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Foreword

After 11 years of activity of the LabEx RESSOURCES21, we started a reflection on the research

program which would be likely to continue under the impetus of Lorraine University of Excellence

after the end of the LabEx in 2024. The reflections resulting from the discussions with the

members of the LabEx and with other laboratories from Université de Lorraine have led to a

research program entitled Sustainable supply of critical metals for energy and digital transitions:

One step ahead for the future resources'. This unifying program (whose actors are identified in the

Figure below) aims to address the entire metal value chain of energy and digital transitions by

focusing on the role of primary resources and secondary resources in the circular economy. This

proposal will be refined during the year 2023, and we will know whether this research program

will be selected by Lorraine Université d’Excellence during the year 2023 for a start in 2025.
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Foreword

In 2022, the LabEx funded Education and research actions, as it does every year. The LabEx

notably contributed with Lorraine Université d’Excellence and the EIT RawMaterials to the

development of an e-learning program on the circular economy focusing more particularly on

the value chain of metals (SPICE-MP). This e-learning program in French and English was made

possible thanks to the involvement of 14 researchers. During 2023, this program will be enriched

with visits of industries, interviews and a book. This year, the e-learning program was 'tested' by

MSc students from the engineering school of Geology (ENSG), by students from the DENSYS

Master's program and by 13 PhD students from the Doctoral School SIRENA from the Université

de Lorraine. Positive feedbacks encourage us to continue to enrich the content. This program will

be extended in 2024 to the Greater Region as part of the University of the Greater Region.

The call for projects 2022 of the LabEx was dedicated to all the main targets supported during the

last four calls, i.e. nickel, rare earths, lithium and associated rare metals, gold in Guyana. The call

covered all the approaches that made it possible to complete the state of knowledge on the

geochemical cycle of these metals and the methods of processing primary and secondary

resources containing these metals, the environmental, societal and economic impacts of mining

and extractive metallurgy as well as the development of tools for acquiring, extracting and

consolidating data in order to feed databases and models. This led to the financing of 43 research

projects for a total of 3 121 731 euros, making it possible to fund 18 doctoral students and 17 years

of postdocs in addition to 46 MSc internships.

This activity report for the year 2022 will not only allow you to learn more about the progress of

our research teams but also about the various actions of the LabEx.
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Quick facts

LabEx RESSOURCES21 activity since 2012

International 
networking

People

Conferences
and workshops

Funding Shanghai ranking
ARWU (mining) in 2022

Education
Production

Research

136 Research 
projects

4 Major
programmes

40 PhD 
graduates

39 Post-
graduates

184 Masters

329
Publications with 
LabEx RESSOURCES21 
signature

3
Privileged countries for 
international collaborations: 
Australia, China and Canada

74 Academic 
staff members

1 Scientific chair

4 Senior 
researchers

15 International 
visitors

3 Long research 
stays abroad

8 co-supervised 
PhDs

Collaborations

5 Workshops

8 Major annual 
conferences

2 Thematic school

17

Université de Lorraine –
the first European
University in Mining and 
Mineral Engineering 
since 2020

13 M Euros for 
14 years 

5



Research Highlights
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Integrated project on

Nickel
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Integrated project on

Rare Earth Elements

REEs
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Integrated project on 

Lithium

Li
3

Lithium

6.9410

19



20



21



22



23



24



25



26



27



28



29



30



31



32



33



34



35



36



37



38



39



40



Beauvoir programme
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Critical metals are the metals supply disruption of 

which can entail severe industrial and/or economic 

consequences for sectors such as renewable energy, 

mobility and defense. Since these metals are associated 

with significant supply risk, there is a strong interest in 

exploring their alternative sources. A good example is 

lithium. This metal was listed as a critical metal for the 

European Union in 2020. The currently used lithium 

comes from the Andean salars and from granites or 

lithiniferous silicate pegmatites (lepidoolite, or 

spodumene). There is currently no significant lithium 

production in Europe but several prospects are 

underway. 

According to the studies of Deetman et al. (2018) 

and Mulvaney et al. (2021), the global demand for 

lithium could increase tenfold between 2015 and 2050, 

mainly due to the demand on materials required for the 

production of lithium-ion batteries for electric vehicles. 

The same authors report the possibility of depletion of 

current lithium resources by 2060-2090 (Mulvaney et 

al., 2021). The search for new resources is therefore 

essential to meet the future demand. 

