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Wall rock alteration and pyrite-sphalerite mineralogy of the Dongmozhazhua
Pb-Zn ore deposit in Yushu area, Qinghai Province
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Abstract: The Dongmozhazhua Pb-Zn ore deposit in Yushu area of Qinghai Province is one of the important ore
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deposits located in the “Sanjiang” sediment-hosted base metal ore belt. In the ore deposit, several types of altera-
tion and hydrothermal minerals were recognized in previous studies. However, the spatial distribution of the al-
terations, the characteristics of element content in the minerals, and the spatial and temporal relationships of dif-
ferent minerals in the orefield remain ambiguous, thus the data available couldn’t provide clear ore-searching di-
rection. In view of such a situation, the authors made systematic thin section observations of ore and host rocks,
systematic electron-probe micro-analysis (EPMA) of the most important sulfides pyrite and sphalerite, and ICP-
MS analysis of important metallic compositions of typical ore rocks, with the purpose of {inding detailed scientif-
ic information on the above problems. Four hydrothermal alteration types were recognized in the ore deposit,
namely dolomitization, pyritization, silicification and baritization. Dolomitization is almost distributed in the
whole orefield and occurred from Sl to $4 ore-forming stages, whereas pyritization occurred from S3 to $4 ore-
forming stages; in both alterations considerable lead and zinc minerals precipitated, and the pyritization was
closely accompanied by Pb-Zn mineralization. Silicification occurred in the same time with pyritization and is
mainly distributed to the south of the main thrust fault in the ore deposit. Barite precipitated before and after S3
polymetallic sulfide ore-forming stage, and baritization is mainly developed along the faults south of the main
thrust fault. Relatively high content of Cd was observed from the typical ore rocks by ICP-MS. According to
EPMA, during S3 ore-forming stage, S and Fe content and atomic ratios of S/Fe in pyrite were higher than
their theoretical values, some As and Cu were observed, and the ratio of Co/Ni was usually higher than 1; in
sphalerite the S content and the atomic ratios of S/Zn were higher than their theoretical values while the Zn con-
tent was lower than their theoretical values, and some Cd and Fe were observed. The atomic ratios of S/Fe and
S/Zn in pyrite and sphalerite crystallized from most active hydrothermal fluids were obviously higher than their
theoretical values; Micro-sections were studied for spherical pyrite and strawberry and crustal sphalerite in this
ore-forming stage and some changes of As, Fe, S and atomic ratios of S/Fe in pyrite and Cd, S and Zn content
and S/Zn atomic ratios in sphalerite were observed. During S4 ore-forming stage, the sphalerite had similar ele-
ment content to that in S3 ore-forming stage, but it had lighter color, lower Zn content and higher atomic ratios
of S/Zn. Combining the petrographic characteristics and the EPMA results of pyrite and sphalerite, the authors
have reached three conclusions: (D in the S3 ore-forming stage, relative to metal ions, S was enough for sulfide
crystallization, and the hydrothermal environment was stable in the early time of this stage; with the precipita-
tion of sphalerite, however, the temperature and activity of S and Ph of the ore-forming fluid decreased while
the Cd/Zn ratio rose; @ there were two active centers of hydrothermal fluids in the above ore-forming stage,
which were located near Line 0 in the MI ore belt and in the north of MIV belt, respectively; @ the properties
of fluids at S3 and $4 ore-forming stages were different, and the latter stage was characterized by lower tempera-
ture and higher sulfur fugacity. Based on all these data, the authors give detailed suggestions on the prospecting
for similar Pb-Zn mineralization: O searching for dolomitization and silicification regionally; @ searching for
pyritization in the dolomitization and silicification areas; @ searching for sphalerite and galena at the positions
with most pyrite; @ searching for small-size but high-grade Pb-Zn ore bodies in the baritization areas along
faults, and ® searching for Zn-Pb mineralization in limestones with high content of Cd. Four Pb-Zn mineraliza-
tion locations worthy of detailed work for further prospecting in the Dongmozhazhua Pb-Zn ore deposit are delin-
eated.

