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Silica Enrichment in Mantle Xenoliths Trapped in Basalt, Jeju Island:

Modal Metasomatic Evidences

Jae-eun Yu, Sun-woong Kim and Kyounghee Yang*

Dept. of Geological Sciences, Division of Earth Environmental System, Pusan National University, Busan, 609-735
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YIRS YA TPl 9AAS] Basle] lom, sz} Fe xolUed AL melEn ol
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Abstract: Mantle-derived xenoliths, corresponding to spinel harzburgite and Iherzolite in alkali basalts from
Ieju Island, are metasomatized to various extents, They contain distinctive secondary orthopyroxene,
forming corona or poikilitic textures. It clearly indicate that this secondary orthopyroxene has been
produced at the expense of olivine along the grain boundaries and margins, suggesting silica-enriched
metasomatic melt infiltrated through grain boundaries. Based on the geotectonic characteristics of Jeju
Island and textural characteristics and major elements composition of mantle xenoliths, it is suggested that
the silica-enriched melt/fluid could have derived from the ancient subducted slab, possibly in the mantle
wedge, implying that the high SiQ, activity in the lithospheric upper mantle beneath Jeju Island at that
time.

Key words: mantle xenoliths, Jeju Island, secondary orthopyroxene, silica enrichment metasomatism,
subducted slab
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2 AAHolz &3t JRE AFSL UTkFrey
and Prinz, 1978; Nixon, 1987; Choi er al., 2002;
Szabd et al, 2004: Arai et al, 2007; Yang et
al., 2010). ©1E5 HILERIE TGS 212F 2
Z(tectonic setting)?l] W ARE(E-E

aolFe] glge] B ot
o 9 NEY R (mantle wedge) F730A
el E o] TalFe] dFoht €4 #7
ol vt o wislw theFabA] At ch(Nixon,
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1987). -2 MEAA 349 vl =El|Ex 4
2|7} F-8l & (silica enrichmenty2- ¥tom o]zt
A7t F3hEg-2 HYdlA fEg A7t 3R
g FEV fAl] o] dojd ez dEA Aok
(Kelemen et al., 1998). 35 87<] 7= A
2|7} Fshakgol tig A7 BaEa glom 1w
z8-2] e R}(agenty= A QBANM Y= 2] &
Ze)aTetel AEEAEY AR ¥4 Hdevt
7t T3 silica-saturated) WEZ 424 JAch(Nekva-
sil et al., 2004; Arai er al., 2006).

AFEe ST vlant 802 FAH A
g7] shhde = AgsiF oz iRy aF4H
o EAE HAtk(Lee er al, 1982; ¥E4 9
1999; Tatsumi et al., 2005). X AT ]3]

126 © 30"

e - FE

Aol tigh A77F BaEEA AW Herlde A
FErt AT A9E AFEATE A2 AHAH
(Andean-type) A {&73olM ] Za-Fgde] vlawt &
T BPANEO] WHAL AvhelEd 9, 1994
Kim ef al, 2003; 719 €, 2004). 0|2} =2}
A BALe IpREFoE v 79 Eik(con-
structive)/A] o (destructive) #740] AlF7HH LR U4
Eojzl o, dhe FRd M= Autd vlaeid
L FRien, AFEE 3489 naokdee @
Rhe Ao AFME/BHEA| 7 thEt 221354, A
TEHEY geist A7) drxEd 2 o3 A
T F93l3L H5F =18 AlFstaL ok
AFze] Exske dd@TIdE dd 3
FaEA fEE AxEelE Yool FFH

Sinsanri

Study area

D Scoria Cones Stage {Stage 4}
Mt. Halla Volcanic Edifice Stage (Stage 3)

° 10km - Lava Plateay Stage {Stage 2)
| - | -T,mmmu

Fig. 1. Generalized geological map of Jeju Island showing stratigraphic relationships of volcanic rocks(after Lee,
1982) and a sample locality of this study. A photo-map containing present-day geodynamic setting along the
eastern margin of Eurasian plate and geological framework of Jeju Island(top right) are also shown(after Tatsumi et

al., 2005).
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ZEEo] Qi) o]5 Aol 3 ] X|8EHy
A7t olFolF on, oledt ATE AT AR
o] B w2 WA o3 2 (eryptic) STh
2-8-5 W9ke-S B IE¥HtHeg, Choi er al, 2002;
Yang e al., 2010). ¥ = 7HEAE Zosh
A o)z} ARSI ] 2 A FA ZAHA, 7]
Fo| A+ AFSs €] AFEeM AkEEe ¥
SEPIE EQto] mek Fofahgof o3t HEFt §
AL ARHALS EsA o

