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Abstract: The formation of giant deposits in the collisional environment usually undergoes multiple stages of magmatism,
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but the genetic relationship between different stages of magmas and the formation mechanism of ore-forming porphy-
ry magma has not been effectively restricted. The giant Qulong porphyry copper deposit, located in the hinterland of
Qinghai-Tibet Plateau, has several stages of Miocene magmas, including pre-ore granodiorite (also known as RMCL
pluton), ore-forming granite porphyry (P and X porphyry), and post-ore high-Mg diorite porphyry (HMD), and
diorite enclaves are found in the granodiorite. Such abundant magmatic sequence provides a good opportunity for
the systematic study of the formation mechanism of ore-forming magma of porphyry deposits in collisional environ-
ment. This paper systematically analyzed the zircon trace elemental and Hf-O isotopic compositions of various types
of magmatic rocks in Qulong and estimates the redox state of Miocene magmas in the Qulong mining area, which
constrain the origin and evolution of the magma, especially the formation process of ore-forming porphyry.

The results show that the zircons in the RMCL pluton and the diorite enclaves before mineralization have high
Ce/Ce " ratios (average values of 111 and 117, respectively) and similar Hf-O isotopic compositions, with the val-
ue of eHf(z) of +7~+10 and +7 ~ +9 respectively, and the value of 80 of +5. 6%0~ +7. 1%0c and +4. 7%0~
+7. 0%o respectively. Whereas zircons from the ore-forming P porphyry have similar "0 values (+4. 6%o ~
+6.4%0), but the Ce/Ce” ratios (29~405, with an average of 149) and the values of eHf(t) (+5~+10) change
variably. Zircons from the post-ore high-Mg diorite porphyry (HMD) have similar "0 values (+5.2%0~ +6. 3%o0)
with the P porphyry, but lower ¢Hf(¢) values (+3~+7) and changeable Ce/Ce " ratios (34~252, with an average
of 159).

The positive eHf(¢) value and moderate-high §'*0 value of the RMCL pluton and diorite enclaves indicate that
they were originated from the juvenile lower crust. The low gHf(¢) and 80 values of the HMD show that it was
formed from the evolved mantle with a strongly altered Hf isotopic composition. The zircon Hf isotopic composition
of the P porphyry, varies between the RMCL pluton and the HMD, showing that it was originated from magma mix-
ing between the crust-derived magma (represented by RMCL pluton) and the mantle-derived magma (represented
by HMD). Among the Qulong Miocene magmatic rocks, the zircon Ce/Ce” ratio from the HMD is the highest,
indicating that the magma represented by the diorite porphyry also has the highest oxygen fugacity. Therefore, the
addition of mantle-derived material during the formation of the P porphyry can provide water and raise the oxygen
fugacity of the magma, which promotes the decomposition of saturated sulfides. The whole process is one of the
keys to the mineralization of the P porphyry.

Key words: porphyry copper deposit; oxygen fugacity; mantle melt; zircon trace elements; Hf-O isotopes
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Geological map of magmatism and ore deposits in the middle east segment of the Gangdise belt (after Yang et al. , 2015)
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Fig. 2 Geological map of the Qulong porphyry Cu deposit (a), section A-A’ (b) and B-B’ (¢) with sampling location
(after Yang et al. , 2009, 2015)
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Fig. 3 Hand-specimen photographs and photomicrographs of pluton and enclaves in the Qulong Miocene magmatic sequences
a— AR, AT R B R AL A (FERL ZK301-64, 301 B4l 64 m) , A4 BA R BEAL REALIMAS , AT IR kA, Hop e+
PFIARKC~1 om) VI RIS+ B0 K (3 mm) 5 b—2RAHERL A P i LA DR B (e QL14-10) , K/MZI 12 em x 15 em I
BIAR; o—P BEH (HEHH ZK001-518, 001 B57L 518 m) , BEAh EZNRHCAT A19E, 2915 60% ; d—mBEIN KB4 (FERL ZK1602-514, 1602 L
514 m), BRBE, BEREH, BERUAHA R E; e, I—ARBUAE R (BRE) ; Am—FMAINA; P—RHA

a—the Rongmucuola pluton is biotite monzogranite ( sample ZK301-64, drill 301 in 64m). The sample shows biotite and silicified alteration, and two

sets of veins can be seen, in which the quartz + illite vein ( ~1 c¢m) cuts through the early quartz + chalcopyrite vein (3 mm) ; b—the diorite inclu-

sions (sample QL14-10) are common in the Rongmucuola pluton, and the size is about 12 ¢m X 15 ¢m; ¢—P porphyry ( sample ZK001-518, drill

001 in 518 m) is composed of feldspar and quartz phenocryst (accounting for about 60% ) ; d—the high-Mg diorite porphyry (sample ZK1602-514,

drill 1602 in 514 m) with grayish black and with porphyritic structure, and the phenocryst is dominated by plagioclase ; e, f—photomicrographs of the

diorite enclave (single polarized light) ; Am—amphibole; Pl—plagioclase
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2010; ZElRAESE, 2013) , TEAISM MRS SOk
BRHE4E(2009) .
2.3 LA-MC-ICP-MS $AEAL Lu-Hf F{LE K

BiA HE [FAL R T2 7ERTRES A U-Pb Rl
FALAN SR A, MRTE T M SR 27 B b ST R Y
It K Bili k43 5 2 71 2% 8 A L 39 % Neptune Plus 2
P2 B T TSR GeoLasPro 193 nm BEOGRFIM R 48
(LA-MC-ICP-MS) 47, Segm il # -k ] He 4F0
FIp A, R E AR 44 wm, 05 B
A EPRRAE G- E RS Z Y, MR BT
SN B A B R DL SR (6 PT 2245 2007) 41
Mt R s G bR GI-1 /97 HE/7 HE U IACF 14
B} 0.282 007+0. 000 025(20) ., HEWI U ™H " HE
Bf, Lu A9 378 % 80K 1. 865%x 107" /a ( Scherer,
2001), eHf(¢) fH M5 R OB B A HE W67 %R
A" Lu/""Hf = 0. 033 6, "°Hf/"Hf = 0.282 785
(Bouvier et al. , 2008) TE HE 32 AR AR 8 -
W, T i e TOHE/THE BEFE R A 0.283 25,
"Lu/""Hf SR 0. 038 4( Griffin et al. , 2000) , 15
RT3 B R A 2 M52 19 Lu/ T HE = 0. 015
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( Griffin et al. , 2002) . AT ST T K TER I (R RS,
2003; FTHEA S, 2003; TR %, 20065 1k,
3 ﬁ*ﬁéﬁf% 2008 ; Zhao et al. , 2015; Hu et al. , 2015; Li et al. ,
2016) , JEWE T ARAZOLTFH) TRy 1E AL, 54
3.1 #A U-Pb i SRS A HE-0 RS R PAFME BB AR (R 1),

XETUKIEET PR 8 12 A A A 8 B s R IR, B TR RS 280 (3R 2) — IR B T3k 4,

x1 BETAEBANERHEGEER U-Ph AR
Table 1 LA-ICP MS zircon U-Pb isotopic data of each intrusive rocks and the diorite enclave in Qulong deposit

wy /107 [z 2 i K/ Ma
P AR s Th/U
§] Th 207 Pb/ZSSU :ZSL 206 Pb/23xU :ZSL 206Pb/238U tZSL

