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Origins of Clinopyroxenes in Alkaline Basalts from Jeju Island
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& A FRE FEEAL 139 TAHNLE FRAES T v AN HEEEY
B2 3Eo] T} F3Yoltk. NHL Age] SAFATA(EAE Ho] A9 85~90%)

2 AZHe J4%Y FAREEA, B €74 vlante 34 ofHd AEAENAM FAE
ol Ayt W7o WEEAY dRIF TP AL FE TigFe] vlad AL oy, Ca,
Mg/d o] ¥ augiteo]th. MH& ZUA LA HFAHE FEHO|IEY dRIAY 2H9 4t
o2 AEHE FHoltt. FEde e Aold s ME AJC1 em)d] FEAH 02 JF&H e o
A M(Ma), AR APEA o] 28] AbEH N A 3 g(ophitio)ZH & FA5H FEHE
AR A(Mb), WHA(<] em)O. 2 AHEE & DAF (M) 2 ThA] TFRHZITH 189 dAg e
EF2 Mghs} Si, 7MW Ti AEE, T2 1834 MBS SRS Holn, vidd MY 2
Tig®E, ¥& Sist Mgs Uehlla gtk o)e 134 mMyez z4E(Tital™ysiz AlY/AlY' e
Hlgo] Fobdl o, o] Al £F9 BAFANL 5 & 4E8F A gAHNeH, 139
1 B gEAM AHAL, MPo] Aoz 71 e g FNEYLL i)
el AFge] 15t BANAM REARZE L T3 DA A(MAE)SE AEF2 2 Si09 dY

FR0: AFE, WEXIY, G4, FEHE, FWE

ABSTRACT : Three types of clinopyroxenes in alkali basaltic rocks from Jeju Island can be
identified on the basis of geochemical and textural data. Type I is Cr-rich diopside in spinel
peridotites from the upper mantle. Type II is augite in fine-grained pyroxenites which are possibly
either magmatic vein or metamorphic segregations owing to anatexis of the upper mantle. The augite
of Type I contains high Ca and Mg and relatively low Ti. Type I is thought to be either
cumulates or cognate phenocrysts and can be subdivided into [Ma, IIIb, and [c based on their
occurrence mode. Clinopyroxenes of Type 1 have the highest Mg# and Si and the lowest Ti,
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whereas those of Type Il have lower Mg#&l Si and higher Ti. These geochemical characteristics
indicate that (Ti+Al'")/Si and Al'/A1"' increase from Type I to Type III. It is possibly interpreted
that Type 1 is of the highest pressure origin and Type Il of the lowest. Fractionation of high-
pressure clinopyroxenes would result in evolved undersaturated alkali-enriched liquids, probably

producing the alkali-enriched host basaltic rocks in Jeju Island.

Key words : jeju island, mantle xenolith, clinopyroxenes, cumulates, upper mantle.
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Table 1. Chemical analyses of basaltic host rocks and mantle xenoliths from Jeju Island

basaltic host rocks

Sample
P 03SS6 04554 SG 0204SG5  03GG2  0204GGl SS(Y)*  SS(Ch)**
SiOs 49.89 49.07 49.04 50.36 49.40 49.80 49.93 48.69
TiO; 232 2.37 237 2.33 2.41 2.29 2.31 2.30
AlLO; 15.20 14.84 14.41 15.06 14.47 15.02 14.78 14.98
Fe;05 11.90 11.91 12.07 12.06 12.12 11.98 11.27 11.01
MnO 0.16 0.16 0.16 0.15 0.16 0.16 0.13 0.16
MgO 7.20 8.16 8.20 7.03 8.36 7.33 6.75 7.67
CaO 8.02 8.38 8.40 7.67 8.47 7.99 7.83 8.13
Na,O 3.52 3.24 3.11 3.50 3.14 3.32 3.95 3.15
K20 1.92 1.78 1.51 1.70 1.51 1.71 1.93 1.66
P,0Os 0.62 0.57 0.46 0.55 0.48 0.55 0.64 0.54
Mg# 57.94 60.94 60.74 57.03 61.10 58.21 57.69 61.33
Total 100.05 99.87 99.31 99.89 99.92 99.84 99.52 100.10
mantle xenoliths (spinel lherzolite)
Sample — -
SS1 S82 03883 GG1 GG2 GGS SS-1#* SG-3**
SiO2 45.53 44.89 44.74 45.18 45.15 45.65 44.72 45.26
TiO: 0.03 0.10 0.16 0.03 0.08 0.12 0.08 0.10
ALO; 2.68 295 3.90 1.1 1.35 3.73 2.87 2.88
Fe,0; 8.65 9.46 9.31 9.21 9.64 8.97 8.24 9.74
MnO 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.16
MgO 41.29 40.90 39.11 4435 43.44 38.52 39.96 38.41
CaO 1.88 2.07 2.66 0.45 0.68 3.27 2.87 2.91
NaO n.d 0.07 0.18 n.d 0.02 0.12 0.27 0.16
K-0 n.d 0.02 0.06 0.01 0.06 0.01 0.04 0.03
P20s 0.01 0.01 0.02 0.01 0.02 0.01 0.00 0.03
Mg# 89.48 88.51 88.22 89.57 88.93 88.45 90.1 87.6
Total 99.75 100.08 99.71 100.03 100.11 100.21 99.2 99.7

