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Relics of manual rock disintegration in historicalunderground spaces
and their presentation in mining tourism

Pavel Hronek' and Pavol Rybat

The article chronologically and methodically debes relics of the manual underground excavatiors@need on the walls of
the Slovak underground works. The analyzed relicsaaual excavation may be usergeotouristic objects. These attractive micro gsap
hardly identified in the underground by visitorsg@resented only in Banska Stiavnica Mining Musewe offer examples of relics after
the manual disintegration of rocks in the undergrduaccording to the development of the technotiddire disintegration and hardness of
rocks. As a result of our long-term studies of whederground, in the main part of this article wesdébe examples from Slovak territory.
Presented can serve as a basic guide for geotougsson, while visiting underground. Furthermoremiakes easier the identification of
historical technology used for the rock disintegrat and explains the various genesis of relicexperts, tourist guides and visitors.

Key words Manual rock disintegration technology, historicahthropogenic underground spacelics a manual disintegration of rocks,
geotourism, mining tourism, mining heritage

Introduction

All historical underground relief shapes excavatad built by human are identified in current terohigy
by the expression "underground”. The term undemptocovers both -underground spaces created by human
activity and/or natural caves and spaces undesudhface. Anthropogenic underground spaces, iarcetp its
areal scope, mouth to the surface only by smaédetunnels, pits and winzes.

Non-mining underground spaces are underground tsb@al shapes used procedures employed in mining,
but the purpose of their origin was different tlilhe extraction of mineral resources. We can thaie sthat they
were created using mining procedures - diggingattholes, shafts, chambers or other shapes, bytvikre
intended for sectors of industry other than minitgglf. The Slovak linguistic equivalent of non-rimg
underground shapes of anthropogenic relief is &me t'non-genuine mining relief shapes created by"ma
(Hroncek 2013).

Underground non-mining (pseudo montaneous) antlyapmo forms are very often several times larger
than shapes created by mineral extraction, or fming purposes, referred to as montaneous antheopog
landforms. Anthropogenic relief shapes are esdefuiathe functioning of technical progress of reod
contemporary human society.

The first a targeted created subsurface anthropodemms of relief in the world was created aroud@00
BC on the island Malta. Underground space - Hypogewas built for all - a cult, religious and funkecanter.
Further development of subsurface anthropogenimgoof relief continued in the second millennium B,
the Middle East

The first water tunnels, which were the predecessbtraffic tunnels, were minted, for example pisth -
Petra, Jordan and Jerusalem, Israel.

Rock-cut underground spaces reached their pealestenn and southwestern India, where between second
century BC and 9th century AD, have created extensnderground monastic complexes. These underdroun
spaces were carved by Buddhist, Hindu and Jain smémkexample in all - Ajanta, Bahaja, Kanheri, Bed
Ellora, Elefnthia, Karla, Padavleni, Mandapeshwat s dozens of other locations.

For many centuries carried the technological dguaknt of underground construction the Roman Empire
and thus the creation of underground forms of ambgenic relief. The medieval period is characestiby
the formation of only small underground shapes. dlyment of building underground forms of reliefcocs
the beginning of the modern period. The increase associated with the development of the industiy a
transport. They started to build the first shippingnel at the end of the seventeenth century amée, and in
eighteens century in England, especially. In thedeno construction of underground forms of reliedyd
an important role the tunneling shield, first tipet in a place in 1870 during the construction feé tunnel
under the River Thames.
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The oldest a targeted created underground reliefidan Slovak territory was formed in connectioithw
the construction of Medieval castles in the thintbecentury. Into the castle cliffs were carvedass| tunnels
and wells. In the construction of the castle Ledpin the second half of the thirteenth centurys warved
the oldest transportation tunnel in Slovakia. le flourteenth century there was carved Gergely fyrine
the Kremnické vrchy Mountains.

An important turning point in building undergrourahthropogenic forms of relief, was the use of
gunpowder into mining underground spaces in th&s.othe gunpowder was first realized in the undmrgd
for the purposes of the rock disintegration in SlenStiavnica ore mine, in the year 1627.

This technique of rock disintegration gradually amxged from the mining industry to underground
engineering works worldwide. The real boom in Slowaderground construction, which was connectedh wit
the rise of underground forms of relief, occurnedhie second half of the nineteenth century, wheg began to
build the first railway tunnels in our area.

