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I am delighted to welcome you to this 
publication on Geology and History from 
EuroGeosurveys, and hope you �nd it 
enjoyable and informative. It is the latest 
in our series of popular geological 
publications, which aim to bring aspects  
of geoscience to the wider public, and to 
put them in a European wide context.

Geology is often described as the history 
of the earth and the two disciplines are 
commonly compared and contrasted. 
However in order to explain the concept 
and length of geological time or deep 
time, analogies such as the earths  
4.6 billion year evolution as a 24 hour 
clock are used, with the �rst modern man 
appearing less than two minutes to 
midnight. Thus geologists and historians 
not surprisingly often have very di�erent 
perspectives!

However the interface of geology and 
history can be a fascinating story. Such as 
times when the particular geology of a 
region was the cause of historic change or 
development, or when particular 
geologists made historic discoveries or 
interventions. It is this topic that the 
members of EuroGeoSurveys have chosen 
for this, our latest popular series book. 
Here you will �nd examples from all across 
Europe of such history and geology 
intersections, illustrated and explained by 
the geologists from the local geological 
surveys, who know and understand their 
countries best. 

Against this readable format we hope 
there is also an important message, that 
the ground beneath our feet can have a 
major in�uence on important events from 
nation building to city rebuilding, in the 
case of Lisbon, and that the enquiring 
minds of historic individuals have helped 
us get to our current understanding of the 
world around us. In short geology has 
been a signi�cant in�uence on human 
history in the past and continues to be 
equally important today and into the 
future.

I wish to thank the work and contributions 
of all those involved across our 
EuroGeosurveys network and in particular 
the sta� of our Brussels secretariat and in 
particular our Communications Manager 
Claudia Del�ni and External relation o�cer 
Woody Hunter.

I hope you enjoy the read and gain some 
interesting insights on how history and 
geology have combined.

Koen Verbruggen
President 
EuroGeosurveys



Introduction

History and geology? What a surprising 
good combination! Yet geological 
discoveries, especially minerals have 
marked History and determined the 
distribution of political entities. Between 
economy, geostrategic issues, population 
migrations... geologist is an unknown actor 
in many historical events. The European 
Geological Surveys are pleased to present 
some examples highlighting the links 
between History and geology . Most of 
them are related to mineral resources 
which constitute the basement of the 
development of mankind. Nevertheless, 
other topics are addressed as problems of 
access to drinking water in Austria, or the 
1755 Lisbon Earthquake. Indeed, 
groundwater or geohazards constitute 
natural extensions of the geological 
surveys’ traditional activities.

Nowadays, the various activities of 
geological surveys are swiftly diversifying, 
commonly by combining multidisciplinary 
approaches: geothermal energy,  

CO
2
 storage, post-mining land use, soil 

remediation... These new topics result from 
current societal demands coupled with 
strong challenges in the future: sustainable 
resources management, the circular 
economy, protection of civilian populations, 
energy transition, climate change 
adaptation... All are related to the 
understanding of the numerous 
interactions between environment and 
human impacts. With the proliferation of 
data, the traditional paper maps - basement 
of the geological knowledge - become 
insu�cient. Many Surveys are imagining 
the maps of the future, fully digital, free and 
in 3D. In parallel to these issues, 
geoheritage is being increasingly 
addressed within public policies. 
Geoheritage completes biodiversity. 
Beyond the protection of outstanding 
natural sites, it is important to show how 
geology also forms the heart of our history 
by guiding the development of mankind.

Links between History and geology are not 
always immediate and sometimes it 
requires a bit of thought to imagine them. 
As for example is the relationship between 
an Icelandic volcano eruption and the 
French Revolution. Indeed, a crack of  
27 km-length erupts on June 1783. During 
eight months, the Laki expels a large 
amount of lava, CO

2
, SO

2
..., resulting in 

falling ash, sulphur dusts... Experts estimate 
that between August and September 1783, 
around 23,000 British people perished due 
to this eruption. This natural disaster led to 
climate change which strongly disrupted 
agricultural crops. Some revolts broke out 
in Europe in response to high food prices 
and bread shortgaes, de�nitely 
contributing to the civil unrest that became 
the French Revolution. The revolutionary 
chaos continued with the French Empire’s 
war e�ort... Napoleon tasked geologists to 
perform geological maps at detailed-scale 
so as to identify coal, iron... deposits but 
also �int.

Between History and Heritage,  
geology at the eart(H) of civilisation
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Fig. 1 The geological map is a basement for knowledge and a key document for understanding our daily environment.



Versailles without the extraordinary 
diversity of marbles coming from numerous 
European quarries? Still, most of visitors are 
only interested by art techniques, 
architecture... In a completely di�erent way 
of thinking, the geologist can bring another 
cultural perspective. Thus, the small village 
of Aigues-Mortes, southern France, 
experienced an unprecedented prosperity 
episode in the late 19th century during the 
phylloxera crisis which devastated many 
vineyards in Europe. Located on a sandy 
coastal shore, the insect pest has not been 
able to become proli�c owing to its inability 
to dig burrows in such a loose sandy soil! 
Not far away, the Perrier water source 
company tried to use this sand as raw 
material to produce glass for bottles. 
Unfortunately, the plant quickly closed 
failing to produce a good-quality glass due 
to the nature of the sand. Indeed, sand was 
mainly composed of calcareous shell debris. 
Consequently, we can provide with a 
geological point of view another cultural 
and historical perspective, even at the local 
scale.

Geology and History are �nally well 
interlocked contrary to what is usually 
thought. In that way, the European 
Geological Surveys o�er to the public 
selected examples to discover the many 
facets of these unsuspected connections.

Unfortunately, geologists are also involved 
in other wars. Thus, the First World War 
marked a new turn. In the face of new and 
incredible �repower, many front lines are 
frozen and it is then necessary to use 
underground space, requiring geological 
knowledge. Water was required in 
considerable volume to supply troops and 
horses. Armies also had to protect their 
own side and attack the enemy from the 
ground. Warring parties also needed 
mineral resources to sustain the war 
industry, mainly coal and iron, but also a 
large amount of metals: nickel, aluminium, 
copper... as well as a more signi�cant liquid 
mineral: oil. To �nd these strategic raw 
materials, numerous geologists were 
involved. Conversely, geologists also 
bene�ted from military technologies 
developed during con�icts, such as seismic 
technologies, used during World War I to 
locate the position of heavy guns. 
Moreover, without the development of 
marine sonar and magnetometers.during 
the Second World War, it is likely that plate 
tectonics theory would not have emerged 
so quickly, as magnetic striping of the 
Atlantic and sonar images of mid Atlantic 
Ridge contributed strong evidence for plate 
spreading. 

From a more peaceful point of view, 
geologists can use their knowledge in 
raising the public awareness to see the 
daily life in another way. A visitor who 
contemplates an ancient statue should also 
be amazed by the beauty of the stone,  
its texture, learn more about its origin.  
What would be the Loire valley castles 
without the Touraine tu�eau, the Palace of Fig. 2  Bauxite is the main aluminium ore 

(Brignoles, France).
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Fig. 3 Vineyards with a sandy soil (Aigues-Mortes, France).

Frederic SIMIEN is a geochemist and Head 
of BRGM publishing department. He was 
awarded a PhD in isotopic geochemistry at 
Institut de Physique du Globe de Paris .

Nicolas CHARLES is a geologist and 
researcher in BRGM Georesources division. 
He was awarded a PhD in geodynamics at 
University of Orleans in collaboration with 
the Institute of Geology and Geophysics of 

Chinese Academy of Sciences. His interest is 
structural geology, mineral resources and 
geoheritage. SEE PICTURES OF THEM AT 
PAG 45
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ALBANIA

Albania can be ranked among the small 
countries of Europe. Historians and 
archeologists have proven that the Albanian 
territory was an inhabited area since the 
Paleolithic period. In Albania marks of 
antiquity and important historical events are 
carved everywhere. Since antic times the 
European Emperors have fought for their 
dominance of the world from this region. 
Near Durrës (Dyrrhachium) Octavian August 
and Mark Antonius together defeated Gaius 
Pompey, one of Julius Caesars killers (around 
48 BC). 

Along the walls of the Kruja and Shkodra 
castles several ottoman sultans have 
conducted long and wild sieges. 

 From a geological point of view Albania is 
very interesting and various mineral 
resources have been found. The use of 
mineral resources has been documented 
since the antiquity. An example is bitumen 
of Selenica which was noted by Greek 
historian Strabo (63 BC - 24 AD). During the 
medieval age (14th century), Albanian 
humanist, Marinus Barletius in his book 
“History of Scanderbeg” which was 
published between 1508 and 1510, 
mentioned the extraction of halite from 
mines in the possession of Gjergj Kastrioti 
(Scanderbeg) the Albanian National Hero, 
considered by historians as an important 
wealth inherited from his family.

The geological 
discovery of Albania. 

I feel I have an obligation to describe a little 
history in a way that engages the 
Europeans reader who usually does not 
have much information about Albania.
Since the 15th century Albania was a 
common European country. The Ottoman 
invasion interrupted this trend of evolution. 
The defeat from the ottoman army, at the 
end of 15th century, led to the names 
“Albania” and “Albanians” being forgotten 
for the following �ve centuries, and it 
became the most totally isolated country in 
the world during that time. This period can 
be considered “The Albanian Dark Age” and 
perhaps for this reason, the movement for 
the liberation initiated in the second half of 
19th century was called “The National 
Renaissance”. 

The moment when Albania was proclaimed 
independent, on November 28th 1912, the 
country was like a ghost rising from it’s 
tomb to common European citizens. The 
people in Europe were more informed 
about the Amazon rainforests, than about 
the country situated between mountainous 
chains in east and the sea waters in west, 
that lies in the heart of Europe. 

As mentioned above, the �rst information 
regarding use of mineral resources in 
Albania dates long ago, since when the 
Greek geographer Strabo (63 BC – 24 AD) 
shortly searched for the Selenica bitumen,  
a huge ore body still in use, near the city of 
Vlora. 

But the modern information regarding 
geologic settings began to be published  
at the end of 19th century. Those were data 
of observation carried out by foreign 
diplomats and voyagers who rarely during 
their visits in ottoman territory, passed 
through Albania.

During the First World War, the army of 
every country involved in �ghting occupied 
the territory of this state, certi�ed as 
independent by Great Powers only in 1913.
But those armies, Austro-Hungarian, Italian, 
French, have included in their military 
formation some specialists called 
“geologists of wars”. Those geologists 
witnessed the very interesting geological 
setting of Albania, and its great potential in 
mineral resources. The resources were 
promising, and the �rst discovered was 
petroleum. 

In 1918, in a little village of South Albania, 
situated near a small river without a bridge, 
called Penkovë (Penkova), the Italian 
geologists (probably G. Del Piaz and  
A. De Toni) performed a positive drilling.  

Royal adventure of Albanian Geology.



From this moment Albania ceased to be a 
country where the occasional travelers, 
even famous like Lord Byron, only stopped 
when there were the storms in the Adriatic 
or Ionian seas that damaged their ships . 
The reservoir of Penkova was used the by 
Italians until 1920, when the Albanian 
voluntaries forced to leave the Italian army 
came in this region since the occasion of 
Adriatic block. 

Geologists and the 
pretenders for the 
Albanian throne.

Ordinary people think that Gjergj Kastrioti 
(Scanderbeg) was the king of Albania. 
Nobody has data to prove this, except a 
seal, exposed in the National Museum of 
Denmark1. Probably this seal was produced 
after the fall of Constantinople, and the 
only Balkan leader still resisting to 
ottomans was Scanderbeg. 

After the international recognition of 
Albanian independence, in 1913, a German, 
named Wilhelm Friedrich Heinrich Princ  
zu Wied, was appointed to lead the new 
“Princedom of Albania”. He couldn’t make 
history in Albania. He left the country, 
mostly in a state of rebellions, only after six 
months, during the beginning of First World 
War and never came back. 

1  In this seal is written where in Greek language  
is wrote “Alexander Emperor and King. Emperor of 
the Romans and King of the Turkish, Albanian, 
Serbian and Bulgarian”.

The election of Wied was the result of a 
political agreement between the Royal 
Families of Europe, but in fact, another 
pretender has himself asked to be in 
charge, but was rejected. He was the 
famous Hungarian Geologists Baron  
Franz Nopcsa von Felső-Szilvás (known  
by Albanian as Franz Baron von Nopsca or 
Franc Nopça). 

Nopsca was a scienti�c personality who 
made huge contributions in the �eld of 
geology and especially in the study of 
geology of Albania. Sometime he is 
considered as the father of the modern 
paleobiology. Nopsca was the �rst to 
publish a geological map of Albania,  
which included the northern part of the 
country. He contributed directly to support 
anti-ottoman rebellion for the independence 
of Albania during years 1909-1912. Apart 
from that he has inestimably contributed to 
Albania as a folklorist, linguist and 
ethnographer.

WW1 was followed by six years of total 
chaos (1924-20), with a Princedom 
abandoned by its Prince, and great parts  
of the territory still occupied by the army  
of victorious neighbouring winner 
countries. After that Albanian decided not 
to wait the return of the Prince anymore, by 
taking their fate in their hands, and 
organizing a national congress in the town 
of Lushnja, which proclaimed Tirana as the 
capital of Albania and elected a 
government. 

This government decided that the 
geological and mineral exploration was 
imperative, so in 1921 a contract was 
signed with an ex-war geologist,  

Dr. Ernst Nowack, who was a good expert  
of Albanian geology. It was a coincidence  
that this contract was signed by the Deputy 
Minister of Agriculture, and future King  
of Albania, Ahmet Bey Zogolli.

Dr. Nowack was of Czech origin, but he 
lived in Leoben in Austria where he was 
docent of Montanuniversität Leoben, and 
for this reason by Albania is considered as  
a Czech-Austrian. He did excellent work in 
Albania and can be considered as founder 
of the Albanian Geological Survey, and the 
�rst General Director of this organization. 
After three years he prepared the �rst 
Geological Map of Albania in scale 
1:200,000 and its explanatory text, entitled 
“Geology von Albanien”, in German , were 
both published in Austria in 1929 (in cities 
Innsbruck and Salzburg). 

The important data collected during the 
studies of Nowack, especially the 
assessment for the petroleum, made the 
rise in the interest of foreign investors for 
Albania possible. In 1925 some 
concessional agreements between 
Albanian government and Anglo-Persian 
Oil Company, Standard Oil, Syndacat 
Franco-Albanais were initiated, but the only 
organization who resists, was A.I.P.A. 
(Azienda Italiana Petroli Albanesi).  
This enterprise took into concession 
164.000 hectares in an area of the town 
Kuçova.  
The results were positive and the 
exploitation of petrol in Albania soon began. 

AIPA contracted a great specialist of petrol 
research, in the polish geologist Stanislav 
Zuber. Zuber came from a family of 
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ALBANIA

Sokol Marku 

Geologist, graduated in 1995 by the Faculty of Geology and Mining, Polytechnic University of Tirana with title 
“Engineer Geologist of solid minerals”.
Since 1997 is part of Albanian Geological Survey sta�. Since 2012 is in process to complete his PhD in �eld  
of Quaternary research and Marine Geology. Except a number of scienti�c paper published in national and 
international periodicals where he has contribute as author and coauthor, there are great number of publicist papers 
published in Albanian prestigious newspapers and magazines since 1998.

geologists. His father, Rudolf Zuber2 was a 
world famous specialist of crude oil 
exploration. Before he came to Albania 
Stanislav was involved in petroleum 
exploration in the area of East Caucasus 
and in Baku (Azerbaijan). AIPA was the main 
producer and supplier of the Italian army in 
the prelude and during WW2, and as such 
Albanian petrol was an important asset  
of fascist regime. The best Albanian 
biographer of Stanislav Zuber, Mr. Arqile 
Teta (Albanian Petroleum Geologist), 
showed in his book3 documents where 
there is evidence of a “kidnapping” of 
Stanislav Zuber from the secret service of 
King Zog the First, in a desperate attempt 
to pressure Musolini.

Ahmet Bey Zogolli was proclaimed “King of 
Albanian” on the 1st September 1928, 

2 Has perform geological research and petroleum 
exploration Mendoza (Argentina) Chile Bolivia and 
Venezuela between 1886-1892, in Caucasus, Spain, 
Mexico, Venezuela, Trinidad, Canada and USA 
between 1900-1910, in Nigeria and Ghana in 1910, 
in Sakhisar, Punjab in Indiain 1912. During 
1912-1914 has study the mineral water sources. Was 
the revealer of “Zuber” mineral water spring in 
Krynic, still today a touristic attraction of Poland

3 Professor Stanislav Zuber. Life and Labor. 
Monograph. ILAR Editors (Original title In Albanian: 
Profesor Stanislav Zuber. Jeta dhe Vepra)

exactly eleven years before the start of 
Second World War. He was cut from the 
throne by the fascist occupation of Albania 
on 7 April 1939. He never could come back 
and died in exile on 9 April 1961, remaining 
at the same time the �rst and the last King 
of Albania. After that no other king or 
pretender of the throne had dealings with 
geology in Albania. His throne being 
abandoned was the prelude of sixty years 
dominated by the fascist occupation and 
communist regime for Albania. Their 
relationship with geology and geologists 
was a long and painful story

Epilogue

These three geologists, each of them at 
least once related to the history of the 
Albanian throne, were the pioneers of the 
geological story in Albania. 

Unfortunately their lives ended tragically. 
Baron Franz Nopcsa von Felső-Szilvás 
committed suicide, Ernst Nowack died from 
malaria during a geological exploration 
andStanislav Zuber died after been tortured 
in a communist prison in 1948.

Their nameswere prohibited from being 
mentioned during the years of the 
communist regime (1945-1991), so I feel 

obligated to write this excerpt in their 
honor and, to express my personal 
gratitude, to all my Albanian colleagues  
for their work.
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The Hochstrahlbrunnen fountain was opened on October 24th of 1873, on the occasion of the opening  
the First Vienna Mountain Spring Pipeline. In 1906, it was illuminated as the Fontaine lumineuse and even 
today it is appreciated as a memorial to a successful project. (Historical postcard)

AUSTRIA

Introduction

Eduard Suess, one of the most important 
geoscientists of the 19th century, is primarily 
known for his geological works, such as 
“Das Antlitz der Erde“ (The face of the 
Earth), his opus magnum, which was 
translated into several other languages. 
Suess, born on August 20th 1831, in London, 
went to Prague when he was three and 
then to Vienna when he was 14.  
His geoscienti�c career began at the k.k. 
Mineralogisches Hof-Cabinet, precursor  
of the Natural History Museum of Vienna, 
where he worked on brachiopods. On  
10th August 1857, Emperor Franz Joseph I 
appointed him as associate Professor of 
Palaeontology at the University of Vienna, 
even though he had no PhD. In 1867, he 
became a full Professor of Geology and in 
1888/1889 Rector of the University of 
Vienna, which was founded in 1365. Suess 
introduced many scienti�c terms still widely 
used today, such as “atmosphere”, 
“biosphere” and “hydrosphere”. 
Furthermore, he also coined the term 
“Tethys” (1893) as the name of the world-
wide ocean during the Mesozoic.

His holistic approach in�uenced several 
projects in the applied geosciences.  
Thus Suess´ geological imprint can be 

traced from the First Vienna Mountain 
Spring Pipeline (Erste Wiener 
Hochquellenleitung), which was opened in 
1873, to the regulation of the Danube both 
within and nearby to Vienna (1875) and to 
the building of new cemeteries in Vienna 
downstream of all outlets of drinking water, 
to avoid contamination by pathogenic 
organisms.
 

What we can learn 
from Eduard Suess 

Vienna, the centre of the Habsburg 
monarchy, blossomed after the 1848 
Revolution. For the geosciences, evidence 
of this is seen in the founding of the 
Geological Survey in 1849, in Vienna (the 
kaiserlich und königlich Geologische 
Reichsanstalt), which was responsible for 
the whole Austro-Hungarian empire. In the 
second half of the 19th century, Vienna was 
confronted with an enormous rise in its 
population. In 1850, the number of 
inhabitants was 551,300 whilst in 1869 it 
was already 900,998. In 1880, Vienna had 
1,162,591 inhabitants and, as a result of the 
incorporation of the adjacent villages into 
the city, in the early 1890s, a further rise in 
population occurred. 

Thus Vienna had reached its present-day 
population, with 1,769,137 inhabitants by 
the turn of the century. To accommodate 
this growth, the city required a wide range 
of building materials in large amounts and 
at the same time was required to provide 
su�cient drinking water, to get the sewage 
problem under control and to develop a 
�oodwater protection scheme. Geologists, 
in whose expertise a great value was placed 
at that time, were consulted for the 
solutions to all these questions. As result of 
the needs of these large infrastructure 
projects, there was an enormous increase in 
knowledge in both the applied geosciences 
and fundamental research. Thus one can 
think of the second half of the 19th century 
as the «Golden Age» of the geosciences, 
during which many fundamental, and still 
valid, concepts were developed.

At the age of 16 Suess entered the Vienna 
City Polytechnic (today the Technical 
University) and was a witness and 
participant in the March revolution of 1848. 
From 1852 to 1862, he worked in the 
mineralogical collection of the the k.k. 
Mineralogische Hof-Cabinet, the forerunner 
of the Natural History Museum in Vienna. 
During this time, Suess recorded the 
observations he made from numerous 
building excavations in the Vienna area, 
spoke with well-diggers and then wrote a 

Eduard Suess: The father of Urban Geology
and the needs of the Industrial Age as a trigger  
for the Geoscience



summary of these observations in his �rst 
great work, published in 1862, «Der Boden 
der Stadt Wien» (The soil of the city of 
Vienna), with the signi�cant subtitle “after 
its formation, texture and its relation to 
civic life”. Suess himself, with a modesty 
which was typical for him, called it a 
‘geological study’. Today, the 326 page 
volume, which also includes a geological 
map, can be seen as the birth of urban 
geology as an applied discipline in the 
geosciences.

But what had Suess done? He had thought 
in an interdisciplinary mode. Having 
observed that water from the higher lying, 
inner-city cemeteries seeped through the 
corpses into the domestic wells lower 
down, he demanded that “The in�ltration 
of groundwater from the cemeteries to that 
beneath our suburbs must be prevented at 
all costs …”, and called for abandonment of 
the inner-city cemeteries. Politicians like the 
Mayor, Andreas Zelinka (1802-1868), 
realized the importance of Suess’ expertise 
and thus asked him to become a member 
of the Vienna municipal council. 

There, Suess succeeded in introducing a 
deliberate political change concerning the 
planning of new graveyards. From then on, 
he concerned himself at a scienti�c level 
with the relationships between the 
(planned) graveyards and the supply of 
drinking water, in particular the existing 
reservoirs of water (wells). Thus, as it later 
turned out, geological expertise was clearly 
required to �nd a suitable place for the 
construction of the large Vienna Central 
Graveyard. Certainly, Dionysus Stur and 
Franz Foetterle of the Geological Survey 
were concerned with this problem in 1869.

As the numerous wells in the city area could 
no longer be considered for the water 
supply of Vienna, due to the contamination, 
it was decided in 1868, after detailed 
planning, to undertake the complex 
construction of the First Vienna Mountain 
Spring Pipeline (Erste Wiener 
Hochquellenleitung) that would bring pure 
karst water to Vienna.

Suess, who was appointed to the Municipal 
Water Supply Committee by the Mayor, 
Andreas Zelinka, was again signi�cantly 
involved in this decision and applied 
himself intensively to the supply of karst 
water. Suess the geologist acted at a 
scienti�c level while Suess the politician 
fought for the realization of his ideas  
on the practical front. As a brilliant speaker, 
he relied on well-argued information to 
persuade the decision makers. In 1862,  
he published a very in�uential series of 
articles about the Vienna water supply in 
two weekly magazines, the “Wiener 
Medizinische Wochenschrift” and the 
“Wochenschrift für Wissenschaft, Kunst  
und ö�entliches Leben” – a supplement of 
the “Wiener Zeitung”. 

After the o�cial opening ceremony of the 
First Vienna Mountain Spring Pipeline, on 
October 24th, 1873, success came step by 
step, with more and more households 
being connected to the new water supply. 
In his memoires (Erinnerungen, published 
in 1916), Suess described the long-lasting 
success of these measures on the basis of  
the decline in the number of deaths due to 
typhus. This caused 3.4% of all deaths in  
the years between 1867 and 1873, before 
the opening of the water network, but this 
value declined to 0.9% afterwards.  

Even today, the First Vienna Mountain 
Spring Pipeline still contributes about 40% 
for the water supply of Vienna. The idea of 
clean drinking water for urban areas being 
brought from far-away places goes back to 
the Romans, whose spectacular aqueducts 
still remain. But it was Suess who took up 
the concept again in the 19th century. 

The Second Vienna Mountain Spring 
Pipeline, �nished in 1910, also follows this 
principle, which was subsequently applied 
to many other cities and is still valid today. 
The regulation of the Donau within Vienna’s 
city limits also carries the signature of 
Eduard Suess, even though here he worked 
in a large team of engineers. While he was 
attending the opening of the Suez Canal,  
in 1869, he realised that the excavation 
machines used there, which were no longer 
needed, could also be put to good use in 
Vienna. He rapidly organised their 
instalment in Vienna. Between 1870 and 
1875, a 280m wide straight river bed, 
together with a 450 m wide �ood zone,  
was built in place of the Donau, which until 
then meandered far to the northeast and 
southwest. With this, both the interests of 
the shipping business were supported and 
the danger of �ooding was eliminated.

Once more, Suess rendered his services to 
the city, not just as a geoscientist but rather 
showed himself to be a far-seeing man with 
vision, who was ready to take on 
responsibility and who, unlike anybody 
else, knew the relationships between the 
various disciplines involved. This is a special 
quality that Suess was particularly endowed 
with. A result of this is also found in his 
second most important work,  
“Die Entstehung der Alpen” (The Origin of 
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Translation of the German Text

the Alps), published in 1875. Here, he not 
only mentions lateral forces at work in the 
formation of mountains, but also goes one 
step further and distinguishes three “layers” 
in the formation of the Earth, which he 
describes as follows: “The �rst is the 
atmosphere, the second is the hydrosphere, 
the third is the lithosphere.” Based on this 
tripartite division of the non-biotic sphere, 
he states, that “…. on the surface of the 
solid [layer] we can distinguish an 
independent biosphere.” Such sentences 
demonstrate Suess’ vast intellectual 
horizon. Starting from details, he developed 
his ideas ever further, opening up new 
dimensions and perspectives. Nowhere do 
these worlds lie so closely together as in 
urban areas, nowhere are e�cient and 
lasting solutions more important than in 
city conurbations.

Suess not only pointed out relationships 
between scienti�c disciplines, but is also a 
person that sets an example to us all when 
trying to implement scienti�cally based 
ideas into political and environmental 
practice.
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Fig. 2 Gold panning place on the mountain Vranica - Central Bosnia (from the time of the Phoenicians and Romans)

BOSNIA AND HERZEGOVINA

Introduction

Bosnia and Herzegovina is known for its 
deposits of iron ore and gold. In history 
there have been times when Bosnia was a 
singular and exclusive manufacturer of 
iron for the entire Balkans, and meeting 
needs of even remote areas. Iron craft 
employed countless hands, and at 
di�erent times the iron, its production and 
processing were the reason for many of 
conquest attacks on Bosnia since ancient 
times. Iron had and has a signi�cance for 
its economic, cultural and social 
development. Iron ore on the territory of 
Bosnia and Herzegovina lies in Central and 
Northwest Bosnia. Geological studies have 
identi�ed deposits of limonite, hematite, 
magnetite and siderite. Iron content varies 
from 35 to 50% and established reserves 
are over 200 million tons. 

It is likely that no other type of exploration 
attracted humans such as the exploration 
and exploitation of gold. Once man started 
exploring it became like an addiction that 
constantly led to expeditions to prospective 
gold-bearing areas. The gold exploration 
expeditions in Bosnia and Herzegovina are 
known since the ancient times, as 
documented by the numerous names  
of old mines given to places, streams and 
mountain peaks.

In Bosnia and Herzegovina there are 
numerous types of gold-bearing ore.  
These include gold-bearing quartz vein, 
goldbearing quartzpyrite vein, gold-
bearing tetrahedrite, gold-bearing 
conglomerates, gold-bearing rhyolite, 
quartz-chalcopyrite gold-bearing ore and 
gold-bearing alluvium. Gold ranges from 
0.5 and up to 30 grams per ton.

The role of the Geological Survey in the 
study of iron and gold is signi�cant. 
Through a period of 120 years, dozens of 
geologists were directly involved in the 
investigation of these mineral resources 
and the obtained results of newly 
discovered iron and gold. 

Role in History

In Bosnia and Herzegovina there are many 
places, where traces of prehistoric metal 
smelting are found. The ancient domestic 
production and processing of iron causes 
the oldest cultural in�uences in Bosnian 
mountains. These are areas where there are 
numerous remains of slag in the 
northwestern and Central Bosnia.

Bosnia, at the crossroads between East and 
West, between the Pannonian Basin on one 
side and the Adriatic Sea on the other side, 
was iron-rich and soon became known by 
the countries of the Mediterranean Sea 

which needed, sought and exploited iron. 
Store iron caused tra�c along the Adriatic 
Sea, the Sava River and the Danube, before 
the arrival of the Romans to Bosnia and 
Herzegovina. For geographical and 
historical data, it is known that iron was 
transported, in the area of the northwestern 
Bosnia river Una and Sana and along the 
Sava River to city Ljubljana.

The �rst processing of iron is related to 
when man learned to make and use 
charcoal. That is when the steel industry 
really began . The old technology of 
production of charcoal in Bosnia and 
Herzegovina takes place and up to date 
(Figure 1), but it is now used for the 
traditional preparation of meat on the grill 
(famous Bosnian kebab - ćevap). The oldest 
mining works were carried out on the steep 
slopes of the mountains, which were 
constantly exposed to the wind which 
ampli�ed embers required for smelting. 

This age belongs to sites of iron slag in 
many mountain tops of Vranica in central 
Bosnia (area cities Kreševo, Fojnica, Donji 
Vakuf and Travnik), mountain Lipnica at city 
Kraljeva Sutjeska and Konjuh Mountain 
(near city Olovo).

All these prehistoric �ndings prove that in 
these regions, long before BC, melting and 
iron processing took place. Wherever the 
iron was processed, the villages formed,  
no longer there were nomads, people are 

Iron and gold
Development and History of Bosnia and Herzegovina



tied to the land and work, developing 
family life and civilization was created.

It is known that Bosnia supplied Carthage 
with iron when it waged war against Rome. 
Proof of this are the �ndings of 35 kilograms 
of Carthage money in northwestern part of 
Bosnia.

Historians state that already 3000 years ago 
big �ghts were led because of iron, for 
supremacy in the settlements of iron 
production. These battles were waged in 
the regions of central Bosnia (area of city of 
Fojnica and Kreševo - the foot of the 
mountain Vranica), where they panned 
gold, revealed silver, produced iron, forged 
weapons and trade.

Antique writers have noted that the 
Illyrians, who once lived on the territory of 
Bosnia and Herzegovina, were skilled 
searchers for gold-bearing land and panned 
the auriferous alluvium. By account of the 
Roman geographer Strabane, at that time 
they incurred huge mounds of panned gold 
on both sides of the mountain Vranica 
(Central Bosnia).

Around the volcanic mountain of Vranica 
remains of foundries and smelters can be 
found. Here you can go for miles trough a 
narrow trail through the woods, next to the 
creek all the way to the Red country where 
there was a huge gold panning place 
(Figure 2). Nearby are provocative names of 
sites of old mines: Golden grain threshing, 
Golden stream, Golden well, Golden karst. 
Pliny the Elder, Roman nauralist and 
philosopher (79-23 BC), mentions that in 
Bosnia 16 kg of gold per day was excavated.

With the arrival of the Romans to the region 
of Bosnia and Herzegovina, at the beginning 
the focus of mining activity has been on the 
exploitation of gold and later of iron. Rome 
due to iron transport and easier control of 
Bosnia, built the roads to the Adriatic Sea 
and the Sava River. On today view of the 
layout of these roads, it can be seen that 
they go through areas rich in iron ore. 

In the sixth century, on the teritory of 
Bosnia Slavs arrived and settled in areas of 
iron processing. From that period is known 
for manufacture of steel plates for shoeing 
horses, and historian Beck (1887) states that 
they were exported even to Tibet. How was 
signi�cant production of iron in Bosnia in 
the mid-century (the data on concessions 
to merchants from city Dubrovnik and 
Venice (the period of 1300-1420). 

Production and iron processing continued 
during the Ottoman period in Bosnia and 
Herzegovina. How much importance 
Ottomans gave to mining production 
speaks and the Mining Act, which was 
passed by sultan Suleiman in the 16th 
century.

