2L A 2 3 X)

Jour. Petrol. Soc. Korea Vol 18, No. 3, p. 223~236, 2009

Textural and Genetic Implications of Type II Xenoliths Enclosed in
Basaltic Rocks from Jeju Island

Jae-eun Yu, Kyounghee Yang*, Byoung-Hoon Hwang and Jinseop Kim

Duvision of Earth Environmental System, Pusan National University, Busan, 609-735, Korea

2 ok AFEE FURe AEHe 2YsAN EHYL F 2F, Type IF Type IE EFHZTH Type | X
gore Mg ARl B FE(mg#89-9NE FAE FHIZEERN kFoA vma Esh 2Ad A
Fx 2G4 EYol thgh iR A Type 1 WEFTHY] B3 Aojrk. wbHo] Type I XHYL
Ao B Mg, Ni, ColE-& 530 Fe, Ti 8ol T& gabd], APISIA, QAR (mgh=T77-83) 28 ojFo]
Z k. Type 11 TPl ARLS dalo)Eg4 BAFAgdEY Yageo|Egdasgio|EolH, Tiol
233 9AFNS sEE Aol BAolth Type I THYL xFox EoldyHe =3¢ vehlo] F&4
olEe] B4 BTk Type I EI vehie 453s Ao, 2430 Y434 28E Type 1 ¥
gglo) Dol g orlHlE AHANEARZEA ol FHHUEE AASth 2YRel APTEAN DALF
A 2Py E Boln(m2d 34), Agde 3He £2geE BolA ¥eHed ) 54% HolN
T o)|B4 FAEIANEL A9 fAlStH AL BEHE AEPeo] SAF o)FRSS AT TAEY
F g AAgAEE AFde] ZoixEsia glof ApgEae] E3lag (enrichment)] Yolws-& AA.
o} ke eFolA SAsE Type | HEEEHY, WGz, 2yl #RUe] AR ES Hlasiad
Type 11 TG FHEYAL 2L Type | AEZYYAE B Bdse A4S s viele
Axost Byl dFge 9539 A9E 2 oled 23 By HEYES BERYLE Type
I EEgo] A el d8dse FAFA Bl s AMFeg S vl 42E
o8 BaAgRgd o3 JAdU(cumulates) 71 EYE AAlgTE

A0 AFE, Type 11 2H71HEYY, FEHolE, Ha, 318k 248

Abstract: Ultramatfic xenoliths from southeastern part of Jeju Island can be grouped into two types: Type
T and Type Il Type 1 xenoliths are magnesian and olivine-rich peridotite (mg#=89-91), which are
commonly found at the outcrop. Most previous works have been focused on Type I xenoliths. Type 1l
xenoliths, consisting of olivine, orthopyroxene and clinopyroxene with higher Fe and Ti components
(mg#=77-83) and lower Mg, Ni, Cr, are reported in this study. They are less common with a more
extensive compositional range. The studied Type IT xenoliths are wehrlite, olivine-clinopyroxenite, olivine
websterite, and websterite. They sometimes show ophitic textures in outcrops indicating cumulate natures.
The textural characteristics, such as kink banding and more straight grain boundaries with triple junctions,
are interpreted as the result of recrystallization and annealing. Large pyroxene grains have exsolution
textures and show almost the same major compositions as small exsolution-free pyroxenes. Although the
exsolution texture indicates a previous high-temperature history, all mineral phases are completely re-
equilibrated to some lower temperature. Orthopyroxenes replacing clinopyroxene margin or olivine indicate
an orthopyroxene enrichment event. Mineral phases of Type II are compared with Type I xenoliths,
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gabbroic xenoliths, and the host basalts. Those from Type II xenoliths show a distinct discontinuity with
those from Type 1 mantle xenoliths, whereas they show a continuous or overlapping relation with those
from gabbroic xenoliths and the host basalts. Our petrographic and geochemical results suggest thai the
studied type II xenoliths appear to be cumulates derived from the host magma-related system, being
formed by early fractional crystallization, although these xenoliths may not be directly linked to the host

basalt.

