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SUMMARY 

Stratiform and disseminated pyrite-arsenopyrite 
concentrations are overprinted by fracture- 
controlled polymetallic mineralisation including 
stibnite through at least tens of metres of Silurian 
sediments at Glendinning, near Langholm. Three 
shallow boreholes were drilled on an anomaly 
defined by VLF-EM and II? surveys and by 
antimony values X0 ppm in thin B-C horizon 
soils. A parallel conductive zone with an 
accompanying soil anomaly but lacking an IP 
response was investigated by a fourth hole. The 
stratabound sulphides form disseminations and 
bands parallel to the bedding and are particularly 
concentrated in intraformational breccia units 
regarded as debris flows, which, together with the 
presence of smaIl scale slump folds in the grey- 
wackes, testify to the existence of an unstable 
slope during sedimentation. The thickest such 
unit has a true thickness of 4 m and together with 
8 m of adjoining greywackes grades 0.7% As. 

Phases of fracture-controlled Fe-As-Sb-Pb- 
Zn-Cu-(?)Hg mineralisation associated with wide- 
spread dolomite and quartz veinlets and narrow 
breccia veins are superimposed on the stratabound 
mineralisation. Their spatial association with the 
stratabound mineralisation, the presence of up to 
0.33% Sb in the stratiform arsenopyrite and as 
much as 5% As in the stratiform pyrite, favour a 
common source for the arsenic and antimony. This 
source was probably a synsedimentary metal 
accumulation in a mid or lower fan environment 
where euxinic conditions periodically developed. 

INTRODUCTION 

LOCATION 
The old Louisa Mine at Glendinning lies 13 km 
north-north-west of Langholm (Figure 1) and 
26 km south-west of Hawick in southern Scotland. 
It can be reached from Langholm via the B709 
Eskdalemuir road thence by a minor road from 
Georgefield to the hamlet of Glendinning. A rough 
track leads eastwards for 1.5 km from Glendinning 
hamlet to the old mine. 

MINING RECORDS 
The documentary evidence on this mine is scant 
and at times at variance with the field evidence. 

Dewey (1920) stated that the mineralisation was 
first discovered about 1760 but does not say which 
vein. A section of the mine is recorded in the 
margin of a Leadhills mine plan dating from the 
mid-nineteenth century, but this only shows a 
single worked structure (0~ tit p. 55). A total 
production of nearly 200 tonnes of antimony is 
recorded from Glendinning Mine, the main periods 
of production being 1793-1798 and 1888-1891 
(op tit). 

Field observation suggests that there are three 
structures which have been worked, as well as 
several small trials and lines of costean pits. It 
seems likely that the first discovery of ore minerals 
took place in Glenshanna Burn as outcrop is scarce 
elsewhere. The earliest workings lie about 100 m 
below the main mine dumps [3112 96621 where 
there is a collapsed adit in the stream bank driven 
towards the main shaft at a small angle to the 
stream. About 30 m along this there is possibly 
a shaft from the surface close to the remains of a 
dam and wheel pit. On the south side of the stream 
(Figure 6) there are small dumps and crushing 
floors on which samples of stibnite abound. A 
further 50 m downstream from these there is a 
powder hut of a later phase of working south of 
which a trench is aligned with the co1 into Trough 
Hope (Figure 3). The remains of a shaft with a 
dump which is now well covered with vegetation 
occur nearby. It is possible that there were 
occasions other than those mentioned above on 
which ores were extracted from the workings. The 
early phases of operation apparently lacked any 
mechanisation, or even a track along which a 
wheeled vehicle might have gained access to the 
workings. 

The main workings, which are probably of 
mid to late 19th century age, lie on the north side 
of Glenshanna Burn, and are of a much larger scale 
than those described above. The vein is described 
by Wilson (in Dewey, 1920) as trending to the 
north-east, and dipping at 80’ to the SE, or vertical. 
According to Wilson, quoting unspecified sources, 
the walls are horizontally slickensided and about 
1.3 m apart, within which a zone of small stringers 
of ore occurred in brecciated country rock. The 
distribution of ore is said to be very patchy and the 
volume of gangue minerals small. The mine work- 
ings were inaccessible when visited by Wilson more 
than sixty years ago. He describes the ore as being 
a highly complex mixture of stibnite, galena, 
jamesonite and sphalerite, with a little chalcopyrite. 

1 



Fig1 Sketch geological map of the south of Scotland showing the principal known occurrences of antimony and arsenic 
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The gangue comprises quartz, calcite and baryte. 
The major part of the workings, to which it is 
presumed that Wilson’s description applies, 
comprises three levels, the top one of which is an 
adit on the flank of Grey Hill (Figure 6). The levels 
are interconnected by two or possibly three shafts 
and a number of winzes. Drainage seems to have 
been a problem on the lower two levels, and it is 
unlikely that much production took place from 
them. The last phase of operation took place 
c.1920 when reinforced concrete footings were 
built for winding gear and the shafts were cleaned 
out. However, it seems that most of the capital was 
spent on elaborate facilities, and production was 
small before the venture collapsed. Costean pits 
were sunk on the south side of Glenshanna Burn, 
and small excavations in the hillside suggest that 
trial adits were driven in search of a southward 
extension of the mineralised structure, but there is 
nothing to suggest that anything was found. 

Westwards from the mine site towards Meggat 
Water (Figure 3) two small adits open into the 
south bank of the stream. The adjoining dumps are 
barren of mineralised material. Another small 
trial occurs in the main valley to the east of 
Megdale Farm [3003 95761, which may have been 
developed in the early part of this century, and was 
only abandoned because of a drop in the price of 
antimony ores. There is evidence of a smelting 
hearth on the banks of Meggat Water adjacent to 
Glendinning Farm, and another beside Tod Syke, 
which appears to be related to one of the later 
phases of working, at which time a proper track 
was cut to the mine. 

SCOPE OF THE PRESENT INVESTIGATION 

Glendinning Mine is geographically remote from 
other mining districts in southern Scotland and even 
prior to this investigation its geological character- 
istics were regarded as unusual - an isolated vein in 
Lower Palaeozoic sediments unrelated to major 
faulting and distant from granitic intrusions. 
Apart from a few baryte veinlets exposed in 
Glenshanna Burn there is no outcropping metal- 
liferous mineralisation in the area of Glendinning 
Mine. The lack of mineralisation controls, evidence 
of antimony anomalies in drainage samples (Figure 
2) and the high value of the metal itself formed the 
main reasons for this investigation. 

As exposure is very poor in the mine area, 
geochemical soil sampling and geophysical surveys 
formed the main surface investigations, commenc- 
ing in 1979. Traverses were oriented NW-SE on 
thk assumption that the mining record of a north- 
east trending vein was correct. However, coincident 
soil anomalies and VLF-EM anomalies trending at 
015’ were obtained in ground where little or no 
evidence of earlier workings existed. On this new 
evidence, four shallow boreholes were drilled in 

1980. Drill cores were logged on site, then in more 
detail at the field base. Half-core samples were 
taken for geochemical analysis and mineralogical 
study and the remainder stored in Edinburgh. 

REGIONAL GEOLOGY 

In Britain the northern sector of the Caledonides 
fold belt (the orthotectonic Caledonides) is 
essentially a high grade metamorphic terrain 
whereas the southern sector (the paratectonic 
Caledonides), although containing highly deformed 
strata, has suffered only very low grade meta- 
morphism. The boundary between the ortho- 
tectonic and paratectonic Caledonides probably 
lies in the vicinity of the Southern Upland Fault 
and coincides with a continental margin beneath 
which oceanic crust was consumed at a north- 
westerly dipping subduction zone during the 
Lower Palaeozoic (Dewey, 1969; Phillips and 
others, 1976). 

When the present Atlantic Ocean is closed so 
that the continents are restored to their pre- 
Mesozoic relationships (e.g. Smith and Briden, 
1977) Britain and Ireland are brought into close 
proximity to Newfoundland and Greenland. The 
continuity of the Laurentian continental foreland 
outcrops in east Greenland, north-west Scotland 
and Newfoundland is then emphasised. In Scotland 
the Dalradian Supergroup originated in a late Pre- 
cambrian to Cambrian ensialic basin within this 
foreland (Harris and others, 1978) and has a 
probable analogue in the Fleur de Lys Supergroup 
of Newfoundland (Kennedy, 1975). Ophiolite 
complexes at Ballantrae and in Newfoundland are 
generally believed to represent oceanic crust 
abducted onto the continental margin from a 
series of back-arc basins (Dewey, 1974). 

South-east of the Southern Upland Fault a 
systematic sequence of stratigraphically distinct, 
steeply dipping greywacke-shale units trends north- 
east to south-west separated by major strike faults. 
Within each individual unit the dominant direction 
of stratigraphic younging is to the north-west but 
overall progressively younger units crop out 
sequentially towards the south-east (Walton, 1965; 
Leggett and others, 1979). This trend is particular- 
ly well defined in the north-western half of the 
Southern Uplands but becomes more confused 
southeastward. The fault-bounded units are 
thought to have originated as an accretionary 
wedge formed above a subduction zone consuming 
the Lower Palaeozoic Iapetus oceanic plate 
(McKerrow and others, 1977; Leggett and others, 
1979). The wedge built up as successive thin layers 
of sediment were sheared from the surface of the 
downgoing plate and underthrust beneath a stack 
of similar slices. Some rotation of the sedimentary 
pile may have been caused by the underthrusting 
but final rotation to the present sub-vertical 
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attitude was probabiy caused by continental 
collision as the Iapetus Ocean finally closed. The 
resultant suture is believed now to underlie the 
Solway Firth. 

GEOLOGY OF THE GLENDINNING AREA 

STRATIGRAPHY 
The Glendinning area lies within the broad belt of 
Silurian strata which forms the south-eastern part 
of the Southern Uplands. The succession consists 
of medium to fine-grained greywackes well-bedded 
on the scale of a few centimetres to several metres. 
Well-developed grading is only occasionally seen 
but interlamination of the fine greywacke with 
siltstone is common, together with widespread 
cross-bedding. A number of intraformational 
breccia horizons were encountered in the bore- 
holes, some with siltstone and fine sandstone clasts 
set in a muddy matrix and others with mudstone 
clasts in a coarser-grained matrix. Of the breccias 
rich in fme-grained matrix some contained clasts 
cut by fine quartz and carbonate veins. These may 
have originated as mass-flow deposits derived from 
a more distant source than the intraformational 
breccias. The assemblage of sedimentary features 
observed suggests deposition in a mid or lower 
fan environment (e.g. Walker, 1979). Grey and red 
mudstones are in places interbedded with the grey- 
wackes and are frequently mutually interlaminated. 
The mudstone horizons range up to 1 m in thick- 
ness and probably represent a pelagic or hemi- 
pelagic deposit. 

Good palaeocurrent evidence was obtained at 
several exposures and, after correction only for 
bedding inclination, showed a consistent current 
trend towards the west and south-west. However, 
at White Birren quarry, 6 km along strike to the 
south-west there is good evidence for palaeocurrent 
flow towards the east (Figure 4). This along-strike 
variation in current direction reinforces the 
suggestion of deposition in a mid or lower fan 
environment. 

No evidence for contemporary vulcanicity was 
found in the Glendinning district, but tuffaceous 
horizons have been reported (Lumsden and others, 
1967, p. 14) within the neighbouring Silurian 
sequence of the Langholm area. The closest of 
these to Glendinning crops out approximately 
11 km to the south-south-east. 

In the past unfossiliferous sequences of the 
type exposed in the Glendinning area have been 
referred to as the ‘Hawick Rocks’, an i&defined 
assemblage traditionally included in the 
Llandovery stage of the Silurian (Peach and Horne, 
1899; Rust, 1965a). However, work by Craig and 
Walton (1959) in Galloway, and Warren (1964) 
near Hawick has suggested that the uppermost 
parts of the ‘Hawick Rocks’ sequences in those 
areas may be Wenlock in age. The stratigraphic 
position of the Silurian greywackes of the Glen- 

dinning area is therefore uncertain, and because 
of the paucity of outcrop, the steeply inclined 
nature of the beds, and borehole evidence of 
rapid lithological variation it has not been possible 
to devise a local lithostratigraphy. 

STRUCTURE 
The principal structural elements of the Glen- 
dinning area are summarised in Figure 3. Regional 
bedding strike is north-east to south-west although 
in places a dextral deflection is apparent, for 
example in the western part of the Corlaw Bum. 
Strata are generally steeply inclined with a south- 
eastward dip. The overah sense of younging is to 
the north-west (thus most beds are slightly inverted) 
but south-easterly younging horizons were noted 
in several places. This alternation of younging 
direction in adjacent horizons with similar 
attitudes is likely to be the result of tight folding. 
Several poorly preserved sub-horizontal fold 
hinges, usually with an associated axial-plane 
cleavage, were observed within the mine area and 
are probably of the same general style as the folds 
well exposed at White Birren quarry 6 km to the 
south-west (Figure 4). In the quarry section tight 
folds with sub-horizontal hinges have an associated 
axial planar slaty cleavage dipping steeply to the 
south-east. Folding of this style, and its associated 
irregularly developed axial plane cleavage, probably 
continues across the GIendinning area. However, 
the impersistence of the reverse younging belts 
along strike suggests that the individual folds may 
themselves be discontinuous. 

Superimposed on the sub-horizontally hinged 
folds are tight folding zones with hinges plunging 
steeply to the west-south-west. In style these 
range from simple S or 2 folds with amplitude and 
wavelength of up to 2 m, to complex fold zones 
several metres broad (Figure 5). It is possible that 
these are associated with fracture zones trending 
north-north-east which form a prominent Iinea- 
ment across the Glendinning area (Figure 3). In 
situ brecciated and mineralised bedrock has been 
collected from the surface expression of one such 
lineament close to BH 3. It is probable that the 
mined galena-sphalerite-stibnite vein was contained 
within such a north-north-east trending fracture. 

No minor intrusions were observed in the 
vicinity of the old mine workings but 2.5 km and 
4.5 km to the south-west Tertiary dolerite dykes 
crop out with a trend approximately perpendicular 
to the regional strike. In the White Birren quarry 
section a highly altered dolerite dyke is of Lower 
Devonian type. The Glendinning area is remote 
from the major Caledonian batholiths of the south 
of Scotland; the Criffel granite 45 km to the south- 
west and the postulated Tweeddale granite (Lagios 
and Hipkin, 1979) 40 km to the north are the 
closest. There is no geophysical evidence for a 
major intrusive body beneath the mineralised 
zone. 
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GEOCHEMISTRY 

DRAINAGE SAMPLING 
From the results of geochemical orientation studies 
carried out over Lower Carboniferous sediments 
and lavas to the west of Langholm (Gallagher and 
others, 1977; Smith, Gallagher and Fortey, 1978), 
heavy mineral concentrates were identified as the 
optimum sample type in locating sulphide 
mineralisation occurring in both veins and dis- 
seminations. As a consequence of significantly 
increased base metal abundances and improved 
geochemical contrast for Pb, Zn, Cu, Ba, Ni, Fe 
and Sb relative to minus 150 pm stream sediments, 
heavy mineral concentrates were used in a high 
density geochemical reconnaissance survey of the 
Borders extending from Ecclefechan north- 
eastwards to Berwick (Smith and others, in 
preparation). 

Samples of heavy minerals 20-30 g in weight, 
recovered by panning about 3 kg of minus 2.5 mm 
stream sediment, were subsampled to 12 g (Leake 
and Aucott, 1973) and analysed by an automatic 
XRF technique (Leake and others, 1978). Results 
for antimony and associated anomalous elements 
in the Glendinning area are presented in Figures 
2-3 and in Appendix V, Figures 1-8. Simple 
statistical analysis of the total sample population 
indicates in the case of antimony a significant 
change of slope on the cumulative frequency 
curve at 20 ppm Sb. Values above this level are 
regarded as highly anomalous at the regional scale 
and are mainly confined to Glenshanna Bum, 
Trough Hope and Corlaw Bum. 

Very high antimony (and lead) values in 
Glenshanna Bum downstream of the mine are 
considered to reflect severe heavy metal contamin- 
ation from previous mining activity. Further 
evidence of contamination is provided by the 
extensive dispersion of mine dump material down- 
stream of the old workings, the high concentra- 
tions of fresh sulphides recovered by panning and 
the presence of anomalous concentrations of tin in 
some samples (Appendix V, Figure 7). However, 
highly anomalous antimony values occurring in the 
minor north bank tributary, in the main stream 
above the old mine, and in adjacent catchments 
are thought to be related to a wider zone of 
mineralisation extending along strike for 2-3 km 
north-east and south-west of Glendinning Mine. 
The distribution of arsenic (Appendix V, Figure 8) 
is also indicative of a NE-SW trending zone of 
mineralisation some 5 km in length. Glacial disper- 
sion of ore minerals from the area of outcropping 
mineralisation in Glenshanna Bum is unlikely to 
account for the observed distribution of anomalous 
antimony and arsenic values. 