Key words: Dongmozhazhua; MV T-like Pb-Zn ore deposit; alteration; pyrite; sphalerite; mineralogical charac-
teristics; Pb-Zn prospecting
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Fig. 1 Geological sketch map of the Dongmozhazhua Pb-Zn ore deposit (modified after Qinghai Geological Survey

Institute® and Yang et al . » 2011)
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Fig. 2 Paragenetic assemblage and sequence of hydrothermal minerals in the Dongmozhazhua Pb-Zn ore deposit
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Fig. 3 Photos of typical altered minerals and sulfides in ores and rocks from the Dongmozhazhua Pb-Zn ore deposit
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Table 1 Results of EPMA for dolomite with different crystal forms in the Dongmozhazhua Pb-Zn ore deposit

B SF e} ; !
iERE Aok Ca0 MgO FeO NaO MnO P,0Os ALO; KO NiO Cn0O; TiO, SO, BaO  Total
ZK701-2 DI  29.98 20.76 0.38 0.04 0.07 - 0.01 0.00 0.02 - - - - 51.27
ZK701-10 DI 29.58 21.45 0.30 0.03 0.08 0.02 0.02 0.01 0.06 0.02 0.04 - - 51.60
ZK701-12 DI  31.81 21.60 0.03 0.11 0.03 - 0.01 0.01 - - - - - 53.60
ZK701-19 Dl 31.35 22.09 0.33 0.07 0.06 0.04 - - - - 0.03 - - 53.96
DM09-36 DI 30.24 21.93 6.63 ©0.13 0.29 0.01 - 0.01 0.03 0.03 0.02 0.02 0.05 53.39
DCMIIL -1 D2 29.97 19.97 0.63 0.08 - 0.03 0.03 0.03 - - - - 0.03 50.16
DTC1101-10 D3 30.04 20.59 0.01 0.02 0.05 0.03 0.09 0.00 - - - - 0.07 50.89
DTC1101-8 D3  30.76 20.40 0.41 0.11 0.05 0.05 0.08 0.01 - - 0.04 - 0.03 51.93
DM041-2 D3 30.12 19.59 0.32 0.08 0.07 - - 0.14 - - 0.02 0.05 0.00 50.39
FHE 30.43 20.93 0.27 0.07 0.09 0.03 0.04 0.03 0.04 0.02 0.03 0.03 0.04 51.91
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Fig. 4 Spatial distribution of altered samples from the Dongmozhazhua Pb-Zn ore deposit
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samples: A to D are favorable prospecting locations: legends of the base maps as for Fig. 1
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black and white pictures are BSE photos (b> ¢, e g» iand kJs color pictures are reflected plane polarized light photo (a) and transmitted plane po-

larized photos (d> f» h, iand j’; a» bandec» dand es fand g handiandjand k correspond to each other respectively; red dots are locations of

