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Abstract The Hongshan copper deposit, located in Shangri-la, Yunnan, China, is tectonically situated in the southern part of
Sanjiang Tethyan Zhongdian island arc. It is one of the most significant deposits in this district and gets very popular concerned since its
discovery with hotly debated about the genesis. It occurs slate, metaclastics and limestone interbedding with medium-basic volcanic
rock and volcanoclastic rock and intruded by intermediate-acidity and ultrabasic dykes or stocks. Lenticular copper sulfide ore-bodies
occur in bedded skarn bodies or adjacent to it, and is disrupted by post-metallogenic faults. The copper ores develop sulfide zonal
texture with pyrite as nuclear, chalcopyrite as intermediate zone and pyrrhotite as external zone. Pyrite in the core is usually euhedral or
subhedral crystal while the coating chalcopyrite and pyrrhotite are anhedral. Chalcopyrite precipitate around the early-formed pyrite,
pyrrhotite which acted as the main body of the sulfide zonal texture grows around the chalcopyrite. The inner sulfide is generally
replaced by the outer one. The sulfide zonal texture precipitates from the inside out as the following order: pyrite-chalcopyrite-
pyrrhotite. Analysis of trace elements and S isotopes exhibit similar characteristics from different sulfides of the zonal texture, for
example , moderate REE and strong Eu depletion with a gentle seagull REE pattern; riched in HFSE as U, Th, Zr, Hf and depleted in
LILE as Rb, Sr and Ba; both the REE and TE distribution patterns of sulfides are similar to those of ultrabasic rocks in Hongshan area;
whereas from nuclear pyrite to intermediate chalcopyrite and to external pyrrhotite, the total trace elements and REEs ( 3, REE 0. 17371
x107°%, 1.22626 x 10 "® and 5. 25925 x 10 *®) shows gradually increasing meanwhile Co/Ni and Se/Te gradually decreasing pattern.
The above features indicate the mineralizing fluid trapping more crustal component during evolution. The §*S, ., of 24 sulfides have a
magmatic feature ranging from 3. 81%o and 5. 23%0, and an order as Sy oy (Po) <8*Sy.cor (Cep) <8*Sy.cor (Py) , indicating that
the sulfur fractionation hadn’ t reached an thermodynamic equilibrium. The sulfide zonal texture of ores from Hongshan deposit is
formed by a magmatic-dominated mineralizing fluid precipitating as the order pyrite-chalcopyrite-pyrrhotite, and accompanied with the
decreasing of H,S and O,fugacity or arising of pH value from the earlier to later.
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Fig. 1 Geological sketch map of the Hongshan skarn copper deposit (after Wang et al. , 2008 )

TSP B s SRS Z A RS o N B M LRI 1) — B, LR VY [ S A, AR, R I 10m, S fif

X ERBBERRERAG A ARk (8 1) I Lk LB RO A T &S b tics 2, B8 W R
HINK B A ARNKE S AR RBEAE N, REEef RO EMNA A, WRE A ORI H BB R
RS o INREYA D ATES XKL, 5 X ERH Jea S s, BERESH , B Hh R A3 A N A, K

O mEEHEEAERE. 2004, R AT R BTG, 2004 42005 T ARG



1206

Acta Petrologica Sinica %54 2013, 29(4)

B2 2Ll R 2 A R
(a) - MBI B, Gy FEONBE PR B0 R, om0 2O R A SR a0, ISR AR RE TR R etk
5 (b) S HRERRE 81, WG SRET A A BB R ks (o) S SO SI8 041, B R 45 0 3, & 00 IR GLPMEE; (d) -REF Bk
W B BR YRS R ET (- . G s FL300  MEREERGT s Mo-E SR ; Py- 2 Bk ; Cop- 340 ; Po-R 8 8k~

