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Foreword

The events that occurred during the preparation of the successive, 6% edition of “Mineral Resources of Poland’, such as
the COVID-19 pandemic and the war in Eastern Europe, disrupted raw material supply chains and made it clear that
we cannot take access to minerals for granted, while reinforcing the importance of access to locally occurring raw ma-
terial deposits.

It is our wish that exploration for and documentation of mineral deposits in Poland will expand in the years to come,
thus increasing coverage of needs of the domestic and European economies and improving the management of raw
materials from local deposits. Easy and preferably free access to geological information is the basis for effective explo-
ration for and mining of mineral resources. Nowadays, however, there is a lot of misinformation circulating and it is
increasingly more difficult to find reliable and up-to-date knowledge about the resources of mineral deposits. This
publication, together with “The balance of prospective mineral resources of Poland” and “The balance of mineral re-
sources deposits in Poland” (both available in Polish version) provide complete and verified knowledge of Polish min-
eral resources. Information included in these publications is based on more than 100 years of geological exploration of
the territory of Poland by Polish Geological Survey which resulted in discovery of numerous economically important
mineral deposits.

It is my sincere hope that this publication prepared by the Polish Geological Survey will bring you closer to the infor-
mation on mineral deposits in Poland.

Andrzej Gluszynski, PhD
Deputy Director for the geological survey
Polish Geological Institute — National Research Institute






Introduction

Contemporarily, we are witnessing a raw material renaissance around the world. The terms “raw material independ-
ence’, “diversification of sources and supplies”, “domestic resource base” are gaining particular importance. Every
country wishes to have their own mineral deposits in order to produce raw materials — to obtain energy and Critical
Raw Materials (CRM’s), or to exploit such deposits in countries that are stable, safe, and predictable.

In this context we encourage you to familiarize yourself with the resources offered by our country, presented in this
6th edition of the “Mineral Resources of Poland” (MRoP).

For over 70 years, Poland has been documenting new deposits, once financed from the state budget, today practically
exclusively by entrepreneurs. Information on these deposits, their geological-mining parameters, resources, mineral
quality — are documented in a standardized and uniform manner throughout the country. This has been regulated by
law for several decades. Similarly, the geological information and records about mineral resources have been compiled
in the same manner over the years. In Poland, basic information on mineral deposits is gathered in databases and is
available at https://www.pgi.gov.pl/en/data-bases.html. The basic source of information concerning records of mineral
resources is the System of management and protection of mineral resources in Poland - MIDAS (http://www.midas.
pgi.gov.pl). The MIDAS system is conveniently accessible to all the interested parties, especially entrepreneurs, geo-
logical administration, scientific institutions and state authorities, and is annually presented in the MRoP. At present
we have (as of the end of 2020, according to the last “The balance of mineral resources deposits in Poland” - in Polish:
“Bilans zasobow z16z kopalin w Polsce”) almost 14,500 documented mineral deposits in various stages of develop-
ment. Some of these deposits are already covered by licenses for mineral extraction (almost 5 thousand of those de-
posits are being exploited or about to be exploited), and related geological and mining assets (deposits and mines)
constitute a significant share in the national economy. In part, the deposit inventory database includes deposits that
are already documented (with geologic documentation) but undeveloped. Geological documentation of these depos-
its is usually found in the resources of the National Geological Archive, maintained by the Polish Geological Institute
- National Research Institute (PGI-NRI) and is available to interested entrepreneurs. We also possess knowledge
about deposits that were abandoned in the past, which may be worth reactivating today due to the value of the min-
eral or changes in the economic situation. It is also worth mentioning that archival issues of “The balance of mineral
resources deposits in Poland” - starting from 1955 - are available on the website https://www.pgi.gov.pl/bilans-
zasobow, in the form of .pdf files.

The layout of this monograph was prepared in such a way as to present, in an orderly and comprehensive way, basic
information on deposits, available both for mining enterprises in Poland and foreign entities interested in the Polish
mining sector, hence such elements as a glossary of terms, which is extremely important to understand certain differ-
ences between Polish nomenclature and nomenclature of other countries, as well as a concise chapter devoted to geo-
logical structure of Poland. For the first time the MRoP presents the following chapters: on the economic geology of
Poland, on the resources of raw materials critical for Polish and European Union (EU) economies, and on the pro-
gram of inventorying mine waste for its potential use as a source of secondary raw materials.

Detailed information (in Chapter II) on documented mineral deposits and their resources (at various stages of explo-
ration), included in this publication, is preceded by a noteworthy part (Chapter I) devoted to the exploration and mine
licensing system in Poland, fees and taxes connected with licensing and mining, geological information and the rules
to access it, and the deposit register system itself. Similar to the previous editions of the MRoP, in this edition, to fa-
cilitate your analysis, we present mineral resources of the majority of Polish deposits with reference to the interna-
tional classification of mineral resources — United Framework Classification for Resources (UNFC).
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Introduction

It is worth stressing that in parallel in Poland the deposit prospects of mineral deposits are being evaluated and results
of research works, carried out mainly by PGI-NRI as a research institute and at the same time, the Polish Geological
Survey, are being published periodically. The newest, 6 edition of the MRoP, is based (in Chapter II) not only on data
on already recognized deposits having data in the form of geological documentation - in accordance with the “The
balance of mineral resources deposits in Poland”, but what is equally important, it presents results of studies on de-
posit perspectives in accordance with the newest edition of the “The balance of prospective mineral resources of Po-
land” (in Polish: “Bilans perspektywicznych zasobow kopalin Polski”). This publication is a combination of knowledge
concerning already known mineral deposits with prospects of new discoveries of mineral deposits, which means that
it provides unique, comprehensive and most recent knowledge on the state of mineral exploration in Poland.

In Chapter III we supplemented our data with the development status of the work by the Polish Geological Survey per-
taining to a circular economy in reference to raw materials, presenting, in a synthetic manner, the results of this work,
covering nearly one and a half thousand post-mining anthropogenic accumulations, which, in some areas containing
raw materials that can be a secondary source and a valuable supplement to raw materials from primary sources.

The current, sixth, edition of MRoP also contains information on documented, already discovered mineral deposits
for the production of Critical Raw Materials (with the Polish CRM list only slightly different from the EU list).

Similarly to previous editions, this publication presents the structure of exports and imports of mineral raw materials
in Poland, divided into main groups of raw materials, both in terms of volume and value of trade.

The authors of the chapters and editors of this monograph have tried to thoroughly illustrate all important information
- one picture is worth a thousand words. For this reason, in addition to the tables, figures and graphics in the text itself,
maps are included at the end of the monograph to graphically represent the most important data and facts provided.

We hope that this collective work by the employees of the Polish Geological Survey will bring you closer to the issues
relating to raw material in Poland, and help you make the best investment decisions concerning Polish geological -
mineral and mining assets.

Editors

Stawomir Mazurek, PhD
Marcin Tymiriski, MSc.
Agnieszka Malon, MSc.
Marcin Szuflicki, MSc.



List of abbreviations and units of measure and terms used in the book

°C
pum
BC
bn
bnm3
bn PLN
bnt
Bq
Btu
CBM
cm3
dm3
e.g.
EUR

GML

ha
HNNG

kg
kha
km?2
kt
LCB
LSCB
LME

Abbreviations

Celsius degree

micrometer

Before Christ

billion

billion cubic meters

billion PLN

billion tonnes (= 1,000,000,000,000 kg)
Becquerel

British thermal unit (equal to about 1,055 joules)
coal-bed methane

cubic centimeter

cubic decimeter

for example

European Union currency (the euro)
gram

“Geological and Mining Law” dated the 9t of
June, 2011 (Journal of Laws of 2021, Item 1420,
unified text; hereafter referred also as the Act)

hectare

high-nitrogen natural gas
thousand

kilogram

thousands of hectares (= 1,000 ha)
square kilometer

thousand tonnes (= 1,000,000 kg)
Lublin Coal Basin

Lower Silesian Coal Basin

London Metal Exchange
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Mha
MJ
MK

MPa
MPLN
Mt

M USD
N/Z
PLN

ppb
sP

Tcf
TOC
troz
USCB
USD

meter

million

cubic meters

million ages

million barrels per day

meter below surface level

million EUR

milligram

aluminous modulus

hydraulic modulus

million hectares (= 1,000,000 ha)
mega joules

siliceous modulus

million cubic meters (= 1,000,000 m3)
megapascals

million PLN

million tonnes (= 1,000,000,000 kg)
million USD

overburden to deposit thickness ratio
Polish currency (in Polish the “Zloty”)
parts per billion

pyrometric cone/pyrocone

ton (= 1,000 kg)

trillion cubic feet

total organic carbon

troy ounce (= 31.1034768 grams)
Upper Silesian Coal Basin

United States currency (the dollar)
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Glossary

M. Tyminski, A. Malon

UNFC Update 2019 definition according to Annex I and Annex IT which form an integral part of UNFC Update 2019

(UNECE, 2020)

Definition of categories and supporting explanations
(according to Annex I)

Cat. Definition Supporting Explanation
Development and operation are environmentally-socially-economically viable
on the basis of current conditions and realistic assumptions of future conditions.
All necessary conditions have been met (including relevant permitting and
E1 Development and operation are confirmed to be | contracts) or there are reasonable expectations that all necessary conditions
environmentally-socially-economically viable will be met within a reasonable timeframe and there are no impediments to the
delivery of the product to the user or market. Environmental-socio-economic
viability is not affected by short-term adverse conditions provided that longer-
term forecasts remain positive
. Development and operation are not yet confirmed to be environmentally-
Development and operation are expected to . . . . s o :
. . . socially-economically viable but, on the basis of realistic assumptions of future
E2 become environmentally-socially-economically . . . .
. . conditions, there are reasonable prospects for environmental-socio-economic
viable in the foreseeable future e
viability in the foreseeable future
. On the basis of realistic assumptions of future conditions, it is currently
Development and operation are not expected to . . .
. . . considered that there are not reasonable prospects for environmental-socio-
become environmentally-socially-economically e . . .
. . .. economic viability in the foreseeable future; or, environmental-socio-economic
E3 viable in the foreseeable future or evaluation is o . . Lo .
. . viability cannot yet be determined due to insufficient information.
at too early stage to determine environmental- - . . . .
. A Also included are estimates associated with projects that are forecast to be
socio-economic viability . - . .
developed, but which will be unused or consumed in operations
Cat. Definition Supporting Explanation
Development or operation is currently taking place or, sufficiently detailed studies
F1 Technical feasibility of a development project have been completed to demonstrate the technical feasibility of development and
has been confirmed operation. A commitment to develop should have been or will be forthcoming
from all parties associated with the project, including governments
Technical feasibility of a development project is Preliminary studies of a defined project .provide sufficient evidence of tl}e' Potential
F2 . . for development and that further study is warranted. Further data acquisition and/
subject to further evaluation . . s
or studies may be required to confirm the feasibility of development
F3 Technical feasibility of a development project Very preliminary studies of a project, indicate the need for further data
cannot be evaluated due to limited data acquisition or study in order to evaluate the potential feasibility of development
Remaining quantities of product not developed by any project. These are
F4 No development project has been identified quantities which, if produced, could be bought, sold or used (i.e. electricity,
heat, etc., not wind, solar irradiation, etc.)
Cat. Definition Supporting Explanation
Product quantity estimates may be categorized discretely as G1, G2 and/or
G3 (along with the appropriate E and F Categories), based on the degree of
confidence in the estimates (high, moderate and low confidence, respectively)
based on direct evidence.
Alternatively, product quantity estimates may be categorized as a range of
Gl Product quantity associated with a project that uncertainty as reflected by either (i) three specific deterministic scenarios (low,
can be estimated with a high level of confidence | best and high cases) or (ii) a probabilistic analysis from which three outcomes
(P90, P50 and P10)! are selected. In both methodologies (the “scenario” and
“probabilistic” approaches), the estimates are then classified on the G Axis as
G1, G1+G2 and G1+G2+G3 respectively.
In all cases, the product quantity estimates are those associated with a project.
[continuation on the next page]

! Where P90 means that there is a 90 per cent probability that the actual outcome will equal or exceed this estimate. Similarly, P50 and P10 reflect
50 per cent and 10 per cent probability respectively that the actual outcome will equal or exceed the estimate.
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Cat. Definition Supporting Explanation
Product quantity associated with a project [continuation)
G2 that can be estimated with a moderate level of Additional Comments:
confidence The G axis categories are intended to reflect all significant uncertainties (e.g.
source uncertainty, geologic uncertainty, facility efficiency uncertainty, etc.)
impacting the estimate forecast for the project. Uncertainties include variability,
Product quantity associated with a project that intermittency and the efficiency of the development and operation (where
G3 can be estimated with a low level of confidence relevant). Typically, the various uncertainties will combine to provide a full
range of outcomes. In such cases, categorization should reflect three scenarios
or outcomes that are equivalent to G1, G1+G2 and G1+G2+G3
A Prospective Project is one where the existence of a developable product is
based primarily on indirect evidence and has not yet been confirmed. Further
. . . . data acquisition and evaluation would be required for confirmation.
Product quantity associated with a Prospective . . . . .
. . - . Where a single estimate is provided, it should be the expected outcome
G4 Project, estimated primarily on indirect . .
evidence but, where possible, a full range of uncertainty should be calculated for the
prospective project.
In addition, it is reccommended that the chance of success (probability) that the
prospective project will progress to a Viable Project is assessed and documented
Definition of sub-categories (according to Annex II)
Cat. Sub-Category Sub-Category Definition
ELl Development is environmentally-socially-economically viable on the basis of
’ current conditions and realistic assumptions of future conditions
E1 Development is not environmentally-socially-economically viable on the basis
El1.2 of current conditions and realistic assumptions of future conditions, but is made
viable through government subsidies and/or other considerations
E2 No sub-categories defined
E31 Estimate of product that is forecast to be developed, but which will be unused or
’ consumed in operations
32 Environmental-socio-economic viability cannot yet be determined due to
E3 ’ insufficient information
On the basis of realistic assumptions of future conditions, it is currently
E3.3 considered that there are not reasonable prospects for environmental-socio-
economic viability in the foreseeable future
Cat. Sub-Category Sub-Category Definition
FI.1 Production is currently taking place
F12 Capital funds have been committed and implementation of the development is
Fl underway
Studies have been completed to demonstrate the technical feasibility of development
F1.3 and operation. There shall be a reasonable expectation that all necessary approvals/
contracts for the project to proceed to development will be forthcoming
F2.1 Project activities are ongoing to justify development in the foreseeable future
2 Project activities are on hold and/or where justification as a development may
F2 ’ be subject to significant delay
3 There are no plans to develop or to acquire additional data at the current time
’ due to limited potential
1 Site-specific studies have identified a potential development with sufficient
’ confidence to warrant future testing
Local studies indicate the potential for development in a specific area but
F3 F3.2 requires more data acquisition and/or evaluation in order to have sufficient
confidence to warrant further testing
£33 At the earliest stage of studies, where favourable conditions for the potential
’ development in an area may be inferred from regional studies
The technology necessary is under active development, following successful pilot
F4.1 . . . . .
studies, but has yet to be demonstrated to be technically feasible for this project
F4 R4 The technology necessary is being researched, but no successful pilot studies
’ have yet been completed
F4.3 The technology is not currently under research or development

13
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Cat. Sub-Category Sub-Category Definition

G4.1 Low estimate of the quantities

G2 Incremental amount to G4.1 such that that G4.1+G4.2 equates to a best estimate
G4 of the quantities

G43 Incremental amount to G4.1+G4.2 such that G4.1+G4.2+G4.3 equates to a high

estimate of the quantities

Definition used in Polish classification system

Resources definitions according to:

o “Regulation by the Minister of the Environment on a geological documentation of a raw material deposit ex-
cluding hydrocarbons” (dated the 1st of July, 2015 - Journal of Laws of 2015, Item 987);

o “Regulation by the Minister of the Environment on a geological-investment documentation of a hydrocar-
bons field” (dated the 1+t of July, 2015 - Journal of Laws of 2015, Item 968);

+ “Regulation by the Minister of the Environment on detailed requirements of a mineral deposit development
plans” (dated the 24t of April, 2012 - Journal of Laws of 2012, Item 511).

Deposit resources (“geological resources” = anticipated economic resources and anticipated sub-economic re-
sources) — total resources of mineral commodity/commodities within deposit boundaries.

The parameter limits that defines a deposit - values of deposit parameters delineating deposit geological boundaries.

Anticipated economic resources (“balance resources”) — deposit resources (or part of a deposit) meeting the param-
eter limits that defines a deposit.

Anticipated sub-economic resources (“sub-balance resources”) — deposit resources (or part of a deposit) not meet-
ing the parameter limits that defines a deposit.

Economic resources in place (“industrial resources”) — part of anticipated economic resources or anticipated sub-
economic resources or - in case of brines, curative and thermal water — exploitable resources, within a designed min-
ing area or detached part of a deposit designed for exploitation, which can be designed for mining according to de-
tailed technical and economic analyses taking into account law requirements, including environmental protection.

Sub-economic (marginal) resources (“not-industrial resources”) - part of anticipated economic resources not-clas-
sified as economic resources within an area designed for exploitation, which can be designed for mining as a result of

technical or economic or law change requirements, including environmental protection.

Extractable resources — part of economic resources in place which is obtained when reducing economic resources by
technical losses.

Exploitable resources — crude oil or natural gas resources, which are supposed to be extracted by applying current
exploitation technology.

Resources categories definition according to:

« “Regulation by the Minister of the Environment on a geological documentation of a raw material deposit ex-
cluding hydrocarbons” (dated the 15t of July, 2015 - Journal of Laws of 2015, Item 987).

Solid mineral commodities

D (inferred resources) — mineral deposit boundaries, geological features and anticipated resources are evaluated on
a basis of available geological data, in particular from isolated excavations or natural outcrops, geological interpreta-
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tion of geophysical measurements. The admissible error of average deposit parameters and deposit resources estima-
tion may exceed 40%.

C, (inferred resources) — mineral deposit boundaries are evaluated on a basis of available data from isolated excava-
tions, natural outcrops, interpolation or extrapolation of geophysical measurements; main structural and geological
features and tectonics are identified; geological-mining conditions of exploitation are preliminary evaluated; quality of
a mineral commodity is evaluated on a basis of regular sampling in the full range of commodity usage. The admissible
error of average deposit parameters and deposit resources estimation cannot exceed 40%.

C, (indicated resources) — mineral deposit boundaries are evaluated on a basis of available data from exploratory ex-
cavations, natural outcrops or interpolation or extrapolation of geophysical measurements; a grade of deposit explora-
tion makes it possible to prepare a Prefeasibility study of economic mining, including the detailed delineation of struc-
tural and geological features, tectonics and quality of a mineral commodity in a deposit, geological-mining conditions
of exploitation, and allows an assessment of the influence of the intended exploitation on environment. The admissible
error of average deposit parameters and deposit resources estimation cannot exceed 30%.

B (measured resources) - mineral deposit boundaries are delineated in details on a basis of the specially carried out
exploratory excavations or geophysical measurements, delineation of structural and geological features, correlation of
strata, main tectonics features has to be unambiguous, quality and technological properties of mineral commodity
should be confirmed by sampling results in pilot-scale tests or commercial scale. The degree of deposit exploration is
sufficient enough to elaborate a mine management plan. The admissible error of average deposit parameters and de-
posit resources estimation cannot exceed 20%.

A (measured resources) — mineral deposit is explored to an extent which allows current planning and carrying out
exploitation with a maximum possible rate of resource absorption; delineation of structural and geological features,
tectonics, resources on a basis of the opening-up, preparing and mining excavations, type, quality and technological
properties of a mineral commodity on a basis of regular excavations sampling and data from the current production is
required. The degree of the deposit exploration is sufficient enough to elaborate a mine management plan. The admis-
sible error of average deposit parameters and deposit resources estimation in particular blocks cannot exceed 10%.

Resources categories definition according to:

+ “Regulation by the Minister of the Environment on a geological-investment documentation of a hydrocar-
bons field” (dated the 1+t of July, 2015 - Journal of Laws of 2015, Item 968).

Hydrocarbons

C (inferred resources) — hydrocarbons field boundaries are delineated on a basis of geophysical measurements and
geological interpretation; such data makes it possible to plan other work which is necessary to continue field explora-
tion or its exploitation, when there is gas, oil or methane flow from at least one well producing an amount that has
economic value or, in the case of multi-horizontal fields, when hydrocarbons saturation of gas and oil horizons is
known on a basis of the drilling geophysics logging with gas, oil or methane flow from at least one well producing an
amount of economic value. The admissible error of average field parameters and field resources estimation cannot ex-
ceed 50%.

B (indicated resources) - results of the implemented geological work are the basis to define a field’s geological struc-
ture, field boundaries and reservoir parameters of oil bearing and gas bearing formations, as well as their variability in
details; such data makes it possible to plan other work which is necessary to continue field exploration or its exploita-
tion, when there is gas, oil or methane flow from at least one well producing an amount that has economic value. The
admissible error of average field parameters and field resources estimation cannot exceed 35%.

A (measured resources) - data for category B are defined on a basis of exploitation results. The admissible error of
average field parameters and resources estimate is up to 20%.
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Definition of mineability assessment stages according to:
o “Geological and Mining Law” dated the 9t of June, 2011 (Journal of Laws of 2021, Item 1420, unified text);
» “Regulation by the Minister of the Environment on a geological documentation of a raw material deposit ex-
cluding hydrocarbons” (dated the 15t of July, 2015 - Journal of Laws of 2015, Item 987);
+ “Regulation by the Minister of the Environment concerning detailed requirements of a deposit development
plan” dated the 24t of April, 2012 (Journal of Laws of 2012, Item 511).

Mining report — a document is understood as the current documentation of a state of development and exploitation of
a deposit during its economic life, including current mining plans. An operator of a mine is generally responsible for
preparing said plans. The study takes into consideration quantity and quality of minerals extracted during the reporting
time, changes in economic viability categories due to changes in prices and costs, development of relevant technology,
newly imposed environmental or other regulations, and data on exploration conducted concurrently with mining.

According to the GML, the mining report is a base for mining plant operation and specifies:

1) an organizational structure of a mining plant, in particular by indicating positions of management and operation
supervision;

la) mining plant boundaries;

2) specific activities to ensure: performing the activity covered by a concession; public safety; fire safety; safety of people
residing in a mining plant, in particular concerning work health and safety; rational management of a mineral raw
material deposit; environmental protection; protection of building objects; preventing of damage and their repair.

The mining report shall be subject to conditions determined in a concession and a deposit development plan or a de-
velopment plan for an underground carbon storage facility. In the case of geological work which is not subject of
a concession - the report should account the conditions determined in a project of geological work. The mining re-
port shall be prepared covering the period from 2 to 6 years or for the entire planned duration of the operations, if that
is shorter.

Deposit development plan (called also Prefeasibility study) — a document provides a preliminary assessment of the
economic viability of a deposit and forms the basis for justifying further investigations (detailed exploration and Fea-
sibility study). It usually follows a successful exploration campaign, and summarizes all geological, engineering, envi-
ronmental, legal and economic information accumulated to date on the project. Various terms are in use internation-
ally for a Prefeasibility studies reflecting a current level of accuracy. The data required to achieve this level of accuracy
are reserves/resources figures based on detailed and general exploration, technological tests at laboratory scale and
cost estimations e.g. from catalogues or based on comparable mining operations.

According to the “Regulation by the Minister of the Environment concerning detailed requirements of a deposit
development plan” dated the 24th of April, 2012 (Journal of Laws of 2012, Item 511), the plan is elaborated within
a mining area and shall specify:

1) requirements for rational management of a mineral raw material deposit, in particular through a comprehensive
and rational use of the main raw material, as well as of accompanying raw materials, taking into account: a) geo-
logical conditions of a deposit occurrence; b) technological abilities and economic factors of exploitation; c) ex-
pected method of mining plant decommissioning, protection of resources remaining in a deposit after the end of
exploitation, reclamation of an area after mining activities end;

2) environmental protection activities, including exploitation technology ensuring the reduction of the negative envi-
ronmental impact.

The deposit development plan specifies:

1) economic resources,

2) sub-economic resources,

3) losses within economic and sub-economic resources,

4) extractable resources for solid minerals.

Geological study (geological documentation) — a document is an initial evaluation of economic viability. This is ob-
tained by applying meaningful cut-off values for grade, thickness, depth, and costs estimated from comparable mining
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operations. Economic viability categories, however, cannot in general be defined from the Geological study because of
the lack of detail necessary for an economic viability evaluation. The estimated resource quantities may indicate that
a deposit is of intrinsic economic interest, i.e. in a range of economic to potentially economic. The Geological study is
generally carried out in the following 4 main stages: reconnaissance, prospecting, general exploration and detailed
exploration. The purpose of the Geological study is to identify mineralization, to establish continuity, quantity, and
quality of a mineral deposit, and thereby define an investment opportunity.

According to the GML, the document presents the results of geological work, along with its interpretation, definition
of a degree of achievement of pursued aims as well as their justification. The geological documentation of a mineral
deposit is prepared to determine its boundaries, geological resources, conditions of occurrence and to identify oppor-
tunities of exploitation of minerals from a deposit. The documentation shall define in particular: a type, quantity and
quality of a raw material, including submission of information concerning accompanying raw materials and useful
trace elements co-occurring and present in deposit substances harmful to the environment, as well as a category of
exploration; location of a deposit, geological structure, form and boundaries; elements of the environment surround-
ing a deposit; hydrogeological and other geological-mining conditions of a deposit occurrence; the state of land man-
agement within an area of documented deposit; parameter limits that define a deposit and its boundaries. Geological
documentation comprises of the following types of documentation:

1) geological - of a mineral raw material deposit, excluding hydrocarbons;

1a) geological-investment — of a hydrocarbon field;

2) hydrogeological;

3) geological-engineering;

4) other than specified in previous points (e.g.: documentation of geological work not resulting in a documentation of
resources — either of mineral raw material or underground water; documentation of a borehole aiming the explo-
ration of a deep basement structure, not connected with a mineral raw material deposit documentation; decom-
missioning of a borehole).

For the preparation of geological documentation for deposits of curative waters, thermal waters and brines, the re-
quirements for hydrogeological documentation shall apply. If a geological documentation shall be the basis for grant-
ing a concession, exploration of a deposit occurs in details sufficient to enable the drafting of a deposit development
plan. For preparing geological-investment documentation for hydrocarbon fields all of the mentioned above require-
ments should be met, but also the documentation should specify a way of hydrocarbons field development, exploitable
resources, and an optimal variant of rational resources management (regarding the limitation of the environmental
hazards).

Definition of geological study stages and a state of deposit development according to:
o Nie¢, 2012 - “Metody dokumentowania z16z kopalin stalych. Cze$¢ IV. Szacowanie zasobow” (with authors'

modifications).

Prospective resources (D,) — an indication of probable deposit occurrence. A deposit is expected to occur on a basis
of local indicators (geophysical, geochemical anomalies, isolated accumulations of raw material, outcrops, etc.). Pos-
sible resources estimated on a basis of general geological data by analogical methodology. An admissible error of de-
posit resources estimation is not defined.

Prognostic resources (D,) - a confirmation of raw material occurrence which accumulation may form a deposit. Re-
sources are being assessed on a basis of sparse, rare points of a raw material (deposit) occurrence (outcrops) and on
interpretation of geophysical data which enables approximate delineation of a deposit area. An admissible error of
deposit resources estimation may exceed 40%.

General exploration - means an identification of a deposit and its preliminary exploration. Data on a deposit
come from natural exposures, spare boreholes and mining excavations allowing to preliminary establishing of de-
posit occurrence conditions and its range. The variant interpretation of a deposit construction, its setting and tec-
tonics is allowed. The data on raw material obtained on a basis of laboratory tests of samples collected from all of
evaluative points (exposures, boreholes, excavations). Technological features are assessed on a basis of analogical
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methodology. In “The balance of mineral resources deposits in Poland”, deposits covered by general exploration are

in categories D and C, for solid minerals and in a category C for hydrocarbons. Such deposits/fields are marked as
“P” in “The balance...”.

Detailed exploration — means deposit exploration to an extent allowing the implementation of its consecutive devel-
opment stages. Boreholes and mining excavations are located regularly within a deposit area. Deposit occurrence
conditions, its form and tectonics can be determined unambiguously. On a basis of samples collected systematically,
main raw material types and their distribution within a deposit can be identified. There are also technological, hydro-
geological, geological-engineering and gaseous test of a raw material carried out. In “The balance..”, deposits covered

by detailed exploration are in categories C,, B and A for solid minerals and in categories A and B for hydrocarbons.

Such deposits/fields are marked as “R” in “The balance...”

Deposits of operating mines (exploited/developed deposits) — deposits with a valid exploitation concession issued
where output is carried out regularly (every year). Such deposits/fields are marked as “E” in “The balance...”

Deposits exploited temporarily - deposits with a valid exploitation concession issued where output is carried out
intermittently. Such deposits/fields are marked as “T” in “The balance...”.

Abandoned deposits - deposits on witch exploitation has been given up. Such deposits/fields are marked as “Z” in
“The balance...”.



Major geological features of the area
of Poland

J. Nawrocki

General tectonic division and units
of the crystalline basement'

Three main large tectonic units can be distinguished in Poland (Aleksandrowski, 2020a). They differ from each other
in their evolution history and internal structure. The Precambrian Platform (East European Craton) consists of
a crystalline basement, which is folded, metamorphosed and intruded by magmatic bodies of the Proterozoic and
Carboniferous. Deposits of iron, co-occurring with titanium and vanadium were documented in Mesoproterozoic
mafic rocks in the Suwalki region (NE Poland). The crystalline basement of the Precambrian Platform is overlain by
a cover of younger i.e. almost exclusively Ediacaran to Quaternary sedimentary rocks. A thick succession of volcano-
genic rocks occurs within the Ediacaran column only. The Palaeozoic Platform, partly crystalline, is composed of
basement rocks, folded in individual regions during the Neoproterozoic and Palaeozoic orogenies. The cover of un-
deformed or slightly deformed sedimentary Late Carboniferous and younger rocks overlies both platforms. In south-
ern Poland, the Palaeozoic Platform cover is overlain by the nappes (thrust sheets) of the Mesozoic-Cenozoic
Carpathian orogeny that were thrusted over in the Cenozoic.

The Polish crystalline basement consists of a set of Earth crust blocks i.e. terranes differing in internal structure and
tectonic evolution. They come from disintegrated Proterozoic orogens, magmatic arcs of the same and younger age,
and the Palaeozoic orogens. The terranes of the East European Craton were joined during the Proterozoic. Amalgama-
tion or accretion of terranes to the Palaeozoic Platform took place between the Cambrian and Early Carboniferous.
The edge of the East European Craton, where the Palaeozoic Platform terranes docked, is referred to as the Trans-Eu-
ropean Suture Zone.

Tectonic structures

In the Sudetes and the crystalline core of the Tatra Mountains, parts of the Cadomian orogen (750-530 Ma) were in-
cluded in the Variscan orogen. They were also identified under the sedimentary cover of younger rocks of the Upper
Silesia and Malopolska regions and under tectonic blocks. In the north-east edge of Malopolska, the Sandomierz Fold
Belt was formed near the Cambrian/Ordovician boundary (Aleksandrowski, Bula, 2020a). Late Cambrian granitoid
massifs formed primarily in an extensional regime of the Gondwana margin, which occurred in the Sudetes. The Cal-
edonian structures covered by thick Devonian and younger sedimentary rocks have been identified at the edge of the
Precambrian Platform, where the Caledonian Pomeranian-Kuyavian Fold Belt was formed in the Late Silurian, due to
a collision of Eastern Avalonia and Baltica.

The Variscan structures of the Palaeozoic Platform are mostly hidden under a cover of Cenozoic and Permian-Meso-
zoic rocks. They are uncovered in the Holy Cross Mountains, the Sudetes and the Tatra Mountains (Aleksandrowski,
Bula, 2020b). The internal zone of the Variscan orogen, composed mainly of igneous and metamorphic rocks, is ex-
posed in the Sudetes and their foreland. This zone’s structures incorporated into the Alpine orogen also occur at the
surface of the Tatra Mountains. The rest of the Palaeozoic Platform is occupied by the structures of the external zone
of the Variscan orogen. Carboniferous synorogenic deposits with coal seams fill two intramontane basins i.e. the
USCB and the Intra-Sudetic Basin. The coal-bearing Carboniferous strata are also present in the marginal zone of
the Precambrian Platform within the Radom-Lublin fold-thrust belt.

! Names of structural units presented here were adopted from “Atlas Geologiczny Polski” (Nawrocki, Becker, eds., 2020).
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The early Alpine tectonic structures occurring within the Polish Permian-Mesozoic Basin, were developed over the
Palaeozoic Platform and created a sedimentary cover up to 10 km in thickness. The tectonic inversion of this basin in
the Late Cretaceous-Palaeocene led to the formation of large NW-SE trending tectonic units i.e. the Koszalin-Zamo$¢
Synclinorium, Mid-Polish Anticlinorium and Szczecin-Miechéw Synclinorium (Aleksandrowski, 2020b). The Permi-
an-Mesozoic deposits that cover the East European Craton have not been folded and form the Mazury-Podlasie Mon-
ocline. Two other monoclines with Permian-Mesozoic rocks, the Fore-Sudetic Monocline and Silesian-Cracow Mono-
cline, extend SW of the Szczecin-Miechéw Synclinorium.

The youngest tectonic structures in Poland correspond to the formation of the Carpathians and tectonic stress
caused by the opening of the North Atlantic. Ahead of the Carpathian thrust belt with predominantly flysch depos-
its, the Carpathian Foredeep Basin was developed during the Early Miocene. Before its subsidence, it formed part
of the Meta-Carpathian Swell. In this peripheral bulge the Holy Cross Mountains, Silesian Upland, Lublin Upland
and the Sudetes emerged (Zuchiewicz et al., 2020). On the Fore-Sudetic Monocline and NE of it the tectonic gra-
bens were developed during the latest Eocene-Early Oligocene and later. Some of them are filled by brown coal
deposits.

Rocks of the individual stratigraphic systems

Ediacaran rocks, thick up to 500 m, were drilled in northern Poland, Podlasie and the Lublin region. They also occur
under the cover of youngest sediments on the Upper Silesia and Matopolska tectonic blocks (Pacze$na, Bula, 2020).
Most of them are clastic, however in the Podlasie and Lublin regions thick layers of volcanogenic rocks also occur.

Metamorphic and igneous rocks of Ediacaran age form the basement of the SW part of the Upper Silesia tectonic
block.

Cambrian sedimentary rocks have been documented in the same regions of Poland as the Ediacaran, as well as in
the Sudetes (Pacze$na et al., 2020). Their maximum thickness c.a. 2-3 km is characteristic for the southern part of
Upper Silesia and northern part of the Holy Cross Mountains. At greater depths than reached by existing drill
holes, the Cambrian rocks can occur also in north-western Poland and under the Carpathian flysh. In the area of
the Peribaltic Syneclise and north of it, the Cambrian sandstones and mudstones contain natural gas and crude oil
accumulations.

Ordovician clastic and carbonate deposits form a thin cover (max. up to 400 m) in the northern part of central and
eastern Poland. Rocks of this age were also drilled and identified somewhere in Subcarpathia, as well as in the north-
eastern part of the Upper Silesian tectonic block (Trela et al., 2020). Their outcrops can be found only in some loca-
tions of the Holy Cross Mountains and Sudetes. In the Podlasie region (eastern Poland) the Upper Ordovician shales
are enriched with uranium.

Silurian deposits, mainly mudstone, claystone and shale, of various thickness (from tens of meters to over 3 km) have
been recognized in deep boreholes in northern, central and eastern Poland, in some parts of the Sudetes and in a few
places on the Malopolska tectonic block (Podhalaniska et al., 2020b). They occur on the surface in the Holy Cross
Mountains and Sudetes only. The Caradocian and Lower Silurian shales in the area stretching from the Lublin region,
through eastern Mazovia and western Podlasie, to central and eastern Pomerania, and contain unconventional hydro-
carbon accumulations.

Devonian rocks in northern and central Poland occur mainly south-west of the Teissseyre-Tornquist Suture. They
have also been drilled in the Lublin region, where they overlie conformably the Silurian beds, and contain crude oil
and natural gas. Their maximum thickness exceeds 4.4 km near the city of Lublin. Devonian clastics and/or carbon-
ates are exposed in the Holy Cross Mountains, NE margin of the Upper Silesian tectonic block and in the Sudetes,
where some of them have undergone low-grade metamorphism (Mitaczewski et al., 2020). They were mined for cop-
per and lead ore in several places of the Holy Cross Mountains. At present the Devonian limestone and dolomite from
the Holy Cross Mountains and Upper Silesia are exploited for construction aggregates and other purposes.
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Carboniferous clastic deposits occupy nearly the same areas as the Devonian ones. They are exposed on the surface in
Upper Silesia (USCB) and Lower Silesia (Intra-Sudetic and North Sudetic Basins), the Cracow region and the Holy
Cross Mountains (Waksmundzka et al., 2020). Their maximum thickness excess 4 km in the western part of the USCB.
In this area and in the LCB, the coal seams of Late Mississippian to Pennsylvanian age, are still being mined. The Car-
boniferous coal-bearing deposits were also exploited in the LSCB. Molybdenum deposits have been documented in
several drill cores that penetrated the Late Carboniferous granitoid bodies in the south-eastern part of the Matopolska
tectonic block, near the Cracow-Lubliniec Fault Zone.

The earliest Permian (Lower Rotliegend) is represented by the effusive and pyroclastic volcanic rocks that crop out in the
Sudetes and near Cracow (Krzeszowice area). They were drilled in many locations in western Poland. The dune, alluvial
and playa deposits filled the Upper Rotliegend Basin that developed in western part of Poland (Kiersnowski et al., 2020).
The Zechstein marine sediments that filled this basin and adjacent areas are linked with cyclic sedimentation in the epi-
continental sea. In the Fore-Sudetic Monocline and North-Sudetic Synclinorium the copper ore deposits, also containing
silver, occur at the Zechstein/Rotliegend contact within the cooper-bearing shale. Total primary thickness of the Permian
rocks reaches 2.5 km in central and north-western Poland. In some places it is even thicker due to halokinesis. Rock salt
is mined from a few salt diapirs (the Kuyavia and Klodawa regions) and seams (the Legnica and Glogéw regions). Potas-
sium salt deposits were found in Pomerania, north of Gdansk. In western Poland the Zechstein carbonate rocks contain
crude oil and natural gas accumulations. The natural gas also can be found in the Rotligend sandstone.

Triassic deposits, with a maximum thickness reaching even 4 km (the Kuyavia region), are represented by clastic and
carbonate (mainly Middle Triassic) rocks that were deposited in the Central European Basin (also named the German
Basin; Becker, Szulc, 2020). They crop out in Upper Silesia, the Sudetes and the Holy Cross Mountains, and in their
Permian-Mesozoic margin. Rocks of similar age also occur on the surface in the Tatra Mountains, where they display
some differences with respect to epicontinental deposits of the Central European Basin. The Middle Triassic carbon-
ates of the Silesian-Cracow region contain zinc and lead ore. The Lower Triassic rocks in the area between Olsztyn and
Gdansk are enriched with uranium.

Jurassic deposits, with a maximum thickness over 3.5 km north of £4dz, have been documented in Polish Lowland
(Feldman-Olszewska et al., 2020b). They crop out in the Cracow-Cz¢stochowa Upland and in the Permian-Mesozoic
margin of the Holy Cross Mountains. Rocks of this age also occur on surface of the Tatra and Pieniny Mountains. The
Lower Jurassic of the Polish Lowland is represented by clastic sediments only. The carbonate rocks, in some locations
with anhydrites intercalations, predominate in the Upper Jurassic. In some regions of central and southern Poland the
Lower and Upper Jurassic rocks contain siderite deposits. Middle and Upper Jurassic sedimentary rocks from the area
of the Carpathian Foredeep form reservoirs for hydrocarbons. In central and western Poland the Lower Jurassic clastic
rocks are filled by moderate or highly mineralized thermal waters.

Cretaceous deposits have been documented in northern and eastern Poland, and in the NW-SE stretching belt be-
tween Szczecin and Tarnéw (Plate 1), where their thickness can even exceed 2.5 km (Kuyavia region). They also occur
in the Carpathians, Sudetes and the Opole region (Leszczynski, Malata, 2020). Apart from the Carpathians, they crop
out in the Lublin Upland, Sudetes, the Permian-Mesozoic margin of the Holy Cross Mountains and along the Vistula
valley near Kazimierz. Lower Cretaceous deposits are represented by clastics of different grain-size. The lithological
column of the Upper Cretaceous deposits consists of limestone, marl, chalk, gaize and opoka. The Albian sandstone
and sand contain phosphorites. Lower Cretaceous rocks contain reservoirs of thermal waters that are either sweet or
low mineralized, but not both.

Paleogene and Neogene sedimentary rocks have been documented in almost the entire area of the Polish Lowland.
They also occur in the Carpathians, the Carpathian Foredeep where their thickness exceeds 2.5 km, and Roztocze
(Galazka et al., 2020). The Paleogene rocks are represented by marine clastics that contain amber deposits in Eastern
Pomerania and the northern part of the Lublin region. The Neogene of the Polish Lowland consist of terrestrial sedi-
ments, in many places with thick brown coal seams. Rocks of this age, which are located in the Outer Carpathians and
the Carpathians Foredeep contain hydrocarbons, rock salt and sulfur.
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Quaternary deposits with a maximum thickness c.a. 300 m in northern Poland, are represented mainly by glacial, gla-
ciofluvial, aeolian, alluvial, lacustrine and marine clastic rocks (Galgzka, Nowacki, 2020). Apart from the mountains
and parts of uplands, the cover of Quaternary deposits is continuous. The organic-rich peats and gyttja deposited dur-
ing the interglacial period have also been documented in many places throughout the Polish Lowland. Most of ce-
ramic clay and natural aggregate deposits in Poland are Quaternary in age.



CHAPTER 1

Formal and legal aspects
of geological and mining activities






1. Geological and Mining Law

S. Mazurek, M. Mtynarczyk, K. Szamatek

The mineral law in Poland is much formalized in contrast
to mineral regulations in the common law countries.
Therefore in this chapter we present only the most im-
portant regulations of the Polish mineral law. Currently,
the geological and mining activity in Poland is regulated
by the “Geological and Mining Law” adopted on the 9th
of June, 2011 (Journal of Laws of 2021, Item 1420 - uni-
fied text — hereinafter referred as the Act). In addition,
some of the issues fall within the scope of regulation by
other laws, such as the environmental protection, mining
waste law, etc. The evolution of the Polish legal system in
the fields of geology and mining over the last decades was
presented by Szamatek and Mlynarczyk (2017).

The GML (the Act 2011) defines the terms and condi-
tions for undertaking, implementing and completing ac-
tivities in the scope of:

« geological work,

« minerals extraction from deposits,

 non-reservoir storage of substances in the subsurface,

« storage of waste in the subsurface,

o storage of carbon dioxide in the subsurface.

Additionally, the Act sets out requirements for the pro-
tection of mineral deposits, groundwater, and other
components of the environment as they relate to the
above-mentioned activities. The Act also determines the
rules, exercising supervision and control over the activi-
ties specified in the Act. The Act also pertains to:

o construction, development and maintenance of
drainage systems of liquidated mining plants;

o excavation work carried out in closed underground
mining plants, mainly for touristic, curative and rec-
reational purposes;

 underground work conducted for scientific, research,
experimental and training purposes for the needs of
geology and mining;

o tunneling when using mining techniques;

« decommissioning indicated above entities, equip-
ment and installations.

The Act shall not apply to:
« the use of water (regulated by the separate law/act);

o the execution (beyond the mining areas) of pits and
boreholes to a depth of 30 m in order to use geother-
mal heat;

« the execution (beyond the mining areas) of pits and
boreholes to a depth of 30 m in order to use ground-
water in amounts up to 5 m3;

o research and teaching activities carried out without
the execution of geological operations;

« acquisition of samples of minerals, rocks and fossils
for scientific, collecting and teaching purposes car-
ried out without performing mining operations;

o carrying out operations related to artificial supplying
of the shoreline zone with sand coming from sea
floor sediments of the maritime areas of the Republic
of Poland;

 aggregate extraction to the extent necessary to com-
plete urgent work to prevent flooding during a natu-
ral disaster;

o determining the geotechnical conditions of building
foundations without performing mining operations.

The Act concerns mineral deposits, however water is ex-
cluded from mineral resources. Only curative and ther-
mal water as well as brines are treated as minerals re-

sources.

In Poland the geological profession is regulated by law
(the Act). The Act describes that a person undertaking
the operations consisting of performing, supervising
and directing geological work should have the qualifica-
tions specified by the Act. The categories (total of 10)
specified in the Act are as follows: economic geology (3
types), hydrogeological (2 types), engineering-geologi-
cal (2 types), geophysical, geological mapping, and di-
recting of field geological work. The certification of geo-
logical qualifications is issued by the Minister of Climate
and Environment (for 9 types) and by the voivodeship
marshal (1 type). The candidate, who would like to re-
ceive the certificate of qualified geologist, should have
adequate education, professional practice and ought to
pass the exam.
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2. Ownership of mineral resources

S. Mazurek, M. Mtynarczyk, K. Szamatek

The Polish legal system determines two types of mineral
deposit ownership: state ownership (State Treasury) and
land ownership. The state ownership concerns mineral
deposits described as covered by the so-called mining
ownership.

The mining ownership (state ownership) concerns hy-
drocarbon, hard coal, and methane deposits accompany-
ing hard coal, lignite, native metals, ores of radioactive
elements, native sulfur, rock salt, potassium salt, potassi-
um-magnesium salt, gypsum and anhydrite, gemstones,
rare earth elements and noble gases, and metal ores
(with the exception of soddy iron ores). The state owner-
ship of the above-mentioned minerals does not depend
on the place of their occurrence. The state ownership
also covers deposits of curative and thermal water and
brines. The deposits of minerals not indicated in the Act
belong to the land owner. The Act introduces very im-
portant rule of so-called mining usufruct (term adequate
to a mining lease) which concerns only minerals owned
by the State. In connection with this rule, the minister
responsible for the environment on behalf of the State
Treasury, with the exclusion of other persons, can benefit
from the subject of mining properties or dispose of the
right of the exclusively state-owned minerals by estab-
lishing the mining usufruct. The regulations concerning
the mining usufruct do not apply to geological work,
which do not require a concession. The establishment of
mining usufruct shall be done by way of written agree-

ment and requires paying a determined remuneration to
the State Treasury. The remuneration to the State con-
cerns both geological and mining activities being real-
ized in the rock mass. The mining usufruct agreement
enters into force at the date of receiving a concession.
The establishment of mining usufruct may be preceded
by a tender process, in particular when more than one
entity is striving to obtain it. In the case of hydrocarbons
the establishment of mining usufruct is obligatorily pre-
ceded by a tender process for said concession.

In case of a concession withdrawal, expiration or loss of
its validity, regardless of reason, mining usufruct expires.

The entity who, as a result of geological work, explored the
mineral deposit (excluding hydrocarbons), being the sub-
ject of mining ownership (State Treasury ownership) and
documented it sufficiently to enable the preparation of
a deposit development plan, as well as obtained a decision
approving the geological documentation of the deposit on
the basis of a prospecting and/or exploration concession,
may demand the establishing of the mining usufruct for
its own benefit, with priority over other parties. The prior-
ity right shall expire 3 years from the notification date of
the decision approving geological documentation. The en-
tity which has priority rights can declare a willingness to
receive the mining usufruct agreement, in which case that
agreement ought to be established no later than 3 months
from the date of declaration.



3. Concession system

S. Mazurek, M. Mtynarczyk, K. Szamatek

The Polish law (the Act) requires concessions for the fol-
lowing activities:

« prospecting or exploration of mineral deposits
owned by the State Treasury, excluding hydrocarbon
deposits;

 prospecting or exploration structures and rock com-
plexes for underground storage of carbon dioxide;

o exploiting minerals from deposits;

« prospecting or exploration or extraction of hydro-
carbons deposits;

« non-reservoir underground storage of substances;

« underground storage of waste;

 underground carbon dioxide storage.

A concession is granted for a period no shorter than
3 years and no longer than 50 years, unless an entity has
explicitly submitted a concession application for a shorter
period. It is necessary to underline that only prospecting
and exploration of state-owned deposits requires conces-
sions. In the case of prospecting and exploration of depos-
its owned by a land owner, it is necessary to have a plan of
geological work approved by a geological administration
authority. In both cases i.e. state-owned minerals, as well
as land-owned minerals, it is obligatory to obtain a con-
cession for mineral extraction (regardless of extraction
method - wells, open pits, underground mines).

There are three concession authorities: the minister re-
sponsible for the environment (assisted by Poland’s Chief
Geologist), the voivodeship marshal (assisted by a chief
voivodeship geologist) and the county mayor (assisted
by a county geologist). The responsibilities of these con-
cession authorities are divided as follow:

o the minister has right to grant concessions for pros-
pecting, exploration and extraction of state-owned
minerals (also including all minerals occurring in the
Polish maritime zone), underground storage of waste
and substances;

« the county mayor has right to grant concessions for
extraction of minerals belonged to land property
when:

— the area of documented deposit is less than 2 ha,

— annual mineral extraction not exceed 20,000 m?,

— mining by open pit method without explosive ma-
terials;

o the marshal has right to grant concessions for other
activities than those listed above.

A concession authority has the right to refuse a conces-
sion. The GML describes the cases in which it is possible
to refuse a concession. The concession authority refuses

a concession, for example, if the intended activity is det-
rimental to public interest, particularly related to na-
tional security or environmental protection, including
the rational management of mineral deposits. This can
also occur in a case where the intended activity would
prevent the use of real estate in accordance with the pur-
pose specified by the local urban spatial development
plan or by the separate regulations, and in a case of ab-
sence of local urban spatial development plan - would
prevent the use of real estate as defined in the study of
conditions and directions of spatial management of the
municipality.

The concession shall specify:

« the type and manner of performing the intended ac-
tivity;

« the boundaries of an area where the intended activity
is to be performed;

o the expiration date of the concession;

 the commencement date of activities specified by the
concession and, if necessary, the conditions that
commence the activity.

The concession may stipulate other requirements on the
performance of activities covered by the concession, in
particular general safety and environmental protection.

A concession for prospecting/exploration of minerals,
excluding hydrocarbon deposits describes also next re-
quirements:

o the purpose, scope and nature of the intended geo-
logical work (including geological operation) and the
minimal category (degree) of the deposit identifica-
tion;

« the scope and schedule for the transfer of geological
information and samples obtained as a result of im-
plementing geological work;

o the amount of money for the remuneration of the ac-
tivities specified in the concession.

The maximum area covered by a single concession for
prospecting/exploration is 1,200 km?.

The concession for mineral extraction from a deposit
may also determine the minimum level of reserve ex-
traction from the deposit during the mine’s lifetime, the
operations which are necessary for the rational develop-
ment of the project, and the conditions for injecting wa-
ter into the rock mass.

27



28

4. Geological and mining supervision

S. Mazurek, M. Mtynarczyk, K. Szamatek

The Polish geological administration is comprised of the
minister responsible for the environment - currently the
Minister of Climate and Environment (assisted by Po-
land’s Chief Geologist), the voivodeship marshals (as-
sisted by the chief voivodeship geologist) and the county
mayor (assisted by a county geologist). These adminis-
tration authorities are independent of each other as the
minister represents the government, and the marshal
and county mayor represent local government. The re-
sponsibilities are divided among geological administra-
tion as follows: the minister is responsible for approving
geological work projects and geological documentation
concerning:

o state-owned mineral deposits;

o the Polish maritime zone;

o regional hydrogeological research;

+ determining hydrogeological conditions in connec-
tion with planning drainage of mineral deposits and
injection of drainage water into the rock mass;

« determining for hydrogeological conditions in con-
nection with establishing underground water reser-
voir protection areas;

o determining the hydrogeological and engineering
conditions for non-reservoir underground storage of
substances and underground waste disposal;

o determining the hydrogeological and engineering
conditions for prospecting/exploring of underground
carbon dioxides storage;

« the regional study of the geological structure of the
country;

o regional geological cartography work;

o deep drill holes for recognizing deep geological
structures, unrelated to the mineral deposits docu-
mentation;

« hydro engineering buildings with a dam height ex-
ceeding 5 m.

The county mayor is responsible for issues related to ap-
proving geological work projects and geological docu-

mentation concerning:

+ mineral deposits belonging to land owner if the area
up to 2 ha is dedicated for opencast mining with an
annual output up to 20,000 m?, and without the use
of explosives;

« intakes of groundwater with predicted or fixed re-
sources not exceed 50 m3/h;

« engineering and geological research carried out for
the needs of the county’s spatial development and for
the conditions of constructing of foundation systems
(excluding inter-voivodeship linear investments);

« buildings drainage of capacity not exceeded 50 m3/h;

« geological work dedicated to geothermal heating sys-
tems;

 hydrogeological conditions related to the planned
implementations of projects that may adversely affect
underground water reserves, including their con-
tamination; regarding the projects classified as sig-
nificantly affecting the environment, for which the
obligation to report on the impact of the project on
the environment may be required; with the excep-
tion of the projects that may adversely affect curative
water resources.

Responsibilities not described as obligations of the minis-
ter, or the county mayor, belong to voivodeship marshal.

The duties of Polish Geological Survey (in Polish:
panstwowa stuzba geologiczna — PSG) are described in
Art. 162 of the Act, and based on Art. 163 of the same
Act are ascribed to and performed by the Polish Geolog-
ical Institute — National Research Institute (PGI-NRI).

The mining authorities are composed of the President of
the State Mining Authority and directors of the district
mining offices. The structure of mining authorities is
vertical, with the district mining offices being supervised
by the President of State Mining Authority.



5. Financial regulation

S. Mazurek, M. Mtynarczyk, K. Szamatek

The geological and mining activity is charged to a num-
ber of taxes, levies and other financial duties. They in-
clude general taxes, such as income tax (CIT, PIT), VAT,
local taxes, social insurance fees, etc. Financial instru-
ments are introduced by the Act (Tab. 5.1). They concern
concession fees (production activity is not required for
concession fees to occur), exploitation fees (royalties),
fee for establishing of mining usufruct (mining lease).
The payment for establishing of mining usufruct is de-
termined by a representative of State Treasury (this may
be the minister responsible for the environment or
a voivodeship marshal).

The concessioner (holding the concession for prospect-
ing/exploring of mineral deposits) shall pay a total fee,
which is based on the area of land covered by the conces-
sion, multiplied by the rate charged per square kilometer
of a particular mineral. The formula for calculating the
concession fee is as follows:

Ci=S-P.
where:
C; - total concession fee [PLN]
S - the area covered by the concession [km?]
P_ - rate per square kilometer determined for type of
mineral [PLN/ km?].

The current rate for prospecting works for hard coal and
uranium ores is PLN 624.71/km?, for lignite PLN 241.91/
km?, for hydrocarbons PLN 234.88/km?, and for other
minerals covered by mining property (state ownership)
PLN 124.98/km?. The rate charged for exploration and
common prospecting and exploration activities is calcu-
lated as double the rates mentioned above. The calculat-
ed fee is payable within 14 days from the day the conces-

sion becomes final. Individual rates are also calculated
for underground storage of waste and other substances.

An entrepreneur who obtained a concession for mineral
extraction pays a charge to be established as the product
of its rate and quantity for the mineral extraction, with
the anticipated economic and anticipated sub-economic
resources in the trading period.

The formula for calculating an extraction fee is as fol-
lows:

E;=R.-V
where:
E; - total extraction fee [PLN]
R, - rate of charge determined for type of mineral, the
rates indicated in the Appendix to the Act [PLN/m3, t, g
- respectively]
V - extraction in half year period [m?, t, g - respectively].

The rates being charged for particular types of minerals
are determined by the annex to the Act. The rate charged
for extraction amounts to 50% for accompanying miner-
als and useful substances extracted from hydrocarbons.
The current rates for extraction of some select minerals
is as follows: barite — 6.51 PLN/t, basalt — 1.29, gypsum
- 2.07, kaolin - 3.64, Zn-Pb ores - 1.41, Cu ores - 3.80,
hard coal - 2.61, lignite — 2.07. Additionally, an entrepre-
neur who obtained a concession for the extraction of
mineral deposits or for underground waste storage
of substances and carbon dioxide, must create a special
fund for the future closure of the mining plant (Art. 128
of the Act). The calculation of the contribution for spe-
cial closure fund differs for open-pit mining and for un-
derground mining. In the case of underground mining,

Table 5.1. The types of special financial instruments related to geological and mining activities

The type of financial taxes and levies introduced by the Act

Concession fee
Extraction fee
Additional fee

Increased fee

Fines

Fee for establishing the mining usufruct

Remuneration for using of geological information

Obligatory contribution to a mining plant closure fund
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5. Financial regulation

the contribution is equivalent to no less than 3% of asset
amortization. For open-pit mining the contribution is
equivalent to no less than 10% of the extraction fee.

The activity performed in flagrant violation of the condi-
tions described in the concession or the approved plan
for geological work shall be subject to additional fees. An
additional charge is determined by the concession au-
thority and could be up to five times higher than regular
fees.

By contrast, the activity performed without a required
concession or without an approved plan of geological
work is subject to an increased fee. The authority respon-
sible for determining of increased fee is the Minister of
Climate and Environment or the mining authority, re-
spectively. For example the increased fee is determined
at 50,000 PLN for each square kilometer encompassing

the illegal activity (prospecting/exploring of state-owned
minerals). The increased fee for illegal extraction is cal-
culated as 40 times of regular extraction rate (multiplied
by the amount of extracted mineral).

In Part X of the Act is presented the system of fines de-
termining. The President of the State Mining Authority
is responsible for imposing a financial penalty on an in-
vestor who violates the GML.

The use of geological information (geological, seismic
profiles) also comes with fee. Any investor who intends
to use geological information belonging to the State
Treasury, to prepare an application to the concession for
exploitation or for approval of geological documentation
pays a remuneration fee calculated according to the rules
contained in the disposition prepared by the Minister of
Climate and Environment.



6. Classification of mineral resources

A. Malon, M. Tymiriski

6.1. United Nations Framework Classification for Resources
(UNFC Update 2019)

6.1.1. UNFC Update 2019 - history

During the 1990s, the Economic Commission for Eu-
rope (ECE) took the initiative to develop a simple and
uniform system of classifying and reporting reserves and
resources of solid fuels and mineral commodities. As
a conclusion to these reports the United Nations Frame-
work Classification for Reserves and Resources for Solid
Fuels and Mineral Commodities (UNFC-1997) was cre-
ated. Then, in 2004, the system was extended to also ap-
ply to hydrocarbons and uranium (UNFC for Fossil En-
ergy and Mineral Resources 2004). In order to facilitate
the worldwide application of the Classification, the ECE
Committee on Sustainable Energy directed the Ad Hoc
Group of Experts on Harmonization of Fossil Energy
and Mineral Resources Terminology (now the Expert
Group on Resource Classification). The Group is com-
prised of the United Nations’ Member States, interna-
tional organizations and the United Nations Regional
Commissions. The effect of the efforts was a simpler and
revised version of the UNFC, called UNFC-2009, pre-
pared in 2013. Moreover, specifications and rules of ap-
plication were developed. The active and substantive
contributions to all these efforts by the Polish represent-
atives (L. Grzybek, M. Nie¢, S. Przeniosto, M. Piwocki,
K. Szamatek) should be emphasized. The renewable en-
ergy (geothermal) and injection projects were included
into the UNFC in 2016, bioenergy - in 2017 and anthro-
pogenic resources — in 2018.

The United Nations Framework Classification for Re-
sources (UNFC) Update 2019 is an update of the United
Nations Framework Classification for Fossil Energy and
Mineral Reserves and Resources 2009 incorporating
Specifications for its Application (ECE Energy Series 42
and ECE/ENERGY/94) that was issued at the end of
2013 (UNECE, 2020). The integrated renewable resource
classification (including geothermal, bioenergy, solar,
wind and hydropower) was constructed in 2020.

In September 2017, the ECE Committee on Sustainable
Energy, during its twenty-sixth session, approved the
name change of the United Nations Framework Classifi-

cation for Fossil Energy and Mineral Reserves and Re-
sources 2009, to the United Nations Framework Clas-
sification for Resources (UNFC).

The Expert Group on Resource Management during its
tenth session recommended that the language of the
UNEC be revisited and improved to be inclusive of the
full spectrum of various commodities and stakeholders
of the UNFC. The updated version of the UNFC is in-
tended to satisfy the requirements of different resource
sectors and applications, as well as to be more aligned
with the sustainable management of resources called for
by the 2030 Agenda for Sustainable Development. The
key changes, including the normalization of the text,
make the UNFC applicable for all resources. The update
does not change the classification system and hence
does not impact the current users of the UNFC. This
updated text is intended to make application easier for
users of the UNFC (UNECE, 2020).

The UNFC is a resource project-based and principles-
based classification system for defining the environmen-
tal-socio-economic viability and technical feasibility of
projects to develop resources. It should be emphasized
that the terms “resource” and “resources” are not defined
in the UNFC, because they have specific, but different,
definitions in different sectors — these terms are used by
the UNFC in a generic sense. The UNFC provides a con-
sistent framework to describe the level of confidence of
the future quantities to be produced by the project (UN-
ECE, 2020). All types of sources - solar, wind, geother-
mal, hydro-marine, bioenergy, injection for storage, hy-
drocarbons, minerals (solid), nuclear fuels and water
- are the feedstock to resource projects from which
products can be developed. A Project, in the context of
the UNFC, is defined as development or operations
which provide the basis for environmental, social, eco-
nomic and technical evaluation and decision-making.
The Project plan may be detailed or conceptual (in the
case of long-term national resource planning), but
should be sufficiently detailed to allow an appropriate as-
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6. Classification of mineral resources

sessment for the stakeholders needs at a defined level of
maturity (UNECE, 2020).

The UNFC has been designed to meet, to an extent, the
needs for applications pertaining to: policy formulation

based on resource studies, resources management func-
tions, corporate business processes, financial capital
allocation.

6.1.2. UNFC - basic rules

The UNEFC is a principles-based system in which the
products of a resource project are classified on the basis
of the three fundamental criteria of (UNECE, 2020):
 environmental-socio-economic viability (E) - this
set of categories (the E-axis) designates the degree of
favorability of environmental-socio-economic con-
ditions in establishing the viability of the project, in-
cluding the consideration of market prices and rele-
vant legal, regulatory, social, environmental and con-
tractual conditions;

o technical feasibility (F) - this set of categories (the
F-axis) designates the maturity of technology, stud-
ies, and commitments necessary to implement the
project. These projects range from early conceptual
studies, through to fully developed and operating
projects, and reflect standard value chain manage-
ment principles;

« degree of confidence in the estimate (G) - this set of
categories (the G-axis) designates the degree of con-
fidence in estimating of the quantities of products re-
sulting from the project.
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Combinations of these criteria create a three-dimension-
al system (Fig. 6.1.1). Categories (e.g. E1, E2, E3) and, in
some cases, sub-categories (e.g. E1.1) are defined for
each of the three criteria.

The Categories and Sub-categories are the building
blocks of the system, and are combined in the form of
“Classes”. A Class is uniquely defined by selecting from
each of the three criteria a particular combination of
a Category or a Sub-category (or groups of Categories/
Sub-categories) - since the codes are always quoted in
the same sequence (i.e. E; F; G) the letters may be
dropped and just the numbers retained. Therefore, the
numerical code defining a Class is identical in all lan-
guages using Hindu-Arabic numerals (UNECE, 2020).
Thereby, the UNFC can be visualized in three dimen-
sions (as shown in Figure 6.1.1), or represented as a prac-
tical two-dimensional abbreviated version, as shown in
Table 6.1.1.

Viable projects
Potentially viable projects
Non-viable projects
Prospective projects

T

Remaining products not developed

feece

Other combinations

Produced quantities

Cadification (E1; F2; G3)

DEGREE OF CONF\DENCE

Figure 6.1.1. UNFC Update 2019 - categories and example of classes (UNECE, 2020)



6.2. Polish classification system and the UNFC Update 2019

Table 6.1.1. Abbreviated version of UNFC, showing Primary Classes (UNECE, 2020)

Sold or used production
Production which is unused or consumed in operations!
Produced
Minimum Categories
Class
E F G2

The project’s environmental-socio-economic
) viability and technical feasibility has been Viable projects? 1 1 1,2,3
Q
S confirmed
<
il
%‘ The project’s environmental-socio-economic Potentially viable projects* 20 2 1,2,3
é viability and/or technical feasibility has yet to be

confirmed Non-viable projects® 3 2 1,2,3

Remaining products not developed from identified projects? 3 4 1,2,3

There is insufficient information on the source to

assess the project’s environmental-socio-economic Prospective projects 3 3 4

viability and technical feasibility

Remaining products not developed from Prospective projects 3 4 4

! Future production that is either unused or consumed in the project operations is categorized as E3.1. These can exist for all classes of recoverable

quantities.