analyzed spots of EPMA: numeral represents serial number of analyzed spot: Sp—sphalerite; Py—pyrite
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Table 3 EPMA spots micro sections analytical results of pyrites at polymetallic ore-forming stage S3 in the
Dongmozhazhua Pb-Zn ore deposit
Fe S Pb Zn Co Ni Cu Au Ag Cd Te As Se Sb Ge Total S Fe”
1 46.96 53.83 0.046 0.137 0.074 - - - 0.012 0.016 0.020 - - - 101.089 2.006
2 46.42 53.13 0.208 0.117 0.036 0.003 - 0.006 0.004 - - 0.200 0.004 0.010 - 100. 138 2.003
3 46.15 53.21 0.192 0.029 0.085 0.015 0.001 - - - - 0.009 - 0044 - 99.735 2.018
4 45.47 52.26 0.255 0.037 0.040 - - 0.057 0.025 0.035 - 0.243 0.008 0.012 98.434 2.011
DICI01-5-2-1 5 46.24 53.51 0.180 - 0.079 0.009 - - 0.001 0.018 - 0.017 - 0.012 0.003 100.067 2.025
6  45.91 53.68 0.209 0.002 0.091 0.011 0.008 0.041 0.016 0.002 - 0.100 0.008 - 0.004 100.081 2.046
7 46.24 53.59 0.076 0.050 0.035 - 0.004 0.020 0.002 0.009 0.009 0.029 - - 0.010 100.073  2.028
8 46.61 53.65 0.079 0.010 0.058 - - 0.001 0.020 - 0.194 - - 0.016 100.630 2.014
9 45.57 52.92 0.224 0.052 0.032 - - 0.043 0.009 0.006 0.026 - - - - 98.878 2.032
10 45.87 52.82 0.257 0.047 0.042 - 0.018 - 0.001 - 0.015 0.111 0.021 0.008 - 99.207 2.015
11 45.85 53.06 0.356 0.010 0.045 - 0.002 - 0.005 0.003 0.010 0.077 - - 99.422 2.025
1 44.89 53.60 0.288 0.525 0.068 0.018 - 0.045 0.013 0.006 - - - 99.448 2.089
2 45.61 52.91 0.291 0.119 0.049 0.023 - 0.079 - 0.019 - - - - 99.099 2.030
3 45.66 52.90 0.196 - 0.038 0.019 - 0.007 - - - - 0.030 0.003 98.853 2.028
4 45.62 52.84 0.322 0.166 0.064 - - 0.002 0.006 - 0.003 0.006 99.034 2.027
DTCL101.5.2.2 5  45.87 52.82 0.499 0.107 0.038 - - - 0.010 0.030 0.008 0.006 - - 99.387 2.015
6 46.00 52.96 0.360 0.106 0.046 0.015 0.001 0.035 - - - 0.018 0.010 - 99.550 2.015
7 44.86 53.39 0.440 0.078 0.059 - 0.035 - 0.044 - 0.038 0.245 - 0.047 99.227 2.083
8§  44.99 52.78 0.647 1.687 0.062 0.015 0.042 0.040 0.031 0.017 - 0.214 - 0.056 100.580  2.053
9 46.17 53.35 0.367 0.046 0.043 - 0.025 0.022 - 0.017 0.009 0.101 - 0.002 100. 157 2.022
10 46.67 53.57 0.379 0.102 0.038 0.023 0.023 0.063 - 0.010 0.003 - 0.001 0.034 - 100.913 2.009
11 45.43 53.46 0.608 0.071 0.052 - - 0.039 0.019 0.017 - - 0.006 0.004 - 99.700 2.059
12 46.03 53.15 0.415 0.722 0.022 0.019 0.025 - 0.039 - 0.023 0.014 - 0.008 - 100. 469 2.020
* 1 -
0.004 5 Au 3 10°° Cd
Cd
3 1 4
5d~5k
5 S 4.1
32.62% — 33.66% Zn 65.71% ~
67.77% S Zn 0.988~1.028
S3 MIV
Zn S
Au ICP-MS 4 6
Au S3
6
Au 0.02x 1073~
0.79x103 Au - -
ICP-MS Mg
Cd 1573 X
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5 S3 wep %
Table 5 EPMA spots micro sections analytical results of sphalerites at polymetallic ore-forming stage S3 in the
Dongmozhazhua Pb-Zn ore deposit
Zn S Fe Cd Pb Au Te Ag Co Ni Cu Sh As Se Ge Total S Zn”
