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The well preserved ostracodes of the Chunbuk Formation in Pohang Basin were analyzed isotopi-
cally to understand paleoceanographic conditions of the southeastern part of Korean peninsula which
prevailed during the Middle Miocene. 8'%0 values of the unaltered ostracodes from Seocheongri,
Songhacdong, and Mulcheonri areas range from —22 to —0.7% (PDB), —0.7 10 0.0%, and —20
to —08%, and their corresponding paleotemperatures range from ca 20 to 27°C (average=24%C),
17 to 20°C (average=18°C), and 20 to 26°C (average=23%), respectively. Assuming the 80 composi-
tion of the Middle Miocene seawater was about —0.34% (SMOW), the paleotemperature of the Middle
Miocene shallow seawater in the Pohang Basin was almost equal to or shightly higher than the
present summer temperature (ca 16 to 20°C) near Pohang area.

Carbon isotopic value of Cythere omotenipponica is ~08% (PDB), reflecting marine carbonate car-
bon composition. Carbon isotopic compositions of other ostracodes such as Aurila okumurai, Trachyle-
beris niitsumai, Urocythereis sp., Urocythereis cf. gorokuensis, and Acanthocythereis mutsuensis range from
—52 to —34% (PDB), which might have secreted their shells out of equilibrium with ambient
seawater. This disequilibium was most likely to have resulted from metabolic (=vital) effect, rather
than temperature or productivity.
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INTRODUCTION

Ostracodes are microscopic, benthic crusta-
ceans that have a bivalved, calcareous carapace
and live in marine and nonmarine environme-
nts. Since they have dwelled in shallow marine
environment, paleocenographic as well as paleo-
climatologic information from ostracodes has
been relatively poor compared to that from other
planktonic microfossils such as foraminifers and
calcareous nannoplanktons from Deep Sea Dril-
ling Project and Ocean Drilling Project. Non-
marine ostracodes have been extensively used
as a valuable tool to determine the paleotempe-
rature, paleosalinity, and paleohydrochemistry
based on their diversity (Forester, 1983; Forester
and Brouwers, 1985, Forester, 1986; Forester,
1991), Mg and/or Sr contents (Chivas et al,, 1983:
Chivas et al., 1985; Chivas et al, 1986a, b; De
Deckker et al. 1993). 80 composition (Lister,
1988), and coulpled stable isotopic and trace ele-
mental data (De Deckker and Forester, 1988).
However, geochemical investigation of marine
ostracodes has been relatively few (e.g., Durazzi.
1977).

Very few paleoceanographic studies using sta-
bie isotopes and trace elements from calcareous
skeletons have been carried out so far in Korea.
Woo (1989) analyzed the stable isotopic compo-
sitions of Recent cultured pearls, and stated that
the oxygen isotopic composition of the pearl la-
yer reflects the growth temperature during sum-
mer. Paik et al. (1992) analyzed the oxygen iso-
topic contents of the mollusks from the Song-
jeon Formation (Eoil Basin), and reported the
anomalously high temperature range (26-32°C)
of shallow seawater. Kim (1992) analyzed oxygen
isotopes of planktonic and benthic foraminifers
from the Pohang Core B, and suggested that the
surface sea temperature of the Pohang Basin is
estimated at 18.4 to 23.2T . The objective of this
study is to analyze the oxygen isotopic composi-
tions of the ostracodes from the Chunbuk For-
mation and to infer the paleoceanographic con-
dition prevailing during the Middle Miocene
from the paleotemperatures of shallow seawater

