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Petrography and Geochemistry of the Uliramafic Rocks from the Hongseong
and Kwangcheon areas, Chungcheongnam-Do.
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'Dept. of Environmental Engineering, Joongbu Univ, Chungnam 312-940, Korea
ZDept. of Earth and Environmental Sciences, Korea Univ, Seoul 136-701, Korea
j’Dept. of Earth and Environmental Sciences, Cheonbuk National Univ,, Cheonju 561-756, Korea

In the Hongseong and Kwangcheon areas, two ultramafic rocks are exposed as isolated bodies in the Precambrian
Kyeonggi gneiss complex. The ultramafic rocks extend for several hundred meters to NNE direction and are contact
with adjacent metasediments by steeply dipping faults. The rocks are dunite or harzburgite showing dominantly
equigranular-mosaic and protogranular textures with a minor amount of porphyroclastic textures. They contain vary-
ing amounts of fosteritic olivine (Foyg).93), magnesian pyroxene (Engggg3) and tremolitic to magnesian hornblende
with minor amounts of spinel, serpentine, chlorite, magnetite, phlogopite and talc. The rocks are in contrast with
adjacent gneiss complex or metabasite (amphibole, biotite, plagioclase, alkali-feldspar and quartz). Geochemically,
these ultramafic rocks are characterized by high magnesium number (Mg"> 0.88) and transitional element (mainly,
Ni>1716 ppm, Cr>1789 ppm), low alkali element (e.g. K,0<0.09 wt.%, Na,0<0.19 wt.%) and depletion of incom-
patible elements. The calculated correlation coefficients showed good positive correlations among the ferrous (e.g. Sc,
V, Zn) elements, incompatible elements (e.g. REE), and among SiO, or Al,O; with ferrous elements, whereas nega-
tive correlations are appeared between Ni and major elements. These results involve increasing of the ferrous- and
AlyO5-bearing minerals(e.g. amphibole and mica) with decreasing of Mg-bearing minerals (e.g. olivine) depending on
the degree of alteration. Calculated geothermometries and mineral assemblages suggest that the ultramafic rocks have
been metamorphosed through the condition from the greenschist to amphibolite facies. Compared with ultramafic
rocks elsewhere, it is thought that those of the Hongseong and Kwangcheon areas are derivatives of the depleted
sources since they are depleted in incompatible elements including REE abundances. Moreover overall characteristics
of the ultramafic rocks are similar to the those of orogenic related Alpine type ultramafic rocks, especially, shallow
mantle slab varieties.

Key words : Hongseong, Kwangcheon, ultramafic rock, NNE direction, metamorphism, Alpine type ultramafic rocks
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Fig. 1. Geological map of the Hongseong and Kwangcheon areas. Abbreviations; UM
Hongseong, KC for Kwangcheon, SI for Singok, and KW for Kaewol.

for ultramafic rocks, HS for
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Fig. 2. Photomicrographs of ultramafic rocks from the Hongseong and Kwangcheon areas. A)Peridotite(PD) showing a

cquigranular-mosaic texture, B)Partially Serpentinized Peridotite(PSP) showing a porphyroclastic texture and containing
serpentines more than the PD, C)Serpentinized Peridotite(SP) showing nearly a serpentinized texture and D)Gneiss showing
a foliation. Scale bars represents 0.3 mm. Abbreviations; Ol-olivine, Opx-orthopyroxene, Am-amphibole, Ch-chromite, Se-

serpentine, Bi-biotite and Ak-alkali feldspar.
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Table 1. Major(wt.%) and trace(ppm) element analyses of the ultramafic rocks and asbestose from the Hongseong and

Kwangcheon areas.