Anomalous values of 11-20 ppm Sb also occur 
in the catchment of Stennies Water, particularly 
downstream of its junction with Faw Side Bum 
(Figure 2). However, dispersion trains are apparent- 
ly short, and there are no very high antimony or 
associated ore metal values indicative of a local 

bedrock source. Further sampling of soils or basal 
tills would, therefore, be required to establish 
whether these anomalies are the result of glacial 
dispersion of heavy minerals over a wide area or of 
suboutcropping mineralisation obscured by drift 
on the valley sides or interfluve areas. 

Comparison of the distribution of antimony 
with other elements suggests an association with 
iron (Appendix V, Figure 1) which is relected in 
the Sb against Fe correlation coefficient of 0.45 
for all samples (650) d erived from Silurian rocks 
in the regional survey (Smith and others, in prep- 
aration). The regional mean value of iron based on 
log data is 5.5% whereas higher values (6.5-17%) 
characterise areas of known or inferred antimony 
mineralisation. 

Lead and zinc- are both highly enriched in 
heavy mineral concentrates from the mine area in 
Glenshanna Bum but decrease downstream to 
almost background concentrations over a distance 
of 1 km (Appendix V, Figures 2-3). Elsewhere in 
the Glendinning area, low levels of lead, zinc, 
copper and barium are comparable to or lower 
than the regional means of 20, 100, 23 and 515 
ppm respectively, and do not correlate with 
antimony. In contrast, nickel concentrations (av. 
55 ppm) exhibit a small but consistent increase 
compared with the regional mean (40 ppm) and are 
notably higher in samples from Trough Hope and 
Glenshanna Bum (Appendix V, Figure 5). 

SOIL SAMPLING 
In order to test for possible extensions of the 
known mineralisation soil samples were collected 
on a grid pattern around the workings. A sample 
spacing of 10 m by 100 m was chosen along the 
same traverses as the geophysical surveys (Figure 
7), but this was .reduced to 20 m by 100 m on the 
top of Grey Hill. Samples of B or C horizon soil 
weighing around 100 g were taken from a depth 
of 1 m, or as deep as possible in the shallower 
soils of the higher ground. 

The soils of the area are mostly well-oxidised 
yellow-brown silty clays, in which the content of 
angular lithic fragments gradually increases with 
depth. The change from bedrock to residual soil 
is gradational, and the weathering profile is 
pockety. The borehole sections show that oxida- 
tion penetrates bedrock for some distance, 
particularly along fracture planes. These soils bear 
a close resemblance to the residual soils of south- 
west England. In upper Glenshanna Bum there are 
considerable accumulations of head deposits, and 
a short distance above the mine these are overlain 
by boulder clay, which is well exposed in the 
stream section where it is about 10 m thick. The 
boulder clay is ill-drained and covered by up to 
1.5 m of peat. Peat development seldom exceeds 
0.15 m on the residual soils, presumably due to 
their free drainage. 

The samples were oven dried in their bags and 
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Table 1 Accuracy limits of XRF analysis 

Upper limit (%) 

Lower limit (ppm) 

Ba Sb 

1 1 

18 7 

Pb Zn 

1 1 

9 2 

sieved to pass 200 pm mesh. From each fine 
fraction a subsample of 12.0 g was obtained by 
cone and quartering, to which 4 g of elvacite was 
added. This mixture was ground to around 80 E.crn 
mesh and pressed into a pellet for X-ray 
fluorescence determination of Ce, Ba, Sb, Sn, 
Pb , Zn, Cu, Ca, Ni, Fe, Mn, Ti and As (see Table 1 
for limits of detection). 

The data were analysed on the Rutherford 
Laboratory dual IBM 360/195 computer using the 
G-EXEC program package, from which graphical 
displays were generated on a Calcomp drum- 
plotter. 

Cerium, tin and titanium showed no significant 
variation over the area, and were not considered 
further. The other elements showed near lognormal 
distributions and hence were log-transformed 
before further analysis. Log concentration against. 
probability plots were used to determine popula- 
tion breaks or inflection points (Table 2). -These 
were used to chose contour intervals for the iso- 
pleth maps (Figure 6 and Appendix VI). 

ELEMENT DISTRIBUTIONS IN OVERBURDEN 
The normal background level of antimony in soil is 
<l ppm (Wedepohl, 1972). Sixty percent of the 
samples analysed contain >7 ppm, which is the 
analytical detection limit and all of these samples 
must be considered to be anomalous. The top 
population, >55 ppm Sb, is probably related to the 
presence of mineralised material in the samples, 
and values of 7-55 ppm to secondary dispersion 

Table 2 Summary statistics, soil samples 

Element Maximum Minimum Geometric 
mean 

Ba 482 101 186 

Sb 198 0 6.6 

Pb 213 6 28 

Zn 232 12 52 

cu 134 1 13 

Ca 4970 290 708 

Ni 92 6 27 
Fe% 11.6 86 4.89 

Mn 1860 30 245 

As 2637 0 34 

All values in ppm except Fe(%): 453 samples 

Cu Ca Ni Fe Mn As 

1 30 1 30 1 1 

4 - 3 - 4 5 

of antimony in the soil. The maximum concentra- 
tions are found in two near-linear zones, the 
western one of which can be traced north-north- 
east from the mine workings for 500 m; the 
second runs parallel, about 130 m to the east, and 
is of a similar size (Figure 6). Neither appear to be 
the surface expression of the worked vein from 
what can be seen of the orientation of the adit. 
A small antimony anomaly occurs on the south 
side of Glenshanna Burn close to the old powder 
hut [3104 96671. It yields a maximum value of 
I6 ppm Sb, and measures 150 m by 20 m. Further 
anomalies occur in the bottom of Trough Hope 
(Appendix VI, Figure Z), but are closeIy related to 
high iron concentrations and may therefore be of 
secondary type. A single sample containing 28 ppm 
Sb found at [3066 96191 on the southern spur of 
Alkin Hill may be of some significance as it co- 
incides with high values of copper, lead and nickel. 

Background barium levels are relatively low in 
the Glendinning area, the mean level for the back- 
ground population being 165 ppm. There is a 
higher level population containing in excess of 
330 ppm, with a transitional zone down to 210 
ppm. Contours at the top and bottom of the 
transitional population produce a coherent pattern, 
which coincides with maxima of other elements. 
In the lower part of the eastern anomaly barium 
coincides with calcium, and for 200 m on the flank 
of Grey Hill with copper, zinc, nickel and 
antimony. In the western anomaly barium occurs 
with calcium, copper, lead and nickel. Transitional 
values of barium are found in the vicinity of the 

Median Points of inflection and percentiles 

175 205 (79%) 

8.2 7.2 (43%) 

27 38 (77%) 

53 100 (85%) 

14 13 (44%) 

570 660 (68%) 

27 71 (95%) 

6.2 6.6 (54%) 

270 550 (74%) 

27 24 (46%) 

330 (89%) 

55 (99.3%) 

126 (99%) 

39 (97.5%) 

2300 (89%) 

750 (97%) 
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old workings on the south side of Glenshanna 
Bum, and the boulder clay in the valley floor 
contains concentrations in excess of 330 ppm 
downstream of the workings. There is a sharp 
increase in the barium concentration in the lower 
part of Trough Hope, where values lie in the range 
of 200-400 ppm, which may be due to secondary 
concentration on humic acids or iron and 
manganese oxides. All the barium concentrations 
are low when compared with other mineralised 
areas, and the median concentration is about half 
that given as the mean for greywackes (Wedepohl, 
1972). 

Calcium levels are generally low in the grey- 
wackes surrounding the mine, and in the boulder 
clay in the valley bottom. Over the mineralised 
structures, however, much higher levels are 
encountered and these anomalies appear to have 
given rise to calcium-rich soils in the valley bottom 
downstream from the mine site. The eastern 
anomaly displays the highest concentrations, 
which occupy a zone 40 m wide and more than 
400 m long on the side of Grey Hill (Appendix VI, 
Figure 4). There are two smaller anomalies to the 
east of this, the more intense of which is associated 
with high zinc and barium concentrations. In the 
case of calcium, the western anomaly is limited to 
100 m in length, much less than for accompanying 
anomalous elements. Beneath the gap into Trough 
Hope there is another area of high calcium concen- 
eations associated with copper, zinc, nickel, 
barium and antimony, though this rapidly dies 
out southwards. 

The background level of copper in this area is 
around 13 ppm, but 2% of the samples fall into a 
separate population with concentrations >39 
ppm. Most of these anomalous samples lie in the 
valley bottom in peat-covered boulder clay, though 
two of them are within the previously described 
anomalous zones on Grey Hill, and coincide with 
high lead, zinc, nickel and antimony values in the 
western anomaly and with calcium, barium and 
lead in the eastern anomaly. A contour at 20 
ppm encloses all the valley bottom, and also both 
the mineralised structures. The old workings 
around the powder hut are also marked by copper 
concentrations of up to 39 ppm. There are isolated 
higher values in the bottom of Trough Hope, and 
also on the south side of Alkin Hill and on the west 
side of Munshiel Hill. The copper distribution is 
complex, with higher levels over peat-covered 
boulder clay as well as around the mineralised 
structures. It is probable that hydromorphic 
transport is important in governing the abundance 
of copper in soil. 

There are two overlapping populations amongst 
the iron analyses with a point of inflection at 
6.6%. The western anomaly is clearly marked by 
high iron concentrations, but only two &all 
patches of the eastern anomaly are similarly 
marked. Parallel to the western anomaly but 
further west there is a broad anomalous zone 

coincident with high manganese values. To the east 
of the eastern anomaly there are two anomalous 
patches which are coincident with high antimony 
and copper values. Other anomalous concentra- 
tions occur on the south bank of Glenshanna Bum 
around zones of seepage, in the bottom of Trough 
Hope, and on the east side of Alkin Hill where a 
thin linear anomaly coincides with a lineament 
conspicuous in the aerial photographs. 

The lead analyses form two populations with 
a point of inflection at around 40 ppm, but an 
examination of the geographic distribution of 
these samples suggests that there is considerable 
overlap between the background and anomalous 
populations. Contours at 50 ppm and 70 ppm 
enclose the eastern and western anomalies and 
the valley of Trough Hope (Appendix VI, Figure 
5). Both anomalous zones appear to extend across 
Glenshanna Bum to the south and to die out 
after about 150 m near the top of the slope. The 
anomalous zone enclosed in Trough Hope 
measures 500 m by 100 m. To the west of this 
there is another small anomalous zone on the flank 
of Alkin Hill coincident with high copper, nickel 
and antimony values, suggesting that there might 
be another small-scale structure in that area. 

Background concentrations of manganese 
appear to extend up to 560 ppm and account for 
74% of the samples analysed. A contour drawn at 
that value delineates the western anomaly and part 
of the eastern anomaly, but diverges westwards 
near the base of the slope. Two small patches of 
manganese concentration to the east of the eastern 
anomaly lie close to a minor zone of antimony and 
lead anomalies. To the west of the western 
anomaly there is a parallel zone of high manganese 
and iron without any base metal enrichment. 
There are several narrow anomalous areas running 
down the south bank of Glenshanna Bum, which 
are coincident with seepages. High values prevail 
throughout the lower parts of the Trough Hope 
valley and over the gap into the valley of 
Glenshanna Bum valley in damp and ill-drained 
ground. Conversely on the top of Grey Hill where 
the drainage is good on the porous soils manganese 
concentrations are very low. 

Nickel concentrations fall into three popula- 
tions with breaks at 21 ppm and 71 ppm. The 
highest population marks the eastern, western and 
‘powder hut’ anomalies more sharply than any 
other element. A contour at 50 ppm follows the 
71 ppm contour, but shows that the dispersion 
is chiefly in a westerly direction, which would be 
the direction of hydromorphic or ice transport, 
or both. The 30 ppm contour encloses much of the 
bottom of the valley of Glenshanna Bum and 
follows the eastern and western anomalies to the 
summit of Grey Hill (Appendix. VI, Figure 6). 
Low-order nickel anomalies are also found in the 
bottom of Trough Hope where these may be 
related to concentration on humic acids, iron and 
manganese oxides, and on the southern spur of 
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Alkin Hill where they are associated 
lead and antimony anomalies. 

with copper, 

The background concentration for zinc ranges 
between 0 and 100 ppm with a mean value of 
48 ppm. Samples containing >l30 ppm Zn form 
the topmost population, and were collected in 
peaty hollows. Values between 100 ppm and 130 
ppm delineate the western and ‘powder hut’ 
anomalies, the boulder clay in between them, and 
also the bottom of Trough Hope. The eastern 
anomaly is not marked by any increase in zinc 
concentration but a small anomaly further to the 
east is coincident with anomalous copper and 
barium values. 

The distribution of arsenic clearly marks both 
the eastern and western anomalies. An analysis of 
the data reveals three populations with boundaries 
at 25 ppm and 350 ppm. The highest of these 
coincides with the highest antimony concentra- 
tions over the two major anomalies, the enclosed 
area being attenuated towards the summit of Grey 
Hill (Appendix VI, Figure 3). The middle popula- 
tion surrounds this, broadening to enclose the 
entire area of the boulder clay around Glenshanna 
Burn, and almost reaching the watershed on the 
south side of the valley, except at the foot of Alkin 
Hill above the powder hut. Further values in this 
population are found on the eastern side of Trough 
Hope, but in this case they do not coincide with 
high concentrations of other elements. It is 
probable that the geographical distribution of this 
element is partially controlled by overburden 
conditions resulting in relatively low concentra- 
tions in the thin porous soils of the hilltops. The 
highest concentrations are clearly derived from the 
weathering of arsenical fracture-controlled 
mineralisation, but taking into account the relative- 
ly high background values and the unfavourable 
conditions for the accumulation or retention of 
mobile heavy metals in the soil in the background 
areas it is likely that the underlying greywackes 
form a diffuse source of arsenic in addition to that 
derived from the fracture-controlled mineralisation. 

After this investigation was completed, soil 
sampling was extended north-eastwards along 
strike from the area of Glendinning mine. 
Anomalous arsenic values were found, utilising the 
rapid field method of analysis described in 
Appendix VII, and will be described in a 
subsequent report. 

GEOPHYSICAL SURVEYS 

METHODS 
Stibnite is nonconducting and non-magnetic 
(Telford and others, 1976; Parasnis, 1971) and 
therefore undetectable by the usual geophysical 
prospecting methods. In the mineralised structure 
worked at Glendinning Mine, however, it was 
reported to occur with galena, arsenopyrite, 
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jamesonite and chalcopyrite (Dewey, 1920), all of 
which are electrical conductors. Two electrical 
methods were therefore used - induced polarisa- 
tion (II?) and very low frequency electromagnetic 
(VLF-EM). Total magnetic field measurements 
were also made, but the only anomalies found were 
due to artificial sources. For the IP survey, the 
expanding dipole-dipole array was used, with a 
30 m dipole length. The VLF-EM survey used the 
transmissions from Rugby, England (GBR, 18 kHz). 

RESULTS OF GROUND SURVEYS 
Anomalies were found with both IP and VLF-EM 
and are summarised on Figure 7 and Appendix VI, 
Figure 1. The VLF-EM results are shown as 
contours of the filtered in-phase component 
(Fraser, 1969) and the IP anomaly is given as the 
position of suboutcrop of high chargeability 
material interpreted subjectively from the pseudo- 
sections. Full geophysical profiles of the five lines 
on which IP measurements were made are given in 
Appendix IV, with pseudosections of apparent 
resistivity, chargeability and VLF current-density 
(calculated by the method of Karous and Hjelt, 
1977), and profiles of VLF in-phase and out-of- 
phase components. 

Two distinct linear trends can be recognised 
on the Fraser-filter contour map. The main 
anomaly follows the stronger trend, oriented 105”. 
A broad VLF-F&I crossover of about 80% maxi- 
mum amplitude giving Fraser-filter values of up 
to 60 is accompanied by a zone of high charge- 
ability (up to 35 ms against background variations 
of 3 to 8 ms). The width of the source, estimated 
from pseudosections of chargeability and VLF 
current-density, is 30 to 50 m and it is probably 
near-vertical. The absence of steep marginal 
gradients on the pseudosections suggests that the 
source is diffuse or fails to reach the surface. In 
the north, the anomaly becomes confused by 
cultural noise, while to the south it becomes 
slightly weaker before running out of the area 
surveyed. Geophysical logs of BHs 3-4, which 
were drilled to investigate this anomaly, show a 
correlation of chargeability, conductivity and 
SP with fine-grained sulphide regarded as mainly 
stratabound on petrographic evidence (Figure 8). 
However, the mise-a-la-masse method failed to 
show electrical continuity between the mineralisa- 
tion intersected by these two boreholes. 