TRAHE LA
ZK301-64-1 191 97 0.5 0.026 1 0.007 8 0.003 1 0. 000 3 19.9 1.8
ZK301-64-2 159 59 0.4 0.016 1 0.007 4 0.002 9 0. 000 3 18.4 1.8
ZK301-64-3 178 90 0.5 0.0225 0.008 7 0.002 5 0. 000 3 16.3 1.6
ZK301-64-4 198 147 0.7 0.024 5 0.009 2 0.002 8 0. 000 3 18.0 1.8
7K301-64-5 224 137 0.6 0.018 6 0.007 1 0.002 8 0.000 3 18.3 1.7
ZK301-64-6 199 100 0.5 0.030 2 0.009 7 0.002 8 0. 000 2 18.2 1.6
ZK301-64-7 290 148 0.5 0.025 3 0. 006 7 0.002 8 0. 000 2 17.7 1.3
ZK301-64-8 271 90 0.3 0.013 6 0.006 1 0.002 9 0.000 3 18.7 1.7
ZK301-64-9 256 136 0.5 0.012 8 0. 006 4 0.002 5 0. 000 2 16.0 1.6
ZK301-64-10 257 125 0.5 0.015 7 0. 006 7 0.002 7 0. 000 2 17.6 1.4
ZK301-64-11 183 65 0.4 0.014 2 0. 006 7 0.002 5 0.000 3 16.2 1.6
ZK301-64-12 302 171 0.6 0.018 9 0. 006 1 0.002 7 0. 000 2 17.1 1.3
ZK301-64-13 217 90 0.4 0.018 6 0.006 9 0.002 4 0.000 2 15.2 1.3
ZK301-64-14 197 98 0.5 0.019 9 0. 008 0 0.002 6 0.000 3 16.9 1.6
ZK301-64-15 206 95 0.5 0.012 4 0.006 1 0.002 8 0.000 3 17.8 1.7
ZK301-64-16 206 109 0.5 0.022 7 0.007 0 0.002 7 0. 000 2 17.4 1.2
ZK301-64-17 160 70 0.4 0.009 8 0.004 9 0.002 6 0. 000 2 16.5 1.5
ZK301-64-18 172 86 0.5 0.014 1 0.005 6 0.002 7 0. 000 2 17.4 1.3
ZK301-64-19 263 128 0.5 0.019 3 0.009 2 0.002 7 0.000 3 17.2 2.2
ZK301-64-20 328 110 0.3 0.019 1 0.005 6 0.002 6 0.000 2 17.0 1.1
ZK301-64-21 193 102 0.5 0.018 6 0. 008 2 0.002 7 0.000 3 17.6 1.8
7K301-64-22 203 88 0.4 0.016 2 0. 006 6 0.002 8 0. 000 2 17.7 1.4
ZK301-64-23 585 369 0.6 0.011 8 0.003 1 0.002 3 0.000 1 14.8 0.8
ZK301-64-24 716 449 0.6 0.015 3 0.003 3 0.002 7 0.000 1 17.4 0.8
ZK301-64-25 505 263 0.5 0.016 9 0.004 2 0.002 9 0. 000 2 18.4 1.0
ZK301-64-26 400 181 0.5 0.0125 0.003 7 0.002 5 0. 000 2 16.3 1.1
ZK301-64-27 206 119 0.6 0.038 0 0.010 0 0.002 8 0. 000 2 18.0 1.6
ZK301-64-28 362 172 0.5 0.017 5 0.005 3 0.002 7 0. 000 2 17.6 1.1
ZK301-64-29 370 145 0.4 0.015 6 0.005 4 0.002 7 0. 000 2 17.1 1.4
ZK301-64-30 256 139 0.5 0.012 6 0. 005 7 0.002 7 0.000 2 17.2 1.4

PR RS 1%
QL14-10A-04 301 153 0.5 0.024 3 0.006 9 0.002 4 0. 000 2 15.6 1.5
QL14-10A-08 207 96 0.5 0.024 9 0. 008 2 0.002 5 0.000 3 16.0 1.8
QL14-10A-10 247 108 0.4 0.020 1 0.007 1 0.002 6 0.000 3 16.9 1.8
QL14-10A-11 320 185 0.6 0.017 3 0.005 3 0.003 1 0. 000 3 19.8 1.8
QL14-10A-13 337 166 0.5 0.023 5 0.005 8 0.002 4 0. 000 2 15.3 1.5
QL14-10A-17 186 85 0.5 0.017 2 0.008 1 0.002 5 0.000 3 16. 1 1.9
QL14-10A-22 216 124 0.6 0.028 0 0.009 1 0.002 8 0.000 3 18.3 1.8
QL14-10A-24 280 156 0.6 0.023 4 0. 006 8 0.002 6 0.000 3 16. 4 1.6
QL14-10A-28 562 376 0.7 0.016 4 0. 004 0 0.002 5 0. 000 2 16.2 1.2
QL14-10A-29 351 231 0.7 0.023 1 0.007 3 0.002 3 0.000 2 14.9 1.3
QL14-10A-31 349 181 0.5 0.016 7 0.005 1 0.002 5 0. 000 2 15.9 1.3
QL14-10A-35 268 124 0.5 0.007 1 0.004 1 0.002 5 0. 000 2 16.2 1.5
QL14-10A-36 295 175 0.6 0.019 4 0. 006 3 0.002 6 0. 000 2 16.5 1.5
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gxR1-1
Continued Table 1-1
wy/107° R % L AE AW/ Ma
FEG A PR B Th/U
U Th 207 Ph/235 U +2SE 206 Pb/238 U +2SE 206 Pb/238 U +2SE
P B
ZK001-518-1 3 690 1189 0.3 0.014 2 0.001 5 0.002 2 0.000 1 14.3 0.4
ZK001-518-2 363 273 0.8 0.028 7 0.006 9 0.002 6 0.000 2 16.5 1.1
ZK001-518-3 2 480 1285 0.5 0.039 9 0.004 5 0.002 5 0.000 1 16. 4 0.5
ZK001-518-4 3 430 1533 0.4 0.0152 0.001 5 0.002 3 0.000 1 14.6 0.3
ZK001-518-5 2210 676 0.3 0.030 9 0.004 1 0.002 7 0.000 1 17.4 0.5
ZK001-518-6 453 361 0.8 0.015 4 0.004 2 0.002 6 0.000 2 16.5 1.1
ZK001-518-7 325 273 0.8 0.013 6 0.005 3 0.002 6 0.000 2 16.5 1.4
ZK001-518-8 5170 1458 0.3 0.017 3 0.002 3 0.002 2 0.000 0 14. 4 0.3
ZK001-518-9 2 940 741 0.3 0.014 7 0.001 8 0.002 3 0.000 1 14. 8 0.4
7K001-518-10 1 450 691 0.5 0.014 3 0.002 4 0.002 3 0.000 1 15. 1 0.6
7ZK001-518-11 554 841 1.5 0.017 7 0.004 4 0.002 5 0.000 1 16.0 0.9
ZK001-518-12 454 399 0.9 0.016 7 0.004 0 0.002 3 0.000 2 16.0 1.0
7K001-518-13 4300 1 499 0.3 0.015 3 0.001 5 0.002 3 0.000 0 14.8 0.3
7K001-518-14 2170 562 0.3 0.018 0 0.003 3 0.002 3 0.000 1 15.1 0.5
7K001-518-15 574 351 0.6 0.015 4 0.003 3 0.002 6 0.000 1 16.5 0.8
ZK001-518-16 519 529 1.0 0.032 1 0.006 7 0.002 9 0.000 2 18.8 1.1
ZK001-518-17 585 614 1.0 0.018 6 0.003 8 0.002 5 0.000 1 16.2 0.8
7K001-518-18 1209 1294 1.1 0.016 5 0.002 7 0.002 4 0.000 1 15.2 0.6
7K001-518-19 3326 1 609 0.5 0.0212 0.002 3 0.002 3 0.000 1 14.7 0.4
7K001-518-20 641 1 481 2.3 0.036 6 0. 006 2 0.002 6 0.000 1 16.5 0.8
ZK001-518-21 974 645 0.7 0.027 1 0.004 2 0.002 2 0.000 1 14. 4 0.6
ZK001-518-22 1780 749 0.4 0.014 9 0.003 7 0.002 4 0.000 1 15.3 0.4
ZK001-518-23 330 554 1.7 0.020 0 0.004 9 0.002 5 0.000 2 15.9 1.0
7K001-518-24 902 958 1.1 0.029 2 0.004 1 0.002 6 0.000 1 16. 8 0.8
7ZK001-518-25 1020 2010 2.0 0.236 0 0.014 0 0.004 2 0.000 1 27.2 0.9
P KA
ZK001-502-1 621 563 0.9 0.020 0 0.007 3 0.002 5 0.000 2 16.4 1.8
ZK001-502-2 580 860 1.5 0.0156 0.007 1 0.002 6 0. 000 3 16.7 1.9
ZK001-502-3 3 050 1 020 0.3 0.014 7 0.003 2 0.002 4 0.000 1 15.6 0.8
ZK001-502-4 3 000 2 980 1.0 0.010 6 0.002 5 0.002 5 0.000 1 16.3 0.9
ZK001-502-5 372 230 0.6 0.027 0 0.011 0 0.002 6 0.000 4 17.0 2.6
ZK001-502-6 396 246 0.6 0.020 2 0.008 8 0.002 6 0.000 4 16.5 2.4
ZK001-502-7 327 608 1.9 0.026 0 0.012 0 0.002 4 0.000 4 15.3 2.5
ZK001-502-8 1 070 376 0.4 0.019 1 0.006 5 0.002 5 0.000 2 16. 1 1.5
ZK001-502-9 760 834 1.1 0.0245 0.007 3 0.002 6 0.000 3 16.7 1.6
7K001-502-10 257 107 0.4 0.090 0 0.025 0 0.008 7 0.001 4 55.8 8.8
ZK001-502-11 1 430 1310 0.9 0.017 9 0.004 7 0.002 4 0.000 2 15.2 1.2
ZK001-502-12 283 231 0.8 0.029 0 0.014 0 0.002 5 0.000 4 16. 1 2.8
ZK001-502-13 3 200 977 0.3 0.016 4 0.003 3 0.002 5 0.000 1 15.8 0.7
7K001-502-14 311 179 0.6 0.1750 0.055 0 0.003 7 0.000 7 23.9 4.5
7K001-502-15 1 920 701 0.4 0.019 2 0.004 9 0.002 4 0.000 2 15.7 1.2
7K001-502-16 376 321 0.9 0.0210 0.010 0 0.002 2 0.000 3 14. 1 2.2
7K001-502-17 195 118 0.6 0.0150 0.0110 0.002 6 0.000 5 16.8 3.2
ZK001-502-18 1910 304 0.2 0.018 1 0.003 9 0.002 3 0.000 2 15.0 1.0
ZK001-502-19 1700 1 840 1.1 0.150 0 0.017 0 0.021 3 0.000 7 135.5 4.4
ZK001-502-20 561 530 0.9 0.014 5 0.006 1 0.002 5 0. 000 3 16.0 1.8
ZK001-502-21 65 58 0.9 0.009 0 0.014 0 0.001 4 0.000 5 9.2 3.5
ZK001-502-22 320 293 0.9 0.031 0 0.012 0 0.002 0 0.000 4 13.0 2.3
ZK001-502-23 660 796 1.2 0.017 0 0.004 7 0.002 4 0.000 2 15.3 1.1
7K001-502-24 400 219 0.5 0.014 1 0.005 3 0.002 8 0.000 3 17.9 1.7
7K001-502-25 1 909 3930 2.1 0.040 9 0.008 2 0.002 7 0.000 1 17.5 0.8
7K001-502-26 611 419 0.7 0.018 0 0.005 1 0.002 6 0.000 2 16.9 1.3
ZK001-502-27 3270 1 670 0.5 0.016 4 0.002 1 0.002 5 0.000 1 16. 1 0.6
ZK001-502-28 874 547 0.6 0.057 0 0.011 0 0.002 8 0.000 2 17.9 1.2
ZK001-502-29 1 094 629 0.6 0.015 8 0.003 6 0.002 6 0.000 2 16.5 1.0
7K001-502-30 960 696 0.7 0.032 0 0.011 0 0.003 0 0.000 3 19.3 1.7
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gR1-2
Continued Table 1-2
wy/107° R % L AE AW/ Ma
FER AR B Th/U
U Th 207 Pb/235 U +2SE 206 Pb/238 U +2SE 206 Pb/238 U +2SE
RN S

