KARBONOT, KALSIT. SILFURBERG
& NICOL-PRISMU

CARBONATES, CALCITE, ICELAND

WHOLE MOUNTAIN CHAINS CONSIST OF CARBONATES, AS IN THIS EXAMPLE FROM THE SwiSS ALPS, SIEBENHENGSTE (SEVEN STALLION MOUNTAIN), BERNER OBERLAND.
THE LIMESTONE ROCK IS FORMED OF MARINE CALCAREOUS ORGANISMS, SUCH AS CORALS (RIGHT).
MyNDIR / PHOTOS: MARTIN GASSER ¢ TERRY HUGHES

SPAR AND NICOL-PRISMS

THERE IS A MAGMATIC FORM OF CARBONATE-RICH ROCK, CALLED CARBONATITE (> 50% CARBONATES).
OL DoiNYo LENGAI VOLCANO IN TANZANIA IS THE ONLY ONE KNOWN TO HAVE ERUPTED CARBONATITE IN HISTORICAL TIME.

LEerT: ERUPTION IN 1966 AND CRATER IN 2011 oF OL DoiNYo LENGAI vOLCANO. THE LAST ERUPTION WAS IN 2007/2008.
RiGHT: THE CARBONATITE OUTCROP IS SITUATED AT THE KAISERSTUHL MOUNTAIN IN GERMANY. VOLCANIC VENTS WHICH WERE ACTIVE 19-16 MILLION YEARS AGO ARE EXPOSED TODAY, DUE TO RAPID EROSION.
MyNDIR / PHOTOS: WIKIPEDIA €& MARTIN GASSER 2006

KARBONOT

Karbénét eru steindir par sem einn eda fleiri malmar tengjast kolsyru-jéninni CO3. Pekktar eru um 60 karbonatsteindir,
flestar p6 mjog sjaldgaefar. Um 4% jardskorpunnar eru ar karbonétum, adallega kalstumsambéndum. Karbonatsteindir
eru mjog mikilvegar fyrir lifriki hafsins og hafa ébeint dhrif 4 magn grédurhusalofttegunda { andramsloftinu. Skeljar
margra lifvera eru gerdar ar kalsiti og aragoniti, svo og kérallar. Pessar lifverur binda koldioxid ar hafinu, sem par med
getur dregid til sin aukid koldioxid Gr andrimsloftinu. Helstu karbonatsteindir sem finnast hér 4 landi eru somuleidis
kalsit og aragonit. Bddar eru kalstumkarbonét en kristallagerdin er élik. Heilir fjallgardar erlendis eru ar karbonétum,
einkum svokolludum kalksteini ordnum til tr sjavarseti. Slik setlog finnast ekki 4 Islandi. Vid ummyndun breytist kalk-
steinninn { marmara, sem hefur verid notadur { byggingaridnadi 6ldum saman. Kalsit er langalgengasta karbonatsteindin,
en 6nnur demi um per eru siderit (jirnkarbonat) og délémit (kalstum-magnesiumkarbonat).

KaLsiT (KALKSPAT) - CALCITE CACO3
KRISTALGERD / CRYSTAL FORM: TRIGONAL
HarkA / HARDNESS: 3
EbpLISPYNGD / SPECIFIC GRAVITY: 2,7

THE CRYSTAL STRUCTURE OF CALCITE. CALCIUM ATOMS ARE BLUE,
CARBON ATOMS ARE GREY AND OXYGEN ATOMS ARE RED.

hluti setbergs a meginléndunum, en finnst ekki hér.

BLOCKY FORM OF CALCITE WITH OBLIQUE FACES FROM HOFFELLSDALUR, SW ICELAND.
STARD SYNIS / SAMPLE SIZE 36X27 CM. ON THE RIGHT A CALCITE CRYSTAL IS SEEN IN A MICROPHOTOGRAPH OF A THIN SECTION FROM BASALT
IN THE BREIDDALUR VALLEY. THE CRYSTAL WHICH HAS A PINKISH COLOR IN POLARIZED LIGHT, GREW

AS A CAVITY FILLING IN THE ROCK DURING ITS ALTERATION BY GEOTHERMAL FLUIDS.
MynD / Proro: CHRISTA M. FEUCHT 2005.

