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Fig. 1. Simplified geological map showing the Cenozoic tectonic framework and the distribution
of porphyry Cu-Mo deposits in the Jinshajiang-Red River metallogenic belt.
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Fig. 3. Zircon (a) and whole-rock (b) chondrite-normalized REE

distribution patterns of the Tongchang intrusions.
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Table 1. Zircon and whole-rock trace-element analytical results (w,/10°) and parameters of the Tongchang intrusions

HRE A2 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm
®a '
" 0.220 46. 4 0. 160 2.15 4.02 1.74 18.2 6.17 67.7 25.1 113 26.4
TC806-1 (n=24)
&5 67.0 102 12.0 39.7 6.13 1.61 4.41 0. 496 2.17 0.399 1.02 0.133
a4 T gn
0.970 63.8 0. 440 4.20 5.85 2.32 24.6 7.99 85.2 31.0 136 30.3
TC814 ! (n=30)
iE =1 70.0 120 13.7 45.5 6.72 1.71 5.07 0.585 2.37 0. 440 1.18 0. 145
%A
K " 0.570 53.7 0. 280 3.04 5.03 2.07 21.8 7.35 79.9 29.6 133 30.3
TC81S g (n=30)
2 L8 74.6 125 14.1 45.6 6.54 1. 65 4.98 0. 561 2.32 0. 432 1.12 0. 145
®a
" 1.12 51.4 0. 460 3.74 4. 60 1.93 19.2 6. 44 69.7 25.8 116 26.7
TC818 (n=32)
= 71.6 103 11.9 39.3 5.99 1. 50 4.39 0.525 2.25 0.411 1.11 0. 145
& omE
A 0. 920 27.2 0. 670 5.90 7.71 2.22 33.2 11.3 123 44.0 186 38.3
TC806-2 1&5 (n=27)
= = 7.36 14. 4 1.58 5. 56 1.04 0.258 0.829 0.112 0.476 0.090 0.220 0.031
LREE/ Lay/
®=55 Yb Lu U Th Th/U SREE LREE HREE S5Eu 5Ce
HREE  Yby
)
: 273 52.9 646 419 0.65 638 54.7 583 0.0938 0.00058 0.622 60.6
TC806-1 (n=24)
£ 0.855 0.120 6.18 19.0 238 228 9. 60 23.8 56.2 0.944 0.882
CEE
302 59.4 667 491 0.74 755 77.6 677 0.115 0.00230 0.592 23.9
TC814 ®  (n=30) ;
IE 2%  0.905 0.129 4.47 17.2 268 258 10. 82 23.8 55.5 0.897 0.950
K e 309 61.3 761 549 0.72 736 64.7 672 0.0963 0.00132 0.604 32.9
TC81S g (n=30)
= 4% 0.900 0.126 4.30 16.8 278 267 10.59 25.3 59.5 0.886 0.945
wE 274 53.8 637 460 0.72 655 63.3 591 0.107 0.00293 0.628 17.6
TC818 (n=32)
4% 0.878 0.126 5.28 18.0 243 233 9. 84 23.7 58.5 0.892 0.865
% ] 360 68.0 764 326 0.43 908 44. 6 863 0.0517 0.00183 0.424 8.50
TC806-2 E (n=27)
% 4% 0.201  0.027 2.83 4.30 32.2 30.2 1.99 15.2 26.3 0. 851 1. 04
¥ BESR TC806-1 ., TC814, TC815 #l TC818 KX &H MG HIEK RIS, TC806-2 N TLH WAL EK 5% # A B & S HEREN
=t @

O A HE TEME B, RERHOE, E1TE
Ce** TEB A/ 1R By BE R Bt , e R RE
FIF Th U F1 Hf =R AESE A/ AR 843 BE
A EERA B TESENBOAT, R REEW

3.2 7\ Ce*/Ce hEWERAREHHY

ERREPRYEE AT —ME LNET Y,
EXNMEITTE RA IR &K R, E R

AERPLRALEE FRIR, RA S S E HER Y
W R Ce' T Ce’ T Ar SRR AR IR, Xt
BT R B B AR S B R U, B T A 45 &
BARAESZAEHIERNEH, EGF0
Ce* /Ce®* HLME ¥ FIRHIE 25 AR EALIRAS

B Ce*t/Ce’ AT E 7% W, Ballard
s gt S0 X BORE TR, BT
SRR TESREY S (TEREEST
&) FEA N B nd T S 4 K5 e,
BT TCE AT B, BT LA KBTS PR A