Locality Hongseong Kwangcheon

Type SP PSP PD SP ASB
Name HS403HS404HS408 HS418HS419HS504 HS502HS416 KC3 KC5 KC6 KC9 KCIl KCA KC10 KAB2
Si0, 38.66 38.85 37.83 38.73 39.02 3945 42.67 4142 38.66 38.74 37.74 38.31 39.07 38.91 49.12 56.89
TiO, 0.00 0.00 001 002 002 003 003 004 003 001 002 001 003 00l 023 0.16
AL O, 025 028 040 1.16 121 183 231 L77 1.18 047 086 0.14 088 030 430 1.69
Fe,0O5* 839 7.67 9.08 733 762 795 8.13 816 698 832 948 918 748 899 11.62 4.33
MnO 005 006 0.07 0.12 011 0.11 0.12 0.1 0.08 008 006 004 008 005 0.14 0.14
MgO 39.28 40.13 39.22 39.73 41.15 3943 3898 4249 3892 3841 3798 3847 39.00 38.59 25.32 23.04
CaO 000 000 002 070 101 167 217 140 022 011 025 0.11 002 002 264 12.10
Na,O 000 000 000 002 004 010 019 009 001 001 001 001 001 00} 039 024
K,O 001 000 000 000 000 002 008 000 001 003 001 004 009 001 0.11 0.06
P,0s 001 001 000 000 000 000 000 000 001 001 001 00I 001 00l 0.01 0.0t
LOI 1292 1278 12.62 1090 9.00 872 481 464 1321 1248 12,56 12.62 12.93 12.75 440 2.37
Total 99.60 99.79 99.27 98.71 99.18 9932 99.49100.14 99.30 98.66 98.96 98.94 99.60 99.67 98.37100.95
Mg* 902 912 896 915 916 908 905 91.7 91.7 902 888 893 912 895 89.2 913
Ni 2397 2313 1952 1993 1954 1877 1960 1895 1716 2042 2092 2263 2007 251! 264 793
Cr 2445 2392 2301 2460 2370 2385 2428 2566 2067 1789 2328 2214 2445 2841 3545 637
Co 110 86 107 105 103 102 106 101 149 144 85 79 96 105 86 31
Sc 3 3 9 8 8 10 9 13 9 4 5 2 5 2 32 74
\% 27 26 22 36 37 49 42 64 29 10 14 5 12 5 253 56
Cs - - - - - - - - 05 05 06 05 I 44 21 05
Ba 8 7 42 5 5 8 11 16 8 16 6 5 33 2 13 l
Sr 19 21 54 10 82 11 73 29 22 24 14 12 1 l 33 20
Rb 14 05 09 08 09 12 1.3 14 1.7 27 29 25 72 82 35 -
Zr 16 53 48 27 39 47 80 3.6 14 14 14 24 12 13 7 1
Nb - - - - - - - - - - 2 - - - 1 -
Y - - - - - 1 1 1 - - - - - - 5 24
Ta - - - - - - - - 006 008 007 006 007 005 0.09 I
La 16 1.1 05 02 03 04 03 15 2 07 05 04 03 09 1.9 39
Ce 12 1.6 10 03 04 05 07 27 4 16 I 09 06 16 49 13
Pr 034 0.16 0.1 005 005 005 007 026 035 017 009 008 006 015 057 -
Nd 1.3 05 04 01 01 02 03 08 12 06 03 02 02 06 25 12
Sm 0.3 - - - - - - - - - - - - - 06 3.1
Eu 0.06 - - - - - - 005 - - - - - - 015 04
Gd 0.2 - - - - - 0.1 0.1 02 01 - - - - 0.6 -
Tb - - - - - - - - - - - - - - 0.1 06
Dy 0.2 - - - - 02 02 02 - - - - - - 0.9 -
Ho - - - - - - - - - - - - - - 0.2 -
Er - - - - - 01 0.1 02 - - - - - - 0.6 -
Tm - - - - - - - - - - - - - - 009 -
Yb - - - - - 01 01 02 - - - - - - 06 1.7
Lu - - - - - - - - - - - - - - 0.09 022
Hf 0.3 - - - - - - - - - - - - - - -
Zn 47 46 63 65 74 58 81 79 42 47 35 25 48 43 134 39
Cu 11 8 9 7 9 18 8 20 10 101 10 10 10 10 57 4
Pb 7 9 - - - 8 - - 6 5 - - - - - -
Th 04 03 02 01 01 04 02 03 05 02 02 01 02 02 1.3 05
U 03 01 - - - - - 02 - - - - - - 02 05
w 08 07 - - - 05 - - 15 05 05 13 05 1.7 0.5 3
Sb 1.7 01 73 01 02 01 06 0.1 09 05 08 06 04 18 05 02
Ga - - - - - - - 1 2 2 2 ] 2 2 7 -
Bi 6 - - - - - 8 - 107 31 1.8 04 09 0.6 5
As - - 9 - - - 15 - 70 5 5 5 5 5 5 2