in which ostracodes inhabited.
GEOLOGIC SETTING

The Pohang Basin, the largest sedimentary
basin along the eastern coast of the Korean pe-
ninsula, includes the Miocene sedimentary rocks
which are up to 10 km thick (Chough, 1983).
The sedimentary rocks are composed of two
units: the lower unit, mainly derived by mass
flow deposits forming Gilbert-type fan delia, al-
fuvial fan, and steep-faced slope systems
(Chough et al., 1993), and the upper unit, com-
posed of hemipelagic to pelagic sediments. The
stratigraphic division of the sequence is conven-
tionally divided into several formations, which
is still debatable (Um et al, 1964; Kim, 1965;
Yoon, 1975; Yun, 1985; Choe and Chough, 1988).
Recent sedimentological study suggested that the
several fan deltas developed at different times,
which make them difficult to divide into several
formations only according to lithologic charac-
ters. Noh (1994) suggested a new scheme which
divided the Miocene sedimentary rocks into two
formations which are the Chunbuk Formation
and the Pohang Formation, based on lithology
and genetic relationship among strata. The Chu-
nbuk and Pohang Formations are the lower and
upper units, mentioned above. Thus, the Chun-
buk Formation for this study refers to the lower
unit, which was mainly deposited by mass flows.
However, the distribution of the studied sections
(Fig. 1) is followed after the geologic map by
Um et al. (1964). The sampling localities (Seo-
cheongri, Songhacdong, and Mulcheonri areas)
consist of gravelstones interbedded with massive
sandstones. The Seocheongri section shows gra-
velstones interbedded with massive fine to me-
dium sandstones. Within the sandstone units,
carbonate concretions are present and numerous
fossils such as pectenids, oysters, gastropods, and
other bivalves can be observed. This section was
suggested to have been deposited in the topset
of the fan delta system (Chough et al, 1993).
The Songhacdong section is characterized by
thick crudely stratified gravelstone with a few
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Fig. 1. Location map showing the distribution of the
Chunbuk Formation and the study areas. The
study areas are shown by arrows. SC=Seo-
cheongri, SHD=Songhacdong, MC=Mul-
cheionri.

intercalations of massive fine to pebbly sandsto-
nes (Huh, 1991). The gravelstone unit is occasio-
naily cemented, and this cemented unit contains
oysters, bivalves, and corals as well as ostracodes
in the matrix. This section appears to have been

deposited at the bottomset of the fan delta sys-
tem (Chough et al, 1993). Despite the fact that
this section was deposited in fairly deep setting
(ca 500 m deep?), the fossil assemblage including
shallow marine ostracodes, corals and oyster fra-
gments indicates that the shells were transported
from the shallow marine environment nearby.
The Mulcheonri section is mostly composed of
massive fine to coarse sandstones with a few
beds of mudstones in the upper part of the sec-
tion. Carbonate concretions contain numerous
fossils such as bivalves and gastropods. Detailed
sedimentological information is lacking in this
section, however, the fossil assemblage (ostraco-
des, bivalves including oysters, and gastropods)
suggests that this section was probably deposited
in shallow marine environment.

METHODS

Ostracode specimens were collected from three
outcrops (Seocheongri, Songhacdong, and Mul-
cheonri) in Pohang Basin (Fig. 1). For the sepa-
ration of ostracodes, samples were disintegrated
using sodium sulphate method (Huh, 1991). Iso-
topic results were obtained from Korea Basic

Table 1. Carbon and oxygen isotopic compositions of the ostracodes from the Chunbuk Formation in Pohang
Basin. Paleotemperature was calculated using the equation by Epstein et al. (1953) for calcitic shells
[T(C)=16.0—4.14 (6" Ociicc— 8"* Ouarer) +0.13 (5"¥ 0 caicire — 8'*Ovarer)’], assuming that the oxygen isotopic
composition of penecontemporaneous seawater was —0.38%(SMOW).

