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Fig. 1. Distribution map of the three localities of spinel-
lherzolites in S. Korea. The localities are marked by und-
erlining.
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Table 4. Representative microprobe ‘analyses of olivines
in spinel-therzolites from S.Korea

kL3

Boun™ Gansung Baegryung
1 2 1 2 1 2
Si0, 4043 4069 4109 4137 4130 41.06
AO, - . - - 001 001 -
TiO, - - - - - -
Cr0s - - - - 004 001
FeO 977 1011 967 945 9048 9.6
MgO 4932 4917 49.00 4874 4871 4873
MmO 015 014 013 015 015 010 . '
Ca0 012 003 002 - 0.03  0.04
NaO - - - - 001 -
KO - - - - - -
NiO 034 034 034 034 039 040
Total 10013 100.48 100.25 100.06 100.12 99.80
Cations based on 4 oxygens
Si 0992 0995 1.004 1.001 1009 1.007
Al - - - - -
Ti - - - - . -
Cr - - - - 0.001 -
Fe 0.200 0.207 0.198 0,193 0.194 0.194
Mg 1803 1792 1785 1775 1774 1781
Ma 0003 0003 0003 0.003 0003 0.002
Ca’ 0003 0001 0001 - 0001 0.001
Na - - - - - -
K - - - - - -
Ni 0007 0007 0007 0007 0.008 0.008

*Data from Kim ef al.(1988)

22 £ Crlse & g5 veiich

ALO; &EkE Fig. 3914 ALOs ?‘}%h’)r 2ol
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Mg, Fe, Ca &2 Aol FAGe] AL vldt
2XE polm glow mexde] WFAAENE
Wousa Enge: Fsus, ZHdo] Woge Enae Fse w2 x 7}
Wouss Enwes Fsx® TlAbel = a3l (Fig. 1).
ALO, B2 |edol we} Aol & molEe) WPt

3
50 — Hd
Di P A A :
® Boun
A Gansung
s Baegryung
L v v
En —>Fs

Flg 2. Ca-Mg-Fe plot of pyroxenes in spinel lherzolites
from S. Korea. Clinopyroxene and orthopyroxene plotted
in diopside and enstatite area, reapectively.
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Fig. 3. Variation of wt% Al,O; in clinopyroxene(cpx) and
orthopyroxene(opx) vs. Cr number in spinel. Open and
solid symbols represent cpx and opx, respectively. Dott-
ed lines indicate arbitrary negative lines.

AR e 4.70-4.91 wt%, B2A|Ho] ¥ 742-
7.64 wt%, 7¥o] F7kgkal 5.24-5.94 wt%E reb
o 0|5 S-S Avhdle] Cr 29 7’ 2 A
= Jehie AR Fesick(Fg. 3.
Brown e al. (1980)%. French Massif Central®] X
gqto @ BE] AL, §eko] 29| Crifeke] 71
o) we} ashe e Bastsnh Crlss X193
ol Folr} W2 9E 0.35-0.71 wt%el®, TiO, &
0.20-0.49 wi%, Na, O 0.09-2.16 wt%2| £¥& X
o)zt B-2x|ge] FL 191-216 wt% o] WA=
7} 0.09-1.03 wt%, YAdA1o] 1.28-1.42 wt%2] %
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Fig. 4. Plot of wt% Cr;0; vs. wt% Al,0s in spinel. Dotted
line is arbitrary negative line.
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e au)d-glEele] E] Aujula} 2k ofifoir],
Mg #(100 Mg/Mg+Fe*)2 75.17-81.989] A3t
& Holm R Ho] ekl M} ot Y& Zhs
2alth, Cr0s AAH LR 8.17-12.67 wt%2s
el F& 12.32-12.67 wt%elw] B-&-x]Ho] 8.17-
10.34 wt%2] F2 e Bolu M-S F7HAE
et} Cr 5=3(100 Cr/Cr+AD-S 8.5-13.12] #9)
£ Holn g al ol A AFF Cr: wt%
A 2 AlLQ; 332 55.13-59.35 wt% 2
A Bl & 57.19-59.35 wt% s yehfn] &
AGL 2-4wt% F& e vepich A g
AlO; vs Cr0: wt% tholoizzle] Fig, 49 vleh}
Aow gk 50 A, & AlQ: Tkl FVIAFE
Cr0; ke Aozt TiO, ke 0.01-0.20 wt%,
NiO+= 0.34-0.42 wt%E X.oJF},

& otzelrtet ezt A&l vshA ALOs ¥
& E3 CrOse 32 33e Bl Mg 3% o5
Aol vl Eoh. T ST Ank o2 v&d
sletxAl & Vel
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WE ALY PHIA AT 1
o= U o &3

29714 EIhs e AT IR
2 25 FyLro S SA5] Yt kst
LA} AAGHAZe] A= stk HF -
Al-sle]xeto] Q] AL-ol= M7 4934 217
(thermochemical data)7} ~3)dld)] v)s}e] -5}
FEe BETEY HPYEEC] (Ca, Fe, Mg,
AL.S) 2%} sk e Wistel] lzlslA] whg-str] wf
2ol B} thefsta A 83 A ExoiEAEe) Al
=lo] skel(Perkins and Newton, 1980; Carswell
and Gibb, 1987 ). &5 A=Al 3114
AFA-dle| mele| EL] AL AP Al 9=
(Al solubility)7} &%} st¥e WAtslA| F3-& 2
S (AgE AALESEA), 29d-se el E
o] A% Al £91% 7} Lxo= wZgE #3s Ho)
3L st webie ko] SEE Aolrt 9l
Folr}(Fig. 8 cllxe] Azdl-slzlxele]E oo
shakek Al 540 AlREA 1 AR HAD.

webA] ke R zbslrie] AR WEE TAIE
= 23pd-HETte] B Hfolls 2ude) S5
g2 EAR ot d98A Alast F8% Ed)
7] w2l FP2xe) kS FIp] Q= AR
A-s2)zetol el nlEA AFE AL} |
AHAE A 4 gl 9l 53] AASH Al
Siojx= A - w2 Telo] Eol) ALS-El= APHEIA]
o] Al $3= st Al vlsix AHEEr} Holx)= A
ojct}.

