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INTRODUCTION

The yearbook “Mineral commodity summaries of the Czech Republic” is the only publication
that informs the Czech and foreign interested public about the state and use of the domestic
mineral base in the world context and within the legal framework of mineral exploration and
mine production in our country through economics, environmental protection to resources
and mining of mineral commodities in our country in historical development and including
association with geology.

This year, it's beeing published the 31st. edition of the Mineral Commodity Summaries of
the Czech Republic. It was published and distributed on behalf of the Ministry of Economy
until 1996, and on behalf of the Ministry of the Environment from 1997 till present.

After the dissolution of the state-funded organization Czech Geological Survey — Geofond
on 31 December 2011, the semi-budgetary organization Czech Geological Survey was charged
with compiling the publication Mineral Commodity Summaries of the Czech Republic. With
isolated interruption in 2011, the Ministry of the Environment commissions the compilation and
distribution of the publication, by increasing the budget of the Czech Geological Survey, under
which continues to compile the yearbook. This enables the continuation of the unique research
(and its publication) regarding the geological evolution of the area of the Czech Republic,
economic situation of domestic mining companies, relation of mining to nature protection and
regarding the expenses of rectifying negative impacts of mining in the Czech Republic.

The publication is published and distributed only in electronic form.

The publication continues to provide information for those interested in the research,
exploration and mining of mineral deposits in the Czech Republic and in the environmental
impact of mining in the Czech Republic. It of course continues to cover the most important
minerals of the Czech Republic that are or have recently been of industrial importance, but
also those minerals, whose reserves or (approved and unapproved) resources have not been
mined in the Czech Republic in the past. The listed minerals also include minerals unmined
in the present and past, without existing resources and reserves, which are items of Czech
foreign trade that can be monitored via tariff items. The publication includes basic data on the
status and changes in the mineral reserves of the Czech Republic taken from the Register of
Mineral Deposit Reserves of the Czech Republic (Bilance zdasob vyhradnich loZisek nerostii
Ceské republiky) (hereinafter “the Register”), which is published for a limited number of state
administration agencies.

Additional information on domestic prices of minerals, imports and exports, major mining
companies, and the location of mineral deposits is intended to assist in understanding the
mineral potential of the Czech Republic and to stimulate investment in the minerals industry.
This is also aided by the listed prognostic resources, both officially approved by the Commission
for Projects and Final Reports of the Ministry of the Environment (Komise pro projekty
a zaverecné zpravy — KPZ) in categories P, P,, P; and unapproved by KPZ (mentioned only
in expert reports).

The mineral reserves presented are geological reserves, also called total reserves, i.e.
original reserves (in situ) within individual deposits, estimated according to the given
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classification and technical-economic conditions of their exploitability. The initial data come
from mineral reserve estimates, which were approved or verified in the past by the Commission
for Classification of Mineral Reserves and/or by the Commission for Exploration and Mining
of Reserved Minerals of the former MHPR CR and MH CR, or by former commissions for
management of mineral reserves of individual mining and processing industries. Uranium
reserves and reserve estimates were approved by the Commission for Classification of
Radioactive Mineral Reserves of the former Federal Ministry of Fuels and Energy. Currently,
an approval of a reserve estimation lies within authority of the subject financing the estimation.
If the subject is a private company, the company itself approves its reserve estimation. If the
subject is the state, the KPZ approves the estimation. In accordance with section 14, article
3) of the Mining Act no. 44/1988 Coll. as amended also the private company submits its
reserved mineral reserve estimation to the KPZ via the Ministry of the Environment of the
Czech Republic, so that the KPZ may review if the estimation report contents comply with
the provisions of the Mining Act.

There are reserved and non-reserved minerals and deposits as defined by the Mining Act
no. 44/1988 Coll., as amended. Reserved minerals always form reserved deposits which
are owned by the Czech Republic. Non-reserved deposits are owned by landowners. Non-
reserved minerals (construction minerals) can form both reserved and non-reserved deposits.
Until 1991, (important) deposits of non-reserved minerals of sufficient mineral quantity and
quality were proclaimed ,,suitable for the needs and development of the national economy”,
hence reserved as defined by the Mining Act at that time. Since 1991, the newly recognised
and explored deposits of non-reserved minerals always form non-reserved deposits.

In 1993-2001, the Ministry of the Environment along with the Ministry of Industry and
Trade undertook a fundamental economic revaluation of the mineral wealth of the Czech
Republic. In 2003-2006, the task has continued to a smaller extent. Therefore compared to
past years, many considerable changes have occurred in the number of deposits and registered
reserves of many minerals (especially metallic ores).

The Mineral Commodity Summaries of the Czech Republic includes selected minerals
according to whether they are or were mined in the territory of the Czech Republic. Currently
mined minerals also include approved prognostic resources, if existing. Currently unmined
minerals are divided into those that were mined in the past and those that have never been
mined. In both cases, it is distinguished whether their resources and reserves are known or not
and, generally, also whether they are metallic ores or industrial minerals. Separate chapters
are dedicated to each mineral, or mineral grouping common in its deposit. Each chapter is
structured identically — consists of eight parts.

Part 1. — Characteristics and use — provides a basic description of the mineral raw
material, its abundance in nature, important minerals and mineral deposit types, worldwide
and European Union reserves, general use and allocation to the critical raw materials of the
European Union.

Part 2. — Mineral resources of the Czech Republic — describes to the extent necessary
major regions of occurrence, characteristics of deposits, ore types, mining and its economic
aspects of the given mineral.

Part 3 — Registered deposits and other resources of the Czech Republic —is based on the
inventory of mineral deposits of the Czech Republic and, for the majority of minerals, includes
a list of deposits and their location. The names of exploited deposits are given in bold. As
for energy minerals and some industrial minerals, only regions and basins rather than single
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deposits are given. As for dimension stone and construction minerals, which are scattered
in hundreds of deposits over the whole territory of the Czech Republic, their groupings are
located in the subdivisions of reserved, non-reserved, exploited and unexploited deposits.

Part 4 — Basic statistical data of the Czech Republic as of December 31 — are extracted
especially from the Register. There are 3 groups of minerals (ores, energy minerals, and
reserved industrial and construction minerals) registered in the Czech Republic. Mine
production of non-reserved deposits has been monitored since 1999. Approved prognostic
resources are stated, too, if proved they exist.

NOTE: The Register presents the reserves data in the categories on exploration (prospected,
explored) and economic use (economic, potentially economic), as stipulated by relevant
statutes starting with the Mining Act. Reserves include potentially economic reserves, i.e.
reserves which are currently not recoverable and which are, therefore, potentially economic
resources. Consequently, total mineral reserves are in reality total mineral resources. The
term reserves as used, by contrast, in standard international classifications represents only the
parts of explored resources which are available for immediate extraction. All other registered
parts are resources, not reserves, of a given mineral. The relationship of domestic and foreign
classifications of mineral reserves and resources is described in the separate chapter of
this yearbook “Mineral reserve and resource classification in the Czech Republic and its
evolutional comparison with international classifications”.

Part 5 - Foreign trade — provides information on import and export, and on average import
and export prices of important tariff items of the given raw material (and cites international
numeric codes of the tariff items). The foreign trade data are the latest (continuously reviewed)
data of the Czech Statistical Office (CSU) — without analyses of their reliability.

Part 6 — Prices of domestic market — provides indicative prices on domestic production,
import and export prices. Domestic prices do not include VAT.

Part 7 — Mining companies in the Czech Republic as of December 31, 2023 — provides
a list of companies mining the given mineral in the territory of the Czech Republic. The
companies are listed according to the production level. Their addresses are available at the
Czech Geological Survey.

Part 8 — World production and world market prices — provides data on mining and
production of commercial products for the last 5 years, and lists significant world producers,
i.e. the top ten countries in world production. Evolution of world prices is mentioned as
current quoted or indicative prices in the last five years.

Numerous domestic and foreign data, used in compiling the present yearbook, came from
journals, expert literature and the latest editions of various international statistical yearbooks.
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EXPLANATORY NOTES

List of abbreviations, symbols and technical units

AOPK CR

API

API degrees

a.s.

bbl

bn
BP
BP SRWE

CFR
CHKO
CHLU
CHOPAV

CIF
CIS

CMMI
Coll.

CSO

CZK

CZ NACE

Nature Conservation Agency of the Czech Republic (Agentura ochrany pfirody
a krajiny Ceské republiky)

American Petroleum Institute

Degrees of crude oil specific gravity defined by the API (°API)

API gravity formulas:

141.5

SGat 60°F 1315

141.5
°API+ 1315

SG = specific gravity (t/m?3)

60°F=15.6°C

initials after a Czech company name indicate that it is a joint stock company
(akciova spolecnost)

barrel of crude petroleum, 158.99 dm?3; 1 tonne of crude petroleum is
approximately 7 bbl (6.76-7.75 bbl for crude petroleum extracted in the
Czech Republic)

billion, 10°

British Petroleum, British multinational oil and petrochemical company
British Petroleum Statistical Review of World Energy, energy yearbook
including energy minerals

Cost and Freight (named port of destination)

protected landscape area (Chranéna krajinna oblast)

protected deposit area (Chranéné loziskové tizemi)

Protected area of natural accomodation of water (chranéna oblast pfirozené
akumulace vod) — see PANAW

Cost, Insurance and Freight (named port of destination)

Commonwealth of Independent States, in Russian: CoapyxectBo HezaBucu-
mbIx [ocynapcTs

Council of Mining and Metallurgical Institutions

Collection of laws (Sbirka zakont Ceské republiky) of the Czech Republic
Czech Statistical Office

Czech crown (Ceska koruna)

Czech adoption of the General Industrial Classification of Economic Activities
within the European Communities (Nomenclature générale des Activités
économiques dans les Communautés Européennes)

Czech Mining Authority (Cesky bansky tfad)

°API =

SGat60°F =
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DP
EIA

EU
EURATOM

EUROSTAT

FDI
FMPE
FNM
FOB

GDP
GVA

IEA
M
IMF
JORC

Czech Geological Office (Cesky geologicky tiad)

Czech National Bank (Ceska narodni banka)

Czech National Council (Ceska narodni rada) — former parliament of the
Czech (Socialist) Republic

Czech Republic (Ceské republika)

Czechoslovak Socialist Republic (Ceskoslovenska socialisticka republika)
Czech Statistical Office (Cesky statisticky uiad)

Deutsche Rohstoffagentur (German Mineral Resources Agency) is a part of
Bundesanstalt fiir Geowissenschaften und Rohstoffe (Federal Institute for
Geosciences and Natural Resources)

mining lease (dobyvaci prostor)

1) Environmental Impact Assessment

2) Energy Information Administration, section of the Department of Energy
of the USA providing energy statistics, data, analysis

European Union

Euratom Supply Agency (ESA), European agency for common supply policy
on the principle of regular and equitable supply of nuclear fuels for European
Community users

Statistical Office of the European Communities, organisational branch of the
European Commission

foreign direct investment

Federal Ministry of Fuels and Power (Federalni ministersvo paliv a energetiky)
National property Fund (Fond narodniho majetku)

Free on Board (port) — seller pays for transportation of the goods to the port
of shipment, plus loading costs

Gross domestic product

Gross value added (GVA) is a widely used indicator of the total economic
performance of each branch. It is an indicator corresponding to the GDP in
the whole national economy. It is calculated by subtraction of the intermediate
consumption (consumption of the raw materials, energy, materials) from the
total value of the production (in terms of accounting, this is the difference
between the sales and other services of companies and their consumption of
materials, energy and services, this is therefore the sum of their book values
added)

International Energy Agency

Industrial Minerals (journal)

International Monetary Fund

Joint Ore Reserves Committee — comprises representatives of each of the three
parent bodies: The Minerals Council of Australia (MCA), The Australasian
Institute of Mining and Metallurgy (The AusIMM), and the Australian
Institute of Geoscientists (AIG); as well as representatives of the Australian
Securities Exchange (ASX), the Financial Services Institute of Australasia
(FinSIA) and the accounting profession, and an observer from Association
of Mining and Exploration Companies (AMEC). The JORC Committee is
responsible for the development and ongoing update of the JORC Code. The
JORC Code provides a mandatory system for the classification of minerals


https://minerals.org.au/
https://ausimm.com/
https://ausimm.com/
https://www.aig.org.au/
https://www.aig.org.au/
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KKZ

kt

MB
MCS

MF
MH CR

MHPR

mill

MIT
MoE
MoLSA
MZP CR

NP
NPF
OBU
OPEC
0.p.s.

PANAW

pes
PKU

POPD

pPpm
ROPO

Sb.
SD

S.p.

spol. s r.o.

exploration Results, mineral resources and ore reserves according to the
levels of confidence in geological knowledge and technical and economic
considerations in Public Reports.

Commission for Classification of Mineral Reserves (Komise pro klasifikaci
74asob)

initials after a Czech company name indicate that it is a limited partnership
company (komanditni spole¢nost)

kilotonne, 1,000t

Million of years

Metal Bulletin (journal)

Mineral Commodity Summaries, mineral yearbook of the US Geological
Survey

Ministry of Finance

Ministry of Economy of the Czech Republic (Ministerstvo hospodaistvi
Ceské republiky)

Ministry of Economic Policy and Development (Ministerstvo pro hospodar-
skou politiku a rozvoj)

million, 10°

Ministry of Industry and Trade

Ministry of the Environment

Ministry of Labour and Social Affairs (Ministerstvo prace a socidlnich véci)
Ministry of the Environment of the Czech Republic (Ministerstvo zivotniho
prostiedi Ceské republiky)

not available or not reliable data

natural park (Narodni park)

National Privatization Fund

Regional Mining Authority (obvodni bansky ufad)

Organization of Petroleum Exporting Countries

initials after a Czech organization name indicate that it is a not profit
organization (obecn¢ prospésna spolecnost)

Protected area of natural accomodation of water (chranéna oblast pfirozené
akumulace vod) — see CHOPAV

pieces

Palivovy kombinat Usti, s.p.

plan of mine development work of reserved mineral deposits (plan otvirky,
pfipravy a dobyvani vyhradnich lozisek)

parts per million = 0.0001 = g/t

Recognised Overseas Professional Organizations

Collection of Laws (abbreviated as Coll.) of the Czech Republic
Severoceské doly, a.s.

initials after a Czech company name indicate that it is a state public enterprise
(statni podnik)

initials after a Czech company name indicate that it is a limited liability
company (spolecnost s ru¢enim omezenym), ditto initials s. 1. 0.

initials after a Czech company name indicate that it is a limited liability
company (spolecnost s ru¢enim omezenym), ditto initials spol. s r.o.
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SU
t
tce

ths
UNFC
USGS
V.0.S.

VAT
WBD

WNA
ZCHU

Sokolovska uhelna, pravni nastupce, a.s.

metric tonne, 1,000kg, 1,000,000 g

tonne of coal equivalent, the energy unit representing energy 7 million kcal
(29,3067 GJ) generated by burning one metric ton of coal; Czech steam coal
1 tce =1.1-1.6t, coke coal 1.0-1.3t

thousand, 103

United Nations Framework Classification

United States Geological Survey — Geological survey of the USA

initials after a Czech company name indicate that it is an unlimited company
(general partnership) (vefejna obchodni spolecnost)

Value Added Tax

Welt Bergbau Daten (World Mining Data), mineral yearbook of Austrian
Federal Ministry of Agriculture, Regions and Tourism

World Nuclear Association

specially protected area (zvlasté chranéné tizemi)
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Exchange and inflation rates of currencies in which minerals are priced

Annual inflation rates (%) in the USA (US), the United Kingdom (UK),
the Euro Area (EUR) and the Czech Republic (CZ)

us UK EUR cz

1991 4.2 7.4 - 56.6
1992 3.0 4.3 - 1.1

1993 3.0 2.5 - 20.8
1994 26 2.1 - 10.0
1995 2.8 2.6 - 9.2
1996 29 2.4 - 8.8
1997 2.3 1.8 - 8.4
1998 1.5 1.6 - 10.6
1999 22 1.3 1.1 2.3
2000 3.4 0.9 2.1 3.8
2001 2.8 1.2 24 4.7
2002 1.6 1.3 23 1.8
2003 2.3 1.4 2.1 0.1

2004 27 1.3 2.1 2.8
2005 3.4 2.0 22 1.8
2006 3.2 23 22 25
2007 2.9 23 22 29
2008 3.8 3.6 3.3 6.3
2009 -0.3 2.2 0.3 1.0
2010 1.6 3.3 1.6 1.5
2011 3.1 4.5 2.7 1.9
2012 2.1 2.8 25 3.3
2013 1.5 2.6 1.3 1.4
2014 1.6 1.5 0.4 0.4
2015 0.1 0.0 0.2 0.3
2016 1.3 0.7 0.2 0.7
2017 2.1 2.7 1.5 25
2018 24 2.5 1.8 2.2

2019 1.8 1.8 1.2 2.9
2020 1.3 0.9 0.3 3.2

2021 4.7 2.5 26 3.8*
2022 8.0 7.9 9.2 15.1

2023 4.1 6.8 6.4 10.7

Notes: * Czech Statistic Office

e source — IMF. World Economic Outlook. October 2024

* inflation rates based on average annual changes of consumer price indices
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Average yearly exchange rates of CZK against EUR, USD and GBP

EUR usb GBP
1991 - 29.5 52.0
1992 - 28.3 49.9
1993 - 20.2 43.8
1994 - 28.8 44.0
1995 - 26.5 41.9
1996 - 271 42.3
1997 - 31.7 51.9
1998 - 32.3 53.5
1999 36.9 34.6 56.0
2000 35.6 38.6 58.4
2001 34.1 38.0 54.8
2002 30.8 32.7 49.0
2003 31.8 28.2 46.0
2004 31.9 25.7 471
2005 29.8 23.9 43.6
2006 28.3 22.6 41.6
2007 27.8 20.3 40.6
2008 24.9 17.0 31.4
2009 26.4 19.1 29.7
2010 25.3 19.1 29.5
201 24.6 17.7 28.3
2012 25.1 19.6 31.0
2013 26.0 19.6 30.6
2014 27.5 20.7 34.2
2015 27.3 24.6 37.6
2016 27.0 24.4 33.1
2017 26.3 23.4 30.1
2018 25.6 21.7 29.0
2019 25.7 22.9 29.3
2020 26.4 23.2 29.7
2021 25.7 21.7 29.8
2022 24.6 234 28.8
2023 241 22.2 27.6

Source: Czech National Bank
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Overview of the Czech mineral resources
and reserves classification system and its comparison
to the international classifications

Czech national mineral resources classification system
and its development

Between 1952 and 1991, the system of classification of mineral resources and reserves in the
former Czechoslovakia, adopted from the former USSR, was determined by the Commission
for the Classification of Reserves (KKZ), which acted as the central state body for the approval
of mineral resources and reserves. Under this system, the geological resources were divided
into four categories, A, B, C1 and C2, according to the degree of knowledge of the geology
and development of the deposit, the quality of the raw material and the mining conditions.

The 1991 amendment to Act No 44/1988 Coll. (the Act on the Protection and Use of
Mineral Resources, hereinafter referred to as the Mining Act or MA), in Sections 13 and 14,
newly regulated the principles for classifying reserves of Reserved Deposits and for assessing
and approving the calculation of reserves. This repealed Government Decree No 80/1988
Coll. of 16 May 1988 on the determination of conditions (modifying factors), classification
of reserves of Reserved Deposits and the assessment, approval and state expertise of their
calculation, which were based on the ABC1C2 system.

According to the MA, minerals are divided into Reserved Minerals that constitute Reserved
Deposits and belong to the state, and Non-reserved Minerals that constitute Non-reserved
Deposits as an integral part of the land. Historically there are Reserved Deposits of Non-
reserved Minerals. Extensive list of Reserved Minerals is stipulated in section 3 of the MA.

According to Section 13 of the MA, "The reserves of a Reserved Deposit are the identified
and verified quantity of Reserved Minerals on the deposit or a part thereof corresponding to
the conditions of its recoverability, regardless of the losses during its extraction". According
to Section 14 of the MA, the calculation of reserves is part of the evaluation of the results of
prospecting and exploration of Reserved Deposit. Reserves are classified as follows:

a) According to the degree of exploration of the Reserved Deposit and knowledge of the
deposition conditions of the deposit or part thereof, the quality and technical properties of
minerals, and technical mining conditions pertaining to Prospected Reserves and Explored
Reserves. If a Reserved Deposit contains several utilizable components, their reserves are
classified according to the attained degree of knowledge on and exploration thereof.

(b) According to the conditions of exploitability as Economic Reserves that are currently
exploitable and that conform to the current technical and economic conditions for utilizing
a Reserved Deposit, and Potentially Economic Reserves that are currently not exploitable
because they do not conform to current technical and economic conditions, but which can
be assumed to become exploitable in the future with the development of technical and
economic circumstances.

Neither the amended MA nor any other regulation defines the content of the terms
Prospected and Explored Reserves. Following the adoption of the 1991 amendment to
the Mining Act, reserves in mineral deposits were administratively converted into new
categories as follows: Explored Reserves = the sum of reserves of categories A + B + C1
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(also called Industrial Reserves), Prospected Reserves = reserves of category C2. The
definitions of the ABC1C2 categories were more precisely specified in the Mining Act
before 1991 (for details e.g. Stary et al. 2022).

¢) According to the possibility of extraction determined by the mining technology, operational
safety and established protective pillars, as Free and Restricted Reserves. Restricted

Reserves are those located within protective pillars of surface and underground structures,

equipment and mine works, as well as within pillars established to ensure operational

safety and protection of legally protected interests. All other reserves are Free Reserves.

Mineable Reserves are those that the organisation plans to recover. They are 'Economic
Reserves less the quantity of expected mining losses connected with the selected extraction
technology or with the effect of natural conditions'.

Prognosticated Resources are divided into categories P, R and Q in accordance with the
Ministry of Environment Decree No. 369/2004 Coll. The P category for Reserved Minerals
and the R category for Non-reserved Minerals include prospective mineral resources for
which knowledge of the geological structure of the area of the prospective resource and
the existence and quality of the mineral has been demonstrated by technical works. These
Prognosticated Resources are considered to be prospective mineral deposits for the purpose
of their protection in land-use decision-making. Category Q includes prospective resources
independently defined outside an existing mineral deposit, identified by geological mapping
in favourable geological conditions on the basis of a justified analogy with another deposit,
without proof of existence based on technical works.

RESERVES PROGNOSTICATED RESOURCES
EXPLORED PROSPECTED P,R Q
Free Restricted Free Restricted
ECONOMIC
POTENTIALLY
ECONOMIC

@Geological reserves (All reserves in their original state, no losses and dilution considered)
|:|Minea blereserves (Economic reserves less mining losses)

Figure 1. Overview of reserve and resource classification in the Czech Republic
according to the Mining Act (adapted after Stary et al. 2022)

In the years 19932001 the task "Re-evaluation of Reserved Mineral deposits of the Czech
Republic" was carried out (Molhancova, Novak 2001), followed by the task "Evaluation of
Reserved Mineral deposits in the state reserve in the years 2003-2006" (Mojzis, Novak, Novak
20006). These tasks reassessed most of the substantial deposits according to the classification
established under the Mining Act as amended in 1991 and the ABC1C2 system thus lost its
significance definitively.

