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Illustration of twinned cinnabar crystals from Grübler ore body. 
Tempera on paper – Marija Nabernik © 2010
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INTRODUCTION

Slovenia boasts the world’s second-largest mercury de-
posit, located under the historical town of Idria. The most 
important ore mineral was cinnabar and only to a minor 
degree native mercury. The ore fi eld extends along the 
Idria Fault zone over a relatively small area of 0.6 km2. In a 
500-years long mining history, more than 700 km of tunnels 
and seven shafts have been dug to access the ore bodies 
and transport the ore to the surface. Deep drilling revealed 
that the ore extends to 450 m below the surface. With 15 
levels, a depth of 382 m was reached with the deepest tun-
nel plunging 36 m below sea level. The Idria ore deposit 
has a very complex tectonic structure. Ore mineralization 
occurred in two consecutive phases in the Middle Trias-
sic. In this process, all the rocks from Carboniferous to Tri-
assic were mineralized. Due to intense tectonic activity in 
the Tertiary, the mineralized rock sequence was brought 
in an inverse position with Carboniferous rocks sitting on 
top of the younger beds. By far the richest are the inter-
stratifi ed ore bodies, which are mainly of synsedimentary 

origin, while some were formed by metasomatic replace-
ment of the soluble layers in Triassic limestones. Miner-
alogically the most interesting were poorly mineralized 
discordant ore bodies, occurring in tectonically shattered 
zones along the steep faults that served as conduits for ore 
solutions. In these zones, fi ssures with up to 50-cm large 
cavities covered with crystals of dolomite, quartz, calcite, 
baryte, pyrite, cinnabar and other accessory minerals were 
encountered during mining. For mineralization of the ore 
deposit was the presence of hydrocarbons in the bedrock 
was crucial. In the process of pyrolisis, polycyclic hydrocar-
bons formed and the sulfur needed for cinnabar formation 
was released. Hydrocarbons infl uenced the crystallization 
and they occur in form of bitumen alongside the ore min-
erals throughout the deposit. Until today, 25 minerals were 
identifi ed in the Idria deposit. For two of them, siderotil 
and idrialine, Idria is their type locality. Ruby red crystals 
of cinnabar from Idria are found in all major mineralogical 
collections and museums around the world.

Morning view of the Idrijca valley. Photographed from Ledine in autumn 2004 – Photo: A. Rečnik

A. Rečnik, Minerals of the Mercury Ore Deposit Idria, DOI 10.1007/978-3-642-31632-6,
© Springer-Verlag Berlin Heidelberg 2013
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The cover of the municipal chronology of Cividale del Friuli in 
1493, reporting on the arrival of Tyrolean miners to Idria. The 
original is kept in the Archaeological museum in Cividale (Italy)

THE HISTORY OF MINING

According to legend, the mercury in Idria was discov-
ered in 1490 by a woodenware maker when soaking a 
tub in a spring near the present-day church of the Holy 
Trinity. Overnight, a heavy silvery liquid accumulated 
in the tub. The man took his fi nd to the bishop’s town 
of Loka and showed it to a goldsmith, who quickly re-
alized what it was. The news about the invaluable dis-
covery spread quickly and the valley was soon fl ooded 
with miners from Friuli, Carinthia, and Tyrol, who began 
searching, digging, and washing the mercury-bearing 
rocks. A mining town emerged in the previously unin-
habited valley. The origin of the name Idria is unknown 
and dates back to the pre-mining era. A similarity with 
the old Greek name for a water jug (Hydria) or mercury 
(Hydrargyros) appears to be coincidental. 

View of Idria in the direction of Nikova creek in a mid of the eighteenth 

century, Joseph Mrak (1744). Austrian State Archives, Vienna
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Prospecting for ore veins in streams and underground mining in the Middle Ages after Agricola (1556)

The oldest records of the early mining history in Id-
ria are kept in the Cividale archives (MOHORIČ 1960). 
In these early beginnings the discoveries of ore were 
purely fortuitous, but based on their observations the 
prospectors gained valuable experiences that helped 
the future generations of miners. The knowledge about 
the ore-bearing rocks and their occurrence was rapidly 
improving. At fi rst, the mining was limited to following 
the surface outcrops of mercury-rich slaty claystone, 
which turned into underground mining. Soon after, the 
fi rst mining company was founded by Venetians, and 
in 1493 the fi rst mining rights were granted to miners. 
The ore near the primary outcrop was soon mined out, 
but while digging, they encountered large deposits of 
mercury-rich cinnabar ore. Drifts were dug to follow the 
inclined ore bodies, while deeper parts of the depos-
it were accessed through vertical shafts. Following the 
rich ore vein, the still accessible Anthony’s shaft under 
Smuk’s hill was built in 1500. When excavating a shaft in 
the present-day town square, they hit upon the richest 
cinnabar bed in the history of mining, which enabled 
fl ourishment of the town. This fortunate event happened 

on June 22 in 1508, on the St. Achatius day. In gratitude, 
the shaft was named after this saint, and the day of dis-
covery remained a major miners' holiday in Idria. The 
extraction of mercury was conducted in the following 
way, depending on the processed ore type. Slaty bed-
rock, rich in native mercury, was fi rst crushed and then 
washed through the sieves to collect mercury drops. To 
some extent this procedure was effi cient when dealing 
with the native mercury-containing slaty claystones, 
but it was not applicable for cinnabar-bearing ores. To 
extract mercury from the bedrock and cinnabar ores 
they introduced ore roasting in adapted charcoal kilns 
(AGRICOLA 1556) and later on iron retorts suited for a 
more effi cient mercury condensation. In the fi rst half 
of the sixteenth century the water power was used. For 
the transportation of wooden logs used for support-
ing the tunnels and shafts in the mine they exploited 
the Idrijca river. To prevent fl ooding they constructed 
powerful water wheels to pump the pit water. In a cat-
astrophic earthquake in 1511 a part of the mountain on 
the northwestern side of Idria collapsed into the riv-
er and blocked its fl ow. The town was devastated and 
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most of the underground objects were fl ooded. It took 
7 years to rebuild the town and the mine. During re-
construction they started to dig the Katarina shaft, 
which followed a new ore vein in the area of today's 
main square. The richest ore at that time was mined on 
the so-called Knez's stope (Fürstenbau), which greatly
helped the mine to recover and become profi table. 
To protect stocks of mercury and store cereal supplies 
from the frequent incursions of robbers, the owners 
decided to build a mighty fortress. For this purpose 
Gewerkenegg castle was built between 1522 and 1532, 
and served Idria until the present day (MOHORIČ  1960). 
In the fi rst half of the sixteenth century many different 
companies were running the mine. As they were mainly 
interested in profi t, they did not invest in prospective 
works and the mine infrastructure. With nationalization 
in 1575, the Idria mine came under the management of 
the Austrian court. By the end of the sixteenth century 

miners reached depth of 170 m, which was the European
record at the time. Throughout its history, the mercu-
ry mine in Idria provided an important revenue to the 
monarchy. The annual production of mercury was near-
ly 100 tons, which presented an important share of the 
world's market. With the improving mining and ore pro-
cessing techniques Idria became renowned as the most 
advanced mine in the Habsburg Empire. In spite of 
the fact that the production of mercury in Almadén 

The town of Idria and ground plan of the mine with underground workings, Joseph Mrak (1770). Archive of the Republic of Slovenia

(opposite page and overleaf) At its peak, Idria attracted world-
renowned engineers and scientists. The famous cartographer, min-
ing engineer and Karst explorer Franz Anton Steinberg produced 
the most accurate illustrations of mine shafts of that time. Shown 
is the construction of Theresia shaft in 1738. The original illustra-

tions are kept in the Austrian State Archives in Vienna 
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was about three times higher than in Idria, the demand 
for mercury due to emerging new gold prospects in the 
Spanish colonies in the Central and South America was 
so large, that its price reached the historical high. The 
conditions in the Idria mine were fi rst described by W. 
POPE (1665), who reported that there were two types 
of ore excavated in the mine; the hard red ore and the 
softer one with visible droplets of native mercury. He 
also found small golden fragments that did not contain 
any gold. In the beginning of the eighteenth century the 
British entered the market with large amounts of mer-
cury from China and India (MOHORIČ  1960). In order to 
stay competitive on the world’s market the Idria mines 
had to considerably increase ore production and opti-
mize the ore processing technology. The Achatius shaft 

Due to the high content of mercury cinnabar-rich sedimentary ores were highly appre-
ciated by the miners. Photograph shows liver-ore from Skonca beds with cinnabar im-
pregnation and tiny crystals of cinnabar. The specimen with its original label is from the 
eighteenth century mineral collection of Balthasar Hacquet. Size 8  x  8 cm. Mineralogical 
collection of the Geological Museum of Jagiellonian University in Krakow – Photo: A. Rečnik

was abandoned and a new Theresia shaft was excavat-
ed to reach deeper ore bodies. It cut through several 
rich ore bodies and soon extended down to today's IXth 
level at a depth of 226 m. The very complex geologic 
structure of the deposit forced the geologists to study 
the stratigraphy of the ore-bearing rocks. By the end of 
the eighteenth century the annual production of mer-
cury exceeded 600 tons. In 1790 a collosal 13.6-m water 
wheel “kamšt” was built to pump the pit water from the 
Joseph shaft (later renamed to Delo shaft). The water 
wheel was used for 160 years and is preserved until the 
present day. Joseph's shaft connected all 15 levels of the 
mine to a depth of 382 m below the surface. In 1763 the 
Habsburg empress Maria Theresa established a school 
of mineralogy, metallurgy, and chemistry in Idria and 
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Panoramic view of the old mining town of Idria in the second half of the eighteenth century. At the far end of the town lies the magnifi cent 
Gewerkenegg castle, which was built in the sixteenth century to defend the cereal stocks and mercury from predatory incursions. On the 
right side of the castle is the church of the Holy Trinity, built in the immediate vicinity of the fi rst fi nds of mercury ore. In the foreground are 

the Theresia and Barbara shafts. Illustrated from east side of the town. Source: Balthasar Hacquet, Oryctographia Carniolica (1781)
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In Oryctographia Carniolica (1781) Balthasar Hacquet describes 
more than 50 different mercury and cinnabar ores with other ac-
cessory minerals. In Vol. II he described form-rich cinnabar crys-

tals, which did not exceed the size of wheat grains (4–5 mm)

Illustration of the underground workings of the Idria mercury mine with the main shafts Theresia and Barbara and connecting inclined 
shafts and tunnels reaching down to the then deepest Karl's ore fi eld. Source: Balthasar Hacquet, Oryctographia Carniolica (1781) 

appointed the Tyrolean naturalist and an offi cial physi-
cian of the Idria mine GIOVANNI A. SCOPOLI (1723–1788) as 
the principal. With its rapid technological development, 
Idria became an important scientifi c center of the time 
in Europe, hosting several world-renowned researchers 
and engineers. In the eighteenth century the most accu-
rate cartography of the mine and the surroundings of Id-
ria was done by Scopoli’s assistant JOSEPH MRAK (1744) 
and a Swedish mineralogist JOHANN J. FERBER (1774). 
Hand-in-hand with mining a knowledge of mineralogy 
was emerging. One of the founders of mineralogy in Id-
ria was Scopoli’s contemporary BALTHASAR HACQUET 
(1739–1815), an esteemed polyhistor of Bretonian ori-
gin. In his monograph “Oryctographia Carniolica” (1781) 
he dedicated more than 100 pages to the mining, geol-
ogy, and mineralogy of the Idria mine, accurately veri-
fying all the previous fi ndings and often complement-
ing them with his own observations. A good example 
of his scientifi c mindset was his investigation of the 
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(on the opposite page)

Illustration of the mining town Idria with the 
main shafts and tunnels engraved on a piece 
of steel-ore from the second half of the eigh-
teenth century. The upper part of the draw-
ing shows the Roman god Mercury, a link 
between the earth and heaven, watching 
over the town. According to the motif and 
the style of the engraving it can be conclud-
ed that it was most probably made by the 
former mining engineer Joseph Mrak around 
1776. The specimen measures 16 cm across 
and is part of the Hacquet's mineralogical 
collection in the Geological Museum of Jag-
iellonian University in Krakow – Photo: 

W. Obcowski

Illustration by Swebach Desfontaines shows a 12 cm specimen of cinnabar from the Idria 
mine. The specimen is from the ex Bóve's mineral collection from 1791. Similar specimens 
are found in the Museum of Natural History in Vienna. Source of reproduction: the Min-

eralogical Record Museum of Art – Photo: W. Wilson

records to which VALVASOR (1689) had referred to when 
dating the discovery of mercury back to 1407. He locat-
ed the original source in the Tolmin archives, but did 
not believe it, as there were no other records confi rm-
ing that date. The great value of Hacquet's work is the 
accurate description of the types of ores and minerals 
mined in the Idria mine during his time. He described 
various forms of calcite, quartz, pyrite, gypsum, vitri-
ols, mountain leather, and bitumen and paid special at-
tention to the classifi cation of the mercury ores. Among 
these he identifi ed over 50 different forms of cinnabar, 
from amorphous to crystalline. He described spherical 
aggregates of black cinnabar, which were determined 

to be metacinnabar some 100 years later. After his de-
scriptions of several centimeters long crystals of gyp-
sum, scalenohedral calcite, translucent doubly termi-
nated quartz crystals covered by cinnabar, and sharp 
octahedral pyrite crystals, one can just imagine the 
mineral wealth they were discovering at that time. In 
the 12 years of his life in Idria he established a rich col-
lection of ores and minerals, now kept at the Geological 
Museum of the Jagiellonian University in Krakow, where 
he was employed during 1805–1809. His collection con-
tained 3,352 specimens, of which about 1,400 are pre-
served. In addition to cinnabars from Idria, he also col-
lected other minerals from Carniolan localities.
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In Hacquet's time, minerals from Idria were also de-
scribed by the Austrian mineralogist WOLFGANG MUCHA 
(1780). At the end of the eighteenth century cinnabars 
from Idria became widespread in European mineralogi-
cal collections. A good example is the illustration of cin-
nabar crystals by SWEBACH DESFONTAINES (1749–1793). In 
the second half of the nineteenth century, extensive mine 
workings paved the way for booming geological research. 
An important milestone in this fi eld was contributed by 
the Slovenian geologist V. LIPOLD (1874) with the fi rst 
geological map of Idria and the surroundings. His work 
presents a foundation of the modern geology of the Idria 
deposit. Based on his work, KOSSMAT (1899; 1911) further 

classifi ed the pertinent lithological sequence. At the turn 
of the twentieth century several Austrian geologists stud-
ied the formation of the Idria mercury deposit. KROPAČ 
(1912) made very accurate maps of the underground work-
ings, which were used for mining until 1957. During this 
period we fi nd the most comprehensive studies of the 
mineral paragenesis of the Idria deposit. SCHRAUF (1891) 
analtyzed metacinnabar and determined a new miner-
al siderotil along with other vitriols. Not long after that 
JANDA (1892) isolated yellow-green crystals of the organ-
ic mineral idrialine, which he named after Idria. It occurs 
in tabular crystals in clumps of polycyclic hydrocarbons 
that accompany ore minerals in crystal-lined vugs.
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Due to mainly interstratifi ed nature of the ore bodies, 
the cross-stope mining method with backfi lling was de-
veloped for ore excavation. Mining preparations start-
ed at the lower main level and from here fi rst, up to 2 
m high stope, over the whole width of the ore fi eld was 
excavated in the horizontal direction. On the active lev-
el, the excavation of several parallel, up to 2.5 m wide 
stopes, was carried out from the main gallery, until the 
active level was completely mined out. For a long time 
the work was done manually with a hammer and chisel, 
loading with a hoe and for transportation, wooden carts, 
the so-called coffi ns, were used. All the ore was sorted 