At the beginning of the 19th century in  
the immediate neighborhood of Bosnia 
(the area around the Adriatic Sea) France 
arrived. France opened Consulate General 
in city Travnik, Napoleon’s o�cers patrol 
Bosnia and in their reports iron mines are 
covered. At the time, French Consular 
Secretary Fosses states that yearly from 
Bosnia to Dalmatia 2,000 ri�es, 3,500 ri�e 
barrels, 1,000 guns and as many swords 
were exported. A great interest of France 
for mining in Bosnia is seen in the fact that 
in the period 1832-1837 Bosnia was visited 

by a French geologist Ami Baue who in its 
report highlights Bosnia as a rare country 
where there are a lot of pure iron ore. 

In the second half of the 19th century the 
territory of Bosnia intensively was visited  
by explorers from the Austro-Hungarian 
Monarchy. Departure of Ottoman Empire 
and the arrival of Austria-Hungarians to 
Bosnia (1878) is characterized by raising,  
for that time, very modern steelworks in 
city Vareš (Central Bosnia). The Austro-
Hungarian Monarchy, in 1898 formed the 
Geological Survey of Bosnia and 
Herzegovina and the �rst director was  
F. Katzer. That is start of the �rst modern 
geological exploration of iron ore, and two 
years later the mine and steel mill in Vareš 
was opened. At the same time, based on 
ore from Vareš, steelworks in city Zenica 
was built, for which is historically bound  
the development of a large part of central 
Bosnia. And today in Zenica there is 
modern steelwork in operation.

Austrian explorers during the 19th century 
were trying to penetrate deeper into the 
skills and traditions of the Illyrians, Celts, 
Sasa, Romans and others, those who 
extracted ores in the region. During 
exploration of old iron mines in 1894 a gold 
mine in city Fojnica opened (Central 
Bosnia), which worked until 1939. From that 
mine more than 2 tons of gold and 7.5 tons 
of silver were extracted. According to 
estimates of Geological Survey in the mine 
there is remaining of 3 to 4 tons of gold and 
10 tons of silver. At this mine exploration 
was was in 2004 by Geological Survey and 
in 2015 concession was granted.

16



BOSNIA AND HERZEGOVINA

Hazim Hrvatović 

is the director of the Geological Survey. He is a PhD geologist and 
professor at the University of Tuzla.  
He has experience in geological mapping and exploration mineral 
resources: uranium, led, zinc, gold, silver, iron, manganese, barite, 
boxite, cobalt, nickl, copper and industrial mineral resources.

Fig.1 Modern bakes for production of charcoal in city Fojnica (using the same methodology as 3000 years ago)
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Main picture Natural oil spring in Paklenica (Moslavina county)
Down right Wooden derrick from 1932

CROATIA

Introduction

In ancient times crude oil was called “blood 
from depth”, “Earth’s sweat” or even “the 
elixir of life”. It is not surprising that crude 
oil, this dark, viscous liquid, with very 
pungent odour had changed the world.  
The �rst researchers and users of oil were 
Neanderthals, more than 40.000 years ago 
in the area of today’s Syria. Its origin tickled 
the human imagination for a long time. 
However, the answer to that question came 
with modern science. According to the 
organic theory, crude oil is formed from the 
transformed remains of aquatic organisms. 
Over millions of years, covered with tons of 
rocks which were pressing down from 
above, and the heat which was “chemically 
cooking” them, these organisms have 
become crude oil and natural gas. 

Analysis has proven that the chemical 
compounds and traces in crude oil are 
pointing to the very original organisms 
from the ancient sea, and these are mostly 
phyto- and zooplankton. Perhaps the term 
«the blood from depth» wasn’t so wrong. 
Oil and its products were used by almost all 
ancient civilizations: for road construction 
in Babylon, and medicine in Egypt while 
Byzantines and Romans used it in war, etc. 
In the Middle Ages it was also used as a 
medicine, and also for lighting and 
shipbuilding. It wouldn’t be wrong to say 

that we cannot imagine today’s world 
without oil, gas and its products.

How it starts?

To understand what preceded signi�cant oil 
and gas discovery on the territory of the 
Republic of Croatia we must go back into the 
past a bit more than 160 years. It is a little 
more than the length of two average human 
lifespans but «a blink of an eye» in the 
geological concept of time. The �rst 
interesting point is the story about 
petroleum peeps - “pakline” (pakao = hell). 
Such sites can be found all over Croatia 
which is demonstrated by the way those 
places were named. Accordingly, we have 
Pakleni otoci (the Hell Islands) and Uljanik 
(ulje = oil) in the Adriatic, the medieval city 
of Garić and forests in the area of Paklenica 
at Moslavačka gora Mt. and Peklenica in 
Međimurje county which are also good 
examples. Now, we are heading just right 
there, to one of the oldest oil provinces in 
the world – the Moslavina region. Interesting 
stories about bubbles in water wells and 
streams led us to do the further research.  
We have heard that local peasants 
encountered sources of salt water and 
�sherman observed what is called in 
Croatian «vrutci» - bubbles on �ooded �elds.

This is not all, there are strange black liquid 
puddles in the depths of lowland forests 

too. The strangest places are still “pekline” 
which is a synonym for “pakline”. People 
associate these with hell because of their 
black colour and strange bubbles arising 
from the depth which make people believe 
they are breaths from the sinful souls.  
We wonder what is hiding beneath this 
region. Something doesn’t feel right in 
these stories, is that oil or gas? Let’s go back 
to the present, to see what that really is.

In the book «Moslavačke priče (Stories from 
Moslavina)», by Josip Badalić, there is a 
quote that is also associated with mystical 
stories from the Moslavina region.  
Mr. Badalić had been writing about his 
childhood in the village Deanovec in the 
Moslavina where he mentioned �aming 
�res (Croatian = “plamteći ognji”). The 
inhabitants of the village were often 
horri�ed by a strange blazing light that 
mysteriously emerged and disappeared in 
the summer nights. Writer states that the 
diameter of these lights was about a size  
of an elbow and as they were rising, the 
wind was carrying them into the distance. 
Today we know for certain that these 
strange �ames were a consequence of 
natural gas rising at the edges of today’s oil 
and gas �elds and then the same gases 
were burned by static electricity.

All that is a result of oil and gas 
accumulation in geological structures 
(traps). Some of the traps were leaking,  

From bubbles in the streams  
and water-wells to oil �elds



so that oil and gas came out to the surface 
where they took attention and tickled the 
imagination of inhabitants. Hydrocarbons 
were not here by accident. Ten million years 
ago these areas of Croatia were actually a 
SW part of the Pannonian Sea (PS). In those 
days Moslavačka Gora Mt. was just a small 
island. Deep parts of PS were places where 
oxygen levels were low (anoxic conditions) 
and in these circumstances the same dead 
organisms that were mentioned in 
Introduction have not been falling apart. 
Tons of new sediments that form the rocks 
on which we walk today were brought by 
rivers all around PS. However, that was not 
all! Oil and gas were formed as well. 

Commercial oil exploration dates back to 
the 19th century.

In the area of the Moslavačka Gora Mt. 
mineshaft «Martin» was dug out. It was  
70 m deep and the oil was dripping out 
from a rock where it was collected into 
buckets and re�ned at a nearby factory ever 
since 1854. It is interesting that the same 
re�ned oil was used for city light in the 
former imperial capital Vienna. Other shafts 
similar to this one were opened all over 
Croatia. Moslavina can therefore be 
classi�ed as one of the oldest oil provinces 
in the world. While the �rst oil was 
streaming from a new Drakes well (world’s 
�rst oil well in 1859), oil was already being 
exploited from the mineshaft “Martin”.

The �rst oil well in Croatia was drilled in 
1885. These primitive wells were pooping 
all around the Moslavina hills in the early 
1900’s. First oil wells were placed near 
petroleum peeps and geologist had been 
monitoring pathways of drilling bits all the 
way down the mystical depths of the 
Moslavina. Small successes, and of course, 
catastrophes occurred on these �rst 
Croatian wells. Sudden gas eruptions were 
not rare and in some occasions gas was 
�aming out from the deep structures below 
the ground for weeks. Just imagine what a 
powerful scene for the local population 
that was. There was signi�cant progress in 
geological exploration between the World 
Wars. Giant step forward for oil and gas 
exploration were the �rst maps of 
geological structures (structure contour 
maps) because they made it a lot easier to 
point exactly where the oil reservoir was. – 
Drill here!

Oil and gas �eld “Gojlo” was the �rst big 
Croatian oil�eld. It became a strategic goal 
within the circumstances of WWII but oil 
production in the Moslavina didn’t die even 
after the war. New steel towers had been 
occupying local areas for years. A small 
number of professional sta� led the 
exploration and local peasants became 
workers at oil wells and �elds where they 
shaped the new contours of the Moslavina 
with their own hands. Eventually, new oil 
and gas �elds were discovered: Šumečani, 
Ivanić, Kloštar, Žutica, etc. That was the �nal 
evidence dispelling the rumors from the 
past and testifying about restless forces 
that watch us beneath our feet. 

The importance of 
oil and gas for the 
Croatian society

Discovery and exploitation of oil and gas 
meant fundamental changes in the 
appearance of predominantly agricultural 
regions. Before oil and gas discovery, wine 
was measured in liters and now oil is 
measured in tons. Oil is not just a raw 
material for people who live in these areas; 
it’s a safe job that supported generations of 
oilman families. Furthermore, it meant 
building an industry (�rst re�nery in Croatia 
in 1883; Zagreb had the city gas network in 
1863), construction of roads and 
urbanization of villages. Completely new 
neighborhoods were made with new 
kindergartens, schools, hospitals, movie 
theaters etc. Predominately illiterate 
population got a chance for education 
while culture and sport gained signi�cance 

Mineshaft Martin: Three-legged derrick for crude oil 
exploatation with buckets (beginning of the 20th 
century)
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which, among other things, led to naming 
of some sport clubs in remembrance of oil 
(NK Naftaš = FC Oilman).

Oil does not only power machines, it can 
also be used as a remedy in medicine.  
A special type of crude oil, called 
naphthalene, has characteristics suitable for 
the treatment of various skin diseases.

Naphthalene oil is found in two localities in 
the world. One is in Baku, Azerbaijan, and 

the other one is Croatia, of course, in a small 
town near Zagreb – Ivanić-Grad. 

Furthermore, because of awareness rising, 
thanks to the forests preservation and 
donations from oil industry the Europe’s 
biggest rodent – beaver – have returned 
from extinction to the Croatian lowland 
forest. Croatian oil and gas �elds are the 
perfect example of coexistence between

nature and industry. Who could have hoped 
that the same innocent organisms from 
long-forgotten Pannonian Sea, which had 
been showing its presence only in the form 
of bubbles, �aming �res and petroleum 
peeps, would have come to life again to 
play such an important role in Croatian 
history.

Drawing of wooden houses and wooden derrick behind them  
(second decade of the 20th century)

Drawing of the three-legged derrick with steam drilling machine 
(second decade of the 20th century)
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Skouriotissa copper mine, operating since antiquity and producing today-purity metallic copper.

CYPRUS

Introduction

Homer describes the location of the temple  
of goddess Aphrodite on the southwest 
coast of the island of Cyprus. In the Iliad he 
refers to Aphrodite as Kypris, meaning the 
Cyprian. At this beautiful location in 
southwest Cyprus, known today as Petra to 
Romiou, and according to oral tradition, 
Aphrodite comes onshore just like the 
island of Cyprus rises above sea level. From 
then on, the history of ancient civilization 
on the island of Cypriot is linked to its 
geology, the Troodos ophiolite, its Cyprus-
type massive sulphide deposits and the 
worship of the goddess of love and fertility, 
taking many forms and names until its most 
recent: Aphrodite.

The ophiolite  
in antiquity

Uplift to more than 2000 m above sea level 
and subaerial erosion of the island have 
exposed the stratigraphy of the Troodos 
ophiolite, a piece of well-preserved oceanic 
crust. The highest elevations on the Troodos 
massif at 1952 m.a.s.l. expose the 
stratigraphically lower lithologies of 
oceanic crust, the mantle rocks of the 
ophiolite sequence. The lower elevations  
of the massif expose the pillow lavas, the 
stratigraphically higher units of the 
sequence. 

Already in the pre-pottery Neolithic period, 
11000 years before present (9000 B.C.) 
people on Cyprus were familiar with the 

local lithologies that could provide them 
with raw materials for their survival. River 
beds draining the Troodos mountains 
provided boulders and gravel to the deltas 
and coastal plains. These diabase, gabbro 
and pyroxenite boulders were used for 
making bowls, pestles, rubbing and 
grinding stones. Cherts were the ideal 
material for sharp tools like scrapers and 
arrowheads. Sediments on the coastal 
lowlands provide evidence for the 
contrasting lithologies found in the 
mountains in the central part of the island. 
Was this the inspiration for exploring the 
mountains? Is this how they proceeded 
with discovering umber, ochre, terre verde 
and later copper? Did the dark pillow lavas 
and diabase dykes lure the �rst explorers 
into climbing even further up the rough 
terrain to the top of the mountains?  
Is this how they discovered the source of 
these river boulders and pebbles and �nally 
located where diabase, gabbro, asbestos 
and picrolite come from?

Chrysotile asbestos, literally meaning 
“inextinguishable” occurs in 2-3 cm thick 
veins in the serpentinized hurzburgite,  
in the ophiolite mantle. It was used in 
antiquity for cremation shrouds, lamp 
wicks, hats, and shoes because of its 
insulation properties. The Greek physician 
Pedanius Dioscorides of Cilicia (40–90 A.D.) 
in his Materia Medica, praises the asbestos 
of Cyprus calling it “amiandos”, meaning 
pure or unde�led, a name given later to the 
mining town of Amiandos, located next to 
the now abandoned open-pit mine of 
asbestos. Picrolite, a pale green association 
of chrysotile and lizardite, occurring in 
fractures, alongside asbestos in 

serpentinite, has a very �ne, soft �breous 
texture with a waxy surface. Appealing to 
the eye, it is also ideal for carving small 
idols. It was used for crafting small 
cruciform pendants, beads and other 
decorative items, very common in the 
Chalcolithic period (4000 – 2500 B.C.). 
Umber (terra umbra), yellow ochre and 
celadonite (terre verde), iron and 
manganese rich oxide sediments occur on 
pillow lava surfaces or as secondary 
minerals in the lava basalts of the Troodos 
ophiolite. They are mostly scattered and in 
small patches but their mining was easy. 
Umber was found in Lemba in the 
southwest coast of Cyprus dating to the 
�rst half of the 3rd millennium and ochre in 
a clay �ask of the same period. They were 
used as natural pigments, mainly for 
decorating pottery with umber still being 
mined and processed for export today.

Copper and religion

It was not until the discovery of the 
gossans, iron caps forming on exposed 
oxidizing massive sulphide deposits, that 
copper became a strategic resource 
contributing to the island’s economy and 
growth. This important ore placed Cyprus 
on the map of world economies in 
antiquity, as one of the leaders in the 
production and trade of copper. Copper 
and metallurgy are linked to religious 
contexts later associated with goddess 
Aphrodite, the Cypriot goddess. Excavated 
furnaces and copper slag proves that 
smelting took place in sanctuaries, strong 
evidence that these industrial activities 
were conducted under the aegis of 



religious authorities. Miniature ingots 
discovered in the sanctuaries of Enkomi,  
a thriving polity on the east coast, served as 
o�erings also strengthening the view that 
copper was related to religion. A 30 cm 
high bronze statue from the 12th century 
B.C. discovered in Enkomi shows the Ingot 
God standing on an oxhide ingot.

Ropes, wooden support posts, stone tools 
and straw baskets, many times preserved 
by native copper impregnation, have been 
discovered in ancient underground mine 
shafts, attesting to the practices of mining. 
Copper was extracted from the ore and 
copper ingots were cast in various sizes and 
shapes for trade. Most commonly, ingots 
had an oxhide shape resembling the hide 
of an ox weighing between 20-35 kg 
making it a standard for trade, most of 
which was done by sea. Copper ingots from 
Cyprus have been found as far as Marseille 
in France, Oberwil�ngen in Germany and 
Qantir in Egypt and as far as Bagdad. The 
Uluburun shipwreck alone was carrying  
354 Cyprus ingots totaling 10 tons of 
copper. Similarly, the archives of Amarna 
(14th century B.C.) refer to 897 ingots of 
copper sent to Egypt over a period of thirty 
years from Alashiya, the name of the island 
before it is named Cyprus (Kypros), 
synonymous with copper (cuprum).

By far the most impressive evidence of 
copper mining is the presence of more  
than 110 ancient slag heaps totaling about 
4 million tons of material. These heaps 
consist of the hard, iron and silica rich waste 
product of smelting using the method of 
pyrometallurgy. They are important 
evidence for the location, extent and 
method of smelting that took place in 

antiquity. More rarely the discovery of 
fragments of smelting furnaces and tuyères, 
all made of clay, provide information about 
these archaeometallurgical techniques.  
The �rst metal objects from Cyprus date to 
3500 B.C., the Chalcolithic period, with the 
production and trade of copper becoming 
intensi�ed much later, after 2500 B.C.,  
the beginning of the Bronze Age. Charcoal 
and pottery discovered at smelting 
workshops and slag heaps provide dates as 
late as the 8th century A.D., just before the 
beginning of the Byzantine period.

The geological evolution of the east 
Mediterranean has given shape to the 
island of Cyprus, preserving a unique piece 
of oceanic crust but also giving life to the 
people who �rst inhabited this island, with 
copper, its discovery and exploitation 
giving shape to a robust ancient economy 
and the development of a �ourishing 
civilization as we now have learned to 
appreciate
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Left:  30 cm high Late Cypriot IIC (1300-1200 BC) solid copper 
statuette of the Ingot God standing on a copper oxhide 
ingot. Found in the sanctuary of Enkomi in Ammochostos, 
now in the Cyprus Museum. Photograph is courtesy of 
the Cyprus Department of Antiquities.

Right:  15 cm high Chalcolithic (3500 -2500 BC) cruciform 
�gurine from Pomos made from picrolite. Now in the 
Cyprus Museum. Photograph is courtesy of the Cyprus 
Department of Antiquities.
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The Gothic Stone Fountain is just the visible crown of the Kutná Hora fresh water supply pipe system.

CZECH REPUBLIC

Introduction

Central Europe is the cradle of modern 
geological knowledge and mining 
development from the early to late Middle 
Ages. Signi�cant silver and gold deposits 
located in the Lands of the Bohemian Crown, 
together with a high level of tin, silver, 
copper and iron mining in both the Saxonian 
and Bohemian parts of the Krušné Hory 
(Erzgebirge), laid the technological, 
scienti�c, and legislative foundations of the 
continental mining and ore processing arts. 

From the Celtic era, gold was the principal 
attraction of Bohemia, disseminated around 
its primary sources in gold-bearing rivers in 
central Bohemia and along the Moravian-
Silesian border. At the end of 13th Century,  
an intense wave of prospecting led to the 
discovery of more than a thousand deposits 
and occurrences of important minerals 
within the territory. One of the most 
important discoveries was the �nding of rich 
silver mineralization, ascribed to Cistercian 
monks from the Sedlec Monastery. Within a 
decade of the discovery, a young mining 
town had spread around the southern 
slopes of a three-headed hill close to the 
monastery. The new silver rush attracted 
crowds together with royal administrators 
and experienced miners and ore prospectors 

from Bohemia, neighbouring parts of 
Germany and Northern Italy. Kutná Hora, or 
Kuttenberg, soon became the second largest 
town in the Bohemian Kingdom, and quickly 
grew into the richest, leading intellectual 
and technical power among the other 
mining centres in Bohemia. 

The Kutná Hora silver 
hills in the vision of 
the Czech mythic 
prophet Libussa

The silver treasury hidden under Kutná Hora 
was foreseen by the legendary Czech 
prophet, Princess Libussa (Libuše), the wife  
of Przemysl I and the mother of the 
Przemyslid royal dynasty. She foresaw the 
three-headed hill rich in silver and the rich 
�ourishing of the town of Kutná Hora.  
The �rst of three predicted serious declines  
of mining happened as early as 1275, when 
the king, Przemysl II, con�scated 500 mining 
horses from Kutná Hora silver mines for his 
army before the battle against Rodolphe I de 
Habsbourg. He lost and died there, and Kutná 
Hora was left waiting for the reign of his son, 
Venceslas II, for its second mining boom.

Silver mining in the 
history of Kutná Hora 

Native silver rods like �ngers or hands were 
reported from a new discovered site at the 
end of the 13th Century. Extremely enriched 
upper parts of a polymetallic sulphidic 
Ag-Cu-Pb-Zn (Sn, Sb) deposit provided 
thousands of kilos of silver from 13 ore belts 
yearly, together with other base metals used 
for processing and re�ning of the noble 
metal. The mining boom attracted more 
than 200,000 miners, experts in ore 
processing, craftsmen, and merchants to this 
newly born mining centre that was quickly 
converted into a new capital of mining in 
Central Europe. Complex and extremely 
deep mines and their ventilation, water and 
smoke systems of drives and races required 
decades before working e�ciently. Water 
wheels hauling water and ore from the Osel 
and Roviny belts, the deepest known mines 
of those times, represent some of the top 
technical mining achievements. Kilometres 
long cross-country water drives for mines 
were designed by the best builders of water 
reservoirs of the 16th Century, Jakub Krčín  
of Jelčany and Mikuláš Ruthard of Malešov. 
All these works represent a valuable part of 
the industrial and historical heritage of 
Europe. 

The birth of the royal mining town of Kutná Hora
On the silver path from a monastery parish to the second largest 
town in the kingdom



The Prague 
“groschen”, a strong 
European currency 
from Bohemia 

Bohemian king Venceslas II based his 
monetary reform on the silver from Kutná 
Hora when he uni�ed the 17 minor mints 
from Bohemia into one royal mint house at 
the Italian Court at Kutná Hora. Today,  
17 vaulted arches encircle the souterrain 
yard in the Italian Court palace, a reminder 
of the original 17 separate mint forges.  
The new silver coin was minted in Kutná 
Hora from 1300. Its name, originating from 
the Latin name denarus grossus, was Grossi 
Pragenses, “pražský groš” in Czech or 
“Prager Groschen” in German. Its weight 
was between 3.5 and 3.7 grams and it had  
a purity of 933/1000 Ag, alloyed with small 
amounts of other base metals for hardness 
and durability. It was circulating around 
Europe for more than three centuries, 
between 1300 and 1644. Its mintage was 
stopped in 1547 under Ferdinand I. 
Following which, the Prague groschen were 
gradually replaced by larger silver coins 
“thalers” cast and coined �rst at Jáchymov 
in 1519 by the noble Czech Schlick family. 
The value of the new “Joachimsthaler”  
was 6 groschen. The name of this coin 
“thaler” gave rise to the later name “dollar”. 
Jáchymov was another extremely rich 
Bohemian source of silver and other metals, 
the dominant successor of the silver mining 
and social traditions born and cultivated at 
Jihlava and Kutná Hora, and also at rich 
Saxonian deposits. 

Under the governorship of Venceslas II from 
the Przemyslids dynasty and later also the 
Luxembourg and Jagiellonian kings, Kutná 
Hora was transformed into a proud royal 
mining town with a number of unique 
privileges, and also speci�c social hierarchy 
coalescing with rich mining representation. 

The principal 
legislation changes 
in medieval mining 

Silver as the main coinage metal used over 
the whole country was mined from 
enriched oxidation parts of ore veins in 
many minor places in Bohemia and Moravia 
(e.g., Ratibořské Hory, Havlíčkův Brod, 
Stříbro, Příbram, Český Krumlov and 
others), with the Jihlava silver district in  
the SE part of the country achieving some 
importance already in the �rst half of 13th 
Century. The �rst written mining law was 
formulated here at Jihlava (Iglau) in 1249 
setting the �rst system for mining 
technology and ownership processes and 
their royal supervision. A fast, but chaotic, 
silver mining boom in Kutná Hora and its 
huge production attracted the attention  
of the Bohemian king and his o�cers, and 
so the pre-existing “Iglau Common Law” 
was heavily reworked and upgraded into a 
new, more detailed codex of mining 
techniques and maintenance rules called 
“Ius Regale Montanorum”, issued in 1305. 
According to this law, one mining lease was 
98 × 64 m large, continuing down the vein 
dip, and had to be opened by three shafts. 
The king disposed exclusively with all the 
extracted precious metals no matter who 

was the owner of the land. The royal tax – 
tithe or “urbura” – was set at a half of all  
the exploited metals. Many advanced rules 
for licensing, maintenance and ownership 
of mines together with progressive social 
bene�ts for miners were newly applied, too. 
The new mining codex contributed to the 
development of mining activities also in 
other active mining areas in Saxonia, 
Slovakia (Upper Hungary), Austria, and 
Poland. The Kutná Hora mines supplied one 
third of the contemporary European 
production of silver, and together with  
gold from Jílové, Nový Knín, Kašperské 
Hory, and Zlaté Hory gave rise to the wealth 
of the Bohemian Kingdom during the 13th 
to 16th Centuries.

The architectonic 
heritage of the silver 
era awarded by 
UNESCO 

Miners and rich burgesses from the young 
town of Kutná Hora were dependent on  
the catholic services of the Sedlec 
Monastery which criticised the disordered 
life of the quickly growing mining town. 
Regular daily spiritual services were 
overpriced and a matter of permanent 
con�icts. Therefore, the town citizens joined 
together in common e�ort and started to 
build their own sacred site, out from the 
Sedlec catholic supervision, the unique and 
unprecedented St. Barbara Cathedral. Its 
construction took more than 200 years.  
The most interesting architectonic sites of 
the city, built in Gothic and Renaissance
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style, were complemented by a few large 
baroque buildings and reconstructions in 
17th Century. The Stone House, Italian Court, 
Small Castle, several big churches, the 
Jesuit College, the Sedlec monastery and 
Cathedral, famous Sedlec Chapel with 
ossuary, a unique town aqueduct with a 
stone fountain in the centre, and numerous 
medieval houses of Bergmeister’s and other 
rich citizens are just part of the picturesque 
mosaic of the extraordinary, rich town. 
Kutná Hora always faithfully supported all 
the Bohemian kings and governors, and 
kings rewarded it with unprecedented 
privileges resulting in �ourishing of trades 
and crafts. 

The ancient mining town was declared  
a UNESCO World Heritage Site in 1995.  
The centre of Czech UNESCO sites has its 
new representative residence in the 
recently reconstructed family house of the 
Renaissance writer Mikuláš Dačický from 
Heslov (1555–1626) in Kutná Hora.



In Medieval and Renaissance times, salt was 
one of the most important raw materials in 
Nordic households. Without salt people 
could not conserve meat, �sh, eggs, 
cabbage and many other food stocks from 
seasons of plenty to poorer seasons. 
Moreover, the rich surplus of �sh, especially 
herring from Denmark, Norway and 
Sweden could not be conserved or 
exported from the large seasonal herring 
markets of Scandinavia without salt. Thus, 
availability of salt sources was crucial for 
Medieval welfare and trade in the two 
kingdoms of Denmark-Norway and 
Sweden. On the island of Læsø (Fig. 1) in 
the Kattegat Sea �nds of more than  
1700 ruins of salt-production huts (Fig. 2) 
indicate the history of one of the largest 
Medieval mineral industries of the Nordic 
countries, its peculiar geological 
background and political setting.

The salt discovery 
and initial history  
of settlement

Around 1100, monks from the monastery of 
Vitskøl in Jutland made and important salt 
discovery. In the middle of the Kattegat Sea 

- on the southern saltmarshes and 
extremely �at shorefaces of the island of 
Læsø - rich salt brines were discovered  
1-2 m below the shoreline, i.e. at depths 
that were easily accessible with shallow 
wells. The brines were salt enough to let 
hens’ eggs �oat on top of the brine, 
showing that the brines had a salt 
concentration of 12-16 %, or 5-7 times that 
of the surrounding sea. The economic 
potential of the discovery was immediately 
understood by the Viborg Bishopric, and 
the bishop soon after bought the 
ownership to most of island from the 
Danish king.

Although often mentioned in the Nordic 
Sagas and Edda, the island had hardly any 
permanent settlement before then. 
According to the Edda and Nordic 
mythology the island was considered holy 
and home of some of the more important 
gods, in particular Hler, the god of seas 
(equivalent to Ægir). The island’s original 
name, Læs Oy, means grass [læs] island [oy] 
and is derived from old anglosaxon as 
spoken in England before the Viking Age. 
However, the later Edda interprets the 
name as Hler’s Oy. 

Before salt-industrial settlement the island 
was probably only used as neutral ground 

for negotiations between con�icting 
Danish and Norwegian chiefs and local 
kings or – during the Viking Age and 12th 
century’s Cross Knight raids – as a gathering 
location before major raids to the British 
Iles, France, the Mediterranean Sea and the 
Holy Land. A �nd of a primitive harbor is 
tree-ring dated to 640 AD, indicating a �rst 
settlement after a brie�y existing late Stone 
Age seal-hunter culture (the ‘pit-ceramic’ 
culture) that had adapted Stone Age 
peasants to the great loss of land during 
the Litorina transgression. In this region the 
Litorina transgression culminated around 
6300 BP and ceased c. 4000 BP.

However, brie�y after the salt discovery 
many settlers arrived to the island, where 
they founded the villages and churches of 
Byrum, Vesterø and Hals. The construction 
of three churches had been initiated in 
Byrum in the period around 1150 and was 
completed around 1250. The island was 
renamed ‘The Holy Virgin’s Island’, and the 
bishoprics business model was to o�er land 
to serfs and other poor people in Jutland, 
southern Norway and western Sweden,  
if they agreed to build a ‘salt kettle’ and pay 
with salt for the use of land for agriculture 
and forests for �rewood. Minted currency 
or other goods were not accepted as 
payment, underlining the importance of 

History and geology of 1700 ruins of Medieval 
salt-production huts on the saltmarshes  
of the island of Læsø, Kattegat Sea
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salt. In order to secure production and 
payments the bishopric erected positions 
as ‘procuratores laesoviae’ for administering 
the island.

Moreover, the bishopric invented an early 
kind of stockholder companies, where a 
‘kettle’ was divided in 16 shares of which 
the bishopric should own 8, whereas the 
remaining 8 shares were owned by others 
who were obliged to build, maintain and 
operate the ‘kettles’. Such stockholder 
shares of ‘kettles’ were mostly owned by 
monasteries and wealthy people in Jutland 
and Halland (then western Sweden).

These o�ers lead to a virtual explosion in 
population. We have estimated that the 
number of inhabitants necessary for 
operating the kettles and farms had grown 
to c. 6000 at the peak of salt production, i.e. 
a number similar to that of the days’ largest 
cities in Jutland (Hansen 2010). Moreover,  
c. 1700 ruins of ‘kettles’ (saltproduction huts 
with �replace and a well) have been 
localized on the many raised, previous 
shorelines of island (see below).

Geological and 
hydrographic 
background for 
the island’s salt-
production industry

The accumulation of hypersaline brines of 
groundwater along the saltmarsh coasts of 
Læsø is caused by a number of 

circumstances of which the most important 
are: 

A  The saltmarshes of southern and 
southeastern Læsø are fringed by a  
3-5 km broad sand�at covered by less 
than 30 cm of sea water. 

B  All of the island and its neighborhood  
is underlain by up to 180 m of glacio-
marine clays. The top of the clays 
constitutes a horizontal, wavecut 
platform and functions as an aquitard. 
The top of the aquitard is normally 
found from present sea level to 4 m 
below and is covered with a 0.3 to 2 m 
thick, highly permeable residual 
conglomerate of pebbles, stone and 
boulders left from previous erosion of 
ice-rafted coarse materials contained in 
the glacio-marine clays. In salt-
productive areas the conglomerate is 
covered with 0.5-3 m of late Holocene 
marine sand. 

C  Absence of diurnal tides with 
amplitudes of more than 0.3 m, 
whereas considerably larger wind 
driven tides periodically occur for 
weeks or longer. During the winter 
months predominant westerly to 
northern winds generally rise the 
sea-level and periodically inundate  
the saltmarshes, whereas during the 
summer months southern and easterly 
winds often lower sea-level of Kattegat 
whereby drying and net evaporation  
of the saltmarshes as well as large parts 
of the 3-5 km sand�at takes place and 
upgrades the salt content of the 
top-layer of groundwater.

We have shown that these circumstances 
are decisive for the formation and 
accumulation of hypersaline groundwater 
along the southern and southeastern 
shores of the island (Hansen 1993, 2010): 
During periods when the sand�at is 
uncovered by the sea, the seawater 
contained in the upper part of the sand 
evaporates and forms a super�cial crust  
of salt-cemented sand and an upper layer 
of salt-enriched pore water. After drying of 
the sand�at the sea returns as a mm-thin 
layer of seawater, which dissolves the salt 
crust and becomes saturated or nearly 
saturated with salt, forming a heavy brine. 
The heavy brine percolates though the 
sand and its content of less heavy 
groundwater to the top of the clayey 
aquitard 0.5 to 3m below or until it reaches 
similarly heavy salt brine previously 
accumulated in the conglomerate on the 
aquitard. 

How to explain the 
large number of salt-
production huts? 

