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Table 1  Chemical analysis results
P P P,
| (g | F @ | | ()
Si0, | 28.5 BB (TC) 10.5 Na,0 | 0.1
Al, 04 4.7 || GHLER( Corg) 5.9 Tio, 0.4
Fe, 05 25 S 20.5 Mo 4.6
P,0, 1.3 LOI 30 Cu 0.4
MnO 0.04 MgO 0.6 Pb 0.04
FeO 0.5 CaO 1.6 Zn 0.1
Ni 4.2 K,0 1.3 N 0.17
P P =,
TR ( joﬂi ) TLE ( joi ) TR ( joﬂ,zg )
Vv 270 Nb 10 Th 2.2
As 1000 Ta 1.2 Dy 7.7
Hg 2.7 Th 6.1 Ho 2.3
Se 1000 Zr 130 Er 4.4
Sh 31 Hf 2.3 Tm 1.1
Bi 6.5 Se 72.7 Yb 3
U 270 Y 127 Lu 0.7
Ge 0.8 La 71 Pt 531
Re 8.8 Ce 106 Pd 514
Ag 12.2 Pr 9.1 Ir 3.1
Nd 46.2 Os 185
Sm 9.1 Ru 8.48
Eu 2.8 Rh 17.85
Gd 10.9 Au 332
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A AR DG, R SR AR O, RIUTA DL AT fig
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BROIR ERBLAR , 225 77 B B TR 2% S8 A2 AR E] 2 AR
SrAT (R L) o B0, 3R A SR 05 0 2R
EROR B R R OLEE, N EW 6 ~6.5, 1
HA4.9~5.2, FHRME TEREO, mRHE, &

2 PRI SR E AR T R

RERE BBt . XHHEAT TR RERE 204, R i
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Table 2 Chemical analysis results of noble metal elements in the classification samples

S Ag Au Pt Pd Rh Ir Ru Os
(x107%) (x107%) (x1077) (x107%) (x1077) (x107%) (x1077) (x107%)

g 35 106 316 334 40 2.2 19 80

% 14 274 455 435 20 2.1 16 93

& 24 809 481 504 18 2.5 33 79

E 636 1414 158 492 116 4.8 154 35

3 PRI X SR DTS

Table 3 XRD results of the classification samples

SR YRS o R AT YER=3 HEBA E L/ Jr AR Ji e EIR:RI51E
(%) (%) (%) (%) (%) (%) (%) (%) (%)
JEW 45 ~50 7~9 - 4~6 - 30 ~35 5~17 - -
5% - - - - - - - - 100
2 45 ~50 10 ~15 8 ~10 10 ~ 15 - 15 ~20 - - -
H 45 ~50 20 ~25 - - - 20 ~25 10 - -
B 5~17 - - - 4~6 75 ~80 10 1 -
TERAR A - AU
4 PRI LT sy
Table 4  Main minerals in the samples
EIRT Y FEY
BT SR AL AR AR B B R BRSO B AR T R BB VR () BT MR B - R - B
HARY) ERIT SR
B ER7R/ANEEYREN 3-SR Y-E/R /NN /NN G177 7R NN 373N
B JrBERT BT HERPER T R BT R BR R
Y Bt AR
B B B0 BRS8N - B
HH TG S0 B T R
i) Wikt AN SR AR TR LT
L2207 INFED"
Y B
AR FETY
FEFY) AE BT R

VR

Hzfi Hz bk B KA A0 A BURE A R I8 B O 50 B A
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Fig.1 Micrographs of typical minerals

2.2.3 4H(Cu,As)
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R A, . XEHIE T T R R AR T, A
A Sb.S.Fe . Si Ti Sn 55705 20 7] 5 si AR A
YRR EIRITRIBA
2.2.4 RS

W AR S A A BT, IR, X SR AT 4y
BrAS 08, W AT o0 o 5 8 B o 50% ~
60% i SEHILHEE 2 0 1, AR AR St e,
e SR A R ETE B 18 7 REA IR, ik
TRAE 25% A, Ha il oy vl e B A A, 1k R
BT AR EEA Y, Kao 45 (2001) ) F45Fh 40
FBfE HoAy n(C)/n(MoS, ) IR G ZH (MoSC) .
2.2.5 R (NiAsS)

