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Fig. 1. Simplified geologic map of Cheju Island and sampling sites. Division of volcanic stages is from Lee
(1982). Contour interval is 500 m. Locations: 1. Kwangryeong gulch, 2. Aerimok-Yongsil trail.
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Table 1. Average compositions of the representative analyses and structural formulae for plagioclases and alkali

feldspars
A. plagioclase
Group! HPK LPK LPK HPK HPK LPK
Sample No. J2(Hw?) J6(Hw) J12(Muw) J17(Ba) J20(Mu) J28(Ba)
NOA 11 2 2 12 4 3 11 9 4 9 5
P&MP G XG P&MP XP-C XP-M P&MP P&MP G MP&G  MP
Si0, 54.09 56.23 59.53 56.34 59.60 54.99 56.89 54.38 55.06 54.87 53.17
Al Os 28.50 26.85 24.52 27.15 25.26 28.16 26.69 28.81 2758 2774 2849
FeO(T) 0.46 0.67 0.60 0.48 0.23 043 0.30 0.49 0.74 0.53 0.52
Ca0 12.23 10.40 7.73 10.33 7.46 11.18 9.67 12.14 10.79 1143 12.11
Na,O 4.55 5.56 6.22 5.32 6.84 5.06 5.62 4.44 5.08 4.83 4.30
K0 0.32 0.52 1.40 0.55 0.55 0.27 0.31 0.31 0.46 0.27 0.36
Total 100.15 10022  100.00 100.16 9993 100.10 9949  100.57 §9.71 99.67 98.94
8(0)
Si 2.449 2.537 2,674 2537 2.663 2.483 2.568 2.449 2499 2.490 2437
Al 1521 1427 1.298 1441 1.330 1.499 1420 1.529 1475 1.483 1.539
Fe 0.017 0.025 0.023 0.018 0.008 0.016 0.012 0.019 0.028 0.020 0.020
3.988 3.989 3.994 3.996 4.002 3.998 4.000 3.997 4.002 3.993 3.996
Ca 0.593 0.503 0.372 0.498 0.357 0.541 0.468 0.586 0.525 0.556 0.595
Na 0.400 0.486 0.542 0.464 0.5692 0.443 0.492 0.387 0.447 0.425 0.382
K 0.018 0.030 0.080 0.031 0.031 0.016 0.018 0.018 0.027 0.016 0.021
1.011 1.019 0.994 0.994 0.981 1.000 0.977 0.991 0.998 0.996 0.998
%0r 1.8 29 81 3.2 3.2 1.6 1.8 1.8 2.9 16 21
Ab 395 47.7 54.5 46.7 604 44.3 50.3 39.1 448 42.6 38.3
An 58.7 494 374 50.1 36.4 54.1 479 59.1 52.7 55.8 59.6

FeO(T) as Total Fe.

1; HPK indicates rocks with P;0s/K.0>0.3, while LPK with P,0s/K:0<0.3. 2; rock types: Ba-basalt, Hw-hawaiite,
Mu-mugearite, Tr-trachyte. Abbreviations: NOA-numbers of discrete analyses, P-phenocryst, MP-microphenoc-
ryst, G-groundmass, X-xenocryst, C-core, M-margin.