Relics of manual disconnected rocks innderground as technical monuments

The technical monument is every item or objectate as a result or consequence of human actindy a
its purpose is to adapt the nature and its soucc#®e needs of the mankind with its present hisabwvalue. It
documents its activity to such an extent that tedaines the need for permanent preservation opéngcular
monument as a cultural property (Lednicky 2004)c@ding to the nature of technical monument, they a
divided into movable and immovable

According to our research we can state that thiesrel manual rock excavation process is currergly v
little valued as an important technical monumenhistorical mining technology. Archaeological finds of
hand tools for excavation of rock - especially harsn picks, chisels, drills, antlers and bones/ezkas very
important information of manual rock disintegrationunderground. But big information value haveoalelics
of disconnected rocks in situ. Therefore it is r#segy to protect these micro-forms as technical unwnts.
Their protection is still ensured only in connentiwith the protection of the underground as a whéde
example: the castle undergrounds and wells (Slavais a total more than one hundred e.l@kevo, Modry
Kamai, Slovemsk&upta, Stréno, Likava, Lednica), urban underground (e. guffma, Trnava, Svaty Jur,
Cachtice), wine cellars (e. g. Tokaj, Hont) and mather.

Geotourism, mining tourism and mining heritage

In Slovakia is mostly used the concept of ,,tourtsate” (cestovny ruch)According to the monolingual
dictionary of tourism (Gtik et al. 2006), is explained concept ,,tourisntléraas a set of activities that focus on
satisfying needs related to travelling and stap@dple outside their permanent residence and yswmatheir
leisure time. Their aim is rest, knowing, healtmusement and fun, cultural and sports usage, assinips, i. e.
gaining a complex experience. Term "tourism" @omiis) was not defined yet nor in the monolinguliviak)
dictionary of tourism and even at this term does exist in the dictionary. So far on the Slovakém
"tourism" was narrowed to sports activities conmggctwith physical activities and stay directly in
the countryside to know something about the homaniry, its natural beauties, as well as its culthexitage
(Chorvat 2006, Kompasova 2010).

In our geographical area is also frequently used térm created by the World Tourism Organization
(UNWTO) in 1991: "Tourism comprises the activit@fspersons travelling to and staying in placesidetsheir
usual environment for not more than one consecytae for leisure, business and other purposeseateated to
the exercise of an activity remunerated from witktie places visited." (downloaded on 7. October2201
available online:http://www.linkbc.ca/ torc/downgdT Odefinitiontourism.pdf).

Nowadays in the more and more globalized world, rwltie main communication expressions are in the
English language, this term is increasingly usexb & Slovakia. Slovak specialists in the fieldgafotourism
(e.g. Rybar, BalaZ & Strba 2010) consider the teftosrism trade" and "tourism" to be synonyms. They
perceive the term tourism as an international enietherefore they prefer it in their works.

According to National Geographic, geotourism carcharacterized as follows: ,,Geotourism is defiaed
tourism that sustains or enhances the geograpbi@acter of a place, its environment, culturetheies,
heritage, and the well-being of its residents. Gad$m incorporates the concept of sustainableisioyrwhich
destinations should remain unspoiled for future egations, while allowing for ways to protect a @ac
character. Geotourism also takes a principle frtavecotourism cousin, that tourism revenue shoutanpte
conservation and extends it to culture and histsryvell, that is, all distinctive assets of a pla¢gownloaded
on 25. October 2015, available online: http://ttanagionalgeographic.com/travel/sustainable/aboetaurism.
html ).

The first definition of geotourism published ThomasHose ,,The provision of interpretive and seevic
facilities to enable tourists to acquire knowledg understanding of the geology and geomorphatdgysite
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(including its contribution to the development dfet Earth sciences) beyond the level of mere aésthet
appreciation” (Hose 1995).

At the beginning of the 21st century is increastngumber of geotourism definitions. One of the best
comes from pencil D. Newsome and R. K. Dowlildefvsome & Dowling 2010) ,,A form of natural area
tourism that specifically focuses on landscape gawlogy. It promotes tourism to geosites and thesepvation
of geo-diversity and an understanding of Earth reme through appreciation and learning. It was easu
through separate visits to geological features,afiggeo-trails and view points, guided tours, getwviies and
patronage of geosite visitor centers”. These astladso present a new approach on geotourism ,,hgoki
the environment in a simplistic manner, we see thas made up of Abiotic, Biotic and Cultural (ABC
attributes. Starting with the ,,C* or cultural coomgnt. We note that from these three features thigs one
which is the most known and interpreted, thathspugh information about the built or cultural enawviment
either in the past (historical accounts) or preg¢eotmunity customs and culture). The ,,B* or lWdgatures of
fauna (animals) and flora (plants) has seen a ffrges of interpretation and understanding throegbtourism.
But it is the first attribute of the ,,A* or abiotifeatures including rocks, landforms and proce#isat have
received the least attention in tourism, and comsetly is the least known and understood. Thishés real
power of geotourism, in that it puts the touristtight firmly on geology, and brings it to the &ront of our
understanding through tourism®.

