1000-0569,/2011/027 (07 )-2011-22 Acta Petrologica Sinica % % 54k

hpEihtR b ER A B (20 90Ma) I h L S0 s
Pk FAFE R R A

SUE' O BREMA™ Ha4s ERE g’ P!
YU HongXia'*, CHEN JianLin' ** | XU JiFeng' , WANG BaoDi’ , WU JianBin"* and LIANG HuaYing'

()3 2R M R ph 2 [l R i S 3, TP R e ) M BRAL AT T, T 510640

HERb R TE AR B, U AT 100039

IHERH BT T ETE T, AR 610081

State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China
Graduate School of Chinese Academy of Sciences, Beijing 100039, China

Chengdu Institute of Geology and Mineral Resources, Chengdu 610081, China

2011-04-05 A Ag, 2011-05-25 #oE .

W N = W N e

Yu HX, Chen JL, Xu JF, Wang BD, Wu JB and Liang HY. 2011. Geochemistry and origin of Late Cretaceous ( ~90Ma)
ore-bearing porphyry of Balazha in mid-northern Lhasa terrane, Tibet. Acta Petrologica Sinica, 27(7) :2011 —2022

Abstract The ore-bearing porphyry of Balazha in mid-northern Lhasa terrane, with a forming age of 90 ~88Ma, shows some typical
geochemical characteristics of an adakite, such as high SiO, ( >69% ), Al,0,(15.89% in average), Sr (354 x 10~° in average) ,
but low Y (12.97 x 10 % in average) , Yb (0.95 x 10 ™® in average) contents, and strongly fractionation between LREE and HREE
((La/Yb), =19. 8 in average). Meanwhile, it is of relatively higher Mg* (65 in average) , Cr (107 x 10 ™% in average) and Ni (13 x
10 % in average). These geochemical features, combined with other characteristics of Late Cretaceous lavas in mid-northern Lhasa
terrane, indicate that they did not result from melting of young oceanic crust, assimilation and fractional crystallization, or from either
underplated or thickened continental crust. Instead, they were possibly derived from partial melting of delaminated lower continental
crust. On the other hand, they are also likely to the result of partial melting of crust-mantle material, triggered by slab break-off of
south-dipping subduction of Slainajap ocean or Bangong Co-Nujiang ocean.

Key words Late Cretaceous; Balazha; Ore-bearing porphyry; Geochemistry; Lhasa terrane

 OE i PR T 90 ~88Ma 93845 L A BE 2 B AT O R 40 MK LA B AR AE: % SI0,( >69% ) \ALO, (3
H15.89% ) St (F3 4 354 x107°) A Y(F354 12.97 x10°°) [ Yb(F35 4 0.95x10°) 48 , 2 EH LB A5 7 ((La/
Yb) F34 4 19.8) s B B EATVA & & Mg' (£33 % 65) (Cr(F# % 107 x10°°) Ni(F3# 4 13x10°°) 4%, AALRXLELA
Wik KR BRI 8 58 S AR R TR R JRAT B B TR RS AR P LR R E R R RS F R
TRV T o3 0 B akeg 25 R . % — 5 @, & @i b 49 Slainajap # 5 R IEAB-HT R0 BALTRIFAMNA T L
B 70T TR KA R TS R R RSB

KR W E KA A F B R B sk

HREESES  P588.14;P597.3

v A0SR B 0 R A0 0 B (KZCX2-YW-Q04 ) 973 i H (2009CB421004 ,2011CB403100 ) . [ % 4 48 B 2 3 42 351 H (40872055 |
40930316 41073033 ) i1 7 [ b5 8 2 S 33 [ (1212010818098 ) B 4% Bl
FE—EBEN NLE, &,1986 44 W HFFT A HIBRIb 2Ll
o JEWAVES : BREEM, 53,1971 4R i HuBkiba £l , 322 N 0 S b -9 AR AR L A R 98 T4, E-mail ;. lzdxchen@ gig. ac. cn



