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Necesidad de conocer el potencial geolégico nacional por minerales
; , crqico?, : :
*  Peru es un pais con un gran potencial geologico minero.
. Demanda mundial por materias primas para tecnologias limpias.
. Demanda por conocer el potencial de minerales criticos del Peru.

. Promover potencial del Peru respecto a minerales criticos.

80%

Demanda de NMIMEEIES
criticos, segun escenario.
STEPS: Escenario de

60%

Politicas Establecidas

40%
Actualmente.
I SDS: Escenario de Desarrollo

2010 2020 2040 2040 2010 2020 2040 2040 2010 2020 2040 2040 2010 2020 2040 2040 2010 2020 2040 2040
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Lithium Cobalt Nickel Copper Rare earth elements
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PERU tiene un rol fundamental en el contexto de la transicion energética

Mineral

El pais produce 8 de
los 17 principales
minerales estratégicos
para la transicion
energética y demanda
global

Minerales -
explotados en

Peru

Minerales no

explotados en -

Peru

Source: World Bank (2020) En Acosta (2022)
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Toba rica en litio. Proyecto Falchani

Contenido en roca (ppm)
© 203 ppm - 670 ppm
670 ppm -3070 ppm

rranjas
metalooengticas:

////. ‘:’*‘.; )/. ‘/H /ll//_, /llll._

lpos de depodsitos:
Epitermal, Sn-Cu-W IRD,
U-W-Sn-Mo IRD
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Cobalto en el Peru: Mapa de maximas

ECUADOR

LEYENDA

X Mina carada

Muestras de sedimentos
de quobrada

© 99-400
Muestras de suelos

Cobaltita en I0CG de la franja costera
Contenido en roca (ppm)

© 198 ppm -1512.8 ppm
1512.8 ppm -5709 ppm

o

Franjas
metalogenéticas:

45
\ Vi, X, X, XV, 1, VI,
Xl

Tipos de depésitos:
I0CG, Au IRD, Pérfidos Cu-
Mo, porfidos - skarns, Cu-

Au-Fe IRD, U-W-Sn-Mo-U
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Contenido en roca (ppm)

© 220 ppm-2141 ppm
@ 2141 ppm -4220 ppm

Franjas

metalogenéticas:
VIIL L 1, XV, VI X

10CG, Au
metasedimentos, U-W-
Sn-Mo IRD, porfidos-
skarns, Cu-Au-Fe IRD,
VMS
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Venillas de calcopirita en pérfido Don Javier

Contenido en roca (ppm)

o 0.22% - 14.4%
@ 144%-17.2%

Franjas
metalogenéticas:

Xi, VL X, X, XV, 1

Ti io fandehion:
Parfidos, I0CG, Au IRD,
pérfidos Cu-Mo, pérfidos
skarns, Cu-Au-Fe IRD, U-
W-Sn-Mo, Au-Cu-Pb-Zn
IRD
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‘V\\ @ 39 ppm- 140 ppm
@ 140 ppm -788 ppm

© 455 ppm- 1146 ppm \ e
@® 1146 ppm -4019 ppm
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Prospeccion de nuevas areas por elementos criticos: integracion de sistemas minerales

(l\\?al})é%'e Prospectividad Mineral: integracion de datasets por
Inteligencia Artificial (ensamble Random Forest + Redes

Litio asociado a magmatismo peraluminoso.
Criterios de creacion y seleccion de datasets
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Mapa de
Prospectividad Mineral:

Integracion de datasets
por Inteligencia
Artificial (ensamble
Random Forest +
Redes Neuronales).
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Los minerales criticos son
predominantemente

subproductos

Zn + (Cd, In, Ge, Ag)
ek (5 Ty Cus Wi, i)

Necesidad de
estudios de quimica
mineral

@ Main Product @ 50-75% By-product
@ 75-100% By-product (@D 25-50% By-product

() 0-25% By-product

(O Unquantified



¢ Qué trabajos adicionales se deben realizar para conocer el potencial
de minerales criticos del Peru?
Recuperacion de la actividad metalargica

Peru presenta un potencial metaltrgico debido a la diversidad de minerales
estratégicos que se encuentran presentes en los concentrados polimetalicos
y de cobre.