It has puzzled most archaeologists how to 
explain the very large number of ruins 
(>1700) of salt-production huts (‘kettles’). 
Large numbers of ruins are found in �ve 
areas (Langerøn, Kringerøn, Tørkeriet, 
Stoklund and Bangsbo). Alone in the area 
of Langerøn 622 ruins have been 
pinpointed by archaeologists and marked 
o�cially. In the generally very �at 
landscapes of Læsø a ruin is easily observed 
as a small hill, 30-50 cm higher than the 
surroundings and with a diameter of  



20-50 m. In the middle of the low hill there 
often is a peak of boulders (�replace) and 
mostly also a small depression (well). 
Around the small hill a rectangular dike-like 
structure may be observable (hut walls of 
braided branches). 

In 2006 Denmark was mapped with 
advanced LIDAR-technique, i.e. a high-
resulotion laserscanning giving terrain 
levels with a precision of 4 cm for every  
3 m2. Applying this very precise terrain 
model we have located c. 1775 ruins and 
identi�ed them in the �eld: Langerøn and 
Kringelrøn 899 ruins, Stoklund and 
Bangsbo 756 ruins, Tørkeriet c. 20 ruins. 
Moreover, applying the modern absolute 
dating technique of OSL (optically 
stimulated luminescence) we have 
obtained more than 100 absolute datings 
of the island’s old shorelines (Hansen et al. 
2016). However, the large number of ruins 
of saltproduction huts does not re�ect how 
many ‘kettles’ that were active at the same 
time. Due to the isostatic recovery of 
Scandinavia after the last glaciation, the 
land is still rising. We have shown (Hansen 
et al. 2012) that the present time land uplift 
at Læsø averages 2.32 mm/year and, 
therefore, that Læsø has gradually raised  
c. 2 m since the �rst salt-production huts 
were built. Consequently, the number of 
ruins situated on simultaneously formed 
shorelines of the salt-production areas 
would merely re�ect how many salt-
production huts (‘kettles’) were 
simultaneously active. An example of such 
analyses of the salt-production �elds of 
Langerøn and Kringelrøn is shown in Fig. 3.

Moreover, we have shown that 23 lines of 
production huts on equally old shoreline 

had an average living time of 19 years, 
which duration corresponds to the duration 
of one cycle of the Moons north-south 
movement (over 30 latitude degrees,  
i.e. the 18.6 year Lunar Nodal Oscillation).  
In a tide-gauge study of 26 long sea-level 
records (1849-2006) of the Skagerrak, 
Kattegat, Danish Strait and southern to 
central Baltic, we have shown that the 
north-south movement of the Moon 
creates simultaneous sea-level oscillations 
of 70 mm (Hansen et al. 2016), and that this 
cyclic sea-level oscillation in combination 
with Læsø’s steady landuplift of 2,32 mm/ 
year would force sea-level falls every  
19 years of 57 mm interrupted every  
19 years by more stable sea levels. On the 
3-5 km broad sand�at shorefaces of 
southern and southeastern Læsø this 
means that the shoreline will ‘jump’

50-200m seawards every 19 years. Because 
the formation of hypersaline groundwater 
with the highest concentrations is 
restricted to a narrow band parallel to outer 
limit of the vegetation of the saltmarshes 
(Hansen 2010), we conclude that every 
generation of salt-production huts have 
been abandoned (braided walls and rotten 
timber) and moved (iron pans, some 
�replace boulders, wells and large pieces of 
timber) to the new locations of hypersaline 
groundwater formation every 19 year. 
Accordingly, Vellev (1993) found indications 
of large poles that had been drawn out of 
the pole holes.

Rise and fall of 
Læsø’s ancient salt 
industry

The above conception of shoreline 
chronology, landuplift, 19 year sea-level 
oscillations, and the hypersaline 
groundwater formation mechanism allows 
an estimate of how many salt-production 
huts (‘kettles’) were simultaneously active 
during the saltproduction period from the 
beginning c. 1150 until it completely 
ceased in 1652 (Fig. 4). The counting of hut 
ruins on equally old shorelines, thus, reveals 
that the number of simultaneously active 
salt-production huts grew from c. 30 
around 1200 to 135 around 1585. The 
number of 135 ‘kettles’ corresponds to the 
known number of legal farms, and it can be 
shown that they were situated on a 7 km 
long row along the southeastern coast of 
the island with a distance of c. 50 m 
between them in the most productive, 
central stretches of the areas of Kringelrøn 
(to the southwest), Langerøn, Stoklund and 
Bangsbo (to the northeast). 

Based on the bishopric’s accounts (cf. Vellev 
1993) and the number of simultaneous 
active kettles (Hansen 2010) we have 
estimated that c. 400 tons of salt was 
produced every year around 1200 and  
c. 2000 tons when the production peaked 
in the late 16th century. The economic 
importance of the salt industry may also be 
indicated by the fact that the industry was 
discussed on two occasions with the popes 
in Roma and Avignon. These discussions 
relate to the dichotomy of ownership 
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(Viborg bishopric) and religious leadership 
(Børglum bishopric), because the Børglum 
bishopric wanted the incomes of the 
industry. Thus, brie�y before the Reformation 
in 1536 the Børglum bishop, Stygge 
Krumpen, excommunicated the entire 
population of Læsø and ordered that all 
corps buried after a certain date should be 
re-buried outside the church yards. 
However, immediately after the Reformation, 
Stygge Krumpen was prisoned for this and 
many other envious and evil deeds. 

In the period 1600-1620 the climatic 
condition of Little Ice Age worsened and 
the islanders wrote many complaining 
letters to the Viborg bishopric in order to be 
allowed pay taxes with minted currency 
instead of salt. The quality of the brines had 
deteriorated considerably and required 
much more �rewood and labor than 
previously. The area of forests had also 
been reduced considerable and much fuel 
had to be procured by cutting peat and 
even grass turf. Thus, the unwise landuse 
necessary for paying taxes with salt had 
severely increased the growth inland 
dunes, which now partly buried the village, 
church and �elds of Hals. 

Finally, in 1652 the islanders were allowed 
to pay taxes with money and the 500 year 
long salt-production industry ceased 
immediately. Today, this decision is clearly 

seen in the terrain of the saltmarshes: Areas 
1- 2 m above present sea level crowded 
with ruins of ancient salt-production huts 
and, separated by the 1652 shoreline, areas 
0 - 1 m above present sea level without 
such numerous indications of ancient 
human activity. 

Later developments
 
In the period 1680-1720 three enterprises 
tried to resurrect a commercial salt industry 
on the island, and three large kettles were 
built, now localized as the salt-production 
enterprises of dr. Bister (Langerøn), captain 
Mathiesen (Færøn) and monsieur Pelt 
(Tørkeriet). However, according to a Supreme 
Court trial about captain Mathiesen’s 
enterprise the investments were completely 
unsuccessful, because the salt brines had 
disappeared. 

Around 1800 the islanders discovered that 
the salt brines had re-occurred and were 
usable for direct salting of meat and �sh 
without upgrading of the brine. In 1807 
Denmark was struck by a Russian-English 
salt and coal embargo, because of Denmark’s 
alliance with Napoleon. Consequently, king 
Frederik VI sent professor H.C. Ørsted (later 
discoverer of elctromagnetism) to the Baltic 
island of Bornholm in order to �nd coal and 
professor G. Begtrup to Læsø in order to 

�nd out, if salt could be produced again. 
Begtrup found that the salt groundwater 
brines had re-occurred at grades of 12-16 % 
in an area of many hundred acres between 
Kringelrøn and the saltmarsh island of 
Horn�skrøn. However, in the meantime the 
Medieval forests of Læsø had been nearly 
completely felled and, consequently, a new 
salt production would be impossible 
without import of coal, which raw material 
was also embargoed.

In 1991 archaeologist Jens Vellev and 
architect Hans Langballe excavated a ruin of 
a salt-production hut. This inspired school 
teacher Poul Christensen to build and 
operate a reconstruction of the excavated 
hut. During the next 25 years this and 
another reconstructed hut (company Læsø 
Salt) has annually produced and sold 50-80 
tons of expensive gourmet salt all over the 
world and given permanent work to up 20 
persons. In 2007 the closed, modern church 
of Vesterø Havn was bought by Læsø Salt 
and reconstructed to a wellness center, 
where guests and psoriasis patients bath in 
basins of hypersaline water (12 %) extracted 
from the natural deposits and in basins with 
extremely salt residual brines (32 %) from 
the present salt production. The e�ect on 
psoriasis has been documented by Danish 
health authorities.
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Fig. 3 Nodular limestone from Verona: a capital of Santo Stefano Cloister, Bologna

EMILIA ROMAGNA

Introduction

Italy is a country with a great abundance  
of works of art: many cities boast an ancient 
history characterised by traces of former 
civilizations such as the Greeks, Etruscans, 
Phoenicians and Romans, who left a legacy 
that lives on today in local culture and 
folklore. Over the centuries, this history 
built up layer upon layer under every urban 
centre and nowadays it is frequently 
unearthed thanks to an excavation, the 
laying of building foundations or a 
structural collapse. The urban subsoil thus 
o�ers glimpses of the remains of a past 
which we can read and interpret with the 
help of geology: stone materials, fragments 
of buildings and roads, artifacts and 
everyday objects but also sediments, 
paleosoils, traces of ancient rivers.  
The picture that emerges is that of a 
context of intense interaction between  
the natural components of the territory  
and anthropic action.

Stone reveals the economic wellbeing 
which the city enjoyed in the past: the 
greater the distance the stone had 
travelled, the richer and more powerful  
the city was. Where there is considerable 
variety in stones from the same historical 
period, this generally indicates re�ned 

artistic taste, intellectual vibrancy and 
extensive geographical knowledge of the 
world as it was known then. Stone reveals  
a number of characteristics regarding the 
location and how society in the past tackled 
problems related to the climate, epidemics 
and everyday life. Taken together, stones 
tell us about destruction, rebuilding and 
their reuse. Monuments, in particular, 
erected in the name of now defunct 
religions, famous and powerful individuals, 
commemorative sayings and popular 
names, represent the desire to seek 
eternity. However, irrespective of the use  
to which it is put, stone has a history  
of its own, that of its formation and the 
environment that created it. So, just as a 
rock represents the result of a balance 
within a geological process, the various 
di�erent rocks that make up an ancient city 
are testimony to the social and economic 
balance that prevailed at a given moment 
in the past. All this applies in the case of 
Italy up until 1860, when the nation got its 
�rst railway. This means of transport 
inverted the economic relationship 
between man and stone: until then, labour 
had been cheap whilst materials were very 
costly, explaining why the majority of 
buildings were made of local stone.  
The arrival of trains and new materials 
(reinforced concrete) heralded a further 
transformation that marked a departure 

from the past, a process that is particularly 
evident today. To o�er an example of this 
geological history, we can consider the city 
of Bologna, which in the past decade has 
undergone a veritable reawakening in 
terms of tourism: thanks also to its stones, 
which retain traces of the past.

Bologna  
and its stones

The city of Bologna has a long history,  
as we know from the discovery within the 
city boundaries of settlements dating back 
to the Bronze Age (12 centuries before the 
birth of Christ). From VIII century B.C., the 
city went by the name Felsinia: one of the 
most important Etruscan cities on the Po 
Plain. Lithological evidence of this period 
consists of funerary stones in sandstone,  
a local stone of Mio-Pliocene age with 
decorations of an oriental in�uence, and 
walls in selenite, a particular variety of 
translucent gypsum that formed around  
5 million years ago as a result of the 
temporary drying up of the Mediterranean, 
which outcrops abundantly around 
Bologna. Selenite has long been used for 
the foundations of houses because of its 
ability to insulate properties from damp. 
Gypsum rock (CaSO

4
*2H

2
O) is naturally 

The stones of Bologna: the lithology of a city
Bologna and the rocks that compose it: an anthropic  
sedimentary process that has been ongoing for 3000 years



hydrate, meaning it does not allow rising 
damp because, as it is already saturated in 
water, it does not permit the capillary 
action of water but acts like a bu�er, which 
makes it a useful building material. The use 
of gypsum thus prevented the rampant 
spread of rheumatic illnesses, as occurred in 
other areas of the Po Plain characterized by 
a very damp climate. In addition, the sulfur 
content of gypsum contributed to a 
salubrious environment, acting as an 
antibacterial barrier. 

The Etruscan presence continued until  
IV century B.C. when the area was settled 
by the Boii, a Celtic tribe (from Gaul, Boii 
means warrior people) and the city was 
renamed Bononia derived from the Celtic 
term Bona meaning forti�ed place. In 189 
B.C., Bononia came under Roman rule, 
retaining its name but attributing the latter 
to bona omnia meaning here all is good. 
The city walls built of selenite were 
restored, roads were built using limestone 
brought from far away and marble began 
to be used for public buildings. In that 
period, gypsum was also used as lapis 
specularis, serving the same purpose as 
glass in modern-day windows: to let in light 
and a�ord protection from the cold. 

During the Roman Empire, Bologna 
received red porphyry from Egypt and 
diorite from the Peloponnese region of 
Greece, the so called antique green 
porphyry. In particular, red porphyry, 
known to the Romans as lapis porphyrites, 
was used only for imperial and religious 
monuments due to its vivid purplish-red 
hue and the di�culty of working it. There 
are numerous Roman artifacts in Bologna 
although they are not immediately visible, 

also because the city was destroyed by  
a great �re in A.D. 53 before being 
subsequently rebuilt from the ashes at  
the behest of the emperor Nero. 

After the collapse of the Roman Empire  
and throughout the early medieval period, 
the city reverted to the use of local stone 
(predominantly gypsum and limestone) 
and continued its use of terracotta bricks, 
which had been introduced during the 
Etruscan-Roman period. Clay, in the form  
of �red bricks, is the predominant material 
used for the city’s buildings and 
monuments and thanks to its nuances  
of colour ranging from yellow to red, it 
contributed to the new epithet for the city, 
Bologna the red. Then again, clays outcrop 
abundantly in proximity to the city, both on 
the plain as �uvial deposits and in the hills 
where Pliocene deposits outcrop, giving 
rise to striking badlands.

From the late medieval period, the use of 
clay bricks became increasingly widespread, 
and they were often used together with 
selenite. The city’s two iconic monuments, 
the Garisenda and Asinelli towers, are both 
built from these materials. And from the 
12th century on, Bologna began to use Red 
Verona Marble and Istrian Stone. At that 
time, the city of Bologna was traversed by 
numerous navigable waterways and the 
transport network was being constantly 
expanded and improved. There were trade 
links with several very important trading 

Fig. 1 Selenite is the basement of Towers of Asinelli 
(97,2 m ) and Garisenda Towers (47 m) (XII century). 
They are the symbol of the city of Bologna and are  

both leaning 2.23 m and 3.22 m respectively.  
The names are derived from families that built them.
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cities: Verona and Venice. The increasingly 
popular Red Marble was ivory white in 
colour and can on rare occasions also 
contain fossils (rudists).

These materials enjoyed widespread use for 
buildings in Bologna between the 13th and 
17th centuries, for example the Basilica of San 
Petronius, one of the city’s most famous 
monuments, was built using these materials. 
The city of Bologna enjoyed an economic 
golden age until 1600, with the stones and 
buildings remaining the main evidence of 
this period. A new economic boom came 
only in the 19th century when the city 
underwent a partial reorganisation. It is 
important to note that during this long 
historical period the city’s buildings, and 
consequently stones, retained their role and 
use. Piazza Maggiore, today Bologna’s main 
square, was the site of the Forum in 
Etruscan-Roman times. The modern 
cemetery is built on top of the Etruscan 
cemetery. Places of worship remain, 
although many are now home to new 
religions. 

The roads and the stones used to pave them 
are also unchanged. Take, for example, the 
road that links Piacenza with Parma, Reggio 
Emilia, Bologna Forlì and Rimini, which is the 
same one used in Roman times. Stones 
personify the same desires that drove Man in 
the past: skyscrapers express the same 
ambitions as the city’s countless medieval 
towers built of bricks. Even if we 
acknowledge our �eeting presence here, 
stone and artifacts still continue to represent 
our reaching out to the future.
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Outokumpu hill before the copper ore was discovered in 1910.

FINLAND

Introduction

“Take part in Finland’s biggest ore hunting 
competition, Malmimania! One small piece 
of rock could bring you a wad of cash, 
tax-free!” 

This is how a TV commercial back in August 
1986 promoted the nation-wide campaign 
to get Finnish people outdoors searching 
for mineralized boulders and rock samples. 
And this did motivate people: the 
Geological Survey of Finland (GTK) received 
over 80,000 samples as a result of this 
competition. A similar campaign in 1961 
had produced 50,000 samples, which led to 
the discovery and opening of �ve new 
mines.

While no o�cial competitions have been 
organised since Malmimania, GTK 
continues to actively investigate any 
samples sent by the public. The purpose of 
this activity, known as the layman’s sample 
practice, is not only to �nd new ore 
discoveries that could ultimately lead to 
mining, but also to share information and 
provide education to the general public in 
all matters related to geology.

The Finnish layman’s sample practice is 
unique. The sending, investigation and 

analysis by GTK experts is free of charge for 
anyone who submits a sample. And even 
better: if the sample turns out to be of 
special interest, the sender will receive a 
cash prize.

So far, samples submitted by member of 
the public have led to the discovery and 
opening up of 27 metallic ore mines. 

Jobs and economic 
growth from beneath 
peat and soil

Incentives for the general populace to 
search for ore deposits were already in 
place while Finland was still under Swedish 
rule. For example, in 1643, the state 
reserved 1000 Swedish riksdalers to give to 
«amateur prospectors» as a reward for 
�nding ores. It is known that even priests 
took part in the 1600s in promoting 
exploration, and as a result of these e�orts, 
the Orijärvi copper mine was established, 
which remained in operation for almost 200 
years.

A signi�cant event in Finnish mining history 
is Lapland’s �rst gold rush, which broke out 

in 1868, during a period of great deprivation 
and famine in the country. Word came from 
the North that two men had panned over 
two kilos of gold during the summer on the 
shores of the Ivalo river. A further milestone 
in the history of geology and mining is the 
year 1885 when, still under Russian rule, an 
independent geological commission was 
established in Finland, laying the 
foundations for the present GTK.

Probably the most remarkable sample 
found by a layman is from 1908, when a 
machine operator excavating a canal near 
the village of Rääkkylä, North Karelia, 
dredged up a great chunk of ore, which  
was at �rst thought to be a meteorite.  
The ultimate source rock for this glacial 
boulder was traced to the vicinity of a hill 
called Outokumpu, where a copper mine 
was established a few years later. The 
Outokumpu mine went on to become one 
of the foundations and mainstays of the 
Finnish economy – it was Europe’s largest 
copper mine in its time. An entire town 
grew up around the mine, which later 
changed its name to Outokumpu. 
 
The Outokumpu mine itself has been a 
museum since the beginning of the 1990s, 
but there is still ongoing geological activity 
around Outokumpu town, for example, at 
GTK’s Mintec mineral processing facilities, 

Layman’s sample practice - 
A practical incentive for discovering 
economically signi�cant ores in Finland



as well as a two and a half kilometre deep 
survey hole. Groundwaters in the 
Outokumpu deep drill hole are estimated 
to be around 30 million years old and the 
microbial communities living in these 
waters are most likely the same age.

In the early twentieth century, during the 
�rst years of Finnish independence, bread 
was in short supply and searching for ore 
deposits had an important role to play. 
Reindeer sleds were used in winter, and 
geologists carried their equipment on their 
backs in summer as they trudged through 
bogs and marshes. Amateur fossicking and 
prospecting was encouraged by distributing 
small rock sample collections to schools 
and by having presentations at soirées, 
evening classes and agricultural fairs –  
just as GTK continues in its role of informing 
and educating interested amateur these 
days with presentations, courses, 
brochures, books and other publications.

The last German soldiers left Lapland in the 
spring of 1945. The war was over, but the 
hard times were not: The USSR demanded a 
variety of goods and products to the value 
of 300 million US dollars as war reparations 
from Finland. This would be around �ve 
billion euros in today’s currency. The metal 
industry made a signi�cant contribution to 
paying these reparations. Railway rolling 
stock proved to be in great demand, in 
particular PT-4 brand locomotives, of which 
a total of 472 were delivered to the USSR. 

And it was not too far into the 1950s when 
yet another observant and astute member 
of the public amateur geologist made a 
signi�cant discovery, notably a small, but 
unusually dense black stone in a ditch in 
Northern Finland, which was later identi�ed 
by a geologist as the rather rare mineral 
chromite. The parent chromite ore body 
was located by the Geologinen 
tutkimuslaitos (= Geological Research 
Institute), the predecessor of GTK, and 
Outokumpu Oy started its mining at the 
end of the 1960s. The Kemi mine is still in 
operation and is in fact the only chrome 
mine in the entire EU. 

According to investigations by GTK, the 
Kemi ore body may continue downwards  
to a depth of 4km. It was earlier estimated 
that the mineral reserves at Kemi would last 
around 80 years, but on the basis of these 
reported studies made, there may well be 
enough for hundreds of years, even if 
output was doubled as has been planned.
For around 70 years (1946-2005), the total 
value of Finnish mining production has 
comprised 23% chrome, 19% copper, 16% 
cobalt, 12% zinc, 10% gold and 10% nickel. 
In 2015, a total of 17 million tonnes of metal 
ores were extracted from 10 metallic ore 
mines in Finland. In addition, a total of  
16 million tonnes of industrial minerals, 
soapstone and gemstones were extracted 
from 35 mines or quarries. In terms of 
volume, the largest operation was the 
mining of apatite for phosphorous, an 
important raw material in the production  
of fertiliser.

Without the mining industry, society could 
not function in the way in which we are 
accustomed. Geology, in one form or 
another, is behind everything. GTK aims  
to increase people’s awareness and 
understanding of the signi�cance of 
geology in everyday life, and the Layman’s 
sample o�ce located in Kuopio is at the 
forefront of this work.

The discovery of additional mineral 
resources in Finland is not easy – much  
of the bedrock is buried beneath glacial 
overburden or covered by lakes and 
wetlands, so samples from the public are 
important in their own way. To encourage  
a new generation of amateur prospectors 
and interested laypeople, the teaching of 
geosciences in schools plays a crucial role. 
Geology as a hobby is an outdoor pursuit, 
just as picking berries or mushrooms are, 
and no specialised equipment is necessary. 
The Finnish «everyman’s right» of access  
to public and private land also applies  
here, too.

Samples submitted by member of the public have led 
to the discovery and opening up of 27 metallic ore 
mines in Finland.
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Every year, the Layman’s sample o�ce 
receives around 4000 samples, of which 
around a hundred lead to follow-up visits to 
the �eld and around ten to more detailed 
investigations. Rock material, industrial 
minerals and gemstones are important for 
all of us. In fact, all of Finland’s gemstone 
sites have been discovered by amateur 
geologists.

The layman’s sample practice is unique to 
Finland, but it is well suited to other 
northern areas that were covered by ice 
during the last ice age. Although there is 
often more than enough work, the opening 
of sample boxes makes our workplace feel a 
little like Santa’s workshop. Packages 
sometimes contain nothing more than a 
lump slag from a blast-furnace with the 
hope that something valuable is inside,  
but every now and then something turns 
out to be a real treasure.
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FRANCE

Introduction

Flint! This stone reminds most of us of our 
youth. What child has never had the 
pleasure of hitting two �ints to make sparks 
and discover the smell of sulphur? Its use 
dates back to… the Stone Age. The use of 
�ints is old and would date back to at least 
1.4 million years as demonstrated by the 
discovery of a little carved dagger in Spain 
in 2013. With an essentially siliceous 
composition, the nature of sharp splinters 
quickly made this raw material useful as a 
vital cutting tool. The best stones were 
sometimes tracked far away from their 
extraction sites. It is the case of the 
Grand-Pressigny deposit, located in the 
center of France, between the cities of 
Tours, Bourges and Poitiers. Subsequently, 
these �ints were renowned for making 
gun�ints and were called « Blonde du 
Berry ». It was a strategic raw material 
sought by the military throughout Europe. 
These French �ints are included in Turonian 
marine sedimentary rocks, and crop out in 
the south-western part of the Paris basin. 
This stone has always aroused the curiosity 
of geologists throughout centuries 
including the most famous ones, as Déodat 
Gratet de Dolomieu or Alcide Desalines 
d’Orbigny. Nowadays, new methods for 
characterising chemical and physical rock 
properties have not yet fully discovered the 
secret of �ints, which have de�nitely 

contributed to the history of France and 
Europe.

Its role in History 

How do �ints form? It is a siliceous 
precipitation, almost pure, encompassing 
some impurities as iron or manganese 
oxides and even some water. Flint forms 
nodules within calcareous rocks and are 
started from some hypoxic stages (lack of 
oxygen) during deposition of sediments. 

From 400,000 years BC, humans (Homo 
Erectus) controlled �re. This great progress 
allowed for cooking food, heating, light, 
keeping wild beasts away, creating social 
bonding, etc. In the late Neolithic  
(3,000 years before Present), an important 
production of carved �ints began in the 
Grand-Pressigny area. Over a period of  
500 years, production was huge. Each year, 
thousands of �int blades were elaborated 
and widely di�used beyond the borders of 
the deposit since a lot of stones was 
discovered in Netherlands, Germany, 
Switzerland or in the South of France.  
The tools from Touraine and Berry areas are 
renowned since their quality was 
exceptional. Geologists have not really 
solved the mystery yet. This could be due to 
a speci�c chemical composition, especially 
impurities and water content ratio, but also 
to peculiar techniques of knapping. 

Production of �ints lasted �ve centuries. 
Archaeologists have still not found the 
reason for the cessation of activity. 

Is it a decline in demand? Is it a technological 
evolution? These beautiful honey-coloured 
stones then fell into oblivion retaining their 
mysteries…

With the �rst appearance of �rearms 
(culverin, arquebus, wheel-lock pistol, etc.) 
at the beginning of the 16th century, raw 
materials used to make sparks to ignite 
powder were often marcasite (FeS

2
) that hit 

against an iron tool. Thanks to the invention 
of weapons with lock and hammer (ca. 
1550) the use of �int reappeared. This 
model was improved by Martin Bourgeois 
at the beginning of the 17th century.  
For two centuries, this last model was a 
reference for numerous countries.  
We would have to wait for the change, in 
the year 1818, and the invention of the 
cartridges with a primer mercury fulminate 
by another French man, François Prélat.

All �ints are not equal. Manufacturers seek 
those with a smooth break, strong enough 
to produce good spark but not too hard to 
avoid damaging the gun locks. One called 
«Blonde du Berry» is particularly renowned. 
It comes from the vicinity of Meusnes and 
Cou�y, two villages located in the Cher 
valley, 50 km south of Blois city. Denis 
Diderot mentions within his encyclopaedia 
these two French villages as the following, 

Flints in Turonian “tu�eau”, a sandy chalk (Meusnes, France).

From stone to �re : the Turonian �ints
A strategic raw material between spying, conspiracy and History



“the parts of France that produce the best 
ri�e stones, and almost the only good”.

These kind of stones with incomparable 
qualities aroused the envy of enemy 
powers. Indeed, competing nations 
attempted to penetrate their secret. During 
the Battle of Malplaquet (1709), Lord 
Marlborough’s troops sought them among 
prisoners coming from Meusnes and 
Cou�y. Then, the English General required 
the transfer of the French stonecutters to 
quarries in Su�olk, East of England. The 
King of Prussia mandated a gunsmith of 
Potsdam in the Cher valley, a Belgian spy 
speaking French, to blend in with the 
population. Although managing to learn 
the French knapping technique, Mathias 
Close never got similar results with the 
Prussian �ints. Other attempts failed due to 
lack of suitable stones. This is the case of 
Thimothée Rochette, a French stonecutter, 
who was invited by the Archduke Joseph II 
in Austria. Here again, Austrian �ints were 
not appropriate. Finally, nobody managed 
to match the quality of French �ints, which 
became a strategic raw material under the 
reign of Napoleon!

Great scientists have studied these famous 
�ints. This is the case of the geologist 
Déodat Gratet de Dolomieu (1750-1801) 
who published in 1797: « Mémoire sur l’art 
de tailler les pierres à fusil (silex 
pyromaque) », in English: “Dissertation on 
the art of �int knapping”. He presented a 
precise description of geological 
characteristics of �ints associated with 
chemical analyses of major elements (silica 
and oxides). It is noteworthy that beyond 
pure academic science, he looked for his 
research applications. As a young 

lieutenant of 25 years old, he travelled 
through western France to explore mineral 
resources for military purposes: saltpeter in 
the tufa stone quarries in Anjou and 
Touraine, lead and coal mines in Brittany… 
a genuine exploration geologist!

Another French geologist, Alcide Desalines 
d’Orbigny (1802-1857) mentions �ints 
within his dictionary: “we call Opal or Resin 
quartz, varieties of �ints which encompass 
a certain amount of water content, with a 
resinous luster”. Moreover, A. d’Orbigny has 
very precisely studied the geological 
formations which host this resource.  
Flints from Touraine are housed by sandy 
chalk (« tu�eau ») which dates from the 

Turonian, a stratotype section de�ned –  
as indicated by its etymology – in Touraine 
by A. d’Orbigny himself in 1843. Turonian 
yields from 93.9 to 89.8 Ma. The “tu�eau” 
chalk (stone of Loire Castles) was deposited 
under a tropical climate, within a shallow 
sea, namely « Chalk Sea », which overlaid 
most of Western Europe during Upper 
Cretaceous. Nowadays, it seems 
geotechnical properties cannot solely 
explain the speci�cities of the Touraine and 
Berry �ints. New techniques are used by 
archaeologists and geologists for trying to 
discover the �ints secrets. Scientists carry 
out geochemical analyses based on rare 
earth elements content and strontium 
isotopes coupled with more classical 
optical microscopy study to determine 
facies and microfossils. It seems that 
Meusnes �ints di�er from others by 
geochemical variations which can re�ect 
changes of physicochemical conditions 
during their deposition and can explain  
the speci�c properties of �ints. However, 
the mystery is still not completely lifted.

In the Touraine and Berry regions, �int 
extraction constituted a sideline activity to 
improve the daily fare. People rented some 
“stony grounds” (« terres à cailloux » in 
French) coupled to an “Authority to Search”. 
After stripping the soil, a well of 10 to 20m 
depth was dug in order to reach the 
geological economic level. Afterwards,  
the seeker followed the horizontal layers. 
Once stones had been collected, they were 
distributed to the shareholders by drawing 
lots. The seekers placed �ints in a niche 
made of reeds so the stones do not lose 
their natural water content. The �int 
knapping could then begin; a skilled 
stonecutter could produce up to  Grand-Pressigny daggers made of �int.
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Stonecutters knapping �intstones, early 20th century 
(Meusnes, France).

2,000 stones per day. These workers feared 
�int �akes and often died young due to 
silicosis that was damaging their lungs. 
Today, �ints are no longer considered as a 
strategic raw material. In the Cher valley, 
vineyards grow on �inty soils that give a 
special �avour called «�inty» (“pierre à fusil” 

in French). The best known vineyards are 
located a little further eastward and in 
Burgundy: Sancerre, Pouilly-Fumé and 
Chablis. 

These wines have a dominant acid 
structure, a necessary condition to promote 

this mineral expression. If all stones do not 
give exceptional �ints, geologists know the 
ideal places to go for doing science!
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GERMANY

Introduction

Stones belong to the oldest building 
materials of mankind. All kinds of stones on 
or close to the surface have been used for 
various building objects. Considering their 
weight, they usually had been used right at 
the place of their occurrence for a long 
time. Knowing their age and genesis, they 
re�ect earth’s history in their respective 
region. Thus, we �nd building stones from 
the Proterozoic age (1.5 billion years and 
older) up to very young, only 1000 years  
old stones. The Proterozoic stones are 
metamorphic rocks: gneisses, granulites, 
meta-greywackes and serpentinites of the 
basement in Saxony and in the Black Forest 
(Baden-Württemberg) – the oldest orogens 
in Germany. The youngest are sinter 
limestones which had been formed in the 
Roman aqueduct of the Rhine valley.

In addition to the historical aspect,  
the artisanal processing of the stones 
documents historic settlements including 
the development of stone treatment, 
transport and trade. The oldest evidence  
for the use of stones as building stones are 
known from burial sites of the Stone Age. 
The Romans left their marks with stone 
buildings as can be seen for instance in Trier 
or Xanten. The Middle aged German empire 
is very closely connected to the Domes of 
Aachen, Mainz and Magdeburg. The 
cathedrals, palaces as well as the buildings 
of the Industrial Age re�ect the historic 
routes of trade and transport of their 
respective time.

Witness to history  
of the earth
 
It is not easy to determine the origin of  
the oldest building stones in Germany.  
The meta-greywackes of Lusetia in Saxony 
belong to the oldest stones which had 
been used as quarry stones for quite simple 
walls and buildings. The stones are dated  
to an age of 540 million years. This age is 
related to the time of sedimentation.  
That means, the clastic material had been 
eroded and transported from older 
mountains, which had been developed up 
to 2.9 billion years ago. 

