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preface

Ladies and Gentlemen,

technological progress and the fast pace of modern times leave little space for 
reflection and drawing conclusions from what has already been discovered, and 
it is often perceived as merely a necessity. Our age is characterized by a pletho-
ra of information from different sources, of different quality and, above all,  
of different value. The situation is not any different in the community of foresters, 
historians or archeologists. The recent years in particular have been marked by 
the growing popularity of laser scanning – a technology of future generations. 
Its potential we are only discovering ourselves. Paradoxically, it is due to airborne 
laser scanning that seemingly as different fields of science as forestry and archae-
ology have found a common denominator. 

The monograph which we are now presenting to our readers has been written 
by foresters, archeologists and historians. It is addressed to all those who love his-
tory and new technologies or who simply want to experience the joy of being 
a discoverer – a Laser Discoverer. It summarizes the current state of knowledge 
on airborne laser scanning as a fascinating method of detection of historical 
objects. 
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At this point, we would like to thank all participants of the project – “young 
scientists”, institutions and individuals listed below in this monograph – for 
their support for the community project “Laser Discoverers – non-invasive 
examination and documentation of archeological and historical objects in the 
Świętokrzyskie Voivodeship”. 

We hope that such a broad approach to the described issue – seen with the eyes 
of natural scientists and historians, enthusiasts and professionals, foresters and 
archeologists – will provide readers with a better understanding of the full range 
of opportunities and threats which are likely to confront us in the coming 
years, in connection with our joint efforts to protect cultural and environmental 
assets in forest areas. 

Radomir Bałazy 
Coordinator of the “Laser Discoverers” Project 

Forest Research Institute
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introduction

Both this publication and the research itself are a part of a number of initiatives 
aimed to identify, take inventory of, study and protect our cultural, archeological 
and historical heritage, including industrial heritage (achievements of technology, 
mining and metallurgy) of the Świętokrzyskie Voivodeship. The activities carried 
out within the framework of the Laser Discoverers Project have an innovative 
and unconventional form and involves member of the public in research 
activities through modern information and communication technology and 
remote sensing technology (laser scanning). Without any doubt, it is a new 
form of organizing research which involves members of the public. It has 
already been used by scientists for many years, for example, by interviewing the 
local community or collecting memorabilia, objects and remnants from past 
events among residents of the Świętokrzyski Region (e.g. Krawczyk’s studies 
from 2010 on the activities of Mieczysław Radwan or Orzechowski’s studies 
from 2013 on the activities of Kazimierz Bielenin).

The project is also exceptional due to the specific character of the objects being 
studied – mainly remnants of the sites of extraction of natural resources (wood, 
iron ore, etc.), with research focusing on industrial archeology, economic 
history or historical archeology in general.
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The organizers certainly expect the project to contribute to the promotion of 
the cultural heritage, at the same time highlighting the role of aerial laser 
scanning data as a new source of information about the past of the region.

The primary aim of this publication is to present the project and provide cross-
sectional information on its results thus far. It covers issues associated with the 
conduct of research itself and examines topics connected with the past and 
historical heritage assets in selected forest areas of the Świętokrzyskie Voivodeship 
(Forest Districts of Starachowice and Ostrowiec Świętokrzyski) – in an area 
situated roughly between Iłża, Starachowice and Ostrowiec Świętokrzyski.

This monograph consists of several essential components: introduction, five 
chapters, conclusions and an annex. In the first chapter, entitled “Laser 
Discoverers” as an example of completion of a community research project based on 
the idea of citizen science, the authors describe how the project came into life 
and how it was completed, focusing in particular on its social dimension. The 
social aspect is discussed, among other things, with reference to the idea 
contained in selected and invoked doctrinal documents and their passages, 
which makes it possible to show modern and non-formal forms of education 
and dissemination of knowledge about historical monuments.

In the second chapter, entitled Cultural and environmental assets – historical 
monuments and the forest, the authors discuss current issues associated with 
historical monuments in forest areas, focusing in particular on the risks 
associated with the specific character of the economic activity in those areas. 
The main topic of the chapter is an attempt to show the emerging opportunities 
for joint activities, including those associated with geo-information. The 
chapter is also concerned with the project itself, in which geo-information 
analyses and aerial laser scanning served as a basis for non-invasive examination 
and documentation of assets of historical value.
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The third chapter, entitled The past of the research area – between archeology and 
history, provides basic information on historical monuments, research status 
and the history of the region. It presents a general characteristics of the region 
in relation to its prehistory and history to create a background and context for 
research itself and its results.

The fourth chapter, entitled Laser scanning and geomatics , presents the most 
important technology and research data, as well as the adopted research 
methodology of detailed site-specific work, which made it possible for young 
scientists to participate in the research process. 

The fifth chapter, entitled Data analysis, on-site verification and an interpretation 
attempt, describes research techniques and methods of data analysis and their on-
site verification. It presents the identified and documented objects of historical 
interest. In the final part, the authors make an attempt to interpret these discoveries 
in a wider context, showing their significance for the past of the region.

The publication finishes with a summary of the general results of the project, 
combined with research and conservation related conclusions. It also mentions 
further activities that are to be taken in connection with the discovered cultural 
heritage assets, as well as future research on the past of the region and the 
neighbouring areas, in particular wooded areas. 

The monograph summarizes the results of multi-disciplinary activities in the 
field of humanities, geo-information, forestry science and natural science. They 
were carried out with the involvement of the public, which should be considered 
as an extremely successful experiment, because it enabled us to open new 
chapters in the history of research in the region and to combine our passion for 
science and research with new challenges.



12

Laser dIscoverers



chapter 1

 “Laser Discoverers” as an example  
of completion of a community research project 

based on the idea of citizen science

maciej sztampke1, rafał zapłata2, krzysztof stereńczak3

1. 
the genesis of the project

2. 
the civic aspect of the “laser discoverers” project

3. 
practical aspects of building the “laser discoverers” community

1   GeoHistory Center Foundation
2   Cardinal Stefan Wyszyński University in Warsaw
3   Forest Research Institute
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1. Project genesis

On 5 December 2012, the Minister of Science and Higher Education published an 
announcement in the Polish Monitor (under heading 925) on the start of the project 
entitled “The Paths of Copernicus”. The main objective of this initiative was to popu-
larize science among members of the local community, especially among young people 
of school age. To achieve these objectives, the Ministry of Science and Higher Educa-
tion invited research institution and non-governmental organizations to set up con-
sortia whose task was to propose solutions aimed to mobilize members of the local 
community, mainly young students of science, and to encourage them to taken an 
active part in the research carried out within the framework of the proposed scientific 
projects. The winners were chosen in a competition in which sixteen projects were to 
be selected – one from every voivodeship.

The published invitation to submit competition entries resulted in the creation of an 
interdisciplinary community-based research project. Following the meeting in De-
cember 2012 of four persons – Radomir Bałazy from the Forest Research Institute, 
Rafał Zapłata from the Cardinal Stefan Wyszyński University in Warsaw, Maciej 
Sztampke from the GeoHistory Center Foundation and Jan Pomierny, journalist and 
science communicator – a framework for this interdisciplinary initiative was establi-
shed, involving areas of knowledge such as archaeology, forestry, history and geoma-
tics. 

In addition, a key objective of the entire project was to build a community around the 
project and ensure the involvement of the largest possible number of people, who 
would have a chance to take part in real scientific research. To achieve these objectives, 
on 14 January 2013 a Science Popularization Consortium was set up within the fra-
mework of the project of the Minister of Science and Higher Education known as 
“Paths of Copernicus”. The Consortium was tasked with the design and completion 
of the project entitled “Laser Discoverers – non-invasive examination and documen-
tation of archeological and historical objects of the Świętokrzyskie Voivodeship”. The 
Consortium consisted of the Forest Research Institute and the GeoHistory Center 
Foundation. 
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The originators of the “Laser Discoverers” Project wanted the project to be addressed 
mainly to young students of science. However, it was also addressed to those who 
wanted to contribute to the discovery of previously unknown objects of historical in-
terest. The project was mainly concerned with the conduct of non-invasive studies and 
documentation of archeological and historical objects (objects of archeological, indu-
strial and architectural heritage), using modern geomatic technologies. The primary 
aim of this research was to detect, verify and take inventory of cultural assets (of histo-
rical and archaeological heritage), mainly on wooded areas. The research work was to 
be carried out on the basis of airborne laser scanning (LIDAR) data and on-site veri-
fications, taking the form of surface studies. Due to the fact that little was known 
about the presence of historical (archaeological) objects in wooded areas, the authors 
intended to examine these areas, document their findings and submit applications for 
entry of specific objects in the register of historical monuments, which would make it 
possible to take specific actions and to put in place specific tools to ensure the protec-
tion of cultural heritage in the areas concerned. 

The authors chose the northern part of the Świętokrzyskie Voivodeship for the site of 
the project. It mostly consisted of wooded areas which, due to their specific features, 
had never been searched for the presence of assets of archaeological and historical he-
ritage. Such a choice of research location was based on geographic and historical con-
siderations. In addition, the discovery of previously unidentified and undocumented 
archaeological objects was highly probable there.

The research work was expected to lead to the discovery, verification and inventorying 
of objects of historical interest / archaeological sites, at the same time making it possi-
ble to evaluate their preservation status. Another objective was to extend the source 
database concerning the cultural heritage and to create digital resources which would 
provide a basis for protection and conservation activities in the future (protection of 
historical sites from further damage, establishment of protection zones, etc.) within 
the framework of land-use planning and regional development, with special focus 
being given to issues associated with the cultural heritage, tourism and promotion of 
the region. 
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In terms of social objectives, the authors of the project mainly hoped that the project 
would highlight the role of scientific research in the life and development of society 
and – due to the specific direction of research under this project – that it would raise 
social awareness, especially among young people, of issues associated with cultural and 
historical heritage, fostering socially desirable civic and patriotic attitudes. 

Another important aspect is to nurture bonds with one’s “little homeland” – in this 
case with the Świętokrzyskie Voivodeship and to enable project participants, especial-
ly young people, to gain some knowledge about their region. Due to its community 
character, the project was also expected to foster altruistic attitudes and to inspire 
passion for learning, asking questions and looking for answers to those questions. 

Yet another aim of the project was to verify the proposed research method, which in-
volved the use of innovative forms of measurement and the processing of its results. If 
this method is confirmed as effective, the range of its possible applications might be 
extended. Some of these applications could also be used in other areas of the economy.

The objectives put forward in the “Laser Discoverers” Project were favourably assessed 
by the competition committee and the Consortium for the Popularization of Science 
set up by decision of 27 June 2013 under the project of the Minister of Science and 
Higher Education entitled “Paths of Copernicus”, while the project itself received 
funds for carrying out research in the Świętokrzyskie Voivodeship.

After the project had been signed and also during its completion, a project team was 
set up. Its members included:
–  Engineer Radomir Bałazy, M. Sc. – Forest Research Institute – project coordinator;
–  Engineer Anna Markiewicz, M. Sc. – Forest Research Institute – administrative 

manager of the project;
–  Dr Rafał Zapłata – Cardinal Stefan Wyszyński University in Warsaw – research manager;
–  Bogumił Szady, Habilitated Doctor – GeoHistory Center Foundation, John Paul II 

Catholic University of Lublin – member of the project scientific team;
–  Dr Krzysztof Stereńczak, engineer – Forest Research Institute – member of the pro-

ject scientific team;
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–  Jan Pomierny, M. Sc. – journalist, science communicator;
–  Engineer Maciej Sztampke, M. Sc. – GeoHistory Center Foundation – geomatics 

specialist, trainer;
–  Marcin Kwaczyński, M. Sc. – GeoHistory Center Foundation – trainer;
–  Marzena Sztampke, M. Sc. – GeoHistory Center Foundation – education specialist;
–  Barbara Rymaszewska – education specialist;
–  Adam Olszewski – archeologist (with a team);
–  Magdalena Gorzkowska – archeologist (with a team).

Other project participants included over 700 volunteers, without whom the project 
would never have been completed. The names of project participants who have agreed 
for their publication can be found in the Annex to this publication. 

The project was also supported by a scientific seminar (conference) held at the Forest 
Research Institute (IBL) on 25 June 2014. Its participants included the authors of this 
publication and the following speakers: Deputy Director of the Forest Research Insti-
tute, Professor Habilitated Doctor Jacek Hilszczański, Professor Habilitated Doctor 
Tomasz Zawiła-Niedźwiecki from the General Directorate of State Forests, Dr Małgo-
rzata Korpała from the School of Higher Vocational Education in Nysa and Dr Mi-
chał Pawleta from the Adam Mickiewicz University in Poznań.  

2. the civic asPect of the “Laser Discoverers” Project

One of the main challenges facing the project team was how to involve the public in 
its completion and how to provide people who do not engage in science on a daily 
basis with a unique opportunity to participate in real research. 

In Poland, there is not much experience in this regard. Therefore, the project team 
drew on the experience of citizen science and related projects. The most essential aim 
of such projects is to ensure cooperation of volunteers with professional scientific staff 
(Christian et al 2012; Oberhauser, Prysby 2008). It is also an excellent form of science 
education, in line with the objectives of the “Paths of Copernicus” Project.
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The term “citizen science” was first used by two American physicists: Joël Primack and 
Frank von Hippel in their book Advice and Dissent: Scientists in the Political Arena 
(Primack, Hippel, New York, 1974). With time, the concept of citizen science was 
becoming more and more significant, having been widely accepted as a component of 
scientific practice. Citizen science existed even before it came to be categorized as 
such. Known examples include the Audubon Society’s Christmas Bird Count which 
began in 1900. This increased interest in citizen science is closely correlated with the 
development of the Internet and its role today as a natural communication channel. 
The advent of the Internet made it possible, among other things, to carry out distribu-
ted computing projects, with noteworthy examples such as Seti@home – a program-
me existing since 1999 which, to this day, has used the computing power of compu-
ters of the programme participants who search for signs of extra terrestrial intelligence. 

There are also other known global projects, such as Galaxy Zoo, in which volunteer 
classify galaxies; BioWeatherMap – a platform for collecting data on biodiversity and 
public health or CoCoRaHS (Community Collaborative Rain, Hail and Snow Ne-
twork) for which thousands of volunteers collect precipitation and weather data. Po-
lish volunteers are especially interested in Zooniverse – a science web portal where 
everyone can discover planets beyond the solar system or galaxies on images transmit-
ted by space telescopes. Over million people, including as many as 100 thousand Po-
les, have already engaged themselves in the exploration of unknown space territories. 
In Poland, the concept of citizen science is currently being popularized by several re-
searchers, including Professor Lech Mankiewicz. One of asteroids has been called with 
his name, in recognition of his achievements in the field of scientific education. 

Another example of community-based archeological projects is “Ancient Lives” in 
which Internet users assist papyrologists from the Oxford University in transcribing 
texts from the papyri discovered in the ancient city of Oxyrhynchus in central Egypt, 
160 kilometers to the south of Cairo. 

In Poland, there have been projects such as “Open Historical Monuments Project” 
(“Otwarte Zabytki”), which serves as a platform for collecting and exchanging infor-
mation on historical monuments. It provides access to a fully editable catalogue and a 
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number of applications for monitoring and submission of information on the condi-
tion of historical monuments. It also enables its users to take part in the creation of a 
map of historical monuments and to add new objects to the common catalogue 
(http://otwartezabytki.pl/).

il. 1. the website of the project “ancient Lives” (source: http://www.ancientlives.org)

Citizen science makes it possible to use, in many different ways, the potential of vol-
unteers who take part in scientific projects. For example, project participants work 
together with scientists, gathering data, collecting research material and carrying out 
observations for further analysis. They make measurements and produce photograph-
ic documentation. They accompany scientists on research expeditions. They help to 
develop research methodology and procedures which are needed to solve new research 
problems. 

The support of volunteers is invaluable in projects in which it is necessary to analyze 
data collected by specialists. For example, they identify and classify images. In addi-
tion, non-professionals in a given area may perceive specific problems in a new and 
original way, not being burdened with knowledge on a given topic and relying on their 
own experience. In some situations, therefore, non-professionals may be more percep-
tive than professionals. 
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In the research literature on this subject, one can find different interpretations of the 
term “civic” juxtaposed with the term “science”. In the opinion of Marcin Komańda 
“on the one hand, it can be a grass-root initiative of a certain community acting, to a 
large extent, for its own benefit (The Society for Social Responsibility in Science), on 
the other hand, it can be a governmental agency whose purpose is to win over public 
support for decisions taken by politicians by relying on the authority of science” 
(Komańda 2012: 16). 

In the project concerned, citizen science was perceived mostly as building public 
awareness, with a low level of contribution by social partners. Due to such an ap-
proach, the activities taken should be classified as requiring a high level of supervision 
by the researcher, i.e. the researcher plays a “traditional” role (Il. 2). In this project, 
awareness raising activities have a form of non-formal education focusing on the past 
of the region and its cultural heritage. 

�e level 
of the researcher’s supervision 
over the completion 
of the project

�e level of contribution of social partners
in the result of the project

high

high
low

“Traditional”
role

“Unconventional”
role

low

 

il. 2. the pattern of change in the role of a professional researcher in citizen science (source: Komańda 2012: 17)

The European Convention on the Protection of the Archaeological Heritage (Article 9, 
point ii) requires us “to promote public access to important elements of its archaeolo-
gical heritage, especially sites, and encourage the display to the public of suitable se-
lections of archaeological objects”. In the project under discussion, this requirement 
could be fulfilled in a specific and innovative way. The idea of the dissemination of 
knowledge associated with historical documents and the past is also invoked in the 
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document The Code of Conduct and Ethical Standards for the Community of Archaeolo-
gists in Poland from 2004, which states: “[...] an archaeologist should take action to 
inform the public both about the results of specific research projects, and about gene-
ral aims and methods of acquiring knowledge about prehistory, by using a variety of 
available means of communication, such as radio and TV broadcasts, press interviews, 
popular science publications – school programs and other educational initiatives” (Ze-
idler, Trzciński 2009: 170–171; http://www.archekom.pan.pl/aktualnoci-i-
wydarzenia/68-zbior-zasad-postpowania-i-norm-etycznych-rodowiska-archeologow-
w-polsce). 

By ensuring access to resources constituting standard research resources of an arche-
ologist in recent times, specialists-scientists have indeed provided the public with in-
formation about methods of acquiring knowledge. The adopted strategy of informal 
education and involvement of the public in the research process is also well aligned 
with the concept known as “heritage interpretation” (Pawleta 2013: 220), because – in 
the opinion of F. Tilden – “interpretation is an educational activity which aims to re-
veal meanings and relationships through the use of original objects, by firsthand expe-
rience, and by illustrative media, rather than simply by communicating factual infor-
mation” (Tilden 1977). This meaning was thus created by personally analyzing and 
experiencing a digital form, which constituted a digital rendition of the surfaces of real 
objects in a given area. 

As further stated in the European Convention on the Protection of the Archaeological 
Heritage of 1992 (Article 9) – with respect to awareness building activities – every 
“party undertakes:  i. to conduct educational activities to make the public aware of the 
value of archaeological heritage in understanding the past, as well as of the risk facing 
that heritage [...] and to promote public access to important elements of its own ar-
chaeological heritage, especially archaeological sites, and to encourage the display to 
the public of suitable selections of archaeological objects” – in this project, the organi-
zers used unconventional ways of providing access to the heritage, raising public awa-
reness of existing threats, as described in this publication.
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Photograph 1. an example of popularization and education in wooded areas - information boards in the 
archaeological reserve in Wietrzychowice in the Kujawsko-Pomorskie voivodeship (Photograph by M. Pawleta)

The objectives adopted in the “Laser Discoverers” Project are consistent with the ob-
jectives of citizen science. The volunteers involved in the research work were tasked 
with carrying out a visual analysis of data samples and identifying the location of po-
tential archaeological sites. In this way, they were provided with an exceptional oppor-
tunity to discover undocumented sites and objects of historical interest by means of 
LIDAR technology (airborne laser scanning). They were thus able to contribute to the 
discovery of yet unknown objects of archaeological and historical heritage of the Świę-
tokrzyski Region and to identify objects dating back to prehistoric times (e.g. prehi-
storic kurgan cemeteries, fortified settlements and remnants of prehistoric mining or 
metallurgy) or historical objects, especially those which could be detected in wooded 
areas and which fulfilled a specific protective function with respect to historical mo-
numents (e.g. wartime trenches, historical transportation routes or medieval fortifica-
tion systems). 
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3. PracticaL asPects of buiLDing  
the “Laser Discoverers” coMMunity

The aspect of public involvement was essential from the very beginning of conceptu-

al planning of research that was to be carried out under the “Laser Discoverers”. It 

was just as important as subject-specific issues, being mostly understood as a way of 

popularizing science in society and among young students of science in particular. 

For this reason, a strong emphasis was placed on promotional and awareness-raising 

activities. 

One of the first goals of the project originators was to secure institutional support. 

Due to the fact that research was to be conducted in the Świętokrzyskie Voivodeship, 

the obvious partners for the project were institutions such as the Voivodeship Office 

and entities under its authority – Świętokrzyskie School Inspectorate and the Święto-

krzyski Historical Preservation Officer. 

It should be emphasized that both the School Inspectorate in Kielce and the Święto-

krzyskie Voivodeship Historical Preservation Officer, as well as their employees, re-

sponded with kindness and understanding, making it much easier to prepare and 

complete the project. In addition, we received support from the Jan Pazdur Museum 

of Nature and Technology “Eco-Museum” in Starachowice. 

Due to the open formula of the project, the strategy of building a community around 

the “Laser Discoverers” initiative required the involvement of the media and made it 

necessary to seek their patronage. Just as in the case of institutional support, the pro-

ject met with favourable response of the local media and specialist industry-specific 

press. The project had quite an extensive media coverage in the form of press accounts, 

popular science articles, radio broadcasts and film materials. 

The TV and radio footage concerning the Laser Discoverers included materials broad-

cast by TVP Kielce, ntv Kielce, Polish Radio Three, Radio TokFM. A full list of media 

patrons is contained in the table below.



24

Laser dIscoverers

table 1. a list of the media which provided media sponsorship for the “Laser Discoverers” Project 

No. Name Coverage / branch of activity

1 TVP Kielce regional

2 ntv Kielce regional

3 Gazeta Wyborcza regional

4 Radio Kielce regional

5 Arcana GIS countrywide / geomatics

6 Wrota Świętokrzyskie countrywide

7 Intekl@sa countrywide / education

8 Las Polski countrywide / forestry

9 Głos Lasu countrywide / forestry

10 Archeowieści countrywide / archaeology

11 Cogito countrywide / education

12 Crazy Nauka countrywide

13 Hist Mag countrywide / history

14 Gimnazjalista Victor countrywide / education

Given the community character of the project, another key communication channel 
which proved essential for its completion was the Internet. To attract public interest 
in the project, a project website was created in the domain www.laserowiodkrywcy.pl. 
A Facebook account was also set up to publish information on the most important 
events connected with the project. 

Considering the short duration of research, its wide territorial scope, the multitude of 
data to be processed and the large number of people involved in the completion of the 
project, it was necessary to provide a universal, generally accessible and easy-to-opera-
te tool to facilitate the handling of data samples. For this purpose, a dedicated appli-
cation was designed for the interpretation of images representing the digital terrain 
model. The application could be logged into via the Internet (for more information, 
see chapter 4 of this publication). This made it very easy for potential participants to 
join the project. Anyone who was willing to spare a little time and had a basic know-
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ledge on the operation of a web browser could join the project. In addition, every 
person taking part in research under this project could always track his or her progress 
and compare it with the progress of other participants. 

il. 3. a screenshot of the interface of the application for the processing of data samples  
(source: http://laserowiodkrywcy.pl/)

The last integral component of the activities carried out to attract interest in the “Laser 
Discoverers” Project was a dedicated cycle of workshops. They were held in two stages. 
At first, open workshops were organized for residents of the Świętokrzyskie Voivode-
ship. In total, there were two such meetings. Workshop No. 1 took the form of a stand 
where the project was being presented. Anyone interested could have a go at interpret-
ing processed data derived from airborne laser scanning and identifying the location 
of potential archaeological objects. The workshop had a predominantly practical char-
acter and concentrated on individual work, as its participants worked with research 
material on their own. They used an Internet application, which was made available 
especially for that purpose. The workshop was attended both by young students of 
science and adults. In total, 33 people took part in it. Workshop no. 2 was held at the 
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Main Lecture Hall of the Jan Kochanowski University in Kielce. It had the form of an 

open academic lecture. Apart from children and young people from schools of the 

Świętokrzyski Region, it was attended by students and adults, including academic 

lecturers and teachers. During the workshop, its participants were acquainted with the 

concept of the “Paths of Copernicus” and discussed issues directly connected with the 

“Laser Discoverers” Project. They became familiar with the data sourcing and process-

ing techniques that were to be used in the project and were given examples of ar-

chaeological objects discovered with aerial laser scanning technology. This was fol-

lowed by a presentation of the application supporting the process of evaluation of data 

samples and the audience was informed how they could join the project. The work-

shop was attended by 94 participants. In total, 127 people took part in the first stage 

of the project.

Photograph 2. open workshop for residents of the Świętokrzyskie voivodeship – Workshop no. 1  
(photograph by M. sztampke)
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Photograph 3. open workshop for residents of the Świętokrzyskie voivodeship – Workshop no. 2  
(photograph by M. Kwaczyński)

During the second stage, workshops were organized for pupils of lower secondary 
schools and upper secondary schools of general education from the Świętokrzyskie 
Voivodeship. In total, 12 such meetings took place. 

Every workshop consisted of a theoretical part – providing the participants with intro-
ductory information on non-invasive methods of studying and documenting archaeo-
logical and historical objects – and a practical part during which they could have a go 
at interpreting images representing data samples and become acquainted with an ap-
plication which had been designed to support the process of evaluation of research 
material collected for the project. A decisive majority of the pupils taking part in the 
workshops declared their wish to join the project. In total, 253 pupils from three edu-
cational establishments from the Świętokrzyskie Voivodeship, selected in consultation 
with the School Inspectorate in Kielce, took part in those 12 meetings.
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Photograph 4. a workshop for pupils from the Świętokrzyskie voivodeship –  
the complex of Public schools in bałtów (photograph by M. sztampke)

Overall, the project was to cover 5989 elementary areas with dimensions of 100×100 m, 
which were to be verified by its participants. At the stage of observation, those areas 
were displayed as images of areas of 200×200 m, so the image seen by the project 
participants consisted of 4 elementary fragments.

 Over 95% of the project areas was verified by Internet users. During their work, most 
participants observed the image on more than one shading level. As many as 67.4% of 
Internet users worked with 8 images with different directions of incoming light. 6.5% 
did not use the images imitating different directions of light at all. 

Detailed statistical data on the use of different images of lighting are presented in Ta-
ble 2.
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table 2. statistical data on the use of 8 images modelling different incidence of light

The number of used images  
with different direction  

of incoming light.

The sum  
of particular 

variants
Percentage

0 322 6.5%

3 227 4.6%

4 289 5.8%

5 243 4.9%

6 227 4.6%

7 308 6.2%

8 3335 67.4%

The results prove that even when an area was presented eight times in different va-
riants to reflect the direction of incoming light, these images were used and they may 
be used in future.

Out of 655 users, as many as 7 users viewed over 100 areas (486, 440, 225, 200, 179, 
157, 136, respectively). 72 users analyzed from 10 to 100 areas. 

It shows that even in such an objective statistical group there are persons who are pas-
sionately interested in research-related issues and persevere in their cognitive pursuits. 
If we assume that it took 1 minute to view 1 image, the record-holder spent over 8 
hours in front of his computer.

As follows from the analysis of the frequency of displaying particular areas, 203 areas 
were displayed 4 times as the maximum. A decisive majority of images were displayed 
once (Table 3).
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table 3. the frequency of displaying particular areas

The frequency of displaying  
a single area 

The total number  
of areas 

1 2096

2 684

3 225

4 203

The above-described activities gave rise to research work which involved young scien-
tists. Its progression and results are presented in a further part of this publication.
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1. forest areas for historicaL MonuMents – introDuctory issues

Forest areas in Poland and in the world have specific significance and offer a unique 
way of combining issues associated with cultural assets with environmental issues. 
Such perception of this situation leads to a fundamental conclusion – resources as 
diverse as historical monuments and environmental assets require joint action and the 
development of a strategy to ensure the most effective and beneficial protection of 
these resources. In the forest areas, one can find historical monuments, especially ar-
chaeological objects, architecture of historical value and historical industrial sites that 
should be researched and protected. Another important issue is the choice of the most 
appropriate solutions which will safeguard the cultural heritage without disrupting 
the development of the natural environment. However, before we can make the best 
and wisest decisions on further actions to be taken, we have to evaluate both these 
types of resources.

Photograph 1. brick structures - remnants of the inlet to the underground channel of a blast furnace plant from 
1844 in the jan Pazdur Museum of nature and technology “eco-Museum” in starachowice – nature and culture 

(photograph by r. Zapłata)
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The situation associated with the protection of historical monuments in forest areas in 
Poland gives rise to concern. First of all, there is a significant number of archaeological 
monuments which have never been evaluated and vigorous actions must be taken to 
remedy this situation. Such actions may involve, for example, a more extensive use of 
the latest technologies, including aerial laser scanning (described here in more detail 
in chapter 4), which revolutionize the methodology of identifying and inventorying 
assets of historical value. Another necessary component of a modernized conservation 
policy in forest areas are awareness-raising activities addressed to the public at large. In 
the “Laser Discoverers” Project, its authors attempted to combine all the-above men-
tioned components and it can already be said that they have been successful. The 
project played a significant role in carrying out a general assessment and diagnosis of 
the situation. It focused on a specific area of research and provided a basis for a num-
ber of recommendations on how to ensure better protection for historical monuments 
in forest areas. In addition, the experience gained in the project made it possible to 
evaluate the current situation, identifying weak points which could be eliminated. 

In research literature on this subject, one can find examples of initiatives which at-
tempt, in different ways, to combine environmental issues with cultural assets. They 
include successful experiments associated with the provision of education for future 
specialists in the protection of cultural and environmental assets (Lewicki 2014) and 
initiatives connected with the establishment of landscape parks and other forms of 
protection of natural heritage and assets, as well as other activities in which coopera-
tion and joint efforts play an increasingly important role. 

In this publication, we have tried to present an overview of the fundamental compo-
nents of the system of protection of historical monuments from the interdisciplinary 
perspective of the protection of historical sites and forest management. The aim of this 
part of the monograph is to emphasize the role and significance of activities involving 
the use of geo-information, both by foresters and by professionals engaged in the pro-
tection of historical monuments. Another aim of this chapter is to highlight and pro-
pose strategies of joint interdisciplinary activities in the area of protection of cultural 
heritage (Zapłata et al 2013).
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The issues associated with the protection of historical monuments in forest areas are 
discussed from the dual perspective of forestry and cultural heritage. This in itself is an 
example of integrated activities taken to protect and explore cultural assets. 

2. cuLturaL heritage anD the systeM of Protection

The system of protection of historical monuments in Poland comprises organizations, 
institutions and communities such as the Ministry of Culture and National Heritage, 
Voivodeship Offices for the Protection of Historical Monuments and the National 
Heritage Institute. State subsidies, EU funds and private and social initiatives make it 
possible to maintain and protect historical monuments in Poland. Without any do-
ubt, one of such activities is the process of looking for and taking the inventory of 
objects of historical interest, which is essential for for the expansion of knowledge on 
cultural heritage, especially on archaeological heritage. The existing system is based, 
most of all, on the Act of 23 July 2003 on the protection and guardianship of histori-
cal monuments (Journal of Laws of 2003 no. 162, item 1568) and on a number of 
regulations, conventions, charters and international agreements (Zeidler, Trzciński 
2009). The most important doctrinal documents include International Charter for the 
Conservation and Restoration of Monuments and Sites (the so-called Venetian Charter) 
of 1964, Declaration on Architectural Heritage (Amsterdam Charter) of 1975, Charter 
on the Protection of Heritage of Vernacular Architecture of 1999, ICOMOS Charter – 
Principles for the Analysis, Conservation and Restoration of Architectural Heritage of 
2003, International Charter for the Protection and Management of the Archaeological 
Heritage (the so-called Lausanne Charter) of 1989 or the European Convention on the 
Protection of the Archaeological Heritage from La Valletty of 16 January 1992 (http://
www.icomos-poland.org/index.php/pl/dokumenty-doktrynalne). In Poland, the basic 
forms of protection of historical monuments are defined in Article 7 of the Act of 23 
July 2003 on the protection and guardianship of historical monuments, which men-
tions the following protective tools: 

„1) entry in the register of historical monuments; 
2) award of the status of a historical monument; 
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3) establishment of a culture park; 
4) inclusion of protection-related arrangements in the local land-use 
plan or in a decision specifying the location of a public purpose inve-
stment, decision on land development conditions, a road investment 
permit, decision specifying the location of a railway line or a permit 
for the completion of an investment associated with an aerodrome 
open to public use”. 

Photograph 2. an example of the form of protection of archeological sites in forest areas - archaeological 
reserve “stone circles” in grzybnica, Zachodniopomorskie voivodeship (photograph by M. Pawleta)

In accordance with the Act of 23 July 2003 on the protection and guardianship of histo-
rical monuments, the above-mentioned forms of protection cover the following items: 

“1)  historical monument – immovable or movable assets or their parts 
or complexes, created by man or connected with human activity 
which bear testimony to a bygone era or event and whose prese-
rvation is in the public interest due to their historical, artistic or 
scientific value; 
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2)  immovable historical monument – an immovable asset, its part or 
complexes of immovable assets [...]; 

3)  movable historical monument – a movable asset, its part or com-
plexes of movable assets [...]; 

4)  archaeological monument – an immovable monument constitu-
ting surface, underground, or underwater remains of human exi-
stence or activity, composed of cultural accumulations and works 
or traces thereof contained in these accumulations, or a moveable 
monument constituting such work; [...] 

