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Pour des raisons historiques et culturelles, le sous-sol de Guyane a presque toujours été
appréhendé selon une approche « extractive », et plus particulierement miniére. Les débats publics
le concernant ont ainsi surtout porté sur les mines d’or, artisanales ou industrielles, légales ou
illégales, qui constituent un sujet particulierement controversé et politisé. Comme la plupart de ces
exploitations se situent dans des zones reculées, ces débats manquent d’expériences directes et
tangibles sur le terrain. Ainsi, I'élaboration de la stratégie concernant le sous-sol de Guyane (c’est-
a-dire les choix publics concernant sa protection, son aménagement et/ou son exploitation) repose-
t-elle sur une vision trés parcellaire et clivante de celui-ci, qui ne rend pas bien compte de ses
multiples dimensions. Le sous-sol guyanais est donc non seulement trés mal connu des
non-spécialistes comme des spécialistes, mais aussi trés loin d’étre percu et géré aujourd’hui
comme un réel bien commun. L'un des objectifs de ce projet, intitulé GOYAVES, est justement
d’identifier et d’analyser les liens pourtant innombrables entre les sociétés humaines et le sous-sol
de Guyane, liens dont I'exploitation miniére n’est qu'un aspect ; le but est de promouvoir une
meilleure protection de ce sous-sol et de potentielles diversifications des activités qu'il abrite.

Pour ce faire, nous réaliserons, pour commencer, un état de lieux de la connaissance du sous-sol
guyanais ; cela se fera en prenant en compte ses multiples facettes (géologie, hydrographie,
géographie, démographie, économie, sociologie, histoire, patrimoine, écologie, etc.). Dans le
référentiel frangais, le sous-sol guyanais est le moins documenté de tout le territoire, pour a peu
prés toutes ces disciplines. De plus, la documentation le concernant est fragmentée et fragile, et
peine a étre pleinement capitalisée en raison du manque de moyens d’archivage, ce qui la rend
peu accessible. Il est donc fondamental de structurer et d’accompagner les différentes activités de
bancarisation des données déja réalisées ou en cours de réalisation.

Nous nous intéresserons ensuite a la nature et aux diverses modalités actuelles d’interaction entre
’'Homme et le sous-sol : comment 'Homme habite-t-il son environnement en Guyane ? Comment
'aménage-t-il, I'entretient-il, I'exploite-t-il ou le protége-t-il ? Dans quel but et avec quelles
conséquences ? Les différentes relations entre ’'Homme et le sous-sol sont-elles compatibles entre
elles, voire conciliables, ou leur coexistence implique-t-elle nécessairement des « frictions » ?
Comment ces frictions s’expriment et comment les appréhender ? Répondre a ces questions
permettra de comprendre les fonctions du sous-sol en Guyane, et donc les services

écosystémiques qu'’il rend ou qu'il pourrait rendre a la société.

Enfin, nous nous poserons alors la question des trajectoires, c’est-a-dire de I'évolution souhaitée
ou imposée des relations entre ’'Homme et le sous-sol en raison des grands facteurs actuels et
changements globaux : croissance démographique, pression pour un développement économique,
recherche de nouvelles ressources, changements des modes d’occupation des sols, changement
climatique, nécessité de préservation de la biodiversité, etc. Nous nous pencherons ainsi sur la
coconstruction de scénarios prospectifs en engageant les parties prenantes concernées, et
progresserons ainsi vers la délibération (évaluation multi-acteurs et multicritéres) sur la capacité de
chaque scénario a répondre aux enjeux respectifs des parties prenantes. Cette réflexion impliquera
des interactions avec I'ensemble des acteurs du territoire, en utilisant diverses méthodes telles que
I'élaboration conjointe des questions scientifiques (en s’appuyant sur la modélisation
d’accompagnement) et des jeux sérieux basés sur I'intelligence collective.

Pour assurer un réel effet transformant de long terme pour le territoire, la phase finale du travail
prendra la forme d’une réflexion sur le cahier des charges d’'un muséum ou d’un conservatoire des
relations ‘Homme — Sous-sol’ et de leur évolution dans le temps et dans I'espace en Guyane.
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For historical and cultural reasons, the underground of French Guiana has almost always been
approached from an "extractive" perspective, and more specifically a mining perspective. As a
result, public debates have focused on gold mining, whether artisanal or industrial, legal or illegal,
which is a particularly controversial and politicized subject. As most of these operations are located
in remote areas, these debates lack direct, tangible experience on the field. Thus, the development
of a strategy for Guyana's underground (i.e., public choices concerning its protection, development
and/or exploitation) is based on a highly fragmented and divisive vision of the underground, which
does not adequately reflect its multiple dimensions. As a result, Guiana's underground is not only
poorly understood by non-specialists and specialists alike, but also very far from being perceived
and managed today as a real common good. One of the aims of this project, titled "GOYAVES", is
precisely to identify and analyze the countless links between human societies and the underground
of French Guiana - links of which mining is only one aspect - in order to promote a better protection
of this underground and a potential diversification of the activities it harbors.

To do this, we will first establish a picture of the current knowledge of Guyana's underground, by
taking into account its many facets (e.g. geological, hydrographic, geographical, demographic,
economic, sociological, historical, heritage, ecological, etc.). In the French repository, Guiana's
underground is the least documented of the entire territory, for just about all these disciplines.
Furthermore, the documentation concerning it is fragmented and fragile, and struggles to be fully
capitalized due to a lack of archiving facilities, making it difficult to access. Therefore, it is essential
to structure and support the various data-banking activities already carried out or in progress.

Next, we will look at the nature and various forms of current interaction between societies and the
underground: how do people inhabit their environment in French Guiana? How do we develop,
maintain, exploit or protect it? For what purposes and with what consequences? Are the different
relationships between people and the underground compatible with each other, or even
reconcilable, or does their coexistence necessarily imply "friction"? How are these frictions
expressed, and how can we deal with them? Answering these questions will help us to understand
the functions of the underground in French Guiana, and therefore the ecosystem services it provides
or could provide to society.

Finally, we will be looking at the question of trajectories, i.e., the desired or imposed evolution of
the relationship between societies and the underground as a consequence of major current factors
and global changes: population growth, pressure for economic development, the search for new
resources, changes in land-use patterns, climate change, the need to preserve biodiversity, etc. We
will be looking at the co-design of prospective scenarios, involving the concerned stakeholders, and
moving towards deliberation (a multi-stakeholders and a multi-criteria evaluation) on the capacity of
each scenario to cope with the stakeholders’ respective issues. This thinking process will involve
interaction with all stakeholders in the territory, using various methods such as the joint elaboration
of scientific questions (drawing on companion modeling) and serious games based on collective
intelligence.

To ensure a real long-term transforming effect for the region, the final phase of the work will take
the form of a thinking process on the specifications for a museum or conservatory of ‘Societies-
Underground’ relations and their evolution over time and space in French Guiana.
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1. Context, objectives and previous achievements

1.1. Context, objectives and innovative features of the project

The PEPR “Sous-sol, Bien commun” research program targets 5 specific study sites, located in
Metropolitan France (the “Hexagone”) and overseas. They all are well-defined geological
observatories with specific socio-technical scientific questions related to one or several major types
of uses and potentials of the underground. Among them, French Guiana is very specific, not only
because it is the only overseas French territory, but also because it combines multiple cultures, an
extraordinarily rich, but poorly known environment, both from ecological and geological points of
view, a situation of economic dependency and highly politicized projects of underground exploitation.

As Meulemans and Granjou (2020) point out, many authors in the human and social science fields
"insist[...] on the radical otherness, irreducible opacity and strangeness of soils [i.e., the underground
in this case] in relation to human projects". At first, it would appear that a direct, sensitive experience
of the underground is still very limited, which means that it is primarily an area of specialized and
technical knowledge (that of geologists, engineers and mining companies, without neglecting the
specialist knowledge of craftsmen and informal workers). Based on the typology of social
relationships with the materiality of nature proposed by Charbonnier (2019), the underground
provides resources for subsistence (mining and quarrying resources) and an invisible, strange space
to be documented (geoscientific knowledge), but it can also give rise to social practices relating to
habitat and habitability (e.g., caves as a place of refuge but also as a ceremonial place ensuring the
continuity of a social group). It is also at the center of many controversies and political struggles
linked to environmental issues (Arnauld de Sartre & Chailleux, 2021). Thinking about the
underground now concerns more and more social actors, if only because of the impact of its uses
on the surface. The notion of the underground in the common sense can also mean the ground in
the geological sense of the term. The two notions — soil and subsoil - cannot be approached
independently in the social arena.

All these different aspects are particularly expressed in French Guiana, where lithological and
pedological components might represent a key lever of ecological, cultural, scientific and socio-
economic values, and hence play a pivotal role in socio-ecological functioning of the territory.
Nevertheless, for historical, cultural, and other reasons, its underground is almost always limited to
a georesources-related paradigm, and approached with an "extractive" point of view, particularly in
terms of gold exploration and exploitation (Jébrak et al., 2021). Even today, the predominant focus
remains on existing economic activities that explicitly exploit underground resources, such as the
numerous various-sized gold mines, scarce quarries extracting sand, aggregates or construction
materials, and relatively modest civil engineering and geotechnical projects. For this reason, public
debates regarding Guiana's underground have gradually centered around the controversial and
politicized issue of gold mining, whether artisanal or industrial (e.g., Scammacca et al., 2021). Given
that most of these operations are being conducted in remote areas, often isolated in the heart of the
Amazon rainforest, the discussions regarding them lack direct and tangible experiences for most of
Guyanese people.

Consequently, the formulation of a public strategy concerning French Guiana's underground
resources (i.e., public choices regarding its protection, exploitation and/or use for territorial
development purposes) relies on a highly fragmented and divisive perception that does neither
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adequately capture the multiple dimensions of the underground, nor the diversity of scientific studies
related to it. Thus, the Guyanese underground is currently far from being perceived and managed
as a genuine common good.

The main objective of the present project, titled “GOYAVES?”, is precisely to identify and analyze the
countless links between the Guyanese underground and the Guyanese societies, links of which
mining is just one aspect. This aims to promote potential diversification of the activities housed by
the underground, developing the concept of a "common good" and rallying support around it. Thus,
our approach will aim to "defocus" from the sole subject of mining and, among mining subjects, to
avoid a focus solely on gold. The goal is to achieve a trans-disciplinary comprehensive vision of the
place and importance of the underground in French Guiana societies up to the 2040 horizon (i.e.,
within one generation from now on), addressing its needs and objectives. This approach is necessary
to support decision-making in territorial planning, conservation, and environmental management. Up
to now, only very few scientific studies have adopted such a broad-scale and trans-disciplinary point
of view of the underground in French Guiana. Among them, we can cite Scammacca et al. (2024)
on geodiversity-based ecosystem services evaluation; and Fresneau et al. (in progress) for
objectifying the challenges of gold mining in French Guiana.

