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Abstract The Jinchuan Ni-Cu-(PGE) sulfide deposit hosts the major resource of platinum group elements (PGE) in China. Most
Ni-Cu sulfide ores of the deposit have been altered by hydrothermal fluids and contain diverse types of platinum group minerals
(PGM). The formation of PGM and enrichment of PGE are likely controlled by the partitioning behaviors of PGE during magmatic
processes and late-stage hydrothermal overprints. In this study, main PGM types discovered in the ores include PGE-bearing arsenide
(irarsite and sperrylite) and Pd-bearing bismuthide, telluride and selenide, as well as a few other types of PGM. Trarsite (IrAsS) is
enclosed within pentlandite, pyrrhotite and chalcopyrite, indicating that irarsite may have crystallized earlier from the As-rich sulfide
melt. During the fractionation of sulfide melts, the irarsite can be trapped in the initial monosulfide solid solution (MSS) or residual
intermediate solid solution (ISS). Arsenic was likely incorporated into the mantle-derived mafic magmas by crustal contamination and
then concentrated in sulfide melts. Most of the Pd bismuthide (PdBi) grains enclosed within chalcopyrite show obvious emulsion
texture, indicating that they were exsolved from the ISS during subsolidus cooling. Some irregular Pd bismuthide ( PdBi, ) grains are
associated with secondary magnetite veins along micro-fractures in the ores. The Pd bismuthides have chemical compositions varying
from PdBi to PdBi, with increasing degrees of hydrothermal alteration, indicating that they were likely produced by late hydrothermal
alteration. Michenerite ( PdBiTe) and Pd selenides [ PdSe(BiTe) ] grains mainly occur in the fractures throughout pentlandite and are
associated with secondary magnetite, indicating a hydrothermal origin. Abundant Pd selenides in the ores indicates that the fluids are of
acidic, saline and highly oxidized, which may play a key role in the PGE enrichment of the altered ores in the Jinchuan Ni-Cu sulfide
deposit.
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Fig. 1

A simplified geological map and a cross section showing the distribution of major ore bodies and Ni-Cu sulfide ore types of

the Jinchuan Ni-Cu-(PGE) sulfide deposit ( modified after Song et al. , 2012)
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Fig.2  Micropetrogenetic photos of massive and net-textured
ores of the Jinchuan deposit

(a) the sulfides in massive ore are mainly pyrrhotite (Po) , granular
pentlandite ( Pn ), vein-like chalcopyrite ( Ccp ), with minor
amounts of pyrite (Py) veins; (b) base metal sulfides ( BMS)
occupy the interspaces between silicate minerals, forming net
texture; (c¢) iddingsite and some other altered minerals occur at the
rim of the olivine (Ol) in altered net-textured ore; (d) pyrrhotite is
replaced with magnetite ( Mag) in altered net-textured ore; (e)
fissures of altered pentlandite are filled with veined magnetite in
altered net-textured ore, residual pyrite occurs in chalcopyrite; (f)
chalcopyrite is replaced with cubanite ( Chn) and contains residual
pyrite in altered net-textured ore; ( g) olivine is altered into
serpentine (Serp) and sulfides are altered in net-textured ore; (h)
granular and veined magnetite in net-textured ore. (¢ ) under
transmitted light and polarizer, others under reflected light
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Fig.3  Occurrence of platinum-group minerals in massive
and net-textured ores

(a) a froodite grain is enclosed within chalcopyrite, Sample JC-36;
(b) a froodite grain is enclosed within magnetite, Sample JC-36;
(c¢) a michenerite [ Pd( BiTeSe) ] is enclosed within olivine, and
another grain occur at the edge of the veined magnetite, Sample JC-
4; (d) a michenerite occurs in the rim of sulfides and adjacent to
serpentine, Sample JC-35; (e) a froodite grain is in the rim of
pentlandite and magnetite, Sample JC-35; (f) a michenerite grain
occurs in the fissure of altered pentlandite, which is filled with
magnetite, Sample JC4. The photos are all backscattered electron
(BSE) images
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Bl JC-35. €)1 3970 BSE |15
Fig.4 Major types of PGM in massive ore and net-texture
ores

