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The Jangsan and Myeonsan formations (Early Cambrian) of the Taebaek 

Group, mideast Korea: depositional processes and environments

ABSTRACT: The present study focuses on the depositional pro-

cesses and environments of the lower part of the Taebaek Group

(Cambrian-Ordovician) during the initial basin-forming inunda-

tion of the Taebaeksan Basin, an eastern margin of the North

China platform. The lowermost part of the Taebaek Group is rep-

resented by two contrasting lithologic units, the Jangsan and

Myeonsan formations. The Jangsan Formation consists of cross-

bedded, massive, and foreset-bedded quartzose sandstone (quartz-

ite) interpreted as shallow marine deposits ranging from inner

shelf to nearshore environments. Deposition occurred in a stable

cratonic basin where continuous subsidence and the accompanied

sea-level rise accommodated large supply of sediments. The Myeo-

nsan Formation comprises basal disorganized conglomerate, cross-

bedded and laminated sandstone, and homogeneous or laminated

mudstone, which largely formed in a tidally influenced restricted

embayment. The formation is localized in the margin of the basin,

as represented by the basal mass-flow conglomerate and the rapid

transition to the tide-influenced marine succession. In the Early

Cambrian, initial sedimentation in the Taebaeksan Basin was

largely controlled by abundant sediment supply, accompanied with

sea-level rise.

Key words: Depositional environments, Jangsan Formation, Myeonsan

Formation, Taebaeksan Basin, North China platform

1. INTRODUCTION

The mixed siliciclastic-carbonate sequence of the Joseon

Supergroup represents the first Phanerozoic sedimentation

in the Korean peninsula. The lower part of the sequence

consists of laterally extensive thick (ca. 200 m thick) quart-

zose sandstone (Jangsan Formation) and localized con-

glomerate and sandstone (Myeonsan Formation) which are

overlain by thick mudrock (Myobong Formation). The Jang-

san and Myeonsan formations are unfossiliferous, whereas

the Myobong Formation contains trilobites of Middle Cam-

brian age (Redlichia, Elrathia, Mapania, and Bailiella)

(Kobayashi, 1966). The sequence marks the major unconfor-

mity in the Taebaeksan Basin, overlying the Precambrian

massif of granitic gneiss (1714–1825 Ma) (Kim, 1982). The

quartzose sandstone of the Jangsan Formation is rather

well-sorted, characterized by cross-bedded, stratified, and

massive sandstones. The Myeonsan Formation consists of

ca. 60-m-thick sequence of conglomerate, sandstone, and

mudrock. It is stratigraphically equivalent to the Jangsan

Formation, bounded by a dextral fault (Fig. 1). 

Based on the cursory description of the outcrop sections

of the Jangsan and Myeonsan formations in the Taebaek–

Samcheok area, Son and Cheong (1965), Yun (1978), Kim

and Cheong (1987), and Kim (1991) outlined the occur-

rence and stratigraphic relations and suggested that the

deposits were largely formed in nearshore environments

such as beach and tidal flat. A detailed study of sedimentary

facies warrants to understand depositional environments

and basin-fill processes during the initial stage of the basin

formation. This paper presents the results of a detailed

description of the outcrop sections in the Jeongseon–

Taebaek area (Fig. 2), aiming at an interpretation of sedi-

mentary processes and depositional environments. Since the

equivalent sequences occur in North Korea and China, this

study will help delineate the early evolutionary history of

the North China Platform.

2. PREVIOUS WORKS

The Taebaeksan Basin occupies the mid-eastern part of

the Korean peninsula and consists of mixed carbonate-silici-

clastic rocks (Joseon Supergroup, Cambrian − Ordovician),

and the unconformably overlying siliciclastic rocks (Pyeo-

ngan Supergroup, Permo-Carboniferous) (Fig. 1). The super-

group can be divided into five lithologic units: Taebaek,

Yeongwol, Yongtan, Pyeongchang, and Mungyeong groups

(Choi, 1998). The Taebaek Group consists of 11 lithologic

units (about 1000–1400 m thick), which are subdivided into

the Jikdong Subgroup (Cambrian) and the Sangdong Sub-

group (Ordovician) (Table 1). The Jikdong Subgroup contains

six formations: Jangsan (Js), Myeonsan (Ms), Myobong

(Mb), Daegi (Dg), Sesong (Ss), and Hwajeol (Hj) formations,

whereas the Sangdong Subgroup consists of Dongjeom (Dj),

Dumugol (Dm), Makgol (Mg), Jigunsan (Jg), and Duwi-

bong (Dw) formations, in ascending order (Table 1) (Choi,
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1998; Choi et al., 2004).

The Taebaek Group consists mainly of sandstone (Js, Ms,

and Dj fms), shale (Mb, Ss, lower Dm, and Jg fms), and

carbonates (Dg, Hj, upper Dm, Mg, and Dw fms). The

sandstone formed in offshore and shoreface environments

(Yun, 1978; Woo and Park, 1989; Kwon et al., in press),

whereas the shale and carbonate formed in deep and shal-

low ramp environments, respectively (Lee and Kim, 1992;

Woo, 1999; Chough et al., 2000; Choi et al., 2004; Kwon

et al., in press). The lowermost lithologic unit is represented

by the laterally equivalent Jangsan and Myeonsan forma-

tions, bounded by the Dongjeom Fault (Kim and Cheong,

1987; Kim,1991; Chough et al., 2000; Choi et al., 2004).

The Jangsan Formation (200–300 m thick) unconformably

overlies the Precambrian granitic gneiss and metasedimen-

tary rocks of the Yulli Group in the western part of the

Dongjeom Fault (Chough et al., 2000), whereas the Myeo-

nsan Formation (ca. 90 m thick) is well exposed in the east-

ern part and also unconformably overlies the Precambrian

crystalline basement of granitic gneiss (Kim, 1982; Choi et

al., 2004). The crystalline basement rocks range in isotopic

age from 730 to 1925 Ma (Kim, 1982). Both the Jangsan

and Myeonsan formations are underlain conformably by

slate and shale of the Myobong Formation (80–250 m thick)

which was assigned to the late Early Cambrian to the early

Middle Cambrian (Kobayashi, 1966).

The Jangsan Formation consists of unfossiliferous milky

white to light brown coarse-grained quartzose sandstone

(quartzite) with quartzite and gneiss pebbles (Yun, 1978;

Chough et al., 2000). On the other hand, the Myeonsan For-

mation is mainly composed of laminated sandstone, cross-

bedded sandstone, mudstone, and thin basal conglomerate

(Kim, 1991). The basal conglomerate bed of the Myeonsan

Formation comprises well rounded, pebble-to-cobble-grade

clasts of quartzite, slate, and granitic gneiss that are similar

in lithology and geologic age to the basement rocks (Kim

and Cheong, 1987). According to the petrographic study of

the conglomerate, clasts were derived from the underlying

basements rocks (Kim, 1991). 

3. LITHOFACIES DESCRIPTION AND INTERPRE-

TATION

3.1. Jangsan Formation

The outcrop sections were measured in well exposed road

and stream cuts in order to describe the characteristics of

sedimentary structures and texture. Table 2 summarizes the

sedimentary features and interpretation of each facies of the

Jangsan Formation. Both the occurrence of chlorite and

sericite of low- to medium-grade metamorphism (Yun, 1978)

and the  quartz overgrowth are suggestive of post-depositional

modification by diagenesis, metamorphism, and tectonic

deformation.