7K1602-514-1 2653 6 297 2.4 0.014 5 0.002 1 0.002 2 0.000 1 14.3 0.6
7K1602-514-2 908 716 0.8 0.019 2 0.004 2 0.002 4 0.000 1 15.2 0.9
ZK1602-514-3 1 900 888 0.5 0.016 2 0.002 3 0.002 3 0.000 1 15.0 0.6
ZK1602-514-4 1335 531 0.4 0.018 2 0.003 3 0.002 3 0.000 1 14.9 0.7
7K1602-514-5 976 882 0.9 0.014 4 0.003 0 0.002 3 0.000 1 14.9 0.8
7K1602-514-7 679 560 0.8 0.056 0 0.0140 0.002 7 0.000 2 17.2 1.3
ZK1602-514-8 1 570 2 360 1.5 0.013 2 0.002 6 0.002 4 0.000 1 15.3 0.7
ZK1602-514-9 927 736 0.8 0.0152 0.002 8 0.002 2 0.000 1 14.7 0.9
ZK1602-514-10 1033 525 0.5 0.028 6 0.005 7 0.002 4 0. 000 2 15.4 1.1
7K1602-514-11 679 789 1.2 0.025 4 0.004 7 0.002 4 0.000 2 15.5 1.1
7K1602-514-12 990 1 630 1.6 0.059 0 0.0120 0.002 8 0. 000 2 18.1 1.2
7K1602-514-13 1130 1150 1.0 0.0349 0.009 8 0.002 6 0. 000 2 17.0 1.2
7K1602-514-14 1 656 1370 0.8 0.014 2 0.002 0 0.002 1 0.000 1 13.7 0.6
7K1602-514-15 985 471 0.5 0.0155 0.003 1 0.002 5 0.000 1 16.2 0.8
7K1602-514-17 1 380 1 000 0.7 0.0152 0.002 9 0.002 3 0.000 1 14.9 0.8
7K1602-514-19 1063 567 0.5 0.017 5 0.003 0 0.002 4 0.000 1 15.5 0.7
7K1602-514-20 751 1190 1.6 0.015 3 0.003 9 0.002 5 0. 000 2 16.3 1.2
7K1602-514-21 1 970 4790 2.4 0.022 1 0.002 8 0.002 3 0.000 1 15.1 0.7
7K1602-514-22 1290 990 0.8 0.0155 0.002 9 0.002 4 0.000 1 15.2 0.7
7K1602-514-23 1381 771 0.6 0.018 4 0.002 8 0.002 3 0.000 1 14.9 0.7
7K1602-514-24 1 240 731 0.6 0.019 1 0.003 5 0.002 3 0.000 1 14.7 0.7
7K1602-514-25 995 484 0.5 0.016 8 0.003 6 0.002 5 0.000 1 16.3 0.9
7K1602-514-26 1097 498 0.5 0.016 0 0.002 7 0.002 3 0.000 1 15.0 0.7
7K1602-514-27 1287 750 0.6 0.016 1 0.002 5 0.002 5 0.000 1 16.2 0.8
7K1602-514-28 1014 615 0.6 0.020 1 0.003 7 0.002 3 0.000 1 14.9 0.9
7K1602-514-29 1075 879 0.8 0.0156 0.003 1 0.002 2 0.000 1 14.0 0.8
7K1602-514-30 2150 1710 0.8 0.0193 0.002 4 0.002 3 0.000 1 14.8 0.6
ZK1602-514-31 1185 538 0.5 0.015 4 0.002 9 0.002 2 0.000 1 14.4 0.7
7K1602-514-32 619 388 0.6 0.013 7 0.004 0 0.002 4 0.000 2 15.1 1.1
7K1602-514-33 1449 803 0.6 0.014 5 0.002 9 0.002 3 0.000 1 14.5 0.8
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Table 2 Zircon trace elements data of each intrusive rocks and the diorite enclave in Qulong deposit

