


TEN YEARS LATER




CRITICAL METALS FOR ELECTRONICS
APPLICATIONS

Finally at the seal They park the tandem and wander along the sand

dunes to the foreshore. While Norman and Gaia fiddle with their

devices, Lucy cheekily snatches their mobile phones away. The sand

beneath their feet is primarily composed of quartz, a mineral from

which metallic silica is extracted. Metallic silica is a cormnerstone of

modern industry due to its remarkable versatility, playing a vital role in

the production of metal alloys, electronic components, silicones and

heat-resistant materials. Also important is hafnium, often combined

with silicon to form key materials for advanced semiconductors. Authors: M. Lucarini - G. De Caterini
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HAFNIUM
What it looks like

Hafnium is a shiny, silver-grey metal similar to
zirconium but with greater density. It is resistant
to corrosion, has a high melting point, and can
e drawn into wires.

Occurrence
and processing

Hafnium is obtained as a byproduct of zirconium
extraction from minerals like zircon and
baddeleyite, typically found in magmatic and
mineral sand deposits.

How we Use it

Health impacts

Fun Fact

Hafnium has low toxicity, but inhalation of
hafnium dust or fumes may cause lung
irritation. Prolonged exposure can affect
respiratory health, though no significant
biological role or severe toxicity is known.

Where we find it

Despite lacking hafnium mines, France is a
leading global producer of refined hafnium
metal, thanks to Framatome’s facility near
Grenoble. Hafnium, a byproduct of zirconium
purification essential for nuclear fuel rods, is
separated due to its strong neutron
absorption properties. Framatome refines this
byproduct into high-purity hafnium, making

Global production (hafnium.zirconium
mines): Key reserves are located in Australia, French hafnium production is a vital step in
South Africa, China and Mozambique.
European Production: France plays a leading fuel production.
role in Europe as a major center for refining

and processing hafnium.

Hafnium is a crucial element in many advanced
technolosies. In nuclear reactors, its remarkable
ability to absorb atomic particles called
neutrons makes it perfect for controlling the
nuclear reaction, ensuring safe and efficient
energy production. It is also essential in the
electronics industry, where it is used in tiny
semiconductor components to improve the
performance and energy efficiency of our
computers and smartphones. What's more, the
addition of hafnium to superalloys strengthens
them considerably, enabling them to withstand
the extreme heat and stresses found in jet
engines and electric turbines, making air travel
and power generation more reliable.

usa =
16,2%

France a key supplier for high-tech industries
like aerospace and nuclear energy. Thus,

utilizing this element extracted during nuclear
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SILICON
METAL

What It Looks Like

Silicon metal is a shiny, grey, crystalline, and
brittle metalloid. It has a diamond-like
crystalline structure and can appear as fine
powder or solid pieces.

Occurrence
and processing

Silicon metal is primarily produced by reducing

high-purity quartz (silicon dioxide) in electric

arc fumaces. Quartz is abundant in sedimentary,

magmatic, and metamorphic deposits:

¢ Sedimentary deposits: Contain quartz-rich
sand and sandstone

* Magmatic and metamorphic deposits:
Include quartzites and pegmatites

How we Use it

e Aluminum industry: Enhances the mechanical
properties and corrosion resistance of
aluminum alloys

e Electronics: Used in semiconductors and
electronic components such as microchips
and solar panels

¢ Industrial and consumer products: Essential
for producing silicates and silicones used in
sealants, lubricants, and personal care items

Health Impacts

Silicon metal is generally non-toxic. However,
inhaling crystalline silicon dust can lead to
silicosis, a severe lung disease. Proper safety
measures, such as using dust masks, are crucial
when handling silicon in fine powder form.

In Our Daily Life

Silicon metal is fundamental to modern life. It
is present in nearly all electronic devices, from
mobile phones to computers. Solar panels rely
on silicon-based photovoltaic cells to produce
renewable energy. Silicon is also widely used
in sealants, adhesives, and various consumer
products, enhancing their quality and
durability.

Where we find it

In 2022, China dominates the global
production of silicon metal, followed by
Russia, Brazil, Norway and the United States
of America. These countries benefit from large
deposits of high-quality quartz and advanced
infrastructure for silicon metal production.

In Europe, Norway is the leading producer,
thanks to its abundant quartz deposits and
access to inexpensive hydroelectric power.
Smaller-scale production also occurs in France,
Iceland, Spain, Ukraine and Poland.

