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Abstract: The karstic bauxites commonly host numerous associated critical metals such as lithium, gallium,
vanadium, chromium, REE, scandium, cobalt, nickel, niobium, zirconium, and tungsten. The Maochang
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bauxite deposit in the central Guizhou is the largest concealed bauxite deposit in China, with a certain amount
of associated critical metals of gallium, scandium, and lithium. However, associated critical metals in the
pyrite have not been paid enough attention yet. In this paper, we have systematically carried out the study on
the mineralogy of pyrites from various types of bauxite-bearing rocks in the Yangjiadong ore block of the
Maochang deposit. The results show that those pyrites have complex textures and genesis. Two kinds of
pyrites including the sedimentary one (PyI) and hydrothermal one (Pyll) have been identified. The Pyl is
characterized with framboid or fine-grained textures, whereas the PyII occurred as veins/ veinlets or cements
of breccias and can be subdivided into three generations of PylI-1, PylI-2 and PyII-3. The rim of PyII-1 grain
was commonly replaced or overgrown by irregular PyII-2, and these two generations of pyrites (PyII-1 and
Pyll-2) were cut by PyIl-3 veins or stockwork veins. The EPMA analyses show that the PyII-2 has
significantly higher Co (up to 9.31%) and As (up to 2.98%) contents than other generations of pyrites, and
thus it is confirmed that the late hydrothermal activity could greatly contribute to the enrichment of cobalt in
the Pyll-2. The obvious negative correlation between Co and Fe contents reflects that Co was mainly
incorporated in lattice of pyrite in form of isomorphism The sharp contacts and distinct chemical compositions
between PyII-1 and Pyil-2 pyrites suggest that the Co-rich pyrite (PyII-2) was mainly formed by the coupled
dissolution and reprecipitation of the precursor PylIl-1. The discovery of Co-rich pyrite in the Maochang
bauxite deposit has not only provided a new direction for the comprehensive recycling and utilization of Co in
the pyrite of the Maochang mine, but also provided new direction for exploring associated critical metal types
in bauxites in the central Guizhou.
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Fig. 2. Geological map and Exploration section for the Yangjiadong ore block from the Maochang bauxite deposit.
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Fig. 3. Lithostratigraphic column for the Yangjiadong ore block from the Maochang deposit.
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Fig. 5. Mineralogical characteristics of pyrites from different bauxite-bearing rocks from the Maochang deposit.

ISR T —FlH P OB 73 A 7 i——E R 08T (PCA) X i TR EH B 2t AT S i A A B
PCA 7312 A B AR AL BEKE 22 AR BERHAL N DB LA T sy, B3 oy T PR AR A7 I IS AT RE DR
B R AEHR S BGOSR R IAHEE 1 M RE, TRUE
B A 2 A B LA xS s i = RN, R AT 2 AT B R BRI R R
NEY], FERFEIRZEE S &kE . PCA IHEINE QAU A T mA) 2NN, XEELAE
SOl IR 06 o F B U, RS B T HRET BdE P 1 BT & Fe. S, Co. Niv As %5317 1 PCA
ST, SR TSI R A B R IR A EAL B AT HRH7E, X BB B e 3 S R AT R e e
(LA 10 KD M, S a ] R I8 & g B A0 RS EAT S0 4 R

3 WLEFN Ay H 4k B
3.1 BHH MG

WY BeS v E R WA FRRE R K E (B 4. K 5. @il RS s TR &
Wea () ML, YO LT BRI B T T TR s I AR s 3145 2 A B 1.

OB A I A A IR B 73 B AR BB (PY )RR, SRBRETRIAR 5~50 pm, BREMEESEIE
AT TR A KL Y5kiiE (K 49, Bl 6a), B HIE-BIERRRIE IR GUR A T-45 147
e oRiA T (8 eb) . BIREGEII I 3 MEAR (& 6c~i), FAGBUNES 1 AR (PyI-1)
Fitt 10~300 pm, LA SR SRR A Ty ra . st . iR sy i R AW R
Wiz a5k, g 2L, LR oA KRG Mt maE (& 6c), fRE 7T CE BBk
B2 FURHIE, (HAEN R ESS SIEM, WE T3 F 2 2B NSRS dndifh+ ik,
SEJTRD (B 6es hD), BT B RGE COERFIE . Py -1 Fd v W5 B8 A ISR (Bled). 5
EIRBRA S AR, IGBOHER 2 AR (Py1-2) SN b A A B AR €, 22 AR
FAARH R RS 2SS (R AR (B 6e~h), B IG A T AR Bk 1R
o ABOYES 3 HACE A (PyN-3) U 2 HCIR . IIBKIR 20 AT (BKTE 10~400 pumD, FFUI%F Bk 8
RIS (I 6D



