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ABSTRACT: We present geochemical and isotope results (Sr, Nd,
Pb) on submarine basalts dredged from the southeastern margin of
the South Korea Plateau. The present data are the first geochem-
ical result obtained on submarine basaltic lavas recovered from
the Korea Plateau, which is considered to be one of rifted rem-
nants of continent in the East Sea (Sea of Japan) and partially seg-
mented from the Korean Peninsula. The South Korea Plateau
basalts (SKPB) show alkali affinities and are characterized by
Ocean Island Basalts (OIB)-like trace element compositions rela-
tively enriched in Ba, Nb and Pb. They display relatively flatter
[(Ce/Yb)n = 4.49~5.46] and less fractionated HREE [(Dy/Yb)n =
1.11~1.29] patterns compared to average OIB, implying that the
SKPB were derived from a relatively shallower mantle depth with
a larger degree of partial melting. The Sr, Nd and Pb isotopic com-
positions of the SKPB display a range of values for *’Sr/*Sr
(0.70378 to 0.70409), "*Nd/"*Nd (0.512846 to 0.512860) and ***Pb/
2M4Pb (17.88-18.44). They show a considerably high range of *’Pb/
2MPp (15.48-15.62) and *Pb/***Pb (37.86-38.46) values, indicating
the involvement of a DUPAL-like MORB source. According to our
two-stage magma mixing model, the isotopic compositions of SKPB
can be explained by magma source mixing by the addition of an
EMII-like mantle component (up to 2%) to the DUPAL-like MORB
source embedded with endogenous EMI-like material (about 2%).

Key words: South Korea Plateau, dreged basalt, Sr-Nd-Pb isotope,
DUPAL, OIB

1. INTRODUCTION

Late Cenozoic intraplate volcanic activities are recog-
nized from several places in Korea and are believed to
post-date opening of the East Sea (Fig. 1). The ages of
these alkali rocks vary from 11 Ma to 0.1 Ma (Choi et al.,
2006). Several petrological and geochemical studies were
carried out for these alkali rocks to address their magma
sources and petrogenesis and to discuss deep dynamic pro-
cesses possibly associated with lithosphere-asthenosphere
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interaction and lithospheric evoultion (Park and Park,
1996; Kil and Lee, 2005; Choi et al., 2005; Park et al.,
2005; Choi et al., 2006; Shin et al., 2006). These rocks all
show oceanic island basalt (OIB)-like geochemical char-
acteristics, similar to those of Cenozoic alkaline volcanic
products in eastern China (Tatsumoto et al., 1992; Liu, et
al., 1994; Liu et al., 2001; Zhang et al., 2002; Liu et al.,
2004), East Sea (Japan Sea) region and SW Japan (Tatsu-
moto and Nakamura, 1991; Uto et al., 2004; Hoang and
Uto, 2006). They have been interpreted as the products
derived from convectively upwelling asthenosphere and/or
thermally activated lithospheric mantle during continental
extension (e.g., Uto et al., 2004; Choi et al., 2006). Cen-
ozoic continental extension and mantle upwelling in this
region are thought to have been triggered by: 1) the west-
ward subduction of Pacific plate and /or northward inden-
tation of India (Tapponnier et al., 1986; Zou et al., 2000),
or 2) plate kinematic adjustments resulting from cessation
of the East Sea (Japan Sea) opening (Uto et al., 2004;
Hoang and Uto, 2006).

Isotope studies for Cenozoic intraplate basalts from East-
ern China (Basu et al., 1991; Zhang et al., 1991; Tu et al.,
1992; Zou et al., 2000; Chen et al., 2007) have shown that
three different mantle components (DMM, EMI, EMII)
were involved in the generation of the magmas, and the
DMM-EMI components are dominant in NE china and
DMM-EMII components in southeast Asia. Choi et al.
(2006) suggested that DMM and an intermediate compo-
nent between EMI and EMII are required to explain iso-
topic compositions of the Late Cenozoic Korean alkaline
basalts located between the two regions.

During the February 2010 cruise of the R/V Onnuri
around the Korea Plateau, many submarine basalts were
recovered from the southeastern margin of the South Korea
Plateau by dredging (Fig. 2). These samples are the firstly
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discovered basalts from the Korea Plateau, which is thought
to be one of the continental blocks in the East Sea (Lee et
al., 2000). We carried out chemical and isotopic analyses
for these dredged samples to investigate geochemical char-
acteristics and to constrain the mantle source components
involved in the genesis of the basaltic magma in this
region.

