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Acid Mine Drainage
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pH≃ 3

pH≃7

REE in mixing waters

4Al3+ + 10HCO3
- + SO4

2- + 5H2O = Al4 (OH)10SO4•5(H2O) +10CO2

8Fe3+ + 22HCO3
- + SO4

2- + 5H2O = Fe8O8 (OH)6SO4 +22CO2

pH ≃4



CaO

Mina Aguas-Teñidas treatment plant



Mina Esperanza II passive treatment
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REE in passive treatmens: column experiments
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Basaluminite
Al4(SO4)(OH)10•12-36(H2O)

Incident energy 7.05eV,  1x1µm pixel, 
counts/100ms

REE in passive treatmens: column experiments
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Sequential
Extractions

Mina Poderosa



sulfide oxidation

O2

AMD

pH < 3
REE

treated water

REE ore

REE at field-scale: continuous cycling



REE at field-scale: heap leaching

G. Agricola (1556) De re metallica Cuajone Cu mine,  Chile



Q 
(L/s)

Al
mg/L

REY 
mg/L

Al
t /y

Basal
t /y

REE
t /y

REE2/O3

t/y

Calculated 
rate

%

Measured 
rate

%

Mina Esperanza 1 148.1 0.9 4.67 20.08 0.03 0.04 0.17 0.30

Mina Monte Romero 1 134.9 7.4 4.25 18.28 0.23 0.30 1.65 1.44

REE in field-scale passive remediation systems



AMD from Iberian Pyrite Belt

Extrapolation from  40 AMD 
sources with variable REE 
content:
- 40 kton/year of Basaluminite
- 100 ton/year of REY2O3

- REY2O3 grade: 0.23%



V.I. Berger, D.A. Singer and G.J. Orris (2009) Carbonatites of the World, Explored Deposits of Nb and REE—

Database and Grade and Tonnage Models. USGS Open-File Report 2009-1139  

40.000 t/y basaluminite 0.23 % REE2O3

REE in Iberian Pyrite Belt



Iberian Pyrite Belt 100 t/y REE2O3                           renewable

REE in Iberian Pyrite Belt

U.S. Geological Survey, Mineral Commodities Summaries, 2019



AMD could be a supplementary source of REE

- the rates are comparable-smaller than exploration targets

- the annual tons are small 

- the reserves are renewable

- do not contain U-Th

Mining these resources improves the environment: 

- it improves the quality of water for other uses (agriculture)

- it improves the downstream ecosystems

Socially acceptable:

- it can be mined by small companies from the region

- it does not modify the landscape

CONCLUSIONS



Kiitos!