By the way, we will analyze the territory not only in terms of its development, but also by thinking of
a place where it is good to live, in the sense of "buen vivir', at the 2040 horizon. This notion of “buen
vivir’ is initially based on the search for harmonious relationships between the living world, including
humans, and non-living things, and draws on the stories, beliefs and practices of Amazonian
indigenous communities in particular. In French Guiana, the different communities may not have the
same criteria for defining it. For this reason, our project will enable exchanges between the various
stakeholders, dialogue and listening to each other, opening up new bridges between academic and
local knowledge, in order to propose the best possible scenarios for ensuring the "buen vivir".

The project will particularly focus on the first tens to hundreds of meters of the underground — the
regolith formed through the intense weathering of the basement rocks — that plays the role of an
interface between human and other biological activities and the bedrock, and in which most of the
current stakes (i.e., groundwater, natural hazards, easily-accessible raw materials, etc.) are located.
In French Guiana, contrary to the “Hexagone” (i.e., Metropolitan France), the regolith is well-
developed, up to several tens to hundreds of meters thick, due to the tropical climate condition since
dozens of millions of years that have led to extreme weathering. Hence, it is strongly specific and
has to be studied as such.

The main outcome of the project will be to bring new scientific knowledge and new Guyanese
stakeholders' representations regarding resource management of their territory at a more integrated
level. The aim is to achieve a global vision of the place and importance of the underground within
Guyanese societies, its needs and objectives.

1.2. Main previous achievements

The research consortium of this project is composed of several renowned French actors and
institutions that are totally or partially implanted in French Guiana, or are used to developing scientific
projects or working there. This will help to facilitate team and field works and scientific discussions.
For example, work on the Guyanese regolith and its historical heritages funded by ANR 2017-2022
RECA, and other projects such as STS, have generated collaborations between A. Heuret, A.
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Cassanova (UG), C. Gautheron (UGA), J.-Y. Roig and G. Aertgeerts (BRGM). Other collaborations
between O. Scammacca (IRD), G. Aertgeerts, L. Rivera (BRGM) and A. Heuret (UG) yielded to 2
first papers about French Guyana geodiversity and associated geofunctionnality (Scammacca et al.,
2022 ; Scammacca et al., 2024), etc.

The scientific coordinator of the project, Prof. Yann Gunzburger (GeoRessources lab, UL) has a 10-
years experience in strongly interdisciplinary research on the relationships and interactions between
extractive activities and society, from a territorial point of view. He contributed to developing the
“Mining Industry and Territories” Chair on this topic and was its first scientific coordinator. He has
been involved in several academic activities regarding French Guiana, among which: three PhDs,
an expertise on the feasibility of small-scale underground gold mines, building academic
partnerships, etc. He also has a good knowledge of mining activities in other countries with similar
mining-related issues: Guinea, Ivory Coast, Morocco, Chile, etc.

Other members of the scientific team are listed hereafter along with the specific field in which they
have a renowned scientific expertise:

Team’s members Affiliation Fields of expertise

Arnauld Heuret, Alexandre
Casanova, Gregory Bériet,

Théophile Méhinto, Tristan LAl d Ene (L)

Geosciences (bedrock geology, regolith

Bellardie formation and evolution, geochronology,
Cécile Gautheron Université Grenoble Alpes (UGA) g_eochemlcal transfer during .vvegt.herlng...);

history of French Guiana; scientific
Jean-Yves Roig, Lucas Rivera, BRGM communication

Geoffrey Aertgeerts
Delphine Bosch, Alain Chauvet CNRS (Géosciences Montpellier)

Université de Pau et des Pays de

Jean-Yves Puyo I Adour (UPPA)

Historical geography

Political geography; iconology;

Université de Reims Champagne experimental geography (art and science
Ardenne (URCA) methodology); landscapes; geography and
history of the Guianas

Frédéric Piantoni

Mineral resources and Sustainability;
environmental sciences; gold mining on the

Laurence Maurice . ’ :
Guianas plateau; environmental and

IRD human health
Geoscience; geodiversity; ecosystem
Ottone Scammacca services; soil science; gold mining; risk
analysis
Emmanuelle Simon, Cyrille Bodin, Scientific communication; risk,
Francois Allard-Huver Université de Lorraine (UL) environmental and health communication
Rasool Mehdizadeh Geosciences; risk and uncertainty analysis;

Franck Taillandier INRAE decision support

lllegal/informal gold mining; geography and

Francgois-Michel Le Tourneau CNRS (Prodig) history of French Guiana

Fenintsoa Andriamasinoro,

Aurélien Reys, Florian Leprovost BRGM Social, legal and economic sciences
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2. Detailed project description

2.1. Project outline, scientific strategy

The GOYAVES project will last 5 years (60 months). It aims to analyze and question the interactions,
through the regolith, between the Guyanese societies and the Guyanese underground, at its present
state and in the near future, up to the 2040 horizon (one generation from now on). These interactions
have been little studied, with the exception of gold mining. However, among mineral resources, gold
only represents the tip of the iceberg of the Guyanese underground, because underground-related
stakes are much more diversified: other metallic substances such as critical raw material, rocks and
industrial minerals, natural hazards, groundwater resources, etc. The focus on gold mining testifies
of a restrictive vision and knowledge of the underground and its related issues; as a consequence,
it is hard to project how global changes (climate change, land use change, demographic growth,
etc.) might influence the evolution of the interactions between societies and the underground.

The GOYAVES project will be carried out via five work packages (WP0 — WP4); the scientific and
methodologic challenge of the project is twofold.

The first challenge is the development of a method for finely characterizing the current nature and
various modalities of interaction between underground and societies. To this end, in the work-
package WP2, we will combine a functional analysis of geodiversity (Gray, 2013) and ecosystem
services supplied by the underground, with a political iconology approach. What are the ecosystem
services provided by geodiversity in French Guiana? How do people inhabit, develop, maintain,
exploit, or protect such services? For what purpose and with what consequences? Are the different
relationships between people and the underground compatible with each other, or does their
coexistence in the same area necessarily involve "frictions"? How do these frictions manifest, and
how can they be addressed in order to define a common strategy for governing the underground as
a common good? Answering these questions will enable an understanding of the functions of the
underground in French Guiana, i.e., the services it provides or could provide to society, such as the
supply of renewable or non-renewable resources, cultural services, etc. Given that these functions
can imply ecosystem services that are or can be of public utility and serve human society as a whole,
the underground will naturally appear as a common good that requires proper management to
ensure its sustainability.

The second challenge is to develop a participatory process that will enable local stakeholders, in all
their diversity, to share a vision of what the future might hold in terms of interactions between the
underground and society, on different underground observatories (study sites) to be defined. To
meet this challenge, in the work-package WP3, we will design a serious game with the concerned
stakeholders; the game is devoted to (a) co-designing prospective scenarios at the 2040 horizon
and (b) supporting a deliberation (i.e., a multi-stakeholders and a multi-criteria evaluation) on the
capacity of each scenario to cope with the stakeholders’ respective issues. A scenario is a desired
or imposed evolution of relationships between the Guyanese societies and the underground, due to
current major factors of global change (population growth, pressure for economic development,
search for new resources, climate change, the need to preserve biodiversity, etc.). The deliberation
will be carried out in a social learning process that engages the concerned stakeholders in the
construction of a space of political and environmental debates. Different scenarios will be compared
in terms of the evolution of underground functions, evaluating the risks or opportunities related to
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certain human activities in specific environments characterized by their vulnerability. To implement
the interaction between scenarios’ design and scenarios’ deliberation, various methods will be used,
such as the joint formulation of scientific questions (based on the companion modeling approach, for
example) and role-playing serious games based on collective intelligence.

As a prerequisite, in the work-package WP1, it will be necessary to collect, harmonize and make
accessible, on a permanent basis, a set of data concerning the Guyanese underground (topography,
geology, hydrology, etc.) and the related human activities taking place on the territory (demography,
economy, sociology, etc.) by also placing them in a historical perspective. We will thus conduct a
comprehensive overview of the current knowledge of the Guyanese territory, considering these
various aspects. While part of this knowledge already exists or is currently being developed, they
appear fragmented, fragile, and difficult to capitalize due to frequent personnel turnovers, lack of
archiving resources, etc.

In parallel, the work-package WP4 will initiate an original approach designed (a) to keep the
GOYAVES project and its results alive in the local area, and (b) to ensure a genuinely transformative
long-term effect. This could be done by laying the foundations for a museum or conservatory devoted
to the relationship between societies and the underground, and by promoting a Research-Creation
activity designed to forge links between research activities and local people.

2.2. Scientific and technical description of the project

WPo. PROJECT MANAGEMENT, LOCAL ANCHORAGE AND MAXIMIZATION OF THE SCIENTIFIC
IMPACT.

= Leaders: UL (Y. Gunzburger) and BRGM (F. Andriamasinoro).

WPo.Task 1. Project management, administrative and financial coordination.
= Provisional schedule: M1 to MG0.

This classical task, whose content is presented in the ‘Management framework’ section (§3.3) of this
same document, will also establish connection with other “PC” projects of the “Sous-sol, bien
commun” PEPR research program:

e PC1 (Planning of the future uses of French underground): although the GOYAVES project
has chosen a method to generate scenarios, it remains open to what will be mobilized in the
PC1, also focused in scenario generations; the reverse may also be true.

e PC2 (Dynamic modeling): it will also develop an agent-based model (ABM) that will allow
stakeholders to explore a wider variety of scenarios. As project members are involved in the
development of ABM models in both PCs, there will probably be a methodological link that
could be established between the two works.

PC4 (Digital Earth platform) for all the geological data banking objectives.
PC8 (JPEC) for all regulatory and legislative aspects, since French Guiana has its own
specific characteristics compared with the Hexagone.

WPo.Task 2. Ensuring a local anchoring of the project in French Guiana.

