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Timing of Cu-Au mineralization in Nadun Cu-Au deposit of Duolong district,
Tibet, and its implication for mineral exploration
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Abstract

The Duolong Cu-Au district, located in central Tibet, is a newly discovered world-class metallogenic district
in China. At present, a number of porphyry and porphyry-epithermal deposits have been discovered in the central
and northern parts of the district; meanwhile, several Cu-Au deposits have also been discovered in the southwest-
ern part, implying a promising exploration potential in this region. Nadun is a representative epithermal Cu-Au
deposit that located in the southwestern part. Based on field investigation, the Cu-Au mineralization could be di-
vided into two stages, the early-stage mineralization, hosted by the breccia pipe, coincided with the formation of

breccia pipe, and the late-stage veins cut the breccia pipe and the early-stage mineralization, Zircon U-Pb geo-
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chorology suggested the granodiorite clast from the breccia pipe formed at (117.5+0.7)Ma, whereas previous stu-

dies indicated the breccia pipe was intruded by a granodiorite porphyry dated at (116.1+1.3)Ma, implying the

breccia pipe and associated Cu-Au mineralization formed at 116~117 Ma. In addition, alunite “Ar-*Ar geochorol-

ogy revealed that quartz-alunite-sulfide veins that truncated the breccia pipe formed at (111.3+2.5) Ma, indicating

the Nadun deposit was featured by episodic ore-forming events. Our study highlights the possibility of locating

multiple causative porphyry intrusions in the Nadun deposit and the Duolong district as well.

Key words: geochemical, zircon U-Pb geochorology, alunite *Ar-*’Ar geochorology, epithermal mineraliza-

tion, Nadun Cu-Au deposit, Duolong district
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Fig. 1 Simplified tectonic (a)and geologic (b) maps of the Duolong ore district (modified from Chen et al., 2015)
1—Quaternary; 2—Neogene Kangtuo Formation; 3—Cretaceous basaltic lava; 4—Cretaceous Meirigiecuo Formation; 5—Cretaceous intermediate
intrusions; 6—Jurassic Quse Unit (I); 7—Jurassic Quse Unit (II); 8—Jurassic Sewa Unit (I); 9—Jurassic Sewa Unit (II); 10—Triassic Riganpeicuo
Formation; 11—Faults ; 12—Porphyry and epithermal deposits
BNSZ—Banggong-Nujiang suture zone; 1Y SZ—Indus-Yarlung suture zone
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Fig. 2 Simplified geologic map of the Nadun Cu-Au deposit
I—Jurassic Quse Unit, quartz sandstone; 2—Cretaceous Meirigiecuo Formation; 3—The early Cretaceous granodiorite porphyry;
4—Diatreme breecias; 5—Fault; 6—Drill hole; 7—Cu-Au orebody
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Fig. 3 Drill hole logs showing copper and gold grades and representative samples for drill hole (001) from the Nadun prospect
a. Variation of copper and gold grades of representative drill core at Nadun; b. Outcrops of early-formed granodiorite porphyry, showing intense alter-
ation; c. Plagioclase phenocryst was intensely altered, early-formed granodiorite porphyry, PPL; d. Igneous clasts and sediment clasets cemented by
quartz, pyrite, and chalcopyrite; e. Chalcopyrite, bornite, and digenite coexist with each other and replace pyrite, XPL; f. Hydrothermal breccia cut by
quartz-alunite-chalcopyrite-enargite vein; g. BSE image shows gold and chalcopyrite occur as disseminates in the quartz in hydrothermal breccia.
Abbreviations: Plag—Plagioclase; Py—Pyrite;Ccp—Chalcopyrite;Bn—Bornite; Dig—Digenite; Au—Gold; En—enargite; Alu—alunite;
En—enargite; PPL—plane-polarized light, XPL—cross-polarized light, asterisk represents sampling sites, the 116.1Ma granodiorite

porphyry was reported by Li et al., 2016
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Table 1 The locations and descriptions of samples for geochronological studies from Nadun ore district
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Table 2 Results of U-Pb dating of Zircons from Nadun granodiorite porphyry