(a) euhedral irarsite is enclosed within pyrrhotite, Sample JC-13; (b)
euhedral irarsite is enclosed within kotulskite, and kotulskite occurs
along the rim of pentlandite, Sample JC-13; (c¢) cracked euhedral
irarsite is enclosed within pyrrhotite, Sample JC-13; (d) kotulskite is
enclosed within pyrrhotite, Sample JC-13; (e) a nanometer-sized Os-
Ru alloy is enclosed within pyrrhotite, Sample JC-13; () anhedral
irsrsite occurs in chalcopyrite, Sample JC-18; (g) michenerite is
hosted in pentlandite, Sample JC4; (h) a few Pd ( BiSe) grains
occur along the fissures within pentlandite, Sample JC-8; (i) froodite
occurs along the fissures within pentlandite and kotulskite is enclosed
within silicate minerals, Sample JC-35; (j) a subhedral sperrylite
occurs at the edge of magnetite and olivine is altered into serpentine,

Sample JC-35. The photos are all BSE images
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Fig.5 Histograms showing major occurrences and host mineral phases of PGM in massive and net-textured ores

Major occurrence (a) and major host phases(b) of PGM in net-textured ores; major occurrence (c¢) and major host phases (d) of PGM in massive

ores
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Table 1 The occurrences, host phases and compounds of major PGM in massive and net-textured ores
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A/ TR 3
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B 2 1 1
-t R 1 16 11 34 8 4 9
Wk 2 1 1
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Table 2 The species and occurrences of major PGM and their host mineral phases in net-textured ore Sample JC-8

IRAFRAS PtAs, PdBi/PdBi, Pd( BiSe) Pd(BiTe) PdTe, PGE
FET Y Bt Kt B Bt Kt Bk
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il 5 2
Tl Bk 1 1
B
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Table 3  The species and occurrences of major PGM and their host mineral phases in net-textured ore Sample JC-4

IRAF-RAS PtAs,
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FETY How i
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Table 4  The species and occurrences of major PGM and their

host mineral phases in net-textured ore Sample JC-18
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Table 5 The species and occurrences of major PGM and their host mineral phases in net-textured ore Sample JC-35

LER A PtAs, PdBi/PdBi,
HFED Y Bt Bk

Pd( BiSe) Pd(BiTe)

Pd( BiTeSe) PdTe,

sk st

WA N R
B 9
BB
liEigz3n
37308
FERA
TR )
KL ]
B/ R
WL/ BB ™ 3
WL/ F
4 B BAL Y RERR L) 1
INEER/ B4
WK/ BERR LR
W/ & SR B AL
) IR B
BB 10
REE

N =

F6 BHEMRKT AR IC36 hIAKRT WA EE LB
BEBERSURFTET IR
Table 6 The species and occurrences of major PGM and their
host mineral phases in net-textured ore Sample JC-36
TRAFIRAS PdBi/PdBi, Pd(BiSe) Pd(BiTe) Pd(BiTeSe)
7R
s 5
HEE 1
37308 10
ki i)
B/ B 1
L B/ B
BES/ IR maR)
WAL
-tR 3 2 1 1
R 1

SIS

HUON R, HoRZHO™ I TR R R (R 3) o Fdh
JC-36 H P AR TR BE foe IR, R B B AT UL A0 2 T S A v,
TR P R R (R 6) o ARRBF TR I, AL |
A R A 3 F2 2540, £ T R (1 Sa) .
I AR ) HAT W ARSI AL , AR A g s Al
R0 B HL A L KA R ER A o R B RCIR B SR

WEAP IR AR 5 40T ) P Bt AR RE R AT LA IR S505E T BMS
B AR RIRE A 5 UCAE REER AT Ak AL e R £
R EIE M SR Ik 66 KL (F 1), H P AL T J R
w2, HUCO BT LS IRl ) o