In the framework of a collaborative research 

program between LabEX RESSOURCES21 and 

Imerys, the granite massif of Beauvoir will be examined 

from the mineralogical, geochemical, and metallogenic 

perspectives. The work focuses on the formation of 

intrusion (age, nature of magmatic processes leading to 

the formation of hyper-differentiated granites), the 

mineralogy of critical or strategic metal carriers, such as 

Li, Nb-Ta, Sn-W, and the most efficient methods of 

separating the rare metal-carrying phases. 

The Beauvoir site is located in the Échassières 

district, Auvergne-Rhône-Alpes region, 470 km from 

Nancy (Figure 1), in the north-east of the French Massif 

Central. 

 

Figure 1 – Geographic location of the Beauvoir site  

Beauvoir site has been exploited by Imerys for 

kaolin production for several decades. The site 

comprises a quarry and a plant that employs size- and 

gravity-based separation. These methods are among the 

“greenest” separation techniques because they do not 

require the use of reagents. 

In January 2022, seven researchers, four doctoral 

researchers and two engineers affiliated to CNRS, 

GéoRessources, and CRPG – members of the Université 

de Lorraine belonging to LabEX RESSOURCES21 

visited the site for the first meeting between the 

scientific and the industrial teams (Figure 2). 
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Figure 2 – The scientific team of LabEX RESSOURCES21 and the industrial team of Imerys working on the Beauvoir project 

Geological setting 

Owing to the works conducted by the teams of the 

GPF scientific drilling campaign (synthesis in the 

special issue of Geology of France (1987), and Cuney 

et al. (1992)), the subsoil structure of Beauvoir was 

proposed in accordance with the schematic 

representation given in the Figure 3. 

 

 

Figure 3 – Schematic representation of the Beauvoir granite 

(Géologie de la France, Aïssa et al. (1987) et Cuney et al. (1992)) 

The project 

The LabEX RESSOURCES21 scientific team is 

composed of ten permanent researchers, two post-

doctoral and five doctoral researchers. The project 

comprises three major axes: 

First axis – Geology 

The actions of this axis of the project are aimed at 

establishing the relationship between the distribution 

and the content of rare and critical metals and magmatic 

and hydrothermal phenomena, along with the use of 

geological dating methods to understand the formation 

of pluton over time. 

Axe 2 – Characterization 

The actions of the second axis of the project are 

dedicated to: (1) the development of portable tools 

designed to detect and quantify in a fast and practical 

manner the rare and critical metals and (2) the 

establishment of the relationship between geochemistry 

and mineralogy of the studied rocks. 

Axis 3 – Processing options for metal recovery 

The third axis is dedicated to the development of 

a processing route suitable for the recovery of lithium-

bearing minerals and phases-carriers of other rare 

metals such as, for example, Nb and Ta, using gravity 

and flotation separation methods, coupled with 

modelling tools. 

 

The visit to the Beauvoir site 

Despite the difficult sanitary situation in January 

of 2022, the scientific team was welcomed on site for 

one and a half days in strict compliance with all health 

and safety regulations. 

On the first day of the mission, the scientific team 

(divided into three groups in accordance with the 

scientific interests) visited the kaolin quarry (Figure 4) 

and the drill core storage facility. 

43



 
Figure 4 – Kaolin quarry. Beauvoir, Imerys.

The geologists and engineers of Imerys presented 

the general drilling plan for the years of 2021-2022, the 

equipment installed on the site, the various aspects of 

the sampling procedure, how geological anomalies are 

treated and the methods used to capture the 

representative images of the cores. The acquisition of 

the core images is conducted in a closed black box, 

where the cores are exposed to light with constant 

characteristics, as well as UV light. Each core is 

characterized with three images: wet core, dry core and 

core under UV light. If necessary, color tablets are 

introduced for reference. 

At the drill core storage facility, doctoral and 

post-doctoral researchers were able to make their first 

pre-selection of samples for their future studies. 

The following half-day was dedicated to the 

exchange between the industrial and the scientific team. 

The doctoral and post-doctoral researchers presented 

their research projects and their strategies to achieve the 

set objectives. Between the presentations, short Q&A 

sessions with the members of industrial team took place. 

