist mainly of fossils such as brachiopods, foraminifera, and algae 

particles as well as siliciclastic clasts . This facies also contains quartz grains more than 

5 %. In some cases, shale is intercalated with massive grainstone. The upper and lower 

boundaries are sharp and planar. These limestone units are a few decimeters to a few 

meters thick and commonly wedge-shaped or lenticular . This facies is commonly 

interlayered within puple silststone (Facies Fp) or gray siltstone (Facies Fg).

Storm sedimentation or deposi-

tion in coastal pond; deposits of 

intermediate subtidal zones, i.e., 

“flaser rocks”; fossil fragments 

are indicative of subtidal deposi-

tion (Allen, 1982; Aigner, 1985). 

Bioturbated 

limestone (Lb)

This facies is represented by dark gray bioturbated packstone to wackestone with bio-

clastic fragments such as foraminifera and gastropod. Mottled texture is caused by 

selective dolomitization of burrows (ichnofacies index-2 or index-3). Horizontal or 

subhorizontal and subordinately vertical burrows are recognized. Each facies unit is 

more than 1 m in thickness. In some cases, wavy chert or shale is interlayered with bio-

turbated wackestone to packstone.

Intermediate or shallow subtidal 

deposits modified by bioturba-

tion. The common presence of 

bioclastic fragments such as gas-

tropod and foraminifera is sugges-

tive of deposition in shallow 

subtidal with normal marine salin-

ity (Roads, 1967; Heckel, 1972).
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channel-shaped conglomerate and gray siltstone beds

(Fig. 4B and C), and shows lateral variations in thickness

and lithofacies, which indicates that sediments were sup-

plied by local outlets of rivers. FA 1 is transitional to

coastal plain environments with bedload-dominated

braided system (FA 2). Cross-stratified conglomerate and

bioturbated purple siltstone in FA 2 (Fig. 6A, B) were

deposited in coastal plain and channels, whereas bioclastic

grainstone beds formed in floodplain ponds frequently

connected to open marine due to the fluctuation of water

Fig. 2. Photographs of sedimentary facies in the Hwangji Group, Taebaek area. A: Crudely cross-stratified conglomerate, section 1-5 (FA
2), B: Planar and trough cross-stratified coarse sandstone (FA 7), C: Bioturbated purple or red sandstone, section 7-1 (FA 7), D: Gray
homogeneous mudstone with pyrite and calcareous nodules, section 1-4 (FA 1), E: Gray parallel laminated mudstone, section 1-A (FA
1), F: Grainstone with purple mudchips, section 1-5 (FA 2). Coin for scale is 25 mm in diameter, lens cap 75 mm in diameter and pencil
142 mm long. For section location, see Figure 1B.
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Fig. 3. Columnar descriptions of the Hwangji Group. Lithologic (formation) boundaries, facies association and sequence stratigraphic
units are identified. Arrows indicate paleoflow directions based on measurements of cross-stratification. M = mudstone, S = sandstone,
C = conglomerate. For abbreviation of sedimentary facies codes, see Table 2. For section location, see Figure 1B.
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Fig. 3. (continued).
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Table 3. Description and interpretation of facies associations (FA).

FA Constituent Description Interpretation Sections

1

Ccd, Sm, 

Fg (Scs, Fl, 

Sb)

Crudely cross-stratified conglomerate and coarse sandstone 

beds are stacked with sharp and undulatory lower boundaries 

and show sheet- or channel-shaped geometry. Gray siltstone 

beds are mostly homogeneous and vaguely laminated, and 

contain pyrite.  Each bed is laterally continuous with slight 

thickness variations at outcrop scale. FA 1 thins eastward 

from 38 to 17 m, largely due to a decrease in conglomerate 

beds.  In sections 1-a and 1-A, a disorganized conglomerate 

and massive sandstone bed formed the disconformity between 

the Joseon and the Pyeongan supergroups. It is overlain by 

slightly wavy-laminated dark gray mudstone and thick 

crudely cross-stratified or disorganized conglomerate with 

thickness variations.  The base of section 2-1 is characterized 

by disorganized conglomerate and massive sandstone, which 

are overlain by thick homogeneous mudstone with mudchips.  

