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Abstract The adakite was recently revealed in the Bugingshan ophiolite complex, a western sector of the A'nyemagen ophiolite belt
in the northern part of the Qinghai-Tibet Plateau. The adakite consists of granodiorite-tonalite intruded in the Early Paleozoic ophiolite
complex. The mineralogical phases pserent in the adakite are mainly plagioclase, quartz, hornblende, biotite, rare pyroxene and
potassium feldspar; and accessory phases are apatite, zircon, sphene and magnetite etc. The adakite is calc-alkaline, and
characterized by high Si0,(63.65% ~71.59% ), high Al,0,(14.81% ~16.11% ), high Na,0(4.68% ~5.33% ) and Na,0/K,0
(1.48 ~3.08,av. 2.39) ratios, high Sr(444.08 x 10 ® ~560.41 x 10 %) and St/Y(50.8 ~105.3), rich in large ion lithophile
elements (LILE) , depleted in high strength field elements ( HFSE ), weakly negative Eu anomalies, strong depletion of heavy rare
earth elements (e.g. , Yb=0.38x10™° ~0.74 x 10™*) and Y (4.93 x10°® ~11.03 x 10 ), high La/Yb(44.93 ~90.97),
positive Ba and Pb but negative Nb and P anomalies. These geochemical characteristics suggest that the Bugingshan adakite belongs to
typical adakite ( O-type, HSA). A TIMS zircon U-Ph age of 402 +24Ma for the adakite have heen obtained. The Buqingshan adakite
was most probably derived by the partial melting of the subducting Kunlun-Qilian-Qinling oceanic crust ( basaltic oceanic crust plus its
overlying sediment) at garnet amphibolite-facies condition. The discovery suggests that the part of the Kunlun-Qilian-Qinling oceanic
crust of the study area was subducted northward, and the subduction zone was situated to the south of the A'nyemagen ophiolite belt in
the end-Early Paleozoic period. It is also of implication that porphyry-type and hydrothermal-type Au, Ag, Cu, Mo mineralization
related with typical adakite probably existed in the A'nyemagen ophiolite belt.
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Fig. 1 Sketch map showing the tectonic setting of the A’ nyemaqen ophiolite belt (a) , Sketch map showing the location of the

Bugingshan ophiolite complex(b) and Simplified geological map of the Bugingshan ophiolite complex(c)
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Fig. 2 Scanning electron microscope photographs of zircons from the Buqingshan adakite ( YK-6)

R AHLRERE (Hm YK6) ZHAEMREER TIMS-ID U-Pb S &R
Table 1  Results of U-Pb TIMS-ID analyses of multigrain aliquots zircons from the Buqingshan adakite ( YK-€,
wE . )
. Lo, HOEE AT % AT TEE(Ma)
po EE (x109)
FEf ) " E ey, Mpp, . —
LU (g ) WpBY Wy ey WppWpy My WTpp RSy 0py,Mp),
pb P a
Al 20 649 44 0.026 1982  0.1617 ©£.00349(68) 0.4792/68) 0.05475(45) 396.8+4.2 397.5+4.6 401.9z:18
A2 30 693 40 0.036 1964 0.1320 5.03531(37) 0.4169(34) 0.05468(23) 347.0+2.3 353.822.5 399.0+9.4
A3 20 656 49 0.230 27 0.1370 0.05545(33) 0.4123(107) 0.05392(131) 347.9+2.1 350.5+7.7 367.9+55

0 ph/2M b LA % 11(Pb =0.050ng, U =0.002ng) BABERIE THIE, HB R F LR b A9 BTl (L R B R OSTR R % < #5518

BB R 20 HiXfiR%E .

FRITE 7 B E R B R 5 R A R B 5B T
EtrL = M XRE FEEml, iR E RN 1% ~2% . %
BILE 747y E R 2 B b B 5 R SRR O B R B
B FRGE(ICP-MS) SL35 % i ICP-MS ik, M 2L 88
HEE VG A E A PR PQ2 Turho ICP-MS, 3 HFiRE N 1%
~9% (K& <5%) .

