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@ 과제명 

@ 연구기관 

@ 연구기 간 1 1998년 3월 1일 부터 1998년 2월 28일 까지 

@ 연 구 비 I 10，000，000원 I@ 참여연구원수 1 1 명 

@ 연구목적 

1. 우리나라에 분포하는 캠브로-오르도비스기의 두위봉형 조선누층군의 각 층 

에 대한 특성， 성인 등을 기술하고 이를 바탕으로 현재 두위봉형 조선누층 

군의 연구진행상황 및 앞으로 연구되어야 할 사항을 점겸한다. 

2 두위봉형 조선누층군의 두무골층을 대상으로 현재 선진국에서 널리 사용되 

고 있는 시권스 층서 및 미터단위의 윤회성 연구를 실시하여， 두무골층의 중 

요성을 시권스 층서의 개념에서 새롭게 조명하고， 또한 두무골층에 나타나는 

미터단위의 윤회층의 특성과 성인을 규명한다. 

3. 평력암은 우리나라를 비롯한 전세계 전기 고생대의 탄산염층에서 특징적으 

로 많이 나타나는 퇴적상이다. 따라서， 이들에 대한 많은 정보를 수집하여 

평력암의 특성과 성인을 규명하고 특히 평력암의 성인과 전기 고생대의 지 

구환경과의 연관성에 대해 규명한다. 

? 
니
 



일반출연연구사업관리규정 

@연구결과 

1. 강원도 태백시 일대에 분포하는 초기 고생대 두위봉형 조선누층군을 구성하는 

각 층의 지질시대， 층서， 암상， 퇴적환경， 생층서 등을 정리하였으며， 정리된 

자료는 π1e 1st Joint Meeting of Japanese and Korean Structure and 

Tectonic Research Group의 Field Excursion Guidebook에 발표되 었다. 

2. 두위봉형 조선누층군의 하나인 두무골층은 시권스층서 및 미터단위의 윤 
회성 관점에서 연구되었다. 이에 대한 연구결과는 Geoscience J ourn떠 

Volume 2에 발표되었다. 

3. 전세계적으로 전기 고생대지층에 흔히 나타나는 평력암에 대해서는 우선 약 

72개의 참고문헌이 수집되었으며， 이들로부터 지질시대， 지리적 위치， 특성， 

성인 등에 대한 많은 자료가 수집되었다. 이에 대한 연구결과는 추후에 

보완작업을 거쳐 국제 SCI Journal에 투고할 예정이다. 

@기대효과 

1. 우리나라 초기 고생대 두위봉형 조선누층군의 층서， 생층서， 퇴적환경 등에 대한 

연구사가 정리되었다. 이 자료는 1/25만 강릉 및 속초도폭 연구 및 동아시아의 

지질， 지리정보 종합을 위한 지질단위 대비연구의 고생대 자료수집 및 DB화에 

유용하게 사용될 수 있을 것으로 추정된다. 

2. 탄산염암의 최신 연구기법인 시권스 층서 및 미터단위의 윤회성 연구를 두무골 
층에 적용하여 두무골층을 새롭게 해석함으로서 우리의 탄산염암 연구수준이 진 

일보 할 수 있었다. 아울러 이로부터 얻어진 노하우는 석유 저류암의 !:i)%를 구 

성하는 탄산염암을 대상으로 석유탐사를 수행할 경우에 매우 유용할 것으로 기 

대된다. 

3. 평 력 암에 대 한 자료는 보충연구를 거 쳐 S어irnentmy Geology, Earth Science 

Review 혹은 Intemational Geology Review 등과 같은 국제 SCI Joumal에 발 

표할 예정이다. 
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ABSTRACT 

This project focuses on the study of the characteristics and origin of carbonate 

rocks of Paleozoic ages. The Duwibong unit consists of ten formations: ]angsan, 

Myobong, Daegi, Hwajeol, Sesong, Dongjeom, Dumugol, Maggol, ]igunsan, 

Duwibong formations in ascending order. In order to review the state of the art of 

the ]oseon Supergroup (the Duwibong unit) and to draw future works to be done, 

each formation is described and explained in terms of lithostratigraphy, sedimentary 

characteristics, depositional environment, and biostratigraphy. 

The Lower Ordovician Dumugol Formation comprises a succession of mixed 

siliciclastic and carbonate sediments, deposited on a storm- influenced homoclinal 

ramp. The Dumugol Formation shows well- developed meter- scale (0.5 - 5 m thick) 

cycles. The cycles consist of basal marl to shale, nodular- and planar- bedded 

ribbon rocks in the middle and capping flaser rock and flat - pebble conglomerates 

and are characterized by a shallowing- upward character. The Dumugol cycles were 

formed in a subtidal setting, but did not shoal to intertidal levels. The average 

duration of these cycles is estimated to be 96 kyr, and matches well with that of 

high- frequency (fourth- to fifth - order) oscillations of sea level. 

In terms of sequence stratigraphy, the Dumugol Formation represents a 

third- order depositional sequence consisting of the lower transgressive systems 

tract and the upper highstand systems tract. The lower boundary of the Dumugol 

Formation represents a transgressive surface. The transgressive systems tract 

consists of siliciclastic shallow ramp facies , deep ramp facies, and basinal facies in 

ascending order and records the deepening of basin. A maximum flooding surface 

is thought to be located within the upper p따t of the basinal facies. The highstand 

systems tract consists of alternations of deep- to shallow- ramp facies, and is 

characterized by an over려1 shallowing upward σend. The predominance of aggradational 

stacking pattern and the subtidal lithofacies indicate that the highstand systems 
tract was developed during early stage of sea level highstand. 

The final chapter deals with the flat - pebble conglomerates, unique lithofacies in 
the Cambro- Ordovician carbonate strata throughout the world. About 72 examples 

of flat - pebble conglomerates are collected and examined in terms of geologic age, 

st빼tigraphic unit, and location. According to this data 
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요 약 

이 연구과제는 고생대 탄산염암의 특성과 성인을 연구하는 과제로 먼저 초기 고생 

대의 두위봉형 조선누층군에 대해 다루고 있다. 두위봉형 조선누층군은 하부에서 상부 

로 가면서 장산층， 묘봉층， 대기층， 화절층， 세송층， 동점층， 두무골층， 막골층， 직운산 

층， 및 두위봉층에 이르는 총 10개의 지층으로 구성되어 있다. 제 1장에서는 각 지층별 

로 지금까지 연구된 암석층서， 퇴적학적 특성， 퇴적환경， 및 생층서에 대해 정리하였다. 

두 번째 연구 내용은 폭풍의 영향을 받은 탄산염 램프환경에서 퇴적된 전기 오르도 

비스기의 두무골층의 퇴적윤회성 및 시권스층서에 대한 것이다. 두무골층은 잘 발달된 

미터규모의 (0.5 - 5 m 두께) 윤회층을 보여준다. 이 윤회층은 하부의 이회암-셰일， 중 

부의 단괴상 내지 평판형 리본암 및 상부의 플래져암 및 평력암으로 구성되며， 상부 

로 가면서 점차 생성깊이가 얄아지는 특성을 보여준다. 두무골층에 발달하는 이러한 

윤회층은 조하대에서 형성되었으며 조간대까지 얄아지지는 않은 것으로 보인다. 이들 

윤회층들의 평균 생성주기는 약 96.000년으로 해수면의 단기 변동주기와 밀접하게 연 

관되어 있는 것으로 해석된다. 

최근 들어， 퇴적층 연구와 석유탐사 등에 폭넓게 적용되고 있는 시뭔스 층서의 개 

념으로 보았을 때， 두무골층은 하부의 transgressive systems tract와 상부의 

highstand systems tract로 구성 된 하나의 third- order depositional sequence로 해 석 된 

다. 두무골층의 하부경계는 해침이 시작되었음을 지시하는 transgressive surface를 나타 

낸다 Transgressive systems tract는 두무골층의 하부를 구성 하고 있으며 , 하부에 서 

상부로 가면서 점차 퇴적수성이 깊어지는 양상을 나타낸다. Maximum flooding 

surface는 비록 야외증거는 없지만 transgressive systems tract의 최상부에 나타나는 

shale중에 발달하는 것으로 해석된다. Highstand systems tract는 두무골층의 상부를 

이루고 있으며， 상부로 가면서 점차 퇴적수심이 얄아지는 경향을 보여준다. 조하대에 

서 퇴 적 된 암상의 집 적 양상<stacking pattern)은 주로 aggradation한 양상을 보여 주며 , 

이는 초기 highstand 상태임을 시사한다. 후기 highstand와 sequence의 상부경계는 두 

무골층의 상위층인 막골층중에 발달할 것으로 사료된다. 

이 연구의 마지막 장은 전세계의 캠브로 오르도비스기의 탄산염 지층에서 특징적으 

로 발달하는 평력암에 대해서 다루고 있다. 평력암에 대한 자료를 약 72 개 정도 수집 

하고 정리하였다. 이들 자료에 의하면， 평력암은 지질시대로 보았을 때， 후기 원생대에 

서부터 캠브리아기를 거쳐 전기 오르도비스기에 이르는 동안의 천해성 탄산염 지층에 

서 흔히 발견된다. 이러한 지질시대 동안 평력암이 많이 나타나는 것은 당시의 전지구 

적인 환경요인들이 평력암의 생성에 적합했었기 때문으로 사료된다. 
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1. INTRODUCTION 

Some 70% of the rocks at the Earth ’ s surface are sedimentary in origin. 

Siliciclastic sedimentary rocks represent the most familiar sedimentary rock and 

include conglomerate, sandstone, and shale. Siliciclastic sedimenatry rocks are 

formed by transport and deposition of detrital sediments. Contrary to the 

siliciclastic ones, the carbonate sediments are formed mainly through biological 

and/or biochemical processes, with minor inorganic precipitation of CaC03 from sea 

water. Once deposited, the chemical and physical processes of diagenesis modify 

the carbonate sediment. 

The economic importance of carbonate rocks today lies chiefly in their reservoir 

properties since about half of the world ’s major petroleum reserves are contained 

within carbonate rocks (Roehl and Choquette, 1985). Limestones and dolostones are 

also hosts to epigenetic lead and zinc sulphide deposits of the Mississippi Valley 

type and they have a wide v따iety of chemical and industrial uses including the 

manufacture of cement (Tucker, 1991). 

In the Korean Peninsula, the majority of carbonate rocks occur in the Lower 

Paleozoic strata, the ]oseon Supergroup. In southern Korea, the ]oseon Supergroup 

primarily accumulated in northeastern paπ of the Ogcheon Fold Belt (Fig. 1- n 
The ]oseon Supergroup consists mostly of carbortate sediments with interbedded 

siliciclastic sediments, which were generally deposited in shallow marine 

environments. The ]oseon Supergroup has been divided into five lithological units 

based on the type locality (Fig. 1- 2); they are the Duwibong , Yeongweol, 

]eongseon, Mungyeong, and Pyeongchang units. The relationship among these five 

units are not fully understood. The first purpose of this study is to review the 

state of the art on the Duwibong unit. For this purpose, each formation is 

summarized in terms of lithostratigraphy, sedimentary characteristics, depositional 
environment and biostratigrapy. 

Recent advances in our understanding of sequence stratigraphy have changed 

the way we analyze carbonate sedimentary successions as well as siliciclastic 

sedimentary succession (Sarg, 1988). Fundamental to interpretation of carbonate 

rocks in a sequence stratigraphic framework are considerations of relative sea- level 

changes, which result from the combination of eustasy and tectonic subsidence. 

Relative sea-level change exerts important controls on depositional ac 

1 
I 
L 

--4 



126 。 127 。 128。 129。

38。

9/ 
8 震되 

_n<한~~감，/(.J↑μçJ 쏘냉》싹~ 
7 원짚 

6 또그 

5 캅3 4_ 
;:::{"j T 엎) .. γμ01켜’ J: : ::::::: :::: ::M b끼 , . .. .... . .. ... . . 

3 륨캘 
21 ...... 1 

lL그 

r2~繼짧Y繼Kγx 앓기: 솔옐LLif 
. .. . .. . . .. .. . .. 

35。

lOOkm 

Fig. .1-1. Simplified geological map of southern Korea. 1. Precambrian rocks, 2. 

Ogcheon Group, 3. Paleozoic sediments (Joseon and Pyeongan supergroups), 4. 

Jurassic Daedong Group, 5. Mesozoic foliated granite, 6. Jurassic granite, 7. 

