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Three asbestos minerals and a clay mineral from Kongsberg silver deposit 
are discussed. There is evidence of a close genetical relationship between 
these minerals and those deposited by the silver-bearing solutions. Tremolite
actinolite asbestos, palygorskite, sepiolite and montmorillonite are formed in 
a late stage of hydrothermal activity of the solutions, which also deposited 
the silver minerals. The problems in connection with the identification of 
these minerals are discussed. 

D. van der Wel, Mineralogisk-Geologisk Museum, Sars gate l, Oslo 5, 
Norway. 

The minerals from the Kongsberg deposit described below are partly pro

duced by low temperature alteration of pre-existing minerals, and partly 

deposited as primary phases, as indicated by their mode of occurrence in 

veins and fissures. The following minerals have been investigated: tremolite

actinolite (mountain wool), palygorskite (mountain paper or leather), sepiolite 

(mountain cork), and montmorillonite (mountain talcum). Their mode of 

occurrence indicates that they are the products of solution and redeposition 

of wallrock material by penetrating solutions, in this case the silver-bearing 

solutions which also produced the Kongsberg ore. Evidence of the dose 
genetical relationship of the asbestos minerals ( especially tremolite-actinolite) 
and the minerals of the Kongsberg silver deposit is provided by the manner 

in which they coexist. Characteristic minerals of the silver deposits are coat
blende, argentite, stilpnomelane, harmotome and apophyllite. They occur 

within the asbestos aggregates. Sometimes the minerals are strongly inter

mingled, as for example in the case of stilpnomelane and tremolite-actinolite. 

Other minerals occurring together with the asbestos minerals are prehnite, 

calcite, sphalerite, epidote and chlorite. 

Three distinct stages have been identified in the development of the Kongs

berg silver deposit (Neumann 1944); the minerals considered here belong 

to the last of these, known as the calcite-zeolite paragenesis. 

Because of the low temperature of formation, the minerals are often poorly 

crystallized and intimately interwoven. The fine-grained character, the low 

degree of crystallization and the multitude of phases present, has made posi

tive identification impossible on the basis of X-ray powder diffraction and 

microscopial studies alone. In order to identify the minerals, a combination 
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of several methods was necessary. The principal techniques used were X-ray 
powder diffraction, X-ray fluorescence, atomic absorption and electron 
microscopy. 

The minerals described below all belong to the collections of Mineralo
gisk-geologisk museum in Oslo. No field work was done by the author. 

Tremolite-actinolite asbestos 

The tremolite-actinolite asbestos occurs as impressive grey-white aggregates 
of very thin thread-like crystals, which are apparently without orientation. 
They are sometimes interwoven to form a relatively compact mass. The 
mineral can also show a cork-like texture, which is merely a more dense 
packing of the tiny elongated crystals. 

Well developed pyrite and harmotome crystals occur within these hair-like 
masses (harmotome showing the characteristic cross twins ) . 

Sometimes there is a complex intergrowth of asbestos and stilpnomelane, 
indicating simultaneous formation of the two minerals. 

One of the samples is of special interest. It can be used to demonstrate 
that material from the wallrock has been dissolved by the silver-bearing 
solutions and redeposited, a short distance away, as tremolite-actinolite 
asbestos. However, elsewhere on the same specimen, there is clear evidence 
of in situ transition of wallrock amphibole (tremolite-actinolite asbestos) 
into the equivalent asbestos. This sample consists mainly of highly altered 
wallrock composed of amphibole, chlorite, and orthoclase. As hydrother
rnally deposited rninerals, we have calcite, argentite and tremolite-actinolite 
asbestos. The asbestos is developed as coarse parallel fibres, which give the 
impression of having been formed on shear-planes. Argentite occurs within 
both calcite and asbestos. Calcite is intergrown with asbestos. The manner in 
which these three rninerals are intergrown indicates simultaneous formation. 

In same cases there must have been a quite lengthy transport of the 
components that built up the asbestos, since an asbestos layer has been 
formed on vein calcite and quartz at a point where the wallrock does not 
carry amphibole. Stilpnomelane is intermingled with the asbestos, and occurs 
both as rnicaceous flakes and spheres with radial structures. 

From this we can see that in situ alteration of the wallrock plus wallrock 
solution, transport and redeposition by the silver-bearing solutions, were the 
two mechanisms responsible for the genesis of this asbestos. 

Plate L 

lA. Palygorskite fibres ordered in sheets (800X). lB. A close-up from the same sheet. 
The fibres all lie in the same plane (16000X). 

2A. The more irregular structure of sepiolite, the fibres lack orientation (800X). 2B. A 
close-up of the sepiolite structure, to some extent ordered (16000X). 