ST

SHEE FArEe) ~ud-de| kefo]|22] 3
=5 737 fsiA AP DARSA Ale]e
A CaFe-Mg AEA#E o]43 AALEAZE
(Wood and Banno, 1973; Wells, 1977; Mercier,
1980; Sachtleben and Seck, 1981; Bertrand and
Mercier, 1985; Brey and Kohler, 1990)A&-3}43c}.
Apb-iiab3 A AL EA FollA Kretz (1982)7}
A AgE =d-& Ganguly and Saxena(1987)7} vlolAt
A} 3-2)(non-ideal site formulation)2 ©]-43 &
2l mdolely iAW, & AFAME o] =



Fig. 5. Wo-En-Fs(mole %) plot of pyroxenes in spinel
.lherzolite in isotherms at 15 Kb from Lindsley's qua-
drilateral diagram (1983). Mole % of Wo, En and Fs re-
calculated from projecting multicomponent scheme of
Lindsley (1983).

-2 AR H3exrt AR 223 Wood and
Banno(1973)8) 2= 4 Akg)ade] Al S8 u]
3 YF E=AI(= 1250C) Yemi(Fig. 8 3x), Algk
= z}3kxAd W3t (Quairading A5 2} WAISH K=
1.869} Skaergaard 94, Kv=1.38)% ©]-43} 5dlo]
o 7) wied o)’ A Yol Sdhe AdAde &
33x] mEXut Bl 2G4 EEHGEA Y
3542 §A 9] Wl AL AR

Wood and Banno(1973)¢} AA-=AE MgO-
ALOsSi0, AxgelA 2] ol4k a4 = (ideal solu-
tion model)S- APH-5FALZ A o] M17} M2 A=}l A
£31gon Fetoll tidt 33k AHA t(empirical
value) 2.2 A-8315ic}. Fe's} Mg M1 ¥ M2 A
Aol BFAS A FE 540 M2 Aol & 0] £5)
Ca®, Na" ¥ Mn*7} g3 M1 Ax}ell= 2h2 0]
£.2.9) Al Cr, Ti, Fe B¢] X85t} 152,

(XMg)MZ = (XMg)Ml = (XMg)mineral
( Mg = -FZ—Edg—
e + Mg
2 7Hsen, 2+ AHphase)d] ZA= FHactivity
term)-2

i Me
(Fe?* + Mg + Ca+ Mn + Na)

]Mz :

[ e i
(Fe* + Fe? + Mg + Al + Ti + Cr*)

-0~ Wood & Banno, 1973

~0-- Wells, 1977

T 001 15 ~6-- Mercier, Opx.1980 <3
- Mercier, cpx, 1980

110 -0 - Sachtleben & Seck,1981
—+— Bertrand & Mercier, 1985

9.
105 /%5:\6 o ~X— Brey & Kihler, 1990
A NN o
100 = > *;\\\u:\r“E:;_o\( <
> A// e <%
95 g ° ‘\/ S v
/ \ ==\
=
; N %
90 N\ o
- 8.
o Syt

850

Samples

Fig. 6. Comparision of estimated temperatures derived
from various geothermometers. Sample 1-4: Boun, Sam-
ple 5-8: Gansung, Sample 9-12: Baegryung.

2] oA} AAEA(ideal site formulation) 22 4]
spsick. Wells(1977) ¢ AHL2=A= Wood and
Banno(1973)8} A& L&A 9} 22 JHshy o|&%
7Y AH 8 AS valueZ} ©}20] Fe*'9] 383
thze}, o]5 F nd 5L A APAAE A143]
Row) vEAAEe] JS TE X opr] AYF
SRS AEA] Fihe AR XA Ao A
A SRk xRS ey wliel o7}
2} AAAALRE He AFAE Aloldd S8
9)2™ Wood and Banno(1973)2] 2Zzgke] Wells

- (19774 FeEct duk ez F=A(100T A X) vt

we}, wiE e 2, 23] odvte] 99 281
sadl-f2] Eelo] EEe] wigt o|F 2=
Table 6 Qokslo] glom & @7 ATNE
Wood and Banno®] gtel ¢k 100TC 713 =4 vehd
cH(Fig. 6).

ol F 2ol ARRA], M1 2 M2 A2 A=
(site activity) S 7o Fo|& 83t} =, 7+ Az}
o] #jgkslE oFo]2 $=(based on 6 oxygen)ES
g F Mg/Mg+Fe™& Falof Frt. ws] (Mg/
Mg+Fet)mr= 2k-& Az} A= ghoz v A7
LFE W W% =& @ FYEE T
2=

