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Sammanfattning 
 
Kopparmineral under mikroskop 
Anna Hjeltström 
 
Ur många perspektiv är koppar en viktig metall i det moderna samhället. Den hittas i 
allt från smycken till elektronik. Av denna anledning så är det viktigt för geologer att 
kunna utveckla effektiva metoder för identifikation, karaktärisering, utvinning och 
bearbetning av koppar. En metod för att identifiera kopparhaltiga mineral är 
malmmikroskopi vilket har använts i denna uppsats och med en generell introduktion. 
Prover från den geovetenskapliga institutionens samling, Långban och Månhöjden 
har blivit undersökta samt dokumenterade och beskrivs i detalj. Arbetet inleds med 
en introduktion om kopparens historia, geokemi samt malmbildande processer. 
 
Nyckelord: Koppar, Mineral, Kopparsulfid, Malmgenes, Mikroskop. 
 
Institutionen för geovetenskaper, Uppsala universitet, Villavägen 16, 752 36 Uppsala 
 
 
 
 
 
 
Abstract 
 
Copper minerals under the microscope 
Anna Hjeltström 
 
From many perspectives copper is a very important metal for the modern society. It 
can be found in everything from jewellery to electronics. For this reason it is very 
important for geologists to be able to develop efficient methods for identification, 
characterisation, extraction and processing of copper. One method for the 
identification of copper bearing minerals is ore microscopy which has been used in 
this paper along with a general introduction. Samples from the study collection of the 
Department of Earth Sciences and the area of Långban and Månhöjden have been 
examined, documented and described in detail. The thesis begins with an 
introduction to the history and geochemistry of copper along with some ore forming 
processes. 
 
Key words: Copper, Mineral, Copper sulphide, Ore genesis, Microscope. 
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1 Introduction 
The world’s demand on copper is high and it is used in many different ways such as 
in electronics, plumbing, jewellery etc. In short, copper plays a major part in our 
everyday lives as it did for our ancestors and it will surely continue to do so for future 
generations. An extensive literature on copper exists, ranging from its geochemistry 
to history and mineralogy. Copper occurs in nature in its native form but mostly the 
metal is bonded in sulphide minerals. If the minerals are economically viable to 
extract they are called an ore and it is these mineralisations that are mined. Since 
copper may occur as different minerals in a variety of assemblages, it therefore 
needs different processes depending on the circumstances. The first step in the 
extraction of copper is a correct identification of the minerals and their paragenesis. 
To do this a microscope with reflected light is needed, a so called ore microscope, 
since all ore minerals are more or less opaque. In Långban over 270 different 
minerals have been identified and many of them are extremely unusual. In this report 
one of the samples is from Långban, one from Månhöjden and two are from the study 
collection of the department of Earth Sciences at Uppsala University. 

The purpose of this study is to describe a selection of key copper 
sulphide minerals and their assemblages and outline how to recognize and 
characterize them under the ore microscope. An introduction to reflected light 
microscopy is therefore necessary, as well as a guide to the most important and most 
common copper bearing minerals. The study also provides a brief outline of history of 
copper as well as its geochemistry, mineralogy and ore geology. 

2 Literature study 

2.1 The history of copper 
As stated in Enghag (2000), copper, and gold, were the first metals used by humans. 
Findings of native copper in jewellery have been dated to almost 9,000 years in age. 
Excavations in former Yugoslavia reveal copper mining from around 4000 BC. This 
was long before the Romans exported copper ore to e.g. Egypt. Later, around 3000 
BC, it was widely known how to extract and process copper and the age of metals 
had begun. In North America, Native American Indians used copper in jewellery, 
ornaments, tools, weapons and needles.  
 In the early days people were satisfied with simply collecting the pieces 
of native copper or malachite that were found loose on the ground, but when this 
supply began to peter out, there was no option left but to start digging. This marked 
the beginning of proper mining and the particulars of copper laid the foundation of 
metallurgy. 
 The next step was the development of alloys. The most important alloy 
with copper is bronze, with roughly 10% tin and 90% copper. Findings of bronze have 
been made from 3000 BC but there are indications of bronze being used in Thailand 
even earlier. Bronze is harder than copper and was therefore more useful in 
weaponry and armour. 
 In Sweden the export of copper from the Falu copper mine laid the 
foundation for the increased economic power of Sweden in the 17th century. For 
centuries Falun was the richest copper deposit in the world and in 1650 Sweden 
supplied two thirds of the world’s copper consumption. In the late 19th century new 
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discoveries of copper ores were made around the world and the dominance of the 
Falu copper mine ceased (Enghag, 2000). 

 

Figure 1. History of copper production during 5000 years (Hong et al., 1996, with permission 
from The American Association for the Advancement of Science). 