2. GEOLOGY AND SAMPLING

The East Sea is one of the typical back-arc basins in
West Pacific margin, and composed of the three basins
(Japan Basin, Yamato Basin and Ulleung Basin) and the
three topographic highs (Korea Plateau, Yamato Bank and
Oki Bank) (Fig. 1). These topographic highs are believed
to be remnant continental blocks after termination of back-
arc opening of the East Sea in the Miocene (Tamaki et al.,
1992). Lee et al. (2000) investigated the petrologic and iso-
topic properties for the granite fragments recovered from
the Korea Plateau, and reported that these granites are very
similar to Mesozoic Daebo granites which comprise base-
ments of the Korean Peninsula.
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The cruise of the R/V Onnuri in February 2010 surveyed
the southeastern margin of the Korea Plateau to investigate
the tectonic and geochemical evolution of the eastern Korean
margin in the East Sea. In the sites A and B of the margins,
many basaltic boulders and fragments were recovered by
dredging (Fig. 2). The basaltic samples from the site B are
highly altered, petrologically heterogeneous and rounded
boulders, and are not thought to be in-situ samples, and
hence excluded in this study. On the other hand, the sam-
ples from the site A are relatively fresh, homogeneous and
fragmented basalts. They frequently show elongated vesi-
cles partly filled with phyllosilicates and hydroxides. The
dredge for sampling was conducted in the eastern slope of
the site A which has 5 to 15° slope angle and 920 to 1,900
m water depth (Fig. 2b).

The fragments from the site A are mostly olivine- and
plagioclase-phyric basalts with cryptocrystalline ground-
mass. Olivine and plagioclase phenocrysts frequently occur
as glomeroporphyritic aggregates. The overall optical sim-
ilarity of them from microscopic observation supports that
these basaltic fragments are in site submarine lavas with
common occurrence.
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Fig. 1. Physiographic and tectonic map of the East Sea and distribution of Late Cenozoic alkaline volcanic rocks. KP: Korea Plateau,
OB: Oki Bank, YR: Yamato Ridge, KYR: Kita-Yamato Ridge. The study area (Fig. 2) is shown as a thick box.
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Ulleung Island

Ulleung Basin

Fig. 2. (a) Bathymetric map around the Korea Plateau. The South Korea Plateau is divided into the western and eastern parts by an
NNW-running deep tectonic valley. (b) Bathymetric map of the site A in Figure 2a. The interval of water depth is between 920 m and
1,900 m. There are many small topographic reliefs around the site A, which is thought to be volcanic structures. The dredge for sampling

was conducted in the eastern slope which has 5 to 15° slope angle.

3. SAMPLES AND ANALYTICAL PROCEDURES

Fifteen dredged samples from the southeastern margin
(A site) of the South Korea Plateau were studied (Fig. 2).
Powdered samples for major and trace element analyses
were made from relatively fresh parts of rock samples that
crushed to <1 cm size and pulverized in an agate ball mill
(Retsch PM400).

Major elements were analyzed by X-ray fluorescence
(XRF) spectrometry, using a SHIMADZU XRF-1700 at
the Cooperative Laboratory Center, Pukyong National Uni-
versity. Trace elements were analyzed by inductively cou-
pled plasma mass spectrometry (ICP-MS, Perkin-Elmer,
Elan 6100) at Korea Polar Research Institute (KOPRI).
Whole rock powders (0.1 g) were dissolved in an HF-
HNO;-HCIO, mixture. Precision was estimated to be within
5% for major elements by XRF and 10% for trace ele-
ments by ICP-MS. The results are in Table 1.

Chemical separation and mass spectrometry for Sr, Nd
and Pb isotope analyses were performed at KOPRI.
Detailed laboratory procedures of this study follow closely
those of Kwon (1986). The least altered parts from the rep-
resentative samples were carefully chosen, and were
crushed to small pieces of 1-2 mm in size in a tungsten-
carbide mortar. The pieces were washed with 2 N HCI in
an ultrasonic bath for 10 min, in order to remove possible
contaminants due to sea water alteration, followed by mul-
tiple rinses with Milli-Q® water before being ground in an
agate mortar.

