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Abstract

The Bianjiadayuan deposit is one of the representative polymetallic deposits in the southern Great Xing'an.
The western sector of the deposit is distinguished by its development of porphyry-type Sn-Cu-Mo ore bodies, in-
tricately associated with quartz porphyry. Incorporating whole-rock geochemistry, zircon Hf isotopes, and zircon
trace element analysis revealed the magmatic properties, origin, and evolution of the ore-bearing quartz porphyry.
This study indicates the quartz porphyry, with &,(t) values ranging from —0.86 to 5.99 and T,,,, ages between 809
and 1240 Ma, originated from the partial melting of young Neoproterozoic crust. The rock is aluminous to weakly

* RSO RN E G A RBEE IS (G5 :92062218) FIE A AR B # 3L 5 AR 5L &0 H (45 : 41672095 B & 92 i)
H—1EERA KT, 20,1989 4FA, [ NG w PRIbER 24 F5E 1 S 96 b ER fE 24 A5 . Email: 202260009 @cugb.edu.cn
o GEIER B, B, 1988 AR L BFSE O, N RS B R M ER AL # 5 . Email: jiaxin.wang@cags.ac.cn
e HIE  2024-01-05; 210l HIH - 2024-03-14 i BkCRE 4ttt



430 N |7 . ) Jt 2024 4F

peraluminous, high-potassium calc-alkaline granite, enriched in light rare earth elements and large ion lithophile
elements, but depleted in heavy rare earths and high field strength elements. The geochemical signatures, includ-
ing low Zr/Hf and Nb/Ta ratios and a high Rb/Sr ratio, suggest the magmatic source underwent significant differ-
entiation during its crystallization process. Zircon trace element characteristics point to a reductive (/FMQ-0.15),
high-temperature (>750°C), water-poor magmatic source. Based on zircon geochemical indicators and magmatic
features, the quartz porphyry is deemed favorable for tin enrichment and mineralization, but less so for copper
and molybdenum. This research not only sheds light on the intricate processes governing the mineralization of the
Bianjiadayuan deposit but also contributes to the broader understanding of magmatic systems and their mineraliza-
tion potential in similar geological settings.
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Bianjiadayuan deposit
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Fig. 1 A sketch geotectonic unit map of Northeast China and its neighboring areas (a) and locations of Sn-polymetallic deposits in
the southern Great Xing'an Range (b, after Liu et al., 2018)
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Fig.3 Representative hand specimen photo (a) and microscopic photo (b) of Bianjiadayuan quartz porphyry
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Table 1 Composition major elements(w(B)/%) of Bianjiadayuan quartz porphyry
5y BJ-1-1 BJ-1-2 BJ-1-3 BJ-1-4 BJ-1-5 BJ-1-6 BJ-1-7 BJ-1-8
Sio, 72.85 72.83 73.06 74.43 74.35 74.06 73.83 75.01
TiO, 0.16 0.17 0.14 0.14 0.13 0.15 0.13 0.14
ALO; 12.55 13.11 13.01 12.89 13.34 13.42 13.40 13.34
FeOT 2.20 2.18 1.45 0.92 1.09 0.63 1.02 0.56
MnO 0.03 0.02 0.03 0.02 0.05 0.02 0.05 0.02
MgO 0.26 0.20 0.19 0.17 0.21 0.16 0.24 0.13
CaO 1.43 0.92 1.01 0.86 0.48 0.75 0.63 0.46
Na,O 3.46 3.55 3.27 3.61 2.67 3.38 2.66 342
K,0 4.76 5.12 5.85 5.15 5.97 5.83 6.15 5.67
P,O, 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02
LOI 1.98 1.61 1.80 1.67 1.55 1.48 1.72 1.17
Jsvii] 99.71 99.74 99.84 99.89 99.86 99.90 99.85 99.94
Mg* 0.17 0.14 0.19 0.25 0.26 0.32 0.30 0.29
K,0+Na,O 8.22 8.67 9.12 8.76 8.64 9.21 8.81 9.09
K,0/Na,O 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
A/CNK 0.93 1.00 0.96 0.98 1.14 1.01 1.10 1.06
A/NK 1.16 1.15 1.11 1.12 1.23 1.13 1.21 1.13
FeOT/(FeOT+MgO) 0.89 0.92 0.89 0.84 0.84 0.79 0.81 0.82
K,0+Na,0-CaO 6.79 7.75 8.11 7.90 8.17 8.46 8.18 8.63
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Fig.4 Chondrite-normalized REE patterns diagram (a) and primitive mantle-normalized spider diagram from the Bianjiadayuan