Data sources: ™ from Yun er al.(1998); ** from Choi (1998)
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Fig. 1. Schematic geological map of the studied
region showing Jeju Island and sample locations.

BoF 1 QtiMcBimey, 1993).
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Fig. 2. Photographs of hand specimens of (a) alkali
basalts containing mantle xenoliths from Sinsanri, (b)
a megacryst of fine-grained pyroxenite from Sinsanri,
and (c) an aggregate of plagioclase + clinopyroxene
+ orthopyroxene from Sinsanri in Jeju Island.
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Table 2. Microprobe analyses of olivines and orthopyroxenes in host basaltic rocks, mantle xenoliths and
megacrysts from Jeju Island. Opx=orthopyroxene, Pl=plagioclase and Cpx=clinopyroxene

olivine phenocrysts in host basaltic rocks olivine in mantle xenoliths
Sample SS22  SS33  SS8  SS21 ZZ;ZOSt(C}?i: 04ssA13 04ssA14 04ss22  02ss28 ss-5(Ch)**
Si0, 40.00 3933 38.02 37.78 3942 3824 4028 40.72 4033  40.19 40.39
TiO; 0.00 006 000 0.04 0.01 0.04 0.00 0.00 0.00 0.00 0.0t
AlLO; 0.06 0.05 0.07  0.05 0.04 0.03 0.01 0.02 0.03 0.03 0.01
FeO 1578 1501 2147 2325 1527 21.66 9.00 9.33 9.84 9.71 9.83
MnO 0.22 0.17 030 035 0.16 0.30 0.14 0.19 0.11 0.15 0.15
MgO 4520 4574 3983 38.64 4478 3939 50.14 5036 49.71  50.03 49.59
CaO 0.17 0.18 0.17 0.16 0.17 0.25 0.06 0.07 0.07 0.05 0.04
Na,O 0.01 0.01 0.02  0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.01
K20 0.00 0.03 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01
NiO 0.32 029 0.19 0.16 0.19 0.17 0.45 0.32 0.39 0.43 0.41
Cn0Os 0.01 0.03 0.02  0.00 0.03 0.02 0.02 0.01 0.00 0.01 0.01
Mg# 83.6 84.5 76.8 748 84.0 76.4 90.9 90.6 90.0 90.1 90.0

Total 100.77 100.90 100.11 10045 100.10 100.10 100.11 101.03 100.49 100.66 100.50
Opx in mantle xenoliths Opx in Pl+Opx+Cpx cumulates

Sample i ATI 04ssAl6 025521 04ss215 Odssi1l  Odssl1S  Odss8l  Odssl]  Odssl2  0dss1l0
Si0, 5599  56.08 5506 5501 5215 5053  51.10 5179 5128  51.72
TiO; 0.02 0.00 0.08 0.06 0.59 0.56 0.52 0.42 0.47 0.55
ALO; 1.83 189 398 441 3.46 476 4.08 3.25 3.54 372
FeO 58 58 611 630 1561 1539 1560 1464 1511 1565
MnO 015 020 0.6  0.16 0.19 0.24 0.27 0.21 0.16 0.19
MgO 3477 3484 3355 3390 2627 2535 2578 2669 2665  26.03
Ca0 060 068 066  0.73 1.72 1.63 1.49 1.75 1.75 1.64
Na,O 007 007 008  0.09 0.10 0.08 0.07 0.08 0.07 0.06
K20 000 000 001  0.02 0.00 0.01 0.00 0.00 0.00 0.00
NiO 0.11 0.10 008 0.1 0.08 0.00 0.00 0.11 0.08 0.05
Cr0; 050 061 034 036 0.07 0.09 0.08 0.20 0.07 0.13
Mg 914 914 907  90.6 75.0 74.6 74.7 76.5 75.9 747
Total 99.86 10034 100.12 10110 10024  98.65 9896  99.14  99.18  99.74

