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As a geologist, dealing foremost with solving iayday technicaéxploration issues, it is easy to forget that

it is really important to explain to the public what we are doing. Nowadays, people are much more
environmentally conscious and have much easier and faster access to information, so people do expect
information about our exploration plans and activities to be shared and explained. At the same time,
misinformation can spread easily and consequently it makes it all the more important for the exploration and
mining industry to be open. Mineral exploration happemstly out of sight of most people but there is really
nothing to hide. This Toolkit brings practical tips to formulate what, why, how, when and where to
communicate with local people. Highly recommended reading for everybody in the exploration and mining
industry!

Juhani Ojala, Chief Geoscientist at Geopool Oy, Finland

. @ LINPOARAY3I AyaArdkKia loz2dzi a2KF(iésX a2KeeéX dal 26¢73
mineral exploration activities, this Toolkit should prove a useful contribution for etipfok@mpanies to

build a respectful and harmonious relationship with stakeholders and local communities. And while it does
have a Nordic flavour, the insights provided should be helpful to exploration companies around Europe and
beyond.

Stephen Fraser, Bhaging Director of VectORE Pty Ltd., Adjunct Assistant Professor with the Sustainable
Mining Institute at the University of Queensland, Fellow of the Australasian Institute of Mining and
Metallurgy Source for information (FAusIMM), Member of NEXT Sdaiefdfisory Board

Europe needs metals and minerals produced in Europe. This Toolkit brings the NEXT Way to the Discovery of
Ore Deposits. The novel technologies, tools and approaches documented in this Toolkit should pave the way
for faster, moreefficient and less costly mineral exploration with minimal environmental impact. Due
attention is paid to provide exploration companies with recommendations for a more socially acceptable way

of conducting their activities.

Timo Maki, Director of NorthgoldB, Firefox Gold Corp., and Strategic Resources Inc.,
Member of the NEXT Scientific Advisory Board

This publication brings a comprehensive overview of the multitude of scientific achievements which the NEXT
LINE2SO0G I OKASOSR® !hiolbded achii@mentdiitkalSo elabbite@sDothetdatcomes of

the research that was carried out on the Social License to Explore theme, which are at the basis of the
recommendations addressed to mineral exploration companies for stakeholder engagemebioridies
accompanying the writeips in this publication give due credit to all the people who contributed to these
achievements.

Vesa Nykanen, Research Professor, Geoinformatics and Information Solutions with the
Geological Survey of Finland (GTK), N&ex@ntific Coordinator
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Preface- About the NEXTproject and thecontent of the present Toolkit

The EU funded Horizon 20R@w EXploration TechnologiesNEX) research project ran from the®l

of May 2018 until 30 September 2021which translates inta duration ofalmost three and a half
years. The projectansortium was made upof 16 partners from leading research institutes (3
academia (3), service providers (5) and industry I§)members came from6 European Union
Member States (Finland, France, Germany, Malta, Spain and Sw&udgn}he exception of Malta,

which is of sedimentary origithese countriesepresent the main metal producing regions of Europe,
i.e. the Fennoscandian 8h, the Variscan Belt of Iberiand the Central European Belt. Thesg
economically most important metallogenic belts within the European Union have diverse geology|with
evident potential for different types of new mineral resousce

The mineral deposits in these belts are the most feasible sources of criticalteblyland other
economically important metals in the European Unidkside from the varying geological and
environmental contexts of these belthe glacial sedimentary cev in the Arctic regions of northern
Europe, and the thick weathering crust and more densely populated nature of the target areas in the
Iberian and Central European belts influence mineral exploration in different Welygs context, the
project consotium also relied on the expertise brought in by a vast international collaboration

YySGg2N]l X So3ad prr 2F GKS b9-¢ LINRB2SO0Qa { OASYGAT
the European Union.

The scope and ambition of the NEXT propanarily focused on the further optimization, testing and
validation of environmentallgound exploration concepts and technologiaghesediverse mineral
deposit typesAs a result, the novel exploration technologies and data analysis methods problyiced
the end of the projechow permit much faster andanore efficient mineral exploration, at a lesser cos,
and with minimum impact on the environment.

Aside from a multitude of presentations of thevel insights gained about ore formation and the nove
explorationtools anddata analysisnethods at international exhibitionsonferences and other fora
the NEXT project alsomed at raising awareneabout mineral exploratiommong the genergiublic,
and in particulammong local communitiebving aroundexploration sites The latter formed part of
the research that was carried out within the NEXT project with the aim to gain a deeper understanding
of the factorsaffectinglocal attitudes towardsnineralexploration(and mining) Theresearch used a
comparativecase study design includingerviews and surveys conductedatalcase studies1 both
Finland(1) and Sweder{2).

The present Toolkit brings a collection of wsitpsin whichthe main scientific and technologica
outcomes of the projecare presentedn a manner that is intended to make these outcomes mofe
accessible to the general publiBoth the advances in mineral exploration and the outcomes of the
research on the Sociaicence tdExploretheme are presentedn an easyto-grasp languageFinally,
the present Toolkitalso brings recommendations, which are foremost addressed to mineyal
exploration and mining companieapout why, how, when and where to communicate with lbca
communities during the mineral exploration stageés.concluding writaip describes how a new
mapping tool which has been implemented on Cofbitps://cordis.europa.eu/datalab/datalab.php)
which now enables to network and establish synergies with past ongoing EU funded research
projects: a virtual goldmine of information is now availabl@ af Sipartips!
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In this first chapter, we share our understanding of the expectations from this Toolkit, wHigtemost
addressed to mineral exploratioand miningcompanies. ArExploration Seminar organized by thEXT
projectin Rovaniemin October 2019 provided the opportunity to inviparticipatingexploration and mining
compary representativego take part in shortsemistructured interviews.Theexpectation emerged that

the interviewees wishetbr the content of our toolkit to be processriented, i.e to providepracticalanswers

to the questions ofwhat, when, how, where, andwhy to communicate with local communitiesn areas
targeted for exploation activities Answers to these questions can be found in existing toolkits, aathe
toolkit for stakeholder engagement issued by the Finnish Network for Sustainable Mining (FNEBI¥§in

The FNSM also created a specific standard sigstainable mineral exploration including stakeholder
involvement, biodiversity conservation, safety and health in 201& addition,the recently completed
Horizon 202(Mining and Metallurgy Regions of EMIREL) project issued SLO Guidelines for Ewfoand

an accompanying ToolbbxBoth the Finnish and the MIREbitiatives bring detailed answers to the
guestions of when and why to communicate as well as an extensive toolset to guide on how to oaganize
effective, 2way dialogue with local commuties. Common to theseand similarttoolkits from around the
world Ad GKS NBO23ayAlA2y G(GKIG SyadaNAy3a 20t LIS2LX SQ:
the very outset of mineral exploration are key to gaining trust and acceptance from the local community.
Clearly, this requires understanding of tleedl context, its social, economic, and environmental features on
top of the institutional factors that regulate and shape the industry. However, notteeaturrenty existing
toolkits deal with the role which new technologies may play in acceptance rénali exploration.

What a reader from th presentToolkit maytherefore expect is motivated by two considerations. First, we
have sought to fill a void in relation to the questionvafiat to communicateabout new technologiesin
Chapter 2 a compilation of writeups informsabout the various tools which have been developed in the
NEXT projects well as new insights pertaining to mineral ore formation and mineral prospectivity mapping.
The major part ofts content is styled as interview®nductedwith the main protagonists behind these
advances. The motivation for including these wAtitgs in the context of this Toolkit, is to show that it is not
only perfectly possible but of the utmost importance that exploration companies do commarabaut the
nature of thetools they use in a language that is accessibledal communitiesround mineral exploration
areasand thus to ageneral publicMoreover, as these writeips informabout new insights, tools and
technologies developed in the NEXT project, it brings rdadyse materialto communicateabou these
advances when applying these in future exploration activiti®scondly, the present Toolkit collects the
outcomes of the resealtactivities carried oubn the theme Social Licence to Explo(6LE)i.e. acceptance
or approval of mineral exploration by local communities and society in gen@&halse research activities
included the following task$1) mapping of key factors inBacing social licensing at the mineral exploration
stage, (2) assessing the importance of the new sensitive technologies and early contacts with local
communities to the process of obtaining and maintaining SIE, and (3) identifying the necessary todis
assess social and safety risks associated with mineral explarati@mapter 3we have adopted the same
easyto-understandwriting styleto share themain outcomes of these research activitiem SLE These
outcomesserve ashe basidor a set of further recommendatioria Chapter 4f why, how, whenand where

to communicate during the mineral exploration phasecomplemented with a write up omvith who
companies may also wish to communicate through the use of a neagpingtool implementedon CORDIS.

! https://www.kaivosvastuu.fi/en/toolboxexploration/

2 https://www.kaivosvastuu.fi/networkapprovesnew-standardfor-sustainableexploration/
3 https://mireu.eu/sites/default/files/2021:05/D%204.3.pdf

4 https://mireu.eu/sites/default/files/2021:05/D%204.4.pdf
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Chapter 2Mineral prospectivty mapping:NEXT deliveraew tools andknowledge

Thissecondchapter informs about several novel tools which have been developed in the Horizon 2020 New
Exploration Technologies (NEXT) project as welkav insights which have been gained pertaining to mineral
ore formation and mineraprospectivty mapping.The major part of the antent of this chapterhas been
styledasinterviews with the main protagonists behind these advances.

Starting froman interview on the current, stateof-the-art knowledge how mineral ore deposits are formed
with an ore geology experat Lule& University of Technology in Sweder delve into how the scientific
domain of surface geochemistry can bring both environmental arst-saving benefits to the mineral
exploration phaseTo this effect, @search teams within the Geological Survey of Finland (GTK) explain how
show sampling can be used for mineral prospective mappatigwed by an interviewon D ¢ Yafvances of
mineral prospective mapping in glaciated terrains

We alsoproudly LINB A Sy i K2¢ AYyRSLISYRSy(d SELISNIa FTNRBY (KS
rankedw I R Ndve& électromagnetic (EM) survey systembAvfor mineral exploratioras a top innovation
product with high market potential in the near futurdhis announcemeninotivated the Finnish company

Radai to further develogheir droneswith a gedence system and a parachute trigger as safety measures

The data from aange ofexistinghandhelddevices for mineral prospectivity mapping were utilizeda
research team at the University of Lorraitee produce a novel softwareThe software has beemade
available as a free and opesource library that can be downloaded inyerestedusers. Although tested and
validated for a specific geologic context, i.e. the Elvira deposit in the Iberian Peninsula, the developers are
confident that it will be posbkie to transfer the use othese new tools to additional geological contexts
Furthermore, new satellittmagery derived products for mineral exploration and environmental monitoring
were tested and validatelly the German company EFTiAS-innish test sis whichinspired theirconcept

design of a satellite image crawler.

The data generatedby the @ove-mentioned approaches combined withpreviously collected data from
traditional exploration technologiedyroughtthe opportunity tomine all of these datasetsusing artificial
intelligencebased concepts. Thied to the development of a new software algorithm that takes mineral
predictive mapping to a new frontier. Ae new softwaredeveloped by GTRroducesSeltOrganizing Maps
(SOM)that allow to pinpoint to areas with high mineral exploration potential based on desktop research of
all available data. Cruciallthe approachallowsto spea up calculations dramaticalNEmploying this
software, theGermancompany Beak Consultants producegradictive map of the Erzgebirge in just a
matter of dayswhichincludesthe time that was requiredo organize all the available input datalthough

this area has been the subjeaftin mining for centuries, aample of tirenriched rock was found in one of
the predicted exploration zonesghich hal not been minedo date!

GTK has been at the forefront to produce countrigle mineral prospectivity maps at thregionat, shield
and beltscales. Ithe NEXTproject, a team of experts in geospatial analyati$s Tksuccessfully transformed
regionatscale predictionef mineralzationto target-scale detectionsf mineral deposits

The concluding interviewstyled writedzL) Ay G KA A& [/ KFLJGSNI A& 6AGK al 6a2yQ
in Finlandfor whichthe companyMawsonin the NEXT partnershiplds the exploration periity served as a

test site for the validation of several of the abernentioned new toolsand approachesFind out how all of

the most recendrilling activitiesn the Rajapalot test siteotonlyO2 Yy FANY SR D¢ YQA LINBRAO
horizons butrevealed that the gol@obalt resource estimate is at least twice the estimate predigigdr

the start of the NEXT projedtloreover,satellite imagery was used also to pinpoint to the identificatidn

potential compensation areas, i.e. areas wsthilar habitats to compensate for the possible loss of habitats
should the exploratiorctivities in the Rajapalot argaoceed to the application for a mine development.

A Practical Toolkit addressed to Exploration and Mining Companie$ a ge| 9
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2.1How do ore deposits form? NEXiEesmineral systems modeling to improve our
understanding

Tobias BauerAssociate Professat Luled University of Technology (LTituBwedenfills usin onhow ore
deposits are formed and how mineral systems modetiaghelp to advance our understanding.

How do ore deposits forfa

Ore deposits require a whole series of ingredients tQg}
form. The vast majority of metals sit in minerals ths
formed in geologial processsover a verylong period .'
of time. Geologists try to reconstruct these processes#s
based omavailableobservations.

Most ore deposits formed from hot fluids that circulate( 1-
0 KNRdzZAK (KS cdredniét@siwittOhgdzs .
on the way. Oncehese fluidsget focused along certaing
pathways they might reach conditions where they ar¢
no longer stableand metals can precipitate. ‘

What is mineral system modeling?

Mineral systemmodeling attempts to simulate these processas multiple scalesThe modeling effort
considerghe following ingredients that are necessary for forming an ore deposit:

- Fluid sourcethis could be infiltrating rain or seawater, water that is pressed aunfsediments or
fluids from an intrusionsuch as magma chamber

- Energy source¢hat can drive circulation of fluids: this could be the heat from an intrusion or heat
and pressure from burial under overlying rocksheat and pressure from colliding caméints

- Metal source this could be surrounding rocks that are leached by circulating flyatsnetals can
also come directly from intrusions

- Fluid pathway dense rocks usually do not allow fluids to circulate, so fluid pathways are required
to focusthe fluid flow. Such pathways can be fracture zones relategemlogical structures such as
faults.

- Trap a chemical or mechanical trap that fawethe precigtation of metals. This can be a drop in
pressure or temperature, mixing with other fluids or the contact with reactive rocks.

- Preservation of the depositwas the deposit preserved over time or was it modified afterwards
for example if it becameverprined by later metamorphic events.

The important aspect to consider is that an ore deposit can famiy i all these ingredients are presént

fé - -
(m T I — Ve Outflow:
Energy and heat source Auid ° Metal F'hu'd - ‘__ 7 Residual fluid
for fluid circulation source . source - Pathways di
,, B - ischarge
» - Trap b
Z » Alteration -

Figurel: Ingredients of a mineral system (from Kn&obinson and Wyborn, 1997)
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What is required to advance our understanding of how these ore deposits are formed?

In order to improve our understanding of all these ingredients, we need to study rocks on difeadas

and in different areas. Fluid and energy sources for mineral systems are typically affecting large areas,
typically in the magnitude of hundreds of kilometres. On the other hand, traps for mineral precipitation are
localized to small areas, such jast tensor hundredsof metres. The latter areas bring target sites in the
NEXT project for detailed investigation.

However, it should be borne in mind that all of these ingredients are uniquely different which explains why
a wide range of different arigtical techniques is needed to understand them.

The EU funding permits us to bring together a highly interdisciplinary team of researchers that includes
geologists, geophysicists, geochemistry anel geologyexperts, which is really crucial if we areinaprove
our understanding of how ore deposits are formed.

Where is mineral systems modeling being applied in the NEXT project?,

In the NEXT projectll these ingredientsaare being reconstructedor
specific types of ore deposits.

Northern Fennoscandian Shield
These comprise coppergold deposits that formed from orogenig
processes, such ésrough thecollision of continents anthe consequent |§
formation of mountain chainsOur target areas comprise both th¢ “
northern Fennoscattian Shield (Finland and Sweden) and the Iber -
Peninsula.The ktter is also a target area fanassivesulphidedeposits
that formed on the seafloor in volcanic environmersd tungstertin
deposits that formed on top of intrusions.

Figure2: NEXT brings a focus on distinct ore deposit types in:
(1) the Iberian Peninsula and (2) the Northern Fennoscandian Shield

How would you describe your ultimate goal?

Our ultimate goals not only to define conceptual and regional guidefirfer targeting orebodies, but also

to significantly reduce the cost of mineral exploration and consequently to reduce on the social and
environmental impact of mineral exploration activiti¢=or this purpose, our research outcomes are being
shared with ¢her researchcolleagues in the NEXT project who are lookihghe economic, social and
environmental aspects of mineral exploration.

4

GDNBGAY3I dd F i GKS F22d 2F GKS 1§ LA =
from my window. It was just natural that | started to climb in the mountains. £ 7%

And the more rocks and mountains | saw, the more | was wondering how all g
this formed. How cart be possible that ancient seafloor ends up at 300¢
meters above sea level? So, | decided already during school to becorr
geologist. My current studies deal with mountdorming processes, both *
present but also ancient, 2 billion years old processgsh&, | can reconstruct
K2g (GKS NRO1la& YR YAYSNIfa&a dzy RSNJ

Tobias Baueis an Associate Professor in Ore Geology at Luled University of
Technology (LTU) in Sweden
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2.2Did you ever consider snow sampling coldd used for mineral prospecting?

\ DY

4

b
Maarit Middleton, Associate Research Professor within tl/\’\'N
Information Solutions Unit of the Geological Survey of Finle;;ﬁ;i"
(GTK) and her research colleagues in the NEXT project’
experts in what is known asurface geochemistry. We invitec,
al P NAG G2 SELXLIFAYy GKS NBa,
sampling, but let us start with the context.

What is mineral prospecting?

Mineral prospecting is the first geological phase in exploring for mineral deposits. Thia gggloration is
to determine whether an area has any mineral resources. If so, geologists and exploration experts then set
out to determine whether the deposit has a viable exploitation potential from an economic point of view.

The starting area of terest may range from hundreds to even thousands of square kilometres. Geologists
rely on preliminary studies with airborne geophysical surveys, satellite imagery, as well as field observations
of the outcropping rocks on the ground surface to pinpointai@as where mineral potential is high.
However, to reach a decisive conclusion actual drilling and excavations of the bedrock need to be conducted.
Commonly, drill holes are spaced in a dense grid of one hundred to even just 10 meters, and tens of
kilometres of core may be drilled as part of single prospecting project. At a drilling cost of 120 to 150 euro
per meter, plus analytical expenses and working time, this task is clearly expensive. It is also time consuming
as it typically takes several yearseawlecades to make a profitable discovery. To illustrate the magnitude

of the risk to investors, only one in a thousand prospecting projects end up in an actual mine development!

How does this fit in with the djectives of the NEXT projeet

The overall olgctive of the Horizon 2020 NEXT project is to develop tools and techniques that would not
only reduce the cost of mineral exploration but also minimize the environmental impact during the early
stages of mineral exploration. The scientific domain of serfg@ochemistry is among several approaches
that are being investigated as part of the ongoing research activities.

What is surface geochemistry and how does snow sampling come in?

The use of surface geochemistry relies on a multitude of transport mecharisat enable the migration of

ions from the mineralized deposits to reach the surface where the ions become fixed in the top layers of the
soil and the vegetation. Obviously, this concerns just very small amounts of metals or other elements and
hydrocarlons. The efficiency of this migration is controlled by several factors, and may include a combination
of gaseous, microbial or electrochemical ion transportation mechanisms. Other factors include the

hydrological regime as well as preferential pathwaythe surface, such as geological faults as determined

by the hydrogeological setting.