2 G categories may be used discretely, or in cumulative scenario form (e.g. G1+G2).
3 Estimates associated with Viable projects are defined in many classification systems as reserves, but there are some material differences between

the specific definitions that are applied within different industries and hence the term is not used here.

4 Not all Potentially viable projects will be developed.
5 Potentially viable projects may satisfy the requirements for E1.

¢ Non-viable projects include those that are at an early stage of evaluation in addition to those that are considered unlikely to become viable

developments within the foreseeable future.

7 Remaining products not developed from identified projects or Prospective projects may become developable in the future as technological or

environmental-socio-economic conditions change. Some or all of these estimates may never be developed due to physical and/or environmental-
socio-economic constraints. This classification may be of less value to renewable resource projects but can still be used to indicate the amount of
unrealized potential. It is emphasized that the remaining products are quantities which, if produced, could be bought, sold or used (i.e.

electricity, heat, etc., not wind, solar irradiation, etc.).

With the exception of past production that may have
been measured, quantities are always estimated. There-
fore, there will be a degree of uncertainty associated with
these estimates. The uncertainty is communicated either
by quoting discrete quantities with decreasing levels of
confidence (high, moderate, low) or by generating three
specific scenarios or outcomes (low, best and high esti-
mates). A low estimate scenario is directly equivalent to
a high confidence estimate (i.e. G1), whereas a best esti-
mate scenario is equivalent to the combination of the
high confidence and moderate confidence estimates

(G1+G2). A high estimate scenario is equivalent to the
combination of high, moderate and low confidence esti-
mates (G1+G2+G3). Quantities may be estimated using
deterministic or probabilistic methods (UNECE, 2020).

Classifications often need to be adapted to national or lo-
cal needs. Modifications of this nature should be checked
for consistency with the unabbreviated UNFC and other
applications in use. For transparency, variances from the
UNEFC should be documented when adapting it.

6.2. Polish classification system and the UNFC Update 2019

A proposal for comparing the UNFC and the Polish clas-
sification systems of geothermal energy (based on the
McKelvey diagram) was published (Hajto, 2016, 2018).
A comparison of the Polish hydrocarbon resources clas-
sification system with the PRMS, the UNFC and applied
to unconventional (shale gas) resources was also pre-
sented (Nie¢, 2016).

The Polish classification of the mineral resources is based
on similar rules as the UNFC Update 2019 and in mak-
ing some assumptions respective classes of UNFC can be
identified between the two. Some of them are not for-
mally used in Poland - for example the exploitable re-
sources of solid raw materials (Nie¢, 2010a). The UNFC
Update 2019 distinguishes four grades of deposit explo-
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6. Classification of mineral resources

ration: G1, G2, G3, G4 and these grades compare to the
Polish categories: A+B, C,, C, D and D,-D; (Tab. 6.2.1).

Considering the E-axis (Fig. 6.1.1), in Poland some types
of resources can be related to the UNFC Update 2019.
From an economic standpoint, the most important in
the UNFC Update 2019 are resources that fall into the E1
category (111, 112, 113 classes) — these are the economic
resources that are to be sold. These resources correspond
to the Polish extractable resources (in Polish “operaty-
wne”) in A+B, C, and C, categories. The only uncertain-
ty applies to the 113 class (C, category) due to the limit-
ed accuracy of deposit data — an economic deposit
assessment in this category generally is not expected in
the international classification systems (also in the
UNEFC) because the data only enables an assessment of
the resources as inferred (Nieé, Mlynarczyk, 2014).
However, the contribution of resources which fall in the
C, category to total resources of exploited deposits in
Poland is significant. As of the end of 2020, hard coal re-
sources contributed 34.60% of anticipated economic re-
sources and 17.80% of economic resources. In particular
basins containing hard coal, it amounted to: 47.32% of
anticipated economic resources within the exploited de-
posits of the USCB and 63.57% of the LCB (19.07% and
10.46% of economic resources, respectively). It suggests
that resources in the C, category should be taken into ac-
count in this analysis. The UNFC Update 2019 does not
distinguish a category that in the Polish system would
correspond to economic resources in place (in Polish
“przemystowe”). The E2 category corresponds to re-
sources whose extraction and sale is expected to become
economically viable in the foreseeable future. That ap-
plies to exploitable resources for hydrocarbons, whereas
for solid minerals it is not defined if resources are ex-
ploitable or in deposit - in situ (Nie¢, 2010b). Thus:
o the 211,212, 213 classes would indicate economic re-
sources defined in a mineral deposit development
plan;

o the 221, 222, 223 classes indicate anticipated eco-
nomic resources (in Polish “bilansowe”) which pos-
sibly can be exploited, but are not qualified as eco-
nomic resources in place or as sub-economic re-
sources (in Polish “nieprzemystowe”) of exploited
deposits (they can be resources beyond a concession
area or those located within non-available levels);

o the 231, 232, 233 classes correspond to anticipated
economic resources in non-exploited deposits.

The E3 category covers anticipated sub-economic re-
sources (in Polish “pozabilansowe”) and sub-economic
resources. It seems that lost resources (in Polish “tra-
cone”; losses of economic resources) should also be in
this category (Nie¢, 2010b). It should be emphasized that
resources treated as lost resources (losses) are not the
subject of the UNFC and are not specifically distin-
guished by the UNFC.

The equivalents for field project status and technical fea-
sibility (F-axis) in the Polish classification system are
documents related to a particular deposit. There is no
clear correlation of the F4 category - possible counter-
parts are regional reports on prospective raw material
resources. In general, geological documentations can be
assigned to the F3 category, mineral deposit develop-
ment plans to the F2 category, and mining reports to the
F1 category. Alternatively, when considering category
definitions, geological documentation corresponds to
the F2 category since a deposit has an issued exploitation
concession, while mineral deposit development plans
correspond to the F1 category since exploitation starts.
Therefore, geological documentation can be assigned to
both the F3 and F2 categories and the mineral deposit
development plan to both the F2 and F1 categories.

A comparison between the system used in Poland and
the UNFC Update 2019 is presented in Figure 6.2.1 and
in Table 6.2.2.

Table 6.2.1. A comparison of geological knowledge of a deposit (the G-axis) between the UNFC Update 2019 and the Polish

classification system (Nie¢, 2010b, with authors' adjustments)

UNFC Categories used in Poland (admissible estimate error)
G4 E (D3), D, D, (officially not used)
3 D (>40%), C, (up to 40%) for solid minerals;

C (up to 50%) for hydrocarbons

G2

C, (up to 30%) for solid minerals;
C (up to 50%) for hydrocarbons

Gl

B (up to 20%) for solid minerals; B (up to 35%) for hydrocarbons
A (up to 10%) for solid minerals; A (up to 20%) for hydrocarbons
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Figure 6.2.1. Correlations between the Polish and international (UNFC Update 2019) classification systems (Nie¢, 2010a, with

authors' adjustments)

Table 6.2.2. A comparison between the Polish classification system and UNFC Update 2019 (Nie¢ 2010a, with authors' adjustments)

UNEC Update 2019

Geological documentation 35

A+B

Polish classification ) .
Deposits licensed Depos§ts' notlicensed |  Deposit development plan
.. for mining (beyond
for mining .
concession areas)
Resources Resources
prospective D, 344 -
prognostic D, 334
Anticipated economic resources Resources
D, C, 223,233 ~
C, 222,232
A+B 221,231
Anticipated sub-economic resources Resources
D, G, 323,333 ~
C, 322,332
A+B 321,331
Sub-economic resources Resources
D, C, B 313,323
G 312,322
A+B 311, 321
Economic resources Resources
D, G, 213
C, 212
A+B 211
Extractable resources Resources (“economic”)
D, C, 113,123
C, 112,122
A+B 111, 121
Reserves
C, B _
G




36

6. Classification of mineral resources

The most substantial differences between the Polish sys-
tem and the UNFC Update 2019 are (Nie¢, 2010b, 2012):
« the mode of presentation of resources data: in Poland
it is hierarchical, which means within the total amount
of geological resources. Thus, geological resources are
divided into anticipated economic and anticipated
sub-economic resources. Anticipated economic re-
sources are divided into economic resources in place
and sub-economic resources and then economic re-
sources in place are divided into extractable resources
and losses. The UNFC Update 2019 - similarly to oth-
er international systems — is complementary, which
means that it distinguishes extractable (exploitable)
resources and other resources containing sub-eco-
nomic resources, anticipated sub-economic resources
and anticipated economic resources not qualified as
economic and sub-economic resources;

« the important role of economic resources in place in
the Polish system, which are not distinguished by the
UNEFC Update 2019;

o the division of resources that are not qualified for
justified exploitation (in the Polish system);

« the lack of formal designation, in Poland, of exploit-
able resources (especially in the case of solid miner-
als deposits), which in Anglo-Saxon terminology are
called “reserves’.

Therefore, to attain full compatibility between the Polish
system and the UNFC, data on Polish resources should
be released separately (Nie¢, 2010a):

« in the case of exploited deposits (deposits licensed
for mining) - economic resources in place (21x ac-
cording to the UNFC Update 2019), sub-economic
resources (31x), anticipated economic resources not
qualified as economic and sub-economic resources
(22x), anticipated sub-economic resources (32x);

« in the case of non-exploited deposits (beyond con-
cession areas) — anticipated economic resources
(23x), anticipated sub-economic resources (33x).
There should also be a distinction made for prognos-
tic resources — class 234 and 334.

Therefore, economic resources in place can be presented as:
21x (economic resources) = 11x (extractable resources)
+ 31x (losses).

Table 6.2.6 [on page 40] presents the resources of selected
raw materials using the Polish classification (as of the end
of 2020) in comparison with the UNFC Update 2019. The
number of raw materials is reduced only to those where
exploitation is being carried out. Data originates from the

publication “The balance of mineral resources deposits in
Poland as of 31 XII 2020” (in Polish: “Bilans zasobéw zt6z
kopalin w Polsce wg stanu na 31 XII 2020” - Szuflicki et
al., eds., 2021) and from the System of management and
protection of mineral resources in Poland (MIDAS)
maintained by the Economic Geology Department at
PGI-NRI. To make data compatible with the UNFC Up-
date 2019, resources were divided into resources of de-
posits licensed for mining and resources of deposits not-
licensed for mining.

Due to the fact that resources data collected in “The bal-
ance...” do not contain information on extractable re-
sources, relevant factors were assumed (as approximate
values) for economic resources. In that manner, eco-
nomic resources were reduced by losses. Factors for par-
ticular raw materials were:

« HNNG - 1.00; crude oil - 1.00; natural gas - 1.00;
CBM - 1.00 (Nie¢, Galos, 2015);

o copper and silver ores - 0.75; zinc and lead ores -
0.75 (Nie¢, Galos, 2015);

 hard coal - 0.70 (Sobczyk, 2009; Kulczycki, Sowa,
2010); lignite — 0.90;

o rock salt — 0.35; sulfur - 0.50; diatomite rock — 0.75
(Nie¢, Galos, 2015);

« bentonite, dolomite, gypsum and anhydrite, white-
ware ceramic clays, stoneware ceramic clays, dimen-
sion and crushed stone, chalk, vein quartz, schist,
magnesite, foundry sand, sand and gravel, quartz
sand for cellular concrete and sand-lime brick pro-
duction, filling sand, raw materials for earthworks,
building ceramics raw materials, clay raw materials
for cement production, clay raw materials for light-
weight aggregate production, kaolin, feldspar raw
materials, glass sand and sandstone, peat, limestone
and marl - 0.75 (Nieé, Galos, 2015).

The methodology of comparing the Polish classification
system with the UNFC Update 2019 - in the case of hard
coal - is presented below Table 6.2.6. The same method
was used for other raw materials.

Criteria from “The balance...” were applied to divide de-
posits into licensed for mining and beyond concession
areas. Therefore, deposits licensed for mining include
exploited deposits (symbol “E” used in “The balance...”),
deposits exploited temporarily (“T”), mines in the
course of a building process - for solid minerals; and
mines prepared for exploitation or with trial exploitation
— for hydrocarbons (“B”). However, keep in mind that
economic resources are also being estimated for deposits
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which are not treated as exploited. These are deposits
with a valid exploitation concession, but where produc-
tion has not yet started. Aside from the concession, there
is no knowledge of real deposit development (the start of
work on a deposit). It applies to:

o deposits explored in C,+D (for solid minerals) or C
(for hydrocarbons) categories — these are deposits
covered by preliminary exploration and marked as
“P” in “The balance..,

o deposits explored in A+B+C, categories (for solid
minerals) or A+B (for hydrocarbons) categories -
these are deposits covered by detailed exploration
and marked as “R” in “The balance..”.

Therefore, some economic and sub-economic resources
(“P” and “R” deposits) featured in “The balance...” will
not be included in the UNFC Update 2019. It applies to
the raw materials presented in Table 6.2.3 - as of the end
of 2020. Most often, such resources constitute only a mi-
nor part of the total economic resources of a raw mate-
rial, but for several raw materials their contribution may
be significant (20-30%; in the case of amber as much as
74%). For potassium-magnesium salt (for which exploi-
tation is not being carried out) the total economic re-
sources volume is assigned to the “R” deposits.

Economic resources are also assessed for some deposits
defined as abandoned in “The balance...” (marked as

“Z”). These deposits have not been exploited for years,
but the exploitation concession is still valid, so the eco-
nomic resources formally still exist. It is assumed that
such a deposit is treated as licensed for mining only for-
mally, but there is no exploitation carried out. Therefore,
deposits marked as “Z” are not included in the UNFC
Update 2019. This also applies to the mineral raw mate-
rials presented in Table 6.2.4. For most of them such re-
sources constitute only a minor part of the total eco-
nomic resources, only a few of the mineral raw materials
contribute significant resources - the highest being clay
raw materials for lightweight aggregate production
(about 60%), where there are 2 deposits with economic
resources — 1 of them is exploited and 1 is abandoned. In
the case of vein quartz the total volume of economic re-
sources applies to 1 abandoned deposit — however the
raw material has not been exploited for several years.
Taking all this information into account, such resources
should be omitted in the UNFC Update 2019.

Moreover, it is difficult to include resources of raw mate-
rials in the UNFC Update 2019 that are exploited on the
basis of a concession issued by a county mayor. Such de-
posits do not require economic and sub-economic re-
sources estimates — as according to Art. 26 point 3 of the
GML there is no obligatory mineral deposit develop-
ment plan elaboration required. Thus, anticipated eco-
nomic resources of such deposits that are exploited be-

Table 6.2.3. Economic resources of “P” and “R” deposits (not included in the UNFC Update 2019; according to “The balance of
mineral resources deposits in Poland as of 31 XII 2020” - in Polish; Szuflicki et al., eds., 2021)

Raw material Economic resources not included The percentage contribution
in the UNFC Update 2019 to the total economic resources
Natural gas 21,931.72 Mm? 29.83
Coal-bed methane 2,692.71 Mm? 23.72
Crude oil 633.50 kt 5.26
Hard coal 347.01 Mt 7.21
Potassium-magnesium salt 3.46 Mt 100.00
Amber 59.74 t 74.19
Dimension and crushed stone 129.66 Mt 3.52
Glauconite-bearing sediments 0.34 Mm? 34.00
glauconite 0.04 Mm3 33.33
Sand and gravel 670.48 Mt 15.59
Quartz sand for production of cellular concrete 2.59 Mt 10.53
Mineral raw materials for earthworks 0.85 Mm?3 13.36
Glass sand and sandstone 25.33 Mt 29.02
Peat 1.10 Mm3 3.17
Limestone and marl for the cement industry 45.19 Mt 2.34
Limestone for the lime industry 4.53 Mt 0.38
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Table 6.2.4. Economic resources of “Z” deposits (not included in the UNFC Update 2019; according to “The balance of mineral
resources deposits in Poland as of 31 XII 2020” - in Polish; Szuflicki et al., eds., 2021)

Raw material Economic resources not included The percentage contribution
in the UNFC Update 2019 to the total economic resources
Natural gas 756.75 Mm3 1.03
Coal-bed methane 733.12 Mm? 6.46
Crude oil 1.54 kt 0.01
Hard coal 74.11 Mt 1.54
Chalk 0.23 Mt 1.78
Vein quartz 1.35 Mt 100.00
Foundry sand 3.70 Mt 18.26
Sand and gravel 4.51 Mt 0.10
Quartz sand for production of cellular concrete 3.42 Mt 13.89
Quartz sand for production of sand-lime brick 0.38 Mt 0.98
Filling sand 19.60 Mt 23.89
Building ceramics raw materials 5.70 Mt 1.88
Clay raw materials for cement production 0.41 Mt 16.53
Clay raw materials for lightweight aggregate production 2.58 Mt 59.45
Feldspar raw materials 2.59 Mt 49.90
Glass sand and sandstone 0.83 Mt 0.95
Peat 1.35 Mt 3.89

come de facto extractable resources, plus losses. Deposits
licensed for mining by a county mayor refer to such raw
materials as i.e.: dimension and crushed stone (105 de-
posits), chalk (8), foundry sand (1), sand and gravel
(1,989), quartz sand for production of sand-lime brick
(4), building ceramics raw materials (68), peat (29) and
limestone for lime industry (7). Table 6.2.5 shows the
part of anticipated economic resources licensed for min-
ing from which no economic resources were allocated -
on the background of economic resources of deposits
with concessions issued by a voivodeship marshal. Only
for chalk, sand and gravel, and quartz sand for produc-
tion of sand-lime brick, the deposit resources overseen
by a county mayor are significant in magnitude - their
contribution to deposit resources overseen by a marshal
exceed 10%. In the case of other mentioned above raw
materials, they constitute only minor parts.

The third issue in presenting national raw materials re-
sources according to the UNFC Update 2019, is the legal
possibility of estimating economic resources within an-
ticipated sub-economic resources - according to a “Reg-
ulation by the Minister of the Environment on detailed
requirements of a mineral deposit development plans”
(dated the 24t of April, 2012 - Journal of Laws of 2012,
Item 511). Therefore, the anticipated sub-economic re-

sources (which - by definition - do not meet the limit-
ing parameter values that define a deposit) may some-
times be qualified for further stages of estimating
resources to be exploited and - consequently — may be
the subject to production. There are some exploited de-
posits with only the anticipated sub-economic resourc-
es, mainly natural gas and crude oil, but this is a very
small number. Generally, the anticipated sub-economic
resources of the exploited deposits for the particular raw
materials constitute only a minor part of resources. In
contrast, one UNFC Update 2019 assumption was quali-
fying anticipated sub-economic resources as resources
not consider for future exploitation (Nie¢, 2009). Eco-
nomic and sub-economic resources of deposits licensed
for mining, as estimated in mineral deposit development
plans, have been allocated to anticipated economic re-
sources — assessed in geological documentation/docu-
mentation supplements. However, with exploitation and
better deposit exploration, particular resources types
can be reclassified with the resulting sum of economic
and sub-economic resources exceeding anticipated eco-

nomic resources.

Considering natural gas and crude oil resources, data on
anticipated economic and anticipated sub-economic re-
sources collected by PGI-NRI and provided in “The bal-
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Table 6.2.5. An analysis of deposit resources overseen by a county mayor of selected raw materials (according to “The balance of
mineral resources deposits in Poland as of 31 XII 2020” - in Polish; Szuflicki et al., eds., 2021, and the System of management and
protection of mineral resources in Poland - MIDAS)

Anticipated Extractable Economic Extractable The pe'rcen'tage
. resources contribution
economic resources resources resources of . Extractable
P 1 calculated from of deposit
of deposits licensed calculated deposits licensed . . resources
. . . . ... | deposit economic extractable
for mining - from deposit | for mining - with enlarged by
. . . . . 2. resources resources overseen .
with concession anticipated concession issued overseen b by a coun deposit resources
Raw material issued by a county economic by a marshal ¥ Y a county overseen by
mayor (deposits resources (deposits gunacslial SR 0 L0 a county mayor
mayor . . . (excluding those | the extractable
without a deposit overseen by with a deposit — (column 2+4)
overseen by resources overseen .
development plan | a county mayor development (11x in UNFC)
a county mayor), by a marshal
elaborated) (column 1x0.75) | plan elaborated) [Mt]
[Mt] [Mt] [Mt] (column 3x0.75) [(column 2/
[Mt] column 4)x100%)]
1 2 3 4 5 6 7
Dimension and
53.27 39.95 3,549.45 2,662.09 1.50 2,702.04
crushed stone
Chalk 1.81 1.36 12.68 9.51 14.30 10.87
Foundry sand 0.12 0.09 16.56 12.42 0.72 12.51
Sand and gravel 391.08 293.31 3,626.75 2,720.06 10.78 3,013.37
Quartz sand for
production of 3.87 2.90 38.30 28.73 10.09 31.63
sand-lime brick
Building ceramics
. 11.60 8.70 297.90 223.43 3.89 232.13
raw materials
Peat [Mm?] 0.82 0.62 32.26 24.20 2.56 24.82
Limestone for lime
. 3.59 2.69 1,184.16 888.12 0.30 890.81
industry

>

ance...” refer to exploitable resources, whereas sub-eco-
nomic resources are allocated to both exploitable and
geological resources. Therefore, sub-economic resources
can solely exceed the sum of anticipated economic and .
anticipated sub-economic resources. The remaining an-
ticipated sub-economic resources (column “Anticipated
sub-economic resources 32x” in Table 6.2.6) — obtained
by subtracting sub-economic resources — would be nega-
tive, so by the UNFC Update 2019 they were assumed to

be zero.

Assuming that the future issues of ,,The balance..” will
cover the attempt to present domestic resources of raw
materials according to the UNFC Update 2019 (in the
form of aggregated table with particular raw material .
types — as presented in Table 6.2.6) and taking into ac-
count all restrictions mentioned above, it seems appro-

priate that:

o deposits licensed for mining contain deposits marked .

+ abandoned deposits (marked as “Z”) should be treat-
ed as deposits with completed exploitation and omit-
ted in the UNFC Update 2019;
total anticipated economic resources for deposits
with no assessed economic resources (concessions is-
sued by a county’s mayor) should be treated as ex-
tractable resources and losses, as this prevents the di-
rect comparison of data from “The balance...” to the
UNEFC Update 2019 classes (such operation is per-
formed only for the needs of the UNFC Update 2019
- and the enlarged extractable resources volume, ac-
cording to the Table 6.2.5 column No 7, is taken into
account in the Table 6.2.6 - UNFC Update 2019 11X,
12x column);
regarding natural gas and crude oil fields, anticipated
sub-economic resources in the UNFC Update 2019
(32x) remaining after assignment of sub-economic

resources should be assumed to be zero;

resources of Polish raw materials should be present-

as “E”, “T” and “B” in “The balance...”;

o deposits marked as “P” and “R” with economic re-
sources are treated as outside concession areas (not-
licensed for mining) and their economic resources
should be omitted by the UNFC Update 2019;

ed according to the UNFC Update 2019 only for raw
materials covered by mining ownership.

Table 6.2.7 presents a comparison of the two classifica-
tion systems in terms of category definitions.
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7. Geological information

M. Sokotowski

7.1. Geological information - definition and sources

Carrying out an activity in the area of prospecting, ex-
ploration and exploiting raw materials from deposits is
strictly connected with the definition of “geological in-
formation”. In Polish law acts, coming from the GML
and regulations issued on its basis, there were several im-
portant definitions connected with the geological infor-
mation meaning in various aspects of its use. In the
broadest sense, geological information are geological
data and samples together with the results of their pro-
cessing, including their interpretation, particularly pre-
sented in geological documentations and saved on a data
storage device. Processed geological information in-
cludes the following data:

« boreholes profiles (lithological, stratigraphic);

o geological cross-sections;

« maps and other cartographic elaborations;

o descriptions in the text parts of geological documen-
tations;

o statistical elaborations (resources estimates, parame-
ter averages, etc.);

o and other heading data (metadata) identifying objects
(boreholes, places of performed geophysical studies,
deposits), especially related to spatial location, admin-
istrative location, function, type, etc.

Geological information can also be data that is the result
of direct observations and measurements gained from
carrying out geological work - including the results of
chemical-physical indications of solid, liquid and gas ge-
ological samples, as well as all results gained from sur-
face and borehole logging geophysics measurements to-
gether with accompanying information allowing further
processing and interpretations.

A specific information type is so-called “geological in-
formation from current documentation” understood as
the geological data and samples together with the re-
sults of their measurements, obtained by entrepreneurs
— as the result of currently conducted geological work.
Entrepreneurs performing: geological work aimed at
prospecting and exploration for raw material deposits
under state ownership, storage of carbon dioxide in the
subsurface, drilling deep basement boreholes, regional
exploration of geological structure, assessments of hy-
drogeological and geological-engineering conditions for
non-reservoir substances storage, and storage of waste
or carbon dioxide in the subsurface - have to forward
the information in the time specified by the GML -
within 14 days from the date of acquiring data and re-
sults from samples, and within 60 days when only geo-
logical samples are available.

Regardless of the type of activity, the final results of any
geological work along with their interpretation, should be
presented in the form of relevant geological documenta-
tion describing the conducted work, that is - geological
documentation of raw material deposit, hydrogeological
documentation, geological-engineering documentation
and what is referred to as “other geological documenta-
tion”. The first three types of above-mentioned documen-
tations have to be approved by a relevant geological ad-
ministration body, whereas the fourth type has to be only
forwarded to the appropriate geological administration
body. The geological administration bodies together with
the PSG collect, record, retain, protect and provide geo-
logical information in forwarded documents, samples and
other geological data storage media.

7.2. Property rights to geological information,
right to use geological information

Under the current Polish law, there are two types of
rights distinguished that pertain to geological informa-
tion, which are the property rights to geological informa-
tion and the right to the use geological information.
“Property rights to geological information” is a defini-
tion similar to ownership, however due to an immaterial
character of information, regulations speak of not “an

owner” but “entity having right to geological informa-
tion”. According to the Art. 99, par. 1 of the GML, the
property rights to all information obtained during geo-
logical work shall be awarded to the State Treasury. The
“right to use geological information” is a right that can be
obtained based on the Polish law or on the basis of
a relevant agreement/contract. According to the Art. 99,
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par. 2 of the GML, the entity which bears the costs of le-
gally conducted geological work and obtained the geo-
logical information, has a right to use the information
free of charge throughout perpetuity and within all ex-
ploitation areas. Moreover, the GML guarantees that for
a period of 3 years from the date of delivery of geological
documentation approval decision, or from the date of
forwarding “other documentation” to a relevant geologi-
cal administration body, the entity which obtained the
right to use the geological information will be granted
exclusivity to that information - in order to obtain the
approval for: exploring raw materials from deposits,

storage of substances in the subsurface, storage of waste
in the subsurface, storage of carbon dioxide in the sub-
surface and activity requiring approval under the water
law. If within the exclusivity time period the entity ob-
tains a concession or another relevant decision, the right
to exclusivity will be extended for the period that conces-
sion or decision was issued, and additionally for two
more years after the concession or decision expires. It
should be emphasized that the latter rule (+2 years) does
not apply to the activity related to hydrocarbons exploi-
tation.

7.3. Access to geological information

According to the GML, access to the geological informa-
tion is regulated by the geological administration bodies
and the PSG. These entities collect, record, archive and
protect said geological information.

Access to geological information is being implemented
in a dual manner. The first is open access, implemented
by providing an access to archival materials containing
geological information. Access can be granted by provid-
ing paper documents available in geological libraries or
by providing web services enabling access to said infor-
mation in digital form. Access is free of charge and does
not require any submission of application, there is only
issuing of documents for particular person recorded.
During access to any reprint, copy, printout, digital ver-
sion or other documents and data sets, recording is per-
mitted. In the case of the geological samples, photogra-
phy is permitted to, however no physical sampling can
take place without obtaining proper permission.

The second is access to information granted via applica-
tion which, due to rights to use geological information,
may require providing additional documents confirming
that they are possible to access. The State Treasury owns
the property rights to most geological information. In
principle, the use of the geological information owned
by the State Treasury is free of charge, with the applicant
bearing only material costs (copying, recording on paper
or on electronic device). There are exceptions when the
information is to be used to exploit raw materials depos-
its, store substances in the subsurface, store waste in the
subsurface, store carbon dioxide in the subsurface, and
any activity requiring approval in terms of the water law.
Additionally, access to some geological information is
provided for a fee, in cases when geological data refers
to: raw materials covered by state ownership, such as

core samples from boreholes conducted for the deep ex-
ploration of the basement or for regional research on the
geological structure of the country, as well as when such
data constitute the results of geophysical measurements.
Using information from the above-mentioned areas is
subject to a fee determined on the basis of a valuation
supplied by the entity applying for the access. When the
valuation verification is made, the State Treasury pro-
vides a contract for the time-limited use of indicated ge-
ological information. In most cases, the State Treasury is
represented by the Minister of Climate and Environment
- the Minister represents the country in all areas exclud-
ing only the use of information in order to obtain per-
mits pertaining to the water law. Details referring to the
valuation of information and on the procedure for con-
tracts are described in the “Regulation by the Minister of
the Environment on the paid use of geological informa-
tion” (dated the 20t of December, 2011 - Journal of
Laws of 2011, Item 1724).

In a case when the property rights to the geological in-
formation specified in the application are owned by an-
other entity than the State Treasury, the application
should contain written permission of such an entity.

Particular protection is related to information from cur-
rent documentation of the conducted geological work.
According to Art. 82, par. 8 of the GML, geological in-
formation from ongoing documentation of geological
work and its results cannot be the subject of open access
or access until the approving decision of geological doc-
umentation is delivered or until the date of forwarding
of geological documentation prepared for the use of un-
derground heat and conducting geophysical measure-
ments for exploration of geological structures related to
hydrocarbons.
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7. Geological information

7.4. Scope of geological information

Collecting, recording, archiving, protecting and provid-
ing access to geological information in Poland is con-
ducted by the county and voivodeship geological admin-
istration entities and by the PSG, which is the entity
supporting the Minister of the Climate and Environ-
ment. According to the GML, the PGI-NRI fulfills the
role of the PSG. For more than 100 years, PGI-NRI has
been conducting various activities on the subject of geol-
ogy. Beside the tasks strictly connected to the implemen-
tation of geological work, a very important part of PGI-
NRI activity are projects within the area of collecting,
processing and providing geological information. The
implementation of these projects is carried out directly
on the basis of the GML.

One of these tasks is the maintenance of the Central Ge-
ological Archive (CGA), as a separate asset, collecting
and providing access to said collections, as described in
the GML and the regulations. The organizational entity
for this task is PGI-NRI, and it has been tasked with car-
rying out the tasks of the CGA by means of the National
Geological Archive (NGA). The NGA is the main na-
tional archive for geological-environmental documenta-
tions and geological samples, where besides from the
“official” asset (CGA), there have been significant geo-

logical information resources collected, coming from
PGI-NRI’'s own resources, which originated from tasks
carried out for other entities or were gained from other
archives.

As of the end of 2020, the NGA contains more than 656
thousands of geological documents recorded (including
415 thousand documentations and 241 thousand maps)
and more than 900 thousand linear meters of geological
samples (cores, clastic samples and other). Materials col-
lected in the NGA is used to support geological research-
es, spatial planning and environmental management,
help with rational raw materials management and water
management, but their main use is the implementation
of tasks conducted by the PSG and the PSH (Polish Hy-
drological Survey, in Polish: panstwowa stuzba hydro-
geologiczna). To facilitate the access to geological infor-
mation, its better use and processing, and for the purpose
of protecting all the collected data, the NGA conducts an
ongoing digitization process of the collected documents.
As of the end of 2020, there were about 80 thousand
pieces of geological documentations scanned, which
when placed next to each other, occupy nearly 2 km of
shelving in NGA storage.

7.5. Digital databases

The main source of data collected by the NGA is docu-
mentation forwarded by the geological administration
bodies and entities conducting geological work, as well
as the results from researches conducting work for PGI-
NRI. For several years, the legal obligation to forward
data and geological documentation, including in digital
format, has been applied. The collected archival materi-
als are the subject of digital recording and processing,
so that their further use is possible through web services
and electronic means of communication. PIG-NRI en-
sures access to the special Internet services presenting
spatial data, descriptive data, thereby enabling the
graphical presentation of data. The sets of PGI-NRI in-
formation resources contain geological and hydrogeo-
logical data. The most widely available set of geological
information is the digital Central Geological Database
(CBDG; in Polish: Centralna Baza Danych Geologicz-
nych), available at http://baza.pgi.gov.pl. It is the largest
Polish digital geological data collection available in the
metadata and full digital data formats. This database al-

lows access to the spatial data, and moreover contains
the graphical and descriptive information on boreholes,
archival geological documentation, as well as geophysi-
cal research of various types. Most of the data is made
available free of charge by means of specialized applica-
tions on the CBDG website, including spatial data — us-
ing the geographical browser, also available for mobile
devices. The most important sub-systems of the CBDG
are:

+ Graphical browser - enabling access to spatial data
in the form of map services covering all of the serial
geological maps (e.g. the detailed geological map of
Poland in the 1:50,000 scale);

+ Archival documents - enable access to data on ar-
chival geological elaborations sets, maps published in
paper version, and aerial photos. It also allows the
possible recording of document rentals;

« Boreholes - containing detailed information on
stratigraphic profiles, lithological profiles, geophysi-
cal researches and cores. The profile browser, which
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is a component of the application, presents selected
data obtained from the borehole in graphical form;
Geophysics - containing information on geophysi-
cal documentations, results of drilling geophysics re-
search, seismic, and other aerial geophysical meas-
urements;

Landslide Counteracting System (SOPO; in Polish:
System Oslony Przeciwosuwiskowej) - its main aim
is to explore and document all landslides and areas
potentially at risk of mass movements in Poland and
to establish the system of deep and aerial monitoring
of 60 selected landslides;

+ Geological-Engineering Database (BDGI, in Pol-
ish: Baza Danych Geologiczno-Inzynierskich) - the
largest digital data set regarding construction condi-
tions on selected areas of Poland.

Detailed available data on raw materials are contained in
domain-specific systems, such as MIDAS, Mineral Re-
sources of Poland or InfoGeoSkarb. Hydrogeological
data is collected separately, in thematic databases availa-
ble on the PSH websites (www.psh.gov.pl and http://spd.
pgi.gov.pl/PSHvS).
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8. Energy raw materials

8.1. Lignite
M. Tyminski, S. Mazurek

Lignite as a part of brown coals is defined as lower grades
(low rank) of coal (intermediate in the qualification be-
tween hard coal and peat), with a calorific value below
24 MJ/kg. It is divided into subbituminous coal (with
a calorific value above 17.5 MJ/kg - hard form) and lig-
nite (below 17.5 MJ/kg - soft form). In Poland, lignite
deposits occur in the central and western parts of the
country (Plate 2), in younger geological formations,
mainly those (according to the former classification)
Tertiary of age. Older brown coal deposits are known to
occur also in Jurassic, Carboniferous and rarely — in Cre-
taceous and Triassic sediments.

Lignite deposits originated both, in sediments of plat-
form areas and in orogenic belt sedimentary basins.
They form extensive seams, ranging from a few meters to
several dozen meters in thickness. They also occur in the
form of lenses. The overburden thickness is usually quite
small, which makes opencast mining possible. Seams of
older brown coal are often situated too deep below the
surface for opencast mining, requiring underground
mining. This is also the case for coal seams occurring in
glacitectonic folds. Underground mining methods have
lately been used in Poland to mine coal from the Babina
and Sieniawa deposits.

Lignite resources are documented assuming the follow-
ing parameter limits, which establish the deposit and its
boundaries, for opencast mining: a maximum bottom
depth of the deposit — 350 m, a minimum thickness of
lignite in the seam - 3 m and a maximum ratio of the
total thickness of the overburden and intercalation to
the thickness of the deposit of 12:1. In addition, a mini-
mum weighted-average net calorific value in a coal seam
(with intercalations) should be greater than 6.5 MJ/kg
(with a lignite moisture content of 50%). These are the
limits for geological-mining parameters and qualitative
parameters for thermal coal which is common in Polish
lignite deposits - typical ortholignite. For the purposes
of underground gasification or production of liquid fu-
els in the ground installations (mentioned in the “Poli-
tyka energetyczna Polski do 2040 r” — MKiS, 2021), the
parameter limits that define a deposit and its bounda-
ries (in Poland referred to as the “balancing criteria”)
have not been established.

A possible further extension of the lignite resource base,
in terms of traditional opencast mining, is particularly
related to the formalization (category D in geological
documentation) of the already known lignite occurrenc-
es for which documentation has not been provided, due
to their low degree of geological exploration. According
to current data, Polish prognostic brown coal resources
with balance sheet potential amount to 18,251.79 Mt
(Kasinski et al., 2020).

Poland’s anticipated economic resources of lignite
amounted to 23,201.64 Mt as of the end of 2020 (Tab.
8.1.1). The majority of resources - that is 23,201.00 Mt -
constitute thermal coal, with the remaining 0.64 Mt be-
ing bituminous coal (documented in the C, category in
the Kalawsk-szyb gléwny deposit). There was also coal
usable for briquette production and coal suitable for
a production of coal tar and coal liquefaction into fuel,
which has been documented in the past. Currently, all
these types of coal are used and treated as thermal coal
only. The anticipated economic resources within exploit-
ed deposits in 2020 amounted to 1,110.62 Mt and ac-
counted for 4.79% of total anticipated economic resourc-
es. In 2020, lignite was being exploited in 5 mines in
Poland: Belchatéw, Turéw, Adaméw, Konin and Sie-
niawa. In the February of 2021, the exploitation of the
Adamow deposit has ended.

More than 22% (5,185.33 Mt) of the anticipated eco-
nomic resources constitute the resources of deposits
within the Poznan Through. These are Czempin, Gostyn,
Krzywin and Mosina deposits, where potentially strip
mining is currently precluded on environmental grounds
and in a connection with large scale of production farms.
These are the main conflicts of interest to be resolved be-
tween local communities, ecological organizations and
supporters of developing the deposit, before any exploi-
tation starts. Therefore, it might seriously complicate the
development of deposits in the future. On the 27 of Feb-
ruary, 2021, the Council of Ministers approved “Polityka
energetyczna Polski do 2040 r.” (MKiS, 2021) - in the
document, the development of minable lignite deposits
for the purpose of energy is generally not expected.
An exception is a possible opening of the following de-
posits for exploitation:
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Table 8.1.1. Lignite resources [Mt]

8. Energy raw materials

Geological resources in place Economic
. ) resources in
Number Anticipated economic place as a part
of deposits Anticipated | of anticipated
Total A+B @ G, D sub-economic economic
resources
TOTAL RESOURCES 91 23,201.64 2,240.89 3,510.09 12,645.52 4,805.14 3,517.27 937.69
Including resources of exploited deposits
TOTAL 9 1,110.62 983.13 117.10 10.39 - 39.41 937.69
1. Deposits of operating
. 8 1,109.47 983.13 115.98 10.36 - 39.41 936.86
mines
2. Deposits exploited
. 1 1.15 - 1.12 0.03 - - 0.83
temporarily
Including resources of non-exploited deposits
TOTAL 73 22,063.55 1,241.00 3,386.80 12,630.62 4,805.14 3,447.62 -
1. Deposits covered by
. . 34 5,821.03 1,241.00 3,386.80 1,193.23 - 872.64 -
detailed exploration
2. Deposits covered by
. K 39 16,242.52 - - 11,437.39 4,805.14 2,574.98 -
preliminary exploration
Including abandoned deposits
Abandoned deposits | 9 | 27.47 | 16.77 | 6.20 | 4.51 | - | 30.23 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

o Zloczew - without an environmental decision sin-
ce 231 of September, 2021 - (Generalny Dyrektor
Ochrony Srodowiska, 2021 - https://www.gov.pl/
attachment/f105bae3-affc-4c65-a830-0f178ca345dd
- in Polish);

o Ofscistowo - the ZE PAK SA made a decision not to
apply for developing the deposit (https://ri.zepak.
com.pl/pl/aktualnosci/1469-zielone-kierunki-strategii-
ze-pak-sa-zaakceptowane-koniec-z-energia-z-wegla-
najpozniej-w-2030-roku.html - in Polish);

» Gubin - as a reserve deposit — “Polityka energetycz-
na Polski do 2040 r” (MKiS, 2021, page 16; in Polish)
states that: “Research and development activities
should be aimed at searching for innovations to re-
duce the environmental burden resulting from coal
mining and new solutions that contribute to low-
emission, efficient and flexible use of the raw materi-
al (e.g. gasification, liquid fuels)”. The Gubin deposit
was indicated as a main lignite deposit resource for
energy production and future gasification (Kasinski
et al., 2006).

Economic resources of lignite amounted to 937.69 Mt as
of the end of 2020 and decreased by 56.86 Mt (5.72%) in
comparison to 2019. The change in economic resources
was caused by production, as well as losses during said

production, and better deposit exploration during ongo-
ing exploitation and from the elaborated supplements to
deposit development plans.

The lignite output, according to data provided by the
concession holders, decreased in 2020 by 5.56 Mt
(10.51%) in comparison to the previous year and
amounted to 47.30 Mt. The exploitation was carried out
from 8 deposits, and there was no output recorded for
the Sieniawa 1 deposit. The majority of the domestic out-
put came from outcrops exploited by the PGE GiEK S.A.,
especially from the Belchatow-pole Szczercéw deposit
(33.66 Mt), which accounted for 71.16% of domestic
production (in 2018 and 2019, the percentage contribu-
tions were much lower — 56.66% and 68.89%, respective-
ly). The gradually increasing output from the Szczercow
field compensates the nearly-depleted Belchatow field
allowing a stable level of the exploitation to supply the
Belchatéw power station. The output from the Belcha-
tow-pole Belchatéw deposit amounted to 2.54 Mt (5.37%
of domestic output in 2020, with percentage contribu-
tions in 2018 and 2019, 19.92% and 8.28%, respectively).
Output from the Turéw deposit was equal to 5.07 Mt
(10.71% of the domestic output). The exploitation levels
in deposits located in the Konin area (to the needs of
ZE PAK SA) amounted to: Tomistawice deposit -


https://ri.zepak.com.pl/pl/aktualnosci/1469-zielone-kierunki-strategii-ze-pak-sa-zaakceptowane-koniec-z-energia-z-wegla-najpozniej-w-2030-roku.html
https://ri.zepak.com.pl/pl/aktualnosci/1469-zielone-kierunki-strategii-ze-pak-sa-zaakceptowane-koniec-z-energia-z-wegla-najpozniej-w-2030-roku.html
https://ri.zepak.com.pl/pl/aktualnosci/1469-zielone-kierunki-strategii-ze-pak-sa-zaakceptowane-koniec-z-energia-z-wegla-najpozniej-w-2030-roku.html
https://www.gov.pl/attachment/f105bae3-affc-4c65-a830-0f178ca345dd
https://www.gov.pl/attachment/f105bae3-affc-4c65-a830-0f178ca345dd

8.1. Lignite

resources output
250. .................................................................................................................................................................................. r 100
225. ............................................................................................................................. o 90
200. ........................................................................................................................ + 80
=
C 175 e -+ 70
2 =
o 501 M EEEEEEEE =N -+ 60 =
o 5
5 12.51 T50 2
o >
a
o 10.01 t40 ©
2
7.51 T 30
5.01 T 20
O O N O O O 10 O O O O O M &£ N O o4 1N O O O O O O ¥ O ¥ N~ © ¥ © O
S I B S IS B B B S SN S B S I Il S S I B N R B B B R
2571d N 0 © O O M B Mmoo e Hm O ddo s e~ © NS O B o m oo ~T10
~ © © © © © © © © © © O b W © © © © I b 1D O © © © © © © © © 1 <
0 — T 0
© O d N M T N O N~ O DO A N ®MT MO N DD O A NMT DO N OO O
0 D YO DD DD O OO0 O O O O O O O dddddddddd
D O O O OO DO O O O O O O O O O OO0 o0 O O o O O O O o
4 94 d d d d 34 d d 4 49 dddJd ATV QATQ@A QA

<
(1)
QD
=

Figure 8.1.1. Lignite anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

2.11 Mt (4.46% of the domestic output); Patnow IV -
1.59 Mt (3.35%), Drzewce - 1.41 Mt (2.99%) and Ada-
méw - 0.72 Mt (1.51%). The remaining output came
from the Sieniawa 2 deposit and was 0.21 Mt (0.45% of
the domestic output). In 2021, the exploitation from the
Adamow deposit ended.

Figure 8.1.1 shows changes in anticipated economic re-
sources and the output of lignite in Poland in the years
1989-2020. The resources increased in 1992 due to bet-
ter exploration of the Turéw deposit and the documenta-
tion of 3 new deposits — Torzym, Rzepin and Deby Szla-
checkie. Over the next 16 years resources did not change
significantly, with significant increase only in 2009-2011.
It was the result of documenting 16 new deposits with
total resources amounting to 7,236.61 Mt: Gubin 1, Gu-
bin-Zasieki-Brody, Lubsko, Leki Szlacheckie, Mosina,
Nakto, Naramowice, Oczkowice, Radomierzyce, Radzie-
jow, Ruja, Sieniawa 2, Szamotuly, Weglewice, Wiecbork
and Wiadystawoéw II. The next 4 years were character-
ized by a growth in resources (by 932.36 Mt) and varying
production. In 2014, another increase was the result of
approving new documentation with recalculated re-
sources for the Oczkowice deposit (853.25 Mt). In 2015,
there was 1 new deposit documented — Gubin 2 with re-
sources equal to 1,033.8 Mt. At the same time new docu-
mentation elaborated and accepted for 3 other deposits:

Gubin, Gubin 1 and Izbica Kujawska caused a decrease
in resources of 1,018.92 Mt. In the following 5 years,
resource reductions were caused by exploitation and ex-
ploitation-related losses, and amounted to: 65.06 Mt
in 2016, 66.07 Mt in 2017, 69.54 Mt in 2018, 53.69 Mt
in 2019, and 60.19 Mt in 2020. The total resources de-
cline in 2016-2020 was equal 314.55 Mt.

Lignite output was generally decreasing in 1990-2010
with a slight growth between 2003 and 2006. Much bigger
output was produced in the 2011-2013 period (mainly
from the Belchatéw-pole Szczercow, Patnéw IV, Wlady-
stawow, Kozmin, and Tomistawice deposits) and reached
as high as 66 Mt. Then, the total domestic exploitation de-
creased significantly in 2014 and 2015 - by 2.14 Mt and
0.86 Mt, respectively. It resulted from output drops re-
corded for the Turéw, Adaméw and Drzewce deposits.
A brief period (2016-2018) brought about output fluctu-
ations, whereas in 2019-2020 the exploitation volume fell
to the lowest level of the entire presented period - by
47.30 Mt. In 2019 an output decrease was mainly the re-
sult of declining exploitation from the Belchatéw-pole
Belchatéw deposit (by 7.81 Mt), whereas in 2020 the out-
put decreased due to the cutting of exploitation from the
Belchatéw-pole Szczercéw and Belchatéw-pole Belchatow
deposits — by 2.75 Mt and 1.84 Mt, respectively.
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8. Energy raw materials

8.2. Coal-bed methane (CBM)
A. Malon, M. Mtynarczyk, M. Tymirnski

Coal-bed methane is a natural gas trapped in coal and
occurring in the form of gas particles adsorbed at coal
grains. A drop in bed pressure along with mining activi-
ties is followed by an increase in a CBM desorption and
it is released from coal and surrounding rocks to active
exploitation areas in a coal mine. The release of methane
is a serious safety concern as it can create an explosive
hazard. Therefore, much attention is paid to draining
methane from coal beds before and in the course of coal
mining. This is achieved by methane capture on advance
of longwall coalfaces by boreholes drilled into the front
of the face and a reduction of concentration of methane
to an acceptable level by ventilating work areas.

Recent years witnessed the development of a technolo-
gy for draining methane from coal beds by multiple
boreholes drilled from the surface. Such technology in-
volves hydro fracturing of coal beds and surrounding
rocks and filling up fissures with a permeable medium
(usually sand) to facilitate migration of CBM released
by desorption. The next step is the removal of water
from coal beds to achieve a drop in bed pressure in the
area of a given borehole, which is necessary to start of
CBM desorption, emission and migration processes.
Recovery of CBM by means of production wells is treat-
ed as natural gas production from an unconventional

source.

CBM recovery is determined on one hand by safety is-
sues and on the other hand is treated as collecting the
gas from unconventional sources — due to its form of oc-
curring which demands the application of special recov-
ery desorptive technologies.

CBM deposits have only been documented in the USCB
coal deposits. CBM concentrations in the LSCB and the
LCB coal deposits are much smaller than in the USCB.
Their economic importance is still to be established.

Prospecting made it possible to evaluate the CBM re-
sources and show their presence in 65 hard coal depos-
its, in the area of the USCB. In 2020, these anticipated
economic resources amounted to 107,229.25 Mm?. The
majority of the anticipated economic resources consist of
resources documented in the C category (98,561.34 Mm3
- 91.92%). Resources documented in the A and B cate-

gories amount only to 8,667.91 Mm? and account for

only 8.08% of domestic anticipated economic resources.
Anticipated sub-economic resources have been docu-
mented within 8 deposits and are equal to 9,411.45 Mm?,
of which 9,316.35 Mm? are resources in the C category
(98.99% of the total anticipated sub-economic resources)
and only 95.10 Mm? are resources in the A and B catego-
ries (1.01%). In 2020, economic resources of CBM, lo-
cated within 33 deposits, were equal to 11,352.90 Mm?.
These resources increased by 921.42 Mm? (8.83%) in
comparison with the previous year.

In the latest edition of “The balance of prospective min-
eral resources of Poland” (in Polish: “Bilans perspekty-
wicznych zasobéw kopalin Polski” - Szamalek et al.,
eds., 2020), there was an updated assessment of exploit-
able anticipated economic resources of CBM in Poland
(Hadro, Jureczka, 2020). The assessment was prepared
on a basis of current obligatory criteria for determining
CBM deposits from hard coal beds - both as a main raw
material and as an accompanying raw material. There
were 2 types of resources distinguished. First — prognos-
tic resources of CBM as an accompanying raw material.
These included the resources documented in hard coal
deposits in the D category, which are not reported in the
resources register. Second type was prospective resourc-
es of CBM as a main raw material. These included all re-
maining resources which have not been documented
so far, without determining prognostic resources due to
a relatively high uncertainty of the resources quantity
assessment. Both types of resources were calculated as-
suming the following parameters: a minimum coal beds
thickness of 0.6 m; CBM content is >4.5 m3/t of pure
carbon substance within the limits of a deposit area;
up to a depth of documenting the coal deposit in the
case of an accompanying raw material or up to a depth
of 1,500 m in the case of a main raw material. The pro-
spective resources of CBM as the main raw material
were assessed below the deposits in which CBM is the
accompanying raw material, in the deposits where CBM
had not been documented as the accompanying raw ma-
terial or within the areas which had not been document-
ed. The total prognostic resources of CBM in Poland as
of the end of 2018 amounted to 1.69 bnm? (only within
the USCB area), whereas the prospective resources
amounted to 111.27 bnm? - including 1.75 bnm? within
the LSCB area, 94.33 bnm? within the USCB area and
15.19 bnm? within the LCB area.



8.2. Coal-bed methane (CBM)
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Figure 8.2.1. Coal-bed methane exploitable resources, emission from the airing system and output (CBM picked up by mines) in

1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al, eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

In the 1989-2020, the resources (exploitable anticipated
economic) of CBM increased from 4.24 to 107.23 bnm?
(Fig. 8.2.1). The most significant increase was recorded
in the 1991-1998 period - from 4.95 to 92.29 bnm?. The
following 10 years were characterized by fluctuations in
resources, however an increasing tendency was quite
visible and resources grew to the amount of 99.04 bnm?.
Within the next 5 years (2009-2013) they declined by
13.61 bnm?3 (13.74%). Then, in 2014-2015, resources in-
creased significantly (by 5.34 bnm?) which resulted,
among others, from: documentation of new deposits:
Barbara-Chorzéw 2, Brzezinka 3 and Bzie Debina 2 — all
of them with CBM as an accompanying raw material;
Studzienice 1 and Zory-Suszec 1 — documented beyond
areas of hard coal exploitation; Jankowice-Wschod and
Mszana — with CBM as a main raw material; recalcula-
tions of resources accepted for the Knuréw, Borynia;
Brzeszcze and Halemba II deposits; the updating of re-
sources estimated for the Jankowice deposit. The last
5 years (2016-2020) were characterized by the signifi-
cant growth of resources — from 90.77 bnm? in 2015, to
107.23 bnm? in 2020 (the highest amount in the whole
presented period). The increase in 2016 (by 5.18 bnm?)
was a result of documentation of 4 new deposits —
1 within the areas of hard coal exploitation (Chwatowi-
cel),2beyond such areas (Anna and Marcel 1) and 1 with
CBM as a main raw material from an abandoned coal
mine (Wilchwy); and a result of new documentation
with recalculated resources for the Rydultowy and

Szczyglowice deposits. Another significant growth of
resources took place in 2018 (by 5.07 bnm?) and result-
ed mainly from the documentation of 3 new deposits
(all beyond the areas of hard coal exploitation) - Jas-
Mos 1, Makoszowy and Slask-Pole Panewnickie; and
new documentations with recalculated resources for
Pniéwek and So$nica deposits. The highest growth of
resources was noted in 2019 (by 109.55 bnm? in com-
parison with 2018) - due to 1 new deposit documented
beyond the areas of hard coal exploitation (Danko-
wice 1) and 4 new pieces of documentation with recal-
culated resources for the Murcki, Wesota, Zabrze-
Bielszowice and Ziemowit deposits. In 2020, the
resources dropped by 2.32 bnm? as there were no new
deposit documented and 2 deposits (Marcel and
Rydultowy) were crossed out from “The balance..”
Emissions from the ventilation systems and output also
contributed to the decline in resources.

Output of CBM in the presented period was changing
significantly - from the lowest level recorded in 1994
(205.51 Mm?) to the highest noted in 2008 (586.75 Mm?3).
The declining tendency was visible in the 1992-1994,
1999-2001 and 2009-2010 periods, whereas more inten-
sive growth trends could be seen in the 2002-2008 and
2011-2016 periods. The last 5 years (2016-2020) brought
about quite a stable level of output — within the range of
315.09-357.09 Mm?.
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8.3. Crude oil
D. Brzezinski, M. Czapigo-Czapla, K. Wojcik

In 2020, there were 87 crude oil fields documented in
Poland, including 29 fields situated in the Carpathians, 12
at the Carpathian Foreland (in the Carpathian Foredeep),
44 within the Polish Lowland and 2 in the Polish Eco-
nomic Zone of the Baltic Sea (Plate 1). In a regional sense,
similarly to natural gas fields, crude oil fields have been
balanced in the present elaboration and are annually pre-
sented in “The balance...” The oil fields occurring in the
Carpathians and Carpathian Foreland have had a long
history, as these are the areas of the world’s oldest crude
oil mining. However, currently these fields have almost
been depleted. Currently, the Polish oil fields of greatest
economic importance are situated on the Polish Lowland.

In 2020, exploitable resources of all documented crude
oil fields amounted to 21,725.89 kt of crude oil, whereas
anticipated sub-economic resources contributed an ad-
ditional 400.25 kt. In comparison to the previous year,
the total resources (anticipated economic and anticipat-
ed sub-economic) decreased by 923.16 kt (Fig. 8.3.1).
Exploitable resources within exploited crude oil and
condensate fields were equal to 20,442.02 kt, accounting
for 92.4% of the total exploitable resources (anticipated
economic and anticipated sub-economic), whereas eco-
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nomic resources — 12,032.50 kt (data above mentioned,
taking into account the distribution of regional resourc-
es and the state of development of the fields can be found
in Tab. 8.3.1). Crude oil and condensate output in 2020
amounted to 911.43 kt and decreased by 25.33 kt year to
year (Fig. 8.3.1).

Hydrocarbon field occurrences in Poland, their origin,
age and the volume of their resources result directly
from the geological structure and tectonic evolution of
our country. The Outer Carpathians and the Carpathian
Foreland constitute the separate — Southern Petroleum
Province, whereas the Polish Lowland and the Polish
Economic Zone of the Baltic Sea are divided into 3 prov-
inces — the Northern, Eastern and Western Provinces
(Plate 1; Fig. 8.3.2).

In the Outer Carpathians, crude oil accumulations occur
within structural traps, less often within structural-litho-
logical traps (mainly in fields of a layered type with sur-
rounding water) in the flysch formations of the Magura,
Fore-Magura/Dukla, Silesian, Sub-Silesian and Skole
units and in the Paleozoic of the Malopolska Block —

the basement of Carpathian units.
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Figure 8.3.1. Crude oil anticipated economic resources and output, and annual prices in 1989-2020 (spot prices of Brent oil)

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources
deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021). Prices according to BP Statistical Review of World Energy 2021/70% edition



Table 8.3.1. Crude oil resources [kt]

8.3. Crude oil

total
crude oil
condensate
Exploitable resources TSI RESDREs
Number . . o in place as a part of
of fields iR e ool Anticipated | anticipated economic
Total A+B C sub-economic resources
87 21,725.89 13,006.14 8,719.75 400.25 12,032.50
TOTAL RESOURCES 19,517.63 12,982.56 6,535.07 400.25 11,461.60
2,208.26 2358 | 2,184.68 - 570.90
Including resources of exploited fields
57 20,436.35 12,959.60 7,476.75 5.67 11,397.46
TOTAL 19,112.91 12,959.60 6,153.31 5.67 11,343.56
1,323.44 - 1,323.44 - 53.90
2 6,149.06 6,111.84 37.22 5,413.49
Baltic Sea 6,149.06 6,111.84 37.22 - 5,413.49
22 626.47 563.49 62.98 5.67 184.10
Carpathians 626.47 563.49 62.98 5.67 184.10
27 13,346.62 6,113.18 7,233.44 5,672.97
Polish Lowland 12,023.18 6,113.18 5,910.00 - 5,619.07
1,323.44 - 1,323.44 53.90
6 314.20 171.09 143.11 126.90
Carparthian Foreland 314.20 171.09 143.11 - 126.90
Including resources of non-exploited fields
7 1,163.70 35.96 1,127.74 329.53 633.50
TOTAL 290.70 16.96 273.74 329.53 116.50
873.00 19.00 854.00 - 517.00
4 1,047.77 35.96 1,011.81 633.50
Polish Lowland 174.77 16.96 157.81 - 116.50
873.00 19.00 854.00 517.00
3 115.93 115.93 329.53
Carparthian Foreland 115.93 - 115.93 329.53 -
Including abandoned fields
23 125.84 10.58 115.26 65.05 1.54
TOTAL 114.02 6.00 108.02 65.05 1.54
11.82 4.58 7.24 - -
7 31.87 0.96 30.91 12.69 0.08
Carpathians 30.37 0.96 29.41 12.69 0.08
1.50 - 1.50 - -
13 89.39 5.04 84.35 1.43 1.46
Polish Lowland 83.65 5.04 78.61 1.43 1.46
5.74 - 5.74 - -
3 4.58 4.58 50.93
Carparthian Foreland - - - 50.93 -
4.58 4.58 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 8.3.2. Structure of exploitable anticipated economic resources and output of crude oil in 2020

NPP - Northern Petroleum Province, EPP - Eastern Petroleum Province, WPP - Western Petroleum Province, SPP — Southern Petroleum Province
According to: own elaboration based on resources and output according to “The balance of mineral resources deposits in Poland as of 31 XII 2020”

(in Polish; Szuflicki et al., eds., 2021)

The Carpathian crude oil fields are mainly of an oil-gas
type. Production is initially driven by the expansion of
natural gas dissolved in crude oil. Crude oil density
ranges from 0.750 to 0.943 g/cm? and the crude oil is al-
located as a sulfur-free type. Paraffin content varies from
3.5 to 7.0%. The resources of Carpathian oil fields are
generally minor, depending on a size and a character of
the structures in which they occur - mainly in anticlines
near faults. The resources of Carpathian fields have been
significantly exhausted as the result of many years of ex-
ploitation: currently there are 29 fields documented with
exploitable resources equal to 676.70 kt, accounting for
3.1% of total domestic resources (Tab. 8.3.1; Fig. 8.3.2).
Prospective resources of crude oil in conventional accu-
mulations of the Outer Carpathians and their basement
are assessed at about 124.2 Mt (Feldman-Olszewska et
al., 2020a). In the Carpathian Foreland, crude oil fields
occur in the autochthonous Miocene of the Carpathian
Foredeep, however mainly in its Carboniferous, Jurassic,
and Cretaceous basement. Most of these fields are of
a layer type, with stratigraphic, lithological or tectonical
shielding. Crude oil from this region belongs to a group
of light and medium oils (with density ranging from
0.811 to 0.846 g/cm?). Paraffin content varies from 2.32
to 9.37% and sulfur content from 0.45 to 0.85% on aver-
age. Currently, there are 12 crude oil fields documented
in the Carpathian Foreland, with total resources equal to

815.17 kt, accounting for 3.7% of total domestic resourc-
es (Tab. 8.3.1; Fig. 8.3.2). In turn, prospective resources
of crude oil in conventional accumulations of the
Carpathian Foreland, amount to about 0.6 Mt (Feldman-
Olszewska et al., 2020a). In the Outer Carpathians and
the Carpathian Foreland, some crude oil fields contain
dissolved gas components, forming oil condensate
(Lakta and Stopniec fields).

The western part of the Polish Lowland, that is the Fore-
Sudetic, Wielkopolska and Western Pomerania regions,
together with the western part of the Polish Economic
Zone of the Baltic Sea, form the separate - Western Pe-
troleum Province. In a structural sense, these are regions
located west of the East European Platform, in which
natural gas and crude oil field origin is connected with
the evolution of the Variscan orogen and its Permian-
Mesozoic sedimentary cover. Crude oil accumulations
occur here in the Permian/Zechstein — in the Main Do-
lomite. These oils are of a medium paraffin type, with
paraffin content ranging from 4.3 to 7.4%, sulfur content
slightly above 1% and density within a range of 0.857-
0.870 g/cm?3. The majority of these fields are of a massive
type, with passive underlying water and with a gas cap
expansion drive mechanism. In the Western Petroleum
Province, the largest Polish crude oil field can be found
- the Barnéwko-Mostno-Buszewo (BMB), located near
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the city of Gorzéw Wielkopolski. Its resources of crude
oil were found to be twice the size of total domestic re-
sources before its discovery. Within the Western Petro-
leum Province, there are also other fields rich in resourc-
es-occurring in: Lubiatéw, Grotéw (crude oil fields), and
Cychry, Krobielewko, Jastrzebsko and Antonin 1 (con-
densate fields). Total exploitable resources of all 38 crude
oil and condensate fields within the Main Dolomite
amount to 14,381.60 kt and account for 65.0% of total do-
mestic resources (Fig. 8.3.2). Another 235 Mt constitute
prospective resources (Feldman-Olszewska et al., 2020a).

The northern part of the Polish Lowland together with
the eastern part of the Polish Economic Zone of the Bal-
tic Sea constitute the Northern Petroleum Province of
Poland. These regions are located on the East European
Platform and their hydrocarbons field origin is connect-
ed with the geological evolution of the Peribaltic Syn-
eclise. Conventional crude oil accumulations occur
within the Cambrian - in 2 fields located on the Baltic
Sea (B 3 and B 8) and 4 fields located onshore (of them
only 1 field - Zarnowiec W - contains condensate). Total
exploitable resources of the aforementioned fields
amount to 6,216.70 kt of crude oil and condensate
(28.1% of total domestic resources; Fig. 8.3.2), of which
6,149.06 kt is documented in 2 fields located off-shore.
Prospective resources in conventional accumulations
within the Cambrian are assessed to add a further 1.1 Mt
(Feldman-Olszewska et al., 2020a). The Cambrian of the
Baltic Sea area is also treated as the most prospective re-
gion for the occurrence of unconventional crude oil ac-
cumulations (tight oil; Wojcicki et al., 2020).

In the eastern part of the Polish Lowland - the Podlasie-
Lublin region - the Eastern Petroleum Province was dis-
tinguished. In this area hydrocarbon fields developed in
the Devonian-Carboniferous sedimentary cover of the
East European Platform margin area. There are 2 crude
oil fields documented - within the Devonian (Glinnik
field) and Carboniferous (Stezyca field) strata, respec-
tively. Their total exploitable resources are equal to 35.98
kt, accounting for <0.2% of total domestic resources
(Fig. 8.3.2). Prognostic resources of a region were as-
sessed at a further 19.36 Mt (Feldman-Olszewska et al.,
20204).