WERER S i/, B - WK, 5 A8 O K Bk
TR BAD SRR KR & 8O0, AN B W] ; sl
A RERES. S HEH 5.9 MEME . W AH BN T K6

(W () BEA 5 J5 il
BT (Brv) A7 IR HAR

(DS () STkl 5
i M R 32 A

R B EURM LL B W o], Yy st . X kT T
RIS T, 45 SR WK 5, %47 Si Cu Al Fe Ti Re Na
ERTR R EHMIRAY) . b —R kI H% T
F Os, XAEREE T H ORI, g E L E 2.,
2.2.6 85 (SnSb) B Sb - Sn - Ni — Cu HAkYy

XPRE AT T RETE 40 A (3R 5) , AR U8 B4 A B
FIRESEBE B, Ni, Cu 1F R 2 BT [ R s AL MR A )
TR AELE, 5% & Sb - Sn - Ni — Cu H ALY, & Pb.,
As Bi S Fe Al Si 2551 [F] G sk HLIRIE A o
2.2.7 RUYREHRT Y

PR AR ) I B 12 AR AR T B
BRHERTT B BA TR T B AR B AR Ag — Sn
- Sb HALY) WEART GRANRET EREBT RE)
W — AR SRR SRR AR R
B—MAE 0.61 ~9. Opm, ZHUR P 5 H AL PR
FAE— SRR TR /N, RETE A4S R L2 6,
SR TR R GORT  EBO EUS LE 3

FoR -8 - B E AL (Ag - Sn - Sb) B KR
#rE|f Ag . Sn ShixX =M KA G Y, UL

30

25 ¢

20 |

3% (cps/eV)

2 RERPERT(FE Os) HENE

Fig.2 Energy spectrum of osmium — bearing gersdorffite
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Table 5 Energy spectrum analysis results of gersdorffite and stistaite
RN
=)
As(% ) Ni(% ) S(% ) Si(% ) Cu(% ) Al(% ) Fe(% ) Ti(% ) 0s(% ) Re(% ) Na(% )

1 33.67 29.69 16.18 6.43 4.17 3.40 2.84 2.65 0.98 - -

2 39.11 34.17 19.60 1.07 - - 4.26 1.79 - - -

3 36.38 30.83 21.03 2.86 - - 7.80 1.10 - - -

4 38.12 28.03 22.28 1.18 - - 3.83 6.55 - - -

5 38.58 32.99 22.43 0.43 - - 5.57 - - - -

6 36.90 30.47 26.69 - - - 5.40 0.52 - - -

7 39.68 33.46 19.99 - - - 1.71 - - 2.74 2.42

8 42.54 35.83 19.56 - - - 2.06 - - - -

Yo
F
Sh( % ) Sn(% ) Ni(% ) Cu(% ) Pb(% ) As(% ) Bi(% ) S(% ) Fe(% ) Al(% ) Si(% )

1 36.03 25.04 16.09 14.32 2.81 2.16 1.30 1.14 1.08 - -

2 28.61 26.66 18.84 16.21 - 4.62 - 1.65 2.24 0.59 0.58

3 30. 64 28. 64 18.97 14.83 - 4.41 - 1.00 1.51 - -
T AR A - AR T

(a)Ag-LoT 34 &4 (b)Ag-Lomi4H &4 (c)Ag-Lori 144 &4 (DAg-Lomif 4 E4

AT TR W TR

(e)Ag-Lami i E & (DAg-Lom 4 & ()Ag-Laf34H E{% (WAg-Laffiffifi 1%

T B AT TR TRAREA AR ER A T Bh R BT

Map data 2111
SEMAG: 1180x V20KV WD10 7mm

(DAg-Larfii 14 E &
_ _ (AR, B—-8)
(DAg-Lomfi =4 E& () Ag-Lor=4if & (k)75 HILH LT R B HALY), C—H-4-5hH
W B TRAR B AR HRLA Ak#y, D—HERLET)

Pl3  Ag - Lo HHSEURFITT BCH L 1S
Fig.3  Surface scanning and BSE images of Ag — La
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FEHA Ag - Sn - Sb HALY), IR AT/ 1 Pb Fe Cu S,
Ti R RIZ AR AL . AT A 5T 4R Be
Ag;Sn Fl Ag,Sb Z [A] ] B}y 58 & [E A (e - AH) , 7]
LI AE Agy(Sn,Sb) ; Ag,Sn — Ag, Sb Z [A] ] Bk [ 7%
PR(C - 4) , ATLAFEAE Ag, (Sn,Sb) ™ MHaBEIE S Hr
T80 AR TS Ags (Sn,Sb) (& — A1), HH Pb
& Ag KRR S, Ag — Sn — Sh AN [] L ] [ AR X
FRFEBAEE , SO R RAA REZITCR &R
BUHIHR AL T HZE

