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Abstract: Black shales are widely deposited in Guizhou Province during the Early Cambrian period, however, their
sedimentary facies are significantly different. The typical layer of Cambrian Terreneuvian black shale series of generally
basin facies to slope facies in the Kaili-Sandu area, Guizhou Province is an important layer of V-polymetallic hosted rocks
in the area. In this paper, a typical section of Cambrian Terreneuvian black shale series in the Kaili-Sandu area of Guizhou
Province was selected for undertaking a comprehensive investigation of the distribution regulation and sedimentary
characteristics of the V-bearing rock series. The contents of V and its related elements of samples were analyzed to reveal
the spatial distribution regulation and geochemical characteristics of vanadium. The results show that the V concentrations
are decreased for samples collected from north to south of the horizontal section, and from bottom to top of the vertical
profile. Geochemical characteristics including Al/(Al+Fe+Mn) ratios, Y/Ho ratios, Sm/Nd and Eu/Sm ratios indicate that

the black shale series was mainly sourced from terrigenous materials during the sedimentation. SiO,/Al,O; ratios, Eu/Eu*
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values, plot of w(Si0O,)-w(K,0+Na,0), and contents of Fe, Mn, and trace elements (e.g., Ni and Co) for different black shale
samples indicate that there was the hydrothermal sedimentation in the study area. The mean values of enrichment
coefficients of Mo, Ba, and U, and abnormal characteristics of Co, Sr, and Ce, Th/U ratios, Ni/Co ratios, and V/Cr ratios of
samples indicate that the sedimentation environment of the V-bearing rock in the study area was anoxic (reduced)
environment or weakly oxidizing environment. The Cambrian paleogeography evolution had affected the V enrichment in
the black shale.

Keywords: V polymetallic; black shale; enrichment law; Cambrian Terreneuvian; Eastern Guizhou
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Fig. 1. A map showing the location and Paleogeography of the Yangtze Block from Late Ediacaran to Early Cambrian
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Fig. 2. Sketch map of structural geology of the study area
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Table 1. Statistical table for contents of Ni, Mo, V and related elements (x10™°) in samples of the Cambrian Terreneuvian black

rock series in the study area

FEdn S Hh X FoRis iz \ Co Ni Mo Ba Pb Th §]
KDO0O1H1 T Tk J 0 DL Zylc 1.69 0.56 0.46 6.5 4.05 6.71 0.91 1.36
KDO0O01H2 W FE R I €z 1.18 0.15 0.16 7.4 24.13 5.28 0.77 1.78
KDO001H6 T2 IRIF T €z 453 0.08 0.19 17.52 2.81 3.1 1.28 10.72
KDO001HS T RIRTE €z 1.17 0.07 0.1 1.98 2.72 0.98 1.16 1.58
KDO001H9 i Kb 5 U €,.1dl 0.84 1.06 1.11 0.35 1.21 0.29 1.39 1.06
KD002H2 Ui IRIR T €z 2.18 0.42 2.35 59.98 2.58 8.23 1.53 4.45
KDO003H2 Wil RIF U €z 0.89 0.69 0.66 6.75 2.48 1.69 1.44 1.5
KDO004H1 SR RIS Zylc 437 0.55 3.6 180.81 13.56 6.14 0.92 22.8
KDO004H3 = HIWIR RIFTE €z 13.43 0.9 539  223.85 6.68 3.63 0.81 21.7
KDO004H5 AR R R I €z 2.62 0.59 1.44 52.25 33 3.23 1.28 6.54
KD004H7 =R RIFTE €z 1.12 0.49 0.85 25.63 6.03 1.89 1.16 2.35
KD004H8 =R RIS €,z 0.82 0.92 0.88 0.74 1.09 0.36 1.43 1