3.1.1. Thin pebble layer (facies P)

This facies consists of a single-clast-thick layer of peb-

bles (Fig. 3A). The layer is mostly horizontal and occurs

patchily on bedding plane (Fig. 3B). Pebble-grade clasts are

common within the horizontally stratified sandstone. The

layer is located in the middle of the sandstone facies with

rare facies change across the pebble layer. Well rounded

pebbles are composed of quartzite and metasedimentary rocks,

and compositionally same as those dispersed in the sandstone. 

The similarity of the pebbles to those in the massive or

stratified sandstone and the frequent association with these

Table 1. Stratigraphic nomenclature of the Cambro-Ordovician Joseon Supergroup in the Taebaeksan Basin (after Choi, 1998).

Geologic Age
Distribution

Yeongwol Taebaek-Samcheok Jeongseon Pyeongchang Mungyeong

Ord.

Ashgill

Caradoc

Yeongwol

Group

Yeongheung 

Fm

Yongtan

Group

Haengmae 

Fm

Pyeongchang

Group
Mungyeong

Group

carbonate

strata

Llanvirn

Taebaek

Group

Sangdong

Subgroup

Duwibong Fm

Jigunsan Fm

Makgol Fm

Jeongseon 

FmArenig

Tremadoc Mungok Fm
Dumugol Fm

Dongjeom Fm

Cam.

Late
Wagok Fm

Jikdong

Subgroup

Hwajeol Fm

Machari Fm Sesong Fm

Middle
Daegi FmSambangsan 

Fm Myobong Fm

Early

Jangsan/

Myeonsan fms
Gurangri 

Fm
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facies are suggestive of a close relationship between the

thin pebble layer and the sandstone facies. This facies

formed probably by winnowing of pebble-bearing sands

under agitating conditions. Similar accumulation of pebbles has

been interpreted as a lag deposit winnowed by strong storm

surges (e.g., Richards, 1986; Lindsey and Gaylord, 1992).

3.1.2. Massive sandstone (facies Sm)

This facies comprises well-sorted medium-to-very coarse

quartzose massive sandstone (Fig. 4A). Sand grains com-

prise commonly spherical and angular quartz and heavy

mineral grains (zircon and tourmaline), whereas fragments

of metasedimentary rocks occur in minor amounts (Fig. 4B).

Each facies unit is usually tabular and varies in thickness

from tens of centimeters to several meters.

The lack of primary sedimentary structures can be ascribed

generally to reworking of sediments by biogenic disruption,

physical deformation or sedimentary processes such as rapid

deposition (Tucker, 2003). The absence of remnants of bio-

turbation and water escape structures implicitly implies that

the massive sandstone formed by primary depositional pro-

cesses. The relaxation of sediment-laden storm currents

could have resulted in rapid sedimentation of suspended

sands (e.g., Levell, 1980; Soegaard and Eriksson, 1985;

Simpson et al., 2002).

3.1.3. Trough cross-stratified sandstone (facies St)

It comprises well-sorted medium-to-very coarse sand-

stone with pebble clasts. The alignments of minerals such

as biotite and the grain-size variations form the laminae.

The cross-stratification shows low-angle and long-wave-

length (about tens of centimeters) troughs (Fig. 5A). The

height of the cross-sets is about 20–30 cm on average. The

trough cross-beds are mostly unidirectional to weakly bidi-

rectional. The small-scale cross-beds dip obliquely to the

dominant current directions, and occur on the larger set bound-

ary. The small-scale subordinate sets are relatively tabular (Fig.

5A). Some internal stratifications are discordant to the lower

boundary of the cross-sets with a wedgewise geometry.

The trough cross-bedded sandstone most likely formed by

migration of small 3D dunes (Harms et al., 1975). On the

other hand, the smaller tabular cross-sets on the trough cross-

sets resulted from the migration of smaller sandwaves or 2D

dunes. This implies the presence of fluctuations in both flow

strength and direction between major 3D dunes and subordi-

nate 2D dunes. There was minor backflow on the lee side of

the dunes by flow separation forming small-scale cross-sets.

3.1.4. Horizontally stratified sandstone (facies Sh)

This facies is characterized by horizontal stratification

of well-sorted medium-to-very coarse sandstone. Well-sorted

Fig. 2. Road map of the study area showing location of the outcrops. Geologic maps modified from GICTR (1962) and Chough et al. (2000).
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Fig. 2. (Continued) (A) Hwa-am area. (B) Byeoleogok area. (C) Seonbawi section. (D) Dongjeom section. (E) Seokgaejae section. 
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sands are aligned or interlaminated with thin mica-rich lay-

ers (Fig. 5B, C). Occasionally, the laminae form very low-

angle cross-set (Fig. 5B). Each unit is about decimeters to

a few meters thick and tabular. The upper and lower bound-

aries of the facies are sharp. Small-scale scours, less than 15

cm in depth and about 30 cm in width, are filled with

coarser-grained sediments (Fig. 5C). The scour surface is

covered with a thin layer of dark minerals. It is associated

with low-angle trough cross-stratified sandstone, foreset-

bedded sandstone, and massive sandstone.

The well-sorted coarse sandstone with horizontal stratifi-

cation has been commonly interpreted as the upper flow

regime plane bed. The planar stratification in the upper

flow regime might have formed by high-speed unidirec-

tional currents or strong oscillatory wave action (Harms et

al., 1982). In shallow marine environments, such condi-

tions occur nearshore under strong shoaling conditions or

beaches (Hein, 1987). The small-scale scours filled with

reworked lag deposits were due to strong currents, gener-

ated most likely by storms.

3.1.5. Foreset-bedded sandstone (facies Sf)

This facies comprises medium-to-coarse quartzose sand-

stone, occurring as tabular foreset-beds about 1–1.3 m in

height (Fig. 6A, B, D). The foreset dips to the southwest

(about 15o). The cross-bed is slightly tangential to the base,

whereas the upper contact is angular. There are thin layers

of laminated or massive finer sandstone between some fore-

set units (Fig. 6A, B). Symmetrical ripples (wavelength of

about 5 cm) occur on the surface of some foreset beds (Fig.

6C). The round ripple-crests are straight and orientated

slightly oblique to those of the foreset beds. This facies is

alternated with tabular unit of massive sandstone and

crudely horizontally stratified (pebbly) coarse sandstone. 

This facies probably formed by migration of subaqueous

dunes (e.g., Greb and Archer, 1995). The tabular bed of the

unidirectional cross-sets was deposited by 2D dune migra-

tions under the influence of offshore-ward currents. The

consistent southwestward dip angle reflects the dominance

of unidirectional currents. The finer sand layers between the

foreset units are suggestive of intermittent slack conditions

between the periods of unidirectional currents. The sym-

metric and round-crested ripples on the surface of the fore-

set bed are suggestive of wave-generated structures that

were probably superimposed on the surface of unidirec-

tional cross-beds of 2D dunes, most likely formed by oscil-

latory flows (Allen, 1984; Greb and Archer, 1995).

3.1.6. Tabular cross-stratified sandstone (facies Sx)

This facies is characterized by tabular or tapering cross-

set with relatively high-angle (about 20o) cross-lamination

(Fig. 7A). The cross-set is relatively small scale, about 10 cm in

height. The cross-laminae are tangential to the lower sur-

face of the set. In some cases, the sigmoidal cross-laminae

with well developed topset occur (Fig. 7C). The base is a

low-angle concave-up truncation surface.