MyND / PHOTO: GRETAR EIRIKSSON

KaLk oG SEMENT CAO
Kalstumoxid (CaO, brennt kalk) er uppist6duefnid { steinlimi og sementi. Pad faest med pvi ad hita upp kalsit { ofni svo
ad koldioxid rjuki burt. Vid byggingu fyrstu hisa tr steini 4 Islandi var notast vid innflutt kalk, en Egill Egilsen kaup-
madur { Reykjavik gerdi 4 dttunda 4dratug nitjdndu aldar tilraunir til ad nyta kalsit Gr 20um sem fundist h6fdu i Esju
nalegt Mégilsd. Petta hrdefni var flutt padan { kalkbrennsluofn vid Arnarhdl, og islenska steinlimid var fyrst auglyst til
s6lu 1876. Reksturinn st6d ekki undir sér, og lagdist nidur eftir prji ar

ICELAND SPAR FROM HOFFELLSDALUR, NEAR THE TOWN OF HOEN.,
SW ICELAND.
STARD SYNIS / SAMPLE SIZE 24x21 cM.

MyND / PHOTO: GRETAR EIRIKSSON

ICELAND SPAR FROM HELGUSTADIR NEAR THE TOWN OF
Eski1FJORPUR, EASTERN ICELAND. IT IS KNOWN FOR ITS CONSPICOUS
PROPERTY OF DOUBLE REFRACTION. A LIGHT RAY PASSING THROUGH

ICELAND SPAR IS SPLIT INTO TWO WAVES OSCILLATING AT RIGHT
ANGLES TO EACH OTHER. WHEN A CRYSTAL OF ICELAND SPAR
IS PLACED UPON A PRINTED PAGE, TWO IMAGES OF THE LETTERS
ARE SEEN.

STARD SYNIS / SAMPLE SIZE 4,5X6 cM

MyND / PHOTO: GRETAR EIRIKSSON

A DIAGRAM FROM THE 1669 EsSAY OF RAsMUS BARTHOLIN, SLIGHTLY
MODIFIED. THE EYE LOCATED AT X SEES TWO RAYS COMING FROM
THE DOT A. A THEREFORE APPEARS AS TWO DOTS - B AND C.

IF THE CRYSTAL IS ROTATED, THEN ONE DOT (C) IS STATIONARY
WHILE THE OTHER (B) ROTATES.

SILFURBERG

Silfurberg er vatnstert afbrigdi af kalsiti. Pad myndar fallega kristalla, algeng form peirra eru ymist skdteningar eda
skalenéeder (med prihyrndum oddfl6tum). Kristallar sem finnast eru jafnan mattir ad utan og oft paktir geislasteinum.
Silfurberg md kljufa i skiteninga med 105° og 75° hornum milli hlidanna, og fletirnir hafa glergljda. Pegar horft er
gegnum teera kristalla, sjdst tver myndir vegna tvofalda ljdsbrotsins. Visindamennirnir Erasmus Bartholinus { Danmorku
og Christiaan Huygens { Hollandi birtu merkar athuganir 4 pessum og 6drum eiginleikum silfurbergs fra Helgustédum
{ Reydarfirdi 4 seinni hluta 17. aldar. Pad 4cti sidan patt { framférum 4 ymsum svidum ndctdruvisinda frd um 1780,
einkum vegna hlutverks sins { tzkjum til rannsékna 4 og med ljési.

