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Paleoenvironmental change of the Tertiary Yangnam and
Pohang basins of the southern Korean Peninsula

Sun Yoon™

Abstract The Yangnam and Pohang basins are the largest Tertiary basins in the southern Korean
Peninsula. The geologic events, such as paleoenvironmental change in chronologic order, of these
basins are closely related to the origin of the Japan Sea, for these basins bound the southwestern bor-
der of the Japan Sea. In the Early-Middle Eocene time, dacitic volcanic activity occurred heavily all
over the two basins. The dacitic volcanic activity occurred on land, and a large amount of welded tuffs
and volcanic breccias were erupted. The rocks of the Late Eocene through the Oligocene are not found
vet, and the area of the Yangnam and Pohang basins seems to have been in a state of quiet and weath-
ering condition. In the Early Miocene time, heavy volcanic activity occurred only in the Yangnam
Basin, and the Pohang Basin was in a state of quiet upland condition. The volcanic activity in the
Yangnam Basin was bimodal in composition, that is, dacitic and andesitic-basaltic. The dacitic volca-
nic activity preceded the andesitic-basaltic activity and occurred on land. The andesitic-basaltic volca-
nic activity occurred mainly under water, and this suggests that the Yangnam Basin underwent fresh
water invasion and existed as a large lake during the Early Miocene time. In the Middle Miocene time,
marine water transgressed into the whole of the Pohang Basin and several collapsed basins in the Yang-
nam Basin. The Middle Miocene marine transgression brought warm water molluscan elements, such as

Hataiarca, Vicarya, into the basins.
Key words . paleoenvionmental change, Yangnam and Pohang basins

. and their change in time.
Introduction . . o . .
The present article is a contribution of Basic Science

Four Tertiary basins are distributed along east coast
of the southern Korean Peninsula, named Bugpyeong,
Yeonghae, Pohang and Yangnam basins (Kim, 1970 ;
Yoon, 1986) . Among these four basins, the Yangnam
and Pohang basins are the largest ones and their stra-
tigraphy is adapted as standard sequence in the Korean
Tertiary stratigraphy. The geologic events, such as
paleoenvironmental change in chronologic order, of these
basins are closely related to the origin of the Japan Sea,
for these basins bound the southwestern border of the
Japan Sea. The present article deals with the paleoenvir-
Yangnam and

onments of the Pohang basins
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Tertiary Stratigraphy of the Yangnam
and Pohang Basins

The Yangnam and Pohang basins are adjacent to each
other and underlain uniformly by Cretaceous sedimen-
tary and igneous rocks, Gyeongsang Supergroup, as base-
ment. The two basins, however, are quite different from
each other in the Tertiary sequences. The Yangnam
Basin comprises Early Miocene dacitic and andesitic-

basaltic volcanic rocks and terrestrial sediments with
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Fig. 1 Index and geologic map of the Yangnam and Pohang basins.

1 ! Alluvium, 2 ! Duho Formation. 3 : Idong Formation, 4 : dolerite, 5 ! Heunghae Forma-
tion, 6 . Hagjeon Formation, 7 . Cheongogsa Formation, 8 : Danguri Conglomerate, 9 : Gang-
dong Formaton, 10 : Sinhyeon Formation, 11 : Eoli Basalts, 12 . Girimsa Formation, 13 :
Manghaesan Formation, 14 . Ocheon Formation, 15 : Jeongcheolli Conglomerate, 16 . Jeon-
dong Formation, 17 . Janghang Formation, 18 : Churyeong Breccia, 19 . Andongni Con-
glomerate, 20 . Hudongni Formation, 21 ! Sangjeongdong Formation, 22 : Waeupni Tuff, 23
. Wangsan Formation, 24 . Gyeongsang Supergroup, 25 . Fault, BG : Bulgugsa Granite, Gr -
granite, Ib . Ibamdong Formation, Yo . Yongdongti Member
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Table. 1

Tertiary stratigraphy of the Yangnam and Pohang basins.

Br ! breccia, Cgl : conglomerate, Ve © Vicarya

Age Yangnam

Basin

Pohang Basin

Group
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Duho F.
ldong F.
Heunghae F.
Hagjeon F.

Miocene

Middle
Yeonil
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Ocheon F.
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Jeongcheolli Cgl.

H“d°“90';i F. Sangjeongdong F.