The Northern- and Eastern-Polish Petroleum Provinces,
that are the part of the Polish Lowland structurally cor-
responding to the East European Platform, are also the
prospective areas for the occurrence of unconventional
crude oil field within the Lower Paleozoic shales (Podha-

lafiska et al., 2020a, Wojcicki et al., 2020). Estimated re-
sources of technologically exploitable crude oil within
both provinces in total, calculated using a volumetric
method, amount to 89.2-144.6 Mt, whereby 73.4-99.2
Mt constitute resources within the Polish Economic
Zone of the Baltic Sea.

Between 1989 and 1995, anticipated economic exploita-
ble resources of crude oil were quite stable (at 4.5-5.7
Mt). Then, in 1996, there was rapid growth recorded to
14.3 Mt as a result of the largest crude oil field discovery
in Poland - the BMB, within the Main Dolomite on the
Polish Lowland, with its resources initially assessed at
10.14 Mt. Up to 2002, the resources were decreasing sys-
tematically as the result of exploitation. Next, they in-
creased from 12.51 Mt in 2003 to 23.95 Mt in 2006.
It was mainly the result of documenting new fields with-
in the Main Dolomite: Lubiatéw field in 2003 (initially
4.39 Mt, followed by a 1.02 Mt increase in 2005, due to
better field exploration), Grotéw field in 2005 (1.83 Mt),
Dzieduszyce field in 2006 (0.52 Mt) and Michorzewo
field in 2006 (0.04 Mt); it also resulted from including
into “The balance..” the resources of the Cambrian
fields of the Polish Economic Zone of the Baltic Sea (B 3
field in 2003 - 3.13 Mt and B 8 field in 2004 - 0.75 Mt).
During 2003-2006 another increase in resources was re-
corded for the BMB field (by 2.06 Mt). The next 2 years
(2007-2008) brought stabilization in resources — new
field documentation and better exploration of already
documented fields compensated the decreases caused by
exploitation. Another significant increase in resources
was noted in 2009 - as a result of better exploration of
the B 8 field within the Cambrian of the Polish Econom-
ic Zone of the Baltic Sea (increase by 2.84 Mt). The fol-
lowing 2 years were, once again, characterized by a stabi-
lization of domestic resources — in 2011 2 new fields
were documented within the Main Dolomite — Gajewo
field (0.05 Mt) and Kamienn Maly field (0.71 Mt). Con-
cordantly, crude oil resources achieved the largest vol-
ume in the entire 30-year period - 25.99 Mt. Other fields
were documented in 2013 and 2015, within the Mesozo-
ic basement of the Carpathian Foredeep -
Wierzchostawice, and within the Main Dolomite - Sier-
akow, respectively. Total resources of these fields were
equal to 0.32 Mt. Since 2012, the volume of resources
was systematically decreasing, on average by 3.4% annu-
ally. This tendency was stopped in 2017, due to an addi-
tional assessment of resources of the fields within the
Polish Economic Zone of the Baltic Sea (the B 3 field -
an increase of 1.25Mt, the B8 field - an increase of
1.31 Mt). In the last 3 years, resources have reverted to
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following a declining tendency — on average by 2.8% an-
nually, in spite of 2 new fields being documented within
the Main Dolomite — Krobielewko in 2018 (0.85 Mt) and
Potecko (0.05 Mt) in 2019.

Until 1999, crude oil output was very stable and varied
only within the range of 152-197 kt annually (174 kt on
the average). In 2000-2004 exploitation rapidly in-
creased up to nearly 866 kt in 2004 - as a result of start-
ing production from the BMB field and from including
offshore (Baltic) field (the B 3 field) into “The balance...”.
Then, output was systematically decreasing from 818.70
kt in 2005 to 601.99 kt in 2011 (with only 1 year of
growth in 2008, as the result of more intensive exploita-
tion of the B 8 field). Only in 2012-2013 there was sig-
nificant output increase recorded (by 10 and 40%, re-
spectively) due to more intensive exploitation in the
Lubiatéw field. Since 2013 output volumes stabilized
with slight decreasing tendency about 1.3% annually. In
2016 annual growth was recorded at 6.5% — to 957.05 kt,
the highest level in the analyzed 30-year period. In 2020,
the exploitation of onshore fields accounted for 75% of
total domestic output (of which 71.3% of total output
came from the Main Dolomite of the Polish Lowland,
0.1% from the Devonian-Carboniferous units in the Lub-
lin area within the Eastern Petroleum Province, with
negligible involvement of the Cambrian fields within the
onshore part of the Northern Petroleum Province; out-
put from the Outer Carpathians and Carpathian Fore-
land fields accounted for 2.2 and 1.4%, respectively;
Fig. 8.3.2), whereas the remaining 25% falls to the fields
if the Polish Economic Zone of the Baltic Sea. Fields of
the largest output volume in 2020 were as follows: BMB
(311.14 kt) and Lubiatow (263.31 kt) with production
coming from the Main Dolomite, and B 8 (157.64 kt)
and B3 (70.26 kt) with production coming from the
Cambrian of the Polish Economic Zone of the Baltic Sea.

Crude oil output from anticipated sub-economic re-
sources is negligible and in 2020 amounted to 0.25 kt
(0.03% of total domestic output). There is a declining
tendency in the participation of this kind of exploitation
in domestic volumes has been occurring continuously
for a decade.

Crude oil prices remained in the range of 10-30 USD/
barrel and started to increase to achieve a price of almost
100 USD/barrel in 2004 (Fig. 8.3.1). The main reasons
were: the War on Terrorism in the Middle East, uncer-
tainties on the Russian market (nationalization of the pri-
vate corporations), the situation in Venezuela and Nige-
ria. Growing global demand was also an important factor.
The 2009 decrease was caused by a global economy crisis.
During it, prices rose, following an OPEC cut of 4.2 Mb/d
in January of 2009, and due to rising demand in Asia. In
late February 2011, prices jumped as a consequence of
the loss of Libyan exports in the face of the Libyan civil
war. The sustained excess of crude oil supply over global
demand resulted in much lower crude oil prices in 2015
and 2016 - they fell to the level much below the 2009 av-
erage. In 2017, the average price increased to 54.19 USD/
barrel, due to production cuts - it was the first annual in-
crease since 2012. 2018 was the second consecutive year
during which prices grew to 71.31 USD/barrel. This was
a result of a decrease in OPEC production (by 0.3 Mb/d),
additionally stimulated by a growth in demand. The fol-
lowing year brought a decrease in prices to 64.21 USD/
barrel, mainly due to OECD demand being reduced by
290,000 b/d - the first decline since 2014. Last year saw
the prices fall to an average of 41.84 USD/barrel - the
lowest price since 2004. This was the result of the ongoing
COVID crisis — especially in the first part of the year
(up until April of 2020) when global oil consumption col-
lapsed to the point, using less than 20 Mb/d when com-
pared to pre-COVID-19 usage.

8.4. Hard coal
A. Malon, M. Mtynarczyk, M. Tymirnski

Polish hard coal deposits belong to the Carboniferous
Euro-American coal province. In Europe, this province
forms 2 belts of coal basins: a belt of paralic coal basins
that originated near the sea in depressions along the front
of the Variscan fold belt, which was forming during this
period, and a belt of limnic basins, with coals accumulat-
ed in closed basins and intermontane depressions with
disconnected internal river systems. In Poland, Carbonif-
erous coal deposits occur in 3 basins (Plate 2): 2 basins of

the paralic type — the USCB and LCB, and 1 of the limnic
type — the LSCB. The exploitation of coal is being carried
out in 2 of these basins (the USCB and the LCB). In the
third of them (LSCB), exploitation was run in the past
and all five of its coal mines were abandoned about 20
years ago. Nevertheless, over the last 7 years, exploration
was carried out in said basin, which resulted in the geo-
logical documentation of 2 deposits: Nowa Ruda Pole
Piast Wactaw-Lech in 2014 and Heddi II in 2016.
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An exploitation concession has also been granted for one
of these coal deposit (Heddi IT), which is now in the con-
struction phase of a mining plant.

The USCB is one of the major coal basins in Poland. This
is the area where all of the operating coal mines are situ-
ated, with the exception of 1 mine - Bogdanka. The total
area of Polish part of the USCB is estimated to cover
about 5,600 km?, of which the area of documented de-
posits amounts to over 3,045 km?. At present, USCB an-
ticipated economic resources account for approximately
79.99% of hard coal domestic resources in Poland.

In the case of the LCB, the other major basin, the total
area of the defined prospective deposits is assumed to be
about 4,730 km?, of which documented deposits covers
the area of about 1,200 km2. The only active mine in the
basin is Bogdanka, currently exploiting 2 deposits (Bog-
danka and Lubelskie Zaglebie Weglowe - obszar K-3),
whereas 1 deposit (Ostréw) is currently being prepared
for exploitation. These 3 deposits cover an area of about
171 km? and accounts for 14.25% of the LCB total area.

Mining operations in the LSCB were phased out in the
year 2000, followed by closure works in the last active
coal field - Stupiec (of the Nowa Ruda mine). Coal pro-
duction ceased in the LSCB due to difficult geological-
mining conditions, which resulted in clearly excessive
exploitation costs. The anticipated economic resources
that met the anticipated economic parameters left in the
abandoned mining fields of the LSCB were reclassified as
anticipated sub-economic resources. Their amount was
estimated at about 369 Mt. In 2011, by order of the Min-
istry of the Environment, there was a new verification of
the remaining coal resources in the LCSB. At that time,
new geological documentation, with recalculated re-
sources for 7 deposits, was prepared and most of the an-
ticipated sub-economic resources were reclassified as
anticipated economic resources. Currently, combining
the old and newly documented deposits (in 2014 and in
2016), the anticipated economic resources of the LSCB
are estimated at 423.98 Mt.

In the latest edition of “The balance of prospective min-
eral resources of Poland”, the assessment of prospective
hard coal resources in Poland was updated (Jureczka et
al., 2020). The following documentation depth criteria
were adopted: the LSCB - 1,250 m for prospective re-
sources (prognostic resources were not assessed); the
USCB - 1,250/1,300 m, both for prospective and prog-
nostic resources; the LCB - 1,000 m for prognostic re-
sources and 1,250 m for prospective resources. At the

same time, resources were calculated based on the cur-
rent parameter limits that define a hard coal deposit and
its boundaries, however a minimum bed thickness was
accepted as 1.0 m due to current technological and eco-
nomic exploitation conditions. Only for the LCB, in the
border area with the Lwéw-Wolyn Basin, in which beds
with a thickness of 0.6 m are being exploited, such thick-
ness was maintained as the minimal. The total prognos-
tic resources of hard coal in Poland as of the end of 2018
amounted to 17,004.82 Mt and prospective resources —
26,914.19 Mt. In the particular coal basins resources
were recorded as follows: the LSCB - 100.00 Mt of pro-
spective resources (of a hypothetical character); the
USCB - 4,616.17 Mt of prognostic resources and
20,926.58 Mt of prospective resources; the LCB -
12,388.65 Mt of prognostic resources and 5,887.61 Mt of
prospective resources.

Within the USCB and the LSCB, all technological types
of hard coal occur - from steam coals (type 31) to coking
coals (type 38) and sometimes (mainly in the LSCB) an-
thracite (type 41). Mainly steam coal up to gas-coke
quality coal occurs (types 31-34) in the LCB. In the
USCB deposits the mean ash content varies from 4.00 to
23.00% and total sulfur content from 0.40 to 9.00%,
whereas in the LSCB deposits from 10.10 to 38.77% and
from 0.69 to 1.61%, respectively. The mean ash content
in the LCB deposits falls within the range of 6.15-20.71%
and sulfur content 1.28-3.12%.

Hard coal total resources and the current state of their
exploration and development in Poland are presented in
Table 8.4.1. Documented anticipated economic hard coal
resources as of the end of 2020 amounted to 64,422.38
Mt. Steam coals represent almost % of the resources
(70.75%) and coking coals — above % (28.03%), whereas
the participation of other types of coals remains negligi-
ble (1.22%). The resources from exploited hard coal de-
posits were estimated at 28,409.26 Mt, accounting for
44.10% of the total anticipated economic resources. The
anticipated economic resources covered by a detailed ex-
ploration (category A, B, C,) totaled 29,951.41 Mt, ac-
counting for 46.49% of the total anticipated economic
resources. The resources documented in the C, and D
categories (in less detail) accounted for 50.52%
(32,545.69 Mt) and 2.99% (1,925.29 Mt), respectively.
Anticipated sub-economic resources are divided into
2 groups: A - proper anticipated sub-economic resourc-
es and B - resources meeting required parameter limits
that define a deposit, but classified as sub-economic due
to difficult geological conditions. Anticipated sub-eco-
nomic resources in group B were approved until 2001.
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Table 8.4.1. Hard coal resources [Mt]

8. Energy raw materials

Geological resources in place

Economic
resources in

Number Anticipated economic Anticipated place as a part
of deposits sub-economic | of anticipated
Total A+B C, C, D group A economic
group B resources
12,825.33
TOTAL RESOURCES 163 64,422.38 6,413.32 23,538.09 32,545.69 1,925.29 m 4,809.84
Steam coal 45,578.50 4,092.62 15,652.47 24,691.73 1,141.68 % 2,712.15
Coking coal 1805853 | 2,312.80 | 784111 | 775191 | 15271 % 2,097.57
Other coals 785.35 7.90 44.51 102.04 630.90 @ 0.11
Including resources of exploited deposits
2,729.1
TOTAL 49 28,409.26 4,436.68 13,881.38 9,830.47 260.73 % 4,388.72
Steam coal 16,548.95 2,566.64 8,575.59 5,263.56 143.16 % 2,364.88
Coking coal 11,855.90 1,869.97 5,305.74 4,562.62 117.57 % 2,023.83
Other coals 4.41 0.07 0.05 4.29 - - -
1. Deposits of operatin;
P P 8 41 25,418.33 4,202.24 12,321.86 8,720.98 173.25 2,259.60 3,882.33
mines 143.07
Steam coal 14,792.02 2,405.27 7,602.09 4,728.98 55.68 % 2,062.42
Coking coal 10,624.01 1,796.91 4,719.72 3,989.81 117.57 % 1,819.91
Other coals 2.30 0.07 0.05 2.19 - - -
2. Deposits exploited
P X P 5 519.48 146.52 131.68 153.80 87.48 150.21 52.46
temporarily 181.68
Steam coal 498.85 143.48 125.92 141.98 87.48 iiéii 51.65
Coking coal 20.63 3.04 5.77 11.82 - % 0.81
Other coals - - - - - - -
3. Mines durin:
. 8 3 2,471.45 87.92 1,427.84 955.69 - 319.39 453.93
preparation process -
Steam coal 1,258.08 17.90 847.59 392.60 - 0.24 250.82
Coking coal 1,211.27 70.02 580.26 560.99 - 3191? 203.12
Other coals 2.11 - - 2.11 - - -
Including resources of non-exploited deposits
TOTAL 59 30,585.70 486.05 7,463.31 20,971.79 1,664.56 % 347.01
Steam coal 25,429.63 459.49 5,502.83 18,468.79 998.52 % 330.24
Coking coal 4,516.78 26.27 1,954.54 2,500.83 35.14 % 16.66
Other coals 639.29 0.29 5.93 2.17 630.90 028 0.11
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Table 8.4.1. Cont.

Geological resources in place Economic
resources in
Nirrilbas Anticipated economic Anticipated place as a part
of deposits sub-economic | of anticipated
Total A+B C, C, D group A economic
group B resources
1. Deposits covered b
X P X Y 41 15,519.66 486.05 7,463.31 7,387.06 183.24 2.006.76 347.01
detailed exploration 199.85
Steam coal 12,184.21 459.49 5,502.83 6,039.38 182.51 % 330.24
Coking coal 3,327.05 26.27 1,954.54 1,345.51 0.73 ?gig 16.66
Other coals 8.39 0.29 593 2.17 - g 0.11
2. Deposits covered
by preliminary 18 15,066.04 - - 13,584.73 1,481.31 w -
exploration
Steam coal 13,245.42 - - 12,429.41 816.01 w -
Coking coal 1,189.72 - - 1,155.32 34.41 21138 -
Other coals 630.90 - - - 630.90 - -
Including abandoned deposits
TOTAL 55 5,427.42 1,490.59 2,193.40 1,743.43 - % 74.11
Coking coal 3,599.92 1,066.49 1,574.05 959.38 - % 17.03
Other coals 1,685.86 416.56 580.83 688.47 - % 57.08
Steam coal 141.65 7.54 38.53 95.58 - 3675? -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

Economic resources of mines calculated in deposit de-
velopment plans as of the end of 2020 amounted to
4,809.84 Mt, increasing by 30,636 kt (or by 0.64%) in
comparison to 2019. The changes in resources were the
result of new deposit development plans, supplements
for such plans, and exploitation and losses in produc-
tion. The economic resources are currently calculated
within a reference frame of the duration of a concession
for hard coal exploitation, thus their real volume in some
deposits may be significantly bigger. An update of the
volume of economic resources will be regularly carried
out in consecutive deposit development plans. Accord-
ing to data supplied by the operators of individual hard
coal mines - as of the end of 2020 - the total output
amounted to 48,156 kt.

Figure 8.4.1 shows changes in a magnitude of resources
and output in the 1989-2020 period. Polish coal mines
have been subject to restructuring and rationalization

from the beginning of the transformation process of the
national economy, at the end of the 1980%. In consecu-
tive years, total anticipated economic resources of coal
began to decrease steadily due to exploitation and asso-
ciated mining losses, and, on a much larger scale, due to
verification and reclassification of resources following
adjustments to the mining sector to the requirements of
a free-market economy. These factors resulted in a de-
crease of coal resources from 65.8 bnt in 1989 to 42.0 bnt
in 2006 (the lowest amount in the presented period). Re-
sources remained in the range of about 43-44 bnt over
the next 4 years and then started to increase again. In
2011, this was mainly a result of the verification of re-
maining resources in unused (abandoned) deposits (38
new pieces of documentation for already documented
deposits was elaborated) and, therefore, reclassification
of coal resources from anticipated sub-economic group
to anticipated economic resources group. Resources
slightly decreased in 2012 and then in 2013-2015 period
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Figure 8.4.1. Hard coal anticipated economic resources, output and annual prices in 1989-2020 (steam coal, Northwest Europe

marker price)

Resources and output according to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed.,
1990-2005; Przeniosto, Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wotkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The bal-
ance of mineral resources deposits in Poland” (in Polish; Szuflicki ef al., eds., 2012-2021). Prices according to BP Statistical Review of World Energy
2021/70% edition - source: THS Markit Northwest Europe - prices for 1989-2000 are the average of the monthly marker, 2001-2020 the average of

weekly prices

grew again due to: documentation of 16 new deposits
(with total resources of 7,562.42 Mt) - 5in 2013 (Anna 1,
Brzezinka 1, Dab, O$wiecim-Polanka 1 and Smitowice),
5 in 2014 (Nowa Ruda Pole Piast Rejon Waclaw-Lech,
Barbara-Chorzow 2, Brzezinka 3, Bzie-Debina 2 and Jan
Kanty 2) and 6 in 2015 (Jan Kanty-Szczakowa, Powstan-
céw Slaskich 1, Siersza 2, Studzienice 1, Zory-Suszec 1 and
Lublin). The Lublin deposit having the largest resources
(+2,277.85 Mt) and was the only one documented be-
yond the USCB (in the LCB) new documentations with
larger recalculated resources for 18 deposits (with total
resource change of 3,328.36 Mt), including the Borynia
deposit with the largest change (+635.66 Mt). There were
also 9 deposits crossed out from the register (“The bal-
ance..”) in 2013-2015, new documentations with lesser
resources recalculated for 17 deposits and exploitation
and losses from exploited deposits. These factors signifi-
cantly reduced potential growth and resources ultimately
amounted to 56.22 bnt in 2015 (10.8% more than in
2014).

In comparison with 2015, the 2016-2020 period brought
another anticipated economic resources growth - by
a total magnitude of 8,201.90 Mt (14.59%). There were
following reasons for this increase: documentation of 10

deposits (with total resources equal 5,122.95 Mt) - 4 in
2016 (Heddi II, Chwatowice 1, Imielin Péinoc and Mar-
cel 1), 1 in 2017 (Rydultowy 1), 3 in 2018 (Bobrek-
Miechowice 2, Centrum 1 and Jas-Mos 1), 1 in 2019
(Dankowice 1) and 1 in 2020 (Sawin 1); new documen-
tations with larger recalculated resources for 17 deposits
(with the total resources growth equal 6,090.53 Mt).
There were also new documentations with lower re-
sources recalculated for 16 deposits (with the total
resources drop by 2,721.17 Mt); other resources decrease
was caused by exploitation (about 299.40 Mt in 2016-
2020 period) and mining losses. In 2020 solely, the an-
ticipated economic resources increased by 92.54 Mt in

comparison with 2019.

Restructuring and nationalization were also main factors
affecting hard coal output volume that decreased from
175.90 Mt in 1989 to 67.64 Mt at the end of 2011
(Fig. 8.4.1). In 2012, output exceeded the level of 71 Mt
as a result of more intensive exploitation from 17 depos-
its. In the next 3 years (2013-2015) it has been decreas-
ing systematically to about 65 Mt. The 2016-2020 period
brought some fluctuations in the hard coal output. After
the slight growth in 2016, the exploitation magnitude
dropped in 2017 to the level of 56.82 Mt - by 9.66 Mt
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(14.53%). In 2018 the output increased by 7.06 Mt
(12.43%), mainly due to the more intensive exploitation
of such deposits as: Laziska, Borynia, Halemba, despite
the smaller number of the total exploited deposits. Next
year was characterized by a stable output level, whereas
in 2020 the output dropped significantly — by 15.90 Mt
(24.82%) - to the lowest level in the given period of time
(48.16 Mt). The number of exploited deposits increased
from 46 to 49, however in many of them the exploitation
was much less intensive. It was the case of such deposits
as: Budryk, Halemba, Jankowice, Jaworzno, Marcel 1,
Piast, Staszic, Ziemowit and Bogdanka. One of the im-
portant causes of this situation was the COVID-19 pan-
demic.

Figure 8.4.1 also presents changes in hard coal prices at
the example of steam coal imported to Europe (on the
basis of the Northwest Europe marker price) in 1989-
2020.

The steam coal price varied between 20 and 45 USD/t in
1989-2003 to increase rapidly in the next 2 years. After
1-year drop the prices grew to above 147 USD/t in 2008

— the highest level in the analyzed period. This growth
was caused by: weather disturbances in Australia, Indo-
nesia and China obstructing exploitation and transport
as well as growing demand; supply difficulties in South
Africa and Russia; increasing crude oil and gas prices
and a weak position US dollar in relation to other cur-
rencies. Hard coal prices fell significantly in 2009 (due to
the global economic crisis) followed by 2-year growth
(mainly due to greater demand in China). Since 2012,
prices have been decreasing regularly and have reached
a level below 66 USD/t in 2015. The main reasons were:
- decreasing demand in Europe and China and, there-
fore, oversupply on the international market, significant
changes in the United States energy sector with shale gas
playing a more important role and leaving the US with
surplus hard coal that is directed to the international
market and declining crude oil prices that generate lower
transport costs. In 2016-2018 prices grew to the level of
almost 92 USD/t — due to the growing coal consump-
tion. The next 2 years brought the prices drops as a result
of declining consumption, especially with OECD coal
consumption falling to its lowest level in the data back to
1965.

8.5. Helium
D. Brzezinski, M. Czapigo-Czapla, K. Wojcik

Helium occurs as an admixture in natural gas fields on
the Polish Lowland. In 2020, helium resources were as-
sessed in 18 fields where its average content varies from
0.216 to 0.420%. Exploitable resources amounted to
24.29 Mm? and the total recovery in course of gas deni-
trification from 10 exploited fields was equal to
0.71 Mm?3 (Tab. 8.5.1 and Fig. 8.5.1). The given volume
does not include the recovery from such natural gas
fields in which helium has not been documented as
a raw material (natural gas fields containing anticipated
sub-economic admixtures of helium i.e. below 0.2% of
He). The total pure helium production by the Polish Oil
and Gas Company (in Polish: PGNiG) - Odolanéw
Branch, from the exploited natural gas in Poland,
amounted to 2.92 Mm? in 2020.

Helium fields occur in the southern part of the Fore-Su-
detic Monocline, within the Zielona Goéra-Rawicz—
Odolanéw area and are developed in the Permian hori-
zons - Upper Rotliegend, Zechstein Limestone and Main
Dolomite. The Trzebusz field is an exception, in which,
in 2020, helium was documented as an admixture ac-
companying natural gas resources accumulated in the

Carboniferous sandstones in Western Pomerania (an av-
eraged helium content in natural gas is 0.246% by vol-
ume). Prospective resources of helium in the mentioned
above horizons amount to about 34.68 Mm? in total and
were assessed on a basis of 30 natural gas field analyses
- in which helium presence was detected, however the
resources have not yet been documented (Lugiewicz-
Motas et al., 2020).

In the last 30 years, helium resources have been system-
atically decreasing (Fig. 8.5.1) - by about 4% on aver-
age annually. A similar tendency has been recorded for
output volumes — an annual decrease has been quite
stable at about 7%. The resources and recovery declines
resulted mainly from exploitation and reclassification
of resources of the largest field - Bogdaj-Uciechéw, in
which gases are accumulated in the Zechstein Lime-
stone and Upper Rotliegend on the Polish Lowland. In
2020, the resources of this field accounted for almost
45% of total domestic resources, systematically de-
creasing from 37.28 Mm? in 1989, through 18.75 Mm?
in 2000, 13.94 Mm?3 in 2010, to the current amount of
10.89 Mm?. In the 1989-2020 period, the Bogdaj-
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Table 8.5.1. Helium resources [Mm?3]

Exploitable resources
Number Anticipated q
of fields nticipated economic Anticipated
Total A+B C sub-economic
TOTAL RESOURCES 18 24.29 21.73 2.56
including:
exploited fields 10 19.98 18.50 1.48
non-exploited fields 8 4.31 3.23 1.08
resources output
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Figure 8.5.1. Helium anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

Uciechow field contributed about 18.70 Mm? of recov-
ered helium and its output share in domestic helium
recovery was being maintained between 34 and 58%
(41% on average). During the analyzed period, helium
was also intensively sourced from other Rotliegend

fields on the Polish Lowland - Wilkéw (1989-2020 -
about 7.62 Mm?3 in total) and Grochowiec (1997-2020
- about 3.71 Mm3 in total). In 2020, these fields ac-
counted for 23% and 15% of domestic helium recovery,

respectively.

8.6. High-nitrogen natural gas (HNNG)
D. Brzezinski, M. Czapigo-Czapla, K. Wojcik

Up until today, there have been 2 HNNG fields docu-
mented in Poland. These are Cychry and Sulecin fields,
located on the Polish Lowland (Plate 1), characterized
by nitrogen content over 90%. In 2020, total exploitable
resources of these fields amounted to 14.72 bnm3
(Tab. 8.6.1), however exploitation has only been carried
out from the Cychry field and was estimated at
32.99 Mm3.

Both of the above-mentioned fields have HNNG accu-
mulated within the Permian carbonate sediments - in
the Zechstein Main Dolomite. The Cychry field was

discovered in 1973. In the late 90’s nitrogen and accom-
panying hydrocarbons from the Cychry field began to
be used as a so-called “calorific value adjusters” — as a re-
sult of preparing development plans for newly docu-
mented natural gas fields: Barnéwko-Mostno-Buszewo
(BMB) and Rézansko. In the 1997-2020 period, pro-
duction of gas from the Cychry field exploited an esti-
mated total of about 663.12 Mm? (the largest volume
was recorded in 1999 - 102.67 Mm?; in the last decade,
output levels were significantly lower in magnitude:
4.30-15.46 Mm?® annually, and then rapidly grew in
2019-2020 to the current volume).
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Table 8.6.1. High-nitrogen natural gas resources [Mm?]

Exploitable resources Economic

resources in
Number Anticipated economic place as a part
of fields Anticipated of anticipated
Total A+B C sub-economic economic
resources
TOTAL RESOURCES 2 14,720.88 3,300.00 11,420.88 - 834.78
Including resources of exploited fields
Polish Lowland - Cychry field 1 11,420.88 - 11,420.88 - 834.78
Including resources of non-exploited fields
Polish Lowland - Sulecin field 1 3,300.00 3,300.00 - - -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

HNNG can be used for the production of liquid nitro-
gen, but more often it is used to adjust the chemical
composition of natural gas in the domestic distribution
network. The latter purpose especially involves gas with

a nitrogen content exceeding 70%. Nevertheless, fields
with lower nitrogen content are not differentiated as
a separate group of HNNG fields.

8.7. Natural gas

D. Brzezinski, M. Czapigo-Czapla, K. Wojcik

In 2020, there were 306 natural gas fields documented in
Poland. These fields occur within 4 regions - in the Out-
er Carpathians, Carpathian Foreland, Polish Lowland
and Polish Economic Zone of the Baltic Sea (Plate 1).
In a regional sense, similar to crude oil fields, natural gas
fields have been balanced in the present report and an-

>

nually presented in other “The balance...” reports.

The exploitable resources of natural gas within all docu-
mented fields, as of the end of 2020, were estimated at
143.92 bnm? (anticipated economic and anticipated sub-
economic resources in total) and decreased by 0.33 bnm?
in comparison with the previous year (Fig. 8.7.1). Ex-
ploitable resources within the exploited fields amounted
to 95.81 Mm?3 (66.6% of total exploitable resources in
Poland), whereas economic resources — 73.51 bnm3.
In 2020 natural gas output amounted to 4.934 bnm? and
fell by 0.042 bnm? year-over-year (Fig. 8.7.1).

Table 8.7.1 shows exploitable resources of natural gas ex-
ploited from gas, crude oil and condensate fields, with
various methane contents. Data are not converted to those
of high methane gas (high methane gas = extracted re-
sources x combustion heat of real gas/combustion heat of
high methane gas, that is about 34 MJ/m?).

Similar to crude oil fields, the areas of the Outer Car-
pathians and Carpathian Foreland were included into
the Southern Petroleum Province, whereas the Polish
Lowland and the Polish Economic Zone of the Baltic Sea
are divided into 3 following and separately described
provinces — the Northern, Eastern and Western Provinc-
es (Fig. 8.7.2; Plate 1).

In the Outer Carpathians, natural gas occurs within
structural traps in the Cretaceous and Paleogene flysch
formations of the Magura, Fore-Magura/Dukla, Silesian,
Sub-Silesian and Skole units, and in the Paleozoic forma-
tions of the Malopolska and Upper Silesian Blocks - in
the basement of the Carpathians units. Natural gas oc-
curs in the form of unassociated fields, as well as accom-
panying crude oil or oil condensate fields. The natural
gas occurrences are characterized by a high methane
content (usually over 85%), and an average nitrogen
content of is a few percent. Total exploitable resources of
natural gas in the 35 Carpathians fields amount to 1.561
bnm?, which accounts for 1.1% of Polish natural gas re-
sources (Fig. 8.7.2). Prospective resources in conven-
tional accumulations are assessed at 30.6 bnm3 (Feld-
man-Olszewska et al, 2020a). At the Carpathian
Foreland, natural gas fields occur in the autochthonous
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Miocene of the Carpathian Foredeep and in the Precam-
brian, Cambrian, Devonian, Carboniferous, Triassic, Ju-
rassic and Cretaceous basement. Most often, fields con-
tain high methane natural gas with low nitrogen content.
There are a few exceptions, where natural gas fields con-
tain high nitrogen concentrations. In this region, natural
gas occurs in structural-lithological multi-layered traps

USD/MBtu
12
1
10

or, sometimes massive-type traps with gas driving mech-
anisms. Total exploitable resources of natural gas located
in 109 fields documented within this area, amount to
31.514 bnm?, accounting for 21.9% of total domestic re-
sources of natural gas (Fig. 8.7.2). Prospective resources
in conventional accumulations are assessed at 57.1 bnm?
(Feldman-Olszewska et al., 2020a).
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Figure 8.7.1. Anticipated economic resources and output and annual prices of natural gas in 1989-2020 (average German Import Price)

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wotkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources
deposits in Poland” (in Polish; Szuflicki et al, eds., 2012-2021). Prices according to BP Statistical Review of World Energy 2021/70t% edition -
source: 1989-1990 German Federal Statistical Office, 1991-2020 German Federal Office of Economics and Export Control (BAFA)

Table 8.7.1. Natural gas resources [Mm?]

total
from oil and condensate fields
from gas fields
from PMG fields
Exploitable resources Economic
Antici d : resources in
Number nticipated economic B e
of fields Anticipated of anticipated
Total A+B C sub-economic economic
resources
306 141,643.38 66,895.32 74,748.06 2,277.13 73,514.38
21,754.00 6,580.75 15,173.25 655.18 14,273.94
TOTAL RESOURCES 113,183.73 53,608.92 59,574.81 1,621.95 59,026.42
6,705.65 6,705.65 - - 214.02
Including resources of exploited fields
200 95,137.63 60,850.76 34,286.87 669.85 50,825.91
TOTAL 12,397.09 4,779.12 7,617.97 650.04 9,385.58
76,034.89 49,365.99 26,668.90 19.81 41,226.31
6,705.65 6,705.65 - - 214.02




Table 8.7.1. Cont.
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Exploitable resources

Economic
resources in

Number Anticipated economic place as a part
of fields Anticipated of anticipated
Total A+B C sub-economic economic
resources
2 714.49 710.57 3.92 631.42
Baltic Sea 714.4? 710.sz 3.93 ) 631.4%
26 947.88 661.76 286.12 6.30 387.46
Caroathians 109.90 105.47 443 0.04 22.68
p 716.48 434.79 281.69 6.26 24328
121.50 121.50 - - 121.50
89 64,112.47 44,885.36 19,227.11 650.00 37,543.69
Polich Lowland 8,994.11 2,687.13 6,306.98 650.00 7,313.38
49,033.89 36,113.76 12,920.13 - 30,230.31
6,084.47 6,084.47 - - -
83 29,362.79 14,593.07 14,769.72 13.55 12,263.34
Caroathian Foreland 2,578.59 1,275.95 1,302.64 - 1,418.10
P 26,284.52 12,817.44 13,467.08 13.55 10,752.72
499.68 499.68 - - 92.52
Including resources of non-exploited fields
54 44,326.57 5,132.27 39,194.30 1,419.75 21,931.72
9,191.16 1,800.72 7,390.44 - 4,888.36
TOTAL 35,135.41 3,331.55 31,803.86 1,419.75 17,043.36
3 4,464.50 4,464.50 4,249.23
. 4,464.50 4,464.50 424923
Baltic Sea ~ - ~ - "
2 240.00 240.00 73.00
Carpathians 240.00 240.00 - 73.00 -
36 38,146.69 4,791.27 33,355.42 1,346.75 17,388.27
Polish Lowland 4,726.66 1,800.72 2,925.94 - 639.13
33,420.03 2,990.55 30,429.48 1,346.75 16,749.14
13 1,475.38 101.00 1,374.38 29422
Carpathian Foreland 1,475.38 101.00 1,374.38 ) 29422
Including abandoned fields
52 2,179.18 912.29 1,266.89 187.53 756.75
165.75 0.91 164.84 5.14 -
TOTAL 2,013.43 911.38 1,102.05 182.39 756.75
7 149.54 149.54 143.99
Caroathians 89.48 ) 89.48 4.15 )
p 60.06 60.06 139.84
32 1,409.61 496.42 913.19 0.99 633.06
) 76.27 0.91 75.36 0.99 -
Polish Lowland 1,333.34 495.51 837.83 - 633.06
13 620.03 415.87 204.16 42.55 123.69
Carpathian Foreland 620.03 415.87 204.16 42.55 123.69

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 8.7.2. Structure of exploitable anticipated economic resources and output of natural gas in 2020

NPP - Northern Petroleum Province, EPP — Eastern Petroleum Province, WPP — Western Petroleum Province, SPP — Southern Petroleum Prov-
ince. According to: own elaboration based on resources and output according to “The balance of mineral resources deposits in Poland as of 12 XII

2020” (in Polish; Szuflicki et al., eds., 2021).

In the Western Petroleum Province (see: Chapter 8.3;
Plate 1) natural gas accumulations occur in the Carbon-
iferous and several Permian horizons - Rotliegend,
Zechstein Limestone and Main Dolomite. Natural gas
occurs within fields of massive- and block-types with
a water- or gas-drive exploitation mechanism. In this re-
gion only a few gas fields contain high-methane gas, the
remaining gas fields contain high-nitrogen natural gas
with a content of methane ranging from 30% up to over
80%. Therefore, it is often a nitrogen-methane or meth-
ane-nitrogen mixture (fields in which so-called natural
gas containing above 90% of nitrogen, are described in
Chapter 8.6). Total exploitable resources of natural gas in
148 fields of the Western Petroleum Province amount to
104.451 bnm? (72.6% of total resources), from which
2.762 bnm3 (1.9%) occur within the Carboniferous
fields, 26.764 bnm? (18.6%) within the Rotliegend fields,
and 52.559 bnm3 (36.5%) within the Main Dolomite
fields (Fig. 8.7.2). Remaining resources, that is 22.366
bnm?3 (15.5% of total resources), have been documented
within the Zechstein Limestone and sometimes within
the underlying (hydraulically connected) Rotliegend and
Carboniferous strata. The Western Petroleum Province
of the Polish Lowland has significant exploration poten-
tial in its Main Dolomite formation, in which prospec-
tive natural gas resources within conventional accumula-

tions are assessed at about 219 bnm3 (Feldman-Olszewska
et al., 2020a). Regarding the exploration potential, more
important is the Rotliegend seems to be more important.
In it conventional accumulations of prospective resourc-
es amount to about 1,410 bnm3 (Feldman-Olszewska, et
al., 2020a), and a further 345-812 bnm?3 constitute the
estimated geological resources of tight gas (Wdjcicki et
al., 2017, 2020). Prospective resources of conventional
natural gas connected with the Carboniferous are as-
sessed at about 7.42 bnm3 (Feldman-Olszewska et al.,
2020a). The Carboniferous rocks have the highest poten-
tial regarding unconventional tight gas accumulations -
1,145 bnm? (Wdjcicki et al., 2017, 2020). Natural gas can
also potentially occur within younger Mesozoic strata -
Jurassic and Cretaceous, for which probable resources
were estimated at about 11.25 bnm? and hypothetical re-
sources at 55.22 bnm?3 (Feldman-Olszewska et al., 2020a).
However, natural gas fields have not been documented
within such horizons on the Polish Lowland, so far.

In the Northern Petroleum Province (see: Chapter 8.3;
Plate 1) conventional natural gas accumulations have
been documented within the Cambrian, in 9 fields, how-
ever in all 4 onshore fields and in the B 3 and B 8 off-
shore fields, located in the Baltic Sea, natural gas accom-
panies crude oil and/or oil condensate. Total exploitable



8.7. Natural gas

resources of natural gas in the Northern Petroleum
Province amount to 5.189 bnm3 (3.6% of total resourc-
es), of which 5.179 bnm? are located within offshore
fields (Fig. 8.7.2). Prospective resources of conventional
natural gas, connected with the Cambrian, are assessed
at about 1.3 bnm? (Feldman-Olszewska et al., 2020a),
whereas estimated geological resources of tight gas
amount to 38 bnm? (Wdjcicki et al., 2017, 2020).

In the Podlasie and Lublin regions, that is within the area
of the Eastern Petroleum Province, the total exploitable
resources in 5 documented fields amount to 1.205 bnm3
(0.8% of total resources), of which 1.155 bnm? are within
the Devonian and the remaining part within the Carbon-
iferous (Fig. 8.7.2). Prospective resources of conventional
natural gas located within the Devonian and Carbonifer-
ous are assessed at about 38.6 bnm3 (Feldman-Olszewska
et al., 2020a).

The Northern and Eastern Petroleum Provinces, which
is a part of the Polish Lowland located on the East Euro-
pean Platform, is also a prospective area for unconven-
tional gas fields within the Lower Paleozoic shales — in
the Pia$nica, Sasino, Jantar and Pelplin formations
(Wojcicki et al., 2017; Podhalanska et al., 2020a). Assess-
ments of total technical exploitable resources of natural
gas within both provinces, calculated using the volumet-
ric method, amounted to 202.0-788.3 bnm?, whereas
75.3-622.2 bnm? are located in the Polish Economic
Zone of the Baltic Sea.

Exploitable resources of natural gas in the 1989-2020
period have displayed a declining tendency, with only
3 short episodes of increases (Fig. 8.7.1). In the 1989-
2001 period, resources were decreasing on average by
about 1.5% annually. Then, in the 2002-2004 period,
they increased by 15.7 bnm? (that is by 10.2%), mainly
due to including newly documented fields into “The
balance...” within the area of the Polish Lowland:
Bronsko, documented in the Zechstein Limestone and
Carboniferous, Miedzychdd and Lubiatéw, documented
in the Main Dolomite, the B 4 and B 6 fields, document-
ed in the Cambrian, in the Polish Economic Zone of the
Baltic Sea. The decrease in exploitable resources in
the 2005-2007 period (by 15.5 bnm?, that is by 11.2%),
resulted mainly from the intensive exploitation and re-
source verification of the Barnéwko-Mostno-Buszewo
field (Main Dolomite), and due to a lack of documenta-
tion of new fields. Another increase in resources (the
2008-2009 period) was due to better exploration of al-
ready documented fields, and the discovery of 16 new

fields with their total resources estimated at 3.1 bnm?3.
The most significant decrease in resources was recorded
as the result of a better resources assessment of the
Bronsko field, within the Zechstein Limestone with its
Carboniferous basement (8.9 bnm?), and the Papro¢
field within the Rotliegend (3.3 bnm?), located on the
Polish Lowland. From 2010 to 2017, average annual to-
tal resources were decreasing by about 3%, until their
lowest in the last 30 years, that being 116.96 bnm? in
2017. In 2018, the new Krobielewko field was docu-
mented within the Main Dolomite (25.89 bnm?) and the
Mitostaw field within the Rotliegend - both fields locat-
ed on the Polish Lowland; there were also smaller fields
documented - the B 21 within the Carboniferous in the
Polish Economic Zone of the Baltic Sea, and the Jata
field within the autochthonous Miocene of the
Carpathian Foredeep. Moreover, in 2019, the domestic
balance had increased as a result of documenting new
fields in the Polish Lowland - the Potecko and Wieli-
chowo W fields within the Main Dolomite, the Czarna
Wie$ and Pniewy fields within the Rotliegend, and the
Brzyska Wola, Olchowiec and Rogoznica fields docu-
mented within the autochthonous Miocene of the
Carpathian Foredeep. Moreover, due to better explora-
tion during the course of exploitation, and thanks to
a more intensive exploitation process, significant in-
creases in resources were recorded in previously docu-
mented fields in the Polish Lowland e.g. the Barnéwko-
Mostno-Buszewo, Koécian S, Papro¢ W fields within the
Main Dolomite, the Borowo, Mlodasko, Papro¢ and
Wilcze fields within Rotliegend and the Melgiew A and
B fields within the Devonian, the B 6 field within the
Cambrian in the Polish Economic Zone of the Baltic
Sea, and the Pruchnik-Pantalowice and Przemysl fields
within the autochthonous Miocene of the Carpathian
Foredeep. As a consequence, the natural gas resources
volume significantly increased in a 2-year period reach-
ing 141.97 bnm? as of the end of 2019. The only minor
decrease in resources was recorded in 2020, as the result
of compensated exploitation through documentation of
the Gnojnica field (0.15 bnm?) within the Miocene
of the Carpathian Foreland and increasing the resources
of the Polish Lowland fields — Bronisko (Zechstein Lime-
stone and its Carboniferous basement, Trzebusz (Car-
boniferous), Papro¢ and Zalecze (Rotliegend).

Exploitable resources in 2020 (Tab. 8.7.1) include 7 fields
designed for underground natural gas storage facilities:
the remaining resources within these fields are treated as
cushion gas (buffer capacity) and will not be exploited
during a facility existence. Total natural gas resources
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used as cushion gas and contained within the storage
facilities amount to 6.653 bnm?. Further fields were des-
ignated for underground natural gas storage facilities,
including: Daszewo (27.72 bnm?), Bonikowo (328.63
bnm?) and Wierzchowice (5,728.12 bnm3) documented
on the Polish Lowland within the Main Dolomite,
Zechstein Limestone and Rotliegend, respectively, and
such fields as: Strachocina (121.50 Mm3) within the Out-
er Carpathian flysch, and Brzeznica II (45.59 Mm?3),
Huséw (372.88 Mm?3) and Swarzow (28.80 Mm?3), docu-
mented within the autochthonous Miocene of the
Carpathian Foredeep. In 2012, the Minister of the Envi-
ronment issued a concession for an underground natural
gas storage facility in the Henrykowice E natural gas
field (removed from “The balance...” in 2003), located in
the Polish Lowland within the Zechstein Limestone and
Rotliegend., Rock salt deposits are also used for hydro-
carbons storage: currently there are 2 cavernous under-
ground natural gas facilities operating - Moglino II and
Kosakowo.

Natural gas output has been fluctuating significantly
for the past 30 years — after a rapid breakdown in 1989,
exploitation was intensively and almost continuously in-
creasing from 3.453 bnm? in 1990, through 4.474 bnm? in
2000, up to 5.839 bnm? in 2009. The growth in 2009 was
the result of more intensive exploitation from the Polish
Lowland fields. In 2010, there was a declining trend re-
corded (on average by about 2% annually), which contin-
ues today. In 2016 and in 2020, output from anticipated
sub-economic resources accounted for 0.029% and
0.011% of total domestic output, respectively, with an
almost-continuous declining trend visible since 2001.

On land, the most important — when considering total
output — are fields located on the Polish Lowland, from
which, in 2020, 3.549 bnm? of natural gas was exploited.
It accounts for almost 72% of total production from do-
mestic fields (Fig. 8.7.2). Natural gas was extracted from
the Cambrian (26.76 Mm3), Devonian (29.54 Mm3),

Carboniferous (56.35 Mm?), Rotliegend (992.75 Mm?3),
Zechstein Limestone which its hydraulically connected
to the Rotliegend, and the Carboniferous basement
(1,474.89 Mm3) and Main Dolomite (995.44 Mm3).
From the fields located in the Carpathian Foreland - Mi-
ocene in the Carpathian Foreland and its Paleozoic-Mes-
ozoic basement - 1,329.96 Mm? of natural gas was ex-
tracted, which accounts for about 27% of total domestic
production. The Carpathians fields (28.02 Mm?) and the
Cambrian fields, located in the Polish Economic Zone of
the Baltic Sea (26.76 Mm?) are of a minor importance,
accounting for about 1% of total domestic output.

Natural gas prices are strictly related to oil prices and
usually follow their trends. It should be emphasized that
there is no one uniform international market and the gas
price changes depend on the supply cost to the pipeline
networks and sea terminals (the supply and distribution
costs can account for 80% of the total costs). Figure 8.7.1
presents changes in natural gas prices (the average Ger-
man Import Price) in 1989-2020 in Poland. The price
varied in the 1989-2002 period in the range of 2-4 USD/
MBtu and then started to increase significantly until
2008. A price increase in 2008, which was the result of
a global economic crisis and decreasing supply, and then
they decreased in 2009 and 2010, due to declining de-
mand for gas. Within the next two years, the average
price increased to almost 11 USD/MBtu, which was fol-
lowed by a significant decline to about 4.93 USD/MBtu
in 2016. In 2017 the price rebounded to 5.62 USD/MBtu,
as a result of the increasing demand, especially in China
(over 15%). 2018 was the second consecutive year with
price growing (to 6.66 USD/MBtu), due to an increase in
gas consumption, which was most significant in over 30
years. In 2019 the average price fell to just over 5 USD/
MBtu, as production growth outpaced consumption by
a considerable margin, and thus the amounts of gas in
storage rose in most parts of Poland. 2020 was another
year where the price of gas fell to its lowest point since
2003 - 4.06 USD/MBtu, due to much lower demand.

8.8. Unconventional hydrocarbon reservoirs

A. Wijcicki, T. Podhalatiska

Shale gas, tight gas and oil deposits are classified as un-
conventional hydrocarbon deposits based on technical,
economic and, to a lesser extent, geological criteria.
These deposits are more difficult and more expensive to
exploit than conventional ones. They are characterized
by a lack of spontaneous production of hydrocarbons to

the well in quantities justifying their exploitation, which
necessitates well yield (production) stimulation while
using hydraulic fracturing. Moreover, shale gas and oil
deposits may occur over large areas, irrespective of res-
ervoir traps in geological complexes, which may act
as both reservoir and source rock.
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Poland began to explore unconventional hydrocarbon
accumulations and determine their potential resources
in shales and sandstones in 2007-2008, when the first
shale gas exploration concessions were issued.

The section presents current knowledge on unconven-
tional tight gas, and shale gas and oil resources. The re-
source values provided are estimates — these are fore-
casts of resources, i.e., unrisked, undiscovered,
undocumented resources. According to the classifica-
tion used by international petroleum companies (called
the Petroleum Resources Management System - PRMS,
by the Society of Petroleum Engineers — SPE) they cor-
respond to the category of “undiscovered” resources,
which includes unrisked Petroleum Initially in Place
(Natural Gas in Place, Crude Oil in Place) resources and
the technically unrisked recoverable resources contained

therein.

Tight gas. Information on tight gas comes from the
most recently published PGI-NRI report (Woéjcicki et al.,
2014), which analyzed three geological complexes (hy-
drocarbon systems) from the most prospective and/or
relatively best-investigated and identified regions of Po-
land. Natural Gas in-Place resource estimates were cal-
culated using the volumetric method (Tab. 8.8.1). These
are located in the: Permian Rotliegend sandstones in the

Poznan-Kalisz zone, Carboniferous sandstones in the
Greater Poland-Silesia zone and Cambrian sandstones in
the western Baltic Basin.

An estimate of technically recoverable resources can be
hypothetically provided, assuming a recovery efficiency
(also called a recovery factor) of 5-15% (average 10%) for
each of the regions. This gives, on average, values slightly
higher than the proven reserves in conventional gas fields
in Poland (i.e. 153-200 bnm?3, or c.a. 5.4-7.1 Tcf).

This work has been continued as part of the Polish Geo-
logical Survey’s projects, however the latest results have
not yet been made public.

Shale gas and oil. Information on shale gas and oil
comes from the first report made by the PSG in 2012
(PGI-NRI, 2012) and further works (Wojcicki et al.,
2017, 2020). The first report was based on geological in-
formation from archival wells, including results of labo-
ratory core sample analyses of parameters crucial for
shale gas and oil occurrence. The analyses were con-
ducted on the most prospective and relatively best
known - from the point of view of current knowledge —
Lower Paleozoic shale rocks in the Baltic-Podlasie-Lub-
lin Basin (Tab. 8.8.2). The assessment of shale gas and oil
resources in Poland have been continued in projects of

Table 8.8.1. Predictions of Natural Gas in Place resources of tight gas for selected regions of Poland (Wdjcicki et al., 2014)

Sl et : gcte)p:lll] Most Probab[l;:nl:::]ources (P50)
I - Permian sandstones 5,500-6,000 345
(Rotliegend) or 5,100-6,000 or 812
II - Carboniferous sandstones 1,800-3,500 1.145
III - Cambrian sandstones 2,800-3,100 38
TOTAL - 1.528-1.995

Table 8.8.2. Forecasts of technically recoverable resources of hydrocarbons from shales of the Lower Paleozoic in the Baltic-Podlasie-

Lublin Basin (PGI-NRI, 2012; Wojcicki et al., 2017)

Area/resources Natural gas Crude oil
[bnm3] [Mt]

Onshore Area (2012) 230.5-619.4 166.6
Offshore Area (2012) 115.6-148.4 48.8-101.1
Onshore Area (2017/2018) SCW 65.7- 434.9 37.7-100.4
Offshore Area (2017/2018) SCW 113.5-166.4 69.5-106.5
Onshore Area (2017/2018) vol. 75.3-622.2 15.8-45.4
Offshore Area (2017/2018) vol. 126.7-166.1 73.4-99.2

79



80

8. Energy raw materials

the PSG, where all available data from 62 new wells and
63 archival wells was used (unpublished report by
Wojcicki et al., 2017 - available in National Geological
Archive; summary in Wojcicki et al., 2020). Apart from
the Lower Paleozoic rocks of the western part of the East
European Platform, other areas also seem to be prospec-
tive for shale gas and/or oil occurrence, such as: the
clayey-silty Miocene rocks in the Carpathian Foredeep,
the Miocene menilite shales in the Outer Carpathians,
the Zechstein copper-bearing shale and, the Polish Ba-
sin shales from the Rhaetian, Lower and Middle Juras-
sic, and the Upper Jurassic to Lowermost Cretaceous,
the Anthracosia and Walchia shales in the Intra-Sudetic
Basin, the Upper Carboniferous shales in the Lublin
Basin, Lower Carboniferous shales in the Fore-Sudetic
Monocline (area of hybrid zones, comprised of shale
and sandstone prospective for tight gas), and the Upper
Devonian to Lower Carboniferous shales in Western
Pomerania.

In the case of the Lower Paleozoic shale rocks in the Bal-
tic-Podlasie-Lublin Basin, the most promising, depend-
ing on region, seems to be the Jantar Formation (in
the western part of the Baltic Basin and offshore, and
the lower Llandovery), the Sasino Formation (also in the
western part of the Baltic Basin and offshore; in the Car-
adoc, locally also the uppermost Llanvirn) and the Pi-
asnica Formation (mainly offshore; in the Furong, also
less frequently in the lowest Tremadocian). Slightly
worse reservoir parameters have been noted for the
Pelplin Formation shale, especially in the lower, Wen-
lockian part of the profile, identified in the Lublin re-
gion and in the onshore parts of the Baltic Basin (inter
alia, Poprawa, 2010, 2020; Wiectaw et al., 2010; Ko-
sakowski et al., 2016; Podhalanska et al, 2016, 2018,
20204).

Most probable estimates of (unrisked) technically recov-
erable resources in the Lower Paleozoic rocks are sum-
marized in Table 8.8.2. The first report (PGI-NRI, 2012)
was based on the Estimated Ultimate Recovery method
developed and used by the USGS, while in subsequent
work (Wdjcicki et al., 2017, 2020) estimates were based
on the Estimated Ultimate Recovery and volumetric
methods. The values of estimated ultimate hydrocarbon
recovery from the well (i.e. the amount recovered during
the well producing life) were adopted based on informa-
tion from hydrocarbon-bearing sedimentary basins in
the USA, characterized by similar geological and reser-
voir conditions as the Baltic-Podlasie-Lublin Basin, con-
sidering the latest available data. The volumetric method
was based on available information of parameters used
for prospective shale formations: thickness of shale with
corresponding total organic carbon (TOC%) and gas
content, pore space saturated with oil and/or gas, silica
and carbonate content, gas content, sorption capacity
and pyrolytic parameter S1, and hypothetical recovery
factors (10% for natural gas and 4% for oil and associated
gas). Two alternative scenarios were adopted — optimal
(for thickness of shale with TOC >2% and gas contents
>1.5 m3/t exceeding 15 m in individual wells) and bound-
ary (thickness of shale with TOC >1.5% and gas contents
>0.5 m3/t exceeding 10 m). Lower boundaries of the re-
source intervals (Tab. 8.8.2) refer to minimum ranges of
prospective shale reservoirs, while upper boundaries rep-
resent maximum ranges of these reservoirs.

Due to a lack of shale gas and oil production in Poland,
the estimates of (unrisked) technically recoverable re-
sources (based on assumed values of average ultimate
hydrocarbon production from a well and the reservoir
parameters of the shale formations) are now highly
hypothetical.
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9.1. Arsenic ores

S.Z. Mikulski

Arsenic (As) ore resources are related to the occurrences
of As minerals such as loellingite (FeAs,) and arsenopy-
rite (FeAsS), hosted in hydrothermal veins and in meta-
somatic intrusion-related ore types in Poland. Arsenic
ores have been reported to be present in a major deposit
in Zloty Stok and in numerous ore-bearing veins at
Czarnéw and Miedzianka, near Kamienna Goéra, and
other sites (Radzimowice, Klecza-Radomice) in the
Sudety Mts. (Plate 3). Arsenic ores were exploited from
Zloty Stok between the 16 to the 20t centuries. In addi-
tion to As, gold (Au) was also extracted from rich ores
with As content reaching up to 40%, which doubled as
high grade Au ores containing between 10 to 40 g/t Au.

After World War I1, the Zloty Stok deposit was exploited
in the 1954-1960 period and abandoned thereafter due
to very limited demand and the high toxicity of arsenic.
According to mining records, in total, approximately 16t
of Au were extracted from this deposit. The amount re-
maining is estimated at 536,500 t of arsenic ores yielding
19,600 t of As and 1,500 kg of Au. Another abandoned
arsenic deposit is Czarndéw, in which inferred resources
were estimated at about 20,500 t of arsenopyrite ores
with a mean content of As of approximately 10.15%.
Sulfide ores are accompanied by gold, with a maximum
content of several grams per tonne.

9.2. Copper and silver ores

A. Malon, M. Tyminski, A. Chmielewski, S. Oszczepalski

Copper ore deposits occur in many countries through-
out the world and under various geological conditions.
The most important are porphyry copper deposits, fol-
lowed by sediment-hosted stratabound copper deposits
and exhalative-sedimentary deposits (massive pyrite
ores). Moreover, there are other igneous copper ores of
various types, generally characterized by smaller re-
sources, but locally of a high economic value.

Polish copper and silver prognostic resources are situat-
ed in the areas of the Fore-Sudetic Monocline, Zary Peri-
cline and the North Sudetic Trough in the Lower Silesia,
Lubuskie as well as Wielkopolskie voivodeships (Plate 3)
and they are related to the Zechstein Kupferschiefer for-
mation (sediment-hosted stratiform copper deposits -
SSC, Kupferschiefer-type; Oszczepalski, Chmielewski,
2015, Oszczepalski et al., 2016, 2019). Cu-Ag ores in the
Lower Zechstein rocks contain not only enormous cop-
per resources but also silver, which makes silver an
equivalent component accompanying copper and co-
determines the economic value of individual deposit ar-
eas. Moreover, silver plays a significant role in the com-
pany’s profits, where approximately 12% of KGHM
Polish Copper S.A. revenues come from the sale of silver.
Cu-Ag ore mineralization is concentrated in the Zech-
stein copper-bearing series encompassing the following
lithostratigraphic units: the Weissliegend sandstone

(or the Basal Conglomerate), the Basal Limestone (or the
Boundary Dolomite), the Kupferschiefer shale, and
the Zechstein Limestone. Cu-Ag ore deposits of signifi-
cant economic importance and these in operation are
located in vicinity of Lubin, Polkowice and Glogéw, lo-
cated on the Fore-Sudetic Monocline in the Dolnoslgskie
voivodeship (Oszczepalski et al., 2019). In 2020, there
were 2 new documentations of copper-silver oredeposits
approved on the Fore-Sudetic Monocline - Nowa Sdl in
the Lubuskie voivodeship and Sulmierzyce Péinoc in the
Wielkopolskie voivodeship.

The copper-bearing series comprise 3 separate litho-
logical layers from the bottom to the top: sandstone at
the base, limestone or dolomite (locally), clay-marly or
dolomitic shale in the middle and dolomitic limestone in
the upper part of copper-bearing series. The strongest
copper-silver mineralization occurs in gray-black clayey
shale which, therefore, is referred to as copper-bearing
shale. The major copper minerals in the ore include:
chalcocite (Cu,S), bornite (CusFeS,) and chalcopyrite
(CuFeS,). They are accompanied by other copper miner-
als (digenite, covellite, tetrahedrite, tennantite), silver
(jalpaite, mckinstryite and stromeyerite, as well as native
silver and Ag-Hg natural alloys), lead (galena), zinc
(sphalerite), cobalt (cobaltite, safflorite, skutterudite, sie-
genite), nickel (rammelsbergite, gersdorffite, siegenite)
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and molybdenum (molybdenite, castainkghgite). A com-
mon accompanying mineral is pyrite.

Polish copper-silver deposits on the Fore-Sudetic Mono-
cline extend in a 60 km-long and 20 km-wide belt, from
Lubin in the south-east to Bytom Odrzanski in the
north-west, in which copper and silver ores are currently
exploited from the Lubin, Polkowice-Sieroszowice and
Rudna mines (Oszczepalski et al., 2019). The copper-sil-
ver mineralization is fringed to the west by the Rote Fau-
le zone, which is represented by hematitized Au-Pt-Pd-
bearing rocks (Oszczepalski, Rydzewski, 1997).

Total predicted prognostic resources of copper and silver
ores in Poland, in stratabound Zechstein-related deposits,
to a depth of 2,000 m, assessed as metal content amount-
ed to 10.30 Mt of Cu, prospective resources — 15.67 Mt of
Cu, whereas hypothetical resources — 8.76 Mt of Cu
(Oszczepalski et al., 2020).

Table 9.2.1. Copper and silver ores resources

In 2020, anticipated economic resources in the areas of
the Fore-Sudetic Monocline and the North Sudetic
Trough amounted to 3,025.94 Mt of copper-silver ore
yielding 49.94 Mt of metallic copper and 149.83 kt of
metallic silver (Tab. 9.2.1). The anticipated economic re-
sources of copper-silver ores in deposits made available
by operating mines in the area of the Fore-Sudetic Mon-
ocline amounted to 1,590.98 Mt containing 28.99 Mt of
copper and 84.32 kt of silver. It accounted for 52.58%
of total anticipated economic resources and this share
fell by 5.71% in comparison with 2019. Economic re-
sources of exploited deposits amounted to 1,117.17 Mt
of ore and decreased by 40.11 Mt (3.47%). The decrease
was a result of exploitation and losses. In 2020, copper-
silver mining output gave 29,660 kt of copper-silver ores
with a copper content of 1.49% and a silver content of
47.98 g/t, yielding 442 kt of metallic copper and 1,423 t
of metallic silver.

ore [Mt]
copper [Mt]
silver [kt]
@ @»
Geological resources in place § g “é
2232
2 &8 € &
Number . . . =g &8
£ deposits Anticipated economic Qo9
CHCED Anticipated g 3 g g
g e = =)
sub-economic | £ :" s £
Total A+B C, C, D & 3
15 3,025.94 653.48 1,101.63 1,070.20 200.62 830.17 1,117.17
TOTAL RESOURCES 49.94 12.00 19.53 15.40 3.02 13.32 22.31
149.83 37.50 58.66 45.21 8.46 41.82 67.16
Including resources of exploited deposits
6 1,590.98 651.23 922.27 17.48 1.04 1,117.17
Deposits of operating mines 28.99 11.96 16.89 0.14 - 0.01 22.31
84.32 37.39 46.57 0.36 0.04 67.16
Including resources of non-exploited deposits
5 1,411.19 165.62 1,044.96 200.62 811.05
TOTAL 20.70 - 2.48 15.20 3.02 13.18 -
64.42 11.44 44.52 8.46 41.10
1. Deposits covered by 4 218.85 165.62 49.30 3.93 782.18
X X 3.41 - 2.48 0.89 0.04 12.96 -
detailed exploration 15.35 11.44 3.73 0.17 41.10
. 1 1,192.34 995.65 196.69
2. Deposits covered b ’
P v Y 17.29 - - 14.31 2.98 28.87 -
preliminary exploration 49.08 40.79 8.29 0.22
Including abandoned deposits
2 23.77 2.25 13.74 7.77 18.08
Abandoned deposits 0.26 0.04 0.16 0.06 - 0.13 -
1.08 0.11 0.66 0.32 0.68

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Anticipated economic resources of non-exploited copper-
silver ore deposits occur mainly at a depth within the
range of 1,000 and 1,250 m, sometimes even to 1,450 m
(until now considered as anticipated sub-economic due to
their depth parameter). However, during the process of
the Nowa Sél and Sulmierzyce Péinoc deposits documen-
tation, the criteria for parameter threshold values defining
a sediment-hosted stratabound copper-silver deposit dif-
fered from the ones included in the “Regulation by the
Minister of the Environment on a geological documenta-
tion of a raw material deposit excluding hydrocarbons”

(dated the 1%t of July, 2015 - Journal of Laws of 2015, Item
987) i.a.: the maximum depth of the deposit bottom was
increased. Finally, the depth for Nowa Sél deposit was
equal 2,160 m (the average 1,975 m) and for Sulmierzy-
ce Pénoc it was 2,060 m (the average 1,825 m).