These old Proterozoic greywackes had been 
metamorphosed by high temperature and 
pressure 200 million years later in the 
middle of the Palaeozoic. The products of 
this metamorphism are mainly gneisses. 
The best known and mostly used gneisses 
are from the Black Forest in Southwest 
Germany and in the Ore Mountains in 
Saxony. Gneiss is a very hard rock, di�cult 
to mine and to process. That is why it had 
been used predominantly as quarry stone 
for construction in the region of its 
occurrence. The late Gothic church St. Anne 
(15th century) in Annaberg-Buchholz in 
Saxony is exception worth visiting as it had 
been completely built using the local gneiss 
displaying its oriented structure (�g. 1). 

Going on to the younger geological history, 
the Phanerozoic time marks the time of 
visible life during the last 541 million years 
which is the time most of the building 
stones originate from: One of the very few 
occurrences of marble in Germany from 

Wunsiedel, North Bavaria, is of Cambrian 
age. Marble is a metamorphic product 
originating of limestone. Marble usually 
stands for sculptures but the coarsegrained, 
variegated, partly siliceous marble had also 
been used for massive buildings and 
pavements.

From Ordovician to Lower Carboniferous 
(490 – 320 million years), most of central 
Europe was covered by the sea. Large 
amounts of sand, mud and clay accumulated 
on the ground and consolidated by stress of 
surcharge during times. Mud and clay 
altered to mudstone and �nally slate. These 
slates had been commonly used for 
covering roofs. The most famous roof slate 
regions are in the so-called Slate Mountains 
in Thuringia and in the region of the river 
triangle between Mosel and Rhine.

In the shallow margin of the old sea, lime 
precipitated and elongated coral reefs 
raised predominantly during the Devonian 
(around 380 million years). The decoratively 
coloured limestones from Thuringia and 
Westfalia originate from this material.  
The so-called “Saalburg-Marble” and 
“LahnMarble” were used for interior 
decoration for many representative 
buildings all over Germany and even for  
the Empire State Building in New York City.

The Lower Permian (300 – 260 million years) 
stands for intense volcanic activities 
producing tu� and porphyry which had 
been used as massive building stones, 
especially in Saxony and Thuringia. One  
of the most famous buildings made of 
those porphyry is the “Monument for the 
Battle of the Nations” in Leipzig. 

Fig. 1 Portal of the church St. Anna in Annaberg-Buchholz, Saxony, Germany:  
completely built with local gneiss (photo: Ferdinand Heinz 2016)



In the Mesozoic (251 – 65 million years), 
Middle Europe was again a big basin during 
large periods of time covered by the sea. 
Depending on the sea level, sandy or 
calcareous sediments were accumulated. 
Representative for these alternating layers 
is the Triassic system. The term Trias – from 
the Greek τριάς = trinity – was named in 
Germany (_ history of geosciences), where 
three very distinct series developed: Bunter 
sandstone – Muschelkalk – Keuper, which 
can be clearly distinguished by lithology 
and even colour. Many of the famous 
palaces and churches in Southwest 
Germany, e.g. the Palace of Heidelberg,  
had been built using the mostly red Bunter 
sandstone. The fossil-rich limestones of the 
Muschelkalk and Jurassic are most popular 
in Southwest Germany and are still used all 
over Germany for facades and paving tiles. 

The Cretaceous was very sandy in the 
marginal regions of the sea. These 
sandstones form the “Elbsandsteingebirge” 
in Saxony where they have been mined 
since more than 1000 years. They were used 
to build not only the city of Dresden but 
had also been used in Berlin, Hamburg and 
Copenhagen. The Cretaceous sandstones  
of Northwest Germany are famous as well: 
The Obernkirchen Sandstone decorates 
some facades of the 19th century in  
St. Petersburg. The Bentheim Sandstone 
had been processed for the portal of the 
port in Batavia in the 17th century but got 
lost on the way on the sandbanks o� 
Western Australia. 

During the youngest geological era, the 
Cenozoic (the last 65 million years), volcanic 
rocks and limestones developed in 
Germany besides clastic material. Volcanism 

produced various types of volcanic rock: 
basalt, basaltic lava, trachyte and tu�.  
The most famous region is the Volcanic Eifel 
and the most famous building, which is 
nearly completely made of this material is 
the Cologne Cathedral.

The glaciers of the Ice Age transported 
large amounts of rock from Scandinavia to 
the northern parts of Germany. This 
material developed more than 600 million 
years ago and sedimented some 10.000 years 
ago, some of it is probably older than the 
oldest rocks in Germany. In all parts of 
northern Germany, these erratics are still to 
be seen at nearly every old church in every 
village. During the warm periods of the Ice 
Age (Quarternary – the last 2 million years), 
travertine limestones had been formed by 
precipitation of calcareous water. Well 
known are the travertines of Bad Cannstatt, 
Stuttgart, and near Weimar in Thuringia.

The youngest building stones in Germany 
can be dated quite precisely. These 
limestones sintered in the Roman aqueduct 
between 90 and 280 AD. During a 
geologically short period of 190 years,  
a 30 cm thick limestone streaked by 
redbrown (iron) wavy stripes developed: 
the so-called Aqueduct Marble / Sinter 
(Albrecht Dürer named it “gutter stone” at 
the turn to the 16th century). Centuries later, 
this stone had been used for representative 
objects and architectural elements. A 
prominent example is the Wartburg in 

Fig. 2 Wartburg in Eisenach, Thuringia:  
Romanic Columns in the ballroom of the castle  

made of sinter (Aquaeduct Marble)  
of the Roman Aquaeduct in the Rhine valley  

(photo: Stefan Bohnwagner 2001)
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Thuringia. Today, 25 of originally 200 
columns of aqueduct marble are preserved 
at this medieval castle (�g. 2).

Witness of  
the history of 
settlements

The oldest evidence for the use of rock as 
building stones are known from Stone Age 
burial sites. Predominantly local stones 
were used. The Romans left their mark with 
stone buildings as the Porta Nigra at Trier.  
It is built with a light grey sandstone  
(the eponymous black surface developed 
with time) from Kordel, about 8 km away. 
The Romans already used means of 
transport, preferably ships down the rivers. 
These conditions remained unchanged for 
many centuries. It is fascinating to know 
how building stones had been transported 
along the rivers, for instance the Porta 
Sandstone: in Romanic time it had been 
shipped from the quarries near Minden 
along the Weser River up to the islands in 
the North Sea to build more than 60 
churches in several towns situated on the 
river. Since the middle of the 19th century, 
transport methods changed radically with
the development of the railway system and 

later motor trucks. Today, in our globalized 
world, materials and goods are transported 
around the world whenever needed and 
the distance between origin and the place 
of use is logistically and monetarily of no 
importance. This way – as well as in even 
more complex manner – building stones 
are signi�cant witnesses of history.
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GREECE

Introduction

Between 2400 and 2000 BC, the island’s 
quarries were very productive. Marble 
exploitation continued through the 
Hellenistic and Roman period till 
19th century AD. During the 44 centuries 
since exploitation began, there was also 
mining activity at the same quarries, a fact 
that led to the extinction of the previous 
period’s traces.

The highly prized Parian marble, the main 
source of wealth for the island throughout 
history, is renowned for its contribution to 
architecture and in particular to sculpture 
during the classical era. The prevailing 
characteristic of this marble is its clarity  
and radiance. It is uniquely translucent, as it 
allows the light to reach as deep as 3.5 cm. 
The Parian marble, called “lychnitis” due to 
the oil lamps (“lychnoi”) used for its 
extraction from deep underground (!) 
tunnels, was transformed by famous 
sculptors (Phidias, Praxiteles, Skopas, etc.) 
into some of the greatest masterpieces of 
antiquity, such as Aphrodite of Melos, 
Hermes of Praxiteles, Nike of Samothrace.  
It was used not only in sculpture but also 
for the construction of public buildings and 

temples, e.g. the temple of Apollo and the 
Sifnians’ Thesaurus in Delphi, the temple of 
Zeus in Olympia and the temple of Apollo 
on Delos. Simultaneously, a distinguished 
and of Pan-Hellenic radiation active faculty 
of Parian sculpture was created, as it is 
derived from the works of sculpture having 
been found within and outside of Paros. 

Its role in history

The rocks of Paros belong to the 
Attikocycladic crystalline schist rock mass  
and are made up mainly of slate, gneiss and 
marble. Mesozoic limestone or tertiary 
deposits are sparsely spread. As far as igneous 
rocks are concerned, gneissgranite is often 
met. The area of lychnitis exploitation, south 
of Marathi, consists of interchanging layers of 
shale and various types of marble. These 
formations are covered by placers, 
conglomerates and waste from previous 
marble exploitation.

Marble appears in the crystalline schist strata 
as thick lenses and thin or lenticular layers.  
In lower horizons these lenses are made up  
of mainly large-grained, snow white marble: 
lychnitis is part of those lenses. 

Lychnitis is found solely underground.  
Its discovery was made possible through  
a nearby natural cave, called by locals  
“The Cave of the Nymphs”. This type of marble 
is extremely �ne-grained and unique in  
its transparency. With the maximum depth  
for transparency being 15 and 25 mm for 
Penteli and Carrara marble respectively, 
lychnitis remains transparent at a 35 mm 
depth or more. This is due to the purity of the 
primary calcite material, as well as to the size 
and orientation of its crystals.

The lychnitis ore body (5 to 6 m in thickness) 
dips at 30-40° close to the axis of an anticline 
and rapidly turns to near-horizontal at a 
distance of 150-200 m from the axis. Apart 
from selective extraction, two methods were 
used systematically to extract large quantities 
of marble, conforming to its spatial 
orientation: for the inclined part of the ore 
body a method leaving the remaining rock in 
a vertical benches shape and a room and 
pillar method for the horizontal or near-
horizontal one. Similar underground methods 
for marble extraction have never been met 
with so far.

A vertical benches method, from top to 
bottom, was used. The benches’ largest 
dimension (length) is parallel to the strike of 

A pillar of the underground exploitation of 1.5-1.7x3x2 m

Ancient Quarries of Paros: The «lychnitis» marble
a stone of remarkable optic properties used in great ancient 
Greek artwork, including Aphrodite of Melos, Hermes  
of Praxiteles, the Nike of Samothrace



the ore body, resulting in the aforementioned 
direction of extraction. Although a �rst 
impression would be that such a layout leads 
to unacceptable losses, due to the quantity of 
marble having to be left behind towards the 
bottom, the special exploitation conditions 
and the matter of haulage lead to the 
conclusion that such a layout was practically 
imposed on.

Haulage of an extracted block from an upper 
bench to the bottom bench could not be 
carried out by consecutive dropping of blocks 
since fracturing would be brought about. On 
the contrary, the speci�c orientation of the 
benches enabled the sliding of the block 
along the bench over to a point where further 
haulage was possible by use of a ramp.

The blocks extracted were similarly 
dimensioned with a varying length that was 
decided according to �ssures. This is probably 
the very �rst extraction of very good quality 
marble. Judging by the size of the gap left 
from the exploitation, great quantities must 
have been extracted at that period.

For the near-horizontal part of the deposit a 
room and pillar method was used. The �rst 
traces of it are seen at about 200 m from the 
entrance. The pillar dimensions depended on 
the size of the gaps created by the extraction. 
A central pillar is 1.6-1.8 m high with a 3x2 m 
cross-sectional area. The size of the stalactites 
in the underground openings, left by the 
room and pillar method, is evidence that this 
exploitation took place rather in ancient than 
in recent ages. The waste of the exploitation 

was used as a form of back �lling of the gaps 
left after the extraction. Access to many parts 
of the quarry is often through quite narrow 
paths, due to the deposited waste.

At the left side of the southern entrance there 
is a nice Hellenistic bas-relief with interesting 
carving and a partly preserved inscription. 
The sculpture is dedicated to the Nymphs, 
who were worshipped here; hence, the name 
“Quarry of the Nymphs”.

In Byzantine times the extraction stopped,  
as art followed a di�erent direction and the 
marble was not used too much. Later on, 
during the domination of the Francs and 
mainly in the period of Somaripa, the trade  
of marble �ourished again. The precious 
material was exported in several places  
of the Mediterranean and above all in Venice.

After the liberation of the island from the 
Ottoman yoke the quarries knew a new 
period of �ourishing. From then on, the 
exploitation of the quarries was changing 
hands and since 1881 it was passed on to the 
Greek Marble Company of Paros.

Later sightseers signs found in a deep underground site of the ancient marble quarry

The roof of marble exploitation site using a room and 
pillar method with stalactites of about 25 cm length and 
the traces of a marble extraction tool
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Archaeologists believe that during the whole 
high period of Roman Empire, this particular 
quarry has been worked by approximately 
150,000 slave-miners. 

Simultaneously, a distinguished and of 
Pan-Hellenic radiation active faculty of Parian 
sculpture was created, as it is derived from the 
works of sculpture having been found within 
and outside of Paros. Today, they adorn the 
important Museums not only in Greece,  
but also all over the world. 

The Venus de Milo was discovered in 1820  
on the island of Melos in the south-western 
Cyclades. The Marquis de Rivière presented  
it to Louis XVIII, who donated it to the Louvre 
the following year. The statue won instant  
and lasting fame. Essentially two blocks of 
marble, it is comprised of several parts which 
were sculpted separately (bust, legs, left arm 
and foot) then �xed with vertical pegs, a 
technique which was fairly common in the 
Greek world (especially in the Cyclades, where 
this work was produced around 100 BC).

The Winged Victory of Samothrace, also 
called the Nike of Samothrace, is a 2nd-
century BC marble sculpture of the Greek 
goddess Nike (Victory). Since 1884, it has 
been prominently displayed at 
the Louvre and is one of the most celebrated 
sculptures in the world. H.W. Janson 

described it as «the greatest masterpiece of 
Hellenistic sculpture.» The Winged Victory of 
Samothrace, discovered in 1863, is estimated 
to have been created around 200-190 BC. It is 
2.44 metres high. It was created not only to 
honor the goddess, Nike, but also to honor a 
sea battle. In April 1863, the Victory was 
discovered by the French consul and amateur 
archaeologist Charles Champoiseau, who 
sent it to Paris in the same year. 

One of the most famous and greatest 
sculptors in ancient Greece, Praxiteles’ career 
bridged the Late Classical Period and 
the Hellenistic Period of Greek art. He is best 
known for his smaller scale works of female 
subjects, and for the famous Hermes with  
the Infant Dionysus (Olympia Archaeological 
Museum). In 1877 Praxiteles’ statue of Hermes 
was discovered in Olympia, although it is now 
regarded as a copy. Hermes is a masterpiece: 
the surface plays light beautifully, the head is 
sensuously rounded and the expression 
radiates health and happiness. As the 
mythological story goes, Hermes was carrying 
the child Dionysus to the nymphs who were 
charged with his rearing. Hermes looks past 
the child, conveying the impression of inward 
dreaming. His pose became known as the 
“Praxitlean curve”, in�uencing generations of 
futures sculptors.

The Nike of Samothrace  
(From Wikipedia, the free encyclopedia)
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HUNGARY

In Hungary the history of geophysics starts 
with Loránd Eötvös (Fig. 1.), better known in 
foreign countries as Roland von Eötvös.  
He was born in Buda, in Hungary, on July 
27th 1848 into an impoverished aristocratic 
family. His ancestors, loyal to the Kaiser 
occupied di�erent high o�ces at the 
imperial court. Loránd’s father, József 
Eötvös was, however, educated in a 
patriotic, democratic spirit. The writer, legal 
expert and minister of culture, who − 
according to literary historian Pál Gyulay − 
„inherited from his ancestors nothing else 
but privileges, and he did nothing else in 
his whole life, but fought against privileges” 
− broke with family traditions and became 
one of the greatest Hungarian statesman of 
the 19th century.

He educated his only son in a liberal spirit, 
employing private tutors well versed in 
natural sciences. Loránd has taken his �nal 
examination at the secondary school of the 
Piarists, in 1865. According to family 
traditions and his father’s wishes he 
attended the faculty of law at the Pest 
University, but in addition to his legal 
studies he simultaneously visited 
mathematical, mineralogical-petrological 
and chemical lectures as well. As the legal 
studies failed to satisfy him, his dearest 
whish was to study natural sciences «at a 
university abroad, under the guidance of 
enlightened professors»

In September 1867, he already can be 
found at the University of Heidelberg,  
with his father’s consent, where he became 
a student of such renowned professors  
as Bunsen, Kirchho� and Helmholtz. He 
primarily studied physics, mathematics and 
chemistry. He attended the University of 
Königsberg for one semester, but regarded 
the lectures too academic and returned to 
Heidelberg, where he received a doctorate 
with summa cum laude in July, 1870.

Returning home Eötvös successfully 
applied for the post of lecturer, advertised 
by the faculty of theoretical physics at the 
Pest University, which now bears his name. 
After a short period of lecturing, in 1872  
he was appointed to the professorship of 
theoretical physics. In 1874 he was allowed 
to give lectures in experimental physics as 
well, and four years later he became 
professor in this �eld too. He was then 
given the task of uniting the departments 
of experimental and theoretical physics, 
and was nominated to director of the newly 
established Physical Institute. In 1873 
he became associate member of the 
Hungarian Academy of Sciences, then full 
member in 1883, and in 1889 he was 
elected president. Amongst his o�ces he 
became minister of religion and education 
for seven months in 1894.

Having �rst studied capillarity Eötvös then 
turned his attention to gravitation and 

magnetism. From then onwards for nearly 
forty years until his death in 1919, he was 
concerned with these two �elds. In his 
research on the spatial changes in gravitation, 
he used a special version of Coulomb’s 
torsion balance. He built two di�erent types 
of torsion balance for carrying out his 
gravitational investigations: in the �rst type 
the masses were at the same level (curvature 
variometer), in the second type (horizontal 
variometer, known as the Eötvös torsion 
balance) the masses were at di�erent levels 
(Fig. 2). The horizontal variometer gives the 
‘gradient’ of gravity which is de�ned as the 
rate of change of gravity over a horizontal 
distance of 1 cm. 

The �rst experiments on a larger area using 
the Eötvös balance took place in the 
winters of 1901 and 1903 on the frozen 
Lake Balaton (Fig. 3.). Eötvös chose the 
mirror-like surface of the lake to carry out 
his measurements so that he would not 
have to concern himself with the disturbing 
e�ect of topographic masses. From the 
results of his torsion balance survey it was 
established that a fault ran parallel to the 
axis of the lake. The establishment of this 
fact was the �rst geological conclusion 
based on torsion balance measurements.
 
In the beginning Eötvös’s gravitational 
measurements were carried out for geodetic 
purposes, but at the same time Eötvös had 
wondered what geological conclusions 

Fig.1 Loránd Eötvös (1848–1919)
“The true natural scientist … �nds joy in research itself and in those results which are realized for the promotion of mankind’s wellbeing”

Loránd Eötvös,  
the founder of petroleum-geophysics



could be deduced from the results of his 
work. At the XVII Congress of the 
Internationale Erdmessung held in Hamburg 
in 1912, Eötvös wrote the following in his 
report on the practical application of the 
torsion balance: “Geologists seem to agree 

that the most substantial discharges of gas 

occur in the immediate vicinity of gas-bearing 

anticlines and overlying sediments. Experience 

gained in America (Ohio) and observations in 

Transylvania where the subsurface geological 

structures could be determined from super�cial 

indications further endorse these assumptions. 

Such geological indications, however, are 

absent in the sand and humus-covered surface 

of the Great Hungarian Plain. He who searches 

for gas-bearing anticlines in this or similar 

areas should not fail to take note of 

conclusions drawn from torsion balance 

observations.”

In 1916 on the initiative of Hugo Böckh, an 
eminent Hungarian geologist, torsion 
balance measurements were carried out in 
the region of Egbell where oil was produced 
from a recognized anticlinal structure (even 
locality names re�ect the chaotic history of 
the 20th century: the village having a 
German name was part of Hungary at that 
time, but it belonged for about 80 years to 
Czechoslovakia under the name of Gbely, 
and presently to Slovakia). The aim of these 
measurements was to evaluate the e�ect of 
the oil-bearing anticline on torsion balance 
data. On the basis of the measurements 
carried out at 92 stations, the contours of the 
anticlinal oil �eld were clearly ascertained 
(Fig. 4.). These results proved the e�cacy of 
the torsion balance in oil prospecting and 
paved the way towards world renown for 
Eötvös and his balance.

After the end of WW 1 the news of the 
successful torsion balance survey spread 
quickly in professional circles thanks to the 
publication by the well-known geologist, 
Hugo Böckh (in German). Many oil 
companies sent geologists to Budapest to 
acquaint themselves at the Eötvös Institute 
with the techniques of using the torsion 
balance, processing the data and their 
interpretation. By the middle of the 1920s 
the Institute became the virtual Mecca of 
hydrocarbon explorers. A signi�cant portion 
of these people later became executives of 
exploration departments of various oil 
companies or established geophysical 
enterprises. The increase in the mid 1920s of 
demand for Hungarian made torsion 
balances and Hungarian personnel may well 
have been due to these people. Hungarian 
geophysicists worked in the USA, Mexico, 
Venezuela, Chile, France, India, Persia etc. 

Fig. 2 The �rst torsion balance designed for �eld work 
(1898) won the Grand Prix at the Paris Expo of 1900

Fig. 3 The scienti�c expedition on Lake Balaton was not 
without adventures, according to the contemporary press
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Eötvös started his research in the theory of 
gravitation in the second half of the 1880s. 
One of his aims was to prove the equivalence 
of inertial and gravitational masses by 
high-precision experiments. Unlike to former 
researchers who used pendulums, he applied 
a torsion balance for his investigations. In 
1890, this way he could decrease the 
hypothetical di�erence between the inertial 
and gravitational masses from the former 
1/60 000 under 1/20 000 000.

In 1906 he got fresh impetus for his work by 
the Beneke Competition of the Göttingen 
University, demanding further investigation 
of the question. Eötvös and his colleagues 
could further increase their precision by an 
order of a magnitude to 1/200 000 000, 
thanks to the improved torsion balance. 
Their report on this work won the Beneke 
award in 1909. The equivalence of inertial 
and gravitational masses is of basic 
importance for Einstein’s general relativity 
theory. Thus Eötvös’ work means an 
experimental veri�cation of Einstein’s 
theory.

Eötvös’ 91-page long manuscript, 
submitted under the code-name “Ars longa, 
vita brevis” in German language was 
believed to be lost, but rediscovered.  
In 2015 on the recommendation of the 
competent Hungarian organizations,  

the Unesco Committee included it in the list 
of the Memory of the World Register.

Eötvös was a well-balanced individual. 
Besides his intensive mental work he always 
found time for relaxation and sports. He 
often went riding and regularly made the 
eleven-kilometre journey from his home to 
the university on horseback. In the summer 
he often cycled and indulged in his passion 
for rock climbing. In the classic time of 
mountaineering he ranked among the best. 
As an enthusiastic photographer, he took 
hundreds of pictures during his 
mountaineering excursions. In his later 
years his daughters accompanied him on 
his expeditions, and also became keen 
alpinists. Eötvös’ climbing achievements in 
the southern Tirol made his name so well 
known that in 1902 the second highest 
peak (2837 m) of the Cadin grup in the 
Dolomites (Italy) was named after him Cima 
di Eötvös (Eötvös summit). In the company 
of friends he often jokingly said that he was 
prouder of his mountaineering successes 
than his discovery of the torsion balance. 
For many years as president of the 
Hungarian Touring Society, he achieved a 
great deal in the popularization of tourism 
in Hungary.

In 1919 international scienti�c life and the 
whole of Hungarian society mourned his 

death. Hungary had said farewell to one of 
the last great representatives of classical 
physics and to the country’s greatest natural 
scientist. As a means of expressing their 
respect for Eötvös posthumously, the 
international scienti�c community named 
the 1.10–9 CGS unit of the horizontal gravity 
gradient after him. Even nowadays his work 
his still highly esteemed by the scienti�c 
community: the International Astronomical 
Union has named a Moon crater of 105 km 
diameter after him, in 1970.

Fig. 4 Gradient and isogam map of the Egbell oil �eld 
(1916)



“Seismographic map of the world, showing the surface distribution in space of earthquakes, as discussed from the British Association Catalogue by Robert Mallet and John 
William Mallet, 1857.”

This map, centred on the Paci�c and produced in 1857, shows the distribution of all earthquake epicentres known at the time in orange, areas of subsidence in blue,  
and volcanoes as black dots. The seismic activity marks the active boundaries between the Earth’s tectonic plates. The map, which overlaps at left and right, was produced  
by the Irish geologist Robert Mallet and his son John, using data from the British Association, and published in their report in 1858. This was the �rst time such map had been 
produced. Credit: Royal Astronomical Society/Science Photo Library.
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IRELAND

Introduction

Robert Mallet equipped Ireland with some  
of its iconic cast iron structures from bridges 
to railway stations, water supply, viaduct, 
engines, artillery and a lighthouse while 
running the most powerful Irish foundry of 
its time. Being a full time business manager 
and civil engineer didn’t stop him from 
pursuing his other interest: physical 
geological sciences and in particular the 
understanding of earthquakes. Devising 
experiments drawing on his foundry work 
and knowledge, he went on to reveal the 
nature of earthquakes, thanks to his mastery 
of physics and mechanics, leading to a better 
understanding of how our planet works.

Robert Mallet’s 
contribution to 
Geological Sciences 
and the Industrial 
Revolution

Born in Ryder’s Row o� Capel Street in 
Dublin in 1810, the son of a plumber, 
hydraulic engine maker and iron founder, 
Robert Mallet developed at very young age 
a keen interest in chemistry and physical 
sciences. From early on and thanks to the 
supplies from his father’s foundry he had his 
own laboratory in the family house, which 
allowed him to experiment and investigate 
all things scienti�c and nurture his 
inquisitive mind. His lab was so important to 
him that restricting his access was the only 
way for his parents to punish him for 
misbehaviour. 

After graduating in mathematics and 
sciences from Trinity College Dublin at the 
age of 20, Mallet joined his father’s foundry 
in 1831 and assumed charge of the business. 

Within a few years the Victoria Foundry,  
as it became known, was handling all the 
most important engineering commissions in 
Ireland as well as carrying out several works 
in England. Ireland was part of the then 
“United Kingdom of Great Britain and 
Ireland” and the Industrial Revolution was 
raging with the increased adoption of steam 
power for railways, boats and ships.  
While Mallet through the foundry provided 
the ironworks for numerous railways 
terminus stations both in Ireland and 
England, another man was making his mark 
as one of the Commissioners of Railways. 

Richard Gri�th, Irish geologist and also civil 
engineer (1784-1878) persuaded colleagues 
of the need for a geological map of the 
country to help plan the rapidly expanding 
railway network. He produced with the 
assistance of others the �rst uno�cial 
geological map of Ireland at a scale of one 
inch to ten miles in 1838 and at a scale of 
one inch to four miles the following year.  
No doubt this helped towards the Act of 
Parliament in 1845 established “to facilitate 
the completion of a Geological Survey of 
Great Britain and Ireland”, setting the 
foundation for the Geological Survey of 
Ireland. Little is known about collaboration 

Robert Mallet (Dublin 1810 – London 1881), 
The “Father of Seismology”
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between Gri�th and Mallet, but Gri�th’s 
map allowed the rapid building of the Irish 
railway network, providing the demand for 
much of Mallet’s ironwork production.

Among the other successful contracts Mallet 
secured for the foundry were the cast-iron 
swivel bridges over the River Shannon (1836) 
and the water supply and machinery for  
St James’s Gate Brewery (Guinness) in 1840. 
He designed and built the River Nore railway 
viaduct (1846-50), along with the engines 
and machinery for the coal mines in 
Castlecomer, County Kilkenny and provided 
cranes and other ironworks.

Following the loss of American packet ship 
Stephen Whitney near Crookhaven, the 
lighthouse at Cape Clear, the most southerly 
point of Ireland and the last sight of Ireland 
for many emigrants sailing to America, was 
moved to Fastnet rock and the Victoria 
Foundry provided the cast iron for the �rst 
lighthouse on this rock (1848-49). Robert 
Mallet also designed the largest mortars 
ever built during the Crimean war (1853-56), 
though the war ended before they could be 
used. The foundry provided the 
characteristic iron railings around Trinity 
College, with which many visitors to Dublin 
will be familiar. Mallet was awarded the 
Telford Medal by the Institution of Civil 
Engineers in 1859 for his extensive 
contribution to the profession. 
Unfortunately tough competition brought 
the Victoria foundry to closure in 1860 and 
Mallet moved to London in 1861. 

From the mid-1830s, while working full time 
and developing his father’s ironworks 
business, Mallet also undertook to study 
physical geology covering four principal 

research areas: geological dynamics (from 
1835), glacial �ow (1837-1845), seismology 
(from 1845) and volcanology (from 1862). 

Elected a member of the Royal Irish 
Academy (RIA) at only 22, he also became  
a member of the British Association for  
the Advancement of Science in 1835,  
which helped �nance much of his work in 
seismology. Mallet enriched the proceedings 
of these bodies in the space of a few years 
with several important papers on 
metallurgical and geological topics, notably 
earthquakes to which he applied his 
knowledge of physics and mechanics to 
gauge how energy moved through sand  
and rock. In 1846 he presented his paper  
“On the Dynamics of Earthquakes” at the RIA, 
in which he addressed the vertical motion 
believed or supposed at the time to 
accompany earthquake shocks. Mallet was 
one of the �rst to estimate the depth of an 
earthquake underground and the paper is 
considered one of the foundation papers of 
modern seismology.

To augment his theoretical work and 
because large earthquakes did not occur in 
Ireland, Mallet began to generate the 
arti�cial shocks he needed for his 
experiments by detonating large controlled 
explosions in 1849, with the help of his 
eldest son John and a small group of 
soldiers. The experiments consisted of 
exploding charges of 25lbs (11kg) of 
gunpowder buried in the sands of Killiney 
beach, south Dublin, and measuring the 
travel time of the resultant shock wave at  
a distance of half a mile (800m). The arrival  
of the resultant shock wave was recorded  
by the so-called seismoscope, also invented 
by Mallet. The recording clearly showed  

that energy had moved through the sand in 
waves out from an epicentre and that this is 
what caused earthquakes. He repeated the 
experiment in the granite of Dalkey Island, 
o� Killiney, to compare the response of 
rocks. Following the advice of Irish 
mathematician William Rowan Hamilton, 
Mallet applied the laws of physics (as applied 
to light) to describe the movement of the 
energy generated by the explosion through 
sand and rocks. The results of this research 
were collected in a series of reports 
produced in the early 1850s in which Mallet 
coined the terms seismology and epicentre. 
His novel experiments remain the basis of 
controlled source seismological research 
since, particularly in oil and gas exploration.

From 1852 to 1858, Mallet compiled  
“The Earthquake Catalogue of the British 
Association” with his son John. Part of this 
catalogue was the seismographic map  
of the world (pictured), which revealed the 
clustering of earthquake incidences in 
speci�c locations around the planet, later 
recognised as plate boundaries. Mallet can 
therefore be considered as one of the fathers 
of plate tectonics (the study of how the 
surface of the earth is formed of separate 
pieces or plates, how they move and the 
e�ects of this movement).

In 1857, with an estimated magnitude of  
6.9 on the Richter’s Scale and a death toll of 
11,000, the Great Neapolitan earthquake 
struck the region of Padula in Southern Italy 
providing Mallet with the perfect 
opportunity to carry out �eldwork into the 
potentially devastating e�ects of 
shockwaves. With the support of fellow 
geologists Charles Lyell and Charles Darwin, 
Mallet obtained a £150 grant from the Royal 
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Society of London to travel to Italy and 
record the earthquake damage using a 
revolutionary technology: photography.  
He published his research in 1862 in  
“The Great Neapolitan earthquake of 1857: 
the �rst principles of observational 
seismology”. The 700-page report included 
detailed isoseismal maps, which displayed 
contours of damage intensity and 
illustrations. These visual texts are believed 
to be amongst the �rst photographic images 
of earthquake damage ever taken and his 
work became an important reference for the 
study of seismic activity. That year he 
received the RIA Cunningham Medal for his 
research into the theory of earthquakes.

He was awarded the Wollaston medal of  
the Geological Society of London in 1877, 
the Society’s most prestigious prize (Darwin 
won it in 1859) and died in London in 1881. 
As a proli�c and gifted civil engineer and an 
insatiable science investigator and inventor, 
Robert Mallet should be remembered as  
“the father of seismology”, the geophysicist 
who explained earthquakes and paved the 
way to plate tectonic theory.

Robert Mallet
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ITALY

Introduction

Ferdinandea Island has spent, after all, most 
of its existence under the sea. Its �rst 
appearance was reported as “eruptions of 
lurid �re”.
On July 8, 1831, the tract of Mediterranean 
sea between Sciacca (Southern Sicily) and 
Pantelleria began to boil and bubble, and in 
a short time a volcanic island sprouted in 
full eruption.
Italians immediately claimed their rights  
on the small island calling it Ferdinandea. 
The British called it Graham Island, while 
the French Julia Island; Spain also declared 
territorial rights on the small new land.
Any single shot could be �red over its 
ownership. A geological process quickly 
solved the political problem; Ferdinandea 
disappeared, eroded by the sea before the 
end of the year.
Now, on marine maps, Ferdinandea doesn’t 
exist anymore; the area is called Graham’s 
Bank and the once emerged island is 
approximately 7 meters below the surface 
of the sea. This shoal, trampled by very few 
human beings, is now a good habitat for 
marine organisms that dwell there.
Ferdinandea Island is a superb example of 
the close relationship between man and 
Nature. Its ephemeral life demonstrates the 
dominance of Nature on the human pride 
and on the ownership concept.

