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Fig.1. Geologic sketch map of the black shales and Ni-Mo

strata exposed in Zunyi, Guizhou.
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Fig.2. The stratigraphical column of Early Cambrian black shales in Zunyi.
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Table 1. The stratigraphic designation and characteristics of the representative samples from the
Niutitang Formation black shale series in Zunyi
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Table 2. Mineralizing element data from the typical country rocks of the Lower Cambnan black shale series in Zunyi

ZGY ZYK-LI ZYK-81 ZT-8cd ZT-8be Zy-1 GZX-8 MT-2
v 18.754 2.541 0.515 7.909 25.781 289,381 206. 431 47.101
Cr 26.311 133.390 - 2.899 19.805 96.749 52.265 55.526
Co 15.468 29.462 4.312 6.870 9.220 181.362 28.684 33.011
Ni 22.832 69.181 6.761 14.337 17.650 1421.618 193.369 22.073
Cu 35.414 2.813 1.121 3.127 2.940 110.923 46.953 48.007
Zn 63.076 1.486 0.020 12.287 14.352 467.953 58.615 379.485
As 55.457 11.160 3.842 5.427 10.186 241.992 176. 125 32.296
Y 38.875 0.194 0.283 4.059 11.696 40.438 16.157 36.740
Mo 15.732 9.310 1.997 1.513 3.590 331.770 108.751 6.139
Ag 0.185 - - - - 3,895 1.848 0.369
Pb 74.292 0.880 0.758 2.483 9.171 74.648 35.674 6.459
Th 1.050 0.008 0.021 0.120 0.330 10.265 6.556 3.466
U 5.630 0.319 0.317 0.757 10.927 86.328 21.954 2.667
Ree 201.664 0.572 0.775 7.730 21.371 143.855 56.230 124.085
Ga 4.530 0.022 0.015 0.233 1.175 19.842 13.333 10.964
Ge 0.288 0.001 - 0.035 0.059 1.638 0.732 2.066
cd 0.398 0.631 0.373 0.265 0.497 2.192 0.559 0.539
In 0.026 0.065 0.004 0.008 0.004 0.055 0.027 0.031
T 0.636 0.070 0.020 0.064 0.114 4.686 3.772 0.305

. -TRABETREE.
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Table 3. Mineralizing elements data from the representative phosphorus mineralization rocks at Niutitang, Zunyi

2XZ-p ZT-P ZZN-P ZYK-32 ZI-N XZ73-1 Ty WRER HERK

v 1687.384 869.377 551.592 564.326 594.064 494113 793.476 143.0 5.5
Cr 676.354 19.935 155.470 272.278 119.607 12.536 209.363 127.0 1.6
Co 26.644 36.281 64.253 55.894 7.126 12.633 33.805 24.7 1.4
Ni 116.398 358.739 29.084 19.654 104.132 137.867 127.6%6 81.3 1.6
Cu 63.157 54.022 24.915 11.5862 76.301 13.188 40.527 75.0 0.5
Zn 241.597 137.391 48.829 17.422 1083.213 118.770 274.537 76.3 3.6
As 154.800 547.717 55.123 21.321 28.582 68.461 146.004 2.0 71.9
Y 523.691 78.301 254.030 376.633 277.968 128.848 273.245 27.7 9.9
Mo 331.671 259.771 33.598 8.753 8.134 96.622 123.092 1.4 86.1
Ag 4.719 0.803 0.203 0.140 5.410 0.981 2.043 0.1 27.2
Pb 400.918 208.058 34.257 58.678 62.528 261.318 170.959 8.0 21.4
Th 2.186 0.868 1.649 1.363 1.046 0.89% 1.335 7.6 0.2
U 1092.320 688.825 75.052 141.825 239.273 1068.742 551.006 2.1 262.4
REE  759.051 125.121 428.591 730. 150 355.662 196.202 432.463

Ga 11.815 6.521 4.843 7.363 3.273 7.139 6.826 16.7 0.4
Ge 1.408 0.431 1.115 0.915 0.447 0.839 0.859 1.6 0.5
cd 1.991 1.638 1.723 0.839 11.763 0.888 3.140 17.7 0.2
In 0.056 0.038 0.029 0.084 0.018 0.005 0.038 0.1 0.4
Tl 1.973 5.828 0.546 0.500 0.210 0.830 1.648 0.7 2.3

T4 WO REEPARGET R NOT LTELIE(wp/107°)
Table 4. Mineralizing elements in the typical Ni-Mo ores from the Niutitang Formation, Zunyi