Sample No. Taxon 8BC 540 T (°C) Remarks
Ph-Sc-2-1-1 Aurila okumurai —4.05 —4.03 altered
Ph-Sc-2-1-2 Trachyleberis niitsumai -339 —1.14 219
Ph-Sc-2-3-1 Trachyleberis niitsumai —4.96 —3.26 altered
Ph-Sc-2-3-2 Trachyleberis niitsumai =509 —205 26.1
Ph-Sc-2-3-3 Trachyleberis niitsumai —~513 —-221 26.8
Ph-Sc-2-4 Urocythereis sp. —-442 —1.46 233
Ph-Sc-2-6 Acanthocytherels mutsuensis —521 —0.7 19.9
Average 23.6
Ph-SHD-1 Cythere omotenipponica -0.79 ~0.67 19.8
Ph-SHD-2 Acanthocythereis mutsuensis —3.89 ~0.03 17.0
Average 184
Ph-Mc-1-1-1 Kotoracythere sp. —3.69 —196 256
Ph-Mc-1-1-2 Acanthocythereis mutsuensis —4.51 —1.19 221
Ph-Mc-1-1-3 Acanthocythereis mutsuensis —349 —0.80 20.3
Ph-Mc-2-1 Urocythereis cf. gorokuensis —3.86 —320 altered

Average 22.7
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Fig. 2. Scatter diagram of 5'®0 vs. §"C for the ostra-
codes analyzed according to the locality. Isoto-
pic data of well preserved molluks are from
Woo et al. (submitted to Journal of Geological
Society of Korea).

Science Center. About 1-2 mg of the ostracodes
(about 5 to 6 specimens) was reacted with 100%
phosphoric acid at 90°C for 5 minutes using a
cold trap, and CO, gas is automatically injected
and analyzed by mass spectrometer (VG Prism
I1). Analytical error of carbon and oxygen isoto-
pes is £ 0.2%. All the oxygen and carbon isoto-
pic values of ostracodes are reported relative to
PDB, unless designated as SMOW.

RESULTS AND DISCUSSION

Stable isotopic compositions of the ostracodes
analyzed for this study are listed in Table 1. §'*0
compositions of all the ostracodes range from
—4.03 to 0.03% (Fig. 2). Most of these values
are coincident with those of well preserved mol-
lusks (—24 to +1.3%) in the Pohang Basin
(Woo et al., submitted) except for the three sam-
ples. These three samples may have been diage-
netically aliered due to the following reasons:

1. Texturally well preserved, co-existing moliu-
sks show similar oxygen isotopic compositions
from —24 to +13% (Woo et al., submitted).

2. If these three shells secreted their shells in
oxygen isotopic equilibrium with ambient sea-
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Fig. 3. Scatter diagram of 80 vs. 8"°C for the ostra-
codes analyzed according to the taxon.

water from which the shell grew, the paleotem-
perature was abnormally high for shallow sea-
water {ca 31 to 36°C).

It can not be ruled out that Aurila okumurai
and Urocythereis cf. gorokuensis might have secre-
ted their shells out of oxygen isotopic equilib-
rium with ambient seawater, because only one
specimen was analyzed for both species. Howe-
ver, Trachyleberis niitsumai was probably diage-
netically altered, because 60 value of the same
species from the same locality is within the ra-
nge of the calcite equilibrium (Figs. 2 & 3). Thus,
80 values of the unaltered ostracodes (or ostra-
codes reflecting isotopic equilbrium) from Seo-
cheongri, Songhacdong, and Mulcheonri areas
range from —22 to —0.7%, —0.7 to 0.0%, and
~20 to —08%, respectively. Paleotemperature
can be calculated using the following equation
by Epstein et al. (1953) for the ostracodes, be-
cause the original mineralogy of ostracodes is
a low Mg-calcite:

T(°C)=16.0—4.14(8"* O.caicite — 8"* Ouater)
+0.1 3(81 BOcalciu - Smowswr)z

where, T=the temperature at which ostracodes
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Fig. 4. Paleotemperatures calculated and averaged
from the 8'%0 compositions of the ostracodes
in Mulcheonri, Songhacdong, and Seocheongri
areas of the Pohang Basin.

grew.

580 q1cie = OXygen isotopic composition of ost-
racodes (vs. PDB).

§'%0,me; = OXygen isotopic composition of am-
bient seawater from which the ostracodes grew
(vs. SMOW).

