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ABSTRACT: Peridotite xenoliths occurring in late Neocene intraplate alkaline basalt from Baegryeong Island,
west-northern part of the Korean peninsula, are mainly anhydrous spinel lherzolites. The xenoliths display coarse
grained protogranular through inequigranular to cumulate textures, grading into each other. They often show
well-developed annealed textures and the triple junctions, suggesting that they went through static(+dynamic)
recrystallization. They also contain left-over olivine grains within orthopyroxene, indicating replacement of olivine
by orthopyroxene. The constituent minerals are compositionally homogeneous and appear to be equilibrated. The
xenoliths are characterized by the high Mg#[=100xMg/(Mg+Fe1) atomic ratio] of olivine, orthopyroxene and
clinopyroxene (89-93) and the Cr#[=100xCr/(Cr+Al)] atomic ratio] of spinel (9-15). The calculated equilibrium
temperatures and oxygen fugacities resulted in 920-1,070 C and AfO,(QFM) =-1.5 ~-0.5, respectively. Clinopyroxenes
of the xenoliths are mostly enriched in incompatible trace elements, exhibiting three types of REE patterns: D
LREE-depleted [(La/Yb)n=0.3-0.4, (La/Ce)n=0.9-1.0], @ LREE-enriched [(La/Yb)n=1.8-2.7, (La/Ce)n=1.6-1.7],
and (3 a enrichment in La over Ce [(La/Yb)x=0.2-0.5, (La/Ce)x=1.0-1.1]. They also show depletion in high field
strength elements(e.g., Nb-Ta, Zr-Hf, Ti), and low field strength elements (e.g., Rb and Ba). We thus propose the
Baegryeong peridotite xenoliths represent residues left after early melt extraction, which was subsequently
subjected to different degrees of modal/cryptic metasomatism by silica- and LREE-enriched fluids (or melts).
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Sciences, Pusan National University, Busan 46241, Republic of Korea)
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Fig. 1. (a) Google photo-map showing the geodynamic setting along the eastern margin of the Eurasian Plate. (b)
Generalized geological map of Baegryeong Island showing the stratigraphic relationships of rocks and the sample
locations of this study (Lim ez al., 1999).
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Fig. 2. The outcrop overview of representative peridotite xenoliths showing a (a) protogranular and (b) equigranular
texture appearance, respectively and (c) feldspar mega xenocrysts enclosed in the Jinchon basalt from Baegryeong
Island.
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Table 1. Modal composition, lithology, calculated pressure and equilibrium temperature conditions for the studied

peridotite xenoliths from Baegryeong Island.

Xenolith 16BR0O3 16BROS 17BR0O6 17BR0O9
Modal% olivine 54 62 63 65
orthopyroxene 32 23 25 19
clinopyroxene 12 13 11 13
spinel 2 2 1 3
Rock name lherzolite lherzolite lherzolite lherzolite
Texture inequigranular cumulate protogranular protogranular
ET(C) B&K cain-opx 915 923 908 913
B&K ¢pxopx 938 923 1072 984
AlogfO,” -1.2176 -0.5223 -1.4878 -0.6198

*ET=equilibrium temperature; B&Kcpx-opx and B&KCa-in-opx: at 15 kbars

from Brey and Kohler (1990) st.dev+16C.

°AlogfO,:0xygen fugacuty at 15 kbars from Ballhaus ez al. (1991).
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Fig. 3. Photomicrographs of the spinel peridotite xenoliths from Baegryeong Island. All photos were taken under
cross-polarized light. (a) A protogranular texture in the xenolith showing kink band in olivine and a olivine grain
enclosed in orthopyroxene(16BR09). (b) A left-over olivine inclusion in a large orthopyxene (16BR09). (c) A tran-
sition from protogranular (the right upper section) to equigranular (the left lower section) (16BR03). (d) A left-over
olivine inclusion in orthopyroxene (16BR03). (¢) A cumulate texture showing elongated minerals with a preferred
orientation (16BROS). (f) A left-over olivine inclusion in orthopyroxene (16BR08). ol=olivine; opx=orthopyroxene;
cpx=clinopyroxene; sp=spinel.
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Table 2. Major element compositions of olivines (wt%) for peridotite xenoliths from Baegryeong Island.