Figures 9.2.1-9.2.3 show resources and output of copper
and silver ores and changes in resources and output of
metallic Cu and metallic Ag in Poland in the 1989-2020
period. There are also prices of metallic Cu and metallic
Ag presented (Fig. 9.2.2 and 9.2.3).
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Figure 9.2.1. Copper and silver ores anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wotkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)
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Figure 9.2.2. Metallic copper anticipated economic resources, output and annual prices in 1989-2020 (LME)
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According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wotkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources
deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021). Prices according to World Metal Statistics Yearbook
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Figure 9.2.3. Metallic silver anticipated economic resources, output and annual prices in 1989-2020 (LME)

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources
deposits in Poland” (in Polish; Szuflicki ef al., eds., 2012-2021). Prices according to World Metal Statistics Yearbook

The tendencies for changes in Cu-Ag ores and metals
(copper and silver) resources are very similar. Anticipat-
ed economic resources of copper and silver ores fluctu-
ated in the presented period (1989-2020). The resources
were generally decreasing from 3.38 to 1.74 bnt in the
1989-2014 period and then an increasing tendency was
being recorded until 2020 (3.03 bnt). The decreases were
connected mainly with changes of criteria for evaluating
anticipated ongoing economic resources, with the excep-
tion of deposits from the national register and with ex-
ploitation. Copper-silver ore resources occurring below
a depth of 1,250 m were excluded from the Polish min-
eral resources balance in 1994 and 1995. It was a signifi-
cant decrease — the resources decreased by about 30%
within a 2-year period. The resources decrease in 2007
resulted from a different attitude in presenting resources
data - only in this particular year — without taking into
account the so-called “protective pillars” and not consid-
ering the real raw material depletion. A significant in-
crease was recorded in 1998, when a new copper-silver
ore deposit (Glogéw Gleboki-Przemystowy) was docu-
mented. Anticipated economic resources of copper and
silver ores decreased in the 2012-2014 period, due to ex-
ploitation and increased again in 2015 by 239.16 Mt, as
a result of documentation of a new deposit — Radwanice-
Gaworzyce (replacing the earlier documented deposits:
Gaworzyce, Radwanice-Wschéd, Radwanice-Zachéd).
Over the next 3 years, anticipated economic resources

decreased to 1,906 Mt (by 70 Mt) due to exploitation and
losses. In 2019, the resources grew by 46 Mt (2.39%), as
a result of a new deposit being documented (Zary). The
second consecutive resources increase took place in 2020
and it was a significant rise — by 1,075 Mt (55.08%).
It was due to the approval of 2 new deposits documenta-
tions: Nowa Sol (+848.48 Mt of ore in a C, category) and
Sulmierzyce Pélnoc (+267.17 Mt of ore: 147.17 Mt in
a C, category and 120 Mt in a D category).

Prices of copper increased significantly in the 2004-2007
period, and then in the 2010-2011 period, reaching
nearly 9,000 USD/t (Fig. 9.2.2). That was the result of
a supply shortage, investment fund activity and high im-
port demand from China. The rapid price decrease in
the 2012-2016 period was caused by declining demand
from the Chinese market, high prices of international
stocks, the policy of the United States Central Bank and
pull-out of investors from commodity markets. Positive
Chinese import data together with an emerging global
supply deficit and signs that future technologies would
cause a huge demand increase, were the reasons for
a price increase in 2017 - the average price increased to
6,163 USD/t.

Another price increase was recorded in 2018 - by 5.87%
(to 6,252 USD/t). In 2019, the price of copper slightly
decreased, mainly due to rising trade tensions between
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China and the United States. The declining tendency was
stopped in 2020 when the average copper price amount-
ed to 6,169 USD/t. Main factors for this change were as
follows: negative impact on demand from the COVID-19
recession; interruptions to international trade flows in
scrap; mine production disruptions in the Americas
caused by infections and new workforce safety protocols;
strong resurgence in Chinese cathode buying for scrap
replacement, improving consumption, restocking and
stockpiling purposes.

Silver prices increased systematically in the period from
2002 to 2011, due to growing demand in an electronic
industry sector, declining national reserves and increas-
ing investment demand (Fig. 9.2.3). A reduced supply of
investment and maintaining industrial demand, were the
main reasons for the price decrease in the 2012-2015
period - to 15.45 USD/tr oz. In 2016, the annual average
price increased to 17.14 USD/tr oz due to growing de-
mand, whereas in 2017 it fell to 17.05 USD/tr oz as a re-
sult of declining demand in spite of decreasing supply.
The average annual silver price in 2018 reached
15.78 USD/tr oz (a decrease by 7.45% in comparison
with 2017), mainly as a result of a trade dispute between
China and the United States, which delivered strength to
the dollar, as well as dragging down metal prices, includ-
ing silver. 2019 brought another increase of prices - to
16.20 USD/tr oz - as global silver demand edged 0.4%
higher despite an ongoing global trade war affecting
many industries, while silver mine supply declined for
the fourth consecutive year, falling by 1.30%. The last
year (2020) was characterized by an annual silver prices
increase — by 4.31 USD/tr oz (26.60%). Silver prices ben-
efited from the impact of the COVID-19 crisis on inves-
tor sentiment — the aftermath of the pandemic’s spread
across Europe and North America initially drove silver
prices sharply down. Nevertheless, later in the year, the
silver price gained rapid momentum rallying to a peak of
nearly 30 USD/tr oz in August.

Output of copper and silver ores, as well as of metallic
copper and silver fluctuated in the period of 1989-2020.
Generally, the output of ores was systematically increas-
ing in the period of 1992-2001 to the level of 28.79 Mt
in 2001. Thereafter, a decreasing tendency was visible
and during the next 9 years the exploitation amount de-
creased by 6.34 Mt (22.02%) to 22.45 Mt in 2010. The
most significant output increase happened in 2012,
when it grew by about 30% (7.19 Mt) compared to the
previous year — mainly as a result of more intensive ex-

ploitation from the Sieroszowice deposit. In the next

4 years the output increased slightly to 31.98 Mt of ore
in 2016. The output of metallic copper was regularly in-
creasing in 1992-2004 - to 626 kt. The next 4 years
brought an output decrease to 474 kt in 2008. The size
of output amounted to 408 kt in 2007, was a result of
a different approach to data presentation - also apply-
ing to metallic silver. Within the next 8 years the size of
output remained within the range of 459-491 kt annu-
ally. Regarding metallic silver, substantial fluctuations
took place in the 1989-1996 period and then resources
were increasing until 2002 (to 1,571 t). Thereafter,
a 6-year period of decreases was recorded (except for
2007) and the silver output amounted to the lowest
amount since 1999. Until 2011 the size of exploitation
increased by 40%, to the highest point in the whole pre-
sented period — mainly due to increases noted for the
Sieroszowice deposit in 2011. After the evident decrease
in 2011 it did not changed for the next 6 years, but
slightly increased to 1,490 t in 2017. The last 3-4 years
(2017-2020, 2018-2020 for silver) brought a systematic
output decrease, regarding both the ores and the met-
als. In 2017, the magnitude of exploitation of ores de-
creased by 799 kt (2.50%) with metallic copper output
decreasing by 13 kt (2.71%) and silver output increasing
slightly — by 8 t (0.54%). That was due to ore exploita-
tion decreases from 4 out of 6 exploited deposits, espe-
cially from Rudna and Polkowice. Another exploitation
decline was registered in 2018 — by 933 kt (2.99%) of
ore, 15 kt (3.21%) of copper and 19 t (1.28%) of silver —
resulting from output decreases mainly from the
Glogéw Gleboki-Przemystowy, Rudna and Sieroszo-
wice deposits. In the last 2 years, output drops were
much smaller and amounted to 371 kt of ore in 2019
and 221 kt in 2020. Both metals also decreased in ex-
ploitation - copper by 3 kt and 7 kt, silver by 16 t and
32 t, respectively. The significant output volume de-
clines were noted for the Rudna, Polkowice and Lubin-
Malomice deposits in 2019 and for the Rudna and
Polkowice deposits in 2020.

From the domestic copper-silver ores there are also ob-
tained such associated elements as: Au, Ni, Pb, Se, Re,
as well as sulfuric acid being manufactured as a by-
product.

In 2020, the KGHM Polish Copper S.A. metallurgical
production gave 560.4 kt of electrolytic copper, includ-
ing 413.3 kt of their own concentrates and 147.0 kt of
imported ones. Moreover, there was 3,011 kg of gold -
both from their own and imported concentrates -
produced.
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As mentioned above, the most important product beside
metallic Cu, when considering economic value, is silver
recovery. According to information provided by KGHM
Polish Copper S.A., in 2020, on the copper-silver ores

exploited in Poland, there were 1,323 t of Ag, 878 kg of
Au, 28.79 kt of Pb, 2.06 kt of NiSO,, 73.80 t of Se and
9.51 t of Re metallurgically produced.

9.3. Gold
S.7Z. Mikulski

Gold occurring in various geological formations in Po-
land was a subject of mining activity from at least the
early Middle Ages. At present, gold is extracted only
from copper-silver ore deposits located in the area of the
Fore-Sudetic Monocline. Gold occurs mainly in the oxi-
dized facies sediments (named from German Rote Fiu-
le), mainly in rocks of the Weissliegend Sandstone, the
Rotliegend and in the lower parts of the Zechstein cop-
per-bearing schists (Kupferschiefer). Gold is recovered
in the course of technological processing of sulfide ore
and imported inputs. The gold recovery from domestic
deposits has been generally stable at about 400 kg per
year in the 2012-2015 period, and only in 2014 it
amounted to 226 kg. In 2015, 431 kg of gold were recov-
ered from domestic sulfide Cu-Ag ore and 2,703 kg of
gold (taking into account imported inputs). In the next
5 years the amount of gold recovered from domestic
sulfide Cu-Ag ore varied, but has been increasing in gen-
eral - from 402 kg in 2016 to 572 kg in 2017, through
a dip in 2018 to 523 kg, and followed by significant in-
creases in 2019 (674 kg) and in 2020 (878 kg) - to the
highest level in the analyzed period. Taking into account
the imported inputs, there were consecutive amounts
obtained: in 2016 - 3,539 kg of gold, platinum and pal-
ladium; in 2017 - 3,648 kg of gold, platinum and palla-
dium; in 2018 - 2,587 kg of gold, platinum and palladi-
um; in 2019 - 3,225 kg of gold; and in 2020 - 3,011 kg of
gold.

The gold and arsenic mine in Ztoty Stok, closed in 1960,
was the biggest active gold mine in the Sudety Mts.
(Plate 3). Documented in 1954, gold resources of the
Zloty Stok deposit were estimated at 2,000 kg in ore an-
ticipated economic resources and 490 kg in ore antici-

pated sub-economic ones. The mean content of gold in
the loellingite-arsenopyrite ore is 2.8 g/t. This deposit
was exploited in the 1954-1960 period. During that pe-
riod about 25% of documented resources were exploited
and the deposit was abandoned because of very limited
demand and high toxicity of arsenic. At present, the
chances for reactivating this mining operation are minis-
cule. Gold was also extracted from hydrothermal gold-
bearing quartz-sulfide veins at Radzimowice, Klecza-
Radomice, Czarnéw and Wadroze Wielkie. Also placer
gold was subject of extraction from the Cenozoic sand
and gravel, located in the Dolno$lgskie voivodeship. The
gold-bearing sediments occurred in numerous river val-
leys (e.g. Bébr, Kwisa, Kaczawa, Nysa Luzycka) in the vi-
cinities of Ztotoryja, Lwowek Slaski and Bolestawiec.

Prospective resources of gold in Poland are assessed at
419.2-431.8 t, whereas prognostic resources at 34.3 t
(Mikulski, Oszczepalski, 2020).

In 2020, the geological documentation of a small deposit
of gold ore in kaolin clays was approved — Mikotajowice
in Dolnoélaskie voivodeship. The deposit contains antici-
pated economic resources in a C, category documented
at 5,028.7 kt of ore, 968.0 kg of metallic gold and 723.8 kt
of kaolinite; anticipated sub-economic resources also
documented in a C; category amount to 4,842.6 kt of ore,
69.7 kg of metallic gold and 435.8 kt of kaolinite. The de-
posit is formed by one bed of kaolin weathering loams
with quartzitic debris - the result of quartz-micaceous
schists and quartz-feldspar vein weathering processes.
The average content of gold in the anticipated economic
ore was geochemically determined at 172.4 ppb, whereas
in anticipated sub-economic ore at 14.4 ppb.
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9.4. Iron, titanium and vanadium ores
S.Z. Mikulski

In Poland, iron ores were exploited from the 1950s to the
1970s, in several mines situated in the areas around
Czestochowa, Kielce and Leczyca. The Fe-ore is hosted
in sedimentary rocks in the form of accumulations of si-
derite nodules and iron-bearing limonitic sand. Re-
sources of iron ore were removed from the registry of
Polish mineral raw material deposits by a decision of the
Minister of the Environmental Protection, Natural Re-
sources and Forestry in 1994, as failing to meet econom-
ic criteria. Since then, there has been no economic iron
deposit documented in Poland.

Deposits of vanadium-bearing magnetite-ilmenite ores
occur in anorthosite complexes of the Mesoproterozoic
Suwalki Anortosite Massif (in north-eastern Poland) at
depths from 850 to 2,300 m. Deposits were discoverd as
a result of intense drilling exploration and an appraisal
drilling program launched in the 1970s. In order to clas-
sify ore resources, special economic criteria were elabo-
rated and accepted in 1996. On the basis of these new cri-
teria, ore resources of the Krzemianka and the Udryn
deposits were classified as sub-economic due to a low
content of metals, especially of vanadium (0.26-0.31%
V,05 on the average) and their occurrence at great depth.

At present, magnetite-ilmenite ore appears to be of in-

terest mainly as a raw material for vanadium and titani-

um. According to an evaluation by Nie¢ (2003), the cut-
off grade equivalent of V,0; in economic ore should
reach 0.73%, thus constituting only 1% of documented
resources. However, large resources of shallow-seated
or even exposed deposits of this type were recently dis-
covered and proven in South Africa and several other
places throughout the world. This renders any attempt
to develop ore deposits of the Suwalki area difficult to
exploit in the foreseeable future. Their classification as
sub-economic deposits is overly optimistic in the pre-
sent conditions. Moreover, any decision to start the de-
velopment of the Suwalki ore deposits would bring
a very high risk of social and environmental conflict. It
should be noted that in the Fe-Ti-V oxide deposits in
NE Poland, cobalt is present in the sulfide ores that ac-
company magnetite-ilmenite mineralization and has
been identified by PGI-NRI. The roughly estimated re-
sources of cobalt in that area are approximately 150 kt
(Mikulski et al., 2018).

A bog iron ore deposit in the Debe Male area is relatively
small, with resources estimated at 8,000 t. Its resources
appear to lack utility as a raw material for the steel indus-
try, but can easily find other industrial uses, especially as
an adsorbent of H,S, CO, and organic compounds of
sulfur in cleaning combustion flue gasses, as well as in
other environmental activities.

9.5. Metals and elements coexisting in ores and other raw materials
S.Z. Mikulski

A group of mineral raw materials described in this chap-
ter comprises different metals, which are co-occurring
elements mainly in sulfide ores deposits. This is the case
for Polish copper-silver and zinc-lead ores deposits with
fairly large records of various co-occurring elements.
Elements — which often have a high market value - are
already being recovered or may become recoverable dur-
ing processing of given ores. Accumulations of some of
these elements were covered by prospecting and explora-
tion that often resulted in evaluations of their indicated/
inferred resources. On occasion, their resources are

documented.

Rare-earth elements and other valuable dispersed ele-
ments were also found in: beach sand of the Lawica

Stupska deposit (estimated resources: zirconium - 2 kt of
ZrSiO, titanium - 12 kt of TiO,) and the Lawica Odrza-
na deposit (geological resources approved in 2014: zirco-
nium - 25.28 kt of ZrSiO,, titanium - 156.78 kt of Fe-
TiO; - ilmenite, 20.23 kt of TiO,), potassium-magnesium
salts (boron - 6 kt, bromine - 7.2 kt) and saline water
and brine (32.14 Mm? of brine in the Lapczyca deposit).
Data on boron, bromine, zirconium and titanium (with
the exception of the Lawica Odrzana area) come from
evaluations made in the 1960s and no new calculations
have been made since then.

Table 9.5.1 shows a summary of estimations of the re-
sources of major co-occurring elements as of the end of
2020.
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Table 9.5.1. Elements co-occurring in ores and other mineral raw materials [kt]

Elements Copper-silver ores | Zinc and lead ores Ni ores Fe-Ti-V oxides Total
Arsenic (As) - 5.57 - - 5.57
Gallium (Ga) - 0.13 - - 0.13
Germanium (Ge) - 0.03 - - 0.03
Cadmium (Cd) - 20.21 - - 20.21
Cobalt (Co) 156.98 - >10.00 >150.00 >316.98
Molybdenum (Mo) 112.95 - - - 112.95
Nickel (Ni) 102.45 - - - 102.45
Rare-earth elements (REE) 30.99 - - - 30.99
Rhenium (Re) 0.56 - - - 0.56
Sulfur (S) 5,137.08 1,956.35 - - 7,093.43
Silver (Ag) 149.83 0.80 - - 150.63
Thallium (TI) - 0.15 - - 0.15
Vanadium (V) 211.87 - - - 211.87

9.6. Molybdenum-tungsten-copper ores
S.Z. Mikulski

The Myszkéw deposit containing molybdenum-tungsten
ores with accompanying copper is situated at the north-
eastern margin of the USCB (Plate 3), in the contact
zone of the Malopolska Block and the Upper Silesian
Block, separated by the Hamburg-Cracow Tectonic
Zone. The deposit is a Mo-W-Cu porphyry type. Its
stockwork-type ore mineralization forms a system of
quartz veins with ore minerals, sulfides and oxides relat-
ed to igneous activity in the Variscan. An intensive drill-
ing program carried out by PGI in 1975-1992 made the
detailed exploration of Myszkéw deposit possible in an
area of 0.5 km?2, down to a depth of 1,300 m. Exploration
conducted in 1993 allowed the estimation of the Mysz-
kéw deposit inferred resources in the C, resources cate-
gory (documentation prepared by PGI). Anticipated
economic resources of ore, at a depth down to 1,000 m,
were estimated at about 380 Mt, with 0.23 Mt of Mo,
0.18 Mt of W and 0.55 Mt of Cu, and a mean contents
of Mo and W calculated were 0.049% and 0.041%,
respectively.

In 2007, anticipated economic resources of the Myszkéw
deposit were re-evaluated to find that they are markedly
larger than previously estimated, exceeding 551 Mt of
Mo-W-Cu ore and anticipated sub-economic resources
were estimated at 750 Mt of Mo-W-Cu ores. Anticipated
economic resources of this deposit were estimated at

about 0.295 Mt of Mo, 0.238 Mt of W and 0.804 Mt
of Cu, and anticipated sub-economic resources -
at 0.298 Mt of Mo, 0.212 Mt of W and 0.771 Mt of Cu.
The Myszkéw ore mineralization has not yet begun to be
exploited. According to available data, there are high
chances for the discovery of other deposits of Mo-Cu
porphyry ores with tungsten in the contact zone of the
Matopolska Block and the Upper Silesian Block along
the Cracow-Lubliniec Fault Zone.

Molybdenum co-occurs with other metals in porphyry-
type ore mentioned above, as well as in the stratabound
copper-silver deposits of the Fore-Sudetic Monocline
and hard coal deposits in the USCB. However, nowa-
days, applied technological processes have yet to focus
on finding a way to separate molybdenum effectively.

Numerous occurrences of Mo-W mineralization have
been found in zones of the Late Carboniferous granitoid
intrusions in the Sudety Mts., but no concentrations of
economic importance were found thus far in this area.
Molybdenum forms different genetic types of deposits,
which usually occur separately. The most important are
the porphyry type deposits (Mo-, and Cu-Mo-subtypes),
while skarns, greisens and hydrothermal veins, as well as
Mo-bearing black shales, are all less important in terms
of deposit potential (Mikulski et al., 2012).
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9.7. Nickel ores
S.7Z. Mikulski

Nickel ore deposits occur in the Dolnoslaskie voivode-
ship (Plate 3). These are saprolite (weathering) type, sili-
ceous nickel ore deposits, related to the Paleozoic ser-
pentinized ultramafic rocks (peridotite). Exploitation of
the major nickel ore deposit in Szklary, in the vicinity
of Zabkowice Slaskie, was phased out in 1983 due to be-
ing deemed uneconomic. Anticipated economic re-
sources of nickel ores increased significantly in 2014 due
to the documentation of a new deposit — Szklary 1. This
deposit was allocated from the Szklary-Szklana Goéra de-
posit. Therefore, the anticipated economic resources (in
B and C, categories) amounted to 17.21 Mt of ores and
with metallic nickel content of 125.0 kt (limiting content
of Ni in the deposit is 0.8%). Since then the anticipated
economic resources of nickel ores have not changed
(Tab. 9.7.1). Anticipated sub-economic resources amount
to 21.32 Mt of ore and 84 kt of metallic nickel. The ore
resources of the Grochéw deposit were classified only as
anticipated sub-economic.

Prognostic resources of the Ni-layer silicate-type of ore,
occurring in small and separate lenses in Cenozoic rocks

Table 9.7.1. Nickel ores resources [Mt]

(weathering product of serpentinites) in the northern,
eastern and southern Cenozic cover of the Sowie Mts.
block gneisses (Lower Silesia), are estimated for about
25 kt (Mikulski, Sadtowska, 2020). In the abandoned Ni-
saprolite type Szklary deposit, cobalt resources were also
identified and estimated at >10 kt with an average con-
tents of approximately 219 ppm Co (Mikulski et al,
2018).

Except for the weathering type, nickel is also the co-oc-
curring metal in copper-silver ores of the Zechstein Kup-
ferschiefer formation located in the Fore-Sudetic Mono-
cline (at about 102.45 kt as of the end of 2020). Nickel is
recovered in technological processes as nickel sulfate. In
2015, the processing of copper-silver ores gave 2,967 t of
nickel sulfate. In the last 5 years the size of nickel sulfate-
output was as follows: in 2016 2,743 t of nickel sulfate; in
2017 - 1,790 t; in 2018 - 1,732 t; in 2019 - 1,993 t; and
in 2020 the processing of copper-silverores gave 2,058 t
of nickel sulfate.

ore
metallic nickel

Geological resources in place 3 . ]

EEg o

5583

a2 ® 8 &

Number Anticivated i g e % 3

of deposits nlicipated economic Anticipated é = é

sub-economic | & %E S

= =

$8°¢

Total A+B C, C, D = @
5 17.21 6.53 10.68 21.32

TOTAL RESOURCES 0.13 0.06 0.07 - - 0.08 -

Including resources of non-exploited deposits

2 4.37 4.37 13.88

TOTAL 0.02 - 0.02 B - 0.05 -

1. Deposits covered by detailed 1 4.37 4.37
exploration 0.02 0.02
2. Deposits covered by preliminary 1 13.88
exploration 0.05
Including abandoned deposits

. 3 12.84 6.53 6.31 7.44

Abandoned deposits 0.10 0.06 0.04 - - 0.03 -
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9.8. Tin ores
S.7Z. Mikulski

Tin is used for production of a wide variety of valuable
alloys, most commonly used to make copper-tin alloys.
The metal is also used for coating steel and other metals,
to prevent corrosion. Tin-plated steel cans and contain-
ers are widely used for food preservation, but that appli-
cation has become less prevalent due to a growing re-
placement of tin with other materials.

Tin is mainly extracted from its basic compound, usually
cassiterite (SnO,), occurring in a form of primary or sec-
ondary accumulations.

In Poland, tin ore occurs in 2 deposits: Gierczyn and
Krobica, both located in the Stara Kamienica Lower

Paleozoic Schist Belt in the Sudety Mts. (Plate 3). These
deposits of tin were classified as anticipated sub-eco-
nomic and were estimated at 5.5 Mt of ore, with an aver-
age Sn content of about 0.5%. Prospective tin ore re-
sources in the whole area of the Stara Kamienica Schist
Belt are estimated at about 20 Mt, with a content of me-
tallic tin of about 100 kt (Mikulski, Matek, 2020). Geo-
chemical investigation carried out by PGI-NRI of Sn de-
posits revealed that the cassiterite-sulfide ores may
contain elevated concentrations of critical elements,
such as Co, In, Bi and Pt.

9.9. Zinc and lead ores

A. Malon, S.Z. Mikulski, M. Tyminski

Documented zinc and lead ore deposits occur in an area
of the northern and north-eastern margin of the USCB
in southern Poland. The Zn-Pb ore deposits occurring in
that area are related mainly to carbonate rock formations
of the Silesian-Cracow region built of Permian-Mesozo-
ic successions resting monoclinally on Paleozoic sedi-
mentary deposits. The rock-hosting Zn-Pb mineraliza-
tion ranges in age from the Devonian to Jurassic.
Resources of economic importance are mainly related to
ore accumulations in the so-called Ore-bearing Dolo-
mites of the Muschelkalk (Middle Triassic). The zinc-
lead ores occur in the form of pseudo-layers, sub-hori-
zontal lenses and nest-like replacements. The
Silesian-Cracow region is regarded as the world’s largest
area of Zn-Pb ore deposit occurrences of the so-called
Mississippi Valley-type (MVT), although mining from
these deposits ceased in 2021, there are still large re-
sources of Zn-Pb sulfide ores in undeveloped deposits in

the Zawiercie area.

There are 4 areas of Zn-Pb ore deposits identified in the
Silesian-Cracow region: Chrzanéw, Olkusz, Bytom and
Zawiercie (Plate 3). In 2020, exploitation was carried out
from the Klucze I, Olkusz and Pomorzany deposits in
the Olkusz region. The Zn-Pb ore deposits of the areas
around Bytom and Chrzanéw are of historical and scien-
tific importance only. The deposits exhausted as a result
of continuous exploitation since the Middle Ages and

now comprise some anticipated sub-economic accumu-
lations, mainly of oxide ore with minor participation of
sulfide ore. The exploitation of deposits of the fourth re-
gion (Zawiercie) has not yet been commenced.

The Zn-Pb concentrations accompanying the copper-
silver ores occur in the Zechstein copper-silverdeposits
in the Fore-Sudetic Monocline. The average lead content
falls in the range of 0.05-0.3%, therefore lead recovery is
possible only in the course of treating copper concen-
trate in smelters. According to the data provided by
KGHM Polish Copper S.A., in 2020 copper processing
was accompanied by the recovery of 28.79 kt of lead.

The most important prospects for the Zn-Pb ore re-
sources increases are connected with the Silesian-Cra-
cow region — where in the Middle Triassic and Devoni-
an carbonate rocks Zn-Pb sulfide mineralization of the
MVT type occurs. As of the end of 2018, in the Olkusz
region, the estimated prognostic resources amounted to
about 35 Mt of Zn-Pb ores, whereas in the Zawiercie re-
gion - about 25 Mt of Zn-Pb ores (Mikulski, Retman,
2020). The Zn-oxide ore (calamine), occurring in the
Silesian-Cracow region has not been exploited for many
years and its prognostic resources in abandoned depos-
its have to be verified and assessed according to the cur-
rent parameter limits that define a deposit and its
boundaries.



9.9. Zinc and lead ores

Estimations of Zn-Pb ore resources in the Silesian-Cra-
cow region have been changing markedly over the last 50
years. These changes resulted, on one hand, from inten-
sive exploration and exploitation of deposits, and on the
other, from removing resources of zinc oxide ore (cala-
mine) from the official records of domestic resources of
mineral raw materials. The decision to remove the re-
sources was connected with high occupational and envi-
ronmental hazards, associated with a technology used at
that time for oxide ore processing. The technological
problems were finally solved, therefore it appeared nec-
essary to introduce special criteria for classification of
oxide ore resources not meeting criteria for sulfide ores.
Such separate criteria for Zn oxide ore resources were es-
tablished by means of the “Regulation by the Minister of
the Environment amending regulation on the classifica-
tion of mineral reserves and resources” (dated the 9th of
January, 2007 - Journal of Laws of 2007, Item 57). Ac-
cording to the GML effective as of the 1%t of January,

Table 9.9.1. Zinc and lead ores resources [Mt]

2012, there are separate criteria for sulfide and oxide ore
deposits called “parameter limits that define a deposit
and its boundaries”

Anticipated economic resources of Zn-Pb ores as of the
end of 2020 amounted to 90.98 Mt of ore yielding
3.85 Mt of zinc and 1.43 Mt of lead (Tab. 9.9.1). The ma-
jority of these resources are documented in the C, cate-
gory (52.69%) and the C, category (25.73%), with fewer
resources in the A+B categories (13.62%) and the D cat-
egory (7.95%). Anticipated economic resources within
the exploited deposits account for 15.21% of total sulfide
ore resources. The economic resources of exploited de-
posits amounted to 2.05 Mt of ore containing 0.08 Mt of
zinc and 0.04 Mt of lead. The resources decreased by
1.71 Mt (45.48%) in comparison with 2019, due to ex-
ploitation and losses. In 2020, Polish mines extracted
1,435 kt of ore yielding 43 kt of zinc and 18 kt of lead. It
should be emphasized that these deposits also contain

ore
metallic zinc
metallic lead

Geological resources in place § 5 §
2432
Number Anticipated economic 3 z % 8
of deposits Anticipated E § ‘g é
Total A+B C, C, D Sl e E E" 5 2
3 & "8
25 o
21 90.98 12.39 23.41 47.94 7.23 55.91 2.05
TOTAL RESOURCES 3.85 0.47 1.07 2.10 0.21 2.00 0.08
1.43 0.18 0.44 0.70 0.11 0.63 0.04
Including resources of exploited deposits
3 13.84 12.39 1.44 5.67 2.05
Deposits of operating mines 0.53 0.47 0.06 - - 0.21 0.08
0.20 0.18 0.02 0.12 0.04
Including resources of non-exploited deposits
14 77.14 21.97 47.94 7.23 9.43
TOTAL 3.32 - 1.01 2.10 0.21 0.41 -
1.23 0.42 0.70 0.11 0.15
1. Deposits covered by detailed 7 70.84 21.97 43.91 4.96 6.74
. 3.06 - 1.01 1.93 0.12 0.29 -
exploration 110 042 | 066 | 003 0.12
2. Deposits covered by preliminary 7 6.30 4.03 2.27 2.69
. 0.26 - - 0.17 0.10 0.12 -
exploration 0.13 005 | 008 0.03
Including abandoned deposits
4 40.80
Abandoned deposits - - - - - 1.39 -
0.36

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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elements accompanying Zn-Pb ores, such as S, Cd, Ag,
Ga, As, and T1, which could be of interest to the industry

(Mikulski et al., 2020).

The Figures 9.9.1-9.9.3 show resources and output of Zn
and Pb ores and changes in resources and output of me-
tallic zinc and metallic lead, in Poland, in the 1989-2020

Anticipated economic resources of Zn-Pb ores were sig-
nificantly decreasing in the 1989-2013 period from
343 Mt to about 74 Mt - the lowest point in the whole
presented period (Fig. 9.9.1). It was mainly due to criteria
changes for estimating anticipated economic resources,
and due to the exclusion of some resources from the Pol-
ish mineral resources balance (years: 1991, 1992, 2007,
2008). The resources decrease took place also because of

period.
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Figure 9.9.1. Zinc and lead ores anticipated economic resources, output and annual prices 1989-2020 (LME)

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources
deposits in Poland” (in Polish; Szuflicki ef al., eds., 2012-2021). Prices according to World Metal Statistics Yearbook
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Figure 9.9.2. Metallic zinc anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki ef al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)
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Figure 9.9.3. Metallic lead anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

exploitation and losses. In 2014 resources increased (by
11.73 Mt) mainly as the result of a new deposit being
documented — Zawiercie 3 (replacing the Zawiercie I and
Zawiercie obszar Zawiercie II deposits). In the 2016-
2020 period ore resources grew to about 91 Mt as a result
of: in 2016 (increase by 1.18 Mt) better exploration of the
Klucze I deposit; in 2019 (increase by 8.19 Mt) the docu-
mentation of a new deposit Laski 1 (the Olkusz region)
and more detailed exploration of the Zawiercie 3 deposit.
The resources decreased in 2020 by 1.17 Mt of ore (1.27%)
as a result of exploitation and losses.

In 2020, exploitation of ore decreased by 75 kt (4.97%) in
comparison with 2019 and amounted to 1.44 Mt. There
were 3 deposits being exploited: Klucze I (509 kt of ore),
Olkusz (360 kt) and Pomorzany (565 kt). Looking back,
the exploitation of Zn-Pb ores was quite stable, at about
4-5 Mt in the years 1989-2008, and then decreased rap-
idly to about 2 Mt (Fig. 9.9.1). This decrease in 2009 took
place due to the closure of the Balin-Trzebionka mine
(the Chrzandéw area). The 2016-2020 period brought an-
other negative tendency in the exploitation to the lowest
point attained in 2020. In 2017 output decreases were re-
corded in 2 out of the 3 exploited deposits — most signifi-
cantly from the Pomorzany deposit (by 575 kt). The next
year was characterized by decreasing exploitation from
the Klucze I and Olkusz deposits, whereas in 2019 and
2020 a similar tendency occurred for the Olkusz and Po-
morzany deposits. The exploitation was finished in all
deposits in 2020 and concessions expired as of 1t of Jan-
uary, 2021 due to the exploited deposits becoming de-
pleted of resources.

Figure 9.9.1 presents zinc and lead prices. The prices re-
mained quite stable until 2003, and then increased sig-
nificantly in 2004-2007. This was due to the declining
supply to the international market (as a result of liquida-
tion or production suspension of mining plants). Simul-
taneously, there was a growing demand from the Asian
markets, especially China, whereas stocks were reduced.
The next 2 years brought a decrease in prices due to sup-
ply surplus. Prices increased in 2010 and 2011 due to
growing demand, which in the next 4 years decreased
slightly and the prices declined to below 2,000 USD/t. In
2016, both zinc and lead prices rose to 2,091 USD/t and
1,871 USD/t, respectively — the biggest triggers for this
growth was the credit-fuelled construction boom that
underpinned demand in China and the possibility of
an announcement of a big push for infrastructure spend-
ing in the United States. In 2017, the price of zinc hit the
highest point in over a decade of supply concerns - the
average annual price increased to 2,894 USD/t, and
for the same reason lead price grew to 2,318 USD/t. In
the next year (2018) the average price of zinc rose to
2,925 USD/t as metal supply fell short of demand. Simi-
larly, the lead market also posted a supply deficit in 2018,
but production rose in Europe and the price fell to 2,244
USD/t. Due to a decline in demand for base metals
throughout 2019, the prices of zinc and lead experienced
slumps. The ongoing trade war between the United
States and China has had a significant impact on metal
demand. Therefore, the average annual price of zinc fell
to 2,249 USD/t, while the lead price fell to 1,998 USD/t.
In the last year (2020) the price of zinc slightly grew -
to 2,265 USD/t - demand from end-user industries fell
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due to lockdown and quarantine measures. This in turn
led to a sharp rise in zinc inventories at the exchanges.
Lead prices increased at the beginning of the year on the
back of a potential trade deal between the United States
and China, but as COVID-19 spread around the world,
the metal’s price plummeted. The annual average price
dropped in comparison with 2019 by 174 USD/t to
1,824 USD/t.

The figures 9.9.2 and 9.9.3 present the anticipated eco-
nomic resources and the magnitude of output of metallic
zinc and lead, in Poland, in the 1989-2020 period. Ten-
dencies, especially regarding resources, are similar to the
changes occurring for Zn-Pb ores decreasing to the low-
est point in 2013 - 3.30 Mt of metallic zinc and 1.34 Mt
of metallic lead. The following years brought a slight in-

crease in resources — to 3.85 Mt of zinc and 1.43 Mt of
lead in 2020. The output of metallic zinc attained the
highest point in 1992 (254 kt) and was characterized by
slight fluctuations until 2003. Then it fell significantly
within the next 4 years (to 113 kt in 2007) and increased
by 30 kt in 2008. Then, a declining tendency was ob-
served until 2019, and a slight growth was noted in 2020
- amounting to 43 kt. The output of metallic lead in-
creased from 48 kt in 1989, to 83 kt in 1999 - the highest
point in the presented period. It then was fluctuating un-
til 2006 and - similarly to zinc exploitation - fell signifi-
cantly, by 18 kt in 2007. The next year brought a visible
increase and followed by a declining tendency until
2017. The lowest recorded output amounted to only
13 kt (in 2017 and 2018). In the 2019-2020 period it
amounted to 20 kt and 18 kt, respectively to the years.
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10.1. Barite and fluorspar

R. Bonida

Currently, due to its high specific gravity, barite (BaSO,)
is used mainly as a weighting agent in well drilling. Its
use by the paper, chemical and paint industries is gradu-
ally shrinking being replaced by artificially produced
titanium white (titanium dioxide).

Fluorspar (CaF,) is used in the metallurgical, ceramics,
and chemical industries. In metallurgy, in particular, it is
used as flux (in steel production to aid the removal of
impurities, and in aluminum production).

Barite and fluorspar occur in hydrothermal veins in para-
genesis with metal sulfides. As they were jointly exploit-
ed from deposits located in the Lower Silesia region,
therefore they are described together. Except for the de-
posits from the mentioned above region, barite accumu-
lations are also known to occur in the Holy Cross Mits.
(Plate 4).

Table 10.1.1. Barite and fluorspar resources [Mt]

The deposits located in the Lower Silesia region contain
barite accumulations, which occur in veins of various
length and width, generally very steeply dipping and
representing fissure fills along faults. The mean content
of BaSO, in these veins is about 80% and that of fluor-
spar - from a few to over a dozen percent. Generally
speaking, the content of fluorspar generally increases
with depth. In the Boguszéw mine (in the vicinity of
Walbrzych) fluorspar can be spotted at the depth of
400 m. Moreover, the vein consists of barite in the north
of the deposit, barite-fluorite in the central part, while
becoming almost monomineralic fluorite at the southern
end of the deposit. The mine exploiting the Boguszéw
deposit was completely flooded during the catastrophic
flood of July, 1997. The mine was abandoned as a result
of that damage and the deposit resources were reclassi-
fied as anticipated sub-economic. The next year - that is
1998 - mining operations in the Stanistawéw mine were

Geological resources in place Economic
. ) resources in
Numbe}- Anticipated economic Anticipated place asa part
of deposits sub-economic | °f ant1c1pafted
Total A+B C, C, D ECOID IS
resources
BARITE
TOTAL RESOURCES 5 5.67 0.10 1.81 3.75 - 0.89 -
Including resources of non-exploited deposits
Deposits covered
by preliminary 1 0.36 - - 0.36 - 0.08 -
exploration
Including abandoned deposits
Abandoned deposits 4 5.31 0.10 1.81 3.39 - 0.81 -
FLUORSPAR
TOTAL RESOURCES 2 0.54 - - 0.54 - 0.06 -
Including resources of non-exploited deposits
Deposits covered
by preliminary 1 - - - - - 0.06 -
exploration
Including abandoned deposits
Abandoned deposits | 1 | 0.54 | - - | 0.54 | - | - -
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deemed insufficiently profitable and the mine was aban-
doned, however barite powder was still produced there
until 2008, using waste material coming from the sedi-
mentary ponds.

In the past, barite was also extracted from the Straw-
czynek deposit in the Holy Cross Mts. Currently, exploi-
tation is abandoned. In this deposit barite occurs in the
form of irregular nests and intergrowths within the car-
bonate rocks of the Lower Devonian, where the content
of useful components is low (about 30%) and resources
are relatively small.

Documented anticipated economic resources of barite
are estimated at 5.67 Mt and those of fluorspar -
at 0.54 Mt (Tab. 10.1.1). Current total domestic demand

is covered by imports. For the last couple of years - due
to an increasing demand for barite powder for well drill-
ing - the reactivation of abandoned barite mines has
been considered (mainly in the Stanistawéw deposit as
one of the biggest deposits in Europe). Prospects for in-
crease of barite with fluorite resources should be associ-
ated with secondary tectonic zones along the Intra-Su-
detic Fault: in the western extension of the Jezéw Sudecki
deposit, located between the towns of Jezéw and Rado-
mierz, and in the northern extension of the Jedlinka de-
posit. Prognostic resources of barite amounted to 2.5 Mt
and prospective resources to 1.67 Mt. On the other hand,
prognostic resources of fluorspar were estimated at 0.29 Mt
and prospective resources — 0.10 Mt. as of 31.12.2018
(Sroga, 2020a). In the 2015-2020 period resources of
both aforementioned raw materials have not changed.

10.2. Clay raw materials used in the production
of mineral paints

R. Bonda

Clay raw materials used in the production of mineral
paints come as powder and earthen iron oxide and hy-
droxide minerals, containing other additions of clayey
minerals. There are several coloristic variants and their
traditional names are: raddle - yellow or red, umbra —
dark brown, terra di Siena — camel and ochre - gold-
brown. These pigments are used in the production of oil
paints, varnishes, enamels, putties etc. The production of
natural pigments has lost significance over time, due to
artificially produced pigments being used more often -
they are characterized by more stable physical-chemical
properties.

In Poland’ only 2 deposits of ochre, clay and ochre
claystone have been documented so far: Buk in the Mazo-

wieckie voivodeship and Baczyna in the Swigtokrzyskie
voivodeship (Plate 4). In these deposits, within the clay-
ey sediments of the Rhaetian-Toarcian, ochre occurs in
the form of lens accumulations. In the Baczyna deposit
there are 3 types of ochre occurring, documented in a C;
category (total anticipated economic resources estimated
at 578.1 kt): yellow, red and brown. Nevertheless, this de-
posit has never been exploited. The Buk deposit was ex-
ploited as late as 1976, but production was abandoned
due to the depletion of resources. Nowadays, there are
only anticipated sub-economic resources documented in
the deposit (148 kt).

10.3. Diatomite rock
R. Bonda

In Poland, diatomite rock (or diatomite) is considered as
two separate categories: diatomite rock (here also called
diatomite), and siliceous earth. This section discusses
diatomite rock (or diatomite) as understood by its Polish
definition.

Diatomite is a compact sedimentary rock, built mainly
of diatom skeletons composed of amorphous silica -
opal. Diatomites are widely used as filtration aids, absor-
bents for liquids, carriers for herbicides, fungicides and



10.4. Potassium-magnesium salt

Table 10.3.1. Diatomite rock resources [Mt]

Geological resources in place Economic
. ) resources in
Numbe.r Anticipated economic Anticipated place asa part
of deposits sub-economic | ©f ant1c1pa}ted
Total A+B C, C, D EEOIUIIIE
resources
TOTAL RESOURCES 4 10.01 - 3.27 6.74 - 2.74 0.20
Including resources of exploited deposits
Deposits of operatin
.p P & 1 0.64 - 0.44 0.20 - - 0.20
mines
Including abandoned deposits
Abandoned deposits 3 9.38 - 2.84 6.54 - 2.74 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

catalysts, thermal insulation and polishing materials.
They are also used as a mild abrasive.

In the Leszczawka area (Carpathians) diatomite, with an
average SiO, content at 72%, occurs in the Menillite Se-
ries of the Krosno Beds. Products obtained from this raw
material have fairly limited usability. Their major uses
include the production of light building aggregates and
carriers for herbicides and fungicides. It should be noted
that technological tests indicated that an appropriate
process (grinding and calcination) may improve a quali-
ty of this raw material up to that of proper diatomites.

Until now, however, no typical diatomite with SiO, con-
tent exceeding 80% have been found in Poland, there-
fore, in spite of differences in origin and mineralogical
composition, siliceous earth is treated as a substitute for
diatomite. Siliceous earth is discussed in a separate sec-
tion of this publication.

Anticipated economic resources of diatomite are esti-
mated at slightly above 10 Mt (Tab. 10.3.1). Since 2000

only one deposit - Jawornik - has been exploited. Ex-
traction of diatomite remains small-scale and amounted
to 0.81 kt in 2020.

Except for the documented deposits, there are possibili-
ties of significantly increase the current known resources
of the subject raw material. Prospective resources of di-
atomite rock in the Leszczawka area are estimated
at about 10 Mt (Wotkowicz, 2020a). The chances for the
discovery of new large diatomite deposits seem to be
much higher in the case of the Menillite Series of the
Krosno Beds, in the areas of Godowa, Blazowa-
Piatkowa-Harta-Bachérz and Dydynia-Krzywe (Pod-
karpacie voivodeship). In the area where diatomite rock
occurs, one can also find the prognostic area of Borek
Nowy indicated, as well as 4 prospective areas close to:
Futoma, Huta Poreby, Dobrzanka-Borownica and Lesz-
czawka-Kuzmina. Unfortunately, the raw material locat-
ed within the documented deposits is low quality, which

results in minor-scale investment and interest in it.

10.4. Potassium-magnesium salt

G. Czapowski

In Poland, the distribution of potassium-magnesium salt
is limited by the extent of the Zechstein salt formation.
Together with rock salt, they form 2 separate litho-
stratigraphic units - the Older and Younger Potash units
of the Zechstein. The units are traceable on the Polish
Lowland where they were recorded in countless drill-

ings, as well as in several salt structures in central Poland,
and in layers in the south-western part of the Fore-
Sudetic Monocline (Plate 4).

The anticipated economic resources of the 5 document-
ed deposits of potassium-magnesium salt were estimated
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at over 686 Mt (16.31 Mt increase from 2016) and antici-
pated sub-economic resources at nearly 19 Mt (1.47 Mt
decrease; Tab. 10.4.1).

The Puck Bay sulfate (polyhalite) salt deposits form the
bulk of the aforementioned resources. The deposits in
the Puck Bay area are of the sulfate (polyhalite) salt type,
with polyhalite occurring in a form of early diagenetic
minerals developed in anhydrite layers, which underlay
and intercalate and overlay the oldest rock salt bed of the
Zechstein. Polyhalite inclusions are present as irregularly
disseminated nests and aggregate intergrowths in a depth
interval from 740 to 900 m. K,O content ranges from 7.7
to 13.7% in said depth interval. The deposits situated
along the rim of the Puck Bay rock salt deposit were cov-
ered by preliminary exploration in the years 1964-1971.
Their steady indicated resources were estimated in the
1970’s at 597 Mt, assuming a regular distribution of poly-

halite mineralization.

Small accumulations of potassium salt (more than
89 Mt) were identified along the eastern margin of the
Klodawa salt dome, where potassium chloride type salts
(carnalite and sylvine) occur in rocks of the Younger
Potash unit, steeply inclined (at the angle of 70°) and
folded and locally squeezed and crumpled. The chloride
salts are strongly contaminated with clay matter and sul-
fates. Mean contents of K,0 and MgO are 8.5 and 8.1%,
respectively. The potassium salt accumulations are of
minimal economic interest due to a high variability in
strata thickness (from a few to 50 m) and problems in
processing of the raw material. The salts were exploited
seasonally until the year 2000, when 1,400 t were mined.

Table 10.4.1. Potassium-magnesium salt resources [Mt]

In the following years this part of the salt deposit became
abandoned.

Potassium salt deposits are explored to the depth of
1,200 m. The thickness of 2 m is accepted as minimum,
providing that the weighted average K,O content in a de-
posit is not lower than 8%. Potassium-magnesium salt
resources have slightly changed since 2016 (anticipated
economic resources increased by 16.31 Mt and antici-
pated sub-economic resources decreased by 1.47 Mt)
due to the verification of resources in the newly estab-
lished Ktodawa 1 deposit in 2016.

In 2020, predicted resources of stratiform potassium-
magnesium salt occurrence were estimated at 3,638 Mt
(Czapowski et al., 2020), including prognostic resources
(to a depth of 1.2 km) estimated at 821.5 Mt and prospec-
tive resources (in a depth interval between 1.2-2.0 km) of
up to 2,816.6 Mt (Czapowski, Bukowski, 2015; Czapows-
ki et al., 2015).The prospective resources situated in the
Klodawa dome amounted to 300 Mt at a depth interval
between 1 and 2 km (Czapowski, Bukowski, 2011).

Table 10.4.1 shows resources and a current state (as of the
end of 2020) of exploration and development of potassi-
um-magnesium salt. The data refer to exploitable resources
(that is except from those remaining in protective pillars).

Potassium-magnesium salts have not been exploited in
Poland since 2000 (that year 1 kt of these salts were exca-
vated in the Klodawa salt dome) and all such salts,
required for agriculture (fertilizers), are currently being
imported.

Geological resources in place Economic
. N ) resources in
Numbe.r Anticipated economic Anticipated place e‘ls‘a part
of deposits sub-economic | °f ant1c1pe§ted
Total A+B C, C, D ECOLOINIL
resources
TOTAL RESOURCES 5 686.15 6.92 23.60 655.63 - 18.85 3.46
Including resources of non-exploited deposits
TOTAL 5 686.15 6.92 23.60 655.63 - 18.85 3.46
1. Deposits covered by
. . 1 89.12 6.92 23.60 58.61 - - 3.46
detailed exploration
2. Deposits covered
by preliminary 4 597.03 - - 597.03 - 18.85 -
exploration




10.5. Rock salt

10.5. Rock salt
G. Czapowski

Major Polish rock salt deposits are related to the Mio-
cene and Zechstein halite formations.

Deposits of the Miocene formation are situated in a belt
extending from the Silesia region to Wieliczka and Boch-
nia and further eastwards up to the Poland-Ukraine
border (Plate 4) and running close along to the present-
day frontal overthrust of the Carpathian Mts. Foredeep.
In the Wieliczka area, salt was produced from the Mid-
dle Ages right through into the 20t century. Exploitation
of these deposits ended in 1996 when salt mining was
phased out in the Wieliczka mine. Proven resources of
the Miocene rock salt deposits in 2020 are estimated to
be over 4.36 bnt, accounting for 3.9% of domestic re-
sources. However, the geological structure of these de-
posits is very complex due to intense folding (except for
the Rybnik-Zary-Orzesze deposit which is situated in
a tectonic trough). That complexity of geological struc-
ture, along with significant variations in salt quality and
the high risks of water flooding and methane inflow to
active mining areas, were all reasons why further mining
of these deposits became practically uneconomic. The
Wieliczka mine was included on the UNESCO World
Heritage list in 1978. Nowadays, the Wieliczka and
Bochnia mines are great tourist attractions and recrea-

tion centers.

The Zechstein halite formation is at present the major
source of salt mined in Poland. Salt-bearing series are
distributed throughout 2/3 of the country’s area, mainly
on the Polish Lowland (Plate 4). In the Late Permian
these areas were occupied by an evaporitic epicontinen-
tal basin which was the place of accumulation of salt
sediments with a total thickness of over 1,000 m. Bedded
rock salt accumulations were explored down to a depth
of 1,000 m in the marginal parts of the basin (in areas of
the Leba Elevation and the Fore-Sudetic Monocline).
The anticipated economic resources of said deposits are
estimated at over 26.1 bnt and account for 23.3% of the
total domestic salt resources. In turn, in the axial part of
the basin (Central Poland), the salt-bearing series are
buried at depths up to 7 km, locally rising almost to the
surface in salt dome- and pillow-like structures. The salt
structures occur in the belt stretching from the Wolin
Island in the north-west to the areas in the vicinity of
Belchatéw in the south-east. Deposits of rock salt and
potassium-magnesium salt were explored and docu-

mented in a number of the shallowest of these structures.
Proven anticipated economic resources of deposits relat-
ed to the salt structures were estimated in 2020 at over
81.3 bnt, which account for almost 73% of domestic salt
resources. Exploitation of the Zechstein salt deposits
gives 100% of the current domestic production of salt.

Large bedded rock salt deposits were also explored in the
overburden of the Sieroszowice copper ore mine
(Badzow salt deposit established and produced crushed
road salt since 2013) and other copper ore deposits in
the Fore-Sudetic Monocline.

Bedded rock salt deposits are explored down to a depth
of 1,200 m, provided that a deposit series (including
partings) is at least 30 m thick and has a minimum
weighted mean of NaCl in the deposit series and part-
ings is estimated at >80%. In accordance with the Polish
regulations, salt deposits related to dome and pillow salt
structures are explored down to 1,400 m, provided that
a distance between the top surface of a salt deposit and
its salt mirror is not smaller than 150 m. The remaining
requirements are the same as for bedded deposits. At
present, salt deposits begin to be treated as geological
objects especially advantageous for the construction of
underground facilities used for oil and natural gas stor-
age (the operating cavern gas storage facilities, the
Mogilno II in the Mogilno diapir and the Kosakowo gas
storage facility in the Mechelinki stratiform deposit put
into operation in 2014 and planned to be enlarged) and
liquid fuel (the abandoned caverns in the Géra diapir)
and for the safe disposal of hazardous materials.

In 2020 the anticipated economic resources of rock salt
(excluding those within protective pillars) documented
in 19 deposits, amounted to 111.85 bnt (increased by
26,47 bnt from 2015), anticipated sub-economic re-
sources estimated at 10.4 bnt (decreased by 11.72 bnt
from 2015) and economic resources in place — at over
1.74 bnt (Tab. 10.5.1). In 2020, the total salt production
(prevailed brine produced by leaching the Mogilno and
Goéra mines, subordinate volume of crushed salt is also
extracted from the Kltodawa and Badzéw underground
mines) from 6 deposits amounted to 3.64 Mt.

Table 10.5.1 shows resources and the current state (as of
2020) of exploration and development of domestic rock
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10. Chemical raw materials

Geological resources in place Economic
resources in
Numfber Anticipated economic place as a part
o Anticipated | of anticipated
deposits sub-economic i
Total A+B C, C, D ul 1 economic
resources
TOTAL RESOURCES 19 111,850.03 578.45 | 55,392.39 | 55,385.69 493.51 10,401.43 1,740.42
Including resources of exploited deposits
TOTAL 6 14,923.05 561.44 9,192.52 5,169.09 - - 1,740.42
1. Deposits of operating
X 5 9,229.43 561.44 5,533.91 3,134.08 - - 1,640.73
mines
2. Deposit exploited
. 1 5,693.61 - 3,658.61 2,035.01 - - 99.69
temporarily
Including resources of non-exploited deposits
TOTAL 10 96,739.10 - 46,137.20 50,108.40 493.51 10,214.18 -
1. Deposits covered by
3 27,642.03 - 24,733.43 2,908.60 - 8,026.04 -
detailed exploration
2. Deposits covered by
. . 7 69,097.07 - 21,403.77 47,199.80 493.51 2,188.14 -
preliminary exploration
Including abandoned deposits
Abandoned deposits 3 187.88 17.01 62.67 108.20 - 187.25 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 10.5.1. Rock salt anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources
deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

within protective pillars.

salt deposits. Data refer to resources excluding those

In the 1989-1992 period, the anticipated economic re-
sources of rock salt in Poland (excluding these within

protective pillars) slowly increased from about 74.64 bnt
to 87.77 bnt and remained almost the same until 1994
(Fig. 10.5.1). That year, significant growth, to over
121 bnt, resulted from including the estimated salt re-
sources of 5 new copper deposits in the Fore-Sudetic
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Table 10.5.2. Rock salt anticipated economic resources, output and production in 2016-2020

Anticipated economic Rock salt production from
Output .
Year resources [Mt] salty mine waters
[bnt] [kt]

2016 85.35 4.08 68.0
2017 85.28 4.66 62.7
2018 90.36 4.12 67.0
2019 90.32 4.06 68.9
2020 111.85 3.64 66.3
TOTAL ROCK SALT OUTPUT (2016-2020) 20.56 3329

Monocline area, in which salt was the associated raw
mineral. In the following year (1995), said resources were
again excluded and until 2006 the total volume of antici-
pated economic resources remained at a stable level of
about 80 bnt. More precisely, from 2007 to 2009 the re-
sources increased to 85.4 bnt, mainly due to a reassess-
ment of the Mogilno I, Mogilno II (in Mogilno salt dome),
and Mechelinki (near the Bay of Puck) resources. In the
next 3 years, the volume of resources remained almost
constant (below 84 bnt). Their increase to over 86 bnt in
2013 was an effect of activating the new Badzow salt de-
posit with resources estimated at about 740 Mt. Later,
a slight decrease to the actual volume resulted from salt
production (Fig. 10.5.1). In the 2016-2020 period, a sig-
nificant increase of anticipated economic resources of
rock salt in Poland from about 85.35 to 111.85 bnt
(Tab. 10.5.2) resulted from a new estimate of the resourc-
es in 3 salt deposits: Damastawek (2020), Klodawa 1
(2016), and Lubien (2018).

Rock salt production had significantly changed over
the 1989-2015 period - the main factor was the domes-
tic demand for brine used for calcined soda and crushed
salt production. From 4 Mt in 1989, the output lowered
to a critical 2.96 Mt in 1997, due to the aforementioned
effect which lower production in still existing mines and
caused the abandonment of salt extraction in the Wie-
liczka mine (Fig. 10.5.1). The next 6 years recorded fluc-
tuating output (from 3.13 to 3.31 Mt), but in 2004 there
was a spike in production causing significant growth to
almost 4 Mt. In the 2005-2009 period, the production
decreased by 25% to about 3 Mt. From 2010, a successive
increasing tendency in annual salt production was ob-
served (due to initiating cavern leaching in the Cavern
Underground Gas Storage Kosakowo facility located in
the Mechelinki deposit, and due to the commencement
of salt extraction from the new Badzéw deposit) to over

4 Mt in the 2013-2014 period. The reduction in output
in 2015, to less than 3.5 Mt, was the result of lowered
production of brine from leaching of mines (Mogilno
and Goéra) and of crushed salt from underground mines
(Ktodawa and Badzow), as a response to a lower demand
for road salt (warmer winters). Furthermore, the com-
pletion of the first set of gas caverns in the Cavern Un-
derground Gas Storage Kosakowo facility decreased the
production of brine volume (decreased to that of the
Puck Bay). During the next 4 years (2016-2019) the total
rock salt output from 6 active mines was almost constant
(4.06-4.66 Mt), with a small decrease (to 3.64 Mt) regis-
tered in 2020 (Tab. 10.5.2). The total volume of exploited
rock salt in that period was 20.56 Mt.

A small amount of rock salt, evaporated by the
De¢biensko Desalination Plant Ltd. from salty waters de-
livered by the Upper Silesian coal mines, fluctuated in
the 2004-2015 period from 60 kt (2006-2007) to over
92 kt (in 2009), and to 81.4 kt in 2015. Later (2016-2020
period), this volume ranged only slightly from 66.3 to
68.0 kt and the total volume of produced rock salt
amounted to about 333 kt (Tab. 10.5.2).

In 2020, Poland exported over 264 kt of rock salt and
brine, but imported over 475 kt.

In 2020 (Czapowski et al., 2020), the predicted resources
of rock salt, in both stratiform and diapiric occurrences,
were estimated at about 4,058.96 bnt, including prognos-
tic resources (up to a depth of 1.2-1.5 km) amounting to
about 951.44 bnt, and prospective resources (within the
depth interval of 1.2-2.0 km) of up to 3,037.67 bnt
(Czapowski, Bukowski, 2015; Czapowski et al., 2015).
Zechstein salt deposits, with total resources estimated at
about 4,052 bnt, dominate over Miocene salt deposits
(6.9 bnt).
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10.6. Siliceous earth
R. Bonda

Siliceous earth possesses similar physical features to di-
atomite, and therefore, finds similar use in the industry.
It is used as a carrier for catalysts in chemical processes,
and for mineral fertilizers and herbicides, pesticides and
fungicides in agriculture, as well as a raw material for re-
fining and filtration, and a constituent in synthetic mass
molding. Siliceous earth differs from diatomite in the
mode of origin, as it is a product of decalcification of
sedimentary rocks (gaizes) mainly built of opal, a miner-
aloid gel.

Deposits of siliceous earth occur mainly in tectonic
troughs at the margin of the Holy Cross Mts. (the Pio-
trowice, Dabréwka - pole I and Dabréwka - pole II
deposits) and in the Lublin Upland (the Lechéwka and
Lechéwka II deposits), in the form of sedimentary covers
overlain by Oligocene rocks (Plate 4).

Table 10.6.1. Siliceous earth [Mt]

The Lechéwka II deposit is the only periodically exploit-
ed siliceous earth deposit in Poland and its output re-
mained negligible, changing from a few tons in the 1998-
2002 period to none in 2013. Then, in 2014, the deposit
was abandoned. Exploitation of the remaining deposits
has been phased out in the last decades due to the un-
satisfactory quality of the obtained raw material, mainly
useful for making insulation powder. Economic resourc-
es amounted to 2,223 kt in 2020 (almost 50% in A+B+C,
categories). Domestic demand for siliceous earth is fully
covered by import. In Poland, there is only one prognos-
tic area for the occurrence of siliceous earth that has
significant resources (3.13 Mt) - indicated in the vicinity
of the Janéw village, near Chetm (Wotkowicz, 2020b).

Table 10.6.1 shows resources and the current state of ex-
ploration and development of siliceous earth deposits in
Poland.

Geological resources in place Economic
. ) resources in

Number of Anticipated economic place as a part
deposits Anticipated of anticipated

Total A+B+C, CytD sub-economic economic

resources
TOTAL RESOURCES 5 2.22 1.09 1.13 1.01 -

Including abandoned deposits

Abandoned deposits 5 2.22 1.09 1.13 1.01 -

10.7. Native sulfur
R. Bonda

Native sulfur deposits occur in the vicinities of the
towns of Tarnobrzeg (Osiek, Baranéw, Machéw and
Jezidrko deposits), Staszéw (Solec and Grzybdw depos-
its) and Lubaczéw (Basznia deposit) in the northern part
of the Carpathian Foredeep (Plate 4). There are a few
sources of native sulfur. Lesser amounts are found near
volcanic vents and fumaroles; however the majority of it
was created in a process of sulfate reduction (mainly
gypsum and anhydrite) with the participation of bacteria
and hydrocarbons. The sulfur occurs in the above men-
tioned areas in the form of fissure and small cavity fill-

ings in the Neogene (Miocene — Tortonian) chemical
rocks, mainly post-gypsum limestones. Sulfur content in
these rocks may reach up to 70%, with an average con-
tent ranging from 25 to 30%.

When documenting sulfur deposits the parameter limits
that define anticipated economic resources are: mini-
mum sulfur content in the sample contouring a deposit
of 10%, minimum average sulfur content in deposit bed
of 10%, minimum deposit grade of 75m% and the maxi-
mum depth of the deposit base at 400 m.



10.7. Native sulfur

Table 10.7.1. Native sulfur resources [Mt]

Geological resources in place Economic
A . resources in
Numbe}' Anticipated economic Anticipated place a‘ls‘a part
of deposits arlbemrae || @ antlcnpa?ted
Total A+B C C, D economic
resources
TOTAL RESOURCES 15 494.08 28.37 409.29 56.42 - 35.78 14.47
Including resources of exploited deposits
Deposits of operating
. 2 14.55 0.89 13.67 - - 0.68 14.47
mines
Including resources of non-exploited deposits
TOTAL 7 256.69 1.26 199.91 55.53 - 14.64 -
1. Deposits covered by
4 158.94 1.26 157.68 - - 5.89 -
detailed exploration
2. Deposits covered
by preliminary 3 97.75 - 42.23 55.53 - 8.76 -
exploration
Including abandoned deposits
Abandoned deposits | 6 | 222.83 | 26.23 195.71 | 0.89 | - | 20.46 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 10.7.1. Native sulfur anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

In 2020, the anticipated economic resources of native
sulfur amounted to about 494 Mt (Tab. 10.7.1), of which
the majority occur within the vicinity of Tarnobrzeg
(about 427 Mt). In 2015, there was a new deposit docu-
mented — Basznia-1 (with geological resources estimated
at 6,056 kt). The deposit is located in place of the Basznia
deposit abandoned in 1993. In 2017, an exploitation
concession issued and a deposit development plan, were
approved for the Basznia-1 deposit, which resulted in na-

tive sulfur economic resources increasing by about 6 Mt.
Exploitation of the given deposit started in 2019. Within
the last several years anticipated economic resources of
native sulfur have been systematically decreasing due to
exploitation and losses during production (Fig. 10.7.1).
The resources amounted to almost 900 Mt in 1989. In
1992 and 1993, the resources decreased as a result of the
approval of smaller resources in Machéw I, Jamnica and
Machéw II. Until 1995 the resources of native sulfur
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presented in “The balance...” included resources within
protective pillars, whereas from 1996 onward the re-
sources excluded such pillars - it resulted in a significant
decline in resources (by more than 200 Mt). In 2002,
a recorded decrease in resources resulted from a re-
assessment of resources within the Jezidrko-Grebow-
Wydrza deposit. In 2005 the registered growth by 57 Mt
was due to the Grebéw deposit resources being included
into “The balance...”. Since then, the anticipated eco-
nomic resources of native sulfur have been quite stable -
slightly below 500 Mt, with only minor decreases result-
ing from exploiting of the Osiek deposit and (in recent
years) the Basznia-1 deposit.

Recently, output of native sulfur has been mined only
from the Osiek deposit, using the Frasch process - in
2020 it amounted to 417.48 kt. The Osiek mine is the last
active large native sulfur mine left in the world. Native
sulfur is obtained also - however in minor amounts -
from the Basznia-1 deposit. In 2020, exploitation
amounted to 4.9 kt, which accounts for slightly above
10% of total domestic output. The total output in Poland
in 2020 amounted to 422.38 kt. The pace of exploitation
of the Osiek deposit remained in the last couple of years
in the range between 500 and 700 kt. In 2009, due to
a rapid reduction in exported sulfur and declining do-
mestic demand, there were only about 260 kt mined.
Also in 2020, there was a declining tendency recorded
and output amounted to slightly above 400 kt.