In surface geochemistry, the samples taken from the top layers of the soil and plants are analysed in the
laboratory. The ions are released with very weak chemical didrecmethods which then permits to
determine the chemical element or hydrocarbon concentration of the samples.

When the surface is covered with snow, the flow of gasses continues, and the ions and hydrocarbon
compounds accumulate to the base layer of snow. This is why very small amounts of metals or other elements
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and hydrocarbons can be analysed not only in samplfeplant tissues and soil horizons, but also in snow
samples.

The surface geochemistry approach thus permits to discover blind deposits even deep in the bedrock or
beneath a thick cover of sediments as illustrated in the picture below.

Tk dkadauuk AN L

L] v L
—"——-"'—W’E't_‘.b'.!.i_ e —— q_o____a‘f—_.
Sediment cover )

Figue 3: lons released from mineralized deposits are transported to the surface and become fixed
in the top layers of the soil and vegetation as well as in the base layer of snow.

Could you elaborate on what you mean by using surfagochemistry for smart bedrock drill targetin@®

Surface geochemistry provides a very powerful approach to reveal the secrets of the underlying bedrock
chemistry. In fact, there simply are no other methods available for detecting geochemical signals of
mineralization under sediment and bedrock cover. This also explains why the approach has gained
considerable importance in guiding exploration geologists to specific locations for bedrock drilling, avoiding
the need for the conventional use of heamnachineryassisted sampling.

How is the sampling approached?

Organic and mineral soil horizons are sampled with a shovel only to a depth of 50 cm or less. Plants twigs are
clipped with pruning shears and bark samples are obtained with paint scrapers.

Figure4: Soil (left) and plant (right) sampling. Photos: Maarit Middleton, GTK
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The EU funding of the Horizon 2020 NEXT project brings the opportunity to test unconventional sampling
material with extremely low environmental impact, such as snow and transpired fluids from plants or trees,
for mineral exploration purposes.

Figure 5: Sampling of Norway spruce transpired fluids (left) and snow (right)
Photos: Maarit Middleton, GTK

The sampling is done simply on foot and under the condition of snow cover on skies, snowshoes or
snowmobiles, hence the ingiificant environmental impact of the approach.

What would you consider as the main benefits of using surface geochemistry for mineral prospecting?

Surface geochemistry is environmentally friendly and -sasing.The cost savings for mineral exploratio
companies derive from land access permitting being simpler and, in general, permit processing times being
shorter when compared to sampling conducted with heavy machinery. Sampling is fast and allows covering
of larger areas or with higher number of salepin the time given. For northern European conditions,

winter exploration activity enabled by snow sampling may speed up the exploration process.

GaAySNIf LINPALISOGAY3a Aa AyONBlFaiAy3ate OKIffSy3aay3
expensive once the focus of tlexploration activities moves deeper into the
subsurface. This can be especially the case when the ore deposit is buri
under a large sediment cover or otherwise concealed deep in the bedro’
Surface geochemical techniques are based on collecting snmaples of
upper soil horizons, plants and even snow, which can reveal subtle fingerpr
of underlying mineralization. This sampling does not require the use of hea
machinery and has a clearly insignificant environmental impact. Even larg
areas can beanpled efficiently in this manner and leads to smarter, and also
much cheaper, pinpointing of drilling targets. My interest as a researcher is to
apply these techniques on a variety of mineralization types to gain an improved
understanding of how and wheto use these techniques most efficiently.
Increasing the sensitivity of surface geochemistry with better analytical
methods and the analysis of the data with advanced statistical techniques are
Ffa2 2F LI NIAOdzZ  NJ AYGiSNBaaGg G2 YSodé

Maarit Middleton is an Associate Research Professor in geodata data analysis
at the Geological Survey of Finland (GTK) specializing in remotely sensed and
surface geochemical data
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2.3NEXT advances mineral exploration in glaciatedrains

; :4@ et NIEP S T (@ Pertii Sarala Research Professor in geochemical

‘ ' exploration at the Geological Survey of Finland (GTK)
and the Oulu Mining School, is sampling upper soil in
this picture. Upper soil geochemical sampling is one of
the advanced, environmentally friendly surface
geochemical exploration techniques that has been
successfully tested in the NEXT project. We invited
Pertti to explain in more detail the advances of mineral
exploration in glaciated terrains brought by the NEXT
project.

Could you give us a brief history of mineral exploration in glaciated terrains?

20°0'0"E 30°0'0"E
L 1

For over a hundred years already, studies of surficial geolc
surface boulders and heavy minerals are used in mine
exploration of glaciated terrains. Geochemical methoti a
have been at the basis of mineral potential mapping in the
terrains for more than 50 years. Since the 1950s, t
development of chemical analyses techniques has be
continuous, allowing for the determination of increasing
lower concentrations andfor an evergrowing group of
elements. Starting from base metals, ig@pper, lead, nickelZ]
and zinc, explored ithe 1960s, the mining industry movel
from precious metals such as gold and platinum in the 1980:
high technology metals such as galliundiiim and scandium.
Rare earth elements and battery technology metals have be
under intensive exploration and mining since the 1990s. Th
analytical development steps have in fact been a boost
factor for mineral exploration around the world.

Figure6: LiDARbased Preliminary Ice stream lobeé]
Map of Finland (PIMF)®

In one of the recent publications on glaciated terrains in Finland to which | contributed, an overview (see
Figure 6), is presented of the main ice stream lobes (A. Baltic, B. Lake district, C. West, D. North Karelian/Oulu,
E. Kuusamo, F. Salla, G. Inad &. Enontekid) of Finland, resting on June 2017 LiDAR DEM coverage. The ice
lobe margins (black), the ice divide zone at North (raster), and the main flow lines (blue) are indicated.
Detailed illustrations of the figure locations (FIG. 2 to FIG. 7)enathove figure are provided in this
publication which appeared in the Bulletin of the Geological Society of Finland, Vol. 89, 201Z8pp 64
Below are two futher illustrations of drumlin fields and landforms in the Kuusamo region of northern
Finland.Drumlins are ovashaped hills, largely composed of glacial drift, formed beneath a glacier or ice
sheet and aligned in the direction of ice flow.

5 Putkinen et al. (2017), Higlesolution LIDAR mapping of glacial landforms and ice stream lobes in Finland,
https://doi.org/10.17741/bgsf/89.2.001
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Two overlapping drumlin fields in the Kuusamo region, northern Finland indicating two
different ice flow phases in the area
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Figure8: Drumlin landforms in the Kuusamo region, northern Finland
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How do these advances relate to ounderstanding of mineral exploration processes?

Particularly in glaciated terrains, our understanding about transport and deposition processes increased
through the use of surface geological research techniques. The development of what is known as
morpholagical interpretation and our improved understanding of formation processes in relation to
subglacial conditions and glacial dynamics have brought important contributions to widening our knowledge.
As an example, reference can be made to the use of the tersensing method, known as LIDAR, that is
used to examine the surface of the Earth. Lilb&Bed elevation models have completely renewed the
process of morphological mapping as the increased amount of detail of glacial features supports a much
more advaned interpretation. This has brought a wealth of information which permits us to delve into
aspects such as the secondary dispersion of mineralized materials in glaciated terrains.

Which features would you consider as being of the foremost importance in ¢toatext of mineral
exploration of glaciated terrains?

A key feature for mineral exploration is brought tiy or glacial till, which can be described as unsorted
glacial sediment, derived from the erosion and entrainment of material by the moving &glatier. As a
consequence of this process, till represents a mixture of fresh bedroclglaceal weathered bedrock and
other pre-existing sediments. Till debris and rock fragments are always found some distance away from the
source or sources from whidhey were derived. As they disperse in the direction of theflme, they give

a larger and more homogenized indication of the source(s) than of the bedrock itself. However, this
dispersion is influenced by many different factors, i.e. geology, toptyrapd subglacial conditions with
icemass variations, and is highly dependent on glaciogenic deposition environments composed of glacial
erosion, debris transportation and deposition.

Thick glaciogenic depositiarge mire areasnd pre-glacial weatheredbedrockare challenging for mineral
exploration and require expensive research methods. These geological environments are typical of large
areas in the Northern Hemisphere and are very sensitive to climate and environmental changes and actions
of any kindwhich can disturb the vegetation and soils.

How is sampling traditionally conducted in these glaciated terrains?

Till samples have traditionally been collected using hanadle test pits but more often heavier sampling
methods such as tractor excavatogrpussion drilling and soil drilling are needed to get more representative
samples deeper from the transported cover. Specific till size fractions such as less than 0.063 mm are used
in geochemical analyses using partial leaching. To determine the

elementd composition of the samples requires methods that are basq
on atomic emission spectroscopy and atomic absorption spectrosc@s
This explains why this traditional sampling procedure is typically b&
expensive and timeonsuming. :

It should also be borneimind that different lanelise interests and lar
conserved areas can restrict the mineral exploration field work u
traditional geochemical sampling and analysis methods. For examplegs
northern, subArctic areas in Fennoscandia and Finland, arecéfly =
vulnerable and belong widely to Natura 2000 or other nat
conservation programmes. Despite the relatively high current activity
mineral exploration in our part of the world, vast areas in Finland and
Fennoscandian shield are poorly studfed exploration.

Figure9: Analysis of the element concentrations from the glacial till
using portable XRF analysgiPhoto credit: PerttiSaralg

A Practical Toolkit addressed to Exploration and Mining Companie$ a g e| 17



Ea N E X T Pl Horizon 2020
S European Union Funding

* gk .
x for Research & Innovation

Could you describe the advances in mineral exploration of glacidexdains brought by the NEXT project?

Our goal is to assess the effectiveness of geochemical research methods which offer an easy way to collect
samples with lowto-negligible impact on nature and would also be eeicient. To move away from the

use ofheavy sampling beneath the transported cover of glaciated terrains, new sampling and analytical
methods are required that will give us a geochemical signal directly from the underlying bedrock.

Our use ofadvanced surface geochemical exploration methaddased ommetal ions migration through

the sediment deposits As my research colleague in the EU funded Horizon 2020 NEXT project, Maarit
Middleton explained in her earlier writep, upper soils, plants and snow provide relatively easy, fast and
costeffedive sampling media with a very low environmental impact. In fact, traces of such sampling are hard
to even spot in the field. Moreover, with only minor gpoeocessing requirements, supported by numerous
weak or partial leaching techniques, these methods lsighly coseffective for many ore types in different
terrains. In addition, new osite geochemical analysis techniques such as a field electrochemical probe
instrument that is being developed in the NEXT project as well as other modern field anatysdrsas
portable XRF, can support surface geochemical exploration by giving element concentrations directly in the
field. This is a huge benefit as it offers the possibility of obtaining sampling results-iimreabstead of first
having to send theanples to a laboratory and having to wait for several days to obtain the results.

How would you describe the benefits of the new surface geochemical methods in NEXT?

The development of new sampling techniques and analysis methods using upper soil laygssamd snow
enables coseffective and naturdriendly mineral exploration in environmentally sensitive areas like the
Arctic. In these areas, the transported cover typically consists of thick glaciogenic overburden and large, peat
covered areas that gsent a challenge to traditional exploration methods. Furthermore, large areas have
restricted access due to large uninhabited expanses. There are also many nature reservation areas which
makes the use of heavy machinery for mineral exploration highlypirgypiate.

It is also worthwhile to note that thick transported cover can be found frequently and these techniques are
perfectly suitable also in these terrains. The surface geochemical methods have been proven to be effective
in recognizing many types @iuried ore bodies or mineralized lithological units and structures from the
bedrock. This is a significant benefit when it comes to the selection of targets for further exploration studies.
In addition, | do believe that the reduced environmental impautl @xploration footprint by using these
technologies can help increase the social acceptance of mineral exploration in these terrains.

GL KIFI @S lftgleda 0SSy AYyGSNBAGSR Ay Yyl udzNJS FYR AYy Y
particular. After uppesecondary school it was quite natural for me to decide !
to study geology at the University of Oulu, where mineral exploration using
surface sediments and geochemistry were my preferred subjects. My doctor:
thesis focused on a better understanding of glhgieocesses as a part of
element and heavy mineral distribution in glaciated terrains. Having gainec
broad knowledge in Quaternary and glacial geology, geomorphology, appli
geochemistry, till and weathered bedrock geochemistry and minera
exploration processes gave me the opportunity to successfully apply for a
research professorship in geochemical exploration. The development of
surface geochemical exploration methods to decrease the environmental
impact in sensitive nature in the swrctic and Arcti areas continue to be an

AYLRNIFYG LINI 2F Y& NBaSINOK AyGSNBadaoe

Pertti Saralas Research Professor in geochemical exploration at the Geological Survey of Finland (GTK) and
the Oulu Mining School (OMS) of the University of Oulu
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2.4w I R Ipidn@siing research on noinvasive mineral exploration technologies on the
9dzNR LISIFY [/ 2YYAAdaA2yQa Lyy2@0FdA2y wl RI NH

Independent experts of the European Commissiomgovation RadarK | @S NI y N&&® (KS
electromagnetic (EM) survey system on UAV for mialeexploratiore = | &  (2L) Ayy2@F A2
market potential in the near future. The Finnish companies Radai together with Loop and Line and the
DS2f23A0If {dzZNBSe 2F CAyflyR oD¢YO FINB O0SKAYR (K
developer, GTK has been an active supporter and facilitator in the development. Here we elaborate on how
RadA Q&4 LIA2YSSNAYy3I a2fdziAzy FAGA LISNFSOGEEe GAGK CA\
SINIK YAYSNI fa [ &basl&éetshigirisusiniiable QidsatighioNiEneral resbiirgs.

Recycling of metals and earth minerals in Finland

CAytlyR A& O2yaARSNBR la 2yS 2F GKS ¢2NIRQa LI OS
recycling. In fact, the country boast 2y S GKS $2NI RQa Y2ad STFAOASY(dH NI

also a reality that only a small percentage of the metals and earth minerals that are needed to produce
G2RIFeQa | RAGFYOSR 02YYdzyAOlF GA2Y (2 2récjicled ndate@. | & Y20

A global leader in sustainable utilisation of mineral resources

The Finnish government duly recognizes the challenges posed by the growing demand in mineral resources
and aims to develop its mining sector by encouraging the use ofisabta solutions. To this effect, the
government actively supports the development and use of-imyasive, ecdriendly solutions for mineral
NE&2dNDS SELIX 2N GA2y YR SELX 2AGFGA2y ®d ¢ K&gloBa2 f 2 3
leader in the sustainable utilisation of mineral resources and the minerals sector is one of the key foundations
2F GKS CAYYAAK YylILGA2ylFf SO2y2Yeé d¢

wlkRFEAQA LIAZ2YSSNAY3I NBaSk NDK

Among the pioneers in the development of etndly, noninvasive geophysicalisseys is the Finnish Radai
Oy. The company offers precise, high quality -geapping surveys through the use of its UAV based
geophysical survey technology. Through thihdmise developed Unmanned Aerial Vehicle, Radai is in a
position to conduct surveywhat have a lower carbon footprint compared with any other existing mineral
exploration technologies

Developed in the EU funded Horizon 2020 research project entitted New Exploration Technologies (NEXT),
wkRFAQa az2fdziAz2y Y }ffSrant typés oldeasdrémeritsSluridigbne@ihgeNight. 2 dzi R

wlk RFAQa ! -hause Odvalabal Seaisordmgeasure ground surface, soil and bedrock structufds

brings a comprehensive image of the surveyed area, and allows geophysical experts to then determine the
Y2a0 LINPYA&AAY3T I NBFaE F2NI YAYSNIt SELIX 2Nl GA2yd 9FF
longterm and invasive exploratiorver large areas.

I RRAGAZ2YEFE FLLXAOFGA2YE 2F whkRFAQA azfdzirzy

lf K2dZAAK RSGOSt2LISR Ay (GKS O2yGSEG 2F oNARy3IAy3d (2
technology has already proven to be highly versatile. In fact, a very broad spectrunvioinemental
monitoring applications such as carbon emissions can be monitored in a very efficient manner. Other
applications include the detection of water leaks in dams, or the monitoring of chemically polluted areas,
which clearly play a vital role in gtecting communities that live nearby. As water has the potential to
become a scarce resource even in traditionally wiNd OK 02 dzy i NA SazX wl RIFIAQa &az2f
additional water sources.
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By using lightweight UAVs, driven by electric mator I Yy RS> RdzNAY 3 adzYYSNJ Y2y dKa
technology is not invasive (its small electric motor can be barely heard), has a low carbon footprint and also
offers amuchreducedcost compared with conventional exploration technologies in the misagior.

R e
=Ty

= PALSATECH

Figurell: Radai'steam prepares for launch of its pioneering drone
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2.5Radai adds further safety features to its novel drone prototypes

Ari Saartenoja CEO & Founder of the Finnish compdRgdai, is the main developer of a novel
electromagnetic (EM) survey system on ummead aerial vehicles (UAVs) for mineral exploration that has
been developed in the NEXT project. For this wupewe invited Ari to provide us with an update on the
O2YLIk yeQa | R@lIyOSa airAyoOS AdG o6l a FANRG LIasGqtéR dzLJ
AYYy20FGA2Yy LINRPRAZOG 6A0GK KAIK YIFENJSG LRGSYGAFT Ay
| 2dzt R @2dz GSff dziostYeeeNiRdvanoes wih respeécRio theQuée of UAV for mineral
exploration?

During the last 12 months, we have achieved significant progress in the development of owbdsate

magnetic field survey system. In fact, odiM Prototype3 UAV survey systa has not only significantly
AYLNRPOGSR GKS KIFINRgFINB OFLIOoATAGASE 2F 1 £0a 2NRS\H
attention to the autopilot system software that controls the plane and flight mission.

Ailerons

Figurel2: Aircraft surfaces that enable to control the
route and altitude of a flight

Elevator

As you can see from this schematic diagram, the flight route and altitude of a flight can be controlled through
aircraft surfaces that include ailerons, ruddelevator, and flaps. As we are dealing with an unmanned aerial
vehicle (UAV), we depend on the development of an autopilot which consists of sophisticated algorithms that
fully control these respective aircraft surfaces as well as its motor. This enabtesnake the drone flight

much more stable and predictable and improves the overall safety of a flight.

l'3aARS FTNRY FfA3IKG al FSiez K2¢g ¢2dAZ R e2dz NI GS (GKS
your UAV?

Radai assigns the highest value ke tsafety of its drone operators and avoids causing damage to the
environment in which operates at any cost. For these reasons, we have added an additional safety layer
which consists of an ihouse developedeofence system and a parachute launch trigg€hese have been
implemented by adding new instruction commands into the VM Protofymatalogger, allowing the data
logger to give direct commands to the autopilot. The geofence is ab@stsl virtual perimeter that
determines the area in which the plaieexpected to operate and orders the drone to take corrective action
whenever it reaches the boundaries of this virtual perimeter. Should the drone still go beyond the
predesigned perimeter, a further command triggers its parachute to be launched axtiedly stops the

drone from continuing its flight.

Figurel3: UAV outfitted with a parachute as a further safety measure ¢ 2l

—_
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What motivated you to start a company which has clearly been highly successfdeiweloping a new
generation of drones?

