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Characteristics of Platinum Group Element in Neoproterozoic Mafic Intrusions in the

Northern Margin of the Yangtze and Exploration Implications
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Abstract: Multiple layered mafic intrusions occur along the northern margin of the Yangtze Block, SW China.

The Neoproterozoic Bijigou and Wangjiangshan mafic intrusions are two of the best exposed intrusions in the
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region. The Bijigou and Wangjiangshan mafic intrusions are thought to be generated by 10% to 20% of partial
melting of a depleted mantle source. Uniformly high Cu/Pd (3.52x10*~3.97x10’ for the Bijigou samples and
1.78x10*~1.61x10° for the Wangjiangshan samples) indicate that the parental magma of these intrusions experi-
enced prior sulfide segregation before their intrusions into the shallow crust. Positive correlation between IPGE
with whole—rock Ni, and negative correlation between Cu/Ir and Ni/Pd illustrate that the distribution of PGE is
mainly controlled by the accumulation of olivine under an S—unsaturated condition. In comparison no linearly
correlation between PGE and whole—rock Ni, V and TiO,, and positive correlation between Cu/Ir and Ni/Pd il-
lustrate that the PGE in the Wangjiangshan intrusion is controlled by the second-stage sulfide saturation. The
general lack of parallel alignment of tabular minerals in the Bijigou and Wangjiangshan intrusions, combined the
PGE depletions in the Wangjiangshan second segregated sulfides, indicates that these intrusions probably intrud-
ed and cooled under a single episode of magma replenishment, rather than a dynamic magma conduit system.

Therefore the shallow part may not have the conditions to host large deposits and future prospecting work should
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focus on the deeper part.
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5 b A6 2 IR b DR oo AR S R M 2
ARZER, X5 T REFER T g4 B HOs oo AR 32 v 1k
K H: 5 Rodinia #8 KRl 2% ¢ &, BAAEH B2 0 &
SC, G T 2R AR B R Ml G i 3 e
PEJZARAE R i AE 3 T R Bt 2k, AR 1] PEAR IR 2%
A HEHLTA R YT L S A AR, DL R SR
HARE i LRG0 P A

1960 4F- DLk, 1 A % EE ML VA FIER VL LA gk
B o R AR R B AL W T R B#E AT T RS
Sm-Nd [F i ZWFFR R, Bk | 78 2 K& BTl
FIEEHLIE AR A Sm-Nd FERHR A0 A 837~1 061 Ma
(RS9I 55, 20005 6 BESE, 2013, B G 8, 2021) o B
AFIFH SHRIMP, LA-ICP-MS il SIMS X K& HL V) 45 4
AT LA R IEAT T 8540 U-Pb 4R 2550 M, 193] T
— B LA AR, DA HEAILVA AR ER VLA R Y
AR 4 94 780 Ma #1820 Ma(Zhou et al., 2002;
Dong et al., 2011; Wang et al., 2016) ., 44 Sr—Nd Fl4%
A1 HI R0 22 850408 322 W, HE ML T8 RN B8 VL 1 2 A 2 (] U
fY, W35 34 R e i AR 1A A P i AE 5 T 2.0 GPa
IR, Zid 10%~20% 35 M5 B r=4 . B2+
PRAZ A 3k 7 v b 5 TR G 09 ST R LT AT L2 AN T
(Zhou et al., 2002; Zhao et al., 2009; Dong et al., 2011;
Wang et al., 2016) ,

B2, X TR AL A FIER YT Ll A A o 7 Al Bk ik 4R
A0 DR R0 B Ak 0 DR 1) AV R B 1A
BUHI AT T8 o ORI (2017) 38 a2 85 K ik 42 9%
ST TR SRR AR O R (PGE) & &, 1Hie 1Bk

ARAPEF AW S . £ 5% (2019) i 18 LA-ICP-
MS 43 A7 D B R A i T R &, NI
WAROIREE A 12.9~18 km, [HJE, Af A IR R E— 45
AR TR AL 1 R R T R RN, B
et ARG Ve B2 % 9% 30 4 R () A7 3R S R 9k Xof HE ML 7 R R
VLI PIAS AR TR B R T R AT 70 AT, 456 L 1
HICE B, PR SRR AR 81 ST R 73 A1 LA K
Xof L3 e ) 4 1 R s R 2 A Fe-Ti 0 Ak AT B
b DB TG AR R 2R S R R A T R Ak
WAk 1.