Sample powders were dissolved in concentrated HF and
HCIO,4. Pb, Sr and Nd were all purified from the same

solution. Pb was separated from other elements using an
anion exchange column with HBr medium. Solutions after
Pb elution were used for Sr separation by conventional cation
column chemistry. Biorad AG50W-X8 (100-200 mesh)
cation exchange resin is used to separate Sr from Rare
Earth Elements (REEs) as the ion exchange medium. Nd
was separated from the bulk REE fraction by the second
step cation column chemistry using HDEHP (di-2ethylhexyl-
orthophosporic acid)-coated Teflon powder medium.
Mass spectrometric analysis for Sr, Nd and Pb isotopes
was performed on a thermal ionization mass spectrometer
(TIMS, Thermo Finnigan, TRITON), equipped with nine-
adjustable Faraday cups. Sr and Nd isotopic compositions
were measured in static mode with relay matrix rotation
(the “virtual amplifier” of Finnigan) on a single Ta and
double Re filaments, respectively. The data were corrected
for mass fractionation by normalizing to **Sr/*Sr = 0.1194
and "*Nd/"*Nd = 0.7219, using an exponential law. Rep-
licate analyses of NBS 987 and La Jolla standards gave
¥Sr/%Sr = 0.710260 + 4 (N = 20, 20) and '"“Nd/"*'Nd =
0.511847 £ 1 (N = 17, 20). Pb loaded on single Re fila-
ment with silica gel and 0.1M H;PO, and the data were
corrected for instrumental mass fractionation using the val-
ues of Todt et al. (1996) for the NBS981 standard. Repli-
cate analyses of NBS 981 standard gave values of (mean,
26, N = 28) 36.486 £ 0.016, 15.422 £ 0.005 and 16.885 +
0.005 for *®Pb/**Pb, *’Pb/**Pb and **°Pb/**Pb, respec-
tively. Total blanks averaged are 0.3 ng for Sr, 0.01 ng for
Nd and 1 ng for Pb. If we consider that the procedural
chemistry blanks in all cases are less than 0.5% of the sam-
ple amount, and the isotope ratios of blanks are not sig-
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Table 1. Major (wt%) and trace element (ppm) concentrations of the SKPB