Mining tourism is the part of tourism where theitds is offered to see and get to know: mining
technologies, factors clarifying raw material egtians, its processing, business activities leadinthe output,
the former technical devices and facilities, th@amance of significant historical personalitiesl damilies who
importantly influenced mining operations, eventattforever changed the entire region by establismaw
technologies, etc. All the above mentioned is sspddo be explained in the language that is uratedable,
interesting and engaging to visitors.

Paradoxically, attenuation of mining activities Ha®ught about greater importance and popularity of
mining tourism. At the end of the ®@entury mining had a worse reputation than in fieserved due to
ecological organizations, media and part of theupajon that was out of touch with mining activitie
The interest to exploit resources and public ptiesi are not the same even at present. Environimenta
organisations are still fighting against new miningrks, require restrictions on current mining atitts and
call for the restoration of nature after previousing activities.

After stopped of mining activities in developed nbies at the end of 20 century, mining work remp\as
well as standard technological procedures of reatem brought removal of unique mining works and
machinery, and abandonment of former mining settles These solutions were correct, for they putrathto
hard work and unsuitable living conditions in migisettlements.

By doing so, we have exultantly lost unique tecbgalal and technical works created and used by ngiine
and hundreds-, or maybe even thousands-years efdfispsocial aspects of communities and socialimgn
structures. After this manner we have destroyedrgel part of technical, technological and socigleats of
mining heritage, including the heritage of minesshaman beings within existing regional communjtiekich
invested their properties and lives into specifining conditions.

We would like to point out, that since there iseffort to preserve biological diversity in order save
natural heritage that has developed over millidngears, then we should also understand the effaschnical
intelligence to protect socio diversity, technoadsity or any other kind of diversity, that marke ttontribution
of humans to the development of mankind, in respee¢housand-year old mining activity. (Rybar & Gémn
2014).

In historical mining countries, like those in cettEurope, mining tourism is based on mining actgahat
define this special type of tourism — mining toaridt is surprising, that even the part of publiattcontributed
to the termination of mining activities, is inteted in historical mining, its interpretation andprotion. It may
sound odd, but with the decline of mining activipgceptance of its historical meaning and willingméo
recognize social, economic and technological @fatiof mining increases (Rybar & Gémez 2014).

As visitors respect the underground space, findiig- mining, adrenaline sport, partly adventure or
heroism, and, after all, the tourists are as wetlozis about the miner's underground life and wadvkning
tourism offers visitors a chance to see and gekntow a folows: mining tools, devices and technadsgi
minerals, ores and rocks accessible in the reggmmnologies applied in ore extractions, as weteaknologies
used to enrich produced ores; historical persaeslivho used to secure and support mining progestslike
conditions in the area after shut-downs of the afp@ns (Rybar & Hvizdak 2010).

While using the mining technical monuments in gadgm (mining tourism), the most important facter i
the authenticity that in today's high-technologyridpis becoming more and more important. The aeurre
generation of young people is losing the real cpheé our ancestors” life. They do not know the nieg of
a lot of terms and they do not differentiate theameg of particular terms connected with mining.

In the current tourism, and therefore also in thi@imy tourism, we use mainly the so-called staged
authenticity. There is a danger that we do notteeereal historical reality but only mediated andtomized
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pictures, impressions and images in the way théyttseitourism industry (Chorvat 2006). It is tyalof various
festivals and mining days and celebrations, eatprBender's procession at Banska Stiavnica, ibiay and
Mining offertory at Smolnik, Ruthny's Sachtag at Riidny, Minig Day af’ubietova, St. Barabara's celebration
at Pezinok, Feast of St. Barbara and jump throlghléather, Faculty BERG, TU KosSice, and many other
events. The visitor can see different shows andifine@nd work of people and miners in the fieldnoihing in

the past that have become a routine part of theset®

We can conclude that the application of authentisitvery important in mining tourism in the pretaion
of relics of the manual excavation in non-mininglerground objects.