1 66.46 33.37 0.069 0.665 0.038 0.010 - - 0.016 0.031 - - 0.048 0.049 - 100.757 1.020
2 67.4533.35 0.132 0.334 0.018 - 0.012 - - 0.029 - - - - - 101.318 1.004
TC301-08-1 3 67.35 33.17 0.102 0.425 0.024 0.003 0.013 - - - - 0.007 - - - 101.097  1.000
4 68.06 33.44 0.047 0.322 0.027 - - 0.007 - - - - 0.027 - - 101.931 0.998
S 67.77 32.96 0.068 0.340 0.036 0.054 0.016 - - 0.010 - 0.019 0.013 - - 101.284 0.988
6  67.31 32.85 0.040 0.503 0.026 0.021 - - - - - - 0.032 - - 100.783 0.991
7 67.11 33.20 0.055 0.417 0.020 - - - - - - - - 0.034 - 100. 837 1.005
8  66.37 33.15 0.195 0.499 0.026 0.039 0.028 - - - - - - - - 100. 305 1.015
7K701-8.2 1 66.74 33.40 0.152 0.210 0.032 - - - - 0.036 - 0.007 0.037 0.018 0.043 100.633 1.017
2 67.06 33.47 0.428 0.095 0.019 - - - - - - 0.006 0.075 - - 101.149 1.014
3 67.45 33.61 0.088 0.101 0.001 - 0.032 - - - - 0.013 - - - 101.298 1.012
4 66.92 32.71 0.361 0.102 0.055 0.044 0.009 - - - - - - - 0.018 100.205 0.993
5 66.30 33.28 0.162 0.678 0.003 0.051 0.020 - 0.027 0.007 - - - - - 100.534 1.020
1 66.40 33.60 0.141 0.617 0.016 - - - - 0.021 - - - 0.016 - 100.816 1.028
ZK701-8-3 2 66.77 33.33 0.279 0.039 0.061 0.008 0.023 - 0.030 - - 0.006 0.036 - 0.007 100.606  1.014
3 67.32 33.66 0.153 0.034 0.031 - - - 0.035 - - - - 0.030 0.015 101.258 1.016
4 66.83 33.48 0.330 0.124 0.026 - 0.003 - 0.006 0.019 - 0.038 0.037 - - 100.89%4 1.018
5  66.12 33.30 0.597 0.103 0.018 0.003 - - 0.025 - - 0.006 0.005 - - 100.177 1.023
6 65.45 32.91 0.078 0.723 0.006 0.077 0.010 - - 0.019 - - - - - 99.271 1.021
1 66.13 32.80 0.540 0.433 0.065 - 0.039 - - - - 0.001 - - - 100.004 1.008
DTC1101.5.2.3 2 66.11 32.81 0.181 0.060 0.018 - - 0.009 - - - - 0.023 - - 99.213 1.008
3 66.60 33.07 0.171 0.166 0.038 - - - - - - 0.026 0.002 0.017 - 100.094 1.009
4 66.87 33.15 0.085 0.254 0.014 0.051 0.008 - 0.001 0.003 - 0.038 - - - 100.473 1.007
5 66.72 33.37 0.067 0.257 0.040 0.038 - - 0.031 - - - - 0.028 0.013 100.547 1.016
6  65.71 32.62 0.118 1.698 0.043 0.087 - - - - - 0.040 0.007 - 0.013 100.315 1.008
* 1 -
6 ICP-MS wp 107°
Table 6 Compositions of part of metal elements in ore rocks of the Dongmozhazhua Pb-Zn deposit based on ICP-MS analysis
Pb Zn Cd Au” Ag Cu As Hg Sh
DTC1101-9-2 I 12060 43 890 341 0.23 15.1 13.8 128 1.50 6.98
ZK701-8 641 27 790 143 0.02 5.10 17.2 31.0 0.70 7.59
DMO007-3 v + 3402 229300 1573  0.79  32.0 470 132 64.4  61.7
DMO041-4 30690 102 500 596 0.17 17.4 199 76.4 34.7 21.5
* 107?
4c
4

S3 <4



502 30

220° N

=
i /‘ 16° ,.

348

500 pm

DM09-38-L3 DM09-37-L1 DM09-36-L10 DM09-36-L5

l
| : L L+EHRE BT — L ¢ RENE

6 v AA 1
Fig. 6 Measured section for the relationship between dolomitization and Pb-Zn mineralization in MIV mineralization
ore belt of the Dongmozhazhua Pb-Zn ore deposit for location of section AA” see Fig. 1
a— b— c— d—
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