Gae AYOGSNBaid Ay FteAay3da Yl O
back to my teenage years. Together with a friend, |
started to innovate and find applications for drones
back in 2012. Both of us were keen to develop
something newWe meticulously went through the
scarce information we were able to find and started
building our first drones and sensors in my garage.
It provedanintense period of my life, characterized

3 NP L 2 by initial failures and starting all over again. Then, at
some stage, the outcome of our passmnate efforts proved to work surprisingly well. Looking back, our
ambition to put into practice some of our innovations, which were quite many at this initial stage, came quite
naturally 1 would say. We kept pushing our deyghent work forward and little by little our first prototype
of a dronebased survey system was completed. Our teenage obsession that things can always be improved
Ad LI NG 2F 2dzNJ aYFff O2YLI yeQa Odz (dzNB hapgyRvitre Y &
mediocre results.

¢ KNRdzZAK GKS 9dzNRBLISIY /2YYA&aaAz2yQa FAYFYyOALf | aaia
breakthrough solution for the mineral exploration industry, but things can be done better in so many other

R2YIAYyaNMR y Y RI ROKy 2t 23e 21LISya dzlJ G2 a2 Ylye ySg Lk
add our bit in improving the outcome of other industries.

At Radai, we much look forward teepingWLJ @ Ay3Q ¢gAGK FfeAy3a YIOKAySa
teenage years, and in the process, our te@gfinitelyg A t € YFAYy dF Ay Ada F20dza 2y

Ari Saartenojas CEO & Founder of the
Finnish company Radai Ltd
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2.6 NEXT produces a novel software to process data obtained from handteidces for mineral
prospectivity mapping

Jean CauzidAssistant Lecturer at the University of Lorraine explains about the purpose and functionality of
a set of novel handheld devices for mineral prospectivity analysis which have been developed in the EU
funded Horizon2020 New Exploration Technologies (NEXT) project.

How would you describe the general purpose of handheld or portable devices in the domain of mineral
prospectivity mapping?

Already for several years now, manufacturers have been designing tools for producing chemical analyses
outside of the laboratory environment. In reality, these devices are equivalent to the tools that are typically
used inside the laboratory. However, thage downsized, autonomous in energy and their use is simplified

so that only a limited knowledge of the physics on which they rely is required on the part of the operator.

¢tKSe 2FGSy 221 tA1S Frd 3dzya | YR aciN®Rvick i Gapaffledf & & K
providing a limited amount of information for two reasons. To start with, their use is simplified to-foe-fit

purpose to norexpert operators. As a consequence, no fine tuning of the analytical conditions nor extensive
signal inerpretation can be performed. The second reason is that a single tool cannot provide a full
characterization of a sample. Even in the lab, one has to run several experiments on several devices to obtain

a comprehensive set of data.

On the other hand, theshandheld devices present several interesting features. They are cheap compared
to their lab equivalents; they are designed to be run by-apacialists and are capable of producing data of
an incredibly good quality. In fact, much more information caneb&acted from the obtained data
compared to what is usually arrived at in a laboratoryget This is not due to a lack of effort on the part of
the manufacturers, it is due to the way these handheld devices are supposed to be used: bgxgadnon
alarge range of possible applications and without input from other techniques.

Could you tell us more about the specific aims of your new software solution in the NEXT project?

Our aim is to extract the most from these tools by combining the data measyrétde handheld devices in

a new software solution with the following considerations: the software should remafarfjjurpose use

by nonexperts, and we wish this software to become available as freely as possible. Beyond these
considerations, there aréwo constraints which are necessarily faced and shape the development of the
software: first, several analytical techniques must be used jointly and second, the application will be
restricted to a limited geological context. The challenge is to makehhage from one geological context

to a different geological context as easy as possible.

Which analytical techniques have you been focusing on?

Because of the fact that several analytical techniques need to be used jointly to produce a duly
comprehensive dta set, we have been working with no less than six analytical techniques. Each of these are
available as portable tools and debelledXRF, LIBS, XRD, Raman, FTIR aneBVIWNRR

Photos the handheld devices we are using together with a brief descripfiche sample preparation
requirements for each device and of the data these provide are shown below.
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Tablel: Characteristics of the handheld devices used for data collection

Olympus TERRA portable XRD

The sample has to hgpwdered to a grain size
smaller than 150um and then inserted in the <
in the middle of the case. This technique
provides data on the nature of the crystallizeq
solids.
(Photo YongHwi KIM)

B L

=
e L TAS™

=N

Spectral Evolution SR6500 VNERVIR
spectrometer

The samfe can be unprepared, freshly cut of

powdered. This device provides data on
minerals, mainly the hydrated species throug
the cationOH vibration, carbonates, and som

sulphates
(Photo YongHwi KIM)

Thermofisher NitonXI3t GOLDD+ XRF
spectrometer
The sample can be unprepared, freshly cut ¢
powdered. This device provides quantitative
data on elemental concentrations from
Magnesium to Uranium.
(Photo Jean Cauzid)

EnSPectr RaPort Raman spectrometer

The sample cahe unprepared, freshly cut or
powdered. Most minerals can be measured w|
this device, however with some lower detectiq

limits compared to FTIR and VNSRVIR for
some mineral species.
(Photo MarieCamille Caumon)
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Table 1 (continued): Characteristio$ the handheld devices used for data collection

SciAps LIBS Z300 spectrometer Bruker Bravo Raman spectrometer

The sample can be unprepared or freshly cy The sample can be unprepared, freshly cut
Powders are preferably pelletized before powdered. Most minerals can be measured
analysis. This device provides mainly qualita  with this device, however with some lower

data on all elements from Hydroge¢n detection limits compared to FTIR and VNIR
Uranium. Quantification can be attained via tf SWIR for some mineral species.
measurement of standards and the building (Photo MarieCamille CAUMON)

calibration curves.
(Photo YongHwi KIM)

Bruker Alpha FTIR sptrometer
The sample can be unprepared, freshly cut or powdered. The front side of the device car
changed to access various modules of IR analyses. Most minerals can be measured with
device, which however remains sensitive to water content.

(Phdo YongHwi KIM)

This approach derives from the assumption that the strengths of one technique will address the weaknesses
of the others. Errors and uncertainties from one analysis are reduced by the use of accurate values from
another. Inadopting this approach, it becomes clear that individual measurements complete, validate and
sustain each other; which guides our entire efforts to be based on the concept of reconciliation.
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With the first two techniques, we ar@nalysinghe elements in the sample (silicon, iron, lead, etc.). With the

other four techniques, we aranalysingi KS YA Y SN} £ & oljdzr NIT 2 LRBRNARGSS R2f
a series of elements and rocks consist in assemblages of several minerals. Aesengthniques, XRF only
provides a quantitative analysis of a sample. Under some conditions, the other techniques can be made
guantitative but the result from their portable version is not quantitative by default. Our approach is to
obtain the list of tle minerals in the sample from the four techniques and quantify the amount of each
mineral from the XRF measurements. LIBS is there to address some constraints concerned with the elements
which XRF cannot detect.

On which geological context have you beerstang your new tools?

In NEXT, we focused on the Elvira deposit, a base polymetallic resource from the Iberian Pyrite Belt. A large
portion of our work consisted in being sure that in Elvira, each mineral can be recognized without ambiguity
with at least e of the four mineralogical techniques. This was done in parallel with the modeling of the
Elvira deposit by colleague partners in the NEXT project. The latter enabled to obtain a listing of the minerals
that can be found in Elvira which was not fully lwmoat the beginning of the project. Consequently, we
started working on automating the data extraction from the devices. It cannot be fully automated as all these
devices are commercial and data extraction relies on a specific software, which is ustialpensource.

We also finalized the automatic identification of each mineral in a measurement point. Currently, we are
working on the automation of the mineral quantification from the list of detected minerals and the XRF data.

How do you see the final mduct of your efforts and the commercialization prospects of the advances
you have achieved?

The final product will be a software available as a free and eoemce library that can be downloaded by

the final users. However, in the process, we are crgatimew space for commercial business as anybody
skilled in analytical techniques will be able to advise final users, help them in choosing the best set of
techniques and provide them with a software solution. All of this can be achieved without breaching
manufacturer intellectual property.

Evidently, it should be borne in mind that by and large the knowledge gained and the advances achieved
have been strictly in relation to the specific geological context of the Elvira deposit. Yet, we are highly
confidentthat it will be possible to transfer the use of our new tools to additional geological contexts.

G5dzNAy3 + @SFEN) 2F aiddzRASa Ay ! dza i NI
environmental studies to mining. After helping local communities in Africa
how to go about contracting new schools and wells for water supply as par' %
of my National Service, | seized the opportunity to start a PhD. This |nvoIv"
getting myself into a synchrotron, a machine as big as a building. Surely r
coincidence that sincenen | have been lecturing on, and also searching f

ever smaller devices, trying to make analytical tools directly available to u

who really need the data. | use all the skills | developed earlier: mana
complexity as in environmental sciencesayshg grounded as in mining,

targeting the longer term as in a PhD and explaining things unusual to %
I dZRASYy OS a4 O2yiN} Ola Ay (KS o6 dzaK®

Ay M

Jean Cauzigs Assistant Lecturer at the University of Lorraine, France
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2.7 NEXT develops nesatellite-imagery derived products for mineral exploration and environmental
monitoring

EFTAS Remote Sensing and Transfer of Technology GnabHSME based in Miinster, Germany, which
provides geoinformation and IT services based on remote sensing af@1& single source.

Sebastian TeuwserProject Manager éEFTARxplains abouthe remote sensing related research activities
in the EU funded Horizon 2020 New Exploration Technologies (NEXT) project.

Could you elaborate on the contribution of remotesasing to the ambitions of the NEXT project?

Even before the start of the NEXT project, we gave a lot of attention to how we could help our colleague
partners in the consortium with the many tasks foreseen, by building on our experience from previous
exploration projects. We foremost took into considtion that a minimal impact on the environment was
requested by the Horizon 2020 Call for proposals to which NEXT was submitted. Indeed, the Call specifically
expected proposals to develop new and more sensitive environmentally sound exploration tegiee@ad
solutions.

Furthermore, the Call requested to communicate the added value of a proposal to the local communities
around the exploration sites as well as to society at large for improving public acceptance. Thus, one of the
primary goals of the dlavas to achieve a reduction of the anthropogenic footprint in the field of exploration
technologies and thereby strengthen and increase the acceptance, and in this instanceSotthlelLicense

to Explorg(SLE) on the part of the public.

Remote sensinghrough the use of unmanned aerial vehicles (UAVSs) or satellite technology, clearly presents
itself as an ideal tool to achieve the goal of reducing the anthropogenic footprint. However, it quickly became
apparent that our technology would be of partiaulinterest in new areas identified for exploration and
whose viability would normally first be assessed in the field and in the laboratory. The fact that the Finnish
study area partly includes an area that is under the guidelines of the EU Natura 28€iivdiplayed a very
significant role in this regard.

Could you elaborate on the nature on the remote sensing activities in the Finnish study area?

Throughout the 3year duration of NEXT, we worked in close cooperation with the mineral exploration
companyMawson @, the permit holder of the Finnish study area. This approach ensured that the methods
and approaches used for exploration and monitoring purposes were strictly oriented towards keeping in line
with the environmental directives set by the respdsiei authorities in Finland. This enabled us to develop
several methods that can be used in the future and are in full compliance with environmental protection
regulations in sensitive natural areas, including Natura 2000 sites. Although this effort tegudtbstantial
amount of research, we were very much aware that exploration activities in these sensitive areas are hotly
debated not only in Finland but in all such areas around Europe.

Which, if any, particular difficulties did you encounter to testeélremote-sensing based technologies?

In fact, from the very outset of NEXT, we faced difficulties to adequately apply our resmaséeng based
technologies for the purpose of mineral exploration due to the dense vegetation cover, particularly in the
Finnid study area and to a large extent also in the Spanish one. This is mainly because-sasatiteemote
sensing technology, regardless of which optical sensors are used, can only be applied primarily in arid and
sparsely vegetated areas. This is duehe tact that signals from the vegetation cover and the tree canopy
hide the signals coming from the open ground or from the outcrops under investigation. Hence the presence
of a dense vegetation does not permit investigations with regard to outcroppirig raad their mineralogy.
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The pros and cons of these test sites had already been a point of discussion among the consortium at the
initial meeting in Brussels in November 2016, i.e. at a time when the NEXT research proposal was still being
developed. Neveheless, in the course of the project, together with our colleague partners, we were able to
test and develop good and, above all, very useful methods and products from the field of satellite remote
sensing in these densely vegetated areas.

Could you elaboate on type of satellite sensor data used and how these are linked to the various
methodologies you developed in NEXT?

Our methodologies are mainly based on the data collected by the sensors of the Sentinel family of the EU
Copernicus programme, whichsal corresponds to a primary goal of the Horizon 2020 Call for proposals to
which the NEXT project proposal was submitted.

However, aside from Sentin&l and Sentine sensors we also relied on LandSat, ASTER and Hyperion
satellite imagery. The table belobrings an overview of the various methods we developed using the
Sentinei2 and Hyperion sensors for environmental monitoring in general and for mineral exploration in
particular.

Table2: Overview of elaborateanethods/datasets for mineral exploration and environmental monitoring

Sentinel2  Environmental Automated classification of vegetation typ
Monitoring
Sentinel2  Environmental Checking vegetation vitality changes over
Monitoring  period of time in the area of interest
Sentinel2  Environmental Automated check, to verify if there are any
Monitoring differences between the outcomes offiald
campaign and the remote sensing derivec
products
Sentinel2  Environmental Analysing compensation areas nearby the
Monitoring exploration area to detect areas with
similarly valuable environmental stockings

Sentinei2 Mineral Analysing principal components of the
Exploration outcropping rocks in the area of interest
Sentinel2 Mineral Analysing iron contents in the area of

Exploration interest

EOZXHyperion Mineral Cluster mapping relating to the spectral
Exploration reflectance of the bare soils in the area of
interest

In the figure below, our products derived from the application of these methodologies are grouped, firstly
in relation to their application for mineral exploration and mining purpo@ep), and then with respect to
their usefulness in environmental monitoriifigottom).
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Figurel4: Remote sensing derived products relatedExploration and Mining (top) and the monitoring
of the Environment and Nature (bottom)
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be a geologist, because this profession it is widely considered to be something
spedal or even extraordinary in Germany. | grew up in a tranquil, rural suburb of a
mediumssized city in Westphalia. Already as a young boy | was keenly exploring the
wonders of nature in the nearby forests and countryside. Later at school, | focused
more andmore on subjects that are concerned with the natural processes occurring
on our planet and how these shape our lives. After completing my secondary
education and a year of civilian service | moved to the beautiful city of Minster.
There | studied geologgalaeontology and geophysics, and after a few external

internships | was lucky to get a job at the company where | still work every day with

pleasure and fulfilment. Our application world of energy, mining and resource

management is highly multifaceted. ©Oremote sensing applications range from

soil contamination to water management and supply, pore storage projects, ground

movement monitoring and mineral exploration projects. The range of activities

w

covered under the umbrella of remote sensing is reglfDINS RA 6t &8 @I ad Ha

z

Sebastian Teuwsetis Project Manager in Research and Development; Energy,
Mining and Resource Management BFTAS Remote Sensing and Transfer of

Technology GmbH, based in Minster, Germany
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2.8 NEXT unveils Concept Design &adellite Image Crawler

In this followup to the previous interview§ebastian Teeuwseshares further details how the outcomes of
various remote sensingased methodologies that were applied in Finnish test sites, inspired the concept
design of a Satellite Image Crawler.

Could you elaborate on the purpose and outcomes of the remetmnsingbased methodologies you have
applied in the Finnish test sites?

To start with, | would like to point out that the development of our remote sensiaged methodologies

was particularly boosted as a result of the active cooperation that was extetwded by the company
Mawson, which gave us full access to the results of earlier field campaigns they conducted at their exploration
site in Finland. These data proved essential to test and validate our algorithms which are applied to data
captured by sallite sensors, such as those of Sentipel Sentinel is an Earth observation mission from

the Copernicus Programme that systematically acquires optical imagery at high spatial resolution (10 m to
60 m) over land and coastal waters. The mission is atethation with two twin satellites, Sentin@A and
Sentinei2B.

As | explained in my earlier interview, numerous data products can be derived from Sénimabery,
including but not limited to vegetation type mapping, vegetation change analysis ayadai®n structure
analysis. All of these products were successfully validated for the Finnish study area, known as Rajapalot.
However, Rajapalot presented itself foremost as a test site to develop remote sérasng methods that

would effectively minirize the environmental footprint of mineral exploration activities in sensitive natural
areas, such as Natura 2000 sites. Thus, we were particularly interested in developing methods that would
enable us to document environmental changes that could pos&élwttributed to (earlier) exploration
activities, especially during the winter months.

In parallel to this effort, we also made a thorough evaluation of what is required to produce-tmdate

and very quickly processed digital elevation model (DENis Was motivated by the fact that a DEM is
essential for the flight planning of drones and unmanned aerial vehicles (UAVS). It should be noted that due
to its geographic location, only a very lgasolution elevation model based on Shuttle Radar Topograph
Mission (SRTM) data from the year 2000 turned out to be available in some regions with regard to global
coverage. Based on these data, the horizontal resolution of the DEM is about 30 metres and the elevation
accuracy is about 6 metres. This very logotation presented a serious obstacle for the company RADAI, as
they could not afford to lose their drones equipped with new sensor technology developed in NEXT due to
an unforeseeable natural obstacle in the terrain.

To produce a much higher resolutionMd i the test sites shown below, which were selected together with
RADAI, we relied on Sentinkkadar imagery. As its name implies, Sentihelas the first of the Copernicus
Programme satellite constellation to be put in orbit by the European Spacecigenthis videdink®, the
European Space Agency explains how Sentiren image the surface of the Earth through cloud and rain
and regardless of whether it is day or night.

The figure below shows the results of processing a rapid and current DEMSientinell data for three
selected test sites in Finland.

8 https://www.esa.int/E\_Multimedia/Videos/2014/03/Sentinel_seeing_through_clouds
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DEM from Sentinel-1 Radar data B NEXT

AIM
Use of a currently processed Sentinel-1 Radar data
DEM in any region around the world

free available and accessable at any time for each

region

Test Site | Kilpisjarvi
200 km?

Test Site Il Kaamasmukka
253 km?

Test Site Il Koli
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SCL
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Figurel5: Location of the three test sites in Finland
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Figurel6: Processing a rapid and current DEM from Sentifhelata in theselected test sites
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Which factors led to the idea of developing a Satellite Image Crawler in NEXT?

Our original plan was to develop an automated downloader for satellite data that would serve the needs of
the exploration as well as of the mining industBack in 2016, this was still a mostly uncharted technical
territory. As ever newer technologies in the domains of IT, neural networks, cloud processing and machine
learning emerged, the market witnessed a very rapid increase in suppliers of fully autbchatenload
software and it did not take long for even publicly accessible and-spearce software solutions to become
available as well.

In consultation with the NEXT Advisory Board, we shifted our originally intended focus of software
development to devimping a stanehlone, webbased tool that would offer users access to our results in
NEXT. We realized that over time such an online portal will permit us to showcase results also for other areas
with new challenges and therefore also with new parameterbé taken into account. This implied that we

had to envision this new concept with an appropriately flexible ws@nted functionality, which in itself
presented us with a multitude of new questions and challenges.