S
~
o

B

FEMB RIS S il /Ma La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu YREE

RARHRLA R
ZK301-64-01 19.9 0.01 16.56 0.03 0.60 1.38 0.58 6.92 2.30 27.7 10.4 52.8 13.6 169 29.2 332
7ZK301-64-02 18.4 0.34 11.11 0.13 1.02 0.63 0.33 4.01 1.25 16.0 6.5 358 9.6 134 25.7 247
7ZK301-64-04 18.0 0.08 18.62 0.12 2.30 3.81 1.33 17.01 4.14 45.8 15.6 73.2 17.3 203 33.8 436
7K301-64-05 18.3 0.01 18.41 0.04 0.77 1.53 0.59 7.64 2.24 28.9 10.3 52.3 13.0 158 27.5 321
7K301-64-06 18.2 0.03 16.51 0.06 1.21 2.33 0.96 10.94 3.01 37.5 13.3 68.2 16.0 196 34.1 401
7ZK301-64-08 18.7 0.02 15.52 0.03 0.53 1.43 0.64 7.67 2.33 30.9 12.4 63.6 16.2 209 38.6 399
7ZK301-64-09 16.0 0.05 14.68 0.11 1.56 2.35 0.92 10.12 2.88 32.5 11.8 60.8 14.9 182 34.6 370
7ZK301-64-13 15.2 0.03 10.91 0.04 0.67 1.45 0.55 6.62 1.73 23.6 &85 451 11.5 154 30.6 295
ZK301-64-14 16.9 0.02 15.33 0.03 0.81 1.61 0.55 7.72 2.16 28.2 10.5 54.2 13.4 165 30.0 330
7ZK301-64-15 17.8 0.01 17.57 0.14 2.34 4.28 1.30 16.05 4.35 51.1 18.2 87.0 20.1 236 40.8 499
ZK301-64-16 17.4 0.08 21.85 0.04 0.94 1.64 0.66 8.8 2.81 350 13.5 69.8 17.1 210 37.6 420
7ZK301-64-17 16.5 0.04 16.55 0.03 0.63 2.17 0.52 8.59 2.79 34.8 13.5 70.4 17.4 214 39.1 421
7ZK301-64-18 17.4 0.04 17.00 0.06 0.78 1.43 0.64 7.60 2.32 29.2 11.2 58.9 14.6 18 32.8 362
7ZK301-64-19 17.20.01 17.39 0.03 0.65 1.34 0.51 7.11 2.40 28.9 12.1 65.8 17.4 216 38.6 408
7K301-64-20 17.0 0.94 14.58 0.22 1.19 1.08 0.54 4.85 1.53 20.0 8.1 46.7 12.4 174 37.3 323
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&k 2-1
Continued Table 2-1