EEAER— A EAWEN, RE Th.U WAERER
B, FIRERT LI H Ce'™ 7R 4% A/ 4 18] B 43 BT
ZHARBLITE R MET Ce''/Ce’ T
R <BIWE(ZAFA Th.U f1 Hf =T ERE
SR/ KT RBIERT) , %45 R B
BAE ¥ /N, 3 7E Ballard 4577 3 St e 1
B Cett/Cet M B R R, R
Ballard %170 37 {45 A Ce'/Ce’" HLAE TR
Jrik, SRR A EIE KR DRI KA
PEATT4A Ce** /C* Il E, HB %R L



E1 BEAS . ZHETH EEHET REHER C' /0 MERAMRT WA EX 79
T2 W EBERC/CE HE
Table 2. Ce**/Ce*" ratios of Zircon from the Tongchang intrusions
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Fig 4. Ce**/Ce’*-8Ce (a) and Ce**/Ce’* -3Eu (b) diagrams for zircon from the Tongchang intrusions.
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Table 3. Ce**/Ce’" ratios of zircon from ore-bearing and barran intrusions from several typical porphyry

Cu-Mo deposits in the Jinshajiang-Red River metallogenic belt

g LS HiE (Ce**/Ce" ) urs FHIME BEbLER
ERHEET 204
IR 4D 334
FRAET TV EE 201
§ ZEBEMEHET 250
x
R DRI EEET 258 (2]
83810 112
81862 - EiE 93
83634 93
TR AR 264
&y X O 5
X O ERET Py 102 [30]
CLES 265
HIT K 4
ey sy 61 3L
PR IRENER Cett/Ce (WERFE—EHM REREEMNTHRT
24, BRFRL T REAIMEVI—IR
g Te

T L R ET RS W, R A T IR F
HBEE T W, SRAPRT WY A RN EERL
BOYBRTHRER Ce*t/Ce® i, RBT &
BNERERE, EFREERT W—18EH
HIHLER 25 FE AR o

Ballard %57V #1 Liang %10 43 B %7 %8 £ JL.38
HAET HRS TR EERSES Ce' /Ce 1L
H54A U-Pb FERHHT T RS, 9 R B8
i U-Pb S 5457 Ce*' /Ce WIHFLE ML
XA IS A UPh FRBHEER, 84
Ce**/Ce’" WHBREE N, BRAER KR
BEA 4PRLIE K5 YIS A U-Pb 4R (HiR
ARG AEMER, NEY BB A 4R
EKAFFHERBMNMWABREKRK S, &4
Ce**/Ce’ " L IR E B B N B e o X Fh
FHE—ERE LK T EXERPFBMEBEFE N

s % X #&:

(1) §J 48 X ey A REKBAESEA
Ce'*/Ce** i (F 34 265),8Ce (F333.8) &
SEu (H(F30.611) AR E FAET HAIRIE
(et Ce*t /Ce HfE (61) ,8Ce(8. 50) &% 8Eu
{H(0.424) , A S EH A RXWE X BAFHITE
FEARES,

(2) S HR—g# b AALE B £ R BEE 4
ER AP ERAE ERE AT AT ET
HER, T HEKNEER Ce'/Ce WEBAE KT
200, Ti A& A RHEG Ce'' /Ce® A
#/ANF 120, XF 2RI E—-FNREVIT—A
R WA RET MEaRERAERFTARFESR
FELSE S, MNP A RET IRy THERE —%

[1] Carroll M, Rutherford ] M. The stability of igneous anhydrite: Experimental results and implications for sulfur behavior in the 1982 El Chi-
chon trachyandesite and other evolved magmas [J1. Journal of Petrology, 1987, 28 781-801.

[2] Spooner ET G, Magmatic sulphide/volatile interaction as a mechanism for producing chalcophile element enriched, Archean Au-quartz, epi-
thermal Au-Ag and Au skam hydrothermal ore fluids {J1. Ore Geology Reviews, 1993, 7: 359-379.
[3] Wybom D, Sun $S. Sulfur-undersaturated magmatism: A key factor for generating magma-related copper-gold deposits [ J]. AGSO Research

Newsletter, 1994, 21: 7-8.

[4] Streck J M, Dilles ] H. Sulfur evolution of oxidized arc magmas as recorded in apatite from a porphyry copper batholith {J]. Geology, 1998,

26: 523-526.

