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A geochemical and mineralogical 
investigation of the primary mineral 
assemblage and secondary mineral 
formation at the Excelsior waste rock 
dump with origin from the Cerro de 
Pasco Pb-Zn deposit, Central Peru, 
is presented. Main ore minerals are 
pyrite, massive sphalerite-galena-py-
rite and enargite from a hydrothermal 
replacement body, which origin is a 
Miocene volcanic and intrusion com-
plex. Gangue is dominantly quartz 
and hematite. The host carbonate 
assemblage is largely controlled by 
hydrothermal alteration and consists 
of variable amounts of dolomite ± 
siderite ± calcite ± sericite ± hematite 
± quartz. Devonian clastic sediments 
and Miocene volcanic rocks overlay 
the ore body and his host rock se-
quence.

The studied Excelsior waste rock 
dump occupies an area of 94 ha 
and is located at the lower part of a 
small valley at 4300m altitude. The 
waste dump overlays partially the 
downstream following Quiulacocha 
tailings impoundment, resulting in 
a hydrological connection of both 
systems. 

The waste rock consists mainly 
of Miocene pyrite-quartz ore assem-
blage (estimated 60 %). Minor frac-
tions arise from the Miocene volcanic 

rocks, the Devonian clastic sediments 
and the dolomitic host rock, respec-
tively.

The waste dump is ceased since 
2000 and exposed without cover to the 
climatic conditions with precipitation 
averages of more than 1000mm/a. The 
waste rocks have high excess of acid 
potential (estimated 40% pyrite, <5% 
dolomite). Measurements of pH show 
an acidic environment (paste-pH be-
tween 0.8 and 7.3), which results in 
leaching of metals from the primary 
mineralization. High precipitation 
during the rain season causes acid 
main drainage (pH 2.8-4.9). In the 
dry season, high evaporation results 
in the formation of secondary mineral 
precipitation, especially at the base of 
the dump.

Mineralogical analyses (XRD/
differential XRD, optical micros-
copy with thin sections) identify as 
dominant secondary minerals gyp-
sum and hydronium jarosite. Lesser 
frequent secondary minerals are iron 
oxy-hydroxides (goethite, schw-
ertmannite Fe

16
O

16
(OH)

12
(SO

4
)

2
), 

water bearing iron sulphates (e.g. 
melanterite Fe(SO

4
)·7(H

2
O), ro-

zenite Fe(SO
4
)·4(H

2
O)) and other 

metal sulphates (e.g. starkeyite 
Mg(SO

4
)·4(H

2
O), mallardite 

Mn(SO
4
)·7(H

2
O)). Geochemical anal-

yses by XRF of altered dump rocks 
show for primary mineralization high 
values for the heavy metals Cu (mean 
0.1 wt %), Zn (mean 1.1 wt%) and Pb 
(mean 1.2 wt%), the values of envi-
ronmental dangerous (semi)metals Cd 
(mean 40 mg/kg) and As (mean 0.15 
wt%) are high. An enrichment of Cu 
(mean 0.8 wt %), Zn (mean 2.9 wt %), 
As (mean 0.27 wt %) and Cd (mean 
71mg/kg) in the meta-stable and wa-
ter-soluble secondary mineralization 
can be observed. 

The Eh-pH conditions (Eh 313-
673mV) at the Excelsior waste dump 
maintain the above-mentioned met-
als mobile. Both element analyses 
(ICP-MS) of leached samples as well 
as element analyses of water from 
springs at the base of the waste rock 
dump show high concentration of Cu 
(mean 6mg/L), Zn (mean 366mg/L), 
As (mean 0.1mg/L) and Cd (mean 
2.4mg/L). Lower concentrations of 
Pb (mean 0.4mg/L) are most likely 
a result of retention of Pb in form of 
insoluble anglesite (PbSO

4
).

The connection of the waste rock 
dump with the tailings impoundment 
results in the seepage of acidic, met-
als-rich solutions into the partially 
underlying tailings impoundment.
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