B. alkali feldspar

Groupt HPK HPK LPK
Sample No. J29(Hw) J30(Mu) J38(Mu) J40(Tr) J37(Tr) J40(Tr)
NOA 6 5 2 14 3 7 6 8 5 12 4 1
P MP G P G P MP P MP P&MP G G
SiO; 56.03 56.16 56,68 5502 5766 5398 54.77 59.65 59.75 6596 6558 64.54
AlOs 2743 2729 2643 27775 2562 2836 2771 2497 2475 1960 19.76 19.51
FeO(T) 0.38 0.37 0.84 0.31 0.52 0.54 0.70 0.33 0.31 0.19 0.37 0.72
Ca0 10.85 10.51 9.76 10.82 8.62 1143 10.80 7.13 6.71 0.92 115 1.51
NaO 5.07 521 552 498 5.89 4.64 5.03 7.16 7.25 6.67 744 7.19
KO 048 0.51 0.66 040 0.82 0.33 045 0.95 1.05 6.88 5.60 5.00
Total 100.23 10006 99.89 9928 99.12 9928 9945 100.18 99.81 10021 99.89 9847
8(0)
Si 2522 2531 2561 2500 2613 2460 2492 2667 2.679 2955 2940 2934
Al 1455 1450 1408 1486 1.368 1524 1486 1316 1.308 1035 1.044 1.046
Fe 0014 0014 0032 0012 0.020 0.021 0.027 0012 0.011 0.007 0014 0027
3992 3994 4001 3999 4001 4.005 4.004 3996 3.999 3997 3999  4.007
Ca 0523 0508 0473 0527 0418 0.558 0.526 0342 0323 0044 0055 0.074
Na 0442 0455 0483 0439 0518 0410 0444 0.620 0.630 0.580 0.646 0.634
K 0.027 0.030 0038 0023 0047 0.019 0.026 0.054 0.060 0393 0320 0.290
0993 0992 0994 0989 0984 0988 0.996 1.016 1.013 1.017 1022 0997
%0r 2.8 3.0 3.8 2.3 4.8 2.0 2.6 5.3 59 38.7 314 29.1
Ab 445 45.9 48.6 444 52.6 415 446 61.1 62.3 57.0 63.2 63.5
An 52.7 51.1 47.6 53.3 426 56.5 52.8 336 31.8 4.3 54 7.4
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Table 2. Average compositions of representative analyses and structural formulae for olivines
Group HPK LPK LPK HPK
Sample No. J2HwWYH Jo(Hw) J12(Mu) J17(Ba)
NOA 4 2 5 4 10 5 3 3 3 4
P MP G P MP MP MP(CP) MP-C MP-M G
SiO; 38.97 38.35 34.43 39.57 37.59 35.49 38.62 37.32 36.71 35.65
FeO(T) 21.12 25.31 44.67 19.13 29.09 40.42 22.04 28.17 32.54 37.44
MnO 0.29 0.36 0.87 0.25 0.44 0.96 0.25 0.46 0.59 0.59
MgO 39.99 36.74 20.46 4146 33.03 23.32 3851 33.06 29.29 26.12
Ca0 0.15 0.13 0.19 0.14 0.14 0.19 0.18 0.19 0.21 0.14
Total 100.52 10089 10062 10055 100.29  100.38 99.60 99.20 99.34 99.94
4(0)
Si 1.002 1.002 1.000 1.006 1.007 1.010 1.006 1.008 1.012 1.003
Fe 0.454 0.553 1.086 0.407 0.652 0.962 0.480 0.636 0.751 0.881
Mn 0.006 0.008 0.021 0.005 0.010 0.023 0.006 0.011 0.014 0.014
Mg 1.533 1431 0.887 1.572 1.320 0.989 1.496 1.331 1.205 1.095
Ca 0.004 0.004 0.006 0.004 0.004 0.006  0.005 0.005 0.006 0.004
2.999 2.998 3.000 2.994 2.993 2.990 2.993 2.991 2.988 2.997
Mg/(Mg+Fe) 0.77 0.72 045 0.79 0.67 0.51 0.76 0.68 0.62 0.55
Group LPK HPK HPK LPK
Sample No. J28(Ba) J29(Hw) J30(Mu) J38(Mu) J40(Tr)
NOA 6 3 3 9 2 10 12 8
P MP G M&MP G P&MP P&MP P&MP
SiO, 39.22 38.36 37.20 36.70 35.79 37.01 3755 32.54
FeO(T) 18.66 23.59 30.48 33.58 37.08 33.56 29.20 52.43
MnO 0.27 0.33 0.46 0.71 0.78 0.69 047 1.62
MgO 41.30 37.52 31.30 29.30 26.48 29.80 33.69 13.62
CaO 0.18 0.16 0.30 0.23 0.31 0.16 0.17 0.37
Total 99.63 99.96 99.74 100.52 100.44 101.22 101.08 100.58
4(0) ‘
Si 1.005 1.004 1.010 1.005 1.001 1.005 0.999 0.993
Fe 0.400 0.516 0.692 0.769 0.867 0.762 0.650 1.339
Mn 0.006 0.007 0.011 0.016 0.018 0.016 0.011 0.042
Mg 1.578 1.464 1.268 1.197 1.104 1.207 1.337 0.620
Ca 0.005 0.005 0.009 0.007 0.009 0.005 0.005 0.012
2.994 2.996 2.990 2.994 2.999 2.995 3.002 3.006
Mg/Mg+Fe)  0.80 0.74 0.65 0.61 0.56 0.61 0.67 0.32

FeO(T) as Total Fe.