Mining heritage in Slovak terminology forms a paft the category "technical monuments”. But term
mining heritage has a much wider meaning and iraates all: natural, historical, architectural,healogical,
technical, artistic, documentary, geomorphologi ather aspects. Thus mining heritage includegreat part,
the heritage of the miner as a human being withenrhining communities that had invested their pesisas
and lives into specific mining conditions.

Definition of mining heritage is complicated becawd association with all: geological, geomorphaiog
and natural heritage. Another time is mining heetaelated to cultural heritage - historical, aettural,
archaeological, industrial, technological, techhicand other attributes. Mining heritage can alsovet
the territory, which has long depended on mininip territorial terms, we may assign mining heritage
different categories. In general, the concept oftdoge can be defined by cultural, natural and ahizategories
(Tab. 1), what is a case that covers the most avkase mining existed for a long time.

According to the classification of mining heritageade by Javier Carvajal Domingo Goémez (Gémez
2010), we have modified this classification in aywee usually understand and use (Tab. 1). All sisbskown
in the table, as natural heritage, geological hget etc., relate to mining or geo heritage.

In a subset natural heritage (Tab. 1) we undersspedies of fauna, flora and minerals, which waye n
present previously in the micro-region, respectiwellder area, before mining. Abandoned mines, ugieind
or surface ones, provide conditions for the existesf a new biotic and abiotic species.

Within the subset geological heritage (Tab. 1) ¢hare allocated such aspects, which belong to gsosi
defined in geotourism (Rybar et al. 2010a, 2010b).

Within the subset mixed heritage (Tab. 1) we folldwe broader view of a country affected by mining
activities. These changes caused by abandonediagpjaor mines reclaimed by water surfaces, or ofiser
differently reclaimed mines (terraced gardens,a&iional areas, etc.). Dumps after undergroundnginsually
remain like scars on the appearance of the landscap

By the help of cultural heritage (Tab. 1) we camdgtand describe mining prehistory and history.oAls
architectural elements in the mining region andfeats of mining technologies create part of cwdtureritage.
Migration of skilled miners and metallurgists intbe areas with rich natural resources, meant nédy on
the spread of know-how, but also the occupatiomifing areas and transfer of cultural habits byonts.
Interesting and important part of mining heritage the presence of King houses or Comorian yards
(Kammerhof) and Mints in the mining territory. Alsmportant families associated with mining and retgy
are part of mining heritage. Mining heritage asatax with the mining education is formed by schHmgldings
and prominent personalities who worked at the scfi®gbar et al. 2001). Mining museums and archiaes
establishments whose primary mission is to savepaeslerve the mining heritage. Another interestinep of
mining heritage is the preservation of customs, mgthology associated with mining.

Tab. 1. Mining heritage structuring (by Gémez, @Qdrocessed by Pavol Rybar).

Mining heritage

Natural heritage Geological heritage Mixed heritage Cultural heritage
Fauna Paleontology Landscape History
Flora Mineralogy Ecology Prehistory

Minerals Petrography Ethnology
Geomorphology Architecture
Structure geology Technology
Hydrology Technical objects
Hydrogeology Mining school
Vulcanology Development of science

Royal Institutions
Mining museums
Archives
Significant families bound with
mining and metallurgy
Mining law
Customs, manners, mythology
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Relics a manual rock disintegration in undergroundspaces - undervalued attractions in geotourism

In the development of tourism related to relicsmfing technical monuments we have to proceed ialso
accordance with international documents publishedhle International Council on Monuments and Strext
was founded in 1964 and that accepted many chatetsecommendations. The most important docunwent f
our study and for the practice is the Internatio@altural Tourism Charter — Managing tourism atcpk of
heritage significance, accepted in Mexico in 180%ordkova & Husovska eds. 2002).

For example L. Kudela and V. Lednicky (Kudela & Ingzky 2002) and V. Lednicky (Lednicky 2004)
dealt with the usage of technical monuments inisoubut only on a general level.