Considering a longer period of time, the sulfur output
was equal 5 Mt in 1989, and between 1989 and 2020
dropped more than 10-fold, as a result of further mine
closures. In the 1990’s there were 5 native sulfur mines
operating, whereas currently there are only 2, of which
only exploitation of the Osiek deposit is of significant
importance.

Except for the exploitation from underground deposits,
native sulfur is in small amounts being obtained from
the volcanic deposits. The other sulfur source is the re-
covery of the sulfuric acid in the processing of copper
ores, and lead and zinc ores. Such recovery is of limited
economic importance mainly due to environmental pro-
tection issues.

Prognostic resources of native sulfur are currently being
assessed at 82 Mt, whereas hypothetical resources at
231 Mt (Gasiewicz, 2020).

Sulfur as a by-product. Over the last couple of years,
native sulfur production has been significantly declining
in the world economy. The production of the native sul-
fur in Poland is quite expensive, therefore it is being re-
placed by much cheaper sulfur obtained from sour gas
and oil fields. In Poland there are 4 sour gas and oil fields
documented (Plate 4) with total resources amounting
to 365.34 kt in 2020 (Fig. 10.7.2). In 1996, there were
sulfur resources documented in the BMB (Barnéwko-
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Figure 10.7.2. Sulfur as a by-product anticipated economic resources and output in 1996-2020

Varied data accuracy results from source data. According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in
Polish; Przeniosto, ed., 1990-2005; Przeniosto, Malon, eds., 2006; Gientka, ef al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al.,
eds., 2011), “The balance of mineral resources deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)
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Mostno-Buszewo) and Zielin oil-gas fields. In the next
year the resources were documented in the Cychry high-
nitrogen natural gas field, whereas in 1998 in the Gérzy-
ca oil-gas field. In 2006 there was a new documentation
with recalculated resources approved for the BMB field
and it resulted in a growth of total sulfur resources from
586 to 674 kt. Since 2007, the resources of sulfur as a by-
product have been systematically declining due to its re-
covery from exploited hydrocarbons.

In 2020, the recovery of sulfur from Polish sour oil and
gas fields is being carried out in 4 fields and amounted to

24.74 kt. Since 1997, sulfur has been obtained from the
Zielin and BMB fields, whereas in 1998, additional ex-
ploitation commenced in the Cychry field. In 2005, tem-
porary exploitation started in the Gorzyca field. Since
2006, the sulfur recovery resulting from the desulfuriza-
tion of oil and gas fields has been fluctuating within the
range of 23-25 kt per annum and is of minor importance
to the domestic economy. In 2020, there were 23.6 kt of
sulfur recovered from the BMB field, accounting for 95%
of the total recovery that year.
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11.1. Amber
D. Brzezinski, A. Malon, K. Szamatek

Amber. Over the ages, amber has been the most famous
and widespread jewelry stone in Poland, therefore the
Polish amber industry occupies the position of world
leader and is characterized by original jewelry of out-
standing quality and other artistic products designs
made of this raw material. Apart from jewelry, amber
can be used for the production of paints, lacquer, pig-
ments, plastic, solvents and plasticizers. Amber can be
also used in alternative medicine and in the pharmaceu-
tical-cosmetics industry due to its germicidal and anti-
septic properties.

In Poland numerous amber accumulations are docu-
mented in Tertiary sediments (in situ accumulations)
and Quaternary accumulations (secondary accumula-
tions). Apart from the accumulations within a beach
area of the Baltic Sea (especially its eastern part), amber
deposits are located in the Pomorskie and Lubelskie
voivodeships. Documented deposits in Tertiary sedi-
ments (in situ) occur within marginal zones of the
Eocene Sea, in the so-called chlapowsko-sambijska delta
(the northern zone in the vicinity of Chtapowo) and in
the so-called Parczew delta (the southern zone in the vi-
cinity of Parczew). In the Tertiary sediments, ambers
have been documented in the vicinity of Mozdzanowo,
near Ustka, within the Upper Eocene sand and gravel.
They form a glacial ice float within the Quaternary sedi-
ments. The Quaternary amber-bearing accumulations
can be detected in sediments relocated by the glacial and
post-glacial rivers from degraded Tertiary deposits,
mainly the chlapowsko-sambijska delta sediments. Mi-
nor amber concentrations are also encountered on the
Baltic beaches from Kotobrzeg to the eastern border of
Poland on the Vistula Spit where amber occurs in beach
fossil sediments and on recently formed beaches.

Prospective resources of amber are difficult to assess due
to an insufficient paleogeographical and facies explora-
tion of amber-bearing sediments. Locally, it is also diffi-
cult because of the impoverishment or depletion re-
sources, as a result of illegal exploitation (Kramarska
et al., 2020). As a reserve of amber it is possible to con-
sider prognostic resources within fine-grade Eocene sed-
iments occurring in the northern part of Lubelszczyzna

region. The amount of these resources can be evaluated
at 22 kt. Significant amber occurrences can also be ex-
pected within the Quaternary sediments in the area of
the Gdansk shore, especially in regions of traditional
exploitation on the Vistula river delta. A possibility of
developing other prospective areas is unlikely due to the
deposit layer depth, small sizes, dispersion and a poten-
tial conflict between exploitation and environmental
protection.

Anticipated economic resources of amber, as of the end
of 2020, increased by 2,034.19 t in comparison with the
previous year and amounted to 3,580.84 t. This signifi-
cant increase in resources was the result of documenting
new resources in the Niedzwiada II deposit in the vicin-
ity of Gérka Lubartowska, located in the Lubelskie
voivodeship. Initially, in 2018, there were only glauco-
nite-bearing sediments documented, then in 2020 ac-
companying raw materials were documented: amber,
phosphorite concretes and glass sand and sandstones.

In the last 5 years, the number of amber deposits in-
creased more than twofold and anticipated economic
resources more than threefold. New resources have been
documented mainly within the vicinity of the Gérka
Lubartowska in the Lubelskie voivodeship (deposits:
NiedZwiada II - 2,032.80 t, Brzeznica Le$na — 298.02 t,
Niedzwiada Kolonia I - 139.64 t. Gérka Lubartowska-
Niedzwiada — 98.00 t, Gorka Lubartowska IX - 47.97 t,
Goérka Lubartowska-Leszkowice — 46.15 t, Gérka Lubar-
towska VIII - 7.54 t, Leszkowice 1 - 4.40 t). There were
also 2 small deposits documented within the Vistula riv-
er delta: Rybakéwka with resources estimated at 1.03 t
and Katy Rybackie with resources estimated at 6.90 t
(the deposit was documented during the implementa-
tion of the investment realization in a waterway con-
necting Vistula Lagoon with the Gulf of Gdansk).

For a long time, amber output in Poland was minor, ir-
regular and connected mainly with geological work
aimed at searching for and exploring amber deposits. In
2016-2020 there were 4.24 t of amber obtained in the ar-
eas of Lubelskie, Pomorskie and Zachodniopomorskie
voivodeships. At the end of 2016, exploitation of the
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Table 11.1.1. Amber resources [t]

Geological resources in place Economic
P 1 ) resources in
Numbe'r nticipated economic Anticipated place asa part
of deposits sub-economic | °f ant1c1pa.ted
Total A+B+C, C,+D EECUOIIC
resources
TOTAL RESOURCES 18 3,580.84 2,131.23 1,449.61 24.70 80.52
Including resources of exploited deposits
Deposits of operating
. 1 85.00 0.00 85.00 - 20.78
mines
Including resources of non-exploited deposits
TOTAL 15 3,476.09 2,111.48 1,364.61 24.70 59.74
1. Deposits covered
, , 6 2,111.48 2,111.48 - 4.16 33.44
by detailed exploration
2. Deposits covered
by preliminary 9 1,364.61 0.00 1,364.61 20.54 26.30
exploration
Including abandoned deposits
Abandoned deposits | 2 | 19.75 19.75 - - -

Przerébka-SL deposit was abandoned, as primary infor-
mation on the quality of amber, as well as on the wealth
of the deposit, were not confirmed. A minor amount of
amber was also obtained during exploitation of sand and
gravel from the Baltic Sea bottom of the Zatoka
Koszalinska deposit (200 kg in 2017). Additionally, it is
assumed that the annual output of amber collected from
the Baltic Sea beaches is estimated at about 5-6 t. How-
ever, 2020 was a crucial year for amber mining in Po-
land. After works to divide the deposit and the end of
building the processing plant, in June of 2020, an open
pit mine of amber, sand and glauconite within the Gérka
Lubartowska-NiedZzwiada deposit commenced its work.
In 2020, 12.14 t of amber was exploited from this deposit,
which is a record-breaking quantity.

Eocene glauconite-bearing sediments (sand and silt with
glauconite) have been documented in the last few years,
in which occurrences of amber were noted.

Glauconite-bearing sediments. The entrepreneurs in
Poland have recently moved their attention to the use of
glauconite-bearing sediments (sand and silt with glauco-
nite) which are associated with feldspar-quartzitic and
quartzitic sand deposits. So far, the glauconite-bearing
sediment has not been documented as a mineral raw
material and therefore is not included in the “Regulation
by the Minister of the Environment on geological docu-

mentation of a raw material deposit excluding hydrocar-
bon fields” (dated the 1t of July, 2015 - Journal of Laws
2015, Item 987) — the parameter limits that define the
deposit and its boundaries have not been defined. Thus
— on the basis of the performed geological works — geo-
logists documenting the glauconite-bearing sediment
have initially determined the scope of the requirements
for their documentation. The parameter limit criteria ac-
cepted for a glauconite deposit varied slightly in individ-
ual documentations, but mostly amounted to:

+ amaximum documentation depth - 30 m;

« aminimum deposit thickness — 5 m;

« aminimum glauconite content — 10%.

The presence of iron oxides in glauconite makes it usable
for the production of glass and vitreous shells with
a wide range of colors, of ceramic pigments, and of
colorful and vitreous ceramic and stone decorations. The
sediments can also be used as a potential potassium
source in agriculture, as a slow acting fertilizer with
a significant content of the magnesium, iron and organic
trace compounds. Moreover, due to its chemical features
it can be used for water and sewage treatment technolo-
gies - to remove heavy metal contaminants.

There have been 6 deposits of the glauconite-bearing
sediments documented so far: BrzeZnica Le$na, Gérka
Lubartowska IX, Gérka Lubartowska-Niedzwiada, Lesz-
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Table 11.1.2. Glauconite-bearing sediments [Mm?]
glauconite-bearing sediments
glauconite
Geological resources in place Economic
. ) resources in
Numbe‘r Anticipated economic Anticipated place asa part
of deposits sub-economic | °f ant1c1pa.ted
Total A+B+C, C,+D EECOINIC
resources
9.03 9.03 - - 1.00
TOTAL RESOURCES 6
1.30 1.30 0.12
Including resources of exploited deposits
Deposits of operating . 1.78 1.78 - B 0.67
mines 0.21 0.21 0.08
Including resources of non-exploited deposits
7.25 7.25 - - 0.34
Deposits covered 5
by detailed exploration
1.09 1.09 0.04

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

kowice 1, Niedzwiada II and Niedzwiada Kolonia I. All
of these deposits are located in the Lubelskie voivode-
ship. The geological structure of the Gérka Lubartowska
area contains mainly Quaternary sand and lying below
them the Upper Eocene silt and sand with glauconite
(the so-called Parczew delta) in which occurrences of
amber were also noted. These deposits were documented
in: 2017 (2 deposits), 2018 (1) and 2019 (3).

The anticipated economic resources of the glauconite-bear-
ing sediments, as of the end of 2020, amounted to
9.03 Mm?, including 1.30 Mm? of glauconite (Tab. 11.1.2).
The largest of them is the Brzeznica Le$na deposit (3 Mm?),
while the smallest is the Goérka Lubartowska IX deposit
with about 0.5 Mm?. There were 2 concessions issued - for
the Gorka Lubartowska-Niedzwiada deposit in 2018

(the exploitation started in 2019) and for the Gérka Lubar-
towska IX deposit in 2020 (not yet exploited). The antici-
pated economic resources of the glauconite-bearing sedi-
ments slightly decreased by 0.1 Mm?, including a decrease
in glauconite by 0.01 Mm?, in comparison with 2019. It was
a result of exploitating the Gérka Lubartowska-NiedZwiada
deposit. In it, the glauconite-bearing sediments are the
accompanying raw material for feldspar-quartzitic sand.
The economic resources of glauconite-bearing sediments in
Poland amounted to 1.00 Mm?, including 0.12 Mm? of
glauconite.

The output, from the only exploited Gérka Lubartowska-
Niedzwiada deposit, was estimated at 65,770 m? in 2020,
including 7,890 m? of glauconite.

11.2. Bentonite and bentonitic clays

D. Brzezinski

Bentonites are clayey rocks that are formed as the result of
a decomposition process (bentonitization) of volcanic glass,
occurring in pyroclastic sediments, such as tuffs and tuf-
fites. Bentonite is mainly composed of smectite group min-
erals (with a minimum montmorillonite content of 75%)
accompanied by other clayey minerals and relicts sourced
from a pyroclastic material. Bentonitic clays are similar to

bentonites, containing — along with smectite minerals -
a larger amount of other clayey minerals. Different uses of
rocks rich in smectite group minerals depend on some
common features such as: an ability to swell, susceptibility
to a dispersion of water, high plasticity, an easy absorption
of cations and organic substances from water solutions, an
ability to form thixotropic suspensions. Thanks to these
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Table 11.2.1. Bentonite resources [Mt]

Geological resources in place Economic
. B resources in
Number Anticipated economic Anticipated place as a part
of deposits sub-economic | ©f anticipated
Total A+B+C, C,+D economic
resources
TOTAL RESOURCES 8 2.88 1.16 1.72 0.25 0.34
Including resources of exploited deposits
Deposits of operatin;
'P P 8 1 0.49 0.28 0.21 - 0.34
mines
Including resources of non-exploited deposits
TOTAL 5 2.33 0.87 1.45 0.25 -
1. Deposits covered
. X 3 1.40 0.87 0.53 0.25 -
by detailed exploration
2. Deposits covered by
e , 2 0.92 0.00 0.92 - -
preliminary exploration
Including abandoned deposits
Abandoned deposits | 2 | 0.07 0.01 0.06 0.01 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

features and due to their susceptibility to various modifica-
tions, there are many ways of utilizing these rocks in: the
foundry industry, the chemical industry, the ceramic indus-
try, engineering and hydro-technical works, agriculture and
as a component in drilling fluid. Most of bentonites in Po-
land are used traditionally in the foundry industry, drilling
and in a new, strongly developing hygienic sorbents market
(for animals). Primary bentonite (meaning an almost
monomineralic montmorillonitic rock with a small admix-
ture of other minerals) very seldom occurs in Poland. Vari-
ous bentonitic clays with a relatively high content of non-
clayey minerals are more common. The group of bentonitic
raw materials contains: bentonitic, weathered basaltoid cov-
ers of in the Lower Silesia region, bentonitic clays in the
Upper Silesia region, bentonitic clays in the Carpathian
Foredeep, bentonitic and zeolite-bentonitic clays and clay-
schists in the Carpathians (Plate 7).

Total prospective resources of bentonitic raw materials
amount to over 43.626 Mt and occur in the Dolnoslgskie
(39.900 Mt), Swietokrzyskie (3.056 Mt), and Podkarpac-
kie (0.670 Mt) voivodeships (Branski, 2020).

In 2020, anticipated economic resources of bentonitic
raw materials amounted to 2.88 Mt, whereas economic
resources to 0.34 Mt (Tab. 11.2.1). Exploitation of bento-
nitic mantle rock of basalt tuffs has been carried out
from the Krzeniéw deposit only. It has maintained pro-
duction within a range of 0.45-3.21 kt per year for over
25 years. In 2020, the output amounted to 0.92 kt. Cur-
rently, there are 2 deposits with an issued exploitation
concession located in the Dolnoslaskie voivodeship
(Jawor-Mecinka and Krzeniéw), and 1 deposit located in
the Podkarpackie voivodeship (Dylagéwka-Zapady). To-
tal domestic demand is covered by import.

11.3. Building ceramics raw materials

W. Szczygielski

Building ceramics products (so-called “red ceramics”)
are obtained from clayey raw materials via a production
process consisting of 4 stages: raw material preparation,
shaping of products from ceramic mass (usually by using
the plastic forming method), drying, and firing in a tem-

perature between 850 and 1,250°C. The following prod-
ucts are distinguished: construction (bricks, wall blocks,
ceiling blocks, lintels, and ventilation blocks), roofing
(tiles, ridge tiles), facing products (clinker bricks, tiles,
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Table 11.3.1. Building ceramics raw materials resources [Mm?]

Geological resources in place Economic
. N B resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits sub-economic | °f ant1c1pz§ted
Total A+B+C, C,+D CEOIONLIC
resources
TOTAL RESOURCES 1,127 2,033.58 701.84 1,331.74 54.17 151.80
Including resources of exploited deposits
TOTAL 130 255.31 235.55 19.76 7.61 148.95
1. Deposits of operating
. 81 212.06 193.42 18.64 6.88 124.79
mines
2. Deposits exploited
K 49 43.25 42.13 1.12 0.73 24.16
temporarily
Including resources of non-exploited deposits
TOTAL 301 1,443.81 179.59 1,264.22 23.22 -
1. Deposits covered by
i X 227 230.27 179.59 50.68 12.62 -
detailed exploration
2. Deposits covered by
- , 74 1,213.54 0.00 1,213.54 10.60 -
preliminary exploration
Including abandoned deposits
Abandoned deposits 696 334.47 286.70 47.77 23.34 2.85

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

fittings), and other elements (drainage tubes, fencing
products, etc.).

The main component of ceramic mass is clayey rock,
which are characterized by an increasing plasticity when
exposed to moisture. The production process can be car-
ried out by using raw material exploited directly from
a deposit; however the processing of raw material im-
proves its characteristics. Initial preparation includes:
preliminary crushing and mixing, moisturizing and sea-
soning on dumps or in storages. It aims to achieve the
structure of a loose loam, to average and unify the ma-
terial and to improve ceramic parameters. Technological
additives are minor components in ceramic mass — used
depending on the composition and properties of the
main raw material, and on production process require-
ments, e.g.: to lower drying and firing shrinkage of prod-
ucts, to increase thermal insulation of products, and to
decrease their mass through ceramic material porisation,
reducing the sintering temperature, improving resilience
and frost resistance. Some of these components are en-
ergy carriers and can replace a part of the fuel needed for
the firing process. Natural raw materials are used as
technological additives, e.g. quartz sand, waste raw ma-
terials: wood shavings, clayey-schists exposed to coal

wastes, by-products of coal burning (silts, ashes, slags),
rocky powders, waste from the paper industry and oth-
ers. Using secondary (waste) raw materials in the pro-
duction process is beneficial when considering environ-

mental protection.

Raw materials used for building ceramics commonly oc-
cur in the whole country, however their distribution is
uneven. The southern part of Poland is characterized by
larger resources than other areas of the country (Plate 5).
The raw materials occurring in this region are also more
diverse and can be used in a number of ways. Clayey raw
materials vary in terms of their origin and age. Currently,
the Quaternary, Neogene, Jurassic and Triassic deposits
are considered to be most important. The most impor-
tant raw materials are:

« the Quaternary stagnant lake sediments, such as
muds and clays occurring mainly in northern and
central Poland;

« the Neogene clays, within the so-called Poznan se-
ries, from south-western and central Poland, and
marine clays and muds occurring in south-eastern
Poland (in the area of the Carpathian Foredeep);

« the Jurassic marine clays and muds occurring at the
margin of the Holy Cross Mts., in the vicinities of
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Figure 11.3.1. Building ceramics raw materials anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

Czestochowa and Opole (the Silesia-Cracow Mono-
cline);

o the Triassic clays, claystones and mudstones, occur-
ring in the region of the Holy Cross Mts., in the vicini-
ties of Czgstochowa and the region of Upper Silesia.

For building ceramics production there are also alluvial
loams, loesses, glacial loams and the Permian clays used.
In the last 5 years shares of particular types in domestic
output were as follows: the Neogene Poznan clays —
30.8%, marine clays of the Carpathian Foredeep - 30.8%,
the Jurassic clays - 12.6%, the Quaternary stagnant clays
and muds - 11.5%, the Triassic minerals - 10.4%, others
- 3.9%. Currently, there are such unused sediments as
the Oligocene septarian clays, occurring in the vicinity
of Szczecin, clayey flysch sediments in the Carpathians,
and the Carboniferous clayey-schists from the region of
Upper Silesia.

According to the “Regulation by the Minister of the Envi-
ronment on a geological documentation of a raw material
deposit excluding hydrocarbons” (dated the Ist of July,
2015 - Journal of Laws of 2015, Item 987) the parameter
limits that define a building ceramics raw material de-
posit and its boundaries (Appendix 8 - table 42) are:
o maximum documentation depth - to the depth of
possible exploitation;
o minimum thickness of the deposit — 2 m;
o maximum overburden/thickness ratio - 0.5;
« maximum content of grains bigger than 2 mm - 1%;
« maximum content of ceramic marl in grains with a di-
ameter bigger than 0.5 mm - 0.4%;
« minimum shrinkage in drying — 6%.

Anticipated economic resources of building ceramics
raw material deposits, as of the end of 2020, amounted to
2,033.58 Mm? (about 4,067.16 Mt) (Tab. 11.3.1).

In 2016-2020, there were 11 new deposits documented
(excluding areas allocated from deposit which had been
documented earlier). It resulted in the growth of antici-
pated economic resources by 14.462 Mm?, whereas antic-
ipated sub-economic resources increased by 0.533 Mm?.
The overall balance of resources, taking into account the
growths and drops due to deposits boundaries changes,
resources corrections and exploitation losses, is estimat-
ed at -10,758 Mm?.

The average annual output over the same period
amounted to 1.706 Mm?/yr (ranging from 1.544 to
2.042 Mm?®/yr) (Fig. 11.3.1). Exploitation levels fluctuat-
ed significantly - even by about 30-40%. In general, in
the past several dozen years output has been character-
ized by a declining tendency. Current output is half the
size it was 20 years ago. At the same time, the number of
mines exploiting raw materials is decreasing: in 2020,
there were 81 mines, in 2016 - 107, whereas 20 years ago
the number was as high as 330. This was the result of
changes in the technological progress of building ceram-
ics production and in the construction sector, together
with the modernization of ceramic industry in Poland
and concentration of production in modern, automated
plants. Decreasing output is also caused by increasing
transport distance (and therefore the transport becomes
less viable). Older brick factories, usually small ones, are

being successively closing down.
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In the last 5 years, the greatest output was recorded in the
Swietokrzyskie voivodeship - 0.313 Mm® on average
(18.3% of domestic output). Subsequent positions are oc-
cupied by voivodeships of the southern part of Poland:
Slaskie — 0.202 Mm? (11.8%), Dolnoslaskie - 0.186 Mm?
(10.9%), Matlopolskie - 0.178 Mm? (10.5%), Podkarpac-
kie - 0.152 Mm? (8.9%), Opolskie — 0.125 Mm?(7.3%) -
in total accounting for 49.4% of domestic output. The re-
maining 10 voivodeships account for 32.3% of domestic
output: Mazowieckie — 0.124 Mm? (7.2%), Pomorskie -
0.123 Mm? (7.2%), Wielkopolskie - 0.086 Mm? (5.05%),
Lubelskie - 0.066 Mm? (3.9%), Lubuskie — 0.047 Mm?3
(2.8%), Lédzkie - 0.031 Mm3 (1.8%), Zachodnio-
pomorskie — 0.025 Mm? (1.5%), Kujawsko-Pomorskie —
0.022 Mm?3 (1.3%), Podlaskie - 0.018 Mm3 (1.1%),
Warminsko-Mazurskie — 0.008 Mm? (0.5%).

In the latest edition of “The balance of prospective min-
eral resources of Poland” (Szamatek et al., eds., 2020),
prognostic resources (category D) of building ceramics

raw materials were assessed at 1,328 bnm?in 65 areas
with a total area of 6,270 ha. Moreover, there were 267
prospective areas described (category D, without a re-
sources assessment) with a total area of 26,172 ha (Szczy-
gielski, Walentek, 2020). The majority of the prognostic
resources are composed of Neogene clays of the Poznan
series (45.7% of the prognostic resources, of which 20%
are clays within brown coal deposits — an accompanying
raw material), Miocene marine clays (33.3%), stagnant
clays (18.3%) and others (2.7%). The geographical distri-
bution of the prognostic resources is uneven: the
Dolnoslaskie voivodeship contains 43.1% of resources,
the Podkarpackie voivodeship - 28.2%, the Podlaskie
voivodeship - 9.2%, the Warminsko-Mazurskie voivode-
ship - 5.1%, the Slaskie, Pomorskie, Swietokrzyskie and
Malopolskie voivodeships - from 2 to 3% each, and in
the remaining voivodeships - 6.2% in total. Except for
the already designated areas, there are also other possi-
bilities for the discovery of valuable clayey raw materials.

11.4. Calcite

D. Brzezinski

Veins of crystallized calcite, genetically originated from
ascending hydrothermal processes, occur within the De-
vonian limestones and dolomites in the area of the Holy
Cross Mts., and within the Carboniferous limestones in
the vicinity of Cracow. Calcite is used in the ceramic in-
dustry as an additive, however lately it has been replaced
by other high-calcium raw materials. In the past, it was
used by the glass industry, or as a decorative stone for
sacral buildings, as well as a compound in precious grits.
The anticipated economic resources of vein calcite im-
portant to the industry were estimated at 233 kt, as of

Table 11.4.1. Calcite resources [Mt]

the end of 2020 (Tab. 11.4.1), and have not changed since
2012, when the Korzecko deposit was removed from
“The balance...” In the Radomice I deposit calcite occurs
as the main raw material, in 2 other deposits — Polichno-
Skiby and Skrzelczyce - calcite is an accompanying raw
material within limestone purposed for the construction
and road infrastructure industries. For more than 30
years no calcite deposit in Poland has been exploited -
mainly due to economic and environmental protection

reasons.

Geological resources in place Economic
. ) resources in
Numbe‘r Anticipated economic Anticipated place ils.a part
of deposits sub-economic | °f a.nt1c1pafted
Total A+B+C, C,+D ECOLDIIIC
resources
TOTAL RESOURCES 3 0.23 0.23 - - -
Including resources of non-exploited deposits
Deposits covered by
. . 3 0.23 0.23 - - -
detailed exploration
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11.5. Ceramic clays

M. Tyminski

Ceramic clays are generally represented by sedimentary
clays of a marine or lacustrine origin and with kaolinite
and illite group minerals as major rock-forming compo-
nents. The clays, also known as kaolin rocks, are raw ma-
terials for production of whiteware ceramics. From
a processing standpoint, fired products may be assigned
to whiteware or stoneware. For porcelite and faiance
production, the used whiteware ceramic clays character-
ized by:
o 60% of whiteness when fired at a temperature of
1,200°C;
« ahigh bending (flexural) strength after drying -
minimum of 0.6 MPa.

In turn, stoneware ceramic clays are characterized by
a lesser degree of whiteness, but they possess high bend-
ing strength, large mechanical and chemical resistance,
and a low level of water absorption after firing — maxi-

mum of 5%.

Whiteware ceramic clay deposits occur only in the
Dolnoslaskie voivodeship (Plate 7). There are 2 types of
deposits. The first type is the Upper Cretaceous kaolinite
clays forming interlayers in sandstone, represented by
the Bolko II and Ocice deposits. The second type is the
poorly cemented sandstones with kaolinite binder, and is
represented by the Janina I, Janina-Zach6d and Nowe Ja-
roszowice deposits. The usable fraction is separated from
these rocks by water-washing and the obtained concen-
trate contains about 30% of kaolinite clay.

Stoneware ceramic clay deposits occur mainly in the
Lower Silesia region and central parts of the country
(Swietokrzyskie and Dolnoslaskie voivodeships). Couple
of deposits are located in the Mazowieckie voivodeship,
while single deposits exist in the Lédzkie and Slaskie
voivodeships (Plate 7).

In the latest edition of “The balance of prospective min-
eral resources of Poland”, the assessment of prospective
ceramic clay resources in Poland was updated (Galos,
2020b). Main criteria which were adopted for determin-
ing whiteware and stoneware ceramic clay deposits are:
deposit thickness (minimum of 2 m), and overburden to
a deposit thickness ratio (N/Z maximum of 2). In addi-
tion raw material qualitative parameters were adopted:
clayey mineral content (minimum of 40%), CaCO; con-

tent (maximum of 2%) and grain content >2 mm (maxi-
mum of 1%). Taking into account also such parameters
as whiteness after firing, bending (flexural) strength or
water absorption after firing, the prognostic resources of
whiteware and stoneware ceramic clays were assessed at
127.20 Mt (within 3 areas in the Dolnoslaskie voivode-
ship) and 230.41 Mt (within 9 areas: 2 in the Swieto-
krzyskie voivodeship and 7 in the Dolnoslaskie voivode-
ship), respectively.

As of end of 2020, anticipated economic resources of
whiteware ceramic clays amounted to 60.39 Mt
(Tab. 11.5.1) and decreased by 0.17 Mt (it means by
0.28%) in comparison to the previous year. The decrease
was a result of exploitation and losses. Similar to previ-
ous years, the Janina I deposit was the only whiteware
ceramic clays deposit exploited in Poland - output
amounted to 161.92 kt of sandstones cemented with kao-
linite binder, which is 40.77 kt less than in 2019 (de-
crease by 20.11%). Economic resources of the raw mate-
rial, as of end of 2020, were estimated at 0.73 Mt and
decreased by 0.17 Mt in comparison to the previous year
— due to exploitation and losses.

As of the end of 2020, anticipated economic resources of
stoneware ceramic clays amounted to 77.79 Mt and de-
creased in comparison to the previous year by 0.96 Mt
(1.22%). The decrease in resources resulted from:

« removing 2 deposits from “The balance...”: Borko-
wice II (-0.56 Mt) and Borkowice-Radestow 1
(-0.04 Mt);

o exploitation and losses.

The anticipated economic resources within exploited de-
posits amounted to 7.10 Mt, which accounted for 9.13%
of total anticipated economic resources. Almost all of
these resources were covered by detailed exploration
(A+B, C, categories). Only in the Baranéw deposit 3 kt
of resources explored in a C, category remained. Eco-
nomic resources decreased by 0.90 Mt (21.58%) as a re-
sult of removing the Borkowice II deposit from “The bal-
ance...” (-0.56 Mt), and exploitation and losses. The
economic resources amounted to 3.27 Mt and accounted
for 46.06% of the anticipated economic resources of the
exploited deposits (Tab. 11.5.2). In 2020, exploitation of
stoneware ceramic clays was carried out in 3 deposits.
Total output amounted to 229.24 kt and decreased by
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Table 11.5.1. Whiteware ceramic clays resources [Mt]

Geological resources in place

Economic
resources in

Numbe‘r Anticipated economic Anticipated place asa part
of deposits - of ant1c1pa§ted
Total A+B+C, C,+D ECOUUNIIE
resources
TOTAL RESOURCES 5 60.39 4.45 55.94 0.05 0.73
Including resources of exploited deposits
Deposits of operatin:
‘p P & 1 3.73 3.69 0.05 - 0.73
mines
Including resources of non-exploited deposits
TOTAL 3 56.25 0.36 55.89 - -
1. Deposits covered by
) } 1 0.36 0.36 - - -
detailed exploration
2. Deposits covered by
o i 2 55.89 0.00 55.89 - -
preliminary exploration
Including abandoned deposits
Abandoned deposits 1 0.40 0.40 - 0.05 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

Table 11.5.2. Stoneware ceramic clays resources [Mt]

Geological resources in place Economic
. ] resources in
Numbe.r Anticipated economic Anticipated place asa part
of deposits o A—— of ant1c1pa.ted
Total A+B+C, C,+D ECCUOMIC
resources
TOTAL RESOURCES 19 77.79 30.13 47.66 15.19 3.27
Including resources of exploited deposits
Deposits of operating
. 3 7.10 7.10 0.00 5.10 3.27
mines
Including resources of non-exploited deposits
TOTAL 10 57.52 11.79 45.73 8.40 -
1. Deposits covered by
6 15.03 11.79 3.25 2.30 -
detailed exploration
2. Deposits covered by
o ] 4 42.48 0.00 42.48 6.11 -
preliminary exploration
Including abandoned deposits
Abandoned deposits 6 13.17 11.24 1.93 1.69 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 11.5.1. Whiteware ceramic clays anticipated economic resources and output in 1989-2020

Varied data accuracy results from source data. According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in
Polish; Przeniosto, ed., 1990-2005; Przeniosto, Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al.,
eds., 2011), “The balance of mineral resources deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

11.22% (28.96 kt) in comparison to 2019. A significant
output increase was recorded in the Zebrzydowa Zachod
deposit (by 13.80 kt, that is by 7.42%), whereas there
a slight growth was noted in the Baranéw deposit
(by 0.04 kt, that is 0.30%). The rate of exploitation in the
Rozwady 1 deposit decreased by 4.80 kt (23.08%), and
amounted to 16 kt. The negative balance of output was
also caused by removing the Borkowice-Radestow 1
deposit from “The balance...” - the output from this de-
posit was estimated at 38 kt in 2019.

Anticipated economic resources of whiteware ceramic
clays remained, in the period presented in Figure 11.5.1,
in the range between 65.42 and 56.66 Mt. Taking the
1989-2015 period into consideration, the most signifi-
cant resources decrease was recorded in 1992 as the re-
sult of removing the Turéw deposit from “The bal-
ance..” (-6.70 Mt). On the other hand, the visible
increases of resources took place in 1997 (by 1.81 Mt —
due to the reclassification of resources in the Anna-
Wiodzice Male, Ocice and Ocice II deposits), and in
2007 (by 1.37 Mt - as a result of additional resources be-
ing documented in the Janina I deposit). Other years
were characterized by the stability of resources, with
slight changes resulting from the exploitation and better
exploration of deposits. In 2015, the Janina deposit was
removed from “The balance...”. Between 2016-2020, re-
sources remained at 57.98-60.56 Mt. Between 2016-
2018 and in 2020, slight decreases in whiteware ceramic
clay resources were caused by the exploitation and better
exploration of the Janina I deposit, whereas a growth in
2019 was the result of new documentation, with recal-

culated resources, elaborated for the Janina I deposit
(+2.78 Mt) and the Janina-Zachdd deposit (-0.20 Mt).

Output of the given raw material was changing signifi-
cantly over the presented period. Generally, the clays
were not a subject of intensive exploitation until 2004 —
as they were only obtained as an accompanying raw ma-
terial in the course of brown coal production. An excep-
tion occurred in 1991, when there were 135 kt of raw
material exploited. Increases in output started to be re-
corded as early as in 2005, when exploitation of the Jani-
na I deposit began. Until 2010 output increased to 160 kt
and fluctuated significantly in the following 5 year. The
output of whiteware ceramic clays (from the only ex-
ploited deposit - Janina I) significantly increased from
2016-2017 to 214 kt (the highest amount in the whole
presented period) and then decreased to 162 kt in 2020.

Figure 11.5.2 presents changes in anticipated economic
resources and output of stoneware ceramic clays from
1989 to 2020. Variations in production were much more
significant than in the case of whiteware ceramic clays.
The resources varied between 76.29 Mt (in 2016) and
105.32 Mt (in 1996). The biggest resources increases
were recorded in 1991 (by 20.32 Mt - due to the docu-
mentation of a new deposit - Chelsty), in 1996 (by
8.46 Mt — due to the documentation of a new deposit -
Wierzbka) and in 2005 (by 4.83 Mt — due to the docu-
mentation of a new deposit — Zebrzydowa Zachdd). The
most significant decrease in resources took place in 1997
(by 23.72 Mt - as the result of new documentation with
recalculated resources approved for the Chelsty deposit).

115



116

11. Rock raw materials

resources output
110. ................................................................................................................................................................................. - 400
100. ............................................................................................................................................................................. L 360
90. ............................................................................................................................................... L 320
g‘ 8O- L 280
» 3
g 701 r 240 =
o 5
5 601 r200 o
[*] >
2 501 r 160 ©
I
40 r 120
301 < © o N © =180
CONSIN o) K &Y
lo 9 0 @ w © o & A N ® O NN OO W N W WLNSNIW O JdF D 0 0 L
20§ § @ 9 8 d bbb o N © d8 ® 8 ¥ 0 F ©® N © o480 6 m» s ¥ © 1 Qr4o
N N 4 N 4 N o 4 4 N o4 &N «d «+d o4 &N +H +d 4 &N +d o &N +4 &N &N N N N &N N «
o O - N ™M < v O N 00 O O 4 N MO < 10O O N~ 00 OO O 4 N M < n O ~ o o O
O O O O O O ©O O O © «H « — = — = — S N
2333333333333 33cc0 o 00090900 9 o
- - L B | - - - o "4 =4 N N N N N N N N N N N N N N N N N N N N
year

Figure 11.5.2. Stoneware ceramic clays anticipated economic resources and output in 1989-2020

Varied data accuracy results from source data. According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in
Polish; Przeniosto, ed., 1990-2005; Przeniosto, Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al.,
eds., 2011), “The balance of mineral resources deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

Decreases in 1992, 2006 and 2010 were recorded due to:
better exploration and reassessment of the Majkéw de-
posit; reclassification of raw material in the Gozdnica
deposit, and removal of the Kalawsk-Poludnie deposit
from “The balance..”, respectively. Other resource
changes were mainly the result of exploitation, losses
and deposit exploration. Only in 2015 the resources de-
creased (by 0.34 Mt) as the result of removing 5 deposits
from “The balance...” (Barbara Sadlno, Gierattow, Klesz-
czowa, Nowogrodziec II and Zebrzydowa). Considering
the last 5 years, the anticipated economic resources have
not changed significantly and amounting to between
76.29 and 79.23 Mt. The resources increased once again
in 2017, due to new documentation being elaborated,
which contained recalculated resources for the Zebrzy-
dowa Zachéd deposit (+2.95 Mt). In the remaining
years, the resources decreased due to exploitation and
losses. Nevertheless, it should be noted that there were
2 new raw material deposits documented over said
period: the Rozwady 1 deposit in 2016 (+0.13 Mt), and
the Borkowice-Radestow 1 deposit in 2018 (+0.08 Mt).
In 2020, 2 deposits were removed from “The balance...” -

Borkowice II (-0.56 Mt) and Borkowice-Radestéw 1
(=0.04 Mt).

Output of the given raw material varied over the whole
presented period between 104 and 269 kt. A decreasing
trend was observed up to 1997, while in the next 15 years
output displayed some fluctuations. The biggest exploita-
tion increases were recorded in 1998 and 2004 - by
118.84 kt (more than twofold) and 115 kt, respectively.
In 1998, there was more intensive exploitation taking
place in the Kraniec and Gozdnica II deposits, whereas
in 2004 a significant increase in output was recorded in
the Zebrzydowa deposit, together with increases from
other exploited deposits. Regarding the 2016-2020
period, output was systematically increasing in 2016-
2018 - to 269 kt, and then decreased in the following
two years to 229 kt. The Zebrzydowa Zachdd deposit re-
mains as being the most important deposit in Poland,
due to its raw material output — in 2020, its contribution
represented 87.14% of total output. The Rozwady 1 and
Barandw deposits were of minor importance.

11.6. Chalk
W. Szczygielski

Chalk is a calcareous, soft and porous sedimentary rock
characterized by a high calcium carbonate (CaCOj;) con-
tent and a very fine-grained structure. It is used mainly in:
« rubber, paper, chemical, pharmaceutical, cosmetic,

ceramic and cement industries;

« for production of paints and lacquers, plastic, build-
ing materials;

« in agriculture as fertilizer chalk for soil liming and as
fodder chalk for the animals breeding.



11.6. Chalk

This natural raw material is being increasingly replaced
by lime meals doping from the processing of limestones
and marbles, and by a raw material gained from the pro-
cess of solutions precipitation.

In Poland, chalk is a name traditionally given to 2 differ-
ent mineral raw materials: proper chalk rock (still often
referred to as “writing chalk” in Polish literature) and
lacustrine chalk (calcareous tufa). The raw materials dif-

fer in origin, chemical composition and use.

The proper chalk is an organogenic marine sediment of
a white or creamy color composed mainly of planktonic
organism remains: coccoliths and foraminifera crusts. In
Poland, chalk occurs in the Cretaceous sediments in the
Lublin area and in the area of north-eastern Poland,
where the Cretaceous deposits occur in the form of ice
floats within the Quaternary sediments (Plate 6). In the
vicinity of Kornica and Mielnik, on the Bug river border
of the Mazowieckie and Podlaskie voivodeships, there
have been 22 deposits of “writing chalk” documented,
and 1 deposit in the Pomorskie voivodeship. In the Lub-
lin area, in the vicinity of Chelm “writing chalk” is ex-
ploited for cement production. The deposits occurring in
this region are presented in the Chapter 11.18.

The lacustrine chalk usually has a white, white-yellow
or grey color and is a very damp, clammy mass. It origi-
nates from biochemical precipitation and accumulation
of carbonate sediment on lake bottoms. Plants play a sig-
nificant role in this process by absorbing dissolved calci-
um dioxide (CO,) from water. This results in changes in
solution saturation, causing calcite crystallization. With
the exception of carbonates, lacustrine sediments con-
tain organic matter and terrigenous material. Lacustrine
chalk usually contains a minimum calcium carbonate
(CaCO;) of 80%, whereas the sediments with a calcium
carbonate content between 50 and 80% is called calcare-
ous gyttja. Very often the lacustrine chalk and gyttja
beds occur below peat beds, which is the result of shal-
lowing and encroachment of a sedimentary reservoir
(lake). Considering the above, the two are documented
collectively. The lacustrine chalk deposits in Poland are
usually Quaternary in age, and occur mainly in northern
and north-western Poland. The Neogene chalk accumu-
lations are known to be located in the vicinity of
Belchatéw in central Poland, where they occur within
the overburden of exploited brown coal beds.

According to the “Regulation by the Minister of the En-
vironment on a geological documentation of a raw ma-

terial deposit excluding hydrocarbons” (dated the 1st of

July, 2015 - Journal of Laws of 2015, Item 987) the pa-

rameter limits that define a deposit and its boundaries

(Appendix 8) are:

« lacustrine chalk and calcareous gyttja (table 38)
are documented with minimum deposit thickness of
1 m, maximum ratio of overburden to deposit thick-
ness of 0.3, and minimum alkalinity expressed per
unit of CaO in dry mass of 40% (that means 71.2%
of CaCOs);

<.

o proper “writing” chalk (table 39) is being document-
ed to a maximum depth of 70 m, with a maximum
overburden of 15 m, a maximum ratio of overburden
to deposit thickness of 0.2 and a minimum weighted
average of CaCOj; content in a deposit profile of 80%

(that means 44.8% of CaCO;).

In 2020, total anticipated economic resources of chalk and
calcareous gyttja amounted to 206.617 Mt (Tab. 11.6.1),
including 36.010 Mt (17.4% of the total resources) of
proper (“writing”) chalk and 170.607 Mt (82.6%) of
lacustrine chalk and calcareous gyttja.

In the 2016-2020 period, the number of deposits in-
creased by 9, including: 2 deposits of proper chalk and
7 deposits of lacustrine chalk or calcareous gyttja. The
increase in anticipated economic resources was estimat-
ed at about 5,379 kt, including: 1,476 kt of proper chalk,
and 3,903 kt of lacustrine chalk and calcareous gyttja.
The balance of resources resulting from deposit bounda-
ry changes, resource corrections, and exploitation losses
was estimated at 2,476 kt.

During the aforementioned period, average annual output
amounted to 242 kt of chalk (varying between 175 and
310 kt), including: 216 kt (163-270 kt) of proper chalk -
89.3%, and 26 kt (12-40 kt) of lacustrine chalk — 10.7%.
There were between 11 and 13 chalk deposits being ex-
ploited, of which 8-10 proper chalk deposits (9 located in
the Mazowieckie voivodeship and 1 located in the Pod-
laskie voivodeship) and 2-4 lacustrine chalk deposits (1
located in the Pomorskie voivodeship and 3 located in the
Zachodniopomorskie voivodeship). The annual output
has increased significantly. The volume of output in-
creased from just a couple percent in 2016 to 46% in 2018.
Only in 2020 a decrease in exploitation was recorded - by
23.1%, as a result of the COVID-19 pandemic. The in-
crease in output applied to both, proper chalk and
lacustrine chalk. Over the last 5 years increased exploita-
tion from 20 kt/yr to more than 30 kt/yr, mainly due to the

new Lubiatowo IV mine coming into operation.
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Table 11.6.1. Chalk resources [Mt]

Geological resources in place Economic
. . resources in
Numbe.r Anticipated economic Anticipated place asa part
of deposits o A—— of a.ntlcnpa}ted
Total A+B+C, C,+D CCONOINIC
resources
TOTAL RESOURCES 199 206.62 109.69 96.93 15.47 12.92
Including resources of exploited deposits
TOTAL 14 15.88 15.42 0.46 - 12.68
1. Deposits of operating
X 12 15.59 15.13 0.46 - 12.64
mines
2. Deposits exploited
. 2 0.29 0.29 - - 0.04
temporarily
Including resources of non-exploited deposits
TOTAL 93 134.46 58.43 76.03 3.24 -
1. Deposits covered by
. . 59 73.49 58.43 15.06 0.55 -
detailed exploration
2. Deposits covered
by preliminary 34 60.97 0.00 60.97 2.69 -
exploration
Including abandoned deposits
Abandoned deposits 92 56.28 35.84 20.44 12.23 0.23

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 11.6.1. Chalk anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

Lacustrine chalk can also be temporarily recovered from  the Befchatéw-pole Szczercéw deposit. This amount was
the overburden of brown coal beds in the vicinity of  not included in the provided volume of output (and in
Belchatow. In the 2016-2020 period, there were 138 kt  the graph - Fig. 11.6.1) due to formal reasons.

(11-50 kt per year) of lacustrine chalk exploited from



11.7. Clay raw materials for cement production

Most of the chalk and calcareous gyttja deposits are located
within the lakeland areas of the Wielkopolska region, the
Lubusz Land, and the Pomerania, Masuria, Warmia and

the Suwalszczyzna regions. These are also the prospective
areas for raw material occurrences (Jurys, 2020).

11.7. Clay raw materials for cement production

W. Szczygielski

In the cement industry clay raw materials are used for
clinker cement firing and to obtain additives for cement
(and concrete). In clinker production natural clayey raw
materials (loam, clay, clayey schist, loess and others) are
used as a compound amending or complementing basic
raw material - that is carbonate rock, limestone and
marl. A mixture prepared for firing should be character-
ized by appropriate proportions of the main compounds
such as CaO, SiO,, Al,O, and Fe,0; and low contents of
damaging compounds. Optimum CaCOj; content in the
raw material purposed for clinker baking is 75-80%
(42-45% of CaO). When composition of a basic raw ma-
terial is too high, various mineral additions are used e.g.
clayey raw materials providing SiO,, Al,O; and Fe,Os.
Proportions of main compounds in the raw material are
characterized by:

o hydraulic modulus MH = CaO/(5i0,+Al,0;+Fe,0;),
o silica modulus MK = SiO,/(AL,O5+Fe,0;),

o aluminous modulus MG = Al,O,/Fe,0;.

In the case of Portland clinker production these values
should be within the following ranges: MH 1.9-2.9; MK
2.1-3.5; MG 1.0-2.8.

For cement production (from clinker) there can be
clayey raw materials after thermal treatment used, which
after grinding show pozzolana properties and can be
used as a substitute for cement clinker. Materials of this
type are e.g. fired coal schist or heated kaolin loam (me-
takaolinite). Pozzolana additives lowers costs of cement
production (mainly energy consumption) and have
a positive impact on cement and concrete properties.
Their acceptable content in cement is 55%.

The GML does not specify the parameter limits that de-
fine a deposit of this raw material - it is not listed in the
“Regulation by the Minister of the Environment on a ge-
ological documentation of a raw material deposit ex-
cluding hydrocarbons” (dated the 1¢t of July, 2015 - Jour-
nal of Laws of 2015, Item 987). Decisive are the needs
and requirements of the recipient of the raw material,

which are adjusted within the range of its type and com-
position. In cement, the contents of MgO, P,0; and
Mn,0;, and the high content of SO; and NaO and K,O
alkalies are undesirable, therefore their raw material
content should be as small as possible. Other important
factors include a small distance from a deposit to a pro-
cessing plant, and favorable exploitation conditions.

Clayey rocks, potentially usable, occur within significant
areas in Poland and are easily accessible. Documented
deposits and identified prognostic and prospective areas
contain lithologically varied geological formations -
from the Quaternary up to the Cambrian.

In Poland, there are 13 cement plants operating at the
moment, of which 2 concentrate on clinker grinding (in
2019 production in the “Rejowiec” cement plant was
stopped). Production of cement clinker in 2016-2020
amounted to 13,566 kt annually (12,075-14,361 kt), ce-
ment production amounted to 19,788 kt on average
(15,782-19,049 kt), including Portland cement produc-
ing on average 15,747 kt (13,835-16,675 kt).

Anticipated economic resources of deposits amount to
279.52 Mt (Tab. 11.7.1). There was an increase in re-
sources recorded, by about 3.7 Mt (1.3%), as the result of
geological-documentation work and the reclassification
of resources in the Lubelskie voivodeship.

Exploitation was carried out from 3 deposits of loam and
silt in the Lubelskie voivodeship, for purposes of the
“Chelm” cement plant. In the 2016-2020 period, the ex-
ploitation amounted to 97 kt on average (57-165 kt).

Raw materials are also obtained from other sources:
sand and clayey raw materials obtained from deposits
classified for cement production (partial data), but
mainly waste raw materials were used i.a.: metallurgical
slags, secondary products of coal combustion, coal schist
and others (Tab. 11.7.2).
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Table 11.7.1. Resources of clay raw materials for cement production [Mt]

Geological resources in place Economic
. ] resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits - —— of a.ntlcnpe}ted
Total A+B+C, C,+D ECOUUNTIE
resources
TOTAL RESOURCES 26 279.52 169.69 109.82 45.63 2.48
Including resources of exploited deposits
Deposits of operatin;
. P P 8 2 3.31 3.31 - - 2.07
mines
Including resources of non-exploited deposits
TOTAL 17 201.68 92.02 109.65 2.25 -
1. Deposits covered by
15 95.40 92.02 3.37 2.25 -
detailed exploration
2. Deposits covered
by preliminary 2 106.28 0.00 106.28 - -
exploration
Including abandoned deposits
Abandoned deposits 7 74.53 74.36 0.17 43.39 0.41

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

120 Table 11.7.2. Supplementary and corrective raw materials used for cement production [kt]
Raw material origin 2016 2017 2018 2019 2020 Average
Primary raw materials
IC 6 0 114 165 92 75.4
PC 50 69 143 0 65 65.4
1B 52 57 - - - 54.0
Others lack lack lack lack lack lack
of data of data of data of data of data of data
TOTAL 108 126 258 165 157 163.0
Secondary raw materials

Mining and industrial wastes
(excluding alternative fuels) about 4,500 kt per year

IC - deposits of clay raw materials for cement production, PC - deposits of quartz sand for production of silicate brick and cellular concrete,
IB - deposits of building ceramics raw materials

Prognostic and prospective areas of deposit occurrence: - 68 ha, 7 areas in the Swietokrzyskie voivodeship —
« prognostic resources (D, category) in 1 area located 2,349 ha) (Szczygielski, Walentek, 2020).

in the Swietokrzyskie voivodeship (2 ha), with re-

sources amounting to 77 kt; Clay raw materials for cement production anticipated econom-
« 10 prospective areas (D, category) with their total ic resources and output in 1989-2020 is presented in Figure

size of 2,466 ha (2 areas in the Pomorskie voivode- 11.7.1.

ship — 49 ha, 1 area in the Podkarpackie voivodeship



11.8. Clay raw materials for lightweight aggregate production
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Figure 11.7.1. Clay raw materials for cement production anticipated economic resources and output in 1989-2020

Varied data accuracy results from source data. According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in
Polish; Przeniosto, ed., 1990-2005; Przeniosto, Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wotkowicz et al., eds., 2009-2010; Szuflicki et al.,
eds., 2011), “The balance of mineral resources deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

11.8. Clay raw materials for lightweight aggregate production

W. Szczygielski

In Poland, the occurrence of clay raw materials for the
production of lightweight aggregates may be assigned to
2 major types in relation to their utility: raw materials
suitable for the production of ceramsite (in Poland
referred to as “gliniec”), and raw materials suitable for
the production of agloporite (in Poland referred to as
“glinoporyt”). Ceramsite and agloporite are artificial
lightweight aggregates obtained as the result of thermal
treatment (firing) of clay raw materials.

The raw materials used in the ceramsite production
are characterized by an expansion during their thermal
treatment. The coefficient (the quotient of clay volume in
a swollen state and clay volume after production) char-
acterizing that property, that is the swelling coefficient,
should be equal at least 2.5 and preferably 5.0 and more.
To increase the swelling of raw material there are techno-
logical additives used, such as: brown coal, diesel oil, al-
kalis. The process of ceramsite production involves
roasting of an appropriately prepared and granulated
clay raw material in temperatures between 1,050 and
1,300°C. In the course of roasting, granules increase
their volume due to the gases emanating in the soft pyro-
clastic mass and their external layer begins to melt form-
ing a parched shard. The obtained porous, light-weight
ceramic aggregate is characterized by low soakability,
high thermo-insulating properties and a high resistance

to several chemical agents. Usually, the raw material for
the production of ceramsite can also be used in the pro-
duction of building ceramic wares: bricks, ceramic con-
cretes, etc. In this case, the roasting process is being car-
ried out in lower temperatures, than during the
production of ceramsite, meaning below the swelling

coeficient for particular raw materials.

The ceramsite is used mainly in the building industry for
the production of concrete, construction elements, and
as an insulating and drainage material. It is also used in
road construction, horticulture, and agriculture.

The raw materials used for agloporite production do
not expand in the course of the thermal treatment, as
their swelling coefficient does not exceed 1.0. The pro-
cess of agloporite production involves the roasting of
a granulated mixture of clayey raw material and easily
combustible particles. As a result of roasting, the com-
bustible particles make the end-product material highly
porous. The obtained sintered granules are subsequently
crushed, which makes it possible to obtain aggregates
characterized by high open porosity and a relatively low
density. In Poland, agloporite was produced in the 1970s
in 6 plants, from alluvial, glacial loams and the Pliocene
clays. Such aggregates were mainly used by building in-
dustry for the production of light concretes, concrete
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blocks, and hollow bricks. This production was aban-
doned due to high energy consumption and a low quali-
ty of the obtained end-product material.

The so-called “fired shales” represent a material close to
agloporite. It is also being called “shale-porite”. This raw
material occurs as the result of spontaneous fires of coal-
waste stockpiles produced from hard coal mining opera-
tions. The fires turn clay-shales, which form a large part
of the coal waste stockpiles, into a strong ceramic mate-
rial. “Fired shales” are available on the Polish market as
aggregates, utilized for building and road construction.
They are treated as a reusable product made from waste
material and thus data on their resources and supplies
are omitted in “The balance...”

In Poland, deposits of raw materials useful for ceramsite
production are limited in number, as only a few varieties
of clay are characterized by a sufficient ability to swell
during thermal treatment. There have been 8 deposits
documented so far, which represent various geological
formations: the Quarternary ice-dammed clays
(Gniew II, Nawra), lacustrine Pliocene clays (Budy
Mszczonowskie, Uniejow, Wierzchocin), referred to as
“ily poznanskie” in Polish, marine Miocene clays (Ruda),
Oligocene septarian clays (Bukowo - Szczecin-Plonia),
and marine Dogger clays (Gotaszyn). Their average
swelling coefficients are within a range of 2.5-5.5, with

4.2 being the average.

Clay raw materials (rocks), potentially useful in the pro-
duction of agloporite, are fairly common throughout the
entire country. Documented deposits of agloporite raw
materials are represented by the Quaternary glacial
loams and loesses (loess loams) and last, the Quaternary
stagnant lake clays and the Neogene clays.

The GML does not define the parameter limits that de-
fine a raw material deposit - it is not listed in the “Regu-
lation by the Minister of the Environment on a geologi-
cal documentation of a raw material deposit excluding
hydrocarbons” (dated the 1st of July, 2015 - Journal of
Laws of 2015, Item 987).

The majority of geological documentation comes from

the 1960-1980 period. Since 1970 the following balanc-

ing criteria came into force (only basic parameters):

o raw material for ceramsite production: minimum
swelling coefficient in laboratory of 2.5 in natural
state or after enrichment; minimum deposit thick-

ness (Z) of 3.0 m; minimum overburden thickness
(N) up to 6.0 m or more when swelling coefficient
exceeds 5.5, overburden thickness to deposit thick-
ness N/Z depending on swelling coefficient from 1.0
to 3.5 or more when swelling coeflicient exceeds 5.5,
maximum exploration depth to about 30 m;

« raw material for agloporite production: minimum
fraction >2 mm content up to 3%, maximum marl
grain content @ >1 mm up to 1.0%, maximum total
sulfur content per SO; up to 3.0%; geological-mining
parameters: minimum deposit thickness of 3.0 m,
maximum overburden thickness of 6.0 m, overbur-
den thickness to deposit thickness N/Z ratio from
0.1 to 0.75 depending on the arbitrary bulk density
of agloporite obtained in laboratory, maximum ex-
ploration depth up to about 30 m.

Anticipated economic resources as of the end of 2020,
amounted to 167.856 Mm?3 (about 335.712 Mt) (Tab.
11.8.1) from which the resources for ceramsite produc-
tion within 8 deposits amounted to 39.749 Mm? (about
79.498 Mt) — 23.7% of the total resources. Anticipated
economic resources for agloporite production amounted
to 128.107 Mm?3 (about 256.214 Mt) — 76.3% of the total

resources.

There is only 1 deposit for ceramsite production being
exploited — the Quaternary ice-dammed clays of the
Gniew II deposit, located in the Pomorskie voivodeship.
Exploitation and production is carried out by the Leca
Polska Ltd. Company. In the 2016-2020 period, the out-
put volume amounted to 0.104 Mm? on average (0.097-
0.110 Mm?3). Earlier, there were also 2 ceramsite factories
operating: until 1995 ceramsite was produced in the city
of Szczecin (Zachodniopomorskie voivodeship) from
the Oligocene septarian clays exploited from the Bu-
kowo deposit (Szczecin-Plonia), and until 2015 in the
town of Budy Mszczonowskie (Mazowieckie voivode-
ship) from Pliocene clays.

Changes in resources which have been recorded in
recent years, were of minor importance and resulted
from the Gniew II deposit exploitation and updating of
resources within the abandoned Budy Mszczonowskie
deposit.

Prognostic and prospective areas of deposit occurrences

(Szczygielski, Walentek, 2020):

« raw material for ceramsite production: 5 prognostic
areas (category D,) with the total area size of 388 ha,



11.9. Dimension and crushed stone

Table 11.8.1. Resources of clay raw materials for lightweight aggregate production [Mm?]

Geological resources in place Economic
. ) resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits - of antlapefted
Total A+B+C, C,+D ECOUUITIC
resources
TOTAL RESOURCES 41 167.86 40.17 127.69 4.40 2.17
Including resources of exploited deposits
Deposits of operatin;
.P P 8 1 7.88 7.88 - - 0.89
mines
Including resources of non-exploited deposits
TOTAL 37 149.55 21.86 127.69 3.32 -
1. Deposits covered by
9 26.89 21.86 5.02 0.06 -
detailed exploration
2. Deposits covered
by preliminary 28 122.66 0.00 122.66 3.26 -
exploration
Including abandoned deposits
Abandoned deposits 3 10.43 10.43 - 1.08 1.29

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

and resources amounted to 38.081 Mm?, and 7 pro-
spective areas (category D,) with the total area size of
1,112 ha;

« raw material for agloporite production: 4 prognostic
areas (category D,) with the total area size of 235 ha
and resources amounting to 12.138 Mm?, and
11 prospective areas (category D,) with the total area
size of 964 ha.

Competitive to ceramsite and agloporite are perlito-
porite and vermiculitoporite obtained from natural im-
ported raw materials. Other materials are produced from
waste raw materials or obtained as a by-product of: ash
pore (e.g. Certyd), Gransil, Isopor, granulated slags, met-
allurgical pumice, products of coal combustion. Ceram-
site is also being imported.

11.9. Dimension and crushed stone

D. Brzezinski, W. Miskiewicz

A group of mineral raw minerals presented in “The bal-
ance..” as dimension and crushed stone (also referred to
as road and building stones) comprises 33 lithological
varieties of igneous, sedimentary and metamorphic
rocks displaying specific properties which make them
useful in the domestic market. Stones that meet relevant
requirements are used to produce crushed aggregate —
a high-grade raw material for building, road and railway
construction and stone elements for road construction
(stone for paving roads, stone and stone slabs for side-
walks, stone street curbing and curb ramps) and for

building construction (stone blocks, decorative slabs for
facade, floor slabs).

Igneous and metamorphic rocks exploited for dimen-
sion and crushed stone, mainly occur in southern Po-
land, within the areas of the voivodeships: Dolnoélgskie
(basalt, granite, granodiorite, syenite, diabase, gabbro,
melaphyre, porphyry, porphyric tuff, amphibolite, ser-
pentinite, greenstone, gneiss, migmatite, crystalline
schist, marble), Opolskie (basalt, granite, gneiss and
marble), and Malopolskie (diabase, melaphyre, porphyry
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Figure 11.9.1. Distribution of resources and principal lithological types of dimension and crushed stone in Poland in 2020

and porphyric tuffs). Sedimentary rocks matching ex-
ploitation requirements are much more common. Lime-
stone and dolomite form numerous deposits in the
Lodzkie, Malopolskie, Slgskie and
Swietokrzyskie voivodeships; sandstone forms in the

Dolnoslgskie,

Dolnoslagskie, Lodzkie, Malopolskie, Podkarpackie,
Slaskie and Swietokrzyskie voivodeships, whereas lime-
stone, opokas and marble in south-eastern Poland
(Lubelskie and Podkarpackie voivodeships) (Fig. 11.9.1,
Plate 6).

According to parameter limits that define a deposit and
its boundaries, dimension and crushed stone are docu-
mented down to a depth where both, equipment and
method, meet their detection limits for an opencast ex-
ploitation system. Additional requirements for dimen-
sion stone are:

o minimum overburden to deposit thickness ratio of

1.0;

« minimum divisibility for particular lithological
types:

— 5% for marbles and serpentinites;

— 10% for syenites, gabbros, granodiorites and lime-
stones, and limestone and dolomite prone to
high-quality polishing;

— 20% for granite, tuff, sandstone and limestone,
and dolomite prone to high-quality polishing; in

the case of non-block forming stone for building
and road construction overburden may reach
15 m in thickness, with a maximum overburden
to deposit thickness ratio of 0.3, a maximum con-
tribution of rocks that do not meet the quality re-
quirements in a given vertical section of a deposit
of 20%, and a maximum CaCOj; content in lime-
stones of 90%.

Prospective resources of dimension and crushed stone
were assessed at about 36,921 Mt, whereas the biggest re-
sources are located in the area of the Malopolskie
voivodeship (53.4% of total resources), the Swieto-
krzyskie voivodeship (16.4%), the Slaskie voivodeship
(13.0%) and the Dolnoslaskie voivodeship (10.7%)
(Brzezinski, Miskiewicz, 2020). Assessed prognostic re-
sources of dimension and crushed stone amount to
about 33,208 Mt, with their occurrence being concen-
trated in the Dolnoslaskie voivodeship (82.3% of total
resources) and the Slaskie voivodeship (13.4%). The pro-
spective and prognostic resources are concentrated
mainly within the area of 4 voivodeships: the
Dolnoélaskie, Matopolskie, Slaskie and Swietokrzyskie,
which are the current mining centers of these raw mate-
rials from documented deposits. Considering the litho-
logy, the largest resources are formed by sedimentary
rocks (32,867 Mt of prospective resources and 5,845 Mt



11.9. Dimension and crushed stone

Table 11.9.1. Dimension and crushed stone resources [Mt]

Geological resources in place Economic
. ) resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits - of antlapefted
Total A+B+C, C,+D CCONOINIC
resources
TOTAL RESOURCES 741 11,521.44 8,276.09 3,245.35 528.03 3,679.11
Including resources of exploited deposits
TOTAL 316 6,213.74 5,181.14 1,032.60 96.98 3,549.45
1. Deposits of operating
. 229 5,534.80 4,594.55 940.25 94.31 3,181.84
mines
2. Deposits exploited
. 87 678.94 586.59 92.35 2.67 367.62
temporarily
Including resources of non-exploited deposits
TOTAL 247 4,372.82 2,312.14 2,060.68 387.33 129.66
1. Deposits covered by
200 2,594.09 2,312.14 281.95 130.18 129.66
detailed exploration
2. Deposits covered by
o i 47 1,778.73 0.00 1,778.73 257.15 -
preliminary exploration
Including abandoned deposits
Abandoned deposits 178 934.87 782.80 152.07 43.72 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

of prognostic resources — these are mainly sandstone,
limestone and dolomite), followed by metamorphic
rocks (765 Mt of prospective resources and 23,905 Mt of
prognostic resources — mainly gneiss), and then - igne-
ous rocks (3,289 Mt of prospective resources and 3,458
Mt of prognostic resources — mainly granodiorite and
granite).