Mercier(1980)+& Al $-3]%ol Cro] AF33F 43
£ "lale AL BRs T AP A oA 2] Wo 8-
o} 2uuls} el AP Al Sl
Fub-& o] 83 A9 A4e FalA A A
AL HAE AXstgd=d dukdal AH-Lxgt
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Table 6. Temperature and Pressure estimation for spl-lherzolites occurred in S. Korea

TC P(Kb)

WB w M/opx  M/cpx SS BM BK MT M/opx  M/cpx
Boun '
1 1032 929 999 1007 1014 975 966 1006 14.8 145
2 1010 907 973 1010 990 954 946 - ., 981 145 15.0
3 1055 975 1031 1672 1008 ‘ ;ggaOSQ 1022‘3‘ . 1019 16.5 19.0
4 1044 954 994 1041 . 1016 © 1007 994 © 1005 165 ~ 17.0
Gansung E
1 988 880 938 940 1041 904 913 989 124 125
2 1004 899 995 958 943 903 914 969 17.5 13.0
3 993 886 994 940 946 886 890 970 18.2 12.0
4 984 871 980 924 972 884 871 976 16.4 13.0
Baegryung
1 027 921 926 974 965 919 921 945 125 160
2 009 897 928 961 1008 879 882 968 120 140
3 1064 958 1020 950 950 982 958 995 190 150
4 1143 1063 979 1006 - 1106 1136 1096 992 16.2 230

WB: Wood and Banno(1973), W: Wells(1977), M/opx & M/cpx: Mercier (1980)

237} w32l (eqn. 37 in Mercier, 1980)4] X&HA|
Z(Partition coefficients)al Kw' ¢} Ka'E eqn.
115} eqn. 12 (in Mercier, 1980)el4 X& 4]
selxAl e AHesle des) gl e, AH, AS, V'
g y'e] gogsbd ghE-e Table H(Mercier, 1980)
o) geksle] glek. ool AL 3 USRI Y
)2 &5 A (Appendix in Mercier, 1980)52 A%
ASES ZAZ A @ APA mdo|APd, Fan
and Hooper (1989)& A3} 2|2 &2 A7} FALS
A AALEAR} F2)Hel LESHAE A
3 Baslgleh '

Sachtleben and Seck(1981)<> AP¥#42] Al-8-3)
=7} 23dle] Criddel d3g HHezte st
(Cro) & 23hdlo) Hla}ed 200 olAHe] L&A el)
Fujii(1976)2] A AF}Z 0143 29A AALxA)
2 AXSEd, FAYFEK)IE Fehesl MAS A
2ol APREA+ 2wl AL-APEE A 9
WAl S o)g3le] Andle) Al CrAd e %S
=3 zalsigr) o] 2dle o437 LESHAE
Wood and Banno(1973)¢} Wells(1977)9] 23k A
olo B-Esle] Hodte] FYLEE Fohed olFE
83kt

Bertrand and Mercier(1985)% Ap#-wA13}A] <)

En-£3)EollA] AP 13]4 2] NaAd &3 HALSH
o] Fe 43e 3ad AY¥H =2de A=
Al 9o TAF $ qryz sgdch o] Rl o) &
3 LE2AAE Ao Wells(1977)8] #E
SA}gE e 2w g Vel w gl

Brey and Kohler(1990)& A5 -Apab A -2AH
A-7kAe] B2zl 1B AP} de
AE3 g 7180 A" A (Harley, 1984; .
Lee and Ganguly, 1988; Krogh, 1988 5)¢} H|Z,
nebateiA] Ap-ghabEl A e} Cax|@oll Fed] 2%S
2T AAL A, AE5IA 9] Catt o] 43 A E 2
TA 2 Ap-AE A ol 4] NaAl 2k 0] 88 A&
A Ao MFAe] o X 49
A} A-8-8(site occupancy)S-& o83 A
Ax AN B A7E S E 28] AAFR
IR AALEA 5 NaX| 82 o83 AP-A14]

g aeEAL sou-aEdel s et Ab

uk314d ) Naglao] W% wlwisly| o Foll &4 2
5 F3br] SR 3 AR 252 WEh] A9 A
AALw, A3l Cakd &t o]-48 AAXx
Al Azt 25712 Wood and Banno(1973)8] &=
9 ApkgAde] Al galEe] vls) (Fig. 8 3=) wi-¢
=2 718(1100-1230C)E Hol7| wj#o 23]d-2)
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Fig. 7 P-T conditions of spinel lherzolites from S. Korea.
Estimated T is an average value of T derived from ther-
mometers of Mercier(1980), and Sachtleben and Seck
(1981), P calculated from Mercier's opx-barometer
(1980).

Zefo22) HYLER 2ol T2} gl A
AR Ab-GAHA oA Fe G938 wE g
Ca A% AALEAS & 79 LE2HL 9)3}o]
S4slgdont &2 E¥sh Yoo g £x9q
Wells(1977)8] @& AR 2245 »iol
HellA QAF8E A ALEAE o] 43 2xAAAT}
+ Table 6 & Fig. 6l 8.2F=]e] 9lom, Fahel B2
e avd-wEelo| 20 Y2 ks ) ¢
A el dgd VR AAHLEAE FellA
Bertrand and Mercier(1985)%} Brey and Kohler
(1990)9) AALEAE Wells(1977)9] 3AE F
2x9} W BEE Ho)T, Mercier(1980)8] AL
4] A=A+ Fan and Hooper(1989)7} =123}
Fol AMHRA AL A vlsle] Y& 2% B¥
£ Hol7| g o] BAEL M) wely
Wood and Banno(1973)¢} Wells(1977)¢} AHghi=]
sagke] F e viehdin] e A 2 Goxe)
(AP g DARFA Y] FetAd o] vi) 5 B¥)
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Fig. 8 Alumina content of orthopyroxene, dotted line of
®, in spinel lherzolites from S. Korea. Dashed rec-
tangular of @ indicates P-T conditions of the*studied spi-
nel lherzolites. Al-isopleths didgram adopted from Lane
and Ganguly(1980). ’