Several other VLF-EM anomalies share the 
015” orientation which is the same as that of the 
fault lineaments in the district (see Figure 3). 
The strongest anomalies in fact coincide with 
the individual fractures or swarms of fractures. 
Only the main anomaly already described has 
significantly high chargeability but two note- 
worthy VLF-EM features with this trend are 
the double-peaked anomaly 350-400 m west of 
the main anomaly, and the weaker, relatively 
narrow feature intersected by BH4. The geo- 
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physical logs of this borehole show only a narrow 
zone of high chargeability, conductivity and SP, 
corresponding to an intersection of fine-grained 
stratabound sulphide (Figure 8). 

The second linear trend visible on the Fraser- 
filter map runs roughly parallel to the geological 
strike and to the old workings described by Wilson 
(in Dewey, 1920). It is much weaker than the 
fist trend; indeed, by subjective contouring it 
can be reduced to insignificance. Three main 
anomalous zones may be recognised, lying 150- 
200 m north of the baseline, approximately along 
the baseline, and about 150 m to its south. Two 
of the old workings occur at intersections of these 
anomalies with anomalies on the 015’ trend. 

BOREHOLE GEOPHYSICS 
Boreholes 2, 3 and 4 were logged at 1 m intervals 
with a lateral IP-SP sonde. The electrode con- 
figuration was CZ Pi PZ with C2 up the hole and 
Pi PZ 0.105 m. Self potentials were measured 
relative to a stationary electrode at ground level; 
chargeabilities were measured over the period 
150-1020 ms after switch off of a 2 second 
polarising pulse. 

Borehole 2 was logged from 10 m to 110 m 
(Figure 9). Apparent resistivities ranged from 
80 to 4500 ohm metres and chargeabilities range 
from 4 to 170 m sets. Values above 70 ms occur 
in three zones, 52-61 m, 70-74 m and 91- 
96 m. These zones also have reduced apparent 
resistivities down to 80 ohm metres. Anomalous 
zones of SP at 55 m and 93 m correlate well 
with IP anomalies. 

Borehole 3 was logged from 6 to 190 m. 
Apparent resistivities ranged from 33 to 14000 
ohm metres and chargeabilities from 0 to 193 ms. 
Numerous zones with chargeabilities above 70 
ms were identified (Figure 8) and coincide closely 
with arsenic and therefore sulphide distribution. 
The form of the transient decay curve in non- 
mineralised sections of the borehole is substantial- 
ly different from that in sulphide-rich sections 
and indicates a different ‘IP’ process in operation. 
SP anomalies up to 100 mV again correlate well 
with the anomalous zones of IP. 

The IP log for BH4 (13-82 m) shows only two 
thin zones at 26 and 32 m with chargeabilities 

above 20 ms. These also show small SP anomalies 
and coincide very closely with the observed distri- 
bution of sulphides in the core (Figure 8). 

Continuity of mineralisation between bore- 
holes 2 and 3 was partly explored by ‘mise-a-la- 
masse’ techniques. A current electrode was placed 
in a zone of low resistivity at 57 m depth in bore- 
hole 2 and the sonde (with the other current 
electrode and the potential electrodes) was 
operated in BH 3. No obvious continuity was found 
between conductive zones in the two boreholes. 

The detailed downhole logs, together with 
descriptions of the methods used, are available in 
an internal report (Rollin, 1980) from the Head, 
Applied Geophysics Unit, Institute of Geological 
Sciences, Nicker Hill, Keyworth, Nottingham 
NC12 5GG. 

BOREHOLE RESULTS 

INTRODUCTION 
The shallow drilling carried out near Glendinning 
mine was designed to investigate the bedrock 
sources of closely coincident geochemical and geo- 
physical anomalies in ground where exposure is 
limited to a few small outcrops of unmineralised 
greywacke. These anomalies are referred to as the 
eastern and western anomalies in the preceding 
text and are shown in Figures 6 and 7 together 
with the sites of the boreholes. Table 3 lists the 
general characteristics of the boreholes, and a 
summary of the principal metalliferous inter- 
sections obtained is given in Table 4. Details of the 
lithology of the drill cores and of the mineralisa- 
tion they display are presented in Appendix I. 
Geochemical analyses of the cores are given in 
Appendix II together with summaries of their 
lithology, mineralisation and the development of 
features of brecciation, debris flow characteristics 
and faulting. The petrography and mineralogy of 
selected core samples are described in Appendix III. 

Sections through the. four boreholes (Figures 
8 and 9) do not differentiate between the main 
lithologies of the greywacke sequence because of 
their gradational character and rapid alternation. 
Approximately 80% of the sequence is composed 
of grey greywacke ranging from siltstone to sand- 
stone. Mudstone is a minor component, varying 

Table 3 Location and general characteristics of boreholes 

Borehole Nat. Grid Ref. 
No. (NY) 

Elevation 
m 

Inclination Azimuth Depth 
degrees m 

1 3139 9652 290.0 50 098 85.27 

2 3147 9693 380.1 50 103 118.80 

3 3143 9669 317.1 60 104 197.82 

4 3135 9671 316.6 50 287 84.8 7 

All located on 1:lO 560 Grid Sheet NY 39 NW 
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Table 4 Principal metalliferous intersections in the boreholes 

Borehole Depth (m) Inclined True 

1 58.99-67.37 8.38 2.2 

2 (a) 44.38-61.69 17.31 8.6 

(b) 90.77-l 14.73 23.96 c4 

3 (aI* 73.52-107.62 34.10 11.8 

(b) 124.22-153.05 28.83 7.3 

4 24.39-34.10 9.71 c6 

General average (4Om) 

Generalised lithology 

IFB, siltstone, sandstone 

Siltstone, breccia vein, sand- 
stone, mudstone 

Siltstone, IFB, sandstone, 
breccia vein 

IFB, siltstone, sandstone, 
mudstone 

IFB, sandstone, siltstone 

Siltstone, sandstone 

% PPm 
Fe Cu Zn As Sb Pb 

4.28 28 23 2867 55 279 

4.79 30 22 4226 70 35 

4.34 37 23 4728 48 47 

4.51 33 124 6880 145 315 

4.46 35 19 5008 98 115 

5.11 30 153 3098 229 505 

4.55 32 60 5066 105 187 

*On the basis of this intersection, the base metal (Cu:Zn:Pb) ratio of the deposit is 7:26:67 

from grey to green in colour and in places stained 
maroon. The bedding of these lithologies is 
commonly disrupted and clasts of one or more 
types can be incorporated in a matrix of a third 
(note the high incidence of Feature D in Appendix 
II logs). 

Intraformational breccias (IFBs) and breccia 
veins are distinctive lithologies characteristically 
enriched in sulphides and are, therefore, depicted 
in Figures 8 and 9 along with bedding plane and 
fault directions inferred from core measurements 
(see note a, Appendix I). The accompanying histo- 
grams of arsenic distribution, based on analyses of 
half-cores, nevertheless illustrate that arsenopyrite 
and arsenical pyrite (Appendix III, Table VI-VII) 
are also widespread in the greywackes, both as 
stratabound and vein minerals (Appendix II). 
Other sulphide minerals (see Table 6) occur in very 
minor amounts and are restricted to ubiquitous 
quartz and carbonate veinlets. The down-hole 
variations in chargeability for BHs 2-4 correspond 
closely to the distribution of arsenic which, as can 
be seen from Figure 9, is essentially controlled by 
the observed incidence of stratabound arsenopyrite 
and pyrite. 

Core recovery of 99% or better was achieved 
throughout the drilling, despite the faulted and 
brecciated nature of much of the rock. Coring in 
the important intraformational breccias was 
complete and bedrock was successfully intersected 
beneath thick boulder clay in BH 1. 

BOREHOLE 1 
This hole was collared in drift filling the valley of 
Glenshanna Burn and inclined eastwards to cut the 
eastern anomaly near its southern end (Appendix 
VI, Figure 1). Boulder clay persisted to an inclined 
depth of 26 m and clay-rich bands within it carry 
higher values of arsenic, antimony and lead than 
the topmost bedrock (cf. results for CXD lOOl- 
1004 with those for CXD 1005-1007, Appendix 
II, Table I). Bedding apparently dips at 70”E or 

steeper and is accompanied by several faults 
(Figure 9). 

Arsenopyrite and pyrite, both stratabound and 
vein in type, are best developed over some 2 m 
of IFB and adjoining greywacke at about 50 m 
below surface. Lead values are somewhat enhanced 
and traces of stibnite occur in veinlets together 
with dickite. Gold was detected at the 0.01-0.1 
ppm Au level in three of five samples analysed, and 
traces of mercury are present (Appendix II, Table 

V)* 

BOREHOLE 2 
This hole was sited in weathered bedrock on the 
south side of Grey Hill some 400 m NNE of BH 1 
to intersect the northern part of the eastern 
anomaly. Bedding is less steeply inclined in the 
upper and lower sections of the borehole, suggest- 
ing folding, while faulting is less common than in 
BH 1. 

Mineralisation of significance commences some 
35 m below surface. A 2 m-thick breccia vein 
containing disseminated pyrite and arsenopyrite 
(evidenced by high iron values and low calcium 
values in samples CXD 1131-1132, Appendix II, 
Table II), is accompanied by sulphide dissemina- 
tions in adjacent greywackes, yielding an 8.6 m 
intersection averaging 0.42% As which extends to 
48 m below surface. A second thick zone of strata- 
bound sulphide occurs at 70-90 m below surface 
in greywackes, IFB units and a breccia vein (Table 
4 and Figure 9). Because the dip of the bed appears 
to be almost the same as that of the borehole 
(50’) the true thickness of this zone is estimated 
to be only about 4 m. The contents of antimony 
and base metals in the sulphide zones intersected 
by BH 2 are unexceptional. 

BOREHOLE 3 
A borehole drilled midway between BHs 1 and 2 to 
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intersect the IP maximum associated with the 
eastern anomaly proved to be the most successful 
of the four. Pyrite and arsenopyrite, mostly strata- 
bound in character, occur through several tens of 
metres of rock, although variations in the apparent 
dip in the upper and lower parts of the section 
(Figure 8) may signify repetition by folding. A 
fault at around 40 m inclined depth is a further 
source of complication. This fault may extend 
eastwards to surface where a small topographic 
depression follows the 015’ direction of faulting 
characteristic of the district. A westerly younging 
direction was inferred from graded bedding 
observed in the greywackes at 109 m inclined 
depth. 

The highest sulphide concentrations are in two 
well developed IFBs at around 65 m and 120 m 
below surface. The upper one is about 4 m thick 
and together with 8 m of adjoining greywackes 
grades 0.69% As. Antimony, lead and zinc are 
somewhat enriched in this zone while calcium 
is depleted relative to less mineralised rocks higher 
in the borehole (Appendix II, Table III). The 
lower IFB is probably 3 m in thickness and when 
included with 4-5 m of adjacent greywackes 
yields a grade of 0.5% As (Table 4). Calcium is 
.again depleted but the levels of antimony and 
base metals are unexceptional. A third zone of 
lower but nevertheless significant arsenic content 
is associated with a breccia vein or IFB about 
1 m thick 150 m below surface. 

The borehole was terminated in greywackes 
carrying only traces of pyrite and stibnite, but 
further concentrations of stratabound sulphide 
may occur at greater depth. 

BOREHOLE 4 
The final borehole was collared 56 m north-east 
of the main adit portal and drilled westwards to 
intersect the western geochemical-geophysical 
anomaly. In the roof of the portal 0.5 m of 
brecciated greywacke is exposed trending approxi- 
mately 030’. This structure is probably represent- 
ed in the zone of faulting intersected at 25-34 m 
inclined depth where the only mineralisation of 
note in BH 4 is developed (Figure 8). Pyrite and 
arsenopyrite are disseminated through the broken 
greywackes and also occur in veinlets with 
semseyite, bournonite and sphalerite, thus 
accounting for the relatively high values of 
antimony, lead and zinc in this intersection (Table 
4). The estimated thickness of 6 m for this faulted 
zone of mineralisation is based on measurements of 
bedding in unfaulted, apparently vertical strata 
elsewhere in the borehole (Appendix I, Table IV). 
Analyses of four samples from the mineralised 
zone show that traces of mercury and in one 
instance a trace of gold are present (Appendix II, 
Table V). 

18 

PETROGRAPHY 

NOMENCLATURE 
The predominent lithological type is greywacke. 
Following Warren’s (1963) definition of greywacke 
as ‘a rock comprising poorly sorted angular rock 
and mineral fragments ranging from sand to 
conglomerate set in a substantial matrix of finer 
material’, the term has been further augmented 
and greywacke-sandstone is used to denote those 
rocks which are of sand grade. The terms 
greywacke-siltstone and greywacke-mudstone are 
used to denote those rocks which are below sand 
grade but which are otherwise comparable with 
greywackes. These rocks frequently form part of 
the same sedimentary unit in that the greywacke- 
siltstone and greywacke-mudstone form the top 
part of a graded greywacke bed. For brevity, the 
prefix ‘greywacke’ has been omitted in the 
following account. 

SANDSTONES 
These rocks are mainly grey in colour but when 
weathered they become greenish-grey or brownish 
(e.g. CXD 1537, Appendix III, Table I). Quartz 
is the dominant mineral. It is generally angular to 
sub-angular and ill-sorted and frequently displays 
undulose strain extinction. 

Albite-oligoclase is a minor constituent, form- 
ing grains which are always smaller and more 
rounded than those of quartz. Traces of potassic 
feldspar are also present, and many of the grains 
are cloudy due to sericitic alteration. Almost 
total replacement of feldspar by carbonate is not 
uncommon. 

Chlorite occurs probably as a replacement of 
earlier ferromagnesian mineral fragments and is 
also assumed to be present in the turbid, 
undifferentiated matrix, together with small 
sericite flakes. Large shreds of muscovite showing 
strained optical characters are of frequent occur- 
rence. Many specimens contain abundant detrital 
biotite which is invariably altered to hematite. 
Some of the flakes were isolated and identification 
as hematite confirmed by X-ray diffraction (CXD 
15 3 1, Appendix III, Table III). 

Ferroan dolomite is the most abundant 
carbonate mineral present. It is a major constituent 
of the matrix of most of the sandstones although 
in some instances (e.g. CXD 1537, Appendix III, 
Table I) it is conspicuous by its absence. As a 
matrix component it is generally very fine grained 
and as such its distribution throughout the matrix 
is only apparent after staining. The mineral is also 
observed replacing some of the sandstone 
components such as the feldspars and rock 
fragments and in some instances replacement has 
been almost total, thus masking much of the fabric 
and mineralogy. A second carbonate component 
again consisting of ferroan dolomite, is associated 
with epigenetic veins where it occurs as large inter- 



I 

I 
I 
I 
1 
I 
1 
1 
P 
1 
1 
I 
1 
1 
1 
I 
I 
I 
1 
1 
1 

Table 5 Modal analyses of greywackes 

CXD No. 

PTS No. 

Quartz 

Feldspar 

Sulphide 

Iron oxide 

Tourmaline 

Zircon 

Matrix including dolomite 

Rock fragments: 
Acid igneous 

Basic igneous 

Sedimentary 

Metamorphic 

TOTAL % 

1518 

5865 

37.20 

0.06 

0.86 

0.06 

0.06 

0.13 

59.0 

- 

- 

2.26 

0.33 

99.96 

1505 1506 1537 1517 

5852 5853 5859 5864 

40.40 51.86 41.86 51.86 

1.06 1.46 1.53 0.13 

1.33 0.26 0.66 0.53 

0.06 0.73 0.86 0.33 

0.13 0.13 0.13 0.06 

0.73 0.26 0.20 0.06 

51.53 44.7 3 54.20 46.40 

- 

2.53 

1.66 

99.97 

- - 

0.06 0.06 

0.26 0.33 

0.20 0.20 

99.96 99.96 

0.06 - 

- - 

0.33 0.33 

0.20 0.93 

99.96 99.98 

Based on counts of 1500 points on each specimen 

locking rhomb-shaped crystals. Wall rock alteration 
is associated with these carbonate veins and can be 
quite intense, extending as a front of waning 
intensity, usually over distances of 0.5 to 1.5 cm. 

