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Element and Sr-Nd-Pb isotope geochemistry of ore-bearing porphyries in
northern Sanjiang Mo(Cu) ore belt, Qinghai Province: implications for
tectonic setting and petrogenesis
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Abstract: The northern Sanjiang porphyry Mo(-Cu) ore belt is located in the southern Qinghai Province, where
a series of NE-SE trending Cenozoic Mo-Cu mineralized rock bodies occur. In recent years, lots of large-size por-
phyry-skarn Mo(-Cu) oren deposits, such as the Narigongma porphyry-type Mo(-Cu) deposit and the Lurige
and Dagugongka porphyry-skarn-type Mo (-Cu) lead-zinc deposits have been discovered. Based on analyzing
petrologic characteristics of element geochemical data and Sr-Nd-Pb istopic data of representative porphyries in
Narigongma, Lurige and Dagugongka, this paper discusses the metallogenic geological background and the origin
and evolution of porphyries in the study area, with the purpose of contributing to future mineral exploration.
Ore-bearing porphyries in the study area are mainly biotite granitic porphyries and leucogranitic porphyries, with

SiO, content of 64.87% ~76.30% , K,O+ Na,O 3.43% ~8.90% , and K,O+ Na,O 0.79% ~47.24% , be-

longing to the calc-alkaline-shoshonitic series and being similar to things of the Yulong mineralization belt. All
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the ore-bearing porphyries in the study area have similar distribution of rare earths and trace elements, with

right-oblique curve, characterized by LILE (large-ion lithophile element) concentration, high field strength ele-

ments depletion, and significant Ti-Nb-Sr trough. The porphyries show weak Eu-depleted anomaly and adakite
affinity. The 2®Pb/?"Pb ratio ranges from 18.410 0 to 19.429 0, *’Pb/**Pb from 15.609 0 to 15.685 0,
208Ph/24Ph from 38.577 0 to 39.522 8, ¥ Ru/*Sr from 1.901 0 to 8.722, ¥ Sr/*Sr from 0.705 291 to
0.710 307, (¥Sr/*Sr); from 0.702 873 t0 0.705 859, and "*Nd/"**Nd from 0.512 573 t0 0.513 204, and the
depleted mantle age (zpy) is 0.60~0.85 Ga. These data are basically consistent in all the ore deposits. Most of
207ph/204ph — 206Ph/24Ph are distributed in enriched mantle (EMII). (¥ Sr/%0Sr), — eNd( ) values are on the
evolution curve of the depleted mantle (MORB) and enriched mantle (EMII ). Sr-Nd-Pb isotopic data indicate

that the enriched mantle (EM Il ) metamorphosed by subducted plate fluid might have been the source of the

porphyries. In comparison with things of the Yulong ore belt, the depletion of Sr-Nd-Pb isotopes is more obvi-

ous in the northern Sanjiang ore belt, and the injection rate of asthenospheric material caused the geochemical

differences between the northern Sanjiang ore belt and the Yulong ore belt. The establishment of the molybde-

num-copper metallogenic belt in northern Sanjiang Region, whose center is the Narigongma-Lurige large-size

molybdenum-copper deposit, suggests that there still exists a great potential for finding large porphyritic and

postmagmatic hydrothermal ore deposits in this region.

Key words: element geochemistry; Sr-Nd-Pb isotope; Cenozoic porphyries; northern Sanjing; southern Qinghai
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Table 1 Compositions of major wy %  trace and rare earth wp 107 elements of porphyries