HA %3, FA(formulation)el] 9leiA] wlakel Ao)
333 M1, M2 ARpellAe] ool xj3hE weisis
7] wWEell Mercier(1980)8] Ap##A AL xA 9}
Sachtleben and Seck(1981)8] A|&A-&xAollA F&F
ghol gejAQl Ao g Algsoe] o] Foly 3t FF
#E 4 A HIYx 7Tk Carswell
and Gibb(1987)+= Sachtleben and Seck(1981)8] &
=t 88 ¢ e 2dejElw AAsigzn
Fan and Hooper(1989)& Mercier(1989)2] b3
A-AdLETAe A LERyrl £ =i
ZE ¥ Fohu syl Addos vyl wigy 4
E-52 945-995T, 7Hd AEEL 969-989C, 2
AEEL 981-1019CEA AQA FXo) oS 28
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o]

Table 7. Wo, En, Fs component calculated from pro-
jection scheme of Lindsley(1983)

Cpx Opx )

Wo En Fs Wo En Fs .
Boun
1 420 528 .052 011 .895 .095
2 420 527 054 .009 .892 .099
3 401 546 052 013 .896 .091
4 412 538 050 011 .898 .092
Gansu}ng
1 443 502 055 .010 .894 .097
2 435 510 .05 011 .891 098
3 439 509  .052 .011 .891 .098
4 435 516 .050  .010 .896 .095
Baekryung )
1 430 521 .049° 006 .901 093
2 444 510 047 006 .905 .089
3 417 549 034 012 .903 .085
4 411 555 034 012 904 .085

34 -z A AFARe] aFde] I
2 ER o] 73E4-349] Fe-Mg X3hikg-olx) 2]
AG o) G322 vl G 3hE Hol=d], o)
AL & Lxisto) kA F3ly) el £2 XA
L5A7E 2 5 A7) dEe)et

o]k (reference value) 24 2 Lindsley(1983)
9] =312 ubH (graphial method)& ©]-83F L5
& 850-1120C Afol®] Y& BEE ®ol=d| Linds-
ley (1983)] tlolel1#le W& P-T WlellA A
3 (quadrilateral)-$41  A¥e] AGA} HIYAE

(experimental phase equilibrivm data)& 7]%2. §F

. glew apaa A AEl(quadrilateral system)oll 31
oA AF) AE AALES A o)4Fa
glom) A A Q) 2 RBFEE wleksl=d} o457 g]
o} Y P-TH M) AY A5l 2A4F 73 3
7} e ol WAIgtellA d71Al 3Adstel o)my) 7R
chogt ApdAle] 42 5= glew EEA sl
A AR 324 Q. F-5 wWekA ¢ wltel WAl o)4-
=2 g9len}, 100C 2HA ) 52408 A deloln
A (quadrilateral diagram)ol] A A13t37) w-Fol A&
T 225 FIA) Eshe whyo] el AEkEal &
T 47 et 5 9ok 2x24 ¢l 9)oA Linds-
leye] =si4 wbd-& ARgsl]) elds dubHg)

s‘l.

°d

Wo, En, Fs®| 34 Adte] opd 19] o E 79
(projecting multicomponent scheme)& wi2jof &=
d) ol=k45% 7298 Wo, En, Fs A%< Zo|ck. 7]
ZFAA(Cr, AlY, Na.5)E z8A] 92 dukbdl

~ Wo, En, Fs A%-5& AH8-814 34 340 He 25

£ ulll ek, Fodw(Projection scheme)& o148
23] d-HEejo| Eof| veh s DARRA, AlabEA e
Wo, En, FsAAR-E2 Table 70l 82F5¢] 9l2, &%
248 913 ApHE tlololuiql] gk A= Fig.
5o vteh} glr} AEe] FIYLEw= 850-1120T At
0)9) Y& RXE HeFw Jolx] 73 HY2=E
o] o] WFclol] &3z Ao Mol Al 97+ ¢l
£ 7Z2e2 ¥alrh wehbA Lindsleye] =84 whi-&

)

o83t ex2A e ke AALEA S ALeg At

o) AR 27 452 Bl -85 AHed
5 9% F& ouigke ehitkn @ 4 9lov, o
Whog 2ALE $E7} WA vehi] Bl 5
Aohe(emerge) FHLEE Fohedle ofeigo] v

2o},
Do

29 dl-glEeto] E9] gl EA] o glojA] Hal7lA]
AR AAFEHA ¢l #Holvl MacGregor
(1974)7} A5-2.2 MgO-ALOs-SiO. (MAS) A28
A 2ujd-AF5A7 S o] R gl APHEA
2] AL 4SE7} el wI3keE uhe-§& ghehar AjAjEk
%, oJ=)x3+E(Obata 1976; Ganguly and Ghose,
1979; Lane and Ganguly, 1980; Perkins ¢f al, 1981
5) o A AGaA dArEe gew 29d
Hael ApbgAe] Al 4=+ MacGregor(1974)
7F Ago= 9l gk uc} 238 2% 2zt
s-& malchy WAt |