B5h U-Pb [ R 7 76 E R R & /) K i j g
T 5 BT A 9 Krogh #8 % (1973,1982a,b) SE . MR ¥ &
B oK B REREERET 3 EnEAEN TR &
ANERER RS S ~ 10 R EMFEFERNESEAHER. REHEA
BRI ORISR P IS Ve Th, WS 0E A ARkl R
FERAE Teflon B A 25N R EE 195C &0 T 1A f# 24 48h,
FERAPh-U RAHBAGHERHE, UPh SEFRME
FAB I E 7E VG354 JEE 1T b R R BUE Daly £ 88 2647
FIFELFE U.Pb E 14514 0. 050ng F10. 002ng, #4511
% A 1ISOPLOT # /% ( Ludwig, 1995),

5 ARk

Y 3 HEMEAVARIIARL B FEMEaNK
G BN A RAEREA, B2 S0 R ERO BN
FERR IR 353 FhONRE G BV R, X3 F0E

ARBESRE, 2R RE (B 2) . Hh 0 Bt
— R RIFI AR B, HERAN L 3C s F 8 K 402 +24Ma
(I8 3a) R SIREK T ERA TR G ERIERIR A H
HR BB O BENHTELY & A RRE AR
BB WERE SRR CHIX 467 ~413Ma 19 G ILELH
MUERAG BT REREE RN FRITIRZEEMN 2. 52
RIS 3 BHEA P/ U R RS AT 11 347. 5
+ 1. 5Ma( [ 3b) IR 5 8 40 Sttt i 5 38 1 7 9 B T T A i
BY)G THEREX N EAME- R HFNRR. F—BES
IEZ T SRS 29 + 150Ma, TR L. A —B&
AL A AR BABLE Ph 2R (TR L P I
Pb£K).

6 HuEkib:

FLRERANERTR MBETR IR Lot 4
RINAR 2. BRI E R HIRICEFRE R - Si0, =56. 0% , AlLLO,
=15.0% ,Mg0 <3% , % Y fi Yb(Y <18 x10™°, Yb<<1.9 x
107%) ,Sr>400 x 10™°, LREE E& . % Fu B ¥ 54 £ M7
Eu S8 B i IR TN Cr(30 x 107° ~50 % 107%), Ni(20
x 107 ~40 x 10™°) ( Defant and Drummond, 1990; Martin.
1999) ,
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Fig.3 Concordia diagram showing the results of U-Pb zircon analyses of the Bugingshan adakiie ( YK-6)
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HFURE A HEITRIFIER, S0, (63.65% ~T71.59% )
256.0% . & ALO, (14.81% ~16.11% ) ,MgO (0.52% ~
2.30% ) <3% Mg'{H[100 x Mg’ * / (Mg’ ™ +Fe’* ) ] H 15.99
~43.48 17 31.31, 5 Na,0(4.68% ~5.33%) >3.5% f
Na,0/K,0(1.48 ~3.08, %) 2.39), ¥ F#F &% Si0,-
KOE(EH4a) PHEASGRAETIN O BREFANE, &
(K,0/Na,0)-Si0, K (& 4b) F17& A O BURE R ETEHE

FLRBRREMHB LRSI N, EEXREFEAR
#(LILE) fi2#% + TZ (LREE), Y REE = 140.30 x 10 ° ~
143.77 x 10°%  LREE 5 & # + 7T % (HREE) /3 /8 EA .,
HREE 2254543 (& 5a), Yb(0.38 x 10™° ~0.74 x 107°%)
<1.90 x 107, La/Yb (44. 93 ~ 90. 97) > 20, (La/Yb),

(32.23 ~65.26) >10,5511 Eu % (6Eu=0.74~0.90), &
%58 0K (HFSE) T8, 7£ N-MORB {r#E (L% & T £ % W &
LFEHRB B Nb . Ta.P RRFEA (E Sb) . & Sr(444.08 x
107 ~560.41 x1075) { Y(4.93 x107¢ ~11.03 x107%),
St/Y{H(50.8 ~105.3) =40.0, & Cr(137.89 x 107° ~
172.83 x10 ) FI Ni(32.30 x 10 % ~88.46 x10°°) , #