Carbonate replacement, the most extensive of 
the chemical changes affecting the wall rock at 
Glendinning, is a regional phenomenon. Rust 
(1965b) and Weir (1974) describe intense carbon- 
ate replacement in Silurian greywackes from south- 
west Scotland, and consiser that the often patchy 
carbonate distribution and subsequent replacement 
may be due to the redistribution of primary 
material in the sediments. On this basis the matrix 
dolomite in the sediments at Glendinning may be 
considered to be of synsedimentary and/or dia- 
genetic origin. 

Iron oxide (hematite) occurs throughout the 
rocks, predominantly as a replacement of biotite 
and pyrite. It also probably accounts for the red 
iron staining on most of the rock surfaces and the 
russet colour of the sub-microscopic matrix. 
Minor amounts of detrital zircon and tourmaline 
were noted in most sections. 

Small numbers of rock fragments, mainly of 
sedimentary type, are present in most of the 
sections examined. However, as already stated, 
diagenetic carbonate replacement has often been 
intense so that the composition of many frag- 
ments is conjectural. The fragments considered 
to be of metamorphic origin are usually coarse 
quartz aggregates which exhibit variegate 
extinction. Some extremely fine-grained siliceous 
fragments, tentatively classed as acid igneous in 
type, could alternatively represent a fine-grained 
metamorphic rock or even chert fragments. Two 

1541 1526 

5874 5871 

35.26 57.73 

0.13 0.20 

6.20 1.73 

- - 

- - 

0.33 0.06 

56.80 38.86 

0.13 

- 

0.20 

1.06 

99.97 

fragments of black glass with feldspar phenocrysts 
representing basic igneous rocks, were also 
recognised. 

Modal compositions of seven sandstones (Table 
5) do not correspond to normal greywacke because 
of carbonate replacement. The matrix contains 
quartz, chlorite, mica, clay mineral (illite) and 
hydrated iron oxides as well as dolomite. The 
nature of the sulphides present is discussed later in 
the report. 

SIL TSTONES 
These are normally greenish-grey, laminated rocks 
which are essentially a fine-grained equivalent of 
the sandstones; the grain size is between that of 
fine sand and silt. Identification of contained rock 
fragments is very difficult because of their small 
particle size. 

MUDSTONES 
The mudstones in the drill cores are greenish-grey 
to dark grey or reddish in colour. Cleavage is not 
well developed but they are frequently laminated 
with bands measuring 0.5 to 2 mm in width. 
Some of the mudstones (e.g. CXD 1507, Appendix 
I, Table I) contain lenses of a more silty character 
which imparts a distinctive, discontinuous streaki- 
ness to the rock. The colour of these pelagic sedi- 
ments reflects slight differences in mineralogy. 
Those of greenish aspect are more rich in chlorite 

. while reddish varieties contain abundant hydrated 
iron oxide. Compositionally the mudstones may be 
considered as being similar to the matrix of the 
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sandstones. Bulk XRD analysis (CXD 1565, 
Appendix III, Table III) indicates a composition 
of quartz, dolomite, illite and a trace of hydrated 
iron oxide. 

INTRAFORMATIONAL BRECCIAS 
The breccias are dark grey in colour and consist 
of large angular fragments of mudstone, siltstone 
and sandstone. The finer-grained members are 
frequently strongly sericitised and appear greenish 
in colour. These fragments frequently contain 
abundant thinly banded and disseminated pyrite 
and arsenopyrite (e.g. CXD 1558, Appendix I, 
Table II). The matrix usually consists of coarsely 
crystalline quartz with traces of carbonate and 
abundant disseminated pyrite and arsenopyrite. 
In one instance (CXD 1566, Appendix I, Table 
II) have a reddish appearance which can be 
arsenopyrite with a trace of carbonate. These 
brecciated rocks are invariably dissected by many 
discontinuous carbonate, veinlets which also 
contain small amounts of pyrite and arsenopyrite. 
Some breccias (CXD 1562, Appendix III, Table 
II) have a reddish appearance which can be 
attributed to ‘the presence of hematite possibly 
formed by circulating groundwater. The form and 
distribution of the sulphide minerals in these 
rocks is described later in the report. 

Where unaffected by tectonic shearing, vein- 
ing and fracturing, certain intraformational 
breccias display the characteristics of debris flows 
as described by Middleton and Hampton (1973), 
namely 
a. a matrix supported framework, 
b. a texture which is internally structureless, and 

an unsorted and wide range of clast size. 
kypical examples are found in BH 3 (75-83 m and 
134.7-140.6 m) and BH4 (15.06-16.19 m). 

Some of the clasts of siltstone and fine-g&red 
sandstone in the debris flows contain veins which 
apparently do not persist into the more mud-rich 
matrix, suggesting incorporation of clasts from a 
lithified and veined sequence removed from the 
area of debris flow deposition. However, many of 
the clasts in the debris flows seem very similar to 
material in the bedded greywacke sequence, 
suggesting a local provenance. 

CLASSIFICATION OF THE TURBIDITE 
SEQUENCE 
Although there has been no recent sedimento- 
logical study of the Silurian rocks of southern 
Scotland, a broad interpretation of the sequence 
observed in the borehole cores can be made based 
on existing models of turbidite fan sedimentation 
(e.g. Walker and Mutti, 1973). Most of the 
sediment comprises classical proximal turbidites 
(typically Ta, e) and classical distal turbidites 
(typically, Tc, d, e), facies C and D respectively 
(see Figure 10). Debris flows and slumped horizons 

20 

(facies F) occur at various positions evidencing 
downslope mass movement (see below). Local 
mudstone dominant sections, especially in BH4 
may represent basin-plain or mainly pelagic sedi- 
mentation. 

The high proportion of facies C and D together 
with the predominance of fine to very fine sand- 
stone and coarse siltstone suggest a depositional 
environment ranging from mid fan (depositional 
lobes) to outer fan for most of the sequence. The 
presence of crude thickening and coarsening 
upward sequences (as in Figure 10a) supports this 
interpretation. Although major slumping and thick 
debris flows are generally confined to the inner fan 
environment, minor occurrences are not 
uncharacteristic of mid-outer fan areas (e.g. Ricci- 
Luchi, 1975). 

The sediment in the boreholes displays a 
comprehensive range of features indicating down- 
slope movement, from disrupted bedding involving 
extensional deformation (e.g. boudinage) through 
slump folds to debris flows. This represents a 
consistent progression and might further suggest 
that the debris flows represent truly intraforma- 
tional deposits (i.e. they are derived from the same 
formation) as opposed to being derived from older 
sources. The observed thickness range (<4 m) also 
suggests that they may be local deposits. 

ORE MINERALOGY 

INTROD UCTION 
The composition of the worked antimony 
mineralisation at Glendinning can now only be 
gauged from dump material and especially from 
ore fragments remaining on two small sorting 
floors (Figure 6). The mineral composition of a 
small number of sorting floor specimens is 
summarised in Appendix III (Table V). Early 
records of the lead-antimony sulphide semseyite 
(Smith, 1919) and of the antimony oxide valentin- 
ite (Dewey, 1920) have been confirmed 
(MacPherson and Livingstone, 1982) but not those 
of jamesonite, kermesite and cervantite (Dewey, 
1920). Material named jamesonite and cervantite 
in the Royal Scottish Museum collections are 
respectively zinkenite and stibiconite (MacPherson 
and Livingstone, 1982). Traces of valentinite and 
kermesite may be present in the borehole cores 
but their identification has not been validated by 
X-ray studies. 

The mineral assemblage recorded in this 
investigation, based on examination of borehole 
cores, is listed in Table 6 and in the following 
sections the main characteristics of the sulphide 
minerals are described. Figure 11 summarises the 
paragene tic sequence proposed for the strata- 
bound and vein mineralisation at Glendinning. 
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Debris fiow 
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Slumping/extensional soft 
sediment deformation 
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sandstone unit 
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Fig 10 Classified greywacke sequences from the Silurian at Glendinning : (a)BH4,7.7-174m inclined 

depth, (b) BH3,191.3 (stratigraphic base)- 181.0m inclined depth. Facies type after Walker and Mutti (1973) 
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Table 6 Minerals recognised from drill core, boreholes l-4 

Silicates 
Quartz 
Plagioclase 
Potassic feldspar 
Biotite 
Sericite 
Muscovite 
Chlorite (not differentiated) 
Illite 
Dickite 
Tourmaline 
Zircon 

Oxides 
Hematite 
Goethite 
?Valentinite 
?Kermesite 

Sulphate 
Baryte 

Sulphides 
Pyrite* 
Arsenopyrite* 
Galena 
Sphalerite 
Semseyite 
Boumonite 
Chalcop yrite 
Stibnite 
Tetrahedrite 
Tennantite 

Others 
Apatite 
Undifferentiated hydrated iron oxides 

Carbonates 
Dolomite 
Calcite 
Aragonite 

*Sulphides found in both stratiform and vein assemblages 

SULPHIDES 

Pyrite 
Recognised by its colour - pale brass yellow - 
splendent lustre and crystal habit, the cube [ 1001 
and the pyritohedron [210] being dominant. 
As stratabound mineralisation pyrite can form 
massive bands of euhedral to subhedral crystal 
aggregates (O.l-I.5 mm grain size), but it is 
more commonly disseminated throughout the 
rocks in grains up to 0.5 mm across. Pyrite was 
also noted as disseminated globular crystals (up 
to 0.5 mm diameter), and more rarely as euhedral 
crystals in Iater epigenetic quartz and carbonate 
veins. 

Following the method of Ramdohr (1969, 
p. 781) several thin sections were etched in a 
solution of Hz SO4 +KMnO, which enabled 
structural and textural features to be observed. 
The interlocking pyrite grains of the stratabound 
bands as well as the euhedral to sub-euhedral 
disseminated variety generally display well- 
developed, oscillatory zoning. However, in some 
instances this textural feature is absent; Ramdohr 
(op. cit.) has suggested that the results obtained by 
this etching method may not be uniform and there 
is also the possibility that lack of zoning may be 
due to slight differences in composition or 
recrystallisation. The globular pyrite grains are 
unzoned but etching appears to highlight their 
concentric mode of growth. 

Electron microprobe analyses of trace ele- 
ments in the pyrite from Glendinning (Appendix 
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III, Tables VI-VII) revealed cobalt values of up to 
2140 ppm, nickel up to 4990 ppm, and As values 
which match the highest to be recorded in pyrite 
(5% As) by Vaughan and Craig (1978, p. 362). 
Copper values reach 780 ppm. Silver and selenium 
were below detection limits but antimony reached 
147 0 ppm. However, apart from arsenic, trace 
element values were variable with highest Co and 
Ni values occurring in the same grains. High arsenic 
values were also recorded in euhedral pyrite 
disseminated and in veins, and also in globular 
pyrite. 

Arsenopyrite 
Characterised by its silver-white colour, metallic 
lustre and prismatic habit: (0.2-5.0 mm grain size). 
In reflected light a polished surface of the mineral 
displays blue-green-brown anisotrop y. Electron 
microprobe analyses of the arsenopyrite (Appendix 
III, Table VIII-IX) indicate Co and Ni values 
comparable with those obtained from pyrite. The 
antimony level is appreciable (up to 5000 ppm) 
and copper reached 540 ppm. 

Sphalerite 
Typified by its transiucent brown to yellow colour, 
resinous lustre, highly perfect cleavage and cubic 
habit. 

Galena 
Recognised by its lead-grey colour, metallic lustre, 
perfect cleavage and cubic habit. 



Boumon&e (2PbS. Cu2 S. SbZ Ss ) 
Characterised by its steel-grey colour, brilliant 
metallic lustre, brittle nature (H=2.5) and 
distinctive prismatic habit. Individual crystals are 
often traversed by minute cracks. Under reflected 
light, a polished surface of the mineral displays a 
characteristic greenish tint. MacPherson and 
Livingstone (1982) note the presence of 0.2% Sn 
in bournonite occurring in sorting floor material. 

Semseyite (9PbS. 4SbZ Ss) 
This mineral was identified only in one sample 
(CXD 1533, Appendix III, Table IV) after crush- 
ing and X-ray diffraction of tiny dark grey to black 
prismatic crystals. It is most probably a 
constituent of a veinlet in the sample. 

S tibnite 
Typically observed as steel-grey films or ‘blooms’ 
on fracture surfaces, many of which are associated 
with carbonate veinlets. Very rarely seen as 
confused aggregates of acicular dark grey crystals 
(CXD 1543, Appendix HI, Table III). The mineral 
has a metallic lustre and is subject to a black 
tarnish. Under reflected light stibnite exhibits very 
strong blue anisotropy. 

Chalcop y rite 
Recognised by its brass-yellow colour which is 
often tarnished or irridescent, chalcopyrite occurs 
only rarely in the cores and only as a vein 
constituent. 

Tetrahedrite (Cu3 Sb!&) 
Characterised by its appearance in veins as a flint- 
grey mineral with a typical tetrahedral habit. 
Identification was confirmed by X-ray powder 
photography (Ph 6460: CXD 1576). 

Tennan tite (Cu3 As& ) 
This mineral is isomorphous with tetrahedrite but 
was distinguished by X-ray powder photography 
(Ph 6477: CXD 1592). 

Cinnabar 
Recognised by its striking cochineal-red colour, 
adamantine lustre and low hardness (about 2). 
The mineral was noted as a minor accessory in 
panned stream sediment concentrates and its 
previous transport history had removed any 
distinct crystal morphology. 

MINERALISATION 

S TRA TABOUND MINERALISA TION 
The stratiform pyrite-arsenopyrite mineral 
assemblage displays textural features supporting 
a synsedimentary origin. Perhaps the most obvious 
feature is the frequent concentration, particularly 
in the fine-grained lithologies, of pyrite and 
arsenopyrite in individual bands that lie parallel 
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to the original bedding. Further textural evidence 
for synsedimentary mineralisation is provided by 
the intraformational breccias which are considered 
to have formed by penecontemporaneous frag- 
mentation and redeposition of sulphide sediment 
and sulphide mud as a result of sediment instability 
and turbidity fiow. 

The sulphide-rich bands range up to 8 mm in 
thickness (e.g. BH2, 46.2 m CXD 1536) and the 
pyrite from these bands displays strong zoning. 
Wheatley (1977), with reference to sulphides from 
Avoca Mine in Ireland, suggests that primary, 
zoned crystalline pyrite implies growth below the 
sediment-water interface in a low pH environment 
supersaturated with iron. It seems very probable 
that the primary zoned pyrite at Glendinning was 
formed in a euxinic environment and that the 
arsenopyrite which is intimately associated with 
the pyrite is also of synsedimentary origin. 

It is generally acknowledged that the Co:Ni 
ratio in pyrite provides an indicator of the origin 
of the pyrite (Willan and Hall, 1980). Electron 
microprobe analyses of the Glendinning pyrite 
show variable levels of Co- (up to 2000 ppm) and 
Ni (up to 5000 ppm) and low Co:Ni ratios 
(<6). WilZan and Hall (1980) plotted average Co:Ni 
values of pyrite from some stratiform deposits of 
exhalative-synsedimentary origin and other types 
of mineralisation (e.g. pyrite from veins, sediment- 
ary and diagenetic pyrite) and plots of the Co:Ni 
ratios from Glendinning fall within their field 
of stratiform deposits of exhalative-synsedimentary 
Origill. 

The Sb values in the arsenopyrite and, to a 
lesser extent, the pyrite, indicate that this element 
was a significant component of the metals present 
in the mineralising fluids. It thus seems probable 
that the antimony present in the later fracture- 
hosted veinlets as stibnite and other sulphides is of 
local derivation having been remobilised from the 
stratabound material. However, the possibility that 
stibnite or other antimony minerals occur as strati- 
form constituents cannot be ruled out. 

The highest metal values may in part at least be 
due to derivation of cobalt and nickel from basic 
rocks of the Iapetus oceanic plate. The lower 

nickel values are imprecise because they occur near 
or below the analytical limit of detection. The 
cobalt values remain relatively high and plot close 
to those of certain exhalative copper and copper- 
zinc deposits on Willan and HaIl’s (1980) Co-Ni 
diagram. However, the arsenic content of the 
Glendinning sulphide assemblage is much higher 
than in the deposits considered by Willan and 
Hall (1980) so that it is not possible to derive a 
clear indication of genesis from these data. 