FEMAFR IS S Al /Ma La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu XREE

7K301-64-21 17.6 0.01 20.41 0.03 0.72 1.39 0.61 7.38 2.47 30.3 11.9 62.9 152 187 352 376
7K301-64-23 14.8 0.01 24.23 0.03 0.66 1.23 0.80 7.49 2.26 27.8 11.3 60.0 14.6 186 40.5 376
7K301-64-24 17.4 0.02 29.65 0.03 0.67 1.61 0.70 9.24 2.70 33.9 14.4 81.5 19.9 258 56.8 509
7K301-64-25 18.4 0.01 18.88 0.03 0.44 0.90 0.65 6.09 1.90 24.5 10.5 58.2 14.3 181 39.2 357
7K301-64-29 17.1 0.10 12.88 0.02 0.39 0.75 0.46 4.92 1.56 20.4 8.6 47.2 12.2 166 38.3 313
P B
7K001-502-01 16.4 0.04 42.62 0.13 1.55 5.43 1.18 15.12 4.84 53.7 20.3 97.3 24.9 280 S57.7 605
ZK001-502-02 16.7 0.01 70.25 0.27 4.77 10.28 2.52 42.53 14.21 173.7 68.3 297.5 72.5 712 122.9 1592
7K001-502-04 16.3 0.02 39.19 0.20 3.63 17.77 2.32 86.68 41.44 559.8 206.1 862.8 216.5 1940 319.9 4296
7K001-502-05 17.0 0.01 32.12 0.08 1.15 2.95 1.03 10.53 3.93 44.7 18.1 81.3 23.3 252 52.6 523
7K001-502-06 16.5 0.02 25.73 0.05 0.72 2.72 1.06 9.90 2.88 37.1 15.0 69.8 19.0 209 46.1 439
7K001-502-07 15.3 0.05 47.26 0.33 5.50 10.45 2.98 35.21 10.30 124.2 49.0 203.0 51.4 535 98.6 1173
ZK001-502-08 16.1 0.05 21.32 0.13 1.44 4.69 1.13 23.30 12.67 189.6 81.4 392.3 100.1 1054 184.6 2067
ZK001-502-09 16.7 0.72 50.66 0.35 3.37 5.35 1.55 17.03 4.83 54.1 19.7 82.2 19.9 206 40.9 507
7K001-502-11 15.2 0.45 51.62 0.23 1.70 6.91 1.54 30.43 12.85 164.8 66.2 280.0 72.1 697 117.6 1503
7K001-502-12 16.1 0.09 28.74 0.17 1.83 5.42 1.56 17.13 6.83 77.7 30.1 140.7 37.3 365 65.9 778
7K001-502-15 15.7 0.29 18.16 0.15 1.32 6.35 0.91 30.75 17.66 263.6 112.7 530.4 140.7 1375 232.5 2730
7K001-502-18 15.0 0.15 15.69 0.05 0.39 0.91 0.36 2.90 1.07 18.0 8.0 52.9 18.8 288 83.3 491
ZK001-502-20 16.0 0.01 33.77 0.07 1.49 3.62 1.07 11.23 2.83 32.0 11.3 50.3 13.8 148 30.3 340
7K001-502-22 13.0 0.01 35.93 0.11 1.64 5.40 1.19 14.24 5.52 58.5 23.2 103.2 26.2 256 47.0 578
7K001-502-23 15.3 0.08 257.02 0.91 17.52 44.30 11.77 136.32 37.02 363.7 111.9 396.1 84.0 698 108.4 2267
7K001-502-25 17.5 0.01 17.93 0.07 2.03 9.98 0.80 61.33 31.39 449.9 174.5 744.7 186.6 1750 283.1 3712
ZK001-502-26 16.9 0.22 41.35 0.17 2.05 6.21 0.98 24.03 10.33 151.6 63.1 307.0 81.6 850 149.4 1688
7K001-502-27 16.1 0.36 42.62 0.21 1.70 5.68 1.03 25.41 11.88 160.3 65.0 298.4 77.3 766 132.9 1589
7K001-502-28 17.9 0.02 38.15 0.08 1.70 6.48 1.36 26.97 13.40 185.1 75.1 343.0 87.0 857 144.0 1780
ZK001-502-29 16.5 0.01 32.08 0.10 0.89 3.83 (.18 11.52 3.48 40.7 15.3 72.7 19.8 233 52.0 487
ZK001-518-01 14.3 0.01 16.46 0.02 0.64 4.27 0.88 35.17 18.24 275.6 109.3 541.3 129.6 1518 197.6 2847
ZK001-518-02 16.5 0.05 21.50 0.07 1.23 2.70 1.24 16.01 6.04 80.4 29.2 149.0 36.0 421 65.8 830
7K001-518-03 16.4 0.05 28.39 0.04 1.44 4.56 1.32 32.81 13.68 201.9 74.5 370.7 87.7 982 139.4 1938
7K001-518-05 17.4 0.10 10.34 0.06 0.71 2.88 0.57 29.81 15.63 248.3 100.0 512.9 124.6 1395 195.7 2636
7K001-518-07 16.5 0.01 30.50 0.06 1.18 3.69 1.17 20.49 7.73 104.4 39.9 197.8 45.3 519 83.0 1055
7K001-518-08 14.4 0.12 17.19 0.12 1.17 5.30 0.91 47.99 26.04 400.2 158.3 798.2 189.9 2145 297.7 4 088
ZK001-518-10 15.1 0.25 26.61 0.11 1.81 5.94 1.30 42.94 20.03 286.7 111.9 538.6 121.6 1315 190.5 2 663
7K001-518-11 16.0 0.02 60.14 0.23 4.43 9.12 3.83 43.73 13.66 165.5 60.6 277.1 62.6 706 111.0 1518
ZK001-518-16 18.8 0.01 43.75 0.15 3.05 6.77 2.41 35.13 11.94 152.7 55.9 266.0 59.0 637 104.7 1379
7ZK001-518-18 15.2 0.03 49.84 0.06 1.91 6.15 2.22 39.63 14.78 202.0 77.1 380.5 86.3 949 147.6 1957
ZK001-518-19 14.7 0.14 18.22 0.23 2.43 8.25 1.37 59.78 29.59 449.5 176.9 896.6 202.8 2178 339.3 4 363
ZK001-518-21 14.4 0.55 56.48 0.54 7.48 12.46 4.08 54.32 16.51 198.4 70.7 335.6 73.9 814 142.1 1787
7K001-518-23 15.9 0.13 47.31 0.20 3.14 6.40 3.14 38.12 12.27 150.5 55.1 256.1 54.6 580 100.6 1 308
7ZK001-518-24 16.8 0.05 53.73 0.20 3.85 9.32 3.58 60.28 22.36 297.6 110.8 536.6 115.4 1230 197.0 2 641
[AESGRELES
QL14-10A-08 16.0 0.06 20.80 0.06 1.03 2.70 0.55 9.30 2.87 36.0 14.2 72.0 20.1 207 42.0 428
QL14-10A-24 16.4 0.04 24.10 0.05 1.09 2.69 0.54 8.60 2.94 32.8 12.9 59.0 14.9 155 29.9 345
QL14-10A-28 16.2 0.02 25.90 0.06 0.8 1.91 0.72 9.10 2.59 33.1 14.4 72.0 20.6 237 54.0 472
QL14-10A-29 14.9 0.63 26.80 0.21 1.57 2.72 0.67 10.30 3.30 38.0 14.8 69.0 17.8 186 37.0 408
FEEN KB A
ZK1602-514-01 15.5 0.06 37.06 0.07 0.79 1.62 0.60 7.12 2.25 24.36 9.9 51.4 13.2 163 42.1 354
7K1602-514-02 16.2 0.13 3534 0.07 1.04 1.79 0.66 7.92 2.57 29.67 12.3 62.7 159 189 455 405
7K1602-514-03 15.2 0.62 50.63 0.21 1.61 2.48 0.86 9.76 3.2 37.95 15.6 81.0 20.9 252 62.3 540
7K1602-514-06 14.7 0.02 58.80 0.08 1.37 3.45 1.22 14.73 4.87 58.23 22.9 111.6 26.8 286 64.5 655
7K1602-514-07 17.2 0.02 37.49 0.10 1.65 3.15 1.19 12.73 3.95 42.12 15.4 68.3 151 156 32.1 390
7K1602-514-09 16.3 0.26 32.99 0.09 0.83 1.21 0.41 5.24 1.68 20.27 8.6 46.3 12.6 161 42.1 334
7K1602-514-10 13.7 0.09 97.50 0.55 9.50 13.39 4.89 48.82 13.79 138.30 46.49 196.3 41.0 404 79.9 1095
7K1602-514-11 14.3 0.0l 28.62 0.04 0.57 1.24 0.47 4.83 1.56 17.80 7.48 38.9 10.3 128 32.3 272
7K1602-514-13 15.4 0.03 30.62 0.05 0.72 1.23 0.51 5.47 1.73 19.62 8.02 39.5 10.5 133 32.4 283
7K1602-514-14 14.9 0.01 25.60 0.04 0.60 1.04 0.35 4.63 1.46 17.70 7.62 41.2 11.0 141 36.2 288
7K1602-514-15 15.0 0.01 40.15 0.05 0.89 1.58 0.66 7.29 2.46 29.79 12.93 71.0 19.5 251 62.4 499
7K1602-514-16 14.9 0.17 28.04 0.07 0.64 1.00 0.47 4.57 1.51 17.02 7.32 40.5 11.0 139 36.5 288
7K1602-514-18 15.5 0.19 32.56 0.07 0.71 1.40 0.53 7.02 2.34 28.98 12.61 68.5 17.8 215 51.5 439
7K1602-514-19 18.1 0.08 91.20 0.19 3.65 5.52 1.66 19.75 5.75 60.76 22.40 104.8 24.1 270 61.6 671
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&k 2-2
Continued Table 2-2
§ Ce(IV)/ ~ (Ce/Nd)
FEMAREES Y Ta Pb Hf U Th Nb Ti /°C Th/U Dy/Yb EwEu” Ce/Ce*
Ce( 1) /Y
RAHRLE K
7ZK301-64-01 369 0.23 2.30 9258 170 81 0.51 2.76 638 0.48 640 0.16 0.58 148.5  0.07
7ZK301-64-02 246 0.14 1.17 9056 168 55 0.37 2.13 619 0.33 425 0.12  0.64 15.7 0. 04
7ZK301-64-04 539  0.17 2.32 9255 183 128 0.41 3.67 660 0.70 109 0.23 0.5 3.3 0.02
7ZK301-64-05 367 0.26 2.26 9451 208 124 0.57 3.60 658 0.60 502 0.18 0.53 109.8  0.06
