The LabEx RESSOURCES21 research project represents an integrated scientific and educational approach for the understanding, exploitation and environmental management of strategic metal resources for the 21 st century.

RESSOURCES21 addresses many challenges in terms of geology, mineral processing or environmental and ecotoxicological impact. Particular emphasis is placed on understanding the processes that lead to the formation of metal deposits, developing innovative tools for ore processing, and enhancing our understanding of the environmental impact of these metals once scattered throughout the ecosystem.

The scientific activity of the Laboratory of Excellence "Strategic Metal Resources in the 21 st Century-RESSOURCES21" project focuses on three main research themes, identified as priority tasks (1,2,3), and three complementary consolidation tasks (4,5,6):
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RESSOURCES21 is a 'LabEx -Laboratory of Excellence' (a Geosciences research project) funded within the framework of 'Investissements d'avenir' (Investment for the future) and operated by the French National Research Agency.

RESSOURCES21 is managed by the OTELO scientific centre (Observatoire Terre Environnement Lorraine -Lorraine Earth and Environment Observatory), the scientific pole of the Université de Lorraine (France) that unites the University's different Geoscience laboratories.

Global population growth, new technologies, and the growing needs of emerging economies such as China and India, are together contributing to an ever-increasing demand for metal resources. New applications for many metals, including the rare earth elements (e.g., Nd, Dy, Eu, Tn), rare metals (e.g., Nb, Ta, Sn, W) and metals such as Sb, Ge, Ga and In, are emerging every day, both in modern manufactured products and in technology related to carbon-free energy. This issue is therefore of considerable economic and strategic importance and presents numerous challenges in geology; geochemistry; 3D-modelling; the separation of metals present in low concentrations; the recycling, environmental impact and ecotoxicology of increasingly exploited metals; and the development of new sensors and systematic monitoring means. On the basis of these challenges, RESSOURCES21 has defined the following scientific missions:

• Acquiring a complete understanding of the processes associated with the enrichment and dispersion of metals in the environment; • Developing innovative tools for improving ore processing and metal extraction;

• Evaluating the environmental impact of these metals once dispersed across the ecosystem.

RESSOURCES21 research activities include PhD theses and postdoctoral research programmes that cover the complete metal cycle and several types of metal deposit. Two major three-year projects (one concerning the behaviour of Ni and associated elements (Co, Sc etc...) in supergene deposits, and the other concerning the rare earth elements) will combine and leverage the strengths of RESSOURCES21 over the next four years.

Education includes the training of students at all levels in the field of mineral resources, from exploration to exploitation and covering all of the associated environmental issues. Education is enhanced through the enrichment of existing courses and the setting up of new universitylevel training programmes such as Masters degrees. New academic programmes entirely dedicated to the metal lifecycles, from ore beneficiation to recycling, have been created, for example the Emerald Masters degree and the International Masters (Duby) in Raw Materials, Engineering and Risk Management.

Dissemination of knowledge is another of the LabEx RESSOURCES21 core objectives. This operates across different areas:

• Towards industry, via specific links with industrial partners. RESSOURCES21 laboratories already have long-established interactions with industrial partners through the GOCAD consortium for 3D-modelling and reserve estimations, and through CREGU, a subsidiary company of Areva, the world leader in uranium exploration;

• Towards the general public, through exhibitions and conferences; • Towards political representatives. At the national and European level, the 'LabEx' label and financial means have allowed the RESSOURCES21 researchers to stabilize and enhance their standing in European networks and to increase their level of participation in the submission of European funding proposals.

A comprehensive report (in French) on the activity of the LabEx during the first two years (2012)(2013) was published in early 2014 and is now available on the website. The present report provides a summary of the main activities conducted and funded by RESSOURCES21 between 2011 and 2014.

We hope that you will find this report both informative and enjoyable to read.

F. Villiéras and M. Cathelineau highest potential. The LabEx have a mandate to construct an integrated agenda of research, training, and promotion of projects, and they are in an optimum position to implement innovative teaching methods. The funds provided to the LabEx are public subsidies that complement the financing efforts of the participating research centres and universities.

RESSOURCES21: UNDERSTANDING AND MANAGING STRATEGIC METALS IN THE 21 ST CENTURY

Our country faces great challenges, and in light of these the government has made an ambitious choice: investment. A competitive call for projects led to the emergence of the 'Laboratories of Excellence' (known as 'LabEx' in abbreviated terms). These projects aim to provide leading French laboratories with the means to compete with their foreign counterparts and to develop high-quality research policies and training programmes and valuable industrial links.

LabEx laboratories are encouraged to foster the emergence of ambitious scientific projects, whether developed by individual research centres or by groups of research entities. The idea is that these projects will attract internationally recognized researchers and teaching staff, so as to maintain a body of scientists in France of either the highest level or the Strategic metals are rare and non-renewable natural resources extracted from underground deposits. These metals, examples of which include nickel, antimony, gallium and other rare earth elements, possess highly specialised properties (e.g., electrical conduction, resistance to heat, torque or corrosion) that make them essential components in at least three major fields:

• Energy transition: in particular, solar energy (Ge, Ge, In), wind energy (Nd in the permanent magnets of generators), electric cars (rare earth minerals, Li batteries), low-energy light bulbs;

• The production of high-tech and high-value consumer goods such as telephones, computers, domestic appliances, aircraft, weapons and sensitive technologies (e.g., Au, Sb, rare earths);

• Increasing the strength of various tools and materials (e.g., W, Sc, Nb, Ta).

Global population growth (an estimated 9 billion people by 2050), the boom in and spread of new technologies and the growing needs of emerging economies such as China and India, are all contributing to an ever-increasing demand for rare metal resources. Given the potential threats to the supply of these metals (risk of disruption or shortages), the development of techniques and strategies for recycling metals has become a major economic and geopolitical challenge for all European countries. Unfortunately, recycling alone is not sufficient, and securing access to raw materials is essential.

To meet the challenges that lie in strategic metal supply, the Laboratory of Excellence "Strategic Metal Resources in the 21st Century -RESSOURCES21" has brought together a multidisciplinary team of researchers from the OTElo scientific centre (Observatoire Terre et Environnement Lorraine -Lorraine Earth and Environment Observatory), which is made up of four laboratories:

• LIEC (Laboratoire interdisciplinaire des environnements continentaux); • GeoRessources; • LSE (Laboratoire sols et environnements); • CRPG (Centre de recherches pétrographiques et graphiques).

The 100 projects selected from the first call included LabEx RESSOURCES21, which was awarded an AAA rating.

1. Understanding natural and anthropogenic strategic metal cycles and the processes of metal concentration (ore deposits) or dispersion in the environment; 2. Developing innovative tools for improved ore processing and metal extraction; 3. Evaluating the environmental impact of these metals once scattered throughout the ecosystem; 4. Developing new analytical tools for determining the distribution and concentration of trace elements within rocks and minerals, and for dating geological events; 5. 3D-Modelling of ore geometry and metal transport at corresponding scales in order to understand the distribution of metals and how ore deposits evolve over space and time; 6. Developing and refining biogeochemical environmental sensors to monitor the spread of hazardous elements and predict pollution patterns.

To achieve its goals, the LabEx RESSOURCES21 analyses the international industrial context, identifies the pertinent scientific questions and uses these findings to develop its own programmes. Several types of action are financed or co-financed:

• Short-term research programmes designed to stimulate emergent research; • Post-doctoral and PhD fellowships; • Integrated 3-year programmes on groups of metals that exhibit similar geochemical behaviour in the lithosphere and environment; • Exchange of researchers (hosting internationally-renowned researchers, providing fellowships for young researchers to travel abroad in collaboration with universities or industrial partners).

Endowments to research programmes include funds for post-doctoral positions, doctoral fellowships, and operating costs, as well as the cofunding of major analytical equipment.

Since the launch of the project, the activities of RESSOURCES21 have been organised as follows:

1. The Executive Board coordinates and implements the project's activities; 2. The Research Committee sets out the priority directions for research, education, organisation and strategy, and reviews the different scientific projects as they arise; 3. The Scientific Council issues opinion on the directions proposed by the Research Committee.

STRUCTURE AND ORGANISATION

Thanks to strategic seminars and thinking, we are gradually redefining the structure and organisation according to our needs. Within this new organisational framework, the Executive Board is now the central body that coordinates the activities of the project and represents the interface between political and operational levels. This structure relies on the combination of a top-down and bottom-up approach in order to connect the general strategy decided by the Executive Board and the operational committees. (An industrial committee is currently being created.)

The organisational chart below details the structure of the LabEx as well as its roles and tasks.

Board of Trustees

The LabEX R21 Board of Trustees includes the Chancellor and Supervisors from the Université de Lorraine, the CNRS-INSU (National Centre for Scientific Research -National Institute for Earth Sciences and Astronomy) and the INRA (French National Institute For Agricultural Research).

Its main mission is to validate the scientific, educational and developmental aims put forward by the Research Committee and to allocate the resources required to achieve them. It meets once a year after the Scientific Council.

The Scientific Council

The Scientific Council is composed of national and international figures renowned for their expertise in the scientific fields of LabEx R21, representatives of industrial groups and trustees, as well as members of the Research Committee.

It is a consultative organ that issues an opinion on the scientific, educational and developmental aims put forward by the different committees (emphasis on research)

The Executive Board

The Executive Board includes the LabEx Director, the development manager, the project assistant, the financial manager and the three committees directors (the Scientific Director, the Educational coordinator and the industrial coordinator)

The Executive board meets twice a month on average to co-ordinate and implement LabEx activities (Global strategy, coordination, organisation, visibility and communication of the project)

Research Comittee

The Research Committee is made up of supervisors from the six research actions and members of the Executive Board.

They meet 1/month in order to:

• Expertise and evaluate the scientific exploratory projects and allocate the resources • Advice and support the Scientific Director in the setting up of research strategy (Management and evaluation of the thematic programs)

•

Ensure the visibility of our science and animate the community in their field

Education and Science communication Committee

The Research Committee is based on the pedagogical committee of OTELo. It is in charge of the:

•

Definition of the pedagogical strategy to transfer knowledge from the various target audiences (students, school , general public) • Support and Developpment of international visibility of the Existing trainings programs • Expertise and evaluation of pedagogical exploratory projects and allocation of resources

Technology transfer Committee

The Research scientific committee will meet in average twice a year and will be in charge of: The RESSOURCES21 Executive Board has organised several strategic workshops involving all of the research action leaders. These seminars provided an opportunity for participants to share ideas and discuss different themes in order to develop a common roadmap and vision. In order to promote dynamics and cohesion, the workshops were generally organised outside of the university infrastructure, chaired by an external person, and were followed by some kind of informal activity. New ideas, statements of a common mission and a cohesive strategic plan emerged from these seminars.

The exercises were an important first step in allowing the participants to reflect on the concepts of "looking ahead", "comprehensiveness", cohesion and "targets to achieve". The management team will endeavour to ensure a continuous improvement mechanism that will allow convergence towards the strategic objectives defined. Strategic seminars will be organised at least once a year (preferably using creativity techniques to allow greater interaction with and between group members with a view to generating new ideas).

Our Roadmap begins with a statement of our mission and vision: Combining sciences to reveal the natural and anthropogenic cycles of metals and using innovative techniques to manage future deposits of strategic metals.

STRATEGIC PLAN

Strategic objectives Operational objectives

Produce new scientific and technological knowledge aimed at identifying and mining the deposits of the future («push» research) 

Identification of main domains eligible for LabEx research

Selection Monitoring

Results

Exploitation, Valorisation

LARGE PROJECT SELECTION PROCESS

TIME

Procedure for the management of the three-years projects.

Procedure for short project, see appendix, page 104.

MARKETING COMMUNICATION STRATEGY

In the RESSOURCES21 project, we believe marketing communication to be a strategically integrated process, rather than merely a promotion of our activities. Visibility and positioning form the basis of our entire strategy, and are thus fundamental to all of the actions defined in the strategic plan. For example, when talking about research communication, we refer not only to defining a target and producing support, but also to being recognized by the scientific community for conducting the best research, producing the best science, providing the best education and developing the best networks. For example, in order to carry out the best research, we need a strategy that will foster a common project and that will in turn unite and create leverage of strengths. We will then need to develop our visibility and networking through our participation in European projects, the organization of events and through establishing researcher exchanges.

It is thus a complex process in which all of the project's participants are involved. Marketing communication to develop excellence is therefore a comprehensive and wide-reaching process that includes all of the following:

• Developing a research strategy and fostering niche projects in order to create a leverage-effect across the community;

• Developing exchanges and attracting high-level researchers and PhD students (hosting and mobility);

• Attracting new students (supporting and developing international awareness of the existing training programmes in the field of Earth and Environmental Sciences at the Université de Lorraine);

• Reaching and informing our national and international partners and working towards better integration of issues relating to mineral raw materials in French research policy through restructuring of the research landscape;

• Developing new collaborations by becoming involved in strategic national and European projects and by participating in policy-making at an international level;

• Establishing a dialogue with and towards society in order to increase public awareness and understanding of relevant issues. This includes the creation and funding of "meeting places", shared projects involving science and society; and funding and/or developing dissemination and communication actions for the public and schools (student projects, development of new dissemination tools and actions with other scientific departments, organisation of conferences, debates, etc.).

In terms of international visibility and identity, we have chosen to present ourselves as the "Université de Lorraine" rather than as a project or federation of laboratories. We believe the university image be a more perennial and recognisable marketing brand.

Communication marketing is clearly intrinsic to all our activities and the visibility actions and descriptions of events linked to research, education or dissemination of knowledge are described at the end of each chapter (I,II,II) under the heading "Visibility". We chose to focus this (next) section on the marketing tools that were established for the promotion of the project (see next page). Energy and mineral resources are key elements for the development of industrial economies. After more than a decade of abundance followed by a deep recession in mining activity around the world, the raw materials sector is once again in the spotlight, and is likely to remain there. This can be attributed to a combination of key factors: the new and very strong demand from the emerging Chinese and Indian economies; increased demand across the rest of the world; and the perspective of diminishing reserves of energy resources. As a consequence, the prices of many raw materials rose by a factor of 5 to 10 in the few years leading up to the international monetary crisis of 2008-2009.

Although the mineral extraction industry represents only a limited part (~17%) of the global economy, access to a wide range of metals is decisive for homogeneous growth of the world's economies.

The work of the European Commission (report CE 2010) has shown that a certain number of elements, notably metals, are at risk of rapidly becoming the object of international rivalries because of their strategic importance to modern technology. Fourteen elements have been declared 'strategic' (Li,

OBJECTIVES AND CHOICE OF TARGET ELEMENTS

Co, Ni, Ge, Nb, In, Sb, Ta, Re, Pd, and four REE). In addition, the base metals (e.g., Cu, Zn, Fe), as well as U and Th because of their importance for the production of energy, are the subject of strong international competition. For several metals, including Ga, Ge, In, Sc, Te, and certain heavy rare earth elements, the available resources are quite limited (Watanabe, 2010).

It is therefore possible that we will soon be faced with a breakdown in the supply of metals. This is particularly true for Cu, Fe and Ni, as well as for other metals imported in large quantities from China and India. Political pressure may similarly limit the availability of certain metals. China, the world's almost exclusive producer of certain REEs (such as neodymium, essential for the production of permanent magnets in high-efficiency electric motors) is placing increasing restrictions on their export. Awareness of this issue has led national (SNRI 2009 -'Natural Resources' Working group report) and international (the 2008 European 'Raw Materials' initiative, the 2009 Declaration of Luleå and Report CE 2010 'Critical raw materials for the EU') policy-makers to initiate programs that support the exploration, production, recycling and environmental management of primary and secondary mineral resources.

The rapidly increasing global demand for metals has spurred increased

The first two years of the project were devoted to setting up and testing the governance system and to mobilizing researchers and teaching staff from the different research units. These activities took place within the context of the merger of four universities in Lorraine and the reorganization of seven research units into four from 2013 onwards (CRPG, GeoRessources, LIEC, LSE). The organisers and coordinators launched the first calls for projects and applications, and in 2012, four post-doctoral students, six PhD students, an assistant and a project engineer were recruited.

The RESSOURCES21 doctoral and post-doctoral research programmes cover the complete metal cycle, several types of metal deposit (Ge-bearing sulphide deposits, Sn-W deposits, Sc in laterites), and environmental issues such as the behaviour of rare earth elements (REE) in the environment and the development of biosensors. Several small projects were also funded with the aim of stimulating or testing new ideas. Full details of the scientific results are given in the sections that follow. In the context of investigating the processes of metal concentration, the LabEx RESSOURCES21 teams focused their research on several groups of metals: metals required for use in the photovoltaic sector (Ga, Ge, In); rare metals associated with felsic peraluminous magmatism (Nb, Ta, Sn, W); concentrations of metals in laterites developed on ultrabasic rocks (Co, Sc); REE in carbonatites and alkaline intrusions; and the environmental impacts of REE. Alongside this, the teams have continued to work on strategic metals of high economic importance (Ni, U, Au), for which they had already acquired an international reputation, and on the impact of trace metals (Cd, Ag, Cu, Ti) and metalloids (As) in the environment.

Between the end of 2013 and mid-2014, intense brainstorming culminated in the setting up of a three-year project (late-2014 to 2017) on the behaviour of Ni and associated elements (e.g., Co and Sc) in supergene deposits. The choice of these metals was guided by the fact that Ni is one of the most important rare metals produced by French companies operating in overseas territories, (e.g. in New Caledonia) and also that Ni is accompanied by a number of other metals that have rarely been exploited up to now, such as Co, Mn, Cr and Sc. Co-beneficiation represents one of the major challenges for society as most deposits are exploited for only one metal. Mining residues, which contain low concentrations of associated metals, could constitute the reserves for tomorrow.

The second three-year programme (mid-2015 to mid-2018) will be devoted to the rare earth elements. It is a well-known fact that China's rare earth industry constitutes more than 97% of the world's REE production. In addition, the use of rare earth elements has rapidly increased in the last decade as REE have become increasingly important components in clean-energy technologies such as electric and hybrid vehicles and wind turbines. RESSOURCES21 addresses several of the most important challenges linked to the problem of ensuring an adequate supply of critical and rare metals for the coming century (SNRI 2009 andCE2010 reports).

exploration, which must be accompanied by research aimed at understanding the geological cycles of metals and the factors that lead to their concentration. These include the mechanisms leading to their incorporation as trace elements in major minerals (for example, Ge in sphalerite), and their distribution on all scales, from the mineral, to the ore body, to the region, which remain poorly understood.

Prospecting and metallogenic systems

The objectives of research in metallogeny have changed significantly over the past thirty years. The development of sophisticated ore-deposit models, essential for prospecting (e.g. Hodgson, 1987) has largely been achieved. Interest is now focused on the construction of models of 'metallogenic systems', the main objective being to understand the complete source-extraction-transport-trapping-preservation sequence and its spatial and temporal dimensions. As shown by petroleum geologists, pioneers in this domain, developing such a comprehensive understanding is the key to discovering new resources, both conventional deposits, though situated at greater depths, and non-conventional deposits (lowconcentration resources and strategic metals for which the metallogenic process remains poorly known). Developing this understanding is the challenge of the 21st century for metal exploration. To meet this challenge, advances in fundamental research must be made using new approaches and tools that are somewhat analogous to those employed in the search for new hydrocarbon resources. In this light, it is clear that metallogeny is not confined simply to the study of ore bodies. Instead, this discipline raises fundamental questions concerning the processes of element transfer and concentration during the evolution of the lithosphere, in terms of conceptual understanding, quantitative characterization and integrated modelling. Today, most systems involving strategic elements remain poorly understood, both in terms of the geodynamic context of metal enrichment and of the processes of fractionation between magma, vapour phases and sulphides. Nevertheless, the situation is starting to change.

Economic ore processing of new metal resources

Under pressure from the changing global economy, the mineral industry, regardless of the resource in question, is confronted with major technological challenges to develop techniques for the exploitation of resources with low or very low concentrations of useful substances. For example, ores with concentrations of only several hundred ppm U are currently being exploited and the development of non-conventional resources, such as pyrochlore for U or refractory minerals such as brannerite, is envisione. Other technological challenges will be raised by the potential use of marine resources for the 'small metals' (e.g., In, Ge, Te) and by the exploitation of secondary resources, such as the mining residues from which the metal of primary interest is recuperated.

These major trends engender unprecedented technological and scientific situations: very low concentrations, wide dissemination, small property contrasts between the ore and the gangue, and processes in seawater. Many of the required technological breakthroughs will involve improved separation techniques, the efficiency of which depend on enhanced selectivity. For example, new resources in REE and other rare metals have been made accessible through the development of new separation techniques using combined energetic fields or fields of high intensity..

On a more fundamental level, the development of the technology necessary for the exploitation of these primary and secondary resources will lead to renewed investigation of: • The physics and chemistry of interactions between minerals and energetic fields (magnetic, chemical, mechanical, electric), either isolated or combined, that may intensify the fragmentation process;

• The molecular mechanisms of interaction with the flotation reagents.

• The reactivity of mineral phases: kinetics of mineral formation; element distributions; mechanisms at interfaces; mobility in supergene zone media; and processes moving away from thermodynamic equilibrium.

Strategic metals and choices made by LabEx RESSOURCES21

A review of the literature reveals a clear lack of data concerning (i) molecular and colloidal dynamic mechanisms for the transport of CMs in ecosystem compartments, (ii) the long-term ecotoxicity of environmentally relevant concentrations of CMs (hazard and risk assessment), and (iii) soil-to-plant transfers and the potential for bioremediation, mining and mineral processing strategies. There also appears to be a need to develop specific biosensors for environmental monitoring and survey.