quartz porphyry (b) (the normalization parameters are after Sun et al., 1989)
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K2 MERARAEWMEMETEWB)Y/10)FFHE L ITEWB)/10)EK
Table 2 Composition of trace elements(w(B)/10™°) and rare earth elements(w(B)/10°) of Bianjiadayuan quartz porphyry

oy BJ-1-1 BJ-1-2 BJ-1-3 BJ-1-4 BJ-1-5 BJ-1-6 BJ-1-7 BJ-1-8
La 53.80 59.80 54.20 49.80 67.80 67.00 65.60 58.10
Ce 108.00 106.00 106.00 99.80 127.00 124.00 122.00 109.00
Pr 12.50 13.80 13.00 11.50 17.00 16.40 15.90 14.60
Nd 49.20 52.30 49.90 44.40 67.60 64.00 62.50 58.40
Sm 9.90 9.97 9.48 8.12 13.40 12.30 12.20 11.70
Eu 0.37 0.37 0.37 0.37 0.41 0.42 0.41 0.41
Gd 8.24 8.19 7.24 6.34 9.89 9.56 9.17 8.64
Tb 1.61 1.55 1.25 1.12 1.63 1.73 1.52 1.48
Dy 9.06 8.65 6.48 5.84 8.04 9.53 7.57 7.35
Ho 1.83 1.66 1.17 1.17 1.43 1.80 1.37 1.32
Er 5.28 4.75 3.37 3.23 3.99 5.18 3.78 3.80
Tm 0.94 0.85 0.58 0.56 0.68 0.91 0.62 0.64
Yb 5.98 5.54 3.88 3.68 4.26 5.86 4.05 3.98
Lu 0.86 0.80 0.53 0.52 0.61 0.82 0.57 0.57
Eu/Eu* 0.12 0.12 0.13 0.15 0.10 0.12 0.11 0.12
Ce/Ce* 0.98 0.87 0.95 0.98 0.89 0.89 0.90 0.89
La/Yby 6.45 7.74 10.02 9.71 11.42 8.20 11.62 10.47
La,/Smy 3.51 3.87 3.69 3.96 3.27 3.52 3.47 3.21
Sm/Yby 1.84 2.00 2.71 2.45 3.50 2.33 3.35 3.27
Dy,/Yby 1.01 1.05 1.12 1.06 1.26 1.09 1.25 1.24
YREE 267.57 274.24 257.45 236.46 323.74 319.51 307.26 279.99
LREE 233.77 242.24 232.95 213.99 293.21 284.12 278.61 252.21
HREE 33.79 32.00 24.51 22.47 30.53 35.39 28.65 27.78
LREE/HREE 6.92 7.57 9.51 9.52 9.61 8.03 9.72 9.08
Sr/Y 1.33 1.16 1.64 1.77 0.93 0.77 1.11 1.19
Hf 3.02 3.53 2.84 3.52 4.79 4.16 4.60 5.01
Pb 41.70 44.70 24.00 20.60 279.00 35.10 205.00 46.90
Ta 1.99 2.25 1.84 2.30 2.22 1.97 2.17 2.56
Th 22.20 21.90 20.80 21.40 28.90 23.00 26.90 28.80
U 6.90 6.83 6.69 7.70 9.61 11.30 9.08 6.04
Sc 2.21 2.30 1.78 1.92 1.99 2.12 1.93 1.93
v 5.09 4.70 5.13 5.42 2.81 3.22 2.98 231
Cr 1.83 2.21 1.85 2.00 1.66 1.63 1.37 1.43
Co 1.12 1.09 0.529 0.43 0.99 0.77 0.75 0.43
Ni 0.88 0.802 0.809 0.66 0.73 1.28 0.52 0.51
Ga 20.50 21.90 19.20 21.00 22.60 21.40 22.00 22.20
Rb 216.00 235.00 314.00 251.00 288.00 241.00 284.00 249.00
Sr 71.30 58 57 57.80 35.90 39.30 40.50 41.00
Ba 146.00 159 218 201.00 251.00 219.00 254.00 236.00
Y 53.70 50.00 35.00 32.60 38.60 51.10 36.50 34.50
Zr 59.20 70 58 70.50 101.00 88.60 97.80 102.00
Nb 20.90 22.70 20.30 22.40 23.80 21.60 23.10 26.00
Cs 6.17 6.32 8.15 6.79 8.90 7.11 8.91 7.27