. 16BR0O3 16BR0O8 17BR0O6 17BR0O9
Xenolith - : X -
core rim core rim core rim core rim
SiO, 40.51 40.46 41.16 41.14 40.49 40.45 41.41 41.34
TiO, 0.01 0.02 0.00 0.00 0.01 0.01 0.01 0.00
AlLO3 0.00 0.00 0.00 0.05 0.00 0.03 0.02 0.01
Cr203 0.01 0.02 0.01 0.00 0.01 0.02 0.00 0.01
FeO* 10.35 10.27 9.26 9.09 9.35 9.54 8.82 9.20
MnO 0.15 0.15 0.11 0.10 0.14 0.16 0.10 0.15
MgO 48.63 48.55 49.13 49.44 50.23 49.88 49.24 48.77
NiO 0.37 0.37 0.26 0.29 0.37 0.36 0.32 0.27
CaO 0.04 0.06 0.03 0.04 0.05 0.03 0.04 0.05
Na,O 0.03 0.01 0.02 0.02 0.03 0.00 0.00 0.03
KO 0.00 0.00 0.00 0.03 0.00 0.01 0.00 0.01
Total 100.1 99.9 100.0 100.2 100.7 100.5 100.0 99.8
Mg#** 89.3 89.4 90.4 90.7 90.5 90.3 90.9 90.4

"Total FeO given in Fe™, **Mg#ZIOOXMg/(Mg-IrFeH)

Table 3. Major element compositions of orthopyroxenes (wt%) for peridotite xenoliths from Baegryeong Island.

Xenolith 16BR0O3 . 16BROS8 . 17BR0O6 . 17BR0O9 .
core rim core rim core rim core rim
Si0; 55.24 55.15 56.01 56.35 54.93 54.85 55.80 56.05
TiO, 0.10 0.15 0.10 0.07 0.11 0.10 0.09 0.12
AlLO; 4.07 3.96 3.82 3.72 4.00 3.93 4.24 3.90
Cr05 0.28 0.30 0.26 0.35 0.26 0.33 0.32 0.28
FeO* 6.58 6.50 6.05 5.58 6.24 6.21 5.66 5.52
MnO 0.12 0.14 0.11 0.08 0.14 0.15 0.09 0.11
MgO 33.26 32.87 33.06 33.28 33.61 33.78 33.02 33.27
NiO 0.09 0.11 0.07 0.10 0.08 0.10 0.05 0.06
CaO 0.55 0.66 0.57 0.55 0.53 0.52 0.55 0.54
Na,O 0.10 0.18 0.08 0.08 0.03 0.09 0.09 0.10
K>O 0.01 0.07 0.00 0.00 0.00 0.00 0.01 0.00
Total 100.4 100.1 100.1 100.2 99.9 100.1 99.9 99.9
Mg#** 90.0 90.0 90.7 914 90.6 90.7 91.2 91.5

"Total FeO given in Fe™, **Mg#ZIOOXMg/(Mg-%FeH)

AazAo] 2 Aolg HolA| on] vlnd Fst
& RojZEoh ARSI o] AlLOs9} CaO, Cr0s, 11
231 ZE4 9] MgihAtolol A FHBAE FH5HA
S=THTE 4).

AL B35 (diopside) 22 Mg#=91-93, ALO;
=5.5-6.4 wt%, Ti0,=0.2-0.6 wt%, NayO=1.5-1.8 wt%,

Cr,05=0.6-0.8 wt%, Ca0=19.3-21.0 wt% 2] 24L&
7HITHEE 4). ALOsE TIO2R= 2] A, CrOs
OFs AuAE B98HA P=tH2H 5a, 5b). Mg
9} ALOs, NayOfh= 1]ofgt 28] AAaA IS Helck
(7% 5¢, 5d). WHA FE3h= APYFIA <] Mg#et o
AF31A 9 Mgit= §2] AHAE 2K Se).
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Table 4. Major element compositions of clinopyroxenes (wt%) for peridotite xenoliths from Baegryeong Island.