Lt A
TR 7199 A47) sPicter deRl AFEs
frEprobnel w8 AWl RISk lem, "aly
ol FEhAIb ol E HYst e te] EY
Z(Nankai Trough) Ath ARAA F 600km F
Zo] st JrhNakamura er al, 1989; Kubo
and Fukuyama 2003)Fig. 1). At wl& R =)ol &
TR F&e] AF-Eeolgh ¥2)7F )] Ao A
For TN &X)9 AZEY SUglon wely)
T A FARE A wE Za-dl vt
28-S AFske ghtwe] §% ¥ gYs 27
Z 52 AFS Aoz 4 YHKim et al
2003; 2719 9, 2004). AA) AFEe FHEE §3)
Fo} w2 olmzietutel fxEk o, =%
A1 MR EFAEY A0 v e AeR ¥
#HA dth(Hamdy er al. 2004).

AFEes @F-golA TSR 248 2 £
Tt 36009719 DASHIA, T3 o) ZE]ofol
E ARURE o]FolA UrhLee 1982; ¥HEH 9,
1999; &A1 E 2|, 2002; Tatsumi ef al., 2005). ©|¥
SRR MO AJH-0] 1~10 W%, Ni Ad¥-°] 180 ppm
ol3lZ, vlamp} X FHo g R3] A FEY
g E3Ee-E AEdSe Ve Siok(Nakamura
et al. 1989; 9k 9], 1999; SAE ), 2002; Tat-
sumi et al. 2005; Brenna et al. 2010). ©]&&
< WY 2L Ze vlavke 72 PEEEAE
o ga) MAENLH mhant EFelu AZhe g
ojgt 2 wulst Row UHA ot AFwe] &
Ze] AGe] A £ejololE ALY e FY
T AFA FRTER)E 29go2iY RR8-59
ALE gEeiEr A48 vlanlEiE 48 Ao
2 e Sujeast 349, 1996; S
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9], 2002), whAo] AFH ZYo)M FELF9] o]
7b g2 o wEt MR o FREEY el
o3 gA4R eclarpt s} g dEe] &
o] XN ¥EHo} E&Hojz Aoz ANH/E grh
(Tatsumi et al. 2005). AFTE &5 Ak x99
WE H|zE|EE 28 e B S SO~
49~50 wt%, Na,0+K,0=5-6 wt%, MgO=7~8 wt% %
919] e 7T mgh=100xMg/(Mg + Fe)J= 55~57
=2 JYeiied ($4E 9, 2002; 9RR $, 2007),
ol AFEE PRI e RIS Foll Wlaws AL
HA gEel s

HZ LEHO|E g EIAoF
M 7Ry

AFz Aldeld £Xshe HEEeE WEX
ok 220 cm 719 ZPgOIA] ofZH, ol e F,
23 8 Hqpals § 5 ookt R AEEr)
orel dxetatel ZAlE FElEh, AAHAE 7]
o] B% HWe] YeEs AL HRITh olE I
o] wgt HRS AW 7] E(harzburgite)-#lETto| E
(lherzolite)-$ 2=E12}o] E (websterite)o] ™, B A~
S ¥ UtkFig 2). =FoAM AEEHE HE
E8Y F 90 vol% oido] §¢to g AEHUS W
gETolEg BFET oE T 4Xe] =27
s} ggl 59 EAd 98 xyeo TEEIZHET
(protogranular), A5-UAE 7HE I EFuhlH
(porphyroclastic), 223 Al@e] FlE Hole vl
2UE (mylonitic) X2 THEEH, o] F 2YHY
zzeahsel 20| A 90 vol% ol olFL
ATHFAE ], 2010).

