2007 4£ 6 H o oEBR ¥ R Jun. 2007
28 %3 1§)].277-282 ACTA GEOSCIENTICA SINICA 28(3) :277-282

RMERTEBR_SHEFRERTEDN
M 77 AR 750 3th 52 A A

k=21
VUL R R VG U 42 710054

B E SRS TS (ICP-MS) FZ gL E R BUEOR (SCET) X 5t 74 &R 221 X e — & i rpr 5t
SIRITTRM G =7 IRARRESTREPLILEAT TATIE . S5 REBH, SN2 X 2 5 FRA2 005 WA EZ AR
TR AR A JSL PR 1) B R Bl U T 0B ARG 040 5 45 b LB L, 28 TP Rh(38 ng/g) (Pd ( 640 ng/g) | Ir
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Modes of Occurrence and Geological Origins of Noble Metal Elements in
Late Permian Coals from the Pu“an Coalfield, Guizhou Province

YANG Jianye
Xi @n University of Science and Technology, Xi’an, Shaanxi 710054

Abstract The concentrations, modes of occurrence, and origins of noble metal elements in Late Permian coals from the Pu
“an coalfield were studied by using inductively coupled plasma-mass spectrometry ( ICP-MS) and sequential chemical ex-
traction technology (SECT). The results show that the minerals in No. 2 coal seam of the Pu“an coalfield are dominated by
pyrite of low-temperature hydrothermal origin and clay minerals of detrital terrigenous origin. Compared with coals of China,
Rh (38 ng/g), Pd (640 ng/g), Ir (9 ng/g), Pt (98 ng/g), Au (16 ng/g), and Ag (1620 ng/g) are significantly high in
No.2 coal seam. The concentrations of Pd, Ir, and Au in No.2 coal seam are 4.3, 9, and 5.3 times higher than those in
coals of China, respectively. The SECT results indicate that the noble metals concentrated in No. 2 coal seam mainly exist
in the sulfide association state. The concentrations of Rh, Pd, Ir, Pt, Au, and Ag in the sulfide association are 720 ng/g,
15000 ng/g, 310 ng/g, 2380 ng/g, 360 ng/g, and 32300 ng/g, respectively. However, the concentrations of noble metals
occurring in organic and silicate associations were lower than or close to their background values in coal. The low-tempera-
ture hydrothermal fluids must have played a dominant role in the enrichment of noble metals in the coal.

Key words coal, noble metal elements, mode of occurrence, pyrite, low-temperature hydrothermal fluid
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PRIEST, C 2 IR Tl 2 75 M st A e, R
JCRTE HARA T DL AR SR w68 Tk
Ym0 E AETE (R 9842 55, 1988) , AT
0 AR A — I S Bk B A AT R IR 2R A
WA AR 5 5 E AR S A G B R LRI Bk
WK, PHRHE A TR (BRI TR &
BB BB AR ) SE I S R SRR, AN AR A
SR T AR At H 3K AL~ A, T EL G BIF i Y
F RS A BN EIE ML E S BT
TS & BRI, B A f5  JR IR Rl 24
JBETCER Y M BR AL 27 BT R D AU — 268 B 4R aE
(Finkelman et al. , 1981; Chyi, 1982; Van der Flier-
Keller et al. ,1991 ;Dai et al. ,2003 ; Z= 4= 5245 20025
1 08 4% 2003b, 2004, 2005, 2006b; Z= fc 4 & |
2006 ) XTEATHY & & R IEMWAATE S T i AR
W, S PU R HLIX R S I R R T R W
W2E B O A E TR AT TR AR MBS, If
AR A R R M R B RN EEAR
(Dai et al. ,2004, 2005) , {H e = ¥R EEICE |
SR RGAMTE . A 5T X I —
TR S NERBEENREBITRICER Tt R
FEARZSFNE SRR T TR

1 A AR AR AN SR 7 12

L AL T M AE VR 1), S0
BAE T &guE LA E s A 5 K%
o RJE A BB L R | L AR RN
WA, R FEN TR A RA, JRELA R
320 m, PUBASE ARSI R T =AU R Ak
FRER G ML, K441 RSN 84 ~ 154 m, L RIS 3=
BUNRIEA AR =AM, X FR 2 SRR T
TCIABE(Ro, ran = 2.64% ) fi T IEA A TIER , JE
FEN 112 m JZIPHZ 0 R %2 B2
T R AR R IR, 52 2T/