2.2 The chemistry of copper 
Copper can exist as a native element in water under certain circumstances in terms 
of pH and Eh. In a near surface environment one can expect CuO or Cu2O (figure 2) 
to be the stable phase(s), i.e. minerals (Amcoff & Holényi, 1992).  
 Copper is a metal and belongs to the same group as gold and silver, 
though it is less noble. It has high electro negativity and is sulphophilic which means 
that it gladly combines with sulphur. It is sometimes found in oxidised copper-rich 
sulphide ores. Here the upper part of the ore becomes strongly oxidised so that 
primary CuFeS2 (chalcopyrite, the most common copper mineral) transforms into 
Fe2O3 (hematite), SO4

2- and Cu2+ (aq) ions. The copper ions are then leached 
downwards and when they reach the level where the oxygen activity level is too low 
for copper oxides to form, and the sulphur activity is still too low for copper sulphides 
to form, native copper may precipitate (Amcoff & Holényi, 1992). Native copper can 
also be found in mafic lavas, an SiO2-poor environment. Reactions between these 
rocks and water can result in environments that are strongly reduced. 
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Figure 2. Pourbaix diagram of copper in distilled H2O. Constructed and based on 
calculations. 

2.3 Sulphide ore-forming processes 
The term ”ore” is defined in terms of economic profitability of metal extraction from 
mineral assemblages (Evans, 1993).  

Sulphide minerals often form as a result of hydrothermal processes. For 
example, they may occur in replacement deposits or in hydrothermal veins. The 
economic value of sulphide minerals can be great and the number of different 
species is around 600, including related phases such as sulfarsenides, arsenides 
and tellurides. These constitute the X in the general formula MpXr, (where X can also 
be sulphide ion(s)). The M is a metal or a semimetal (Nesse, 2009). 
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2.3.1 Volcanogenic massive sulphide deposits (VMS) 
In the most common association of this deposit type, pyrite is the main mineral with  
varying amounts of important metals such as copper, lead and zinc with minor silver 
and gold. Mafic volcanism, which forms oceanic or back-arc spreading ridges 
primarily give rise to the metals zinc and copper. Felsic volcanism, a part of later 
island arc evolution, typically gives rise to deposits of copper, zinc, lead and 
sometimes they carry gold and silver as well (Evans, 1993).  

Of all the known volcanogenic massive sulphide deposits, 80% are 
relatively small, ranging between 0.1 to 10 Mt in size. This does not necessarily mean 
that these deposits are not economically profitable to extract; a deposit can be big 
and poor or small and rich and VMS-deposits characteristically carry relatively high 
metal grades. However the mineralogy of VMS deposits does not vary much. They 
usually consist of around 90% iron sulphides, pyrite and/or pyrrhotite. The associated 
copper mineral is chalcopyrite and sometimes bornite. These copper minerals, 
especially chalcopyrite, increase and are found towards the footwall and in complex 
vein systems in the ore. They are rarely banded unlike zinc-rich sections (see for 
example Evans, 1993). 

2.3.2 Porphyry copper deposits 
These copper deposits are typically large cylindrical stockworks of low grade which 
can carry molybdenum as a by-product and locally with gold and silver also worth 
extracting. The grade varies between 0.4 – 1% copper, with sizes up to 1,000 million 
tonnes and sometimes above. Thus, one very special feature of this type of deposits 
is their large dimensions, compared with other hydrothermal orebodies. This implies 
that enormous amount of fluids, hydrothermal solutions, penetrated both the parent 
pluton and the country rocks. The fact that porphyry coppers exhibit crackle 
brecciation, with filled fractures forming a complex vein system, is an indication that 
some of the fluids originated inside the host pluton since it is thought that these 
brecciations are the result of boiling and rapid release of volatiles (Evans, 1993). 
 Porphyry copper deposits can be divided into two groups depending on 
the accessory metal; copper-gold deposits and copper-molybdenum deposits. The 
associated environment is an orogenic zone, or close to one. Since they normally 
have a very low grade, some of these deposits are only mined where they have been 
enriched by weathering processes (Stanton, 1972). 

2.3.3 The Kupferschiefer type deposit 
The Kupferschiefer is an example of a sediment-hosted sulphide deposit type. It has 
been mined for almost 1,000 years in Germany and is of late Permian age (Evans, 
1993). The name Kupferschiefer means “copper slate”. The copper bearing horizon 
varies from 0.3 meters to 4 meters in thickness. The slate covers a large area of 
north-central Europe. It has been mined for base metals and silver in certain areas, 
but mainly for copper (Vaughan et al., 1989). The concentrations of copper only 
exceeds 0.3% in 1% of the entire formation (Evans, 1993). Thus, most of the 
formation is sub-economic because the concentration of metal is too low or because 
the slate is too thin, however, there are a few places where the Kupferschiefer 
reaches ore-status (Vaughan et al., 1989).  
 Evans (1993) described the setting in which the Kupferschiefer was 
formed in as “...first marine transgressions over continental deposits...”  and that it 
consists of “... thin alternating layers of carbonate, clay and organic matter with fish 
remains which give it a characteristic dark grey to black colour.”. The Kupferschiefer 
has been influenced by the depositional environment of the host rock and underlying 
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strata, giving rise to different types of mineralisation. What they all have in common is 
that the metals may have been fixed as sulphides by bacteriogenic processes.    