Table 2. Description and interpretation of sedimentary facies of the Jangsan Formation

Sedimentary facies Description Interpretation

Thin pebble layer

(facies P)

One-clast-thick layered pebbles; discontinuous and patchy on bedding 

plane; round fine- to coarse-grained quartzite, and dark colored meta-

morphic clasts; associated with massive or stratified sandstone

Winnowing by strong currents e.g., 

induced by storm (Richards, 1986)

Massive sandstone 

(facies Sm)

Medium to very coarse massive quartzose sandstone; spherical and 

angular sand grains; well sorted; accessory grains of heavy minerals and 

small rock fragments of metasedimentary rocks

Rapid sedimentation by relaxation of 

heavy sediment-laden flow (Levell, 

1980; Soegaard and Eriksson, 1985; Sim-

pson et al., 2002) or post-depositional 

modification

Trough cross-stratified 

sandstone (facies St)

Low-angle and long-wave length, about tens of centimeters; cross-sets 

fanning with lateral change in thickness; partly bidirectional; finer 

grained sediments between cross-sets; small-scale scour and fills

Migration of 3D dune (Harms et al., 

1975)

Horizontally stratified 

sandstone (facies Sh)

Well-sorted medium to very coarse sandstone; decimeters to a few 

meters thick; tabular and continuous bed; sharp upper and lower bound-

aries; small-scale scours; associated with low-angle trough cross-strati-

fied sandstone, foreset bedded sandstone, and massive sandstone

Upper flow regime plane bed formed by 

high-speed unidirectional current or 

strongly oscillatory wave action (Harms 

et al., 1982)

Foreset bedded 

sandstone (facies Sf)

Medium to coarse sandstone; tabular and laterally extensive; about 1.3 

m thick; slightly tangential to the base of the set; unidirectional; associ-

ated with pebbly sandstone/conglomerate, and horizontally stratified 

coarse sandstone; ripples on top of some foreset bed

Migration of large-scale 2D dune (Harms 

et al., 1975) and superimposed oscillatory 

waves (Allen, 1984; Greb and Archer, 

1995)

Tabular cross-stratified 

sandstone (facies Sx)

Tabular or tapering cross-set with relatively high angle cross-lamination; 

about 10 cm high cross-set; tangential cross-laminae to the lower surface 

of the set; fine-to-medium sandstone

Migration of 2D mega ripple or dune 

(Harms et al., 1975)
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The tabular cross-stratification formed by migration of

2D mega-ripples or dunes (Harms et al., 1975). The con-

sistent trend of the cross-laminae is suggestive of move-

ment of 2D dunes by unidirectional currents. On the other

hand, some tabular cross-stratified sandstone units, super-

imposed on the trough cross-beds, formed by subordinate

currents. The sigmoidal cross-laminae imply high rate of sedi-

mentation outpacing the migration of the bedforms.

3.2. Myeonsan Formation

Two outcrop sections were measured. Six lithofacies are

identified on the basis of physical sedimentary structures

and lithology (Table 3). 

3.2.1. Disorganized conglomerate (facies Cd) 

This facies occurs in the lowermost part of the Myeonsan

Formation, unconformably overlying the Precambrian base-

ment rocks (Fig. 8A). It is commonly disorganized and com-

posed of pebble- to cobble-grade clasts of quartzite, slate

and granitic gneiss that were derived from the basement

rock (Kim and Cheong, 1987). The main bedding style in

the Dongjeom section is represented by alternation of two

subfacies; clast-rich and matrix-rich conglomerates (Fig. 8B).

The clast-rich subfacies predominantly contains clast-sup-

ported conglomerate with matrices of medium to coarse

sand grains (Fig. 9A). The muddy matrix is rare except in

several thin (< 5 cm in thickness) mudstone layers. The

poorly sorted and subrounded clasts (Fig. 9A) are alingned

to bedding plane and partly imbricated. The quartzite and

gneiss clasts are common and the largest ones are granitic

gneiss (< 1 m in length). The thin layers of remnant mud-

stone are aligned parallel to bedding plane. The matrix-rich

subfacies comprises disorganized conglomerate with sand-

stone stone matrix (Fig. 9B). It is alternated with clast-rich

conglomerate with diffuse boundaries. Discontinuous len-

ticular gravel patches partly occur. 

The weak stratification, poor sorting, and the dominance

Fig. 3. Outcrop photographs of thin pebble layer near the Hwa-am cave. (A) Pebbles form a thin horizontal layer. Lens cap is 5.2 cm
in diameter. (B) Plan view of a pebble layer. For location, see Figure 2A.
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of sandstone matrix generally represent deposition from

sandy debris flows (Costa, 1988; Shanmugam, 1996). The

alternation of clast- and matrix-rich units probably represents

repetition of accelerating and decelerating mass-flows (Lowe,

1982).

3.2.2. Thin-bedded conglomerate of mudstone rip-ups 

(facies Cb) 

This facies consists mainly of granule to pebble-grade

mudstone clasts and quartz grains with sandy matrix (Fig. 10A).

The clasts are subrounded to angular, poorly sorted, and

slightly parallel to bedding plane. A conglomerate bed

occurs as channel-shaped body (2−8 cm in thickness and

tens of meters in width). The scour walls are commonly

steep and  exhibit a sharp erosional base and a gradual tran-

sition to the trough cross-bedded (gravelly) sandstone. 

The concentrated mud clasts at the erosional base are

interpreted as the lag deposits of tidal-channel scours (Clif-

ton, 1983). Some discontinuous pebble layers represent

scour pits of sandwaves or dunes.

Fig. 4. Photographs of massive sand-
stone (quartzite) near the Hwa-am 
cave. (A) Massive sandstone with peb-
ble clasts. (B) Close-up of massive 
sandstone. Note pebble clasts in the 
upper part of the photograph and a 
metasedimentary rock fragment 
(arrow). For location, see Figure 2A.
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3.2.3. Trough cross-bedded sandstone (facies Stx)

This facies consists of relatively thick (0.1–0.5 m) sand-

stone beds composed mainly of poorly sorted, medium-to-

very coarse sandstone and pebbly sandstone. The sandstone

is dominantly arkosic arenite and contains <41% feldspar

and detrital grains of hematite and ilmenite with average

content of 36 % (Kim, 1991). This facies displays small-to

medium-scale sets of cross-beds (with an average thickness

of 0.1 m and the maximum of 0.2 m) (Fig. 10B, C). The

amounts of granule- and pebble-grade clasts are variable.

Cross-beds are separated by mud drapes with a tangential

contact to the base of the cross-bedded set (Fig. 10B, C).

Some cross-beds are represented by grain size variation of

quartz. The granule-grade, rip-up mudstone clasts are dis-

Fig. 5. Photographs of the Jangsan Formation in the Seonbawi section. (A) Trough cross-stratified sandstone. Note small-scale cross
set with reverse dip direction. Hammer is 27.5 cm in length. (B) Horizontally and low-angle cross-stratified sandstone. Lens cap for
scale is 5.2 cm in diameter. (C) Horizontally stratified sandstone. Note a small scale scour-and-fill (arrow). Pen for scale is 14 cm.
For location, see Figure 2C.
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Fig. 6. Photographs of the Jangsan Formation near Byeoleogok. (A, B) Prograding foreset bedding. The contact to the lower surface is tan-
gential. Note thin fine sandstone layers between the foreset bedded units (arrows). (C) Ripples on the surface of the foreset beds. Coin is
about 2.2 cm in diameter. Inset shows comparison of foreset dip direction (arrows) and orientation of ripple (broken line). (D) Lowermost
part of the Jangsan Formation in the Hwa-am spring section, characterized by tabular foreset-beds underlain by a conglomeratic unit. For
location, see Figure 2B.
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persed and occasionally aligned to the cross-beds. The cross-

beds generally dip northwestward. Each cross-bedded set is

bounded by thin mud drape and overlain by other mud-

draped cross-beds (Fig. 10B, C). The lenticular patches of

sands and pebbles commonly occur at the set boundaries.