Key words: Jeju Island, Type II ultramafic xenoliths, cumulate, enrichment, chemical re-equilibration
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Fig. 1. Geological map of Jeju Island showing the
sampling site for the type Il xenoliths(after Lee, 1982).
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Table 1. Major element composition (wt%) of the rock forming minerals from the Type Il xenoliths
Olivine

SS13-3 SS13 SS13-1 06SS 07SS12 09SS521

(n=9)* (n=5) (n=10) (n=4) n=6 (n=4)
Sample Type I_Ia . Ofivine Type IIb . ' '{Zﬁ\e{lgg

(wehrlite) (Wehrlite) clinopyroxenite) (Wehrlite) (Wehrlite) -websterite)

Sio, 38.83 38.59 38.34 38.83 39.17 38.53
FeO? 18.32 18.79 18.56 18.58 16.82 19.21
MnO 0.23 0.24 0.19 0.22 0.17 0.23
MgO 4281 42.53 42.71 41.21 43.80 41.90
CaO 0.18 0.08 0.08 0.09 0.12 0.18
NiO 0.22 0.24 0.28 0.26 0.25 0.30
Total 100.58 100.47 100.16 99.18 100.33 100.33
Mg#® 080 80 80 80 82 79

SS13-1 SS13 SS13-3 SS13-3 095521 095821
Sample —

Inclusion in cpx Host baslt
Sio, 38.88 39.30 39.31 372 36.47 394
FeO? 18.51 16.91 15.82 25.66 29.16 19.05
MnO 0.21 0.22 0.21 0.37 0.32 0.22
MgO 4281 43.74 44.58 36.52 32.90 41.63
CaO 0.08 0.21 0.19 0.27 0.18 0.16
NiO 0.25 0.22 0.27 0.13 0.12 0.28
Total 100.74 100.61 100.38 100.16 99.15 100.73
Mg#® 0.80 0.82 0.83 0.71 0.67 0.79
2All FeO given as FeO. "mg# = 100x[Mg/(Mg + Fe')]in atomic ratio. n=number of analysis
Table 1. Continued
Orthopyroxene
SS13-3 SS13 SS13-1 06SS 07SS12 095821 0955823
n=6 n=4 n=9 n=2 n=6 n=11 n=5

Type Ila Type ITb Type Ilc
Sio, 53.11 53.17 53.41 5343 52.93 53.29 52.40
TiO, 0.34 0.27 0.30 0.26 0.33 0.33 0.37
Al O, 3.66 3.21 3.11 3.47 4.06 2.77 3.94
FeO? 11.64 11.90 11.71 11.61 10.86 12.18 13.94
MnO 0.21 0.23 0.21 0.20 0.19 0.21 0.24
MgO 29.35 29.94 29.97 28.62 29.76 28.92 26.87
Ca0O 1.59 1.04 1.06 1.14 1.14 1.35 1.34
Na,0 0.08 0.03 0.05 0.07 0.06 0.08 0.10
Cr,0, 0.19 0.18 0.17 0.18 0.34 0.19 0.16
NiO 0.08 0.04 0.06 0.07 0.05 0.10 0.06
Total 100.24 100.02 100.05 99.03 99.72 99.44 99.41
Mg 0.82 0.82 0.82 0.81 0.83 0.81 0.77
wO 3 2 2 2 2 3 3
EN 79 80 80 80 81 78 75
FS 18 18 18 17 19 22
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Table 1. Continued