i 2021 4F

4

466 oW

Ant-BiERH™; Cop-3a4iH™: Dsp-REKEEA: Py-s8E™: Mre-EEke™: BP0 ARR D Co JCR M & & (wel/%)

a. PyMBTE s Bk R S8, U 6: b PYIE - BIRRGLIRITERE, [S6: c Pyll-l R BT, MR SABRAREMN, SN s
d. Pyll-1 5 %k 34, 4t t: e-f. Pyll-2 5 Pyll-1 535 Hin™ 4 S 2k sl PyIl-1 ALK &, R4PHE: 9. B fIRBEBOC BSE BIg, nE
Wi 2 Pyll-2 2248 Pyll-1; h. Pyll-2 $4EF Pyll-1 Jiki, BSE BIf%: i. Pyll-3 RMIMCR 44 Pyll-1, S
K16 AFEHARMEA B Y 1 4 MR
Fig. 6. The textural characteristics of pyrites of different generations.
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Table 1. The EPMA data of pyrites of different generations
Wik AR FE S S Fe S Co Ni As Se Sb Pb Total Co/Ni
Pyl YJC-1-1 46339 53205 0062  0.006 - - 0.003 - 99.62 10.33
YJC-1-1 45332 53527 0082 0.81 - 0.025  0.037 - 99.18 0.45
YJC-1-2 45642 52706  0.080 - 0.011 - - 0.007 9845 -
YJC-14-1 46659  53.040  0.099 0098  0.004  0.003 - 0.042  99.95 1.01
DU BUE 19
YJC-14-1 46146 52973 0115  0.459 - - - 0.024  99.72 0.25
YJC-14-2 45262 52733  0.081 0.009 0.025 - - - 98.11 9.00
YJC-15-1 46527 52410  0.093 0363  0.025 - 0.011 - 99.43 0.26
YJC-15-1 46230 52666  0.138 - 0.005 0051  0.010 - 99.10 -
Pyll-1 YIC-4-1 47078 53819 0.099 0.008 0024 0.030 0.006 - 101.06  12.38
YIC-4-1 46546 53340 0077 0005  0.029 - 0.007 0044  100.05 1540
YIC-4-1 46229 53433 0165 0046  0.006 - 0.025 0004  99.91 3.59
YIC-4-1 46565 53058 0105  0.043 - - 0.015 0026  99.81 2.44
YIC-4-2 46510 53668  0.108  0.009 - - - 0.028 10032  12.00
YIC-4-2 46976 53351  0.084 - 0.005 - 0.006 - 100.42 -
YIC-4-2 45917  51.880 0.095  0.035 - 0.061 0003 0044  98.04 2.71
YIC-4-2 46090 52951  0.062 0145  0.047 - - 0.026  99.32 0.43
YIC-4-2 46866 53051 0085  0.015 - - 0.016 - 100.03 5.67
YIC-4-2 45866  52.805  0.054 - - 0.022 - 0.037 9878 -
YJC-6-1 46042 51959 0125 0106  0.295 - - 0.136  98.66 1.18
YJC-6-1 46351 53020 0147 0340  0.055 - 0.013 - 99.93 0.43
YIC-6-1 45946 52927  0.093  0.010 - - - - 98.98 9.30
YJC-6-1 45904 52334 0058  0.049 - - 0021 0385 9875 1.18
YJC-6-1 45204 52385 0106 0513  0.020 - - 0.102  98.33 0.21
YJC-5-1 46.245 53155  0.074 - 0.010 0.002  0.008 - 99.49 -
YJC-5-1 46825 52998  0.068  0.004 - 0.029 0008 0015  99.95 17.00
YJC-5-1 46758  52.847  0.133 - 0.274 - 0.003 - 100.02 -
YJC-5-1 46653 52142  0.204 - 0.282  0.004 - - 99.29 -
PR S YJC-5-1 46524 52838 0301 0.006 0240 0.013  0.002 - 99.93 50.17
YJC-6-1 45267 52779 0269 0025 0392  0.003 - - 98.74 10.76
YJC-6-1 45369  53.097  0.123 - 0.244  0.005 - - 98.84 -
YJC-5-1 45635 53369 0119 0037 0227  0.001 - 0.045  99.43 3.22
YJC-6-1 45053 53291  0.199 - 0.206 - 0.004 - 98.75 -
