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Abstract

This paper reports trace element compositions and Hf isotope compositions of zircons from Miocene monzo-
granite porphyry (16.23+0.19 Ma) and Paleocene biotite monzonitic granite (62.1+ 1.9 Ma) in the Bangpu
Mo(Cu) deposit, Tibet. LA-MC-ICP-MS in-situ Lu-Hf isotope analysis of zircon grains from the ore-bearing
monzogranite porphyry and the pre-mineralization biotite monzonitic granite gave " Hf/!""Hf ratios ranging
from 0.282 818 to 0.282 904 and from 0.282 748 to 0.282 969, the average e(¢) of 3.0 and 3.1 and the
average Typ of 878 and 816 Ma, respectively, suggesting that their parental magmas were mainly derived from

a young mantle and partly mixed with old continental crust rock during the evolution. The Ce** /Ce®* ratios of
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the same zircons were 557.53 and 239.5, indicating that ore-bearing rocks were in higher oxygen fugacity than
barren ones. From Lhasa to Gongbo’gyamds and from Yarlung Zangbo suture to Nyaingentanglha, the magmas
in Gangdese metallogenic belt were increasingly contaminated by old crust material, accompanied by the increase
of their oxygen fugacity.

Key words: geochemistry, Hf isotope, Ce*"/Ce®" ratio, monzogranite porphyry, biotite monzonitic gran-

ite, Bangpu Mo(Cu) deposit, Gangdese, Tibet
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Fig. 1 Distribution of main copper-polymetallic deposits in the east section of Gangdise metallogenic belt
modified after Li et al. 2005 and Gao 2010
1—Quaternary 2—Cenozoic 3—Mesozoic 4—Paleozoic 5—Pre-Sinian 6—Himalayan granite 7—Yanshannian granite 8—Ultrabasic rocks

9—Fault 10— Suture zone 11—Porphyry copper deposit 12—Skarn copper-polymetallic deposit
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Fig. 2 Simplified geological map of the Bangpu molybdenum copper ore district modified after®
1—Quaternary sandy gravel 2—Tuffaceous sandy slate of Paleogene Dianzhong Formation 3— Tuffaceous sandy slate and limestone of Lower
Permian Luobadui Formation 4—Mo and Cu bearing monzogranite porphyry 5—DBeschtauite 6—Cu-bearing granodiorite-porphyry 7—DBiotite
monzonitic granite 8—Andesite 9—Diorite porphyrite 10—Quartz diorite porphyrite 11—Diabase and gabbro-diabase 12—Measured and in-
ferred normal fault and its serial number 13—Measured and inferred reverse fault and its serial number 14—Unknown fault 15—Mo mineraliza-

tion boundary and its serial number 16—Cu ore body boundary and its serial number 17—Attitude of strata 18—Sampling location
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Fig. 3 Corrosion texture in quartz A and perthitic texture in K-feldspar B
Qtz—Quartz Kfs—K-feldspar Ser—Sericite Pl—Plagioclase Bt—DBiotite
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Fig. 4 Cathodoluminescence images of zircons from monzogranite porphyry in the Bangpu ore deposit
Numbers below test points stand for U-Pb ages ey ¢

3.3 U-Pb
PD7001YT-5
26 LA-ICP-MS U-
Pb 16.23£0.19 Ma
SWYT-1
25 LA-ICP-MS U-Pb
62.1£1.9 Ma LA-ICP-

MS U-Pb

1
346.3 ~
866.0 pg g 515.6 pg g U Yb 0.99
~2.48 1.53 Th U
285.8~999.5 ug g 209.8~528.8 g g
361.5pg g 2673 pgg Th U 1.1~
1.9 1.3
559.6~