12)  historical urban or rural layout – spatial urban or rural layout, 
including complexes of buildings, single buildings and forms of 
designed green spaces, located in accordance with the historical 
pattern of ownership and functionality, including streets or road 
networks; 

13)  historical complex of buildings – spatially connected group of 
buildings constituting one whole due to their architectural form, 
style, materials used, function, time of construction or connec-
tion with historical events; 

14)  cultural landscape – space historically shaped as a result of human 
activity, comprising products of civilization and elements of nature; 

15)  surrounding – area around or next to a monument specified in 
the decision on the entry of the area concerned in the register of 
historical monuments to protect the visual value of that monu-
ment and to protect it against harmful effects of external factors”.

In Poland, excellent examples of protected but publicly accessible archaeological mo-
numents in forest areas include stone circles and kurgans from the first, second and 
third centuries A.D. in Odry near Czersk (Pomorskie Voivodeship); Neolithic (appro-
ximately 3500-2500 years B.C.) and from the Bronze Age (3 thousand - 2 thousand 
B.C.) striped flint mines in Krzemionki Opatowskie (Świętokrzyskie Voivodeship); 
Megalithic burial grounds in Wietrzychowice and Sarnowo dating back to four tho-
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usand B.C. (Kujawsko-Pomorskie Voivodeship); kurgan cemeteries form the early 
Middle Ages in the Białowieża Forest (Podlaskie Voivodeship); kurgan cemeteries 
from the Bronze Age (1000-700 B.C.) in Siemierowice, Osków and Uniradze (Po-
morskie Voivodeship) or a complex from the early Middle Ages (kurgan cemetery, 
settlements and fortified settlements) in Bardy-Świelubie (Western Pomeranian Vo-
ivodeship). Many of these objects are covered by a specific form of protection. For 
example, the striped flint mines in Krzemionki in the Świętokrzyskie Voivodeship are 
protected as a historical monument. The historical complex comprising the archaeolo-
gical reserve “Krzemionki” in the village of Sudół (municipality of Bodzechów, Ostro-
wiecki District, Świętokrzyskie Voivodeship) - flint mines from the Neolithic Era” 
(Ordinance of the President of Poland … 1994) was entered in the register of historical 
monuments of the Świętokrzyskie Voivodeship - A1/499/1Aa, just like the nature re-
serve “Krzemionki Opatowskie” (Ordinance of the Minister of the Environment … 
1995) - Natural and Archaeological Reserve “Krzemionki”. The above-mentioned 
mine complex has been entered on the Global List of Industrial Heritage IICCH.

Photograph 3. an example of deep ploughing in forest areas – the forest District of starachowice  
(photograph by M. gorzkowska)
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In many situations, priority should be given to the evaluation of the heritage and its 
in situ inventory, performed on the basis of extensive and systematic exploration and 
research work. In the context of archaeological research in Poland, one should men-
tion the project entitled Polish Archaeological Record (hereinafter referred to as AZP), 
carried out since 1979. Under this project, systematic work is performed to record 
assets of historical value on particular AZP plots (one plot is equal to an area of 5×7 km) 
(Konopka 1981, Jaskanis 1996). Unfortunately, forest areas remain largely unexplo-
red. This situation is caused, first of all, by the environment of terrain penetration, 
which differs from agricultural areas. 

Apart from the above-mentioned activities, a number of cross-environmental and in-
ter-institutional undertakings have also been completed in Poland. The most note-
worthy examples include the agreement concluded on 4 March 2011 between the 
National Forest Holding “State Forests” and the National Heritage Institute in con-
nection with the project “Environmental rehabilitation of degraded areas, former mi-
litary training grounds and other areas formerly used by the army and now managed 
by the National Forest Holding “State Forests” (http://www.ckps.lasy.gov.pl/wspol-
praca#.UzxeH4Xn2JY).

The owners of historical monuments and the owners of areas where these monuments 
are located also play a significant role in the system of protection. Owners and entities 
managing forest areas are obliged to take action to protect historical monuments in a 
given area and to inform of existing threats. 

One of these entities is the National Forest Holding “State Forests” which manages, 
on a permanent basis, forest areas covering nearly 25% of Poland’s area. The State 
Forests are the largest organization in the European Union which is tasked with the 
management of State-owned forests. Public forests occupy an area of 9164 thousand 
ha, which accounts for 81.2% of all wooded areas in Poland, of which 77.3% is ma-
naged by the National Forest Holding. Other public forests include national parks 
and areas belonging to the State Treasury and municipalities (data as of 31.12.2012 
– Report on the condition of forests in Poland in 20126). 
6 These data do not take into account land associated with forest management.
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In Poland, there are also forests belonging to private owners, mainly natural persons, 
accounting for approximately 18.8% (2012 Report on the condition of forests in 
Poland: 9). 

The Act of 23 July 2003 on the protection and guardianship of historical monuments, 
together with the Act of 3 February 1995 (Journal of Laws of 2007, no. 231, item 
1700 with subsequent amendments) and the Act of 28 September 1991 on forests 
(Journal of Laws of 2005, no. 45, item 435 with subsequent amendments) obliges the 
National Forest Holding “State Forests” and national parks to take action for the be-
nefit of historical sites, as explicitly stated in Article 7 (3), which says: 

“[...] forest management in forests entered in the register of historical 
monuments and in forests with archaeological monuments entered in 
the register of historical monuments is conducted in consultation with 
the voivodeship historic preservation officer, with account being taken 
of legal provisions concerning the protection and guardianship of his-
torical monuments.”

The concern for cultural heritage is also evident in the Principles of Silviculture (Prin-
ciples... 2011), which states that:

“sustainable and multifunctional silviculture activities must be conduct-
ed, in accordance with the methods of managing the natural and cultural 
heritage and in conformity with the principles of regional and spatial 
planning resulting from the provisions of national and European law”.

There are different forms of establishing protected areas, making it easier to manage 
nature conservation areas and to protect historical monuments. Examples of such 
forms include national parks, nature reserves, landscape parks, protected landscape 
areas, Natura 2000 sites, natural monuments, documentation sites, sites of ecological 
interest, nature and landscape complexes or the protection of specific species of plants, 
animals and mushrooms (Act of 16 April 2004 on the protection of nature – Journal 
of Laws of 2004, no. 92 item 880). 
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Photograph 4. an example of improving the visibility and protection of archaeological monuments in forest areas 
– reconstructed megalithic tombs. archaeological reserve in Wietrzychowice, Kujawsko-Pomorskie voivodeship 

(photograph by M. Pawleta).

In addition, appropriate nature protection measures are provided for in specific rules 
and procedures applicable to forest work. This includes a prohibition to interfere with 
the forest soil, in line with the actions taken to preserve the archeological or industrial 
heritage. 

The activities of the State Forests focus mainly on long-lasting and sustainable forest 
management. One of the documents defining the activities in forest areas is the Clas-
sification of Activities of the State Forests (CASF), which are as follows: 
– law-related activities, 
– procedures and periodic inventories of property,
– creation of a complete database,
– analysis and prognosis,
– drawing up remedial and development programmes,
–  defining standards, guidelines and principles connected with conducted activities,
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– strategic planning,
– supervision,
–  monitoring and control (http://www.lasy.gov.pl/o_nas/organizacja/klasyfikacja-

dzialalnosci-lasow-panstwowych).

The above-mentioned activities provide a basis for protecting the natural environment, 
increasing forest resources, enriching the species composition and wildlife management. 
Management activities of the State Forests concentrate on sustainable development, inc-
luding production. The forests (both as a managing entity and a specific natural form) 
also fulfill a protective function with respect to objects of historical interest, however, 
what is the core idea of this project – raising awareness and providing information on 
historical assets – is often insufficient, while forestry operations (such as logging or new 
plantings preceded by the preparation of soil) constitute a real threat to the preservation 
of historical objects and sites. The extent of damage to historical sites that may occur in 
forest areas results, on the one hand, from the lack of information, and on the other hand, 
from silviculture operations such as preparation of soil for forest restocking purposes and 
forestation. Another problem is associated with the fact that some silviculture operations 
are not clearly regulated by Polish legislation even though they have a direct negative 
impact on archaeological monuments, especially on immoveable objects (Zapłata et al 
2013). The Act does contain provisions on the conduct of construction works and earth-
works, however, none of those provisions relates to the activities performed in forests or 
in agricultural areas. One can get some idea about the scale of potential damage in the 
general description of these operations contained in the Principles of Silviculture:

„1)  plowing of furrows with a width of up to 0.7 m, spaced up to 
about 1.5 m apart (from the centre of the furrows) with mouldbo-
ard ploughs or cutter ploughs recommended on coniferous forest 
habitats, with the exception of wetlands;

2)  loosening the soil with a soil loosener without plowing furrows (in 
poor coniferous forest habitats with a very thin layer of soil);

3)  tillage with disc or cutter ploughs: of the entire surface or its part 
or strips, recommended before natural restocking;
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4)  full two-level tillage, at a depth of about 60 cm, recommended in 
areas which are difficult to restock, e.g. areas overgrown with reed 
grass, soils with a layer of hardpan and soils poisoned by industrial 
emissions;

5)  full tillage at a medium depth (30–50 cm) in post-agricultural are-
as without hardpan;

6)  preparation of planting sites with a diameter of 1.2 m (from the 
centre of the planting site) 4–6 m, spaced 4-6 m apart, recommen-
ded mainly in the case of introducing a group of oak trees and in 
humid habitats; the bottom of the planting site is raised manually 
or mechanically to the level of 0.5 m above the soil level, and of 
planting sites of 2×2 m on soils overgrown with weeds (reed grass, 
bracken, molinia) arranged in a checkerboard pattern;

7)   forming raised strips in furrows by raising the centre or one half of 
the furrow bottom, manually or with an agricultural plough, applied 
in habitats with periodically excessive moisture levels and forming 
plant bed strips on compact and periodically wet soils with a bed 
forming milling cutter, a cutter plough or a bed forming plough;

8)  manual formation of strips with a width of at least 0.4 m spaced 
1.2-1.5 m apart, in exceptional cases when the configuration of the 
terrain makes it impossible to prepare the soil mechanically;

9)  formation of plates, mechanically or manually (in the case of inco-
nvenient configuration of the terrain), with dimensions of 0.4–
0.6×0.4–0.6 m;

10)  manual or mechanical formation of mounds in wetlands or mar-
shy areas;

11)   formation of small holes only on planting sites, which is possible 
on viable soils and on soils resilient to weeds;

12)  mineralization of the surface of the soil (mixing with plant litter) 
to prepare it for self-sowing (Principles of Silviculture 2012: 31–
32 - http://www.ekochart.pl/prawo/Zhl.pdf )” 
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Photograph 5. soil tillage in a forest area – soil preparation and plantings, with a visible grey-brown layer of 
patches of charcoals (probably remnants of a charcoal production site) – forest District of starachowice 

(photograph by M. gorzkowska).

It should be added that archaeological monuments, including immovable objects 
often consist of cultural accumulations on the surface of the ground or just under 
humus (arable layer) or under forest plant litter. Even such a general definition of an 
archaeological object is sufficient to make one realize that the above-mentioned tillage 
procedures put archaeological objects at risk of being irrevocably destroyed. This se-
ems to be in conflict with specific provisions contained, among other things, in Artic-
le 115 of Act of 23 July 2003 on the protection and guardianship of historical monu-
ments, which says:

1)  Anyone who has failed to promptly inform the voivodeship histo-
ric preservation officer or wójt (governor of a group of villages) 
(mayor, president of a town) or the head of the maritime authority 
of an object discovered during construction works or earthworks 
which is presumed to be of historical interest and has failed to su-
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spend such works to protect the discovered object from damage or 
destruction and has not secured that object and the place of its di-
scovery, using available means, shall be punished with a fine. 

2)  Anyone who commits the offence referred to in paragraph 1 shall 
be punished with a fine equal to the twentyfold amount of the 
minimum remuneration, which shall be paid for a specific purpose 
of public benefit associated with caring for historical monuments. 

Article 116 says:

1)  Anyone who has failed to promptly inform the voivodeship historic 
preservation officer or wójt (governor of a group of villages) (mayor, 
president of a town) or the head of the maritime authority of an 
accidental discovery of an object which is presumed to be an archa-
eological monument and has not secured that object and the place 
of its discovery, using available means, shall be punished with a fine. 

2)  Anyone who commits the offence referred to in paragraph 1 shall 
be punished with a fine equal to the twentyfold amount of the 
minimum remuneration, which shall be paid for a specific purpose 
of public benefit associated with caring for historical monuments.

It be concluded from the above-mentioned provision that any representative of the 
community of foresters (as this is the professional group which is of relevance to us), 
has or should have the skills and knowledge enabling him or her to recognize or iden-
tify historical monuments (Zapłata et al 2013). Unfortunately, the system which cre-
ates such provisions does not equip all citizens, including land owners and administra-
tors of forest areas, with appropriate knowledge and skills. The above problem can be 
solved, to some extent, by seeking interdisciplinary collaboration and by intensifying 
the activity of specialists, including archaeologists and conservators-restores, to ensure 
more effective and complete detection of historical sites in forest areas. Nowadays, 
other available solutions include the use of geo-information systems and, increasingly, 
of airborne laser scanning to provide these systems with geodata.
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In the currently existing system, one of the best solutions is to ensure close and ongo-
ing cooperation with professionals dealing with historical monuments and to involve 
them in the conduct of standard silviculture procedures before the start of specific 
forestry operations, among other things, by carrying out non-invasive terrain penetra-
tion on the basis of ISOK data. It also seems advisable to set up appropriate teams 
from among members of the forest services who will have and improve their knowled-
ge on cultural heritage. Another solution is associated with the use of the above-men-
tioned digital resources (including the “Laser Discoverers“ Project which has already 
brought positive results) for research purposes. Such research precedes the initiatives 
of forest services and it can be carried out independently of the activities of specific 
forest districts.

Of course, there are also forest areas where historical objects are not at risk of being 
destroyed as a result of tillage operations in the forest. They include marshes, areas 
with excessive humidity and areas which are heavily contaminated or devastated and 
transformed, where none of the above-described tillage procedures are performed to 
prepare the soil, for example, for artificial reforestation. In these forest areas, one can 
witness natural succession of forest vegetation. It should also be kept in mind that 
planting in forest areas is also performed without prior preparation of the soil, making 
it possible to avoid the destruction of uninventoried objects of historical interest.

Both historical and forest resources are threatened by natural risks, such as the activity 
of burrowing animals or different processes, including landsliding processes, which 
cause destruction and lead to irreversible changes in the structure of historical objects 
and forest resources alike. This is where another geo-information project may be very 
useful – Landslide Counteracting System carried out by the Polish Geological Institu-
te (SOPO – http://geoportal.pgi.gov.pl/portal/page/portal/SOPO). The aim of the 
system is to 

[...] identify, document and mark on a 1:10 000 map all landslides 
and areas potentially threatened by major land shifts in Poland and to 
put in place an in-depth and surface monitoring system on 100 selec-
ted landslides. The entire project is designed to support the local au-
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thorities in fulfilling their obligations associated with major land shi-
fts, as required by the relevant Acts and regulations. 
(http://geoportal.pgi.gov.pl/portal/page/portal/SOPO)

This form of obtaining terrain-related information (especially by people engaged in 
the protection of historical monuments) in the form of inventories of landslides and 
areas likely to be affected by major land shifts in Non-Carpathian Poland provides a 
valuable tool for the prevention of risks for cultural and environmental assets. 

Modern technologies, including the systems of monitoring and collecting data also 
serve as one of the tools for eliminating the activities of those who look for historical 
sites in an illegal way, especially of the so-called detectorists. To prevent such destruc-
tion of the cultural heritage, be it intentional or not, archaeologists, specialists in hi-
storical architecture and conservators-restorers cooperate with foresters and admini-
strators of forest areas, among other ways, by using new technologies for the detection 
and inventorying of historical sites, including airborne laser scanning (ALS) and geo-
information systems, such as the ones already used by the State Forests.

3. Joint activities – taking the inventory of historical 
monuments versus geo-information systems of forest areas

The State Forests have one of the most advanced IT systems in Poland. They are used 
to ensure permanent administration of nearly one third of Poland’s area, however, 
their spatial data cover the entire area of Poland. It should be added that for several 
years this system has been relying on a centralized database with nearly 25 000 users 
and that some information is updated every day. Since recently, the descriptive data 
base has been additionally integrated with the special data base and it is now called 
geo-base. Each of more than four hundred forest districts is required to collect and 
update of obligatory layers, at least once a year, within the framework of the spatial 
information system. In practice, this means that they are required to enter up-to-date 
information (on a map) concerning logged areas in the forest, silviculture operations 
of a permanent character or otherwise essential from the point of view of a forester (Il. 1). 
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It would have never been possible to integrate such a large base of spatial objects wi-
thout the Forest Numerical Map Standard (http://www.lmn.lasy.gov.pl/standardlmn), 
which precisely defined the structure and content of each layer of that Standard recor-
ded in a SHP file and in the 1992 layout. 

Without any doubt, the National Forest Holding “State Forests” has the most complete 
and up-to-date database with spatial information on forest areas. One can venture to 
say that it is the most coherent and the most frequently updated set of map data for 
the area of Poland. 

il. 1. an example showing the number of diverse information stored by the state forests  
for a fragment of a forest
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Apart from the basic division into points, lines and geographical polygons, the Forest 
Numerical Map Standard used by the State Forests (Appendix to the Ordinance 34 of 
the Director-General of the State Forests of 20 April 2005) contains a detailed de-
scription of particular layers, dividing them into:

Basic layers
2.1.1 Obligatory layers

Layers which are necessary for the functioning of the spatial informa-
tion system in the forest district. The structure of these layers, their 
information scope and procedures for their creation, control and up-
dating are set out in the Forest Numerical Map Standard.

2.1.2 Optional layers with a specific structure

Layers whose structure, information scope and procedures for their 
creation, control and updating are set out in the Forest Numerical 
Map Standard, but it is the forest district which decides if they are 
created or not. These layers are not necessary for the functioning of 
the spatial information system in the forest district.

Derivative layers

Layers derived from obligatory and optional layers with a specific 
structure, generated by the application for updating the numerical 
map with the Forest Numerical Map Updater. The task of these layers 
is to provide the application software of the forest district with access 
to the information contained in the geometric database. The structure 
and the information scope of these layers are set out in the Forest 
Numerical Map Standard. The updating of derivative layers is limited 
to their re-creation. No control procedures are defined for these layers 
but their correctness depends on the correctness of the basic layers.
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Optional layers with a non-standard structure

Any layers of the numerical map. Their structure and information 
scope is left to the discretion of the forest district.

At present, archaeological objects and cultural heritage assets are not taken into acco-
unt in obligatory layers (which is obvious) or in optional layers with a specific struc-
ture. Therefore, such an information layer can only be transferred through the third 
group – optional layers with a non-standard structure. In practice, however, it means 
that each of over 400 forest districts in Poland can make independent decisions on the 
structure and scope of these data. Obviously, data of this type are not essential for the 
functioning of the forest districts. However, as their number is anticipated to increase 
in the coming years, they may grow into a very large and non-systematized set of ob-
jects. At the same time, it should be kept in mind that even though the State Forests 
have no obligation to collect such data, information on the location of trench lines, 
kurgans, battle stations or other objects whose shape and size have an effect on field 
work and forest area management may be useful for their employees. Therefore, it is 
not too early to consider an attempt to develop a joint standard which might be incor-
porated in their optional layers with a specific structure.

Despite the fact that – generally speaking – there are no historical layers or layers con-
nected with archaeological monuments in the resources of forest districts, other layers, 
including those already existing, may be useful in the recording of historical objects 
and their location or in the conduct of archaeological excavations in forest areas. The 
basic layers used by the State Forests are polygonal objects which specify the bounda-
ries of forest districts, sections of forest, forest administration regions, compartment 
and sub-compartments (forest management units). The last of the above-mentioned 
layers in particular – which is the basic spatial unit describing the smallest (with the 
exception of the so-called areas other than forest management units) areas of several 
hectares – may be helpful in describing the location of historical objects. All map data 
for each of the forest districts in Poland can be obtained by sending a special form with 
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a request for access to public information or directly on the websites of the forest di-
stricts. The websites are currently being standardized for all entities, which should 
make it easier to obtain such data in near future. In some cases, it is also possible to 
obtain vector layers in SHP files, after submission of a request with an explanation of 
the purpose and scope of their use.

With the existing geodata resources in forests, in entities operating in forest areas and 
in the Forest Research Institute, forest areas can also be analyzed by specialists in the 
protection and conservation of historical monuments. 

The cooperation between the communities of archaeologists and foresters is essential 
and it will become even more significant in near future because both these groups will 
be using ISOK data. As already known today, in extreme cases we are and will be de-
aling with thousands of new objects from a single forest district, as confirmed by the 
“Laser Discoverers” Project. In connection with the above, it seems necessary to deve-
lop appropriate channels for the exchange of information and, consequently, to stan-
dardize data themselves.
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1.  cuLturaL heritage of the area anD cross-sectionaL 
characteristics of Prehistoric settLeMent in the region

Non-invasive archeological research within the framework of the scientific project 
“Laser Discoverers” carried out in the northern part of the Świętokrzyskie Voivodeship 
– in areas directly adjacent to the border with the Mazowieckie Voivodeship. In admi-
nistrative terms, the studied area is partly situated in the District of Starachowice 
(Municipality of Brody) and partly in the District of Ostrowiec (Municipality of Ku-
nów). It is managed by the State Forests and lies partly within the boundaries of the 
Forest District of Starachowice (forest administration regions: Zawały, Myszki, Kute-
ry, Klepacze, Lubienia, Lipie, Michałów) and partly within the boundaries of the Fo-
rest District of Ostrowiec Świętokrzyski (forest administration regions: Połągiew, Sa-
dłowizna, Janik, Jeleniec). Physico-geographically, the studied area is situated on the 
Iłżeckie Foothills, to the north of the Kamienna Valley within the rock outcrop of the 
Jurassic Era, which form a low altitude monoclonal elevation spanning from the nor-
th-west to the southeast. The eastern part of the region within the upstream area of the 
Kamienna River is formed by rocks from the Cretaceous Period (Gorzkowska 2013; 
Kondracki 2011). The studied area is located between Starachowice, Iłża and Ostro-
wiec Świętokrzyski, in the area of the Primeval Forest of Iłża, also known as Staracho-
wickie Forests. The main watercourse around which more intensive human activity 
centered in the past is the Kamienna River – a left-bank tributary of the Vistula, with 
a length of 156 km and a catchment area of 2007.9 km². From the south, the studied 
area borders with the valley of the Kamienna River – with the artificial lake Brody Ił-
żeckie. There are several villages there: Henryk, Kitowiny, Bór Kunowski, Klepacze 
and partly Adamów, Lipie and Podłaziska.

History of research in this area (in the Kamienna River Valley) started with the activi-
ties of the State Council for the Preservation of Prehistoric Monuments, which was set 
up in 1920. One of the first researchers exploring this area included Ludwik Sawicki, 
Irena Sawicka and Stefan Krukowski, who examined the Paleolithic and Mesolithic 
camp sites and workshops associated with the complex in Rydno. The year 1921 bro-
ught another important achievement - Jan Samsonowicz and Stefan Krukowski disco-
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vered the first prehistoric striped flint extraction site in the villages of Skarbka and 

Ruda Kościelna. Since the first studies in that region, research activities have been 

carried out there by a number of researchers, including researchers from institutions 

such as the National Museum of Archaeology in Warsaw, Institute of Archaeology and 

Ethnology of the Polish Academy of Sciences or the Archaeology and History Mu-

seum in Ostrowiec Świętokrzyski (Czernek, Przychodni 2005; Schild 2012).

The studied area partly overlaps with several AZP areas which had not been thoroughly 

examined on the basis of surface studies (Polish Archaeological Record , hereinafter 

AZP) before the project started. No studies have been carried out in areas: AZP: 81–67, 

82–68, 82–69, 82–70. 

81–67    81–68   81–69   81–70

82–67    82–68     82–69   82–70

il. 1. the areas examined on the basis of previous surface studies [marked with X] (compiled by r. Zapłata)

Other AZP areas (excluding studies carried out before the start of the AZP project, i.e. 

in 1979) were examined in 1980, 2001 and 2002. As a result of the previous field 

work, the following archaeological monuments (sites) have so far been examined in 

particular areas verified within the framework of this project (source: Borowska 2001a; 

Borowska 2001b; Orzechowski, Wichman 2002; Zalewski 1980):
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table 1. aZP 81–68: 

Site no. in 
a given area

Place
Site no. in 

a given 
place

Chronology Other

1 Marcule 1 late Middle Ages –

2 Marcule 2
Stone Age–early Bronze 

Age
–

3 Lubienia 1
Middle Ages–Modern 

Times
–

4 Lubienia 2 Middle Ages –

table 2. aZP 81–69:

Site no. in 
a given 

area
Place

Site no. in 
a given 
place

Chronology Other

1 Piotrowe Pole 1
late Middle Ages–Modern 

Times
–

2 Zawały 1
Stone Age–early Bronze 

Age
–

table 3. aZP 81–70:

Site no. in 
a given 

area
Place

Site no. in 
a given 
place

Chronology Other

1 Krzyżanówka 1
Bronze Age / Roman 

Period
–

2
Sienneńska 

Wola
1 Roman Period –

3 Tarnówek 1 Stone Age –
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table 4. aZP 82–67:

Site no. in a 
given area

Place
Site no. in a 
given place

Chronology Other

1 Starachowice 4
Modern Times  

16th-17th centuries
Przeworsk 

culture

2 Starachowice 5
Modern Times  

16th-18th centuries
–

3 Starachowice 6

prehistory / late Middle 
Ages / Modern Times

16th-17th centuries / 
Modern Times 

–

4 Starachowice 1
early and middle  
Roman Period 
(B2/C1–C1)

Przeworsk 
culture / 

burial 
ground

5 Starachowice 7 Stone Age –

6 Starachowice 8 prehistory –

7 Starachowice 9 Stone Age –

8 Starachowice 10 Neolithic –

9 Starachowice 11
Modern Times  

17th-19th centuries
–

10 Starachowice 12
Modern Times  

15th-16th centuries
–

11 Dziurów 1 Upper Paleolithic –

12 Kuczów 4 unspecified –

13 Kuczów 5 unspecified –

14 Starachowice 13 5th period

Lusatian 
culture / 

burial 
ground
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15 Starachowice 14
Early Bronze Age / 2nd 

period of the Bronze Age
Trzciniec 
culture

16 Starachowice 15 Neolithic
Corded 
Ware 

culture (?)

17 Starachowice 16 Early Bronze Age
Mierzano-

wice culture

18 Starachowice 17 Neolithic –

19 Starachowice 18 Stone Age –

20 Starachowice 19 Stone Age –

21 Starachowice 20 Stone Age –

None of the above-mentioned and previously examined archaeological sites is situated 
in the studied area. Archaeological objects in the areas of the AZP studies remain lar-
gely unexplored or they have never been examined at all. This is probably due to the 
characteristics of the terrain, which is largely covered by forest and overgrown with 
thick vegetation. It was easier to examine archaeological sites and objects in nearby 
towns and agricultural areas, on the basis of previous studies. In the AZP areas over-
lapping with the studied area, 30 archaeological sites (objects) have thus far been 
examined. All of them are situated outside the studied area.

Most of the discovered archaeological sites can be described as traces of settlements 
with single movable objects (fragments of ceramic vessels, flint tools, slags). The disco-
vered sites include very few settlements. The function and chronology of some of the 
discovered sites have not been specified. Other sites include traces and remnants of 
places and objects connected with metallurgical production. The AZP areas under 
discussion also include sites such as : cemeteries of Przeworsk culture, Trzciniec cultu-
re (?) or Lusatian culture (?) (source: Borowska 2001a; Borowska 2001b; Orzechow-
ski, Wichman 2002; Zalewski 1980). In the municipality of Brody, one site is entered 
in the register of historical monuments – a settlement of Trzciniec culture from the 
2nd period of the Bronze Age. It is located in AZP 82–68 (entered in the register on 
27 February 1997).
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Archaeological heritage assets in the areas covered by these studies, especially in wo-
oded areas, remain mostly unexamined and shed little light on the past of the region. 
As follows from an analysis of the municipal plans associated with the protection of 
historical monuments, the system of recording historical objects must be standardi-
zed, including monuments of technology and items of industrial heritage. It is also 
necessary to improve the system of identifying and recording industrial monuments 
which also constitute archaeological monuments, for example, the sites of extraction 
of natural resources or sites/objects associated with the processing of natural resources.

The studied areas to the north of the Kamienna River are situated in the vicinity of nu-
merous archaeological monuments, including an opencast ochre mine from the Stone 
Age in Rydno, dating back to the Paleolithic, and to the Mesolithic Era (Schild 2012; 
Krukowski 1961), as well as prehistoric flint mines from the Neolithic and early Bronze 
Age in Krzemionki Opatowskie (Samsonowicz 1923; Krukowski 1939; Borkowski, 
Michniak 1992; Bąbel 1975; Bąbel 1999; Żurowski 1960; Jedynak, Kaptur 2009). The 
Świętokrzyski Region, including areas situated near Starachowice and Ostrowiec Święto-
krzyski, was the site of prehistoric metallurgic activity, connected with an Iron Age metal-
lurgic centre near Nowa Słupia, to the south of the studied area (Orzechowski 2013). 
Prehistoric metallurgic activity in the Świętokrzyski Region dates back to the end of the 
Younger Pre-Roman Period (late the La Tene Period ) and the period of Roman influence, 
i.e. the period from about 150 years B.C. to the early 3rd century A.D. In that period (in 
the middle of the 3rd century A.D.), a prehistoric underground iron ore mine was opera-
ted in Rudki (for more information, see Kubicki, Saletra 2013: 30; Orzechowski 2013). 
Subsequent settlement periods in the adjacent area are connected with the site of pagan 
worship from the 8th-10th century, i.e. with Łysa Góra (Bald Mountain) also known as 
Święty Krzyż, on whose slopes there are ruins of a pagan temple. 

In general, the settlement and prehistoric human activity in the region under discus-
sion (in particular in the Kamienna River basin) should be associated with particular 
epochs. The traces left by each of these epochs include various archaeological objects 
(mobile and immobile ones), which prove that these areas had been the site of inten-
sive and continuous settlement activity and that they had been used from the ancient 
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to modern times (for more information about primaeval history and the history of the 
region, see Kubicki, Saletra 2013: 29–40; Pękala 2013).

Traces of the most ancient epoch – Stone Age – the Paleolithic and the Mesolithic can 
be found in the northern part of the Świętokrzyskie Voivodeship. They are connected 
with the activity and camp sites of hunter-gatherers, and in particular with the above-
mentioned excavation of red hematite ochre. This pigment extraction activity, which 
is unique on a global scale, has come to be associated with a complex of about 400 
identified and examined camp-sites of hunters-collectors in the area of Rydno (Kru-
kowski 1961; Schild 2012).

Other traces of the activity of Stone Age people in the area covered by the study inc-
lude, among other things, sites of extraction and processing of natural resources, e.g. 
flint. The best example of such sites is the above-mentioned flint mine in Krzemionki 
Opatowskie (Lech 2004; Borkowski, Michniak 1992). Along the flint outcrop stret-
ching from the area of Ożarów on the left side of the Vistula, through the areas of 
Krzemionki Opatowskie, Iłża and Wierzbica, to the area of Orońsko, numerous histo-
rical flint extraction and processing sites have already been discovered, as well as rem-
nants of settlements and burial grounds and mobile historical objects made from flint, 
which is also characteristic for the places and the area covered by the study (Jedynak, 
Kaptur 2009). All the mobile historical objects discovered in the above-mentioned 
AZP areas represent the Corded Ware culture. In total, 11 archaeological sites from 
the Stone Age have been discovered there.

The next epoch – Bronze Age – is represented by archaeological monuments which 
provide evidence of human existence in those areas. Most of the historical monuments 
discovered and examined in the above-mentioned AZP areas have been classified as 
representative of the Trzciniec culture, Mierzanowice culture and Lusatian culture 
(Czernek, Przychodni 2005). In total, 6 archaeological sites discovered in those AZP 
areas are chronologically connected with the Bronze Age.

The next stage in the prehistory of the region is the Iron Age. It is characterized by 
intensive settlement activity with characteristic prehistoric metallurgy as its predomi-
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nant feature – especially in the period of Roman Period. The numerous traces of that 

activity include sites of extraction of natural resources, mostly sites of metallurgical 

production, remnants of bloomeries (ancient furnaces) or charcoal production sites. 

Most historical sites in the areas under discussion represent the Przeworsk culture 

(Bielenin 1962; Orzechowski 2002). In total, 3 archaeological sites have been discove-

red in the above-mentioned AZP areas, not to mention a number of sites dating back 

to the early Middle Ages, Middle Ages and Modern Times.