VEIN MINERALISATION 
The second phase of sulphide mineralisation was 
probably effected by CO;! and SiOz-bearing 
aqueous solutions which invaded fractures in the 



rocks. The resultant veinlets post-date Caledonian 
deformation features such as folds and cleavages, 
but their upper age Iimit is uncertain. The network 
of veins is complex and at least three episodes of 
veining took place (Figure 11): (a) dolomite with a 
trace of quartz and minor amounts of pyrite, 
arsenopyrite, galena, bournonite, sphalerite, 
semseyite, chalcopyrite, tetrahedrite and 
tennantite; (b) later quartz, with traces of dolomite 
and minor amounts of pyrite and arsenopyrite, 
and (c) late-stage fracture-hosted dolomite veins 
containing stibnite usually in the form of ‘blooms’ 
or films, which postdate veins (a) and (b). 

The identification of cinnabar in panned 
concentrates from the area suggests a possible but 
as yet unobserved association of this mineral with 
the stibnite. Antimony-mercury mineralisation is 
well documented, for example Maucher and Hb’Il 
(1968) describe the antimony ore of Schlaining, 
Austria which occurs in metamorphosed sediment- 
ary (and volcanic) rocks in which phyllites, lime- 
stone, dolomites and quartzites predominate. 
Arsenopyrite and pyrite are constantly associated 
with the stibnite ore with local concentrations of 
cinnabar. Muff (1978) considers this association 
to be strikingly similar to that in the Murchison 
Range of the north-eastern Transvaal, South 
Africa. Despite the metamorphic grade of the 
above examples, the lithologies at Glendinning are 
not dissimilar, so an antimony-mercury mineral 
association is perhaps not entirely out of the 
question. 

The mineralisation observed in the drill core 
is in some respects similar to that collected from 
the sorting floors related to the worked vein. 
The stratiform pyritearsenopyrite assemblage is 
however absent from the sorting floor specimens, 
in which veins containing stibnite, sphalerite and 
@ ena, together with traces of pyrite and 
arsenopyrite, occur in a quartzdoIomite gangue. 
The fact that in the drill core stibnite was only 
seen embedded in carbonate in tiny veinlets 
which postdate the earlier sphalerite-galena- 
pyrite-arsenopyrite sulphide mineralised veins 
suggests either that stibnite formation occurred 
during two separate events or that in the worked 
vein the enrichment was more intense and as 
such masks the order of formation. 

CONCLUSIONS 

The metal values of the principal mineralised 
intersections obtained at Glendinning (Table 4) 
all lie well below present economic grades. 
Arsenopyrite is the main constituent of economic 
interest, but only locally does it exceed a few 
nercent of the rocks. The 
arsenopyrite mineralisation 
average grade of 0.69% As 
of drillcore, representing a 

best intersection of 
is in BH3 where an 
is nresent over 34 m 
true width of about 

12 rn: Within this intersection the highest grade 
is 1.45% As over about 1 m of IFB. The antimony 
content of this narrow section is only 125 ppm 
Sb, most of which is probably held in the 
arsenopyrite lattice. Antimony is highest (0.1%) 
in the BH4 intersection which is probably related 
to the worked structure and is accompanied by 
1.3% As, 0.3% Pb, 0.08% Zn and 0.1 ppm Au 
over approximately 0.5 m of greywacke. 

The main significance of the results of the 
limited amount of shallow drilling carried out at 
Glendinning lies in the recognition of a new type 
of mineralistion in Britain, namely stratabound 
arsenopyrite-pyrite mineralisation in a Silurian 
greywacke sequence. The stratabound sulphides 
are developed through at least a few tens of metres 
of succession and over at least a few hundreds of 
metres of strike-length. They were followed by a 
subordinate phase of NNE-trending vein mineral- 
isation containing antimony and base metal 
sulphides. 

The mineralisation at Glendinning shares many 
features in common with that reported from the 
Clontibret area, County Monaghan, some 250 km 
south-westwards along the regional Silurian strike 
in IreIand (Cole, 1922; Anglo United Development 
Corporation Limited, 1980). Stibnite was worked 
on a very small scale at Clontibret from a narrow 
quartz vein in Silurian sediments following its 
discovery in 1774 and the mines were reopened in 
1917. Modem exploration has demonstrated that 
arsenopyrite mineralisation extends for at least 
1.5 km along the regional ENE-WSW strike, as 
well as occurring in narrow NNE-trending veins. 
The main interest is in gold with occurs both in 
the veins and in the strike-related mineralisation. 

In view of the considerable m’ineralised strike- 
length found at Clontibret and the distinctive gold 
association, further study of the Glendinning 
mineralisation and of its possible strike extension 
is merited. Although antimony minerals of strata- 
bound type were not observed in the present 
investigation, the elevated antimony content of 
the stratiform arsenopyrite and the spatial associa- 
tion of the vein and stratabound mineralisation 
suggest a common source for the arsenic and 
antimony. How these metals were concentrated 
in a turbidite sequence, however, is uncertain. 
Reimann and Stumpfl (198 1) ascribe the forma- 
tion of stratabound stibnite mineralisation in 
Lower Palaeozoic rocks of Austria to exhalative 
activity associated with submarine volcanicity, but 
in the Glendinning area voIcanic rocks are 
unknown. 
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APPENDIX I 

BOREHOLE LOGS 
Note (a). The bedding angle (degrees) is the angle between 
the observed lithological banding or bedding in the cores 
and the long axis of the borehole core. In constructing the 
borehole sections (Figures 8 and 9) it was assumed that the 
true dip of the beds was sub-vertical. However, this is not 
necessarily the case, owing to evidence at outcrop of tight 
folding. Faulting is fairly common and may also invalidate 
the assumption of subvertical bedding. 

Note (b). Sample number is a guide to the geochemical 
analyses in Appendix II. Where more than one lithological 
unit is included in a single geochemical sample all but the 
lowest unit in the borehole is denoted by the same sample 
number in parentheses. 
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1050 

1051 

1052 

1053 

1054 

1055 

10% 

1057 

Kinor quarts wina 

Crem mica op fraotoxw 
[(30,15421;quartsvahJ 

Mudetoaeamlsiltztone,laminat4i miteof 
silty ezzdztxme; ehear zone at 19.3bm 

(?) py zulphide on fraotwse 
uothpyrite and (?)chrlcoplrite 

U&KU- dizzeminated zulphide 

sandataru, compaot with di~Mainated mifcunour, 
hzmatita; silthme bznd at 22.52-22.56 m 

lmdaae. 

Q&z winleta 

disseminated 

ltudemu ooaw~ - into dlktone 
rMoh efiibitz orsackdbin(n limmitio frwturez 

htzmf-timal bwooia of aanddow fawpmtm 
and lezeer l iltztone emd mAzWm mtz: 
iaTedularqurctzpatohezooewm 

ltinor dim8mbated pyrite 

Pfxite diswminated and on 
frzcturee;quutzveizletz 
Ooprrrm 

Pyritadi~seminatiandin 

mialeta thrOu&out; gceysulphide 
0rystd 0n fraotme at 36.2am 
[cm 6841 

Intrafoamtiazel breocia of m&tone fragmntz 
end lazaer ziltetone end zzadztme Em@nentz; 
quartzpatchezcomoB 

SandztonewithmuUtono claata endlzmiaze over 
low-h60 cm) hmkenzzd fractured in plaoee 

sumrow pJrfte veialetz Sendztenewithmdztonelemiaze 
eleoziltetme~con,br&en 

and aluts, 

Siltztane,ull-beddedmdetme pzrtin#e; m 
broken 

pyrite winlets and 
mnorqwrtzveinlete 

Dia~tedpyrita: qunrtsrsfnleta 
with (T) bounnmite at IA.& m 

Mzeeminatedpyrite ia eiltztone: 
etibaite on hot-e [~a, 15a0] 

MLse~t.dpyTita insilteoael 
atitmita in quartz veialetz 

1eeMr interbedded 

Siltztom withmudetoaeleminee, eepecizllyat 
46.9-47.5 ID whom oore ia broken with pyrite 
a- 
Sad&one aad siltstow, poorly beddedvitb 
uutz reialetz out by dolomite veinlete 

P cm w91 

ppib. -wyrite and (?I grey 
zulphide dizzemiaated: pyrite cad 
ztibniteonfrecturee 

Diezeminated pyrite: zrzenopyrite 
znd pyrite on fractures 

Trzcezofpyriteead 
in eiltetanel quzrtz 

erzempyrite 
veinlets 

SiltlltoM wp dark mudntolu 
plans at 20 to co= axis 

clahll 

Siltztme,lmiazted 
dPrkermudztone 

withpaler siltL3tone and Pyrite diezemiaated endin 
withe.ra@nite [cm wq 

walleta 

Saudztime. silty with mdzMne lemiaae Tracez of dizzeminated pyrite 

Sdpbidw not obwrwd: 
mioz in altered breocia r wish 

CXD 15701 
Xudztone initially then eiltyeaudztane, 
hi&y breooiated znd lnm+lerly veined by 
quutzwbic4fomzpatcheeupto1ocmia 
d.wmter 

siltetone withmuIztonelz&lae; oaloite- Trzces of dizeeninzted 
filledehem M ali(pudwith thelzminae (?)ereemopyrite 

ailtdlxm cad Traces of dizaeminatedp~ite 

M-ted pyrite end arsenop ite: 
etibnite onfrzcturez[CXD1509 f 8 
qurrtzveinleteocmoa 

minor d.izzenIiMtedpyrite znd zrzenw 
pyrite+ ecioular stibnite in qurtz 
vein [cul 15431 and stitmite on frac+A 
in mudstone [Cm 15101 

zi1tztone 
inplawz 

end 
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!rABLEIII APmlDIxI 

Inclined rmtemeotioa, 
tip*. 83 m 

70.01 1.82 

72.01, 2.03 

73.52 l.k8 

75.22 1.70 

83.12 7.90 

85.02 1.90 

89.20 2.25 

93.97 2.77 

93.76 1.79 

95.58 1.82 

97.62 2.01, 

loo.57 2.95 

103.10 2.53 

lOu9 1.39 

107.62 3.13 

109.78 2.16 

111.69 1.91 

115.00 3.31 

117.20 2.20 

120.10 2.90 

121.99 1.89 

124.22 2.23 

126.22 

129.22 

131.62 

133.17 

2.00 

3.00 

2.10 

1.55 

10 

30 

sample No. 
CXD 

10% 

lo59 

1060 

1061 

1062- 
1066 

1067 

1068 

1069 

1070 

la/l 

1072 

lo73 

Wth 

1075 

lo76 

lwl 

l07a 

1079 

loe0 

1081 

1082 

lunwaliaatioz 

HinOr diMeminatad pyrite and 
arMnop~te: quarts veiza 

Mhordiew@imatedpyrik, in 
silthome; atibnite bloom om 
fruhre 5a mu&tone [CD 15111 

PYrib=d samatQme dtb ooMpicww palm greem lmAdatoM 
of 72&?-72.1r6 m 

sil~tome, highly Peiaed ad brokem 8ad 

Pyrite and u-aenopyrite - w 
diMeminatioM, fa 0tmtFfarm traila 
amd imvekrleta: rtibmita bloum a 
fractursa [CXD 15lA,1512] 

Stratify arnmpyrito and pYrite 
[CID 1931 

Silta~,louermudatomoamda~; 
quartzvaiwc0Qalenpe&allyataGO- 
a&.&m 

SiltBtwe al& mudBtul0 

Siltetule d 
eepeoi&Lly at u-. 

aa.3-aa.6 
8-Y 
m 

brroOi&Od 

siltetauocmtawngdYtlit.uo~tsaDd 
oooaeimlBlmudatemopsrtim&a.~131yat 
91.89-91.97 m whus M~Yrite ia C- 

_t=wfV, -SW 
pmemt; hi&y hociatad at 92.55-93.15 m 
nhereMn&tu&niain~ withmomfine- 
m-t 

MU-l-MP 3” ta am3 arMmopyrite 
ttn-ougbout; (? bouIlwlite om frwture 
at 9k.06 m) n-ua quwts veialeta 
and aomm cdlcita mnletr 

Silktone, broken but loom 
lmitabove; afn &tone 

Pyzite, stibnita and (?) dickite on 
fraoture9; quarts veirleta B 

except at 103.0 m 

stlmtiform pyrite ad mmopyrik: 
pp-lta,rtibdtaaadbouz.7umikon 
flmzturm aad ia vdnlda [CXD ISlS] 

lJh&tme ta 103.50 thm fa!aQtumd siltatun. 

smlstarw. silty* my azd ccapaot vitll 
mdmtcam brecciatd at 107.32-107.62 m 

mbor 

silktome, veil bedded, dth Born, thin 
ml&stems putill@ md caaptiorml mtaao 
layera;locallfbrwciated;yellov&alw&oured. 
fw-gwaed(?)diokiteooat~fxnoture 
swfaon at 141.62-107.72 m 

ti ill- with qrrite in 
VBinlota; 

patcbe8 aid 
rtihiite cm 

in q-z 
fMtlnmm 

Maoemiaded pyrite: etihlita and 
(?) bournomit in quarts vaaletd 

Mb& uemimated aId in winlets 
fitnm&out.; trawm of stibnite on 
fractursa 

amdin diMemimated 

I%d&ome,fimely~tediIlpl~s; 
&eared especially at 115.3-115.1 m 

1093 

Pyrite diwemimated and in q-z 
-4nlOtB~ 1agt.r a?% 8heMdwit.h 
plaws10-20 to coxs axis 

Iunordi8!3oQ&atedpYrits; quartz 
manlet* lmcomDDn 

1085 

mite die*eminated endwith (?) grsy 1088 
sulphldeanfz?ac+tuMaendstvsinlet 

==w 

Silt&we cad mudataw vmybg abruptly fmm 
oneteawther:lithologioallamdingfinely 
-1oP.d 

clut, at 
vith mkror llwdBm, 
125.30-125.kO m 

PmMlY asa 

i3andetoMamdmiaor 
veinleta of opalize 

-to=. 
quartsat 

olwt 
rrio 

SEmdBtoDy vitb irre@lar cl&em of mudBtwe; 
~MZI& dad, eapeoially at 132.77-133.17 m 
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2eemectilm 
m 

1.54 

140.62 5.91 

142.64 2.02 

U.27 1.63 

145.52 1.25 

116.67 1.15 

w.07 1.40 

0.17 

w3.95 0.71 

MN45 1.50 

lP.77 1.32 

153.oS 1.28 

m-97 1.92 

156.07 1.10 

157.62 1.55 

r59.55 7.93 

160.95 1.40 

162.27 1.32 

164.20 1.93 

165.81 1.61 

167.10 1.29 

168.73 

170.01, 

171.59 

173.11 

1.63 

1.31 

1.55 

1.52 

saluple No. 
cxn 

lM9 

WO- 
1093 

1094 

1095 

LithOl~ MIaoraliaation 

siltrtmo, finbly Mbd stratiform pyritE# dispeminoted 
pyrite ad u8bnopyritb: sulphidbs 
alaoin6mdBarginaltoq~z 
vbinlbts: tbb lattbr 0 rometimes 
cut by sulphide veial&a 

Dimmuna~ pyrita and rubo?mnate 
a==mJri~ in =trix [cxp 15191 
1521]s prtd.a of pyrite up to 2 cm 
acJneO$ pyrite oczcaeianallp plweeat 
ia c1ast.m; pyrite and diokik, ia 
uarts-ahrbolmte 

I 
vw.7llet.a with 

?) boumoplte ao, fra&M at 136.3 m 

xleafolmatloml brbooia WmpoBbd of a -* 
ompaot admixtun of Mad&ala urd mudatalu 
clarta net h a da&, sulphldo-rich matrix 
0-a diGkite [GfD 15201; m.l-developed, 
sub-mgu~aLa8t8 Oflma&~crvrlmMMup 
to 5 ca atroam; same cluta e-bit min.hgj 
the brecoia ia locrlly ahem& rapeciaIly at 
137.06113746 m 

slte4m, vuy fluely flm&anded 

15 

Minor stratlfozm p 
inter(gcorm with (7 

ite: 6titmitb 
f boumonitb in 

v&llet *t 141.82-141.93 m 

siltsta?m, flow-bbndbd, aad mldealb: vbry 

bnociatbd 
Pyritb alcnq beddine and In vbinlefia; 
amen0pyrit.e as 144.15 Ini m 
reinleta at 143.52-143.54 rni bomnonite 
in bnryto veinlet at 143.62 m [Cn, 15731 

stratlfolm. dd.Mowwtbd alld vbinlbt 
pyrita aad UWllopyZitb. espeohuy at 
145.2 m; bouuloai~ Qo f?JwtMs 
[ca, 1522, 15651 