i FE [E bR GB482-1985 i) J ik X X 5 4~ E 2R
B2 (1.2 .8 11 F1 17 BE)2) AT T 2R AR 5 1 R
RO E R T 3em 1Y Je BF AR & HBOCR BE. TE
MPV-IIT R X 3 S RE i 64T T 3 S A 49 2 o R oL
ST E o T HERAL 2453 BT B A 4 i r 22
200 H , ¥ BRI SCEE (2001) F Dai 55 (2004 ) ik
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Fig. 1 Location of the Pu”an coalfield
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£ 1 BHEEETRNRERATERLSIRNA % (BRIIEZ,2002, 2004 1£1T)
Table 1 Modes of occurrence of noble metals in coal and the methods of SCET ( modified after Dai et al. , 2002, 2004 )
75 AP RS PRIk
I KA 10 g FEfih +60 ml 7K, 25°C, 48 h
I BTRHmE 5 +60 ml NHAAC, 25°C, 48 h
1 HHLA I 5% +1.47 g/cm3 CHCly, F7##EAE40C T4, A 1: 1 HNOy F1 HCIO,, 10 h
1Y% TRBRERAS 1T J5 15k +1.47 g/em® CHCly, T +20 ml 0.5%HCI, 1 h
v FEEAL WA 01 J5 3% +2.89 g/cm® CHBry, |74 +1: 1 HNO,fI HF, 10 h
VI iz I J5 (5% 8 +2.89 g/cm’® CHBry, FUL# +1: 1 HNO,, 10 h
R2 LRYRERBEEREUZMESZEHE /%
Table 2 Proximate analyses and petrographic compositions of coals from the Pu”an coalfield / %
AL E AR B ERE
s Ro,ran
Ay Vi Sia Sp.a S..d So.d v I L Py Q CM Cal  T-M
No. 1 18.4 9.45 2.14 1.38 0.06 0.70 53.9 32.4 0 2.3 8.6 2.2 0.6 13.7 2.62
No.2 21.6 9.34 3.21 2.52 0.05 0.64 51.2  33.7 0 3.4 2.3 9.4 bdl 15.1 2.64
No. 8 20.7 9.68 0.78 0.11 0.05 0.62 51.7  33.0 0 0.6 2.6 11.3 0.8 15.3 2.59
No. 11 22.4 9.70 0.56 2.81 0.12 0.63 4.3 29.8 0 3.2 9.8 2.5 0.4 15.9 2.61
No. 17 26.8 10.41 2.87 2.17 0.08 0.62 55.8 27.0 0 2.6 12.9 1.7 bdl 17.2 2.64

TE ARGy s V-HER I s SSAH: Sp-TAbYIiR ; Ss-BRIEREL G s So-A LA s VBB ; 0504l s L-7e el Py-#4kn™, Q-f13e; CM-Khi+

Wy Cal-J5fiffr s T-M-1 ) it

N 0. 78% , 6 WA AN L B T R R I i
B, RIZIEE TP S A PR

X LA AT FIOG 2 0 Sl B A R IR R I, 1
UL T 17 BEZ B0 20 8 32 2 Bk £ S
AR AT, T 2 S B BT I £, 8
BIZ Y E 2o £, 2 S HZ R il 1
FLLLE BRI 73 BOE 2 B, R E A A
A BRI A e U A, 2 LT v g U 22
Bl D A

S22 DX R e TR P T A R A
B, N 27% ~33.7% , BN & &R 51.2% ~
55.8%(%2),
22 ERWRXREBTEAIERE

3P T LR X ERIEZ PR |
AR RS R EBE R X . R AT LR
e

(1) B2 FRMZ 1,811 1 17 SRR+
A5 mCR A AR TadRia P R, H2 SH
JEH SR TR 19 5 U HE AR 63, BR Ru 3%
AR T A A I A RO, oA 5 <6 U R 1) 5
PigiE T Dai %5(2003) | BiE OIS SO (2004) 42
B EREF TR R AE, Ho Pd I Au 5
S R 4.3 4% 9 AE AN S. 3 A M Ag
7 = 18 1620 ng/go

Ro, ran-Gi LA RN G4 d-THd ;s daf- T T-HdE s bR T AR IR IR o

£33 RMNERERBEEPHETR.SNRPSE
RESHERHIEE /ng - g™
Table 3 Contents of PGEs, Au and Ag in coals from the
Pu’an Coalfield as compared with contents of coals

of China /ng - g”'
No- 17 il Y i

J6Z No. 1 No. 2 No. 8 No. 11

Ru 4  bdl 3 4 bdl 5 1
Rh 12 38 16 10 8 14 1
Pd 90 640 162 110 100 150 10
Ir bdl 9 2 bdl 1 1 1
Pt 25 98 50 26 18 30 50
Au 5 16 4 8 5 3@ 1.39
Ag 240 1620 620 470 330 5002 56@

TE:D-X 8 R 45, 1988 ; @-FE & L % ,2004 ; @-B K, 1976 ; @-
Rudnick et al. ,2004 ,

(2) 5Hi7eh st @R LA, Ru, Rh,
Pd Au il Ag 7EBE Y 5 4 W S T 5E A
o 2 SHUZ Y PR Ag B EESJ E e o
JBERY 64 fFAI29 A5, XU (1988) 13 A HL &
4 Pd HJREA LT 2 MM ZRGE A 28— , A LB A ) K
HPd Y E A (285 wg/g) M Pt Pd RETE RS
TE PR <z S N, BE A LA 2 3 Al Pd {5 Sl al
REJELA 55—, PACL, ™ AT BEHA HLIE Y PO, H.
W B 2P UL IE T A AL R (X 3 AR AR,
1988) .
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Baprman %5 (2000) FI TG K S BR X Au B 5%
JG% Pt.Pd . Rh . Ru F1 Os (%0 fff ¥ 2547 T 52 55 0F
G, 45 R AR BIUE x Hh 1Y) JE BE IR W] W B Au (320 mg/
g) .Pd(100 mg/g) .Rh(11 mg/g) .Ru(16 mg/g) .Os
(23 mg/g) , M ANREM BT Pro JE Pd By e B 4,
AR P RE BB T U 0 e e Tk W B e Hh JES FELRR
XA [RVETIR T 2 B AN ) R BE 1R W B, DASSCRE R Py
T cH 5 5T 9 bz SO fE AR L, B IR L% ( Bapan T
M et al. ,2000)