Elsewhere, laminated dark gray mudstone with limestone 

pebbles lies directly above the disconformity in section 1-1 

(Fig. 4A). It grades vertically into crudely cross-stratified con-

glomerate, representing a ca. 4 meter thick coarsening-upward 

unit (Fig. 4B). 

The upward-coarsening unit of gray massive conglomerate 

and sandstone beds indicates that sediments were supplied 

by local outlets of rivers, probably small-scale deltas with 

development of floodplains. Lateral changes in thickness 

and lithofacies reflect the variation of local sedimentary 

sources.  The crudely cross-stratified, poorly sorted and 

well-rounded coarse-grained deposits most likely represent 

hyperconcentrated density flow in shoreface environments 

with abundant sediment supply (Todd, 1989).  The inter-

bedded dark gray homogeneous mudstone (Facies Fg) is 

suggestive of subaqueous conditions in interlobe or distal 

part of small deltas.  Pyrite in the homogeneous mudstone 

formed in reducing conditions during or after deposition.  

This facies association represents shoreface environments 

with local sediment supply during the initial transgression.

1-1, 1-2, 

1-3, 1-a, 

1-A

2
Ccd, Sm, 

Fp (Lg)

Amalgamated and disorganized conglomerate beds are char-

acterized by an erosional or sharp planar lower boundary and 

wedge-shaped geometry (Fig. 6A).  Decimeter-scale channel-

ized conglomerate and massive sandstone beds encased in 

homogeneous siltstone rarely occur in the middle part of the 

association (Fig. 4C). The thickness and number of conglom-

erate-dominated beds (Ccd and Sm) decrease upward, 

replaced by massive sandstone-dominated beds.  The thick-

ness of mudstone facies (Fp) increases upward (maximum of 

8 m) (Fig. 3).  Fining-upward units (from conglomerate or 

coarse sandstone to purple siltstone) are identified in the lower 

and middle parts of FA 2.  A few discontinuous milky white to 

gray massive bioclastic pack-grainstone (Facies Lg) are inter-

layered with purple and gray siltstone in the upper part of FA 

2 (Fig. 6B).  They contain brachiopods, foraminifera and 

algae particles with siliciclastic clasts such as quartz and pur-

ple siltstone chips (Fig. 2F) and are a few decimeters to a few 

meters thick with sharp and planar boundaries. 

Crudely-stratified conglomerate and massive sandstone 

probably represent deposits of hyperconcentrated density 

flow (Simpson et al., 2002). The lack of internal stratifica-

tion and the poor sorting indicate en masse deposition.  The 

en masse deposition of crudely cross-stratified conglomer-

ate is succeeded by suspension settling of massive sand-

stone from waning flood flow. The intermingled or mottled 

purple and gray siltstones suggest that oxidizing conditions 

may have been unstable and changed into reducing condi-

tions (Walker, 1967; Davies and Gibling, 2003). Massive 

bioclastic grainstone to packstone lenses formed in flood-

plain ponds that were frequently connected to open marine 

water during changes in sea-level and water table. Clastic 

sediments were transported in coastal floodplain environ-

ments by en masse deposition or accumulation on a variety 

of bars (Miall, 1978, 1985, 1996; Todd, 1989). Decrease of 

conglomerate beds, increase of purple mudstone facies, 

intercalation of limestone lenses and fossils in grainstone 

are collectively indicative of coastal floodplain environ-

ments.