=  Provisional schedule: M1 to M48.
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This task is a first task aiming to ensure the social anchoring of the project in French Guiana before
any scientific process could be implemented. To do this, we will organize a first meeting ("kick-off"
meeting) in French Guiana by inviting the authorities (institutional and traditional leaders at any level
— from regional to local, etc.) that the team will identify in discussion with the locals. The project will
also invite leaders of similar scientific projects, not necessarily to establish a cooperation, but to
avoid the project is being perceived as a “troublemaker” of existing projects. This kick-off meeting
aims to sensitize these stakeholders to participate in the project by clarifying the why and the how of
their participation. In return, the project will listen to the attendees by collecting their expectations
from the project as well as potential bad experiences with previous participatory approaches. In
particular, during the first phase of the project, the same attendees will be implicated in the choice
of a couple of specific study sites (end of WP1) on which the research will be focused. This necessity
for anchoring will continue throughout the project but decrease gradually as and when the above
stakeholders as well as additional stakeholders identified throughout the WPs and tasks agree with
the project. At the end of the project, all these stakeholders will be invited during the presentation of
the project's results.

Expected outcomes and deliverables of WPO

e Final report (D0.1) to be written at the end of year Y5.

WP1. SYNTHESIS OF UP-TO-DATE GEOLOGICAL, ECOLOGICAL, BIOPHYSICAL, SOCIO-
DEMOGRAPHIC AND POLITICAL DATA AT THE SCALE OF FRENCH GUIANA.

= Leaders: UG (A. Heuret) and BRGM (J.-Y. Roig).
Provisional schedule: M1 to M24.

A comprehensive inventory of the Guyanese underground s./. has to be made first (WP1.Task 1).
This inventory will integrate geological information, but also has to consider topographic,
hydrographic, geographic, demographic, economic, sociological, historic and patrimonial datasets.
A large part of this knowledge already exists or is currently being collected through a large range of
scientific works. Nevertheless, this knowledge is extremely fragmented and poorly capitalized,
mainly because of an absence of tools and of systematic archival program, leading to poor access
of the data and to the loss of information.

Our inventory will particularly focus on the regolith, in which human activities and their stakes are
concentrated. In WP1.Task 2, we will characterize the regolith and in WP1.Task 3, we will
characterize the regolith’s bedrock. In French Guiana, the regolith mainly corresponds to a thick
laterite cover associated with long-lasting weathering of hard crystalline bedrocks underneath;
hence, regolith properties predominantly depend on the nature of the bedrock (i.e., lithology,
structures, geochemistry, etc.).

WP1.Task 1. Data compilation, homogenization and banking.

= Leaders: BRGM (J.-Y. Roig) and UPPA (J.-Y. Puyo).
Provisional schedule: M1 to M18.

Among the existing data, geological one (maps, geological cross-sections, mineralized sectors...)
and other physical one (topography, hydrogeology) are the first to be needed. In French Guiana, the
most accurate geological maps are the 1/100,000-scale maps published between 1955 and 1982.
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Yet, knowledge and geological concepts for geological mapping have strongly changed since these
times. It is the same concerning the type of data that is necessary as well as for geological objects
that are represented on geological maps. Particularly, information about “superficial deposits” (to
which the regolith belongs) are not much represented or identified in modern or recent geological
maps and it seems nowadays strongly important to update knowledge about them, and about the
regolith in particular. Our work will involve digitization and geo-referencing of raster and vectorization
of the most relevant geological maps while checking the consistency with both IGN/SRTM and
hydrographic data.

We will also undertake a “geo-history” study of the evolution of the role allocated to French Guiana's
underground by public policy makers. In our view, this 'long-term' approach is essential if we are to
understand the great diversity of representations that run through the Guyanese society (which is
very diverse in its components) when it comes to the issue of developing resources of all kinds
(tangible but also intangible) linked to its underground. We will distinguish three periods. The first
period is the colonial period from the middle of the 19th century (post-slavery period) to March 1946
(“departmentalization”); it was marked by, among other things, the “first gold cycle”, which began in
1857. The second period runs from departmentalisation to the application of the first decentralization
laws (1946-1990). Finally, the last period covers the last 35 years or so, from the early days of
decentralization to the territorial policies initiated by the French Guyana Region. For this purpose,
we will collect and homogenize data related to society (demographic, economic, sociological,
ecological, historic, etc.) over time, from around 1850 (discovery of the first gold deposit) until
nowadays, mobilizing public archive collections as well as private archives.

WP1.Task 2. Characterization of the regolith.

» Leader: UGA (C. Gautheron).
Provisional schedule: M6 to M24.

In the tropical area, thick regolith covers are formed during weathering processes, by the leaching
of chemical elements, leading to the precipitation of clays, iron oxides, aluminum oxides and
manganese oxides, combined with slow physical erosion. Due to the presence of clays, these
processes are often associated with high risks of natural hazards (e.g., landslides).

Rock/fluid interactions during weathering of the parent rock and formation of the laterite (with an iron-
rich cap) and/or bauxite (with an aluminum-rich cap) are responsible for the enrichment of rare earth
elements, metals (Fe, Al, Au, Pb, Hg...) and metalloids (e.g., As), with precipitation of secondary
phases, that can be metallic resources (Fe, Al, Au...) but also rich in metallic contaminants (Pb,
Hg...). Although the physico-chemical processes associated with the formation of these profiles are
relatively well constrained, their emplacement dynamics remain largely undocumented due to a lack
of temporal constraints. In the specific case of French Guiana (and the Guiana Craton in the broadest
sense of the term), very little data is available on laterite cover. Only a few predominantly bauxitic
sites have been studied as part of BRGM projects (Kaw, Baduel, Vidal) and a collaborative project
with the UG (iles du Connétable). These studies have enabled to understand their emplacement on
geological timescales (since the Oligocene; Heller, 2022), around the Cayenne region, but the lack
of systematic data means that we are unable to interpret the emplacement of the Guyanese lateritic
or bauxitic covers, their potential as georessources and their risk of natural hazards.
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A postdoctoral fellow will be hired at UGA for a duration of 18 months to acquire geochemical and
geochronological (U-Th)/He data on various laterite or bauxite profiles in the northern part of French
Guiana, where geophysical data such as the geophysical anomalies data are present. Three
potential sites have already been identified along the coast (Cacao, lle du Salut, around St-Laurent-
du-Maroni) in order to obtain complementary data to the regolith covers already studied around
Cayenne and to integrate the geophysical and topographical data. Field works will be performed in
order to compare the field data (type of regolith) with the geophysical anomalies highlighted during
the reprocessing of the airborne geophysics. Finally, the host-rocks of the same sites will be
characterized in terms of age, petrology and geochemistry in WP1.Task 3. These data will also be
integrated into the mapping of regolith cover carried out in WP1.Task 1. Together, the data will
provide a transect of northern French Guiana, as well as an understanding of the differentiation of
the Guyanese basement crust, leading to a predictive map of the regolith, showing its implications
in terms of mineral resources and natural hazards.

WP1.Task 3. Characterization of the regolith’s bedrock.

= Leader: UG (A. Heuret).
Provisional schedule: M1 to M24.

The northern part of French Guiana, and in particular its coastal strip, offers a series of high-quality
basement outcrops, constituting the regolith’s bedrock. In a context of global lateritic and/or
sedimentary cover, these rocky outcrops represent excellent windows, at the scale of the Guiana
Shield, for documenting the Paleoproterozoic geology. Most of these geosites are already
recognized for their exceptional geological interest, and are listed in the Geological Heritage
Register. They are also the main channel and tool, in terms of educational interest and accessibility,
for promoting, among the people of French Guiana, awareness of their underlying and surrounding
geology, and related land-planning issues (see WP4.Task 1 and WP4.Task 3).

Although the work performed by the BRGM in early 2000 (Delor et al., 2003), provided some
elements for the global understanding of French Guiana’s geological history, the data are still sparse
and the strengthening of the geological repository remains a major issue. On the coastal strip,
detailed geosite scale studies, including structural, geochemical and geochronological data are
currently limited, for example, to Pointe Buzaré, in the lle de Cayenne complex (Pinon et al., 2021).
We will acquire structural, geochemical (major, trace and Nd-Hf isotopes) and geochronological U/Pb
data over a series of a dozen of geosites from northern French Guiana. The main objectives of the
acquisition are the followings: i) to provide new structural and petrological constraints in order to
improve the geological mapping (link with WP1.Task 1); ii) to define the diversity of source rocks
from which laterite profiles develop (link with WP1.Task 2) in order to constrain predictive maps of
the laterite cover (link with WP1.Task 1); iii) to improve the understanding of the geological history
of the French Guiana Paleoproterozoic basement (magmas origin and filiation, time setting of the
different magmatic and metamorphic phases recorded, deformation modalities, PTt paths...); and
iv) to gather a modern geodataset to allow work on heritage enhancement of the selected geosites
(link with WP4).

The work will be undertaken by a postdoctoral fellow (18 months at UG). It will involve (a) sampling
during field campaigns, and (b) structural, geochemical and geochronological U/Pb analyses. The
datasets will be integrated into the BRGM database. While the hired fellow will be based at UG,
analyses will be carried out at CNRS (Géosciences Montpellier). Some of the selected geosites will
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be shared with those studied in WP1.Task 2, and the fieldwork missions of both tasks will be
synchronized. The postdoctoral fellow will also be involved in the supervision of a two Master2
interns focused on the enhancement of the heritage of the selected geosites (see WP4.Task 1 and
WP4.Task 3).

Expected outcomes and deliverables of WP1

At the end of the first year of WP1, a collective discussion will be organized to select 3 to 5 specific
study sites in the territory of French Guiana, for conducting most of the research of the following
work-packages WP2, WP3 and WP4. These sites should be well-documented regarding the topics
investigated in WP1 (regolith, physical characteristics, geography and history of local human
activities...), and should also be of interest for the other work packages. In that sense, the sites
selected should bring together several of the issues relating to the relationship between underground
and societies. At least one of these sites will bear gold resources, exploited by legal and/or illegal
mining activities; the other sites may have a very different socio-ecological functioning, thus present
very different stakes and provide very different services to society. Patrimonial and pedagogical
dimensions will be considered too, with the objective of identifying geosites that may have a
pedagogical and scientific value, and that may officially be protected through public policy (see
WP4.Task 1).

Among the sites that may a priori fulfill such requirements, may be cited:

e the lle-de-Cayenne area, which presents a strong geo-patrimonial interest and is affected by
urban development and landslide risks;

e the Cacao-Boulanger area, whose regolith will be studied in detail in WP1, and where
pedological and mercury studies have already been undertaken. It combines issues related
to agriculture developed by the Hmongs, and gold mining (legal mining is over, but is
progressively replaced by illegal activities). Being close to Cayenne, it may easily be used for
pedagogical purposes;

e the Chutes-Voltaire area, where niobium and rare earth elements are prospected in a
biodiversity hot-spot and touristic attractive zone, with road access issues;

e the Sophie-Repentir area, where one of the only legal gold vein mines is underway, operated
by Guyanese people. Other legal projects are under study in a context of fairly extreme
isolation and with strong pressure from the illegal gold miners;
the Montagne-de-Kaw area, for biodiversity protection, touristic and mining issues;
the St-Laurent-du-Maroni area, which is interesting for geological and pedagogical reasons,
at close vicinity from an urban area affected by demographic growth.

