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Abstract The Yirba (128 km) pluton is an early Paleozoic dioritic intrusion of western Kunlun orogenic belt, northwest China as
an important element when reconstructing the evolution history of this belt. Due to the scarcity of field data and methodological
difference in studying this pluton, however, no consensus for its age, source and tectonic setting has been adopted. In this paper, we
present new geochronological and geochemical data for the Yirba pluton, aiming to better understand its age, source, and hence the
early Paleozoic tectonic evolutionary history of western Kunlun. U-Pb data by single grain zircon analyses suggest that the Yirba pluton
was emplaced 471 +5 Ma ago and contains ca. 490 Ma zircon grains inherited from source, or captured in the magma chamber. The
pluton is enriched in AL, O, (15.7% ~ 18.4% ), Sr (470 ~ 864 pg/g) and other LILEs (large ion lithosphile elements), but
relatively depleted in HFSE ( high field strength elements and HREE) , with LREE-enriched patterns and low to medium europium
anomalies (8Eu = ~0.7), showing typical characteristics of I-type, volcanic arc granitoids. Although its relatively high Al,O,,
Sr and low MgO contents make it resemble adakite, its relatively high Yb (1.92 ~2.88 pg/g), Y (19.4 ~34.0 pg/g) contents,
low Sr/Y (24.2~37.0), Zr/Sm (7.3 ~21) and relatively high initial Sr isotope ratios (0. 7075 ~ 0. 7091 ) do not support a
subducting slab origin. Its Nd model ages (1.06 ~ 1.35 Ga) indicate a juvenile source, while its O isotope compositions ( +5. 7%e
~ +7.4%c) and Sr-O isotope relationship preclude significant involvement of sialic materials. The major, trace, REE and Nd-Sr-O
isotope compositions strongly suggest that the Yirba pluton was formed by partial melting of mafic lower crust in a southward growing,
active continental margin environment. The existence of volcanic arc granitoids in the south margin of the North Kunlun terrane suggests
that the subduction polarity of the Proto-Tethys was northward.

Key words Western Kunlun, Volcanic arc granitoids, Proto-Tethys, Subduction polarity, Active continental margin, Adakite
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BaBAE AT EARH L AAARKIN T FHAARF(Eu = ~ 0.7), BRh AN [ RIREH EHE, RELGRAL
0,.Sr A8tk dh MgO & F 0 Y/Yb suftife Rk ¥ £ T3%& £ 2, LAt 3 60 Yb(1.92 ~ 2.88 ug/g) \Y(19.4 ~ 34.0
pe/g) && ,1&8 S/Y(24.2 ~ 37.0) fv Z0/Sm(7.3 ~ 21) sefA A BABRT & #4146 Sr Bl 42 & 4R (0.7075 ~ 0.7091) e 7
HEREELBORE R L ERSBRG TR, KOAREEAR(+5.7% ~ +7.4%) AR S-O ALk £ A RN %
HAEBARTREREHEZRESEAAENGEALRE, HOHLEF AROH LB ARA &6 St B4 K AR A A
128 NEERRKXTHRYATEHRD RS ARV RELR R ETHYATEIRGLETRETEAMATHRAAHRS B