Fig.2  Ore-textures of Hongshan copper deposit

JBE A R L A A IR AR BRE R B o AT SN R B L
T XA A, BE R T ICRE, WRH A7 B, A 4R
I 216. 1 +3. 2Ma (B 1 iF4F,2012) |, Ml 2 4 ot 5 35 1)
52 ACE AL, St B S 303 H 75 B 3 1) WG AR b g . A
PR BEA D AER X PEALES, 2 R A B R
FA e, HLBEAREEH , BEf 20 KA A0, /i R F REAL
BB A AT AL s ARG TR (2003 ) BTN JaR 5 A A
SIS BT AR S 5 4 Rb-Sr [RJ 2 A6 0 216Ma (2 1 A i
777 )5, 19905 25 3C B 45,2010 ) o 3T AR 7R 21 1Ll 148 LR AR
Cu-Mo B fEAE R BEA A, BN 5 _FH AT SE K Hh At S AT 1
A HARICR , 7B KBS LA-ICP-MS U-Pb Jlif 40y 81. 1 =
0. SMa( FHHA4F, 2011 ) , £7 3k HFFH 67 Re-Os 4% Oy 77
+2Ma (1M HEAF, 2006, 4% 3CH 4, 2011) , R BIZL I BR 1 Ep
S Cu 2488 WA FH Z 80, 3 A 78 386 L ST TE BT 3 1
JE AR BRI AE R BEA AL Cu-Mo B 1E o AELLILTT X AR

0 HH e A e o, 2R i DN B0 £ RS I O R H
- sk B e A A i (3B 4,2010) .

LLINL T £ 30-AR TR LU | PROK I A2 5039 R PG 32, B
Xl — PR 3, 2 e 29 240°, iy 60° ~ 80°, £ IX
F1.F2 \F3 \F4 0 0 )5 )2 (161 1)

LLANGRE AT 4 A E A B D) 054 50 T
IV AR SR L. H0 A0 T L =BG Sy 4 B
o2 b, BAIEALTEE ), B 60° /A, & B AL E 2R
MUE SHCAHEMENL, Bla BB RS a9 RS,
RIS B i SR A — 20 2AMNERR . £
BRK 158 ~ 1258m, FHJEF 3.92 ~ 19. 5m, Cu F-3 5 A
L01% Mo 15 8 fA de K, 1K BEIA 3] 1500m (R B B 45,
1999) o W RE W 5 M A O REE AR RS, B0 (R LT
SIPRAFAER R A B, (U A i DUSKCIRIE 30 FE A e
FIRER b ELSR dh r B5A (R 755 ,2003)



Mk =a A8 LI N RT BRI AR E S 1207

F:0cm

1.0mm

2:0vba
TR

h&f s

B3 ZLiifin s fe i rir aitg

(a) FEEHRET YA B, th RIS SRS - BE BBk AL BRI A A A A 5 (b) -3 SRRE TR B 40 P BR AL W) R 45 4 1
RO BRI 5 (o) -FUHRETERHT , TR S8 SR, RS R ISR B A 6, R W R A BR AL P R 454 5 (d) s SR BR AL P BRI
G54, TOHRE R 1A TR B S, A BRI B A A WG S B S AU AR s (o) -BRALM RN AL B kAT S 52 U7 (R A, o ) 2
AR () e B M BRAC BN R B B FE A, P R0 SR R R A A, (AR 35 A 5 B W B, AR (o) - BB A
TEHL, A B B 2B A SR TR s (h) - ST B Yl v ()Y B ™ SRR B R, TR S Bk T DL B Y AR AR 5
(1) -I AR R SR S AR T B SR R B, 7RG Bk A SR A SN A 5 (§) - [0l SRR B R 81 3 B ) ], 308 7o 2 i
ARG B SR USR5 (o) -2 Bl B R I DS S, L S Bk 5t 5 (L) - RIS BB 40 P 8 B R ) L, i s s 2
By, A MNGEER . (a-d) -BFON R TFARA R ; (e ) -TARA MBS ;s (2-1) -BUHOE T

Fig.3 Sulfide zonal texture of Hongshan copper deposit
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after Sun, 1980)

® 1 ZEALET BRDIERLTEITER(x107°)

Table 1 Rare trace elements analysis results of the sulfide zonal

23 i
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Table 2

Trace elements analysis results of the sulfide zonal

texture, Hongshan copper deposit ( x 10 %)