The visit concluded with the demonstration made 

by the representatives of the «characterization» axis, 

which consisted in presenting the portable tools and 

showing their use directly on the drill cores coming 

from the new drilling campaign; LIBS (Laser-Induced 

Breakdown Spectroscopy) was presented by Naila 

Mezoued (Figure 5) and the XRF (X-ray fluorescence) 

by Jean Cauzid. 

 

Acknowledgement 

The scientific team wishes to thank Imerys and 

the geologists and engineers of the Beauvoir site for the 

excellent welcoming visit. 

 

Article written by: Michel Cathelineau, 

Alexandre Chagnes and Olga Chernoburova 

 
Figure 5 – Demonstration of the the portable tools (LIBS) by 

Naila Mezoued 
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Integrated project on

Gold in French Guiana
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LabEx R21 Education Committee

Led by Antonin Richard, Associate Professor and Lecturer, the Education Committee (EC) of the LabEx R21 is
composed of 15 members, each involved in teaching and/or research activities in Labex R21 at the Université
de Lorraine (UL). The role of the EC is to encourage, develop and implement the initiatives in higher
education. To do so, LabEx R21 launches a call for educational project proposals every year. The actions
covered within these proposals are listed below.

Master internships
The second year Master internships are of high importance to the Labex R21 EC as they represent a stepping
stone for PhD projects of R21. In 2022, the EC has granted nine MSc internships (representing 54 months of
scholarships for students, 30 k€). The internships took place in laboratories of the LabEx R21 community (LSE
– 1 project, CRPG – 1 projects, LIEC – 2 projects, GeoRessources – 5 projects).

Equipment for education
Equipment for education is one of the priorities of the EC as it helps the students to learn in the best
conditions and acquire up-to-date practical skills. In 2022, LabEx R21 has dedicated 14k€ to the project
“Equipment for field trips” proposed by Cécile Fabre on behalf of the Département Géosciences (DG), the
Ecole Nationale Supérieure de Géologie (ENSG) and Master Gestion de l’Environnement (GESTE) of the
Université de Lorraine. This project allowed to provide the BSc and MSc students studying in geology,
geophysics and hydrology with modern portable equipment for the field studies, enabling them to learn how
to acquire and process the quantitative data from the field – a key skill for every student aiming to work in
industry or academia.

Field trips and workshops
The field trips and workshops are another key component in the successful student training. In 2022, the EC
has co-funded several field trips and workshops organized by DG and ENSG. A recently organized co-financed
field trip (5 k€ LabEx R21, 1 k€ CREGU, 0.5 k€ ANDRA) took place in France. It allowed 15 second year master
students of DG to familiarize with the past and present rare metals and uranium mining activities in the
French Massif Central. Another four-day trip was funded to the Congrès de la Société de l’Industrie Minérale
in Lille (France) for 16 third year ENSG students (4.6 k€ Labex, 5.5 k€ SIM, 3.6k€ ENSG). A three-day trip was
funded to the Ecole Thématique Ressources Minérales (CNRS, BRGM) in Orléans (France) for 15 second year
master students (3.0 k€ Labex).

Invited professors
LabEx R21 encourages the mobility of professors with unique competences trough financially supporting the
visits of the invited lecturers to the UL and the educational missions of the LabEx R21 members to partner
universities. These activities allow to enrich and keep updated the educational programme of the students of
the Université de Lorraine and to further contribute to the LabEx R21 international recognition. In 2022, the
EC has funded the venue of Michel Jébrak (Emeritus Professor at UQAM, Canada) for a 20-hour course on
Economics and Geopolitics of Mineral Raw Materials for Masters in ENSG and Ecole des Mines (2.5 k€). The
EC has also funded travelling expenses for Emilie Thomassot (Lecturer at ENSG / CRPG) to the Université de
Guyane where she gave a 36 hours course of Geochemistry at the BSc level (1.9 k€).

67



Thematic doctoral school in 
Saxon-Sion, Lorraine, France

The 8th edition of doc-ECE on Green Hydrogen Production in the Circular Economy has taken place
in Colline de Sion near Nancy (France) in November of 2022. This edition hosted by the University of
Lorraine, LabEX RESSOURCES21 was open to any PhD candidates or recently graduated students
with an affinity for developing new business models in a world of limited resources. The thematic
school welcomed participants from various backgrounds, including: science and engineering
(materials, chemical, electrical, and manufacturing), business and economics, law and product
design.