Cretaceous rocks, 8. Tertiary rocks , 9. Faults 
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platforrn margin. However, it is often difficult to identify sequence boundaries in 

outcrop by lateral tracing of critica1 horizons suspected of being onlap or downlap 

surfaces. Rather, variations in stacking pattems of meter- scale cy미es 

(parasequences) provide a high- resolution data set for identification of sequence 

boundaries and intemal systems tracts on a broad, f비ly aggraded carbonate 
platforrn (Goldhammer et al., 1990; Osleger and Read, 1991). At first glance, the 
Lower Ordovician Dumugol Forrnation, Korea appears to be a monotonous stack of 

limestones and shales. However, detailed observations reveal that the Dumugol 
Forrnation contains a variety of storrn deposits, and that the Dumugol Forrnation 
contains numerous meter-sca1e, shallowing- upward cycles (parasequences). In 

addition, when viewed from a sequence stratigraphic perspective, the Dumugol 

Forrnation is shown to represent a third-order sequence composed of two 

depositiona1 systems tracts. The objectives of the second topic are threefold: (1) to 

review sedimentology of the Dumugol Forrnation, (2) to describe meter- scale, 

shallowing-upward cycles of the Dumugol Forrnation and to discuss their ongm; 

and (3) to evaluate the depositional pattems of the Dumugol Forrnation within the 

framework of sequence stratigraphy. 
Flat-pebble conglomerate is an intraforrnational conglomerate (calcirudite) 

composed of rounded, tabular intraclasts with mixed bioclastic and micritic matrix. 

Flat- pebble conglomerates are common in shallow water carbonate succession. 
Additionally, it is known that the occurrence of flat-pebble conglomerate within 
sha110w water carbonate succession shows considerable difference according to 

geologic age. Flat-pebble conglomerates are especially abundant in shallow water 

succession from the Neoproterozoic through the Cambrian to the Early Ordovician. 

The purpose of the final topic is (1) to review occurrence of flat-pebble 

conglomerates lithofacies, in terrns of both geographic distribution and geologic age; 
(2) to describe general features of flat - pebble conglomerates and to discuss their 
genesis; (3) to discuss the role of paleoenvironmental conditions in the forrnation of 

f1at-pebble conglomerates. 
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2. THE MIXED SILICICLASTIC AND CARBONA TE 

SEDIMENTS IN THE CAMBRO-ORDOVICIAN 

JOSEON 

SUPERGROUP (DUWIBONG UNIT) , KOREA 

2.1. GENERAL STATEMENTS 

The Lower Paleozoic sedimentary rocks, the ]oseon Supergroup, in southern 

Korea primarily accumulated in northeastern p따t of the Ogcheon belt which is a 

continental margin-type depression trending northeast-southwest (Fig. 1-1). The 

]oseon Supergroup consists most1y of carbonate sediments with interbedded 

siliciclastic sediments, which were generally deposited in shallow marine 

environments. The sequence was first named as the ]oseon Formation by Inoue 
(1907) and then Geological Investigation Corps of Taebaegsan Region (GICTR) 

(1962) modified the ]oseon Formation to a rank of System and subdivided into two 

Series, the lower Yangdeog and the upper Great Limestone Series. The Yangdeog 

Series consists of clastic sedimentary rocks such as quartzite and shale, and the 
Great Limestone Series is dominant with carbonate. The ]oseon Supergroup has 

been divided into five lithological units based on the occurrence of locality, the 
Duwibong , Yeongweol, ]eongseon, Mungyeong, and Pyeongchang units (Fig. 1-2). 

The Duwibong unit of the ]oseon Supergroup occurs in Taebaeg, Yeongweol, 
Danyang, and ]eongseon areas and the type locality of the unit is located in the 

southern part of the Baegunsan Syncline (Fig. 1- 2). The Duwibong unit overlies 

unconformably the Precambrian granite gneiss and metasedimentary rocks of the 

Yulli Group and is overlain unconformably by the Carboniferous to Triassic 

Pyeongan Supergroup clastic rocks. 
Cheong (1969) divided the Duwibong unit of the ]oseon Supergroup into two 

groups; the Cambrian Samcheog Group (900- 1100 m thick) and the Ordovician 
Sangdong Group (500-800 m thick, Fig. 2- 1). The Samcheog Group consists of the 
]angsan, Myobong, Daegi, Sesong, Hwajeol formations in ascending order (Fig. 
2-1). The Sangdong Group is made up of five formations; the Dongjeom, Dumugol, 
Maggol, ]igunsan, Duwibong formations in ascending order (Fig. 2- 1). 

2. 2. JANGSAN FORMA TION 

The ]angsan Formation is the basal strata of the Duwibong unit of the ]o~; 서m 

Supergroup and overlies uncon iormably the Precambrian granite gneiss an d 
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metasedimentary rocks of the Yulli group. The formation consists main1y of mi1ky 

white, 1ight gray to 1ight pinkish quartzite. In the midd1e to upper part, some beds 

of quartzite contain well - rounded cobb1es (5- 10 cm in diameter) of quartzite, slate, 

and gneiss. Herringbone cross-stratification, horizontal stratification, and graded 

bedding are observed in the quartzite beds. Thickness of the formation varies from 

50 to 200 m. 
Yun (1978) suggested that the ]angsan Formation was deposited in a barrier 

beach - nearshore environment on the basis of the texture and composition of 

quartzite. No fossi1 has been yet found. It is thought that the ]angsan Formation is 
of Ear1y Cambrian because it is conformab1y overlain the Myobong Formation. 

2. 3. MYOBONG FORMA TION 

The Myobong Formation conformab1y over1ies the ]angsan Formation. The 

Myobong Formation is about 100 to 250 m in thickness. The formation consists 
main1y of dark gray to dark greenish gray si1tstone to sha1e. Shale and siltstone 
have some stringers of fine - to coarse- grained sandstone. Desiccation cracks and 

ripp1e marks are common1y observed in the sha1e to siltstone. The upper part of 
the formation includes oolitic 1imestone. 

The depositional environment of the formation is much controversial. Kobayashi 
(1966) reported well- preserved sun cracks, and suggested that the formation was 

partially deposited under a 1ittoral environment. Reedman and Um (1975) a1so 
concluded that the contemporary sea floor was once up1ifted and underwent a 
subaerial exposure during the deposition of the formation. However, Son and 

Cheong (1965) considered, on the basis of the predominant argillaceous sediments, 

that the formation was deposited rather in a deeper environment than the 
underlying ]angsan Formation. Yun (1978) suggested that the lower part of the 
fonnation represent a transgressive facies following the regressive facies of the 
]angsan Formation. Through the analysis of lithofacies, Park et a1. (1994) 

suggested that the formation was deposited in a shallow marine environment, 
consisting of offshore to nearshore inner shelf, macrotidal flats , ooid shoals. They 
also suggested that storms played an important role in the deposition of the 
Myobong Formation as well as fair - weather processes. 

Macrofossi1s reported in the Myobong Formation include 4 species of trilobites, 2 

species of brachiopods, and one species of cepha1opod (Kobayashi, 1966). Kobayashi 

(1966) subdivided the formation into four fossil zones , name1y , Redlichia, Elrathia, 

Mapania, and Bailiella zones in ascending order, and assigned the formation to be 
Ear1y to early Middle Cambrian in age. 
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2. 4. DAEGI FORMATION 

The Daegi Fonnation overlies confonnably the Myobong Fonnation, and consists 

mainly of milky white, light gray to dark gray massive limestone with argillaceous 

lime mudstone, intrafonnational carbonate breccia, oolitic limestone, and dolomitic 

limestone. The fonnation is 150 to 300m in thickness. GICTR (962) renamed the 

fonnation as the Pungchon Fonnation. 

Son and Cheong (965) interpreted that the fonnation was deposited in deeper 

water than the Myobong Fonnation because pure limestone predominantly occurs. 

Petrographic analysis of the limestone indicates that the fonnation was deposited in 

a clear water carbonate shelf environment, and that the dolomitic limestone in the 

upper p따t of the fonnation would have been deposited in a lagoonal environment 

(Yun, 1978). On the basis of chemical composition of carbonate, Kim and Park 

(981) suggested that the Daegi Fonnation was deposited in an arid, hypersaline, 

and very shallow environment. Park and Han 0986, 1987) and Park et a1. (987) 

suggested that the Daegi Fonnation was deposited in a shallow marine 

environment, ranging from a peritidal flat and oolitic shoal to fore - anψor 

back- reef slope environment. 

Kobayashi (966) reported the invertebrate fossils from the Daegi Fonnation; 19 

species of trilobites, 2 species of brachiopods, and one species of Hyolithes. He 

divided the fonnation into three fossil zones: Megagraulos , Solenoparia, and 

Olenoides zones in ascending order. On the basis of occurrence of fossils , the 

Daegi Fonnation is correlated with the Tangshian of the Middle Cambrian Fuchoan 

Series in North China (Kobayashi, 1966). 

2. 5. SESONG FORMA TION 

The Sesong Fonnation confonnably overlies the Daegi Fonnation, and consists 

mainly of bluish gray , yellowish gray, dark gray to dark reddish marl or slate 

intercalated with thin-bedded, fine - grained sandstone and light gray limestone beds. 

Some marl or slate is well- stratified and graded bedding is also observed . 

. fhickness of thε fonnation varies from 10 to 30 m. 

Park et al. (1985) interpreted fine - grained sandstone beds in this fonnation as a 

turbidile, and suggested that the Sesong Fonnation represent ancient submarine fan 

deposits transported by turbidity current and debris flow. 

Kobayashi (966) reported the invertebrate fossils from the Sesong Fonnation; 

17 species of trilobítes, 2 species of brachiopods, one species of gastropod, and one 

specÍes ()f crustaCE'Jn. On the basis of these invertebrate fossils, Kobayashi (966) 

divìded the forrnatio n into two fossil zones; rhe lower Stephanocare and the 
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upper Drepanura zones. Kobayashi (1966) concluded that the Sesong Formation 

may be equivalent to the Kunshanian Stage of the Cambrian Fuchoan Series in 

North China. 

2. 6. HW A]EOL FORMA TION 

The Hwajeol Formation conformably overlies the Sesong Formation and is about 

200 to 260 m thick. The characteristic lithologies of this formation are ribbon rock 

which is characterized by the alternations of limestone and marl and flat-pebble 

conglomerates. Locally, some quartzite beds are interbedded in the upper part of 

the formation. 

Park (985) interpreted that the ribbon rock (or rhythmite) of the Hwajeol 

Formation was formed by diagenesis. Park and Han (985) suggested that the 

flat-pebble conglomerates were formed by storm erosion, transportation, and 

redeposition of early cemented carbonate. 

There are two contrasting views of depositional environment; shallow or deep 

marine settings. The Abundance of flat-pebble conglomerates and ribbon rocks 

indicates a shallow marine or tidal environment (Son and Cheong, 1965; Woo and 

Park, 1989). On the other hand, chemical composition, abundant occurrence of 

fine-grained sediments and sedimentary structures such as graded bedding and 

small-scale cross stratification, are suggestive of a deep marine setting with 

limitation of the siliciclastic influx (Yun, 1978; Kim and Park, 1981). 

Kobayashi (966) reported the invertebrate fossils from the Hwajeol Formation; 

76 species of trilobites, 19 species of brachiopods, 3 species of gastropods, 2 

species of hyolithids, one species of cystoid. Based on these invertebrate fauna , 

Kobayashi (966) divided the formation into five fossil zones: Proch띠ngza， 

Ch띠ngia， Kaolishania, Dictyites, and Eoorthis zones in ascending order. He 

correlated the formation with the Upper Cambrian Chaumitian Series in North 

China. On the other hand, Muller (964) reported 8 form species of conodonts from 

the uppermost part of the formation , and suggested the possibility of which the 

upper limit of the formation may be extended to the earliest Ordovician. 

Based on several conodont fossils , Lee and Lee (1971) and Lee (1975) came to a 

similar conclusion that the Hwajeol Formation is of the Upper Cambrian. Lee 

(1989) and Lee and Lee (1988) described 23 form species of conodonts and 

established four conodont zones, namely, Proconodontus 20ne, Eoconodontus 

notchpeakensis 20ne, Cambrooistodus minutus 20ne, and Cordylodus prOOl‘ us zone 

in ascending order. They also reported few specimens of conodonts indicative ,Ji 

the earliest Ordovician from the uppermost part of the Hwajeol Formation, md 

suggested the p 



the earliest Ordovician, as suggested by Muller (1964). 