Choice of chemical elements and organization of the research during the frst three years

The first of the LabEx studies have concentrated on three groups of elements:

• Elements required for energy transition: components in photovoltaics, such as Ge (In, Ga); • Rare metal elements used in materials (e.g., Sn-W, Nb-Ta); • Rare earth elements used in renewable energy (e.g., magnets for wind turbines, energy-saving lights).

Three-year projects

Intense brain-storming between the end of 2013 and the end of 2014 resulted in the setting-up of two 3-year projects on the occurrence, behaviour and environmental impacts of (1) 2014-2017: Ni and associated elements (Co, Sc) in supergene deposits, and (2) 2015-2018: the REE.

Environmental impact

The extraction of critical metals (CMs), their future uses, and the associated generation of waste, will raise new issues related to their potential impact on human health and the environment. Up until now, the biogeochemical cycles, bioavailability, ecodynamics and ecotoxicity of these metals have received only limited study. As is true of many other anthropogenic contaminants, disseminated metals can be found in ecosystems at varying distances from their sources, where they can have detrimental effects on living organisms. For instance, through adsorption onto suspended matter, metals can be transferred in underground and surface waters, resulting in harmful impacts on aquatic organisms and human beings.

The rare data available in the literature reveal various effects of CMs on human health. These include lung disease, genotoxic effects, carcinogenic effects and neurological effects. The most studied case is that of lanthanum, which, especially in China, is frequently used as an additive in fertilizers. La from the fertilizer accumulates in plants and is then transferred to human beings through the food chain. Understanding the links between speciation, bioavailability and ecotoxicity for such elements is crucial. At present, two main models, the Free Ion Activity Model and the Binding Ligand Model, are available for predicting bioavailability on the basis of simple speciation data, but these are applicable to only a limited number of metals. Furthermore, the models neglect the dynamic nature of equilibria in environmental systems and their predictive performance often remains limited. New models can be developed to assess metal speciation dynamics in colloidal suspensions by taking into account the geometry, hydrodynamics and electrostatics of the colloidal ligands. In soils, little is known about the fate and mobility of CMs or their interactions with the microorganisms that play an essential role in biogeochemical cycling. Critical metals are known to accumulate in microorganisms as well as in terrestrial and aquatic organisms. Specific effects related to atomic mass have even been reported. Vegetal and animal species have been shown in some cases to display bioaccumulating capacities for critical metals, although data remain relatively sparse. Examples include various fern species, squids and krill and freshwater fish such as carp. Despite the widespread and growing use of CMs in agriculture (especially in China), little information on the toxicity of these metals on organisms is available. The effects of La (together with a mixture of different CMs) on germination, growth (roots, seedlings) and the antioxidizing metabolism of durum wheat, have revealed significant changes in a few anti-oxidizing molecules considered as stress indicators. Cytological and cytogenetic effects of several CMs have been reported in the roots of Vicia faba. Negative direct and indirect effects of lanthanum have also been observed in crustaceans.

INTEGRATED PROJECTS

Ker olite -N i v e in s in u l t r a b a s i c u n i t s f r o m N e w Ca ledonia .

2014-2017: Cycle of Ni and associated elements (Co, Sc). Leaders: G. Echevarria and M. Cathelineau

Context and positioning of the project

The first project fits into the LabEx RESSOURCES21 strategic framework by way of the setting-up of three-year projects. The proposal for a research programme on the nickel cycle was linked to two important observations: • Before any consideration is given to the reactivation of mining operations in France, it is important to note that the main substances of economic interest for French companies and the political class (cf. report to the French senate dated March 2011) are gold in Guiana and nickel in New Caledonia, the latter being much more important than the former from an economic and societal point of view. Developing our understanding of the nickel cycle, from the exploration of ores to issues of processing and environmental impact, is therefore of high strategic importance for France. Furthermore, the numerous industrial demands related to Ni in New Caledonia are not covered by the calls for proposals from the CNRT (Centre National de Recherche Technologique).

• The potential and expertise of the LabEx RESSOURCES21 groups working on this subject is already very strong. The project will enable these teams to unite around a single theme and to enhance the visibility of this potential among the international scientific community.

General objectives of the project

The studies proposed in this project aim to contribute to a better understanding of the behaviour of the Ni-Co-(Sc) system and the lithospheric and biogeochemical cycles of these metals. The project will consider the processes of transport and entrapment of these metals in primary deposits (laterites and saprolites), and developing new concepts for the exploitation of secondary reserves (soils and technosols).

The stakes and innovative aspects of the project consist of the following:

• Testing a new concept of ore genesis to explain metal enrichment in saprolites and laterites, taking into account both the low-temperature 'hydrothermal' history linked to early deformational stages (syntectonic Ni and associated silicates) and the supergene processes. The modelling will allow us to test contrasting models (per ascensum and per descensum), in order to put forward new genetic concepts that will help improve the exploration and our understanding of ore volumes in New Caledonia.

• Scandium is a metal found in most geological formations but it has no specific deposit. Because Sc is relatively immobile under supergene conditions, it is enriched in residual soils. Preliminary studies conducted in New Caledonia point to the preferential accumulation of scandium within laterites. The objective here is to better understand: (i) the mechanisms of multi-metal incorporation, especially Sc, in goethite/hematite (e.g., Al, Cr, Co, Ni, Zn, Sc), through the development of in situ quantitative methods for the analysis of trace elements; and (ii) the effects of acid leaching or bio-hydro processing. While the preliminary studies conducted in New Caledonia suggest preferential accumulation of scandium within laterites, its geochemical behaviour during supergene alteration remains poorly understood.

• Pre-concentration of valuable elements (e.g., Ni and REE) from fine-grained low-grade ores and waste products: Most of the ores that will be discovered in the near future will certainly contain valuable elements (e.g., Ni and REE) in very low grades, typically 1% or less. These elements are finely dispersed among several minerals in the ores and new techniques will therefore be required to recover and separate them from the gangue minerals (for example in various nickel laterite ores, 75% to 90% of non-liberated Ni still remains after grinding at 15 microns). Flotation has so far been the most efficient and economical technique for recovery and separation of particles of more than 20 micron size (e.g., Ni in pentlandite). However, flotation is ineffective for fine-grained ores because of the low probability of collision between gas bubbles and particles in conventional flotation cells. Many mining companies therefore process low grade ores (such as Ni laterites) using other separation techniques, such as pyrometallurgy (smelting) or hydrometallurgy (leaching in alkaline or acid conditions e.g., with pressure acid leaching (PAL) or heap leaching (HL)). However, these procedures consume large amounts of energy and reagents (e.g., acid), have a high maintenance cost and can create environmental problems. In order to reduce the problems associated with the pyrometallurgical or hydrometallurgical procedures, we propose to pre-concentrate the valuable elements by removing gangue minerals that are not associated with these elements. This should reduce the quantity of ore that needs to be processed, resulting in a reduction of energy and acid consumption. The overall objective of the project is to develop alternative methods for the pre-concentration of valuable elements (e.g., Ni and REE) in low grade ores, and also in waste products, prior to applying pyrometallurgical or hydrometallurgical procedures.

• Understanding how hyper-accumulating plant species function and identifying the most suitable species for Ni phytoextraction or phytoremediation represent key steps towards optimizing their agronomical efficiency and value and defining strategies for the development and implementation of materials for the construction of technosoils. The objective is to optimize the biological refunctionalizing and sustainability of the ecosystem, either for phytomining or simply for stabilizing communities (plants, microbes).

• Better understanding the transfer of metals from the soil ecosystems to the hydrosphere and assessing their toxicity: The origin of high metal contents in ecosystems that have developed on ultramafic soils can be either natural or geologic, and these elements can be potentially transferred towards the aquatic environments (water columns, sediments and biological bodies). Contamination by Ni and associated metals can be exacerbated by mining procedures and by industrial activity associated with the mining operation. The objective is to develop and propose indicator tools for assessing metallic contamination of water in order to increase our understanding of mass transfers from soils to aquatic ecosystems.

In conclusion, the main research axes of this three-year project describe the surficial cycles of Ni and associated elements, including their anthropological cycles, and promote the development of new concepts and approaches.

2015-2018: Integrated project on Rare Earth Elements

The second three-year programme (mid-2015 to mid-2018) will be dedicated to the study of rare earth elements. The project is currently being finalised.

Rare earth elements (REE) are the subject of European and international research programmes and many projects are linked to enhanced exploration and to the intense search for clean and innovative ore-processing methods. Given this, the project takes into account: • Existing know-how and the studies already supported by the LabEx RESSOURCES21 that concern processes of fractionation at the magmatic stage (carbonatite volcanoes -PhD thesis of G. Mollex), studying the impact of REE on organisms (postdoctoral research -V.Gonzales), and the effects of gadolinium issued from hospitals and released into the environment (PhD thesis of E. Perrat).

•

Avoiding duplication of studies currently supported by European contracts.

The main scientific problems that were defined during the design of the 2015-2018 3-year project can be grouped according to the three main stages of the REE cycle.

Magmatic processes (Carbonatites/peralkaline intrusions):

• Enrichment factors at the magmatic stage and REE fractionation during magma crystallization; • Spatial and temporal distribution of intrusions, relationships with partial melting of mantle rocks, and geodynamics; • Processes of subsolidus REE redistribution in alkaline intrusions and their impact on mineralogy and ore processing.

Rare earth elements as indicators of hydrothermal processes, from the dissolution of REE-bearing phases (monazite, apatite, zircon) to their crystallization as newly-formed minerals (APS, P-thorite, Over the next four years, the LabEx RESSOURCES21 community will be deeply involved in activities associated with the two 3-year projects. There remains place for a third project but this cannot easily be defined at present. Several options are under consideration, but these very much depend on advances made in the projects currently in progress. We can envisage:

•

Enhancing the visibility of a theme that has involved considerable activity within the community, and has yielded particularly promising results, but for which the level of self-funding is insufficient; • Developing a new theme (for example, to investigate a new group of metals or type of ore deposit); • Reinforcing the analytical or methodological capabilities of the LabEx RESSOURCES21 teams.

The definitive choice will be made in early 2016 following prospective and strategic meetings.

CONCLUSION

P-Th-Si-U-(S)-Al system), in fluids containing Na-F-Cl-P rich fluids. REE may also used as markers of rock sources (dissolution of accessory minerals in magmatic rocks) when incorporated in gangue minerals (fluorine, carbonates) in U-F-Ba base metal deposits. Supergene mobility and environmental impacts: in particular supergene alteration of carbonatites and alkaline rock and the impact of surficial exploitation on the environment (the mobility of REE transfer and mineralogical expression in laterites (clays, phosphates) and the impact of dissolved or colloidal forms on micro-organisms). 

Georessources, CRPG GENERAL OBJECTIVES

The two main scientific questions addressed in this work programme are:

• Where are the metals for the future ?

• What are the processes that govern the extraction of metals from their source rocks, their transport in fluid phases, and their deposition in chemical and structural traps ?

Understanding ore genesis requires knowledge of the geochemical processes that govern both the solubility of metal-bearing species in source rocks and the transport and deposition of metals in specific traps. We also need to be able to precisely relate these processes to their geodynamic context in time and space, at scales ranging from the lithospheric plate (thousands of kilometres) to local traps (metres to hundreds of metres), with a particular emphasis on the metallogenic province (10-100 km).

The main scientific issues addressed concern:

• The large metallogenic systems that produce giant deposits. In particular, to what extent did magma genesis and partial melting during the growth of the juvenile crust contribute to early fractionation processes ?

• The key factors that lead to metal remobilization by fluids and fractionation of the fluid phases and the related physical-chemical processes that produce ores;

• The specific processes that lead to extreme accumulation in the crust, especially for metals whose cycles are only partially known (e.g. Ge, In, and rare metals -Nb, Ta, REE -that are present in trace amounts in The speciation in solution (in both the liquid and vapour phases) and the factors influencing deposition are also generally unknown for the strategic metals. To resolve this, there is a need for experimental metallogeny, magma characterisation, detailed mineralogical study, precise reconstruction of paleofluid compositions and conditions of migration, and dating of fluid events with respect to geodynamics. This is especially true for metals whose lithospheric cycles remain poorly understood.

In the first years of the LabEx RESSOURCES21 project, work has focused on four groups of metals that are considered to be critical raw materials due to their supply risk and the increasing demand for cutting-edge technologies:

• Metals used in the solar power industry (e.g., Ge, Ga, In);

• Rare metals (Nb, Ta) associated with peraluminous magmatism (Sn, W, Li);

• Rare earth elements in carbonatitic magma;

• Metals in altered basic rocks (Ni, Co, Sc).

I. BASE METAL SULPHIDE DEPOSITS HOSTING STRATEGIC METAL CONCENTRATIONS

Germanium cycle in sulphide minerals: elemental analyses and isotopic tracing.

(Rémi Belissont, PhD, Oct. 2012to Oct. 2015) The aim of this PhD project is to understand the mechanisms and thermodynamic conditions involved in the dissolution, transport, and deposition of ore minerals enriched in Ge and associated critical metals.

The originality of this work lies in the coupling of multi-scale elemental (Ge and related minor/trace elements) and isotopic (Ge, Fe, S) tracers in order to study compositional variations and isotopic fractionation on scales ranging from the ore deposit to zoning in individual minerals.

The study combines mineralogical observations and in situ LA-ICP-MS analyses of minor/trace elements and bulk Ge isotopes in Ge-rich zoned sphalerite from the Saint-Salvy deposit (SW French Massif Central). This integrated approach has allowed investigation of element distributions and substitution mechanisms and an examination of the wide range of Ge isotopic fractionation in low-T processes, and provides implications for the geochemical signatures of sphalerite ore deposits. The main results of the study have recently been published [START_REF] Belissont | LA-ICP-MS analyses of minor and trace elements and bulk Ge isotopes in zoned Ge-rich sphalerites from the Noailhac -Saint-Salvy deposit (France): Insights into incorporation mechanisms and ore deposition processes[END_REF] and are summarised below.

1. LA-ICP-MS proves itself to be a powerful tool for measuring in-situ trace and minor elements that occur as solid solutions in sphalerite. S2-3 ] clusters on the ZnS surface during growth [START_REF] Belissont | LA-ICP-MS analyses of minor and trace elements and bulk Ge isotopes in zoned Ge-rich sphalerites from the Noailhac -Saint-Salvy deposit (France): Insights into incorporation mechanisms and ore deposition processes[END_REF].

3. Applying multivariate statistics (PCA) to trace element features in sphalerite from Saint-Salvy and in other types of sphalerite ore has allowed us to establish a comprehensive framework with which to discriminate between different ore genetic types, as suggested by previous studies (e.g. In for magmatic-related hydrothermal systems, and Ge for low-T deposits). The role of the S 30-ion in thermochemical sulphate reduction: geological and geochemical implications [START_REF] Truche | The role of S-3 ion in thermochemical sulphate reduction: Geological and geochemical implications[END_REF] Thermochemical sulphate reduction (TSR) plays a crucial role in the global sulphur cycle in the Earth's crust and may affect current and past sulphur isotopic records. However, the extrapolation of experimental reaction rates measured at high temperature (above 200 • C) towards lower temperatures, as well as the interpretation of the sulphur isotopic fractionation recorded in natural samples, requires an accurate description of the elemental steps controlling these reactions. We have addressed this question by performing a range of specific experiments. Based on in situ Raman spectroscopy measurements, we show that, whatever the electron donor considered, the trisulphur ion S 3-is the dominant intermediate sulphur valence species involved in abiogenic sulphate reduction processes initiated by H 2 S, over a wide range of temperatures (100-350 • C) and solution compositions (Fig.

1.2).

The in situ spectroscopic data unambiguously demonstrate the presence of S 3-at temperatures as low as 100 • C. The presence of S 3-is crucial for achieving rapid sulphate reduction, especially in the low temperature processes that generally govern the co-precipitation of strategic metals (Ge, In) in base metal sulphides (Cu, Zn). We propose that any dissolved constituent which decreases the dielectric constant of water, or which yields favourable S 3-coordination, will stabilise the trisulphur ion (and thus promote TSR) at T and pH conditions that are less extreme than previously thought. The importance of S 3-in these processes should also be taken into account when discussing the mass-independent sulphur isotopic compositions recorded in natural and/or experimental TSR-related samples.

The second project raises the exciting possibility that thermal sulphate reduction (TSR) could provide a previously unconsidered means of producing mass-independent isotopic fractionations in sediments. To test this possibility, we are currently analysing sulphides and sulphates from sedimentary rocks affected by the TSR process, using both in situ and bulk techniques. The in situ analyses are performed on the Cameca ims 1280 ion probe at CRPG, and the development of a new set of sulphide and sulphate standards, essential for assuring the accuracy of these measurements, is currently under way. Bulk multi-isotope sulphur analyses are currently performed in Paris, at IPGP, but we are in the process of constructing a fluorination line that will allow such analyses to be performed at CRPG in the future. Munoz, ISTerre). Ge is enriched in sector zonings and is correlated to Cu [START_REF] Belissont | LA-ICP-MS analyses of minor and trace elements and bulk Ge isotopes in zoned Ge-rich sphalerites from the Noailhac -Saint-Salvy deposit (France): Insights into incorporation mechanisms and ore deposition processes[END_REF].

DATING K-BEARIN G MINERAL S IN ORE DEPOSIT S USING THE K-AR METHOD

The determination of the timing of processes is a fundamental parameter for any reconstruction and modelling of metallogenic processes. However, most fluid-rock interactions in sedimentary basins lead to the formation of relatively small minerals, belonging to a limited number of mineral groups: carbonates (calcite, dolomite, ankerite, siderite), silicates (quartz, clays, feldspars (Na, or K), and sometimes phosphates. Only a few of theses phases can be dated, especially amongthe K-bearing phases (K-Ar system). As dissolution of detrital K-feldspar and mica components is concomitant with crystallisation of authigenic illite, the induced isotopic resetting of the detrital minerals must depend on their size and on the temperature of alteration (coarse mineral grains being more difficult to reset at low temperatures ). For these reasons, separation of size fractions as small as possible is recommended , particularly in sandy sediments, but also for argillaceous sediments, as this will minimise contamination by coarser non-or partiallyrecrystallized K-bearing framework minerals (Clauer and Lerman, 2012). The objective is to set up a new K-Ar laboratory equipped with an in-house gas extraction line, an Argus spectrometer, and a preparation room including a flow-trough refrigerated centrifuge for the precise separation of finegrained fractions down to fractions of micrometers (0.2, 0.1 microns).

The line is almost finished and tests will begin in early 2015.
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EN HA NC ED PE RF OR MA NC E OF TH E CA ME CA IMS 127 0 ION PR OB E

In 2014 , the RESS OUR CES2 1 LabE x cont ribu ted to the fund ing of an exte nsiv e upgr ade of the Cam eca ims 1270 ion prob e, an instr ume nt that has been used for over 15 year s at CRP G for perf orm ing high -reso lutio n in-si tu anal yses of a wide varie ty of geol ogic mat erial s. The upgr ade inclu ded the insta llatio n of a com plet ely new set of elec tron ics for the cont rol of the instr ume nt, as well as the mot orisa tion of the vario us diap hrag ms and slits that cont rol the form of the ion beam . The pum ping syste m was disa ssem bled and fully reco nstr ucte d, facil itati ng achi evem ent of the ultra -high vacu um requ ired for prec ise anal yses . Toge ther , thes e mod ifica tion s will sign ifica ntly incre ase the mas s reso lutio n of the ion prob e, open ing up num erou s new anal ytica l poss ibiliti es. The reno vate d instr ume nt, whic h is now the equi vale nt of the mor e mod ern Cam eca ims 1280 E7 ion prob e, will play an esse ntial role in man y of the LabE x RESS OUR CES2 1 proj ects , as well as in othe r rese arch cond ucte d by the OTE Lo labo rato ries. An addi tion al impo rtan t deve lopm ent in the CRP G ion prob e labo rato ry this year was the perf orm ance of the first high reso lutio n K-Ca isoto pic mea sure men ts on the Cam eca ims 1280 HR2 , open ing up exciti ng new poss ibiliti es for in situ datin g.
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II. RARE METAL (W, SN, TA, NB) MINERALISATIONS

III. GEOMODELLING APPLIED TO MINERAL RESOURCE EXPLORATION

The example of the French Massif Central (Matthieu Harlaux, PhD, Oct. 2013-Oct. 2016) Work carried out on rare metal mineralisations in the French Massif Central (FMC) has yielded the following results:

• The occurrence of a syn-metamorphic Namurian tungsten mineralizing event in the Cevennes region (SE part of the FMC) at around 325-315 Ma, under regional compressive deformation and coeval with regional lowpressure metamorphism and the intrusion of the Rocles peraluminous granite. Field investigation demonstrated that several tungsten mineralizing events occurred during the Neo-Variscan period; younger ages were found in other districts of the FMC. Whole-rock geochemical data obtained from aplo-pegmatites that cross-cut the Sn-W quartz veins indicate the contribution from rare-metal peraluminous magmatism at ~306 Ma, which is shown for the first time in this part of the FMC and suggests that this type of magmatism could be a general phenomena in this part of the Variscan belt.