1-2, 1-3, 

1-4, 1-5, 

1-6, 1-A, 

1-b

3
Sm, Sb, Lb 

(Ccd)

Coarse-to-medium sandstone beds are wedged, lobe- or pla-

nar-shaped in cross-section. Several horizons of shale beds 

(Facies Fg) occur with abundant brachiopods, bivalves and 

crinoids. The lower part of the association consists of alternat-

ing units of gray coarse sandstone and black shale, whereas 

the upper part comprises dark gray massive or cross-stratified 

coarse sandstone, fine sandstone and black shale. The upper-

most part is characterized by meter-scale fining-upward units 

from cross-stratified conglomerate to black shale (Fig. 7C). In 

section 2-A (Fig. 7A), several meter-thick dark gray biotur-

bated, bioclastic wackestone and packstone beds occur with 

foraminifera and fusulinids (Fig. 7D-F). In section 2-1 (Fig. 

7B), two decimeter-thick bioturbated lime mudstone lenses are 

interbedded with dark gray shale above the boundary between 

FAs 2 and 3. Bioturbated limestone beds are recognized in the 

lower part and show a regional variation in thickness, thinning 

eastward from 24 to 3m.  Crinoid stems with cirri and articu-

lated brachiopods occur in section 2-1 (Fig. 7G).

The planar and trough cross-stratified coarse sandstone 

beds formed by migration of progradational lagoonal bars 

(Miall, 1978). Dark gray massive sandstone and cross-

stratified coarse sandstone beds were deposited in shore-

face or sand barrier during the progradation or retrograding 

of clastic wedges. Crinoid stems with cirri and articulated 

brachiopods are indicative of restricted environments like a 

lagoon. The lack of associated rootlet horizons or seat earth 

suggests that the coals were allochthonous (Cabrera and 

Saez, 1987). Bioturbated limestone is interpreted as an 

intermediate or shallow subtidal deposit out of lagoon. The 

abundant occurrence of horizontal and slightly inclined 

burrows is suggestive of shallow subtidal deposition 

(Rhoads, 1967). The common occurrence of biogenic 

grains such as disarticulated brachiopods, fusulinid and for-

aminifera in wedge-shaped limestone beds is also sugges-

tive of deposition in subtidal environments with normal 

marine salinity (Heckel, 1972). This association suggests 

deposition in lagoonal and subtidal environments.

2-1, 2-2, 

2-a
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Table 3. (continued).

FA Constituent Description Interpretation Sections

4
Ccd, Sm, Sb 

(Scs)

Conglomerate and coarse sandstone beds are crudely 

cross-stratified, which are characterized by discontinuous 

pebble-concentrated layers and gravel trains and clusters 

with parallel orientation of grains. Most conglomerate 

beds are generally tabular in cross-section and laterally 

continuous at outcrop scale (Fig. 8A). In the lowermost 

part of the association, cross-bedded coarse sandstone pro-

graded westward and southward direction (Fig. 8B). The 

laminated black shale beds are characterized by sharp and 

planar boundaries. Conglomerates beds are amalgamated. 

In the lower part of the association, coarsening-upward 

units comprise black shale or dark gray fine sandstone and 

cross-stratified or disorganized conglomerate. These units 

range in thickness from 8 to 20 m and thicken upward to 

the middle part of the section (Fig. 3).

The coarse-grained deposits in this facies association 

most likely represent high-concentration traction cur-

rents off river mouths during floods with abundant 

sediment supply (Todd, 1989). The polymodal grain-

size distribution, locally abundant matrix, immature 

internal sedimentary structures, discontinuous gravel 

trains and crudely cross-stratified pebble alignments 

collectively suggest that sediments were deposited en 

masse with diffuse sheets by high-magnitude heavy-

laden flows (Miall, 1977; Todd, 1989; Todd and Went, 

1991; Nemec and Postma, 1993; Jo and Chough, 

2001). The thickening-upward and prograding con-

glomerate units mostly represent the development of 

small-scale delta. The progradational lobe and sheet-

shaped sandstones, and conglomerate beds were 

affected by localized sediment input and topography. 

The low-angle crude cross stratification is indicative 

of small-scale topographic irregularity. The interbed-

ded gray homogeneous mudstone (Facies Fg) formed 

in the interlobe or proximal parts of small-scale deltas. 

This association  represents deltaic progradation into 

lagoonal environments.

