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Petrochemical Study on the Cretaceous Volcanic Rocks in Kyeongsang
Basin, Korea: Possibility of Magma Heterogeneity

Jong Gyu Sung*, Jin Seop Kim* and Joon Dong Lee*

ABSTRACT : The Creataceous volcanic rocks distributed in the southeastern part (Kyeongsang basin) of Korea pen-
insula are composed of basalt, basaltic andesite, andesite, dacite and rhyolite. The variation of major elements show that
contents of Mg0O, Ca0, Fe0Q’, ALO,, TiO, and P,0, decrease with increasing of SiO,, but K,O contents are increased
slightly, Na,O widely dispersed. We can show slightly inflection point and low frequency of dacites in range between
63~65 wt.% Si0,, while continuous trend exit in variation diagram. Variation trends in Harker diagrams for the major,
minor, trace and REEs suggest that the BAV (basaltic to andesitic volcanics) and DRV (dacitic to rhyolitic volcanics)
are not related to a simple crystal fractionation process. In the regime of under 65 wt.% in silica content, fractionation
of olivine and clinopyroxene is predominant, while that of plagioclase happens strongly higher than 65 wt.% (e.g., SiO,
vs. Eu and Sr, MgO vs. ALO, and CaO). The latter means low-pressure fractional crystallization for DRV. On the dis-
criminant diagram, DRV are located in more mature environment than BAV. The (Ce/Sm)y vs. CeN digram shows that
these two classes cannot be related to crystal fractionation. If they had been produced by fractionation, although they
plotted in a slightly elongate cluster along the same horizontal trend, DRV should lie to the right of these primitive
compositions. These diagrams clearly rule out a simple fractionation throughout from BAV to DRV. BAV had been in-
fluenced greatly subductiong slab as shown by K/Yb vs. Ta/Yb. We suggest that BAV primitive magma generated high-

_er degree of partial melting than DRV primitive magma. LILE (K, Ba, Rb=+Th) enriched characteristics as shown in
BAV are inherited from subducting slab fluids and/or higher degtee of partial melting of mantle material. However, low-
er degree of partial melting of mantle relative to BAV and contamination at high-level magma reservoir caused LILE
enrichment to DRV.
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Fig. 1. Geologic map of the Kycongsang basin. Modified
from Cha (1985), Kim, Sung (1996), Hwang, Kim (1994a,
b), Yun (1988, 1993) and Yun et al. (1994).
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Table 1. Phenocryst assemblages and silica ranges of BAV and DRV. abbreviate; q: quartz, k-fd: K-feldspar, pl: plagioclase,
bt: biotite, am: amphibole, px: pyroxene, cpx: clinopyroxene, opx: orthopyroxene, ol:olivine.

BVA DRV
Locality Phenocryst Silica range Phenocryst Silica range References
assemblage assemblage
Yucheon - 59.81~57.15 - 66.73~72.24  Kim, Lee (1981)
Hwasan - - q.k-fd,pl,bt 66.79~73.76  Yun (1988)
Pusan pl.cpx,mt,ol 48.72~58.98 k-fd,pl,q 66.41~76.14  Kim (1990)
Yucheon pLpx 50.31~63.08 pLq 70.32~75.07  Kim et al. (1991)
Yangsan - - pl,q,k-fd,bt,am - Hwang (1992)
Daegu-sain ol,px,pl 49.22~65.65 - - Kim et al. (1993)
Kyeongsang Basin  pl,am 54.42~61.99 q,pl.k-fd 64.68~74.97  Kim, Lee (1993)
Pusan pLpx,ol 50.09~64.33 q,k-fd,pl,am 65.92~71.33  Kim, Yun (1993), Yun et al. (1994)
Euisung plepx 47,06~53.87 pLg,bt 71.62~75.74  Lee et al. (1993)
Euisung plol,opx,cpx 47.06~51.50 pLk-fd,q,bt,mt 67.70~75.74  Yun et al. (1993)
Milyang px 57.44~63.32 pl 64.50~76.42  Hwang, Kim (1994a,b)
Gosung plepx 51.97~58.54 plq 65.58~69.99  Jwa, Park (1996)
Chunsungsan - - plk-fd,q 67.35~74.53  Kim, Sung (1996)
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Yun, 1993). A@3 1A A9 shiiere bt sty
2 -2-3|9to] HRE o) FH 1 A9l FEUAIE, F
Boto] Byt (Jwa, Park, 1996). Chang (1995)2
7] fZo) shitel FARIEA sk 3y FEAL
ARFAERERE Yrojdtin sttt B EX¥I}e
AR FAERY] K-ArdtlE 79~62 Ma, &AM}
Aatelas 71~58MaZ2 EuHe] gtk (949 5,
1982 A, A4, 1995; &A R, 3719, 1994; Jwa,
Park, 1996; Lee et al., 1993).
olE A8 E FFSHE W] el 714 WA A8
Abete] BZo] FEHSHA Qa, Wekr] iR 1A
7)Zol A stete] E&o] gidtin FErt. FA
AZ3 A FAA DA E HEE F2 TAFA, AL
AAoln] ZEAn SEA A wae] dAEA
(Table 1). +EAMM SRR FUERES APEY
olH, A4, K-34, 328 5o vz TAE Sio,
o] e FAMIFA slAeo] 47.06~65.65 wt.%, &%
AP Aketo] 64.50~76.42 wt.%2] Helolth (Table
1. Si0e & F7tl wel A718~FA FGellA
MgO&o] 243 4astn (Fig. 3a), A4 sHite
Fodele ALOsE F43] AT (Fig.3c). Mg0O9]
= AR A o] 2714 F43] Al
A AL wdsiy (Graham, Hackett, 1987),

w

o] ¥AEH (Fig. 3), ole FAMISAsIdFet &
AR ISR vy 23 dR3He ddet
(Table 2). ¥ A7ore dZGA -~ 499 8
243} gA| EA~R RS 99 shaieke] A3k
Eo] FEEE 94382 47 BA (Basalte-Andesite)
3Pttt DR (Diorite-Rhyolite) 84t o 2 irol A
I 1 2E ot (Fig. 8 Kim ef al., 1997).
£9 31akehS Winchester, Floyd (1977)2] /¥ E

