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First occurrences of matildite 
(AgBiS2) associated with 

Caledonian intrusives in Scotland 

MAT1LDITE has  been  identif ied dur ing an investi-  
gat ion of La te  Ca ledon ian  grani to id- re la ted  
minera l i sa t ion  in n o r t h e r n  Br i ta in  (Lowry,  1991). 
It occurs in quar tz  veins at the  N W  contact  
be tween  the  Fleet  grani te  and  greywackes at  
Ta lnot ry ,  which is --5 km N E  of Newton  Stewart  
in the Sou the rn  Uplands .  It also occurs in quar tz  
veins at the  eas te rn  margin  of the  Ra taga in  

Complex ,  which is located on  the  south  side of 
Loch Duich ,  --10 km east  of Glene lg  in the 
N o r t h e r n  Highlands.  These  r ep resen t  the first 
r epor t ed  occurrences  of this minera l  in Scotland.  
E l sewhere  in G r e a t  Bri ta in ,  mat i ld i te  has pre-  
viously been  repor ted  f rom Cornwal l  (Stanley,  
pers. comm.) .  The  minera l  was identif ied by 
mic roprobe  analysis (Table  1) and  conf i rmed by 
optical examina t ion  (e.g. ye l low-green  colour  
next  to galena) .  

Previous  work at Talnotry ,  including micro- 
p robe  analysis,  has concen t r a t ed  on  a sulphide 
segregat ion at the base  of a diori te  sheet  approxi-  

TABLE 1: Representative electron microprobe analyses (in wt.%) for intergrown galena and 
matildite from Talnotry, and for galena, matildite and Phase A sulphosalt from Invershiel. Figures 
in brackets in the second row indicate the number of analyses made on that mineral. Analyses 
were performed using a JEOL JCXA-733 electron probe microanalyser in wavelength dispersion 
mode. The standards used were Ag2Te, PbS and pure metals (Ag, Bi, Cd, Cu, Fe). Points were 
analysed using a beam of 20 kV, current of 30 nA and 2 #m spot size. 

DEPOSIT TALNOTRY RATAGAIN 

MINERAL Galena (5) Matildite (22) Phase A (4) Product A (5) Product B (2) 
Low Ag High Ag Mean (Matildite) (Galena) 

Ag 1.26 23.26 25.70 24.41 15.74 26.06 1.77 

Cu 0.13 

Pb 82.35 0.25 0.04 30.57 0.66 78.31 

Bi 3.05 59.52 57.39 58.43 38.48 57.52 5.02 

Fe 0.14 

Cd 

Te 

S 

0.07 0.07 

0.24 0.32 0.17 

13.59 17.13 16.84 16.92 15.01 16.11 12.76 

Total 100.39 100.22 100.50 100.07 99.80 100.35 97.09 

Mineral Formulae: Talnotry matildite - Ag0.87Bi 1.06S2 

Ratagain Phase A - Ag0.93Pb0.95 Bi 1.18S3 or Ag5.58Pb5.70Bi7.08S 18 

Ratagain matildite - Ag0.96Pb0.01Bil.10S 2 
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mately 250 m NW of the granite (see Stanley et 
al., 1987, for details). The matildite was found 
intergrown with galena in a 1 m-wide quartz vein 
at the contact between coarse-grained biotite 
granite and hornfelsed greywacke (Cook, 1976) 
on the south side of Palnure Burn (NX 4815 
7017). Matildite segregations are found within 
five galena masses from the single polished 
section analysed (Fig. 1). They contain on aver- 
age 0.17 wt.% Te and <0.2 wt.% Pb (Table 1). 
The mean Bi content of 58.6 wt.% is higher than 
the expected stoichiometric content of 54.9 wt. % 
and the mean Ag content of -25 .5  wt.% is lower 
than the ideal 28.3 wt.% Ag (Fig. 3). Galena 
contains 0.9-1.4 wt.% Ag and 2.2-3.5 wt.% Bi. 

The matildite at Ratagain was located in a vein 
from the main road cutting at Invershiel (NG 9378 
1980) where the monzonite is in contact with 
Moinian metasediments in the vicinity of the 
Strathconon Fault. Quartz veins hosted by the 
Ratagain monzonite have previously been studied 
by Alderton (1986; 1988) but matildite was not 
reported. Within one vein intersection at the 
lnvershiel occurrence, two euhedral crystals have 
been identified enclosed within a mass of Bi- and 
Ag-bearing galena more than 3 mm across. While 
keeping its original crystal shape this phase has 
undergone almost complete breakdown in a very 

patchy manner (Fig. 2) to galena with up to 6.2 
wt.% Bi and 2.5 wt.% Ag, and matildite with 
<1.5 wt.% Pb. Analyses of an extremely fine- 
grained intergrowth or intermediate phase (Phase 
A, medium grey using backscattered electron 
imaging--BSEI),  could partly reflect the compo- 
sition of the precursor phase with the mean 
formula Ago.93Pbo.95Bil.18S3 (Table 1, Fig. 3). 
This does not correspond to a known mineral 
phase, partly reflecting the extremely fine- 
grained intergrowths and the limitations of spot 
size. The closest named minerals are eskimoite 
(Ag7Pb10Bi15S36) and schirmerite (Ag3Pb6- 
Bi7Sls) (see Foord et al., 1988). The analyses 
presented here are relatively enriched in Ag by 
comparison with these compositions, but fall 
between the ourayite S.S. (Fig. 3; Foord and 
Shawe, 1989) and those reported by Bortnikov 
e ta l . ,  (1987) which lie close to the galena- 
matildite join and include AgPbBiS3. 

