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Geochemical Characteristics of Clinopyroxenes in the Upper Mantle
Rocks under the Baegryeong Island and the Boeun

Z A 2 (Young Woo Kil) - O] & = (Seok Hoon Lee)*

#2712 QATY P BAATE
(Division of Nano Material and Environmental Science, Korea Basic Science Institute, Daejeon 305-806, Korea)
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5o gt o5 TEA e GAFAY R AN FARAL, vEdL, JEFAS 2AS
WETY He Ao ABRMES] By 2o HEAY, NER3Y 22 XA AAJES 7
gate ¢ Fodtch VAR EY YR Atole] o] XA S Hole WHEG HE
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ABSTRACT : Modal and chemical compositions of clinopyroxnes in spinel peridotites from the
Baegryeong Island and the Boeun, enclosed in Miocene alkali basalt, are important for un-
derstanding the pre-eruptive temperature condition and chemical processes such as mantle depletion
and enrichment. All spinel peridotites show transitional texture between protogranular and porphyro-
clastic textures. Temperature ranges of spinel peridotites from the Baegryeong Island and the Boeun
at 15 kb are 773~1188C and 705~1106C, respectively. The spinel peridotites from the Baegryeong
Island and the Boeun have undergone the 1~10% and 1~4% fractional melting, which were
determined by using primitive mantle-normalized Y and Yb of clinopyroxenes. LREE enrichment
patterns of clinopyroxene indicate that these rocks from both areas have undergone cryptic mantle
metasomatism without new minerals.

Key words : baegryeong island, boeun, clinopyroxene, spinel peridotite, cryptic mantle
metasomatism
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Fig. 1. Simplified tectonic map showing the sam-
pling locations of Baegryeong Island and the Boeun
mantle xenolith sites. NM = Nangrim massif, PB
= Pyeongnam basin, IB = Imjingang belt, GM =
Gyeonggi massif, OB = Ogcheon belt, YM =
Yeongnam massif, and GB = Gyeongsang basin.
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Fig. 2. Modal composition of spinel peridotites from the Baegryeong Island (open circle) and the Boeun
(solid circle). Ol = olivine, Opx = orthopyroxene, and Cpx = clinopyroxene.
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Table 1. Modal composition of spinel peridotites from the Baegryeong Island and the Boeun. Ol =
olivine, Opx = orthopyroxene, Cpx = clinopyroxene, Sp = spinel, Sp-lh = spinel lherzolite, and Sp-ha =
spinel harzburgite

Location Baegryeong Island
Sample BR-1 BR-2 BR-3 BR-4 BR-5 BR-7 BR-8 BR-9 BR-10 BR-11 BR-12
Sp-lh Sp-lh Sp-lh Sp-lh Sp-lh Sp-ha Sp-lh Sp-lh Sp-lh Sp-ha Sp-ha
ol 712 568 664 682 632 684 581 562 620 674 756
Opx 21.1 284 232 214 223 252 281 319 261 28.0 216
Cpx 6.6 10.9 8.3 9.9 11.6 438 130 99 108 4.0 23
Sp 1.1 3.9 2.1 0.5 2.9 1.6 0.8 2.1 1.2 0.6 0.5

Cpx/Opx 031 038 036 046 052 019 046 031 041 014 0.11

Location Boeun
Sample Jc-1 IJCc2 I1C3 JC4  JC5 JC-6 JC-7  JC8  IC9
Sp-lh  Sp-lh Sp-lh  Sp-lh Sp-lh Sp-lh Sp-lh Sp-lh  Sp-lh
Ol 71.8 638 613 645 564 651 555 639 6l.1
Opx 189 174 28.0 17.1 30.7 245 292 276 246
Cpx 8.7 16.8 9.0 134 119 8.8 14.5 7.0 10.6
Sp 0.6 1.9 1.8 5.0 1.0 1.7 0.8 1.5 3.8

Cpx/Opx 046 096 032 078 039 036 050 025 043

(1987)9] WH-& AMg-3ted AlLbsiT AA| W E(primitive mantle) o2 FF5}31H
o, was A9 g EelolE o] ALY

CHALE| M O 3letx o o] Hg-e AZ B Y%(spooned-shaped)e] sjEl-&

Holx, 23 JZH|E o] TALFA L

=R PES MDY _E,.%_/,\_, ngY s, JES LREE7} ¥3HLREE-enriched)® 3jE1& Rt}
2 B84 E £ 2, ¥ 3% 2o ¥y /\-1-] (¥ 4a). (La/Yb)n g2 234 #Eeo)E

4 FSEolE HH SAlE A e 2o Woe 9 TARAL 02~2602 Wou, AFY g2
MgFe-Ca JE-S 7} THEn FssWou-Ens)FssWogg).  HAIE o GA3ALe 11.5~18.18 Eo).