Hg3to] £ A3, WP, ARALA, A<, dA}
oE % §2Y9) A Jgo| 2H £AD} (Fig. 2a). -

vine, Baragar (1971)9] SiO8 gt &Zzle] AR %
A v g ALl ATHY, FeO*-(Na0+K.0)-
Mg09] AE= (Fig. 2b)ollX e Zagheide] F9d
FErt. Si0 i K00 BEZoNA B glatet
F2 He d9d ZAH B4 EE high-K A9
%3t} (Fig. 3).
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(Fig. 3). Si0, A%l i 4844 ABEE, vl
2 9 3EFQLS) W3l A% A& (Fig. 4), ©]
o} e Avbe Bo9) il ARl FEE7
2 Bulaele] FHAPEE] o3 EHJITE 2
A7k AU (R3%, 1986; 74, 1991, 1996; Hwang,
Kim, 1994b; Kim, Lee, 1981; Kim ef al., 1993; Kim,
Sung, 1996).
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Fig. 2. a) SiO, vs. Zt/TiO, diagram of the volcanic rocks
in Kyeongsang Basin (after Winchester and Floyd, 1977) @;
Rhyolite, (2); Rhyolite/Dacite, (3); Andesite, (4); Sub-alkali
basalt, 5); Trachyandesite, (6); Alkali basalt, (7); Comendite/
Pantellerite, ®); Trachyte, (9); Phonolite, (0; Basanite/
Trachyte/Nephelinite. b) AFM diagram of the volcanic
rocks in Kyeongsang basin. Solid diamond; basaltic to an-
desitic volcanics (BAV), open square; dacitic to rhyolitic
volcanics (DRV). Data sources: Kim, Lee (1981, 1993),
Kim et al. (1991), Kim (1990), Kim, Yun (1993), Kim,
Sung (1996), Yun (1988, 1993), Yun et al. (1994, 1996),
Lee et al. (1993), Jwa, Park (1996), Hwang (1992), Hwang,
Kim (1994a, 1994b).
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Fig. 3. Harker variation diagram of BAV and DRV (major
vs. major elements). Enclosing data are >90% of the values.
Symbols are same as Fig. 2. a) MgO vs. Si0, (wt.%) di-
agram. b) K;O vs. silica diagram. The broken lines are as
Le Maitre et al. (1989). BAV plotted medium-K and high-
K, while DRV plotted high-K calc-alkaline seried mostly. A;
Low-K (tholeiitic) series, B; Medium-K (calc-alkaline) ser-
ies, C; High-K (calc-alkaline) series, D; Shoshonite series. c)
Experimental data on basalt fractionation-partial melting il-
lustrated on a SiO, vs. ALO, diagram. BAV and DRV lie
subparalled to the basalt data carried out at 1 kbar and low
water pressure of Py o=0.67 (A; Spulber and Rutherford,
1983). Basalt experiments carried out at higher water con-
tent (water-saturated amphibolite melting, B; Helz, 1976)
fall at higher ALO; contents of DRV than lower water pres-
sure basalt may affected by crustal contamination and as-
similation. d)~¢) Other major elements vs. SiO, diagrams. f)
Ca0 vs. ALO, diagram. BAV are fractionated by olivine
and clinopyroxene, while DRV show strong plagiocalse frac-
tionation. All these Harker variation diagrams represent low
frequency of andesites in range between 63~65 wt.% of SiO,,
while continuous trend exist.
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Fig. 4. Harker variation diagram of the volcanics in Kyeong-
sang Basin (major, minor, trace and REEs). Symbols are same
as Fig. 2. a) Sr (ppm) vs. SiO, diagram. b) Ba vs. Sr diagram.
¢) Eu vs. Si0, diagram. Decreasing in Eu with increasing of
SiO, are suggest that DRV are affected by feldspar crystal
fractionation. d) Th vs. Sr diagram e)~f) Diagrams of Sc vs.
MgO and Cr vs. Ni.

elements)?] K @ Rbe HFSE (high field strength ele-
ments)®! Zr, Nb, Hf, Y 59| v]dl] £ P2t
T 2A e shatEolA Raske Aol dukFoltt By
gikeke] K/Rb HlE 10.3~136.72) B9 24] high-K Z2
obzte] #ts el gt A E ) Ba/La B BASHIQHo]
2.9~650, DR3MIGo] 4.6~72.99] ol U} ol:
Gill (1981)°l 18 Ba/La=15~802] =4, & 3hitzo)
W9 ¥2)8H8, high-K¢ ALl &3t (Fig. 7a). Zr/
Nb H]= BAZMIeo] 8.3~38, DR3MISIO] 1~27.78 £3
(island arc) @ W53 (continental arc)olx1el Zr/Nb B}
7} 10~20 il 59 A (Gill, 198191 Hl3 2 44
7} ozt BAbEA g Az dxstn ok 23 Gill
(1981)2 La/Th ], & The] Z7l0l WE La2] F7H&=
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Fig. 5. Diagrams of Ba/La vs. La/Sm (a), SiO, vs. Sm/Yb (b),
(K/Rb)/1000 vs. Rb/Sr (c) and (K/Yb)/1000 vs. Ta/Yb (d).
Symbols are the same as those in Fig. 2.