1 M RE

LR 7 AR R AR E AR A 1. TR
B bR LA 08— il -5 6 3 Ll S B, S AR S
i 4 TF, VE AR LS W —H A0 1Ll 5 9 e e R T
(Zhao et al., 2012) . 471 1Y 45 &b KL I o g B2 28 ot
8 oK AR —r ot AR 0 B e S DA R L, b
04 55 78 T 38 RSB AR G ol AR R A A b 2
(7K 545, 1995, 20005 7542, 2004; Zhao et al., 2009) .

AL T4 Hb B A8 EB A9 0 F L DX 2 b [ o E Y
BV HEERA S X Z— (G B4 %, 1995; 2=
FORAE, 2023) o DURG HE DX R 0 IS FE RSk A
ER P WL AWUES D QIR AR S S ST N
2000; Ling et al., 2003) . 780 Ma Y& 4JL74) 5 A& F1 820 Ma
BT LA AR 2 DU RS B X S5 K ) R 9 R B A e T
PN B P B PR 1A (5T 1), 3 A AR TR AT



%24

R RS 1 T AL T AU A R IR T B R R X 3

WAF AT B A TF R A B LB RE B (LR 2, 19755
TEAHE, 1976) o TERTT LA IR A S5 207, iE

WA A 2 B &
1993),

M H B 51 % AL W0 1 IR (B 22 4%

oy W T 4

0 25 50 km

| [ | #tnz | ElEEEEINT
[ medere—maran [ Wik

] s I v ia k-
[ |mesedirunz B e

[ ] wotdittmy g Wi 2

[ ] At s mak e

E1 #HFitiRde G EEHUAFIET LA A it R E (48 Dong et al.,

2011; Wang et al., 2016 &)

Fig. 1 Geological map of the Bijigou and Wangjiangshan intrusions at the northern of the Yangtze block
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Fig. 2 Field photos and petrographic characteristics of different rock types from the Bijigou and Wangjiangshan intrusions
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Tab. 1 Major (%), trace element (10 °) and REE concentrations (10 °) analyses of the Bijigou and Wangjiangshan samples