Our Satellite Image Crawler (SIGugently being developed as a pgatocessing service and is intended as

a tool that masters and combines the functions of both searching and analysing. Thus, this universal software
tool for data search, acquisition, analysis, storage and-pomtessingan be used as a orsop service by
customers. Its uniqueness lies with the fact that it showcases the technical added value of our developments
in an easyto-interpret way. This makes it an especially worthwhile offer to customers such as smaller
companes and starups in the exploration industry.

Prospective customers will be able to access the system via dassul user interface. Once logged in, they

can define their area of interest on the basis of an OpenStreetMap layer, enter the time perittefor
satellite scenes to be used, with the option to select a singletime analysis or a complete time series
analysis, among additional parameters. On completion of these preliminary steps, the user is invited to select
from our portfolio of satelliteimage derived products. This last step triggers off the start of an automated
data search on the European Space Agency (ESA) Hub and of any satellite data already stored on our server.
Finally, the user will receive a notification when the desired prodhast been generated and is ready for
download.

Once fully developed, our Satellite Image Crawler will fulfil the requirements that we envisioned back in 2016
and therefoe much before the start of the NEXT project, i.e. a fully automated downloader of satellite
imagery. However, the added functionality of automated ppsgicessing is expected to attract the active
interest of exploration and mining companies alike.

The biomte of Sebastian Teuwsen is included with the previousvditels Sy GAGf SR WHdT b9 -
satelliteA Y 3SNE RSNA PGSR LINRPRdzOGA F2NJ YAYSNIf SELX 2N G2
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Through its involvement in the NEXT project, the company Beak Consultants GmbH, based in Freiberg,
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Organizing MapsAndreas Brosigvho is a geologisand 3D Modeling Team Leadar Beak Consultants
explairs about the scope of mineral predictive mapping and the functionalithese SelfOrganizing Maps.

What is predictive mineral mapping about?

Predictive mineral mapping enables the rapid targeting of areas that are a priori likely to have deposits and
therefore offers a means to significantly reduce on exploration costs and also on lead times to the eventual
opening of a new mine or the extension of an existing mine. At BEAK, we have been working with this
approach for ten years now. Our application to @El@vrange of target areas and hence also different data

sets enables us to continuously develop ouKig dza S

Gl ROFy3sat
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software suite is built on the basis of data science concepts such as artificial intelligeiobecambines

novel data mining approaches with machine learning.

We understand NEXT has brought the opportunity for BEAK to add a new algorithm to its prediction

software suite. Could you give us more details about this new algorithm?

As our research clelague in NEXT, Tobias Bauer explained in your earlier interview, the challenge to predict
the location of ore deposits is huge and complex. The ingredients that are necessary for their formation are
uniquely specific, as they are influenced by processasdccur not only at the regional scale but also at the

very local scale. The new algorithm we have now added to ekirdndza S
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is based on the concept of Selfganizing maps. Sedirganizing maps (SOM) are a useful tochnalyze and
interpret the available datasets that have been collected, such as geophysical data that are brought in
through field surveys and geochemistry data of stream sediments produced in a laboratory environment.

To start with, all these datas@t I NB
space as illustrated in the schematic illustration of the work flow below.
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Figurel7: Schematic illustration of the workflow to obtain a minerglredictive map

Within this SOM space, the data are then clustered according to overall similarity. By transforming the
clusters back to geographic space, a novel means of geological interpretation of these clusters is facilitated.
As shown in the schematiltustration of the workflow, the final outcome generated by our new algorithm

takes the form of a mineral predictive map.
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In machine learning our algorithm is known as a perceptron. A perceptron is an algorithm for supervised
learning of binary classifie. There are two types of perceptrorsinglelayer and multilayer. Single layer
perceptrons can learn only linearly separable patterns. As we are dealingnulthlayerinputs, we take
advantage of the known mineral occurrences as our training dathenSOM space. It is precisely the
application of anulti-layerperceptron in the SOM space that enables us to produce mineral predictive maps.

Can you tell us more about applications that confirm the validity of your new algorithm?

To date we have apgld the method to tin deposits in the German part of the Erzgebirge. The training and
validation data were compiled from available mining and exploration records. As input data for the SOM
space we used reprocessed gravimetric, magnetic, stream sedimeahgaustry, geologic and tectonic data
sets. Potentially oreontrolling spatial relationships, such as the distance to different types of partly covered
granite intrusions, were derived from a regional scale 3D geological model.

The resulting mineral prection map allows the definition of as yet undocumented areas that reveal a high
mineral potential and which thus present themselves as prime locations for detailed exploration activities.

Figurel18: Left: A map of a
part of the western

Erzgebirge with known tin
deposits. Right: Our
mineral predictive map
shows the locations where
additional deposits could
exist.

=
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As you will agree, the results are very promising and we are looking forward to validate our new algorithm in
other locations, such as the Rajapalot gold deposit in Finland which is one of the sites in the NEXT project for
the testing and validation of novel mineral exploration technologies.

Figure 19: Andreas Brosig examines a
sampleof metalliferous rock collected in
one of the mapped exploration zones
(Photo credit: Gerald Volkmer)
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How would you describe the main advantages brought by your application of predictive mapping?

To start with, | would consider that in comparison to other modeling approaches, our application makes the
most of the available data sets as input data. The SOM space in particular allows us to speed up calculations
dramatically. In the example of the gebirge, we were able to produce the predictive map over a period of

just a few days, including the time to organize all the input data in the geographic space. However, the ability
to pinpoint to areas with a high mineral exploration potential based oskt#p research is a clearly very
promising advantage.

Figure 20. A sample & tin- P e o -

enriched rock found in one of , : e M';*,

the predicted exploration oy SR -
zones. (Photo credit: Peter 2 = g A T ey
Bock) x S

0As a child | was deeply into mineral and fossillecting. During school
holidays, | would badger my parents for short trips to the Alps or the
Franconian Alb to hunt for fossils. Over time, | began to wonder how muci
harder it must be to discover minerals in the deep underground, compareg*
to collecthng samples from the surface. Later | learned that it is indeed
complicated, but also a very captivating topic as it involves many natt" )
processes interacting over incredibly long time scales. Examining
remaining traces of these processes brings dp@ortunity to improve our
understanding of what happened in the deep past. With this new approac
to mineral predictive mapping, it is possible to find new mineral deposits
even in areas where mining activities in past centuries are thought to have
exhaisted the hitherto known deposits ¢

Andreas Brosigis a geologist and 3D Modelling Team Leader at BEAK
Consultants Gmbh in Germany
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2.10 Transforming Region&cale Predictions to Targ&cale Detectiong Empowered by Advanced
Statistical and Machine Learning Methods

Bijal Chudasama Postdoctoral Research Scientist addhanna Torppa Senior Scientist within the
Information SolutiondJnit at the Geological Survey of Finland (GTK), explain about new advances in mineral
prospectivity analysis based on their expertise with statistical and machine learning methods.

Could you give us an introduction to the scope and purpose of mineral peasivity analysis?

Mineral prospectivity analysis aims at distinguishing areas with high mineral potential from those with low
potential. The resulting prospectivity maps show the variation of predicted mineral potential in a study area.
These are usedpf instance, in mineral exploration targeting by mining companies as well as iusand
planning by the public sector. The two essential parts of mineral prospectivity analysis are (1) conceptual
mineral systems modeling and (2) mineral prospectivity aliog. Conceptual mineral systems modeling
refers to gaining a geological understanding of the processes that form a mineral deposit of a certain type.
Mineral prospectivity modeling involves generating a mathematical model based on the geoscientific
variables representing mineralization processes and predicting prospectivity values based on this model. In
addition, there are several phases of data processing and statistical analysis to support the analysis.
Prospectivity analysis is commonly performed omnegional scale, as well as on shiedothd beltscales,
depending on the intended use of the maps.

The Geological Survey of Finland (GTK) has, over the years, developed methods for prospectivity modeling
and systematically implemented modeling of mineraian in Finland and abroad. These studies have been
conducted at regional scales, belt scales and also at, smaller,-tcatapget-scales for various mineral
systems. Through this effort, Finland has been at the forefront of cowmilg mineral prospectity
modeling and mineral resources assessment, and particularly for modeling of gold mineralization. There are
regionatscale studies covering, for instance, the entire Fennoscandian Shield in northern Finland2(Fgure
and21b), followed by bekscalestudies for each of the important Palaeoproterozoic Belts such as the Central
Lapland Belt (Figurglc) and the Peréapohja Belt (Figited) within the Fennoscandian Shield in Finland.

Aside from regional, shield and beltscales, you also mentioned camand targetscales. Could you guide
us on the motivation for this additional focus?

The regional scale prospectivity map of the Perdpohja Belt (FRfehighlights the smaller carmzale
RompasRajapalot area with high prospectivity but does not provide enough detail to target the actual
mineralization. To produce a more detailed prospectivity map in camp or target scale, different aspects have
to be considered as compared to when modeling & thgional scale. Regional scale studies are driven by
the mineral systems approach. As a consequence, a strong emphasis is made on the identification of all the
components associated with the formation (sources, pathways and traps) and preservatioretdlination.

To explain this in more detail, it is w&thown in our field of expertise that for a region to be prospective for
mineral deposits today, it must necessarily show evidence of all the critical ingredients that are required for
the formation and preservation of those deposits. This means it requires (1) source(s) of ore components,
transporting fluids, and energy to drive the system, (2) pathways or conduit(s) along which metals and fluids
were transported from source to a sink, (3) traps gigng the physical and/or chemical mechanism(s) that
deposited ore components at the sink and (4) preservation, i.e. processes permitting the preservation of
mineralization in the crust up to the present time. If any of these ingredients are absent fregiam, its
mineral prospectivity will be low.

All of these components associated with mineralization can be mapped at a regional aisddbeltOnce
prospective regions have been identified from regierald beltscale studies, more detailed prospedijv
analyses can be carried out in canop even smaller targescale.
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In these smaller exploration areas, signal from the trap component only can mainly be observed because its
significance outweighs that of the sources and pathways. Essentially,fferedte in the significance of the
mineral system components is what distinguishes a regisoalle study from a campr targetscale study.

(a) Fennoscandian Shield Area in Northern Finland  (b) Regional Scale Gold Prospectivity Map
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Figure21: Prospectivity maps at different scales

In the above illustration, ieviousregionat and beltscale studies for gold mineralization in Finlane shown
in Figure 214) to 21(d). The Rajapalot areaee Figure 2&f and21(f), within the Perapohja Belis the target
scale study area for identification of ground exploration targets in the NEXT project
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In the NEXT project, our emphasis has been on identifying the trap regions and the associated geological
processes. The RompRajapalot area actually oworises two different local subtypes of mineralization

the Rompas style and the Rajapalot style. In NEXT, we particularly focused orstaigeprospectivity
modeling of gold mineralization in the Rajapalot project area to identify drilling areashigth mineral
potential.

Could you share more details about the approaches and methods you employed for this research?

We approached our ambition to gain new insights about the geological processes operating in the trap
components of a mineral systemarsystematic and highly comprehensive manner. For this reason, we used
several methods which generally fall under the umbrella of, respectively (1) mineral system modeling, (2)
statistical testing of geological hypothesis and (3) mineral prospectivityehmagd(see Figurg2).

For defining the mineral system model, we used the extensive knowledge derived from existing literature as
well as the results obtained for the Rajapalot target area through field surveys conducted by research
colleagues in the NEXToject to feed into a conceptual mineralization model. This enabled us to identify the
trap-related favourable settings and the constituent geological processes leading to mineralization. Based on
these insights, we formulated several geological hypotkexahe mineralization processes and derived the
corresponding evidence layers from available geoscientific datasets.

Our second step involved the statistical testing of the geological hypotheses formulated on the basis of the
conceptual mineralization nael. We used both parametric and ngarametric statistical tests, such as the

T-test, the Wilcoxtest and the Kolmogore®mirnov test. This was aimed at checking if the evidence layers
could distinguish the drill core sections with gold mineralizatiomftbose with very little or no gold. In turn,

this helped us to identify the most representative evidence layers that then served as inputs to the advanced
statistical and machine learning algorithms for prospectivity mapping. This second step washercemiese
what the maching ST Ny Ay 3 Ff A32NAGKY Wi SFEFNyaQ Aa OSNE aSyaa
main objective was to curate the input datasets in such a way that they paint a holistic picture of the
mineralization settings to which th@achinelearning algorithm was then applied.

In the final, third step, we used both unsupervised and supervised machine learning methods for mineral
prospectivity modeling. The unsupervised method used was-osgénizing maps (SOM). This was
implemented using the open source GisSOM applicatieneloped by GTK in the framework of the NEXT
project. SOM is an effective method for generating a-ttimensional (usually 1 up to 3 dimensional)
representation of multidimensional/ multivariate input data. Through this conversion of the input data to
the SODM-space, geological patterns can be identified, considering only the distribution of the geoscientific
input variables and neglecting the spatial aspect. Additionally, distinct populations in the input dataset can
be identified through the implementationf Kkmeans clustering of the results obtained in the S§pace.

The reason for implementing this clustering is that the geospatial domains corresponding to specific
populations can, by means of visual interpretations and statistical evaluations, be redtezimineralized
drill-core sections, thus representing prospective mineralization areas. The transformation of the input data
to the SOMspace itself does not require direct use of any training data. However, we can further apply
supervised classificain upon the SOMpace results using an artificial neural network (ANN). This approach
of running an ANN on the SOM results was developed by the German company Beak Consultants GmbH in
the NEXT partnership. More details about this further approach camiedfin thepreviouswrite-up by
Andreas Brosig, who is the 3D Modeling Team Leader at BEAK.

7 https://github.com/gtkfi/GisSOM/releases
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For those more acquainted with this field of specialization, we wish to highlight that in addition to the above
methods, we also implemented Fuzzy Inference $ystéFISs) and a hybrid Adaptive Neuro Fuzzy Inference
System (ANFIS) for knowledgased prospectivity modeling. Additionally, modeling uncertainties related to
parametrization of the membership functions of the FIS were quantified by running Monte @audlat®ns

(MCS). The M@sased FISs generated prospectivity maps at varying confidence levels. In the ANFIS approach,
the parameters of the system were learnt by an artificial neural network in a hybrid learning environment
using the gradient descent algthm and least square estimators.
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Figure22: Prospectivity Modeling Workflow and Results

Clearly, the range of methods employed has been extensive. Based on the outcomes would you favour one
method over another, or do you se¢he need to adopt a composite workflow in which you would
essentially mix and match all of these distinct methodologies?

Usually, exploration models tend to get somewhat biased by existing discoveries. Especiatlyiviaia
machine learning based methotisd to discoveries similar to the ones already known, because the machine
learning algorithm is caught up in learning only those features and patterns that are present in the training
data. Hence, we are not able to identify new gypes of mineralizatio or characterize the diverse controls

on mineralization. Since mineral systems are formed as a consequence of tremendous interaction between
different geological processes, the same mineral system can contain different types of mineralization. In such
situations the knowledgelriven approaches become particularly useful, because they can target geological
processes forming the deposit rather than geological features associated with the deposit. Machine learning
can be applied in knowleddgeased approacheas well but, in this instance, the machine is learning also from
the knowledge of the geoscientist and not only from the data.

Hence, the reasoning behind using unsupervised SOM together with supervised knowled gatadriven
methods was to be able to
- identify mineralizatiorrelated patterns in the input data without the use of training data
- delineate prospective areas based on the conceptual understanding of the mineralization processes
by implementation of the knowledge driven approach, and
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- recognkze mineralization features represented in the training data and facilitate learning of these
patterns by datedriven models.

Most importantly, we conclude from this study that mineral prospectivity studies can be transformed from
predictive tools at thee&gional scale to an aid to detection tools at the target scale for identifying targeted
drilling areas.The results presented here were submitted to the journal Ore Geology Reviews and the
manuscripts are being processed.

The outcomes of the advanced stdical and machine learning methods presented in this wupewere
submitted as part of two manuscripts to the jourr@te Geology Reviewsid are under review.

GDS2t23A0Ft aOASYyOS A& FdzZf 2F FYoAIdzAdASa | yR dzy
deposts is a challenging yet an exciting task. Nevertheless, with most of the larger
deposits already discovered and exploited, finding new deposits is the need of the
hour. However, the complex interactions and overprinting of several geological ¥
processes ste billions of years, have led to their manifestation as highly stochastic ""
phenomena. The nodeterministic nature of earth system processes makes thef&
fitting of mathematical models to geological data even more complicated. Y¢&
precisely these notions ctinue to stimulate my interest to gain a better@
dzy RSNRGFYRAY3I 2F GKSasS acaidSvyao ¢2 R
the rescue to identify hitherto hidden patterns. Interpreting the outcomes of o
modeling is like revealing the story the data ball along been trying to tell us!
With my background in geology, and my expertise in geoscientific data analys.
data integration, machine learning and mathematical modeling, | try to unravel the
enigmatic processes that may have contributed to the fation of mineral
RSLI2aArda 2y 9 NIK®E

Bijal Chudasamas a Postdoctoral Research Scientist in the geoinformatics and
geoscientific data analyses team at the Geological Survey of Finland (GTK)

¢ [ Amprfy others, | started from observing the surrounding environment on the
surface of our little Earth. It was obvious that a lot is happening there that as
humans we cannot directly observe. At the end, the answer to everything always
seemed to be in physs and chemistry. Driven by my interest in physics, | took a

tour a little further, to the Solar System and beyond. Among many things, it was
exciting to model the physical properties of asteroids, seen only as tiny dots in
images taken from Earth. It wasso inspiring, in a few rare cases, to compare the
model to the real shape and spin state of an asteroid imaged by a spacecraft. After
flLYyRAY3 o001 2y 9FINIKXZ L &adFNIHSR RAIIAY
what is in there, below us, withowdctually going there? Although the target of

study is really close compared to an asteroid or a distant galaxy, we just cannot
easily get there. What we do is the same as in astronomical problems: find a model
that describes the target with parameters thatS OF y Y S| & dz2NBE FNR Y
surface and above. This playground is where | feel at home; working with numbers

and functions, and trying to get them organized with the help of physics and
OKSYAauNER GKFIG KFE@S Ffgleéa 0SSy 1yz2¢y i

Johanna Torppais a Senior Scientist in the geoinformatics and geoscientific data
analyses team at the Geological Survey of Finland (GTK)
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2.11 NEXT shares findings of its new exploration technologies applied to the Rajapalot test site in Finland

The exploration company Mawson who owns permits for exploration at the Rajapalot test site in Finland is a
partner in the EU funded Horizon 2020 New Exploration Technologies (NEXT) project. For thip weate
invitedNick Cook Chief Geologist of Mawsdn share the findings of the new exploration technologies which
have been tested and validated in the Finnish test site.

| 2dzf R 82dz St 02NI 4GS 2y @2dz2NJ O2YLI yéQa SELX 2N} GAzZY

As a company, we have been cargyiout ground exploration activities for cfeody delineation, expansion

of known prospect areas, and ore resource estimation since 2012. We employed traditional exploration
technologies including high spatial resolution ground geophysical measurementasuowignetics, gravity

and induced polarization, and also comprehensive-doite geochemistry. The geophysical and geochemical
data, together with the interpretation of the rock types and structural data, revealed that the formation of
the mineralizationin Rajapalot was driven by epigenetigdrothermal processes. This means that the
geologic processes involved occurred close to the Earth's surface, and that the mineralization occurred later
than the enclosing rock formationblydrothermal mineral depos are accumulations of valuable minerals
which formed from hot waters circulating in Earth's crust through fractures. At Rajapalot, this circulation
eventually created the rich metallic fluids concentrated in a selected volume of rock, which became
superaturated and then precipitated as a higinade goldcobalt deposit.