3 4k

B S BUNC R U S e o TR V- R I

#6 WP A TE R

Table 6  Energy spectrum analysis results of silver minerals

Hr BT | RETE 0 AT SF BOR T B, ST T
MR A ERR PB4 R QTG R IUR
(PGEs Au Ag) BAFIRES  4hig R .

(D)4 BRI YL A7, A DL R
Al G A7 AR o o Ag —Sn - Sb 1
AP N J 11 R B, AR RE 3G 20 BT Dt 20 K
O, AER AT 45 Agy (Sn,Sb) (e - #1) . Ag—Sn - Sb
N[5 A [ 75 A QAN R] AR JRER 5, 33X S 5 8 €
HRZIUE E RN PLH SR B Z L

(2) & AR BMSLO Yo A [A) A 4
RSB SR R IR, U BB 2
BRI, X0 Au BT R A B AL B 2K A

Ag Pb Cu Fe Sn Ti Ni

S As Sh Si Al Mg

B9 @) (@) (@) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) O PHEKE
1 26.07 - 34.45 0.64 9.85 1.51 1.67 3.32 12.00 10.47 - - - TR B A VR ) A
2 25.93 - 42.78 0.97 - - - 1.91 18.70 9.70 - - - T Y B e 1
3 19.80 - 5.77  31.00 - 3.50 - 28.65 11.28 - - - - TR AR VR B
4 9.00 - 3.73  33.60 - 5.21 - 41.00 5.73 - 1.72 - - TR ER A VR B
5 10.57 - 35.15 5.68 8.70 - 3.73  9.85 13.45 12.09 0.77 - - L R
6 2.45 - 72.80 3.47 - - - 10.10  10.33 - 0.85 - - R
7 4.15 - 61.63 3.11 - 0.56 - 11.33 17.16 0.87 1.18 - - AR B e
8 6.12 - 69.48 1.35 - 1.34 - 7.10 13.36  1.26 - - - A ) A
9 49.07 - 2142 2.41 - 1.67 - 5.57 - 16.76  1.55 0.55 0.98 BB
10 23.52 - 25.00 2.53 - - - 4.53 8.23 35.20 0.99 - - TRELEARD
11 36.13 - 25.03 1.81 - 7.72 - 4.68 7.51 14.32 1.42 1.38 - e
12 22.36 44.59 4.12  1.54 - 5.46 - 5.10 9.07 5.65 - 2.10 - TRENARAL
13 37.42 36.41 1.62 0.8 9.96 4.95 - 4.64 4.12 - - - - TP
14 12,35 49.78 2.58 1.05 7.13 2.47 0.90 7.57 10.18 5.99 - - - TR
15 17.44 48.95 6.10 2.88 - 2.09 - 9.67 7.48 5.38 - - - BRAMRAH
16  22.51 55.15 - 3.21 - 3.77 - 6.92 - 6.70 1.72 - - BB AR
17 24.73 55.49 3.37 3.73 - 1.35 - 1.96 - 6.03 1.85 - - BRERATAR D
18  38.75 36.68 5.06 2.34 - 1.90 - 9.93 - 5.33 - - - BRAHAAR A
19  50.17 - 21.92  0.93 15.93 2.63 - 6.02 - - 1.07 - 1.32 TRAR S0
20 40.12 27.41 9.66 0.92 10.24 - - 5.37  6.28 - - - - HESIREAE
21 27.54 15.54 7.98 1.27 15.67 1.85 1.84 4.86 5.67 15.33 1.25 1.20 - BB IR
22 45.96 - 22,59 1.46 15.69 - - 2.71  9.63 - 1.17  0.78 - BURSTIR AR A
23 45.28 34.91 - 1.19 12.50 0.01 - 6.10 - - - - - TG IR I 0
24 22,42 9.07 - 13.71  9.29 4.24 1.83 18.69 7.64 - 10.07  3.04 - B
25  31.63 18.82 - 17.30  9.73 1.96 3.08 15.19 1.92 - 0.37 - - WE G IR T
26 57.73 - 19.11 - - - - 2.31  2.38 18.47 - - - BRARE™
27 65.86 - 9.29  0.60 - - - 1.97  1.93 19.85 0.50 - - BRERA
28 50.71 21.48 7.71 - - - - - 5.54 14.56 - - - R
29 3.75  19.44 45.71 - 5.23  4.98 - 3.65 17.25 - - - - B R
30 5.56  33.95 11.98 2.40 7.04 12.50 - 5.17 13.78 5.07 1.44 1.12 - DR ETIR T
31 5.73  70.12  9.92 - 3.09  1.50 - 9.65 - - - - - SRR
32 57.12 8.13 0.75 0.75 21.01 - - - - 12.25 - - - -8 - B E ARy
33 59.47 8.98 - 0.8 15.74 0.2 - 2.07 - 12.74 - - - -8 -y
34 66.45 21.56 - 2.02 - - - 9.97 - - - - - EERAT TR 7 4™