Economic concentrations of the Kupferschiefer are found in four different 
types of mineralisation in four different places; Poland, England and two in Germany. 
The first type can be exemplified by the English Marl Slate. It is a weakly mineralised 
type with a content of base metals around 100 ppm. Some studies imply that the 
mineralisation is synsedimentary. The second mineralisation has a content of base 
metals of around 2000 ppm. Based on studies from a German example it has been 
noted that the underlying strata of the Kupferschiefer have a strong influence on 
which type of mineralisation will form and hence which metals can be derived. The 
third type of mineralisation reaches ore grade and has a content of base metals of up 
to 3% while the fourth type formed much later and is genetically distinct from the 
other types. The fourth type is probably of hydrothermal origin and contains phases 
rich in Co, Ni, Ba, As and Ag (Evans, 1993). 

The copper minerals of the Kupferschiefer are; bornite, chalcopyrite, 
chalcocite, covellite and idaite. The minerals that are economically profitable to 
extract are found either in the weakly oxidised or in the weakly reduced zone. 
(Vaughan et al., 1989). 

2.3.4 Supergene enrichment 
Copper has been a very important element for mankind for millennia. The most 
important copper ores have historically been the supergene enriched ones. 
Supergene enrichment occurs when the upper part of an ore body or mineralisation 
comes into contact with oxygen-rich water. The water oxidizes the upper part of the 
ore, resulting in leaching of metals. The metals are then transported further down into 
the mineralisation until they reach the water table. Here they encounter more 
reducing conditions which results in precipitation of minerals (in the primary ore). 
Copper minerals forming in this zone are e.g. covellite and chalcocite. A few typical 
reactions are shown below (Faure, 1998). The suggested reactions below are from 
Evans (1993). 
 
PbS + CuSO4  CuS (covellite) + PbSO4  

5FeS2 + 14CuSO4 + 12H2O  7Cu2S (chalcocite) + 5 FeSO4 + 12H2SO4 

CuFeS2 + CuSO4  2CuS (covellite) + FeSO4 

The properties (mineralogy, textures, host rock(s), structures including 
amount of brittle deformation etc.) of the primary ore body strongly influence how the 
supergene copper enrichment turns out. For example, copper will be more efficiently 
leached when the primary mineralisation has a high content of pyrite since the pyrite 
will contribute to the production of sulphuric acid.  

For an event like this to occur a non-glaciated land area is required, 
mostly because the water table has to be quite deep and the ground level has to 
erode slowly (Evans, 1993). 

2.4 Copper minerals 
Of the copper ores of the world, only about 1% is native copper while 9% are made 
up of copper oxides and hydroxides and 90% of copper sulphides (Enghag, 2000). 

The stability of metal sulphides is more controlled by temperature than 
by pressure. If temperature and pressure are fixed, a maximum of five phases can 
exist at the same time in a system with three components according to the phase 
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rule. However, in nature temperature and pressure will vary and therefore a 
maximum of three co-existing phases will normally be seen (Amcoff & Holényi, 1996). 

Room temperature relations in the Cu-Fe-S system (Figure 3), 
abbreviations: cp: chalcopyrite, bn: bornite, cc: chalcocite, dg: digenite, cv: covellite, 
an: anilite, id: idaite, h: haycookite, t: talnakhite, m: moohekite, cb: cubanite, tr: 
troilite, py: pyrite, po: monoclinic low-temperature pyrrhotite. 

Figure 3. Phase diagram showing the three-component Cu-Fe-S system at low 
temperature. The connection lines are so called tie-lines, they connect phases 
which are in equilibrium with each other under certain conditions (Amcoff & Holényi 
(1996) modified from Craig, J.R. and Scott, S.D. (1973) in Sulfide Mineralogy Min. 
Soc. of America. Short course notes. CS 58 – CS 75). 
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 Table 1. Copper minerals in different environments (Modified after Amcoff & Holényi 
(1996)): 
Name Formula 
Copper minerals in the Cu-Fe-S system  
Chalcopyrite CuFeS2 