7ZK301-64-06 472  0.23 2.16 9390 193 95 0.55 4.26 672 0.49 253 0.19 0.58  60.8 0.03
7ZK301-64-08 443  0.29 2.19 9501 249 88 0.66 2.92 642 0.36 761 0.15 0.59 184.3  0.07
7ZK301-64-09 434 0.15 5.04 10059 245 129 0.35 5.10 68 0.53 179 0.18 0.58  33.2 0.02
7ZK301-64-13 320 0.11 1.89 9809 220 86 0.33 2.58 633 0.39 368 0.15 0.54  80.7 0.05
7ZK301-64-14 375 0.23 2.02 9656 160 80 0.53 2.58 633 0.50 413 0.17 0.48  88.9 0.05
7ZK301-64-15 631 0.22 2.62 9470 220 132 0.43 3.88 664 0.60 111 0.22  0.48  32.1 0.01
7ZK301-64-16 488 0.37 2.40 9601 231 122 0.8 3.06 646 0.53 578 0.17 0.53  95.1 0.05
ZK301-64-17 475 0.26 2.16 9309 215 100 0.60 2.59 633 0.46 548 0.16  0.37 210.6  0.06
7ZK301-64-18 396 0.26 1.93 9340 202 92 0.72 3.62 659 0.46 542 0.16  0.59  94.1 0. 06
ZK301-64-19 443  0.80 3.62 9737 257 91 1.50 2.80 639 0.36 772 0.13  0.51 127.2  0.06
7ZK301-64-20 331  0.05 3.02 9449 400 138 0.28 1.37 588 0.35 432 0.11 0.71  25.8 0.04
7ZK301-64-21 441 0.26 2.01 10237 190 98 0.66 2.29 624 0.52 735 0.16 0.58 129.2  0.06
7ZK301-64-23 430 0.18 6.33 10356 598 386 0.52 2.71 637 0.64 1038 0.15 0.81  160.5  0.09
7ZK301-64-24 572 0.18 6.74 10304 680 423 0.83 3.27 651 0.62 1302 0.13 0.55 244.5  0.08
7ZK301-64-25 403  0.20 4.15 10581 437 222 0.49 2.74 637 0.51 1444 0.14 0.84 207.5 0.11
7ZK301-64-29 340 0.09 2.37 10518 301 121 0.31 2.96 643 0.40 1203 0.12 0.74 146.8  0.10
P BEA
ZK001-502-01 685 0.49 10.27 10542 699 587 1.84 2.65 675 0.84 270 0.19 0.40 223.5 0.04
ZK001-502-02 1954 1.16 8.11 9679 546 778 5.77 3.93 708 1.43 165 0.24 0.37 73.9 0.01
ZK001-502-04 6230 3.03 23.27 12818 2466 2280 25.23 3.32 693 0.92 139 0.29 0.18 123.2  0.00
ZK001-502-05 586 0.42 7.37 10648 369 231 1.43 2.68 675 0.63 383 0.18 0.57 167.7  0.05
ZK001-502-06 487 0.24 4.02 10469 347 206 0.84 1.75 642 0.59 448 0.18 0.63 314.3  0.07
ZK001-502-07 1413 0.55 4.85 8230 306 527 2.55 10.27 799 1.72 84 0.23  0.47  38.0 0.01
ZK001-502-08 2520 2.87 7.88 12952 1050 338 8.84 3.43 696 0.32 347 0.18 0.33 112.7  0.01
ZK001-502-09 590 0.48 12.46 10840 738 791 1.57 3.30 693 1.07 127 0.26 0.50  55.7 0.03
ZK001-502-11 1934 2.77 15.60 11257 1359 1205 9.72 3.05 686 0.89 396 0.24 0.32 286.7 0.02
ZK001-502-12 953 0.83 2.78 10102 274 214 3.04 3.79 704 0.78 180 0.21  0.50 108.8  0.02
ZK001-502-15 3526 4.06 11.74 13967 1888 650 13.81 2.51 670 0.34 299 0.19  0.20 153.3  0.00
ZK001-502-18 365 0.77 11.02 18484 1931 308 2.53 0.00 0.16 1670 0.06 0.67 219.2  0.11
ZK001-502-20 377 0.34 8.09 10959 544 510 1.16 4.11 712 0.94 192 0.22 0.5 127.7  0.06
ZK001-502-22 694 0.55 4.17 10020 333 300 1.8 1.55 633 0.90 203 0.23 0.42 167.2  0.03
ZK001-502-23 3179 0.96 31.51 10314 1326 2471 571 5.96 745 1.86 57 0.52  0.46  86.3 0.01
ZK001-502-25 5224 5.81 20.69 17318 3103 1563 17.53 2.89 682 0.50 148 0.26 0.10 100.9  0.00
ZK001-502-26 1996 3.13 9.92 12438 848 383 11.88 3.32 693 0.45 366 0.18 0.25 141.8 0.0l
ZK001-502-27 1968 3.30 8.68 13303 1248 651 9.78 3.38 695 0.52 418 0.21 0.26 195.7  0.01
ZK001-502-28 2281 2.87 9.20 12200 1336 719 9.89 2.74 677 0.54 367 0.22  0.31 199.4  0.01
ZK001-502-29 523 0.25 6.07 11872 492 407 1.05 1.90 648 0.83 389 0.17 0.54 365.0  0.07
ZK001-518-01 3943 4.49 21.33 12370 3439 1054 12.97 1.91 611 0.31 582 0.18  0.22  405.3 0.0
ZK001-518-02 975 0.41 5.55 8380 313 224 1.50 3.48 697 0.72 294 0.19  0.57  88.7 0.02
ZK001-518-03 2713 2.81 31.04 11378 2050 1026 8.56 4.62 722 0.50 370 0.21 0.33 146.1 0.0l
ZK001-518-05 3791 3.01 18.06 13852 1863 532 9.92 12.32 818 0.29 424 0.18 0.19 138.3  0.00
ZK001-518-07 1338 0.58 4.66 8334 353 289 2.16 2.57 672 0.82 402 0.20 0.41  189.3  0.02
ZK001-518-08 5844 6.20 26.36 13362 4449 1206 18.92 3.62 701 0.27 380 0.19  0.17 155.2  0.00
ZK001-518-10 4015 3.12 12.66 11172 1546 643 10.19 9.28 789 0.42 281 0.22 0.25 111.9  0.00
ZK001-518-11 2002 0.58 10.95 7284 482 699 1.95 4.97 729 1.45 149 0.23 0.59  65.2 0.01
ZK001-518-16 1960 0.72 9.95 9770 482 473 2.73 4.69 723 0.98 180 0.24  0.48  74.1 0.01
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&k 2-3
Continued Table 2-3
§ Ce(IV)/ (Ce/Nd)
FE b 24 FR B 5 Y Ta Pb  Hf U Th Nb Ti /C Th/U Dy/Yb EuwEu® Ce/Ce*
Ce( 1) /Y
ZK001-518-18 2846 2.15 18.14 11592 1191 1210 6.51 3.89 707 1.02 412 0.21  0.43 196.1 0.0l
ZK001-518-19 6917 3.99 38.71 13389 3 834 1846 12.50 23.72 894 0.48 166 0.21  0.19  59.1 0.00
7ZK001-518-21 2453 3.60 13.28 9404 947 675 5.89 45.06 979 0.71 80 0.24 0.48  29.3 0. 00
7K001-518-23 1798 0.59 8.24 9109 370 559 2.11 8.94 785 1.51 180 0.26 0.61 71.5 0.01
ZK001-518-24 4107 1.25 20.1511759 991 980 4.66 6.82 758 0.99 205 0.24 0.46  78.8 0.00
PR S5 £ 1
QL14-10A-08 463 0.34 2.07 10457 221 101 0.89 2.78 678 0.46 400 0.17 0.33  123.7  0.04
QLI14-10A-24 402 0.27 1.35 10507 303 172 0.84 2.71 676 0.57 352 0.21  0.34 126.4  0.05
QL14-10A-28 484 0.14 2.40 10641 631 417 0.72 2.68 675 0.66 790 0.14 0.53 150.5  0.06
QL14-10A-29 466 0.35 1.53 10293 342 220 0.91 3.47 697 0.64 309 0.20  0.39  69.2 0.04
NS
7K1602-514-01 367 0.34 4.78 10288 1611 899 1.58 1.58 634 0.56 1342 0.15 0.54 2241 0.13
7ZK1602-514-02 431 0.38 3.44 9972 1071 788 1.61 1.67 638 0.74 1022 0.16 0.54 136.2  0.08
7K1602-514-03 561  0.49 4.61 10031 1377 1120 2.20 2.47 669 0.81 977 0.15 0.53 112.8  0.06
ZK1602-514-06 754 0.56 3.20 9255 971 891 2.70 2.55 671 0.92 1037 0.20 0.52 251.7  0.06
7ZK1602-514-07 472 0.38 1.86 8677 546 581 1.42 4.57 721 1.06 381 0.27 0.57 101.0  0.05
7K1602-514-09 329 0.33 4.14 10029 1180 533 1.32 3.43 696 0.45 1488 0.13 0.50 135.0 0.12
7ZK1602-514-10 1406 0.57 3.92 7150 969 1704 3.25 5.66 740 1.76 127 0.34  0.58  33.7 0.01
7K1602-514-11 274 0.24 3.74 10695 1165 600 1.11 1.88 647 0.51 1503 0.14 0.59 250.9 0.18
7K1602-514-13 279 0.29 3.42 108251123 595 1.21 1.71 640 0.53 1279 0.15 0.60 169.2  0.15
7ZK1602-514-14 286 0.28 2.55 11022 896 392 1.15 1.55 633 0.44 1561 0.13  0.49 172.3  0.15
7ZK1602-514-15 495 0.43 4.80 10785 1582 1159 2.07 2.01 653 0.73 1804 0.12  0.60 186.5  0.09
7ZK1602-514-16 282 0.25 3.12 10636 1077 506 1.23 2.40 667 0.47 1645 0.12  0.67 159.4 0.16
7ZK1602-514-18 480 0.49 5.01 10618 1620 947 2.29 4.17 713 0.58 1728 0.13 0.52  210.6 0.10
7ZK1602-514-19 724 0.78 5.22 9593 1581 1758 4.70 4.33 716 1.11 456 0.23 0.49  88.0 0.03