JD102-2H2 =R TR €z 10.31 1.44 5.93 459.49 9.06 9.79 1.22 66.5
KDO005H2 HrBA Tk JO 0 o DL €z 4.61 0.61 2.71 205 24.94 3.89 1.41 31.08
KDO005H5 i R I €z 9.07 0.61 1.66 96.21 7.64 1.57 1.06 7.96
KDO006H1 HeAn (Ediv e Zylc 6.01 0.12 233 66.34 8.23 6 0.62 18.45

KDO006H2-2 HEF TR €n 1.86 0.05 0.14 18.27 4.71 1.33 1.38 3.85
KDO006H4 HEFN IRIR U €n 1.1 0.05 0.08 11.31 7.38 3.91 1.7 3.14
KDO006H6 HeFn R €n 0.98 0.2 0.25 25.15 16.44 2.54 1.45 3.09
KDO006H7 HEF b5 U €,.3dl 1.16 0.48 0.47 11.02 11.5 233 1.59 2.48
KDO007H1 JEIT R JRRE A Zylc 1.14 0.1 0.23 4.99 19.76 1.37 133 1.18
KD007H4 BT EREUR DU Cin 11.84 0.4 2.49 126.19 14.99 2.53 1.18 14.69
KDO007H6 [T IR €n 1.83 1.13 2.22 152.94 17.15 2.86 1.28 25.02
KDO007H8 JEIIT IR €n 0.74 0.72 0.75 3.63 13.35 2.1 0.67 1.06
KDO007H9 JEIFF B R U €n 1.75 0.48 0.67 14.17 2.68 1.35 1.13 4.86
KDO08H1 R Tk DU Zylc 3.04 0.84 1.24 25.59 4.61 2.42 2.05 8.64
KDO08H3 G IR €n 0.65 0.67 0.71 2.6 11.8 1.88 0.62 0.91
KDO00SH5 2R RIRTE €n 439 0.07 0.21 122.83 15.6 2.73 1.19 23.95

Spm090-11TW2 FIR RIS €n 1.95 0.31 1.11 107.52 4.69 225 0.76 11.21

JD020-H2 it g IRIF T €n 6.89 1.22 5.93 189.95 32.82 2.96 1.21 30.47

JD020-H4 R 28 RIRTE €n 4.08 1.53 7.13 183.75 31.46 3.14 1.14 33.65
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Fig. 3. V-bearing horizons of black rock series in the study area and their characteristics
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Table 2. Statistical table for geochemical data of samples of Cambrian Terreneuvian black shales in the study area

FEd S X = HZ  AV(AHFe+Mn) SiO, /AL,O; Th/U Ni/Co V/(V+Ni) V/Cr U*=6U/(3U+Th) Sr/Ba
KDO0O1H1 FES Tk JoUR Jo L Z,le 0.71 5.41 032 248  0.89  3.22 0.98 0.01
KDO001H2 T W VU €z 0.84 3.45 049 320 095 156 1.19 0.35
KDO001H6 i 5 TR U €z 0.96 9.65 1.78 696 098 459 1.68 0.02
KDO01HS e BRI €z 0.88 3.61 029 466 096  1.67 0.93 0.03
KDO001H9 ot Wb i T €,.4dl 0.54 3.19 0.16 3.14  0.64 1.10 0.65 0.03
KDO002H2 I TRIT T €z 0.79 5.94 0.62 16.66  0.68 1.28 1.30 0.03
KD003H2 YA RIRTUE €z 0.60 4.01 022 287 076 124 0.80 0.05
KD004H1 =R AR TS U Z,lc 0.71 8.74 525 1970 074  4.11 1.88 0.01
KDO04H3 =HAR BT €z 0.82 8.13 571 1790 085 13.82 1.89 0.01
KDO004H5 ZHIRAR W T €z 0.73 4.57 1.08 738 081 386 1.53 0.02
KDO004H7 =R R T €z 0.83 4.86 043 520 075 1.85 1.13 0.01
KDO004HS8 ZHIRIR BT €z 0.44 3.30 0.15 285 069 110 0.61 0.07