FEE h7c h9c h7b hob h7a h9a
SR LB B el h

Rb 0.06398 0.01846 0.19878 0.18768 0.09704 0.19012
Ba 1. 5882 0. 396 3.316 1. 1876 2.35 0. 9952
Th 0.05276 0.02842 0.12234 0.06686 0.19012 0. 16928
U 0.02048 0.01032 0.04716 0.01724 0.0982  0.17358
Ta 0.05666 0.03708 0.0565 0.02892 0.07704 0.06398
Nb 0.01242  0.02568 0.08408 0.00672 0.1309  0.2312
Sr 0.7306 0.08202 0.4718 0.43 0.2866  0.3014
ZIr 8.2000 1.3772 5.15 0. 3592 3.116 4. 004
Hf 0.4558 0.07466 0.3112 0.02738 0.2376  0.2814
Ti 5.3580  3.028 29. 86 6. 824 47.4 66. 84
Co 727.20  385.60 4.018 1.992 1.0416 1.2334
Ni 19.898  32.460  2.080 1.8768  6.578 6.184
Se 22.340  17.060 14.082  12.808  12.810  12.940
Te 13.930 8. 168 16. 632 16. 116 21.740 17.244
Th 0.05276 0.02842 0.12234 0.06686 0.19012 0. 16928
U 0.02048 0.01032 0.04716 0.01724 0.0982  0.17358

Se/Te 1. 84619 0. 82071 0. 66982

Co/Ni 24.21281 1. 49656 0. 17890
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Table 3

zonal texture, Hongshan copper deposit

Sulfur isotopic compositions (8 Sy_p%e) of sulfide

K hI  h2 h5 h7 h8 h9 h10 hl4 F
SHERHIRERE T 5,17 4.80 4.32 4.16 4.26 4.63 4.59 3.81 4.47
AT 4.82 5.07 4.21 4.36 4.66 4.42 4.83 4.29 4.58

B 5.22 5.23 4.34 4.48 4.65 4.55 4.77 3.94 4.65
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Fig. 6 S-isotopic histogram of sulfide zonal texture,

Hongshan copper deposit
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Fig.7 REE distribution patterns and trace element spidergram of ultrabasic rocks in Hongshan area (data after Li et al. ,
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Fig.8 The Co-Ni and Se-Te compositions of the sulfides zonal texture, Hongshan copper deposit

1989 [E MK, 1991) , 3 BB £1 B AL ) Se/Te L {E Fiti A
O LR AR B/ W 2 (R K, 1982) o BT, L 1L
PR IAZ TR BBk 21 v [ 4 B8 50 4 380 0 0 9
07, ATREAER T R JBE 7 B AL W 1 3o i v 3 R R Y

6 &iie

SRR R A R E DR AR
SRk R BT RS R A R B AL BR AT, P R B
SR AL 0 T ks AR, B PR AR 87 Sy commmmmnie
(4.47%0) < &* Sy.comppppsas (4 58%0) < & Sy copmsens
(4. 65%0) , ¥8ili NN BISMIR AL SE 5 S i, 07 9 A U Ry
HERY - B -REE Y,

Wb =M Y E TR 55 AR B IR X
I <R == 1O N YN o 7 N 7 A 7 B I M L O
(0. 17371%o0.,1. 22626%o 5. 25925%) FI {5 T 2 & i R I Tt
15, Co/Ni FlI Se/Te WARMKRIEAR, ¥ m 0 A B ULTE T 12
AT BB A POBRIR R N SE IR R

LL IR A B A i 2 25 AR Dy LR A v
BRET VBT RS E SSE R AR AL R TR
R, FATR R GRS e 0 TR S W IR, T PR E HLS i
0, & FEREAREE pH FH i .
gt WA TAEBIMSR T mE L w TR AL
H S G g SO R AR e T RS Bl 5 R PRAR
AR AR - AE SIS B T S R T 4T T AR KBS Bl WS¢
SRS BT o E T (L) TR S E TR
2 BRI A A9 TR0 18 SRR B 1R 7R BB LA R Y

SIS

References

Bureau of Geology and Mineral Resources of Yunnan Province. 1990.

Regional Geology of Yunnan Province. Beijing: Geological
Publishing House, 1 =728 (in Chinese)

Chen YL, Yang ZF and Zhao ZD. 2005. Isotopic Geochronology and
Geochemistry. Beijing: Geological Publishing House, 1 — 441 (in
Chinese)

Corsini F, Cortecci G, Leone G and Tanelli G. 1980. Sulfur isotope
study of the skamn-( Cu-Pb-Zn) sulfide deposit of Valle del
Temperino, Campiglia Marittima, Tuscany, ltaly. Economic
Geology, 75(1): 83 -96