Some cross-beds are associated with flaser, wavy, and len-

ticular beds (Fig. 10B, C). The relatively thick intervals of

pebbly sandstones with faint cross-beds are present. 

The mud-draped cross-beds indicate fluctuating flow con-

ditions with suspension settling of mud during the periods

of slack water (Nio and Yang, 1991). The unidirectional

pattern of the cross-bed indicates that the main currents of

ebb or flood flows influenced net sand migration. The rel-

atively thick mud drapes on the set boundary, together with

thin lenses of ripple beds, reflect deposition from relatively

weak, subordinate tidal currents. The small- to medium-

scale trough cross-beds associated with the flaser to lentic-

ular bedding suggest that this facies represents deposition

from ebb- or flood-dominated bedform migration (e.g., Myrow,

1998), possibly in tidal channels or distributaries (Visser,

1980; Terwindt, 1988).

3.2.4. Ripple cross-laminated sandstone (facies Slr)

This facies is characterized by fine to coarse-grained

sandstone with thin intercalation of laminated mudstone

(Fig. 10D, E). A sandstone bed ranges in thickness from 1

to 12 cm and is frequently interbedded with centimeter-

thick siltstones or very fine sandstones. The lower boundary

of the bed appears to be sharp and erosional, partly with lag

deposits, whereas the upper boundary is gradational. Inter-

nal structures are characterized by thin mud drapes and

irregularly undulating lamination. Some symmetrical wave

ripples on the top of the bed (<6 cm in wave length, <1 cm

in height) display form-discordant lamination (Fig. 10E).

The granule-grade sand grains and mudstone chips are fre-

quently concentrated on the erosional base and ripple

trough. The sandstone bed changes laterally into sandy lay-

ers or patches. The grain size of the facies decreases upward

with upward-thickening of intercalated mud layers. 

The wavy to lenticular beds with ripple cross-lamination

are interpreted to reflect alternating period of ripple migra-

tion and deposition from suspension during tidal cycle (Rei-

neck and Singh, 1980). The sheet-like sandstone beds

associated with thin-interbedded mudstone are suggestive

of small-scale bedform migration. The wave- or current-

generated ripple beds are common in sandy tidal flats or rel-

atively shallow tidal channel margin (Meyer et al., 1998).

3.2.5. Planar to wavy laminated sandstone (facies Slp)

This facies consists of parallel-laminated fine sandstone,

characterized by centimeter-scale irregular alternation of

sandstone and mudstone (Fig. 10F). The sandstone layers

are generally thin to medium-bedded with some distinct

lower intra-boundary. The alternating thin mudstone layer

Fig. 6. (Continued). (D) Lowermost part of the Jangsan Formation
in the Hwa-am spring section, characterized by tabular foreset-beds
underlain by a conglomeratic unit. For location, see Figure 2A.
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which forms the appearance of the parallel lamination is

characterized by millimeter-scale laminae that are rather

discontinuous. Individual lamina is slightly wavy to irreg-

ular and can be traced laterally for a few meters. In some

case, thin sandstone layers are bounded below by a sharp

erosional boundary, which occasionally form a depression

filled with graded sediments (Fig. 10F).

The general lack of distinct primary structures in the

sandstone suggests that sands were reworked in deep-water

environments below normal wave base. The distinct alter-

nation of laminated mudstone layer is suggestive of sus-

pension settling of mud during intermittent pause of wave-

or wind-generated currents (Walker and Plint, 1992). 

3.2.6. Dark gray mudstone (facies M)

This facies consists of shale, siltstone, and minor portion

of fine to coarse-grained sandstone. Sedimentary structures

include millimeter- to a few centimeter-thick laminae of

siltstone to fine-grained sandstone and homogeneous part of

mudstone (Fig. 10F). Each facies unit ranges in thickness

from 2 to 8 cm. Fine to coarse-grained sands are scattered

within the bed and occasionally form nodular patches or

thin layers. It overlies either the ripple cross-laminated

sandstone or planar to wavy sandstone. 

The homogeneous mudstone contains little evidence of

bedload deposition and is interpreted as deposition from

suspension.

4. FACIES ASSEMBLAGES AND DEPOSITIONAL 

ENVIRONMENTS

4.1. Jangsan Formation

In the Jeongseon area (Fig. 2A, B), the Jangsan Forma-

tion is characterized by tabular units of foreset beds (Sf) and

pebble-bearing coarse sandstone (Sm, Sh, and P) (Figs. 3

and 6). The foreset beds are alternated with horizontally

stratified or massive coarser units (Sm and Sh) (Fig. 6). In

the Byeoleogok section (Fig. 2A), the tabular cross-sets of

meter-scale foreset beds are alternated with the horizontally

Fig. 7. Photographs of tabular cross-stratified sandstone. (A) Tabular planar cross-stratified sandstone in the Dongjeom section. Note low-
angle truncation in the lower part. Coin for scale (arrow) is 2.2 cm in diameter. (B) Massive sandstone with pebble clasts, usually forming
depositional unit with tabular cross-stratified sandstone. Pen for scale is 14 cm in length. For location, see Figure 11. (C) Tabular cross-
stratified sandstone in the Seonbawi section. Note sigmoidal cross laminae. For location, see Figure 2C.
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bedded massive sandstone (Fig. 6A, B). In the Hwa-am

spring section (Fig. 2B), the tabular foreset-bedded sand-

stone beds are laterally continuous for 200 m (Fig. 6D) and

are alternated with massive (Sm) and horizontally stratified

sandstone (Sh). The massive sandstone is characterized by

abundant angular pebble-grade clasts and wedge-shaped

geometry of the facies unit (Fig. 6D). The section is about

30 m in height and consists of repetition of tabular foreset

beds and massive or stratified sandstone units with a con-

sistent southwestward dip direction. The Hwa-am cave sec-

tion (Fig. 2B) also consists of tabular foreset-bedded

sandstone (Sf), pebble layers (P) and pebble bearing mas-

sive (Sm) or stratified sandstone (Sh). Round pebbles form

one or several clasts thick planar layer, or are dispersed in

the sandstone. The pebble layers are discontinuous and

patchy on bedding plane. Most of the facies units are tab-

ular and continuous in outcrop scale.

The pebble-bearing sandstone facies in the lower part of

the Hwa-am spring and Hwa-am cave sections represent

shoreface deposit, formed in the early stage of the basin

Fig. 8. (A) Photographs of the Myeo-
nsan Formation overlying the Precam-
brian basement (granitic gneiss). (B) 
The lowermost unit of the Myeonsan 
Formation overlying the Precambrian 
basement rock. The matrix-rich unit 
with sparse clasts (arrows) is overlain 
by a clast-rich unit with indistinct 
boundary. For location, see Figure 2D.
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inundation. The overlying tabular foreset-bedded sandstone

and the alternating massive sandstone facies are suggestive

of lower shoreface to inner shelf where active migration of

the 2D dunes was prevalent (Fig. 12). The dip direction of

the foreset bed is suggestive of consistent west- to south-

westward currents, although the relation between the paleo-

shoreline and the basin physiography is uncertain. The

extensive tabular sets of the foreset-bedded sandstone, how-

ever, suggest that currents lasted for considerable duration.