AMIITY W EHY HY

Sample —_S13__SSI-T__ 09582 09521 wFol o) Type Il EHYLS AR 2-10 cme)
Exsolution lamella in cpx 718 Ro|H, Felje ojlRx F A2 & BErF
Sio, 5334 5367 5313 5319 B 8 Tow sithFig 2). £ ARkl
TO, 026 030028 03 e FREE, AARE 7150 Hg wEde
ALO, 279 2386 2.78 2.9 A welth wEAA Type 12 Type I TS
FeO? 11.29 11.37 12.11 12.02 I & Qe b EAH AL Type NIl Ti
MnO 0.24 027 0.24 0.19 ) ZES SAFA0] AeMow NEET, Type |
MgO 26.86 30.36 28.95 29.05 o= Cro] EHah 2249 TAlEA 0] A 2
Ca0 1.30 1.22 121 1.29 = ML TeTE S A
Na,0 0.10 0.07 0.09 0.06 oftk. WEF Type 9] AESIE FHHE =T 2
NiO 0.10 0.06 0.08 0.09 B3t} AlFEToiA BEEHE Type lole #7840
HFEA ek B 8l Type I £
Total 99.41 10033 99.42 99.36 da}o| Eqwehrlite), 74 TALS] A Y(olivine cli-
nopyroxenite), 4] Y2E{Zlo]E(olivine webster-
Mg#® 0.82 0.83 0.81 0.82 ite), Y 2El2fo| E(websterite)o ], Theat o] A
o8 o] 7R Et(Fig. 2).
WO 3 2 2 3 Type lla= ZFE2Ao] 9F 70-80 vol%, APE3|4]0)
EN 80 81 » » 5-10 vol% w]gt, TARRIA 0] 1520 vol%Z o]0}z
Fs 17 17 19 18 gzjo|E ARo|thFig. 2a2). AEH AR A7)
Table 1. Continued
Clinopyroxene
SS13-3 SS13 SSI3-1 06SS  07SSI12  09SS2I 095823 S13
Sample = n=11 n=24 n=5 n=6 n=14 n=10
Type Ila Type lib Type Ilc Host
SiO, 5133 51.19 50.84 50.79 49.92 50.66 49.60 49.25
TiO, 0.74 0.74 0.83 0.74 1.02 0.89 1.20 1.48
ALO, 3.06 4.07 4.34 4.88 5.36 428 5.96 5.51
FeO? 6.28 6.11 6.03 6.18 6.33 6.59 7.61 9.99
MnO 0.13 0.12 0.14 0.13 0.12 0.14 0.15 0.19
MgO 16.94 16.12 16.03 15.36 15.10 15.84 14.40 14.03
Ca0O 19.68 20.46 20.31 2041 20.12 19.64 18.92 18.96
Na,0 0.43 0.78 0.72 0.83 0.82 0.72 0.95 0.70
Cr,0, 0.57 0.20 0.26 0.38 0.58 0.34 0.27 0.01
NiO 0.04 0.04 0.05 0.04 0.04 0.05 0.04 0.03
Total 99.20 99.83 99.54 99.72 99.39 99.15 99.09 100.16
Mgi#® 0.83 0.83 0.83 0.82 0.81 0.81 0.77 0.72
wO 40 42 42 42 42 41 40 40
EN 48 45 46 45 44 46 43 41
FS 10 10 10 10 11 11 13 16
Ac 2 3 2 3 3 2 4 3
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Table 2. The range of major element composition of the rock forming minerals in Type |, Type Il. gabbroic
xenoliths and the host basalt

Olivine

Sample Type 1 xenolith* Type II xenolith Gabbroic xenolith** Phenog;};ztl tl:‘l *T ¢ host
Sio, 39.4-41.0 38.3-39.2 Not Found 36.5-40.9
FeO? 9.0-11.3 16.8-19.2 15.8-29.2
MnO 0.10-0.23 0.17-0.24 0.17-0.37
MgO 48.4-52.3 41.2-43.8 32.9-45.7
CaO 0.03-0.22 0.08-0.18 0.16-0.27
NiO 0.30-0.44 0.22-0,30 0.12-0.32
Total 100.4-101.6 99.2-100.6 99.1-100.9
Mg# 89-91 79-82 67-85
Sample Orthopyroxene

Type I xenolith Type II xenolith Gabbroic xenolith ~ Phenocryst in the host basalt
Sio, 54.1-55.4 52.4-53.4 51.3-52.2 Not Found
TiO, 0.03-0.14 0.26-0.37 0.42-0.59
ALO, 3.46-4.98 2.77-4.06 3.25-3.72
FeO? 6.05-7.15 10.9-13.94 14.6-15.7
MnO 0.07-0.26 0.19-0.24 0.16-0.21
MgO 32.4-355 26.9-30.0 26.0-26.7
CaO 0.67-0.76 1.04-1.59 1.64-1.75
NiO 0.00-0.16 0.04-0.10 0.05-0.11
Cr,0, 0.28-0.51 0.16-0.34 0.07-0.20
Total 99.0-101.9 99.0-100.2 99.1-100.2
Mg#® 89-91 77-83 75-77
Sample Clinopyroxene