Fun Fact

Silicon is one of the most abundant elements
on Earth, making up about 28% of the Earth’s
crust. It was first isolated in 1824 by Swedish
chemist Jons Jacob Berzelius. The name
«silicon» originates from the Latin word «silex,»
meaning flint or hard stone.
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SILICON METAL PRODUCTION 2020-21 (%)
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metallic silicon is extracted after a
Data processing by ISPRA complex treatment process.
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APPENDICES

Mineral deposits

What is a deposit?

Mineral deposits are naturally occurring
geological bodies that may be worked for
valuable metals, nonmetallic minerals, coal or
any other useful minerals and rocks. Deposits of
minerals from which valuable metals can be
recovered are called ore deposits, the minerals
containing these metals are called ore minerals.
Minerals of little or no value which occur with
the ore minerals are called gangue. Some
gangue minerals may be used as by-products;
for instance rock for road making material,

or limestone for fertilizer. Valuable raw materials
which are not metals or energy minerals or
gemstones are called industrial minerals.

Concentration

Most mineral deposits, especially ore minerals,
are natural enrichments produced by different
geologic processes. The normal levels or amounts
of elements in the earth’s crust are very low.

To be commercial, metals must be found in
much higher concentrations than the average
abundance of the metal in the earth’s crust.

The means by which concentration of the metals
occurs to form orebodies and mineral deposits
are natural geological processes. Mineral deposits
occur in many forms which are dependent upon
their original genesis, their later deformation or
changes caused by weathering or other surficial
processes.

Today we speak of the value chain of a
commodity which deals with the entire life
cycle of the commodity. The fact that most
minerals are not renewable resources has led
to greater emphasis on re-use (reworking
ancient mine waste) and recycling (also known
as urban mining) both of which lead to greater
sustainability. Substitution of more common
commodiities for rare ones also increases
sustainability. Re-use, recycling and substitution
extends resource life and reduces mine waste
and smelter effluents (a smelter is a processing
facility which separates a metal from the mineral,
for example lead from the lead mineral galena -
PoS).

Mineral reources and reserves

Mineral resources indicate the total amount of
minerals present in a deposit, including those
not yet economically viable. Mineral reserves,
conversely, represent the portion of resources
that is technically extractable, economically
viable under current market conditions, and
thoroughly outlined. The transition from resource
to reserve requires feasibility studies evaluating
technolosical aspects (extraction methods),
economic factors (market prices and costs),
environmental and regulatory considerations,
as well as verified geological data such as
deposit size, grade, and continuity. This
distinction is fundamental for planning
sustainable mining activities and responsible
investments.

Classification

There are many different ways of categorising
mineral deposits, but classification schemes
considering genetic aspects and rock associations
are most common. The simplest classification is
a threefold dlivision, in which the genesis of

the deposit is emphasized, namely magmatic,
hydrothermal and sedimentary or surficial
(residual) deposits. This corresponds with the
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universal rock classification in terms of igneous,
metamorphic and sedimentary and reflects

the fundamental processes within the earth’s
crust, with the caveat that in this discussion
metamorphism represents a fundamental ore
forming process (hydrothermal) rather than a
process of change as understood in the study
of rocks. In addition many dejposits are changed
by the subsequent effects of pressure and
temperature.

Distribution

Mineral deposits are not equally distributed in
the earth’s crust nor did they form at the same
time. Some minerals are usually found in one
type of deposit (diamonds, for example, are
usually found either in kimberlite pipes or in a
rock known as lamproite), others are found in
several different deposit types (gold for
example is found in many different deposit
types and as a by-product in several others).
Regions with favourable conditions for the
concentration of useful minerals are termed
minerogenetic or metallogenetic provinces
and the favourable time during which some
deposits formed of the same type is known
as a minerogenetic or metallogenetic epoch.

During tectonically active (orogenic) periods
mountain building is accompanied by plutonic
and volcanic activity and mineralisation of
magmatic and hydrothermal origin occurs. During
quieter epochs deposits form by processes

of sedimentation, weathering, evaporation,
supergene (oxidation of earlier formed deposits)
enrichment, and mechanical action (placer
deposits).

