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Indium is extensively used in LCD screens and solar cells. It is mainly 
produced as a byproduct during ore processing. With ever increasing 
demand for indium and most of the production being restricted to a few 
countries new sources for indium are needed. In Sweden, the westernmost 
Bergslagen is the only area, which is known to exhibit minerals with 
essential indium. The indium mineralisations at Långban, the Linbom 
prospect, which are studied in this bachelor’s thesis show several trends. 
The most notable is the copper indium trend seen in sphalerite. A likely 
substitution based on similar ionic radii and charges is Cu1+ + In3+ ↔ 2Zn2+. 

Usually when cassiterite is associated with similar polymetalic indium 
bearing mineralisations as at Långban there is also high concentrations in 
cassiterite. This has previously not observed in Sweden, however during this 
project concentrations were indeed found in cassiterite.   
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Abstract 

Indium is extensively used in LCD screens and solar cells. It is mainly produced as a 

byproduct during ore processing. With ever increasing demand for indium and most of 

the production being restricted to a few countries new sources for indium are needed. In 

Sweden, the westernmost Bergslagen is the only area, which is known to exhibit 

minerals with essential indium. The indium mineralisations at Långban, the Linbom 

prospect, which are studied in this bachelor’s thesis show several trends. The most 

notable is the copper indium trend seen in sphalerite. A likely substitution based on 

similar ionic radii and charges is Cu
1+

 + In
3+

 ↔ 2Zn
2+

.
 
Usually when cassiterite is 

associated with similar polymetalic indium bearing mineralisations as at Långban there is 

also high concentrations in cassiterite. This has previously not observed in Sweden, 

however during this project concentrations were indeed found in cassiterite.   

 

 

 

 

 

 

 

Sammanfattning 

Indium används i stor utsträckning i LCD-skärmar och solceller. Det produceras främst 

som en biprodukt vid malm produktion. Med en ständigt ökande efterfrågan på indium 

och då huvuddelen av produktionen är begränsad till ett fåtal länder behövs nya källor för 

indium. Den enda kända platsen i Sverige som uppvisar mineral med essentiellt indium 

är i Filipstadsområdet i västligaste Bergslagen. Den indiummineralisering vid Långban, 

Lindboms försök, som studerats i detta kandidatarbete visar på flera trender. Den 

tydligaste är koppar-indium trenden i zinkblände. En trolig substitution, med liknande 

jonradier och laddningsbalans  är Cu
1+

 + In
3+

 ↔ 2Zn
2+

. Vanligtvis när kassiterit 

förknippas med liknande polymetalliska mineraliseringar med indium som vid Långban 

finns också höga halter i kassiterit. Detta har man tidigare inte funnit vid Långban. Under 

detta projektarbete kunde dock koncentrationer hittas i kassiterit. 
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Foreword 

The purpose of this project was for me to learn about economic geology and new 

components of mineralogy and petrology. This was done by utilizing reflected light 

microscopy and other analytical methods such as the electron microprobe. These are not 

taught to us during the Bachelor in Earth Science at Uppsala University and I will 

therefore in this report except describing my work also try to explain and put forward all 

the new terminologies and facts within these topics. The aim is for fellow students on the 

Bachelor program to also be able to understand and learn from it. New topics are marked 

italicized and further explanations can be found in the appendix.  

Intent on learning about economic geology I got with the help of my supervisors, 

Jarosław Majka and Erik Jonsson, a project about studying indium bearing rocks from 

western Bergslagen. More precisely from the Lindbom prospect at Långban. This indium 

mineralisation was discovered by Erik Jonsson in 2010-11, and briefly described by 

Jonsson et al. (2012).    
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1. Introduction 

Indium (In) was first discovered in 1863 by Ferdinand Reich and Hieronymus Theodor 

Richter in Germany while they were searching for thallium in sphalerite ore (Reich & 

Richter, 1863). This rare metal has since then become part of our everyday life, 

particularly as an essential part in our smart phones and flat screens. When indium is 

processed into indium tin oxide (ITO), it has the unusual ability of being invisible while 

having excellent electrical properties. Apart from being used in LCD screens it also has 

great uses in solar cells (Hamsha et al. 2011). With ever increasing demand from the 

industry prices for indium have sky rocketed in the last 10 years and went from about 

60$ per kg in 2003 to about 1000$ in 2006. In 2011, more than 1.5 billion mobile phones 

were sold (G. Vince, BBC, 2012), reinforcing the need of this metal. 

