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Abstract

Located in Mouding County, Yunnan Province, the Anyi Fe-PGE deposit is a large-scale titanomagnetite-
type platinum group elements (PGEs) deposit which produces both platinum group elements and magnetite.
There is little study on the occurrence state of PGEs in the deposit. In this paper, based on the field observation
and petrographic identification, the mineralogical characteristics of platinum group minerals (PGMs) are studied

by using TIMA and LA-ICP-MS-Mapping analysis methods, it is found that the platinum group elements (PGEs)
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mainly exist as independent minerals. Most of PGMs are arsenide and telluride of platinum and palladium, such

as sperrylite, arsenopalladinite, kotulskite, and merenskyite, etc., which mainly distribute in silicate minerals, and

secondly in sulfide edges and some of them in magnetite edges. Magmatic and hydrothermal geneses are the main

types for PGMs. PGMs formed by magmatism are distributed in silicate minerals or at the edge of sulfides. The

PGMs distributed in silicate are a kind of nano-cluster formed by PGEs and semi-metallic elements in the early

stage. The PGMs exist in the edges of sulfide is the result of crystallization of residual melt. PGEs are enriched in

some minerals of titanomagnetite-bearing clinopyroxenite as the form of isomorphism by hydrothermal process-

es, such as the chalcopyrite with strong hydrothermal alteration contains higher Rh, this is also consistent with the

PGMs enriching in titanomagnetite-bearing clinopyroxenite.

Key words: platinum group minerals, genesis of PGMs, magmatic Pt-Pd-Ti-Fe deposit, Anyi, Yunnan
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Fig. 1 The simplified geological map of the inner zone of the Emeishan large igneous province and the outcrops of the mafic-ultra-

mafic intrusions (modified after Song et al., 2009)
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Fig. 2 Geological map of the Anyi deposit, Mouding County (a) and geological section at line 0-0' through the deposit (b)
(modified after Yang et al., 2013)

I—Calcareous mudstone, argillaceous siltstone and shale of Paleocene Jiangdihe Formation; 2—Quartz schist, quartzite, gneiss and marble of Pudeng

Formation of Middle Proterozoic Longchuan Group; 3—The syenite amphibole pyroxene monzonite; 4—The dark amphibole pyroxene monzonite;

5—The dark titanomagnetite- bearing monzogabbro; 6—The titanomagnetite-bearing clinopyroxenite; 7—Feldspar-bearing clinopyroxenite;

8—Feldspar-bearing clinopyroxenite in edge; 9—Feldspar-bearing clinopyroxene peridotite; 10—Iron ore body; 11—Platinum-palladium

ore body; 12—High-grade platinum-palladium ore body; 13—Geological boundary/ inferred intrusion boundary; 14—Unconformable

geological boundary; 15—Location of drill holes
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Fig.4 The microphotographs of rocks from the Anyi intrusion

a. The pyroxene cumulatec texture in titanomagnetite-bearing clinopyroxenite; b. Feldspar-bearing clinopyroxenite is altered strongly; c. Chloritiza-
tion; d. A small amount of sulfides such as pyrite, chalcopyrite, et al.