B, LRCWKGHEEEILIRBRR EGFLZAN, RERMGERFT RS R G,

XA EC KLAEERE BRERN
REESKE  P59T.3; P58S. 122
1 518

FRCRBE PR IR E LN, S0 TR
FRHTRE IR 4 B AL B OB 4, 2000, ZF K
& 1992; Matte et al. , 1998; Mattern and Schneider, 2000)
B T HL PR, A AN, R LR W s R i bt —
FERRRINR, BRIX 7 B2 R & B XBRT A
PR, BE . FF (R F R %, 1992; BB 4 ,2000; 2 )
7],1995; T8 4, 1996 ) #0173 3% 4 # 5L ( Yao and Hsii,
1994 ; Hsii et al. , 1995; Sengor, 1996; Z=EHF% 1999), .
EXMTAR RS AN EEAEE T AR KER, K+
FERAR R T AR ME R R, BB AE (1989) BT B LK
BREHAL T R AR S B MU B 5T, 2 K SRR SR A T
HEZFEN,HFERBT —EEENAR(EARESE,
1995; T i & %, 1996; Maite et al. , 1996; Mattern and
Schneider, 2000) , {B3EJ7 B (1995) tA A 7E FE e 3t 5 9 I
A SRR R AL, HIIR A I L I W T R
o THETH W A XA B 2 3 DA O TR 8357 i It e T o A
WBHRRSRB TEBEA/ALE £ 188 #3¥4 (Yao and Hsi,
1994 ; Hsii et al. , 1995; Sengor, 1996; =44 1999), 7Y
BOHRXMERARSEFEERILREERTFERNG
BOEREBH B, 1987) , X — B R B FH B E RN
REEE R T B 5 R S A IR L, 3F B SRR b i
Hido FINHBHRYE—EREINFRR P — M ELRRY
B, XL, FREPHEERFERNEREBHRFERRK
Bl i B JE BRI I A M8, T K 2o H B o, - BULAE e
SAEERTHANSHBEAXPHIVG AR SWMAE, b
TR T RE NI HEN , A F A — N HER
0 () BB, EL R A 2R 4 A e 5 o B R o AT e R B
K HER S EAERRREA S HRANE., HIR
BRI GA LT KA G ER S LA RN
ML E ERAREBRIH BRI, RERCW S, Eie
BEAEXHETHEBHZ FLAFE( Yang et al. , 1996; Wang et
al. , 2001) , 3% i i 10 o #E 78 3K /7 (Mattern and Schneider,
2000; Xiao et al. , 2002) , AT A RER R FRER AR & 281050
ZOT X PEE ER A7), TR AT BE R B T3 A A0 9 A R Y

HEAE FHRGE% RELE

I E, o HROH ARG AREUSHE L,
HIFARE SR BER A X (Mate et al., 1996; ZBIE
,1999: WHIHE,2000), B IKE R IHERE R
G DRI TR ORI R AR B S R AR B,
TBREEHES EREMERIE S L F HIFE A fERE
BHEFELINER, ARENRHMEEHTRTHNERS
oy, Rk B 1 LA AL T 8 B AR YE (Sengir et al.
1993 ; Pitcher, 1993; Barbarin, 1999), MiX —iAiH# &,
AICEES FAHRITHB X AT, TEEREITH M) i
LK) 128 NEAEERBRWN S, B EGE TR A RN ER
FHHERLE THEFSSE AN X ER REREETH,
X R AT A AR E A R R R A B L —
TR

2 XM

2.1 tReitFfMER

BOLBE THERRAILE, RN RAERE
I HBE-TELAE, RERSFEEPNEATEMEEDR
(B ,2000) , FIREWAKEEC L2 BARRE NS,
HAHBRoaAmdem ik, & d TR R RHE T
PHE7E—& (B, 1989;2000) (E 1), LR CHARE
RIEH-BREEMAREHR, B T EERER 2.2 Ga
HIERAERAFRESE,1994) B RHAILECHIERE
BuuhEERGHRMER, AETEXEHEE AN RIERA
FLRLIE B —FR A (AR A, 20005 ZkHF,1995; THEES,
1996) . FRECHENER AN SR Sk E A M, (L
ERBNERBEPRA LB EN AN BREEKCETH,
1995), —eZEREHENEECERTESILECEK
HEARTEBRGRGFER, BEETTRENRNZEFBRE
#. RENRMNERFRETHEECERRAAE M FRK N
LR (1.1 ~1.5 Ga) (Yuan et al. , 2002; F R K EW
i) B2 NdERXFEBR 2.8 Ca WitECEEHERR
( Arnaud and Vidal, 1990), BRiENEECERTHRESHEA
WREE A U-Pb @SR NRBT S LFLERNER(BE
REROBE) . XRYI R CHATTREAR R fy 3 B Ak
(Xiao et al. , 2002; Yuan et al. , 2003) , WA, MHEBECH
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Fig. 1 Simplified geological map of Kudi area, western Kunlun
AP EHNAMNG  BZGHNEFRAST WY Av” Ar
EERRE, 2 513K18 T 452 B 350 Ma B4 (Matte et al. |
1996; FEHESF,2000) ,3XSL4R {8 12 s R B O R RS 4R 0
H&RHEME LR S IR BERE (Matte ef al. , 1996)

