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Abstract A precise Re-Os isochron age of 297.2+4.3 Ma for the molybdenite and a zircon U-Pb age of 301.1+4.0
Ma for the ore-bearing granite porphyry determined that the age of diagenesis and mineralization of Zhunsujihua
porphyry Mo-Cu Deposit is from Late Carboniferous to Early Permian. The barren granodiorite in this mining area
yielded a zircon U-Pb age of 301.2+2.2 Ma, which is consistent with that of granite porphyry. Amphibole and
biotite in granitic rocks and their geochemical characteristics of high Rb, Th, Ba, and low P, Ti suggest that granite
porphyry and granodiorite belong to I-type granites. Relatively low Re, Mg#, Nb/Ta, Zr/Hf values, coupled with
whole-rock Sr-Nd isotopes (low s, and positive exq(?)) signify that they are mainly originated from a juvenile lower
crust source derived from depleted mantle. It can be recognized from the whole-rock major and trace element data
that significant fractional crystallization occurs during magmatic evolution, which is beneficial to further enrich-
ment of Mo in the melt. Using the Ce*"/Ce®" ratio in zircons to calculate the oxygen fugacity of magma during
fractionation, it is found that the oxygen fugacity of granite porphyry is relatively high (average AFMQ is +4.8),
and that of the granodiorite is relatively low (average AFMQ is +2.2), indicating that magma with high oxygen
fugacity is more conducive to mineralization.

Key words porphyry Mo-Cu deposit; zircon U-Pb dating; molybdenite Re-Os dating; I-type granite; oxygen
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Fig. 1 Simplified geological map of Zhunaujihua Mo-Cu deposit (modified from Ref. [2])
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Fig. 2 Hand specimens and photomicrographs of rocks from Zhunsujihua Mo-Cu deposit and mineralization features
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Table 1  U-Pb isotopic compositions of zircons for granite porphyry (ZK) and granodiorite (PG) from Zhunsujihua deposit
R 2 e FiE/Ma
iy 27pp/ 2Pt 15 275Ut g 26pp/28Ut 16 2%pb/2 2 Tht 1o PLAMPL - HPOEU POTY . P Th
+lo +lo +lo +lo
ZK-1 0.47  0.05467+0.00109  0.35619+0.00667  0.04727+0.00048  0.01486+0.00039 399+24 309+5 298+3 298+8
ZK-2 0.73  0.05419+0.00104  0.36224+0.00651  0.04850+0.00049  0.01509+0.00034 379+23 31445 305+3 303+7
ZK-3 0.50 0.05443+0.00102  0.35760+0.00627  0.04768+0.00048  0.01512+0.00037 389+22 310+£5 300+3 303+7
ZK-4 0.31  0.05268+0.00090  0.34106+0.00545  0.04698+0.00046  0.01468+0.00037 31519 298+4 296+3 295+7
