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Fig. 1

Diagram matic geological Map of the Huangjiawan Ni- Mo- PGE deposit, Zunyi, Guizhou Province

1 —Neoproterozoic Banxi Group; 2 —Nantuo Formation: conglomerate ; 3 —Doushantou Formation: carbonaceous mudstone and dolomite; 4 —

Dengying Formation: dolomite ; 5 —Nioutitang Formation : stone coal and poly metallic carbonaceous pelite ; 6 — Mingxinsi Formation: carbon- mud-

stone; 7 —Jindingshan Formation: siltstone and mudstone ; 8 —Mingxinsi Formation and Jindingshan Formation; 9 —Qingxudong Formation:

dolomite ; 10 — Middle Cambrian; 11 — Middle- Lower Ordovician; 12 —Longtan coal group ; 13 —Quaternary ; 14 —Location of section ; 15 —Fault ;

16 —Ni- Mo- PGE mining area; 17 —sampling location
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Photo 3 Massive structure of the polymictic Photo 4 Clastic hunded structure of the

Mo-Ni-PGE ore polymictic Mo-Ni-PGLE ore

Polished mass Pulished mitss
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Fig. 2 Sketch of the heading face in the Huangjiawan

pit , Zunyi area
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2 R 3 2T SR A R A AT PGE
OIRTEE R Ry A2k . K 2 BT PGE T E
FEXFAG LV IIME( we) N 47 .2x107° KA Mo
Ni i A PGE M 5% ; H wp/ wee TEIHRA 0.
42 WEBE5 Mo Ni i AAHE . 7EE 3 H  BATUA
Pt + Pd 75 = bl 207 (IR ) LA — Y Y B AR
b (BRAESEJZE T PGE SR AL TBEK A 5847,
AR TUA ARG E 4 PGE MVE . Wik
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Table 1  Analytical results of Mo- Ni- PGE Ores
. ) wy/10°° wy/ % X
P W41 48K E
Pt Pd Pt + Pd Mo Ni Fe

Z1 ¢ it 0.151 0.209 0.360 1.32 0.80 7.42
z3 s B A A 0.370 0.371 0.741 5.97 2.98 12 .34 FEMR AR
Z-4a RT3 )2 0.074 0.083 0.157 0.66 0.32 5.41
z5 s B AL A 0.438 0.396 0.834 8.20 3.67 14 .60
Z6 Yok H 0.363 0.383 0.746 3.86 3.38 20 .60 E 2NN

DR B - [ 5% b 5 S 36 A o DR DL AR

Fo BYGHHBEENEIE PGESHTER
Table 2  Analytical results of PGE in black shale from Niutitang Formation of Zunyi area
) ) wy/ 1077
P RS wcﬁm/ % wp/ Wy
Pt Pd Ru Rh  Os Ir SPGE Pt+Pd

H-14 IR JTK 25 BER D TR -2 9 4 1 1 1 67 83 13 1.15~3.30 2.25
H-2 WD K 2 BESR TR DU 21 47 1 1 4 1 75 68 0.45
H-4 WSS RN T T U 6 14 1 1 1 1 24 20 9.20 0.43
H-6 B SERLRRD TR T UL 15 66 2 2 6 1 92 81 0.23
WA 9 I A1 428 411 6.7 18 113 3.7 980 .4 839 8.50 1.04
H-8 EREITR S 5 9 1 1 1 1 18 14 0.67 0.56

DA <R S BRI R Bk O TR R DL AR
1~ HIW-9.

+ Pd S TR A e

3.3 PGES5 Mo .Ni.Fe .2Wk(Cu) B EMHEXM

K32 BmMAYMZETT PGES Mo .Ni .Fe .