We can mention the long-term research of mininditéal monuments in Slovakia as an example of
a complex research of technical monuments for stiarneeds. Historical mining monuments procesaetthis
way have become the main attraction in the stilettgping of both - geo and mining tourism in Sloiakdere
we have to mention the most important works in figl that we used in the methodological parthi$ @article.
They are studies that deal with geotourism and mgimburism written by C. Schejbal (Schejbal 20081 D), P.
Rybar (Rybar 2010), also Rybar and corporate asttiRybar, Balaz & Strba 2010, Rybar & Hvizdak 2010
Rybar, Hvizdak, Molok& & Hvizdakova 2010, Rybar, Molok&& Kovacs2012).

Research of non-mining underground objects mustbased on all - methodology, anthropogenic
geomorphology and mining. The given issue is add@sn the works of Czech authors, such L. Zapletal
(Zapletal 1968, 1969), K. Kirchner and I. Smolov&r¢hner & Smolova 2010). In the Slovakia matter in
question studied, for example P. Héek (Hrortek 2002), P. Hratek, P. Rybar, K. Weis (Hraéek, Rybar &
Weis 2011), P. Hrarek and K. Weis (Hrarek & Weis 2014) and VCech and J. Krokusov&éch &
Krokusova 2007, 2013 and Krokusov&&ch 2014).

Methodological issues, research, grading, modelng characterization of non-mining underground
anthropogenic shapes in terms of anthropogenic ggamlogy were focused only works of P. Hfek
(Hrongek 2013, 2014, 2015a).

To research of underground and its use in the mitoarism is important 3D modeling. Methodicallyear
applicable e. g. works P. Rybar and L. Hvizdak (&yB Hvizdak 2010), P. Rybar et al (Rybar, Hvizdak,
Moloka&s & Hvizdakova 2010), D. Kubinsky, M. Lehotsky and Weis (Kubinsky, Lehotsky & Weis 2014), K.
Weis and D. Kubinsky (Weis & Kubinsky 2014) andHPon¢ek (Hrortek 2015).

The deal with relics after the manual excavationradks in the underground was not fully used in
geotourism by now. Exact identification, descript@nd time classification of the particular rele@ establish
the underground adventure tourism. The dark, utdihoften narrow underground space makes asswsanif
time travelling of the visitors during the past tefes and for a moment creates an atmosphere af pdople
do, move or live in the Middle Ages or even in @y Modern Age. Drafts, cold and humidity reirder
the experiences and feelings of visitors what igeemlly intensified in the historical mines andllgges.
The study should serve as the initial, basic gttidé could be used by individual visitors mainlynan-mining
underground objects.

Manual rock disintegration

To mark the main anthropogenic morphological preceghich leads into the inception of non-mining
underground anthropogenic relief shapes, it is @rap use the expression ,perforation“ and not ngni
Mining is a process connected with the extractibmagv material. It is a set of preparative and mgnivorks
realized in underground according to predetermiméung and technological sequence for a time. Gwesk
and poor quality mined rock is considered as t@@dirQuality suitable mined rock is considered asmaterial.
But the term perforation means the set of proceleseling to creation of underground spaces ancethpaces
having industrial, social and cultural purposessidegrated rock is not considered as raw matdrighe case
of big constructions might have its secondary ajaibn.

The most important thing to create non-mining ugdaund relief shapes was, similarly to mining works
the activity related to disconnection of the roélar centuries the rocks were disconnected manuéily.
prehistory, soft rocks were disconnected by usiakgeftool, wooden, stone and antler tools, lateo &ronze and
iron ones. For softer rocks grub-hoe and mattoeckfanharder rocks picker with a hammer, eventuahisels
and claw bars were used.

The picker and hammer were for centuries considéwede the most important elemental operation in
the process of creating non-mining anthropogerniiefrehapes (Fig. 1 and 2). The irreplaceable pwsibf
picker and hammer lasted until the age, when gudpowas carried into practice. For the first timasw
gunpowder used for disconnecting of the rock fonimg reason on Banskéa Stiavnica' dike Biber (Sl@)akn
1627. The pickers and hammers, despite the gunpaavdichand drilling application, were used untéd gecond
half of 19th century.
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The picker evolved from bone or horny cline whichsmsed from Sto Age. The clines were mas
continually from harder materials and already ircient times were clines and pickers made of

The body of picker had its flat part (head) on eitke, which the miner hits. On the other side efpicker
was the bit. Thébody shape, length and width of the picker depenaiedhe ground character into whi
disconnection picker was used. In the middle pafanly there was hole for free handle attachment. F
attachment of the wooden handle was inevitablerevgnt thr miner from shakings after hammer strok
Thehandles were direct or easily bended and were tesathip thedeteriorated grouncThe drifter (right-
hander) holds the picker by left hand with thettwitards the rock and hits the flat head by the ham

Fig. 1. Chisels and picks, 16th century (Agricola 1-. Fig. 2. Hammers, 16th century (Agricola 15.