ZK-5 0.48  0.05620+0.00090  0.36158+0.00539  0.04668+0.00045  0.01482+0.00031 460+17 31344 294+3 297+6
ZK-6 1.10  0.05312+0.00127  0.35703+0.00809  0.04877+0.00053  0.01518+0.00036 334432 310+6 307+3 305+7
ZK-7 0.51  0.05265+0.00115  0.35914+0.00743  0.049504+0.00052  0.01547+0.00043 314428 31246 31143 31049
ZK-8 0.45 0.05418+0.00094  0.34743+0.00563  0.04653+0.00045  0.0147440.00034 379+20 303+4 29343 296+7
ZK-9 0.63  0.05342+0.00100  0.34644+0.00609  0.04706+0.00047  0.0139440.00032 347+22 302+5 296+3 280+6
ZK-10  0.48 0.05193+0.00220  0.34231+0.01409  0.04781+0.00049  0.01502+0.00014 282+100 299+11 301+3 301+3
ZK-11 0.64 0.05610+0.00205 0.37475+0.01323  0.04847+0.00064  0.01700+0.00064 456+£55 323+10 305+4 341+13
ZK-12  0.44 0.05342+0.00180 0.35962+0.01165  0.04884+0.00061  0.01682+0.00069 347451 31249 307+4 337+14
ZK-13  0.83  0.05412+0.00111  0.35192+0.00679  0.04718+0.00049  0.01424+0.00033 376+25 306+5 29743 286+7
ZK-14  0.50 0.05332+0.00103  0.36225+0.00661  0.04929+0.00050  0.0154140.00039 342423 31445 310+3 309+8
PG-1 0.36  0.05252+0.00159  0.35026+0.01019  0.04838+0.00059  0.0157340.00067 308+44 305+8 305+4 315+13
PG-2 0.48 0.05555+0.00162  0.35831+0.01005  0.04679+0.00058  0.0146140.00058 434140 311+8 295+4 293+12
PG-3 0.60  0.05284+0.00147  0.34699+0.00927  0.04764+0.00057  0.01481+0.00053 322439 302+7 300+4 297+11
PG-4 0.41  0.05323+0.00122  0.34924+0.00764  0.047594+0.00053  0.01402+0.00048 339430 304+6 300+3 281£10
PG-5 0.69 0.05443+0.00141  0.35559+0.00882  0.047394+0.00056  0.01413+0.00048 389+35 309+7 298+3 284+10
PG-6 0.43  0.05267+0.00129  0.35645+0.00836  0.04909+0.00056  0.01589+0.00056 315433 310+£6 309+3 319+11
PG-7 0.72  0.05236+0.00131  0.34205+0.00822  0.04738+0.00055  0.01427+0.00046 30134 299+6 298+3 286+9
PG-8 0.35 0.05191+0.00167  0.33832+0.01050  0.04728+0.00060  0.01427+0.00067 281448 296+8 298+4 286+13
PG-9 0.49  0.05141+0.00148  0.33475+0.00931  0.047234+0.00058  0.01474+0.00057 259+41 29347 297+4 296+11
PG-10 037 0.05134+0.00156  0.33638+0.00984  0.04753+£0.00059  0.014724+0.00065 256144 294+7 299+4 295+13
PG-11 0.35 0.05227+0.00144  0.34403+0.00910  0.047744+0.00057  0.01579+0.00064 297+39 300+7 3014 317+13
PG-12 0.51 0.05336+0.00137  0.36201+0.00891  0.04921+0.00058  0.01557+0.00056 344+£35 314+7 310+4 312+11
PG-13 0.63  0.05355+0.00138  0.35792+0.00889  0.04848+0.00057  0.01478+0.00052 352435 311+7 305+4 297+10
PG-14 0.37  0.04985+0.00145  0.33004+0.00930  0.04803+0.00059  0.0150540.00063 188+43 290+7 302+4 302+13
PG-15 0.34  0.05203+0.00162  0.34874+0.01052  0.04862+0.00062  0.01481+0.00070 287+46 304+8 306+4 297+14