Driippel K, Wagner T and Boyce AJ. 2006. Evolution of sulfide
mineralization in Ferrocarbonatitie, Swartbooisdrif Northwestern
Namibia; Constraints from mineral compositions and sulfur isotopes.
The Canadian Mineralogist, 44(4) . 877 - 894

Fan JG, Ni P, Su WC, Qi L and Tian JH. 2000. Characteristics and
significance of rare earth elements in quartz of Sidaogou hydrothermal
gold deposit, Liaoning. Acta Petrologica Sinica, 16(4) : 587 - 590
(in Chinese with English abstract)

Gadzhiev GG, Ismailov SM, Khamidov MM, Abdullaev KK and Sokolov
VV. 2000. Thermophysical properties of sulfides of lanthanum,
praseodymium, gadolinium, and dysprosium. High Temperature, 38
(6): 875 -879

Gustafson LB. 1963. Phase equilibria in the system Cu-Fe-As-S.
Economic Geology, 58(5) : 667 - 701

Hall SR and Stewart JM. 1973. The crystal structure refinement of
chalcopyrite, CuFeS,. Acta Crystallographica, B29. 579 - 585

Han YW, Ma ZD, Zhang HF, Zhang BR, Li FL, Gao S and Bao ZY.
2003. Geochemistry. Beijing: Geological Publishing House, 54 —92
(in Chinese)

Hou ZQ, Yang YQ, Wang HP, Qu XM and Huang DH. 2003. Collision-
Orogenic Progress and Mineralization System of Yidun Arc. Beijing:
Geological Publishing House, 174 — 183 (in Chinese)

Hou ZQ, Yang YQ, Qu XM, Huang QH, Lii QT, Tian W, Hai P, Yu JJ
and Tang SH. 2004. Tectonic evoluation and mineralization systems



1212

of the Yidun arc orogen in Sanjiang region, China. Acta Geologica
Sinica, 78(1): 110 =129 (in Chinese with English abstract)

Hou ZQ, Zaw Khin, Pan GT, Mo XX, Xu Q, Hu YZ and Li XZ. 2007.
Sanjiang Tethyan metallogenesis in SW China: Tectonic setting,
metallogenic epochs and deposit types. Ore Geology Review, 31 (1
-4):48 -87

Huang CK, Bai Y, Zhu YS, Wang HZ and Shang XZ. 2001. Yunnan
Zhongdian Hongshan copper deposit. In: Huang CK (ed. ). China
Copper Deposits. Beijing: Geological Publishing House, 324 —329
(in Chinese)

Huang JG and Zhang 1.Q. 2005. The petrochemistry and tectonics of Late
Triassic Tumugou Formation in Zhongdian. Yunnan Geology, 24
(2): 186 =192 (in Chinese with English abstract)

Huang XX, Xu JF, Chen JL and Ren JB. 2012. Geochronology,
geochemistry and petrogenesis of two periods of intermediate-acid
intrusive rocks from Hongshan area in Zhongdian arc. Acta
Petrologica Sinica, 28 (5): 1493 — 1506 (in Chinese with English
abstract )

Kuang YQ. 1991. Some problems on the application of trace-element
geochemistry. Geology and Prospecting, (3) : 48 =52 (in Chinese)

Li HM, Shen YC, Mao JW, Liu TB and Zhu HP. 2003. REE features of
quartz and pyrite and their flud inclusions: An example of Jiaojia-
type gold deposits, northwestern Jioadong Peninsula. Acta
Petrologica Sinica, 19 (2): 267 — 274 (in Chinese with English
abstract )

Li JK, Li WC, Wang DH, Lu YX, Yin GH and Xue RS. 2007. Re-Os
dating for ore-forming event in the late of Yanshan Epoch and
research of ore-forming regularity in Zhongdian arc. Acta Petrologica
Sinica, 23(10) ; 2415 —2422 (in Chinese with English abstract)

Li SR. 2008. Crystallography and Mineralogy.
Publishing House, 346 (in Chinese)

Li WC, Yin GH, Lu YX, Wang YB, Yu HJ, Cao XM and Zhang SQ.