(above) Joseph's shaft with timber storage. After World War II the 
shaft was renamed as Delo. Here was the main access to the deep-
est levels of the mine, and also to the mineralogically interesting 
Grübler Fault zone. Today, the mine is geomechanically stabilized. 
The water level is presently at the IXth level, and it will gradually 
rise to the VIIth level. (left) An old ore separation (Bašerija) with 
wagons of ore prepared for smelting around 1900. Photo archive of 
the Municipal Museum of Idria – Photo: M. Papež
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(above) At the end of the nineteenth cen-
tury the mine was electrifi ed and locomo-
tives were introduced for the transporta-
tion of the ore. Photograph shows removal 
of slag from the smeltery. Photographs are 
from the archive of the Municipal Museum 

of Idria

(right) Small wooden carts formerly used 
for the transportation of ore were replaced 
by larger iron carts with a load capaci-
ty of ~0.7 m3. Through the whole history 
of mining the tunnels were carefully tim-
bered. For their protection the miners wore 
fi lter masks that prevented the inhalation of 
mercury. Photographed around 1974 at 
the 15th stope of the mining fi eld Ziljska 

– Photo: J. Čar



16

(above) In the postwar period the mine was modernized. The work 
was assisted by powerful water-drilling machines and instead of old 
oil lamps the miners wore helmets with rechargeable lamps. Com-
pressed air installations were accessible in every part of the mine so 
that pneumatic hammers could be used for work even in the most 
remote mining fi elds

on the spot and transported to the surface, while the 
gangue was used to backfi ll the mined area of the ac-
tive level. To completely fi ll the stope and prevent cav-
ing in, the gangue for backfi lling had to be brought into 
the mine also from the surface. When the stope was ex-
cavated, they moved to a higher stope and in this way 
up to the upper main level or till the overburden of the 
ore body. Depending on the nature of the ore body, the 
distance between the levels in Idria mine was 15–30 m, 
so that between two main levels 7–12 stopes were ex-
cavated. Using the cross-stope mining method it was 
easy to adapt to the ore body shape and to selectively 

Photographs on these two pages (and p. 22) are from the Archives 
of the Mercury Mine Museum Idria – Photo: B. Kladnik
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(the opposite side below) 
Work on a chute. The extracted ore was col-
lected in chutes on the main transporta-
tion levels, where it was loaded to carts and 
transported to the vertical shafts and from 
there to the surface by a cable elevator

(above) Before its closure in 1995 the mine 
produced only poor ore, mainly from shat-
tered mineralized faults in Scythian dolo-
mites (Grübler ore body), which contained 
open veins and pockets with cinnabar crys-
tals and were as such very interesting from 
the mineralogical point of view. Similar ore 
is seen on a cart pushed by miners; photo-
graphed around 1990

A group of miners refl ecting their daily 
experiences on the IIIrd level, Delo shaft 
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Electric train used for transportation of ore to the shafts, where it was 
loaded on elevators and lifted to the surface. After shutdown, this 
became a part of the technical heritage – Photo: B. Kladnik

Before the mine's closure the tunnels were backfi lled and reinforced 
with concrete in order to prevent caving of the mine. Shown is an 
abandoned gallery on the IVth level, Delo shaft. During the shut-
down works all systems were operational until 2009. Photographed 
around 1988 – Photo: R. Podobnik

extract the ore. The mining method, except for minor 
improvements, remained practically unchanged for 
more than 300 years until the mine's shutdown. The 
described method was perfectly effi cient in stable do-
lomite rock, whereas for the soft slaty rocks an under-
hand cut-and-fi ll mining method was introduced in the 
late 1970s (BAJŽELJ 1984). With this method, the ore was 
mined from the top to the bottom. The losses of native 
mercury were reduced and by cementing the backfi ll, 
the mine's stability was increased. Moreover, this tech-
nique allowed access to the ore-bearing gangue in the 
older parts of the mine.
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Flooding the mine in 2008. Shaft Inzagi 
at XIth level. Archive of the Mercury Mine 

Museum, Idria – Photo: B. Režun

Soon after the tunnels were abandoned the 
wooden pillars could not sustain giant lateral 
pressures and began to break. Constant hu-
midity assisted the growth of fragile epsomite 
stalactites. These processes were also present 
when the mine was active, but at that time 
the timbers were regularly replaced and the 
tunnels were ventilated to prevent caving in. 
Shown is an abandoned tunnel in the tec-
tonically shattered Langobardian conglomer-
ate at IVth level of the blind shaft Zergoller – 

Photo: R. Podobnik
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The dawn of the twentieth century was marked by the 
electrifi cation of the mine. In 1913 the mine produced 
820 tons of mercury, an amount that has never been ex-
ceeded. During the First World War compressed-air drill-
ing was introduced. Detailed studies of the ore-deposit 
formation began after the Second World War, when mar-
ket demands for mercury rapidly increased. Using mod-
ern mechanization they were able to excavate up to 8 km 
of tunnels and 9 km of drill holes per year. In this way, in 
the 1970s all parts of the Idria deposit were connected 
by tunnels, except for the deepest ones (ČAR 2010). After 
more than 500 years of uninterrupted operation, at the 
end of the 1990’ the mine was shut down, mainly for en-
vironmental reasons related to mercury pollution. The 
loss of mercury during the active period is estimated to 
40,000 tons. In the past, the slag being dumped on the 
banks of the river Idrijca still contained a lot of mercury, 
which represents a constant source of contamination of 
the Adriatic Sea (ŽIBRET and GOSAR 2005). 

During the shutdown process, started in 1992, the pump-
ing of water from the lowest levels was stopped. Today, 
the water level is slightly above the IXth level. If there 
will be no signifi cant deformation processes, the water 
table will be raised to the VIIth level, which still prevents 
contamination of the groundwater. Presently, the mine is 
maintained and kept accessible for visitors down to the 
IIIrd level. From the 300–600 m wide exploitation fi eld, 
stretching 1,500 m in NW-SE direction, in total 3 million 
cubic meters of ore and gangue were excavated (BER-

CE 1958). Out of the 158 ore bodies documented in this 
mining fi eld, 141 were mineralized with cinnabar and in 
the rest, native mercury prevailed. From 12 million tons 
of ore, 147,000 tons of Hg was extracted, representing 
13 % of the world’s total production (ČAR 2010). Following 
Spanish Almadén, the Idria mine was the second-larg-
est mercury deposit in the world. According to the fi nal 
estimations, the Idria mercury ore deposit still contains 
more than 6 % of the known global reserves.

A view into a mysterious underground world of the Idria mine, open to the visitors of the Anthony's passage – Photo: R. Zabukovec
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GEOLOGY AND FORMATION OF THE ORE DEPOSIT

The surroundings of the Idria ore deposit is composed of 
four SW-verging nappes, with the mercury mineralization 
being emplaced in the lower part of the Trnovo nappe, 
in the Idria inner-thrust sheet. The geologic structure of 
the Idria-Cerkno mountain range was described by ČAR 
(2010). The mercury ore occurs in the Upper Carbonif-
erous slaty claystones with lenses of quartz sandstone, 
Gröden sandstones, in Upper Permian and Lower Trias-

sic (predominantly Scythian) dolomites, slaty siltstones 
and oolitic limestone, in Anisian dolomites, Ladinian do-
lomitic conglomerate, and younger Ladinian Skonca beds 
consisting of shallow-water sedimentary and pyroclastic 
rocks deposited during the volcanic phase. The tectonic 
transformation of the ore deposit began during the min-
eralization (PLACER and ČAR 1977; PLACER 1982), whereas 
the Idria Fault has been active until the present day.
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The formation of Idria ore deposit is closely related to the 
development of the Idria Fault (PLACER and ČAR 1977). 
In the Middle Triassic the northern verge of the African 
Plate began to disintegrate. Alongside one of the arms of 
the continental rift crossing the central part of the pres-
ent-day Slovenia, formed a few tens of kilometers wide 
Slovenian tectonic Trough. Consequently, a parallel Id-
ria Fault started to form on the south, measuring about a 

few kilometers in width and several tens of kilometers in 
length. During the Idria tectonic phase in Middle and Up-
per Anisian, stress releases in the Earth’s crust caused the 
formation of deep faults. These served as conduits for mer-
cury vapor degassing from ultrabasic rocks in the upper 
mantle. On their way to the surface the temperature and 
pressure dropped and the vapors started to condensate 
and accumulate in the fi ssures of tectonically shattered 

Geological cross-section of the Idria ore deposit in E-W direction 
with depths of the mining levels and some shafts and mining fi elds. 

Mercury Mine Idria by J. Čar and coworkers (1967–1993)
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rocks along the faults. Transposition of the rocks caused 
the formation of new fractures and changed the fl ow 
paths of the ascending vapors. Mercury-rich solutions 
initially fi lled the fractures in sandstones and siltstones 
of the lowest part of sedimentary rock strata. In Carbon-
iferous siltstones the mercury appears in its native form. 
Because of its silvery appearance the miners called this 
rock a silver slate. Minor amounts of mercury are found in 
cracks of the marcasite-pyrite concretions. Only a small 
part of mercury is bound to cinnabar in these layers, indi-
cating a lack of sulfur in the Carboniferous strata. As a con-
sequence of the intense tectonic activity associated with 
the Idria Trough formation in the Middle Triassic, exten-
sive volcanism and a related sulfur release was triggered. 
It is believed that in this process a large fraction of mer-
cury reacted with sulfur to form cinnabar (MLAKAR and 
DROVENIK 1971). The volcanism was followed by a weak 
hydrothermal phase bringing other sulfi de minerals into 
the fault system. Isotopic analyses showed that only 
a minor part of the sulfur is of magmatic or basement 
rock origin, while the vast majority of the sulfur is of 

A drop of native mercury in the Carboniferous slate in Anthony tunnel – Photo: R. Zabukovec

sedimentary origin (PALINKAŠ et al. 2004). One of the 
possible sources of sulfur were gypsum and anhydrite 
lenses present in Upper Permian dolomites, which is 
supported by rich cinnabar mineralization right above 
these beds. Another carrier of sulfur were probably hy-
drocarbons, present in variable quantities throughout 
the Triassic sedimentary sequence (LAVRIČ et al. 2003). 
The most intense mineralization processes took place 
in the Ladinian with two consecutive infl ows of ore fl u-
ids, while minor recrystallization events also happened 
at the later stages (see Grübler). The primary ore deposit 
formed ~36 km northeast of the present-day location in 
the Jelovica area (MLAKAR 1959; PLACER 1973). A tecton-
ic transformation of the deposit occurred during Oligo-
cene-Miocene thrusting along the Idria Fault zone. 
Paleozoic, Triassic and Cretaceous rocks were folded and 
overthrust onto younger Cretaceous and Eocene rocks. 
As a result, the ore beds were brought to a subvertical 
and even to an inverse position. Due to the Alpine orog-
eny in Miocene, the whole deposit was overthrust to the 
present-day position in the upper limb of the fold of an 



25

Cinnabar impregnation in Lower Scythian dolomite at the XIth level. Such ore was called bašperh – Photo: J. Peternelj

overturned syncline, whereby one-third of the deposit 
was cut and lagged behind in depth under the thrusts 
(ČAR 2010). During the Upper Tertiary and to a lesser ex-
tent in the Quaternary, a small part of the ore deposit 
was cut off by the Idria Fault and shifted 2.5 km towards 
the south-east (MLAKAR and DROVENIK 1971). The cata-
strophic earthquake in 1511, occurred on this fault. In the 
Idria mercury deposit a simultaneous metasomatic, epi-
genetic-vein, and syngenetic sedimentary-exhalative 
mineralization is documented. The ore formed in two 
Ladinian phases (MLAKAR and DROVENIK 1971; DROVENIK 
and PLENIČAR 1980; DROVENIK et al. 1990). In the fi rst 
phase, the oldest layers, i.e. Upper Paleozoic, Scythian and 
Anisian beds, was mineralized, whereas the second 
phase coincides with the emergence of ore fl uids and 
the formation of Skonca beds (LIPOLD 1874) and Upper 
Ladinian pyroclastic beds. Cinnabar of the fi rst phase 
impregnated the rock by mineralizing the pores and 
fractures along the fault zones forming brecciated and 
vein-type ores. In the sedimentary sequence corrosive 
ore fl uids preferentially dissolved calcite, which was then 

metasomatically substituted by cinnabar during miner-
alization. Following this process, rich ore bodies formed 
by replacement of oolitic limestone layers interbedded 
in the less permeable Lower Triassic slaty claystone. The 
second phase of mineralization is characterized by an 
increased regional geothermal gradient resulting from 
the regional volcanic activity in the immediate vicinity 
of the ore deposit. A new fault system was formed. The 
mineralization of the older ore-bearing rocks was reac-
tivated (KOSSMAT 1911). Epigenetic ore formed by crys-
tallization of cinnabar in the new open fi ssures along 
the faults. In the same process, metasomatic ore bod-
ies were formed by replacement of more soluble lenses 
of gypsum, anhydrite and calcite. The replacement was 
especially effi cient along the limestone beds lying un-
der impermeable claystone layers. Following new path-
ways large amounts Hg-rich solutions were released in 
a basin with depositing sediments in the rapidly sub-
merging Idrian tectonic Trough. The emerging solutions 
reacted with free sulfur to form microcrystalline sedi-
mentary cinnabar ores, explained in the next chapter.
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MERCURY ORES

The mercury ores in Idria were named empirically after 
their appearance and mercury content. These names 
were preserved through the centuries of mining. A de-
tailed classifi cation of Idria ores was given by SCOPOLI 
(1761) and HACQUET (1781), who described dozens of va-
rieties, mainly related to sedimentary ore types. Here 
we introduce only the most common ones. Sedimenta-
ry-exhalative ore bodies are emplaced in the upmost 
part of the mineralized strata. They formed by the ex-
halation of brines into shallow marine swamps in form 
of thermal springs. In a reaction with sulfi de ions re-
leased under reducing sedimentary conditions chem-
ical precipitation of cinnabar-opal slurry took place. 
It was deposited alternatively with colloform pyrite in 
the layers of clastic material. Unconsolidated cinnabar-
opal slurry was transported by the turbid fl ows, forming 

