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Geochemistry of Lower Cambrian Se-Rich Black Rock Series in Zunyi, Guizhou Province,
Southwest China: The Petrogenesis and Enrichment Mechanism of Selenium
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Abstract; Herein, XRF, ICP-MS and hydride generation atomic fluorescence spectrometry (HGAFS) techniques were used to
analyze the major, trace elements and Se contents of the Se-rich black rock series in Zunyi, Guizhou Province, respectively.
Based on the elemental geochemistry, we suggest that the Se-rich black rock series, including K-bentonite, phosphrite, black
shales, cherts and Ni-Mo ore samples, mainly formed by hydrothermal deposition. Meanwhile, the petrogenesis of the black
rock series was related with volcanism. Furthermore, K-bentonite, phosphrite, black shales, chert and Ni-Mo ore samples are
characterized by high Se contents, and high enrichment coefficients correspond to those of the crust (801, 531. 2, 449, 123 and
11 133). Combining with previous studies, we propose that the enrichment of Se in study area is related to many factors, such
as existence of abundant sulfide, hydrothermal deposition and volcanism.

Key words: geochemistry; black rock series; Lower Cambrian; Zunyi.
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Fig. 1 Sample location and geological sketch map of the study area
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Table 1 Major element contents (%) of the Lower Cambrian Se-rich black rock series in Zunyi, Guizhou Province

SiO, Al, O3 Fe; Os MgO CaO Na, O K,O MnO P2Os TiO; LOI Total
znrp3-2 54,26  22.54 2.10 2.16 0. 06 0. 07 5.59 0.11 1.17 0. 22 11.54  99.82
znrp3-3 54.17  25.45 1. 68 2.23 0. 00 0.01 6. 80 0.12 0. 20 0. 21 9.51 100. 38
znrp3-4 52.11  22.85 9.15 2.61 0. 39 0. 04 5. 89 0.02 0. 47 0.18 6.71 100. 43
znrp3-6 57.72  25.38 3.09 2.61 0.07 0. 05 6.72 0.01 0.19 0.18 4.37 100. 39
znrp3-8 55. 80 15. 94 1. 30 2.02 0. 10 0.08 4. 30 0. 06 0.58 0. 62 12.06  92. 86

znc-8 50. 23 15.83 13.85 3.99 0. 80 0. 04 4. 39 0.01 1.11 0. 61 9.52 100. 39
znrp3-12 18. 43 9.47 14.23 2.26  10.92 0. 05 1.91 0.02 14.06 0. 37 28.67 100. 39
znrp3-13 18.51 9.87 22.62 1.51 0. 49 0. 05 1. 05 0.01 16. 07 0. 20 30.03 100. 40
znrp3-14 0. 06 1.17 2.02 0.05  37.20 0. 04 0. 22 0.02  28.27 0.02 31.12 100. 20

znc-6 0. 80 2.00 5. 49 0.25 31.16 0. 04 0. 34 0.01  27.34 0. 04 32.45  99.92

znc-9 6. 61 6.19 8. 64 1.43  24.38 0. 06 1.33 0.00  20.23 0.18 31.30 100. 35
znrp3-15 36.88  12.80 6. 49 1.29 8. 41 0. 07 2.93 0.12 8. 07 0.53 22.75 100. 33
znrp3-16 65.69 11.78 5.39 1.11 1.62 0. 64 2. 50 0.08 0.73 0. 58 8.73  98.86

xz-1 61.09  11.05 4. 83 1. 58 2. 20 1.23 1. 97 0. 08 0. 67 0. 49 14.30  99.50
xz-2 54,57  18.37 1. 23 2.97 0.13 0. 09 4.73 0.08 0. 31 0.18 16.04  98.70
xz-7 59.67  12.99 4. 88 1. 85 3.53 1.47 2. 38 0.19 0.18 0. 49 12.01 99. 65
zne-7-1 62.23  20.31 6. 35 2. 46 0. 06 0. 00 5.13 0.02 1.17 0. 29 8.80 106. 81
znc-10-1 72.87  16.97 3.73 1.35 0.32 0. 33 4.02 0. 01 0.11 0. 57 0.12 100. 40
znrp3-5 65.86  16.21 4. 94 1.97 0. 37 0.02 3.95 0. 14 1.01 0.17 5.78 100.41