• The role of late peralkaline hydrothermal paragenesis in the Puy-les-Vignes tungsten deposit (Limousin, NW part of the FMC). Of note, this mineralogical and geochemical study revealed the existence of a new

A new tool for targeting desposits (Pablo Mejia-Herrera, PhD, defended, in December 2014)

Understanding the history of sedimentary basins is of paramount importance in mineral exploration, allowing us to identify brine pathways, establish the physical and chemical processes involved in ore formations, and ultimately, predict the locations of potential economic mineral resources. Advanced modelling technology such as 3&4D geomodelling can be used to explore old matured mining fields with a new pair of eyes. This is usually achieved through the use of 3D reconstruction and restoration tools that take into account geometric or geomechanical constraints. For sediment-hosted ore deposits, the unfolding and unfaulting techniques allow us to visualize the impact of tectonic events during the mineralization stages and their role in the final ore-distribution. This 3D restoration procedure has been applied with success to the German and Polish Kupferschiefer, a sediment-hosted polymetallic (Cu, Ag, Au, PGE) deposit, which is one of the most important sources of copper and silver in the world. Four-dimensional restorationdecompaction modelling allows us to reconstruct the burial, deformation and natural hydro-fracturing history of intra-basin sediment-hosted ore deposits (Fig. 1.3). Results highlight the role played by the Late Cretaceous-Early Paleocene uplift which affected Central Europe. This uplift provided the conditions for hydrothermal recirculation of mineralizing brines, explaining the location of Cu (Cu-Fe) sulphides ores in the area. Simulation shows good agreement between the spatial hydro-fracturing index and the location of the Cu (Cu-Fe) sulphides exploited today. A similar approach has been adopted for the Mount Pleasant Au-deposit (Western Australia). Such a methodology can be generalized to any ore deposit where damage and rockfracturing has driven the mineralization processes involving strategic metals.

type of rare-metal oxide, enriched in Nb, Y, HREE, W, and U, and the presence of precious metals (Au-Ag) associated with the main tungsten mineralization. This discovery could represent the first evidence within the FMC for a contribution of peralkaline magmatism in a regional context dominated by peraluminous magmatism, and it opens up new perspectives both for understanding rare-metal metallogenesis in this Variscan crustal segment and for the exploration of the rare-metal economic potential at Puy-les-Vignes and in the wider Limousin area.

• A comparative study of the capabilities of a new prototype of time-offlight (TOF) LA-ICP-MS for multi-elemental analysis of fluid inclusions.

This analytical development at ETH Zürich (Switzerland) demonstrates the advantages of the TOF in terms of precision, accuracy and limits of detection compared to the traditional types of sequential ICP-MS (quadrupole and sector-field). Combined with its quasi-simultaneous acquisition of all isotopes from 6 Li to 238 U, this makes the TOF LA-ICP-MS a very powerful and promising tool for the analysis of trace elements in geological fluids. This analytical development will be soon applied to a study of W-Sn quartz veins from the FMC. In contrast, REE contents are low in laterites compared to those developed on REE-rich rocks such as carbonatites and alkaline intrusions. REE concentrations in goethite can be as much as 1 to 10 times higher than chondritic values due to the link between enrichment and the lateritic process, but they still remain 10 times lower than measured concentrations in similar profiles from Cuba. During crystallization, magma composition varies from phonolitic to nephelinitic. It is proposed that crystallisation process, from a phonolitic melt, takes place at the margins of a stable magma chamber at around 300 MPa (the deepest ever crystallisation documented for OL), and that fractionation at that depth is associated with immiscibility of a calcio-carbonatitic-like melt (=high T immiscibility). Immiscibility is thus identified at much higher temperatures than before. Preliminary noble gas isotopic results (He, Ne, Ar) on these cumulates also show that interactions occur at magma chamber depth between the magma itself and the previously hydrothermally altered magma chamber margin.

Carbonatitic magmatism at Oldoinyo Lengaï

This preliminary study emphasises the presence of carbonatitic melts at different stages of magma evolution, with the first identified stages of immiscibility being associated with calcio-carbonatitic magmas (which then evolve to natro-carbonatites). The OL system has thus been shown to represent a real and valuable analogue for old calciocarbonatite-related mineralized deposits. Further objectives will be (1) to constrain the evolution of trace element concentrations (including REE) in minerals and melts during the different steps of differentiation, and (2) to identify the optimum physical conditions required to produce the highest critical metal concentrations in carbonatites. These results will be of significant value for REE exploration and exploitation. 

Main objectives

Strategic metal ores are characterised by low contents of beneficiable metals, extremely fine dissemination of the metal-bearing minerals, and low property contrasts between these phases and the embedding minerals. Advanced knowledge of these materials benefits from the outputs of PRA1 and PRA4. Progress in beneficiation requires the development of both novel fragmentation processes to obtain very fine grain sizes and advanced separation techniques. The reduction of energy consumption also represents a major challenge. To this purpose, phyto-remediation techniques have been applied to metal beneficiation from low-grade ore bodies. Finally, recycling strategies need to be adapted in order to extend the life cycles of these metals.

In the quest for improved separation of constituent minerals with low reactivity contrasts, the scientific challenges converge towards the molecular-scale understanding of the mechanisms of interaction between solid matter and energy fields and/or reactants.

The PRA2 work programme pursues several objectives:

• Interaction with pulsed fields

In order to generalize promising preliminary observations, we will investigate the molecular mechanisms of combined oxido-reduction reactions and the local thermal processes that accompany micro-fragmentation upon application of high-power electromagnetic or mechanical pulsed fields. This may lead, for example, to the recovery of submicronic conductor particles of the platinum group metals, gold, etc. by preliminary embrittlement and flotation. This approach may also prove effective for the recuperation of rare metals from low-grade ores and rare earth elements from various primary and secondary waste products.

• Synergistic effects in the flotation process

The molecular mechanisms and thermodynamics of adsorption of surfactants of different molecular structure at solid interfaces will be revisited and modelled in order to improve flotation selectivity. Combining surfactants with pulsed fields or high-energy mixing/reactions should result in enhanced separability of ultra-fine materials that, because of their ability to aggregate spontaneously, are impossible to separate using conventional techniques. The mechanisms of coagulation-floculation in pulsed or sheared fields will therefore be studied.

In order to achieve optimal organisation of solid, liquid and gas phases in flotation devices that use ultrasonic activation, we will study the physicochemical and mechanical processes that occur at the solidliquid-gas boundary.

• Reactivity of mineral phases in high ionic strength media The prospect of extracting submarine mineral resources raises many questions. The programme will address the interactions between sulphide ores and sea water in terms of oxido-reduction reactions and geochemical alteration, as well as the influence of seawater composition on fragmentation and separation processes.
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• Development of new recycling concepts Our first approach to recycling metals from manufactured products will involve adaptation of the comminution-separation techniques currently applied to raw materials, especially those that combine flotation and magnetic separation. These methods will be supplemented with thermal and hydrometallurgical techniques aimed at extracting selected metals. In the long term, significant benefits could be obtained by integrating recycling requirements into the conception of both materials and manufactured goods. Throughout all phases of this study, we will continue to develop our collaborations with specialists in metallurgy, in particular those developed within the framework of the IRT 'Matériaux M2P' project.

• Phytomining appears to be a promising sustainable solution for lowconcentration ore beneficiation. Field experiments will be conducted at a dedicated large-scale experimental station (GISFI). This will enable the study of transfer and transformation processes in the soil-plant system at a relevant scale, thereby furthering our understanding of the cycles of critical metals.

The Steval platform fore ore processing (fotation column)

Recovery of uranium low-grade uranium ores by froth flotation: a study of the texture and synergetic effects of flotation reagents Ore deposits, especially those hosting low-grade ores, are becoming increasingly important areas of concern and specific research aimed at adapting beneficiation procedures is therefore justified. In the case of low-grade U-ores, conventional treatment does not typically involve mineral processing, such as the use of concentration methods, to reduce the consumption of leaching reagents. The aim of this study is therefore to develop an upgrading process to improve the operating process (alkaline heap leaching), that takes into account the mineralogical and textural variability of the ore.The Trekkopje deposit is composed of calcrete and gypcrete, and the U-bearing mineral is carnotite (K 2 (UO 2 ) 2 [VO 4 ] 3H 2 O) (Fig. 2.1). The gangue minerals are silicates such as quartz, feldspar and mica, and Ca-minerals such as calcite and gypsum (XRD and ICP-MS analysis). SEM imageprocessing was used to determine the textural properties and proportion of free exposed surface of mineral inclusions in clay clusters. In calcrete milled to < 200 μm, 50 % of the carnotite is found in clay clusters. These are composed of 98 % palygorskite and 2 % illite, montmorillonite, and interbedded clays (XRD and microprobe analysis). Approximately 95% of the carnotite is < 70 μm in size. Calcite is the main inclusion observed in the clay clusters (the average occurrence of calcite and carnotite inclusions is 12 % and 5 %, respectively). Moreover, the percentages of exposed surface of calcite and carnotite in clay clusters are low (3 % and 6 %, respectively). The inclusions should not therefore affect the behaviour of mixed clay particles, but we were unable to verify this using ore flotation. Three stages of mineral separation were proposed based on the abilities of the different minerals to consume leaching reagents: separation of Ca-minerals from silicates; separation of palygorskite from gangue minerals; and separation of carnotite from gangue minerals. A study of the electrokinetic properties (electrophoresis) of silicates and Ca-minerals was conducted in order to select the collectors and optimum pH range for selective flotation. Basic pH near neutral proved optimal for the separation of gangue minerals with cationic or anionic collectors (silicates IEP -pH 1-2, palygorskite IEP -pH 3, francolite IEP -pH 3-4 and IEP minerals calcium -pH 9 -10).

I. MAIN ACHIEVEMENTS DURING THE 2012-2014 PERIOD

Adsorption isotherms of the primary amines with a nonionic reagent, obtained by liquid chromatography, illustrate co-adsorption of the amines on the surfaces of silicates at pH 8. The presence of a nonionic reagent leads to the formation of a compact layer on the mineral surface derived from displacement of the symmetric and asymmetric vibration groups CH2 and CH3 of the infrared diffuse reflectance spectra.

Palygorskite was separated from pure Ca-minerals and silicates at pH 8 with a mixture of a primary amine and a nonionic reagent as collectors, without use of a specific depressant. A clear separation of Ca-minerals and silicates was achieved at pH 8 by combining sodium oleate with aliphatic alcohol (Fig. 2.2). The observed 2-fold to 10-fold reduction in ionic reagent consumption highlights the synergistic effects of ionic and nonionic reagents. The ore flotation tests confirmed results obtained in pure mineral flotation with anionic collectors. The removal of Ca-minerals (the float product containing 20 % of the uranium) from silicates and other U-associated minerals (the non-float product containing 80 % of the uranium) was achieved using a combination of sodium oleate and an aliphatic alcohol. Through coupling of multi-scale approaches, this study has yielded important results that can be exploited to resolve the problem of processing of low-grade ores. Mineralogy and textural properties of oceanic hydrothermal sulphides: development of a froth flotation process

(Inna Filippova, Lev Filippov)
Seafloor massive sulphide deposits (SMS), similar in composition and genesis to terrestrial volcanogenic massive sulphide deposits, are generally found in volcanic seafloor environments along major rifts and mid-ocean ridges. They are associated with extensional tectonic settings such as nascent-arc, rifted-arc and back-arc environments. SMS may represent an important source of base metals and be an alternative to onshore resources.

The size of deposits is highly variable, ranging from 0.5 to 100 Mt. The raw value of the ore varies from around 500 to 2000 $/t. A unique feature of hydrothermal sulphides is the presence of metals associated with major base metals (ex: Zn / Ge) and the flows of natural hydrogen. The operating technologies are already in development, however storage and ore processing methods still require in-depth study.

Seafloor massive sulphide deposits have particular mineralogical compositions and textural features that differentiate them from their terrestrial equivalents. When extracted from salt water and exposed to ambient air, massive sulphide samples oxidize strongly and are rapidly covered with thin layers of iron, copper and zinc-rich sulphates and oxides as well as elemental sulphur.

Mineralogical and textural studies were carried out in collaboration with Ifremer and Technip on samples from six marine campaigns (1998 to 2008). Marine sulphide ores are quite similar to continental sulphide ores (VMS, porphyries, skarns, MVT). Textural properties vary with the degree of maturity and the sample position within the hydrothermal deposit. The total porosity of this type of sample is also relatively high, particularly for immature samples such as black smoker chimneys, whose total porosity can reach 15%. Froth flotation, commonly applied to separate all types of sulphide from the gangue, is one possible technique that can be used for processing seafloor ore.

The sulphide recovery rate was in most cases excellent (>90%); however, separation of the various mineral phases was difficult, even when applying known methods used for terrestrial ore. High pH, which is known to be an effective way to depress pyrite and thus favour the flotation of copper and zinc sulphides, did not have the same effect on seafloor ore (Fig. 2.3 a). Moreover, the flotation behaviour decreased rapidly with conservation time at the surface, even when samples had been stored in a confined environment. Thus, a cyclic behaviour in flotation of the same sample was shown in this work to be due to fast oxidation and removal of the oxidized macrolayer composed mainly of sulphate phases. The drastic increase in flotation recovery after two months' conservation in the N2 atmosphere can be explained by a significant proportion of elemental sulphur (up to 9 %) on the chalcopyrite surface, particularly for the finest size fraction.

Further oxidation leads to formation of a thick hydrated surface layer, which requires a high dose of collector to reach a recovery level the same as that of particles with native sulphur on the surface (Fig. The 

Results

Complete geobotanical inventory of Ni-hyperaccumulating plants in the balkans

Over the past decades, reports concerning the hyperaccumulating flora of the Balkans have been published either from herbarium specimens or from field-collected specimens. Most of these reports focused on the single accumulation of Ni. Other elements have progressively been taken into account when reporting on field-sampled hyperaccumulator plants.

Only very recently was it discovered that Alyssum murale and other Brassicaceae had an extreme accumulation potential for K, although this element is deficient in serpentine soils. After conducting a number of surveys in Albania and continental Greece, we now have a good conception of hyperaccumulator diversity (Fig. 2.4). We have even reported a new taxon, not previously recognised as a Ni-hyperaccumulator. Two families (Brassicaceae and Asteraceae) are present in the ultramafic areas of the two countries, as well as several genus of the Brassicaceae family (Alyssum bertolonii, A. heldreichii, A. markgrafii, A. murale, A. smolikanum, Noccaea goesingense, N. Ochroleuca, N. tymphaea, Bornmuellera baldaccii, B. tymphaea, Leptoplax emarginata). Two species of the Centaurea genus represent the Asteraceae hyperaccumulators. Continental Greece marks a transition between Turkey and the rest of the Balkan peninsula. We have reported the main characteristics of the fertility of the soils on which the samples were collected and have analysed the full composition of cations in the plant parts (stem, leaves and reproductive parts). Several locations for each taxon are reported whenever possible.

Results clearly indicate the different behaviour of the different species. Some species (e.g. Bornmuellera tymphaea and Leptoplax emarginata) are able to accumulate more Ni than others and this seems to be related to a lower uptake of Ca. Calcium and potassium are taken up in similar concentrations and these three elements are always higher than Mg.

A reasonable hypothesis to explain the higher levels of Ni accumulation is probably a lower uptake of the other cations (i.e. Ca and K) and likely relies on either genetic or phenotypic differences. The identification of the potential of hyperaccumulator taxa for phytoextraction should be interpreted in a more complete way by analysing the cation absorption balance in whole plants. Soil analysis and the level of available Ni, Ca and K should also be taken into account in order to fully characterise the environmental conditions under which theplant has performed cation accumulation.

Improving the agronomy of Alyssum murale for extensive phytomining: seven years of field study (Collaboration with the Agricultural University of Tirana, Albania)

Large ultramafic areas exist in Albania that could be suitable for phytomining with native Alyssum murale. We undertook a five-year field experiment on an ultramafic Vertisol, aimed at optimizing a lowcost Ni-phytoextraction crop of A. murale, which is adapted to the Balkans. The effects of several parameters were studied on 18m 2 plots in natural conditions: (i) plant phenology and element distribution; (ii) plant nutrition and fertilization; (iii) plant cover and weed control; and (iv) planting technique (natural cover vs. sown crop). The optimal harvest time was set at the mid-flowering stage, when Ni concentration and biomass yields were highest. The application of N, P, and K fertilizers, and especially a split 100 kg ha -1 N application, increased the density of A. murale compared to all other species. It increased shoot yield significantly, without causing any reduction in Ni concentration. In natural stands, the control of graminaceous weeds required the use of an antimonocots herbicide. However, after the optimisation of fertilization and harvest time, weed control procured little benefit. Finally, cropping sown A. murale was more effective than enhancing native stands and gave higher biomass and phytoextraction yields; biomass yields progressively improved from 0.3 to 9.0 t ha -1 and phytoextracted Ni increased from 1.7 to 105 kg ha -1 . and at Pojskë for 4 plants m -2 , the biomass yield was 10.5 and 10 t ha-1, respectively, and the yields of phytoextracted Ni were 77, 41 and 112 kg ha -1 , respectively. We confirm that 4 plants per m 2 is the optimal plant density. Furthermore, plants responded differently in their native environment than they did in field trials in North America; A. murale can be a weed to itself and lower the Ni phytoextraction yield.

II. PHYTOMINING

Ni extraction from biomass

Ni recovery from serpentine soils by phytomining has proved feasible. Phytomining involves the cropping of hyperaccumulating plants with high Ni contents and the valorisation of Ni by pyro-or hydrometallurgical processing. In order to evaluate the Ni contents of different plants, we analysed the organs of 14 hyperaccumulators from three genera: Alyssum, Leptoplax and Bornmuellera. The highest concentration was recorded in the leaves of Leptoplax (34.3 ± 0.7 mg g DM). In addition, we investigated biomass combustion, which is the first step in a process we designed to obtain a nickel salt. We showed that temperature and duration were important parameters for ensuring high quality ashes.

At the bench scale, the optimum conditions were 550°C and 3 hours.

In this way, we obtained ashes with Ni contents of up to 20 wt%. Biomass ashes can be considered a bio-ore for recovering metal value.

Optimisation of the ANSH (Ammonium nickel sulfate hexahydrate) production process enabled us to propose a number of significant improvements:

• Recycling pathways were proposed at the ash-washing step in order to save water.

• Acid leaching duration was reduced by a factor of two.

• Sodium hydroxide was replaced by calcium hydroxide, which decreases costs while avoiding the precipitation of Na 2 SO 4 . In addition, almost all excess H 2 SO 4 was precipitated in the form of CaSO 4 •2H 2 O, which led to the almost total removal of iron.

• Magnesium was removed prior to ANSH crystallisation instead of after.

The volume of leachate was reduced by evaporation, which concentrated Ni meaning that only one step of ammonium sulphate addition was required for crystallisation.

• After the second crystallisation step, ANSH crystals were characterized by combined techniques and their purity reached 99.1 ± 0.2 %, a level higher than has previously been achieved (Fig. 2.5).

• The mass balance performed on the entire process proved that ~91% of the Ni present in the ash had been recovered. This subject was covered in the PhD thesis of Xin ZHANG, defended on 5th Dec. 2014 (co-directed by LSE and LRGP). Th e ob jec tiv e of th e stu dy wa s to us e nic ke l sta ble iso to pe fra cti on ati on to un de rst an d th e m ec ha nis m s th at go ve rn th e tra ns fer of Ni fro m so ils to th e hy pe r-a cc um ula tin g pla nt sy ste m .

Ni ck el sta ble iso to pe s ar e a pr om isi ng no n-tra diti on al sta ble iso to pe sy ste m fo r un de rst an din g th e Ni bio ge oc he m ica l cy cle , es pe cia lly in co nt am ina te d or hig hly -e nr ich ed en vir on m en ta l co m pa rtm en ts su ch as ult ra m afi c co nt ex ts. Ni -h yp er ac cu m ula tin g pla nt sp ec ies (e .g. Al ys su m m ur ale ) th at gr ow in ult ra m afi c so ils ca n co nc en tra te up to se ve ra l we igh t pe rce nt Ni in lea ve s an d m ay be us ed in ph yt or em ed iati on or ph yt om ini ng . In ad diti on to its ins en siti vit y to re do x pr oc es se s, nic ke l ho m eo sta sis in hy pe ra cc um ula tin g pla nt s is po or ly un de rst oo d. In th is wo rk , sta ble Ni iso to pe s we re us ed to do cu m en t th e ex te nt of iso to pic fra cti on ati on du rin g ac cu m ula tio n pr oc es se s fro m so il to Ni -h yp er ac cu m ula tin g pla nt sp ec ies . Sa m pli ng wa s ca rri ed ou t at fo ur diff er en t sit es in Al ba nia an d inc lud ed co lle cti on of se ve ra l hy pe ra cc um ula tin g pla nt sp ec ies as we ll as to ler an t on es . Us ing tw o-ste p ch em ist ry to iso lat e Ni an d th e do ub le-sp iki ng te ch niq ue to co rre ct fo r ins tru m en ta l m as s fra cti on ati on , we re co rd ed Ni co nc en tra tio ns an d Ni iso to pe co m po siti on s alo ng th e co nti nu um of ult ra m afi c ro ck , so il (d iff er en t ho riz on s), litt er, ro ot s, ste m s, lea ve s an d flo we rs. In ty pic al Ni -ri ch so il, ro ot an d litt er co nc en tra tio ns ra ng ed fro m 1 to 3 g kg -1 dr y m att er. Ni ck el ac cu m ula tio n inc re as ed to 3-6 g kg -1 in ste m s an d re ac he d up to 20 g kg -1 in lea ve s. In co nt ra st, th e lea ve s of to ler an t sp ec ies pr es en te d Ni co nc en tra tio ns of ~0.1 g kg -1 .

Th e se rp en tin ize d pe rid oti te s sa m ple s pr es en te d sim ila r iso to pic co m po siti on s (0 .25 ± 0.1 4‰ ), en ric he d in he av ier iso to pe s co m pa re d to th e Ni iso to pe co m po siti on of bu lk sil ica te ea rth . At tw o loc ati on s, all ho riz on s in tw o so il pr ofi les wi th diff er en t de gr ee s of we at he rin g, pr es en te d lig ht -is ot op e en ric hm en t co m pa re d to th e pa re nt ro ck s (Δ 60 Ni soil -rock up to -0 .63 ± 0.1 1‰ , 2S E) , su gg es tin g th at th e so il po ol ta ke s up th e lig ht iso to pe s, wh ile th e he av ier iso to pe s re m ain in th e dis so lve d ph as e. By co m bin ing ele m en ta l an d m ine ra log ica l an aly se s wi th th e iso to pe co m po siti on s of th e so ils , th e ex te nt of fra cti on ati on wa s fo un d to be co nt ro lle d by th e se co nd ar y m ine ra ls fo rm ed in th e so il, an d su gg es te d th at th e hig he r th e de gr ee of we at he rin g, th e low er th e fra cti on ati on be tw ee n so il an d ro ck s.