2012

1 515

PAAE AATIXE Thr % i e b A ARk S DL B AL IR
RO 2 4R o T h7 5 b Bk ) b R 3R L X ( Coulon et al.
1986; Pearce and Mei, 1988; Z= 4 4% 2003; 2 K H 4,
2005 ; fap pir e 45, 20065 Wk G 45, 20065 3 = A5, 2006
Wen et al. , 2008 ; Zhu et al. , 2009a; FEEIRE, 2009a; Ji et
al. , 2009a, b) , FFIN A B AT BT RF T 1 A8 R b 0 9k 114
TR AR B R AR E b AR AUE SR S S R B |
T MBI R (A LA, 20065 HIBEW]AE, 2006 ; it
PR e B, 20065 Ji K B3 A, 20085 BREAK E 4F, 2008,
2009b, 2010; fTRN4E, 2009; 5KILEFE S, 2010; LI ARAE
HEHL, 20105 X4, 20105 3Kk525246, 20105 MRdis, 2010;
Zhu et al. , 2009b, 2011) , AR I RIE P rp ALY 1
WL AR A A TR R ST A AL 1 4 o ( Coulon et al.
1986 ; Kapp et al. , 2003; Ding et al. , 2003 ; T HRFIZE P,
2003; Wen et al. , 2008; ShEMANEHER, 2010) , {H AR M

EL¥F]| 2011, 27(7)

Acta Petrologica Sinica

2 AR A O S R A -2 VT 52 A T T A o (R 2 AR
2006, 2008 ; HhEAHAE, 2006; FEER S, 20105 Zhu e al. |
2009b, 2011) , HIEWFFER W, B w0 vb (9 BEA #5158V L
5¢, AT RRAE 110Ma &A= T Wi s, W 5 5% b B b 3 b X e oy
Bl N 5 (Zhu e al. , 2009b, 2011) . B THHC A I B
SEMIERZ, HETXTRLEE AL X 110Ma Dok 25 3K i Ak
T3 5 N A AR SO B A % Y R B Y b B Ak AR 2
90Ma FYHEPIFL A HIT BEA ( TR A%, 2011) (AR R
BRAGZE MRS, BT s A IR D Bk 38 3 5, TR B S5 R
XHRr i e b GBI St A LA A5 R VE X L, AT
XoF L 5% b B B P S T R 5 L L2, LU O 5
ZAHC AR TAEIR LB HE =,

2 KIS

TR UL ER AR TR R A i SO, B — R SIR
VU [ A2 o} ) Sl DR 2L S, BIP ) AT TR O A A i - H A T
SEAIRE R (18] 1), BT Mg M- AT T 4 S A G b

Fe o

H e Ju
THS

HHM %

osEH
STDS

MBT : i Fi i p W ¢
MCT: == 1 g 3 pr 7 24
GCT: J [ 1¥ e iy 34
STD%@@E}%@%’;A
IYS: T & 88 A YL 45 & i ERERET -
SLYJI}AZ{I ;L§u||i ;} Sy ;ﬁ— K - AR
g 2% Yk 2% o Al 3k B VUV b T2 B 1]
BNS: PEAWRIT A had T REEK L

N-Q

T~

)

. %R HI(21Ma)
R IYCT(19Ma)
. 3%l (15.3Ma)
. H 14 (15.2Ma)

8
BEE
7K 2
FHEHEN |32°
g%
THEENER
== xuwnRsR
T TEZZAW
1 mmR
([ eemzss |
30
TR

MBT B e AR

10. (1 % (14.6Ma)
11. 4+ (173Ma)
12. Z A 74(118Ma) s
13. #H73L(~90Ma) o 1o4

o
Rl

1
2
3
bl : 4
PRANSNA N QI:A,[”}» . o . L -
f{sm\;["'; 22 {F;‘iﬁ%ﬁf [ @ | prpmmun 5 9 k(16.4Ma)  14. #5 4 H)(~90Ma)
THS : 45 35 307 35 10 oy kA% JiR 42 & . ) . 6.3}'5[}?‘L1‘I12(14Ma) 15. & i (13.7Ma)
LHS i #4 1 b g 5 pu B 5 1 L8 ] 9 IR A0 4% LEEA4T) 16N I GDiMe
Ts: Eﬂ?ﬂﬁ‘g\ N\ OF 45 X ST A s a S : a 0 b 100 200k
N-Q: BT th—% 7 U B IR 9.7PY(14.9Ma)  18.  f(40Ma) "
84° 86° 88° 90° 92° 94° 96° 98° 100°