#RAE Y-St/Y (& 6a) HI(La/Yb) -Yb, B f# ([ 6b) £
% AE adakite [X
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Martin et al. (2005) R Z W E D A S HERE Z A
(HSA) FIREEIRIATE & (LSA) B8 , A& BRI AR 1E 4
BRE(SIO, >60% ), ik MgO (0. 5% ~4% ), Ca0 + Na,0 <
11% ,Sr <1100 x 10°, #i % 3R A T4 A HER (L 4RI 5
HSA B2 f& (W 2), KEHFIE LR E & A HSA
KX (7)) ENTH R 16 H 08 b5 fE 16 B 0 K ok 1 B AR AR ]
(EIRE) KM FLIRE AR TEERARE (HSA) , &
EHR AELRERAR FHRA (12,0 ® HSA) KK
FEo

8 itk
8.1 EFEME

EXRRTHE LRATEE AN [ 2,0 & HSA)
BikFEE . BE NN MR IR K T A = o O R s
TR (Kay, 1978; Defant and, Drummond 1990; Drummond
and Defant 1990; Peacock et al. , 1994; ¥ FE%E 2001,2004;
Martin et al. , 2005) . il A KB R 2018 R LR 1B 14
LA Ba.Rb.Sr.U 1 Pb K4¢4iE , MR we L AR50 20 15 B TE A
B4 & Th 1 LREE ( Hawkesworth et al. , 1997; Guo et al. ,
2006) , Bk, A Th/Yb-Th/Sm [ 7] LA 3% 35 7248 A9IR X
H. WHFILRATLETE Th/ Yb-Th/Sm E (E 8) EHHR
HKBIE7E MORB Rl IR IR B & 2 |+ OFe T 23
ZEMALE BREEsRAFET LR WA BERREY,
SRR SR AR . TR E ILRA T A TIERIR
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Table 2 The whole rock analyses of major ( wt% ) and trace
elements ( x10™®) of the Bugingshan adakite

DL36 YK5 YK9 YK72 HRIR KT

Si0, 71.59 68.77 67.28 63.65 256.0
TiO, 0.29 0.47 0.46 0.65
ALO; 14.81 14.97 16.11 15.59
Fe,0; 0.43 0.90 0.77 1.26
FeO 0.84 1.43 1.81 3.12
MnO 0.01 0.05 0.04 0.07
MgO 0.52 1.22 1.37 230
Ca0 1.5t 2.46 3.50 2.86
Na,O 4.87 4.74 4.68 5.33
K,0 3.28 2,39 1.52 1.78
P,04 0.11 0.15 0.18 0.23
LOI 1.24 1.91 1.58 2.08
Total  99.50 99.46 99.30 100.25

=15. 0(RP/INT)

<S3(RPKT6)

3.5<Na20% <7.5

Mg* 15.99 31.45 34.29 43.48
Na, 0/
K,0 1.48 1.98 3.08 2.99 >2.00
La 34.57 35.73 33.28 —
Ce 71.87 66.94 66.71 —
Pr 6.79 6.52 6.47 —
Nd 21.95 20.96 22.01 —
Sm 3.09 3.03 4.46 —
Eu 0.81 0.85 0.97 —
Gd 2,22 3.03 3.3 —
Th 0.27 0.2¢ 0.4% T
Dy 093 1.3 1.9 —
Ho 0.19 0.26 0.37 —
Er 0.57 0.60 1.0l —
Tm 0.05 0.09 0.14 —
Yb 0.38 0.62 0.74 — <1.90
Lu 0.08 0.08 0.11 —
SREE 143.77 140.30 142.00
LREE/
HREE 29.65 21.38 16.47
Ew/Eu* 0.90 0.85 0.74
La/Yb 90.97 57.63 44.93 >10.0~20.0
(La/Yb)y 65.26 41.34 32.23 >10
Th 12.70  8.17 9.47 —
U 0.85 1.70 1.16 —
Cr 172.83 137.89 143.04 —
Co 509 9.59 9.81 —
Ni 32.30 88.46 78.03 —
Cu 12.11 12.71 12.27 —
Zn 34.94 49.05 56.36 —
Pb 20.34 10.00 13.16 —
Bi 0.04 0.08 0.12 —
Rb 65.43 54.86 33.45 —
Sr 519.21 444.08 560.41 — >400, <1100
Y 493 6.86 11.03 — <18.00
Zr 142.97 158.33 160.34 —
Nb 8.73 9.01 18.14 —
Hf 5.60 6.59 6.64 —
Ta .21 2.10 1.07 —
Sn 1.60 1.31 2.46 —
Cs 0.78 0.70 1.05 —
Ba 1081.901497.80 743.70 —
Sv/Y 105.3 64.7 50.8 =40.0