FEfS WIS502 WIS503 WIS510 WIS516 WIS517 WIS519 WIS606 WIS612 WIS614 BIG502 BIG503 BIG507 BIGS514 BIGS516 BIG522

oy WO K ﬁf} O WO MO BB K EK f%# B OWOB MK RS ff‘ﬁ
o K o

Sio, 48.0 51.0 45.1 45.0 45.0 46.3 42.9 51.1 48.4 41.9 42.8 443 35.8 43.0 41.7
TiO, 0.33 1.06 1.12 0.31 0.50 1.27 2.98 1.14 1.14 2.41 2.24 0.57 4.55 4.52 3.57
AlO; 20.9 183 16.9 18.2 13.5 18.5 14.5 16.0 16.8 15.2 13.8 173 14.2 15.5 14.7
TFe,0;  6.32 8.57 12.7 9.63 12.7 10.9 17.1 9.81 10.9 18.9 17.3 14.1 27.0 16.7 17.1
MnO 0.10 0.16 0.16 0.12 0.16 0.14 0.27 0.17 0.16 0.18 0.22 0.17 0.26 0.20 0.26
MgO 7.39 7.31 9.33 13.7 183 8.93 5.92 6.18 8.28 5.91 6.84 10.5 4.42 6.05 6.23
CaO 13.9 10.2 12.5 9.49 7.42 10.5 10.9 8.72 10.2 114 12.8 8.55 9.10 11.1 113
Na,0 2.06 2.95 1.76 1.77 1.59 2.60 2.92 3.38 2.98 2.28 2.09 2.06 2.09 2.38 2.44
K,0 0.16 0.22 0.05 0.16 0.27 0.19 0.44 1.65 0.31 0.12 0.10 0.11 0.13 0.09 0.11
P,0s 0.05 0.16 0.20 0.06 0.10 0.18 1.08 0.19 0.14 0.05 1.09 0.05 0.33 0.07 2.00
LOI 0.38 0.23 0.21 1.07 0.73 0.16 0.87 1.32 0.34 0.99 0.36 2.01 1.41 -0.07 -0.30
Total 99.51 99.61 99.94 9953 99.98 99.55 99.83 99.62  99.62 9932 99.55 99.64 9924  99.53 99.24
Li 3.81 421 2.75 5.14 5.67 4.71 6.90 14.0 8.96 4.78 291 3.18 6.11 3.24 5.76
Be 0.32 0.37 0.27 0.28 0.35 0.47 1.11 0.92 0.59 0.21 0.23 0.17 0.20 0.20 0.25
Sc 28.9 27.6 33.1 11.6 15.1 26.3 42.2 31.8 325 44.8 56.8 124 39.2 49.2 43.1
\% 88.9 86.0 282 70.8 88.5 191 361 166 197 729 472 177 716 406 330
Cr 419 195 233 503 467 198 22.6 192 264 5.41 5.37 46.6 6.70 5.77 8.35
Co 47.2 374 67.2 74.9 95.9 66.4 52.0 39.8 572 83.3 56.0 86.1 56.7 50.0 46.3
Ni 125 65.3 162 338 466 197 214 52.8 91.6 5.59 5.38 58.5 2.60 18.5 4.43
Cu 53.1 8.67 83.4 42.4 23.8 44.0 63.1 45.1 62.2 20.2 20.5 38.6 20.2 28.2 13.5
Zn 39.1 55.6 85.0 62.2 83.5 71.8 157 87.0 78.0 98.9 109 79.7 180 89.2 116
Ga 16.2 16.5 16.8 12.7 11.0 16.2 21.5 18.2 16.9 20.3 18.8 15.2 24.5 17.6 193
Ge 1.07 1.20 1.25 0.95 1.09 1.24 1.62 1.50 1.43 1.41 1.59 1.08 1.39 1.39 1.49
Rb 2.37 2.06 0.53 2.28 4.80 2.32 2.17 30.0 3.12 1.85 1.58 1.31 2.34 0.78 0.97
Sr 557 638 528 374 281 312 423 237 270 425 422 364 513 457 542
Y 9.45 12.2 13.1 5.66 9.49 20.6 64.4 41.0 26.1 8.48 21.7 3.38 8.08 7.60 26.0
Zr 25.1 37.2 16.5 21.7 43.0 64.2 1717 257 107 123 15.7 6.55 9.72 20.4 15.8
Nb 0.91 2.20 0.50 1.00 2.20 2.58 19.6 7.19 3.35 0.44 0.60 0.28 0.49 1.34 1.43
Cs 0.09 0.08 0.15 0.17 0.15 0.06 0.08 0.66 0.12 0.27 0.17 0.62 0.69 0.35 0.35
Ba 88.6 120 55.6 69.6 93.4 124 220 907 126 47.0 50.9 45.4 43.1 45.1 594
La 4.08 3.81 4.07 3.21 5.31 4.83 30.0 153 6.68 1.56 6.07 1.30 1.92 1.46 8.38
Ce 9.38 9.21 10.7 7.06 12.0 13.0 75.6 38.1 16.9 4.02 16.4 2.87 4.92 3.69 235
Pr 131 1.33 1.67 0.93 1.58 2.03 10.7 5.18 2.47 0.65 2.59 0.39 0.79 0.59 3.63
Nd 6.24 6.67 8.79 4.20 7.04 10.5 50.2 23.9 12.1 3.73 14.1 1.89 4.56 343 20.1
Sm 1.61 1.80 2.34 0.99 1.64 2.99 12.0 6.06 3.50 1.21 3.87 0.49 1.36 1.11 5.32
Eu 0.83 1.25 1.04 0.53 0.60 1.26 3.27 1.79 1.37 0.68 1.43 0.40 0.89 0.70 2.17
Gd 1.78 2.13 2.60 1.06 1.75 343 124 6.51 4.08 1.48 4.42 0.57 1.67 1.39 5.99
Tb 0.28 0.35 0.42 0.17 0.28 0.59 1.94 1.09 0.71 0.26 0.69 0.09 0.27 0.23 0.89
Dy 1.78 2.19 2.53 1.05 1.72 3.62 11.7 6.98 4.55 1.62 4.07 0.61 1.59 1.48 5.06
Ho 0.37 0.45 0.51 0.22 0.36 0.76 2.31 1.46 0.94 0.33 0.81 0.13 0.32 0.30 0.98
Er 1.02 1.30 1.39 0.62 1.04 2.12 6.40 4.28 2.68 0.93 2.18 0.37 0.86 0.83 2.46
Tm 0.14 0.18 0.18 0.09 0.15 0.31 0.89 0.64 0.39 0.13 0.28 0.05 0.11 0.11 0.30
Yb 0.90 1.21 1.15 0.58 0.97 1.93 5.50 4.30 2.54 0.81 1.68 0.35 0.67 0.72 1.74
Lu 0.13 0.18 0.16 0.09 0.15 0.29 0.80 0.65 0.37 0.12 0.24 0.05 0.10 0.10 0.24
Hf 0.71 0.92 0.59 0.54 1.07 1.65 4.45 5.28 2.68 0.43 0.56 0.19 0.35 0.59 0.49
Ta 0.08 0.18 0.08 0.07 0.15 0.21 0.92 0.33 0.21 0.07 0.08 0.05 0.05 0.15 0.15
Pb 1.19 1.09 0.58 2.35 1.96 1.14 2.35 483 3.98 0.78 1.01 2.51 0.66 0.62 0.71
Th 0.22 0.18 0.05 0.19 0.53 0.19 0.47 1.02 0.47 0.06 0.23 0.09 0.06 0.05 0.21
U 0.04 0.05 0.01 0.04 0.12 0.05 0.14 0.32 0.12 0.02 0.06 0.03 0.02 0.02 0.06
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Tab.2 Platinum group element concentrations of the Bijigou and Wangjiangshan samples (10°°)