YIC-6-1 46103 53467 0106 0046  0.198 - 0.006 - 99.93 2.30
YIC-4-1 45789 53402 0139 0048  0.398 - 0.001 - 99.78 2.90
YIC-4-1 45223 53130 0164 0089 0397  0.008 - - 99.01 1.84
YIC-4-1 45385 53317 0293 0034  0.397 - - - 99.43 8.62
YJC-7-1 45563 51972 0471 0377 0394 0002 0.015 - 98.79 1.25
YJC-7-1 45572 53229 0171 0187 0.444 - - - 99.60 0.91
YJC-7-1 47631 50574 0100 0009 0558 0010 0034 0031 9895 11.11
YJC-7-1 47111 51197 0101 0.021  0.227 - 0.028 0059 9875 481
YJC-7-1 45592 53743 0101 0008 0452  0.005 - 0.003  99.90 12.63
YIC-7-2 45300 53596 0776  0.368 0526  0.007  0.005 - 100.58 2.11
YIC-7-2 44943 53753  0.877 0313 0500 0.011 - - 100.40 2.80
YIC-7-2 46456 53499 0110 0063 0206 0.001  0.003 - 100.34 1.75
YIC-4-2 46670 53242  0.861 - 0.330  0.003 - - 101.11 -
YIC-4-2 46664 51985 0129 0044 0176  0.001 - - 99.00 2.93
YJC-4-2 46002 52714 0251 0628  0.235 - - 0.002  99.83 0.40
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HIR AR s Fe S Co Ni As Se Sb Ph Total Co/Ni
Pyll-2 YJC-8-1 41858  52.693  4.906 - 0950 0.015 0.019 - 100.44 -
YJC-8-1 40544 51976  6.097  0.021 1961 0.021 - - 100.62  290.33
YJC-8-1  40.829 52189  4.480  0.023  0.787 0.016 - - 98.32  194.78
YJC-9-1 39254 50924  6.862  0.020 2978 0.004 - 0.021  100.06 343.10
YJC-9-1 39613 51251 6.864 0037 2773 0.004 0.015 - 100.56 18551
YJC-9-1 42927 52231 3770  0.006  0.374 - - - 9931  628.33
YJC-8-1 37912 51455 8483  0.066 2131 0.030 - - 100.08 12853
YJC-8-1 38816 50981  7.312 0025 2.631 - - 0.005  99.77  292.48
YJC-8-1 42204 52139  4.278 - 0776  0.013  0.005 0.011 9943 -
YJC-8-1 44367 52941 2159  0.043 0321 0.006 - 0.021 9986  50.21
YJC-9-1 41825 52137 4495  0.016  0.695 0.008 - - 99.18  280.94
YJC-9-4 41029 52371 4317 - 0.497 - - - 98.21 -
YJC-9-4 38080 51.378  7.209 - 1.951  0.015 - - 98.63 -
YJC-9-4 42327 52174 3194  0.057 1230 0.007 0011 0.012  99.01 56.04
R YJC-9-2 41048 52206 4326  0.035  0.759 - 0010 0032 9842  123.60
YJC-9-2 38696 51146  6.494  0.004  2.637 - - - 98.98  1623.50
YJC-9-2 39070 52204 6.425 0061 1.291 0019 0015 0031  99.12  105.33
YJC-9-2 36324 51642 9307 0054 1326 0.040 0018 0039 9875 172.35
YJC-9-2  37.880 51.367  7.640  0.052 2108 0.026 - - 99.07  146.92
YJC-9-2 43695 52,694 2372  0.060 0.804 0.043 - 0.069  99.74 3953
YJC-12-1 42708 52983 2030  0.449  0.621 - 0.006 - 98.80 452
YJC-12-1 44607 53290 1446 0390  0.327 - 0.024  0.006 100.09 371
YJC-12-1 41406 52675  4.032  0.005  1.137 - 0.001 0.021  99.28  806.40
YJC-12-1 44466 53183 1157 0260 0321  0.006 - - 99.39 4.45
YJC-12-1 44535 53323 1144 0328 0378 0.012 - - 99.72 3.49