As of the end of 2020, anticipated economic resources of
dimension and crushed stone amounted to 11,521.44 Mt
(Tab. 11.9.1). They decreased by 21.81 Mt, that is by
0.19% in comparison to the previous year. The number
of deposits fell from 742 to 741 - 5 new deposits were
documented, 3 deposits were removed from “The bal-
ance...” in 2019, and 3 deposits were reassigned as raw
materials for the cement and lime industries. Sedimen-
tary rock deposits are the most numerous, represented
by 542 deposits, accounting for 69.7% of total deposits.
There are 174 documented igneous rock deposits (ac-
counting for 22.3% of total deposits), whereas the meta-
morphic rock deposits amount to 62 (8.0%). Sedimenta-
ry rock anticipated economic resources represent 47.8%
of total resources (5,510.41 Mt), while igneous rocks rep-
resent 39.6% (4,564.10 Mt) and metamorphic rocks rep-

resent 12.6% (1,446.93 Mt). In comparison with the pre-
vious year, the most significant growth in resources was
recorded for igneous rocks, by 77.50 Mt (or by 1.73%) -
mainly due to increases in granite and porphyry resourc-
es. The resources of sedimentary and metamorphic rocks
decreased by 92.04 Mt (1.64%) and by 7.27 Mt (0.50%),
respectively. About 53.9% of the anticipated economic
resources of the discussed group of raw materials, i.e.
6,213.74 Mt, include 316 deposits, which were exploited
continuously or temporarily). Within the group of non-
exploited deposits there are 200 deposits covered by de-
tailed exploration, with the resources estimated at
2,594.09 Mt (accounting for 22.5% of total resources)
and 47 deposits covered by preliminary exploration with
the resources estimated at 1,778.73 Mt (15.5%). Resourc-
es of the 178 deposits, in which exploitation was aban-
doned, amount to 934.87 Mt and account for 8.1% of to-
tal geological resources of the dimension and crushed
stone. The economic resources amounted to 3,679.11 Mt,
in 2020 increasing by 105.84 Mt (3.0%) in comparison
with 2019.

In 2020, according to the data provided by concession
holders of the currently exploited deposits, output of
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dimension and crushed stone amounted to 76.56 Mt and
decreased in comparison with 2019 by 2.15 Mt (2.73%).
In terms of the output volume, sedimentary rocks are
most important: limestone and dolomite — account for
44.48% of total domestic output, and sandstone - ac-
counts for 11.17% of total output. Among the igneous
rocks, granite, basalt and melaphyre are being exploited
in the greatest amounts - accounting for 13.50, 8.84 and
5.53% of total output, respectively. Metamorphic rocks
are of minor importance when considering the output of
solid rocks (total share of the domestic output of 9.16%).
In comparison with 2019, output of sedimentary rocks
decreased by 0.85% (0.37 Mt), whereas that of metamor-
phic rocks decreased by 7.09% (0.53 Mt). The output
volume of igneous rocks decreased by 4.50% (1.24 Mt)
and the drop pertained to almost all lithological types of
these rocks (melaphyre, gabbro, basalt, porphyry and

diabase). The rock mining is concentrated within the
area of 2 voivodeships: Dolno$lgskie, which accounts for
40.8% of domestic output of dimension and crushed
stone (260 deposits and 51.8% of the domestic resourc-
es), and Swietokrzyskie with a total share of output of
34.5% (142 deposits and 21.7% of the domestic resourc-
es). Following them are: the Malopolskie voivodeship
accounts for 12.0% of total output (103 deposits and
11.2% of the domestic resources), Slaskie (5.0% of do-
mestic output), Opolskie (4.2%), Podkarpackie (2.8%)
and Lodzkie (0.6%). The shares of the remaining
voivodeships do not exceed 0.1%. Dimension and
crushed stone can also be obtained during brown coal
exploitation. In 2020, there were 1.99 kt of erratic boul-
ders, 3.43 kt of quartzite and 769.19 kt of limestone ex-
ploited in the KWB Belchatéw SA mine (the Szczercéow
field).

Table 11.9.2. Resources and output of lithological types of rocks used as road and building stones [kt]

Litho;(f)f(i)cca;(lstypes Resources Output dtla\::)‘s)ifts
TOTAL RESOURCES 11,521,437 76,564 7410
IGNEOUS ROCKS 4,564,096 26,391 174

Basalt 556,542 6,772 41

Diabase 20,760 107 2

Gabbro 557,353 2,128 6

Erratic boulders 1,065 - 5

Granite 1,879,131 10,337 77

Granodiorite 149,615 381 9

Melaphyre 504,230 4,236 15

Porphyry 788,222 1,508 11

Syenite 77,252 922 6

Porphyric tuff 29,925 - 2
METAMORPHIC
ROCKS 1,446,927 7,010 62

Amphibolite 173,380 2,118 11

Gneiss 484,967 1,205 16

Hornfels 2,922 - 2

Cristalline schist 1,807 - 2

Marble 247,975 24 16

Dolomitic marble 214,220 635 7

Litho;(f)ii)c;(lstypes Resources Output deNpoo(s)ifts
Migmatite 201,398 2,451 2
Serpentinite 82,443 577 4
Greenstone 37,815 - 2

SEDIMENTARY

ROCKS 5,510,414 43,162 542
Chalcedonite 37,445 50 3
Dolomite 1,254,423 15,507 53
Schist 2,014 - 1
Menillite schist 590 - 1
Marl 1,534 24 6
Opoka 1,877 - 2
Sandstone 20,785 4 11
Quartzitic sandstone 1,704,506 6,573 300
Graywacke 226,542 1,978 7
Travertine 83,666 455 5
Limestone 1,784 21 1
Dolomitic limestone 1,908,433 12,548 142
Limestone and
dolomite 244,718 6,003 8
Conglomerate 22,099 - 2

! More than one lithological type of raw material occur in over a dozen deposits.
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Figure 11.9.2. Dimension and crushed stone anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

Table 11.9.2 shows the current state of documented re-
sources and output volumes of individual lithological
types of rocks used in road and building construction.

For the last 30 years, the resource base of dimension and
crushed stone has been generally increasing despite
intensive exploitation (Fig. 11.9.2). In the 1990s, re-
sources were increasing at an average annual rate of
0.3%. The next decade brought more intensive resource
growth to 2% annually, whereas the 2010-2019 period
was characterized by significant fluctuations in resource
volumes with an annual increase of 1.7%. In 2018, the
largest amount of resources in history was recorded -

amounting to 81.25 bnt.

Until 2006, the structure of available resources was quite
stable: igneous rock resources were increasing by 0.4%
annually on average, metamorphic rock resources, after
a 16% decrease in 1995, remained steady during the fol-
lowing years, whereas the resources of sedimentary
rocks - after significant decreases in the first half of
1990s — were increasing steadily (by about 1% annually
on average). Moreover, the sedimentary rocks resources
drop resulted in their total magnitude in 1995-1997 al-
most equal with the resources of igneous rocks. In the
following years, the advantage of sedimentary rock re-
sources over igneous rock resources began to increase.
Since 2016, most significant changes have been recorded
in metamorphic rock resources - after several years of
stagnation, their resource volume increased by 5.5% an-
nually - to its largest recorded amount of 5.6 bnt in 2019.
A similar tendency, but less dynamic, was recorded for
sedimentary rocks — their resources were increasing by

an average of 2.4% annually. Regarding igneous rocks,
their resources in the 2016-2020 period have been in-
creasing by an average of 1.5% annually.

Dimension and crushed stone output was dynamically
increasing from 1993 to 2011 - in 2011 when 84.58 Mt
was obtained regarding the last 20-year period. The in-
tensive supply of dimension and crushed stone, as well as
of crushed aggregates, was a result of growing demand in
a building sector, after the financial means of the Instru-
ment for Structural Policies for Pre-Accesion (ISPA)
tools and pre-accession European Union programs (aim-
ing to transport infrastructure development) became
available. Poland’s accession to the EU in 2004 and the
implementation of large financial means for sectoral
programs resulted in increasing demand for crushed ag-
gregates and building stone. In particular, the public
road and railway sectors demanded adequate supply of
aggregate and other stone material. An additional factor
increasing the demand for stone materials was the infra-
structural investments connected to the organization of
the 2012 UEFA European Championship by Poland and
Ukraine. Output increases were also caused by proprie-
tary changes in a mining sector, the application of mod-
ern extractive technologies and devices, and the mod-
ernization of processing plants. Decorative qualities of
stones were also a minor deciding factor on more inten-
sive stone element usage. Output fell significantly in
2012 - by 20.6 Mt (that is by 24%) in comparison with
2011. In the 2013-2016 period, the exploitation re-
mained between 58.36-64.18 Mt. This was accredited to
lower demand from the road building and general build-
ing sectors. The next 4 years (2017-2020), brought a sharp
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increase in output to 70.79-81.25 Mt, followed by a de-
clining output in the last 2 years.

An analysis of the number of deposits, resources and
output shows that deposits with resources exceeding
50 Mt account for about 8% of the total number of de-
posits contain about 52% of total resources and account
for about 53% of total domestic raw material output. Re-
garding quantity, in 2020, deposits with resources below
1 Mt were most common. They account for about 35% of
the total number of deposits, whereas their aggregated
resources and output account for less than 1% of each.
Deposits with resources in the range of 1-5 Mt comprise
22% of the total number of deposits, nearly 4% of total
resources and slightly above 3% of total output. A pat-
tern can be noticed, that with increasing deposits re-
sources, the number of deposits decreases, whereas their
share in total raw material resources increases. Deposits
with resources above 100 Mt account for slightly over

2% of total number of deposits, whereas their resources
account for 26% of total resources and generate more
than 22% of total output. Small range operations (less
than 500,000 t per year) dominate the structure of min-
ing volumes from dimension and crushed stone depos-
its. Large mining operations occur relatively rarely. This
structure changed in subsequent years — the frequency
of large-scale mining gradually increases - mining plants
with an output of 1 Mt and more begin to play an impor-
tant role. In terms of volume, operations of less than 10
kt annually prevail (this occurs in approximately 27% of
deposits, with total extraction accounting for approxi-
mately 0.2% of global output). As the production volume
increases, the number of deposits belonging to this range
decreases, whereas their share in the global output in-
creases. Deposits in the output range exceeding 1 Mt
(approximately 9% of the total number of deposits ex-
ploited) account for nearly 44% of global output of di-
mension and crushed stone.

11.10. Dolomite
M. Tyminski

Dolomite in Poland is generally divided into 2 groups:
industrial dolomite and dolomite for crushed stone pro-
duction. Industrial dolomite is widely used for smelting
iron and steel (as a flux), in a glass industry (so-called
dolomite flours), ceramic industry, refractory industry
(roast dolomite) and in the agriculture sector. The dolo-
mite deposits which are used in a construction industry
and in road construction (as building and crushed
stones) are discussed separately in the Chapter 11.9.

The industrial dolomite deposits occur in southern Po-
land, mainly in the Slaskie voivodeship, and only 1 de-
posit documented in the Dolnoslaskie voivodeship
(Plate 6). Deposits of the best quality, matching limit cri-
teria for smelters, occur in the Silesian-Cracow region.
The deposits are of a stratified type, Devonian and Trias-
sic in age. The second type of dolomite deposit forms
lenses within metamorphic schists in the Sudety Mts.
Such dolomites are used in the ceramic industry,
the construction industry, and in road constructions.
The best known of them is the Redziny deposit. However,
the biggest deposit of this type (Ofdrzychowice-
Romanowo), located in an area of the Klodzko Basin,
is placed in the Chapter 11.9 as the raw material from
the deposit is a basic component for the production of
building grits.

In the latest edition of “The balance of prospective min-
eral resources of Poland”, an assessment of prospective
dolomite resources in Poland was updated (Galos, Sma-
kowski, 2020). The main criteria adopted for establishing
industrial dolomite deposits were: overburden thickness
(maximum of 15 m), overburden thickness to deposit
thickness ratio (maximum 0.3) and MgO content (mini-
mum of 16%). Moreover, quality requirements for the
raw material were taken into account in terms of Fe,O;,
Al O;, CaO and SiO, contents - it defines raw material
suitability for a particular industrial application. As a re-
sult of said action, prognostic dolomite resources of were
assessed to amount to 504.20 Mt, and could be found
within 12 areas — 8 of them in the Dolnoélaskie voivode-
ship, 3 in the Slaskie voivodeship and 1 in the
Swietokrzyskie voivodeship.

In 2020, anticipated economic resources of dolomite
amounted to 496.15 Mt, whereas anticipated economic
resources of exploited deposits amounted to 202.05 Mt
and accounted for 40.72% of total anticipated economic
resources (Tab. 11.10.1). The resources covered by de-
tailed exploration (categories A+B, C,) amounted to
338.13 Mt (68.15% of total anticipated economic re-
sources). Such explored resources within deposits being
exploited accounted for 98.12% of the anticipated eco-
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Table 11.10.1. Dolomite resources [Mt]

Geological resources in place Economic
. ] resources in
Number Anticipated economic Anticipated place as a part
of deposits o A—— of anticipated
Total A+B+C, C,+D economic
resources
TOTAL RESOURCES 11 496.15 338.13 158.01 7.08 125.47
Including resources of exploited deposits
Deposits of operating
. 4 202.05 198.26 3.79 6.53 125.47
mines
Including resources of non-exploited deposits
TOTAL 5 260.21 105.99 154.23 0.55 -
1. Deposits covered by
3 209.74 105.99 103.76 0.55 -
detailed exploration
2. Deposits covered by
- ] 2 50.47 0.00 50.47 - -
preliminary exploration
Including abandoned deposits
Abandoned deposits 2 33.89 33.89 - - -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 11.10.1. Dolomite anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Woltkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

nomic resources (198.26 Mt). Economic resources of do-
lomite decreased due to exploitation and losses by
2.79 Mt (2.18%) and amounted to 125.47 Mt. These re-
sources accounted only for 25.29% of total anticipated
economic resources. The output of dolomites amounted
t0 2,696.93 kt in 2020 (Fig. 11.10.1).

The graph presents magnitudes of dolomite resources
and output in the 1989-2020 period (Fig. 11.10.1). The
resources decreased significantly in 1991 due to a new
documentation approved for the Chruszczobrod deposit
(with smaller recalculated resources), and in 1997 due to
an end of exploitation of the Bobrowniki-Blachéwka and
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Grodek deposits. Output fell in 1991, and after a long pe-
riod of stabilization, increased in the 2004-2007 and
2010-2011 periods. The next 4 years were characterized
by varying output and increasing resources. The resourc-
es growth in 2014-2015 (by 197 Mt) was due to new cal-
culations elaborated for the Brudzowice (52.61 Mt),
Redziny (18.11 Mt), Chruszczobréd (126.77 Mt) and
Zabkowice Bedzinskie I (3.23 Mt) deposits. In 2014,
a significant growth in exploitation was caused by the
Brudzowice (by 301.8 kt) and Redziny (38.8 kt) deposits,
whereas output fell in 2015, due to the Zelatowa
(93.27 kt) and Brudzowice (264.20 kt) deposits. In the

2016-2020 period, the anticipated economic resources
have been systematically decreasing due to exploitation
and losses and total decrease amounted to 33 Mt (6.25%).
The output grew by 409 kt during 2017-2018 (from
2,738 to 3,147 kt), whereas in the last 2 years it fell by
450 kt - to 2,697 kt. The main reason was decreasing
output from the Zabkowidze Bedzinskie I deposit by
595.26 kt in 2019 and by 277.45 kt in 2020. These drops
were slightly compensated by an exploitation growth
from the Chruszczobréd 2 deposit — by 316.92 kt and
105.17 kt, respectively.

11.11. Feldspar raw materials

A. Malon

Deposits of feldspar raw materials represent natural ac-
cumulations of various kinds of feldspar and feldspar-
quartzitic rocks rich in Na,O and K,O (concentrations
of at least 6.5%) and Al,O; (minimum concentration of
12%) and also with a low content of Fe,O; and TiO,
(maximum 1.5%). They are documented mainly in Low-
er Silesia (in the Sudety Mts. and the Fore-Sudetic re-
gion) whereas one of them is located near Cracow
(Plate 6). The rocks include leucogranite occurring in the
vicinities of Strzebléw (the Pagdérki Wschodnie deposit)
and Izery Mts. (the Kopaniec deposit), and other parts of
the Lower Silesia region. Other feldspar raw materials
are represented by the porphyry variety of feldspars of
the Karkonosze granites from the areas of Karpniki, Ma-
ciejowa and Goéra Soénia in the Jelenia Géra Basin (Su-
dety Mits.), potassium trachyte from Siedlec, and
Kwaczata arcose from Wygielzowa in the Silesia-Cracow
region. Prognostic resources of the feldspar raw materi-
als are currently being assessed at 61.35 Mt, whereas pro-
spective resources at 37.27 Mt (Sroga, Lewicka, 2020).

Feldspar is one of the major raw materials used in the
ceramic industry. It is used in the form of various pow-
ders and feldspar-quartz aggregates in the manufacture
of high-class porcelain and bone china, ceramic tiles,
sanitary ceramics and enamel materials, and in the glass
industry. Feldspars are also recovered as by-products in
quarrying granite rich in potassium feldspar. In 2016,
anticipated economic resources increased by 2 Mt, due
to the documentation of new resources in the Stary Lom
deposit, and amounted to 139.30 Mt (Fig. 11.11.1). Then,
in the 2017-2020 period, the resources were systemati-

cally decreasing (by 0.22 Mt in total) due to output and
losses. The Stary Lom deposit was the only deposit ex-
ploited in 2020, whereas the output of the second ex-
ploited deposit Pagérki Wschodnie was suspended. Re-
sources of these 2 deposits represent 4% of total feldspar
anticipated economic resources documented in Poland.
The substantial increase of the anticipated economic re-
sources of feldspar in the long 1989-2020 period took
place in the years 2005-2008 — with the resources in-
creasing by 50%. The 4 new deposits were recognized in
this period. The economic resources of developed depos-
its were estimated in 2020 at 5.19 Mt (Tab. 11.11.1).

In 2020, production of feldspar raw materials amounted
to 29.44 kt (only from the Stary Lom deposit). There
were 2 deposits (Stary Lom and Pagoérki Wschodnie) ex-
ploited in the 2016-2020 period, with the majority of the
output coming from the Stary Lom deposit. This deposit
has been exploited since 2011, with output amounting to
1.44 kt in 2011, then (in 2012-2017 period) the exploita-
tion was increasing to a maximum of 89.7 kt in 2017,
and then decreased to 29.44 kt in 2020. The exploitation
of the Pagérki Wschodnie was stopped in 2020. Taking
into account the longer period, the highest output of
feldspar was recorded in the years 2003-2008. The
growth of resources and high production was related to
the demand from the ceramic and glass industries.

The demand for feldspar raw materials remains high in
Poland. The domestic production of feldspar is used
mainly for the manufacture of ceramic tiles.
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Table 11.11.1. Feldspar raw materials resources [Mt]

Geological resources in place Economic
. B resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits - A—— of a.ntlcnpa}ted
Total A+B+C, C,+D ECOUUNTIE
resources
TOTAL RESOURCES 11 139.08 66.81 72.27 13.18 5.19
Including resources of exploited deposits
TOTAL 2 5.82 5.82 - - 2.60
1. Deposits of operatin
. P P & 1 5.24 524 - - 2.03
mines
2. Deposits exploited
i 1 0.58 0.58 - - 0.58
temporarily
Including resources of non-exploited deposits
TOTAL 8 122.88 53.38 69.50 13.18 -
1. Deposits covered
5 61.50 53.38 8.12 - -
by detailed exploration
2. Deposits covered
by preliminary 3 61.38 0.00 61.38 13.18 -
exploration
Including abandoned deposits
Abandoned deposits 1 10.38 7.61 2.77 - 2.59
The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40 131
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Figure 11.11.1. Feldspar anticipated economic resources and output in 1989-2020

Varied data accuracy results from source data. According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in
Polish; Przeniosto, ed., 1990-2005; Przeniosto, Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al.,
eds., 2011), “The balance of mineral resources deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)
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11.12. Filling sand
A. Malon

Filling sand is used in making hydraulically placed fill -
a mixture of sand and water to fill voids created by un-
derground mining. Deposits of the sand should be docu-
mented within the area located less than 50 km from the
place where the raw material is to be used, because of the
high transportation costs and the low unit price. In Po-
land, the filling sand deposits are situated mainly in the
areas of intensive underground mining, especially those
of hard coal in the USCB, copper mining in the Legnica-
Glogéw Copper District, and zinc and lead mining near
Olkusz (Plate 8). The majority of filling sand deposits are
situated around the USCB. Almost 80% of the anticipat-
ed economic resources were approved in this region.

Anticipated economic resources are relatively large tak-
ing into account decreasing demand from the coal-min-

Table 11.12.1. Filling sand resources [Mm?3]

ing industry and totaled 2,505.88 Mm? (or about
4,260 Mt - as recalculated using weight-to-volume ratio
1.7 t/m3) in 2020 (Tab. 11.12.1). The anticipated eco-
nomic resources were generally decreasing in the 1989-
2020 period, due to exploitation and also as a result of
removing some deposits from the “The balance...”, and
due to the reassessment of documentation of the other
deposits (Fig. 11.12.1). The resources of exploited depos-
its amounted to about 17% of the total anticipated eco-
nomic resources. There are 4 exploited deposits and
1 temporarily exploited deposit in the USCB. The cur-
rently exploited filling sand deposits with the largest re-
sources are: Pustynia Bltedowska — blok IV (265.78 Mm?)
and Kotlarnia pole poéinocne (77.63 Mm?). Economic
resources of the raw material amounted to 48.27 Mm? in
2020.

Geological resources in place Economic
. N B resources in
Numbe.r Anticipated economic Anticipated place asa part
of deposits sub-economic | °f ant1c1pe}ted
Total A+B+C, C,+D CCOPOMIC
resources
TOTAL RESOURCES 31 2,505.88 1,975.05 530.83 399.55 48.27
Including resources of exploited deposits
TOTAL 6 424.02 367.02 57.00 39.42 36.74
1. Deposits of operating
. 5 360.71 303.72 57.00 - 33.92
mines
2. Deposits exploited
. 1 63.30 63.30 - 39.42 2.82
temporarily
Including resources of non-exploited deposits
TOTAL 16 1,763.18 1,299.52 463.65 187.91 B
1. Deposits covered
i . 12 1,348.72 1,296.71 52.02 111.73 -
by detailed exploration
2. Deposits covered
by preliminary 4 414.45 2.82 411.64 76.18 -
exploration
Including abandoned deposits
Abandoned deposits 9 318.69 308.51 10.18 172.22 11.53

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 11.12.1. Filling sand anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

In the years 1989-2020 the output of filling sand have
been generally decreasing due to the hard coal produc-
tion decrease during this period and the fact that substi-
tutes of ash from power plants have been mainly used in
larger scale. In 2020, production of filling sand totaled

2.79 Mm? (4.74 Mt). About 60% of output was recorded
from 4 deposits in the USCB, however the deposit with
the largest annual rate of exploitation (1.08 Mm?) was
the Obora deposit near Lubin, in south-western Poland.

11.13. Flint

D. Brzezinski

Flint usually occurs as silica concretion of a spherical or
irregular shape, clearly manifested from the ambient
rocks. It occurs mostly as so-called flint banks and bars,
mainly among Jurassic and Cretaceous carbonate rocks.
The main component of flint concretions is chalcedony.
In view of its weathering resilience, flint often occurs in

Table 11.13.1. Flint resources [Mt]

secondary accumulations, as a component of loose clas-
tic sediments. Ground flint is used in the glass and ce-
ramic industries. It is also used in the abrasive materials
industry, for the production of loose abrasives and abra-
sive papers. Other uses include the production of fac-
ings, millstones for rolling mills, and flint abrasives.

Geological resources in place Economic
o . resources in
Numbe‘r Anticipated economic Anticipated place 2‘15‘8 part
of deposits T —— of antlcnpa}ted
Total A+B+C, C,+D economic
resources
TOTAL RESOURCES 2 0.03 0.03 - - -
Including resources of non-exploited deposits
Deposits covered by
) ] 2 0.03 03 - - -
detailed exploration
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Striped flint is used as decorative stone to make some
jewelry and stone decorations. The most famous accu-
mulation of flint is the Krzemionki Opatowskie deposit,
located near Ostrowiec Swietokrzyski, where flint has
been intensively extracted as early as the Neolithic peri-
od (3,500-1,600 BC), from Upper Oxfordian limestone.

There are 2 documented deposits of flint in the Holy
Cross Mts., near Kielce (the Swietokrzyskie voivodeship)

- Bocheniec and Tokarnia. In Tokarnia striped flint oc-
curs. Due to the building of the S7 expressway junction
“Tokarnia’, on the section between Checiny and
Jedrzejow, a possibility of exploitation of the south-east-
ern part of the deposit was significantly limited. For the
last 25 years flint deposits have not been exploited, and
their geological resources have not changed, amounting
to 27.70 kt (Tab. 11.13.1).

11.14. Foundry sand
A. Malon

Foundry sand (SiO, content >96%) with a low content of
alkali pollutants, which is characterized by a high sinter-
ing temperature, is the basic raw material for preparing
molds and core sand mass (constituting up to 90% of
such a mold mass) used in metal casting. There are
2 types of foundry sand differentiated on a basis of ce-

Table 11.14.1. Foundry sand resources [Mt]

ment and carbonate content: pure quartz sand and natu-
ral binder foundry sand. The raw material exploited
from some of foundry sand deposits can also be used for
other applications. Pure quartz sand is used as glass sand
or sometimes as sand for the building construction and
road construction industries.

Geological resources in place Economic
. B ) resources in
Numbe}- Anticipated economic Anticipated place z‘as‘a part
of deposits sub-economic | °f antlcnpefted
Total A+B+C, C,+D ECODOINIC
resources
TOTAL RESOURCES 72 299.63 148.38 151.25 5.99 20.26
Including resources of exploited deposits
TOTAL 5 47.39 47.39 - 0.39 16.56
1. Deposits of operating
. 4 46.81 46.81 - 0.25 16.17
mines
2. Deposits exploited
. 1 0.58 0.58 - 0.14 0.39
temporarily
Including resources of non-exploited deposits
TOTAL 37 192.64 45.17 147.47 2.79 -
1. Deposits covered
, _ 17 52.67 45.17 7.50 2.65 -
by detailed exploration
2. Deposits covered
by preliminary 20 139.98 0.00 139.98 0.13 -
exploration
Including abandoned deposits
Abandoned deposits 30 59.60 55.82 3.77 2.82 3.70

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 11.14.1. Foundry sand anticipated economic resources and output in 1989-2020

Varied data accuracy results from source data. According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in
Polish; Przeniosto, ed., 1990-2005; Przeniosto, Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al.,
eds., 2011), “The balance of mineral resources deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

Deposits of foundry sand are situated mainly in the cen-
tral and southern parts of Poland and usually have the
form of sand sheet deposits (Plate 7). The sand deposits
are Quaternary, Miocene, Cretaceous, Jurassic and Trias-
sic in age. Considering the abundance of resources, 2 ar-
eas are most significant: the first, near Piotrkéw Trybu-
nalski (Lodzkie voivodeship), and second, between
Czestochowa and Zawiercie (Slaskie voivodeship). In the
vicinity of Czestochowa, natural binder foundry sand
occurs in infills of the karst forms that developed in the
Upper Jurassic limestone, forming small natural sand
deposits of variable thickness. Cretaceous foundry sand
occurs mainly in the Tomaszéw Basin (in the vicinity of
Piotrkéw Trybunalski), where they are mixed with glass
sand. As of end of 2018, the prognostic resources of
foundry sand are assessed at 289.56 Mt, including
37.44 Mt within the Opolskie voivodeship and 252.12 Mt
within the Slaskie voivodeship.

Anticipated economic resources have been decreasing
over the last few years, mainly because of exploitation,
and amounted to 299.63 Mt in 2020 (Tab. 11.14.1). A de-
creasing tendency can also be seen over a longer period
(1989-2020), however resources fell only by 11% during
it. Significant decreases in anticipated economic resourc-

es were recorded in 2012 and in 2013 (Fig. 11.14.1).
There were 3 deposits in the Lodzkie voivodeship that
were removed from “The balance...” in 2012. These de-
posits were re-classified as glass and foundry sand and
are presented in Chapter 11.15. Also, 2 deposits
(Dolnoslaskie and Zachodniopomorskie voivodeships)
were removed from “The balance...” in 2013, with one of
them being re-classified as sand and presented in Chap-
ter 11.26. Increases in resources were observed in: 1990,
1992, 1993 and 2016, due to approved documentation of
new and existing deposits.

The anticipated economic resources of developed depos-
its have been decreasing in the last 4 years and amounted
to 47.39 Mt in 2020.

In the 1989-2020 period, annual output of foundry sand
was fluctuating near 1 Mt. In 2020 output amounted to
975 kt (Fig. 11.14.1). Almost 60% of the raw material was
exploited from the Grudzen-Las deposit near Piotrkow
Trybunalski, and 36% from the Szczakowa deposit, near
Olkusz. Both deposits have been exploited continuously
over the years: the Grudzen-Las has been in operation
since 1962, and the Szczakowa since 1973.
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11.15. Glass sand and glass sandstone

A. Malon

Glass sand is a main raw material in commercial glass
production. Glass sand pass through preparation and
mixing in a batch, and is later transferred to a furnace for
melting, to become glass. Glass sand comes from deposits
of quartz sand and weakly cemented quartz sandstones
rich in silica (SiO,), and is characterized by a uniform and
fine grain size, and a negligible content of coloring oxides.

In Poland, deposits of glass sand and glass sandstone
occur in 10 voivodeships, with the most important de-
posits being: the Cretaceous sand and sandstone in the
Loédzkie voivodeship - in the central Poland (east of
Piotrkéw Trybunalski - in the Biala Géra and Unewel
within the and the
Dolnoslaskie voivodeship - in south-western Poland

deposits, Tomaszéw Basin)
(west of Lubin - in the vicinity of Bolestawiec) (Plate 8).
Resources in the Lodzkie voivodeship contain the largest
share of domestic resources (80%). In turn, the sand
from the vicinity of Boleslawiec best matches raw mate-
rial quality requirements for glass production. One
should also note the unique white color of said sand. The
Miocene and Quaternary glass sand deposits from the

Table 11.15.1. Glass sand and glass sandstone resources [Mt]

other voivodeships are less important in terms of their
resources. This sand is suitable for production of low-
quality glass only. The prognostic resources of the glass
sand and glass sandstone are assessed at 210.7 Mt -
within the Tomaszéw Basin (Galos, 2020a).

In 2020, anticipated economic resources amounted to
660.91 Mt (Tab. 11.15.1; Fig. 11.15.1). The amount of re-
sources has been fluctuating, but has not change signifi-
cantly over the last 30 years — decreasing only by about
34 Mt, mainly due to exploitation and the approved doc-
umentation of new deposits and the already document-
ed ones. Anticipated economic resources of currently
exploited deposits amount to 176.67 Mt, accounting for
27% of total anticipated economic resources.

The glass sand production has been increasing in the last
30 years. In 2020 it amounted to 2,956.13 kt — more than
three times the production achieved in 1990. Most of the
output (almost 70%) came from 5 deposits located in the
Lodzkie voivodeship, and about 30% came from the Osie-
cznica deposit located in the Dolno$laskie voivodeship.

Geological resources in place Economic
. ) resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits sub-economic | °f antlapafted
Total A+B+C, C,+D CCONOINIC
resources
TOTAL RESOURCES 38 660.91 415.24 245.67 129.26 87.28
Including resources of exploited deposits
Deposits of operating
X 7 176.67 174.12 2.55 28.65 61.13
mines
Including resources of non-exploited deposits
TOTAL 24 444.63 202.94 241.69 100.59 25.33
1. Deposits covered
. . 16 247.92 202.94 44.99 62.92 25.33
by detailed exploration
2. Deposits covered
by preliminary 8 196.70 0.00 196.70 37.67 -
exploration
Including abandoned deposits
Abandoned deposits 7 39.61 38.19 1.42 0.02 0.83

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 11.15.1. Glass sand and glass sandstone anticipated economic resources and output in 1989-2020

Varied data accuracy results from source data. According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in
Polish; Przeniosto, ed., 1990-2005; Przeniosto, Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al.,
eds., 2011), “The balance of mineral resources deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

11.16. Gypsum and anhydrite

G. Czapowski

Gypsum (CaSO,-2H:0) is a product of seawater evapo-
ration in a temperature lower than that necessary for
precipitation of anhydrite (CaSO,). Gypsum may also
originate from the hydration of anhydrite. The fine-
grained variety of gypsum is called alabaster. Finer varie-
ties of alabaster are mainly used as ornamental and dec-
orative stone, as well as being raw material for sculpting.

Calcined gypsum is one of the most common and an-
cient mortars used in building construction. At present
it is widely used in the production of various building
materials and prefabricates. It is also used in the produc-
tion of molds for the ceramic industry. It is also added to
Portland cement as a component preventing cement
from flash setting. Some amounts of gypsum are used in
the paint, lacquer and varnish industries, while its espe-
cially pure varieties — in surgery and dentistry. Clear
colorless gypsum crystals (selenite) were used to make
optical instruments. Meanwhile, anhydrite is being cur-
rently used as an additive to Portland cement, as well as
being used for the production of self-leveling floors.

In Poland, deposits of calcium sulfates (gypsum and an-
hydrite) are associated with Miocene and Zechstein sa-
line (halite and potassium-magnesium salts) series of
evaporitic formations. In 2020, their total anticipated
economic resources are located in 15 major deposits that
were estimated at 252.8 Mt (a decrease by 5.84 Mt since

2015), and in the resources of 4 deposits under exploita-
tion — at 80.9 Mt (a decrease by 45.94 Mt since 2015,
caused by the closing of the Lubichéw deposit; Tab.
11.16.1). The exploited deposits have the economic re-
sources in place estimated at 62.25 Mt (a 43.97 Mt drop
since 2015). Consequently the total anticipated econom-
ic resources of 4 abandoned deposits significantly in-
creased to 43.67 Mt (from 3.57 Mt in 2015).

In 2020, the production of sulfates from the 4 operating

mines amounted to over 1 Mt.

The Miocene gypsum deposits of economic importance
are situated mainly along the northern margin of the
Carpathian Foredeep, especially in the Nida Basin
(Plate 6). In these areas, gypsum forms a thick, extensive
bed, gently inclined and slightly tectonically disturbed.
The gypsum bed crops out at the surface or is covered
with a sedimentary blanket a few to over a dozen meters
thick. The deposit series is from 3 to 46 m thick, and is
characterized by a fair homogeneity of the mineral raw
material, and a content of SO4-2H=0 ranging from 85 to
95%. Deposits exploited in this region include Borkéw-

Chwalowice and Leszcze.

Demonstrated Zechstein sulfate deposits from the Lower
Silesia region (Plate 6) are characterized by significantly

more complex geological conditions (strong tectonic
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Table 11.16.1. Gypsum and anhydrite resources [Mt]

Geological resources in place Economic
. ] resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits sub-economic | °f antlclpafted
Total A+B (o} C, D economic
resources
TOTAL RESOURCES 15 252.80 37.37 148.43 66.99 - 20.00 65.25
Including resources of exploited deposits
Deposits of operating
. 4 80.90 5.07 56.52 19.30 - - 65.25
mines
Including resources of non-exploited deposits
TOTAL 7 128.23 19.72 67.98 40.52 - 19.13 -
1. Deposits covered by
5 94.97 19.72 67.98 7.26 - 17.90 -
detailed exploration
2. Deposits covered
by preliminary 2 33.26 - - 33.26 - 1.23 -
exploration
Including abandoned deposits
Abandoned deposits | 4 | 43.67 | 12.58 23.93 | 7.16 | - | 0.87 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

resources output
400. ................................................................................................................................................................................. .20
350. ................................................................................................................................................................................. .1.8
300. ...................................................................................................................................... .16
frany
S
= 25013 14 =
3 =3
2 200 12 8
3 o
? 5
@ 1501 1.0 3
o
100 1 0.8
501 © & W ® 1 & 0§ W1 T M MmN~ N~ O W S O o0 m®0 oo o NS A9~ ©F06
M 9 ©®®O O 6 0 o0 NNO o HN®MWBSTAN-EAdNOS S oo do oo™
- O O O © d 4 4 d d A4 94 d A4 A4 d d4 oA A4 d d A4 d d A A d d d A «d
0 —  — —— ———————— 0.4
[*2] o — N [s2] < Te) [{=} N~ [e0) [o2] o - N [s2) < wn [{e) N~ [e0) o O — N o < n o M~ [e0] (o] o
O O © O 0O 0 ©o 0 0 O d 4 d 4 94 o4 o4 o < <«
g g 8 g g % g 8 g g g O O O O O O O O O O O O O O O o o o o o o
— - - — - — — - — — — N N N N N N N N N N N N N N N N N N N N N
year

Figure 11.16.1. Gypsum and anhydrite anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

disturbances), and a variability in the quality of the min-
eral raw material. These are mainly deposits of anhy-
drites, with secondary gypsum formed as a result of
gypsification of the anhydrite in aggressive groundwater
infiltration zones. 2 deposits exist in that region: Nowy
Lad and Nowy Lad-Pole Radtéwka; an older deposit, Lu-
bichéw, was closed in 2015. The deposits occur at a depth
of 0-150 m, their thickness ranges from 6.0 to 34.0 m,

and CaSO, 2H,0 content ranges from 4.1% (in anhy-
drite) to 92.44% (in gypsum). Moreover, the resources of
shallow-seated parts of unexploited gypsum and anhy-
drite deposits, associated with copper ores of the Lubin-
Glogdéw Copper District and made accessible through the
mining complex of the copper mines, are estimated at
57 bnt.



11.17. Kaolin

In accordance with the “Regulation by the Minister of the
Environment on a geological documentation of a raw ma-
terial deposit excluding hydrocarbons” (dated the 1% of
July, 2015 - Journal of Laws of 2015, Item 987), gypsum
deposits are explored down to a depth of 50 m and those
of anhydrite — down to 400 m. Minimum thickness ac-
cepted for gypsum deposits is 2 m, while for anhydrite it
is 5 m. The accepted minimum content of usable compo-
nents equals 60% for anhydrite and 80% for gypsum, and
a maximum ratio of thickness of overburden to that of
a deposit is 0.5 in the case of gypsum.

In the 1989-1991 period, anticipated economic resources
of sulfates (gypsum and anhydrite) in 13 deposits have
decreased slowly from 302 to 300 Mt due to production.
This was followed by their rapid increase to almost 342
Mt in 1992, which was the result of reevaluating resourc-
es in the Lubichéw deposit and establishing new resourc-
es in the cap rock of the Wapno salt diapir (Fig. 11.16.1).
In 1993, a decrease to just over 328 Mt was mainly the ef-
fect of reevaluating the resources of 2 deposits (Winiary
and Borkéw Chwatowice). This amount remained con-
stant until 1997, when it decreased distinctly to just over
257 Mt, due to the depletion of resources of the now-
abandoned Dzierzystaw deposit. The next increase hap-
pened in 1998, to over 271 Mt, as theresult of reevaluat-
ing the resources of 3 deposits in the Fore-Sudetic area
(Nawojéow Slaski, Nowy Lad-Pole Radlowka and Lu-
bichéw). In the 1998-2003 period, the anticipated eco-
nomic resources decreased to over 262 Mt due to produc-
tion. Significant growth was recorded in the years
2005-2006 (to 268 Mt), thanks to new estimations of the
Leszcze and Nowy Lad deposit resources. From then un-
til 2015, total amount of anticipated economic resources
stabilized at around 260-262 Mt and then decreased to
the current amount of just over 258 Mt. All registered
losses resulted mainly from production and resource
reevaluation of active mines. In the last period (2016-
2020) total anticipated resources of sulfates decreased
from 257.53 to 252.80 Mt due to the closing of Lubichéw
deposit and production (Tab. 11.16.2).

Table 11.16.2. Sulfates (gypsum and anhydrite) anticipated
economic resources and output in 2016-2020

Years ecorﬁ)rrlrtlli?f:lst(e)ﬂrces 0[11‘\2:;1 t
[Mt]

2016 257.53 1.04

2017 256.32 1.11

2018 255.23 1.04

2019 253,89 1.06

2020 252.80 1.06
TOTAL OUTPUT (2016-2020) 5.31

In 2020, the predicted resources of sulfates (gypsum and
anhydrite) in Poland were estimated at about 575.7 bnt,
including the prognostic resources amounting to 483.98
bnt and prospective resources amounting to 91.74 bnt
(Sztromwasser et al., 2020).

In the years 1989-1991, there was a rapid decrease in
the production of sulfates, from 1.39 to 0.82 Mt
(Fig. 11.16.1), due to the economic transition taking
place in during said years. Later output fluctuations:
a slow increase to 1.23-1.24 Mt per year in the 1999-
2000 period, followed by a decrease to 1.03-1.07 Mt in
2001-2003, and next an increase to 1.48-1.54 Mt in
2007-2008, all reflected the changing demand for hous-
ing in the same years. An observed successive decrease
of annual production during the 2009-2015 period, to
a steady amount of over 1 Mt, was due to the response
for this continuous declining tendency in the national
economy. In the 2016-2020 period, the constant annual
output of active mines (1.04-1.11 Mt) was continued
and total production of sulfates amounted to 5.31 Mt
(Tab. 11.16.2).

In 2020, Poland exported over 199.4 kt of gypsum and
anhydrite, while importing about 17.31 kt.

11.17. Kaolin
A. Malon

Kaolin, also called china clay, refers to soft clay rock,
from white to yellowish in color, mainly built of kaolinite
group minerals. Kaolin is created as the result of weath-
ering or hydrothermal decomposition of igneous and
metamorphic rocks, rich in feldspar. From an origin

point of view, differentiation is made between residual
kaolin that is derived from in situ decomposition of par-
ent rocks, and sedimentary kaolin, formed as the result
of being washed out from weathered parent rock, and
being transported and deposited in another location.
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Table 11.17.1. Kaolin resources [Mt]
Geological resources in place Economic
. ) resources in
Numbe.r Anticipated economic Anticipated place asa part
of deposits - of antlapzfted
Total A+B+C, C,+D CCONOINIC
resources
TOTAL RESOURCES 16 226.43 126.78 99.65 46.05 45.37
Including resources of exploited deposits
Deposits of operating
X 2 53.41 27.31 26.10 - 45.37
mines
Including resources of non-exploited deposits
TOTAL 11 124.31 50.76 73.55 41.67 -
1. Deposits covered by
6 53.07 50.76 2.31 29.67 -
detailed exploration
2. Deposits covered
by preliminary 5 71.24 0.00 71.24 12.00 -
exploration
Including abandoned deposits
Abandoned deposits | 3 | 48.72 48.72 - 4.38 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

In Poland, kaolin also refers to the Upper Cretaceous
sandstone with kaolinite cement occurring in the North
Sudetic Depression.

Polish kaolin deposits formed as the result of regional
kaolinization which affected acidic igneous and meta-
morphic rocks throughout vast areas in the Foreland of
the Sudety Mts., especially the Strzegom-Sobdtka and
Strzelin granitoid massifs, as well as some parts of the
Sowie Mts. and Izery Mts. (Plate 7). In the Tertiary,
weathering processes gave rise to thick weathering cov-
ers, thereby forming kaolin deposits. There are 2 types of
kaolin deposits that have been identified: deposits com-
prising residual material and those sedimentary in na-
ture. In both cases the deposits appear spatially related
to their parent rock and confined to areas of the above
mentioned massifs of granites and metamorphic rock.
Prognostic resources of kaolin raw materials are assessed
at 38.44 Mt and prospective resources amount to
59.97 Mt (Lewicka, 2020).

In 2020, anticipated economic resources of kaolin in-
creased over the last 5 years (2016-2020), due to the
documentation of 2 new deposits (Dunino I and Maria
III-1), and amounted to 226.43 Mt (Tab. 11.17.1). The
Maria III-1 deposit was documented as a part of the Ma-
ria III deposit, where exploitation was taking place.

There were 2 deposits being exploited in 2020 (Dunino
and Maria III-1)
to 53.41 Mt (24% of anticipated economic resources). In

and their resources amounted

the 2016-2020 period, the output of kaolin raw materi-
als fluctuated around 300 kt: it increased to 300 kt
in 2016, and fell in 2017 to 285 ka, and increased again
in 2018-2019 to 311-317 kt, and amounted to 293 kt in
2020. In the long term (1989-2020) anticipated econom-
ic resources remained at about 200 Mt and the output
fluctuated from 215 to 351 kt (Fig. 11.17.1). Currently,
most of kaolin (99%) is extracted from the Maria III-1
deposit. In 2020, exploitation of this deposit gave 291 kt,
while the Dunino deposit produced only 1,940 t of raw
material. Kaolin is also being obtained as a by-product
in exploitation of glass sand and foundry sand.

High-quality kaolin materials, that are these represent-
ing a grain size fraction below 15 pm, are used in the
manufacturing of ceramics, rubber, polymers and fiber-
glass. In turn, coarser fractions find use in making re-
cently fashionable ceramic wall and floor tiles of the
“gres porcellanato” type, production of which requires
washed kaolin with a very low content of coloring oxides
such as TiO, and Fe,0;. Kaolin is also used as a raw ma-
terial for the manufacture of stoneware ceramics, white
cement and fireproof products.



11.18. Limestone and marl for the cement and lime industries
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Figure 11.17.1. Kaolin anticipated economic resources and output in 1989-2020

Varied data accuracy results from source data. According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in
Polish; Przeniosto, ed., 1990-2005; Przeniosto, Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al.,
eds., 2011), “The balance of mineral resources deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

11.18. Limestone and marl for the cement and lime industries

D. Brzezinski

This section deals with limestone and marl deposits ex-
ploited for use in the lime or cement industries. Com-
pact varieties of limestone used for dimension and
crushed stone, and lacustrine limestone (lacustrine
chalk) and proper (“writing”) chalk used in industries
other than cement and lime, are discussed in chapters
11.6 and 11.9. The limestone with a CaCO; content ex-
ceeding 90% is used as raw material in the lime industry.
The types of limestone meeting additional (mainly
chemical) criteria are used in the chemical industry, the
metallurgical industry (as metallurgical flux), the sugar
industry, and for production of lime powder, including
sorbents for flue gas desulfurization. When used as a so-
called “unfinished raw material” in a manufacture of a ce-
ment clinker, they should be supplemented with an addi-
tion of clay raw material. Some of the soft varieties of
limestone and waste coming from quarries are used in
agriculture for the production of powdered calcium car-
bonate purposed for the reduction of soil acidity. The
marly limestone and marl are only useful by the cement
industry. In this case, CaCOj; content can be much lower
(below 80%), however other chemical ingredient con-
tents and their percentage ratios are quite important.

The cement and lime raw materials occur quite common-
ly in various geological formations, mainly in southern
and central Poland. The majority of resources occur with-

in 4 regions: the Swietokrzyskie, Lubelskie and Opolskie
voivodeships, and the Krakéw-Czestochowa-Wielun Up-
land (Plate 6). Nearly 60% of documented resources are
Jurassic in age. The Devonian, Triassic and Cretaceous
limestones are also quite important, whereas the Precam-
brian, Cambrian, Carboniferous and Neogene limestones
are of minor importance. From a lithological point of
view, limestone and marl deposits dominate (about 41%
of documented resources), followed by limestone depos-
its (about 38% of documented resources), and marl and
chalk deposits (about 18% of documented resources).
Opoka deposits are subordinate. In some of the deposits
(Bratkowszczyzna, Bukowa, Gliniany-Stréza, Goérazdze,
Kodrab-Dmenin, Krasocin, Stobiec, Strzelce Opolskie I
and Tarnéw Opolski-Wschéd) both raw material types
occur, that is both limestone and marl for the cement in-
dustry, and lime for the lime industry. Limestone and
marl deposits are documented to a depth allowing eco-
nomic and technologically possible open-pit exploitation.
According to the economic criteria and parameter limits
that define a deposit and its boundaries, maximum over-
burden thickness cannot exceed 15 m and maximum
overburden thickness to deposit thickness ratio cannot
exceed 0.3. Additional requirement for marly limestone
and marl deposits are put forth by the lime industry is
a weighted minimum average of CaCOj; that should be
above 90% in the entire deposit profile.
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Table 11.18.1. Limestone and marl for the cement industry resources [Mt]

Geological resources in place Economic
o0 . resources in
Numbe‘r Anticipated economic Anticipated place a‘ls‘a part
of deposits et || ©F antlcnpa?ted
Total A+B+C, C,+D economic
resources
TOTAL RESOURCES 70 12,688.55 7,106.31 5,582.24 1,024.49 1,927.47
Including resources of exploited deposits
TOTAL 20 4,331.06 3,434.54 896.52 144.78 1,882.28
1. Deposits of operating
. 18 4,000.65 3,115.99 884.67 144.78 1,804.03
mines
2. Deposits exploited
. 2 330.41 318.55 11.86 - 78.26
temporarily
Including resources of non-exploited deposits
TOTAL 48 8,350.49 3,666.38 4,684.12 877.88 45.19
1. Deposits covered by
33 4,392.90 3,666.38 726.53 105.21 45.19
detailed exploration
2. Deposits covered
by preliminary 15 3,957.59 0.00 3,957.59 772.66 -
exploration
Including abandoned deposits
Abandoned deposits | 2 | 7.00 5.39 1.60 1.84 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

Prospective and prognostic resources of the raw materi-
als for cement and lime industries (limestone and marl)
concentrate mainly within 5 deposit regions: opolski,
$laski, krakowsko-czestochowski, tomaszowski and
$wietokrzyski - these regions fit in with current centers
of the cement and lime production and the production
of industry limy stone. The perspective resources of raw
materials for the cement and lime industries (limestones
and marls) amount to about 120,381.03 Mt, whereas the
majority of resources is located in the Opolskie voivode-
ship (about 49.8% of the resources - the Triassic and the
Cretaceous limestones and marls) and the Malopolskie
voivodeship (about 29.9% of the resources - the Triassic,
Jurassic and Cretaceous limestones and marls). Estimat-
ed prognostic resources of industry limestones and
marls amount to about 6,429.22 Mt and their distribu-
tion is concentrated in the Lubelskie voivodeship (about
68.3% of the resources — the Jurassic and the Cretaceous
opokas, limestones and marls) and the Opolskie
voivodeship (about 19.3% of the resources - the Jurassic
and the Cretaceous limestones and “writing” chalk)

(Brzezinski, 2020).

Documented anticipated economic resources of the dis-
cussed raw material group amounted as of the end of
2020 to 18,220.84 Mt including 12,688.55 Mt (69.6% of
total anticipated economic resources) within 70 deposits
documented for the cement industry and 5,532.29 Mt
(30.4% of resources) within 124 deposits for the lime in-
dustry (Table 11.18.1; 11.18.2). In comparison with
2019, in 2020 the anticipated economic resources of
limestone and marl documented for the cement industry
decreased by 6.23 Mt, whereas the resources of lime doc-
umented for the lime industry increased by 96.87 Mt.
Geological resources of exploited deposits (of operating
mines and those exploited temporarily) account for
34.1% of resources documented for the cement industry
and for 38.3% of resources documented for the lime in-
dustry. In 2020, economic resources of limestone and
marl for the cement industry dropped by 93.12 Mt
(4.6%) comparing with 2019 and amounted to 1,927.47
Mt. The same resources of limestone for the lime indus-
try decreased by 11.20 Mt (0.9%) in comparison with
2019 and were equal 1,188.69 Mt. Economic resources
established for exploited deposits of the raw material for



11.18. Limestone and marl for the cement and lime industries

Table 11.18.2. Limestone for the lime industry resources [Mt]

Geological resources in place Economic
. ] resources in
Numbe.r Anticipated economic Anticipated place asa part
of deposits O —— of ant1c1pa§ted
Total A+B+C, C,+D ECCUOMIC
resources
TOTAL RESOURCES 124 5,532.29 3,208.36 2,323.93 1,137.37 1,188.69
Including resources of exploited deposits
TOTAL 30 2,116.52 1,988.08 128.44 26.08 1,184.16
1. Deposits of operating
. 26 2,013.83 1,885.40 128.44 25.97 1,151.47
mines
2. Deposits exploited
X 4 102.68 102.68 - 0.11 32.70
temporarily
Including resources of non-exploited deposits
TOTAL 60 3,140.93 957.83 2,183.10 1,079.56 4.53
1. Deposits covered by
42 1,226.70 895.04 331.66 629.97 4.53
detailed exploration
2. Deposits covered
by preliminary 18 1,914.23 62.79 1,851.44 449.59 -
exploration
Including abandoned deposits
Abandoned deposits 34 274.85 262.45 12.39 31.73 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

the cement industry amount to 4,331.06 Mt and account
for 43.5% of their documented geological resources,
whereas for the raw material for the lime industry -
2,116.52 Mt and 55.9%, respectively.

In 2020, output of the raw material for the cement indus-
try amounted to 28.32 Mt and increased by 0.13 Mt
(0.5%) in comparison with the previous year. Output of
the raw material for the lime industry dropped by
0.10 Mt (0.5%) and amounted to 19.17 Mt. Rock mining
of discussed raw materials has been for years concentrat-
ed in the area of 3 voivodeships: Swietokrzyskie which
accounts for 46.6% (21.19 Mt) of domestic output of
limestones and marls for the cement and lime industries,
Opolskie with the share of 20.4% (9.70 Mt) and Kujaw-
sko-Pomorskie - 15.5% (7.34 Mt). The most significant
growth of mining activity was recorded in the area of the
Lodzkie voivodeship - it accounted for almost 9% of do-
mestic output (4.08 Mt).

Anticipated economic resources have not been changing
significantly for the last 30 years (Fig. 11.18.1) - oscillat-

ing within a range of 16.67-18.44 bnt. Nevertheless,
since 2004, there has been a growing tendency occur-
ring. The growth - in spite of intensive exploitation -
was mainly a result of an updating and widening of the
already documented deposits resources base or a change
of a raw material intended use, with new deposits docu-
mentations as a minor factor.

Output of the raw material has been characterized by cy-
clical fluctuations tied to an economic situation in a build-
ing sector. The highest output volumes were recorded in
1989 and 2011 - 49.85 and 49.01 Mt, respectively. In
2001-2005, output remained at a level below 30 Mt as a re-
sult of modernization of the cement industry sector.
Since 2006, the production has been systematically grow-
ing - started from 34.10 Mt, through the highest level of
49.00 Mt in 2011 (numerous infrastructural investments
connected with the EURO 2012 championships organ-
ized in Poland), to 47.48 Mt in 2020. The average output
growth was equal about 4% annually, interrupted only in
2008 and 2009 due to the worldwide financial crisis. Such
growth resulted from a growing demand for cement used
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Figure 11.18.1. Limestone and marl for the cement and lime industries anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

in housing road construction - concrete became the most
universal and economic building material and a technol-
ogy of road pavements building made of cement concrete
became the most popular in Poland, especially on super-
highways and expressways. Quite important factor is also
a regularly growing importance of a cement-lime sector
in circular economy (advanced technologies of cement
and concrete production allow to replaced fossil fuels with
secondary raw materials and fuels coming from wastes on

various production phases).

An analysis of deposit number structure, the resources
and output volume shows as follows: in 2020 the most
numerous - in a magnitude aspect — were deposits with
resources below 100 Mt (above 72% of total deposit num-
ber), whereas their resources account for only 16.5% of
total documented resources and their share in total out-
put volume were equal only 10.4%; deposits with resourc-

es in the range from 100 to 500 Mt accounted for slightly
above 25% of total deposit number and contained almost
60% of total resources volume, they also gave more than
56% of total output; the least numerous were deposits
with resources exceeding 500 Mt - they accounted for
only 2.6% of total deposit number, nevertheless they con-
tained 23.7% of total resources volume and accounted for
33% of total output magnitude. In structure of an yearly
output from deposits of limestones and marls for cement
and lime industry, small deposits — below 1 Mt of exploi-
tation (68.2% of exploited deposits number, with the
share in total output at the level of 14%) — dominate. De-
posits with the output range 1-5 Mt account for 27.3% of
total exploited deposit number (accounting for 58.3% of
total domestic output). Deposits with the large output
volume occur seldom - only 4.5% of the exploited depos-
its exceed 5 Mt per year. However, their share in total out-

put is significant and accounts for 27.7%.

11.19. Magnesite
A. Malon

Magnesite (magnesium carbonate - MgCO;) is created
by the erosion of magnesium-rich igneous rocks under
hydrothermal conditions and forms white accumulations.

Polish magnesite deposits are located within the Precam-
brian Soboétka, Szklary, Grochowa-Braszowice serpent-
inite massifs and the Gogoléw-Jordanéw ultramafic
massif in the Lower Silesia region (Plate 7). Up to the
present, 6 magnesite deposits have been documented in

this region. These are vein-type deposits, with individual
veins reaching up to 3 m in thickness and being charac-
terized by complex geological structure and high varia-
bility of raw material quality. Magnesite is currently ex-
ploited only from the strip mine at Braszowice.
Prospective resources, within the 3 serpentine massifs:
Gogoléw-Jordandéw, Szklary and Groszowa-Braszowice,
are assessed at 3.25 Mt (Sroga, 2020b).



11.19. Magnesite

Table 11.19.1. Magnesite resources [Mt]

Geological resources in place Economic
. ) resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits o A—— of antncnpefted
Total A+B+C, C,+D ECOUUNTIE
resources
TOTAL RESOURCES 6 13.50 3.75 9.75 2.18 3.47
Including resources of exploited deposits
Deposits of operatin;
P pertlie 1 347 347 - - 347
mines
Including resources of non-exploited deposits
Deposits covered
by preliminary 4 5.92 0.00 5.92 2.18 -
exploration
Including abandoned deposits
Abandoned deposits 1 4.11 0.28 3.83 - -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 11.19.1. Magnesite anticipated economic resources and output in 1989-2020

Varied data accuracy results from source data. According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in
Polish; Przeniosto, ed., 1990-2005; Przeniosto, Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al.,
eds., 2011), “The balance of mineral resources deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

Magnesite is used mainly as a semi-manufactured mate-
rial for the production of multi-component artificial fer-
tilizers, for purification of potable water and sewage
treatment, and as a mineral additive to animal feed.

As of the end of 2020, anticipated economic resources
were estimated at 13.50 Mt (Tab. 11.19.1). The resources
increased due to the documentation of 2 larger raw ma-
terial deposits (mainly in the Braszowice deposit) in the

following years: 1995, 2000, 2002 and 2006 (Fig. 11.19.1).
The decrease in resources in the years 1989-2020 was
mainly due to production.

In 2020, domestic production of magnesite — from the
only Polish deposit being exploited — amounted to 65 kt,
decreasing significantly in comparison with the previous
year. The exploitation fluctuated, but generally increased
in the 1989-2020 period.
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11.20. Mineral raw materials
for civil engineering - earthworks

W. Szczygielski

This group of raw material deposits is documented for
purposes of the earthworks sector - building of engi-
neering objects using unfired and untreated raw earth
for e.g.: road and rail infrastructure construction, em-
bankment construction, dam, canal and levee construc-
tion, waste disposals and their insulation, and mass haul
of earth mass. Data does not contain other sources of
material for earthworks.

In the earthworks sector, natural and anthropogenic raw
materials are used. Based on their origin, the following
raw materials can be distinguished:

« local raw materials; native and anthropogenic soil,
earth and rock from a construction site, collected
during previous work - they are used first (especially
when using cut and fill techniques).

o raw materials from external source (in the case of
deficit of local raw material);

— earth mass provided from beyond the construc-
tion site e.g. raw materials exploited from deposits
such as: sand and gravel, dimension and crushed
stone, or raw materials for civil engineering;

Table 11.20.1. Mineral raw materials for earthworks resources [Mt]

— anthropogenic soil, earth, and rock: artificial ag-
gregate, mining waste, industrial waste.

A long list of natural raw materials (soil, earth, and rocks)
characterized by features allowing them to be used di-
rectly or after treatment for earthworks construction.
It covers e.g.: crushed hard rocky soil and stony, degraded
earth, rubble and pebbles, sand, gravel - including loamy
and silty varieties: loamy sand with a gravelly-stone ad-
mixture (morainal); sandy silt and silt; crushed soft rocky
soil; mantle rock and loamy rubbles, etc.

The GML does not specify parameter limits that define
a deposit of the given raw material - it is not listed in the
“Regulation by the Minister of the Environment on a geo-
logical documentation of a raw material deposit excluding
hydrocarbons” (dated the 1t of July, 2015 - Journal of
Laws of 2015, Item 987). An assessment of raw material
utility and deposit boundaries is based on regulations in
the construction and earthworks sectors, in terms of the
rocky material quality and technical parameters of ob-

Geological resources in place Economic
. B resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits sub-economic | °f a.ntlapafted
Total A+B+C, C,+D CCONOINIC
resources
TOTAL RESOURCES 52 17.26 16.92 0.34 0.50 6.36
Including resources of exploited deposits
TOTAL 22 11.15 10.85 0.30 0.44 5.51
1. Deposits of operatin
X P P & 13 531 5.01 0.30 - 3.96
mines
2. Deposits exploited
. 9 5.85 5.85 - 0.44 1.55
temporarily
Including resources of non-exploited deposits
Deposits covered by
, ] 22 5.68 5.68 - - 0.85
detailed exploration
Including abandoned deposits
Abandoned deposits 8 0.42 0.39 0.04 0.06 -
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Figure 11.20.1. Mineral raw materials for earthworks anticipated economic resources and output in 2000-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

jects. Range of studies depends on a given raw material

and its projected usage.

Data presented in this chapter, covering resources and
output, refers only to deposits classified as deposits of
raw materials for earthworks, documented and exploited
according to the GML. They do not cover raw materials
for the mass haul of materials obtained from other

sources.

The resources usually include clastic rocks with clayey-
sandy characteristics, e.g.: silty sand that does not meet
the criteria established for sand and gravel deposits,
loamy-clayey sediments, and solid rock: sandstone, lime-
stone, conglomerate, allocated from dimension and
building stone deposits that do not meet criteria estab-
lished for crushed aggregate production. Only in about
30% of cases raw materials for earthworks are docu-
mented as a main raw material, usually they are docu-

mented as an accompanying raw material in sand and
gravel deposits or dimension and crushed stone deposits.

As of the end of 2020, anticipated economic resources
amounted to 17.256 Mm? (Tab. 11.20.1) and have dou-
bled in the last 5 years (Fig. 11.20.1).

During the 2016-2020 period, the average annual output
amounted to 0.242 Mm? (0.159-0.330 Mm?). Probably,
majority of the obtained raw materials was used in com-

munication construction sector.

The given raw material commonly occurs in Poland. The
resources base and demand depend on investing plans
and progresses of construction. Often, a deposit is docu-
mented for the needs of a particular investment, and
after earthworks, raw material resources can be removed

»

from “The balance...” at the request of an investor —

asuseless for other purposes.

11.21. Peat
W. Szczygielski

Peat is organic sediment originating from a humid
environment, and is the result of accumulation and peat-
formation of organic matter (mainly of plant origin).
The peat-formation process is generally based on partial
organic matter decomposition in an environment with
limited oxygen access. Physical, chemical and microbio-

logical transformations occur during this process. De-
pending on the environmental conditions and a type of
turfogenic vegetation, as well as on accumulation condi-
tions and changes of these factors, various types of peat
are formed. They differ in their appearance, composition

and properties.
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According to genetic features, peat is distinguished as
low, high and transition. Low peat originates in fen peat-
lands occurring in swampy river valleys, in landscape
depressions and above lake edges. This type of peat is
rich in nutrients supplied by surface and deep-seated
water. High peat originates in raised peatlands (or
ombrotrophic peatlands) located within the zones above
low peatlands, which are supplied by rainwater only.
They are characterized by a low nutrient content and
a higher acidity than the low peat. Transition peat com-
bines the features of both peat types mentioned above,
occurring mainly in transition zones between high and
low peatlands. Most of peat originated in the late-Qua-
ternary, mainly in the Holocene.