Sedimentary ore from the Skonca beds with laminated cinnabar layers in black Langobardian shale. Skonca beds were named by Lipold 
(1874) after the creek Skaunca (today Skavnica), where he found outcropping shales, which contain a rich syngenetic mineralization with cin-

nabar in the ore deposit not far from the creek. 11 x  8 cm. Find J. Čar. Collection of the Municipal Museum of Idria – Photo: A. Zelenc

various layered ores (MLAKAR and DROVENIK 1971). In 
sedimentary ores, the ore minerals serve as a binder 
of clastic material and form continuous monomineralic 
layers. Mercury exhalation in the Langobardian period 
was accompanied by an intense volcanic activity, which 
contributed a large fraction of clastic material into the 
sedimentation basin. This is indicated by the variable 
impregnation of tuff layers with ore minerals depen-
ding on its porosity. In the process of precipitation of 
ore minerals in swampy sedimentation basin massive, 
fi ne-grained, and to a large extent also laminated se-
dimentary ores of the so-called Skonca beds were for-
med. Such type of ore was found in up to 1 m thick beds 
having up to several hundred square meters large sur-
face areas. This was the largest concentration of mer-
cury found in the history of Idria and gave the mine a 
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(above) Mercury oozed into a sedimentation 
basin through thermal submarine springs, 
where under reducing conditions it reacted 
with the available sulfi de ions and formed a 
cinnabar-opal silt. Under similar geochem-
ical conditions, iron sulfi des were produced. 
Cinnabar and pyrite alternately precipitat-
ed with clastic material on the basin fl oor. 
Turbid silt with ore laminas was transposed 
by underwater currents, which is shown by 
the folded laminar texture of sedimentary 
ores. 10  x  7 cm specimen is from the Skon-
ca beds, mining fi eld Kropač . Geological col-
lection of the Municipal Museum of Idria – 
Photo: A. Zelenc

(right) Langobardian slate interleaved with 
layers of fi ne crystalline syngenetic pyrite. 
Mining fi eld Ziljska I/14 specimen (1970). 
View 4 cm. Collection of the Municipal 

Museum of Idria – Photo: A. Zelenc
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decisive impetus at the beginning of mining. The Skonca 
beds are located in the uppermost horizons of the ore 
deposit. They are bound to the bituminous Langobardi-
an siltstones and sandstones. The ore bodies extended 
through the whole thickness of this stratum having leng-
ths from a few tens to hundred meters. The majority of 
the sinsedimentary ore bodies was located above the 
IVth level, except in the area of Inzaghi shaft, where they 
extended all the way down to the IXth level. Compared 
to other lithological units, the ores from Skonca were 
the most diverse. The richest of all ores was steel-ore, 
occurring in concordant beds and lenses in Skonca la-
yers. It formed by differentiation of the colloidal silt, 
where cinnabar and bituminous matter were concentra-
ted. Indicative of this process are the remnants of bac-
teria mineralized with pyrite and rarely with cinnabar. 
The ore is fi ne crystalline to colloform. It contains up to 
79 % of Hg. The fracture shows a steely-gray luster with 
a faint reddish undertone. Its metallic luster is special-
ly pronounced on polished surfaces (see p. 15). Cinna-
bar, precipitated in bituminous swampy mud formed a 
clayey dark red liver-ore. It contains signifi cant amounts 
of uranium bound to hydrocarbons, which is to a lesser 

extent present in all bituminous clastic rocks from the 
Skonca beds. During the exploration of uranium depo-
sits in former Yugoslavia the fi rst samples of concen-
trated uranium oxide, the so-called yellowcake, were 
produced in Idria (DROVENIK et al. 1980). Liver-ore is 
mineralized bituminous slaty claystone or radiolarite, 
which contains up to 65 % of Hg. In tectonic processes 
the mudstone beds were deformed and fractured, which 
induced characteristic tectonic glide faces with livery-
red luster. On the fractured surfaces it is black with red 
patches of cinnabar impregnations. The majority of 
cinnabar though, is concentrated in chalcedony grains 
and radiolarie. Older fractures in liver-ore are impreg-
nated with quartz, pyrite, cinnabar or bitumen, where-
as younger fi ssures contain native mercury. In liver-ore 
beds, the amount of cinnabar gradually depletes into 
black bituminous claystone without cinnabar. On crys-
tallization of cinnabar-opal slurry, brick-ore is formed. It 
is characterized by a high content of mineralized chal-
cedony grains and a low amount of bitumen. This com-
position gives the ore a typical brick-red appearance. 
Its boundaries with the host rock are sharp. Another 
ore typical for the Skonca beds is the coral-ore, which is 

Liver-ore with characteristic tectonic glide surfaces. Size 15  x  9 cm. Natural History Museum, Vienna – Photo: A. Rečnik
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Brick-ore is one of the richest ore types 
from Skonca beds. Size 10 x  8 cm. Mercury 
Mine Museum, Idria – Photo: J. Peternelj

Coral-ore with fossilized brachiopods and 
cinnabar impregnation. 9 x 8 cm. Find and 
collection G. Velikonja – Photo: A. Rečnik
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Karoli-ore. Size 9 cm.
Mercury Mine Museum, Idria 

– Photo: J. Peternelj

Mineralized dolomitic conglomerate.
Collection of the Mercury Mine Museum, 

Idria – Photo: J. Peternelj
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characterized by the presence of brachiopods from the 
Discina family. This ore was fi rst described by SCOPO-

LI (1761). Although no corals are present, the name re-
mained until today. It occurs in bituminous sandstone 
of the upper Skonca layers. The coral-ore contains up 
to 40 % of Hg, which is present in the form of cinnabar 
impregnations in the sandstone cement. Cinnabar is 
often accompanied by marcasite and pyrite, which can 
reach up to 40 % of the binder. In the second half of the 
nineteenth century, the coral-ore became economically 
interesting because of the phosphates and fl uorine in 
the shells of brachiopods (JAHN 1870). They could be the 
source of fl uorine for the formation of fl uorite, occurring 
in the Skonca beds (SCHROEKINGER 1877). It forms to 0.5 
mm thick purple fi llings of fi ssures lined by dolomite, 
calcite and cinnabar crystals (VOSS 1895). Fluorite from 
Idria was further mentioned by BERCE (1958), MLAKAR 

and DROVENIK (1971) and later by VIDRIH et al. (1995) and 
HERLEC et al. (2006). A true specialty of Idria is the so-
called karoli-ore, named after the Karoli ore body. It was 
found in a block of Anisian and Langobardian conglom-
erate, trapped in Upper Carboniferous claystone. The 
ore is dominated by pyrite, representing 50–90 % of the 
composition (MLAKAR and DROVENIK 1971). It comprises 
fragments of pyrite concretions cemented by cinnabar. 
Karoli-ore formed by the accumulation of pyrite concre-
tions eroded from the Carboniferous claystones in the 
slopes of the rapidly opening Idria tectonic trench. The 
pores were later cemented with cinnabar from the in-
fl owing mercury-rich brines. The mercury-poor ore is 
called bašperh. It contains less than 1 % of Hg and can be 
of different origins. Cordevole is the youngest mineral-
ized stratum in Idria. Hg anomalies were measured at 
several localities near Idria (PLACER and ČAR 1977).

Langobardian dolomitic conglomerate is composed of poorly sorted white and grey dolomite clasts mineralized with cinnabar, pyrite and 
bituminous matter fi lling fi ssures and pores of the tectonically shattered rock. The specimen of brecciated cinnabar ore originates from the 

Skonca beds. Size 15 x 10 cm. Geological collection of the Municipal Museum in Idria – Photo: A. Zelenc
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Alchemistic symbol of the link between earth and heaven (Mercury) made of iron fl oating on native mercury. Mercury is the only met-
al that is liquid under normal conditions. Despite the fact that mercury is a liquid, its density is higher than most of the metals, includ-
ing lead. One liter of this magic liquid metal weighs an impressive 13.6 kg. It was known already in antiquity. Its name comes from the 

Greek word Hydrargyros, which means liquid silver. At −39 °C it crystallizes in a trigonal form – Photo: J. Peternelj
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MINERALS OF THE IDRIA ORE DEPOSIT

Idria is considered a monomineralic ore deposit, since 
most of the ore bodies contained only cinnabar, whereas 
native mercury occurs only sporadically. Trace elements are 
found in low quantities. In addition to cinnabar, other prima-
ry minerals, such as marcasite, pyrite, sphalerite, dolomite, 
quartz, meta cinnabar, calcite, fl uorite, baryte, celestine, ka-
olinite and paligorskite are found, whereas among the sec-
ondary minerals vitriols like epsomite, melanterite, halot-
richite, siderotil, szomolnokite, and also gypsum, limonite 
and vivianite are present. Specifi c to Idria deposit are two 
organic minerals pyrobitumen and idrialine. The interest in 

mineralogy had its peak in the nineteenth century. In Idria, 
siderotil (SCHRAUF 1891) and idrialine (JANDA 1892) were de-
termined as new minerals, while mineral paragenesis was 
studied by several renowned mineralogists (VILLEFOSSE 
1819; ZEPHAROWICH 1893; VOSS 1895). This was followed 
by a sharp decline in mineralogical studies in the twen-
tieth century and only in the very recent period we see a 
new outburst of popular scientifi c articles and mono-
graphs (BANCROFT et al. 1991; VIRDIH et al. 1995; VIDRIH 
and MIKUŽ 1995; HERLEC et al. 2006; REČNIK et al. 2010 
and 2011).

Cinnabar is the main ore mineral in Idria. It occurs as a massive ore or in the form of face-rich crystals with adamantine to submetallic 
luster. At elevated temperatures mercuric sulfi de forms two polymorphic modifi cations, cubic metacinnabar and hexagonal hypercinnabar. 
Metacinnabar is well known in Idria, whereas hypercinnabar has not yet been determined in this ore deposit. Photograph shows ruby-red 

crystals of cinnabar on dolomite. Detail 12 mm. Collection of the Faculty of Natural Sciences in Ljubljana – Photo: A. Rečnik
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Native mercury in Carboniferous slate from the mining fi eld Karbon on the IIIrd level. In Idria, mercury was originally discovered in the 
same type of host rocks, which are constituting the overlying beds of the ore deposit. In the slate mercury is dispersed in the form of micro-
scopic droplets that condensate into larger drops on the exposed outcrops. Because of their specifi c weight they quickly slip and disappear 

in the ground. Overall specimen size 15 cm, detail 6 cm. Collection of the Municipal Museum in Idria – Photo: A. Rečnik
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NATIVE MERCURY

The origin of mercury lies deep below the Earth's crust. 
It is released during degassing processes in the Upper 
Mantle. Following deep faults, its vapors rise towards 
the Earth's surface where they concentrate in less per-
meable strata (i.e. claystones) in the form of elemental 
mercury. Besides radon, mercury is an important mark-
er of tectonic activity. It has been shown that just before 
earthquakes, increased concentrations of mercury are 
measured in thermal springs (POPIT 2004). In reducing 
environment it rapidly reacts with free sulfi de ions to 
form cinnabar, whereas under strongly oxidizing condi-
tions, again mercury is released. It is believed that part 
of the native mercury in Idria formed by retrograde ox-
idation of cinnabar (DROVENIK and PLENIČAR 1980), as 
observed in open fi ssures of Scythian oolitic limestone. 

Signifi cant quantities of native mercury in Idria occur 
in Carboniferous clastites, in mineralized Scythian oo-
litic limestones and related siltstones, in the Skonca 
beds and in the lowest part of the Langobardian pyro-
clastites. In clastic slaty Carboniferous rocks it occurs in 
form of droplets, pouring from the cracks and interlay-
ers. Within the slaty matrix microscopic droplets of na-
tive mercury are fi nely dispersed, while on the outcrops 
they condensate to form larger drops, which quickly 
disappear in the rubble. In this way, large amounts of 
mercury were lost during excavation and ore transport. 
Because of the presence of silvery droplets, the rock 
was called a silvery slate by the miners. Native mercu-
ry can still be seen in its natural environment in an out-
crop of Carboniferous siltstone in Anthony's shaft.

Fissure in oolitic limestone richly mineralized with cinnabar, calcite and native mercury. The fi ssure was originally fi lled with crystalline 
calcite. After intrusion of hydrothermal solutions calcite was metasomatically replaced by cinnabar to some extent. This was followed by 
a further extension of the fi ssure with the empty space being fi lled by dilute, oxygen-rich solutions. On freshly opened surfaces cinnabar 
recrystallized by forming many small facets in identical orientation to the primary cinnabar grain, while some cinnabar was reduced to 

native mercury. The droplets of mercury on a 6 cm specimen measure up to 1 mm. Collection V. Pavčič  – Photo: A. Rečnik
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HYDROCARBONS AND IDRIALINE

In addition to native mercury, the ore brines also car-
ried small amounts of zinc, copper, manganese, bari-
um, strontium and fl uorine, but no sulfur (BERCE 1958). 
The question is, therefore, where did the sulfur come 
from in suffi cient amounts to form such large quantities 
of cinnabar? Let us fi rst consider what are the possible 
sources of sulfur, which occur abundantly in the ore de-
posit. One of the most widespread carriers of sulfur are 
defi nitely hydrocarbons, which are a constituent part of 
the rocks in a vast Triassic strata and played an impor-
tant role in the mineralization processes. Just recently, 
scientists started to pay the necessary attention to the 
role of hydrocarbons (SPANNENBERG et al. 1999; LAVRIČ 

et al. 2003). They formed during diagenesis of sedimen-
tary rocks through the pyrolisis of the organic matter, 
present in these rocks, at the temperature of the oil win-
dow (REČNIK 2007). Simple hydrocarbons from the host 

rock, migrate towards open fractures, where they are 
mixed with hot hydrothermal solutions. At higher tem-
peratures, they are transformed into higher hydrocar-
bons, such as pyrobitumen and idrialine. During mix-
ing of non-polar hydrocarbons and polar ore brines 
colloidal solutions are formed. On cooling, they form 
a mixture of colloform HgS with pyrobitumen (DROVE-

NIK et al. 1990), or bituminous-cinnabaric gel (MLA-

KAR and DROVENIK 1971). Vugs fi lled with glassy an-
thracite-black pyrobitumen clumps can still be seen 
on the IIIrd level of Delo shaft. Pyrobitumen has a typ-
ical conchoidal fracture and a deep-red shine at high-
er contents of colloform cinnabar. On slow cooling of 
colloidal solutions, the differentiation of hydrocar-
bons occurred, and fractionated crystallization of idri-
aline took place. Pyrobitumen as well as idrialine may 
contain signifi cant amounts of oxygen and sulfur, and 