What motivated your company to join the NEXT project?

The aim of developing more environmentally friendly exploration technologies is of great interest to us. In
particular, theambition to develop new exploration methods that do not leave any trace in the environment

is highly supported by Mawson. The Rajapalot area, being a designated NATURA 2000 site, further
accentuates our motivation to join the NEXT partnership. At the same, it was only natural for the
research teams in NEXT to welcome the fact that we could offerduglity geoscientific datasets on which

they could test and validate their new approaches and methodologies. Given the extensive ground
exploration data gailable, the Geological Survey of Finland (GTK) considered the Rajapalot area as an ideal
scenario to test their novel machine learnibgsed prospectivity modeling methods.

Could you guide us on the findings of these machine learAmaged prospective mdeling methods?

In the previousinterview, Bijal Chudasama (Postdoctoral Research Scientist), and Johanna Torppa (Senior
Scientist) of the Information Solutions Unit within the Geological Survey of Finland (GTK), explained about
their motivation to test wiether the previously developed regiorand beltscale prediction methods by

GTK could also be used to guide the selection of drilling targets at the scale of a deposit.

From their knowledge driven approaches (FIS and ANFIS), the geneg&l/ NiEnd of tle mineralization

becomes evident, being shown as high prospectivity zones in the corresponding prospectivity map (Figure
23a). These trends conform to the structural settings that strongly control mineralization. For instia@ce,

known prospects are locatl near the hinge of a kilometre scale open fold, with 8S\Etrending axial trace.

These trends are mapped in the prospectivity results alsmg the hinge and the limbs of this fold. The
clusters identified as prospective from the unsupervised SOMpals to geospatial domains of prospective
mineralization zones (Figu6 0 ® LYy | RRA (A 2y -diven afipfodches ideitiiesl lo@lizetiQa R
high prospectivity areas near the, as yet, underexplored prospect areas.
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Figure23: (a) FIS Results showing the {18&V trend of high prospectivity areas; (b) Geospatial locations of
the k-means clusters defined for SOM, (c) the correspondingdansclusters on SOM
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Figure24: Identification of new possible mineralized areas for drilling. Base map: Prospectivity map from
ANFIS model

Similarly, the area around the hitherto less explored Hut prospect (H in FigBaesnd23b) showed high
LINPALISOGAGAGE Ay D¢YQA { h a,darg&@dd{drillihgycnfirhed @indralizéts a dzf |
horizond? Furthermore, our recent drilling akt@A G A S&a |G wlk a2l O2yFANNSR D¢
horizons. All of these outcomes continuously add to the existing resotrces

8 Mawson Discovers Higirade Gold At Joki East| Mawson Gold Ltd.

9 Mawson Drills Further HigBrade Gold at Joki east | Mawson Gold Ltd.

o Mawson Dilis 1.3 Metres @ 25.3 g/t gold at Joki East | Mawson Gold Ltd.
I Mawson Drills 5.5 Metres @ 6.9 g/t gold | Mawson Gold Ltd.

2 Mawson Defines Two New Areas in Finland | Mawson Gold Ltd.

13 Mawson Drills 20.7 metres @ 7.4 g/t gold at Raja Prospbtdwson Gold Ltd.
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We understand the Rajapalot area was also a test site for the validation of remote sensing derived products
and services developed by the company EFTAS in the NEXT partnership. Could you elaborate on the
purpose and outcomes of this Earth Observation based approaches?

As a Natura 2000 designated site, the Rajapalot area hosts flora and fauna habitats whacitcaded

special protection. To this effect, the potential impact of any type of human activities, including those for
mineral exploration purposes, on the environment is subject to monitoring and reporting obligations under
EU legislation. For this reasowe were keen to learn more about the remote sendiaged approaches
developed by EFTAS which include, among other, the mapping of the vegetation type and the analysis of
vegetation change over a period of time. As Sebastian Teuwsen, Project ManageseardR and
Development; Energy, Mining and Resource Management at EFTAS explained in your earlier interview, the
Rajajlot areas has a completely closed vegetation canopy which presented itself as a major challenge to
derive this information from satelkitimagery.

However, we were able to give EFTAS a kstad by providing them with a dataset which contains some 40
categories of vegetation types that was obtained from field surveys. This information was used by EFTAS to
determine which of these vegetati types occurred with a sufficient magnitude to be used as a training set
for the interpretation of satellite imagery. EFTAS applied this machine learning approach for vegetation type
mapping using Sentin@ imagery. Next, EFTAS proceeded to analysehehefegetation change occurred

over a given period of time. Vegetation change monitoring forms an integral part of our environmental
monitoring obligations already during the permit application process and then of course also during the
entire term of themineral exploration permit. Figub depicts the vegetation loss derived from the analysis

of Sentinel2 images on, respectively, 13 June 2017 and 16 June 28id® from the visualization of a light
decrease of biomass and/or vegetation vitality alothg tracks used by vehicles and machinery for
exploration purposes, the strongest decrease in vitality is observed in the top left of Rigwithin and
around a surface water body. This loss in vitality is likely to be induced by changes in watandetred
distribution ofaquaticplants and algae. Hence it can be attributed to the natural terrestrial surface water
dynamics of wetlands rather thamineral exploratioractivities.

Vegetation loss categories
1 (light decrease)
. 2

I S (strong decrease)

Figure25: Vegetationvitality changes in the Rajapalot area derived from SentiZeimagery
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How would you describe your main appraisal of the novel approaches to mineral exploration developed
in the NEXT project?

The mathematical modeling of prospectivity performed by GTK ¢olhvinced us that these predictive tools
can be used for selecting new drilling targets at the cdoiarget-scale. At the same time, our recent drilling
activities enabled GTK to further improve the understanding of how these methods can lead to mptimu
results.

We also asked EFTAS whether their approaches could be used to identify land compensation areas. Once
again, this was motivated by the fact that the environmental legislation in force requires us to find similar
habitats to the ones at Rajapaldd compensate for the possible loss of some its habitats should the
exploration proceed to the application for a mine development. Meeting our request, EFTAS provided us with

a satellite image maphown in Figure & which covers a much larger area arouh@ designated Natura

2000 site. The reddish areas indicate regions matching the reference pattern in terms of vegetation
composition of the Rajapalot area which is shown in the centre of the map. Obviously, these areas would
need to be ground truthed,bit & A GK D¢VYQa LINBRAOUGAGS Btart2oficeiifly G KA a
suitable compensation areas.

Figure26: Identification of potential compensation areas derived from SentiZeimagery

ol am akeen handson geologist with a long history in Proterozoic terranes, both as
an academic and exploration geolog@irrently, | aminvolved in leading the Finnish
geological team in building the Paleoproterozoic RajapalotCAuresources in

Lapland.l am also heavily involved in cooperative research projects with th
Geological Survey of Finland (GTK) including thduBdieéd MinExTarget, and

Business Finland funded BATCircle and BAT€race.

Nick Cookis Chief Geologist of Mawson Oy
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Chapter 3Findings fran the Social Licence to Exploresearch activitiesn NEXT

The present chaptesummarizeshe mainoutcomes of the research activities carried ouatthe theme Social

Licence to ExploréSLE)n the NEXT projectThese research activitigscluded(1) mapping of key factors
influencing social licensing at the mineral exploration stage, (2) assessing the importance of the new sensitive
technologies and early contacts with local communities to the process ofritigaand maintaining aL

and (3) asseswy social and safety risks associated with mineral exploration.

Two locations werselectedto gain further insights about the perceptions on the new technologies and their
NREfS Ay a20Alf fAOSyaAay3d LISNIFAyAy3d (G2 GKS YAyS
exploration site on the border of the Ylitornio and Rovaniemi municipaliin southwest Lapland, is the
cased 1 dzR& I NBlI & Ly {6SRSy>s .2fARSyQ& SELX 2N} GA2Y AY
. 2 f A R S-gtdnding &xplgraiorand miningactivities are used as a bakee when assesig the effects

ofal paz2yQa dzaS 2 Fand/@dctivé @ORuyiity engagem8rit practices third case was

added in Jokkmokk migipality located eme 100 kilometres south @allivare No mines exist in Jokkmakk

but the company Jokkmokk Iron Mines @BVIAB)s exploringvith conventional technologies and have plans

to establishan iron mine Howeverjn contrast toGéllivare municipalitwhere little opposition to exploration

and mining has been documentgetthe opposition to mineral exploration and mining dokkmokkis well
documented**®,

lAGAT Z PR euope wk 2 LI
DNEtASE o LFEEC al gazy
1. Document . 7\ u2 N
analysis wz @k y A
2. Interviews 1. Document
(organized analysis
actors) 2. Interviews
3. Survey (local (organized
residents) / actors)
YEEEL T2 3. Survey
wW211Y21 (local
residents)
1. Document
analysis
2. Scientific
publications
(organized
actors)
3. Survey
(local
residents)

Figure27: Nature of the research activities pertaining to the Social License to Explore ¢herine three
selected case studies

¥ Beland Lindahl, K., Zachrisson, A., Viklund, R., Matti, S., Fjellborg, D., Johansson, A., Elenius, L., 2016. Konflikter Om
Gruvetablering: Lokalsamhallets Aktérer Och Vagar till Hallbarhet (Conflicts about mine establishment: Lazal actor

and pathways to sustainability). Report no. 2/2016. Lansstyrelsen i Norrbottens lan, Luled, Sweden

% Beland Lindahl, K., Johansson, A., Zachrisson, A., Viklund, R., 2018. Competing pathways to sustainability? Exploring
conflicts over mine establishmenits the Swedish mountain region. J. Environ. Manage. 218,411
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Figure 27 shows the three case study locations and summarizesedtieds used to explore each case. For

a complete presentation of the outcomes, which include also the Jokkmokk case study, the reader is referred
to the Report on the role of exploration technologies and associated social and safety risks for social
licersing’® and the associated policy briéf

Inthis chapter we havenceagainadopted the approach of sharing these outcomes in the form of -tasy
understand writeups, whichs meantto make thematerialfully accessible to a general public and therefore
also topeople inthe local communities who actively participated in tREXTprojectresearch activities.

We start this chapter with a writep on the outcomes of interviewwith representatives of mineral
exploration and mining companies who attended the Exploration Seminar organized in Roy&iidanidn
October 2019. Thegaterviewswere foremost aimed at finding out what exploration companies themselves
would wish us to address and present in this Toolkit for it to bfofipurpose. By and large, they converged
on being given answers to the questions with who, what, wityen and where to communicate with local
communtiesin the areas where they conduct exploration activities.

To find out to what extent and how exploration companies in Finland communicate about their use of new
exploration technologies and their Stdtated commitments and strategies, a survey of their websites was
conductedin 2018 and then repeated in 20200verall, these findings suggest that when operating in
sensitive contexts and faced with the risk to lose the SLE, or challenges ting@&hE, companies make
efforts to strengthen their image, including through informing on their website about thekesiaider
engagement practices and the very low to negligeable impact on the environment when using new
exploration technologies.

A second set of interviews, this time with organized actorsotin Finland and Sweden, aimed etploring

f 201t | Odafd@ & mumfaR Epldration and identifying factors affecting local acceptance,
including social and safety riskéhe outcomes shotvow both the way of communication and the quality of
interaction can lead to improved understanding and knowledge abgptoration technologies and, in some
cases, to a higher level of acceptance towards exploration byadotais

However, in boththe survey of company websites and the interviews with local organized sactioe

research concluded thatther factorsthan the use of new technologies were more importantltcd (i 2 NA Q
attitudes Ly FF OG0T (GKS AYyUGSNWBASgEA AYRAOFIGSR GKIG GKS Y2
their understanding of sustainable development and their perceptions of imgéctsneral exploration and

mining.

Expectations, uncertainty and risks are key issuesnadebating about mineral exploration activities. This

was highlighted duringan Info Day organized in June 2019, agaffirmed by interviewswith residentsof

local communiies in South West Finnish Laplan8ince ke lifestyle here is closely tight with nature,
perceivedenvironmental risks often turn to social risks when changes in the environment are predicted to
worsen everyday-ife of local people, or concerns about the future of the hearea emergeThe concluding

write-up in this Chaptesummarizes these findinggdR St @Sa Ay G2 f20Ff LIS2LX S&Q
exploration with the new tools and approaches that were applied in the Rajapalot test site in Finnish Lapland.

18 https://www.new-exploration.tech/media/pages/mediaewsevents/deliverables/downloads/d3-role-of-
explorationtechnologiesand-associateetisks/a7f6cc0c22634114921/d5.3_reporbn-the-role-of-exploration
technologiesand-associateesociatand-safetyrisksfor-sociallicensing.pdf

17 https://Iwww.new-exploration.tech/media/pages/mediaewsevents/publication/downloads/nexpolicy-brief-on-
factorsaffectinglocalattitudes-to-minerakexploraion/afca330bf71631285539/next_policyprief factorsaffecting
localattitudes-to-mineralexploration_en.pdf
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3.1 NEXT shares outcomes of interviews with mineral exploration companies

On the occasin of the Exploration Seminar that was organized by the Horizon 2020 New Exploration
Technologies (NEXT) project in Rovaniemi on 9 October 2019, the participating representatives of exploration
and mining companies were invited to take part in short semictured interviews.

The interviews were conducted bRirk De Ketelaere Senior Researcher at Integrated Resources
Management Company Ltd., IRMCo, an environmental research company based in Makanag&érola
Senior Specialist at the Geological ®yref Finland, GTK.

Figure28: Markku lljina, who runs an independent exploration company based in Finland, being
interviewed by Dirk De Ketelaere (Photo by Toni Eerola)

What was the main motivation for your interviews witlexploration and mining companies?

The delivery of a Toolkit addressed to exploration companies presents itself as the final, practical outcome
in the research that is being conducted under the umbrella of the Social License to Explore (SkEl) them
the Haizon 2020 NEXT project. Hence, we wished to obtairtastd knowledge what the expectations of
such a toolkit would look like on the part of our target audience.

How many interviews were conducted and what was the area of expertise of the participants

We conducted a total of ten interviews, with mainly exploration geologists (nine) and one geophysicist
accepting to take part. The interviewees represented Finnish, Swedish and Australian companies, among
which seven were exploration and three consultgeompanies.

How would you describe the main outcomes from your interviews?

Many of the interviewees were not aware whether their corporate websites address Social License to Explore
(SLE) related aspects, and referred to other people in the compaydetailed answer.

Half of the company representatives considered-&ll&ted issues as an important topic to be considered in
the first place when going to a new area to explore, while the other half considered the technical aspects to
be more important.

The new technologies were mainly reflected upon regarding their cost and time efficiency, but also in relation
to a further reduction of the environmental footprint. The ones most mentioned were drones. The
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interviewees held the view that local communitiesay be interested in drones and their lower
environmental impact may help companies to be accepted in their mineral exploration activities.

Some company representatives stressed the importance of considering land use issues when planning and
selecting tagets to explore, i.e. to avoid operations in nature conservation areas, Sdmi homeland, tourism
destinations, to avoid the risk of conflicts and increase the chances of obtaining SLE.

The stakeholder engagement of the companies seems to be restricted mainhformation sharing.
Interviewees largely converged on the need to first meet with the landowners, residents, and other
stakeholders, and then to organize meetings with the local communities. However, none of the interviewed
company representatives méoned participation and collaboration as important for obtaining an SLE at the
local level. The stakeholders mentioned included reindeer herders, mayors, landowners, community, road
maintenance associations, and municipalities.

The need for raising publésvareness about mineral exploration was recognized by many, as well as the need
for guidance on how to communicate and ensure active stakeholder engagement.

If we can draw two main conclusions from these interviews, these would be that already exisilkigst

were not known and need to be disseminated in a more effective way, particularly among the mineral
exploration companies in Finland, and, secondly, there was a clear expectation for any toolkit to be-process
oriented, i.e. provide answers to the gstions of what to do, when, where, how, and why.

To conclude this interview, Dirk and Toni invited us to share this summary overview of the ten main points
that were the subject of their interviews with mineral exploration companies

1) Types of technologs. Conventional technologies and methods are mentioned by most of
interviewees. Drones are mentioned by some as a new technology that they have been using. Two
mentioned the technologies developed and tested within NEXT, such as snow and soil sampling and
the use of drones.

2) The first issues to consider in exploration of a new ar@daound half of the respondents mentioned
data collection, choice of technologies, study of structural controls and elaboration of geophysical
models, selection oftarggt Y R O2 YY2RAG&X FdzZf FAf Tt Ay3a akKl NBK2f R
with geophysics and soil sampling. The other half emphasized social aspects, such as interaction with
the local community and landowners, consideration of land use and social andmmeintal
impacts.

3) Meaning of Social License to Explore (SLE) for the comp@pegcific reference to the term SLE did
not feature often in the interviews. However, for some interviewees, social acceptance is a big issue.
This was not the case for one Sligh company representative, who considered the authorities as
the main issue in Central Sweden. However, another Swedish representative did not share this view
and asked the NEXT project to offer guidance for their community relations in Northern Sweden.
Consideration of competing land uses in the selection of exploration targets, e.g., to avoid Natura
2000 and Sami areas, is mentioned by representatives from Finland, while others emphasize co
existence and active compaepmmunity engagement, including témaction, contacting
landowners, meeting the local community, and informing what they are doing and consideration of
the environment and existing land use to avoid conflict. Some also stated that foreign companies
need to be better informed about the lot#&sues at hand. The need for information sharing was
considered as the main issue, whereas active engagement and collaboration were not specifically
mentioned.
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4) Strategiesfor SE |  O2yadzZ GFyid 6AGK 2yfeé 2dzyA2NJ SELISNRS
FOlAzya (2 0SS G 1Sy Ay NIBalLlagivk éngageneni wits thedatal (i NI C
community; to be open, to be the first person to inform about actigtito talk with mayors with a
view to organize Information Days.

5) Personal interaction with the local actor&Some of the interviewees stressed the need to have the
required skills when contacting local people. Several interviewees advocated shaongaitibn.
¢KS dzaS 2F a02YY2y aSyasSézr AdSd adFNIAYy3a o6& Y
meetings when applying for the exploration permit and contracting local people were recommended
to be part of the exploration activities. Even if the vedigontacting may vary with the type of project;
gaining social acceptance was essentially seen as fundamental to running the operations. In relation
to the nature of personal interaction, talking with the municipalities and road maintenance
associationspresence at community meetings, discussions with reindeer associations about their
expectations / issues; and the organization of geology courses were mentioned.

6) Communication channels

a) Targeting investors carried out by specialized personnel, websit(usually in English),
newspapers, quarterly newsletters.

b) Targeting local actorys RANBOG O2y il Oiaz yy2dzyOSYSyia
g2NRE | o2dzi O2YYdzyAide YSSiAy3dazr YIAYyGlEAy ¢
sampling publicly ecessible and guide people to send their CV for job applications, and the use
of email to contact landowners. The consultants interviewed held the view that although they
may have their own company website, this could not bring information about theiy cliéi Q
projects. On the other hand, they stated that they could meet landowners and send letters to
the municipalities explaining about activities; bring announcements in the local newspapers, but
would not rely on journalists.

