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Abstract The majority of the orebodies at the Nibao gold deposit are controlled by a reverse fault and an unconformity between the
Middle Permian and Upper Permian stratigraphic units. In this paper based on petrographic study X-ray diffraction ( XRD) analysis
and microprobe analysis ( EMPA) were integrated to identify and quantify the altered minerals and gold bearing arsenian pyrite make
a comparative study of the characteristics between the wallrock and the ore. Major and trace element analyses were used to determine
the element fluxes during mineralization. The main objective of this paper is to understand the relationship between altered minerals and
the ore forming and the oreforming mechanisms at the Nibao gold deposit. The results indicate that pyrite shows a negative correlation
with quartz and a positive correlation with illite. Ore samples have undergone decarbonation and pyrite in the ore samples generally
shows core—rim texture. A part of wallrock samples also have undergone decarbonation but pyrite in the wallrock samples does not show
core—rim texture. Au was added to the ore while CaO MgO S Ba and Be were removed from the wallrock in the uncomformity. In
the reverse fault Au Sc As and Fe,O; were added to the ore while Si0, CaO Sr W and Be show the characteristics of being
removed from the wallrock. The integrated results suggest that decarbonation and sulfidation are the main ore forming mechanisms at the
Nibao gold deposit. Before mineralization decarbonation provides favor environment for ore forming. During the ore forming process
minerlization through sulfidation to form gold bearing arsenian rims on pyrite.
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Fig. 1 Regional geological sketch map of southwestern Guizhou Province ( modified after Zhang et al.  2003; Tan et al.
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Fig.2 Geological map of the Nibao gold deposit shows stratigraphic units and structures ( modified after Qi et al. 2014)
1 (wt%)
Table 1  Electron microprobe analyses ( wt% )
Au S Fe As Ag Se Ni Hg Sh Te Zn Total
0.049 51.824 46.035 3.129 0.031 0.003 0.043 bdl bdl bdl bdl 101. 18
0.147 51.556 45.061 3.702 0.003 0.041 0.057 0.019 0.018 bdl bdl 100. 60
45441 0.048 51.001 45.014 4.111 bdl 0.049  0.026 bdl bdl bdl bdl 100. 25
0.023 54.177 46.916 0.631  0.003 bdl 0.009 0.031 bdl 0.018 0.018 101. 83
0.014 53.478 46.713 0.719 0.034 0.014 0.014 0.047 bdl 0.010 bdl 101. 04
0.001 53.461 47.190 0.550 0.016 bdl 0.014 bdl 0.010 0.016 bdl 101. 26
545435 bdl 53.294 45.439 1.166 bdl bdl 0.019  0.050 bdl bdl 0. 032 100. 00
bdl 52.579 44.791 0.585 0.009 0.017 0.018 bdl 0. 003 bdl 0. 029 98.03
9740422 bdl 49.627 43.974 5.504 bdl bdl 0.088 bdl 0. 008 bdl bdl 99.20
bdl 50.007 44.735 5.433  0.010 bdl bdl 0.042  0.008 bdl bdl 100. 24
bdl 50.342 44.163 3.978 bdl bdl 0.015 bdl bdl bdl 0.033 98.53
0.101 51.069 45.786 4.907 0.024 0.036 0.008 bdl 0.010 bdl 0. 004 101.95
9740417 0.001 53.268 44.586 0.949 0.040 0.034 0.014 bdl 0.010 bdl 0. 006 98.91
0.141 50.455 44.842 3.901 bdl bdl 0. 005 bdl bdl bdl bdl 99. 34
0.043 50.899 44.852 3.759 bdl bdl 0.014 bdl 0.004 0.010 bdl 99. 58
0.081 51.261 45.429 4.077 0.046  0.003 bdl 0.042 bdl 0. 026 bdl 100. 97
: bdl: DAu: 0.004wt% Fe: 0.003wt% S: 0.005wt% As: 0.003wt% Ag: 0.003wt% Se: 0.003wt% Ni: 0. 003wt%
Hg: 0.003wt% Sb: 0.003wt% Te: 0.003wt% Zn: 0.003wt%