*Abbreviations; SP, PSP, and PD in the text and ASB for asbestose.
Fe,O4* is total iron. Mg" is equal to 100xMg/(Mg+Fe(t)) (molecular proportion).

- means elements not detected or analysed.
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Fig. 4. Binary plots among major elements(wt %) and/or trace elements (ppm) for the ultramafic rocks from the
Hongseong(HS) and Kwangcheon(KC) areas, Chungnam. Filled diamond for PD of the HS, filled square for PSP of the HS,
filled triangle for SP of the HS, and cross for SP of the KC. Abbreviations; SP, PSP and PD in the text.
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element orders followed those proposed by Sun and
McDonough (1989). Nb, Y, and Yb of the SP from the
Kangcheon, and Nb, P, Sm and Hf of the PSP, and Nb, P, Sm
and Hf of the PD from the Hongseong are not detected.
Abbreviations; SP, PSP and PD in the text. Data; Jochum et al.
(1989) in (B) for xenoliths from MORB and OIB, Primitive
mantle values, N-type MORB and E-type MORB and OIB
from Sun and McDonough (1989), and AVG(Average) and
Med(Median) for worldwide spinel peridotite xenoliths from
McDonough (1990).
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Table 2. Correlation coefficients of the ultramafic rocks from the Hongseong and Kwangcheon areas.

Si0, AlLO; MnO LOI Fe,O; MgO  Ni Cr Co Sc A% Zn Sr Th La Ce Pr
AlLO; 77339
MnO 61970 87120
LOI -.88913 -.85250 -.76056
Fe,O; -.24932 -39512 -.56505 .14926
MgO 43260 .38130 .51559 -.61209 -.39059
Ni -.25511 -.68431 -70400 .40702 48617 -.26626
Cr 20689 .12565 .03190 -.26047 .12614 .29899 41122
Co 02244 110396 .19694 .09674 -.40578 -.11463 -.41145 -.54462
Sc 50661 .80622 .80163 -.71491 -36126 .59357 -.83403 .02522 .21694
\% 64517 78550 .77403 -.81728 -.43514 .77267 -.54495 20275 .04088 .85145
Zn 70002 72237 84586 -.82118 -.34853 .68085 -.46842 25025 .09323 .76349 .79046
Sr 58355 .61845 .64525 -.80072 -.17559 .82870 -.43354 .25717 -.05403 .78874 .85433 .70867
Th 07214 .15271 -.06427 .04764 -.32005 .05148 -.20467 -.10382 .44010 22764 .32168 -.09674 .06763
La .01678 -.13297 -.27481 .12379 -20610 .21569 .03220 -.05543 .45494 05524 .17342 -.15651 .12143 .78089
Ce 05822 -.01144 16355 .07286 -.21710 .13994 -21993 -21798 .56130 .18783 .11107 -.15592 .1511G .64660 .87810
Pr -.00337 -.18202 -.29538 .15577 -.15068 .13974 .05573 -.13730 .52803 .01008 .11355 -.15526 .07282 .73166 .97308 .81938
Nd -00054 -.19332 - 32737 .18122 -.09932 .04406 .11540 -.10444 .54396 -.04165 .06443 -.16699 -.00584 75138 94444 76195 98635

Table 3. Major(wt.%) and trace(ppm) element analyses of the metabasite, metasediment, and gneiss from the Hongseong and

Kwangcheon areas.