ICELAND SPAR

Iceland spar is a highly transparent variant of calcite. It forms crystals whose shapes are commonly either rhomboidal or
scalenohedral (with triangular facets). When found, the crystals have matt surfaces, often overgrown with zeolites. Ice-
land spar can be easily split into rhomboids with a vitreous lustre, having angles of 105° and 75° between the sides. When
one looks through a clear crystal, two images are seen due to its double refraction. The scientists Erasmus Bartholinus in
Denmark and Christiaan Huygens in Holland published important observations on this and other properties of Iceland
spar from Helgustadir in Reydarfjordur, East Iceland, in the late 17th century. Iceland spar contributed significantly to
progress in various fields of the natural sciences from around 1780 onwards, in particular through their use in essential
components of certain optical instruments.
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Kalsit er ein algengasta holu- og sprungufyllingin i islensku bergi, og pad kemur oftast fyrir
umhverfis rofnar megineldstodvar. Stersti kristall af pvi sem lyst var { ndmunni vid Helgustadi
{ Reydarfirdi, mun hafa verid um 6 x 3 m ad sterd. Kalsit er algeng steind { bergi myndudu ur
fornum setlogum, einkum kalksteini ar skeljum sjavardyra. Pesskonar kalksteinn er um tiundi

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 very rare. About 4% of the Earth’s crust consist of carbonates, predomi-
nantly 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 calcite and
aragonite, as do corals. These organisms therefore take carbon dioxide from the sea, which can then absorb more more
carbon dioxide from the atmosphere. The principal carbonates found in Icelandic rock formations are also calcite and
aragonite. Both are calcium carbonates, but they differ in their crystal structure. Entire mountain chains abroad are built
out of mineralized carbonate sediments, called limestone (not found in Iceland). Metamorphic processes convert lime-
stone to marble, a rock used in building industries for centuries. Calcite is by far the most common carbonate mineral;
other examples include siderite and dolomite.
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CALCITE RHOMBS FROM HUSAFELL, WEST [CELAND.
STARD SYNIS / SAMPLE SIZE 8,5%24 CM.

LeErT: COMMON SHAPES OF CALCITE CRYSTALS DRAWN WITH THE SYMMETRY AXIS VERTICAL.
FROM LEFT TO RIGHT: RHOMBOHEDRON; SCALENOHEDRON; RHOMB + SCALENOHEDRON; SCALENOHEDRON + PRISM.
RiGHT: THE ATOMS IN CALCITE. THE CALCIUM ION CA2+ IS BONDED TO THE CARBONATE ION CO3 2-

MynND / PHOTO: GRETAR EIRIKSSON

Calcite occurs widely in Iceland as an alteration mineral, in the shape of amygdales and veins in the
host rock. It is most often found in the vicinity of eroded central volcanoes. The largest documented
single crystal of calcite in the Helgustadir quarry site in Reydarfjérdur, East Iceland was described
as being about 6 x 3 m in size. Calcite is a common constituent of sedimentary rocks, especially
limestone which is formed from the shells of marine organisms. Such limestone formations make up
approximately 10% of sedimentary rocks in continental regions, but they do not occur in Iceland.

LENTICULAR TWINNED CALCITE CRYSTAL ON QUARTZ FROM THE EasT FJORDS.

STARD SYNIS / SAMPLE SIZE 8X8 cM A PLATY VARIANT OF CALCITE ON ALTERED ROCK FROM THE CORE OF THE BREIDDALUR

o e CENTRAL VOLCANO (ACTIVE ABOUT 9 MILLION YEARS AGO).

MyND / PHOTO: MARTIN GASSER

LIMESTONE AND CEMENT CAO
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. In the first stone buildings in Iceland, imported quicklime was
used. In the 1870s a Reykjavik merchant attempted to replace this material by mining calcite from veins in the nearby
Esja mountain. A lime kiln was constructed in the downtown area, but its product did not turn out to be competitive.

The enterprise was abandoned after three years.
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NicoL PrisMA

Silfurberg er ekki bara fallegt, heldur hafa par uppgotvanir
sem gerdar voru med pvi 4 timabilinu 1780-1930 haft bein
ahrif 4 margt pad sem vid pekkjum { nitima samfélagi.
Framférum 4 sumum mikilvegum visinda- og tekni-
svidum ({ lj6sfredi, lifrenni efnafredi, edlisefnafredi,
kristalla-, steinda- og bergfradi og vidar) hefdi t.d. seinkad
um d4ratugi ef silfurberg hefdi ekki verid til taks 4 pessu
arabili. Helgustadi sem voru lengst af eina ndma hageda
silfurbergskristalla, md pvi telja merkasta stad landsins
{ alpjédlegu samhengi.