THALE] A 9] Mg-number[(Mg)/(Mg+Fe™ )= 0.90~ 29y HEYolERt AEHE L A9
0.940]3, Cr-number[(Cr/(Cr+Fe’'+ADIE 0.13~  BAMRA Y JEFALE UANE goZ X

0.160]th. Be A3d HAZeolE Yo wal  FTIIE BE, #EE 2394 HEeolEY F
AL EfMoz BEFY, mj$ FL Hele AR A EEY JHE BAG. of AY @A}
Mg-Fe-Ca AE-& 7} tHEnsFss Wous-EngsFss 9141 el(La/Ybn g2 0.33~3.020]}.

Woss). ©] ©HAF3IA 9] Mg-number, Cr- number

= 77} 0.93~0.987 0.08~0.120]ch W, 43 % 9

BE YA e MgO A8 77t 1455~

15.05 wi%, 14.72~17.27 wi%oltk. 5 xdeo] X2z 0f 9t 2= FF

AR Ao Al s MgO AdEo] Z4A3dtHA ALO;,

TiO,, YO ARE Z7late AL R AN FE FEAL FAY AL ol
¥ 3). olale AFe ARAE /199 29 3 AL, T4 BB AA AFHS R
AelEelolEe) REEE Ao AoloA 7] EF BEIY wgde] AR @m, B2
315l th(Norman, 1998). ZARg 2HRe BBz Ho]E HolA

GAL3 Aol A EFHU4AE Hofmann (1988)9] =) agrE WEs "o And s
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Table 2. Representative major element analyses (wt%) of clinopyroxene and orthopyroxene in spinel
peridotite xenoliths from the Baegryeong Island and the Boeun. Cpx = clinopyroxene and Opx =
orthopyroxene

Location Baegryeong Island
Sampl BR-1 BR-2 BR-3 BR-4 BR-5
ampe Sp-lh Sp-lh Sp-lh Sp-lh Sp-lh

Mineral Cpx Opx Cpx Opx Cpx Opx Cpx Opx Cpx Opx
Si0, 52.59 5501 51.75 5476 52.62 5476 51.95 55.33 52.13  54.63
TiO, 0.45 0.10 0.51 0.12 0.23 0.07 0.45 0.14 0.57 0.07
AlO 6.00 3.88 650  4.26 5.83 4.03 5.86 3.77 6.11 4.25
Cr,0, 1.03 0.38 0.69 0.28 0.79 0.33 0.99 0.24 0.63 0.29
FeO 2.35 5.65 2.62 6.38 2.84 6.39 2.53 5.84 2.63 6.86
MnO 0.09 0.13 0.12 0.20 0.10 0.15 0.05 0.15 0.12 0.14
MgO 1522 3342 14.72  33.09 1525 32.80 1521 3380 1485 3274
CaO 2033 0.62 2070 0.54 20.64 053 2134 047 2091 051
Na,O 1.74 0.10 1.72 0.08 1.55 0.07 1.58 0.04 1.60 0.07
K,O 0.00 0.00 0.01 0.02 0.01 0.00 0.00  0.00 0.01 0.00
Total 99.78  99.44 99.37 99.87 99.37  99.87 99.37  99.87 99.37 99.87

Location Baegryeong Island
Sampl BR-7 BR-8 BR-9 BR-10 BR-11
ample Sp-hz Sp-lh Sp-lh Sp-lh Sp-hz

Mineral Cpx Opx Cpx Opx Cpx Opx Cpx Opx Cpx Opx
SiO, 5347 56.36 51.99 5435 52.14  54.63 52,10 54.70 5349 56.11
TiO, 0.11 0.01 0.45 0.08 0.53 0.13 0.51 0.09 0.05 0.09
Al,O4 2.20 1.77 6.16 432 6.24 4.21 6.46 3.96 2.14 3.09
Cr,0;4 0.92 0.35 0.46 0.22 0.69 0.33 0.65 0.27 1.71 0.41
FeO 1.84 5.40 3.00 6.96 2.59 6.27 2.53 6.41 2.72 5.77
MnO 0.16 0.18 0.13 0.14 0.09 0.15 0.12 0.16 0.07 0.16
MgO 16.83  34.64 1522 32.43 1524 32.65 14.86 32.73 17.27 33.84
CaO 2337 045 2094  0.57 20.58 0.54 20.55  0.50 20.55 045
Na,O 0.60 0.01 1.49 0.07 1.66 0.07 1.80 0.06 1.00 0.21
K,0 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.02 0.03
Total 99.37  99.87 99.37  99.87 99.37  99.87 99.37  99.87 99.37 99.87