R 47 v B BA A W) LABR A ERR™ 8y 3=, 29RO 28 T
B rh RSy AR R (18] 4a) o BLAN, 16 TE 40 Bk A
A1 FE Al JC-18 Hy™ /D B IE-MIE BB ERE™ (] 4b, ),
HLRE bl JC-18 BRe Bk 5™ 50 70 18 52 1 A8 T Sl 21 e B 4 0 e
A BRI [RVRE P B £ LRI LA™ 965 25 B EK A A1 A iy JC-8
HIFR A BB A AT, 3 R I BR A BT 19T A5 B BBk 1Y
TS FE AT AE I SRR S

T Pd-Te-Bi =JUl&Ifff L, A8 Fat BEANIR] 14 T 208 B £ 1
FEah P A BRRR ALY, e Bi Te & EAZ LS AR (]
6a) o MALTERZELFFE SR AR W) Te 5 R o 7E Se-
Te-Bi =JCKIff b, RAHR Se & ARG ) T2 M BT
AR BER R ) JC-8 A il r, LA ok 22 8 B2 i 555 1y JC4
FEAh b R Bl A8 FE BE RSN, BE 5 R Se IARIRE 4
(K 6b) .

5 Wig

H K 200 A1 7 W72 R W], PGE TERR AL W) 4 14/
FETR £k 455 74 7] 19 43 Ti0 2 3% AT 35 10° ~ 10° ( Brenan et al. |
2016) , PGE 5y i A AL YK Uk b o B A I B2 BRI, Ak
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FE6 MM G PR Y Pd-Bi-Te Se-Bi-Te =it &l f# ( ARG /AT 44008 WL A TR 1)

Fig. 6

material )

PR URSESS fiy B AL [ PR (MSS) |, I3 5 T8 i v ) 25
ALY VA (1SS) ( Peregoedova et al. , 2004) , Rl fifk
YR 3 5tk 72, R [F] PGE 23 & A4 43 5, IPGE (Os I,
Ru) fil PPGE(Rh Pt .Pd) 73 5| #E A MSS 1 1SS, R G {4
FERBVARZERE IR , PCE 22 MBRAL W) [V (R vh i 7, 52k & )
TCRELESENEAED Y (Mansur and Barnes, 2020) , PGE
HVATE B BT ) s BMS (3, 5t BUTE BMS 3138
B, 0 4F Sf d i 1) S 0 A A AT ST R R B, Ak v
PCE & i REIF A58 4252 7 e R B4, Bl 5 PGE #YIT
R IR EE BT TE K s PGE FERERRER S I AT BE LA TR 1Y
T A, IF AU T 45 f i B AL ) R RR L 0 ) 0 0
HOR BRI 1, POE JEUF-FE X 1y 5 87 I 1A 1 2 A
ST W a1 2% T RE A AR XS R/ ((Tredoux et al.
1995; Ballhaus and Sylvester, 2000; Helmy et al. , 2007,
2013 ; Gonzdalez-Jiménez et al. , 2018, 2019) . H—J5 M, Hil4H
TR A RAETE B 388 25 2 8 A2 R i A8 T b AR e 2
ARH A PGE & & BA W ARk, BN R RE F
TE AN RIDCE 43717 ( Campos-Alvarez et al. , 20125 Boudreau et
al. , 2014; Aird et al. , 2017 ; Knight et al. , 2017) , X2H
TAEMAZ R, PGE T LA DA A 4 v B ik s ok , 7E i
AT R I FHUCTE, & BB I BT ) (Li et al. , 1996
Chen et al. , 2013 ; Holwell et al. , 2017 ; Gonzalez-Jiménez et
al. , 2019; Mansur et al. , 2020) ,