271

KAERE A T L3R Ce' ™ /Ce LifE

=

g
PR

KAERBEA

AR D TR

o

H30E

8Th L TT 7S0°0 6Z€°0 9700 €1E°0 0 0L 0 79170 8IS'T 9670 U1 S61°8 LTz vy o€ 618°6 2T
S0°¥9 90 0% L0 6% €9°8LT 66°%T ST01 8¢°TT 68°1S 70 eI £66°0 (9 171 8L0°0 €11 S0T0°0 o1
66°961  8€°1ST ¥1 76 79°6%S 7578 €L°L8T 67°8¢ 86°06 TL'9 9991 8601 992 1 88900 16722 680°0 60
P LLE  PEPSE  S9°€8T  €9°THIT  T'HOI ¥ 7T 7668 L0 0T €781 87" 6% Ly (AR 69 ¢8e 0 9%°6T 960°0 80
T6°P8T  8L°SS8T  TI'STT  #8°66L £2°69 1T°6LT £9°8S 17 #7T L6°0T 17 LT 91°Z e 76T 8800 S8+ L90°0 LO
I8°06T  89°T7€8  6L°6VT  #6°PIOT  60°OFT  EF IS 7001 69972 8T #T 6L°ST 1.9°0 SN SIL™O 90°0 L9°81 790°0 90
v6°LOZ  90°€TC  86°TTT  6b 69 ¥8°09 8L V€T 69°9% 17601 86°L 8861 L1 18°C LO°T 60€°0 99°LT 9170°0 [<i]
€6°06F  TO9TE  €SPIT  9°CSET QT LTI ¥°8Z¢ ST°6TT  €L°9T¢ €792 61°SL 9°9 LSCT 98 LS9°0 [ K £90°0 70
16°80¢  TIS°6EL  €6°€8T  98°SEIT  TS'TOT  TL'T6E vroLL SO°LLT LTt 19°¢€Z LT8°0 (S0 9690 76£0°0 £6°9¢ 77070 €0
167687  L6°7STT  L8'SLF  $0°S96T  S1°Z9T 6796 L8°C8T  80°61F SL°ST 8T ¢f 7650 67 S6L°0 96£0°0 81T LT0°0 70
S9°0€T  88°67C 8096 S €09 SE¥S 8% 81T 9L°S¥ TE91T 61°6 Ly ¥T 7€9°1 96" (9 TI0 ¥1°8T 780°0 10

MY T TLAMS

SO PT 950°1 120°0 LT°O L7070 9770 60°0 8190 SLT O TI0°T Sev o 18¢€°C P81 LT LSO°S PLO VP 90L'€T BT
60967 6°L¥T SL'TT 12°S6T SO€l 90°LS L9°TT 7€°9¢ € 1611 9L°0 1€ 9¢°¢ 76670 vI°€p 18°¢ o1
PELEE  LET9LT S6°8T 8T 28T 87 LI 9% "GL TELT 70" 6% 9€" % 78" €1 L0670 vE'e 881 10 1S ¥ 9610 60
SE'TIE  £€8°9LT 70°0¢ 18 °€€T 78l €6°GL PELT 99°L¥ PEy el L8°0 LE°€ 91 $780°0 £6°8¢ 702070 30
vE6Sr  19°18C S 6¢ 72 LIT LvZ 86°0TT 6L°9T L'SL 9°L #9°¢T 6T S9°L L9°% P7E 0 8L 165°0 Lo
77882 87607 96 €€ 6S°11Z ¥€°0T 8706 Al $8°09 1L°¢ 1712 6L°T TL 01 €L°6¢ 87L 6716 18722 9
S6°8LE 67 LOE 8T "¢¢ 7€ 6¥T 112 06 1€°02 LE¥S 66" 11°¢1 ¥Z6°0 L€ 61 7010 8T°9% S70°0 <0
68°L0E  PE6TT gz 17981 (S ST'IL 991 Sh 9% €% 68°€1 9660 1€°¢ 67T 7800 €L°6€ 620°0 70
96 The  PI°LTT 9°7¢ 66981 9% 6T 89 8 761 8€ ¥S L6 6Z°91 1971 9T "% TT¢ LT¥ 0 €7°¢r LET'T €0
69 °S6¢ T°€8T 662 Ly €0T SZ°8T 79°6L 8¢ 8T 8T°TS LY LT°CT 860°T Shy Se°¢ 70670 7678 7€ 70
¥SUL6Y 67 EEE €67 697891 67°8T 08 vL"81 90°€S 10°¢ 1€°91 €T'T T6°€ 18T LZ°0 L8°TS LSL"0 10