10% 

SMdBh, vbbkly bzadbd with n lboldilutb 
riltaaM; cantahE nbaobouz hem&It4 @zaim 
baa la tlml8uauy 
146.23 m 

v at am4- 

mt% ==-=vM- and (?I - logs 
rulghidb dis6emuatd and ill fbb 
atr8tifomlayenuptolmntUok:al~o 
ia veizI.lata with quu-ts, baayta md at 
146.92 m, dhkita 

x&rlx of brbacia cmlsiati ewmltwy 
of armx&mit.e sld q&s; &obulpr 
pyrite ooclns in ClMtB, [CXD 15661 

(lass) 

1100 

1101 

1102 

1103 

1104 

110s 

1106 

ilO7 

110s 

1109 

1110 

1111 

1112 

1113 

lllI$ 

1115 

PyLstemryfiIwgMmdfD- 
baMs; erurtmosin& quarts veinlets 
at 157.20-157.lrl m 

DiaEeminated pyrite; qumrtt vvina with 
yrita 

P 
end buyt=a at 157.62-157.7h m 

CID 1523’1 

siltstone, fizmlybabhd quart-te 

Diammiaatmd pyxita; thick quartz 
rein rt 162.1'$162.27 m 

s.uthme, cxalpmt, ffnely bad& in p1ac.e Dismmhnted pyrite; qua&s veina 
upto2amtilick 

siltstoue, finely beaded with !nudatcme Mswminated pyrite, enpecially at 
165.W165.55 m [Qn, 159, 15521 

slltmtzlb, nab b6lxlbd Stratifoanpyritm in darkarbanda of 
8ilteom~sti~konfractuLw 
mJl57lj 

stratiform pyrite ad sxrmwpyrite; 
bri&t, globular pyrite in atrw; 
a&go+0 of bouznmih t, m acroS8 
in -krlet (Cxp 1525, 1553, %‘2] 

strati_foxE pyzite snd Emmlopyrite: 
thiChr Vddbti urud With OUtbr 
cute and watral qlJxts# 
bowte in dolomite [CXD 15811 

Siltatane,f~lY 
166.22-168.73 m 

at 

Siltatanb, finely band& strcmgly oai.nea at 
168.66-169.27 m and at 169.8+169.95 m 

Slltataa, flndy bonded) pale eilthme at 
170.57-170.77 n w&aiabg rtratifozm pyrite 
isiacoatactvithadukermddozm5auhich 
petb +ChbS mm- Up t0 1 Cm -(IS 

m*=d v,Titb bcSEbZLb3td 

aad in mdflleta~ quutz vein 7 m 
thick at 170.80 m 

siltstam, finely bandad, mm~lapirutad; StratFfona and vein pyrite and 
breociatul dsck mudrrtma at 173.27-173.X m arsanopyrlte~ sulphides locally 
dthabuudaatpyrita cmoentratd ic 6iltEw at VBin 
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a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 

a 
a 
a 

Inclined Intereecthm 
ASP+& m m 

1-7b.96 1.05 

176.35 1.39 

170.58 2.23 

1acLslb 1.96 

102.82 

M6.82 

188.33 

2.20 

k.00 

1.51 

191.33 3.00 

193.93 2.60 

I%.06 2.13 

197.82 1.73 

TASLE III 

LithOlOgg 

EoBmoIa 3 (contbwd) 

SSlte~, croee-le0iaated 
eltenh*darkend1i&ht 

with well 
1- 

defiind 

EZfDOFKIlQXOUATl97.82 m 

37 

MLneralisrtiom 

stmtiform dac* grey (7) sulpuie 
at 173.76 a: rtratifonn pyrite sad 
ueeaopyrite eepechlly at 17L7(r 
17k.96 m 

wins 

Patcheclaf w4eeivepyriteupto 2* 
mrom iamatriy pyrite andminor 
awnopjritedie-edthro* 
eamb rock f-ta 
1528,15P] 

[Orn 1526,1527, 

Stratllonuanddiee~tedpyrit4 
end areeaopyrite in upper 8iltstme 
[cxD1568], pereietlngw6suyiata 
thewl&tone;rrrcrpgriteinlower 
tits; - pyrite in veinlet 

(7) etilmite in calcite veinlets; 
quarts veina - at 181.7-182.b m 

(?) rtihite al fraotmr; 
-llitbCQly~trarv 

WiM 
of pyrite 

Treaeeofdieeeminated 
theeendetaur 

mmirteattxw.7es of pyrite: a-ugw 
calciteveinletoute crquwts mhlet 
atl90.07 m 

Tzecenofpyrite~heirl5neveialets 
bt 198.22 m ukd 193.75 m tith 
(4) etiwte 

nilmrdieee&n&edpyrite; fewveninlete: 
rtihite bloca [CID 15321 

sample No. 
cxn 

1116 

1117 

1118 

1119 

11x) 

1121 
1122 

1123 

112L 

1125 

1126 

1127 



-IX1 

Inclimed 
depth. m 

0.00 

5.06 

raterMcti00 
m 

5.06 Superficial deposit8 

6.52 1.16 

7.47 0.95 

8.02 0.55 

9.00 O.% 

Il.47 2.47 

12.80 1.33 

13.40 0.60 

15.06 1.66 

r6.19 1.13 

16.62 0.43 

19.63 3.01 

22.22 2.59 

24.39 2.17 

25.52 1.13 

27.17 1.65 

28.29 1.12 

29.41 1.12 

30.82 1 .hl 

32.62 1.80 

34.10 1.u 

36.67 2.57 

3.18 1.51 

39.02 o.a4 

44.35 1.33 

46.6.84 2.49 

lr8.97 2.13 

53.15 4.1s 

55.31 2.16 

59.96 4.65 

63.17 3.21 

lb0 

50 

Litholoff 

HI&toM with sfltston5 claetat 7.Jm: mMon coloumd 
1eIltiole5 Wbp5rmll.l to w at 7.90-7.96 m 

siltstam with aiaMdnAted nLio&ww.m hemstite; m*toM 
with w coloulmd bud, notably crt a.5a-a.co I 

Sam--. f-. oaa.oamom vita miwoeow 
henmtitci 
!wBhna with e ri.lB bawl .st 13.15-13.26 m 

sil-, mamiw. co8ra.r 6t top vith 

-m-Y- parting at 13.70 m 
frregulu 

siltatom, maniw,duk toli&bt.gxuy Ln 
crlcrrwu5;mfmthimmudstKWpu%iagm 

SiltDtam to 17.37 m, then 
brecdr d by clqcfillod 

lTluhtonD) cutwthim 
fMm ht 18.23-18.28 m 

silt8toM, -uldcmpurtgLaiogimto oliw-LpHII 
oiltymud8tano&Aniag ~omeelan(pkdolamte 

Silt5tome, (psf,budemd oompetemtexoeptat 24.39- 
25.09 a I&O= it ia broken with sliakamidod s~&acaa 

Pyrite iwpre*te8 broken 
eection, ert~ ianto hrd 
siltatome With =moWpyrita 

Silktcao, -* vmly fPactwd, 1i8mlitiMd at ba8.s: 
mandstoin fmm 26.38 m. - at 26.70 m with n~ua 
qWrt5 tiulcitowialek 

skmdm~tiththlakdowlopomteofquartPre5ultlng 
ul*o,~tentrookd55pitebaWcciatiom 

Snmdmteme, lmeeiw e-y bnWoiated[Cxn 15341 ml] 

Silt8twe, wupwt &u&d (pr, with ml&m putinga 

silt&ma vith mudatome partw; Ilwevhat brecciated 
at 32.62-33.62 m [CD 15351 

snd8tonr @s&ding in placeI into eilty swdntinm: 
lmatOw clamta mt.ly bm*m in situ at 49.82 m 

I¶uWomeani5il~mudmtoB5uithsopsmPrO(mStaiain# 
puillel to bedul# 

Saodetome,hrrd,cu5pact,-iwtithaomemiurceou 
hemstite;mudmtosu psrtia~e ContrLndefcxmed calcite 
winlete at 59.30 m; .xnm soft s-t d5fomtion 

Siltstolu gre&iogin~ a-tome iaplaoee; Fntrs- 
foorrmatioMl clrstn of dwk nNdatCne are pro-t; 

ml.nOr-staCPinSalOngbeddine plaoe5 

38 

M3aerelisetiom 

Quart5 end wlcita wiolets 

Calcita wInlets in mudl)t.om 

Calcite winlet in mudatom 
and at 11.32-11.35 m in 
EiltstoIm 

Baw thin wleita wimleto 

dOit 

widetl, 

cdcita WiaDg cm 
im uv” of q .lta~ 

except 

A ov caloila winlet at 
P 4 to cols uds 

lumrqueetnwlMwdwme 
(?) dolomite nut3 

~teandpyrit.sM 
diwemimati~ and inwiolete 
uitbbouxsomite at 29.5 m 

Pprik=d ===oPWteM 
diemem5.MtioMaxdinqurtz 
winlet.8; (?) PJ 5ulpUde 
in niolet at 33.17 m 

Segular calcite winlet. up to 
13 m thick but no visible 
sulphide 

E-wquut5win5 

wllor quartz WiM 

Calcite Blld quartz 
faLrly_ 

wiolete 

Cticito winlet+ especially 
at 51.82-51.86 m, rrd stainni 

Bad ataiaed calcite 
upto3ant.hick 

WimletB 

calcite 
thick 

whlets up to 1 cm 

sample No. 
CXD 

‘04’ 

‘ok2 

lo43 

lo44 

1026 

lo27 

lo26 

lo29 

lo45 

1046 

lo47 



TlBIEIV BoggaoIE 4 (oorltinwd) 

Intersection Iadd+ 
m =@a 

IaholO~ Mineralisatian 

65.67 2.50 &O Muds&one and riltatone eibitine soft sediment hQ in-egular caloita veinlets; 
defollmptioa; a thin light @MB !mdkom m with chrlcop~to in light green 
sam amon ntq posrible concretiaaxy rtructms mudstons; stibnite %loan” and 
at 64.33 m nmam pyrite on fracture8 with 

60.72 3.05 

2.45 

I 72.27 1.10 

lfudhwe and silt&one, less defod tbul ia pwwdiag 
lmit 

SiltstoM @ading in plaoem iat suld8tcnrs; EmuubAt 
crlcpreolu: micaceou immtite tJ!aughout; a few 

A few reqlllar dcita veinhd. 
EometiIwCl pink in oolour 

76.05 3.78 

84.87 0.02 Hudatcule and siltataw, breceiated in placw~ pale 
wlomed ri.lthJM IS oulcamoum 

I 

I 

sample l&a. 
CXD 
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APPENDIX II 

GEOCHEMICAL ANALYSES OF DRILLCORE 
Note (a). For more detailed lithological descriptions the 
sample number and sample depth should be cross- 
referenced to the corresponding borehole table in Appendix 
I; IFB denotes infraformational breccia. 

Note (b). In the column headed ‘Feature’, B signifies the 
development of brecciation, D the presence of character- 
istics suggestive of debris flow development and F the 
occurrence of faulting. 

Note (c). The incidence of vein and stratabound mineral- 
isation was estimated visually during logging and classified 
as significant, trace or absent. For an explanation of the 
abbreviations refer to the list given in Appendix III. 
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APPENDIX 11 TABLE I BOPEPOLE 1 

Sample Depth Inter- Generalised nin~r~li~~tion 
lo. Prom To s*etion lithology Feature Stratabound Vaia x I mm 
CXD (m) (m) (m) Traca sig. Trace sig. Ca Ti Fe cu 2n h Sr Zr Sb Ba Pb 

1001 1002 1003 20.33 23.13 13.70 14.20 23.92 20.97 0.79 0.50 0.64 Clay.pebblas Cl~y.pabblw Clay.rock fraSmeotn 

1004 24.98 25.96 0.96 Baaal till 
0.19 0.40 1.71 1.74 0.56 0.57 0.60 0.58 6.25 5.64 6.56 6.11 28 33 28 31 SC 91 97 86 229 190 114 60 67 80 51 57 275 240 250 255 20 13 lb 22 222 280 283 266 39 27 16 17 

1005 30.22 31.15 0.93 Sandstone 3.50 0.50 5.29 12 73 63 130 266 12 308 11 
ID06 31.15 31.80 0.65 Siltstonm 2.86 0.49 5.39 11 75 38 101 222 9 219 5 
1007 31.80 3b.16 2.36 Sandstone 4.61 0.42 4.91 25 62 29 12b 248 15 358 5 

1008 1009 1011 1010 37.12 39.17 34.16 36.20 Cl. 36.20 37.12 39.17 18 0.92 2.05 2.04 2.01 ludrtona Brecci+ Sandatone Sandatone (1) Ipg F u P B(7)D St 4.24 5.13 4.64 4.57 0.50 0.46 0.41 0.43 b.88 4.68 4.53 4.07 41 28 18 8 48 b5 41 23 lS6 98 87 32 69 91 66 77 239 231 223 175 44 24 12 11 305 278 221 224 6 8 6 3 
1012 45.02 47.15 2.13 IPB.ailtston* D PY St 4.27 0.&5 4.58 61 29 1557 162 182 58 260 17 
1013 47.15 48.22 1.07 (?)nudatoae F l.b6 0.46 5.87 76 37 2643 76 178 53 362 32 
1014 48.22 49.02 0.80 

lhdstoa. Mudatons SLltrtona Fault (7)ludstoma breccia.sandat. 

B 3.1b 0.56 5.43 31 31 464 120 172 69 15 

1017 1015 1016 1018 49.02 50.75 52.05 53.72 50.75 52.05 53.72 55.02 1.73 1.67 1.30 1.30 Dk F 4.09 b.94 5.15 b.76 0.43 0.50 0.46 0.47 4.43 6.85 4.52 4.17 41 42 33 30 46 41 47 34 157 82 57 74 221 162 148 130 206 175 177 191 46 36 36 30 1039 ;:; 255 257 lb 6 6 8 
1019 55.02 57.08 2.06 LIudst..siltat..naad#t. 5.83 0.62 5.04 50 55 262 138 188 46 289 10 
1020 57.08 58.99 1.91 Siltat. ,mamdat. *ruder. P? PY .Ar 4.97 0.43 6.50 18 27 376 141 215 33 224 10 
1021 58.99 60.80 1.81 Siltstone P? Py.Ap.St 4.31 0.46 4.79 Lb 31 2578 153 165 66 251 293 

1022 1023 1024 1025 60.80 62.44 63.44 6b.bb 62.4& 65.77 63.bb 64.44 1.33 1. 1.00 1.00 64 Siltstooe.(?)IFB IFB IFB IFS ?D D D D AP p7.A~ PY PY.AP .AP St St Dk Dk Ok Py.Ap b.24 2.81 4.37 4.05 0.46 0.45 0.46 0.46 4.22 3.46 5.13 3.92 23 25 20 19 20 20 16 17 3215 7894 1935 960 306 bob 371 156 323 248 165 185 58 60 59 35 215 207 189 170 209 643 246 329 
1030 65.77 67.37 1.60 Sandstone D AP PY 4.35 O.b7 b.58 27 29 467 200 178 45 225 lb6 
1031 67.37 69.52 2.15 Siltatone 4.47 0.57 4.46 31 CO 258 lb8 182 28 278 16 
1032 69.52 71.87 2.35 Saadotone F (?)Dk 5.59 0.43 b.65 24 55 154 169 183 28 

1034 1035 1033 1036 72.92 75.87 71.87 77.92 72.92 75.87 77.92 79.12 2.95 2.05 1.0-5 1.20 Siltst. Sendmtone S~ndsroae Sandstone .mudat. ,aamdst. B D F Py 5.10 b.84 4.75 3.92 0.45 0.14 0.42 O.b9 b.57 4.80 b.55 4.84 34 16 13 9 57 42 51 38 6b 65 35 11 lb1 172 134 137 198 171 188 176 42 23 12 12 407 :‘3; 270 299 :; 10 8 7 
1037 79.12 81.96 2.84 kludstone.aamdatooa 0 PY 4.04 0.50 4.84 34 38 58 132 176 bb 270 9 
1038 81.96 82.66 0.70 Sandatone 4.50 0.47 4.41 3b 37 90 120 199 46 185 13 
1039 82.66 83.22 0.56 Mudstoo, 2.46 0.55 4.54 120 56 106 144 192 127 243 8 
lob0 83.22 85.27 2.05 Siltstone,mud~tooa Py 3.05 0.55 4.47 48 40 92 147 202 56 204 10 

