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Scientific discoveries made with the 
aid of Iceland spar from Iceland di-
rectly influenced the development 
of modern society. Progress since its 
discovery in the 17th century until 
1930 in various important fields of 
the natural sciences and technology  
would have been delayed by decades 
if Iceland spar had not been available 
at that time. As the sole supplier of 
first-class spar crystals for scientific 
purposes, Helgustaðir in Reyðar-
fjörður may therefore be considered 
the most valuable location in Iceland 
in an international context.

Carbonates

Carbonates are minerals in which one or more 
metals form compounds with the carbonic acid 
radical CO3. About 60 carbonate minerals are 
known, most of them are rare. About 4% of 
the Earth’s crust consist of carbonates, pre-
dominantly calcium compounds. Carbonate 
minerals are highly important to the ecosystem 
of the oceans, and they have an indirect effect 
upon the quantity of greenhouse gases in the 
atmosphere. Shells of many organisms consist 
of carbonates, as do corals. These organisms 
take carbon dioxide from the sea which absorbs 
carbon dioxide from the atmosphere. 

Calcite

Calcite (CaCO3)  is the most common car-
bonate on Earth: The main constituent of 
the sedimentary rock limestone is calcite. It 
also occurs as a secondary alteration min-
eral (cavity fillings) in the host rocks. This 
form of calcite is common in Iceland, most 
often found in the vicinity of eroded cen-
tral volcanoes. The most famous example 
of calcite is Iceland Spar from the mine of 
Helgustaðir in Reyðarfjörður. 

Figure 2

Whole mountain chains consist of  
carbonates, as in this example from the  

Swiss Alps, Sigriswilergrat  and Niederhorn 
mountain, Berner Oberland. The limestone 

rock is formed of marine calcareous  
organisms, such as cora ls.  

By Martin Gasser.

Figure 1

Iceland spar showing its double  
refractio n effect. The words Takk fyrir   
(“Thank you” in icelandic) appear twice ,  

it is written only once below  
the crystal. 

By Leó Kristjánsson

Figure 3

The biggest still existing Iceland spar  
(Calcite) is from Helgustaðir mine,  

Reyðarfjörður East Iceland and has  
a weight ~300 kg.  IT HAS BEEN ON DISPLAY AT  
THE  NATUR AL HISTORY MUSEUM IN LONDON,  
(FORMER NAME “THE BRITISH MUSEUM”) SINCE  

IT WAS ACQUIRED IN THE 1870S.  
By Peter Tandy.

Carbonates are a common constituent of sedi-
mentary rocks, especially limestone, which is 
formed from the shells of marine organisms. 
Such limestone formations make up approxi-
mately 10% of sedimentary rocks in continen-
tal regions, and form entire mountain chains, 
for example in the Alps (figure 2). There is no 
limestone in Iceland. Calcium oxide (CaO, 
quicklime) is the principal component in the 
mortar and cements of the building industry. 
It is obtained by heating limestone to several 
hundred degrees. 

Carbonates are very common as secondary 
minerals, also in Iceland. 

A third ocurrence of carbonates is  magmatic 
form of carbonate-rich rock, called a carbon-
atite (> 50% carbonates).  Ol Doinyo Lengai 
volcano in Tanzania is the only one known to 
have erupted carbonatite in historical time, last 
erupted in 2007/ 08.



Iceland spar 

Iceland spar is a highly transparent variant of 
calcite (figures 1 and 3). It can be easily split 
(figure 4) into rhomboids with a vitreous lus-
tre, having angles of 105° and 75° between the 
sides. When one looks through a clear crystal, 
two images are seen due to its strong double 
refraction. 

The Helgustaðir quarry in Reyðarfjörður, 
East Iceland is famous worldwide as the type 
locality (first discovered location) of a highly 
transparent variety of calcite crystals, where 
from around 1780, it got the name „Iceland 
Spar“. Its unusual properties (double refrac-
tion and more) were first described by the 
Danish scientist Erasmus Bartholinus on pre-
viously unknown crystals from Helgustaðir 
in 1669 (figure 12). 

William Nicol 
1770 –1851

was a Scottish geologist and physicist. He in-
vented the Nicol prism (figure 6), the most 
effective device for obtaining plane-polarized 
light, in 1829, constructed from Iceland Spar. 
He made his prism by bisecting a parallelepi-
ped of Iceland spar along its shortest diagonal, 
then cementing the two halves together with 
Canada balsam. Light entering the prism is 
refracted into two rays, one of which emerges 
as plane-polarized light. Nicol prisms greatly 
facilitated the study of refraction and polariza-
tion, and were later used to investigate molecu-
lar structures and optical activity of organic 
compounds. Nicol also invented making of 
thin sections of crystals and rocks for micro-
scopical study. Figure 7 shows a thin section of 
basalt rock under cross-polarized light.