HER o wff;? =y Th/U Pb/*Pb lo PHAPU 1e PbAFU lo Freeg— ii%; Er—
ND70-1 10.71 4491 48.60 0.9 0.04834 0.00330  0.12320 0.01052 0.01815  0.00015 122.31 117.97 115.94
ND70-2 2275 6791 77.00 0.9 0.04847 0.00348  0.12207 0.00944 0.01816  0.00020 120.46 116.95 116.04
ND70-3 2.76 68.89 75.58 0.9 0.04817 0.00249  0.12009 0.01081 0.01798  0.00079 109.35 115.16 114.88
ND70-4 1833 4329 4782 0.9 0.04846 0.00173  0.12226  0.00430 0.01832  0.00013 120.46 117.12 117.06
ND70-5 57.08 5331 7021 0.8 0.04960 0.00540  0.12716 0.01488 0.01854  0.00042 176.01 121.54 118.43
ND70-6 5239 34.65 63.83 0.5 0.04938 0.01122  0.12765 0.03204 0.01844  0.00074 164.90 121.98 117.78
ND70-7 21.76 65.86 79.05 0.8 0.04876 0.00421  0.12453 0.01197 0.01835  0.00052 200.08 119.17 117.22
ND70-8 53.46 203.09 362.34 0.6 0.04919 0.00074  0.12505 0.00228 0.01842  0.00017 166.75 119.64 117.69
ND70-9 32.01 7945 8791 0.9 0.04988 0.00330  0.12744  0.00789  0.01862  0.00027 190.82 121.79 118.96
ND70-10 10.77 3842 5697 0.7 0.05020 0.00929  0.12800 0.02340 0.01861  0.00034 211.19 122.30 118.86
ND70-11 105.12 283.53 25330 1.1 0.04965 0.00116  0.12785  0.00289 0.01871  0.00013 188.97 122.16 119.51
ND70-14 26.09 51.50 70.33 0.7 0.05089 0.01346  0.13095 0.03294 0.01879  0.00045 235.25 124.95 119.99
ND70-15 11.57 4253 58.87 0.7 0.04942 0.00430  0.12541 0.01124 0.01826  0.00016 168.60 119.96 116.64
ND70-16 16.53 5032 80.35 0.6 0.04857 0.00446  0.12139 0.01059 0.01821  0.00040 127.87 116.33 116.32
ND70-18 116.61 219.25 242.44 0.9 0.04927 0.00206  0.12128 0.00439  0.01802 . 0.00028 161.20 116.23 115.14
ND70-19 43.85 50.17 47.72 1.1 0.04941 0.00420  0.12545 0.01093  0.01812 0.00022 168.60 120.00 115.79
ND70-20 42.10 4526 47.78 0.9 0.04850 0.00260  0.12540 0.00714 0.01871  0.00016 124.16 119.96 119.49
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AEWE M (117.5+0.7) Ma([El 4a.b) . Jalfs, BHALAFE G

23 LLAS B Be g A0 A 1 BE IX 4] 2R 650~1400°C
Horp2-8 ¥ [ (730~1150°C ) IF 35 A5 Y 26 11 4F 3 (B 2
] 25 S 85/ TH B AR AR S (B O (111.3+2.5) Ma
(MSWD=0.58) , H: Jz 45 it 28 4F % 4 (110.3+£3.8) Ma
(MSWD=0.6), (*®Ar/*Ar) = (298.7+8.5) ([l 4c.d) .
S AL AT AT A A e R AR IS P FE TR 25 VU Rl P
G I H (PArPoAr) BRI SAEARRL(295.5) , 6B BT
DUESCH PTAF | MR nT AR R S W LA A%
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Table 3 Results of “Ar/’Ar dating of Nadun lunie