JD102-2H2 ZERINE RV €z 0.64 8.14 11.59 1233  0.80  10.40 1.94 0.03
KDO005H2 AL TE R T TUE €z 0.87 6.38 469 1339 080  4.99 1.87 0.07
KDO005H5 i B BRTUE €z 0.65 5.64 1.60 820 093 843 1.65 0.01
KDOO6H 1 HEFN TERA Z,lc 0.96 14.56 6.30 57.40 086  7.06 1.90 0.02
KDO006H2-2 He RIFTUE €n 0.90 4.72 059 826 097  2.09 1.28 0.02
KDO006H4 HEFH TRIR VU €n 0.00 6.21 039 4.71 0.97 1.40 1.08 0.01
KDO06H6 HeA RIS €n 0.56 4.42 045 374 090 146 1.15 0.02
KDO06H7 HEFA Bb i T €,.1dl 0.66 4.96 033 293 085 1.55 1.00 0.01
KDO007H1 T VRS Zle 0.78 13.91 0.19 701 092 0.73 0.72 0.01
KDO007H4 W EREFURBRE  €mn 0.76 5.68 265 18.67 092 1237 1.78 0.01
KDO007H6 T WIF T €n 0.72 6.05 415 589 066 214 1.85 0.01
KDO007H8 JHIFF W VU €n 0.79 7.57 033 312 070 131 1.00 0.02
KDO007H9 T BRI €n 0.71 4.68 091 419 086 218 1.46 0.04
KDOO8H 1 RS RERR A Z,lc 0.66 8.92 0.89 442 085 210 1.46 0.04
KDOO0SH3 e BITTUE Cn 0.81 6.45 031 321 068 126 0.97 0.02
KDOO0SH5 RS BRI €n 0.00 6.26 427 895 098 434 1.86 0.01
Spm090-11TW2  #:% RIFTLH €n 0.00 4.29 3.12 1068 080  2.27 1.81 0.08
JD020-H2 T g TRV €n 0.69 6.19 536 1455 073 730 1.88 0.01
JD020-H4 HHIE S WIRTUE €n 0.66 6.21 629 1394 057 446 1.90 0.01

e, MELLFEAE T U o FESRAL T 8 5y R E SRR, U B )i oAU, 32 DL+ 4l
" (U0, Us0y) ERERHVEMEMR KA G, VUENE LAY . Kk, FETXPF
TR IR ERAL 22 M ot 22 e, BOAR A R R Th/UAE 7T DA 9 40 W7 8- 38 JEOIR S I Fa b o 78 1R 8 A0 2%
PR, B RIT AT U IE R Ui, W TS N B P TUA I Th/UME (3.8, 474
FH AR RS B T A CRRAELIREE 8D B4l BRI, B R I B AL B K B S LR B A Ok
(RIE SR 25, PR 7 U A7 . BUR A A B I R JE /KA, Th/UME A T0~204 A i il 5E 4
PEIFE A (323D, FRFEMTh/UEN T0.159~0.1872 18], FHIZIX Fh 5 DU () 4 T B E 35
5i; dxZEMITh/U{E N0.561~6.21, KX 1A DU B9800 R PR 855 il 55 k-8 GEJRD -
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R3 MRXERFAFZGEREEREAERBLITE (X109 SGitHhE
Table 3. Statistical table for contents of rare earth elements (x107) in samples of the Cambrian Terreneuvian black rock series in