The unidirectional current in the shallow marine environ-

ments probably was wave- or storm-generated currents

such as longshore current and geostrophic flow (Walker and

Plint, 1992).

The facies assemblages of the Seonbawi section (Fig. 2C)

are characterized by low-angle trough cross-stratified sand-

stone and horizontally stratified sandstone (Fig. 5). The fre-

quent occurrence of trough cross-beds is suggestive of

shoreface dominated by 3D subaqueous dunes (Fig. 12).

The consistent unidirectional trough cross-stratification

with subordinate ripples is indicative of wave-generated

Fig. 9. Photograph of two types of 
conglomerate in the lowermost part of 
the Myeonsan Formation. (A) Clast-rich 
conglomerate. (B) Matrix-rich conglom-
erate. Coin for scale is 2.2 cm in diam-
eter. For location, see Figure 8A.
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longshore currents. Sporadic offshore currents of storms

may also cause migration of shoreface dunes. The horizon-

tally stratified sandstone represents (upper) shoreface set-

ting where strong oscillatory wave action is common. The

well-sorted planar stratified sandstone with very low-angle

set boundary probably is suggestive of deposition in swash

zone of foreshore environments (Harms et al., 1982) (Fig. 12).

The Jangsan Formation occurs in the Dongjeom area

(Fig. 2D) in the west of the Dongjeom fault. The stream

section consists of alternating massive (pebbly) very coarse

sandstone, horizontally stratified sandstone, and cross-strat-

ified medium to coarse sandstone (Fig. 11). The cross-strat-

ified medium-to-coarse sandstone is characterized by small-

scale (about 10 cm in height) tabular or tapering cross-sets.

Cross-laminae are relatively steep with dip angle of 20°.

These cross-sets are alternated with low-angle cross-lami-

nated sets with an erosional contact. Larger-scale medium-to-

coarse tabular cross-sets (about 70 cm in height) also occur

in this section. These finer cross-stratified units gradually

change into the overlying massive pebbly very coarse sand-

stone. The finer cross-bedded facies formed by migration of

various dunes on inner shelf or lower shoreface (Fig. 12),

whereas the overlying coarser massive pebbly sandstone

units were deposited by storm activity. The alternation of

these facies is suggestive of frequent reworking of sediment

and incursion of sediment-laden flow during storms. 

The dominant influence of waves, storms, and related

currents to the sedimentation of the Jangsan Formation are

suggestive of open marine conditions (Fig. 12). The lack of

discernable fining- or coarsening-upward trends in the thick

succession is probably suggestive of aggradation (e.g., Cant

and Hein, 1986, Johnson and Baldwin, 1996). Because of

relatively rapid subsidence in the initial stage of the basin

evolution and ensued eustatic rise in sea level in the Early

Cambrian, the aggradation most likely implies large sedi-

ment input. The large amounts of sediments could have been

dispersed on the platform by waves, tides, coastal and oce-

anic currents, and storms. There was a balance between an

increase in accommodation space and sediment supply,

which resulted in thick accumulation of sandstone. Similar

basal sandstone beds formed commonly in passive margin

or interior cratonic basins of the Late Precambrian and

Cambrian (Johnson and Baldwin, 1996).

4.2. Myeonsan Formation

The Myeonsan Formation comprises a small-scale con-

glomeratic deposit and the overlying unit of tide-influenced

shallow marine depositional unit (Fig. 13). The latter is

organized into three lithofacies assemblages of subtidal

channels, tidal flat, and outer shelf subenvironments.

The basal conglomerate bed (< 9 m in thickness) is vari-

able in thickness and intermittently rests on the basement

rock. The ungraded conglomerates with poorly-sorted clasts

and sandy matrix suggest that cohesive strength was less

important, probably indicating deposition from cohesionless,

mass-flow deposits (Middleton and Hampton, 1973; Nemec,

1990; Kim et al., 1995) formed by avalanching of gravels and

sands. The weak stratification, defined by alternating matrix-

rich and clast-rich subfacies without discernable erosion

would reflect fluctuations in sediment gravity flows (Lowe,

1982). The poor lateral discontinuity and the highly variable

Table 3. Description and interpretation of sedimentary facies of the Myeonsan Formation

Sedimentary facies Description Interpretation

Disorganized conglomerate 

(facies Cd)

Disorganized, poorly-sorted; subrounded clasts (<1 m in length); 

sand matrix; weak stratification by alternation of clast- and matrix-

rich subfacies

Cohesionless, mass-flow deposits 

(Lowe, 1982; Costa, 1988; Shan-

mugam, 1996)

Thin-bedded conglomerate 

of mudstone rip-ups 

(facies Cb)

A thin bed (2–8 cm thick); granule to pebble-grade mud clast and 

quartz granules; sharp erosive base
Channel lag

Trough cross-bedded

sandstone (facies Stx)

Medium- to very coarse-grained; mud drape on cross-bed surface 

with tangential contact to bottom set; unimodal current distribution of 

trough and cross-beds; small-pebble concentration on trough; align-

ment of mud clast along cross-bed

Tidal sand dunes or sand waves (Ter-

windt, 1988; Dalrymple et al., 1990; 

Myrow, 1998) 

Ripple cross-laminated

sandstone (facies Slr)

Very thin- to thin-bedded; fine- to very coarse-grained; lateral and 

vertical change to wavy or flaser bedding; form-discordant wave rip-

ple, ripple-cross, and irregular undulating laminations

Wave- or current-generated ripple dur-

ing tidal cycle (Reineck and Wunder-

lich, 1968; Dalrymple et al., 1991)

Planar to wavy laminated 

sandstone (facies Slp)

Fine- to medium-grained; millimeter-scale laminae; wavy- to- hori-

zontal silt lamination; crudely laminated; thin sandstone layer with 

grading

Suspension load and storm-generated 

wave

Dark gray mudstone 

(facies M)

Dark gray in color; wide range of bed thickness; interbedded massive 

and laminated subfacies; alternation of millimeter-thick silt laminae; 

parallel, wavy, discontinuous streaky laminae; graded laminae

Suspension load
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thickness of the conglomerate unit are ascribed to localized

mass-flow events. 

The subtidal channel assemblage is characterized by the

upward-fining succession of thin-bedded conglomerate (facies

Cb) on the erosional base, trough cross-bedded (gravely)

sandstone (facies Stx), and ripple cross-laminated sandstone

(facies Slr) at top (Fig. 14A). The granule-to-pebble lags on

the erosional base and the stacked mud draped cross-beds

are interpreted as subtidal channel deposits (Plint, 1983;

Brownridge and Moslow, 1991; Hamberg, 1991). The uni-

Fig. 10. (A) Outcrop photograph of thin-bedded conglomerate of mudstone rip-ups (Cb). (B–C) Vertical succession of trough cross-bedded
sandstones (Stx). Cross-beds are separated by thin mud drapes showing unidirectional flow from right to left. Note the set boundaries
represented by relatively thick mud layer and closely-spaced mud drapes (arrows). (D–E) Ripple cross-bedded sandstone (Slr) associated
with planar to wavy sandstone (Slp) and massive mudstone (M). (D) Ripple cross-beds display a sharp, erosional base and a gradational
top, separated by a thin bed of mud drape. (E) Top surface is wave rippled and displays form-discordant laminations. (F) Planar to wavy
sandstone (Slp) and massive mudstone (Mm) of the Myeonsan Formation. Coin for scale is 2.2 cm in diameter.
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directional dune cross-beds of various scales were produced

by ebb- or flood-dominant tidal currents developed mainly

in tidal channels (Fig. 15). The ripple-topped sandstone beds

were most likely deposited during upward growth of dune

crests (e.g., Dalrymple et al., 1990), indicating a shoaling-

upward transition. The vertical succession resulted from

infilling of tidal channels with tidal sand dunes and aggra-

dation of an adjacent sandy tidal flat (e.g., Meyer et al.,

1998). The lower part of the formation is commonly asso-

ciated with the amalgamated beds of trough cross-bedded

(gravelly) sandstone with rare ripple-topped sandstone bed

(Fig. 13). The thick-bedded amalgamated sandstones are

less mature in composition than those of the upper part of

the formation. The amalgamated attribute is indicative of

active deposition in relatively deep subtidal area, probably

in main channels. 