SzrbolE E3k2 7o) 65 vol%, APEE4
o] 25 vol% ool TARRIANA HHHLE 10 vol%
njgte 2 FAE] dcH(Table 1)(Fig. 2). YAE A}
o19] ZAAE B2 A9 RE dake ot
7 QiAo =71e (S mmplA Alg7iAe] 4
249 2HEYHLS o3 I FH| A XE

el

i

2 of

2 qmod

221
ZHAME(kink bandy’} FEE7|= FhFigs. 3a &
). Bl B AR Aom o]For] AN of
ol HEFLS o= THE XA (paleo-melt pocket)
ol o= AP Aol B ASAS Hold
ole] shtel & ] AAe| Fjhdel BAHALL §
S o 4= QJU(Figs. 3a & b). BARIAL ofg- L

=

r

¢

° X
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Fig. 2. Macroscopic views of the studied xenoliths
from Jeju Island. (a) Harzburgite xenolith composed of

mainly light greenish olivine and dark brownish
orthopyroxene with considerably minor amount of
interstitial emerald greenish clinopyroxene. (b) Lherzolite
xenoliths composed of olivine, orthopyroxene, clinopy-
roxene and spinel. Note that a websterite composed of
dark green clinopyroxene and dark brown orthopyroxene
cutting cross the lherzolite. ol=olivine, opx=orthopyroxene,
cpx=clinipyroxene, sp=spinel.

o2 AR WEFZ W AEe 7HA AF Aol
(Fig. 3b)ellAM, 32 ZHAs} APESIA Ajole] 7=
< AeUA JREAG AEECA g AEEn
(Figs. 3¢ & e). AANL o-$- =EA =9 2
EXA Hell AEe et g4 AEEHE Aol 53

E

BN
i

Aoth(Fig. 3a). DA A 237 54
o] Ao} e FE8FS AL T F HoRIA
ol AL AAgth, ApIFIM L FHE 7&*“9]
S AUr 2y Agor 48e 9t &
(bimodal)ZS Holx Zo] EAolth(Figs. 3a & c).
QA7 S APERA S HAst s AL o o
AR Geit wEslo] AAREA Rol kA
2 9] /\}m_?,]/\%‘_ /\oh;ﬂz]_g 23l 7o) Ezlo]l:].
(Figs. 3a & d). AGe] APRINS 2aY JA=
X gkat AV (Figs. 3¢ & d), AEAU] vy
o} A}H(subgrain) A& et AFAM 7=
35L(Figs. 3 & ), T 9AMe] 7PgAtelollA
AT Sk AREF Al sl x¥E A
e AAE o] FA B AL vgEe] AA
B5E Bolm AP TR AAE Bl
or=th(Fig. 3dollA] #2 HASHER).

] a.o]E ._LQO]-_Q_ 7131—}\40] 40 VOI% A}ul—gﬁ}ﬂ
o] 23%, DA o] 15% oldelH, Aol 4-5%

o
-

e
T

2{ e & 1%
so, rlo NlO

2 sl=urio|E AR x| ujs) ek g8
o] AT ZoE ¥, 1 9 T AFES &
ol Z/ASL oM FolEA AR ¢ 3l

THTable 1)(Fig. 2b). &S X3l e oA
APEFIA oA TR A THA] 2A oM BF NS
Hed, olF YA ZREaebET AL e
EI A o]z} APIFAE Alsks o] Y &
o)altk(Fig. 4). =IO E THol|A g} AN
o]zt AMLF A2 e el ofdRt A (subgrain
boundary)g— ujel X85l AH(Figs. 4a & b), TEA
< P3| 8= EZ K (corona) £HE Hol AL
(Flg 4c), oFH FHH g ol YsiA Eotsi
S THFig. 4d). IRRQ] A9 e 3k
A&9E Bl WMo W7 AEH R ool
o] shte] & 7 APt S 2ot §

Table 1. Modal composition and lithology of the studied mantle xenoliths from Jeju Island

Xenoliths ol opx cpx sp Rocknamea
SS13 68 25 4 3 harzburgite
SS132 70 25 3 2 harzburgite
06SS1 65 27 5 3 harzburgite
S82 40 32 23 5 lherzolite
SS3 44 30 22 4 lherzolite
025882 56 25 15 4 lherzolite
07882 57 28 20 5 lherzolite
09SS2 55 23 18 4 lherzolite