2. 7. DONGjEOM FORMATION 

The Dongjeom Formation conformably overlies the Hwajeol Formation. The 

formation is about 10 to 50 m thick and consists of gray to pinkish white 

quartzose sandstone and calcareous sandstone. The quartzite is mainly light gray 

to dark gray in colour and medium grained in texture. Quartz grains are well 

rounded and the rock shows good textural and compositional maturity (Park, 1992). 

Thin bedded and light gray siliceous limestone beds are intercalated in places. 

Studies on the grain size, degree of sorting and roundness of the formation 

suggested that it is eolian sediment which was blown and deposited in shallow 

water (Son and Cheong, 1965). Choi (1990) interpreted that the formation was 

deposited in storm- influenced offshore to nearshore tide-influenced environments by 

lithofacies analysis. 

Fossils rarely occur in the Dongjeom Formation. Kobayashi (1966) reported a 

trilobite species, Pseudokainella iwayai with some other poorly preserved, 
unidentified fossil fragments. However, considering the faunas of both the 

underlying Hwajeol Formation and the overlying Dumugol Formation, the 

Dongjeom Formation is the Tremadocian or earliest Ordovician in age. 

2. 8. DUMUGOL FORMA TION 

The Dumugol Formation conformably overlies the Dongjeom Formation. The 

lower part of the formation consists primarily of greenish gray marl to calcareous 

shale and ribbon rock (alternation of shale and limestone) with interbedded 

flat • pebble conglomerates, while dark gray limestone predominates in the upper 

part. Small carbonate buildups are locally observed. The thickness of the formation 

ranges from 100 to 200 m. 

Frequent occurrence of alternations of shale (or marl) and limestone beds are 

indicative of depositional setting in a somewhat deeper environment than the 

underlying Dongjeom Formation (Son and Cheong, 1965). Through the analyses of 

lithofacies , Lee and Choi (1987) suggested that the formation was deposited in open 

marine platform environments, which were frequen t1y influenced by storm 

processes. Lee and Kim (1992) interpreted that storms were very important in the 

deposition, based on five types of storm deposits in the formation , and that the 

depositional environments was in a storm-influenced carbonate ramp. Also Kim 

and Lee (1998) have studied the Dumugol Formation in terms of cyclostratigrahy. 
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According to them, the Dumugol Formation represents a third- order depositional 

sequence consisting of the lower transgressive systems tract and the upper 

highstand systems trac t. They also reveal that the Dumugol Formation contains 

numerous meter- scale, shallowing- upward cycles due to high- frequency (fourth- to 

fifth - order) oscillations of sea level. 

The Dumugol Formation also contains abundant marine-lithified features, such 

as calcite nodules, continuous micrite layers (incipient hardgrounds) , hardgrounds, 

intraclasts and mud-mounds as well as many types of marine cements (Kim and 

Lee, 1996). The abundance of these marine-lithified features and marine cements 

indicates that the Dumugol sea floor was undersaturated with respect to aragonite, 
but supersaturated with respect to calcite, which is indicative of a 'calcite sea' 

(Kim and Lee, 1996). 

Kobayashi (1966) reported the following invertebrate fossils from the Dumugol 

Formation; one species of verme, 5 species of brachiopods, one species of 

pelecypod, one species of gastropod, 3 species of cephalopods, 28 species of 

trilobites, and one of notostracan. Based on faunal assemblage, Kobayashi (1966) 

divided the Dumugol Formation into two fossils zone; the lower Asaphellus and the 

upper Protopliomerops zones. Kobayashi (1966) correlated the fauna of the 

Asaphellus Zone to the Tremadocian of South Asia and Europe, and that of 

Protopliomerops Zone to the Tremadocian of Baltic region on one side and the 

Canadian of North America on the other. Choi and his coworkers have reexamined 

invertebrate fossils of the Dumugol Formation (Choi, 1990; Choi and Lee, 1988, 

Choi and Kim, 1989, Kim et al., 1991). Lee (1970, 1975) and Lee and Lee (1971) 

reported 43 form species of conodonts and correlated these with the early to middle 
Arenigian ones of Europe and North America. 

Seo (1990) and Seo et al. (1994) established four conodont zones in the 

formation , Chosonodina herfurthi- Rossodus manitouensis zone, Scolopodus 

quadraplicatus zone, Paracordylodus gracilis zone, and Triangulodus leei zone in 
ascending order. They correlated the fauna of the C herfurthi-R. manitouensis and 

s. qω1draplicatus zones to the Tremadocian of North American Mid- continent, 

North China, Australia, and Northern Europe, and that of the P. gracilis and T. 

leei zones to the lower Arenigian of North America and Northern Europe. 

2. 9. MAGGOL FORMA TION 

The Maggol Formation conformably overlies the Dumugol Formation. The 

formation is about 250 to 400 m thick, and composed of lime mudstone to dolomitic 

lime mudstone , flat - pebble conglomerate, skeletal and non-skeletal grainstone , 
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quartz siltstone and thin- bedded mudstone. The Maggol Forrnation shows a 

variety of sedimentary structures indicative of tidal- flat environment, such as 

stromatolite, ripple mark, desiccation crack, rhythrnic bedding, bird' s - eye structure, 
and bioturbation. 

Paik (1985, 1987) suggested that the Maggol Forrnation was deposited in a tidal 

flat environment, especially under hypersaline conditions, as evidenced by the 

presence of evaporite rninerals. For the dolomite of the forrnation developed 

extensively, the dolomitization occurred in the rruxmg zone and some dolomites, 

especially associated with stramatolite and desiccation cracks are early diagenetic 

in origin in the hypersaline (Paik, 1985, 1986, 1988). 

Kobayashi (1966) reported 2 species of brachiopods, 1 species of pelecypod, 2 

species of gastropods, one of ribeirid, and 21 species of trilobites from the basal 

part of the ]igdong Forrnation, equivalent to the Maggol Forrnation in the present 

usage and assigned the Clarkella zone to the basal part of the forrnation . 

Kobayashi (1966) concluded that the basal part of the ]igdong Forrnation, 

containing the Clarkella zone, could be correlated with the middle to late Canadian 

in North America fauna rather than European one. Based on a few cephalopod 

fossils , Kobayashi (1966) also designated three fossil horizons in the middle and 

upper parts of the forrnation; Manchuriceras horizon (2 species of cephalopods) , 

Polydesmia horizon (2 species of cephalopods) , and Sigmorthoceras horizon (1 

species of cephalopods) in ascending . order and correlated these fossil horizons with 

the late Canadian to middle Chazyan in North America. 

Lee and Lee (1971) and Lee (1976) described 39 forrn species of conodonts from 

the Maggol Forrnation and divided the forrnation into two fossil zones; the lower 

zone and the upper zone. Lee (1976) correlated the lower zone with the middle to 

late Canadian, and the upper zone with the Chazyan in North America , 

respecti vely. 

2. 10. JIGUNSAN FORMATION 

The ]igunsan Forrnation overlies the Maggol Forrnation and is about 50 to 100 

m thick. The forrnation consists most1y of dark gray shale, which is commonly 

calcareous and poorly larninated. Limestone beds are also developed in the lower 

part. The upperrnost part of the forrnation was deposited relatively deep subtidal 

environment below storrn wave base (Lee, 1988; Hyeong, 1990). 

The forrnation contains abundant macrofossils such as brachiopods, trilobites, 

gastropods, and cephalopods. Kobayashi (1966) reported the following invertebrate 

fossils from the ]igunsan Formation: 2 species of graptolites , one species of 
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ostracod, one species of plumites, 3 species of brachiopods, 13 species of 
pelecypods, 6 species of gastropods, 46 species of cephalopods, and 16 species of 
trilobites. Kobayashi (966) concluded that the formation could be correlated with 
the Llandeilian in European fauna rather than to North American fauna. 

Lee (977) reported 23 form species of conodont from the formation and 
suggested that the formation may be correlated with the upper Llanvirnian to 
Llandeilian. Lee and Lee (986) established Eoplacognathus suecicus - E. 
jigunsanensis assemblage zone in the middle and upper parts of the jigunsan 
Formation and this zone was correlated with E. suecicus - Acontiodus (?) 

linxiensis zone of the lower Upper Machiakou Formation in North China and 
interpreted that the formation were deposited in the deep shelf. Later, Lee and Lee 
(990) established E. suecicus - E. jigunsanensis zone and correlated the formation 
with the middle part of the Upper Machiakou Formation in North China, the middle 
Llanvirnian in Europe, and the fauna 4 of the North American Midcontinent. 

2. 11. DUWIBONG FORMA TION 

The Duwibong Formation which is the uppermost strata of the Duwibong unit 
of the joseon Supergroup, conformably overlies the jigunsan Formation and is 
overlain unconformably by the Carboniferous-Triassic Pyeongan Supergroup. The 
Duwibong Formation consists most1y of light gray to gray massive limestone. 
Limestone of this formation is commonly fossiliferous and conatins oolitic or 
peloidal grains. Beds of calcareous shale and dolomitic limestone are commonly 
intercalated in the lower part of the formation. The formation is about 50 m in 
thick. 

Han (1987) suggested that the Duwibong Formation was deposited in a shallow 
marine environment ranging from deep subtidal to intertidal, and that the formation 
represents a regressive succession. Lee (1988) suggested that the lower part of the 
formation was deposited on a storm- influenced open- marine platform. Hyeong 
(990) and Hyeong and Lee (1992) interpreted that the Duwibong Formation was 
deposited in a carbonate ramp system consisting of deep ramp to basin, shoal 
complex, lagoon, and intertidal environment, during general regressive phase. 

Kobayashi (966) described a total of 44 species of macrofossils from nine 
localities. They are 3 species of brachiopods, 9 species of pelecypods, 17 species of 
gastropods , one species of hyolithid, 11 species of cephalopods, 2 species of 
trilobites, one species of riberioid. He also reported some indeterminable sponges, 
bryozoans, and crinoid stems. Kobayashi (966) correlated the fauna of the 
formation to the Toufangian of North China, the Caradocian of Europe, and the 
Black River- Trenton of North America. He stated that the Duwibong fauna is 
more closely related to the Arctic- North America bioprovince than to the European 
one.Lee (1977) reported 65 form species of conodont and dated the Duwibong 

Formation to the Llandeilian to Lower Caradocian in Europe. 
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3. CYCLOSTRA TIGRAPHY OF THE LOWER 

ORDOVICIAN 

DUMUGOL FORMATION, KOREA: METER-SCALE 

CYCLICITY AND SEQUENCE STRA TIGRAPHIC 

INTERPRET A TION 

3.1. BACKGROUNDS 

Recent advances in our understanding of sequence stratigraphy have changed 
the way we analyze sedimentary successions. The underlying premise of sequence 
analysis is that sediments are deposited as units (sequences) of genetically related 
lithofacies bounded by unconfonnities (sequence boundaries) (Vail et al., 1977; Van 
Wagoner et al., 1988). Such a sequence stratigraphic technique was originally 
developed for an analysis of siliciclastic successions, but has been increasingly 
applied to analyze carbonate rocks (e.g. , Sarg, 1988) anφor mixed carbonate and 
siliciclastic sediments (e.g. , Holland, 1993). 

Fundamental to interpretation of carbonate rocks in a sequence stratigraphic 
framework are considerations of relative sea-level changes, which result from the 
combination of eustasy and tectonic subsidence. Relative sea-level change exerts 
important controls on depositional accommodation space, carbonate productivity, 
platfonn growth, stratal patterns and thickness, and distribution of facies. 
Carbonate platfonns tend to accrete to sea-level over much of their areal extent, 
producing several scales of shallowing- upward cycles; therefore it is useful to 
define carbonate sequence boundaries in relationship to the platfonn margin. 
However, it is often difficult to identify sequence boundaries in outcrop by lateral 
tracing of critical horizons suspected of being onlap or downlap surfaces. Rather, 
variations in stacking patterns of meter- scale cycles (parasequences) provide a 
high- resolution data set for identification of sequence boundaries and internal 
systems tracts on a broad, fully aggraded carbonate platfonn (Goldhammer et al., 

1990; Osleger and Read, 1991). 