Fig. 80ll4 2.50] P-T Fx}ellA] 29 d-s|2] =&}
ol= ojde] Al SAEAIL] hudt 7] EvE el
w7kx) 231 2L A wkedshe, A -HE| mele] E
odoje] FA 71e7]e dHel Wik T2 A
HAE ouigie}. gy £ dFelM s FEUHS
T3] sl AxdA o)A A¥A 2del Mer-
cier(1980)9] 34-AAGHAE AH83lso 7]
o Jig 2l el olv] k] dgstadct. At
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WA wabEA AAQRIAE o847 g
Table 60l 82F=5]o] glc},

E AFolA MHE AREL DA AAGY
AE A A% 1S =& 4l 23Kb & ey
2 Wl 14-23Kbe] ¢HEEE Bolck(Table
6). Fan and Hooper(1989)= AP+34 A gt=lA
7t A vl 493t HESAR)E Bl olf-
o Baiile AT wgtort dubgo g Al
A AP S AR A o] mlsiA Bl (Cr,
Na...5)¢] gl dA3] A& glol7] af-Fo] Al X|
ol A ] ulaFdage) odgke] aly|uFole} ALEH
o} £ A7AFANNE AP A AAYREAE o] 4
g 33 gkArl 12-19Kbe) F2 WS Hole
elal o g mal)

Adams and Bishop(1982, 1986)-& #F2H4] s} At
HANA Ca-MgR3Hs o] 431 A|AYHAIE A Ajs}
ot At 29 Cagtao] FAR Ax=2
o9 27| wfEofl Aol o] g 343 ¢
it
© YellA AR AT A 9} XA Al eljA] 3
it B¥s= 271 EYYe] BP9} 9
3 E-2 Fig. 70l vl lch

EE % 2o

29 d-HEelo] B0 FEXA SAAL HIYHF L
TF3l7] 1% A AL Agro g gl 3 F
FENE] A EE 5 vlashy] 9% dtke
A AR 3L 785 92y Lane and Ganguly
(1980)7} AN AIZH Al A4 EATS o]-g3le] Bghe} Al
HdF-E0] Mg0-ALOsSi0MAS) Al2eol|A] 53]
907 W2l Fe, Ca, CrEe] J35g w25 24
el 9l o= AHdAlY o2 AH(phase)
S APAA A BA" ¢ gl o IJE A
Foll i H-2] AYEo] <edt 2-3 ARA R o] Fo]
Z]7] wjEole}.

Fig. 8ellA & A7 tiyl 4udl-#Eejo] 9]
HHLEES 950T HEZ 7IASH, 10-20 Kb Alo)
oA Al S8l%7) ~5.5-6.5 wt%hE vrelibsd] |l

HE, 2325 W@ FEdhe 2od-HEeel=

oAl vehb= AP S ALOs FS =45 wi%
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o s=EcH(Table 1). o]} 7ol =1.5 wt%2] o]
7F =R Al S0l glojA] miEkIAaEe] %
o8 ALR3r} Lee and Ganguly(1988)= 15
o} Aol 4] Al S8l Eol] NI Fed] o 3fo] A
g el 53] d2eelo] E(pure enstatite)
A Xp=0.1% Z7lsbd =15 wt%9] ALO:S 7}
271 EA3] Foll #Al Jebdch(Fig. 9).

Perkins and Newton(1980)%} Chatterjee and
Terhart(1985)+= Cad Cro] Al £8l%ol v3l& <
& Bwaisich welbd MAS AP EA (ternary
system)?} =~1.5wt%e} Al &= Aoj7t Y=zle
ol2g mlFUES FFgo) rjdshs ALE Ho]
o, ¥ A7 WAt ApEEAL Ca 2 Cre) §5ge] |
n5}7) wEell 2 Fe(Xp=0.1)9] 3828 Alg8
Er}

B8-S Mercier(1980)8] 15-19KbE 2 o)
Fig. 8914 Lee and Ganguly(1988)2] Fe °33& w1
HEE MAS AMEAS] 2PNl Al (=
5565 wi%)& AT P-T 4o &3} gt
#o2 Hol, e AFEAE(Wood, 1974;
Harley, 1984; Bertrand et al., 1986) Fe %33gH(~

- 0.5-0.8 wt%)& 3r2{st Al o] 341 P-T %

o Yol =0.7-1.0 wt% A vebdr} e F opy
A2 Hrh shEgk A A o=t Fe
AT AT diste] 93 AFA Lee
and Ganguly(1988)+ Harley(1984)9] Algda}Aol -
4] E<437)&(graphite capsule) tHAl AMEE2] Fe A
Foll 29-& 714 4 &= Fe AES AHSR A=A
A8 2-stg o], Wood(1974)2} Bertrand eof
a.(1984)2) A¥A3= JddY(reversal ex-
periment)ell 2A3kA} ko ng I A
Fe 9343& FHE & 9v 9 W=xsky Qi)
w2li] Lee and Ganguly(1988)<] 2371 A gtsjct
2 7P olE s e diulghoss Avd-He]
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Fig. 9. Fe effect on alumina solubility in orthopyroxene. (a) 20 Kb, 975T (b) 25 Kb, 1200C. LG: Lee & Ganguly(1988),
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Fig. 10. Comparision of the P-T conditions of various
mantle xenoliths from S. Korea, Eastern China, S. India,
and S. Africa(Lesotho) in the mantle geotherms of Mer-
cier(1980).
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Table 8. Temperature and Pressuze estimation for spinel/garnet-therzolites from other localities