21ete] La/Th ¥lE 25~11.6, DR3MIL 15~9098 =
Aol £3H8 B 4 itk 2o shigke tlE s E
o Hl&) Sr o] BASHISo] 243~1234, DR8I
18~653 ppm H¢lola, Rb 32 BAsKIghol 7~187,
DR3}Mkgto] 23~218 ppm M E & oy, Th FES
BAZRISto] 1~11.5, DR8] 4~24 ppm MR #2
Hog QF3 Y¥Fol &3tk =3, Nb, Hf 52] HFSEZF
w3, Co, Sc 59 344 9471 2259, K, Rb, La 5
o] B544 947t 851 BIEFLA (LREE)) H]
3ol g7t R E U o] & EFolt,

JEF 949 89S A9 2d LREE/HREE £do]
A8 DR3Mbete] Blo] Zo BASHAG Hlg) F&
Holt} (BA3MIE 1.1~24.6, DR3MIS; 2.7~18.5).
HREEE= LREEd Hl& @ Ed=o] A9 Fysin
(Fig. 6b), ol el tl S5-I Kol A el high-
K Z2adZ A sits Ade 4x=x gick BAsH
Abetoll A wlekslAl el = Eugl F (-)9] o]’ DR3}
Aol A @A 3] veRdTh

ETEH B

N-type MORBZ #33let 8334 3494 =Xl
A 2o 3Pk HFSES! Nb, Ta, Zr, Hf7F AME &
IHAEE 2= 925 e 2 ()9 ol g B
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Fig. 6. a) Spider diagram of trace element concentration in
BAV and DRV normalized to N-type MORB (Pearce, 1982).
b) Chondrite (Sun, McDounough, 1989) normalized REE pat-
terns in BAV and DRV.

vlE2 LREEY v)sle] HFSE7l Zgs 1, 7% LILE
232 Hole EAo] 3it} (Bacon, 1990; Ewart, 1982;
Hawkesworth, Ellam, 1989; McCulloch, Gamble, 1991;
M nker, Cooper, 1995; Pearce, 1982; Saunder ef al.,
1991; McDermott ef al., 1993).

29 shigtRe ZatddA shtse] whiu]er 4
e mE 9 ERd4 BAAS AYn, Aol AL
e A WAA TN APE wlant2RE [ =7
A 9 ddgeltt (BMFF, 1991, Kim, Sung, 1996;
Park, 1990; Yun ef al., 1994). Sr/Ydl| 3 3 BA=
(Fig. 7b)ollA] DRI HYAQ =359 HH ol HA|
5o BASMIHe £ 8-84 F94 =AEY (Defant,
Drummond, 1993; Feeley, Harker, 1995).

Ba/La, La/Th®} La/Nb 5ol <3 ##u|ojA] high-K
ZA ol JFE L £99) splcte] fgAZE sl
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Fig. 7. a) Ba vs. La diagram (Gill, 1981). b) St/Y vs. Y di-
agram. 1; MORB slab-melt and island-arc field from Defant
Drumond (1990, 1993). Thick curve is trend for partial melt-
ing of amphibolite-eclogite source. ¢) Plot of Rb vs. (Y+
Nb); field VAG; volcanic arc granite; Syn-COLG; syn-col-
lision granite; WPG; within-plate granite; and ORG; o-
ceanic ridge granite, are after Pearce ef al. (1984). d) Rb/Zr
vs. Nb diagram (after Brown et al., 1984). ¢) Zr-Th-Nb di-
agram. A; N-MORB, B; P-MORB, C; Within plate vol-
canics, and D; destructive plate margin volcanics. f) R1[4Si-
11 (Na+K)-2 (Fe+Ti)] vs. R2[6Ca+2Mg+Al] diagram show-
ing that DRV are mostly late-orogenic (fields are after
Batcheler, Bowden, 1985). Symbols are same as Fig. 2.

223 ghleraals AL AR Pearce ¢ dl. (1984)
AT (Fig. 7c)ollX 343 4ol 4319, Rbe 95~
193 ppm B EA F7HE0] HomA® S1Fd), vl
Y+NbE 32~55 ppm HHA2A A< dFAME WPV
(KT shiehel AA B2 FAIEh ol Rb#t
Y+Nb7F BAldl S7leke £, & Al 7k d&d
w R gshs 2L G DRIV BASHY
oo Hla] WPVl B & 7i7ke o =AEh o]= DR
hatete] B8 AGE7E AP oA ALEHASE Al
Aygte}. Fig. 7d (Brown et al., 1984)9] FEZA %
A WEzd e Jdol F= =, DRl

X

TES

FiN

]
(*]

rd IR

o 2

BABHel) wlEled Bl A&wrt Add 274 9
=219t} Fig. 7e (Wood, 1980)14 Alste] 37 4
= A9 AN AP ranlERE A 274
9] g4 A=, Fig. 7f (Batcheler, Bowden,
1985)0ll4] DR&MEeHe At F719 =AIETh

TEQ| OfaokR (high-level
magma reservoirs)

Gill (1981)& ¢HIghd &o giajeleZde] HARAS
BZo] 4ubgl 3hat ofefell AA mheh M (el<20
km)7} E2AgAcka Ajteth. 24 vkt A g
A, 84 5o a4 BB REFEE UL gsE
nl2ol7} 20~30 kmB T o &2 ZoldA FXE F 3
1, AxolE R 4 ¥ uEe] Roldw EAL
Atk (yer, 1984). AatzolNe] $EZAFAEL 30
km ollle] mE9 nlantFelA @A (Gill, 1981
Iyer, 1984; Gamble et al., 1990), A 2e] F77} 20~25
kmol ThEske o) 24 viarke 3E9 rkariiEed
o], Hole gt AR EuREe AUz kA
ulu}E wgAIZITh (Wilson, 1989). & AfF Al
e vl ¢ 3L FoAE dehA] o, & v ojd A
7} %7 o|i3e] o] FolMT Jehts Al Jin
(1985)& Wetr|~A|371 %8} 73%A Azke] FAE
30 km ¢FHolgle Rolgda FaF vt lx, HBH F
(1993)e Ze Az sl A AL FAS
33km= ¥3l vt ook