Deliverables:

e Building upon historical data, with a specific emphasis on the geohistorical context, a
dedicated Historical Atlas for migration in French Guiana will be developed. This
comprehensive atlas seeks to encapsulate the intricate interplay between geographical,
historical, and migration-related information within the region. By delving into geosciences,
geophysics, and the rich historical fabric, the atlas produced by WP1 will provide a nuanced
understanding of the migratory patterns and their underlying geohistorical factors in French
Guiana.

Scientific publications of the 2 post-doctoral fellows located at UG and UGA.
Up-to-date GIS data that will be transferred to the PC4 Digital Earth platform of the PEPR
research program.

13/35



PROJET CIBLE

/\ PEPR EXPLORATOIRES DOCUMENT PRESENTATION PROJET
FRANCE
2022 PC11 GOYAVES

PROGRAMME « SOUS-SOL, BIEN
COMMUN »

WP2. CURRENT FUNCTIONING OF SOCIO-ECOLOGICAL SYSTEMS AND ASSOCIATED PERCEPTIONS
AT SCALE OF THE STUDY SITES.

= Leaders: URCA (F. Piantoni) and IRD (O. Scammacca).
Provisional schedule: months M1 to M48.

This WP has the objective to identify and analyze the relationships between French Guiana geology
and human societies in terms of socio-ecological functioning, uses, needs and representations. It
will contribute to switching to a new, non-purely “extractive” paradigm of analysis under the notions
of geodiversity (Gray, 2013) and geofunctionality (Scammacca et al., 2024), rather than anly
georesources. Developed initially in 1993 and poorly acknowledged by a larger public, the concept
of geodiversity represents the non-living equivalent of biodiversity. Its most commonly accepted
definition refers to the natural variability of geological, geomorphological, pedological, hydrological
components of the Earth, their structures, assemblages and contributions in shaping landscapes
(Gray, 2013). In this WP2, we will identify, assess and map the relationships between geodiversity
and socio-ecological functioning in terms of ecosystem services supply, giving also attention to the
role of human inputs in such dynamics. Furthermore, these services can translate multiple uses,
needs and demands which might be formal and regulated, or else informal. A specific example on
illegal gold mining will be detailed.

Our approach also involves analyzing the process of production of a “social space” which is far from
being a neutral process. Indeed, the creation of the “social space”, the “habitable” space, is rather
based on the capacities and functionalities of the geo-ecosystem but it still remains dependent on
stakeholders’ strategies and role games. Such games operate at different spatial scales, where each
stakeholder justifies and legitimizes its territorial ownership.

Hence, this WP2 tries to understand how geodiversity contributes in shaping socio-ecological and
habitable spaces, and how uses and representations of geodiversity can mediate stakeholders’
relationships, reflecting territorial strategies for land planning. This study will only be undertaken on
the 3 to 5 previously selected study sites.

WP2.Task 1. Geodiversity and socio-ecological functioning, between formal and informal
uses.

= Leader: IRD (O. Scammacca) and CNRS-PRODIG (F.-M. Le Tourneau).
Provisional schedule: M6 to M24.

WP2.Task 1.SubTask 1. Assessment and mapping of geodiversity-related ecosystem
services on the study sites.

= Leader: IRD (O. Scammacca).

A first quantitative and cartographic assessment of French Guiana geodiversity was proposed by
Scammacca et al. (2022). It highlighted: i) the lack of geoscientific data in French Guiana, which
represents a significant challenge to land planning and environmental management and that will be
the main objective of WP1, and; ii) that the assessment of geodiversity cannot be, alone, an effective
tool to support land planning and management strategies. It is indeed pivotal to integrate the
contributions that geodiversity provides to socio-ecological functioning and to human societies (i.e.,
ecosystem services). Often neglected, geodiversity is recognized to provide a wide range of
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ecosystem services (raw material supply, water supply and regulation, nutriments regulation, natural
hazards and erosion control, support to natural habitats and biodiversity, geoheritage and cultural
services, etc.) satisfying multiple human needs and implying therefore different management and
land planning strategies (Brilha et al., 2018).

A first quantitative and spatially explicit assessment of geodiversity-related ecosystem services in
French Guiana — distinguishing between “potential” and “real” services - and sensitivity hotspots was
performed by Scammacca et al. (2024), but such exercises still need to be validated and tested
through the development and application of multiple proxies and indicators. The application of such
paradigms to the study of the interactions between societies and geo-ecosystems would enable to
target sustainability goals through an interdisciplinary approach to support decision-making.

This SubTask 1 will aim at assessing geodiversity-related ecosystem services in French Guiana
through the identification and development of multiple proxies and indicators at different spatial
scales and extents. Geodiversity uses and their related potential planning strategies (e.g., mining,
agricultural, urban projects, forestry, conservation strategies) will be also identified. This study will
be strongly transversal with the other WP, from the utilization and harmonization of input data for
ecosystem services assessment (WP1) to the identification and test of future potential planning
strategies and their potential impacts on the assessed ecosystem services (WP3). This subtask will
involve a 18-months postdoctoral fellow (located at the BRGM in Cayenne). The postdoctoral fellow
will be supported by a Master2 intern located at UG who will work on the automation of mapping
processes to evaluate geodiversity-related ecosystem services based on existing platforms (e.g.
“Guyasim”) and to assess their changes based on multiple land planning scenarios.

WP2.Task 1.SubTask 2. Informal and illegal gold mining on the study sites, and informal
ecosystem services.

= Leader: CNRS-PRODIG (F.-M. Le Tourneau).

Gold resources located in the regolith are the object of both legal, regulated and illegal uses and
demands. lllegal gold mining relies on a dense network of informal communication paths for its
logistics, and is entangled with legal mining operations at many levels. The objective of this subTask
2 will be to identify and map these illegal uses on the different study sites of the project, especially
on the one concerned with gold resources, as well as to conduct fieldwork in order to clarify the
intensity of operations, number of persons involved, history of this contemporary occupation,
techniques used, types of deposits that are explored and environmental impacts.

Remote sensing and the geodatabases of the ‘Observatoire de I'activité miniére’, containing all
recorded spots of illegal gold mining, will be used in order to provide maps of the illegal uses,
including logistical pathways. Then, the situation will be discussed with the authorities in order to
grasp the history of interventions and their view of the local situation as well as any relevant
information. Finally, fieldwork will be planned out of any repression operations. In function of the
situation (intensity of illegal uses, number of persons in the area, possible situations of violence), a
strategy of how it will be organized will be adopted. During the time in the field, we will collect
information by means of semi-structured interviews as well as field observations and GPS point
recording. The main goal will be to dimension the scale of the illegal exploration and the techniques
used, as well as the informal miners’ geological knowledge and how or what part of the geological
context structures their activity.
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WP2.Task 2. Stakeholders’ narratives and strategies regarding the underground on the
study sites.

= Leaders: URCA (F. Piantoni) and UL-CREM (E. Simon).
Provisional schedule: M12 to M48.

WP2.Task 2.SubTask 1. Political iconology and territories. Comparative analysis of
stakeholders’ narratives about uses and representations of the underground.

= Leader: URCA (F. Piantoni)

Through a quantitative analysis based on political iconology and territorial analysis (Boidy, 2017;
Piantoni, 2023), we will undertake a comparative analysis of the representations of geodiversity, land
and the underground, produced by the stakeholders for whom it is an issue: regional institutions,
companies, associations, public establishments and decentralized government departments, local
residents. The representations will be deduced from the discourses (texts) and the pictures that each
of them uses to assert the legitimacy of their actions on the territory, between territorialities and
visualities. Identifying the nature of the interactions between stakeholders will enable us to
understand the inequalities generated by policies on land use and extractive activities, with a “local
geopolitics” approach (Subra, 2016).

The images will be used in conjunction with the texts produced by the stakeholders responsible for
the development and governance of the underground (private companies, institutions, associations,
citizens' groups), as they appear on websites, in the press and in communication media (visuality).
More specifically, the visual motifs present in the images (technical, economic, landscape, human,
mineral) associated with the representations of the places (and their potential), will be put in relation
with the textual elements inscribed in the discourses that accompany them. This approach makes it
possible to interpret differences in representations and the balance of power between stakeholders.
Results will be confronted with the actual land occupation matrix, comparing it with the various
appropriation and use maps (SDOM, SAR, ZDUC, protected areas, land planning documents, etc.).
This component is based on critical mapping (Noucher, 2020), questioning the forms of land
transitions in areas where the underground is a key issue.

The methodology will use tools for aspiring websites used in computer science (Lonlac et al., 2023),
and automated learning processes by iteration between iconographic and textual motifs (Cornia et
al., 2020). F. Piantoni is currently participating in the development of this research by coordinating a
work package on this subject as part of an ANR PRC project (ANR HyCl, 2023-2026) in conjunction
with the Centre de Recherche en Informatique de Lens (CRIL, UMR CNRS 8188) and the
Laboratoire d'Informatique, de Modélisation et d'Optimisation des Systéme (LIMOS, UMR CNRSG).

This subject will be the topic of a PhD located at URCA and directed by F. Piantoni.

WP2.Task 2.SubTask 2. Representations of the underground in relation with health
issues.
= Leader: UL-CREM (E. Simon).

French Guiana is facing a public health problem linked to the mercury present in river sediments,
(that transforms into methylmercury and becomes toxic to humans through the food chain) and lead
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soil pollution. It led to the development of a new public health strategy involving local actors, the
prefecture and the Ministry of Health via the ARS Guyane "Stratégie Métaux Lourds": StraMelo.

The objective of this Subtask 2 is to investigate on how this health issue is redefining local
representations of the underground, and conversely how these representations are structuring the
way we think and act with regard to this health issue. Is there a 'questioning of the underground’
among the stakeholders? The approach developed in WP2.Task 2.SubTask1 and
WP2.Task 2.SubTask 2 will fuel this question. Is it possible to speak locally of the development of
a popular epidemiology (Akrich et al., 2013)? If so, what groups are or are not forming around the
issue of heavy metals and their impact on health? The voices of those affected by this problem are
not necessarily heard in the public arena. In what way do journalists also play a role in potentially
challenging the underground? It is also important not to overlook the process of normalizing the
pathologies induced by the denial of the existence of an associated public health problem. We will
be looking at the reasons for this: the difficulty of proving the case, private interests linked to mining,
representation of the relationship between the underground and the surface, and constructed
indicators of danger or harmlessness. The study is thus in line with work in the social sciences and
humanities that seeks to consider how social collectives are recomposed through their ways of
thinking about and interacting with degraded environments in the context of the Anthropocene
(Gramaglia, 2020).