**: data sources from Choi (1998)
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Fig. 3. (a) A mantle xenolith showing protogranular texture with recrystallized clinopyroxene between
orthopyroxenes and olivines in plane-polarized light. (b) The same picture of (a) under crossed polars. (c)
A megacryst of fine-grained pyroxenite. (d) An aggregate of plagioclasetclinopyroxene+orthopyroxene
showing ophitic texture. All pictured were taken in 2X 10 magnitude. CPX=clinopyroxene, OPX=
orthopyroxene, Ol=olivine, SP=spinel and Pl=plagioclase.
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Table 3. Microprobe analyses of clinopyroxenes from Jeju Island

S | I type IT type IMla type
ample
P T02SS3 (2SS4 4SS2-0 04SSS1 04SS52 04SSS3 04SS54 04SS31 03SS23 SSI-2 SSI3  SSI-3  SS14
Si0, 51.07 51.16 5140 50.09 50.44 50.61 5030 47.96 48.80 4821 4857 48.75 49.53
TiO, 040 039 052 087 08 091 08 169 143 154 150 137 1.26
ALO;3 689 580 644 455 441 458 451 671 594 623 612 635 575
FeQ 277 251 287 609 606 569 610 935 864 9.12 925 866 898
MnO 0.08 009 005 018 019 0.6 0.18 007 012 009 0.18 0.13 023
MgO 15.12 1545 1544 1559 15.65 1544 1566 13.94 1432 14.13 1434 1473 1523
Ca0 2068 2126 2033 2041 2055 2036 2027 19.15 1920 18.58 1857 18.62 18.54
Na,0 134 134 157 070 067 068 065 068 067 073 071 064 066
K;0 0.00 001 000 000 000 000 000 002 000 001 002 001 002
NiO 0.12 009 000 000 000 006
Cr05 085 102 089 027 029 030 030 016 034 010 007 013 002
Mgt 90.7 91.7 90.6 820 822 89 8.1 727 747 T34 T34 752 751
AY/AIY 083 098 087 199 192 145 179 229 208 198 200 1.85 195
Total 9922 9905 9952 98.87 9922 98.73 98.80 99.73 99.52 98.78 9934 99.40 100.22
IIb type [llc type
Sample ss-host**
04SS11-2 04SS1-5 04SS1-9 04SS2-1 04S8S2-2 04SS1A1 04SS-82 045S8-4  $S3-4 h)
Si0, 4753 47.03 4946  47.90 4828  49.05 4838 4827 4873 4926
TiO, 1.61 1.76 1.13 1.61 1.66 1.23 1.40 1.29 1.30 1.20
ALO; 7.36 7.06 524 6.13 6.14 5.05 5.48 5.40 4.76 4.50
FeO 9.10 9.30 889 1020  10.58 9.31 9.33 950 1033 1138
MnO 0.22 0.21 0.16 0.27 0.16 0.19 0.21 0.16 0.24 0.22
MgO 13.83 1356 1540 1373  13.68 1505 14.18 1431 1437  13.88
Ca0 1853 1859 1823 1835 1842 1803 1847  18.63 1855  18.59
Na,O 0.76 0.74 0.61 0.75 0.70 0.59 0.67 0.69 0.59 0.61
K20 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.02 0.00
NiO 0.07 0.05 0.06 0.05 0.00 0.11 0.05 0.02
Cr0; 0.11 0.20 0.17 0.03 0.05 0.01 0.15 0.20 0.00 0.01
Mg# 73.0 722 75.5 70.6 69.7 74.2 73.0 72.9 713 74.7
AIV/ADY 1.91 221 2.03 225 2.20 2.08 2.18 246 2.79
Total 99.10 9850  99.36 9898  99.68  98.56 9828  98.56 9893  99.70

**: a data source from Choi (1998)
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189 Trlg]Ho] & Meg#el SiE 7FA3 QL
o, 7b3 & Ti AES Holx Yt AlAA
(tetrahedral atomic site)U <l AlVE 0.1 o]Ao
2 A AT ey, dFYd Tg9E =
HAEA Jgo] TAHAAHHZY 5b).
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Fig. 5. Variation in (a) Mg# with AI'/A1Y!
(b) A" and AI" in clinopyroxenes. Symbols are

and

the same as those in Fig. 4.
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