[5] Mungall ] E. Roasting the mantle: Slab melting and the genesis of major Au and Au-rich Cu deposit {]]. Geology, 2002, 30: 915-918.
[6] Richards J P. Alkalic-type epithermal gold deposits: A reviews, Mineralogical Association of Canada Short Course Series [Z]. Mineralogical



B1H BREES SHESTH EEREY KEREE Ce* /Ce’ AR AN BT WHEREX 81

(7]
(8]

(9]
{10]

f1]

{12]
[13]

{14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Society of Canada, 1995, 376-406.
Richards J P. Tectono-magmatic precursors for porphyry Cu-( Mo-Au) deposit formation [ J]. Economic Geology, 2003, 98. 1515-1533.
Richards J P. Petrology and geochemistry of alkaline intrusives at the Porgera gold deposit, Papua New Guinea [J]. Journal of Geochemical
Exploration, 1990, 35: 141-199.
Sillitoe R H. A plate tectonic model for the origin of porphyry copper deposits [ 1]. Economic Geology, 1972, 67 ; 184-197. »
Sillitee R H. Characteristics and controls of the largest porphyry Cu-Au and epithermal Au deposits in the circum-Pacific region [J]. Aus-
tralian Journal of Earth Sciences, 1997, 44 . 373-388.
Sillitoe R H. Some metallogenic features of gold and copper deposits related to alkaline rocks and consequences for exploration [J]. Miner-
alium Deposita, 2002, 37 4-13.
Mitchell A H G. Metallogenic belts and angle of dip of Benioff zones [J]. Nature, 1973, 245, 49-52.
Muller D, Groves D I. Direct and indirect association between potassic igneous rocks, shoshonites and gold-copper deposits [ J]. Ore Geol-
ogy Reviews, 1993, 8. 383-406.
Muller D, Franz L, Herzig PM, Hunt S. Potassic igneous rocks from the vicinity of epithermal gold mineralization, Lihir Island, Papua
New Guinea [J]. Lithos, 2001, 57 163-186.
Ulrich T, Guether D, Heinrich C A. Gold concentrations of magmatic brines and the metalbudget of porphyry copper deposit [ J]. Nature,
1999, 399 676-679.
Ulrich T, Heinrich CA. Geology and alteration geochemistry of the porphyry Cu-Au deposit at Bajo de la Alumbrera, Argentina [J]. Eco-
nomic Geology, 2001, 96: 1719-1742,
Ballard J R, Palin J] M, Campbell I H, Relative oxidation states of magmas inferred from Ce(IV)/ Ce(III} in zircon: Application to por-
phyry copper deposits of northern Chile [ J]. Contributions to Mineralogy and Petrology, 2002, 144 347-364.
HEHER, #iFE, Mungall J E, Hanley J J, BEEE, BRI, FMEF, % . 58 .7 LAXNEUBAZT WLEHE [1]. 5
¥z, 2006, 26(4) . 377-386.
Liang H Y, Campbell I H, Allen C, Sun W D, Liu C Q, Yu H X, Xie Y W, Zhang Y Q. Zircon Ce**/Ce’®* ratios and ages for Yulong
ore-bearing porphyries in eastern Tibet [ J). Mineralium Deposita, 2006, 41(2) ; 152-159. ‘
Liang HY, Yu HX, Mo C H, Zhang Y Q, Xie Y W. Zircon LA-ICP-MS U-Pb age, Ce**/Ce®* ratios and the geachemical features of the
Machangging complex associated with copper deposit [ J]. Chinese Journal of Geochemistry, 2006, 25(3) ; 223229,
Liang HY, Sun W D, Su W C, Zartman R E. Porphyry copper-gold mineralization at Yulong, China,- promoted by decreasing redox poten-
tial during magnetite alteration [J]. Economic Geology, 2009, 104(4) : 587-596.
Bi X W, Hu R Z, Hanley J J, Mugall ] E, Peng ] T, Shang L B, et al. Crystallisation conditions (T, P, fo,) from mineral chemistry of
Cu- and Au-mineralised alkaline intrusions in the Red River-Jinshajiang alkaline igneous belt, westemn Yunnan Province, China {J]. Min-
eralogy and Petrology, 2009, 96(1-2) ; 43-58.
R, B, HIK, MFH, KER, Allen CM, % . BAIEERAMBCAFAY KRARS REMEBEMF (1. &8
23], 2008, 24(10) ; 2352-2358.
BSR. AHST WS RRY A (1) TR, 2008, 27(3) : 261277,
Wang J H, Yin A, Harrison T M. A tectonic model for Cenozoic igneous activities in the eastern Indo-Asian collision zone [J]. Earth and
Planetary Science Letters, 2001, 88 . 123-133.
HouZ Q, Ma H W, Zaw K, Zhang Y Q, Wang M J, Wang Z, Pan G T, Tang R L. The Himalayan Yulong porphyry copper belt: Product
of large-scale strike-slip faulting in eastem Tibet [ J]. Economic Geology, 2003, 98(1): 125-145.
W, REKE, 30908, BINE. 5. SVHETEEDRED A% T LAICP-MS U-Pb FR R BN [J]. kiE5Re %,
2009, 34(4) : 598-602.
EBL, B3R, TEME, WL, B801,%. 2UT—UCHET#IEERET R ETY: Re-0s AU R EE [J). PEA
#(D4), 2004, 34(4); 345-349.
Qi L, Hu J, Gregoire D C. Determination of trace elements in granites by inductively coupled plasma mass spectrometry []]. Talanta,
2000, 51; 507-513.
Yuan H L, Gao S, Liu X M, et al. Accurate U-Pb age and trace elements determinations of zircon by laser ablation-inductively coupled
plasma Mass spectrometry [J]. Geostandards Newsletter, 2004, 28 . 353-370.
Williams I S, Claesson S. Isotopic evidence for the Precambrian provenance and Caledonian metamorphism of high grade paragneisses from
the Seve Nappes, Scandinavian Caledonides: II. Ion microprobe zircon U-Th- Pb [J]. Contributions to Mineralogy and Petrology, 1987,
97. 205-217.
Schidtte L., Compston W, Bridgwater D. U-Th-Pb ages of single zircons in Archean supracrustals from Nain Province, Labrador, Canada
[J]. Canadian Journal of Earth Sciences, 1988, 26 : 2636-2644.
Kinny P D, Wijbrans J R, Froude D O, Williams IS, Compston W. Age constraints on the geological evolution of the Narryer Gneiss Com-