ZK004-400 ZK004-560 ZK308-179 ZK805-348 DGG-B1 DGG-B2 DGG-B3
SiO, 68.45 72.80 73.10 70.70 64.87 68.32 74.68
TiO, 0.28 0.33 0.30 0.49 0.49 0.46 0.19
ALO; 12.71 13.56 13.02 14.24 15.38 15.08 13.03
Fe,O5 1.32 1.55 1.17 2.24 4.41 2.39 1.01
MnO 0.03 0.01 0.03 0.06 0.17 0.03 0.01
MgO 1.32 0.72 0.91 0.70 2.41 1.04 0.28
CaO 2.93 0.81 1.95 1.12 4.03 2.78 1.04
Na,O 0.28 1.94 0.11 0.13 1.03 4.69 3.51
K,O 5.91 6.69 3.32 6.04 3.54 3.70 5.39
P05 0.19 0.14 0.13 0.17 0.20 0.20 0.09
LOI 5.78 1.64 5.70 4.27 3.99 0.46 0.52
Total 99.20 100.20 99.75 100.16 100.52 99.15 99.75
La 31.67 38.61 41.73 42.47 38.24 46.48 39.22
Ce 50.68 59.93 69.82 70.94 69.04 80.96 60.86
Pr 5.24 6.01 6.55 7.16 7.10 8.00 5.55
Nd 17.46 19.72 20.91 23.99 23.92 26.52 16.58
Sm 3.02 3.16 3.20 3.90 3.78 4.17 2.40
Eu 0.73 0.73 0.62 0.89 1.01 1.01 0.45
Gd 2.30 2.40 2.42 2.98 3.05 3.13 1.77
Tb 0.30 0.30 0.32 0.40 0.39 0.39 0.23
Dy 1.70 1.66 1.78 2.22 2.13 2.16 1.31
Ho 0.33 0.31 0.35 0.43 0.40 0.41 0.26
Er 0.94 0.85 1.00 1.21 1.11 1.17 0.79
Tm 0.14 0.14 0.16 0.18 0.15 0.16 0.12
Yb 0.90 0.86 1.08 1.20 0.93 1.09 0.92
Lu 0.14 0.14 0.18 0.20 0.14 0.16 0.14
o0Eu 0.85 0.81 0.68 0.80 0.91 0.86 0.67
La Yb y 0.05 0.03 0.11 0.11 0.03 0.00 0.03
Cs 7.93 6.86 9.68 17.17 8.37 2.60 4.88
Rb 264.77 314.13 143.65 386.04 101.44 107.66 243.40
Ba 448.25 468. 84 369.96 253.90 188.68 649.40 414.80
Th 20.40 28.15 32.37 24.62 8.58 20.76 23.48
U 11.30 6.40 5.10 81.16 1.55 4.00 3.70
Nb 12.92 17.05 20.18 22.89 11.46 19.25 17.76
Ta 1.13 1.60 1.75 1.73 0.91 1.47 1.65
Pb 9.69 13.62 6.76 20.67 8.03 15.06 14.69
Sr 149.71 210.75 88.02 157.10 274.40 654.00 195.22
Nd 68.45 72.80 73.10 70.70 64.87 68.32 74.68
Zr 111.28 162.43 138.39 192.88 171.40 166.68 114.48
Hf 3.15 4.37 4.12 4.88 3.50 3.50 3.15
Y 9.11 8.43 9.44 11.60 11.90 12.45 8.52
Sc 2.62 3.45 3.04 5.11 5.98 4.77 2.27
\Y% 23.60 28.67 23.21 46.76 63.02 45.54 12.05
Mn 211.65 83.36 217.15 442.43 1270.20 251.00 86.30
Cr 7.45 6.60 13.89 16.75 11.31 10.43 4.06
Co 4.57 7.18 4.25 7.43 10.13 4.45 1.11
Ni 4.34 7.63 6.53 9.23 28.50 9.02 3.35
Cu 108. 66 474.73 123.31 446.01 80.36 5.32 3.51
Zn 32.51 24.25 20.74 311.04 148.20 55.84 31.92

Ga 15.22 16.30 16.75 18.84 19.07 20.86 17.35
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Fig. 2 K,0- SiO; diagram Yulong metallogenic belt data
from Ma Hongwen 1990 Zhang Yuquan et al. 2000
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2 Sr-Nd-Pb
Table 2 Sr-Nd-Pb isotopic compositions of porphyries