The doctoral school was aimed to bring together highly motivated PhD candidates from a variety of
disciplines to foster entrepreneurial thinking, increase their awareness regarding circular economy
opportunities and provide them with skills and tools to translate technological ideas into relevant
and viable business initiatives for a more sustainable future.

The core of the programme was the intense 5-day winter school during which the participants were
working in multidisciplinary environment solving a challenge provided by an industrial partner (John
Cockrill), while being coached by the doc-ECE experts and invited speakers. On the last day of the
course, the outcome was presented to a jury in the form of a business pitch.
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Thematic doctoral school in 
Saxon-Sion, Lorraine, France

In the framework of European project Doc-SUM-ECE (Doctoral Summer School on
Entrepreneurship in a Circular Economy) financed by EIT Raw Materials, University of KU
Leuven (Belgium), Université de Lorraine (France), Research Institute RISE (Sweden),
University of Liege (Belgium), University of Aachen (Germany), and Mineral and Energy
Economy Research Institute of the Polish Academy of Sciences (Poland) have gathered
twelve highly motivated PhD students from various disciplines and geographical origins
(Spain, Poland, Germany, France and Estonia) to reflect on sustainable hydrogen production.
This thematic school introduced the doctoral students to entrepreneurship and circular
economy and provided them with skills and tools necessary to make products and processes
more circular and sustainable, allowing to contribute to the implementation of the circular
economy in the technological sector.
In this multidisciplinary environment the students were able to work on the sustainable
production of hydrogen with the help of John Cockerill – the company recognized worldwide
in the manufacturing of electrolysers for hydrogen production – together with coaches and
scientific experts from partner-universities of this European project.

Alexandre Chagnes, main organizer and host of the thematic school in Colline de Sion

69



Figure : on the left - plenary presentation of a new lithium deposit discovered in McDermitt Caldera (Oregon,
USA), on the right - presentation of a new gold deposit discovered in El Salvador; some drill core fragments
exceed 25 g/t of Au

Participants: A.S. André-Mayer, Y. Foucaud, P. Ledru, A. Hauteville

Report by: Yann Foucaud, Alix Hauteville, Anne-Sylvie André-Mayer, Patrick Ledru
Summary and translation: Olga Chernoburova, Alexandre Chagnes, Michel Cathelineau

Since the 1930s, PDAC (Prospectors & Developers Association of Canada) convention has been bringing
together investors and exploration geologists in Toronto to find the financial means to exploit their discoveries.
In more recent years, the convention welcomes all mining professionals: exploration companies, mining
companies, geological services, investors, service companies and universities.

The members of the Université de Lorraine have attended the PDAC since 2012, bringing their contribution and
strengthening the collaboration between the University and the mining industry at the international level.

The PDAC convention gives us the opportunity among others to:

• Promote international student recruitment (in 2022, UL was the only participating University);
• Get in contact with international mining companies to promote the Master’s courses in the fields of

exploration, ore processing, and mining;
• Establish cooperation and scientific research activities with North American academic actors;
• Establish relations with the industrial players in the minerals business to potentially gain access to the

deposits they exploit with an aim of conducting academic research;
• Stay up to date with the current international mining projects and recent scientific works in the field of

prospecting and economic geology;
• Preserve or enhance contacts with European colleagues active in Raw Materials projects and show the

dynamics of the University of Lorraine to Europe (representatives attend PDAC since 2020);
• Contribute to the international reputation of the University of Lorraine.
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Postdoctoral fellows and 
researchers in 2022

Laboratory
PRT/
PRA

Subject Researcher

CRPG
PRT1, 
PRA4

Xp-PaREE : Premières 

contraintes sur les prémices du 

processus concentrateur en REE 

dans les magmas alcalins 

formant les principaux 

gisements sur Terre : 

contraintes expérimentales sur 

le partage des REE, et sur la 

série de différenciation

Dr Sumith Abeykoon

GeoRessources PRT1

Facteur d’enrichissement de 

nickel dans les minerais 

saprolitiques de Nouvelle 

Calédonie

Dr Yoram Teiter

GeoRessources PRT1
Minéralogie quantitative sur le 

granite de Beauvoir
Dr Steven Kahou

GeoRessources

PRT3,

PRT5, 

PRA1

Reconfigurations de la géo-

économie du lithium.Une

approche par les réseaux 

globaux de production (GPN) et 

les dynamiques socio-spatiales 

en Australie et en Amérique 

latine

Dr Vincent Bos

GeoRessources
PRT4, 

PRA1

Développement de la datation K-

Ar sur les micas lithinifères : 

chronologie magmato-

hydrothermale des 

enrichissements en Li

Dr Marie Gerardin

University of 

Queensland

PRT2, 

PRA2

Novel methodologies for 

measuring the metallome in 

(hyperaccumulator) plants

Dr Anthony
Van Der Ent
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Bastien JALLY