The tidal flat assemblage consists largely of interbedded

sandstone and mudstone (facies Slp, Slr, and M) (Fig. 14).

This assemblage occurs in beds a few centimeters to tens of

centimeters thick which are laterally persistent. A thin sand-

stone bed shows a variety of small-scale sedimentary struc-

tures including ripple cross-beds, wavy-to-parallel lamination,

and discontinuous lenses of ripple beds. It is commonly

alternated with a thin bed of laminated or massive mud-

stone, which represents ‘sand-mud couplets’ of tidal origin

(e.g., Dalrymple et al., 1991). As the mudstone bed is thick

(>5 cm), the wavy-to-parallel sand-mud couplets become

dominant. The tidal flat assemblage is commonly alternated

with the decimeter-scale subtidal channel assemblage, which

reflects lateral coexistence of the tidal flat and channel in

tide-influenced environments (Fig. 13). Some trough cross-

bedded gravely sandstones with a large number of pebble-

grade mudstone clasts in channel-shaped beds (Fig. 14A)

are interpreted as small-scale tidal gully with megaripples

(Clifton, 1983). The limited lateral continuity and the iso-

lated occurrence are suggestive of ephemeral runoff chan-

nels crossing the tidal flat (e.g., Clifton, 1983). The presence

of mud cracks probably indicates intertidal flat for a certain

interval (cf., Kim, 1991). The discrimination between inter-

tidal and subtidal deposition is, however, uncertain due to

the lack of recognizable trace and body fossils.

The outer shelf subenvironment is represented by inter-

beds of planar to wavy very fine sandstone (facies Slp) and

mudstone (facies M) (Fig. 14B). In contrast to other facies

assemblages, it is characterized by rare occurrence of mud-

stone rip-ups, mud-draped cross-beds and wave-generated

structures, which suggests deposition in deep subtidal to

shelf environments (Fig. 15). The intermittent inclusion of

coarse-grained sandy layers is possibly ascribed to the

storm events. This facies assemblage mainly constitutes the

upper part of the Myeonsan Formation (Fig. 13) and grad-

ually transforms into the mudstone-dominant Myobong

Formation. It represents a transition from a tide-influenced

coastal to an open marine shelf environment, mostly below
Fig. 11. Columnar description of the Jangsan Formation, Dongjeom
section. For location, see Figure 2D.
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fair-weather wave-base, but influenced by occasional storm

waves.

The lithofacies assemblages provide evidence for tidal

deposition for the Myeonsan Formation. The tide-influ-

enced shallow marine succession largely comprises tidal

flat/channel assemblage in the lower part and outer shelf

assemblage upward (Fig. 13). The repetitive fining-upward

subtidal channel to tidal flat successions reflect lateral het-

erogeneity and complexity of tidal environment, rather

than vertical sedimentary cycles created by the shoreline

shift (Fig. 15). There is a gradual upward decrease in pro-

portion of trough cross-bedded channel deposits and an

increase in mudstone facies. The overall transition is char-

acteristic of transgressive sequence with an upward-deep-

ening trend. The lower part of the transgressive sequence

is floored by basal conglomerate beds. It represents trans-

gression onto the marginal marine shelf, lacking significant

fluvial systems. Tidal deposition was gradually terminated

when the rate of relative sea-level rise exceeded accom-

modation-fill, which was, in turn, overlain by open marine

shale (Myobong Formation). The transgressive record repre-

sents the early part of the second-order sea-level rise in the

Cambrian−Ordovician (Kwon et al., 2006).

The Myeonsan Formation contains small-scale basal con-

glomerate bodies and transgressive tidal deposits with sig-

nificant amounts of fine-grained deposits, compared to the

Jangsan Formation. It formed in a restricted depositional

environment where tidal currents were dominant. The lim-

ited occurrence of the conglomerate possibly attests to the

local uplift of hinterland. It is supported by the lithofacies

characteristics of the basal conglomerate, representing downs-

lope sediment gravity flows, shedding onto the basement.

An abrupt transition to the overlying shallow marine suc-

cession would represent sedimentary response to an imme-

diate increase in accommodation space due to the possible

uplift and the accompanied subsidence of the basin. The

dominance of tidal influence on the shallow marine deposits

would also represent a restricted shoreline configuration.

5. COMPARISON WITH NORTH CHINA PLAT-

FORM

A paleogeographic reconstruction of the East Asia sug-

gests that the Pyeongnam and Taebaeksan basins were

located in the eastern margin of the North China Platform

in the Early Paleozoic (Chough et al., 2000; Choi et al.,

2001). The lowermost part of the Early Paleozoic succes-

sion of the North China Platform can be grouped into four

localities (Fig. 16). The Xinji Formation in the southern part

of the platform consists mainly of phosphoritic and glauc-

onitic sandstone and rare conglomerate. In the northern

part, the fine-grained carbonates of the Changping Forma-

tion occur. These units change upward into dolomitic fenes-

trae and desiccated microbial laminite. On the western part

of the platform near the Ordos oldland, the basal deposit is

characterized by hypersaline shallow facies of the Zhusha-

dong Formation (Meng et al., 1997). The lowermost part of

the Pyeongnam Basin is characterized by siliciclastic fines

(Paek et al., 1996). These varieties were probably due to the

interplay among the paleobathymetry, rate of sea-level rise,

and the amounts of sediment supply.

The Xinji Formation formed in a shallow-to-moderate

depth, marine sand-wave environment (Meng et al., 1997).

The phosphorite of the formation represents deep weather-

ing of the Precambrian basement and erosion, coupled with

Fig. 12. A model for depositional environments of the Jangsan Formation. JS: Jeongseon, SBW: Seonbawi, DJ: Dongjeom.
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Fig. 13. Columnar log of the Myeonsan Formation in the Dongjeom section. For location, see Figure 2D.
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Fig. 14. Columnar log showing vertical succession of subtidal channel, tidal flat, and outer shelf facies assemblage. (A) Dominant facies
assemblage in the Myeonsan Formation comprising subtidal channel and tidal flat (tidal shoal/channel margin) facies. (B) The upper part
of the Myeonsan Formation is dominated by deep subtidal to outer shelf facies assemblage. Arrows indicate upward fining trends. For
location, see Figure 13.
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high nutrient supply in the transgressive marine condition

(Meng et al., 1997). The phosphorite, glauconite, and peb-

ble conglomerate are interpreted as deposits representing

sediment starvation (Meng et al., 1997). The upwelling of

phosphate-supplying cold water, related to the transgres-

sion, probably suppressed carbonate deposition. The fine-

grained carbonates of the northern part of the platform

(Changping Formation) represent subtidal deposition. There

possibly were favorable conditions for carbonate deposi-

tion, such as clear and warm seawater. An upward transition

to the supratidal sediment might be attributed to decrease in

rate of sea-level change and consequent shallowing. Because

the transgression proceeded generally from the east towards

the Ordos oldland, the western part of the platform was sub-

merged in the later stage. The successions of evaporate

deposits of the Zhushadong Formation most likely resulted

Fig. 15. A model for depositional environments of the Myeonsan Formation.