2-2, 3-1, 

3-2

5
Scs, Sp, Sm, 

Fp (Ccd, Fg)

Massive sandstone and conglomerate beds are similar in 

lithology to those of FA 4, whereas coarse sandstone is 

characterized by well developed planar cross-stratifica-

tion with tangential or angular basal contact and hori-

zontal stratification (Facies Sp and Sh, Figs. 3 and 9).  

Cross- set thicknesses range from a few centimeters to 

decimeters, and sets are characterized by erosional 

upper and lower boundaries.  The sandstone beds are 

moderately to well-sorted. Purple siltstone and fine 

sandstone are generally homogeneous or massive with 

randomly dispersed quartz granules. In the lower and 

upper parts of the association, crudely cross-stratified 

conglomerate is dominant and purple siltstones are 

interbedded with massive coarse sandstone showing 

sharp boundaries. In the middle part, fining upward 

units from cross-stratified coarse sandstone and massive 

sandstone to purple siltstone are evident.

Planar cross-stratified sandstone and conglomerate are 

indicative of deposition in fluvial systems by migration 

of sand bars within channels (Miall, 1996). Especially, 

the co-occurrence of cross-stratified coarse sandstone 

and crudely cross-stratified conglomerate is suggestive 

of en masse deposition and accumulation of various bars 

(Miall, 1985; Todd, 1989). The fining upward trend from 

cross-stratified sandstone to purple siltstone is also sug-

gestive of fluvial systems (Miall, 1977, 1978).  The vari-

ous depositional processes are related to a reduction in 

stream gradient resulting from a change in bar morphol-

ogy through time and an increase in transport distances.  

Purple sandstone is indicative of oxidizing conditions in 

a subaerial environment.  This facies association most 

likely formed in braided rivers in fluvial plains.

3-2

6

Sm, Fg, Sb 

(Ccd, Scs, 

Fp)

Most of sandstone beds are massive but partly stratified. 

Black mudstone chips occur within massive sandstone 

beds in the middle part of the association. Wavy medium 

sandstone beds occur locally within gray siltstone in the 

middle part of the facies association. Siltstone beds are 

mostly homogeneous and gray, yellowish gray, olive gray 

and dark gray in color with black mudstone chips. Gray 

siltstone beds are characterized by gradational lower and 

undulatory upper boundaries. Gray siltstone and black 

shale beds are partly laminated. Black shale thickens in the 

middle part of the association, up to 8 m (Fig. 3). Dark 

gray mudstone is abundant in the lower part of the associa-

tion, whereas sandstone is dominant in the middle to upper 

part (Fig. 10A, B). Intraformational conglomerate and bio-

turbated purple fine sandstone to siltstone occur in the 

lower part of section 5-1 (Fig. 10C).

Black shale and gray siltstone were deposited by the set-

tling of suspended materials in anoxic to suboxic condi-

tions, which partly prohibited biogenic activity 

(McCabe, 1984). Lenticular-bedded gray medium sand-

stone and laminated mudstone indicate tidal effect (Plint 

and Wadsworth, 2003). In the upper part of section 4-1, 

the sheet or wavy medium sand layers intercalated with 

black shale are also indicative of tidal influence. The fin-

ing-upward units with erosional lower boundary repre-

sent tidally influenced restricted bays (Reading and 

Collinson, 1996; Einsele, 2000). Clasts in the oligomictic 

conglomerate bed are composed of laminated and mas-

sive mudstone and represent an intraformational con-

glomerate. These oligomictic clasts and randomly 

dispersed mudstone-chips indicate collapse of a mud 

bank or erosion of the underlying mud beds. The fining-

upward units, bioturbation, anoxic to suboxic condition 

and tidal influence imply that FA 6 formed most likely in 

restricted bays.

4-1, 5-1
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table. The development of stable coastal plain suggests that

the rate of sea-level rise slowed. With ensuing rise in sea

level, the floodplain was changed into lagoonal environ-

ments (FA 3, Fig. 5B). Limestone lenses and coal beds of

FA 3 (Fig. 7A) formed in intermediate or shallow subtidal

environments. Planar and trough cross-stratified coarse

sandstone beds (Fig. 7B and C) were deposited by migra-

tion of lagoonal bars, forming restricted environments such

as lagoon and swamp. These units (FAs 1, 2 and 3) are

assigned to a transgressive systems tract (TST; Fig. 3).