59 A7 A2 RE WollH 2EH whauki Al
9] 242 AN et A7 Yok olEL AL AR B
wakgo o3 FAVIASE oA, AA i g, AR
W |y, Ao 84, S s dAE 7R ot
(Wilson, 1989). 1€ % DR3MISHA AA g A4 ]
B A=22 (Hwang, Kim, 1992; Jwa, Park, 1996;
Kim, Sung, 1996; Kim, Yun, 1993), DR8I}t A#E
= g 2 $YRY $E (FAE A7, 199 B
WA, 1983 AHEA, SAE, 1982 AERE T, 1984,
1985; AT, AAAE, 1995; 373, 1991, 1996; Cha,
1985; Hwang, Kim, 1992; Kim, Sung, 1996; Park,
1990; Reedman ef al., 1989; Yun, 1988, 1993) $°l
DRsptetd] vehde 279 vlartiel 53 AAA
2 & & Ak

DRIt Wb oz &3] Yehvhs APEAe] 282
Figs. 3, 4914 & Jehdoh, =3 Sr& 2828383
AT K-8 3 2L BB 314 B 5] 27
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of 2Rgoz ZFviavele Aoz 1 FFol &
A% 7Ago] 9ltd (Arth, Reston, 1976; Hanson,
1978). DR3MIHolA R3}e) Fxof uhet Srof 29 &
%7} o AR (Fig. 4a)& Eud) 24 (Fig. 40)¢ T &
Aol B8 A&t} (Johnson ef al., 1996; Mason
ot dl., 1995, 1996). APFAE B Z& Zole] 471 &%
A2HE 25 2R8F Ao| opH, APgHe EAE
AR5 Zol& 30km o[ AFIE (Powell, 1978).
38R gpkete] A 2719 vd&e 5 BACA 1
9] ok SAE AXA & BASRKIge] £E5 3
o, A%E 32 wEskE 49 DR 339 7}

aobge) HE S AR 2 4 Urh

=2l0}10l2RE|Q] RHANXIR

AAAEAS FH-ALF 2 B A4S 43
Zelelge] ARgALAdA e, dAolE I
SEGte) JEQd] o2k A We 4RusE 1
QITk. S0, % Mg0®] gl W2 FHPAaistge
Wg 2L A5Holn (Figs. 3, 4), Mg0s) §Fol
=& doIE S0, T 52 wt.%, 66 wt.% HX= 42
A B BAA, AN 2EEEeT Qe

(Wilson, 1989), BA 2 DR3}kere] vy 233t U=
£ Axoltt. Ay TNl FEY 482 £F
A 4422 BaX)7It}t (Nakamura ef dl., 1989). BAS
Zkote] By &40 2 2E DRI A=A
DR3MIgte] ~3tolH (spider) EF& BA3MIol H)&
B34 947 d% 133 2 el Aol 19
FFg By oY (Fig. 6). 24P 2a89 A
BAzhgle] B3940 A Fale ZAgin o
AFA 59 nEd FE59] Bdol dAMgd FFPolrh
#A5 e 9233 100 ppm ©J3ke] AiEoz 22
Ni ekozRe zHahd, WARdd, ARG, Aol
BAsHIgte] RRAAAE-S Aojd Aoz AgE 4 3l
t}. 68~759 MgFE z+& A vhavir} 400 ppm ©]%4
o] Nig Z&= A (Hart, Davis, 1978)ll Hwa|r] ©&
Nigl 32 BAsMIGho] 433 7 2 TalF A
25 wgkths AJAFg (Miinker, Cooper, 1995).
A9 AAE ALOS e Ca0 FFe] W3z
Uele (Fig. 3f), @AEAe] BEE &8 o3 1
X7} BAtsol glekh A #g Zo Ca09] #-5°] 7H5
817 mEol WAlgiNe] FAAEFES MgOo] tigt

34 2 old4 shanke 7hed 255

Sco] g, Croll thek Nig] 3 ¥sle weislodof A}
(Figs. 4d, 4e). BASH¥SYolA Crit Sc W& F3HS]
2 Holy, o]t BE TAFA0 & TuiAFE 71
t} (ztz+ 3.8%F 1.4; Hart, Dunn, 1993). BA3MIe] Cr
Zrol a1, DAL Mo ubg o g E3] g DAY
o] 1% AN HAEc) o] ubyg ZFol|r 2
e vl #4e) Hlg) AA veRdo). el i Al
A wel Ca07t EIEFE ALO, FFol HojRe
o), ThapgAle o] wlE) EHA o AAHA ¥k
o ugoan go| AN, Fig. 3olA @A
A ko g Ztetd ol BEREATAS
B e E9E ¥9th BA 2 DRsRE BEF
HREEZ} Ad@eze] #Hd s Jepim (Fig
6d) o= B9 shatele] 24 nlamle] REoA vEhY
7 k= AEAe Buzee Za8x] ke AL olof
713} (Smith ef al., 1996). BAHIOIA Si0,2] &%
o w2t ALO; 2 Euel A9 WslehA ¥on DRI
M= 1 7+A7t A (Figs. 3c, 4¢). ©l DR
gte] m=ga dAAT A BEAYEAET dHs|
A#FEC) (Table 1; Johnson ef al., 1996; Feeley, Da-
vidson, 1994).