A
S

7) SLEelated issues addresskon the company websiteOn this topic the answers were quite evasive:
many informed they were not aware whether Sigkated content featured on the websites of the
company they represented. Some of the interviewees stated that the respective companies th
worked for did not have its own corporate website, but that of the parent company; some preferred
not to use the terms SLE or SLO at all because it might not be known by the local people
GGSOKy2f23A0Ft NBaSINOK FyR REIOBSaaINEFEaE DI NP S (
mentioned the SL@oncept directly in its Swedish pages (pages also in Norwegian for general
audience and in English for investors); another interviewee held the view that since most of the

people are elderly in the exploration argiey do not visit a website.

8) Influence of new technologies on SLE, and SLO in the longer. tetierviewees mostly agreed that
technologies matter a lot. Some mentioned their use of surface soil sampling as a technology not
leaving any traces of actikes behind. Others considered that the local community would be
interested to learn more about the use of the drones that are being developed in NEXT. An
interviewed consultant stated he would advise his clients to both use and advertise new technologies
in their websites after learning about the new technologies in the NEXT seminar, and expressed the
view that if it is possible to demonstrate that the technologies reduce the environmental impact, this
would bring a clearly positive aspect to share wik tocal community.

9) Other benefits of new technologiefResponses varied between: maybe too early to answer; they are
costeffective and faster, cost is the main issue when it comes to mineral exploration; it would drive
innovation in the sector; it isnportant to train local people in the use of such technologies in order
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to be able to be hire them. Moreover, the aspect of efficiency is emphasized; new technologies are
developed to minimize the environmental footprint (probe to detect cosmic ray pastién
boreholes and use of solar and thermal energy to reduce energy consumption); the choice of
technologies should be considered on a ehge&ase basis, drones do not serve all purposes.

10) Assistance needed for community engagemefommunication is seen as the main issue. Any
toolkit should be proceseriented, i.e. provide answers to the questions of what to do, when, where,
how, and why. There are companies that come to an area just for a quick trip to check out mineral
potentialand then move on, not spending time with community issues. Companies need to be guided
how to conduct stakeholder engagement, and there should be guidance on tools to communicate
and inform people better about exploration as they do not know about thabofkit about general
practices and standards would be welcome and companies can advertise that they are following such
standards. It is important to keep the local community informed also because they can offer services
and, in this context, it is impaaht to have a local person on the ground who speaks the local
fly3dzZ 3Ss FyR 6S GKS O2YLIyeQa FIOS FT2NJ GKS O2

G2 KAfad I YIFI22NRGe 2F 2dz2NJ O2YLJ) yeé Qa
have dealt with various aspects of water resources mansegg, my
involvement in the Horizon 2020 NEXT project and in the FP7 ProMine project
reinforces my viewpoint that there is a clear need to directly involve local
communities in all matters that pertain to their land and water resources.
responsibilities seby companies are simply not sufficient to ensure and
safeguard the social welbeing of society. As a hydrologist, | do not see access

to water as a source of conflict but rather a means to build lasting bridges
among competing users. To think of it, @ss to land should be viewed in the
aryYS gl & dé

Dirk De Ketelaerés a Senior Researcher at Integrated Resources
Management Company Ltd., IRMCo, an environmental research company
based in Malta

oMy work as a geologist in Finland and abroad made me obse/éearn

the importance of stakeholder engagement and communication with local
communities and other stakeholders since | was student and trainee in
the field. | have been practicing and developing stakeholder engagemer
and related toolkits and standasdnot only through the Horizon 2020
NEXT and MIREU projects, but also directly with mineral explorati
companies, and through collaboration with the Finnish Network fo
Sustainable Mining and the Finnish Mineral Exploration Network of th
CAyaAlyde

Toni Eerolais a Senior Specialist at the Geological Survey of Finland (GTK)
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3.2 Outcomes of a survey of websites of companies practicing mineral exploration in Finland

The present writeup brings the outcomes of a survey of websites of companies practicing mineral
exploration in Finland. The survey was performedrbyi EerolaSenior Specialist at the Geological Survey
of Finland (GTK) in 2020he motivation for thiswgvey is because a website is considered an important tool
in modern corporate communication. Corporate websites are typically monitored by investors, and-by non
governmental organizations (NGOs), and are also sources for local communities and landdveneeswh

for information on companies operating in their region.

¢CKS YIFAY ad2NBSeSR (2LIA0a 6SNBE O2YLI yASaQ O02YYdzyAo
impact mineral exploration technologies (NLIMET) and contents relevant to SociakLicdexplore (SLE)
related topics, i.e. references to acceptance and/or approval of mineral exploration by local communities.

The purpose was to examine to what extent and how companies communicate their use of NLIMETF and SLE
related commitments and stratges.

The contexts in which companies operate and ongoing or previous corquamyunity disputes were also
investigated. The overall goal of the survey was to find out how companies communicate about NLIMET and
SLE and how these strategies may be affebtethe contexts where they operate.

From a total of 73 companies, 20 mention $&lated topics in their websites (see Table 3). The survey
revealed that most companies do not mention the SLE directly on their website but address it in terms like
stakehol@r engagement or compargommunity relationship.

Table3: Company websites referring to the social license to operate/explore (SLO/SLE)

Exploration B.V. (UR)

Company (own/parent | Activities Main Commodities

O2YLIk yeQa Yy project(s)/deposits

A.A. Sakatti Mining Oy | Mine development, | Sakatti Nickel, copper, gold, platinun
(UK) mineral exploration group elements

Agnico Eagle Finland Oy Mining, mineral Kittila Gold

(Canada) exploration

Anglo American Mineral exploration Sakatti Nickel, copper, gold, platinun

group elements

Boliden (4 subsidiaries;
Sweden)

Mining, mineral
exploration

Kevitsa, Kuhmo,
Kylylahti,

Nickel, copper, cobalt, zinc

Karelian Diamonds
Resources Oy (Ireland)

Mineral exploration

Kuhmo

Diamonds

Hannukainen Mining Oy
(Finland)

Mine development,
mineral exploration

Hannukainen

Iron, copper, gold

Keliber Oy (Finland) Mine development, Lantta Lithium
mineral exploration
Kultatie Holding Oy Mineral exploation Satulinmaki Gold
(Australiaf”
Kultatie Oy (Australid) | Mineral exploration | Satulinmaki Gold
Latitude 66 Cobalt Oy | Mine development, | Juomasuo Gold, cobalt, uraniurfi’
(Australia) mineral exploration
Mawson Oy (Canad&) | Mineral exploration | RompasRajapalot | Gold, cobalt, uraniuri’

Muon solutions Oy
(Finland)

Mineral exploration

Ylivieska, Nivala

Nickel, cobalt, copper

Oy Fennoscandian

Resources Ab (UK)

Mineral exploration

Heinavesi,
Tuusniemi

Graphite
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PyhasalmMine Oy Mining, mineral Pyhasalmi Copper

(Canada) exploration

Rupert Resources Finlar; Mineral exploration, | Pahtavaara Gold

Oy (Canada) mine development

Sakumpu Exploration Mineral exploration | Aarnivalkea, Gold, copper

Oy (Australia) Aakenusvaara

Sonerol Oy (Germany) | Mineral exploration | Simo Gold

Arctic Platinum Oy (UK) | Mine development, | Suhanko Platinum group elements
mineral exploration

Terrafame Oy (Finland) | Mine, mineral Talvivaara Nickel, copper, cobalt, zinc,
exploration uranium

Yara Suomi Oy (Norway| Mining, mine Siilinjarvi, Sokli, Phosphorus, iron, niobiufiV,
development, mineral| Savukoski uranium
exploration

® Parent company website
™) Elements found in association with the main commodities

Only nine companies report on the use of NLIMET (sdx®e4). Those which do, report mostly on the use of
drones. Hght of the companiesaddressindNLIMET, also mention SLO/SLE.

Table4: Company websites referring to new lgitnpact mineral exploration technologies (NLIMET)

Company Activities Main project(s) NLIMET

A.A. Sakatti Mining Oy | Mine development, Sakatti, Sodankyla Closedcircuit drilling
mineral exploration

Anglo American Mineral exploration Sakatti, Sodankyla Closedcircuit drilling

Exploration B.\?

Boliden Mining, mineral Sodankyla, Kuhmo, Deeppenetrating
exploration Kylylahti, Pieksaméki | electromagnetic survey

Joroinen

Latitude 66 Cobalt Oy | Mine development, Juomasuo, Kuusamo | Drone
mineral exploration

Magnus Minerals Oy | Mineral exploration Several locations Manual XRF analysis

Mawson Oy Mineral exploration Rompas, YdTornio Drone, snow, and plant

sampling

Muon Solutions Oy Mineral exploration Ylivieska, Nivala Muography

OyFennoscandian Mineral exploration Heinavesi and Drone

Resources Ab Tuusniemi

Rupert Resources Mine development, Pahtavaara, Sodankyld| Drone

Finland Oy mineral exploration

® Parent company website

Out of thenine companies referring to NLIMET in Fidlageven were found to operate in sensitive contexts
(nature conservation areas, tourism destinations andémplorationactivities associated witbranium), as
shown in Table SExploration activities inuch contexts arenore likely to trigger resistanoar conflicts in
Finland. Actually, those seven companies also face some form of opposition from local communities and/or
NGOsIn one caseabad reputation of the parent compangriginatingfrom previous disputes in Sweden

and poor corporate conduct irhe form ofinsufficientcommunication and stakeholder engagement also
seensto play a rolgsee Table 5).
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Overall, these findings suggest that when operating in sensitive contexts and faced with the risk to lose the
SLE, or challenges to gain SLE, companies make efforts to strengthen their image, including through informing
on their website about their staketder engagement practices and the very low to negligeable impact on

the environment when using NLIMEHence, addressinLIMET on the website may be motivated by SLE
related challenges associated with sensitive contexts. Howéhvisresearchalsosuggess that other issues

- such as project location, commodity, and corporagputation and conduct (attitudes, activities,
communication, stakeholder engagementare typically more important to local community attitudes than

the technology.

Table5: Companies mentioning NLIMET on their websites and operating in sensitive contexts.

Company and activity

Main project(s)

Commaodity

Sensitive context and issues

A.A. SakattMining Oy,
mine development,
mineral exploration

Sakatti (Sodankyla

Nickel, copper

Natura 2000, mire conservation,
reindeer herding

Anglo American
Exploration B.\f,
mineral exploration

Sakatti (Sodankyla

Nickel, copper

Natura 2000, mireonservation,
reindeer herding

Boliden Finnex Oy, Pieksamaki and Gold, copper | Groundwater area

mineral exploration Joroinen

Latitude 66 Cobalt Oy, | Juomasuo Cobalt, gold, | Tourism, uranium, reiteer herding
mine development, (Kuusamo) uranium

mineral exploration

Magnus Minerals Oy, | Joensuu, Eighteen Holiday homes, lake area, claim

mineral exploration

Kontionlahti and
llomantsi

Commodities

reservation size

Mawson Oy?, mine Rompas (¥Tornio) | Cobalt, gold, | Natura 2000, reindeer herding,
development, mineral uranium® uranium

exploration

Oy Fennoscandian Heinavesi, Graphite Lake region, holiday homes, tourism
Resources Ab, mineral | Tuusniemi destination, bad reputatiofi™ , poor

exploration
®) Parent company website

) Elements found in association with the main commodities
) Parent company Beowulf Ltd.

corporate conduct

A manuscript onhe results of this survehias been accepted for publication the Journal of Cleaner
Environmental Systents

B Eerola, T. New losmpact mineral exploration technologies and the social license to explore: insights from
corporate websites in Finland. Subreitkto Journal of Cleaner Environmental Systéfmghcoming)
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3.3 Sharing outcomes of interviews with local organized actors in Finland and Sweden

Earlier studies have consistently shown that mineral exploration can bring hopes but also fears to different
actors depending on their personait collectivepreferences. Thaim of the interviews with local organized

actors, as part of the Horizon 2020 New Exploration Technologies (NEXT) project was to better understand
f20Ff | OG2NARQ LISNDSLIIA2ya 2F SELX 2Nl GA2y | §oR 23GKS
FYR YAYAYy3aI AyOfdzRAYy3d GKSANI SASga 2y NBIdzZ F (A2
engagement efforts.

The interviews were conducted larin Beland Lindatfrom Lulea University of Technology in Sweden, and
LeenaSuopajarvirom the University of Lapland in Finland. They interviewed mining companies, municipality
and business representatives, village associations, (Sami) reindeer herders, and NGOs in Gallivare
municipality, Sweden which has a long history of mining and in YlitoiinlanB where to date only mineral
exploration activities have taken placBwvo interviews in Finland werealso conductedn a nearby village
locatedin the neighbouringRovaniemi municipality.

Table6: Socieeconomic conditions inhe two case study areas. Sources: Statistics Sweden 2020, Statistics
Finland 2020

Case Study Gallivare = - Ylitornio E
Area of municipality | 16,818 square km 2,213 square km
Population and 17,529 in 2019 Around 4000
demography Declining Declining
Elderlypopulation Elderly population
Unemployment Stable low/declining Varying, but currently lower than in
1.8 % in 2019 2000s. About 12.6 % in 2020
Largest employers Gallivare municipality: 23.5% Ylitornio municipality: 30%
LKAB (mining): 13% Decentralized small businesses (app

Boliden Mineral ABmining): 7.5% 300 enterprises) in tourism, industria|
Norrbotten County (health care): 94| production, traffic, welfare services

etc.
Average income Above the national averagedueto |[ 26 SaLISOALff& A
well-paid jobs in the mining industry | where the majority of the residents
are retired
Indigenous peoples | Swedish majority but with relatively | Finnish population
and minorities large Sami and Finnish minorities. | Not partof Sami homeland in Finlang

An ageing and declining population bring similarities to both case studies. However, significant differences
are observed when it comes to employment opportunities. With over 20% of the local workforce employed
by two mining ompanies, the unemployment in Gallivare is much lower as compared to Ylitornio, where the
unemployment rate stands at 12.6%. Wedlid jobs in the mining industry explain why the average income

is above the national average in Gallivare. In Ylitornio, dD%ie residents belong to the lowest income
group in Finland as their income is primarily derived from their retirement pension. Another difference lies
with the fact that Gallivare municipality is home to indigenous people, including four Sami ReimaldiagH
Communities (SRHCs) who practice traditional Sami reindeer herding.

To date, there has not been any mining activity in Ylitornio, but the locality has witnessed ten years of mineral
exploration using new and more environmentally sensitigehnologies. In Géllivare by contrast, active
mining has been ongoing for decades and Boliden is continuously exploring new deposits primarily using
conventional exploration technologies. The exploration company operating in Ylitornio, Mawson Oy, has
beenvery proactive in their communication with thredfectedlocal community Overall, &tors in Ylitornio
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considered themselves as being well informed and perceived the quality of interaction asSyeedish
Boliden has an established relationship with tr@menunity and communicates as required by the legal
framework in Sweden, but has not engaged in particular outreach about exploration or exploration
technology. The company is in constant contact with landowners, the municipality and the SRHCs, and
interaction regarding exploration is hard to separate from their communication about many other mining
related issues. Also, relationships have shaped over many decades. Boliden has been communicating directly
with local actors that are affected by their explomtiand planned mining operations. Sami RHCs are always
informed by mail about exploration activities and provided with the specific working plans by the responsible
authority. However, most local actors are informed through the use of the local medida¢ muices and
sometimes through the organization of public meetings. Overall, the actors interviewed held varying opinions
on the quality of this communication. The SRHCs experienced an overload of written notices and work plans
and considered themselves not having the resources to folloup on all of them. Lack of responsiveness

on the part of the companies, uneven power relations and unequal access to resources were common themes
particularly among Sami RHCs and landowners that were directly affdmteexploration and mine
development. While some actors thought communication with the company worked very well, others felt
there is room for improvement both in relation to communication strategies and company responsiveness.

In general, explorationtegh2 f 238 gl a y204 F G2LAO GKIFG Sy3lFr3asSR (K
knowledge on this topic varieth Ylitornio, the use of drones and other new technologies for the purpose of
mineral exploration was familiar to some actors since Mawson madqively informed local people about

their use of new exploration technologies. In Géllivaseme actors, notably representatives of village
associations, reported no, or little, knowledge about which exploration technologies are in use, while other
actors considered themselves to be weiformed aboutthe exploration technologies used by Boliden.

The majority of actors in Sweden and Finland stated that less intrusive technologies are considered positive,
especially if impacts, and in particular thdiaace on drilling, can be reduced. However, several actors also
stated that technology is not a major issue, and that other factors, such as the impacts of a possible mine,
are more important in influencing their attitudes to exploration.

Most local actos that were not directly affected by exploration or mine development stated that their
knowledge about the regulatory system is limited, but that they trust it is adequate. In Ylitornio, most of the
actors did not have direct experiencekthe regulations so their knowledge was limited, but they anyhow
consideredthe Finnish regulatory framework to be sound and working well. In Géllivare, actors had more
experiences of exploration and mining, and their perceptions of the regulations was clearly influsnced

their personal experiences and attitudes towards exploration and mining. While some actors trusted the
system, others did not consider it fair and legitimate albeit for different reasons. Landowners deemed it
inadequate to protect landand propertyow SNE Q NA IKGAT o6dzaAySaa NBLINBaSy
times being too long and inconsistent implementation; Sami RHC representatives did not trust the system
because of its inadequate treatment of Sami rights and inability to address existithgdarconflicts; several
FOG2NR F2dzyR Al o0AF&aSR AYy FlF@2dz2NJ 2F YAYyS RS@St2LJ
SIOK 20KSNEZX K2¢ NBalLRyaroAtAGASa NB RAAGNRKOzI SR
delays, or bises, in implementation were issues which came to the fore in both case studies.

az2zail OG2NB Ay GKS | tAG2NYA2kw20FyASYA OF&asS SELISNJ
activities as very limited. This, together with their expectationt tthee possible opening of a mine would

bring income and employment opportunities, are likely underpinning the generally positive attitudes to
exploration that was found among most of the Finnish actors. However, negative positions were also
expressed, partularly with regard to exploration in protected nature conservation areas. Some actors
typically conditionalized their approval of a possible mine resulting from the exploration activities:
environmental issues are taken care of ahchining could bimg work opportunities, it could be accepted.
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Those who strictly opposed mining in nature conservation areas or thought that mining would bring lasting
harm to other livelihoods, for example to the traditional reinddearding, stated they would oppose the
opening of a mine.

A significant factor in shaping the attitudes in Gallivare is that employment in the municipality is highly
dependent on mining, a fact which was recognized by all actors during the interviews. At the same time, their
personal positions on exploration varied significantly reflecting different experiences of the impacts.
Whereas some actors approve exploration for new mines, others do not wish to have exploration aiming for
the establishment ohewmines in the area. A further genent of actors, e.gsami RHCstated they would

prefer to see a restriction on all new exploration activities. Several actors also stated that their acceptance is
RdzS (2 GKS O2YYdzyAriGteQa 2y32Ay3d RSLISYRSyoGatthgir YAY A
26y> 2N 20KSNEQ I OO # Liir leyaddes proCedutes Ror fairScomientio® Bdd
distribution of benefits were in place.

The interviews showed how both the way of communication and the quality of interaction can lead to
improved understanding and knowledge about exploration technologies and, in some cases, to a higher level
of acceptance towards exploration byckd communities. However, our research also demonstrated that the
Y2&80 AYLRNIIFYyd FFEOG2NAR FFFSOGAy3a €20t FOG2NRQ 0
sustainable development and their perceptions of impacts of mineral expboratid mining.