SN A PG ) EE AT BMS AR AE
o, BT BT ) HAT S Y OB RFAE (7)o fL R TE
T AP R IR ER 7 ) v (R SRR A ) 2 Al JE Wi 2 SRR T
R R A T I UUTE TR AR ), S 3 T ) R
M7 X LEHR IR F I — R Y ),

5.1 WEERBREBMREDEANDBNAERT IRE

TER N A rh, P Ie 325 LARAE ) T8 506 25 T RE IR
YA BMS Hr (& 5) o — Pl n] BEZ AR R A AT
M EERRER I AR 45 P e S RERRER I IR h PGE &5

Ternary plots of Pd-Bi-Te and Se-Bi-Te for PGM in net-texture ores ( EDS data is listed as electronic supplementary

BRIy, PGE T LSRR 1) Fe  As 8454, LAGNK AT 7% 1
TBAAFE . TEE KB L TR PGE 9K A1 7 2 4E 4710 7E
FBR LAY AR O, B 2k R 25 i ) RE R 3R
YL gL, X A 0 AR 3 B g Ok BUR 0y o B R R B
(Anenburg and mavrogenes, 2016; Helmy et al. , 2020) ,
I, As \Fe S0 R MAATEA A T RERR S (K h BRI W) 4 K
ORI I, 76— S RAR M BURE R R B T BRI T R 40K
TR SR ) e A0 22 T8 8 10 Bk BR R 4 v (Junge et
al. , 2015; Barnes et al. , 2016; Liang et al. , 2019; Gonzdlez-
Jiménez et al. , 2019; Kamenetsky and Zelenski, 2020) , {H4:
JUAT PRBAT B B85 3% Oy e B X U5, B 3 rp POE 5 BEER
ik (Song et al. , 2009 ) , A F| T2 57 B WA 4y (AR EA D™ B At
Bt ) MRERRER A H P & fh ok . @)1 P i - e
HCR™ TR U AT RE- S R AL A PGE B A I o

CABIPTFER, & As SO ) (FREAR" BRENEKE™) AT
LATE BUAEBRAL P A A ) AN [ B B, BT DA 7E 0 iR 4
TR NE As BAGIE A b B H 45§, o AT LATE e 399 6 AL 4
i PRI 4 523 B o B ( Helmy et al. , 2013 Helmy and
Bragagni, 2017 ; Mansur et al. , 2021) , 7EEALYIIEAR D 9T
e, Ie S ECHEA MSS, i MSS 4% 25 ¥4 88 O RE 3 k™
BROERA, I 0] 73 PO HE B BB R B R AT, BN 5 o
45 L BRARERE™ s P UASHHZS TR ] BMS, Rtk Pl H 5 As
TE AL Y RREA (Mansur et al. , 2021) o R BLAERA™ 1Y)
TEHUE MSS 25 8 0 5 22 ) BRA B N33 th T i Bk
BB P A h B RS AU T b MSS ¥
BEE G BB AR B b (1] 4a-c) 28 TH i 1SS
Y BEIE LR B B rp (8T 46 32 1) X R WAL A B 9 TE B
FLF- MSS J& 1SS 45 o

SN A& KA Y 1 I & i &K (Chen et al.
2015) AR AT REJE T3 Ir ISR W45 B T MSS (4%
i B SR A AR B R TP 1 Tr 5 48 R R S AT AR
W RIALE SRR BRI SE S E A F PR R, )
FERE As IF, AT RUE U 5 5 4 PGE RO IRIE TIAL A 4,
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Pl 7 PR AR A TR B S0 40 (9 AT 4R A