T LU 1.



436 R M R 2024 4F
K3 DRAEAEBEEHEAMETE (wB)/10°) BN
Table 3 Composition of trace elements(w(B)/10™°) of zircon from Bianjiadayuan quartz porphyry
%14 BIJ-1-1 BIJ-1-2 BJ-1-3 BJ-1-4 BJ-1-5 BJ-1-6 BJ-1-7 BJ-1-8 BJ-1-9 BJ-1-10 BJ-1-11 BJ-1-12 BJ-1-13 BJ-1-14 BJ-1-15
La 0.2 18.5 0 439 1.0 5.5 0 0 0.1 0.1 62.3 0.4 18.4 0 0
Ce 42 109 36 172 59 107 48 43 78 39 250 54 102 57 74
Pr 0.3 8.6 0.5 16.5 1.0 3.1 0.2 0.7 0.4 0.4 30.1 0.5 7.2 0.4 0.5
Nd 6 71 11 88 18 24 5 14 10 6 162 10 44 8 9
Sm 16 87 31 39 39 30 15 33 22 19 57 25 24 16 22
Eu 0.6 6.4 0.9 1.1 0.8 0.3 0.3 0.5 0.4 0.8 0.8 0.6 0.5 0.6 0.6
Gd 81 390 169 144 229 157 92 184 135 112 151 149 109 105 135
Tb 29 119 56 44 80 53 31 63 47 37 46 52 38 37 46
Dy 336 1294 622 501 953 638 367 736 560 450 524 619 435 437 536
Ho 131 441 231 184 360 236 143 273 210 170 196 235 169 170 204
Er 556 1761 949 756 1494 981 610 1131 896 734 835 994 728 720 873
Tm 115 346 187 150 298 201 126 224 182 147 168 200 144 146 173
Yb 1013 2906 1593 1315 2533 1732 1098 1867 1570 1292 1458 1693 1260 1274 1507
Lu 195 544 295 246 473 323 206 339 294 244 271 315 232 239 282
Y 3581 11785 6177 4953 9685 6418 3847 7337 5735 4698 5389 6432 4589 4580 5569
Ti 10 10 9 13 8 13 12 10 9 5 10 8 10 10 14
Zr 477015 471150 475456 476314 469451 472355 476728 474408 473726 476613 472062 472274 475081 474113 474329
Hf 27311 21404 25665 24478 27695 29170 27143 24676 28411 26364 29967 29894 28250 29726 26566
Th 528 1293 522 1204 1205 853 551 789 740 436 1154 749 710 851 1241
U 1057 1887 976 1731 2335 1822 1151 1460 1537 932 2478 1466 1366 1495 2124
EwEu* 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0
Ce/Ce* 345 2.1 22.2 1.6 12.9 6.2 72.9 18.6 52.6 30.6 1.4 26.0 22 39.5 45.1
YREE 2520 8101 4181 3702 6538 4491 2741 4909 4005 3252 4212 4349 3311 3211 3862
LREE 65.1 300.8 78.9 361.0 118.8 1694 679 90.9 110.0 65.7 562.4 90.9 196.7 82.4 105.7
HREE 2455 7801 4103 3341 6419 4321 2674 4818 3895 3187 3649 4258 3114 3129 3756
LREE/
. 0 . .
HREE 0 0 0 0.1 0 0 0 0 0 0.2 0 0.1 0 0
Th/U 0.5 0.7 0.5 0.7 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.6
T FfE AN 1o
100000 g . .
: 5 W ®
10000 ¢
1000 £ 51 HBREWK
100k 1E A/NK-A/CNK 43 25 [l fift (8] 6a) B 7% T
E Y - 55 10 47 5T X, 78 K,0-Si0, Fll Th-SiO, P i
10k o .
(& 6b.c) H, R 27 T H AL -4 20n R 51 IX
] WS, R S B R R AR 7R TR BB A1
0.1k PRAEAL I i (18] 4a) T, HCC 70 M4 S A S i RS 2, B
L R0 % B TR T SR HE , HRA
La Ce Pr Nd  SmEuGd Tb Dy HoEr Tm Yb Lu B 1Y Bu 0 53 5 FE I oo Rk W 1 (& 4b) h A
YL RE G M B AL 2 A R AT O B, 5
K5 KRB SERES B A BRI B A bR AL TR