The distribution of peatlands and peat deposits in Po-
land is uneven. They commonly occur in northern and
north-western Poland and in the area of Lublin. Their
number, thickness and dispersion decrease in other re-
gions. More than 50% of the peatlands are located in the
northern part of Poland. They cover an area of about

Table 11.21.1. Peat resources [Mm3]

1.2 Mha containing more than 17 bnm? of peat. At pre-
sent, about 50,000 peatlands have been catalogued by
the Institute of Technology and Life Sciences Institute
for Land Reclamation and Grassland Farming in Falenty
(previously: the Institute of Technology and Life Scienc-
es). Of those, about 36% form a potential resource base
for the exploitation of peat. Only a minor part of these
areas, presented in a further part of this chapter, has
been explored and can be treated as deposits within the
meaning of the GML.

According to the “Regulation by the Minister of the En-
vironment dated the 1+ of July, 2015, regarding geologi-
cal documentation of a mineral raw material deposit,
excluding hydrocarbon fields” (Journal of Laws, 2015,
Item 987) parameter limits that define a raw material de-
posit and its boundaries are listed in Appendix 8:

o peat deposits (table 5): minimum deposit thickness
of 1 m; maximum ratio of overburden thickness to
mineral deposit thickness 0.5; maximum ash content
in dry peat — 30%;

Geological resources in place Economic
o . resources in
Numbe‘r Anticipated economic Anticipated place asa part
of deposits sub-economic | °f antlcnpafted
Total A+B+C, C,+D EEDUUNTIC
resources
TOTAL RESOURCES 299 91.57 83.38 8.19 6.11 34.72
Including resources of exploited deposits
TOTAL 79M 43.86 43.83 0.03 3.66 32.26
1. Deposits of operating
X 55 41.13 41.10 0.03 3.64 31.13
mines
2. Deposits exploited
X 24 2.74 2.74 - 0.02 1.13
temporarily
Including resources of non-exploited deposits
TOTAL 137 39.12 31.19 7.93 0.97 1.10
1. Deposits covered
. . 119 31.19 31.19 - 0.80 1.10
by detailed exploration
2. Deposits covered
by preliminary 18 7.93 0.00 7.93 0.17 -
exploration
Including abandoned deposits
Abandoned deposits | 83 | 8.58 8.35 0.23 1.48 1.35

UIn 1 deposit agricultural peat and muds are presented together.

21In 2 deposits (Puscizna Wielka, Bronéw A) agricultural peat occurs together with muds.
The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 11.21.1. Peat anticipated economic resources and output in 1995-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

o therapeutical peat deposits - muds (table 6): mini-
mum deposit thickness of 1 m; maximum ratio of
overburden thickness to mineral deposit thickness
0.5; maximum non-organic matter content in dry
mass 25%; minimum grade of decomposition 30%
(H3); bacteriological valuation (E. coli titer) >1.0;
E. coli perfringens titer >0.1;

« mud silt deposits (table 7): minimum deposit thick-
ness of 1 m; maximum ratio of overburden thickness
to mineral deposit thickness 0.5; maximum non-or-
ganic matter content in dry mass 80%; minimum
grade of decomposition 30% (H3); bacteriological val-
uation (E. coli titer) 21.0; E. coli perfringens titer >0.1.

According to “The balance..” anticipated economic re-
sources of peat amounted to 91.566 Mm? within 299 de-
posits (Tab. 11.21.1). Total contained:
81.420 Mm? of agricultural peat (88.9%) within 262 de-
posits, whereas resources of agriculture peat (muds)
amounted to 10.146 Mm3 (11.1%) within 39 deposits
(in 2 deposits there are both agriculture peat and thera-

volume

peutical peat occur). The deposits cover the area of about
4.5 kha.

The average yearly peat output in Poland in the 2016-
2020 period amounted to 1.21 Mm? (1.03-1.38 Mm?)
(Fig. 11.21.1), of which the output of therapeutical peat
(muds) accounted for below 1%. The share of exploita-
tion over the last 5 years of individual voivodeships were
as follows: Zachodniopomorskie 24.3% (20.8-26.5%),
Lubelskie 14.8% (11.4-20.1%), Mazowieckie 14.7%

(13.2-16.3%), Warminsko-Mazurskie 14.3% (10.9-

18.3%), Podlaskie 9.5% (8.5-11.5%), Lubuskie 7.6%
(6.8-8.5%), Pomorskie 6.8% (4.6-9.2%), Wielkopolskie
6.1% (3.2-7.2%). In subsequent 6 voivodeships, the share
in total output amounted to 1.8%, whereas in the Dolno-
$laskie and Opolskie voivodeships it amounted to 0%.

Currently, so-called “agricultural peat” is used mainly in
agriculture, gardening, fruit-farming, forestry, and in the
reclamation processes. Such peat is characterized by
properties improving the soil structure and air-water
conditions. Peat is also a base for production of garden
peat, peat bases, mineral peat mixtures, and agricultural

peat.

Therapeutical peat - muds - is used in balneology for
peat baths, poultices and for medical products. Peloid
use in therapy is regulated by the “Act of 28th of July,
2005 on health resort treatment, health resort protection
areas and health communities” (Journal of Laws of 2005,
Item 1399) along with implementing acts. Such peloid
has to be obtained from non-dehydrated peat deposit
with documented resources and with a degree of organic
matter decay above 30%, fulfilling the physical-chemical
and microbiological requirements defined in the “Regu-
lation by the Minister of Health on the scope of studies
necessary to establish therapeutical features of natural
therapeutical raw materials and the therapeutical feature
of climate, criteria for their assessment and the certifi-
cate template confirming such features” (dated the 13t
of April, 2006 - Journal of Laws of 2006, Item 565; Ap-
pendix 2: Scope of studies necessary to establish thera-
peutical features of peloids, Appendix 4: Criteria of
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assessment therapeutical features of water and gases, pe-
loids and climate together with their usefulness for ther-
apeutical purposes. II. Criteria for assessment therapeu-
tical features of peloids). A list of certifiers licensed to

conduct studies and to issue certificates confirming ther-
apeutical features, can be found on the website of the
Minister of Health (https://www.gov.pl/web/zdrowie).

11.22. Phyllite, quartzitic and micaceous schist

M. Tyminski

Metamorphic schist (phyllite, quartzitic and micaceous)
is used in construction building, as a major component of
a fine gravel coating for tar paper (phyllite and micaceous
schists), in agriculture, as an inert dust pesticide carrier
(phyllite and micaceous schists), and in the manufactur-
ing of fireproof building materials, as one of the major
components of fireproof cement (quartzitic schist).

Phyllite schist is documented in 3 deposits in the Opol-
skie voivodeship (Plate 7): Chomiaza, Dewon-Pokrzywna
and Dewon-Pokrzywna 2. Total anticipated economic re-
sources of phyllite schists amounted to 15.90 Mt as of the
end of 2020 (Tab. 11.22.1). Similar to previous years, ex-
ploitation was carried out only from the Dewon-Pokrzy-
wna deposit and amounted to 170.02 kt. The anticipated
economic resources of this deposit decreased — due to
exploitation, losses and better deposit exploration - by
0.29 Mt (-2.10%) and amounted to 13.33 Mt. 2 other de-
posits of phyllite schist are not being exploited - Dewon-
Pokrzywna 2 is only covered by preliminary exploration,
whereas the Chomigza deposit has been abandoned since
1989 and the remaining resources are estimated at
0.31 Mt.

Quartzitic schist occurs within the Strzelin granite mas-
sif in the Dolnoslaskie voivodeship (Lower Silesia re-
gion). The only documented and exploited deposit of
that raw material in Poland is Jegtowa, and therefore, it
should be particularly protected. In 2020, its anticipated
resources (beyond protective pillars) amounted to
8.67 Mt and economic resources amounted to 2.74 Mt.
The Jeglowa deposit is widely known for occurrences of
beautiful quartz crystals, especially those clear and
colorless.

Micaceous schist has been documented within 2 depos-
its located in the Dolnoslaskie voivodeship: the Jaworni-
ca deposit in Klodzko County, and the Orfowice deposit
in Lubani and Lwéwek Slaski Counties. Total anticipated
economic resources of the raw material, as of the end of

2020, were estimated at 6.64 Mt and economic resources
at 3.03 Mt. The resources of the Orlowice deposit ac-
count for 85.61% of anticipated economic resources and
82.95% of economic resources.

Anticipated economic resources of phyllite schist de-
creased over the 2016-2020 period from 16.75 Mt to
15.90 Mt - by 0.85 Mt (-5.07%) due to exploitation and
losses from the Dewon-Pokrzywna deposit. In 2020 - in
comparison with 2019 - the anticipated economic re-
sources of this deposit decreased by 0.29 Mt (-2.10%).
During the analyzed period, output dropped from
184.09 to 170.02 kt - by 14.07 kt (-7.64%). The biggest
output decrease was recorded in 2017 (by 22.08 kt),
whereas in 2020 exploitation increased by 20.51 kt in
comparison with 2019 (by 13.72%). In the 2016-2020
period, quartzitic schist resources decreased only by
0.03 Mt and with said decreases being recorded only in
2019 and 2020, due to the exploitation of the Jegtowa de-
posit. In the 2016-2018 period, the raw material was not
the subject of exploitation, whereas in 2020 output was
more than twice larger than in 2019 and amounted to
14.18 kt. The resources of micaceous schist have slightly
decreased since 2016 - from 6.66 to 6.64 Mt in 2020, due
to the exploitation and losses from the Jawornica and/or
Ortowice deposits. In 2020, after several years of contin-
uous exploitation, the output from the Jawornica deposit
was halted and only the Orlowice deposit was exploited.
The size of raw material output decreased in the 2016—
2019 period by 5.16 kt, whereas in 2020 there was a sig-
nificant increase recorded - exploitation from the
Orlowice deposit amounted to 9.20 kt.

In the latest edition of “The balance of prospective min-
eral resources of Poland’, the assessment of resources
prospective for quartzite and quartzitic schist in Poland
was updated (Brzezinski, Galos, 2020). The main criteria
adopted for establishing the quartzite and quartzitic
schist deposits were:

o deposit thickness - minimum of 5 m,



Table 11.22.1. Schist resources [Mt]

11.22. Phyllite, quartzitic and micaceous schist

Geological resources in place Economic
. ) resources in
Numbe}- Anticipated economic Anticipated place asa part
of deposits sub-economic | °f ant1c1pzfted
Total A+B+C, C,+D EECUOINIC
resources
PHYLLITE SCHISTS
TOTAL RESOURCES 3 15.90 13.64 2.26 - 3.72
Including resources of exploited deposits
Deposits of operatin:
.P P & 1 13.33 13.33 - - 3.72
mines
Including resources of non-exploited deposits
Deposits covered
by preliminary 1 2.26 0.00 2.26 - -
exploration
Including abandoned deposits
Abandoned deposits | 1 0.31 0.31 | - - | -
QUARTZITIC SCHISTS
TOTAL RESOURCES | 1 8.67 5.43 3.24 - | 2.74
Including resources of exploited deposits
Deposits of operatin;
.p P & 1 8.67 5.43 3.24 - 2.74
mines
MICACEOUS SCHISTS
TOTAL RESOURCES | 2 6.64 6.64 - - 3.03
Including resources of exploited deposits
TOTAL 2 6.64 6.64 - - 3.03
1. Deposits of operatin
P perating 1 5.68 5.68 - - 2.51
mines
2. Deposits exploited
. 1 0.96 0.96 - - 0.52
temporarily

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

+ overburden thickness to deposit thickness ratio -
maximum 0.5,
« SiO, content — minimum of 95%,

o Fe,0;+TiO,+alkali content - maximum of 1%.

As the result of such criteria, the prospective resources of
quartzitic schist were assessed to amount to 8.49 Mt

within 1 area, which is strictly connected with the al-
ready documented Jeglowa deposit (the so-called layers
from Jegltowa). Prospective resources were also present
in the deeper parts of the Jeglowa deposit, together with
the minor area of the schist outcrop west of Jeglowa
deposit.
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11.23. Quartz sand for production of cellular concrete
and sand-lime brick

A. Malon

Sand is widely used in the production of cellular con-
crete and bricks and sand-lime brick in the whole of Po-
land. The raw material suitable for such production has
to be sufficiently pure, fine-grained and well-sorted.
These requirements are met by the Quaternary glacial,
fluvioglacial, river and eolian sand. Sand most suitable
for the above-mentioned purposes include mainly
fluvioglacial and eolian sand characterized by: a high-
silica content, good grain segregation (content of 0.05-
0.5 mm grains should exceed 65%), high degree of grain
roundness, and low content of extraneous matter. Prog-
nostic resources of quartz sand for the production of cel-
lular concrete and sand-lime products are assessed to
amount to 82.64 Mm? (Galos, Miskiewicz, 2020). They
may occur in the Kujawsko-Pomorskie, Lubelskie,
Lodzkie, Mazowieckie, Podlaskie, Slaskie, Swietokrzyskie
and Zachodniopomorskie voivodeships.

According to the “Regulation by the Minister of the Envi-
ronment on a geological documentation of a raw material

deposit excluding hydrocarbons” (dated the 15t of July,

2015 - Journal of Laws of 2015, Item 987), that establishes
parameter limits that defines a deposit, exploitable
quartz sand deposit requires a minimum thickness of
2 m with a ratio of overburden to deposit series not ex-
ceeding 0.5, a maximum silt content of 5% and a mini-
mum quartz grain content of 90%.

It should be stated that accuracy of prospecting and
exploration of these sand deposits has been sufficient.
The deposits are fairly evenly distributed throughout
the whole area of the country, except for the Carpathi-
ans. In the latter region, resources of sand deposits (es-
pecially good-quality quartz sand) occur in insufficient
amounts to supply the local demand (Plate 8).

In 2020, anticipated economic resources of quartz sand
for the production of cellular concrete amounted to
137.09 Mm? (246.76 Mt - recalculated according to 1.8 fac-
tor) (Tab. 11.23.1). The resources have been fluctuating in
a range of 120-145 Mt for the last 30 years, with a slightly
increasing tendency (Fig. 11.23.1). The number of deposits

Table 11.23.1. Quartz sand for the production of cellular concrete resources [Mm?3]

Geological resources in place Economic
o . resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits al-eamrte || ©F a.ntlcnpafted
Total A+B+C, C,+D CCOLUNTIC
resources
TOTAL RESOURCES 60 137.09 49.24 87.85 1.62 13.68
Including resources of exploited deposits
Deposits of operating
. 9 21.87 18.67 3.20 0.27 10.33
mines
Including resources of non-exploited deposits
TOTAL 40 105.34 20.70 84.65 0.82 1.44
1. Deposits covered
. . 16 26.59 20.70 5.89 0.34 1.44
by detailed exploration
2. Deposits covered
by preliminary 24 78.75 0.00 78.75 0.47 -
exploration
Including abandoned deposits
Abandoned deposits | 11 | 9.88 9.88 - 0.53 1.90

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40




11.23. Quartz sand for production of cellular concrete and sand-lime brick
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Figure 11.23.1. Quartz sand for the production of cellular concrete — anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources
deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

Table 11.23.2. Quartz sand for the production of sand-lime brick resources [Mm?3]

Geological resources in place Economic
o . resources in
Numbe‘r Anticipated economic Anticipated place asa part
of deposits sub-economic | °f a.ntlcnpafted
Total A+B+C, C,+D ECOLUNTIC
resources
TOTAL RESOURCES 106 262.52 135.03 127.49 6.34 21.49
Including resources of exploited deposits
TOTAL 23 47.65 42.12 553 - 21.28
1. Deposits of operating
X 14 31.96 26.43 5.53 - 10.67
mines
2. Deposits exploited
X 9 15.69 15.69 - - 10.62
temporarily
Including resources of non-exploited deposits
TOTAL 50 177.87 60.87 117.00 2.75 -
1. Deposits covered
. ‘ 28 62.30 60.87 1.43 2.75 -
by detailed exploration
2. Deposits covered
by preliminary 22 115.57 0.00 115.57 - -
exploration
Including abandoned deposits
Abandoned deposits | 33 | 36.99 32.04 4.95 3.60 0.21

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

increased from 47 in 1989 to 60 by 2020. Significant in-  ready documented deposit), 2011 (1 new deposit and ap-
creases in resources were recorded in the following years:  proval of a new documentation of 2 already documented
1991 (2 new deposits), 1994 (4 new deposits), 2000 (1 new  deposits). Economic resources within exploited deposits
deposit), 2009 (approval of a new documentation of an al-  amounted to 13.68 Mm? in 2020 (Tab. 11.23.1).
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Figure 11.23.2. Quartz sand for the production of sand-lime brick - anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

Despite the increasing base of resources, exploitation of
quartz sand for the production of cellular concrete was
decreasing significantly in 1990’ from more than 1 Mm?
in 1989 (17 exploited deposits) to about 0.5 Mm? in 1999
(9 exploited deposits). Later output had been fluctuating
within a range of 0.3-0.5 Mm? and amounted to
0.42 Mm? in 2020 (Fig. 11.23.1). It was the result of a cri-
sis in the building materials industry and production
limitations, and due to the fact that other raw materials,
such as fly ash from power stations or building sand,
were used for cellular concrete production. Nevertheless,
Poland remains the European leader in the production of
articles made of cellular concrete. The biggest output in
2020 came from the Studzienice deposit in the Pomorskie
voivodeship (0.1 Mm?), whereas the production from
other exploited deposits remained at about 0.03-0.05
Mm?.

For the last 30 years, anticipated economic resources of
quartz sand for the production of sand-lime brick
have been slightly decreasing by a few percentages and

amounted to 262.52 Mm?3 (472.54 Mt) in 2020
(Tab. 11.23.2). There are 47.65 Mm? within 23 exploited
deposits and that volume account for 18% of total re-
sources (Fig. 11.23.2). Economic resources amounted to
21.49 Mm?.

Exploitation of quartz sand for the production of sand-
lime brick were decreasing from over 2 Mm? in 1989
(42 exploited deposits), to about 0.7 Mm? in 1999 (38
exploited deposits). Later output has been fluctuating in
a range of about 0.4-0.9 Mm? and amounted to
0.59 Mm? in 2020. Almost 40% of the output in 2020
came from the Mazowieckie voivodeship, mostly from
the Augustowo deposit near Ciechanéw (0.17 Mm?).
Production depends on demand for building materials.
This raw material is utilized locally, in production plants
located in the neighborhood of quartz sand deposits.

In 2020, total anticipated economic resources of quartz
sand for the production of cellular concrete and sand-
lime brick amounted to 399.61 Mm? (719.30 Mt).

11.24. Refractory clays

M. Tymiriski

Kaolinite clays, also referred to as refractory clays, are in-
dispensable raw materials for the production of fire-re-
sistant aluminosilicate materials. They are also used for
the production of ceramic tiles and sanitary articles.
Such clays can occur as the result of washing down of
outcropping and near-surface kaolinized rocks and rede-

position of kaolinite, connected with a separation of
quartz grains and a marked improvement of fire resist-
ance properties of this raw material.

Basic components of the refractory clays are kaolinite
clays, characterized by high plasticity and with an ability



Table 11.24.1. Refractory clays resources [Mt]

11.24. Refractory clays

Geological resources in place Economic
resources in
Anticipated economic
Numbe‘r p i) place asa part
of deposits . | of anticipated
sub-economic nomic
Total A+B+C, C,+D eco
resources
TOTAL RESOURCES 16 54.08 53.41 0.67 110.26 1.82
Including resources of exploited deposits
Deposits of operatin;
~P P $ 2 6.30 6.11 0.18 - 1.82
mines
Including resources of non-exploited deposits
Deposits covered by
5 43.39 43.24 0.15 106.02 -
detailed exploration
Including abandoned deposits
Abandoned deposits 9 4.40 4.06 0.34 4.24 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40
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Figure 11.24.1. Refractory clays anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wotkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

to form a ceramic body with high mechanical strength.
The fire resistance of such clays should be a minimum of
1,650°C.

In Poland, deposits of refractory clays occur in the Low-
er Silesian region and in the north-eastern part of the
Holy Cross Mts. (Plate 7). Deposits exploited in 2020 -
Rusko-Jaroszéw and Borkowice-Radestow — the first sit-
uated in the Swidnicki County, the Dolnoslaskie
voivodeship, and the second in the Przysusuki County,

the Mazowieckie voivodeship. Other refractory clay de-
posits are not being exploited at present. Output produc-
tion from the Rusko-Jaroszow deposit has been contin-
ued for years, whereas an exploitation concession for the

Borkowice-Radestow deposit was issued in 2020.

In the latest edition of “The balance of prospective min-
eral resources of Poland”, an assessment of prospective
resources of refractory clays in Poland was updated
(Galos, 2020b). Main criteria adopted for determining
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refractory clays deposits were: minimum deposit thick-
ness (1 m) and a maximum overburden to deposit thick-
ness ratio (N/Z < 2), in addition the qualitative raw ma-
terial parameters: fire resistance (minimum of 161 sP)
and a >0.063 mm grain content (maximum of 10%).
Taking these parameters into account, prognostic re-
sources of refractory clays were assessed to amount to
56.90 Mt (within the area of Udanin in the Dolnoslaskie
voivodeship).

As of the end of 2020, anticipated economic resources of
refractory clays amounted to 54.08 Mt (Tab. 11.24.1).
The anticipated economic resources covered by detailed
exploration (in the A+B, and C, categories) amounted to
53.41 Mt. They accounted for 98.76% of total anticipated
economic resources. Economic resources of refractory
clays amounted to 1.82 Mt, accounting for 1.94% of total
anticipated economic resources and 28.89% of the an-
ticipated economic resources within exploited deposits.
The economic resources significantly increased in com-
parison with the previous year - by 0.77 Mt (73.33%) as
a result of a deposit development plan approval for
Borkowice-Radestow (+0.82 Mt) and exploitation.

The anticipated economic resources of refractory clays
in the 1989-2020 period decreased from 69.92 Mt to
54.08 Mt - that is by 15.84 Mt (-22.65%) in total
(Fig. 11.24.1). The resources volume has been systemati-
cally declining in the whole presented period with the
most significant decrease recorded in 1995. The resourc-
es decreased by 8.43 Mt due to the reclassification of re-
sources in the Rusko-Jaroszéw deposit. Other decreases
were caused mainly by exploitation and losses. Within
the last 5 years, the resources declined from 54.31 Mt in
2016, to 54.08 Mt in 2020. The decrease in annual re-
sources resulted from exploitation of the Rusko-Jaro-
szow deposit. In 2020, the resources decreased by about
0.06 Mt (-0.11%) in comparison with 2019. The output
was fluctuating within a range of 43-75 kt. During the
analyzed period the biggest decrease was recorded in
2019 - from 69.88 to 42.88 kt (by 38.57%). In 2020, the
output of refractory clays amounted to 63.34 kt and in-
creased by 20.46 kt (47.71%) in comparison with the
previous year. Exploitation from the Rusko-Jaroszéw de-
posit grew by 12.46 kt (29.06%) and the exploitation
from the Borkowice-Radestow deposit started (8 kt).
The exploited raw material may be used without any
processing or after firing, when it becomes “fired clay”.

11.25. Refractory quartzite

A. Malon

Refractory quartzite is used in metallurgy for making
ferroalloys, and in the insulating materials industry for
making siliceous fire-proof materials. Quartzite is a com-
pact hard metamorphic rock, which was originally sand-
stone. Pure quartzite is recrystallized sandstone with sili-
ceous cement, often with an SiO, content over 99% and
almost exclusively built of quartz grains cemented with
silica. In the insulating materials industry, the name of
“fire-proof quartzite” is used for both pure quartzite and
other silica-rich rocks such as quartzitic sandstone and
schist. According to the GML obliging, as of the 1st of
January, 2012, there are “parameter limits that define a de-
posit and its boundaries” for quartzites, quartzitic sand-
stone and schist:

o minimum deposit thickness - 5 m,

« maximum proportion of overburden thickness in re-

lation to deposit thickness - 0.5,
o minimum SiO, content — 95%,
o maximum Fe,O; + TiO, + alkali content - 1.0%.

In Poland, quartzite deposits occur in 2 regions: the
Lower Silesia region and the Holy Cross Mts. (Plate 7).
In the Lower Silesia they are formed of irregular quartz-
itic layers and lenses dated at the Neogene. The majority
of these sites was explored and exploited in the past. Ac-
tually only 2 abandoned deposits still comprise some rel-
ict resources, but 10 deposits were removed from the de-
posit registry of Poland. Only 2 quartzite deposits from
Kowalskie and Milikéw still remain to be developed in
this region. Quartzite deposits occurring in the Holy
Cross Mts. are formed by quartzite intercalations in
Paleozoic clay and clay schist. The deposits were ex-
plored in the 1950%, but only 1 of them (Bukowa Géra)
is still being exploited. The raw material of the said de-
posit has not been classified as refractory quartzite,
but as quartzitic sandstone. Therefore, the Bukowa Géra
deposit is also discussed in the section on dimension and
crushed stone. The prospective resources of quartzite, to-
gether with quartzitic schist, are assessed to amount to



Table 11.25.1. Refractory quartzite resources [Mt]

11.26. Sand and gravel

Geological resources in place Economic
. B resources in
Numbe'r Anticipated economic Anticipated place asa part
of deposits sub-economic | °f antlc1pafted
Total A+B+C, C,+D ECOUUNTIC
resources
TOTAL RESOURCES 8 6.59 3.57 3.02 3.96 -
Including resources of non-exploited deposits
TOTAL 6 5.93 3.21 2.72 3.84 -
1. Deposits covered by
5 523 3.21 2.02 3.84 -
detailed exploration
2. Deposits covered
by preliminary 1 0.70 - 0.70 - -
exploration
Including abandoned deposits
Abandoned deposits | 2 | 0.66 0.36 0.30 0.12 -

27.04 Mt and occur in the Dolnoslaskie and Swieto-
krzyskie voivodeships (Brzezinski, Galos, 2020).

Anticipated economic resources of the refractory quartz-
ite amounted to 6.59 Mt (Tab. 11.25.1). There were 10
abandoned, exhausted deposits removed from “The bal-

ance...” in 2015. In the 2016-2020 period, the resources
remained steady at around 6.59 Mt.

No output of refractory quartzite was registered in 2016-
2020, because the Bukowa Gdra deposit was the only de-
posit exploited for refractory quartzite.

11.26. Sand and gravel

W. Miskiewicz, D. Brzezinski, A. Kalinowska, |. Stawierej

There are 2 major groups of natural sandy-gravelly ag-
gregates differentiated: the coarse aggregate group, com-
prising gravel and sand-gravel mix (sandy-gravelly ag-
gregate), and the fine aggregate group — comprising sand
(sandy aggregate). Natural aggregates are used mainly in
building (concrete fill) and road construction (embank-
ment and highway fill and road surfacing).

The largest demand is for natural coarse aggregates,
especially as distribution of their resources is far from
uniform throughout Poland. Resources of natural coarse
aggregates are generally small in the central parts of the
country (Plate 8), and are not sufficient to supply local
demand.

The bulk of Polish natural aggregate deposits are Quater-
nary in age. The share of deposits Pliocene, Miocene and
Liassic in age is subordinate.

The quality of raw material (especially its homogeneity)
depends largely on a genetic type of a given deposit. Flu-
vial deposits clearly predominate in the Carpathian-Su-
detic zone (southern Poland). In the Sudety Mts., the
most common deposits are the Pleistocene sandy-gravel-
ly higher terraces, composed mainly of detritus from
sandstone and crystalline rocks. In turn, in the Car-
pathian region, the raw material basis mainly comprises
gravelly and sandy-gravelly deposits occurring on flood-
plain terraces, as well as valley side terraces rising above
flood plains. The Carpathian deposits are characterized
by a predominance of material coming from the disinte-
gration of flysch rocks, except for those of the Dunajec
River valley, which indicate a fairly high contribution of
crystalline rocks from the Tatry Mts.

In northern and central Poland (the Polish Lowland re-
gion), the most important deposits are of glacial (termi-
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nal moraine accumulation platforms) and fluvioglacial
(outwash plains and eskers) origin and result from river
accumulation. Deposits in the northern part of this area
represent gravelly-sandy accumulations, mainly com-
prising the Scandinavian material — debris of crystalline
rocks and limestone with an admixture of quartz and
sandstone. In the central and southern parts of this re-
gion, the deposits are mainly formed of sandy sediments
with a significant share of debris from local rocks.

According to the “Regulation by the Minister of the Envi-
ronment on a geological documentation of a raw material
deposit excluding hydrocarbons” (dated the 15t of July,
2015 - Journal of Laws of 2015, Item 987), excluding hy-
drocarbon fields, establishing parameter limits that de-
fine a deposit and its borders:

« asand deposit with sand content above 75% should
be characterized by: thickness no less than 2 m, a ra-
tio of overburden to deposit series not higher than
0.3 and a content of the silt fraction below 10%;

« a gravelly, gravelly-sandy and sandy-gravelly deposit
with sand content below 75% should be character-
ized by: thickness not smaller than 2 m, with a ratio
of overburden to deposit series not higher than 1.0
and a content of the silt fraction below 15%.

As of the end of 2020, anticipated economic resources of
natural aggregates totaled 19,960.61 Mt (Tab. 11.26.1).
The resources increased by 217.95 Mt (that is by 1.09%)
in relation to the previous year (Miskiewicz et al., 2021).
The natural sandy-gravelly aggregate has been docu-
mented under 4 subtypes: sand, sand with gravel, gravel,
loamy and silty sand. The sand resources of with a sand
content above 75% amount to 9,439.01 Mt (an increase
by 469.37 Mt in comparison with 2019), of which
2,718.50 Mt are within exploited deposits. The gravelly-
sandy and sandy-gravelly aggregate resources with a sand
content between 30 and 75% amount to 9,495.07 Mt
(adecreaseby251.71 Mt). Thegravel resources (withasand
content <30%) amount to 989.39 Mt (a decrease by
4.85 Mt), and the loamy and silty sand resources amount
to 37.14 Mt (an increase by 5.15 Mt).

The voivodeships with the largest documented resources
are: Dolnoélgskie (2,320 Mt), Malopolskie (1,797 Mt),
Podlaskie (1,690 Mt), Opolskie (1,433 Mt), Mazowieckie
(1,340 Mt) and Podkarpackie (1,334 Mt). The number of
deposits, amounts of resources and output in regard to
resources are presented on the pie-charts in Figure
11.26.1.

In Poland, there are 813 identified (Kozlowska et al.,
2020) prognostic areas with the total area of sandy-grav-
elly aggregate exceeding 72 kha and with resources
amounting to 13.05 bnt; and 5,717 preliminarily desig-
nated (on a basis of geological presumptions) prospec-
tive areas with a total area exceeding 600 kha. In com-
parison with the previous publication of this type, the
prognostic resources increased by more than 5.3 bnt
documented within about 200 new areas. The most ex-
ploration opportunities occured in the following
voivodeships: Pomorskie (2,105 Mt), Mazowieckie
(1,987 Mt), Malopolskie (1,405 Mt) and Lubelskie
(1,064 Mt). The smallest possibilities are connected with
such voivodeships as: Warminsko-Mazurskie (186 Mt),
Lubuskie (234 Mt), Podkarpackie (317 Mt) and Opolskie
(335 Mt).

The frequency of occurrence of various size deposits of
sand and gravel in Poland is shown in Figure 11.26.2.

In 2020, output of sand and gravel from deposits
amounted to 180.24 Mt. In comparison with the previ-
ous year it fell by 2.57 Mt that is by 1.4%. Exploitation
decreased in 10 out of 16 voivodeships. The year 2020
was the second consecutive with a decrease in output. In
2020, more than 133.9 Mt (74%) of exploited raw mate-
rials came from deposits with resources in a range be-
tween 0.5 and 20 Mt, whereas from deposits with re-
sources up to 0.1 Mt produced about 5.6 Mt (3.1%) of
raw materials.

Companies producing natural aggregate for the Polish
market are operating individually or are associated in
groups. Exploitation is being carried out in one or two
plants, and in the case of the biggest companies even
in dozen or so plants. More than 1,300 companies (the
most numerous in 2020) exploited up to 50 kt of raw
material. Their total contribution in domestic output
was 11% (about 20 Mt). The biggest contribution (about
72 Mt), that is almost 40% in total domestic output, was
made by a group of 20 concession holders. Every single
company from this group individually exploited at least
1 Mt each, whereas the largest companies exploited more
than 5 Mt of the sandy-gravelly aggregate.

Anticipated economic resources of sand and gravel be-
tween 1989 and 2006 oscillated within a range of 11.7-
14.8 bnt, whereas in the 1993-2006 period, it remained
steady at about 14.1-14.8 bnt. The size of resources has
been increasing since 1989 in general, except for minor



11.26. Sand and gravel
Table 11.26.1. Sand and gravel resources [Mt]
Geological resources in place Economic
resources in
Numbe.r Anticipated economic Anticipated place asa part
of deposits o —— of a.ntlcnpafted
Total A+B+C, C,+D CCOUOINIC
resources
TOTAL RESOURCES 10,672 19,960.61 12,207.76 7,752.85 409.62 4,301.75
Including:
Sand 9,439.01 6,380.96 3,058.05 119.38 2,228.07
Sand and gravel 9,495.07 5,393.54 4,101.53 274.80 1,957.58
Gravel 989.39 398.64 590.75 11.62 99.84
Loamy and silty sand 37.14 34.62 2.53 3.81 16.24
Including resources of exploited deposits
TOTAL 3,891 6,132.59 5,363.67 768.92 64.56 3,626.75
Including:
Sand 2,718.50 2,591.99 126.51 36.01 1,771.83
Sand and gravel 3,100.87 2,522.18 578.69 25.42 1,744.47
Gravel 286.20 225.01 61.19 2.95 95.99
Loamy and silty sand 27.02 24.49 2.53 0.18 14.47
L Peposits of operating 2,598 4,451.47 3,982.47 469.00 45.60 2,692.34
mines
Including:
Sand 1,928.18 1,839.14 89.05 27.15 1,278.74
Sand and gravel 2,252.06 1,925.24 326.82 15.40 1,322.19
Gravel 244.35 193.68 50.66 2.95 77.04
Loamy and silty sand 26.88 2441 2.47 0.10 14.38
2- Deposits exploited 1,293 1,681.11 1,381.20 299.92 18.96 934.41
temporarily
Including:
Sand 790.31 752.85 37.46 8.86 493.09
Sand and gravel 848.81 596.94 251.87 10.02 422.28
Gravel 41.86 31.33 10.53 - 18.95
Loamy and silty sand 0.13 0.08 0.05 0.08 0.09
Including resources of non-exploited deposits
TOTAL 3,911 12,106.15 5,492.68 6,613.47 238.61 670.48
Including:
Sand 5,855.45 3,049.44 2,806.01 66.74 452.54
Sand and gravel 5,560.43 2,277.67 3,282.76 165.71 212.30
Gravel 681.47 156.78 524.69 533 3.86
Loamy and silty sand 8.79 8.79 - 0.83 1.78
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Table 11.26.1. Cont.

Geological resources in place Economic
o . resources in
Numbe‘r Anticipated economic Anticipated place asa part
of deposits sub-economic | °f antlcnpafted
Total A+B+C, C,+D SCDLUNLIC
resources
1. Deposits covered by
3,559 5,852.94 5,476.92 376.02 141.94 670.47
detailed exploration
Including:
Sand 3,101.12 3,043.02 58.10 51.73 452.53
Sand and gravel 2,580.09 2,268.33 311.76 86.51 212.30
Gravel 162.93 156.78 6.16 2.87 3.86
Loamy and silty sand 8.79 8.79 - 0.83 1.78
2. Deposits covered
by preliminary 352 6,253.21 15.77 6,237.44 96.67 0.02
exploration
Including:
Sand 2,754.33 6.42 2,747.91 15.00 0.02
Sand and gravel 2,980.34 9.34 2,971.00 79.20 -
Gravel 518.54 0.00 518.54 2.46 -
Including abandoned deposits
Abandoned deposits | 2,870 | 1,721.88 1,351.41 370.47 106.44 4.51
Including:
Sand 865.07 739.54 125.53 16.63 3.70
Sand and gravel 833.76 593.68 240.08 83.67 0.81
Gravel 21.71 16.85 4.86 3.34 -
Loamy and silty sand 1.33 1.33 - 2.80 -

The key for comparison and estimation of mineral resources from Polish mineral classification into UNFC Update 2019 is presented on page 40

decreases in 1995 and at the beginning of 21t century.
By 2020 the resources have increased to about 19.96 bnt
that is by about 26% (Fig. 11.26.3). A significant increase
- in spite of intensive exploitation — was recorded in the
2007-2020 period. Since the last edition of “Mineral Re-
sources of Poland” (Szamatek et al., eds., 2017) there was
an increase in resources by 1.32 bnt. The resources in-
creased in almost every voivodeship, but most signifi-
cantly in: the Pomorskie (235.5 Mt), Wielkopolskie
(168.1 Mt), and Podlaskie (166.6 Mt) voivodeships;
the resources decreased in the Malopolskie voivodeship
(-48.7 Mt), and the Baltic Sea (-5.8 Mt). The resourc-
es of particular sub-types changed as follows: sand
(+1,501.4 Mt), sand with gravel (-317.6 Mt), gravel
(+129.1 Mt), loamy and silty sand (+8.32 Mt). Increases

in resources, in spite of significant exploitation, resulted
from an intensive interest in the exploitation of natural
sandy-gravelly aggregate. A large demand for this raw
material - for road building, housing construction and
industrial construction - resulted in prospecting and ex-
ploration of new raw material sources. It is visible in
every single area where large investments are planned
and within urban centers. For almost 30 years the
increasing tendency of output has been recorded with
periodic decreases. Such tendencies coincided with
economic trends and political-economic incidents.
The most important were the Polish accession to the EU,
the organization the 2012 UEFA European Champion-
ship and - in the meantime - economic crises in 2000-
2001 and 2008-2009.
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Figure 11.26.2. Frequency of the size of resources in sand and gravel deposits in 2020

By investing large financial means into building invest-
ments, together with an improved economic condition,
resulted in growing exploitation tendencies in the 2015-
2018 period - output amounting to about 200 Mt. In the
2016-2020 period, there were 919.5 Mt of the raw mate-
rial exploited. The majority of it came from the following
voivodeships: Podlaskie (119.2 Mt), Pomorskie
(87.8 Mt), Warminsko-Mazurskie (83.2 Mt) and Ma-
zowieckie (82.9 Mt). The previous 2 years brought a do-

mestic output decrease to 180.24 Mt in 2020. In most
industry branches using natural sandy-gravelly materi-
als, for example the infrastructure construction, where
in the last few years there were many central investments
finalized, the construction of housing and industrial
construction, was all experienced a decrease in demand.
In 2020, the declining tendency was a result of economic
slowdown or disturbance due to a decrease in building-
mounting production, a reduction of public tenders for



162

11. Rock raw materials

resources output
20,000+ - 300,000
17,0004+ } 250,000
=
=, 14,0007 e T 200,000
@ =
< 5
5 11,0007 150,000 3
2 ]
o o
8,000 T 100,000
P~ O ¥ I o O 1N~ N~ O 1 O W A M
O N M O & O < O O © © I~ I~ N O © © 8 M M ™ g O © N O N~ O O dA <
5,000 1 (@) & Bl B B & B B B & Bl B Bl 5 B B E = B B ) B B e e S e = e S - 50,000
S B B = B e N B SRR S BN S N RS 5 S B [ S = S S S S S
O O W 1 O F M N O N © © M © 0 oA H o4 MO I © F N~ F ©N~ O O O ©
- © ¥ I © O O © © N~ 0 O~ © ™~ 0O d A A d d N A A A A A A A A A
2,000 —— 0
O o4 N M & W © I © O O N M < 1D © N~ 0 O O
2253838858888 ¢88¢cccc8¢c8E8888z:8z¢8¢8¢
g’! 2 g’! 2 C‘_h. 2 \C—DI 2 ‘C_h. 94 gi NN N AN AN AN NN AN NN NN NN NN NN NN
year

Figure 11.26.3. Sand and gravel anticipated economic resources and output in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wotkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

building roads and the COVID-19 pandemic. Currently,
central investments are the main factor driving an in-
crease in exploitation - there are continued and planned
investments of the S6, S7, S10, S11, S16, S17, S19 and S74

motorways, whereas an expansion of the A2 and A4 mo-
torways is planned in the near future (Generalna
Dyrekeja Drég i Autostrad, 2021 - https://www.gov.pl/
web/gddkia/mapa-stanu-budowy-drog3).

11.27. Sand with heavy minerals

S.Z. Mikulski

Sand with placer heavy minerals are recognized and
documented in the Baltic Sea - Zatoka Pomorska area
(Polish Economic Zone of the Baltic Sea).

The share of heavy minerals in sand is variable. In the
sediment layer from the sea-bottom, from its surface to
a depth of 0.5 m, the heavy minerals content is between
1.4 and 21.7% (on average 4.4-4.5%). In the sand layer
for depths between 0.5 and 1.0 m below the sea-bottom,
content of heavy minerals varies from 2 up to 4.2% (on
average 2.5-3.3%). As a marginal criteria for determin-
ing a deposit, there was a boundary value of minimum
2% heavy minerals content accepted. The identified
heavy minerals of the Lawica Odrzana deposit are: il-
menite (FeTiO;), rutile (TiO,), zircon (ZrSiO,), as well
as garnet (Fe, Ca, Mg, Mn);(Al, Fe, Cr),(SiO,);. The con-
tribution of individual minerals in overall mass of the
heavy minerals is equal to: ilmenite — 31%, zircon - 5%,
leucoxene - 4%, rutile — 4%, garnet — 32%.

In the zircon concentrate from the Lawica Odrzana sand,
the rare-earth elements content is as follows: Ce - 3.9 g/kg,
La - 1.9 g/kg, Nd - 1.7 g/kg, Pd, Y, Gd and Sa within the
range of 0.2-0.5 g/kg; whereas in the zircon concentrate
from the Lawica Stupska sand, the following contents were
indicated: Ce - 3.9 g/kg; La - 1.9 g/kg; Nd - 0.96 g/kg.

The heavy minerals from the Lawica Odrzana deposit
could be used for the production of pigments and coat-
ings, manufacturing of high strength steel, for biomedi-
cal engineering, ceramics and glass, in the nuclear power
industry and in the manufacture of abrasive and fibers.
Remaining after the separation of heavy minerals, silica
sand could be used in the glass industry, in the manufac-
ture of molding sand and in the construction industry.


https://www.gov.pl/web/gddkia/mapa-stanu-budowy-drog3
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11.28. Vein quartz

11.28. Vein quartz

A. Malon

Quartz (SiO,) is the most common mineral occurring
in igneous, metamorphic and sedimentary rocks. Under
favorable crystallization conditions, such as in voids of
igneous or metamorphic rock, it forms sharp-pointed,
hexagonal, long and slender crystals which are widely
used as a popular ornamental stone and also a gemstone
in jewellery. Depending on the admixture of coloring
oxides, several varieties of these gemstones are differen-
tiated: clear and colorless rock crystal, green to yellow-
green praseolite, yellow to orange citrine, pink to rose
pink quartz, purple to violet amethyst, brown to gray
smoky quartz and black morion.

Quartz also forms veins and lenses in metamorphic and
igneous rock. Quartz vein deposits originate as a result
of hydrothermal activity as an infill of open fissures and
fractures intersecting through a given rock massif.
Quartz infills are characterized by a high content of silica
(Si0,) and a low content of coloring oxides (Fe,O; and
Ti0,). Thus composed quartz crystals occur due to their
piezoelectric properties, as basic raw materials for elec-
tronics. It is also used in production of ceramics, fire-
proof materials, enamel, metallurgy, optics and the pro-
duction of jewelry. Its purest varieties are used in the
manufacture of high-quality glass and are also the source
of high-quality quartz powder and grits to production of

Table 11.28.1. Vein quartz resources [Mt]

ferrosilicon. The demand for quartz has decreased sig-
nificantly in the last years in Poland, especially for the
needs of the: ceramic industry, fire-proof materials and
metallurgy.

In Poland, quartz veins mainly occur in Precambrian
and Paleozoic crystalline rock massifs of the Sudety Mts.
(Plate 6). The deposits are characterized by a high varia-
bility in thickness and quality of raw material, as well as
a general high dip angle of the veins and lenses. Prog-
nostic resources of vein quartz are assessed to amount to
2.87 Mt and prospective resources to 1.33 Mt (Wotko-
wicz, Sroga, 2020).

Anticipated economic resources of vein quartz have not
changed since 2015 and amounted to 5.61 Mt in 2020
(Tab. 11.28.1). The largest anticipated economic resourc-
es hitherto discovered amounted to 3.3 Mt in the
Stanistaw deposit located south-west of Jelenia Gora,
and 1.5 Mt in the Kraskéw deposit in the vicinity of
Swidnica, in the Sudety Mts. (Plate 6).

None of the vein quartz deposits in Poland are being
currently exploited. Output from the last exploited de-
posit (Taczalin) was suspended in 2015.

Geological resources in place Economic
o0 . resources in
Numbe‘r Anticipated economic Anticipated place e'ls‘a part
of deposits sub-economic | °f ant1c1pe?ted
Total A+B+C, C,+D economic
resources
TOTAL RESOURCES 6 5.61 3.72 1.89 0.35 1.35
Including resources of non-exploited deposits
Deposits covered
_ ) 2 0.28 0.22 0.06 - -
by detailed exploration
Including abandoned deposits
Abandoned deposits 4 | 5.33 3.51 1.83 0.35 1.35
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12. Brines, curative and thermal water
J. Sokotowski, L. Skrzypczyk

According to the GML (dated the 9t of June, 2011 -
Journal of Laws of 2021, Item 1420 — unified text),
groundwater is considered as a mineral resource (brines,
curative or thermal water) solely on the basis of their
specific physical and chemical properties.

Brine: groundwater with total solid minerals dissolved
at least to 35 g/dm3. When considering exploitation,
the only deposit that is classified as brine is the deposit
in Lapczyca in the Malopolskie voivodeship. The brine
occurs in the Miocene sandstone formation, and is used
for therapeutic and bath salt production. Groundwaters
of similar composition (strongly mineralized waters of
the Cl-Na or Cl-Na-Ca types, with higher amounts of io-
dine ions) are common in the area of Polish Lowland.
They occur in very deep formations, at a depth of a few
thousand meters.

Curative water: according to GML, curative water is
groundwater with no chemical and microbiological con-
tamination, with a natural diversity of physical and
chemical properties, meeting at least one of the follow-
ing requirements:
o total dissolved solid mineral content at least
1,000 mg/dm?;
« ferrous ion content - at least 10 mg/dm? (ferrugi-
nous waters);
« fluoride ion content - at least 2 mg/dm3 (fluoride
waters);
« iodine ion content — at least 1 mg/dm? (iodide waters);
o bivalent sulfur ion content - at least 1 mg/dm?
(sulfide waters);
« metasilicic acid content - at least 70 mg/dm? (silica
waters);
« radon content — at least 74 Bq (radon waters);
« carbon dioxide content - at least 250 mg/dm?
(250-999 mg/dm? carbonic acid waters, 21,000 mg/
dm? carbonated water).

Most of curative waters — over 70 % occur in health re-
sorts and towns of southern Poland, in the Sudetes and
the Carpathian region (including the Carpathian
Depression). The rest of the deposits occur in Western
Pomerania and in the Polish Lowland. Curative waters
are used mainly for balneotherapy (baths, inhalations,
drinking treatment) and bottling purposes (i.e. Krynica-
Zdréj, Muszyna, Piwniczna-Zdréj, Wysowa-Zdréj, Pola-

nica-Zdroj, Ciechocinek, Rymanéw-Zdréj, Gorzanéw,
Szczawnica, Szczawno-Zdrdj), but also for salt, lye and
mud production, pharmaceutical specimens and medi-
cines (i.e. Ciechocinek, De¢bowiec, Iwonicz-Zdrdj,
Rabka-Zdréj, Kolobrzeg, Zablocie, Busko-Zdréj, Go-
czalkowice-Zdrdj). Moreover, in Krynica-Zdréj and
Duszniki-Zdréj, natural carbon dioxide is obtained from
curative waters.

Mineralized and specific groundwater (with a total dis-

solved solid minerals content over 1,000 mg/dm?,

(Dowgiallo et al., eds., 2002), not considered as curative,

occur commonly in Poland at various depths, more often

deeper than ordinary waters. The variety of chemical

composition of these waters (Fig. 12.1) is caused by the

diversity of geological and hydrogeological conditions.

The following types are distinguished:

« strongly mineralized chloride waters, mainly of the
Cl-Na, (I) type;

« bicarbonate waters, mainly of the HCO,;-Ca-(Mg),
(Fe) type;

o specific waters of various mineralization: Fe, E, 1, S,
H,SiO;, Rn, CO,, thermal.

Thermal water: groundwater in all geological units hav-
ing a minimum temperature of 20°C at the outflow,
excluding drainage waters from mining areas. In Poland,
it occurs in the area of the Polish Lowland, within large
reservoirs of regional importance, as well as in the Car-
pathians and Sudetes (Fig. 12.2).

In the area of Polish Lowland, thermal waters from the
Lower Cretaceous and Lower Jurrasic formations are the
most prospective for use. They occur in widespread hy-
drogeological basins (covered structures). In the Car-
pathians thermal water occurs in the Cretaceous,
Paleogene and Neogene formations, and in the Triassic
deposits of the Podhale Trough, which is characterized
by a small area and strong tectonic influence (i.e. Baniska,
Bialy Dunajec, Biatka Tatrzanska, Bukowina Tatrzanska).
In the Carpathians Forehead, thermal waters occur in
the Cambrian, Devonian, Carboniferous, Jurassic, Creta-
ceous and Miocene formations. In the Sudetes the most
prospective formation is the Carboniferous aquifer
in the vicinity of Jelenia Géra-Cieplice. Thermal water
also occurs in Ladek-Zdrdj, Duszniki-Zdréj and Grabin
in the vicinity of Niemodlin. Thermal water is used for
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) curative water deposits o = o state boundaries sulphurous (after Rajchel, 2000)

@ brine deposit province boundaries

Perspective areas of occurrence
of curative waters:

chloride (after Paczynski,
Ptochniewski, 1996, modified)

hydrogeological regions of curative waters
(after Dowgiatto, Paczynski, 2002):

A — Precambrian Platform Province

B — Paleozoic Platform Province

C — Sudetes Province

] 4 radon (after Przylibski, ed., 2007)
D — Carpathians Province

Explanations for the numerical symbols on the map:

sulphate and sulphurous
(after Paczynski, Ptochniewski,
1996, modified)

carbonated and containing
carbon dioxide (after Paczynski,
Ptochniewski, 1996, modified)

1 — Busko II; 2 — Busko-Poétnoc; 3 — Ciechocinek; 4 — Cieplice; 5 — Czarna Goérna zr. nr 5; 6 — Czerniawa-Zdroj; 7 — Czeszewo |1G-1; 8 — Dar Natury;
9 — Debowiec Ill; 10 — Dtugopole-Zdréj; 11 — Dobrowoda I; 12 — Dobrow IGH-1; 13 — Duszniki-Zdréj; 14 — Dziwnowek Jozef; 15 — Frombork IGH-1;
16 — Galicjanka Il - Pole 1, Pole 2; 17 — Glebokie Kinga; 18 — Goczatkowice-Zdréj I; 19 — Gotdap; 20 — Gorzanéw; 21 — Grabin 5/1 (Odra); 22 —

Horyniec; 23 — Inowroctaw |; 24 — Inowroctaw Il; 25 — Iwonicz; 26 — Jamno IG-3; 27 — Jaworze 1G-1,

1G-2; 28 — Jedlina-Zdréj; 29 — Kamien

Pomorski; 30 — Kotobrzeg Il; 31 — Komancza zr. nr 1; 32 — Konstancin; 33 — Konstantynéw; 34 — Kotowice; 35 — Kroscienko n. Dunajcem; 36 —
Krynica Morska IG-1; 37 — Krynica-Zdroj I; 38 — Krzeszowice |; 39 — Kudowa; 40 — Las Winiarski; 41 — Latoszyn-Zdréj; 42 — Ladek-Zdroj; 43 —
Leluchéw L-4; 44 — Lesko (zrédia nr 1, 4); 45 — Lipa Zdréj-1; 46 — Lusina; 47 — Lagiewniki; 48 — tagow Lubuski 1G-1; 49 — Marusza; 50 — Mateczny
I; 51 — Migdzywodzie (Kamien Pomorski IG-1); 52 — Muszyna; 53 — Muszyna INEX; 54 — Muszyna Zdr6j; 55 — Muszynianka lll; 56 — Nateczow II;
57 — Nieboroéw zrodta; 58 — Opatkowice; 59 — Pita 1G-1; 60 — Piwniczna-tomnica; 61 — Polanica-Zdréj; 62 — Polanczyk; 63 — Pofczyn; 64 —
Przerzeczyn; 65 — Rabe 1; 66 — Rabka-Zdr¢j; 67 — Rajcza-Plebania SWR-1; 68 — Rymanéw; 69 — Rzeszéw (S-1, S-2); 70 — Solec-Zdroj; 71 —
Sopot; 72 — Sosnéwka zrodta; 73 — Sol S-1 Miriam; 74 — Sol-Teznia; 75 — Stara Lomnica; 76 — Stare Bogaczowice zrédta; 77 — Stare Rochowice;
78 — Stary Wielistaw; 79 — Swoszowice; 80 — Szczawa; 81 — Szczawiczne |l; 82 — Szczawina; 83 — Szczawnica |; 84 — Szczawnik-Cechini; 85 —
Szczawno-Zdroj; 86 — Slesin IGH-1; 87 — Sroda IG-2; 88 — Swieradow-Zdroj; 89 — Swinoujécie I; 90 — Trzebnica IG-1; 91 — Tylicz I; 92 — Ustka; 93 —
Ustron; 94 — Wapienne; 95 — Wapienne INEX; 96 — Wetnin; 97 — Wieliczka W-VII-16; 98 — Wieniec; 99 — Wierchomla Wielka; 100 — Wierchomla
Wielka zrodta; 101 — Wilga 1G-1; 102 — Wotczyn VII A; 103 — Wysowa; 104 — Zabtocie-Korona; 105 — Ztockie Z-7; 106 — Zubrzyk; 107 — Zegiestow

INEX; 108 — Zegiestow-Cechini; 109 — Zegiestow-Zdroj; 110 — Zegiestow-Zdroj Gtéwny; 111 — Lapczyca

Figure 12.1. Occurrence of curative waters in Poland
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@ thermal water deposits Perspective areas of occurrence of thermal waters:

hydrogeological regions of curative waters
(after Dowgiatto, Paczynski, 2002):

A — Precambrian Platform Province

B — Paleozoic Platform Province

C — Sudetes Province

D — Carpathians Province

state boundaries

province boundaries

Explanations for the numerical symbols on the map:

Polish Lowlands — Lower Cretaceous and Lower Jurassic reservoirs
(after Gorecki, ed., 2006)

Outer Carpathians — Paleogene and Mesozoic reservoirs
and Carpathian Foredeep — Neogene, Mesozoic and Paleozoic
reservoirs (after Gérecki, ed., 2011, 2012, 2013)

Podhale Trough — Paleogene and Mesozoic reservoir
(after Paczynski, Ptochniewski, 1996)

Sudetes and Fore-Sudetic Block (after Dowgiatto, Paczynski, 2002)

1 — Biatka; 2 — Bukowina; 3 — Celejow; 4 — Chochotowskie Termy; 5 — Cudzynowice; 6 — Furmanowa PIG-1; 7 — Jachranka; 8 — Karpniki; 9 —
Kleszczéw GT-1; 10 — Koto; 11 — Konin GT-1; 12 — Lidzbark Warminski GT-1; 13 — £6dz (EC-2 otw. nr 3); 14 — Mszczonéw; 15 — Poddebice;
16 — Podhale 2; 17 — Porgba Wielka; 18 — Poronin; 19 — Pyrzyce; 20 — Sieradz GT-1; 21 — Siwa Woda IG-1; 22 — Skierniewice GT-1, GT-2; 23 —
Podhale 2; 17 — Poreba Wielka; 18 — Poronin; 19 — Pyrzyce; 20 — Sieradz GT-1; 21 — Siwa Woda 1G-1; 22 — Skierniewice GT-1, GT-2; 23 —
Sochaczew GT-1; 24 — Staniszéw; 25 — Stargard Szczecinski I; 26 — Swarzedz IGH-1; 27 — Szymoszkowa; 28 — Tarnowo Podgérne GT-1; 29 —
Torun; 30 — Trzesacz GT-1; 31 — Turek GT-1; 32 — Uniejéw |; 33 — Wrecza GT-1; 34 — Zakopane; 35 — Zazadnia 1G-1

Figure 12.2. Occurrence of thermal water in Poland
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heating, relaxation and fish farming, the food industry,
and for municipal purposes (to drink, for heating side-
walks and sports fields).

In 2020 reserves of groundwater classified as minerals
amounted to 7,222.52 m%h in 146 deposits. The reserves
of thermal water were estimated at 5,291.30 m3/h, cura-
tive water — 1,927.52 m3/h and brine 3.70 m3/h. Over the
last five years the resources of groundwaters considered
as minerals increased by about 1,393.14 m3/h, and in the
last decade increased by about 2,997.21 m?3/h. Since
2015, the number of deposits increased from 132 to 146,
whereas the resources of thermal water increased by
about 1,126.5 m3/h (2,745.6 m3/h since 2010) and cura-
tive water increased by about 266.64 m3/h (251.61 since
2010). For the brines no change was observed. Currently
81 deposits are being exploited in Poland. In 2015 the
number of active deposits was determined to be 78.

The amount of brine, curative and thermal waters intake
in 2015 was calculated at 12,971,535.70 m3/year. In com-
parison to 2015 it has increased by about 782,464.51 m>.

The prospective resources of curative water that can be
used, calculated as the difference between the value of
disposable resources and reserves, amount to
38,455.37 m’/h and increased over seventy-fold com-
pared to 2009 (Sokotowski, Skrzypczyk, 2020). In the
case of brine static resources in the Lapczyca deposit
should be considered as prospective resources in the
amount of 32,139.61 m3/h (Felter, 2020; Sokotowski,
Skrzypczyk, 2021). In the case of thermal water only
their energy resources are specified. The prospective ex-
ploitation resources of thermal water energy are approxi-
mately 9.0-9.1-10'® J per year (Socha, Skrzypczyk,

2020).
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13. Noble metals and jewellery stones

13.1. Chrysoprase

Chrysoprase is a rare variety of silica made from a mix-
ture of cryptocrystalline chalcedony, quartz and opal.
An advantage of one of these components allows several
varieties of chrysoprase to be distinguished: opal chryso-
prase (prazopal), chalcedony-opal chrysoprase, chalced-
ony chrysoprase, and quartz chrysoprase. Chrysoprase is
translucent, sometimes diaphanous on the corners,
glassy or half glassy, sometimes greasy burnish. Its char-
acteristic green color is the result of an admixture of
nickel compound e.g. schuchardite, pimelite, garnierite.
Depending on the admixture content and proportions,
the color can have variable shades — from light green to
emerald/dark green. The most valuable varieties are
characterized by a high degree of transparency together
with an intense dark apple green or dark emerald green
color. Chrysoprase occurs within weathering zones of
ultrabasic rocks. Nevertheless, the deposits of any practi-
cal significance are mainly connected with the strong
silification zones within serpentinites. They can also
arise as the result of silica precipitation from hydrother-
mal solutions e.g. near granitoid intrusions (Niskiewicz,
1982; Sachanbinski, 1985).

Chrysoprase is attractive and highly appreciated pre-
cious stone used in for collecting, decoration and jewel-
ry. It had already been appreciated in ancient Egypt,
Rome and Greece. It was particularly popular from the
17t to the first half of 19th century. It was mainly used for
the production of gallantry, souvenirs, amulets and jew-

elry. Sometimes it was used as facing, decorative or in-
crustative stone.

Chrysoprase occurs very seldom in the bigger agglomera-
tions of an economic significance. One of the unique de-
posits is located in Poland, and therefore Poland has been
for years, one of the world leaders in chrysoprase exploita-
tion. Since the end of the 19 century chrysoprase was be-
ing exploited as the accompanying raw material with nickel
ore, in Szklary near Zabkowice Slaskie, in the Sudetic
Foredeep (Lower Silesia). Initially, underground exploita-
tion was used, while in the 20t century exploration moved
mainly to opencast mining. In the final period of the mine’s
operation (1970s and 1980s) there were a maximum of 2 t
of chrysoprase being exploited annually. The chrysoprase
deposit in the Szklary Massif occurs with serpentinites in
the form of veins, lenses and nests. The occurrence of opal,
serpentine, talc and magnesite is also characteristic. The
biggest specimens reached even a dozen or so kilograms
(Sachanbinski, 1985). In the central area of Szklary (the
Szklana Goéra hill) there were 5 prospective areas of chryso-
prase occurrence, within yellow-brown and red-brown
earthy mantle rock with a preserved structure of primary
rock, with increased nickel content (Niskiewicz, 1982).
Small chrysoprase occurrences are also known from ser-
pentinites in the vicinities of Grochowa, Braszowice,
Kozmice, Wiry and Wirki near Sobotka (Zaba, 2006).
At present, chrysoprase is obtained only by collectors
(Mizerski et al., 2020).

13.2. Nephrite

Nephrite is a metamorphic rock composed of closely fit
cryptocrystalline fibers of the silicates mineral group
consisting mainly of the calcium-iron-magnesium am-
phibolite from the actinolite series. Nephrite can contain
some admixtures of other minerals such as e.g. chromite,
diopside, and magnetite. It is non-translucent, with the
greasy burnish. It is green in color - variable in shade:
from light green to dark green. Sometimes it forms
patchy or striped, veined, marbly varieties - resulted
from iron oxide admixtures. Grey-white, milky-white,
creamy-beige, yellowish, grey-brown, black, sometimes
red color specimens are also found. The high cohesion

and conciseness of the internal structure make nephrite
exceptionally resistant to mechanical damage - the
breakdown of nephrite require the pressure exceeding
7 t/cm?. Nephrite formed as a result of metasomatic pro-
cesses with the dirt from acidic or alkali igneous rocks
moved into dolomites, dolomitic marbles or serpent-
inites — under significant pressures and increased tem-
perature (Heflik, 1974, 2010).

Nephrite was already known in the ancient times, espe-
cially in China, where it was used for the production of
tools, amulets, decoration, sculpture, medicines, and



13.3. Other

even weapon. At present, nephrite is used for decorative
and utility products, artistic souvenir items, sculpture
and jewelry.

Nephrite occurrences are relatively rare in nature,
and the largest can be found in for e.g. Australia, Brazil,
China, Canada.

Poland occupies second place in Europe regarding neph-
rite resources. Nephrite occurrences were found in the
Lower Silesia, in the vicinity of Jordandw, Srzebléw and
Tapadlo Pass, in the vicinity of Zloty Stok and in the
Izery Mts. The best explored deposits occur in Jordanow

Slaski within serpentinite forming the hill range sur-
rounding the Sleza Massif from south and east. In this
area nephrite occurs in the form of nests and veins which
formed blocks up to 40 cm in thickness and 2.5 m in
length extracted. At present, the quarry is abandoned. In
2007 there was a nephrite occurrence discovered in the
serpentinite quarry in Nastawice, located in the pass of
the Nastawice Hills, within the Gogotéw-Jordanéw Mas-
sif. It confirms the occurrence of a rich, several kilome-
ter-long nephrite zone between Jordanéw and Nastawice
(Lobos et al., 2008). Nephrite resources have not been
documented so far. There is no exploitation of this stone
carried out (Mizerski et al., 2020).

13.3. Other

Agate is one of the oldest known decorative stones in the
world. They were exploited as early as 3,000 BC in the
areas of present-day Saudi Arabia or Egypt. Agates are
compact silica agglomerations, in which chalcedony
dominates. Subordinate compounds are several varia-
tions of opal and micro- and macro-crystalline quartz.
They are diaphanous or translucent with conchoidal
fracture of wax burnish. They can be spherical, ellipsoi-
dal, lensed, veined, but also more complicated and de-
formed. The border with the surrounding rock is clearly
visible. A characteristic feature of agate is a multi-color-
ed banded chalcedony. Particular bands can be grey,
white, grey-blue, brown, black, rarely yellow, orange, red,
red-orange, blue, green, which is the result of the admix-
ture of various minerals such as e.g. chlorites, hematite,
goethite, seladonite. Spaces between bands are filled by
microcrystalline quartz. In some agates mega-quartz
druses can also be spotted, which are formed in the final
phase of the silica crystallization process. Bands are usu-
ally aligned monocentric or polycentric, rarely parallel,
but they can also occur in pseudo-infiltrative forms or
other colorful ornaments. Depending on the formed
pattern, the characteristics of colors distribution or the
type of band structure, there are several dozen agate
types distinguished, e.g. dendritic, mossy, lacy, fortress,
landscaped, smudge, ribbon, star-shaped, amoebic, cir-
cular, brecciaous. The rare agate types are onyx, sardonyx
and - characterized by a schillerization effect — fiery and
iridescence agate.