Maria Heinrich
Albert Schedl, GeoSphere Austria
Gerry Stanley, Geolosical Survey Ireland (GSI)

b
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Europe’s mineral endowment

What is Europe’s global mineral budget?
Europe is @ major consumer of minerals raw
materials but contributes relatively little to their
global production. Therefore, are all useful
mineral commodities present in Europe, in a
quantity suited to our needs, or do we have
gaps ? Is there still some chance to discover
new ‘reserves’, or since Europe is an old
mining continent, do we have discovered and
consumed all our mineral endowment? These
questions regularly crop up, and the options
are divided over this issue. We'll aim to make

the case here and explain why answering these

seemingly straightforward questions is more
complicated than it might appear.

What do we mean by ‘endowment’?
Endowment is the sum of cumulated past
production, reserves (the part of the deposit
which has been recognized in detail and
which is technically and economically
exploitable) and resources (a part less well
known which could possibly be exploitable -
but this has to be demonstrated). These three
headings are theoretically independent:
reserves do not include production and
resources do not include reserves. Before
calculating it at European scale, endowment is
first calculated for each commodiity of each
mineral deposit.

What is Europe’s mineral endowment?

The following maps produced by the
Geolosical Service for Europe (GSEU) project
give an idea of Europe’s mineral potential. Each
deposit is portrayed by a symbol whose shape
and colour indicate the main commodity it
contains. The size of the symbol reflects the
size of the deposit for its main commodity:
very large (class A), large (class B), medium-
sized (class C). To keep the map readable,
small deposits (class D) and occurrences have
not been reported. It should be noted that
most deposits contain several commodities
and that a deposit may be “large” for one or
two commodities and "medium” or “small” for
other related commodities.

What lessons can we draw from this map?

e Furope’s mineral endowment covers a large
range of commodities from precious metals
(Au, Ag, Platinum Group Elements [PGE]),
base metals (Al, Cu, Pb, Zn, Sn), iron and
ferro-alloy metals (e.g., Co, Cr, Fe, Mn, Mo,
Ni, V, W), rare metals (e.g., Bi, Ge, Ga, Hg, Li,
Rare Earths, Sb, Ta, Ti, Zr), minerals for
chemical use (e.g., barite, fluorite), to
fertilizer minerals (phosphate) and (although
not represented here) ceramic and refractory
minerals, building material and dimension
stones, several speciality and other industrial

rocks and minerals and, of course, energy
commodities like uranium.

Spatial distribution of the different
commodities is not homogenous. It is linked
to the type of deposit, host rocks, the
geological history and the geodynamic
evolution of the different parts of the
continent. Niobium and Rare Earth deposits
are mainly associated with alkaline rocks and
carbonatites, essentially located within the
Fennoscandian Shield. For Au and Ag from
epithermal deposits, the potential is high
along the Tethyan suture, in southeastern
Europe, and especially from Slovakia to
Greece. For Snand W, the potential is mostly
related to late-orogenic Hercynian granites
and follows the Hercynian arc from Galicia-
Portugal, British Cornwall, French Brittany and
French Massif Central to the western
Bohemian Massif. Cu and Mo porphyry-type
deposits are typical from the evolution of the
western Tethyan suture and subsequent
Alpine orogeny in late Cretaceous and
Cenozoic, especially in southeast Europe
e.g., Skouries porphyry Cu-Au in Greece but
also present in the Fennoscandian Shield.
Skarn-type Fe and W deposits occur where
carbonate rocks are cut by younger granitic
intrusions. In Europe, they are distributed in
three major domains, the Precambrian of the
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Fennoscandian Shield, the Hercynian domain
in southern Europe, and the Cenozoic
Carpathian-Balkan domain. The Fe, Cu and Au
association of IOCG-type can be found
essentially in two Paleoproterozoic districts
in the Fennoscandian Shield, the most
important being Kiruna Bergslagen (norther
and central Sweden respectively). The Fe, Ti
and V ‘mafic’ association is clearly related
with Precamlbrian series in the Fennoscandian
Shield. Major Ni, Cr, Cu and PGE ‘mafic-
ultramafic’ deposits are also located in the
Fennoscandian Shield, mainly in the
Fenno-Karelian area, but also in chromite
deposits hosted by Tethyan ophiolites in the
Balkan Peninsula. Orogenic gold deposits
belong to three groups, Paleoproterozoic
orogenic deposits related to greenstones in
the Fennoscandian Shield, Hercynian
deposits in the northern lberian Peninsula,
the French Massif Central and the Bohemian
Massif, and Tertiary mineralizations in the
Greek Rhodope massif. Pegmatite-type Nb,
Ta, Sn, Li and Be deposits occur in the
Fennoscandian Shield and in the Variscan
zone, from the northwestern loerian
Peninsula, Cornwall, Brittany and the northern
part of the French Massif Central, to the
eastern Alps (Austria). Beside these major
groups, additional pegmatite deposits can
be found in most other Palaeozoic ranges