A specimen of Anisian dolomite with black and red spots of bitumen and colloform cinnabar from the famous Hacquet's collection of ores
 and minerals. The specimens size is 10 x  6 cm. Geological Museum of the Jagiellonian University in Krakow – Photo: A. Rečnik
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Pyrobitumen is formed through the high-
temperature pyrolisis of hydrocarbons pres-
ent in sedimentary rocks. This process was 
triggered by the penetration of hot hydro-
therms through tectonically shattered host 
rocks. It has a variable composition and does 
not crystallize for which it is not considered 
a mineral. Commonly it contains variable 
amounts of sulfur, oxygen and colloform cin-
nabar. Photograph shows a small cavity in 
Scythian dolomite with a group of cinna-
bar crystals and a mass of black pyrobitu-
men. On the bottom of the cavity there is an 
isolated drop of deep red colored pyrobitu-
men included with cinnabar. Detail 9 mm. 
Xth level. Find and collection J. Klemenčič  – 

Photo: A. Rečnik

(right) A detail of the specimen shown on 
the opposite side. Spots of bitumen (black) 
and cinnabar (red) on the surface of recrys-
tallized Anisian dolostone suggest that they 
were simultaneously precipitated from the 
solutions, while their spatial separation im-
plies their immiscibility on excretion. This 
interesting specimen belonged to Balthasar 
Hacquet, a distinguished eighteenth century 
scientist, who noted this unusual play of min-
erals and found it so fascinating that he de-
cided to keep it in his collection. Jagiellonian 

University in Krakow – Photo: A. Rečnik 
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In the late 1970s the miners encountered a small syngenetic orebody with steel-ore in the black siltstone strata of Langobardian beds on 
the XIIth level northwest from the Delo shaft. Next to the steel-ore layer there was a thick zone of hydrothermally altered siltstone impreg-
nated with pistachio-green idrialite. Under the microscope we observed corroded crystals of pyrite, cinnabar and iron sulfate szomolnokite. 
The photographed area is 16 x  20 mm wide. In addition to the prevailing greenish idrialite we can see a few red dots of cinnabar. XIIth 

level, Delo shaft. Find J. Duhovnik. Mineralogical collection of the Faculty of Natural Sciences in Ljubljana – Photo: A. Rečnik
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Greenish yellow aggregate of idrialite with lenticular droplets of pyrobitumen and cinnabar on calcite and long prismatic quartz crystals. 
Similar paragenesis of idrialite is described by Voss (1895). Detail 9 mm. XIth level. Find and collection G. Velikonja – Photo: A. Rečnik

Idrialine crystals extracted from a larger aggregate of idrialite by 
chloroform. After dissolving amorphous hydrocarbons crystalline 
idrialine remains as an insoluble residue. White lamellae in idri-
aline belong to unknown (Mg,Ca)-sulfate. Width 150 μm. VIth 
level, Delo shaft. Find G. Velikonja – SEM Photo: A. Rečnik

sometimes also fi nely dispersed particles of cinna-
bar and sulfates. Idrialine has a greenish-yellow to yel-
lowish-brown color and adamantine luster. It occurs in 
the form of impregnations in porous clastic rocks and 
in nodular aggregates in the vugs of dolostones. In the 
early nineteenth century literature, the name idrialite 
(ZEPHAROWICH 1859) was used to describe a mixture 
of higher hydrocarbons and JANDA (1892) was the fi rst 
who isolated orthorhombic crystals of idrialine with the 
composition C22H14. Soon VOSS (1895) wrote a detailed 
description of the yellow-green tabular crystals of pure 
idrialine occurring in vugs of black dolostone togeth-
er with dolomite, quartz, calcite, cinnabar and gypsum 
crystals. In their host rock he observed pyrite crystals. 
More often idrialine crystals are embedded in clumps 
of yellow-green idrialite, a mixture of higher non-crys-
talline hydrocarbons. Using a non-polar solvent, such 
as chloroform, crystals of idrialine can be readily isolat-
ed. It is fairly common in the upper dolomite level and 
also in the Skonca beds (MLAKAR and DROVENIK 1971). 
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Pyrite nodule from black Carboniferous slate on IVth level, Delo shaft. The nodule is composed of fi ne crystalline pyrite partly overgrown 
by up to 2 cm large pyrite crystals. The specimen shows no traces of cinnabar. On the surface there are remnants of glassy quartz crust, 
which is usually formed at the contact of the nodules with the host rock. Photograph shows front and back side of the same specimen.

 Specimen size is 6 cm. Find and collection G. Velikonja – Photo: A. Rečnik

PYRITE AND OTHER SULFIDE MINERALS

The vast majority of pyrite in Idria ore deposit is of 
syngenetic origin. It is found in Carboniferous clay-
stones and Langobardian Skonca layers. While most of 
the pyrite is fi nely dispersed in these rocks, it can also 
form up to 25 cm large marcarsite-pyrite concretions 
covered by well-developed pyrite crystals. Concre-
tions formed in the early diagenesis of the clastic rocks. 
During their consolidation, sediments contained many 
plant residues, which used all the available oxygen for 
their decomposition. In an oxygen-defi cient environ-
ment, sulfate-reducing bacteria reduce the sulfates 
present in pore-waters into sulfi de ions, which further 
react with the available ferrous ions to form marcasite 
and pyrite. Following this mechanism, large amounts 
of sulfi de ions were released into the sedimentation 
basin during the formation of the Skonca beds where 

they formed fi ne-grained cinnabar and pyrite. The high 
initial acidity promoted precipitation of marcasite, fol-
lowed by crystallization of pyrite, while due to the 
depleted concentration of the sulfi de ions the acidity 
gradually decreases (MIKLAVIČ et al. 2007). In this pro-
cess, nodules were formed. Occasionally, macroscopic 
crystals of pyrite are developed on the surface of the 
concretions, indicating that the surrounding sediment 
was not consolidated during their formation. Cementa-
tion of syngenetic concretions is often accompanied by 
the formation of cracks in their interior, where pyrite crys-
tals can grow without restraint. In Idria, hollow concre-
tions with cinnabar crystals and native mercury in their 
inside were documented (MLAKAR 1959). During the 
subsequent tectonic activity, the ductile claystones and 
siltstones were foliated, whereas solid marcasite-pyrite 
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(right) Marcasite-pyrite nodule richly mineralized with cinnabar 
from Skonca beds. The spiral contour of the nodule suggests that 
this could have been a fragment of pyritized ammonite. Large 
pyrite crystals that developed on the surface of the nodule measure 

up to 7 mm. Municipal Museum of Idria – Photo: A. Rečnik

Pyrite crystallized in Carboniferous and younger Ladinian slates under the conditions of rapid precipitation in a reductive sedimentary 
environment. Nodules and continuous layers of pyrite were subsequently buried by clastic material. In the process of diagenesis the sed-
iments with the entrapped pyrite layers were lithifi ed. During folding softer claystones were foliated, whereas the embedded hard layers 
of pyrite cracked perpendicular to the foliation of the host rock. On the infl ow of Hg-bearing solutions the voids offered an empty space for 
condensation of mercury, which partly reacted with free sulfi de ions to form cinnabar. On exposure to air melanterite formed as a result of 

decomposition of iron sulfi des. Specimen 8  x  6 cm. Geological collection of the Municipal Museum of Idria – Photo: A. Zelenc

concretions and pyrite beds were fractured and fi lled 
with mercury. Some sulfur, released by marcasite de-
composition, reacted with mercury to form cinnabar. 
In addition to cinnabar, other minerals such as quartz, 
calcite and black organic matter resembling idrialine 
were found in nodules (MLAKAR and DROVENIK 1971). 
Beautiful pyrite concretions are found in the Carboni-
ferous beds on the IVth level, and in the Skonca beds.
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Cluster of framboidal pyrite on dolomite. This form of pyrite is 
typical for crystallization from colloidal solutions in the presence 
of hydrocarbons. Ore body Grübler, XIIIth level. The width of the 
photograph is 50 μm – SEM Photo: A. Rečnik

Form-rich pyrite crystals are found in the tectonically 
shattered zone of Carboniferous siltstone at the IVth 

level. These beds do not contain any mercury ore. In gen-
eral, the paragenesis of pyrite with cinnabar is rare (BERCE 
1958). Younger hydrothermal pyrite is found in the form 

Cubo-octahedral crystals of pyrite modifi ed by pentagondodecahedral faces from tectonically shattered and hydrothermally altered Car-
boniferous siltstone. IVth level, Delo shaft. Crystal sizes up to 2 mm. Find and collection G. Velikonja – Photo: A. Rečnik

of framboidal aggregates in Scythian dolostones with 
dolomite, kaolinite, quartz, cinnabar and gypsum. The 
occurrence of framboidal pyrite indicates the presence 
of hydrocarbons and precipitation from colloidal solu-
tions. In tectonically shattered zone between the Low-
er Scythian dolomite and Gröden sandstone, along the 
Grübler fault, PLACER (1974/75) described a 3–5 cm wide 
fi ssure, completely fi lled with pyrite. Individual pyrite 
crystals here rarely exceed 2 mm. They display various 
combinations of pentagon dodecahedron, cube, tri-
akisoctahedron and other accessory forms. The most 
beautiful examples from this paragenesis are known 
from mineralized fi ssures in Lower Scythian dolomite 
in the Grübler ore body (DROVENIK et al. 1991).
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Tiny crystals of pyrite with dolomite, cinnabar and kaolinite from the Grübler Fault zone. Their ground shape is pentagonal dodecahedron.
 Size of crystals 50–120 μm. Collection of the Faculty of Natural Sciences in Ljubljana – Photo: A. Rečnik

Other sulfi de minerals occur sporadically. In the vugs 
of Lower Scythian dolomites we rarely fi nd sphalerite. 
During our fi eld explorations in 2004 we found a 3 mm 
large yellowish-brown crystal of sphalerite on the IXth 
level. The crystal was overgrown by calcite and cin-
nabar. Sphalerite also precipitated in the form of fi ne 
grains together with cinnabar and pyrite in the Skonca 
beds. Rather interesting is the increased concentration 
of zinc in metacinnabar, which is according to SCHRA-

UF (1891) related to the isomorphism between the two 
minerals. HERLEC et al. (2006) reported on 1 mm large 
crystals of galena from the Grübler Fault zone. Many au-
thors rather awkwardly refer to the presence of auripig-
ment (COLBERTADO and SLAVIK 1961; and subsequent 
citations). According to the original work, the presence 
of auripigment was determined only optically. The 

analyzed samples were from the Skonca beds at the Xth 

level, where otherwise idrialine occurs. As auripigment 
was never confi rmed by any other method and since no 
arsenic minerals occur in the Idria ore deposit, we can 
say with confi dence that it is not present in Idria.

Pentagondodecahedral crystals of pyrite with accessory forms from 
Grübler Fault zone. Sizes to 200 μm – SEM Photo: A. Rečnik

The morphology of pyrite crystals from the 
Carboniferous siltstone (above) and Scythi-

an dolomites in Grübler Fault (below)
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In massive ore, the crystals of cinnabar are rare. They formed in open fi ssures that crossed the massive ore, where the secondary crystal-
lization of cinnabar took place. The image width is 2 cm. Mercury Mine Museum, Idria – Photo: A. Rečnik

ON THE IDRIA CINNABAR

In the Idria ore deposit, cinnabar crystals are found 
in all mineralized lithological units. The largest quan-
tities of cinnabar were formed in the Upper Ladinian, 
when mercury-rich hydrothermal brines were injected 
into the marine swamps, where ample quantities of sul-
fi de ions were produced by decomposition of organ-
ic matter and a reduction of sulfates. Despite the large 
quantities of cinnabar in the syngenetic ores the cinna-
bar crystals here are small and rare. They are found in 
pores and fi ssures of the cinnabar-rich ore, where open 
surfaces are only slightly recrystallized, and except 
cinnabar, generally no other minerals are present. The 
voids in the massive cinnabar ore were fi lled with heat-
ed meteoric waters, which dissolved cinnabar from the 
surroundings. On cooling, the cinnabar recrystallized in 
the exact orientation of the fractured grains. The surfac-
es of the voids appear as covered with platelets of fl at 
cinnabar crystals. These specimens are characteristic 
for the earlier mining periods and were common in the 

eighteenth and nineteenth centuries. During deepening 
of the shafts the miners came across epigenetic ore bod-
ies in Triassic carbonates, and specimens of well-crys-
tallized cinnabar with the associated minerals started to 
appear in the mineralogical collections. Most of the cin-
nabar crystals have a beautiful ruby red color with an ad-
amantine luster, only occasionally opaque, almost black 
crystals with a metallic luster are found. Frequently, cin-
nabar crystals in old collections become darker due to 
surface oxidation after long-term exposure to daylight. 
Similar phenomenon is sometimes observed in their 
natural environment, where bands of dark red crystals 
can be noticed in the vicinity of light red cinnabar crys-
tals. Idrian cinnabars have a very complex crystal mor-
phology. They are very rich in forms, no matter in which 
type of rock they have developed. One of the possible 
reasons is the recurring crystallization of cinnabar. Re-
crystallization, as already observed in syngenetic ores, 
is even more pronounced in open fi ssures in the Lower 
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Dark-red cinnabar crystals densely cover-
ing the surface of black Langobardian silt-
stone from the Skonca beds. The crystals 
developed in tectonically induced fi ssures 
lined perpendicular to foliation of the host 
rock. In the pockets between the crystals 
there are patches of native mercury. This 
80  x  60 mm specimen closely resembles 
the one from the Desfontaines's illustration 
(see p. 14). It was bought for 2 fl orins from 
Mrs. Heger from Vienna in 1896. Collec-
tion of Natural History Museum, Vienna – 

Photo: A. Rečnik
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Simple rhombohedral crystal of cinnabar with quartz crystals in a calcite-lined cavity. Pri-
mary rhombohedral form is modifi ed by fl at rhombohedra and a rugged pinacoidal face. 
Size 4 mm. XIth level, Delo shaft. Find and collection J. Klemenčič  – Photo: A. Rečnik

Form-rich cinnabar crystal from a small cavity in Lower Scythian 
dolomite on IXth level. The crystal habit is defi ned by a fl at rhom-
bohedron truncated by pinacoid. Further it is modifi ed by a series 
of rhombohedral faces, a hexagonal prism and a trigonal bipyra-

mid. Crystal size 60 μm – SEM Photo: A. Rečnik

A cluster of simple rhombohedral crystals of cinnabar, partly over-
grown by dolomite crystals from IXth level. Simple crystals like 
this are not common. They belong to an older generation of cinna-
bar that grew relatively rapidly from saturated solutions. The size 
of the detail is 100 μm – SEM Photo: A. Rečnik

The morphology of cinnabar crystals from 
Idria. Drawings are representations of ac-
tual crystals shown on the photographs
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Numerous rhombohedral faces on cinnabar 
crystals are a true morphological challenge. 
Often there are so many, that they make 
the crystals virtually rounded. They can be 
best understood by fi nding their three fold 
axis, or basal pinacoid, as demonstrated on 
the drawings (left). The cinnabars on this 
specimen, dated from around 1900, close-
ly resemble the illustrated crystals. Cinna-
bars on dolomite measure up to 2 mm. Col-

lection J. Zavašnik – Photo: A. Rečnik
Drawings of complex cinnabar crystals, reconstructed after the morphological study of 