Nicol prism 

Nicol prisms represent the prime application of 
Iceland spar. Thousands of these prisms were 
produced in the 19th century, following their 
invention by W. Nicol in 1829 (figure 5). They 
are still in production, although so-called Po-
laroid sheets have since 1940 replaced them in 
many applications. The light going through 
the prism is converted from unpolarized light 
(oscillates in 360° = all directions)  into polar-
ized light (oscillation in only one direction). In 
addition to converting unpolarized light into 
polarized light, a Nicol prism can also be used 
for finding the direction of oscillation in a po-
larized beam, and for attenuating its intensity 
(figure 6).

Some common examples of optical instru-
ments which contained Nicol prisms as 
key components were: polarimeters, used 
in chemistry and biology (figure 9), pet-
rographic microscopes, used in geology to 
analyze rocks (figure 10), and photometers 
used among others in astronomy (figure 11), 
including spectrophotometers (figure 12). 
Other functions of Iceland spar included its 
use as a wavelength standard in the spectros-
copy of X-rays, due to its most perfect lattice 
structure of all natural materials.
 

Figure 6

Drawi ng showing the effect on light  
while going through a Nicol prism 

that is made from two wedges of Ice-
land spar which are joined together by 
a thin coat of glue.  A wave of ordinary 
light coming from the left is split into 

two polarized ra ys on entering the 
first wedge:  o-ra y and e-ra y. The ra y 

passing through the glue (e-ra y) has a 
known direction of oscillation, which 
can be rotated arbitrari ly. The other 
ra y is reflected from the glue, and is 

genera lly not made use of.

Figure 4

Technicians splitting Iceland spar crys-
tals down into prisms to use them in 

optical devices, picture probably taken 
in the beginning of the 20th century. 

Halle, 1963.

Figure 5

William Nicol
By Ward 1806 

Figure 7 

Part of a basalt thin section.



Many studies using Iceland spar had wide-
ranging consequences, including achieve-
ments by world-famous scientists from the 
17th to the beginning of the 20th century.   

Examples are:

Chemistry

• Fundamental knowledge of the nature of carbon’s 
valency bonds

• The three-dimensional structure of molecules, 
and the nature of bonds between their atoms

• Kinetics of chemical reactions; chemical equilibria

• Initial development of new classes of materials, 
e.g. silicones

• Chemical analysis by light absorption in solutions 
(Beer’s law) and by light emission in flames

• Chemistry at high temperatures monitored by 
optical pyrometry

Biochemistry, biology, medicine

• Biochemical research on polysaccharides 
(e.g. cellulose), medicines (e.g. quinine, atro-
pine), addictive drugs (cocaine, morphine), 
poisons (nicotine, strychnine), proteins,  
chitin, nucleic acids, colloids, hemoglobin etc.

• Research into metabolic processes (fermen-
tation, digestion)

• Diabetes: diagnosis, symptoms, and treatment 

• Research on vision, especially color blindness

• Studies with polarizing microscopes on for 
instance muscle and nerve fibers, bones, eyes, 
teeth, shells, eyes, liquid crystals (e.g. leci-
thine, cholesterol) in animal tissues, natural 
textile fibers, and so on.

• Research leading later to factory produc-
tion of substances like essential oils, vanilline, 
starch syrup, synthetic fibers, and various 
medicines.Mineralogy, geology,  

material sciences

• For decades from ~1880, polarized-
light microscopy was a prime method 
in research on the composition, origin 
and subsequent metamorphism of 
minerals and rocks. This furthered 
understanding of geological processes, 
facilitated the search for mineral 
resources, and improved recovery, as 
well as developing industrial materials 
such as cement and abrasives

• Liquid crystals, now the basis of 
computer and TV screens

• Deformation of engineering materi-
als under stress (photoelasticity)

Physics

• The effect of magnetic fields on light dis-
covered by M. Faraday in 1845 was a major 
point of support for J.C. Maxwell’s electro-
magnetism

• The scattering of light by small particles, 
which among other things led to an explana-
tion of the blue color of the sky in 1869-71 

• Various experiments to measure the velocity 
of the Earth through the aether, both before 
and after A. Einstein’s relativity paper of 1905

• A wide range of notable astrophysical 
observations and discoveries

• Tests of the application of quantum theory 
to atomic structure and processes  (e.g. pho-
toelectricity)

• Research into very rapid phenomena; 
measurements of the speed of light

• Involvement in early methods of picture 
transmission and television

• Development of new polarizing materials 
to partly replace Nicol prisms

Several Nobel prizes in the fields of physics, 
chemistry, astronomy, biology and medicine 
depended much on the use of Nicol prisms 
(produced from Iceland Spar from Iceland), 
for example the Nobel prizes to the German 
chemist Emil Fischer in 1902 (Synthesis of 
sugars and other organic compounds) or to the 
Swiss chemist Alfred Werner in 1913 (Coordi-
nation bonds, a new concept in chemistry). 