A1

FHRGE FLIVIBE A RAMTE (a, 4 Hou and Cook, 20095 45157, 2011) AIBIFE I MU TP (b SRS S, 2009)

BNS-PEA M-I TEE 54 5 SLYTMZ-ISR T -1 4K BR - 52 BRIE SRR Aty s GLZCF-WE /R - A% /R -1 Pl AR -1 22 Wi 40 5 LMV 5 882 i -

I LU HE- Rz 1L
Fig. 1
the studied area (b, after Zhu et al. , 2009)

Distribution of typical porphyry deposit in Tibet (a, after Hou and Cook, 2009; Wang et al. , 2011) and geological map of



AUES. BiFERI PR G (4 90Ma) EIILAF B 2 IR FHIER L s B 2013

F 1 HFEHRAPEBENRETBETA U-Pb EESTERR

Table 1  U-Pb zircon dating results of ore-bearing porphyry of Balazha in mid-northern Lhasa terrane

Th U 207 pp,/2% Pl 207 pp,/25 ) 206 pp, /28 ) 07pp/26pp 297 pp/25 206 p, /238 )

Sl
Wt (x107%) Thu H(E lo HeAE lo HAE lo (?/[gj) lo (13/?:) lo (i;/[gj) lo
ZC1701 732 2503 0.29 0.05224 0.00445 0.09937 0.00830 0.01338 0.00026 296.1 183.0 96.2 7.7 85.7 1.6
7C17-02 1614 2175 0.74 0.05185 0.00467 0.09620 0.00850 0.01305 0.00025 278.9 193.3 93.3 7.9 836 1.6
ZC1703 699 1655 0.42 0.05428 0.00556 0.10414 0.01046 0.01349 0.00030 382.4 215.3 100.6 9.6 86.4 1.9
ZC17-04 916 1699 0.54 0.04929 0.00475 0.09875 0.00935 0.01408 0.00028 161.8 210.9 95.6 8.6 90.2 1.8
ZC1705 1017 2092 0.49 0.04872 0.00568 0.10020 0.01147 0.01446 0.00034 134.3 253.3 97.0 10.6 92.5 2.2
ZC1706 1456 2189 0.66 0.04895 0.00439 0.09727 0.00856 0.01397 0.00028 145.4 197.9 94.2 7.9 89.4 1.8
ZC17-07 571 760 0.75 0.04527 0.01051 0.09317 0.02137 0.01447 0.00054 0.1 443.1 90.5 19.9 92.6 3.4
ZC17-08 522 1240 0.42 0.04628 0.00540 0.09527 0.01094 0.01447 0.00033 12.0 259.2 92.4 10.1 92.6 2.1
ZC1709 593 762 0.78 0.04643 0.00749 0.09314 0.01484 0.01410 0.00039 19.9 347.7 90.4 13.8 90.2 2.5
ZC17-10 1115 2216 0.50 0.04724 0.00476 0.09383 0.00927 0.01396 0.00030 61.0 224.3 91.1 8.6 89.3 1.9
ZC17-11 2146 3768 0.57 0.05175 0.00301 0.09728 0.00553 0.01320 0.00020 274.3 128.1 94.3 5.1 84.6 1.3
ZC17-12 901 1924 0.47 0.04702 0.00433 0.09337 0.00844 0.01395 0.00028 49.9 206.8 90.6 7.8 89.3 1.8
7C17-13 1030 1834 0.56 0.05055 0.00547 0.09667 0.01025 0.01343 0.00031 220.2 232.3 93.7 9.5 86.0 2.0
ZC17-14 1855 3975 0.47 0.04769 0.00357 0.09472 0.00695 0.01395 0.00024 82.9 169.4 91.9 6.5 89.3 1.5
ZC17-15 415 596 0.70 0.04617 0.00816 0.09290 0.01624 0.01413 0.00039 6.4 378.0 90.2 15.1 90.4 2.5