Locality Hongseong Kwangcheon

Type MB ' GN MB MS GN

Name HS414 HS21A HS21B HS51A KC4 KC8 KC7 KC1
Si0, 46.87 4587 70.18 65.78 40.84 44.92 47.15 57.51
TiO, 2.04 0.96 0.14 0.57 246 123 1.72 1.29
AlLO, 15.24 14.41 16.20 15.51 12.32 14.56 13.52 13.78
Fe,05" 13.23 13.89 173 431 15.11 10.69 6.58 9
MnO 0.19 021 0.04 0.05 027 0.26 0.14 0.14
MgO 7.13 10.12 0.34 0.83 13.6 927 5.8 341
Ca0O 11.03 10.56 1.72 2.03 936 14.11 15.33 55
Na,O 2.75 2.01 5.76 2.73 121 1.37 0.56 4.83
K,0O 0.92 0.87 2.03 5.33 1.1 27 4.61 3.35
P,0;5 0.00 0.03 0.05 0.19 0.45 0.02 0.28 0.22
LOI 0.92 1.43 0.64 0.99 3.67 3.62 3.09 0.38
" Totat 100.56 100.34 08.84 98.38 100.37 99.74 98.75 99.4
Mg” 51.7 59.1 281 276 64.1 63.2 63.6 429
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Table 3. Continued.
Locality Hongseong Kwangcheon
Type MB GN MB MS GN
Name HS414 HS21A HS21B HSS1A KC4 KC8 KC7 KCl1
Ni 136 193 3 12 139 234 61 28
Cr 258 153 12 30 76 307 62 42
Co 51 51 2 7 46 43 22 21
Sc 35 32 25 72 23.6 30 222 135
v 288 273 14 30 225 229 156 124
Cs 0.7 0.6 1.2 2.7 1.6 33 2 1.2
Ba 331 204 432 1415 437 760 1390 581
Sr 434 352 358 266 145 335 673 247
Rb 25 24 44 141 20 128 175 48
Zr 119 29 71 223 998 104 502 579
Nb 14 - - - - 17 - -
Y 23 20 13 36 95 24 78 67
Ta 0.80 - - 1 3 0.99 3 2
La 17 6.5 20.2 67.7 99.9 21 97.3 78.4
Ce 33 9 31 123 182 43 164 153
Pr 4.62 - - - - 4.79 - -
Nd 20 8 10 48 81 21 64 63
Sm 49 2.1 10 48 15.6 49 12.9 11.8
Eu 1.73 0.8 0.5 14 29 1.51 2.5 1.7
Gd 473 - - - - 45 - -
Tb 0.8 0.5 - 1.1 2.5 0.8 24 2.1
Dy 4.2 - - - - 4.7 - -
Ho 0.8 - - - - 0.9 - -
Er 24 - - - - 2.7 - -
Tm 0.34 - - - - 04 - -
Yb 2.1 1.7 0.8 24 7.1 24 6.7 57
Lu 0.31 0.22 0.10 0.35 1.06 0.36 0.93 0.83
Hf 2.8 0.9 1.9 6.1 19 29 11.5 11.7
Zn 150 103 30 62 188 69 68 110
Cu 12 78 3 1 11 217 38 83
Pb 10 - 17 41 5 28 43 7
Th 1.1 - 5.5 23.2 9.3 35 12.2 10.2
U 0.3 - - 0.9 1 1.1 2.1 0.5
W 2.6 - - - 3 1.5 3 3
Sb 0.2 - - - 0.2 0.6 02 0.2
Ga 1 - - - - 16 - -
Bi - - - - 5 1.8 5 5
As - - - - 2 5 2 2

*Abbreviations; MB for metabasite, MS for

metasediment, and GN for gneiss.

Fe,05% Mg* is equal to 100xMg/(Mg+Fe(t)) (molecular proportion).
- means elements not detected or analysed.
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2 Z& NiO0.13-0.70 wt.%)3rE B4 34 o)}
9 ALO9} K,0 A4S RATKTable 4A, Fig. 7).