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.3  Cross section 9740 and 9260 at the Nibao deposit

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net

05§

3
p543-138

3347



3348 Acta Petrologica Sinica 2016 32(11)

The positions of two cross sections were shown in Fig. 2. The sample number was composed of the drill number and its depth. Samples in green number

were chosen for petrographic study electron microprobe analyses and element fluxes analyses during ore forming process

[

4 .
(a) ; (b) i (c) 7 (d)

; Cal— ; Py— i Qtz—
Fig.4 Samples from the top of Maokou Formation the uncomformity and Longtan Formation
(a) silicified limestone from the top of the Maokou Formation shows characteristic of strongly silicatization; ( b) quartzite from the uncomformity
between Maokou Formation and Longtan Formation; ( c) tuffaceous sandstone from the first unit of Longtan Formation; ( d) calcareous
carbonaceous clastic siltstone from the second unit of Longtan Formation ( photomicrograph under reflected light) ; ( e) sandstone-siltstone
interbed from the third unit of Longtan Formation; ( f) siltstone-micrite interbed from the third unit of Longtan Formation. Abbreviations: C-
carbon; Cal-calcite; Py—pyrite; Qtz—quartz
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Fig.5 Paragenetic sequences of mineral assemblages from the Nibao deposit

(a) anhedral ferrodolomite relicts hosted in a matrix of quartz and illite indicating ferrodolomite has been partially dissolved ( BSE image) ; ( b)

arsenopyrite encompasses on arsenian pyrite indicating arsenian pyrite accurs earlier in mineral paragenesis sequence ( BSE image) ; (c¢) arsenian
pyrite forms rim on coarse-grained low As pyrite core ( BSE image) ; ( d) orpiment presents in quartz vein; ( e) euhedral calcite hosted in fluorite
vein indicating calcite forms earlier than fluorite in mineral paragenesis sequence ( BSE image) ; (f) trace K{eldspar occurs in the sample ( BSE
image) . Abbreviations: Ant-anatase; Aspy-arsenopyrite; As-Py-arsenian pyrite; Cal-calcite; Fe-Dol-ferrodolomite; Flo-fluorite; ill-llite; K-fdsK-
feldspar; Orp-orpiment; Py-pyrite; Qtz—quartz

X ( XRF) o XRF o
. Axios-PW4400 PANalytical Fe,0,.K,0.Mg0.P,0,.5i0,.Al,0,.TiO, . F
20kV.10mA. 0.7¢g g S (Lo .