The study will be conducted on the selected study sites, but may consider other areas. It will be
based on ethnographic surveys (observations and interviews) of the actors involved and on analysis
of local media discourse on the subject initiated as part of an exploratory project.

WP2.Task 3. Co-design of conceptual models for a shared understanding of the current
stakeholders’ decisions and interactions on the study sites.

» Leader: BRGM (F. Andriamasinoro).
Provisional schedule: M1 to M42.

The objective of this task is to reach, with the support of a conceptual model, a mutual understanding
by the various stakeholders of the study sites, of the key elements driving the current dynamics of
that territory. The model is constituted by the intermeshing of all the representations of the territory
by the respective composing various stakeholders, as deduced from task WP2.Task 2. The resulting
conceptual model will then be the basic support to implement an operational simulation system (in
the form of a role-playing serious game) in WP3 that will be used to create and/or to evaluate human-
underground relationships evolution scenarios at the 2040 horizon. Thus, the current task is also the
opportunity to collectively validate the model amongst the stakeholders, prior to that operational
deployment.

The concepts to be mutually understood by the stakeholders are, more precisely: (a) the key
variables (economic, ecological, regulatory, etc.), which influence the dynamics of the territory at
different scales; (b) the current interactions between these variables; and (c) the current decision-
making rules of the actors, at the origin of these interactions. To achieve this understanding, we will
follow the companion modeling approach taken from Etienne et al. (2011), called ARDI (for ‘A’ctor,
‘R’esources, ‘D’ynamic, ‘I'nteraction), a method which mobilizes knowledge of actors identified from
mainly the following categories: scientists, experts, laypersons, institutional and industrials.
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In ARDI, each letter is associated with questions that should be answered at the end of this task:

e ‘Alctors: who are the decisive actors involved in the question of the relationship between
humans and the underground?

e ‘R’esources: what are the material (e.g. forest) and intangible (e.g. regulation) resources
relevant to this issue? What are the indicators in these resources (e.g., available forest area)
that constitute an issue for each actor?

e ‘D’ynamic (those not generated by decisions): what are the anthropogenic (e.g., global gold
price evolution, population growth, etc.) and physical (e.g., a climate change variable)
processes affecting the issues being monitored?

e ‘I'nteraction: what are the interactions between the processes and the decisions behind these
interactions?

The resulting ARDI diagram will contain both scientific expertise and layperson expertise. It will in
particular include a compilation of existing data regarding the environmental and health issues on
the study sites: geochemical data on different environmental compartments (rocks, soils, water,
sediments, biological matrices), biodiversity (fauna, flora, eDNA, etc.), epidemiology, etc. This
compilation (complementary to that of WP2.Task 2.SubTask 2) will be performed by a Master 2
intern located at IRD, who will also be in charge of a critical analysis of the potential impacts of
underground uses on the selected pilot sites: negative (soil erosion, contaminant emissions, loss of
biodiversity, etc.) and positive (economic support, ecotourism, etc.).

Expected outcomes and deliverables of WP2

e D2.1. Analyses of the power relationship between social groups and
perceptions/representation of the underground;

e D2.2: a conceptual ARDI model collectively understood and validated by the identified
stakeholders;

e D2.3: paper submitted to as scientific journal by the post-doctoral fellow involved in
WP2.Task 1.SubTask 1;
D2.4: PhD thesis resulting from WP2.Task 2.SubTask 1;
D2.5: WP2 synthesis report.

WP3. CO-DESIGN OF SCENARIOS FOR THE FUTURE OF RELATIONSHIPS BETWEEN THE GUIANESE
SOCIETY AND THE UNDERGROUND AT THE 2040 HORIZON, FOLLOWING A COMPANION
MODELING APPROACH.

= Leaders: BRGM (F. Andriamasinoro), UL (Y. Gunzburger) and IRD (L. Maurice).
Provisional schedule: M18 to M54.

By remobilizing the stakeholders identified in WP0 and WP2 as well as the literature, WP3 will focus
on the co-construction of one or more trajectories of relations between the Guyanese societies and
the underground at the 2040 horizon, in view of the current major challenges: facing population
growth, managing the pressure of local and sustainable economic development, self-adapting to
global warming, preserving biodiversity, reducing pollution, etc. These scenarios should be adapted
to the Guianese territory, taking into account the biodiversity, the geodiversity of the territory, as well
as the expectations of populations and stakeholders. The scenarios will be defocused of the mining
issue. In addition, although the generation of scenarios and issues will remain open throughout the
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project, the project will at least consider certain issues such as having a territory where life is good
(“buen vivir’). To do this, we will take into account some basic principles such as: i) ensuring the
habitability of the territory in question (in terms of social and environmental justice, and territorial
health); and ii) the balance of natural cycles (hydrological, biological, physico-chemical). Once all
the scenarios are generated and their impacts analyzed, there will be a multi-stakeholder and multi-
criterion deliberation among them regarding their respective ability to face the above challenges.
Deliberation aims to determine which would be, according to the opinion of each actor, the “best”
development scenarios to retain and implement in the form of action in the territory by 2040 and why.

To implement this, WP3 is divided into 3 tasks.

WP3.Task 1. Scriptwriting the society - underground relationships scenarios at the 2040
horizon.

= Leaders: UL (Y. Gunzburger) and BRGM (F. Andriamasinoro).

Fair and sustainable future scenarios must be compatible with the Guianese rich bio- and geo-
diversity, and with the expectations of the local population and all stakeholders. In other words, they
must represent desirable futures. This task consists in conducting a literature review intermeshed
with discussions with mobilized stakeholders, to determine whether scenarios have already been
considered for French Guiana or for other territories (WP3.Task 1.SubTask 1) and/or whether
introducing new scenarios is necessary (WP3.Task 1.SubTask 2).

WP3.Task 1.SubTask 1. Scriptwriting scenarios that are not mutually exclusive, based on
international benchmarking.

= Leader: UL (Y. Gunzburger).
Provisional schedule: M18 to M36.

French Guiana boasts great biodiversity potential, a diverse and well-preserved tropical landscape,
and a mining potential that may be part of a carbon-free ecological transition process, using critical
metals. Up to now, the difficult coexistence of the conservation imperative and the commitment to
development has been generating conflicts, as illustrated by several recent mining (Montagne d'Or)
and energy (CEOG) projects.

This subtask will conduct a search for international examples of virtuous compatibility between
development/exploitation, preservation of the underground and "buen vivir’. It aims to identify the
best principles and practices for managing such a coexistence in tropical environments. Countries
with biological reserves coexisting with mining operations will be used as a basis for qualitative and
quantitative comparison, with a particular focus on governance and stakeholders involvement: New
Zealand (coexistence of mining and tourism in a geothermal park), South Africa (mines and national
parks, e.g. Palabora carbonatite and the Kruger park), Tanzania (gold mining and wildlife parks),
Australia (uranium mines near Darwin and the Kakadu National Park), Spain (mineral resources
close to the Guadalquivir delta), etc. Such a review and analysis are required to avoid exploring
scenarios for French Guiana that may be too "caricatural® and mutually exclusive (for example,
contrasting a scenario in which the exploitation of underground resources would be the priority with
one in which the entire subsoil would be "put in a glass case"). The PC1 (Planning of the future uses
of French underground) will also be used as a source of inspiration.
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This work will be undertaken by a post-doctoral fellow during 1 year located at UL-GeoRessources.
At least one international case-study will be visited and documented in detail (e.g., interviews of
nature protection associations, park managers and companies).

WP3.Task 1.SubTask 2. Design of new scenarios by using morphological analysis.

» Leader: BRGM (F. Andriamasinoro).
Provisional schedule: M18 to M42.

Considered by the Futuribles International think-tank (https://www.futuribles.com) as the most
complete technique for constructing scenarios, which ensures an important rigor and transparency
(Lamblin, 2018), the morphological analysis is a method which aims to systematically explore the
possible future of the territory (i.e. on each study site) from the decomposition of the territory into key
variables (those identified in WP2.Task 3) of different types (demographic, economic, technical or
social) and describing different scales (e.g., from the amount of forest exploitation to climate change).
These variables can next be characterized by a number of their possible evolution - called
‘hypothesis’ - as imagined by the stakeholders; the framework of one scenario will next be one
combination of hypothesis from each key variable.

The ARDI conceptual model that will be designed in WP2.Task 3 will be updated to implement the
new scenarios designed from the morphological analysis method. However, it should be noted that
the operational role-playing serious game that will be obtained from that model can also be an
additional mean that may help to create new scenarios; this tool can be mobilized once implemented
(cf. WP3.Task 2 hereafter).

A Master 2 intern located at IRD will participate in the co-design of the scenarios.

WP3.Task 2. Implementation of an operational role-playing simulation game from the
conceptual model containing scenarios at the 2040 horizon.

= Leader: UL (R. Mehdizadeh) and INRAE (F. Taillandier).
Provisional schedule: M30 to M48.

The ARDI conceptual model updated in WP3.Task 1 will be implemented here as a dual simulation
framework ‘board game + computer game’. The combination of board games and computer games
allows players to benefit from both approaches. Role-playing board games provide players with
greater freedom, encouraging creativity. In addition, role-playing emphasizes the exchange of
viewpoints, and discussions between players enrich the reflections of all participants.
Computerization allows for a more realistic simulation of the system, providing players with real-time
feedback on their decisions and aiding in their understanding of the system's stakes and dynamics.

On the one hand, the board game simulation, once implemented, will help the players (i.e., the
stakeholders, including local communities) to generate new scenarios (intermeshed with the
morphological analysis approach) by facilitating the corresponding exchanges; the design is based
on an iterative approach between the field and the model, enabling a new scenario to be defined
step by step, based on the model under construction (Antona et al., 2005; Taillandier et al., 2019).
On the other hand, the computer game simulation, once implemented, will allow the players to
analyze the social and environmental impacts of each proposed scenario considering temporal and
spatial dimensions. It enables players to compare scenarios, reflect on their impact, and compare

20/35



PROJET CIBLE

/\ PEPR EXPLORATOIRES DOCUMENT PRESENTATION PROJET
FRANCE
2022 PC11 GOYAVES

PROGRAMME « SOUS-SOL, BIEN
COMMUN »

them with their own understanding or knowledge of the system. The scenarios’ analysis results will
next be used for the multi-stakeholders and multicriteria deliberation process (cf. WP3.Task 3).

