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Nd, Sr and Noble Gas Isotopic Compositions of Alkali Basaltic Rocks and
Mantle Xenoliths in the Baegryongdo

Kim Kyu Han', Nagao Keisuke?, Jang Hyung Sook', Sumino Hirochika’ and Chung Jung In'

!Department of Science Education Ewha Womans University, Seoul 120-750, Korea
’Laboratory for Earthquake Chemistry, Graduate School of Science, University of Tokyo, Tokyo 113-0033, Japan

The rare earth elements (REE) and Nd, Sr and noble gas isotopic compositions (*He/*He, DArPoAr) for the Quater-
nary alkali basaltic rocks and mantle xenoliths in the basaltic rocks from the Baegryongdo were investigated to decipher
the origin of alkali basaltic magma and xenolith beneath the Sino-Korean craton. Analytical results are summarized as
follows; (1) The alkali volcanic rocks with voluminous xenoliths which are represented by the Mg-olivine and clinopy-
roxene dominant spinel-Iherzolite in the Baegryongdo consist mainly of the basalt-mugearite and basaltic andesite. (2)
The REE pattern of alkali basaltic rocks characterized by high HREE is similar to that of oceanic island basalt (OIB).
Relatively concordant REE patterns of the basaltic rocks suggest that the alkali basaltic magma be formed by the identi-
cal source materials. (3) The Nd-Sr isotopic data of the alkali basaltic rocks suggest that the alkali basaltic magma be
originated from the depleted mantle source with a little contamination of the continental crustal materials. (4) The *He/
4He ratios in olivines of xenoliths ranging from 5.0+1.1Ra to 6.7+1.3Ra are lower than that of MORB (ca. 8.0Ra). It
suggest that the xenolith be derived from the subcontinental lithospheric mantle. However, the high *He/*He value of
16.843.1Ra at 1800°C fraction (sample no OL-7) might be resulted from the post-eruptive cosmogenic *He. The “Ar/
3 Ar ratios in olivines of mantle xenoliths are comparable to that of atmospheric argon, and are much lower than that of
the MORB type mantle. These facts can lead to conclusion that the olivine of the xenolith in the Baegryongdo is
affected by the post-eruptive atmospheric contamination during the slow degassing process.

Key words : Noble gas isotopic composition, Nd-Sr isotopes, mantle xenolith, alkali basalt, Baegryongdo
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Fig. 1. The simplified geologic map showing the sampling sites of the Baegryongdo, South Korea (Lim et al., 1998).
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Table 1. Major and trace elements of basaltic rocks and mantle xenoliths from the Baegryongdo.

S“Ifl'(‘)f’le B-1l B2 B3 BSU BSL B6U B6L B-8 B9  B-10 B-Il Bi2 OL7 Ol8
Rock BasalFlc Basalt Basalt Basalt Basalt Basalt Basalt Basalt Basalflc Basalt Basalt Basalt Iherzolite Therzolite
type  andesite andesite
Major elements (wt.%)
SiO, 54.63 51.63 5647 4939 534 50.58 529 61.11 5015 57.8 57.33 5395 4306  43.38
ALO; 1525 128 971 1293 1095 1355 1191 973 1309 1237 1255 1617 0.17 0.29
Fe,04 9.01 13.1 1225 13.01 12,68 1255 1227 944 1231 982 955 947 9.01 9.97
MgO 6.41 79 656 767 780 746 737 556 9.48 585 607 624 4729 45.8
CaO 744 656 709 671 6.59 645 679 7.58 7.94 748 779 724 025 0.31
Na,0O 342 383 267 454 377 413 4.02 247 3.42 310 319 3.00 0.05 0.05
K,0 1.83 1.08 264 316 216 272 196 1.16 1.11 .17  1.11 183 0.04 0.04
TiO, 1.67 243 193 1.65 0194 159 1.84 2.67 2.01 196 197 1.78 0.01 0.02
P,04 022 052 053 076 055 081 078 017 0.32 033 032 021 0.01 0.01
MnO 012 015 0.5 0.18 0.16 016 0.16 0.11 0.17 0.12 012 0.1 0.11 0.13
trace elements (ppm)
Ba 198 250 250 211 227 194 231 290 215 243 245 204 7 7
Co 36 48 36 38 40 37 41 38 45 34 36 37 91 91
Cr 250 244 263 197 307 252 242 248 445 348 341 235 270 255
Cu 39 37 29 33 30 34 34 26 40 31 29 38 3 2
Li 10 12 14 16 15 15 14 7 11 9 11 10 3 2
Ni 149 194 165 183 216 207 197 118 239 157 161 145 2726 2579
Sc 19 12 10 9 11 9 11 16 24 21 22 19 2 2
Sr 592 1149 1021 1249 1117 1160 1103 1226 994 1050 1063 578 2 2
Vv 153 161 123 99 125 99 124 158 179 158 163 159 7 8
Y 17 18 19 21 17 20 20 15 21 18 19 21 0 0
Zn 79 124 142 153 140 148 138 112 105 85 87 83 51 47
Zr 174 297 407 380 371 339 306 344 260 262 258 177 2 3
Rb 20 34 15 19 14 23 14 9 16 13 8 20 5 4
The SiO, contents are the simply calculated values.
of upe} Frketa Act. o] Ze HE 7o) A EslHe] A gizoz sjAd) Fig. 3049t
A% 9% o sNET. Nist Cool e 7 o] WEze] g7t WRgte] IEF U4 sl 3
PHol WA 28 BEo] 432 W 3 HE ujRsl fAlslel dge) A slasph 44
o} ¥, Ba, Sr ¥ 37U (incompatible element) 3l 7|9 E oA FapEtES-g ou|sty Ut 18w