Sample AD0O5- ADO05- ADO05- ADOS5- ADO5- ADO5- ADO05- ADOS5- ADO5- ADO5- ADO05- AD06- AD06- ADO06- ADO06-

No. 01 02 03 04 05 06 07 08 09 10 11 01 02 03 04
Si0, 52.06 51.16 51.62 51.56 51.54 4931 4995 5001 5156 51.64 4935 5215 5089 51.17 50.61
TiO, 174 169 162 169 172 156 168 167 175 162 178 198 195 189 190
ALO; 1928 1874 19.07 19.72 1897 16.88 17.52 17.75 1946 1882 1747 1897 17.78 1795 18.17
Fe,0O3 692 695 684 634 665 994 865 874 686 625 956 662 751 724 684
MnO 008 008 008 008 008 009 011 011 008 007 012 008 010 010 0.08
MgO 214 282 243 282 253 387 552 499 231 330 514 263 444 464 255
CaO 962 953 960 946 973 816 943 912 922 1113 9.67 875 831 849 817
Na,0O 347 352 323 354 351 242 303 306 348 315 328 364 334 360 3.76
K,0 2.11 184 179 166 18 164 167 175 18 166 1.69 197 213 180 2.12
P,0s 025 034 031 032 029 031 035 041 046 025 021 041 038 037 049
LOIL 205 293 305 243 280 541 1.81 215 268 173 125 266 277 242 492
Total 99.71 99.60 99.65 99.62 99.67 99.58 99.70 99.77 99.72 99.61 99.52 99.86 99.59 99.68 99.63
Mg# 41.82 4856 4521 50.83 4693 4758 59.77 57.08 4394 5512 5559 48.07 5790 59.88 4647
Ni 18 28 47 42 27 53 72 67 38 31 72 33 40 55 35
Cr 82 82 57 45 81 102 67 132 63 81 100 39 67 53 70
Cu 22 32 29 34 30 32 29 33 30 22 32 32 27 34 33
Zn 92 102 103 88 88 107 86 88 86 75 96 93 82 94 104
Sc 26 26 26 26 26 25 26 27 24 27 26 23 24 23 23
v 204 200 223 190 205 156 213 205 189 246 195 202 186 194 182
Cs 082 162 115 077 087 245 026 032 066 240 085 175 028 077 1.14
Li 12 11 17 11 9 20 16 14 12 10 8 10 9 9 10
Rb 60 55 44 47 55 60 35 39 37 52 54 53 60 49 62
Sr 499 491 498 517 495 377 555 510 596 504 501 499 492 504 517
Ba 698 711 764 664 790 630 626 650 689 616 636 778 711 719 757
Zr 206 205 196 219 210 133 204 206 220 209 209 232 234 233 244
Hf 5 5 5 5 5 3 5 5 5 5 5 5 5 5 6
Nb 60 60 57 60 59 44 55 57 61 45 52 67 64 63 68
Ta 4.0 4.0 4.0 43 3.8 2.6 35 3.8 4.0 3.8 3.7 43 4.1 42 43
Th 52 55 3.8 6.1 52 3.8 6.1 4.5 5.0 43 5.1 5.7 55 59 6.6
U 1.9 1.3 0.4 1.4 1.0 43 0.9 0.7 1.5 0.8 1.0 0.9 0.6 1.2 1.5
Pb 6.3 5.6 4.0 45 34 2.8 4.5 29 6.0 6.3 4.0 39 3.0 32 4.6
Y 293 292 231 274 272 232 344 252 249 255 281 285 285 292 317
La 297 289 225 281 260 226 363 245 251 248 272 303 31.0 315 355
Ce 538 523 413 501 471 402 628 434 453 460 487 545 545 558 640
Pr 6.4 6.3 5.1 6.1 5.8 4.8 7.5 53 53 54 59 6.6 6.6 6.8 7.5
Nd 250 248 202 233 226 188 287 210 203 211 231 255 251 258 28.6
Sm 53 53 44 49 4.9 4.1 6.0 4.6 43 4.6 5.0 54 54 55 6.0
Eu 2.0 2.0 1.9 1.9 1.9 1.5 2.1 1.8 1.7 1.9 1.9 2.1 2.1 2.1 2.1
Gd 6.0 6.1 4.9 5.7 5.6 4.7 6.9 5.2 4.8 53 5.7 6.2 6.1 6.2 6.7
Tb 0.9 0.9 0.8 0.9 0.9 0.7 1.1 0.8 0.8 0.8 0.9 0.9 0.9 1.0 1.0
Dy 5.6 5.7 4.6 52 53 44 6.3 4.8 4.6 4.9 54 5.6 5.6 5.7 6.1
Ho 1.1 1.1 0.9 1.0 1.0 0.8 12 0.9 0.9 1.0 1.0 1.1 1.1 1.1 1.2
Er 33 34 2.7 3.1 3.1 2.6 3.8 2.8 2.8 2.8 3.1 32 33 33 3.6
Tm 0.4 0.4 0.3 0.4 0.4 0.3 0.5 0.3 0.4 0.3 0.4 0.4 0.4 0.4 0.4
Yb 31 3.1 2.6 3.0 29 23 35 2.6 2.8 2.6 2.8 3.0 3.1 3.1 33
Lu 0.5 0.4 0.4 0.4 0.4 0.3 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.4 0.5
Zr/Nb 346 342 343 366 356 303 370 3.64 359 464 399 344 363 3.68 3.58
Ba/Nb 11.70 11.85 1341 11.11 1341 1440 1135 1147 1122 13.65 1212 11.57 11.03 1136 11.09
LaNb 050 048 039 047 044 052 066 043 041 055 052 045 048 050 0.52

L.O.I1 =loss on ignition
Mg# = 100Mg/(Mg + Fe*"), assuming Fe,O3/(FeO + Fe,05) = 0.15
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Table 2. Sr, Nd, and Pb isotopic compositions of representative SKPB

Sample ¥7Sr/*°Sr 26, '*Nd/'*Nd 20, eNd =0 Wpb/¥Ph  27PH/MPb Y®Pb/MPb  A7/4Pb  A8/4Pb
AD-05-1 0.703897  +22 0.512846 +4 4.06 18.105 15.562 38.408 10.9 89.2
AD-05-2 0.703951 22 0.512860 +4 432 18.437 15.620 38.699 13.0 78.1
AD-05-7 0.703783  +24 0.512856 +4 4.25 17.881 15.482 38.096 53 85.0
AD-06-2 0.704095  +18 0.512855 +6 4.24 18.029 15.532 38.312 8.6 88.7
AD-06-3 0.703871 14 0.512855 +4 4.24 18.005 15.516 38.250 7.3 85.5

nificantly different from those of analyzed samples, the
influence of the blanks to isotope ratios of the samples is
negligible within the analytical error ranges. The results
are given in Table 2.

4. RESULTS

The samples studied are plotted into the field of basaltic
to basaltic trachy-andesite (Fig. 3) in the nomenclature dia-
gram of Le Bas et al. (1986), but we use the more general
classification term of alkaline basalt. All samples have rel-
atively higher SiO, (49.3-52.1 wt%) and lower MgO (2.1-
5.5 wt%, Mg-number [(100 x Mg/(Mg + Fe’)] = 41.8 to
59.9) contents compared to the other Cenozoic alkali lavas
in Korea. They have K,O concentrations from 1.7 to 1.5
wt% and thus correspond to the high-K series of alkali
basalt (Table 1).