Abbreviations are the same as in Table 1 and MP(CP) is olivine inclusion in clinopyroxene phenocryst.

1; rock types.
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Fig. 2. Variation diagram for the end-member An vs. Or in plagioclase using the average compositions. Tielines
connect the compositions of coexisting phenocrysts, microphenocrysts and groundmass phases. Small numbers
indicate sample numbers. Symbols: circle, phenocryst; square, microphenocryst; triangle, groundmass; star, xeno-
cryst. For zoned compositions, filled symbols indicate core composition while, open symbols margin. Dotted
field is the selected data (composition limit >Ans) from Lee (1982).
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Table 4. Average compositions for representative
analyses of Fe-Ti oxides
A. Ti-magnetite

Group LPK HPK HPK -
Sample No. J12(MuY) J20(Mu) J29(Hw)  J40(Tr)
NOA 6 4 6 4

MP MP MP G
SiO, 0.05 0.08 0.05 0.33
TiO, 18.60 20.95 21.24 22.64
Al O 321 4.09 2.73 1.54
V20, 0.34 0.55 0.29 0.17
Cr04 0.01 0.00 0.02 0.00
FeO(T) 63.86 68.28 69.36 69.26
MnO 0.57 0.54 0.53 1.21
MgO 2.25 3.68 299 0.77
Total 88.89 98.17 97.21 95.92
Ulvospinel basis
Fe,0;5 24.03 25.48 25.80 21.62
FeO 42.24 45.36 46.14 49.81
Total 91.23 100.64 99.74 97.75 -
Mol.% Usp. 55.9 56.4 58.3 65.6

FeO(T) as Total Fe.
Abbreviations are the same as Table 1.
1; rock types.

B. Ilmenite
Group LPK
Sample No. J12(Mu)
NOA 3
MP
TiO, 50.70
AlLO; 0.10
V20, 0.31
Crzoa 0.01
FeO(T) 46.47
MnO 0.78
MgO 221
Total 100.58
Fex04 6.22
FeO 40.87
Total 101.21
MOI.% R203 6.22
Zoqof

J409) wFAH (RS Fogolrh

Ao A Cast zbo)(Mg, Fe)&

2 @sfo] e

ZA) 3= MnO+ Forl 7t we} 275l o

33 #AE

Hojoj(2¥ 3), 0.25~1.62 wt%<] &=k

WhE ShAleh SR o] IRelA QHATel @

HE B FEEA et

-
AT\
7N

/N
/ \
7 7 N\

Fig. 4. Mole percent Ca-Mg-Fe diagram of pyroxe-
nes. Dotted and solid fields indicate the compositional
range of each sample. (A) basalts, (B) hawaiites, (C)
mugearites and trachytes.
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R"O R"0-R2"'03 Rz"'0s

Fig. 5. Plots on the iron-titanium oxides in terms
of the molecular percent of ulvospinel in the magne-
tite and R;O; in the ilmenite after Carmichael (1967).
R;0 represents FeO, MnO, Ca0Q when part of the ul-
vospinel molecule, but only FeO when part of magne-
tite molecule. R.0; represent Al,Os, V,0s, Cr,0s, and
Fe;0s. TiO; includes the small amount of SiO, in the
analysis. For J12, dotted line connects the coexisting
iron-titanium oxides.
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- A