Idrian cinnabar by Magda Tratnik-Drolc (1957)

Scythian beds, where according to the study of Idrian 
cinnabar and metacinnabar published by Austrian min-
eralogist SCHRAUF (1891), cinnabar crystallized in sev-
eral successive generations. Under different geochemi-
cal conditions of each mineralization cycle, completely 
new forms developed on the existing crystals. The sim-
plest are the primary cinnabar crystals formed from sat-
urated solutions, whereas the younger crystals, growing 
from diluted solutions, regularly display a more com-
posite morphology. During slow growth, higher-index 

crystallographic forms, corresponding to the pertinent 
equilibrium conditions, develop on the crystals. The 
morphology of the Idrian cinnabars remains an open 
issue. In GOLDSCHMIDT’s Atlas of crystal forms (1923), 
24 different crystals of cinnabar are illustrated, but un-
fortunately it is not clear, whether they originate from 
Idria or Almadén. TRATNIK-DROLC (1957) carried out a 
morphological study of six cinnabar crystals from Idria 
and goniometrically determined over 40 different crys-
tallographic forms, many of which were new.
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Transportation gallery on the IInd level, near blind shaft August. Photo assistants are Jože and Aleš Čar (1988) – Photo: R. Podobnik

The most comprehensive study of open ore-bearing fi s-
sures was performed on the Grübler ore body in Lower 
Scythian dolomite by DROVENIK and coworkers (1991). 
The tectonically shattered zone in this strata is 25-30 m 
wide and it stretches along the contact with the Gröden 
sandstone (PLACER 1974/75). Individual fi ssures in this 
zone measured up to 30 m in length, and were up to 4 
cm wide. They occurred at a relatively high frequency 
with lateral separations of 50–100 cm. The largest min-
eralized vugs and cavities, measuring up to 50 cm and 

more, were located in the shattered zone with a breccia-
vein texture that formed at the intersections of the fi s-
sures. According to high mining standards, the cinnabar 
mineralization in the Grübler Fault zone, extending be-
tween the Xth and the XIIth levels, was regarded as poor 
ore, or bašperh. Only in here and there they encoun-
tered fi ssures completely fi lled with massive cinnabar 
and even then, the width of the ore-bearing veins did 
not exceed 4 cm. On the other hand, these poorly min-
eralized fi ssures containing well-developed crystals of 
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(right) Massive cinnabar covering crystals 
of calcite and quartz. The matrix is encrust-
ed with a layer of black bituminous matter, 
which accompanies all mineralized fi ssures 
in Lower Scythian dolomites. Occurrences 
like this were considered poor for the miners 
and overly rich for mineralogists, as more 
sparsely, the cinnabar could have formed 
nice crystals instead of massively fi lling the 
fi ssure. Grübler Fault system, 8th stope on 
the XIIIth level. Detail 4 cm. Find and col-

lection B. Režun – Photo: A. Rečnik

(above) Specimen from some dolomite-lined 
fi ssure, densely crystallized with cinnabar. 
Size of the specimen 8 cm, detail 20 mm. 
Collection V. Pavčič  – Photo: A. Rečnik
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Partly abraded simple rhombohedral crystal of cinnabar on quartz and calcite from Grübler. In this fault zone there were more abraded 
crystals than the intact ones. Specimen size is 1 cm. Collection of the Mercury Mine Museum in Idria – Photo: A. Rečnik

cinnabar and associated minerals were highly interest-
ing to mineralogists. The largest cinnabar crystals in 
the history of the Idria mine, measuring 3 cm and more, 
were found right in this zone. They occurred in typi-
cal paragenesis together with dolomite, quartz, kaolin-
ite, calcite, pyrite, barite, metacinnabar and gypsum. In 

1986, a new mining fi eld was opened on the 8th stope of 
the XIIIth level (+39 m) in Grübler. The preparation drift 
intersected several mineralized fi ssures (DROVENIK 
et al. 1991). A detailed study of the ore-bearing brec-
ciated dolostone revealed that mineralization occurred 
in several successive phases. During the pyrolysis of 
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Typical heavily abraded specimen of cinnabar and calcite from the Grübler Fault zone. Specimens like this one were quite disappointing 
for fi nders, for us however, they represent an important part of the story. Size 3 cm. Collection B. Režun – Photo: A. Rečnik

the organic matter, sulfur for the formation of cinnabar 
was released from the neighboring rock. Since the frac-
tures extended all the way to the surface, intrusions of 
cold groundwater were relatively frequent. Sudden tem-
perature difference induced the formation of a convec-
tion cell and cyclic mineralization in the open fi ssures. 

The existence of the convection cells, and occasional 
turbulent fl ow of solutions through the narrow passages 
between the fi ssures is supported by the presence of 
eroded crystals in mineralized vugs. Vigorous exchange 
of fl uids caused tumbling and abrasion of crystals and 
loose fragments of rock. Erosion-induced changes are 



52

A closer look at the younger cinnabar crystals from Grübler reveals that they all have a very distinct fl at rhombohedral trigonal habit. 
Their morphology is defi ned by the forms of negative fl at rhombohedron and a wide basal pinacoid. This generation of cinnabar is over-

growing the dolomite crystals. The larger crystals measure about 100 μm across. Grübler, XIIIth level – SEM Photo: A. Rečnik

Flat rhombohedral crystals of cinnabar on 
dolomite from the XIIIth level. The crystals 
have a simple morphology, a noble red col-
or and are translucent. The cinnabar at the 
center of the photograph measures 4 mm 
across. On the back side of this 9 cm large 
specimen there is a cavity fi lled with pitch 
black pyrobitumen. Find J. Likar. Collec-
tion of the Faculty of Natural Sciences in 
Ljubljana – Photo: A. Rečnik

The morphology of simple fl at rhombohe-
dral cinnabar crystals from Grübler

also visible on the fl oor of the cavities. Some cinnabar 
crystals are so heavily abraded that their original forms 
are barely discernable (BANCROFT et al. 1991), and yet 
on some specimens cinnabar crystals with sharp edg-
es and no visible signs of erosion are present. This indi-
cates that the dynamic event was followed by a steady 
period in which a younger generation of crystals was 
grown from diluted solutions. A fi ne evidence of these 

processes is the coexistence of completely abrad-
ed and fresh, virtually intact crystals of cinnabar in 
the same pocket (DROVENIK et al. 1991). Various fac-
tors confi rm this crystallization regime. The presence 
of kaolinite in the vugs directly points to the intrusion 
of the surface waters. Each sudden drop of the tem-
perature caused the supersaturation of the solutions 
and the rapid precipitation of minerals, whereas under 
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A fragment of Scythian dolomite overgrown by fl at rhombohedral crystals of calcite, which were thoroughly abraded during the turbulent 
fl uid exchange. Younger cinnabar crystallized from diluted solutions. This generation of cinnabar shows no mechanical damage. The spec-

imen size is 5 cm. Find M. Drovenik 1987. Collection of the Faculty of Natural Sciences in Ljubljana – Photo: A. Rečnik

steady conditions crystals of a particular geochemically
conditioned paragenesis were developed. The crystal-
lined vugs in the Grübler Fault zone were entirely cov-
ered by tiny dolomite crystals, here and there deco-
rated with isolated ruby-red crystals of cinnabar. The 
top of the overhanging walls was typically covered 
with fi ne-grained mineral dust, which after each sud-
den precipitation event settled on the exposed surfac-
es. The fl oor of the cavities was covered by crystalline 
rubble containing fragments of rock, crystals and pyro-
bitumen. In this crystalline rubble, also large cinnabar 
crystals were also found. Because of their weight and 
good cleavage they were fi rst to break off the fi ssure 
walls during the tectonically active phases. In most of 
the cavities, mineralization ended in a quiet period of 
growth, when form-rich crystals of cinnabar and the 
accompanying minerals were developed.

Dark-red cinnabar crystals of the younger generation grown on 
dolomite and calcite. Grübler, XIIth level. Detail 15 mm. Collection 

of the Mercury Mine Museum in Idria – Photo: A. Rečnik
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Laterally twinned cinnabar crystal on dolomite from Grübler. Twinned crystals of cinnabar are a specialty of the Grübler Fault zone. The 
crystal size is 4 mm. Find J. Likar. Collection of the Faculty of Natural Sciences in Ljubljana – Photo: A. Rečnik

TWINNING OF CINNABAR

A close inspection of cinnabars from the Grübler Fault 
zone revealed that these are not regular crystals, but 
twins of a new type, which has not yet been described 
from Idria. This crystallographic peculiarity would cer-
tainly not have escaped the perceptive eye of SCHRAUF 
(1891), the mineralogist who had so carefully described 
the microscopic twins of metacinnabar. The fact that 
very observant scientists of the nineteenth century nev-
er mentioned twins of cinnabar strongly indicates that 
most probably they were not yet found at that time. It ap-
pears that the fi rst cinnabar twins occurred much later, 
with the excavation of the Grübler ore body in the early 
1970s. They appear in the form of contact, or asymmet-
rically developed lateral interpenetration twins. Their 
habit is rather unusual when compared to the twins 
from other localities. Interpenetration twins of cinnabar 

from famous localities such as Nikitovka in Ukraine and 
Tongren in China, for example, would be described by 
a 180° rotation of a steep rhombohedral crystal around 
the crystallographic c-axis, giving these twins a charac-
teristic spindle-like appearance. In Idria this type of in-
terpenetration twins is not observed. Instead, simple 
contact basal twins occur. In the initial stages of growth 
the twinned crystals grow exaggeratedly and anisotro-
pically along the twin plane. Anisotropic growth leads to 
the formation of triangular platelike crystals with large 
pinacoidal faces. All the large crystals of cinnabar from 
Idria are in fact twins. Subsequently, when the conditions 
for twinning are interrupted, the crystals start to thick-
en and overgrow the inherent twin lamella. Depend-
ing on the supply of the material for growth the crys-
tals develop various interpenetration forms. The main 
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Lateral twin of cinnabar from the 9th stope 
of the XIIIth level, Grübler. Based on their 
appearance we could infer that the crystal 
is twinned on a hexagonal prism, however,
such twinning does not exist in cinnabar. 
Most likely we are dealing with interpen-
etration basal plane (001) twinning, while 
the cause for the observed translation is un-
known. Crystal size 6 mm. Find and collec-

tion B. Režun – Photo: A. Rečnik
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The largest known crystal of cinnabar was 
found by the miner Feliks Poljanec from Id-
ria in 1971 when he was working on the 
3nd stope of the XIIIth level on Grübler. The 
crystal was originally broken in fragments 
parallel to the {100} cleavage planes. Af-
ter reconstruction the crystal measures 
26  x  23 mm. With the bottom part (still 
missing) it measured more than 3 cm. The 
crystal with characteristic triangular twin 
domains is illustrated below. Find and col-
lection F. Poljanec – Photo: A. Rečnik

Interpenetration twin of cinnabar from 
Grübler. The twin domains are rotated by 
180° with respect to each other. Repeated 
twinning in the {001} planes gives the crys-
tals a characteristic platelike appearance 

reason for such twinning probably lies in the faulted 
stacking of basal planes in the cinnabar structure. The 
main cause for disrupted stacking in minerals is a local 
polymorphic phase transition. The presence of meta-
cinnabar in Idria is certainly an interesting geochem-
ical indicator that polymorphic transitions of HgS ac-
tually took place. Because metacinnabar is the closest 
polymorph of cinnabar, we may suspect that faulted 
stacking that leads to the twinning of cinnabar has in 
fact a metacinnabar structure. In favor of this hypoth-
esis we fi nd tetrahedral crystals of metacinnabar over-
grown by an epitaxial layer of cinnabar in an orienta-
tion relationship, as expected in the case of twinning, 
where basal planes of cinnabar coincide with the tet-
rahedral planes of metacinnabar. The fact is, that spe-
cifi c geochemical conditions existed along the Grübler 
Fault, if these twins formed only here and nowhere else 
in the mine. By all means, Idria ore deposit still hides 
many challenges in the fi eld of mineralogy. The actu-
al cause of twinning in cinnabar, however, remains an 

unsolved problem. The largest known cinnabar crys-
tals were found by the miner Feliks Poljanec from Idria, 
when he was working at the 3rd stope above the XIIIth 
level of Grübler. According to his narration, he hit into a 
shattered part of the dolomite with a mattock and wide 
cavity opened in front of his eyes. The cavity was fi lled 
with a rubble in which he collected 30 cinnabar crystals 
larger than 10 mm and about a hundred smaller crys-
tals. Many of these crystals were lost, but fortunately he 
kept the fi ve largest specimens to our admiration until 
the present day. The largest crystal measures 26 mm 
and was naturally detached from matrix. This zone with 
cinnabar crystals (mostly twinned) was opened already 
at the 2nd stope and extended up to the 9th stope. We 
can only imagine how many pockets with cinnabar were 
found in the whole mineralized zone along the Grübler 
Fault. Some of the crystals were probably lost forever, 
whereas many of them were bought by (mostly Italian) 
mineral dealers, because Idria cinnabars were always 
highly esteemed among the collectors.
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After twinning the two domains start to 
grow independently and develop character-
istic reentrant angles. The above specimen, 
illustrated on the cover page, is composed of 
two twins in different stages of growth. The 
larger base crystal displays an initial stage 
of twinning, whereas the smaller twin shows 
a mature stage of growth. From the bottom 
side this fl oater specimen reveals a noble 
ruby-red color in transmitted light (right). 
Specimen size is 23  x  18 mm. Find and col-

lection F. Poljanec – Photo: A. Rečnik
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(above) 24  x  18 mm interpenetration twin of 
cinnabar. The asymmetric development is a 
consequence of repeated twinning in {001} 
planes. The exchanged positions of steep and 
fl at rhombohedra is unusual. It was caused 
by the initial rapid growth of the twin plane, 
while steeper {025} rhombohedra distinctly 

developed in the later growth stages

(left) translucent 21  x  16 mm large inter-
penetration twin of deep-red cinnabar
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(above) Twinned cinnabar crystal from the 
opposite page viewed from its bottom side. 
All the crystals from this pocket are fl oaters. 
As a result of tectonic stresses larger crystals 
broke off and continued growing on the fl oor. 
At the original contact with the matrix we 

see inclusions of dolomite and bitumen

(right) 25  x  23 mm twin of cinnabar. The 
growth of the crystals was initially dictated 
by the inherent twin plane and in the lat-
er stages a regular crystal morphology was 

developed through many vicinal faces.