The system of mineral classification currently used in the Czech Republic under the Mining
Act is not compatible with any other existing system. The ABC1C2 system used in the past
was largely compatible with the CRIRSCO principles (see below in the chapter Comparison
of Czech and international classification systems), but the conversion between these two
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systems can be partly carried out indirectly through the UNFC classification based on the
developed category-mapping methodology (Gabriel et al. 2023).

The originally Soviet ABCIC2 system was adopted by the countries of the so-called
Eastern Bloc, where it underwent major or minor changes after 1989. An overview and more
information can be found in the report by Vanécek et al. (2016).

In the Czech Republic, there is an obligation to report reserves and resources in the system
according to the Mining Act, but exploration and mining organisations whose shares are
listed on the stock exchange are also obliged to disclose the results of their activities in
the corresponding system of the international CRIRSCO Template. There are currently two
organisations of this type in the country.

International classification

CRIRSCO

The Committee for Mineral Reserves International Reporting Standards (CRIRSCO) is
recognized as the international organization that represents the mining industry in matters
relating to the standardization of codes for public statements, as a Strategic Partner of the
International Council on Mining and Metals (ICMM) and also accredited by the United
Nations Economic Commission for Europe (UNECE) and the International Accounting
Standards Board (IASB), an organization that brings together stock exchanges around the
world and dictates accounting rules, by international standards IFRS (International Financial
porting Standards). (CRIRSCO 2024).

CRIRSCO finalized the first international model for consolidating terminologies and
classifications in 2006, with the publication of the International Reporting Template (IRT)
for the Public Reporting of Exploration Results, Mineral Resources and Mineral Reserves.
The last update was in June 2024. This international template is usually referred to as the
'CRIRSCO International Reporting Template', which integrates the minimum standards
adopted in national or regional codes and standards. Currently, the CRIRSCO Template is
followed by national organizations in 15 countries with developed mining industries. The
international standard for the reporting of exploration results and mineral reserves has been
called for primarily by stock exchanges, where many exploration and mining organisations
raise funds by issuing their shares and the exchanges seek to protect investors from unfair
practices in this area. The model itself has no legislative backing, but countries that have
signed up to the standard have often integrated it into their national legislation. The JORC
template was issued in Australia in 1999 (Australasian Joint Ore Reserves Committee) and
last updated in 2012, followed by similar guidelines in Canada (CIM Guidelines and NI
43-101 Disclosure Standard), South Africa (SAMREC Code), the US (SME Guide), Chile
(Certification Code) and other countries.

In 2001, the Pan-European Reserves and Resources Reporting Committee (PERC) published
the Pan-European Standard for Reporting of Exploration Results, Mineral Resources and
Mineral Reserves, and the PERC system (last update 2021) is now widely used in Europe
(PERC 2021).

One of the countries that have also adopted the CRIRSCO standard is Russia with its national
NAEN system. The bridging document includes a comparison of the CRIRSCO model with
the original Soviet ABC1C2 system (CRIRSCO 2011).
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Figure 2. General relationship between Exploration Results, Mineral Resources
and Mineral Reserves as set out in the CRIRSCO Template (CRIRSCO 2024).

UNFC

To facilitate European resource management, the European Union has adopted the United
Nations Framework Classification for Resources (UNFC), which is widely applicable for the
classification of mineral reserves as well as for the classification of anthropogenic and other
resources such as alternative energy sources, or water resources. UNECE (United Nations
Economic Commission for Europe) has been developing this classification system since 1992
and the latest update was published in 2019 (UNECE 2019). The 2019 UNFC Update and
the UNFC Specification for Commodities (UNECE 2021) are the core documents for the
application of the UNFC. Furthermore, the European Union has developed a Guidance for
application of UNFC within its member countries with regard to a uniform database of national
data on deposits and occurrences of critical raw materials (UNECE 2022). The adoption of
the UNFC as a standard for the reporting of critical mineral resources and reserves within the
EU by individual Member States is required by the European Union regulation known as the
Critical Raw Materials Act (CRMA) (European Union 2024), which entered into force on
May 3rd, 2024. Some countries have incorporated the UNFC into their legislation (e.g.
Hungary, Romania, Ukraine).

The UNFC is not intended to replace national mineral classification systems or reporting
using the CRIRSCO Template. Its main purpose is the ability to summarize and compare
resources within the European Union to enable a coordinated management approach in this
field of industry (UNECE 2022). The UNFC provides for a greater level of detail (granularity)
when classifying projects than the CRIRSCO Template due to the sub-category system and
allows for the specification of mineral resources that are not established or permitted within
the CRIRSCO Template (e.g. prospective projects) (UNECE 2024a).

In 1999 a Bridging Document between UNFC and CRIRSCO was adopted and it was last
updated in May 2024. The Bridging Document can serve as a supporting document for the
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evaluation of projects in the UNFC system and the development of bridging methodologies
to UNFC from other, national, classifications (UNECE 2024a).

The UNFC is a resource project-based and principle-based classification system for
defining the environmental-socio-economic viability and technical feasibility of projects
to develop resources. Exploration and mining projects are classified in a three-dimensional
matrix according to the three primary criteria: environmental, social and economic feasibility
(E axis), technical feasibility (F axis) and the degree of confidence in geological data (G axis).
The primary level of resource classification is the result of a combination of categories from
each of these axes into a three digit code (e.g. EIF1G2 or 112). The combination of categories
and sub-categories constitute classes and sub-classes of a project according to its feasibility
or the readiness of the project for development in current time (Feasible Projects, Potentially
Feasible Projects, etc.) (UNECE 2019, UNECE 2022).
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Figure 3. The three-dimensional UNFC classification matrix (UNECE 2019)

The colour-coded fields in the 3D matrix are typical categories, but individual situations on
individual deposits or projects may also require the use of other fields.

UNFC categories are only established for those projects (deposits) that have quantified
mineral reserves or resources.

Comparison of the Czech and international classification systems

The main difference between the Czech classification according to the Mining Act and the
international CRIRSCO Template is the fact that the MA refers to "reserves" as the quantities
that are currently sub-economic, which is terminologically inconsistent with the CRIRSCO
concept of reserves. In the international system only those parts of the Measured or Indicated
Resources that are currently economically recoverable, net of mining losses and contamination,
are designated as reserves. The closest to the international standard for reserves are the Czech
Mineable Reserves. However, even in this case there is not a complete agreement, because
according to the MA these reserves reflect mining losses but not dilution. In addition, the Czech
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classification introduces a category of Geological Reserves which is close to the '"Total Inventory'
category in some Anglo-Saxon systems, but those are also not supported by the CRIRSCO
Template. The comparison between the Czech MA and CRIRSCO categories can now be partly
made indirectly through the UNFC categorisation of Gabriel et al. (2023) (see Table 1).

Table 1. Comparison of the categories as defined in the CRIRSCO Template,
UNFC categories and the Czech Mining Law. Adapted after UNECE (2024)
and Gabriel et al. (2023).

CRIRSCO Template Corresponding UNFC UNFC Cl Categories as set in the
_ ass ..
Public Report and Study Standard Definitions Category Czech Mining Act
Types
Fe'asﬂslhty Study or Life °f Mineral Proved Gl . Mineable Reserves with
Mine Plan (for an operating R El F1 Viable Projects "POPD"
mine) eserves Probable G2
Mineral Proved Gl Mineable Reserves without
Pre-feasibility Study Reserves E2 F2 approved "POPD"/Mining
Probable G2 Licence
Mineral Measured Gl
Feasibility Study, Life of Mine |Resources
Plan (for an operating mine) or |(exclusive of |Indicated E2 F2 G2 .
Pre-feasibility Study Mineral Potf:ntlally Viable
Reserves) |Inferred &3 Projects
Measured Gl Economic Explored Free
Scoping Study report or other .
. . Mineral . Reserves
Public Report on a Mineral Indicated E2 F2 G2
Resource estimate Resources
Inferred @ Economic Prospected Free
Reserves
Public Report on exploration Exploration Target E3 F3 * Prognosticated Resources P
¢ ect Prospective Projects
stage projects Exploration Results Estimates not published Prognosticated Resources Q
. . . L . . E.g. R dR
Not applicable Estimates obtained fromhistorical reports Non-viable Projects |, 8- Resourees and Reserves
in the ABC,C, system.
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Figure 4. Mapping the classification categories according to the Czech Mining Act into

the UNFC three-dimensional matrix (Gabriel et al. 2023)
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The ABCIC2 system used in the past was largely compatible with the CRIRSCO
principles. A tabular comparison of past and current reserve and resource classifications with
the CRIRSCO Template categories is provided in earlier editions of this annual publication,
Mineral Commodity Summaries of the Czech Republic, e.g. Stary et al. (2022).

In 2023, a mapping document enabling the conversion of the categories of the Czech
national system according to the Mining Act to the UNFC categories was developed (Gabriel
et al. 2023). However, implementing regulations for the use of the UNFC within the Czech
legal framework had not been issued by the relevant state administration authorities by the
date of publication of this overview.

Conversion between the Czech national classification categories and the UNFC is based
on a comparison of the definitions of the individual categories of reserves and resources
as defined in the Mining Act and the Ministry of Environment Decree No. 369/2004 Coll.
with the definitions of the categories in the UNFC core documents (UNECE 2019, UNECE
2022). Some principles from the Bridging Document between CRIRSCO and the UNFC
(UNECE 2024a,b) were also used as auxiliary criteria. The methodology was developed
only for Reserved Mineral Deposits under the Mining Law. For Non-reserved Deposits the
methodology needs to be adapted in the future.

In addition to the main categories, the sub-categories were also used for the conversion
purposes, since their more detailed definitions allow for a more precise classification of the
resource in the classification system.

The mapping of each category of the Czech system to the UNFC categories with the
rationale for each is presented in the report by Gabriel et al. (2023).
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MINERAL BASE OF THE CZECH REPUBLIC
AND ITS DEVELOPMENT IN 2023

Petr Uldrych et al.
Ministry of the Environment of the Czech Republic

1. Legal framework for mineral resource use

1.1. Reserved and non-reserved minerals and their deposits

The minerals defined in Act No. 44/1988 Coll., on the Protection and Use of Mineral Resources
(the Mining Act) as amended, are classified as being reserved and non-reserved. Natural
accumulations of reserved minerals form reserved mineral deposits which constitute the
mineral wealth of the country and are owned by the Czech Republic. Deposits of non-reserved
minerals (especially sand and gravel, crushed stone and brick clay) are a constituent part of
the land as stipulated in paragraph 7 of the Mining Act. The possibility to declare significant
non-reserved mineral deposits as reserved deposits, was cancelled by the amendment of the
Mining Act in 1991. Decisions of administrative agencies in this matter, which had been
issued before the amendment went into effect, remain valid based on transitional provisions
(paragraph 43 and 43a of the Mining Act). The deposits specified by these decisions are still
reserved deposits, i.e. owned by the state, separated from the land itself.

1.2. Planning, approval and carrying out of mineral prospecting and exploration
1.2.1. Reserved minerals

Prospecting and exploration for reserved mineral deposits, by virtue of the CNR Act No.
62/1988 Coll., on Geological Work (the Geological Act) as amended, may be conducted by an
individual or organisation, providing that the work is managed and guaranteed by a qualified
and certified person (certified responsible manager for the geological work). An organisation
seeking to prospect for and explore these mineral deposits, to verify their reserves, and to
process geological documents for their exploitation and protection, must make a request to
the Ministry of the Environment to establish an exploration area. The proceedings, subject
to administrative rules, are concluded by the establishment or non-establishment of an
‘exploration area’ (exploration permit). In the former case, the following must be determined:
the survey area, the mineral to be prospected and explored for which the exploration area is
being established, the conditions for the execution of the work, and the period of validity
of the exploration area. The exploration area is not a territorial decision, but provides the
entrepreneur or organisation (hereinafter “entrepreneur”) with the exclusive privilege to
prospect for the mineral in a given exploration area. In the first year, the entrepreneur is
obliged by law to pay a tax of CZK 2,000 per km? or km? piece of exploration area, which
increases annually by CZK 1,000 per km? and its piece (to CZK 3,000 in the second year, to
CZK 4,000 in the third year, etc.). These taxes represent an income for the municipalities,
in whose cadastral areas the exploration area is established. If an exploration area lies on
cadastral areas of more municipalities the income is divided after ratio of exploration areas
on cadastral areas of individual municipalities.
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Within the scope of planning and conducting the prospecting for and exploration of reserved
mineral deposits, the organisation must consider the conditions and interests protected by
special regulations (section 22 of the Act on Geological Work). These primarily refer to the
laws for the protection of landscape and nature, agricultural and forest land; to the Water and
Mining Acts etc. The Ministry of the Environment can cancel the established exploration area,
if the organisation repeatedly or severely violates the obligations set by the Geological Act.

1.2.2. Non-reserved minerals (and their mining)

The above-mentioned enactments apply to prospecting and exploration for non-reserved
mineral deposits, only, if they were previously declared as reserved deposits according to the
transitional provisions of the Mining Act. In other cases, an organisation can prospect and
explore for non-reserved minerals only upon agreement with the landowner. The provision
under section 22 of the Act on Geological Work is also valid in these cases. The mining of
non-reserved deposits, which constitutes a part of the land, an operation conducted according
to the mining methods set by Act No. 61/1988 Coll., on Mining Operations, Explosives and
the State Mining Administration, as amended.

1.3. Permit to mine a prospected and explored deposit

If, during prospecting and exploration, a reserved mineral is found to be of quality and
quantity indicative of its accumulation (supported by a partial deposit reserve estimate given
in the category of prospected reserves), the organisation must report it to the Ministry of the
Environment, which issues a certificate for the reserved deposit owned by the state. At the
same time, this certificate ensures the deposit against actions rendering its mining difficult or
impossible by the establishment of a protected deposit area (CHLU) according to section 17
of the Mining Act.

The entrepreneur’s right to mine the reserved deposit is provided by the grant of a mining
lease. The submittal of a proposal for the grant of a mining lease must be preceded by an
approval from the Ministry of the Environment, which may depend on the fulfilment of
limiting conditions accounting for the interests of the state mineral policy, and on covering
expenses of geological work already funded by the state. The organisation, on whose behalf
the exploration was carried out, has priority in receiving the approval for the grant of the
mining lease. If it fails to assert its mining lease, precedence is then given to the organisation
which participated financially in the exploration. Somewhat different rules apply to cases
concerning crude oil and natural gas based on a transposed EU directive.

The mining lease is only granted to an entrepreneur possessing a Certificate of Mining
Operations issued by an authorised Regional Mining Office. This grant procedure takes
place in cooperation with relevant administrative agencies, mainly in agreement with
environmental, land use planning and building authorities. The entrepreneur‘s proposal for
the grant of a mining lease must be furnished with documentation as stipulated by law. The
procedure deals with landowner relations and settlement of conflicts of interests, which are
protected by special regulations. The environmental impact assessment (EIA) represents
a part of the documentation, too. The grant of a mining lease represents a mining as well as
land use authorisation.

The entrepreneur, who has been granted a mining lease, may start mining operations only
after obtaining a mining permit from the authorised Regional Mining Office. The issue of
this permit is subject to an administrative procedure assessing the plans of the opening, the
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preparation and the mining of the deposit, and the plans for rehabilitation and reclamation
after termination of the mining. In justified cases, the Regional Mining Authority may
combine the grant of a mining lease and of a mining permit into one administrative procedure.

1.4. Royalties on reserved minerals mined

The entrepreneur is obliged to pay royalties on the mining lease and the extracted reserved
minerals. An annual lease payment of CZK 300 is assessed on every hectare opened within

Royalty tariffs on extracted minerals for individual royalty bases

Mineral, group of minerals Unit Tariff for unit in CZK
Crude oil m?3 558.00
Combustible natural gas m3 0.27
Uranium t 5,834.13
Cesium kg 160,782.00
Tin t 22,726.00
Lithium t 10,692.00
Manganese t 2,308.00
Copper t 7,115.00
Rubidium kg 114,103.00
Tungsten t 46,625.00
Golg kg 40,919.00
Gemstones — moldavites kg 1,939.59
Gemstones — garnets kg 1,500.00
Gemstones — mass SiO, kg 10.00
Diatomite t 4.95
Glass and foundry sand t 8.24
Bentonite t 3.32
Minerals used to stonework inclusive of fissile slates m3 17.55
Gypsum t 21.84
Graphite t 30.00
Technically utilisable mineral crystals t 15.00
Ceramic and refraktory clays and claystones t 34.74
Kaolin t 30.00
Quartz, quartzite, dolomite, marl, basalt, phonolite, trachyte

if the minerals are suited for technochemical or melting t 4.36
processing.

Feldspar t 13.73
Wollastonite t 5.00
High-purity limestone t 10.55
Other limestones and corrective additives for cement production t 3.25
Bituminous coal t 9.90
Brown coal — opencast mining GJ 1.18
Brown coal — underground mining t 3.88
Crushed stone m?3 2.91
Sand and gavel m3 3.39
Brick clays and related minerals m3 1.40
Other minerals t 50.37
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the mining lease area, which is marked off on the surface. If there is permitted a mining
activity in the mining lease consisting in the opening, the preparation and the mining of the
reserved deposit this annual payment amounts CZK 1,500. The Regional Mining Authority
fully transfers this payment to the municipalities, in whose territories the mining lease is
located, according to the lease proportions in each municipal territory.

An annual royalties on minerals extracted in mining leases are given by the Government
Provision no. 98/2016 Coll. from 16.3.2016, paragraph 33k, article 2 of the Mining Act in
the wording of the Act 89/2016 Coll. amending the Mining Act no. 44/1988 Coll. on mineral
protection and use.

The royalty is calculated as the product of royalty base, given by amount of mineral mined
reported as net mine production in the mining lease, and the royalty tariff defined in Annex to
the Government Provision no. 98/2016 Coll. for the mineral in question.

The Regional Mining Authority transfers the yielded royalties partly to the state budget of
the Czech Republic to be purposefully used in remediation of environmental damage caused
by the mining of reserved and non-reserved deposits, for the provision of discharge of the
state geological service connected to protection and registration of mineral wealth and partly
to the budget of the relevant municipalities. Portions of the state budget and the budget of the
relevant municipalities differ for different minerals and are given by the Mining Act.

1.5. Reserves for mining damages and remediation during the mining of reserved
minerals

During the course of mining, the entrepreneur is required to generate sufficient financial

reserves for mining damages and for reclamation of areas aftfected by the deposit exploitation.

2. Selected statistical data on exploration and mining on the territory
of the Czech Republic

Statistical data/year 2019 2020 2021 2022 2023
registered geological total 6,122 6,137 5,376 5,574 5,158
works 2 economic geological 21 28 17 19 23
protected deposit areas — number 1,154 1,161 1,156 1,157 1,154
mining leases — total number 960 959 952 954 954
number of exploited reserved deposits 497 491 487 487 486
number of exploited non-reserved deposits 170 178 179 179 166
mine production of reserved deposits, mill. t ®) 110 100 103 106 95
mine production of non-reserved deposits, mill. t ®) 13 14 15 15 13
organizations managing reserved deposits 304 305 302 303 297
organizations mining reserved deposits 172 171 153 145 167
organizations mining non-reserved deposits 132 132 105 104 130

Note: Numbers of data in view are given unless otherwise indicated

a) engineering-geological and hydrogeological works prevail

b) conversions: natural gas 1 mill m* = 1 kt, dimension and crushed stones 1,000 m> = 2.7 kt, sand and gravel and
brick clays and related minerals 1,000 m* = 1.8 kt
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3. Significance of mining in the Czech economy

Ratio/year 2019 2020 2021 2022 2023
Annual GDP* growth 3.0 1.4 6.99 2.4 1.1

Share of mining and quarrying in GDP,

- 0.6 0.4 0.5 0.5 0,4
% of current prices

Share of mining and quarrying GVA in GVA

2.1 1.4 1.4 14 1,3
of industrial production**, % of current prices

Source: Czech Statistical Office, own calculations
Notes:
* GDP determined by production approach, volume indices, stable period of previous year = 100
** Industrial production = mining and quarrying + manufacturing + electricity + gas, steam and air conditioning

supply

4. Trends of reserves of minerals
(economic explored disposable reserves)
Totals in mill. t (if not otherwise stated)

Statistical data/year 2019 2020 2021 2022 2023
Metallic ores 2@ 95 95 95 95 95
Energy minerals ®) 2,763 2,735 2,686 2,653 2,088
of which: uranium (U) (kt) 1 1 1 1 1
crude oil 22 22 21 21 21
natural gas®) 6 5 5 5 5
Industrial minerals 2,486 2,503 2,486 2,480 2,462
Construction minerals © 5,153 5,161 5,178 5,272 5,294
Note:

a) in 2018 Au ores (25,642 kt), Li ores (860 kt), Sn-W ores (42,336 kt) and Mn ores (23,372 kt), in 2020 Au ores
(25,642 kt), Li ores (860 kt), Sn-W ores (42,336 kt) and Mn ores (26,495 kt), 2021 Au ores (25,642 kt), Li ores
(860 kt), Sn-W ores (42,336 kt) and Mn ores (26,495 kt), in 2022 Au ores (25,642 kt), Li ores (860 kt), Sn-W ores
(42,336 kt) and Mn ores (26,495 kt)

¢ moldavite bearing rock — conversion into kt: 1,000 m> = 1.8 kt

9 at reserved mineral deposits including dimension stone, conversion into kt — dimension and crushed stones
1,000 m? = 2.7 kt, sand and gravel and brick clays and related minerals 1,000 m? = 1.8 kt

Generating of the financial reserves is approved by the Regional Mining Authority during the
mining permit procedure regarding the opening and extraction of the deposit. Drawing on the
reserves is permitted by the Regional Mining Authority upon agreement with the Ministry of
the Environment and upon notification by the relevant municipality. In the case of (partially)
state-owned enterprises, the Regional Mining Authority decides in agreement with the
Ministry of Industry and Trade.
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5. Summary of exploration licences valid in 2023 and newly
issued in 2023 (listed according to minerals) — prospecting
and exploration works financed by companies

Minerals and underground Num.ber of Num.ber of Num.ber of St.att o.f
. valid EA valid EA new issues | validity in
ERCELISHESIES (min. 1) (min. 2) in 2023 2023
Bituminous coal - - - -
Crude oil and natural gas 11 - 2 2
Sn—-W and Li ores 8 - 1 1
Li ore - 8 1 1
Cu ore - 2 - -
Au ore 1 - - -
Graphite - - - -
Gemstones 2 - - -
Kaolin 11 - 1 1
Clays 4 - 1 1
Bentonite 5 - 1 1
Feldspar and feldspar substitutes 16 - 2 2
Silica raw materials 4 - - -
Corrective additives for cement production - - - -
Dimension stone 1 - - -
Crushed stone 1 - - -
Sand and gravel 10 - 1 1
Underground placement sites, 5 _ a _
underground reservoirs
Total 79 10 9 9

EA — exploration area
Mineral 1 (min. 1) —in case that the raw material is the major one

Mineral 2 (min. 2) — in case that the raw materials is a by—product

6. State-funded geological projects

6.1. Economic geology projects

The Central Geological Authority of the state administration fulfils the duty involving the state
register of reserved deposits — state property (section 29 of the Mining Act). Accordingly, it
issues the register as one of the main sources for

* land use planning

* the raw material policy

* the energy policy

* the environmental policy

* the structural policy

* the employment policy
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The register lists the latest status of the deposits as documented in the reserves estimate. The
reserves estimate is prepared with respect to the conditions of exploitability expressing
* the state of the market, prices, business economy,
* the mining and technical conditions of exploitation,
* the conflicts of interests arising from the deposit exploitation (primarily environmental
protection and other conflicts)
It is altogether entirely unstable factors reflecting political, economic and social change (in
the largest sense).
In the field of deposit geology, the processing of updated data bases of the publication Raw
Material Resources of the Czech Republic — Mineral Resources 2023 was carried out.
Revision of the potential of existing Q-category forecast resources defined for mineral and
ore reserves in the Karlovy Vary Region. Assessment and evaluation of the North Bohemian
brown coal basin in terms of the possibility of its release for further exploitation. Methodology
of implementation of the UNFC system in the conditions of the legislative framework of the
Czech Republic.