To calculate the composition of 8'®*Ouser the
relationship between salinity and 8'80 of surface
seawater (Williams, 1977) is used. This relation-
ship was originally suggested for Pacific shallow
seawater at 13°S, however, this relationship was
the closest approximation which can be applied
for the watermass affecting the Korean penin-
sula. Thus. the 8'*0O of the Middle Miocene sur-
face seawater (vs. SMOW) can be calulated by
the following equation:

8"8Ouarer = 0.553 X salinity — 19.35

Since averaged annual salinity value near Po-
hang area is 34.3% (Fisheries Research and De-
velopment Agency, 1986). 8O value of the sur-
face seawater during the Middle Miocene would
have been —0.38%. Therefore, the paleotempe-
ratures of the shallow seawater of the Seocheo-

ngri, Songhacdong. and Mulcheonri areas range
from ca 20 to 27°C (average=24°C), 17 to 20°C
(average = 18°C). and 20 to 26°C (average =23°C).
respectively (Table 1. Fig. 4). Recent temperature
data of surface seawater near Pohang area show
that temperature variation is significant throu-
ghout the year from 10 to 20°C. It is known thai
most of the organisms secret their shells during

‘the warm period (summer) of the year, and the

recent temperature of the surface seawater (10~
30 m deep) near Pohang area range from 17
to 19°C between August and October (Fisheries
Research and Development Agency, 1986). Thus,
the calculated paleotemperature of the shallow
seawater near Pohang area during the Middle
Miocene was almost equal to or slightly higher
than the observed present-day temperature. It is
not clear why the paleotemperature of the So-
nghacdong area is relatively lower than those
of the other two areas. Perhaps, the sediments
in Songhacdong area might have been deposited
in relatively deeper water (Huh, 1991).

Carbon isotopic compositions of the well pre-
served ostracodes analyzed for this study show
two distinctive groups (Fig. 3). Carbon isotopic
value of Cythere omotenipponica is —0.8% (PDB),
reflecting marine carbonate carbon composition.
However, carbon isotopic compositions of the
other ostracodes such as Aurila okumurai, Trach-
yleberis niitsumai, Urocythereis sp., Urocythereis cf.
gorokuensis, and Acanthocythereis muisuensis range
from —5.2 to —3.4% (PDB). These low carbon
isotopic values could result from the following
causes:

1. The ostracode shells were diagenetically al-
tered. This implies that the diagenetic system
was closed with respect to both oxygen and car-
bon isotopes (Woo et al., 1993). Oxygen isotopic
values merely reflect the ambient seawater, whe-
reas the isotopically light carbon was introduced
by decay of organic matter during shallow burial
(bacterial oxidation or sulfate reduction zone).

2. The most of the ostracodes analyzed for
this study did not secret their shells in carbon
isotopic equilibrium with ambient seawater.

The former cause is quite unlikely, because
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the other altered mollusks such as Crassostrea
sp. show more negative carbon isotopic values
(ca —15 to —10%; Woo et al., submitted). Espe-
cially, in these oysters, only chalky layer was
filled with secondary calcite crystals whereas
other calcitic layer such as foliated layer in pec-
tenid and oyster has been intact (Woo et al,
1991).

Therefore, it appears that the low carbon iso-
topic contents indicate that the ostracodes might
have secreted their shells out of carbon equilib-
rium with ambient seawater. This disequilibrium
was most likely to have resulted from metabolic
(=vital) effect, rather than temperature or pro-
ductivity, because the §°C of calcite is relatively
insensitive to change in temperature (Anderson
and Arthur, 1983) and the 8§°C values of well
preserved mollusks reflect marine carbonate car-
bon (Fig. 2: Woo et al, submitted).

CONCLUSIONS

The oxygen isotopic compostions of the well
preserved ostracodes of the Chunbuk Formation
in Pohang Basin show that the paleotemperature
of the Middle Miocene shallow seawater in Po-
hang Basin was almost equal to or slightly hi-
gher than the present summer temperature near
Pohang area. Also, except for one species (Cy-
there omotenipponica), the carbon isotopic values
of the other ostracodes (Aurila okumurai, Trachy-
leberis niitsumai, Urocythereis sp., Urocythereis cf.
gorokuensis, and Acanthocythereis mutsuensis) sug-
gest that the ostracodes might have secreted their
shells out of equilibrium with ambient seawater.