Collection F. Poljanec – Photo: A. Rečnik
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(above) 21  x  16 mm twin of cinnabar. In transmitted light the 
crystals fl are up in an intense ruby-red color, whereas under re-
fl ected light they have an opaque submetallic luster. According to 
the miner, there were several dozen of such crystals in this 30 cm 
large pocket. Because they grew in the same geochemical environ-
ment, we can assume that they were all twinned. Lateral twins of 
cinnabar are not known from any other locality and are the true 
specialty of Idria. The cause of such twinning is probably repeated 
basal-plane twinning, which can be explained by a local polymor-
phic phase transformation into metacinnabar during the twin nu-
cleation stage. Twins of cinnabar are found along the whole Grübler 
Fault system, even in poorly mineralized fi ssures on the IXth level. 
Find and collection F. Poljanec – Photo: A. Rečnik

(left) Basal twin of cinnabar perched on dolomite matrix. 9th 
stope, XIIIth level of Grübler. Find and collection B. Režun, 1988
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Lateral twin from the 3nd stope on XIIIth 
level of Grübler. Size 21 x  15 mm. Find and 
collection F. Poljanec – Photo: A. Rečnik
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Geologists Janez Zavašnik and Saša Zavadlav on inspection of the outcrop of mineralized Scythian dolomite on the IXth level, where in 
2004 we discovered several small cavities lined with crystals of dolomite, cinnabar, kaolinite and gypsum – Photo: A. Rečnik

MINERALOGICAL EXPEDITION

To study mineralized vugs before fl ooding we made, 
during 2004–2006, a few experimental excavations in 
the poorly mineralized tectonically shattered zone in 
the Lower Scythian dolomite, that is crossed by trans-
portation galleries at the IXth and XIth level. The vugs 

were covered by tiny crystals of dolomite, and only 
here and there was it accompanied by other minerals 
such as sphalerite, quartz, kaolinite, cinnabar, calcite 
and gypsum. Most of the fi nds were used for studying 
the paragenesis, but some were also quite attractive.

... continues on p. 74 ...

Very unusual (001) twin of cinnabar from IXth level. After twin-
ning the bottom crystal started to overgrow the upper half. This 
type of concave twins is known in rhombohedral carbonates, but 
not yet in cinnabar. Size 80 μm – SEM Photo: A. Rečnik
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One of the best specimens that could still be found in 2004 in fi ssures of tectonically shattered Scythian dolomite on XIth level, Delo shaft. 
The specimen with lustrous dolomite and cinnabar crystals is 45 mm high. Find and collection A. Rečnik – Photo: A. Rečnik
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In 2004 the Idria mine was already under-
going shutdown works and therefore we or-
ganized a few mineral-collecting trips to res-
cue some of the last specimens of cinnabar. 
For our work we used pneumatic hammers 
that could be plugged to a compressed-air 
installation. Collected specimens were help-
ful in our study of the mineral paragenesis. 
The photograph shows a miner and enthu-
siastic collector of minerals Janez Klemenč ič 
from Kanomlja and geologist Bojan Režun 
excavating a small outcrop of poorly miner-
alized Scythian dolomite on IX. level, Delo 
shaft – Photo: A. Rečnik

In poorly ventilated passages the rotting of 
wooden pillars additionally contributed to 
the lack of air; therefore, we had to be care-
ful when exploring the abandoned tunnels. 
Accompanied by the experienced miners we 
could get a brief glimpse of the famous Idria 
mine – Photo: A. Rečnik
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(above) Transparent crystals of dolomite 
with tiny clusters of cinnabar and kaolinite 
on the left-hand side of the specimen. We 
found few specimens of this kind in the ceil-
ing of the main transportation gallery on the 
XIth level. These fi ssures are the upper ex-
tension of the Grübler Fault system. Their 
mineralization was just suffi ciently rich that 
we could fi nd a few isolated clusters of cin-
nabar on dolomite-lined fi ssure walls. The 
size of the detail is 10 mm. Find and collec-
tion A. Rečnik – Photo: A. Rečnik

(right) Translucent dolomite crystals over-
growing cinnabar from the XIth level. The 
matrix is covered by light-brown kaolin-
ite crystals. This indicates that kaolinite is 
older than the cinnabar and dolomite. The 
specimen size is 15  x  20 mm. Find and col-

lection A. Rečnik – Photo: A. Rečnik
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(above and on the next page)
Ruby-red crystals of cinnabar on sparkling 
matrix of tiny transparent dolomite crystals 
from the mining fi eld Bilek on the XIIIth 
level. The morphology of these crystals is 
so complex that it seems virtually impossi-
ble to reconstruct. Countless stepped facets 
that modify the otherwise simple fl at rhom-
bohedral crystals are a consequence of re-
peated dissolution and recrystallization pro-
cesses that took place after the crystals were 
already formed. The central crystal on the 
photograph measures not more than 8 mm, 
and yet it radiates in enchanting red col-
or typical for Idrian cinnabar. Collection 

J. Klemenč ič  – Photo: A. Rečnik

(left) Rhombohedral crystal of cinnabar 
with a stripe of smaller crystals in the cavi-
ty of dolomite crystals. Detail 10 mm. IXth 

level. Find A. Rečnik – Photo: A. Rečnik
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White dolomite crystals intergrown with up to 2 mm large rosettes of cinnabar composed of several crystals slightly rotated with respect to 
each other. The reason for such growth is not known. The specimen dates back to 1900. Collection J. Zavašnik – Photo: A. Rečnik
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Globular aggregates of metacinnabar on calcite. Specimen size 4 x  5 cm. Natural History Museum in Vienna – Photo: A. Rečnik

METACINNABAR AND CALCITE

Metacinnabar is the cubic modifi cation of mercuric sul-
fi de and forms at higher temperatures than cinnabar. It 
is one of the specialties of the Idria ore deposit. Meta-
cinnabar was already noticed by HACQUET (1781), but at 
that time it was not yet recognized as an independent 
mineral. Later, SCHRAUF (1891) described intergrowths 
of metacinnabar and cinnabar and frequent twinning 
of metacinnabar, which was aggravating during the de-
termination of their morphology. He determined a rel-
atively high content of zinc in metacinnabar. It is known 
that the increased amounts of iron and zinc in HgS sig-
nifi cantly decrease the phase-transition temperature 

(DICKSON and TUNELL 1959). Metacinnabar crystals form 
up to 5 mm large, black, semispherical aggregates of me-
tallic luster. The most beautiful specimens were found 
at the IXth and Xth levels in mining fi eld Barbara and at 
the VIIth level of the blind shaft Lamberg (BERCE 1958). 
Its crystals from oolitic limestone in the Ruda ore body 
at the XIIth level were described in detail by MLAKAR and 
DROVENIK (1971). Fine-grained cinnabar crystallizes as 
the fi rst mineral on the fi ssure walls. Subsequently, cinna-
bar was covered by translucent to grayish prismatic crys-
tals of calcite. Metacinnabar crystallized on the top of the 
calcite crystals, and in the fi nal stage it was retrogradely 
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Metacinnabar globules on crystalline calcite 
from the 3rd stope of the Xth level, Delo shaft 
(formerly Joseph). The specimen goes back to 
the end of nineteenth century, when Austri-
an mineralogist Albrecht Schrauf studied Id-
rian metacinnabars. Specimen 90  x  65 mm, 
detail 30 mm. Natural History Museum in 

Vienna – Photo: A. Rečnik

(below) Arrays of metacinnabar globules 
with calcite crystals. Fresh metacinnabar is 
pitch black and that altered to cinnabar is 
rusty red. Detail 40 mm. Natural History 
Museum in Vienna – Photo: A. Rečnik
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Clusters of globular aggregates of metacinnabar with transitions to cinnabar, perched on fi ne crystalline calcite. Their matrix is pyritized 
crystalline Langobardian marly siltstone from Skonca beds. Individual globules measure 3 mm across. Shown is a detail from a 55 x  50 mm 

specimen. Find J. Gostiša. Mineralogical collection of the Faculty of Natural Sciences in Ljubljana – Photo: A. Rečnik
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Back side of the specimen shown on the previous page, densely covered by numerous clear crystals of calcite and tiny metacinnabar glob-
ules. The thickness of the siltstone slab crystallized from both sides is about 1 cm, which testifi es to the original density of the mineralized 

fi ssures. The detail shown on the photograph is 24 x  32 mm wide. Faculty of Natural Sciences in Ljubljana – Photo: A. Rečnik
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Epitaxy of cinnabar on metacinnabar

recrystallized to cinnabar. On unaltered metacinnabar 
crystals it is possible to recognize rhombic-dodecahe-
dral and tetrahedral forms; however, in most cases their 
surface is covered by a thin epitaxial layer of cinnabar. 
On the top of cinnabar occasionally developed a second 
generation of microscopic metacinnabar crystals, which 
is characterized by the presence twin lamellas paral-

Compact layer of pitch black metacinna-
bar crystals on the surface of mineralized 
limestone-dolomitic conglomerate from the 
Lamberg-Ruda mining fi eld on the IXth 
level. The host rock is cemented by cinna-
bar, which was probably the main source of 
mercuric sulfi de for crystallization of meta-
cinnabar in freshly opened fi ssures. Unal-
tered metacinnabar is considered a rarity. 
Shown is a 35 mm detail from a 13 cm spec-
imen. Mineralogical collection of the Munic-
ipal Museum of Idria – Photo: A. Rečnik

lel to the tetrahedral planes. The reason why cinnabar 
does not transform to metacinnabar during crystalliza-
tion of this otherwise higher-temperature polymorph 
lies in the incorporation of specifi c trace elements. 
Here, the coexistence of both polymorphs is enabled 
by the presence of zinc in the fi nal stages of crystalli-
zation. Depending on the amount of zinc, cinnabar and 

(left) Cubo-octahedral crystals of metacinnabar with a thin surface layer of epitaxial cinnabar. The orientation relationship between the 
metacinnabar and cinnabar is illustrated above. The other photograph (right) shows an octahedral metacinnabar crystal with a thick recrys-
tallization layer. The widths of the micrographs are 130 and 330 μm. Faculty of Natural Sciences in Ljubljana – SEM Photo: A. Rečnik
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Metacinnabar clusters partly overgrown by 
translucent calcite crystals on oolitic lime-
stone, Xth level. Detail 15  x 15 mm. Collec-

tion of J. Klemenč ič  – Photo: A. Rečnik

According to Schrauf (1891), the additional 
reason for the complex morphology is twin-
ning of metacinnabar. He measured several 
crystals of metacinnabar interpenetration 
twinned by {111} planes. Following this op-
eration cube {100} faces are brought in par-
allel with deltoid dodecahedral {221} faces.

Occasionally cinnabar completely replaces metacinnabar (left). Recrystallization occurs on the invasion of low-temperature solutions that 
trigger the phase transformation. Metacinnabar and its cinnabar perimorphs commonly occur in association with short-prismatic calcite 

crystals (right). The image widths are 380 and 250 μm. Faculty of Natural Sciences in Ljubljana – SEM Photo: A. Rečnik

metacinnabar can therefore crystallize practically at the 
same temperature. Botryoidal crusts comprising alter-
nating layers of cinnabar and metacinnabar were found 
on the calcite crystals in the vugs of Upper Scythian 
dolosparite in Grübler Fault zone form XIth to the XIIIth 
level (DROVENIK et al. 1991). In the Idria mine, there are 
no reports about the existence of the hexagonal high-

temperature polymorph of HgS, hypercinnabar (POTTER 
and BARNES 1978); however, it may be expected due to 
the high formation temperature of pyrobitumen (LAVRIČ 
et al. 2003). Lamellar twinning of metacinnabar (SCHRAUF 
1891; MLAKAR and DROVENIK 1971), could therefore be a 
consequence of polymorphic phase transition to either 
hypercinnabar or back to cinnabar.

Metacinnabar twin after Schrauf (1891)
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Short prismatic crystal of calcite with altered metacinnabar. The 
sutures on terminations run parallel with the primary rhombohe-
dron {104}. Crystal size is 0.5 mm – SEM Photo: A. Rečnik

Zoned grayish prismatic crystal of calcite on Lower Scythian oolitic limestone. Through the transparent bottom part of the crystal the un-
derlying fi ne crystalline cinnabar is visible. Crystal size 5 mm, specimen 12 cm. Municipal Museum of Idria – Photo: A. Rečnik

Calcite is the primary mineral in calcite-bearing rocks 
and is formed by local recrystallization of the constit-
uent limestone. It is found in higher dolomite levels, 
in vugs of the Lower Scythian dolosparite, in oolitic 
limestone and in the Langobardian claystone strata. In 
the vugs of dolosparite it occurs in the form of white 

or pale-yellow fl at rhombohedral crystals, which rarely 
exceed 8 mm. Much more frequent are the calcite crys-
tals in the fi ssures of dark-grey Lower Scythian oolit-
ic limestone or in Langobardian claystones. Here they 
occur in the form of translucent short prismatic crys-
tals with jagged terminations, densely overgrowing the 
fi ssure walls. In the mineralized zones, calcite crystals 
contain inclusions of cinnabar and are often accompa-
nied by black globules of metacinnabar. It is interesting 
that metacinnabar almost always occurs together with 
the prismatic type of the calcite crystals, which implies 
a certain relationship between the two minerals that is 
not yet understood. Older calcite crystals, common for 
the eighteenth and nineteenth century (HACQUET 1781), 
have a scalenohedral habit. They are often overgrown 
by younger prismatic calcite that is transparent.
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The morphology of calcite crystals form Idria. 
The crystal habit is defi ned by a prism and 

the fl at negative rhombohedron

Calcite crystals with protogenetic inclusions 
of cinnabar from the fi ssures in oolitic lime-
stone, XIIth level. The overall specimen size 
is 10  x  8 cm, with crystals measuring up to 
5 mm. Mineralogical collection of the Munici-

pal Museum of Idria – Photo: A. Rečnik
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An old specimen of scalenohedral-prismatic 
crystals of calcite. The primary crystals had 
a form of simple scalenohedron {214}, which 
were in the late growth stages homoepitaxial-
ly overgrown by younger prismatic crystals. 
Due to overgrowth the scalenohedra have a 
stepped appearance. Such specimens were 
typical for a period between eighteenth and 
nineteenth century. The specimen with the 
original label is from the mineralogical collec-
tion of the eighteenth century scientist Bal-
thasar Hacquet, who worked about 12 years 
in Idria. These crystals are described in his 
book Oryctographia Carniolica (1781). The 
specimen size is 12 x  8 cm. Collection of the 
Geological Museum of Jagiellonian University 
in Krakow – Photo: A. Rečnik
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(above) Calcite with cinnabar from tecton-
ic breccia in Langobardian limestone. The 
specimen shows a tectonic slide plane where 
fractured calcite crystals recrystallized and 
included precipitating cinnabar. Specimen 
size 12 x  8 cm. Hacquet's mineralogical col-
lection, Geological Museum of Jagiellonian 
University in Krakow – Photo: A. Rečnik

(right) Short prismatic crystals of calcite 
perched on massive cinnabar. The host rock 
is brecciated Langobardian limestone. Low-
temperature solutions transported only cal-
cite, while the cinnabar is only poorly recrys-
tallized. Detail 35 mm, specimen 9  x  11 cm. 
Geological Museum of Jagiellonian University 

in Krakow – Photo: A. Rečnik
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DOLOMITE AND QUARTZ

Dolomite and quartz belong to the primary minerals that 
formed by local recrystallization from the bedrock and 
were not brought into the system by ore brines. They 
crystallized in fi ssures along the tectonically shattered 
dolomite, that served as pathways for descending me-
teoric waters. In the process of dissolution and recrys-
tallization, simple rhombohedral or saddle-like crystals 
of dolomite developed in the vugs and open fi ssures. 
Leaching of the bedrock opened free paths for the per-
colation of other constituents from the bedrock into new 
opened fi ssures. At the temperature of the oil-window, 
hydrocarbons present in the bedrock started to migrate 
towards the open fi ssures, where they were mixed with 
heated meteoric waters and formed colloidal solutions. 
From such solutions quartz crystals do not grow on the 
fi ssure walls as usual, but rather homogenously precip-
itate within the whole volume until they gravitational-
ly deposit on the exposed surfaces when a critical size 

reached. Quartz crystals grown from non-polar colloidal 
solutions are usually doubly terminated. Often they are 
additionally twisted around the c-axis to form bow-tie 
like crystals and their clusters similar to those found in 
bituminous Triassic dolomites on other Slovenian local-
ities, e.g. Vojsko, Zadobje, Crngrob and Tur jak (REČNIK 
2007). Quartz crystals from Idria are usually not larger 
than a few millimeters. Doubly terminated crystals of 
quartz with bituminous matter were found perched on 
dolomite crystals in the Lower Scythian dolosparite in 
the Grübler Fault zone (DROVENIK et al. 1991), and re-
cently also in the main transportation gallery on the Xth 
level of the Delo shaft associated with calcite, cinnabar 
and mountain leather. Occasionally, dolomite was re-
placed by cinnabar during the infl ow of ore-rich brines. 
A good example of this process were pseudomorphs of 
cinnabar over saddle dolomite, found by F. Krantz from 
Bonn and described by VOSS (1895).

