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Fig. 1 Paleogeography map of lower Cambrian Niutitang Formation in the southern part of China
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Table 1 Results of clay mineral and total rock X-ray-diffraction of lower Cambrian
black shale in the northern Guizhou Province
/% 1%
K C I I/S % S C/S
1 QB-01 6 54 40 65 33 63 2 2
2 QB-02 4 91 5 45 27 57 7 9
3 QB-03 1 65 34 15 33 53 2 12
4 QB-05 10 83 7 25 10 71 4 10 5
5 0B-06 1 72 27 30 8 78 3 6 5
6 0B-07 12 58 30 20 11 58 15 11 5
7 QB-08 12 66 22 20 35 60 3 2
8 QB-09 3 74 23 10 21 57 2 11 9
9 QB0 57 34 60 26 52 4 18
10 QB41 3 68 27 20 27 52 8 4 5 4
11 QB2 1 59 38 15 30 43 1 8 8 6 4
12 QB3 15 71 14 10 52 43 5
13 QB9 15 54 24 10 35 49 5 11
14 QB20 48 48 10 26 58 16
15 QB-21 4 3 30 63 40 45 54 1
16 QB24 14 42 44 55 40 44 1 7 8
17 Q0B-25 28 3 29 40 25 30 67 1 2
18 QB27 7 64 29 15 23 71 6
19 Q0B32 1 79 20 5 47 51 2
20 QB35 30 8 66 8 34 5 49
8 7 59 30 26 28 56 3 8 7 12 3
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(pe/g)

Table 2a  Results of trace elements of lower Cambrian black shale in the northern Guizhou Province( pg/g)