Trace element compositions of the SKPB are compared

on primitive mantle normalized trace element variation
plots (Sun and McDonough, 1989, Fig. 4) with those of
basaltic rocks from Ganseong and Jogokni area, and the
Baengnyeong, Ulleung, Dok and Jeju Islands (Park and
Park, 1996; Park et al., 1996; Song et al., 1999; Lee et al.,
2002; Koh and Yun, 2005; Park et al., 2005; Choi et al.,
2006). For comparison of the magma generation process in
mantle sources we selected the data having similar SiO,
compositional ranges that of the SKPB. The average OIB
composition (Sun and McDonough, 1989) also is plotted
together.

Trace element plots of the SKPB show OIB-like convex-
upward patterns with positive anomalies of Ba, Nb and Pb.
They also show slight depletions in LREEs and a large
variation in U content. They have lower REE contents
(ZREE =108~167 ppm) and display somewhat flatter [(Ce/
Yb)n = 4.49~5.46] and less fractionated HREE [(Dy/Yb)n
= 1.11~1.29] patterns compared to the average OIB com-
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Fig. 3. Total alkali (wt%) versus SiO, (wt%) plot for the SKPB. Lines and fields are based on Le Bas et al. (1986). Data Sources: Park
et al. (1996); Song et al. (1999); Lee et al. (2002); Koh and Yun (2005); Choi et al. (2006).
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position (XREE = 199 ppm, (Ce/Yb)n = 10.3, (Dy/Yb)n =
1.73, Sun and McDonough, 1989). Overall trace element
patterns and concentrations of the SKPB are similar to
those of volcanic rocks from Ganseong (XREE = 124-166
ppm, Ce/Yb)n = 4.26~8.15, (Dy/Yb)n = 1.31~1.44). Com-
pared with basalts from the Ulleung, Dok and Jeju Islands
that have (Ce/Yb)n and (Dy/YDb)n ratios from 6.58—18.89
t01.26-2.66, respectively, the studied samples have lower
LREE enrichment and less fractionated HREE patterns.
This may be caused by (i) a larger degree of partial melt-
ing; (ii) a derivation from relatively shallower mantle with
a lesser control of residual garnet; or (iii) the generation
from a less enriched source. Plots of Nb/Yb versus SiO,
(wt%) and La/Sm versus Sm/Yb ratios are displayed in
Figure 5 to examine these petrogenetic constraints on depth

compositions are from Sun and
McDonough (1989).

and source enrichment.

The degree of partial melting involved in the production
of mantle-derived igneous rocks can be estimated from the
SiO, content of a melt and the respective Nb/Y values. Nb/
Y can be used as a trace element index because Nb and Y
encompass a range of element incompatibilities in the
source mantle materials, and have been found to be least
affected by metasomatic processes (e.g., Rogers et al.,
1992; Beard et al., 1998). La/Sm and Sm/Yb ratios can be
used to evaluate the degree of source enrichment and depth
of melting (e.g., Kay et al., 2010). Although the exact
boundaries are variable depending on whole rock compo-
sitions, Sm/YDb values generally increase as pressure increases
with retention of heavy REEs in residual amphibole, and
particularly in garnet at Sm/Yb>~4 (e.g., Hildreth and
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Fig. 5. Plots of Nb/Yb versus SiO, (wt%) (a) and La/Sm versus
Sm/Yb (b) illustrating degree of partial melting, source enrichment
and depth constrains for the Cenozoic Korea basalts. Increasingly
higher Sm/Yb ratios generally reflect retention of heavy REEs in
higher pressure residual phases. Data sources are the same as in
Figure 3.

Moorbath, 1988; Kay et al., 2010). Figure 5 demonstrates
that the SKPB is a product of larger degree melting than
OIB and any other Cenozoic Korean alkaline lavas, and
derived from a relatively shallower mantle with a lesser
control of residual garnet. The lower Ti content in the SKPB
also supports that the initial magma was derived from a
shallower depth (Fig. 4). It seems that the degree of deple-
tion of the source involved in the generation of the SKPB
is similar to those of Ganseong, Baengnyeong and Jeju
volcanic rocks (Fig. 5).