 

The problem is that as indium is the 61
st
 most abundant element in the earth’s crust, 

about 3 times more than silver or mercury (SMG Indium Resources Ltd, internet), it is 

very rare to find as a main component of a mineral. Through its geochemical properties, 

indium is chalcophile and tends to occur with metals such as copper, silver, zinc, 

cadmium, tin, lead and bismuth (Schwarz-Schampera & Herzig, 2002). Therefore indium 

is mostly produced from residues after ore processing, mainly from zinc ores. It is not 

certain that the production can keep up with the world’s demand for indium and presently 

China stands for about 50% of the world’s supply. This causes instability in the supply as 

China could use this for geopolitical leverage and recent policies that have restricted 

indium export from China could push prices even higher (NanoMarkets, 2011).  

As Indium-minerals are very rare most of the indium in the crust is substituted in metal 

sulfide minerals of other elements with similar ionic radii. High indium concentration can 

be found in spahlerite, chalcopyrite, stannite and cassiterite. But it is still rare to find as 

analyses of these minerals by an electron microprobe usually show no indium presence 

(Schwarz-Schampera & Herzig, 2002). 

 

1.1 Roquesite 

This rare mineral was first discovered in Charrier, France in 1955 and was first described 

by P. Picot and R. Pierrot (1963). It is the most common and widespread of the rare 

indium minerals (Schwarz-Schampera & Herzig, 2002). It was found within inclusions in 

bornite (Cu5FeS4). With the help of an electron microprobe it was concluded that it was a 

new copper-indium sulfide and they named it after a Professor named Maurice Roques. 

It is isostructural with chalcopyrite and has the chemical formula CuInS2. The properties 

of roquesite in reflected light were described as having idiomorphic development, 

purplish-grey color, being weakly bireflectant and sparse presence of simple twins under 

cross polarised light (Picot & Pierrot, 1963).  
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The first indium mineral from Sweden was reported from Långban in the form of 

roquesite in a section of the sample RM 670226 of the Swedish Natural History Museum 

by Burke & Kieft (1980). The sample was described as having “magnetite replaced by 

copper bearing minerals, mainly bornite and chalcocite. Small inclusions of sphalerite, 

roquesite, digenite, galena and native bismuth were present in bornite and chalcocite. 

Wittichenite formed as reaction rims around bismuth. Covellite was present as an 

alteration product” (Burke & Kieft, 1980). Roquesite occurs as small grains in bornite and 

chalcocite, always associated with copper-indium bearing sphalerite. In reflected light 

microscopy the Långban roquesite shows no anisotropy, brownish-grey color and has a 

polishing hardness higher that of bornite and lower that for sphalerite (Burke & Kieft, 

1980). 

High concentrations of indium usually occur in cassiterite-sulfide deposits and copper-

rich polymetallic deposits (Burke & Kieft, 1980). At Långban, in contrast to most indium 

bearing deposits, indium is not associated with tin minerals such as cassiterite, stannite, 

stannodite or mawsonite (Burke & Kieft, 1980; Schwarz-Schampera & Herzig, 2002) 

 

1.2 Geological setting 

The ore district of Långban is situated in the western part of the Swedish mining province 

of Bergslagen (Fig 1). In geological terms, Bergslagen is the southernmost part of the 

Paleoproterozoic Svecofennian domain, 1.9-1.8 Ga. The area is interpreted as a felsic 

caldera province in an extensional back-arc region (Allen et al. 1996). To the north it 

borders with the Bohtninan Basins metasedimentary rocks and metagranitioids, in the 

west with the ca. 1.8-1.6 Ga Transcandinavian Igneous Belt (TIB) and stretches into the 

Stockholm archipelago to the east (Jonsson 2004). The Bergslagen ore-bearing rocks 

consist of igneous and sedimentary rocks that have been intruded by metaplutonic rocks 

that were altered during the ca. 1.85-1.80 Ga Svecokarelian orogeny and have since 

undergone several stages of metamorphism and ductile to brittle deformations. These 

deformational episodes have cut and displaced the metasedimentary and metavolcanic 

rocks and their ores as well as the intrusive rocks (Jonsson 2004; Stephens et al. 1997). 

