Sample Tsal (Tinnsja, Telemark)

The sample was supplied by Thorium Norway AS. The Tinosjpersilver property includes

the Hovin (Vasstveit) deposit, which was mined intermittently at the end of theédr@ury and

from 190304, 190810 and 1912922 both underground and as an open pit (NGU, 2006}. A 3
hole diamond drill (1963) and reconnaissance exploration program (2005) was undertaken by
the Geological Survey of Norway (NGU, 2006). The prospect is today under evaluation by the
claim-holders. At Thnsja, coppesilver ore occurs as a ca. 20 cm wide vein, with abundant
coarse calcite, associated with a ca. 2l&ng amphibolite dyke that lies concordant within a
fine-grained Neoproterozoic quartzite (NGU, 2806The appearance and composition of the

ore is said to be identical along the strike of the vein. Bornite, chalcocite and chalcopyrite are
described as the dominant ore minerals; gangue phases are quartz, feldspar, amphibole and
calcite.

The sample was studied using conventional reflected trgbroscopy and also using scanning
electron microscopy (SEM) at the Natural History Museum, University of Oslo. Figifese

socal |l esdsc@abaceked el ectron i mages§®6, obtained
images correspond to the averagemic mass of each mineral. Contrast and brightness differ,
however, from image to image.

Polished section description

The sample is a semassive sulphide ore, containing ca. 40 vol.% ore minerals. Gangue
calcite minor quartz and feldspéirom thevein) make up the remainder of the sample. The Cu
sulphides appear blue in hand specimen and when polished are revealed to be a coarse (mm
scale) symplectitic intergrowth of bornig€usFeS) and chalcocit€Cu,S) (Figs. 1 and 2).

Fig. 1 Photomicrograph in reflected light. Coaigined bornite (appearing bronze or pihkisown when fresh
rapidly tanishing to dull brown) occurs as a sympleetike intergrowth with chalcocite (slightly bluish grey).
Horizontal field of view: 1.3 mm.

! NORGESGEOLOGISKEUNDERS@KELSE(NGU) (2006):Hovin. Forekomst nr. 2 i Tinn kommune. Online ore
database (malmdatabasen), entry for deposit 0826:002/www.ngu.no/no/




This mutuallyintergrowntexturebetween bornite and chalcocitesults from amixing during
cooling of arelativelyhigh e mper at ure #fAf or er unner orictpveirss e .
and is generally a good indication that the ore will also carry significant quantities of silver,
bismuth and possiblytber elements. These minor elements are incorporated in the high
temperature phase and are exsolved out to fiisorete minerals upon cooling
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Fig. 2 Backscattered electron images oétimtergrowth between bornite (darker on the images) and chalcocite (the
lighter mineral). Both minerals also form larger, more homogeneous masses.

One characteristic component of this type of ore is the mineral wittichenit®iSguand,
indeed, this is observed in section Tis@ot mentioned in previous repditslt occurs as small
(typically <50 pm seldom up to 100 um in sigeounded blebs within the chalcocite matrix

(Fig. 3)

Silver is present in the sample as stromeyé(@e,Ag),S], typically occurring as fingrained
exsolutions within chalcocite (Fig, 4eft). Although stromeyeritewas not so very abundant in
the sample, | would suspect, basedobservations of other Adg deposits, that stromeyerite
would be one of the main Algeaing minerals at Tinnsjalhe presence of hessite is mentioned
in earlier reports, but was not seen in sampleIlsa

Closer inspection at higher magnification reveals a still more interesting mineralogy in the
sample. Adozen or so acicular crystals aremseexsolved within bornite, but always together
with chalcocite(Fig. 4, left and Fig. 5)These correspond to the extremely rare sulphosalt
mineral, larosite (Cu,Agp:PbBiSs’. The grains are typically 0 pm in length, with a
maximum width of 10 um wile. In reflected light, these are a white browniséygrolour and
displays modest anisotropy. Larosite crystals are readily seen irsbait&red electron images

Z wittichenite isa commonmineralin many of the Telemark G(Ag) occurrences, e.gNORDRUM, F.S.(1972):
Wittichenite, CyBiS; from Tokke andFyresdain west TelemarkNorsk Geologisk Tidsskrif62 (3), 257271.