7k2401-220 K2401-259 7k801-259 ZK801-266 7ZK004-400 Zk004-560 7ZK308-179 7k805-348

w Sm 10°° 3.469 1.741 3.241 3.317 1.664 2.422 2.620 1.958
w Nd 10°° 17.586 8.896 17.961 19.341 8.978 15.144 17.062 11.768
9Sm "Nd 0.1193 0.1184 0.109 2 0.1038 0.1121 0.096 7 0.093 1 0.100 6
BN "Nd  0.513251+17 0.512619+9 0.512621+6 0.512623+8 0.513014+16 0.512642+4 0.512628+8 0.512627+7
w Rb 10°° 104.10 125.60 153.60 132.80 146.40 282.80 125.00 199.70
w Sr 10°° 881.10 416.80 135.40 202.10 741.40 142.70 679.10 709.70
8Rb %0Sr 3.4190 8.7220 3.2830 1.9010 5.7130 5.7330 5.3260 8.1420
878y 808y 0.708 773+ 12 0.710307 +25 0.708 517 +14 0.707 382+21 0.708 319 +20 0.708 091 =20 0.708 835+20 0.709 384 + 10
87Sr 808y | 0.705 859 0.702 873 0.705 719 0.705 762 0.704 911 0.704 671 0.705 658 0.704 527
eNd ¢ 12.35 0.23 0.34 0.42 7.33 0.61 0.36 0.30
206p}, 204pt, 19.363+17 19.429+9 19.2032+9 19.36495+23 18.9654+t14 19.0034+8 19.0708+13 19.3222+7
207pLy 204p}, 15.6645+£14 15.6733+7 15.6583+8 15.685£19 15.6342+1 15.6398+7 15.6377+1 15.6663%6
208pp, 204pp 39.3881+39 39.3774+17 39.2616+19 39.5228+47 39.1064+28 39.1423+21 39.2513+27 39.0932+15
2010b
10 7 Ti Nb  Sr
Y O HERE
MORB . .
P 'g—gg%ﬂ O B Miller et al. 1999 Wang et al. 2001 Ti
] Adakite) .
2 HIMU & FRHH
= Nb Ta Zr Hf
<2}t
3 K Rb Ba
w -6
10
14} TS
s Pty MRS Hou et al. 2003 2007 Qu et al.
THE 2007 “ ”
22 5 5 1 L
0.6990 0.7025 0.7060 0.7095 0.7130 0.7165 Sr Y Eu
sr/*sr) )
' Hou et al. 2003 Jiang
6 eNd ¢ — ¥sr %S, MORB 2006 2008
2004 “ ” 207 Pb 204 Pb - 206 Pb 204 Pb
2000 1990 208}, 204p}, —206p}, 204p}, 5 « "
2000 4.55 Ga
Fig. 6 ey ¢t — ¥Sr %Sr | diagram MORB data from
g Nd 1ag NHRL
Hou Zengqian et al. 2004 potassic volcanic rock data of
. EMII eNd ¢ - ¥Sr %5y 6
northern Tibet from Zhang Yuquan et al. 2000 Yulong !
metallogenic belt data from Ma Hongwen 1990 and Zhang
Yuquan et al. 2000 MORB
! ” Pb-Nd-Sr
0.79~47.24
- 7ZK2401-220 ZK004-400 eNd ¢
: i 12.35 7.33
Hf
13 ” e Hf
2006 2008 2006

LILE HESE



3 Sr-Nd-Pb 435
2008 2008
— 2010b
2008
6.2
SHRIMP U-Pb
43.3+0.5 Ma 2008 7
2008 Re-Os
40.86 £ 0.85 Ma " 1 “ K
2007 o “ ”
2009
LILE
- - HFSE Ti Nb  Sr
- 2 K Pb
- Yin 2000 Hou et al. NHRL
2003 - 70 ~ 60 Ma EMII eNd ¢ — ¥Sr 85y |
Hou et al. 2003 MORB
2006a
2006¢ Paul 2001 “ "
3

6.3

“ 2 000 “ "

2010a References

Chen Jianping Tang Juxing Chen Yong et al. 2008. Geological char-



436

30

acteristics and metallogenic model of the Narigongma copper-molyb-
denum deposit in the north part of the Sanjiang region Southwest
China J . Geoscience 22 1 1~9 in Chinese with English ab-
stract .

Chi Xiaoguo Dong Chunyan Liu Jianfeng et al. 2006. High Mg® and
Low Mg potassic-ultrapotassic volcanic rocks and their source na-
ture on the Tibetan plateau ] . Acta Petrologica Sinica 22 3
595~602 in Chinese with English abstract .

Ding Lin Zhang Jinjiang Zhou Yong et al. 1999. Tectonic implica-

tion on thelithosphereevolution of the Tibet Plateau Petrology and

geochemistry of sodic and ultrapotassic volcanism in Northern Tibet
J . Acta Petrologica Sinica 15 3 408 ~ 421 in Chinese with
English abstract .