PG-16  0.54 0.05222+0.00132  0.34036+0.00827  0.04728+0.00056  0.01428+0.00051 295434 297+6 298+3 287+10
PG-17  0.46 0.05088+0.00184  0.34028+0.01195  0.04851£0.00065 0.01416+0.00068 235+56 297+9 305+4 284+14
PG-18 0.41 0.05473+0.00156  0.36569+0.01008  0.04847+0.00060  0.0159540.00066 401+40 3167 305+4 320+£13
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Table 2 Re-Os isotopic analytical results of molybdenite from Zhunsujihua deposit
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Re W Os '%Re %705
ZS-A 18671+135 0.0027+0.0121 11735485 59.04+0.33 301.2+4.1
ZS-B 9712+61 0.0338+3.1823 6104438 30.95+0.48 303.6+5.9
ZS-C 13478+92 0.0016+0.0207 8471+58 42.43+0.25 299.944.0
ZS-D 27971£188 0.1249+0.0212 17581+118 87.66+0.51 298.5+4.0
ZS-E 18450+139 0.0016+0.0216 11596+87 58.15+0.34 300.2+4.1
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Table 3 Trace element data of zircons from granite porphyry and granodiorite in Zhunsujihua deposit (ng/g)

W5 La Ce Pr Nd Sm Eu Gd Tb Dy
ZK-1 0.91 70.59 1.49 9.98 8.62 1.56 35.73 13.48 162.30
7ZK-2 2.33 26.68 1.05 5.84 424 0.72 21.22 8.35 105.20
ZK-3 0.43 32.60 0.21 2.17 4.99 1.48 36.14 13.73 170.42
ZK-4 6.58 88.75 4.14 22.50 13.28 1.99 44.02 17.49 22037
ZK-5 5.82 4523 245 13.72 6.84 0.97 28.79 11.87 153.80
7ZK-6 0.04 34.78 0.10 1.20 3.32 0.83 25.26 10.18 132.90
ZK-7 0.03 21.20 0.06 1.04 3.40 0.86 22.63 8.92 112.89
ZK-8 0.44 31.24 0.46 3.23 5.01 1.16 33.56 14.94 202.59
ZK-9 0.04 30.14 0.13 2.51 8.30 2.94 57.69 21.70 251.93
ZK-10 0.47 21.85 0.28 2.30 3.49 0.99 22.02 8.88 113.31
ZK-11 0.10 26.03 0.08 1.43 4.42 0.99 35.73 15.45 204.38
ZK-12 0.16 30.52 0.16 3.22 8.96 2.61 60.63 22.62 271.29
ZK-13 0.51 32.13 0.24 2.08 3.89 0.90 25.83 10.83 139.75
ZK-14 221 7521 2.09 12.37 10.03 1.93 45.12 18.30 233.45
PG-1 0.14 9.68 0.10 0.99 1.60 0.40 9.10 3.68 48.93
PG-2 0.04 10.00 0.12 0.89 1.75 0.53 9.87 4.03 52.03
PG-3 0.70 18.10 0.32 2.20 420 1.29 25.98 9.83 127.62
PG-4 1.95 2479 1.01 5.54 422 0.90 16.90 6.98 87.39
PG-5 0.08 8.60 0.08 0.76 1.43 0.46 8.55 3.32 43.19
PG-6 0.16 38.95 0.26 426 8.13 2.02 38.61 14.27 174.20
PG-7 0.03 13.92 0.10 1.71 3.48 1.03 20.97 7.86 98.48
PG-8 0.05 10.37 0.06 0.80 2.53 0.66 14.53 5.83 80.27
PG-9 0.28 17.00 0.36 2.91 3.61 0.88 17.17 6.67 84.65
PG-10 0.06 16.72 0.10 1.42 3.11 0.85 16.86 6.43 79.65
PG-11 0.03 16.96 0.06 0.95 2.59 0.65 15.62 6.46 85.03
PG-12 0.04 11.28 0.03 0.77 1.94 0.48 13.33 5.87 79.65
PG-13 0.03 16.88 0.05 0.84 2.26 0.60 13.90 5.51 75.82
PG-14 0.17 13.69 0.50 3.16 3.81 0.87 14.73 5.76 71.01
PG-15 0.04 16.29 0.06 0.89 2.53 0.67 14.92 6.21 86.39
PG-16 0.03 9.45 0.07 1.44 3.17 0.50 16.30 6.27 78.01