2.2 128 NEHRK

128 2 B R F 7 B OB Bk B AR, B8 2 B
128 - 136 ABHFAZARHARR (B 1), HEEZT MR
5, K230 B, T 0.3 ~3 AR ERY 35 km®, FHEF
SNRAEFTBR Bk S XIS A A RAB L (BYEA K
ABERATEMEEHESR BRENEESTERESEZ
ATRE N RAEMC R . BRI R A rEh i H W N AT,
O e 4 ) A R AR O SR K L A
fib AR X RHE S, —REERBAKPAEN KL
HOKARZAERRATRI 2 KLE (KER,2000) /8
Mattern and Schneider (2000) X3 54 R B8 . BT RO BB JF 1A
BEIXHEENTRE AR EZE MM W EEMRXR
(Xiao et al. , 2002) , 128 NEAKUHKINKER T, FE
TEMARNKS, EMHEIEXR. FEELTHE
FBRHEAE(~50%) BKA( ~20%) A ~10% ) FMH
f(~15%) BT YEBHEy e KA %. &
FEEHE  EEARE LT/ RN, SKEMGERE
B (EHEHRMIEFEAR,1995) . HFREF(1994) EXPzE
EIFRTBRAREMNRMENETHE, Hpssa U-Pb ik, A
NAFMBZBA/PAr D HIB H T 458, o5 Ma,475.5
+8.8 Ma F1495.7 +4.3 Ma MR EFE,

77°30°E

3 abrdiik

BRI A U-Ph [ RS E L R IRI R B i g
PSRN IAT, R IR % (1995) Myt i 2, U-Pb [A)
R R VG-354 Phe B, £ Pb 1 U AR5 51/0
F 0.05 ng f1 0. 004 ng, {8 ff] Stacey and Kramers (1975) #
H##AT%E Pb £ IE , B85 4L H 6 F ISOPLOT #2 ¥ ( Ludwig,
1998), B TEMINTEEBEXREBHEHNEERN
Rigaku ® RIX 2000 XRF b52 A%, T 5 & 70 % 943 47 J0) 458 A
HF + HNO, 7% ## fif XRF 47 BB B B (# & : Ly, B, O, =
1:10) iR A SO BIT MR8, MEBESTEMBEAFEB K
22 VG Elemental ® PQ3 ICP-MS |47, EIFRATRHERE (G2,
SY4 F1 W-2) forp B B ZKARMERE (GSR-1 F1 GSR-3) B AT ¥
WA Hi4E R, BT Rb, Sr, Cs, Ba, Nb, Zr, Hf, Ta, U
1 Th BV T 10% , TR LT E M4 0ol Bl K
K 5% (RF%,199) .

4 rirEiR

4.1 FH$EH U-PbER

128 NEAERTHEAEREFHEAE, ZATO0.03H
0.5 K2 H, ZFMRAFHARECBMHNE, XL
GHEVRBIMAERIHAREAREE. NSRRI,
AR AL A i S SR A 308 tH it U-Pb ik [R]
RSN ERIITFRL T,
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£1 BARC 128 2BRARNBFHSER U-Pb BRSNS R
Table 1 Zircon U-Pb isotope data of the Yirba pluton

R U Pb Pbon soan a0ap  208py 206 206y, /238 207py, /235 207y, /206, R 1 el VI Vs TR Vo
Ph/2%ph  208ph,/206p}, Ph/238Y Ph/25Y Pb/2%pp
(ng) (pe/e) (pe/g) (ng) (Ma) (Ma) (Ma)

96-KL-158-1 15 817 70 0.079 784 0.1086 0.07916(59) 0.6133(92) 0.05619(71) 491.1 485.6 460.0
96-KL-1582 10 956 79 0.022 2155 0.1226 0.07909(75) 0.6187(84) 0.05674(49) 490.7 489.0 481.4
96-KL-1583 15 670 74 0.350 156 0.08871 0.07681(64) 0.6113(88) 0.05772(62) 477.1 484.4 519.0
96-KL-1584 10 807 65 0.033 1189 0.1037 0.07599(89) 0.6035(100) 0.05759(60) 472.2 479.4 514.4
96-KL-158-5 15 633 57 0.120 380 0.1140 0.07601(73) 0.5922(83) 0.05651(52) 472.2 472.3 472.4

s

* 206 /204 Py 1 {f L 423 SEIR S 19 (Pb = 0. 050ng, U =0.002ng; 2 Pb/®Pb =17.97(1, * Pb/* Ph - 15. 55(0. 5, ™ Pb/™Pb =37.706
(1.5) FIBBN (2°PbPb =0.052765, 2 Pb/* Pb = 185. 14, Ph/® Ph = (5.4, 2 0b/® Fp =:6.3063) £1%, B2 Pb B E K MK
SHHRE, FESPHBIEHR 2 sigma (B35,