2010. Delineation of Hongshan-Shudu onhiolite melange in Gezan

Beijing: Geological

volcanic-magmatic arc and its sagnificance, southwest * Jinsha-
Lancang-Nu rivers”. Acta Petrologica Sinica, 26 (6) : 1661 - 1671
(in Chinese with English abstract)

Li WC, Yin GH, Yu HJ, Lu YX and Liu XL. 2011. The porphyry
metallogenesis of Geza volcanic magmatic arc in NW Yunnan. Acta
Petrologica Sinica, 27 (9): 2541 — 2552 (in Chinese with English
abstract )

Li WC, Yu HJ, Yin GH, Cao XM, Huang DZ and Dong T. 2012. Re-
Os dating of molybdenite from Tongchanggou Mo-polymetallic deposit
in Northwest Yunnan and its metallogenic environment. Mineral
Deposits, 31(2): 282 —=292 (in Chinese with English abstract)

Li YB and Liu JM. 2006. Calculation of sulfur isotope fractionation in
sulfides. Geochimica et Cosmochimica Acta, 70(7) : 1789 — 1795

Li ZL, Xu WD and Pang WZ. 1989. Distribution characteristics of
microelements in the Au-bearing sulfides from the gold ore deposits
in East Shandong Province. Geology and Mineral Resources
Research, 4(4): 35 -46 (in Chinese with English abstract)

Liu YJ, Cao LM, Li ZL, Wang HN, Chu TQ and Zhang JR. 1984.
Element Geochemistry. Beijing: Science Press, 1 - 548 ( in
Chinese)

Long HS, Luo TY, Huang ZL, Zhou MZ, Yang Y and Qian ZK. 2011.
Rare earth element and trace element geochemistry of pyrite ores in
the Laochang large size silver ploymetallic deposit of Lancang,
Yunnan Province, China. Acta Mineralogica Sinica, 31(3); 462 —
473 (in Chinese with English abstract)

Mao GZ, Hua RM, Gao JF, Long GM, Lu HJ, Li WQ and Zhao KD.
2006. Existence of REE in different phases of gold-bearing pyrite in
the Jinshan gold deposit, Jiangxi Province. Acta Mineralogica
Sinica, 26(4) ; 409 —418 (in Chinese with English abstract)

Mao GZ, Hua RM, Gao JF, Li WQ, Zhao KD, Long GM and Lu HJ.
2009. Existing forms of REE in gold-bearing pyrite of the Jinshan
gold deposit, Jiangxi Province, China. Journal of Rare Earth, 27
(6): 1079 - 1087

Meinert LD, Dipple GM and Nicolescu S. 2005. World skarn deposits.
Economic Geology 100" Anniversary Volume, 299 -336

Acta Petrologica Sinica £ %33 2013, 29(4)

Mo XX, Lu FX, Shen SY, Zhu QW, Hou ZQ, Yang KH, Deng JF, Liu
XP, He CX, Ling PY, Zhang BM, Tai DQ, Chen MH, Hou HS,
Ye S, Xue YX, Tang J, Wei QR and Fan L. 1993. Volcanism and
Mineralization in the Tethys of the Nujiang-Langcangjiang-Jinshajiang
Area. Beijing: Geological Publishing House, 1 =267 (in Chinese)

Pirajno F. 2009. Hydrothermal Processes and Mineral Systems. New
York: Springer, 535 -577

Sakai H. 1968. Isotopic properties of sulfur compounds in hydrothermal
processes. Geochemical Journal, 2(1) : 29 —40

Shan L, Zheng YY, Xu RK, Cao L, Zhang YL, Lian YL and Li YH.
2009. Review on sulfur isotopic tracing and hydrothermal
metallogenesis. Geology and Resources, 18 (3): 197 - 203 ( in
Chinese with English abstract)

Song BC, Cai XP, Xu XW, Wang J, Qin KC and Zhang BL. 2006.
Cenozonic hot-spring exhalative mineralization Hongshan copper-
polymetallic deposite in Zhongdian, NW Yunnan. Chinese Journal of
Geology, 41(4): 700 —=710(in Chinese with English abstract)

Sun SS. 1980. Lead isotopic study of young volcanic rocks from mid-
ocean ridges, ocean islands and island arcs. Phil. Trans. R. Soc.
Lond. , 297(1431) ; 409 —445

Sun SS and McDonough WF. 1989. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle composition and process.
In; Saunders AD and Norry MJ (eds. ). Magmatism in the Ocean
Basin. Geological Society, London, Special Publication, 42 (1)
313 -345