E}o]EV} Buliute]l L EE 7] Ao Hef Ae]l  hler and Brey (1990)9] Ao, o] A%A
o TAA AATE AL & F Jd L = 25 FFS Bol W& By ofyzl, ppm
I AP Ao FAHAEIAES o83t o  9HY TEA U Ca RS HFEA A
Age] ARWES &8 FAse Bk & dtHof e oo R ddltd AYAR AHE
T FAd Ag" ALAE Wood and Banno & F gl AAHI JTHOReilly er al,
(1973), Bertrand and Mercier (1985), Brey and  1997; Kil and Wendlandt, 2004). 22|22 % g
Kohler (1990)] GAIEI A A3 S 2| 2xAo] 2xE 234 #HXeolE AqtH Z3t
o AME eEE ¥ 49 2rh 294 Hygs gl 15 kbl sRste 4¥e sPAst At
ElolEo] AL & JE YT AYAE Ko-  HAKE 4). 99 SAFH-AEHY 2ex
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Continued.

Location Baegryeong Island Boeun

Sample BR-12 JC-1 JC-2 JC-3 IC-4

Sp-hz Sp-lh Sp-lh Sp-lh Sp-lh

Mineral Cpx Opx Cpx Opx Cpx Opx Cpx Opx Cpx Opx
Si0, 5256 5591 51.29 54.58 51.44 5479 5157 5457 5124 54.52
TiO, 0.49 0.21 0.61 0.13 0.58 0.16 0.59 0.12 0.53 0.14
AlLO; 423 2.95 6.77 4.64 7.01 4.49 6.74 4.64 6.91 423
Cr,0; 1.63 0.80 0.76 0.40 0.69 0.33 0.61 0.32 0.92 0.34
FeO 2.47 4.74 248 6.26 2.7 6.30 2.72 6.78 2.82 6.75
MnO 0.00 0.10 0.11 0.20 0.07 0.14 0.02 0.17 0.09 0.23
MgO 16.65 34.51 14.65 3298 1494  32.99 14.79  32.87 14.67 33.37
Ca0O 19.53  1.03 21.04  0.51 20.11  0.68 2043 0.63 20.27  0.59
Na,O 1.34 0.12 1.74 0.07 1.86 0.11 1.76 0.11 1.67 0.09
K,0 0.00 0.02 0.01 0.02 0.02 0.00 0.00 0.00 0.02 0.00
Total 99.37 99.87 99.45  99.80 99.41  99.98 99.23 100.22  99.14 100.25

Location Boeun

Sample JC-5 IC-6 IC-7 JC-8 JC-9

Sp-1h Sp-lh Sp-lh Sp-lh Sp-lh

Mineral Cpx Opx Cpx Opx Cpx Opx Cpx Opx Cpx Opx
Si0, 51.45 5477 51.40 55.55 51.62 5457 5143 54.12 51.51 5452
TiO, 0.56 0.18 0.50 0.11 0.33 0.06 0.66 0.20 0.63 0.07
AlLO; 7.03 4.70 5.43 3.77 6.28 4.56 7.05 4.82 6.86 4.39
Cr,0; 0.72 0.28 0.87 0.34 0.90 0.40 0.78 0.41 0.68 0.29
FeO 3.06 6.62 2.19 6.43 2.56 6.58 2.64 6.13 291 6.83
MnO 0.02 0.07 0.13 0.18 0.11 0.17 0.00 0.13 0.08 0.18
MgO 1491 3291 15.05 33.71 1491 33.08 14.55  32.03 14.86  33.03
Ca0O 19.70  0.70 2249 047 21.08  0.62 2042  1.52 2043  0.53
Na,O 1.79 0.21 1.22 0.05 1.56 0.07 2.03 0.21 1.70 0.09
K,O 0.01 0.01 0.00 0.00 0.01 0.02 0.03 0.00 0.01 0.00
Total 99.26 10045 99.27 100.62  99.38 100.15  99.59 99.59 99.67 99.95

ASE olgstd A& WMAE 25 Heie  BEES LYTE A2 AL REEE

oES WH LEE T~ 1SSTIL, BE & BEI 371852 A3d e

I dEEolEY HY LxE 705~1106T  GAHAN Y] ¢ SARH/AE Y H= &

ojtt. MY E 23 Hxeo|ES] i HY
25(1078C)e B2 234 HxEl]E9
P HFLE(10000)2t 18C AE =

&3 I .