Fig. 6. (a) Plagioclase glomerophyric xenocrysts with slightly altered in part and relic clear core, sieve textured
mantle, and clear rim in J6. The compositional variation shows the abrupt change between- core (inner part
of dashed line) and margin part. (b) Pigeonite inclusion (high relief and inner part of solid circle in this picture)

in plagioclase phenocryst with zoned pattern in J12.
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Fig. 7. Variation diagram of Al* vs. Al" in clinopyro-
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(1973) and Wass (1979). Shown for comparison are
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s 1 bar (dashed) and 8 kbar (dotted) experiments.
In this figure, all discrete analyzed data are plotted.
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Fig. 8. Comparisons for mole proportions of bulk ro-
cks with calculated liquid compositions in this study.
(A) Mg/(Mg+Fe?**), (B) Ca/(Ca+Na).
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Table 5. The calculated liquid compositions using whole rock compositions, mode data (Park and Kwon, 1993a)

and mineral compositions (this study)

Group HPK LPK LPK HPK HPK LPK HPK HPK LPK —
rock type Hw Hw Mu Ba Mu Ba Hw Mu Mu Tr
Sample No. ]2 J6 2 J17 J20 J28 J29 J30 J38 J40
Whole rock compositions (H;O-free basis)
SiO, 50.61 50.97 53.89 49.12 5243 48.35 50.19 53.74 54.22 61.83
TiO, 2.19 2.09 1.54 2.76 2.16 2.65 2.29 1.72 2.19 0.67
ALO; 17.06 17.33 18.03 16.23 17.14 14.42 1845 17.69 16.94 7.90
FeOT 11.01 10.54 9.54 11.89 10.45 11.72 10.19 9.79 9.76 641
MnO 0.17 0.16 0.17 0.15 0.17 0.16 0.15 0.15 0.14 0.16
MgO 4.20 444 222 5.93 3.23 851 3.94 3.00 3.22 0.49
Ca0 6.75 6.67 5.46 840 6.18 9.22 7.89 6.12 6.23 174
Na,0O 4.71 4.79 5.56 3.72 4.76 3.13 4.31 4.73 4.32 5.73
K0 240 241 2.90 1.32 2.64 143 1.72 244 241 4.39
P,0s 0.90 0.59 0.68 0.48 0.85 0.40 0.87 0.61 0.58 0.19
Mg# 0.44 0.46 0.32 0.50 0.38 0.60 0.44 0.38 0.40 0.13
Ca#t 0.44 044 0.35 0.55 042 0.62 0.50 042 044 0.14
Mode
Olivine 2.9 44 04 1.8 0.2 55 2.3 14 32 0.5
Pyroxene 0.5 3.5 - 2.3 - 83 2.3 2.7 1.6 -
Plagioclase 6.9 13.8 7.3 9.2 0.9 1.2 29.0 16.0 21.3 53
Fe-Ti oxide tr 0.9 04 - 0.2 - tr 0.6 0.8 04
Apatite - - 0.1 - - - 0.1 tr - 0.2
Groundmass 89.7 774 918 86.7 98.7 85.0 66.3 79.3 73.1 93.6
Calculcated liquid compositions
SiO, 50.84 50.91 53.73 48.80 52.40 48.72 48.32 53.97 54.94 62.14
TiO, 245 2.63 1.67 3.18 2.18 3.06 341 2.10 2.94 0.71
ALO; 16.94 17.30 1743 15.73 17.05 16.58 15.85 16.50 14.83 17.62
FeOT 11.36 11.72 10.10 12.77 10.54 11.71 13.53 11.21 11.52 6.45
MnO 0.18 0.18 0.18 0.16 0.17 0.15 0.20 0.17 0.17 0.16
MgO 311 2.69 2.29 5.56 3.26 5.39 4.17 2.60 246 043
Ca0 6.49 548 5.15 7.88 6.13 849 6.53 471 4.74 1.46
Na;0 4.94 5.32 5.58 3.85 4.76 3.68 4.28 495 446 5.68
K0 2.67 3.04 3.13 1.50 2.66 1.73 240 3.00 3.17 5.14
P,0s 1.01 0.77 0.74 0.56 0.85 0.49 1.32 0.77 0.79 0.20
Mg# 0.36 044 0.32 049 0.38 0.54 043 0.36 0.39 0.13
Catt 042 0.36 0.34 0.53 042 0.56 046 034 0.37 0.12

FeOT as total Fe.

Mg#; mole Mg/(Mg+Fe?*) according to Fe,0:/Fe0=0.15 (Cox et al., 1979).