Han Yigui Zhang Shihong Franco Pirrajno et al/. 2007. Evolution of
the Mesozoic granites in the Xiong' ershan-Waifangshan region
western Henan Province China and its tectonic Implications ] .
Acta Geologica Sinica 81 2 253~265.

Hao Jinhua Chen Jianping Dong Qingji et al. 2010a. Geochemistry

of the ore bearing porphyry of Lurige Mo Cu deposite Qinghai

Implications for tectonic setting and itheogenesis J . Bulletin of

Mineralogy Petrology and Geochemistry 29 4 328 ~ 340 in
Chinese with English abstract .

Hao Jinhua Chen Jianping Tian Yongge et a/. 2010b. Mineralogical
features of porphyries in the Narigongma Mo -Cu deposit south-
ern Qinghai and their mplications for petrogenesis and mineraliza-
tion J . Geology and Exploration 46 3 367 ~376 in Chinese
with English abstract .

He Xuexian Tang Suohan and Zhu Xiangkun. 2007. Precise measure-
ment of Nd isotopic ratios by means of multi-collector magnetic sec-
tor inductively coupled plasma mass spectrometry J . Acta Geosci-
entina Sinica 26 19~22 in Chinese with English abstract .

HouZ Q Kamber BS Wei RH et al. 2007. Ibetan continental colli-
sion zones evidence for slab melt metasomatism Adakite-like por-
Phyries from the southern J . Contribution to Mineral Petrology
153 105~120.

Hou Zenggian Gao Yongfeng Meng Xiangjin et al. 2004. Genesis of
adakitic porphyty and tectonic controls on the Gangdese Miocene
porphyry copper belt in the Tibetan orogen J . Acta Petrologica
Sinica 20 2 239~248 in Chinese with English abstract .

Hou Zenggian Ma Hongwen Khin Zaw et a/. 2003. The Himalayan
Yulong porphyry copper belt produced by large-scale strike-slip
faulting at Eastern Tibet J . Economic Geology 98 125~145.

et al. 2003. A possible

Case studies of porphyry

Hou Zenggian Mo Xuanxue Gao Yongfeng
host rock for porphyry copper deposits
copper belts in Tibetan plateau and in Northern Chile J . Mineral

Deposits 22 1 1~11 in Chinese with English abstract .

Hou Zenggian Pan Guitang Wang Anjian et al. 2006. Metallogenesis
in Tibetan coll isional orogenic belt [ . Mineralization in late-colli-

sional transformation setting ] . Mineralium Deposita 25 5

521~544 in Chinese with English abstract .

Hou Zenggian Song Yucai Li Zheng et al. 2008. Trust-controlled

sediments-hosted Pb-Zn-Cu Deposits in eastern and Northern mar-
gins of Tibetan orogenic belt Geological features and tectonic mod-
el J . Mineral Deposits 27 2 123~144 in Chinese with Eng-
lish abstract .

Hou Zenggian Yang Zhusen Xu Wenyi et al. 2006. Metallogenesis in
Tibetan coll isional orogenic belt 1 . Mineralizationin main coll i-
sional orogenic setting J . Mineralium Deposita 25 4 337 ~
357 in Chinese with English abstract .

Huang Xuan. 1990. The Nd and Sr isotopic compositions and its tectonic
evolution meaning of Shanxi Province granitoids J . Acta Petrolog-
ica Sinica 6 1~11 in Chinese with English abstract .

Jiang Yaohui Jiang Shaoyong and Ling Hongfei. 2006. Low-degree
melting of a metasomatized lithospheric mantle for the origin of
Cenozoic Yulong monzogranite-porphyty east Tibet Geochemical
and Sr-Nd-Pb-Hf isotopic constraints J . Earth and Planetary Sci-
ence Letters 241 617~633.

Jiang Yaohui Jiang Shaoyong Ling Hongfei ez al. 2006. Petrogenesis
of Cu-bearing porpyry associated with continent-continent collisional
setting Evidence from the Yulong porphyry Cu Ore-belt east Ti-
bet J 22 3 697 ~706 in Chinese

with English abstract .