Expenditures for state-funded exploration work related to economic geology
(rounded values)

1993 CZK 248.7 mill 2009 CzK 10.1 mill
1994 CZK 249.8 mill 2010 CzK 4.2 mill
1995 CZK 242.3 mill 2011 CzK 4.0 mill
1996 CZK 163.0 mill 2012 CzK 1.0 mill
1997 CZK 113.2 mill 2013 CzK 1.5 mill
1998 CzZK 114.2 mill 2014 CzK 0.7 mill
1999 CZK 110.8 mill 2015 CzK 0.7 mill
2000 CzK 26.3 mill 2016 CzK 1.7 mill
2001 CzK 21.5 mill 2017 CzK 0.9 mill
2002 CzK 17.0 mill 2018 CzK 1.0 mill
2003 CzK 7.0 mill 2019 CzK 1.0 mill
2004 CzK 26.2mill 2020 CzK 0.7 mill
2005 CzK 12.0 mill 2021 CzK 1.1 mill
2006 CzK 1.7 mill 2022 CzK 1.4 mill
2007 CzK 3.0 mill 2023 CzK 2.1 mill

2008 CzK 9.9 mill

6.2. Other geological projects

Mainly geological work of a non-economic geology character was funded by the state.
Individual projects were publicly commissioned in order to implement the following partial
programmes:

 geological informatics

 geological mapping

» geohazards of the environment

* hydrogeology
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The following expenditures were spent on these geological projects since 1998

1998 CzZK 29.6 mill 201 CzZK 22.8 mill
1999 CzK 39.2 mill 2012 CzZK 12.6 mill
2000 CzK 48.5mill 2013 CzK 8.2mill
2001 CzZK 72.8 mill 2014 CzK 7.5 mill
2002 CzZK 61.0 mill 2015 CzK 9.2 mill
2003 CzZK 67.0 mill 2016 CzZK 9.0 mill
2004 CzZK 52.1 mill 2017 CzZK 8.8 mill
2005 CzZK 60.3 mill 2018 CzK 8.7 mill
2006 CZK 55.4 mill 2019 CzZK 8.6 mill
2007 CzZK 58.1 mill 2020 CzZK 8.9mill
2008 CZK 41.0 mill 2021 CzZK 8.5mill
2009 CzZK 42.2 mill 2022 CzZK 6.2mil
2010 CzK 35.0 mill 2023 CzZK 6.8 mill

* engineering geology
» comprehensive geological studies

7. Summary of selected legal regulations on mineral prospecting
and exploration in force as of June 30, 2023

7.1. Acts

Act No. 44/1988 Coll., on mineral protection and use (the Mining Act) — as amended
by the Acts No. 541/1991 Coll., No. 10/1993 Coll., No. 168/1993 Coll., No. 132/2000
Coll., No. 258/2000 Coll., No. 366/2000 Coll., No. 315/2001 Coll., No. 61/2002 Coll.,
No. 320/2002 Coll., No. 150/2003 Coll., 3/2005 Coll., No. 386/2005 Coll., No. 186/2006
Coll., No. 313/2006 Coll., No. 296/2007 Coll., No. 157/2009 Coll., No. 227/2009, Coll.,
No. 281/2009 Coll., No. 85/2012 Coll. , No. 350/2012 Coll., No. 498/2012 Coll., 257/2013
Coll., No. 89/2016 Coll., No. 264/2016 Coll., No. 183/2017 Coll., No. 225/2017 Coll., No.
403/2020 Coll., No. 609/2020 Coll., No. 88/2021 Coll., No. 261/2021 Coll., No. 248/2021
Coll, No. 152/2023 Coll., No. 349/2023 Coll. and No. 465/2023 Coll.

Act No. 61/1988 Coll., on mining operations, explosives and the state mining
administration as amended by the Acts No. 425/1990 Coll., No. 542/1991 Coll., No.
169/1993 Coll., No. 128/1999 Coll., No. 71/2000 Coll., No. 124/2000 Coll., No. 315/2001
Coll., No. 206/2002 Coll., No. 320/2002 Coll., No. 226/2004 Coll., No. 3/2005 Coll., No.
386/2005 Coll., No.186/2006 Coll., No. 313/2006 Coll., No. 342/2006 Coll., No. 296/2007
Coll., No0.376/2007 Coll., No.124/2008 Coll., No.274/2008 Coll., 223/2009 Coll., No.
227/2009 Coll., No. 281/2009 Coll., No. 155/2010 Coll., No 184/2011 Coll. , No. 18/2012
Coll., 64/2014 Coll., No. 250/2014 Coll., No. 206/2015 Sb., No. 204/2015 Sb., No. 320/2015
Coll., No. 91/2016 Coll., No. 243/2016 Coll., No. 451/2016 Coll. and No. 183/2017 Coll.,
91/2018 Coll., No. 403/2020 Coll., No. 609/2020 Coll., No. 261/2021 Coll., No. 284/2021
Coll., No. 225/2022 Coll., No. 152/2023 Coll. No. 179/2023 Coll. and No. 465/2023 Coll.

Act No. 62/1988 Coll., on geological work, as amended by the Acts No. 543/1991 Coll.,
No. 366/2000 Coll., No. 320/2002 Coll., No. 18/2004 Coll., No. 3/2005 Coll., No. 444/2005
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Coll., No. 186/2006 Coll., No.124/2008 Coll., No. 223/2009 Coll., No. 227/2009 Coll.,
No. 281/2009 Coll., No. 85/2012 Coll., 64/2014 Coll., 183/2017 Coll., 225/2017 Coll., No.
261/2021 Coll. and No. 149/2023 Coll.

Act No. 157/2009 Coll., on mining waste treatment and amendment of some acts,
as ammended by the Act No. 168/2013 Coll., No. 183/2017 Coll., No. 225/2017 Coll. and
609/2020 Coll., 284/2021 Coll.

Act No. 85/2012 Coll., on carbon dioxide capture into natural rock textures and on
amendment of some acts, as amended by the Acts No. 383/2012 Coll. and No. 64/2014
Coll., 193/2016 Coll., 183/2017 Coll. And No. 609/2020 Coll. and No. 465/2023 Coll.

Act No. 158/2000 Sb., on prospecting, exploration and exploitation of sea bottom
mineral resources and on safety of crude oil and natural gas operations in sea, as
amended by the Act No. 296/2007 Coll., No. 124/2008 Coll., No. 227/2009 Coll., No.
281/2009 Coll., No. 201/2015 Coll and No. 183/2017 Coll.

7.2. Other legal regulations
7.2.1. Mineral deposits exploitation
Decree of the CBU No. 104/1988 Coll., on efficient use of reserved deposits, on permits
and notification of mining operations and other activities employing mining methods,
as amended by the Decree No. 242/1993 Coll., No. 434/2000 Coll., and No. 299/2005 Coll.

Decree of the CBU No. 415/1991 Coll., on construction, the elaboration of
documentation and the determination of safety pillars, rods and zones for the protection
of underground and surface sites in the wording of the Decree of the CBU No. 340/1992
Coll., and No. 331/2002 Coll.

Decree of the CBU No. 172/1992 Coll., on mining leases in the wording of the Decree
No. 351/2000 Coll.

Decree of the CBU No. 175/1992 Coll., on the conditions of non-reserved mineral
deposit exploitation in the wording of the Decree No. 298/2005 Coll.

Decree of the MZP CR No. 363/1992 Coll., on the survey and registry of old mine
workings in the wording of the Decree of the MZP No. 368/2004 Coll.

Decree of the MZP CR No. 364/1992 Coll., on protected deposit areas

Decree of the CBU No. 435/1992 Coll., on mine surveying documentation during
mining and during some operations employing mining methods in the wording of the
Decree of the CBU No. 158/1997 Coll., the Decree No. 298/2005 Coll. and the Decree No.
382/2012 Coll.

Government Provision No. 98/2016 Coll., on the royalty tariffs (of mined out minerals)

Decree of the MPO No. 29/2017 Coll., on mining technical records as amended by the
Decree of the MPO No. 287/2021 Coll.

7.2.2. Geological work
Decree of the MZP No. 282/2001 Coll., on the registration of geological work, in the
wording of the Decree of the MZP No. 368/2004 Coll.

Decree of the MZP No. 368/2004 Coll., on geological documentation

Decree of the MZP No. 369/2004 Coll., on the planning, execution and evaluation
of geological work, on announcing geohazards, and on the procedure for estimating
reserves of reserved deposits as amended by the Decree of the MZP No. 18/2009 Coll.
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7.2.3. Regulations on licensing of mining operations and verification of qualification
Decree of the CBU No. 298/2005 Coll., on the requirements for professional qualification
and competence in mining or operations employing mining methods, and on some legal
regulation changes, in the wording of the Decree No. 240/2006 Coll. and the Decree No.
378/2012 Coll. and Decree No 549/2020 Coll.

Decree of the CBU No. 15/1995 Coll., on the licensing of mining operations and
operations employing mining methods as well as on the development of sites and
installations, which constitute these operations, in the wording of the Decree No. 298/2005
Coll. and the Decree No. 380/2012 Coll.

Decree of the MZP CR No. 206/2001 Coll., on the certificate of qualification for
planning, executing and evaluating geological work
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ECONOMY AND MINERALS

Foreign direct investment in mining in the Czech economy

Foreign direct investment (FDI) is an investment of money or money assessable assets and
rights made by a company or individual in one country in business interests (e.g. agreement
on profit distribution, excercise of effective influence on a company business, minimum stake
10% in a company equity, in a company voting rights) in another country in order to gain
share in the business.

FDI = equity (investment of foreign investor into a company equity also equity of branches,
daughter and associate companies)
+ reinvested profit (= retained profit of past periods + post-tax profit — dividends)
+ other capital (given and taken credits and debt securities among direct investors and
their branches, daughters and associate companies)

Compiled on the basis of the texts:

Foreign Direct Investment — FDI.-()INVESTOPEDIA, www.investopedia.com/terms/fdi.asp

Bolotov 1. (2015): Diskuse na téma primé zahranicni investice a a) jejich obecné dopady
na Ceskou ekonomiku b) jejich dopady na strukturu zapojeni Ceské republiky do mezind-
rodniho obchodu. 2M0301 ,, Mezinarodni obchod “, cviceni ¢. 9. — Katedra mezindrodniho
obchodu, Fakulta mezindrodnich vztahii, VSE, Praha.

Following tables are based on CNB data and own calculations.
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Foreign direct investment in the Czech Republic — state on the date December 31
of the given year (ths CZK unless otherwise stated)

In mining and In In Total in
prc_:ces§ing of extraction_ In other supp_or_ting tha_l in mi_n!r!g
FDI total bituminous | of crude oil mining | . actllw_ty mining actletles
and brown | and natural in mining | activities as %
coal gas total of FDI total

Equity 1,569,048,217 11,071,231 1,636,785 | 3,173,462 81,980 | 15,963,458 1.02

© | Reinvested profit | 1,310,028,377| 10,037,497 | 3,706,865 4,246,086 1460430 624,116 -0.05

S Other capital 245,154,046 1,711,341 -1,594| 450,777 -80,547 | 2,079,977 0.85

Total 3,124,230,640 2,745,075 5,342,056 | 7,870,325| 1,461,863 | 17,419,319 0.56

Equity 1,658,868,518 11,065,886 | 2,000,260 | 3,166,623 49,746 | 16,282,515 0.98

r~ | Reinvested profit | 1,412,506,549 -13219,180| 5,203,427 | 3,558,423 355,695 | -4,101,635| -0.29

S Other capital 249,895,999 1,617,600 -73,241| 608,660 -6,314| 2,146,705 0.86

Total 3,321,271,066 -535,694 | 7,130,446 | 7,333,706 399,127 | 14,327,585 0.43

Equity 1,777,308,973 11,067,039 | 1,967,942 | 3,120,295 19,746 | 16,175,022 0.91

o | Reinvested profit | 1,538,676,507| 11,878,808 5,350,665 3,653,677 311,780 | -2,562,686| -0.17

S Other capital 373,483,090 -16,960 2,378 721,514 -3,761 703,171 0.19

Total 3,689,468,570 -828,729| 7,320,985 7,495,486 327,765 | 14,315,507 0.39

Equity 1,895,463,899 11,079,777 | 1,734,419 | 3,053,555 19,746 115,021 0.01

o | Reinvested profit | 1,574,898.431  -12,661,050| 5,122,983 3,821,021 313,014 309,410 0.02

S Other capital 405,378,216 -16,960 -748| 675,286 -3,761 2,821 0.00

Total 3,875,740,546 -1,598,233 | 6,856,654 | 7,549,862 328,999 427,252 0.01

Equity 1,855,120,519 11,079,777 | 2,358,330 | 3,053,555 19,746 | 16,511,408 0.89

S Reinvested profit | 1,700,690,103 | -12,531,560 | 5,316,271 | 3,791,958 312,275| -3,111,056| -0.18
S

™| Other capital 465,981,592 -16,960 -5,067| 675,286 -3,761 649,498 0.14

Total 4,021,792,214 -1,468,743 | 7,669,534 | 7,520,799 328,260 | 14,049,850 0.35

Equity 2,339,446,353 11,127,365 | 2,398,620 | 3,907,182 27,830 | 17,460,997 0,75

S Reinvested profit | 1,608,799,545| -11,867,331| 5,071,659 | 4,492,336 284,555 -2,018,781| -0,13
S

| Other capital 454,837,437 0 498 | -298,263 0| -297,765| -0,07

Total 4,403,083,335 -740,016| 7,470,777 | 8,101,255 312,385| 15,144,401 0,34

Equity 4,534,792,931 11,834,054 | 2,432,662 | 4,389,529 76,696 | 18,732,941 0.4

N Reinvested profit | 1894 841440 | -21,190,459 | 6,098,381 | 5,018,093 291,307 | -9,782,678 -0.5
S

| Other capital 486,569,226 0 -113| 536,983 0 536,870 0.11

Total 6,916,203,597 -9,56,405| 8,530,930 | 9,944,605 368,003 | 9,487,133 1.37

Equity 2,319,612,963 -2,778,088 | 4,855,391 | 3,308,898 26,338 | 5,415,139 0.23

%, | Reinvested profit | 2,011,498,869| -10,584,612| 9,116,433 | 4 790,143 452,530 | 4,961,533 0.27

§ Other capital 550,091,273 0| —2,924,154 | -429,373 12,628 | -3,340,899| -0.61

Total 4,881,203,105 | -13,362,700 | 11,047,670 | 7,669,668 491,496 | 5,849,438 0.12

* preliminary data
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Foreign direct investment of the Czech Republic origin abroad — state on the date
December 31 of the given year (ths CZK unless otherwise stated)

In mining and In In Total in
prgces§ing of extractior! In other supp_or_ting To_ta_l in mi_nin_g
FDI total bituminous | of crude oil mining : actl_w_ty mining actl\ontles
and brown | and natural in mining | activities as % of
coal gas total FDI total
Equity - 0 0 182,961 0 182,961 0.06
© Reinvested profit | 202,345,248 0 199,935 0 199,935 0.10
S Other capital -17,541,072 0 0 -553 0 -553 0.003
Total 498,070,982 0 0 382,343 0 382,343 0.08
Equity 345,296,757 0 0 191,655 0 191,655 0.06
~ Reinvested profit | 334,332,372 0 0 121,519 0 121,519 0.04
] Other capital 9,433,924 0 0 0 0 0 0.00
Total 689,063,053 0 0 313,174 0 313,174 0.05
Equity 476,945,220 0 0 404,039 0 191,655 0.04
o | Reinvested profit | 383,617,076 0 0 322,281 0 112,480 0.03
< Other capital 60,618,976 0 0 0 0 0 0.00
Total 921,181,272 0 0 726,320 0 726,320 0.08
Equity 507,292,707 0 249,795* 0 0 249,795 0.05
o | Reinvested profit | 472,888,590 0 154,112* 0 0 154,112 0.03
< Other capital 40,808,577 0 104* 0 0 104 0.0003
Total 1,020,989,874 0 404,011* 0 0 404,011 0.07
Equity 516,239,684 0 249,795* 0 0 249,795 0.05
S Reinvested profit | 546,529,185 0 140,511* 0 0 154,112 0.03
S
N | Other capital 31,156,826 0 104* 0 0 104 0.00
Total 1,093,925,695 0 390,410* 0 0 404,011 0.04
Equity 605,483,460 0 0 0 0 0 0,00
S Reinvested profit | 441,734,753 0 0 0 0 0,00
S
| Other capital 129,494,133 0 0 0 0 0 0,00
Total 1,176,712,345 0 0 0 0 0 0,00
Equity 568,764,616 0 0 359,217 616,859 976,076 0.17
N Reinvested profit | 578,575,190 0 0 487,681 -25,664 462,017 0.08
S
™| Other capital 124,223,561 0 0 -87,779 0 -87,779 -0.07
Total 1,176,712,345 0 0 759,119 591,195 | 1,350,314 0.12
Equity 618,865,057 746 52,479 234,249 184,585 608,657 0.10
%, | Reinvested profit | 799,862,190 -1,228 1,525,532 | 545512 -53,832 | 2,937,518 0.37
§ Other capital 118,780,526 9,713 133 4,378 360,744 374,968 0.32
Total 1,537,507,773 9,232 1,578,145 | 784,139 491,497 | 3,921,142 0.26

* preliminary data

** FDI in extraction of crude oil and natural gas and in supporting activity in mining total
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Aggregate deposits in the Czech Republic

Josef Godany

Crushed stone

Crushed stone is along with sand and gravel generally referred as the aggregate. Sufficient
available resources of construction raw materials, in particular CS (crushed stone, i.e. crushed
aggregates) are needed to develop transport infrastructure, including modern railway corridors
and a motorway network, etc. For projects to be ecologically and economically viable it is
desirable that the necessary raw materials of suitable quality are as close as possible to the
sites of transport structures. The environmentally viable use of local deposits is beneficial to
environmental protection as it minimizes the transport of raw materials over long distances.
In connection with the gradual use and extraction of existing CS deposits — i.e. for deposits
already worked by mining activities (MA) as part of the developing, preparing and mining
plan (DPMP) and in the zoning decision according to the activities carried out by mining
method (ACMM) — usually a procedure of several years can be considered from preparing the
project to mining. Although further expansion or continuation of mining is approached with
a reasonable time perspective, until now the Czech Geological Survey (CGS) records projects
that have long been solved/prepared for 7 to 11 years with an unclear result. In no case is it
immediately possible to use other new resources or continue mining on existing deposits only
after the existing deposits are exhausted. For about 30 years, no new stone quarry has been
opened in the Czech Republic. Without further extending the existing mining activities or
providing the authorization for opening a new aggregate deposit it is not possible to ensure
sufficient production of the assortment of adequate quality covering the demand and the need
for CS in individual regions, especially near already completed or planned line structures of
state or regional importance.

Of the total 326 registered exclusive deposits of CS only 179 were active in 2023 in the
Czech Republic, i.e. with mining authorization, and 49 of the total 219 non-reserved mineral
deposits had mining authorization. In total there are 228 active stone quarries in the Czech
Republic (but only 210 active and reporting production) and their total annual production
of CS was 16.7 million m? in 2022. The Czech Republic has seemingly large amounts of
geological reserves of CS but the volumes of reserves that can be mined are significantly
lower (they amount to just over 29% of the total geological reserves) and the reserves
with permitted mining are even lower (they amount to less than 29%). The production and
consumption of CS has been growing significantly over the last ten years (in 2012 — 12.1
millions m3, in 2023 — 15.4 millons m?). The price of construction aggregates are thus rising
significantly (on average by CZK 50-150 per ton over the last year). Moreover production
fractions of 0/4, 2/4, 2/5 and 4/8 mm are insufficient for the small crushed aggregate (SCA)
and production fractions 8/11, 11/16, 16/22, 8/16, 16/32 and 32/63 mm are insufficient
for the coarse crushed aggregate (CCA), in particular adequate crushed-run rock for
railway beds complying with BO class. In the medium and long term, the construction and
construction material industries have sufficient reserves of production capacity, but the real
availability of stocks of input raw materials that are being reduced at a high pace can pose
a problem.
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Unlike stone quarries, where no new deposits were opened, new sand pits were launched.
Most of these deposits have been exploited for a long time, and it is logical that the stocks
of raw materials are gradually being mined out. These deposits were mainly developed
within defined mining claims (MC) according to the possibilities of gradual expansion and
deepening to the extent of the applicable decision until the maximum economical exhaustion
of all stocks. Since about 1993 along with mining in reserved deposits of construction raw
materials the importance of mining in non-reserved mineral deposits has been gradually
increasing as part of planning permits that currently produce high amounts of prime concrete
sands and ballast annually and are starting to have a significant share in the total production
of construction raw materials in the Czech Republic. Unfortunately, these resources are
being gradually exhausted, and new resources for planned use are encountering major issues.
Overall, according to the latest statement of the Road And Motorway Directorate of the Czech
Republic (RSD) there is clearly a lack of high-quality CCA for asphalt mixtures, a lack of
suitable fraction 0/4, 2/4, 4/8 and 8/16 mm for concrete, a combination of many different
aggregates in asphalt mix is critical, the necessary amounts of high-quality aggregate for
asphalt mixing plants and concrete mixing plants are not secured. The number of complaints
and the price of work is also increasing in proportion to the decrease in high-quality natural
aggregates.