(e.g. the Pyrenees, Corsica, Vosges Mountains
and Bohemian Massif). The Zn, Po, Ag and Ba
‘carbonate-hosted’ association is mainly
found in Great Britain, in Derbyshire, in the
northern Pennines, in the upper Silesian
district (southern Poland) and the southern
Europe from Galicia, in Spain, to the Central
Alps with possible extension in Eastern
Europe and Greece. Sandstone- and
shale-hosted Cu, U and Pb deposits include
the major copper mineralization in the
Kupferschiefer Permian sediments which
occurs essentially in southern Poland (New
Copper District, Nowa Sél), but also in
Germany (Mansfeld, Richelsdorf, Spremberg).
It also includes Paleoproterozoic black shales
of Talvivaara in Finland (Ni, Co, Cu). Fe, Mn,
Ba, K, Na and Sr ‘sedimentary’ deposits
include Scandinavian BIFs and Jurassic oolitic
iron deposits in England (e.g. Northampton),
France (e.g. Lorraine), Germany (e.g. lower
Saxony), Belgium (e.g. Campine), Poland
(e.g. Silesia), etc. The Cu, Po and Zn
‘volcanogenic massive sulfide’ deposits are
distributed in three major provinces, the
Paleoproterozoic districts of Skellefte and
Berslagen, in Sweden, and Vihanti-Pyhasalmi
and Otokumpu, in Finland, the Upper
Paleozoic 'lberian Pyrite Belt’ in the
southwestem Iberian province (e.g. Rio Tinto
in Spain, Neves Corvo in Portugal) and the

Upper Cretaceous district of Skouriotissa,
Mavrovouni and Limni in Cyprus. Fe, Al, Ni
and Cu ‘residual deposits’ are found
essentially in southern Europe (e.g. Greece).
Main types of mineralization are bauxites,
lateritic nickel, residual concentration in
carbonated ores (Mn, Fe...), or gossan-type
concentration on sulfides ores (Cu, Au...).
Polymetallic Po, Zn, Ag, Cu, Ba, F and U veins
are related to the Hercynian orogeny. Main
vein-types are i) Po-Zn-Cu-Ag veins extracted
since the Middle Age essentially for silver
(Erzgebirge, Vosges Mountains, Black
Forest,...); ii) antimony veins in the Brioude-
Massiac district (France); iii) peripheral Sn
and W veins near felsic intrusions (e.g.
Portugal, France); iv) fluorite and barite low
temperature veins along the border of the
Hercynian domain (e.g. France). Uranium
veins are found in two Hercynian domains
(French Massif Central and Czech Bohemian
Massif). Polymetallic Po, Zn, Ag, Au veins and
manto-type replacement deposits related to
Alpine orogeny are found in Olympias-
Stratoni district in Greece, Madjarovo field in
Bulgaria and Trepca ore belt in Serbia.
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e Several deposits are very large for at least
one commodity. Among the most famous,
one can cite the New Copyper District (Poland
— Cu), Rammelsberg (Germany — Zn-Pb-Cu),
Cinovec-Zinnwald (Czechia-Germany —
Li-W), Kiruna (Sweden — Fe), Altik (Sweden
- Cu-Ag-Au), Outokumpu (Finland — Cu-Co-
Zn), Neves Corvo (Portugal — Cu-Zn-Sn),
Tellnes (Norway — Ti), Las Cruces (Spain —
Cu-Zn-Au), Per Geijer (Sweden — P-REE)
Vourinos (Greece — Cr), Luzenac (France —
talc), JelSava-Dubrava (Slovakia — Mg).

Many of these deposits, districts and provinces
have been known and exploited for centuries.
Some even show traces of mining activity that
g0 as far in the past as the Chalcolithic (or
Copper Age, . 4500-2200 BC). Nevertheless,
they confirm that Europe, despite being an
‘old mining continent’, still holds important
resources of critical raw materials that are
crucial for European modern technologies
industries.

Daniel Cassard

Bureau de Recherches
Geéologiques et Minieres
(BRGM)
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Environment and mining

The mining industry supplies society with
essential minerals and energy - it is part of our
life. Like any other industrial activities entailing
the use of land or sea, mining inevitably has an
ecological footprint and, although the actual
land-take is comparatively small compared to
some other industrial activities and land uses,
the impact on the natural environment still
needs to be considered and addressed where
relevant (EU 2011). Exploration and exploitation
must adhere to high environmental standards,
with many different environmental licences
required during the permitting process.