G5N>r gy oe& | t2@0S FT2NJ F2NBada +FyR | as 3 AYyUSNEB
graduated fromdzy A SNBAGE SAGK | ol OKSt 2 NRA 4 & Ay 0AZ2
years of lichen, fungi and wetland inventories, | started to ask myself what really '
matters for the environment. What is most needed right now, more knowledge
about the forest living speciesy @ better understanding of the social system
governing the natural resources? So, | shifted to political science and startec
AN) Rdzr S LINP2SOG 6KAOK f221SR 4 f
conflicts in Sweden. Today my research continteefocus on the politics of
natural resource management and conflicts, particularly related to forests
minerals and energy. Understanding how local people are affected, and activelj s
consulting and involving them in all aspects related to natural resource
management, are key for the legitimacy of resoubased businesses and the
{GFGS F20SNYAYy3IT (GKS NBA2dZNDSE dé

Karin Beland Lindahis an associate professor in political science at Lulea
Technical Universityn Sweden

Gr!a F tAGGE S OKlvdyRgotoverWNyorrigd ywhepeverJidultg R~
discussed about hydrpower generating projects. How was | going to get back

home if the water would cover the entire road to our village? Hardly
coincidence | guess that | went on to study disputes about hpdreer
construction in Lapland from master theses to doctoral theses. All along, |
increasingly started asking myself what is the role of local people in natural
resource governance? And for sure it cannot be coincidence either that | have
been delving into thesocial and environmental impacts caused by mining
projects ever since Lapland witnessed a mining boom at the start of the present
YATfSYYyAdzyoa

Leena Suopajarviectures on environmental sociology at the University of
Lapland in Finlan@Photo credit: Markdunttila)
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3.4 Social risks of mineral exploration: perceptions of local residents in Finnish Lapland

When debating about mineral exploration activities, people tend to focus on expectatisksand the
uncertainty about the outcome In the 17 interviews conducted heenaSuopajarvifrom the University of

Lapland in Finland witihesidents of the Ylitornio Municipality and in the southern parts of Rovaniemi
Municipality, all respondents specufaiR 6 KSGKSNJ §KS O2YLIl ye& al gazyQa S
area would become the object of a mining application and whatprospect of a mingavould bring for the

local communities, economy, and environment.

Ly 3SySNIft GSN¥Yaszx NrRaAla FNB yS3IFGAGS LINBRAOGAZ2Y A
AYLI OGa 2NJ AdadzSa YAIKG KFLIWISY o0SOFdzasS 2F (2RI & Q:
other hand, there may be risks realizing in th&ufe that cannot be foreseerthey cannot be predicted with
G2RIFeQa (y2¢fSR3ISOD

Social risks of mineral exploration are risks that may affect local peogistakeholdersn the vicinity otthe
exploration sites. In the northern, rural areas of FinlahdS 2 LIJfeSt@edeflectstheir relationship with

nature. As a result, environmental risks often turn to social risks when changes in the environment are
expectedto worsen everydaylife of local people, omwhen concerns about the future of the horrerea

emerge. This may typically include negative emotions like fear or despair.

Environmental risks were considered to be minor among the local respondents. In the early stages of the
exploraton activities, when the French company Areva S.A. was operating in the area, there were
speculations about uranium radiation or impacts to the water system. Over the years, these doubts faded
away. Also, the environmental footprint of drillimgas considexdto have beertaken care of in recent years

anda concluding remark o villager living nearby the explorationargd- a Y d¢eéSax AdG A& adaN
GKIFG Ad ¢2dd R a2YSK2¢g RSAGNRE GKI G SyteONYaysSy (¢ ®
organized on an annual basig Mawsonyouched that there had not been even smallest oil spd&ilting

from the exploration activitied the area. They also argued that there might be accidents involving or caused

by the machinery used, but held théew that risks of injury are present in every work site and so far, no
ASNA2dza F OOARSyYyla ¢SNB NBLR2NISR® Ly 3ISYSNIfsxX NBaAL
and safety measures and described how authorities monitor and restrict actisttigeat environmental risks

are limited.

The main concern caused by the mineral exploration was a feeling of uncersmiggthe locals And

Gdzy OSNI I Ay i e  jJsondirénfeeshgrdehpbndérdd ASgsagedthat they will not live to see

0KS NBadz Y daiKA& Odz2NNByid 3ISYSNI A2y 6K2 tABSa KS
the main argumenput forwardwas that exploration should be continued without any delays so as to know
whether there is an economically viakie-mine deposit or not. Most of the respondents hoped for a mine

and they were kind of desperatét A ¥ A0 SOSNJ gAfft O02YSéEéd hy (GKS 2
representatives thought that the risk of opening a mine would prevent young, naitieated families to

move to a region with probable environmental damage.

It is also noteworthy that none of the interviewed persons limited their considerations only to mineral
exploration. Allreflectedlonger term, if there would be a mine, what then? Some wererried about the
environment, especially possible negative impacts to surface and ground water bodies and the loss of a
unique nature habitat, whereas others expected workplaces and wokiegl people moving to this
declining area, where the populatias elderly, and many houses are empty and abandoned. Whatever the
opinion, all respondents referred to theinnishTalvivaaraaccidentwhere a toxic leak resulted in major
downstreampollution in the autumn of 2012s a hazardousrigk a2 S R2y Qi g+ yid | y2 (i KS
everybody argued.
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odp tS2LX S&Q LISNOSLII A2y & | técBnomgiesin FiyingMNlaplands E LI 2 N.

New exploration technologies are at the core of the NEXT project, which also generated negffexiste

and environmentally sensitive tools for the collection of geophysical and geochemical data, combined with
Yy203St FLIINRFOKSE F2NJ KSANI AYGSNIINBGFGA2Yyd CNRBY I
tools and approaches is huge, rangingnir data products and services derived from the use of satellite
imagery to the detection of very tiny concentrations of metals and hydrocarbons in transpired fluids from
plants or trees, such as from spruce twigs. For this wiiteAnna Spiterj ManagingDirector of Integrated
Resources Management Company Ltd. (IRMCo), an environmental research company basediinvalta,
LeenaSuopajarvifrom the University of Lapland in Finlaid2 & KF NB KSNJ Ayaiadakaa |
perceptions about the use tfie new technologies developed in the NEXT project.

AAAAA

/| 2dzf R @2dz 3dzZARS dz&a 2y K2¢g @e2dz O02ff SOGSR LIS2LJ) SaQ

The first source was provided through interviews with local residents which are referred to in the previous
write-dzLJ Ay SKAOK L &KFNBR Ayaradakda |oz2dzi LIS2LI SaQ
exploration in Finnish Lapland. However, a second source was provided through @aynfo Lohijarvi
Village, Ylitornio Munipality, which | organizeth June 2019, together with GTK, Mawson and Radai. This
event gave the opportunity to explain about the developmental work carried out by the NEXT research teams
in the Rajapalot area where the company Mawson holds the exploration permits. More tharcdlO lo
residents attended the meeting, in which they were introduced to the new exploration tools and methods.
The highlight of the event was a flight show demonstration by the Finnish company Radai of its drone
equipped with an electromagnetic survey system.

How would you describe the outcomes obtained from the interviews and the hifay?

When discussing about mineral exploration, most people assaociate it with drilling, and this was also the case
in the first round of interviews conducted with local residents in 2019. However, as many of these
interviewees had previously attended the IADay, they had learnt about the new sensitive technologies
developed by NEXT. This had enabled them to not only learn about, but also to evaludtarfitsthe new
exploration methods that were being developed by the research teams in the NEXT partnEnghgecond

round of interviews, organized during 2020, revealed that local residents maintained an active interest in the
subject of mineral exploration, and had been closely following up on developments in the Mawson
exploration site.

Couldyougiveud 2 YS SEI YL S& 2F aLISOAFTAO AyaAidakida 3IFAySR

One of the respondents who had been closely following up on the developments at the Rajapalot test site,
YIRS NBEFTSNBYyOS (G2 GKS 0O02aid 27F (KS dhsrate going 8 shaw.JS NI
that it had been worth exploring in that place, it is like you would have known about the lottery numbers
0ST2NBKIYRED ¢2 Llzi (GKAA QGASGgLRAYG Ay AlG& LINELISN
typically huge investn that goes into mineral exploration. Yet, this respondent would appear to also be
aware that statistics show that only one in a thousand prospecting projects lead to an actual mine
development!

Respondents sitting at a restaurant table and talking abo®S b9 - ¢ NBaASIF NOK ¢2NJ] O;
SFaASNI G2 G11S alyYLXSa FNRBY ayz2¢ |yR @S3aSalrdAzyed
GFr1S YI3IySGAO FTAStR&a YR a2 2y &2 Thelactivednterdsil f t &
drones may also be because since the 2010s, drones became available in Finland for everyday utility uses as
well as hobbies. Actually, it is sometimes difficult to distinguish between utility and hobby since harvesting

in the form of game hunting or bearmpicking are both a utility and a hobby in the rural livelihood of Finnish
Lapland. Certainly, finding a cloud berry mire without even a step from home or cottage would be nice and
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easy. On the other hand, even environmentally sensitive methods mustt ad&pe natural conditions.
According to the local respondents, the bird nesting season is an especially vulnerable period of time.

Local respondents were also realistic. Besides new technology, they realizedrittiag isalso needed:
shoudnodeposi 0SS F2dzyRX &, 2dz KI @S G2 32 RSSLISNI (iKly Si
SOSyldz- fte NBldZANBE RNAEEAYyId { I YLIXAYI 2F LI FyGax

How would you describe the added value of having organized a NB¥TDay in Finnish Lapland?

The tools and methods developed in the NEXT project, their practical uses and meaning are difficult to
understand without expert knowledge and therefore not likely to become a topic of everyday, rodttact
discussion. To myiew, the InfeDay convincingly demonstrated that it is possible to have a meaningful
dialogue with lay people in local communities about new exploration technologies. Perhaps, this had very
much to do with the initiative of a couple of ladies from thedbcommunity, who welcomed the NEXT
researchers to the Infay with a highly compulsory pea soup in the Finnish tradition of hospitality. Still, it
was clearly most heartfelt, when some of the local attendees concluded theDlajowith a clear show of

apLINF Aal €t adldAy3a 0K Yevele@eis harsognie dhiN®d Mmé&tud RitNds inloyf R K
gAtt1 38 (2 SELX LAY lo62dzi GKS NBaSENOK GKIFG A& 3I2A

LeenaSuopajard 0 A2y 2 (S A awrita-yp OrithdzBuE Bnessok iftetviewskvih local organized
actors in Finland and Sweden. The bionot&mfia Spiterj who conducted this interview is provided below.

GhdzNJ LJX I ySd Aa | (GNHzA & g2yRNRdza L} | OS
RAAOAL AySa GKIFIG AdG ol a 2yte vyl idzNY €
University. My curiosity to learn how landscapes form and how they are
represented on maps led me to go for earth observation studies at the
International Institute for Ge#énformation Science and Earth ObservatidhQ)
in Enschede, the Netherlands. Back then, this subject was still very much in its
infancy but it was taught at ITC in a grand way, complete with simulation cockpits
and exaotic fieldtrips! This was at a time when fif@ase remote sensing evoked
AYF3Sa 2F 6l GSNI RAGAYAYIAX | LRAOGSYGALff
list of things to learn. Having the privilege to work in a multitude of international

— research projects ranging from precision farming and da@®»ne management
to knowledge management of mineral extraction, and always in several exciting countries still makes my
understanding of geography come alive. Its interconnectedness with a range of other disciplines enables me
to visualize holistic scamios. In turn, this has led to a deeper understanding of what is at stake and many
times enabling knowledge bridges to cross over to different themed projects. Most importantly, this brings
GKS NBO23ayAGA2Yy (GKIF G LIS2 LHKiIYthe saneleleyihard, gether RitNdhé 0 S
realization that writing reports and papers are of no consequence if the voices of the local community are
y2i NBO2NRSR® a2NB2@SNE Al KlIa Fff268R YS hanges] SV
AY LINBLERNIA2Y (G2 (GKS RAaAGFYyOS 2F gKSNB GKSe fA@QSX
with the cycles of nature than those living in cities. All of these notions became manifest foremost when our
company started adopting PublParticipatory GIS, known as PPGIS. As | learned to adopt and adapt this
approach, it enabled us to capture witdanging viewpoints. By and large, this crowdsourcing approach
encourages participants to think spatially and to draw a vision of the lang lthe on. It empowers local
communities, resurrects hidden and local tacit knowledge and their views of the world. Moreover, it fosters
a new type of land and water governance through stewardship. In all of our work | always try to keep in front
ofmethai ¢S KI @S GKS NBalLRyaAroAftAaide G2 oS FO0O02dzyil of
Anna Spiteriis Managing Director at Integrated Resources Management Company Ltd., IRMCo, an
environmental research company based in Malta
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Chapter 4 Recommendatiorfsr stakeholderengagement

4.1 Why to communicate

The Social License to Operate has become recognized in recent yearsnasntter one business risfor
the mining industry (Mitchell et al., 20)°® 2 KSNBIF & aS@SNIf NRala 6SNBE Wy
by Ernst& Young(see Figre 29), the License to Operate maintained its number one position.
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Figure29: Top 10 business risks facing mining ameétals®

Mineral exploration is a long, costly, competitive, and hiigk activity characterized by uncertainty and
ambiguity coveringlarge areas. Field work and financing are often undertaken by junior exploration
companies operating with limited resazes.

It isalso quitecommon that the license owner companies change during the mineral exploratiase and
especially fronthe stages ofmineral exploration to mine planning, construction and operation, which in itself
can create further challengesrfa good and longerm companycommunity relationship.

The interviewswith local organized actors and the surveys among local residents in the NEXT Case Studies in
both Finland and Sweden concluded thath the way of communication and the quality of irketion can

lead to improved understanding and knowledge about exploration technologies and, in some cases, to a
higher level of acceptance towards exploration by local communities. Howteeresearchon the Social

Licence to Explore themadso demonstr § SR G KF G GKS Y2ad AYLRNIIFyYyd FI O
are their visions of the future, their understanding of sustainable development and their perceptions of
impacts of mineral exploration and mining

19 Mitchell, P, Downham, L and van Dinter, A. Top 10 business risks and opporty@iliz8. Ernst & Young Global.
https://go.ey.com/39jdgbi
20 https://iwww.ey.com/en_za/miningmetals/10-businessisksfacingminingand-metals
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Exploration companies shoultherefore give due consideration to make sure that local actors and residents
are correctly informedi.e. to enable them to act and respond ptanned and ongoingxploration activities
in an informed way

Such interaction is crucial tmentify concerns potential risks,perceivedimpacts (positive as well as
negative) as this will therenable theexplorationcompany todesign and develop a soumdmmunication

strategy. Thisoremostrequires a proper understanding of the locantext, which the researth conducted

in the NEXT project has shown to be a very significant, ifpredominant¥ I OG0 2 NJ Ay aKIl LAY
perceptions andffecting theirattitudes towards mineral exploration and minirlg.turn, this reinforces the

notion of the importance of hang a stakeholder engagement that is driven byahebitionto establish a 2

way dialogue, aimed at building truahd throughwhich mutually beneficial aspiratiortan beidentified.

Any form of direct involvement of the local community in the explomatexctivities should be actively
exploredand, where such interest within the communiyists put into action

Obviously exploration companies have to comply with national legislation which typically set specific
requirements regarding who to inforendinvolve. In additioncompanesremain subject to scrutiny by any

citizen due to the rights given to the public through the Aarhus Convention. The United Nations Economic
Commission for Europe (UNECE) Convention on Access to Information, Public Hartigip&tecision

Making and Access to Justice in Environmental Matters was adopted on 25 June 1998 in the Danish city of
Aarhus (Arhus) at the Fourth Ministerial Conference as part of the "Environment for Europe" p@icess.

its entryinto force on 30 Ober 2001, the followup process, together withipdatesare documented on

the UNECE Convention website

TheAarhusConvention has been drawn up on three axes:

a) Access to environmental informationestablisheghe right of everyone to receivenvironmental
information that is held by public authorities. This can include information on the state of the
environment, but also on policies or measures taken, or on the state of human health and safety
where this can be affected by the state of thev@onment. Applicants are entitled to obtain this
information within one month of the request and without having to say why they require it. In
addition, public authorities are obliged, under the Convention, to actively disseminate environmental
information in their possession;

b) Public participation in environmental decisiemaking establishesthe right of everyoneto
participate in environmental decisiemaking. Arrangements are to be made by public authorities to
enable the public affected and environmeahnongovernmental organisations to comment on, for
example, proposals for projects affecting the environment, or plans and programmes relating to the
environment, these comments to be taken into due account in decisiaking, and information to
be provded on the final decisions and the reasons foait

c) Access to justiceestablisheshe right to review procedures to challenge public decisions that have
been made without respecting the two aforementioned rights or environmental law in general.

The Aarhus Convention complements EU legislation addressed to sustaining and encouraging natural
biological diversity and complexity as well as maintaining natural areas and functions on the land, including
wildlife habitat conservation.

Theright of any indv Rdzl £ 2NJ | 8a20A GA2y G2 06S WauSglNRAQ 21
mining sector.

2 https://ec.europa.eu/environment/aarhus/
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4.2 How to communicate

¢tKS 2@0SNIff GIFNBSG 2F WK2g G2 O2YY diftardtiodirie fonidza 0 .
of amutually appreciated and beneficislo-way dialogue whether in physical meeting eventbirough a
company websitesocial media channets throughother fora

Physical meetings should foremost be viewed as creating the opportunity to demonstrate the exploration
company is fully preparetb listen to the views, expectations, needs and concerns of the local community
This process can be aidég including sessions that are dedicated to brainstorming about topics that are
likely to be a concernHowever, communicatingelevant and honest information about the exploration
activities and their expected impacts is also important.

The InfeDay orgaized in Finnish Laplandescribed in more detail in sections 3.4 and 3.5 of this Toolkit,
showed that a touckand-feel experience of a new technologyn this instance of the drone equipped with
an electromagnetic survey systetis likely to generate dive interestamong the participants.

Geologists working in mineral exploration are usually among the first personnel who meet community
representatives in the field and in the localities where the company they belong to operates. Usually,
stakeholder enggement is not part of the academic curriculum of geologists. Several toolkits and guidelines
have been developed for companies to reduce this gap and to help them to engage with local communities
in different contexts.Particularly in events such as opéearings,exploration companies may wish to
considerthe engagement o professional facilitatar

A number of existingoolkits and guidelines delve deeper intoot only the importance and suggested
nature, but notably also th&how-to aspectg of community engagement Among these initiatives, the
examples cited below bring a specific focus on those addressed tmitheral exploration stage Some of
these toolkis take on a global dimension, while others bring a national, regional or a corporate dimension to
the fore.

Theseries of publicationg?reventing conflict in exploratiorA toolkit for explorers and developeendFirst
engagementc A guide for exploms, issued by theProspectors and Developers Association of Canada
(PDACG)san example oé toolkit which takes on a global dimensidm example of a toolkit with a corporate
dimension isA strategic approach to early stakeholder engagemeAtgood pratice handbook for junior
companies in the extractive industrigsssued by thdnternational Finance Corporation

As guidelines such as those mentioned above mostly deal with the Global South context, there are several
FaLlSoda GKFG R2 y20 ySoSaalNAte FTAOG Ay loganRatichsb> K
in countries such as Finland and Swedéeveloped their own guidelines and toolkits for stakeholder
engagement in mineral exploration, adapted to their specific contextsirlland, tie Finnish Network for
Sustainable Mining (FNSideateda toolkit for stakeholder engagement in 2¢35anda specific standard

for sustainable mineral exploration including stakeholder involvement, biodiversity conservation, and safety
and health in 2018, which hassince been further developed and improved In Sweden the industry
association of mines, minakand metal producers, SveMin, released the Guidance on Explofatict018

for all interested parties on stakeholder engagement, regulatory framework and consultation practices
related to mineral exploration in SwedeThis is being adaptedto Finlaad® G KS CAyaAy Qa aAy S
Network.