488

2

>
e mantle
g

s

[e]
L
t

Rock/Primitiv

g
g

Rock/Primitive mantle
s
8

—
fe]
-

+

—

(o]
3
+

—
i
Tt

Rock/Primitive mantle

PUNUINY W, DA S TSI VAT NS SHUUW W ST S WAV SOV SO0 |
| I SEEL N Sunme SIS S MM EEEE NEN SRRSt Innen RGN SR NS X

IR T S ST SV U T S SUNE T SHI SUU T SUN DO §
NS s S Sums MM M suui MM MENAS DAt BRSUS SN NN NS S |

Rb Ba ThKNblaCe St PNd Zr SmHf Ti Y Yb La Ce Pr Nd PmSmEuGd TbDy HoEr TmYbLu

=]
=

=
-

Fig. 6. Primitive mantle normalized abundance patterns for moderately to highly incompatible elements(1) and REE(L)
abundances of metabasite (MB), metasediment (MS) and gneiss (B) from Hongseong (HS) and Kwangcheon (KC) areas,
western part of Chungnam. The trace element orders followed those proposed by Sun and McDonough (1989). Primitive
mantle values are from Sun and McDonough (1989).
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Fig. 7. Magnesium numbers(Mg*=Mg/(Mg+Fe?")x100), and Chromium ratios( Cr*=Cr/(Cr+Al) x100) for olivine and
orthopyroxene (A), and/or spinel compositions (B) from the Hongseong and Kwangcheon ultramafic rocks, western part of
Chungnam. Abbreviations; SP, PSP and PD are in the text.
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Ag. 8. Mg-number and Cr-ratio of spinel in ultramafic rocks
from the Hongseong(HS) and Kwangcheon(KC) areas,
western part of Chungnam and their comparisons with
available data. Filled circle from the PD type of the HS, open
square from the PSP type of the HS, filled square from the SP
type of the HS and KC. Data: open circle from Bibong and
Kwangsi areas (Song et al. 1997), and other data ranges
(Metamorphic, Stratiform, Alpine, Ronda and Lizard diapirs)
from Dick and Bulien (1984), Lipin (1984) and Agata (1988).
Abbreviations; SP, PSP and PD in the text.
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Ag. 9. Amphibole compositions of the ultramafic rocks
from the Hongseong area. 1) Tremolite, 2) Actinolite, 3)
Tremolitic hornblende, 4) Actinolitic hornblende, 5)
Magnesio-homblende, 6) Tschermakitic hornblende, 7)
Ferro-actinolite, 8) Ferro-actinolitic hornblende, 9) Ferro-
homblende, and 10) Ferro-tschermakitic hornblende.
Abbreviations; SP, PSP and PD in the text.
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Table 5. X-ray powder diffraction data of the lizardite 1T(A), chrysotile 20r(B) and lizardite 6T(C) from the Hongseong

(HS) and Kwangcheon(KC) areas.