They contain brachiopods, fusulinids and plant fossils of

the Moscovian to Artinskian (Fig. 7D-F). Sediments were

derived from the north and east (Kim, 1978). The maxi-

mum flooding surface can be placed on the boundary

between the uppermost black shale bed of FA 3 and con-

glomerate of FA 4 (Fig. 3). The black shale bed of FA 3 is

the top of fining-upward unit and deformed by fault. The

south-to-westward prograding foresets (Fig. 8B) and the

coarsening- and thickening-upward units (FA 4) represent

small-scale delta progradation in shoreface environments

during stillstand of sea level (Fig. 5C). The interlobe or

proximal part of small-scale deltas was filled with gray to

greenish gray mudstone. The deposits of high density sed-

iment-laden flow were preponderant in shoreface. FA 4 rep-

resents highstand systems tract (HST) of sequence 1 and

contains the early Permian plant fossils (Kungurian). 

Although relative sea-level fall was not great enough to

form extensive erosion at the sequence boundary (SB 2), it

is represented by a sudden change in sedimentary facies

from facies associations 4 to 5 (Figs. 3 and 9). FA 5 consists

of cross-stratified sandstone to conglomerate and purple

fine sandstone, which is interpreted as deposits of fluvial

system (Fig. 5C). Various sedimentary structures in FA 5

are related to a reduction in stream gradient, resulting from

a change in bar morphology. FA 5 represents sea-level fall

where shoreface prograded with a development of fluvial

system. This unit is assigned to the lowstand systems tract

of sequence 2 (LST; Fig. 3). With ensuing rise in sea level,

fluvial plain with braided rivers changed into a restricted

bay environment (FA 6, Fig. 5D), which is characterized

by a fining-upward unit from massive sandstone to gray

siltstone or black shale (FA 6, Fig. 10A, B, C). It represents

transgressive systems tract with small-scale fluctuation,

indicated by intraformational conglomerate and purple

laminated siltstone (TST; Fig. 3). Black shale and gray

siltstone facies indicate anoxic to suboxic conditions.

Sequence 2 comprises the Dosagok and Gohan formations,

where the Permian plant fossils (?Kazanian) occur (Chun,

1985, 1987).

A sudden fall in relative sea level formed a sequence

boundary (SB 3) between the greenish gray siltstone of

FA 6 and the cross-stratified pebbly conglomerate of FA

7 (Figs. 3 and 10B). The final stage of the Pyeongan dep-

ositional system (FA 7) was dominated by fluvial system,

which represents lowstand systems tract of sequence 3

(Fig. 5E). FA 7 shows variable paleocurrent patterns. The

high variability in paleoflows might have resulted from

lateral migration of sandy braided rivers (e.g., Miall,

1977) or change in tectonic stability. FA 7 is overlain by

the Cretaceous Jeokgakri Formation with angular uncon-

formity.

Table 3. (continued).

FA Constituent Description Interpretation Sections

7

Sp, St, Sm, 

Spu          

(Scs, Fp)

FA 7 can be divided into two units. The first one is repre-

sented by cross-stratified coarse sandstone (Facies Sp, Sh and 

Scs). It occurs in section 6-1, the uppermost part of sections 6-

2 and 7-1. The unit mainly consists of coarse sandstone, inter-

calated with bioturbated purple siltstone and sandstone. The 

coarse sandstone beds are planar and trough cross-stratified, 

and generally wedge-shaped in cross-section (Fig. 3). The 

second unit is dominated by purple sandstone (Facies Spu) 

and occurs in the lower part of section 6-2. It is characterized 

by an upward-fining trend, from massive coarse sandstone 

(Facies Sm) to purple fine sandstone. Each bed boundary is 

gradational, but the lower boundary of upward-fining units is 

erosional (Fig. 3). Purple siltstone and fine sandstone beds are 

bioturbated and include calcite concretions.