At a first glance, the Lower Ordovician Dumugol Fonnation, Korea appears to 
be a monotonous stack of limestones and shales. However, detailed observations 
reveal that the Dumugol Fonnation contains a variety of stonn deposits, as well as 
numerous meter-scale, shallowing-upward cycles (parasequences). In addition, when 
viewed from a sequence stratigraphic perspective, the Dumugol Fonnation is shown 
to represent a third-order sequence composed of two depositional systems tracts. 

The objectives of this chapter are threefold: (1) to review sedimentology of the 
Dumugol Fonnation, (2) to describe meter-scale, shallowing-upward cycles of the 
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Dumugol Fonnation and to discuss their origin; and (3) to evaluate the depositional 
patterns of the Dumugol Fonnation within a framework of sequence stratigraphy. 

3.2. GEOLOGICAL SETTING 

The Lower Paleozoic strata in Korea have been called as the ]oseon 

Supergroup. In southern Korea, the ]oseon Supergroup primarily occurs in 

northeastern part of the Ogcheon Fold Belt (Fig. 1-2), and consists mostly of 
carbonate sediments with interbedded siliciclastic sediments, which were generally 
deposited in shallow marine environrnents. The ]oseon Supergroup has been divided 
into five lithological units based on the type locality (Fig. 1- 2): Duwibong , 

Yeongweol, ]eongseon, Mungyeong , and Pyeongchang units. The relationship 
among these five units are not fully understood. 

The Duwibong unit of the ]oseon Supergroup is distributed in Taebaeg, 
Yeongweol, Danyang, and ]eongseon areas surrounding the Baegunsan Syncline 
(Fig. 1- 2). The Duwibong unit overlies unconfonnably the Precarnbrian granite 

gneiss and the Yuli Group and is overlain unconfonnably by the Carboniferous to 
Triassic Pyeongan Supergroup. The Duwibong unit consists of the Carnbrian 
Samcheog Group (900 - 1100 m thick) and the overlying Ordovician Sangdong 
Group (500 - 800 m thick; Cheong, 1969; Fig. 2- 1). 

During the Lower Paleozoic, the part of the Korean Peninsula (the Duwibong 

unit) , where the study area belongs to, is regarded as having been connected with 
the North China block (Cluzel et al., 1990, 1991). Development of extensive 
carbonate- platfonn deposits in the North China block (Feng et al., 1989; Meng and 
Ge, 1996) is indicative of a stable setting such as passive margin or cratonic 
interior, which is the case for the Duwibong platfonn. 

The Lower Ordovician (Tremadocian- Arenigian) Dumugol Fonnation 065 - 250 

m thick) rests on the Dongjeom Fonnation (Lower Ordovician, 5 - 50 m thick) and 
is overlain by the Middle Ordovician Maggol Fonnation (300 m thick) . The 
Dumugol Fonnation is well exposed in the southern part of the axis of the 
Baegunsan syncline (Fig. 3- 1) and consists of ten lithofacies: fine - grained 
sandstone- mudstone couplet, thick- bedded sandstone, bioturbated sandstone to 
siltstone, ribbon rock, flat - pebble conglomerate, skeletal limestone, marl to shale, 

shell layer and laminated calcisilitite, carbonate buildup , and lime mudstone to 

wackestone. Brief descriptions and interpretations of each lithofacies are shown 

in Table 3- 1; for additional infonnation, the reader is referred to Lee and Kim 
(1992) and Kim (995). 

π1e Dongjeαn Formation consist of fine- to coarse-grain어， well-soπed， well- r' 
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Fig. 3-1 ‘ Map showing exposure belt of the Dumugol Formation (brick pattem) in the 

southem part of the Baegunsan syncline and the localities of the measured sections. 
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Table 3- 1. Characteristics and interpretation of the Dumugol Formation lithofacies. 

Lithofacies Characteristics Interpretation 

Fine-grained sandstone/ Sharp base. fining-upward sequence. parallel 

mudstone couplet lamination. thin bed thickness (1 -10 cm) 

Shallow silicic1astic ramp. 

silicic1astic s따rn deposits (Reineck 

and Singh. 1972; Tucker. 1002) 

Thick- bedded sandstone Sharp base. parallel lamination. thick bed 

thickness (> 10 cm). thin mudstone partings 

Shallow silicic1astic ramp. 

silicic1astic storm deposits (Mount. 

1982; Driese et al.. 1991) 

Shallow si!icic1astic ramp. 
Bioturbated sandstone to Moderate to 야rvasive bioturbation. some calcite 

bioturbation of silicic1astic storm 
siltstone n여버es 

deposits (Howard and Reineclι 

1981) 

Ribbon rock Variable bedding structure and content of 
insoluble residue (planar- and nodular-bedded 

ribbon rock. and flaser rock) 

R윌) ramp. backgro띠xl fine-믿<1m어 

d히XJSits. early litlùfication of 

carbonate s어lITεnts (Markello 뻐d 

Read. 1001; Möller and Kvingan. 

1얹용; Kim et 외 • 1앉1.2; Kim ar념 

L않. 1앉)6) 

Flat- pebble 
conglomerate 

Sharp base. poor grading. well- rounded intrac1asts. Shallow to deep ramp. proximal 

variable lithologies of intrac1asts. variαIS matrices storm deposits (Marl‘ello and Read. 

1981; Sepkoski. 1982; Kim and 

냐e. 1앉갯5) 

Skeletal limestone Sharp base. thin to thick bed thickness. φen D화) raI1lJ. pro:잉mù storm de!:x>sits 
marine fauna. massive to normal grading (A벌ner. 1002; Kreisa 뼈 I3ambach, 

1002) 

Marl to shale Lack of s어imentary lamination. greenish to dark Basin, background fine-grain벼 

gray color deposits (Markello and Read, 1981; 

Brett, 1983) 

Shell - Iayer and 
laminated 

calcisiltite 

Sharp base, fining - upward sequences. parallel Deep ramp to basin. distal storm 

lamination, 0야n marine fauna deposits (Kreisa, 1981; Brett, 1잃3; 

Sami and [농srochers， 1992) 

Carbonate buildup Mound shape, lime mudstone to wackestone Deep ramp. mud- mound (James and 

texture. no framework builder MacIntyre. 1985; Tucker, 1985) 

Lime mudstone to 

wackestone 

Shallow ramp, background and storm 
Mottled texture due to bioturbation. some parallel 

d학XJSits (Seilacher, lffi7; Kreisa. 
lamination and/or hummocky cross- stratification 

1001) 

M 

μ
 



Dongjeom Fonnation shows two shoaling upward trends representing the 

environmental changes from offshore to tide- influenced nearshore zones (Choi , 

1990) . 

The Maggol Fonnation (Middle Ordovician) consists of bluish gray to gray 

massive or bedded limestones and dolostones, lens- shaped dolomitic limestone, and 

minor flat - pebble conglomerates. The Maggol Fonnation contains several features 

indicative of tidal - flat deposition, such as stromatolites, desÌCcation cracks, rhythmic 

bedding, birdeye structures and evaporite mineral casts (Paik, 1987). 

3.3. SEDIMENTOLOGY REVIEW 

3.3.1. Depositional Facies 

The Dumugol Fonnation in the southem part of the axis of the Baegunsan 

syncline consists of four depositional facies (Fig. 3- 2; Lee and Kim , 1992; Kim , 

1995). Each facies is 10 - 50 m thick and is characterized by component lithofacies 

A brief summary of each facies is provided in the following section and Figure 

3- 2; additional documentation of each facies and depositional framework is in Lee 

and Kim (1992) and Kim (1995). 

The shallow- siliciclastic- ramp facies comprises the lowest portion of the 

Dumugol Fonnation (Fig. 3- 2). This facies is characterized by the predominance of 

siliciclastic lithofacies such as fine - grained sandstone/mudstone couplet, 

thick- bedded sandstone, and bioturbated sandstone to siltstone. Minor interbedded 

carbonates include flat - pebble conglomerates and skeletal limestones. This facies 

reflects offshore transport of fine- grained silicic1astic material from nearshore 

environments through stonn processes. 

The deep ramp facies is characterized by frequent altemation of ribbon rocks 

with flat - pebble conglomerates. Minor lithofacies include skeletal limestone, marl to 

shale, fining - upward shell layer and laminated calcisiltite, and carbonate buildup. 

This facies is inferred to record the establishment of a low- energy subtidal ramp 

below fair • weather wave base, but above stonn wave base. This facies is 

characterized by the accumulation of fine- grained sediments, the frequent stonn 

influence, and the local development of carbonate buildups. 

The basinal facies consists primarily of marl to shale and ribbon rock, and 

minor lithofacies are fining - upward shell layer and larninated calcisiltite and 

thin • bedded flat - pebble conglomerate. This facies reflects the accumulation of 

fine - grained background sediments in a low- energy basinal setting , which was 

sporadically influenced by stonn activities. 
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MAGGOL FORMA TION 
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The dominant lithofacies of the shallow ramp facies is lime mudstone to 

wackestone, and minor lithofacies include flat-pebble conglomerate, skeletal 

limestone, and ribbon rock. This facies represents the development of a subtidal 

carbonate factory in a low- energy, shallow ramp, as evidenced by the 

predominance of lime mudstone to wackestone and its high degree of bioturbation. 

3.3.2. Depositional Framework 

The facies types present in the Dumugol Formation indicate deposition in 

sha11ow- to deep-subtidal marine environments, which were frequen t1y influenced 

by storm activities (Lee and Kim, 1992). The depositional system of the Dumugol 

Formation has been reconstructed as a homoclinal ramp based on the absence of 

shelf- edge barriers or reef (and associated lagoonal facies) anψOr steep slope break 

(and associated mass flow deposits) (Ahr , 1973; Read, 1985). 

According to Lee and Kim (1992) , the development of the Dumugol ramp can be 

divided into two stages. Figure 3- 3a shows a lateral facies change across the ramp 

during the early stage. Nearshore siliciclastic sediments, the Dongjeom Formation, 

grade into offshore argillaceous carbonates (precursors of ribbon rock) and distally 

into marl to shale in the outer ramp and basin. Between the nearshore siliciclastic 

sediments and offshore carbonate sediments, a transitional mlxmg zone of these 

two sediments developed. Textural and stratigraphic mlxmg of both types of 

sediments were accomplished by strom processes that eroded, mixed, and then 

hydraulically segregated carbonate and siliciclastic materials (Tucker, 1982; 

Gevirtzman and Mount, 1986), resulting in deposition of shallow siliciclatic ramp 

facies. 
Outside the mlxmg zone, argillaceous carbonate sediments dominated. The 

carbonate factory may have been developed in patches because no thick carbonate 

beds have been recorded landwards or seawards. Early cementation of carbonate 
sediments on the deep ramp formed various early- lithified features , such as calcite 

nodules, continuous micrite layers (incipient hardgrounds) , and hardgrounds (Kim 

and Lee, 1996). The deep ramp was frequently influenced by storm processes, 

resulting in the formation of proximal storm deposits , such as flat - pebble 

conglomerates and skeletal limestones. Further seawards, the basin was starved of 

carbonate sediments and marl to shale dominated. However, frequent development 

of fining - upward shell layers and laminated calcisiltites within marl to shale of the 

basinal facies indicates that the basin was relatively shallow (probably less than 

100 m). 

The late stage of the Dumugol d악JOsition is shown in Figure 3• 3b. The shallow ramp 

is now occupied sediments by carbonate instead of siliciclastic sediments. The most 
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Fig. 3-3 . Depositional profile and spectrum of storm deposits for the Dumugol 

Formation (after Lee and Kim , 1992). In the early stage (A) there were three 

subenvironments on the Dumugol ramp. The siliciclastic ramp on the landward side 

changes laterally into a deep ramp and then into a basin setting further seaward . The 

shallow carbonate ramp occupied the shallowest paπ of the Dumugol ramp during 

the late stage (B). C, c1ay; S, sand; G; grave l. 
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landward part of the ramp seems to be a carbonate tidal flat represented by the 

overlying Maggol Formation. The shallow- ramp deposit of the tidal flat is 

represented by lime mudstone to wackestone. 

In the transition from the early to late stage, several carbonate buildups 

developed on the shallow to deep ramp; however, they did not influence the 

surrounding environments, because of their limited dimension and patchy 

distribu tion. 