Nature’s domination 
over human pride

The submarine volcanic eruptions that 
surround Sicily are known since ancient 
times. The �rst written record of this 
phenomenon is found in the Meteorology 
(Μετεωρολογικά) book by Aristotele that 
describes the sprouting from the sea of 
Volcano, in the Aeolian Islands, between 
the din of volcanic explosions.
The Roman historians report submarine 
eruptions in the channel of Sicily and the 
appearance of Stromboli just before the 
age of Plinio.
In this part of the Mediterranean Sea,  
the eruptions are more frequent than 
elsewhere and are particularly remarkable 
between Sicily and Tunisia, in 
correspondence of the famous benches of 
Sciacca. The Island of Pantelleria is a perfect 
example of a volcanic island, born from the 
eruption happened on one of these 
benches in immemorial epoch, trace of a 
volcanic crater; the area of the Graham 
bank is known as the Phlegraean Fields of 
the Sea of Sicily.
Volcanic activity at Graham bank was 
reported during the First Punic War, and an 
island has appeared and disappeared four 
or �ve times. Several eruptions have been 
reported since the 17th century.
The �oor of the Mediterranean Sea is 
dotted by dozens of seamounts and one of 
this, Ferdinandea, is the object of our 
history.

Ferdinandea sprouted from the seawater 
about 30 miles South-West of the Sicilian 
seaport of Sciacca and 33 miles North-East 
of Pantelleria Island during the eruption of 
summer 1831.
The �rst signs of activity were some shocks 
felt in Sicily and on board of a vessel sailing 
over the spot on June 28. During the �rst 
days of July �shermen felt fetid odor and a 
smell of sulphur deriving from hydrogen of 
the sea, in such quantity that it blackened 
objects made with silver. They reported that 
the sea over the bank appeared to be 
strong grumbling and gurgle and covered 
with dead �shes and �oating matter. This 
was the reactivation of a long silent 
submarine volcano.

On July 8, Francesco Tre�letti, Captain of 
the brig Gustavo, coming from Malta, saw 
the surface of the sea bubbling for tens 
minutes to a height of 20 m and then 
sinking down, believing this phenomenon 
due to the struggle of a big cetacean. Few 
days later the eruption of tu�s, lapilli, 
pumices and �ery ashes started, arriving up 
to the beach of Sciacca.
On 10 July the captain of the ship La Teresina 
Giovanni Corrao, noticed a column of 
smoke, about 15 meters tall, going up from 
the sea; at the base of the column he 
noticed a small island about 4 m high with 
a crater in the middle containing boiling 
red water. The island rapidly increased in 
size, reaching 20 m in height and 250 m in 
diameter in just few days.
The news about the new island rapidly 
spread: on July 13 the King of Sicily 

The ephemeral Ferdinandea

The Giulia-Ferdinandea Island view from ENE on 1831, 25 August.  
From Mercalli, Geologia d’Italia, 1883; redrawned by Laura Galeazzo.



Ferdinando II di Borbone dispatched from 
Palermo the corvette Etna, commanded by 
the captain Ra�aele Cacace; from Marsala 
an English brig was sent with scientists and 
curious. The volcanic eruptions was 
extremely intense from 18 to July 24, 
ending on the �rst days of August. The 
island reached his maximum development: 
65 m in height and 3700 m in 
circumference. The shape of the island, 
changing from time to time, was that of the 
summit of a cinder cone, with a center 
crater containing water. The cone was built 
by strati�ed volcanic sand, lapilli and 
scoriae, lacking in lava �ows.
At the end of July the sea around the island 
was crowded. Many curious and journalists 
approached to Sciacca to visit the new 
island leaving their descriptions in 
newspapers and magazines of that period, 
especially the English ones.
On August 25, the island was visited and 
depicted by Wright that made the best 
reproduction of the newborn island.
With the ending of volcanic activity the 
erosion action of the sea waves rapidly 
destroyed the island. By the end of October 
the volcanic crater disappeared; the only 
remains was a �at island at sea level  
with a small hill of scoria rising about 60 m 
and a little pond, about 20 meters in 
circumference, �lled by reddish and salty 
spicy taste water; another pond was smaller 
with a yellow color and sulphuric water.
On December 8, the captain Vincenzo 
Allotta, commander of the brig Achille,  
in place of the island found a small column 
of hot water with stink of bitumen.
The destruction proceeded rapidly; on 
December 17 two Neapolitan o�cers 
reported to the King Ferdinando II the total 
disappearance of the island.

This exceptional geologic phenomenon 
was studied by several scientists: Karl 
Ho�mann, Arnold Escher, Amando Philippi, 
John Davy, Otto Abich and Constant 
Prévost. Among the Italians were Domenico 
Scinà, Benedetto Marzolla and Carlo 
Gemmellaro; the latter, professor of 
Geology and Mineralogy at Catania 
University, published a long and detailed 
“Relation on the new volcano phenomena 
arose from the sea between Sicily and 
Pantelleria”.
The �rst disembarking on the island took 
place on August 2 by Captain Humphrey 
Senhouse; he a�rmed to had took 
possession of the island planting the British 
�ag for the King of England, giving it the 
name of Graham Island for the First Lord of 
the Admiralty. The British Navy thought this 
new emerged land as suitable to control 
the sailing route from Gibraltar to Malta. 
Gemmellaro and Prévost, in their scienti�c 
reports, held impossible that Senhouse,  
as reported in his relation to the Royal 
Society, had been able to climb on the 
island because the ground was too hot, 
warm, soft and not yet solidi�ed.
On August 7 another English man departed 
from Sciacca with the ship of Cusumano, 
trying to plant an English �ag on the island, 
but with the fury of the volcano, he thought 
that was more prudent staying at a 
reasonable distance; this story was 
ironically reported by Gemmellaro.
Ferdinando II, King of Naples and Sicily, 
with a sovereign action on August 17 
included the island into the Borbone’s 
Kingdom giving it the name of Ferdinandea 
as suggested by professor Gemmellaro. On 
September 29, M. Terond Derussat, member 
of the scienti�c team of Professor Prévost, 
hoisted the French �ag on the taller part of 

the island called by him Julia, remembering 
its appearance in the month of July.
During that period, politicians and 
scientists, for di�erent reasons, gave to the 
island seven di�erent names: Graham, 
Ferdinandea, Julia, Sciacca, Nerita, Corrao, 
Hotham.
The island thus became the object of 
several rivalry and jealousy during its brief 
life, as demonstrated by the imposition of 
di�erent names.

As demonstration of the power of the 
Nature on the human being, as soon as the 
island disappeared beneath the waves, 
everyone agreed to forget about it.
Only geologists learnt lessons from the 
ephemeral event. Ferdinandea was an 
evidence of the theory of geologic 
uniformitarianism: the geologic forces 
working in the world today have always 
been shaping the world in the past, as 
stated by Charles Lyell in his Principles of 
Geology.
Now, the top of the island is only 7 meters 
below the sea surface. In recent times, 
geophysical study revealed the presence,  
in the area, of nine distinct monogenic 
volcanic craters.
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LATVIA

Introduction

As groundwater rich in iron compounds 
discharges on the upper earth’s surface by 
springs, iron hydroxides precipitate and in 
the largest concentrations form iron ore 
deposits, in Latvia well-known as bog ores. 
Usually bog ores are distributed within bog, 
peatland and lacustrine (lake) sediments. 
These deposits are also called swamp, turf, 
meadow or lake ores, as well as limonite; 
loose types of bog ores are known as colour 
earth or natural ochre, or natural pigment. 
There are about 200 bog ore (limonite) 
deposits in Latvia and about half of them 
comprise denser bog ores, which had been 
relatively and widely used for iron 
production erstwhile. Although nowadays 
they are not being used as a source of iron, 
these bog ores were of great interest in 
Latvia during historical times. The extraction 
of iron from bog ores in the territory of 
Latvia began in the �rst centuries A.D. and 
continued during later periods – especially 
during the Late Iron Age and the Early 
Modern Ages. 

A particularly large number of native bog 
ores were in the Duchy of Courland of the 
17th century when bog ores were mined 
from local lakes and bogs and the Duke 
Jacob established many foundries for iron 

production and processing to support 
increasing needs of military equipment and 
colonisation. Currently technological process 
– how exactly an iron was extracted from 
bog ores – is of great interest by historians of 
Latvia.

Origination and 
distribution

As iron compounds precipitate from spring 
waters, iron hydroxides cover nearby placed 
rocks and woods or accumulate into a 
jellylike mass developing bog ore deposits. 
Because of iron compounds bog ores are 
brown or puce in colour with shades of red. 
Bog ores mainly consist of mixture of 
hydrated iron (III) oxide-hydroxides in 
varying composition such as limonite 
(FeO(OH)·nH2O). An amount of iron 
hydroxides within bog ores ranges between 
9.4-86.5%. The main source of iron 
compounds in spring waters is underlying 
water permeable deposits like sands and 
sandstones with iron oxide coatings around 
grains of quartz and feldspar. 

Due to a sustained activity of iron springs 
there are numerous deposits of bog ores  
in Latvia. Deposits of bog ores are several 
tens of centimetres thick, mostly 20-70 

centimetres. The densest bog ores are 
distributed in interrupted, lens-shaped layers 
being up to 50-70 centimetres thick. An area 
of the largest bog ore deposits extends to 
several thousands of square meters reaching 
0.5-3.5 ha. About half of all the known bog 
ore deposits comprise limonite dense 
enough to be used for iron extraction.

Its role in History 

About 2000 years ago inhabitants of territory 
of Latvia acquired skills on how to extract an 
iron from native bog ore. Compared with 
physical melting process of imported iron 
ores which began to be used in later times, 
ancient inhabitants for iron extraction 
applied a more complicated method by 
initiation of chemical reaction – direct 
reduction process. The objective of the 
process is to drive o� the oxygen contained 
in various forms of iron ore, in order to 
convert the ore to metallic iron (or direct 
reduced iron). Iron ore undergoes this 
process when it is heated in a furnace at high 
temperatures in the presence of 
hydrocarbon-rich gasses. During more than 
a thousand subsequent years such use of 
native raw materials was the only way to 
obtain an iron, which was needed to make 
farm and household instruments, as well as 
arms. Archaeological excavations and 

Bog ore
An iron production from the �rst centuries to the C17th 
metallurgical phenomena at the Duchy of Courland and Semigallia

Complex of hills and channels at Asari iron manufacture (photo by I.Doniņa)



experiments performed nowadays show 
that iron extraction from bog ore was done 
in clay ovens at about 1300 °C temperature 
most likely maintained by charcoals. This 
process was really time consuming and by 
using 50 kilograms of bog ore it was possible 
to get only small, half a kilogram heavy piece 
of iron – just enough for an axe or reaping-
hook. Relicts of clay ovens are found during 
archaeological excavations on castle 
mounds dated from 10th century conforming 
to the Late Iron Age. 

The �nal stage of the Iron Age or the Late 
Iron Age in territory of Latvia was from 9th  
to 12th century. During the Late Iron Age 
there were signi�cant economical, social and 
political changes related to a development 
of incipient feudal states. The period during 
the late 8th to late 11th centuries is also called 
the Viking Age when Norse seafarers raided 
and traded from their Scandinavian 
homelands across wide areas of Europe, as 
well as new states were founded and new 
lands discovered and colonized.

The Late Iron Age in territory of Latvia was 
characteristic not only with development of 
administratively political and trade centers, 
origination of ancient towns and expansion 
of trade connections, but also growth of 
agricultural and artisan production. One of 
the most important branch of trade was 
metal working, for the most part 
manufacturing of iron goods which was 
stimulated by constantly wider use of native 
iron ores and improvement of iron 
extraction technologies.

Since there are about 200 bog ore or 
limonite deposits distributed in all the 
territory of Latvia, iron extraction ovens from 

the Late Iron Age appear at many castle 
mounds and ancient towns. It is also very 
likely that there were even forges in each of 
the largest populated areas. Blacksmiths 
acquired knowledge of the whole spectrum 
of metal working techniques as thermal and 
cold smiting, tempering, and welding. 
Various iron types and steel, as well as a lot 
of nonferrous metals, were imported from 
foreign countries. 

Nevertheless the majority of the oldest 
industrial objects in Latvia date back to  
the end of the 19th century, there have  
been also manufacturers in 17th and 18th 
centuries of the Early Modern Ages; however 
only some of these places have been 
preserved till nowadays. The period of the 
Early Modern Ages in Latvia conformed to 
the existence of the Duchy of Courland and 
Semigallia, called also as the Duchy of 
Courland, which existed from 1561 until 
1795. Although knowledge of metals 
production and processing in Latvia had 
existed since very ancient times, the 
development of metallurgy industry began 
after the origin of the Duchy of Courland.

The Duchy comprised part of Latvia 
between the west bank of the Daugava 
River, the largest river in Latvia, and the 
Baltic Sea, including regions of Courland 
(Latvian: Kurzeme) and Semigallia (Latvian: 
Zemgale). The Duchy of Courland was a 
vassal state and through the times was 
divided among various powers: from 1561 to 
1569 as a vassal state of the Grand Duchy of 
Lithuania, from 1569 to 1726 the Polish-
Lithuanian Commonwealth, incorporated 
into Polish-Lithuanian Commonwealth in 
1726. In 1795 it was annexed by the Russian 
Empire in the Third Partition of Poland. The 

�rst Duke of the Duchy of Courland was 
Gotthard Kettler (1561-1587), the last Master 
of the Order of Livonia.

The �rst iron manufacturer was built in 1596 
on estate Turlau (Latvian: Turlava) by the son 
of Gotthard Kettler, Duke Wilhelm (1574-
1640) where iron imported from Sweden 
was used. In the 17th century, during the 
time of Willhelm’s son Duke Jacob, due to 
advancement of military equipment and 
increasing needs of iron production 
metallurgy became particularly important 
and production was made of iron extracted 
by local bog ores.

Colour earth or natural ochre at Talicki deposit  
(photo by E.Pērkone)
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In the 1640s and the beginning of 1650s 
Duke Jacob (1610-1682) expanded the trade 
from Courland and captured colonies on  
the island of the Gambia River (the Western 
Africa) and Tobago. To accomplish this and 
provide colonists with arms, cannons and 
cannon balls, ammunition etc., Duke Jacob 
in the Duchy of Courland founded a shipyard 
as well as several new ironworks which 
covered direct iron making, steel production, 
scrap metal melting, manufactured products 
processing and other branches of ironworks, 
as well as there were many foreign 
specialists and craftsmen assembled by 
Duke Jacob like the Poles, Germans and 
Swedes. In these foundries iron was 
extracted and produced by using mined bog 
ore from local lakes and bogs. These 
foundries were driven by water power and 
as a fuel charcoals were used. For regulation 
and maintenance of water power reservoirs, 
dams and lock-gates were built. However, 
due to a lack of water resources during 
summers and winters, manufacturing was 
fully possible in springs and autumns.

The quality of iron produced was supposed 
to be good enough for the purpose of 
military equipment. Towards the end of his 
life Duke Jacob also managed iron ore mines 
and foundries in Norway where craftsmen 
from Courland were also employed. 
However, the iron industry in the Duchy of 

Courland was destroyed forever due to the 
Great Northern War and the plaque in 1710.
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MACEDONIA 

Introduction

Lesnovo is located at the crater of the 
extinguished volcano and is a volcanic 
valley, one of the best preserved 
paleovolcanic cones in the KratovoZletovo 
volcanic area. Near the village, there are 
about �fty cave quarries which are an 
attraction in this area. According to the 
geological facts, the volcano was very 
active in the past, and from its lava the 
volcanic stones were formed. When it 
extinguished, and the place was inhabited, 
the only sources of income were the 
volcanic stones. 

In those days, the Osogovo area echoed 
from the bangs of the hammers, plugs and 
iron chisels from the people who dug mines 
and created millstones which were very 
especially claimed in Thessaloniki and 
Istanbul. Selling the stones, they raised 
their families. In the cold caves people 
marked an exact circle on the stone walls 
and dug with a beaked iron out the line, 
forming the circle millstones and leaving 
their footprints: sighs, health, force, 
youth…. 

While the work �ow in the cave was 
running and the stones were crushed from 
the extinguished lava, the monastery  
St. Gavril was being built from those stones.

But the industrial progress ruined the 
century reputation of the Lesnovo 
millstones. Since 1930s, with the creation of 
industrial stones, the interest for the former 
ones were lost. Only the legend remained 
which was preserved through the 
storytelling.

Lesnovo millstone

The village Lesnovo is located in the 
north-east part of Republic of Macedonia, 
some 15 km from Probishtip, on an altitude 
of 870m. The village history is full with 
legends, myths which were told from one 
generation to another so as to preserve  
the roots and the parentage. For the village 
history there are marks in the preserved 
traces in the village like the cave churches 
and cave eremits. One of the oldest schools 
in Macedonia established in the XI century 
was in this village, too. In the period 
between the X and XIV century, the 
well-known Lesnovo Lavra was created in 
Lesnovo, known as the biggest monastic 
republic on the Balkan with more than two 
hundred monks in the monastery and 
about a hundred from di�erent chapels, 
caves for hermits, skits (small prayer cells in 
the rocks). Nowadays there are remains of 
over twenty prayer cells disseminated in 
attractive natural sites, unavoidable places 
for visitors. The monastery St. Gavril 
Lesnovski is a big Christian temple built in 
1341. Unlike many other villages, Lesnovo 
has not changed the current location 
during the Ottoman servitude. 

From the geological aspect Lesnovo 
belongs to the Kratovo-Zletovo volcanic 
area, which is the biggest volcanic area in 
Macedonia with an area of 1000 km², with 
an average thickness of the volcanic stones 
of about 700 m. At its most, this area 
belongs to the geo-tectonic unit Serbian-
Macedonian massif, and only a small part of 
the western �ange enters the Vardar zone. 
The volcanic activity was going in many 
phases starting from Oligocene, and �nally 

ended in the early Pliocene . The oldest 
stones are tu� sandbanks andesite, 
ignimbrites, volcanic breccias, dust, 
trachiandesites, latites, trachites, alcal 
basalts, dacite ignimbrites and tu�s. The 
youngest stones are tu�s, andensite breccias 
and andensite. The age of the volcanic 
stones ranges from 15 to 30 million years. 

It is the only village in Republic of 
Macedonia lying on the crater of an 
extinguished volcano. 

The famous geographer J. Cvijik, compares 
the Lesnovo crater with the old Etna crater 
„Valle del Bove”. The Lesonovo cone and  
the crater are located in the western part  
of the Osogovo Mountains, between 
Probishtip and Zletovo. It is one of the best 
preserved fossil (extinguished) volcanic 
craters, not only in Republic of Macedonia 
but on the Balkan Peninsula. 

The entire structure has an area of 12 km², 
with a diameter of 4 km. The Lesnovo cone 
has steepy sides and raises 400m. over  
the reilef. It is particularly well expressed on 
the south and southwest side. From the 
east side, the Lesnovo cone was cut by 
Zletovska River and from the west by 
Dobrevska River The crater of the cone has 
a diameter of 1.5 km. and depth in the 
middle part of 150-200 m . Around the 
caldera center, circularly are located  
7-8 conic hills, i.e. volcanic necks and  
form a wonderful natural amphitheater.
Most remarkable of them is the hill Ilin Krst  
(1127 m) on north, which was probably a 
major volcanic center where the largest 
amount of lava and pyroclastic material 
expel.



On the southern and eastern side appear  
3 other necks: St. Troica (1012 m), Nuševa 
Čuka (1025 m) and Gumički Rid (1048 m). 
Anyhow, during the active period, some 
25-30 million years ago, the Lesnovo cone 
was much higher, and the crater was of a 
di�erent outlook. Indeed, the Lesnovo 
caldera has polygenetic characteristics, 
because of its contemporary shape, great 
importance had subsequent erosion 
processes. The volcano in this area had 
strong, explosive eruptions followed by 
high quantity of dust, gasses and thick lava. 
Therefore, the environment is full of tu� 
layers, traces of lava �ows and volcanic 
bombs. Particularly characteristic are the 
ignimbrites which cannot be found 
elsewhere on such an area and size. 

The caves in the Lesnovo crater are 
manmade by the century’s workmanship  
of Lesnovo millstones. They are located 
near the village from both sides of the 
Canyon of Lesnovo River and are a real 
attraction. The recesses and halls in the 
stones are not natural, but manmade from 
where the people created the quality, 
strong volcanic stone for the millstones. In 
the past, in the caves millstones were made, 
and each cave was a property of one family. 
Around 2-3.000 millstones were created 
annually and 100 households supported. In 
Fact, with centuries the village was 
well-known for the creation of the quality 
millstones. A symbol of the pain and 
diligence are the caves, the life existence of 
the people. The Macedonian village man 
was a virtuous in the making of millstones 
- the necessary stone for bread production 
and nutrition. Apart from the caves, the 
millstones were also broken from the 
extinguished lava and with them the 

monastery of St. Gavril was built, while they 
lit candles and talked and prayed to God in 
the caves. 

How were the millstones made?The area 
around the line marked with the wooden 
caliper was dug part by part with the 
hammers and chisels. Then, the wheel was 
carefully and punctually separated by the 
stone with gads. Those are not wheels but 
millstones, the old men from Lesnovo used 
to say. The mistakes and bad luck were paid 
with a many day labor. Then the craftsman 
swallowed the pain and returned again to 
the wall which could provide a happy 
making of another millstone.

For the millstones to be productive and 
grind the wheat, the one should be hard/ 
aggressive, the other soft… thus the saying 
with the millstones. From the caves, with 
horses and oxen were brought to 
Thessaloniki and Istanbul market, to 
exchange the millstones for some lira or 

salt. On this way, the Lesnovo ancestors 
fed their families from the extinguished 
volcano. 

The caves and numerous exactly hewed 
stones which were never �nished are visible 
today. Probably, due to the 
industrialization, they never turned into 
millstones and remained a silent witness  
of the old craft. While today, their 
grandchildren stand in front of the caves, 
the stone wheels and circles with hours 
thinking about the stories for the crowdie 
crater from craftsmen of millstones. Even 
though this craft is totally neglected today, 
the preservance of the marks of this 
tradition is signi�cant for promotion of the 
cultural- historical values and an excellent 
tool for the touristic potential of the region. 

Today, the cave looks like small sanctuaries 
out of which an incense odor is felt. Inside 
them there are many icons of St. Gavril, and 
the walking from one cave to another is an 
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enjoyment for every kind of visitor.  
The path to the caves is secured with a 
fence, so as the walking is safe and 
enlightening.

If you haven’t heard about Lesnovo,  
the Lesnovo monastery, the caves and 
millstones, this is a good chance to learn 
about these natural beauties, and if you 
have the opportunity to visit Lesnovo do 
not doubt to do so immediately. You will 
enrich your spiritual knowledge and peace, 
and you will be richer for a newer 
experience because very rarely can be 
found such a mixture of natural, cultural 
and spiritual values.
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MALTA

Introduction

Few places around the shores of the 
Mediterranean can better attest to the 
adage that ‘forti�cations are a direct 
product of geography’ than the stone-built 
defences of the Maltese Islands, erected by 
the Hospitaller Knights of the Order of  
St. John in the period 1530-1798. Indeed, 
three observations stand out from a study 
of the Maltese Islands and their long 
process of forti�cation, namely:  
(i) the strategic importance of the 
geographical position of Malta in the centre 
of the Mediterranean Sea and the leading 
role it was to play in shaping the history of 
the region,  
(ii) the Islands’ harbours which provided a 
safe all-weather anchorage ideal for 
protecting large naval �eets and  
(iii) the lithic nature of the massive 
forti�cations which were erected to defend 
these harbours and the rest of the islands 
from sea-borne attack and invasion.

Malta’s Forti�cations -  
a matter of 
geography and 
geology

It is often stated that forti�cations are a 
product of geography. All throughout 
history, military men have sought to exploit 
the landscape for protection, using land 
features and building materials derived 
from the land to establish their works of 
forti�cation where nature provided the 
greatest defensive advantage. Nowhere, 
perhaps, is this relation between 
geography, geology, and forti�cation better 
illustrated than in the Maltese archipelago. 
Indeed, Malta and its sister islands, Gozo 
and Comino, (despite their small size and a 
surface area of little more than 316 square 
kilometres) contain one of the richest 
concentrations of forti�cations to be found 
anywhere around the world – a unique and 
prodigious mass of defensive works carved 
out in stone which the islands owe directly 
to their particular geography and geology. 

To begin with, geography placed these 
islands in a position of great strategic 
importance in the centre of the 
Mediterranean Sea, endowing them with 
great military and naval relevance in the 
history for the struggle over control of the 
region. Secondly, geography gave Malta, 
the largest of the islands, an excellent 
natural harbour, one of the �nest �rst class 
anchorages to be found anywhere around 
the shores of the Mediterranean, big 
enough to accommodate any size of �eet; 

and thirdly, geology provided the 
archipelago with an abundant supply of 
stone ideal for realising extensive and large 
scale fortress-building programmes.

The �rst to recognise and systematically 
exploit all these qualities were the 
Hospitaller Knights of the Order of St John 
of Jerusalem and Rhodes. This military 
organisation devoted to �ghting the 
Ottoman war-machine, acquired the 
Maltese islands (together with the fortress 
of Tripoli in North Africa) from Emperor 
Charles V in 1530 after losing their home 
and naval base on the island of Rhodes in 
the Dodecanese to Sultan Suleiman forces 
in 1522. The Hospitaller knights’ acquisition 
of the Maltese archipelago set o� a process 
of militarisation which was to result in the 
widespread forti�cation of these islands. 
This programme of forti�cation developed 
rapidly around the need to secure Malta’s 
Grand Harbour and its naval facilities from 
both landward attack and seaward 
bombardment. The location of the 
individual defensive components was 
determined by a series of narrow tongues 
of land, or peninsulas, the largest, highest, 
and centre-most of which was then known 
as the Sceberras Peninsula.1

The latter was immediately recognised as 
the ideal location for the Order’s new 
forti�ed headquarters (known as the 
‘Convent’) as it o�ered both command and 
defensibility. As the highest ground in the 
harbour area, it commanded all the 
surrounding terrain as well as the entrance 
to both anchorages (Grand Harbour and 
Marsamxett). The site was eventually 
forti�ed in 1566 with the creation of the 
formidable bastioned fortress of Valletta,

The bastioned forti�cations of Malta, knit of virgin rock and dressed stone – Fort Ricasoli.
(Image source: Author, 2016)



named in honour of Grand Master Jean de 
Valette, the hero of the valiant defence 
against the mighty Ottoman armada sent 
to capture the island in 1565.2

Radiating outwards from Valletta, came, 
over the course of the next two hundred 
years an impressive network of forts, 
forti�ed enceintes and coastal watch-posts 
and batteries, all designed and built to the 
conventions of the bastioned type of 
forti�cation by some of the leading 
European military engineers of their day.

Apart from their design, these forti�cations 
also derived a great part of their power of 
resistance from the solid manner of their 
construction, carved out as they were from 
the bedrock and imprinted indelibly into 
the ground. This manner of construction 
also had the added advantage of providing 
all the necessary building stone and rubble 
quarried in the process of the formation of 
the ramparts directly on the fortress site.

The strata of rock which were most suitable 
for providing building material for the 
construction of the bastioned forti�cations 
were the Coralline and Globigerina 
limestones, because the other sedimentary 
formations (i.e. Blue Clay and Greensand) 
were either too soft or fragile to support 
the massive rampart walls and the earthen 
massifs that they held in place. The 
Globigerina limestone was the most 
dominant layer in the Grand Harbour area 
where most of the Hospitaller forti�cations 
had to be located to provide the necessary 
defence of the harbour and its surroundings 
and, as a rule, it was this ‘pietra globigerina 
che viene tolta dai fossati’(the Globigerina 
limestone extracted from the ditches of the 

forti�cations) which was invariably 
employed in the formation and building  
of the ramparts.3 The tal-Franka stone  
(as the Globigerina is called locally), was 
considered ‘ideal for building, white in 
colour, easy to cut, and specially suitable  
for use in the erection of fortress walls as it 
[was] not easily crushed by artillery’ 
although, on the other hand, it did not 
stand up very well to humidity, and was 
rather soft 4. However, by the end of the 
seventeenth century, the more durable 
hardstone (Tal-Qawwi and Żonqor) came  
to be preferred for the construction of the 
ramparts of coastal works of forti�cation 
and other defences built close to the water 
as it was found to be more resistant to 
erosion caused by sea spray.

This process of forti�cation came to an 
abrupt end when the Knights of St. John 
were expelled from Malta by General 
Bonaparte in 1798, who then lost the 
islands to the British in 1800. A truly new 
process of forti�cation only began to 
materialise in the early 1870s, following  
the opening of the Suez Canal, which gave 
Malta a new strategic role. By this time, 
however, the nature of warfare had 
changed considerably so that the newly 
built British defences crystallised into a 
totally di�erent style of forti�cation from 
that built earlier by the Knights of St John, 
now forged from a combination of new 
design templates and imported materials 
(Portland cement and armour-plating).  
Still, seen together, the largely stone-built 
forti�cations of Malta make up a rare 
ensemble of defensive forms shaped by  
the nature of the local terrain, the special 
qualities of its building materials, and the 
local methods of construction – a 

combination of form, shape, and texture 
that sets the forti�cations of Malta distinctly 
apart from those found elsewhere around 
the world. 
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Introduction

In souvenir shops in Amsterdam, tourists 
can buy T-shirts saying “God created Earth, 
but the Dutch created the Netherlands”. 
This book is not the right place to discuss 
the �rst part of that statement, but there is 
certainly a lot to say for the second part – 
although “formed” may be a better 
description. Polders (reclaimed lakes and 
peatlands) make up no less than 9% of the 
Netherlands, and the remainder of the 
country’s surface is profoundly a�ected by 
human interference. In particular by water 
management, which has been practiced for 
about 1,000 years, i.e. about 10% of the 
duration of the Holocene epoch. 

At the same time, the collective struggle 
against water arguably has had an equally 
profound impact on Dutch culture. It 
formed the foundation for one of the 
earliest democracies, putting in place a 
separate governmental layer dealing with 
water management that is still in place up 
to this day. And it stood at the basis of 
Dutch liberalism and tolerance; ideas that 
were spread around the world especially in 
the Dutch Golden Age.

Historic in�uence on 
Dutch geology: How 
the Dutch formed 
the Netherlands

The western part of the Netherlands, 
currently the economic centre of the 
country, wasn’t of great interest to early 
human inhabitants. The Netherlands is 
basically a large river delta, where three of 
the largest northern European rivers – the 
Rhine, the Meuse and the Scheldt – that 
drain the Swiss Alpine foreland, the north 
of France and the Belgian Ardennes, come 
together to �ow into the North Sea. When 
the �rst settlers arrived, this was largely 
swamp area, where the border between 
land and sea was constantly moving [�g 1].

The peat soil was very good farmland 
however, provided the water could be 
drained from it. People started to build earth 
dikes to protect their farmland from the sea, 
and to dig canals to let the water draining 
from the peat �ow to the rivers. This caused 
new problems, since peat will start to 
subside as soon as it loses its water. 
Eventually the land surface will sink below 
sea level, making it necessary to pump water 

out, and to build more dikes, this time to 
protect the land from �ooding by the rivers. 

Land reclamation started in the Iron Age in 
Zeeland, in the southwest of the country. 
Peatland drainage, as well as peat mining for 
fuel, peaked in the Roman Age in this region. 
However, the problem of subsidence and the 
consequential higher �ood susceptibility let 
itself be felt quite quickly, and in the mid-
fourth century AD the area was lost to the sea. 

The majority of the currently existing 
polders were established between the 14th 
and 20th century [�g 2]. Severe setbacks 
were experienced in particular during the 
14-16th century, and led a.o. to the creation 
of areas that are now seen as important 
national parks, such as the Biesbosch  
(SE of Rotterdam) and the “Drowned Land 
of Saeftinghe” (on the south bank of the 
Scheldt river on the border with Belgium). 

The continuous battle against �ooding and 
subsidence goes on until this day, and has 
resulted in a country where human 
in�uence on geology is uniquely profound. 
443 polders now cover a surface area of 
3,125km2 which equals 15% of the coastal 
lowlands and 9 % of the Netherlands’ total 
surface area. The arti�cial creation of land 
surface has gone hand-in-hand with the 
destruction of land volume: an estimated 

Anthropogenic geology in action
How the Dutch formed the Netherlands – and the Netherlands 
formed the Dutch



20km3 of peat has disappeared through both 
peat compaction and degradation, as well as 
through peat extraction for fuel. This peat loss 
is geologically signi�cant: the amount of peat 
lost since 1000AD is similar in volume to the 
remaining volume of peat in the Dutch 
Holocene. The resulting subsidence amounts 
to an average of 2m across the entire coastal 
lowlands area, and locally reaches as much as 
8m (Erkens et al., 2016).