The analyzed basaltic samples from the SKPB have rel-
atively low *’Sr/*’Sr, moderately high '“Nd/"*Nd and **Pb/
2Ph isotopic compositions (Table 2). The isotopic com-
positions of the studied samples are in the range of 0.70378—
0.70409 for *¥Sr/*Sr, 0.512846-0.512860 for *Nd/"*'Nd
(corresponding to €, ), ~4.1-4.3) and 17.88-18.44 for **Pb/
2Pb, 15.48-15.62 for *’Pb/*Pb, 37.86-38.46 for ***Pb/*'Pb.

In Figures 6 and 7, the compositions of the SKPB are
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Fig. 6. Sr and Nd isotopic compositions of the SKPB. Data for
Ganseong area, Baengnyeong Island, Ulleung Island, Dok Island
and Jeju Island are plotted together. Data sources for the late Cen-
ozoic Korean basaltic rocks are from Lee et al. (2002), Park et al.
(2005), and Choi et al. (2006). Basalts from the East Sea basin are
also shown for comparison (Tatsumoto and Nakamura, 1991;
Cousens and Allan, 1992). Mantle components are from Zindler
and Hart (1986). Indian MORB field is from Mahoney et al.
(1989). DMM = depleted mantle, EMI and EMII = enriched man-
tle, HIMU = matle with high U/Pb ratio, MORB = mid ocean
ridge basalts.

compared with those of the Cenozoic intraplate basalts
from the Korean Peninsula (Park et al., 2005; Choi et al.,
2006) and East Sea Basin (Tatsumoto and Nakamura,
1991; Cousens and Allan, 1992). The mantle end members
of DMM, HIMU, EMI and EMII (Zindler and Hart, 1986)
are shown together. The Sr and Nd isotope data of the
SKPB show more depleted composition compared to those
of the Ulleung, Dok and Jeju island basalts, but partly over-
lap with the field of the Ganseong, Baengnyeong Island and
East Sea Basin basalts. The '*Nd/'*Nd isotope ratios are
fairly similar in contrast to relatively variable Sr and Pb
isotope values. In the **Pb/**Pb versus **Pb/**Pb corre-
lation plot (Fig. 7b), a good linear array defined by the data
points is displaced considerably above the Northern Hemi-
sphere Reference Line (NHRL) of Hart (1984) and is par-
allel to the NHRL. In the *’Pb/**Pb versus ***Pb/**Pb plot, a
fairly linear array is also observed and is subparallel to the
NHRL. The Pb isotopic compositions clearly show the
DUPAL signature (e.g., Hart, 1984; Tatsumoto and Naka-
mura, 1991).

5. DISCUSSION
5.1. Comparison with Ocean Island Basalts

Incompatible element patterns of the samples are broadly
consistent with a dominant OIB type source component.
All of the analyzed samples have high abundances of Nb,
with low Zr/Nb (3.03—4.64) typical of OIB and contrary to
the higher values reported for MORB (6-10). Ba/Nb and
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Fig. 7. Plots of ’Pb/**Pb versus “Pb/**Pb (a) and **Pb/***Pb
versus “Pb/”*Pb (b). Data sources are the same as in Figure 5.
NHRL (Northern Hemisphere Reference Line) and Geochron are
from Hart (1984).

La/Nb ratios in the studied samples range from 11.03 to
14.40 and 0.39 to 0.66, respectively, overlapping with Korean
Cenozoic alkali basalts (Ba/Nb = 5-15, La/Nb = 0.49-0.92)
and the average OIB (Ba/Nb = 7.29, La/Nb = 0.77) com-
position, and are significantly different from that of MORB
(Ba/Nb = 2.7, La/Nb = 1.07, Sun and McDonough, 1989).

Unlike conventional indicator such as Ba/Nb, La/Nb or
Z1/Nb, all of which are known to be easily fractionated by
some igneous processes, the Ce/Pb and Nb/U ratios of oce-
anic basalts (OIB and MORB) show virtually constant val-
ues (Ce/Pb =25 £ 5 and Nb/U = 47 £ 7, Hofmann et al.,
1986), and are higher than the values for average conti-
nental crust or arc volcanic rocks (Taylor and McLennan,
1985). These elements are not fractionated from each other
during partial melting or fractional crystallization and their
ratios reflect those of source regions (Hofmann, 1988).
Figure 8 shows the variation of Ce/Pb and Nb/U ratios of
the samples. In a variation plot of Ce/Pb versus Ce (Fig.
8b), compositions of the samples show a comparable vari-
ation range to that of basalts from Ganseong. The Ce/Pb
(8.47-17.88) and Nb/U (32.08-92.01) ratios show large
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Fig. 8. Plots of Nb/U versus Nb (a) and Ce/Pb versus Ce (b) for
the Korea Cenozoic alkali basalts. The average ratios of Nb/U and
Ce/Pb in OIB and MORB are from Hofmann et al. (1986). Data
sources are the same as in Figure 3.