PG-17 0.03 14.20 0.03 0.90 1.78 0.68 11.79 4.89 65.54
PG-18 0.03 15.03 0.06 0.89 2.22 0.63 14.10 5.64 74.50
ZK- 62.96 284.89 60.89 578.53 109.90 453.86 727.23 1401.83 0.27
7ZK-2 41.79 192.15 41.13 400.73 76.38 223.26 471.26 927.81 0.23
ZK-3 64.96 293.60 60.94 584.11 111.34 435.67 594.33 1377.12 0.34
ZK-4 87.47 407.48 88.13 855.17 162.27 384.69 1002.11 2019.64 0.25
7ZK-5 61.96 288.84 62.68 608.98 115.21 401.45 929.55 1407.16 0.21
ZK-6 51.88 237.98 50.97 490.99 93.85 343.33 688.18 1134.28 0.28
ZK-7 4495 205.47 43.07 415.25 79.08 257.49 415.35 958.85 0.30
ZK-8 83.54 398.96 87.27 854.63 162.77 315.61 1028.81 1879.80 0.27
ZK-9 92.74 395.38 79.02 735.39 134.75 326.40 295.41 1812.65 0.41
ZK-10 46.39 221.10 48.97 489.26 98.00 220.20 434.43 1077.32 0.35
ZK-11 82.44 384.11 83.10 809.88 151.45 451.92 1006.64 1799.59 0.24
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A5 Ho Er Tm Yb Lu Th*? [ SREE JEu
ZK-12 100.30 431.53 86.40 792.16 145.17 381.83 461.42 1955.73 0.28
ZK-13 56.42 264.25 56.90 556.78 106.55 271.34 543.07 1257.06 0.34
ZK-14 92.98 429.86 91.66 887.30 164.49 487.15 1006.08 2067.00 0.27
PG-1 20.41 102.65 24.60 270.85 57.57 86.04 238.45 550.71 0.32
PG-2 21.51 110.82 26.12 284.50 60.55 93.75 242.17 582.75 0.39
PG-3 50.45 239.64 53.70 544.55 109.72 186.40 312.79 1188.29 0.38
PG-4 35.42 178.74 42.88 457.97 94.73 240.22 425.78 959.42 033
PG-5 17.97 90.44 21.88 238.58 50.54 79.26 224.07 485.87 0.40
PG-6 66.94 304.43 66.29 652.41 127.88 404.01 531.62 1498.81 0.35
PG-7 40.61 192.88 45.08 472.09 97.55 146.89 299.11 995.79 0.37
PG-8 33.84 170.58 40.80 44476 94.22 114.15 330.61 899.29 033
PG-9 33.23 161.86 37.82 402.32 81.95 281.62 434.97 850.71 0.34
PG-10 32.67 156.41 35.78 372.43 75.63 272.69 434.86 798.11 0.36
PG-11 35.97 183.31 44.17 471.08 96.87 212.95 509.29 959.74 031
PG-12 34.32 174.93 41.59 453.17 94.43 129.50 424.67 911.83 0.29
PG-13 31.34 153.5 36.19 385.35 78.30 257.44 561.63 800.57 033
PG-14 28.15 140.48 33.36 35537 73.75 173.41 311.37 744.81 0.36
PG-15 36.64 188.48 45.63 487.18 102.26 173.85 460.64 988.20 033
PG-16 29.53 13232 28.26 276.29 53.50 90.48 198.35 635.14 0.21
PG-17 27.28 136.36 32.12 343.62 72.59 158.84 386.24 711.81 0.45
PG-18 30.99 156.44 36.69 394.76 81.02 216.13 49931 813.00 0.34
10*
10° -
i 10% A
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Fig. 5 Chondrite-normalized REE patterns of zircons from Zhunsujihua intrusions (normalized data cited from Ref. [17])
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Table 4 Major (%) and trace (ng/g) elements of granodiorite and granodiorite porphyry from Zhunsujihua intrusions