9 archaeological sites from the Kamienna River Valley date back to the Early Middle 

Ages Period. Apart from single objects, the sites discovered in the area under discus-

sion also include a burial ground in Skarżysko-Kamienna, a fortified settlement and a 

coin treasure in Nietulisko Małe, as well as 2 settlements and a monastery in Wąchock 

(Jedynak, Kaptur 2009).

Material and immobile heritage – historical, architectural and industrial, just as archa-

eological assets, is protected by law, among other things, by virtue of an entry in the 

Municipal Register of Historical Monuments. In the case of the municipalities cove-

red by the study, the following entries have been made in the Register:

table 5. immobile historical objects from the Municipality of brody  
entered in the Municipal register of historical Monuments.

No. Place Object Dating back to
Entry 

number

1 Krynki
church of the Assumption of the 

Holy Virgin Mary in Krynki
1727 3/2009

2 Krynki wooden gate and two bell towers 1779 4/2009

3 Brody

remnants of water infrastructure:

1. Dam

2. Culvert

1840 6/2009
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4 Brody

the house of the management of 
the former rolling mill and 

puddling furnace – 2 workers’ 
houses: ul. Nadrzeczna 15 and 19 
– a pond on the Kamienna River, 
now converted into the Brodzki 

Reservoir

1840 7/2009

5 Brody
a wooden villa and remnants  

of a fence – brick wall in Brody
1910 8/2009

6 Lipie
a section of the narrow gauge 
railway in the Municipality of 

Brody
1950 9/2009

7 Krynki chapel of St. John of Nepomuk
1st half of the 
19th century

13/2009

8 Lubienia chapel of St. John of Nepomuk
1st half of the 
19th century

14/2009

9 Dziurów chapel of St. John of Nepomuk
2nd quarter  

of the  
20th century

15/2011

10 Styków
the building of the former motor 

mill (electric)
about 1920 16/2011

11 Brody former water mill (electric)
early 20th 
century

17/2011

12 Młynek
building of the former water mill 

(electric)
1918 18/2011

13
Staw 

Kunowski
the building of the former motor 

mill (electric)
1st half of the 
20th century

19/2011

14
Staw 

Kunowski
house in Staw Kunowski 1930s 20/2011

15
Staw 

Kunowski
chimney of a drying oven 1920s 21/2011

16 Brody remnants of a brick wall fence about 1920 22/2011

17 Krynki Roman Catholic parish cemetery 15th century 23/2011
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table 6. immovable historical documents entered in the register of historical monuments  
by the Świętokrzyski historical Preservation officer

No. Place Object
Dating 
back to

Entry 
number

Date of entry 
in the 

register

1 Brody
wooden villa at No. 5 

Szkolna St.

19th-
20th 

centuries
A.803 16 May 1994

2 Brody

remnants of water 
infrastructure:

1. dam

2. culvert

1840
A.801/ 

1–2
15 June 1967

3 Brody

the house of the 
management of the 

former rolling mill and 
puddling furnace – 2 
workers’ houses: ul. 

Nadrzeczna 15 and 19  
– a pond on the 

Kamienna River, now 
converted into the 
Brodzki Reservoir

1840 A.802
06 September 

1971

4 Krynki

parish church complex: 
1. parish church, 2. 

gate (wooden gate with 
two bell towers), 3. area 
enclosed by the fence

15th-
18th 

centuries

A.804/ 
1–3

23 June 1967

5 Krynki
stone statue of Virgin 

Mary with Infant Jesus
1904 B.178

28 October 
2009

6 Lipie
a section of the narrow 

gauge railway in the 
Municipality of Brody

1950 A.827
14 February 

1995
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table 7. the Municipality of Kunów (a list of historical monuments entered in the register)  
(source: Kotasiak 2010)

No. Place Name of the object Dating back to
No.  

in the 
register

1 Chocimów park of the former manor house
18th-19th 
centuries

593

2 Doły Biskupie
cardboard factory complex, office 

building (about 24 objects)
1885–1929 1000

3 Kaplica
brick chapel of St. Katherine 
founded by bishop Zbigniew 

Oleśnicki
1430 1026

4 Kunów
parish church of St. Ladislaus, 
bell tower, ossuary and a well

1625–1896 461

5 Nietulisko
Rolling Mill complex  

designed by Karol Knake
1834–1845 436

6
Nietulisko 

Małe
manor park, partly devastated

2nd half of the 
19th century

617

In the Municipality of Kunów, there are 43 objects entered in the records of the Świę-
tokrzyski Voivodeship Historical Preservation Officer (apart from being entered in the 
register of historical monuments).

2. betWeen history anD archeoLogy
The above list of historical objects in the region moves us to the next stage of its his-
tory, studied by historians and historical archaeologists alike – the Middle Ages, Mod-
ern Times and the 19th and 20th centuries. All these periods left a rich heritage of 
human activity, beginning with historical buildings, mining and metallurgical objects 
of historical value and ending with industrial and military objects from the 19th and 
20th centuries. Thus far, the objects identified and examined on the basis of archaeo-
logical studies of particular historical periods, especially of the Modern Times, mostly 
include historical settlement-related objects (traces), sites of metallurgical production 
and sites of extraction of natural resources. In the above-mentioned AZP areas, 8 of 
the discovered archaeological sites date back to the early Middle Ages, Middle Ages 
and Modern Times.
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Photograph 1. Photograph of the large blast furnace plant from 1899 in the jan Pazdur Museum  
of nature and technology “eco-Museum” in starachowice (photograph by r. Zapłata)

The hitherto practice of archaeological studies, even though it has been gradually evo-
lving, has not contributed much to the identification and recording of traces of hu-
man activity in particular historical periods, especially in the 19th or 20th century. 
Single findings from the 19th century recorded during the previous AZP studies con-
stitute one of very few sets of identified and documented mobile historical objects of 
this type. Researchers have paid much more attention to historical monuments from 
older periods, i.e. from the 15th-18th centuries. It is worth pointing out that nume-
rous objects from the 19th or 20th century have never been recorded or entered in the 
register of historical monuments despite their obvious historical value and despite 
being known to the scientific community. Importantly, the only still existing trace of 
many objects are cultural accumulations. A part of the cultural heritage remains under 
ground (e.g. mines) and, as a result, one of essential methods of examining such ob-
jects are archaeological studies (invasive and non-invasive). In the studied areas, the 
remnants of industrial activity, usually associated with the extraction and processing 
of natural resources, certainly constitute the largest group of objects of this type. Ano-
ther group comprises traces of military operations (e.g. war trenches) known to the 
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local community, researchers or lovers of history. There is also a group of objects such 
as remnants of historical settlement.

Photograph 2. the building of the cast house from 1841 with visible fragments of the original foundations –  
an exhibit in the jan Pazdur Museum of nature and technology “eco-Museum” in starachowice  

(photograph by r. Zapłata)

It should be added that local communities and scientific and research communities 
also take interest in a number of objects not included in the registers, even though 
these objects are outside the system of protection of historical monuments. Special 
attention should be paid to historical objects entered in the register of historical mo-
numents which are highly valued by historians, industrial, architectural historians, 
archaeologists or conservators-restorers due to their character and form. Some of the 
most interesting examples of such objects can be found in Starachowice:
1.  blast furnace complex in Starachowice (registered under number 153 on 12 February 

1966); 
2.  administration building of the metallurgical plant attendant (currently the Regional 

Museum, headquarters and a hostel of the Polish Tourist and Sightseeing Society – 
PTTK) ul. Krywki 1, (registered under number 1191 on 13 March 1997); 

3.  water equipment with a dam and a culvert (registered under number 182 on 6 
September 1971);
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4.  Starachowice Commuter Railway – Narrow gauge (with all tracks, railroad switches 
and culverts) from the beginning of the 20th century (registered under number 
1184 from 1995).

Photograph 3. Photograph of a narrow gauge locomotive – industrial railway skansen at the jan Pazdur Museum 
of nature and technology “eco-Museum” in starachowice (photograph by r. Zapłata) 

Historical archaeology (Kajzer 1996; Orser 2004), contemporary archaeology (Bur-
ström 2009), industrial archaeology (Affelt 2001; Archeologia przemysłowa … 2012; 
Januszewski 2007; Orange 2008; Palmer M., Neaverson 2001) or archaeology of ar-
med conflicts ( Kola 2005; Wrzosek 2010; Sałaciński 2007) attract the attention of 
more and more scientists who take part in interdisciplinary research and expand their 
knowledge about the past. In the studied area, however, no large-scale archeological 
prospection has ever been conducted, or any major studies with relevance for histori-
cal or industrial architecture. This means that the studied area is undergoing an exten-
sive and non-invasive archaeological examination (also for particular historical pe-
riods) within the framework of the “Laser Discoverers” Project. Looking back at the 
past of the region, we will explore how history can be combined with archaeology. We 
will also examine the question put forward in the relevant literature: “how do the lite-
rary and the archaeological sources complement each other?” (Minta-Tworzowska 
2009) and we will try to find an answer to that question in the results of joint work.
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3. the middle ages and modern times

The conduct of studies associated with the discovery, analysis and documentation of 
cultural heritage assets must take into account a full spectrum of factors and historical 
phenomena which have changed the region concerned. A special role in this regard is 
played by settlement activities associated with colonization and demographic develop-
ment and the economic activity of man. On the other hand, account must also be 
taken of political history and the so-called event history, as it may have had a signifi-
cant effect on changes in the landscape. Finally, we are also surrounded by memora-
bilia which provide evidence of the spiritual and cultural life of people inhabiting  
a given area in the past (temples, chapels, etc.). 

I. Political and administrative history up to the end of the 18th century

The area chosen as the site of detailed studies lies within the confines of today’s 
Świętokrzyskie Voivodeship, on the border of two prehistoric tribal regions, with San-
domierz and Radom as their capitals (probably). According to the map attached to 
Stanisław Arnold’s paper, the Kamienna River and the forest areas situated to its north 
constituted a border area. The most important and oldest centers of that region in-
clude Tarczek, Iłża and Krzyżanowice (Arnold 1927: 86, 90; Arnold 1951: 65). The 
scarcity of historical records from the early Middle Ages makes it difficult to specify 
the precise location of the original border between the Land of Sandomierz Region 
and the Land of Radom. 

It is just as difficult to establish the size of prehistoric forests, because the oldest carto-
graphic records come from Modern Times. Vegetation maps of regions within the 
Upland of Lesser Poland were based on the location of humus-rich soils and loess soils, 
as they were often the site of the earliest settlement, and of podzolised soils and sands, 
usually overgrown by forests. The Świętokrzyskie Mountains were covered by primeval 
forests and constituted a natural barrier separating Southern Poland from Central 
Poland. The previously mentioned Kamienna River played a key role here – settlement 
and agriculture developed to its south, on loess soils, whereas the areas to its north, 
where podzolised soils prevailed, have been overgrown by forests to this day (Dobro-
wolska 1961: 46, map 23; Gieysztor 1967: 16). 
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The Kamienna River, which encircles the studied area from the south, coincides with 
the southernmost edge of the Radomski Primeval Forest. “Radomskie is a country of 
transition and this is its most characteristic and fundamental feature”, wrote Karol 
Potkański in his classic publication Puszcza Radomska (Radomski Primeval Forest). 
Karol Potkański points out that the area was co-inhabitated by three ethnic groups: 
Sandomierzanie, who dominated in the southern part of the Radomski Region, Mas-
urians (Masovians) and Sieradzanie. He also notes that the original administrative 
territorial divisions (division into lands, districts and then voivodeships) did not re-
flect the pre-existing tribal divisions, unlike the first church administrative divisions 
(archdeaconries and dioceses) (Potkański 2004: 87–90). The views of Karol Potkański 
on the ethnical division of the Radomski Region were disputed by Aleksander Gieysz-
tor, who demonstrated quite clearly, on the basis of toponomastic research, that the 
area of Radom had been originally linked with Lesser Poland. To some extent, he op-
posed the view that the area had been inhabited by the Vistulan tribe and he also 
claims that Sandomierz constituted a separate political entity in the Middle Ages, as-
sociating it with the tribe of Lendians (Gieysztor 1967: 23–24). This seems to conflict 
with the views of Andrzej Buko, who – summing up a discussion on the autonomous 
character of Sandomierz in the pre-Piast period – introduces a separate group of 
“„Sandomierzanie”, who lived in an area bordering with their powerful neighbours – 
Vistulans, Polans, Masovians and Lendians (Buko 2000: 146).

il. 2. the approximate studied area marked on the map Carte de la Pologne divisée par provinces et palatinats 
et subdivisée par districts construite par J.A.B. Rizzi Zannoni 1772, 1:692 000
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Historians disagree about the administrative area to which the Radomski Region and 
its primeval forest belonged prior to the regional disintegration, when a larger number 
of historical records appears. The exact circumstances of incorporation of these areas 
into the State of the Piast Dynasty. Without going into discussion of the Czech (Mora-
vian) sovereignty over Lesser Poland, Sandomierz is thought to have been integrated 
with the state of Polans from Gniezno in the 70s of the 10th century. According to a 
map which shows probable directions of the Piast expansion in the eastern part of 
Lesser Poland, the main direction of that expansion was from the area of Sieradz and 
Wolborz to Sandomierz, through the Radomski Region incorporating the studied area 
(Buko 2000: 156). In the opinion of many medievalists, the Radomski Region was 
incorporated into the Sandomierz Province in the 12th century, i.e. before or at the 
beginning of the regional disintegration (Pałucki 1993: 31; Lalik 1967: 61). Perhaps 
it was also the time of more lasting integration of the Sandomierz Province itself, 
which had previously consisted of different lands and tribal territories, including those 
of Sandomierz and Radom (Arnold 1931: 60). Tadeusz Lalik does not specify stages 
of the evolution of the borders of the Sandomierz Province, reconstructed for the 
times of Bolesław the Wrymouthed. Instead, he divides that area into spheres, which 
had been delineated before: Sandomierz Upland, settlement along the middle Vistula 
River (areas of Sieciechów and Bałtów on the Kamienna River and the area of Iłża), 
Radomski and Lubelski Regions with their own local centers (Lalik 1967: 61). 

With time, the original area of the Sandomierski Region was reduced because portions 
of land were handed over to the bishops of Krakow (Arnold 1931: 60). Until the end of 
the 18th century, the region comprised large areas owned by the bishops of Krakow and 
Wrocław and by religious orders. On the basis of information on church estates, which 
had dominated in that region since the early Middle Ages, S. Arnold defines the subse-
quent geographical span of the Land of Sandomierz. It excludes Kielce, Łagów and 
Tarczek, comprising instead the lands situated to the south of the studied area – il. 3. In 
the opinion of Władysław Semkowicz, the settlement in the area of Waśniowo and on 
the entire northern slopes of the Świętokrzyskie Mountains in this region can be de-
scribed as very old. He also points out that the location of that region has a strategic 
significance: “Long before, the northern slopes of the Świętokrzyski Mountain Range 
must have served as an important defense line, protecting Lesser Poland from invasions 
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of enemies from the north” (Arnold 1927: 86; Semkowicz 1919: 211). After all, it is 
commonly known that the Region of Sandomierz was invaded by Ruthenias, Lithuanians 
and Tartars in the 13th century (1205, 1258–1259, 1296). This is partly in line with the 
above-quoted view of Aleksander Gieysztor, who believed that the region had been po-
litically autonomous from the southern part of Lesser Poland since the early Middle 
Ages. In addition, many historians tend to perceive the Regions of Sandomierz and Ra-
dom (whether politically autonomous or not) as an area of conflict between the two 
largest political bodies on Polish lands: the state of Vistulans and the state of Polans.

il. 3. the borderland between the region of sandomierz and the region of radom on a map produced by stanisław 
arnold, Lesser Poland in the 12th-13th centuries (arnold 1927), with the studied area marked on the map

To the north of the studied area, there is Iłża, consistently associated by researchers 
with the Land of Radom. The gord (fortified settlement) of Ilża is thought to have 
been handed over to the bishops of Krakow, together with Kielce and Tarczek. It is 
first mentioned in historical records relatively late – at the end of the 13th century 
(Arnold 1927: 86). Interestingly, the lands handed over to the bishops of Krakow and 
Wrocław had an effect on state and church borders in this region in the Middle Ages. 
Taking into account the state administration, the area under analysis was divided lati-
tudinally into the Region of Sandomierz and the Region of Radom, subsequently di-
vided into the District of Radom and the District of Sandomierz of the Sandomierskie 
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Voivodeship which came into being when the state reunified after the regional disin-
tegration at the beginning of the 14th century. A more lasting consolidation of the 
Sandomierskie Voivodeship occurred when the area of Lublin and the area of Łuków 
ceased to be its part in 1474. When it comes to church borders, the entire area to-
gether with Iłża, Łagów, Kunowo and Bodzentyn was situated within the provostry of 
Kielce in the diocese of Krakow, established on the estates owned by bishops and 
monasteries. Only a tiny fragment of the eastern part belonging to the District of 
Radom was situated within the archdeaconry of Lublin. Both archdeaconries date 
back to the second half of the 12th century (Kumor 2002: 61, 81).

il. 4. the studied area against the background of church and state administration borders  
in the second half of the 16th century (sandomierskie voivodeship 1993)

Such borders can also be seen on the map of Poland in the second half of the 16th 
century contained in the Historical Atlas of Poland (il. 4). They survived largely un-
changed until the second half of the 18th century (Dunin-Wąsowiczowa 1993: 50–64). 
At the turn of the 16th and 17 centuries, both the provostry of Kielce and the archdea-
conry of Lublin were for the first time divided into deaneries. As a result of that divi-
sion, the studied area became a part of the deanery of Kunów (provostry of Kielce), 
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while its wooded western edges became a part of the deanery of Solec (archdeaconry of 
Lublin) (Kumor 2002: 63–82). It lay within the boundaries of very old parishes such 
as Iłża (northern part), Krynki and Kunów (southern part). Tadeusz Ładogórski (Lad-
enberger 1930) made an attempt to reconstruct the earliest parish boundaries in this 
region, on the basis of the Book of Benefice (Liber beneficiorum) by J. Długosz and 
Liber retaxationum from the 14th and 15th centuries. He used a retrogressive method.

il. 5. the studied area on tadeusz Ladenberger’s map of population in the 14th century (Ladenberger 1930)

On the map produced by Karol Perthées, the border between the District of Sandomierz 
and the District of Radom runs along the Kamienna River (Perthées 1791, 1:225 000), 
however, the most essential written records from that period confirm that Bałtów belonged 
to the District of Radom, whereas Ruda Ćmielowska, Denków and Ostrowiec, situated 
further to the south – belonged to the District of Sandomierz (Regestr 2006: 305–307). 

II Settlement and roads

In the opinion of Maria Dobrowolska, the strip of humus-rich Jurassic soils between 
the mouth of the Kamienna River and the area of Iłża, Szydłowiec and Skrzynno was 
the site of very early settlement (Dobrowolska 1961: 46). Medieval settlers tended to 
settle in river valleys and lake basins, where they found more favourable conditions. In 
mid-Middle Ages, however, settlement and agriculture increasingly moved to higher-
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lying lands and terraces (Gieysztor 1967: 16). Karol Potkański presented an interesting 
characteristics of the settlement in that region, highlighting the differences between 
settlement on the southern and northern slopes of Świętokrzyski Mountain Range. 
While on the southern slope there was a strip of dense settlement stretching south-east 
in the direction of the Vistula River, on the northern slope there was hardly any settle-
ment at all. In the opinion of Karol Potkański, there is a direct connection between 
settlement and physiographic conditions – mostly with the quality of soil. At the same 
time, he emphasizes that archaeological studies are required to examine settlement pro-
cesses there (“Before we can draw any other conclusions from this fact, we have to wait 
until further research sheds more light on this issue”, Potkański 2004: 94–96). His as-
sumptions were later confirmed by Tadeusz Ładogórski on the basis of detailed studies 
of the population of Polish lands in the 14th century (Ladenberger 1930: 54–55).

As stated in the introduction, the most important settlements dating back to the 
Middle Ages in the area under examination and in the immediate area surrounding it 
include Iłża, Wąchock, Tarczek, Łagów, Momina, Rzepin and Waśniów. In the Middle 
Ages and Modern Times, the western part of the region at issue was dominated by 
church estates (Bishopric of Krakow, Abbey in Wąchock, Bishopric of Włocławek: Iłża 
– 1294, Wąchock – 1179,, Tarczek – 1224, Łagów – 1124), while the eastern part was 
dominated by estates of magnates (Rzepin – 1198, Momina – 1136, Waśniów – 1147, 
Jeżów – 1145, Nosów – 1190, Piotrków – 1190). 

The ownership and demographic situation in the settlements situated in the studied 
area or in areas immediately adjacent to it in the second half of the 18th century is 
presented in the table below. As can be seen, church-owned estates – mainly estates 
belonging to the bishops of Krakow and Cistercian abbeys in Wąchock – prevailed in 
this area until the end of the 18th century. The settlement network of that period can 
be reconstructed not only on the basis of written records, but also on the basis of car-
tographic ones, because at the end of the 18th century the first large-scale maps ap-
peared (a map of the Sandomierskie Voivodeship from 1791 produced by Karol 
Perthées, 1:225 000, or a map of Western Galicia from the 1801–1804 period, pro-
duced by Mayer von Heldensfeld, scale 1:28 800).
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table 8: settlement units situated in the area under examination or in its direct vicinity  

in the second half of the 18th century

Parish Name of place or settlement Ownership
Popula-

tion

parish of Krynki, 
a village in the 

Voivodeship and 
District of 

Sandomierz, 
with hamlets in 
the District of 

Sandomierz and 
the District of 

Radomsko

Bór, 5 settlements, in the District  
of Radom1

Seminary in Kielce1
392 (Maziarze 

and Kurzacze)

Brody, ironworks, in the District  
of Radom1

Seminary in Kielce1 1792

Godów, in the District of Sandomierz1 bishop of Krakow1 1252

Gutanów, area adjacent to Krynki, in the 
District of Sandomierz1 (no location)

parson of Krynki1 522

Kałków, in the District of Sandomierz1 bishop of Krakow1 992

Krynki, in the District of Sandomierz1 bishop of Krakow1

1662Krynki, headquarters of wójt 
(head of the local authority)1

–

Lubienia, in the District of Radom, 
headquarters of wójt (head of the local 

authority)1

–
1792

Lubienia, in the District of Radom1 parson of Krynki1

Mill with 4 settlements, area adjacent  
to the headquarters of wójt (head of the 

local authority) of Lubienia1

– 302

Ruda, in the District of Radom1

(Ruda Stara Krzynecka)

communists (bar-
toszkowie) from the 
Seminary in Kielce1

822

Wióry, in the District of Sandomierz1 bishop of Krakow1 412

Połągiew, cottage2 – 52

Parish of Kunów, 
a town in the 

Voivodeship and 
District of 

Sandomierz

Bór, in the key of Kunów1 (Kunowski Forest) bishop of Krakow1 1272

Bukowie, in the key of Kunów1 bishop of Krakow1 752

Doły, parts 21 (Doły Biskupie) bishop of Krakow1 1172

Doły, parts 21 (Doły Biskupie)
Świętokrzyski 

Abbot 1
272

Gębice, demesne, key of Kunów1 

(unknown location)
bishop of Krakow1 32

Janik, in the key of Kunów1 bishop of Krakow1 1372
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Chocimów1

Paweł Popiel, 
Castellan of 
Sandomierz1

872

Kunów, in the key of Kunów1 bishop of Krakow1 7702

Małachów, ironworks, area adjacent to 
Kunów1

bishop of Krakow1 782

Małe Jodło, headquarters of wójt1
Świętokrzyski 

Abbot 1
122

Nietulisko Małe1
The Małachowski 

Family1
1372

Nietulisko Wielkie, key of Kunów1 bishop of Krakow1 1792

Prawęcin1
Świętokrzyski 

Abbot 1
1422

Rudka, headquarters of wójt, 
key of Kunów1

– 262

Udziców, key of Kunów1 bishop of Krakow1 662

Zagaje2 (Zagaje Boleszyńskie) – 132

Parish of Iłża,  
a town in the 

Sandomierskie 
Voivodeship, 
District of 

Radom 

Błaziny1 bishop of Krakow1 3732

Chwałowice1 bishop of Krakow1 1942

The town of Iłża1 bishop of Krakow1 11412

Jasieniec1 bishop of Krakow1 2532

Lipie1 bishop of Krakow1 1092

Małomierzyce1 bishop of Krakow1 3082
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Maziarze, here and there in the forests1 bishop of Krakow1 602

Pakosław, parts 2
Józef Niemirycz, 

Lord High Steward 
(podstoli) stężycki1

4482

Pakosław, parts 21

Michał 
Szwykowski, 

staroste łodziński1

Prędocin1 bishop of Krakow1 4052

Rzechów1 bishop of Krakow1 2272

Wola Pasztowa2 (Pasztowa Wola) – 5052

Seredzice Bliższe2 – 2662

Seredzice Dalsze2 – 2972

Starosiedlice2 – 1812

sources:  
1. regestr 2006: 269–271 (names are given in their modern versions);  

2. Population census 1787: 132–136

The road network of the Region of Sandomierz up to the 16th century is quite well 
known thanks to the studies of Teresa Wąsowicz and Henryk Rutkowski. Teresa 
Wąsowicz identifies two main road routes connecting Ruthenian lands with major 
centers of the state of Polans and with the Baltic Sea, the so-called Ruthenian roads 
running through the Sandomierskie Voivodeship. 

The first of them, situated further to the south, ran through Sandomierz and Za-
wichost, while the other was situated further to the north and ran through Skaryszew, 
Radomsko and Skrzyńsko (Wąsowicz 1967: 114). Comparing the road network in the 
first half of the 13th century with the road network from the end of the 16 century (il. 
6, 7), one notices another major route. It runs through the area being studied and 
connects Iłża with Kunów. It was a part of one of the most important routes connect-
ing Warsaw and Koszyce (Rutkowski 1993: 127). 
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il.6. road networks in the area of iłża and opatów in the first half of the 13th century (Wąsowicz 1967)

il. 7. Major roads in sandomierskie voivodship in the 16th century; the area of iłża and opatów (rutkowski 1993)
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III. Objects associated with economic activity

A more extensive body of cartographic records makes it possible to verify the settle-
ment units mentioned in written records and to fill knowledge gaps in this regard. 
These are not so much permanent settlements, but settlements with objects associated 
with economic activity in the forest: different kinds of forest logging sites, steel mills, 
ironworks, pine tar production sites, mounds and bloomeries. At the same time, maps 
from the second half of the 18th and 19th centuries enrich our knowledge about the 
local network of roads and paths, including forest tracks. 

il. 8. the studied area and its surroundings on the map of sandomierskie voivodeship from 1791  
produced by Karol Perthées
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It is difficult to establish the exact chronology of emergence and development of ob-
jects associated with the economic activity in this area. As can be seen on a map show-
ing the location of ironworks in Lesser Poland, a significant number of such ironworks 
could be found along the Kamienna River (Zientara 1961: map 50). This is confirmed 
by the map of the Sandomierskie Voivodeship from 1791 produced by Karol Perthées 
on the basis of questionnaires sent to parishes in the 1780s. The map provides infor-
mation on a number of topographical objects in the area concerned which are not 
mentioned by other historical records. According to that map, the studied area com-
prises a number of objects in the forests to the south of Iłża, mostly pine tar produc-
tion sites and taverns, e.g. Karczma Kunowska, Karczma Iłżecka, Maziarze Iłżeckie, 
Maziarze (several places), Folwark do Leśnego Iłżeckiego, Budy, Bór.

The development of pine tar production sites can be associated with the ironworks on 
the Kamienna River. A byproduct of the charcoal-burning process, which was an es-
sential process in metalworking and blacksmithing, was wood tar derived from pine, 
beech and birch trees. Therefore, the terms “pine tar production site” and “beech or 
birch tar production site” were used interchangeably. However, it cannot be ruled out 
that the pine tar production sites marked on Perthées’ map also denote charcoal pro-
duction sites (for nearby ironworks) or sites of production of tar derived from beech 
or birch wood. 

Both charcoal and tar were produced for inhabitants of villages situated along the 
Kamienna River and of ironworks and steel mills, which constituted a part of the Old 
Polish Industrial Region (from the east along the Kamienna River: Rudnia Dymerka, 
Kuźnica Stara Ruda, Kuźnica Małachów, Kuźnica Ostrowiecka). The most important 
monograph which summarizes years of historical and archeological research on the 
metallurgy in the Świętokrzyski Region was published in 1974 by Kazimierz Bielenin 
(Bielenin 1992). 

Similar research was also conducted by Szymon Orzechowski. According to the inven-
tory of bloomeries between the Kamienna River and Łysogóry, which was completed 
in 1989, there were as many as about 6 thousand bloomeries in this area (!) (Orzechows-
ki 2006: 33–72). 
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4.  the 19th century and the first half of the 20th century 
(up to 1945)

I. Administrative history of the 19th and 20th centuries (up to 1945)

As a result of political changes associated with the collapse of the Polish state and the 
partitions of Poland, the Region of Sandomierz and the Region of Radom were incor-
porated in the Austrian Partition, becoming a permanent part of the so-called Western 
Galicia. However, territorial changes had taken place some time before, following the 
annexation by Austria of the south-eastern part of the Sandomierskie Voivodeship. In 
1793, the Grodno Sejm divided the Sandomierskie Voivodeship into the Land of 
Sandomierz (Sandomierski and Wiślicki Districts), the Land of Chęciny (Chęciński 
and Opoczyński Districts) and the Land of Radom (Radomski and Stężycki Districts) 
(Pająk 2001: 55–56). After the third partition of Poland, another territorial division 
was introduced on these lands for a short time, i.e. until 1807, following the establish-
ment of the Duchy of Warsaw. According to Szematyzm Królestwa Galicyi i Lodomeryi 
z Wielkim Księstwem Krakowskim na rok 1799 (Yearbook of the Kingdom of Galicia 
and the Grand Duchy of Cracow for the year 1799), Western Galicia consisted of 12 
administrative units called cyrkuły (segments), including those of Radom and Sando-
mierz. The latter were combined following an administrative reform in 1803 (Szema-
tyzm 1799: 47–57; Szematyzm 1808: 69–93). Each cyrkuł (segment) consisted of 
three okręgi (districts). The cyrkuł of Radom consisted of the districts of Radom, 
Opatów and Staszów. As a result of the administrative changes introduced between 
1772 and 1809, the significance of Sandomierz was considerably reduced in favour of 
Radom. 

In 1809, Western Galicia was annexed to the Duchy of Warsaw, on whose territory the 
Department of Radom was created in 1810, divided into the following districts: 
Kielecki, Konecki, Opoczyński, Szydłowiecki, Opatowski, Staszowski, Sandomierski, 
Solecki, Kozienicki and Radomski. After the creation of the Kingdom of Poland, the 
administrative division existing in the Duchy of Warsaw remained in force until Janu-
ary 1816, in accordance with the terms of the Congress of Vienna. In 1816, following 
the introduction of a new territorial division, the Department of Radom was replaced 
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with the Sandomierskie Voivodeship (Governorate from 1837) with Radom as its 
capital. In 1845, the Governorate of Kielce and the Governorate of Sandomierz were 
combined to create the Governorate of Radom (Pająk 2001: 57).

il. 9. territorial division of the sandomierskie voivodeship in the years 1816–1845 (based on: Pająk 2001: 54)

As evident from the analysis of borders and the administrative status of particular loca-
tions, the borders were modified to some extent in comparison with the territorial 
divisions in the Pre-Partition Period. Throughout that time, the obwód (district) of 
Opatów constituted a permanent part of the Voivodeship of Radom and then of the 
Governorate of Radom. It was further divided into the Opatowski and Solecki Dis-
tricts. In the first half of the 19th century, the border between these districts roughly 
corresponded with the earlier border between the old Polish Districts of Radom and 
Sandomierz. Source information is inconsistent with maps from the first half of the 
19th century and further research is required to clarify that matter.
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table 7: administrative status of places (sandomierskie voivodeship, district of opatów)  

situated in the studied area or in its immediate vicinity in the first half of the 19th century  

on the basis of: tabella miast 1827 (table of towns from 1827)

Name of place District Parish
Owner-

ship

Num-
ber of 
houses

Number of 
inhabitants

Headquarters  
of wójt (head of 

the local authority)  
of Lubienie

Solec Krynki
govern-
mental

42 339

Brody Opatów Krynki
govern-
mental

33 268

Headquarters  
of wójt (head of 

the local authority) 
of Krynki

Opatów Krynki
govern-
mental

43 305

Styków Opatów Pawłów private 23 148

Kuczów Solec Wierzbnik
govern-
mental

15 90

Dziurów Solec Wierzbnik ecclesiastical 19 159

Ruda Opatów Krynki
govern-
mental

20 141

Michałów Solec Wierzbnik
govern-
mental

19 170

Wierzbnik Solec Wierzbnik
govern-
mental

61 450

Starachowice Solec Wąchock
govern-
mental

26 174

Krzyżowa Wola Solec Wąchock ecclesiastical 14 90

Headquarters  
of wójt (head of 

the local authority) 
of Lipie

Solec Iłża
govern-
mental

26 161
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Małyszyn Opatów Mirzec
govern-
mental

41 263

Jasienie  
(Jasieniec Iłżecki)

Solec Iłża
govern-
mental

48 239

Błaziny Solec Iłża
govern-
mental

44 300

Maziarze Solec Iłża
govern-
mental

31 268

Maziarze vel Bór Opatów Kunów
govern-
mental

17 60

Maziarze vel 
Chałupnicy 
(unknown 
location)

Solec Grabowiec private 5 32

Grabowiec Solec Grabowiec private 84 504

Rzechów Solec Iłża
govern-
mental

38 212

Prędocin Solec Iłża
govern-
mental

66 391

Pasztowa Wola Solec Mirosław
govern-
mental

86 510

Wólka 
Modrzejowa

Solec Grabowiec private 19 216

Dębowa Wola Opatów Sienna private 19 109

Janik Opatów Krynki
govern-
mental

25 181

Nietulisko Duże Opatów Kunów
govern-
mental

35 242

Nietulisko Małe Opatów Kunów private 33 187

In the first half of the 19th century, both the border between districts (Solec, Opatów) 
and church borders between the parishes of Kunów, Iłża, Krynki, Grabowiec and per-
haps also Sienno ran through the studied forest areas. Due to fiscal reasons, at the 
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beginning of the 19th century the Austrian authorities decided to establish a new 
diocese with a capital in Kielce (1809) and to subject it to the authority of the Metro-
polis of Lvov. At the same time, the diocese of Tarnów ceased to exist. The situation 
changed with the establishment of the Kingdom of Poland, when church borders were 
adjusted to correspond with state borders – in 1818, the seat of the diocese was moved 
to the capital of the voivodeship – Sandomierz, while the diocese was moved to the 
Metropolis of Warsaw. After 1819, the above-mentioned parishes belonged to the 
deaneries: Iłża (parishes of Iłża, Sienno, Grabowiec, Krynki – at the beginning of the 
20th century in the deanery of Opatów) and Kunów (parish of Kunów).