Li Be Se v Cr Co Ni Cu Zn Ga Rb Sr Nb Mo Cd In
1 QB-01 19.0 2.2 10.2 3436.0 205.0 2.2 87.1 26.0 119.0 12.6 81.7 58.9 8.5 151.0 0.438 0.042
2 QB-02 13.8 1.8 9.7 484.0 104.0 16.1 152.0 93.5 232.0 11.1 64.8 63.4 8.4 94.5 0.522 0.046
3 QB-03 18.4 2.8 13.7 162.0 116.0 21.2 176.0 63.4 108.0 18.0 88.5 208.0 13.3 107.0 1.600 0.065
4 QB-05 33.6 2.2 18.9 124.0 151.0 1.8 9.2 51.7 17.5 22.5 126.0 79.8 16.8 2.5 0.051 0.036
5 QB-06 19.1 2.8 5.8 137.0 76.1 10.6 131.0 68.3 19.4 11.3 58.3 69.7 7.1 148.0 0.455 0.023
6 QB-07 88.1 3.3 16.7 134.0 98.2 19.4 78.8 70.2 104.0 22.5 163.0 196.0 13.2 19.7 0.564 0.085
7 QB-08 31.8 2.4 15.6 201.0 86.7 7.2 32.3  55.4 72.5 20.9 132.0 70.5 12.9 19.4 0.127 0.084
8 QB-09 24.2 3.9 14.4 207.0 136.0 17.2 131.0 66.1 121.0 17.2 96.3 111.0 10.7 93.4 2.620 0.057
9 QB0 19.6 2.1 8.4 154.0 106.0 0.9 8.5 8.9 17.5 17.4 94.4 134.0 12.4 26.1 0.080 0.029
10 QB-1 44.7 2.1 13.0 134.0 85.5 16.1 9.1 74.7 158.0 16.9 111.0 553.0 11.7 39.1 2.300 0.061
11 QB2 27.4 2.5 10.4 3420.0 161.0 19.6 487.0 117.0 1053.0 14.4 85.2 329.0 9.1 379.0 12.100 0.051
12 QB3 58.4 3.1 14.1 167.0 108.0 24.5 49.4 61.2 152.0 23.9 154.0 248.0 14.3 2.6 0.455 0.084
13 QB8 31.2 2.3 16.2 1076.0 127.0 1.1 57.8 14.0 29.3 24.1 155.0 25.6 13.7 66.0 0.270 0.040
14 QB-20 18.2 2.4 11.2 179.0 102.0 1.2 49.4 1.1 20.8 19.8 91.6 75.6 15.7 66.5 0.361 0.036
15 QB-=21 55.1 2.6 15.5 311.0 101.0 3.0 28.5 26.8 26.6 22.4 138.0 49.2 13.4 22.7 0.188 0.069
16 QB24 95.2 2.7 14.7 432.0 95.7 19.7 176.0 93.7 179.0 18.9 121.0 66.7 10.3 59.3 2.590 0.063
17 QB-25 37.5 2.5 14.4 607.0 118.0 3.7 117.0 38.4 107.0 19.7 84.3 89.3 14.4 97.9 0.357 0.065
18 QB-27 15.7 1.3 4.6 97.0 73.7 3.3 68.6 13.5 12.4 9.9 56.6 92.6 8.4 159.0 0.212 0.021
19 QB-32 14.3 3.1 23.6 184.0 120.0 1.7 8.4 34.4  39.4 28.4 207.0 44.2 15.3 8.7 0.144 0.098
20 QB35 25.1 2.9 12.3 1086.0 130.0 1.7 40.1 17.9 24,7 20.1 107.0 91.2 10.3 29.8 0.138 0.029
34.5 2.6 13.2 636.0 115.1 9.6 99.1 50.3 130.7 18.6 110.8 132.8 12.0 79.6 1.280 0.050
20.0 1.9 10.0 70.0 44.0 12.0 21.0 17.0 63.0 18.0 95.0 300.0 13.0 0.6 0.075 0.040
1.7 1.3 1.3 9.0 2.6 0.8 4.7 3.0 2.1 1.0 1.2 0.4 0.9 132.7 17.050 1.360
2b (ne/g)
Table 2b  Results of trace elements of lower Cambrian black shale in the northern Guizhou Province( pg/g)
Sh Cs Ba Ta W Re T1 Pb Bi Th U Zr Hf Rb/Sr U/Th V/(Ni+V)
1 QB-01 18.4 5.8 2446 0.659 3.4 0.436 2.6 31.9 0.339 8.6 39.2 170 4.7 1.4 4.6 0.98
2 QB-02 9.6 4.0 2552 0.569 3.0 0.098 2.1 47.3 0.269 7.8 45.5 140 3.6 1.0 5.8 0.76
3 QB-03 1.7 4.2 2678 0.924 4.3 0.025 3.2 31.6 0.322 13.9 72.2 293 7.7 0.4 5.2 0.48
4 QB-05 1.1 12.1 3036 1.140 3.4 0.006 0.6 11.6 0.313 12.4 4.0 275 7.4 1.6 0.3 0.93
5 QB-06 1.3 2.6 4877 0.481 5.3 0.054 4.7 21.2 0.233 5.6 92.7 112 2.7 0.8 16.6 0.51
6 QB-07 0.9 10.1 818 1.040 2.6 0.008 1.7 33.8 0.678 18.1 10.0 181 4.8 0.8 0.6 0.63
7 QB-08 0.9 7.8 754  0.964 2.3 0.029 1.3 23.5 0.383 14.1 6.6 191 5.2 1.9 0.5 0.86
8 QB-09 1.8 4.9 5478 0.802 6.6 0.069 5.1 29.6 0.258 11.1 93.1 198 5.3 0.9 8.4 0.61
9 QB0 1.2 4.0 7129 0.889 4.0 0.012 1.9 20.1 0.227 12.8 13.1 239 6.5 0.7 1.0 0.95
10 QB41 1.1 12.1 2656 0.918 2.3 0.032 2.0 25.2 0.473 12.9 20.7 187 5.1 0.2 1.6 0.59
11 QB42 14.7 6.8 32275 0.685 3.5 0.700 5.9 24.8 0.272 9.0 58.2 165 4.1 0.3 6.5 0.88
12 QB3 0.9 10.7 8555 1.100 2.2 0.006 1.1 21.6 0.423 13.9 3.9 220 6.1 0.6 0.3 0.77
13 QB-8 10.7 13.7 2788 1.050 2.7 0.192 3.4 31.7 0.474 14.0 22.6 231 6.2 6.1 1.6 0.95
14 QB=20 2.6 7.6 986 1.160 2.8 0.031 3.4 33.6 0.424 8.4 33.8 319 9.0 1.2 4.0 0.78
15 QB-=21 2.7 9.8 754 1.020 2.2 0.044 4.3 18.3 0.525 14.5 22.2 235 6.3 2.8 1.5 0.92
16 QB-24 3.1 10.9 786 0.747 2.5 0.124 4.5 24.7 0.489 11.2 48.6 190 5.0 1.8 4.3 0.71
17 QB-25 2.5 5.9 6781 1.080 2.3 0.308 4.9 26.0 0.421 13.4 46.1 288 7.5 0.9 3.4 0.84
18 QB=27 2.0 2.5 2259 0.581 6.2 0.067 0.8 24.7 0.397 6.6 41.2 128 3.3 0.6 6.3 0.59
19 QB32 1.1 13.0 1824 1.210 2.6 0.029 1.6 32.6 0.572 18.3 8.7 242 6.7 4.7 0.5 0.96
20 QB35 7.2 6.1 14370 0.784 3.8 0.144 1.4 25.5 0.524 11.4 23.9 186 4.8 1.2 2.1 0.96
4.3 7.7 5190 0.890 3.4 0.120 2.8 26.9 0.400 11.9 35.3 209 5.6 1.5 3.8 0.78
0.2 3.3 640 0.850 0.8 0.450 0.6 18.0 0.160 9.5 1.8 170 4.8
19.4 2.3 8 1.050 4.2 0.270 5.1 1.5 2.510 1.3 19.6 1 1.2
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Table 3 Results of rare earth elements of lower Cambrian black shale in the north of Guizhou Province( pg/g)
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y