3A. The sheet-like structure of montmorillonite (1600X). 3B. A well-developed crystal 
of montmorillonite with a sheet structure perpendicular to the c-axis (1600X). 
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Identification of the mineral was based on X-ray powder diffraction (9 cm 

Debye-Scheerer camera) and a check was made for Mg on the X-ray fluores

cence spectrograph. 

Palygorskite asbestos 

Palygorskite is developed as thin leather-like sheets or layers which are 

brownish white. The substance is fibrous and can be characterized as as

bestos (Pl. 1, lA-lB). The fibres are random.ly distributed in the plane of 

the sheets, so forming a paper-like substance. The mineral usually Iies on 

coarse calcite crystals, but it also occurs in altemating layers with calcite. 

Calcite dominates and is developed as the schistose variety known as argen

tine (skiferspat). The thickness of the palygorskite layers varies from about a 

tenth of a rnillimetre to approximately three millimetres. 

In order to identify the mineral, several methods were tried. The most 

suitable was found to be by X-ray powder diffraction combined with electron 
rnicrography and the X-ray fluorescence spectrograph was used to test for 

Mg. A serni-quantitative deterrnination of the Mg content, by atomic absorp

tion spectrometry, was also carried out. 

Table l. X-ray reflections for palygorskite. 

hk l dÅ calc dA obs I obs* dA obs I obs•• dA obs I obs••• 

110 10.48 10.50 10 10.5 34 10.3 s 

200 6.45 6.44 6 6.46 4 6.3 VW 
130 5.44 5.42 5 5.3 2 5.4 VW 

220 5.24 

040 4.50. 4.49 8 4.49B 3 4.46 w 

4.26 1 4.27 w 

310 4.18 4.18 3 4.15 w 

240 3.69 3.69 5 3.68 2 
330 3.49 

150 3.47 3.50 3NR 3.49NR l 

400 3.23 3.23 lO 3.24 l 

420 3.04 3.03 l some evidence on calcite peak 
350 2.76 

440 2.62 2.61 8 2.60 2 

510 2.56 2.55 3 2.54 l 

080 2.25 

600 2.15 2.15 5 

550 2.10 

480 1.85 

390 1.82 1.82 1 

660 1.75 

800 1.62 1.62 1 

680 1.56 1.56 3 

0,12,0 1.50 1.50 5 1.51 2 

NR-not resolved, B-broad, S-strong, W-weak, VW-very weak. 
* Brown. 

•• Diffractogram, palygorskite, Kongsberg. 

2.59 

2.53 

••• Reflections from 9 cm Debye-Scheerer camera. Kongsberg mineral. 

VW 

VW 
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The powder pattems, which were obtained using a 9 cm Debye-Scherrer 

camera and also a diffractometer, show only small deviations from the 

published data (Table 1). Some of the reflections are due to unidentified 

impurities. The samples for diffractometry consisted of mineral powder 
deposited on glass plates. Three parallel samples were made, and they all 

gave identical pattems. Afterwards one of the plates was placed in an ethy

lene-glycol atmosphere for seven days, another was heated to 400 °C in a 

fumace for two hours. In the first case there was no change in the X-ray 
powder pattem; in the second case the 10.5 A line became faint and diffuse. 

Some phase transition experiments were carried out; the phases obtained 
by heating the mineral to 1000 °C for one day were cristoballite and magne

tite. This is not fully in accordance with the published data, but according to 
Grim (1968), the phases formed may differ with slight differences in com
position. 

A measurement of the index of refraction gave values close to 1.5, which 
fits well with a = 1.49 and p = 1.53 (Grim). 

A semi-quantitative determination of MgO by atomic absorption gave 

approximately 15 wt% MgO. Analyses published in Grim vary between 

approximately 5-13 wt %. 

The electron micrographs (Pl. 1, lA-lB) show the fibrous pattern very 

clearly and are much like the ones published by Grim. Pl. l, lA shows the 
sheet-Iike structure and how it is built up. The grains on the layer are calcite. 

Pl. 1, lB is a close-up of the fibres and shows very well the composite 
character and also the curvature of the fibres. This hending is not nearly so 

pronounced in the case of sepiolite fibres (Pl. 1, 2A). 

Sepiolite asbestos 

Sepiolite occurs as a relatively dense brownish cork-like substance, again 
composed of a multitude of hair-like crystals. Calcite is intermingled with 
the sepiolite. 

The X-ray diffraction reflections obtained from this substance fit well with 
the data published by Brindley, the 3.50 A line being the only exception 
(Table 2). 

In order to obtain a diffractogram, the mineral was deposited on glass 
plates. The sample was again made in triplicate and the three pattems 
obtained were identical. Afterwards, one of the glass plates was placed in an 

ethylene-glycol atmosphere for seven days, but this produced no changes in 
the X-ray pattern. 

The mineral phases which formed after heating to 1000 °C for one day 

were lime and cristoballite. At these temperatures enstatite should form; lime 

can be considered as a product of the calcite (Grint). 