oy ETH(Wilson, 1989). B& 2~3d #H ] TE o]
Ec ¥HEE 204 I XEo]E Bt ©ALF
o] o] B, GARRAAPEE A\t
ETH2E 3d). o] AL HE& AHe FRAE

WEZHEE FESE AR/t H¥E AQ ARWRERT 4
ke Ae or|h

29 FelceolE o] WAL 88 7 3a, 3b, ScoM WHE, HE 2ud v

A% 2exde 29d AEECEr B S EECE W A MgO= ALO;, TiO,,
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Table 3. Representative trace and rare earth element analyses (ppm) of clinopoyroxenes in spinel perido-
tites from the Baegryeong Island and the Boeun

Location Baegryeong Island
Clinopyroxene in spinel peridotite xenoliths
Sample BR-2 BR-3 BR-5 BR-7 BR-8 BR-9 BR-11
Sp-lh Sp-1h Sp-lh Sp-ha Sp-lh Sp-lh Sp-ha

Rb 0.21 0.32 0.21 1.25 0.26 0.16 3.29
Sr 32.0 92.7 533 206.6 24.5 34.8 217.5
Y 18.2 17.3 21.2 5.9 20.2 18.4 11.7
Zr 15.0 29.9 151 21.3 15.6 23.0 19.6
Nb 0.31 1.20 0.90 2.37 0.29 0.42 4.44
Ba 0.3 11.25 0.7 49 2.3 0.8 19.1
La 0.68 7.24 2.68 15.00 0.75 1.01 10.35
Ce 1.93 16.16 4.22 26.84 1.81 2.58 30.57
Pr 0.41 2.10 0.53 3.00 0.39 0.54 4.79
Nd 2.63 8.83 3.02 10.61 2.68 3.48 22.64
Sm 1.29 2.03 1.55 1.98 1.39 1.57 6.01
Eu 0.57 0.71 0.66 0.58 0.59 0.62 1.89
Gd 2.30 2.45 2.67 1.53 2.41 2.50 5.37
Tb 0.43 0.44 0.52 0.21 0.49 0.47 0.71
Dy 3.10 2.98 3.68 1.17 3.50 3.19 3.21
Ho 0.71 0.66 0.83 0.23 0.78 0.73 0.49
Er 2.15 2.01 2.49 0.64 2.39 2.17 1.01
Tm 0.31 0.29 0.36 0.09 0.35 0.31 0.11
Yb 1.93 1.88 2.31 0.56 2.15 1.94 0.61

Location Boeun

Clinopyroxene in spinel peridotite xenoliths
Sample JC-1 IC-2 JC-3 IC-4 IC-5 JC-6 JC-7
Sp-lh Sp-lh Sp-lh Sp-lh Sp-1h Sp-lh Sp-lh

Rb 0.99 0.34 0.38 0.30 0.88 0.44 1.24
Sr 62.6 52.8 61.5 56.1 156.9 53.5 143.6
Y 23.0 18.0 19.8 22.0 16.5 19.5 17.8
Zr 37.5 36.2 33.0 323 30.8 29.6 61.8
Nb 0.47 0.16 0.39 0.40 0.68 0.54 3.13
Ba 1.39 0.60 1.75 2.43 4.72 2.35 33.59
La 1.62 0.94 1.18 1.77 7.72 1.37 6.86
Ce 5.07 3.32 3.99 3.77 14.24 4.15 16.33
Pr 1.03 0.67 0.78 0.89 1.68 0.79 2.22
Nd 5.86 3.95 4.47 4.92 6.52 4.31 9.59
Sm 2.33 1.62 1.84 2.01 1.79 1.72 2.53
Eu 0.88 0.68 0.74 0.79 0.64 0.69 0.90
Gd 3.22 2.43 2.77 3.05 2.32 2.64 2.93
Tb 0.61 0.47 0.51 0.58 0.43 0.50 0.51
Dy 4.08 3.21 3.46 3.86 2.90 3.40 3.29
Ho 0.90 0.71 0.78 0.86 0.64 0.76 0.71
Er 2.72 2.14 2.30 2.55 1.91 2.27 2.06
Tm 0.39 0.31 0.33 0.37 0.26 0.32 0.30
Yb 2.43 1.91 2.09 2.23 1.73 2.02 1.84
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Fig. 3. (a)~(c) MgO vs. ALO;, TiO,, and Y contents of clinopyroxenes and (d) clinpyroxne
(Cpx) modal percentage vs. Cpx/Opx ratio in the spinel peridotites from the Baegryeong Island
(open circle) and the Boeun (solid circle). Cpx = clinopyroxne and Opx = orthopyroxene.