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3350 Acta Petrologica Sinica 2016 32(11)
2 X (%)
Table 2 X-ray diffraction semi—quantitative calculated results ( %)
(g/t)
545435 0. 005 11 8 bdl 60 3 3 bdl 1 14 1
545441 5.210 9 11 bdl 63 5 6 1 3 bdl 2
545476 1. 475 21 bdl 3 49 3 1 bdl 4 19 bdl
545477 0.919 28 bdl 4 39 2 1 bdl 2 24 bdl
545184 0.313 27 mdl 3 27 3 10 2 3 24 1
926007424 0. 691 6 bdl bdl 87 4 2 bdl bdl bdl 2
926007426 1.810 53 5 5 14 bdl 16 1 1 bdl 5
926007250 0. 830 13 bdl 2 47 2 3 2 19 13 bdl
926007251 0.013 3 bdl bdl 56 4 1 bdl 36 1 bdl
9260417 1.925 13 1 2 31 4 4 1 28 15 1
9260438 0.227 11 2 1 51 7 3 1 10 13 1
10444 0.953 29 bdl bdl 32 2 4 2 2 29 1
10448 0. 581 36 bdl 2 22 2 5 2 4 25 1
058251 0.439 24 bdl 3 27 bdl 11 2 3 29 1
058252 0. 021 20 bdl 2 36 4 12 2 3 20 2
058256 1. 875 29 bdl 3 21 1 10 3 3 28 2
058285 0. 005 bdl bdl 1 48 3 1 1 45 2 bdl
9740417 9. 380 7 bdl 1 44 2 9 1 10 24 1
9740422 0. 024 bdl bdl bdl 54 3 bdl bdl 43 bdl bdl
97400374 0. 005 34 bdl 1 44 6 3 1 2 9 1
97400397 2.280 4 8 1 67 2 1 bdl 4 11 1
14 1 1 46 4 3 1 20 11 bdl
21 2 2 44 2 5 1 6 15 1
:bdl: 1%
( ICP-MS) JADE .
. PerkinElmer Sciex ELAN 6000 . K
50mg 190°C C, = Il"/R,v « 100%
48h. Rh > /R,
OU-6  GBPGH C i I, i
5% o Sb. Tl n R, i RIR
Bi.Sc+V.Cr.Co-Ni.Cu.Zn.Ga\Ge-Sr Y. Zr.Nb.Mo. Cs.Ba. JADE6.5  PDF ( Meng et al. 2014) . XRD
Hf\Ta-W.Pb.Th.U 14 . 2,
( AAS)
3.4 X il
X ( XRD) 6a  6b 545435 545441
- D/Max— o) 3
2200 CuKa o 0.005g/t.5.210g/t. 2
40kV.30mA. 20 3 ~65° 0. 04° . 60%( 2)
5s o o N
JADES. 5 ( 2). BSE
o N N ( 6% 2)
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Fig.6  Petrographic comparison of altered wallrock and ore from siliceous rock
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100 pm

(‘a) wallrock sample from the USMU shows grey white color and blocky structure; (b) ore sample from the USMU shows grey white color and blocky

structure; (c¢) low As pyrite host in the biodetritus with dissolved characteristic ( RPPL image) ;

image) . USMU = unconformity surface of the Middle to Upper Permian
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Fig.7 Petrographic comparison of altered wallrock and ore from silicified limestone

(‘a) wallrock sample collected from the reverse fault F1 with grey black color and blocky structure was cut by calcite veins; (b) ore sample
collected from the reverse fault F1 with grey black color and blocky structure was cut by calcite veins; (¢) BSE image shows trace arsenian pyrite
in low—grade sample; (d) BSE image shows abundant core-rim textured pyrite in ore sample
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8 -
(ave) - i(bd) -

Fig.8 BSE images showing two types of core—im textured pyrite

(a c) arsenic is rich in both the core and the rim of core—rim textural pyrite; (b d) arsenic is poor in the core but rich in the rim of the core+im

textural pyrite
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Fig.9 Plot of TiO, vs. AL O, - Sc
The high correlation of TiO, vs. Al,O;( R* =0.88) indicates that Ti Se Mg Fe Se
and Al are immobile elements ( Eby 1973; Bogoch et al. 1984)
Se ( Wood and Samson 2006) .
+ 100 m ( Hofstra si0,
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“Amass (%) = (1/m) -1 -100 m
Fig. 10  Logarithmic isocon plots showing elemental fluxes and mass transfer ( after Hofstra 1994)
The mass change was calculated by the equation: Amass (%) = (1/m) —1 -+ 100 whereas m is the slope of the immobility isocon
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Fig. 11 Correlation diagrams shows relation between CaO and 60
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Arrow shows the process of decarbonation. In the figure [ represents
ore samples and part of wallrock samples underwent decarbonation and
Il represents wallrock samples which did not undergo decarbonation
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. Fig. 14 The calculated amount of illite vs. the calculated

amount of pyrite for all samples
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Fig. 12 Correlation diagrams shows relation between Fe and S
( after Stenger et al. 1998)

Fe and S were normalized to immobile Al in all samples. Arrows show

(R*=0.41)( 13)

the direction of possible mineralization — which associated with Gethell
pyritization ( addition of S and Fe) and sulfidation ( addition of only S) ( R? =0. 80) ( Cail and Cline 2001) .
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