Chalcocite Cu2S 
Covellite CuS 
Bornite Cu5FeS4 
Cubanite CuFe2S3 

Native copper Cu 
  
Major copper minerals in volcanic-subvolcanic deposits  
Chalcopyrite CuFeS2 

Cubanite CuFe2S3 

Bornite Cu5FeS4 

Less common  
Tennantite (Cu,Fe)12As4S13 
Tetrahedrite (Cu,Fe)12Sb4S13 
  
Major copper minerals in sediment-hosted deposits  
Bornite Cu5FeS4 

Chalcocite Cu2S 
Covellite CuS 
Naive copper Cu 
Cuprite Cu2O 
Tenorite CuO 
  
Major copper minerals in oxidised ores  
Chalcocite Cu2S 
Covellite CuS 
Naive copper Cu 
Cuprite Cu2O 
Tenorite CuO 
Malachite Cu2(CO3)(OH)2 

Azurite Cu2(CO3)2(OH)2 

  

2.5 Ore microscopy 
The term “ore microscope” can be misleading since such microscopes are not solely 
used to study ore minerals, but are in fact used in the study of all opaque minerals, 
i.e. not transparent minerals. All ore minerals are typically opaque, more or less, yet 
that does not automatically mean that all opaque minerals are ore minerals, nor does 
it mean that all ore minerals are opaque. 

An ore microscope differs from a petrolographic microscope; a petrologic 
microscope uses transmitted light so that one can see through the minerals while an 
ore microscope uses reflected light, since the minerals are opaque. In a petrologic 
microscope the opaque minerals, or ore minerals, appear black, and vice versa with 
non-opaque minerals (Craig & Vaughan, 1994).  

The most important parts of the microscope are: the polarizer and 
analyser, rotatable stage, objectives, oculars, reflector and light source (Ineson, 
1989).  

The polariser allows only linear light to pass through and is normally 
positioned perpendicular to the analyser. When they are crossed one can detect 
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anisotropy and extinction, although it is sometimes easier to detect anisotropy when 
one of them is shifted a few degrees away from the completely crossed position 
(Craig & Vaughan, 1994).  

The stage must be positioned perpendicular to the beam path of light and 
be centred relative to the objectives (Ineson, 1989). It is necessary that the stage is 
rotatable when studying bireflectance, reflection pleochroism and anisotropy. 
However, it can be distracting to the eye when one is looking at a grain with weak 
anisotropy and the stage is rotated when there are a lot of surrounding grains with 
strong anisotropy. Also the movement itself can be a distraction. Then one may 
consider fixing the stage and only moving the analyser or the polariser a few 
degrees, or one can adjust one of the diaphragms in order to focus on only one grain 
(Craig & Vaughan, 1994).  

The objectives are naturally a very important part and they can be put 
into three different categories according to their lenses; achromat, apochromat and 
fluorite. What they all have in common is that they correct for spherical aberration; 
the achromat for one colour, apochromat for two and fluorite something in-between 
those two (Ineson, 1989). They also correct for chromatic aberration and here the 
achromat corrects for two colours and the apochromat for the primary spectral 
colours. Achromat is the cheapest and hence the most widely used, apochromat is 
more expensive and to get the most out of it, adapted oculars are needed. Fluorite is 
in between these two, it is better than achromat but not as good as the apochromatic, 
it also requires specially adapted oculars to attain the best result (Ineson, 1989).The 
objectives can be used in two different mediums. One type has air between the 
objective and the sample, a so called ”dry” lens, these are the most commonly used 
objectives today. For opaque microscopy, i.e. reflected-light microscopy, this can give 
a distorted image and it is actually better suited for transmitted-light microscopy. A 
better method for reflected-light microscopy is to use immersion, the medium is then 
usually an oil with a refractive index of 1.515 but it can also be water or more 
common fluids such as glycerol. A short summary of the benefits with the immersion 
objective lenses is given in Ineson (1989, p.6): “These special lenses reduce the 
reflectance of the mineral, increase the colour differences, reduce the diffuse light 
scattering and permit the observation of weak anisotropy and bireflectance.”.  

The microscope can have one (mon-) or two (bin-) oculars. It is 
preferable to have binocular microscope since it is more relieving for the eyes, and 
the two eyepieces should be positioned in such a manner that the fields that you see 
combine into one perfect circle (Ineson, 1989). To magnify the image further, given 
from the objective, the oculars have some magnification in them; normally between x 
5 and x 12, 8x or 10x is most common (Craig & Vaughan, 1994). One of the oculars 
should also have a crosshair to use as a guide or a reference point, not at least 
useful, or a must, when looking at extinction angles (Ineson, 1989).  

To get the light down onto the sample a reflector is needed, and the light 
that is reflected from the sample must be able to come up again through the objective 
and the oculars so that the sample can be observed. There are three different types 
of reflectors and in two of them the reflected light from the sample has to pass 
through the reflector. Preferably 100% of the light reflected from the sample should 
reach the eye. However, this is not possible: with a 45° plane-glass reflector around 
19% of the light from the light source is received through the oculars, the rest is lost. 
With a Smith reflector even less light is received. But an isotropic sample will look 
completely dark under crossed polarisers since the light is reflected on plates at a 
22.5° angle and not 45°. The third reflector is a totally reflecting prism and around 
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50% of the light reaches the oculars. With this the light will hit the sample at an angle, 
reflect at an angle onto the objective and pass behind the prism. If one is using a 
conoscopic method of observing, the polarisation figure will be halved since the other 
half is blocked by the prism (Craig & Vaughan, 1994).  