Type I xenolith Type I xenolith Gabbroic xenolith ~ Phenocryst in the host basalt
SiO, 49.6-52.2 49.6-51.3 48.3-49.5 48.7-49.3
TiO, 0.14-0.71 0.74-1.20 1.13-1.66 1.30-1.48
ALO, 4.43-6.29 3.06-5.96 3.87-7.36 4.50-5.51
FeO? 2.85-3.72 6.03-7.61 7.74-10.58 9.99-10.33
MnO 0.06-0.18 0.12-0.15 0.09-0.22 0.19-0.24
MgO 15.7-17.4 14.4-16.9 13.7-15.4 14.0-144
CaO 18.9-21.8 18.9-20.5 18.2-21.1 18.9-18.6
Na,0 0.46-1.54 0.43-0.95 0.43-0.76 0.59-0.70
NiO 0.00-0.11 0.04-0.05 0.06-0.46 0.01-0.05
Cr,0, 0.61-1.08 0.20-0.57 0.05-0.17 0.00-0.03
Total 98.7-100.2 99.1-99.8 99.0-99.7 98.9-100.2
Mg#® 89-91 77-83 70-77 71-75

* data from Yang et al.(2009); ** data from Um et al.(2007); *** data from this study plus from Yang and Hwang(2005).

ZH (G mmplA A@7Re] d4552 SFERS o Hole ojd#(annealing) 53& UEbdth(Fig. 3).
32 9oy, 7 QIRE Atele] AAlE Bt AEA e A7|7t AoASE e e F
A ABFAX AP EF(triple junction)yS 7¥ehaL 2ol el A== (kink band)ot Tt
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Fig. 2. Type Il xenoliths from Jeju Island. (a1, a2) A yellowish wehrlite xenolith consisting mainly of olivine with a
minor amount of clinopyroxene and orthopyroxene(sample SS13-3). (b1, b2) A olivine clinopyroxenite xenolith
consisting of mainly black clinopyroxene and yellowish olivine(07SS12). (c1, c2) A websterite xenolith consisting of
clinopyroxene and orthopyroxene(095523). Photos a2, b2 and ¢2 are enlarged polished sections of a1, b1 and ¢1,
respectively. The scale bar in ¢2 is also applied to photos a2 and b2. Each photo also shows the greenish Type |

mantle xenolith nearby.

, : RS EQ —
Fig. 3. Photomicrographs of textural features of Type lla xenoliths(wehrlite) from the Jeju Island(sample SS13-3).
Photos a1 and b1 were taken under plain-polarized light and a2 and b2 under cross-polarized light for the same

spot as al and a2. (a1, a2) lrregular orthopyroxene is crosscutting or replacing olivines. (b1, b2) Sieve-textured
clinopyroxene containing olivine in a melt pocket surrounded by olivine. ol=olivine, opx=orthopyroxene, and

cpx=clinopyroxene.
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Fig. 4. Photomicrographs of textural features of Type llb xenoliths(olivine clinopyroxenite). (a, b) Polished sections
showing cumulate textures from samples 075812 and SS13-1, respectively. Photos ¢1 and d1 were taken under
plain-polarized light and c2 and d2 under cross-polarized light. (c1, c2) Large clinopyroxene with orthopyroxene
exsolution lamelia surrounded by fine-grained olivine grains(SS13-1). Note a olivine inclusion in the lamella-free
marginal area indicating GBM (grain boundary migration) recrystallization. Orthopyroxene occurs as replacement
product along the margin of cpx. (d1, d2) Large clinopyroxene with exsolution lamella in the center and exsolution-
free margin(07SS12). Orthopyroxene occurs as replacement product. ol=olivine, opx=orthopyroxene, and cpx=
clinopyroxene.

ool Vehle, Mge 7o o)dd 27 (Fig. 3bl and b2). AZH ] TAIFHe BEZAHY
o] ¥R er=th XU vehte A5 7 ol9loflie AAZF 7+ BHEOE A|E Ao HA
gL Zel #Feel] x| ool LA Atk WEZA FYFe §FEHo] T2 e ol
Ba-g AAgCE APERIA e FE1E Alle] oAy i sl glom, WEXA 27 T AFS
[e]