3 .4. METER-SCALE CYCLES 

3 .4.1. Characteristics of Meter-scale Cycles 

Lithofacies of the Dumugol Formation are commonly stacked into meter- scale 

(0.5 - 5 m thick) cycles (Fig. 3- 4). Meter- scale cycles are characteirzed by upward 

increase in carbonate content, frequency and thickness of storm deposits, and the 

degree of bioturbation (Fig. 3- 5). A complete meter- scale cycle consists of three 

units: basal marl to shale, nodular- anψor planar- bedded ribbon rock in the 

middle, and the capping flaser rock (Fig. 3- 5). 

Marl to shale, a basal unit of the cycles, is typiclly unfossiliferous and lacks 

sedimentary lamination. Bioturbation features are also sparse. The content of 

insoluble residues of marl to shale is 50 - 70% in weight. 

The basal marl - to - shale unit is gradually overlain by the middle unit of planar 

and/or nodular- bedded ribbon rock (Figs. 3- 4 and 3- 5) . Ribbon rock generally 

shows an upward increase in the frequency of carbonate interbeds (Calcite nodules 

and continuous micrite layers) and thin- bedded, distal storm deposits (shell layers 

and laminated calcisiltites). The content of insoluble residues in ribbon rock ranges 

from 18 to 35% in weight. In addition, thin- bedded, flat - pebble conglomerates are 

commonly intercalated in this middle ribbon rock unit. Like the basal marl to shale, 

the ribbon rock is characterized by low degree of bioturbation, and thin - bedded 

storm deposits are well preserved. 

Meter- scale cycles are typically capped by flaser rock (Fig. 3- 5), which is 

characterized by higher carbonate contents (insoluble residue: 10 - 20% in weighU 

and somewhat higher degree of bioturbation. Shell layers and laminated calcisiltites 

are generally disrupted due to bioturbation, in some cases resulting in a 

wackestone texture. Where flaser rock does not cap the meter • scale cycle, the 

cycle is commonly capped by medium- to thick- bedded (>10 cm) , commonly 

amalgamated flat - pebble conglomerate. A few cycles are also capped by 

mud - mound horizons. The top of the cycle is abruptly overlain by marl to shale, 

which comprises the basal unit of the next cycle. 
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Fig. 3-4. Meter-scale cycles developed in the basinal facies. (A) and (8) Most 

meter-scale cycles show transition from marl to shale to planar- or nodular-bedded 

ribbon rock and to flaer rock, and are somewhat abruptly overlain by the basal marl 

to shale of the next cycle. However, the second cycle in the (8) is capped by a bed 

of flat-pebble conglomerate (FPC) ” J 
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Fig. 3-5. Typical meter-scale, shallowing-upward cycles of the Dumugol Formation. The 

cycles consist of basal marl to shale, planar- or nodular-bedded ribbon rock in the 

middle, capping f1aser rock. 
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Another characteristic of the Dumugol cyc1es is that the cyc1e do not show any 

lines of evidence for subaerial exposure and intertidal deposition, even at the top of 

the cycles. This suggests that the Dumugol cycles did not shoal to intertidal level 
but remained submergent throughout their depositional history. Similar meter-scale 

cycles consisting of purely subtidal lithofacies have been reviewed by Osleger 

(1991). 

The average cycle duration was estimated in the basianl facies at Dongjeom 
section, where the recognition of cycle boundaries is facilitated due to relatively 
good expoure and the conodont biostratigraphy is relatively well known (Seo and 

Lee, 1991; Seo et al., 1994). At the Dongjeom section, the basinal facies consists of 

50 cycles and spans roughly two conodont biozones: the lower Scolopodus 

quadraplicatus and the upper Paracordylodus gracilis zones. Through 

intercontinental correlation, Seo and Lee (1991) determined the duration of these 

two conodont biozones as 3.0 and 1.8 Ma, respectively. By dividing estimated 

duration (4.8 Ma) by the numbers of meter- scale cYcles (50 cycles) , the average 

duration of a meter- scale cYcle is estimated to be 96 kyr. 
Meter-scale cYcles of the Dumugol Formation show variations in degree of 

development, according to depositional facies. Cycles in the basinal facies are 
commonly completely developed, but those in the shallow- to deep-ramp facies are 

usually incomplete. Such incomplete development of meter- scale cycles in the deep 

to shallow ramp fcaies appears to be a result of disruption by storm activity 

and/or bioturbation. 

3.4 .2. Origin of Meter-Scale Cycles 

Mechanisms proposed for the generation of meter- scale cy미es include 
tidal- flat- controlled autocyclicity (Ginsburg , 1971), episodic subsidence (Cisne, 1986; 

Hardie et al., 1991), and eustatic oscillations of sea level (Grotzinger, 1986; 

Goldhammer et al., 1987; Koerschner and Read, 1989). Essential to the Ginsburg 
autocyclic model is the progradation of tidal flats over the subtidal carbonate 
factory , terminating sediment generation until sufficient water depths attained by 
subsidence alone to resume carbonate production. However, the Dumugol cycles 
lack tidal- flat caps and consist entirely of subtidal lithofacies. Therefore, the 

autocYclic model involving tidal- flat progradation must be discarded as a plausible 

mechanism of the Dumugol cycles. Similar criticisms have been discussed by 

Osleger and Read (1991) and Osleger (1991). 

Repeated pulses of fault- induced downdropping (episodic subsidence) have been 

proposed to generate asymmetric meter- scale, shallowing-upward carbonate cycles 

(Cisne , 1986; Hardie et a l., 1991). However , modern examples due to episodic 
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subsidence are restricted to ones in tectonically active settings (Yeats, 1978; Bull 

and Cooper, 1986), and thus are poorly analogous for those in ancient passive 

margins or cratonic basins. As the Dumugol Formation is known to have formed 

in a stable cratonic basins or on a matured passive margin, the repetitive 

meter- scale cycles of the formation is unlikely to have resulted from episodic 

subsidence. Other tectonic mechanisms, such as intraplate stress (Cloetingh, 1986) 

are too slow (0.01 - 0.1 m!kyr) and non-periodic to produce high- frequency 

meter- scale cycles. It seems hard to conceive that repeated tectonic pulses (each 

having fifth - to fourth - order frequency) produced repetitive, meter- scale cy미es 

over a long period of time on a stable passive margin or in a cratonic basin. 

The most simple and actualistic mechanism for generating meter- scale, 

shallowing- upward cycles is eustatic sea- level fluctuations in the Milankovitch 

band (Grotzinger, 1986; Goldhamrner et al., 1987; Koerschner and Read, 1989; Erlick 

and Read, 1991; Osleger, 1991; Osleger and Read, 1991; ]ennette and Pryor, 1993). 

Orbitally- forced , Milankovitch- type, sea- level oscillations with periods of -20, 41 , 

100, and 400 kyr have been well documented throughout the Quaternary and are 

attributed to climatically forced changes in glacier growth and decay (Hays et al., 

1976). Also, it has been increasingly documented that the development of ancient 

meter- scale cycles was primarily by eustatic sea- level fluctuations in the 

Milankovitch band (Herbert and Fischer, 1986; Grotzinger, 1986; Goldhammer et al., 

1987; Koerschner and Read, 1989; Erlick and Read, 1991; Osleger and Read, 1991; 

]ennette and Pryor, 1993). 

The followings may indicate that meter- scale, subtidal cycles of the Dumugol 

Formation were formed by high- frequency eustatic oscillations of sea level , 

probably controlled by fluctuations in glacial ice volume. (1) As discussed above, 

repetitive stacking of meter- scale cycles consisting exclusively of subtida! 
lithofacies on a mature passive margin or a cratonic interior rules out the 

autocyclic process and episodic subsidence as a plausible cycle- forming mechanism. 

(2) During Cambro- Ordovician time, the development of meter- scale, 

shallowing- upward cycles was not restricted to Korea, but a ubiquitou s 

phenomenon throughout the world, including North America (e.g. , Osleger and 

Read, 1991; Smith e 
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asymmetric and are characterized by rapid rises and more gradual falls CHays et 

al., 1976; Read et al., 1986). A sirnilar pattern of sea-level oscillation is re f1ected in 

the Dumugol cycles. (5) Glacio-eustatic sea-level oscillations in the Milankovitch 

band were known to be typical of icehouse period. However, it has been 

increasingly documented that glacio-eustatic sea- level oscillations could occur 

during greenhouse periods, such as the Cretaceous (Herbert and Fischer, 1986). (6) 

Although no major large- scale glaciers existed during the Early Ordovician, 

diarnictites and striated cobbles have been reported in the lower Tremadocian 

strata of Argentina and Bolivia (Erdmann and Miller, 1981), which were located in 

P따t of Gondwana believed to have experienced cool climates during the Early 

Ordovician (Scotese and McKerrow, 1990). In addition, climate modelling of 

presumably warm periods of Earth history (i.e. greenhouse period) suggests that 

the interiors of mid- to high-latitude continents may have had subfreezing 

temperatures and that no global climate is truly equable (Sloan and Barron, 1990). 

As discussed above, the development of meter- scale, shallowig- upward cycles in 

the Dumugol Formation appears to have been mainly controlled by glacio- eustatic 

sea- level oscillations. However, it seems that the upward lirnit to subtidal 

carbonate accumulation was controlled by an intrinsic process of storm 

current/ wave sweeping (Osleger, 1991; Jones and Desrocher, 1992; Jennette and 

Pryor, 1993). Storm current/ wave sweeping would tend to inhibit the aggradation 

of subtidal cycles to the intertidal level. Therefore, it is thought that storm 

current/wave sweeping was a subsidiary but perhaps critical mechanism for the 

development of subtidal cycles and the maintenance of subtidal water depth in a 

storm • dominated setting. 

3 .4 .3. Discussion 

It is known that subtidal cycles have been more commonly formed on open 
carbonate ramps than on reef- rimmed platforms, where instead, peritidal cycles 

appear to have been dominated, mainly due to differences in the energy regimes 

(Osleger, 1991; Jones and Desrochers, 1992). Open, deeply submerged carbonate 

ramps would be dorninated by high- energy conditions because they are vulnerable 

to strong storm- current activity. Normal storm- related swells would travel 

unimpeded onto the ramp with little loss of energy until they impinged onto the 

bottom. The constant submarine erosion and redistribution would tend to inhibit 

aggradation above the zone of active storm reworking (Osleger, 1991). Much of the 

sediment supply necessary for the progradation of tidal f1ats may be lost to the 

deeper ramp because of the redistribution by offshore- f1owing gradient currents 

that develop in response to barometrically induced coastal set up (Aigner, 1985) 
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and longshore current. 

In contrast, reef- rimmed platforms may have been dominated by low- energy 

conditions because swells generated in the open oceans would rapidly lose energy 

during the encountering the protective reef rim. Fine- grained sediments would 

accumulate in restricted shallow subtidal lagoons, where it could be fed from 

prograding tidal flats. Offbank transport may have been reduced by the 

platform- edge reef barrier. The platform would maintain a fully aggraded , 

low- energy, flat - topped profile, enhancing the deposition of widespread peritidal 

lithofacies and the development of associated structures of episodic exposure. 

The meter- scale cyc1es in the Dumugol Formation are exc1usively of subtidal 

ongm and no peritidal cyc1es are found. The exc1usive development of subtidal 

cyc1es matches well to the suggestion that the Dumugol Formation was deposited 

in a storm- dominated carbonate ramp (Lee and Kim, 1992). Storm erosion and 

redistribution of sediments would inhibit aggradation of the ramp above the zone of 

active storm reworking and the development of peritidal cyc1es, as suggested by 

Osleger (1991). This interpretation is strongly supported by the fact that 

storm- reworked deposits (e.g. , flat - pebble conglomerates) are frequently observed 

near the top of meter- scale cyc1es. Furthermore, storm erosion and redistribution 

of sediments may also have inhibited the vertical aggradation of deposits and the 

development of subtidal cyc1es, instead leading to accumulation of very abundant 

storm deposits in the deep- ramp setting near the storm wave base (Lee and Kim , 

1992). 

The Dumugol subtidal cyc1es may correspond to "parasequences" according to 

the terminology of Van Wagoner et al. (988) and Sarg (1988) , as they are the 

smallest recognizable sequence- stratigraphic units within the Dumugol Formation. 

Variations in stacking pattems of meter- scale cyc1es (parasequences) provide a 
high- resolution data set for sequence stratigraphic analysis; indeed, some workers 

have successfully identified sequence boundaries and intemal systems tracts from 

similar meter- scale cyc1es (e.g., Goldhammer et al., 1990; Osleger and Read, 1991). 