The 32/63 mm grain fraction BI class railway ballast aggregate has very specific
requirements and not every quarry can produce it. Some quarries have a certificate for the
0/32mm fraction, but do not have a certificate for the BI class 32/63 mm fraction. This is
caused mainly because the crushed 32/63 mm fraction class BI aggregate must meet the
very strict criterion in the impact crushability and crushing resistance test. Moreover, not
the entire deposit but only some parts of it meet these strict criteria. Therefore, each issued
certificate always states precisely specified deposit parts which meet the requirements to
guarantee the maximum possible quality of the aggregate. These very strict quality conditions
are laid down by the relevant regulation — the new General Technical Conditions (GTC),
“Aggregates for railway ballast” which replace the GTC ref. no. 59110/2004-O13 in the
wording of Amendment No. 1, ref. No. 23155/06-OP effective as of August 1st, 2006 — and
these are intended to ensure the long life span of the aggregate in railway constructions. If
these parameters were not observed the aggregate is at risk of degenerating and the safety of
the operated tracks is compromised.

Another aggregate class that will be used in the near future for railway structures is the
BOclass 32/63 mm fraction. It is the aggregate used in high-speed tracks. In the Czech
Republic high-speed construction railway projects with a design speed of 350 km/h are
already being prepared. The BO class 32/63 mm aggregate fraction will needed for all lines
from 200 km/h to 350 km/h. The currently proposed criteria have not been approved yet, it
is a draft. Also the number of quarries that meet the new requirements for class B0 is not
even known. Anyway the requirements for this aggregate will be enormous since only new
crushed aggregate is acceptable for safe operation at high speeds. Only 8 quarries with an
annual production capacity of 110 thousand tons of high-quality BI class raw material (in the
best case B0) meet the current strict criteria for the use of high-quality crushed aggregates
when constructing railway corridors which will be part of the European railway network in
the Czech Republic In this context, it should also be noted that this fact represents the current
state of affairs given the mining progress and readiness of quarries to extract these reserves
of stone. Not always when developing individual mining sites does the raw material outside
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the already excluded technologically unsuitable parts show the constant physical-mechanical
parameters across the entire mining profile and the extraction course. In this respect the supply
of aggregates for this sector can also be very problematic.

Other factors that will directly affect the actual implementation and delivery of these
railway construction materials can particularly include an excessive transport load at the sites
intended for supplying current and future construction projects concentrated from a small
number of mining sites (sometimes even a single one) for even relatively long distances
with significant loss of these natural resources. Furthermore the availability of loading sites
for ballast gravel and adequate facilities, i.e. branch lines, shuttle transport to railheads,
intermediate loading, bulk storage in one place, complicated operation on secondary lines
due to the disconnection of complete trains, the requirements of railway construction for
large amounts of materials over a short period of time (line closures, expensive handling
and working machines for operations in structural layers of the track bed), the requirements
for aggregates from one supplier for the entire section (variety of aggregates, i.e. basalts,
greywackes, granites, etc.) and last but not least the production technology equipment
allowing the production of the 32/63 mm fraction aggregates for track superstructure, and
the 0/32 mm fraction for the track substructure in the required time. The accessibility of the
production process breakdown using at least the required two-stage crushing is about 40%
of the 32/63 mm fraction and 60% of the 0/32mm fraction. On average one standard meter
of a single-track railway body requires 4 tons of aggregate for the track superstructure and
4 tons for the track substructure.

Each quarry has a different petrographic character, quality and also technological-processing
facilities, extraction conditions, geological and structural conditions as well as territorial
environmental conditions. Not every quarry produces the same quality of raw material with
the identical petrographic type, therefore their production is different and their use on the
market as well. Each quarry has specific petrographic characteristics and the quality and
technological properties of the raw material and, with respect to the technological possibilities
of processing the given raw material, the resulting possible production applicable on the
market. The physical-mechanical properties of rocks greatly affect the demand factor of
grinding processes when treating mineral resources. The most important physical-mechanical
properties include the crushability and abrasiveness of the material being processed. The Wi
work index and Ai abrasion index are very important criteria in deciding and choosing the
method of crushing. Inappropriate technology can significantly affect the overall processing
costs, in particular energy costs and the cost of exchanging machinery action elements. The
characteristics of aggregates are specified in the relevant CSN EN standards. They involve
a group of characteristics which are inherent to a rock and whose changes are beyond the real
possibilities of aggregate suppliers both financially and technically. In particular they include
sulphur content, frost resistance, durability, rate of absorption, strength, polished stone value,
Micro-Deval abrasiveness, impact crushability, soft grains, foreign particles of mineralogical
nature and partly also crushing resistance.

Not every petrochemical type of rock from crushed and extracted aggregate can be used
for example in high-strength and construction concretes or in coated asphalt mixtures, etc.
For example crushed limestone is therefore particularly suitable for the underlying films.
Crushed stone from sedimentary limestone is not used in construction concrete in the Czech
Republic. Crushed limestone is absolutely not allowed to be used as an aggregate for railway
ballast, and in particular for structural concrete because of the potential content of unwanted
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Number and service life of mined and mined out crushed stone deposits in the regions
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rocks and minerals (hornstone and SiO,), which are susceptible to ASR (alkali-silica reaction).
Aggregates, especially those used in concrete, are monitored for their resistance to ASR.

The aggregates used in asphalt technologies are monitored for the adhesion of the bonding
agent (asphalt) to the aggregate to determine if additives need to be added to the mixture.
Basic rocks are considered to be the most appropriate types. The adhesion of asphalt to
the aggregate decreases with decreasing alkalinity in approximately the following order:
limestone — dolomites — basalts — gabbro— greywackes — phonolites — diorites —
granites — ryolites — porphyries, and porphyrites.

Currently resources of construction raw material deposits licensed for extraction are getting
smaller and smaller. A large part of the reserved deposits of non-reserved raw materials are
approaching their completion. While the share of recycled products is increasing these are
not suitable for standard applications in the linear infrastructure. The required technological
characteristics cannot be achieved with these recycled products. Recycled products can
be effectively used as an auxiliary material for multiple constructions, but not as the main
material. Increasing the share of recycled materials at construction sites is an important
aspect due to the growing focus on the circular economy. However, the amounts of recyclates
produced from construction and demolition waste are not sufficient. The gradual substitution
of primary mineral raw materials by recyclates has certain limits because many applications in
the construction sector require high-quality aggregate from primary sources (e.g. high-strength
concrete, railway ballast superstructure, etc.). Following recycling the aggregate must meet
the technical requirements for gradation, small particle content, fine particle content, grain
shape, edge rounding, the content of foreign particles as well as the tests for strength, rate
of absorption, resistance to freezing, the proportion of shale grains, the breakdown of basalt.
This is because of the precondition of maintaining the original mechanical-physical properties
which should be constant. Overall, the technological characteristics of recycled materials
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in some aspects also cannot meet the requirements for natural materials (e.g. compressive
strength, crushing resistance, rate of absorption, resistance to freezing, etc.) and thus their
use is significantly reduced. Technological treatment and hygienic analysis of construction
and demolition waste (C&D) is extremely demanding and significantly increase the cost of
recycled materials and, as a result, its use on the market is more limited compared to primary
sources. Another problem with recycling from C&D waste and railway ballast aggregates is
that they are more energy demanding than extracting and treating CS, in particular because
of high water consumption. Especially at this time when water consumption is growing but
its resources are declining rapidly because of the climate change. For recycled C&D waste
material it is essential to check the leachability, to carry out sampling by an independent
entity, and to introduce a mandatory sampling frequency. Moreover, the aggregate obtained
from railway ballast can only be recycled long-term if the actual gradation and the shape
index, crushing resistance, abrasion resistance and strength characteristics comply with the
strict quality and technological requirements and properties of class BO and BI, or BII. More
often however is the process of crushing aggregates to a smaller fraction that can be used as
a track substructure’s structural layer, as an underlying layer of road structures, or as a gravel
pack for sealing landfills or for ground reclamation. In practice, the original “gravel” from the
ballast bed of refurbished railway lines has been used for many years, at best only from about
60—70% and exclusively on the track substructure of the 0/32 mm fraction layer on completely
new construction projects. However the 32/63mm fraction recyclate from the railway ballast
superstructure is not applied retrospectively, this application requires a 100% fresh primary
raw material from the quarry, just like about 30% of the whole new 0/32mm fraction for the
railway ballast substructure. The rest of the 32/63mm and 0/32mm pre-crushed fractions are
used for CCA in road construction or concrete, and — in particular — the waste.

Sand and gravel

In connection with the gradual use and extraction of existing sand gavel deposits — i.e. for
deposits already worked by mining activities (MA) as part of the development, preparation and
mining plan (DPMP) and in the panning permit according to the activities carried out by the
mining method (ACMM) — a procedure of several years from the project preparation to mining
must be considered. Although further expansion or continuation of mining is approached with
a reasonable time perspective, until now CGS records sand and gravel extraction projects that
have long been solved/prepared for 5 to 10 years with a very unclear result. In any case it is
not immediately possible to use other new resources or continue mining on existing deposits
until the existing deposits have been completed. Without further extending the existing mining
activities or providing the authorization to open a new sand and gravel deposit sufficient
production of the assortment of adequate quality covering the demand and the need for sand
and gravel in individual regions cannot be guaranteed, especially near already implemented
or planned line structures of state or regional importance.

Of the total 204 registered exclusive deposits of sand and gravel only 75 were active in
2023 in the Czech Republic, i.e. with mining authorization (but only 65 of them were active
and reported production), and 102 of the total 324 non-reserved mineral deposits had mining
authorization (but only 95 were active and reported production). In total there are 177 active
stone sandpits in the Czech Republic (but only 160 active and reporting production) and their
total annual production of sand and gravel was 10.3 million m3 in 2023. In recent years the
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annual amounts of sand and gravel extraction in the Czech Republic have been very stable —
around 6.5 million m? (reserved deposits) + about 5 million m? (non-reserved deposits).
Total aggregate consumption including sand and gravel only in concrete is about 6 million
m3/year in the Czech Republic. Sandpits containing deposits of non-reserved mineral make
up the largest share with low resource life. Sand and gravel is the only construction material
where non-reserved extraction is not just a supplementary activity but has recently accounted
for around 45% (in 2023 43%) of total production. The Czech Republic has seemingly large
amounts of geological reserves of sand and gravel but the amount of reserves that can be
mined in deposits of non-reserved mineral are significantly lower (555 millions m? — just
over 26% of the total geological reserves) and the reserves with permitted mining according
to DPMP are even lower (133 millions m? — slightly more than 6%). This situation is very
worrying with regard to ensuring a continuous supply of sand and gravel.

The production and consumption of sand and gravel has been growing significantly over
the last 8 years. Prices of extracted construction aggregate prices are also rising significantly
(by 15% to 25% per 1 ton on average over the last year). In the medium and long term, the
construction and the construction material industries have sufficient reserves of production
capacity, but the real availability of stocks of input raw materials that is being reduced at
a high rate can pose a problem.

The requirements for the quality and amount of the produced construction materials are
getting significantly stricter, and in most regions of the Czech Republic there is a significant
shortage of the 4/8, 8/16, 16/32mm crude fraction. Most of the currently operated deposits
produce a predominant 0/4 mm sand fraction at the expense of the coarse fraction. Some
regions are heavily deficient in the natural resources of the extracted aggregate, e.g. in the
Vysocina Region sand and gravel must be transported from the remote South Bohemian and
South Moravian regions. A large part of the Karlovy Vary Region, the Pilsen Region, the
Moravian-Silesian Region, the Usti nad Labem Region (with its only source in the district
of Litomé&fice and partly Louny), the Zlin Region and the whole southern part of the Central
Bohemia Region is starting to have a deficiency of sand and gravel (this even faster deploys
the available reserves from the districts of Mélnik, Nymburk, Kolin, Praha-vychod and Mlada
Boleslav). Insufficient sand and gravel crude 4-8-16-32 mm fractions are becoming a problem
throughout the country, as the sand fraction predominates over the gravel in most sandpits.

Since about 1993, along with the extraction in reserved deposits of construction minerals
the importance of extraction in non-reserved deposits carried out on the basis of relevant
planning permission has gradually increased. Non-reserved deposits currently produce high
annual amounts of high-quality concrete sand and sand and gravel and are starting to have
a significant share in the total production of construction minerals in the Czech Republic.
Unfortunately, these resources are being gradually exhausted, and new resources for planned
use are encountering major issues.

According to the applicable legislation a new reserved deposit of non-reserved mineral
can no longer be determined although in many cases these are more important deposits in
terms of use and economy than in many reserved deposits. In addition to reserved deposits
non-reserved deposits have been playing an economically more important role recently. These
perspective deposits, especially of construction minerals, are very difficult to implement in
the territorial planning documentation (e.g. in the land development principles) especially
when they are unused/ reserved. In the future, it can be assumed that this contradiction will
increase due to completing almost depleted reserved deposits and shortages in raw material on
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Number and service life of mined and mined out sand and gravel deposits in the regions
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the market, as well as progress in the technology of mining and processing mineral resources.
After 20 December 1991, i.e. when Act No. 541/1991 Coll., amending and supplementing
Act No. 44/1988 Coll., on the Protection and Utilization of Mineral resources (Mining
Act) came into force and stipulated that newly defined deposits of non-reserved minerals —
building minerals (sand and gravel, crushed stone, stone for rough stone-cutting production,
raw minerals for bricks) cannot become reserved deposits and therefore are a part of the land
(section 7 of the mining act), the state authorities have withdrawn from any investment in the
search for non-reserved minerals.

A major problem in the use of non-reserved mineral deposits includes disproportionate
to significantly disadvantaged conditions of payments for the removal of land from the
Agricultural Land Fund (ALF) — especially deposits of construction minerals (sand and
gravel, etc.) compared to identical activities involving the use of reserved deposits of
a non-reserved mineral in the same geological, deposit and environmental conditions. The
inadequacy consists mainly in disproportionately higher one-off payments taking into account
the environmental weight of effects of various environmental factors (in some cases 10 to
15 times higher). Sandpits from the deposits of non-reserved minerals where extraction is
not only a supplementary activity but contribute to the total production by roughly 45-47%
of all used sand and gravel deposits in the Czech Republic have the largest share of low life
resources. The amount of these payments is currently devastating the vast majority of non-
reserved sand and gravel deposits. These are the deposits with extraction from water where
neither technology nor the legislation allows their reclamation to arable soil.

While the share of recycled products is increasing these are not suitable for standard
applications in the linear infrastructure. The required technological characteristics cannot be
achieved with these recycled products. Recycled aggregates are typically far worse in quality
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and their use in the upper and most heavily loaded layers of roads is technologically highly
restricted or even excluded. Recycled products can be effectively used as an auxiliary material
for multiple constructions, but not as the main material. Increasing the share of recycled
materials at construction sites is an important aspect due to the growing focus on the circular
economy. However, the amounts of recyclates produced from construction and demolition
waste are not sufficient. According to the Association for the Development of Recycling
building materials in the Czech Republic the use of recyclates in the construction industry is
increasing, but its pace is relatively slow. It follows from the data of the Association that, for
example, between 2007 and 2011 the ratio of recyclate production to the production of crushed
stone and sand and gravel was around 4%. In 2018-2022 this was already 18%, an increase of
three and a half times. The gradual substitution of primary mineral raw materials by recyclates
has certain limits because many applications in the construction sector require high-quality
extracted and crushed aggregate from primary sources (e.g. high-strength concrete, railway
ballast superstructure, etc.). Following the recycling the aggregate must meet the technical
requirements for gradation, small particle content, fine particle content, grain shape, edge
rounding, the content of foreign particles as well as the tests for strength, rate of absorption,
resistance to freezing, the proportion of shale grains. This is because of the precondition of
maintaining the original mechanical-physical properties which should be constant. Due to
reuse recycled aggregates lose the required quality parameters. Therefore many construction
projects do not even permit the use of recyclates and consistently require the use of primary
raw minerals.

Conclusion

Overall, most of the current resources of sand and gravel and crushed aggregate were opened
before 1989, in the best case some sand and gravel deposits in the nineties of the last century.
Most large gravel resources have a real life span of 7, max. 15 years. This implies that if the
process of “recovery” of some substantial deposit of the extracted aggregate is now started,
it can be assumed that the actual extraction commences at the earliest in 2027-2035, when
many existing deposits will be inactive. Without certain substantial changes in the settings
of all steps — including the legislation — that would allow the use of deposits of the extracted
aggregate, this “critical” situation will undoubtedly occur. The industrial acquisition of mineral
deposits is usually very costly and is associated with a high risk expressed by differences
between evaluated assumptions and financial or other economic results and the consequences
of their use. The results of the economic and financial evaluation must provide potential
investors with evidence of the economic viability of the project, the expected profit level of
investment projects that are offered. Unfortunately, the current setting of approval processes
in the framework of the valid legislation of the Czech Republic does not allow potential
investors to find the necessary degree of certainty and success for the economic return of
significant funds put in investment projects over the long term, i.e. geological surveys,
opening and exploiting new deposits of natural mineral resources for construction and other
purposes. The administrative procedure for obtaining authorization for opening, preparing
and exploiting mineral deposits is very complex and lengthy, and replacing the capacities
of already depleted or almost depleted mineral deposits with new ones is not taking place at
an adequate pace. Therefore, in some localities of the Czech Republic an imbalance arises
between the demand and supply of mainly the raw minerals needed for construction sector.
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The factors affecting this situation include, among other things, often hard to solve conflicts
of interest between landowners and mining companies, meeting very strict conservation and
environmental protection requirements and other partial environmental elements (in particular,
protecting the agricultural land resources and groundwater resources), the emergence of
generally negative public experience with mineral extraction. Media campaigns, which often
publish any inadmissibility of mining under any conditions at a particular location during
administrative proceedings without the possibility of confronting and applying compromise
solutions, are also contributing to this undesirable situation.

It must be realized that the largest part of the high-quality sand and gravel and sand in the
Czech Republic comes from the extraction from water and the deposits of sand and gravel
in Olomouc, Zlin, South Bohemia regions are mostly situated in protected areas of natural
water accumulation (CHOPAV). Under the same conditions, i.e. in the CHOPAV and in the
water resources protection zone (OPVZ) classes I and II, a number of projects for extracting
sand and gravel deposits were or are permitted, without significant conflict and threats to the
quality and yield of groundwater.

In the medium and long term, the construction and the construction material industries have
sufficient reserves of production capacity, but the real availability of reserves that is being
reduced at a high pace can pose a problem. Currently resources at construction raw mineral
deposits licensed for extraction are getting smaller and smaller. Although there is a large
number of resources and amounts of geological reserves of crushed stone and sand and gravel
recorded in the Czech Republic, the real reserves in MC and in planning permissions usable
for business are very low. In the near future possible gradual outages of available resources
of construction minerals can be expected and the end of the operating life of a large part of
existing stone quarries and sandpits at the same time. This worrying situation will result in
the available reserves in the Czech Republic being depleted in a short horizon (i.e. under
10 years) resulting in the risk of not meeting the economic needs of the state.

In connection with the gradual use and depletion of existing sand and gravel deposits
a procedure lasting several years can normally be assumed — from preparing the project
to mining. Although further expansion or continuation of new mining is approached with
a reasonable time perspective, until now there are registered projects that have long been
solved/prepared for 7 to 9 years with an unclear result. In any case, it is not immediately
possible to use other new resources or continue mining on existing deposits until the existing
deposits have been completed. Without the authorization to open a new sand and gravel
deposit sufficient production of the assortment of adequate quality covering the demand
and the need for the extracted aggregate in individual regions or the entire CR cannot be
guaranteed, especially near already implemented or planned line structures of state or regional
importance.
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EU and other global players efforts to reduce their raw
material dependence

Associate Professor Sarka Cabadova Waisovd, Ph.D., Department of Politics and
International Relations, Faculty of Arts, University of West Bohemia
Pavel Kavina, Ph.D., Czech Geological Survey

Many countries in the world perceive securing sufficient mineral inputs for their economies
as an absolutely crucial task with a direct impact on national security. Japan probably has the
most sophisticated system that works well. As a country with limited natural resources, Japan
has for many decades recognized the importance of securing a stable supply of critical minerals
necessary for its high-tech industries, including electric vehicles, advanced electronics and
renewable energy technologies. Japan’s approach to ensuring a steady flow of these materials
is multifaceted and includes international partnerships, investment in alternative technologies,
and promotion of the use of scarce domestic resources. Japan currently uses the state agency
Japan Organization for Metals and Energy Security (JOGMEC) in combination with the
extensive activities of the Japan International Cooperation Agency (JICA) to ensure its raw
material security. JOGMEC has offices in 12 countries around the world.

South Korea, where the Korea Resources Corporation (KORES) plays a key role, places
a similarly high priority to Japan in ensuring a secure supply of abundant mineral resources.
KORES is wholly owned by the Korean government and has a strong mandate to develop
South Korea’s access to strategically important mineral resources, both domestically and
internationally. KORES fulfils the resource policy objectives of the Korean government in
the field of mineral resources by participating directly or indirectly through joint ventures or
minority investments in the exploration, development and production of strategically important
mineral resources abroad and managing strategic mineral commodity reserves. At the end of
2023, the Government of Korea published a list of 33 critical mineral commodities, including
ten “supercritical” mineral commodities (lithium, nickel, cobalt, manganese, graphite and five
REEs: neodymium, dysprosium, terbium, cerium, lanthanum).

Over the last 15 years, China has been extremely active and very assertive in securing
sufficient raw material resources abroad, both in Africa, Latin America and Asia. Among many
other activities in this area, and in addition to its active raw materials diplomacy around the
world, China hosts the Forum on China-Africa Cooperation every three years, which focuses
primarily on mineral and energy cooperation.

Issues related to the security of supply of critical minerals have received attention in the US
for about 15 years. Wider awareness of the importance of critical minerals began to spread
in 2008 with the publication of the report Minerals, Critical Minerals, and the U.S. Economy
(National Research Council, 2008). International news media subsequently highlighted the
vulnerability of the rare earth element (REE) supply chain when China threatened to cut off
supplies to Japan over a territorial dispute in the East China Sea (New York Times, 2010). This
event set off a chain of responses by the US government and other market economies to address
these concerns. Important steps in the United States included the development of a critical
minerals screening methodology led by the US Geological Survey (USGS). The critical
minerals screening methodology provided the framework for the development of the first U.S.
critical minerals list (Fortier et al. 2018; Federal Register, 2018), as mandated by Executive
Order (EO) 13817 (Federal Register, 2017). It was also one of the bases for the development
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of the Federal Strategy for Ensuring a Safe and Secure Supply of Critical Minerals, which was
mandated by the same order (Federal Strategy, 2019). In 2022, a list of the 50 U.S. critical
minerals was published, which includes the following commodities: aluminum, antimony,
arsenic, baryte, beryllium, bismuth, cerium, cesium, chromium, cobalt, dysprosium, erbium,
europium, fluorspar, gadolinium, gallium, germanium, graphite, hafnium, holmium, indium,
iridium, lanthanum, lithium, lutetium, magnesium, manganese, neodymium, nickel, niobium,
palladium, platinum, praseodymium, rhodium, rubidium, ruthenium, samarium, scandium,
tantalum, tellurium, terbium, thulium, tin, titanium, tungsten, vanadium, ytterbium, yttrium,
zinc, and zirconium.