The arti�cial creation of land through 
reclamation and diking has at the same time 
e�ectively stopped the natural creation of 
land. Peat marshes where either turned into 
farmland or into lakes - the latter in case of 
peat mining – which put an end to growth of 
new peat. And diking of rivers largely 
stopped natural sedimentation. Originally, 
rivers where left free to migrate and form 
new channels within the dikes’ con�nement. 
In the mid-19th century, however, the main 
channels of rivers were �xated to improve 
navigability for increasing river tra�c. 
Unfortunately, this also led to signi�cantly 
increased �ood risk: The river grade 
increased while the river channel was 
shortened, and at the same time erosion in 
the channel decreased, while clay 
increasingly deposited on the �ood plain 
(e.g. Hakstege et al., 1993). Therefore some of 
these deposits are now removed again to 
give the river water more room during high 
water levels, which is preferred to further 
raising of the dikes. 

Major �oods, such as the ones that created 
the earlier mentioned Biesbosch or the 
Drowned Land of Saeftinghe, but also the 
famous �ood of 1953, show that the 
coastline used to be the weakest link in the 
Dutch battle against the water. After the 

�ood of 1953, the Delta Works where 
implemented, including a number of very 
large – and highly innovative – dams to seal 
of the vulnerable inlets in Zeeland and 
Rotterdam. A large part of the remaining 
coastline consists of sand dunes. A side 
e�ect of the Delta Works, which signi�cantly 
shortened the overall coastline, was a 
change in near-coastal currents, which 
caused increase erosion of the dune coast. In 
addition, increasing strain is expected to be 
put on the dunes because of sea level rise. 

Therefore, the Dutch government in the 
late 1990’s decided to annually “nourish” 
the coast with new sand. A lot of sand: in 
2001, the average yearly nourishment 
volume was set at 12 million m³/a. In 2011, 
as an alternative approach to normal 
nourishment practices, the ‘Sand Engine’ 
project was launched. This involved 
emplacing a large body of sand (21.5 
million m³) north of Rotterdam, which is 
currently being eroded by long-shore 
currents, that disperse the sand along the 
coast. Although the amounts of sand 
transported by man for the Dutch coastal 
defence seem large, the yearly amounts of 
sediments – mainly aggregates used in 
building and construction are even higher: 
the current estimate is about 100 million m³ 
(Van der Meulen et al. 2007a). The largest 
individual anthropogenic sediment body in 
the Netherlands is the extension of the Port 
of Rotterdam (2009-2011), which amounts 
to 200 million m³. In comparison, the 
natural deposition of sediment during the 
Holocene in the Netherlands has been 
estimated at between 20 and 30 million m³ 
per year (Van der Meulen et al., 2007b), 
making the Dutch a very signi�cant 
geological factor indeed. 

In�uence of water 
management on 
Dutch culture: How 
the Netherlands 
formed the Dutch.

For the struggle against water to be 
successful, a number of key ingredients where 
needed: hard work, collaboration, innovation, 
and governance. When the scale of land 
reclamation activities started to grow, 
especially after 1200 AD, this increasingly 

Fig 1 Paleogeographic map of the Netherlands 
around 500 B.C. Most of the Western and Northern 
parts of the country are covered by extensive peat 
marshes, that had started to form around 7000 B.C. and 
gradually extended afterward. The coastline, that had 
graduately retreated Eastward because of rising sea 
level in the early Holocene, but then moved West again 
as a result of increased sedimentation by the rivers, 
had become largely �xed at its current location by  
the formation of sand dunes. Modi�ed after Vos (2011)
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required building up an institutional and 
juridical apparatus needed to maintain dikes, 
dams and drainage channels, to �nd the 
resources for these activities, and to deal with 
con�icts. The latter for example because 
regulation of water �ow in one location could 
have major impacts many kilometres up- or 
downstream. A system of local drainage 
boards (“heemraadschappen”) and larger 
regional jurisdictions called “hoogheem-
raadschappen”, each presided over by a 
dijkgraaf (“dike count”), formed – a layer of 
democratic government which long preceded 
the establishment of a parliamentary 
democracy, and exists until this day. 

The development of large areas of new 
arable land, protected and rendered 
productive by dikes, dams, polders and river 
embankments, provided new scope for 
agriculture, navigation and trade.  
The culture of joint responsibility for land 
management, and the absence of old 
nobility in the newly formed regions, led to 
a relatively egalitarian society. This also had 
an impact on economy and trade: the 
shipping industry – originally focussed on 
herring �shing and bulk shipping of grain 
and timber from the Baltic in the 15th and 
16th century, but shifting to “rich trades” 
across the globe during the Dutch Golden 
Age in the 17th and 18th century –came to 
rely on joint ownership models, where 
individuals could buy shares as small as 
1/32nd or 1/64th of a single ship or cargo. 
Such models where an important enabler 

for the creation of the Verenigde 
Oostindische Companie (VOC), the 
infamous East Indian Trading Company that 
would make the western Netherlands, and 
Amsterdam in particular, the economic 
centre of the world during the Dutch 
Golden Age. 

Even today, the battle against water is 
deeply ingrained in Dutch culture. In Dutch 
politics, the tradition of bringing separate 
parties together to �nd pragmatic, workable 
solutions is aptly called “poldering”. So 
maybe it is time to put some new text on 
our mousepads and co�ee mugs: “The 
Dutch made the Netherlands, and the 
Netherlands made the Dutch.”
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Fig 2 Map of the Province of North Holland from  
the year 1700. Polders are clearly recognizable  
by green colours, rectangular subdivision (creeks used 
for dewatering), and thick outlines (ring dikes).  
A comparison with the border outline in �gure 1 shows 
that many areas that were still sea in 1700 have been 
reclaimed since then (Source: Archief Alkmaar).
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Soapstone sculptures on the Medieval Nidaros Cathedral, Trondheim

NORWAY 

Introduction

Taste the word - soapstone. It is a 
contradiction. Soap is soft, stone is hard.  
Or is it? This particular stone is actually  
the softest rock on earth. You can scratch it 
with your �ngernail. This is because  
the main mineral in the rock is talc, from 
which talcum is derived. The name makes 
sense when you think of the softness and 
soapy feeling of talcum on your �nger. 
Soapstone may also contain other soft 
minerals, such as chlorite, and some slightly 
harder carbonate minerals. Due to its 
softness, soapstone has been a favourite 
stone material for making utensils or more 
elevated ritual or sculptural objects 
through thousands of years: it is just that 
easy to carve with simple tools. 

But soapstone also had other secrets that 
our ancestors discovered. Soapstone has, 
for example, a very low heat conductivity. 
This means that when you heat a soapstone 
object, it will remain hot for a long time 
after you remove it from the heat source. 
Likewise, if you cool a piece of soapstone in 
the freezer, it will remain cold for a long 
time after you take it out again. Put it in 
your drink and you have truly a whiskey  
‘on the rocks’. These geological properties 
made soapstone a desired material for a 
wide range of applications.

From the deep crust 

Most soapstone deposits in the world are 
found in the places where continental drift 
and plate tectonic movements brought 
rocks from the deep oceanic crust and 
below up on the continents. The dense 
rocks from such depths are rich in 
magnesium and iron, and on their way up 
to more shallow levels, they get hydrated 
and CO

2
-enriched, transformed to 

soapstone. Thus, we tend to �nd soapstone 
in the ancient and modern mountain 
ranges; the Appalachians, the Caledonian 
mountain range, the Himalayas, the Alps, 
parts of the Mediterranean, to mention a 
few examples. In those areas, we most likely 
also �nd a rich history in the use of 
soapstone. The Ancient Egyptians used it, 
likewise the Minoan culture, the native 
Americans, ancient cultures in India, the 
early Islamic societies and even the 
Norwegians.

The collision between two ancient 
continents produced the Himalaya sized 
Caledonian mountain range around  
400 million years ago, of which the Norwegian 
bedrock geology carry many remains. Deep 
parts of oceanic crust were brought to the 
surface in this mountain building event, 
resulting in hundreds of small and large 
soapstone deposits scattered all over Norway. 
The bedrock of Norway is predominantly 
composed of hard and crystalline rocks, 
di�cult to use for our ancestors. But 
soapstone became an exception. 

Its role in History 

Fairly evenly distributed throughout the 
country, soapstone resources were 
available to most Norwegians. And they 
used it. For everyday utensils, the small 
things needed in a household. Fishing 
hooks and weights, loom weights, spinning 
wheels and oil lamps. But also other types 
of items were produced, including 
ceremonial club or mace heads from the 
Mesolithic and Neolithic �gurines of 
animals. 

Since soapstone is both heat resistant and 
easy to carve, it became the preferred 
material from the Bronze Age onwards for 
making moulds for casting metals. These 
properties were also key in the evolution of 
one of the most peculiar out�eld industries 
in Norway: producing cooking vessels from 
soapstone, lasting more than 2000 years, 
from 500 BCE. Soapstone vessels became 
widely used and obviously popular among 
the rich and the poor. You will understand 
why if you get your hands on one of these 
miracle-pots. They heat slowly, and the 
food will never burn in the bottom if your 
attention is somewhere else for a moment. 
When heated, you can remove the pot from 
the stove, and it will still keep the food hot 
for more than half an hour. No wonder that 
the soapstone pots left a signi�cant mark  
in the Norwegian language. The word for 
porridge («grøt») comes from «gryte» 
meaning cooking pot, which itself leads back 
to the old Norse word for stone - «grjot». 

The wonderful soapstone



There are hundreds of quarries in Norway 
carrying the typical signatures from the 
extraction of cooking pot blanks: circular 
depressions in the rock face from where the 
blanks were extracted. Some places 
hal�nished blanks still remains, like a bulge 
on the rock. The technology of extraction 
was simple. Carving a circular channel 
around the blank with a pick axe until the 
blank easily could be removed by splitting.
The blanks were taken to farms or other 
centres of production for �nishing. Some 
quarry areas grew to signi�cant industrial 

production sites, and trade of soapstone 
vessels must have occurred since the early 
Iron Age. The Vikings did not only �ght and 
kill, they were also producers and traders of 
cooking pots!

When Christianity came to Norway in the 
11th Century, the Norwegians had to learn 
something new, namely to construct 
elaborate stone buildings, preferably 
churches. Wooden churches could be all 
right in a remote settlement, but in the 
towns and cities the pope gave no mercy: 
churches should be built of stone. We can 
imagine the previous wood-builders 
searching for suitable stones among the 
tough granite and gneiss. And, once again, 
the Norwegians turned to the soapstone 
resources. As we have seen, they knew 
them very well, now the only challenge was 
to change from round blocks for vessels to 
rectangular ones for ashlars. In several parts 
of Norway soapstone became the main 
stone material in the construction of 
churches and monasteries. In spite of  
its softness, the rock proved to be both 
durable and strong, and did not crack in  
a �re. 

The medieval builders represent the 
heydays of stone-made crafts in Norway. 
Stone masons travelled through Europe, 
o�ering their skills, and some made the 
foundation for a rich Norwegian stone 
building tradition. Many known soapstone 
quarries were transformed to industrial 
scaled production sites of blocks for ashlars, 
columns and sculptures. 

Among the most valued architectural 
heritage from this period is the Nidaros 
Cathedral in Trondheim. Being the 

northernmost medieval cathedral in 
Europe, it was literally built around the 
shrine of the Norwegian king Olav 
Haraldson. According to the saga, Olav was 
killed in a battle in 1030 AD while �ghting 
for Christianity in Norway. The Cathedral 
became one of the most important 
pilgrimage sites in Europe, and many of the 
pilgrims carved the holy cross in the soft 
soapstone on the cathedral walls.

After the black death in the mid-14th 
Century, stone crafting skills deteriorated. 

Marks on a soapstone quarry face after the extraction of 
a soapstone vessel blank, almost 2500 years ago

Un-released vessel blanks in a 2500 year old soapstone 
quarry

A soapstone knight on the Medieval Nidaros Cathedral, 
Trondheim
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The reformation in 1537 made the medieval 
churches targets for greedy noblemen who 
needed stones for their castles and homes. 
However, a new tradition of using 
soapstone gradually grew, this time for 
using the stone for �re places and 
chimneys. Old quarries were re-employed 
for the new purpose. This tradition has 
actually lasted until the present time, and 
modern Norwegians highly appreciate the 
quality and energy e�ciency of well-crafted 
ovens and �re places. The green economy 

may �nd further needs for soapstone.  
For instance, its excellent heat storage 
capacities may be a factor in energy-
e�cient housing.

Archaeologists surveying an ancient soapstone quarry containing 
2500 years marks from vessel blank extraction.

Medieval soapstone quarry near the Nidaros Cathedral, Trondheim. 
Ashlar blocks, ready to be released from the bedrock, were never brought 
to the cathedral workshop.
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PORTUGAL

Introduction

The 1755 Lisbon Earthquake was one of the 
most catastrophic geological events known 
in history. It struck one of the most 
important cities in the world around  
09:30 AM on All Saints’ Day, on November 1. 
The earthquake was followed by tsunami 
and widespread �res causing massive 
destruction and death. Pereira (2006) 
estimated the total death toll in Portugal, 
Spain and Morocco at 40 000 to 50 000.  
The tsunami, earthquake and aftershocks 
were felt in both hemispheres and based 
on their e�ect, a magnitude between 8.7 
and 9 in the Richter scale was estimated. 
The reconstruction of Lisbon and several 
other towns nearby required a huge 
investment of the Portuguese state, striking 
a strong blow on the Portuguese overseas 
policy. It was also the �rst of large 
destructive earthquakes to have a detailed 
enquiry of its e�ects. This enquiry, ordered 
by the Marquis of Pombal, King Dom José’s 
prime minister, also commanded 
reconstruction e�orts. More than 250 years 
after its occurrence the location of the 
epicenter is still unknown and several 
o�shore sources have been proposed. 
According to calculations, a >300 km-long 
geological fault is needed to supply the 

energy for such an event. The Africa-Europe 
plate boundary, the only known fault 
capable of producing such a large event, 
does not match tsunami arrival times 
recorded at the time in several African and 
European cities, keeping the source of this 
historical earthquake shrouded in mystery.

The earthquake  
and tsunami 

At around 9:30 AM on the November 1 of 
the year 1755, the city of Lisbon, one of the 
most important cities of its time, was 
shaken by a large earthquake. Much of 
what is known about the e�ects of the 
terrible event is known from the enquiry 
ordered by the Marquis of Pombal, King 
Dom José’s prime-minister (Pereira de 
Sousa, 1919). According to multiple 
witnesses, three main shocks were felt, 
which lasted between three and a half  
and six minutes. The last one caused the 
collapse of many medieval and 
contemporaneous constructions that were 
already damaged by the initial shocks.

Approximately 40 minutes later, 20 
meter-high waves hit the city increasing 
destruction in the city, that at the time 

concentrated close to the river and sea.  
The �nal blow came from �res that broke 
out throughout the city and spread without 
control, installing complete chaos (Figure 1).

The earthquake and tsunami caused the 
change of scenery in the Tagus estuary, 
submerging land and uncovering river 
bottoms (Vilanova and Fonseca, 2004, 
2007) while soils lique�ed in many regions 
(Mendes Victor et al., 2009). The earthquake 
was felt in northern Portugal and Spain but 
southern Iberia was most a�ected.  
The tsunami reached the coast of Portugal 
and Spain causing great destruction in 
Setúbal, the Algarve region, as well as in 
Morocco. In some lakes in northern Europe 
the earthquake was felt and minor waves 
were detected. Shock waves travelled 
around the globe and were detected across 
the Atlantic Ocean, from western Europe to 
North America, the coasts of Brazil and the 
Caribbean Islands.

Reconstruction 
e�orts

Marquis the Pombal led the reconstruction 
of Lisbon. An innovative design of the city 
with orthogonal and linear streets was 

Fig. 1 Contemporaneous drawing of Lisbon during the 1755 Earthquake, showing  
its devastating e�ects in the city (source: Museu de Lisboa collection/Municipality of Lisbon).

The Great 1755 Lisbon Earthquake 
Earth, Water and Fire 
One of the largest catastrophic events of European History



implemented in downtown Lisbon,  
as opposed to the medieval chaotic 
disposition of building and streets. In 
downtown Lisbon houses were built almost 
with the same number of �oors and the 
foundations were built with wooden struts 
over the muddy river bottom, probably one 
of the �rst anti-seismic engineering systems 
of the world.

The reconstruction e�orts were enormous 
from the human and �nancial point of view 
for the Portuguese crown, and lasted for 
tens of years. This fact contributed to the 
decline of Portugal’s presence in other 
continents and its empire, weakening its 
position in favour of other European 
nations such as France, the Netherlands 
and Spain, for example.

The earthquake 
source

According to modern theories, earthquakes 
nucleate at geological faults, where rocks 
break and deform, originating the 
propagation of di�erent types of seismic 
waves throughout the earth. Among the 
di�erent seismic waves, one particular type 
of the so-called surface waves, the Rayleigh 
Waves, have the largest amplitudes and 
cause the most destruction.

This poses the question: in which 
geological fault did the earthquake occur? 
Due to the amount of energy released 
during the earthquake calculated according 
to the intensities felt around the several 
cities in Iberia, Africa and the rest of the 
world, the most probable candidate was 

naturally the Europe-Africa plate boundary. 
Empirical relations established in the last 
decade’s show that the largest earthquakes 
nucleate in the largest geological faults. 
Damage distribution also pointed to an 
o�shore, plate boundary source.

However, using tsunami arrival times and 
amplitudes at di�erent European and 
African cities, Batista et al. (1998) have 
shown that the proposed plate boundary 
was not adequate as the earthquake source 
to justify the observed tsunami data.  

This motivated research for an alternative 
earthquake source. Several o�shore 
multichannel seismic re�ection and 
bathymetric survey were acquired in the 
last two decades (e.g. Rosas et al., 2009, 
2016; Terrinha et al., 2009; Zittelini et al., 
2009; Gutcher et al., 2012; Duarte et al., 
2010) that revealed previously unknown 
large geological faults, such as the 
Horseshoe fault, The Marquis de Pombal 
fault, The Swim faults, the accretionary 
wedge or the Carcavai fault (see Figure 2).

Fig. 2 Tectonic map of the Gulf of Cadiz region, major mapped faults and probable 1755 Lisbon earthquake  
epicenter (adapted of Gutscher, et al.,2012 and Rosas et al. 2016). The bathymetry and topography image was obtained 
in www.marine-geo.org/tools/GMRTMapTool/ (Marine Geoscience Data System).
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Recently relocated seismicity data (Carrilho 
et al., 2004; Carvalho et al., 2012) shows  
that these faults are active now, i.e., they 
are currently producing earthquakes and 
could have been the probable source of the 
1755 Earthquake. Modeling studies 
(Grandin et al., 2007) show that the Marquis 
of Pombal or the Horseshoe faults can 
produce an earthquake that generates 
intensities of seismic waves similar to the 
ones observed in 1755. However, none of 
these faults possesses enough length to 
produce the energy required for this great 
earthquake. Additionally, neither of their 
locations match observed tsunami arrival 
times and amplitudes (Batista et al., 2003). 
A combination of the Horseshoe and 
western part of the Swim faults has been 
proposed to justify the large magnitude of 
the earthquake (Zitellini et al., 2009). 
Another recent hypothesis is that the 
earthquake has originated at a oceanic slab 

of an old ocean that has been subducted 
due to the collision of Africa and Europe, 
located to the east of the arc of Gibraltar 
(Gutcher et al., 2012; Bezada et al., 2013) 
and below the Horeshoe abyssal plain 
(Monna et al., 2014). This hypothesis fails to 
justify the observed intensities and damage 
caused by the earthquake. Therefore, the 
source location of this great earthquake 
remains an open issue, one that is 
important to solve in order to potentially 
save tens of thousands of lives and losses of 
millions of euros in the future.
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REPUBLIC OF SRPSKA

Introduction

Lead! About 60% of lead produced 
world-wide is derived from ore. Lead ore is 
mined in many countries around the world. 
Despite this fact, three quarters of the 
world output comes from only six 
countries: China, Australia, USA, Peru, 
Canada and Mexico. Small amounts are 
mined in several countries in Europe. All 
these mines contain at least two metals 
(also zinc, sometimes silver, gold and 
copper) so lead extraction is not the only 
reason for the mining. One of the European 
countries with lead ore production is Bosnia 
and Herzegovina or precisely its entity the 
Republic of Srpska. The lead--zinc deposits 
are located around Srebrenica town, in the 
eastern part of the entity. Lead exploitation 
has had key social-economic importance 
for the area in the past but also today. It is 
recognised that the �rst geological and 
mining activity in the Republic of Srpska is 
related just to this metal. During the history, 
the mining activity has attracted people 
from di�erent European countries. It was 
the main driving force for multi-cultural and 
multi-religious society. Usual greeting to 
miners in our region is «Good luck».  

To ask the Lord for good luck, each 
confession built its own sanctuary. Today, 
there are just traces of turbulent history 
personi�ed in churches, mosques, ancient 
graves, old roads, abandoned mining works 
etc. The empires disappeared, but the 
exploitation of lead is still there.

Its role in History 

Exploitation of lead in Srebrenica area 
reaches out pre-Christian period or in the 
other words two millenniums ago. In that 
moment, the area was populated by 
Illyrians. 

After the Romanian conquest there was  
the �rst change in the population structure, 
but in the same time serious improving in 
the lead production. Beside lead, silver and 
gold were also extracted from the ore. 
Gaius Plinius Secundus (AD 23 – August 25, 
AD 79), better known as Pliny the Elder, 
mentioned in his papers the important 
production of gold in Pannonia and 
Dalmatia provinces. Because of gold and 
silver production in Domavia (ancient name 
for Srebrenica) this city was well-known on 
the scale of the empire. In the 3rd century 

Domavia was proclaimed into municipium, 
soon after that into colonia. The peak of the 
mining activity was in the mid of the 3rd 
century when Domavia became the centre 
of the Roman mining activity between the 
Adriatic Sea and the Danube River.  
The production of lead sheets and tubes 
began in this period. Furthermore, the �rst 
coins were produced. Those from silver 
were named denarius (similar name like an 
o�cial currency in Serbia today) and those 
produced of gold were named aureus. 
During the Roman period miners were 
mostly slaves, rarely free citizens (e.g. 
smelters). The name of the region in that 
period - Argentaria witnesses about silver 
production. The road toward the Adriatic 
Sea was named via argentaria. At the end  
of the 3rd century Domavia was the mining 
centre of the Balkan Peninsula. Domavia 
was a real centre of the region, with city hall 
(curia), piazza (forum), spa (balneum), court 
(tribunal), market place (macellum), earlier 
Christian basilica etc. After the failure of the 
empire in the 5th century, mining activities 
had been gradually declined and at the end 
totally disappeared.

Migration of new South-Slovenian tribes 
triggered new mining activities in the area.

Orthodox monastery Sasa from XIII century, renewed in the �rst decade of XXI century

Lead mining in Srebrenica area:  
from the Roman Empire to modern times 
or a strategic mineral resource connects people, religions  
and epochs



Intensive mining progress had been started 
in the 11th century and it was the most 
intensive in 14th and 15th century. There is 
no reliable source about the mine owner in 
this period. There is some clue about Stefan 
Uroš V (also called Uroš Nejaki or Uroš the 
Weak), Serbian monarch, as the owner. In 
available documents Srebrenica had been 
mentioned for the �rst time under that 
name in 1352. The golden age of mining 
during the Middle age began after German 
miners were engaged (Saxons). The �rst 
mini-smelters were constructed. From these 
smelters the lead and silver were exported 
via Dubrovnik (today in Croatia) to Italy. 
Saxon’s miners and Dubrovnik’s traders  
and craftsman established their colonies 
and Catholic cathedral and monastery.  
The majority of population were Serbs who 
also constructed an Orthodox church in 
1242. It is well-known Sase monastery, 
renewed about �ve years ago and active 
today. It is one of the �rst examples of 
multi-cultural and multi-confessional 
society in the region. There are traces of the 
production of the coins of Stefan Lazarević, 
also known as Stefan the Tall, a Serbian 
prince (1389-1402) and despot (1402-1427) 
and the despot Đurađ Branković (1427-
1456). Mining activity was the base for the 
development of some other important 
settlements, e.g. Zvornik (established in 
1416). After 579 years this town become 
the residence of the Geological Survey of 
the Republic of Srpska and geologist 
employed in the Geological Survey 
continue to explore the lead deposits 
around Srebrenica. Nice symbolism. Mining 
activity reached its peak during the mid of 
the 15th century. Except the incomparable 
di�erences in technology, situation was 
very similar to today’s. The lead ore was 

produced in Srebrenica, it was cleared on 
the Drina River or in Dubrovnik town and 
exported to the Western European 
countries. Once again, the lead was 
prerequisite for strong social economic 
improvement of the area.

In 1463 Srebrenica was occupied by the 
Ottoman Empire. Đurađ’s brother, the 
despot Vuk Branković (also known as Zmaj 
Ognjen Vuk) restored it in 1476.  
The Ottoman soldiers �nally occupied 
Srebrenica in 1482. The area was a part  
of the empire until 1878. It was the period 
of stagnation and withering of mining 
activities. But there was one new cultural 
and religious impact - the Muslims. From 
that period three the most important 
European confessions - the Orthodox,  
the Catholics and the Muslims live under 
the one «roof». This «roof» was constructed 
by lead.

After the Austrian-Hungarian occupation of 
Bosnia and Herzegovina in 1878, geologists 
from Austria and France, but also from 
some other European countries, started 
modern geological explorations and 
prepared new deposits for exploitation. 
These activities were interrupted by World 
War I. During the war smaller amounts of 
lead were excavated, about 1000 tonnes 
mostly galena ore. 

Between the two world wars, explorations 
were continued but with modest success.  
It was the reason for low lead production in 
this period.

There is estimation about 800.000 tonnes of 
the excavated ore, 120 tonnes of silver and 
50.000 tonnes of lead produced, between 

Roman period and 60s years of the XX 
century.

The modern production in the modern 
mine «Sase» was established in the 60s of 
the XX century. The production was 
accompanied by intensive and modern 
geological explorations from 1949 to 1960. 
The results of the explorations indicated a 
possibility of the annual �otation capacity 
of about 100.000 tonnes. The extension of 
the capacity was introduced in the 70s.  
It allowed an annual production up to 
280000 tones, with mean of metal content 
in the ore 5-7%, and 70-100 g of silver/ 
tonne. After the construction of the factory 
for processing of non-ferrous, rare and 
noble metals in 1975, prerequisites for full 
valorisation of the mineral resources 
potentiality were established. Today, the 
mine owner, the GROSS Company, employs 
521 people. 
 

Miners in stone - from Roman period
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From the Roman period to the modern 
times, geological explorations and mining 
of lead were the main social-economic, 
cultural and religious driving force and lead 
(Pb) lead people to wellbeing.
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ROMANIA

Introduction

Salt (halite, NaCl) is one of the most 
widespread substances on the surface of 
the Earth, being the main mineralizing 
component of sea water. Despite the 
warnings against the excess of salt 
consumption, which became quite 
common in mass media, salt is a mineral 
necessary for the good health of man and 
of all animals. It has a regulatory action for 
the water balance of the body. Salt helps 
digestion, since chlorine is a main 
component of the hydrochloric acid, used 
by the stomach to break down the ingested 
food. Sodium is involved in the osmotic 
processes that allow the absorption of 
nutrients in the small intestine. Sodium 
stimulates the activity of the nervous 
system. 

Salt has the property of absorbing water 
from the air, thus creating good breathing 
conditions for people with respiratory 
(asthmatic) problems. On the other hand, 
absorbing the water out of foods, salt 
creates an environment that inhibits the 
breeding of bacteria, which makes it the 
most ancient food conservative, at least in 
the areas without frost. 

In the climate zones with snow and ice in 
the winter, salt is spread on roads because 
it dissolves in water and decreases its 
freezing point. Salt is actually one of  

the “big �ve” ingredients of the chemical 
industry, together with sulfur, coal, 
limestone and oil. It is largely used in the 
chemical industry, to make caustic soda 
and chlorine, which are used for producing 
hydrochloric acid, sodium carbonate, 
plastics, paper, soaps, synthetic rubber,  
and more than 40,000 derivates. 

The role of salt  
in history

Sea water is the source of the salt deposits 
on continents (in the form of salt rock), 
which formed by the evaporation of water 
from isolated sea basins. Because of its use 
in food, salt has been treasured and traded 
since the dawn of mankind. Moreover, salt 
was involved in mystic beliefs and in 
magical rituals. In many traditional 
communities, salt was used as a puri�er 
(which, probably, comes from its killing 
e�ect on bacteria) and a protector against 
evil in�uences. The o�er of salt to guests  
or friends had the value of a welcoming 
ritual and a declaration of friendship.  
This tradition was conserved in Romania.  
A widespread superstition considers that 
salt spilt on the table is a sign of a quarrel  
to come. In Leonardo da Vinci’s «The last 
Supper», there is salt spilt on the table 
before Judas, which is put in relation with 
his betrayal. Some people throw salt over 

the shoulder as a protection against bad 
luck.

Wars have been made for salt resources 
many times in history. Wars are fought by 
soldiers, who make regular physical e�ort, 
sweat and lose salt, which needs to be 
replaced to prevent sodium de�ciency, 
which would lead to weakness, fatigue, 
nausea and brain dysfunction, all not 
wanted, especially when a person has to be 
�t for �ghting at any time. This is why the 
Roman soldiers received salt as part of the 
payment for their service, or an additional 
sum of money to buy salt, which was called 
«salarium» (from «sal», the Roman word for 
salt). The word transcended the centuries 
and can be found today in the English word 
«salary» derived from the French (Normand) 
“salaire” and in its counterparts from several 
other languages. 

Salty water (brine) is used to prepare 
pickles, as it favors the bacteria which 
ferment sweets from vegetables producing 
lactic acid (responsible for the sour taste of 
pickles). Pickled vegetables last for much 
longer time than the fresh ones. Based on 
this, sauerkraut was used as a source of  
C vitamin by the old navigators. This kept 
the sailors healthy during the navigation  
on long routes without landing thus 
facilitating the great geographic 
discoveries.

Fig. 3 Former extraction chamber in the salt mine at Turda (Romania), now equipped for 
entertainment, health and scienti�c tourism.

A salty history 
How salt got in our bodies, in our lives and in history



Salt is involved in the formation of 
hydrocarbon deposits in at least two 
respects. High salt contents determine the 
increase of sea water density. In isolated 
basins, low salinity water �oats on more 
salty water, the latter growing very low in 
oxygen. This favors the accumulation of the 
organic matter in the sediments, which is 
then transformed in hydrocarbon deposits 
by the increase in temperature. On the 
other hand, rock salt is very plastic. Because 
of this plasticity, salt deposits are easily 
deformed by tectonic e�orts and, because 
they are less dense than the other rocks, 
salt bodies pierce the hanging wall rocks, 
generating diapir tectonics, thus 

favouring the formation of structural traps 
for hydrocarbon deposits. Diapirs and 
diapirism have been described for the �rst 
time in Romania by the �rst director of the 
Geological Institute of Romania (Mrazec, 
1907). 

Salt is an abundant mineral resource of the 
Romanian territory. Romania is ranked the 
second in Europe with respect to its salt 
deposits, due to the presence of more than 
200 salt bodies (Fig. 1). Many of these are 
outcropping (Fig. 2) or are located very 
close to the surface, and contain very pure 
salt (more than 97% halite in volume). 
Romania is one of the countries 

that have karst phenomena in salt!  
The rock salt deposits in Romania are 
related to the Miocene sedimentary 
successions from the Transylvanian Basin 
and from the Carpathian molasse (outward 
the Carpathian Mountains). The abundance 
and exploitability of salt played an 
important role in the Romanian history.  
All salt deposits that reach the surface have 
been used since the pre-historical times, 
either as rock salt or brine, as indicated by 
the Neolithic settlements in their proximity. 
During the Roman occupation of Dacia, an 
intense salt extraction was undertaken.  
A salt route can be outlined in the Roman 
Dacia, connecting the northernmost salt 
mines from Ocna Şugatag and Coştiui to 
the south, through Ocna Dej, Turda, Ocna 
Mureş, Ocna Sibiului, Ocniţa and Ocnele 
Mari, along the Olt River and across the 
Danube to Moesia, in the Balkan area. 

The most famous salt mines in Romania 
conserve evidence of mining beginning 
with the ancient (Roman) and medieval 
times and were extensively developed 
during the modern times. The most known 
deposits in Romania where the salt has 
been exploited within the salt mines or  
it is still being exploited, are the ones from 
Ocnele Mari (Great Salt Mines) – Ocniţa 
(Vâlcea County), Slănic Prahova (Prahova 
County), Târgu Ocna (“Ocna Fare”, Bacău 
County), Cacica (Suceava County), Ocna Dej 
(Cluj County), Ocna Mureş (Mureş County), 
Praid (Harghita County), Turda (Cluj County) 
and Ocna Sibiului (Sibiu County). There are 
places in Romania (e.g., Turda and Slănic 
Prahova) where the evolution of the salt 
mining from the ancient through the 
modern times can be observed: from the 
surface excavations, through the Roman Fig. 1 Areas with salt resources (black) in Romania.
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galleries, the Middle Ages bell-shaped 
rooms and the modern trapezoidal 
chambers. 