0084 B 300 ¥ T t ¥ 1 I t i 1 1 i I 1 1 1
0.082 : ] ((1)
0.080 | i 100 e
_’:.ri,n 0078 : :Er: E h
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Fig.2 Concordia diagram for the Yirba pluton LaCe PrNd  SmEuGd TbDyHo Er TmYbLu
50 r .
7E U-Pb A 1 (F 2) , i 04 7 08 S B F o [ ]
FHRELT—HR WAABREAMFAKA TR, Xt | |
—EFERE UPb SBREBA 2 SHH(96KL-1582) 5  F ]
K ABRERERL Y 490 Ma; 5 — A RER & f ]
U.Pb ZREDE) S SR (96-KL-158-5) HRFK, MBI A0 % | ]
AAER R 472 Ma(R 1, B 2) 0 30 5 SERK™P/ U, 2 | .
7 Ph/™S U™ Pb/ ™ Pb 4E #5242 — B, R A IR E 4T . F ]
HAMBABRERE UPb A BER™P/™U Al - ]
2 Ph/ P USER T I, AN TR BA BFER BT 2 s ]
B, B 7 U-Pb B R T AT HRE. A oab—t g
ISOPLOT( Ludwig, 1998 ) X X P BE #17HH&E , - 5I3B T K,O Rb Ba Th Ta Nb Ce Hf Zr Sm Y Yb
O1£3 Ma R4TL+5 Ma MAFRER(H2). B3 128 AHEK R L TR RESNE (a) TR KR
B (b) (BRBIFAAEIE Taylor & McLennan, 1985; %
4.2 HER{LZE TR {E IR Pearce et al. , 1984)

128 AR AEREHMN EMBAREIETI TR, M Fig.3 Rare earth element pattern (a) and trace element
A LAE , BREES 96-KL43 AEREMMESN1.21) , e spider (b) diagrams for the Yirba Pluton
ShE ACNK {H1/NF 1.0(0.78 ~ 0.93) , 385 128 /N B £k (Chondrite data from Taylor & McLennan, 1985; Oceanic ridge
B—PMREFRN S &, 128 NEAKEBELSEY Si0, granite (ORG) data from Pearce et al. , 1984)
(55% ~ 62 % ) ,B{%8 Mg0(2.2% ~ 3.3 %) S BLIRAM
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Table 2 Major and trace element data of the Yirba pluton

A ERAKE HERAKSE
B2 96.KL43 96-KL45 96-KL48  96-KL-158  96-KL-159  96-KL-160  96-KL-161  96-KL-162  96-KL-163
$i0, 61.7 56.4 58.8 60.3 59.0 58.6 60.3 54.9 58.8
Ti0, 0.74 0.75 0.56 0.59 0.59 0.62 0.49 0.74 0.55
AL, O, 18.4 16.6 16.4 16.5 16.2 16.5 15.7 16.8 16.6
Fe, 0, * 6.92 7.52 7.39 6.17 6.93 6.55 6.03 8.09 6.34
MnO 0.15 0.13 0.14 0. 10 0.13 0.12 0.12 0.15 0.11
MgO 2.35 3.30 2.94 2.28 2.79 2.40 2.24 2.96 2.44
Ca0 3.78 5.11 5.88 4.74 4.33 5.68 5.15 6.81 5.69
Na, 0 4.20 2.83 2.57 2.81 3.31 3.06 200 312 2.93
K,0 1.32 4.47 2.84 4.12 2 9o 3.%0 4.00 3.65 3.56
P,0, 0.21 0.48 0.18 0.36 0.37 .33 0.34 0.47 0.36
%1 99.73 97.52 $7.73 97.96 57.55 97.75 97.35 97.58 97.31
1.21 0.88 0.51 (.93 0.92 0.85 0.84 0.78 0.87
Be 1.78 4.00 3.57 4.36 3.91
Rb 107 167 151 162 146
Sr 470 830 811 864 854
Y 19.4 28.5 25.0 34.0 23.1
Zr 51.3 193 180 233 172
Nb 17.4 21.0 17.7 24.2 14.5
Cs 1.13 1.97 2.09 2.22 2.03
Ba 811 1444 1223 1133 1425
la 47.5 74.5 57.0 87.5 65.1
Ce 92.2 139 109 160 116
Pr 11.3 16.0 13.1 18.6 13.1
Nd 38.1 56.4 47.9 66.2 46.3
Sm 7.02 10.2 9.01 12.3 8.13
Eu 1.58 2.49 2.24 2.79 2.05
Gd 6.65 9.09 7.61 10.4 6.82
Th 0. 86 1.06 0.94 1.26 0.84
Dy 4.61 5.37 4.9 6.4 4.24
Ho 0.82 0.98 0.89 1.17 0.77
Er 2.20 2.59 2.31 2.96 2.06
Tm 0.33 0.38 0.34 0.45 0.28
Yb 2.17 2.44 2.18 2.88 1.92
Lu 0.33 0.38 0.32 0.42 0.29
Hf 2.09 5.54 5.22 6.33 4.67
Ta 1.05 1.07 1.01 1.27 0.74
Th 9.11 21.5 27.8 24.2 17.5
U 1.03 3.53 6.48 5.27 2.67
Y/Yb 8.9 11.7 11.5 11.8 12.0