A significant aspect of the CRMA is its clear
commitment to environmental and social
sustainability. The regulation mandates that all
extraction and processing activities must meet
stringent environmental and social standards.
This ensures that the pursuit of critical raw
materials does not come at the expense of
ecological integrity or social well-being. By
promoting responsible mining practices, the EU
aims to minimise the environmental footprint of
these activities and protect local communities.

What do we mean by Environment?

The environment is built of different interacting
natural and artificial elements which must be
considered during the exploration and
exploitation.

Natural environment

The natural environment consists of natural
living or non-living things such as the flora,
fauna, surface water and groundwater, air, soil
and rocks. Their protection and treatment
during mining activities is addressed in
Environmental Impact Assessments (EIA) and
Stratesic Environmental Assessments (SEA).

These are mandated in the following EU
environmental Directives (EU 2011):

e Directive 2001/42/EC deals with the
evaluation of the effects of certain plans and
programmes on the environment (commonly
referred to as the ‘SEA Directive)

¢ Directive 85/337/EEC deals with the
assessment of the effects of certain public
and private projects on the environment, as
amended in 1997 (97/11/EC), 2003 (2003/35/
EC) and 2009 (2009/31/EC) - (commonly
referred to as the ‘EIA’ Directive). To avoid
pollution, monitoring is necessary, so, for
example, the quality of groundwater and air
is regularly observed around the mining site.

Biodiversity

Biodiversity conservation is high on the EU
political agenda. However, despite EU and
international efforts, biodiversity loss and the

degradation of ecosystems continue at an
alarming rate, harming people, the economy,
nature and the climate. Today, more than 80%
of conservation status assessments for
European habitat types are in poor or bad
status, with many further deteriorating. The last
Regulation (EU) 2024/1991 (Nature Restoration
Law) sets binding targets to restore degraded
ecosystems, particularly those with the most
potential to capture and store carbon and to
prevent and reduce the impact of natural
disasters.

Soil

Soil is weathered rock debris containing
organic matter; different creatures live on and
within the soil. Soil develops over a long
period of time, is valuable for life and therefore
its protection is vital.

Surface mining starts by removing soil. Any
removed soil should be used for its original
function during reclamation, according to soil
conservation plans prepared by experts (COM
(2023) 416-Soil Monitoring and Resilience-Soil
Monitoring Law).

Surface and Groundwater

Observation of strict environmental regulations
can control the surface and groundwater
pollution (Directive 2006/118/EC on the

994 MINERALS IN YOUR LIFE



Environment and mining

protection of groundwater against pollution
and deterioration (Groundwater Directive).
Mining can cause alterations to the chemical
composition and drainage of surface waters
(rivers, lakes, seas and oceans) and
groundwater.

Changes to the chemical composition of
ground and surface water could lead to
pollution which affects the flora and fauna of
surface waters and compromises the purity of
drinking-water. Pollution of groundwater can
occur during underground ore mining; for
example, if a sulphur containing ore comes
into contact with oxygen, acid is generated
which can dissolve pollutants (such as heavy
metals) from the rock. Surface waters can also
be contaminated during the processing of
minerals.

During surface or underground mineral
exploitation, groundwater usually needs to be
pumped to reach the mineral. This could affect
water levels and flow, causing water
management problems which affect the
surrounding soil and flora, potentially causing
streams to dry up or créate new pathways.

Air

Dust pollution can occur in mines that can be
avoided by regular sprinkling of water or by
collecting the dust through filtered ventilation
systems. Mining operations must also meet noise
and vibration control regulation requirements.

Built environment

Alongside the natural environment exists the
man-made environment; modern buildings,
infrastructure and parks as well as former
settlements such as archaeological and heritage
sites, many of which are part of our cultural
heritage and therefore under protection, such
that mining is prohibited. Mining sites are rarely
exploited directly next to human or historical
settlements but can still sometimes cause
damage to the built environment. Whilst rare,

it has been known for underground mining pits
to collapse, causing surface subsidence
resulting in damage to the man-made
environment. Such collapses are avoidable
through mitigation strategies.

Landscape

A landscape consists of natural and/or artificial
elements which represent individual value and
should be protected. Landscape management
preserves valuable natural systems and
characteristically built features or construction
traditions.