Simple crystals of dolomite with cinnabar, IXth level. Image width 15 mm. Find and collection A. Rečnik – Photo: A. Rečnik
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Clear crystals of quartz with lentiform calcite and cinnabar crystals on Lower Scythian limestone matrix. Black impregnations on the crys-
tals are bitumen, which indicates the presence of hydrocarbons during crystallization. In this association cinnabar is the youngest mineral. 

The size of the quartz crystal in the center is 2 mm. Find and collection J. Klemenčič  – Photo: A. Rečnik

Doubly terminated quartz crystals are typical for the growth from 
colloidal solutions, rich in hydrocarbons. During their nucleation 
the crystals homogenously precipitate on the open surfaces. Image 

width is approximately 1 mm – SEM Photo: A. Rečnik

Doubly terminated bow-tie crystals of quartz from the cavities in 
Lower Scythian dolomite, Xth level. Similar quartz crystals can be 
found in bituminous Triassic dolomites elsewhere in Slovenia. Size 
9 mm. Find and collection G. Velikonja – Photo: A. Rečnik



84

(above) Twisted dolomite crystals with cin-
nabar from the nineteenth century. Sad-
dle dolomite crystals are a consequence of 
inherent dislocations, which cause twisting 
according to the rules of trigonal symmetry. 
Detail 30 mm – Photo: A. Rečnik

(left) The specimen is from the nineteenth 
century Jaklin's collection, later acquired by 
F. Krantz fom Bonn. Detail 15 mm. It may 
be possible that pseudomorphs of cinnabar 
after saddle dolomite reported by Zepharo-
wich (1872) from the XIth level were from 
the same collection. Today in the Collection 
of V. Pavč ič  – Photo: A. Rečnik
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(right) Dolomite with tiny red crystals of 
cinnabar from IXth level, Delo shaft. Only 
a few years ago it was still possible to collect 
such specimens in mineralized fi ssures and 
cavities of Lower Scythian dolomite. Detail 
20 mm. Find and collection A. Rečnik – 

Photo: A. Rečnik

(above) Translucent crystals of dolomite on 
cinnabar from IXth level. The specimen size is 
7 x  8 cm; detail 15 mm. Find B. Stojanovič. 
Collection of the Natural History Museum 
in Ljubljana – Photo: A. Rečnik
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Large dolomite crystals on cinnabar from a 
vug of richly mineralized Langobardian dolo-
mitic conglomerate. The interior of the crys-
tals appears dull white to grey due to fl uid 
inclusions. The outer zone of the crystals is 
translucent. This nineteenth century speci-
men measures 80 x  37 mm. Natural Histo-
ry Museum in Vienna – Photo: A. Rečnik



87

Cinnabar with doubly terminated quartz 
crystal on fi ne crystalline dolomite in a vug 
of mineralized dolostone. The quartz crystal 
measures 5 mm, the size of the whole spec-
imen is 75 x  50 mm. Natural History Mu-
seum in Vienna. The specimen was bought 
in 1862 from Mr. Ernst Baader from Vien-

na for 20 fl orins – Photo: A. Rečnik
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Mountain leather (palygorskite) with cinnabar crystal from a small cavity in Scythian intraclastic dolosparite on the Xth level, Delo shaft. 
In addition to palygorskite, there were also several up to 10 mm long doubly terminated crystals of quartz and fragments of crystalline 
calcite and cinnabar. From the specimen shown above it is evident that the cinnabar crystallized after palygorskite. The size of the speci-
men is 22  x  12 mm. Find and collection G. Velikonja – Photo: A. Rečnik

Translucent crystals of brown kaolinite on dolomite and quartz from 
XIth level. The kaolinite is older than the calcite and cinnabar. De-
tail 10 mm. Find and collection J. Klemenčič  – Photo: A. Rečnik

SILICATE MINERALS

In addition to dolomite, calcite and quartz, also kaolin-
ite crystals and fi bers of palygorskite are found in the 
crystal-lined vugs of Lower Scythian dolostones (BER-

CE 1958). Palygorskite occurs in the form of white fi brous 
crystals and tangled mats, known as mountain leather, 
together with quartz and cinnabar in the vugs of Low-
er Scythian dolosparite. It belongs to older minerals in 
the paragenesis. Kaolinite occurs in the form of white 
or brownish translucent crystals with a distinct cleavage 
along the basal plane. It formed from a glassy tuff in an 
acidic swampy environment and was brought in the sys-
tem by descending meteoric waters. In larger quantities 
it was found in veins together with chalcedony in the 
Langobardian sandstones (MLAKAR and DROVENIK 1971) 
and in up to 15 m thick kaolinite sandstone beds in the 
lower part of the Skonca beds (DROVENIK et al. 1975).
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Mountain leather on mineralized dolomite from mining fi eld Talnina on the IVth level. In Idria palygorskite occurs in the form of fi bers en-
tangled into a few centimeters large cloth-like assemblies. It is found in fi ssures of silica-rich intraclastic dolosparite. In the past, this min-
eral has been also referred to as pilolite, xylotile or tuesite. The reason for the different designations is a quite variable composition. In the 
late 1990s we found mountain leather with quartz, calcite and cinnabar on the XIth level, Delo shaft. Specimen size is 13 cm. Find J. Čar. 

Mineralogical collection of the Municipal Museum in Idria – Photo: A. Rečnik

In mineralized fi ssures and vugs along the Grübler Fault system sand-yellow to light-brown crystals of kaolinite are found in association 
with dolomite and cinnabar. Kaolinite is considered a young member of the mineral paragenesis. Photographs show unaltered kaolinite 

crystals with an unknown silicate grown on dolomite. The size of the crystals is 20 μm. Find A. Rečnik – SEM Photo: A. Rečnik
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BARYTE AND CELESTINE

Baryte in the form of well-developed crystals is con-
sidered a mineralogical rarity in the Idria ore depos-
it. According to SCHRAUF (1891), the largest baryte crys-
tals measured up to 2 cm in width and were only 3 mm 
thick. They originated from a very old fi nd in the There-
sia shaft. He also found 5 mm transparent baryte crys-
tals at the VIth level of the Joseph (now Delo) shaft in the 
immediate vicinity of the fi ssures with metacinnabar 
crystals. Probably the best specimen of tabular baryte 
crystals from Idria is kept in the mineralogical collec-
tion of the Natural History Museum in Vienna. The crys-
tals measure up to 10 mm across and are extremely rich 
forms. They form various rosette-like intergrowths on 
fi ne-crystalline quartz matrix, covered by tiny reddish-
brown cinnabar crystals. Cinnabar is also present along 
the growth-zones of these crystals. In the last century 
this type of baryte crystals was never found again. DRO-

VENIK and coworkers (1991) reported on a fi nd of beau-
tiful baryte fl oaters from the Grübler ore body at XIIIth 
level. They determined two generations of baryte, of 
which the older is represented by white crystals with 

a simple rhomboidal appearance, while the younger 
baryte generation is transparent and rich in forms, indi-
cating slow growth from diluted solutions. The crystals 
did not exceed 2 mm. Baryte sporadically occurred also 
at the higher levels of the Scythian dolosparite. At the 
end of the 1990s, a miner Janez Klemenčič  from Kanom-
lja found a vug with small baryte crystals with calcite, 
quartz and cinnabar at the Xth level of the Delo shaft. 
The crystals have a similar habit to those from Grübler 
and show zonal growth. Their core is white, whereas is 
their outer zone completely transparent. A study of the 
specimens from crystal-lined vugs of the Grübler Fault 
zone revealed the presence of microscopic celestine 
crystals (DOLENEC et al. 2005). Celestine appears to 
be one of the youngest minerals in the paragenesis. It 
is younger than calcite, pyrite and cinnabar. The crys-
tals measure up to 20 microns across, and are covered 
only by nanocrystalline cinnabar. The source of stron-
tium for the formation of celestine could be hydrother-
mal (BERCE 1958), but it might also be remobilized from 
the neighboring rocks (DOLENEC et al. 2005).

Mining geologist Bojan Režun and supervisor Mirko Lukan calling the elevator at Delo shaft in 1994 – Photo: B. Kladnik
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Baryte is not very common in Idria. It is younger than quartz and calcite but older than cinnabar. On the photograph, the core of the crystals 
measuring up to 1 mm is white, while their outer zone is clear. Xth level, Delo shaft. Find and collection J. Klemenčič  – Photo: A. Rečnik

Microscopy of the samples from mineralized vugs in brecciated Lower Scythian dolomite of the Grübler Fault system revealed the presence 
of strontium sulfate celestine. Crystals of celestine measure up to 20 μm and appear similar to baryte. They are tabular on base pinacoid, 
as shown in the drawing (above right). The crystals are jagged on the edge of frontal pinacoid and they often form clusters. Celestine is one 
of the youngest members of the mineral paragenesis and is found on dolomite, calcite, cinnabar, pyrite and gypsum. Sometimes it is over-
grown by nanocrystalline cinnabar, as shown on the micrograph (left), where it is associated with white cubooctahedral crystals of pyrite. 
Another photograph (right) shows celestine crystals perched on a rough rhombohedral termination of calcite. Find T. Dolenec. Collection of 

the Faculty of Natural Sciences in Ljubljana. Widths of the images are 88 and 176 μm – SEM Photo: A. Rečnik

The morphology of baryte and celestine 
from Idria. Baryte crystals are dominated 
by base pinacoid {001} and prism {210}, 
contributing to their rhombic shape. The ce-
lestine crystals are fl attened by {001} and 
modifi ed by prisms. Often they have reen-

trant angles visible on the front pinacoid
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An exceptional specimen of baryte with cin-
nabar from Idria. Similar crystals of baryte 
were described by Schrauf (1891) from the 
Theresia shaft, but already then they were 
considered old. The uppermost label refers to 
the Joseph shaft; however, this is not noted on 
the older original label below. The specimen 
size is 70 x  50 mm. Collection of Natural His-
tory Museum in Vienna – Photo: A. Rečnik
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Baryte crystals from older fi nds have a ten-
der pink coloration due to banded inclusions 
of cinnabar. Morphologically they are quite 
similar to microscopic celestine crystals from 
Grübler. The crystals measure up to 10 mm 
and are 1 mm thick. The specimen is kept in 
the collection of the Natural History Muse-

um in Vienna – Photo: A. Rečnik
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MINERALS OF THE OXIDATION ZONE

The most abundant sulfate mineral in the ore depos-
it is gypsum. The vast majority of gypsum was present 
already before the formation of the ore deposit in the 
form of intrastratifi ed layers in the Upper Permian and 
Lower Scythian dolomite. Here, gypsum formed as a 
result of intense evaporation in a lagoon environment. 
The individual lenses measure up to 2 m in thickness 
and their lengths can be up to several tens of meters. 
In these lenses gypsum is fi ne grained and sporadical-
ly contains crystals of purple fl uorite (ČADEŽ 1977). Like 
in all sulfi de-ore deposits, also in Idria the sulfi de min-
erals oxidize and release sulfate ions, which react with 
the rock-forming and other ore minerals to form vari-
ous sulfates and vitriols. In Idria, most of the sulfate ions 
were produced by the decomposition of iron sulfi des in 

the overburden. Acidic sulfate ions from the oxidation 
zone are transported by descending meteoric waters 
through the strata of sedimentary rocks where they re-
act with the present minerals. One of the reaction prod-
ucts is gypsum. It forms in a reaction of descending sul-
fate ions with calcite. In open fi ssures and vugs fi lled 
with carbonate clay well-developed crystals of gypsum 
can be found. In a gray limestone at the Xth level, it is 
present in the form of slightly corroded, translucent, up 
to 4 cm long twinned crystals. In the fi ssures and vugs 
of the Lower Scythian dolomite it appears as the young-
est mineral of the paragenesis. The gypsum crystals in 
these cavities are sharp, water clear and usually smaller 
than 1 mm. Occasionally, they are overgrown only by the 
youngest generation of cinnabar.