Fe,0, " fo &8k, MRMFAMFEIELAR, ACNK K (AL 0,/ (Ca0 +NayO +K,0)) HEE/RAF T L

%t ALO,(15.7% ~ 18.4 %) ,Fe,0," (6.0% ~ 8.1%),  (Christansen and Keith, 1996) , ZELLYE¥ 7550 HARMEAL A TC
FCa0(3.8% ~ 6.8 %) &R, ZEBEMMTENHLE RUNMNEL ZAKERHHENEEREFRATER(SLK,
§(215 ~ 373 p/y) HFERGHERARR L EEMHE L RO M B) MTHREHBRTEMER L (Nb Ta Zr Hf Sm.Y
B ((La/Yb)y = 15 ~ 23) FI/pB|p &M Eu B % (8Eu= A1 Yb) JFEBIRM Nb-Ta S (& 3b),

0.7 ~ 0.8) (H 3a), &EEEFHIEE Nb/La(0.3 ~ WA AR E YR R 89 Nd-Sr-0 B EA BRI TE 3+,
0.4) 1 Rb/Nb(6 ~ 10) {8, 2 A MR 1 BIE R 4 FH1E
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#£3 128 2EEMKA Nd-Se-0 AARAR
Table 3 Nd-Sr-O isotope compositions for the Yirba pluton
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Bie (:;g) (i:fg) 475/ 144N lAa(Ni/z:;Nd N/ NGy, () IEZ: ( pi/bg) (;g) ¥Ry gy RZS;/;:)SI #1gy/8sy., 3(';3 é;‘:;)
96KIAS 147 90.1 0.098  0.512346+0.000007 0.51204 0.66 1.07 135.4 749.2 0.522 0.710986£0.000015 0.7075 5.7
96KLAS  6.64 36.0  0.112  0.51233340.000011 0.51199 -0.35 1.22 103.5 519.6 0.575 0.712959 £0.000017 0.7091 7.4
96KLISY 111 56.0  0.120  0.5123220.000014 0.51195 ~-1.09 1.35 139.2 721.8 0.557 0.711712£0.000016 0.7080 6.1
96KLIEO 9.3 59.2  0.095  0.512323:0.000010 0.51203 0.44 1.06 147.2 879.7 0.483 0.711552+0.000014 0.7083 6.3
96KLIG2 125 69.3  0.109  0.512311£0.000007 0.51198 -0.60 1.21 147.4 §72.8 0.487 0.711663+0.000011 0.7084

96KLI63 8.21 48.0  0.104  0.512293:0.000013 0.51197 -0.65 1.18 128.2 858.2 0.431 0.71176420.000012 0.7089 6.3

Nd 0 Sr R B B VIEE RS 471Ma 31583 N, = 6.54 x 1072 /4 0y, = 1,42 x 10711/
G M8 Sm - Nd R EHMER PN/ Nd = 0.51315;"98m/M" d = 0.7437,

BEEA 128 2 Boak RAF RSP Nd{ey (1) =
-1.09 ~ + 0.66) % Sr{7&/*5r, = 0.7075 ~ 0.7091) [7]
A FE L T RLR AL R A AT BAKE, T 5. T%oFl1 7. 4%0
ZIA]o HRYE Nd [FRAL R R A B AR (Jahn et al. , 1990)
THRE 2R Nd B AE R T 1.06 11,35 Z (6], B 7 —
AR R IR X 4