The European Union began to look more deeply into the issue of ensuring the availability of
mineral resources for the European economy sometime in 2006. The importance of this issue
for the European continent was emphasized in the European Commission, in particular by
Finland, Sweden, Portugal, Spain, Greece, Poland and the Czech Republic, which was at the
very beginning of European measures to strengthen raw material security. The first result was
the preparation and publication of an integrated Raw Materials Strategy by the Raw Materials
Initiative, which was prepared by the team of European Commission Vice-President Giinter
Verheugen with the contribution of experts from the above-mentioned countries. The strategy
was published in November 2008 under the title “The raw materials initiative — meeting our
critical needs for growth and jobs in Europe” (COM (2008) 699 final). The Raw Materials
Initiative was built on three main pillars: to re-examine domestic (European) raw materials
potential using modern methods, to build mutually beneficial relationships with countries that
have a wide range of raw materials potential and to promote the development of material-
efficient technologies. Subsequently, a first list of EU critical minerals (14 commodities)
was drawn up in 2011 and updated every three years. The last update of the EU»s list of
critical minerals was in 2023. The fifth list of critical and strategic minerals already includes
34 mineral commodities: antimony, arsenic, baryte, bauxite, beryllium, bismuth, boron/borate,
cobalt, coking coal, copper, feldspar, fluorspar, gallium, germanium, hafnium, helium, lithium,
magnesium, manganese, natural graphite, nickel, niobium, platinum group metals, phosphate
rock, phosphorus, REE (light & heavy), scandium, silicon, strontium, tantalum, titanium
metal, tungsten and vanadium. In March 2023, the Critical Raw Materials Act, a regulation of
the European Parliament and the European Council, was proposed, debated and subsequently
approved as the first legislative measure to provide a framework for ensuring a secure and
sustainable supply of critical raw materials to the EU.
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Czech critical raw material imports dependency screening

Associate Professor Sarka Cabadova Waisovad, Ph.D., Department of Politics
and International Relations, Faculty of Arts, University of West Bohemia

Methodology and data sources

Data on resources, reserves and extraction of CRM in the Czech Republic were obtained
from the databases of the Czech Geological Survey, while data on imports and exports
of CRM were obtained from the database of the Czech Statistical Office (CSO). Data on
domestic consumption of CRM, i.e. the total volume of raw materials directly used in the
economy, were calculated using the internationally respected method where domestic material
consumption is defined as “the annual volume of raw materials extracted in a given territory
plus all physical imports of a given raw material minus all physical exports” (OECD 2023,
USGS 2023). Data on imports and exports were obtained from the CSO database “Movement
of Goods across Borders™!, which obtains data from the Customs Administration of the CZ by
tracking the flow of goods according to HS codes.? The HS codes in this research are based
on the Harmonized Commodity Description and Coding System, an international system for
the identification and classification of goods. In some cases where international differences in
HS codes existed for some of the commodities, the EU classification (EU Access2Markets)
was used).’ The HS codes of the specific CRMs are given for each commodity import
dependency table. When analyzing the source countries, it is important to consider that
tracking trade across borders does not always allow to identify the actual country of origin of
the raw material, as the database does not track the entire supply chain. If the raw material is
extracted in one country and processed in another, the database registers not the country of
extraction as the source country, but the country of processing from where the raw material
was imported into the CZ. As a result, even countries that do not obviously mine the raw
material themselves (e.g. typically the Netherlands, Luxembourg or, in some cases, Germany,
Austria and UK) appear among the supplier countries. In some cases, these may even be
re-exports before import into the CZ.

The import and consumption of CRM is reported in accordance with the entire concept
of the yearbook for the last five years, i.e. for the period January 2019 to December 2023.
Data for 2019 allows tracking the evolution of consumption and supply prior to the COVID
pandemic, 2020-2021 generally shows a drop-in consumption during the global pandemic,

1 https://apl.czso.cz/pll/stazo/STAZO.STAZO

2 In 2023, the CZSO launched a new database “Foreign Trade in Goods”. Although the CSO announces
that this database is slightly more accurate in terms of detecting actual trade between residents and non-
residents of the Czech Republic, it is unusable for the purposes of our research for two reasons. First,
it only provides data on the value of traded goods, not the weight, which makes it impossible to assess
the evolution of trade volume and CRM consumption in an era when CRM prices change rapidly and
significantly. Second, the new database only provides data from 2020 onwards, which means that it does
not provide a long enough time series to assess the evolution of CRM trade. Moreover, given the COVID
pandemic or its impact on extraction, production and supply chains, data for 2020 to 2021 cannot be
considered sufficiently indicative.

3 trade.ec.europa.eu/access-to-markets/en/content/harmonised-system-0
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and data for 2022-2023 shows how CRM supply changed after the Russian invasion of
Ukraine.

In the case of some commodities, e.g. phosphorus, magnesium, platinum group metals
or in some years e.g. graphite, domestic material consumption is negative. This is due to
the fact that there are companies operating in the Czech Republic that produce, refine or
otherwise upgrade a given commodity or group of commodities from imported raw materials
and subsequently the commodity is exported abroad in significant volumes, e.g. Fosfa a.s.
(phosphorus) or Safina a.s. (platinum metals). In some specific cases, there may also be an
impact of commodity trades on the overall balance of Czech foreign trade.

ANTIMONY (HS 261710, HS 282580, HS 8110)

I“?p ort Main Czech suppliers (%)
Year TG Czech consumption (t)
%) (extraction and processing stage)

2019 100 China (37%), France (25%)
2020 100 I 73:8 s USA (36%), France (35%)
2021 100 ——— 511 France (37%), USA (34%)
2022 100 770 USA (42%), France (31%)
2023 100 265 USA (36%), France (35%)

ARSENIC METAL (HS 280480)

Iligport Main Czech suppliers (%)

Year | feHance Czech consumption (kg)

o (extraction and processing stage)

(%)
2019 100 China (99%)
2020 | 100 8311:; China (99%)

I

2021 100 2499 China (87%), Luxemburg (12%)
2022 | 100 4839 China (99%)
2023 100 — 2 421 China (99%)

BAUXITE and ALUMINIUM UNWOUGHT (HS 2606, HS 76011000)

Irﬁport Main Czech suppliers (%)

Year | 'eHance Czech consumption (t)

o (extraction and processing stage)

(%)
2019 100 Russia (30%), Mozambique (16%)

——— 79 307

2020 100 <6700 Russia (26%), Mozambique (22%)
2021 100 e —— 75 203 Russia (21%), Canada (18%)
2022 100 I (2 507 Island (14%), Venezuela (14%)
2023 100 - 5944 Bosnia (44%), China (43%)
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BARYTES (HS 2511, HS 283327, HS 283660)

Iri}port Main Czech suppliers (%)

Year | fehance Czech consumption (t)
%) (extraction and processing stage)
()

2019 100 China (31%), Spain (21%)
2020 | 100 P China (25%), Spain (24%)
2021 100 —— | | 557 China (33%)’ Spain (20%)
2022 100 I 10 439 Germany (28%), Spain (21%)
2023 100 9969 China (34%), Germany (21%)

BERYLLIUM (HS 811212, HS 261790, HS 28259020)

IIFPOﬂ Main Czech suppliers (%)
Year | fe1ance Czech consumption (kg)
(%) (extraction and processing stage)
()
2019 100 Ukraine (100%)
2020 | 100 ) 22000 USA (100%)
2021 100 ) USA (100%)
2022 | 100 2 USA (50%), Germany (50%)
2023 100 -97 | USA (100%)

BISMUTH (HS 8106)

Irﬁport Main Czech suppliers (%)

Year | FeHance Czech consumption (t)

o (extraction and processing stage)

(%)
2019 100 o Netherlands (39%), China (24%)

1

2020 100 g6 China (63%), Korea (16%)
2021 100 5 China (91%), UK (4%), Germany (2%)
2022 100 84 Netherlands (64%), China (28%)
2023 100 62 China (88%), Slovakia (3%), UK (3%)

BORON/BORATE (HS 2528, HS 2840, HS 281000)

IIFPOH Main Czech suppliers (%)
Year | fe1ance Czech consumption (t)
%) (extraction and processing stage)
()

2019 100 Turkey (94%)
I

2020 | 100 33:78;2 Turkey (97%)
I

2021 100 1833 Turkey (96%)

2022 100 I 36 283 Turkey (97%)

2023 100 ———— 32 890 Turkey (97%)
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COBALT (HS 2605, HS 8105, HS 28220000, HS 28273400, HS 29152300)

rIeIEEI(l)zte Croch - Main Czech suppliers (%)
Year zech consumption (t
%) (extraction and processing stage)
0
2019 | 100 UK (28%), USA (16%), Canada (12%)
|

2020 | 100 N § UK (42%), USA (16%), Finland (13%)
2021 | 100 ——— UK (32%), USA (13), Belgium (13%)
2022 | 100 2 UK (39%), USA (20%), Finland (13%)
2023 | 100 54 UK (29%), USA (20%), Finland (14%)

COKING COAL (HS 27011210)

IIFPOﬂ Main Czech suppliers (%)
Year | fe1ance Czech consumption (t)
(%) (extraction and processing stage)
()
2019 50 Poland (67%), Canada (17%)
2020 | 55 ! 329 Poland (84%), USA (12%)
2021 60 Poland (67%), Canada (16%)
2676
2022 65 2726 Poland (65%), USA (13%)
2023 62 1758 Poland (72%), USA (14%)

COPPER (HS 2603, HS 7402, HS 7403)

Irﬁport Main Czech suppliers (%)
Year | FeHance Czech consumption (t)
(extraction and processing stage)
(%)
2019 100 Germany (72%), Poland (15%)
]
2020 | 100 o1 Germany (71%), Poland (19%)
4862
2021 100 5 190 Germany (68%), Poland (22%)
2022 100 — ) 921 Germany (61%), Poland (26%)
2023 100 m— 870 Germany (52%), Poland (34%)
FELDSPAR (HS 252910)
IIFPOﬂ Main Czech suppliers (%)
Year | fe1ance Czech consumption (t)
%) (extraction and processing stage)
2019 0 Germany (82%), France (9%)
2020 0 119;96:2“7 Germany (96%), Turkey (3%)
2021 0 268l04s German (96%), Turkey (2%)
2022 0 252 836 Germany (94%), Turkey (2%),
2023 0 — 164,425 Germany (93%), Turkey (2%)
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FLUORSPAR (HS 25292100, HS 25292200)*

Irﬁport Main Czech suppliers (%)
Year | feHance Czech consumption (t)
%) (extraction and processing stage)
()
2019 100 Germany (44%), Netherlands (42%)
5328

2020 100 s 768 Germany (44%), Netherlands (34%)
2021 100 ——— 1 117 Netherlands (49%), Germany (31%)
2022 100 —— /. 906 Netherlands (45%), Germany (37%)
2023 100 5585 Netherlands (43%), Germany (41%)

GALLIUM (HS 81129289)

Ili[}port Main Czech suppliers (%)

Year | FeHance Czech consumption (kg)
(extraction and processing stage)
(%)
2019 100 China (86%), USA (14%)
I

2020 100 ’ 0 China (100%)
2021 - 0 —
2022 100 -1 USA (100%)
2023 - 0 —

GERMANIUM (HS 811292, HS 811299)

Irﬁport Main Czech suppliers (%)

Year | feHance Czech consumption (t)

o (extraction and processing stage)

(%)
2019 100 Brazil (93%), Austria (3%)

|

2020 | 100 C, . Austria (60%), Poland (27%)
2021 100 —— 1 Russia (80%), Austria (10%)
2022 100 -2 Germany (44%), Poland (37%)
2023 100 1 0.2 Austria (56%), France (11%)

HAFNIUM (HS 81123100, HS 81123900, HS 81129210)

II‘FpOI't Main Czech suppliers (%)

Year | fe1ance Czech consumption (kg)
%) (extraction and processing stage)
0

2019 - —
2020 | - i —
2021 - o —
2022 100 I — | 73 USA (67%), Austria (19%)
2023 100 134 USA (88%), China (12%)

4 The calculation does not include HS 28111100, HS 28263000, HS 28261200. The Czech consumption of
HS 28111100 between 2018-2023 was 2,709 tones, of HS 2826300 in the same period it was 0 tones, of
HS 28261200 it was 1,462 tones.
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HELIUM (HS 28042910)
II?pOI’t Main Czech suppliers (%)

Year | FeHance Czech consumption (t)

%) (extraction and processing stage)

o

2019 100 Germany (54%), Italy (14%)
2020 | 100 16273 Germany (57%), Italy (13%)
2021 100 151 Germany (46%), Hungary (18%)
2022 100 150 Germany (38%), Hungary (17%)
2023 100 137 Germany (36%), Hungary (20%)

LITHIUM (HS 20121955, HS 20134350, HS 28252000, HS 28369100)

IIFPOﬂ Main Czech suppliers (%)
Year | fe1ance Czech consumption (t)
(extraction and processing stage)
(%)
2019 100 Zimbabwe (44%), Netherlands (11%)
I 219

2020 100 297 Netherlands (45%), Zimbabwe (39%)
2021 100 e ————— 75 Netherlands (56%), Zimbabwe (21%)
2022 100 —— 270 Zimbabwe (50%), Netherlands (17%)
2023 100 mm 46 Chile (30%), UK (26%)

MAGNESIUM METAL (HS 8104, HS 28273100)

II?pOI’t Main Czech suppliers (%)
Year | FeHance Czech consumption (t)
%) (extraction and processing stage)
()
2019 100 Germany (54%), China (25%)
2020 | 100 e Germany (32%), China (27%)
-5114 —
2021 100 China (31%), Romania (13%)
-6 109 N
2022 100 — 1 651 China (55%), Germany (15%)
2023 100 -5934 China (30%) Romania (17%)

MANGANESE (HS 2602, HS 2820, HS 720211, HS 8111)

Irgport Main Czech suppliers (%)
Year reliance Czech consumption (t)
%) (extraction and processing stage)

2019 100 Ukraine (26%), France (15%)
2020 | 100 M —— st 9221 o Ukraine (22%), Gabon (18%)
2021 100 ———— 5 5 Bulgaria (68%), Slovakia (9%)
2022 100 —— G0 660 Bulgaria (52%), Gabon (14%)
2023 100 —— 49 795 Gabon (44%), Bulgaria (21%)
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NATURAL GRAPHITE (HS 2504)

II?pOI’t Main Czech suppliers (%)
Year | FeHance Czech consumption (t)
%) (extraction and processing stage)
o

2019 100 Mozambique (29%), Germany (20%)
2020 | 100 e e Germany (30%), China (22%)
2021 100 208 Germany (42%), China (22%)
2022 100 2036 China (58%), Germany (15%)
2023 100 — 711 China (54%), Germany (12%)

NICKEL (HS 2604, HS 750210, HS 7504000, HS 28254000, HS 75011000)

IIFPOﬂ Main Czech suppliers (%)

Year | fe1ance Czech consumption (t)

(%) (extraction and processing stage)

()
2019 100 Russia (44%), Australia (10%)
2020 | 100 . 20%0 Finland (28%), Russia (13%)
2021 100 Russia (21%), Finland (20%)
—— ) 194

2022 100 —— 1 660 Finland (28%), Russia (18%)
2023 100 1740 Russia (54%), Madagascar (7%)

NIOBIUM (HS 26159000, HS 26159010, HS 72029300)

II?pOI’t Main Czech suppliers (%)

Year | FeHance Czech consumption (t)
%) (extraction and processing stage)
()
2019 100 Brazil (93%), China (3%)
I 120

2020 100 200 Brazil (99%)
2021 100 252 Brazil (96%), Sierra Leone (3%)
2022 100 —— 176 Brazil (100%)
2023 100 . Brazil (94%), Canada (3%)

PHOSPHATE ROCK (HS 2510)°

IIFPOH Main Czech suppliers (%)

Year | fe1ance Czech consumption (t)
(%) (extraction and processing stage)
()

2019 100 Austria (34%), Poland (32%)
2020 | 100 __82 e Austria (94%), Italy (5%)
2021 100 e 75 Poland (91%), Italy (9%)
2022 100 ———— 716 Austria (99%), Italy (1%)
2023 100 —— 376 Austria (96%), Italy (2%)

> Phosphates and phosphorus are sometimes classified in one category (e.g. SCREEN3), sometimes (e.g. in
the Critical Resources Act) they are classified separately. This is how we are proceeding here.
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PHOSPHORUS (HS 2809, HS 28047010)°

h?port Main Czech suppliers (%)

Year | FeHance Czech consumption (t)
%) (extraction and processing stage)
()
2019 100 . Netherlands (54%), Germany (15%)
) ——

2020 100 34730 Netherlands (72%), Germany (12%)
2021 100 45145 EE————— Netherlands (60%), Germany (13%)
2022 100 4585 Belgium (19%), China (17%)
2023 100 -18309 China (35%), Serbia (29%)

PLATINUM GROUP METALS (HS 7110, HS711510)’

Ierort Main Czech suppliers (%)
Year | fe1ance Czech consumption (t)
o (extraction and processing stage)
(%)
2019 100 Ireland (74%), Poland (8%)
- 1
2020 | 100 13 - Germany (63%), Ireland (15%)
- ]
2021 100 s Germany (50%), Austria (19%)
2022 100 67— Germany (75%), UK (6%)
2023 100 14— Germany (33%), Netherlands (19%)

RARE EARTH ELEMENTS (HS 28461000, HS 28469010, HS 28469020, HS 28053010,
HS 28053020, HS 28053030)8

Import ; ; 0

reliance . Main Czech suppliers (%)
Year Czech consumption (t)

%) (extraction and processing stage)
()
2019 100 Austria (55%), China (28%)
2020 100 i Austria (44%), China (37%)
54

2021 100 5 Austria (50%), China (37%)
2022 100 —— 33 Austria (58%), China (31%)
2023 100 — 34 Austria (85%), China (6%)

¢ Phosphates and phosphorus are sometimes classified in one category (e.g. SCREEN3), sometimes (e.g. in
the Critical Resources Act) they are classified separately. This is how we are proceeding here.

7 The group includes palladium, platinum, rhodium, iridium, osmium and ruthenium. HS 711292 (waste
and scrap of platinum) is not included. Import of HS 711292 into Czech Republic between 2018 and 2023
was 1,068 tons with major importers Nigeria (796 tones and UK 141 tones), export 115 tons. The Czech
Republic is a significant producer of PGMs from imported scrap. This explains the negative figure for
Czech PGM consumption.

8 Cerium compounds, compounds of lanthanum, praseodymium, neodymium or samarium, inorganic or
organic, compounds of europium, gadolinium, erbium, dysprosium, holmium, erbium, thulium, ytterbium,
lutetium or yttrium, inorganic or organic, intermixtures or interalloys of rare-earth metals, scandium and

yttrium
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SCANDIUM (HS 28053040, HS 28469030)

II?pOI’t Main Czech suppliers (%)

Year | fehance Czech consumption (kg)
%) (extraction and processing stage)
o
2019 100 USA (100%)
1

2020 100 | China (70%), USA (30%)
2021 100 | 1 Germany (90%), China (10%)
2022 - 0 -
2023 100 1038 China (99%), USA (1%)

SILICON METAL (HS 720221, HS 280461)

IIFPOﬂ Main Czech suppliers (%)

Year | fe1ance Czech consumption (t)

(%) (extraction and processing stage)

()

2019 100 Slovakia (36%), Ukraine (11%),
2020 100 17814 Slovakia (41%), Kazakhstan (11%)
2021 | 100 Nl Slovakia (36%), Poland (9%)
2022 100 14 605 Slovakia (34%), Malaysia (11%)
2023 100 12 860 Slovakia (31%), Kazakhstan (14%)

STRONTIUM METAL (HS 28051910)

II?pOI’t Main Czech suppliers (%)

Year | fehance Czech consumption (kg)
%) (extraction and processing stage)

2019 100 rand Poland (94%), Germany (6%)
2020 100 65 894 China (73%), Poland (26%)
2021 100 — 15 304 China (68%), Poland (27%)
2022 100 = 5602 Poland (80%), Germany (20%)
2023 100 el Poland (67%), Germany (33%)

TANTALUM (HS 26159060, HS §103)

IIFPOH Main Czech suppliers (%)

Year | fe1ance Czech consumption (t)
%) (extraction and processing stage)
()

2019 100 Thailand (39%), China (33%)
2020 | 100 C 10 China (35%), Japan (27%),
2021 100 77— China (89%), Japan (9%)
2022 100 — 36 China (51%), Japan (23%)
2023 100 — 28 Japan (37%), Thailand (30%)
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TITANUM (HS 2614, HS 8108, HS 28230000, HS 26209960)

II?pOI’t Main Czech suppliers (%)
Year | FeHance Czech consumption (t)
%) (extraction and processing stage)
()
2019 100 Ukraine (97%)
I 139 254 .

2020 100 122 %06 Ukraine (97%)
2021 100 —— o5 733 Ukraine (95%)
2022 100 167763 Ukraine (94%)
2023 100 85381 Ukraine (96%)

TUNGSTEN (HS 8101, HS 2611, HS 28259040, HS 28418000, HS 72028000, HS 28499030)

IIFPOﬂ Main Czech suppliers (%)

Year | fe1ance Czech consumption (t)
(extraction and processing stage)
(%)

2019 100 USA (50%), Vietnam (17%)
2020 | 100 __146272 USA (72%), Poland (5%)
2021 100 —— 1 013 USA (66%), Germany (7%)
2022 | 100 1782 USA (42%), Poland (11%)
2023 100 == 130 USA (56%), Poland (24%)

VANADIUM METAL (HS 26159000, HS 26159090, HS 28253000, HS 8§1129291)

Import : N

reliance . Main Czech suppliers (%)
Year Czech consumption (t)

%) (extraction and processing stage)
()
2019 100 Russia (93%), Austria (6%)
10319

2020 100 - Russia (92%), Austria (7%)
2021 100 10533 Russia (95%), Austria (4%)
2022 100 8589 Russia (95%), Austria (4%)
2023 100 — 28 Russia (82%), Austria (13%)
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Geological survey of deep-sea polymetallic nodules
in the interoceanmetal exploration area

Peter Balaz, Interoceanmetal Joint Organization (Szczecin, Poland)
Pavel Kavina, Czech Geological Survey (Prague, Czechia)

Introduction

The exploration rights of the Interoceanmetal Joint Organization (IOM) are granted to an area
located within the Clarion-Clipperton Zone (CCZ) in the eastern central Pacific Ocean. All
activities related to exploration of minerals in the Area (the seabed and ocean floor beyond
the limits of national jurisdiction) come under the United Nations Convention on the Law of
the Sea (1982), the Agreement relating to the implementation of Part XI of the Convention
(1994) as well as Regulations on Prospecting and Exploration for Polymetallic Nodules in the
Area —regulations established by the International Seabed Authority (ISA). The ISA currently
has 168 member states, including Czech Republic and the European Union as a whole.