Figure 8

High technology 
tools like computers 
and cell phones that 

are very common in 
the Western coun-

tries. together  
with Iceland spar  
crystals: The con-

nection between the 
tools and crystalls 

is not obvious, but 
the knowledge we 
have today is built 

on research and 
achievements with 
the help of Iceland 

spar until the begin-
ning of the 20th 

century.



Some instruments containing Nicol prisms  
(produced from Iceland Spar)

The most important scientists that changed 
the world with the help of Iceland spar

An accurate half-shade polarimeter for labo-
ratory measurements of optical rotation in 
organic liquids, such as essential oils or so-
lutions of sugars, alkaloids etc. This instru-
ment, designed around 1885, contains two 
standard Nicol prisms made from Iceland 
spar, and one small one. Struers, 1925.

Dutch scientist. He was a very productive 
scientist who among other things argued that 
light was a wave (portrait from the engraving 
following the painting of Caspar Netscher 
by G. Edelinck around 1685). A chapter in 
his book on light “Traité de la lumière” from 
1690, describes various properties of Iceland 
spar and presents a valid model of its double 
refraction (title page of the publication be-
low). Below on the right a drawing from this 
thesis, showing the composition of Iceland 
spar in atoms.

Danish scientist and doctor, (portrait from 
1688, unknown artist). He was the first to 
describe the double refraction in Iceland spar 
crystals from Reyðarfjörður and published an 
essay on this phenomenon in 1669 (below) in 
Latin, which was the science language at that 
time. Below on the right an Iceland spar draw-
ing from Bartholinuś s essay.

Typical microscope 
from 1902 to study 
minerals and rocks. 
There were two 
Nicol prisms made 
of Iceland spar in a 
microscope like this. 
Kile, 2003

An observatory telescope c. 1890, incorporating 
Zöllner’s astrophotometer. These instruments 
(and similar ones invented by E.C. Pickering) 
were used for decades at many observatories 
for measuring the magnitudes of thousands of 
stars. Newcomb-Engelmann, 1921.

The König-Martens spectrophotometer was 
developed around 1900 and produced com-
mercially for decades. A light beam coming 
from the left is dispersed by a glass prism at 
the bend, and the relative intensity of the vari-
ous colors is measured using a Nicol prism and 
a Wollaston prism, both of Iceland spar. The 
instrument found wide use in research and in-
dustry. Weigert, 1927.

Christiaan 
Huygens 

1625-1698

Erasmus 
Bartholinus 
(Rasmus Bartholin) 
1629-1695
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French engineer and physicist (portrait by  
A. Tardieu). He  expanded Huygens’ wave theory 
of light, especially by proving that the wave mo-
tion in a light ray is transverse to its direction of 
propagation. Around 1820 he derived theoreti-
cal equations governing the diffraction of light, 
propagation of light in crystals, reflection of light 
at interfaces, and other optical processes. His der-
ivations were confirmed experimentally by him-
self and others, leading to the general acceptance 
of the wave theory by scientists.

The spiral structure of quartz, suggested by 
Fresnel in order to explain its optical activity 
and confirmed by X-ray studies more than a 
century later, Wahlstrom 1969.

English chemist and physicist. He investigated 
important aspects of the magnetic properties 
of Iceland spar. In 1845 he found with the aid 
of Iceland spar prisms that magnetic fields af-
fected the passage of light through materials.

Replication of Faraday’s experiment of 1845, 
as illustrated in Handbuch der Physik, vol. 
16, 1936. Equipment for studying the Fara-
day magneto-optic effect (1845), i.e. rotation 
of the plane of polarization of light in mate-
rials placed in a magnetic field. Light from 
the flame on the left is made linearly polar-
ized with a Nicol prism inside b. It then passes 
through a glass rod surrounded by the current 
coils N and M. Another Nicol prism at a meas-
ures the resulting angle of rotation of the plane 
of polarization.