However, our inability to correlate precisely between incomplete, widely scattered 

sections prevents a detailed analysis of meter- scale parasequences, thereby limiting 

our understanding of their significane within the Dumugo 

3.5. SEQUENCE STRA TIGRAPHIC INTERPRET A TION 

The final objective of this chapter is to attempt to evaluate the depositional 

pattems of the Dumugol Formation within the framework of sequence stratigraphy , 

although the application of sequence- stratigraphic model to the Dumugol Formation 
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bears some problemsl. First, the depositional system of the Dumugol Formation 

was a homoclinal ramp and lacked well-defined shelf-edge, slope system, which is 

vital for documenting lowstand and shelf- margin systems tracts. Second, precise 

documentation of systems tracts and their stratigraphic boundaries requires the 

field identification of onlap, downlap, and toplap surfaces, which has been inhibited 

by poor outcrops. On a broad, fully aggraded carbonate platform which lacks 

well- defined, shelf- edge, slope system, sequence boundaries and internal systems 

tracts can be identified through an analysis of stacking patterns of meter-scale 

parasequences. However, this approach is also hindered by poor incomplete, widely 

scattered sections, as discussed above. 

Despite these difficulties, we can evaluate the Dumugol Formation as a 

third-order depositional sequence consisting of two systems tracts CFig. 3-6). Our 

sequence-stratigraphic interpretations are mainly based on lithogical changes in the 

composite columnar sections. Both large-scale Cformation scale) and small- scale 

Cdepositional facies and lithofacies scale) changes are considered to interpret the 

Dumugol Formation in terms of sequence- stratigraphic model. Also, our 

sequence- stratigraphic interpretations apply the terminology derived from seisrnic 

stratigraphy (Brown and Fisher, 1977; Vail et al., 1977; Posamentier et al., 1988; 

Sarg , 1988; Van Wagoner et al., 1988). 

3.5.1. Transgressive Surface and Sequence Boundary 

From the viewpoint of sequence stratigraphy, the 

lithostratigraphic boundary is qualified as a transgressive 

because this boundary marks the turning point from 

siliciclastic sedimentation to deeper, offshore subtidal 

Dongjeom- Dumugol 

surface CFig. 3- 6) , 

shallower, nearshore 

siliciclastic/ carbonate 

sedimentation. However, it remains unclear the nearshore siliciclastic sediments 

below the Dongjeom- Dumugol boundary represent a lowstand systems tract or a 

highstand systems tract. 

The regional, parallel alignment of the Dongjeom Formation along the strike, and 

its stratigraphic position between marine mudstone and carbonate sediment indicate 
that the Dongjeom Formation rnight have been deposited as offshore bar during the 

lowstand (Walker and Plint, 1992; James and Kendall, 1992). This interpretation is 

partly supported by the overall coarsening-upward trend of the Dongjeom Formation 

CChoi, 1앉x)). If this interpretation is correct, the lower sequence boundary could be 

found within the Dongjeom Formation. 

However, it cannot be precluded that the upper part of the Dongjeom Formation 

represents a highstand systems tract. If this interpretation is correct, the 

Dongjeom- Dumugol lithostratigraphic boundary can be qualified as a type 2 

sequence boundary. 
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3.5.2. Transgressive Systerns Tract 

In the Dumugol sequence, the transgressive systems tract based by a 

transgressive surface consists of three depositional facies: shallow siliciclastic ramp 

facies , deep ramp facies , and basinal facies in ascending order (Fig. 3- 6). 

Stratigraphic distribution of these depositional facies shows a deepening of 

depositional environments, constituting a transgressive package in a broad sense. 

The stacking pattern of this transgressive systems tract is typically 

retrogradational , caused by a shoreward migration of deep- ramp to basinal 

environments, which were dominated by the deposition of fine- grained marly to 

argillaceous sediments. The deepening of the basin can be attributed to an increase 

in the rate of a third- order sea level rise. The rate of sea- level rise was probably 

high, thus carbonate production in the subtidal environments (carbonate factory) 

failed to catch up with a sea level rise and the basin was starved of carbonate 

sediments. 

Several is이ated mud- mounds developed in the transgressive systems tract, 
probably related to the reduction of siliciclastic- sediment input to offshore 

environments during the transgressive phase (Burchette and Wright, 1992). 

However, their growth was probably hampered by the rapid sea level rise and 

failed to catch up with a sea- level rise. 

3.5.3. Maxirnurn Flooding Surface and Condensed Section 

The maximum flooding surface of the Dumugol sequence is allocated to the top 

of a thick, massive marl to shale bed (ca. 5 m in thickness) , which is intercalated 

in the upper part of basinal facies (Fig. 3- 6). This surface marks the turning point 

of sea- level change from transgressive to regressive phase. Above this surface, the 

stacking pattern also changes from retrogradational to aggradational. 

The interval of thick, marl to shale bed (ca. 5m thick) just below the maximum 

flooding surface may represent the equivalent of the condensed section. The 

absence of carbonate interbeds in this interval suggests that the Dumugol ramp 

were fully drowned and carbonate production was shut down during the maximum 

flooding. However, unequivocal indicators of condensed sections, such as 

phosphatized surfaces and glauconite concentrations, were not observed. 

3.5.4. Highstand Systerns Tract 

The upper half of the Dumugol Formation compnsmg a shallowing- upward 

succession from deep - ramp to shallow- ramp facies may represent a highstand 
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systems tract deposited during the periods of a slow sea- level rise (Fig. 3- 6). As 

the rate of sea- level rise slowed, the carbonate factory on the ramp recovered and 

carbonate production resumed there. The recovery of carbonate factory and the 

resumption of carbonate production are represented by the formation of mud- mounds 

and the interbedded carbonate beds in the deep- ramp facies. However, the rate of 

sea- level rise was more or less high for mud- mound growth, so that other 

carbonates to catch up with it. 

Further decrease in the rate of sea- level rise would favor more active production of 

carbonate sediments on the ramp, causing accumulation of thick- bedded, subtidal 

carbonate sediments. Such situation is represented by thick- bedded subtidal carbonate 

sediments. The deposition of lime mudstone to wackestone might catch up with 

the sea- level rise. The open- marine faunas and the abundant storm- generated 

sedimentary structures in this lithofacies suggest that a barrier- lagoon system was 

not developed during the deposition of this lithofacies. The predominance of 

subtidal deposition may represent the early stage of highstand systems tract and 

the dominant stacking pattem was aggradational to progradational. However, some 

intercalation of ribbon rock and marl to shale of a deep- ramp setting in the 

shallow ramp facies suggests that retrogradation also occurred intermittent1y when 

the rate of a sea- level rise increased and the rate of carbonate production and 

sedimentation was lowered. 

The late stage of highstand systems tract may be represented by the overlying 

Maggol Formation. According to Paik (1987) , the Maggol Formation consists 

mostly of peritidal deposits , which are characteristics of the late- stage highstand 

sea level. It is presumed that the upper boundary of the sequence may lie within 

the Maggol Formation. 

3.5.5. Discussion 

Application of seismically derived sequence stratigraphic terminology (e.g. , Vail 

et al., 1977; Van Wagoner et al., 1988) to thin, flat-lying passive margin or 

cratonic successions such as the Dumugol Formation is somewhat problematical 

As described, the "systems tract" concept of Brown and Fisher (1977) does not 

appear to be directly applicable to the Dumugol sequence. Instead of consisting of 

linked, contemporaneous depositional systems composed of multiple depositional 

facies , the Dumugol sequence represent a single depositional system consisting of 

four laterally continuous depositional facies. In addition, the Dumugol Formation 

lacks shelf- margin geometries that appear to be vital for defining many seismically 

derived terms (e.g. , lowstand wedge, downlap). 

Despite these semantic difficulties, seismically derived sequence stratigraphic 

terminology probably can be applied to the Dumugol Formation because "systems 
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tracts are defined objectively on the basis of types of bounding surfaces ... " (Van 

Wagoner et al., 1988). In summary, we feel that seismical1y derived 

sequence- stratigraphic concepts aid our understanding of the relation between 

depositional facies within the Dumugol Formation and changes in relative sea level, 

although we are uncomfortable applying terms that imply geometries characteristic 

of carbonate- platform margins. 

3.6. SUMMARIES 
1. The Dumugol Formation (Lower Ordovician) consists of mixed siliciclastic 

and carbonate sediments. The lithological characteristics indicate that the Dumugol 

Formation was deposited on a homoclinal ramp, which was frequen t1y influenced 

by storm activity. The Dumugol ramp system consisted of four subenvironments: 

shal10w siliciclastic ramp, shallow carbonate ramp, deep carbonate ramp, and basin. 

2. Meter- scale (0.5 - 5 m thick) cycles are well developed in the Dumugol 

Formation, especial1Y in the basinal facies. These cy미es are characterized by a 

shal1owing- upward character and consist of basal marl to shale, nodular- anψor 

planar- bedded ribbon rocks in the middle and capping flaser rock or flat-pebble 

conglomerates. The Dumugol meter- scale cycles were formed in a subtidal setting, 
but did not shoal to intertidal levels. The average duration of these cycles is 

estimated to be 96 kyr. The development of the Dumugol cycles is interpreted to 

have been caused by high- frequency (fourth- to fifth-order) oscil1ations of sea 

level. The upward limit to subtidal carbonate accumulation seems to have been 

controlled by an intrinsic process of storm current/wave sweeping. 

3. In terms of sequence stratigraphy, the Dumugol Formation corresponds to a 

third-order depositional sequence consisting of the lower transgressive systems 

tract and the upper highstand systems tract. The Dongjeom- Dumugol 

lithostratigraphic boundary represents a transgressive surface. The transgressive 

systems tracts consist of siliciclastic- shal1ow- ramp facies , deep- ramp facies , and 
basinal facies in ascending order, constituting a transgressive package broadly. A 

maximum flooding surface is thought to be located at transition between the lower 
transgressive systems tract and the upper highstand systems trac t. The highstand 

systems tract consists of alternations of deep- to shallow- ramp facies , and is 

characterized by an overall shallowing upward trend. The predominance of 

aggradational stacking patterns and the subtidal lithofacies indicate that the 

highstand systems tract was developed during the early stage of sea- level 

highstand. The late stage of sea- level highstand and the upper sequence boundary 

could be located in the overlying Maggol Formation. 
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4. ORIGIN OF FLAT-PEBBLE CONGLOMERATES 

4.1. INTRODUCTORY NOTES 

Flat- pebble conglomerate is an intraformational conglomerate Ccalcirudite) 

composed of rounded, tabular intraclast with mixed bioclastic and micritic matrix 

and is known to be common in shallow-water carbonate strata. 

Kim and Lee (995) have reviewed flat - pebble conglomerates of Upper Cambrian 

and Lower Ordovician age. According to them, flat - pebble conglomerates were 

abundantly formed in low- latitude, shallow seas during Late Cambrian and Early 

Ordovician time. through early cementation of carbonate sediments and subsequent 

storm erosion and reworking of early- cemented carbonate sediments. 1n addition, 

they suggested that environmental conditions, were optimal for the formation of 

flat - pebble conglomerates during Late Cambrian and Early Ordovician time. 

The purposes of this chapter are fourfold : (1) to review terminology of 

flat - pebble conglomerates and corresponding carbonate conglomerates; (2) to review 

occurrence of flat - pebble conglomerates lithofacies, in terms of both geographic 

distribution and geologic age; (3) to describe general features of flat - pebble 

conglomerates and to discuss their genesis; (4) to discuss the role of 

paleoenvironmental conditions in the formation of flat - pebble conglomerates. 

4.2. TERMINOLOGY 

1ntraformational conglomerates have been defined as "conglomerates formed 

within a geologic formation of material derived and deposited within that 
formation' CWalcott, 1894; cited in Demicco and Hardie, 1994). Folk (1959) defined 

the terrn intraclast (adjectiv;러 form is intraclas디c) as "fragrænts of penecontemporaneous, 

usually weakly consolidated carbonate sediment that have been eroded form 

adjoining parts of the sea bottom and redeposited to form a new sediment." 

A variety of older, mainly field - oriented, terms of obscure ongm have been 

applied to intraclastic conglomerates. These are, in general, related to the shape or 

orientation of the clasts within an intraclastic layer. Flat, tabular clasts with 

angular edges have been called sharpstone conglomerates and breccias , flakestones , 

and flat - pebble conglomerates, although the last term is also commonly used for 

conglomerates with rounded, discoidal clasts as well. Flat clasts in some cases 

stand on edge and are packed together to form fans of "edgewise" conglomerates. 