2 https://www.extractiveshub.org/servefile/getFile/id/1183

2 https://www.kaivosvastuu.fi/en/toolboxexploration/

2 https://lwww.kaivosvastuu.fi/networkapprovesnew-standardfor-sustainableexploration/
2 https://www.svemin.se/english/publicationand-downloads/
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Most recently the EU funded Horizon 2020 Mining and metallurgy regions dIERE() project issued&LO
Guidelines for Europ® and an accompanyingoolbox’. As illustrated infable 7 the MIREU SLO Toolbox
brings an arrayof tools guiding Authorities, Communities and Companies in the context of relationship
building activities. The tools are intended to guide these respective actors on how to gain SLO, including
through, among other,W T-sigyed | O (i A Bichi As@r@ SL.O Card Gamdinancial mechanisms and
communityagreements. Although not uniquely targeted to the exploration phase, the same type of activities
are actively encouraged by MIREU to already start from this first phdke mining cycle.

Table7: Overview of the available tools in th®IIREU SLO Toolbox

SLO TOOLBOX
RELATIONSHIP | TOOLS TOOLS FO| TOOLS FOR| TOOLS FQ
BUILDING AUTHORITIf COMMU COMPANIE
ACTIVITIES NITIES
Activity 1 Tool 1.1:PEST Analysis Template Tool 1.1
Familiarise Tool 1.2:Regional Approaches Tool 1.2
Tool 1.3:Stakeholder Mapping and Tool 1.3 Tool 1.3
Stakeholder Frames
Activity 2 Tool2.1:Checklistor FirstMeetings Tool 2.1 Tool 2.1
Introduce BetweenCommunityCompany
Tool2.2:Checklisfor FirstMeetings Tool 2.2 Tool 2.2
Between CommunigGovernment
Tool 2.3:SLO Video Tool 2.3 Tool 2.3 Tool 2.3
Activity 3 Reach | Tool 3.1:CommunityCompany Vision Tool 3.1 Tool 3.1
out Statement
Tool 3.2:SLO Card Game Tool 3.2 Tool 3.2 Tool 3.2
Tool 3.3FFinancial Mechanisms to Tool 3.3
Encourage SLO
Activity 4 Establis| Tool 4.1:Community Engagement Ple Tool 4.1 Tool 4.1
Tool4.2: SWOTRnalyseg templateand
exanples Tool 4.2 Tool 4.2
Tool 4.3:Grievance Mechanism Tool 4.3 Tool 4.3 Tool 4.3
Tool 4.4:SLO Indicators Tool 4.4 Tool 4.4 Tool 4.4
Activity 5 Tool 5.1:CommunityCompany Tool 5.1 Tool 5.1
Strengthen Environmental Monitoring Plan
Tool 5.2:Community Agreements Tool 5.2 Tool 5.2 Tool 5.2

It should also be highlighted that the set of 5 relationship building activitiesTigele § are not intended as

a timeline, but rather as a miand-match while always maintaining the focus on tleeal context, prior
experience of the local community with exploration activities and mining operations among other important
aspects to consider.

26 https://mireu.eu/sites/default/files/2021+05/D%204.3.pdf
2T https://mireu.eu/sites/default/files/202105/D%204.4.pdf
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4.3 When to communicate

Exploration differs from mining both as a concept as well as in practidgbeastter is a productive activity
which bears far more significant environmental and social impacts to the lacdityan important aspect

of community engagement during mineral exploration is the management of expectations and uncertainty
This can bst be achieved bgiving timely and relevant information to the local actors and decisiakers
andengaging in dialogue with thermfrom the very beginning of the mineral exploration activities

TheProspectors and Developers Association of CanéelaAC) was the first entity to develop guidelines and
toolkits addressed to mineral exploration, te8 Plus: A Framework for Responsible Explor&fiamichis
NEO2YYSYRSR (2 06S ILILXASR Fff INRdzyR GKS g2iigf R o8&
of community engagementt considersfour stages of mineral exploratiéh 1) Before You Leavéfor the

project site), 2hen You Arrive3)While You Explorand 4)When You Leave

The Finnish Network for Sustainable MiningFNSM) created a toolkit for stakeholder engagement in 2015
As it was designed according to the Finnish mineral exploration permit procasadistinguishes between
four stages, as illustrated in Figusé.

Integrated, multi-stage model for stakeholder engagement in mineral exploration

Figure30: _ . . I
. Timing and pacing according to the licensing process
The Finnish
i Critical moments!
toolkit for ‘ ‘ 4% Stage
stakeholder 1%t Stage 2nd Stage 3rd Stage
engagement Preparation Reconnaissance Exploration - Long term exploration
i H i Exit
in mineral B _— B
—
T~ Mine?
Company profiling Personal contacts with Public meetings with Small working groups,
Web-page, social media, local residents, attention to local needs c"_""'_l“"m“'C"'l letter,
Leaflet, feedback system, landowners, Possibility to influence Trammg of cont.ra.ctor,
Information material (video) entrepreneurs, media, licensing process CWPGHUOI’.‘, participation,
Area profiling NGOs, Sami, reindeer Hearing is compulsory ~ SPonsorship, Use of local
Stakeholder identification  herders, holiday home services, labour and
Impact area definition owners entrepreneurs
— Exit-plan/
C stakeholderAmalysis el
Mine Planning,

Construction

Communication

With regards to the timing of your eventand meetingstry to find out during what timeslots of the day, and
which days of the weethe relevant actors and general citizenry of tloeal communityare most likely to be
available While organized actors, such as municipal organisations, business associations and larger interest
groups may be best approached during working hours, orgaaisatbperating on a voluntary basis and
working people may prefer evening activities. To access actors with unregular workinghduwstivities in

several placedike Indigenous Sami reindeer herdicmmmunities, companies must be flexible in terms of
meeting localities and timing. Generally, flexibility and patience is needed to reach out to a broad range of
actors and residentdf you decide to organise an event around lunoh dinner time, consider providing
refreshments

28 https://lwww.pdac.ca/priorities/responsiblexploration
2 https://lwww.pdac.ca/priorities/responsiblexploration/e3plus/communityengagemenvguide/introduction
30 https:/iwww.kaivosvastuu.fi/fen/toolboxexploration/
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4.4 \WWhere to communicate

As we have outlined before, communication involves many different kinds of interaction, including digital
communication, formal consultations wittightsholders(e.g. land owners and Indigenous people), direct
contacs and meetings with different interestgroups and business organisations, negotiations with
municipalities and potential local business partners, as well as open hearndggormation meetings with

the general public.

Regardless of the format however s KSNB ¢ G2 YSSiG3> nyafemsaddrdelpuble meeyings A y { ¢
or events can be instrumental to demonstrate sensitivity, flexibility and transparency. Yet, there will always
also be pesonswho would rather stay away from such type of events for a variety of readons also
smallermeetings and even individuabnsultationgo listen to the needs of e.g. reindeer herders and local
farmers do have a place. Clearly,i$ critical not toddivide and rulé by negotiating separately without
transparency between the actors involved, so a afikothtype of meetingsslikely to be a better option.

The selection of a vender events as may be organized by the exploration company itself, rdager too!
Chocse a venue that charactess the area where the exploration activities are taking place, be it a local
community centre, local school or historical site. A clearly good choice can be a venue where the local
community is used to meet up. The latter coulel & venue that is used for indoor sport events, as was the
case for theNEXTnfo-Day organizeéh Lohijarvi Village in southwestern Finnish Laplseg Figure B). Also
consider how easy it is to reach the venue, and whether it is easily accessiblarficipants through
different transport forms, e.g. by public transport, by bicycle or by Aaoidmeeting roomghat are tucked
away inside buildings, and lack fresh air and liglvenue that has a pleasant atmosphere, natural light, and
a source ofresh air are allfactorswhichgreatly contribute to the welbeing of the participants and hence

to a productive outcome of the everRutting upflowersand having plants in the roosanalso help towards
creating a welcoming atmosphere.

Seatingarrangements matter too! Ideally, participants should be seated so everyone faces each other, such
as in a circle or oval shaped mannghis seating arrangemeig more conducive tohaving a tweway
communication throughout the evergnddefinitely instrumental in making everyone feel and be treated as
equals.

Figure31l. The
venue where
the NEXT Info
Day took place
(photo credit:
Leena
Suopajarvj
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4.5 With who you may also wish to communicate

On 15 September 2021, to mark the osica of the NEXT project Final Event, a new egegess module
"Projects map" was launched on the CORDIS portal. The new mapping tool allows users to explore synergies
and to optimize clustering in the "jungle" of EU funded research and innovation proJédssnew module

was developed by the research team at the University of Lorraine (UL) in the NEXT partnership in
collaboration with the CORDIS team of the European Commission. We iAvitedSylvie Andre Mayer

who isProfessor in Economic Geology and Head of the GenRess Laboratory at UL to bring us up to
speed about the functionalities of this new mapping tool.

Could you guide on the scope of the CORDIS portal and how to access the newacpess module?

/ hwsL{ A& (G4KS I ONRyeyY 27F (K ResGadaNahdBevelopmers MidthaiignA 2 y G
Service. The portal is a primary source of resuilfsrojects funded by the EU's framework programmes for
research and innovation. The repository covers the entire sequence of EU funded research and innovation
projecd aAyOS (GKS CANEBEG CNIYSEG2N] tNBINIYYS O6Ct MmO Ay
Programme to which the present NEXT project proposal application was successfully submitted for funding.

In fact, also the portal itself is currently funded dlugh the Horizon 2020 budget allocation and is managed,

on behalf of the European Commission, by the Publications Office of the European Union based in
Luxembourg.

The CORDIS portal is accessed through the link https://cordis.europa.eu/. Scrolling diherbtiitom of

GKS K2YSLI3IST | YILI 2F 9dz2NRPLIS A& aK2s6y 6KAOK Ay oA
https://cordis.europa.eu/datalab/datalab.php, opens up with a map of Europe, where one can select the
layer depicting the H2020 Hot Spoas shown in the screenshot below. When clicking the Collaboration
bSGE2N] A02y O6SYOANDESR Ay NBR Ay CA3IdzNBE oHOI |
2NBFYAAlIGA2YyaQd ¢KAA 3IAGSA | dza S NJIslwhich $odkipariia® a (i K S
coordinator or as a participant in H2020 funded research

CORDIS Datalab " & coratoration Hetwork &on}t’ﬂs’u.lp B reoamack Sl Avout

Figure32: H2020 Hot Spots map of Europe
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Could you guide on the functionality of the new mapping tool that was implemented on the Cqodisal?

The new operaccess module, which was launched publicly in September 2021, is the icon having the
RSAONALIGAZ2Y Wt Ne2SOGa al LJQ 60SYyOANDt SR Ay NBR Ay C
AYyahAGdzia2yas B 6swngdilg Wiich weFrrBed RZCo, Xralkes ds&rs to identify which
organizations participated in projects related to a particular scientific field. The user is therefore invited to
type his/her query on the search bar so as to display the organizatioagatticipated in a given theme

la +y SEFYLE ST | 1jdzSNE 2y WEAGKAdZYQ NBGdzNy& | Y |
related research and how many such projects received EU funding. Normally, this information is provided in
nearreal ime, but may take longer depending on how many active requests the portal is dealing with. Should

the display time take more than a few seconds, this can be reduced by clicking the down arrow to the right

of the search window, where it becomes possiblé&té | NOK (GKS / hw5L{ RIFGFIo6lasS o
Q! ONRPYeYQ YyRk2NI Qho2S0GABSQd

To further refine a search, it is also possible to add keywords in the search bar. In the screenshot below, the
aSFNOK KlFa 0SSy NBFAYSR (2 WEAGKAdZzY FYR o6F0GSNEQ

H2020
CORDIS Datalab cmlaborauon Network Pro]ecls Map .JFeedback :==ADDU| lithium and battery v.Q x ? _
-
d A
otelo

UNIVERSITE
DE LORRAINE

B NEXT

Result stats
1210 organizations work(ed) on a project related to your search, and 1129 are
. displayed on the map. 290 projects are concerned

Figure33Y v dzSNB 2F /hws5L{ RIdGlIo6lrasd oFasSR 2y Wi

As shown in Figur@3, aside from a map of Europe displaying the location of organizations who participated
AY WEAGKAdzZY YR 0l G0GSNE QstaNsBds laré frévided,Brio8rlinDov>manly £ & 2
organizations took part, how many of these are displayed on the map and how many projects are concerned.
The symbols shown on the map as Points of Intef@l)are shown in different colours to further
differentiate among these POIs. A POI's colour and size depend amuthber of projecs in which the
organization has been involved in, either as coordinator or as a participant, based on the legend

: the organization is involved in more than i®jects
@ : the organization is involved in 5 to 10 projects

@ : the organization is involved in 1 to 4 projects
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In order to obtain more specific information about these projects, a filter icon (encircled in red in Figure 34)
has been added. By clickirthis icon, the user is informed how many of these projects pertained to a
particular scientific field, how many pertain to a given funding scheme, how many partner organizations took
part in a given country, etc.

The same filter icon also informs abdhe evolution in time, i.e. how many projects were funded in a given
year. This information is obtained by clicking (and maintaining the click) on the square on either the left or
to the right of the time bar. The latter option is illustrated with the rg@arrow in Figure 34

H2020
CORDIS Datalab Collaboration Network Projects Map .J Feedback 3;‘ About lithium and battery v QP n
Result stats 4b obelo

1210 organizations work(ed) on a project related to your search, and 1129 are @
4

o displayed on the map. 200 projects are concerned UNIVERSITE
(Wl Filter search results < 5 @ DE LORRAINE
@
ot ®

| ® NEXT

Project scientific fields

Project funding schemes v
Project framework programmes W

Y

Projects active between

-
P Openstreetitap cont EC-GISCO, ® EuroGeographics for the ad

Figure3dy 9 @2f dziA2y 2F 9! Fdzy RSR Wi AGKAdzY YR ol

Ly 2dzNJ SEFYLX S &aSIHNOK:E ¢S OFy 4SS (KIG GKS ydzyo S
increased dramatichl since around 2010, reaching a peak of more than 90 projects that received funding in
2020. Although lithium is used in the field of mental health, where lithium carbonate is a common treatment

of bipolar disorder, helping to stabilize wild mood swingased by the illness, the reason for the observed
increase is rather related in this instance to its use in the manufacture of aircraft and in certain types of
batteries. This conclusion is reached given that our search was based on the use of the dpdratoR Q ® ¢ K.
help function, represented by the question mark to the right of the search bar, gives an extensive overview
about the use of a full range of operators. In our example, we would have obtained the same search results
AT 6S KIR dza8BNPRIXGEKAZVSb2oWA2dzat e WEAGKAdZYY 2NJ o
projects.

The same filter icon also informs about the amount of funding received. When moving the squalie on

the left of the budget bar to the very end, i.e. toet maximum of 470.80 Million Euro, as illustrated in Figure

35, we can see that the diagram continues to retain a project which had 30 partners across Europe. On further
verification during the development phase, this concerned the nugbbgsics EUROfasi project. Its

partners established a joint programme to implement the Roadmap towards the realization of fusion energy
that was adopted by the European Fusion Development Agreement (EFDA) at the end of 2012. This Roadmap
aims at achieving all the necesga&nowhow to start the construction of a demonstration power plant
(DEMO) by 2030, in order to reach the goal of fusion electricity in the grid by 2050.
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H2020
CORDIS Datalab @ Collaboration Network Projects Map ) recback  Eamd About lithium and battery v a x ? _
4h
Result stats - ot.elo
1 30 organizations work(ed) on a project related to your search, and 30 are UNIVERSITE
Al Filter search results 4 displayed on the map. 1 project is concerned @ DE LORRAINE
[ Q Finland $ NEXT
- &
B o Narway
M- by Qe L
w0
O E ~10ME @
A
Consortium budget
Number of projects by org
Projects active between
ey [ A erbaiian
AAAAAA @
G B
Lebanan
I
S +
®

eaflet| Map data © OpenSireethiap contributors, Cregit: EC-GISCO, © EuroGeographics for the sdminsirative boundaries

Figure35: Refining a search based on the amountadfocated EU funding

C2NJ GKS LizN1}2&asS 2F SELX 2NAy3I aeySNHASE S6AGK 2y3A2A
Licence to Operate/Explore them we were foremost interested to keep up to date witthe outcomes

from these projects. Although this turned out to have been a very useful exercise, it did require us to visit

the individual project websites on a regular basis and thus proved quite time consuming. Can this new
mapping tool be used to provida faster and more efficient access to also this type of information?

To provide a clear answer to your question, | suggest we return to the first step, and use the new mapping

tool, i.e. the Projects Map modult find out which projects bear a link t&tS W& 2 OAF f | OOS LI I
LG A& AYLRNIFyG G2 YSyldAzy GKFG GKS FLHadsSNI gle G2
a2 GKIFIG GKS aShkNODK O2NNBOGte GFr1Sa Ayldz2z O2y&ah RSNI
' b5 FOOSLIikyOS !'b5 YAYAYIQd LT y203 GKS &SI NOK gAf
hw FOOSLIilyOS hw YAYAY3IQI gKAOK g2dzZ R NBadz i Ay |

Using the budget bar functionality, we can see antlitic increase in just the past 5 years of projects related

to the SLO/SLE them This may well be correlated with the fact that the mining industry is nowadays
considering the risk of losing the social licence to operate as the foremost risk faced ingubk#y. Since
@2dzNJ 26y aSINOK gl a ALISOATFTAOIftE FT20dzaAy3da 2y WaAa
that we wish to know about projects that were funded under the H2020 programme, which reduces the
number of relevant projects édm 90 to80.

To get to the results of these projects, and in particulainthiéR S f A GtGaNder® eaddndatked for public
assesswe use the icon that is just above the filter icdihis icon, encircled in red in Figure 36, opens us the
metadata of theretained, i.e. 80 projects. These metadata include the project acronym, budget allocation,
A0FNI YR SYR RIFIGSZ YR GKSANI 02LIAOE AdSd GKS NBT
the list of entries, we find the NEXT project in@ddvith the first 25 entries, as illustrated in Figure 37. Just
0St2¢ GKS I ONRByeyYs ¢S 20ilFAYy (GKS WLINRP2SOG ARQI |
Grant Agreement of each project, and is linked also to the Cordis database oftprdjeas, by clicking on

0KS WLINRP2SOGU ARQ:E ¢S 3ILAYy 00Saa (G2 GdKS QCl OG0 {KS
illustrated in Figure 37.
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Figure36Y { SI NOKAY 3 (KS / projeStdof NEXIR NIi I f T2 NJ wWa i

Figure37Y { SIF NOKAyYy3 GKS /hw5L{ LRNIIf F2N waraidaSND LI
database

It should be noted that the Results of projects do not become available in the C@&&¥8se until after
their acceptance which is an integral part of a formal review process. As results of projects typically tend to
be reached more towards the end of a given project duration, the reader should anticipate that the Results
page for the NEKproject will see many more entries towards the end of 2021 and even more likely in the
first half of 2022, when taking into consideration that the formal review process of NEXT is scheduled for
December 2021.
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