ZN-10 IXZNI 7va X734 REy #He A e B\ A BET
pacl 7XZ-C 1 HERE  LWEX

Y 303.4 1681.9 362.8 270. 654.6 538.3 143.0 4.6 280
Co 304.9 348.1 307.4 2343 298.7 545.2 24.7 12.1 200
Ni 47627.0 26450.6 53776.9 30471.4 39581.5 2312.3 81.3 486.9 2000
Cu 2701.3 1639.7 3307.4 2362.0 2502.6 615.7 75.0 33.4 2000
Zn 4217.2 3922.3 4097.7 1633.1 3467.6 110.1 76.3 45.4 5000
As 9762 .4 10188.7 9806. 1 15393.6 11287.7 26915.6 2.0 5560.5 30000
Y 283.5 200.4 89.7 60.8 158.6 11.3 27.7 5.7 197
Mo 38161. 1 48174.6 41312.0 55934.6 45895.6 31902.4 1.4 32094.8 200
Ag 67.4 53.6 62.6 39.3 55.7 76.7 0.1 743.3
REE 736.9 468.9 318.5 172.4 424.2 85.6
Pb 531.9 720.0 600.2 498.6 587.7 703.9 8.0 73.5 3000
Th 4.3 4.6 4.2 4.7 4.4 12.6 7.6 0.6
U 253.7 388.7 124.8 155.0 230.5 167.7 2.1 111.4 200
Ga 16.1 16.4 19.8 17.4 17.4 25.0 16.7 1.0 20
Ge 7.5 4.2 6.5 2.6 5.2 9.9 1.6 3.3 5
cd 136.8 77.8 91.7 77.1 95.9 19.2 17.7 5.4 20
In 0.3 0.2 0.2 0.3 0.3 0.2 0.1 2.6 5
T 259.7 245.9 274.9 293.8 268.6 222.7 0.7 369.4 20
Se 171.5 559.7 257071 2016 0.1 25700.0 20
Re 7.83501 177 2807 0.0002 85000.0 2

B FEERERY(1992) BRIETWERS & @™ T3R5 £ F 008
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Table 5. Analytical PGE data from the representative rocks in Zunyi
¥ & Os Ru Pd Ir Pt Rh PGE Au
JH-12 1.8 5.3 0.5 17.0 0.2 24.8 5.0
ZIN-P 2.4 4.1 0.6 3.1 0.3 10.5 20.6
ZY-1 1.9 20.0 0.6 18.0 0.3 40.8 17.8
XZ3-1 1.9 2.7 0.5 5.1 0.2 10.5 25.9
ZXZ-C 213.9 14.7 678.6 3.3 618.7 17.0 1546.2 552.8
XZ3-3 143.6 36.3 321.7 4.4 360.0 9.7 875.6 157.8
ZN-10 135.1 13.7 504.2 4.0 328.8 8.9 994.6 265.3
TaEYrY 164.2 21.5 501.5 3.9 435.8 1.8 1138.8 325.3
CEY S 821.0 215.4 45.6 3.9 66.7 2.4 148.5
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Fig. 3. Correlation between Pt and Os in
Ni-Mo ores from Guizhou and Hunan.
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Fig.4. Concentration diagram of the typical elements
in the upper and lower Ni-Mo layers.
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MINERALIZATION CHARACTERISTICS OF THE MULTI-ELEMENT-RICH STRATA
IN THE NIUTITANG FORMATION BLACK SHALE SERIES, ZUNYI, GUIZHOU, CHINA

LUO Tai-yi!, ZHANG Huan!'?, LI Xiao-biao''?, ZHU Dan'+?
(1. Open Laboratory of Ore Deposit Geochemistry , Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
2. Graduate School, Chinese Academy of Sciences, Beifing 100039, China)

Abstract; Based on a large wealth of systematical analysis data and according to the enrichment coefficients, the
mineralizing elements in the multi-element-rich strata of the Niutitang Formation black shale series can be classified as three
categories: (1)super-enriched elements with enrichment coefficients > 1000, including Mo, As, Se, Re, etc.; (2) strongly
enriched elements with enrichment coefficients ranging from 100 to 1000, including Ni, U, Au,Ag,Pt,Pd,Tl, etc.; and (3)
weakly enriched elements with enrichment coefficients from 5 to 100, including V, Co, Cu, Pb, Zn, Y, Cd, etec.
Furthermore, considering the geochemical characteristics and types of the mineralized rocks of the above elements, the
authors think the multi-element-rich strata possess- synthetic characteristics of magmatism, hydrothermal sedimentation and
mechanical sedimentation, which are the product of deep-seated magmatic activities. The general metallogenic model can
be described as bellows: the early magmatic activities are accompanied with hydrothermal sedimentation and the formation
phosphorite (and siliceous rocks ), in the middle period, the magmatic activities became weak , as reflected by denudation
sedimentation; and in the late period, volcanic explosion led to not only the accumulation of emanation, but also brought
about deep-seated metallogenic materials, followed by ore deposition under the action of flowing water through their

mechanical enrichment .

Key words: black shale series; multi-element-rich strata; mineralization characteristics; magmatic activity; Niutitang
Formation; Zunyi, Guizhou
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