BRed ) — S IAT00LAd

9L n W] 9x wr, w OH q L PO ny wg PN RE | D 2] £ b

(o_6T/%my y1sodap alo ndsueg ay) ur sjueIs dprUozUOW Morq pue Liydiod 3)MLASOZUOW WOJ BJep JUSUWR[D k1) U0dNZ T J[qe],

(o OT/T )X SEN E O a3 — Z 3 BB W W s T3



272 2011

s 2

1 60.7 Ma/3.7 (2 60.6 Ma/5.1 360.6 Ma/7.0 @) 60.9 Ma/2.0

5 60.7 Ma/7.8 ® 60.2 Ma/3.0 T 60.7 Ma/5.1 8 60.7 Ma/-0.8

100 um

©) 60.8 Ma/3.5 40 61.9 Ma/1.4

5
U-Pb eyr ¢

Fig. 5 Cathodoluminescence images of zircons from biotite monzoniti¢ granite in the Bangpu ore deposit
Numbers below test points stand for U-Pb ages ey ¢

100000
B. SWYT-1

§§ - -
\x\\\\\\\\\\\\\\\\\\\ \ HIRSET

.
\\\\\\\\\\@

A. PD7001YT-5

10000

IR

1000 - s

\\\\

W
g,

/SRR
g

N A =/
1 / BRER
0.1} -
001 b b R B NS WO RO WS WAt SN S W R — VRN [ SN SN Y N N S ——
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
6 Sun et al. 1989 2010

Fig. 6 Chondrite-normalized REE patterns of zircons chondrite values after Sun et al. 1989  base diagrams modified
after Zhao 2010
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Table 2 LA-MC-ICPMS in situ zircon Lu-Hf isotopic analytical results of monzogranite porphyry and biotite monzonitic

granite in the Bangpu ore deposit

t Ma 76Hf 7Hf 26 7oLy THL 26 e ¢ Tomi Ma Tove Ma Sianr
PD7001YT-5
01 16.3 0.282904 02000018 0.000557 0.000003 4.652 488.139 775.814 -0.983
02 16.5 0.282874 0.000012 0.000605 0.000002 3.605 530.316 842.271 -0.982
03 16.4 0.282888 0.000016 0.000912 0.000014 4.109 514.468 810.120 -0.973
04 16.4 0.282823 0.000015 0.000702 0.000005 1.821 602.604 957.313 -0.979
05 16.3 0-282902 0.000016 0.000713 0.000004 4.604 492.039 779.106 -0.979
06 16.3 0.282865 0.000014 0.000764 0.000004 3.288 545.167 862.965 -0.977
07 16.4 0.282820 0.000018 0.000877 0.000005 1.686 610.774 965.737 -0.974
08 16.4 0.282842 0.000012 0.000533 0.000004 2.465 574.416 914.802 —0.984
09 16.3 0.282846 0.000014 0.000760 0.000006 2.612 572.049 906.281 -0.977
10 16.4 0.282818 0.000028 0.000608 0.000002 1.624 608.899 969.312 —0.982
SWYT-1