In the face of thdrapezoidal profile tunnel the parallel lines/macksrizontal, vertical or bevel according
the ground structure) we consistently dug. An additional set of paralieés (grooves) habeen carved out
perpendicular to the direction of - formed grooves, which together with the fistesformed a network of
square protrusionsn the face surfa. The distance and thickness of the lines depend on the hardnes:
the structure of theock. (Fig. 3). The drifter strokes off juts (eveally chipped by the picker handle), wi
again created a smooth-surfacedll and the operating procedure was repeated fFaB68 Gindl 1969).
Details of relics ananual disconnecting rock by picker and hammepegsented in Fig.

Fig. 4. Details of relics by manually disconnect with hammer and pick.
Adit Upper Joharin the mining regiorubietovd, locality Podlipa. The nicks on the wak aca 1,5 cm wide, cca — 50 cm long and cca
0,5 -1 cm deep. The distance ranges of nare 35 cm (left), (photo P. Hrafek).
Hodrusa (district Zarnovica) - medievalining Staroviechsvatych. Mining symbdiammer and pick with Latiwrote the year 1510,
manually disconnectinwith a hammer and pick (right), (photo K. Weis).
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The daily advance of mediaeval miners used for wiskonnection picker and hammer, was about 7 cm.
This means approximately 22,5 m per year. Thisrégefers the medieval hand-mined tunnel - "kresani
,Kresanica” has mainly trapezoidal profile, 170 kigh and 50, resp. 60 cm wide (in upper, respeltopart),
allowing movement of miners. The area of the beak wsually only around 1°n6Gindl 1969). For better idea
we are presenting photos from underground touistess (Fig. 5 and 6).

Fig. 5. Visualization of the size of , kresanieainedieval Fig. 6. ,,Kresanica” — madiemining tunnel
mining tunnel of the urban underground tourist ®ut Znojmo, of the urban underground touratte in Slavonice, Czech
Czech Republic. Body height is 160 cm, (pRotHrorvek). Republic. Surrounding rocks are gaeBody height 145 cm,

(photo P. Hr@k).

The following figures present manually excavatedligeal mining tunnels (,,kresanica“) made by hammer
and pick technology in the mining regi@nibietova, locality Podlipa. Tunnels are excavatedocks of terigen
Perm ofLubietova crystalline, which consists of shale andgtomerates. Some of the passages of mining
tunnel were partly enlarged in the 18th and 19titwges (Fig. 7 and 8).

Fig. 7. Manually excavated medieval mining tunifglgesanica“) by hammer and pick technology ie thining region_ubietova, locality
Podlipa. Adit Lowest Johan (left) and adit Middshan (right), (photo P. Hrafek).
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Fig. 8. Manually excavated medieval mining tunifglsesanica“) by hammer and pick technology ie thining region_ubietov4, locality
Podlipa. Adit Upper Johan (left) and adit Uppermdshan (right), (photo P. Hrafek).

On the next figures there are mediaval mining tisfikresanica" manually excavated in ming regions
Brezno (Fig. 9) and Hodrusa (Fig. 10), respectively

Fig. 9. Manually excavated medieval mining corrifigkresanica“) by a hammer and pick in the minnegiion Brezno, locality Skalka,
excavated in dolomite (left). Underground spacésrahanually mined of limonit deposit at localityatka (right)
(photo V. Paptka).
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Fig. 10. Manually - by a hammer and pick excavatediieval mining tunnels (,,kresanica“) in Hodru@éstrict Zarnovica).
Upper adit Jan (left) and Mine StarovSechsvéatyagh@). Relics after the ventilation space on battes of the tunnels
near ceiling. (photo K. Weis)

More frequently used and more efficient was theahsection of the rock using the fire. So callddte
disconnection was present since younger Stone Huye.nature of this procedure was in lighting a fiesar
the benk of the tunnel (Fig. 11). The fire heatpdhe rock, which was disrupted by high temperatin@nge of
physical and chemical properties of minerals. Thatéd rock cooling by water was more an exceptiam t
arule (Fig. 12). The fire disturbed rock with tezngture 200 °C nd mining with soft instrumentsdree easier.
The temperature gained by special technologicatibgrof different kinds of wood has reached max0 6G.
The rock disconnection using a fire, whether inlikek or on the floor, depended on many factorslwhiad to
be respected by miner (digger). The deepness tirbed rock reached from few centimeters up to IThe
disadvantage of this technology has been the necedsa large amount of atmospheric oxygen, whiatvwaed
its using only in small deeps of underground. (Lyiri94, Lynn & Weisgerber 2000, BartoS 2004). The fi
disconnection is documented in a 16th and 17thucenih every important Slovak mining locality (Fig3 and
14).