Tossell JA, Vaughan DJ and Burdetl JK. 1981. Pyrite, marcasite, and
arsenopyrite type minerals: Crystal chemical and structural
principles. Physics and Chemistry of Minerals, 7(4); 177 - 184

Wang SL, Wang JB, Peng SL, Guo ZL and Chou YJ. 2004. REE
geochemistry of ore fluids in the Koktag lead-zinc deposit, Xinjiang.
Geology in China, 31(3): 308 — 314 (in Chinese with English
abstract)

Wang SX, Zhang XC, Leng CB, Qin CJ, Wang WQ and Zhao MC.
2008. Stable isotopic compositions of the Hongshan skarn copper
deposit in the Zhongdian area and its implication for the copper
mineralization process. Acta Petrologica Sinica, 24 (3) . 480 - 488
(in Chinese with English abstract)

Wang XS, Bi XW, Leng CB, Tang YY, Lan JB, Qi YQ and Shen NP.
2011. LA-ICP-MS zircon U-Pb dating of granite porphyry in the
Hongshan Cu-polymetallic deposit, Zhongdian, Northwest Yunnan,
China and its geological implication. Acta Mineralogica Sinica, 31
(3): 315 -321 (in Chinese with English abstract)

Wang ZG, Yu XL and Zhao ZH. 1989. Rare Earth Elements
Geochemistry. Beijing: Science Press, 1 =535 (in Chinese)

White WM. 2009. Geochemistry. Maryland: John-Hopkins University
Press, 1 -701

Xu XW, Cai XP, Qu W], Song BC, Qin KC and Zhang BL. 2006. Later
cretaceous granitic porphyritic Cu-Mo mineralization system in the
Hongshan area, northwestern Yunnan and its significances for
tectonics. Acta Geologica Sinica, 80(9) : 1422 - 1433 (in Chinese
with English abstract)

Xue CJ, Qi SJ and Huai HM. 2006. Basic of Ore Deposits. Beijing:
Geological Publishing House, 89 —110 (in Chinese)

Yang YQ, Hou ZQ, Huang QH and Qu XM. 2002. Collision orogenic
process and magmatic metallogenic system in Zhongdian arc. Acta
Geoscientia Sinica, 23 (1): 17 — 24 (in Chinese with English
abstract)

Zeng PS, Wang HP, Mo XX, Yu XH, Li WC, Li TG, Li H and Yang
CZ. 2004. Tectonic setting and prospects of porphyry copper
deposits in Zhongdian island arc belt. Acta Geoscientica Sinica, 25
(5): 535 -540 (in Chinese with English abstract)

Zhao Z. 1995. The metallogenic model of indosinian porphyry-related
copper-molybdenum deposit in Zhongdian Area. Yunnan Geology,
14(4) ; 342 =349 (in Chinese)

Zheng YF. 1982. Trace elements geological thermometer. Northwestern
Geology, (3): 47 —=55 (in Chinese)

Zhou WQ, Zhou QQ and Li YF. 1976. Metallogeny Charcteristics of
Yunnan Gezan Skarn Copper Deposits.

Beijing:  Geological



Mk % . =d AR LB LA G HRALY IR G BT E S

Publishing House, 104 — 109 (in Chinese)

