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Role of LMWCA in Fe-cycling
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Bahia de Ite, Peru



AMD Development

Caracteristics: - liberation of Fe2+ and Fe3+; 
reduction of Fe3+ and high mobility of 
ferrous at still neutral pH. Additional SO4, 
As, Mo liberation. Autooxidation when Fe2+-
rich solution outcrop in oxidizing 
environment to Fe3+ and subsequent 
hydrolysis = > AMD Fe, SO4-rich

2. Starting oxidation

Fe2+-rich plume

Caracteristics: - oxyanions-rich e.g. SO4
due to Dissolution e.g. anhydrite, gypsum
Liberation of Mo and As  in the alkaline 
flotationNMW plume

1. Active

AMD plume

3. Advanced low pH drainage

Caracteristics: - all neutralization potential is 
Consumed. Sulfate and metal
(bi- and trivalent)-rich solutions.

Dold (2014)



Cerro de Pasco, Peru

Yanamate

Quiulacocha

Excelsior

Ocroyoc



Yanamate AMD reception lagoon 
2003

Wisskirchen et al. 2010
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Yanamate AMD reception lagoon 
2019

Cretton 2011



Quiulacocha tailings impoundment
~50 wt% pyrite

Excelsior waste rock dump
~60 wt% pyrite

FeS2 + 7/2O2 + H2O --> Fe2++ 2SO42- + 2H+

Fe2+ + 1/4O2 + H+ <-> Fe3++ 1/2H2O

10 cm

Cemented zone

Fe-Zn-Pb-plume

Cu-sulfide tailings
As-rich

Pb-Zn-sulfide tailings
Carbonate-rich

FeS2 + 14 Fe3+ + 8H2O --> 15 Fe2+ + 2SO42- + 16H+

Active tailings

Cerro de Pasco, Peru

FeS2 + 14 Fe3+ + 8H2O --> 15 Fe2+ + 2SO42- + 16H+



Ocroyoc active tailings 
impoundment
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AMD

Production

Distribution

Cerro de Pasco AMD

pH = 1; 4330 mg/L Fe, 29 g/L SO4; 
48 mg/l As; 293 mg/L Zn; 87 mg/L Cu;
2.9 mg/L Pb.

pH = 2.3; 1691 mg/L Fe, 44 
g/L SO4; 
6.5 mg/l As; 578 mg/L Zn; 27 
mg/L Cu;
0.63 mg/L Pb.

Pb

Pb, Fe3+
Cu, 
Cd,
Ni

Zn

As, Fe2+

Element Mobility



Chañaral, Chile



Eriochalcite CuCl2•H2O

October 2003



Seawater: pH 7.96, 
Cl 17.8 g/L, Na 11.5 g/L

CH1CH2CH3

dunes

Metal Flows at Chañaral, Chile
Study about As, Pb, Cd in the blood of the population of Chañaral:

No anomalous concentration were found. Cu was not analyzed.
MP10 = 5000 mg/kg Cu

Cu, Zn, Ni

Cu, Zn, Ni

Cu, Zn, Ni, As, Mo

Cu, Zn?

(Dold, 2006, ES&T)











Diaby & Dold (2014)



Carén, El Teniente, Chile



Diaby & Dold (2014)



Muchas Gracias!

Thank you!

bdold@sumirco.com