1‘ Unidades Mineras que ejecutan la refinacién como parte de su proceso de beneficio:

r \( \( @

Refineria cobre llo
Refineria de Zinc Cerro Verde

Mina Justa
Cuajone

[ I i
o e

& » Funsur
Cajamarquilla

T SEEINADO +!
> TANDO KEFINADOD
" h.flﬁn'hl"--:- ".nk\'%fz\."lrnnhn.i:—;'x.“r\" 4
SR iy v
T y
\ 12




FORO DE

: 35l bemneeNieros '
Za\ PERUMIN |~ pemiNAS TECNO L@I/\

LZFS0N 37 CONVENCION IMINERA % DELPERU INNOVACION Y SOSTENIBILIDAD

LA OROYA EN SU MAXIMO ESPLENDOR

Cerro de Pasco y CENTROMIN PERU generaron
mas de 32 productos y subproductos en el
complejo metalirgico (Cu, Zn, Ag, Pb, In, Bi,
Au, Se, Te, Sb, entre otros), los mismo que la
industria del futuro requiere.

“Perd debe retomar la
tradicion metallrgica, de
forma sostenible y
ecoamigable”
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Critical Minerals and
Rare Earths:
Expectations and
Opportunities —

A Regional Perspective

———

Dr. Herwig Marbler P
[V
German Federal Institute for Geosciences BGR .

and Natural Resources — BGR @
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EU-CRMA: Strategic Projects

Spain
Finnland
Portugal

Italy
Romania
Sweden.
Germany
! Poland
Belgium
Czech Rep.
| Greece
Estonia
France-Namibia-Germ.
Outside the EU

2 4 6 8 10 12 14

(=]

13 Countries within the EU 60 strategic projects:

France ? 47 within the EU
and 13 outside

13 countries outside the EU

Brazil Sieenlandi GB Canada

Kazachstan Madagascar Malawi New .
Kaledonia
Serbia South Afrika Ukraine Zambia

Blue background: Projects are located on the European continent
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Typ of the projects
mB Mining

W Processing
Ki

& combined mining and processing
HR
@ s, Recycling

Substitution

14 strategic raw materials

Lithium
(Batt.)

Graphite
(Batt.)
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European REE projects and initiatives
RE-Mining projects in Europe

Kukisvumchorr u. a.

e Per Geijer (Kiruna) @
Kvanefjeld % >0rjartoq ;
Krin%/erne D Motzfeldt Kon{/oaho .Katajakangas
(Tanbreez) Norra Karr
Gronnedal

Fe
. .. Olserum

@ Storkwitz
@ Aron/Gras
@ Rare Earth Projects
. Canakli
Important Rare Earth Projects Vale de Cavall® (Aksu Diamas)
» Heavy Minerals Sand Projects @ ©
with Monazite Eskisehir Beylikova

(Kizilcabren) — —
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ST S AR = QC()C

Solvay S.A.

[ Separation plant in production
B Separation project
[0 Recycling & primary project
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s% in production
* projects
* RE-alloy producer
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German REE imports

;000 China's exports of permanent magnets with REE

6,000

5,000 k

4,000
3,000
2,000
1,000

0 ! - . ' .
1 2 3 4 5 6 7 8 9

M Germany M USA [ KoreaRep. [lVietnam Mindia

100 11 12 13 14 15 16 I

Witaly MRoW

Tons

Tons

SRR
ST Yy,

BGR __
&

Germany'‘s imports of REE

FORO DE

TECNOLCOSIA

INNOVACION Y SOSTENIBILIDAD

- 100%

~80%

- 60%

~40%

=20%

200 ’v\/vv‘/\——\/\/\/
150
2
100 =
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£ ere = g =

50 - = ——
i ymm =

0

12 3 45 6 7 8 91011121314151617 1819202122232425

Imports from China [t] B imports from RoW [t]

sl with REE
3,000
2,500 mm B Fm
2,000 - -
1,500 ]
1,000
500
0

123456 7 8 9 101112131415 1617 18 19 20 21 22 23 24 25
Imports from China [t] W imports from RoWw [t]