(a) Pd(BiSe)  th THR B Ek A N AR ZLB o, WLk k™ iy T %
B SRR B AL B JC-8; (b) B kT A R B
BT, Rl P A YR REBRAT K, B JC4 5 (e o) ZRCHR
BT ALET 5 A S G YRR B RO B B JC4 5 (o) fBIE
BB AR R S e L JC-8; () 464075 Pd (BiSe) 3
CAG R RS SRS R RN RHIEAY A B N 44 /3
T, FEAh JC-35 5 () S BLRIAR WL 1A th 7 P2 LB R, A i JC-
45 (h) SRR ALt VA TE SR PA(BiSe) , Kt JC-8. [8 12 BSE
EEES
Fig. 7

hydrothermal alternation on massive and net-textured ores

Features of PGM developed during overprinted

(a) a Pd(BiSe) grain occurs along the fissure within pentlandite.
Veined magnetiteoccurs along the rim of pyrrhotite and adjacent to
pentlandite, Sample JC-8; (b) a michenerite grain occurs in the
fissure of altered pentlandite, which is filled with magnetite, Sample
JC4; (c, d) michenerite and bismuth-selenium compounds occur
along the fissures within pentlandite and pentlandite is replaced with
pyrrhotite, Sample JC4; (e) anhedral froodite is hosted in
magnetite, Sample JC-8; (f) froodite and Pd(BiSe) grains occur in
the fissure of altered pentlandite, which is filled with magnetite,
Sample JC-35; (g) a michenerite occurs with a BiTeSe grain,
Sample JC4; (h) a Pd(BiSe) grain occurs with a BiSe grain,
Sample JC-8. The photos are all BSE images

Al Ay [ 75 R 3 TR IR As B9 HA B B9 (Pina et al.
2020) . 7E 1200°C LA _E#Y As-PGE fitfb ¥y {2 v, P Fl Pd fiii

] TR Ak ¥, Ie F0 Rh {5 ) 398 J8UAR #0164 ( Helmy
and Bragagni, 2017) . PR, ATIA N & )10 4 th 408 F
TR AP EC ST RE A T RN As BRAL PG 1 b 45 S
TE I, BEE AR IV BE Sy 5, BE P LA ZE T MSS ol
AT ZET 1SS i, A RITERIT, & 1 SRR AL P B IR Y
TE G R P A7 e W] 8 04 3 72 i VR % ( Duan ex al. , 2016) , 11
e As (4= BE 2 AR T A%, R As o RTRE 3220k
VBT #5 1R Y4 (Samalens et al. , 2017)

WA (R, &) A R sy B T
BLRHTNER (I Sa) , UMY FLIRRBURL (18] 3a) o X 2840
HEAT PR 285 B H R AIE I 75 JFG Dy 1 30 1SS ¥ BE T i B4 Al
AR AR Y SR A 2 R, AL R P s Bi
2H37E 1050°C LA B FZELISAIE AL, 53 1SS 4585
TR € B Bi K& K AH, JF 5 % Pt Al Pd (Helmy et al. ,
2020) , Mi7E MR 2] 600°C AR 448 5 7T BT AL 4 v il
VBT 1 ( Campos-Alvarez et al. , 2012)

25 b AT SN a0 RGN ST 45 & T
T30 U A T R A A T B v A LR IR B A
(PdBi) JJ 2 ARG HAAIGR FY) 1SS e B VA TE Ao

5.2 BiEMTIERSE Pd MY TR FIRE LMD BT B

SNEPEMEZ T ) Z IR E T, Rk 30% i s
T A0 RN A1 20 A A B ™ e S04 S5 U, 7 T
AW PO O AR G B 4 K ( Ripley et al. , 2005) , K&
Pd B il AP R AL ) 7 T IR AR R Kk B
TS B A I, A R B T A 0 B L R
(Prichard et al. , 2013 ) , 32 B33k 46 5 Y A= iR g 2 $h A= 1)
Pd F B il A ) G A ) TT RETE BT Ak 4 1 HGR k
A

Pd LERRAL PR AT Al R e LA 99 K 2 [ 1 AR s 26 I
F% 07 XIRAF THL B8k b, 7E g Ak Bushveld J4 5 4 1)
Merensky Reef i1, Pd £ — 285" 4 Hp JLF- 4 30 A7 T80 ¥ 4k
W 1 (Osbahr et al. , 2013) , G NH P HEAD T Pd & EE
e, PR BB Y Pd i A8 Pd Y 65% DL L
(Chen et al. , 2015) . 478 52 PRI 1l A2 A TN, B BCRR ™ 1o
LRI R ARGk (181 2d, e, h) S I Ni GG R[]I A
Mg Pd R (B Ta) o HUL, SRERT Y Pd W RER S
WA SR oA & P IR E R, M ITRT R
) Pd FiF4:JE S0 Te,Bi Fl Se 6454, Al LAY 5 5™ P 24 B
B SRR — R UTIE.