Gypsum from Hacquet's collection of minerals. Geological Museum of Jagiellonian University in Krakow – Photo: A. Rečnik
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(on the previous page) Gypsum crystals
from a fi ssure in mineralized limestone-dolo-
mitic conglomerate. The crystals are covered 
by a thin layer of limonite, which is respon-
sible for the brown coloration of the speci-
men. The specimen with the original labels 
is from Hacquet's collection of minerals, 
which was founded during his employment 
in Idria (1766–1778). Specimen 8 x  9 cm. 
Geological Museum of Jagiellonian Univer-
sity in Krakow – Photo: A. Rečnik

In carbonate hosted sulfi de ore deposits gypsum crystallizes in reaction of sulfate ions with 
calcite from the host rock. It is commonly collected in clayey fi llings in open tectonic fi s-
sures that serve as open paths for oxidizing meteoric waters. Limonite, as the least mobile 
product of iron sulfi de oxidation, often accompanies gypsum. Until recently, it was possible 
to fi nd up to 3 cm long gypsum crystals in a fi ssure of Scythian limestone on the VIth lev-
el of Delo shaft. The photograph (above) shows a 2 cm long transparent crystal of gypsum 

in limonite. Find and collection G. Velikonja – Photo: A. Rečnik

Water clear crystal of gypsum on cinnabar in a dolomite-lined vug 
in Lower Scythian dolostone. Gypsum is one of the last minerals of 
the paragenesis and therefore it overgrows most of the minerals in 
usual associations. The crystals of gypsum in these vugs are rarely 
larger than 1 mm. Detail on the photograph measures 10  x  7 mm. 
Find and collection A. Rečnik – Photo: A. Rečnik

Corroded gypsum overgrowing dolomite rhombohedron. The crys-
tals on gypsum are cinnabar, which is a rather unusual situation. 
In the lower part of the micrograph are altered kaolinite crystals. 
The specimen comes from a vug in Lower Scythian dolostone on 
the IXth level of Delo shaft. Width of the detail is 1.2 mm. Find and 

collection A. Rečnik – Photo: A. Rečnik
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Long fi brous crystals of epsomite in an abandoned tunnel on the IVth level. Photographed in 2003 – Photo: B. Režun

In the Idria ore deposit, oxidation processes forming 
vitriols are still active today. The most widespread vitri-
ols are magnesium and iron sulfate-hydrates epsomite 
and melanterite. Their formation is related to the oxida-
tion of iron sulfi des and dedolomitization of the over-
laying dolomite strata. Iron and magnesium, which are 
leached from the host rocks by percolating meteoric wa-
ters react with the sulfate ions to form epsomite and 
melanterite (HERLEC et al. 2006). They crystallize from 
saturated solutions by water evaporation, similar to ara-
gonite stalactites in karstic caves. As vitriols are soluble 
in water, they quickly migrate into the lower parts of the 
ore deposit. According to BERCE (1958), epsomite covers 

the walls of newly dug tunnels in only a few weeks. It oc-
curs in the form of tender pearly-white fi brous crystals 
measuring several decimeters length. In poorly ventilat-
ed tunnels, impressive stalactite formations developed, 
consisting of various crystalline vitriols, most of which is 
epsomite. Melanterite occurs in the form of thick crys-
talline coatings and stalactites of translucent green, 
pink, yellow or brown color. The crystal grains of melan-
terite in dripstones measure up to 10 mm. The beauty 
of these crystalline formations can be admired only in 
the mine, because they need just the right moisture and 
temperature for their existence. Brought to the surface, 
the vitriols lose crystalline water and soon transform 
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Epsomite grows relatively rapidly on the 
walls of poorly ventilated tunnels and blind 
shafts. It forms by the reaction of acidic de-
scending waters with dolomite from the host 
rock. In the reaction with magnesium, sul-
fate ions cause dedolomitization of the rock, 
resulting in an abundant generation of ep-
somite. In a similar way other vitriolic salts 
are formed. The most common are hydrat-
ed sulfates of iron, such as melanterite, szo-
molnokite and siderotil. In addition to sil-
very fi bers growing on the humid dolostone 
outcrops epsomite also forms up to several 
meters high stalagmites

Photographs show up to 20 cm long aggre-
gates of fi brous epsomite in an abandoned 
tunnel on the XIth level on Delo shaft. Pho-

tographed in 2004 – Photo: A. Rečnik
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(above) A blind shaft Zergoller with rotting wood and epsomite stalagmites on the IVth level. – Photo: R. Podobnik (on the opposite 
page) 40 cm tall velvety yellow melanterite stalagmite on the VIth level. Photographed around 1988 – Photo: R. Vidrih

into dehydrated white sulfate powder. In the second 
part of the nineteenth century, the mineralogists devot-
ed a lot of attention to the vitriols from the Idria ore de-
posit. In addition to epsomite and melanterite, ZEPHA-

ROWICH (1893) described halotrichite, whereas SCHRAUF 
(1891) discovered the fi rst valid type-mineral from Idria, 
the iron sulfate-hydrate siderotil. The type-material was 
collected on the IVth level in the north-western part of 
the ore deposit. Siderotil occurs in the form of white or 
pale-yellow needle-like aggregates on green melanter-
ite crusts. Recently, we have determined another ferrous 

vitriol, szomolnokite, occurring together with pyrite and 
idrialine in Langobardian siltstone at XIIth level. In spite 
of a thorough research of the 19th century scientists, vit-
riols of mercury were never observed in the ore deposit. 
A canary-yellow mercuric sulfate schuetteite, however, 
can be found on the bricks of the mercury ore smelt-
ers. In Idria, it was fi rst described by SEYFRIEDSBERGER 
(1890). This supergene mineral crystallizes under highly 
oxidative conditions, which rarely occur in a natural en-
vironment. Commonly it forms on oxidation of cinnabar 
in sunlight (BAILEY et al. 1959). 
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A real surprise was the discovery of bluish 
vivianite crystals by the mineral collector 
Goran Velikonja from Idria. They occur in 
fi ssures of the Langobardian sandstone in 
the immediate vicinity of coral-ore beds on 
the IVth level. In spite of the fact that vivi-
anite was not yet described by the previous 
authors, it is an expected member of the 
oxidation zone in the phosphate-rich Skon-
ca beds. Based on this fi nd also some oth-
er phosphate minerals could be expected. 
A thin red vein of cinnabar winds through 
the matrix next to the vivianite cluster. The 
size of the larger crystal on the photograph 
is 2 mm. Find and collection G. Velikonja 
in 1994 – Photo: A. Rečnik

The morphology of vivianite crystals from 
Idria. They are fl attened by the side pina-
coid {010}, parallel to the cleavage planes of 
the mineral. Their simple habit is further 
defi ned by the front {100} and base {001} 
pinacoids. Other accessory forms are some-
what rounded. The crystals occur individu-

ally or in rosette-like groupings

In the samples of tectonically shattered Langobardian 
sandstone, located not far from the coral-ore stratum, a 
mineral collector Goran Velikonja from Idria found tiny 
bluish crystals of iron sulfate vivianite. It forms simple 
translucent crystals and crystal aggregates measuring 
up to 2 mm across. They cover open surfaces of the ore-
bearing sandstone. Since the nineteenth century it is 
known that the coral-ore is rich in phosphates (JAHN and 

KLETZINSKY 1780); however, no crystallized phosphate 
minerals were reported. According to the analyses, the 

shells of the Discina brachiopods consist of interchanging 
layers of calcium phosphates and carbonates (MLAKAR 
and DROVENIK 1971). Given the fact that ore solutions mi-
grated through these rocks, repositioning of phosphate 
components into the open fi ssures could occur. Under 
oxidizing conditions, the phosphate ions reacted with 
the ferric ions, released by the decomposition of iron 
sulfi des, to form vivianite. Given the prevalence of these 
basic components, we could expect a number of other 
interesting phosphate minerals in these beds.
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GEOLOGICAL AND TECHNICAL HERITAGE OF IDRIA 

After 500 years of mining history, the last batch of ore 
was excavated in 1995, and in 2009 the mine was fi nally 
shut down. Through all that time, many ore, fossil and 
mineral collections were formed. Collecting became 
very popular during the Enlightenment, when several 
renowned scientists were working in the territory of Slo-
venia. Many of these collections have been preserved 
until the present day. The famous researchers GIOVAN-
NI A. SCOPOLI (1723–1788) and BALTHASAR HACQUET 
(1739–1815) collected ores and minerals from the Idria 
mine as well as from other known Carniolan localities. 
Their contemporary, the founder of Slovenian mineral-
ogy, Baron SIGMUND ZOIS (1747–1819), also made a large 
collection of ore specimens from Idria. The most impor-
tant of all these collections is certainly the HACQUET’s 
mineral and ore collection, now at the Geological Mu-
seum of the Jagiellonian University in Krakow, Poland. 

His mineral specimens are not only well documented 
and preserved, but they are also described in detail 
in his monograph on the natural treasures of Carnio-
la (Oryctographia Carniolica 1781), which gives us an in-
valuable insight into the mining conditions and fi nd-
ings of mineral specimens of that time. Collecting kept 
pace with the bloom of the natural sciences in the nine-
teenth century. From this period, a part of the Idrian 
geologist MARK V. LIPOLD's (1816–1883) collection is 
preserved and displayed in the Municipal Museum of 
Idria in the castle Gewerkenegg. Along these known 
collectors, there were probably many other private col-
lectors that were forgotten over time, but fortunately, 
the very tradition of mineral collecting survived until 
today. Without the miners who kept some very precious 
specimens, it would not be possible to evoke the whole 
beauty of the Idrjian minerals presented in this book.

The old mining town Idria with castle Gewerkenegg in the background today – Photo: J. Peternelj
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A small part of the historical collections of ores and 
minerals is now incorporated within the Geological 
Collection of the Municipal Museum of Idria. A total of 
2,690 specimens are organized into geological collec-
tion of rocks and fossils of the Idria-Cerkno mountain 
range, a collection of ores from the Idria mine, and the 
mineral collection. The collection of ores includes pol-
ished cross-sections of all the syngenetic ore types that 
would be diffi cult to fi nd in the ore deposit today. Of 
particular interest within the collection are the miner-
als of Idria and the surroundings. Among many speci-
mens the visitors can see a nice sample of a Carbon-
iferous claystone with droplets of native mercury, an 
iron ball fl oating on mercury, and can try themselves 
how heavy the cinnabar-rich steel-ore is. The side show-
cases feature some old specimens of crystalline cinna-
bar and metacinnabar, the kind that any mineralogical 
museum would be proud of. Next to them are exhibit-
ed some elderly calcite crystals that could not be found 
in the mine after the nineteenth century. The exhibits 

are quite instructive for schoolchildren as well as for 
geology students. The latter can fi nd excellent mate-
rial for their science projects. A walk through the mu-
seum rooms in the sixteenth century Renaissance cas-
tle Gewerkenegg, built to serve as mercury and cereal 
storage and then became the main mine administra-
tion building, takes the visitors through the history of 
the town and acquaints them with all the famous peo-
ple that worked and lived in Idria through the centuries. 
Numerous black-and-white photographs let anyone feel 
the real beat of the town at the turn of the twentieth 

century, whereas exact models of timber fl oating, recon-
struction of underground shafts and tunnels, and repli-
cas of ore smelting give us a precious insight into the 
work involved with ore mining. The oldest part of the 
mine in the hinterland of Anthony's shaft is restored 
and accessible for visitors. The former mine facilities 
are now hosting many technical, geological and miner-
alogical exhibits that were preserved after the opera-
tion of the mine. The cornerstone of Antony's shaft was 

Gewerkenegg castle was built in the early sixteenth century. Today it hosts the Municipal Museum of Idria – Photo: A. Zelenc
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Backyard of castle Gewerkenegg. 
In the showrooms the visitors can see vari-
ous collections related to mining and the life 
of the Idrian inhabitants through its histo-
ry. The collection of ores and minerals from 
the Idria mine and other localities has more 

than 2,600 exhibits – Photo: A. Rečnik

In reminiscence of the life with mercury in 
Idria acad. sculptor Jožef Vrščaj construct-
ed an installation of a plexi-glass cube with 
fl oating bubbles of native mercury that defy 
gravity. It is displayed in the basement of 

the museum – Photo: A. Rečnik

(on the previous page) An abandoned tun-
nel with epsomite stalagmites on IVth level 
behind the blind shaft Zergoller at the end 
of the 1980s – Photo: B. Kladnik
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At the entrance to Anthony's tunnel the visitors can see an impres-
sive three-dimensional colored glass reconstruction of the tunnels 
on different levels of the mine. In the half-millennium-long history 
of mining over 700 km of tunnels and shafts were excavated to a 

depth of 36 m below the sea level – Photo: A. Rečnik

laid already in 1500, just a few years after the discovery 
of mercury in Idria, which makes it the oldest preserved 
underground object of the Idrian history. Visiting the 
very old tunnels leaves a lasting experience. Here we 
learn that in the early times the tunnels and shafts were 
hand-dug. The most skilled miners had to work a full-
day to excavate 15 cm of a tunnel. In expectation to hit 
a rich ore vein they often had to dig whether there was 
any ore in the rock or not. With the progress of mining, 
a new science about rocks was evolving, being able to 
predict ore occurrences and thus save some hard work 
to the miners. Because Antony's tunnel is dug into the 
unstable Carboniferous claystone, it had to be well sup-
ported by wooden timbers. No wonder why skilled car-
penters were always so highly prized in Idria. In 1766, 
the tunnel was reinforced with limestone blocks in 
order to assure long-time stability. For many centuries, 
the miners used Anthony's shaft to access the lower lev-
els of the mine. On passing through Anthony's tunnel, 
visitors will enter the oldest parts of the mine, whereas 
more recent tunnels, situated deeper underground, are 
no longer accessible. On the 1,200 m long walk through 
the mine, you will pass the original Carboniferous clay-
stone with native mercury, learn about the miners’ 
work, and see the former mining areas. The way through 
the mine is properly secured and suitable also for the 
youngest explorers.
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Systematic geological collection of the Idria and Cerkljansko area can be seen in the Mercury Mine Museum in Idria. The ore and rock 
samples of the Idria mine are classifi ed by individual lithological units – Photo: A. Rečnik

In conjunction with intensive geological research in the 
Idria mine in the twentieth century, a very important, 
specialized geological collection was built. The main 
aim was to gather and systemize all the rock and ore 
types of the Idria ore deposit and so preserve this part 
of the natural heritage for generations to come. The Id-
ria deposit is considered genetically and tectonically 
one of the most complex ore deposits in the world. It 
took decades of research to reconstruct its formation. 
The geological collection of the mine allows us to learn 
about the structure and characteristics of the host rocks 
and mercury ores found in the ore deposit. This col-
lection is important for understanding the geological 
processes during mineralization, while the particular 
specimens of rocks and ores helped geologists to re-
construct the formation of the deposit (ČAR 2010). Nowa-
days, the collection is displayed in the rebuilt mine ad-
ministration quarters. It is divided into seven subunits. 

The fi rst unit represents a lithostratigraphic collection 
of rocks of the Idria and Cerkno mountain range, which 
was at the time of mineralization tectonically highly ac-
tive and accompanied by intense volcanic activity dur-
ing the Middle Triassic. In that period, the major sed-
iments of the Idria deposit were being deposited and 
the rocks along the Idria Fault were mineralized. This 
is followed by the host rock samples from the ore de-
posit itself. Geologically, the most outstanding among 
these are the rocks from the mineralized Skonca beds. 
The mercury-bearing ore unit represents the core of 
the geological collection. It is divided into syngenetic 
and epigenetic ores classifi ed after individual litholog-
ical units. The very importance of this collection is the 
detailed documentation about the provenience of the 
specimens. The mineralogical collection is still sparse; 
however, in a collaboration with other museums, it will 
be possible to improve this in the future.
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DROVENIK M, PLENIČAR M & DROVENIK F: Nastanek 
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MIKLAVIČ B, REČNIK A & SCHMIDT G: Markazitno-piritne 
konkrecije z Matajurja. V: Nahajališča mineralov v Slo-
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25 (1982) 7-94.

POPE W: Extract of a Letter, lately written from Venice 
by the Learned Doctor Walter Pope, to the Reverend 
Dean of Rippon, Doctor John Wilkins, concerning the 
Mines of Mercury in Friuli. Philosoph. Transactions 
1-2/1 (1665) 21-26. 
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