FAEALANEE R W3yt A o), E=alo
= MORBE #3353 Aot ©E 9 JEF 94
o] A vetslnl 23l Az wet 43 A%
e nF 2 IEF 94T g 273 94X
= A% 5L Y 7199 nfan2RE Y] 2
AEAgoAY TIF FFE AT oA d7AE
9] At g A Pk

e, ole) 2ol A Ag A e A oA =X
d m=AE 5 7199 nlarl2RE o] 4 #H &
wARZgolgle At EA7L ook 2dEH L, A
2549 £, vlavie] EF 5o o] BiHezw
ZAgato] FAR dEdtd zigst BEAd + Stk
53] FARLALASNEES dig AL ol AL &
2 8171 7] Wil wF 2 JEFAL,
& Tl i X3 28 3 AES| Holop
. EE shaighe sl 2 2GS 7AYo
Bol 3H4¥eHS 4471 vlante] 7ol B == 7
kAo e 24 AT M E 2T ¢ A5}
7 =97} Wasolol gt 53] Za-¢Ze vlarks
v FL 499 2L A g e 5 S 7RG
(e.g., Miller ef al., 1992). Z=-4Zz] wlonle] de=
B3} Yo v} At A5 dAe 2Egez
ot HH FEAoR 5 JEHeg U4 |t

Lo

K

Noox o m

L)

2N

HT
P



256 T
Tnp AWE DS 5 9T} (Sparks ef dl., 1984). BT
T2 GAE B 3R] g
vzt shtFe ety A2 71A S0t Aadhe
g Boig P4 Husigoh A4 satgtel vehtbe

ZAF R =9k ks

M2 CHE 2 ojaofe] 14|

22 shaketell TIg AFollA] FAjel whet oA ARl
g siAshs Aol B (33T, 1996 Hwang,
Kim, 1992; Kim, Yun, 1993; Yun, 1993). %4t Zdj2te]
M3 Hwang, Kim (1992)2] A7l w2 tige s &
23 %79 3§23, L O stdEe & 3}

F, A% rlarizide EEss Zelstn ok
Kim, Yun (1993)2 34t 2|9 e] shatedo] FAlol it
A449l S0, TS HolA| ¥ AL AFutanet A
2 ZFFE vtavteke] whant E3) o dFor Hek
t}. Jwa, Park (1996)2 14 X Fe] 33 <dol thgt A7
AlA Si0el tlg AstEE) & Wil AA AR &
2 AE o7 ZA vlanle] oS FgAch

2o glatehe A Aol wEt 2t AFAE AR
Akl B9kth. Fig. 8olA dlAlel & <o slakgt
AA3) Aod® EAL HolH, o] AFGnjr} et
E9 Ze|t)h. BAsHIYH DRI 4L €
o] 3l Ak W oz} n|F ¢ S EF Ui Wl
Pl M = FEEI% o] S Hel} (Figs. 3, 4, 5). 53] Ba
o gk Sr 2 The) =% (Figs. 4b, 4d)°llA] DAZIe
< APgA o] A &40 net BAskIgE) 3] 3
F5o] Uehdtl. gkd BAzkIa) DRaMbgo] d@e]

ol et H1

Beodr o g

o

20_HH;;\H[Hrlltll!'l!lllllll!)iHl\l\\‘HHKHH‘
S 7
- BAV DRV —

n | ]
+ 10 ]
S L 3
S [ n
<2 5 1
- Subalkaline

(| JLENRTY.CET A FYARY FURT NUTU SUTTU RRETI STRINRRTI RONY
35 45 55 65 75 85

Si02

Fig. 8. Result in each authors which show different plot-
ting range from BAV and DRV.

4Rl

A

e

N

F3atgolghd ol9} Zo] TEE= of7t AR s ook
& Aotk FHE AstEo A4 K/Rboll thd Rb/Sr
o] =% (Fig. 5c)ol4 BAshteta} DRepIe] 29 A
o] s v}E-& vehit) (Strong, Hanmer, 1981).
Cen/Smy W Cey ©F (Fig. 9b)ollA BASH¥<IZ} DR3}
Ao} 217ke Bl AR Eddgo) 7gS w2t DR}
Aketo] BAZMIetel BEY & 40] 2HEol2d DReMY
ko] Zz7] ARo] BASKISHY] Q2% ZA|Eo]of gt
(Myers ¢ dl, 1986). 221} BA 2 DR3MIQHE YL B
oA A=} girh. o] DR3MIgto] BAshete] £
AEagon PAHNUTE d7e FEEHA g=Eth
Cen/Yby !l Cey EE (Fig. %)X = ]9} & 5Alo]
A} Yebdel. DReftge] B2 &89 Z2E BASH
ghol wlg) wjmA olgfel Eolm MFHh ol& DR
o3} Ashlate) Zdulaniyt M2 e AR FEE
4o PPHUSS AFE oz PAlEa, BASHIG]
BRg-g9 FErt DRI vigle] A GdiSS

20—
F-Eclogibe Fusion
: e a)
Peridotite Fusion
15 ™ * * / X .
P partial melting
= %% o
S Lot 2ot 24
. &
E 10 * " ¢ /
&), p gfé0" J
s v
/L j Amphibolite Fusion
0 1 1 1 |
0 50 100 150
20 T T . T -
b) 4
15 .
=,
"\
é 10 - crystal fractionation > -
WV
Q’ o
S oo o o ]
o ma @
L J
0 " 1 T RO 4
0 50 100 150
CeN

Fig. 9. Trace elemement process identification diagram. Al-
though BAV and DRV are colinear for (Ce/Sm)-Cey (b),
their relative locations are inconsistent with a fractionation
relationship. A similar conclusion is evident for (Ce/Yb)-
Cey. (a). Symbols are same as Fig. 2.
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olo}7| gt} Fig. 9aollA £G9] Fxdl w2} ole} 22 &
2 ©A] 9498 EQrin & £ AT, Fig. b}
R0 nA3H TLrlanks AR T2 AR FES
Fo2 P4E AU & F Atk