(3) FrA PR OT R ER LA Pd F P& i
YE, 3 H Pd>Pt,Pd > > Ru.Rh.Ir, Ag Y& &
e T Au B S5 B IC R A HUIRAS W] 0 B2
43 RAR) SR BTG T 2R BN R b B g —
A B, — A Ru-Pt Ru-Os Pi-Pd 45 3 Fjfid
(TR I, 1998) , Bt N 22 X rp B e ot
R AT B A WA PePd 3 PR, IR H P <
Pd,

2.3 ERFRREERLENBTFRE

XPIEFEIX 2 SR HEAT T B R UL 5
g NER 4 Fron, IWHATLVE 2 SR T 54
J& TCER B IRAEIR A W R

(1) DK 2 B 28 40 Rl B2 8. 45 65 5 1
T JEIOT R B G, BRAS b AT A I A PR (1
ng/g) X Pd DL F A2 250 & i 10 ng/g.

(2) e BT R A IS A M & E8 KT
EH SRR E R, DAL A1) Rh
A e AT AR PR

(3) UL B4 Gt & Bt R i & = 1K
FTUANESEEGRILR.

(DT Ru fERAEEE G TS BT R
AR BRAN , HA St 4 T R EE R AT R EE %
(%4),

HE % IC 3 AR IR A B R 5T R A D
Chyi (1982) 1\ Pt 7Eda Al 5 A HLERZL &, 724
s ] DU AR TTALAL & WA T, (HA I 7R B i o
IEABL . Boullka £ (2000) A, 44 h A Rb In
R K AHRG L0 (BRI ) I, A5 O R T &2
HAR G4 AWM REY], TEREEITR 70
WML 2 SHRZE D, St R IR EE AR
BRAy b IR R Y B 4 B T R AN Rl IR S
PELAA G B ARG ML OC R %Y,

A4 25 (2003b ) 1 Dai 45 (2003 ) fF 58 R H
R ARIBAE T I P 3l L TR L RAE AT

F4 BENERIRERBEEFREBTENER
WFIRELI AR /ng - g7
Table 4 SCEE results of noble elements in coals from
the Pu’an coalfield /ng - g~'

RS Ru Rh Pd Ir Pt Au Ag

IR bdl  bdl  bdl  bdl  bdl  bdl  bdl
BFacHa bdl bdl 100 bdl bdl bdl  bdl
WREREL S bdl  bdl  bdl  bdl  bdl  bdl  bdl
AL bdl 10 95 bhdl 12 2 340
AW bdl 7 28 bdl 8 bdl 250
TR bdl 720 15000 310 2380 360 32300

Wl D S o AR K A 25 LRl s/ v i 3 e
AL SRR ABOCR I SR . SN LR 2 SR
JZ AP BR T RIRABOE B SRS, R WA ) AR
MR HIRIESS . St TR M IRAP AR AT LUR
L SN2 IX 2 SR BAL Y X 5 R TR
18 SR L T ERTE A, A LRIl 0 148 7S X <6 i oo
RIE A —ER TR, AR E RN R, FEER
T TZIZE 32 BRI AR BOE R 53R TR i
S (R, IXRAIR A Dai 45 (2003) A 458 — 2. H
Dai 25 (2003 ) TA 2 ek o AR il A T SO0 v 5% 4 T
JUR I E S AW TER Y, G e P AR e i

(G RILR FREMNEENR, CAMBIIEERE
B AEHGRAR 2, PrAHXET Pd B BR (Rowell et
al., 1986) , {EL1E 32 PR M 11 b 30 1 0 R HEEL
A% PO E R A R & T P A, 2R R
A FIEEIZ P > Pty

3 458

(1) SN 20 X 2 5 R M2 0 P 4Lk 3=
AR A AR B R 1 2 e R el 5 T B IR 1)
Ki 579

(2) Hrp A, 2 m X 1.8, 11 #1117 5
M EITR &R T R A, W 2 S
f) Rh(38 ng/g) .Pd ( 640 ng/g) . Ir(9 ng/g) .Pt(98
ng/g) Au(16 ng/g) fil Ag(1620 ng/g) BFH &I,

(3)2 SHZER R EITR FLMAATEm LY
SiEAPR, MUA VS eSS E A BTN
T BITER R TEEE TR TR R E,
TP I A s e Jm T R R Tk
ENE

gt B Jeffer R. Green R4 G MR
FEH AT K 7 3245, IR T A A 2042 AR e e 1l
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