The genesis of the ores in Bergslagen is interpreted as being dominated by seafloor 

exhalative and sub-seafloor hydrothermal replacement processes (Allen et al. 1996). 

 



3 
 

 

Figure 1. Map over the Långban area showing the Lindbom prospect. Modified by Erik Jonsson (2004) 
after Björk (1986). 

Långban, Approximately 20km northeast of Filipstad, was mined as early as the 

sixteenth century and the first mention of Långban is by 1667 by mine-bailiff Anders 

Malm. He stated that a large ore had been found near the lake Långban and from 1711 it 

is known to have been mined continuously until 1972 (Holtstam & Langhof, 1999). 

Långban is host to one of the most complex deposits known and nearly 300 different 

mineral species have been described there (Nysten et al. 1999). The Fe and Mn ores at 

Långban together with many other metals are characteristic of hydrothermal Mn deposits 

(Nicholson 1992). They are thought to have precipitated at ca 1.89 Ga by submarine 

volcanic-exhalative processes (Boström et al. 1979; Holtstam & Mansfeld 2001; Jonsson 

2004).   

The sulphide mineralisations in the Långban area occur within carbonate and 

metavolcanic rocks; they show evidence of metamorphic remobilisation (Jonsson 2004) 

and are considered to be syn-volcnanic deposits (Magnusson 1970). The stratabound 

ores at Långban show spatial and lithological correlations and can be explained by 

proximal-distal variation in the volcanic-hydrothermal systems (Jonsson 2004). A majority 

of the ore deposits in the Långban district are confined within felsic metavolcanic rocks 

and interlayered skarn-bearing marble units (Jonsson 2004). 
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After deposition of the hydrothermal ore deposits in the back-arc environment of 

Bergslagen, the Svecokarelian orogeny, ca 1.85 to 1.80 Ga affected the area with 

metamorphism under amphibolite facies (Jonsson 2004; Stephens et al. 1997). This led 

to the formation of skarns and different types of vein assemblages from the protores (Fig 

2). This was followed by brittle deformation and fissure hosted mineralisation by various 

events, most likely the Sveconorwegian orogeny (Jonsson 2004). All these events, 

starting almost 2 Ga ago, have together over this huge timescale created this complex 

place along with its hundreds of minerals in this relatively small area. 

The indium bearing polymetallic sulphides explored in this report are found within skarn 

units in dolomitic carbonates at the Lindbom prospect, NW of the Långban mine (Fig 1). 

 

Figure 2. Interpretation of the evolution of the Långban deposit in four stages; from Jonsson (2004). 
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2. Methods 

Ore-microscopy was used as an analytical tool to identify minerals and possible 

roquesite grains. One of the samples was be prepared for ore-microscopy by being 

polished in several stages.  

Mineral chemistry was obtained using a field emission Jeol-JXA8530F Hyperprobe 

electron microprobe at the Centre for Experimental Mineralogy, Petrology and 

Geochemistry at Uppsala University, Sweden. The operating conditions were as follows: 

20 nA beam current, 20 kV accelerating voltage, counting times of 10 s on peaks and 5 s 

on +/- background positions and focused beam (beam diameter <<1μm). The following 

crystals, analytical lines and mineral standards were used for the calibration: Cd(PETJ, 

Lα) – Cd, Cu(TAP, Lα)  – Cu, S(PETJ, Kα) – ZnS, Zn(LIF, Kα) – ZnS, Ag(PETJ, Kα) - Ag, 

Sn(PETJ, Lα) - SnO, Fe(LIF, Lα) – Fe2O3, In(PETH, Lα) - InP.  