dake Y Gl gFEoE ML 2L St
AWEAA ol ¥ ARMES] FREFS Joth
(Gill, 1981; Wyllie, 1982; Thompson, 1992). DR3M¥t
& BASHIED HS A%5E o AAREHUSH
(Figs. 7¢c, 7d) BAZHIEe 37} 4557 A DA
st A FAEE ol it Ce2 &
Azt §ABE] AA 583 (Rollinson, 1993; Hildre-
th, Moorbath, 1988), ©12]3t 542 BAs}iteto] DR}
AotET) Ced] o] AL Aoz digr] Bd FES
$E JEo] E BT ARME s xelo|Etn gd
BAZMHeIs} DR3P A2 e RE859 B=7)
AEF P49 $RAL 24 BEJYn & 4 3tk 1
Ak o) g} 22 AL Ce M ol YbE Z& H|ER
Z7} T 2HaA717) W& Fig. 9aclA 22 wake] )
B Z el Zol7) Wl XAE 4= itk K/Ybel gt
Ta/Ybhe] X WE &84 U #3E A7} &3
2 a8 54 (32 9 AR ¥te wddte | A
252t} (Pearce, 1983). Fig. 5dollA £3olA €
fAE K/Yb7b 2718 o Ta/Ybhr} Auizes Wsls
81x] gt o] Ao o3l BAsH A9 €3]
tjerg o] RELgo 2 PAH Aol

o H|3le] DReMIE MY &9 FAo o 9=
A4 4L A9 Holx gtk Nidt Cre 332 BA
Akt ¥)a) DR3MISS AA 5 A} (Fig. 4f). ol&
DRspigle] 27] g S8A 25 FHEULSE XA
3t} (Feeley, Davidson, 1994; Graham, hackett, 1987;
Francalanci et af, 1993). ¥t 02 Nid} Cr2 4%
o= Zgsle] ZAdM3 Ao BHzEoR 37] WA
oA Ax"t} (Mason ¢ al., 1996). DR3MIgHe] Z4ln}
ante QA 294, Ao Bt o zHE sl
o Xzt etk Bulantg X8 & Aol

g zkete] A A G| uhel AW EW BASHIH
F2% A7171 DRI At 9149 5 (1982)<
HFZREA FFAA B9 RS 2381 5A%
g FeEoF M Afo] ZATE AAHAL. ol
7t FEFHoRE AR olFFol w2 ez i
o] B3l Hol& AALA ] UE 2L FdS Je
tha 39t} 28y olg AREL BAZMI €
doln] DR3MIS i3t &2 AdF o] gt} DR3}
Agtel AL T2 BASRI] o] Folx| gt 2o ule}

A= DRG] FE-2A|7]0] ARG D kgt A7
3pakero] Leh}7| = @t} (Yun, 1993). BASHIgHe] £
% o]% RFvlanteiE FAAYZL0] o|Foix Y
S A8 vlaely} 53, o] 2RE DRMIge] ¥&3)

el 29 AA oA BASMIH DR3MIge] A% 2}
15 fALE HEE o] & Aol o|o} 22 EAL Y
UA] gheth maba BAsHItE DR3falgte] Fdnta
nzRe e BEAgggo g YAHATE A B
B2 2 A FA Rk

BAsMIels} DR3MIY] d3AEE A2 U8 A
njoels QAAgthE I djYe] rigdith YiAReR
BASHte) B-Zo] AFH |t BASIgo] £&3 A7)
o DReMIe] BEE lictn & & ik At 3%
Zo 2 o|F3las BAsMIte] EEAAE I o5
on, DREMIHE BASMISH HIg) dfFel| Al W i
A BAsHIeto] oju] E&Fo} mAE oA dojyiria
2 5 gk, $8Eo ol wet vehe BASHIY
o] gt o] UG Aol W)Fo] DRE}ITS oAl
A8 25w BASMIRt we] 1 Agdo] dFA et
el 7I7RE oA AR o] F-g3siTid BASHIe
o] Bze H3 we 52 ne Asgens 7
ol A AWE 4 AL Zolo}. et DRI
£ A zto] mlanle] A& ARG Wx HHZ 283}
goma nlanly}t A o] WEas A7t ol 2
o7} A4 4 gir}h. 3 Cha (1985)= AFEAE 3t
TFEATEARZ Qe Ul Folla] it ol2e AY)
& gdel dE Husidich 29x DRI F
GAAGA 2 ol uel dde 222 (cauldron) S
wizl x50} 9tk (Cha, 1985; Fig. 1). DR3Mtete] &
&2 A7te] TAd) nlFo] Aoz ot oje} ZE
Fxo BEE BEolglenz IMAY o] BAZ
Adgte] wls] Y X) ekvkm £ 4 gk

3R

¢

[+
rlo

r2 e

24 yol

Kim ef al. (1993)2 t7-AR1 X Fel| EX3t= it
BALFIE SFALES] BET) HSe] ¢E 2 R
9] atol7} P& AAEA R, ol H|E FY 7199 7}
anlA e £Q A%t A2 tada syl ole 7
o] AAEA shttoz A7 e Aae Y 7149
ulanz7t M2 OE EE9 Frd ot JE4 Aol 7t
tha 39T}t (Yun ef al, 1994). 281} B 7oA &
A shaketo] BAsHIH £ DRsPiigtez wEE

ste JFedE AN, F2 A7 @A,

9

¥ od
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1996; Jwa, Park, 1996; Koh, Chang, 1996)5lA =
e skt 852 ololsta ok

Aelo] B A gl e Y mdlo] 7=
o} (Ellam, Hawkesworth, 1988; Stern, Kilian, 1996;
Weaver, Tarney, 1984). 15 8744 sjFAz3 A
AHE 44 94, WE A9 Bdolth WE A &
Ao zsja@Re (MORB)S 719847 FEda
9 E9lla o] FABH ZHgETh A dHd

S BREE BU948 2 3Rda dske o8
H

BwAANZ7 MASH (Hildreth, Moorbath, 1988)
AFC %4 (DePaolo, 1981)% £ U5 Aze] £4
2 A9 g BN vhanke] 4 nEE
A Ao A TG B Fol ARt

it

2

o ARuse ¥Regor ek vhast
otk ke, Hwang, Kim (1994b)2 ¥
A o] woly] shalgtRe] AlE BArlEe ¥
Bggoz ST Yun o dl. (1994)2 74| S+
7} AnalEe] ¥ EEfo] E7} o 20~30% F-E-8-83k