French biochemist. His first major scientific 
discovery concerned the changes in polar-
ized light produced by aqueous solutions of  
certain organic compounds. This led to a new 
understanding of the nature of carbon com-
pounds. He  demonstrated in 1848 that aque-
ous solutions of mirror-image tartrate rotated 
the polarization direction of light respectively 
to the left and to the right. Subsequently, 
Hoff and LeBel suggested in 1874 that three-
dimensional chemical bonds of carbon could 
form mirror-image molecules. In this case it 
is the amino acid alanine (below).

Augustin
Fresnel 

1788-1827

Louis
Pasteur 

1822-1895

Isaac
Newton 

1642-1726

Michael 
Faraday 

1791-1867

English physicist (portrait by Sir Godfrey 
Kneller in  1702). He made major contribu-
tions to several fields of science. The view that 
light was a stream of particles was presented 
in his book “Opticks” in 1704 (below). It was 
believed in by most scientists until the early 
19th century, and then abandoned because 
it offered no credible explanation of various 
phenomena such as double refraction.

Figure 17Figure 15 Figure 18Figure 16



German chemist who discovered the peculiar 
optical properties of so-called liquid crystals 
in 1889 and carried out comprehensive inves-
tigations on them for 30 years. Polarized light 
was quite essential in this research, which has 
for instance resulted in the development of 
f lat TV screens and displays.

Strange patterns exhibited by liquid crystal 
specimens, when viewed in a polarizing mi-
croscope under varying conditions.

German, Swiss and US physicist. He proposed 
alternative theoretical foundations for various 
physical phenomena where previous theories 
had not accounted satisfactorily for observa-
tional results. Some of these observations had 
involved Iceland spar; it was also used in many 
experiments aimed at verifying Einstein’s pre-
dictions and at applying them to new situations 
in physics.

Equipment used in 1915-20 for verifying one 
prediction of Einstein’s quantum theory of ra-
diation. X-rays are generated in the glass bulb 
at the top. They are then reflected by the crys-
tal C (often Iceland spar) to the detector I. The 
change in direction of the rays is a measure of 
their energy.

Sunstone  
and Iceland spar

Around 1968 it was suggested that seamen 
in the North Atlantic during the Viking age 
could, by looking upwards through crystals 
of Iceland spar or of certain other miner-
als, find the direction to the sun, even if it 
was hidden in clouds or below horizon. This 
method was supposed to have aided in esti-
mating the course of a vessel and/or its loca-
tion. The idea is that the light from a clear sky 
is to some extent polarized in such a way, that 
the direction of the ocscillation in light arriv-
ing to an observer from  the zenith is related 
to the direction from him to the Sun. The 
arguments produced so far in support of this 
„sunstone“ theory and the potential useful-
ness of the method in Viking navigation are 
rather inconclusive.

Albert 
Einstein 

1879-1955

Otto 
Lehmann 

1855-1922

James Clerk 
Maxwell 

1831-1879

Scottish physicist. He proposed in 1862-65  
that light waves consist of electrical and 
magnetic oscillations. This idea was in part 
based on experiments with polarized light 
and Iceland spar by himself and M. Faraday. 
It gained support gradually during the next 
quarter-century, to some extent due to obser-
vational evidence involving Iceland spar. The 
electromagnetic theory forms the basis for 
modern physics and for a wide range of major 
technical achievements in the 20th century. 

Maxwell’s theory about the characteristics of 
light: Electric (E) and magnetic (B) fields in 
an electromagnetic wave in free space. The 
wave is travelling in the direction of the z axis.

Figure 21Figure 19 Figure 20



Figure 24

French sailors  
(company Matelots) 
of the vessel „INDRE“  
in Helgustaðir mine 
in 1886. After Sigur-

jónsdóttir 2000,  
by Henry Labonne.

In 1910 the farmer of Hoffell farm, close to 
Höfn in Southeastern Iceland, discovered a site 
yielding good Iceland spar crystals, at 500 m 
altitude on a mountainside. This is the only 
other known locality with high quality Iceland 
spar in Iceland. A quantity of spar was recov-
ered there in the following years and exported, 
however access to both the site itself and trans-
portation facilities was much more difficult 
than at Helgustaðir, Reyðarfjörður. The ex-
porting of spar from Hoffell was discontinued 
during World War I but then resumed from 
1921. No mining has taken place at Hoffell 
since 1925, except calcite for the coatings of the 
National Theatre around 1933 and 1938-39 to 
provide materials for the main building of the 
University of Iceland.

Small amounts of optical-quality Iceland spar 
crystals were mined sporadically in 1900-1940 
outside Iceland, for instance in the Crimean 
peninsula, in California, Montana and New 
Mexico of the U.S., in the Harz mountains 
of Germany, and in Spain. For a couple of 
decades from about 1920, shipments from the 
Kenhardt district of South Africa dominated 
the market, leading to discontinuation of 
operations at Helgustaðir. Other deposits of 
Iceland spar were later discovered in various 
locations worldwide, such as in the Chihua-
hua area of Northern Mexico which has been 
a significant supplier since 1942. 