Last but not least, the light source. There are several different lamps to 
choose between, but it is still very common that one puts in a blue filter between the 
light source and the objective. The reason for this is to make the temperature of the 
colours of the mineral look more natural, otherwise there are a lot of yellow tones 
stemming from the lamp. Ineson (1989) goes as far as to state that “possibly one of 
the most frequent errors in ore microscopy is not to pay sufficient attention to the 
alignment of the light source.” 

3 Methodology 

3.1 Ore microscopy  
An introduction to practical ore microscopy has been given by Erik Jonsson, 
SGU/UU, and Tables for the determination of common opaque minerals by Spry & 
Gedlinske (1987) has been used for the identification of minerals. 

 

Figure 4. Classification of Common Opaque Minerals. The chart used in the 
identification of minerals (Spry & Gedlinske, 1987). 

When using a reflected light microscope to study ores it is not always straightforward 
to determine what one is looking at, for this reason it is important to have a clear work 
protocol to support one’s efforts, particularly in the case of beginning microscopists.   
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Methodologically, the procedure that I used was as follows: firstly, the 
colour was observed. Secondly, it was determined whether or not the mineral 
exhibited bireflectance or reflection pleochroism, whether the mineral was anisotropic 
and finally whether it had any internal reflections. These observations were then 
applied to the chart (figure 4) which assisted in the process of identifying each 
mineral. Other observations that are necessary but not included in the chart (figure 4) 
are hardness, twinning and associated minerals; these are key observations as well 
and they are often necessary for a correct identification of the minerals. 
 

4 Locality description 
Långban 
Långban is a very special locality in Värmland, south central Sweden, being one of 
the most mineralogically diverse places on Earth. Over 270 different minerals have 
been identified out of which Långban is the type locality for 70. Långban even has “its 
own mineral”, one named in the 19th century, Långbanite and the other one in 2011, 
Långbanshyttanite. The Långban mines were worked already in the Middle Ages and 
were mined from that time up until 1972. 
 Långban is part of Bergslagen ore provinces which was an area of active 
volcanism 1.89 billion years ago. Many of the ores of Bergslagen are the result of 
leaching of metals from hot seawater circulating and penetrating the rocks, followed 
by precipitation of minerals onto or below the ocean floor. Later on, the rocks were 
subjected to deformation and metamorphism and the minerals had to adapt to the 
new environment. Some grains grew in size while some minerals changed into new 
ones. Finally the crust began to crack and once more water could soak the ores and 
leach metals. During these successive events special and unusual minerals were 
formed (Jonsson, 2004). 
 Historically only iron ore was mined at the start but later on manganese 
ore was mainly mined. During the final decades of mining only dolomite was 
produced. In Långban the main part of the mining has been of iron ore, about two 
thirds, and the second biggest has been manganese ore. These two elements have 
been so well separated that the percentage of manganese in the iron ore rarely 
exceeds 1 % and vice versa (Tegengren, 1924). 

5 Results 
The results in this report are based on the study and photographs of four samples, 
two from the study collection, one from Månhöjden and one from the very special 
locality of Långban, provided by Erik Jonsson (SGU/UU). They are described and 
discussed in the following sections.  

Note that in the samples Månhöjden and Långban there is a large 
amount of very small, pale blue grains who are either chalcocite or digenite. Since it 
is difficult to differ between these minerals (as is observed in figure 2), not least due 
to the difficulty in appraising weak anisotropy in such small grains, the crystals are 
labelled “chalcocite” below. 

Sample one: 
Sample one is a polished section. It consists of relatively large grains of chalcopyrite 
with a few small crystals of sphalerite. Macroscopically the sample is angular and 
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tarnished golden yellow with oxidised spots and greyish black parts. On the polished 
surface the colour is a duller gold or brassy yellow. Two small light grey grains are 
also observed. The sample unfortunately is strongly scratched. When viewed under 
the microscope it still has the same yellow colour. A weak bireflectance is observed 
but no reflection pleochroism. When crossing the polarisers a weak but distinct 
anisotropy is visible, the colours that appear are greyish blue and green-yellow. In 
figure 5 twinning in chalcopyrite is distinct and occurs in two different directions, 
almost perpendicular to each other. In the upper left corner of figure 6 one crystal of 
chalcopyrite is cut off by another crystal, the horizontal boundary appear in the 
middle of the figure. The crystal in the corner also appears brighter than the other 
one and the twins are cut by the twins in the other crystals. This could indicate that 
the different crystal faces act somewhat differently in their sensitivity to oxidation. 
 