FAFEPLAE 5 N (ZK301-64) ; #54 TG {035
By, K/N100~200 wm, K5EkE 1.5:1~3:1, KB &
WG IR, Th &8 59x10°~449x10°, U & it
159x107°~716x107°, Th/U {§ 0.3~0.7(*F30.5)
30 AN A AR IS Y A3 A 7RI A2k |, *°Pb/*PU
HRCEIAE R R 17. 1£0. 5 Ma(MSWD =0. 7) (&
4a, 4f; % 1),

NK AL (QL14-10A) . 40 #7 T 13 i 3K %
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PRAES I I AER | 24 14. 5 Ma, B8 500 258 Lk
f&m Pb KT, ATREN IR U 3 il s i
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0.4 Ma(n=16, MSWD=1.3) (Kl 4c, 4d; % 1),
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BE A TAIEIR , R B Th U &, BAA SRR
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AEW3 91N 14.720.3 Ma(MSWD=2.0) (&l 4e, 4f;
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Fig. 4 Zircon U-Pb age concordia diagrams and CL images for intrusive rocks and diorite enclave in the Qulong deposit
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3.3 A Hf-0O EfIE4HE
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Fig. 6 In-situ zircon Hf-O isotopes results (a, b) and their covariation diagrams with age (c, d) of zircons from each

intrusive rocks and diorite enclave in Qulong deposit
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#4),

BN B 555 Ew/Eu {8 0.49~0. 67(°F
50.55), Ce/Ce™ fH M 34 ~252(F1 159), Ce
(IV)/Ce( M)} 127~1 804(F#4 1 168), Dy/Yb
fH0.12~0.34(F0.17), (Ce/Nd)/Y [HEHAK, X
[8]4 0. 007 ~0. 182 (°*F 0. 097) , 454 Ti i EH
&, ARSI, 633 ~740°C (-1 674°C) (A
7~El 105 K2, £4),
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Fig. 7 Ti-in-zircon temperature vs. zircon U-Pb ages (a) and Th/U ratios (b) of each intrusive rocks and diorite

enclave in the Qulong deposit
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Table 4 Summary of geochemical characteristics of each intrusive rocks and the diorite enclave in Qulong deposit

FEfh 2R AR A A (RN P BEA X BEA N K S
o R INKA PN K S5 TR KB AR N KBRS NI
AR/ Mal 17.1£0.5~19.5£0.4  16.320.7~22.2+0.5  15.9+0.4~17.6£0.7 17.7£0.3 14.7£0.3~15.7£0.2
WEEHT™ Re-Os 4F/Mal!l 15. 8+0.2~16.9+0.2 16. 0+0.3~16.4+0. 5
Si0,/ %" 66.3~68.9 55~61.5 74.4~76.3 65.7~76.7 56.2~60.7
Mg* [ 52~47 69~44 65~52 58~42 66~63
La/Yb!! 24.5~33.6 16.6~25.3 19.6~45.3 25.7~35.9 33.7~35.6
Syt 112.9~155.6 72~94.3 60.7~169.7 65.8~135.3 75.5~110.8
(Msr/%0sr), M 0.704 839~0.705 237  0.704 873~0.705 062  0.705 222~0.705 322 0.704 987~0.705 260 0. 706 666~0.707 198
eNd() 0.4~2.5 0.7~2.1 -0.26~0.26 -0.7~1.5 -6.5~-4.9
eHf (1) 6.7~9.8 5.7~9.4 5.0~10.2 6.2~9.9 2.5~6.9
5"0? 5.62~7.12 4.70~6.98 4.56~6.36 - 5.23~6.25
1,/ °CH 796~ 868 794 ~ 869 791 ~ 804 800~ 886 880~900
triinzen” C L2 588~686 675~697 611~979 - 633 ~740
Zm(Euw/Eu” ) 0.37~0. 84 0.33~0.53 0.20~0. 67 - 0.49~0. 67
Zm(Ce/Nd) /Y 0.012~0.107 0. 003~0. 061 0.001~0.110 - 0.004~0.13
Zm(Ce/Ce* ) 16~245 69~151 29~405 - 34~252
ZmCe (V) /Ce(TI) 109~1 444 309 ~790 57~1670 - 127~1 804

T [ V) BURIE . AR SCRPRIESE, 2003; #AF&5E, 2003; L5255, 20065 HaEH], 2008; 385, 2014; Zhao et al. , 2015; [ 2] %%
KR AT ; 1,/ CHEEEFAWAIREE , 7153305 H Hanchar and Waston (2003) ; t4y.,27 C F8EEA Ti W, Ti BTG BEARSE Z A R T4
HAEMFH, 5] H Ferry and Watson (2007); Zrn( Ce/Nd)/Y #8485 A1 i 6 HR Ce Nd. Y FEAY LM, HHA AKX H Lu e al.
(2016) ; Zm(Eu/Eu” )= Euy /SmyxGdy ; Zm(Ce/Ce* )= Cey/(Ndy?/Smy) , HEARKTIH Loader er al. (2017); Zm Ce(IV)/Ce( )5
BT Ce* /Ce™ , AR S %K Ballard et al. (2002) Fl Qiu et al. (2013, 2014) ,

4 HHE
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4.1.1 FHAE IR

TESIBR T La S ik DRHER T, IR
UK o HoT i 0 S B AT Ce/Ce™ T Ce (V) /Ce (1)

EILIE 8, Ce/Ce” fHEEIR, P BEA &I M R0 L AE
EERR, HRARSERE, SN KBS
SRR R HA R PI AR S, NS aIR R
AR/, Ce(IV)/Ce () B SR, =k
N By I AR B A e e ok, EL BT e Y
SEURPE, RARSERLA IR Z , T P LA A IR AR
JERXS AR, 5 Ce/Ce” ELAG T M 1945 IR 400 45
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BAEWRER, iR, FIH Ce(IV)/Ce(MME et al., 2015), Haem o mCEIB KA SHAER

AR AR R, # P LREE MUAE IRGL 0 ZrAuEr:, Wik, Z2E5 W RAARRFIH Ce/Ce” H
HESRARICE IR, W P AR IR 25, BRI e AGE A S R EGR FE AR X AT fE— 28 (&1 8, K19, &
WIRTPH A ROE Bt f b BB T KRG (Yang  4) .
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RO b T S R A T I A R — B
4N Xiao %5 (2012) 7E P Bl ( K AL X BEF ) 508 fif
MIEHS A R R A 2 R A B AL AR, A I R
REL A AFMQ+2, Loucks 55 (2020) FHHG A4 A
SR T T AR SRR S Bl (P BE) B AR
JESEYEZ Jg AFMQ+2. 5, HW3H] P KEA A3 B Ay
W IAEGRIE Y, AR A AR R R
AT S, TR EGA B I AR I R S R
SRR G KM EIRPE (Li et al. , 2019), Ak,
WIpw IR E A IS B, SRR P BEA ik
AP RA LIRS M & A ( Yang and Cooke,
2019) , ZEHMWA TINHA, P BEA A3 AR 58k
T B P BE I By 28 i3 8 4 I 25 TR
BHEATE, REARRSTER BRSNS A
HgE AT Ce/Ce ™ fH L P BEA &, (HH T HEEA
ALY, BAN, fIT Li 25 (2020) B T XK
WA BRI R, 45 WoR AL B [ T IR
FERF, B TUA I AR EAE AFMQ+2. 5 DL b, ik
FARE R ERIRES P B A SR, =20k 2
T2 P BEA I EGRETHE
4.1.2 MXPKEGF

Lu %5 (2016) i 15 XF 4 BR & 47 F1 200 19 R 1 2
KEEAMEITTRS, #1151 (Ce/Nd)/Y 5 Dy/Yb
{HATLMEIE AR K &/, fEEAKERK T, ANA
ST AR A IR B, AR AR AR A A b T i
Y(CZINR LB, Y EAINA 5B R R
IBCRECN 2~6) . BLAk, MINAIEE % MREE,
FAIN G TE B KRS 2 S 3R RIE R Dy/Yb (A
AR, L aRRAE th & (R B0 75 [R) 21 43 465 b 1 85 40
B SRS A (R AR e A ) B e
H(Ce/Nd) /Y fH, VAREALH Dy/Yb (., Giit
RS H I E A (Ce/Nd) /Y >0. 01, Dy/Yb<
0.3, F/KE#HE (Wang et al. , 2014b, 2018; Lu et
al. , 2016) .