Defended on 22-02-2022

Expanding Agromining to the rare-earth elements: Key elements of success from a
chemical engineering perspective

Under the supervision of Marie-Odile Simonnot and Yetao Tang

Abstract

Agromine is a flagship theme of LabEx Resources 21. Widely studied for nickel recovery, it has been
explored for other metals and elements. As part of the Joint International Laboratory Ecoland
(University of Lorraine, INRA - Sun Yat-sen University of Canton), research conducted at the LRGP in
collaboration with the LSE have shown that it is possible to recover rare earth extracted from the soil
by phytoextraction, using the fern Dicranopteris dichotoma, from mine tailings from South China
(thesis of Z. Chour, defense scheduled for late 2018). The objective of the work proposed here is to
acquire more generic knowledge on the recovery of rare earths from the biomass of
hyperaccumulator plants, using hydrometallurgical processes. In addition, these plants also
accumulate aluminum, the recovery of which has never been studied. First of all, it will be necessary
to complete the knowledge acquired with Dicranopteris dichotoma. New separation strategies will
be considered to complement those already studied (precipitation, ion exchange). Optimization will
be sought, with a view to achieving an efficient process in terms of yield, and with low impacts on
the environment. Other plants have recently shown interest in the accumulation of rare earths and
aluminum, especially Phytolacca americana, a perennial herb, also present in temperate climates
(Yuang et al., 2017). This plant has very different characteristics of the fern, the latter being
distinguished by a high silica content. Therefore, the strategy of recovery of rare earths will be very
different. To sum up, the scientific objectives concern the hydrometallurgical separation processes
that make it possible to valorize the rare earths and aluminum contained in the biomasses of the two
types of accumulators, including the understanding of the solid phase and solution speciation, the
mechanisms in play, the measurement of equilibrium and kinetics governing separations. Beyond
scientific perspectives, this research will identify one or more innovative processes that could then
be scaled up (from the laboratory to the pilot) for a possible industrial transfer (e.g. Econick). This
PhD thesis will be conducted under structure of LIA Ecoland, under the direction of MO Simonnot, Pr,
and B. Laubie, MC (LRGP) on the French side and Y. Tang, Pr, and RL Qiu, Pr (Professor @Lorraine)
Chinese side. A committee will be set up to include experts in agromine, including JL Morel, Pr (LSE),
hydrometallurgy, such as A. Chagnes, Pr (Géoressources) and mineral resources, particularly in rare
earths elements. The thesis proposal responds to a strong need for research in a field in full
development at the level of the various partners involved.

PhD theses defended in 2022
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Yujin JEGAL

Defended on 26-01-2022

In-Situ K-Ca and Rb-Sr datings and tracing by SIMS and LA-ICP-MS

Under the supervision of Cécile Fabre and Jean Cauzid

Abstract

Mineral exploration focused on deeply concealed targets at depth requires effective techniques
applicable in the field in order to identify ore-forming systems on a large scale and pathfinders to
locate ore on a smaller scale. According to the rapid development of portable equipment in recent
years, the importance of near real-time analysis in the field has been increasing by helping fast
decision-making support before laboratory requests. Spectroscopic analysis using individual
equipment has been widely used in the exploration of mineral resources, but it is rare to apply
integrated data from several techniques to characterize “vectors”, which provide variations in
lithology, geochemistry, mineralogy, and mineral chemistry. In addition, it is even rarer if the
combination of spectral data is obtained from various portable instruments. Therefore, this study
aims at reconciling geochemical data acquired from portable spectroscopic devices in order to
determine the best geochemical information from each technique applied by combining the
mineralogical and elemental information. Elemental and mineralogical data are provided in this
study by six portable techniques: (i) elemental analyses such as XRF and LIBS for major, trace, and
light elements, and (ii) mineralogical analyses such as Raman, VNIR-SWIR, MIR, and XRD to constrain
rock-forming, ore, and alteration minerals. The final objective of this study is to identify vectors to
the ore by applying the reconciled multi-spectral data obtained from the “real” sample in the Elvira
volcanogenic massive sulfide (VMS) deposit. To achieve this, step-by-step procedures were carried
out: (i) methodological understanding of each technique, (ii) establishment of a spectral database
consisting of naturally monomineralic minerals, (iii) design of a decision tree to classify by mineral or
mineral classes based on diagnostic bands, and mineral identification and quantification of (iv)
carbonate and (v) phyllosilicate minerals (i.e., trioctahedral chlorites and dioctahedral micas), which
are indicators of the target deposit. Several limitations of portable spectroscopy were confirmed
based on the device itself and the geological environment in the Elvira deposit. Nevertheless,
portable spectroscopy is effective in identifying the presence and compositional changes of various
minerals from heterogeneous rock samples. Therefore, spectroscopic analysis on-site can be one of
the vectoring tools to determine the implication for ore mineralization in hidden ore explorations.