- 0%

== China's Share

- 100%

- 60%

= 40%

~20%

- 0%

== China's share
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Strategic dependencies and risk of supply chain disruption on REEs

Malaysia 11%

Australia 9% ' Eus '
$ROW 1%

EU 1% " EU<1% China 23%
/ \ ROW 19%

/’

ROW 7% | ﬁlrudm 1%

China 60% China 87%

Rare Earth Oxide Rare Earth Oxide Rare Earth Permanent Example:
Mining Processing Metals Magnets Wind Turbines

Fig. 3: From rare earths mining to wind turbine manufacturing: estimated market shares in 2018, Sources: Team analysis and Roskill 2018; Adamas Intelligence 2019; Peteves 2017;

Carrara et ol. 2020; IEA 20217; USGS 2021. . )
Source: European Raw Materials Alliance (ERMA), 2022
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REE demand and processing in
qr%Em?sQ* RE compounds (including scandium) to Germany in 2023: 5,249 t

REE-Applications and executing German companies (selection):

0 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, Stolze Lausitz GmbH, Carl Zeiss Jena, Heinz-Glas-Gr.

Medical technology (Gd oxide contrast agents): Bayer AG

O O O 13

Foundry supplies (Ce, La alloys): ASK Chemicals Metallurgy GmbH
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REE recycling in Germany

The main focus is on recycling NdFeB magnets

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 ‘
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Minerales criticos y tierras raras: Oportunidades, una mirada regional

BATTERY METALS IN PERUVIAN
MINERAL DEPOSITS:
BEYOND THE OBVIOUS

Dr. Lisard Torrd

\\Li. PUCP [torro@pucp.edu.pe
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Critical metals: lists that are not set in stone

” s Government Gouvernement
50| . Critical 2023 = N
- = N\ — European of Canada du Canada
+ Non-critical 2023 = =— Commission .
— == Aluminum Molybdenum
HREE ‘
Antimony T L Nickel
4.0 Bismuth : Vo [ , Niobium
| *Nb . o
! Cesium . Vo f / ; Phosphorus
p = *Mg \ ‘ \ ‘ f / f
x LREE Chromium —— Platinum group metals
: B . )
e : ' Cobalt } Potash
2 3.0 |
m [ : _,-'/
> , P Copper ————— Rare earth elements
o ‘ g )
| G .
g . & Fluorspar . Scandium
i | X & ™M . / / .
i Sce Gallium /S ’— Silicon metal
2.0 | v
A Li Sb Germanium —— ) & Tantalum
| - . by 33 .Bj
ural Taak wo iy e, . . 4 1
Natural Teak "‘)O.d ki Be Titanium metal Graphlte ' ’ - Tellurium
| Feldpar Hf e ; ~
z : . JBaryte " i . Tin
Sapele wood ! He ; JAl Mn W :ell:m . AN
5 & i e TR . R ! 19 'pUrlty ) Titoni m
Perlite; Xe Zr Sne Ag Mo iron ore v
! D . g .
in :N:' Kr sMagnesite T i K _ Indium ———__ _——Tungsten
y P [ Fe .
Diatomite* 1 *+Silica 'eC.d Wyt Lithium —— Uranium
Rouhdwood ! Talc %, 40 . .
0.0 . Magnesium ___Vanadium
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 .
. Manganese Zinc
Economic importance

BTW: Which metals are critical for Peru?
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Government Gouvernement
of Canada du Canada

Critical Minerals are the

Building Blocks for the Green
and Digital Economy |

Recycling

Canadian Critical Minerals Strategy

UPSTREAM DOWNSTREAM

Assembly and
end-use products

Advanced
manufacturing

Geoscience and Mineral Intermediate
exploration extraction processing

https://Wwww.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?

HOW BATTERY CHEMISTRIES DIFFER, BY MINERAL CONTENT
FOR A 6OKWH LITHIUM-10N BATTERY

The name of the battery chemistry typically indicates the composition of the cathode.