2 HAe] At A AEAel BE wEE
e BEor AEETN(Fig. o, Algst=iol ok, WERA o DAYl

3al and a2). ARSI Ao el BE E olFa o, EREEEE AEHY Ut

ZA (melt pocket) ol H(sieve) ZH o2 AHEHTH Type llb= T2 7ZFEA AR oR o]Foj
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dejolEZHEA] TRAFIAURA APTEA2 5vol%
nlgre] 23k AA o2 AAEEchFig 2b). EEtolEst
A SARgAe] e e fhemel o3
TREjolA olggk shah]e] BAIRle]l 2L AL
A AEEoRlE Aoz AY a5 shue] o
Aoz ARG, drsiMe 2HEAR EsHe
AREA0) 98] AAHA) GAT =5} AnpHoM
£ FEslA 238 (ophitic) 20| FEHTHFig. 4a,
b). FEUYAE Aol AAE type Hadt HAFSHY
ojdilel Ax, 7o) vehhe Izt oF
Aol Axe gadhs APolth Type oA A&
HEe WEYFo] Aawz] gorn TARIMLS Type
Haol A9} 7o) AxaS PR on shte +
g3 2y o /g 2HAR AEEh(Fig 4). DA
3)Me] 7PgAtEe tiRE SRS Wgten, &
Hol T2 APERIA SEEEE 7RE 203 Ald
o] A& @egE7t gl Ao ProlAy, AL

o] @AlFlale T8 wARAe PRl BE,
o 719302 AEEkFig. 4c, d). B 22

4

ot

Agel 7ol geidElvt fle DARIAe] 7R
ol THEEZ MEHE F(Fig 4cl, 2y AL
GAE o] FAdel o8] YAEACIF(GBM: grin
boundary migration)®] dolxtS-& jujgict. AP
22 Type MaolAie] AP fAleh Z240) o)
A& TR AV e, g4 BrEA e Tt
A BES RRHoR X7 YE B&olthFig.
4c, d).

Type lce F2 ZHEAdol 0-10 vol% =9, AbBY
F4o| 25-35%, TARRIA O] 55-75 vol% HEE T
Qe 7HEA] YiEjEto] EglAElzto| Eo|th(Fig. 2¢).
71 & ARE TrfEAeln, Rk 27l 2|
A @7 AEAR 2HERS off AR
Type a9} IIbell vs] Al gd s} HolAe 4
o] SIThFig. 5). FA2 Type belxis} 2o &
gele /AL A o, mARe) sy Z2
A% pgAEE wet 22 Een 22 209
AR M2 APE Aol 2488 ZH2) AMEST(Fig.
5). Type 1a, 1Ibs} Zo] & AR ES FHIWFE B
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Fig. 5. Photomicrographs of textural features of Type lic xenoliths(websterite). Photos a1 and b1 were taken under
plain-polarized light and a2 ans b2 under cross-polarized light. (a1, a2) Olivine websterite showing large
clinopyroxene grain containing orthopyroxene along the fracture and smaller orthopyroxene showing light-brownish
pleochroism(098S21). (b1, b2) Websterite showing relatively equigranular fine-grained texture(09SS23). ol=clivine,
opx=orthopyroxene, and cpx=clinopyroxene.
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Fig. 6. Comparison diagram between Type il and Type |, gabbroic xenoliths and phenocryst in the host basalt. (a)
mg# of olivine, orthopyroxene, and clinopyroxene. (b) NiO and MnO contents in olivine. (c and d) Cr,0;, and TiO,
contents in orthopyroxene and clinopyroxene, respectively.

o1, 2+ AR EUAFE 5ol w3t Utk 7} 0.22-030 wt%, 0.17-024 wt%Z ©|F1, Type
Ma, 1Ib, TlcAte]e] F31gE AJE2] Xjol& §lvk(Table
FoEAs YEXM ). #g4 xetelE(9ss2)7F Mg we