xz-8 63. 55 13. 68 5.11 1. 39 0. 75 0. 96 2.71 0. 04 0. 44 0.55 10.63  99.81

znc-1 72. 44 10. 28 0. 76 0.78 0.11 0. 47 2.63 0.02 0.33 0. 66 10.90  99. 38

zne-2 71.59 8. 81 2.09 0. 81 0.13 0. 05 2.34 0. 01 1. 80 0.42 12.32 100. 37

zne-3 65. 29 6. 65 0. 65 0. 56 0.41 0.11 1. 64 0.02 0. 64 0. 26 23.32  99.55

znc-4 66. 38 7.05 0. 69 0.63 2.23 0. 08 1.76 0.01 2.72 0. 29 18.97 100. 81

zne-5 70. 98 6.93 1. 16 0. 61 2.76 0. 05 1.73 0.02 3. 48 0. 29 13.33 101. 34

xz-6 34. 80 4,72 1.84 10.72  19.45 0. 09 0. 83 0.71 0.08 0. 20 26.48  99.92
znrp3-7 91. 13 1. 77 1. 68 0.16 0.01 0.01 0.42 0.12 0. 36 0.07 4.73 100. 46
( 0.2~0.5m), ;
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Table 2 Trace element and REE content (pg/g) of the Lower Cambrian Se-rich black rock series in Zunyi, Guizhou Province