. 16BR0O3 16BR08 17BR0O6 17BR0O9
Xenolith - - - -
core rim core rim core rim core rim
SiO; 52.44 52.24 53.16 53.18 52.42 52.44 52.59 52.82
TiO, 0.47 0.46 0.25 0.19 0.58 0.53 0.50 0.43
ALO; 6.07 6.09 5.47 5.76 6.42 6.18 6.01 5.82
Cn0; 0.70 0.60 0.77 0.74 0.77 0.72 0.74 0.64
FeO* 2.75 2.73 2.21 2.36 2.49 2.53 2.60 2.38
MnO 0.08 0.09 0.08 0.04 0.07 0.06 0.09 0.05
MgO 15.34 15.40 15.47 15.50 16.06 16.25 15.39 15.40
NiO 0.06 0.03 0.04 0.06 0.03 0.04 0.04 0.05
CaO 20.39 20.36 21.00 20.81 19.30 19.52 20.55 20.73
Na,O 1.82 1.69 1.55 1.50 1.75 1.62 1.55 1.58
K>O 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01
Total 100.1 99.7 100.0 100.1 99.9 99.9 100.1 99.9
Mg#** 90.9 91.0 92.6 92.1 92.0 92.0 91.3 92.0

"Total FeO given in Fe™, **Mg#:l 00xMg/(Mg+Fe”")
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Fig. 4. Olivine and orthopyroxene composition of the peridotite xenoliths from Baegryeong Island. (a, b)
Relationships between Al,O; versus CaO, and Cr,O; for orthopyroxene. (¢) Relationship between Mg# for olivine
vs Al,Os for orthopyroxene.
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Table 5. Major element compositions of spinels (wt%) for peridotite xenoliths from Baegryeong Island.
) 16BR03 16BR0O8 17BR0O6 17BR09
Xenolith - - - -
core rim core rim core rim core rim
SiO, 0.08 0.12 0.06 0.07 0.09 0.09 0.04 0.04
TiO; 0.11 0.10 0.07 0.06 0.12 0.12 0.06 0.04
Al O3 58.49 58.53 54.22 54.43 58.00 57.62 56.80 57.03
Cr,03 9.01 9.12 13.94 14.01 10.44 10.65 10.33 10.79
FeO* 11.20 11.19 11.42 11.37 10.27 9.98 10.72 10.95
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.07
MgO 20.51 20.49 20.17 20.35 21.06 20.82 20.68 20.65
NiO 0.40 0.45 0.41 0.42 0.36 0.39 0.27 0.27
CaO 0.00 0.03 0.00 0.01 0.00 0.01 0.00 0.01
NayO 0.00 0.01 0.12 0.05 0.00 0.01 0.02 0.00
KO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Total 99.8 100.0 100.4 100.8 100.4 99.7 99.0 99.9
Mg#** 76.5 76.5 75.9 76.1 78.5 78.8 77.5 77.1
Cr# 94 9.5 14.7 14.7 10.8 11.0 10.9 11.3
"Total FeO given in Fe*", "Mg#=100xMg/(Mg+Fe”")
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Fig. 5. Clinopyroxene composition of the peridotite xenoliths from Baegryeong Island. (a, b) AL,Os vs TiO; and
Cr0:s. (¢, d) Relationship between Mg# vs Al,Osand Na,O. (e) Relationship between clinopynoxene Mg# vs ortho-

pyroxene Mg#.
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Table 6. Trace element concentrations (ppm) for clinopyroxene in mantle xenoliths from Baegryeong Island.

