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An extremely acidic lake (pH 1.5) of 
3 km2, located 2.5 km south of the 
city of Cerro de Pasco in the Central 
Andes of Peru, is hydrogeochemically 
and mineralogically studied. Since 
1981 the lake was used as deposition 
pond for acid mine drainage (AMD) 
originated from the Miocene age 
Pb-Zn deposit of Cerro de Pasco and 
additionally from 1981 until 2001 for 
spoil water from the Copper extrac-
tion process, containing kerosene. 
The discharge rate was 9.5 m3/min 
in 2003. The lake bedrock consists 
of limestone of the Triassic-jurassic 
Pucará formation and the Tertiary 
Pocobamba formation, divided by the 
Cerro de Pasco fault also crossing the 
open pit of the Cerro de Pasco mine, 
4 km in the north. The lake water 
possibly recirculates to the open pit 
of the Cerro de Pasco mine through 
the fault and karst aquifers. The ver-

tical and horizontal distributions of 
elements in the water column, such as 
Fe, Mn, Cu, Zn, Pb, As and sulphate 
were studied by ICP-OES, ICP-MS 
and IC (45 samples) and by XRF in 
sediments and soils (64 samples). 
DOC or TOC analyses, respectively 
were carried out on selected samples. 
Mineralogical studies of the lake 
sediment and soils of the inundation 
zone were realized by XRD and thin 
sections. The geochemical modelling 
program PHREEQCI 2 (Parkhust and 
Appelo, 1999) was used to model 
mineral precipitation in the surface 
water, at the water-sediment interface, 
in the underlying limestone bedrock 
and to model possible remediation 
scenarios.
Close to the discharge point pyrite, 
sphalerite, anglesite and muscovite 
settled out in form of detritical en-
riched sediment of the deposited mine 

water. The data shows for the lake 
water mean values of 16070 mg/L 
SO

4
, 4450 mg/L Fe, 88 mg/L Cu, 504 

mg/L Zn, 49 mg/L As, 3 mg/L Pb, 
16850 mg/L acidity as CaCO

3
. The 

maximum concentrations  for iron, 
sulphate, heavy metals and arsenic 
are reached in the gel-like sediments 
(Table 1). The underlying argillaceous 
gypsum and dissolved calcite show 
decreasing concentrations with depth 
for As, Pb, Cu, and Cd and increasing 
concentrations for Zn and Mn (Fig. 1). 
Fe shows no detectable trend. Only in 
few samples heavy metal-bearing 
minerals (anglesite, melanterite, py-
rite, jarosite, siderite) were detected. 
The sediment cores (Fig. 2) show 
a sequence of carbon-rich (16 wt% 
C

org
) gel-like sediments (in the upper 

part formed by precipitation) and 
underlying poorly crystalline gypsum 
followed by mostly dissolved calcite 
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Al
2
O

3
 (%) SiO

2
 (%) CaO (%) S (%) P

2
O

5
 (ppm) K

2
O (%) Mn (ppm)

Min 0.34 2.59 0.28 0.65 <200 0.05 117
Mean 2.24 15.03 13.97 6.09 3074 0.41 794
Max 7.60 33.10 33.10 11.12 13800 1.50 2235
Gel. Gypsum 1.22 7.09 8.83 6.48 1920 0.15 1055
Arg. Gypsum 4.63 28.54 13.77 5.82 7185 0.84 885
Gel. Calcite 2.24 17.72 20.91 1.74 3011 0.58 468

Fe
2
O

3 
(%) Cu (ppm) Zn (ppm) As (ppm) Pb (ppm) Cd (ppm) LOI (%)

Min 0.76 48 275 43 <2 1 16.79
Mean 5.27 1089 4746 881 460 16 49.63
Max 13.40 3940 27900 5781 8314 103 85.14
Gel. Gypsum 6.02 1424 4352 1018 254 15 74
Arg. Gypsum 5.62 652 5135 1121 42 8
Gel. Calcite 3.52 66 1938 249 26 13

Table 1 Minimal, mean and maximal concentrations of Lake Yanamate sediment samples and mean concentrations of 
gel-like gypsum, argillaceous gypsum and gel-like calcite.
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until uncertain depth. Unaltered lime-
stone bedrock was not reached within 
the primary 69 cm of sediments. 
Limestone rocks deposited in the lake 
were intruded by the lake water under 
formation of hydroxides. The lime-
stone bedrock buffers the pH around 
5.6 in a first dissolution zone. When 
the buffer capability is consumed, the 
formation of gypsum is accelerated 

and the former precipitated hydrox-
ides dissolve (replacement zone). In a 
second dissolution zone gypsum dis-
solves until equilibrium with lake wa-
ter is reached. On top a layer of poorly 
crystalline minerals or polymers form 
in contact with high concentrated wa-
ter at the water-sediment contact. The 
lake water circulation is influenced by 
a groundwater inflow in the eastern 

part of the lake and the dominating 
wind direction from NE to SW at the 
surface. No stratification of the water 
body was found during the sampling 
period. Gypsum, goethite and jarosite 
are near equilibrium with lake water, 
possibly forcing element cycling in 
the water column, through their set-
tling down and dissolution.

Figure 1 Element distribution of 
core CPY025

Figure 2 Processes within the sediment column of Lake Yanamate 
sediments.