5 Wi
5.1 128 B4Ry ESR

R SRS A AP BT RS T B 40 AH X 3 ST K 4F 88 (491
+3 Ma f1 471 £5 Ma) iR ZTEIARIS A U-Pb 353518
BILEER (458 ., ., sMa) (PSR4 ,1994) . BATIA NP4
Bob 4 1 BB A RN — A F R (471 £5 Ma) HiZAFE
TZAERWRAFR, HEAR: (1)I128 AERAERE -4
HA B —MRAR, B —KBAESER, BH LA LH
EXRBANER, G HXFHALAHE AR —RFHRA, X
RAHERR T 491Ma 1 471Ma 43 IR AR BRABIR AT AT fE 445
Q)BT IB ABARNMHELBESRBENERES T2
—B(EHEBRAFEER,1995) , A ZARHMEBRMES—
BEHTEHNUER. AMANERRERHE S
RV Y)Y AT (RI7E 451 Ma ~ 426 Ma 2 [d] (&
HES,2000) BB M TR R BN SE A 45 R X & 471
Ma I AER A BRERKRE RERIBRERG; (3)
AN Me IO FIR S FREZE(199) EENANRA
CAVY ArSERS (FRAE Y 475.5 £8. 8 Ma FIZERT LR ER 471 +
43 Ma) dE ¥ 8, i — 2 R UIZ A RS BER N LE 471 Ma
EH. ET O Ma WEAFR, ERHAEMNER, —#
ATRER B BEMREMLIRY, B — AT RE R AR AR B
A, ¥TXHMEARET - FinEPHERN S M
X8 —, AR Se-0 B RAMA X HF BT (R T it
w) BTN K 491 Ma (945 Ak B X RE AN AT REM A K, (H
AHEBRR B R CERK B P RPE R, R xs

490Ma ZZ AR AR KRR B A, WRAEE R
X SR A AR AR RR

5.2 128 RBRRGHVBEEREK

— S ERE 128 ABRERN I BER AR RS
BARRPUAEE A I 128 A H A A IR X 88 IR 0 o] B4
BROUMEH,199%) , ZRETFHBMES(KERSE,
2000) . HBMRERE-EREFGT(ARARER) =L
BB TIE B B KR Z HIAFLA (Adakite) , — R AH
HHEE(SI0,(56% ) 43 (ALO; > 15% ) , BABE( <3% ) 4§51,
EMETRE T EMERILNRE Sr( >400 pg/g)HE Y M Yb
(BT 18 ng/g 1.9 ne/e) BHERAEEH SUY( >
20 ~40) M1 Zr/Sm( > 50) th{E DL X IF 19 66 7 % ( Defant and
Drummond, 1990;Defant et al. , 2002) , L3 B AP .
R IEEEHRET  AEHBRRER FHREEEEAN
B3 AR o] BBTE BUIR 14 72 A %K (Rapp and Watson, 1995) .
FRIES (2002) MIBRIA LA BT M & FL B M 24 T 5t
O BRIEBABRIAFERZ AN C RBRE TS, UK HI Fi
HBRPUSRIL R O IR TS, —“ERHBHRXSIHME
C BBRIR A B IR AR St R RARF K,0/Na, 0
PfB. 128 A B ERER— 1 F (96-KL43) 43 B R % &
K,O WFHE(F 2) , [AA B ERRAR BB MARIE A B 25 ol skosr
BaH Y/Yb HUIE(8.9 ~ I2)FHIEH AU TFERARE(E
1% ,2000)  Fe Al C BRI LA . (B128 AR HAOEE
—BORF T RIATE W HIRUCFIIE, TELHAE: (1)128
PREKRAERITERENAHERE (SEu = 0.7 ~
0.8) T HH Zt/Sm H{E(7.3 ~ 21) i BARTFHREAIKIAT
RKEA; QI ABEERNY MY ERHEREAT Y
HEHHIR19.4 ~ 34.0 pg/g M 1.92 ~ 2.88 pg/g) ,{H
St/Y HEMHMNBK(24.2 ~ 37.0) , 7 Y-S/Y 2 &B |,
128 REARMBIEANE TREARAREZ N, Rt @ g
A REEENRESICK LA BE (A 4), X% 128
NRERNBBEERAE AR EAATEBAENOEA
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Fig.5 Sr- O isotope correlation diagram for the Yirba
pluton Mantle component data (8°0 = +5.7 £0. 3;
¥Qy/%Sr =0.703 +0.001) from Taylor (1980)

HEHE 2 AH X 35 ( Defant et al. , 2002) , B4k, Sr-Nd [6 7 R4
Bilena(t) = +0.66 ~ —1.09; FHE" St/*Sr, = 0.7075 ~
0.7091) RHAHERIBTER-BEVRMS T, X 5HFFK
%5 (1994) 1R1E 128 /B A kg A P AR gk R B A Pb
HTBERARER A E AR S MANRZEL— 3, AT
HEBR T % 0 ph I W PR SR 3R A RO AR (B O BUIRIATE
H)REEE A T8 IE X A rT AR