Da 46 - 58Ma

Granite

Bulgugsa

thin Middle Miocene marine sediments, whereas the
Neogene rocks of the Pohang Basin lack Early Miocene
volcanic rocks and consists mainly of Middle Miocene
marine strata. Stratigraphically, the Tertiary rocks of the
Yangnam Basin are divided into the Early-Middle
Eocene, Early Miocene and early Middle Miocene series,
while the Pohang Basin comprises the Early-Middle
Eocene and Middle Miocene series.

The early Middle Eocene series, called comprehensive-
ly the Wangsan Formation (Shimazu et al., 1990 ; Wang-
san Dacitic Volcanics, Yoon, 1989), is distributed along
the marginal areas of the Yangnam and Pohang basins,
and consists of dacites, dacitic welded tuffs and volcanic
breccias. The volcanostratigraphic and petrological study
of the formation has been scarcely carried out. The
radiometric ages of the welded tuffs are from 46 Ma to
58 Ma (Jin et al., 1988). The Wangsan Formation is un-
conformably overlain by the Miocene sequences of the
Yangnam and Pohang basins. The Miocene stratigraphic
summary of the Yangnam and Pohang basins is as fol-

lows.

{ Modified after Yoon, 1989)

Yangnam Basin

The Miocene sequence of the Yangnam Basin is di-
vided into the Beomgogni, Janggi and Yeonil groups.
Group | Beomgogni (=

Beomgogni Poumgongni,

Tateiwa, 1924) Group is distributed in the Eoilli and

- Guryongpo areas, and consists of dacitic volcanic brec-

cias, lapilli tuffs, welded tuffs, conglomerates, tuffaceous
sandstones and mudstones. The Beomgogni Group in the
Eoilli area is divided into the Waeupni (= Oaeumni,
Tateiwa, 1924) Tuff, Andongni Conglomerate (Tateiwa,
1924), Churyeong Breccia (Yoon, 1982) and Janghang
Formation (Yoon, 1982) in ascending order. The Beom-
gogni Group in the Guryongpo area is divided into the
lower Sangjeongdong and the upper Hudongni formations

(Yoon, 1989).

Janggi Group : The Janggi (= Choki, Tateiwa, 1924)
Group is distributed in the Geumgwangdong, Mahyeolli,
Eoilli and Haseori areas. The Janggi Group in the Geumg-
wangdong area is divided into the lower Jeongcheolli
(Yoon, 1989)

Conglomerate and the upper Ocheon
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Formation (Yoon, 1980 ; Yoon, 1989), and intruded into
and extruded by the Eoil Basalts (Shimazu et al., 1990 ;
Eoil Andesitic-Basaltic Volcanics, Yoon, 1989) . The
Jeongcheolli Conglomerate is the basal conglomerate of
the Janggi Group and consists of terrestrial poorly bed-
ded boulder conglomerates intercalated with thin lenticu-
lar sandstone beds. The Ocheon Formation consists main-
ly of sandstones and mudstones with thin lignite beds
and interbeds andesitic-basaltic hyaloclastites and hyalo-
tuffs thinly in its upper part. Four dacitic volcaniclastic
beds are interbedded. The Geumgwangdong (= Keum-
goangdong, Tateiwa, 1924) Shale Member consisting of
well laminated shales is intercalated in the lowermost
part of the Ocheon Formation. The Geumgwangdong
Shale Member yields abundant plant fossils (Changgi
Flora, Huzioka, 1972) with rare insect and fish fossils.
In the Mahyeolli area, The Jeongcheolli Conglomerate
is not distributed and the Janggi Group comprises the
Ocheon and Manghaesan fomations and Eoil Basalts. The
Manghaesan Formation (Yoon, 1989) overlies uncon-
formably the Ocheon Formation and consists of dacitic
volcanic breccias, lapilli tuffs and welded tuffs. The
non-distribution of the Jeongcheolli Conglomerate in the
Mahyeolli area seems to be due to the intrusion of Girim-
sa Dacite (Shimazu et al., 1990 ; Girimsa Dacitic Body,
Yoon, 1989) in the southern part of the area. The Janggi
Group in the Eoilli and Haseori areas comprises the Jeon-
dong Formation and Eoil Basalts. The Jeondong Forma-
tion (Yoon, 1982) consists chiefly of terrestrial poorly
bedded boulder conglomerates intercalated with lenticu-
lar sandstones and mudstones. The formation interbeds
several dacitic volcaniclastic beds in its lower part and
andesitic-basaltic hyaloclastites and hyalotuffs in its up-
per part. On this point, the Jeondong Formation is similar
to the Ocheon Formation, but the Jeondong Formation
consists of boulder conglomerates all over the formation.
The Eoil (= Auil, Tateiwa, 1924) Basalts comprises
the andesitic-basaltic rocks occurring as extrusives in
the upper part of the Janggi Group and intrusives. The
Eoil Basalts formed a large amount of hyaloclastites and
hyalotuffs in the upper part of the Ocheon Formation,
and also peperites at many places in the Ocheon Forma-
tion. The Eoil Basalt Volcanic Activity occurred mainly
under water during the deposition of the upper part of