= MgO Z710l we} Zhashe Ate] Utk wEE
3rekiel S EF-Y4(rare earth element, REE)S] &
M @;}_‘: Table 29,} 7}1:} HHE:IE a"%ﬂ dUOI—_Q.
7L B ER AAE(LREEZS 244 13}
30~2000) =R Fg=o] ¥, FIER d4a
(MREEREFS 2413kl vlal 10~508], A& -JEwET
HAEMREERES 4~} A== R3lg]o] B9 4
#HA1E BolZ Urh(Fig. 3).
JE%—%J_&: B‘Px'ﬂ:tﬂ_g}.a ok, DX]E}O}EO]]A«]
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LREE7} Hatel ez Fiky 3
island basaltye] &=} FAFSCH

FF-9HOIB, oceanic

42 ME mEeto| sty 84

gzhe] @FYgel e WEFEELE S0zt
43.06~43.38 wt% 1™ MgO(45.80~47.29 wi% )2} Fe,O,
(9.01~9.97 wt%)2 A5 Al,05(0.17~0.29 wt%), Na,O

(0.05 wi%), Ca0(0.25~0.31 wt%), K,0(0.04 wi%), P,Os
(0.01 wt%), MnO(0.01~0.03 wt%) 5 AHHEL& o}lF

Sl(Table 1), F2 M7 (forsterite) 0 2 74 H
WE F2)FS Ni(2579~2726 ppm)H Cr(255-270 ppm)

=2 -/

ghako] ETH(Table 1).
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Fig. 2. Chemical classification of volcanic rocks from the
Baegryongdo, South Korea. Field boundaries of the total
alkali versus silica diagram after Le Bas ef al. (1986). The
curved lines subdivide volcanic rocks into alkaline and
subalkaline (Kuno, 1968).
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Table 2. Data of rare earth element (REE) for alkali
basaltic rocks and mantle xenoliths from the Baegryongdo,
South Korea.

Element

B-1 B-6U B-10 OI-7 0O1-8-2
(ppm)
Rock type BasalFlc Basalt Basalt Therzolite Therzolite
andesite
La 1631 2691 43.00 51.19 33.20
(49.44) (19347) (70.07) (1.92) (2.34)
Ce 11095 51.75 77.00 101.12 58.00
(39.19) (144.71) (54.84) (1.52)  (2.01)
Pr 1274  6.27 - 10.51 -
(284) (107.31) (41.33) (0.87) (1.26)
Nd 4505 2224 3500 3381 18.00
(27.76)  (90.68) (40.76) (1.36) 0.7)
Sm 6.34 338 520 5.62 3.40
(18.32) (48.23) (25.58) (1.12)  (1.96)
Eu 1.27 1.24 1.30 0.87 0.50
(20.18) (4251} (26.2) (0.38)  (0.57)
Gd 3.56 2.28 - 5.07 -
(13.78) (26.96) (18.13) (1.61) (2.44)
Dy 1.76 138  1.80 3.61 -
(9.88) (14.06) (1037) (0.21)  (0.33)
Ho 0.26 0.21 - 0.74 -
(939)  (11.53) (10.65) (L.15)  (1.13)
Er 0.55 0.55 - 226 -
(7.59) (7.61) (737) (042)  (0.66)
Yb 0.41 0.39 0.50 2.45 1.90
(6.8) (439 (63) (0.61) (0.91)
Lu 0.05 0.04 - 0.36 0.3
(6.78) (3.8) (5.81) (0.69)  (0.95)
(EwSmn  0.20 037 025 0.16 0.15
XREE 24296 116.64 1638 21865 1158
LREE/
HREE 16.11  11.32 17.61 937 16.55