B4, 128 ARAEEARSRE O WRERERKBRT
BEMRTERNR? 855, B TRARARPHENEAR
HSEAVETARETHERBEFN SR, ARELIE TS
W St T R AR E B 23Kk 7 A KR R i A R A R
FESREFIMAEH (Taylor, 1980), MR 128 ABRAHE
Rl BN 0 RIRAFL AR PR REE R R,
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AlLLOJ/(MgO + FeO,)

012 A 0.v4 0.‘6 : 0.3 ' 1.’0 ‘ 1.2
CaOK MG + Fed,)

e 28 ARARIZIRRRE

(38 AMerr et al. ,2000) '

Ca0/(MgO + FeO,) i AL,O,/(MgO + FeO) ¥ A% ik

YIRS T I KR TR BB RE A B X WA ™

Yy s, I VAR RBD A R X R4 = X4 1T

TERAEZEREHFXWEIEB™Y .

Fig.6 CaO/( MgO + FeQ,) vs. Al,0,/( MgO + FeO;)

diagram for the Yirba pluron ( after Altherr et al. , 2000)

SRR E AR Z KT Sr R RN, B 128 28
ARy A IR A R L M X 0 K VT 8 ) o 28 4L L 0 A X B
($£3), 7 Sr-0 A RXRE L, 128 A B AR Sr-0 R X
H RS AA R AR AHRE , X 5 R IR B B B
R R A9 25 AL b T 68 19 6 B 89 AL I R B A — B ( Taylor,
1980) (B 5) . Mh4h, i FibFe Py Zr Hf 5 B0 8 5T 3108
FBA AR, ZEFLERERN - ERBERELAH
BEGRME SRR Zr Hf X FHSTENERS. B
FEE 3b P, 128 AEAKM Zr HE BAARKE, EFBER
S BHMFEYRIRYS., Hi,128 A BAEKHFIEHER
FEEE O BRFTEA KA S EREEZFLRREMT
TR HRAMNEMGRARSEN Y FERBR T R AR
Ko Cullers and Graf (1984 ) ¥ B AR ¥ WK AL RR
BLER(60 ~ 499 pg/g) FIMER L X B (34 ~131 pg/g) ¥
P MEEARMBRER L WHE(La/lu, =8.9 ~ 66) B
FERRATHEIINAEA%TNEH (Lo, =0.34 ~ 1.7)
MIEREBRFESMNRKEREMAKSEURIERE
FRBKERSE. 128 AEAEANB L IR (215 ~ 373
/e BRERER L MERE, BARATERTARS
IR IIE R B2, HXHER S0, & BAKE R WIFIEXR
B 128 B AABRTBERT - M EHEE N ENBRRAR,
KEBHERE A EFMIRENFIRA, TRRAT EY
RERRESF TR EB KR, KEXHGHRR, A
WAERFHBE T UEE 10% ~ 60% MK ERBIK
MG T MSR, =E A RN KRBIES KRG E
(Jung et al. , 2002 R H 2% 3CHR) . 7 CaO/(MgO + FeO;)
55 ALO,/(MgO +FeO;) X R E | ,128 A B H KK BER S
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ATHEZXRE-TRENEKEBSBREINBEX RN
(E6), Xik—FA 128 L EHAKTBRETELZRAR
Ry oae,  Hh THuEEREERETABARER
Z BRI ARBR TEBENRSEAFREREN
FE(CNEK S 38). SHERRARR, —8R RS
8 FAFAE AR 54 (96-KL43 ,ACNK = 1.21) Frf RARE Y
Nd(ew(t) = +0.66) BHEH Sr(TSt/*Sr, = 0.7075) LA K
HHOSRIR K BRI RIFME( +5.7%0) o XRHABZHERBHESR
FHEFHIERBE T AR B R R S, Ml e T H
BRI & 4 H AR (30 : Patitio Douce
and Beard, 1995; Jung et al. , 2002) , H1F 128 /B Ak
ME KO ENRRXAEUANRENEEZTRE N E.
BUZREXE R ERBEHIARRNAHEELEL
HMEEER L X BIFRREAR PR LR R T®
BRSIAKILEMER, :