Th e de gr ee of we at he rin g als o co nt ro ls th e iso to pic co m po siti on of th e po ol av ail ab le fo r pla nt up ta ke . DT PA -e xtr ac ta ble fra cti on s pr es en te d lar ge en ric hm en ts in he av y iso to pe s co m pa re d to th e so il (Δ 60 Ni phy to -soil up to 0.8 9± 0.0 7‰ , 2S E) . Th e ve ge ta tio n gr ow ing on ult ra m afi c-d er ive d so ils is hig hly -sp ec ial ise d an d inc lud es Ni hy pe ra cc um ula tin g sp ec ies , wh ich ca n ac cu m ula te se ve ra l pe rce nt pe r we igh t of Ni , an d no n-ac cu m ula tin g sp ec ies . Th e no n-hy pe ra cc um ula to rs (n = 2) we re inc lin ed to ta ke up an d tra ns loc at e lig ht Ni iso to pe s wi th a lar ge de gr ee of fra cti on ati on (Δ 60 Ni leav es -roo ts up to -0 .60 ±0 .07 ‰ , 2S E) . Fo r th e Nihy pe ra cc um ula to rs (n = 7) , sig nifi ca nt iso to pic fra cti on ati on wa s m ea su re d in th e pla nt s in th eir ea rly gr ow th sta ge s, wh ile no fra cti on ati on oc cu rre d du rin g lat er gr ow th sta ge s, wh en a pla nt is fu lly loa de d wi th Ni . Th is su gg es ts th at (i) th e hig h-effi cie nc y tra ns loc ati on pr oc es s inv olv ed in th e hy pe ra cc um ula to rs do es no t fra cti on at e Ni iso to pe s, an d (ii) on ly th e ro ot up ta ke pr oc es s fra cti on at es Ni iso to pe s du rin g th e life tim e of th e pla nt . In th e ult ra m afi c co nt ex ts, ve ge ta tio n co m po se d of hy pe ra cc um ula to rs ca n sig nifi ca nt ly infl ue nc e th e iso to pic co m po siti on of th e up pe r so il ho riz on , th er eb y aff ec tin g th e iso to pic ba lan ce of th e Ni ex po rte d to riv er s. Th is sh ou ld be ta ke n int o ac co un t in fu tu re m as s ba lan ce ca lcu lati on s.

Hy dr op on ic cu lti va tio n wa s us ed to inv es tig at e th e iso to pic fra cti on ati on of nic ke l (N i) an d zin c (Zn ) du rin g pla nt up ta ke an d tra ns loc ati on pr oc es se s. Th e no n-ac cu m ula to r Th las pi ar ve ns e, th e Ni hy pe ra cc um ula to r Al ys su m m ur ale , an d th e Ni /Z n hy pe ra cc um ula to r No cc ae a ca er ule sc en s, we re gr ow n in low (2 μM ) an d hig h (5 0 μM ) Ni /Z n so luti on s. Pla nt ro ot s pr efe re nti all y ab so rb ed lig ht iso to pe s of bo th ele m en ts, pr es um ab ly du e to a low -affi nit y tra ns po rt sy ste m . Th e iso to pic fra cti on ati on of Ni (Δ 60 Ni plan t-so lutio n = -0 .63 to -0 .90 ‰ ) wa s gr ea te r th an th at of Zn (Δ 66 Zn plan t-so lutio n = -0 .10 to -0 .23 ‰ ) in hy pe ra cc um ula to rs gr ow n in low -Zn tre at m en ts. Du e to ra pid ab so rp tio n of Ni or Zn at th e ro ot su rfa ce , th e oc cu rre nc e of a co nc en tra tio n gr ad ien t fro m th e ro ot su rfa ce ind uc ed ion diff us ion in th e rh izo sp he re , wh ich co uld re su lt in a ~0.30 ‰ ne ga tiv e sh ift in pla nt s fo r bo th m et als . Zn re du ce d Ni up ta ke as we ll as its iso to pe fra cti on ati on (Δ 60 Ni plan t-so lutio n = -0 .07 to -0 .11 ‰ in hig h Zn tre at m en t), ind ica tin g th at Ni sh ar es at lea st pa rt of its up ta ke pa th wa ys .

Ni iso to pe s co uld fra cti on at e fu rth er du rin g lon g-d ist an ce tra ns po rt in th e xy lem du e to ab so rp tio n by ste m sy m pla st. De pe nd ing on th e re su lts of fu tu re stu die s, iso to pe co m po siti on an aly sis of tra ns iti on ele m en ts co uld be co m e a us ef ul em pir ica l to ol fo r stu dy ing ph ys iol og ica l pr oc es se s in pla nt s
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Transfer and dissemination of critical metals (CMs) in the ecosphere: mechanisms and ecotoxicological impacts L. Giamberini, C. Leyval

LIEC Main objectives

In recent years, the production of high-tech goods has increased the global demand for raw materials to the point that securing reliable, sustainable, and undistorted access to these resources has become a primary issue within the European Union. Raw materials are fundamental to Europe's economy and growth and are essential for maintaining or improving our quality of life across a wide range of areas, including medicine, agriculture, and clean energy. The Raw Materials Initiative has defined which raw materials are critical to the EU on the basis of their economic importance and the high risk associated with their supply. In 2014, the list includes ten trace elements, the Platinum Group Metal (PGMs) and the Rare Earth Elements (REEs), which include the light (La-Eu) and heavy (Gd-Lu) lanthanides. In response to the increase in demand, the extraction, use, and disposal of REEs are all expected to rise in the near future, raising concerns about the potential impact of these elements on the environment.

Dissemination in the hydrosphere

I. OCCURRENCE, FATE AND ECODYNAMIC OF STRATEGIC METALS IN AQUATIC ECOSYSTEMS

Disruption of the biogeochemical cycles of some REEs is already apparent in aquatic and terrestrial ecosystems (for example, gadolinium anomalies in freshwater and tap-water and REE enrichment in soils as a consequence of agricultural practices). However, information about the potential hazards posed by REE remains incomplete and sometimes unreliable, preventing any clear assessment of the risks. Low concentrations of REEs are common in soil and water but the low mobility of these elements could promote their accumulation in the environment as a consequence of anthropogenic inputs.

In the framework of investigating perturbations in the biogeochemical cycles of CMs, this work programme aims to study and better understand the occurrence, fate and behaviour of CMs in natural systems and determine the factors that are responsible for their effects on living organisms. Field sampling was conducted in February and July 2014 (during high and low water levels, respectively). Gd concentrations were found to be higher than 100ng/L in more than half of the samples. Four different geographical areas were defined on the basis of the data (Fig. 3.1):

• A reference site with no anthropogenic Gd, located in the south-east of the Vosges mountains (department 88);

• Low contamination sites: ~33ng/L anthropogenic Gd, located in the south-east of Lorraine;

• Moderately contaminated sites: ~52ng/L anthropogenic Gd, located in the west of Lorraine;

• Highly contaminated sites: ~85ng/L anthropogenic Gd, located in the north-east of Lorraine, and including the main cities (Metz and Nancy), where total Gd ranges from 10 ng/L to more than 10 µg/L.

The first phase of the project therefore allowed us to define an environmentally realistic gradient of Gd concentrations that can be used for further ecotoxicity bioassays.

2. The use of Antimony (Sb) in the world is growing with the demand for its increasingly diverse industrial applications (e.g., microelectronics, lead-acid batteries, bullets, catalysts, and fire retardants). The rising demand for Sb, coupled with the fact that China is the world's main Sb supplier, has led to its classification as a strategic element. Environmental Sb concentrations resulting from mining activities often exceed authorized thresholds (Filella et al., 2009;Reimann et al., 2010). Sb redox states +3 and +5 are the most commonly found in the environment. Sb(V) is more mobile in neutral or alkaline soils (Johnson et al., 2005), whereas Sb(III) is able to adsorb on manganese or iron oxyhydroxides (Wilson et al., 2010).

The aim of the project of P. Bauda and G. Echevarria was to develop a combined methodology for the study of Sb environmental mobility in a mining context. In situ studies that addressed Sb mobility in the real environment were combined with in vitro experiments in order to confirm process identification under controlled and simplified conditions. In situ studies were conducted at two abandoned Sb mines (Goesdorf, Luxembourg, and La Bessade, Haute Loire, France) (Fig. 3.2). At the Goesdorf site, Sb mobility was confirmed by analysis of soils, minewater and vegetation. Of the adapted plants sampled at the site, the ruderal species Senecio jacobaea was found to have accumulated the highest Sb concentrations, both in roots and aerial parts. At the La Bessade site, Sb and arsenic (As) concentration gradients were identified and natural As depollution was observed in the precipitation and/or adsorption on biogenic iron oxyhydroxides at the minewater outlet. Using the results of the in vitro studies, the initial goethite model was completed with a ferrihydrite model in which Sb was the carrier phase, and the Donnan Membrane Technique (DMT) was developed for analysis of free Sb oxyanions in solution.

3. The project developed by E. Rotureau and J.P. Pinheiro aims to explore the feasibility of using electroanalytical techniques for speciation studies of trivalent metals in natural waters. One of the project objectives is to analyse the dynamic behavior of indium, a surrogate trivalent cation, which will in turn allow us to study its speciation with organic matter such as humics and fulvics. The first results report measurements of indium speciation using an electroanalytical technique known as Scanned Stripping Chronopotentiometry (SSCP). SSCP is able to quantify both free and complexed metal ions. Because indium amalgamates in mercury (the working electrode), the SSCP technique can be directly applied to the study of indium speciation in solution. We have shown that the impact of the nature of the background electrolyte, ionic strength and pH can all be assessed by indium speciation. The results also demonstrated that a wide range of indium concentrations, from 10-10 M to 10-5 M, can be probed using the SSCP technique. This can be explained by the very high solubility of indium in the mercury electrode compared to other metals commonly analysed by SSCP (for example, Cd, Pb or Zn). Two other important differences were found concerning the electrochemical behavior of indium:

• The non-reversibility of the redox pair (In3+/(In(Hg)), despite the addition of a catalyst in solution;

• The presence of an electroactive species, other than the free indium ion.

Because of these differences, it is not possible to apply the analytical models usually used for interpretation of SSCP results and quantitative analysis of metal speciation. However, experimental studies were carried out to examine indium complexation in the presence of molecular and nanoparticle ligands (humic acids). For the reasons mentioned above and due to the paucity of published data regarding the thermodynamic constants for indium, interpretation of our results remains qualitative. Analysis of trivalent metals in solution will be improved by coupling the electroanalytical detection with another speciation technique which deals with a permeation device, known as the Donnan Membrane Technique (DMT), for robust quantification of free metals in solution.

F i g . 3 . 2 : M
i n e w a t e r a t L a B e ss ad e anti mon y/ m in e 1. In surface waters, chromium essentially occurs in two thermodynamically stable oxidation states: Cr(VI) and Cr(III). While hexavalent chromium is highly toxic to living organisms, trivalent chromium is considered relatively harmless. However, studies performed by different research groups (including our own) suggest that the ecotoxicity of Cr(III) for aquatic organisms may have been underestimated. The likely reason for possible errors in our current understanding of Cr(III) toxicity is that not enough attention has been paid to the complex chemistry of Cr(III) in ecotoxicological test media. In particular, following a series of rapid chemical reactions, the concentrations of Cr(III) added to test media may decrease rapidly over the duration of a test. Because of this, it is difficult to establish exposure/response relationships between Cr(III) concentrations and biological endpoints.

To circumvent these problems, the proponents of this proposal (D.A.L. Vignati and I. Aharchaou of LIEC, in cooperation with C. Fortin of INRS, Canada) have adopted a radiochemical approach to comparing the uptake and intracellular distribution of Cr(III) and Cr(VI) in the freshwater alga Chlamydomonas reinhardtii. Use of a highly sensitive radiochemical approach allows for shorter test durations (minutes to hours) and lower concentrations (nM range) compared to traditional approaches, which require days of exposure and concentrations in the µM range. This approach therefore minimises (or eliminates) problems linked to decreases in the Cr(III) concentration added to test media. The experimental work showed that Cr(III) internalisation by C. reinhardtii follows a linear trend between 5 and 60 minutes, with comparable uptake rates apparent at whatever the pH level tested. To the best of our knowledge, our data are the first for algae and Cr(III). Data of this kind are necessary for the development of a BLM (Biotic Ligand Model) for predicting Cr(III) toxicity in freshwater. Uptake experiments with radiolabelled Cr(VI) are in progress.

Regarding intracellular distribution, we observed that both of the redox forms preferentially accumulate in organelles, heat stable proteins, and in intracellular granules. Because Cr(VI) is reduced to Cr(III) upon entering a cell, these findings may indicate that Cr is handled in a similar way inside the cell regardless of the redox form in the external medium.

2. Toxicological studies of nanoparticles (NPs) have increased remarkably in recent years but our understanding of the hazards and risks they may pose remains limited because of the multiple parametric features that must be taken into account. These characteristics are related to the specific surface properties of NPs, which differ from those of the bulk material, and include particle size, shape, and surface charge, and their reductive or oxidative solubilities. In the environment, NPs may undergo changes that lead to different degrees of bioavailability and toxicity to living organisms. Research into the bioavailability, uptake, cellular accumulation and detoxication of NPs is therefore essential for understanding the ecotoxic mechanisms and the associated risks to organisms, as well as the functional role they assume in the ecosystems. In this context, our studies of the tissular and cellular localization of NPs (Leader L. Giamberini) supplement ecotoxicological investigations of different model species conducted as part of two ANR programmes.

Cerium oxides, which have long been employed in the glass industry, have undergone an exponential increase in use in their nanometric form (nCeO 2 ) in the automobile and cosmetics industries. Using RX microfluorescence and microtomography, we produced a 3D reconstruction of the digestive glands of zebra mussels exposed to nCeO 2 and the localisation of
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accumulated metals in the tissues. Internalisation and nCeO 2 speciation were confirmed by synchrotron beams (Collaboration A. Auffan, Cerege, Aix Marseille) and revealed a large reduction of Ce IV to Ce III that may be due to redox interactions between nCeO 2 and biological compounds (Fig. 3.3). The Ce bioaccumulation was associated with biological effects linked to antioxidative and antitoxic defence mechanisms and immunological processes, as described below. 
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1. Lanthanides are a chemically uniform group of metals (La-Lu) that, together with yttrium(Y) and scandium(Sc), form the REE group. Because of their many applications (e.g., in agriculture, medicine, and the motor industry), global production of lanthanides has increased exponentially over the last few decades, causing disruption to their biogeochemical cycles. However, the ecotoxicological effects and mechanisms of action of these elements are still poorly understood. In particular, there is no consensus as to whether lanthanides show a coherent and predictable pattern of (eco)toxicity that relates to their atomic properties. For aquatic organisms, contradictory conclusions are found in the literature. The review recently published as part of the postdoctoral work conducted by V. Gonzales and supported by Labex R21 (Gonzales et al , 2014), showed that the variable composition of culture media used in ecotoxicology and the associated differences in lanthanide speciation are the most likely reasons for these discrepancies. In particular, the formation of insoluble species in some highly complexing media likely leads to changes in the soluble concentration of lanthanide during some tests, creating the potential for a generalised underestimation of their toxicity at the present state of knowledge. For terrestrial organisms, studies that can be used to establish trends in lanthanide toxicity are practically nonexistent, with most research instead focusing on the effects of REE mixtures.

In this framework, the bioassays conducted on different taxonomic groups (Gonzales et al., 2015) -decomposers (microorganisms), primary producers (alga), primary consumers (daphnia, ostracod and rotifer) and secondary consumers (Hydra) -revealed that ecotoxicity of lanthanides seems to increase with increasing atomic number (Ce<Gd<Lu), but a degree of variability among species was detected. The higher toxicity, at higher atomic number, was only significant in bacteria (V. fisheri) and alga (P. subcapitata). The crustaceans (D. magna and H. incongruens) were the least sensitive species while rotifer (B. calicyflorus) and cnidarians (H. attenuata) were the most sensitive, with no differences between elements observed at any of the concentrations tested. Although, at present and based on the ecotoxicological results obtained in this study, the environmental risk of these elements can be considered acceptable, some hotspots were nevertheless detected in Lorraine surface water. Their growing industrial use will promote the release of lanthanides into environment, and the associated risk could be higher in the future.

2. In the framework of the ANR Mesonnet program (PhD M. Garaud, Dir L.Giamberini & V. Felten), the short-term effects of nanometric cerium
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(nCeO 2 ) were investigated in environmentally realistic concentrations on two freshwater invertebrates: the amphipod G. roeseli and the bivalve D. polymorpha [START_REF] Garaud | Multibiomarker assessment of cerium dioxide nanoparticle (nCeO2) sublethal effects on two freshwater invertebrates, Dreissenapolymorpha and Gammarus roeseli[END_REF]). An integrated multibiomarker approach was adopted. Differences in the behaviour of the organisms and nCeO 2 in the water column led to different bioaccumulations: G. roeseli accumulated more cerium than D. polymorpha. Exposure to nCeO 2 led to decreases in the lysosomal system, catalase activity and lipoperoxidation in mussel digestive glands that might be the result of nCeO 2 antioxidant properties. However, the exposure also had a negative impact on haemolymph ion concentrations. At the same time, no strong adverse effects of nCeO 2 were observed in G. roeseli.

The effects of chronic exposure to citrate-coated nCeO 2 (Ci-CeO2) and bare nCeO 2 (Ba-CeO 2 ) were assessed in zebra mussel under mesoscosm conditions. Bioaccumulation was weak, suggesting significant immobilization in pseudofaeces. Ci-CeO 2 bioaccumulated three times more than Ba-CeO 2 , a result which is probably related to the coating and to the different behaviour of the particles in the water column and in the organisms. Integrated and discriminant analysis of biological responses showed that mussels exposed to both forms of nCeO 2 differed from the control and from each other due to metallothionein, antioxidative and antitoxic enzyme activity.

3. The PhD project of J. Andreï (Supervisors F. Guérold & S. Pain-Devin) forms part of the ANR Mesonnet program and is supported by Labex R21.

The objective is to investigate the effects of silver nanoparticles (AgNP) in the freshwater crustacean Gammarus sp (Fig. 3.4). The first phase of the work involved designing a valid experimental protocol for studying exposure to very low concentrations of AgNP (0.5 and 5 µg/L) in microcosms (Fig. 3.5). Mechanisms of nanoparticle contamination (aggregation, dissolution and adsorption) in the microcosms were also studied. An experimental protocol for investigating short-term exposure to different sizes of AgNP was then designed in order to assess direct and indirect biological effects in three gammarid species. Responses were investigated at the cellular (defense, metabolism), behavioural (ventilation, locomotion) and functional (consumption and production of fine particles of organic matter) levels. The results showed that gammarids reduced their locomotion activity when exposed. The quantity of fine particles of organic matter produced was also reduced at very low levels of exposure (0.5µg/L) to the smallest AgNP (10nm). As these functional endpoints are involved in both the maintenance of an organism's metabolism and in the recycling of organic matter, it might be suggested that nanoparticle impact in gammarids could reflect potential further effects in the ecosystem functioning. However, the occurrence of such effects seems to depend not only on nanoparticle size, but also on the gammarid species. Long-term exposure experiments in mesocosm were designed in order to assess the effect of two different types of AgNP under more realistic environmental conditions. These experiments simulated chronic exposure of a multispecies system including gammarids, bivalves and microorganisms. No mortality was recorded, but some effects on the ventilation and locomotion of gammarids were observed, supporting our previous findings. Together, these results emphasise the need to better understand the biological effects of nanoparticles at low concentrations and in more complex systems in order to get closer to environmental realism. . The development and application of techniques to evaluate the availability of metals has received extensive scientific and legislative attention.

