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• Demanda por conocer el potencial de minerales críticos del Perú.

Demanda de minerales 
críticos, según escenario.
STEPS: Escenario de 
Políticas Establecidas 
Actualmente.
SDS: Escenario de Desarrollo 
Sostenible. 

• Promover potencial del Perú respecto a minerales críticos.

• Perú es un país con un gran potencial geológico minero.

• Demanda mundial por materias primas para tecnologías limpias.

Necesidad de conocer el potencial geológico nacional por minerales 
críticos.



PERÚ tiene un rol fundamental en el contexto de la transición energética 



Litio en el Perú: Mapa de máximas 
abundancias



Cobalto en el Perú: Mapa de máximas 
abundancias



Níquel en el Perú: Mapa de máximas 
abundancias



Cobre en el Perú: Mapa de máximas 
abundancias



Tierras raras ligeras y pesadas en el 
Perú



Mapa de Prospectividad Mineral: integración de datasets por 
Inteligencia Artificial (ensamble Random Forest + Redes 

Neuronales)

Litio asociado a magmatismo peraluminoso.
Criterios de creación y selección de datasets

Prospección de nuevas áreas por elementos críticos: integración de sistemas minerales 
con IA.



Litio asociado a 
magmatismo 
peraluminoso.
Criterios de creación 
y selección de 
datasets.

Prospección de nuevas áreas por elementos críticos:
Integración de sistemas minerales con IA



Mapa de 
Prospectividad Mineral: 

Integración de datasets 
por Inteligencia 
Artificial (ensamble 
Random Forest + 
Redes Neuronales).



Necesidad de 
estudios de química 

mineral



¿Qué trabajos adicionales se deben realizar para conocer el potencial 
de minerales críticos del Perú?







Critical Minerals and 
Rare Earths: 
Expectations and 
Opportunities – 
A Regional Perspective
Dr. Herwig Marbler
German Federal Institute for Geosciences 
and Natural Resources – BGR
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Blue background: Projects are located on the European continent
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RE-Mining projects in Europe

European REE projects and initiatives
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Rare Earth Projects

Important Rare Earth Projects

Heavy Minerals Sand Projects 
with Monazite 



RE separation plants

Pensana

Caremag

REEtec
NPM Silmet/Neo Performance

Separation project

Separation plant in production

Puławy/Mkango

ReeMAP/LKAB

Recycling & primary project

Solvay S.A.

European REE projects and initiatives
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Magnet manufacturers: sintered RE magnets

Vacuumschmelze

Magneti Ljublijana

Neorem Magnets

Neo Performance

Less Common Metals

projects

in production

RE-alloy producer

GKN

European REE projects and initiatives
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German REE imports



 Source: European Raw Materials Alliance (ERMA), 2022

Strategic dependencies and risk of supply chain disruption on REEs

SRM – example REE
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REE demand and processing in 
Germany

REE-Applications and executing German companies (selection): 

� Magnet production (NdFeB, SmCo magnets): VAC-Schmelze GmbH, MS Schramberg 
GmbH, Magnetfabrik Bonn 

� Catalysts (Ce, Y, La, Nd, Pr): BASF SE, Grace GmbH, Unicor AG, Clariant Produkte GmbH

� Glass (La, Nd, Gd, Pr, Y): Schott AG, Stölze Lausitz GmbH, Carl Zeiss Jena, Heinz-Glas-Gr.

� Medical technology (Gd oxide contrast agents): Bayer AG

� Foundry supplies (Ce, La alloys):  ASK Chemicals Metallurgy GmbH 

Imports of RE compounds (including scandium) to Germany in 2023: 5,249 t



REE recycling in Germany

Magnet recycling: Heraeus Remloy GmbH (Bitterfeld-Wolfen), HyProMag Ltd. 
Germany/UK (Birmingham), HyProMag GmbH (Pforzheim)

Research projects on magnet recycling such as MagBras with the Fraunhofer 
Institute

The main focus is on recycling NdFeB magnets



Thank You!

¡Muchas Gracias!
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Critical metals: lists that are not set in stone

1

BTW: Which metals are critical for Peru?



Critical metals: lists that are not set in stone
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https://www.canada.ca/en/campaign/critical-minerals-in-canada/critical-minerals-an-opportunity-for-canada.html 

BTW: Which metals are critical for Peru?

https://www.canada.ca/en/campaign/critical-minerals-in-canada/critical-minerals-an-opportunity-for-canada.html


What metals go into batteries?
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https://elements.visualcapitalist.com/the-key-minerals-in-an-ev-battery/ 

https://elements.visualcapitalist.com/the-key-minerals-in-an-ev-battery/


Battery metals in Peruvian deposits
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PROJECT 1 (2021-2023) – “The Cordillera de Carabaya, SE Peru, and its prolongation in the Cordillera Real, NW Bolivia: 
regional metallogeny and cortical processes of concentration of lithium and other strategic metals” (122-2020-FONDECYT) 

PROJECT 2 (2023) – Manganese nodules in the Pisco Formation: mineralogy, chemical composition, and origin (FAI-025-2023) 

PROJECT 3 (in progress) – “Battery metals in Peruvian deposits: Sources, geological mechanisms of 
concentration, and mineralogical expression” (PE501087814-2024-PROCIENCIA) 



Battery metals in Peruvian deposits
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Volcanogenic lithium deposits – Macusani Volcanic Field
Lithium-rich Tuff

Strongly peraluminous tuffaceous mudstone similar to 
macusanite and highly evolved metal-rich granites and 
LCT pegmatites
Li (2,920-4,160 ppm; av. 3,596 ppm)
F (15,350-19,800 ppm; av. 18,308 ppm)
Extreme magma fractionation (primary Li enrichment)
Ore minerals: Li-F micas and dioctahedral smectites