5.3 128 B EEAHEW RE R RS HRETH RN

e

HEIxT 128 2> B ARG B RNREN B, IR T
KIIRIE R B — 2 (B A, 2000; i SR 455, 1994 B E A FI
ZEm AR, 1995; XI5 7, 1996; EBHES, 1999; K E R %,
2000) , BT F R K ¥ 5 INTE i< 8 1 R K B 1 Sk AE 14 8 T
FitRk,. BT 128 AR A RMEKD B KILEAEZR LY
BUIRR IS 128 AR ERNOWETER AR B
DRBXLEFMAENMETR. KT RBAXLENEF
T BR KliEE MORB RS RELAEEL(EERS,
1983 ; XBF78,1995) , X P ¥ R X R Bk T — K E S M B
PR MR R R (RS ,2002) o JRARR T
AERAANBECHAEEBLHUE TR MK (BHRE,
1989 ;Matte et al. , 1996), H THEB CHE R — 4
B2, G RT RAA A K B b B2 Mk 22 ] B 7 1 5K B b R LA
KB TERE K LA TR R AIE N KL — R 4 28 1
SRR &R, 4,128 AREAKRERERT
LR CHEN KRN FE R BT A S INFSER? 5iA
MR SRR 128 AR AEBA TR TR A LA S
HBERAKD B AXLAE T ZEERESENFER(EE
32,1985 ; B M4E, 1989 ZE [0 /R4, 1995; T K 7 4,2000) {6
B — e xR R EE, AN 128 A B AEGRAKRD R
KlE 2 8 k¥ 4 foh 3¢ & (Mattern and Schneider, 2000;
Xiao et al. , 2002) . B1F 128 BHRRIAEMR (471 Ma) HBETF
HtECHAB SR (FEELE) , R 128 ARAREA
THRBRXLENXFHBANYRETFHEBR O LT
LR EHEZE . EXHERLT, 128 ABREEMERRA
KRB R ALE—RHERT - M RKERWMAE, B MR
AERGER XS REM SRR, BUBRY R £,
BEHRETEAMRCERENBR 128 ARAKFFEERT K
PRI O BRAE(H4) , FNRHH LI TRERE
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AR RTRERN, KPS AREEAPRFLER
HERBMFER S ERWBS BRI AMMEL
(Yang et al. , 1996; F &R ,2000) , 05 128 AR BT
RATHRIFFERE LA W R B R I5 T8 K L 8T8 BB AR
R KT 471 Ma, X BRSSP EHEBRGPFERSE
KRB AR ELHEFE, 75— RER 128 K BAK
HABAKSRABAXLETREERNBEOBEASH SRR
CHEZHRBUELRCHERNKEENE, ZEHERR
CH R (RIP TR KL S A ) WA BIL R O bk A
FARETAA, 128 ARBHRAEOHERE - BEET
PMRYAR, B RS TRAER 128 AEAKNAR
BRI E PRSI — BN 2R (W ERMZEEEK, 1995;
Matiern aud Schneider, 2000) , F5H vl LB BN E
AEFFERE T ER(BREELMBEARE) W RO FEL
(Yang et al. , 1996; &R ,2000),

ET ERIAR, AT LA E e R R R T N s i 3 B R
=T H#NSIK, WEALR CHEREEZUER TES
KEEHZER. SR, FAFRIES AT
— M RARIP LR K B R RROFENERA, 5 — R
128 AR NREMED KNS, BRENAEREASN
R 1,15 128 22 BT AR I T5E B KBl & PR IR R
AR R E AR — ML R S ERER T AL
BetkmErEREERE,

6 &g

ARG 128 AR AR - MRER.IBERE, EF
BT 471Ma 3585 W 82k B B LA R AR B IRIX ) 490
Ma ZEG W% A . X EE Y.YD B S R KL
B K8 St/Y F Ze/Sm tAE A RFFFERLAT Eu BREHR T
FOREFIHERATH A . B BRHE LA & Nd-Sr-0 Az
RAREN 128 ARERTFRREETEEE N EHHT
BX AR, X —REDLE R 128 LB AKIAER
BT KRB BIN, TWRERT — &3 KEA %I, AR
CHERSERESI KA LR EHELRA, RFRE
EOFEE A AW EA, X —H W KGR Tt
[ENe NG L) ok e o

Bt  KUNEEFEMERRNBHRE GFREMNKER
MR AT EEW TS T T HAF 80 5B SR, BRIUMR 3K
HR. . ESHMFERET RS 5THILE, 5P85K
b5 55 b IR Y BT BT SR B 9L B L UCLA FZ (% Eric
Cowgill 1 Paul Kapp IS HEE B HIEE. WUESR
FRAENAXWBREY TREANMBRENBRERL, &
TSR R . AP RTE P B R B A R A T
H KZCX2-SW-119 i GIGCX-03-01, IR EEX B RE¥E S
T H 40003005 #4987 By T BB
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