Sample two: 
Sample two is a polished section. Macroscopically the sample is dark in colour with 
golden yellow crystals on one side. On the polished surface there is a lot of yellow 
matter, many cracks surrounded by bluish grey material and some dark grey matter 
at the edges. Under the microscope the sample is dominated by yellow chalcopyrite 
speckled with a lot of platy hematite crystals that are grey-white with a blue tint. In 
some places grey sphalerite is seen and in cracks as well as around the chalcopyrite 
grains there are a lot of small grains of deep blue covellite and some pinkish brown 
bornite. In figure 10a all of the chalcopyrite has been transformed into bornite with a 
blue band of covellite surrounding it. In the upper right corner of figure 9a and as a 
band in the centre of figure 10a, dark grey goethite is seen and in figure 9b and 10b 
the strong internal reflections of the goethite is visible in dark red with a brown-
orange tint. In figure 9 and 10 one can also see the platy hematite crystals although 
the anisotropy is somewhat difficult to detect since the crystals are so small. The 
sphalerite can be observed in figure 7 as small ‘stars’ in the chalcopyrite. In figure 11 
abundant small inclusions of chalcopyrite are visible throughout the sphalerite, an 
appearance typifying ”chalcopyrite disease”. 
 Chalcopyrite, bornite, hematite, sphalerite and goethite do not show any 
bireflectance or reflection pleochroism. Only covellite exhibits this property, although 
it is not easy to detect since the grains are so small. However, despite the small 
crystal size, the anisotropy of covellite is clearly visible. 
 
Månhöjden: 
Månhöjden is a polished section in a resin block. Macroscopically the sample 
appears dark grey, almost black. On the polished surface there is a metallic lustre of 
brownish grey and in some places one can spot a purple phase. Viewed by ore 
microscopy the brownish grey is identified as brown-tinted grey magnetite which 
dominates the sample followed by the purple material which is pinkish brown bornite. 
Some sphalerite grains are also present; these are darker grey (than the magnetite), 
but with a blue tint. The magnetite has locally been oxidised to hematite, as seen in 
the upper right corner in figure 13. The hematite has higher reflectance than the 
magnetite, and a blue tint instead of brown. There are small amounts of yellow 
chalcopyrite, pale blue chalcocite, pale blue digenite and whitish galena as well in the 
sample. None of these minerals exhibit bireflectance or reflection pleochroism, nor do 
they show a strong anisotropy. In figure 13 several lamellae of chalcopyrite in bornite 
can be seen and all is surrounded by chalcocite, digenite and covellite. This is then 
surrounded by magnetite. Sphalerite is very similar to magnetite in terms of colour, 
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although the sphalerite is darker than the magnetite, and unlike the magnetite it has 
no brownish tint, this can be observed in figure 14. 
 
Långban: 
Långban is a polished section in a resin block. Macroscopically the section appears 
dark grey to almost black, similar to Månhöjden, but the polished surface is ca 60-
70% brownish purple and 30-40% is dark grey matter. Under the ore microscope the 
brownish purple is identified as pinkish brown bornite which dominates the sample. 
The other dark matter is unidentified silicates or carbonates. There are several grains 
of creamy white native bismuth showing a high reflectance surrounded by 
wittichenite, which is greenish grey. In some parts native bismuth is lacking and that 
is where all of the native metal has reacted with bornite and been transformed into 
wittichenite. The ongoing process can be seen in figure 15 and 16. In this sample 
there are also lamellae of yellow chalcopyrite oriented relative to the crystallography 
of the host bornite, and in the cracks there is pale blue “chalcocite”. 
 
 



13 
 

 

Figure 5. Sample one under crossed polarisers. Yellow chalcopyrite 
crystal where twinning is clearly visible as seen by the bright and 
contrasting yellow and blue anisotropy colours.  
 

 

Figure 6. Sample one under crossed polarisers. At least two crystals 
of chalcopyrite are visible. Twins of the crystal visible in the upper left 
corner terminate sharply against the other crystal. The twin direction 
abruptly ends and twins in a second direction starts. The crystal in the 
upper left corner is notably brighter than the other crystal which takes 
up the rest of the picture. This could be due to the crystal in the upper 
left corner being less tarnished than the other one.  
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Figure 7. Sample two in plane polarised light. Yellow chalcopyrite 
with three grey sphalerite ‘stars’.  

 

Figure 8. Sample two in plane polarised light. Deep blue covellite and 
some brown bornite occur along the large E-W running crack as well 
as the smaller ones in roughly N-S. The rest is yellow chalcopyrite.  
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Figure 9a. Sample two in plane polarised light. An abundance of 
platy bluish grey hematite crystals. In the centre and to the far right 
there is yellow chalcopyrite and replacing the chalcopyrite is brown 
bornite and deep blue covellite. 