Initially problems with overlapping occurred which was solved by selecting analytical line 

Cu Lα to avoid an overlap between stronger Cu Kα line and In Kα1,2 lines. The raw data 

were reduced and corrected using ZAF routine. Point analyses and profiles were done 

on several samples from the Lindbom prospect to detect indium concentrations and 

gather data. Totals below 98 and above 102 wt. % were removed for accuracy.  

 

3. Results 

Ore-microscopy and microprobe analyses were carried out on sample KG-Lbm-PP while 

on samples EJ-Lbm11-1a-1 and EJ-Lbm11-1a-4 only brief and reconnaissance-style 

microprobe studies were carried out. 

 

3.1 Microscopy of sample KG-Lbm-PP 

Sample KG-Lbm-PP is made up of about 60% non-reflective minerals, mainly carbonates 

and silicates. Variably well-developed euhedral crystals of non-opaque (translucent; 

mostly silicates) minerals are present together with an array of anhedral opaque 

minerals, mainly bornite (Cu5FeS4), chalcopyrite (CuFeS2) and sphalerite ((Zn,Fe)S)    

(Fig 3) 
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Figure 3. Bornite(bn), the 
dominant copper sulfide, 
replacing chalcopyrite(cpy). 
Anhedral masses of 
sphalerite(sph) predominantly 
occurs within bornite. 

 

 

Bornite (Cu5FeS4) is the most common opaque mineral in the sample, about twice as 

much as the second most abundant, which is chalcopyrite. Overall in the deposit, 

sphalerite and chalcopyrite are uncommon as any larger masses, and bornite is the 

altogether dominant sulphide mineral (E. Jonsson, pers. comm, 2012). Bornite has a 

pinkish brown color (Fig 3) and borders to chalcopyrite and sphalerite in the center of the 

sample, often to both at once (Fig 4).  At both ends of the sample chalcopyrite is not so 

abundant and bornite dominates together with sphalerite (Fig 3). Bornite shows weak 

anisotropy and always anhedral development.  

 

Figure 4.   
Bornite(bn) bordering to 
sphalerite(sph) and 
chalcopyrite(cpy). 
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Chalcopyrite (CuFeS2) occurs as a comparatively large anhedral mass in the center of 

the sample (Fig 4). It has a distinct yellow color and shows weak anisotropy by going 

towards grey during rotation under crossed polarizers. Chalcopyrite can also be found 

when it is interstitial to translucent minerals in several places with bornite present to 

some degree (Fig 5) In bornite chalcopyrite is often present in the form of lamellae.  

Figure 5.  

Chalcopyrite(cpy) isolated 

by mostly silicate 

minerals(black). Smaller 

amounts of bornite(bn) and 

sphalerite(sph). 

 

Sphalerite ((Zn,Fe)S) is relatively common in the sample but dominates in the center (Fig 

4). It also occurs as an anhedral mass and has a grey, dull color. Being the harder 

mineral sphalerite in the sample often has a slightly higher relief then the copper 

minerals (Fig 3). It is isotropic and therefore shows no optic characteristics except for 

sometimes exhibiting internal reflections under crossed polarizers (Fig 6). 

Figure 6. Sphalerite(sph) 

shows abundant light 

yellow internal reflections 

under crossed polarizers. 
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The presence of wittichenite (Cu3BiS3) is common within the bornite where it occurs as 

creamy white anhedral masses around what is interpreted as native bismuth or Bi oxide 

phases. From the wittichenite often chalcopyrite lamellae radiate outwards and star 

shapes can be seen in the bornite (Fig 7). 

 
  

Covellite (CuS) can be found throughout the sample in cracks and along grain borders. It 

is distinctly light blue and shows strong both distinct reflection-pleochroism and 

anisotropy under crossed polarizers (Fig 8,9) 

Figure 8. Covellite(cv) 

typically occurring along 

late fractures in 

bornite(bn). The covellite 

is showing strong colored 

anisotropy under crossed 

polarizers. 

