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Preliminary study on the relationship between Early Cambrian volcanism
and polymetallic layers in black shales of South China

YANG Zhen

(College of Ecological and Environmental Engineering, Guizhou Minzu University, Guiyang 550025, China)

Abstract: Black shale exhibits extensive development in South China, with stable stratigraphic distributionunder the anoxic
conditions of global deep ocean water during the Early Cambrian. Various elements, such as Ni, Mo, V, platium group elements
(PGE?3), and rare earth elements (REEs), are enriched to different degrees in the basal layers. However, the source of these polymetals
remains controversial, with conflicting theories suggesting origins from seawater, hydrothermal fluids, or a mixture of both.
Simultaneously, volcanic activities occurred extensively in South China. In order to explore the relationship between volcanic
activities and the accumulation of polymetallic layers, sedimentological, mineralization, diagenetic chronology, and geochemical
analysis were conducted in this study. The results show that: (1) Volcanic activities occurred in multiple stages, with volcanic rocks
marking stratigraphic boundaries, from the Ediacaran to Early Cambrian; (2) There is a clear spatiotemporal and geochemical
correlation between volcanic rocks and polymetallic layers; (3) Sedimentary structure, mineral composition, and geochemical
information, such as S, Fe, Hg, and Mo isotopes, indicate that volcanic activities contributed to the enrichment of polymetals.
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Fig. 1 Paleogeographic sketch of the South China block from the Late Ediacaran to Early Cambrian (modified after Jiang

et al., 2009; Pi et al., 2013; Jin et al., 2016; Chang et al., 2018
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Fig. 2 Typical profile of the Yangtze block in the Early Cambrian and statistical histogram of U-Pb ages of the tuff zircons

(data for the profiles of Meishucun and Songlin are according to Compston et al., 2008, and Zhou et al., 2008, respectively;

data for Bahuang and Panmen are according to Chen et al., 2015; data for Ganziping are according to Chen et al., 2009)
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Table 1 Correlation table of molybdenum-bearing polymetallic ore strata of Lower Cambrian black rock series in Guizhou
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Mo. V Z&J82. B AX Xk Z4 Ni-Mo, V #"
RN 5T TF 2 T Re-Os Al 25 i4E (Mao et al.,
2002; Jiang et al., 2009; Fu et al., 2016; Wei et al.,
2018) . MAFEZE I AT 28 25 5, (EDRE DX 38 7579
Re-Os #4li#t — L U4, ATAS AR BE, B AL 4F
#44(523+6.5) Ma(Wei etal., 2018) ., FiE ik K, #%
FHZ A Kl g TR RRES, B EZ
Wk Ho, A —A kLA CROLEE R | 3
JB A ) B A1 U-Pb 4R IR 4 h T 526~518 Ma, 524
J& 2 B AT A1 (24 523 Ma) —3K .

23 (8] I, Ni-Mo., V £ 4 J& J2 38 5 B A7 T 5 K
#(526~518 Ma) Z I (&l 2b), SR ILA A I (1) =5
(K2R o . 38 SCAAMRHEIX, Ni-Mo £ 42 & J2 H 52

TREEK A Z B2y 1 oKk . INTTRE R Y #A B
KFE, 2 BZENEES FRKLEE K S T RERA
HENKR . MiEZMRERAZ &R 20T R4
IR )2 5 (Chen et al., 2009; Wang et al., 2012; Fan
et al., 2013; Dong et al., 2015), Kk LI 1% 3l Qi fa] if G
L2 ERETA RV A WS, — %t
BTSSR Z IR, 24 8 5 JE i WAA7E 7 1
K ILTE S, B kA58, 25T 24
JE I E S RIS b, klmi ks, H
R LR L 25 3 AR A5 T K I (] b A7 7 e
MV DURR AR, BT LR DR it £ &R 2 h ik
A KALESIAE B
422 %45RBEE5 R WA ERIE