ACKNOWLEDGMENT

The authors give thanks to Dr. Kye Hun Park
and Mr. Kwang Sik Lee at Korea Basic Research
Center for stable isotopic analysis. Miss Yeong-
Sil Park and Ok-Mi Ji kindly spent their time
for laboratory assistance. This study was suppor-
ted by NON DIRECTED RESEARCH FUND,
Korea Research Foundation, 1993.

REFERENCES

Anderson. T. F. and M. A. Arthur. 1983. Stable isotopes
of oxygen and carbon and their application 10
sedimentologic and paleoenvironmental problems.
In: Arthur. M. A. et al, eds.. Stable Isotopes in
Sedimentary Geology. edited by M. A. Arthur et
al., Soc. Econ. Paleont. Miner. Short Course, 10 1-
I--1-151.

Chivas. A.R.. P. De Deckker and J.M.G. Shelley,
1983. Magnesium, strontium and barium partitio-
ning in nonmarine ostracode shells and their use
in paleoenvironmental reconstruction-a prelimi-
nary study. In: Applications of Ostracoda. edited
by R F. Maddocks, R. F., University of Houston
Geoscience. Houston, 238-249.

Chivas, A.R., P. De Deckker and J.M.G. Shelley,
1985. Strontium content of ostracods indicate la-
custrine palaeosalinity. Narure, 316: 251-253.

Chivas. A. R.. P. De Deckker and J. M. G. Shelley, 1986
a. Magnesium and strontium in non-marine ost-
racod shells as indicators of palaeosalinity and
palaeotemperature. Hydrobiologia, 143: 135-142.

Chivas. A. R.. P. De Deckker and J. M. G. Shelley. 1986
b. Magnesium content of non-marine ostracod
shells: a new palaeosalinometer and palaeother-
mometer. Palaeogeogr. Palaeoclimarol. Palaeoecol.
54: 43-61.

Choe, M.Y. and S.K. Chough, 1988. The Hunghae
Formation. SE Korea: Miocene debris aprons in
a back-arc intraslope basin. Sedimentology, 35:
239-255.

Chough, S. K., 1983. Marine Geology of Korean Seas.
International Human Resources Development
Corporation. Boston, 157pp.

Chough, S. K., M. Y. Choe and L. G. Hwang, 1993. Fan
deltas in the Pohang Basin (Miocene), SE Korea.
3rd International Workshop on Fan Deltas, Field
Excursion Guidebook, 149pp.

De Deckker, P. and R.M. Forester, 1988. The use of
ostracods to reconstruct continental paleoenviron-
mental records. In: edited by P.D. De Deckker,
J.P. Colin and J. P. Peytouquet, Ostracoda in the
Earth Sciences. Elsevier, New York, 175-199.

De Deckker, P.. A.R. Chivas, J.M.G. Shelley and T.
Torgensen, 1993. Ostracod shell chemistry: a new
paleoenvironmental indicator applied to a regres-
sive/transgressive record from the Gulf of Carpen-
taria, Australia. Palaeogeogr. Palaeoclimatol. Pa-
laeoecol., 66: 231-241.

Durazzi, J.T., 1977. Stable isotopes in the ostracod
shell: a preliminary study. Geochem. Cosmochim.
Acta, 41: 1168-1170.

Epstein, S.. Buchsbaum, R., Lowenstam. H.A. and
Urey. H.C.. 1953. Revised carbonate-water isoto-
pic temperature scale. Geol Soc. Am. Bull. 64:
1315-1326.



170 Kyung Sik Woo, Min Huh and Se Moon Park

Forester, R. M., 1983. Relationship of two lacustrine
ostracode species to solute composition and sali-
nity: implications for paleohydrochemistry. Geo-
logy, 11: 435-438.