[

LI

b

LITHIUM
COBALT
NICKEL
MANGANESE
GRAPHITE
ALUMINUM
COPPER

.~ STEEL

IRON

NMC811
Nickel (80%)
Manganese
(10%) Cobalt
(10%)

oKG
oK
39KG
5K6
45KG6
30KG
20KG
20KG
0KG

NMC523
Nickel (50%)
Manganese
(20%) Cobalt
(30%)

1KG

11KG
28KG
16KG
53KG
35KG
20KG
20KG
0KG

NMC622
Nickel (60%)
Manganese
(20%) Cobalt
(20%)

6KG

11KG
32KG
10KG
50KG
33KG
19KG
19KG
0KG

NCA+ LFP

Nickel Cobalt Lithium iron
Aluminum  phosphate
Oxide

BKG 6KG

2KG OKG

43K6 OKG

OKG OKG

44K B6KG

30K6 44K

17K6 26K6

17K6 26K6

OKG 41KG
EEENAE

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

THE KEY MINERALS IN AN

= EV BATTERY

CELL PART: ANODE CURRENT COLLECTORS
Ml 4] @ CATHODE @ CELLCASING

In 2021, nickel-based cathedes
powered 80% of the battery capacity
deployed in new plug-in EVs.

Lithium-ion batteri
of various miner:

W 60-kilowatt-hour (kWh) capacity contain
around 185kg*® of minerals.

Aluminum and copper foils are t
used as current collectors for the
cathode and anode, respectively.

Cobalt is the most expensive
battery metal, increasing battery life
and energy density.



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

Battery metals in Peruvian deposits

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

o
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MACUSANI LiTHIUM




Battery metals in Peruvian deposits

Volcanogenic lithium deposits - Macusani Volcanic Field

Lithium-ri

ch 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]

’ w

Geologia de campo 1 (2022)

THE CONVERSATION

https:/theconversation.
com/deep-seabed-mini
ng-plans-pit-renewable
-energy-demand-again
st-ocean-life-in-a-largel
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Battery metals in Peruvian deposits [Co, Mn]

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

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

Trapiche main Excelsior limestones ‘//* Manto East 2 and 3

manto outcrop

Excelsior pyhillite
Ni-Co-rich mineralogy [incl. /
ml-sg/vl-cb-ger-tuc-td/tn-sl-py-apy-cpy-gn] /

250 m

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

Paleozoic (Excelsior Group basalts) - basement sl

LEGEND
: Mesozoic and older sedimentary rocks Cenozoic instrusions and volcanic rock
’ “©Ar-*Ar age
Bl Cretaceous Late Miocene constraints o
B Juresic Early and Middle Miocene U/Pb zircon
I Triasic - Pucara Gr. age contraints
B Triasic - Mitu Gr. Oligocene Age contraints from

Eocene Intrusive rocks other sources

Paleocene/Eocene volcanic rocks Non-o?n%aésonal X
Operational mine x
Distritic | 8

Devonic - Excelsior Gr.

Paleozoic
I Upper Cretaceous and Paleogene Intrusions
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Cu - The greenest metal

Global Refined Copper Consumption
1900-2022

Copper consumption has roughly
doubled every ~25 years
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il 2250 SELG 205D [E00 BN BTW: Which metals are critical for Peru?

Congo (Kinshasa) 2,930 3,300 2,170 2,500 80,000 )

Peru 2,760 2,600 403 390 100,000 | am sure that Cu is one of them!!

China 1,820 1,800 12,000 12,000 41,000 , .

S T— 1130 1100 o - 47,000 As for the other elements, let's discuss

Indonesia 207 1,100 £ 330 21,000 Peru, dream land for either worldclass and much

World total (rounded) 22,600 23,000 27,000 27,000 980,000 .
unexpected geology/deposits

In any case, we need better knowledge of our
resources (national effort)



Take-home messages (®

*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
H cQué hace una piedra como tu en un sitio como este? Ji

H cQué hace un elemento como tu en una priedra como esta? J3
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.
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Thanks - on behalf of the whole research team @
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Main products, by-products, and a new definition @

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

@D Main Product @D 50-75% By-product () 0-25% By-product () byproduct @B main- or coproduct G eolog iSt, Nevada Bureau of Mines and
@B 75-100% By-product 25-50% By-product () Unquantified @B co-or byproduct Geol Ogy]

related to Au, Pb, Zn, Cu
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