Serious changes – both in the state administrative division and in the ecclesiastical one – 
were caused by repressions following the January Uprising. As a result of a municipal re-
form, the Governorate of Radom was divided into two Governorates: of Radom and 
Kielce. Each of them was to consist of 7 districts: the Districts of Opatów and Iłża found 
themselves in the Governorate of Radom (and replaced the District of Solec) (Pająk 2001: 
59). Church borders were aligned accordingly, among other things, by liquidating the 
deanery of Kunów and moving the seats of deaneries to align them with the districts. In 
this way, the Parishes of Kunów and Krynki were incorporated in the deanery of Opatów 
(Kumor 1980: 566; Wiśniewski 1907: 5–6; Wiśniewski 1909–1911: introduction). The-
re were no other major territorial changes in this area until the First World War.

Throughout the 19th century, the wooded areas between Iłża, Wierzbnik and Kunów 
were the site where state and church borders coincided or crossed each other. Statistical 
publications and geographical atlases from the second half of the 19th century and the 
first decade of the 20th century make it possible to carry out quite detailed studies in 
this respect. As follows from comparisons of the border between the District of Solec 
and the District of Opatów (later the District of Iłża), in the 19th century the border 
was slightly modified and shifted southwards. As a result, almost the entire area found 
itself within the boundaries of the District of Iłża. One can also notice certain inconsi-
stencies between the state and church divisions. Despite attempts to regulate this issue 
after the January Uprising, some parishes were divided between two districts and seve-
ral municipalities (e.g. the parish of Krynki). The division into voivodeships was resto-
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red when Poland regained independence in 1918. Under the Act of 2 August 1919,  
5 voivodeships were established, including the Kieleckie Voivodeships, which incorpo-
rated all districts of the former Governorates of Radom and Kielce. The former borders 
of the former Districts of Opatów and Iłża remained unchanged. However, there were 
essential changes in the division into municipalities and parishes, including the establi-
shment of the municipality of Styków (Table 3). During the Nazi occupation, this area 
was incorporated into the General Governorate (District of Radom) (Pająk 2001: 59).

il. 10 administrative status of places (governorate of radom, District of iłża) situated in the studied area or in its 
immediate vicinity at the beginning of the 20th century on the basis of Atlas geograficzny ilustrowany Królestwa 

Polskiego from 1907 authored by j. M. bazewicz

table 10: Places situated in the studied area or in its direct vicinity in the second half of the 19th 
century and in the first half of the 20th century

Name of 
place

District Parish Municipality
Number 

of 
houses

Number 
of inhabi-

tants

Lubienia Iłża Krynki
Lubienia  

(1933 Styków)
68 545

Brody Iłża Krynki
Wierzbnik  

(1933 Styków)
83 868

Krynki Opatów Krynki Kunów 60 474
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Styków Iłża Pawłów
Wierzbnik  

(1933 Styków)
25 164

Kuczów Iłża Pawłów
Wierzbnik  

(1933 Styków)
20 166

Dziurów Iłża
Pawłów (1933 

Wierzbnik)
Wierzbnik  

(1933 Styków)
19 159

Ruda Iłża Krynki
Wierzbnik  

(1933 Styków)
36 252

Michałów Iłża Wierzbnik
Wierzbnik  

(1933 Styków)
64 497

Wierzbnik Iłża Wierzbnik Wierzbnik 50 450
Starachowi-

ce
Iłża

Wąchock (1933 
Wierzbnik)

Wierzbnik  
(1933 Styków)

77 629

Krzyżowa 
Wola

Iłża
Wierzbnik 

(1933 
Wąchock)

Wierzbnik  
(1933 Styków)

26 156

Lipie Iłża
Iłża (1933 
Wierzbnik)

Lubienia  
(1933 Styków)

53 265

Małyszyn Iłża
Iłża (1933 
Mirzec)

Lubienia  
(1933 Mirzec)

74 446

Jasieniec 
Iłżecki

Iłża Iłża
Lubienia  

(1933 Błaziny)
92 528

Błaziny Iłża Iłża Błaziny 54 434
Maziarze Iłża Iłża Błaziny 42 241

Bór 
Kunowski

Opatów Kunów Kunów 36 380

Grabowiec Iłża Grabowiec Rzeczniów 86 592

Rzechów Iłża
Iłża (1933 

Grabowiec)
Rzeczniów 50 329

Prędocin Iłża Iłża Błaziny 92 396
Pasztowa 

Wola
Iłża Iłża Rzeczniów 43 292

Modrzejo-
wa Wólka

Iłża Grabowiec Rzeczniów 38 249
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Dębowa 
Wola

Opatów Sienno Ruda Kościelna 28 202

Janik Opatów Kunów Kunów 57 382
Nietulisko 

Duże
Opatów Kunów Kunów 72 482

Nietulisko 
Małe

Opatów Kunów Kunów 37 232

source: Słownik Geograficzny 1880–1914; Skorowidz miejscowości 1933.

II. Settlement

The 19th century was a period of intensive development of settlement in the studied area. 
Apart from the already mentioned settlements existing in the second half of the 18th 
century, new settlements appeared in the studied area or in its direct vicinity. In the se-
cond half of the 19th century, there were the following municipalities in the studied area: 
–  municipality of Wierzbnik: Brody, Dziurów, Herkules (mine), Jabłonna, Kuczów, 

Krzyżowa Wola, Michałów, Ruda, Styków, Starachowice, Świarta, Wanacya Rządo-
wa and Księża;

–  municipality of Błaziny: Borciuchy, Cukierzyzna, Kaplica, Klepacze, Koszary, Kruki, 
Kutery, Marcule, Maziarze, Michałów, Murowana Karczma, Pakosław, Piotrowe 
Pole, Piotrówka, Prendocin, Seredzice, Zamek Iłżecki, Zawały;

–  municipality of Lubienia: Budy Brodzkie, Henryk (settlement and mine), Jasieniec 
Iłżecki, Lipie, Lubienia, Małyszyn and Nowe Lipie;

–  municipality of Kunów: Brody, Doły Biskupie, Doły Opacie, Gębice, Janik, Krynki, 
Kunowski Bór, Lubiennik, Małachów, Nietulisko Duże, Nietulisko Małe, Prawęcin, 
Rudka, Udziców;

–  municipality of Rzeczniów: Aleksandrów, Ciecierówka, Grabowiec, Grochów, Jelon-
ka, Michałów, Modrzejowa Wólka, Pasztowa Wola, Pawlice, Płusy, Podkończe, Rze-
chów, Rzeczniówek, Syberya, Wincentów (Słownik Geograficzny 1880–1914).

In addition, cartographic sources contain information about numerous topographical 
objects in wooded areas between Iłża, Wierzbnik and Krynki which are not included 
in registers of places. Most of them are connected with the economic activity. To veri-
fy how long they existed, one can compare the so-called Quartermaster’s Map publi-
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shed in the years 1822–1843 (Topograficzna Karta Królestwa Polskiego) with maps of 
the Military Geographical Institute from the interwar period. 

il. 11. the studied area on the  Quartermaster’s Map (Topograficzna Karta Królestwa Polskiego) 
from the years 1822–1843

table 11. Places and topographical objects situated in the studied area or in its immediate vicinity 
on the so-called Quartermaster’s Map and on the map of the Military geographical institute.

Name of the topographical object

Topograficzna Karta Królestwa 
Polskiego, 1822–1843

Map of the Military Geographical 
Institute

Karczma Iłżecka G. Murowanka

Zawały (village) Zawały (village)

– Marhrabszczyzna

– Mołdawa

Studnia [gamekeeper’s cottage] near Myszki

Myszki Myszki

– [gamekeeper’s cottage] near Myszki

Kaplica (chapel) near Myszki –

Kaplica (chapel) near Myszki –

Karczma (tavern) near Myszki [chapel] near Myszki
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Karczma Miłkowska Miłkowska Karczma

– [forester’s house] Sadłowizna

– [iron ore mine] Stefania

– [gamekeeper’s cottage] Sadłowizna

Karczma Kunowska Karczma Kunowska

–
[gamekeeper’s cottage] near Karczma 

Kunowska

– [gamekeeper’s cottage] Myszki

Listki Klepacze Klepacze Listki

–
[two gamekeeper’s cottages and a forester’s 

house] near Klepacze Listki

Kolowiny Tilowiny

Skrzydlowiny –

Bory Maziarze Bór Kunowski

Misiek Klepacz –

– [gamekeeper’s cottage] Bekowiny

Kutery [forester’s house] Kutery

Klepacze [gamekeeper’s cottage] Kadysowiny

– [iron ore mine] Władysław

Budy Budy Brodzkie

– [gamekeeper’s cottage] Niwa

Polagew Połągiew

– [steam mill, steam sawmill] Pozorek

– Staw Kunowski (village)

– [gamekeeper’s cottage] near Staw Kunowski

– [gamekeeper’s cottage] Czworak

– Komorniki

– [gamekeeper’s cottage] Suszarnia

– [gamekeeper’s cottage] Henryk

– Czarne Pole [near Lipie]
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III. Objects associated with economic activity

The northern slopes of the Świętokrzyskie Mountains and the areas along the Kamienna 
River are thought to have been a part of the Old Polish Industrial Region. In ancient times, 
it was the largest mining and iron metallurgy centre in Poland. A particularly large number 
of plants were set up in this area in the first half of the 19th century, in the period of acti-
vity of Stanisław Staszic and Franciszek Ksawery Lubecki. A number of extensive studies 
have been carried out to examine the development of metallurgy and mining in the King-
dom of Poland (Gąsiorowska 1922; Barciński 1931; Wójcik: 2007: 67–68). They contain 
numerous lists of sites of extraction of iron ore, providing a comparative material for archa-
eological studies and making it possible to verify their findings. A particularly interesting 
study from the point of view of the area at issue is an unpublished study authored by Fran-
ciszek Krzeszowski. He refers to the very rich mining and iron ore metallurgy traditions in 
the region of Starachowice dating back to the Middle Ages and emphasizes the role of the 
clergy who owned estates in this region – Cistercians from Wąchock (ironworks in w Bzin, 
Krzyżowa Wola and Żyrcin), communist priests from Krakow, called bartoszkowie (Stara 
Ruda and Brody), and bishops of Krakow (Krynki) (Krzeszowski: 20–35).

The very few mining maps from the 19th century which incorporate the studied area 
have been described and analyzed by A. Wójcik. Unfortunately, the most interesting 
map – authored by M. Strasz (Karta położenia Zakładów Górniczych Rządowych w Kró-
lestwie Polskiem. Okręg Wschodni – Chart of the Location of the Government’s Mining 
Plants in the Kingdom of Poland, Eastern District , scale of about 1:126 000) from 1846 
does not take into account the mines of Stefania and Władysław, even though they are 
included in maps from the beginning of the 20th century. However, it does show the 
nearby mines of Elżbieta (opened in 1818) and Henryk (opened in 1838). The end of 
the 19th century and the first half of the 20th century saw a crisis in the development 
if mining and metallurgy in this region, when the centre moved to the so-called western 
district. Adolf Bocheński wrote: “Then, from 1868 onwards, the Region began to flo-
urish again. With the end of the 19th century, one large furnace after another was being 
put out of service as mining was relocated to Dąbrowa Górnicza, Sosnowiec and Bę-
dzin – from the forest districts to the coal district”. With the expansion of industrial 
capacity and development of technical infrastructure in the 20th century, the region 
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was transformed into the Old Polish Agglomeration, which drew on the tradition of 
the Old Polish Industrial Region (Stawicki, Pająk 1997: 177–178).

 
il. 12. source: strasz 1846, Karta położenia Zakładów górniczych rządowych w Królestwie Polskiem.  

okręg Wschodni, scale of approximately 1:126 000 (based on: Wójcik: 3)

Finally, it should also be noted that the general picture of the region at issue was also in-
fluenced by another essential factor – political events, such as armed conflicts, invasions 
or battles that swept across this area. In the times of the Piast state, it was where the army 
clashed invaders from Ruthenia (Ruthenians, Tartars) and Lithuania. During the period 
of regional disintegration and in the following period, the region was also affected by in-
ternal and international conflicts (Zebrzydowski’s Rebellion, Swedish Deluge or the Nor-
thern War) (Nierychlewska 2002: 23). During the November and the January Uprisings, 
the Forest of Iłża provided shelter for the insurgents. The memory of the battles in Gro-
chowiska, Wąchock, Małogoszcz, Bodzechów, Szydłowiec is still very much alive. The 
forest of Starachowice became the scene of the famous Battle of Iłża, which lasted from 8 
to 9 September 1939 during the Defensive War. Later, it was the area of operation of the 
Home Army District Radom “Jodła” (sub-districts of Opatów and Iłża). Due to specific 
geographical conditions, it was where intensive guerrilla warfare was waged throughout 
the Second World War (Stawicki, Pająk 1997: 180).
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1. introduction to airborne laser scanning – als 

Laser scanning in archaeology has the following two basic applications:

•  the first one is associated with the use of terrestrial laser scanners (TLS) to inven-
tory and archive archaeological objects (mainly reliefs, sculptures, buildings and 
other small objects, as well as uncovered layers and immobile objects); (Baranow-
ski et al 2005; Boroń et al 2007; Bujakiweicz et al 2006; Kościuk 2013; Sitnik 
2010; Zapłata 2012; Zapłata 2013; Zawieska 2013; 3D Laser Scanning for Herita-
ge… 2011)

•  the second one is associated with airborne laser scanning to analyze and inventory 
archaeological objects or to inventory large areas for the purpose of identifying and 
inventorying objects of historical interest (Crutchley, Crow 2009; Zakšek et al 2011; 
Opitz et al 2013; Zapłata, Borowski 2013; Zapłata et al 2014).

A number of studies and a growing body of ALS-related literature in recent years show 
that this technology already has an established place in research practice and scientific 
discourse, making it unnecessary to discuss the history and methodology of ALS, as 
the reader can refer to the above-mentioned numerous publications.

In the project under discussion, laser scanning, and more specifically ALS products in 
the form of processed ISOK (IT System for Protecting the Country Against Extraordinary 
Threats) data were used for the purpose of identifying and documenting historical ob-
jects in forest areas, where ALS is the most effective and non-invasive research method.

The studies in question were carried out on the basis of data derived from airborne 
laser scanning performed as part of the ISOK project. The project was carried out by 
a consortium consisting of the National Water Management Authority as the consor-
tium leader, the Head Office of Geodesy and Cartography, the Institute of Meteorol-
ogy and Water Management – National Research Institute, the National Institute of 
Telecommunications – Research Institute and the Government Centre for Security. 
After having been processed into a digital elevation model (DEM) by means of a special 
dedicated algorithm for archaeological studies – the local relief model (LRM) (Hesse 2010; 
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Doneus 2013), the data were used for interpreting objects and identifying those which 

are precious from the point of view of cultural heritage. ALS data were chosen as a 

source material firstly because they are characterized by a very high precision of mea-

surement and secondly because they can be modelled to suit a variety of applications. 

Airborne laser scanning is a modern technology which makes it possible to capture 

spatial data (Baltsavias 1999a and b). Research on its use has been conducted since 

1990s, i.e. since the time when the development of GNSS receiver units led to the 

creation of a device whose spatial position could be located with great precision. 

The first airborne laser scanners could only record one reflection; at present, they can 

record the entire laser pulse echo (full waveform scanners) (Guangping 1998; Baltsav-

ias 1999a and b; Katzenbeisser 2004). 

Due to its wide range of applications and functionality, airborne laser scanning has 

entered into use in many areas of the economy. Research on potential uses of airborne 

laser scanning in analyses of the natural environment began as early as 1970s in the 

United States of America (Nelson et al 1984; Maclean, Krabill 1986) and Rosji 

(Sołoduchin et al 1977, 1979a and b). 

Airborne laser scanning was first used in cultural heritage studies at the beginning of 

the 21st century. Since then, it has been increasingly used in scientific, research and 

conservation projects in recent years. One of the first projects utilizing the LIDAR 

technology to study the cultural (archaeological) heritage were the 1984-85 studies 

performed by Thomas Server from NASA near the Arenal Volcano between 1984 and 

1985 (Renfrew, Bahn 2002: 82). 

The airborne laser scanning technology has been used by the Polish scientific com-

munity since 2008. Since then, ALS has undergone a gradual development, becoming 

one of the most important methods of detection and analysis of cultural heritage, es-

pecially in forest areas (Banaszek, Rączkowski 2010; Nowakowski 2010; Sławik, 

Zapłata 2011; Legut-Pintal 2012; Zapłata 2013).
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A description of the airborne laser scanning technology and the history of its 

development

The first commercial system of airborne laser scanning was created in 1993. The pe-
riod from the start of work on laser to the ultimate creation of the system is presented 
graphically in Figure 1.

il. 1. the history of development airborne laser scanning over time (compiled by K. stereńczak)

Since the creation of the first system, a rapid technological development has taken 
place and new companies have appeared, offering different technological solutions. 
Today, there are a dozen or so companies producing such equipment and several hun-
dred companies using it in practice.

Airborne laser scanners have been used in Poland for several years now. Just as in 
other countries, it is used for a variety of practical and scientific applications. The Pol-
ish ISOK project is an example of an initiative implemented countrywide which not 
only satisfies specific security-related needs, but also supplies data for a variety of ap-
plications. The aim of the ISOK project is to ensure effective protection of the country 
against extraordinary hazards. The collected data are utilized to draw up maps of haz-
ards and maps of flood risks and to prepare an IT system capable of generating risk 
alerts. The project is being co-funded by the European Union.

The airborne laser scanning technology has been developing at a very fast pace, con-
stantly providing new equipment with more and more functionalities. Initially, the 
systems could only record one reflected signal: the first one or the last one. They sent 
only several thousand measurement beams per second. It caused considerable limita-
tions and high costs of the acquisition of data. At the beginning of the 21st century, 
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improved systems appeared which could record 2 reflections simultaneously, and then 

up to 4–5 reflections. In the currently used systems, the frequency of sent signals rose 

to C500 000 laser beams per second. There are also full waveform systems which can 

record energy reflected in very high frequencies. Therefore, data recipients are not 

limited to a specific number of reflections and can receive information on the charac-

ter of objects from which the reflection took place. 

Laser scanning consists in the sending by the device (transmitter) of laser beams in 

specific directions and at a specific time from a platform on which LIDAR was placed 

(il. 2), and receiving the signal reflected from objects (receiver). Knowing the direction 

and speed of the moving beam, one can establish the distance (see the formula below) 

between the object being measured and the laser used to make that measurement. 

R = c t
2

where:

 R – distance [m]

 t – time [s]

 c – speed of light - 299 792 458 [m/s]

Airborne laser scanner consists of the following basic components:

1. laser scanner

 – distance measuring device (LIDAR)

 – angle measuring device (scanner)

2. Global Navigation Satellite System (GNSS)

 – localizing the position of the platform during airborne scanning
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3. Intertial Navigation System (INS)

 – monitors the position of the platform during airborne scanning

4. synchronizer based on the GNSS signal

Known position of the laser scanner makes it possible to establish the position of the 

object being measured. Two systems are responsible for establishing that position: 

GNSS and INS. They localize the position of the airoplace during flight. 

The accuracy of measurements made with a laser scanner from the flight level is about 

15–20 cm horizontally and 20–30 cm vertically. The error value depends, first of all, 

on the accuracy of the spatial measurement of the scanner.

il. 2. airborne laser scanning – operating diagram (internet 1)
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Upon running into an obstacle, a laser beam sent by the transmitter loses some of its 
energy, which returns to the transmitter, while the remaining part keeps going in the 
original direction until it runs into another obstacle. The recorded signal has a different 
shape, depending on the airborne laser scanning system, the type of surface and the 
quantity of reflected energy (il. 3). In extreme situations, the entire energy may be ab-
sorbed (by water) or reflected into a different direction (flat surfaces – large windows, 
solar panels, tin roofing). Once the reflected signals have been recorded, this is followed 
by the complicated process of converting wave data into points with coordinates x, y, z. 
The ultimate result of laser scanning is a cloud of points, which is recalculated into a 
specific geodesic set of plane coordinates. A widely used standard data format is the 
“LAS” format (currently in version 1.4) developed by the American Society of Photo-
grammetry and Remote Sensing (ASPRS). Commercial companies provide an addi-
tional product of scanning: the digital terrain model (DTM) and the digital surface 
model (DSM). It has also become a standard during the scanning flight to make aerial 
images, which are later used for analysis and in the creation of ortho-photos. 

il. 3. the recording of different types of objects (from the left: bare soil, slope, vegetation and soil)  
using two different systems: a system recording particular reflections – bluish background,  

and a system recording the entire shape of the wave – yellow source) (source: Progea website)
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Apart from the above-mentioned characteristics and features of airborne laser scan-

ning, the properties and geometry of the obtained point cloud are also influenced by:

1.  Sensor type (il. 4), which has an enormous effect on the measurement method and 

on the distribution of airborne laser scanning points (Stereńczak 2011). In the lat-

est system (fibrous), it is possible to place the entire system on a vibrating platform, 

due to which the obtained parallel lines will have a sinusoidal shape.

il. 4. the pattern of points created on the ground depends on the design of a given system (sinusoid ‚Z’ – optech, 
sinusoid ‚s’ – Leica, Parallel lines – riegl, ellipsoid – Palmer scanning, Parallel lines (using optical fibres) – 

toposys) (modified by K. stereńczak)

2.  Wavelength – expressed in nano- (nm) or micrometers (µm). Most modern systems 

use ranges corresponding to the near infrared band (900 nm – FLI_<AP I/II, ap-

proximately 1050 nm – Optech ALTM, Leica ALS, Topeye and Riegl) or the me-

dium infrared band (1540 nm – TopoSys I/II). Deep scanning is performed using 

wavelengths corresponding to the colour green (532 nm – LADS, Hawkeye Bathy-

metric Systems). 

3.  Scanning angle – This angle is defined from the nadir direction. Currently, scanners 

have scanning angles of between 0° and 45°.
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Depending on the divergence coefficient (specifying the size of spatial propagation of 
the wave) and flight altitude, the size of the footprint on the ground can range from 
several centimeters to a few meters. As a general rule, aerial systems have footprints 
with a diameter of up to 1.5–2 m.

The amount of data obtained as a result of airborne laser scanning is already consider-
able and is constantly increasing, which leads to the conclusion that in future these 
data will constitute an economically significant source of information. The accuracy 
of laser scanning data makes it possible to describe large areas with centimeter preci-
sion. 

Laser scanning data can be processed on several levels: 

•  The processing of a raw point cloud can mainly consist in an automatic classifica-
tion of objects being described. Separately identifiable objects include: soil, buil-
dings, vegetation in 3 altitude classes; there are also unclassified points. The point 
cloud can be used, among other things, in studies and analyses of the natural envi-
ronment or in archaeological studies. The structure of vegetation is very well repro-
duced in the spatial model of the point cloud. A statistical analysis of such a cloud 
provides a large number of variables which can be used in the modelling of bio-
mass, forest stocks or the species composition of forests. Airborne laser scanning 
penetrates vegetation, providing data for analyses of the bottom of the forest over 
large areas. This has already resulted in the discovery of a number of previously 
unknown archaeological objects all over the world.

•  Another processing method consists in the creation, on the basis of the point cloud, 
of terrain models used in many spatial applications as starting layers for spatial 
analyses. An accurate digital terrain model is an example of the most frequently 
used spatial data all over the world. The model has become even more popular re-
cently due to its growing precision and its usability on large areas. The digital sur-
face model, on the other hand, is often used to analyze changes. DSM is an indi-
spensible tool in the detection of illegally constructed buildings or in analyses of 
changes in vegetation or of consequences of natural disasters.
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•  Airborne laser scanning data are also used in an analysis which is similar to the 
analysis of digital images. Having information about the intensity of reflection and 
RGB information contained in every recorded reflection, one can convert the point 
cloud into classifiable thematic layers.

2.  the resources of the it systeM for Protecting the country 
against eXtraorDinary threats (isoK)

The IT System for Protecting the Country Against Extraordinary Threats (ISOK – based 
on the website http://www.isok.gov.pl) is an initiative intended to consolidate informa-
tion about potential risks and to transfer that information into a professional informa-
tion system, using an integrated database and a modern module ensuring the distribu-
tion of information to end users. Both the administrative authorities and individual ci-
tizens are to be provided with access to that information. The aim of the IT System for 
Protecting the Country Against Extraordinary Threats is to help to solve or minimize 
a number of problems associated with crisis management in Poland, focusing in particu-
lar on flood risks. Under that project, airborne laser scanning data have already been 
obtained for about 67% of Poland’s territory. Pursuant to the recently signed agreements, 
such data are to cover, in total, 92% of the country by 2015 (il. 5). This means that in 
near future, Poland will have the most accurate data in its history. They will cover almost 
its entire area. It also means that it will be possible to use them for other purposes. The 
cost of these data is much lower than their actual market value. 

il. 5. the area where airborne laser scanning is to be performed under the isoK project  
(source: http://www.gugik.gov.pl/projekty/isok) 
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Apart from many advantages arising from that situation, the data have certain draw-
backs. First, they are very heterogeneous. An inspection confirmed that particular sets 
of data were consistent with the ToR criteria, nonetheless, it is difficult to treat the 
entire ISOK resources as the same set of potential data. Such a state of affairs can lead 
to certain difficulties and problems in analyses using the entire available set of data. 
Differences in data can be caused by many factors.

1.  Scanning flights are performed at different times of year. The best time for perfor-
ming a scanning flight is the leafless and snowless period in spring and autumn, just 
after the end of the growing season or just before its start. Of course, it is due to the 
fact that vegetation, especially low vegetation, has a decisive impact on whether the 
laser beam will reach the ground or not. These differences in the growth of vegeta-
tion result from the phonological phase rather than from specific dates and they 
may change from year to year. 

  In addition, the growing season starts at different times in particular regions of 
Poland. In the north, it usually starts 2 weeks later than in the south. Analogically, 
the growing season in the north ends earlier than in the south. Another important 
factors are very specific local conditions. Hence – taking into account the area co-
vered by the project – one can assume that during the scanning flight low vegeta-
tion was at different stages of development and that there may be systematic errors 
between series of data – errors of up to several centimeters.

2.  The characteristics of data was also determined by the scanner used. As shown in 
figure 4, spatial measurements are performed in different ways. Depending on the 
scanner type, there will be areas with varying sampling density. Consequently, po-
ints will be covering specific area in different ways. All companies performed an 
analysis of coverage defined as a ratio between the average distance of points in the 
flight direction to the average distance of points in the direction perpendicular to 
the flight direction. The closer is this value to 1, the more even is the coverage by 
data. Of course, areas without vegetation can generally be expected to be covered 
more evenly, whereas coverage on wooded areas may very considerably.
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3.  The most essential element which determines whether on not the ground is covered 

evenly by airborne laser scanning data is vegetation. Very thick forest stands of 

different age can cause many different problems. Thick young forests of coniferous 

species cause the greatest problems, because they are so thick that the last reflections 

take place in tree tops, leaving large areas without a single reflection from the gro-

und. This problem occurs throughout the year. In the case of older forest stands, 

those particularly compact ones make it difficult for the beam to penetrate through, 

reducing the number of points on the ground. 

  Few data are obtained from sites under crowns of trees (mainly deciduous ones), 

where in the growing season there are no or very few reflections from the ground. 

The largest number of points in the forest can be found in clearings in the forest 

floor. Of course, if a stand has a more complex structure or many layers, it is more 

difficult for the beam to penetrate through. On the other hand, very compact 

stands usually do not have any forest floor vegetation and reflections of the ground, 

if they can be obtained at all, are very accurate. 

4.  Transverse coverage between strips. These are places where density is also higher 

than in most parts of the scanned strip. They are needed, because they ensure area 

coverage by ALS data. Different contractors used different types of coverage, there-

fore we have areas with coverage of 20% and areas with coverage of up to 35%. 

5.  Classification errors. In that process, contractors used different types of software 

with different settings. This means that the precision criterion has been met. Ho-

wever, there are other types of errors in particular sets of data. The classification of 

points into soil classes sometimes has a fairly strong effect on interpolations of the 

digital terrain model.

6.  Interpolation of the digital terrain model. Another problematic issue is the use of 

different algorithms for the interpolation of the digital terrain model. This may lead 

to differences of a dozen or so centimeters between models generated on the basis 

of the same laser scanning data. 
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Taking into account the above-mentioned factors, it is also essential to become fami-
liar with the resources of the Head Office of Geodesy and Cartography and to check 
who has produced those resources and with what equipment before ALS data can be 
analyzed. A visual analysis of such variables as classification or intensity can help us to 
identify issues that we should pay our attention to in the analysis of data. 

3.  the Processing of Data anD MaKing theM avaiLabLe  
in the Web broWser in the “Laser Discoverers” Project

Given the short duration of research, its wide territorial scope and the multitude of 
data to be processed, it is necessary to involve a large number of people in the comple-
tion of the project. In such an approach, it is important to provide a universal, gene-
rally accessible and easy-to-operate tool. 

In this case, it was a portal accessible through the Internet. Every participants who 
expresses his or her wish to join the project, will be able to open a personalized acco-
unt in the portal. After opening an account, the participant will be able to start inter-
preting the research material in the form of images corresponding to areas with di-
mensions of 200×200 m. Data samples will be assigned randomly and such a sample 
selection mechanism will be a key feature of the portal. 

The randomly displayed images for visual interpretation had to fulfill the following 
conditions:
•  the entire research area should be analyzed;
•  one research area should be displayed no more than 4 times;
•  the context of particular individual fragments of the area made available for visuali-

zation should change;
•  the analyzed area should be large enough to make it possible to notice objects with 

the size of several–a dozen or so meters against its background; at the same time it 
should be small enough to make it impossible to establish the actual location of a 
specific area, thus protecting potential archaeological sites against unauthorized 
penetration.
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A digital terrain model with a resolution of 0.5 m and 8 auxiliary images constituting 
its processed versions were used in the analysis. The images will present the shading of 
the area, based on the assumption that sunlight falls from 8 basic compass directions. 

After analyzing the above-mentioned assumptions, it was initially decided that the 
area would have dimensions of 200×200 m. To meet the criterion of observation con-
text variability, it was decided that the image to be observed would consist of 4 basic 
fragments with dimensions of 100×100 m (figure 6). 

200 m

100 m

200 m

100 m

il. 6. the structure of an interpretation area

An area for analysis consists of 4 smaller areas, which makes it possible to view every 
small square (100×100 m) in the vicinity of 4 other areas. In this way, the context of 
observation changes. An example of the random selection scheme for 9 basic areas is 
presented below (il. 7).
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random selection  
no. 1

random selection  
no. 2

il. 7. the random selection scheme on 9 elementary areas.  
green squares – elementary squares not taken into account  

in the random selection (prepared by K. stereńczak)

random selection  
no. 3

random selection  
no. 4
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The random selection scheme has been designed in such a way so that a basic area 
(200×200 m) can be displayed no more than 4 times and an elementary fragment 
(100×100 m) can be displayed up to 12 twelve times. The basic area will be randomly 
displayed to the next observers.

To make these areas easier to interpret, observers were to be also shown images of the 
shading, based on the assumption that sunlight falls from 8 basic compass directions. 
The height of the Sun will be established experimentally. Picture 8a below presents an 
area of 100×100 m with the original DSM (il. 8a) with an image of shading (Hillsha-
de (ArcGIS 10.2)) based on the assumption that the direction of incoming light is as 
follows: azimuth 315°, height 25° (il. 8b).  

il. 8 DtM (a) presented with an example of an image of shading (b)  
to compare possibilities of their interpretation (prepared by K. stereńczak)

A user who identified an object which he or she believed to be of interest for the study 
could mark it with graphic tools and describe it with specific definitions. If no objects 
were found in a given field, the user could mark the sample as empty.

It was assumed that the time for interpreting a given image should not be longer than 
24 hours. In the user took no action to confirm the presence or absence of objects in a 
given area, the area was returned to the pool of images available for random selection.
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An additional module in the research tool was the statistics module informing the user 
how many areas he or she had already selected and interpreted and showing his or her 
result in comparison with other participants of the project. 