R/ C WA/ Ar STAT/ Ar AT/ Ar OAr*/Ar, OAr*/% FAr/Y% A/ Ma R &TE
J=0.005 331 00+0.000 013 3
650 62.26 3842.01 0.16 14.46 23.22 9.91 134.24 +13.05
730 36.70 1276.91 0.08 11.84 3225 17.78 110.65 +6.62 *
800 16.24 2724.69 0.01 11.95 73.60 11.23 111.69 +3.39 *
870 22.97 2273.21 0.04 11.77 51.23 11.09 110.03 +4.45 *
940 43.35 7048.79 0.10 12.46 28.75 2.74 116.29 +13.54 *
1010 93.50 27454.37 0.26 15.48 16.56 1.01 143.42 +41.79 *
1080 45.37 26464.29 0.12 11.24 24.78 0.94 105.26 +34.84 *
1150 57.59 25507.51 0.15 12.37 21.49 1.18 115.52 +28.89 *
1220 46.66 13815.24 0.10 16.94 36.31 1.78 156.38 +17.26
1300 20.46 160.57 0.02 15.66 76.53 30.62 144.99 +1.76
1400 25.78 2284.72 0.03 17.85 69.24 11.70 164.40 +3.97

TE USRI R AR AR W R TR Y T
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Fig. 4 Zircon U-Pb ages of granodiorite porphyry, occurring as clasts in the breccia pipe (a, b) and “Ar-* Ar spectrum

and isochronal age diagrams of alunite from the Nadun prospect (c, d)
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2015; 2= E M5 ,2019;Li et al., 2011;Li et al., 2013;
Lin et al., 2017; Ding et al., 2017; Li et al., 2017; Sun
et al., 2017; Zhu et al., 2017; Zhang et al., 2018; Yang
et al., 2020) , AT AR & Kt 32 24 T 116~120 Ma
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Table 4 Summary of published age data of mineralizedporphyry intrusions and hydrothermal minerals

IR PRI Dk A AT INEIRES AEI4/Ma SCHR R TR
AVENKI ivel LA-ICPMS 123.1+1.7
AL B N B el LA-ICPMS 121.5¢1.5
s . Linetal., 2017
A6 b4 R B ival LA-ICPMS 121.2+1.2
BBk N Ar-Ar 121.1+0.6
e INE BES ivel LA-ICPMS 120.2+1.0
. N J5 4, 2015
AR ik MR Re-Os 119.0+1.4
A B R e IN B ivel CA-ID-TIMS 119.9+0.2
AL 5 N B el CA-ID-TIMS 116.2+0.4
2H BB Bk HAb): Ar-Ar 120.9+0.8 Yang et al., 2020
HH B ik W BRLAT Ar-Ar 116.3+0.8
BB ik A Ar-Ar 111.7+1.0
A5 N B el LA-ICPMS 118.7+£0.9
s _ Zhang et al., 2018
A6 54 R BE ivel LA-ICPMS 117.1+0.9
AER N K BEA e LA-ICPMS 119.6+0.6 Ding et al., 2017
FERINRIES B LA-ICPMS 120.2+1.4 -
. HLInF-4E, 2015
Ee A6 B N K B vl LA-ICPMS 120.5+1.2
e IN B ivel LA-ICPMS 1198+ 1.4
. N Sun et al., 2017
A B R Tk WERAT Re-Os 119.5+3.2
TER NSRS sl SHRIMP U-Pb 127.842.6 B4, 2006
A6 B N B AT SHRIMP U-Pb 120.9+2.4 R4, 2009
e IN B Bify SHRIMP U-Pb 116.8+1.7 Lietal, 2011
AL N B B LA-ICPMS 119.1+1.7 Zhu et al., 2017
EZ N e IN B iva) LA-ICPMS 118.5+1.2
. " Sun et al., 2017
A BN K e LA-ICPMS 117.5%1.2
ATk HEAHH Re-Os 118.0+1.5 R4, 2009
B A - S ik A Ar-Ar 115.2+1.1
. . - Lietal., 2011
Btk Hrtt Ar-Ar 115.2+1.2
AL N B iy SHRIMP U-Pb 121.1%1.7 Lietal., 2013
16 B IN B ive) SIMS U-Pb 118.0+1.4 Lietal., 2013
AL N B el LA-ICPMS 120.242.0
- e IN B By LA-ICPMS 119.5+0.9 [rAe2e 4 2013
i
AL B N B val LA-ICPMS 119.3%1.3
£ H-HERR T Tk AT Re-Os 119.4+1.3 LI~ F-4E, 2011
B AT - ek A Ar-Ar 118.320.6 .
LA F-45, 2013
Btk Hrtt Ar-Ar 121.6+0.6 o
AL N B va) LA-ICPMS 119.1+1.3
s _ Lietal, 2016
» FEFIN B el LA-ICPMS 116.1+1.3
i
AL N B val LA-ICPMS 117.5+0.7 %
A - WAL B A 1 ok HBRLAT Ar-Ar 111.3+2.5
A6 R N B vl LA-ICPMS 122.042.5 MM, 2016
H IR A i ZRIE B B AT LA-ICPMS 112.6+1.3 FWAE, 2017
A6 R N B fiival LA-ICPMS 111.240.4 TR, 2017
2T TE I N B ity SIMS U-Pb 118.8+1.1 ZEEMAE, 2019
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ZIa(F4), SRR, 54 XV R E E A I RIS
AR B BT R 3 N S IR . AR ST 2
7R DX T AT 2 30, 55— 0Tk
WAEIE K T 116~122 Ma, 2290 R H AR AR A 5 (122
Ma, M5, 2016) Z)T (118 Ma, 2= EW5E,2019) |
i (116~117 Ma, Li et al., 2016) Y45 1% I} FR 3 Bl 79
BB A= o IS I R ) =B L T M
PRI A B AT, B I R 111~112 Ma (55 20 i
452017 FE AR5 ,2017) . BRI R, 2w
XML 5 VR R A K 2 TR
FRAE , T Z A 0] ARt 2 802 e 4 X 0T LUK
ARG S E X EENE,
42 EWMRTEHRHERTIEREX