Lesotho; S. Africa S. India "~ E. China
(Nixon & Boyd, 1973) (Ganguly & Bhattacharya,1987) (Fan & Hooper, 1989)
Sample No. Tt PKb Sample No. TC PKb Sample No. TC PKb
gt-ther. gt-ther. gt-Ther. '

1567 1629 31.0 Tl 1235 55.0 HT-28X 1316 325
1569 1028 33.2 2 1360 61.5 ZN-8 1492 43.2
1559 1099 37.8 4 1055 415 ZN-12X 1589 48.0
E3 1318 48.8 5 1040 38.0 ZN-20 1356 35.6
1610 1418 51.7 MQ-8 1412 36.3
2125 1132 40,0 MQ-8X 1436 374
MD-4X 1303 35.6
MD-8XX 1309 35.2

spl-lher.
NB-3 1023 17.1
B-2 995 15.2
YT-23 1003 19.1
YT-30 1080 19.0
KH-8 1026 18.2
HDW-4 1054 18.8
SQ-12 946 17.0
SQ-15 952 14.9
SQ-23 1018 15.9
LQ-20 1036 17.6

*Gt-opx thermometer (Lee and Ganguly, 1988) and Al-opx barometer (Lane and Ganguly, 1980) used for gt-lherzolites.
Opx-thérmobarometer (Mercier, 1980) used for spl-lherzolites.

& 75.1-81.9 o)® Cr $3%& 8.5-12.69] 3¢ Hol
Al A Eo] Z7VLGE Cr Ao) asdhe FHE &
4 733Fg HQle),

3) Z3tEe] Fyexd %-— T37) HSH %
A3-2} AL %A (Wood and Banno, 1973; Wells, 1977;
© Mercier, 1980; Sachtleben and Seck, 1981; Ber-
trand and Mercier, 1985; Brey and Kohler, 1990)%}
Wo 57_3-14} Al-S3 =8 o83t A)EEA
(Mercier, 1980; Lane and Ganguly. 1980)% o]4-3}

U]

). Mercier(1980)%} Sachtleben and Seck(l98l) :

o} ARLEA §FE 3 Holw o]E B HF
F BYPLEE 945-1019CoW Mercier (1980)2)
Ak -A) Ak Ale) ke 12 19 Kb(42-63
Km)& vehiich

) ASTEPe] FYLme} S PT T2

b}EM B Fahe] ArdE ATl Mercier
and Carter(1975) ‘2 Mercier{1980)7} 253+ W&
AL S ALl L3)n], %lﬂﬂdfb

gzAt 95
(Lesotho) ¥ ¢4 Q=ol= F3E
F F5o @] 29d-dEEielE
Aol wl$- fAtsted (23 Cr $A7F
Fze 3}‘5—}7‘*“] 74 24 2AE Bolx
e #F ATE el 9,1

M] Hlf}"i —.s—'-'?—— AR=T} 2 kRt T

Exgle] AFHE Aoz _‘?'_°} A2 oE R
-%*s'°ﬂ o ArAEe] AR FIRAG F5A
oz & skl ek

A &7

%3}

o &

E

2 s

Al AL

ERUEA At B eAlshrbA] AR A1H

ste 40 AEA WA, AU, 4T PAEA

Aol =g
28, A AR

A=, W, 24 8 RS AE
& 74 1, WA,

A ZhatE ==

J. Petrol. Soc. Korea



dabe] ebvlel @Rdel BEah: wE EHYS PHTYA AT 121
EHnEs Dick, H. J. B. and Bullen, B., 1984, Chromian spinel

A4, oA, S8, AAY, 1988, HEAY =5
Eotel 58 2RV 2o M XAt
3)%), Al24W 53, 57-66.

Y71, o}, 1987, W xe] AA. A FHE
A, A7, 33-48.

o] Z3, 1984, x| Gel AEHE EEYLY JHF
Z9} 79| ghaiEhy . x]alekE]%], 203, 85-96.
Adams, G. E. and Bishop, F. C., 1982, Experimental
investigation of Ca-Mg exchange between
olivine, orthopyroxene, and clinopyroxene: po-
tential for geobarometry. Earth Palnet. Sci.

Lett., 57, 241-250.

Adams, G. E. and Bishop, F. C., 1986, The olivine -
clinopyroxene geobarometer:. experimental
results in the Ca0-FeO-MgO-SiO, system. Con-
trib. Mineral. Petrol., 94, 230-237.

Aoki, K., 1987 Japanes Island arc: xenoliths in al-
kali basalts, high-alumina basalt, and calc-al-
kaline andesites and dacites. In Mantle
Xenoliths(ed. P. H. Nixon) John Wiley & Sons,
319-334.

Bertrand, P. and Mercier, J. C. C., 1985, The mu-
tual solubility of coexisting ortho- and cli-
nopyroxene: toward an absolute geoth-
ermometer for the natural system? Earth Planet.
Sci. Lett., 76, 109-122.

Bertrand, P., Sotin, C., Mercier, J. C. C., and Ta-
kahashi, E., 1986, From the simplest chemical
system to the natural one: garnet peridotite
barometry. Contrib. Mineral. Petrol., 93, 168-
178.