Although metals occur naturally (weathering, volcanic eruptions), industrial production in the twentieth century (mineral extraction, manufacturing industry and waste disposal) has resulted in the input and accumulation of large quantities of metals in the environment. For instance, antimony (Sb) is the ninth most mined element in the world (over 2 million tons in world reserves; U.S. geological survey, 2010) and is used in a variety of industrial products (flame retardants, semiconductors, tracer bullets). As a consequence, the mining industry introduces to huge amounts of Sb waste in the environment. Therefore, the current policy challenge facing countries is to devise ways to insure that the supply and use of metals, such as antimony, for industrial and economical growth, is done in an environmentally friendly and sustainable manner, taking into account their impact on pollution. One of the main reasons behind such intense research is the possible linkage of metal exploitation to the evolution of biogeochemical cycles, the identification of causal factors behind toxicity, and the evaluation of environmental responses to anthropogenic pollution. Iron oxides, which are ubiquitous in the environment, and contribute up to 50% of the bulk mass of soils, have emerged as one of the major sinks for metals in terrestrial and aquatic environments due to their large surface area and reactive surface properties. Therefore, they play an important role in regulating their availability. However, while the mechanism of metal enrichment (sorption, co-precipitation) on iron oxides is reasonably well understood, the effects of bacterial activity on the mechanism of their remobilization is in its infancy, thereby limiting our ability to accurately reconstruct the evolving chemistry of the environment, in term of metal behaviour. The two key parameters for understanding trace metal bioavailability are the characterization of the behaviour of metal-substituted iron oxides under various potential biotic conditions, and the secondary phases formed during subsequent transformation. Within this context, dissimilatory iron reduction can potentially play a central role as a biotic activity under anaerobic conditions. Thus, this research project examined the biogenic transformation of antimony (Sb) substituted iron oxide to provide a mechanistic understanding of the remobilization pathways and associated Sb bioavailability. Traditionally, the risk assessment (toxicity) for a given metal is based on measurement of its total concentration in an environmental sample (e.g., soil, sediment, water etc.). However, as the toxicity of the metal is closely linked to its uptake by biota, the determination of the total amount may differ significantly from the quantity that is bioavailable due to homeostatic regulation. The bioavailability concept is a very significant one in ecotoxicology, as it refers not to the total compound or dissolved concentration in the system obtained by chemical extraction, but rather to that fraction which is perceived by the biota. Indeed, according to Semple et al., (2007) bioavailability is defined, as "that which is freely available to cross an organism membrane from the medium the microorganism inhabits at a given point in time". As such, the bioavailable fraction of a given metal is conceptually more easily determined by the biota itself, and one needs to interpret its biochemical response in order to establish the metal's threshold concentration triggering a biological reaction. The outcome of this research will enhance our understanding of the fate of antimony during microbialdriven iron redox cycling in the environment. The research project has focused on two themes linked by this common objective:

• Transformation of Sb-substituted iron oxide (goethite) by bacterial activity (anaerobic iron respiration) to evaluate remobilization efficiency and mineralogical differences between secondary minerals formed via different pathways.

03 Fig. 3.5: Experimental design used to assess the effects of silver nanoparticles on the fine particulate organic mater production in Grammarus sp.

• Characterization of Sb bioavailability via biosensors, during the transformation of Sb-substituted iron oxide by iron reducing pathways.

Main results

(i) The experimental approaches for iron oxide synthesis led to different percentages of substitution. Briefly, the first pathway was a modified method of that described for Al-goethite (Schwertmann and Cornell, 2000). The experimental method involved the mixing of a solution of FeCl3 and KSb(OH)6 with KOH to ensure alkaline conditions for precipitation of ferrihydrite-Sb and aging of the latter at 70°C to induce Sb-goethite precipitation. The second method involved the oxidation of a sulphated green rust formed in the presence of an antimonate solution (KSb(OH)6) to form Sb-goethite.

(ii) The model bacteria used in this study was an aerobic anaerobic facultative, non fermentative, obligate reparatory Fe(III) reducing bacteria: S. putrefaciens MR-1. Fe(III) iron-respiring bacteria (IRB) coupled the oxidation of formate to the reduction of ferric iron. Briefly, the cells were incubated in anaerobic conditions for two weeks with formate as the electron source and Sb-substitued goethite as the electron acceptor. Fe(II) production and Sb mobilization (Sbaq) was measured over the length of the incubation period. The results indicated that the percentage of substitution affected neither the extent of the bio-reduction nor the dissolved amount of antimonate.

(iii) The bioavailability of the amount of Sb(V) liberated during the course of the bio-reduction was assessed indirectly using E. coli JW 3434 / pars::gfp engineered by fusing ars operon (arsenic resistance gene) with a reporter (green fluorescent protein, GFP). The primary results indicated that the biosensor was able to detect Sb(OH)6 concentrations above in 3 μM. This indicates that the use of such biosensors could be pertinent to evaluate the bioavailability of Sb leached during the Sb substituted goethite bio-reduction (Fig. 3.5).

Conclusions and future work

The experimental investigation used in this study allowed us, to a certain extent, to evaluate the biogeochemical cycle of iron and antimony through the use of iron-respiring bacteria and Sb substituted iron oxide. On the one hand, a given amount of Sb(V) can be removed from the aqueous medium through the co-precipitation of the metal with an iron oxide. On the other hand, bacterial activity could trigger dissolution of the mineral, leading to the release of Sb(V) in the medium. The bioavailability of the leached Sb(V) can be estimated using whole-cell biosensors. The diversity in terms of metal, iron oxide and bacterial activity, needs to be explored in order to gain an understanding of the main parameters governing their biogeochemical functioning and, subsequently, to estimate the bioavailability of a given metal. To this end, the same approach will be applied to the study of nickel (Ni) as the target metal trapped in ferrihydrite particles and nickel-sensitive whole-cell sensors (bacteria). The results obtained from studies of diverse metal-iron oxide-bacteria systems will, in the long run, enable an understanding of how these systems function and their impact on the biogeochemical cycles and bioavailability of metals. LabEx RESSOURCES21 researchers are deeply engaged in international scientific meetings through their involvement as scientific session conveners and invited speakers. In relation to the ongoing RESSOURCES21 projects, international scientific meetings on Nickel and REE have been scheduled for 2017 and 2018, respectively.

Nancy will host the next SGA biennial international meeting, which will gather together more than 600 hundred researchers and students from more than 80 countries. 

Recruitment at a glance

LabEx RESSOURCES21 researchers have endeavoured to (i) continue their work on the international scientific programmes in which they have been involved (FP7 PROMINE, which ended in December 2013, will be followed up with the BIOMORE project from January 2015; WAXI-AMIRA: Stage 3 launched in September 2014), and (ii) be more proactive, both in their applications to new international programmes and in developing international collaborations. This activity has led to the award of funding for several international programmes, as well as interesting new scientific collaborations.

Awarded European research programmes and networks • http://www.stoicism.eu/system/files/documents/STOICISM_Flyer-v3print-17112014.pdf In mid-2011, the European Seventh Framework Programme for Research (FP7) launched its bids for large projects under the umbrella of "Nanosciences, Nanotechnologies, Materials and New Production Technologies" (NMP), which included "NMP.2012. 4.1-1: New environmentally friendly approaches to mineral processing". The "Sustainable Technologies for Calcined Industrial Minerals" (STOICISM) project passed through two highly competitive rounds of bidding (187 proposals in total) before being given the green light for funding in June 2012. The project, which will run for over 4 years, kicked off in January 2013 in Spain. The STOICISM Consortium is led by a major industrial mineral producing company (IMERYS) and consists of 17 partners from 8 European countries. Key contributors to this multidisciplinary platform include several universities, specialised SMEs and corporations, an industry association, as well as applied technology and research institutes. The platform presentation given by Quentin Dehaine (Université de Lorraine, France) as part of the STOICISM FP7 project, entitled: "Critical metals (La-Ce-Nd-Nb, W) and Sn as co-products from the production of Kaolin in Cornwall, UK: Identification and characterisation of the most valuable fractions", received the SIM 2014 award in the PhD student category.

BioMOre

•

Awarded in September 2014 -European project H2020; • LabEx RESSOURCES21 driving forces: Lev Filippov and Jean-Jacques Royer; • http://ec.europa.eu/eip/raw-materials/en/content/biomore-alternativemining-concept-raw-materials-commitment. There is considerable mineral resource potential at depth (>1km) in Europe, as demonstrated by current research (FP7 -ProMine), however, new methods are required for recovering these resources in an economical and environmentally-acceptable manner. BioMOre aims to develop new technological concepts for in situ recovery of metals from deep deposits using controlled stimulation of pre-existing fractures in combination with insitu bioleaching. BioMOre will be launched in January 2015.

FAME -Flexible And Mobile Economic processing technologies •

Awarded in September 2014 -European project H2020; • LabEx RESSOURCES21 driving forces: Lev Filippov. The FAME project is devoted to improving techniques for the processing and beneficiation of ores associated with primary rare-metal resources in Europe (skarns, greisens and pegmatites). FAME will consider flexible and modular processing technology demonstrated in relevant operational environments (industrially relevant environments in the case of key enabling technologies (TRL)). TRL6 is regarded as a feasible option for the processing of pegmatites, whereas TRL5 is considered more realistic for other types of ore body. The consortium has sixteen partners from seven European countries, including industrial, academic, and governmental institutions. The consortium has a strong industrial background and will conduct work on strategically important reference deposits operated by and/ or accessible to the project partners and their associate partners within the EU28 nations and Greenland. The COST action will create a network of scientists working on and interested in technology-critical elements (TCEs),encompassing all aspects of the subject, from environmental issues to threats to human health. Through
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assessment of the current state of knowledge and identification of gaps in our understanding, COST aims to establish priority research directions and act as a platform for new collaborations and joint research projects.

KIC Raw MatTERS

• Awarded in December 2014 -European Institute of Technologies (EIT) -Knowledge and Innovation Community; • LabEx RESSOURCES21 driving forces: Frederic Vilieras and Laurie Wolff: • http://eit.europa.eu/newsroom/eit-selects-new-strategic-partnershipsmilestone-europe-areas-health-and-raw-materials). Between 2012 and 2014, RESSOURCES21 was actively involved in developing the pan-European KIC Raw MatTERS programme, of which the Université de Lorraine is a partner institute. In December 2014, the project was selected by the European Institute of Technologies (EIT). As a result, the University will benefit from European financial support for a period of at least seven years to strengthen innovation across the whole raw materials value chain (exploration, extraction, processing, recycling and substitution). KIC Raw MatTERS, which was the only programme in this theme selected by the EIT, gathers together around 100 partners from academic, industrial and applied research institutions from 20 member states. KIC Raw MatTERS will strengthen the synergies between stakeholders in higher education, research, and development, with a view to promoting value creation through the support of innovation, the creation of start-ups, and the development of specialised training linked to the new scientific and technological practices in this domain.

NewOres Eramin project •

Awarded in December 2014 -ERA-MIN joint calll; • LabEx RESSOURCES21 driving force: M. Cathelineau, LabEx RESSOURCES21 and GeoRessources;

•

The participating teams from France (RESSOURCES 21 and VOLTAIRE LabEx) and Portugal share two key objectives: (i) To re-evaluate the metallogenesis of rare metal resources in Europe, and particularly those located in France and in Portugal.

Achieving this objective requires an integrated multi-disciplinary approach that consists of conducting, in parallel, series of experiments and model simulations concerning two main geological processes: • Magmatic processes. Through experimental studies, Eramin aims to document the exact way in which elements (and notably, the rare metals) are partitioned in the partial melts as a function of the protolith and the physical conditions of melting. Further research will then be required to decipher the mechanisms by which extreme rare metal enrichments are obtained in the RM P (either by fractional crystallization or through fluid-melt interactions); • Hydrothermal processes. There is a need for experimental data on the speciation of rare metals, in particular tantalum, for the thermodynamical modelling of ore transportation and deposition. Physical models of fluid circulation that incorporate field-based parameters are also desirable in order to validate (or indeed invalidate) current conceptual models of ore deposition.

To complement this first objective, particular attention will be devoted to aspects that may increase the economic potential of ores. These may include, for example, assessing the potential of common ores (cassiterite, wolframite) to contain rare metals such as Ta, Nb, In, and Sc, and undertaking detailed ore characterisations, especially of low-grade ores, in order to develop innovative processing techniques.

(ii) To develop new technology for ore processing. The processing of low grade and fine-grained ores presents a considerable challenge, due to the most part to the inefficiency of conventional technologies for low-contrast separation. The separation efficiency of these techniques weakens with decreasing particle size of the valuable minerals. Large quantities of low-grade ore and tailings also necessitate the use of specialised, economical methods for producing metal concentrates of a quality and quantity acceptable for further metallurgical processing.

Application to European call for proposals

MINERVA

Leader M. Pichavant, ISTO-Labex VOLTAIRE, RESSOURCES21, universities across Europe, and SMEs: The essential goal of MINERVA is to build integrated and projectspecific geomodels for Variscan mineralisations. The term 'exploration' encompasses activities ranging from targeting areas for ore-prospecting to determining the factors that control the location of ore-bodies and the distribution of metals within individual deposits. A geomodel is defined here as a conceptual tool that in a given exploration project, drives the entire operational strategy, integrating the various economic, industrial, scientific and technological dimensions that underlie exploration operations. 

Phytomining network

A network of laboratories working in the field of phytomining has been established and includes Spanish (CSIC), Austrian ( BOKU), Albanian (UAT) and Greek (TEIKAV) partners. The network is also open to a number of other strategic partners on an international level: USDA (USA), U. Sun Yat-Sen (China), EMBRAPA-Cerrados (Brazil), and the universities of Melbourne and Brisbane (Australia). More than ten people from the Université de Lorraine were selected and funded to attend the 2013 Young Leaders Forum in responsible mining development. Under the general theme of science, innovation and society, the Forum offered a series of activities, including workshops, lectures, debates, thematic tours, special meetings and networking events, which allowed them to meet with key stakeholders in the sector. Participants were also able to present their experiences in research or their professional project.

Establishment of new agreements and international collaborations

Québec Mines Défi Explo

Since 2012, Quebec Mines has held the EXPLO Quebec Mines Challenge, in which teams of three students, representing various universities, are given 12 hours to produce an exploration project. RESSOURCES21 is now supporting a team from Nancy to participate in this Masters student competition dedicated to mineral exploration. 

Geologia le

STUDENT REPRESENTATION AT NATIONAL AND INTERNATIONAL EXHIBITS AND EXCHANGES

With approximately 200 students graduating every year from 5 Masters and 2 Engineering training programmes (see Appendix, p98-99), the Université de Lorraine already offers a range of training programmes in the field of geological resources, from exploration to environmental issues. Emphasis has therefore been placed on training initiatives that will enhance (i) international outreach and visibility, (ii) research at post-graduate and PhD levels, and (iii) interactions between students involved in the field of mineral resources on a local to international scale.

NEW INTERNATIONAL MASTER: LEVERAGE EFFECTS OF THE LABEX

The two new international Masters programmes are entirely dedicated to the metal life cycle from ore beneficiation to recycling: The co-funding of PhD projects: nine projects funded since the beginning of the LabEx, mostly funded at 50% by LabEx and 50% by other institutions (Région Lorraine, Carnot Institute) see appendix, page 100.

SCIENCE COMMUNICATION

RESSOURCES21 is a multidisciplinary project aimed at developing knowledge and understanding of the entire strategic metal lifecycle (mining, extraction, processing, and recycling), taking into account issues related to geology, the environment, and ecotoxicology, for example. One of the key objectives of RESSOURCES21 is to disseminate and communicate information on the importance of 'critical' raw materials in order to raise awareness in society and foster social debate. The general public are often unaware of the significance and importance of rare metals, even though they are present in all facets of our daily lives -in our mobile phones, our computers, in low-energy light bulbs, and even in our banknotes. RESSOURCES21 has therefore organised tailored communication events that target three main audiences: the general public, school pupils and political organisations.

GENERAL PUBLIC

The 
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POLITICAL REPRESENTATIVES SCHOOL PUPILS

LabEx RESSOURCES21 has weaved a network of local, regional and national partnerships with actors in primary and secondary education. This has provided opportunities for researchers to organise or participate in conferences and to get in touch with the world of schools. After the scientific (2011-2012) and pedagogical (2012-2013) tasks, comes the final, and equally important, mission of the LabEx RESSOURCES21 team: the transfer of results to industry.

RESSOURCES 21 laboratories can profit from the longstanding relationships with industry that have been established through different partnership structures: (i) the GOCAD consortium for 3D modelling and reserve estimation; (ii) CREGU, a subsidiary of Areva (the world leader in uranium exploration), hosted by and a joint supervisory body of the GeoRessources laboratory; and (iii) the Lorraine Carnot Institute for Energy and Environment (ICEEL), an innovation catalyst for businesses thanks to its skills in geosciences, materials science, process engineering, and transfer of associated technologies.

Gocad Research Group

The Gocad Research Group -part of Georessources (UMR 7359) and the School of Geology at the Université de Lorraine -is a multidisciplinary team whose primary goal is to define new approaches to build and update 3D subsurface models that account for all types of available data. This new technology is made available not only through research papers, but also through computer codes, generally implemented as plugins of Gocad, a commercial application programming interface and software commercialised by Paradigm Geophysical and initially developed in our group. These new approaches may be applied directly in the Gocad Research Group, through collaborative projects, and by academic or industrial Gocad Consortium members. More details about research activities and publications are available on the research page (http://www.gocad.org/w4/). The Gocad consortium is open to industry and universities around the world who hold an interest in subsurface modelling and integration of knowledge and data across all Earth science disciplines, and who wish to use and/or contribute to the development of this new technology. Today, the Gocad consortium consists of 18 companies and 131 universities.

CREGU

Founded in 1978, the CREGU corporation (shareholders: COGEMA -51% and TOTAL -49 %) is part of the CNRS-UL GeoRessources Joint Research Unit (UMR) 7359. Located at the interface of industry and research, CREGU accomplishes its various missions through industry contracts, as well as through its participation in regional, national and international programmes. CREGU activities include fundamental and applied research on mineral and energy resources, education through research, technology transfer, technical assistance and expert reports.

A training centre for engineers from enterprises and international organisations, CREGU develops its major themes through observation, analysis, understanding and modelling of the mechanisms at work in the cycle of mineral and energy resources on the five continents: (i) exploration of metals, notably uranium, and oil deposits, from ore-prospecting to the production and economic development of deposits; and (ii) remediation of sites following mine closure.

B r a i n s t o r m in g s e ss io n betwe en R
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LEVERAGE EFFECTS Enhancing links with other LabEx

Collaborative programmes have been established with LabEx Voltaire on the behaviour of rare metals in Variscan granites, leading to two complementary PhD projects and the submission of an ERAMIN project proposal. RESSOURCES21 and Voltaire also worked together on the submission of a joint proposal to the Raw Materials call from H2020 and the successful Minerva project is due to commence in March 2015. One representative from Voltaire (M. Pichavant) is invited each year to the annual RESSOURCES21 scientific presentation and two representatives from RESSOURCES21 attend the annual Voltaire scientific meeting. Scientific exchanges have also been developed with Chemisyst (Montpellier-Marcoule) and Sérénade (Aix-Marseille) in the field of metal behaviour in the environment. Although working in different fields, the two LabEx based in Lorraine, ARBRE and RESSOURCES21, share some common scientific goals, for example constraining the role of metals in tree development. Finally, the DAMAS and RESSOURCES21 LabEx were involved in the setting-up of the ERAMIN French subgroup discussion day.

Developing new industrial partnerships

• New projects with Eramet on the remediation of mine soils using adapted plants, with application to major new mining projects in Indonesia.

• Recent award of European projects in the field of ore beneficiation (BioMOre, STOICISM, FAME). Project partners include French companies such as Imerys, as well as a number of European companies (Poland, Finland).

• Setting-up of the Minerva project (RESSOURCES21/Volatire co-initiative) in response to the H2020 "Raw Materials" call for proposals. Minerva will involve several industrial partners, including Imerys, Variscan, and companies based in Portugal, the United Kingdom, and Germany.

• Award of an ERAMIN project on tungsten deposits in Western Europe (December 2014) in collaboration with LabEx Voltaire, teams from Portugal (Porto University, LNEG), and the Panasqueira mine (SOJITZ BERALT). 

Education and diffusion of knowledge

Training in the field of mineral resources, from their exploration to their exploitation, is already a key component of the Masters degrees and other programmes run by Nancy's two Engineering Schools. The LabEx has furthered the training opportunities in this domain through the setting up of new university-level training programmes such as the Emerald 'Duby' Masters.

The diffusion of expertise and knowledge has been effective across different areas:

• Industry -The LabEx benefits from long-lasting ties with industrial partners, such as Areva, Imerys and Eramet, established via the GOCAD consortium for 3D-modelling and reserve estimations, and CREGU, a subsidiary of Areva -the world leader in uranium exploration, hosted by and co-supervisor of the GeoRessources laboratory.

An important leverage effect of LabEx has been the development of new projects with Eramet on the remediation of mine soils using adapted plants, with application in major new mining projects in Indonesia. A major co-initiative of the RESSOURCES21 and Voltaire LabEx has been the setting up, in collaboration with European SMEs, of the "Minerva" project in response to the recent 'Raw materials' call in the framework of H2020.

• The general public -LabEx researchers have presented their research at several open meetings dedicated to a public audience, allowing the use and exploitation of rare metals in all objects of our everyday lives to be presented on a number of different occasions. 

Leverage effects of LabEx RESSOURCES21

At the national and European level, the RESSOURCES21 label and the financial means obtained as a result have allowed the researchers to secure and enhance their standing within European networks and to increase their level of participation in the submission of proposals to European calls. By careful structuring of its research community, LabEx RESSOURCES21 has provided the means with which to foster new ideas, develop researcher consortiums and establish cross-disciplinary research programmes. The main leverage effects of LabEx RESSOURCES21 have been:

• The provision of funding and incentives for developing new ideas and collaborations for the setting-out of new proposals at regional to European funding-level. This has resulted in a series of recent successes (notably, the Eramin 'NewOres' project, the H2020 'Biomore' project, and a project on Sc geochemistry in laterites with CNRT-New Caledonia) that could not have been achieved without the stimulation, organisation, help, and sometimes co-funding of LabEx.

• The creation of new training programmes, some at international level, such as the Emerald Masters degree.

• Assuming leadership in the organisation of national meetings in the politics of raw materials (ERAMIN 'French mirror' group), and of major scientific meetings such as SGA 2015 (600 participants anticipated).

• The organisation and involvement of the Université de Lorraine in the submission of the KIC Raw materials proposal.

• The development of new research programmes with French industry, for example the study of Ni behaviour in soils in new mining targets for Eramet, the systematic use of LA-ICP-MS for better understanding the incorporation of strategic metals (e.g., REE (Areva) and Ge) in minerals and substrates, and the setting up of original research on the transfers between soils and plants.

Perspectives

The two 3-year programmes will largely determine the structure of the next four years of the LabEx in terms of research. In association with the research programmes, a detailed calendar of scientific and communication actions will be organised including, for example, international workshops and meetings on Ni-Co and on REE-Nb concentrations in 2017-2018. The key objective of the RESSOURCES21 project is to establish an international reputation for knowledge and know-how that will ensure the sustainability of the financial income and scientific excellence of the LabEx teams in the many years to come.