The computer game simulation will take the form of an ABM (agent-based model). This is a
computational model consisting of autonomous entities called 'agents' that interact dynamically in an
evolving environment. These agents can be individuals, organizations, or any other type of entity,
whether abstract (e.g. information, idea) or material (e.g. people, a road, a forest). The agents in this
type of model operate based on pre-established rules that are locally defined for each type of agent
in a dynamic environment. The complexity of the system emerges from the interactions between
agents, which are at the center of this model. Agent-based models (ABMs) are especially suitable
for modeling and simulating social-environmental and social-technical systems that are spatialized.
ABM simulation is commonly used for consensus-building, co-construction of prospective scenarios,
strategy experimentation, and conflict resolution related to resource management and territorial
planning issues (e.g., Bousquet and Le Page, 2004; Andriamasinoro, 2012; Zhang et al., 2022). This
project will use ABM simulation to represent the interactions between stakeholders and the
components of the territory involved in territorial decisions. It will also model the dynamics and
temporal evolution of the impacts of each proposed scenario.

During the analysis of each scenario’s impact, uncertainties related to the territorial system will be
systematically considered by using a probabilistic approach based on the Monte Carlo method. As
an illustrative example, let us consider a decision of ceasing legal gold mining in French Guiana.
The simulation will provide an estimation of the impacts on biodiversity protection, the local economy
and on other targets affected by this decision. Given the inherent uncertainties in characteristics of
territory components and their behavior, the scenario will be simulated N times using the Monte Carlo
method. In each iteration, the characteristics of agents are randomly defined, leading to diverse
evolutions of the scenario. Consequently, the resulting consequences of this scenario will be
analyzed for each iteration.

To make the implementation easy to follow by stakeholders, the simulation tools implementation will
not be carried out in a linear way. In practice, there will be iterations between the design of the
conceptual model (WP2.Task 3), its implementation (WP3.Task 2) and the deliberation
(WP3.Task 3). One way to do this facilitation is to implement, analyze and validate each scenario
one by one. For example, a first version of the ABM with a specific focus on gold mining extraction
is implemented. Next, once the initial version is validated, additional entities are incorporated to
enhance the simulation of various prospective scenarios (ex. ecotourism, renewable energy, etc.).

This task will be undertaken by a postdoctoral fellow during 18 months at UL-GeoRessources, with

the co-supervision of INRAE / RECOVER.

WP3.Task 3. Multi-stakeholder and multi-criteria deliberation of the Society-Underground
relationships scenarios at the 2040 horizon.

» Leader: BRGM (F. Andriamasinoro) and IRD (L. Maurice).
Provisional schedule: M42 to M54
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WP3.Task 3.SubTask 1. Use of the operational role-playing simulation game through
workshops, to effectively generate scenarios and analyze their impacts.

= Leader: BRGM (F. Andriamasinoro).
Provisional schedule: M42 to M48.

This subtask consists in the deployment of the operational simulation game framework to both
generate (via the board game) and analyze (via the ABM game) the impacts of prospective
sustainable scenarios adapted to the Guyanese territory, taking into account the territory's
biodiversity and geodiversity. For both actions, the game framework can also rely on output tools
issued from WP1 (e.g., location of georesources) and/or WP2 (e.g., narratives, pictures).

Each action (generation or analysis) will be carried out during at least one participatory workshop
respectively. One participatory workshop is composed of several sessions (one session = several
role-playing game rounds) with possible permutations; and at the end of a session, participants are
invited to collectively consider: (a) what decisions have the actors made in relation to what situations
and criteria? (b) when the players switched roles, are the decisions taken by the second player the
same as that of the first faced with the same situation? why? (c) and more generally, what new
knowledge do they think this game brought them in their relationship to the underground?

WP3.Task 3.SubTask 2. Operational step of the deliberation.

= Leader: IRD (L. Maurice).
Provisional schedule: M42 to M54.

This is the task where, during one or more participatory workshops, the various stakeholders
identified in WP0 and WP2 will be remobilized to deliberate which would be, according to them, the
«best» development scenarios to retain and implement in the form of actions at the 2040 horizon.
The current subtask corresponds more globally to a process of social learning that engages these
actors in the construction of a space of political and environmental debates in a deliberative
perspective (Douguet et al., 2009); in this space, each actor will have to judge subjectively - i.e. to
give or update (in a argued way) his/her opinion - on the following question: for each scenario brought
up by one or several of the stakeholders, what, in your opinion, is the capability of this scenario to
respond to each challenge (e.g. population growth, global warming, pollution, « green » tourism ...)
expressed by these stakeholders? why?

During a workshop deliberation process, each participant, organized in stakeholder sub-groups, will
attempt to understand the issues and constraints of each other group, to better understand each
other's different perspectives, points of agreement and disagreement, and to develop a certain
empathy towards other players, while reconciling listening and playing. To do so, the proposed
methodology is the organization of actor constellations coupled with the scenario integration tools.
They use the qualitative and quantitative elements of scenario planning to collectively elaborate the
possible developments of a challenge. The tools can be used by heterogeneous groups of experts
from different disciplines, as well as by various societal players. They are useful for forward-looking,
future-oriented studies.

A 1-year post-doctoral fellow located at IRD will take part in the generation of scenarios, the co-
construction of the serious game, the stages of consultation between stakeholders (in sub-groups),
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and participatory workshops enabling each participant to understand the issues and constraints of
each stakeholder group, in other words "deliberation".

Expected outcomes and deliverables of WP3

D3.1: Game available and playable by laypersons;

D3.2: Report on the co-constructed scenarios and multi-stakeholders and multi-criteria
deliberation of these scenarios;

D3.3: Paper submitted to a scientific journal in the frame of WP3.Task 1.SubTask 1;

D3.4: Paper submitted to a scientific journal in the frame of WP3.Task 2;

D3.5: Paper submitted to a scientific journal in the frame of WP3.Task 3.SubTask 2.

WP4. PRESERVE A LOCAL RECORD OF THE SOCIETY - UNDERGROUND RELATIONSHIP IN FRENCH
GUIANA, ACCESSIBLE TO EVERYONE.

= Leaders: all members of the project.
Provisional schedule: M12 to M54.

Promoting diversification of resources and uses of the Guyanese underground, by developing the
concept of “common goods”, means, overall, to make information available to the Guyanese
societies. This is the objective of WP4.

WP4.Task 1. Promoting the knowledge of the Guianese underground among local people for
scientific mediation: geosites and geoheritage.

* Leaders: UL-CREM (E. Simon, C. Bodin), UG (A. Heuret, A. Casanova, G. Bériet).
Provisional schedule: M18 to M42.

This task will be focused on geological heritage valorization, promoting scientific mediation and field
pedagogy through the enhancement of French Guiana underground knowledge. To a Guyanese
matter, this task will also aim to optimize the impact of the entire PEPR program in the territory. To
do so, we will in particular rely on those of the study sites of the project that have a specific
pedagogical and/or scientific value and that may officially be protected through public policy. These
sites may be used for scientific mediation, as it is the case for the high-quality basement outcrops
located along the coastal strip, which will be studied in WP1.Task 2 and that may help promoting,
among the people of French Guiana, awareness of their underlying and surrounding geology and
related land-planning issues.

The main objectives of this task will be:

e the organization of university geoheritage and educational collections;

e the development of educational kits (samples, thin sections and related documentation)
targeting the school population;

e the setup of educational supports focused on the geology and scientific interests of the
selected geosites;

e the development of field-based pedagogical approaches that will promote the geoheritage
importance of several geosites.
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WP4.Task 2. Sensitive memory captured through an art-science approach.

= Leader: URCA (F. Piantoni).
Provisional schedule: M12 to M54.

To complement WP2.Task 2 in a qualitative perspective, we will compare the scale of the
stakeholders' strategies with the way in which local residents are appropriating the places, living in
them and investing in them. We want to capture the signs of these socially produced places by
creating shared and co-constructed representations. For this purpose, we will use landscape-based
and non-representational approaches (Thrift, 2008), writing sensitive relationships between
inhabitants and geodiversity. This approach should make it possible to grasp (socially) produced
landscapes, in the traces of ancient and current human presence (the marks). Inhabitants are parts
of landscapes and their dynamics, living in and creating them. This approach highlights the sensitive
relationship between practices and representations of geodiversity, between mediation (Berque,
1990) and landscape (Waterton, 2020).

Our methodology will use a 4x5 inches large-format photographic camera to compose landscape
categories and practices of inhabitants, using cultural et universal patterns in semiology according
to stakeholders’ land use. The pictures that will be proposed are a form of theatricalization of the
landscape, proposing a script made up of motifs and postures of the inhabitants who constitute it
and represent it to themselves. But images alone are not enough.

Representing the inhabitants also means telling the story, recounting the relationship (link) to places,
which theatrical writing brings to the fore. We'll be working with a company that will focus on the
intimate, symbolic and imaginary aspects of the inhabitants' lives, involving them in expressing the
emotional charge of their relationship with the land (agriculture, relationship with biotopes, myths),
in the chosen sites. The ambition is to build a reflection (research-creation) associating arts and
sciences to qualify symbolic, imaginary and affective relationships with the subsoil, and testing it
through a participative approach and sensitive methods. A theatrical performance will be created for
each selected site, combining narrative and photography. The play will be performed by professional
actors and local residents.

This task will be the subject of additional funding requests under ANR calls for projects focusing on
art-science themes, as well as research residencies in partnership with cultural institutions (Direction
Culturelle Jeunesse et Sport) in French Guiana.

WP4.Task 3. Subsoil & practices of science-society dialogue. Towards a ‘'museum® or
‘conservatory’.

= Leaders: UL-CREM (E. Simon) and UG-CRHIA (G. Bériet).
Provisional schedule: M42 to M54.

This task is part of the dialogue between science and society, with the aim of drawing up
specifications for a ‘museum’ or a ‘conservatory’ in Cayenne, devoted to the relationships between
societies and the underground in French Guiana.