SN A 0 W) 2L B e 7 L PR AR ) R e 2 1 R B
W™ (& Sa) o JCER BTl AL B MR A7 76 58 B 2k 0 2L B Y
0, ARG A (8 7b) |, H. Te BEARMB 0 A8 VE F 4
TSN 5 (F 6a) o X R ELRFAE O 5 1 28 0 4 % V) AR
K, ZRAWICR A (B Te, d) 3878 1 B 59 PR R 9 45
fiE o XFNILA A AR R S A ER Ferguson Lake 7 RZE L,
POBOE LR B IG P4 & T DL 2 8 B TR (BiTe) SR
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fiE, Lk Z 3R A A2 R B SRR ), 1 Pie &
SN 57 HW 55 R BB TR 9 ( Campos-Alvarez et al. |
2012) o HEHBH M EAE T AR, 4 )10 A v ES o S AR
EAKLEER (& Te) , 52885 vb 7 B O A G Bk
Jik S A (B 76) , HLBE RS FR B34, S48 0™ 10 Ak 22 1o
H1 PdBi 1] PdBi, 7% (18] 6a) , X KEMEH™ 5 HT AL AR
SRR AT A UCAE W Bk v 1 AS R D0 B A T 7 L R AL AR B
(Prichard et al. , 2013 ) , 555 il H A S48 7E P R K
FEPRFE TR B2 BB . X AR (PdBi, ) 1y J5 4
W AZ =)

FH I TR B, Pd AR T Al PCE HA B i
ESNME, TS C17 OH ™ FEALRSS ST s 69, JT &
P , TED A28 550 R A B N TV T I AR SR
¥ (Barnes and Liu, 2012; Sullivan et al. , 2018 ; ™V i &5,
2020) . )@ A P ARALH) 27 L T R b (&
Sa) , GEEGH B UIANSC, Pd AURLIIERAHLIN (& 7g,
h) , H B8RSR EE A3, B A BT (1 6b) . E R A
AR Pd R MEE A1 4 (Helmy and Fonseca, 2017) , Fij A
MEERBRE PGE ALY 1Y 7™ H R AL, & B SE A Ak M) 2 1
B ERAL 27 S I AR AR, FL R it R — B AR R
FRER RN R T, AR Se L SeO3” AYIE R T 2
(Prichard et al. , 2013) , IZIAKIREE [ A F T Pd 19T -
TERRYE b BE R SR AR T, & CL™ iR iy Pd AR 5
B ARG ER PA(11)-Cl, 2864 (75, 2020) . 75
GNEERITE B A v, B BEOR IR Eh FEL e (TR e VR ] 7= 2k
w CO, AL A, I 4 5 3 kAL B AL P 10 A ( Tang et
al. , 20185 Ding et al. , 2021) o JTIINS G )1 A BN A7 F0
BEIRAT R WFFE B, s SR A R T BEAFE S CLT Y
JEAR SRR, XA A Oy CL ik ] REAE i T B AL P
WAz RS S ik — 20 4R U (X 36 £ 4%, 2020; Liu et al. ,
2021) , & CO, ML PET AR HE Ry s CL AATE &
S A I W LA R R R | R SR A RFAE , X R
15 A2 A I B AL P i HE R 3 JSUA A 0 JBE A T 8 2k
W BUE R FEE W R B A UAE B RT K (18] 2h) o TR,
BMS 1) S Fe %0 7] REHE AR AA . 340, BT Y% N A
Fe 7 R A BEPAIEA 25 5y 235 ~ 365°C ( Yang et al. , 2006)
UL oA = o e AR G ISR ARTEE 8 Rt (YA