Z BN EEELZICE GERNEER, v it
PRI AT 2%, 3CORAR 2007 PRI IR 28 4 2 58 4 2 1)
—NE L H A (Shi et al., 2021) . KEAH )% K
HAMEICE . Mo [Afi % | PGEs L X ks S [F]
N Z IR, Ni, Mo £ 48 2 B9 TE AU 1E K 1L
R TR o

e TR G A B R A P B 2 B R Y
AR — EAFEE T 2t PR SRR,
— 1A M3k B #E 7K (Lehmann et al., 2007; Xu et al.,
2013), 75— Fh &N ok A 18 % A48 (Jiang et al.,
2009; Han et al., 2020) . K IL&E MK A BYBFIE B4
T F A AR AR, HUERIL 2 TR IF R b, H AT
A 2= F B P b X B0 € X 2R b 2 IS R e K A
TE4RIB . %E K+ REEs. PGEs &8, il fE 23
{4, 51 A Ni-Mo £ 4 )@ )2 1) 4 I3 (Pasava et al.,
2010) . b 38 v bR fEfb REEs #¢X & AT L&
(I 3a-b), BT 5 2 4@ 2R R I AR
i R, B2 4R Z R o R &
FIHBRTFROATCA, BOAAS528REHA
A Ce. Dy W 5% LU M Ho M IE %, BZ &8
JZ R Bu (WIE 58, B TUA B B R
Eu B8, R 2 Y BCRIEAL, B2 682
oM, Bu R R B EE R
—, R BOTUA L 48 )2 I A A AN
JONEE A I E TR E o ik R B A
WAL, Ce RIESH Ml Bu M T, 5B
BIUCHMZ &8 E %A 50 5 FEHE(E 3a-b).
&K A1) PGEs % 2 B W i TR v (FA), i
S22 4R EMIE., H ClERK A bn R = 5 %
LA Tr. Ru A X4 HL, 1 Rh, Pt Al Pd A X & 4,
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Fig. 3 Comparison of the distribution curves of rare earth elements in black shale and polymetallic layers in Hunan and

Guizhou areas (Dazhuliushui, Maluhe, Sancha, and Cili)

(data cited from Wu et al., 2001; Xu et al., 2013; Pi et al., 2013;

Han et al., 2015; data for North American shales are according to Haskin et al., 1968)

#E KA PGEs Blrii X 5 REaT0A | 28 Bksa
B AU (] 4a-b), T2 4 RIZE . BAATUAER
e Sl N R

Wit R IEE R EAAE RPN EZERZ
PGEs, Il HOR[AI A A o PGEs iy &8, 45 %
W] PGEs 22 MAF T ML KR AL P AH v (T4
4E,2004), BEAHN, AR M, BOATUAPER
PL B 45519 Au(1900%107°) . Pt(600x10™°) . Pd
(1900x10™°) HAG 1R = 1 & 46 12, Wi 4 v £ 2247
TEMAL Y LA K A4, Pt 5 U IEAE S . RN, &
)2 Pd & LA ALY DL e Au-Ag B A I A7 AR
(Kucha, 1982; Kucha and Przybylowicz, 1999)., W]
LUk BH B A HL T T A AL DA B R
PGEs 1 W Bt E FH Al [R] A 5% i 25 28 €5 50U PGEs
BIEC . PRI, BA— >R ] PGEs 1) HC 43 il £ ok 1 B
T EH PGEs BRI

Ni-Mo Z % &2 T HEZ M B . Z KA %
BRw, i MoSC. #H0° . INEET 6Ly . &
B, INEER FCIR SR A B K, B 2R
JCIR 4544 . Mo-Fe 8%, Ni-Zn Ak 4 (958 BR 10 Ve S
& Mo-Fe i Ni-Zn (1) #9& [B] 814 Hh 1] g 42 2 b
G TR TS 2 Y, BN R ORI 72 (Han et
al., 2020) .

KAHAK . DT =2 FZEH] Ni-Mo £ 4 )&
WA LTI, Xk [ 28 TS AR - on &R 4l
A BES ., MERCICAEMEZEEZ P, N

It 38 A bR ifEfk REEs A2 & 1Al LA H (] 3a-
b), RN IS A, ROV ok AR B
TUA H G + 5 4R R BT R R, 248 )2 AR
TR R . R0 — 3 Y =B R I — U,
M4 R ZETIRA A MmEY L.