The ISA issues legal documents regulating the conduct of research and the future use of the
seabed. The IOM’s contract for exploration of polymetallic nodules was granted for 15 years
and provided the contractor security of tenure and exclusive right to explore for polymetallic
nodules in the exploration area, as well as to move to a contract for exploitation (regulations
for exploitation of mineral resources in the Area are under the development process by the
ISA). In 2016, and 2021 respectively, the contract has been extended and is valid till 2026.

In addition to geological survey, IOM is working on research into the technology of
mining and processing of deep-sea polymetallic nodules (PMN), as well as on environmental
research.

Brief history of the IOM license area

The Interoceanmetal Joint Organization was established on 27 April 1987, based on the
Intergovernmental Agreement between seven states: Bulgaria, Cuba, Czechoslovakia,
East Germany, Poland, Soviet Union and Vietnam. IOM started its business operations in
December 1987. Registered in the District Court in Szczecin, Poland, as an international
company, in accordance with the Polish law it obtained the legal personality on 16 December
1987. In 1989, Vietnam suspended its membership in the organization. In 1990, after the
unification of Germany, GDR (East Germany) separated from IOM. In January 1992, the
USSR duties and obligations were taken over by the Russian Federation. On 31 December
1992, the liabilities of the former Czechoslovakia were taken over by the Czech Republic
and the Slovak Republic.

IOM did a preliminary study of a 546,000 km? area located in the eastern part of the CCZ,
during which a perspective area of 300,000 km? with the highest rate of nodule abundance
was selected. On 30 July 1992, the General Secretary of the United Nations awarded IOM
and its member states the Certificate of Registration, whereby IOM became the pioneer
investor. The registered pioneer area of IOM covered 150,000 km?. On 29 March 2001, IOM
and the International Seabed Authority signed a contract for polymetallic nodules exploration
within the 75,000 km? area.
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Location

The IOM exploration area covers app. 75,000 km2 of the eastern part of the CCZ and consists
of two sectors, B1 and B2 (Fig. 1). In B2 sector there are four exploration blocks (H11, H22,
H33, H44) and preliminary delineated Preservation Reference Zone (Tab. 1, Fig. 2). Within
the H22 exploration block the H22 NE exploitable block was delineated. Preservation
Reference Zone (PRZ) is an area in which no mining shall occur to ensure representative
and stable biota of the seabed in order to assess any changes of the marine environment. The
obligation of establishing the PRZ in its license area is imposed on the contractor by the ISA.
Delineation of the PRZ in the IOM exploration area is preliminary and the final location is
being considered.

Adjacent properties (common borders) to the IOM exploration area belong to
4 organizations — NORI (Nauru), OMS (Singapore), BGR (Germany) and BMJ (Jamaica).
The BMJ exploration area was delineated in April 2021 and reflects generally increased
interest in deep sea mineral exploration in the area that has emerged during the past decade.
11 out of a total 19 exploration contracts has been signed in the 2011-2021 period.

Tab.1. IOM’s Exploration area (sectors and blocks). Areas are calculated in UTM
map projection coordinate system.

Exploration area Area (km2)
B1 sector 11 952
B2 sector 63 234
— H11 exploration block 5390
— H22 exploration block 4151
— - H22_NE explotable block 957
— H33 exploration block 4008
— H44 exploration block 1919
— PRZ (preliminary) 2626
Total 75 186

Exploration methods

Before 2001, 21 research expeditions were carried out to the CCZ area, mainly focused on
regional research. Since the signing of the exploration contract between ISA and IOM in 2001,
6 expeditions have been organized. The work was carried out in accordance with the program
approved by the ISA. The study included a geological survey focused on determination
of PMN abundance, nodule coverage, determination of metal content and chemical
composition of PMNs, as well as study of seabed sediments, their geotechnical properties.
During the expeditions, basic oceanographic, meteorological and environmental data were
collected.

Distance methods used during expeditions include:
* multibeam bathymetry,
» geoacoustic survey (side-scan sonar and sub-bottom profiler),
* photo and video profiling.
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Fig. 1. The IOM exploration area (light orange colored areas) and adjacent
properties in the Clarion-Clipperton Zone in the eastern central Pacific Ocean [1]
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Fig. 2. IOM exploration area (B1 and B2 — sectors, H11, H22, H33, H44 — exploration
blocks, H22_NE — exploitable block, PRZ — Preservation Reference Zone)
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Following seabed sampling systems were applied during the exploration expeditions:
* box corer sampling,
* piston (gravity) corer sampling,
* trawling and dredging.

Multibeam bathymetry

Multibeam sonar is used to map the seafloor. The multiple physical sensors of the sonar send
and receive sound pulses that map the seafloor or detect other objects. Multibeam collects two
types of data: seafloor depth and backscatter. The seafloor depth (bathymetry) is computed by
measuring the time it takes for the sound to leave the array, hit the seafloor, and return to the
array. Backscatter is a measurement of the intensity of the sound echo that reflects back to the
multibeam array. Multibeam sonar is usually mounted directly on the ship’s hull [2].

Bathymetric mapping of the whole exploration area (B1 and B2 sectors) was performed
during expedition in 1999. New high resolution bathymetric survey, carried out in 2018, was
focused on exploration blocks H11, H22 (Fig. 3), H33 and H44. The bathymetric survey
was performed according to the design profile scheme (system of parallel profiles and
perpendicular control profiles).

-120° 10’ -120° 00' -119° 50' -119° 40° -119° 30°

-3140m

-3250 m

11° 20

-3500 m L

-3750m
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11° 00’

-4 250 m —|

4500 m 10° 50° 10°

-120° 10 -120° 00 -119° 50' -119° 40' -119° 30'

-4 670 m

Fig. 3. Ocean depths in the H22 exploration block are in the range from -3,692m
to—4,673m
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Side-scan sonar

Side-scan sonar is an active sonar system for detecting and imaging objects on the seafloor.
The multiple physical sensors of the sonar send and receive the acoustic pulses that help map
the seafloor or detect other objects. Side scans search at constant speeds and in straight lines.
With side scan sonars, the sea bottom is mapped from directly beneath the device to either
side. This device is usually placed on a tow-fish. It is an underwater vehicle, that is towed
behind a surface vessel [3].

Side-scan sonar was used to map sediment types, nodule coverage, obstacles (information
for future mining operations) and detailed seabed morphology (slopes and their orientations).
The sonar registration ranges are 1,000 m on each side of the survey (Fig. 4).

Fig. 4. An example of side-scan sonar data processed into a sonogram. The red
arrow shows the direction of the vessel’s movement and towing.

Sub-bottom profiler

A sub-bottom profiler is a sonar system that uses sound to map beneath the seafloor. It
emits low-frequency sound pulses that are directed vertically at the seafloor. When pulses
hit substrate, they may penetrate layers of seafloor and reach horizons of various sediment
types. By calculating the time taken for a sound pulse to return to the device, it is possible to
determine sediment and layer composition, thickness and other characteristics. This device is
usually placed on a tow-fish (alongside with the side-scan sonar) and towed behind a surface
vessel [4].

The distance of the towed device from the sea bottom can be 30 to 200 m, usually about
120m. The depth range of the profiler is up to about 170m. An example of the sediment
profile under the bottom surface is shown in Fig. 5. Interpretations of geoacoustic profiling
data allow us to study the internal structure of the sedimentary cover of the study area. In
total, 667 km of geoacoustic profiling was completed during the contract period (from 2001).
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Fig. 5. An example of side-scan sonar data processed into a profilogram (depth
data in meters)

Photo and video profiling

Photo and video profiling was carried out by the device placed on a tow-fish, an underwater
vehicle towed behind a surface vessel. The distance of the photo-video device from
the bottom was about 3.5m, each photo of the seabed covered an area of about 4 m?
(Fig. 6). The frequency of photography was about every 20 meters of the profile. At the same
time, continuous video recording of the seabed in digital format in the colour image mode
was conducted across all profiles. For each photo profile, graphs with coverage data were
constructed. In total, 1,609 km of photo/video profiling (over 89,000 images) was completed
during the contract period (from 2001).

Fig. 6. Photo of the seabed taken in the H22 exploration block
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Box corer sampling

Nodule and bottom sediments samples were collected using a box corer. This device has
a capture area of 0.25 m? of the sea bottom, penetrating sediments to the depth up to 50 cm
(Fig. 7). It is also equipped with a photographic system to document the sampling process. The
lowering and raising operations were carried out using a winch. Box corer samples represent
most important source of knowledge of the deposit, providing data on nodule and sediment
characteristics, determination of nodule abundance and geotechnical measurements. In total,
396 box corer station samples were collected during the contract period (from 2001).
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Fig. 7. Collected box-corer sample of sediment with polymetallic nodules after
draining the water

Piston corer sampling

Sampling was carried out using gravitational tube with an internal diameter of 116 mm,
a weight of 800kg and a length of 5m. The tube was equipped with a plastic liner with
an inner diameter of 107 mm. The lowering and raising operations were carried out using
a winch. The device penetrates seabed sediment to the depth up to 4m and provides core
samples (Fig. 8) for study of sediment characteristics and geotechnical measurements. In
total, 11 piston corer station samples were collected during the contract period (from 2001).
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Fig. 8. An example of sections of sediments exposed by piston corer

Trawling and dredging

A large-volume nodule samples were collected using trawl, having an inlet of 40 x 140cm
dimensions. A basket of general capacity equalling 1,000 kg, made of polyamide fabric and
2 meters long, was attached to the body of the trawl, in order to collect nodules. Lifting

Fig. 9. A large-volume trawling sample collected in the H22 exploration block
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operations were carried out using a transit winch. Trawling have been used regularly in
almost every cruise. During the contract period (starting from 2001) total of 4,000kg of
polymetallic nodules were collected by trawling. Samples of nodules collected by trawl are
used for chemical analyses, technological laboratory and benchmarking tests.

Hard rock type of the seabed (basalts) was occasionally sampled using the dredge —
cylinder-like sampler 1 m long and 0.8 m in diameter. Two dredging samples were collected
during the contract period.

Geological setting

The Clarion—Clipperton Zone is the world‘s largest (around 5.5 million km?) and most
perspective area of polymetallic nodules occurrence, with estimated resources of 21 billion
tons of nodules [5]. The sedimentary cover is a mixture of carbonates (e.g. carbonate
oozes), red brown clays, and siliceous sediments (siliceous oozes and siliceous-
argillaceous oozes). Sediment accumulation in the area does not exceed the rate of 10mm/
1,000 years [6].

Lithology and stratigraphy

Based on the origin and composition, the bottom sediments within the IOM exploration area

can be divided into four litho-stratigraphic units (Kotlinski, 2010):

* Fyr (Oligocene-Miocene) — biogenic calcareous ooze, Marquise Formation;

* Fyr (Miocene) — X-ray amorphous radiolarian silty clay, Marquise Formation.

* Fcoum (Miocene-Pliocene) — zeolitic clay or reddish brown clay and denser zeolitic crusts,
Clipperton Formation;

* Fcv (Pleistocene-Holocene) — siliceous silty clay, ethmodiscus clay and calcareous silty
clay, Clipperton Formation.
The sedimentary cover within the IOM exploration area is about 100 m thick [7]. Four

seismic complexes (A, B, C and F) were identified:

* A - corresponds to the clay strata of Clipperton formation lying on the seabed surface and
is called upper transparent layer by the nature of the seismoacoustic record;

* B — corresponds to the sequence of interbedded nano-fossil carbonates and radiolarian
clays of the lower part of Clipperton formation;

* C — corresponds to nano-fossil marl oozes of the Marquesas formation and is called lower
transparent layer;

* F —is identified with the acoustic basement represented by tholeiitic basalts of the second
oceanic layer.

Polymetallic nodules

Occurrences of nodules with such high abundance as in the CCZ result from complex
processes present on the regional and on local scales lasting for the past several millions of
years. Polymetallic nodules are composed of both nucleus and concentric layers of iron and
manganese hydroxides and oxides (Fig. 10). Nucleus can be composed of volcanoclastic
debris, lithified sediment, bioclasts or fragments of older nodules. Beside Mn and Fe, also Cu,
Ni, Co are the main metal elements present in nodules.
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In some areas of the CCZ, nodules cover more than 70% of the bottom, whereas other areas
are nodule-free. Nodules can occur on the seabed at any depth, but the highest concentrations
have been found between 4,000 and 6,000 m.

According to the growth model for polymetallic nodules in the CCZ presented by ISA
[6], six main factors control the process of nodule growth: metals supply (sea water and
the bottom sediments); nucleus presence; Antarctic bottom water (the current is a supplier
of oxygen and materials becoming nuclei; semi-liquid surface layer (providing chemical
environment for the growth); bioturbation (the mechanism which prevents nodules from
burial below sediment surface); and internal nodule stratigraphy (result of the changing
geological history of deep-sea sedimentary basins).

The position of growing nodule is crucial in relation to the semi-liquid surface layer. The
three accepted models of nodules growth are:

* in semi-liquid surface layer — diagenetic (D-type), called R (rough) type because of their
complicated morphology;

+ on the boundary of sea water and semi-liquid surface layer as a mixed type of hydrogenetic
and diagenetic processes (HD-type), called R+S (rough-smooth) type because of their
mixed morphology;

* above the sea bottom, on the surface sediments — hydrogenetic (H-type), called S (smooth)
type because of their shape.

The IOM exploration area is dominated by D-type nodules in B2 sector and HD/H-types in

B1 sector.

Polymetallic nodules in the CCZ generally grow very slowly, at rates of 1-10 mm/1,000,000
years [8]. Slow rate of growth indicates that for the nodules to reach the size of centimeters,
stable environmental conditions are required. The accumulation rate of sediments within
the area is three orders of magnitude higher and stays at a level of several millimeters per
thousand years.

Fig. 10. Internal structure of polymetallic nodule
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The CCZ nodules vary in size and range from tiny particles, visible only under a microscope,
to large pellets of more than 20 centimeters in diameter. However, most nodules are between
5 and 10cm in diameter. In the IOM exploration area, nodules are divided into fractions,
where nodules within 0—4 cm refer to small fractions, 4-8 cm to medium fractions and
8+ cm nodules to large fractions. Size distribution partly depends on genetic types of nodules.
No general rule was applied to size distribution due to high variability in nodule size within
the IOM exploration area. For example, in the H22 NE exploitable block medium fractions
prevail. On the contrary, small and large factions dominate the B1 sector.

Mineralogical composition of nodules is generally dominated by todorokite/buserite, with
a lesser amount of birnessite and traces of vernadite. Additionally, the samples indicated the
presence of Fe-rich clay minerals (nontronite and Fe-smectite) and mixtures of quartz, barite,
zeolites, apatite, and barite.

Polymetallic nodules of the CCZ are characterized by high abundance and high metals
content (especially Mn, Ni, Cu, Co, Mo, Zn and REE). Results from the B1 and B2 sectors
are comparable with the results from other contracted areas in the CCZ. The mean grades of
metals are shown in Tab. 2 [9,10,11].

Tab. 2. Mean grades of Mn, Ni, Cu, Co, Zn and REE within the IOM exploration
area (variant for cut-off abundance 10 kg/m? of wet nodules)

Exploration area Mn Ni e £ Zn REE
[%] [%] [%] [%] [%] [Ppm]
B1 27.84 1.21 0.90 0.21 - -
B2 30.90 1.32 1.21 0.18 0.15 -
H11 + H22 31.37 1.30 1.29 0.16 0.16 -
H33 32.35 1.41 1.20 0.18 0.15 -
H44 30.71 1.32 1.19 0.19 0.14 -
H22_NE 29.19 1.31 1.25 0.18 0.15 713

Mineral resources and reserves estimates

Seafloor polymetallic nodules in the CCZ occur typically on the surface of deep seabed, as
a rule they are embedded in the semi-liquid surface layer and are, quite often, partly covered
(blanketed) by a thin layer of unconsolidated sediments. Only those are included in current
resource estimates for the IOM exploration area. Buried polymetallic nodules (more than
15 cm deep), locally reported within the IOM exploration area [12], have not been considered
in the resource estimates.

Resources estimation is based on data collected during scientific expeditions carried out by
IOM. Four reports using geostatistical data analysis have been prepared (2007, 2011, 2015
and 2020) and two validations performed by the Competent Person (2016 and 2020).

Methodology of estimation

Estimates of resources and abundance of nodules and metals were carried out in square
elementary blocks with a side of 500 m using kriging and co-kriging. The estimates used
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8 nearest sampling stations, two from each quadrant (quarters) into which the circular data
search zone was divided. The center of the circular data search zone coincides with the center
of the elementary block. In the calculation procedure, isotropic models of variograms, cross-
variograms, covariance and cross-co-variance were used. The total resources of polymetallic
nodules of the exploration blocks and ore fields (ore bodies), for different values of maximal
the ocean-floor slopes, were obtained by summation of resources estimated for elementary
blocks.

The accuracy of resource estimation in blocks H11 + H22 and in block H22 NE is high as
evidenced by small, standard kriging errors in the range of 3—6%. The resources of nodules in
blocks H33 and H44, expressed by standard errors from the 8-12% range, are estimated with
much lower accuracy. The different size of errors is the result of the different density of the
bottom sampling in individual blocks.

Results of estimation

The current status is shown in Tab. 3. The resource validation was carried out in accordance
with the Reporting standard of the ISA for mineral exploration results assessments, mineral
resources and mineral reserves [13]. The effective date for the estimate is August 2020.
The dependency the tonnage of nodules and mean abundances in relation to the minimum
abundance of wet nodules in B2 Sector is illustrated in Fig. 11.

Tab. 3. Mineral Resource estimate of wet polymetallic nodules in the IOM
exploration area (variant for cut-off abundance 10 kg/m? of wet nodules)

Mineral Resource Classification Mean Abundance Resc.>u_rces Wet
(kg/m2) (million ton)
Measured (H22_NE block) 14.6 12.2
Measured Total 12.2
Indicated (H11 + H22 blocks) 12.4 77.0
Indicated Total 77.0
Inferred (B1 sector) 13.4 62.6
Inferred (H33 block) 12.0 21.8
Inferred (H44 block) 11.5 13.6
Inferred (B2 sector other) 11.59 85.3
Inferred Total 183.3
GRAND TOTAL 272.5

Mineral Resources were estimated at various nodule abundance cut-offs for the IOM
Exploration Area. Selected base scenario is an abundance cut-off of 10 kg/m? (in wet
condition). Assumptions will be revised in accordance with new knowledge, data and
technological developments. No Mineral Reserves were estimated at this stage of the project
development.
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Fig. 11. Dependence of the average abundance of wet nodules (top) and the
tonnage of wet nodules (bottom) on the cut-off value of the abundance of wet
nodules (WNA)

Conclusions

The IOM license is under a contract for exploration of polymetallic nodules signed with the
International Seabed Authority. Legal framework for mining and environmental regulations,
as a fundamental condition for future deep sea mining activities, is currently under the
development by the ISA.

Based on the economic evaluation, the IOM project can be described as an investment
with some risk factors. It has promising economic potential due to growing market demand
for battery metals which cannot be met by traditional sources (onshore, recycling, extraction
from exclusive economic zones). The project possesses significant potential to contribute to
the clean energy transition and expected demand of metals.

According to the European Commission’s list of critical raw materials for the EU, cobalt,
manganese, and REEs are considered critical metals. From 2023, the list of critical raw
materials also includes copper and nickel. These metals do not meet the supply risk threshold,
but are listed as strategic raw materials, strategically important for green, digital, space
and defence applications and are subject to future supply risks [14, 15]. Low supply and
increasing import reliance of metals vital for European economy are a challenge for the
long-term strategy of securing raw materials. This means that all major metals contained in
polymetallic nodules are currently considered critically important for the EU.

Achieving of the Green Deal targets and solving the climate crisis requires extensive
implementation of low-emission technologies (electro mobility, photovoltaics, wind turbines,
CO, capture, nuclear installations, LEDs, and others). This is necessarily associated with
increased consumption of specific metals. Polymetallic nodules offer a promising alternative
supply of metals that can help achieve these goals.
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Outline of domestic mine production
2019 | 2020 | 2021 | 2022 | 2023
Energy minerals
Uranium tu . 33 29 27 21 13
Concentrate production, t U () 36 28 26 22 17
Bituminous coal kt 3,150 | 1,861 | 2,008 | 1,281 | 1000
Brown coal kt @ 37,465 |29,505 |29,278 |33,233 |28 660
Crude oil kt 81 91 83 75 67
Natural gas mill m3 146 138 153 165 19
Industrial minerals
Pyrope bearing rock kt 12 1 0 3 4
Moldavite (tectite) bearing ths m® 42 46 49 48 38
rock kt (1 m®=1.8kt) 76 83 88 86 68
Kaolin Raw, kt @ 3,446 | 3,069 | 3,454 | 3,009 | 2402
Beneficiated, kt 629 626 645 558 439
Clays kt 441 454 456 478 426
Bentonite (4) kt 357 226 198 167 196
Diatomite kt 43 46 18 44 38
Feldspar kt 460 419 504 493 352
Feldspar substitutes kt 33 29 24 21 23
Silica minerals kt 17 1 20 10 13
Glass sand kt 740 683 715 664 555
Foundry sand kt 514 470 583 615 543
:L“;ﬁlsjg::’;r igfnzﬁ:r;c;gjcﬁon kt 11,806 | 11,296 | 11,480 | 10,784 | 9272
Dolomite kt 453 398 393 429 344
Gypsum kt 10 17 17 20 11
Construction minerals

Mine production in reserved deposits, ths m? ) 17 135 125 112 118
. ) Mine production in reserved deposits, kt (1 m3 = 2.7 kt) ®) 315 365 338 302 319

Dimension stone ) . .
Mine production in non-reserved deposits, ths m? © 16 47 62 32 35
Mine production in non-reserved deposits, kt (1 m3 = 2.7 kt) € 42 127 167 86 95
Mine production in reserved deposits, ths m® () 14,057 | 14,247 | 14,883 | 14,883 | 13,773
Crushed stone Mine production in reserved deposits, kt (1 m® = 2.7 kt) ©) 37,954 | 38,467 |40,184 |40,184 |37,187
Mine production in non-reserved deposits, ths m3 ©) 1449 | 1,465 | 1,703 | 1,805 | 1,632
Mine production in non-reserved deposits, kt (1 m3=2.7 kt) ©| 3912 | 3956 | 4,598 | 4,874 | 4,406
Mine production in reserved deposits, ths m® ©) 6,204 | 6,476 | 6,602 | 6,739 | 5912
Mine production in reserved deposits, kt (1 m® = 1.8 kt) ©) 11,167 | 11,657 | 11,884 | 12,130 | 10,642

Sand and gravel - . .
Mine production in non-reserved deposits, ths m3 () 4,897 | 4,821 | 5270 | 5046 | 4,409
Mine production in non-reserved deposits, kt (1 m3=1.8kt) ©| 8,775 | 8,815 | 8,678 | 9,486 | 7,936
Mine production in reserved deposits, ths m3 () 825 694 560 595 349
Brick clays and related Mine production in reserved deposits, kt (1 m® = 1.8 kt) ©) 1,485 | 1,249 | 1,008 | 1,071 628
minerals Mine production in non-reserved deposits, ths m? © 298 301 404 41 256
Mine production in non-reserved deposits, kt (1 m3=1.8kt) @ 536 542 727 740 461

Metallic ores (not mined)

(1) corresponds to sales production (without beneficiation losses)

(2) Czech Statistical Office presents so-called sales mining production which is production of marketable brown coal
and reaches on average about 95 % of given mine production

(3) raw kaolin, total production of all technological grades

(4) including mining of montmorillonite clays overburden of kaolins since 2004

(5) decrease of mineral reserves by mining production

(6) estimate
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Domestic share in the world mine production

2019 2020 2021 2022 2023

Energy minerals

Uranium (U) world: WNA 0.07% 0.06% 0.05% 0.04% 0,04%
Bituminous coal world: IEA, BP 0.04% 0.03% 0.03% 0.02% 0,01%
Brown coal + Lignite world: IEA, BP 5.07% 4.62% 4.60% 4.50% 4,35%
Crude oil world: BP 0.002% | 0.002% 0.002% 0.001% 0,001%
Natural gas world: BP 0.004% 0.004% 0.004% 0.004% 0,004%
Industrial minerals

I:o);rlfpe bearing N N N N N
Gemstones : :

le)bearing rock N N N N N
Kaolin world: MCS 8.20% 6.98% 7.04% 6.27% 6,2%
Clays N N N N N
Bentonite world: MCS 1.93% 1.41% 1.27% 0.88% 0,82%
Diatomite world: MCS 1.48% 2.09% 0.78% 1.76% 1,28%
Feldspar world: MCS 1.77% 1.82% 1.90% 1.76% 1.75%
Feldspar substitutes N N N N N
Glass + Foundry sand world: MCS 0.38% 0.44% 0.54% 0.34% 0,28%
Limestones world: MCS * 0.23% 0.22% 0.26% 0.22% 0,21%
Dolomite N N N N N
Gypsum world: MCS 0.007% 0.01% 0,01% 0.01% 0,01%

Construction minerals

I B A A

Metallic ores (not mined)

* calculation based on lime and cement production,

2t of limestone = 1t of lime or 2t of cement
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ENVIRONMENT AND MINERALS

Mining and nature protection

1,524 reserved and 810 non-reserved mineral deposits were registered in the Czech Republic
as of December 31, 2023. The number of exploited deposits was markedly lower — 477
reserved and 176 non-reserved. Only 35 reserved and 8 non-reserved deposits were mined in
the specially nature protected areas, which represents 7.5 % and 4.54 % of the total number,
respectively.