  

 

 

Figure 7. Wittichenite(witt, greyish-

white) around mostly bismuth oxide(bi-

ox). Lamellae of chalcopyrite(cpy) occur 

radiating outwards from the wittichenite. 

Black euhedral grain (to the left) is 

probably strongly oxidised, or a hole. 

Adjacent to this occurs a small remnant 

grain of native bismuth(bi. nat, white). 

All occur as variably abundant 

inclusions in bornite(bn).   
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The indium-bearing mineral roquesite (ideal formula CuInS2) is always found in this 

sample as anhedral to subhedral outgrowths from sphalerite into bornite. It has a greyish 

colour (Fig 9) and shows a very weak anisotropy by going slightly darker to lighter under 

rotation and crossed polarizers. The grains vary in size ranging from about 11 µm across 

down to 4.4 µm across (Fig 10). 

Figure 9. Subhedral 

roquesite grain (rq, 

about 11µm across) 

growing along the 

contact between 

sphalerite(sph) and 

bornite(bn).  

 

 

 

Figure 10. Small roquesite grain (rq, about 4.4 µm across) along the border of sphalerite(sph) and 

bornite(bn), chalcopyrite(cpy) in close association. 
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3.2 Electron microprobe analysis of samples KG-Lbm-PP, EJ-Lbm11-1a-1 and EJ-

Lbm11-1a-4 

Several in situ mineral chemical analyses, mainly points and profiles were made using 

the electron microprobe on the studied samples. A focus was put on sample KG-Lbm-PP 

and on the minerals in the order of sphalerite, bornite, roquesite, chalcopyrite and 

cassiterite. A main reason for this was to characterise the amounts of indium in sulphide 

(and oxide) phases coexisting with roquestite. 

 

3.2.1 Bornite 

 

Of the analyses carried out on bornite, indium concentrations were rarely found. In the 

few analyses that were found containing indium the majority of the concentrations range 

between 0.01 and 0.05 wt.%. 

 

Average: 0.01 In (wt. %) 

Maximum: 0.18 In (wt. %) 

Element A B 

Cu 62.33 60.60-63.73 

In 0.01 0.00-0.18 

Fe 10.78 10.21-10.48 

Zn 0.95 0.00-2.91 

Ag 0.07 0.00-0.33 

Cd 0.02 0.00-0.14 

Sn 0.02 0.00-0.10 

S 25.72 24.86-26.49 

   Total 99.89 98.02-101.79 

   
 

Table 1. Electron microprobe data of bornite. A. Average of 94 analyses. B. Ranges of analyses.    

Data in weight percent. 
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Figure 11. Indium concentration in weight percent in bornite. All single points and profiles included. 

Low concentrations of indium in bornite. The single point at close to 0.18 wt.% In is doubtful.  

3.2.2 Sphalerite 

 

Sphalerite is often enriched in indium and the highest numbers of analyses were carried 

out in sphalerite. Most commonly concentrations are below 0,05 wt.% In. Figures 14, 15 

and 16 display several trends that suggest that copper and indium have a significant 

connection. It can also see that as iron concentrations increase so do the copper. Indium 

concentrations are highest at grain boundaries between sphalerite and bornite, as seen 

in figure 17. 

 

Average: 0.03 In (wt. %) 

Maximum: 1.50 In (wt. %) 

Element A B 

Cu 0.53 0.02-3.17 

In 0.03 0.00-1.50 

Fe 0,15 0.00-0.90 

Zn 65.95 65.35-68.49 

Ag 0.03 0.00-0.25 

Cd 0.94 0.26-3.28 

Sn 0.02 0.00-0.12 

S 32.66 31.20-33.89 

   Total 100.31 98.18-101.97 

   
 

Table 2. Electron microprobe data of sphalerite. A. Average of 410 analyses. B. Ranges of analyses. 

Data in weight percent. 
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Figure 12. Indium concentration in weight percent in sphalerite. All single points and profiles included. 

Even though only a few analytical points exhibit In content above close to zero contents (≈ >0.05 wt.% 

In), their textural positions, render them not unlikely. See also Fig 13. 