Specialized work in Communication studies that examines the practices of science-society dialogue
shows that mediation policies in situations of risk (environmental, health, societal, etc.) cannot be
based entirely on the practices of a scientific information policy. While the availability of scientific
information can often appear to be an essential prerequisite for public involvement or participation,
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some socio-scientific mediation practices that are reduced to a policy of popularization have
generated more ignorance about the uses and logics of social appropriation of these issues, and
contributed to a form of hardening of the mobilizations and demands made by social movements
(Bodin et al., 2024). Popularization therefore runs the risk of being considered locally as 'out of touch’
and could even, in some cases, prove largely counter-productive by introducing a vision of the social
world reduced to a one-dimensional 'knowledge gap'.

In order to avoid the risk of deploying a mediation policy that is ill-adapted and inappropriate to local
uses and 'arts of doing' (De Certeau, 1990), we wish to integrate, even before the implementation
and deployment of a museum-type mediation system, a prospective and analytical phase leading to
a better understanding of Guyanese social worlds, in order to determine the sociological,
communicational and cultural factors that will make it possible to identify local commitments and
uses, and to facilitate the construction and local appropriation of local knowledge and uses of the
subsoil(s).

The team's researchers specializing in scientific communication are therefore proposing to analyze
the issues involved in scientific communication throughout this project in order to ultimately support
the development of a participatory mediation policy. The aim is to improve the cultural appropriation
of knowledge by giving an active role to the diversity of local populations potentially affected by the
risks that may arise from underground resources exploitation. Co-construction of the system with
residents is the key word here, and will lead us to consider various strategic avenues: participatory
and/or citizen research, open science with the local social and associative fabric, public debate(s)
between local players, public players and economic players operating on the land, etc. This
exploratory research phase, prior to setting up a museum-type socio-scientific mediation system, will
be based on an analysis of the views and commitments of Guyanese stakeholders, on a series of
individual qualitative interviews currently being analyzed, as well as a series of anthropological
observations in situ in order to specify the modalities and contours of the territorialized uses of the
underground, their representations and the health and environmental risks potentially associated
with them.

Two Master 2 internships (2 x 6 months) will be devoted to scientific mediation in WP4.Task 1 and
WP4.Task 3 respectively. The goal is to better valorize the data collected during WP1. The two
students will rely on complementary skills: knowledge of the territory (ICMS master program at UG:
Ingénierie de la communication et médiation scientifique - Communication engineering and scientific
mediation) on the one hand, and in-depth training in communication and museography on the other
(SCIO master program at UL: Stratégie de communication institutionnelle des organizations -
Communication strategy of organizations). They will work in pair and also in close collaboration with
the post-doctoral fellow of the WP1.Task 3.

Expected outcomes and deliverables of WP4

e D4.1: Master report in the frame of WP4.Task 1
D4.2: Master report in the frame of WP4.Task 3
D4.3: Minutes on the runs and conclusions from the scientific mediation event
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2.3. Planning, KPI and milestones

Timing of the different WPs, tasks and subtasks are described on page 28 via a Gantt diagram filled
with the following colors:

for the WPs;

for the Tasks;

for the SubTasks.
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WP/Task Leaders To be hired M1-M6 M6-M12 M12-M18 M18-M24 M24-M30
WPO UG, BRGM -
WPO0.Task 1 UG, BRGM -
WPO0.Task 2 UG, BRGM -
wpP1 UG, UPPA -
WP1.Task 1 BRGM, UPPA -
WP1.Task 2 UGA 18 months postdoc
WP1.Task 3 UG 18 months postdoc
WP2 URCA, IRD -
WP2.Task 1 IRD, CNRS o
SubTask 1 BRGM, IRD 18 months postdoc
6 months Master intern
SubTask 2 CNRS -
WP2.Task 2 URCA, UL -
SubTask 1 URCA Thesis
SubTask 2 UL, UG -
WP2.Task 3 BRGM 6 months Master intern
wp3 BRGM, IRD -
WP3.Task 1 UL, BRGM -
SubTask 1 uL 15 months postdoc
SubTask 2 BRGM 6 months Master intern
WP3.Task 2 UL, INRAE 18 months postdoc
WP3.Task 3 BRGM, IRD -
SubTask 1 BRGM -
SubTask 2 IRD 12 months postdoc
WP4 all -
WP4.Task 1 UL, UG 6 months Master intern
WP4.Task 2 URCA -
WP4.Task 3 UL, UGA 6 months Master intern

M30-M36

M36-M42

M42-M48

M48-M54

M54-M60
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Milestones, deliverables and project risk management are given hereafter:

WP Deliverables Risk Milestone In charge
WPO
DO0.1 Final report including management Low M60 UL, BRGM
elements
WP1
D11 Atlas of all the data (geosciences - Low M24 BRGM, UPPA
geophysics - geohistory)
D1.2 Paper submitted to a scientific journal Low M24 UG
(UG post-doc)
D1.3 Paper submitted to a scientific journal Low M24 UGA
(UGA postdoc)
D1.4 Updated GIS data, to upload in Digital Low M24 BRGM
Earth
WP2
D21 Analyses of the power relationship Middle: lack of willing  M24 URCA, BRGM
between social groups and perceptions /  to participate from
representation of the underground; stakeholders
D2.2 A conceptual ARDI model collectively idem M42 BRGM
understood and validated by the
identified stakeholders
D2.3 Paper submitted to a scientific journal Low M24 BRGM
(BRGM postdoc)
D2.4 (Defended)Thesis document Low M48 URCA
D2.5 WP2 synthesis report Low M48 BRGM, URCA
WP3
D3.1 Game available and playable by Middle: no playable M48 BRGM
layerspersons game due to a lack of
willing to participate
from stakeholders
D3.2 Report on the co-constructed scenarios ~ Middle: lack of wiling  M60 IRD, BRGM
and multi-stakeholders and multi-criteria  to participate from
deliberation of these scenarios stakeholders
D3.3 Paper submitted to a scientific journal Low M30 UL
(UL postdoc)
D3.4 Paper submitted to a scientific journal Low M48 UL, INRAE
(UL/INRAE postdoc)
D3.5 Paper submitted to a scientific journal Low M42 IRD
(IRD postdoc)
WP4
D41 Master report (UG / UL intern) Low M42 UG, UL
D4.2 Master report (UL intern) Low M54 UL
D4.3 Minutes on the runs and conclusions of Low M60 UL, URCA,
the scientific mediation event UG
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3. Project organization and management

3.1. Project manager

The scientific coordinator of the project, Yann Gunzburger (GeoRessources lab, UL) is a professor
of mining engineering, geomechanics, geotechnics and risk engineering at the Ecole des Mines de
Nancy (Nancy School of Mines). After having started his academic career on the topic of rock
mechanics applied to various rock and soil engineering projects (slope stability, underground
openings stability...), he started to be involved both on mining engineering research projects (stress
measurements, in-situ monitoring, short and long-term stability issues, induced seismicity...) and on
multidisciplinary research activities regarding social license to operate analyzed as a “risk” for mining
companies. He now has a 10-years experience in strongly interdisciplinary research on the
relationships and interactions between extractive activities and society, with a territorial point of view.
He contributed to developing the “Mining Industry and Territories” Chair on this topic and was its first
scientific coordinator. He has been involved in several academic activities regarding French Guiana,
among which: three PhDs, an expertise on the feasibility of small-scale underground gold mines,
building academic partnerships, etc. He also has a good knowledge of mining activities in other
countries with similar mining-related issues: Guinea, Ivory Coast, Morocco, Chile, etc.

The coordinator will benefit from the strong help of Dr Fenintsoa Andriamasinoro, who has been
working at BRGM since 2003, as a social scientist. He holds an accreditation to supervise research
(HDR) in Socioeconomics, and a Diploma of Higher Education (DEUG) in Sociology. His research
interests are situated in the context of territorial foresight and concern the theoretical and empirical
thinking process on method and tools to accompany stakeholders in the co-construction of their
future, in particular by intermeshing simulation modeling and multi-stakeholders and multi-criteria
deliberation approaches. He was already a coordinator of two ANR projects: (1) AGREGA (ANR-13-
ECOT-0008) in the mineral resources field; and (2) PréGo (ANR-14-CE05-0049) in the geothermics
field.

3.2. Organization of the partnership

The formation of the partnership was driven by various factors. First of all, the GOYAVES project is
considered as an attempt to apply to the Guyanese territory a scientific approach from two major
fields: (a) Geosciences (fundamental and applied) field and (b) Human and Social Sciences field.
Next, the project considers collaboration between Guyanese organizations and organizations which
have already been working for a long time in Guiana. Finally, as a given organization is nowadays
increasingly required to conduct its internal work, in a multi-thematic and multi-methodological
approach, the GOYAVES project considers that the complementarity of the partnership is no longer
necessarily at the level of each partner seen as providing a given competence (although this can still
naturally exist), but at the level of the intersection of all the skills required by the project, and that
each partner could bring on various levels (thematic, methodological, political, etc.).

For these reasons, the consortium is constituted as follows:

UL (Université de Lorraine) is a public research university based in Grand Est region. It brings
together internationally recognized scientific expertise in applied geosciences (for example, through
the "Ressources21" laboratory of excellence dedicated to mineral resources in the 21st century:
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https://ressources21.univ-lorraine.fr) and in the humanities and social sciences (through the “Maison
des Sciences de I'Homme”: https://msh-lorraine.fr). It has long-standing collaborations with UG.

BRGM (the French Geological Survey) is a scientific actor able to collect and process geological
knowledge and, for a few years now, to integrate Human and Social Science skills (multi-stakeholder
deliberation, serious-game, etc.) and associated policy (by signing in 2020 a charter of openness to
civil society). It also is a political actor established for decades in French Guiana; and who acts as a
competent technical director for its ministries of supervision, with the collaboration of the control
bodies such as the DREAL (regional directorate for the environment, planning and housing) in
French Guiana.

UG (Université de Guyane) is a multidisciplinary establishment that aims to contribute to French
Guiana development through research and associated university-level training programs. It has,
namely, expertise in Geology, Human and Social Science and scientific mediation.

URCA (Université de Reims Champagne Ardenne), through the Habiter laboratory involved in the
project, has inherited solid expertise in political geography since its creation by Roger Brunet. This
legitimacy is underpinned by a master's degree and a classified journal “L'espace politique”
(https://journals.openedition.org/espacepolitique/). The laboratory addresses the themes of political
ecology, resources and territories through innovative methodologies (lA) in partnership with other
CNRS UMRs (CRIL Lens, LIMOS, Clermont-Ferrand).

UGA (Université Grenoble Alpes) is holding the ISTerre laboratory. It has a strong expertise on
regolith formation in tropical areas, laterite/bauxite geochronology, and chemical transfer during
weathering. UGA hosts the 2024-2027 ANR ECLAT research program on “Processes controlling the
environmental dynamics and societal impacts of geogenic and anthropogenic trace metals
contaminants in French Guiana”.