Surface mining can potentially interrupt the
continuity of the landscape, so mitigation is
important. It is also true that historical mining
sites have become part of the modern
landscape in some regions.

Conflict Management

It is easier and better to prevent conflict in the
environment than manage it. During the
permitting process discussions with different
authorities (e.g. the authority responsible for
environment or cultural heritage) are necessary
but it is also important to hold public hearings
and come to an agreement with local
communities. Such consultations go a long
way to avoid future conflict.

Endangered Species

Some species are so endangered that they
require their core habitats to be protected.
Collectively, these sites make up the Natura
2000 Network, an ecological network of nature
conservation sites spanning all 27 EU countries.

There is no automatic exclusion of mining
activities in and around Natura 2000. Instead,
extractive activities need to follow the
provisions outlined in Article 6 of the Habitats
Directive, to ensure that they do not adversely
affect the integrity of Natura 2000 sites (EU
2011).
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However, in practice Natura 2000 creates
significant obstacles to mining activities.

The following environmental laws and policies
are also of relevance to mining activities

(EU 2011):

¢ Directive on the Management of Waste from
extractive industries (2006/21/EC)

¢ Environmental Liability Directive (2004/35/EC)

o \Vater Framework Directive (2000/60/EC) and
Groundwater Directive (2006/118/EC)

* Marine Strategy Framework Directive
(2008/56/EC)

e EU Strategy on the Sustainable Use of Natural
Resources

¢ The precautionary principle

Mine Reclamation

Once a mining activity has ended, the area
needs to be restored to its former state.
Rehabilitation is “the process of converting
derelict land to usable land and may include
engineering as well as ecological solutions”
(EU 2011). A rehabilitation plan is an integral
part of any mining project and forms part of
the permitting condlitions.

There is a significant difference in the
reclamation of surface and underground mines.
Underground mine pits inevitably change the
original groundwater flows and are hazardous
because of unpredictable collapses. For these
reasons the pits have to be backfilled.
Exploited waste rock is suitable for this
purpose as it also results in the restoration of
the pit-heap to its former state.

The rehabilitation of surface mines can be
carried out in various ways. If the aim is to
restore the site as near as posible to the original
state, the first step is to make the surface even,
then to replace the soil and plant vegetation.
The soil needs a long time to repack and needs
stable water management.

Open mines can be also restored, often
resulting in a new function for the site. Mining
activity uncovers rocks and structures which
are usually not directly visible and are
geologically interesting. These former mines
can be converted into educational trails, or
into lakes serving the tourism industry as
holiday spots or fishing ponds.

Next steps

It is very important to understand the sensitivity
of any area which is the target for mining
activity. Environmental impact assessments
need to be carried out, which include detailed
geographic, geolosical, hydro-geological and
other environmental information relating to the
area. Descriptions of the proposed mining
activities and any potential effects on the local
environment must be taken into account.
These data will come from the mining
contractors, as well as national government,
with EU support for basic research and
development of monitoring networks.
Improving the EU mineral knowledge base to
allow assessment of the potential overlapping
of Natura 2000 sites with established or
potential EU mineral resources should be
further investigated, taking into account the
results of the actions proposed by the EU Raw
Materials Initiative in this regard. Since May
9024, the CRMA regulation has strengthened
the exploration and mining of critical raw
materials, especially strategic raw materials,
while complying with environmental
regulations. It is necessary to manage the
balance of the use of different natural
resources and land uses, and to coordinate
research and mining activities that can be
traced back to serving social needs with the
protection of natural values.
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o www.ccdc.cam.ac.uk/elements/vanadium

e http://geology.com/usgs/uses-of-copper

° WWW.eUrocopper.org/copper/copper-
education.html

° WWWw.Copper.org/resources/properties

* Www.copper.org/resources/market_data/
pdfs/annual_data.pdf

* www.australianminesatlas.gov.au/education/
fact_sheets/copper.html

* www.princeton.edu/~ota/disk2/1988/8808/
880807.PDF

e http://minerals.usgs.gov/minerals/pubs/
commodity/copper/mcs-2012-coppe.pdf

o http://en.wikipedia.org/wiki/Copper

e http://resources.schoolscience.co.uk/
CDA/14-16/chemistry/copch0pg5.html

e Cyprus, copper and the Sea, Nicosia 1992,
The Government of Cyprus.
ISBN:9963-37-000-4

e http://minerals.usgs.gov/minerals/pubs/
commodity/myb/

o www.mineraliindustriali.it
* www.tschimhaus-gesellschaft.de/e_index.html

e Asseloom E., Chiappero P-J., Galvier J. (2005)
- Minerali. Collana: Le piccole guide
enciclopediche. Gribaudo/Konemann Ed.