YJC-12-1 45022 53169 1341  0.124  0.630 - 0.003 - 10029  10.81
YJC-12-1 44626  52.800 1563  0.306  0.173 - - 0.065  99.53 5.11
YJC-9-3 45394 53147 1376 0365  0.241 - 0.002 - 10053  3.77
YJC-9-3 41394 52484 5425 0062 0128 0.035 - 0.022 9955 8750
YJC-9-4 45446 53146 1274 0289  0.267 - 0.031 - 10045  4.41
Pyll-3 YJC-3-1 45804 52.828  0.099  0.048  0.245 - - - 99.02 2.06
YJC-3-1 46559  53.204  0.063 - 0.226 0.002  0.005 - 100.06 -
YJC-3-1 45912 53200 0.055  0.031  0.229 - 0.023 - 99.45 1.77
YJC-3-1 46154 52221 0.098 - 0.214 - - 0.022 9871 -
YJC-3-1 46038 52411  0.083 0134 0187 0.003  0.009 - 98.87 0.62
YJC-3-1 46234 52759  0.116 - 0.010 - - - 99.12 -
YJC-3-1 46699 53304  0.081 - 0.034 - - 0.020  100.14 -
YJC-10-1 46255 53259  0.062  0.017 - 0.012  0.027 0.037  99.67 3.65
YJC-10-1 46399 52925  0.152  0.114 - - 0.022 - 99.61 1.33
YJC-10-1  47.014 53256  0.094 - 0.016 - 0.025 - 100.41 -
YJC-11-1  47.080 53224  0.075 - 0.043 - 0.012 - 100.43 -
YJC-11-1 46886 53350  0.080  0.023 - - - 0.026 100.37  3.48
YJC-11-1 46912 53348  0.118  0.054 - - 0.008 - 100.44 2.19
P HGE ) YJC-11-2 46377 52547  0.051 - - - - - 98.98 -
YJC-11-2 46748 53204  0.161  0.105  0.015 - - 0.090  100.32 153
YJC-11-2 46648 53313  0.065 - - - 0.003  0.007 100.04 -
YJC-11-2 46626 53252  0.061  0.041 - 0.002  0.016 - 100.00 1.49
YJC-10-1  47.017 53037  0.133  0.032 - - 0.002 - 100.22 4.16
YJC-11-2 46908 53153  0.084 - - - - - 100.15 -
YJC-11-2  46.848  52.823  0.097 - - - 0.006  0.039  99.81 -
YJC-13-1  46.389 52778  0.095  0.073 - 0.046 - - 99.38 1.30
YJC-13-1 46975 53011  0.004  0.048  0.046 - 0.003 0061 10015  0.08
YJC-13-1 45726 52686  0.088  0.059  0.158 - - 0.033  98.75 1.49
YJC-13-1 45490 53016  0.052  0.061  0.029 - - 0.048  98.70 0.85
YJC-13-1 46602 52.851  0.096  0.006  0.029 - 0.011 - 99.60 16.00
YJC-13-1 45352 52752  0.081 - - - 0.019 - 98.20 -
YJC-13-1 45821 53054 0.086  0.112  0.005 - - - 99,08 0.77
e “7 BRI TR,
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K7 AFEMRAAE SRS TR AL A

Fig. 7. Box plots for elements in pyrites of different generations.

a. Co/Ni-Co X & El; b. As-Co X FEl; c. Co-Fe XRKE; d. As-S KARE
B8 A H AR B H s 2= 1A S B A

Fig. 8. Binary plots for elements in pyrites of different generations.

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig. 9. PCA of chemical compositions for pyrites of different generations.
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Fig. 10. EPMA mapping images for pyrite with complex texture.
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