AR TR JGE S R NISTSRM610, L 29Si £k AR AL IE 4% 51

AR SCRIFFE I 65 B2 B B S 3 9 S B Lo
2 {5 SOkm b 3% P J B2 B, AL (00 % 40 0 55 3
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2006; KA, 2008; HEGHE4E, 2008) , FEAEIL WHEA B-
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LR TR B A P A b BE K 32 T
BUA/NT 0. Tk, 252Dk AROR ™, 52 A B0 h L fk
GeB R () T LGSR BERE (K, ) FIF E1 S5 BR 1L
LK) MR, EEAER N KBS 7% KBTS A
B B2 = RAER BT RN K RN KB
FOEIN KB4 0 BT AL N K B 4 3N
KByt 0 KBUESE, BRI A B 15 A 1
i, SLBEARZE H , HOD R § B 3 S 0 4 K R
BHKAT BB Y R B B KT B 1 s B N 2 ~
Smm , FHEBER (5% ~10% ) Ry T, ATE KLU : RHK 77 BT K
7 ARSI BT, TR EL O 7 R R 5 S B
KT A E TR K SRR,
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AU BIFFERT B 2% B0 B v i 8 B B R S 1R
TAER2EWFSE (ZC1T, GPS A4 ,31°44'36"N, 85°31'16"E)
T HE) s A ) T e R R 2 B T M R A 2 B 5 T ) 0 3R
R KT N S0 = YOG R P A5 2 BTk (LA-ICPMS)
AT U-Pb 45, 3 By A BOG 3 1l R 48 5 193nmArF-
excimer BOGHRIY GeoLas 2005, 0GR H 424 30um, L He /E
SR R, AR SR FH E BRAT AL 91500 #EATAMR AR IE,

HE SR, AT BB I (Gao et al. , 2001) , BS54 R
A A 3 A 1Y 6] 47 3 LG (A1 U-Pb 4F % R A GLITTER
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(2010) ,
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B IR RANTER | b B A I RO EME
R 2a) , KRB 2 2R AR, BA R AR5 I 4
o AT 45 5 s Th/U B4R 155 (0.29 ~0.78) ,
XU L AE R T AR A A 1 Th/U (B ( <0. 1), 1 J&8 7
A3 % PR 4 4 (Williams et al. | 1996) , L ZC17 % 15 4
AHT EUIMAE 2 4E 5 88.0 = 1.6Ma (MSWD =2.5) ([
2b) . EARHAE (2011) FI 45 £1 U-Pb il Re-Os %5 J5 1 ) F
FEAER R R PL % & 0 B AU iR 2y g 90Ma, Hi it
AT LA O 3R 7 2% & 07 58 A8 0 A TR g AR 90
~88Ma,
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Table 2

results for ore-bearing porphyry of Balazha in mid-northern Lhasa

Major (wt% ) and trace element ( x 10~°) analyzing

terrane

FEfh 09ZC  09ZC  09ZC  09ZC 09ZC 09ZC 09ZC 09ZC
= 09 -10 -11 -15 -16 21 22 23
Si0, 69.88 71.20 70.61 66.12 68.58 67.76 69.17
TiO, 0.43 0.37 0.35 0.58 0.43  0.47 0.43
Al,0; 16.00 15.01 15.30 15.80 16.22 16.07 15.92

Fe,O0; 0.63 1.33 1.73 3.75 2.58 275 1.22
MnO 0.01 0.02 0.02 0.04 0.02 0.03 0.01
MgO 1.28 1.35 1.29 2.81 1.68 1.91 1.73
CaO 3.01 3.69 2.51 4.44 349 3.96 4.04
Na,O 4.48 3.33 2.59 3.46 4.91 3.8 3.72
K,0 3.58 2.54 4.09 1.87 1.26 2.29 2.89
P,0s 0.22 0.18 0.16 0.22 0.20 0.18 0.22