Other terms for intraformational conglomerates include carbonate conglomerates, 

intrarudites, intrasparites, intraclastic conglomerate, and others. Among these terms, 

in this chapter, the flat - pebble conglomerate is adopted as a representative term 
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for various types of intraformational conglomerates, because of its highest 

popularity and abundance of f1at-shaped pebbles in intraformational conglomerates. 

4.3. GEOGRAPHIC AND STRATIGRAPHIC OCCURRENCE OF 

FLAT-PEBBLE CONGLOMERATES 

Through a literature survey, some 72 examples of f1at- pebble conglomerates 

have been coUected and tabulated in terms of geologic age, stratigraphic unit, and 

location (Table 4- 1 to 4- 5). 

Geographically, numerous examples of f1at-pebble conglomerates are found in 

North America (e.g. , Friedman and Rad.ke, 1979; Markello and Read, 1981; 

Sepkoski, 1982; Pratt and ]ames, 1986; Westrop, 1986; Whisonant, 1987; Chow and 

]ames, 1992; Dattilo, 1992; Wilson and others, 1992) , North China- Korea (Chen et 

al., 1988; Chuanomao et al., 1993; Meyerhoff et al., 1991; Meng et al., 1997; Lee 

and Kim, 1992), Australia (Friedman and Rad.ke, 1979; Druce et al., 1982; Palmer 

and Wilson, 1990; Mount and Kidder, 1993). Minor localities of f1at- pebble 

conglomerates include Kazakhstan (e.g. , Cook and others, 1991), Siberia (Knoll et 

al., 1995) , Europe (Tucker, 1982; Fairchild, 1980; Kazmierczak and Goldring, 1978), 

Africa (Saylor et al., 1995; Bertrand- Sarfati and Moussine- Pouchkine, 1988), and 

South America (Canas, 1995). 

Str떠graphically， sorre 63% of flat-~bble ∞ngloI1H"ates lies in the Cambro- Ordovician 

starata. This ratio may be a mlmmum, because examples of Cambro- Ordovician 

f1at- pebble conglomerates have a wide distribution extent relative to those of other 

ages. In addition, some examples of Cambro- Ordovician f1at- pebble conglomerates 

have been described on the basis of group scale (e.g. , Meng et 머.， 1997), not 

formation sclae. Therefore these examples can be furtherly subdivided into more 

numbers if they are classified according to component formations. 

It is also noteworthy that examples of Upper Cambrian and Lower Ordovician 

f1at- pebble conglomerates make up about 72% of total Cambro-Ordovician 

f1at- pebble conglomerate examples. Therefore, a hypothesis, suggested by Kim and 

Lee (1995) , that f1at- pebble conglomerates represent a characteristic lithology of 

Late Cambrian and Early Ordovician time, can be evaluated quantitatively as well 

as qualitatively 
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Table 4-1. Precambrian examples of flat-pebble conglomerates 

No Geologic Age Stratigraphic unit Location References 

Paleoproterozoic Pethei Group 
East Arm of Great 

Whitaker et al. (1998) 
Slave Lake, NW Canada 

2 Latest Precambrian Bonahaven Formation Islay, Scotland Fairchild (1 980) 

3 Late Proterozoic 
Akademikerbreen 

Spitsbergen Knoll and Swett (1 990) 
Group 

4 
Terminal Proterozoic Mast와ch ， Turkut, and Olenek uplift, 

Knoll et al. (1 995) 
Cambrian Kessyusa formations NE Siberia 

Late Precambrian 
Elisabeth Bjerg 

East Greenland Tirsgaard (1996) 
Formation 

6 
Neoproterozoic Kuibis and 

SW Namibia Saylor et aL (1995) 
(Vendian-Cambrian ) Schwarzrand subgroups 

7 Late Proterozoic Wonoka Formation South Australia Haines (1988) 

8 Late Precambrian Biri Formation Southεrn Norway Tucker (1982) 

9 Middle Proterozoic Castner Marble West Texas, USA Pittenger et a1. (1994) 

10 Late Proterozoic Atar Group West Africa 
Bertrand-Sarfati and 
Moussine-Pouchkine (1988) 

II Early Proterozoic Rocknest F ormation 
Northwest Territories, 

Grotzinger (1 986) 
Canada 

12 Vendian-Cambrian Sukharikha Formation NW Siberian Platform Rowland et al. (1997) 

13 Vendian-Cambrian Burovaya Formation 
NW margin of 

Bartley et al. (1 998) 
Siberian Paltform 

14 Neoproterozoic Black River Dolomite NW Tasmania Calver (1 998) 

15 Early Proteozoic Pεthei Group 
East Arm of Great 

Sami and James (1 993) 
Slave Lake, NW Canada 
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Table 4-2. Cambrian examples of flat-pebble conglomerates 

No Geologic Age Stratigraphic unit Location References 

Upper Cambrian Richland Formationn Rennsylvania, USA Cooper (1989) 

2 Upper Cambrian Nolichucky Formation SW Virginia, USA Markello and Read (1981) 

Bonanza King 
S Grεat Basin 

3 Middle Cambrian (NevadaJCalifomia), Osleger and Montanez (1996) 
Fo아rma없tlon 

USA 

Concocheague 
4 Upper Cambrian Limestone and Copper SW Virginia, USA Whisonant (1987) 

Ridge Dolomite 

Franklinian Basin, 
5 Early Cambrian Ella Bay Formation Ellesmere Island, Arctic Long (1989) 

Canada 

6 Lower Cambrian Sellick Hill Formation South Australia Mount and Kidder (1 993) 

7 Middle Cambrian Whirlwinf Formation Utah, USA Kopaska-Merkel (1 988) 

8 Upper Cambrian Bison Creek Formation S Alberta, Canada Westrop (1989) 

9 Upper Cambrian Richland Formation 
Lebanon Valley, 

Moshier (1 986) 
Pennsylvania, USA 

10 Upper Cambrian Arrinthrunga Formation 
Georgina Basin, 

Kennard (1981) 
central Australia 

Helan Mountains 
Helan Mountains, North 

11 Middle-Upper Cambrian 
Carbonates 

China Paltform. 720 km Chuanmao et al. (1993) 
west off Beij ing 

12 Upper Cambrian 
Conococheague 

W Maryland, USA Demicco (1 985) 
Limestone 

13 Middle Cambrian Kongwangxi Formation 
Shimen District, Hunan 

Hu et al. (1 997) 
Province, China 

14 
Middle and Uppεr 

Port au Port Group 
W. Newfounland, 

Chow and james (1 992) 
Cambrian Canada 

Cambrian flat-pebble 
Shell oil # 1 Clear 

15 Upper Cambrian Creek, N Power River Wilson (1985) 
conglomerate sequence 

Basin, Wyoming, USA 

16 Upper Cambrian Port au Port Group 
W. Newfounland, 

Cowan and James (1996) 
Canada 

17 Upper Cambrian Port au Port Group 
W. Newfounland, 

Cowan 뻐d James (1 993) 
Canada 

18 Middle Cambrian Maryville Limestone 
S Appalachians, E 

Srinivasan and Walker (1 993) 
Tennesse. USA 

19 Middle Cambrian Arctomys Formation 
S Canadian Rocky 

Spencer and Demicco (1993) 
Mountains 

20 Upper Cambrian Hwajeol Formation S Korea Park and Han (1 985) 

Upper Cambrian 뻐d 
Sullivan, Bison Creek 

S Canadian Rocky 
21 

Lower Ordovician 
and S urvey Peak 

Mountains, Canada 
Westrop (1 986) 

formations 

22 Early Cambrian Deep Spring Formation 
S Great Basin, Nεvada， Gevirtzman and Mount 
USA (1 986) 

-47 -



Table 4-3. Cambro-Ordovician examples of f1at-pebble conglomerates 

No Gεologic Agε Stratigraphic unit Location References 

Upper Cambrian-Lower 
Ninmaroo Formation 

Georgina 8asin, 
Radke (1 980) 

Ordovbician Australia 

2 
Upper Cambrian-Lower 

Survey Peak Formation Alberta, Canada Dean (1989) 
Ordovician 

Middle Cambrian-Lower 
Western Canada 

3 
Ordovician 

Finnegan Formation Sedimenatry 8asin, Hein and Nowlan (1998) 
Alberta, Canada 

4 
Middle Cambrian-Lower 

Shabakty Suite 
MaJyi Karatau, 

Cook et al. (1 991) 
Ordovician Kazakhstan 

Upper Cambrian-Lower 
Manitou Formation 

Colarodo Sag, 
Dotsero Formation Myrow et 외 (1995) 

Ordovician 
(C때brian) 

Colorado, USA 

Fort Sill (U. Camb.), 
Arbuckle Mountains, 

6 
Upper Cambrian-Lower Signal Mountain(C-O) , 

Murray County, Stitt (1 971) 
Ordovician Mckenzie Hill (L 

Oklahoma, USA 
Ord.) Limestones 

Fort Sill (U. Camb.), 
Arbuckle Mountains, 

7 
Upper Cambrian-Lower Signal Mountain(C-O) , Murray County, Stitt (1971 ) 
Ordovician Mckenzie Hill (L 

Oklahoma, USA 
Ord.) Limestones 

Conocoheague 

8 
Upper Cambrian and Limestone (U. C때b .) ， 

W Maryland, USA Lindholm (1 980) 
Lower Ordovician Stonehenge Limestone 

(L Ord) 

Nopah Formation (U 

9 
Upper Cambrian 뻐d Camb.), Mountain S Great 8asin, S 

Cooper and Edwards (1 991) 
Lower Ordovician Springs Formation (L Nevada, USA 

Ord) 

10 Cambrian to Ordovician 
Cambro-Ordovician North China Platform, 

Meng et al. (1 997) 
strata China 
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Table 4-4. Ordovician examples of flat-pebble conglomerates 

No Geologic Age Stratigraphic unit Location References 

Early Ordovician San Juan Formation 
Argentine Precordillera, 

C때as (1995) 
Argentina 

Spri띠de and Guensburg 
2 Lower Ordovician Fillmore Formation W Ut와1 ， USA (1 995); Guensburg and 

Sprinke (1 9920 

3 Lower Ordovician Tribes Hill Formation New York State, USA Landing et al. (1996) 

4 Lower Ordovician Fort Cassin Formation 
Nεw Y ork State and 

Brett and Westrop (1 996) 
Vermont, USA 

5 Lower Ordovician Fillmore Formation W Utah. USA Dattilo (1 993) 

6 Lower Ordovician Mungok Formation South Korea Choi et al. (1993) 

Mckenzie Hill 
Wichita and Arbuckle 

7 Lower Ordovician 
Limεstone 

Mountains, Okl따1oma， Stitt (1983) 
USA 

8 Lower Ordovician Kanosh Shale W-C Ut외1 ， USA Wilson et al. (1 991) 

9 Lower Ordovician Dumugol Formation South Korea Lee and Kim (1992) 

10 Lower Ordovician Dumugol Formation South Korea Kim and Lee (1 996) 

II Lower Ordovician Tribes Hill Formation New York State, USA Braun and Friedman (1 969) 

12 Middle Ordovician Maggol Formation South Korea Paik (1 987) 

13 Middle Ordovician Yeongheung Formation South Korea Yoo and Lee (1 997) 

14 Lower Ordovician St George Group 
W Newfoundland, 

Pratt and James (1 986) 
Canada 
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Table 4-5. Post-Ordovician examples of flat-pebble conglomerates 

No Geologic Age Stratigraphic unit Location References 

Stony Mountain (Ord.) 
W Williston Basin, 

Ordovician 뻐d Silurian Monatana, N. 0때‘ota， Roehl (1 967) 
Interlake (Silurian) 

S,Dakota, USA 

2 Upper Silurian Rεad Bay Formation 
Somerset IsIand, 

Jones and Dixon (1 976) 
Arctic Canada 

3 Silurian 
Red Mountain 

Alabama, USA Bearcε ( 1972) 
Formation 

4 Siluri뻐 
Lower Leintwardline Welsh Borderland and 

Cherns (1 980) 
8eds Wales 

5 Silurian Rochester Shale 
W New York State and 

8rett (1983) 
Ontario, USA 

6 Silurian 
Becscie and Merrimack 

Anticosti Island, Canada Sami and Desrochers (1 992) 
fo이rma와tlOns 

7 Silurian Rytteraker Formation Oslo Region, Norway Moller (1989) 

8 Upper Devonian 
Upper Devonian 

Poland 
Kazmierczak and Goldring 

carbonates (1 978) 

9 Lower Devonian Manlius Formation New York State Laporte (1 967) 

10 Devonian Caballos Novaculite 
Marathon Basin, Texas, 

Folk (1 973) 
USA 

11 Devonian-Mississippian 
New Albany Shale 

IlI inois. USA Cluff (1980) 
Group 
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4.4. FEATURES OF FLAT-PEBBLE CONGLOMERATES 

Although flat - pebble conglomerates range from Precambrian to Mississippian in 

age and are observed from many parts of the world, many of flat- pebble 

conglomerates share common features as followings. 