® The rare sulfosalt larosite was described (Petruk, 19¥2urring as microscopic needike crystals up to 300

pm in length and 25 pm in width, from a chalcoesteomeyerite assemblage in a vein from the Foster Mine,
Cobalt district, Ontario, Canada (i.e., remarkably similar to the Tinnsja occurrenceforinda was given as
(Cu,Ag),PbBiS; and the powder pattern was indexed to an orthorhombic cell. The mineral has niolebé&ad

from other localities since discovery of the type material, making the Tinnsja occurrence only the second
worldwide.

PETRUK, W. (1972): Larosite, a new coppkradbismuth sulphideCan. Mineral.11, 886:891.


http://web5s.silverplatter.com/webspirs/doLS.ws?ss=Norsk+Geologisk+Tidsskrift+Supplement+in+SO

(Fig. 1) to be homogeneouswould not expect larosite to be a major sitbearing mineriaat
Tinnsja, but its presence of considerable mineralogical interest.
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Fig. 3 Backscattered electron images of the intergrowth between bornite and chalcocite andksohatidegrains
of wittichenite (appearing bright white on the images). Wittichenite is not exsolved within bornite and chalcocite,
but typically occurs at the boundary between the two minerals.
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Fig. 4 Backscattered electron images. (top left) Flaiike exsolutions of stromeyerite (white) in chalcocite
(medium grey). Mineral to right of image is borniteopright) Smal bleb-like exsolutions of wittichenite (white)
within chalcocite(medium grey) itself enclosed within bornitédarker grg). In the lower right of the image,
another balcocite inclusion host&ular (needleshaped) grammof the rare sulphosalt larosite.



BSE2 28-Nov-08 NHM

Fig. 5 Backscatered electron imageshowing grains

of larosite (the bright mineral in the centre of the

images). Note the characteristic acicular morphology
and occurrence within chalcocite blebs in bornite

Compositions of six differeriarositegrains were obtainedsng the wavelengtiispersive X
ray analyser fitted to the SEMDetails are given irthe table below, together with data for
bornite and wittichenite(all in wt.%). Larosite $oichiometry is very close to ideal
(Cu,Ag):PbBiS3. Silver content varies from.1 to 14.2 wt.%, corresponding to a Ag/(Cu+Ag)
ratio in the formula between 0.08 andQ.1e., slightly loweron averagehanfrom the type
locality. The empircal formula (mean analysis) i$Cuis6A02.3)20.dPb1.1BiosSky 1(Si2.856 .1
Tep )13

Ag Cu Pb Fe Bi Sb Te Se S Total

Wittichenite 1 | 0.40 | 39.05 | 4.32 046 | 36.15 | 069 0.44 031 | 1819 | 100.01
Wittichenite 2 | 0.38 | 4017 | 4.78 026 | 3578 } ; } 1852 | 99.89
Wittichenite 3 | 0.36 | 41.23 | 2.90 ; 36.04 ; 0.25 0.19 | 1853 | 99.50
Stromeyerite 4462 | 3767 | 011 ; 0.38 ; ; ; 1628 | 99.36
Larosite 1 710 | 5332 | 9.40 1.79 6.29 ; 0.25 N 1838 | 96.53
Larosite 2 925 | 5241 | 886 0.73 7.63 0.60 0.76 008 | 1791 | 98.23
Larosite 3 1096 | 5054 | 8.78 0.53 7.02 0.78 0.18 } 17.90 | 96.69
Larosite 4 1142 | 5238 | 9.82 0.78 6.37 0.28 0.11 020 | 17.27 | 9863
Larosite 5 14.16 | 4985 | 958 0.68 7.08 ; 026 | 1838 | 99.99
Larosite 6 12.77 | 4795 | 1023 | 040 6.50 ; 0.23 1755 | 9563
Larosite 7 11.13 | 5283 | 10.09 | 069 6.43 0.08 0.29 025 | 1822 | 100.01
Larosite 1097 | 5133 | 954 0.80 6.76 0.44 0.30 020 | 17.94 | 9827
(meanof 7)