The fining-upward sequence, well developed cross-strat-

ification, purple siltstone with calcrete and abrupt 

changes in unit thickness are all indicative of deposition 

in fluvial environments (Miall, 1977, 1978). The first 

unit most likely formed in perennial braided channels, 

whereas the second unit formed in overbank environ-

ments. Planar cross-stratified coarse sandstone beds indi-

cate migration of two-dimensional dunes or linguoid bars 

whereas trough cross-stratified coarse sandstones formed 

by 3-D dune migration (Miall, 1977, 1978). A limited 

number of paleocurrent measurements, derived from pla-

nar and trough cross-stratification indicate southward 

flow directions. Crudely cross-stratified coarse sandstone 

beds formed by traction-dominant flows at times of high 

discharge when braided channels formed a single broad 

shallow channel, causing crevasse splays on the flood 

plain. Crevasse-splay massive sandstone and bioturbated 

purple siltstone to fine sandstone with calcite concretions 

and purple siltstone chips are also suggestive of deposi-

tion on the floodplain. 

5-1, 6-1, 

6-2, 7-1
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5. RELATIVE SEA-LEVEL CHANGES

Figure 11 shows a relative sea-level curve in the Taebaek-

san Basin, based on the changes in sedimentary facies asso-

ciations and depositional systems. The changes in sea level

are relative, but assumed to be small in marginal marine envi-

ronments. The time interval of each depositional unit is also

poorly defined due to the lack (or absence) of faunal fossils,

Fig. 4. A: Photograph of section 1-1 (N60°E/NW70°) represents the disconformity (SB 1) between the Manhang Formation and the
underlying Joseon Supergroup. B: Representative detailed columnar descriptions of facies association 1, lower part of section 1-1.
M = mudstone, S = sandstone, C = conglomerate. C: Channel- and sheet-shaped disorganized conglomerate beds are interbedded with
yellowish gray fine sandstone to siltstone in facies association 2. For sedimentary facies codes, see Table 2. For section location, see
Figure 1B.
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Fig. 5. Depositional model for the Hwangji Group (Pyeongan Supergroup) in the Taebaek area. A: Shoreface environments and coastal plain
with braided rivers (Manhang Formation), B: Lagoonal environments (Geumcheon-Jangseong Formation), C: Regressive shoreface in del-
taic environments (Hambaeksan Formation) and fluvial  plain environments (Dosagok Formation), D: Restricted bay (Gohan Formation),
E: Sandy braided river system (Donggo Formation). Shaded curve in small box represents the inferred position of relative sea level.
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especially in the upper part of the sequence. Although the abso-

lute amounts of sea-level changes are unknown, it shows

three second-order cycles in the Carboniferous-Permian

(Fig. 11). The first cycle most likely represents about 40 m.y.

(Moscovian to Kungurian), a second-order time span (e.g.,

Vail et al., 1977). The second cycle most likely formed in

the Guadalupian for about 14 m.y. The final regressive

phase of sequence 3 probably continued for the Lopingian

(Fig. 11). The sea-level curve for the Sino-Korean Block

(Lin et al., 1995; Liu et al., 1997) is generally similar to that

of the Taebaeksan Basin, but displays a third-order cycle

within a general trend of second order cycle (Fig. 11). For

the Pangea and eustasy, the trend is similar to the Taebaek-

san Basin in the Carboniferous (Fig. 11). On the other hand,

the curve for the South China Block is generally different

from that of the Taebaeksan Basin.

The first transgression in the Taebaeksan Basin began

in the Middle Carboniferous and continued to the Cisura-

lian (Fig. 11). The initial rise of relative sea level and the

following transgression were generally synchronized with

eustasy and those of the Pangea and the Hubei Basin in

the middle part of the Sino-Korean Block (Fig. 11, dotted

line�). Small-scale fluctuation in TST of sequence 1 was

mostly concordant with those of eustasy and the Hubei

Basin (Fig. 11, dotted line �). Relative sea level in the

Hubei Basin also rose during this time, supported by

alternation of shallow-marine carbonates, coastal silici-

clastics and coal seams (Lin et al., 1995; Liu et al., 1997).