 

Figure 13. Indium concentration in weight percent in sphalerite. All single points and profiles included. 

Vertical axis capped at 0.2 wt. %. for comparison in Figure 11. 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 100 200 300 400 500 600

In
 (

w
t.

 %
) 

Points 

Indium in sphalerite 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 100 200 300 400 500 600

In
 (

w
t.

 %
) 

Points 

Indium in sphalerite 



13 
 

Figure 14. Indium versus copper from all profiles and single points. Showing a suggested trend of 

increasing indium with increased copper concentrations. 

Figure 15. Same as figure 11 except indium horizontal axis is capped at 0.5 wt. %. 
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Figure 16. Weak but possible correlation between indium and iron in sphalerite and a strong 
correlation between copper and iron. 
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Figure 17. Showing profile 5 in sphalerite, trend with higher indium concentration as copper increases can be seen 
as well as the trend of decreasing concentrations of In away from boundaries. Analytical points of the profile start 
at the boundary between roquesite and sphalerite and ends at the tip of the arrow.  

0

0.2

0.4

0.6

0.8

1

0 10 20 30 40 50 60

In
 (

w
t.

 %
) 

Points along profile 5 

In concentration along profile 5, 
sphalerite 



16 
 

3.2.3 Roquesite 

 

Copper is present in roquesite most commonly in concentrations of of 23 to 24 wt. %. 

The concentrations of indium are at a maximum when the zinc content is at about 1.25 

wt. %. The indium concentration decreases as zinc increases until 2 wt. %, where the 

indium concentration starts to rise again. Figure 18 also shows a possibly overall slight 

trend of increasing indium concentrations as iron increases.   

Average: 47.13 In (wt. %) 

Maximum: 47.45 In (wt. %) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Electron microprobe data of roquesite. A. Average of 17 analyses. B. Ranges of analyses. 

Data in weight percent. 

 

 

 

 

 

 

 

 

Element A B 

Cu 24.04 23.18-26.89 

In 47.13 46.85-47.45 

Fe 0.49 0.14-0.69 

Zn 1.54 0.04-2.54 

Ag 0.04 0.00-0.12 

Cd 0.05 0.00-0.19 

Sn 0.00 0.00-0.03 

S 26.17 25.50-26.87 

   Total 99.47 98.31-101.87 
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Figure 18. Possible but in part diffuse trends. Cu, Zn, Fe versus In contents.  
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3.2.4 Chalcopyrite 

Average: 0.00 In (wt. %) 

Maximum: 0.02 In (wt. %) 

The few analyses that were done in chalcopyrite indicate similar low indium 

concentrations as for bornite. 

 

Element A B 

Cu 34.50 34.00-35.06 

In 0.00 0.00-0.02 

Fe 29.96 29.36-30.53 

Zn 0.04 0.00-0.12 

Ag 0.01 0.00-0.09 

Cd 0.02 0.00-0.06 

Sn 0.02 0.00-0.05 

S 34.10 33.81-34.42 

   Total 98.66 98.19-99.13 

   

Table 4. Electron microprobe data of chalcopyrite. A. Average of 7 analyses. B. Ranges of analyses. 

Data in weight percent. 

3.2.5 Cassiterite 

Average: 0.42 In (wt. %) 

Maximum: 0.57 In (wt. %) 

The few analyses available in cassiterite show higher concentrations of indium similar to 

those of sphalerite. 

   
 

Element A B 

Cu 0.69 0.24-1.10 

In 0.42 0.07-0.57 

Fe 0.53 0.34-0.77 

Zn 0.00 0.00-0.01 

Ag 0.02 0.00-0.09 

Cd 0.01 0.00-0.05 

Sn 99.05 98.39-99.61 

S 0.06 0.00-0.14 

   Total 100.79 99.85-101.73 

     

Table 5. Electron microprobe data of cassiterite. A. Average of 4 analyses. B. Ranges of analyses. 