An X-ray fluorescence analysis gave approximately 9 wt% MgO; pub

lished values vary between 20 and 23 wt %. Calcite impurities and non

ideal standards may have caused this deviation. Differential thermal analysis 
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Table 2. X-ray reflections for sepiolite. 

hk! dA obs I obs* dA obs I obs** dA obs I obs*** 

110 12.1 100 12.3 150 12.1 VS 

130 7.7 5B 7.6 3B 

200 6.7 5B 
150 5.0 5B 5.1 2B 

060 4.47 18 4.52 3B 4.53 MS 

131 4.31 25 4.33 lB 4.44 MS 

330 4.17 5 4.17 MS 

260 3.738 20 3.75 2 3.77 s 
080 3.339 35 3.4 13 3.50 s 
331 3.187 12 3.21 MS 

261 3.048 5 
510 2.675 8NR 2.7 4 2.69 w 
281 2.59 

l 
40NR 2.56 w 

191 2.56 
042 2.44 

15NR 2.44 MS 
222 2.39 
312 2.259 18B 2.27 MS 

2,12,0 2.117 5 
082 2.071 7B 2.09 3 2.07 MS-W 

1.722 5 
1.692 8 
1.583 9B 1.588 w 
1.548 lO 1.548 w 
1.517 15 1.516 w 
1.412 4B 
1.310 4B 
1.296 lO 1.296 MS 

NR-not resolved, B-broad, VS-very strong, S-strong, MS-moderately strong, W-weak. 
• Brindley. 

•• Diffractogram, sepiolite, Kongsberg. 
*** Reflections frem 9 cm Debye-Scherrer camera. Kongsberg mineral. 

Table 3. X-ray reflections for montmorillonite. 

hkl dA obs I obs* dA obs I obs•• 

001 15.1 10.000 15.2 900 
003 5.03 880 4.98 44 
110 4.46 150 4.46B 6 
004 3.75 550 3.74 7 
120 
005 3.00 200 2.99 38 
130 2.53 200 2.46 2 
006 
240 1.7 100 1.86 2 
008 

0,0,10 1.50 250 1.50 3 
330 
060 

0,0,12 1.29 

B-broad. 
• Montmorillonite, Fortun Sogn (Rosenqvist 1959). 

•• Montmorillonite, Kongsberg. Sedimented on a glass plate diffractogram. Ethylene 
glycol caused an expansion of the (001) reflection from 15.2A to 17.1A. 
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(DTA) and differential thermogravimetry (DTG) methods were also tried, 
but gave no good results. 

The electron micrographs again seem to be decisive, when used together 
with X-ray powder data. Pl. l, 2A shows the needle-like character. Pl. l, 

2B gives a dose up. 

Montmorillonite 

Montmorillonite occurs as white and rather pure masses, but with some ad
mixed quartz, orthodase and pyrite. 

X-ray data fit with those of montmorillonite. The diffractometry samples 
were again deposited on three glass plates, one of which was placed in an 
ethylene-glycol atmosphere for seven days. The result was an expansion of 
the (001) spacing from 15.2 Å to 17.1 Å. The X-ray data for powder 
diagrams as published by Rosenqvist (1959) for the montmorillonite from 
Fortun in Sogn, are rather dose to those obtained with the diffractometer. 
DT A diagrams gave non-decisive pattems. 

A simple test with benzidine gave a blue colour. A semiquantitative X-ray 
analysis gave 17 wt % Al203, 0.5 wt % Fe203 and 4 wt% MhO. 

The electron micrographs (Pl. l, 3A-3B) show dearly the flaky structure. 
There are few well-developed crystals. Pl. l, 3A is an overall view, and 3B 
_shows a crystal with euhedral outlines. 

Conclusion 

In summary, it can be said that tremolite-actinolite may be considered as 
belonging to the Kongsberg paragenesis. Palygorskite, sepiolite, and mont
morillonite may also belong to the same paragenesis, but there are no data 
available from the samples studied to prove this condusively. They have all 
formed at a late stage of hydrothermal activity. 

ldentification problems are numerous and a systematic combination of dif
ferent methods has proved necessary in order to obtain unequivocal results. 
For the tremolite-actinolite X-ray powder diffraction, together with a check 
for Mg, is determinative. For the other minerals a combination of several 
methods is necessary. Here we can mention diffractograms from the powders 
sedimented on glass plates, expansion in ethylene-glycol atmosphere, struc
tural and phase transitions at elevated temperatures, and semi-quantitative 
analyses using either atomic absorption or X-ray fluorescence methods. 
Atomic absorption may be more time-oonsuming, but, when it is possible 
to separate the phases, this method gives more accurate results because of 
the higher sensitivity and fewer matrix effects. The analysis described above 
was carried out by means of the addition method. In this case only the Mg 
content was of interest. Accurate analyses were impossible because of impu
rities which could not be estimated or removed. 
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