82 I = 1 2012 4

plex, Westemn Australia [ J]. Australian Journal of Earth Sciences, 1990, 37; 51-69.
[34] Chemiak D J, Hanchar J M, Watson E B. Rare-earth diffusion in zircon [J]. Chemical Geology, 1997, 134(4) ; 289-301.
[35] Chemiak D J, Watson E B. Pb diffusion in zircon [J]. Chemical Geology, 2000, 172(1-2) ; 5-24.
[36] Lee] K W, Williams I S, Ellis D J. Pb, U and Th diffusion in natural zircon [J]. Nature, 1997, 390(13) : 159-162.

[37] iy, dheehd. AENEFREERT S A ANEM ELRE REET Ce(V)/Ce( ) tLERNARK[I]. T HER,
2008, 28(2) ; 152-160.

Zircon Ce'*/Ce’" Ratios of the Tongchang Intrusions in Jinping
County, Yunnan Province: Implications for Mineralization

XU Lei-luo" %, BI Xian-wu', CHEN You-wei"?, QI You-qiang'

(1. The State Key Laboratory of Ore Deposit Geochemistry, Institute of geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
2. Graduate University of Chinese Academy of Sciences, Beyjing 100049, China)

Abstract ; The Tongchang porphyry Cu-Mo deposit is situated in southern segment of the Jinshajiang-Red River metal-
logenic belt. Ce**/Ce’* ratios, 8Ce and 8Eu of zircon from the Tongchang intrusions were investigated. Ce**/Ce’*
ratios, 8Ce and 3Eu of zircon from four ore-bearing quartz syenite porphyry samples range from 208 to 336, 17. 6 to
60.6, 0.592 to 0. 628, and with the averages of 265, 33.8 and 0. 611, respectively. However, Ce**/Ce’" ratio,
3Ce and 3Eu of zircon from one barren fine-grained syenite sample are 61, 8.50 and 0. 424, respectively. Ce**/
Ce’" ratios, 8Ce and 3Eu of zircon from ore-bearing quartz syenite porphyry samples are all higher than those from
barren fine-grained syenite sample, reflecting ore-bearing quartz syénite porphyry intrusions with higher oxidation
state than barren fine-grained syenite intrusions. In contrast to Yulong porphyry Cu-Mo ore belt in northemn segment
and Machangqing porphyry Cu-Mo deposit in the central area of the Jinshajiang-Red River metallogenic belt, Ce**/
Ce’* ratios of zircon from these deposits are basiclly similar, Ce**/Ce’" ratios of zircon from ore-bearing intrusions
are generally >200, whereas those from barren intrusions are < 120 on the whole. This is extremely helpful for un-
derstanding magmatic oxygen fugacity features of porphyry Cu-Mo deposits and exploration of porphyry Cu-Mo deposits
in the Jinshajiang-Red River metallogenic belt to some extent.

Key words: Jinshajiang-Red River; rﬁetallogenic belt; Tongchang; porphyry; Cu-Mo deposit; zircon; Ce**/Ce’*