ArAGelA AHD Type 1 TIUE AL mgi(79y2 Ro|Z, 7EA ZEo|=To|EAo|E
e 7, APESIA, DABIAL] mg#=100xMg/  (09SS12)7} 7P B mgh(82pkE BT DAY
(Mg + Fe)le AlSel m} oF7ke] Xpol= HolA|gk el A5 e e 7y 2R 4Re &
Ao AR HTFEA: 79-82; APLFIA: 77-83; WAL AR o AEve AT A FIT Aol
3]4: 77-83)(Table 1). 2 A7A o] 3E Type Tk Type | WEZHYF B 7Ll d&H=
1 AEXFUe] 29 A, APERIA, GARlAg ZEA ZAAel Nioe A4 030-044 wt%} 0.12-
mgt= 5 89915 JERY, Wi 2Egke] A 0.32 W%, MnO= Z}z}+ 0.10-0.23 wi%2} 0.17-0.37 wt%
<, APEAe 75.77, SBARAE 70-778 EYT o= Type II £ NiO AE-2 Type 19 NiO
(Table 2). TE3F 29} EQ Ab&== 24 4 AR} E=35 Bd4L B3IrK(Table 2, Fig. 6).
AR 3o AAAG NS mg#t 67-85, DARIA 29kl T AlEEE e AAHNFY? 32
o 71-758 RoldAM thE IEd s FEAT A4 YA el et Fajo] o] FofAAT A B2
BxAu s 1wk mghell AolA Type I 2L U sjae B ¢dge] o) oflER e AellA

o) Type | WE EGYTHe T BASE wolxw  AFY ol vlws 93) thaz 2ol Vekshll A
SIchTable 2). 9T Az w9 BRoel A 1Y Zol
ZHM: Type 1l 2249 NiOSH MnO A5 7§42 wol $a2d wed 2l 2803

J. Petrol. Soc. Korea



AFE BTl IZE Type 12 A3} 222 54 233

0.5 mmyS mgh7}b 79-85010, o] EARQ &
7o) AAHEE Hole MEY w72k (0.1-
02 mm)y& mg#7t 77-718 YERIAL doh. & 24
(A730] 2mm)e.E §21-& WA kAT d e 7t
HAHE =87 AEEM vl 32 mgh 678 B2l
=3

APEIA: Type 1T APE3149] TiO,8F Cr0, 3he
Z¥z} 0.26-0.37 wit%, 0.16-0.34 wt%= 7}t Table
1). Zehao] A=A e fY2Ejete] E(098523)2)
mg#7t 7P A VeRdch @A gEld AR
4 2l 2E= ol9k Aol FTUS e BT
Type 1 53X 4= viefdd X948 w48l o
= APE3A L TiO, #h& Zhzh 0.03-0.14 wt% 9}
0.42-0.59 wt%, Cr,0,= Z17Z} 0.28-0.51 wit%, 0.07-
020 wi%s Rtk Type 1I EEHUY ApL3]ag]
TiO,%F Cr,0, A¥24-E Type 13 Wz Y
o] AP AR AR 249 Tkl HX8la A
THTable 2, Fig. 6).

AN Type I DA ] TiOSF Cr,0, 3
71z} 0.74-1.20 Wt%, 0.20-0.57 wt%E 7FATHTable
1). Type 1 MEZES, vk ZEY, 2t &
ool A& dABAe Tio, 3 22t 0.14-
0.71, 1.13-1.66, 1.30-148 wt%E e, Cr,0&
Z¥z} 0.61-1.08, 0.05-0.17, 0-0.03:& REolt}, 7y
o] gl A1E(09S8S23)%] ¢ HABINE mghrt v
A vebdth Type T £8%e] TiO0F Cr,0, 4%
/38 Type 17 2] DAY Ao AE =4
e] FXtell 128k Jrh(Table 2, Fig. 6).