I 

I 

I 

I 

I 

I 

I APPEIIDIX 11 TABLE II BOPEHOLL 2 

I 
I 
I 
I 
1 
I 
I 

Sample Depth Intar- Ccneraliaed Xiaeralis~tiom 
IlO. From To section lithology Future Stratabound vein 2 I PPm 
CID (m) (ml (m) TrAC. sig. Trace sig. CI Ti Fe CuZn As Sr Zr Sb Bo Pb 

1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 
llbb 
1145 
1146 
1147 
1148 
1109 
1150 
1151 
1152 
1153 
1154 
1155 
1156 
1157 
1158 
1159 
1160 
1161 
1162 
1163 
1164 
1165 
1166 
1167 
1168 
1169 
1170 

b2.60 
44.38 
46.44 
48.07 
b8.97 
51.40 
52.97 
5b.50 
36.02 
57.75 
58.82 
59.72 
61.69 
63.55 
65.49 
67.42 
69.11 
71.50 
73.37 
75.25 
76.37 
78.90 
81.50 
82.88 
85.27 
86.72 
88.70 
90.77 
91.70 
93.17 
95.12 
96.54 
98.41 

100.35 
102.16 
104.32 
106. 687 
107.75 
109.67 
111.09 
113.15 
lib. 73 
116.30 

bb. 38 
b6.bb 
48.07 
48.97 
51.40 
52.97 
54.50 
56.02 
57.75 
58.82 
59.72 
61.69 
63.55 
65.49 
67.42 
69.11 
71.50 
73.37 
75.25 
76.37 
78.90 
81.50 
82.88 
85~27 
86.72 
88.70 
90.77 
91.70 
93.17 
95.12 
96.54 
98.41 

100.35 
102.16 
104.32 
106.67 
107.75 
109.47 
111.09 
113.15 
114.73 
116.30 
118.80 

PY SAP 
PY .*P 
PY .AP 
PY .AP 
PY 
PY OAP 

AP.PY 
PY .AP 

P7 AP 
p7.A~ 

PY 
PI 

1.78 Siltstomm F 
2.06 Sandst..siltst..mudst.D 
1.63 Braccia vein D 
0.90 Brmccia vein D 
2.43 Breech vein . D 
1.57 Siltatone B 
1.53 Siltstoo. 
1.52 Siltstoae : F 
1.73 si1t*tom* 
1.07 Sandsc. .mudsc. .silcst. 
0.90 Siltstoae.saodatoae F 
1.97 Siltstone 
1.86 Siltstoaa.mudotone 
1.94 Silt~tooc.mudrtoao D 
1.93 Siltstone D 
1.69 Sandst..mudat.,ailtst.D 
2.39 Sandstone.mud~tono 
1.87 Wudetone.ailt~ton~ 
1.88 Siltstono.mudacoae 
1.12 ludat. .siltst. .aaodst.B 
2.53 Siltston. F 
2.60 Silt~ton~.a~od~tom~ 
1.38 l4udacone D 
2.39 Mudst..siltat.,sandst. 
1.45 Siltstone g 
1.98 Siltstone 
2.07 Siltstone 
0.93 si1t*too* F 
1.67 Braccia vain D. 
1.95 Si1tsconm 
l-b2 Siltstone.a~ndatone B 
1.87 Sandetome D 
1.9b Siltstonm.IFB D 
1.81 Siltatoaa 
2.16 Silrstone 
2.35 IFB D 
1.08 SiltAtoae 
1.72 IFB D 
1.62 Saadatoa. 
2.06 IF1 D 
1.58 Sandatoae,IFB D. 
1.57 si1tarone D, 
2.50 Sandat. ,ailtst. .mudst.B 

P7.(?)GS - 
PY 

PY 

AP 

Pi 

PY 
PY SAP 
P7 

P7 
PY 

PY 
PY 

PV 
F (?)GS P;.AP 

P7 SAP 
Ap.P7 
AP.PY 
p7.A~ 

p7 
PY 

PY .AP 

F AP 
F PY 

p7.A~ 
PY .AP 
p7.A~ 
PY 

PY 

P7.St 
Py.Ap.St 
(?)Sm,(?)Ar 
(?)Sm.(t)Ar 
St 

Py.Ap.(?)Sm 
PY.AP 
P7.Ap,(T)Sm 
St.AptP7.Dk 

SC 

P7 .AP 
PY 
PY 

AP,PY.(?)GS 
PY .st 
Pi 
PY,(?)SC.(?) 

p7,st 
Pr.St 
Py,(?)Cl 
P7.(7)Br 
Py*St 
PY.(OSL 
p7.A~ 

st 
CP 
Ap.Py.Dk 
Py.St 
PY.(l)SL 
Py.Ap.(?)St 
PY .AP 
PY,St 
(7)St 
Py.Ap,St 
Py.Ap.St 
Py.St,(?)Ba 
PY .AP 
Py.Ap.(?)Bn 

295 
2783 
2177 
2508 
2467 
4584 
3601 
2955 
4665 
3238 

22300 
3461 

219 
167 
249 

1978 
476 
500 
681 

2853 
1081 

201 
219 
361 
320 
397 
322 

1903 
3664 
7147 

11900 
13900 
4032 

81 
2080 
3693 

638 
4740 
3508 
5615 
1311 

446 
873 

145 188 38 200 7 
122 262 32 211 11 

52 93 60 103 20 
23 72 118 81 26 
31 116 151 100 59 
75 140 73 188 16 

114 167 63 240 20 
139 lb6 61 259 30 
86 148 68 207 30 

121 168 39 191 40 
131 108 100 137 70 
146 176 27 178 60 
170 180 41 2Ob 120 
156 173 13 206 150 
138 169 32 183 190 
117 231 39 151 190 . 
121 170 41 189 120 
173 153 24 C72 90 
13C 187 38 206 150 
108 216 26 3b0 30 
lb2 169 26 296 50 
114 199 38 252 40 
144 218 64 197 50 
143 220 61 250 180 
141 199 49 1628 20 
148 180 39 205 30 
121 185 29 170 30 
134 181 35 224 30 
139 149 81 163 30 
116 168 52 216 30 
94 157 62 162 30 
77 169 59 144 30 

125 169 3S 153 20 
130 199 27 139 20 
138 183 47 316 20 
169 192 47 277 30 
IL0 201 50 225 100 
192 176 41 170 110 
171 418 40 132 70 
172 176 57 209 30 
166 255 36 156 150 
177 176 46 237 120 
216 184 36 284 90 

I 
I 
I 
I 
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APPENDIX II TABLX IV BOREBOLE b 

CID (I) 

1Obl 16.64 
10b2 19.63 
1043 22.22 
1044 2b.39 
1026 25.52 
1027 27.17 
1028 28.29 
1029 29.01 
1045 30.82 
1016 32.62 
1017 34.10 

19.63 2.99 LLud~tone,siltston* 
22.22 2.59 Siltstone 
24.39 2.17 kludstooe,slltstone 
25.52 1.13 Sllt~too~ 
27.17 1.65 Siltatoae.sudmtoae 
28.29 1.12 Sandstone 
29.41 1.12 Sandatone 
30.82 1.41 Sandatom 
32.62 1.80 si1t.tone 
34.10 1.48 Siltstone 
36.67 2.57 Siltstone 

F 
D 
D 

F AP PY 
F PY .AP 

PY .AP 
S 
B PY .AP 

a 
S 

3.45 0.53 6.94 43 110 74 79 165 120 275 7 
3.69 0.51 5.92 33 103 26 101 172 66 209 11 
2.57 0.57 6.06 47 102 52 68 199 105 196 26 
2.95 0.49 5.36 36 25 643 77 183 97 190 151 

AP.PY 3.12 0.47 3.69 20 125 2468 03 218 133 175 265 
Py.Ap.Sm,Sp 2.72 0.41 5.38 38 839 12848 75 180 1067 175 3136 
PY .AP 7.03 0.24 5.90 27 38 1234 83 113 111 104 109 
Py.Ap,Sn 3.54 0.43 5.09 28 48 3077 80 207 156 171 173 
(7)CS 3.93 0.49 5.22 32 70 74 105 174 116 224 lb4 
Py.Ap.(l)CS 3.40 0.50 5.58 34 52 2642 93 184 97 170 105 

4.13 0.48 5.27 20 86 10 120 190 64 210 13 

Eavholo1[~Joo-I] 

102l 58.99 60.60 l.01 

1022 60.80 62.4 1.61, 

1-3 62.& 63.b 1.00 

1ou, 63.44 6ldh 1.00 

1025 6&A 65.77 1.33 

Boroimle k [sw alw Tablo IV] 

1026 25.52 27.17 1.65 

1027 27.17 20.29 1.12 

1020 20.29 29.M 1.12 

1029 29.&l 30.82 l.l+l 

PI PJdPm 112 2 2 1 5 0.052 0.12 2 !i 

(?)D 4 St w.4 73 6 0 0 5 0.11 0.08 0 3 

D m.4 St mc 76 0 1 0 7 0.010 0.13 1 3 
. 

D PI.4 Dir 65 1 o 2 6 <o.o1 0.22 0 4 

D pr.4 Dk @a 2 1 3 9 a.01 0.16 Ir 4 

I Pg,4 4.w SL 0 0 3 h (0.01 0.15 1 2 

m.4 p1,4,-$P 73 2 1 3 o 0.100 0.6 6 2 

B Pg*4 WC 2 0 2 0 eo.01 O.ll$ 1 0 

B Jv.4 pl,4*- 59 1 2 0 IJ co.01 0.16 2 k 
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APPENDIX HI 

PETROGRAPHY AND MINERALOGY OF SELECTED 
CORE SAMPLES AND MINE DUMP SAMPLES, AND 
ELECTRON MICROPROBE ANALYSES OF SULPHIDES 

Introduction 
Specimens were examined in polished thin section and 
investigated by X-ray diffraction, X-ray fluorescence 
analysis, electron microprobe analysis and carbonate 
staining using Alizarin-red solution. The diffraction 
technique employed was powder photography and the 
results given in the tables bear the powder film numbers. 
Analyses by XRF were effected by scans of polished thin 
sections, panning concentrates and powder camera 
diffraction mounts using a Siemen’s VRS manual spectro- 
meter. The results are expressed in Tables I-IV, correspond- 
ing to samples from BHs l-4 respectively, and in Table V 
which deals with dump specimens from the sorting floors 
associated with the old mine workings. 

Microprobe analyses were carried out by B. Beddoe- 
Stephens with a Cambridge Instruments Microscan 5 on 14 
pyrite grains and 14 arsenopyrite grains and the results are 
given in Tables VI-IX. 

Mineral abbreviations used in Tables I-V 
Ap arsenopyrite PF potassic feldspar 
Ar aragonite PI plagioclase 
At apatite Pv pyrite 
Br baryte Qz v- 
Bn boumonite RF rock fragments 
Ca calcite St stibnite 
Cp chalcopyrite Sm semseyite 
Cy clay minerals Sp sphalerite 
Dk dickite Tm tourmaline 
Do dolomite Tn termantite 
Gl galena Tt tetrahedrite 
Gs unidentified grey sulphide Zc zircon 
Hm hematite 

44 



Petromaphy of core specimens. BHI 

Depth b) 

31.75-31.i9 

FTSNO 

5859 Sandstone 

1538 36.50-36.56 5860 Ssndetone 

1577 47.54-47.62 6359 siltstone 

1539 50.02-50.08 -Silt&one 

1575 54.86-54.94 6357 Sandstone 

1500 61.91-62.00 Sandstone 

1501 62.60-62.64 Dreccia 

1502 6l+.ol+4+.1o Brecoia 

1503 64.26-64.31 Breccia 

1504 65.19-65.22 Breccia 

1505 75.42-75.49 5852 sandstone 

1506 76.94-76.97 5853 Sendstone 

1507 79.16-79.22 5861 Nudstone 

1576 83.56-83.75 6358 Siltstone 

:e_l Constituents 
Minor 

PlTinRFzc 

St Py RF 

Py 

pr Ap St 

Ap Py St RF Cy 

RF CY 

WPYAp 

F@ Do CY Pu AP 

RFPlwPy’npzc 

BF Pl Do q ‘pm Zo 

PY 

lb 

T 
Canments 

Uatrix consists of chlorite, clay minerals, muswvite, sericite 
and hematite; original biotite altered to hematite; veinlets 
contain dolomite 

Turbid matrix consist8 of clay minerals, muscovite, sericite, 
hematite, trace chlorite; veinlets contain hematite; &ibnite 
on fracture surfaces 

Intensely altered; replacement by csrbonate and hematite; 
disseminated pyrite largely replaced by hematite 

Dickite 
pyrite 

abundant fracture eurfaoes; trace of disseminated 

Matrix strongly altered with traces of hematite, biotite, 
muscovite snd csrbonatei minor disseminated pyrite; calcite in 
veinlets 

Veinlets oontain pyrite, arsenopyrite, quarts end dolomite; 
trace of etibnite on fracture surfaoes 

Specimen from possible fault sonej strong alteration to diokite; 
trace disseminated pyrite snd arsenopyrite; etibnite on fracture 
surf aces 

Aa for CXD 1501 except no apparent sulphide mineralisation 

As for CXD 1501 but no atibnite apperent 

Alteration less intense 
end arsenopyrite 

CXD 1501-1503; disseminated pyrite 

Feldspar claste strongly serioitiaed; matrix consists of clay 
minerals, eericite, mwoovite shreds, chlorite snd amorphous 
iron oxide; traces of dissemjnated pyrite 

Feldspar claste strongly serioitised; matrix oonsists of clay 
minerals, eerioite, muswvite shreds, dolomite, traces of 
chlorite end amorphous iron oxide) trace of disseminated pyrite 

Traoe of disseminated globular pyrite 

Turbid matrix largely comprised of dolomite; veins contain 
pyrite and tetrahedrite (oonfirned by XRD: Ph 6460)~ finely 
disseminated pyrite also present; trace of etibnite on fracture 
eucf aces 



TABLE! 11 

Petroaaphy of core specimens, blf2 

1592 

1545 

1560 

1546 

1536 

1561 

1585 

1548 

1562 

1509 

1590 

1549 

1563 

Wth bd FTS No 

‘f 42.09-42.27 

44.20-44.23 

44.30-44.32 

46.17-46.25 

46.25-46.29 

l&68-4a.77 

48.97-49.00 

49.11-49.18 

s4.96-55.04 

55.30-55.37 

56.12-56.14 

6025 

6361 

6026 

6027 

Nsme 

Mwistone 

Mudstone 

Sandstone 

Mudet.one 

Mudstone 

Breccia 

Sandstone 

Besccia 

Mudstone 

Siltstone 

l- Mineral Constituents 
Minor 

‘Y AP St 

'u 4 St 

?y Ap St 

b AP 

DoHmDk 

Do Py Ap St 

Em 

Py St 5 

Dark grey sulphide in quartz veinlets identified as tetrshadrite 
snd tennsntite by XRD analysis (Ph 6477) 

Non-lsminated; traversed by at least two generations of veinlets 
(I) contains traces of pyrite and arsenopyrite (ii) intersects 
type (i) snd contains minute crystals of pyrite; stibnite on 
fracture surfaces 

Strong sericitisationi stratiform pyrite snd srsenopyrite 
conoentrated in narrow bsnds parallel to original bedding; 
distinctive red colouration due to late-stage veins of dolomite 
and hematite (confirmed by XRD, Ph 6416, 6417) 

Contains eflames* of mudstone; single traversing vein contains 
pyrite and arsenopyrite) trace of stibnite on fracture surfaces 

Pyrite snd arsenopyrite in bsnds parallel 
trace of stibnite on fracture surfaoes 

to original bedding; 

Strongly serioitised; stratifonu 
aligfit hematatic alteration 

pyrite snd arsenopyrite exhibit 

Frwts of muds&me or silt&one contain patches of hematite 
(Ph 6485) possibly replaaing pyrite; matrix of quartz snd trace 
dolomite; veins contain quartz and diokite; traces of pyrite 
altered to hematite; stibnite on fracture surfaces 

Masked alteration assooiated with sntense quartz-aarbonate 
veining6 sparsely dieseminated pwite snd arsenopyrite; trace of 
stibnite on fracture surfaces 

CoaMle es&stone fra@nents set in a quartz matrix; fragments 
contain abundsnt aggregates of prismatic crystals of hematite 
probably replaoing arsenopyrite (XRF scan indicated major Pe) 

Red veins identified as hematite plus a mica mineral by XRD 
analysis (a 6475) 

Red mineral identified by XRD analysis as hematite plus mica 
mineral (ph 6476) 

Reddish hematitio alteration obscures much of the mineralogy; 
pyrite sparsely disseminated; traoe of stibnite on fracture 
surfaces 

Ab&t disseminated arsenopyrite with subordinate globular 
pyrite; complex vein netuo*; infillixlg minerals ere quartz, 
dolomite, dickite and traces of pyrite snd arsenopyrite 



TABLE II (continlled) 

Sample 
Number (CXD 

1550 

1564 

1573 

1580 

1558 

1559 

1567 

Depth b) PI'S No 

59.08-59.17 Breccia 

60.14-60.20 6028 sandstone 

60.13-60.23 

74.94-74.99 

98.57-98.62 6022 Bxeccia 

00.2+lOO.j0 6023; 
60238 

Siltstone 

12.87-112.97 6031 Mudstone 

- 
Mine 

Major 

Qz BF Do 

47. 