Agate usually occurs in the sub-volcanic igneous rocks,
whose igneous alloys were highly saturated by steam and
hot gases and then underwent cooling near the earth
surface. They formed in the post-gaseous voids, growing
from the walls to the center. They can rarely be spotted

in pyroclastic rocks, sedimentary rocks, and inside fos-
sils (Zaba, 2006; Manecki, 2015).

Due to the variety of colors and patterns formed in ag-
ates, these stones are highly demanded for collecting
purposes. They are used for the production of e.g. deco-
rative gallantry, artistic utility objects, jewelry, and for
the production of abrasives, polishing materials, bear-
ings, tools for the textile industry and laboratory equip-
ment.

The occurrence of agates in Poland is connected with the
outcrops of volcanic igneous rocks (melaphyres, rhyo-
lites, trachybasalts) mainly in the Lower Silesia in the
Kaczawa Mts. and Kaczawa Foreland (Nowy Kosciol,
Pl6czki Dolne, Dynowice, R6zana, Wielistaw Zlotoryjski,
Lubiechowa, Sokotowiec, Przezdiedza, Wlen), in the vi-
cinities of Kamienna Goéra, Walbrzych, Mieroszéw
(Sokotowsko), (Swierki), Nowa Ruda
(Tlumaczéw) and Klodzko (Suszyn, Mrowieniec,

Gluszyca

Czerwienczyce). Agates are also known from the area of
Krzeszowice, near Cracow (Alwernia, Rudno, Regulice).

The most prospective — for agates exploitation — are the
Rotliegend deposits in the vicinity of Nowy Koscidt
(Mizerski et al., 2020).

Rock crystal (pure quartz, traditionally also called clear
quartz) is a colorless, diaphanous variety of quartz, char-
acterized by a high hardness and chemical weathering
resistance. Most often, it forms columnar, hexagonal
crystals with sharp endings. Sometimes in the crystals
there may be inclusions of other minerals occurring e.g.
rutile, goethite, pyrite, hematite, tourmaline, chlorite or
fluidal or gaseous inclusions causing a white color (milk
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quartz). Rock crystals are mostly found in igneous rocks
and hydrothermal sediments, but can also occur in the
metamorphic and sedimentary rocks. Especially beauti-
ful developments are found in pegmatites druses and
hydrothermal veins (Zaba, 2006).

Rock crystal was highly valued as a gemstone until the
18t century. Then its importance decreased as a result of
a growing production of synthetic stones. At present, it is
used for silica glass production, in the crystal growth of
synthetic quartz, sometimes in the optical and electro-
technical industries. It is also used for the production of
jewelry, decorative gallantry, souvenirs, utility or artistic
items. At the same time, it is still a highly-valued stone
by collectors.

In Poland, the most beautiful crystals occur in the
quartzitic schist quarry in Jeglowa, near Strzelin, in the
Sudety Upland. The biggest crystal found there was
20 cm long and 5 cm wide and weighed in at 260 grams.
There impressive druses can also be found. Rock crystals
also occur in many other places in the Lower Silesia: in
dolomite in Stawniowice near Glucholazy (Eastern Su-
dety Mts.), in the vein quartz mine Stanistaw on the Iz-
ery Humps (Izery Mts.), in Taczalin near Legnica,
Struzyno near Strzelin, in the vicinity of Strzegom (Jaro-
sz6w, Graniczna, Zétkiewka, Grabina, Zimnik), in the
vicinity of Jelenia Géra (Lomnica, Karpniki), Szklarska
Poreba, Sobétka, Bolestawiec, Ladek Zdréj, Klodzko and
many other towns. They are also spotted in abandoned
melaphyre quarries in the vicinity of Cracow (Porgba,
Rudno near Tenczynek, Niedzwiedzia Goéra, Krzeszo-
wice), within Tatry granite and Carpathian flysch sand-
stone (e.g. vicinities of Jablonka and Szczawy) (Zaba,
2006).

Jasper is a siliceous rock of sedimentary, volcanogenic or
metamorphic origin, containing mainly of chalcedony
and quartz. Jasper is hard, compact and non-translucent.
Its color varies in a wide range: red-brown, red, cherry,

yellow, orange or brown, rarely green, pink, blue, purple,
white or black. Such variety of colors is caused by admix-
tures of other minerals, mainly iron and manganese
compounds, but also chlorites, epidote, zoisite. Some-
times admixtures of carbonates, mica, clayey substances,
garnets, pyroxene can also occur. Additionally, the fol-
lowing patterns can be formed: striped, ribbon, smudge,
spotted, dappled, mottled, stringy, marbly, brecciaous,
spherical, motley. Jasper can occur in the form of veins,
lenses, encrustations, beds, concretions, whereas in allu-
vial and glacial sediments in the form of pebbles.

Jasper is a popular jewelry-decorative stone, known
throughout history - e.g. as the Nile stone from ancient
Egypt. It is used in the production of jewelry, and as
a decorative stone for the production of artistic, utility
and souvenir items. Sometimes it is used as a facing
stone, for the production of table tops, mosaic, but also
for encrustation (Heflik, Pawlikowski, 1977; Zaba, 2006).

Jasper is widely spread throughout nature, sometimes
forming large aggregations that possess characteristics of
a deposit. The most famous and valued deposit in the
world is located in Russia (Ural Mts.), where monolithic
blocks of jasper weighting a couple of tons each are be-
ing exploited.

In Poland, jasper occurs mainly in Swierki near Nowa
Ruda in the Lower Silesia, in the form of beds within the
Permian melaphyres. Their thickness is up to 1.8 m. Jas-
per is also known from quarries in Czadrowo, on the Os-
toja mountain in Gluszyca Goérna, Suszyn and Niwa,
Przezdziedza near Wlen, Ptuczki and Plawna and in the
vicinity of Marciszéw, Nagornik, Stare Bogaczowice and
Dobromierz. Except for the Sudetes area, jasper can be
also found in diabases of Niedzwiedzia Gdra near Krze-
szowice in the vicinity of Cracow, in sedimentary rocks
in Lanckorona near Wadowice, and in dolomites in the
Bobrowniki-Blachéwka mine in Upper Silesia (Gawet,
1953; Heflik, Pawlikowski, 1977; Zaba, 2006).
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14. Mineral resources databases

J. Fabiariczyk, 1. Gryszkiewicz, A. Malon, M. Szuflicki, M. Tymirnski

14.1. Database on Polish mineral raw material deposits
- MIDAS

Registration, storage and processing of data on resources
and output of mineral raw materials in Poland are some
of the main tasks of the Polish Geological Institute - Na-
tional Research Institute. PGI-NRI is charged with over-
sight of the Polish Geological Survey according to Art.
163 of the GML. One of the tasks performed by the PSG
is to run a national balance of mineral resources (Art.
162 of the GML). To complete this task it is necessary to
possess an appropriate database. Such a database - the
System of management and protection of mineral re-
sources in Poland (MIDAS) - is maintained by the Eco-
nomic Geology Department at PGI-NRI. The MIDAS
system has been systematically updated since 1988 and
contains information on all mineral raw material depos-
its, their resources base and on their output and develop-
ment possibilities.

There are two sources of information for the MIDAS
system:

« geological documentation collected by the PGI-NRI
National Geological Archive (prepared according to
the “Regulation by the Minister of the Environment
on a geological documentation of a raw material de-
posit excluding hydrocarbons” (dated the 15t of July,
2015 - Journal of Laws of 2015, Item 987) and “Regu-
lation by the Minister of the Environment on a geo-
logical-investment documentation of a hydrocarbons
field” (dated the 1% of July, 2015 - Journal of Laws of
2015, Item 968) — covering basic information on de-
posits such as location, structure, hydrogeological
conditions, raw material types and parameters, and
deposit resources;

« statistical forms prepared by concession holders and
sent annually to PIG-NRI (by the 15% of March - ac-
cording to Art. 101 of the GML) - containing infor-
mation on the annual output and changes in the re-
sources of a deposit.

All data mentioned above are regularly entered into the
database. The service can be found on the MIDAS web-
site http://www.midas.pgi.gov.pl. It is available only in
Polish and provides access to 3 groups of information:
deposits; mining areas and mining countries as well as

related concessions; mineral resources management.

Anyone interested in the mineral resources of Poland
should select the “viewing data” button (which forwards
to http://geoportal.pgi.gov.pl/midas-web) and then “Zloza
kopalin” on the top left side of the webpage and will be
redirected to the website where specific deposit data can
be found. Upon selection of a single deposit (by its name
or number), detailed information can be gained and ana-
lyzed. Such information contains: deposit location (name
of town or village, voivodeship); documentation(s) num-
ber of a deposit collected in the NGA; deposit concession
holder(s); type of area above a deposit; underground wa-
ter levels (depth, quality); raw material data — thickness
and depth, shape, qualitative parameters, resources and
output; exploitation system; raw material processing (ore
dressing); land reclamation planned in the future. A de-
posit can also be presented on a map and a special report
(called in Polish “karta ztoza” - deposit sheet) with all
necessary information on a deposit can be generated and
downloaded in .pdf format.

Spatial data presented on the MIDAS website relating to:
mineral deposits, mining areas and mining countries are
- among other data collected by the PGI-NRI - available
as shapefiles on the website https://dm.pgi.gov.pl.

The MIDAS system is a very important tool for fulfilling
the tasks placed on PGI-NRI. Its main uses are as follows:
« data source for preparing the “The balance of miner-
al resources deposits in Poland” (only in Polish) pub-
lication — prepared annually,
« Dbasis for the “Mineral Resources of Poland” publica-
tion — prepared approximately every 5 year,
« basis for the Mineral Resources of Poland website -
prepared annually,
« important source of information for local govern-

ment and government administration.

“The balance of mineral resources deposits in Po-
land” is a task of the Polish Geological Survey and must
be issued by the 30t of June (according to the GML) by
order of the Ministry of the Environment. It is financed
by the National Fund for Environmental Protection and
Water Management. The publication has been issued
since 1953 and its latest edition (as of the end of 2020 —
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Szuflicki et al., eds., 2021) contains data on 14,429 Pol-
ish mineral raw material deposits. “The balance...” pre-
sents mineral raw materials within 4 groups: energy,
metallic, chemical and rock raw materials. These groups
are selected on a basis of a raw material’s utility as
a mineral commodity. Each raw material is described in
a separate chapter. Each chapter provides information
on a raw material’s occurrence in Poland, types of de-
posits, raw material quality and its utility. There are also
usually 2 types of tables presented in a chapter - one,
with national data (includes types of resources, resourc-
es categories and state of deposit development), and an-
other with regional or administrative information
(where deposits with their resources and output are list-
ed). Until the 2011 edition (as of the end of 2010), also
provided was data on potable- and industrial-grade
groundwater resources, waste from exploitation and
processing of raw materials, and on export and import.
Presently, “The balance...” covers only the information
on brines, curative and thermal water, whereas data on
export and import are presented on the website Mineral
Resources of Poland.

The “Mineral Resources of Poland” is published written
in English, prepared by the Economic Geology Depart-
ment at PGI-NRI. The current publication is the 6t edi-
tion of the “Mineral Resources of Poland”. Similar to the
publication in Polish (“The balance...”), it divides raw
materials into 4 main groups and each raw material is
described in a separate chapter. The publication (apart
from the 2017 publication - Szamalek et al., eds., 2017)
contains an analysis over a 5-year period in a table pre-
senting the size of raw material resources, state of their
identification and management (on a national scale) and
— for the most important raw materials — a graph show-
ing their resource base and output over a representative
period of time. There is also a set of maps presenting
mineral raw material deposits occurring in Poland. This
publication is aimed at supporting the central govern-
ment administration i.a. in terms the security of domes-
tic resources and providing geological knowledge to po-
tential foreign investors that are interested in building
their business in Poland in the area of mineral resource
deposit development. It applies not only to the stages of
prospecting and exploration mineral deposits, but also
to the exploitation of mineral raw materials.

The Mineral Resources of Poland website is available
under the link: http://surowce.pgi.gov.pl. It was estab-
lished in 2011, based on the MIDAS system and “The
balance..”, and is annually updated by the Economic

Geology Department at PGI-NRI. It is presented both in
Polish and in English, and provides the most important
information on resources of mineral raw material depos-
its in Poland, the state of their development and their
output. The portal also contains:

« aset of maps presenting mineral raw material deposits
occurring in Poland;

« aset of geological concession maps;

« information on the import and export of mineral raw
materials;

« archival editions of “The balance..” (in Polish) - from
1955 to the most recent one (in .pdf format);

o archival editions of the “Mineral Resources of Po-
land” (in .pdf format);

« definitions of resources and their categories, as re-
quired by Polish law (according to the regulations by
the Minister of the Environment: Journal of Laws of
2012, Item 511 and Journal of Laws of 2015, Items:
968 and 987);

o 2editions - 2012 and 2013 - of the Minerals Yearbook
of Poland (and also its Polish version - “Bilans Gospo-
darki Surowcami Mineralnymi Polski i Swiata”) re-
viewing mineral commodity production and use in
Poland.

The distribution maps available on the website (updated
annually) include: hard coal deposits in the USCB; hard
coal deposits in the LCB; copper ores deposits; zinc and
lead ores deposits; dimension and crushed stone depos-
its in South-Western Poland; dimension and crushed
stone deposits in South-Eastern Poland; oil and gas
fields; hard coal, brown coal and peat deposits; metal
ores and chemical raw materials deposits; rock raw ma-
terials deposits (excluding dimension and crushed
stone); ceramic and refractory raw materials deposits
(excluding building ceramics raw materials); building
ceramics raw materials deposits; clastic rock raw materi-
als deposits. All of these maps can be downloaded in .jpg
format.

Concession maps are prepared monthly and a set of
maps consists of: a concession map for hydrocarbon ex-
ploration and production, and non-reservoir storage of
substances and waste in the subsurface; a map of drill-
ing work being currently conducted for the purpose of
natural gas and crude oil prospecting and exploration
(on a base of map of hydrocarbon concessions divided
according to exploratory targets); concession map for
the prospecting, exploration and production of rock,
chemical and metal deposits; concession map for hard
coal and CBM prospecting, exploration and production
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in the USCB; concession map for hard coal and CBM
prospecting, exploration and production in the LCB;
concession map for hard coal and CBM prospecting, ex-
ploration and production in the LSCB; concession map
for prospecting, exploration and production of lignite
deposits; map of brines, curative and thermal water pro-
duction licences, and geological work projects for pros-
pecting and identifying waters considered as a mineral
resources.

Information on trade turnover in the imports and ex-
ports of mineral raw materials from and to Poland is
available via the MIDAS system, based on data collected
by the Polish Tax and Customs Service based on data
provided on customs declaration forms and INTRA-
STAT statistical declarations. Data does not include the
information from the entities which do not have a legal
obligation to report their activity in the INTRASTAT
system, or which have not fulfilled the obligation within
the required time limit. The customs declaration forms
apply to the trade of goods carried out between Europe-
an Union Member States and countries which are not
EU Member States. Such declarations are the basis for
the EU statistical system EKSTRASTAT. The INTRA-
STAT system, however, is a statistical system containing
the trade statistics between EU Member States and has
been obligatory on the European Single Market since the
1t of January, 1993. The INTRASTAT declarations have

to be completed when the value of commodities exceeds
a certain threshold - the threshold values are annually
defined by the President of Statistics Poland and pub-
lished in the statistical survey program implemented as
a regulation by the Prime Minister. Import and export
data contains the valuation and size of a particular raw
material, and on the nation-wide scale, the turnover bal-
ance and the directions of trade. Detailed data from the
previous year is presented including multiannual infor-
mation in the form of tables or graphs. Until 2009 said
information was collected in the PRICESMIN database,
but since then it has been relocated to one of the mod-
ules of the modernized MIDAS system, named the
“Economy of raw materials” available on the website un-
der the link: http://geoportal.pgi.gov.pl/midas-web/pag-
es/index.jsf?conversationContext=1 (in Polish).

The Mineral Resources of Poland website provides all the
important information on mineral raw material deposits
(in Polish, as well as in English) and allows users to
download the content. It is regularly visited - in the 4th
quarter of 2021 the number of visits (sessions) amounted
to 8,679 and the number of views was equal 22,418. New
visitors to the website accounted for 96.7%, whereas re-
turning visitors accounted for 3.3%. Most users visited
the Polish-language version of the website (about 85.4%),
however there was a significant number of guests inter-
ested in the English version (about 14.6%).

14.2. Spatial data

Collecting, processing and providing access to spatial
data pertaining to documented raw materials deposits is
one of the priority tasks of the Polish Geological Survey.
The spatial data related to the boundaries of deposits,
mining areas and mining countries are provided: by
prepared mapping compositions (e.g. mapping data
from the MIDAS system), by WMS and WES web ser-
vices, and also in the form of vectors in the shapefile
format (.shp).

The MIDAS system website presenting i.a.: spatial data
on documented raw materials deposits boundaries, min-
ing areas and mining countries, is available under the
link: http://www.midas.pgi.gov.pl. A map interface pro-
vides all users with quick and easy access to geological
information. The MIDAS system is a referencing data-
base, where spatial data is collected and then used in
other applications and services or exported to shapefiles.
The current view of data collected in the database is se-
cured only by the online MIDAS service, other described

sources providing spatial data are updated on a 24 hour
basis.

Spatial data is also presented using the InfoGeoSkarb
system available at: http://geoportal.pgi.gov.pl/igs. The
application contains coordinates of contour points of
documented deposits boundaries, mining areas and
mining countries in the Polish coordinate systems, in-
cluding the WGS84.

MIDAS system spatial layers, with data spanning the
area of the entire country, are also available in the form
of the shapefiles - a format supported by most GIS spa-
tial information systems. Detailed information on such
files is provided by means of the MIDAS system website,
under the “Spatial data” section (http://geoportal.pgi.
gov.pl/portal/page/portal/midas/dane_przestrzenne).

Individuals interested in spatial information can also use
the WMS and WES mapping services published by PGI-
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NRI. Thus, a user can review spatial data in raster form on
any geoportal or program supporting web services. De-
tailed information on WMS and WES services is available
on the MIDAS system website in the “Spatial data” section
(http://geoportal.pgi.gov.pl/portal/page/portal/midas/
dane_przestrzenne).

Public access to spatial data is also offered by the PGI-NRI
geoportals: the mobile application GeoLOG available un-
der the link: https://geolog.pgi.gov.pl and the mapping
portal Geology available at: https://geologia.pgi.gov.pl.

The above-mentioned solutions enable a quick search of
information in a selected area, the generation of reports
and, most importantly, analyses, and access to easy inter-
pretations of the presented spatial information. The spa-
tial data on documented raw materials deposits is, on
one hand, the basis for decision-making pertaining to
the mineral policy in Poland (providing support to geo-
logical administration) and on the other hand, provide
any user data on a selected area (providing support for
investments, as well as environmental, economic and
other types of decisions).

14.3. Mineral Groundwater Data Bank

A specific collection of data is the Mineral Groundwater
Data Bank. It is a database in which information is col-
lected on hydrogeological objects — sources, exploita-
tion, research and observation boreholes located
throughout the country, collecting healing and thermal
waters and brine (all classified as minerals), as well as
mineralized and specific waters that due to their physical
and chemical properties may be classified as minerals in
the future. The database is available online under the
link: http://spd.pgi.gov.pl/PSHvS.

In the Mineral Groundwater Data Bank, attribute, de-
scriptive and numerical information is collected from
hydrogeological documentation, documents owned by
the intake users, and various archival studies and publi-
cations. Both geological data and geological/hydrogeo-
logical information are stored in this database.

The basic contents of information stored in the database
include: location of the hydrogeological object, a litho-

stratigraphic profile, construction data of the intake,
measured and calculated hydrogeological data, laborato-
ry results of the physicochemical properties of water and
of the gases dissolved in it, as well as their isotopic com-
position, and information from hydrogeological docu-
mentation and documents on the exploitation of waters
issued by appropriate geological administration entities.
The database also stores descriptive and spatial informa-
tion on mining areas, resource areas and spa protection
zones. The location of objects and spatial data can be
visualized using the map module.

Currently, the database contains information on over
2,000 hydrogeological objects from all over the country.
Database resources are being constantly supplemented
and updated.
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15.1. Output of mineral raw materials

A. Malon, M. Tymiriski

This chapter presents tendencies in the raw materials
output in Poland during the 1989-2020 period. The total
number of deposits documented in Poland changed sig-
nificantly over the analyzed period (Fig. 15.1.1). In 1989
and 1990, this number did not exceed 5,000, but then
has been systematically increasing — to 7,000 in 1998,
8,000 in 2002, 10,000 in 2008 and more than 14,500 in
2020. In the period being covered by this publication
(2016-2020), the number of deposits increased by 931
(that is by 6.85%). The number of documented deposits
in 2020 was more than threefold larger than in 1989. The
amount of exploited deposits grew slightly until 1998 -
however not exceeding 2,600. The following years
brought quite faster growth regarding the number of de-
posits — over 3,000 in 2004, more than 4,000 in 2010 and
exceeding 5,100 in 2014. The highest number of exploit-
ed deposits during this analyzed period was recorded in
2017 - it amounted to 5,113. In the following 3 years
(2018-2020) the number fell by 199 (3.89%) and re-
turned to the amount recorded in 2012. In 1989, exploit-
ed deposits accounted for 47.3% of total documented
deposits and this contribution declined until 1998 (to
36%). By 2010, the rate did not change significantly. In
the next several years, it slightly grew to 37% in 2015,
but was still much lower than in 1990s. The 2016-2020
period brought quite a significant ratio decrease - to

number of documented deposits
—&— exploited/documented [%)]
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13,500 1
12,000 1
10,500 1
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33.9% and it was the lowest point over the whole pre-
sented period (32 years). Rock raw materials deposits
(especially these of sand and gravel) account for more
than 90% of all documented deposits in Poland, so ten-
dencies within this group determine the entire domestic
situation. Until 1997, their contribution did not exceed
90%, but in the following years it has been systematically
increasing — and reached the highest point of 94.5% in
2020. The analyzed period was characterized by signifi-
cant increase in the number of documented deposits,
while the number of exploited deposits (for all raw ma-
terials and rock group) was changing much slower rate.
This was mainly because not all new deposits have been
the subject of exploitation immediately after documen-
tation. The significant increase in the number of exploit-
ed deposits can be seen especially until 2014 (by about
100 deposits annually), whereas in 2015-2020 it fell by
196 (3.84%). The growing number of documented de-
posits did not always influence increases in resources. It
might have been due to a size of new documented de-
posits — much smaller than the already documented
ones. The best example is the sand and gravel raw mate-
rial for which the largest deposits (with resources be-
tween 10 and 500 Mt) account for only 3.4% of total
number, but which resources account for 56.22% of the
domestic resources base.
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Figure 15.1.1. Number of documented and exploited raw material deposits in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wotkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)
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As for specific raw material groups, the most important —
regarding the number of documented deposits and num-
ber of exploited deposits - is the rock raw materials group
(especially sand and gravel deposits; Fig. 15.1.2). In 2020,
it accounted for 94.50% of all deposits documented in Po-
land and for 92.57% of deposits currently under exploita-
tion. These rates have not changed significantly over the
analyzed period, but have been systematically increasing
— they amounted to 87.01% and 86.29% in 1989, 91.16%
and 86.98% in 2000, 93.84% and 91.33% in 2010, 94.33%
and 92.46% in 2015. The number of exploited rock raw
material deposits increased by 2,598 — from 1,951 in 1989,
to 4,549 in 2020 (2.3 fold). There were annual decreases
recorded in: 1990, 1994 and 2015; a 2-year decrease in the
1996-1997 period and a 3-year decrease over the 2018-
2020 period. In 2020, deposits of energy raw materials are
the second largest group with their number of document-
ed deposits accounting for 4.90% of domestic deposits,
and with a number of exploited deposits accounting for
7.00% of their total number. Exploited deposits of this
group fluctuated slightly during the entire analyzed peri-
od, within the range of 282-369 deposits, with an increase
in 1989-1997 and then mainly with decreases recorded in
the remaining years. It was mostly due to hard coal mine
closures, but in the meantime documenting new fields of
natural gas and crude oil during the entire period. The
2 other groups of raw materials (chemical and metallic)
are of lesser importance, with a number of exploited de-
posits being 12 and 9 in 2020, respectively. Exploited
chemical raw material deposits fell in number from 15 to
10 in 1994-1999, as a result of sulfur and barite/fluorite

—&— exploited deposits — rock raw materials

mine closures due to economic conditions. In the follow-
ing years they remained without minor changes - a slight
increase from 10 to 11 deposits in 2013, and from 11 to 12
deposits in 2019, resulting from the start of exploitation
of rock salt and sulfur deposits, respectively. The number
of exploited metallic raw material deposits decreased
from 13 to 9 in 1990 (iron, zinc and lead ore mine clo-
sures and the end of exploitation of copper ores in the
North Sudetic Basin), and finally remaining at 8-9.

Output of the metallic and chemical raw materials
groups in 1989-2020 has changed significantly (Fig.
15.1.3). It remained within the range of 24-34 Mt per
year and 3-9 Mt per year, respectively.

Natural gas and CBM output fell in 1990 and then was
systematically increasing until 2009 and exceeded 6
bnm?3. Over the next 11 years, it decreased to 5.25 bnm?3.
Coalbed methane output constitutes only about 5-6% of
both types of gas exploitation. Output of other energy
raw materials (excluding natural gas and CBM) declined
over the analyzed period - from almost 248 Mt in 1989
to only 96 Mt in 2020 (by 61.29%). Such changes resulted
mainly from limitation of hard coal exploitation. It start-
ed at 176 Mt in 1989, then amounted to 102 Mt in 2000,
69 Mt in 2010, 65 Mt in 2015 and only 48.16 Mt in 2020
(the lowest in history). This was due to the Polish coal
mines being the subject to restructuring since the start of
the transformation of the national economy at the end of
the 1980s - to adjust the mining sector to requirements
of the free-market economy. A negative tendency in en-
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Figure 15.1.2. Number of exploited deposits within four raw materials groups in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wotkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)
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Figure 15.1.3. Output of mineral raw materials groups, natural gas and coal-bed methane in 1989-2020

According to: “The balance of mineral resources deposits and groundwater resources in Poland” (in Polish; Przeniosto, ed., 1990-2005; Przeniosto,
Malon, eds., 2006; Gientka, et al., eds., 2007, 2008; Wolkowicz et al., eds., 2009-2010; Szuflicki et al., eds., 2011), “The balance of mineral resources

deposits in Poland” (in Polish; Szuflicki et al., eds., 2012-2021)

ergy raw materials output reversed in 2011-2012 when
not only hard coal exploitation slightly increased, but
also there was a significant increase in lignite output.
Crude oil production is of less importance (about 1 Mt
annually).

The rock raw material group has a biggest share of the raw
material output in Poland. There are 3 mineral raw mate-
rials determining the size of output - sand and gravel, di-
mension and crushed stone and limestone and marl for
the cement and lime industries. They accounted for
55.57%, 23.60% and 14.64% of total group output in 2020,
respectively. In 1989, these shares were 37.01%, 12.58%
and 19.86%, in 2000 49.00%, 13.36% and 19.96%, whereas
in 2010 they were 56.16%, 21.73% and 13.75%, respective-
ly. Output of rocks fell in 1990-1991 to 136 Mt and then
increased over the next 9 years to 180 Mt. In 2001, a 1-year
decrease was recorded, mainly due to decreases in all of
the 3 main raw materials — by 15 Mt in sand and gravel,
6 Mt in limestone and marl and 2 Mt in dimension and
crushed stone. In 2002-2011, exploitation grew by 267 Mt
(nearly threefold). It coincided with political-economic
events, such as the Polish association with the EU, the ac-

cession of Poland to the EU, and the global economic cri-
sis. These factors caused increasing demand, especially in
the building and road construction sectors. A significant
increase in 2011 (by 117 Mt in comparison to 2010) was
strictly related to the growing demand for raw materials in
aroad-building sector, due to preparations being made for
the 2012 UEFA European Championship organized in Po-
land and Ukraine. Sand and gravel production increased
by 85.2 Mt in 2011, whereas dimension and crushed stone,
and limestone and marl increased by 21.4 Mt and 9.0 Mt,
respectively. The next 3 years (2012-2014) brought a de-
crease in output due to a halt investments, whereas an in-
creasing tendency returned in 2015 and 2017-2018, when
new instalments for road investments commenced. In
2019, the output of sand and gravel decreased by 14.2 Mt
as the result of an end on road investments (on motor-
ways S6, S17, A2 and S5) and the economic situation in
a building construction sector. Another decrease in 2020
(by 2.6 Mt) was recorded due to the economic situation
disturbances (mainly as a result of the COVID-19 pan-
demic). These were the main reasons for a total decrease
of the rock raw material group in Poland - its exploitation
amounted to 329 Mt in 2019 and 324 Mt in 2020.

15.2. Exports and imports of mineral raw materials

M. Tyminski

Information on trade turnover in exports and imports of
mineral raw materials in Poland is prepared annually on
a basis of data collected by the Polish Tax and Customs
Service. The presented information is actual data coming

from custom declarations and INTRASTAT declara-
tions. The data do not include the upward adjustments

from entities which were not required to report in
the INTRASTAT system, and which have not fulfilled
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the obligation within the required time limit. The cus-
tom declarations apply in the trade in goods carried out
by the European Union Member States with third coun-
tries that are not EU Member States. Such declarations
are a basis for the UE statistical system EKSTRASTAT.
The INTRASTAT system, however, is the statistical sys-
tem containing trade information between EU Member
States and is obligatory for the European Single Market
since the 1%t of January, 1993. The INTRASTAT declara-
tions have to be filled when a commodity’s value exceeds
a certain threshold - such thresholds are defined annu-
ally by the President of Statistics Poland and published in
the statistical survey program introduced in a form of
regulation by the Prime Minister. In 2020, the basic
threshold for commodity import was PLN 4 M, whereas
for export it was PLN 2 M. According to the information
from the Polish Tax and Customs Service, underestima-
tion of the trade turnover data not exceeding the men-
tioned above limits in 2020, amounted to 4.9% of im-
ports and 1.9% of exports.

A list of presented commodities is updated annually ac-
cording to the Polish Tax and Customs Service tabula-
tions. These tabulations are based on the integrated Tarift
of the European Union — TARIC. The legal base for TAR-
IC is the “Council Regulation (EEC) No 2658/87 of 23
July 1987 on the tariff and statistical nomenclature and
on the Common Customs Tariff” (Official Journal L 256,
07/09/1987). The regulation was amended by “Commis-
sion Regulation (EU) No 1006/2011 of 27 September
2011 amending Annex I to Council Regulation (EEC) No
2658/87” (Official Journal L 282, 28/10/2011). The TAR-
IC is based on the Combined Nomenclature (CN) which
is set up to meet the requirements both of the Common
Custom Tariff (CCT) and of the EU’s external trade sta-
tistics. The CN is also used in the intra-EU trade statis-
tics. The CN was established by the “Council Regulation
(EEC) No 2658/87” on the tariff and statistical nomencla-
ture and on the Common Customs Tariff. Every year, An-
nex I to the basic CN Regulation (No 2658/87) is updated
and published as a stand-alone Regulation in the EU’s Of-
ficial Journal (L series). The CN contains about 10,000
items and works on an 8-digit code system - it is the fur-
ther development (with the special EU-specific subdivi-
sions) of the World Customs Organization’s Harmonized
System Nomenclature (HS). On a 6-digit level the CN is
analogous to the HS. The HS was established by the “In-
ternational Convention on the Harmonized Commodity
Description and Coding System” prepared under auspic-
es of the World Customs Organization in Brussels of the
14t of June, 1983 (Official Journal No 11, pos. 62, 1997).

TARIC is the multilingual database integrating all meas-
ures relating to the EU customs tariff, commercial and
agricultural legislation. The TARIC is updated and main-
tained daily in almost every one of the EU languages. The
TARIC data are transmitted daily via an electronic net-
work to the Member States, which guarantee immediate
and correct information for the national administrations
of the Member States, who use this data mainly to feed
their national systems for customs clearance, with a goal
of maximizing automatic customs clearance. The TARIC
is not legally binding, nevertheless its codes have to be
used during customs clearances and in statistics accord-
ing to Art. 5 of “Council Regulation (EEC) No 2658/87”
amended by “Council Regulation (EC) No 254/2000 of
31 January 2000 amending Regulation (EEC) No 2658/
87” (Official Journal L 28, 3/02/2000).

In Poland, the TARIC database is maintained by the
Customs Department of the Ministry of Finance as
a part of the Integrated Customs Tarift Information Sys-
tem — ISZTAR 3. It provides detailed information con-
cerning commodity turnover to the Customs Adminis-
tration and to all interested parties concerned by that
issue. Both, the EU data coming from the TARIC system,
and the Polish data (VAT and excise taxes), as well as
some national non-tariff measures not integrated in the
TARIC database, are presented in the browser. Similarly
to the TARIC, the ISZTAR is not legally binding; never-
theless its codes have to be used during the custom clear-
ance and in statistics.

Data on the mineral raw materials turnover do not cover
natural gas. The data on natural gas export and import
are not available since 2006, due to the confidential na-
ture of such information - according to the “Regulation
(EC) No 638/2004 of the European Parliament and of the
Council of 31 March 2004 on Community statistics relat-
ing to the trading of goods between Member States and
repealing Council Regulation (EEC) No 3330/91” (Offi-
cial Journal L 102, 7/4/2004). Natural gas export from
Poland is minor (in 2019 amounted to 0.67 bnm3 - about
670 Mt) and lack of data does not significantly affect the
total balance of raw materials trade. The lack of data on
the natural gas import to Poland significantly brings
down the total amount and value of raw materials im-
ported to Poland. Data officially presented by the Central
Statistical Office of Poland cover only the amount of nat-
ural gas imported by Poland, but without publishing the
directions of import markets. Therefore, such data are
not included in this study; nevertheless, it should be not-
ed that in the analyzed period natural gas import in-
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creased from 9-10 bnm? in 2009-2010 to about
14.95 bnm?3 in 2018 and 16.75 bnm?3 in 2019 (informa-
tion covering 2020 will be issued later). Therefore, it is
worth mentioning that the balance of mineral raw mate-
rials trade is higher than the balance taking into account
the figures on natural gas.

Trade turnover in the raw materials sector in Poland in-
creased significantly after the Polish accession to the EU.
It was seen especially in the statistics covering 2004 and
following years both in the value and the amount of im-
port and export. The last 10 years (2011-2020) also
brought changes in the trade balance (Fig. 15.2.1).

Export quantities increased from about 30 Mt in 2011 to
37 Mt in 2015 and then there was a declining tendency
observed until 2020 - the amount of exports dropped to
29.5 Mt. Import decreased significantly in 2012 and 2013
and then grew in 2014-2018 to a level of 83.2 Mt. The
last 2 years were characterized by a declining tendency —
in 2020 the quantity of imports amounted to 71.3 Mt.
Export and import values - due to changing raw materi-
als prices — were not the subject of the same changes. The
export value was characterized by a declining tendency
until 2016 (to about PLN 47,920 M), then it grew to PLN
58,400 M and fell within the last 2 years to PLN 52,930
M. The value of imports decreased significantly in 2013—
2016 - to about PLN 78,320 M, then increased to almost
PLN 120,000 M and last 2 years brought a decrease to
about PLN 83,800 M.

export quantity

Variations in the balance of imports-exports by value
and quantity, for the last 10 years are shown in Figure
15.2.2. The balance value increased substantially in
2012-2015 - to PLN -29.32 bn. This tendency changed
in 2017 and 2018 when the balance changed to PLN
-59.50 bn. The last 2 years brought a significant im-
provement of the balance - in 2020 it reached PLN
-30.87 bn. The quantity balance grew significantly in
2012-2013 - to -23.31 Mt and then was systematically
dropping to —50.61 Mt in 2018. Similarly to the balance
value, it improved in the 2019-2020 period to -41.78 Mt.
Taking into account the amount of gas imported, report-
ed by the Central Statistical Office of Poland (about
16.75 bnm? in 2019), in 2020 the balance would change
to about -58.53 Mt.

Summary statistics for minerals and mineral commodi-
ties in Poland in 2020 are presented within 4 groups: fu-
els, metals, chemicals and rocks. The total amount and
value of imports-exports of raw materials, as well as of
particular groups of raw materials are presented in Table
15.2.1.

The total value of the raw materials exports decreased by
PLN 3,391 M (EUR 1,150 M) that is by 6.02% in com-
parison with the previous year and amounted to PLN
52,933 M (EUR 11,956 M) in 2020. The import value
amounted to PLN 83,806 M (EUR 18,987 M) and de-
creased by PLN 24,252 M (EUR 6,156 M) that is by
22.44%. The exports-imports trade balance remained

import quantity

- export value (fixed prices as of 2020) == import value (fixed prices as of 2020)
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Figure 15.2.1. Mineral raw materials exports and imports in terms of value and quantity in 2011-2020 (excluding natural gas)

According to: the System of management and protection of mineral resources in Poland - MIDAS; source: the Polish Tax and Customs Service
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15. Mineral raw materials balance

negative and was more profitable then in 2019 - by PLN
20,861 M (EUR 5,006 M) and amounted to PLN 30,873
M (EUR 7,031 M) in 2020 (excluding natural gas). It was
the 2nd consecutive year with the negative balance had
decreased.

Total quantity of the raw materials imports fell by 9.93%
(7,852 kt) in 2020 and amounted to 71,256 kt, while the
export quantity decreased by 0.59% (174 kt) and amount-
ed to 29,472 kt. The balance remained negative and
amounted to —41.78 Mt - excluding natural gas.

-26.74

-26.93

value [bn PLN]
A
o

Figures 15.2.3 and 15.2.4 show a structure of raw materi-
als exports and imports in Poland in 2016 and 2020, i.e.
total values and shares of various types of raw materials
in international trade. Generally speaking, main subjects
of trade remained the same with crude oil, petroleum
products, hard coal and copper among them. Prices of
these commodities decide on the final balance value.

The most important, regarding the value of the raw ma-
terials exports in 2020, were raw materials and products
such as: copper (16.54% of the total export value), hard

—#— value (fixed prices as of 2020) =—&— quantity

........................................................................................ - -20

quantity [Mt]

2011 2012 2013 2014 2015

2016 2017 2018 2019 2020
year

Figure 15.2.2. Balance of mineral raw materials imports and exports in terms of value and quantity in 2011-2020 (excluding

natural gas)

According to: the System of management and protection of mineral resources in Poland — MIDAS; source: the Polish Tax and Customs Service

data

Table 15.2.1. Imports and exports of mineral raw materials in 2020 (value in PLN and EUR)

Import
Group Export Ll
of mineral
raw materials Quantity (%] Value Value (%] Quantity Value Value
[kt] ? [k PLN] [k EUR] ? [kt] [k PLN] [k EUR]
71,256* 100.0 83,805,850% 18,987,145* 100.0
TOTAL 29,472* 100.0 52,932,794* 11,955,692* 100.0
-41,783* -30,873,056* -7,031,453*
46,677* 65.5% 50,014,264* 11,347,734 59.8%
Fuels 16,361* 55.5% 16,234,930* 3,678,816* 30.8%
-30,317* -33,779,333* -7,668,918%
9,315 13.1 23,822,012 5,385,216 28.4
Metals 3,863 13.1 28,605,998 6,447,193 53.9
-5,452 +4,783,986 +1,061,977
6,174 8.7 6,525,211 1,477,220 7.8
Chemicals 4,359 14.8 4,806,804 1,088,229 9.1
-1,815 -1,718,407 -388,991
Rocks 9,089 12.8 3,444,364 776,975 4.1
4,889 16.6 3,285,062 741,453 6.2
-4,200 -159,302 -35,521

* excluding natural gas
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Figure 15.2.4. The structure of mineral raw materials imports in 2016 and 2020

According to: the System of management and protection of mineral resources in Poland — MIDAS; source: the Polish Tax and Customs Service

data

coal and coal derivatives (16.47%), precious metals
(12.85%), crude oil and petroleum products (12.22%),
iron and ferroalloys (6.96%), silver (6.33%), aluminum
(5.30%), nitrogen and multi-component fertilizers
(5.11%) and insulating raw materials (2.67%).

The highest values of imports, causing a negative trade
balance in 2020, related mainly to such raw materials as:
crude oil and petroleum products (51.61% of the total
import value), aluminum (7.57%), hard coal and coal
derivatives (6.69%), iron and ferroalloys (5.17%), copper

(4.92%), nitrogen and multi-component fertilizers
(2.91%), precious metals (2.68%), potassium (1.50%)
and zinc (1.42%).

Percentage contributions of the particular groups of raw
materials to the value of exports and imports in the
2016-2020 period are presented in Figures 15.2.5 and
15.2.6. Fuels (energy raw materials) are still the most im-
portant group, especially in Polish imports (due to crude
oil and petroleum products), but they have lost their
dominant position regarding export.
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Total value [M]

[%]

PLN usb EUR

2016 43.716 11.149 10.055
50.295 13.200 11.775
2018 55.207 15.363 12.974
2019 56.324 13.585 13.106
2020 52.933 13.132 11.956
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Figure 15.2.5. Contribution of raw materials groups to the value of exports in 2016-2020 (excluding natural gas)

According to: the System of management and protection of mineral resources in Poland - MIDAS; source: the Polish Tax and Customs Service

data
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[%]

.............................................. PLN UsD EUR

.............................................. 2020

Total value [M]

2016 71.447 18.219 16.436
2017 91.695 24.057 21.467
2018 113.355 31.504 26.631
2019 108.057 28.198 25.144
83.806 21.560 18.987
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Figure 15.2.6. Contribution of raw materials groups to the value of imports in 2016-2020 (excluding natural gas)

According to: the System of management and protection of mineral resources in Poland - MIDAS; source: the Polish Tax and Customs Service

data

Contributions to the export value have been oscillating
significantly for 2 mineral groups (fuels and metals) dur-
ing the last 5 years, with chemical and rock raw material
export pretty stable in the analyzed period. The highest
increases of value with respect to the previous year were
noted in 2019 and 2020 for metals — by 5.2% and 7.7%,
respectively. For the last 2 years metals have been the
most important group partaking in the value of Polish ex-
ports, mainly thanks to copper and precious metals ex-
ports. This raw material group has replaced fuels, which
were dominant in the Polish raw materials export for
years. The biggest drops in export were recorded in 2019
and 2020 for fuels (by 5.5% and 8.9%, respectively), due
to a declining export value of hard coal (and coal deriva-

tives) and petroleum. The 2020 level of contribution for
this raw material group was the lowest in Polish history.

The proportion of the contribution of import to the val-
ue of import was changing for 3 raw materials groups —
fuels, metals and chemicals. After a significant increase
in the 2017-2018 period - to 70.4%, the contribution of
fuels fell to only 59.7% in 2020 (the lowest level in the
analyzed period), whereas it increased for metals in 2019
and 2020 by 1.1% and 6.2%, respectively (to 28.4%). The
contribution of chemical raw materials fell in 2017 and
2018, by 2.9% and 1.1%, respectively, and then increased
by 0.8% and 1.6% over the next 2 years. Rock raw mate-
rials remained stable at 3.1-4.1% in the analyzed period.
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Figure 15.2.7. Magnitude of mineral raw materials exports in 2016-2020 (excluding natural gas)

According to: the System of management and protection of mineral resources in Poland - MIDAS; source: the Polish Tax and Customs Service
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Figure 15.2.8. Magnitude of mineral raw materials imports in 2016-2020 (excluding natural gas)

According to: the System of management and protection of mineral resources in Poland — MIDAS; source: the Polish Tax and Customs Service

data

The graphs presented on Figure 15.2.7 and 15.2.8 show
the amount of exports and imports of particular raw ma-
terial groups. It can be seen that the export of fuels has
been decreasing significantly over the whole period -
from 24.32 Mt in 2016 to 16.36 Mt in 2020 (that is by
32.73%), with metals increasing from 3.08 Mt to 3.86 Mt
(25.32%) and 2 other groups slightly fluctuating, but re-
maining quite stable: 4.15-5.8 Mt for chemical raw ma-
terials and 4.33-5.70 Mt for rock raw materials (Fig.
15.2.7).

Regarding import quantity, only chemical raw material
group remained stable at about 5.80-6.52 Mt. Metals fell
in the analyzed period from 10.74 Mt to 9.31 Mt (that is
by 13.31%), whereas the import of rocks raw material in-
creased from 6.82 Mt to 9.09 Mt (by 33.28%). There were
substantial changes recorded for fuels - their imports
amount increased from 41.93 Mt to 56.14 Mt in the
2016-2018 period (by 33.89%), and then a declining ten-
dency occurred - the import quantity fell to 46.68 Mt in
2020 (by 16.85% in comparison with 2018; Fig. 15.2.8).
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Tables given below show a comparison between import/
export values (Table 15.2.2) and quantities (Table 15.2.3)
in 2019-2020.

Total import value in 2020 decreased by PLN 24,252 M
(EUR 6,156 M) that is by 22.44% and export value fell by
PLN 3,391 M (EUR 1,150 M) that is by 6.02% in com-
parison with 2019. The import value amounted to PLN
83,806 M (EUR 18,987 M), whereas the export value to
PLN 52,933 M (EUR 11,956 M). The import value fell for
all of raw materials groups: fuels - by 32.20% (PLN

23,752 M; EUR 5,817M); chemicals — by 3.30% (PLN
223 M; EUR 274 M); rock raw materials - by 2.93%
(PLN 104 M; EUR 10 M); metals — by 0.72% (PLN 173
M; EUR 198 M). The export value increased for 3 raw
materials groups: — by 9.79% (PLN 2,550 M; EUR 386
M) for metals, by 4.56% (PLN 105 M; EUR 10 M) for
rock raw materials and by 0.07% (PLN 3 M; a drop in
terms of EUR by EUR 30 M) for chemicals, whereas
there was a significant decrease noted for fuels - by
27.27% (PLN 6,088 M; EUR 1,517 M).

Table 15.2.2. Comparison between export/import values in 2019-2020 (value in PLN and EUR)

import
export
2019 2020 Comparison
Group of
- Absolute (% of PLN Absolute
il Value Value (%] Value Value (%] value value] value
materials [M PLN] [M EUR] ? [MPLN] [M EUR] ’ 2020-2019 | o7 | 2020-2019
[M PLN] B [M EUR]
TOTAL 108,057.50* | 25,143.62* 100.0 83,805.85* 18,987.15* 100.0 | -24,251.65* 77.56* -6,156.47*
56,323.89* | 13,105.93* 100.0 52,932.79* 11,955.69* 100.0 -3,391.10* 93.98* -1,150.24*
Fuels 73,766.40* 17,164.33* 68.3* 50,014.26* 11,347.73* 59.7* | -23,752.14* 67.80* -5,816.60*
22,322.72% 5,196.07* 39.6* 16,234.93* 3,678.82* 30.7* -6,087.79* 72.73* -1,517.25*
Metals 23,994.60 5,582.72 22.2 23,822.01 5,385.22 28.4 -172.59 99.28 -197.50
26,056.07 6,061.00 46.2 28,606.00 6,447.19 54.0 2,549.93 109.79 386.19
Chemicals 6,748.18 1,750.82 6.2 6,525.21 1,477.22 7.8 -222.97 96.70 -273.60
4,803.44 1,117.76 8.5 4,806.80 1,088.23 9.1 3.36 100.07 -29.53
Rocks 3,548.31 825.75 33 3,444.36 776.97 4.1 -103.95 97.07 -48.78
3,141.66 731.09 5.6 3,825.06 741.45 6.2 143.40 104.56 10.36
* excluding natural gas
Table 15.2.3. Comparison between export/import quantities in 2019-2020 [Mt]
import
export
2019 2020 Comparison
Group of mineral
raw materials . o . - Absolute value [%]
Quantity (%] Quantity ] 2020-2019 2019=100
79.11* 100.0 71.26* 100.0 -7.85* 90.08*
TOTAL 29.65* 100.0 29.47* 100.0 -0.18* 99.39*
Fuels 52.29%* 66.1% 46.68* 65.5% -5.61* 89.27*
16.78* 56.6* 16.36* 55.5* -0.42* 97.50*
Metals 10.50 13.3 9.31 13.1 -1.19 88.67
4.00 13.5 3.86 13.1 -0.14 96.50
Chemicals 6.52 8.2 6.17 8.7 -0.35 94.63
4.32 14.6 4.36 14.8 0.04 100.93
Rocks 9.80 12.4 9.09 12.8 -0.71 92.76
4.55 15.3 4.89 16.6 0.34 107.47

* excluding natural gas
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In 2020, the total import amount decreased by 9.92%
(7.85 Mt) and export by 0.61% (0.18 Mt) in comparison
with 2019. The quantity of imports decreased for all of
raw materials groups: for metals by 11.33% (1.19 Mt); for
fuels by 10.73% (5.61 Mt), for rock raw materials by
7.24% (0.71 Mt), whereas for chemicals by 5.37% (0.35
Mt). The export quantity increased for rock raw materi-
als - by 7.47% (0.34 Mt) and for chemicals — by 0.93%
(0.04 Mt). The 2 remaining groups recorded decreases -
the amount of exports decreased by 3.50% (0.14 Mt) for
metals and by 2.50% (0.42 Mt) for fuels.
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Figures 15.2.9 and 15.2.10 show main market directions
of raw materials exports and imports in Poland, in 2016
and 2020.

Regarding both exports and imports, the main trade
partners have not changed significantly. In 2020, simi-
larly to the previous years, the highest value was attained
by raw materials exports to Germany. It amounted to
PLN 13,516,794 k (EUR 3,047,173 k), which constituted
25.54% of total Polish raw materials exports value. Other
important countries with a significant contribution to
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Figure 15.2.9. Main directions of raw materials export in 2016 and 2020

According to: the System of management and protection of mineral resources in Poland — MIDAS; source: the Polish Tax and Customs Service
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Figure 15.2.10. Main directions of raw materials import in 2016 and 2020

According to: the System of management and protection of mineral resources in Poland — MIDAS; source: the Polish Tax and Customs Service
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the total Polish raw material exports value were the
Czech Republic (11.39%; PLN 6,026,667 k, EUR
1,363,658 k) and China (5.83%; PLN 3,088,529 k, EUR
692,717 k; Fig. 15.2.9). Total export value to these
3 countries amounted to PLN 22,631,991 k (EUR
5,103,549 k; 42.76% of total export value).

In 2020, the major part of the mineral raw material im-
ports came from Russia. Import value was PLN

31,582,138 k (EUR 7,173,623 k), which constituted
37.68% of total mineral raw material imports value for
Poland. The 2nd place was occupied by Germany (10.18%;
PLN 8,530,376 k, EUR 1,928,386 k) and 34 place by Sau-
di Arabia (5.42%; PLN 4,539,598 k, EUR 1,028,335 k;
Fig. 15.2.10). Total import value from these 3 countries
amounted to PLN 44,652,113 k (EUR 10,130,344 k;
53.28% of total import value).



16. Resources of critical raw materials

for the Polish and EU economies

S. Mazurek

Although the list of critical raw materials for the Polish

economy (Galos et al., 2020) does not differ significant-

ly from the list of raw materials deemed (by the same

authors) strategic for Polish economy, data provided

below apply to the raw materials of the collective criti-

cal raw materials list for the European Union, pub-

lished by the European Commission (“Communication

from the Commission to the European Parliament, the
Council, the European Economic and Social Commit-
tee and the Committee of the Regions. Critical Raw
Materials Resilience: Charting a Path towards greater
Security and Sustainability”. COM, 2020, 474 final),

and for the Polish economy (Fig. 16.1, Tab. 16.1).
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Figure 16.1. Location of strategic deposits in Poland
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Deposits of the aforementioned raw materials were also
presumed as strategic for the Polish economy, as well as
having supranational importance. This list contains 96
deposits. Figure 16.2 shows the contribution of various

16. Resources of critical raw materials for the Polish and EU economies

types of deposits of critical raw materials to the total
number of critical raw materials deposits. In Table 16.2
there are numbers of deposits presented, sorted by types
of raw materials.

Table 16.1. Lists of critical raw materials for the Polish and EU economies

Critical raw materials

EU critical raw

for the Polish economy?! materials? SRS

Natural gas - -

Oil - -

Ambers - -

Bauxite Bauxite aluminum production

Antimony Antimony flame retardants, defense applications, lead-acid batteries

- Barite medical applications, radiation protection, chemical applications

_ Beryllium electronic and communications equipment, automotive, aero-space and defense
components

B Bismuth pharmaceutical and animal feed industries, medical applications, low-melting
point alloys

- Borate high performance glass, fertilizers, permanent magnets

Chromium - -

- Cobalt batteries, super alloys catalysts, magnets

Coking coal Coking coal coke for steel, carbon fibers, battery electrodes

B Fluorspar steel and iron making, refrigeration and air-conditioning, aluminum making and
other metallurgy

- Gallium semiconductors, photovoltaics

- Germanium optical fibers and infrared optics, solar cells for satellites, polymerization catalysts

Graphite (natural)

Graphite (natural)

batteries, refractories for steelmaking

Hafnium

super alloys, control rods for nuclear plants, refractory ceramics

Rare Earth Elements

Heavy Rare Earth Elements

Light Rare Earth Elements

permanent magnets for electric motors and electricity generators, lighting
phosphors, catalysts, batteries, glass and ceramics

- Indium flat panel displays, photovoltaic cells and photonics, solder

- Lithium batteries, glass and ceramics, steel and aluminum metallurgy

Magnesium Magnesium hghtwelght .alloys for ailutomotlve,. electronics, packaging or construction,
desulfurization agent in steelmaking

Manganese - -

Molybdenum - -

_ Niobium high-strength steel and super alloys for transportation and infrastructure, high-tech

applications (capacitors, superconducting magnets, etc.)

Platinum Group Metals

Platinum Group Metals

chemical and automotive catalysts, fuel cells, electronic applications

Phosphate rock Phosphate rock mineral fertilizer, phosphorus compounds
Phosphorus Phosphorus chemical and defense applications
- Scandium solid oxide fuel cells, lightweight alloys

Silicon metal

Silicon metal

semiconductors, photovoltaics, electronic components, silicones
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Table 16.1. Cont.
- Strontium ceramic magnets, aluminum alloys, medical applications, pyrotechnics
Tungsten Tungsten :Ezy; ;.ﬁ.ng){ozzrsonautics, space, defense, electrical technology, milling, cutting
B Vanadium ileil%ali;’ssttx:ngth—low—alloys for e.g. aeronautics, space, nuclear reactors, chemical

! According to: Galos et al. (2020).
2 According to: “Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee

and the Committee of the Regions. Critical Raw Materials Resilience: Charting a Path towards greater Security and Sustainability”. COM (2020)
474 final.

10%

[ deposits with resources covered by detailed exploration
deposits with resources covered by preliminary exploration

[ abandoned deposits

50% 191

Figure 16.2. Types of undeveloped deposits for critical raw materials in Poland

According to: “The balance of mineral resources deposits in Poland as of 31 XII 2019” (in Polish: Szuflicki ef al., eds., 2020)

Table 16.2. Number of deposits by types of raw materials

Name of raw materials/type of deposit Number of undeveloped deposits
Barites 5
Natural gas 58
Sand with REE 1
Oil 7
Mo-W-Cu 1
Fe-Ti-V 2
Coking coal 22

According to: “The balance of mineral resources deposits in Poland as of 31 XII 2019” (in Polish: Szuflicki ef al., eds., 2020)



192

17. Anthropogenic mining objects
national inventory program

for raw materials from secondary sources
S. Mazurek

In the Polish law according to the GML, anthropogenic
accumulations of useful mineral components are not
considered as deposits as they do not meet a require-
ment of a statutory definition which recognizes only
natural accumulations as deposits. However, in the past,
the legal status of accumulations varied, therefore in the
industry the term “anthropogenic deposit” still exists —
this term has is well-established despite a lack of a statu-
tory definition.

Studies of the economic use of raw materials recycled from
mining waste, together with an assessment of their impact
on the natural environment, were commenced by PGI-
NRI in the 20t century. First inventory work and mining
waste studies on a regional scale were carried out in the
Lower Silesian region.

Data sources for such work were:

o objects documented in the past, on an analogous
basis as geological documentation of deposits - e.g.
in the PGI-NRI Central Geological Database
(CBDG) there is collected information on 23 geo-
logical documentations of Zn and Pb waste dumps
and ponds from the 1954-1972 period, containing
decisions by the Commission of Mineral Resources
as the central body verifying geological documenta-
tions of deposits in Poland in that time (e.g. Wilga,
Nosal, 1974);

o specialist elaborations other than documentation,
e.g. industry catalogs;

o cross-sectional and task publications;

o regional monographs;

» documents remaining after mining plants closed in
the 20t century;

o archival historical data (before the World War II)
from archives;

o fieldwork by the Polish Geological Survey;

o chemical analyzes and special research (XRD, sec-
tions, microprobe etc.).

Inventory work, based on archival cartographic materi-
als and field verification, in the past covered larger min-
ing dumps, ponds and disposals, including dumps of

overburden rocks and mining waste around active raw
materials deposits formed contemporarily (Sroga, 1995,
1997). In the said inventory (and in inventories conduct-
ed in the following years) mineral waste were discarded
together with municipal and industrial waste on the
dumps and landfills in a way preventing their economic
recycling, were excluded from it. There was a catalogue
elaborated, containing 350 objects of raw materials from
waste from the Lower Silesian region, together with
a map in the 1:200,000 scale.

To the order of the Chief Environmental Inspectorate,
the PGI-NRI elaborated the methodology of preparing
a list of the objects of mining wastes disposals and of
mineral studies of wastes materials in the environmental
aspect (Fajfer et al., 2010). According to this methodolo-
gy, which was considered as a reference for the Chief In-
spectorate of Environmental Protection, there was a list
elaborated, of the most environmentally disruptive ob-
jects in southern Poland (the Upper and Lower Silesian
regions), together with studies of the impact of select ob-
jects on the natural environment (soil, water, and air as-
pects were considered; Fajfer, ed., 2012).

The next phase of the inventory work (regarding raw
materials) was carried out in the 2013-2017 period, in
the Sudety Mts., which is the region in which the greatest
accumulation of old exploitation dumps and ponds have
been recorded. This work was carried out in detail, ac-
cording to a standardized scheme, containing 12 themat-
ic blocks (e.g. location, object dimensions, user, area
purpose, waste characteristics, hydrogeological and geo-
technical conditions, current state of object development
and its neighborhood).

Very important - regarding the economic usage of waste
- are data on an object and its neighboring infrastruc-
ture and environmental protection in the area. All the
collected information are the basis for establishing the
open-access geological database called HALDY, imple-
mented into the CBDG. The database covers 4 spatial
layers, 23 attribute tables, 12 dictionary tables, and al-
lows the user to generate information thematically-
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blocked or as individual inquires (Sroga et al., 2018). The
database is being updated as it absorbs new study results
or based on changes of legal-environmental circum-
stances.

Rows (120 dictionary or descriptive data for all objects)

of the database HALDY are grouped within the follow-

ing thematic blocks:

« general data (name, object type, raw material type,
area, volume);

o formal-planning data (owner/user, object in urban
plans);

 waste characteristics (waste code, lithology, granula-
tion, features);

« object and its neighboring morphology;

o current object status (state of development, waste ex-
ploitation);

« geo-technical data (geological structure of a base-
ment, geo-dynamic occurrences, drainage);

« hydrogeological conditions (flooding, watercourses,
aquifers, Major Groundwater Reservoirs);

+ development in the area (forests, arable land, waste-
land, building);

+ environmental protection (national and landscape
parks, protected landscape areas, Nature 2000 sites);

o object and its neighboring infrastructure (road, rail-
ways, power lines, buildings);

+ object and its neighboring mining infrastructure
(abandoned shafts, drift mines, other facilities);

« geo-dynamic occurrences in a neighborhood (de-
pressions, erosion, faults);

o historical outline of an object;

« references used.

In the 2019-2020 period, there were other objects were
put into the database and 2 new information layers were
elaborated:
+ object categorization regarding their natural envi-
ronment and human health,
« categorization of the economic usage of waste material.

There were also objects selected for permanent monitor-
ing and/or legal protection. Until the end of February
2022 database HALDY (publically available through the
Internet browser - https://cbdgportal.pgi.gov.pl/haldy;
Fig. 17.1, Plate 9) contained information on 1358 old
mining objects in Poland.

In the last 3 years, inventory and exploration work have
been extended to the entire area of Poland, covering for-
mer and current mining regions — both of metal ores and

energy, chemical and rock raw materials — mainly within
the Slaskie and the Malopolskie, Swietokrzyskie voivode-
ships, as well as the Sudetic Foreland. The largest and
most characteristic, object located in the Polish Lowland
has also been inventoried. Studies of particular objects
are being carried out according to the methodology used
up till now in the Sudety Mts. dumps that is by using
a numerical model for the area. Field observations and
objects sampling are still the main tools. There have been
more than 700 further objects examined so far, mainly
connected with hard coal, iron ore and zinc-lead ore
mining, and rock raw materials. Fieldwork is being con-
tinued, and inventory covers nearly 1,400 objects in to-
tal. It is expected that the complete database to be publi-
cally available at the start of 2022.

As anthropogenic accumulations can also be treated as
anthropogenic deposits (not in the legal sense, but in
a factual sense), there will be (2021/2022) an assessment
prepared for their utility in the economy, regarding the
characteristics of selected objects on a basis of available
archive data and information of current sampling, and
on possibilities of raw material utility from selected ob-
jects. An indication of the necessary norms to be met by
a raw material in a particular group will be prepared, to-
gether with studies essential for establishing the raw ma-
terial’s utility in select industries, and an elaboration of
methodology for object identifications for anthropogen-
ic accumulations development.

Anthropogenic objects are also a valuable source of infor-
mation on primary deposits. Chemical analyzes of min-
eralogical components (e.g. XRD, micro-petrography)
the identification of primary deposit components, which
were not known or used in the old days, whereas they are
valuable raw materials in 21st century. For this purpose,
there have been about 1,000 analyzes and studies carried
out. The important is also the fact if these primary depos-
its had been depleted in total, or if they continue deeper
into the formation and their exploitation covered only
a part of an orogen below groundwater level.

For address these issues, there has been a wide range of
geophysics studies carried out in select regions where
poly-metallic ore mining took place in the past, in the
surroundings of old shafts and drift mines:

« 62 ERT and IP profiles of a total length of 31.7 km,

« 2,617 magnetic points along 42 profiles,

+ 804 gamma-spectrometric points along 14 profiles,

+ one seismic profile,

« one gravimetric profile.
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Figure 17.1. Object details in the database HALDY (https://cbdgportal.pgi.gov.pl/haldy)

There are also 18 boreholes planned, which had a geo-
logical work projects have been elaborated.

Dumps and ponds remaining after mining and raw ma-
terials processing, can also be the subject of market turn-
over — they are a part of a land property and can be
a subject of market turnover similarly to land properties.
The most important requirements for anthropogenic ge-
ological-mining asset are contained in updated in 2021
POLVAL code and regard to:

« definitions of mineral anthropogenic resources,

« geological documentation according to documenta-

tions of natural deposits,
« the owner of the anthropogenic deposit,
« an exploitation plan for the anthropogenic deposit.

Valuation of these asset (anthropogenic resources) by
appraisers of raw material deposits, on a basis of the up-
dated POLVAL code (Byrska-Rapata et al., 2019), is a rel-
evant and simple basis for:

« undertaking economically justified exploitation of

dumps and ponds,

o enabling the market turnover of such asset,

« establishing of buffers for these asset,

o making a commitment on these asset.

In 2022, the Polish Geological Survey, on the order from
the National Fund for Environmental Protection and
Water Management, plans to complete an environmental
assessment for dumps inventoried during the last several
years.
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In conclusion of the work by the PSG, carried out by PGI-
NRI, it should be stated that anthropogenic mineral ob-
jects are of significant importance for the national mineral
economy, both directly for the current usage and indirect-
ly - for prospecting-economic geology. A broad spectrum
of implemented work does not mean that the given issue
is resolved - on the contrary, the collected data indicate
that further work should be carried out in parallel - on
the utility of raw materials from industry dumps and
pointing these for further prospecting for metals signifi-
cant for the economy of the 21 century.

Completed work, studies and analyses should not only
improve the state of knowledge on secondary raw mate-
rial sources on a domestic scale, but also should be
a contribution for proper legal regulation of the status of
a mineral anthropogenic object. Obtained knowledge
should be useful for creating and maintaining an ongo-
ing object register in a manner similar to the methodol-
ogy used for the domestic balance of mineral resource
deposits.
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