RIS M 2k (BRifEAL (B Sun et al.,1989)
Fig. 5 Chondrite-normalized REE diagram for zircons from
the Bianjiadayuan quartz porphyry (chondrite normalization

values are from Sun et al.,1989)

9 0.2873, &,{t) [} —0.86~5.99 (i=(136.9+0.8)Ma) ,
SEHE R 1.51, ZFr BEBE AR IS Ty, =809~1240 Ma,

K.Rb.Th U% K& FEAILE, 5H Ba.Sr.P . Ti%
G, H(La/Yb) [l H 6.45~11.6, F-44J9.45, LI I &
RILE MIRICE W L CREIE SR 1 SR A A
=N Y TN s s T B U 8

Zr/Hf FINb/Ta 55 “ WU IR TC R " 10 LUAE 7225 51
5ot b 2 W 2E AF /)N (Green, 19955 % ff# G %,
2007) , % M TH8 R 5 K o0 S i AL R BE (R AR T A,
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Table 4 Zircon Lu-Hf isotopic compositions of the Bianjiadayuan quartz porphyry
AR Tosi T
BERGi  UeYb/THf  2SE SLu/THf  2SE SHEATHE  2SE (VSHEATHE), f.e £40) &) 2SE M P
/Ma /Ma /Ma
BJ-1-01 139  0.040603 0.000309 0.001342 0.000018 0.282701  0.000050  0.282697 -0.96 -2.53 0.40 1.78 789 1164
BJ-1-02 142 0.028788 0.000203 0.001023  0.000009 0.282742 0.000046  0.282739 -0.97 -1.07 195 1.62 724 1068
BJ-1-03 140  0.090699 0.003501 0.002812 0.000108 0.282862 0.000056  0.282855 —-0.92 3.18 599 2.00 581 809
BJ-1-04 139 0.072102 0.004383 0.002310 0.000123  0.282803  0.000047  0.282797 -0.93 1.09 3.93 1.67 660 940
BJ-1-05 140 0.036333 0.000373 0.001237 0.000017  0.282690 0.000048  0.282687 -0.96 -2.90 0.06 1.69 802 1187
BJ-1-06 140 0.100474 0.009069 0.002806 0.000221 0.282746 0.000047  0.282739 —-0.92 -091 190 1.67 754 1069
BJ-1-07 134 0.031437 0.000151 0.001072 0.000008 0.282672 0.000047  0.282669 -0.97 -3.53 -0.69 1.68 824 1229
BJ-1-08 135 0.027944 0.000348 0.000925 0.000007 0.282715 0.000057  0.282713 -0.97 -2.00 0.87 2.02 760 1131
BJ-1-09 133  0.025385 0.000203 0.000840 0.000001  0.282667 0.000053  0.282665 —0.97 -3.71 -0.86 1.87 826 1240
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Fig. 6 TAS granitoids classification diagrams (a, after Frost et al., 2001), w(K,0)-w(S10,) diagram (b, after Peccerillo et al, 1976 )
and w(Th)-w(Si0,) diagram (c, base map after Hastie et al., 2007 )
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Fig. 7 Nb/Ta-Zr/Hf discrimination diagrams (a, modified after Wu et al., 2017) and Rb/Sr-w(Si0,) discrimination diagrams
(b, modified after Xie, 2021)
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AR LA I (Harrison et al., 2007) o #Jg It 7T LA W A7 2
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