A DISCUSSION ON THE MINING AND MINERAL INDUSTRIES IN CANADA

Developers Association of Canada) as part of LabEx RESSOURCES21. This is an excellent opportunity as it generally takes 5 to 8 years after registration to get a place. This year, the PDAC welcomed around 30,000 participants and 600 exhibitors all working in mining in more than 125 countries. Taking part in this event has allowed the Lorraine team to demonstrate its skills in training and research, to boost its students' recruitment possibilities on the international stage, and to establish and reinforce partnerships with the mining and mineral industry. It was also a chance to promote the university and LabEx RESSOUCES21.

RESSOURCES21

RESSOURCES21, "Rare metallic resources in the 21 st century", is a research, training and advancement scheme for the environmental management of natural resources of critical metal in the 21 st century. Many metals are gaining more and more applications in manufactured products and technology linked to carbon-free energy. Although just a few years ago access to metals was thought to be assured, in that they were plentiful and easy to reach, recent economic and political pressures have meant that it is now necessary to secure our supplies for the coming decades. Consequently, we must redefine the notion of resources in terms of geology, concentrations of metals and recycling, whilst taking environmental management and any potential toxic effects on ecology into account. 

A PROJECT FOR CREATING INNOVATIVE BUSINESSES

The ECONICK project (for the design of an environmentally friendly, high value nickel production process) has been accepted for entry into the Incubateur Lorrain. Led by Marie-Odile Simmonot, the project aims to create a phytomining business that produces high-added-value nickel salts and gives advice on phytoextraction. The "incubation" phase allows the project and its staff to reach a state of readiness. A package of services is gradually implemented as the project develops, with the final outcome being the creation of a company and the launch of the product onto the markets in the best possible conditions. In addition to this, thanks to Oséo (and in particular its competition for new talent) the following projects will be financed: a market analysis, an intellectual property analysis and a technical evaluation of the potential for creating a start-up. 

FOCUS ON THE LORVER PROJECT

The LORVER project aims to restore the fertility of spoiled soil (a site for storing contaminated earth such as Sita-FD) and industrial wastelands (such as the GISFI experiment station in Homécourt) following past industrial activities. This will be done by reconstituting the soil to allow specific cultures to be planted for industrial purposes (fibres, energy, biochar, metals), such as poplars, hemp, nettles and hyperaccumulating plants. 

RESSOURCES21

The RESSOURCES21 project is looking at how France and Europe source their supplies of strategic metals for the energy and high technology goods fields. In this context, RESSOURCES21 is focusing more particularly on primary strategic metal resources (rare earths, uranium and nickel especially) in terms of geological concentration processes, mineralurgy and environmental impact as well as the management of secondary resources and recycling. Find out more

MICHEL CUNEY HONOURED ONCE AGAIN

After being awarded the SGA-Newmont Gold Medal for 2013, Michel CUNEY has just been appointed Honorary Professor at the East China Institute of Technology in Fuzhou, after a period spent at this university, which trains most of China's geologists in exploration and research.

LETTRE D'INFORMATION LABEX RESSOURCES21 -JUIN 2013

Our researchers and students manned the RESSOURCES21 stand from 11 to 16 June 2013, welcoming the general public every day from midday to midnight. Our estimation is that approximately 150 to 180 people a day showed an interest in strategic metals, attended the demonstrations and engaged in discussion with the "researchers" present. The public's questions were particularly centered on the real place of metals in everyday life, the risks regarding the availability of supplies and the economic impact in Lorraine. This first RESSOURCES21 operation was a success and will surely be repeated, building on the solid content and experience.

INTERNATIONAL MASTERS

The so-called "DUBY" masters course for foreign students in "Mineral raw materials, risk engineering and management" offered by the École des Mines in Nancy and the Ecole Nationale Supérieure de Géologie -ENSG, has been approved by the Ministry. Its aim is to train mining industry managers in the countries that produce and export raw materials in order to create lasting links with these countries, the mine operators and their future managers. This new master course will start in autumn 2014 with its first intake and will take over from the CESTEMIN and the CESEV courses, which have lost their funding due to budget cuts by the ministry. These 

RESSOURCES21

RESSOURCES21 is a project funded as part of the French "Future Investment" national programme, with a budget of 9 million Euros (2011-2019). It pursues three main aims: (i) Understanding the formation processes of metal deposits, and the natural and anthropogenic cycle of strategic metals; (ii) Develop innovative tools and procedures to better manage and exploit these deposits; (iii) To grasp the environmental impact of these metals once they have been scattered throughout the ecosystem. Three broad areas of action complement the main aims: (i) Pushing the frontiers of analysis in terms of finding and measuring trace elements within rocks and dating geological events; (ii) Modelling the geometry, movement and physical chemistry processes at regional level to understand the distribution of metals and their development in space and time; (iii) Designing and developing new biogeochemical sensors to monitor the scattering of dangerous elements and predict pollution. More info at www.ressources21.univlorraine.fr/en/project/download.html

RECRUITMENT

Two students from the National School of Geology (Quentin Lespagnol and Alix Marchal) have been recruited for a 3 month placement to produce a webdocumentary providing general information on strategic metal.

PRIZE

Arnaud Botella received a prize for his poster on hybrid grid generation during the RP2E Graduate School open day. These grids are an essential element in achieving the modelling-related aims of LabEx on coupled calculations in complex geological models.

FRANCO-AUSTRALIAN MEETING ON RARE EARTH ELEMENTS IN PERTH

Michel Cuney and Lev Filippov represented Geosciences in Nancy and "RESSOURCES21" at this workshop organised by the French Embassy. Many industrial and academic stakeholders attended, giving us a better grasp of the challenges this field faces due to markets, prospection and rare earth element production processes as well as an overview of the chemical and physical chemical challenges involved in flotation and leaching etc. The associated issues were presented by several bodies (CSIRO, UniSA, ANSTO, CEAtech and Georesources). Visits to laboratories and research centres emphasised the importance of the research work in mineral raw materials. Mate Newsletter N°3

QUÉBEC MINES 2013

A 10-person delegation from Lorraine represented the University and RESSOURCES21 at the Québec Mines 2013 congress. The students were able to extend their networks, giving them a chance to find a placement or a job in Canada. Three of them were given the chance to take part in the MINES EXPLO contest where several teams compete to deliver the best exploration project). The job of the lecturers was to strengthen Franco-Québec ties and to make it easier for French students to find jobs in Canada. The Franco-Québec Youth Office (OFQJ) funded the involvement of 7 students from Lorrain in the International Forum for Young Leaders in Mining Development that took place during the show. The delegation from the Université de Lorraine and French companies were received by the French Consul in Québec.

Publication by: Frédéric Villieras Dr Laurent Aillères is a Professor at Monash University in Australia. He was the guest of GeoRessources for 3 weeks as part of the EMERALD Masters. We took the opportunity to discuss implied-surface based 3-D modelling methods and discuss future collaboration (an article is currently being written with Gautier Laurent, a former doctoral student and current post-doc at Monash). Laurent Aillères produced an applied mining exploration module in M1 Emerald based on geophysical and geomodelling data. 

FOCUS ON GUEST RESEARCHERS

RESEARCHERS' MOVIE FESTIVAL

The Researchers' Film Festival is a CNRS / Université de Lorraine event that took place between 10 th and 15 th June 2014 at the Parc de la Pépinière in Nancy. Scientists and directors got the chance to answer questions from the audience. 60 films screened for free, researchers and festival-goers discussing until the early hours, passers-by who stopped then stayed, film-making school-children, science (and comedy) shows. The first evening was dedicated to "The Continental Waltz" with Christian France-Lanord (from CRPG) as the speaker. OTELO and RESSOURCES21 presented an exhibition for the general public, built around 5 totems focusing on the future challenges of rare metals that are essential to our daily lives and the environmental impact of these metals, including tracking them.

Ongoing PhD Thesis • CARROUE Simon. Genèse des granites potassiques archéens riches en uranium dans la ceinture de Barbeton, direction Jean Françoic Moyen, codirection, M. Cuney. Thèse Univ. St Etienne.

• CHEN Fengjuan (2013-), Modélisation microporomécanique de roches poreuses hétérogènes et applications aux roches oolithiques. Dir. GIRAUD, A., GRGIC, D.

• DELONCA Adeline (2011-), Incertitudes sur les paramètres des éboulements rocheux et leurs impacts sur lévaluation du risque. Dir. VERDEL, T., GUNZBERGER, Y.

• FAIVRE Maxime (2012-) Modélisation du comportement hydrogéomécanique d'un réseau de faille sous l'effet des variations de l'état de contrainte. Dir. GOLFIER, F., GIOT, R. • REICHART Guillaume (2010-), Fonctionnement thermo-hydro-chimique des réservoirs de mines profondes ennoyées. Dir. BUES, M., COLLON-DROUAILLET, P., VAUTE, L.

• RONGIER Guillaume (2013-), Simulation Multipoints de corps géologiques connectés. Dir. SAUSSE, J., COLLON-DROUAILLET, P.

• RUIU Jérémy (2011-), Analyse géologique orientée objets d'images digitales de dépôts sédimentaires. Dir. CAUMON, G., VISEUR, S.

• BARRE Guillaume (2014-) -Rôle de la spéciation du soufre sur les processus redox affectant son cycle géochimique dans la lithosphère. Encadrant L. Truche, thèse MNERT

• TURLIN François (2014-), Les gisements de REE magmatiques, traceurs des processus de croissance et de différenciation de la croûte continentale : Exemple de la province orogénique protérozoïque du Grenville, Québec. Dir. Anne-Sylvie André-Mayer Co-encadrants O. Vanderhaeghe (GET, Toulouse) et Felix Gervais (Polytechnique Montreal). Thèse Region-Labex

• LEGROS Héléne (2014-), Granites et metallogenèse à métaux rares (W, Ta, Nb, Li, Sn) du SE de la Chine et comparaison avec la chaîne varisque européenne. Thèse inter Carnot ICEEL-BRGM. Encadrants : J. Mercadier, T. Augé

  c ti v i t y r e p o r t Bi-a n n u a l n e w s l e t e r ( s e e a p p e nd ix) Int e rn e t w e b s i alisa ti o n o f b o o t h s t r u c t u re s for fa ir s D isplay p a n e l s f o r p u b l i c f a ir s and ati o n le a f e t sSw e a t s h ir t s a n d t -s h together a multidisciplinary team of researchers from the Otelo scientific centre (Lorraine Earth and Environment Observatory). More than 140 researchers, 70 technicians and engineers, and 60 postdoctoral researchers and students, drawn from four research laboratories, are involved in the project. RESSOURCES21 also benefits from the support of public entities, both industrial and commercial in nature, private companies, and external research projects.

  Eu d y a li t e f r o m t h e N o r r a K a r r a l k a l i n e c o m p le x (S w e de n) B a st n a e s it e ( R E E c a r b o n a

  Nickel open pit in New Caledonia minerals). Understanding the full cycle of extraction, including the source rocks, transport, and deposition, requires new data and approaches. The source rocks of many metals remain largely unknown, and for metals present in only trace quantities in minerals, even the mechanisms of deposition are poorly constrained (e.g., incorporation of In in sulphides, in tin or in VMS ores, Ge in hydrothermal sphalerite, and Sc in iron oxides).

4.

  Germanium isotopes yielded a broad range of ∂ 74 GeNIST3120a values, from -2.07±0.37 to +0.91± 0.16‰ (2σ SD), highlighting the large isotopic fractionation that occurs during sphalerite deposition in low-T hydrothermal systems. The positive correlation between bulk ∂ 74 Ge and bulk Ge content in sphalerite suggests mixing between different fluids during sphalerite precipitation (Rayleigh fractionation) in open hydrothermal systems. These results highlight the exceptional features of the Saint-Salvy deposit (France): the outstanding compositional zoning in the sphalerite crystals, their very high Ge contents compared to other Ge-bearing sphalerite ores, and the broad range of Ge isotopic compositions.

Fig. 1

 1 Fig.1.2: Proposed S-3 reaction pathway for thermochemical sulphate reduction[START_REF] Truche | The role of S-3 ion in thermochemical sulphate reduction: Geological and geochemical implications[END_REF] 

Fig. 1

 1 Fig. 1.3: Predicted probabilities of Cu-potentials (P) in the Fore-Sudetic Monocline. (FSM). Some main structures and Cu potential locations are highlighted. The match between high P and the Cupotential areas are close to main regional structures as the Pogorzela elevation, the Sieroszowice graben and the Odra fault system among others (from Mejia-Herrera et al., 2014)

(

  Gaëlle Mollex PhD, Oct. 2013 -Oct. 2016) Carbonatitic magmatism has existed throughout the Earth's history, but only one stratovolcano, Oldoinyo Lengaï (OL, Tanzania), produces such magmas today. These magmas are among the rarest Si-free melts on Earth and represent the main deposit for critical metals such as REE. The OL volcano exhibits three formations, representing the three phases of construction. Lengaï 1 was mainly phonolitic, Lengaï 2 was nephelinitic, and the most recent activity has been characterised by natrocarbonatite emission. The transition between the different phases is not yet fully understood, and must be investigated in detail. This project focuses on a petrological and geochemical study of cumulative xenoliths that poured out at the surface during the 2007-2008 sub-plinian eruption of Oldoinyo Lengaï. These samples were partially crystallized in the mushy zone that forms at the margin of the magma chamber, and thus provide a record of deep magma-chamber processes. Crystallization sequences and compositions of melt inclusions trapped in the different minerals (from the first to crystallize to the last) provide new information on the temporal evolution of Oldoinyo Lengai. Geothermobarometry combined with previous experimental work, indicate that advanced differentiation takes place within crustal magma chambers.

Fig. 1

 1 Fig. 1.4: In situ LA-ICP-MS mass spectrum of pisolites from lateritic profiles in New Caledonia, analysed for Ni, Co, Cr, Sc (Sc content around 100 ppm after calibration on external and internal standards ).

(

  Co-financing of experiments carried out within the framework of a PhD project on Trekopje ores (PhD financed by Areva ) Lev Filippov, Inna Filippova and A. Duverger

Fig. 2

 2 Fig.2.2: Rate of recovery of the Trekkopje ore minerals using Na-oleate mixed with a non-ionic reagent (PX4826) at pH 8.

Fig. 2

 2 Fig. 2.1: Carnonite associated to palygorskite in Trekkopje calcrete.

Fig. 2

 2 Fig. 2.3: (a) Flotation of a pyrite-rich sample (FLDR08.t2) according to the pH regulator (CaO and NaOH); (b) fotation of Fe-Cu-rich massive sulfide samples (freshly ground, 2 and 8 months after grinding, collector: sodium isopropyl xanthate; pH 6.5).

  2.3 b).
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  Fig. 2.4: Hyperaccumulator taxa from the Balkan Peninsula (Photos: G. Echevarria)

A

  field experiment with native Alyssum murale was undertaken on two representative Vertisols (Pojskë and Domosdovë, Albania) with the aim of testing the effect of plant density on phytomining cropping systems. Both areas were cleared in late summer 2012 and then ploughed. The soils were characterized and then 0.5 ha was planted with native seedlings at Domosdovë in September 2012, at a density of 6 plants per m 2 . In a second 0.1-he plot at Domosdovë, plants that had germinated in spring 2012 were left to grow without any competition from other plants. Plots were weeded manually in autumn 2012 and in spring 2013 and individuals occupied approx.1 m 2 at maturity. Also in September 2012, a 0.3 ha plot at Pojskë was planted with seedlings of A. murale, at a density of 4 plants per m 2 . Plants grown at a density of 4 and 6 plants per m 2 did not fully cover the ground; gaps were filled in naturally by a second spontaneous generation of A. murale seedlings which had germinated in autumn 2012. Other weeds were eliminated with herbicides. At Domosdovë, for 1 and 6 plants m -2

Fig. 2

 2 Fig. 2.5: Crystals of Ni(NH 4 ) 2 (SO 4 ) 2 . 6H 2 0 produced after optimization and purification (Photo X. Zhang)

Fig. :

 : Fig.: Ni transfer and fractionation from soil to plant.
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Fig. 3

 3 Fig. 3.1: Map of sampling sites stuying Gd concentrations in Lorraine rivers.

Fig. 3

 3 Fig. 3.3: 3D -reconstruction of digestive glands in zebra mussels exposed to CeO2 nanoparticles.

Fig. 3

 3 Fig. 3.4 : Examples of studied model species : Daphnia sp. and Gammarus sp.

Fig. 3

 3 Fig.3.5: Schematic representation of the experimental approach. An iron reducing bacteria will couple the reduction Sb-substituted goethite with the oxidation of formate. During the course of the reaction, the mobilisation in solution of Fe(II) and Sb(V) will be quantified. Additionally the bioavailability of the Sb(V) present the in aqueous phase will be estimated by recording the fuorescent signal (GFP production) emited by whole cell biosensor.

  SGA 2015 will take place in Nancy from the 24th to the 27th of August 2015. The local scientific committee has made sure of the representation of LabEx RESSOURCES21 themes in the proposed sessions. (http://sga2015.blog.univ-lorraine.fr/) I. SCIENTIFIC MEETINGS 57 RESSOURCES21 has hosted ten foreign researchers in Nancy for stays of a few weeks to three months: • Pr Igor Sevostianov of the Department of Mechanical and Aerospace Engineering, New Mexico State University, USA -2 months, Spring 2012; • Pr Li Guanglai of the College of Earth Sciences, East China Institute of Technology, Nanchang, China -2 months, Autumn 2012; • Dr Michel Jebrak of Quebec University, Montreal, Canada -3 months, Winter 2013; • Pr Campbell McCuaig, Director of CET, University of Western Australia -2014; • Dr Claude Fortin of INRS, Quebec, Canada -2 months, Spring 2013; • Pr José Paulo Pinheiro of Algarve University, Portugal -3 months, Spring 2014; • Pr Daniel Fornasiero, Associate Professor at the Ian Wark Research Center, University of South Australia -2 months, 2014; • Pr Laurent Aillères of Monash University, Australia -3 weeks, 2014; • Pr Monserrat Filella of the University of Geneva -6 months, Winter & Spring 2014; • Dr Alan Baker of the Faculty of Science School of Botany, Melbourne, II. INTERNATIONAL EXCHANGE Australia -2 months, Spring & Autumn 2014. RESSOURCES21 has also provided financial support (full and partial) for long stays abroad for researchers from Nancy: • Yann Gunzburger, GeoRessources -Mac Gill, Montréal, Canada -3 months 2013; • Laure Giamberini, LIEC -CEREGE, Aix-en-Provence, France -2014 & 2015; • Mukendi Kongolo, GeoRessources -UQAT, Rouyn-Noranda, Canada -3 years; • Imad Aharchaoui -University of Laval, Quebec, Canada; New and official links via formal agreements have been established with CET (field exploration) and the Quebec Resources Ministry. A network of laboratories working in the field of phytomining has been established and includes Spanish (CSIC), Austrian (BOKU), Albanian (UAT), and Greek (TEIKAV) partners. The network is also open to other strategic partners at the global level: USDA (USA), U. Sun Yat-Sen (China), EMBRAPA-Cerrados (Brazil), and the universities of Melbourne and Brisbane (Australia).

