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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 
flotation 

NMW plume 

1. Active 

AMD plume 

3. Advanced low pH drainage 

          Caracteristics: - all neutralization potential is  
          Consumed. Sulfate and metal 
          (bi- and trivalent)-rich solutions. 
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Chile court rules tailings 
dam for Antofagasta's 
Los Pelambres mine safe 
Reuters:  23/04/2015 

Los Pelambres must destroy part, 
or all, of the tailings dam wall. 
RTT News 10/03/2015 
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(Fuenzalida et al., 2009) 

Huasco 
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(Fuenzalida et al., 2009) 

Dissolved oxygen concentrations along WOCEP19(861/881W) from651S to101N. Units are in 
mmol kg1 with contour intervals of 60mmol kg1. Station spacing is about 11 latitude.  

(Stramma et al., 2010) 
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Commonly Mentioned Advantages of STD Are: 

- Prevention of acid mine drainage 

- Tailings are more geotechnically stable 

- Minimal land surface is used.  

- Less long-term maintenance required after deposition 

-  Low-cost  

Commonly Mentioned Disadvantages and Risks of STD 
Are: 
-  Smothering benthic organisms  
-  Reduced number of species and biodiversity 
-  Risk of liberation of toxic elements from the tailings  
-  Bioaccumulation of metals through the food chains  
-  The water content of the tailings cannot be recovered 
-  The deposited tailings cannot be recovered  
-  Larger footprint on the seabed than on land  
-  Potential toxicity of the flotation reagents  
-  Plume sharing  
-  Relocation of the tailings due to upwelling and currents. 
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(Manteca et al. 2014) 
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(Dold et al. 2011, Diaby et al. 2014 & 2015) 
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(Dold et al. 2011, Diaby et al. 2014 & 2015) 
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(Dold, 2006; Bea et al. 2010) 

(Bea et al, 2010) 
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Seawater: pH 7.96,  
Cl 17.8 g/L, Na 11.5 g/L 

CH1 CH2 CH3 
dunes 

Metal Flows at Chañaral, Chile 

Cu, Zn, Ni 
Cu, Zn, Ni 

Cu, Zn, Ni, As, Mo 

Cu, Zn 

(Dold, 2006, ES&T) 



B. Dold: Sampling and analytical techniques 
for mine-waste characterization 

Ensenada Chapaco, Huasco, Chile  
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Magnetite from the 
Fe-oxide belt, 
Chile have several 
trace elements 
associted, like V, 
Ni, Zn y Cu  
(Nyström and 
Henriquez, 1994). 
Data from a recent 
EIS suggests also 
As, Mn, and Pb 
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Sulfide Oxidation 
e.g. py, cp, asp, bn, cc, dg, cv, mb, sph, gl 
e.g. Fe, S, Cu, As, Mo, Pb, Mn, Zn, Ni, Cd, Cr, Se, V, Tl 

Dissolution of sulfates and chlorides 
e.g. halite, gy, cha, eca, ml, roz,….  
 e.g. S, Cl, Fe, Cu, Pb, Zn, Mn, Ni, Cd,  

Reductive dissolution of Fe-Oxides 
e.g. mt, hm, gt, fh, jt, sh, lp,  
e.g. Fe, S, Cu, As, Mo, Mn, Pb, Zn, Ni, Cd, Cr, Se, V, Tl 

Table 1: Average concen trations of metals in the earth crust with the average 

concentrations exploited by mining and the enrichment factors. Some concentrations 

of element still present in mine tailings are shown to highlight the still strong 

enrichment of these elements in the waste material. Modified after (Evans, 1993). 

Metal Ø Crust 

(%) 

Ø by mineral 

exploitation (%) 

Enrichment 

Factor 

Ø In mine 

tailings 

Enrichment  

Factor tailings 

Cu 0.005 0.4 80 0.1 – 0.3 20 - 60 

Ni 0.007 0.5 71 0.2 28.4 

Zn 0.007 4 571 2 – 4  275 - 571 

Mn 0.09 35 389   

Sb 0.0002 0.5 2500   

Cr 0.01 30 3000   

Pb 0.001 4 4000 1 - 2 1000- 2000 

Au 0.0000004 0.0001 250   

 (Dold,2008; RESB) 
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