the study area

RS Hh X Fay i HhZ Y/Ho Ce/Ce* Eu/Eu* LREE HREE LREE/HREE
KDOO1H]1 e Tk JoUR S5 DU Zyle 28.97 0.87 0.85 116.92 31.28 3.74
KDO001H2 e R T €z 26.28 0.78 1.24 112.50 39.21 2.87
KDO001H6 2 TR €z 28.55 0.83 0.90 108.72 30.80 3.53
KDOO1HS T WIFTUE €z 26.04 0.84 0.89 205.84 46.57 4.42
KDO001H9 i & D5 T €,.dl 2531 0.71 0.94 215.89 64.16 3.36
KD002H2 R IRIF T €z 25.12 0.88 0.72 121.31 26.76 4.53
KDO003H2 )4 BRI €z 26.05 0.85 0.81 111.13 21.82 5.09
KDO004H1 ZHRIAR T U Zole 34.74 0.79 1.14 85.77 35.09 2.44
KDO04H3 =R WITTUE €z 34.87 0.80 1.03 85.12 35.11 2.42
KDO004H5 ZHRIRAR TR €z 27.96 0.87 0.91 158.28 47.28 3.35
KD004H7 ZHIRAR WIFTUE €z 25.74 0.85 0.94 135.04 32.72 4.13
KDO004HS8 =R BT €z 28.00 0.83 0.95 213.87 64.98 3.29

JD102-2H2 ZHRIAR IR R I €z 34.58 0.70 1.04 100.95 72.08 1.40
KD005H2 AL Tk R S5 DU €z 32.93 0.79 1.03 122.80 48.55 2.53
KDO05H5 Al RIS €z 28.65 0.85 1.05 106.71 34.53 3.09
KDOO6H1 e kB Zyle 32.78 0.78 0.97 70.89 29.47 2.41
KDO0O06H2-2 He RIS €n 27.43 0.87 0.98 179.88 47.75 3.77
KDO006H4 HEFN IRIF DU €n 25.40 0.87 0.93 158.63 38.40 4.13
KDOO06H6 He R €n 2523 0.86 1.11 151.44 33.70 4.49
KDO06H7 HEFN Kb 5 U €,.1dl 26.53 0.84 0.92 162.34 38.69 420
KDO007H1 T BRI Zyle 26.09 0.69 1.19 57.37 16.12 3.56
KDO007H4 JEiIT R UR U €n 21.39 0.80 1.13 134.67 33.20 4.06
KDO007H6 JEIF WIFTUE €n 28.90 0.81 1.04 118.64 44.71 2.65
KDO007HS T BT €n 29.76 0.69 1.08 91.08 36.80 2.47
KDO007H9 JEIF R IR U €n 25.54 0.85 0.84 135.67 36.88 3.68
KDO00SH]1 e REIRTUA Zle 26.60 0.86 0.89 140.77 36.98 3.81
KDO0SH3 ES BT €m 29.77 0.70 1.28 91.52 36.03 2.54
KDOOSHS R WIFTUE €n 29.44 0.85 1.12 137.58 45.47 3.03
Spm090-11TW2 FIR R €n 30.23 0.89 1.15 124.88 3251 3.84
JD020-H2 L€ TR €n 32.61 0.79 1.05 131.10 56.43 2.32
JD020-H4 e WITTUE €n 33.26 0.78 1.18 124.06 63.78 1.95

T°0.65~1.68, JBLiZHL X % i & 5 DU A BNIE J5i -4k . =# X U*{E 50.61~1.892
), 2 B 5 R Ak o ORI AR 3R 85 08 R - AL 3R B . IR X U B A 10,72~ 1.85, [ W25 5 o ek
S UURRIS (R PR 55 S -3 SR RS, 17 0 Joft 28 o M5 Tk R o 286 - S U AR I (R 3R B R A8 . R
UHEAT0.97~1.852 ], Ui BAREAE VIR BRI SR B, T Ak o 3 5 A UURR I R 5 A -
EIAEE . B BF, X ZEARETUAUMEN T0.72~1.892 8], BIZIXHE I 25 JURR I R EE
NEM-EEIAEE; WX AEEEA (ERA4D F A BRA RIS, UEI>1, REGZXE AU
RS (PR NIE IR IR S s B FE X ERMIV LA LA UM <1, R X R LA DU (R BN A A R B
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Fig. 8. The triangle diagram of Ni-Co-Zn for siliceous rocks and clay rocks in the Mengzhai-Xifanzhai area
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