60 DIVEX

 60 DIVEX is a research group composed of university and government researchers from seven Quebec universities (INRS-ETE, Laval, Polytechnique, McGill, UQAC, UQAM, and UQAT). Created in 2002, the DIVEX Innovation Network is entirely financed by the Quebec Research Fund -Nature and Technologies (FRQ-NT). In mid-2014, the network launched a research programme on REE occurrences in Quebec, which is scheduled to begin in May 2015. The RESSOURCES21 LabEx is an official scientific partner in this programme and a co-supervised PhD project on REE occurrences in the Grenville Paleoproterozoic province will begin in January 2015. The DIVEX programme will strengthen current interactions with the MRNF Québec (Ministère des Ressources Naturelles et de la Faune), a partnership which has been active since 2008 via educational actions (the Ecole de terrain Abitibi field school , 2008 to 2014). The collaboration has recently been extended to the environment spectra through discussion and interactions with the MEDDLCC (Ministère du Déveoppement Durable et de la Lutte contre le Changement Climatique) who are currently designing a research programme on the environmental impact of REE from exploration and mining (see invited conference at Québec Mines -Laure Giamberini). LabEx RESSOURCES21 driving forces: A.S. André-Mayer and Laure Giamberini Center for Exploration Targeting (CET) CET (Center for Exploration Targeting, Perth, Australia): The Winter 2014 visit of CET director Cam McCuaig was aimed at exchanging ideas about technology transfer and the forging of industrial links, and at building an official partnership between GeoRessources and CET laboratories. A meeting with the international branch of the CNRS and INSU took place in March 2014 and led to the construction of the PICS programme. A joint post-doctoral research project is currently in progress (A. Eglinger) and A.S. André-Mayer has been awarded a 2015 Gledden Visiting Fellowship at the Western University of Australia for two months in autumn 2015. LabEx RESSOURCES21 driving forces: A.S. André-Mayer

  Institut de Recherches Mines et Environnements (IRME) The Research Institute on Mines and Environment (IRME) UQAT-Polytechnique was created in 2013 by the Université du Québec en Abitibi-Témiscamingue (UQAT) and the Polytechnique Montréal. The equivalent of a LabEx structure in France, and unique in Quebec, this joint research programme was created in association with several mining partners. Focusing on the environment and the management of mining wastes, IRME aims to develop environmental solutions for the entire life cycle of a mine. Following the reception of the IRME director (Bruno Bussière) in November 2013 and scientific discussions held at the Québec Mine (November 2013 and 2014) and PDAC meetings (March 2013 and 2014), an international convention between UQAT and the Université de Lorraine was signed in December 2014. This agreement covers both research and teaching in the geosciences domain, with an emphasis placed on subjects related to the mining cycle. Mukendi Kongolo, who is currently participating in a longterm exchange at UQAT, and Laure Giamberini, who was invited to give a presentation on ecotoxicology issues at Quebec Mine 2014, have both benefited from this rising partnership. LabEx RESSOURCES21 driving force: A.S. André-Mayer. Lorraine was represented at Québec Mines with a delegation of more than 10 people for each edition (students, PhD students, academic staff, and engineers). PDAC, Toronto, February, 2012, 2013 and 2014 RESSOURCES21 was also present at the PDAC convention, the world's largest showcase for the field of mineral resources. The delegates presented the training opportunities and research facilities of the Université de Lorraine and its associated laboratories to a worldwide audience. GEOLOGIA, Nancy ENSG, October, 2012, 2013, 2014 The annual GEOLOGIA fairs have provided the opportunity to promote training facilities in RESSOURCES21-related fields to Masters-level and Engineering students from Grandes Ecoles and universities all over France. Young Leaders Forum in responsible mining development, November, Québec, 2013

  Défi, Nancy ENSG, October 2013, 2014 This competition for Masters students in Geosciences was created in 2013 and takes place during the annual "Geologia" fair in Nancy. The goal of each year's Défi or 'challenge' is to address an industrial issue linked to the field of geological resources. Geothermal Energy and Geological Materials were the themes tackled in 2013 and 2014, respectively. http://www.geologia.fr/accueil/les-manifestations/le-defi/ Funding student at participation to industrial fairs RESSOURCES21 has provided partial funding for students from the School of Geology, the School of Mines (French Engineering school), and Masters degree programmes to participate in the annual meetings of the National Society of Mineral Industry, (SIM), Québec Mines and PDAC (2012, 2013 and 2014). The Nancy SGA student chapter The Nancy SGA student chapter has been created in 2013 by master and PhD students and aims at organizing lectures, workshop, fieldtrip, experiences exchanges in the field of mineral resources. Several lectures have been organized since 2013: projection of the movie "La sale guerre des Terres Rares" and debate with B. Lehmann, M. Cuney and A.S. André-Mayer (around 100 persons); Job opportunities in mineral exploration both in Canada and Australia with M. Jébrak and C. McCuaig (around 50 persons); a one day Fieltrip in the Vosges Mountains to visit old copper mines (15 persons), …Each year, the student chapter is electing a student who is partially supported by RESSOURCES 21 to be part of the Université de Lorraine PDAC representation.

  (see focus) Era sm us Mu nd us EM ER ALD EM era ld is a two -ye ar ful l-ti me Eng lish Ma ste rs pro gra mm e des ign ed to edu cat e a new gen era tio n of you ng pro fes sio nal s by int egr atin g a per fec t kno wle dge of ava ilab le min era l res ou rce s and mo der n eng ine eri ng tec hn olo gie s. It giv es the stu den ts the op po rtu nit y to dev elo p a bro ad and mu ltid isci plin ary un der sta nd ing of geo res ou rce pro ces sin g, fro m the cra dle to the gra ve and bey on d. Mo der n com pu ter -ba sed tec hn olo gie s use d in res ou rce cha rac ter isa tio n (di gita l ima gin g, tom ogr aph y) and mo del ling (ge ost atis tics , 4D GIS ) for m the bac kbo ne of thi s deg ree , the ob jec tive of wh ich is to tra in ski lled eng ine ers cap abl e of usi ng the mo st adv anc ed exp lor atio n and mo del ling tec hn olo gie s ava ilab le. EM era ld is a join t org ani sati on of fou r top -lev el int ern atio nal un ive rsiti es in the fiel d of geo res ou rce s: Un ive rsit y of Liè ge (Be lgiq ue) , Un ive rsit y of Lul ea (Su ède ), Fre ibe rg Tec hn isch Un ive rsit at, Un ive rsit é de Lor rain e (Fr anc e). htt p:/ /w ww .em era ld. ulg . ac. be/ Era sm us Mu nd us EM ER ALD EM era ld is a two -ye ar ful l-ti me Eng lish Ma ste rs pro gra mm e des ign ed to edu cat e a new gen era tio n of you ng pro fes sio nal s by int egr atin g a per fec t kno wle dge of ava ilab le min era l res ou rce s and mo der n eng ine eri ng tec hn olo gie s. It giv es the stu den ts the op po rtu nit y to dev elo p a bro ad and mu ltid isci plin ary un der sta nd ing of geo res ou rce pro ces sin g, fro m the cra dle to the gra ve and bey on d. Mo der n com pu ter -ba sed tec hn olo gie s use d in res ou rce cha rac ter isa tio n (di gita l ima gin g, tom ogr aph y) and mo del ling (ge ost atis tics , 4D GIS ) for m the bac kbo ne of thi s deg ree , the ob jec tive of wh ich is to tra in ski lled eng ine ers cap abl e of usi ng the mo st adv anc ed exp lor atio n and mo del ling tec hn olo gie s ava ilab le. EM era ld is a join t org ani sati on of fou r top -lev el int ern atio nal un ive rsiti es in the fiel d of geo res ou rce s: Un ive rsit y of Liè ge (Be lgiq ue) , Un ive rsit y of Lul ea (Su ède ), Fre ibe rg Tec hn isch Un ive rsit at, Un ive rsit é de Lor rain e (Fr anc e). htt p:/ /w ww .em era ld. ulg . ac. be/ In te rn ati o n al M as te rs o f Sc ie n ce "R aw m at e ri al s, En gi n e e ri n g, an d R is k M an ag e m e n t" A ls o la u n ch ed in 2 0 1 3 , th is in te rn ati o n al M Sc is d ri ve n b y N an cy 's tw o En gi n ee ri n g sc h o o ls (E co le d e G éo lo gi e an d Ec o le d es M in es ). Th e co u rs e le ad s to a P ro fe ss io n al M as te rs d eg re e in M in es an d Q u ar ri es . It co ve rs th e w h o le o f th e m in er al m in in g cy cl e, fr o m th e ex p lo ra ti o n o f d ep o si ts to th e p ro ce ss in g an d re cy cl in g o f m in in g w as te , in cl u d in g m in in g te ch n iq u es . St ro n g em p h as is is p la ce d o n h u m an ri sk p re ve n ti o n an d en vi ro n m en ta l p ro te cti o n . Th e co u rs e in cl u d es vi si ts to in d u st ri al si te s an d fi el d w o rk . h tt p :/ /w w w .m in es -n an cy .u n iv -l o rr ai n e. fr /c o n te n t/ m as te rin te rn ati o n alm ati èr es -p re m iè re s-m in ér al es In te rn ati o n al M as te rs o f Sc ie n ce "R aw m at e ri al s, En gi n e e ri n g, an d R is k M an ag e m e n t" A ls o la u n ch ed in 2 0 1 3 , th is in te rn ati o n al M Sc is d ri ve n b y N an cy 's tw o En gi n ee ri n g sc h o o ls (E co le d e G éo lo gi e an d Ec o le d es M in es ). Th e co u rs e le ad s to a P ro fe ss io n al M as te rs d eg re e in M in es an d Q u ar ri es . It co ve rs th e w h o le o f th e m in er al m in in g cy cl e, fr o m th e ex p lo ra ti o n o f d ep o si ts to th e p ro ce ss in g an d re cy cl in g o f m in in g w as te , in cl u d in g m in in g te ch n iq u es . St ro n g em p h as is is p la ce d o n h u m an ri sk p re ve n ti o n an d en vi ro n m en ta l p ro te cti o n . Th e co u rs e in cl u d es vi si ts to in d u st ri al si te s an d fi el d w o rk . h tt p :/ /w w w .m in es -n an cy .u n iv -l o rr ai n e. fr /c o n te n t/ m as te rin te rn ati o n alm ati èr es -p re m iè re s-m in ér al es RESEARCH TRAINING The LabEx's main contributions to research training consist of: The co-funding of research internships at Masters level (more than 8 per year), see appendix page 97;

  LabEx researchers have presented their work at a number of open events for the general public, allowing them to demonstrate the assorted uses of rare metals in everyday objects. Members of the public were given the opportunity to discover mineral and rock specimens and technological advances, watch and participate in experiments, and meet with and talk to researchers about their work Temporary exhibitions: "Moments d'invention", Nancy, 11th to 16th June 2013; "Ces métaux qui nous entourent», Maxéville, June 2014 & December 2014; "Science en fête"; ... Public lectures: • Alain Cheilletz, 6 March 2014, "Les matières minérales: une mise au point", Villers les Nancy; • Marie-Christine Boiron, 20 November 2014, "Ces métaux qui nous entourent"; • AS André-Mayer, 1 February 2015, Terrae Genesis, "Ressources minérales: Eléments d'économie et de géopolitique"; • CNRS: "Les fondamentales du CNRS", Grenoble, 2014; • Science & You 2015: LabEx RESSOURCES21 will be present at this international cultural and scientific event open to the general public and science media.

  Public hearing for political representativesAs part of an enquiry commissioned by the 'Parliamentary Office for Evaluation of Scientific and Technological Options' (OPECST), M. Cathelineau was interviewed on the 19th of June, 2014, by M. Antoine, vice director of OPECST. The hearing concerned the issue of metal resources, in particular, the rare earth elements, and the state of research in France in the field of geosciences. The hearing, along with all the other 2014 OPCST hearings conducted in this domain, will be published in a report and made available to the public.

  National conference: "Les Ressources et l'Energie" (04.12.2013) RESSOURCES21 presented the opening seminar at the "Les Ressources et l'Energie" conference in Nancy in December 2013. Organised by "La Maison pour la Science", in partnership with the ESPE, the conference brought together around fifty primary teacher-trainers from across France and around one hundred primary school teachers from the Nancy district. National conference "Les Ressources géologiques, nouvelles visions pour l'enseignement" (13.11.2013) RESSOURCES21 was invited to deliver the opening presentation of the national "Les Ressources géologiques, nouvelles visions pour l'enseignement" conference, organised in Paris by the AFPSVT. The congress brought together approximately two hundred people involved in secondary education or teacher-training. "La Maison pour la Science" and "La Main à la Pâte" With the aim of creating strong relations with ESPE teams in Lorraine, participation in two initiatives, "La Maison pour la Science" and "La Main à la Pâte", has allowed local teachers to be hosted in laboratories and GeoRessources scientists to visit primary schools in and around Nancy. TRANSFER OF RESULTS, PARTNERSHIPS AND COLLABORATIONS ICÉEL Carnot Institute for Energy and Environment The level of interaction with industry is such that laboratories in Lorraine have been awarded the Carnot label, a status which rewards a laboratory for having achieved a significant number of industrial contracts through funding the outsourcing of research activities in order to maintain high levels of skill and technology. The ICÉEL Carnot Institute for Energy and Environment in Lorraine unites one institute and two research networks -Jean Lamour (Materials), Water-Soil-Earth (Geosciences) and Jacques Villermaux (Mechanics, Energy & Chemical Engineering) -that bring together fifteen laboratories affiliated to CNRS and the Université de Lorraine and the eight research transfer centres that comprise the Regional Pole of Research and Technology Transfer (PRETT) in Lorraine. ICÉEL aims to further the development of clean and safe processes with low energy consumption, to work towards the rational use of energy resources, and to support the design of innovative materials and intelligent products. The laboratories that form the ICÉEL institute bring with them a strong tradition of industrial collaboration, founded on one hundred years of experience closely linked to their ten engineering colleges. The knowledge of ICÉEL researchers in the domain of engineering reinforces their industrial partnerships and allows them to find a project environment and cutting-edge technologies adapted to their needs. The ICÉEL Carnot Institute receives financial contributions from ANR as a function of its research and development activity within the French industrial sector. The LabEx makes a significant contribution towards these industrial links, the geoscience laboratories providing around a third of industry contracts from the academic part of ICEEL (the three poles of the Université de Lorraine).For the training of future engineers, the School of Geology also holds important links with the STEVAL experimental station, as well as with major French industrial partners in the geosciences (e.g., AREVA, ERAMET, IMERYS), who have a permanent representation at the Councils of the School of Geology (three meetings per year).

  Being proactive in national and international research-industry networks • Invitation to an industrial-academic brainstorming meeting on REE in Perth, Australia, May 2014.• Taking over of leadership in the organisation of national meetings in the politics of Raw Materials ("French mirror" group of ERAMIN), and of major scientific meetings such as SGA 2015 (600 participants anticipated).• Organisation and involvement of the Université de Lorraine in the submission of the KIC Raw materials proposal (awarded December 2014).• Involvement of the four RESSOURCES21 research teams from Nancy (LRGP and CRPG, LIEC, LSE of Labex) and two SMEs (Soléo Services and Microhumus) in the AGROMINE project. The consortium maintains regular contacts with the main international actors in phytomining: Albania (UAT), Québec (INRS-ETE), China (SYSU), Australia (CMLR-UQ) and the United States (USDA). The results obtained in AGROMINE will greatly benefit the two SMEs and for the ECONICK start-up in Nancy, which is currently in its incubation phase. The fact that LabEx RESSOURCES21 laboratories started a comprehensive examination of its scientific strengths two years ago, through which the 3-year programme on Nickel was selected, has contributed to this success. Supporting the development of start-ups • The LORVER project, supported by La Région Lorraine and the European Union (FEDER -6.8 M€), aims to create a production chain of non-food vegetable biomass through the recovery of degraded sites and industrial by-products. Composed of a consortium of private companies and research laboratories from the Lorraine region, LORVAR harnesses the skills and know-how required to develop an efficient operating chain, based firmly on the principles of sustainable development, to enhance the economic and environmental potential of waste resources. (http://www.lorver.org/accueil/ index.html) IN DU ST RI AL TR AN SF ER Mich el Jébr ak and Cam McC uaig each spen t thre e mon ths in Nanc y than ks to finan cial supp ort from the RESS OUR CES2 1 LabE x and the Régi on Lorra ine. The two rese arch ers, who are curre ntly invo lved in indu stria l tran sfer struc ture s, brou ght with them valu able insig hts from tech nolo gy tran sfer in their resp ectiv e coun tries and took part in brain storm ing sess ions orga nised by the RESS OUR CES2 1 and ARB RE LabE x aime d at discu ssing actio ns to acco mpa ny the tran sfer of tech nolo gy stem ming from our rese arch . IN DU ST RI AL TR AN SF ER Mich el Jébr ak and Cam McC uaig each spen t thre e mon ths in Nanc y than ks to finan cial supp ort from the RESS OUR CES2 1 LabE x and the Régi on Lorra ine. The two rese arch ers, who are curre ntly invo lved in indu stria l tran sfer struc ture s, brou ght with them valu able insig hts from tech nolo gy tran sfer in their resp ectiv e coun tries and took part in brain storm ing sess ions orga nised by the RESS OUR CES2 1 and ARB RE LabE x aime d at discu ssing actio ns to acco mpa ny the tran sfer of tech nolo gy stem ming from our rese arch . Cam McCuaig , director of the Centre for Explorati on Targetin g (CET) at the Universi ty of Western Australia . CET is currentl y one of the world's largest mineral explorati on research groups. Miche l Jébrak , holde r of an industrial resear ch chair in minin g entreprene urship , UQAM Québe c-Canad a. • ECONICK is a start-up project aimed at developing Ni-phytomining by combining Ni-phytoextraction by hyperaccumulation and Ni valorisation using pyro-hydrometallurgical processes (patent WO2012103651). In 2013, Marie-Odile Simonont received an award in the "Concours National d'aide à la création d'entreprises innovantes 2013" (MESR-Bpi France). The prize was used to finance a market study aimed at creating a business start-up.

•

  Political representatives -Recent interactions include work with the Office parlementaire d'évaluation pour les choix scientifiques technologiques (Parliamentary Office for the Evaluation of Scientific and Technological Options).

  EARTH ELEMENTS: ESSENTIAL COMPONENTS FOR NEW TECHNOLOGYMore than 50 researchers came to the nickel study day on 21 March and the rare earth elements study day on 2 April, giving them the chance to pool their knowledge regarding strategic interests and the work already completed by the LabEx teams. The nickel study day demonstrated the rich variety of approaches to nickel that the LabEx laboratories use and showed that there is a real community of people working in this area (the origins of deposits, treating ores, the environment, modelling). The aim of the rare earth metals elements study day was to draw up an inventory of activities, from metallogenesis to treating ores and environmental impacts, and consider multi-disciplinary actions that could play a part in LabEx RESSOURCES21. LETTRE D'INFORMATION LABEX RESSOURCES21 -JUIN 2013 AN AID AGREEMENT WITH THE ANR THE METALS THAT MAKE OUR WORLD -RENAISSANCE NANCY 2013 -MOMENTS D'INVENTION If you are worried about the environment or just curious, come and meet our researchers: they will unveil the secrets behind researching and using the rare metals found in everyday objects. The focus of this initiative will be to reach out to the general public by introducing attendees to samples, advances in technology and different experiments. Our researchers and students will be there to welcome you every day, from midday to midnight on the Place Charles III in Nancy, 11-16 June 2013. The RESSOURCES21 project, following a 2010 tender for projects from the Commissariat Général aux Investissements d'Avenir. The definitive version of the agreement between the ANR (Agence Nationale de la Recherche) and the University of Lorraine was signed on 18 March 2013. It aims to define the specific conditions in which the RESSOURCES21 research project will be carried out and financed. The project was selected as part of the "laboratoires d'excellence" initiative. the Société de Géologie Appliquée en Métallogénie (SGA) has decided to award Michel Cuney the SGA-Newmont Gold Medal for 2013. This international prize is given in recognition of a career that encompasses particularly original work in geology and mining. The work in question has made a major contribution to (1) science through the research and (2) development of knowledge in the area of mineral resources, exploration and discovering deposits. Michel Cuney is CNRS research director at GéoRessources and has carried out research into uranium metallogeny. La Société Géologique de France has also awarded him the Barbier Prize 2013.

  SIX MONTHS TO DEVELOP NEW PARTNERSHIPS IN CANADA Yann Gunzburger, head of conferences at the GéoRessources laboratory and the man in charge of the "Exploitation et stockages" stream of the master's degree in GPRE (Géosciences, Planètes, Ressources, Environnement), is currently on a 6-month scientific visit to the Mine Design Laboratory at McGill University in Montreal as a guest researcher. This visit has been partly financed by LabEx RESSOURCES21 and aims to develop contact with universities in Quebec and the Canadian mining industry, particularly with regards to the use of natural resources. The hope is that this will generate new research and training collaborations. One of his current scientific projects centres on understanding mechanisms and foreseeing sudden ruptures ("rock bursts") in deep mines in hard rock, which cause several accidents every year. PUBLICATIONS See publications CNRS PLACEMENT WINNER Asfawe Zegeye, a postgraduate student at LIEC, financed by R21, has been recruited into the CNRS during the CR2 selection process in April. He was ranked 5th in the list of 7 winners in Section 30.

  financed by the Agence de Mobilisation Economique (AME) at the Région Lorraine et l'Europe (Feder) Scientific aims Gaining knowledge of how spoiled sites and soils function and evolve in the long term Socio-economic aims Creating an option that gives site owners (e.g. ArcelorMittal Real Estate France, EPFL) an alternative to using agricultural land for processing biomass that is not destined for consumption as food. Partners  4 companies: Valterra (porteur du projet), Sita-FD, Chanvriers de l'Est and SEA-Marconi  5 laboratories based in Lorraine, including two belonging to LabEx RESSOURCES21 (LSE and LIEC), LRGP (VERTBILOR1), du LERMAB (Pôle Fibres Grand Est)  1 research centre: CRP Lippmann du Luxembourg  2 transfer structures: PROGEPI and CETELOR PROJECT ID Editor: Laurie Wolff PROFESSOR CLAUDE FORTIN AT THE LIEC Claude Fortin, Professor at the INRS-ETE (Water-Earth-Environment Centre) in Quebec and Canada Research Chair in biogeochemistry of trace elements, recently spent two months (from 10 June to 2 August 2013) at the LIEC (Interdisciplinary Laboratory for Continental Environments). His stay gave him the chance to forge close links with researchers at the LIEC, but also to share his knowledge and maximise the synergies and complementarity of research being carried out on rare earths, critical metals and nanomaterials.