E 9

9o 2HAE mgt =& EA
APERY, AFe]l TS WM FHMew 7
A9 NEXIYoR BT A98e 9o
2 ¥#A Qth(Frey and Prinz, 1978). Type I 7
2o 2HUL mgt JhH o= Ron, Al Ticl
TR DAEIM o] S AEHE GHos BR
ok Type 1 2GS ZY1 EFU= Ao
2 #dgo] glown, dRge] sl =35 ¢4
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Prinz, 1978; Kovacs et al., 2003). WFH Type 11
A EEPo) thst 719 ofF] B2 oFHE Al
AlBFA thgdt ol o) JRIE A )
(1) Azbsiitel oz A d7gd wlanlo
A FHE FAge] Y5(Sachs and Hansteen,
2000), (2) A ECM FAdE g2 A (Mukasa
and Shervais, 1999), (3) 2d<l &<} vlanjr} vk
EojAd A o] g o3 FHH H=d
(segregations)(Chen et al, 2001), &2 4) AY=
A zte] slE o] AR (Allegre and Turcotte, 1986)
ol 27|t} el =G elA] Type [0] Type
ek F5-8 AEsHe A QU7 Type
[l B8k Type 11 EE o] g ez 4993l
TFg e AbEdla e Ae A AAHer o
QL BFo|th AFEd L o]gjgt 4k Tfo] o
Al AEET. AFEoA AEEe A7 EE Y
st olde] ATE Type 1 WEEY Y (mgh=89-91)
of &g Aotk E 2|, 1998; Choi et al., 2002;
Lee and Walker, 2006; %733] 9, 2009). & A3
MM HiEe= AFE9 Type I EYLL YolE
AN ZHEA SARA S, A aEEelE, S
BglelER tjofst oFdS BethFig. 2). B dA7E
A B3 FAAEUL AL S8 Type I
ZIe] 71 kgl dis] R,
AFLe] Type 11 T2 FHAZEH 24 (dynamic
recrystallization)+”d & 2} A 7 2-&(static recrystalliza-
tionys AHAEE AABL Aok 2y Hrt
ALY 8] 5H3Hequigranulation)E] A= &
o} AAAS] Fre 28 AR LUTh Type 1
ZIgo] HAME9} S LBE TR 2He U
= Aelell WFe] EFo] gle MY YAE Hole
AL EA%E AYolA TR AA =gl o) i
Aog AMAYsE 24 ou|shH, o] HY 3jolA
vz #2435, W] o] gl Ade 440l
ME A= o3t (Passchier and Trouw, 1996). &
o dRAtele] AAIE Aol AEHE Role
AT dzre] @77t FolAFE Hede] ke 7}
ke A2 Type 11 X8 Yo] ojddy =Hojxx ol
BAANAE LS BHINSES AMSHFig. 3, 4,
5). ojd® 53L& HENAS v} ¢S wdgol ¢
t}h ol dFUAE viaanle] oo wE ¥ 7
oA, md] HWE/FA|(metasomatic melts/fluids)2)
olFLE oPHAS & UL FHsM Ft} A9
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R0 WERNAIZIEY LS Foll o) oplE=
AAAERAET o g APk A o
2] gzl Ao, ol G-FA FA7E HAsHA
HH AL LS 28 Bt (Lloyd et al,
1997). o4& 257} HlwA #2 MESAN =
HE gk go] Fula Wl FAANARZE os)
ofg & lon, WE Y e A A
Eo] fdElAY HEXHYS 2N Bekanld
93N FEEelZ F% AT (Mercier and Nicolas,
1975; Vauchez and Garrido, 2001, Xu et al., 2003).

Type 1l FEe ALY Y= @-%—&] APB)AY
ARSI A o] TR 2L Type | WEEHYH
= TR dEEE EA45S 4% v, vk
A EHY =AU HFY o] AR = 1_-,1—1?1
AE BolAY FX Yt Bt R A%
olgh wigo| ALY 271 ARAe] A& e
o} mgholl AoAME Type Il F33HAl Type 13
FHEHFig. 6a). Type I A3 e AL
o] Nig} SAEA e Cr 24 Type 18] 743
ARSI A0 vlE) Aol glom, FIg 9¢Es u
olAgt mekel dR o] AXREH= AR 2EE
HOItKFig. 6b, d). Tie ©|9h= nithe] 3¢S Ho)
o Type [12] AFE3AF WARRAIS] Ti 242
Type 120} =THFig. 6¢, d). 7 Type [ EE ]
= ;‘dx—]/\%o] }\]-ig]z]u]- Type Hoﬂ‘— %ZJMO] /\}%
HA) ok e g2 gHEANA BAEHISE o
ogit), B =FoMe AAEL AR FAT TGAE
Alo] REEQA & GA] Type 1Z= TREARE W
o 2ISIE FARE HEE Ho|a ATkreR
tolE]). o] Type 1l E&¢o] &xje] Rdahke 2
A HaAo] flod A AFES F4T vt
ub gujAle] gRREoz FHAKZG] 9T FE
@) E (cumulates)d-& A A&, nf2aplHE AN
W nlan} wiE| (batchye} FHAE AH 3RS 3]
ZEAe] S e U