Yo Zvlel wel Zageh dAEA W9 o
E Y459 Wste NgE, B A9y AR
Agsdae A AANT
H 2 =Bl E o] TAtg A
294 FHZEolE W9 T4

¥ AZ7t B NG ARAENAM o
HASE Augdk1g 3).

WAE} B A9 FRWEY] FELE A
E AArs7) flske} 9 59} Zo] WEnT
ol ¥FE 7P AA e 449 Y4
< 0]43}%t}. Hofmann (1988)2] AAINE Zk
o2 8% Y, Yb g2 &8 -§(fractional
melting)#} Bl X]-&&(batch melting)o] &=}
TH2E 5). ¥tz e s gz dFgde WEO]
20% o]stE FE&§ ol F45 | FItHWilson,
1989). Z#H Y WX 4§ 22 AME WP
ARVEY] REEF FT7F 1~30%2 wf$
E=tH1¥ Sa). ZYEE WEE, B o A

=1 01
FHES AEE EdETOs EEEE =Y

of Hgshel FEGE BEA A olo} Frh
a3y shelMsh Lol BEE RYL WA,
He Ad 239 s Eeloled] Mgt 2
2%, REEE Y2} NYE AY FRUSL
1~10%0]3, B& 2|9 FRASL 1 ~4%0]h

(2’ 5b).

HERALold E5HAY 94 K, Rb, Sr,
Ba, LREE, Ti, Nb, Zr, P, U, Th & 9450
HEGA e F3lE FAo|tiBailey, 1970; Dawson,
1984). HE w8 ZAHN, 3R} 2
g FEo|Y A&, A4 L& FEES]
MZo] dA45E EA wdfZ-&(patent metaso-
matism)¥ MZE FEES FTFSA dou,
2544 dagel ¥3t8 23 @z (cryptic
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Fig. 4. Primitive mantle-normalized REE patterns of clino-
pyroxenes from (a) the Baegryeong Island and (b} Boeun.
Primitive mantle values are from Hofmann {1988). Solid lines
and dotted lines indicate spinel therzolites and spinel harz-

burgites, respectively.

(Kil and Wendlandt, 2004).
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Table 4. P-T data for spinel peridotites from the Baegryeong Island and the Boeun. Tws = Wood and
Banno (1973), Tem = Bertrand and Mercier (1983), and Tsx = Brey and Kghler (1990). Sp-lh = spinel
lherzolite, and Sp-ha = spinel harzubrgite

Location Baegryeong Island
Sample BR-1 BR-2 BR-3 BR-4 BR-5 BR-7 BR-8 BR-9 BR-10BR-11BR-12
P Sp-lh Sp-lh Sp-lh Sp-lh Sp-lh Sp-ha Sp-ih Sp-lh Sp-lh Sp-ha Sp-ha

Ty (C)at15kb 1072 1038 1056 1043 1019 986 1053 1056 1034 1150 1188
Tem CC)at 15kb 1260 1239 1243 1217 1221 1010 1230 1251 1251 1240 1287
Tgk (°C) at 15 kb 991 915 971 868 910 773 937 953 924 1061 1136

Location Boeun

Sample IC-1 JC-2 JIC3 JC4 JC-5 JC-6 JC-7 JC-8 JC9

P Sp-lh Sp-lh Sp-lh SpIh Sp-lh Sp-lh Sp-h Sp-lh Sp-lh

Twe (OC) at15kb 1027 1082 1056 1077 1106 967 1048 1064 1072
Tgy (C)at15kb 952 1070 1071 1106 1149 827 1015 987 1089
Te CC)at 15kb 847 969 941 986 1030 705 897 902 968

7 7
a — —— — Batch melting b t[ — —— — Fractional melting
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Fig. 5. Comparison of partial melting models of clinopyroxene in spinel peridotites from the Baegryeong
Island (open circle) and the Boeun (solid circle). (a) batch melting (between 1 to 50%) and (b) fractional
melting (between 1 to 20%) for (Y)n and (Yb)n contents in clinopyroxene from the Baegryeong Island
and the Boeun spinel peridotites. The Baegryeong Island and Boeun spinel peridotites have undergone
1~10% and 1~-4% fractional melting, respectively. Primitive mantle values are from Hofmann (1988).
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