variations and are inconsistent with constant values for
these ratios reported in oceanic basalts. U and Pb concen-
trations are generally believed to be easily affected from
post magmatic low-temperature alteration (Hofmann et al.,
1986). Moreover, the high abundances of Nb, a large vari-
ation, but considerably higher Nb/U ratios and their homo-
geneous isotopic compositions suggest that the effect of
crustal contamination was not significant on controlling the
magma composition. Therefore, we consider here that the
slightly different compositional ranges of Ce/Pb and Nb/U
ratios of the samples compared to those of oceanic basalts
are attributed to take up or loss of U and Pb from some
samples by a post magmatic alteration process.

5.2. Mantle Sources and Isotopic Mixing

Previous studies have reported that isotopic characteris-
tics of most basalts from eastern China, East Sea (Japan
Sea) region and SW Japan indicate the involvement of
‘Indian Ocean” MORB-type isotopic component, named as
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DUPAL anomaly by Hart (1984), in magma genesis (A8/
4Pb values greater than 60, high **Pb/*Pb relative to
206ph/2%Ph), implying pervasive enrichment of EMI-like
mantle component and long term evolution of high Th/U
magmatic source beneath Eastern margin of Asia (Tatsu-
moto and Nakamura, 1991; Tatsumoto et al., 1992; Liu, et
al., 1994; Castillo, 1996; Lui et al., 2001; Hoang and Uto,
2006). The origin of the DUPAL anomaly has been a sub-
ject of continuing debate. The DUPAL isotope anomaly
was thought to be a Southern Hemisphere phenomenon
that can be traced nearly continuously between the equator
and 60°yS (Hart, 1984; 1988). However, studies on MORB
from the other region (e.g., Volker et al., 1993; Haase et al.,
2000) have highlighted that the DUPAL feature is not
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restricted to the Sourthern Hemisphere. Particularly, in
Eastern Asia, the DUPAL signature has been widely iden-
tified in broadly MORB-type basaltic rocks as well as in
OIB-type basalts (e.g., Basu et al., 1991; Tatsumoto and
Nakamura, 1991; Flower et al., 1998).

The major interpretations for the DUPAL anomaly include
contamination of the asthenosphere by (1) local mantle
enrichment processes via subduction or wall rock reaction
(e.g., Tatsumoto and Nakamura, 1991), (2) delaminated
subcontinental lithosphere during breakup of Gondwana
(e.g., Allégre and Trucote, 1985; Rehkamper and Hof-
mann, 1997; Flower et al., 1998), and (3) pristine deep mantle
(e.g., Hart, 1988; Castillo, 1996). Tatsumoto and Naka-
mura (1991) proposed that the East Sea region DUPAL
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Fig. 9. Plots of ¥Sr/*Sr versus *Pb/
20Ph (a) and “*Nd/"*“Nd versus **Pb/
05132 T 2%Pb (b) for the studied basalts
together with data from Ganseong
7 area, Baengnyeong Island, Ulleung
Island, Dok Island, Jeju Island and
05130 ] basalts from the East Sea basin (data
i sources as in Fig. 5). The EMI-like end
member is from the average Sino-
¢ Korean craton mantle composition
2 05128 ¢ interpolated from northern Chinese
g - basalts and xenoliths (Zhang et al.,
E 1995). An average value of sediment
s 05126 — compositions from ODP Sites 579 and
- 581 was taken as the EMII-like end
— member (Cousens et al., 1994). The N-
MORB is from Regelous et al. (1999).
05124 - Values of ¥Sr/*Sr, Sr (ppm), 2*Pb/
2Ppb, Pb (ppm), “*Nd/**Nd, Nd
7 (ppm) respectively, taken for mixing
R N N T T T R A O I I L ™Yy calculation for EMI: 0.707, 180, 17.00,
05122 17, 0.5124, 20; EMIL: 0.710, 180,