1 QB-O1 29.9 44.4 6.5 26.1 4.6 1.48 4.36 0.82 4.95 1.07 3.28 0.526 3.12 0.503 37.9
2 QB-02 30.8 49.9 6.7 27.8 5.4 1.47 5.11 0.91 5.10 1.06 3.33 0.502 3.18 0.516 38.7
3 0B-03 40.6 71.6 9.3 37.1 7.1 2.05 6.71 1.14 6.30 1.25 3.77 0.615 3.72 0.586 40.5
4 QB-05 60.6 66.6 11.7 44.4 5.8 1.38° 3.71 0.80 5.69 1.40 4.79 0.89 6.01 1.020 45.9
5 QB-06 27.7 40.7 4.5 16.6 2.9 1.35  2.65 0.49 2,95 0.70 2.10 0.331 1.95 0.307 32.0
6 0B-07 44.9 78.6 9.5 35.8 6.5 1.31  5.61 0.99 5.20 0.99 3.01 0.484 3.04 0.494 28.5
7 0B-08 39.2  72.0 8.6 32.2 5.4 1.13  4.59 0.88 4.82 0.96 2.91 0.482 3.14 0.49 27.5
8 QB-09 37.7  67.1 8.3 32.9 6.4 2.44  6.07 1.11  6.20 1.27 3.71 0.598 3.55 0.567 45.8
9 QB0 38.6 68.2 8.3 31.2 5.2 2.33  4.09 0.64 3.44 0.71 2.09 0.338 2.22 0.352 21.8
10 QBd1 37.8 68.5 7.9 30.7 5.9 1.65 5.27 0.93 5.27 1.04 3.11 0.509 3.25 0.502 31.3
11 0B-42 33.3  49.3 7.1 29.2 5.6 7.49 5.66 0.98 5.68 1.21 3.66 0.562 3.40 0.549 44.1
12 QB3 32.1 58.1 6.8 24.9 4.2 2.37 3.72  0.68 3.76 0.77 2.43 0.425 2.79 0.438 22.2
13 QB8 47.0 82.4 9.8 37.1 5.9 1.45 4.23 0.68 4.25 0.95 3.01 0.510 3.55 0.550 31.6
14 0B-20 52.0 8.9 10.9 38.0 4.4 0.92 3.21 0.56 3.53 0.78 2.60 0.48 3.00 0.482 25.0
15 QB21 40.7  72.9 8.7 32.7 5.1 1.04 4.14 0.76 4.67 0.96 3.07 0.531 3.51 0.563 29.3
16 QB24 32.9 63.0 8.2 35.2 7.6 1.54  6.88 1.21  6.26 1.22 3.47 0.526 3.40 0.513 37.6
17 QB25 41.1  68.9 8.3 30.4 4.6 2.18 3.69 0.65 4.04 0.84 2.81 0.517 3.21 0.517 25.9
18 0B-27 30.2  50.0 4.8 17.1 2.1 0.87 2.04 0.31 1.94 0.42 1.40 0.237 1.55 0.241 16.2
19 0B32 44.0 69.0 10.3 40.2 7.7 1.72  5.95 1.05 5.75 1.11 3.47 0.615 4.01 0.670 29.9
20 QB35 35.1 58.1 7.0 26.3 3.7 3.47 3.62 0.61 3.88 0.86 2.80 0.504 3.21 0.541 29.5
38.8 64.5 8.2 31.3 5.3 1.98 4.57 0.81 4.68 0.98 3.04 0.510 3.24 0.520 32.1
33.0 64.0 7.3 28.0 5.0 .12 4.40 0.67 4.00 0.80 2.30 0.340 2.20 0.330 18.0