 

Figure 9b. Sample two under crossed polarisers. The anisotropy of 
the hematite, bornite and chalcopyrite is not very clear but the 
covellite shows characteristic bright anisotropy colours of red, orange 
and brown. 
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Figure 10a. Sample two in plane polarised light. Bluish grey platy 
hematite crystals and a band of dark grey goethite, oriented roughly 
in the N-S direction. To the right there is yellowish brown bornite with 
surrounding deep blue covellite.  

 

Figure 10b. Sample two under crossed polarisers. The internal 
reflections of the goethite, mainly red, are visible and the anisotropy 
of the hematite is somewhat easier to see. The colours vary between 
greyish white, greyish blue and light brown. The anisotropy of the 
covellite is strong and the colours are different shades of orange, red 
and brown.  
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Figure 11. Sample two in plane polarised light. One large grey 
sphalerite grain in the centre surrounded by yellow chalcopyrite. In 
the sphalerite there are numerous small chalcopyrite inclusions. In 
the lower left and right corners there are bluish grey, platy hematite 
crystals in partly radial aggregates, and darker grey goethite.  

 

Figure 12. Månhöjden in plane polarised light. A band of pinkish 
brown bornite in the lower left corner, magnetite that is grey with 
brown tints and in some cracks there is “chalcocite” which are pale 
blue in the colour. The darkest material in the upper right corner 
consists of silicates or carbonates.  
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Figure 13. Månhöjden in plane polarised light. Small lamellae of 
chalcopyrite in bornite showing a distinctive “basket-weave” texture. 
Around the bornite there is light blue “chalcocite” and the deep blue 
crystals are covellite. The upper and lower parts of the picture are 
magnetite, grey with brownish tints. In the magnetite there are spots 
of brighter and more bluish hematite. 

 

Figure 14. Månhöjden in plane polarised light. A mass of bluish grey 
sphalerite in the centre with pinkish brown bornite above and below. 
Brownish grey magnetite to the left and right, pale blue “chalcocite” 
and deeper blue covellite in the cracks. In the bornite there are white 
inclusions of galena.  
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Figure 15. Långban in plane polarised light. Small, creamy-white 
grains of native bismuth. Greenish-greys wittichenite surrounds the 
native bismuth.  Everywhere in the photo there are lamellae of 
chalcopyrite which oriented relative to the crystal structure of the 
pinkish brown host bornite. Also throughout the photo there are 
streaks of pale blue “chalcocite” which appear along cracks.  

 

Figure 16. Långban in plane polarised light. The creamy white in the 
centre is native bismuth. Down to the left of the native bismuth 
greenish grey wittichenite and some yellow chalcopyrite lamellae can 
be seen. The pinkish brown is bornite and in the cracks pale blue 
“chalcocite” The darkest grey consists of mainly silicates. 
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Figure 17. Långban in plane polarised light. The pinkish brown is 
bornite and in the centre as well as in and along cracks there is 
“chalcocite”. 

6 Discussion 
This study has been focused on ore minerals in general and copper minerals in 
particular. Also, it is an introduction into ore microscopy and the world of 
microtextures. The samples from Långban, Månhöjden and from the study collection 
have been examined. 

