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Geochemical characteristics and ore-forming processes of Ni-Mo polymetallic
deposits in Lower Cambrian black shale, Zunyi, Guizhou Province
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Abstract

The Lower Cambrian black rock sequence widely distributed in Yangtze platform of South China is rich in
Ni, Mo, V, Cu, U, Ba, REE and platinum group elements(PGE). The genesis of these ore species has aroused
much interest due to their specific age and polymetallic combination. This paper deals with the Huangjiawa de-
posit in Zunyi. Methods used in the laboratory study included petrochemistry and elemental geochemistry. Geo-
chemical characteristics of trace elements show that there exists obvious enrichment of such chalcophile elements
as Ni, Mo, Cd, V, Cu and Zn in the Ni-Mo polymetallic deposits, while the high field intensity elements like
Nb, Th, Hf, Zr and Ti are evidently deficient. The U/Th ratio is higher than 1 in the profile and up to 70 in
the Ni-Mo polymetallic deposits. The variation trends of organic carbon, different forms of sulfur and main
metals along the profile were analyzed. The remarkable enrichment of organic sulfur in mineralized strata sug-

gests that organic sulfur provided sulfur for mineralization. Close relationship between algae cystocarp and metal
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sulfides was discovered under microscope. Based on the authors’ results and previous researchers’ outcomes, it is
held that the sources of Ni, Mo, Cu and Zn are related to materials in the earth’s depth. In an anoxic reductive
environment and under the influence of the organic sulfur and &~ produced by bacterial sulfate reduction, the
ore-forming elements were concentrated and formed the Ni-Mo polymetallic sulfide deposits. Red algae cystocarp
was found for the first time and the discovery of the close relationship between algae cystocarp and metal sulfides
has supplied the evidence for biomineralization.
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Fig. 1 Tectonic setting a and geological sketch map b of the Huangjiawan Ni-Mo deposit Zunyi Guizhou Province

modified after Luo et al.
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Fig. 3 Photograph of Ni-Mo ore

50 mg 1 ml HF

150C Si ImlHF 0.6
\ ml HNO; 190C
WS 9%
- HF 1ml
- >
1.6 ml HNO; 140C 3~5
50 ml
WA 1ml500x10°° Rh 50
NV VvV V¥ ml ICP_
Y v Vv
vV VvV Yy MS 5%
% BRERE
e
il
7
ol e 3
&
il ZY-K © B 29
#
= 1
3.1
Wedepohl 1995 4A 4B
2
7ZY-K 7Y Rb

Fig. 2 Neoproterozoic to Early Cambrian lithostratigraphic Th Nb Hf Zr Ti

column and sampling locations 0.10.20.10.10.10.2 1
ZY-K—Ore sample ZY—Wall rock sample ' ' ’ ' ' ’



745

SR FEIRG B OE R Ni-Mo £ B A M BRAL 2R AE S ™ 11 )