An additional element of the project which was used for on-site verification of the 
results and for reference interpretation of the DTM was the performance of a digital 
terrain model for the entire processed area, using the Local Relief Model (Hesse 2010). 
The above-mentioned processing is performed by filtering the model with low-pass 
averaging filters and by analyzing a differential model. In other words, LRM proces-
sing makes it possible to highlight local denivelations of the terrain, which are difficult 
to notice during an analysis of an area on a shading or original model. After testing a 
dozen or so different solutions, the following ones were ultimately chosen for this 
monograph (il. 9): 
•  first, the original DTM was filtered with an averaging filter with a window radius 

of 3 pixels;
•  secondly, the original DTM was filtered with an averaging filter with a window 

radius of 15 pixels;
•  after the two images had been subtracted, a differential model was obtained which 

showed the local high points (il. 9d). 

il. 9. stages of the processing of the DtM using a Local relief Model:  
processing the DtM (a), filtration with a window radius of 1 pixel (b),  

filtration with a window radius of 15 pixels (c) and a differential image (D) (prepared by K. stereńczak)
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Such processing highlighted all local surface and linear high points (il. 10–13), which 
considerably improved the results of interpretation of the DTM.

il. 10. a visualization of the DtM processed with the LrM model –  
outlines of potential war trenches on the resultant image (produced by K. stereńczak)

il. 11. a visualization of the DtM processed with the LrM model –  
outlines of a quadrangular object on the resultant image (produced by K. stereńczak)
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il. 12. a visualization of the DtM processed with the LrM model –  
outlines of objects of the mine of henryk on the resultant image (produced by K. stereńczak)

il. 13. a visualization of the DtM processed with the LrM model –  
outlines of charcoal heaps (?) on the resultant image (produced by K. stereńczak)
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Given the recent advances in the processing for archaeological purposes, the following 
issues should be addressed in the nearest future to improve and speed up the interpre-
tation process, which at present is mostly performed manually:
•  development of methods and procedures for the automatic “cleaning” or results of 

the currently used analyses of images to speed up the detection of objects in digital 
terrain models and make it more objective;

•  development of new methods of processing images so that would become possible 
to detect not only objects with regular shapes (buildings, charcoal heaps), but also 
linear ones (walls, trenches, fortification structures);

•  development of standards for scanning flights and of characteristics of airborne la-
ser scanning for various archaeological applications;

•  setting up interdisciplinary teams to provide support for archeologists and to ensu-
re better understanding and analysis of data.
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1. DetaiLeD site-sPecific WorK With Data –  
society anD sPeciaLists

Non-invasive identification and inventory of objects of historical interest, particularly 
archaeological ones, in the “Laser Discoverers” project refers to the following two basic 
methods: (1) airborne laser scanning, and essentially the methods of processing and 
visualisation of geodata acquired by ALS (airborne laser scanning – hereinafter ALS) 
under the “IT System for Protecting the Country Against Extraordinary Threats” (he-
reinafter ISOK), and (2) surface studies. 

Non-invasive studies based on the aerial laser scanning and data obtained as a result of 
measurements with the use of the said method, used in the identification, analysis and 
inventory of cultural heritage resources, are based on several key elements: (1) field 
work – collecting data (measurements), (2) processing and (3) the analysis and inter-
pretation of acquired data, (4) field verification of obtained results obtained, and (5) 
the adjustment of geodata on the basis of field observations. 

The first element, i.e. acquisition of data within the project, was carried out in the 
early stages of activities and based on the ALS data obtained from the resources of the 
Central Geodetic and Cartographic Documentation Centre which was generated un-
der aerial measurements made for the purposes of the ISOK project. The second stage 
consisted in the processing of acquired data, including the reclassification of point 
cloud, which was also obtained in the earlier stages of work, in order to create a basis 
for the recognition of historic resources. The analysis and interpretation of the acqu-
ired and processed geodata was the third stage of work. The fourth element of the re-
search procedure consisted in the field verification and summary of work results. 

The correction of geodata based on field observations constituted the last stage. Each 
of these stages consisted of partial elements, such as the assessment of data quality, 
selection of DTM generation method, etc. Non-invasive methods of identifying anth-
ropogenic objects include methods for finding potential monuments which directly 
relate to detailed site-specific work. There are two main approaches to searching and 
locating potential immovable historical monuments – the visual analysis of generated 
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geo-information products and the automatic and/or semi-automatic analysis (Possel, 
Lindenbergh, Storms 2010; Trier, Zortea, Larsen 2012; Bakuła, Ostrowski, Zapłata 
2013). With regard to the project implemented, the recognition of historical resources 
was based on the visual analysis, both in relation to Internet users as well as professio-
nals. Therefore, an essential element of actions taken under the project was to process 
and visualise geodata which was to provide as optimum material for the identification 
of potential historical objects as possible. 

In the research process, the fundamental interpretation work starts from the moment 
of data processing and visualisation, when the researchers conduct work related to the 
identification of potential anthropogenic (historical) objects. In the research literature 
on the subject, there is a number of methods for the processing and visualisation of 
geodata, including hill-shading (hereinafter HS) and hill-shading from multiple direc-
tions (hereinafter HSMD), local relief model (hereinafter LRM), sky view factor (he-
reinafter SVF) as well as the principal component analysis (hereinafter PCA) (selected 
sources on the above-mentioned processing and visualisation of geodata Hesse 2010a; 
Hesse 2010b; Hess 2012; Donesu 2013). 

In order to make the data available for analysis and interpretation in a most effective 
manner, the researchers selected the data visualisation method based on the hill-sha-
ding function (hill-shading from multiple directions), as this type of processing of 
geodata is largely intuitive, and thus understandable for an average project participant 
(a lower-secondary school student). Perception of an image which represented the si-
mulation of a natural phenomena could also facilitate the interpretation process of 
Internet users (more information in chapter 4). Other types of geodata processing and 
visualization applied in the project, on the basis of the literature on the subject, among 
other things, were associated with the most effective geoinformation tools, including 
the local relief model filter (Benet et al. 2010; Kokalj, Zakšek, Oštir 2013; Zapłata, 
Ostrowski, Bakuł 2014; Zapłata, Borowski 2013).

The basic form of identifying potential objects of historical interest consisted in visual 
analysis on the screen of a computer, palmtop, etc. In the case of Internet users, it was 
based on shared online visualisation of the model of land surface processed with the 
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use of the hill-shading function (HSMD – 8 directions of insolation of the surface), 
displayed in the form of tiles – fragments of an area of 200×200 m (more information 
in chapter 4). With regard to the work of specialists, the visual analysis was based on 
several types of geodata processing: point cloud with applied texture, Digital Terrain 
Model, elevation map, shaded NMR map, and map generated with the use of the local 
relief model filter. The analysis of the research area was also carried out on the basis of 
contemporary maps, including topographical maps, selected archival materials and 
available remote sensing data.

Detailed site-specific work was also conducted based on publicly available data and 
information concerning the area of research – forests. On the basis of the above-men-
tioned data, the researchers primarily identified contemporary topographic objects of 
the area (roads, rivers, houses, etc.), which displayed on the geomatic visualisations, 
classifying this group as objects outside of the set of potential historical objects. 

In order to perform detailed verification and compilation of the results of work of 
Internet users, as part of a partial task, an independent identification and documenta-
tion of potential historical objects was conducted on the basis of shared: (1) generated 
DTM, (2) elevation map, (3) results of the processing of geodata (LRM and HS/
HSMD), and (4) point cloud. In the first place, the identification and designation of 
objects on the basis of the shaded map was performed. This was followed by the iden-
tification of the area based on the remaining results of geodata processing.

Under the project, relief shading maps (DTM) were generated – hill-shading maps for 
the entire area, based on which the researchers performed visual identification and 
selection of potential objects / groups of objects designated for further field verifica-
tion. In total, based on the above-mentioned processing results, at the initial stage of 
work as many as 3157 potential historical objects were identified: 2751 oval, 285 line-
ar, 8 unspecified, 19 linear unspecified, 48 square objects, 19 objects associated with 
the extraction of natural raw materials (including mines which existed even in the 
20th century, but are currently closed)12, and 27 linear objects / war trenches. 
12  The total reported number refers to particular clusters rather than individual objects, e.g. potential wells, pits or 

ore holes.
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At the same time, maps based on the processing with the use of the local relief model 

(hereinafter: LRM) were generated under the project for the entire area, on the basis 

of which the visual identification and indication of potential objects was performed. 

Based on the LRM processing results, the following types and amounts of potential 

historical objects were identified: 5304 oval, 840 linear, 8 unspecified, 19 linear unspe-

cified, 48 square objects, 19 objects associated with the extraction of natural raw ma-

terials (including mines which existed even in the 20th century, but are currently 

closed)13, and 27 linear objects / war trenches. As part of detailed site-specific work, 

elevation map was also applied and served as the basis to complement and support the 

analyses and interpretations of the results of HS/LRM processing. 

The work also included the analysis and interpretation of the point cloud in the form 

of “forest” data (textured data), which mainly enabled the researchers to perform ad-

ditional and complementary identification of the context of occurrence of objects, as 

well as additionally supported the identification of potential objects, particularly in 

relation to the analysis of the surface and low vegetation, branches lingering on the 

area, and other elements which could be classified as the surface of the area. Generally, 

this type of work was performed in specified places on indicated areas.

The analysis of processed geodata provided results which are presented in three groups 

of objects. Groups of objects intended for field verification based on the results of 

analyses performed by specialists:

group I –  objects and/or clusters of objects with specific features (and elements) known 

from archival data (e.g. post-mine objects with specific or approximate loca-

tion) and potential objects or clusters with specific features (and elements) 

(e.g. probable charcoal piles);

group II –  objects and/or clusters of objects with ambiguous features (e.g. contour, 

cross-section) and/or vague elements (e.g. resulting from low density of 

point cloud at the ground level);
13 As above
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group III –  areas in the case of which no objects were identifies, among others due to 
low density of points on the surface.

During the detailed site-specific work was  identified a problem with the quality of 
ISOK data. Referring to the previous chapter, where there was a discussion on the 
accuracy of the ALS method, it is very important to note the land cover laser measu-
rement diversity.

In many places the measurement of the land is very rare. This fact partly or even (in 
certain areas) completely eliminates the possibility indication of any anthropogenic 
objects at various processing.

This situation indicates the needs for repeated measurements of ALS, aimed at sup-
porting the diagnosis for potential monuments.

2.  the conDuct of surface surveys anD research MethoDoLogy 
– the avaiLabiLity of surface survey area anD observation 
conDitions

Surface work was carried out with reference to the results of the detailed site-specific 
work whose principal aim was to identify and indicate potential historical objects. At 
the stage of detailed site-specific work (with the participation of Internet users), seve-
ral thousand potential anthropogenic objects were identified (to be discussed in more 
detail later in the text), also indicating selected areas for which the ALS measurement 
proved to be insufficient due to weather conditions and situation on the ground (den-
se vegetation, etc.) during the measurements. 

Therefore, the general research procedure was applied, postulating such approach in 
future research work with the use of the ISOK data:

1.  analysis and interpretation of the processed resource of geodata/ALS (detailed site-
specific work),

2.  indication of potential anthropogenic/historical objects (detailed site-specific 
work),
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3.  verification of indicated objects in the trial/test areas,

4.  verification of test areas (group III) with low density of points on the ground (Za-
płata 2014b) .

Field verification of the indicated objects was performed in the growing season, which 
also allowed for the correlation of historical objects with plants growing directly above 
the monuments as well as in their neighbourhood. 

As regards the field work, the project could not take into account the verification of 
objects in various growing seasons, therefore, such performance of work was adopted 
which focuses on partial verification with a research postulate that further verification 
work is to be carried out under different vegetation conditions. 

Another argument connected with partial verification of the set of potential objects 
included the field conditions, cost estimate, as well as the duration of verification 
work. These elements formed an essential criterion based on which the designation of 
specific areas and objects for field verification was made. 

The argument in favour of the selection of the aforementioned periods of perfor-
ming field work was the performance of verification work in the growing season, 
which makes it possible to avoid the destruction of vegetation (e.g. in the case of 
work involving the exposition of plant litter), which also is impossible during le-
afless periods.

It is commonly adopted in archaeology to take into account the so-called soil distin-
guishing features in relation to the interpretation of aerial photographs. Observations 
of flora during surface studies constitute another element facilitating the identification 
of underground historical structures. Distinguishing features of vegetation (positive 
and negative) are therefore complementary to the analytical procedure. 

An example of taking into account negative distinguishing features of vegetation 
(flora analyses) is presented on photo no. 1 on which low growth of vegetation was 
recorded in the area of occurrence of the alleged remains of historical buildings.
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Photograph 1. example of diversified development of low vegetation (nettle – Lat. Urtica L.) in the presence 

of remains of historical buildings – the starachowice forest District (photo by r. Zapłata) 

 

Photograph 2. example of diversified development of vegetation on the same area, resulting from different soil 

conditions. on the left: bilberry (Vaccinium myrtillus L.) – the starachowice forest District (photo by r. Zapłata)
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Apart from the distinguishing features of vegetation, another equally crucial element 
of the field research process were the distinguishing features of soil, which were of 
particular importance in identifying the remains of wood-processing locations – char-
coal manufacturing sites (e.g. remains of charcoal piles).

Photograph 3. visible charcoals exposed in the places of formation of windthrows –  
the ostrowiec Świętokrzyski forest District (photo by s. bochyński)

Photograph 4. remains of an object associated with the processing of raw wood (charcoal pile) –  
the ostrowiec Świętokrzyski forest District (photo by s. bochyński)



120

Laser dIscoverers

Due to a large number of individually occurring objects in particular categories (e.g. 
charcoal piles), field identification of selected and sample objects from the entire set 
was performed, whereas in respect of clusters of objects most likely being the remains 
of sites of exploitation of natural resources, the researchers carried out verification of 
the entire “object,” especially of the boundaries of the occurrence of such cluster (e.g. 
mine pits). 

Research work was carried out on all types of ground, except for fenced areas, areas 
which are hard to reach or inaccessible due to dense vegetation or other conditions 
unfavourable to penetration (e.g. wetland). Areas where investment activity is carried 
out (e.g. construction areas) as well as protected areas with prohibited access were also 
excluded from potential identification. In respect of plants and areas under protection, 
work was carried out in consultation with forest district authorities as well as with the 
IBL employees involved in the project. 

Therefore, surface studies were primarily limited to non-invasive observation of the 
surface and sites where the (cultural) layers under the plant litter (forest floor vegeta-
tion) were exposed due to previous natural processes and human activities. In the case 
of remains of war trenches – in consultation with the Historical Preservation Officer 
of the Świętokrzyskie Voivodeship – local field examination was applied with the use 
of metal detector, which did not result in the identification of locations of metal ob-
jects (historical monuments).

The following general principles of identification and documentation were adopted 
for all identified objects: (1) local inspection (location and identification of remains of 
potential historical objects) and analysis of the context; (2) identification of visible 
cultural layers, movable historical monuments and characteristic features; (3) acquisi-
tion of movable historical monuments and samples (optional); (4) measurement – de-
termination of coordinates; (5) description of finding/object; (6) optional – docu-
mentation on a photograph (drawing/sketch); (7) determination of the function and 
chronology of the object; (8) flora characteristics (optional). Research work included 
also consultations and interviews among local community, as well as among people 
professionally related to the research area, i.e. foresters. These activities resulted in the 
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indication of sites of remains of historical settlements, economic activities as well as 
military operations. 

Particularly valuable information was obtained from foresters who indicated a number 
of objects being the result of modern human activities. It is also worth mentioning the 
identification of objects which were not recorded during detailed site-specific work 
and which are not broadly described in acquired cartographic materials or the written 
sources and publications. 

The assistance resulted in the identification of many objects as well as the indication 
of places associated with human settlement in the past, e.g. on the basis of analysis of 
habitats and species of individual plants. Examples include objects of the now non-
existent inn/tavern (photo no. 5).

Photograph 5. remains of a well (?). the starachowice forest District – the so-called “Murowanka” inn –  
the starachowice forest District (photo by r. Zapłata)
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il. 1. Location of buildings remains – the “Murowanka” inn – the starachowice forest District (source: ibL)

Field work was carried out in accordance with the applicable rules of conducting sur-

face studies, regulations concerning access to the forest, as well as on the basis of de-

veloped guidelines – Laser Discoverers – Methodology of surface studies in forest areas. 

Selected problems in the conduct of verification surface studies (Zapłata 2014b). 

Due to the large concentration of historical objects of the same category on a substan-

tial surface of the research area, including several AZP areas, as part of the documenta-

tion of findings (in consultation with the Historical Preservation Officer of the 

Świętokrzyskie Voivodeship in Kielce) separate KEZA files (archaeological monument 

files) were created for clusters of objects reported within one AZP area. The specific 

nature of objects and their intensity make it necessary to treat a set jointly, but with 

division into the existing AZP system distinctions.
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As a result of the juxtaposition of the results of work of Internet users with the detailed 
site-specific work of a specialist, the following potential objects were selected for veri-
fication:
1.  19 objects associated with the extraction of natural raw materials (probably remains 

of sites of the exploitation of natural resources) – Il. 11, 13, 15-18;
2.  5304 oval objects (remains of potential charcoal piles) – Il. 6-7;
3.  840 linear objects (remains of potential roads and forest tracks) – Il. 20-21;
4.  27 linear objects with side-elements (likely the remains of war trenches which occur 

in two main clusters) – Il. 9;
5.  48 square objects (likely the remains of fences used in forestry) – (chapter 4 – Il. 11);
6.  oval concave objects (several clusters and numerous individual objects) (lack of in-

itial interpretation) – Il. 23;
7.  8 unspecified objects (lack of initial interpretation); 
8.  19 linear unspecified objects (lack of initial interpretation);
9.  remains of railway embankments (narrow gauge railway) – Il. 3-5;
10. other (areas) – several places/areas.

The above-mentioned set of objects selected for field verification contained only gene-
ral terms concerning the probable function. At the stage of detailed site-specific work 
these objects were treated as potential historical objects whose function was confirmed 
to some extent by surface studies and interpretations, primarily based on several cha-
racteristic features14:
1. shape (e.g. regular, irregular, oval);
2.  measurements – size (e.g. surface, diameter, length, cross-section, depth – hight 

differences, dimensions of individual elements);
3. context of occurrence and/or co-occurrence with other objects;
4. topographic location;
5.  arrangement of particular elements (e.g. regularity, frequency of occurrence or di-

stribution, place of occurrence);
6.  cultural layer and/or movable historical monuments (depending on the field condi-

tions).
14  Features defining particular categories of objects are the result of information gathered in the research 

literature on the subject, historical sources and data from the project work.
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On the basis of the above-mentioned elements two main groups of objects were cre-

ated: (1) objects with (conventional) specified nature and (2) objects of indefinite 

nature (anthropogenic objects, natural objects or errors connected with the processing 

of data). Verification of obtained results of object recognition was also performed with 

reference to: (1) the results of current archive and library inquiries, as well as (2) other 

available cartographic, archival and remote sensing materials. The said verification 

made it possible, inter alia, to eliminate some of the identified natural objects, such as 

(1) watercourses located in forest areas (topographic maps, satellite images), (2) traces 

of forest ploughing (e.g. satellite images), or enabled positive initial verification of 

such identified objects as (3) remains of inactive – historic mines (the basis for verifi-

cation: literature on the subject and archival documents).

Based on the processed geodata – ALS/ISOK, the researchers also recognised, identi-

fied and documented several categories of objects which were considered special due 

to their specific nature. First of all, a separate category of objects was created for (1) 

the remains of tracks – embankments etc. of narrow gauge railway. Another category 

of objects includes (2) the remains of settlements and farm objects which still existed 

in the 20th century. A category of objects constituting (3) the remains of forest roads 

(associated with industrial activity in these areas) was also distinguished. 

Some of the above-mentioned objects are not recorded on contemporary cartographic 

maps or are recorded only partially and are the subject of interest of local communities 

dealing with the past of their region (http://starachowice.travel/pl/swietokrzyskie_

hity/starachowicka_kolej_waskotorowa/1.html). Some of these objects are identified 

and registered and have various documents and records, which is the reason to treat 

them differently under the study than the previously discussed objects. Other objects 

of the above-mentioned categories include elements of industrial infrastructure, settle-

ment system or forestry built in the past (e.g. at the beginning of the 20th century), 

which to some extent are still used today (e.g. narrow gauge railway).
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Group I – remains of tracks and reinforcements of narrow gauge railway

il. 2. Distribution (based on the isoK data) of selected, identified and potential embankments  

of narrow gauge railway (developed by r. Zapłata)

In light of the processed ALS data, this group of linear objects is characterized by a 

linear form of variable length (of up to several kilometres) with a characteristic uplift 

in the central part and depressions extending along the embankment, or a depression 

with external embankments, created as a result of the establishment of railway line in 

particular places. 

These objects are approximately 5 metres wide (embankment). A set of narrow gauge 

railway sections was identified (along with a historic part in the municipality of Bro-

dy), with a total length of more than 30 kilometres (excluding railway tracks used 

today).

il. 3. sample cross-section of the remains of a narrow gauge railway embankment.   

Data source: ibL/fcg.
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il. 4. visualisation of remains of a narrow gauge railway embankment – linear object marked  

on the topographic map as a forest road. vicinity of a limestone mine.  Data source: ibL/fcg 

       
il. 5a. visualisation of shading map with the contour 
of preserved narrow gauge railway embankment – 
neighbourhood of the Klepacze mine – object not 

registered on contemporary topographic map.  
Data source: ibL 

il. 5b. visualisation of a fragment of inactive narrow 
gauge railway line (shading map) based  

on the aLs/isoK data.  
Data source: ibL
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Embankments and tracks constitute a group of objects whose location is mostly known 

from archival materials, previous site inspections and field work, but their documenta-

tion and inventory, especially of the present status, has not been yet made on the basis 

of comprehensive and accurate ALS measurements. These objects are to some extent 

specified on topographic maps as inactive remains of narrow gauge railway.

Photograph 6. fragment of narrow gauge railway tracks – the starachowice forest District (photo by r. Zapłata)

Group II – remains of settlements and farm objects

The research areas contains numerous remains of the already non-existent settlements 

dating back to the 1st half of the 20th century or to the 19th century. Information 

about these objects is obtained e.g. from written sources or archival cartography and 

iconography materials. The exact location of objects is often unknown, and in some 

cases the location of local community is known. Therefore, this group of objects was 
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treated in a special way, and the analysis of geodata mainly consisted in recording the 
preserved relief, and less in searching it. 

Group III – remains of forest roads

The last group of special objects consists of the remains of forest roads which do not 
feature in contemporary cartography studies. These are objects created in the past 
which are often used even today. The group of these objects was distinguished, witho-
ut creating documentation, similarly to archaeological objects. 

Research work was conducted in the area of 115 sq. kilometres in total. Most of the 
land consists of forest areas with few agricultural areas, pastures, built-up areas, and 
industrial and farm areas (e.g. Zębiec SA – mining and steel plant in Zębiec). The re-
search area was accessible in approx. 95%. Observation conditions were diversified, 
especially in view of the growing season (the leaf growing season). Some objects were 
so visible that it was possible to identify them in the field, and particularly to determi-
ne height differences which were often decisive in finding objects. 

Due to dense and lush vegetation, the remaining objects were unavailable for observa-
tion and documentation. The surface of the research area, due to its characteristics – fo-
rest area, was covered with forest plant litter and forest floor vegetation, which in many 
cases rendered it impossible to observe the humus, cultural layers and movable historical 
monuments. Exceptions included agricultural areas as well as forest areas subjected to 
cultivation – areas ploughed in preparation for planting. Apart from the above-mentio-
ned situation, cultural layers were visible in the areas exposed as a result of natural (e.g. 
growth of trees and roots,  wash outs, activity of burrowing animals) and anthropogenic 
processes. Identification of objects based on the distinguishing features of vegetation 
(issue discussed in this chapter) was an additional element conducive to observation.

The studies performed resulted in positive verification of over 400 objects (including 
the so-called clusters of objects – this refers to the remains of sites of exploitation of 
natural resources) whose recognition in the field should be differentiated in terms of 
legibility (visibility). Accordingly, several categories of the legibility of objects in the 
field were introduced:
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1. well legible objects with visible cultural layer (e.g. remains of charcoal piles);

2. well legible objects without visible cultural layers and movable historical monu-

ments;

3. poorly legible objects;

4. illegible objects;

5. objects/sites/traces identified on the basis of movable historical monuments;

6. other objects.

Oval objects – remains of objects related to the processing of wood, most probably to 

charcoal firing, which is the reason to classify them as charcoal piles (they could also 

serve as tar kilns or birch tar plants) – in total, 361 objects were identified and docu-

mented in the area. According to relative dating based on trees growing on the objects, 

it can be assumed that these objects were used before or in the first half of the 20th 

century. Historical premises indicate the operation of such facilities during the period 

of the Old Polish Industrial Region (more information later in this paper), and even 

earlier (Orzechowski 2013; Zapłata 2013). 

Photograph 7. charcoals on the site of locating one of the oval objects (remains of a charcoal pile) – the 
starachowice forest District (photo by r. Zapłata)



130

Laser dIscoverers

These objects are characterised by an oval construction with numerous regular surro-

unding pits. Dimensions: diameter – from a few to several metres, depth of surroun-

ding pits – from a few to several dozen centimetres, dimensions of oval pits – length 

of approx. 100 cm and width of approx. 50 cm. A typical feature of the cross-section 

is an often repeating elevation of the central part, with a hight ranging from several to 

several dozen centimetres. Charcoals and characteristic dark brown humus lying on 

the surface of the object are typical of many of these objects. A layer of burnt material 

is often visible on deforested areas, subjected to forest cultivation (tillage) as well as in 

places where charcoals mixed with dark brown humus are present as a result of natural 

processes (washing away of soil, activity of burrowing animals, growth of root systems) 

and contemporary human activities. 

il. 6. visualisation of DtM exposed to processing based on the hill-shading function. example of potential 

remains of objects associated with the production of charcoal – charcoal piles. source: ibL
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il. 7. visualisation of DtM exposed to processing based on the hill-shading function. example of potential 
remains of objects associated with the production of charcoal – charcoal piles. top: flat projection and 2.5D 

visualisation; bottom: cross-section of the object. (source: ibL)

Positively verified objects identified in the field, as well as other objects indicated dur-
ing detailed site-specific work are characterised by similar features, as recorded on the 
basis of the processing of geodata. This allows to state with high probability that the 
remaining objects (of the entire set of 5304) are also remains of former charcoal piles 
which were the primary source of producing energy resource in the region for a long 
time. 

The characteristics observed and their proposed interpretation are confirmed in the 
research literature on the subject, featuring archaeologically examined objects of this 
type (Radwan 1959; Bielenin 1959; Samojlik 2010; Lisdorf 2011; Kałagate, Osypiński, 
Stachowiak 2012; Rösler et al. 2012; Orzechowski 2013), as well as in written sources 
(more information later in this paper) documenting both the characteristic features of 
charcoal piles and the process of charcoal production. Archival iconographic material 
also confirms a number of features typical of the identified remains of charcoal piles 
(Marszałek, Kusiak 2013).
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il. 8. Map of the distribution of oval objects identified as part of detailed site-specific work, partially verified and 
classified into the group of charcoal piles (developed by r. Zapłata)

Linear objects with side-elements (military trenches) – in total, two objects were iden-
tified and documented (two rows of linear objects which should probably be treated 
as the remains of two compact systems of trenches). Analysis of the structure, dimen-
sions and location suggest that these objects are to be associated with the First and/or 
Second World War. The first object is located in the south-western part of the research 
area, extending in the NE-SW line from Dębowe Pole, with characteristic parallel li-
nes of trenches in the southern part. The object is over 7 km long, in some parts more 
than 1 metre deep and over 2.5 metres wide. The second row of trenches was located 
in the western part of the research area. The identified object has a length of approx. 1 
kilometre.

il. 9. visualisation of DtM exposed to processing based on the hill-shading function. example of potential 
remains of war trenches. at the bottom – sample cross-section of such object. source: ibL
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The shape and nature of objects is confirmed, among others, in the analysis of histori-

cal sources, including archival instructions on how to construct this type of objects, 

e.g. “Feld-pionierdienst aller Waffen”.

il. 10. Distribution of identified linear objects with side-elements – objects identified and classified in the field as 
war trenches (developed by r. Zapłata)

Objects associated with the exploitation of raw materials / former workings and mines 

– in total, over 30 clusters of objects were identified and documented, which consist 

of a set of oval objects with characteristic pits and surrounding heaps. Among these 

objects, remains of the Henryk mine were documented. Apart from mines whose da-

tes of establishment or operation are known, as in the case of the “Henryk” mine 

(20th century), the remaining objects – most likely related to the exploitation of na-

tural resources – at this stage of work and their identification cannot be accurately 

classified in terms of chronology which also requires further research work.

il. 11. visualisation of DtM exposed to processing based on the hill-shading function. example of potential 
remains of sites of exploitation of natural resources. the “henryk” mine. source: ibL
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The analysis of all remains of workings makes it possible to specify some of their types: 
(1) objects associated with opencast exploitation of raw materials, such as the Strzelni-
ca or Sadłowizna mine which operated in the 20th century; (2) objects with surroun-
ding heaps or their remains of various sizes; (3) concave objects with poorly preserved 
surrounding rim (heap) or without it. The remains of former workings – individual 
objects – are also characterised by the fact that they occur in clusters, being arranged 
densely and close to each other. Clusters count from a few to several thousand oval 
remains of old workings. The determination of the total number of given workings is 
difficult, as many shafts were filled up or destroyed as a result of the construction of 
other ones in close proximity. Natural and backfilling processes as well as subsequent 
human activities also led to the levelling of the mining relief. Objects existing in the 
20th century, e.g. the “Henryk” mine, had a distinctive feature, namely the systematic 
nature of drilling individual shafts and of their layout. 

Most of the identified objects are, however, characterised by a rather chaotic layout, 
which is most likely to result from the gradual exploitation of the deposit, in accor-
dance with its occurrence, as well as from the use of other mining technique. The 
largest of the identified objects are characterised by heaps exceeding 2 metres and 
diameter exceeding 40 metres. The smallest objects identified among the recognised 
clusters (old workings) include objects with pits of several centimetres, of a diameter 
amounting to several dozen centimetres, and without a preserved and legible elevation 
on the rim (uncovered workings).

It is worth mentioning that this type of arrangement and layout of objects indicates 
that they are probably older. First of all, it is confirmed in the literature on the subject 
which features descriptions of exploitation techniques characteristic of older (e.g. me-
dieval) methods of obtaining raw materials. Following Paweł Król and Jan Urban, “at 
that time [in the Middle Ages], a commonly used method of underground exploita-
tion was the multi-shaft system which consisted in digging shallow shafts (usually re-
aching the level of groundwater) and extracting ore from the shaft walls within a few 
metres” (Kowalczewski 1972 after: Król P., Urban J., 2003: 11). The multi-shaft sys-
tem of densely located workings is also characteristic of older objects, such as mines 
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from the period of Roman influence, e.g. Rudki in the Mazowieckie Voivodeship 
(Orzechowski 2013 – more detailed literature to be found there), or the period of the 
Stone Age and the Bronze Age, e.g. Krzemionki Opatowskie in the Świętokrzyskie 
Voivodeship (Borkowski 2010 – further literature there). Unambiguous designation 
of individual objects as workings or mines is a crucial matter which is difficult to do 
on the basis of surface studies and ALS data. Such workings as the “Henryk” mine 
which are the remains of mining activities are an exception. Remains of objects iden-
tified on the basis of characteristic brick fragments likely to be parts of entry to the 
gallery, as well as pits present in its proximity, indicating the mining nature should be 
interpreted similarly. A separate, yet hard to be perceived in the present situation, issue 
is the exploitation of raw materials (e.g. ores) with the use of surface methods. 

In addition to the recognised shape, layout of objects and their dimensions, a number 
of features defining individual objects were specified based on the field research. Some 
of the objects are characterised by a heap – mound on the rim, built of anthropogenic 
made grounds probably created from the deposit of exploited raw materials and/or in 
connection with construction activities (photos no. 8-9). Crushed rocks were reported 
next to some objects (photo no. 10). 

Photograph 8. remains of one of the workings of natural resources. example of flooding of objects with 
rainwater – the starachowice forest District (photo by r. Zapłata)
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Identification of the nature of some objects based on surface studies, especially in the 
case of forest areas, is a separate issue. Visible concave forms may be the remains of 
workings, as well as the result of post-deposit processes, secondary processes and ones 
not related to the exploitation process resulting from the processes of ground collap-
sing – i.e. the so-called collapsing craters, formed in the places of former shafts. Unfor-
tunately, some objects are characterised by the lack of surface remains of exploitation 
process, remains of output and shredded raw material, which is mainly related to the 
specific forest environment. Literature on the subject distinguishes several types of 
mines and methods of exploitation of natural resources. Objects serving to acquire 
natural resources, such as flint, in prehistory are divided in the literature by the system 
of exploitation activities: (1) pit exploitation system – pit mines, (2) extensive under-
ground mining system – niche mines, (3) pillar deep mining system – pillar-chamber 
mines, and (4) deep chamber mining system – chamber mines (Borkowski 2000: 
140–154). Objects mentioned today are characterised by a specific surface form – the 
mining relief (more information in: Borkowski 2000), often legible during field exa-
mination, aerial photography, or laser scanning. In the above-cited publication, Paweł 
Król and Jan Urban distinguish morphological types of traces of old mining which 
involve the exploitation of raw materials (ores of copper, zinc and iron) in the Middle 
Ages (for the areas of Miedziana Góra and the Ławęczna hill in the Świętokrzyskie 
Voivodeship). 