Resf

H-14

H-2

H4

H-6

H-§ """ = ; . ; . A .
Whors/10° 100 200 300 400 500 600 700
Wel% 2 4 6 8 10 12 14

Kl 3 AEEEAFRIECS (B A P+ Pd AT Cppp 25 5 N EE

1 —TEJED )2 ;2 — Mo Ni iR (L) B2 33 — R T
Fig.3  Content of Pt + Pd and C,, along the Niutitang
Formation section
1 —Siliceous phosphide bed; 2 —Mo- Ni sulfide bed ;

3 —black shale
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PGE 5 AL BH- B FN SR AT e 16 A 0% i S5 0T
R K .
3.4 PGEHMEL/HRE

X 2 FIEE 3 BRI Mo Ni PGE B 41 F
ZOPIR BT PGE B s Hubg AR et (B 5) I
Bisy #h 26 278 : @ Mo Ni- PGE /A1 2« W B4 430 Aii |
Os .Rh Pt .Pd AHXT & 4E . Rh Al 1r AHXS JR 45 b G
KKABN, ; @B T IUA 5 Pt Pd 59 & L0 A0,
Ru A1 1 A JRAG H IS A 5 K5 81 0s G KK
A EL T B @4 T IR T BT 5 RE A T T AR X
FEAR 5 AN Ru T AL .

K Mo Ni- PGE A7 5 JB 68, TUA 4 i R 2
PO RO PGE BCr B . P B W] 1
ZEWAET Os \Rh Pt .Pd 7EH A H & 2 ITAE A A TT
FRATIRIE B T A Pd PO A KRR 2
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Fig. 4 Diagram showing relationship of PGE to Mo, Ni, Fe, total C
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Table 3 Statistics of analytical results of black shale and Mo Ni- PGE ores
wy/ % wy/10°°
FE FORE i 44 B Wey /% wp/ wpy
Mo Ni Fe Pt Pd Ir Rh Os Ru Pt+Pd PGE
HI W-1 R A 3.71  3.35 13.15 0.406 0.347 0.004 0.016 0.090 0.007 0.753 0.870 11 .41 1.19
HI W 2 BORE A 4.06 2.33 10.62 0.337 0.291 0.004 0.013 0.092 0.004 0.682 0.741 10.17 1.16
HI W 3 HORI A 3.67 3.70 22.00 0.418 0.554 0.002 0.022 0.102 0.007 0.972 1.105 8.70 0.76
HIW 4 &0 R0 A 4.24 4.05 13.40 0.477 0.451 0.004 0.018 0.148 0.007 0.928 1.05 10 .34 1.06
HIW 5 40 R0 H 3.98 3.93 12.71 0.460 0.446 0.004 0.020 0.113 0.007 0.906 1.050 11.09 1.03
HIW 6 &R 4 9.29 7.90 11.68 0.360 0.338 0.004 0.017 0.154 0.005 0.698 0.870 13 .39 1.07
HIW 7 0 R0A 7.68 4.78 10.97 0.386 0.403 0.004 0.018 0.166 0.006 0.789 0.983 12.12 0.96
HI W 8 &R A 7.06 3.67 12.48 0.444 0.408 0.004 0.019 0.126 0.006 0.852 1.007 11 .95 1.09
HIW 9 450 R A 6.75 5.98 12.60 0.569 0.463 0.003 0.023 0.120 0.011 1.032 1.189 12 .45 1.29
SH-1 47 R A 1.66 2.60 6.96 0.372 0.312 0.684 1.19
Y-2 iR A 1.73 139 4.63 0.267 0.438 0.705 0.61
Y-6 FAr R A 276 1.80 2.85 0.116 0.264 0.370 0.44
7.1 AR A 1.32 0.80 7.42 0.151 0.209 0.360 0.72
7.3 SR A 5.97 2.98 12.34 0.370 0.371 0.741 1.00
7.5 R A 8.20 3.67 14.60 0.438 0.396 0.834 1.11
7-6 YU H 3.86 3.38 20.60 0.363 0.383 0.746 1.00
Z-10 JURH 4 1.69 1.65 2.30 0.106 0.132 0.238 0.80
Z-12 R 412 3.09 7.22 0.272 0.251 0.523 1.08
U ER ] 4.5417 3.391711.0294 0.35067 0.359 0.004 0.0184 0.1234 0.007 0.680 0.9911 11.29 0.976
7-4a KA K2 0.66 0.32 5.41 0.074 0.083 0.157 0.157 0.89
HIW10 &R0 012 0.05 10.19 0.010 0.008 <0.001 <0.001 0.001 <0.001 0.018 0.41 1.25