[ —#" X, 24 )8 )21 Mo [A) 1 2% 36 A A K
FREA TR, M MEHBX Ni-Mo Z & EH IR (D
B KATIROK . T 6B =84 B4 RO s
FITE 1, Mo [F; R 4 BLEA —ANFRE: (1) BA K
F 4R SR, BE R 6™Mo {i; (2)6"Mo 4 A
¥—; (3) 8 F#B 6" *Mo {H# 5%, i 36 6™ Mo i U]
WA K (Xuetal, 2012) . [FIFE, WIEGH R T %€
RGP 4 BB A0, 5T Mo [RA Z 9T EB, T &8
HZ Mo, U, V& 4, Mo [A] i & 4 A —,
6"Mo N 0.65%0~2.14%0. i L3 HZ AT, 6" Mo
4 1.16%0~ 1.71%0(Cheng et al., 2016) , £ 4
J& )2 Mo [R5 2%, B Mo R
SRR IAEE 19 A8 IR M SR BB R &2 2% (Wen et
al., 2011, 2015; Ye et al., 2020) ,

ST K Ni-Mo £ 4 J8 07 PR i ki
Fe [Rf; 2 K R S Ay RWFsR £, £ 48 2+
BRI S, Fe R X 5B ATUA T 2RI, 18
TR R AEAEAFR AYYR X (Yang et al., 2022) .

423 B RF HEA KL TE SR

KOS B R, HRIBCRIR” FEIEFE R K
UGS Z5MEE.. A E RN, VAT RN EA
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Fig. 4 Comparison of the distribution curves of platinum group elements in black shale and polymetallic layers in Hunan

and Guizhou areas (Dazhuliushui, Maluhe, Shuidong and Sancha)

(data cited from Mao et al., 2002; Lehmann et al.,

2007; Xu et al., 2013; Pi et al., 2013; Han et al., 2015; data for C1 chondrite are according to Anders and Grevesse, 1989)

BLAR (TOC) (B AT HILJBT & 438 5 X b T 5 & kil
AN ZBE(Lee et al., 2018) . 17T b FLFE 5 {H 22
O IUH IR £ 4 82T, TOC &5 0 8w T H
7 M2 (Jin et al., 2020; B 555, 2020) . X —IE
RS X N ALTEhAE R WRA, Bk,
PRI, DU RS B A7 A8 4k . mr i ik &, oF
FIX B TAE S L4 )8)2 Bu 5% A (K 3a-b),
AN, KATHK . =2 BT . 28R g g K 2R
Ni-Mo £ 4 R0 X (8 bk AR PETTZ W U, V.,
Ni, Cr 7ER AU M Z 48 2 b i, B
KT E A B M HE VA(VAND) #lV/Cr A 0T 4
(DRATATH UK TZEEZE; (2)EBETT
A VI(VAND K T2 &8 )25 G)ER 6 005
V/Cr WA T £ 4 )& J2 (Xu et al., 2013; Han et al.
2015; Wei et al., 2021) . $E/RZ 48 2B A TUA
WIS 25, 28 B2 WM+ “4A4k” ik
OIAN IR . [, X N K Ni-
Mo Z & B8 IR #Ek™ Fe [ 2 MR & B, Ni-
Mo £ 4@ )2 T 88k 1) 6 Fe. 6" 'Fe (W & T
FlA CREATUS), X AR £ 4 )8 2 I A4
BE, 1 A8 U5 ik R AR (Yang et al., 2022) o

gi b, RIER MR AT AT R, 284
PUFRRAE: (DK ILEE KA 12 kE, H 526~
518 Ma HHBE K ‘4 5 Ni, Mo, V & 4 HA B B 5y it
23 R (2) HU)JZUIBE  0 4LLL & S, Fe.,

N. Hg [Alfi & 45 Mk Ak 2205 B 348 5 K LG 3)
2524 BN ESE(Yin et al., 2017; Han et al., 2020;
Fan et al., 2021; Zhu et al., 2021; Yang et al., 2022) ,
B, Kils (B A ) 5 28 BIZMIT S LR, 07
SRR AR E B R 2 &R E £ 5 K UTE
BIETEIR G R .

5 HFESRE

Bl -Rprae = RIER A, KLTE s 2R H T
CRE, KIS )Z a5 i o 5, 25 2 T ek
TR2ES BN o B, K& s B &, U8 T DR
WL, WARMUIEA . kA S22 B)2ZHA
A . 1 B 23 B bk Ak 27 SC B, 2 AR i | B
Y R, VA K S| Fe. Hg, Mo [Flfv X % # BRIk 215
BYHERA KGNSS 28RN ESE. R, 7
“Fe 4y e e IR LS B SRR A TUA T
ZEBZEMXR” “KE S fp, kLEEH &
AT R B 4 L G, DA S K L) o 55 A4 Jim A X
DUBUAR R 7= A Fpaso ns kLl i sh 32 A i i
PriR, FRALER e 4 RO K, LT 2 &R T R i
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