Fig. 16. Map showing direction of transgression and lithologic distribution of the basal units of the North China Platform during the Cam-
brian (Modified from Meng et al., 1997).
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from slowed sea-level rise.

The dominance of coarse-grained siliciclastic basal units

in the Korean peninsula would represent the early stage of

the inundation. The eastern part of the platform was likely

supplied with abundant sandy sediments. Relatively rapid

rise in sea level in the early transgressive stage was most

likely accompanied with high sediment input and oceanic

currents that played a major role on sedimentation in shore-

face to shelf environments. On the other hand, the con-

glomerate in the basal part of the Myeonsan Formation was

probably related to localized structural motions, forming a

downslope wedge in a subsiding basin margin.

6. CONCLUSIONS

1. The lowermost part of the Taebaek Group consists of

Jangsan and Myeonsan formations. The Jangsan Formation

consists of six sedimentary facies (thin pebble layer, mas-

sive sandstone, trough cross-stratified sandstone, horizon-

tally stratified sandstone, foreset-bedded sandstone, and tabular

cross-stratified sandstone), formed in shallow marine envi-

ronments ranging from inner shelf to nearshore. Wave-gener-

ated nearshore currents, storm activity, and tidal currents

played a major role for the deposition.

2. The Myeonsan Formation consists of six sedimentary

facies (disorganized conglomerate, thinly-bedded conglom-

erate of mudstone rip-ups, trough cross-bedded sandstone,

ripple cross-laminated sandstone, planar to wavy laminated

sandstone, and dark gray mudstone), representing deposition in

a small-scale slope and tide-influenced coastal embayments.

3. The Jangsan and Myeonsan formations represent dep-

osition in the easternmost part of the North China Platform,

controlled by eustatic rise in sea level and large siliciclastic

input.

ACKNOWLEDGEMENTS: The study was supported by the Korea

Science and Engineering Foundation (No. R14-2003-017-01001-

0(2003)). We thank Dr. D.K. Choi, Dr. D.J. Lee, and H.S. Lee for dis-

cussion in the field and laboratory. We acknowledge Dr. G.S. Chung

for helpful review.

REFERENCES

Allen, J.R.L., 1984, Sedimentary Structures–Their Character and

Physical Basis, v.2: New York, Elsevier, Developments in Sed-

imentology, v. 30, 663 p.

Brownridge, S. and Moslow, T.F. (1991) Tidal estuary and marine

facies of the Glauconitic Member, Drayton Valley, central Alberta.

In: Smith, D.G., Reinson, G.E., Zaitlin, B.A., and Rahmani, R.A.

(eds.), Clastic tidal sedimentology. Canadian Society of Petro-

leum Geologisits, Memoir 16, p. 107–122.

Cant, D.J. and Hein, F.J., 1986, Depositional sequences in ancient

shelf sediments: some contrasts in style. In: Knight, R.J., McLean,

J.R. (eds.), 1986. Shelf Sand and Sandstones, Canadian Society

of Petroleum Geologists. Calgary, p. 303–312.

Choi, D.K., 1998, The Yongwol Group (Cambrian–Ordovician) rede-

fined: a proposal for the stratigraphic nomenclature of the Cho-

son Supergroup. Geosciences Journal, 2, 220–234.

Choi, D.K., Chough. S.K., Kwon, Y.K., Lee, S.B., Woo, J., Kang, I.,

Lee, H.S., Lee, S.M., Sohn, J.W., Shinn, Y.J. and Lee, D.J., 2004,

Taebaek Group (Cambrian-Ordovician) in the Seokgaejae sec-

tion, Taebaeksan Basin: a refined lower Paleozoic stratigraphy in

Korea. Geosciences Journal, 8, 125–151.

Choi, D.K., Kim, D.H. and Sohn, J.W., 2001, Ordovician trilobite

faunas and depositional history of the Taebaeksan Basin, Korea:

implication for palaeogeography, Alcheringa, 25, 53–68. 

Chough, S.K., Kwon, S.T., Ree, J.H. and Choi, D.K., 2000, Tectonic

and sedimentary evolution of the Korean peninsula: a review and

new view. Earth-Science Reviews, 52, 175–235.

Clifton, H.E., 1983, Discrimination between subtidal and intertidal

facies in Pleistocene deposits, Willapa Bay, Washington. Journal

of Sedimentary Petrology, 53, 353–369.

Costa, J.E., 1988, Rheologic, geomorphic, and sedimentologic dif-

ferentiation of water floods, hyperconcentrated flows, and debris

flows. In: V.R. Baker, R.C. Kochel, and P.C. Patton (eds.), Flood

Geomorphology. Wiley, New York, NY, p. 113–122.

Dalrymple, R.W., Knight, R.J., Zaitlin, B.A., Middleton, G.V., 1990,

Dynamics and facies model of a macrotidal sand-bar complex,

Cobequid Bay–Salmon River Estuary (Bay of Fundy). Sedimen-

tology, 37, 577–612.

Dalrymple, R.W., Makino, Y., and Zaitlin, B.A., 1991, Temporal and

spatial patterns of rhythmite deposition on mud flats in the mac-

rotidal, Cobequid Bay–Salmon River Estuary, Bay of Fundy,

Canada. In: Smith, D.G., Reinson, G.E., Zaitlin, B.A., and Rah-

mani, R.A. (eds.), Clastic tidal sedimentology. Canadian Society

of Petroleum Geologisits, Memoir 16, p. 137–160.

Geological Investigation Corps of Taebaegsan Region (GICTR), 1962.

Geologic Atlas of Taebaegsan Region.

Greb, S.F. and Archer, A.W., 1995, Rhythmic sedimentation in a

mixed tide and wave deposit, Hazel patch sandstone (Pennsyl-

vanian), Eastern Kentucky Coal Field. Journal of Sedimentary

Research, B65, 96–106.

Hamberg, L., 1991, Tidal and seasonal cycles in a Lower Cambrian

shallow marine sandstone (Hardeberga Fm.), Scania, Southern

Sweden. In: Smith, D.G., Reinson, G.E., Zaitlin, B.A., and Rah-

mani, R.A. (eds.), Clastic tidal sedimentology. Canadian Society

of Petroleum Geologisits, Memoir 16, p. 255–274.

Harms, J.C., Southard, J.B., and Walker, R.G., 1982, Structures and

Sequences in Clastic Rocks. SEPM, Short Course Notes no.9, 8-

51 p. 

Harms, J.C., Southard, J.B., Spearing, D.R. and Walker, R.G., 1975,

Depositional environments as interpreted from primary sedimen-

tary structures and stratification sequences. SEPM, Short Course

Notes no.2, 161 p. 

Hein, F.J., 1987, Tidal/littoral offshore shelf deposits–Lower Cam-

brian Gog Group, southern Rocky Mountains, Canada. Sedimen-

tary Geology, 52, 155–182.

Johnson, H.D. and Baldwin, C.T., 1996, Shallow clastic seas. In: Read-

ing, H.G. (ed.), Sedimentary Environments: Processes, Facies and

Stratigraphy. Blackwell Science, London. p. 232–280.

Kim, J.Y. and Cheong, C.H., 1987, The Precambrian–Cambrian Bound-

ary in the East of the Dongjeom Fault, Gangweon-do, Korea. Jour-

nal of the Geological Society of Korea, 23, 145–158.