Cpx—_Clinopyroxene; Py—Pyrite; Ccp—Chalcopyrite; Chl—Chlorite; Mt—Magnetite; Bt—Biotite
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Table 1 The statistics of platinum group minerals in Anyi deposit
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Pd-29 Rl A4 FiUA 2 Sk ok
Pd-30 WAL ESERIZ AN 2 L e 3tk
Pd-31 A sz 2 WA AE REBRER 4
Pd-32 T ERIZTEIN 1 ek
Pd-33 A A 2 B RLIR 1 SRk IR
Pd-34 R ANAL fibJE 1 WRAFAERERRER 1) vp
Pd-36 SRR EEPIZ RN 1 Sy A
Pt-8 AT ATERLIR 2 WRAFAEREFR L) Hp
Pt-9 A EEPIZ RN 2 WA AEREBRER 4
Pt-5 AT ESEFIZ AN 2 Smpenn g
Pt-3 A EFIZIRIN 3 S gy A
Pt-12 THEAE” EBIZ RN 2 L 4k
Pt-2 A E P2 RN 4 WA AEREBRER 4 v
Pt-7 AT BRI RN 3 S A WA R R R
Pt-6 A EFIZIRIN 2 SRR A WA A R R
Pt-0 H SR4A ESSEIAS 3N 13 WRAFAERERR R 1 vh
Pt-11 A (LS| 2R/ 1 SESERE A A WA AT RE R
Pd-4-Pt AT ESEFIZ AN 1 HEmay A
Pd-19-Pt HAHT 2[R RLIR 1 S mn
Pd-21-Pt AT ESEFIZ AN 1 SEW miey s
Pd-35 AT (LS| 2R/ 1 WA AEREBRER 4 v
Pd-23 WA ESERIZ AN 2 WRAFAERERR SR A 4
Pd-b BRALE R =PIZ TEIN 1 IRAFAERE TR SR i
Pt-1 P THEAE" ERAIS 3N 10 SRR I
P-4 o A1 o FI AR 4 SRS
Pra W Pd-PLE 4 o AR 2 WA AE REREL T
Pd-20 1 5R40 EASBIZ RN 2 5 A
Pt-10 AT ESERIZ AN 2 HEmay A
Pd-5-114 AL EYSEIZ RN 4 Sfhgnn
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Pd(Te,Bi)

‘/

Pd(Te,Bi)

K5 s IR TR YR E
a. R SRR LA b, SRR A AERE IR R b s o RURFARDT APEADT S Bk U LR S d AR 5 PA-PeA S T FERE IR
Y e BT A ERERRERD W 5 £ S A AEBRAR D T Sk (W BT AR 5 A3 AT AR AR R R oD (W A
Ab—HK AT s Pn—4 B ; Cop— B M ; Py— 8R4 ;s Iim—4KARk 4™ ; Pt As,— 415" ; Pd (Te, Bi)y— 844" ; Pd, Te,—RH 0" ;
Pd-Pt—Pd-Pt &4
Fig. 5 The characteristics of PGMs in Anyi deposit

a. Kotulskite is associated with pentlandite; b. Kotulskite is distributed in silicate minerals; c. Kotulskite and sperrylite are associated with pyrite and

chalcopyrite; d. Sperrylite and Pd-Pt alloy are distributed in silicate minerals; e. Sperrylite is distributed in silicate minerals; f. Kotulskite is

distributed in the edge of ilmenite and Sperrylite is distributed in silicate minerals
Ab—Albite; Pn—Pentlandite; Ccp—Chalcopyrite; Py—Pyrite; Ilm—Ilmenite; PtAs,—Sperrylite; Pd(Te,Bi)—Kotulskite;
Pd,Te,—Telluropalladinite; Pd-Pt—Pd-Pt alloy

1999) . TEG ALY IR E Lt 7 b P IPGE(Os . Ir.
Ru Rh) % - 285 & 1 SR A ) [0 R (MSS) AR 25 1T
B AR AE MSS K H ™ M B G Bk R Bk (H
PPGE (Pt.Pd) 5 LMCE 5 X%} MSS #1 ISS ¥ AN HH %,
WUE TR MAYIE R, HAEGR ALY 0 545
JE 1 PGM (Godel et al., 2010; Helmy et al., 2021 ; XI|
KA ,2021) o Zaw W IR R R T BMS,
BRAEALY R ) PGM, I PGM 1Y 4% i 2 18 T BMS Fl1
BREALIT W . TEARRBESE b & B 555 PGM
A 30% (1) PGM S B AL ARG, 20 A ZE i Ak 93
Z(£23), WX 5 PGM 1l BE 5 & e 7R A itk )

PR Y PRI PA AR E

AW AR ) PGM £ AT A AL )
W, Wos i As Te %0 R 5% w0 K H PGM [WE
B o I I SE G A A A F Y B PGE (W L 4y
TIABR T Z 05 R A w4, 7T RE L 52 31 3k -5 3h
12 RN KRB 500 4 il (B4 T 40 oK A 7 1 e i) )
(Gonzalez-Jiménez et al., 2018) ., 5 Z ,PGE 5#i
R IE R Z [ IR R B S b2 B 250 ik
YL A 06, 48 WIS PGETE A K Th i) —Fi A7
TEIE 15 Te . Sb Bi %5:2F 42 & J0 % 02 P Pd 1A &L
%47, PGE W L5 S As  Te .Sb £ & i il A € 1)
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R2 RHUKRHEET WL NERMTWESR
Table 2 The TIMA analysis results of platinum group