Nicol-prismu eru ein merkasta uppfinningin sem byggir 4
silfurbergi. Pau voru buin til { pasundatali 4 19. 6ld, eftir
a0 W. Nicol fann pau upp 1829, og eru enn { framleidslu
pétt svokalladar Polaroid-pynnur hafi frd um 1940 tekid
vid sumum hlutverkum peirra. Prismun eru gerd tr tveim
fleygum af silfurbergi, limdum saman. Litid 4 myndina:
ljésbylgja kemur frd vinstri og skiptist { tvo skautada geisla
{ tyrri silfurbergsfleygnum. Annar geislinn kemst { gegn-
um limflétinn, og hefur sveiflustefnu sem er pekkt og ma
sntia. Hinn geislinn speglast frd liminu og er ekki notadur.
Prismad kemur ad notum badi vid ad breyta dskautudu
ljosi { skautad lj6s, finna sveiflustefnu skautads ljoss, eda
deyfa pad ad vild. Algengustu melitekin sem Nicol-pris-
mu gegndu lykilhlutverki { frd um 1850, voru af nokkrum
mismunandi gerdum: ljéssniningsmealar (polarimeters),
skautunarsmasjar, ljésstyrksmaelar (photometers), ymsir
litamalar (colorimeters), og hdhitamelar (pyrometers).
Silfurberg kom einnig ad notum vidar, til demis { yfir 30 4r
sem kvardi vid greiningu rontgengeisla i bylgulengdir, enda
hafdi pad fullkomnustu kristallabyggingu allra nittaru-
legra efna.

Of langt yrdi ad utlista hér allar par uppgotvanir sem
silfurberg 4tti patt i, eda viotek 4dhrif margra eirra.
Neagir ad nefna, ad par komu vid s6gu ymsir af pekktustu
raunvisindamoénnum heims 4 19. og 20. 6ld, medal peirra

A. Fresnel, M. Faraday, ].C. Maxwell og A. Einstein.
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NicoL pPrism

Iceland spar crystals do not only look nice: scientific dis-
coveries made with their aid directly influenced the de-
velopment of modern society. Progress during the peri-
od 1780-1930 in various important fields of the natural
sciences and technology (for instance in optics, organic
chemistry, physical chemistry, crystallography, mineralogy
and petrology) would have been delayed by decades if Ice-
land spar had not been available at that time. As the sole
supplier of first-class spar crystals for scientific purposes,
Helgustadir may therefore be considered the most valuable
location in Iceland in an international context.

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.
They are still in production, although so-called Polaroid
sheets have since 1940 replaced them in many applications.
A Nicol prism is made from two wedges of spar which are
joined together by a thin coat of glue. In the diagram, a
wave of ordinary light coming from the left is split into
two polarized rays on entering the first wedge. The ray
passing through the glue has a known direction of oscil-
lation, which can be rotated arbitrarily. The other ray is
reflected from the glue, and is generally not made use of.
In addition to converting unpolarized light into polarized
light, a Nicol prism can be used for finding the direction
of oscillation in a polarized beam, and for attenuating its
intensity. The most common types of optical instruments
which contained Nicol prisms as key components were:
polarimeters (including saccharimeters), petrographic mi-
croscopes, photometers (including spectrophotometers),
various colorimeter devices, and optical pyrometers for
measuring high temperatures. Other functions of Iceland
spar included its use as a standard in the spectroscopy of
X-rays, due to its perfect structure.

[t would take up too much space to explain all the discov-
eries in which Iceland spar played a direct or indirect role.
Some of these had wide-ranging consequences, including
achievements by world-famous scientists of the 19th and

20th centuries such as A. Fresnel, M. Faraday, J.C. Max-
well and A. Einstein.

LES KRISTJANSSON
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