Z5 BT, FATTIN N A 2 H T A0 W H T BB AEAE — R
PE R R AR LAY R CLRA, IR AT 2 BMS KR
AR R S Fe (Pd EI0K . IS, 728 Y5 T HOR
MR AAERTT , WK T Y Pd Se Te Bi % AW &, fix
LI Pd (B AL RO AL o

6 &k

(D) & (B T S TR A, F
(M ™ 2 22 T R BB 387 1 TR ] A4 R
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(6] ffl B R Al B 4 T BT I As BB AL 0
T MSS 4.

(2) B NE AP 9 R FR 73 S48 67 (PdBi) 5 7L IR A0 2%
TR, R 1SS R I . DR I T Y
B BT (PABi, ) S BRI AL BIA

(3) @A™ 111 BMS )™ R AR REERA k. Pd 1)
BAL A RN A 5 R AE R R e AR D e SR
Ja WA )

Bt RSN R R B AN R AR B AP AR R AL
B s SR P B2 B ) M MR A~ W5 P B R JE TR AE
SR BT3P S 5 SRR TP 7 e S0 ) o
ASTCAR BRI
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Appendix Table 1 The Pd, Bi, Te and Se contents (wt% ) of platinum-group minerals in net-textured ores

Kedh JC4 1 2 3 4 5 6 7 8 9 10 11 12
Pd 19.11  18.99  30.81 2571  29.15  28.95  49.05  24.45 25.64  26.02  16.74 29. 87
Bi 80.89  81.01  40.94  74.29  41.06  41.00 0. 00 37.98 4475  42.64 9. 89 39.95
Te 0. 00 0. 00 28.25 0. 00 29.79  30.05  50.95  37.57  29.62  31.34  73.38 30. 18
Se 0. 00 0.00 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00
Bl JC-8 1 2 3 4 5 6 7 8 9 10 11 12
Pd 24.05  25.39  36.28  26.48 2582 2474  27.21  28.35 27.58  26.13  26.99 30. 40
Bi 75.95 7461 22,45  73.52 7418  75.26  72.79  71.65 72.42  73.87  73.01 38. 88
Te 0. 00 0.00  41.27 0.00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 30.71
Se 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
FEfh JC-18 1 2 3 4 5 6 7 8 9 10 11 12
Pd 4.20 3.60 4.66 7.01 4.49 5.72 5.02 4.28 25.30 5.86 7.83 6.96
Bi 10. 21 5.24 0. 00 0. 00 4.69 11.09 5.56 5.65 5.92 8.17 10. 34 10. 50
Te 85.60  91.16  95.34 9299  90.81  83.19  89.43  90.07  68.79  85.97  81.84 82. 54
Se 0. 00 0.00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
BEdih JC-35 1 2 3 4 5 6 7 8 9 10 11 12
Pd 42,27  24.24  25.05 25.96  26.81  49.05  28.00  30.20  27.46  29.29  27.89 23.57
Bi 57.73  75.76  74.95 7404  73.19  50.95  72.00 69.80  72.54  70.71  72.11 76. 43
Te 0. 00 0.00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Se 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
FEfL JC36 1 2 3 4 5 6 7 8 9 10 11 12
Pd 25.98  41.80  28.81  24.59  24.89  24.14  26.28  25.82 2596  25.17  25.39 25.71
Bi 7402 58.20  71.19 7541 7511  75.86  73.72 7418  74.04  74.83  74.61 74.29
FEfh JC4 13 14 15 16 17 18 19 20 21 22 23 24
Pd 2872 27.97  29.51  29.59  29.81  29.52  29.52  29.38  51.94  42.21  45.23 30. 84
Bi 39.65  39.47  39.47  38.56  38.45  39.28  39.09  39.98 0. 00 0. 00 0. 00 25.51
Te 31.63  32.56  31.03  31.85  31.74  31.20  31.39  30.64  48.06 57.79  54.77 43.65
Se 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Fedh JC-8 13 14 15 16 17 18 19 20 21
Pd 27.14  27.45  29.87  28.73 1475  24.33  14.82  33.38  22.36
Bi 24.16  38.99  40.22  37.75  50.87  48.13  50.67  41.62  70.90
Te 48.71 0. 00 0.00 0. 00 0. 00 0. 00 0.00 0.00 0.00