Photograph 9. remains of the shaft hole of the “henry” mine – the starachowice forest District  
(photo by r. Zapłata)
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Researchers distinguish five types of surface remains of historic mining, for which we 
find similarities in the research area: 

1st type of post-mining forms – “shaft holes of the shape of an inverted cone, pointed 
or rounded at the lower end and of a diameter of 4-16 metres (typically above 8 m) 
[...]. Heaps surrounding such conical holes are in the shape of embankment of about 
or over 2 metres, with a flat horizontal upper surface and steep slopes. In individual 
cases, such heaps are not accompanied by shaft hollows which were completely filled 
up. The shape and size of holes reflect considerable horizontal dimensions and depth 
of shafts, whereas the size of heaps indicates that they were formed as a result of explo-
itation with the use of the pillar mining system (aimed at acquiring material of high 
volume). Therefore, these objects constitute the remains of exploitation in the 19th 
century (possibly at the end of the 18th century) and exploration carried out in the 
20th century which can be identified from the workings marked on old mining plans” 
(Król, Urban 2003: 21–22);

2nd type of post-mining forms – “objects (morphological forms) of smaller sizes and 
different shapes [...]. These are pits of 3-8 m in diameter; they are 1-3 m deep, and 
most often have a rounded bottom. The pits are accompanied by heaps most often 
having the shape a rather low (approx. 1 m) embankment surrounding the pit like 
a ring. Some of these objects are strongly levelled, i.e. they have shallow pits surro-
unded by very low (though usually visible) rings of heaps. Described forms are the 
traces of exploitation conducted with the use of the multi-shaft system, and there-
fore of ore mining (copper and zinc ores) older than from the 19th century, or 
possibly the remains of shallow exploitation of limonite ores of iron cap” (Król, 
Urban 2013: 22;

3rd type of post-mining forms – “quite numerous small (3-4 m in diameter) and some-
times conical pits not accompanied by heaps [...]. These pits certainly include collap-
sing craters formed in the places of collapsed shafts or other underground mining 
workings. However, they may as well be the traces of opencast exploitation of rock 
minerals or some other, non-mining human activity” (Król, Urban 2013: 22–23);
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4th type of post-mining forms – this type includes “pits on the slopes of hills, which 

resemble small and larger slope rock quarries of not always explicit origin” (Król, 

Urban 2013: 23);

5th type of post-mining forms – “other artificial forms of the area morphology which 

do not fall within any of the remaining groups. Some of them are the remains of mi-

ning which have been heavily modified by subsequent human activity [...]. It is indi-

cated by the rock material present in their proximity, which is identical with the ma-

terial encountered on mining heaps. Some objects may represent pits formed as a re-

sult of the tightening of underground workings” (Król, Urban 2013: 23).

Literature on the subject also pays attention to changes in mining techniques, particu-

larly in the methods of extracting ores, which are found by us in the history of the 

region associated with Starachowice. The simplest method consisted in the exploita-

tion through the so-called pits – approx. 2-metre deep holes from which output was 

thrown out until the walls began to slide. 

It is worth noting that the medieval mining was also characterised by the extraction of 

raw material from sites exposed naturally as a result of the activity of water or natural 

erosion (in Polish: smugi). No objects of this type were identified in the research area, 

but proper names existing in the research area – Sarni Smug, Czarny Smug, Długi 

Smug, or Gęsty Smug – may be a trace of this historical form of exploitation. 

Quarries are a separate issue discussed in the literature on the subject. They are sites of 

extracting stone raw materials, and a type of surface workings, which should also be 

associated with the region. This problem was more broadly discussed in relation to the 

Middle Ages and Lower Silesia by Ewa Lisowska, who presented, among others, me-

thodological issues of the identification of such objects as well as the issues of historical 

mining technology (Lisowska 2011 – more detailed references to be found there). 
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il. 12. visualisation of shaded DtM – sarni smug in the area of the ostrowiec Świętokrzyski forest District 
(source: ibL/fcg) 

In the later period, the “pits” were replaced by larger mining holes, and these, in turn, 

were replaced by shaft mines, i.e. objects with galleries and structural elements made 

of wood and brick. In the research area as well as in the neighbourhood of Staracho-

wice, we observe the occurrence of the majority of mines which operated from the 

Middle Ages to the present day. Some of these objects are characterised by the occur-

rence of several types of old workings, and some are dominated by one of their kind. 

The literature on the subject also mentions objects being the remains of the gutter ore 

mining and exploitation in the so-called ore pits or trenches, which have not yet been 

identified in the research area (Orzechowski 2013: 41–44). 

Photograph 10. Debris on the territory of former exploitation of natural resources (iron ores ?) –  
the starachowice forest District (photo by r. Zapłata)
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Individual clusters of workings were located near the town of Henryk, in the southern, 
western, south-eastern part, adjacent to the eastern edges of forest areas, as well as 
north of the town – e.g. objects with preserved and visible elements of brick structure. 
Smaller clusters of oval, concave objects with poorly preserved surrounding embank-
ment are one of the southernmost objects in the area of Henryk. Other post-mining 
objects located on the NW-SE line in the eastern part of the research area include the 
remains of several well-known, already inactive opencast mines: the limestone mine, 
Strzelnica, Władysław, Kutery, Wierzbeczki, Klepacze, Doły Kamienne and Sadłowi-
zna. A separate cluster of probable remains of old workings was identified in the vici-
nity of Staw Kunowski. A number of other sites and objects resembling old workings 
were also located during the research, but due to the lack of many features and poor 
legibility in the field, they have not been recorded as objects of former exploitation at 
this stage. Analysing the materials gathered, it could be stated that most of the objects 
are associated with the exploitation of iron ores. It should be noted that due to the 
specific nature of the region which is characterised by ore mining, as well as on the 
basis of field observations, at the present stage, most objects are to be associated with 
the exploitation of ores in historic times, but not excluding the interpretation of some 
workings as the remains of older exploitation aimed at the acquisition of other raw 
materials. 

Photograph 11. oval pits in the area of former exploitation of natural resources –  
the starachowice forest District (photo by r. Zapłata)
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Clusters of workings in the vicinity of the town of Henryk – general characteristics of 

individual groups:

1.  Group of objects located in the forest area (like all others). Objects are situated on 

the NW-SE line, at a length of over 500 m, in a belt which is over 60 m wide. 

Workings were located on the right side of the road leading to the buildings of 

Henryk-Szyb, approx. 500 m south of the said buildings.

il. 13. visualisation of shaded DtM – remains of oval objects associated with the exploitation of natural resources 

– the starachowice forest District (source: ibL, fcg)

2.  Two groups of clusters of objects located next to the road leading from Lubienia to 

Starachowice, west of the “Henryk” mine. Groups of objects extending over a 

length of about 400 m each, with up to 30 m wide mining relief. Heavily damaged 

groups of objects – partially levelled. Objects are located along the NW-SE line.
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il. 14. visualisation of shaded DtM – remains of oval objects associated with the exploitation of natural resources 

on the road leading from Lubienia to starachowice, west of the “henryk” mine – the starachowice forest District 

(source: ibL, fcg)

3.  Groups of several dozen clusters (12 in total, including the Henryk mine) adjacent to 

former workings of the Henryk mine. Cluster immediately adjacent to the Henryk 

mine, extending along the NW-SE line – with a length of up to approx. 3 km, merging 

with two smaller clusters in the eastern part. In the SE part, further groups of clusters of 

workings were located (9 in total), extending along the N-S line on the length of up to 

2.5 km. In some places, the width of these groups exceeds 120 m.

il. 15. visualisation of shaded DtM – remains of oval objects associated with the exploitation of natural 

resources, the “henryk” mine – the starachowice forest District (source: ibL, fcg)
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4.  Two groups situated parallel to each other and to the Henryk mine, and approx. 
500 m away from the latter. Remains of workings extending over a length of ap-
prox. 500 m and over 600 m, with up to 70 m wide mining relief.

il. 16. visualisation of shaded DtM – remains of two clusters of oval objects associated with the exploitation  
of natural resources – the starachowice forest District (source: ibL, fcg)

5.  Three groups of less numerous objects: first – NW of the above-mentioned groups, 
approx. 700 m apart, on the NW-ES line; second - to the SE of the above-mentio-
ned groups, approx. 300 m from their edge, with scattered objects – clusters inclu-
de approx. several dozen objects.

il. 17. visualisation of shaded DtM – remains of oval objects associated with the exploitation of natural resources 
– the starachowice forest District (source: ibL, fcg)
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6.  Group of more than twenty objects located approx. 1 km NE of the town of Połą-
giew. Cluster of oval pits of regular diameter. Diameter of objects approx. 5-10 m. 
Cluster extends along the SW-NE line at the length of approx. 150 m – in a band 
which is up to 35 m wide. 

il. 18. visualisation of shaded DtM – remains of oval objects associated with the exploitation of natural resources 
– the ostrowiec Świętokrzyski forest District (source: ibL, fcg)

7.  Group of objects with visible elements of brick entrance located approx. 800 m 
north from the edge of the “Henryk” mine, at a distance of approx. 800 m from the 
road leading from Lubienia to Starachowice. Objects extend along the slope of a 
hill, along the W-E line, at a distance of approx. 300 m and a width of 30 m.
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Photograph 12. fragments of brick lintel - likely the entrance to the gallery(?) –  

the starachowice forest District (developed by r. Zapłata)

il. 19. Distribution of sites of exploitation of natural resources identified on the basis of the aLs/isoK data  

and positively verified (developed by r. Zapłata)
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Linear objects / remains of roads and forest tracks related to silviculture – altogether 

28 objects out of a total group of 840 were identified and documented in the field. No 

chronology has been determined for this type of objects; they have been recorded as 

unspecified. Based on some information and the co-occurrence in the same area with 

the above-mentioned objects (charcoal piles), it can be assumed that they were created 

and operated in a similar time frame.

Photograph 13. fragment of a linear object - remains of a road / forest tract associated with silviculture –  
the starachowice forest District (photo by r. Zapłata)

The objects discussed are mostly concentrated in an over 3 km wide belt, extending 

along the NW-SE line, at a length of over 11 km. A distinctive structure – elevation 

of the ground with trenches running parallel along the object, usually approx. 5 m 

wide. The length of these objects varies from a dozen to several hundred metres. Ob-

jects have different orientation, and it is believed that their distribution is associated 
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with adaptation to local conditions in the past. The height of the central elevation 

(hump) in some places exceeds 50 cm, but most of these objects are significantly level-

led, which hinders their observation and identification. 

il. 20. visualisation of DtM exposed to processing based on the hill-shading function.  
example of potential remains of linear objects associated with silviculture. source: ibL

 

il. 21. visualisation of DtM exposed to processing based on the hill-shading function.  
top left: example of potential remains of objects associated with silviculture.   

top right: 2.5D visualisation of potential remains of the above-mentioned objects. bottom: cross-section.  
source: ibL
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il. 22. Distribution of linear objects indicated for field verification and partially identified –  
likely forest tracts and roads associated with transport of natural resources (developed by r. Zapłata)

The next group of objects includes oval, concave, several metres long forms, occurring 

separately or in groups. Pits of various dimensions ranging from a few/several centi-

metres to over 1 metre. These objects have been assigned to the set of unspecified ob-

jects. 

il. 23. visualisation of DtM exposed to processing based on the hill-shading function.  
example of visualisation of unspecified pits occurring in groups. source: ibL
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During field work, tree sites to be associated with the Stone Age have also been iden-
tified in the research area. The  movable monuments found occurred: (1) in the exposed 
(agricultural) in the western part of the study area (chip flint – the younger Stone Age), 
(2) a forest area (harvested area), where discovered, among others, flint flake with retouch 
edge, (3) as well as in exposed field area in the forest, two cores of flint, made in the 
Levallois technique (chocolate flint) from the stone age - middle Palaeolithic (consul-
tation prof. J. Libera and Mr. A. Olszewski ). 

il. 24. flint chip (striped flint) – the neolithic era / the bronze age (developed by a. olszewski).

Several sites were also identified where the remains of modern settlement were discov-
ered. Fragments of ceramic vessels serve as the basic material defining these sites. Frag-
ments of slags were recognised, as well, for which, however, no closer chronology is 
known. Furthermore, the researchers identified and verified in the field remains of a 
building – the so-called “Murowanka” inn, located at the fork of forest roads in the 
north-eastern part of the research area.

Photograph 14. fragments of ceramic vessels occurring within the remains of the so-called “Murowanka” inn – 
the starachowice forest District (photo by r. Zapłata)
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Unspecified objects – several objects were identified and documented, whose function 
cannot be determined on the basis of collected data and site inspection. This type of 
objects was also designated for further verification.

The above list of objects identified and inventoried during the study does not include the 
entire set of objects, nor their full characteristics, which will be the subject of separate 
papers. The following attempt to present their interpretation from the archaeological and 
historical perspective of the region complements the characteristics of discovered objects.

3.  cuLturaL heritage in the Light of the Laser Discoverers 
Project – eXaMPLes of inventorieD objects of historicaL 
interest anD an atteMPt to interPret theM froM a WiDer 
PersPective

Archaeological discoveries, also those conducted with the use of non-invasive studies, 
significantly complement research on the cultural and anthropogenic landscape of the 
past. Material remains occurring in mass numbers and wide territorial range may refer 
to the phenomena which played an important role in the daily life of inhabitants of 
the region examined. On the other hand, the location of important individual objects 
may be a reference to historical events, often associated with armed conflicts (upri-
sings, guerrilla warfare, frontline route).

The inquiry carried out for the research area indicates that both of these categories of 
objects are present. In quantitative terms as well as in terms of the frequency and ran-
ge, objects related to human economic activity dominate in the area. From the very 
beginning, these studies emphasise the role and importance of the broadly understood 
silviculture in the everyday life of inhabitants of the research area. The above-mentio-
ned “broad understanding” of silviculture results from a completely different role and 
function served by compact forest complexes in the Middle Ages and Modern Times 
(until the 19th century), compared to the present situation, when forest in the general 
perception is mainly associated with timber economy. At the same time, it should be 
remembered that archaeological inquiry (especially non-invasive study) must be sup-
plemented by information concerning the status of research conducted in various 
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fields, including archaeology, history, metallurgy and geophysics, which is well reflec-
ted in the main studies devoted to the archaeology of these areas written by Kazimierz 
Bielenin and Szymon Orzechowski.

Charcoal piles

As many as approx. 5 thousand different types of potential remains of charcoal piles were 
identified in the research area. Production of charcoal was important for many aspects of 
human life (from the issue of preparing food to the steel industry) since antiquity. In the 
steel industry, charcoal was the main fuel until mid 18th century, and even the introduc-
tion of new manufacturing techniques changed little in this regard (Orzechowski 2013: 
65). The main element which influenced the nature of economic exploitation of forests 
between the Kamienna river and Iłża were deposits of minerals, mainly metal ores: iron, 
manganese, copper, zinc and lead, occurring in the Świętokrzyskie region. Iron ores were 
of particular importance for the economic development of the area, as they were extracted 
there since antiquity, in the Middle Ages and the modern period. In the context of ge-
neral overview of the development of mining and metallurgy in the Świętokrzyskie re-
gion, selected research area was located just north of the main mining centre (triangle: 
Łysogóry, Pasmo Jeleniowskie, Kamienna river) – according to recent studies, the belt on 
the southern edge of the forests of Starachowice constituted the northern border of the 
Świętokrzyskie metallurgical centre (Orzechowski 2007: 123). 

Any contact of areas north of the Kamienna river with major metallurgical centres in 
the Świętokrzyskie Mountains can already be related to antiquity (the Early Roman 
Period). It is worth mentioning the findings of Roman coins recorded in the towns 
Nietulisko Duże and Nietulisko Małe located just south of the research area (Orze-
chowski 2007: 114, 128). On the maps attached to papers devoted to the history of 
mining and iron industry, the research area is considered a part of the range of the 
ancient mining of the Świętokrzyskie region (Zieliński 1965: 67; Bielenin 1992: 12). 
In the absence of field studies and excavations in the forests of Iłża, it is only possible 
to use analogies and knowledge from the studies conducted by teams led successively 
by Mieczysław Radwan, Kazimierz Bielenin and Szymon Orzechowski in the areas 
located south of the Kamienna river.
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Forest areas located between Iłża and the Kamienna river, east of Starachowice, were 
undoubtedly a very important fuel supply base for the growing iron industry in the 
area. At the same time – according to the analyses of Szymon Bielenin – the examined 
area was free from ironworks of the Old Polish Industrial Region, which may indicate 
that the main economic exploitation of forests located south of Iłża began only in the 
19th century, or that burned charcoal was transported to the south west, where the 
main centre of metallurgy in the Świętokrzyskie region was situated or to the areas near 
Mirzec, Tychów and Jasieniec, where bloomery stations were also located (the occur-
rence of iron slag) (Bielenin 1992: 10–123; Orzechowski 2007: 33). It is worth noting 
that research concerning the Iłżeckie Foothills and the forests of Starachowice in the 
context of development of ancient metallurgy was proposed by Szymon Orzechowski, 
who also suggested to treat this area – despite some associations with the economic 
complex of the Świętokrzyskie Mountains and the Świętokrzyska Upland – as a “sepa-
rate economic entity”. Additionally, he stated that “it is not known for certain what can 
be found in the forests of Siekierzyn and Starachowice” (Orzechowski 2007: 13, 114). 

Szymon Orzechowski made an attempt to reconstruct the original forest cover “as a 
fuel supply base for ancient metallurgy in the Świętokrzyskie region”. He proposed a 
thesis, undoubtedly a correct one, that the location of steel industry and raw material 
supply base is closely correlated. In his opinion, “making use of raw material located 
at such a considerable distance (from a few to over 20 km) would be unjustified” 
(Orzechowski 2007: 178-191). This statement suggests that both the location of ore 
workings as well as production facilities (bloomeries, forges) should be associated with 
the vicinity of discovered charcoal piles. Distance measurements indicate that it is 
possible to propose a thesis that the charcoal piles discovered in the forests of Iłża and 
Starachowice confirm that these forests could serve as a raw material supply base not 
only for metallurgical centres near Mirzec, Tychów and Jasieniec, but also for the iron-
works of the Old Polish Industrial Region of the Kamienna river valley (from Stara-
chowice to Ostrowiec). Such opinion would to some extent correct the above-mentio-
ned view on the “separate economic activity” north of the Kamienna river. Forests 
located north of the Kamienna river were likely to provide fuel for metallurgical cen-
tres situated in the northern part of the Old Polish Industrial Region. It is partially 
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confirmed by the lack of traces of coal production in the vicinity of the examined 
metallurgical stations of the Przeworsk culture. Szymon Orzechowski attributes this to 
the status of research, but the location of charcoal piles at some distance from the 
bloomery stations can also be assumed. The risk caused by the location of charcoal 
piles resulted in moving the production of charcoal to a safe distance from settlements, 
bloomeries and forges (Orzechowski 2013: 67).

The above-mentioned theses are confirmed by the analysis of the map of Maksymilian 
Strasz, Karta położenia Zakładów Górniczych Rządowych w Królestwie Polskiem. Okręg 
Wschodni [Location of the State Mining Plants in the Kingdom of Poland. Eastern Region], 
scale approx. 1:126 000 (Wójcik: 3), and the list concerning the use of forests of the 
Starachowice plants featured in the study of Franciszek Krzeszowski (Krzeszowski: 166).

table 1. forests of the starachowice Plants in 1675 (Krzeszowski: 166)

Area
Type  

of wood

Mass of trees in the 
area estimated  

in the forest stand

Annual use  
in the railway industry

chop-
ped

not  
chopped

90  
years old

100 
years old

120 
years old

usable 
wood, 

cut 
wood, 
logs

branches, 
stump- 
wood,  

dry twigs

fathoms 
of 85.75 

cubic 
feet

fa-
thoms

100 feet

D. Jasieniec
coniferous 

trees
48,658 11,769 2,426 2,089 1,815

E. Błaziny
coniferous 

trees
95,673 19,162 3,506 3,117 2,713

F. Kruki
coniferous 

trees
72,715 17,900 2,880 2,420 3,111

G. Borsuki
coniferous 

trees
70,483 17,931 3,115 2,593 2,260
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I. Lipie
birch, coni-

fers, oak
40,144 6,632 1,951 1,655 1,464

K. Ruda
pine, birch, 

oak
70,406 10,200 3,396 2,968 2,936

L. Lubienia
conifers, 

oak
50,167 9,574 2,506 2,128 1,898

M. Kutery pine, oak 78,981 19,022 3,374 2,891 2,563

N. Klepacze
pine, birch, 

oak
55,427 9,748 2,596 2,213 1,970

O. Fryzel
pine, birch, 

oak
55,814 14,006 2,552 2,158 1,855

P. Myszki
pine, birch, 

oak
59,543 13,543 2,693 2,264 1,988

R. Połągiew pine, birch 40,206 8,027 2,024 1,679 1,475

As results from the onomastic analysis of terminology recorded on maps originating 
from the 18th century, especially on the map of Karol Perthées of 1791, there was 
another important branch of production in the forests of Iłża. It notes seven settle-
ments which in the Polish language are called Maziarze (from Polish maź - a tar-like 
substance), including Maziarze Iłżeckie and two times Maziarze Kunowskie. Although 
the most common type of charcoal piles was intended for burning charcoal, their se-
cond type is also known – one intended for the production of birch tar, tar and tur-
pentine (smokehouses). The method of production of charcoal and tar substances 
(birch tar, wood tar) was similar, but the wood material used (dry birch bark, resin 
pine wood, the so-called stumpwood) was different.

Literature on the subject describes two types of charcoal piles used to produce charcoal: 
ground and pit charcoal piles. Szymon Orzechowski states that “the analysis of coal 
production objects found in the Świętokrzyskie Mountains as well as on some Silesian 
sites showed that they represent rather a transitional form between the pit charcoal 
pile and ground charcoal pile”. A cone-shaped pile of wood, surrounded by a “tire” of 
leaves, turf and soil, was placed in a round pit. Giving the examples of descriptions of 
charcoal pile construction from different historical periods and different parts of Eu-
rope, Orzechowski also states that there was a common technical idea for this kind of 
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production, which had not changed since ancient times to the 19th century. The most 
characteristic charcoal piles in the territory of the Świętokrzyskie Mountains are con-
cave, circle-shaped objects with a diameter of up to 3 m, and up to 1.2 m deep (cylin-
drical, curved, stepped, shaped like an inverted cone) (Orzechowski 2013: 65–72; 
Bielenin 1992: 154–164). Numerous objects of circular shape discovered in the rese-
arch area have a much larger diameter, which may indicate their subsequent dates of 
origin. The volume of the charcoal pile stack could be varied, as it depended on local 
practices and current needs. Discovered objects classified as charcoal piles of approx. 
12 meters in diameter indicate very large hearths in the research area. It should also be 
noted that these objects quite significantly differ from those known from the study of 
charcoal piles located in the vicinity of bloomeries carried out by Kazimierz Bielenin 
and Mieczysław Radwan – there were only dark spots on the sites in Stara Słupia (Bie-
lenin 1959: 467-472; Radwan 1959: 473-476 ). The book entitled Sztuka węglarska 
[The Art of Coal Production] by Duhamel du Monceau, published in the Polish langu-
age in 1769, informs that “a worker makes circles for furnaces, and if they want to 
make large furnaces, they measure off eight units in diameter, and less in the case of 
smaller furnaces” (Duhamel du Monceau 1769: 18). 

il. 25. Palenie Węglów [burning coals] (Duhamel Du Monceau 1769).
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Unknown linear objects

The biggest doubts are raised by a series of linear objects discovered as a result of ana-
lysis, which is very difficult to interpret without excavations. Certain analogies can be 
found with other coal production objects described recently by Szymon Orzechowski 
– hearths with stones which formed characteristic linear arrangements (Orzechowski 
2013: 71). 

Similarity of this objects to auxiliary objects accompanying metallurgical production 
is also possible. These were piles of roasted ore, which had a circular or an oblong 
shape. One of such oblong roasted ore formations was found on the northern slope of 
Łysa Góra – it was an 80 cm deep elongated pit of 2×1.2 metres. The oblong shape 
rather excludes the fact that they are the so-called furnace cavities, as they were usual-
ly spherical (Bielenin 1992: 131–133). 

It is less likely, but also possible, that the interpretations of unknown linear objects 
may indicate the sites of extraction of iron ores by ore miners. Despite the lack of re-
cords and detailed archaeological studies, it appears that the extraction of iron ores 
took place with the use of opencast methods (the mine in Rudki is probably an excep-
tion). The case is hindered by the difficulties in dating and the fact that a large part of 
workings may be associated with the modern phase of extraction (18th/19th century) 
(Orzechowski 2007: 163, 176). 

The most probable interpretation of so many linear objects in the research area, howe-
ver, is that they are some smaller or larger fragments of old roads and tracts for the 
transport of wood and charcoal. Given that the forest area was often swampy, the 
embankments observed could play such a role. 

The descriptions of charcoal production, both in the aforementioned French source 
(Duhamel du Monceau) as well as in Wykład praktyczny węglarstwa stosowanego [Prac-
tical Lecture on Pile Coal Production] by Juliusz Brinken of 1825 mention both the 
transport of timber to charcoal piles and the need for the transportation of manufac-
tured charcoal to bloomeries or other metallurgical facilities.
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il. 26. excerpt from j. brinken’s work entitled Wykład praktyczny węglarstwa stosowego [Practical Lecture on Pile 
coal Production] (Warsaw 1825) on the transport of charcoal: “After taking all the coal away from the pile, 

it should be transported to the place of destination as soon as possible. This transport takes place in baskets, 
based on the number of which the amount of produced coal can be estimated. When loading these baskets, 

charcoal burners should be careful not to load any smouldering coal. The baskets should be covered with straw  
in order to prevent the coal from exposure to air and rain. Despite these precautions, coal in the cart sometimes 

ignites, so the driver should always have a bucket of water”.

Just as Szymon Orzechowski studied links between the residential and economic zone 
(steel mills, smelting sites), it should be considered to carry out studies of the zone of 
raw materials (charcoal), mining (ore mines), metallurgy (bloomeries), settlement 
(housing) and the probably connected industrial zone (blacksmith’s shops).

Sites of exploitation of natural resources – mines

The above-described link between charcoal production and the melting of iron ores, 
and possibly of other minerals, is supported by finding several objects in the research 
area which can be interpreted as mines. The most popular ores in the Świętokrzyski 
region, which were the basis of local steel industry, include hematite (red ironstones), 
siderite and limonite (brownish ironstones), very often with an addition of flint (Ra-
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dwan 1963: 22-23). The classification of ores with an indication of their location by 
Józef Osiński originating from the end of the 18th century describes the ore present 
in the studied region as follows:

Reddish ore, exploited on the sixth fathom; does not spread 
over a large area, but is not small either. Water interferes 
with its extraction; the ore is light, and when it is mixed 
with another ore, good iron is formed. The last ore is situated 
in the Sandomierskie Voivodeship, in the property of the Ci-
stercians of the Wąchock Monastery, near a village called 
Marcinków; in the village there is a bloomery in which the 
ore is melted. The said ore can also be found in Brody [Ruda 
Bród – author’s annnotation], a village belonging to the 
Communists of Kielce, as well as near Chybice in the San-
domierski Poviat, from where the ore is transported to the 
bloomery called Stryków (Osiński 1782: 34–35).

Deposits of limonite (brownish ironstones) are located mainly on the left side of the 
Kamienna river, stretching in a form of a belt leading through Jastrzębie, Mirów, Ty-
chów, Ostrowiec, Bodzechów and Ćmielów, and they determined the mining and 
metallurgical development of the area (Krzeszowski: 4–5).

A detailed analysis of natural resources for metallurgy in the Świętokrzyskie region was 
conducted by Szymon Orzechowski in his monograph. Thorough studies, also regar-
ding the mining technologies, were carried out in the Staszic mine in Rudki near 
Święty Krzyż, where traces of hematite mining can still be found. In general, it can be 
assumed that extraction was performed with the opencast mining method (outcrops, 
subsurface layers). These were usually simple pits, the so-called ore holes, with a depth 
of up to several metres. Continuous open pits were also used, and they were filled up 
after the completion of extraction. Little is known about the sizes of mine shafts. On 
the site in Szeligi, a 4.6×5.7 m cavity was discovered with a depth of 2.5 m, whose 
shape was similar to a funnel. It is believed that it was a so-called ore hole (Orzechow-
ski 2007: 147-163). The monograph by Hieronim Łabęcki of 1841 devoted to mining 
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and metallurgy in Poland refers to this type of workings as rudokopy [ore digging holes] 
(Łabęcki 1841: 34).

The exact date of the beginnings of iron ore mining, and thus of metallurgy, in the 
region is unknown, but it certainly dates back to antiquity. The extraction of iron ores 
in the Middle Ages and in the Modern Times was not the task of regalia, but was 
performed by private individuals and the clergy – the Cistercians of Wąchock were 
granted a privilege by Bolesław the Chaste to search for mining deposits already in 
1249, whereas ironworks from the region are recorded in historical sources dating 
back to the 14th century (document of 1333) and to the 15th century (Liber benefi-
ciorum by Jan Długosz, the Wola Krzyżowa mine) (Krzeszowski: 11). In the keys of 
Iłża, Brody and Stara Ruda which were assigned by the Bishop of Cracow to the semi-
nary of Kielce conducted by the Apostolic Union of Secular Priests (Communists), 
bloomeries in Brody and Stara Ruda were created in the 18th century and operated 
until 1784. Then, with the consent of the archdeaconry of Kielce, the lessee of the 
bloomeries, Nowosielski, put up a large furnace and two forges in Brody (Łabęcki 
1841: 313–330). Franciszek Krzeszowski treats this as a revival of the ancient indu-
strial initiative of the Cracow bishops who already in the 16th century had a bloome-
ry and ironworks in the Krynki parish (Krzeszowski: 32).

The most important and also the largest object in the research area are the remains of 
the old Henryk ore mine. It belonged to the Old Polish Industrial Region which “was 
born from the mining and smelting of iron ores in the Roman times”. It was situated, 
like the “Majówka” mine, in the area of exploitation of loamy ironstone deposits, loca-
ted in the vicinity of Ostrowiec and Starachowice (Zieliński 1965: 128). It is clearly 
marked on the map by Maksymilian Strasz, Karta położenia Zakładów Górniczych Rzą-
dowych w Królestwie Polskiem. Okręg Wschodni [Location of the State Mining Plants in the 
Kingdom of Poland. Eastern Region.], scale approx. 1:126 000 (Wójcik: 3, cf. chapter 3).

This mine was established in the 19th century, at the time of the takeover of the steel 
industry in the Kingdom of Poland by the Polish Bank. According to study by Hieronim 
Łabęcki, the Henryk mine (or Tomkowski Smug, Brody) was founded in 1838. In 1840, 
the Ignacy gallery was constructed according to the design of the head of the Mining 
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Department at the Polish Bank, Aleksander Pollini (iron ore was melted in furnaces in 
Starachowice). The Henryk mine, probably like the remaining mines supplying plants 
in Starachowice, did not work in a continuous mode (“świątkówki” [holidays], i.e. nu-
merous breaks in work were arranged) (Łabęcki 1841: 380; Krzeszowski: 106, 161). 

Apart from the Henryk mine, already described in the literature on the subject, in the 
course of research other objects which can be identified as iron ore mines were disco-
vered, as well. 

il. 27. Presumable iron ore mines in the research area  
(on the basis of the map of the Military geographical institute of 1938)

They are younger and originate from the 20th century. They are located along the nar-
row gauge railway built from the beginning of the 20th century in order to provide 
both iron ore as well as charcoal to Starachowice. The route of the railway is visible on 
the maps of the Military Geographical Institute and in the post-war cartographic sour-
ces. On the research area, the railway lead south of the Lipie village, alongside the Dę-
bowa Góra and Łaziska elevations and reached the Zębiec ore mine (now a wooded 
area, narrow gauge railway siding in the north, only traces of the tracks remained) and 
the Lubienia-Strzelnica mine (also called Leopold, on the MGI marked with a mine 
sign next to Ruda, without a name). Other narrow gauge railway sidings lead from the 
main line in the direction of the Władysław, Kutery, Kutery II (including the timber 
store) and Klepacze mine. The Starachowice narrow gauge railway ended its course next 
to the Jaźwiny storehouse in the village of Bór Kunowski, just west of the Stefania ore 
mine, visible on the maps of the Military Geographical Institute (Cygan: 1–4).
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War trenches

Apart from the objects associated with the settlement and economic human activity, 
archaeological and archival inquiry shows the remains of acts of war which took place 
in the forests of Iłża and Starachowice. The border and disputable nature of the rese-
arch area (see chapter 3) certainly affected the armed conflicts which took place there 
as early as in the Middle Ages and in the modern period. However, as results from the 
interpretation of objects located in the eastern part of the research area, they should 
rather be associated with the events of the First and Second World War (Austrian and 
German trenches). 

il. 28. Location of potential war trenches in the research area  
(on the basis of the map of the Military geographical institute of 1938)

The war operations which took place in the forests of Starachowice and the resulting 
devastation are extensively described by Marian Langer in his monograph (Langer 

1993). The author mentions the devastation caused in the area during the First World 
War – cannon balls and armament pieces which can be found are the remains of these 
events. The trenches marked on the map are probably related to the siege in the au-
tumn of 1944 of the Iłżec troop commanded by Lt Wincent Tomasik. 