DA AR« I 2 e S B v WK LZ AR RN

SR EVSE ST
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Fig.5 Primitive mantle normalized PGE pattern of black

shale, Mo Ni- PGE ore and banded pyrite ore
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FELRLT .
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JEI TG AT BeAEAE 73— Rl B 1 FH (R & 0
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5 BB T o AL AR I A JE AT ) oy R &
FIRFE R R R 2200 . fE 4 )& ZH Mo .Ni .PGE
S IC R K AN ORI b 45 % 1k
(1) A B 5 4% 5 A1 1T 2 60 T2 A 0 L UL B S R
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Mo Ni ZE6 AL AR & D L . X 48 225 R B Mo- Ni-
( PGE) 42 Ja J25 i B0, T TR A Uk 78 0 — IR At
AR 25

() &EZNE I JE JE S RAE gE
RAR TS i AR BB IEA SRR — 1R
Mo- Ni 4 ( Lott et al ., 1999) . HI L% FH#HE &%
GUZAIRRACIIN 1 A8 U S 4% IR Btk = ik
WIW 41 . AR Mo \Ni Fe Al PGE tH 2 1 4 1
Infads . XEeI R R S G4 )2 e DR K
W R R AR T IR AR B4R AT A R SR T AT A

DURA B IR T8 iR e iR ™ 41 .

(4B 41 PGE 5 Mo .Ni .Fe Al Cy #HICVERF Y
#XW ,PGE ®HES Mo Ni fiAb YR HT < M
U IC . Mo WNi SR ALY RITK 2 $0 A IR
SERZAR B RAT 52 5 BSORH I AR iy A Rl sk e o R
Wb e 4l FF 4 JE A eIk B g R 3L AR i
AT R AT DNER AR AR SR A
il . PGE WA T . 058 & M m™ 4k, B Jr IE AR —
AT HEN O] B S5 W AR AL AR AT .

(5) Bt TR FIYUR BB  45 71 2 2 PGE b &
I FERC 73 ik mg B 727 00 Pe- Pd & AR X ] BEAR
KT IEH W KIUE PGE /0 A FF1E . Mo Ni-
PGE " f1 PGE i  HEL 4 4 & Pt .Pd .Os \Rh
wAERe w i R T KECN Pt( Pd) > Os > Rh >
Ru>Ir, 5 & E PGE MR K B L BHAE—B( W
SEAE 1993) H S ERSEPE B VE AR Ak ) Y
PGEW JK Pt + Pd >> Os .Ir .Rh .Ru (K & £
Pt- Pd & HE I 43 i £ A 2 il v R 2 B b Bk
25T T L1981 il 55 8 55,2001 ) . DRIBE dn R
Mo Ni- PGE ™ b, IE WIVF 2 WF 50 5 48t I RE 2 it
JE KPR &5 23X P35 1™ PRt AR v] BB N 1%
K LG B 08 A o) 6 IS B gk T i - ke R I
PGE W™ IR IS AR ;AN I8V 12 LA 6 K o 56 k- e
FEPE K Cu- Ni PGE AT IR (3R B0 H 3K A 2
JUUIE P R e T A ) A 2R OK (B R A
2000) ;KA HGETE ) PGE L B 4 T A4 5
B SR os  EHIIBICE T PGE 7R eIk
HOR Z R AF T8 R M PR 2 B R R Sk
XRhHERS Os SR A Pe Pd HLAEHIRAS B T i
JRME A D2 T A AT FE

(6) PGE AF T Mo Ni RIS A 20 B 1) Jsg
AT S RIS AR BR PR T 2R B P GE & A L2k 4)
HnT e S AW BRI R A TUS R Mo Ni 42
JZ Os- Re [AI ZEAE 68 W8 BHIESE A FUEE A LT 2
ZE ) [a] Wi)ﬁiﬁ‘]( Horan et al . ,1994 ,%%I% R
2001) . AT IX— 0 IR A A B R R 2
TE )R BR 70 (1 9 JIC A K ' Fe \Ni PGE &8 & T 5
IR Bh3E I B 0 R R TS 1) s &5 & AR i AL 4
AT A HUTTHE g 52 IR AR AR A 1R e SR i A4 31X
SEET TR S A2 7 i A9 10 25 1 v 7K 2k b o B
Pt is 20 R PR 7 i)