Foreser, R. M., 1986. Determination of the dissolved
anion composition of ancient lakes form fossil
ostracodes. Geology, 14: 796-799.

Forester, R. M., 1991. Ostracode assemblages from sp-
rings in the Western United States: Implications
for paleohydrology. Mem. ent. Soc. Can, 155:
181-201.

Forester, R. M. and E.M. Brouwers, 1985. Hydroche-
mical parameters governing the occurrence of es-
tuarine and marginal estuarine ostracodes: an
example from south~central Alaska. J. Paleonto-
logy, 59: 344-369.

FRDA (Fisheries Research and Development Agency),
1986. Mean oceanographic charts of the adjacent
seas of Korea, 185pp (in Korean).

Huh. M., 1991. Miocene Ostracoda from the lower
Yeonil Group in the Pohang Basin and the Song-
jeon Formation in the Eoil Basin, Korea. Ph.D.
Thesis, Korea University, 255pp.

Kim. B.K., 1965. The stratigraphic and paleontologic
studies on the Tertiary (Miocene) of the Pohang
area, Korea. J. Seoul Nat. Univ. Sci. Tech. Ser., 15:
32-121.

Kim. J. M., 1992. A study on the paleoenvironment of
the Miocene strata of the Pohang Basin, Korea,
based on foraminifers and their stable isotope
analysis. Ph.D. Thesis, Yonsei University, 152pp.

Lister, G.S., 1988. Stable isotopes from lacustrine Ost-
racoda as tracers for continental paleoenvironme-
nts, In: Ostracoda in the Earth Sciences. edited
by P. D. De Deckker, J. P. Colin and J. P. Peytou-
quet, Elsevier, New York, 201-218.

Noh, J. H., 1994. Diagenetic mineral facies and zeolite

diagenesis in conglomerate and sandstone of the
Tertiary Yeonil Supergroup. The Korean Society
of Petroleum Geology, Ist annual meeting, abs.
w. progs., 1.

Paik, K. H., K.S. Woo and Y. A. Park, 1992, Paleocea-
nography and paleoenvironment of the Middle
Miocene Songjeon Formation, Yangnam Basin,
Korea. J. Geol. Soc. Korea, 28: 142-151.

Um, S.H., D.W. Lee and B.S. Park, 1964. Geological
map of Korea, Pohang Sheet (1:50,000). Geol
Surv. Korea, 21pp.

Williams, D. F., 1977. Planktonic paleoecology in deep-
sea sediments of the Indian Ocean. Ph.D. Thesis,
University of Rhode Island, 283pp.

Woo, K. S., 1989. Textural, isotopic, and chemical inve-
stigation of cultured pearls. J. Oceanol. Soc. Korea,
24: 69-78.

Woo, K. S, D.M. Kim and K H. Paik, 1991. Onginal
microstructure and carbonate diagenesis of Mid-
Miocene mollusk fossils in Pohang, Eoil, and Ya-
ngnam Basins, J. Geol Soc. Korea, 27: 293-308.

Woo, K. S, T.F. Anderson and P.A. Sandberg, 1993.
Carbonate diagenesis of skeletal and nonskeletal
components of Mid-Cretaceous limestones. J. Sed.
Petrology, 63: 18-32.

Woo, K. S, M. Huh, S. M. Park, E. Keppens and K.S.
Lee, submitted. Paleoceanographic investigation
from the well preserved mollusks of the Chunbuk
Formation in Pohang Basin. J. Geol. Soc. Korea.

Yoon, S., 1975. Geology and paleontological of the Te-
rtiary Pohang Basin, Pohang district, Korea, Part
1, Geology. J. Geol. Soc. Korea, 11: 187-214.

Yun, H.S., 1985. Emended stratigraphy of the Miocene
formations in the Pohang Basin, Part 1. J. Paleont.
Soc. Korea, 2. 54-69.

Accepted June 3, 1994