the Ocheon Formation. The radiometric ages of the Eoil

Basalts are 19.3 + 1.0Ma (Tamanyu, 1985) in the
Geumgwangdong area and 17.16 = 5.96Ma, 19.57 *+
0.34Ma (Jin et al., 1988) in the Eoilli area.

Yeonil Group : The Yeonil (= Ennichi, Tateiwa, 1924)
Group is distributed in the Eoilli and Jeongjari areas,
and divided into the lower Gangdong and the upper
Sinhyeon formations. The Gangdong Formation (Yoon,
1976) consists of terrestrial poorly bedded boulder con-
glomerartes and unconformably overlies the Eoil Basalts.
The Sinhyeon Formation consists of alternation of sand-
stones and mudstones interbedding lenticular conglome-
rate beds. The Sinhyeon Formation is an enbayment sedi-
ment yielding the Vicarya-Anadara assemblage (Yoon,
1979) and early Middle Miocene in age.

Pohang Basin

The Miocene sequence of the Pohang Basin comprises
only the Yeonil Group. The Yeonil Group of the Pohang
Basin is divided into the Danguri Conglomerate, Cheon-
gogsa, Hagjeon, Heunghae, Idong and Duho formations.

Danguri Conglomerate : The Danguri Conglomerate

(Yoon, 1975) is distributed discontinuously along the
western margin of the Pohang Basin, and consists mainly
of terrestrial poorly bedded boulder conglomerates in-
tercalated with thin lenticular sandstone beds.

Cheongogsa Formation . The Cheongogsa Formation

(Yoon, 1975) consists of conglomerates, sandstones and
mudstones, and is subdivided into the Bomunji, Doeum-
san and Daljeon Alternation members according to lithol-
ogy, The Bomunji and Doeumsan Alternation members
consist of alternation of conglomerates and sandstones,
whereas the Daljeon Alternation Member consists of
alternation of conglomerates and mudstones. The Cheon-
gogsa  Formation  yields the Vicarya-Anadara,
Dosinia-Felaniella and Acesta-Conchocele assemblages

(Yoon, 1979 ; Yoon and Rhee, 1982), and is an embay-
ment to shallow sea deposit and early Middle Miocene in
age.

Hagjeon Formation . The Hagjeon Formation (Yoon,
1975) consists of alternation of sandstones and mud-
stones. The sandstones are commonly whitish grey in col-
or, arkosic and fine-to medium-grained. The mudstones
are very well-bedded and dark grey in color.

Heunghae Formation : The Heunghae (= Hunghae, Um

et al., 1964) Formation consists of siltstones which are
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dark grey in color and fairly well-bedded.

Idong Formation . The Idong formation (Um et al.,
1964) is almost equal in lithology to the Hagjeon Forma-
tion.

Duho Formation : The Duho Formation (Um et al.,
1964)

Formation, and yields the Mizuhopecten-Modiolus and

is almost equal in lithology to the Heunghae

Conchocele-Yoldia assemblages (Yoon, 1979) and is
Middle Miocene in age.

Paleoenvironmental change of
the Yangnam and Pohang Basins

To interpret and compile the history of the paleoenvi-
ronmental change of the Yangnam and Pohang basins, the
stratigraphic characteristics and geologic events of the
two basins are discussed as following.

1. The Early-Middle Eocene dacitic volcanic rocks are
distributed in both of the Yangnam and Pohang basins.
2. The Early Miocene volcanic rocks are thickly distri-
buted in the Yangnam Basin, but not in the Pohang
Basin.

3. The Early Miocene volcanic activity is bimodal in
composition, that is, dacitic and andesitic- basaltic. The
dacitic volcanic activity occurred during the period from
the lower through the upper parts of the Early Miocene
sequence, whereas the andesitic-basaltic volcanic activity
occurred during the period from the middle through the
upper parts of the Early Miocene sequence. It is charac-
teristic that the andesitic-basaltic volcanism acted main-
ly under water.