Se 0. 00 33.57 29.91 33.52 34.38 27.54 34.51 25.00 6.74
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Continued Appendix Table 1
FEiH JC-35 13 14 15 16 17 18 19 20 21 22 23 24
Pd 25.49 25. 14 19. 36 28.21 24. 15 27.33 26. 44 27.39 24.36 26.32 29.31 24.38
Bi 47.28 74. 86 80. 64 45.70 75.85 72.67 73.56 45.62 75. 64 73.68 41.19 75.62
Te 27.23 0. 00 0. 00 26.09 0.00 0.00 0. 00 26.99 0.00 0.00 29. 51 0. 00
Se 0. 00 0.00 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00
¥ JC-36 13 14 15 16 17 18 19 20 21 22 23 24
Pd 28.29 26. 08 27.36 35.41 26. 66 27.33 26. 19 23.63 24.01 28.76 46.76 27.37
Bi 71.71 73.92 72. 64 45. 16 73.34 72.67 73.81 76.37 75.99 71.24 53.24 72.63
Te 0. 00 0. 00 0. 00 19. 44 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Se 0.00 0. 00 0. 00 0.00 0.00 0.00 0. 00 0. 00 0.00 0.00 0. 00 0.00
FEh JC4 25 26 27 28 29 30 31 32 33 34 35 36
Pd 19. 39 47.82 38.85 13.88 23.92 27.63 24.25 29.13 22.28 25.79 38.33 18.39
Bi 41.12 0. 00 23.17 42.14 41. 47 37.18 39. 06 37.36 41.65 40.23 22.62 10. 54
Te 33.65 52.18 37.97 32.95 34.62 35.19 31.55 33.51 36. 08 30.78 39.05 71. 06
Se 5.84 0.00 0.00 11.03 0. 00 0. 00 5.14 0.00 0. 00 3.21 0. 00 0. 00
ki JC-35 25 26 27 28 29 30 31 32 33 34 35 36 37
Pd 29. 68 27.83 25.56 24.42 29.78 24.51 23.17 24. 30 26.42 23.84 23.41 25.90 46.88
Bi 39.78 72.17 74. 44 75.58 40. 35 75.49 76. 83 75.70 73.58 76.16 76.59 74.10 53.12
Te 30. 54 0. 00 0. 00 0. 00 29. 87 0.00 0.00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00
Se 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00 0.00 0.00 0. 00 0. 00 0. 00 0. 00
FE il JC-35 38 39 40 41 42 43 44 45 46 47 48 49
Pd 29.75 26. 41 29.13 23.09 47.70 28. 44 31.07 24.10 28.78 28.98 27.21 19. 86
Bi 41.40 45.75 70. 87 76.91 52.30 33.24 47.04 26. 45 39.93 38.79 47.08 72.07
Te 28. 85 27.85 0.00 0. 00 0. 00 38.33 0. 00 41.38 0. 00 26.07 12.82 0. 00
Se 0. 00 0.00 0.00 0. 00 0. 00 0. 00 21.89 8.07 31.28 6.16 12. 89 8.07
FE i JC-36 25 26
Pd 30.75 17.51
Bi 47.56 42.26
Te 0. 00 33.32
Se 21.69 6.91

L RERL JC36 SN 1 ~ 12 AE Te Se TLE
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