01 60.7 0.282876 0.000018 0.001450 0.000011 3.671 539.704 814.291 -0.956
02 60.6 0.282915 0.000023 0.005324 0.000021 5.073 539.056 734.153 —0.840
03 60.6 0.282969 0.000014 0.003042 0.000020 6.955 424.484 607.432 -0.908
04 60.9 0.282829 0.000035 0.003405 0.000015 2.010 640.772 689.549 -0.897
05 60.7 0.282993 0.000026 0.009980 0.000078 7.803 482.823 662.647 -0.699
06 60.2 0.282857 0.000020 0.000919 0.000007 3.017 558.229 740. 866 -0.972
07 60.7 0.282916 0.000017 0.001858 0.000022 5.100 487.015 1155.869 -0.944
08 60.7 0.282748 0.000029 0.003471 0.000027 -0.863 764.936 794.022 -0.895
09 60.8 0.282871 0.000023 0.001934 0.000018 3.503 553.741 958.033 —0.942
10 61.9 0.282812 0.000017 0.001895 0.000021 1.418 638.682 958.378 —0.943
SWYT-1 2 5 emr ¢ Tomi Tove fianr 2007b
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Table 3 Zircon Ce** Ce®* ratios of ore — bearing and barren porphyries in porphyry ore deposits
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Fig. 8 Plot of e ¢ versus U-Pb ages of zircons from sample PD7001YT-5 monzogranite porphyry and SWYT-1

monzonitic granite
base diagrams modified after Yang 2008 and Gao 2010
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Table 4 Zircon Ty, from rocks of some porphyry ore deposits in Gangdise metallogenic belt
t Ma Tpvp Ma
Cu Mo 19.5 467~703 543 2008
Mo Cu 16.23 776~969 878
Pb Zn Mo 17.4 900~ 1461 1136 2010
62.5 425~1104 695 2007
Mo Cu 62.9 607~1155 816
Pb Zn Mo 66 980~ 1758 1298 2010
16 Ma Cett o cet

SWYT-1  Cett Ce*

2004
2006 2010
8 4
enr ¢ Towve
2009
2004

6 Sr Pb

4.2
PD7001YT-5



276 2011
2009
2008 Hf
Hf
Ce*t Ce?t 3
Ce*t Ce
3
Mo Cu Cu
Mo
4.3
65 5§
Ma
2009 - 1 Hif
176Hf ]77Hf
0.282 818~0.282 904  (.282 748
~0.282 969 ey ¢ +3.0 +3.1
65~40 Ma Hf 878 Ma 816 Ma
25~10 Ma -
2
40~25 Ma Cet* CS* 557.53  239.5
2006
3
2009
2010
2007 2004
2009
References

Ballard R J Palin ] M and Camplell H I. 2002. Relative oxidation states



30 2

Hf Cett C8 277

of magmas inferred from Ce [V Ce [l in zircon Application to

porphyry copper deposits of northern Chile ] . Contrib. Mineral
Petrol. 144 347-364.

Belousova A E  Griflin LW O’ Reilly Y S and Fisher I N. 2002. Ig-
neous zircon Trace element composition as an indicator of source
rock type J . Contrib. Mineral Petrol. 143 602-622.

Blichert T J and Albaréde F. 1997. The Lu-Hf isotope geochemistry of
chondrites and the evolution of the mantle-crust system ] . Earth
Planet 148 243-258.

Chen M H Zhang W Yang ZX LuG HouK J and Liu J H. 2009.
Zircon SHRIMP U-Pb age and HIf isotopic composition of Baiceng ul-
trabasic dykes in Zhenfeng County southwestern Guizhou Province

J . Mineral Deposits 28 3 240-250 in Chinese with English ab-
stract .

Gao Y M. 2010. Regional metallogenic rule and geological characteristics
of Yaguila-Sharang mineralization concentration area dissertation for
Doctor degree D . Supervisor Chen Y C and Tang J X. Beijing
Chinese Academy of Geological Sciences. 78-119
English abstract

HouZ Q Gao YF Meng X] Qu X M and Huang W. 2004. Genesis

of adakitic porphyry and tectonic controls on the Gangdese Miocene

in Chinese with

porphyry copper belt in the Tibetan orogen ] . Acta Petrologica
Sinica 20 2 239-248 in Chinese with English abstract .

Jiang W Liu W and Shi L H. 2010. Advance in study of porphyry
molybdenum deposits ] . Mineral Deposits 29 2 308-316 in
Chinese with English abstract .