FEHOIE 7|dYe AT F U= 7P A
Z7%= Eo|Z & H(poikiliticy F& ©]KFrey and
Prinz, 1978; Winter, 2001). 7ol 8@ 27
A e v He il XYFUTE AR &
AA A T AFHOZ LEEHA T2 WS
o osjf ojde] zZo] Wo| HAF LR olFE
Z39te| Y 22 sk ool Utk Al
FE Type Il 3G A5, AR o] vfg =9

1 im o

e

R ANRARNE

AR AEHT Qo] dnFoRE o] ofPAT
Arpdel vehte A 7 ¥oldely 24
S HQUH(Fig. 4a, b). T3 A3 E )5 7

23} Abgl4e] M2 W F 3P A (interlocking) At
ZEE 220 ohet AAE] YA A F4d
E5E BFEKFig. 5). EoldY ZH)F shi
o] & A% Jol 22 AAEe] EoAE Zaddl
T2 AP uiee) MR 28 e 2ol
Unko|t}, of7jollA] Fiajo] Al AASIEHA AL
Aol Huel ARG o FAY AXH APl &
Ao AR 3} He o iA=L gtk 2y &
AoME Zgolghe shue] & @ Z% o &
ARB|AM o] 3 HFHQ Xojdy A2 Hzty
A RANE AupAoxe FAo] 2 23 el 2
FE o] EojA AAZE ol FEHCIE =7
S UeRZ SIthFig. 4a, b). THEEIIE 7|z
Mg Ylo|EZREA Felolliogo]EA o] Ed
3k e dAfERoM e ¥oldg AL H3)
717k YL R EAY ¥eojdey 2AS BHus)
3 A @tH(Frey and Prinz, 1978; Zoltan et al,
2007). L3k ojgjst =F FolAYy Xz 23
Type 11 ZIYL WG] FHE Aolz}r s)X =]
71% $th(Frey and Prinz, 1978).

AFZ Type 1T EHYS APE34 ThALF]4 <]
H3}2-2 (enrichmenty2 AE 3 A2 Yepdr}. Al
% Type 1 LS FAISIA U= APEE N ©
AN S F ZHE AEET APISIMS EA 4
A= st }ix]eﬂ‘/} EA Abele] 7=
Z‘H—?JE 25 ( ig. 32102 Z2 TAE]A e 71AlE

Alge] éﬂ(ﬂg de, o2 AhEnt.
= Aol 1599 1) 2] ohjet 22
A= ‘r‘ﬂo«] A9 Ry} dolitg-& AA G &
Aaoz Eengl HEXAY
o AzA& 7k B&(Fig. 3by> XEUo] ARHES

1«

O

l>

2 sgd é—‘s e Aol 89l 9 nlo
shfAlste) Buzkgo) 22 Fio) LT
Al Zﬁéﬂﬁ}ﬂfﬂ ot} g AUH AAL wh

ARF|Ae] ohizt U%H#i AL & Sio7t F
Fa dEe] f5lo ofa wakgAe) 3Pt doiik
&2 3 Qlth o]E FlAREe) A DA
A 9] F3h(enrichment)’} ©A Yoy} APLFH <
Halalgo] Hulg Ao AAXTHFig. 4). F, DAt
N ApEA e Falarge AR FYE 21¢l
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ols) FAHE ez ol o] whAl] &)F-(exter-
nal) 71919 vzl Z-& fA|eke] Adsakgo] UUS
S verdot ]* Faarg-e] Aol wE8-g o
o) nlanl T2 fAjl] gk AR Tl diEiA
= & o As 7:%—— tjolel et A7) s ojof &
Aol

AR ] Y= LY WA EEEEE 7
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JH7t gl AR A4S Hole 232 A3
ol H|HEAXAS B} (Fig. 4). L8} o}&Y F
AEdE AY FARK A 2ellA sk APl
3] o] FoH5-& ATt Type Ha, Ib, llc &
aake 9T 24 fAA AT PR A
AL A3 e Wl Fx Foh olyd
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zlo|o} FE8-§ W AFk 3 oAd WES] 2
A 717 s Fa)h 2g, ARl gehE 2B E
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B, e 82, FAERE 97 5ol
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2 E
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s
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