Boyd, F. R., 1973, The pyroxene geotherm. Geo-
chim. Cosmochim Acta., 37, 2533-2546.

Brey, G. P. and Kohler, T., 1990, Geoth-
ermobarometry in four phase lherzolite II. New
thermobarometers, and practical assessment of
existing thermo-barometers. J. Petrol., 31, 1353-
1378.

Brown, G. M., Pinsent, R. H. and Coisy, P., 1980,
The petrology of spinel-peridotite xenoliths
from the Massif Central, France. Amer. J. Sci.,
280A, 471-496

Carswell, D. A. and Gibb, F. G. F., 1987, Evalu-
ation of mineral thermometers and barometers
applicable to garnet lherzolite assemblages. Con-
tri. Mineral. Petrol., 92, 448-445.

Chatterjee, N. D. and Terhart, L., 1985, Ther-
modynamic calculations of peridotite phase re-
lations in the system MgO-ALO;-Si0.-Cr0; with
some geological applications. Contrib. Mineral.
Petrol., 89, 273-84.

Vol. 4, No. 2, 1995

as a petrogenetic indicator in abyssal and alpine-
type peridotites and spatially associated lavas.
Contrib. Mineral. Petrol., 86, 54-76.

Fan, Q. and Hooper, P. R., 1989, The mineral chem-
istry of ultramafic xenoliths of Eastern China :
Implications for upper mantle composition and
the Paleogeotherms. J. Petrol., 30, 1117-1158.

Fujii, T., 1976, Solubility of ALO; in enstatite coex-
isting with forsterite and spinel. Annual Rep.
Carnegie Inst. Washington Year Book, 75, 566-
571.

Ganguly, J. and Bhattacharya, P. K., 1987, Xe-
noliths in Proterozoic Kimberlites from S. India:
Petrology and geophysical implications. In Man-
tle Xenoliths(ed. P. H. Nixon) John Wiley &
Sons, 249-266.

Ganguly, J. and Ghose, S., 1979, Aluminous ortho-
pyroxene: Order - disorder, Thermodynamic
properties, and petrologic implications, Contrib.
Mineral. Petrol., 69, 375-385.

Ganguly, J. and Saxena, S. K., 1987, Mixtures and
mineral reactions. Springer-Verlag, 226-231.

Ganguly, J. and Saxena, S. K. 1984, Mixing pro-
perties aluminosilicate garnets Constraints
from natural and experimental data, and ap-
plications to geothermobarometry. Am. Mineral.,,
69, 88-97.

Harley, S. L., 1984, An experimental study of the
partitionung of Fe and Mg between garnet and
orthopyroxene. Contrib. -Mineral. Petrol., 86,
359-73.

Kretz, R., 1982, Transfer and exchange equilibrium
in a portion of the pyroxene quadrilateral as
deduced from natural and experimental data.
Geochim. Cosmochim. Acta., 46, 411-422.

Krogh, E. J., 1988, The garnet-clinopyroxene Fe-
Mg geothermometer reinterpretation of existing
experimental data. Contrib. Mineral. Petrol., 99,
44-8.

Kushiro, L., Yoder, H. S. and Mysen, B. O., 1976,
Viscosities of basalt and andesite melts at high
pressures. J. Geophys. Res., 81, 6351-6356.

Lane, D. and Ganguly, J. 1980, AlLOs sohibility in
orthopyroxene in the system MgO-AlO;-Si0, :
A reevaluation and mantle geotherm. J. Geo-
phys. Res., 85, 6963-6972. :

Lee, H. Y. and Ganguly, J., 1988, Equilibrium com-
positions of coexisting garnet and ortho-
pyroxene experimental determinations in the
system FeO-MgO-AlOs-Si0,, and applications. J.
Petrol., 29, 93-113.

Lee, H. Y. 1991, Metamorphism in the Hongcheon



122 o]

area: Petrology, Pressure and temperature. J.
Geol. Soc. Korea, 27, 339-358.

Lindsley D. H. 1983, Pyroxens thermometry. Am.

Mineral., 88, 477-493.

MacGregor, 1. D., 1974, The system MgO-ALO;-Si0,
: Solubility of ALO; in enstatite for spinel and
garnet peridotite compositions. Am. Mineral., 59,
110-119.

Mercier, J. C. C., 1980, Single-pyroxene ther-
mobarometry. Tectono- physics, 70, 1-37.

Mercier, J. C. C and Carter, N. L., 1975, Pyroxene
geotherms. Jour. Geophs. Res., 80, 3349-62.

Meyer, H. O. A, and Svisero, D. P., 1987, Mantle
xenoliths in S. America. In Mantle Xenoliths{ed.
P. H. Nixon) John Wiley & Sons, 85-91.

Middlemost, E. A. K., 1985, Magmas and magmatic

rocks. Longman Inc., New York, 266p.

Mysen, B. O. and Boettcher, A. L., 1975. Melting
of a hydrous mantle: L Phase relations of na-
tural peridotite at high pressures and tem-

ks

peratures with controlled activities of water, |

carbon dioxide and hydrogen. J. Petrol., 16, 520-
548.

Nixon, P. H. and Boyd, F. R., 1973, Petrogenesis of
the granular and sheared ultrabasic nodule suite
in kimberlites. In Lesotho Kimberlite(ed. P. H.
Nixon), Lesotho National Development Cor-
poration.