JiwQ WuFY Zhong SL and Liu C Z. 2009. Petrogenesis and ages
of granites in the Gangdese batholith South Tibet ] . Science in
China Series D 39 7  849-871 in Chinese with English ab-
stract .

LiGM LiuB QuW] LinFC SheHQand Feng CY. 2005. The
porphyry-skarn ore-forming system in Gangdese metallogenic belt
southern Tibet Evidence from molybdenite Re-Os age of porphyry-
type copper deposits and skarn-type copper polymetallic deposits J .
Geotectonica et Metallogenia 29 4 ©482-490 in Chinese with Eng-
lish abstract .

LiHY ZhongSL WangYB ZhuDC Yang]J H SongB LiuDY and
WuFY. 2007. Age petrogenesis and geological significance of Linzizong
volcanic successions in the Linzhou basin - southern Tibet  Evidence from
zircon U-Pb dates and Hf isotope J . Acta Petrologica Sinica. 23 2
493-500 in Chinese with English abstract .

Liang HY Xie Y W and Zhang Y Q. 2004. Formation and evolution of
K-rich alkaline rock from Machangjing Constrains on copper ore de-
posit J . Progress in Natural Science 14 1  116-120 in Chinese
with English abstract .

Liang HY Camplell HI Allen C Sun WD LiuCQ YuHX Xie
Y W and Zhang Y Q. 2006. Zircon Ce*" Ce?" ratios and ages for
Yulong ore-bearing porphyries in eastern Tibet ] . Mineralium De-
posita 41 152-159.

Meng XJ HouZQ GaoYF HuangW QuX M and QuW J. 2003.
Development of porphyry copper-molybdenum-lead-zinc ore-forming

Tibet Evidence from Re-Os age of

. Mineral De-

system in east Gangsese Belt

molybdenite in Bangpu copper polymetallic deposit ]

posits 22 3 246-252 in Chinese with English abstract .

Meng X J. 2004. The Metallogeny of The Miocene Gangdese porphyry
copper belt in Tibetan collisional orogen dissertation for doctor de-
gree D . Supervisor Hou Z Q. Beijing Chinese Academy of Geo-
logical Sciences. 81-86 in Chinese with English abstract .

Mo XX Dong GC ZhaoZD ZhouS Wang L L QiuR Z and Zhang
F Q. 2005. Spatial and temporal distribution and characteristics of
granitoids in the Gangdese Tibet and implication for crustal growth
and evolution J . Geological Joural of China Universities 11 3
281-290 in Chinese with English abstract .

Mo X X ZhaoZ D DePaolo D] Zhou S and Dong G C. 2006. Three
types of collisional and post-collisional magmatism in the Lhasa block
Tibet and implications for India intra-continental subdution and min-
eralization Evidence from Sr-Nd isotopes ] . Acta Petrologica Sini-
ca 22 4 795-803 in Chinese with English abstract .

Mo XX ZhaoZD ZhuDC YuXH Dong G C and Zhou S. 2009.
On the lithosphere of Indo-Asia collison zone in southern Tibet
Petrological and geochemical constraints J . Earth Science 34 1
17-24 in Chinese with English abstract .

QuXM HouZQ GuolL ] and Xu W Y. 2004. Source compositions
and crustal contaminations of adakitic ore-bearing porphyries in the
Gangdise copper belt Nd Sr Pb and isotope constraints J . Acta
Geologica Sinica 78 6  815-821 in Chinese with English ab-
stract. .

Qu X M Jiang J H Xin HB and Chen H. 2009. A study of two groups
of adakite almost simultaneously formed in Gangdese collisional oro-

Why does one group contain copper mineralization and

29 3 381-394 in Chinese

gen Tibet

the other not J  Mineral Deposits
with English abstract .