18.75, 17, 0.5122, 20; N-MORB:
0.7026, 20, 18.2, 0.05, 0.51316, 1.4.
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character is inherited from an old lithospheric mantle
(pirior to Proterozoic) metasomatized with subduction
related fluids (old subduction system). In contrast, several
workers interpreted that the DUPAL-like Eastern Asia iso-
topic signature was endogenous and incorporated via the
delamination of the EMlI-rich root zone of Sino-Korean
craton in response to regional geodynamic factors, partic-
ularly the Early Tertiary India-Asia plate collision (e.g., Tu
et al., 1991; Hoang et al., 1996; Flower et al., 1998; Hoang
and Uto, 2006). Regardless of the origin of a DUPAL-like
component in East Asia basalts, it is reasonable to assume
that EMI components are widespread in asthenospheric
DMM mantle of this region. Besides DMM and EMI man-
tle components, EMII-like mantle components are needed
to account for regional variations of the upper mantle iso-
topic compositions in East Asia (e.g., Zou et al., 2000;
Choi et al., 2006; Chen et al., 2007; Yan and Zhao, 2008).
The geochemical and isotopic characteristics of the Ceno-
zoic basalts of this region have been interpreted as the
result of the mixing including at least three mantle com-
ponents, DMM, EMI and EMII-like, in the magma gener-
ation (e.g., Zou et al., 2000; Choi et al., 2006; Chen et al.,
2007). Several workers have interpreted these mixing pro-
cesses in terms of simple two step processes: (1) variable
enrichment of N-MORB-like depleted mantle by cratonic
EMI mantle, and followed by (2) contamination of the
asthenospheric mantle by crust-derived EMII-rich compo-
nents (e.g., Hoang and Uto, 2006; Yan and Zhao, 2008).
Here, we try to explain the Sr-Nd-Pb isotopic character-
istics of the studied samples by a two-stage mixing model
the same as suggested by Hoang et al. (2006). Plots of *’St/
%Sr and "*Nd/"**Nd versus **Pb/***Pb are shown in Figure
9a, b with the mixing line between DMM and EMI-like
mantle sources and variable addition of EMII-like source
to melts of mixing compositions. In this model, EMI was
assumed to have been added to pre-existing N-MORB
asthenosphere to explain a DUPAL-like component (e.g.,
Tu et al., 1991; Hoang et al., 1996; Flower et al., 1998;
Hoang and Uto, 2006). The Sr, Nd, and Pb isotopic com-
positions and concentrations of the DMM, EMI and EMII
components for the mixing calculations are listed in Figure
9. The EMI compositions are the average cratonic mantle
composition interpolated for the Sino-Korean craton from
northern Chinese basalts and xenoliths (Tatsumoto et al.,
1992; Zhang et al., 1995; Hoang and Uto, 2006). Crust-
derived sediment compositions from East Sea ODP sites
579 and 581 (Cousens, et al., 1994) are used as an EMII-
like additional contaminant. An average for East Pacific
Rise N-MORB (Regelous et al., 1999) was taken as the end
member of “uncontaminated’ asthenosphere (Fig. 9a, b).
According to our mixing model (Fig. 9a, b) the Late Cen-
ozoic alkali basalts of Korea can be explained by the addi-
tion from 1 to 6% of an EMI-like material to an N-MORB
source prior to the addition of (from 0.5 to 7%) an EMII-
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like source. The isotopic compositions of the SKPB are
somewhat depleted and match well predicted mixing field,
corresponding to the melt composition derived from the
addition of 1-2% of EMI-like material to depleted N-
MORB and superimposed by an EMII-like source (1-2%).

6. CONCLUSIONS

Geochemical and isotopic study of the SKPB leads to the
following conclusions.

1. The SKPB have relatively homogeneous geochemical
and isotopic composition that is similar to OIB. Overall
trace element patterns and concentrations of the SKPB are
similar to those of volcanic rocks from Ganseong (XREE =
124-166 ppm, Ce/Yb)n =4.26~8.15, (Dy/Yb)n = 1.31~1.44).

2. Compared with basalts from Ulleung, Dok and Jeju
Islands, the SKPB have a lower LREE enrichment and less
fractionated HREE patterns, indicating that the basaltic
magma from the studied area was derived from a relatively
shallower mantle depth with a larger degree of partial melt-
ing.

3. The Sr and Nd isotopic compositions of the SKPB are
relatively depleted compared to other Cenozoic Korean
alkali basalts, but share DUPAL-like Pb isotopic signatures
(elevated **Pb/*’Pb and somewhat elevated *’Pb/***Pb
compared with NHRL). The geochemical and isotopic char-
acteristics of them cannot be explained by simple binary
mixing between depleted end member and enriched EMI-
or EMII-like sources, but reflect the magma derived from
a two-stage mixing process: (1) the addition of ~2% of an
EMI-like material to a N-MORB source and followed by
(2) the addition of up to 2% of an EMII-like source.
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