I3

E==A
A}

B

#6

%27 &

RV M B — o Ul TS SR S H 4t - Y NI L B S T Y B €0°AZ 2 N 1 B AL CO-AZ N TOA
6°€SLL 670299 9°09TL ¥ LPE6 T CSIL € 6LOL 6°€S69 T 'TOLS S PISET ¥ PIOTT S LOLS 9 0S¥y 6°€OLLT S'SIL 8 'Lib
¥ vy L°0T 16 28 54 LE 661 96 166 €T 9TF  €¥ST 666 LTI 009  9°€ $'L
L8 pel ST 3 L'OPT €% €6 80T Sl L9 901 € vsT €6 LT v 80 L
0 9°0 €01 €9 Tt €W €L €1 Ty €L €L €6 89 ¥T vL LS €0  ¥0
L9 € 1°0 €0 L9 90 €0 SO TO 90 ¥0 v0O ¥0O TO TO ¥0 - - iq
S IE & Ll L€T 96 ¥'8¢  ¥0T  ¥LE b STE 94T LSt 9T v L€l 67101 - - qd
191 90 T 6°0 861  S'1 11 9°1 0 81 Sl 60 Tl €0 €0 90 €0 TO M
1°0 S0 T 80 10 Tl L0 I €0 60 Tl I L0 v0  TT L0 - - el
1°0 $0 8¢ LT 9°0 9% ST  6°€ z s'¢ 8§ St 87T 1T v T 1°0 1’0 M
L0 8¢ 899 1°6681  S°06F L°GEST S'T8FI €°0V9I €128 T'€T9l 9°C€PST 9°S0ET S'EEVT SPSOT LoPITT 9EEL  €°€9T  L°LS e
€l 1 8¢ 89 L 78 z 6 8 8 9L w1l €€l €% '8 6L 1°0 10 s
T 80 §'T z 9°C  0€ T 87 S0 . ¥T € €T 6T T a3 e €0 €0 U
LT9T 94T T°0 $T LT €0 8 S0 8T $T T ST vT S0 €0 LOT 9T - PO
8°LLT T1e A L6T 6'88¢ $€1 8¢ 88 Tl 6'1F S6C S8  F9I  86L S8 68 €1 L0 OW
1°0 90 9z Sl 't L€l $8 8T €% LT 8l 6T ¥6  I'SI T8 vTE +0  $0 AN
10 v0 LET 916 L'6T  S0ST  6%8 80T 08 6°LIT #°98T 9°9ST +'66 Tk 8SIT §¥6 L€ €€ 17
L0 0 91E 689 T'6cc TSk LSk 6T 8'€r 8T 6 TF  SHE  L9ET  L°€T TOT  1'9T€ v S'89 IS
1°0 90 011 6°19 §°€l  €€Cl 695 TQII €T SE0L Tl 981 TSL 69T TT £ 61 T 9
70 T I 8T LS €v  Tol €T 'S 90T vt €L STI S 9°CT 98T ¥0  F0 e
9°9L €9 s (1133 L'S86E  €°L0T  8Sv ¥ LTI 86T bH6E  9°STT  €¥E S°€IT 8°S8€ 97001 THLOT S'L8 - uz
L€ST S €yl % 89 TIT 6 6709 8¥91  8°9¢ 78 89 I'T€r €l UL T8 - . )
$" 6987 81 9°81 TsLT €LE6C SL8 Tl Tl 9°SIT 6°09%  IST 9°01C  ¥ST 69 9°0L 1°9¢ST €S9 FTE N
8°1¢ A 911 €l et ve Tve T TS Al €8 6C 9 S0 80 LL8 9T LT
€0 T Lzs T°T€s L'TeT  TOIT Tior L TIT €TC b6k TTE T€  8T¢ 90T €8T 6Tz 9LIc S'T9T  UN
8T 9°1 N3 € 6¥S €L6 L°STl €9  9ULET $T98T SSIT 9WIT 60S  L°9SST 6°0L8 L9 111 Tl SI 0
€ L€ 79T i8S S HSPI 10T $°665 8°€CC  TSES T1°6PST S'8EF  6°S9S  T°¥L8S TS8IE SLSLT T'RPT 106 61 'St A
0 L0 LTTE 9°9LTC  +€8F L'SSEF LUEIST 8°998€ T'¥96 €°TLLE L'TOSK S'PPOE ¥ TOTT 809  SHTIS  T'HOST  TOL 90 1L
70 T L 8L LT 99T L0T §ST Ty STT 90T ¥IT 6L €T vT €L 80 60
€0 80 1€ vT 80 £T 81 ¥4 5 9°¢ 8¢ ST ve €1 11 89 1°0 10 g
e $'T 114 9°2¢ 0L L6 LLL T'ST vl 8Sc ST 87T¢  TLT 9% 1'ST L€l TT 9T 1T
PRI YR BT Btk SAZ  €AZ 9CAZ  TCAZ 61AZ LIFAZ  9TRZ VIRZ  TTRZ 90ARZ  WAZ  S0KZ TORZ T0KZ

(o081 /%m yoq10ad ueserfSuent] 3y} Jo vjep JUIWL[ PdeLL, T AqeL

Co- 8T/ )T 1 S DL Sy 1 [ 0

M

L2



746 2008
Ni Mo Cd V U Zn Ba Zn
4 2870 277.8
1627 37.3 58.7 1 Ni Mo V Cu Zn Cd -
Th Nb Hf Zr Ti Rb Sr
4 0.6 0.6 — Ni
0.50.4 0.7 0.6 0.2 1 Mo V 138X 10°° 62x10°¢
V Ni Mo U Y Ba Cd 4 864 % 10~° 843 X 107 ° 523 %
26.4 14.8 21.2 13.4 10°% 3 180X 10 ® Warning et al. 2000
4.4 2.8 24.6 1 Ni Mo V 96 X 10°°
2004 80x10°% 173x10°° 150 X
107 185X 107 % 415X 10 ° Brumsack et al.
U Ni Mo A% 1989
3.2
Rb Th Nb Hf Zr Ti Ni Mo Cd V U
Sr Sr
4 Jiang 2006
1999hb
Ni-Mo-PGE-Au
Rollinson
1993 10.52% 5 TOC
Spy Sorg TS
U Th
U Th <1 Spy
U Th >1 Rona 1988 Bostrom 1983 Sorg
U Th >1 70 2
Toth 1980
Ba ZY-11
100000 100000
10000 4 IS SRR A 10000 e 7v17 _'_g(%
—a=7Y-06 ~4~7ZY-16 M —A—7Y-19 —¢—ZY-32
" 10004 ﬁ[ﬂlOOO-
ﬁ 1007 ?_‘ 1007
gé 104 ;Ef 10+
1 1]
0.17 0.1
B
00! RbBa Th UNiMo V NbLaCeSrNd Hf Zr Sm Ti Tb Y Cd O o B T Ui MoV b L Ce & Na T 77 S T 16 ¥ Ca

4

Fig. 4 Upper crust-normalized spidergram of Niutitang Formation along the Huangjiawan profile
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Fig. 6 Photomicrographs of cystocarp in Ni-Mo sulfide polymetallic layer
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Fig. 7 Metallogenic model for the Ni-Mo sulfide polymetallic deposit
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