Tang ] X Chen YC DuoJ LiuHF DuX Zhang] S Zheng W B
and Gao Y M. 2009. Main types
and prospecting evaluation on deposits in the east section of Gandise

Supp 476-

region minerogenetic regularity

metallogenic belt Tibet J . Acta Mineralogica Sinica
478 in Chinese .

Tang ] X WangDH Wang XW Zhong KH Ying L] Zheng W B
LiF] GuoN QnZP YaoXF LiL Wang Y and Tang X Q.
2010. Geological Features and metallogenic model of the Jiama cop-
per-polymetallic deposit in Tibet J . Acta Geoscientica Sinica 31

4 495-506 in Chinese with English abstract .

WuFY LiXH Yang] Hand Zheng Y F. 2007a. Discussions on the
petrogenesis of granites J . Acta Petrologica Sinica 23 6  1217-
1238 in Chinese with English abstract .

WuFY LiXH Zheng Y Fand Gao S. 2007b. Lu-Hf isotope system-
atics and their applications in petrology J . Acta Petrologica Sinica
23 2 185-220 in Chinese with English abstract .

Wu Y B and Zheng Y F. 2004. Zircon genesis mineralogy and its restric-
tion for U-Pb age ] . Chinese Science Bulletin 49 16  1589-1604

in Chinese with English abstract .

XiacoB QnK7Z LiGM LiJ X XiaD X Chen L and Zhao J X.
2009. S-rich highly-oxidized ore-bearing magma in the Qulong giant
porphyry-type Cu-Mo deposit in southern Tibet-evidence from mag-
matogenic anhydrite ] . Acta Geologica Sinica 83 12 1860-1868

in Chinese with English abstract .



278

2011

Xin H B and Qu X M. 2008. Relative oxidation states of ore-bearing
porphyries inferred form Ce [V Ce [ll ratio in zircon application
to the porphyry copper belt at Gandense Tibet J . Acta Mineralogi-
cal Sinica 28 2 152-160 in Chinese with English abstract .

Yang Z M. 2008. The Qulong giant porphyry copper deposit in Tibet
Magmatism and mineralization dissertation for Doctor degree D .
Supervisor Hou Z Q. Beijing Chinese Academy of Geological Sci-
ences. 58-101 in Chinese with English abstract .

Zhao Z H. 2010. Trace element geochemistry of accessory minerals and
its applications in petrogenesis and metallogenesis J . Earth Science
Frontiers 17 1  267-286 in Chinese with English abstract .

Zhou X. 2009. Study on the fluid inclusions of Bangpu molybdenum cop-
per polymetallic deposit Tibet Master candidate paper D . Super-
visor Wen C Q. Chengdu Chengdu University of Technology. 81p

in Chinese with English abstract .

. 2009.
SHRIMP U-Pb Hf I
28 3 240-250.
. 2010. -
D .
. 78-119.
. 2004.
J 20
2 239-248.
. 2010. ]
29 2 308-316.
. 2009.
] D 39 7 | 849-871.

. 2005.

Re-Os N 29
4 482-490.
2007.
U-Pb Hf I 23 2 493-500.
. 2004.
— J . 14 1 116-
120.
. 2003.

Re-Os ] 22 3 246-252.

. 2004.
D . 81-
86.
. 2005.
J .
11 3 281-290.
Don ] DePaolo . 2006.
Sr-Nd J. 22 4 795-803.
. 2009.
- - ] 34
1 17-24.
. 2004.
Nd Sr Pb O J.
78 6 815-821.
. 2010.
J
29 3 381-394.
2009.
J. 476-478.
. 2010.
J. 31 4 495-
506
. 2007a.
J. 23 6 1217-1238.
. 2007b. Lu-Hf
J. 23 2 185-220.
. 2004. U-Pb
J. 49 16 1589-1604.
. 2009 .
Cu-Mo S --
J. 83 12 1860-1868.
. 2008.
Ce IV Ce Il ] 28
2 152-160.
. 2008. —_—
D . 58-
101.
. 2010.
J. 17 1 267-286.
. 2009.
D . . . 81