(A)
Lizardite 1T (JCPDS18-779) Lizardite 1T (HSS5) Lizardite 1T (KC945-C4)
hkl d 1 hkl d 1 hkl d 1
001 7.400 100 001 7.320 100 001 7.260 100
100 4.600 80 100 4.600 20 100 4.588 14
101 3.900 50 101 3.922 8
002 3.670 80 002 3.648 54 002 3.636 100
102 2.875 10
110 2.663 35
111 2.505 100 111 2.499 34 111 2.497 49
003 2.410 5
200 2.307 5
103 2.156 80 103 2.144 14 103 2.144 16
(B)
Chrysotile 20r (JCPDS 25-645) Chrysotile 20r (KC945-C3)
hk1 d 1 hk1 d 1
002 7.360 100 002 7.290 52
020 4.560 50 020 4.440 7
004 3.660 80 004 3.632 100
200 2.660 30
201 2.604 40
202 2.500 50
006 2451 65 006 2421 9
040 2285 20
205 1972 20
©
Lizardite 6T (JCPDS9-444) Lizardite 6T (HSS5)
hk1 d I hkl d I
006 7.330 100 006 7.290 100
101 4.660 60 101 4.602 11
103 4.400 10
106 3.900 5
0.1.12 3.660 100 0.0.12 3.649 84
108 3.530 5
1.0.13 2.720 5
113 2.623 30 113 2.623 5
116 2.502 100 116 2495 26
117 2450 10
0.0.18 2425 10
119 2.335 70 119 2.338 18
1.1.12 2.149 60 1.1.12 2.15]1 8
1.1.15 1.963 70 1.1.15 2.025 9
o ztel7t vbebstEdl PSP #o] e AR B it £ AdMe ol Aol HERE Alojg R
TEU obfo] Fe 2o, 12y SPRelME 8 A Z3IATH(Table 4B).
& 4o} AT o] AR thrxdd 8t ARt o] FEES] He X434 #4017 Jbe
ZAjA o)= B (Whittaker and Wicks, 1970)°] 71% ol (Bailey, 1988) A7A9e] X3 A A%
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(Table 5Y5 AFEHA uFEe] AREAL grltjolE
1THo| 2 BAfe] AHEAe gxite]|E 6TH A2)ah
ElY 20r3 o2 4AHEE Ao gRtelE 1THS
726-7.32 AQ0DS] 7}s HAE HolT 459-4.60
A100), 3.64-365 A(002) e8]z 250 AQl1l) H=A
=29 zh=t} 3 gRltlelE 6T & vzte 99l
(119), 1.112) 2 (1115 WA 73k 5=38 Ho
APl E 1TE 3} A2y Az|2EY 20r8-2
Altte|E 1T™HM YehtA] ¢ (006)HANA 7ret
AAE He .

M AgHA T o] FTEAY - Z )
IFFES ABE AEHL SRFY N[
WAFEZT A& E. ¥4 Ao(Table 4B) ©] &
E& penninite A0 SFETh (Hey, 1954). D44
F Fe] =2 AREsle] Fegol wet HAA)
A AEAEN R uiEA mUR Mg, Al9] Aol
of8] A=A o]gA Az me)He] AgHA F
ol MAdE e Hole Ao=E AzHd. o 9
Ni -#3} FEo] =t o] FE2 AR B AFEA
3 A FES etz AsdoEs) FES
tjolEojn}t, o1 o] Wej, AEN, TN Fr A
"},

7.8 E

7.0, 7|E ooeld =@o|dARe
A7AS 271Ul tF ok A, FHEF,
FEY 54 2 A 24X5L A9 te
YA 29714880 thet 29253 vl wsigt.
A AbgRlelr A7 Ade] 2E/IPEES
= 7] &3 A% W] g GAES 2ol £ A m
5} ) m Aole] PFeE AEHI IR
ol EAY 3 7)1 QA WFR GAES Lol
@33 B A%E BXE Ho|il thSong et
al. 1997; 448k S84, 2001). °ol& 0172— =471
el Aol Bkl A\ pxes, 53 Aol
1 747) 39 Asteh Aol A& ‘:} hias g
la_ AFe e vhalazt 2akdish Bas) A
ETE AL 32 BQIthSchmadicke and
&= vker 5

J

of

N

Evans, 1997). °o] XY 2L/ HLAE
AollA TE3 AZsIM F km A A= 0] AEF
i do2 A Xde 2974
Bolr|x &x|qk 443k <

i

1z
1o rlo

ol

71':}—\1]—}\4 A].BJ—;;]@I, 7_]—/\-1/\4 ;‘dz—lH g_gx-] %.
19 2 shite @eiel dulkld 29714
AR (FHE T, 1990; 97 5, 1991; FAA —‘é—,
1993; A9kd %, 2000) 2 F52x o) (Spell an
Norrell, 1990)LHA Z2E7139 fAlettt. L*?Hia}
ojife] REA Ol | 2A71EYEE ARG 2 ¥
ke FUo|E, F2|E0|E, FEUO R 74 Hol
Q3 TReFsk oFe) LIES o]}/\rx)a}o]E EFRdolE
=2 ¥3}halil E]—(Spell and Norrell, 1990).
g Al AT A 2A7NEEEL B AF