minerals in Anyi deposit

) w(B)/%
UR/E A= — AR
Pd Pt As Te Bi

Pd-1 39.27 — — 3931 2142 EEmRALAT
Pd-2 43.72 — — 51.63  4.65 EERRALE"
Pd-3 43.33 — — 4842 825  HHHALE”
Pd-5 45.46 — — 39.08 1545  EmEALAT
Pd-6 43.32 — — 47.88  8.80 WA
Pd-4 58.51 — — 41.49 —  RHE

Pd-13  36.28 — — 63.72 — Tt A
Pt-1 631 4751  46.18 — — e
Pt-2 — 4721 5279 — — e
Pt-3 — 5246  47.54 — — e
Pt-5 1203 4771 4026 — — e
Pt-6 — 54.94 4506 — — e

=" TR, K 3 1A .

R3 RHEHRERYPEMRXRSEITER
Table 3 The contact relation statistics between PGM
minerals in Anyi deposit

WAFTEGLAL  WRAFTERERR

T AR

A wia% e fewmm
AT 3 12 1 16
BT AT 2 8 1 11
R AL 5 1 1 7
AL 3 — 1 4
H AR4 1 4 — 5
TP 1 1 — 2
BRALET — 2 — 2
s AL A 1 — — 1
B — 1 — 1
B — 1 — 1
T — — 1 1
WAL — — 1 1
F SR4 — 1 — 1
Pt-Pd — 1 — 1
it 17 32 6 55

YRR, 8 A B I R BB 2k b BT L, Pt
PN O I 7 N I VN = R T /O T
(Tredoux et al., 1995; Helmy et al., 2007) . £k ki
Al DR —Fiz i PGE 0T B, HOk B LU RER $h 7
e PGE @18 2 TRV, il H LI IK
T8 G, AN 23 43018 sHLA T % (Anenburg et al.,
2016) ., Pl , —262f: 4 )8 JU R 41 As  Te .Sb . Bi 55T
R AL PGE A LI R [RI 2 T XA FE B Ak

b, BT L2 58 R Y PGE 3252 L PGM [RIE 2077
TEN] AR AZ K B2 4 TR T R W52 .

AR JEA R 5T o ke B 2 AR, %
FEAIE-HIE; H 16 s A 12 (L 75%)
I A TERERRER H (6 3) . Helmy %5(2013)38 i3 i i 7%
KEZEGUER , PURT As 7EIR 3] Pt-As 1R 2Z BTk A a4
BN AR, B B AR AR E A IR SR AE . P
R K P R JOUREAE re s ik o R A P 0 A b T DA
SHIRST MER A TR . TR T, B gk
UL AT DA o T A 4 A PO s RS | T Pt-Ass
YK AL A P AL S AE B AR 0 0 1A TR B (Gonzélez -
Jiménez et al., 2019) ., AN, FEFLDIE RG> F ol 72
o PEAAHZS T BMS, il PUE B 5 As 45 ST 1l <7 1
EAE" . HFIE R, & As UG P) TJE B T Btk
Va1 451 B BE (Helmy et al., 2017) . FrlA,
GIEH R TR Pt As 45 &R R , 7 M 11 7
A Hs A R TR A S e R I 5 Xt 5 AR IR TAE R
KI5 T BMS HAH— 2L,

25 TR s IR T R R AR A RERR AR A (A
) PGE 52F4: )& JC X (1 As . Te. Sb.Bi) ¥ i fa & Y
YK AR OIS B 2 2 SR AR T 0 Uk, 4
A RERR R W T R 5 T B AR TR AR AL A
W Pt P U ZEBRAL Y S 45 A E L T PGM.,