(= RE A Ir Ru Pt Pd LPGE
WIS502 A M A 0.010 0.040 0.088 0.186 0.325
WIJS503 HRBKS 0.019 0.071 0.424 0.486 1.000
WIS510 B IR K s 0.025 0.078 0.762 0.292 1.158
WIS516 ML 75 K 0.012 0.043 0.459 0.265 0.779
WIS517 HOHE 95 K 0.012 0.044 0.263 1.193 1.513
WIS519 MRS 5 4 2 0.039 0.137 0.459 1.981 2616
WIS606 HER M A 0.003 0.057 0.070 0.081 0.211
WIS612 HRBKS 0.005 0.062 0.029 0.028 0.125
WIS614 MR A 0.003 0.033 0.027 0.092 0.155
BIG502 R & MO K A 0.005 0.039 0.080 0.179 0.304
BIG503 R K A 0.022 0.034 0.298 0.148 0.503
BIG507 MRS 2 0.089 0.149 1.208 1.097 2.544
BIG514 MK A 0.005 0.056 0.071 0.113 0.246
BIG516 R R S 0.027 0.046 0.211 0.071 0.354
BJG522 K KA 0.005 0.032 0.050 0.066 0.153
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Cu F1 Pd 7 Gt Ak FIRE TR 0 45 44 =22 6] HL AT AN [W] 1)
3 B(DS M R 5.8%10°% D M 3.4x10%)
(Peach et al., 1990, 1994) . HIt, — B A KA TER ALY
1585, Pd St 23 iR Z s R AR ALY AR AR AR A K
Pd 5 o Yk SEHR AR A IKAR L BRI A I s TR A
Ji o HE S ARRE DA S a4k K 5 1 Cu/Pd A5 452 19 40
TG RHIE

ESHLYA ATV L A AR X BAT 5 i B e T R 41
B AARL 25 59 Cu/Pd A (Cu/Pdu. Tl 3.52%x10°~3.97x
10%; Cu/Pdeyy, 8 H9 1.78%10*~1.61x10°) P 5 AHIT 1
BT 0 3R D s b 2 s o o 2 (121 3) T 1 I 4 e
A Cu/Pd { (Cuw/Pd {4 7 000~ 10 000) (% 2) (Barnes

etal., 1993), W7~ W0 14 B4 5 R U5 O B AR A=A 1T 4B
26 33 W R AL P 0 B A R . 22 R B T R R
Hiu b b o Ak it 2 FMIC IPGE/PPGE fH, 454 Aif N 4iRIE 1Y
B AL Fo & = (Zhang et al., 2020), %% BH Se ¥ 75 F =R
VL LU A 1 B 5 3R B A R A i R AR Bk LTS Ay
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FH 25 I0 2 W XL 43 76 O A1 . ®E4k @™ b, Tl PPGE
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Fig. 6 Ni/Pd—Cu/Ir plots of the Bijigou and Wangjiangshan intrusions

R 4R o it 0 2 B, HE ML AR (Th/YD) oy fH
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Fig. 7 Simplified model for the sulfide saturation history of the parental magma of the Bijigou and

Wangjiangshan intrusions in the Hannan area, northern Yangtze Block, SW China
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