® British Geological Survey. 2013. European
mineral statistics 2007-2011. (Keyworth,
Nottingham: British Geological Survey).

e Cushion J., Haslam M. (1973) - Quattro secoli
di Porcellana. De Agostini Ed., Novara.

e Deer, W., Howie, R., & Zussman, J. (2001).
Framework silicates: feldspars. Rock forming
minerals;4A. London: Geolosgical Society of
London, second ediition.

¢ Elzea Kogel J., Trivedi N. C., Barker J. M.,
Krukowski S. T. (2006) - Industrial Minerals &
Rocks: Commodities, Markets, and Uses.
7th Edition, SME, Inc.

e Kauffman, R.A. and Van Dyk, D., 1994,
Feldspars: in Carr, D.D. and others, eds.,
Industrial minerals and rocks (6'h edition):
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Littleton, CO., Soc. for Mining, Metallurgy, and
Exploration, Inc.

* Mottana A., Crespi, R. Liborio G.. (1995)
- Minerali e rocce, Mondadori Ed.

Potash

e Brown TJ, Shaw RA, Bide T, Petavratzi E,
Raycraft ER, Walters AS. 2012a. World Mineral
Production 2007-11. British Geolosical Survey.

* Brown TJ, Hobbs SF, Mills AJ, Petavratzi E,
Raycraft ER, Shaw RA, Bide T. 20120.
European Minerals Statistics 2007-11.

British Geolosgical Survey.

¢ |nternational Potash Institute (IPI). 2019.

Potassium a Nutrient Essential for Life.

e USGS. 2012. Mineral Commodity Summaries
2012: Potash.

Quartz sand

Calcium carobonate

* http://geomaps.wr.usgs.gov/parks/coast/
sand/sand.html

e https://en.wikipedia.org/wiki/Sand
(Silica sand MSDS. Simplot (2011-03-13).
Retrieved on 2011-11-24.)

* Www.economist.com/node/14588255
e http://en.wikipedia.org/wiki/Sand_mining

* www.unisom.com/solution/sand/silica-
sandmakingmachine-37.html

* www.toerismelommel.be/
fo111vkwe875uogc1rlgc?7 .aspx?eyelng=3

* www.geocaching.com/geocache/GCTWRKJ_

singing-sands-cache?guid=ff383d01-311d-
4d71-b613-39ac66b3bcod

e http://search.gmdu.net/hohohoi/Glass%20
Concrete.html

* www.bizeljsko.si/zanimivosti/repnice.html

* Ministry for Infrastructure and Spatial Planning,
2013: Mineral resources in 2012. Geological
Survey of Slovenia, Ljubljana, 2013

All figures are made by S. Mozetic, 2013, GeoZS

* www.calcium-carbonate.org.uk/calcium-
carbonate.asp

* www.wisegeek.org/what-is-calcium-
carbonate.htm

* www.omya.com/C125728900639D06/dlirect/
calciumcarbonate-dolomite

* www.reade.com/Products/Minerals_and_
Ores/calcium_carbonate.html

° www.imerys-perfmins.com/pdf/Carbonate_
Brochure_A4_Oct2012.pdf

° Www.ima-europe.eu/about-industrial-minerals/
industrial-minerals-ima-europe/calcium-caroonate

e http://australianmuseum.net.au/Geological-
ore-deposits/

® Results of the research accomplished within
the CSF 111 2003-2008 project of the [.G.M.E.
“Greek Ornamental Stones’ by-Products and
Wastes’ Management and Utilization Study -
Contribution in the Sector’s Viable Growth”.

e Roskill, 2005. “The Economics of Ground
Calcium Carbonate”, 2nd Edition, Roskill
Information Services Ltd, ISBN 0 86214 502 3,
pp. 7, 44.
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* www.ihs.com/products/chemical/planning/
ceh/fine-ground-and-precipitated.aspx

o www.roskill.com/reports/industrial-minerals/
ground-and-precipitated-calcium-
carbonate-1/leaflet

o www. fiercedrugdelivery.com/story/
calcium-carbonate-templates-make-cancer-
drug-delivery-vehicles/2013-07-09

e http://minerals.usgs.gov/minerals/pubs/
country/europe.html
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e European Mineral Statistics 2007-11 (BGS)
e World Mineral Production 2007-11 (BGS)
e http://geology.com