" = "R RE AR .
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Study on Occurrence of Noble Mental Elements in Black Shale Series in
Zhangjiajie, Hunan Province by Heavy Placer Classification - SEM - EDS
and Other Techniques

ZHOU Jiao — hua' , ZHOU Jing', NIU Rui' , XU Chang’
(1. Rock and Mineral Analysis Center of Henan Province, Zhengzhou 450012, China;
2. China University of Geoscience ( Wuhan) , Wuhan 430074, China)

HIGHLIGHTS

(1) By means of chemical analysis, X —ray diffraction analysis, scanning electron microscopy and other technical
means, the occurrence state of platinum group elements, gold and silver was discussed.

(2) The discovery of Ag — Sn — Sb intergrowth compounds provides important evidence for studying the genetic
mechanism of multi — element enrichment in black shale series.

(3) Ag exists mainly in the form of novakite ore and other independent minerals. Pyrite was the main gold -

bearing mineral. PGEs are likely to exist in nanometer form.

Chemical analysis

~. i

b1

Heav_y plafzer —> The most light part
classification —> The light part
> —> The heavy part

—> The most heavy part

\ Mineral analysis

il
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ABSTRACT

BACKGROUND: Black shale series is an important carrier of many useful elements. Cu, Pb, Zn, Ni, Mo, V,
U, Au, Ag, rare and REE elements were abnormally enriched in the black rock series. The noble metal elements
(PGE, Au, Ag) in some black shale series are also anomalously enriched, even partially exceeding the basic and
ultrabasic rocks. However, the occurrence of PGE in such black shale series is still an unsolved problem.
OBJECTIVES: In order to clarify the occurrence of noble metal elements, Mo — Ni deposits in the black shale of
the Niutitang Formation of the Cambrian system in Zhangjiajie, Hunan Province, were collected as research
samples.

METHODS: The heavy placer classification, chemical analysis, X — ray diffraction analysis, scanning electron
microscopy and energy disperse spectroscopy were used to study the occurrence of noble metal elements.
RESULTS: Chemical analysis showed that: Pt 531 x 10™°, Pd 514 x 10™°, Os 185 x 10 °, PGEs 1259. 43 x
107, Au332x107°, Ag12.2 x10°. These precious metals were concentration in ore — formation.
CONCLUSIONS: 1) Silver exists mainly as independent minerals, a small amount exist as isomorphism in other
minerals. Independent minerals include: novakite, polybasite, andorite, dyscrasite, canfieldite, marrite,
hocartite, argentite, Ag — Sn — Sb intergrowth compounds. The isomorphism is mainly freibergite — Ag — tennantite,,
silver — bearing galena and silver — bearing domeykite. 2) Native gold doesn’t exist as independent mineral and is
also not adsorbed by carbon. Meanwhile, pyrite was an important gold — bearing mineral. 3) PGEs do not exist as
independent minerals and are no longer enrichment in different classification sample. It is speculated that PGE
minerals are likely to exist in nanometer form. It is suggested that the application of nanomaterials can be

considered in the future study of mineral processing.

KEY WORDS: black shale; noble metal elements; occurrence; Ag — Sn — Sb intergrowth compounds; X — ray

diffraction; scanning electron microscopy — energy disperse spectroscopy
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