LOI 0.55 1.09 1.42 0.97 0.72 0.79 0.72

Total 100.09 100. 09 100. 08 100. 07 100. 08 100. 08 100. 08
Mg* 80.16 66.98 60.01 59.99 56.56 58.16 73.98
Se  4.57 3.61 3.99 7.27 9.35 4.88 4.98 5.32
Cr 101 163 161 55.6 142 95.6 108 30.8
Co 1.11 2.45 3.8 29.6 16.6 3.97 6.22 36.1
Ni 7.46 15.4 8.56 28.2 31.7 10.1 26.0 19.1
Cu 71.2 91.2 347 41.7 49.9 145 9.15 5.40
Zn 12.0 31.1 15.5 21.7 12.2 5.56 52.6 4.75
Ga 181 1727 19.0 17.0 17.4 19.1 18.2 18.7
Rb 131 112 185 136 118 71.0 104 115
Sr 357 308 278 355 423 317 405 391
Y 13.1 12,5 10.9 13.5 17.7 10.4 12.0 13.8
Zr 140 125 137 135 141 159 143 157
Nb 8.20 8.41 6.88 6.06 7.08 3.71 6.96 8.39
Cs 13.2 15.4 27.4 55.6 53.9 355 24.4 13.3
Ba 318 321 497 238 144 121 333 339
La 26.7 24.8 32.8 22.4 21.8 23.4 243 23.8
Ce 52.4 48.2 62.2 44.5 457 43.1 47.1 52.7

Pr 6.28 558 7.32 529 562 508 5.58 6.60
Nd 22.7 19.7 25.6 19.2 20.6 18.1 19.7 24.8
Sm 4.27 3.66 4.51 3.38 3.84 3.18 3.34 4.47
Eu 1.06 0.82 0.8 0.8 1.08 0.77 0.90 1.06
Gd 3.20 3.09 3.31 296 3.34 261 274 3.57
Th 0.43 0.42 0.40 0.41 0.51 0.35 0.38 0.48
Dy 209 205 193 214 268 1.71 1.97 2.33
Ho 0.37 0.37 0.33 0.40 0.54 0.31 0.35 0.42
Er 0.96 0.97 0.8 1.06 1.40 0.79 0.93 1.08
Tm 0.14 0.14 0.12 0.16 0.21 0.12 0.14 0.15
Yb 0.94 0.87 0.78 1.01 1.35 0.74 0.87 0.99
Lu 0.14 0.13 0.12 0.16 0.20 0.11 0.14 0.15
Hf 3.86 3.65 4.18 3.56 3.68 4.11 3.76 4.29
Ta 0.91 1.24 0.97 0.60 0.55 0.36 0.63 0.94
Pb 21.7 10.7 18.6 5.37 4.64 4.20 14.8 9.51
Th 9.95 14.9 17.049 8.42 7.77 10.6 10.7 12.3
U 2.35 4.65 3.58 1.95 1.54 2.27 1.74 2.23
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Fig.2 The CL images of zircon (a) and LA-ICPMS U-Pb
concordant curve (b) of ore-bearing porphyry of Balazha in
mid-northern Lhasa terrane

14 | - Ph
12 | u3 )
R
10 | § ; -
vz N s \ —

U1

Na,0+K,0 (%)
®
o>
N
O 4
\ - X
\ X
E@ \ \‘
X X

6 S1 \q]/o D o D% %
i > o1 O 02 03
4 O
y B
2 b O BEASERE O BRATHBDAWLE
- Pe X B#BHEMiEE O EHLANMER
40 50 60 70 80
SiO, (%)

3 TG B bR P LR A28 A I TAS 1B (JE
Le Bas et al. , 1986)

et i Bt e B LS, S EARAIEHERL (2010) 5 £58)
U S A, I B A (2006) 5 JE A R BRR TR, SR AT 4F
(2010) ; KALFLEFMBEEE , A . PCX A B-ZRA; Ul-
BRAMZ A UV2-WRA KL s US-BRZ RiA; 01-X %
HiFs 021l A s 03-34h s SIS X ilA; S2-Z il % A
S3-MZ s T-MIAC G s R-EECE . B4 85 (& 7-1& 9 il kI
FE I & 3

Fig. 3 TAS diagram for Cretaceous lavas in mid-northern
Lhasa terrane, Tibet (original diagram after Le Bas et al. , 1986)
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Fig.5 Harter diagram for Cretaceous lavas in mid-northern Lhasa terrane, Tibet
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