Data in weight percent.   
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4. Discussion 

 

4.1 Textures and paragenesis 

The presence of often euhedral gangue minerals in the opaque groundmass suggests 

that they crystallized prior to the sulphides.  

Possibly different oxidation stages may explain the distribution of bornite, chalcopyrite 

and covellite, respectively. Chalcopyrite and bornite are part of the Cu-Fe-S system. 

Copper is chalcophile and during oxidation iron reacts stronger leading to less and less 

iron is in the system. With even further evolution of the system the presence of chalcocite 

(Cu2S) or even native copper would be possible. The extent of oxidation observed in the 

Lindbom sample of cpy → bn → cv is typical of hypogene oxidizing conditions. 

A probable dominating chalcopyrite has been totally replaced by bornite at places (Fig 3). 

In the middle of the sample chalcopyrite seems to have been more shielded and is still 

dominating but bornite is starting to replace it from the edges (Fig 4). In some isolated 

patches within surrounding non opaque minerals chalcopyrite is also still the dominant 

copper sulfide (Fig 5). Yet, this is uncommon in the Lindbom mineralisation. In turn, 

some edges and cracks within the bornite have oxidized further removing the remaining 

iron and turning it into covellite (Fig 8,9). 

The wittichenite rims around native bismuth can be explained by oxidizing copper 

solutions but at a much slower rate than the chalcopyrite → bornite reaction (Fig 7; see 

also Amcoff & Nysten 1990).  

The lamellae of chalcopyrite in bornite (Fig 7) normally form at lower temperatures 

(Amcoff 1991) and would place its genesis in the later stages of the geological evolution 

at Långban. 

Picot & Pierrot (1963) described roquesite as being weakly bireflectant which would 

make it anisotropic while Burke and Kieft (1980) described it as appearing isotropic. The 

results in this thesis support the view of roquesite being anisotropic but further study is 

needed. The use of oilimmersion is recommended for this as it makes anisotropy easier 

to see. 

Overall the Linbom samples studied show a number of similarities with the material from 

the Långban mines described by Burke & Kieft (1980) except that there is no presence of 

chalcocite which could point towards the samples being less oxidized.  
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4.2 Indium chemistry of the studied assembelages 

Bornite 

No specific indium trend can be found in bornite as indium is not very common and 

shows low concentrations (Fig 11). The highest concentrations are found at grain 

boundaries. 

 

Sphalerite 

In sphalerite higher concentrations of indium are present and a correlation with the 
copper concentration can be seen (Fig 13,14).This is also reported in other works such 
as, Schwarz-Schampera & Herzig (2002); Ishihara et al. (2006); Ishihara & Endo (2007); 
Cook et al. (2009). Indium, being about ten times more abundant in sphalerite than 
bornite, rises in concentration as the copper concentration does. In figure 17, a profile is 
shown from the sample and it follows the overall trend from all the points.  
The concentration can also be seen to drop while going away from the grain boundary. A 

fairly high maximum is observed (Fig 12). 

 

Roquesite 

The main indium bearing mineral roquesite shows possible weak trends and a slight 

correlation can be interpreted with iron but is purely speculative (Fig16). Furthermore the 

indium concentrations are at a maximum when the zinc content is at about 1,25 wt. %. 

The indium concentration goes down as zinc increases until 2 wt. %, where the indium 

concentration starts to rise again (Fig 18). 

 

Chalcopyrite 

In Table 4 all the points that were made in chalcopyrite can be seen. Too few analyses 

were made to make any correlations. The average of 0.00 In (wt. %) compared to 

bornites 0.01 In (wt. %) is very similar giving the assumption that chalcopyrite has fairly 

low concentrations of indium. 

 

Cassiterite 

In cassiterite indium was found in fairly high concentrations in the few points that were 

made (Table 5).  
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5. Conclusions 

Roquesite from the Linbom prospect at Långban is weakly anisotropic but further study 

with immersion oil is required as changes in the surrounding grains could interfere in the 

optical observation of the small roquesite grains (11 µm to 4.4 µm across). 