%‘ Ao} Zol(FMgs) 484, 2001) FHE-EA
o|E W YUY A& A Hol} FiEHoeg
= {H‘HHL F2AHE ol A we sd e
HAde] £45 B Auct FHERE A=
(Varfalvy ef al, 1996) =E714L4ANe] FHZE-TAl0|
E z]-g;}] WAL 9 z}]@x—] ZA 9] £ 213 P

2#%1¢] Cerro del Almirez Q7= (Trommsdorff ef
al, 1998) ZF713¢A ol Zfubyza 2 Ad4d9)
E./H.Q ;qx—] il)]\]:},

AR BEZRAANA 018 2F7ELYEL ¥ X

o

¢/

1m o g oW

[e]

2HZolE 2 Ni 249 #4e, 28 rkdlsd
o] APERAE BRIt o]d B o% g g A4
9 xgy|Aete] zhe ARET 7E-S_— EA (Wee et al,

1994; $M%5} 4 *,3 2001) 2 3hile WE
e FEESe| 7t 5413, 1995
1998)7% vA}s}E}. wet At v o Oﬂ a4
shito 2 RE & xIehe] FEIA EXd(Abe o dl,
2003; Arai et al, 2003) % U7l =H71PeHAR]
Sl Egtolu Wl 4714287144 B8k (Meen,
1988)9} x|ty

Abe et al. (2003y= ©7]-=7A49] ¥ze] R
o] EEYEC] & vldlgH]e] kA (Fogs gyt At
348790 Mg")S 71X™, Arai ef al (2003)=
Zap7te] olulA lkete] sEmizlo|E xEYo| =
& Ni 24 2 Z2E 2l E(Foggeqg), AHEIE,
HolFAlelE 248 BAe AHI. w2l Eeelut
“EEW Aol 2FG7Y 9+ A (Lipin, 1984;
Meen, 1988)% =& FE2HE}O|E(Foygy e 2789
e 2 Mgtel AR, WA S AEHE o)
Fe ¢uRly azvplE A Azhile] Azvle|E
EAE 504%1 °‘E}

r:{o
ox

Srolx AAde] ol gHE
A% B, We 2B

E%‘é?—%ii’% ?:%E‘ii}, 2 dolda g 9 Mg
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e A AH GV Y (Wee e al, 1994;
Song et al, 1997; 483 $844, 20003 27)-=
o] Qo] 31y EX4(Abe et al, 2003), 55
U2 A (Melcher et al, 2002y =2 Eaont
o] ¥udy 2A7NALA 222 (Swanson, 1981;
Raymond, 2002)9} f-AFshch.

TR guxx 9 xEgol XA HFE(Melcher et al,
2002004 BzelolE LAl B¢ Ee Mg*(88-91),
Ni(1543-2037 ppm), Cr(1767-2767 ppm) ¥4 ¥Hek,
W K,0(0.01-0.00 wt.%), Na,0(0.06-0.23 wt.%), =
£ 929 Sr(1-20 ppm), Ba2.6-15ppm)THFS B
o). movlgelolte] SRelx|s] Wy sele)EE
o B3 AGA WAL Mg, ALO;, Ca0% 2

e Yoo w2 IS BUrHRaymond,
2002)
AL B4 3l B A 2GTENES T €

Z2o] Al 2A71AAUA (Melcher ef al, 2002),
Gz Rl 2F7IEY XY AFE(Griffin
et al, 1988; Jochum et al, 1989) 2 A A A=A
A4 gzlole A (McDonough, 1990)¢] 1)
3494 TF 2 29 WERNAE ZES0 N
FolA F=#A zolg HAT HF OIBS
MORB(Sun and McDonough, 1989)9] ¥4 g}
ojE AAAd-e wolA 9=vHFig. 5).