Numerals in parenthesis indicate chondrite normalised value
based on Nakamura (1974).

Table 3. Sr and Nd isotopic compositions of some basaltic rocks from the Baegryongdo.

Sample No.  Rock type Rb (ppm) Sr (ppm) Rb/Sr 85r/3%Sr  Sm (ppm) Nd (ppm) SmyNd 'Nd/'*Nd
B 1 Basaltic andesite 20 592 0.034 0.70432 6.34 45.05 0.141 0.512729
B3 Basalt 15 1021 0.015 0.70343 nd nd nd 0.512926
B 6L Basalt 14 1103 0.013 0.70340 nd n.d nd 0.512941
B 6U Basalt 23 1160 0.020 0.70336 3.38 22.24 0.152 0.512939
B8 Basalt 9 1226 0.007 0.70342 n.d nd nd 0.512927
B9 Basaltic andesite 16 994 0.016 0.70353 nd nd n.d 0.512923
B 10 Basalt 13 1050 0.012 0.70370 5.20 35.00 0.1491  0.512897

n.d: not determined.
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Fig. 3. Chondrite normalized REE patterns of the alkali
basaltic rocks from the Baegryongdo. REE abundances
were normalized by the data of Nakamura (1974). MORB
data from Humphris et al. (1985). OIB data from Basaltic
Volcanism Study Project (1981).
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Table 4. Isotopic compositions of noble gases in olivine of the mantle xenoliths from the Baegryungdo.
Sample Therzolite (OL-7) Therzolite (OL8-1) Therzolite (OL8-2)
Method Crush 500°C 1800°C Crush 500°C 1800°C Crush 500°C 1800°C
Weight (g) 07764  0.4753 0.4753 0.9541 0.6112 0.6112 0.9938 0.4449  0.4449
*He(x107%) 135 3.23 2.64 1.53 472 9.67 0.509 2.86 8.26
*He/*He(R/R ) <0.6  1.83:0.91 16.8+3.1 <06  0.96x0.78 5.0+1.06 <02 0.86x141 6.69+1.3
WNe(x10™h 0.941 <1.0 11.0 3.03 7.4 5.99 2.56 <1.0 8.16
20Ne/**Ne 9.85+0.18 9.83+0.15 9.97+0.19
e 22 0.0312 0.0322 0.0341
Ne/"Ne +0.0025 +0.0032 +0.0039
BAr(x1071% 0.0968 0.699 3.25 0.215 0.722 234 0.184 0.546 285
N 0.1908 0.1891 0.1888  0.1877  0.1888 0.1889  0.1883 0.1882  0.1886
£0.0014  £0.0012  +£0.0007  +0.0024  £0.0020 +0.0010  +0.0016 =0.0019  +0.0008
ArAr 500.6£1.5 347.7+1.0 320.4+0.6 312.8+0.8 307.3:0.6 301.240.5 299.9+1.2 311.5%1.3 299.4+0.5
MK r(x1071%) 0.346 13.4 1.4 0.524 9.3 9.4 0.361 7.1 10.9
132Xe(x10712) 0.084 0.24 3.69 0.063 4.89 3.31 0.042 1.72 3.56

Unit for concentrations is cm® STP/g.

*Normalized to the atmospheric ratio=1.4x107¢ (Ozima and Podosek, 1983).
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Fig. 5. *He/*He ratios plotted against “He concentrations
for xenoliths from the Baegryongdo. Data of the Chejudo
after Sumino (2000). Shaded area indicates the *He/*He
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