As mentioned earlier, at Långban there has previously not been any indium 

concentrations found in tin bearing minerals in contrast to similar polymetallic deposits 

throughout the world. High indium concentrations, a maximum of 0.57 wt. %, were found 

in the studied sample from Linbom.  

The results show that indium prefers sphalerite over bornite and chalcopyrite. This could 

be due to possible substitution of copper and indium with zinc in sphalerite. A probable 

substitution is Cu
1+

 + In
3+

 ↔ 2Zn
2+

, it gives a similar ionic radius and the same charges. 

Furthermore the strong correlation between copper and iron in sphalerite could also play 

an important role.  

Chalcopyrite is known to have significant concentrations of indium as well, but in this 

study the concentrations were rather low. Additional analyses of chalcopyrite are needed 

for further study. 
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Appendix 

Bireflectance   

During reflected light microscopy and plane polarized light if the intensity of reflected light 

changes during rotation of the sample it is called bireflectance. It is present in minerals 

that are not cubic. Cubic minerals are isotropic and the reflected light therefore does not 

change direction depending on the crystal orientation in polarized light (Galopin & Henry 

1972).   

Hydrothermal replacement processes  

With the help of hydrothermal solutions, a mineral is dissolved within a rock while a new 

one is deposited in its place simultaneously while no not affecting the volume of the rock. 

This occurs due to the host mineral not being stable in the presence of the fluid solution 

(Encyclopedia Britannica). The temperature of the system matters as solubility usually 

increases with higher temperatures.   

Hypogene 

Processes that occur during primary mineral formation are termed hypogene process. The Opposite 

is supergene process, these occur during secondary mineral formation, such as weathering and are 

commonly associated with surface conditions. 

Idiomorphic  

Together with automorphic they are synonymous with the term euhedral. Euhedral, 

subhedral and anhedral are all terms for how well developed a crystal is. Usually early-

formed crystals are surrounded by liquid and develop as euhedral while at later stages 

more crystals have formed and the crystal faces grow into each other and develop in the 

form of sub- or anheadral. This can at times be used to deduct the crystallization 

sequence of a rock (Winter 2001). 

Protore  

Mineralisation which is initially deemed uneconomic to process but with the help of 

natural processes may become of economic value (Evans 1992). Another definition, 

probably more used now days, is pre-metamorphic ore assemblage.  

Seafloor exhalative  

 Forms a syngenetic ore (formed simultaneously as host rock) in a submarine 

environment through precipitation as the fluids reach into the ocean. Black smoker 

systems are a good example.  

Twinning  

Twinning is characteristic for several minerals and is optically best seen with crossed 

polarizers. The presence of twins and their geometric character is often important in the 

identification of opaque minerals (Cameron 1961). Simply put twins are crystals of a 

mineral that share a crystal lattice point in which they grow out from in different 

orientations. When we then polish a mineral and look through the microscope we are 
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able to see a 2d surface of the mineral with twins intersecting.    

 Twinning is usually categorized in three groups. Primary or growth twins 

form during crystallization. It most likely occurs during rapid crystallization. Secondary 

twinning forms after the mineral has crystallized. They can form as a result of 

polymorphic transformation or deformation. A polymorphic transformation twinning forms 

for instance when a crystal structure of a high temperature inverts to a low temperature 

polymorph. Deformation-twins form when a rock is under stress. It happens because 

grains shift into a twin orientation under stress before reaching their breaking point 

(Winter 2001). Twins tell us a lot about the history of a mineral, therefore also their origin 

region, which make them important to identify. 

Vein assemblages  

In brittle deformation zones, for instance along faults or fissures where mineralising 

solutions can permeate, precipitation may occur at the right conditions and crystals can 

form. This leads to an outward growth of the crystals from the vein wall. If the 

composition of the solution changes other minerals may start to crystalize on top of the 

old ones and the vein will get a banded structure. This shows in which order the minerals 

crystalized thus it can show their paragenetic sequence (Evans 1992). These would be 

termed epigenetic deposits (formed after the host rock). There are many forms of vein 

structures depending on the geological settings that created the spaces for the veins. 

 