AAHo 2 Ay oM 9 wefEhs-g B =9
714 EEYEL YA SNAN FIFAAY
LFSE(e.g., Rh, K, Ba, Sr)7} W2 o] g ke
Holw 29 WNERAAE FF3S v EAYL e W
EZAFNA I A3E 2AtHGriffin ef al, 1988;
Jochum et al, 1989). A AAA AR gzlo)
E9 HFIE 2dWE 24X 8] #3E LFSE
HES B 2lt{McDonough, 1990).

AT T R FHAGe] SREL ¢ A7E
Hj3)] v ZA UL FellA R AlARL S Bolw
gtk 53 SER U2 FoA Y% LREES A9
& ThRE Aol 29 wERAA] ws) ARH
3 NEE RYE o 9 X9 294 ¢

Ase] A¥E WE71LYS AT

el oA gl Aeaket 493

Dymek ef al, 1988; Raymond, 2002). 4+ A=l
349 2 3 AY 29708 AR O 2719 |
2 2wy grle] E38 Role vl B dApdAe
AAAS D AALwA R HoE Bt

A g YolHy] 9 MY EARY A
Ax Az} Zeol AL Sr-MgO, Sr-Sc, SrV, Sr-Zn
%, ALOs-Sc, ALOsV ALOsZn %, Fo A7
ALONi #, NisSc %ol UEdthTable 2, Fig.
4). o= ARZAs7L Zlade) 7o} Ay Ed
LejolE Alge] Aol 2t Atk 2g YIS
S7]% MgO-FeO, Cr-Co, Cr-Ni A5 Aloje] 2wat
3 AAlE e 9 AR go] ¥ A wo me}
TieFst WslE Ro|i wghr] olzle] MYz dF
< & Ao A7a.

Z2G71Ye] WAy FEE 2xHEE Yolny]
el A FAA o] AFLEAE og3sigitt Al
At Aa AR A2 W9l 638°-780°CE BRI AN
T 5 S HAANR A o] dWtdez
700°C °l8le Wil H7A P AFEe] 2 1 o
el L5 ¥9E EAckFg. 10).

U] 2E7 LA ER 7ol MFAo] ERdth
W R FH0] 7ke Ao APIHA AR 4
o] Easici 2 o] o] 7hed Aot AT
F9AY 2F71EEENE A5 € DA B
Ao] HA ¢ot AUkl 2% ¥ ¢HEe) o] 7}

a

(1979)°] WAL ol83j S At
AR o] ex el I ¥iE % AF A

EH714LA7E RaF= AR (Song ef al, 1997

ol
3R
o

O This study
a Bibong & Kwangsi

L N
0.1 03 0.5 0.7 0.9

YCr

Fig. 10. Plot of LuKp versus Y, Kp=(Xye/Xpe)ol* (X!
Xge)sp and Y, =Cr/(Cr+Al). Solid lines are isotherms
calculated from the equations of Fabries (1979). Open
square for this study and filled square for Song et al.
(1997).
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SGa AR, 2000; 4984 84, 2001) ¥
w2 Edbeu) A7 (Lipin, 1984; Tenthorey ef al,
1996)9} fiAtsht MEZLe] 297148 TE oA
BolFe 3% FH(Griffin o o, 1984) 2 L& ¥
ME Me] AR (Arai et al, 2003)2hs x}o]E Ho]
L)

71E T AME 297148¢e AFEA EA-A
A A& o7Z AE 2= 550°-820°C (Song
e al, 1997; $4%3} $34, 20002 =270 Ee
olute) ¥-F2]x] X9 (Lipin, 1984 A% A7 Az}
FARE 700°CE B3or ol AYd gt ojojA]=
A1EL uls=gt A3 (Tenthorey ef al, 1996)5 R
o} A o Fdke 55 FF 9 @R 2
H7149ke] AARAQl 850°-1200°C, DRe] AR o
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2 zlolg B

ol zjol= AT XY 27 1gte] AABlE 2%
= WEZILY 2H7EGAA AAlskE 2=
Bohs =2vlEdtolve] ¥ReA] of U] 2E7 4%
o] 7-%(Lipin, 1984)s} 70| MAAY T ABFE o
2 2 WIS A3t AzE) & AT x99
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