HEAFSE B B W 2 40 9 R AR I FA
R4k 5 502 B A0 HAT T 0 B R R B T
0 B 5 R AR BRI T, R
R 2 AV RE E A O B A AT g
HA R Cu.Au il f7 (Arribas et al., 1995; Heden-
quist et al., 1998 ; Chang et al., 2011),

H AT, S 40 0 M TR AL T B
B, 028 5 A A SR 5T R BT R A R
IR AR L AL RAIE SR T 5 2 A DG R BE2 B B R
A e B B A0 b 5T R A AR AR 2R 98 e B S &
547 DX AT VE AT 43 R 1 2 B B, 43 S BT
116~117 Ma F1 111 Ma, K I, J5 248 2 AR R 1
Bz X R BEAEAE 2 T & AR, O A AT RE AR AT A
BT AN ) B 07 7 M o R, 3 T TR A R TS
KT R KL T 111~112 Ma i &5 24 (F
SR 2017 TR AR MRS, 2017) [ B A I T A AR
35 & BLAEAE 111 Ma 19 2O 3% 31 (Yang et al.,
2020) o AW AR AT 0 E A0 OB K AR Y BR AR
A VAP A AR (111 Ma) HE— RS 2 o i 4 X A7
TE 111 Ma iS50k, L, eS8k 4 TR N
FEREZ ey % XN T BEAA A 2 T 111 Ma i
LA R

5 4t B

ARUAEAR A5 R W, Sl XA 0k & DA
FRRIE 27 1 46 i N K BE 2 45 41 U-Pb AR
(117.5+0.7)Ma, 1fii 5if AW 5 2 BH i f ik 5 7 0 s 40
R KB (116.1+1.3 Ma)fZ A, FiRIFHE4E =~ T
IZ A0k 1 S 5 SR Y B 40 R BT 116~

117 Ma, ek, BHERL AT ©Ar-2 Ar 4E A0 22 05 25 3
IR VSR T 0 A D -BR LA B AL P O T
(111.3+ 2.5) Ma, X W R, E 04" X 8o 1EH 2 A
Z W BEVERIRRIE . BIIL, R SRR B A T AR R i
BT ] REAEAE 2 1 5 1R IR B T G
B A 5 A
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