Historical sources mention German troops digging trenches along the road leading to 
Ostrowiec (Langer 1993: 300–301, 308). This was probably a part of the trenches 
which were to surround the Home Army troop and part of preparations for the battle 
of Piotrowe Pole which took place on 1 October 1944 (it was one of the greatest bat-
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tles fought by the Home Army on the land of Radom). The Germans occupied the 
forest area with a perimeter of 22 km – as estimated, with approx. 11,600 people (di-
vision). The origin of the remains of war trenches in the eastern part of the research 
area is less clear.



chapter 6

Conclusions
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Closing the publication and, at the same time, the work and research efforts of persons 
involved in the implementation of the “Laser Discoverers” project, let us first describe 
the direction of activities conducted which to some extent determine the research re-
sults. The analysis has clearly identified several types of historical objects which should 
be associated with the history of the industry, and also with the activities on the border 
of archaeology and history as well as within the so-called industrial archaeology. This 
situation also indicates some directions for future scientific and research, educational 
and popularising, and conservation initiatives in the region.

It will be certainly advisable to identify and catalogue post-mining objects (including 
with the use of geophysical methods), and later to secure them, with prior determina-
tion of the technical parameters, such as dimensions or depth. It is recommended to 
carry out studies continuing the identification of objects in the area, as well as to un-
dertake additional measurement work in the forest areas. Furthermore, it is desirable 
to identify the post-mining remains which include the areas (layers) of surfaces created 
from anthropogenic made grounds formed as a result of depositing excavated gangue 
and waste from the processing of metal ores. It also seems necessary to identify poten-
tial hazards associated with workings which were probably made (reinforced) with 
undurable (e.g. wooden) casing. It is recommended to perform a closer examination 
of the located objects, which requires archaeological research and sampling, among 
others, in order to determine their chronology and the nature of these objects. Note-
worthy is the recognition of the entire set of objects identified as charcoal piles, the 
indication of objects undergoing destruction, as well as taking the areas on which in-
tensive silviculture is performed under current observation. These objects are the basis 
for the examination and estimation of the amount of charcoal produced, the scale of 
use of wood, as well as the history of forests, taking into account the analysis of spe-
cies. It would be advisable to continue research on this area, along with further studies 
on the identified and catalogued objects, especially that the studies carried out should 
be treated as the first stage of work which has led to the identification and estimation 
of resources associated with the past of the forest areas between Starachowice and Iłża, 
and Ostrowiec Świętokrzyski.
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Based on the results of research and a number of advantages connected with the use of 
ALS in the identification of historical objects, it is recommended to use ALS in further 
research and cataloguing activities on the remaining, neighbouring areas of the region 
researched. It is understandable to include the acquired data on cultural resources to 
the State Forests database, as well as to proceed to develop a common strategy for the 
protection of cultural and environmental assets, and to take the above-mentioned in-
formation into account in the management and planning of forest areas. Moreover, it 
seems advisable to perform conservation of selected historical sites and adapt them to 
museum and tourist purposes. Further identification and cataloguing of historical ob-
jects, especially mine workings, should contribute to the evaluation of geotechnical 
conditions of the foundation of objects, as well as serve as an important element in the 
management of forest resources and planning in forest areas. There is a concept having 
the nature of a proposal, consisting in the establishment of a landscape park in the re-
search area, which will capture the rich geological, biological (mainly forest), and the 
historical and cultural heritage. Research on the intangible heritage of the region which 
complies with the initiatives undertaken, among others, by the Museum in Staracho-
wice will certainly complement the previous studies on the material heritage. Such di-
rection of past research work will enable the preservation and recording of intangible 
remains which are, among others, associated with the mining activities in the area. 
Determining research proposals for the future, it is worth noting that the strategy for 
the protection of historical objects and objects of nature on forest areas should take into 
account the ALS measurements and ISOK data, which guarantees the improvement of 
identification, assessment and monitoring of the above-mentioned resources. 

Results of the work performed so far as well as the scope of geodata collected are the 
basis for further more insightful research into the past of the region, which goes bey-
ond the framework of the implemented project. 

Summing up, it should be stated that the cooperation of representatives of different 
communities – foresters, geo-information specialists, archaeologists and historians, 
with a strong social support, has set a new and unconventional form of actions for the 
cultural heritage, and also confirmed (with the use of ALS) the potential of non-inva-
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sive methods in research on the borderland of history and archaeology, as well as in 
detection and cataloguing of historical monuments of industry and mining, and ar-
chaeological objects. 

It should also be noted that the promotion of historical heritage in the form of citizen 
science disseminates knowledge in an excellent way and can be successfully applied to 
other areas and in relation to other cultural resources.



references



168

Laser dIscoverers

3D Laser Scanning for Heritage. Advice and guidance to users on laser scanning in archaeology and archi-
tecture, 2011 – http://www.english-heritage.org.uk/publications/3d-laser-scanning-heritage2/3D_
Laser_Scanning_final_low-res.pdf [accessed on 01.09.2014].

Adamczyk M., Pastuszka S., 1984, Starachowice zarys dziejów, Warszawa.

Adamczyk S.J., 2004, Gospodarka i społeczeństwo województwa sandomierskiego w latach 1815–1830, 
Kielce.

Affelt W., 2001, Archeologia przemysłu. Memorandum w sprawie dzieł techniki, przemysłu i inżynierii. 
O dziedzictwie postponowanym na przykładzie mostu Lisewskiego w Tczewie, [in:] Materiały z IV FORUM 
KONSERWATORÓW Społeczne Zagrożenia Dóbr Kultury, Międzynarodowe Targi Pomorza i Kujaw, 
[ed.] J. Świetlik, Toruń, pp. 145–191.

Affelt W., 2012, Wartościowanie dziedzictwa techniki: rozpoznawanie, interpretacja, zachowanie, [in:] War-
tościowanie w ochronie i konserwacji zabytków, [ed.] B. Szmygin, Warszawa–Lublin, pp. 7–16.

Archeologia przemysłowa w Polsce, 2012, [ed.] S. Januszewski, vol. 1–3, Wrocław.

Arnold S., 1927, Terytorja plemienne w ustroju administracyjnym Polski piastowskiej (w. XII–XIII), “Prace 
Komisji dla Atlasu Historycznego Polski”, vol.  2, Kraków.

Arnold S., 1931, Podziały administracyjne województwa sandomierskiego do końca XVIII wieku, „Pamiętnik 
Świętokrzyski”, [ed.] A. Patkowski, Kielce.

Arnold S., 1951, Geografia historyczna Polski, Warszawa.

Bakuła K., Ostrowski W., Zapłata R., [in press], Automatyzacja w procesie detekcji obiektów archeolo-
gicznych z danych ALS, “Folia Praehistorica Posnaniensia”, vol. 18.

Balcer B., 1983, Wytwórczość narzędzi krzemiennych w neolicie ziem Polski, Wrocław–Warszawa–Kraków–
Gdańsk–Łódź.

Baltsavias E., 1999a, Airborne laser scanning: existing systems and firms and other resources, “ISPRS Journal 
of Photogrammetry and Remote Sensing”, vol. 54, pp. 164–198.

Baltsavias E., 1999b, Airborne laser scanning: existing systems and firms and other resources, “ISPRS Journal 
of Photogrammetry and Remote Sensing”, vol. 54, pp. 83–94.

Bałazy R., 2013, Numeryczny Model Terenu w praktyce leśnej, [in:] Geomatyka w Lasach Państwowych. 
Część II. Poradnik praktyczny, [ed.] K. Okła, Warszawa 2013, pp. 123–138.

Banaszek Ł., Rączkowski W., 2010, Archeologia w lesie. O identyfikacji stanowisk archeologicznych w gminie 
Polanów (i nie tylko), [in:] Historia i kultura Ziemi Sławieńskiej, vol. 10: Miasto i gmina Polanów, [ed.] 
W. Rączkowski, J. Sikora, Sławno–Polanów, pp. 117–131.

Baranowski P., Czajkowski K., Gładki M., Morysiński T., Rzońca A., Szambelan R., 2005, Polish expe-
rience with advanced digital heritage recording methodology, including 3D laser scanning, CAD and GIS 
application, as the most accurate and flexible response for archeology and conservation Leeds At Jan III 
Sobieski’s Residence in Wilanów (Warsaw), VI International Congress on Laser in the Conservation of 
Artworks, Vienna.

Barciński F., 1931, Geografja gospodarcza województwa kieleckiego, Kielce.



169

references

Bąbel J.T., 1975, Zniszczenia, badania i ochrona rezerwatu w Krzemionkach, “Wiadomości Archeolo-
giczne”, vol. 40, pp. 149–177.

Bąbel J.T., 1999, Z dziejów poznania kopalń krzemienia pasiastego w Krzemionkach koło Ostrowca Święto-
krzyskiego, “Rocznik Muzeum Historyczno-Archeologicznego w Ostrowcu Świętokrzyskim”, vol. 2, 
pp. 87–121.

Bennett R., Welham K., Hill R., Ford A., 2012, A comparison of visualization techniques for models created 
from airborne laser scanned data, “Archaeological Prospection”, vol. 19, pp. 41–48.

Białkowski A., 1928, Pokład rudy żelaznej w ziemi Radomskiej i północnej części ziemi Kieleckiej, Dąbrowa 
Górnicza [a copy from “Przegląd Górniczo-Hutniczy”] – http://sbc.wbp.kielce.pl/dlibra/plain-con-
tent?id=17736 [accessed on 01.09.2014].

Bielenin K., 1959, Starożytne mielerze świętokrzyskiego hutnictwa żelaza, “Kwartalnik Historii Kultury 
Materialnej”, vol. 7, no. 3, pp. 463–472.

Bielenin K., 1962, Łysogórski okręg górniczo-hutniczy w okresie wpływów rzymskich, [in:] “Rocznik Święto-
krzyski”, no. 1, [ed.] J. Pazdur, Warszawa–Wrocław–Kraków.

Bielenin K., 1990, Stanowiska górnicze rud żelaza z około XIX wieku, Kraków.

Bielenin K., 1992, Starożytne górnictwo i hutnictwo żelaza w Górach Świętokrzyskich, Kielce.

Bielenin K., 1998, Pozostałości robót górniczych z wydobycia ród żelaza w XIX w. występujące na południu 
od Ostrowca Św., [in:] Państwowe Przedsiębiorstwo Górniczo-Hutnicze w Zagłębiu Staropolskim 1789–
1989, dziedzictwo i zadania, Kielce–Sielpia, pp. 58–71.

Bielenin K., 2002, Kilka dalszych uwag dotyczących starożytnego hutnictwa świętokrzyskiego, [in:] Hut-
nictwo świętokrzyskie oraz inne centra i ośrodki starożytnej metalurgii na ziemiach polskich, [ed.] 
Sz. Orzechowski, Kielce. 

Bielenin K., 2005, Starożytne hutnictwo żelaza w rejonie Starachowic i doliny rzeki Kamiennej, [in:] 
Wybrane zagadnienia z pradziejów i średniowiecza środkowego dorzecza Kamiennej: materiały konfe-
rencji, Starachowice, 23.09.2005, Starachowice, pp. 17–30.

Bobiński K., 1939, Centralny Okręg Przemysłowy, Warszawa.

Borkowska M., 1999, Z dziejów opactwa cystersów w Wąchocku, Kielce.

Borkowski W., 2010, Metody badania system zagospodarowania złoża krzemienia w pradziejach, [in:] 
Metody badań archeologicznych stanowisk produkcyjnych – górnictwo krzemienia, [ed.] W. Borkowski, 
Warszawa, pp. 117–195.

Borkowski W., Michniak R., 1992, Prahistoryczne pole eksploatacyjne (wybierkowe) w Krzemionkach, [in:] 
Materiały krzemionkowskie; Studia nad gospodarką surowcami krzemiennymi w pradziejach, [ed.] J. Ja-
skanis, 1, pp. 11–36.

Buko A., 2000, Małopolska „czeska” i Małopolska „polańska”, [in:] Ziemie polskie w X wieku i ich znaczenie 
w kształtowaniu się nowej mapy Europy, [ed.] H. Samsonowicz, Kraków.

Burström M., 2009, Looking into the Recent Past. Extending and Exploring the Field of Archaeology, 
“Current Swedish Archaeology”, vol. 15–16, pp. 21–36.



170

Laser dIscoverers

Chmura J., Wieja T., 2010, Górnicze metody zabezpieczania i rewitalizacji podziemnych obiektów zabyt-
kowych, “Ochrona Zabytków”, vol. 63, no. 1–4, pp. 245–254.

Christian C., Lintott Ch., Smith A., Forston L., Bamford S., 2012, Citizen Science: Contributions to 
Astronomy Research – http://arxiv.org/ftp/arxiv/papers/1202/1202.2577.pdf [accessed 01.09.2014].

Crutchley S., Crow P., 2009, The Light Fantastic: using airborne laser scanning in archaeological survey, Swindon 
– http://www.english-heritage.org.uk/publications/light-fantastic/light-fantastic.pdf [01.09.2014].

Cygan A., Starachowicka Kolej Wąskotorowa, http://starachowice.travel/pl/swietokrzyskie_hity/stara-
chowicka_kolej_waskotorowa/  (accessed on 30 June 2014).

Cystersi – misjonarze Europy. Jędrzejów. Koprzywnica. Sulejów. Wąchock, 1994, Kielce.

Czernek D., Przychodni A., 2005, Próba oceny stanu badań archeologicznych w dolinie Kamiennej, [in:] 
Wybrane zagadnienia z pradziejów i średniowiecza środkowego dorzecza kamiennej. Materiały konfe-
rencji, Starachowice, pp. 47–64.

Dobrowolska M., 1961, Przemiany środowiska geograficznego Polski do XV wieku, Warszawa.

Doneus M., 2013, Openness as Visualization Technique for Interpretative Mapping of Airborne Lidar 
Derived Digital Terrain Models, “Remote Sensing”, vol. 5, pp. 6427–6442.

Dunin-Wąsowiczowa A., 1993, Granice administracji kościelnej, [in:] Województwo sandomierskie w 
drugiej połowie XVI wieku, vol. 2, [ed.] W. Pałucki, Warszawa, pp. 50-67 (Atlas historyczny Polski. 
Mapy szczegółowe XVI wieku, 2). 

Dzieje górnictwa – element europejskiego dziedzictwa kultury, vol. 2, [ed.] P.P. Zagożdżon, M. Madziarz.

Dzieje i technika świętokrzyskiego górnictwa i hutnictwa kruszcowego, 1972, [ed.] Z. Kowalczewski, Warszawa.

Dzieje regionu świętokrzyskiego od X do końca XVIII wieku, 2004, [ed.] J. Wijaczka, Warszawa–Kielce.

Gach P.P., 1983, Zakony w diecezji kieleckiej 1805–1914, “Nasza Przeszłość”, vol. 59.

Gągorowska-Chudobska J., 2009, Wykorzystanie krzemienia w pradziejach, [in:] Historia krzemienia, 
2009, [ed.] P. Król, Kielce, pp. 47–61.

Gałązka W., 1990–96, Kościelna przynależność obecnego terytorium diecezji sandomierskiej w ciągu wieków, 
“Studia Sandomierskie”, vol. 6, pp. 476–496.

Gąsiorowska N., 1922, Górnictwo i hutnictwo w Królestwie Polskiem 1815–1830, Warszawa.

Gąsiorowska N., 1965, Z dziejów przemysłu w Królestwie Polskim 1815–1914, Warszawa.

Giergiel T., 2004, Rycerstwo ziemi sandomierskiej: podstawy kształtowania się rycerstwa sandomierskiego do 
połowy XIII wieku, Warszawa.

Gieysztor A., 1967, Krajobraz międzyrzecza Pilicy i Wisły we wczesnym średniowieczu, [in:] Studia sando-
mierskie. Materiały do dziejów miasta Sandomierza i regionu sandomierskiego, [ed.] T. Wąsowicz, 
J. Pazdur, Warszawa.

Gliński W., 2005, Środkowe dorzecze Kamiennej w okresie średniowiecza. Zarys problematyki badawczej, 
[in:] Wybrane zagadnienia z pradziejów i średniowiecza środkowego dorzecza Kamiennej: materiały kon-
ferencji, Starachowice, 23.09.2005, Starachowice, pp. 65–80.



171

references

Gołębiowski J., 1993, Koncepcja utworzenia województwa sandomierskiego i szanse rozwojowe miasta San-
domierza w związku z budową Centralnego Okręgu Przemysłowego w latach 1937–1939, [in:] Ojczyzna 
bliższa i dalsza, [ed.] J. Chrobaczyński, A. Jureczka, M. Śliwa, Kraków.

Góźdź J., Brody – przeprawa przez wieki: zarys dziejów gminy, Brody – http://www.brody.info.pl/images/
stories/foto/turystyka/Brody-przeprawa-przez-wieki.pdf  [accessed on 01.09.2014].

Góźdź J., Brody – dzieje przemysłu – http://www.brody.info.pl/historia/99-brody-dzieje-przemyslu.html  
[accessed on 29.06.2014].

Guldon Z., Kaczor J., 1994, Górnictwo i hutnictwo w staropolskim okręgu przemysłowym w drugiej połowie 
XVIII wieku, Kielce.

Hesse R., 2010a, Extraction of archaeological features from high-resolution LIDAR data, [in:] 14th Interna-
tional Congress “Cultural Heritage and New Technologies“ Vienna, 2009, Vienna, pp. 636–642 – http://
www.academia.edu/1045403/Extraction_of_archaeological_features_from_high-resolution_
LIDAR_data [accessed on 02.05.2014].

Hesse R., 2010b, LiDAR-derived Local Relief Models – A new tool for archaeological prospection, “Archaeo-
logical Prospection”, vol. 17, pp. 67–72.

Hesse R., 2012, Detecting former field systems with airborne LIDAR – an overview of current methods, 
[poster] – http://www.academia.edu/1941481/Detecting_former_field_systems_with_airborne_LIDAR_- 
-_an_overview_of_current_methods [accessed on 02.05.2014].

Historyczne miasta regionu sandomiersko-kieleckiego XIII–XX w., [ed.] K. Głowacki, Kielce.

Hutnictwo świętokrzyskie oraz inne centra i ośrodki starożytnej metalurgii na ziemiach polskich, 2002, [ed.] 
Sz. Orzechowski, Kielce.

Iłża miasto biskupów krakowskich na tle regionu: materiały z sesji naukowej poświęconej dziejom regionu ił-
żeckiego pod tytułem „Przeszłość w służbie przyszłości”, 2011, [ed.] D. Kalina, R. Kubicki, Iłża.

Iłża. Monografia rozwoju społeczno-gospodarczego miasta, 1979, “Biuletyn Kwartalny Radomskiego Towa-
rzystwa Naukowego”, vol. 16, no. 3.

Jedynak A., Kaptur K., 2009, Kopalnia Krzemienia Pasiastego w Krzemionkach, [in:] Historia krzemienia, 
[ed.] P. Król, Kielce 2009, pp. 62–71.

Januszewski S., 2007, Archeologia przemysłowa. O sztuce ochrony dziedzictwa kultury technicznej, vol. 14, 
Tradycja i Dziedzictwo – http://old.teberia.pl/bibliografia.php?a=showissue&IssueID=1635 [accessed 
on 01.09.2014].

Jaskanis D. [ed.], 1996, Archeologiczne Zdjęcie Polski – metoda i doświadczenia. Próba oceny, Warszawa.

Kaczanowski P., Kozłowski J. K., 1998, Wielka historia Polski, vol. 1, Najdawniejsze dzieje ziem polskich 
(do VII w.), Kraków.

Kałagate S., Osypiński P., Stachowiak P., 2012, Relikty późnonowożytnego mielerza odkryte na stanowisku 
nr 4 w Wilkowie, gm. Świdnica, pow. zielonogórski, woj. lubuskie, Archeologia Środkowego Nadodrza 9, 
pp. 241–249.



172

Laser dIscoverers

Karta położenia zabytków techniki Staropolskiego Okręgu Przemysłowego, content development by Ra-
dosław Wojewódzki – Towarzystwo Przyjaciół Górnictwa, Hutnictwa i Przemysłu Staropolskiego in 
Kielce, Warszawa, 1994.

Kiryk F., 2011, Urbanizacja rejonu między Iłżanką, Kamienną i Wisłą do końca XVI stulecia, “Annales 
Universitatis Paedagogicae Cracoviensis. Studia Logopaedica”, vol. 4, pp. 242–256 – http://pbc.
up.krakow.pl/Content/2824/Logopaedica-4-Folia%2096.pdf [accessed on 01.09.2014].

Koba–Ryszewska T., 1970, Przeszłość administracyjna ziem województwa kieleckiego, [in:] Z dziejów ziemi 
kieleckiej 1918–1944, [ed.] W. Góra, vol. 1, Warszawa.

Kokalj, Ž., Zakšek, K., Oštir, K., 2013, Visualizations of lidar derived relief models [in:] Interpreting archa-
eological topography – airborne laser scanning, aerial photographs and ground observation, [ed.] R.S. 
Opitz, D.C. Cowley, Oxford, pp. 100–114.

Kolberg O., 1962, Sandomierskie, Wrocław–Poznań.

Komańda M., 2012, Projekt badawczy w nauce obywatelskiej, “E-mentor”, no. 2 (44) –  http://www.e-
mentor.edu.pl/artykul/index/numer/44/id/916 [accessed on 01.09.2014].

Kościół katolicki na pograniczu małopolsko-mazowieckim w epoce przedrozbiorowej, 2002, [ed.] S. Piąt-
kowski, Z. Pietrzyk, Radom.

Kowalski W., 1998, Uposażenie parafii archidiakonatu sandomierskiego w XV–XVIII wieku, Kielce.

Kozera A., 2003, Rolnictwo województwa kieleckiego w latach 1918–1939, Kielce.

Kozłowski J.K., Kozłowski S.K., 1983, Człowiek i środowisko w przyrodzie, Warszawa.

Król P., 2007, Kopalnie miedzianogórskie, Kielce.

Król P., Urban J., 2003, Kopalnie w Miedzianej Górze i w Ławęcznej oraz ochrona ich pozostałości, “Rocznik 
Świętokrzyski. Series B – Nauki Przyrodnicze”, vol. 29, pp. 1–44 – http://www.mdkkielce.easyisp.pl/
krol/kopalnie.pdf [accessed on 01.09.2014].

Krukowski S., 1939, Krzemionki Opatowskie, Warszawa.

Krukowski S., 1961, Rydno, “Przegląd Geologiczny”, no. 4 (97), pp. 190–191.

Krzeszowski F., Zakłady Starachowickie 1547–1875, Rys rozwojowy hut i Rudziec nad górną Kamienną, 
undated.

Księga jubileuszu stulecia diecezji kieleckiej (1883–1983), 1986, Kielce.

Kubicki R., Saletra W., 2013, Hutnictwo i górnictwo w Regionie Świętokrzyskim – do Księstwa Warszaw-
skiego, “Studia i Materiały. Miscellanea Oeconomicae”, vol. 17, no. 2, pp. 29–40 – http://miscellanea.
ujk.edu.pl/data/Oferta/Pliki/356_3_kubicki_saletra.pdf [accessed on 01.09.2014].

Kumor B., 1980, Ustrój i organizacja Kościoła polskiego w okresie niewoli narodowej 1772–1918, Kraków.

Kumor B., 1998–2000, Dzieje diecezji krakowskiej, vol. 1–4, Kraków.

Kajzer L., 1996, Wstęp do archeologii historycznej, Łódź.

Kola A. 2005, Archeologia Zbrodni. Oficerowie polscy na cmentarzu ofiar NKWD w Charkowie, Toruń.

Kondracji J., 2011, Geografia regionalna Polski, Warszawa.



173

references

Konopka M., [ed.], 1981, Zdjęcie archeologiczne Polski, Warszawa.

Krawczyk B., 2010, Mieczysław Radwan – krajoznawca i naukowiec (1889–1968), Warszawa – http://

khit.pttk.pl/teksty/mieczyslaw_radwan-krajoznawca_i_naukowiec_b_krawczyk.pdf [accessed on 

01.09.2014].

Kurczyński Z., Bakuła K., 2013, The selection of aerial laser scanning parameters for countrywide digital 

elevation model creation, [in:] Informatics, Geoinformatics and Remote Sensing Conference Proceedings, 

vol. II, Geodesy and Mine Surveying, Photogrammetry and Remote Sensing, 13th International Multidi-

sciplinary Scientific Geoconference SGEM 2013, 17–21th June, Albena, Bulgaria, pp. 695–702.

Ladenberger T., 1930, Zaludnienie Polski na początku panowania Kazimierza Wielkiego, Lwów.

Lalik T., 1967, Sandomierskie we wczesnym średniowieczu. Prowincja, księstwo, województwo, [in:] Studia 

sandomierskie. Materiały do dziejów miasta Sandomierza i regionu sandomierskiego, [ed.] T. Wąsowicz, 

J. Pazdur, Warszawa.

Langer M., 1993, Lasy i ludzie. Wspomnienia z lasów starachowickich 1939–45 – http://www.brody.info.pl/

images/stories/foto-aktualnosci/2012/kw-cze/M_Langer_Lasy_i_Ludzie.pdf [accessed on 01.09.2014].

Lech J., 2004, O badaniach prehistorycznego górnictwa krzemienia i kopalni w Krzemionkach Opatowskich, 

“Przegląd Archeologiczny”, vol. 52, pp. 15–88.

Legut-Pintal M., 2012, LIDAR w badaniach nad średniowiecznymi fortyfikacjami i siedzibami obronnymi. 

Przykład założeń obronnych księstwa biskupów wrocławskich – http://www.academia.edu/3102476/

LiDAR_w_badaniach_nad_sredniowiecznymi_fortyfikacjami_i_siedzibami_obronnymi._Przyklad_

zalozen_obronnych_ksiestwa_biskupow_wroclawskich [accessed on 01.09.2014].

Lewicki J., 2014, Nowy kierunek kształcenia konserwatorskiego, czyli o udanym połaczeniu ochrony zabytków 

z ochroną przyrody, [in:] Nauczanie i popularyzacja ochrony dziedzictwa, [ed.] B. Szmygin, Warszawa, 

pp. 87–97 – http://bc.pollub.pl/dlibra/docmetadata?id=7894 [accessed on 01.09.2014].

Liana T., 1962, Znaleziska z okresu późnolateńskiego i rzymskiego na terenie województwa Kileckiego , “Wia-

domości Archeologiczne”, vol. 28, Warszawa.

Lisdorf J., 2011, Köhler über der Kohle. Ausgrabung von Holzkohlemeiler am Tagebau Jänschwalde, „Aus-

grabungen im Niderlausitzer Braunkohlenrevier-Arbeitsberichte zur Bodendenkmalpflege in Bran-

denburg”, vol. 8, pp. 213–223.

Lisowska E., 2011, Wydobycie i dystrybucja surowców kamiennych we wczesnym średniowieczu na Dolnym 

Śląsku, Wrocław.

Łoboda L., 2001, Staropolski Okręg Przemysłowy w XVI–XVII wieku, [in:] Region świętokrzyski. Mit czy 

rzeczywistość?, [ed.] J. Wijaczka, Kielce.

Maclean G., Krabill W., 1986, Gross-merchantable timber volume estimation using an airborne lidar system, 

“Canadian Journal of Remote Sensing”, vol. 12, pp. 7–18.

Markowski M.B., 1990, Sfery przemysłowe i ziemiaństwo w województwie kieleckim 1918–1939, Kielce.



174

Laser dIscoverers

Marszałek E., Kusiak W., 2013, Wypał węgla drzewnego w Bieszczadach w przeszłości i obecnie, “Roczniki 
Bieszczadzkie”, vol. 21, pp. 164–183 – http://www.bdpn.pl/dokumenty/nauka/2013/rb21/art13.pdf 
[accessed on 01.09.2014].

Miernik G., 2008, Zmiany granic i podziałów administracyjnych województwa kieleckiego w latach 1950–
1956, [in:] Społeczeństwo i gospodarka w regionie świętokrzyskim w XIX i XX wieku, [ed.] U. Oettingen, 
J. Szczepański, Kielce.

Mikoś T., 2004, Prakopalnie i stare kopalnie na ziemiach polskich. Mat. Konf. Szkoły Eksploatacji Pod-
ziemnej, Kraków.

Mikoś T., 2004, Współpraca górnictwa z archeologią górniczą podczas badań prakopalni i starych kopalń. 
Mat. XXVII Zimowej Szkoły Mechaniki Górotworu, Katedra Geomechaniki, Budownictwa i Geotechniki, 
AGH, Kraków.

Minta-Tworzowska D., 2009, W jaki sposób można ujmować dialog historii i archeologii? (wybrane zagad-
nienia) – http://www.mediewistyka.amu.edu.pl/images/DS/minta.pdf [accessed on 01.09.2104].

Mochnacki R., 1937, Zasięg pralasu na Wyżynie Kielecko-Sandomierskiej, Kraków. 

Muszyńska J., 1991, Górnictwo i hutnictwo w dobrach biskupów krakowskich w województwie sando-
mierskim w połowie XVII w., [in:] Pamiętnik Świętokrzyski. Studia z dziejów kultury chrześcijańskiej, 
[ed.] L. Kaczanowski, A. Massalski, D. Olszewski, J. Szczepański, Kielce.

Nelson R., Krabill W., Maclean G., 1984, Determining forest canopy characteristics using airborne laser 
data, “Remote Sensing of Environment”, vol. 15, pp. 201–212.

Nierychlewska A., 2002, Budownictwo obronne powiatu radomskiego w okresie od XIII do XVIII wieku, 
Radom.

Nowakowski J., 2010, Airborne Laser Scanning (ALS) w polskiej archeologii. Próby, doświadczenia, wyniki 
[paper presented at the conference: XIX Konferencja Sprawozdawcza. Badania archeologiczne na Nizinie 
Wielkopolsko-Kujawskiej w latach 2008–2009, Poznań].

Oberhauser K. S., Prysby M. D., 2008, Citizen Science: Creating a Research Army for Conservation, 
“American Entomologist”, Summer Issues, pp. 97–99 –  http://monarchnet.uga.edu/GetInvolved/
Oberhauser_and_Prysby.pdf [accessed on 01.09.2014].

Olszewski D., 2001, Organizacja terytorialna Kościoła w regionie świętokrzyskim, [in:] Region świętokrzyski. 
Mit czy rzeczywistość?, [ed.] J. Wijaczka, Kielce.

Opatów. Materiały z sesji 700-lecia miasta, 1985, [ed.] F. Kiryk, Sandomierz.

Opitz R. S., Cowley D. C., [eds.], 2013, Interpreting archaeological topography: Lasers, 3D data, obse-
rvation, visualisation and applications, Oxford.

Orange H., 2008, Industrial Archaeology: Its Place Within the Academic Discipline, the Public Realm and 
the Heritage Industry, “Industrial Archaeology Review”, vol. 30, no. 2, pp. 83–95.

Orser C. E., 2004, The Archaeologies of Recent History: Historical, Post-Medieval, And Modern-World, [in:] 
A companion to archaeology, [ed.] J. Bintliff, pp. 272–290.



175

references

Orzechowski S., 2000, Zespół cmentarzysk i bogatych depozytów monetarnych z doliny rzeki Kamiennej 
a zagadnienie chronologii starożytnego hutnictwa świętokrzyskiego, [in:] Między Wisłą a Pilicą. Studia 
i materiały historyczne, vol. 1, Kielce.

Orzechowski S., 2002, Zaplecze surowcowe starożytnego hutnictwa świętokrzyskiego – złoża rud żelaza 
i potencjalne rejony ich wydobycia, [in:] Uczniowie Agricoli – Tradycje górnicze w Polsce i Czechach, [ed.] 
A. Grodzicki, M. W. Lorenc, Jelenia Góra, pp. 45–64.

Orzechowski S., 2006, Wyniki najnowszych badań na stanowiskach osadniczych i produkcyjnych świętokrzy-
skiego centrum hutniczego, [in:] 50 lat badań nad starożytnym hutnictwem świętokrzyskim. Archeologia 
– Metalurgia – Edukacja, [ed.] S. Orzechowski, I. Suliga, Kielce.

Orzechowski S., 2007, Zaplecze osadnicze i podstawy surowcowe starożytnego hutnictwa świętokrzyskiego, 
Kielce.

Orzechowski S., 2013, Region żelaza. Centra hutnicze kultury przeworskiej, Kielce.

Orzechowski S., Wichman T., 1996, Ewidencja stanowisk żużla żelaznego z okresu wpływów rzymskich na 
obszarze świętokrzyskiego okręgu hutniczego – uwagi do metodyki badań, [in:] Archeologiczne Zdjęcie 
Polski – metoda i doświadczenia. Próba Oceny, [ed.] D. Jaskanis, Warszawa, pp. 177–191 (Biblioteka 
Muzealnictwa i Ochrony Zabytków, series B, 95).

Pająk J.Z., 2001, Dzieje podziałów administracyjnych a granice regionu świętokrzyskiego, [in:] Region świę-
tokrzyski. Mit czy rzeczywistość?, [ed.] J. Wijaczka, Kielce, pp. 49-72.

Palmer M., Neaverson P., 2001, Industrail Archaeology. Principles and practice, London–New York.