T BUBBA AR 45 (2004 ) A Martin et al. (2005)

Jep A h W AR R R B AR . KA A ER
FRER L IE | ~4CPa MAMG T, X A RUE BUR K
) Mg"/NTF 0.5, W RBER AT , HIE MU RE Lt AR 4
RTE AR, th AT B 5 0R AR £ 4 Rl TR B B B 3K ( Martin,
1999) ., #iF LKA R AR Mg"(0.16 ~0.43) <0.5, H13 %
AR AR AT R, 7 R R AR A RS LA 4 AR
5 g ek E B B s K-S A RO,

Fi LR iK% A3 F5 B HREE(Yby =2.34 ~4.35) 4%
TAEXEEATE A4, MHE Y/Yb (11,06 ~14.91) >
10 B (Ho/Yb) (fH(1.26 ~1.50) > 1.2 # i~ REMEE
RAMWA(+ ANA) .. XREFAN HREE(FF]2 Yb,Lu) &£
AP RN REEA, Dy il Ho EANAT R 2R K
B K (Sisson,1994) , Y7 A & F B5R B AR, TE B 1K
ELA 64 HREE Bg 43858 (Y/Yb > 10, (Ho/Yb) y > 1.2) 5
Y fAN AR FEREHEN, ERNEERRSE FHEE HREE
AR (Y/Yb~10,(Ho/Yb)y=~1), AFILRERE(Y/
Yb=11~15,(Ho/Yb)y = 1.3~ 1 5 5A N LT EREM
—5, WA LA ARESE S HRFE 4, B E &K Y.Nb Ta,
VEBRRIR, LAMANEERGYN, BIXERARN
KFSE s22U545t; Fid ILRA A W SR TR (HFSE) 3%
ZIT 4,7 N-MORB frifE (LB T R % ME EE2RHE M
Nb.Ta.P AREA(ESh) M5 ABANEERBYYG,
Ao E S E R Ba HIXTTF Rb fl Th B A ANAL
RIEREY, BAMANAT Ba M/ EAKS T Rb M Th
(Green, 1994; Foley et al. , 1996) ,Ba #1%f F Rb #1 Th §5
REHTANGREBRRMONSEE; WRARNGRIEREY,
| Ba A8% T Rb Al Th 54, MF ILIRETEH MIER 6b
R AR A B ANET G R, R A EOR
BREAANARRS AR, B, 75 LSRR AR ER
TERE ( > 1.2GPa, B AE S TR i s (IR i R BE 29 75 ~
85km) &4 F AT (FB R INAY) ERAN ARG
FINERS BRI R, TERBYNAHA (£ ARA).

8.2 HMIRENX

FlREERRPHRE (] 2%,0 8 HA)RETE
(9% Bt — AT BT B R R PSS R AR . RIX TR HIE
B B 24 20 5 S 74 ( Defant and Drummond, 1990) ,
M, MR EARIER SWERBEN T W, AR TERHE
T, BEARKECh—BERH) EFSICERER
FHFURERAUILKRE S X, /R 7 m AL o
(B L) o AR A M 0F R 8 R S0 F 70 3 LR K T E L
B, B0 TR e B IR A AW AR . BER AR E
6] B RS JE IR B 2 3 AT LR , B AR b AR i BB R R
EAENRERERBAT RS ( EENRBL) FRHE
B A, BRICET DA M AR A AR (1 9)
BT LA b B B b SR e W AR VT BT E P — e 5 B
HIRIERE
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