The matildite and galena at Talnotry are 
paragentically late and postdate a shearing event. 
Fluid inclusion homogenisations in host vein 
quartz suggest temperatures below 235 ~ for the 
late fluids (Lowry, 1991). The euhedral sulpho- 
salts and enclosing galena at Invershiel are part of 
the main sulphide precipitating event and predate 
shearing and sulphate infiltration. Sulphur iso- 

Fro. 1. (/eft) lntergrowth of matildite (dark grey) and galena (light grey) within quartz veining at the Fleet granite 
contact at Talnotry. Native bismuth crystals (white) are present in galena which brecciates arsenopyrite (black). 
(BSE image-scale bar 100 ~tm). Fro. 2. (right) Subhedral Ag-Bi-Pb sulphosalt overgrown by galena within quartz 
veining at Invershiel. The sulphosalt has decomposed or exsolved to form galena (white), matildite (dark grey) and 
a grey phase which could be finely intergrown galena and matildite, but having a composition close to that of the 

precursor mineral (BSE image-scale bar = 100 gin). 
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FIG. 3. Microprobe analyses from Talnotry and Invershiel showing the atomic proportions for minerals in the 
ternary Ag-Pb-Bi system. Idealised mineral compositions (filled squares) from Foord et al. (1988). Open circles = 

Ratagain analyses, filled triangle = mean of Phase A analyses, filled circles = Talnotry analyses. 

tope geothermometry and fluid inclusion homo- 
genisations in associated vein quartz suggest that 
the main sulphide forming event spanned a range 
of temperatures from 260-300 ~ (Lowry, 1991). 
These estimated temperatures for the two vein 
systems can be related to the phase relations in 
the Ag-Pb-Bi -S  system. AgBiS2 has two forms. 
The high temperature cubic form, 0~-AgBiS~ 
(schapbachite, Hey, 1982) is stable between 
--215 ~ and -560  ~ (Barton, 1979) and forms a 
solid solution with PbS (Chang et al., 1988). The 
low-temperature (<215 ~ Craig, 1967), hexago- 
nal form, [3-AgBiS2 (matildite), forms a pseudo- 
cubic lattice when in associatign with galena. 
Matildite and galena can form contempora- 
neously when temperatures of the precipitating 
fluid are below 215 ~ or can form as decompo- 
sition products of a high-temperature PbS-c~AgB- 
iS2 solid-solution series mineral (Karup-Moller 
and Pauli, 1979). This is in agreement with the 
formation of the Talnotry matildite below 235 ~ 

producing the lattice with galena shown in Fig. 1, 
and the unstable precursor solid solution sulpho- 
salt at lnvershiel forming above 260 ~ but then 
decomposing or exsolving to galena and matildite 
below 215 ~ 
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Namibite from Buckbarrow Beck, 
Cumbria: the first British 

o c c u r r e n c e  

A nARROW quartz--chalcopyrite-scheelite vein, 
which cuts the granodiorite of the Eskdale 
intrusion, at Buckbarrow Beck [SD 1367 9097] 

west Cumbria, is remarkable for the common 
occurrence within it of the rare supergene miner- 
als russellite, bismutoferrite and cuprotungsite 
(Young, 1985; Young et al., 1986; 1991). Recent 
examination of veinstone obtained from the 
outcrop has revealed the presence of several 
further rare supergene species, including nami- 
bite, reported here, for the first time, from 
Britain. Identification was by X-ray powder 
photography. No chemical analyses have been 
undertaken. 

Namibite (CuBizgO6) has hitherto been 
known only from its type locality at Khorixas, 
Namibia (von Knorring and Sahama, 1981). 
Buckbarrow Beck is only the second confirmed 
occurrence of the species. At Buckbarrow Beck 
namibite (XE752") occurs, rarely, as very dark 
green, roughly spherical masses up to about 1.5 
mm across. In some instances these exhibit an 
internal sheaf-like, platy, crystalline texture and 
smooth to drusy external surfaces. The mineral 
occurs both alone and in small cavities with 
quartz veinstone and accompanied by bismutite, 
bismutoferrite, eulytite and mixite. 

Eulytite (Bi4(SiO4)3) (XE744) is common on 
several samples of iron-stained quartz veinstone. 
It occurs both as colourless to honey-yellow 
complex tetrahedra, up to 0.5 mm across, and as 
spherical aggregates up to 2.0 mm across in which 
concentric colour banding is locally conspicuous. 
In Britain, eulytite has previously been recorded 
only from Southwick Cliffs, near Dalbeattie, 
Dumfties and Galloway Region (Macpherson 
and Livingstone, 1981, p. 21). 

Mixite (BiCu6AsO4)3(OH)6.3H20) (XE753) is 
a common associate of eulytite and namibite at 
Buckbarrow Beck. It typically occurs as pale 
turquoise to almost white acicular crystals which 
commonly form fibrous aggregates encrusting or 
filling small cavities in quartz veinstone. The only 
previously published references to mixite from 
Britain are those of Miller and Taylor (1966) who 
recorded it from trhe Dalbeattie area, S.W. 
Scotland and of Embrey (1977, p. LX) who 
reported its likely occurrence on specimens 
collected by A. W. G. Kingsbury from Wheal 
Owles, St. Just, Cornwall. 

The abundance of bismuth-beating supergene 
minerals in the oxidised outcrop of the Buckbar- 
row Beck vein strongly suggests that bismuth 
minerals may comprise an important part of the 
hypogene assemblage at depth. A small, but 
significant, concentration of vanadium-bearing 
minerals is suggested by the presence both of 
vanadium in the russellite from this locality 
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