 



Battery metals in Peruvian deposits [Co, Mn]
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Co-rich manganese oxides from the onshore East Pisco Basin

Geología de campo 1 (2022)

2° Expedición de campo (2023)

https://theconversation.
com/deep-seabed-mini
ng-plans-pit-renewable
-energy-demand-again
st-ocean-life-in-a-largel
y-unexplored-frontier-1
93273 

https://theconversation.com/deep-seabed-mining-plans-pit-renewable-energy-demand-against-ocean-life-in-a-largely-unexplored-frontier-193273
https://theconversation.com/deep-seabed-mining-plans-pit-renewable-energy-demand-against-ocean-life-in-a-largely-unexplored-frontier-193273
https://theconversation.com/deep-seabed-mining-plans-pit-renewable-energy-demand-against-ocean-life-in-a-largely-unexplored-frontier-193273
https://theconversation.com/deep-seabed-mining-plans-pit-renewable-energy-demand-against-ocean-life-in-a-largely-unexplored-frontier-193273
https://theconversation.com/deep-seabed-mining-plans-pit-renewable-energy-demand-against-ocean-life-in-a-largely-unexplored-frontier-193273
https://theconversation.com/deep-seabed-mining-plans-pit-renewable-energy-demand-against-ocean-life-in-a-largely-unexplored-frontier-193273
https://theconversation.com/deep-seabed-mining-plans-pit-renewable-energy-demand-against-ocean-life-in-a-largely-unexplored-frontier-193273


Battery metals in Peruvian deposits [Co, Mn]
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Co-rich manganese oxides from the onshore East Pisco Basin

https://doi.org/10.1007/s00126-025-01364-w

Geología de campo 1 (2022)

2° Expedición de campo (2023)

High Mn/Fe and cobalt enrichment 
• Bulk analyses (mean = 0.17 ± 0.15 wt% Co; up to 

0.63 wt% Co)
• EPMA analyses (mean = 0.37 ± 0.33 wt% Co; up 

to 2.1 wt% Co)
Comparable to deep-seabed nodules (e.g., 
Clarion-Clipperton Zone)
Contrary to the believe that diagenetic MnOX are 
Co-poor, and they are onshore!!!

https://doi.org/10.1007/s00126-025-01364-w


Battery metals in Peruvian deposits
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Ni-Co-rich mineralogy [incl. 
ml-sg/vl-cb-ger-tuc-td/tn-sl-py-apy-cpy-gn]

Epigenetic (and magmatic sulfur): epithermal 
environment (Cordilleran-style)

Paleozoic (Excelsior Group basalts) – basement 
influence

Co- and Ni-rich sulfides in epithermal (Cordilleran-style) deposit

sl
ml

A B C



Cu – The greenest metal
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BTW: Which metals are critical for Peru?
I am sure that Cu is one of them!!
As for the other elements, let’s discuss
Peru, dream land for either worldclass and much 
unexpected geology/deposits
In any case, we need better knowledge of our 
resources (national effort)

Country Mine Production Refinery Production Reserves
2023 2024 2023 2024

Chile 5,250 5,300 2,080 1,900 190,000
Congo (Kinshasa) 2,930 3,300 2,170 2,500 80,000
Peru 2,760 2,600 403 390 100,000
China 1,820 1,800 12,000 12,000 41,000
United States 1,130 1,100 882 890 47,000
Indonesia 907 1,100 225 350 21,000
World total (rounded) 22,600 23,000 27,000 27,000 980,000



Take-home messages
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•Different countries produce lists of critical raw materials, many of which are of mineral origin

•Battery metals are the perfect example of how the transition to a decarbonized economy depends 
on exploration (several kg of diverse metals in each battery!) 

•Recipe for relevant research on battery metal deposits: 

•Look for the obvious, but also beyond the obvious!

•Just ask the right questions to the right rock
♫ ¿Qué hace una piedra como tú en un sitio como este? ♫
♫ ¿Qué hace un elemento como tú en una priedra como esta? ♫

•Explore conventional AND non-conventional deposits, even "against-the-textbook" examples

•Analyze everything you can analyze on a rock

•We need state-of-the-art knowledge and ideas (reading!) rather than—or before—state-of-the-art 
equipment 

•Peru: Currently a producer country, hopefully transitioning to manufacturer and consumer in the 
future. Copper, the greenest of all metals, is our best asset. The rest is debatable.



Thanks – on behalf of the whole research team
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Mail me at
ltorro@pucp.edu.pe

Mariana Segovia-More
Li-clay mineralogy

Johan Ramírez
Li-Geochemistry

Pablo E. Valverde
Lab. manager

Ivana Carcamo-Valencia
Co-rich Mn oxides

Fiorela Maxi Casa
Li mineralogy - zeolites

Mercy Kasandra
Ar/Ar dating

Lorena K. Gomez
Dense minerals Richard G. Chuqui

Ni-Co(Cu)

Shantal N. Silvestre
Ni-Co(Cu)

mailto:ltorro@pucp.edu.pe


Main products, by-products, and a new definition
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Some high-tech metals are 
by-products in the classical sense
- Minor metals production depends on 

the production of the host (main) 
metal (uneslasticity of offer)

- High complexity and opacity of value 
chains

But it may depend on the definition 
we give to “ore”
From “A naturally occurring solid 
material from which a metal or valuable 
mineral can be profitably extracted”

To “A material from which a metal or 
mineral can be extracted to create 
value” [Dr. Simon Jowitt, Director and State 
Geologist, Nevada Bureau of Mines and 
Geology] 

Large potential for Peru: by-products 
related to Au, Pb, Zn, Cu

McNulty and Jowitt (2022, https://doi.org/10.3389/feart.2022.892941)

https://doi.org/10.3389/feart.2022.892941