OL: olivine; Cpx: clinopyroxene; Opx: orthopyroxene; Sp: spinel

J. Petrol. Soc. Korea
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Fig. 3. Photomicrographs of harzburgite peridotite xenoliths from Jeju Island. Photos “b, ¢, e” were taken under
plain-polarized light and “a, d, f* under cross-polarized light. (a) Characteristic textural feature of harzburgite
showing paleo melting pocket containing fine-grained olivine, spinel and clinopyroxene surrounded by coarse-
grained olivine and orthopyroxene. Note that the melted marginal phase and kink banding in olivine. (b) Enlarged
photo of bottom left portion of the photo “a” showing fine-grained network-like olivine which is intermingled with
clinopyroxene. (c) Interstitial clinopyroxene in considerably small amount. (d) Eniarged photo of the top left portion
of the photo “c” showing secondary orthopyroxene replacing olivine and glass-ike boundary between
orthopyroxene and olivine (a dofted arrow). (e, f) Secondary orthopyroxene formed along the grain boundaries in
olivine. ol=olivine, opx=orthopyroxene, cpx=clinipyroxene, sp= spinel.

HI &g AABE o

Y&ERo|E YU o) TARA Pifol] 9
&) ol FEslsA A gz gEelels
FEJY ) Wao g AHEFTH(Fig. 2b). 3hte] Izt
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Fig. 4. Photomicrographs of lherzolite xenoliths from Jeju Island. Except for the photo “a” under plain-polarized
light, all pictures were taken under cross-polarized light. (a, b) Secondary orthopyroxene formed along the subgrain
boundaries of olivine. (c) Secondary orthopyroxene showing corona texrture, which is typical of metasomatic
texture. Note that the consistent fracture direction and interference colors between two separated olivine grains
indicating a optical continuity. (d) Poikilitically enclosed olivine in orthopyroxene indicating that the orthopyroxene is
replacing olivine. ol=olivine, opx=orthopyroxene, cpx=clinipyroxene.

opx lamella

Fig. 5. Photomicrographs of websterite xenoliths from Jeju Island. The photo “a” were taken under cross-polarized
light and “b” under plain-polarized fight. {(a, b) Large clinopyroxene containing thick orthopyroxene exsolution
lamella. opx=orthopyroxene, cpx=clinipyroxene, sp=spinel.

QAo o] §ETle ST #F e AFe o2 AR} Hoy SUrkFig. 5). A2
Y= v} o] gEgele FREA e, od 3 7} o]Foiz] HellxE MlHe] DAY, APERA 3
oxe DAEe] AdEo] Fd(boudiny T2t AR 3 ALEET). d2EEelE TYQE
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aerdo] AAER gon mof we) o)} AplgA
o] X E ot} o] =RAME o)z} AhiziA e
Pl FElg =Pl EgEElolE Y 2
L o9& Zlo, fi2EglolE 9] dsiM e
A70RE & ¥ oolef] tigh A A=
FF TE AT tFel A Aol
FHEHL MExM

#ul SlofA] oz APERINS FEishH Rolw
HEAR AR SIS GA7IRS ARENS Hsﬂ il

sk olE XIS s 9\,&
APERI, AR, A el tiet
< Ay AP dsEd
SX100 AAAEEA 7|5 o] g-sled A
2-5). 7F5AY 15k, AF AF 10nA, El
luyme® £ siglon 7t Ya 4 A AT
2 ik ¥4 98] Ad Adxe] 3F 4SS
ARE-SIQITE FUEE 1%, @ﬂhm +0.3%2 F4
sick. shte] A4 Welx] BSE AR i) &
o 7P & A B9800 Beke )

F\
jnif
N

#el E7M Z%‘Z% Zpolofe= AFHAglo] Aol Ut
™(Choi et al., 2002;
al., 2010).
SEREERIE E R ERRIE e
Sohe ST i ARA, AR, BABa)
mgis Aol LA (T 88-92; APREY:
89~92; THALZA: 90~92)(Tables 2-5), 3t=2H7I0|E
Eggfo] A TolE EEPUT A S meht}
crf[=100xCr/Cr+ADE BeitkFig. 6). 353 7
gzt BN e) Fodgst cr#d SAISH OSMA(oli-
vine-spine! mantle array) T3] =870 |E X
ot} dETolE YL Flsh s,
e et gl wel bMolA Fo gl
Th A g ﬁz‘fko] 9] ]Eﬂt}(Flg 6). "z-]?é/ﬂo] ori
stzm7te|E REUR] Aol 54-4701H, #HEa)
°|E JQFW Agels 30~-112 Bedest 4%
o] dAFEHE RAFu(Tables 1 & 2), #E49] Fo