4
Table 4 REE characteristic parameters of lower Cambrian black shale in the north of Guizhou Province

SREE LREE HREE LREE/HREE Lay /Yby SEu 3Ce
QB-O1 131.59 112.96 18.63 6.06 5.57 0.99 0.75
QB-02 141.74 122.03 19.71 6.19 5.63 0.85 0.81
QB-03 191. 85 167.76 24.09 6.96 6.34 0.89 0.87
QB-05 214.82 190. 50 24.32 7.83 5.86 0.85 0.58
QB-06 105.22 93.73 11.49 8.16 8.26 1.48 0.81
QB-07 196.43 176.61 19.82 8.91 8.58 0.65 0.89
QB-08 176.79 158.52 18.27 8.68 7.26 0.67 0.92
QB-09 177.86 154.78 23.08 6.71 6.17 1.18 0.89
QB0 167.79 153.91 13.88 11.09 10. 11 1.48 0.89
QB-1 172.34 152. 46 19. 88 7.67 6.76 0.89 0.92
QB2 153.65 131.95 21.70 6.08 5.69 4.04 0.75
QB3 143.43 128.42 15.01 8.56 6.69 1.79 0.92
QB8 201.38 183. 64 17.74 10.35 7.70 0.84 0.89
QB-20 210.76 196. 11 14. 64 13.39 10.08 0.72 0.88
QB-=21 179.31 161.11 18.20 8.85 6.74 0.67 0.90
QB-24 171.89 148.41 23.48 6.32 5.62 0.64 0.91
QB-25 171.71 155.43 16.28 9.55 7.44 1.57 0.87
QB-27 113.27 105.13 8.14 12.91 11.33 1.26 0.92
QB32 195.50 172.87 22.63 7.64 6.38 0.75 0.76
QB35 149.70 133.68 16.02 8.35 6.36 2.86 0.86

168. 35 150.01 18.35 8.51 7.23 1.25 0.85
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Fig.2  Chondrite normalized REE patterns of lower Cambrian black shale in the north of Guizhou Province
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Table 5 REE characteristics of sample mean of black shale in the study area and graywackes from different tectonic settings
W( 1a) W( ce) W( SREE) W( L) /w(Yb) W(1REE) /w(HREE) (La/Yb) y Eu/Eu”
8+1.7 19 +3.7 58 +10 4.2+1.3 3.8+0.9 2.8+0.9 1.04 +0.11
27 +4.5 59 +8.8 146 +20 11.0+3.6 7.7+1.7 7.5+2.5 0.79 +0.13
37 78 186 12.5 9.1 8.5 0.6
39 85 210 15.9 8.5 10.8 0.56
38.8 64.4 168. 4 14.4 8.5 8.4 1.2

ngls
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Depositional Setting and Tectonic Background Analysis on Lower
Cambrian Black Shales in the North of Guizhou Province

LI Juan' YU Bingsong' GUO Feng’

(1. State Key Laboratory of Geological Process and Mineral Resources China University of Geosciences Beijing 100083;

2. Engineering Computing and Mathematics Faculty University of Western Australia Western Australia 6009)

Abstract: In order to discuss depositional setting and its tectonic background of the black shale and on the base of the
researched 20 profiles we chose 20 samples collected from bottom of lower Cambrian in the north of Guizhou Province
to test and analyze clay minerals X-—ay diffraction of the rock minerals and trace elements ( including REE) . Current
study shows that the main minerals are quartz whose average content are 55.75% and clay minerals whose average
content are 28.35% Among which the average content of illite is 59% and the main aeceasory mineral is pyrite in
the bottom of lower Cambrian in the north of Guizhou Province; XREE is very high and the differentiation between
LREE and HREE is distinct which LREE is enriched and Eu is postive anomaly and Ce is negative anomaly; the aver—
age ratio of W, /( Wy, + W,) and U/Th is respectively 0.78 and 3.76 and the depleted Ce together reflect that Black
shale in the north of Guizhou Province forms in reduction environment with stable crust transgression sea climax and
open sea area; the enrichment of trace elements Mo Sb U Cd V Ba Tl Ni W Cr Cs Cu Zn Bi strongly depleted
Sr Re positive Eu anomaly and the lower Co/Zn ratio of the Black shale in the north of Guizhou Province are most
likely due to a hydrothermal input; . By the contrast of major elements trace elements and REE parameters a con—
clusion can drawn that in research areas source rocks are mainly sedimentary rocks and granitic rocks with a few local—-
ly-involved basalt components the tectonic setting is mainly passive continental margin and partly continental island
arc because of hydrothermal input.

Key words: black shale; trace elements; REE; depositional setting; tectonic setting