~ Obata, M., 1976, The solubility of ALO; in ortho-
pyroxenes in spinel and plagioclase peridotites
and spinel pyroxenite, Am. Mineral., 61, 804-816.

Perkins, D., Holland T.J.B., and Newton R.C., 1981,
The ALO: contents of enstatite in equilibrium
with garnet in the system MgO-ALO;-SiO; at 15-
40 kb and 900-1600°C. Contrib. Mineral. Petrol.,
78, 99-109.

Perkins, D. and Newton, R. C, 1980 The com-’

<

positions of coexisting and garnet in the system
Ca0-MgO-AL0;-Si0;, at 900-1100°C and high
pressures. Contrib. Mineral. Petrol., 75, 291-300.

Sachtleben, T. and Seck, H. A., 1981, Chemical con-
trol of Al - solubility in orthopyroxene and its
implications on pyroxene geothermometry. Con-
trib. Mineral. Petrol., 78, 157-165.

Sen, G., 1983, A petrologic model for the con-
stltutlom.pf the upper mantle and crust of the
;. Kolau shigld,” Oahi, Hawaii - and awauan mag-
matism. Earth Planet,;Sm Lett., 6% 215-228.

Sen, G., 1987, Xen})hths assoc1ated with the
Hawaiian Hot Spot. In Mantle Xenoliths(ed. P.
H. Nixon) John Wiley & Sons, 359-375.

Song, S. H., 1994, Geochemical evolution of Phan-
erozoic lithospheric mantle beneath S. E. South
Australia. Ph. D. Thesis, The University of Ade-
laide.

Tracy, R.J., 1980, Petrology and genetic sig-
nificance of an ultramafic xenolith suite from
Tahiti. Earth Planet. Sci. Lett., 48, 80-96.

Wells, P. R. A., 1977, Pyroxene thermometry in
simple and complex system. Contrib. Mineral.
Petrol., 62, 129-39.

Wood, B. J. and Banno, S., 1973, Garnet-ortho-
pyroxene and clinopyroxene reationships in sim-
ple and complex system. Contrib. Mineral.
Petrol., 42, 109-124.

Wood, B. J., 1974, The solubility of alumina in
orthopyroxene coexising with garnet. Contrib.
Mineral. Petrol., 46, 1-15.

Yoder, H. S., 1976, Generation of basaltic magma.
National Academy of Sciences, Washington, D.
C., 265p.

(AT : UHH)

J. Petrol. Soc. Korea



el Wlel Rkl FEoe WS TG PAste A7

Petrochemical Study on the Mantle Xenoliths in alkali basalts from
S. Korea: P-T Regime of Upper Mantle

Han Yeang Lee

Korea Institute of Geology, Mining and Materials
(30 Gajeong-dong, Yusung-gu, Daejeon 305-350, KOREA)

ABSTRACT : Mantle xenoliths in alkali basalt from Boun, Gansung area, and Baegryung island in S.
Korea are spinel Iherzolites' composed of olivine, orthopyroxene, clinopyroxene, and spinel. The xe-
noliths generally show tripl¢ junctions among grains, kink-banding in olivine and pyroxenes, and pro-
togranular and eqigranular textures having no orientation of specific directien. Anhedral brown spi-
nels are disseminated in the intergranular ‘spaces of minerals. Mineral compositions are very homo-
geneous without compositional zonation from rim to core in grains regardless different localities.
Olivine shows Fo. component of 89.0-90.2 and low CaO of 0.03-0.12wt%, orthopyroxene is enstatite
with En component of 89.0 - 90.0 and ALO; of 4-5wt%, and clinopyroxene is diopside having En. com-
ponent of 47.2-49.1 and ALO. of 7.42-7.64wt% from Boun and 4.70-4.91wt% from Baegryung show-
ing local variation. Spinel shows the distinctive negative trend with increasing of Al and decreasing
of Cr, and Mg value and Cr number are 75.1-81.9 and 8.5-12.6, respectively. To estimate T and P
for these mantle xenoliths pyroxene-geothermometers (Wood and Banno, 1973; Wells, 1977; Mercier,

- 1980; Sachtleben and Seck, 1981; Bertrand and Mercier, 1985; Brey and Kohler, 1990) and Al-solu-
bility geobarometer (Mercier, 1980; Lane and Ganguly, 1980) are used. Temperatures of Mercier
(1980) and Sachtleben and Seck (1981) are. compatible and equilibrium temperatures of xenoliths, av-
erage value of these two, are from 970 to 1020, and equilibrium pressures derived from Mercier
(1980) are in the range of 12-19 Kb (42-63 Km). These temperatures and pressures seem to be rea-
sonble with the consideration of Al-isopleths in MAS system (Lane and Ganguly, 1980) and Fe effect
on Al-solubility in orthopyrexene (Lee and Ganguly, 1988). Equitibrium of temperatures and pres-
sures of xenoliths in P-T space belong to ocenanic geothem among the Mercier's mantle geotherms
(1980} and are completely different from continental geotherms of S. Africa (Lesotho) and S. India
having different geological ages. Mineral compositions of spinel-therzolites in S. Korea and eastern
China are primitive and paleogeothems of both are very similar, but degrees of depletion of upper
mantle could be locally different from dach other since eastern China has various depleted xenoliths
due to different degrees of partial melting.

Key word : pyroxene-geothermometer, Al-solubility geobarometer, mantle geotherms, degrees of de-
pletion of upper mantle
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