X e R B A S R A S A R T Y P
BEA, (Ce/Nd)/Y F1 Dy/Yb {8 JLF#RAE %75 Bl 2
W Hrh, SRR (19 ~17 Ma) 18547 (Ce/
Nd) /Y {E# 5, Dy/Yb [HIERRM, X5/MNA R
A AR AR N A PO A A B IR R RIS
(Ce/Nd)/Y {HT+55, Dy/Yb (IR, AINA B
RESE K W 10 45 & B S TH FE 25 R TP 8 R 4
ERPARR BB A, Bl JE S A R EA (N
FTARAERS ~16. 3 Ma) , BEIRE AL, KB

&1 Dy/Yb B FT W58 2] P A . Dy/Yb (AR,
AIREXS A N BT ALR T R R AN A (K 3E) , B
T SRR HAL X N A E IR S Z T E I b
W Dy/Yb (EHFEAK, RTREXT R AR A INA (E 3e)
FRIR A BI LS A, AR, Ak
T REMFIK, FEA I G b i s 2R A, K
WU AR RIS RIE R T, USR5 N R
WK, P BEA AR BT~ 16 Ma) (X P
A BRI A TORE) . tEREE P BEA AL
B, REFERTAR LT, B UST B M ik
FR B ) PR R BEA T L 5 1hAs, P 3R
R (Ce/Nd) /Y (EFH = 1) Dy/Yb {H, £ T It
B 3K E 4 kAR T AR AT | I B R A HE i
TERA 5 B R BN KB A (~ 15 Ma) , QUSSP
IR TN A (Yang et al. , 2015) ; HIEGGCR (&
AN TR ) B £ DR AT R K f TN A, X
BT HA E Y (Ce/Nd) /Y H MR Y Dy/Yb {H,
KPR HENK S A AR AR EKEE(E 10),
Yang %5 (2015) Fl Lu %5 (2015) ABF5E WL IESE d #
P A SRR A IRA R S BN K B, S
KA R (500 MPa 251, & /K & o 4 $on]
>10%) . &K HENK SSRGS 2K w3
R, STER B RS &, AR Tk
AR AT
4.2 FHREIR

FEREERL ARG HE R4 X R AT
Hhi i [ eHE(¢) WE{E 9. 0, 17 48 [R5 43 A1 X i)
HEHT I EE (K 6), R A ST BIR G,
X5 RAEE R A ARAE S — AN BRI S R 1 b o
FAALF, A K 2 AR AL Y i 72 o [ Ak TR e
r, BEST0 RIS o —A> 80 MIE(E
(6. 04%o) Vi B H 22 2 DX A e Y5 o i ok, TN
FTAL AR B A HE R0 38 53 A5 RRAE 5 SR AR A
AL, R HE5R 1% 5 H M R AF 5 i SR R bR 2%
FEBLE RS e 4 850 WA (6. 45%0) , FIRE R HIRA
A2, 53 AN s B 800 TFRRAME
(4.70%0) , FHINK A IARS K AK A g IR X, P
BEA HA 5 0 AL A B A 4R R R R AE IR SE T
HW AR EMEIRA Tk (B 1), Beh, £ P
BEA B ACFRE SAR I ) UST A e, K
8"0,, N 6. 2%0 ~ 7. 6%o, eI 5 Z Vi) K i
80, N 4. 6%0 ~6. 0%0(Qu et al., 2017), 5 P
BE 8 A A R B0 R IE — B BRI K 3 s
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() HE 2345 X B a3 J P H RIS, AT R i T HIE
BT R BUA K S Ik 5 BUA KRG (Yang et al.
2015) 5 N By 1 A0 8 AL 3R (1 s HA
VAT HNE , A H S IR G W KA K75
(RS AT HE-O SRS HY A R A IR o DT ik 2
WA (E11) .

FAT XU 300 JXE 5 ] 3 25 40 8 350K e o
(8 RS LR LRI TR AR QD IR sl 3% B2 1
SRR IMETL(Qu et al. , 2004) ; @ LA ITHENE/ U
PRASAR AT Y 5 A M B2 1% 8 43 4 il ( Gao et al.
2007, 2010) ; @ HrAd: FINEILYE T #b7%E (=50 km)
iR NIUPEIN ey EEWaE el I E =y P L
AIER e R, JF A A e N/ B M5S0
A (Chung et al. , 2003; Hou et al. , 2004; Mo et al. ,
2007; Yang et al. , 2009; Li et al. , 2011) , ARIKEF
X 9O o A T B TR & HESO R R 1Y
WL, Rl R ARG R 1 S N K A A 5 4
(1 HE RO ARG eHE(o) (HAAL T +7~+10 Z[H] ],

SCRESRIEA™ R Thoi o SRR IR T30 A2 1 o2 3l o0
Fl AU (Hou et al. , 2015) , A3k, P BEAHAK M
80 fH(+4.5~+6.3) , KU i e A7 Kb
ML . 55 A AR ( Yang et al. , 2015)
INH P BEABEE R R AR RUE AT R RIA 7T
BraHR S m BN K B RIS BUa IR & 01 &
ST SR R ARGR B RUK B BN K B
FWINR G, ST P BEE A K By R B R K
i, FRR AR AT, S0 a R e R i
FURNTR I 0 B AL W Js 4 5 HE 4 ik (Ml e 7, 2018)
AL R AL, HEMTARE T P BEa AR b &R
&, R s . X R WA B AR AT ST Y
SCH I Hattori 45 (1993 ) 7 JEA T2 1) K 44 141 1 1L
WS, X RBEER B R BR S TE ISR EE A K T
I AR R i AR I B AR (H,0 + SO, + CO,)
(Hattori, 1993; Wallace and Gerlach, 1994; Hattori
and Keith, 2001), M B K 254, M B Bk o
T b 5e A A T K Rl ( water-fluxed melting) ( Sawyer,
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(10% 1K) . MALRABRIIIIIE : O S EIRAL . MM B HE(1)= 12, 6'0=5.3%0 (Valley et al. , 1998) ; PiHi & FHu7E
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the dotted lines denote the two-component mixing trends between the mantle- and crust-derived magmas. Hf}),/Hf,. is the ratio of Hf concentration in the

w

depleted mantle magma (DM) over crustal (C) melt indicated for each curve, and the empty dots and the cross mark “x” on the curves represent 10%

mixing increments by assuming: (D the mantle zircon has eHf ()= 15 and 5" 0=5.3%0 (Valley et al. , 1998) ; the Tibetan ancient lower crust zircon

has eHf(1)=-5.2 and 8" 0=9. 4%o (refer to the inherited zircon reported by Zheng et al. , 2012) (the purple mixed line). 2 the mantle end-member

zircon eHf(1)= 15, 6" 0=5.3%0; Zircon Hf(1)=~15, 8 0=9.8%0 (Tian et al. , 2015) (the grey mixed line). data sources: ultrapotassic-potassic

volcanic rocks (Tian et al. , 2015) , ore-forming granitoid of Chongjiang (He et al. , 2017) , ore-forming granitoid of Zhibula (Xu et al. , 2016) ; RMCL

pluton of Qulong (Hu et al. , 2015) ; high-Mg diorite porphyry of Qulong and ore-forming granitoid Bangpu (Wang et al. , 2015a, 2015b) ; Linzhi Oligo-
cene leucogranite (Zheng et al. , 2012)
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(1) ST TR 5T 48 57 9 0 5 1
TR, WA ARG RIS A, R

WiTh e, FOREE K SR R T g, ELAE R
R 5 W E RN EFEIZ 1 Ce (IV)/Ce (1) |
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