Zgo] QA F, A wehaebh UL
erjankeye ASHQ BEERAEe) WYs 2 A%
229 $Ee AewA vkl EEHA A

(2]

ZeAoET ABAWA HHA FE LFo

o g & AelA] vehte 32z s T
7

-

VR - )

WERe Za-gzE sHidEe] AdE FY9E
o} (MORB)S] ZAA FE-&§] 2@ Fo] ohd
2ohm g}, £3, Kay (1980)e 39| vlarke 2%
7w sElol £ Bed #AEME 2 4 gk st
ot} 22X 9, A wiaeka-gol #% Defant, Drum-
mond (1990)8] dT& ZA-LZAe AL HAIE
o] AAd &8 889 e 4TS oA uHATH
Kay (1980)E 49 <39 #8483 492 29 ¥d€
By By S (283 Ph)el HaE dodle =4 €
Holg} s}ATt. BASI 2313 o] i 9 A4
Qlof A ¢l &#e] Qo] F oS AARITH
Fig. 5d14 DR3MIHE BASHIg Blgte] 7

A K/Yb e /KA HE 8§ F o8 AEE
A8 BEAEE 7HA7] BEo] K/Yb vl #2848

o ro me

.o]

=
[

N

o M

2 By5x] gt K00 §& WS A9 fAstd
49 & QRS meldoh 49 o) LILEZF Yt
o} &t} (McDermott et al., 1993). LILESt LREE<=
a9 e W% A o1 E5H (Kogiso ef dl., 1997) o]
= BAsHIelo|A] Balso] ek, e & vhavtelM &
8 29 Adelre] &3 o fAe] 4T Fgol o
8 223 o= LILES] A3l HFSEol ZHAtha 83
t} (Cribb, Barton, 1997; Nicholls, Ringwood, 1973;
McCulloch, Perfit, 1981; Gill, 1984). Tatsumi e al.
(1986) A<l sk ¢ae) 247t G4 AAE TED
ol 24 X Qe] LILES 44 AgAdcke 434
A AzaT). £ o|d 4 vle] HFSES) 8
we gEigol A FAE T Age] EAALR
LILE/HFSE ¥& weda 3idch HFSES 2
BASlAtels} DASRARY] 25 Uehte & vkt
Aol uk, BABMISH Vehte 29 F=e DRSK
orof Hla) GA9) FeE B S Bol WA AR
Ta/Yh Bl Z9nkzel ye] HFAE ueisA 2
gu BEggolu B Zhgo] Frd F3E A @7]
o 2o w4 A\ gkste] AA AR 78381 (Garland ¢f dl.,
1996), A3 vs} go] B skt APA vhaet
o)Al AEAel BuAERg-e FadA @tk Fig 5del
A BAZHASRS Ta/Yb Hi7k 4 & w K/Yb W& #4F
go] Ueh}a, ol BAsHIgl 29 A &3 #A)
7 e Axz ddgve AE ANIT (eg,
McCulloch, Gamble, 1991). SiO, &l whe ALOS| &
Azol] Bedo] sateld Bo B¥sld g 2o £
se dRrge ¢S I Jveided (Fig 3¢
Helz, 1976; Spulber, Rutherford, 1983), BAZHIH2 %
o Boe AUE d5ge] FEEEH SN o
BEo] ALO,S o] B Jdd =AEH (Fig. 3o
A). o= BASMIE B4R Zdnlantd] &9 &
A7} Fasithe AL AANITE (Thy e dl., 1990). WE
WollA A9l ol B A9 ol Bom F%
280 AxE AA T} (Francaranci ef al., 1993
Vukadinovic, 1995). La Smoll Blsle] ©ARZ A o
g 2wl A7t @7] BEe] La/Sm ¥E FE889 B
%2 Uehd 4 Aok (Fig. 5a). ol9] w=¥ BAsHIL
DR3MIel] BlEk U] B FEe] RREgo R P4
5gle}. olshzre BAsPere] FEE-59 A= AN
2o 308 @7 (Fig. 3c; B)ET} Si0,9] o] Rot
2 Aoz Aadch Fig. 10914 DR3pE F2 9
22899 Ho|7 BASKIGHS Hl& Y] FE8
&9 vtk BAsHIge] gzl ZHEA, dAt

\.,

]

iy

¥
moro iy & i
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A, AP, AP ] 25 gEE e ol 20~25%
o] BRag2 AN} (eg, Mysen, Kushiro, 1977;
Jaques, Green, 1980). BAZH¥eto] DRapatkgtol Hgte
T3 A RREgo 2 FAHIYFS Fig %adllH

AW E 4 9t
FHF ARG o] 1YPEHAX A o} dFgFe
7 ZHd¢ dE 2| ER WA g5 de] oyt
3, g5Eo] M FAAARE WEAR|Y] FEEF
& o)A "t} Gill (1981)2] 4A= (Fig. 9a)olA
BAZMIgHe DR3P Blste] RabElo] ey o
£ BAshtetel Z9inlanyl Rt Awe] FEEEE
I JEL 7HtE AS Jeidt REERY 2 B
FHHLA 2 K, Rb, BaxThel &% W3iAZ 4= 9}
(Miller ¢t al., 1992). sl 71ha 417& o] A8st=
o