. 16BR0O3 16BR0O8 17BR0O6 17BR0O9
Xenolith ; ; : . -
core rim core rim core rim core rim core rim
Sc 71 75 70 77 68 67 76 75 69 77
Ti 2959 2907 1670 1639 3122 3166 3462 3445 3321 3496
A" 270 278 250 265 260 273 280 280 275 281
Mn 701 690 623 629 585 601 641 657 664 656
Co 21 21 19 21 19 18 19 19 20 21
Ni 323 329 343 360 326 335 337 337 328 342
Ga 341 3.31 2.76 2.72 3.35 3.24 3.23 4.1 3.63 3.18
Rb 0.02 bd 0.02 bd 0.03 0.02 0.01 0.04 bd 0.06
Sr 29 28 71 69 50 52 56 58 57 57
Y 18 18 15 15 17 18 19 19 18 19
Zr 10 11 56 55 15 16 17 17 15 16
Nb 0.47 0.46 426 3.67 0.06 0.07 0.09 0.12 0.15 0.07
Ba bd bd 0.20 0.05 0.06 0.08 0.18 0.05 bd 0.10
La 0.52 0.56 4.87 5.03 0.95 0.97 0.98 0.97 1.27 1.17
Ce 1.30 1.36 8.11 7.52 2.48 2.66 2.73 2.93 3.05 3.14
Pr 0.28 0.22 0.98 0.79 0.41 0.50 0.48 0.49 0.52 0.48
Nd 2.33 2.24 4.01 4.18 2.60 3.08 2.75 2.85 3.28 3.12
Sm 1.53 1.28 1.02 0.97 0.68 1.24 1.20 1.51 1.44 1.71
Eu 0.54 0.53 0.45 0.42 0.46 0.67 0.63 0.56 0.58 0.67
Gd 1.77 1.94 1.66 2.11 2.01 221 2.49 2.69 2.04 2.44
Tb 0.46 0.38 0.30 0.34 0.31 0.26 0.42 0.40 0.43 0.45
Dy 3.16 2.89 2.52 2.58 2.92 2.94 3.40 3.56 3.24 2.99
Ho 0.69 0.73 0.64 0.58 0.52 0.62 0.74 0.67 0.71 0.71
Er 1.93 1.98 1.82 1.59 1.39 1.93 2.23 2.19 2.07 2.36
Tm 0.28 0.30 0.30 0.26 0.23 0.17 0.29 0.26 0.27 0.29
Yb 2.13 1.88 1.99 1.36 1.61 1.78 1.64 243 1.74 2.11
Lu 0.30 0.21 0.26 0.26 0.23 0.32 0.25 0.29 0.24 0.38
Hf 0.50 0.48 1.38 1.24 0.57 0.49 0.63 0.81 0.73 0.65
Ta 0.00 bd 0.24 0.21 0.01 0.01 0.01 bd bd bd
Pb 0.12 0.10 043 0.32 0.15 0.18 0.18 0.17 0.25 0.15
Th 0.07 0.06 0.82 0.88 0.11 0.13 0.17 0.16 0.19 0.17
0] 0.03 0.04 0.24 0.23 <0.00 0.02 0.01 0.02 0.01 0.01
(La/Yb)n* 0.18 0.21 1.76 2.65 0.42 0.39 0.43 0.29 0.52 0.40
(Ce/Yb)n* 0.17 0.20 1.13 1.54 0.43 0.42 0.46 0.33 0.49 0.41
(La/Ce)n* 1.04 1.06 1.55 1.73 0.98 0.95 0.93 0.86 1.08 0.96

"Normalized by McDonough and Sun 1995

An|=Ro| A tjEo ME-L2 A2 (LFS: low field strength)@4:21 Ti, Ta-Nb, Hf-Zr= 29| ©]
field strength)14:21 Ba, Pbe} I (HFS: high AHanomaly)o] LERITE o@]& o= A= “16BR08” 2
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Fig. 8. Model calculations for clinopyroxene REE from the studied xenoliths (Ntaflos et al., 2008). (a) Chondrite-nor-
malized REE abundance patterns (after McDonough and Sun, 1995) of clinopyroxenes and of predicted residual
clinopyroxenes from bach melting model calculation(shaded area). Closed square and open square represent core
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