42 HEHRE

AR R R EORE BUENTE & 8 0 RTE i
LB 2, T SIS R R AE FIXT PGE S \TTT
UE DL R A 3 AR Y Bk O3 I 55, 20205 5K
B7NAE,2022) o S A 2E SR, PGE 7R 4L
PR I i PR PR T #B g ¥ % (Vatin-Perignon et al.,
2000) . JIEEE A (2020) BT RS TR LR IEE
CI' \HS~ OH-FI NH, Jit # v () v e B S s e R 3%, 48
tH PGE 7E & CIUAAR i fiff B 30K, T FE & HS T ik
W i B 5/ s PGE 5 I HS ,OH-  NH, 4 i 16 4%
A TS A RS P2 AR AR ARG T B Tk
JE pHIEGH Z N ZE 52,

R L RE B BTG D AERT I 2548 b2 iy
A B, Q2R AN R ASRIZE A
NI AR FERE B9 47 B PGM 2SR ikt IRAEIRAS B
A TP B SRR R RGN, PGM A
0, 58 I s PR R B B AT T TR A 4B
W, SUEREERD PR B AR ™= o S5 ah, 34
WA A PGM 5 53R B PGM FE oy B AR 2%
S, WA R PR ) B A B ] T A B = Y Te 7 i
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6 LW IR LA-ICP-MS mapping " 47) T £ 4 X duf 1 4%
a. B T 0 DX b, BT 5 BT A (Y T A D s ¢ SR T IO A R s A SR S S A T A 4
Cep—H#{ i ; Py— &4k
Fig. 6 The area of LA-ICP-MS mapping and their results in Anyi deposit

a. The mapping area for chalcopyrite; b. The mapping area for chalcopyrite and pyrite; c. The mapping results for chalcopyrite; d. The mapping
results for chalcopyrite and pyrite

Ccp—~Chalcopyrite; Py—Pyrite
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(Campos-Alvarez et al., 2012) ;Pd-5 Se 7K pH{E AU
kit b K (Prichard et al., 2013), 7 Se Y PGM
IR T HEA R R

G IR R AR R E R AR AR T, g
PeAL eSS (K 4a~d) , H 28506 T Y 55t
Te AR | R AZ S AR ks (KS) . &4
IR H PGM K Z AR BRI BRI A v T —
KO 7 T ) PGM B0 e (IR TR B 2k 0 B vh
153X 5 B A B A2 il AR VR P U Sk i T Bk ik
S — (K 4) 5 F I, PGM TEERRE R A BRE A
T RIS T 22 S E R T AR S B HGRE
MISEIR . FE4 N IR, H PGM A $i it J2 pifi o A2 7%
JE RS TG i (02 AR g R v, AR AE
FERIAEEATED P h AT R R 25 AR A
PRI ASAE T, PGE S i) T LAZE BT A4 B =X
DARTERALYI T . 7EK 6 ¢ d P, Rh =B 4070 75 4
W, K A B A 2 5 I VA T s A O
il v Rh 75 S8 (9 390 AT e 2 AR VR T el i 45
JIT LA, G350 IR AT RELE ) T 22 B URAS [ A ) A A
H s W B HGRAE DR PGE & K B A i
AR o A TR ERRE R PRV v 5 WG I s 0 Y AR b A
YERIEA5 Rh A5 [ 508 207 T 8

5 45 i
(1) 22350 W PRI TE 2 32 B LU 7 54 (e

90 BIE SAFAE , A AR [R) S8 SR A Y T HoAth
7/ LA

(2) BA ™ ¥y 2 B0 A A8 A A B R 1k
Yy, G TERRE AR M T, R AT AE IR ER
Y R AL I R 2%

(3) IR W) LAY 5 3 LA IR A s 7
KB BL, I PGE 5448 T P MU AR E 4 K AT
AL, B A BT T Y OR, , BBt i )
BRERE W3 s o3 A TR AL W 2 AR IG5k
TR AE AR AR R D T AR R EE A 2 1K
PRI, IR P IS PGE S R B
A7 P A E AR R S v 5 TR AR P
PGE LI [ R I 3R SRR SRR SR O B 0
Wb AR AR R SR BT S AT B Y R,

B A SUE LA-ICP-MS-Mapping 43 Hrilliz
PR PSR T 5 M TS e b O AR Y DY

B, 75 TIMA S50 70 1 2 v A5 21 1 P4 226 315 3
A B IR RS 2R T I i B .
HR LRGN TR HFRBSREI. 7Ett—I R0
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