Bt 1 325 SOk

MR, #i805, B 2005, [ ZHRAECAE SHEkfe . b
Al MBS AL, 1 - 441

JHREE, B, SO0, WIE, MECHE. 2000. 1L PUIE G E T
PR A ABERI TR TR E BOE X AR, 16(4) : 587 -590

S, DRA, dkE K, SRAT, 2K, Bl BIAESE. 2003, b
BRfb2t. dbat: HUR R, 54 -92

v, s, T, dipeil, BigE. 2003, =Y S IR
T L RS AT RS dbRT: MU kL, 174 - 183

vk, s, MBI, #MZE, BKE, BT, F, REA, B
Z4e. 2004, = VTHNIX XS IR LA AL ST R 5. LR
24, 78(1) : 110 - 129

T, R, R, THEE, WEIE. 2001, =EE P L0 AT
PR M. wESEgn. PEME IR, Jbat: MU AREL, 324 -329

WA, KT, 2005, Hfa) i = P A1 A I S R R
B ZHEIHUR, 24(2) . 186 — 192

W, VPRI, BREM, (EYLBE. 2012, ) S AL b X B A v
FRVER A AR BRI E R AR S L. A 254, 28
(5): 1493 - 1506

FERER. 1991, ff R oC 2 Bk 2% N P 25 o) . 5 5 B4
(3):48-52

R, i, BROC, XK, RAPE. 2003, 9% BB K
BBRIHF LT B IE—DIE R ER R ST 0. H A%
#, 19(2) . 267 -274

ZREERR, ZESCE, TRLL, SR, FOREE, BENSE. 2007, Hif) ik
ML IO B 2 ) Re-Os 2 4F SR MUAL B 9T, 5 4 23,
23(10) : 2415 - 2422

ZEESE. 2008. Z5hF ST Y. LT HUTH AEL, 346

ZECH, PR, SR, TR, RIEE, WEER, kit 2010
PRE = V07 MU L -2 S IO 4T -8 0 e TR 2 2 1) o
RIS AR, 26(6) : 1661 — 1671

ZECE, PR, RIBE, SR, XIS 2011, EFEILAKIE KL-
EHNBEE R EH. A2, 27(9) : 2541 -2552

ZFEE, RIBE, FORG, BRR, B, #EiE. 2012 EEILHA
T V5% 4 R R MEAAT Re-O0s [Al i Z AR IS S Lo 37 5. 7
FRHbT, 31(2): 282 -292

26T, WSSk, PESCHE. 1989, BEZRHLIX & AL Wi o
SR IR, 4(4) : 35 -46

XUt R, ZEJRmE, TSGR, AR, TkEaE. 1984, JUE
BRfbp. dbat: Bl pat, 1-548

T, BRI, B, WA, 5, H&ERE. 2011 ZFiHE

B

v

1213

BT RKBARZ &R RS L RROR T E BRI, 7Y
24, 31(3) : 462 473

T, R, B, Jeob, BiEE, 224, B3EA. 2006.
YLV 41L& & B0 IR L0 RRAPIRSTIIE. 723, 26
(4): 409 -418

B, R, R, RENSC, B, BOTHE, XSEARE, RIAE
ML, ATERE, WIS, IRARE, ARINE, BRSEME, WIS, nh,
BEINE T, BUSSE, JEBI. 1993, SYTHEHERT ORISR
. dbmt: MR A, 1 -267

Bess, M, FoRRl, B, kM, EEkAE, ZEIE4E. 2009. filE
P B B S RS R I T . MU S %R, 18(3) : 197 -203

REEE, SHF, HMIE, FA, B, KEMK 2006, =wm
£LINAR-Z 4 T RO A PR SR VTR IR, TRl 41
(4): 700 =710

TAkR, TR, A, SPIEM, PUERTT. 2004, e nl o] 35 #i
BT ARG e E b ER A RRAE. PR, 31(3) : 308
-314

ESFHR, Tk, B, B, T, KR, 2008, L
I A R R AR AR B xR 1 R i 7R, A o
2, 24(3) : 480 - 488

Tk, Bemkal, BRU, Bk, 2200, FFA TR, JLREE. 2011
P 201 Cu 2485 IKAE K BT 555 A1 LA-ICP-MS U-Pb
FEAE RO TR L. 5 AR, 31(3) ¢ 315 -321

TR, FEoT, BARE. 1989, Fi oo R MIERILF. JLoT: Bl
MAt, 1-535

TR, S50, JECR, RIEE, ZiesE, tkaEMk. 2006, PG
ST LB [ 26 ) BE 278 Cu-Mo T 2R 85 % LK A 3 2 75
S MR, 80(9) : 1422 — 1433

BERLL, ARDAL, BRA . 2006. JLAE R, dbat: MR B AREL,
89 —110

Wi, BT, B, (MR, 2002. v fa) SR TR R 1L 7R L RLE
WA Z5e. ki, 23(1): 17 -24

R A, 1990, ZEA KIS B, bt OB AL,
1-728

B, BT, SES, M, S, RN, 2R, k.
2004, F ) I CHE H 7 AR SR R BT E AT AT . HERAE IR, 25
(5): 535 -540

AUE. 1995, Fpfi X 5 BN SE W BE A R M AR R IR . =
FIHbT, 14(4): 342 -349

Rk K. 1982, P EICE MR T AL, (3): 47 =55

JALE4:, JHE, 225K 1976, S A R H BRI 1R
fiE. D . o SRR B R P S T . R A L
0 M AL, 104 - 109