Fig. 11. Firesetting in the 16th century (Agricdla56).
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Fig. 13. Medieval adit Darius, Rédva, probably excavated using fire disconnectiod smbsequently hammer and pick a technology (left),
(photo V. Paptka).
Hodrusa (district Zarnovica) - medieval mining irind StarovSechsvatych. On the walls and ceilingvisible relics of the manual
excavation by hammer and pick, (right) (photo Kig)e
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Fig. 14. Underground spaces excavated with the difire. Subsequently the vein was disconneetdda hammer and pick or chisel.
Brezinka gold-mine on Viey Gapé, Nizke Tatry Mnt. (left). (photo M. Buday).
Hodru$a (district Zarnovica) — drainage adit, migifield Rabenstein, (probably13th century) (rigiihoto K. Weis).

On the beginning of 17th century, has a diggerrafenground non-mining anthropogenic relief shapss,
his disposal except the picker and hammer, alsartiigock, the hoe, different chippers and crowtaand first
manual drills (Vlachowi 1961).

The diggers made the manual disconnection of haekl easier by using the trenails, which rammed into
dug holes in the rock. In our territory trenailsrevenade from beechen and hazel wood. These tremais
constantly watered, what increases their size, ismily corrodes the rock and creates cracks enb#mk
(von Born & Ferber 1774) (Fig. 15). The specialtmoel, used in eastern Slovakia, was breaking thk by
water. The water flowed into the bevel or vertibales and by hammering the wooden sticks intohibies,
diggers created the pressure which breaks the rock.

Fig. 15. The manual disconnection of rocks witn&il. Brezinka gold-mine on ¥k Gapé in Nizke Tatry Mnt.
(photo M. Budaj).
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The hand disconnections of rocks were constanfilaced by blasting operations (shot firing). Fistk
blast made by blasting powder was held by GaSpandVen 8th february 1627 in tunnel Horna BiebeanBka
Stiavnica mining locality. It took almost a whol@th century to expand this technological procesmines
across Slovakia (Gindl, 1975). After that, thisqess started to be also used in other mining pegos

Hand to hand with blasting operations in half ofrl@entury started the expansion of ground borrgm
the beginning it was no mechanical, but only hatwvbcutting of the holes for blasting powder chage
The deepness of these holes in those times was 3 ¢m (Fig. 16) . The next big expansion of thishnology
and of application of drillers with bigger powerdamuch deeper bores came into being during the déttury
(Gindl 1981, Sopko 1971) (Fig. 17).

Fig. 16. Mining drill and chisel, instruments foand drilling (Botik, Slavkovsky 1995).

Fig. 17. Underground spaces created with blaclstitey powder (photo P. Hr@ek).
Left: underground corridor undefupca castle, dolomites (18th century). (Body height5 cm).
Right: Name-less adit, location Skalka near Bredubomites (half of th&0th century).

Conclusion

The study describes the fundamental examples afsradn manual disintegration of rocks in the
underground. They are chronological according te tlevelopment of techniques and hardness of rocks.
Pursuant to our long-term studies of the undergidarthe main part of this article we describe basiamples
from Slovak territory.

Presented article is a valuable research papechwderves for all: documentation of historical menu
technology of disconnecting rock massive in undmigd across the historical mining area — Slovaida,
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documentation of manual disintegration technologiesocks in underground mining development, fottar
research work in situ, and also is the basis fetesgatically oriented mining tourism associatethwbgnition
of historical mining technologies and increase lefeindividual interested persons on the subj@&st.this is
fulfilled one of the objectives of the article, toeate something like a basic guide for individpaiticipants of
geotourism, while visiting of the underground. Btructure of the article facilitates visitors tliemtification of
relics in underground spaces. It also explainddhmation of them. When visitors of the undergrowtiberves
these relics, they will be able to determine arshidy approximate time of underground excavatipaces.
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