2

Table 2. Selected microprobe analyses (wt%) of olivine in the studied mantie xenoliths from Jeju Island

SSi3 88132 06SS1 SS2

coarse fine coarse fine coarse fine coarse fine
Sio, 39.43 39.11 41.16 41.66 41.78 41.85 40.89 40.62
FeO 925 9.47 8.97 8.88 8.00 8.19 8.83 9.55
MnO 0.13 0.12 0.16 0.11 0.14 0.07 0.11 0.11
MgO 50.99 51.09 48.81 48.96 49.55 49.81 50.21 50.22
Ca0 0.06 0.02 0.08 0.08 0.05 0.07 0.03 0.07
NiO 0.36 0.44 0.40 0.38 043 041 043 0.37
Mg# 91 90 91 91 92 91 91 90
Total 100.22 100.25 99.58 100.07 99.96 100.40 100.50 100.94

SS3 02882 07882 09882

coarse fine coarse fine coarse fine coarse fine
Sio, 40.05 39.78 41.15 41.21 38.79 39.08 38.85 40.36
FeO 10.33 10.44 9.78 9.61 10.70 11.74 10.57 11.00
MnO 0.14 0.14 0.14 0.16 0.16 0.15 0.15 0.15
MgO 48.89 48.95 4841 48.32 50.13 49.48 50.41 4761
Ca0O 0.06 0.05 0.06 0.07 0.05 0.07 0.07 0.05
NiO 0.39 0.34 0.40 0.46 0.34 0.38 0.42 0.37
Mgt 89 89 90 90 89 88 89 88
Total 99.90 99.74 99.94 99.84 100.17 100.90 100.57 99.55
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Table 3. Selected microprobe analyses (wt%) of spinel in the studied mantle xenoliths from Jeju Island

SS13 SS132 06SS1 SS2 SS3
Si0, 0.00 0.03 0.10 0.06 0.09 0.05 0.03
TiO, 016 015 0.18 0.14 0.17 0.15 0.08
ALO, 24.57 25.16 25.51 30.45 41.21 41.67 56.24
Cr,0, 40.76 40.18 44.00 40.39 25.94 25.78 10.47
FeO 17.81 17.76 15.89 13.44 12.78 12.69 12.11
MgO 1554 1549 1477 1622 1932 19.23 21.40
NiO 0.23 0.19 0.17 0.17 0.25 0.22 0.40
Mg# 61 61 62 68 73 73 76
Cr# 53 52 54 47 30 29 11
Total 99.07 98.96 100.62 100.87 99.76 99.79 100.78
SS§3 02882 07882 09882
Sio, 0.11 0.11 0.03 0.05 0.07 0.07 0.08
TiO, 0.06 0.14 0.15 0.12 0.09 0.09 0.08
ALO, 55.15 53.60 54.86 47.05 46.89 48.44 50.50
Cr,0, 10.14 11.24 11.64 19.26 19.05 17.84 16.01
FeO 12.03 11.78 11.65 14.65 14.18 13.66 12.90
MgO 20.85 21.73 21.77 19.11 19.11 19.70 20.11
NiQ 0.39 043 0.43 0.31 0.37 0.31 0.31
Mg# 76 77 77 70 71 72 74
Cri 11 12 12 22 21 20 18
Total 98.82 99.03 100.53 100.55 99.76 100.11 99,99
10 ERThe HAA coll 98 ol TPl ¢
_ ® Lherzolite 47 TR Fg 6). TARES A 2L =
5 N A Harzburgite Elo|Er} UehllEs d#o] AR, Fig 6914
% F& SARPIN ATES AEERIE TR 1]
R 24 wolrh WA veht d#e] wofdhe-g wtks
o & AL Ak olE9) me#t ot WE AFE
Sosk 9 v Ay 2 AA g 1o BE HzEele
5 \1 F8te] 73 HARICHFrey and Prinz, 1978; Xu
et al., 1998; SAIE ), 1998; Choi et al, 2002;
i ! Szabd et al., 2004). 53] AFTe] IR0 Ex
i 8. LA AL RN A e SIEH7tolES fAlSH
I S HolthArai ef al, 2003). SF=H 71| E EH
N & 9 25-30%9] FEEEE, HESTCIE EIUS
95 90 85