During the Middle Ages, salt mining was  
a state monopoly and privileges were 
granted by the rulers for salt extraction to 
local representatives in some regions.  
The use of imprisoned people as work force 
for salt mining was quite widespread 
during the Middle Ages, especially in 
Moldavia and Wallachia. In some places, 
these people were kept in the mine over 
the entire period of penalty. The food was 
descended in the mine by ropes, in 
exchange for many buckets �lled with salt. 
The salt mines that used penal labor were 
commonly named “ocna”, a Slave word with 
the original meaning «window» (e.g.,  
Târgu Ocna, Ocnele Mari, Ocna Sibiului, 
etc), which was transformed in “prison” due 
to this practice. In 1515, Transylvania 
exported ca. 4,000 t of salt to the Ottoman 
Empire, while Wallachia exported 6,000 t of 
salt in 1560. The competition was tough 
and the Ottoman administration delimited 
commercial zones on the Danube: 
Wallachia was allowed to sell salt 
downstream of Cladova town while 
Transylvania had exclusive rights upstream 
of Cladova (Murgescu, 2012). The industrial 
exploitation of salt brines was performed 
later, at the end of the seventeenth century.

Salt extraction was enhanced during  
the communist period, boosting the 
development of the chemical industry:  
in the ‘90’s Romania was the East European 
leader in the chloralkali production.  
The decline of this industry decreases the 
demand for the salt production; Romania 
produces, however, about 0.93 % from the 
salt production in the World. Now, the old 
salt mines are used for touristic purposes, 
for therapeutic baths, for scienti�c tourism, 
leisure and healing of respiratory deseases 
(Fig. 3). 
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RUSSIA

The Museum of the A.P. Karpinsky Russian 
Research Geological Institute (VSEGEI) 
exhibits a unique “Mosaic map of the USSR 
made of jewelry and precious stones”.  
This map is basically a panel measuring 
5.910 x 4.500 metres with an area of  
26.6 square metres and weight of 3,500 
kilograms. It is made in Florentine and 
Russian mosaic styles and consists of more 
than 45,000 plates of 6-mm-thick colour 
stone glued to slate. 

The mosaic accurately reproduces  
the physical and geographical map of  
the country. More than 30 varieties of 
semiprecious and precious stones were 
used for its production: variegated and 
monochrome jasper, lapis lazuli, cacholong, 
orletz (rhodonite), amazonite, precious 
opal, aquamarine, phenacite, topaz, ruby, 
rock crystal, emeralds. 

The works on the map, which was 
supposed to be presented at the World 
Exhibition in Paris, were launched in 1936. 
One hundred and �fty people were 
engaged only in mosaic work; in total,  
667 people participated in the production 
of the map and throughout the map 
production process they worked without 
any holidays or days o�. The work was 
completed in mid-April 1937. 

The World Exhibition held under the motto 
“Art and Technology in Modern Life” 
opened in Paris on May 24, 1937.  

The map entitled “Industry of Socialism” 
was displayed in the �rst exhibit hall of  
the Soviet pavilion, which was dedicated to 
the Constitution of the USSR and earned 
many enthusiastic reviews of visitors.  
The Exhibition Jury awarded the Map as 
well as the Mukhina’s sculpture “Worker and 
Kolkhoz Woman” Grand Prix of the 
exhibition.

This success predetermined the further 
destiny of the map – it was decided to 
exhibit it at the World Fair in New York as 
well. While preparing the map for to the 
New York exhibition, about 1,000 new 
symbols of industrial facilities were added 
and all the inscriptions were translated into 
English. Moreover, in order to show the 
route of the polar station “North Pole-1”,  
the upper part of the map had to be 
enlarged by 750 mm, which considerably 
increased the map area. In 1940, the map 
required a partial alteration of the mosaic 
set due to new republics joining the USSR 
and subsequent boundary changes. 

In 1946, the Map was transferred to the 
Hermitage and installed in the Great Throne 
Room (St. George’s Hall) in the Winter 
Palace. However, during the restoration 
work, it was decided to restore the map as 
an administrative map. About 500 names of 
settlements and their designations in a 
form of �ve-pointed gilded stars containing 
synthetic rubies were added onto the map. 
The state border of the USSR was changed, 

boundaries between foreign countries were 
removed and the contours of the latter 
were “blurred”.

The Map was installed on the throne 
podium of St. George’s Hall on April 28, 
1948, and had been exhibited at the 
Hermitage until 1982. In 1982, due to the 
overhaul of the St. George’s Hall, the Map 
was dismantled and on April 8, 1988,  
it was transferred for storage to the VSEGEI 
Museum. In 2006-2012, new restoration 
works of the Mosaic Map were carried out 
and the textolite base was replaced by 
slate. Moreover, map symbols of industrial 
enterprises removed during the restoration 
in 1946 were restored onto the Map. 
Presently, the map is one of key exhibits at 
the VSEGEI museum, which never fails to 
arouse visitors’ interest and enthusiasm.

View of the Mosaic Map in the VSEGEI Museum, the view of the museum exposition  
and fragments of the Map.

History of the Mosaic Map of the USSR
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SERBIA

Modern geology was formed on the soil of 
the Western Balkans and the Serbian lands 
at the beginning of the 19th century with 
the help of foreign geologists and Saxonic 
miners. They brought their knowledge  
and experience to the Balkans in search  
of mineral ore, especially that of an 
emphasized economic value at the time. 
This caused the expediated growh of 
geology.

The development of gology in Serbia is 
expressed in several time periods:  
1. Prehistoric times;  
2. The foreign travelogue writer period;  
3.  The period of the �rst domestic 

invstigators; 
4. The period between the two World Wars; 
5. The period of the newer age after WWII.

Prehistoric times and 
the Roman period

Based on thoroughly studied documented 
material, it has been noted that people 
have shown interest in appearances of ore 
across the entire Balkan peninsula since 
ancient times. It is important to note the 
existance of geological-mining structures in 
the immediate vicinity of Belgrade (once 
Singidunum), which represent evidence of 
prehistoric mining on Avala, performed by 
settlements of the „Vinča” people.  

They mined cinnabar from Avala’s ore veins, 
from which they obtained mercury and red 
color. The earliest knowledge of mineral 
riches is from the Roman period, however 
meager, although archaeological 
investigations indicate that the Romans 
were well aware of some ore-bearing 
regions, for example, Kopaonik and 
Majdanpek. One of the oldest copper mines 
in Europe is Rudna Glava, whose 
exploitation was surmised to be in the age 
of the “Vinča culture”. Remnants of what 
were mines and furnaces from the Middle 
Ages indicate old mining practices. 

The Nemanjić ruling nobility had its own 
mines where exploitation of lead, silver  
and gold was performed, and data about 
mines and exploitation was strictly 
guarded. At that time, all larger monasteries 
and churches were covered by lead roo�ng. 
In the Dubrovnik archives, it states that near 
mining settlements in the Middle Ages, 
there were merchant stations from 
Dubrovnik that ampli�ed trade. However, 
this entire period was not characterized by 
great results that would compel discussion 
regarding knowledge about the 
development of geological sciences in 
Serbia, especially if it is taken into account 
that the Serbian territories were occupied 
by the Ottoman Empire for �ve centuries.

The foreign 
travelogue writer 
period

The �rst printed data about the geology of 
Serbia, for which it can be certi�ably said 
that they represent the �rst data regarding 
the history of the development of Serbian 
geology, are linked to the name Ami Boué, 
a geologist from Vienna who came to 
Serbia by invitation of Knez Miloš 
Obrenović in the third decade of the 19th 
century. The �rst works on the geology of 
Serbia were published in 1828. Other than 
A. Boué, a larger number of geologists and 
miners arrived in Serbia: A.Viquesnel,  
F. Hochstetter, A. Breithaupt, F. Toula and 
others. A. Boué and A. Viquesnel are in 
many ways the founders of geology when 
the people of the Balkans are concerned.

One of the more famous names of the time 
to arrive in Serbia in 1835 by invitation of 
Knez Miloš and the Serbian government to 
investigate appearances of ore within the 
territories of the time, was baron A.  
Herder. Although he stayed in Serbia for a 
short time, this famous, talented Saxon 
miner left a signi�cant trace in Serbian 
mining. For the �rst time, from the pen of 
one of the greatest miners in Europe, Serbia 
and its neighbors found out what 
possibilities lay in the folds of this small 

Geological Map of the Belgrade area, scale 1:25 000. Editors: V. Laskarev, V. Petković and M. Luković (Edition of the Geological Institute of the Kingdom of Yugoslavia, 1932)
Source of the photo: 125 Years of the Serbian Geological Society. Belgrade: SGS, 2016.

History of geology in Serbia



country. Herder’s work is an integral part of 
Serbia’s cultural history. The year 1835 is 
marked as the year of mining practice and 
science in Serbia. After Herder, invitations 
were extended to the foremost foreign 
experts. For the same reasons, in 1864,  
the professor of geology at the Mining 
academy in Freiburg B. Cotta arrived in Serbia.

The period of  
the �rst domestic 
investigators

The third period refers to the constitution of 
Serbian educational institutions – Liceja 
(1838), which grew into the Great school 
(1863), and was in turn replaced by the 
University in Belgrade (1905) with three 
faculties: the faculties of Philosophy, Law and 
the Technical faculty. The department for 
geology and palaentology was founded 
earlier within the Great school in 1863.  
One of the most prominent professors fo 
Liceja was J. Pančić, a physician and botanist, 
who was the administrator for the 
naturalmathematical department.  
He founded the Botanical gardens in Belgrade 
and was the �rst president of the Serbian 
Royal Academy of Science. He wrote the �rst 
textbook for Mineralogy and Geology in 1876.

Towards the end of the 19th century, a rapid 
improvement of the Serbian school of 
geology occured, along with the separation 
of individual geological disciplines and 
introduction of new ones. The year 1880 was 
crucial for Serbian geology. The students of  
J. Pančić occupy noteworthy positions in the 
Great school.

They completed their doctoral dissertations 
in Mineralogy, Stratigraphy, Paleontology 
and Tectonics at University centers such as 
Zurich, Paris, Vienna, Graz, Leoben, Munich, 
Prague and others.

The name of J. Žujović is considered to be 
that of the founder modern Serbian school 
and science of geology. He was the rector of 
the Great school, a senator, Minister of 
foreign a�airs, and Minister of education.  
In 1891 J. Žujović founded the Serbian 
geological society, and in 1889 releases the 
�rst issue of the magazine “Geological annals 
of the Balkan peninsula”. Along with his 
associates, he completed the �rst Geological 
and Geomorphological map of Serbia.  
He published and was editor of the magazine 
of the “Serbian Geological Society” as well as 
several textbooks of Geology and Mineralogy. 
Geology in Serbia documents a strong growth 
until the beginning of WWI. New geological 
disciplines are introduced. In 1905, 
Seismological survey separates itself. 

During the occupation of 1916-1918, the 
geology of Serbia falls into the hands of 
Austrohungarian and German geologists, 
who begin performing geological-mining 
investigations on the occupied territory 
aimed at analyzing mineral ore necessary for 
the war industries of the Central Axis forces. 
After the end of WWI, it continued to be in a 
well organized practice. In 1922 The society 
of Karpaty geologists was formed - 
Association des géologiques karpathiques, 
or rather the predecessor to today’s 
association; Association des géologues 
karpatho-balkaniques. Between the two 
World Wars, three congresses were held;  
in Lavov, Bucharest and Prague.
In the December of 1930, the Law about 

constituting a Geological Institute of the 
Kingdom of Yugoslavia was passed, and the 
Geological surveys in Zagreb and Sarajevo 
entered the composition of this Institute.  
By the beginning of WWII, the Geological 
Institute had delivered some highly 
signi�cant results: 11 sheets of the 1:100 000 
scale geological map were completed, as 
were 14 sheets of a scale of 1:75 000,  
8 editions of the magazine “Newsletter of  
the Geological Institute of the Kingdom of 
Yugoslavia” were published, 5 monographic 
publications, etc. During the war, the 
Institute continued work under the control 
of Germany for the purposes of mining.  
The Geological Institute became the Federal 
Geological survey in 1948, and three years 
later has its name changed to “GEOZAVOD”.

The period  
of the newer age 
after WWII 

In 1946, the Mining-Geological faculty was 
founded within the University of Belgrade, 
and today it educates cadres in the areas of 
geology and mining according to the most 
advanced programmes of the Bologna 
system.

The highest degree of development that 
Geozavod achieved was from 1951 to 1973, 
when over 1100 engineers and technicians 
were employed. The Geological map of 
Yugoslavia was being completed, many 
mineral ore deposits were being 
investigated, and melioration of water 
issues as well as engineering geological
and geoecological issues was performed. 
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34 Issues of the scienti�c magazine 
“Newsletter” were published, as were a 
large number of monographs, geological 
maps were printed and other similar works 
were performed. Geozavod proved itself to 
be successful in works in over 18 countries 
of the world. 

In 1948, by decision of the FNRJ 
Government, a second geological 
institution called “GEOINSTITUT” was 
formed for the needs of investigating and 
developing nuclear and other mineral ore. 
Its work was performed under minute 
scrutiny, and it was entirely �nanced by  
the Government of Yugoslavia.

It employed over 400 engineers and 
technicians. By Governmental decision,  
the Commission for nuclear ore has its 
budget considerably lowered, and 
Geoinstitut restructures its scope of work. 
Aside from nuclear geology, investigations 
of mineral ore deposits were performed, 
the geological map of Yugoslavia was 
worked on, as were other works abroad 
amongst which the project “Completion of 
the geological map of Libya” from 1973-
2004 is prominent. The scienti�c magazine 
“Works of Geoinstitut” was published.

The time spent under sanctions brought 
total catastrophe in nineties. An extreme 

dispersion of expert cadres occurred as the 
�nancial crisis worsened. Scienti�c activity 
dies down, magazine publishing is ceased, 
the �ow of information is drastically 
lowered, the exchange of magazines with 
over 250 geological libraries is completely 
stopped.

In 2005, the Government delivers a decision 
about the integration of these two 
geological institutions into one under the 
name Geoinstitut.

Under the Law about mining and geological 
investigations, today’s GEOLOGICAL SURVEY 
OF SERBIA was formed as a separate 
organization of governmental administration 
registered as a legal entity. It operates as a 
direct bene�ciary of the budget. The 
organizational structure is constituted by: the 
department of General geology, department 
for mineral ore, department for hydrogeology 
and geotechnics and the department for 
general, legal and economic issues.

SERBIA
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One of the �rst geological excursions to Resnik, near Belgrade (10 October 1893), Jovan Žujović is �rst on the left.
Source of the photo: 125 Years of the Serbian Geological Society. Belgrade: SGS, 2016.
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SLOVAKIA

The signi�cant impact on historical 
development of Slovakia has had the mining 
activities. Slovak history is inherently 
connected with the history of mining. 
Mining and geology can be characterized  
as a set of activities related to the acquisition 
of mineral raw materials (ores, non-metallic 
and energy) either by surface mining 
(quarries) or underground method (pits, 
galleries). Under the term mining we 
understand a comprehensive summary of 
the work necessary for search, extraction 
and treatment of industrial minerals. In a 
broader sense it comprises extraction of any 
mined non-renewable resources. The paper 
document the extraction of minerals from 
prehistoric times to the present.

The history of mining 
in prehistoric times 
and antiquity 

Stone age

The Slovak territory was inhabited since the 
Stone Age, in Paleolithic. Homo erectus 
produced chopping-tool industry, for 
example hand axe. In the mid-Paleolithic the 
Neanderthal man and later modern human 
had achieved great skill in stone working. In 
young and late Paleolithic there was a great 
development in the production of stone 
tools in specialized workshops. In Eneolithic 
(Chalcolithic) when the mankind began to 
use metals mainly copper, silver and less 

gold for the production of tools of daily use, 
decorative and cult objects. Metals started to 
be collected from the outcrops of their 
deposits on the surface, or from streams and 
rivers, later using panning (gold). The �rst 
copper tools were forged from the cold 
copper. Later the prehistoric man began to 
crush the ore in the stone mortars and to 
melt on charcoal. There were produced 
wedges, hammers, at the beginning similar 
to stone originals, later, as unique tools 
which could not be produced from the stone

Bronze and Iron ages

In the Bronze Age, around 1600 BC, bronze 
industry started to prevail in our territory. 
Below the old mining works at the site Piesky 
- Špania Dolina stone tools (stone crushers) 
have been found (Fig. 1), by which the copper 
ore was beaten and mulled into �our.

Among major metallurgical discoveries 
occurring roughly in the middle of the second 
millennium BC belong smelting and 
production of iron from iron ore. In our area 
iron smelting began in Hallstatt period (Iron 
Age) around the 7th to 5th century BC. 

Roman period and Migrations

In Roman times it is assumed already quite 
intensive mining in most well-known 
mining regions. Our area was settled in that 
period by Germanic tribes namely Quads. 
Based on the �nds (Roman coins, terra 
sigillata and Roman glass) from Banská 
Štiavnica, site Staré Mesto we can assume 
that in Roman times there was operated 
here quite extensive precious metal ore 
mining.

The history of mining 
in the Middle Ages 
Early Middle Ages

Expansion of Slavs into our territory took 
place in the 5th century. Slavs brought 
knowledge about the exploitation of 
metals from their homeland already.  
After their arrival in our territory they began 
to improve technologies. This concerned 
mainly mining and iron ore metallurgy.

High Middle Ages

Exploiting of the ore deposits continued 
even after the demise of the Great Moravian 
Empire, when Slovakia became part of Early 
Hungarian state. Demand for iron and 
particularly for precious metals increased 
further. It seems that the ore district 
produced many precious metals which not 
only were able to cover the domestic 

Fig. 2 Banská Štiavnica, traces of medieval mining on the vein Terézia

History of mining

Fig. 1 Stone crusher and base for ore crushing. Basic 
tools of prehistoric miners.



consumption, but they were also exported. 
This is evidenced by the above-mentioned 
Primary Chronicle of Saint Nestor, which 
refers to the import of Hungarian silver in 
Kievan Rus around AD 969 (Zámora et al., 
2003). The greatest importance had 
undoubtedly precious metal ore mining in 
Banská Štiavnica mining district (Fig. 2).  
This silver served as the basis for coins 
minting. In the trade, however, not only 
coins were used for payment, but also 
so-called chopped silver.

Late Middle Ages

Since the 14th century, mining in our 
territory witnessed a great boom, but with 
a deepening of mines and tracking of ore 
lodes in the depth the most mining districts 
experienced water problems. This resulted 
in most districts digging drainage tunnels 
and constructing installations for water 
pumping from mines so-called, “gápeľ ”.  
The mines were developed manually using 
picker (Fig. 3) and hammer, eventually 
using �re in mining operations. The 
function of the geological survey was 
provided by the State Geological Institute 
of Dionyz Štúr. 

In the 14th and 15th centuries reached 
precious metal ore exploitation in Kremnica 
its maximum and the annual gold 
production exceeded 400 kg, representing 
a third of total production in Hungary and 
tenth in the then world (Beránek et al. 
1977). In the Banská Bystrica region 
deposits produced copper ores containing 
silver (so-called black copper). In the 16th 
century Banská Bystrica copper enterprise 
(Thurzo - Fugger company) was the largest 
copper producer in the world. 

The history of mining 
in modern history to 
the present day.

Early Modern Times

The whole period was marked by battles 
against the Turks, who were also linked with 
Habsburg uprisings and the struggle for 
power in Hungary. Metal mining proceeded 
deeper, mining work became technically 
more demanding. On February 8, 1627, 
Gaspar Weindl from Tyrol made the �rst 
underground mining blasting in the world 
with black gunpowder in Bieber Upper 
Gallery. The blasting work quickly extended 
to other mining districts. The miners also 
started using a hand drill. The growing 
need for more driving water led 
to extension of the network of arti�cial 
water reservoirs - reservoirs that provide 
the energy to drive the mining machinery,
water-drawing, hauling and dressing plants 
and smelters. In the nearby Nová Baňa,  
the �ooded workings had to be saved by 
�re-atmospheric engines, constructed in 

1722 by English constructor Isaac Potter.  
It was the �rst steam engine on the 
European continent.

A major breakthrough in mining of precious 
metal ores in Banská Štiavnica was the 
completion of the Heritage Gallery of 
Joseph II. (Voznica), which started to be 
developed in 1782 and was completed in 
1878. This drainage tunnel that drains  
the deposit to the level of 12th horizon  
has a length of 16,210 meters and in the 
time it was unique mining project on 
a European scale. Empress Maria Theresa 
adopted the proposal of John Thaddaeus 
Peithner and by the Decision of December 
13, 1762, ordered the establishment of a 
Mining Academy in Banská Štiavnica (Fig.4). 
It was the �rst college of a�liate 
programmes in the world and Banská 
Štiavnica became the center of 
development of mining science and 
technology in Europe.

Late Modern Times

Period of 1918 – 1945
The results of World War I largely marked the 
mining in our territory. The establishment of 
Czechoslovakia distorted historical continuity 
of essential linkages to Vienna and Budapest 
from the previous period. The government of 
Czechoslovakia was interested in a 
weakening of Austro-Hungarian capital, 
which was established within the territory  
of Slovakia and in domination, monopolising 
of industries by own (Czech) concerns.  
First systematic geological - deposit studies in 
our territory were carried out by State 
Geological Survey of Czechoslovakia in the 
territory between Vrútky and Žiar nad 
Hronom. In the �eld of science and education 

Fig. 3 Mining pickers and mining hoe so-called «graca»: 
a - Vyšná Boca, b - Banská Hodruša, c - Vyšná Boca
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mining in the period reported the �rst State 
Mining Museum in Banská Štiavnica was 
founded in the year 1927. Dr. F. Fiala was 
commissioned its management and the 
organization had research character. After  
his retirement in the year 1939 the activity of 
the Museum stagnated. Only after the 
creation of an independent Slovak state the 
e�orts to establish a professional base for 
deposit research emerged and paved the way 
for the emergence of Geological Institute of 
Slovakia.

Period of 1945 – Today 
The end of the Second World War was the 
beginning of the division of the European 
countries in two di�erent socio - economic 
groupings. Of particular importance for the 
development of mining had a Government 
Decree on the nationalization of mines and 
the key industries undersigned by Dr. 
Eduard Benes on October 24, 1945.  
All plants and related properties passed 
into state property, which commissioned 
the newly established national 
management companies.

After 1989 there were privatized many large 
state-owned enterprises and created many 
new domestic and foreign companies.  
The duties of the State Geological Survey in 
Slovakia are performed by the State 
Geological Institute of Dionýz Štúr in line 

with the Geological Act (Act of the National 
Council of the Slovak Republic no. 569 /Coll.).
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SLOVENIA

Introduction 

One of the most remarkable characteristics 
of the Kras area in Western Slovenia is its 
speci�c karstic landscape mostly related  
to limestone and typical vegetation. Beside 
its natural phenomena, use of limestone for 
the dry stone walls, buildings, stone roofs 
etc. gives this region also a highly 
distinctive cultural identity. Even more, 
developed traditional architecture is so 
deeply integrated into the natural 
landscape that it has become a part of it. 
Especially platy limestone, as one of the 
limestone types, is the most recognizable 
linking elements of the cultural landscape 
along the Kras as well as along the entire 
Adriatic karstic coast. It has been used as 
roof tiling as well as in the construction of 
dry walls, shepherd cottages and similar 
objects. With its rich and diverse fossil fauna 
and �ora this Cretaceous limestone forms 
an important part of both cultural and 
natural heritage. As a result of the di�erent 
qualities, quantities and spatial occurrence 
of platy limestone, this natural construction 
material was used in various ways in 
di�erent places, and in limited areas. 
Throughout history, the inhabitants tried to 
exploit it without signi�cant impact on the 
sensitive natural environment.

Its role in history

Over the long and dynamic history of the 
Kras, limestone has long been the dominant 
building material. It could be said that the 
whole area is practically made entirely of 
stone. It was used in both urban and rural 
areas from prehistory, right up until the 21st 
century. Although the use of limestone is 
known already in the prehistoric settlements 
and from the Middle Ages, with the arrival of 
the Romans quarrying became a large-scale 
and organized commercial practice. This 
time quality sources were systematically 
explored and examined, especially in the 
vicinity of important coastal centres and 
close to transport routes, where the Kras 
area certainly was. Later, in the 18th and  
19th centuries, the demand for natural stone 
drastically increased when a few hundred 
limestone (massive stone) quarries in the 
Kras/Carso area (Slovenia and Italy) alone. 

The dynamic of historical exploitation and 
use of platy limestone is not known in detail. 
The roo�ng with platy limestone was the 
most usual type of house covering 
throughout the rural areas of the 19th century. 
But the situation changed dramatically with 
the renovation and modernization of houses 
in the second half of the 20th century, when 
a�ordable alternative roo�ng materials 
replaced stone slates.

In the past, limestone use in the Kras, as a 
rule, consistently followed its occurrence in 
nature, which means that in the areas with 
natural limestone resources, there are also 
buildings made from platy limestone in the 
immediate vicinity. Limestone plates were 
mostly excavated in backyards or in small 
delves. For roof tiling and other architectural 
elements various types of platy limestone 
were used. The limestone types vary 
according to their origin, stratigraphic 
position, lithological characteristics, and 
therefore also their quality. 

Platy and laminated bituminous limestone  
is present in seemingly similar forms within 
di�erent Upper Cretaceous Formations in 
Kras. Most horizons are up to a few tens of 
metres thick, while in many places their 
thickness is less than one metre. Single 
limestone beds are usually 1-10cm thick. 
Especially in the Kras, platy limestone 
sequences frequently also contain single 
chert lenses. The most common platy 
limestone types are the Komen and Tomaj 
limestones. The Komen limestone occurs in 
di�erent Cenomanian to Santonian 
stratigraphic horizons of Povir, Repen and 
Sežana Formations, while the Tomaj 
limestone represents Upper Santonian to 
Campanian carbonate successions within 
the Lipica Formation. Both types were 
deposited in spatially limited intraplatform 
basins situated in the vicinity of exposed 
areas (tidal �ats, supratidal environments) 

An outcrop of platy limestone with chert near Škrbina village (Kras, Slovenia)

Platy limestone: a symbol of karstic natural 
landscape and cultural identity



near where primarily conifers grew.  
The bottom water in the basin was 
occasionally dysoxsic to anoxic which 
consequently resulted in excellent 
preservation of fossils. During excavation  
of limestone slabs, locals often found fossils 
of �sh and reptiles, which mostly ended in 
the collections of major European museums. 
These units are identi�ed in the literature by 
such various names as the Komen platy 
limestone, Komen shale and even �sh shale, 
primarily due to the frequent �nds of fossil 
�sh in the area of Komen. The Komen 
limestone is mined in the wider area of the 
Komen village, Gabrovica, Tomačevica and 
Skopo, whereas the Tomaj limestone over a 
wider area of Kazlje, Dobravlje, Tomaj and 
Dutovlje. 

Due to its genesis in its natural environment 
most of the platy limestone outcrops and 
even single beds are lithologically very 
heterogeneous therefore, limestone quality 
varies a lot. Today’s occurrence of platy 
limestone on the surface depends to a large 
extent on the relation of geological (bed dip) 
and morphological (slope dip) features.  

In the areas where the dip of the limestone 
beds is gentle and the surface is relatively 
�at, platy limestone can be exposed over 
wide areas. The Komen limestone types crop 
out mostly in the northern and central part 
of the Kras, whereas the Tomaj limestone is 
exposed in central and southeastern part of 
the karst plateau. 

In the southernmost part of Kras, where 
there are no natural occurrences of typical 
platy limestone (Komen or Tomaj 
limestones), special type of limestone plates 
were used for roo�ng. This type of limestone 
is not classi�ed as platy limestone since its 
platy appearance is not related to its genesis 
(processes of deposition and diagenesis)  
but is of tectonic origin. Dense systems of 
parallel tectonic �ssures/fractures enable 
excavation of thin, 3-10cm thick, highquality 
limestone plates. These type of limestone 
plates were excavated in limestone 
sequences from the Repen and Lipica 
Formations. 

Strong in�uence of the Mediterranean 
climate in certain parts of Kras provides 
excellent conditions for viticulture and 
agriculture. From the Refosco vine for many 
centuries a Teran - a red wine with a violet 
hue is produced. Every grower knows that it 
is possible to produce good Teran wine only 
on the land rich in silica. This is where they 
are in the basis of (or near) the rocks, which 
contain silica in the form of chert sheets and 
nodules. Most chert is in the Tomaj and 
Komen Limestones and they weather faster 
than other types of karstic carbonate rocks 
and in addition to quartz they are giving a 
thick weathered blanket of reddish-brown 
soil called terra rossa.

However, platy limestone in Kras represents 
important link between natural and cultural 
landscape. Sustainable stone use in the 
future will much contribute to the 
preservation of the character of the area or 
on the contrary, the lack of its maintenance 
will led to gradual disappearance. For the 
establishment of a sustainable use of platy 
limestone in Kras and preservation of 
cultural heritage there are a number of 
signi�cant constraints. Most of them are 
related to availability of proper material 
– limestone plates or di�erent limitations for 
their exploitation (e.g. mining legislation). 

Particularly these issues has been dealt by 
RoofOfRock Project (www.roofofrock.eu) 
whose main objective was solving the 
con�ict between using platy limestone for 
the preservation of cultural heritage and 
preserving it as natural heritage. The project 
prepared common expert bases for 
legislative changes as well as technical 
guidelines and recommendations for the 
conservation, sustainable use and reuse of 

Fossil �sh Chirocentrites sp. from the Komen platy limestone (Gabrovica village. Kras, Slovenia)
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platy limestone as a natural construction 
material. Nevertheless, we believe that in the 
future locals will �nd proper ways and 
renovate their homes in the style of typical 
traditional karst architecture. 

The Kras area is a good example how 
common geologic history of the area 
coincides with cultural landscape, habits and 
human history.
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SWEDEN

Introduction 

140 km north of the Arctic circle, adjacent to 
the most signi�cant ore body in Malmfälten, 
lies the town of Kiruna. The Kiirunavaara iron 
ore is about �ve kilometers long, up to  
100 meters wide, and from the top the 
Kiirunavaara Mountain, extending two 
kilometers down into the ground, thereby 
ranking as one of the largest continuous ore 
bodies in the world. Together with the other 
iron ores in Malmfälten, it has been one of 
the largest sources of income to the Swedish 
state and a cornerstone for Swedish 
economy.

For centuries, distance, harsh climate and 
insu�cient communication lines hindered 
major exploitation of these Northern iron 
ores. Only with the construction of the 
railway, the Iron Ore Line, and the ports of 
Narvik and Luleå at the end of the 19th 
century did commercial mining take o�.  
The town of Kiruna was founded in the 
beginning of the 20th century when the 
Swedish mining company LKAB 
(Luossavaara-Kiirunavaara Aktiebolag) 
began excavating the Kiirunavaara iron ore.

The Kiirunavaara ore body dips at a 60 
degree angle underneath the town of 
Kiruna, and in 2004, LKAB announced that 
the activities of Kiruna mine were 
undermining the foundation of the town 
and further excavation would threaten the 
town’s infrastructure. To secure the future  
of Kiruna mine, which is the base for the 
regional industry, the municipality opted  
to uproot and relocate parts of the city – an 
enormous resettlement project.

Geological setting 

The rocks of the northern Fennoscandian 
shield are the bearers of Europe’s largest 
mineral resources. Malmfälten in northern 
Sweden is particularly important; it hosts 
large deposits of iron ores, copper and gold. 
Sweden is the main contributor of iron ore in 
the EU, producing and exporting about 90 % 
of the iron ore in EU. The Kiruna mine is the 
largest underground iron ore mine in the 
world and has to date, produced over 950 
million tonnes of ore. The mining industry is 
among the oldest industrial activities, which 
apart from providing metals and minerals 
also have brought forward several Swedish 
technology companies, which today are 
among the world leaders in mining 
equipment and mining technology.  
The supply of ores and minerals has largely 
contributed to the prosperity of modern 
Sweden.

The Malmfälten area is located north of  
the Arctic Circle in the northwestern part of 
the Fennoscandian Shield, in the border 
zone between Archaean and Proterozoic 
rocks to the northeast and solely Proterozoic 
rocks to the southwest. In the west the area 
borders to rocks that were a�ected by the 
Caledonian orogeny (c. 0.5–0.4 Ga ago). 
During the Svecokarelian orogeny (1.96– 
1.75 Ga) volcanic and sedimentary rocks 
were formed and intruded by several 
generations of intrusive rocks.