PhD theses defended in 2022
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Ongoing PhD theses in 2022

Laboratory
PRT/
PRA

Subject Doctoral student

GeoRessources
PRT5, 

PRA 5.1

Multidisciplinary risk analysis of 

the mining sector for territorial 

planning. Development of a 

prototype decision support tool 

on the example of gold mining in 

Guyana
Nina Fermet Quinet

LSE/ LRGP

PRT3, 

PRA 3.2, 

PRA 2.2

Agromining and 

hyperaccumulation of gold by 

plants in French Guiana

Thomas Monnot

LSE/ LRGP
PRT 2, 

PRA2.2

Breeding the Ultimate

European Nickel Phytomining

Crop: A Biomolecular and Eco-

physiological Study

Sérigne Ly

GeoRessources
PRT3, 

PRA3.2

Development of boron extraction 

process within the framework of 

lithium recovery from brine: 

Case of the Hombre Muerto salar

(Argentina)

Abdoul Fattah Kiemde

LIEC
PRT2, 

PRA2.1

Multiscale analysis of the impact 

of lithium on microorganisms

Nicolas Fierling
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Laboratory
PRT/
PRA

Subject Doctoral student

GeoRessources
PRT3, 

PRT1

Portable, quick and quantitative 

analysis of light elements (Li, Be, F) 

in rare metal bearing felsic rocks: the 

Beauvoir case study

Naila Mezoued

CRPG/ 

GeoRessources

PRT1.1, 

PRA1.1,

PRA2

PRT1.1, 

PRA 2

BeauLiΥ: Understanding protracted 

differentiation and its role in Li & rare 

metals concentration: Petrogenetic 

evolution & assembly duration of the 

Beauvoir granite.

Nicolas Esteves

GeoRessources
PRT 1.1, 

PRA 2

The hydrothermal system of the 

beauvoir granite and its impact on the 

distribution of critical metals

Océane Rocher

GeoRessources
PRT31, 

PRT1.3

Geometallurgical evaluation of Li 

recovery by flotation from rare metal 

granites: mineralogical and textural 

variability study

Chloé Korbel

CRPG
PRT 1, 

PRT4

Reconstructing early orogenesis and 

sediment sources in the linking zone 

between the Alps and the Pyrenees 

(Late Cretaceous – Paleogene)

Julien Léger

Ongoing PhD theses in 2022

75



Laboratory
PRT/
PRA

Subject Doctoral student

LIEC PRT2

Faisabilité du traitement des eaux 

arséniées par la souche Clostridium 

acidisolis CK74
Xiating Chen

BETA
PRT 5, 

PRA 5.1, 

PRA 5.2

La durabilité de la forêt et de la filière 

bois en Guyane française : approche 

spécialisée par la modélisation bio-

économique
Guillaume Salzet

LIEC, CRPG
PRT2, 

PRA 2.1

Lithium et Santé-Environnement : 

Etude des effets in-vitro et in-vivo du 

lithium en milieu aquatique

Nicolas Dupuy

GeoRessources

PRT1, 

PRA 1.1,  

PRA 1.2, 
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Spéciation et écotoxicité des mélanges Cr/Ni dans un 
milieu ultramafique non soumis à des pressions 
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Laure Giamberini
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Assessment of the impact of sediment resuspension 
on the transfer of La and Gd from sediment to the 
water body and the impact on different trophic levels 
within a restricted biological community : biological 
approaches 
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