During the Carboniferous, the North China Block was

stable craton, already rifted, and drifted away from the

Gondwana (Yin and Nie, 1996). It implies that the basin-

fill architecture of the Pyeongan Supergroup was mainly

controlled by eustasy. However, the following relative

sea-level fall (Fig. 11, dotted line �) of the early Cisura-

lian in the Hubei Basin did not occur in the Taebaeksan

Basin. A possible explanation is local tectonic movement.

During this period, the Honshu microcontinent separated

from the Sino-Korean Block (Cluzel et al., 1990, 1991)

and excess extensional regime possibly led to local sub-

sidence in the Taebaeksan Basin.

Sequence 2 represents a second-order regressive-trans-

gressive cycle that developed during the Guadalupian. In

the Taebaeksan Basin, relative sea-level fall from the late

Cisuralian to early Guadalupian is not in agreement with

that of eustasy, implying that tectonic movements affected

the change in relative sea level (Fig. 11, dotted lines  � and �).

Relative sea-level fall in the Sino-Korean Block is repre-

sented by thick fluvial deposits and southward shift of the

depocenter (Liu, 1990). In this period, the Sino-Korean Block

sutured to the Mongolian terranes (Traynor and Sladen,

Fig. 6. A: Photograph of section 1-4 (N60°E/NW65°) shows coarse sandstone sheets and lobes with mottled purple siltstone. Bag for
scale is 35 cm in width. B: Representative detailed columnar description of facies association 2, the upper part of section 1-5. M = mud-
stone, S = sandstone, C = conglomerate. For sedimentary facies codes, see Table 2. For section location, see Fig. 1B.
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Fig. 7. A: Several meter-scale bioturbated packstone facies interlayered with chert is dominant in Section 2-a (N15°W/NE35°) of the Geum-
cheon-Jangseong Formation. B: Section 2-1 (N55°E/NW80°) is characterized by an alternation of black shale and sandstone in the lower
part of the Geumcheon-Jangseong Formation. C: Representative detailed columnar description of facies association 3, section 2-2. M =
mudstone, S = sandstone, C = conglomerate. For sedimentary facies codes, see Table 2. For section location, see Fig. 1B. D-F: Photo-
micrographs of microfossils in section 2-a, FA 3 (Geumcheon-Jangseong Fm.). D: foraminifera, E: fusulinid, F: nummulitid, same mag-
nification for all photomicrographs, G: Crinoid stem with cirri in section 2-1, FA 3 (Geumcheon-Jangseong Fm.). Scale bar is 0.2 mm long.



Sequence stratigraphy of Pyeongan Supergroup (Carboniferous-Permian), Taebaek Area, Mideast Korea 385

Fig. 8. Photographs of the Hambaeksan Formation (FA 4). A: The lowermost part of the Hambaeksan Formation occurs in section 3-
1 (N65°E/NW70°) and comprises thick-bedded sandstone to conglomerate intercalated with greenish gray siltstone and black shale. B:
Westward prograding granule conglomerate occurs in section 3-4. For section location, see Figure 1B.

Fig. 9. Photograph of section 3-2 (N30°E/NW75°) shows the boundary (SB 2) between the Hambaeksan (FA 4) and Dosagok (FA 5)
formations. For sedimentary facies codes, see Table 2. For section location, see Figure 1B.