It is beneficial to bear in mind that all observations are relative. What 
Spry and Gedlinske (1987) may have considered weakly coloured could be 
interpreted as coloured, and what they saw as a strong anisotropy could also be 
interpreted by other observers as merely moderate and so on. Also, very importantly, 
the minerals can show somewhat different properties in different samples and 
environments, so it is important to look at several samples of the same mineral in 
order to get a feeling for them. One must maintain a critical mind and thoroughly 
review the literature, reading every bit of information to see if a sample fits the 
description. Afterwards, consultation with an expert for verification is advisable when 
in doubt. All in all, training is everything.  
 Two of the samples used in this study come from the study collection 
while the samples from Långban and Månhöjden were provided by Erik Jonsson. 
Långban is a locality with very special and unusual minerals. This has certainly made 
the identification of the minerals more challenging.  
 In sample one, figure 5 and 6, there are beautiful twins in greyish blue 
and green-yellow, clearly visible under crossed polarisers in the chalcopyrite. 
Twinning is not visible in all samples of chalcopyrite. For example, in sample two with 
a lot of chalcopyrite the anisotropy was so weak that it could not be captured by the 
camera. This could be because sample two has been more heavily oxidised than 
sample one or that other surrounding minerals exhibit stronger anisotropy and made 
the observations of chalcopyrite more difficult. It could be advisable to use the 
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F.STOP-diaphragm in the microscope, making the field of vision smaller and allowing 
one to focus on only one mineral. Cutting the lights in the room is another option, 
allowing more light to reach the eye and fewer disturbances from other light sources. 
A third option is to fix the stage and only change the position of the analyser instead, 
as sometimes it is easier to see anisotropy effects when the polarisers are a few 
degrees from the true crossed position. But of course, the differences in anisotropy in 
chalcopyrite could be due to a cause that we do not understand at all. In figure 6, 
showing the same sample, different crystallographic directions in chalcopyrite in 
different crystals is seen by the twinning across a grain boundary. This crystal also 
exhibits a slightly different colour than the other one, even though it is the same 
mineral. This is probably due to slightly different tarnishing rates in different 
crystallographic directions in the mineral. 
 In sample two, figure 7, three beautifully developed stars of sphalerite in 
chalcopyrite can be seen. In figure 11 the reverse is observed; chalcopyrite in 
sphalerite. When the crystals of chalcopyrite in the sphalerite are small and 
abundant, it is called ‘chalcopyrite disease’. The reason for this intimate textural 
relation is that chalcopyrite and sphalerite are related in their crystallography. In 
figure 8 there is a crack where it looks like covellite is replacing chalcopyrite, and 
closest to the chalcopyrite in some places there is bornite. This is a good example, 
along with figure 9a, of oxidation of chalcopyrite with a visible gradient. First 
chalcopyrite transforms into bornite which in turn transforms into covellite. Formation 
of covellite and bornite is a result of fluids entering the cracks and oxidizing 
chalcopyrite. In figure 8 and 9a one can see the scale of oxidization of the 
chalcopyrite. In figure 9b the analyser is inserted and no anisotropy or twins are 
visible unlike in sample one. However, the red orange and brown anisotropy of the 
covellite is very clear in both figures and in 9b anisotropy of the hematite can be 
observed as well. To see anisotropy in hematite one can apply the tips given earlier; 
use the F.STOP-diaphragm, cut all unnecessary light and fix the stage, or combine 
all three of them. But by carefully studying all of the hematite grains in figure 9b, their 
different colours appear distinct: greyish white, greyish blue and light brown. This can 
also be observed in figure 10b, especially when comparing 10a with 10b. The 
hematite is bluish grey in plane polarised light (figure 10a) and when crossing the 
polarisers (figure 10b) the colour differences are clear. When performing the same 
procedure on goethite, the dark grey material in the N-S trending fracture, a multitude 
of beautiful red and orange internal reflections of the mineral come to life.  
 In Månhöjden, figure 12 – 14, the dominating mineral is strongly 
fractured magnetite. The cracks are filled with bornite, this is not clear but when 
looking at the figures one can tell that the bornite is surrounded by cracks indicating 
that perhaps the entire mass of bornite is located in one large crack. Figure 13 shows 
very interesting features. It is a mass of bornite with many oriented lamellae of 
chalcopyrite. Surrounding this is pale blue ”chalcocite” in turn surrounded by deep 
blue covellite. In the surrounding magnetite spots of bluish grey are visible, especially 
in the upper right part of the figure. This shows magnetite oxidised into hematite. 
Figure 14 shows a large mass of sphalerite in the middle and here one can observe 
the colour difference between sphalerite and magnetite. Thus, the magnetite shows a 
brown tint, sphalerite a more bluish tint. These minerals could otherwise be difficult to 
distinguish from each other when they are not located next to each other and in the 
absence of internal reflections in the sphalerite.   
 In the sample Långban there are a few interesting features. Starting with 
figure 15 and 16 native bismuth has first exsolved from, and then seemingly reacted 
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with bornite, forming wittichenite which occurs around the highly reflecting bismuth. It 
is an ongoing transformation process just like chalcopyrite being oxidized into bornite 
and covellite. In figure 15 more lamellae of chalcopyrite are visible as well as 
”chalcocite”. The red material on the surface of the chalcopyrite is the chalcopyrite 
being oxidised. Figure 17 shows bornite being oxidised into ”chalcocite”. 

This thesis was very fun to study and work with and deciding to write in 
English proved to be a real, but instructive, challenge. The method is good and fun to 
use but it requires years of experience to become skilled at, though it has inspired me 
to continue to spend a lot more hours looking down the ore microscope to learn and 
improve. 
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Copper minerals under 
the microscope 
 
Anna Hjeltström 
 
 
From many perspectives copper is a very important metal for the modern 
society. It can be found in everything from jewellery to electronics. For this 
reason it is very important for geologists to be able to develop efficient 
methods for identification, characterisation, extraction and processing of 
copper. One method for the identification of copper bearing minerals is 
ore microscopy which has been used in this paper along with a general 
introduction. Samples from the study collection of the Department of 
Earth Sciences and the area of Långban and Månhöjden have been 
examined, documented and described in detail. The thesis begins with an 
introduction to the history and geochemistry of copper along with some 
ore forming processes. 
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