Ca#t; mole Ca/(Ca+Na).
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Fig. 9. An/(An+Ab) in plagioclase vs. mole Ca/(Ca
+Na) in calculated liquid composition. Symbols: filled
square, LPK; plus, HPK. The curves indicate different
equilibrium constants; Kp(Ca/Na)pg/(Ca/Na)yiquic.
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Table 6. A summary of mineral compositions for the

Al

hus

49)

volcanic rocks from the northern part of Cheju Island

Rock type Basalt Hawatiite Mugearite Trachyte
Na,0+K;0 (wt%) 4.40-4.94 5.92-7.07 6.61-8.45 10.47-10.62
Mg# 60-50 46-44 40-32 13-5
Olivine P, MP) Fo80-59 79-61 67-51 e
) Fo65-55 56-45 NA  NA
Clinopyroxene (P, MP) Mg# 81-72 77-73 37z E_)?:l? _____
©) Mg# 76 NA. NA. NA
Plagioclase P, MP) An60-59 59-50 56-48 34-32
(&) Anb2 50-47 42 N.A.
Alkali feldspar ® Or39
(®) 0r29-31
Ti-magnetite MP, G) - Usp58-56 —--------—=--—-—--—-—--- Uspb6 —--
Ilmenite MP, G) - Hm6 ----------—-—---mommm
Apatite MP, G) e e
Mg#; Mg/Mg+Fe X100, P; phenocryst, Mp; microphenocryst, G; groundmass, ---; occasional occurrence, N.A.;
not analyzed.
70 Orpo] oh& e kel I A= Apol7} vpuj (2™
60 " 1), &ejolo]Eor] <] ——?—7}1 H\j'?’]‘H(Anﬁl:mOromu; ‘:"]
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Fig. 11. Variation diagram for the end-member An
vs. Or in plagioclase using the average compositions.
Symbols: plus, phenocryst, microphenocryst and
groundmass; open square, xenocryst. Dotted, dashed
and solid fields are drawn from the data of Cretaceous
and Jurassic Granite (Cho, 1993), and from those of
trachyte in Cheju (Lee, 1982), respectively.
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Mineral chemistry of the veolcanic rocks from
the northern part of Cheju Island

Jun-Beom Park and Sung-Tack Kwon

Department of Geology, Yonsei University, Shinchon-dong,
Seodaemun-ku, Seoul 120-749, Korea

ABSTRACT : We have shown that the volcanic rocks from the northern part of Cheju Island can
be divided into high P,0s/K,O(HPK) and low P.Os/K,O(LPK) groups, each with distinct geochemical
characteristics(Park and Kwon, 1993a and b). This study reports mineral compositions for plagioc-
lase, olivine, and clinopyroxene in order to see the dependence of mineral chemistry on the whole
rock composition, and discusses equilibrium relationships between crystal and liquid. Plagioclase
and olivine phenocrysts show no compositional differences for the two rock group. However, AlY/AIY
ratios of clinopyroxenes suggest that pyroxenes have fractionated at deeper level, and that the
LPK group might have fractionated at higher pressure than the HPK group. These are in good
agreement with our previous interpretation based on whole rock chemistry(Park and Kwon, 1993a).
Although subhedral or euhedral form and homogenous composition for most plagioclase and clinopy-
roxene phenocrysts suggest equilibrium relationship with liquid, the uncertainties associated with
equilibrium constant for these minerals do not allow testing equilibium relationship between mineral
and liquid on the basis of chemistry. On the other hand, olivine phenocrysts in hawaiites, for
which Kd is well known, show distinct nonequilibrium relationship with calculated liquid composi-
tions, while those in other rock compositions are in equilibrium. This suggests that magma processes
for the hawaiite in Cheju volcano might have been different from those for other rocks. We report
for the first time as far as we know plagioclase Xenocryst and pigeonite inclusion in plagioclase,

which indicates assimilation process. In conclusion, these mineralogical observations imply that mag-

matic processes underneath the Cheju volcano were not simple.

Key Words : Cheju volcanic rocks, mineral chemistry, equilibrium relationship, plagioclase xen-
ocryst, pigeonite inclusion
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