. Acta Petrologica Sinica

Lai Shaocong. 1999. Petrogenesis of the Cenozoic volcan ic rocks from
the northern part of the Qinghai-Tibet Plateau J . Acta Petrologi-
caSinica 15 1 98~104 in Chinese with English abstract .

Ma Hongwen. 1990. Granitoid and Mineralization of the Yulong Por-
phyry Copper Belt in Eastern Tibet M . China University of Geo-
science Publishing House Beijing 157 in Chinese .

Miller Schuster R Klotzli U et al. 1999. Post-collisonal notassic and
ultranotassic magmatism in SW Tibet geochemical and Sr-Nd-Pb-
O isotonic constraints for mantle source characteristics and netroge-
nesis J . Petrol. 40 1339~1424.

Mo Xuanxue Zhao Zhidan Zhu Dicheng et al. 2009. On the litho-
sphere of Indo-Asia collision zone in Southern Tibet petrological

and geochemical constraints J . Earth Science—China University

of Geosciences 34 1 17 ~ 27 in Chinese with English ab-
stract .

Paul T Xu Z Q Francoise R et al. 2001. Oblique stepwise rise and
growth of the Tibet Plateau J . Science 294 1671~1677.
QuXM HouZQ KhinZaw et al. 2007. Characteristics and genesis
of Gangdese porhyry copper deposits in the south-and geochrono-

logical results J . Ore Geology Review 31 205~223.

Sun S S and McDonough W L. 1989. Chemical and isotopic systematics
of oceanic basalts implications for mantle composition and processes

J . Soc. Lond. 42 313~345.

Wang ] H Yin A and Harrison. 2001. A tectonic model for Cenozoic ig-
neous activities in the eastern Indo-Asian collison zone J . Earth
Planet 199 123~133.

Wang Zhaolin Hou Zenggian Yang Zhusen et al. 2009. Structural

characteristics of Cenozoic strata and relationship between two types

of ore deposits in Zaduo area southern Qinghai J . Mineral De-

posits 28 2 157~169 in Chinese with English abstract .



3 “ " Sr-Nd-Pb 437
Wang Zhaolin Yang Zhiming Yang Zhusen ez al. 2008. Narigongma J. 20 2 239~248.
prophery molybdenite copper deposit northern extension of Yulong . 2003.
copper belt evidence from the age of Re-Os isotope ] . Acta e J.
Petrologica Sinica 24 3 503~510 in Chinese with English ab- 221 1~11.
stract . . 2006a.
Yang Zhiming Hou Zenggian Yang Zhusen et al. 2008. Genesis of J. 33 2 340~351.
porphyries and tectonic controls on the Narigongma prophyry Mo- . 20006c. I.
Cu deposit  southern Qinghai ] . Acta Petrologica Sinica 24 3 J . 25 5 521~544.
489~502 in Chinese with English abstract . . 2007. J.
Yin A and Harrison T M. 2000. Geologic evolutin of the Himalayan-Ti- 21 2 332~351.
betan orogen J . Earth Planet Sci. 28 211~280. . 2008. Pb-Zn-Ag-
Zhang Yuquan Xie Yingwen Li Xianhua e al. 2003. Isotope charac- Cu J.
teristics of Shoshonitic rocks in eastern Qinghai-Tibet Plateau mag- 27 2 123~144.
matic rocks Petrogenesis and tectonic significance ] . Science in . 2006b. 1.
China Ser. D 30 5 493 ~499 in Chinese with English ab- J . 25 4 337~357.
stract . . 1990. Nd  Sr
J. 6 1~11.
. 2006. -
- J . 22
2008, u M 3 697~706.
I 21 9~18. . 1999. J .
2006, Mg Mg 154 98~104.
- I 23 595- - 1990. M-
602.
201007 - 2006. -
], 20 1 37—42. J. 136 43~51.
. 1999, - 2009. -
I i I
153 408~421. M 17=27
20102t 7 -+ 2009.
I 29 J. 282 157~169.
4 328~339. . 2008.
2010, —_— Re-Os J .
] . 46 3 24 3 503~510.
367~376. - 2008.
. 2007. MC- J. 24 3 489~502.
ICPMS Nd ] 26 19~ - 2000.
22. J . D 30 5
. 2004. 493~499.