4. The Middle Miocene sequences of the Yangnam and
Poahg basins commonly comprise a lower terrestrial
boulder conglomerate deposit and an upper marine sequ-
ence, but the lithofacies of the two sequences is different
each other. In the Yangnam Basin, the Middle Miocene
strata are thin, consists of a lower terrestrial conglomer-
ate deposit and an upper embayment sediment, and dis-
tributed separately, whereas the Middle Miocene strata
of the Pohang Basin are thick and comprise a sequence
from terrestrial through embayment to open sea deposits.
The Pohang Basin has a marine transgression sequence.
5. The Middle Miocene or younger volcanic rocks are
not distributed in the Yangnam Basin, while a dolerite in-
truded into the marine strata in the Pohang Basin.

The history of the paleoenvironmental change of the

Yangnam and Pohang basins is compiled as following .

In the Early-Middle Eocene time, dacitic volcanic
activity occurred heavily all over the area of the Yang-
nam and Pohang basins. This dacitic volcanic activity
occurred on land, and a large amount of welded tuffs and
volcanic breccias was erupted and formed the Wangsan
Formation. The rocks of the Late Eocene through the Oli-
gocene are not found yet, and it is assumed that the area
of the Yangnam and Pohang basins was in a state of
quiet and weathering condition during that time.

In the Early Miocene time, heavy volcanic activity
occurred in the Yangnam Basin. The volcanic activity
was bimodal in composition, that is, dacitic and
andesitic-basaltic. The dacitic volcanic activity preceded
the andesitic-basaltic activity and occurred discon-
tinuously in the whole of the Early Miocene time.

The andesitic-basaltic volcanic activity started in the
middle of the Early Miocene time and continued through
the end of the time. The andesitic-basaltic activity
occured mainly under water, and this suggests that the
Yangnam Basin subsided continuously, underwent a
fresh water invasion and existed as a large lake during
the Early Miocene time. The Early Miocene volcanic
activity and other sedimentation did not occurred in the
Pohang Basin, and the Pohang Basin was in a state of
quiet upland condition.

In the early Middle Miocene time, the Pohang Basin be-
gan to subside and the Yangnam Basin had been uplifted
except for several collapsed basins. Marine water trans-
gressed into the whole of the Pohang Basin and the col-
lapsed basins of the Yangnam Basin. The marine trans-
gression into the collapsed basins of the Yangnam Basin
was short in time and deposited only embayment de-
posits, while the marine transgression into the Pohang
Basin was steady and continuous in the Middle Miocene
time. The Middle Miocene marine transgression, Euichan-
gian Marine Transgression (Yoon, 1975) brought warm
water molluscan elements, such as Hataiarca, Vicarya,

into the basins.
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Geographic names
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Cheongogsa «.uvveueeneneeaenenannans RAE3E
ChUTIYEORE vovvvevvenvenreaineenneennns HkaR
Danguri ..oeoeveevereeneiinieiinennn, FFERE.
DUNO .evveviieniiiieieeeirerevieeeneen, 2L
EOil viveniiiieiieeee e £ H
Eoilli veveviiiiiiiiiniieiiiieenenees AHE
Euichang ...coooveeeeeniiniinivninnnns g
Geumgwangdong ........ec.uveun.. £
Girimsa ...ovvvvveneeneereereennnnnes AR
GUIYONEPO vvvnreneeneunreneennnnnns JUEE
Gyeongsang ........e.vevenvnvneennn.. B
Hagjeon c.vvvveveeeiniinieninennenninnns #H
Haseori «ouocvvvenveniiieiiininnianns THE
Heunghae .....ccocvevivivvininennnnnne, HL g

Hudongni .....cecevveveveneennnnnnn. [ B
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Jeongcheolli vovvvvnivunennevennannnn. HRE
Jeongjari ....coocoveiiiniiiiiinnnnns =18
Mahyeolli ...cccevveneeinenniinnnnns, ) BiR 8
Manghaesan .........cocecevvunneen. 2l
OCheon .ovvveverinieneeeenninnnnnn ) B
Pohang ....cccvvveviiiviiiiiiiinnnn, HIE
Sangjeongdong ..........eeuneen..n. LEGR
WaeUupni .ovevvnevrvvieniveinnennnns FAEE
Wangsan ....oceeveeeevennieneenneneen. BELL
Yangnam ..o.eeeeeeenvenneennneennnennn. 23]
Yeonghae ...oevveeveveniinniennnnnen.. =i
Yeonil ovvenvieeniininiiniiieniinnnn, #EH
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