Fig. 10. Photographs of Gohan and Donggo formations. A: Section 4-1 (EW/N80°) includes the boundary between the Dosagok (FA 5)
and Gohan (FA 6) formations and comprises upward-fining units from massive sandstone to dark gray siltstone. B: Photograph of section
5-1 (N25°E /NW55°) shows the boundary between Dosagok (FA 6) and Donggo (FA 7) formations. Sequence boundary (SB 3) is placed
at the top of the Gohan Formation. The middle part of the section is covered.
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1995; Yin and Nie, 1996; Zorin, 1999). Rapid southward

movement of the depocenter in the Sino-Korean Block resulted

from collision with the Mongolian plate and formed a thick

fluvial succession (400-600 m thick) in the northern margin

of the block. Relative sea-level fall in the Taebaeksan basin

began in the late Cisuralian. In the Hubei Basin, it occurred

in the middle Cisuralian, suggesting that tectonic uplift

occurred earlier in the Hubei Basin and propagated east-

ward. The following relative sea-level rise in the Taebaek-

san Basin is not in agreement with those of the Pangea and

the Hubei Basin, whereas partly similar to that of the South

China Block (Fig. 11, dotted line �). During this period,

initial phase of the collision between the Sino-Korean and

the South China blocks may have started (Ree et al., 1996;

Chough et al., 2000).

Relative sea-level fall of sequence 3 in the Taebaeksan

Basin occurred in the Lopingian (Fig. 11, dotted line �).

This fall was earlier than that of eustasy. The global sea-

level fall was near its Phanerozoic minimum at the end of

the Permian (Ross and Ross, 1988). Throughout the upper

Permian, the collision between the Sino-Korean and South

China blocks began from east to west, which continued

during the Triassic (Yin and Nie, 1996). This tectonic

movement influenced the changes in relative sea-level in

both the South China Block and Taebaeksan Basin. The

change in sediment provenance from recycling of intensely

weathered granitic material to first-cycle granitic basement

rocks (Lee, 1990a, 1990b, 2002; Lee and Sheen, 1998; Yu

et al., 1997) and the discripance between relative sea-level

curve and eustasy are indicative of tectonic movement in

the Taebaeksan Basin.

The disconformity between the Joseon and the Pyeon-

gan supergroups suggests that the Taebaeksan Basin sub-

sided during the Cambro-Ordovician and slowly uplifted

prior to marine incursion in the Middle Carboniferous.

This discontinuity also occurs in the Sino-Korean Block

(Hu et al., 1989; Kim et al., 2000). During the Paleozoic,

the Taebaeksan Basin was part of large, slowly subsiding

intracratonic sag basin of the Sino-Korean Block. The

average rates of subsidence in intracratonic sag basin may

have varied from less than 10 to 25 m/my, including peri-

ods of nondeposition and erosion (e.g., Einsele, 2000).

The estimated subsidence rate of the Taebaeksan Basin

was about 10 m/m.y. for the Paleozoic and 30 m/m.y. for

the Permian. Relatively high subsidence rate for the Per-

mian is also suggestive of tectonic subsidence, in addition

to long-term thermal contraction and intraplate stress.

The Taebaeksan Basin was largely controlled by eustasy

in the Carboniferous, whereas tectonic movement played

a role in the Permian. 

6. CONCLUSIONS

1. The Pyeongan Supergroup (Hwangji Group in the

Taebaek area) comprises deposits of shoreface (FA 1),

coastal plain (FA 2), lagoon (FA 3), deltaic shoreface (FA

4), fluvial plain (FA 5), restricted bay (FA 6) and braided

river (FA 7) environments. The changes in depositional

environments were largely due to fluctuations in relative

sea level.

2. The entire succession can be divided into three sequence

stratigraphic units. Sequence 1 consists of initial transgres-

sive systems tract and the subsequent highstand deposits

(FAs 1, 2, 3 and 4). Sequence 2 represents lowstand fluvial

system and the following transgressive bay environments

(FAs 5 and 6). Sequence 3 (FA 7) consists of fluvial sequence

formed during sea-level fall.

3. The relative sea-level curve for the Taebaeksan Basin

Fig. 10. (continued) C: Representative detailed columnar descrip-
tions of facies associations 3, the lower part of section 5-1. M =
mudstone, S = sandstone, C = conglomerate.
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is generally concordant with second-order eustasy during

the Carboniferous. It implies that eustasy was important for

the evolution of the Taebaeksan Basin. Local tectonics played

a role in the Permian.
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