Flat- pebble conglomerates range from a few centimeters to a few meters in 

thickness. They show erosive to sharp bases and are generally massive to 

poorly- graded. They are poorly- sorted and matrix- or c1ast- supported. Intrac1asts 

are spherical to tabular, and rounded to angular in shape and have random, 

subhorizonta1, imbricate, or edgewise arrangements. Locally, sharp to erosional 

surfaces, which are thought to represent hardgrounds, are observed on or within 

beds of flat - pebble conglomerates. 

Broad1y, flat - pebbel conglomerates are associated with two lithologica1 suites. 

One is a subtial suite, consisting of fine - grained sediments, commonly represented 

by ribbon rock (shale- carbonate alternations) , marl to shale, and lime mudstone. 

This subtidal suite commonly shows severa1 lines of early cementation and 

lithification, such as ca1cite nodules, hardgrounds , incipient hardgrouds (or 

firmgrounds) , and many types of marine cements. Lithologies of intrac1asts are 

frequently similar to those of early- cemented carbonates Ci.e. nodules, tempestite 

layers, and underbeds) in the underlying fine - grained sediments, and inc1ude lime 

mudstone, skeletal limestone, peloidal grainstone to packstone, and laminated 

calcisiltite. Also observed are multi - generation intrac1asts, which formed by 

multiple deposition, cementation, and erosion. Matrices between intrac1asts consist 

of skeletal materials (echinoderms, trilobites, and brachiopods) , peloids, quartz silts, 

and lime mud. 

The second is a tidal- flat suite showing variable indicators of tidal influence and 

subaerial exposure, such as desiccation cracks, cryptalgal laminite, early dolornitized 

nature, and others. Intrac1asts in this suite is commonly composed of surrounding 
tidal - flat lithologies, such as dolostones and cryptalgal larnÏnites. 

4.5. GENESIS OF FLAT-PEBBLE CONGLOMERATES 

Flat- pebbel conglomerates are commonly used as an environmental indicator of 

intertidal deposition (e.g. , Wilson, 1975; Shinn, 1983), but it have been shown that 

many examples of flat - pebble conglomerates, were deposited in deep subtida! 

environments as well as intertidal environments (e.g., Kazrnierczak and Goldring , 
1978; Markello and Read, 1981; Sepkoski , 1982; Lee and Kim, 1992; Wilson et al., 

1992). 

The genesis of flat - pebble conglomerates has been studied by several \\'orkers 
1 
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(Markello and Read, 1981; Sepkoski, 1982; Lee and Kim , 1992; Wilson and Palmer, 

1992; Mount and Kidder, 1993). The formation of flat - pebble conglomerates 

commonly begins with rapid marine cementation, which tums loose sediments into 

ear1y- lithified, hard rocks (Sepkoski, 1982; Chow and James, 1992; Wilson and 

Palmer, 1992). Hardgrounds, incipient hardgrounds , and carbonate nodules are 

examples of ear1y- lithified hard rocks (Kim and Lee, 1996). 1n some cases, episodic 

deposition of thin- tempestite layers may accelerate rapid cementation of carbonate 

sediments through cementation of thin tempestite layers themselves or through 

underbed formation (Aigner, 1982; Ricken and Eder, 1991). 

Storms play an essential role in formation of flat - pebble conglomerates. 

High- energy storm activities broke up ear1y- lithified carbonate substrates on or 

near the sea floor and redeposited broken fragments as intrac1asts , which constitute 

the framework of flat - pebbel conglomerates (Markello and Read, 1981; Sepkoski , 

1982; Dattilo, 1992; Lee and Kim, 1992; Wilson and Palmer, 1992; Mount and 

Kidder, 1993) 

4.6. THE ROLE OF GLOBAL ENVIRONMENT AL CONDITIONS IN 

THE FORMATION OF FLAT-PEBBLE CONGLOMERATES 

Flat- pebble conglomerates could be produced in low- latitude, shallow epemc 

seas. However, investigation of secular variations for flat - pebble conglomerates 

suggests that the time interval from the Late Cambrian to the Ear1y Ordovician 

was optimal for the formation of flat - pebble conglomerates. It is my belief that the 

widespread development of flat 야bble conglomerates resulted from global environmental 

conditions at that time. 1n the discussion below, 1 will briefly review the global 
environmental conditions during the Late Cambrian and Early Ordovician and 

explain the abundance of flat - pebble conglomerates during this time interval in the 

context of global environmental conditions. 

Sea level rose spasmodically since the Middle Cambrian (Fig. 4- 1; Hallam, 1981) 

and by the end of the Cambrian (e.g. North America and North China- Korea) , vast 

areas of low- lying surfaces on low- latitude continents were inundated by the 

epemc seas formed by the Sauk transgression (Dott and Batten, 1988). By the 

beginning of the Ordovician, so litt1e land remained exposed that deposition of 

terrigenous silicic1astics virtually ceased, whereas large- scale carbonate factories 

took over most of the shallow epemc sea floors (Dott and Batten, 1988). These 

low - Iatitude epemc seas were probably influenced by tropical hurricanes, if there 

were no significant changes in the pattem of atmospheric circulation. Therefore , 

increase in the areas of carbonate- accumulating epemc seas in hurricane- influenced, 
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Fig. 4-1 . Global paleoenvironmental conditions during the Paleozoic. Compiled from 

Hallam (1981), Sepkoski (1982), Sandberg (1 983), Fischer (1984), and Berner (1990) . 
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low • latitude regions, in which flat - pebble conglomerates were most likely to 

form , may be one of the reasons why flat - pebble conglomerates were so 
abundant during Late Cambrian and Early Ordovician time. 

cæ때1 \\ith a sea levl러 riæ, sea WCItff chrristry a1so cbar횡a:i frαn an aragonite- precipitating 

phase (aragonite sea) into a calcite- precipitating phase kalcite sea) during the Late 

Cambrian (Fig. 4- 1; Sandberg, 1983). Marine cementation tends to be more rapid in 

calcite seas than in aragonite seas. The greater growth rate of calcite growing on 

calcite substrates , together with supplementary supply of dissolved carbonate from 

aragonite dissolution and the fact that calcite precipitates at lower concentrations 

than aragonite, are all reasons why marine cementation is more rapid in calcite 

seas than in aragonite seas (Wilson and Palmer, 1992). 

Together with transfer into calcite seas, the rapid marine cementation in Late 

Cambrian and Early Ordovician shallow seas was also driven by the radiations of 

some calcitic organisms, particularly echinoderms (Guensburg and Sprinkle, 1992; 

Wilson and Palmer, 1992). Many of Upper Cambrian and Lower Ordovician shallow 

marine carbonates, particularly those containing flat - pebble conglomerates, show 

vast quantities of echinoderms and other calcitic bioclasts (e.g. , Dattilo, 1992; 

Wilson and Palmer, 1992; Kim and Lee, 1994).These bioclasts provided excellent 

substrates on which marine calcite cements grew rapidly, thus accelerating the 

speed of marine cementation (Wilson and Palmer, 1992). 

Although echinoderms and some calcitic organisms radiated during Late Cambrian 

and Early Ordovician time, large- scale radiation of infauna was still delayed during 

this time interval, thus permitting rapid marine cementation of carbonate sediments , 

(Fig. 4- 1; Sepkoski, 1982). However, expansion of infaunas during the remainder of 

the Ordovician rnight have eliminated the widespread potential for rapid marine 

cementation of carbonate sediments, thereby resulting in an abrupt decrease in the 
frequency of deposition of flat - pebble conglomerates following the Early Ordovician 

CSepkoski, 1982). 

Concurrent with changes in sea level and sea water chernistry, atmospheric chemistry 

also changed. Atmospheric C02 level drastically increased during Late Cambrian 

and Early Ordovician time, resulting in global warrning (Fig. 4- 1; Fischer, 1984; 

Berner, 1990). The frequ 
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4.7. CONCLUDING REMARKS 

l. Flat- pebble conglomerates frequen t1y occur in shallow water carbonate strata 

throughout the world. Major localities of flat- pebble conglomerates include North 

America, China - Korea, and Australia, minor ones are Siberia, Kazakhstan, 
Europe, Africa, South America, and others. 

2. Stratigraphically, flat- pebble conglomerates occupy a wide range of strata 

ranging from the Proterozoic to the Mississippian in age. However, they are 

common in Cambro- Ordovician strata, especially those of Upper Cambrian and 

Lower Ordovician time. 

3. Flat- pebble conglomerates were formed by early cementation of carbonate 

sediments, in both subtidal and tidal- flat environments and subsequent storm 

erosion and reworking of early- cemented carbonate sediments. 

4. The abundance of flat- pebble conglomerates in Upper Cambrian and Lower 

Ordovician strata indicates that the global environmental factors were suitable for 

the formation of flat - pebble conglomerates at that time. 
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Figure Captions 

Fig. 1• 1. Simplified geological map of southem Korea. 1. Precambrian rocks , 2. 

Ogcheon Group, 3. Paleozoic sediments (Joseon and Pyeongan supergroups) , 4. 

]urassic Daedong Group, 5. Mesozoic foliated granite, 6. ]urassic granite, 7. 

Cretaceous rocks , 8. Tertiary rocks , 9. Faults 

Fig. 1-2. lndex map showing simplified geology and the distribution of the ]oseon 

Supergroup. Four units of the ]oseon Supergroup are shown in the map. 1, 
Precambrian basement; 2, Duwibong unit; 3, Yeongweol unit; 4, ]eongseon unit; 

5, pyeongchang unit; 6, Ogcheon Supergroup; 7, Pyeongan Supergroup; 8, 
Daedong Group; 9, Mesozoic granite. 

Fig. 2- 1. Stratigraphy of the Duwibong unit, the ]oseon Supergroup (modified after 

Kobayashi, 1966 and Cheong, 1969). 

Fig. 3- 1. Map showing exposure belt of the Dumugol Formation (brick pattem) in 

the southern paπ of the Baegunsan syncline and the localities of the measured 

sectIOns. 

Fig. 3- 2. Composite, generalized stratigraphic column and depositional facies of the 

Dumugol Formation. 

Fig. 3- 3. Depositional profile and spectrum of storm deposits for the Dumugol 

Formation (after Lee and Kim, 1992). ln the early stage (A) there were three 

subenvironments on the Dumugol ramp. The siliciclastic ramp on the landward 

side changes laterally into a deep ramp and then into a basin setting further 

seaward. The shallow carbonate ramp occupied the shallowest part of the 
Dumugol ramp during the late stage (B). C, clay; S, sand; G; gravel. 

Fig. 3- 4. Meter- scale cycles developed in the basinal facies. (A) and (B) Most 

meter- scale cycles show transition from marl to shale to planar- or 

nodular- bedded ribbon rock and to flaer rock , and are somewhat abruptly 

overlain by the basal marl to shale of the next cycle. However, the second cycle 

in the (B) is capped by a bed of flat - pebble conglomerate (FPC). 

Fig. 3- 5. Typical meter- scale, shallowing-upward cycles of the Dumugol 

Formation. The cycles consist of basal marl to shale, planar- or nodular- bedded 
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ribbon rock in the middle, capping flaser rock. 

Fig. 3- 6. Systems tracts and depositional surfaces in the Dumugol sequence. HST 

highstand systems tract; TST transgressive systems tract; LST lowstand 

systems tract; SB sequence boundary; MFS maximum flooding surface; TS 

transgressive surface. 

Fig. 4- l. Global paleoenvironmental conditions during the Paleozoic. Compiled from 

Hallam (1981), Sepkoski (1982) , Sandberg (1983) , Fischer (1984) , and Bemer 

(1990). 
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