UPPA (Université de Pau et des Pays de I’Adour) is analyzing the challenges, obstacles and levers
involved in implementing energy and environmental transitions, including technological innovations
and local initiatives to promote these transitions. This research is conducted within the TREE
(TRansitions Energétiques et Environnementales) laboratory.

IRD (Institut de Recherche pour le Développement) is a French public research institute and a key
player on the international development agenda. It sets its priorities in line with the Sustainable
Development Goals (SDGs), to steer development policies. The IRD team involved in the project is
managing the international Community of Knowledges “Mineral Resources and Sustainability”. As a
core research center historically active in French Guiana, IRD will contribute to this project through:
i) the mobilization of resources and skills concerning French Guiana geological, environmental,
socio-ecological and institutional context; ii) the rallying of a large network of stakeholders; iii) the
implication in current research projects concerning French Guiana geodiversity, geoheritage and
ecosystem services, land planning, gold mining risks issues, human health risks impacts at the scale
of the Guiana Shield, biogeochemical cycles of metallic elements till the human exposure, soil
mapping and wetland-related issues.

CNRS (Centre national de la recherche scientifique) is the French state research organization and
is the largest fundamental science agency in Europe. GM (Geosciences Montpellier) is part of CNRS
and hosts strong skills in geodynamics, geoenvironment and georessources. GM will contribute to
the project through skills and analytical resources in structural geology, mineralogy, geochronology,
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geochemistery, basement geology and metallogeny. GM has been implied since early 2000 in the
study of the French Guiana geology and gold metallogeny through different recent research projects.

INRAE (Institut national de recherche pour I'agriculture, I'alimentation et I'environnement) is France's
National Research Institute for Agriculture, Food and Environment. Created on January 1, 2020, it
was formed by the merger of INRA, the National Institute for Agricultural Research, and IRSTEA,
the National Research Institute of Science and Technology for the Environment and Agriculture. The
institute aims to carry out science dedicated to life, humans, and the Earth that uncovers solutions
to our most pressing concerns. The RECOVER unit research (INRAE Aix-en-Provence) gathers
researchers with multidisciplinary skills in environmental sciences, engineering, ecology and
decision support systems, to study the interactions between natural and manmade systems for risk
management. The team aims at developing knowledge, methods, tools and information systems to
analyze risks and vulnerabilities in order to create an integrated management system for hydraulic
works, territories and their ecosystems. The involved researchers have a strong expertise in
territorial decision-making, participative approach, Agent-based simulation and serious games.

3.3. Management framework

3.3.1 Project management methods

The project will be effectively managed through WPO, with Prof. Yann Gunzburger (UL) and Dr.
Fenintsoa Andriamasinoro (BRGM) leading the project. Team meetings will be organized on a 2-
months basis, bringing together representatives from UL and BRGM. All project data will be securely
stored on a shared server, ensuring access for all project participants.

In terms of the consortium, a steering group meeting will be held every 6 months through video
conferencing.

Additionally, an annual plenary meeting will take place in hybrid mode, with the following locations
for each year:
e Year 1: Cayenne
Year 2: Paris
Year 3: Paris (possibly featuring a mini-progress symposium)
Year 4: Paris
Year 5: Cayenne (serving as a significant restitution event for all stakeholders involved).

The project will culminate in a comprehensive final report, including the editing and distribution of an
"executive summary for decision-makers." This approach ensures effective communication,
collaboration, and strategic planning throughout the project's duration.

3.3.2 Intellectual Property Rights

The intellectual property (IP) is classical: Tthe researchers/laboratories/institutions have the IP of the
tools/methods developed outside PEPR. IP for developments within PEPR will be based on the
respective contribution of the researchers. The scientific articles and referencing of the deliverables
will include all the researchers having contributed with their main institute, in the order of their
respective contribution and with the PhD students as first signatory. The question of IP could arise
for the development of the deliverables where commercialization is envisaged. The legal services of
the concerned institutes will be contacted to study the question if necessary.
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3.4. Institutional strategy

UL. In line with its strategic orientations, UL is working to respond to society’s challenges such as
demographic issues (population explosion, poverty and hunger, health, migration, megacities), the
digital revolution, climate (environment, biodiversity, energy, energy transition), changes in
organizations and institutions, etc. These challenges can only be solved across the board, whether
social, human, legal, cultural, health, economic or technical. UL also has a responsibility to train the
generation that will have to manage these challenges.

BRGM is France’s leading public institution for Earth Science applications for the management of
surface and subsurface resources with a view to sustainable development. Furthermore, BRGM is
currently in the process of integrating civil society opinions and expectations in its strategy. As an
important objective of this project will be to explore the possible futures of the relationship between
society and underground in French Guiana, the project is coherent to that strategy of BRGM. In
particular, the scientific results of this project will be of major help for BRGM to support political
decisions of the control bodies such as the DEAL in Guiana; decisions that will ensure an efficient,
sustainable and responsible use of subsoil resources while considering societal opinions.

UG. The research project is consistent with the scientific axis developed at UG, namely those about
sustainable gestion in Amazonian territories, dynamics of Amazonian societies in their environments
as well as health and ecology in tropical regions. In particular, several UG participants are implied in
projects focused on French Guiana geological evolution, georesources and mining exploitation and
on French Guiana history, including mining history The project is also consistent with UG
universitary-level training programs, namely in Geology, History and scientific mediation and will
allow guyanese students to be implied.

UGA works on several aspects of Earth and Environmental Sciences, and the project is consistent
with the research theme of the ISTerre laboratory. The scientific objective of the unit is the physical
and chemical study of planet Earth, with a particular focus on coupling observations of natural objects
in active continental zones, through a combination of innovative tools. In particular, several members
of the laboratory are specialists in the geological and pedological evolution of French Guiana. UGA
hosts several projects in French Guiana, including ANR project CE01 ECLAT 2024-27, and has
extensive experience in the geochemistry, mineralogy and geochronology of tropical soils and
lateritic cover in gold mining areas.

UPPA. The GOYAVES project is fully in line with the TREE lab's areas of research at UPPA. The
laboratory is looking at the consequences of the global changes currently underway. Climate change,
the biodiversity crisis and the pressures exerted on the environment by economic and demographic
dynamics mean that certain foundations of modernity need to be re-examined. While this modernity,
which is fully at work in mining, has never been the only model applied, it has long dominated
ideological universes. Global change is leading us to reconsider this order of things, and to an
interpenetration of the dimensions of reality: environmental concerns are constraining innovation,
the law, spatial planning and the way societies function, calling on the latter to achieve what is now
commonly called energy and environmental transitions, which are vectors of a certain social
progress. The TREE laboratory will also be providing the research team with a university professor
(“professeur des universités”) specialized in historical geography, who has already worked on
regional planning experiments in French Guiana.
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IRD. In French Guiana, IRD has been conducting research and training projects since 1946, with
local and international partners, focusing on the major current challenges: climate change, water
resources, tropical diseases, mineral resources, etc. More than 8 labs develop ongoing projects in
the IRD Centre of Cayenne, taking advantage of the research platforms and other resources (such
as offices, vehicles, conference room) that also can benefit to the GOYAVES project. Another
intrinsic part of the IRD research activity is the dissemination of scientific information and the sharing
of knowledge. These play a key role in advancing the competencies of scientific communities, and
enhancing citizens' capacity to face the multiple challenges of sustainable development. This project
will benefit of the IRDteam infrastructures in French Guiana, through the participation of the UMR
PRODIG (Péle de Recherche pour I'Organisation et la Diffusion de I'Information Géographique) and
GET (Geosciences, Environment, Toulouse), specifically re-enhancing scientific and research axes
in geosciences carried by IRD and its partners on the territory, and, at the same time, proposing
innovative transversal and inter- and transdisciplinary approaches based on Sustainability Sciences.

CNRS. The research project is consistent with several scientific thematic axis developed at GM: (1)
Coupling and transfers: controls of physical and chemical coupling through Earth’s interior, its
structure, its composition and its evolution; (2) primitive Earth; (3) mineral resources. GM is namely
implied in ongoing projects focused on French Guiana geological evolution and gold resources.

INRAE. The research project aligns with INREA's research theme, specifically concerning the
environmental and social impacts of territory management. The institute's research has often
focused on the connection between human activities and ecosystems. Ecosystems are facing
increasing pressure from human activities and their potential negative impacts, whether the activity
directly depends on the ecosystem or not. Therefore, it is essential to implement a sustainable
strategy to protect and preserve these ecosystems. However, implementing such a strategy can be
challenging as it may require compromises between areas with conflicting objectives, such as
economic, resources, and cultural interests. The strategy must ensure better management of human
activities in line with protection and preservation issues. To address this challenge, the RiD (Risk
and decision) team of RECOVER, involved in this project, is developing tools based on participatory
approaches, agent-based model, and serious games. These tools aim to assist local stakeholders
in co-creating solutions that reconcile these various issues. The project is aligned with INRAE's
research objectives both methodologically and thematically.

4. Expected outcomes of the project

One main expected outcome of the GOYAVES project will be to bring new scientific knowledge and
new Guyanese stakeholders' representations regarding resource management of their territory at a
more integrated level, that is to say that «defocus» from the only subject of the mine: the project will
then aim to achieve a global vision of the place and importance of the underground within Guyanese
society, its needs and objectives.

To reach that outcome, the project, at its achievement period, will provide up-to-date information on
(1) knowledge of the Guyanese underground in its many facets (e.g. geological, sociological,
historical, etc.); (2) the nature and various current modalities of relations between Guyanese
societies and their underground; and (3) the desired or imposed evolution of these relations to face
the major current global and territorial challenges (population growth, climate change, necessity for
biodiversity conservation, etc.).
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The GOYAVES project will be in close contact with PC1 (Anticipation: the futures of French
subsurface use) to enrich the different scenario development methodologies that could be mobilized
and intermeshed in the PEPR research program. It will also be in close contact with PC2 (Dynamic
modeling) to enrich methodologies behind the development of simulation tools to support the
evaluation of these scenarios, an evaluation during which the project will identify not only the
exogenous and endogenous variables, but also the sensitivity of the results to the assumptions and
uncertainties of the data. In parallel, it will be in close contact with PC4 (Digital Earth platform) to
upload all the geological data obtained during the project and to ensure that data format will follow
specifications recommended by PC4. Finally, it will be in close contact with PC8 (Justice Pathways
for Extractives and Critical Minerals) to follow all regulatory and legislative aspects developed in that
PC and to also enrich laws specific to French Guiana.
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