(7) b s DR i R e A R PR E B 2 AE R L i
F4r a2 O % e K B I el AR e M (B
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28) 2 IR A= AT L JBTRE JiS R e AR U8 A A 1)
DiTE KW (K% 5 1987) o X AT ML RE I
FI T 52 BRI AR Gk o0 A . (R4 s 2 P R
A AR AR ERIR SR A AT 7o B IR AR T Ak
IR G RE RN AR R (T 6) . F BT DOCP 4
(1997) XL T A BB A B i X 43 075 o
R T IS A B B =, 55 2 A N (9 53 i U6 3%
AP FEEAT Cu .V Ni .Co Fe 25 Lkt @it b
MR TA . X — IR A5 BiR S vEH EE
FRTAE B IRAAR R AR AR Y |

(8) FBIAR NEE LN B EE 4 A PGE IR
3575 7 Cu .Ni .Fe .Co .Cr .PGE , N\ 3L i 5 )2 7 H.
RAnE LHWIRP 3RS T 48 Cu.Pb.Zn. X
LEHERT DL 7~ Hh £ 74 2% YL b R 2R e MY e
i B RS T P A T R - R R 2 e S RN B TR}
s M IR A7 Cu- Ni- PGE 1 C- PGE # 4L, DL
K GE BRE R A =5 P IRAE I Pb-Zo-( Cu \Ag)
WAGTFLAEDIE . {HA2 X T Mo MR I AN E 4 H i 1
EEAL . —FA ) Mo 2K 2R AL i 55 AT IR
(AT 2E $ ( Fan et al.,1983,1984; & 5t 4%,
2001) , 55 — BN by S A= i vk g K R 2R 4 T
Mo( 5K % 2% 1987 ; Lott 55 ,1999) . HI & ML I
AR A (HAE LR R 55 2 9F R R 3 2%
LA AT IR SE] . B 5L SC55E(2001a; 2001 b) $
FIMHEF W-Sn- Mo-Sb- Hg R IUH™ B2 IX 32 B v 2F
A ) i 4 AT 547 Hb &5 7 B 2 L 98
LY H A b A . e R AR A
SERAIE ba] DA BV ) Ul B ARAE AR R &R
(1) Mo WA A7 T AE WA IS 8 N 12 S 1 e (R
() TS RNAE H R0, B R AR P ik g
SE(6) TR R R e R &R A KRR Mo #4E
VIR TR N SR AR AU G AR TG e Mo (1 AR D i
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Enrichment Features and Patterns of PGE Metals in Black
Shale from Zunyi area, Guizhou Province

Zhang Guangdi1 , Li Jiuling1 , Xiong Qunyaol , Qi Feng1 and Zhen Mingguo2
(1 Institute of Mineral Resources, CAGS, Beijing 100037, China; 2 Institute of Geology, Guizhou Bureau of
Geology and Mineral Exploration and Development , Guiyang 550002, Guizhou, China)

Abstract

The enrichment features and patterns of PGE in black shale of Lower Cambrian Niutitang Group of Zunyi
area, Guizhou Province were studied in the light of PGE distribution in strata and ores as well as ore mineral
phases . Some characteristics have been recognized :(1)the PGE is concentrated only in the Mo Ni metallic layer
at the bottom of black shale , with its content higher than 0.5 x10~ ®  but not in the ordinary sedimentary black
shale and the thin banded pyrite layers of the ore bed; (2)there exist positive correlations between PGE and Mo,
Ni, Fe, respectively, but no correlation is discerned between PGE and total C which represents organic and car-
bonic matters in the metallic layer; (3)the primitive mantle normalized PGE patterns indicate that the curve of
Mo- Ni- PGE is “ W"-shaped, suggesting the enrichment of Os and Rh of higher melting points and Pt and Pd of
lower melting points, and that the curve of black and thin-layered pyrite ore some what assumes the shape of Pt
and Pd enrichment . It can thus be concluded that the enriched sulfide ore bed must have resulted from the rapid
superimposition of the submarine hydrothermal sedex upon the accumulative black shale at the early stage .

Key words :geoche mistry , PGE enrichment features, PGE enrichment patterns, black shale, Mo Ni- PGE

metallic bed, Zunyi
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