The Kiirunavaara ore is an apatite iron ore, 
with magnetite as the dominant iron oxide, 
the iron content is about 60 %. About 40 
apatite iron oxide deposits are known from 
the northern part of Norrbotten County,  

and Kiirunavaara is the largest. The apatite 
iron oxide deposits are generally hosted by 
volcanic rocks, c. 1.9 Ga old. The tabular 
Kiirunavaara ore body follows the contact 
between a thick sequence of trachyandesitic 
lavas (traditionally called syenite porphyry) 
and overlying pyroclastic rhyodacites 
(traditionally called quartzbearing porphyry). 
The genesis of the apatite iron ores has been 
much debated but is still unclear, see 
Martinsson et al. (2016) and references 
therein. 

The origin of  
the Kiruna mine  
and Kiruna town 

The Kiirunavaara iron ore is �rst mentioned 
in writing in the 17th century, but known 
locally long before. It was, however, almost 
worthless due to long distances, and di�cult 
transportation, since ore could only be 
conveyed by reindeer and horses. The �rst 
major exploration took place as late as the 
1880s, and it was concluded that the assets 
of the ore body was huge. This prompted 
discussions within the Swedish parliament 
to build a railway, the ”Iron Ore Line”, which 
would connect the coast of Luleå in northern 
Sweden to Kiruna and the port of Narvik in 
Norway. By rail ore could be shipped out in 
the world, to the market and create 
development of industry and settlements 
around the Lapland mountains. The decision 
to build the railway was one of the most 
pro�table in Swedish history.

The Swedish mining company LKAB 
(Luossavaara-Kiirunavaara Aktiebolag) was 

Kiirunavaara in winter - Photo by Åsa Persson, SGU.



founded in 1890, and is one of Sweden’s 
oldest industrial companies. Its �rst task was 
to speed up the construction of the Iron ore 
line. 4000 railroad workers built the ore line, 
and it was opened in 1902. The second task 
was to plan the new city of Kiruna, founded 
in 1900. The development plan was to be 
revolutionary in its kind, since its structure 
was geographically and climatologically 
adapted. Today LKAB is fully owned by the 
Swedish state. 

The original reserve of the Kiruna mine was 
around 2 billion tonnes of ore. In the 
beginning, surface mining was used,  
but since the 1960s, the mine has been 
excavated with the sublevel caving mining 
method. Sublevel caving entails that tunnels 
are dug straight into the ore body and the 
ore is removed. Thus voids occur in the rock 
where iron ore is mined. The cavities are 
then �lled with waste rock that plummets 
down. The more ore that is extracted, the 
lower the rock sinks, and in the end the 
ground surface subsides. The present main 
level at 1365 meters below the Kiirunavaara 
mountain top is by far the single largest 
investment in LKABs history. It secures the 
mining and processing of iron ore in Kiruna 
until the year 2030.

The undermined 
town is moved 

For more than a century the city of Kiruna 
lived in symbiosis with its mine, but in 2004, 
the mining company LKAB presented a 
forecast of how the mine would a�ect the 
city in the future. Voids that had been 
created over a century of mining were 

causing distortions and cracks that crept 
ever closer to the city’s infrastructure. Water 
and sewage systems, electricity supply and 
even roads and houses were at risk of being 
a�ected by the cracks in the bedrock.

LKAB has installed measurement points to 
be in control of ground movements. Based 
on these, the company makes forecasts of 
the zone that will be a�ected by 
deformation, which are the basis for the 
planning of the municipality. The size of the 
area a�ected by deformation depends on 
the excavation of 1365 m level. The 
deformation zone moves towards the 
existing city centre by 40 meters per year.

Large parts of Kiruna have to be moved if 
mining is to be continued. This is a huge 
project that has raised attention from all 

over the world. The town relocation project 
will go on for many years.
 
How to proceed when a whole town is to be 
moved? Most construction will be new, like 
the new city hall, roads, rail, residential and 
commercial buildings. Properties in the 
a�ected area will be bought by LKAB, 
thereafter residents can stay on for a few 
years, before they have to move and the 
buildings are demolished. The �rst buildings 
have already been demolished, and the last 
properties will be emptied in 2030. 

In order to preserve the cultural heritage of 
Kiruna, some buildings will, however, be 
preserved. LKAB has the �nancial 
responsibility to move 21 old buildings from 
the old city to the new. One of the buildings 
to be moved is called B5, LKAB’s �fth 

Kiruna church. By Xauxa Hakan Svensson, licensed under CC BY-SA 3.0.
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building, which was completed in the 
summer of 1899. It is the oldest dwelling in 
LKAB area that still serves as a residence.  
B5 had seven rooms and three di�erent 
entrances. From the beginning, when the 
building was used as housing for workers,  
it was very crowded with 4-6 bachelors living 
together in the larger rooms and almost as 
many in the smaller ones, with two men in 
each bed. The largest building to be moved 

is the Kiruna Church. It was completed in 
1912, inspired by the Sami “kåta”, and voted 
as the most beautiful public building in 
Sweden in 2001. The church will be 
dismantled and moved, piece by piece.
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SWITZERLAND

«Every mountain has the tendency to 
become �at.» This statement, which is 
claimed to have been expressed by the 
famous Swiss geologist Albert Heim, is 
actually mundane at �rst glance from the 
earth science perspective, but it includes a 
drastic experience for humanity: 
gravitational processes cannot be stopped  
in the long term and some natural processes 
can hold the seeds of human disaster.

Nature is dynamic. Natural processes and 
changes are not always continuous and are 
often erratic. Only people attribute a 
negative, sometimes fateful signi�cance to 
these processes through the fact that 
humans can su�er damage as a result. In this 
way, natural processes become «natural 
disasters». In his narrative «Man in the 
Holocene» (1979) Max Frisch says, «Only man 
knows catastrophes, as long as he survives 
them. Nature knows no catastrophes»1).

From these viewpoints, the rock avalanche 
of Goldau of September 2, 1806 is ranked as 
one event of a series of events that have 
occurred countless times in various places 
and that will continue to occur in the future. 
The extent to which lessons can be learned 
from these as well as «smaller» events is a 
question of society’s morale and willingness 
to learn.

Goldau, the scene of the catastrophic event, 
is located in the Canton of Schwyz, nestled 

in the valley between the prominent Rigi in 
the south (1797 masl) and Rossberg in the 
north (1579 masl). The landslide was the last 
huge natural catastrophe in Switzerland.  
It is quite well documented regarding origin, 
processes and consequences.

Its role in History 

Rossberg, the detachment zone of the rock 
avalanche, is part of the Rigi-Rossberg slice 
and belongs to the Subalpine Molasse.  
The southern �ank of Rossberg, as well as 
large portions of Rigi, is composed of layers 
of the Rigi-Nagel�uh. It mainly comprises 
thick conglomerate units of the Lower 
Freshwater Molasse with interlayers of marl 
and �ne sandstone. The Late Chattian layers 
represent prograding alluvial fans, alluvial 
plains with channel belts, temporary lake 
and swamp areas as well as pedogenetic 
formations. Several fossil sites are located  
in the detachment niche of the landslide.  
In addition to fossil footprints of birds, 
rhinoceroses, tapirs, cloven-hoofed animals 
and turtles, various plant remains attest to a 
terrestrial environment.

The basic predisposition for the fatal rock 
avalanche was given by the unfavorable 
geological conditions, which made the 
event a textbook example of a rock 
avalanche well beyond the country’s 

borders. The marl and �ne sandstone layers 
in the central to upper slope areas, inclined 
20-25 and locally 30° towards the SSE, form 
potential slip surfaces, upon which the 
overburden packages can begin sliding, 
especially when excessively moist. Joints  
and fractures, orthogonal to each other and 
often water �lled, cut deeply through the 
Nagel�uh and favor the separation of 
unstable rock bodies from the bedrock.  
The detachment edges of various rock 
avalanches of Rossberg are largely 
pre�gured by these planes.

For the rock avalanche of 1806, however,  
the weather conditions were also crucial. 
During the two weeks before the event, 
heavy rains fell throughout the region. July 
was also very rainy and the previous winter 
was exceptionally snowy with relatively late 
snowmelt. These conditions led to an 
excessive water in�ltration and an elevated 
water table in the bedrock.

The catastrophic event may be characterized 
as an initial rockslide along the bedding 
planes of marls and �ne sandstones. 
Previous to this, it was reported that existing 
cracks experienced increasing widening.  
On the day of the event, layer packages, 
mainly comprising thick Nagel�uh units, 
began to slide visibly and shortly afterwards 
started a rapid fall. The duration of the rock 
avalanche probably lasted a maximum of 
3–4 minutes. Estimates concerning the 

Contemporary painting by Franz Xaver Triner (1767-1824), commissioned by the government 
of the Canton of Schwyz (Copyright: Staatsarchiv Schwyz, Nr. 4008).

The Goldau rock avalanche of September 2, 1806 : 
the last huge natural disaster in Switzerland



volume of slide material diverged. Today the 
estimate is on the order of 35–40 million m3. 
The area a�ected by the event is 
approximately 6.5 km2. The event is called  
a rock avalanche in the strict sense because 
of the large volume and the high process 
velocity. A further characteristic is the 
shallow overall gradient of 11–13°.

The crashing rubble eradicated all life within 
a short time. 457 people lost their lives. 
About 10 of these victims were killed in the 
vicinity of Lake Lauerz by a tsunami, which 
was triggered by the impact of the rock 
avalanche and its shock wave. Only  
14 people along the edge of the impact area 
could be rescued. 200 people were left 
homeless. 102 houses, 2 churches and  
220 barns and stables were destroyed.  
In addition to about 400 cattle killed, 
agricultural and pasture land were 
devastated. The landscape has been 
permanently altered.

For the people of Goldau, the rock avalanche 
on the whole may have been an 
inconceivable event in its magnitude. 
However, there were several signs that 
pointed to the potential danger for the years 
to come. The inhabitants of the region have 
long been convinced of the danger2).  
The signs became increasingly obvious 
already in 1799, 1804 and 1805, which were 
all very wet years. Cracks have long existed, 
including a deep, gaping, often water�lled 
gash: the «long throat». According to 
historical records, there must have been 
several �ssures that could only be crossed 
along pedestrian bridges. Already years 
before the rock avalanche, the width and the 
number of these �ssures continuously 
increased.

Enough time to �ee had been available, 
because the signs of a major event were 
numerous and rapidly accumulated in the 
days and hours before the catastrophe2). This 
might be countered by the statement of a 
sociologist: «Perhaps there had been signs or 
warnings, but the impact of the event is 
going to exceed all fears. People have 
neither a vision nor an idea of the nature and 
the extent of such disasters.»3).Thus it is not 
surprising that the belief in su�cient space 
between the mountain and the village had 
been widespread. This proved to be fatal and 
was con�rmed later with the anthropogenic 
rock avalanche of Elm on September 11, 
1881 (improper mining, 116 deaths), which 
led Heim to the provoking statement that 
« the people generally behaved dumber 
than the cattle »2).

Enormous events often strain the limits of 
imagination, whether in terms of spatial 
extent, rate or magnitude. According to the 
descriptions of numerous eyewitnesses,  
the rock avalanche of Goldau lasted 3–4 
minutes4), or even only 1–2 minutes2).  
The impact on Lake Lauerz, where a 
destructive tsunami was generated, also had 
been completely inconceivable.

Escape is apparently not always the �rst, 
most obvious reaction, especially in events 
that exceed the imagination and the 
previous experience or knowledge of human 
beings. Is it curiosity, indi�erence, neglect or 
simple ignorance that prevents people from 
�eeing, especially when the signs of 
imminent danger accumulate? «The doom 
highlights the limits of human power to act. 
It exceeds the boundaries of society»3).

Gribsch at Rossberg. Debris mass from the rock avalanche of August 22, 2005. The mass from the rock avalanche of 
September 2, 1806 might have looked similar but many times bigger (Photo: D. Bollinger).
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The avalanche material changed the 
landscape signi�cantly. Streams were buried 
beneath the debris cone, upon which 
numerous pools formed. For the survivors, 
the loss of their livelihoods was drastic.  
This includes the soil, which failed to yield in 
the area of Goldau for many years, putting 
the existence of many residents into 
question and forcing some to emigrate.

The help to cope with the catastrophic event 
includes interesting aspects: according to 
Fässler, it was «the birth of the collective 
federal solidarity»5). Assistance even from 
abroad came in the form of donations.  
From New York and other cities along the 
East Coast of the young USA, it was even 
reported that criminals abused a collection 
campaign for the injured population4).

The rock avalanche of Goldau was an event 

that simply overpowered the imagination  
of the population at that time in terms of  
its magnitude. But even today, estimating 
the extent of natural hazards repeatedly 
reveals uncertainties. The assessment of 
natural hazards is always subject to 
uncertainties. Contemporary management 
of natural hazards must take this fact into 
account by carefully exploring the margin of 
discretion inherent to each hazard and risk 
assessment. Otherwise, overly optimistic or 
even negligent assessments provoke 
personal and/or property damage, and too 
pessimistic assessments risk �nancial 
damage (too high investment costs for 
protective measures, �nancial losses).
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UKRAINE

Introduction

Have you ever been in the dark? Can you 
imagine how the evening streets in 
European cities had been illuminated in the 
times of Napoleon, for instance? The oil 
lamps were mainly used in these purposes, 
and this was the common use of oil in the 
Preindustrial era. As such, oil was not 
produced by the industry up to, 
surprisingly, the 50s of XIX century 
following the invention of kerosene lamp in 
1853 by Ignacy Łukasiewicz and Johan Zeh, 
inventors from Poland, and Robert Edwin 
Dietz from USA, at the same time, 
independent of each other. The subsequent 
oil boost, especially in XX century, had 
inspired the huge geological prospecting 
and exploration for oil and gas all around 
the world. We would therefore talk on 
technological impact of mentioned 
invention on both geology and history 
although one may conclude that this 
invention had been made at the right time 
(in historical respect) and right place (in 
geological respect).

Nowadays the total worldwide oil 
consumption as per International Energy 
Agency is 93 million bbl/day. It is 
interesting that kerosene lamps, the oil 
industry “parents”, are still widely used for 
lighting in rural areas of Africa and Asia 
where electricity is not distributed, or is too 
costly. The kerosene lamps consume an 

estimated 1.3 million barrels of oil per day, 
about 1% of the noted total. 

Kerosene vehicle 

The role of kerosene lamp invention was in 
delivering an appropriate and cheap 
product to the market and in this way 
triggering the race for oil exploration and 
production in Europe and worldwide.  
In fact, this invention was preceded by 
another one of the year 1846, when 
Canadian physician and geologist Abraham 
Gesner, by distilling coal had produced 
clear �uid. He named the �uid kerosene 
from the Greek “κηρός έλαιο” (“oil wax”), 
and found that it burns much brighter than 
burning oil. Kerosene was too expensive 
but when it was found in 1853 that 
kerosene could be extracted from oil its 
price became appropriate. 

Besides Canadian and American 
contributions, the role of two European 
founders, Ignacy Łukasiewicz and Johan 
Zeh, seems to be invaluable. Their 
achievements included not only the 
discovery of how to distil kerosene from 
seep oil, the invention of the modern 
kerosene lamp (1853), the introduction of 
the �rst modern street lamp in Europe 
(1853), but also the construction of the 
world’s �rst modern oil well (1854). The 
latter point is of de�nitely key importance 

for the oil geology, exploration and 
extraction in Europe. 

Oil was known to exist for a long time in 
Galicia, Eastern Europe, in relation to 
Paleogene-Neogene sediments of 
Boryslavsko-Pokutska zone of the Fore-
Carpathian region. The �rst mention of 
Carpathian oil is found in literature of 1617. 
At the old prospect Sloboda Rungurska oil 
was extracted in 1711. At the beginning of 
XIX century the oil deposits were discovered 
in the band from Dobromyl through 
Drogobych to Kuty and then to Romania. 

In 1852, Peter Mikolasch, the owner of the 
largest in Galicia pharmacy «Under the 
Golden Star» in Lviv, had created at the 
pharmacy the chemical-pharmaceutical 
laboratory, and bought from Abraham 
Schreiner, Drogobych entrepreneur, the 
hundredweight of imperfect distillate of 
mountain oil from Boryslav (120 km to 
south-west of Lviv) with a very unpleasant 
odor. He gave an order to the Master of 
Pharmacy Johan Zeh to make distillation 
(recti�cation) of the product to the point of 
so-called «Oleum petrae album», which was 
delivered to the pharmacy from Italy and 
commonly called “rock oil” (Petreoleum). 
After the long weeks of laboratory 
experiments Johan Zeh had successfully 
performed the task – carried out distillation 
and puri�cation of oil brine into separate 
fractions. To clean oil he had used 
concentrated sulfuric acid and soda 

Fig. 1 Past and present: Johan Zeh (Owner of Kam�n Factory, 1853, right) and Mart van Bracht (Head of TNO Energy, 2011, left).
Lviv, Kerosene Lamp Restaurant, EGS 31st General Meeting and Field Trip, Poland-Ukraine, September 19-24, 2011.

Birth of oil era in Europe 
Impact of kerosene lamp invention



solution. The puri�ed oil was sold in the 
local pharmacies, but the orders were small 
due to high prices. 

The world’s �rst oil lamps illuminated the 
room of Peter Mikolasch «Under the Golden 
Star» pharmacy, and on July 31, 1853, the 
kerosene lamps were for the �rst time used 
for lighting the operating room of the city 
hospital on Lychakiv Street in Lviv which 
allowed Dr. Zaorsky to perform the �rst 
hard surgery after the dark to Wladyslaw 
Cholecky. 

On May 27, 1853, Johan Zeh had �led an 
application for granting the privilege of 
priority (patent) in the processing of crude 
oil. The privilege was issued in Vienna on 
December 2, 1853 in the name of Johan Zeh, 
Master of Pharmacy in Lviv, and announced 
in the press, as it is justi�ed by the 
documents of Vienna and Lviv archives.  
In the description the privilege states:  
«The invention of mountain oil chemical 
puri�cation so that it thus became suitable 
for use in technical purposes». It is worthy to 
note that in USA the study of oil composition 
was �rst conducted and published by 
Benjamin Silliman, Professor of Chemistry at 
Yale University, only on April 16, 1855. 

In its own re�neries in Lviv, from 1853 to the 
early 60s of the nineteenth century, Johan 
Zeh was producing kerosene, lubricants, 
para�n candles, and manufactured products 
sold in the shop at Cracow Street in Lviv, 
across the country and abroad. Achievements 
in the �eld of oil were published in «The �rst 
signs of the oil industry in Galicia.» 

After his invention, Master of Pharmacy 
Johan Zeh had been fully focused on 

further work in the �eld of oil re�ning.  
The pioneer of oil industry, he was the sole 
holder of the rights for processing crude oil 
in Galicia, and he opened in Lviv the �rst in 
Galicia imperial-royal privileged (with 
exclusive rights) so-called Kam�n Factory 
where had distilled and re�ned oil. At that 
time many companies came up to Galicia 
for processing oil products. This was also 
facilitated by the public document – mining 
charter, issued on May 23, 1854 by the 
Austrian Government that, under permission 
of authorities, allowed oil extraction to 
individuals, and also had separated the land 
ownership from mining properties. 

In 1854, at the exhibition in Munich Johan 
Zeh was awarded with the Diploma for 
perfect distillate of oil. In literacy it was 
stated: «Johan Zeh, Master of Pharmacy 
and owner of privilege in Lviv - Austria: 
praiseworthy recognition for complete 
distillation of rock oil.»

In the report of Chamber of Commerce in 
Lviv to the High Imperial-Royal Ministry of 
Trade, Industry and Civil Construction about 
the state of trade and industry in the region 
over 1854-1856, that was published in a 
book in 1859, it was indicated that there is 
an operating “Johan Zeh imperial-royal 
privileged Kam�n Factory” with two 
distillation apparatus and two pots, which 
employed four workers. This factory had 
processed the following amount of raw 
materials: in 1854 - 600 quintals of oil; in 
1855 and 1856 by 250 kg each. This oil was 
processed into the following products: 
«Asphalt» (petroleum bitumen); «Recti�cirtes 
Brennöl» (�ammable (lighting) oil); «Steinöl» 
(stone oil, oil); «Wagenschmiere» (lubricant 
for grease carts, coaches) and «Goudron» 

(tar). Raw materials were supplied from 
Borislav of Sambir district, from Kolomiya 
and Bogorodchany of Stanislavsky district. 
The products were selling mainly within the 
country, and a small portion was taken on 
the western borders of the country and to 
Prussia (Germany).

It was also pointed out that under the large 
capital and higher business activity, the oil 
production could create a signi�cant 
industrial sector in the region. Actually this 
happened later and the large oil-ozocerite 
industry of the country had been created in 
Galicia centered in Boryslav. 

By 1858, Johan Zeh was delivering to 
Vienna, the capital of Austria, su�cient 
amount of oil distillate for lighting 
purposes. Ever since 1854, the Northern 
Railway of Austrian Empire had started 
using this product for lighting as cheaper, 
and at the request of Director of Posts in 
Lviv, Zeh had produced from Boryslav oil 
the lubricants for mail carts shaped of soap 
pieces.

Boryslav oil and gas deposit, con�ned to 
Boryslav recumbent overturned fold, began 
to develop in 1854. The oil pits were placed 
mainly along Tysmenytsia River. In 1865, 
about 5 thousand of 35-40 m deep pits 
operated in Boryslav. The daily performance 
of a single pit reached 1-1.2 bbls. About 
1170 bbls of oil were exported from Galicia 
in 1865.

In 1870 the oil production in Boryslav 
reached 82 mbbls. There were about 800 
small businesses, employing almost 10 
thousand workers. In 1886 in Boryslav the 
drilling by mechanical shock method had 
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started. Just nine wells were drilled �rst 
with a daily output of 30 bbls. In 1893, the 
rope drilling �rst started in Boryslav. In 
1894, just the �rst wells were given up to 
1200 bbls of oil per day, so the borehole 
method had completely replaced the pits. 
The well depth attained up to 800 m and 
more. Some wells gave up the fountains up 
to 23 bbls of oil per day from the depth 
over 1000 meters.

«Galician California» – Boryslav had 
attracted explorers and entrepreneurs from 
all over Europe and the world while oil 
production increased. In 1906, through 
extended exploration, 4.35 million bbls of 
oil were produced in Boryslav oil �eld, and 
in 1909 – more than 14.7 million bbls. In 
Strilbych deposit there were only 10 pits in 
1881 here, and in 1899 – 21 operating wells. 
The annual oil production from this deposit 
had increased from 775 bbls (1886) to 17.8 
mbbls (1890). Near Skhidnytsya, there were 
36 oil pits in 1889, then 388 oil wells were 
operating over there in 1898 which gave 
1.3 million bbls of oil, and the number of 
wells reached 500 in 1901. Oil production 
near Pasichna had started in 1880, then 12 
wells counted over there in 1891 which 
gave 5.3 mbbls of oil, and then 55 wells in 
1902 that produced 18.3 mbbls of oil. In 
Stanislav area (now Ivano-Frankivsk), the 
�rst drilling at Kosmach began in 1899 and 

4 wells had produced 8.4 mbbls of oil in 
1905 over there. The oil production in the 
mentioned �elds had remained at this level 
until the World War I. 

Conclusions

Thus, kerosene lamp invention gave rise to 
the largest oil and wax producing region of 
Boryslav and thanks to these minerals from 
the middle of the XIX century Boryslav 
became the world famous, largest and the 
only European industrial center of oil-wax 
industry. In total, over the century since 
1886 to 1992, around 775 million bbls of oil 
had been produced in Galicia Fore-
Carpathians, and of these about 332 million 
bbls of oil – in Boryslav area. The top 15.5 
million bbls of annual oil production in 
Galicia was attained in 1909, which by that 
time was almost 5% of the world 
production. Over the time, since 1920-1930, 
production had continuously decreased 
due to exhaustion of deposits. 
Today, by the oil and gas reserves Ukraine is 
ranked fourth in Europe after Norway, UK 
and the Netherlands. After more than 
hundred years of exploration and 
production, the oil in amount of about 7.5 
million bbls per year is still being produced 
in Western Ukraine, which is the second 
petroleum producing region of Ukraine 

after Dniprovsko-Donetska Depression. The 
latter was discovered in 30s of XX century, 
and therefore the inventions of Ignacy 
Łukasiewicz and Johan Zeh had introduced 
Ukraine into the leading European oil 
producers of late XIX and early XX centuries. 
Besides various plaques, in Lviv their 
invaluable contribution is commemorated 
in a distinct museum-restaurant entitled 
“Kerosene Lamp” (Fig. 1).

UKRAINE

Boris Malyuk 

PhD, Dr. Hab. Geol.-Mineral. Sci., Director of Centre for International 
Cooperation at Geoinform of Ukraine 
Graduated in 1981 from Department of Geology, Lviv University, 
Ukraine, and in 1999 from Centre of Geostatistics, Ecole des Mines  
de Paris, France.



126



UNITED KINGDOM

Introduction 

Many countries lay claim to be the home 
of the ‘father of modern seismology’,  
in reality many scientists working 
independently or collaboratively in several 
di�erent countries have contributed to the 
foundations of the science of seismology. 
In the late 19th and early 20th century some 
important contributions were made by the 
British scientist John Milne, who came to 
seismology by a serendipitous route while 
working as a lecturer in mining 
engineering in Tokyo. Milne’s life was a 
colourful adventure of travel, hard work 
and single-minded determination, which 
ensured that his contributions have had a 
long-lasting impact, the ripples of which 
have propagated forwards in time to the 
present day.

Early life 

Born in 1850, Milne grew up in relatively 
humble beginnings in the northern 
English town of Rochdale. During the  
19th century, Rochdale was a major mill 
town and thriving industrial centre for 
textile manufacturing. It is reputed that 
Milne kept his broad Lancashire accent 
throughout his life.

After a successful school life in Rochdale 
and nearby Liverpool, Milne was awarded 
a scholarship to study in the department 
of applied sciences at King’s College 
London. 

It is here that he �rst became fascinated by 
geology and upon graduating embarked 
on his �rst overseas expedition to explore 
the Vatnajökull glacier in Iceland. Perhaps 
inspired by the sights, sounds (and smells) 
of Iceland’s volcanic landscape he then 
went on to study mining engineering at 
the prestigious Royal School of Mines 
(now part of Imperial College London). 

With his education complete, Milne then 
embarked on a career as a mining 
engineer. His �rst paid contract was to 
work for the American entrepreneur Cyrus 
Field evaluating the coal and mineral 
prospects of Newfoundland. In 1873,  
on the same trip, he also managed to 
complete a study of the recently extinct 

Great Auk, a �ightless seabird. As a 
well-trained scientist of his time, Milne 
always ensured that his research and work 
was written up and published with his �rst 
two scienti�c papers on the geology of 
Newfoundland published with the 
Geological Society of London in 1874 
closely followed by a paper on ‘Relics of 
the great Auk’ published in ‘The Field’  
in 1875. 

Between �eldwork expeditions to 
Newfoundland, Milne managed to �t in  
an expedition to the Sinai Peninsula.  
The purpose of the expedition was to 
search for the location of the biblical 
Mount Sinai, but it is likely that Milne saw 
the expedition as an opportunity to 
expand his global knowledge of geology 
and visit some new environments 
(perhaps the opportunity to work 
somewhere warm appealed as well). 
Contrary to the expedition’s objective, 
Milne published a couple of papers on the 
geology of Sinai and Cairo on his return.

However, it was his next appointment that 
would set Milne on the journey of 
becoming a seismologist. In 1875 he was 
appointed to teach mining and geology at 
the recently formed Imperial College of 
Engineering in Tokyo. At around this time, 
Emperor Meiji had decided that Japan 
must embark on a phase of rapid growth 
including ‘the international search for 
knowledge to strengthen the foundations 

Contemporary painting by Franz Xaver Triner (1767-1824), commissioned by the government 
of the Canton of Schwyz (Copyright: Staatsarchiv Schwyz, Nr. 4008).
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of imperial rule’. This involved many 
foreign experts being invited to teach and 
share their expertise in Japan. This was an 
exciting opportunity for the young Milne 
and he accepted the appointment. 
However, his intense desire to explore  
and travel, plus a dislike of long sea 
journeys, prompted him to undertake an 
overland trip to Japan across Russia and 
China. At the time, the route that he 
planned was arduous, hazardous and 
generally considered to be a foolish 
venture; the Trans-Siberian railway was not 
started until 1891. However, the lure of  
the unknown was very strong and Milne 
undertook the epic journey in seven 
months. He wrote up his experiences as  
a paper when he arrived in Tokyo.

On 8th March 1876, as soon as he arrived in 
Japan, earthquakes became the focus of 
Milne’s attention. He experienced his �rst 
earthquake on the day that he arrived in 
Tokyo.

University life in Tokyo suited Milne’s 
temperament. He was a methodical and 
hard-working teacher (he needed to be, 
with ten hours of teaching per day and an 
engineering curriculum that took students 
seven years to complete). However, during 
the vacations and at weekends he grasped 
the opportunity to travel far and wide 
across Japan, fascinated by the volcanoes, 
the landscape and the ancient culture. 
During one of these vacations to 
Hokkaido, in the Kuril Islands, he met and 
fell in love with a local girl, Tone, whom he 
married in 1881.

However, it was the moderately sized 
Tokyo Yokohama earthquake on 22nd 
February 1880, which proved to the real 
turning point in Milne’s life. His house 
swayed during the earthquake and the 
movement of two long pendulums,  
which were set up in his house, helped 
Milne to work out the direction from 
which the earthquake had travelled. It was 
Milne’s observations from this earthquake 
that inspired him to start working with 
fellow academics in Tokyo, James Ewing 
and Thomas Gray. Together, they created 
‘the Seismological Society of Japan’ and 
started designing and manufacturing their 
own instruments to make systematic 
scienti�c observations of the earth tremors 
that they felt. Their design, the Milne-Gray 
seismometer, was eventually 
manufactured by James White of Glasgow 
in 1885.

In 1895, after nearly 20 years in Japan, 
Milne returned home to England.  
By this time Milne was a world-renowned 
authority in the new and developing �eld 
of seismology. He had been awarded a 
Fellowship of the Royal Society, together 
with its Bakerian and Royal medals,  
the Lyell medal of the Geological Society, 
and the Order of the Rising Sun by the 
Japanese Emperor. The latter was 
especially important since it came with an 
annual pension of 1000 Yen, which 
enabled him to continue his seismological 
work as a ‘gentleman scientist’ of 
independent means.

Milne set up home in the small village  
of Shide on the Isle of Wight, just o� the 
south coast of England, a quiet backwater 
of a place. To the locals, he was a quirky, 
down to earth northerner with an exotic 
foreign wife, best known for his 
enthusiastic exploits on the local golf 
course and for frequenting the Royal 
Victoria Yacht Club (which had the best 
selection of Scotch whiskies on the island). 
Nevertheless, in the last 17 years of his life, 
Milne’s modest house and observatory in 
Shide became arguably the global 
epicentre of seismology studies.  
With a small grant from the British 
Government, but mostly through his own 
extensive personal networks and 
enthusiasm, Milne set about establishing  
a global network of standardised 
seismograph stations at outposts of the 
British Empire across the world. At one 
point this even included a station in 
Antarctica established by Captain Scott. 
This network of seismic stations sent back 
seismograph recordings to Milne and his 
assistant for analysis. This resulted in the 
bi-annual publication of the Shide 
Circulars, the �rst global earthquake 
bulletins that included reports from up  
to 27 seismograph observatories across  
the world.

128



The legacy of John Milne lies not so much 
in his instrumental designs, although 
innovative and e�ective in their time, but 
rather in his meticulous and hard-working 
devotion to the practice of systematic 
observation and recording of earthquakes. 

The work of Milne’s Shide observatory 
moved to Oxford after his death and 
gradually morphed into what is now the 
International Seismological Centre (ISC). 
The ISC, a UNESCO recognised facility, 
collects and analyses seismic records from 
all over the world. Over 130 agencies 
contribute readings to the ISC, which now 
produces the de�nitive catalogue of 
worldwide earthquakes.
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DEATH OF PROFESSOR JOHN MILNE, THE FAMOUS ENGLISH INVENTOR OF

INSTRUMENTS TO DETECT EARTHQUAKES AND REGISTER THEIR MOVEMENTS.
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Professor Jo h n  M ilne, the eminent seism ologist, died on W ednesday  n igh t a t his 
residence, Shide H ill House* Newport, Isle of W ight. He achieved fame in  
seisjaology, the science of earthquakes, by inventing wonderful instruments of pre- 
cisi& njihat detected and  recorded in  graphic lines the movements o f' earthquakes. 
TheirtjTperceptive power is so delicate, that they, frequently record earthquake* 
•cc u rrtn g  in  the remotest com ers of the earth, W:hile a professor in TokioU nfc

versity , Professor M ilne m arried  an accom plished Japanese  woman, Tone N o ritsune, 
the  d augh ter of the Abbot o f G anjo-ji. (1) One of Professor M ilne’s se is tffllrap h  
records of the  - destructive V alparaiso  e a r th q u a k e » off 1906. (2)* Professor 
M ilne’s se ism ograph , the detecting and recording instrum ent. (3) Pfiofesso* 
M ilne’s widow. (4) Seism ograph reco rd ,? the  broad transverse  lines show ing a& 
e a rth q u ak es, severity. (5) Professor M ilne.— {Daily Mirror photographs.j[
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