  two undergraduate courses were created in Nancy in 1975 at the Ecole Nationale Supérieure des Mines and at the ENSG in the fields of mining technology (CESTEMIN) and exploration of mineral resources and ore processing (CESEV) respectively. linkThe Director of RESSOURCES21, Frederic Villieras, and his Scientific Director, Michel Cathelineau, met with the regional section of the SIM (Mineral Industry Society) on 5 June 2013. This event was an opportunity for the two directors to present RESSOUCES21 and the OTELo Pole of the University of Lorraine, of which it is a part. The 2013 SIM annual congress took place in Besançon at the beginning of October, and students from the ENSG and ENSMN were present at the congress exhibition. http://www.lasim.org/ Responsable de publication : Laurie WolffMarc UlrichAfter completing a PhD in geology in 2010 and 2 years in a temporary lecturing post in Grenoble, I joined the GeoRessources laboratory in Nancy in September 2012. My research aims to understand the distribution of metals of economic interest such as nickel, cobalt, chromium and manganese in the laterite profile in New Caledonia. A particular focus of the study is the behaviour of scandium, one of the group of rare earth elements, and at risk of a shortage of supply in the short term. My postdoctoral work is being funded mainly by LabEx Ressources 21, with a financial contribution from Koniambo SAS, a mining company in New Caldeonia which is participating in the project.M. Ulrich has taken up a post as a lecturer at the University of StrasbourgAsfaw ZEGEYE My research work concerns the biochemical cycles of elements, iron in particular, with a particular interest in bacteria-mineral interaction. My research combines solids analysis techniques and molecular approaches in order to determine reaction rates and mechanisms and the secondary products of these biogeochemical transformations. My postdoctoral project with Ressource21, working in the LIEC laboratory, is seeking to establish a relationship between the bioreduction of antimony-doped iron oxide and the bioavailability of this element using bacterial biosensors.A. Zegeye has taken up a position as a CNRS CR2-level researcher at the LIECAfter a Masters in environmental chemistry, I completed a PhD thesis on "Discrimination of anthropic sources of mercury in the environment" at the University of Pau (IPREM/LCABIE) and the CRPG at the University of Lorraine. As part of the LabEx project and working with LSE and the CRPG, my job was to develop an analytical technique for measuring Ni isotopes using the double spike method to correct for instrumental mass fractionation of the machine. Once this stage was validated, we investigated the variations in nickel isotope composition in nickel hyperaccumulating soil-plant systems. These plants are of crucial importance to the LabEx project because their extraordinary capacity to take up nickel from the soil enables them to play a role in the phytoremediation of contaminated soils or to be used for "phytomining" of nickel-rich soils. The results achieved constitute a significant contribution to our knowledge of the geochemistry of nickel isotopes and have given LabEx an analytical tool it can use for future investigations.N. Estrade is now conducting postdoctoral research in Canada éNicolas EstradeVeronica GONZALEZ I obtained my PhD in January 2012 (Soil Science Department. University of Almeria, Spain) and I currently have a postdoctoral position funded by LabEx RESSORCES21. My PhD was based on contamination problems, toxicity and remediation of soil contaminated by mining activities between the University of Almeria and Amsterdam University. During my postdoctoral training in LabEx, my main activities have been centered in rare earth elements (REEs); a group of elements with a broad spectrum of application in different industry sectors but with scarce ecotoxicological information. In this way, a detailed literature search was performed in order to identify research needs (results presented in the Congress SETAC, Glasgow 2013); after, a comparative study of REEs ecotoxicity has been performed by using different aquatic organisms. Final aim is to apply these results in understanding the environmental fate and ecotoxicity of these less studied elements in the environment.V.Gonzalez is currently in her second postdoctoral yearFOCUS ON RESSOURCES21's POSTDOCS SOCIETY OF ENV. TOXICOLOGY AND CHEMISTRY (SETAC)At the SETAC Annual Meeting held in Glasgow in May 2013, Laure Giamberini chaired a session on strategic elements in the 21st century. The session included 5 presentations and demonstrated that the life cycle assessment (LCA) approach has the potential to manage the risks relating to critical materials. Product indicators could constitute measures integrated at European level to manage the use of natural resources and the related risks.SGA MINERAL DEPOSITSRESSOURCES21's researchers gave some fifteen presentations at the SGA conference in Uppsala, Sweden, which this year was attended by almost 670 researchers and representatives of industry working in the mineral resources fieldProgramme 2015-2018) have allowed the community to focus on its priorities, thus encouraging interaction around the same topic. The Nickel programme will launch in September 2014 and the preparation workshops for the Rare Earth Programme have already revealed a community supporting new scientific questioning. New Scientist 2961, 22 March 2014, page 49) Aida Bani from the Agricultural University in Tirana, who studied under Jean-Louis Morel and Guillaume Echevarria in the noughties, has published an article on her research in New Scientist. Echevarria originally set up these tests, now producing conclusive results. The development of phytomining in Albania is the result of our investment since the 1990's. As part of this collaborative work, testing was extended to Cuba and Brazil where researchers like former LSE post-doc and current colleague of Guillaume Echevarria, Leide de Andrade from the Embrapa Research Institute, are working. New Scientist states that Eramet wants to use phytomining to rehabilitate biodiversity. The journal also mentions that the ECONICK project (for the design of an environmentally friendly, high value Nickel production process) is now being incubated at Lorraine. This start-up is led by Marie-Odile Simmonot and aims to create a phytomining business that produces highadded-value nickel salts. and technological knowledge to enable the identification and exploitation of future deposits. The launch of the integrative PUBLICATIONS See our Ressources21 publications at https://www.zotero.org/groups/ressources21 Thanks to the conferences on the subject, there are many mining projects underway, with the Université de Lorraine, Chimie ParisTech and Curtin University began working together by exchanging researchers and setting up joint research projects. One of the main aims set by LabEx Resosurces21 is to produce new scientific andd HHHSCINJJJJJJJJJ

  Currently a researcher/lecturer at the University of Geneva, Prof Montserrat FILELLA joined the LIEC from January to June 2014. The aim of her stay was to set up research into the geochemistry of strategic elements. Mme Filella was involved in the integration into ecotoxicology studies of metal speciation such as those she set up in aquatic environments, as well as experimental cultivation environments. She supervised a campaign of antimony sampling in water from old mineworkings, and established the conditions for effective speciation in bioavailability studies. As part of a Masters, Montserrat FILELLA set up and ran the protocols for the chemical and physical separation of the components in aquatic organic matter, in the context of biodiversity and ecotoxology studies. Projects underway will be continued through other joint efforts.Prof Daniel Fornasiero from the Ian Wark Research Center, Associate Professor at the University of South Australia spent 8 weeks as part of the "Resource and Residue Recovery" team at the Georesources laboratory thanks to funding by the Emerald programme. He was involved in 3 modules for Emerald Masters students and presented two conferences on different aspects of modelling flotation microdynamics for mixed and composite particles. He also took part in discussions on progress in the team's research projects and existing thesis work. As part of the Ressources21 "Nickel" project, he developed a research programme on the properties and recovery of fine particles contained in lateritic ores.Prof Jose Paulo PINHEIRO, specialist in environmental physical chemistry, lecturer at the University of the Algarve (Portugal) spent a month in Nancy hosted at the LIEC in March 2014. His stay enabled him to share his knowledge and (i) explore electroanalytical methods for developing sensors and speciation analysis of trivalent metals, especially rare earth elements, in natural waters (ii) and to study the behaviour of a model trivalent metal (Indium) in solution in the presence of natural particles (humic acids). The last point was the subject of a Masters placement in 2014 supervised by Paulo Pinheiro and Elise Rotureau. The work carried out so far has enabled the operating conditions to be perfected for assessing the speciation of In by voltametry, and to acquire a first data set on the interactions between Indium and various molecular or particulate ligands. Jose Paulo PINHEIRO's was recruited after as a lecturer at ENSG.Publishing Editor: Isabelle Abildtrup, Graphic design: Laurie Wolff

•

  AHARCHAOU. Imad 2013-Mécanismes de toxicité des éléments trivalents : importance des espèces solubles et insolubles Dir. Davide A.L. Vignati et Eric Bataglia. Financement bourse ministérielle. • ANDREI. Jennifer 2012-Effets des nanoparticules manufacturées sur les invertébrés d\eau douce et leurs fonctions au sein des écosystèmes. Approche intégrée chez le gammare. Direction de thèse Pr. François GUÉROLD et Dr. Sandrine PAIN-DEVIN. Co financé Labex R21. Région Lorraine • BAHAR Tidjani Bahar (2012-), Impact de la présence d'une phase bactérienne sur les processus d'écoulement et de transport multiphasique en milieu poreux. Dir. GOLFIER, F., OLTEAN, C. • BELISSONT Rémi, Cycle du Germanium et éléments accompagnateurs dans les concentrations métalliques : Traçage élementaire, isotopique et approche expérimentale Encadrants : MC. Boiron, B. Luais, M. Cathelineau, Thèse Labex R21 et région Lorraine, 2012-2015. • BENIOUG, Marbe (2011-), Etude expérimentale et numérique de la croissance microbienne en milieu poreux. Dir. BUES, M., GOLFIER, P., OLTEAN, C. • BERTHELOT Charlote, Phytoremédiation de sols pollués -Étude des mécanismes de tolérance aux métaux lourds chez les plantes et leurs symbiotes associés. UL, BVF, LIEC, direction Leyval C. • BERTRAND Carole 2013 -Nanomatériaux à travers un gradient de salinité: exposition et effets ecotoxicologiques au cours de leur cycle de vie (production, utilisation, fin de vie). Directrice L Giamberini, C Mouneyrac (Université Catholique de l'Ouest). Codirecteurs S. Devin, L Poirier (UCO).Financement ANR nanosalt • BOTELLA Arnaud (2013-), Maillage hybride de domaines géologiques. Dir. CAUMON, G.

•

  GARAUD Mael. 2011-Effets des nanoparticules manufacturées (CeO2, TiO2 et Ag0, nanotubes de carbone) sur la biologie du bivalve d'eau douce Dreissena polymorpha. Direction de thèse. Laure Giambérini & Vincent Felten. Financement ANR Mesonnet • HAFEZNIA Yaser, Minéralisations de Sainte-Marie aux Mines, Encadrants : M. Ohnensteter et S. Bourlange, 2010-2014. • HARLAUX Mathieu, Les minéralisations tardi-orognéniques varisques à tungstène et métaux associés (Sn, Nb, Ta) : source des fuides et des métaux, relations avec les évènements tectonomagmatiques fini-carbonifères sur l'exemple de gisements du massif central français. Encadrants M. Cuney ; codirection, C. Marignac, J. Mercadier. Thèse Labex R21-Carnot ICEEL, 2013-2016 • KANBAR Hussein 2012-2015 Devenir des métaux dans les enregistrements sédimentaires, cas des barrages de Moyeuvre et Homécourt sur l'Orne. Dir Frederic Villiéras, Antoine El Samrani université du Liban, Codirectrice E. Montarges-Pelletier codir, codir EMP • LE MEUR, Mathieu 2012-2015 Nature et réactivité des matières en suspension de la Moselle, infuence de la minéralogie et des propriétés de surfaces sur le mode de fixation des métaux».directeur Frédéric Villiéras, Codirectrice E. Montarges-Pelletier • MAMANE Marah, Les gisements d'uranium du Niger, synthèse métallogénique, Direction M. Cathelineau, 2013-2016 • MARTIN Jennifer 2011-2014. Dynamique de spéciation de cations métalliques aux interphases molles biotiques (bactéries) et abiotiques (hydrogels). Directeur J. Duval, Codirectrice E Rotureau. Financement bourse ministérielle. • MARTZ Pierre (2014) Evolution spatio-temporelle des migrations de fuides et de la formation des minéralisation uranifères de Cigar Lake et de leurs extensions. Encadrants M. Cathelineau, J. Mercadier • MIYAKI Andrey -2014-Formation des minéralisations de Ni saprolitique en Nouvelle Calédonie : Minéralogie, séquence paragénétique et modélisation des interactions fuides roches et de la dynamique des transferts de métaux. Encadrants : F. Golfier, M. Cathelineau, L. Truche-Thèse Labex programme Nickel. • MOLLEX Gaelle, Les concentrations en Terres Rares dans les carbonatites : exemple de lOldoinyo Lengaï, Tanzanie. Direction L. France et P. Burnard, Thèse Labex R21 et région Lorraine, 2013-2016 • NGUYEN Anhtuan (2012-), Modélisation des massifs rocheux fracturés appliquée aux mines à ciel ouvert et aux carrières : du relevé de fractures à la modélisation de la stabilité des ouvrages avec prise en compte des incertitudes. Dir. MERRIEN-SOUKATCHOFF, V., VINCHES, M. • PAUL Bertrand (2013-), Modélisation de la propagation de fissures hydrauliques par la méthode des éléments finis étendue. Dir. GOLFIER, F., MASSIN, P. • PERRAT Emilie 2013-Impacts environnementaux des agents de contraste au gadolinium : situation locale, approche cellulaire et in vivo. Dir. C Cossu Leguille et Marc PARANT. Financement Région Lorraine et Ressource 21.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  Participation in integrated programs and in exploratory projects (more than 400 people disseminated in 4 labs and 3 schools)

	VISION AND MISSIONS		
	Executive board		
	« COMBINING SCIENCES
	TO REVEAL THE NATURAL
	AND ANTHROPOGENIC
	CYCLES OF METALS AND
	USING INNOVATIVE
	TECHNIQUES TO MANAGE
	FUTURE DEPOSITS OF
	STRATEGIC METALS »
	Research activities supervisors		
	•	Raising students and doctoral
		students'	awareness	of
		entrepreneurship
	•	Expertise and evaluation of
		technology transfer exploratory
		projects and allocation of resources
	•	Reinforcing the synergies between
		the different players in the field
		(industrial,	academic,	public
		authorities, etc.)
	OTELo scientific community		

Principal component analysis (PCA) of the LA- ICP-MS dataset revealed an antithetic distribution of element clusters in sphalerite. Cu and the trace elements Ge, Sb, Ag, and As, are enriched and correlate positively in sector zoning whereas Fe, Cd, In, and Sn are enriched in dark brown rhythmic bands (Fig. 1.1). Such a distribution implies crystallographic controls on the incorporation of trace elements.

  

	2. Regardless of the zoning type, notable coupled substitutions are
	suggested in binary scatter plots: 2Zn 2+ ↔ Cu + + Sb 3+ and 3Zn 2+ ↔
	Ge 4+ + 2Ag + . The data also suggest the substitution 3Zn 2+ ↔ In 3+ +
	Sn 3+ + vacancy, although the Sn oxidation state needs to be verified using
	appropriate methods (e.g., XAS, mXANES/EXAFS). Fe and Cd are mainly
	involved in direct Zn 2+ ↔ (Fe 2+ , Cd 2+ ) substitutions. Of note, the
	Cu content approaches the sum of all available tri-and tetravalent
	cations. In this way, Cu (occurring as Cu+) could provide charge-balance
	for the entire, broad set of coupled substitution mechanisms responsible for
	incorporation of the whole range of trace elements in Saint-Salvy sphalerite,
	especially Ge, Ga and Sb+. In situ mXANES demonstrated that the oxidation
	state of Ge is the same between sector zoning and rhythmic banding in
	any given sample. However, both the incorporation and partitioning of Ge
	between these two types of zoning are enhanced with increasing reduction of
	Cu+ and not Cu+ concentration. It is not clear at which level this dependence
	on Cu reduction occurs: whether it affects Cu+ behaviour in the fluids or
	instead favours the incorporation of Ge by the formation of [(Ge 4+ Cu 2+ )
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Ge is the most suitable Ge isotope for analysis with LA-ICP-MS because of negligible isobaric interferences.

  results of this work programme concern all of the scientific sectors of phytomining, from geobotanical research of new species or taxon of hyperaccumulators, to agronomical and metallurgical processes for the recovery of metals. In 2014, the hydrometallurgy team led by Prof. M.O. Simonnot of the Laboratoire Réactions et Génie des Procédés ('Reactions and Process Engineering Laboratory'; LRGP) of the CNRS-Université de Lorraine joined the RESSOURCES21 LabEx. This team has been involved since the start of the LabEx in metal recovery from hyperaccumulator biomass. During the 2012-2014 period, a team of phytomining researchers from CRPG, LIEC, LRGP and LSE put together an ANR proposal on agromining. The project proposal was accepted in July 2014 and will start in January 2015. In October 2014, in the framework of the LabEx RESSOURCES21 Ni Project, Dr. Antony van der Ent was recruited to join the team and to reinforce the group which will implement phytomining as a rehabilitation project for Ni lateritic mines. He has extensive experience in SE Asian Ni-hyperaccumulator taxonomy and ecophysiology.

  Three PhD projects started in 2013: • Tenghaobo DENG (LSE/CRPG -Sun-Yat Sen University, Guangzhou) on the study of Ni homeostasis in hyperaccumulator species from Europe with stable Ni isotope geochemistry. • Ali KANSO ( LSE/Liban University) on phytoextraction of metals in contaminated soils from Lorraine and phosphate-rich soils from Liban. • Marie RUE, (LSE/LRGP) on the processes of metal extraction or fixation in biomass (Lorraine LORVER project, supported by AME-Région Lorraine; undertaken in collaboration with INRS-ETE (Québec, Canada), Université Agricole Tirana (Albania), and the TEIKAV Technological Institute of Kavala (Drama, Greece)). One PhD Thesis (co-supervised by LSE, Centre for Mined Land Rehabilitation, University of Queensland) started in 2014: • Philip NKRUMAH (LSE/University of Queensland) on the agronomy of tropical Ni-hyperaccumulators from South-East Asia.

In 2014 , the RESS OUR CES2 1 LabE x cont ribu ted to the fund ing of an exte nsiv e upgr ade of the Cam eca ims 1270 ion prob e, an instr ume nt that has been used for over 15 year s at CRP G for perf orm ing high -reso lutio n in-si tu anal yses of a wide varie ty of geol ogic mat erial s. The upgr ade inclu ded the insta llatio n of a com plet ely new set of elec tron ics for the cont rol of the instr ume nt, as well as the mot orisa tion of the vario us diap hrag ms and slits that cont rol the form of the ion beam . The pum ping syste m was disa ssem bled and fully reco nstr ucte d, facil itati ng achi evem ent of the ultra -high vacu um requ ired for prec ise anal yses . Toge ther , thes e mod ifica tion s will sign ifica ntly incre ase the mas s reso lutio n of the ion prob e, open ing up num erou s new anal ytica l poss ibiliti es. The reno vate d instr ume nt, whic h is now the equi vale nt of the mor e mod ern Cam eca ims 1280 E7 ion prob e, will play an esse ntial role in man y of the LabE x RESS OUR CES2 1 proj ects , as well as in othe r rese arch cond ucte d by the OTE Lo labo rato ries. An addi tion al impo rtan t deve lopm ent in the CRP G ion prob e labo rato ry this year was the perf orm ance of the first high reso lutio n K-Ca isoto pic mea sure men ts on the Cam eca ims 1280 HR2 , open ing up exciti ng new poss ibiliti es for in situ datin g.

Julien Mercadier (GeoRessources) has been recruited by the CNRS as a CR2-level researcher specialising in Metallogeny.
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CONCLUSION IV

RE SSO UR CE S21 AT A GL AN CE

Science

LabEx RESSOURCES21 has enhanced cross-disciplinary and collaborative work and promoted the common ambition of the team of researchers leading the project.

Means and research programmes

Through detailed analysis of the international industrial context, LabEx RESSOURCES21 has identified a number of pertinent scientific questions, each of which is addressed and developed through the financing and cofinancing of different types of actions:

• Short-term research programmes designed to stimulate emergent research,

• 4 post-doctoral and 9 PhD fellowships: PhD and post-doctoral research programmes covering the entire metal cycle and several types of metal deposit (Ge-In bearing sulphide deposits, Nb-Ta-Sn-W deposits, Co-Sc in laterites), as well as environmental issues (the behaviour of rare earth elements in the environment and the development of bio-sensors).

• Two integrated 3-year programmes devoted to groups of metals (notably Ni-Co-Sc and REE-Nb-Ta) that display similar geochemical behaviour in the lithosphere and environment, each conducted through study of the mechanisms of enrichment and dispersion of metals.

Financial contributions to research programmes include funds for postdoctoral positions, doctoral fellowships and operating costs, as well as jointfunding of major analytical and technical equipment.

Results already obtained through the LabEx include the development of innovative tools (e.g., biosensors) and the application of new concepts and methodologies for a better understanding of the transport and deposition of metals (for example, experiments on sulphur species and new numerical methods for discontinuity fields), as well as fundamental advances in a number of other fields such as determination of the mode of Ge-In-Ga-Cu uptake by sulphides, the impact of REE on bio-organisms, Ni uptake by plants as a solution for remediation of soils, and Ni-phytomining.

RESSOURCES21 teams have also continued work on strategic metals of high economic importance (e.g. U, Au), for which they have already acquired an international reputation, and on the impact of trace metals (Cd, Ag, Cu,Ti) and metalloids (As) on the environment.

The raw materials workforce at the LabEx has recently witnessed some important changes, with a number of prominent researchers (e.g. M. Cuney) and professors (e.g. A. Cheillez and C. Marignac) retiring at almost the same time as the arrival of new recruits, such as CNRS researchers (J. Mercadier, A. Zegeye) and university professors (A. Galy, P. Pinheiro). Several opportunities to reinforce the human capital of the LabEx themes exist, for example by supporting researcher exchanges (the welcome of researchers of international renown), and the LabEx actively encourages and provides funding for young researchers to spend time abroad in collaboration with universities or industrial partners.

Collaborations with organisations at the national scale: links with LabEx and Carnot Institutes

Joint research programmes on the behaviour of rare metals in Variscan granites have been set up with the Voltaire LabEx, and an ERAMIN project proposal has recently been submitted. Scientific discussions and exchanges have been developed with Chemisyst (Montpellier-Marcoule) and Sérénade (Aix-Marseille) in the field of metal behaviour in the environment. Although working in different fields, the two Lorraine-based LabEx, ARBRE and RESSOURCES21, share some common objectives such as constraining the role of metals on tree development. The DAMAS and RESSOURCES21 LabEx have also worked together in the setting up of the ERAMIN French subgroup discussion day.

European dimension

The dynamism of the LabEx is measured easily by the success rate of its European project submissions (close to 80%). At the European level, the "LabEx" label and its associated financial support has allowed our researchers to secure and enhance their standing in European networks and to increase their participation in the submission of proposals 

WHAT IS THE FRENCH EDUCATIONAL SYSTEM ?

In France two systems of higher Education coexist. The famous "Grandes Écoles" are highly selective and business oriented. Amongst them the "École d'ingénieurs" deliver a "dipôme d'ingénieur" recognised as equivalent to U.S. Master of science and engineering by AACRO. Mines Nancy ranks in the top 10 % of french "Grandes Écoles", and ENSG in top 30 %.

Along side with "Grandes Écoles", Faculty of sciences proposes a non-selective, science oriented higher Education scheme.

They graduate student with a Master of science.