Fo (ol)

Fig. 6. Relationships between the Fo content of olivine
and Cr# of spinel in peridotite xenoliths from Jeju
Island. The thick gray line with arrow indicates those
from unmetasomatized xenoliths denoting a residual
trend within the olivine-spinel mantle array (after Arai
et al, 2003). OSMA: Olivine-Spinel Mantle Array from
Arai (1994).

oF 20%9] FEE-8S AP IFWEYS Ve
2ATHChoi e al., 2002; FA1E 9], 2010; Yang ef
al., 2010).

szmzlole 39 o] ApIFME HE|E £
3ieke) vl e ALOGEEMIIOIE: 187-2.72 wWi%;
HEo|E: 3.22-4.85 wt%) 3 S 7HAH, Cr,0,3
ZH7IOIE: 046~0.77 wite; HETOIE: 031~0.71
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AFE WEX

wt%)9} CaOGIERHI7I0|E: 0.68~0.83 wt%,; @&}
O|E: 0.59~0.74 wt%ydE& HEslA 1E HAe
AT =Wzl EF A2 B HoltKTable
4)(Fig. 7). =3 239 A2 AAXE A5} Mg
O]AR AAR| = AR Alole] JRzA] zlo|m
ok AohEg o8] FAFE APEEAe] FARx

Sohie] A7) Haztke- 2y wolEka-e] 57 69

Qe 2FREE AEE F e 7Y 2F, =
o}akxFS (Avacha-type)s} EFF}A|FE (Takashima-type)
0= profiths A7 Birso] Avh(Arai ef dl,
2006). 5, oPFE-> AFE A A& opulxE skl
Al FAE AEXIYAN fefgh 2o AYel
A Aoy fE Ayt sk 84

Table 4. Selected microprobe analyses (Wt%) of orthopyroxene in the studied mantle xenoliths from Jeju Island

SS13 SS132 06SS1 SS2
coarse fine coarse fine coarse fine fine coarse fine
Sio, 56.26 56.63 56.87 56.83 56.98 57.03 56.82 55.56 56.21
TiO, 0.04 0.02 0.03 0.03 0.07 0.03 0.05 0.06 0.05
ALO, 1.98 2.07 2.11 1.87 2.72 248 2.47 3.33 322
Cr,0, 0.54 046 0.77 0.57 0.75 0.57 0.67 0.47 0.59
FeO 5.82 572 5.20 5.48 5.20 5.07 5.26 5.65 5.40
MnO 0.10 0.13 0.10 0.14 0.10 0.15 0.12 0.11 0.11
MgO 34.64 34.89 33.36 33.55 33.19 33.46 33.21 34.58 34.24
Ca0O 0.70 0.74 0.83 0.78 0.68 0.70 0.83 0.66 0.69
Na,O 0.08 0.13 0.15 0.10 0.15 0.12 0.11 0.05 0.07
NiO 0.07 0.13 0.10 0.06 0.12 0.11 0.08 0.11 0.12
Mg# 92 92 92 91 91 92 91 92 92
Wo 1 1 2 2 1 1 2 1 1
En 88 88 90 90 91 91 90 90 90
Fs 10 10 8 8 8 8 8 8 8
Total 100.68 100.89 99.56 99.41 99.99 99.77 99.62 100.60 100.70
SS3 02882 07SS2 09882
coarse fine coarse fine fine coarse fine fine coarse
Si0O, 53.71 5428 55.61 56.23 55.60 52.92 53.49 54.42 54.77
TiO, 0.08 0.10 0.13 0.07 0.10 0.08 0.07 0.05 0.04
ALO, 485 4.84 426 4.18 4.44 432 3.86 442 422
Cr,0, 0.47 042 0.31 0.31 0.36 0.71 047 0.63 0.53
FeO 6.87 7.05 6.19 6.05 6.24 6.65 6.92 6.41 6.86
MnO 0.12 0.12 0.12 0.16 0.15 0.13 0.09 0.11 0.09
MgO 32.67 32.77 32.60 32.51 32.74 33.73 33.84 33.76 32.06
CaO 0.59 0.64 0.74 0.69 0.74 0.72 0.69 0.70 0.65
Na,0 0.05 0.06 0.09 0.12 0.10 0.11 0.10 0.08 0.07
NiO 0.13 0.09 0.02 0.08 0.11 0.07 0.11 0.06 0.15
Mg# 90 89 90 90 90 91 91 91 89
Wo 1 1 1 1 1 1 1 1 1
En 88 88 89 89 89 88 88 89 88
Fs 10 11 10 10 10 10 10 10 11
Total 99.55 100.28 100.05 100.39 100.49 99.44 99.65 100.63 99.43
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Table 5. Selected microprobe analyses (wt%) of clinopyroxene in the studied mantle xenoliths from Jeju Island