* www.mondominerals.com

e http://minerals.usgs.gov

° Www.imerystalc.com

* www.americantalc.com

¢ Belichenko O., 2022. Ukrainian amber market
news. Bursztynisko, the Amber Magazine.
pp. 103-105.

e Karnkowski P. H., Kasifiski J. R., Stodkowska B.,
Czurylowicz K., Zarski M., 2024. A new
approach to analysing the origin and
occurrence of amber-bearing deposits of the
Upper Eocene, northern Lublin area, SE Poland.
Geological Quarterly, 2024, 68, 26.

DOI: http://dx.doi.org/10.7306/3q.1754

¢ Kosmowska-Ceranowicz B., 2017. Amber in
Poland and in the World. 2nd Edition, Revised.
Warsaw University Press. Warszawa.
ISBN 978-83-235-2611-7 (pdf online)

e Kostyashova Z. V., 2007. The history of the
Kaliningrad Amber Factory 1947-2007.
Kaliningrad Amber Museum. Kaliningrad.

e Kramarska R., 2023. The Origin of Amber and its
Deposit Concentrations. In: Baltic Amber -
nature, history, culture [S. Fijatkowski, Ed.].
International Amber Association, Gdarisk, ISBN:
078-83-948654-2-9, pp. 9-23.

* Matka A., 2010. Old mines and exploitation
methods of Baltic amber deposits (in Polish
with English abstract). Biuletyn Panstwowego
Instytutu Geologicznego 439, pp.491-506.

* Matka A., Kramarska R., 2013. The mining of
Baltic amber in Poland — an overview. In: The
International Amber Researcher Symposium.
Amber. Deposits — Collections — The Market [B.
Kosmowska-Ceranowicz, W. Giertowski, E.
Sontag, Eds.]. Gdansk International Fair Co.,
pp. 10-16.

® Rudko G., Lytwyniuk S., 2017. Amber deposits
in Ukraine and their economic-geolosical
evaluation (in Ukrainian with English Introduction
and Conclusions). State Commission of Ukraine
on Mineral Resources. Kyiv.

¢ https://ambercombine.ru/en/
* www.amber.com.pl
* www.amber.org.pl/oursztynisko

* Www.pgi.gov.pl/images/stories/przeglad/
pg_2008_08_01_09.pdf

* Www.pgi.gov.pl/images/surowce/2020/
bilans_perspektywicznych_zasobow_kopalin_
Polski_2020.pdf (see pp. 371-377, in Polish).

* WwWw.pgi.gov.pl/images/surowce/2024/
bilans_2024.pdf (see pp.92-94, in Polish)
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Iron

* Raw Materials Data, IntierraRMG, Stockholm

* World Health Organization - Iron deficiency
anaemia: www.who.int/nutrition/topics/ida/
en/index.html

o\World Steel Association - Raw Materials Fact
Sheet: www.worldsteel.org/publications/
fact-sheets.html

Nickel

¢ Nickel institute: Nickel in Society -report :
www.nickelinstitute.org/~/media/Files/
MediaCentrePublications/NilnSociety/
NilnSoc-EN .ashx#Page=1

Recycled Aggregates

¢ Mineral raw materials — Federal Office of
Toposgraphy Swisstopo - WWW.SWisstopo.
admin.ch/en/mineral-raw-materials

¢ Mineralische Rohstoffe in der Schweiz:
Zahlen und Fakten zum Bedarf und zur
Versorgungssituation - https://rawmaterials.
swissgeol.ch

e Swiss Waste Statistics — Federal Office for the
Environment - www.bafu.admin.ch/bafu/en/
home/topics/waste/data.html

* Material flow accounts — Federal Statistical
Office - www.bfs.admin.ch/ofs/en/home/
statistics/territory-environment/environmental-
accounting/material-flows.html

e Pacheco, J., de Brito, J. and Lamperti
Tornaghi, M. (2023): Use of recycled
aggregates in concrete: opportunities for
upscaling in Europe, Publications Office of
the European Union, Luxembours.
doi:10.2760/144802, JRC131294

¢ Das KAR-Modell: Eine Simulation der Kies-,
Aushub- und Riickbaumaterialfliisse -
www.kar-modell.ch

* Aggresates Europe (UEPG) — Facts and
Figures - www.aggregates-europe.eu/
facts-figures/figures/
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