Act No 114/1992 Sb. on nature and landscape protection in its present wording regulates
activities in specially protected areas (ZCHU) of the Czech Republic (national parks — NP
(Narodni park), protected landscape areas — CHK O (Chranéna krajinna oblast), national nature
reserves, nature reserves, national nature monuments and nature monuments). According to
this Act, all mineral mining (section 16) in national parks (with exception of crushed stone and
sand mining for construction in the territory of the national park), in the first zone of protected
landscape areas (section 26) and in national nature reserves (section 29) is prohibited.
Although the mining of mineral resources is not prohibited by law in other areas (2" to 4nd
zones of the CHKO, nature reserves, national nature monuments and nature monuments),

Specially protected areas (ZCHU) in the Czech Republic

Number/year 2019 2020 2021 2022 2023
Total number 2,663 2,694 2,698 2,708 2,690
National parks (NP) 4 4 4 4 4
Protected landscape areas (CHKO) 26 26 26 26 26
Others 2,609 2,633 2,664 2,668 2,690

Source: AOPK CR (2024)

National parks in the Czech Republic

. Proportion on
\EET L EUEE] the territory of the

National park of the NP park ry ot

declaration area (km?) LUl

78 864 km? (%)
KrkonoSe Mountains National Park 1963 363 0.46%
Podyji National Park 1991 63 0.08%
Sumava National Park 1991 685 0.87%
National Park Bohemian Switzerland 2000 79 0.10%

Source: AOPK CR (2023)


http://www.npcs.cz/en/national-park-bohemian-switzerland-0
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Structure of ZCHU in 2023

Proportion on the

Category of specially protected areas Number (i::za) Ct:zcrerti:t:ge:futbhlfc

78 864 km? (%)
LARGE-EXTENT ZCHU
National parks (NP) — mining explicitly prohibited 4 1,190 1.51
Protected landscape areas (CHKO) 26 11,382 14.43
g ot .
i (;T(;E:;;yt:o:“bﬁxs of CHKO where mining % 937 119
ZCHU with mining explicitly prohibited by the Act 29* 2.066* 2 62*
No. 114/1992 Sb.
SMALL-EXTENT ZCHU
National nature monuments (NPP) 127 82.2 0.10
National nature reserve (NPR) 116 304.4 0.39
Nature monuments (PP) 1,614 345.3 0.43
Nature reserves (PR) 833 437.1 0.55
NPPR NPR, PR PR 2,690 1168.9 1.48
— (from them NPRE NPR, PP PR on the area
of(NP, CHKO) 753 4721 0.59
LARGE-EXTENT AND SMALL-EXTENT ZCHU - total 2,720 14,678 18.61

*data from 2013, currently without updating
Source: AOPK CR (2024)

it is very difficult to obtain authorization. Legal regulations which mention prohibition
of the “permanent damage of the soil surface” are the main reason — and they practically
exclude mineral mining. A further reason is the civil activity in the field of environmental
protection.

Mineral deposits are mined, and were in the past mined, in the CHKO in majority of cases
where the mining claims were already determined before these CHKO were established.
Mining in the CHKO declined after 1989 till 2002, after it rather grows till 2008 and after
declines and stagnates respectively namely of registered deposits, which follows from the data
in the table “Mining of reserved and non-reserved mineral deposits in CHKO” below and also
from the fact that reserved deposits were mined in 19 from 25 CHKO in 2007 and 2008 (see the
table “Mining of reserved and non-reserved mineral deposits in individual CHKO”’) compared
to 17 from 25 CHKO in 2006. Deposits were mined only in 16 CHKO in 2009 and 2010, in
14 CHKO in 2011 till 2014 and in 15 CHKO in 2015 when CHKO Kokofinsko was extended
about 140 km? and now is colled Kokofinsko-Machiiv kraj. In 2016, the number of protected
landscape areas in the Czech Republic increased to 26 (CHKO Brdy was established on
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Mining of reserved and non-reserved mineral deposits in CHKO, kt

Reserved deposits Non-reserved deposits

Mineral

2019 | 2020 | 2021 | 2022 | 2023 | 2019 | 2020 | 2021 | 2022 | 2023
Gemstones* 8 1 0 2 4 0 0 0 0 0
Crude oil 0 0 0 0 0 0 0 0 0 0
Natural gas** 1 1 1 1 1 0 0 0 0 0
Quartz sand*** 547 494 607 574 537 0 0 0 0 0
Feldspar 360 352 432 414 213 0 0 0 0 0
Limestone 3,228 | 3,040 | 5,043 | 3,980 | 4,508 0 0 0 0 0
Dimension stone** 48 85 95 57 64 1 0,1 0 3 2
Crushed stone** 4,454 | 4340 | 4,153 | 3,542 | 4,003 30 21 22 | 624 25
Sand and gravel** 1,474 | 1,333 | 1,426 | 1,307 945 20 18 0 40 43
Brick clay** 0 0 0 0 0 0 0 0 0 0
Total 9,865 | 9,647 11,757 | 9,874 10,275 51 39 22 | 104 70
Index, 1990 = 100 62 61 74 61 64 - - - - -
Index, 2000 = 100 107 108 131 108 111 17 13 7| 221 22

* pyrope bearing rocks,
** conversion to kt: natural gas (1,000,000 m? =1 kt), dimension and crushed stone (1,000 m*> = 2.7 kt), sand
and gravel and brick clays (1,000 m? = 1.8 k),

1. 1. 2016, raw materials mined in 17 CHKO). The CHKO mined raw materials number was
17 in 2021. In 2022 it was 18 in 2023.

As far as the impact of mining on the area is concerned, the CHKO Cesky kras (Bohemian
Karst — limestone mining) is especially unfavourably affected. The impact on some other
CHKO, especially CHKO Tiebon region, Poodii. Ceské stiedohoii Mts., Blansky les is still
rather high (see Tab. “Impact of mining of reserved deposits in CHKO”). The reduction
in mining by 32% occurred in 2017 in the Ceské stiedohoii protected landscape area. The
mining activities in the area of Moravsky kras (Moravian Karst) were terminated in 2014
by abandoning of mining limestone deposit Ochoz-Skalka. In 2017 two deposits are being
mined here again — the limestone deposit Ochoz u Brna and the deposit of foundry sands
Rudice-Sec. In 2018 were not operated the deposits in the area of Moravsky kras again —
neither Ochoz u Brna nor Rudice-Se¢. In 2019 was the other limestones deposit Ochoz u Brna
in operation again. From 2015 when CHKO Kokofinsko was extended about 140 km? (now
is called Kokofinsko-Méachuv kraj) is reported quartz sand deposit Srni — OkfteSice in this
CHKO. In 2016 the Brdy protected landscape area (CHKO) was established but mining there
was not take place. In 2017, however, a crushed stone in the total amount of 11 kt was already
mined on two localities (Zab&hla-Cerveny lom and Chaloupky-hlina) and this situation was
the same in 2018. In 2019-2021 mining at the site did not take place. In 2022 and 2023
quarrying of building stone resumed at the Chaloupky-hlina locality (10.8 kt).
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Mining of reserved and non-reserved mineral deposits in individual CHKO, kt

Name of CHKO 2019 2020 2021 2022 2023
Beskydy Mts. 18 43 52 37 32
Bilé Karpaty Mts. 177 197 242 200 220
Blanik 0 0 0 0 0
Blansky les 1,024 806 1,023 1,026 810
Brdy ** 0 0 0 1 1
Broumov region 79 153 139 106 113
Ceské stfedohofi Mts. 2,122 2,053 2,025 2,059 1824
Cesky kras (Bohemian Karst) 3,293 3,369 3,224 3,288 3139
Cesky les Mts. 0 0 0 0 0
Cesky raj 0 0 0 0 0
Jeseniky Mts. 74 68 23 86 57
Jizerské hory Mts. 0 0 0 0 0
Kokofin region — Machuv kraj 547 494 388 574 537
Krivoklat region 346 301 397 214 261
Labskeé piskovce (Elbe sandstones) 0 0 0 0 0
Litovelské Pomoravi region 0 0 0 0 0
Luzické hory Mts. 5 0,1 0 2 5
Moravsky kras (Moravian Karst) 1,997 1,822 1,933 1,491 1007
Orlické hory Mts. 0 0 0 0 0
Palava region 0 0 0 0 0
Poodfi region 116 200 191 206 175
Slavkovsky les region 279 267 302 31 213
Sumava Mts. 170 76 66 95 68
Trebon region 1,186 1,165 1,365 1,379 785
Zdérské vrchy Mts. 165 141 157 133 125
Zelezné hory Mts. 174 203 161 149 131
Total mine production (rounded) 11,772 11,359 11,688 11,161 9,513

*in 2014 the CHKO Koko¥insko was extended about 140 km?, now is called Kokofinsko-Machiv kraj

** CHKO Brdy was established on 1. 1. 2016

It is possible to get a clearer picture of mining activities in the Czech Republic from

following map.

As well as the Act No. 114/1992 Sb. on nature and landscape protection. Act No. 100/2001
Sb. on environmental impact assessment and the Decree of the MZP No. 17/2011 Sb.
(formerly No. 395/1992 Sb.), by which some provisions of the Act No. 114/1992 Sb. are

applied, have a fundamental influence on permission for exploration and mining.
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Impact of mining of reserved deposits in CHKO, t/km?2 in a year

(areas of CHKO as of December 31)

area
Name of CHKO km?2 2019 2020 2021 2022 2023
in 2022

Beskydy Mts. 1,205 15 35 43 31 38
Bilé Karpaty Mts. 747 240 264 324 268 295
Blanik 40 0 0 0 0 0
Blansky les 220 4,655 3,663 4,650 4,664 3,682
Brdy* 345 0 23 0 0 32
Broumov region 432 183 404 322 245 262
Ceské stfedohofi Mts. 1,069 1,985 1,921 1,894 1,926 1,706
Cesky kras (Bohemian Karst) 132 | 24,947 25,523 24,424 24,909 23,780
Cesky les Mts. 466 0 0 0 0 0
Cesky raj 182 0 0 0 0 0
Jeseniky Mts. 744 100 91 31 116 77
Jizerské hory Mts. 374 0 0 0 0 0
Kokofin region — Machuv kraj* 410 1,334 1,205 946 1,400 1,310
Kfivoklat region 625 554 482 635 342 418
Labskeé piskovce (Elbe sandstones) 243 0 0 0 0 0
Litovelské Pomoravi 93 0 0 0 0 0
Luzické hory Mts. 271 20 0,5 0 7 18
Moravsky kras (Moravian Karst) 97 20,588 18,784 19,928 15,371 10,381
Orlické hory Mts. 233 0 0 0 0 0
Palava region 85 0 0 0 0 0
Poodfi region 82 1,415 2,439 2,329 1,403 2,134
Slavkovsky les 611 457 437 494 509 349
Sumava Mts. (CHKO + NP) 1,680 101 45 39 57 41
Tiebori region 687 1,726 1,695 1,987 2,007 1,143
Zd4arské vrchy Mts. 709 233 197 221 188 176
Zelezné hory Mts. 285 611 801 565 523 481
TOTAL 12,065 976 942 969 925 819

(total mining/total area)

Note: an impact exceeding 10,000 t/km? in a,year is regarded as critical
* CHKO Brdy was established on 1. 1. 2016
*% jn 2014 the CHKO Kokorin region was extended about 140 km?, now is called Kokorin region-Mdacha's country

(Machirv kraj)
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registered mineral
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- mining leases

protected deposit
" area
prognostic resources

Mining activities charge of the Czech Repubilic territory

The Mining Act No. 44/1988 Sb. obliges the mining companies by its section 31 to reclaim
the areas with mining impacts and to create financial means for this reclamation. These
are considered as mining costs from the viewpoint of the profi tax, Table “Development of
reclamations after mining” shows that the areas with mining impact decreased and those
reclaimed increased in 2018-2022.

Methods of reclamation used in 2022 are shown in the table “Reclamation after mining of
reserved minerals in 2022”.

Mining influences the environment. changes the character of the landscape and alters
ecological conditions for flora and fauna. In some areas mining activities can last several
human generations. This way the impact of mining persists and a more permanent new
arrangement of natural conditions and relationships in its area is not quickly evident. The
new arrangement can be equal to or even better than the original one, of course on a different
level. Examples include artificial lakes formed e.g. in south Bohemia by sand and gravel
mining, constructions and sport grounds in former quarries or specially protected nature
areas proclaimed paradoxically in the territory of former quarries, and also 35 hectares
of new vineyards planted as agricultural reclamation of a closed brown coal mine in the north
of Bohemia in the Most wine region. They represent by their area almost 6.5 % of the total
550 hectares of productive vineyards of the Czech wine region.

In Bavaria. Germany. They studied the plant biodiversity in local quarries (S.Gilcher-U.
Trankle (2005): Steinbriiche und Gruben Bayerns und ihre Bedeutung fiir den Arten- und
Biotopschutz, -Bayerischen Industrieverband Steine und Erden e.V., Miinchen). Of the 2533
known plant species (of which 701 are endangered) in Bavaria in quarries whose combined
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Area affected by mining by region, 2023

Tt Area .af.fected by mining in Arf-:a afffac.ted by mining

mining leases (km?) outside mining leases (km?)
Capital City of Prague 1.03 0.02
Central Bohemia 14.03 1.42
South Bohemia 10.95 0.84
Plzen 75.89 0.86
Karlovy Vary 46.15 27.61
Usti nad Labem 110.72 5.72
Liberec;j 12.41 5.47
Hradec Kralové 4.08 0.15
Pardubice 6.40 0.67
Vysocina 4.267 1.96
South Moravia 18.51 0.92
Olomouc 13.20 2.29
Zlin 2.60 0.15
Moravia and Silesia 215.16 7.24
Czech Republic 468.01 55.30

Development of reclamations after mining in 2023

km? 2019 | 2020 | 2021 | 2022 | 2023

Area with manifestation of mining, not yet reclaimed 426 414 336 | 513.4 | 523.3

? £ | Reclamations in process 60 63 28 55.5 53.7

@

§ g— Reclamations finished since the start of mining 255 271 273 | 262.4 | 329.8

Reclamations finished in the given year 4 12 2.4 3.3 3.9

5 Area with manifestation of mining, not yet reclaimed 16 17 10.3 16.6 16.3

% % Reclamations in process 5 4 2.3 3.3 3.9

é _Z% Reclamations finished since the start of mining 3 4 4.4 41 2.6

2 Reclamations finished in the given year 0.2 0.9 0.3 0.3 0.3

area amounts to 0.006 % of Bavaria’s total area. they counted 1039 species (41 % of the total

count), of which 87 species were endangered (12.4 % of all endangered plant species).

In Baden-Wiirttemberg, Germany, (Schelkingen quarries — raw material for cement) an
original research project was developed (Brodkom E. — Benett P. — Jans D. (editors)(2001):
Good environmental practice in the European extractive industry. A reference guide —
Environnement hors-série no 1. p. 35. Société de l’industrie minérale, Paris). “This
consisted of using cut grass to encourage vegetation growth by spreading it over the
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Reclamation after mining of reserved minerals in 2023

Reclamations in process Reclamations finished
Region agricultural |  forest water other agricultural forest water other
in | out | in | out| in |out| in |out| in out DP in | out | in | out | in | out
DP | DP | DP | DP | DP |DP| DP | DP | DP DP | DP | DP | DP | DP | DP

South Bohemia 7 0f 33 0f 51 0 14 0| 48 35| 90| 34| 13 3| 32 1

South Moravia 194 0| 41 0 2| 0] 20 0| 379 32 195 20 7 0] 23 10

Karlovy Vary 135 7| 166| 203 0] 1 69| 325| 403 | 1,213 1,409 2,677 | 559 32| 162 17
Hradec Kralové 25 0 5 0 30 1 0] # 3| 67 3| 45 0| 27 2
Liberec 17 0 54 7 1 0 10 0 90 48 | 366 32 5 0 15 2
Moravia and

Silesia " 5| 289 79 12| 2| 480 21| 875 77| 887 192 | 329 8| 530 39
Olomouc 20 0 39 15 14| 0 33 16 21 98 26 51 137 4 5 5
Pardubice 4 0 2 1 21 0 3| 24 16 0 17 8 78 0 10 2
Plzen 27 1 28 1 1 0 0 1 24 16 45 30 0 0 18 0
Prague 0 0 0 0 0] 0 5| 351 1 3 0 0 0 0 3 1

Central Bohemia | 119 0] 138 3 26| 0 25 1] 350 75| 102 1 91 0| 114 16

Usti nad Labem | 472 85| 136 245 28| 7| 49| 72|2,092| 10,081 |2520(2,619| 255 | 215|1,102|1,284

Vysocina 0 0 0 0 0| 0 4 8 0 0] 29 5 0 0 8 16

Zlin 0 0 0 0 0| 0 3 0 36 54 5 0 0 0 1 0

Czech Republic

intotal 1,031 | 108 | 795| 554 | 240 | 10| 1,163 | 819 | 4,376 | 11,735 5,758 | 5,682 | 1,619 | 262 | 2,050 | 1,495

[ranked according to regions and way of reclamation; DP = mining lease (in = within, out = outside), areas in
hectares (1 km? = 100 ha)]
* Data 2021 not available

floor of a closed-down quarry. In order to protect germination. the grass counteracts high
soil temperatures. The moisture of the soil is retained much longer, and the air humidity
under the grass is higher. Corresponding tests on the following substrates were carried
out at the quarry: raw soil substrate (unchanged quarry site), mixed substrate (screen
residue and excavated material), excavated material. With regard to effectiveness.
it can be stated that 50 to 60 % of the species established on the areas from which the
cut grass was taken were introduced and naturalised in an single mowing process. The
costs incurred by such the process range between a minimum of 0.43-0.61 EUR/km?
(without site preparation) and a maximum of 1.36-1.87 EUR/km? (including distribution of
substrate and further measures). In contrast to that. the costs occuring for recultivation for
agricultural or forestry purposes, amount to between 1.02-3.07 EUR/km?.”

In 2009 participants in the workshop Obnova tizemi narusenych tézbou nerostnych surovin
(“Restoration of Mining-Impacted Land”) organized by the citizens association Calla-
Association for Preservation of the Environment and by the Department of Botany of the
Faculty of Science at the University of South Bohemia set down principles of eco-friendly
restoration of mining-impacted land (J. Rehounek (2010): Pfirodovédci formulovali zasady
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ekologické obnovy po tézbé. (Naturalists formulated principles of post-mining ecological
restoration — Mineralni suroviny/Surowce mineralne (magazine), 1:32—-33. Mining Union of
the Czech Republic, Brno):

1. Prior to commencing mining — a qualified biological assessment not only of the mining
area, but also of its surroundings is essential. It would be beneficial if the actual mining
were to be managed, if possible, in such a way so as to preserve (possibly maintain and
expand) as many (semi) natural habitats in the immediate vicinity of the mine site or
dumping ground. A roughly 100-metre zone in an area that can be accessed by most of
the species is key for the subsequent colonization of the mining-impacted land during
spontaneous succession.

2. Environmental impact assessments. biological assessments and reclamation plans, which
concern the restoration of mining-impacted land and dumping grounds, should be prepared
by experts, who are not only familiar with the current state of knowledge in the field of
ecological restoration. but also with realistic possibilities and limits of mining technology.
These problems should henceforth be included in the examinations for persons authorized
to prepare environmental impact assessments pursuant to Act No. 100/2001 Coll. (EIA)
and for persons certified in preparing biological assessments pursuant to § 67 of Act No.
114/1992 Coll. and in preparing assessments evaluating impacts on bird areas and on
Special Areas of Conservation (SAC) pursuant to § 451 of said Act. Ongoing training in
ecological restoration should be mandatory for these persons.

3. A basic restoration plan (e.g. in the form of a remediation and reclamation summary)
should already be known when a mining lease (in the case of reserved deposits) is granted,
or when a planning permit that designates the area for mining (in the case of non-reserved
deposits) is granted, and should take into account the potential possibilities of the area.
Room must be left to make any possible changes according to current conditions during
the mine planning phase (plan of mine development work /POPD/ including detailed
rehabilitation and reclamation plans, mining permits, etc.) and during the actual mining
and completion phases.