BREG ALE AA T F du, FHAE F T
A W o] Ahgde B0 B §A A&
Bago AEE AA e (Kay o dl., 1982). FE&
§ol A7 AYHH FE o] XML zbe BSHA
2 Sr, K, Rb, BaxTh¢] %°] N-type MORBel ®}3]
39tt (Basaltic Volcanism Study Project, 1981;
Pearce, 1982; Morris, Hart, 1983; Smith ef al., 1996).
FAAAA U B3N 940 BAEE RERGH B
gAEzeo] g9 FEE ¢ U3 (Gill, 1981; Pe-
arce, 1982; Martin, 1987) {2853 H3% &L
o8t BAE vlavks ol v AdS 2ttt (Co-
cherie, 1986). Fig. 109 33A4& 2t Ni (Fig. 10a)7}
Co (Fig. 10b), 3384 & 78+ Ba (Fig. 100)& 374 Y
BRI}, BASH- log(Ni)=fllog(Ba)) (Fig. 10d) %
log(Co)=f(log(Ba)) (Fig. 10e) =lA thddt Fre
REL-&o o3 F4€ Zloin, DR3PIE T8¢
A=e AEY T2 BEAR gL o8 F9HE st
4dS et

Aed vk Zo] DREMIQHS A e] dAj3 $H2%
Z2-2 AU} (Table 1; Figs. 3f, 4a, 4c, 6b). ¢Hateta
uimlell A SRR Molu} M) FH L S0, FrEol
Z71eol wel Sm/Yb HlE WIAFIA AT (Depe
Dy,; Hanson, 1978; Green, Pearson, 1985a, b) AF&41<]
L Sm/Yb HlE F7MIh (Ds>Dyw Rollinson,
1993). DR3MIFE] Sm/Yb HlE 2371 @ dAd4=
o 2 A& £ F = (Fig. 4f) ole A2 9
deetteze 4¥9E ¢ gl3, DR 3ol HREE
7t B4 5HE HEE%ES] 9 52 ¥ HREE &
ZF2 Ad A7zt &8A9 FILE 28T + ok
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Fig. 10. Diagrams showing the compatible behaviour of Ni
(a) and Co (b) and the incompatible nature of Ba (c) in the
BAV and DRV. The log(Ni)=f(log(Ba)) (d) and log(Co)=f
(log(Ba)) (¢) diagrams clearly show that the BAV were gen-
erated by partial melting (PM) mechanisms and DRV were
diffrentiated by fractional crystallization (FC) processes.
Symbols as in Fig. 2.

(Feeley, Davidson, 1994).

LILEZ &9l 9JsfiAxe §3At}. Cen/Smy ¥l o
& Cen?) 48= (Fig. 9b)ellA EB8 2280 Redgo|
ul2l BAshbelol vls)] DRepIg] £Fe] &7} 6%
2 JebdE & & 1 (eg., Francis o al, 1980;
Thirlwall, Graham, 1984), DR3¢t veld x| 2122
o] ¢ 2 e ALOS FEHE dddem &<
Ao AIFHEY (Fig. 3¢). BT (1996)= Sredlda
ARE o] &3le] it A9 uFAFELALY] A7
249 7ks8& skt BAsHIetel vlg) st
ol#Y DRa}Aere] Sgdrtants 1EY wlavRg
TEQY 284 @3 Az HEE 7|7 AU,
o] FAA RZHEH EHLE FEAJol A3 Yie]
AsE ANE 7heAde] Aok dellA =ol@ uie) 2ol
DR3MIoEE 7] dE &8 258 $EEJoY 1 =
Aul1vls WE H 2 RE|ES} HE S o] F e} o}
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gt sielseleled B3y Ade osd 2o
(Perfit et al., 1980): (1) Mg-57} 675t 84 At (2)
Ni @eFo] 100 ppm ©14 (3) &€ H0% CO2 A%
(4) 2& LILE B3. °o|Z 7155< @A 5% o3t =
% obabelol] A4 Moz Belo] DREMIgte] WE 3
AseolERy dAHdn dohd vhart T E
= A7 5de Qo] melFojopt @t (Graham,
Hackett, 1987). ©1} 2to] DRMIelA vehte 42
29} LREE @32 AZEEE 93| 1 3oz 3y
=t} (Ewart, Stipp, 1968; Cole, 1982).
we] Zulanlyl 2o BEE-g9) Axd £49
w3bo] o8] LILE7} S3l=igicha BAsMIeHl w8
DR3MIere 23 ATt oS 2 Aotk 12y BA%
Akots} DR3VISHe) Astold] =E7F Uehlle Ak 7
& (Fig. 6a)2 BASHIGte] Y2880 283 &9 4%
o pslodol Aol psdith ol RIELEE ol
A7 F Pypoll AF 540l Ak olE9 Rl
A9lE) = x| ZtomnE gzeiel SAER 94
9l A, = Bo] HERREH FIHOEA =Y
2 349t} (Best, 1975). Romick ef . (1990)2 &
o5ak ol (Akutan) 3HIe] AIBAQ BE R
slgte] AFolA e FHLFE AR HFFYL
2 wapAg Az ule] ¢ Zoloxe] AstHE A
BEy} 7Ps@rin Basigth. ol BAsHIee] Al
aA7 2o Age 9z, DRI nEdl vhart
g2 Ao ¢ Holoxe] A REARAES o
oZthe 127 4X3e Aot
BAZhtete ARHE sl cEo|Erl oF 20~25%2
Bresoz AyZFY: 71T W (Mysen, Kushiro,
1977; Jaques, Green, 1980; Yun e al., 1994) ZAu}1o}
= 70 km ZololA A€ 4= Ik (Wilson, 1989; Fig. 3.
95). Liu ¢ dl. (1996)9] A8 A7l <l3hd 32 3F &
Fol AYaE L W, & wparke 70kmEch B &2 2
oldME A< sk Azke) BE&-&o] 7, AL
2 &g 89 A Zhe 100 kmETH €& ZoldA F£4&
&2 & % uizn )9tk 70 km ZoldlA A=
By WAt $AE FH502 WEARR o|FdL
(e.g., Furukawa. 1993; Turner, Hawkesworth, 1997) i
Ao o238 S o BE8go] AN 2A vt}
2 sl RAolt). os} e 7| FE PHEolA 24wk
nly} REA o2 Zute ASAThE AY SYo R E
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