e TERBER LR K e TERBER TERIR K
HiH ZK-1 ZK-2  ZK-3 PG-1 PG2  PG3 | HiH ZK-1 ZK-2  ZK-3  PG-l PG-2 PG-3
Si0; 7027 7037 7038 7130 6929 7139 | Zr 155 147 137 159 153 150
ALO; 1530 1518 1549 1458 1551 1436 | Hf 4.1 3.9 3.6 44 44 48
FeO" 2.11 2.17 2.12 233 2.52 212 | Sm 424 3.79 3.81 3.55 3.79 4.96
MgO 0.74 0.79 0.74 0.75 0.87 072 | Ti 0.177 0183 0173 0218 0212 0.191
Ca0 2.08 2.13 2.13 1.98 2.03 174 | v 16.7 15.8 16.3 20.7 218 35.2
Na,0 437 433 445 4.07 3.81 406 | Yb 1.51 1.41 1.49 228 2.13 423
K,0 2.87 2.84 2.95 3.26 3.95 344 | Lu 0.23 021 0.22 035 0.34 0.68
MnO 0.04 0.04 0.04 0.04 0.06 003 | Pr 5.12 461 494 479 3.88 6.56
TiO, 0.26 027 0.27 033 0.32 029 | Eu 0.88 0.83 0.85 0.84 0.89 0.76
P,0s 0.10 0.10 0.10 0.09 0.10 008 | Gd 3.61 3.08 3.40 3.16 3.42 451
LOL 0.89 1.07 0.97 0.90 1.33 105 | Tb 0.52 0.46 0.51 0.53 0.60 0.83
BRI 99.03 9929  99.64  99.63 9979 9928 | Dy 2.89 2.62 2.94 3.18 3.68 5.67
Rb 794 838 847 1515 1000 1685 | Ho 056 052 057 066 076 128
Ba 363 364 360 453 637 24 | Er 1.52 1.46 1.62 2.13 2.18 3.87
Th 738 721 6.15 11.05 831 212 | Tm 0.22 021 0.23 033 032 0.61
5] 247 534 2.33 3.09 3.04 452 | REE 10560  97.00  101.88 10330 8329 14536
K 23100 23100 23300 26700 32200 28900 | LREE 9454  87.03 9090  90.68  69.86  123.68
Ta 0.48 0.48 0.56 0.95 0.79 169 | HREE  11.06 997 1098 1262 1343 21.68
Nb 5.4 5.3 5.7 9.2 7.7 132 hﬁg 855 873 828 719 520 570
La 204 189 19.8 203 153 279 | oEu 0.69 0.74 0.72 0.77 0.76 0.49
Ce 439 40.6 427 430 30.8 589 | ocCe 1.05 1.07 1.06 1.07 0.98 1.07
Sr 457 456 467 287 340 291 | Nak 1.52 1.52 1.51 1.25 0.96 1.18
Nd 20.0 183 18.8 182 152 246 | A/CNK  1.09 1.08 1.08 1.09 1.19 111
P 440 470 460 380 470 370 | ANK 1.48 1.49 147 142 147 1.38
Ga 1985 1845 1940 1850  20.10 1820 | Mg# 0.39 0.40 0.39 037 0.38 0.38
6 3.0
o TEHBEE _ O TEHBES
54 RNKE O R NKE
254 WER
4 - 1 PUK:Z)5]
" y 2.0 A
3,37 % 1
M 15 -
2] _ &F
N 1.0
. 05 o’ 951t . (b)
0 0.5 1.0 1.5 2.0
Si0, /% A/CNK

B 6 HFELERSIO-K,0 EfFEE L HK[18122)(a)F0 A/CNK-A/NK [l fi# (1 T B [1911€ 250 (b)
Fig. 6 SiO; vs. K,O diagram (modified from Ref. [18]) (a) and A/CNK vs. A/NK diagram (modified from
Ref. [19]) (b) of Zhunsujihua intrusions
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Fig. 7

Whole-rock chondrite-normalized REE diagram (a) and primitive mantle-normalized trace element

spider diagram of Zhunsujihua intrusions (b) (normalized data cited from Ref. [17])
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Fig. 8 Discrimination diagrams of granite type for Zhunsujihua intrusions ((a) cited from Ref. [20], (b) cited from Ref. [22])
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