SS13 SS132 06SS1 S$2
Sio, 5277 53.08 52.76 53.51 53.79 52.49 52.17
TiO, 0.14 0.14 0.13 0.13 0.16 027 027
ALO, 3.63 3.73 3.65 3.57 4.27 455 4.59
Cr,0, 2.01 1.67 2.09 1.96 1.87 146 115
FeO 2.74 2.62 2.46 2.52 2.52 2.63 261
MnO 0.07 0.05 0.02 0.01 0.02 0.08 0.08
MgO 16.45 16.43 15.68 15.62 15.69 16.48 16.32
Ca0 19.85 20.01 20.41 20.46 2021 20.56 20.85
Na,0 1.69 1.69 1.89 1.65 1.85 135 1.28
NiO 0.04 0.04 0.05 0.09 0.02 0.06 0.07
Mgt 92 92 92 92 92 92 92
Wo 44 44 46 46 46 45 46
En 51 51 50 49 50 50 50
Fs 5 5 4 5 4 5 4
Total 99.39 99.46 99.17 99.55 100.43 99.93 99.39
SS3 025S2 07SS2 09SS2
SiO, 52.19 51.66 51.98 52.63 51.93 51.53 5257 5271
TiO, 0.4 046 0.45 034 023 0.27 0.23 0.24
AlLO, 5.90 6.18 5.66 3.44 591 5.83 4.56 4.62
Cr,0, 0.77 0.80 0.81 1.03 127 133 0.82 0.80
FeO 2.89 2.89 3.02 3.66 3.07 3.06 2.88 291
MnO 0.07 0.07 0.11 0.11 0.08 0.07 0.09 0.05
MgO 1535 1531 15.89 17.64 1571 15.66 16.03 16.24
Ca0 2127 2127 19.93 2022 1979 20.10 21.29 21.24
Na,0 1.30 1.46 1.51 0.55 1.67 1.71 1.09 0.99
NiO 0.07 0.04 0.08 0.10 0.01 0.03 0.04 0.05
Mg# 91 91 91 90 91 91 91 91
Wo 47 47 45 42 45 45 46 46
En 48 47 50 51 50 49 49 49
Fs 5 5 5 6 6 5 5 5
Total 100.23 100.12 99.45 99.73 99.68  99.62 99.66 99.84
TiO, 0.13~0.46 wt%, Cr,0, 0.77-2.09 wt%, ALO, ¥ E 9

FE 3.44~6.18 wi%H A E HIITHTable 5). ALOS}
TiO,= %2 4#FA, Cr,08 Tioqx= 22 43
AE Yelledl (Fig. 8b), ©1818 A AA g
o] th-Ee] WE A TEl|E EEQA T
= A3 FAFSIEE (Frey and Prinz, 1978; Xu et
al., 1998; Szabd et al., 2004; Arai et al., 2006).
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Tatsumi et al, 2005; Yang ef al, 2010). 1#{u}
A7 HAL YA Ods FEY AEPdS
Holz o|a} ARERIMe] A9l BE WE FHxEle]
E 23X AEErhe Aol #2FSth(Figs. 3
& 4. THRYL AL e AL shgRiEG
PAZAA FAEE AP, dEAE ESEke X
olZelE & IARY 27 5 Esp wed
(reaction rim)y& VERIZ Q1o AR} AAHAGA
FES0] A ¥hEAIeS VERE wigkge] S
AR A FH -t White, 2001). AFE WE LY
ol SAske o3} APF Aol Meyo R ZigMat
A EEHe P o] FEo] PN S 4R
A7l Wkl o3 AE ZYE EHskA A g
ot ojH¥ 2AFH B4 AFR 3F AFUE)
st dulzl 23S Ao, g2 4
APt 9SS AR 28F 02 o
2} (primary) B2 ©|Z}(secondary) APLF ¢l F
3 T2 A& EHAW olg ARFE Alole] AR