\% Cr Co Ni Cu Zn As Rb Sr Mo Sb Ba Pb Bi Th U Ba/Sr U/Th

znrp3-2 2100 149 5.76 37.0 51.4 70.7 49.4 188 36.8 68.9 1.88 3790 13.4 0.76 31.1 26.7 103 0.86
znrp3-3 1810 151 2.89 14.7 40.5 16.1 21.2 161 13.0 32.1 1.98 4270 10.3 0.70 28.0 29.8 328 1.06
znrp3-4 1390 113 3.52 13.4 92.2 24.3 25.0 148 15.5 36.6 1.63 3970 13.1 0.68 25.1 27.7 256 1.10
znrp3-6 276 9.11 3.70 10.1 45.6 24.4 33.7 136 65.2 23.9 2.23 8680 66.6 1.11 31.8 13.0 133 0.41
znrp3-8 727 696 58.8 40.4 59.6 35.7 26.3 165 59.7 20.5 1.99 6960 20.8 0.58 12.6 46.4 117 3.68
znc-8 132 99 47.8 37.5 87.3 119 39.2 156 37.2 31.0 3.29 3470 48.4 0.29 5.06 26.5 93.3 5.24
I 7.50 1.60 0.83 0.31 1.12 0.63 16.00 1.47 0.10 24.83 4.28 11.21 2.05 0.36 2.93 13.70
znrp3-12 783 351 13.6 16.7 55.9 26.8 25.5 103 200 29.6 2.71 2920 150 0.25 6.73 151 14.6 22.4
znrp3-13 1410 1030 24.3 16.8 39.2 52.9 45.8 53.1 87.4 36.7 3.23 5160 120 0.29 7.04 94.4 59.04 13.4
znrp3-14 535 413 16.4 47.2 18.7 65.1 14.6 12.3 517 4.71 1.00 985 70.0 0.19 2.69 149 1.91 55.3
znc-6 621 408 24.8 48.7 21.9 24.8 20.4 19.7 307 17.1 1.51 1670 101 0.14 1.71 276 5.44 161
znc-9 772 343 19.0 33.7 40.8 43.7 30.0 73.2 555 27.7 1.97 5330 69.1 0.15 3.42 107 9.60 31.3
Il 5.76 4.01 0.79 0.40 0.63 0.56 13.43 0.48 0.87 16.20 4.12 6.94 7.29 0.11 0.57 75.08
znrp3-15 1810 2620 46.6 413 92.9 808 64.7 120 187 14.6 6.35 2530 30.5 0.36 185 31.6 13.5 1.71
znrp3-16 251 103 45.4 865 59.6 686 98.2 94.5 87.2 428 9.96 1470 71.7 0.54 11.1 73.0 16.9 6.58
xz-1 322 82.5 57.4 516 85.1 632 64.4 92.9 128 545 7.63 1020 76.7 0.57 10.1 120 8.0 11.9
X7-2 1530 165 16.8 75.50 29.5 77.7 29.8 142 45.9 298 2.28 11900 22.2 0.75 30.0 19.6 259 0.65
xz-7 348 78.6 26.6 228 51.2 244 33.2 116 144 94.3 4.56 1490 39.5 0.31 9.35 26.5 10.3 2.83
zne-7-1 920 131 38.8 42.9 39.9 61.5 56.2 189 37.1 42.2 2.09 3570 38.8 0.67 23.3 46.6 96.2 2.00
zne-10-1 52.6 21.0 22.9 16.3 3.14 61.4 8.62 143 48.6 0.74 0.44 431 6.03 0.11 12.1 2.18 8.87 0.18
znrp3-5 694 211 39.8 59.8 50.7 143 58.6 128 76.0 67.2 2.60 8230 52.2 0.69 22.4 28.0 108 1.25
xz-8 461 100 45.9 1110 79.7 485 162 131 68.3 360 8.64 1500 76.4 0.55 11.2 98.8 22.0 8.82
zne-1 3720 735 31.2 50.9 7.56 23.9 58.4 119 23.7 53.4 7.51 2210 32.6 0.32 8.85 19.7 93.2 2.23
znc-2 1090 1290 27.0 56.0 42.6 22.3 28.1 97.1 14.9 32.0 1.86 2030 18.0 0.35 7.07 25.5 136 3.61
zne-3 1000 953 83.2 69.7 11.9 42.6 19.1 69.1 22.3 41.6 1.82 1420 14.8 0.24 5.30 19.0 63.7 3.58
znc-4 1050 1080 102 68.4 18.9 38.9 19.0 73.2 46.6 23.1 1.99 1460 16.0 0.26 5.23 22.4 31.3 4.28
zne-5 744 542 68.4 44.9 31.6 19.6 18.0 74.4 63.6 31.0 1.92 2650 18.4 0.22 5.63 25.8 41.7 4.58
xz-6 138 25 23.2 449 11.6 122 25.5 36.8 242 18.9 2.22 919 17.1 0.08 3.92 6.75 3.80 1.72
1l 6.59 4.27 1.82 3.33 0.73 3.03 24.42 1.00 0.22 95.57 8.14 6.17 2.53 0.21 1.61 18. 21
znrp3-7 706 664 56.9 37.9 56.4 34.2 26.1 165 59.8 20.0 1.94 7030 21.2 0.62 12.8 48.3 118 3.77
v 4.94 5.23 2.30 0.47 1.01 0.45 12.87 1.53 0.16 13.99 3.82 15.18 1.51 0.33 1.68 23.33
ZNRP3-18 221 54.3 178 18700 852 2140 4469 8.44 167 38900 235 862 440 11.9 3.27 48.2 5.16 14.7
ZY-2 584 48.1 207 24500 755 5530 5226 21.0 349 59600 287 519 882 5.56 3.63 515 1.49 142
Y 2.81 0.40 7.79 266 14.35 50.26 2388 0.14 0.68 34441 514 1.49 47.21 4.59 0.45 136
Vi 143 127  24.7 81.3 56 76.3 2.03 108 382  1.43 0.507 463 14 1.9 7.6 2.07
P N | N 1 A YA N N \ .Ni-Mo ;
H ,1992.
Qi ez al. (2000) ; 50. 23% ~57. 72%,K,O 4. 3%,
HNO, +HF -+ HCIO , (
( AFS-920) , ,2007) ( ) SO,
GWB07105 GWB07107 . P,O: . 0.06%~18.43%
10%. (2005) 14. 06 % ~28. 27%,
3 4. ( b
1989; ,1999);
3 , . SiO,
(34. 80% ~172. 87%);
3. 1 b b