4.1t is essential to conduct another continuous assessment of the locality (a scheduled
monitoring programme) already during the course of mining and after its termination,
which may discover the presence of rare and endangered species and communities, as
well as important geological and geomorphological phenomena. The restoration plan will
have to be modified with respect to this assessment, which should be provided by the
mining company via or under supervision of a qualified person.

5. Prior to, during and after mining, it is necessary to monitor invasive species at the mine
site and in its surroundings. If their presence may possibly jeopardize the intended
restoration method, then they must be removed by sanitation methods.

6. The great majority of mining-impacted land can restore itself spontaneously — via
spontaneous succession, which may in some cases also be guided (directed. blocked
or reversed). As a rule, at least 20 % of a large mine site’s total area should be left to
spontaneous succession in the most bilogically valuable areas. Smaller mining sites and
dumping grounds can usually be integrated into the landscape without problem, thus
ecological succession may be implemented in their entire area.

7. If endangered and specially protected species and communities are highly dependent on
the mine site environment, then their population and biotypes will have to be managed
appropriately. This should be covered by mandatory funds generated by the mining
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Share of specially Protected Areas of the Czech Republic nature
(zvlasté chranéna Gzemi prirody Ceské republiky (ZCHUs)) established
in localities with former mining (“after mining”) in all the ZCHUs
(compiled after data of the Nature Conservation Agency of the Czech Republic —
AOPK CR in 2024)
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2023 2023 2013* 2013* data 2023 data 2023
Central Bohemia 313 17,148 41 817.99 4.72% 13.18%
Prague 92 2,383 36 714.04 29.37% 38.71%
Karlovy Vary 95 6,032 6 33.03 0.55% 6.32%
Olomouc 165 7,636 20 195.88 2.57% 1.21%
South Moravia 351 11,565 23 343.00 2.99% 0.67 %
Pardubice 110 6,223 5 116.84 1.88% 0.45%
Plzefi 196 6,808 17 148.09 2.17% 0.87%
Zlin 215 2,582 6 23.72 0.92% 2.79%
Moravia and Silesia 167 8,727 17 264.81 3.03% 10.18%
Liberec 126 5,928 6 244.38 4.12% 0.48%
Vysocina 204 5,936 4 29.25 0.49% 1.97%
Usti nad Labem 182 9,951 12 327.79 3.29% 0.66 %
Hradec Kralové 135 8,830 6 17.10 0.19% 0.44 %
South Bohemia 339 17,146 18 247.24 1.49% 0.53%
Czech Republi
St 2,600 | 116,885 217 3,523.16 3.01% 8.15%

total

*data from 2013 onwards are not available
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company for reclamation, after its completion by public funds designated for landscape
programmes.

8. The most valuable mine sites and dumping grounds should be declared specially protected
areas (most often classified specifically as a nature monument) and managed accordingly,
or declared temporary protected areas if only temporary protection is needed. Less
valuable mine sites and dumping grounds left to eco-friendly restoration should almost
always at least be registered as important landscape elements. Special attention should
be paid to mine sites that may be incorporated into the territorial system of ecological
stability.

9. Restoration of a mine site or dumping ground should primarily increase the observable
landscape diversity. It is necessary to break up straight lines and surfaces (peripheries,
shore lines, etc.) with uneven areas, at the very latest after termination of (or preferably
during the course of) mining. Shallow shore areas are necessary at flooded mine
sites.

10. Unsuitable pieces of equipment and waste should removed after mining is terminated, if
the aim is to integrate a mine site or dumping ground into the environment.

11. The nutrient-rich top soil sections must be permanently removed from those parts of
the mine site that are designated for eco-friendly restoration in the least amount of time.
This already needs to be taken into account during the reclamation planning phase. As
overburden is returned, so are excess nutrients, which mostly support the evolution of
a few less abundant, agressive species, including invasive ones. Once mining commences
it is therefore necessary to verify. in collaboration with protection of agricultural land
resources authorities (hereinafter OZPF), if the overburden is being carefully and
completely removed from areas designated for eco-friendly restoration. Otherwise it
is necessary to modify the implementation of the reclamation plan, again however in
collaboration with OZPF and mining authorities.

12. From an environmental protection perspective, phased mining and restoration works best
at larger mine sites, specifically when spread out over a longer period so that abandoned
areas of the mining area are gradually left to restoration. This procedure helps create more
varied and higher-quality communities with regard to age and extent in restored areas.

13. It is beneficial to place permanent study areas designated for scientific research, testing of
eco-friendly interventions and monitoring in all types of mining areas. These areas should
be respected by the mining companies.

Conclusion of the workshop: Eco-friendly restoration of mining-impacted land is certainly
not the only option of how to deal with the integration of these areas into the landscape. Our
laws should however allow for this restoration method which is common in many countries
to become an equivalent alternative to the thus far predominant forest and agricultural
reclamations.

In 2011 a final report on project VaV SP/2d1/141/07 “Rekultivace a management nepfi-
rodnich biotopt v Ceské republice” (“Reclamation and Management of Non-Natural
Biotypes in the Czech Republic”) was published for the entire duration of the project in
2007-2011 carried out by the Institute for Environmental Policy. Public Benefit Corporation
by the Institute of Geology of the Academy of Sciences of the Czech Republic. Public Research
Institution. and by the Czech University of Life Sciences Prague. Its fi and recommendations
state among other things:
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“Areas impacted by mining and by some other human activities such as quarries, sand
pits, mining sites of kaolin and brick clays, waste piles/dumps and large waste depots are by
far not really devastated. dead “lunar landscapes”. On the contrary, it is being demonstrated
that, in terms of the protection of diverse biotypes, they are a very important refuge. where
mushrooms and wild plants and animals are finding optimum living conditions which they
entirely lack in urbanized and industrial areas, and on land used intensively by agriculture...”
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GEOLOGY AND MINERALS

Geological evolution of the area of the Czech Republic

Arnost Dudek

The Czech Republic is located in the very centre of Europe at the limit between the Hercynian
Meso-Europe and the Neo-Europe (Fig. 1). There is hardly any country with such a variegated
geological structure in such a small area and with such a complex geological evolution.
Practically all known rocks and the majority of geological formations and known types of ores
and industrial minerals occur on the state territory. Even though most ore deposits are interesting
mainly from a scientific and mineral collectors’ point of view, a number were of European
importance during the Middle Ages and the beginning of modern time. The interesting and
complex history of this area attracted attention of researchers already in early times and it
strongly influenced the evolution of the mining and geological sciences. It was on this territory
where one of the oldest mining laws, the Jihlava Mining Law (1260), and slightly later the
mining law of the King Wenceslas II “Ius regale montanorum” (1300), which became basis of
many mining laws in other states of the world especially in South America, came into being.
The origin of the world-known works of Georgius Agricola, especially his book “Bermannus
sive de re metallica dialogus” (1530), is also linked to the territory of the Bohemian Massif.

Three main structural complexes form the geological structure of Czech territory. The oldest
one, consolidated already during the Precambrian orogenies, is Brunia (Brunovistulicum),
taking basically the area of Moravia. This segment of the Earth’s crust probably represents an
extremity of the East European platform, even though some researchers consider it as a part
of the African plate. The influence of the younger — Paleozoic and Alpine — orogenies was
only minor and it served as a foreland of the nappe structures which were thrust over it. The
Hercynian-consolidated Bohemian Massif, overlapping to the area of the neighbouring
Austria, Germany and Poland in the south, west and north, forms the major part of the
state territory. Bohemian Massif belongs to the Paleo-Europe. The Hercynian orogeny in
the end of the Carboniferous put the finishing touches on it, even though it also contains
older building elements. It already behaved as a consolidated block after the Hercynian
orogeny, only sometimes flooded by epi-continental sea and affected only by fault tectonics.
As a crustal block rising from young sedimentary formations, it broke up only during the
younger mountain-building processes, morphologically only in the end of the Neogene and in
the Quaternary. Geological continuation of the Hercynides towards the west is indicated by
other crustal blocks which were created later — Schwarzwald, Vosges Mountains, the French
Massif Central and Iberian Meseta, in the northern branch then the Armorican Massif and
massifs in southern England and Ireland. The eastern margin of the Bohemian Massif was
thrust over the Cadomian unit of the Brunovistulicum during the Hercynian orogeny. The
boundary between the hercynian Mesoeurope and alpine Neoeurope crosses the eastern part
of the Czech Republic. The Alpides are represented there by the West Carpathians. They are
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Fig. 1. Geological position of the Czech Republic in Europe
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built by an inner unit — Central West Carpathians, Outer Flysh Carpathians and the Carpathian
Foredeep. The Central West Carpathians are formed by pre-Mesozoic volcanosedimentary
complexes, mostly metamorphosed and penetrated by late-Hercynian granitoid plutons, and
their sedimentary cover (Trias to Lower Cretaceous). At the beginning of Upper Cretaceous
the Central Carpathians were intensively folded and in places also metamorphosed. A tectonic
zone of first order — the Klippen Belt, built mostly by Mesozoic sedimentary rocks separates
the Central Carpathians from the external Flysh Carpathians. The Quter Flysh Carpathians
are formed (besides rare uppermost Jurassic sediments and local Cretaceous volcanics)
predominantly by sedimentary complexes of Cretaceous and Paleogene age. These complexes
were as horizontal nappes thrust over the Brunovistulian basement and its sedimentary cover
over a distance of tens of kilometres partly even over the Neogene Carpathian Foredeep.

As in the study of the history of mankind, there is little information on the oldest periods of
the evolution of the Earth we live on, and our findings are accompanied by a large number of
uncertainties. This of course applies also for the Czech territory, even though it belongs to the
areas where systematic geological research was in progress since the beginning of the 19™ century.

Complexes of the Brunia (Brunovistulicum) crop out on the surface only in the western
Moravia, butthey reach farto the eastbelow the overthrust nappes ofthe Outer Flysh Carpathians.
They are formed by metamorphic rocks —mainly monotonous biotite paragneisses — which were
altered during the Proterozoic orogenies, and intruded by huge massifs of abyssal magmatic
rocks of about 550 Ma age at the boundary between the Proterozoic and Paleozoic. The Brno
and Dyje Massifs represent the exposures of these rocks. Granitoid plutons covering large
areas as well as smaller basic massifs of gabbros and norites compacted this unit and prevented
its later reworking by younger mountain-building processes, which formed the Bohemian
Massif. Western parts of the Brunovistulicum are built by variegated volcano-sedimentary
complexes (involving limestones, graphitic rocks, quartzites, amphibolites and orthogneisses).
These parts were strongly affected by the Hercynian tectonometamorphic processes. They
crop out from beneath of the overthrust Hercynian complexes of the Moldanubicum and
Lugicum in tectonic windows of the Dyje and Svratka Domes of the Moravicum and Desna
Dome of the Silesicum. Their appurtenance to the Brunia (Brunovistulicum) has not been
commonly accepted yet and these units are by some authors ranked to the Lower Paleozoic and
to the Hercynian Bohemian Massif. Platform sediments — the Cambrian conglomerates and
sandstones in limited areas, marine Silurian shales sporadically and extensive and important
sediments of the Devonian, Mississippian (Lower Carboniferous) and continental sediments
of the coal-bearing Pennsylvanian (Upper Carboniferous) — are deposited on the Cadomian
basement. The younger platform cover is represented by sediments of the Jurassic, Cretaceous,
Paleogene and the Neogene of the Carpathian Foredeep. This consolidated basement was
overthrust by nappes of the Outer Flysh Carpathians from the east (Fig. 2).

The lower level (basement) of the Bohemian Massif — the epi-Variscan platform —is built by
metamorphic rocks intruded by numerous and very large granitoids massifs, and by only weakly
metamorphosed or unmetamorphosed but Hercynian-folded Lower Paleozoic. Regionally it is
divided (Fig. 3) into the core, formed by the highly metamorphosed Moldanubicum and mostly
only weakly metamorphosed Bohemicum (Tepla-Barrandian domain). This core is rimmed
by the Saxothuringicum (Krusné hory Mts.) on the NW, Lugicum (Krkonose Mts., Orlické
hory Mts., Kralicky SnéZnik) on the north and Moravo-Silesicum (Jeseniky Mts., eastern
part of the Ceskomoravska vrchovina Highlands) on the east (see Fig. 3). These marginal
complexes are metamorphosed mostly less intensively than the central Moldanubicum.
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Fig. 2. Geology of the Czech Republic
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" overthrusts and faults.

Fig. 3. Regional basement division of the Bohemian Massif on the territory
of the Czech Republic
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The Moldanubicum is formed by rocks metamorphosed mainly in the amphibolite facies —
sillimanite and cordierite gneisses and migmatites with intercalations of orthogneisses,
marbles, quartzites, graphitic rocks and amphibolites. Bodies of high-temperature and high-
pressure metamorphic rocks — granulites and garnet peridotites with eclogites — are numerous,
too. Their occurrences mark the course of old tectonic zones, along which these rocks were
exhumed from depth. They are exposed mainly in southern Bohemia (Blansky les, Prachatice,
Kftistanov and LiSov granulite massifs) and western Moravia (Bory and Namést' granulite
massifs). The age of the protolith of Moldanubian complexes is probably Upper Proterozoic;
their metamorphism under the amphibolite, granulite and eclogite facies conditions is linked
to the Hercynian orogeny. Pre-Paleozoic, Cadomian metamorphism of regional extent, mostly
overprinted by the Hercynian processes, is nevertheless documented. Minor bodies of old
orthogneisses exhumed along deep-reaching faults in the southern Bohemia, the radiometric
age of which is even 2.1 Ga, represent a single exception. They document the existence of the
Lower Proterozoic in the deeper crustal structure of the Bohemian Massif. Some Moldanubian
rocks, especially gneisses, granulites and amphibolites, represent common resources of
building stone.

The metamorphic rock complexes of the central Bohemian Bohemicum (Tepla-Barrandian
domain) as well as the marginal complexes of the Saxothuringicum, Lugicum and Moravo-
Silesicum developed by regional metamorphism of mainly Upper Proterozoic protoliths
(1,000-545 Ma). During this period, the area of today’s Bohemian Massif was covered by
a deep sea, in which sandy and clayey rocks were deposited. Surrounding continents, probably
rather distant in the mainland formed by very old rocks, represented the source area of the
deposited material. Some clastic minerals from metamorphic rocks of the southern Bohemia
(up to 2.7 Ga old, in the neighbouring Bavaria even 3.8 Ga) were at least in part derived
from the Archaic of the African shield. They were of course deposited much later. The
sedimentation was accompanied by submarine volcanism of tholeiitic basalts, which formed
linear structures tens of kilometres long, maybe in some cases standing out above the sea
level (island arcs) as well as much less extensive acid volcanism. The volcanic activity was
accompanied by deposition of black shales with abundant pyrite and of siliceous sediments —
lydites. Finely banded structures resembling organogenic stromatolites, which would belong
to the oldest organic remnants on the Czech territory, were found rarely in the latter. A set of
these sediments and volcanic rocks was intensively folded and mostly also metamorphosed
in the end of the Proterozoic. Very weakly metamorphosed Proterozoic rocks are nowadays
exposed only in central Bohemia between Prague and Plzen (in the so-called Barrandian). The
intensity of their alteration increases towards the marginal mountains. A continuous succession
of thin metamorphic zones of Barrovian type up to gneisses with kyanite and sillimanite
developed especially towards the W and SW. Proterozoic rocks are altered into gneisses and
amphibolites also in the Krusné hory Mts., Krkonose Mts., Orlické hory Mts. and Hruby
Jesenik Mts. These complexes were intruded by numerous massifs of granites (especially
Stod, Cista-Jesenice and LuZice massifs) and gabbros (Kdyné and Pobé&Zovice massifs) in the
end of the tectonometamorphic processes especially in the western and northern Bohemia. The
Pre-Paleozoic Cadomian orogeny represents one of the most important magmatogennic and
tectonometamorphic processes in the evolution of the Bohemian Massif.

The Earth’s crust in Czech territory was not completely solid after the Cadomian orogeny
and it gradually broke into a number of smaller blocks, which moved away from each other and
were partly flooded by sea again during the Lower Paleozoic [Cambrian, Ordovician, Silurian,
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Devonian to Mississippian (Lower Carboniferous)]. Unaltered sediments were preserved
especially in central Bohemia, in the area between Prague and Plzen (Pilsen), named Barrandian,
to a lesser extent also in other parts of the Bohemian Massif. In its marginal parts (excluding
Brunovistulicum), Paleozoic complexes experienced strong metamorphism and therefore their
identification and dating is commonly very difficult. In the Barrandian, sedimentation started
already in the Lower Cambrian, represented by a formation of conglomerates and sandstones
up to several hundred to thousand meters thick. Sporadic occurrences of shales of fresh-water
or brackish origin, in which the oldest fossils of arthropods in Bohemia were found, are known
here. Sea penetrated to central Bohemia in the Middle Cambrian and deposited sandstones and
especially shales, which are world-known for their occurrences of trilobite fauna. The evolution
of the Cambrian was terminated by extensive rhyolites and andesite terrestrial volcanism.

The Ordovician started by the sea again transgressing in central Bohemia and by the
formation of the so-called Prague Basin, the evolution of which continued until the Middle
Devonian. The Ordovician rocks are represented mainly by clastic sediments, mostly various
types of shales with thick quartzite intercalations), the deposition of which was accompanied
by intensive basaltic volcanism. Deposits of sedimentary iron ores (e.g. Nucice, Ejpovice etc.)
which were of a high importance in the 19" and beginning of the 20" century originated in
relation to the volcanic activity. The Bohemian Massif was located close to the southern polar
circle in the Ordovician and sedimentation of rocks as well as volcanic activity proceeded in
the sub-polar climate. This crustal segment moved rather rapidly to the north, into warmer
waters of the tropic of Capricorn in the end of the Ordovician.

The change of the climate and by this also conditions of development of organisms and
sedimentation during the Silurian resulted in formation of fine-grained black shales with
abundant graptolite fauna, accompanied also by intensive volcanic activity and intrusions of
numerous diabase sills. Mass development of organisms with carbonate shells occurred in its
upper parts with regard to the increasing temperature and massive limestone formations were
formed.

Continuous carbonate sedimentation in the Prague Basin lasted until the Devonian, whereas
in the surrounding parts of Europe as well as more distant areas the rock deposition was
interrupted by the Caledonian orogeny. Gradual unaffected evolution of both the sediments and
organisms and their long-lasting detailed study by several generations of Czech paleontologists
was a prerequisite for the determination of the first, globally valid stratotype between two
systems (Silurian and Devonian) in Klonk u Suchomast SW of Prague. The limestone
sedimentation in the Prague Basin terminated in the Middle Devonian and sandstones with
terrestrial flora ended the Devonian sedimentation in this area.

Sedimentation of the Devonian rocks continued in the Upper Devonian only in the area of
the Krkonose Mts. (on Jestéd Mt.) and especially in Moravia in the Jeseniky Mts. and in the
Moravian Karst. Evolution of the Devonian in Moravia differed from that on the Bohemian
territory. Transgressive complex of the siliciclastic and volcanic rocks with stratiform deposits
of Fe, Cu, Au, Zn and Pb overlie the old Brunovistulian basement in its western, more mobile
part. This clastic sedimentation continues also in the Mississippian (Lower Carboniferous).
The Devonian rocks on the more stable Brunovistulian basement in the south and east begin by
clastic rocks, which in places reach over 1,000 m in thickness. Limestones appear only in the
Upper Devonian and their evolution continues until the Mississippian (Lower Carboniferous).
There is therefore no manifestation that the sedimentation was interrupted by the Hercynian
orogeny in Moravia. Sedimentation spaces just moved to the east to Ostrava region and to
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today’s Carpathian basement. Limestones of the Upper Devonian form important deposits
especially in central Moravia (e.g. Mokra, Lisen, Hranice etc.).

A change in the character of the sedimentation in the end of the Devonian is an expression
of the Hercynian orogeny, which affected (about 340-310 Ma ago) the majority of the Czech
lands with a high intensity and expressed itself by the development of the nappe structure and
a very strong metamorphism of large areas. Even the crystalline complexes formed during the
Cadomian orogeny were metamorphosed again. Vast massifs of granitoid magmatic rocks of
several thousand km? extent, not yet completely uncovered by denudation, formed practically
simultaneously. Their intrusions were accompanied also by extensive surface volcanic
activity and the development of very numerous deposits of variable genetic types (e.g. Krusné
Hory Mts. massifs and Sn, W, Li, Ag, U, Co, Ni mineralization in the Saxothuringicum or
Central Bohemian and Moldanubian Plutons in the Moldanubicum and Au, Sb, Ag, Pb, Zn,
U mineralization). Granitoid massifs represent an important resource of building and dimension
stone as well as feldspar raw materials. Weathered crusts of granitoids (e.g. Krusné hory Mts.
massifs, Dyje Massif) are an important source of kaolin, too.

There are two different types of the Carboniferous and its rocks in the Bohemian Massif as
a result of the Hercynian orogeny. The Mississippian (Lower Carboniferous) is represented in
Bohemia only by restricted relics of marine sediments found by drillings under the Bohemian
Cretaceous Basin E of Hradec Kralové, and by weakly metamorphosed slates in the Jestéd Ridge
SW of Liberec. The sedimentation of the continental type begins in the intra-mountain basins
only in the Pennsylvanian (Upper Carboniferous, Westphalian) and continues in the Permian.
Basins with partly individual evolution extend in the Plzen (Pilsen) surroundings towards the
North and Northeast as far as the Broumov area in the NE tip of the Bohemian part of the
Czech Republic (Fig. 4), where their stratigraphic extent is the largest and the sedimentation
finishes as late as the Lower Triasic. They are to a large extent overlain by sediments of the
Bohemian Cretaceous Basin. River and lake deposits — conglomerates, arkoses and shales
with layers of tuffs, tuffites and lavas — are in many places accompanied also by formation of
coal seams, which were and still are of a high economic importance. Some seams show an
elevated U content making them even potential deposits. The Carboniferous arkoses in the
Plzen (Pilsen) and Podbotany regions gave rise to important deposits of kaolin. Carboniferous
mainly refractory clay and claystone are important, too. The Bohemian Massif reached the
equator on its way to the north and coal formation reflects the dominating tropical climate.

In Moravosilesian area, which was just weakly influenced by the Hercynian orogeny thanks
to the solid Brunovistulian basement, the Devonian sedimentation was continuous until the
Mississippian (Lower Carboniferous), when the formation of limestones terminated. It was
followed by flyshoid sedimentation of conglomerates, greywackes and shales in multiple
alternation of individual layers (Culm development). The greywackes represent a resource of
a high-quality building stone. The depositional environment gradually changed from marine
to fresh-water during the latest Mississippian and the Pennsylvanian (Upper Carboniferous)
and important deposits of bituminous coal (paralic basins of the Ostrava, and limnic basins of
the Karvina region) formed in the coastal marshes. The Czech part of the Upper Silesian Basin
represents the most important bituminous coal mining district in the Czech Republic. The
Carboniferous system in the Czech Republic was, and remains, not only an important energy
base of the state but also a world-known classical area of Carboniferous flora and fauna.

The Hercynian mountains wer