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Bailly (2012): Mineral Resources Division, BRGM 

Within this group the Rare Earth Elements (REE) are ranked as top priority. 

"High-tech metals”, a relatively new term, are essential for many 

industries of the modern world. They are needed in various high-end 

technical applications such as green technologies associated with 

renewable energy, reduction of greenhouse gases and energy 

efficiency.  



Rare Earth Elements  

Light REE Heavy REE 



REE are essential for many industries and technological applications 



Light REE Heavy REE 

Despite their name, rare earth 
elements (with the exception of 
the radioactive promethium) are 
relatively plentyful in the Earth’s 
crust (e.g. Cerium = 25th most 
abundant element) 

Because of their geochemical 
properties REE are typically 
dispersed and not often found 
concentrated in economically 
exploitable ore deposits. 

Average Prices:  
 
Early 2010: US$10-15/kg 
Today: US$50-100/kg 
 



Mountain Pass USA 

~90% of 
world`s REE 
supply from 
China  



Bayan-Obo-Mine in China:  
 
45 % of worldwide REE production; 750 mio. t at 3-4,1% REO 



Global production of rare-earth oxides from 1950 to 2010 



http://ec.europa.eu/enterprise/policies/rawmaterials/documents/index_en.htm 



http://ec.europa.eu/enterprise/policies/rawmaterials/documents/index_en.htm 

In 2010 the EU Commission defined 14 critical materials on the basis of their high 
relative economic importance and their high relative supply risk. 



-70º -60º-80º-90º

10º

20ºYucatan

Block

Chortis

Block

Yucatan Basin

Caribbean Plate

Cocos Plate

A
v
e
s 

R
id

g
e

Atlantic Ocean
CUBA

GUATEMALA

NICARAGUA

JAMAICA

HISPANIOLA

TOBAGO

TRINIDAD

MARGARITA

VENEZUELA

COLOMBIA

COSTA

         RICA

Ophiolitic peridotites 

containing Ni-laterite deposits

PUERTO RICO
Cayman Through

BAHAMASGulf of Mexico

Caribbean Oceanic
Plateau

Lewis et al. (2006) 

Haldemann et al. (1976) 

1. INTRODUCTION 







Location of investigated nickel laterites 

Moa  

San Felipe 



Characteristics of investigated nickel laterite profiles 

(I) Hydrous silicate 

The Falcondo Ni-laterite deposit:  

Parent rock is the Loma Caribe serpentinized peridotite (lherzolite, clinopyroxene-

rich harzburgite and harzburgite containing small masses of dunite) Two lateritic 

profiles, Loma Peguera and Loma Caribe, have been studied to verify local 

variations. 

The Moa Bay district developed from lateritization of serpentinized peridotites 

(harzburgite and dunite) from the Mayari-Baracoa ophiolite belt. The 

investigated profile can be divided into protolith, saprolite (usually <10 m), 

limonite (up to 50 m) and ferricrust. 

The little studied laterite profile San Felipe consists of serpentinized lherzolite, 

serpentinized harzburgite and dunite (protoliths), which are intruded by gabbros. 

They are overlain by a major horizon of smectite rich saprolite (~19 m) and 

minor limonite (~1 m) with a thin layer of ferricrust. 

(II)   Fe oxide 

 (III)  clay silicate 



Maximal REE and Scandium contents 

(I) Hydrous silicate 

Limonites of Loma Peguera and Loma Caribe contain up to 159 ppm and 375 

ppm REE, respectively. Maximum scandium contents are 122 ppm (Loma 

Caribe) and 73 ppm (Loma Peguera).  

Moa is characterized by high REE contents within the limonite horizon (up to 

127 ppm) and max. Sc content of 101 ppm. 

Saprolite and limonite from San Felipe are similarly enriched in REE (up to 68 

ppm and 50 ppm, respectively), duricrust up to 98 ppm. Max. scandium 

contents are found within duricrust (up to 61 ppm).  

(II)   Fe oxide 

 (III)  clay silicate 



Chondrite normalized pattern REE 

Normalization by 
values from Anders 
and Grevesse (1989) 



Sc distribution profiles 

Hydrous silicate type Fe oxide type 

clay silicate type 



Sc – Fe2O3  correlation 



www.hslab-barcelona.com 





REE – mineralogy at Falcondo (preliminary results) 

(Ce,La) monazite (Ce,La) oxide 



Ce-Mn-Al-Fe-Ca-Si-Co-Ni oxide in Fe-Mn-Al-Si oxide 

REE – mineralogy at Falcondo (preliminary results) 



Concluding remarks 
 

 

• REE and Scandium are generally enriched from protolyte towards limonite for    

  all investigated Ni-laterites. 

 

• The strong correlation between Sc and Fe2O3 for most samples indicates a certain 

  degree of mobility of Sc during lateritization with subsequent incorporation of  

  this element in secondary Fe-oxyhydroxides. 

 

• (All types of investigated Ni-laterites have a certain potential for Sc (REE?) 

  exploration.) Too hot?? 

 

 

 

 



 

• This research has been financially supported by the Spanish projects CGL2009-

10924, CGL2012-36263 and SGR 2009-444 

 

• Louis Cabri and Vladimir Rudashevsky from CNT-Mineral Consulting Inc 

 

•  The authors gratefully acknowledge the help and hospitality extended by the staff 

of Falcondo mine (Falcondo, a Glencore’s Company) 

acknowledgement 



Scandium 



Wang et al. (2011): 
 
 
“The nickel ores in Australia containing relatively high content of scandium are 
considered as important scandium resources. For example, the nickel and cobalt 
deposits at Syerston and Lake Innes, New South Wales have an average grade of 76 
ppm and in the range of 130–370 ppm, respectively (Anon, 1998, 1999).” 
 
“The scandium can be recovered as a byproduct during nickel and cobalt extraction 
operations... Scandium was readily leached with sulphuric acid from the nickel 
laterite ores in the high pressure acid leach (HPAL) process with over 94% recovery 
(Koryakov and Medvedev, 1994).“  







V Cuban Earth Science Convention, Havana, 
2013  