. SiO,
1. 1 , SiO, 91.13%,
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4

Se (ne/g)

Table 4 The Se content (ug/g) of the Lower Cambrian Se-rich black rock series in Zunyi, Guizhou Province

Se Se Se Se Se
znrp3-2 30. 3 znrp3-12 118 znrp3-15 2.34 znc-10-1 20.1 znc-4 20.1 I 801
znrp3-3 16.9 znrp3-13 46. 1 znrp3-16 34.6 znrp3-5 82.2 zne-5 15.6 I 531.2
znrp3-4 78.6 znrp3-14 1. 20 xz-1 39. 2 xz-8 44.9 xz-6 21.8 I 449
znrp3-6 219 znc-6 5.24 xz-2 36.9 zne-1 20.9 ZNRP3-18 1006 I\ 123
znrp3-8 11.4 znc-9 68. 5 xz-7 44.9 zne-2 89.4 7Y-2 998 V 11133
znc-8 76.3 znrp3-7 11.1 zne-7-1 104 zne-3 28.7 0.09
S N 1N 1 L Ni-Mo Se
; ,1992.
3.2 10°
é::‘( 10°
2. ¢ .1992), 0
Mo Co  Ni, Cu, e
As.Sb.Pb  Se Bi V.Cr, S
Rb.Ba,U  Th; Mo Co 5 10
Ni’ AS‘Sb‘Pb Cu‘zn Bl 102 Lo
V.Cr.Ba U; Mo. 10 [ 5 0 BT it &
L\;l
Co Ni, As.Sh.Pb Bi, k]
f
V\Cr\Ba‘U Th; Mo %
. . R
Co Ni, Cu.As.Sb.Pb B, w2
5
V.Cr.Rb,Ba,U  Th;Ni-Mo =
Mo.Co  Ni, Cu, Zn, W
As.Sb.Pb Bi, V.Ba U -
Th.Cr.Rb  Sr. . at 1071 m g o
( 2)7 V\Ni\MO\ — lol_
%
As  Sb, Sr(Rb).Zn B 5
3.3 510
L1t
3' 3 ’ 1072 1 - 1 1 1 1 1 1 1 1 X 1 1 1 1 1 1
(2 REE) (61~ 1o* | Ni-Mozji /2 ‘
g
851 pg/g) s SREE B10°
(283~851 pg/g) » ( ,2004b) %10t
St
=
. ’ \E 10° -
(X LREE/>XHREE=1. 65~ T , _
_— 102 |C|r|I\|h|Z|n|1{|b|l\/|10|B|a—|B|l|[|J
10. 09). : (La/Yb), = 1. 03 ~ vV Co Cu As Sr Sb Pb Th
12.62>1, (La/Yb),=5. 13( )
1 ;
» 1990) Fig. 2 Trace elements spider diagram of the Lower Cambri-
(La/Sm), =1.56~6.36>1. LREE ’ an Se-rich black rock series in Zunyi
1;

,(Gd/Yb),=0. 60~2.44(C 3).
(Sun and McDonough, 1989)
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malized REE patterns of the Lower Cambrian Se-rich

black rock series in Zunyi, Guizhou Province
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Zn-Co-Ni «C b o,
(Jai and Yu,
1992). ,
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Ce ,
( ,1995). Ni co
4 7Zn-Co-Ni (Jai and Yu, 1992)
) , Ce . Fig. 4 7Zn-Co-Ni diagram of the black rock series
LREE™>HREE I -
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Eu (1.2~118 pg/g);
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