Pawleta M., 2014, Rola zabawy jako czynnika kształtującego wiadomość konieczności ochrony dziedzictwa 
archeologicznego we współczesnej Polsce, [in:] Nauczanie i popularyzacja ochrony dziedzictwa, [ed.] 
B. Szmygin, Warszawa, pp. 215–227 – http://bc.pollub.pl/dlibra/docmetadata?id=7894 [accessed on 
01.09.2014].

Pękala Z. W., 2013, Waloryzacja historyczna uwarunkowań przyrodniczo-kulturowych dorzecza Kamiennej 
a ich współczesne funkcje, “Studia i Materiały. Miscellanea Oeconomicae”, vol. 17, no. 2, pp. 55–70.

Possel B., Lindenbergh R., Storms J., 2010, Automatic detection of buried channel deposits from dense laser 
altimetry data, “International Archives of the Photogrammetry, Remote Sensing and Spatial Infor-
mation Sciences”, vol. 38/7A, pp. 192–197.

Potkański K., 2004, Puszcza Radomska, [in:] Pisma pośmiertne, developed by F. Bujak, Poznań.

Przemiany architektury rezydencjonalnej w XV–XVIII w. na terenie dawnego województwa sandomierskiego: 
wybrane przykłady, 2000, [ed.] J. L. Adamczyk, Kielce.

Primack J., von Hippel F., 1974, Advice and Dissent: Scientists in the Political Arena, New York.

Radomskie – alfabet wykopalisk, 2004, [ed.] M. Cieślak-Kopyt, I. Micke, E. Skubicha, W. Twardowski, 
Radom.

Radwan M., 1959, Interpretacja odsłoniętych mielerzy świętokrzyskich, “Kwartalnik Historii Kultury Mate-
rialnej”, vol. 7, no. 3, pp. 373–376.



176

Laser dIscoverers

Radwan M. W., 1966, Starożytne hutnictwo świętokrzyskie. Metody badań i wyniki, Kraków.

Raport o stanie lasów w Polsce, Warszawa, 2012 – http://www.lasy.gov.pl/publikacje/informacje-staty-
styczne-i-raporty/raporty/raport-o-stanie-lasow-w-polsce-2012-roku/at_download/file [accessed on 
01.09.2014].

Region świętokrzyski. Mit czy rzeczywistość, 2001, [ed.] J. Wijaczka, Kielce.

Renfrew C., Bahn P., 2002, Archeologia. Teoria. Praktyka. Metody, Warszawa. 

Renz R., 1984, Rzemiosło województwa kieleckiego w okresie międzywojennym. Aspekty społeczne i gospo-
darcze, Kielce.

Renz R., 1994, Życie codzienne w miasteczkach województwa kieleckiego w 1918–1939, Kielce.

Rösler, H., Bönisch, E., Schopper, F., Raab T., Raab A., 2012, Pre-industrial charcoal production in so-
uthern Brandenburg and its impact on the environment, [in:] Landscape Archaeology between Art and 
Science, [ed.] S. Kluiving, E. Guttmann-Bond, Amsterdam, pp. 167–178.

Rozwałka Z., 2003, Zasady hodowli lasu obowiązujące w Państwowym Gospodarstwie Leśnym LASY PAŃ-
STWOWE, Bedoń – http://www.ekochart.pl/prawo/Zhl.pdf [accessed on 01.09.2014].

Rutkowski H., 1993, Ważniejsze drogi woj. sandomierskiego w XVI w., [in:] Województwo sandomierskie w 
drugiej połowie XVI wieku, vol. 1, [ed.] W. Pałucki, Warszawa (Atlas historyczny Polski. Mapy szcze-
gółowe XVI wieku, 2).

Sałaciński S [ed.], 2007, Archeologia na polach bitewnych w Polsce, “Z Otchłani Wieków”, no. 1–4, 
Warszawa.

Samojlik T., 2010, Traditional utilisation of Białowieża Primeval Forest (Poland) in the 15th to 18th cen-
turies, Landscape Archaeology and Ecology, vol. 8, pp. 150–164 – http://www.ukeconet.org/wp-
content/uploads/2010/11/end-of-tradition-lae-vol-8-part-1.pdf [accessed on 01.09.2014].

Samsonowicz J., 1923, O złożach krzemieni w utworach jurajskich północno-wschodniego zbocza Gór Świę-
tokrzyskich, “Wiadomości Archeologiczne”, vol. 8, pp. 17–24.

Schild R., 1971, Lokalizacja prehistorycznych punktów eksploatacji krzemienia czekoladowego na północno-
wschodnim obrzeżeniu Gór Świętokrzyskich, “Folia Quaternaria”, no. 39, pp. 1–61.

Schild R., 2012, Rydno – kopalnia odkrywkowa ochry z epoki kamienia i prehistoryczne centrum społeczno-
gospodarcze – http://www.krzemienie.pl/pliki/R_Schild_Rydno.pdf [accessed on 01.09.2014].

Semkowicz W., 1919, Ród Awdańców w wiekach średnich, “Roczniki Towarzystwa Przyjaciół Nauk Po-
znańskiego”, vol. 45.

Siedziby biskupów krakowskich na terenie dawnego województwa sandomierskiego, 1997, [ed.] L. Kajzer, 
Kielce.

Sławik Ł., Zapłata R., 2011, Lotniczy skaning laserowy w badaniu i ochronie dziedzictwa archeologicznego, 
[in:] Metody geoinformacyjne w badaniach archeologicznych, [ed.] J. Jasiewicz, M. Lutyńska, M. Rze-
szewski, M. Szmyt, M. Makohonienko, Poznań, pp. 89–90 – http://earthisflat.net/download/ar-
chiwum/warsztaty_archeo/abstrakty_sklad.pdf [accessed on 01.09.2014].



177

references

Sołoduchin W.I., Kulasow A.G., Utenkow B.I., Żukow A.J., Mażugin I.N., Emalanow W.P., Kopolow 
I.A., 1977, Sjomka profila krony dieriewa s pomoszczju laziernego dalnomiera, “Lesnoje Choziajstwo”, 
vol. 2, pp. 71–73.

Sołoduchin W.I., Mażugin I.N., Żukow A.J., Narkiewicz W.I., Popow J.W., Kulasow A.G., Marasin L.E., 
Sokołow S.A., 1979a, Laziernaja aerosjomka profilej lesa, “Lesnoje Choziajstwo”, vol. 10, pp. 43–45.

Sołoduchin W.I., Żukow A.J., Mażugin I.N., Bokow T.K., Poleżaj W.M., 1979b, Wozmożnosti laziernoj 

aerosjomki profilej lesa, “Lesnoje Choziajstwo”, vol. 10, pp. 53–58.

Stawicki H., Pająk J., 1997, Ziemia Sandomierska, [in:] Polskie Regiony. Podstawy kulturowe regionalizacji 

Polski, [ed.] E. Wysocka, M. Konopka, Ciechanów.

Stereńczak K. 2011, Lotnicze skanowanie laserowe, [in:] Las w rastrowym modelu danych przestrzennych, 
[ed.] K. Będkowski, Warszawa, pp. 63–74.

Stolarczyk T., 2006, Pozostałości średniowiecznego górnictwa jako przedmiot badań archeologicznych na 

terenie Europy Środkowej, “Studia i Materiały”, no. 32, pp. 267–277 – http://www.wgg.pwr.wroc.pl/
pdf/publikacje/Dziedzictwo_II/27_Stolarczyk.pdf [accessed on 01.09.2014].

Surowce kamienne regionu świętokrzyskiego. Tradycje, możliwości i perspektywy wykorzystania, 1994, [ed.] J. 
Szajn, Z. Rubinowski, J., Gągol, Kielce.

Surowce mineralne województwa kieleckiego, 1971, [ed.] S. Kozłowski, A. Mojsiejenko, J. Rogaliński, Z. 
Rubinowski, H. Wrona, C. Żak, Warszawa.

Swajdo J., 2005, Między Wisłą a Pilicą. Dzieje podziałów administracyjnych w regionie kielecko-radomskim 

do 1975 roku, Kielce.

Szczepański J., 1997, Modernizacja górnictwa i hutnictwa w Królestwie Polskim w I poł. XIX w., Kielce.

Teterycz-Puzio A., 2001, Geneza województwa sandomierskiego. Terytorium i miejsce w strukturze państwa 

polskiego w średniowieczu, Słupsk.

Teterycz-Puzio A., 2005, Między Wisłą a Pilicą w XII–XIII wieku. Jeszcze o przynależności politycznej i 

administracyjnej północnej części międzyrzecza Wisły i Pilicy, [in:] Między Wisłą a Pilicą. Studia i ma-

teriały historyczne, vol. 6, [ed.] L. Michalska-Bracha, B. Wojciechowska, Kielce.

Tilden F., 1977, Interpreting our heritage, Chapel Hill.

Trier Ø.D., Zortea M., Larsen S.Ø., 2012, Semi-automatic detection of burial mounds in forested areas. 
EARSeL 32nd Annual Symposium, Mykonos, Greece, 21–24 May 2012.

Wąsowicz T., 1967, Sandomierska sieć drożna w wiekach średnich, [in:] Studia sandomierskie. Materiały do 

dziejów miasta Sandomierza i regionu sandomierskiego, [ed.] T. Wąsowicz, J. Pazdur, Warszawa.

Wiśniewski J., 1901–1911, Dekanat iłżecki, Radom.

Wiśniewski J., 1907, Dekanat opatowski, Radom.

Wojciechowski, 1924, Momenty terytorialne organizacji grodowej w Polsce Piastowskiej, “Studia nad Hi-
storią Prawa Polskiego”, vol. 8.



178

Laser dIscoverers

Wójcik A., 2007, Zabytki kartografii – mapy okręgów górniczych Królestwa Polskiego, “WUG : bezpie-

czeństwo pracy i ochrona środowiska w górnictwie”, vol.  4.

Wójcik Z., 1997, Studia z dziejów rozpoznania bogactw mineralnych regionu świętokrzyskiego, Kielce.

Wroniszewski J., 2001, Szlachta ziemi sandomierskiej w średniowieczu: zagadnienia społeczne i gospodarcze, 

Wrocław.

Wrzosek J., 2010, Pola bitew – ważny element dziedzictwa, “Ochrona Zabytków”, vol. 1–4, pp. 173–182.

Wybrane zagadnienia z pradziejów i średniowiecza środkowego dorzecza Kamiennej: materiały konferencji, 

Starachowice, 23.09.2005, Starachowice.

Zakšek K., Oštir K., Kokalj Z., 2011, Sky-view factors as a relief visualization technique, “Remote Sensing”, 

3, pp. 398–415.

Zapłata R., 2013, Nieinwazyjne metody w badaniu i dokumentacji dziedzictwa kulturowego – aspekty ska-

nowania laserowego w badaniach archeologicznych i architektonicznych, Warszawa.

Zapłata R., 2014a, Weryfikacja i ekspozycja otrzymanych wyników – prace terenowe, Maków Nowy [type-

script in the IBL archive].

Zapłata R., 2014b, Laserowi Odkrywcy – metodyka powierzchniowych badań terenowych na obszarach 

leśnych. Wybrane zagadnienia w zakresie prowadzenia weryfikacyjnych badań powierzchniowych, Maków 

Nowy–Sękocin Stary, [typescript in the IBL archive].

Zapłata R., Borowski M., 2013, GIS w archeologii – przykład prospekcji i inwentaryzacji dziedzictwa arche-

ologiczno-przemysłowego, „Roczniki Geomatyki”, vol. 11, no. 4, pp. 103–114.

Zapłata R., Bakuła K., Ostrowski W., 2014, Transformation methods and ALS-data visualization in the 

studies of historical charcoal piles, International Multidisciplinary Scientific Conferences on Social 

sciences and Arts, Programme, Congress Center Flamingo Grand, Bulgaria, September 2–7, 2014.

Zapłata R., Bałazy R., Lewicki J., Zawiła-Niedźwiecki T., 2014, Dziedzictwo kulturowe w lasach. Zabytki 

architektury, przemysłu, historyczne fortyfikacje i zasoby archeologiczne – trudne wyzwania i interdyscy-

plinarne strategie ochrony – http://npl.ibles.pl/sites/default/files/referat/referat_r.zaplata_i_in.pdf [ac-

cessed on 01.09.2014].

Zeidler K., Trzciński M., 2009, Wykład prawa dla archeologów, Warszawa.

Zieliński J., 1965, Staropolskie Zagłębie Przemysłowe, Wrocław.

Zieliński S., 1913, Bitwy i potyczki 1863–1864. Na podstawie materyałów drukowanych, Rapperswil.

Zientara B., Rozmieszczenie kuźnic małopolskich w XV–XVII wieku, [in:] Dobrowolska M., 1961, 

Przemiany środowiska geograficznego Polski do XV wieku, Warszawa, map no. 50.

Zwolski C., 2003, Radom i region radomski, Radom.

Żurowski T., 1960, Górnictwo krzemienia nad rzeką Kamienną, “Światowit”, vol. 23, pp. 249–279.



179

references

seLecteD anD citeD LegaL acts, reguLations  
anD officiaL DocuMents
Directive 2007/60/EC of the European Parliament and of the Council dated 23 October 2007 concerning risk 

assessment and management of flood, L 288/27, 2007.

Journal of Laws of the Republic of Poland, Regulation of the Minister of Environment, the Minister of 
Transport, Construction and Maritime Economy, the Minister of Administration and Digitisation and the 
Minister of Internal Affairs of 21 December 2012 concerning the development of flood risk maps and risk 
maps, Warsaw, Poland, 22 January 2013, item 104.

Gminny program opieki nad zabytkami miasta Starachowice na lata 2012–2016, developed by P. Am-
broszczyk, Appendix no. 1 to Resolution no. XIV/9/2011 of the Town Council in Starachowice dated 
29 December 2011.

Gmina Brody. Gminny program opieki nad zabytkami na lata 2012–2015, developed by E. Kumek, 2012 
Brody.

Miasto i gmina Kunów. Gminny program opieki nad zabytkami gminy Kunów na lata 2010–2014, de-
veloped by W. Kotasiak, 2010 Kunów.

Act of 28 September 1991 on forests (Journal of Laws of 1991, no. 101, item 444).

Act of 23 July 2003 on the protection and guardianship of historical monuments (Journal of Laws of 2003, 
no. 162, item 1568).

Act of 16 April 2004 on the protection of nature (Journal of Laws of 2004, no. 92, item 880).

Order of the President of the Republic of Poland dated 8 September 1994 concerning the recognition as 
a historical monument.

Order of the Minister of the Protection of Environment, Natural Resources and Forestry dated 27 June 
1995 concerning the recognition as a nature reserve.

Order no. 50 of the Minister of the Protection of Environment, Natural Resources and Forestry of 18 May 
1994 concerning the granting of a statute to the State Forests National Forest Holding, Warsaw, 1994.

Order no. 53 of the Director-General of the State Forests dated 21 November 2011 on the introduction of the 
“Principles of silviculture” in the State Forests National Forest Holding (ZH–710–56/11), Warsaw, 2011.

Appendix to Order no. 34 on the definition of the standard of forest numerical map for the level of forest 
district, and on the implementation of the spatial information system in forest districts (OI–0400–
01–10–3/05) – http://www.lmn.lasy.gov.pl/c/document_library/get_file?uuid=e0e17882-0156-
4128-8bdd-0d0f3d0c0651&groupId=52546 [accessed on 01.09.2014].

sources, DocuMents anD archive MateriaLs
Borowska J., 2001a, Sprawozdanie z archeologicznych badań powierzchniowych AZP na obszarze 81–68, 

woj. mazowieckie, 2001 [typescript in the WUOZ Kielce / NID Warszawa archive].



180

Laser dIscoverers

Borowska J., 2001b, Sprawozdanie z archeologicznych badań powierzchniowych AZP na obszarze 81–69, 
woj. mazowieckie, 2001 [typescript in the archive of WUOZ Radom Office / NID Warszawa].

Consignatio cleri reperibilis in dioecesi Kielcensi –– 1810.

Duhamel Du Monceau Henri-Louis, 1769,, Sztuka Węglarska czyli Sposob Robienia Węglow z Drzewa, 
Warszawa.

Feld-pionierdienst aller Waffen, 1911, Berlin.

Gorzkowska M., 2013, Sprawozdanie z weryfikacyjnych badań powierzchniowych (część obszarów AZP 
81–68, 81–69, 82–68, 82–69), Starachowice [typescript in the FCG archive].

ISOK – Informatyczny System Osłony Kraju przed nadzwyczajnymi zagrożeniami. Raport dostawy. Część Nr 
VIa, Etap Nr 04/06. Blok LIDAR Nr 6061. Numer KERK: M–3334–012/11. Zasób bazowy, Developed 
on: 2013–02–01, CODGiK.

Kartoteka województwa sandomierskiego (Kraków), tzw. kartoteka Buczka, the Institute of History of the 
Polish Academy of Sciences, Kraków.

Karty Ewidencji Stanowisk Archeologicznych – J. Borowska 2001 / M. Zalewski 1980/ S. Orzechowski, T. 
Wiechman 2002 [typescript in the archive of WUOZ Kielce or Radom / NID Warszawa].

Łabęcki H., 1841, Górnictwo w Polsce. Opis kopalnictwa i hutnictwa  polskiego pod względem technicznym, 
historyczno-statystycznym i prawnym, vol. 1–2, Warszawa.

Topographical maps at a scale of 1:10 000 of 1992: M–34–31–C–d1; M–34–31–C–d2; M–34–31–C–d3; 
M–34–31–C–d4; M–34–31–D–c1; M–34–31–D–c2; M–34–31–D–c3; M–34–31–D–c4 – source: 
WODGiK Kielce.

Olszewski A., Kubera M., Bochyński S., 2014, Sprawozdanie z weryfikacyjnych badań powierzchniowych 
(część obszarów AZP 81–69, 81–70, 82–69, 82–70), Lublin [typescript in the FCG archive].

Opisy historyczne województwa krakowskiego i sandomierskiego z lat 1823 i 1827, 2003, published by S. J. 
Adamczyk, Kielce.

Orzechowski S., Wiechman T., 2002, Sprawozdanie z badań weryfikacyjno-powierzchniowych przeprowa-
dzonych na obszarze 82–67 w woj. świętokrzyskim, [typescript in the archive of WUOZ Kielce / NID 
Warszawa].

Osiński J., Opisanie polskich żelaza fabryk, Warszawa 1782.

“Regestr diecezjów” Franciszka Czaykowskiego czyli właściciele ziemscy w Koronie 1783–1784, developed by 
K. Chłapowski, S. Górzyński, Warszawa 2006.

Rydzewski J., 2004, Ocena dokumentacji badań weryfikacyjno-poszukiwawczych na obszarze AZP nr 82–67 
[typescript in the archive of WUOZ Kielce / NID Warszawa].

Skorowidz miejscowości Rzeczypospolitej Polskiej z oznaczeniem terytorialnie im właściwych urzędów oraz 
urządzeń komunikacyjnych, 1933, [ed.] T. Bystrzycki, Przemyśl–Warszawa.

Słownik geograficzny Królestwa Polskiego i innych krajów słowiańskich, 1880–1914, [ed.] F. Sulimierski, 
B. Chlebowski, W. Waleski, vol. 1–15, Warszawa.



181

references

Spis ludności diecezji krakowskiej prymasa M.J. Poniatowskiego z 1787 r., 1977–1979, published by B. 
Kumor, Lublin.

Szady B., Stereńczak K, Zapłata R., September 2013, „Laserowi Odkrywcy – nieinwazyjne badanie i doku-
mentowanie obiektów archeologicznych i historycznych woj. świętokrzyskiego” [“Laser Discoverers – non-
invasive examination and documentation of archeological and historical objects in the Świętokrzyskie Vo-
ivodeship”] Szczegółowa metodyka badawcza wraz z harmonogramem badań [typescript in the IBL 
archive].

Szematyzm Królestwa Galicyi i Lodomeryi z Wielkim Księstwem Krakowskim na rok 1799, Lwów.

Szematyzm Królestwa Galicyi i Lodomeryi z Wielkim Księstwem Krakowskim na rok 1808, Lwów.

Sztampke M., September 2013, Analiza funkcjonalności systemu wraz z opracowaniem projektu i archi-
tektury rozwiązania informatycznego niezbędnego do realizacji projektu, [typescript in the FCG/IBL 
archive].

Tabella miast, wsi, osad Królestwa Polskiego, z wyrażeniem ich położenia i ludności, alfabetycznie ułożona  
w Biórze Kommissyi Rządowéy Spraw Wewnętrznych i Policyi, vol. 1–2, Warszawa 1827.

Zapłata R., May 2014, Weryfikacja i ekspozycja otrzymanych wyników – prace kameralne, [typescript in the 
IBL archive].

Zapłata R., August 2014, Weryfikacja i ekspozycja otrzymanych wyników – prace terenowe, [typescript in 
the IBL archive].

Zalewski M., 1980, Sprawozdanie z archeologicznych badań powierzchniowych realizowanych przez Zakład 
Badań Archeologicznych SSP ‘Universitas’ – 1980 r. [area 81–70 / typescript in the archive of WUOZ 
Radom Office / NID Warszawa].

archivaL MaPs
Bazewicz J., [ed.], Atlas geograficzny ilustrowany Królestwa Polskiego, Warszawa 1907.

Carte de la Pologne divisée par provinces et palatinats et subdivisée par districts construite par J. A. B. Rizzi 
Zannoni, 1772, 1: 692 000.

Chrzanowski W., Karta dawnej Polski z przyległymi okolicami krajów sąsiednich, Paryż 1859.

Colberg J., Atlas Królestwa Polskiego, składający się z 8 map jeograficznych, z których każda wystawia jedno 
Województwo, jako to: Krakowskie, Sandomierskie, Kaliskie, Lubelskie, Płockie, Mazowieckie, Podlaskie  
i Augustowskie, Warszawa 1827.

Karte des westlichen Rußlands, 19th/20th c., 1:100 000.

Maps of Wojskowy Instytut Geograficzny, 20th c., 1: 100 000.

Meyer von Heldensfeld A., Carte von West-Gallizien, 1801–1804, 1: 28 000.

Perthées K., Mappa szczegulna woiewodztwa sandomierskiego: zrządzona z innych wielu mapp mieyscowych 
tak dawniey iak i swiezo odrysowanych tudziesz goscincowych i niewątpliwych wiadomosci wszystko według 
reguł geograficznych i obserwacyi astronomicznych, 1791, 1:225 000.



182

Laser dIscoverers

Reymann D.G., Reymann’s topographischer Special-Karte von Central Europa, 19th/20th c., 1:200 000.

Spezialkarte der Österreichisch-Ungarischen Monarchie, 1869-1889, 1:75 000.

Strasz M., Karta położenia Zakładów Górniczych Rządowych w Królestwie Polskiem. Okręg Wschodni, 1846, 
1: 126 000.

Topograficzna Karta Królestwa Polskiego, 1822–1843, 1:126 000.



annex

List of volunteers participating  
in the stage of data samples examination



184

Laser dIscoverers

More than 720 volunteers spent a lot of time to involved in Laser Discoverers project and to 
analyzed the data samples. Without their engagement, research on such a large area and in the 
proposed form could not be realized to the same extent and with the effect that has been achieved.

The following list contains names* of those participants who have agreed to publication their 
personal data:

Filip Abramowicz, Jacek Adamiec, Nikodem Adamów, Agnieszka Akińcza-Kostrzewska, Ewa 
Ambrosius, Emil Bajer, Anna Bałazy, Jan Barabach, Sylwester Barański, Dariusz Barcikowski, 
Kamil Barglik, Laura Bartosik, Małgorzata Batorowska, Sebastian Bednarczyk, Maciej 
Bednarek, Dorota Bender, Sebastian Białas, Ernest Bielak, Daniel Bielat, Karol Biernacki, 
Bogusław Błaszczyk, Rafał Bojańczyk, Bartłomiej Bojdylla, Julia Bolewska, Radek Borc, 
Edyta Borowiec, Michał Brateus, Dominika Brzeżycka, Artur Bugaj, Piotr Burczy, Rafał 
Burzawa, Artur Buszek, Tomasz Chmielewski, Grzegorz Chucpa, Paweł Ciechański, Paweł 
Cieciera, Grzegorz Cieluch, Mariusz Ciesielski, Krzysiek Cieślik, Jakub Czaplicki, Bartosz 
Czarnecki, Piotr Czarnecki, Robert Czarnik, Kamil Czech, Jagoda Czech, Marcin Czerwiński, 
Piotr Czubek, Radosław Czykieta, Michalina Czyżnikowska, Bartlomiej Daczyński, Przemek 
Dalski, Rafał Dąbrowski, Szymon Dębicki, Tadeusz Dobkowski, Łukasz Drozdz, Julia Duch, 
Krzysztof Duda, Jan Duda, Radosław Duda, Sławek Dudek, Michał Dudik, Adrian Dzido, 
Janusz Dziubel, Piotr Dziurkowski, Gwidon Famułka, Janusz Fiett, Wojciech Filipczak, Jakub 
Fischer, Marek Franus, Jacek Freza, Patrycja Fryzik, Tomasz Gajdowski, Michalina Garbal, 
Wojciech Gawroński, Aleksander Gawroński, Hubert Giez, Aneta Giza, Dominika Glebocka, 
Łukasz Gmurczyk, Tomasz Gnatowski, Piotr Gogół, Kacper Goliński, Marcin Góra, Grzegorz 
Górniak, Maciej Górski, Asia Grabowska, Adam Grabowski, Błażej Graczyk, Maurycy 
Gradzikiewicz, Agnieszka Grala, Piotr Grom, Jakub Gromadzki, Piotr Gromniak, Jarosław 
Gronba, Piotr Grzelka, Zbigniew Gwarek, Rafał Gwoździowski, Andrzej Haba, Edyta 
Hajdyła, Damian Heba, Monika Henich, Marcin Huet, Sylwester Iwanicki, Krzysztof Jachym, 
Szymon Jadczak, Przemysław Jaguś, Michał Jakubczak, Tomasz Jakubowski, Adam Jan, Paweł 
Janiszewski, Anna Janowska, Marek Jarosz, Aleksandra Jesionek, Natalia Józwiak, Rafał 
Jurkowski, Jakub Juszyński, Piotr Kaciuba, Kacper Kaczyński, Damian Kajdas, Mariusz 
Kaleciński, Jakub Kalfa, Jakub Kamiński, Jan Kamiński, Marek Kamiński, Klaudia 
Kaniszewska, Bartłomiej Kaproń, Ireneusz Kapusta, Marcin Karnia, Cezary Karpinski, Jan 
Kędracki, Artem Kholodkov, Artur Kierski, Konrad Kiluk, Karol Klata, Marcin Klejman, 
Jakub Kmiecik, Ryszard Knapek, Dawid Kobylewski, Piotr Kolak, Marcin Kołodziejczak, 
Anna Konarska, Przemysław Konieczny, Aleksandra Kopińska, Maciej Koprowski, Konrad 
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Kosacz, Mikołaj Kostyrko, Piotr Kotlarczyk, Jan Kowalski, Przemysław Kowalski, Kamil 
Kowalski, Andrzej Kowalski, Agnieszka Kozera, Kamil Kozłowski, Andrzej Krajewski, Paula 
Kristofek, Eugeniusz Król, Radek Król, Dominika Krug, Leszek Krupa, Ewelina Krysiak, 
Piotr Krzysztofik, Wiesław Kucejko, Kacper Kudas, Elżbieta Kumańska, Michał Kupiec, 
Magdalena Kuriata, Nikola Lange, Mateusz Laski, Piotr Laskowski, Karolina Laszczyk, 
Grzegorz Lepszy, Jakub Lewicki, Wojciech Lubawski, Paweł Lugowski, Kacper Lukasiewicz, 
Łukasz Luśnia, Joanna Łaska, Adam Łaski, Władysław Łogonowicz, Tomasz Łukaszczyk, 
Daniel Maciejko, Maksym Mackiewicz, Michal Majchrowicz, Marta Majda-Fouad, Maciej 
Makowiecki, Ewa Malinowska, Tomasz Maliszewski, Nikodem Małecki, Maciej Mamet, 
Sławek Man, Marcin Marciniak, Szymon Marcinowski, Sylwia Marczak, Piotr Markiewicz, 
Bogdan Maroń, Magdalena Matuszczak, Włodzimierz Mazur, Marcin Mazur, Daria Mazur, 
Angelika Mendakiewicz, Daga Miasti, Marek Michalczyk, Dariusz Mikołajczyk, Robert 
Mikrut, Marek Milewski, Magdalena Miloch, Jan Mincewicz, Andrzej Miskiewicz, Jacek 
Mistarz, Jagoda Mizerka, Bartosz Młynarczyk, Janusz Młynarczyk, Jacek Moćko, Dawid 
Morawski, Michał Mroczkowski, Marcin Mróz, Maciej Mróz, Robert Mueller, Przemysłaaw 
Murawski, Igor Murawski, Ziemowit Musiał, Piotr Musiała, Robert Naborczyk, Grzegorz 
Nadolski, Katarzyna Nawrocka, Jan Nawrocki, Tomasz Neyman, Wiktoria Niedziółka, 
Przemysław Niezgódka, Marcin Nogal, Piotr Noszczyński, Adam Nowak, Damian Nowak, 
Dariusz Nowicki, Katarzyna Olczak, Leszek Orszulak, Tomasz Orzech, Sylwester Osip, Aneta 
Ostrowska, Anna Owczarek, Aleksander Owczuk, Konrad Pałgan, Paweł Pałyga, Paweł 
Paszek, Krzysztof Paw, Wojciech Piasecki, Norbert Piątek, Łukasz Pieńkowski, Wojciech 
Piotrowski, Tomek Piotrowski, Rafał Plutecki, Wojciech Pochajda, Jacek Podemski, Lukasz 
Podolski, Grzegorz Podruczny, Łukasz Polakowski, Rafał Poniedzielski, Katarzyna Popiel, 
Katarzyna Prosek, Artur Przybylski, Sonia Pyziak, Tomek Raby, Szymon Raducha, Jan 
Raduchowski, Maja Ratyńska, Krzysztof Rogalski, Andrzej Rokoszewski, Mikołaj Rosman, 
Dominik Rudzki, Darek Rusiak, Tomasz Rybicki, Rafał Rydwański, Radek Sajdak, Mariusz 
Samborski, Jerzy Samojlik, Karol Sapiński, Maciej Sarnowski, Szymon Sieg, Daniel Sierzanski, 
Kuba Sipika, Robert Skowron, Szymon Słowiński, Piotr Smolik, Justyna Smorąg, Krzysztof 
Sobczak, Sebastian Sochacki, Albin Sokół, Wojciech Sołtysiak, Jacek Sołtysiak, Paulina Sopek, 
Anna Sosnowska, Piotr Stachowiak, Piotr Stanisławski, Adam Stankiewicz, Małgorzata 
Stefańska, Szymon Stencel, Jakub Stępień, Bartek Stępień, Paweł Struś, Mieszko Strzelczyk, 
Krzysztof Sułecki, Sławomir Sułkowski, Name Surname, Jan Suszczyński, Adrian Szabat, 
Sebastian Szałachowski, Przemysław Szałkowski, Mateusz Szatkowski, Mateusz Szewczyk, 
Tomek Szmit, Aleksandra Szwajnoch, Igor Szyiński, Jacek Szymański, Paweł Szymański, 
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Maciej Szymański, Alojzy Szymańśki, Szymon Szymkowiak, Paweł Śledź, Mariusz Śliwa, 
Michał Śliwiński, Klaudia Taraszkiewicz, Paweł Tomaszewski, Rafał Tomaszewski, Artur 
Turaj, Patrycja Umecka, Łukasz Urbanowicz, Adrian Walczak, Arkadiusz Walicki, Jarek Weiss, 
Piotr Werens, Arkadiusz Westrych, Artur Wielgus, Lech Wiewiórowski, Anna Wiktor, 
Jaroslaw Wilczewski, Gabriela Winiarczyk, Marcin Wiśniewski, Krzysztof Witczak, Michał 
Włoga, Michał Wojciechowski, Jakub Wojtyniak, Krzysztof Wolarczyk, Przemysław 
Wołoszyn, Damian Woziński, Magdalena Wójcicka, Maciej Wójcik, Maciej Wrona, Marcin 
Wronsky, Magdalena Wrzeszcz, Dariusz Wyglądała, Łukasz Zabłotny, Paweł Zagozda, Paweł 
Zagórski, Ania Zając, Mateusz Zawadzki, Paweł Zgoda, Barbara Zielińska, Stanisław Zieliński, 
Elżbieta Złonkiewicz, Ola Zyguła, Klaudia Żupnik

* original spelling of names 
consistent with the registration form



Laser Discoverers – non-invasive examination 
and documentation of archeological and historical  
objects in the Świętokrzyskie voivodeship

the monograph which we are now presenting to our readers has been written by 
foresters, archeologists and historians. it is addressed to all those who love his tory 
and new technologies or who simply want to experience the joy of being a discoverer 
– a laser discoverer. it summarizes the current state of knowledge on airborne laser 
scanning as a fascinating method of detection of historical objects. 

we hope that such a broad approach to the described issue – seen with the eyes 
of natural scientists and historians, enthusiasts and professionals, foresters and 
archeologists – will provide readers with a better understanding of the full range 
of opportunities and threats which are likely to confront us in the coming years,  
in connection with our joint efforts to protect cultural and environmental assets in 
forest areas. 

Radomir Bałazy 
Coordinator of the “Laser Discoverers” Project