o

=
HFHPo] o)]FHITE vt ol FE 204
Mg®t Fe 94:9] BAMEZ(diffusion rate)’t B} o]
£ FEo] wWEA HY o]ZXAY T2 vy o
A 717l AA whgo] dojt-g gt
AYEAed sle HEARS] HelzelolEd] Az
FHERg-o] Bl dojuar Qloks AL d
4l d A ol chBrtan and Leeman, 1996; Smith
and Riter, 1997, Kelemen et afl., 1998; Smith er
al., 1999; Franz et al, 2002; Arai e al., 2003;
Bali er al., 2008, and references therein), ntl2F$-
o] AFAEEA olz} APEFIA] Bt ofuE} olxte] 7}
A4 B FeRe] AE Fol HuHN gt 18
u o] Fol| Aejhratagd] oig A7 vl F
oo o, HE7hslahe-2 7 HaLs wo)
Aoz oAAT JtHFranz et al., 2002; Arai ef
al., 2003). AUEZNA AHFHEEERE-E o] o
P2e sPdske dYuels fed At F3e
HE/FAZA, ol8st HEY fAl= AFHE )
FEslEx MENA B30 ¥ Fs) vkgsie
Aoz U#HA Urheg., Kelemen et al, 1998). T
F SRl Aols Aerlelarge] $A7F B
Ha glom 2 wiidge] a4 Yeolaet
v B R85 o Y G EFEU 7
HAe 7= HEpt E3le dEZ B3 gt

2% - WA

(Nekvasil et al., 2004; Arai et al., 2006). WE
Y| 430 o) F4E FFUE i
np7}t B4AQ AP REAES AT F23] de
Fi7b E3tg e gAsd 5 1o, o] HE
E NE Fe)xriolEg whesle) o] ApERIN S
PAste AR HIHIL Avh(Nekvasil ef al,
2004; Arai et al., 2006).

2 A H58 233 FAR 299 B4
AFE 3 ARRE Gado] HYM -
HE/FA ] o8 de7hielae-g AFeNES
S 2o ZAR AAB, v Bukaekel A
B AR rlovke) 2slagelM fHE kR
spztbgoleld vl$- He] Abrolth. 3 Mao] s
T3 A@Eo] ER BT ARY o)} ApE
3ae Aol A BEgolAY Exela fAR
Agel A4oz vud FapA d4E FAE B
HArai et al, 2006). H712]9] FHpAQE-H L ST
(Carpathian-Pannonian) Aol AFEe fAGE €
2 wole 3higto] Bxaln, ol ZYPH WEX
g9 ) REFA melt pocke)d] A 2 F8A4
o thal B = QUthBali et al, 2002, 2008; Szabd
et al., 2004). AEIAL A7 slor] 2] (glasse)
o} 7ro] FE WEC &S Hols FFHot} A
Fro| MEF e APEFIMLE FHg A HE
g Holy, 715& A$= A e A8 &
#¥R] 943l (paleoyREFEATo] FaE chFig.
3a). |23 274 EAL WMEEIYo] AejFHst
28-S 2e)dol AR EE AN e /F
A}

Arai et al.2006)= ©1A} APLEA e SR A
o o5 olEc] HAE ZT2e, & TS E
Ao AU ehekxbR)e] Aol Jhsd o
ololz@-& AteIATHFIE. 7). B EEolAM AAB
opalaFs& 7IApFX ] olual HERE ohz} A
Ale] o2 AUsgdA delyhrsitgel o3 84
B APRA s AR 248 it Ao 3l
o}7] wiie] thojelz@e] A AlFEE ETRAL o
AR}, 2, 2¥|9le] YerE(Tallante)(Shimizu ef dl.,
2004), Fo} 7ok (Mclnes et al., 2001), H|=
&) Fh27)o)=(Cascades)(Frtan and Leeman, 1996),
el & ZYHHoroman)X| S (Morishita et al,, 2003a),
QA A E2| Y (Morishita ef al., 2003b)ilM HEH
glolEy EF oplxidolgla AAE 99 Fo &

rlo
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