The importance of Iceland spar was primarily 
due to its unique optical properties. In this 
respect, it could not be replaced adequately 
by any other natural or man-made materi-
als. However, so-called Polaroid sheets which 
were invented in the early 1930s, have with 
subsequent improvements served as a practi-
cal substitute for Iceland spar components in 
a range of applications.

The Helgustaðir quarry in Reyðarfjörður is 
famous worldwide as the type locality (first 
discovered location) of a highly transpar-
ent variety of calcite crystals. The quarry  
(figures 23 and 25) is an open pit in a forma-
tion of altered basalt lavas, about 30 m wide 
at 90-100 m above sea level.  A small brook 
called Silfurlækur (Silver stream) runs beside 
the pit. The glistening crystals carried down 
the hillside by the brook probably caught the 
attention of passers-by centuries ago. 

Organized mining of crystals for export 
began in 1855 (on a small scale a few years 
earlier), and different operators were mining 
until 1914. After a mining break of around 
6 years the state sponsored in 1920 renewed 
activities at Helgustaðir in Reyðarfjörður, in-
cluding the digging of an 80-m long tunnel 
to below the quarry pit. Some tons of crystals 
were recovered up to 1924, partly from this 
tunnel. Operations then  ceased, apparently 
due to the arrival on the market of Iceland 
spar crystals from South Africa. Leftovers 

were then used in the 1930s and later for coat-
ings on buildings in Iceland. (A detailed opera-
tor list is on figure 22).

From 1930 and onward, a technique in build- 
ing industry was developed that allowed fine- 
grained minerals and rocks to be utilized as 
outer wall coating. In lack of good paint, this 
technique soon became popular. Several build-
ings in Reykjavík are still coated like this. 
The most famous buildings are the University 
of Iceland (main building) and the National  
Theatre. The first named was refitted with a 
new roughcast in 1995 with calcite from north-
west Iceland, the latter underwent the same 
process 2006/2007 with calcite from Breiðda-
lur valley, Eastern Iceland. Both locations do 
not contain Iceland spar of any noteworthy 
quality. See also map, figure 26.

In 1975 the Helgustaðir quarry and its imme-
diate surroundings were listed by the Ministry 
of Education as a protected site. Since then, 
removal of any crystals from there has been 
prohibited.

Figure 25

The quarry of Helgustaðir mine in July 2015, 
by Rolf Tschumper.

Figure 23

View from Helgustaðir quarry to the 
west into the fjords of Reyðarfjörður 

(left) and Eskifjörður (right).

Iceland Spar Mining

Figure 22

Operators of the Helgustaðir quarry

Thomsen kaupmaður - merchant, Seyðisfjörður: ~1850

Svendsen kaupmaður - merchant, Eskifjörður: 1855-60, Iversen ~1862

Carl D. Tulinius kaupmaður - merchant, Eskifjörður: 1863-72

The State: 1882 (supervision: Þorvaldur Thoroddsen)

The State: 1885 (supervision: Tryggvi Gunnarsson)

Carl D. & Thor E. Tulinius - Eskifjörður/Copenhagen: leased 1895-1910

French entrepreneurs*): contract 1910-20, stopped after 1914

The State: 1920-24 (supervision: Helgi H. Eiríksson)

Research Council: 1946-47 (minor yield) 

Various operators: 1933-60 (calcite from tailings)

*) The lease was awarded to two Reykjavik businessmen,  
whose contract was soon transferred to a French company  

directed by Consul-general J.P. Brillouin. 
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Figure 26

Geology and Iceland spar/Calcite  
mining locations in Iceland 

by Martin Gasser: 

He

Hs

HoMg

Ak

Dd

Blue: Late tertiary, bedrock older than 3,3 mio years.
Green: Late Pliocene/Early Pleistocene, bedrock 0,8-3,3 mio years old.

Pink: Active volcanic belt, bedrock younger than 0,8 mio years. 

Calcite and Iceland spar mines are marked on the map. 
The biggest ones are Helgustaðir (He) and Hoffellsdalur (Ho), in other locations where  

some amounts of impure calcite: Djúpidalur (Dd), Akrar (Ak), Mógilsá (Mg) and Höskuldsstadasel (Hs).

Main Reference
KRISTJÁNSSON, L., 2015.  

Iceland spar and its influence on the development  
of science & technology in the period 1780-1930. 

Notes and References. Report JH-02-2015,  
University of Iceland.