Kim, J.Y., 1991, Stratigraphy of the Myeonsan Formation in Sam-

cheoggun, Kangwondo and Ponghwagun, Kyongsangbukdo. Jour-

nal of the Geological Society of Korea, 27, 225–245.

Kim, S.B., Chough, S.K., and Chun, S.S., 1995, Bouldery deposits in



The Jangsan and Myeonsan formations (Early Cambrian) of the Taebaek Group, mideast Korea 57

the lowermost part of the Cretaceous Kyokpori Formation, SW

Korea: cohesionless debris flows and debris falls on a steep-gra-

dient delta slope. Sedimentary Geology, 98, 97–119.

Kim, Y.J., 1982, Geochronology and petrogenetic processes of the

so-called Hongjesa granite in the Seogpo-Deogku area. Ph. D.

thesis, Yonsei University, Seoul, 93 p.

Kwon, Y.K., Chough, S.K., Choi, D.K., and Lee, D.J., 2006, Sequence

stratigraphy of the Taebaek Group (Cambro-Ordovician), mid-

east Korea. Sedimentary Geology, 192, 19–55.

Kobayashi, T., 1966, The Cambro-Ordovician formations and faunas

of South Korea. Part X. Stratigraphy of Chosen Group in Korea

and South Machuria and its relation to the Cambro-Ordovician

formations of other areas. Sect. A. The Chosen Group of South

Korea. Journal of the Faculty of Science, University of Tokyo,

Sect. II, 16, 1–84. 

Lee, Y.I. and Kim, J.C., 1992, Storm-influenced siliciclastic and car-

bonate ramp deposits, the Lower Ordovician Dumugol Forma-

tion, South Korea. Sedimentology, 39, 951–969.

Levell, B.K., 1980, A late Precambrian tidal shelf deposit, the Lower

Sandfjord Formation, Finnmark, North Norway. Sedimentology,

27, 539–557.

Lindsey, K.A. and Gaylord, D.R., 1992, Fluvial, coastal nearshore,

and shelf deposition in the Upper Proterozoic (?) to Lower Cam-

brian Addy Quartzite, northeastern Washington. Sedimentary

Geology, 77, 15–35.

Lowe, D.R., 1982, Sediment gravity flows: II. Depositional models

with special reference to the deposits of high-density turbidity

currents. Journal of Sedimentary Petrology, 52, 279–297.

Meng, X., Ge, M. and Tucker, M.E., 1997, Sequence stratigraphy,

sea-level changes and depositional systems in the Cambro-

Ordovician of the North China carbonate platform. Sedimentary

Geology, 114, 189–222.

Meyer, R., Krause, F., and Braman, D., 1998, Unconformities within

a progradational estuarine system: the upper Santonian Virgelle

Member, Milk River Formation, Writing-on-Stone Provincial

Park, Alberta, Canada. In: Alexander, C.R. and Henry, V.J. (eds.),

Tidalites: Processes and Products, SEPM special publication, 61,

129–142.

Middleton, G.V. and Hampton, M.A., 1973, Sediment gravity flow:

mechanics of flow and deposition. In: Middleton, G.V. and Bouma,

A.H. (eds.), Turbidite and deep-water sedimentation. SEPM short

course lecture notes, p. 1–38.

Myrow, P., 1998, Transgressive stratigraphy and depositional frame-

work of Cambrian tidal dune deposits, Peerless Formation, Cen-

tral Colorado, U.S.A. In: Alexander, C.R. and Henry, V.J. (eds.),

Tidalites: Processes and Products. SEPM special publication, 61,

143–154.

Nemec, W., 1990, Aspects of sediment movement on steep delta

slopes. In: Colella A. and Prior, D.B. (eds.), Coarse-grained del-

tas. IAS special publication, 10, 29–74.

Nio, S.D. and Yang, C.S., 1991, Diagnostic attributes of clastic tidal

deposits: a review. In: Smith, D.G., Reinson, G.E., Zaitlin, B.A.,

and Rahmani, R.A. (eds.), Clastic tidal sedimentology. Canadian

Society of Petroleum Geologisits, Memoir 16, p. 3–28.

Paek, R.J., Kang, H.G. and Jon, G.P., 1996, Geology of Korea. For-

eign Languages Books Publiching House. Pyeongyang. 631 p.

Plint, A.G., 1983, Facies, environments and sedimentary cycles in the

Middle Eocene, Bracklesham Formation of Hampshire Basin:

evidence for global sea-level changes? Sedimentology, 30, 625–

653.

Reineck, H.E. and Singh, I.B. (eds.), 1980, Depositional sedimentary

environments. Springer, 549 pp.

Richards, M.T., 1986, Tidal bed form migration in shallow marine

environments: evidence from the Lower Triassic, Western Alps,

France. In: Knight, R.J., McLean, J.R. (eds.), 1986. Shelf Sand

and Sandstones, Canadian Society of Petroleum Geologists. Cal-

gary, p. 257–276.

Shanmugam, G., 1996, High-density turbidity currents: Are they

sandy debris flow? Journal of Sedimentary Research, 66, 2–10.

Simpson, E.L., Dilliard, K.A., Rowell, B.F. and Higgins, D., 2002,

The fluvial-to-marine transition within the post-rift Lower Cam-

brian Hardyston Formation, Eastern Pennsylvania, USA. Sedi-

mentary Geology, 147, 127–142.

Soegaard, K. and Erikson, K.A., 1985, Evidence of tide, storm, and

wave interaction on a Precambrian siliciclastic shelf: the 1700

m.y. Ortega Group, New Mexico. Journal of Sedimentary Petrol-

ogy, 55, 672–684.

Son, C.M. and Cheong, C.H., 1965, Sedimentary environment and

geologic structure of Taebaegsan region. Seoul University Jour-

nal Science and Technology Series, 15, 1–31.

Terwindt, J.H.J., 1988, Paleo-tidal reconstructions of inshore tidal

depositional environments. In: de Boer, P.L., van Gelder, A., and

Nio, S.D. (eds.), Tide-influenced sedimentary environments and

facies. D. Reidel Publishing Company, Dordrecht, p. 233–263.

Tucker, M.E., 2003, Sedimentary rocks in the field (3rd edition).

John Wiley & Sons, 234 pp.

Visser, M.J., 1980, Neap-spring cycles reflected in Holocene subtidal

range scale bedform deposits: a preliminary note. Geology, 8,

543–546.

Walker, R.G. and Plint, A.G., 1992, Wave- and Storm-dominated

shallow marine systems. In: Walker, R.G. and James, N.P. (eds.),

Facies models: response to sea level change. Geological Asso-

ciation of Canada, Newfoundland, p. 219–238.

Woo, K.S. and Park, B.K., 1989, Depositional environments and

diagenesis of the sedimentary rocks, Choseon Supergroup, Korea:

past, present, and future; the states of the art. Journal of the Geo-

logical Society of Korea, 25, 347–363.

Woo, K.S., 1999, Cyclic tidal successions of the Middle Ordovician

Maggol Formation in the Taebaeg area, Kangwondo, Korea.

Geosciences Journal, 3, 123–140.

Yun, S., 1978, Petrography, chemical composition and depositional

environments of the Cambro-Ordovician sedimentary sequences

in the Yeonhwa I mine area, southeastern Taebaegsan region,

Korea. Journal of the Geological Society of Korea, 14, 145–174.

Manuscript received November 9, 2005

Manuscript accepted March 8, 2006

Post-Print correction January, 2007