RF 4z Do 

qzk 

Do 

il Constituents 
Minor 

Py AP 

DO Py AP 

Py AP 

Pyc 

T 
- 

comments 

Sandstone or eiltatone fraggnents eet in a quartz-dolomite maWi-<; 
finely disseminated pyrite and areenopyrite 

Strong eericitioation; disseminated pyrite with subonlinate 
arsenopyrite; veinleta contain dolomite with trace pyrite 

Grey eulphidee in veinlets identified ae galena plus tetra- 
hedrite (HI 6454) 

Grey eulphide in veinleta identified aa chalcopyrite (ph 6474) 

Rock fragment6 conaiet of mud&one, eiltetone and sandstone and 
all contain disseminated pyrite and araenopyrite; quartz-dolomite 
matrix containe disseminated pyrite arsenopyrite; fine, sinuous 
veinlets contain traces of pyrite and arsenopyrite 

Fabric masked by intense carbonate alteration; where alteration 
is moat intense, areenopyrite is almost completely replaced by 
hematite and dolomite; pyrite appeara to have suffered little or 
M alteration 

Nature of original rock difficult to evaluate aa carbonate is 
alteration intense; banded pyrite and arsenopyrite probably 
stratiform 



TABLE III 

Petro;Taphy of core specinens. BIQ 

Sernple 

Number (CXD) 

1542 . 

1584 

1500 

1569 

1500 

1570 

1509 

1593 

1543 

1510 

1511 

1544 

1512 

Depth b) 

19.42 

36.28-36.30 

45.69-45.77 

49.05-49.13 

55.5 

57.85-57.95 

64.78-68.85 

65.93-66.05 

66.78-66.83 

67.92-68.02 

70.36-70.42 

79.38-79.42 

ao.s7-00.90 

FTS No 

6033 

6034 

6362 

5854; 
5854a 

Sandstone 

Br8ccia 

Mudstone 

Mudstone 

sandston 

Mudstone 

Mudstone 

Breccia 

Siltstone 

Major T Conuients 

Small green flakes from vein identified by XRD analysis as a 
dioctahedral mica mineral (I% 6324) 

Grey sulphide in veinlets identified by XRD analysis as 

bouxnonite (Ph 6461) 

brk grey sulphide in vein identified by XRD analysis as 
bounonite (RI 6458) 

Quartz and undifferentiated rock fragnents set in a matrix of 

clay minerals, 88riCit8, dolomite and a trace Of ChlOrit8) 
disseminated pyrite; two generatiOnS Of Veining: (i) dolomit.8 

with trace8 Of pJrrit8, and (ii) qUU?tz; the qUU?tZ Veins CMSS- 
Cut and pOStdat8 the dolomite Veins 

Clear tabular cry'stal from a late-stage fracture identified by 

XRD snalysis as ara@nite (Ph 6313) 

Fra&ments of sendstone and mudstone strongly altered to sericite 
and chlorite; matrix consists of quartz and dolomite; a fine 

network of qUfU%-carbonate V8ine iUiV8 provided localised Sites 
for strong carbonate alteration; trace of globular pyTit8 in 

matrix; greenish mineral associated with altered rock fragments 
identified by XRD analysis as a dioctahedral mica mineral 

(ph 6407) 

Specimen very friablei abvndsnt diseeminated pyrite and arseno- 
p;yrit8; t-8 Of Stibllite On fraCtUr8 SurfaCeS 

DiScI& patches of disseminated pyrite; quart5dolomite Veins 
containing traces of pyrite 

Fine acicular stibnite on fracture surfaces confinned by XlUl 

a&y~is (ph 6322) 

Stibnite blooms on fracture surfaces oonfinzed by XIiD analysis 

(fi 6320) 

Blooms of stibnite on fracture surfaces; trace of disseminated 

pyrite 

Siltstone or sandstone fragments set in a qUU!tlrCarbonat8 
matrix; althou& the rock is strongly sheared stratifow 

arSenOpyrit8 with SUbordinat8 pyrite eXe Still reco&sable 

Occasional zircon graiz~S present in matrix8 ersenopyrite end 
pyrite in bands; trace of stibnite on fracture surfaceat two 
generations of veining: (i) dolomite with traces of pyrite end 
(ii) qUiVtZ With tIXAC8S Of dolomite and aIXIeMpyTit8; the qUrt2 
veins cross-cut the dolomite veins 



TASLE III (continued) 

Sample 
Nmber (CD) 

1513 

1514 

83.35-83.41 Mudstone 

86.93-87.02 5863 Sandstone 

1582 

1583 

90.92-91.17 

92.35-92.49 6360 Breccia 

1515 

1516 

103.83-103.91 Mudstone 

106.19-106.26 5855 Mudstone 

1517 109.23-109.31 5864 Sandstone 

1518 

1519 

128.49-128.61 5865 Sandstone 

1344.73-134.79 5866 Breocia 

1520 

1521 

1573 

137.49-137.56 Sreccia 

139.63-139.74 5867 Breocia 

143.62-143.67 Sandstone 

Depth b> 
Mineral Conetituents 

Minor 

AP 

pY4SFI-b 
Ik 

PYAPLPDOSP 

&PYSnSt 

ApLpqrQzDoIJk 
St 

Py Ap St RF Pl 
%So 

PyBnRFPl%n 
SC 

DkpY 

RFDoBBnBrPy 

Conxnents 

Despite shearing, bands of arsenopyrite with traces of pyrite 
ars rou&ly parallel to the original bedding 

Despite obliteration of most primary features by shearing, bands 
of arsenopyrite and pyrite lying rou&ly parallel to the original 
bedding can still be eeen; two generations of veining, 
(i) dolomite veins and (ii) later vein6 containing quartz, 
dolomite and dickite; veins srs devoid of sulphide minerals 

Crey sulphides identified by XRD analysie as bournonite, 
arssnopyrite end a trace of epkalerite (Ph 6457; 6473) 

Pragzents of sandstone or siltstone containing traces of 
disseminated pyrite snd arsenopyrite; matrix oonsists of ooaree 
crystalline quarts with a trace of dolomite; veins contain coarse 
platy dolomite with a traoe of pyrite and CIWXJ cutting quartz 
veins containing pyrite, arsenopyrite and sphalerite: confirmed 
by XSD analysis (ph 6459) 

Arsenopyrite and pyrite in bands parallel to original bedding) 
trace of bounionite in veins end stibnite on fracture surfaces 

Arsenopyrite is disseminated in varying smounts through the rock; 
differential distribution of disseminated arsenopyrite; however, 
together with minor pyrite it is also concentrated in a band 
running parallel to the original beddins; veinlets contain quartz, 
dolomite and dickits (confinn3d by XRD analysis: Ph 6318)g 
stibnite blooms on fracture surfaces 

Spsrse distribution of disseminated pyrite and aroenopyrite; 
stibnite on fracturs surfaces) two generations of veining, 
(i) dolomite veins (ii) late veins of quartz with traces of 
dolomite and pyrite 

Finely diseeminated pyrite; narrow dolomitic vein contains tiny 
crystals of bournonite 

Pragmeats of mudstone, sandstone sna quartz set in a matrix 
containing quartz, carbonate, dickite and abundant disseminated 
pyrite; narrow quartz-carbonate veins contain minor munts of 
pyrite 

Similar to specimen CID 1519; dickite identified by XRD analysis 
(Ph 6318) 

Similar to CXD 1519 except that a trace of areenopyrite is present 
while dickite ie uncorazon 

Associated with a thin brecciated zone; a dolomite rich vein 
contains bournonite and baryte, confirmed by XSD anslyeis (RI 
6386); trace of disseminated pyrite 



TABLE III (continued) 

Sample 
Nuuber (CXD) 

m 
0 

1522 145.05-145.11 5868 Mudstone 

1565 145.17-145.24 5029 Mudstone 

1566 148.07-148.24 so30 Breooia I@ qZ AP 

1523 157.63-157.69 5869 ntistone 

1522 165.40-165.55 5021 Mud&one 

1524 165.75-165.80 5870 Siltstone 

1571 166.64-166.81 5096 Siltstone 

1525 168.01 

1553 168.44-168.48 Mudstone 

1572 168.62-168.73 5035 

5871 

Siltstone 

1581 169.60-169.66 

1526 175.27-175.30 Sandetone 

Deptd (m) rs No 
Mineral Constituents 

Major Minor T- Coonrents 

Pyrite m axsenopyrite occur in bands parallel to the original 
bedding whereas bournonite (Fh 6323) is confined to fracture 
surfaces8 the veinlets present are composed of dolomite, with 
traces of pyrite and arsenopyrite 

Pyrite end arsenopyrite occur in two dietinctive bands about 1 XII 
wide which lie parallel to the original bedding, and also in 
minor amounts in dolomite-rich veinlets 

Frwnts consist of eericitised mudstone or siltstone which 
contain globular pyrite and bands of pyrite roWy parallel to 
the original bedding; matrix contains quartz and arsenopyrite 
in roughly equal proportions together with traces of dolomite 
and pyrite; veinlets are comprised of dolomite with traces of 
pyrite 

Finely disseminated pyrite and arsenopyrite with rare flecks of 
ohaloopyrite; complex network of veining: infilling minerals 
include dolomite, baryte, quartz and traces of pyrite and galena 

Microsoopio pyrite located along limbs and crests of small 
folds; veins contain 
XRD analysis, Fh 6387 s 

uartz, dolomite and @ena (oonfirmed by 

Trace of disseminated pyrite; dolomite-quartz veins contain 
small crystals of galena; etibnite blooms on fracture surfaces 

Finely disseminated pyrite with ooncentrations in narrow zones 
parallel to the original beddings hair veinlets contain hematitio 
dust; stibnite on fracture surfaces 

Tiny blaok crystals in a dolomite vein identified by XRD analysis 
as bournonite (Ph 6312) 

Abundant disseminated arsenopyrite with atringers of globular 
pyrite 

Pyrite snd arsenopyrite occur in bands parallel to the original 
bedding; arsenopyrite is the dominant sulphide; globular pyrite 
has formed around the arsenopyrite crystal boundaries 

Black sulphide in dolomite veinlet is bournonite (Ih 6456) 

Yinely dieseminated pyrite altering to hematites two generations 
of veining, (i) dolomite-quartz veins with aubhedral to euhedral 
crystals of pyrite and (ii) later quartz veins devoid of sulphide 
minerals 



TABLE III (continued) 

Sample 
Number (OXD) 

1527 176.82-176.92 

1528 177.08-177.15 

1530 177.70-177.75 

1529 177.76-177.81 

1568 178.64-178.69 

1531 193.12-193.20 

1532 194.88-194.98 

bpth (m) WS No 

5856 

5857 

6032 

Brecoia 

Breocia 

Brecoia 

Breocia 

Siltstone 

Sandetone 

Mud&one 

Mine: 
Major 

1 00nEtituente 
Minor 

DoIlk 

lspvm 

AP Py lb 

DoDk 

PyAPm 

FlFIim 

pr St 

T Ootmnenta 

Rock fra@entr ere predominantly mtitone, strongly eericitised 
andcarrying abundant dieeeminated pyrite; the quartz-dolomite 
matrix oontaine areas of massive pyrite aeemiagly confined to 
certain zonee; trace of dickite in matrix; complex network of 
quartz and dolomite vein8 

Similar to epecimen OXD 1527 except that traces of diseeminated 
areenopyrite occur in some of the rock fragmnte whereas the 
zones of massive pyrite are absent 

Traoe of diaeeminated 
dolomite matrix 

pyrite and areenopyrite ina 

Similar to specimen OXD 1527 

Iucorporatee irregular fleme-&aped maataee of mudatone which 
oontain ieolated cry&ale of araenopyrite and pyrite; arseno- 
pyrite and pyrite are disseminated throughout the q iltetone; 
veinlete contain dolomite with a trace of pyrite 

Abuulant,bronze-coloured flakymineral 
which appeara to be replaoing biotite 

identified hematite 

Finely laminated; eparae dieeemination 
bloome onfraoture eurfaoee 

of pyrite; etibnite 



TADLE IV 

Petro~phy of core twecimens. w 

Sample 
Number (0) 

1540 

1533 

1574 

1541 

1534 

1535 

Depth b) FTSNO 

26.92-26.96 5873 

27.50-27.55 

Neme 

Sandstone 

Breccia 

27.62-27.67 6356 Sende tone 

29.41-29.50 5874 Sandetone 

29.53-29.56 

33.17-33.22 5875 

Sandstone 

Sandatone 

-I- 
Mineral 

Major 

0netituent.e 

Kinor 
Comments 

Pl Py Ap at BP Hin0r difmminated arsenopyrite and pyrite; veinlets 
dolomite and hematite; stibnite on fracture surf aces 

Rv AP sp Sm At Very friable rook with abundant pyrite and ersenopyrite in 
matrix; from the crushed eample the following were identified by 
XIU analyeis: aphalerite (RI 6306, 6310); semaeyite (ph 6308, 
6309, 6311); anzenopyrite (Ph 6281); apatite (Ph 6317) and quartz 

(Ph 63W) 

Py Ap St Cl Do Matrix oonaiets of clay minerale, carbonate, a trace of chlorite, 
shrede of muacovite end minor biotite; dieeeminated pyrite and 
areenopyritec quartz-carbonate vein83 contain pyrite, arsenopyrite 
end @ena; stibnite blooma on fracture surfaces 

araenopyrite PlSoRFPyAp Disseminated pyrite; pyrite, 
Da in quartz-oarbonate veins 

and trace of 

Py AP Comments aa for CXD 1541 but no bournonite detected 

oontain 

Disseminated ersenopyrite and minor pyrite; veinlete contain 
ouartz. dolomite end traoea of chlorite end hematite but no 
Sulphides 

bouxnonite 



TABLE V 

Petrographic data for specimens from the sorting floors of 

Glendinning Mine 

Sample 
Number 
DBR 

501 

502 

503 

504 

505 

506 

507 

508 

509 

PTS 
Number 

4886 

4887 

4888 

4889 

4890 

4891 

4892 

4893 

4894 

Mineral Constituents T 
Major 

St sp 
Sp Gl 

Sp Gl 

St SP 

St SP 

St Sp Gl 

Sp Gl 

Gl 

Minor 

St w 
ps 
Py Gl 

Gl p3f 

p3t 

Py AP St 

SP Ps Gl 

Gl St Sp 
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96 Quartz-Carbonate 
'Gangue 

30 

35 

60 

45 

35 

30 

80 

85 
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TABLEVI 

glectxm inicro~robe maheie of etratifoxni DYZite 

3 s 6 9 

wt 96 
Fe 41.73 41.20 44.93 44.70 46.07 45.24 45.98 45.w 45.17 

S 49.97 48.55 49.35 49.38 51.77 50.46 53.32 51.59 50.50 

Aa 2.83 1.35 5.31 4.87 1.98 4.05 1.25 3.25 3.62 

Total 94.5r 91.70* 99.59 98.95 99.82 99.75 100.55 loo.11 99.29 

Atomic fonmlae(3AOO) 

Fe 0.957 0.975 l.m 0.998 l.oo4 0.997 0.987 0.987 0.998 

S 1.995 2.001 1.912 1.921 1.964 1.937 1.993 1.960 1.943 

Aa 0.048 0.024 0.088 0.081 0.032 0.067 0.020 0.053 0.060 

Pm Id 
Hf 4990 3110 (IO) 230 1710 40 - 190 (4o) 2oo 

co 2w 13oo 930 1210 730 - 850 820 260 

Sb 1220 1200 (0) 

(E) 

(0) (0) 

dza 

l9O (Ire) 210 

& (0) (0) (0) (0) (0) (0) (0) (0) 22o 

Se (0) (70) (loo) (0) (0) (0) - (0) (0) 680 

cu 620 600 no 660 780 (190) - (0) 44o 300 

PPSNO 6027 6027 6029 -9 603O 6WO 6030 6035 6035 

cm& 1563 1563 1565 1565 1566 1566 1566 1572 1572 

BENO 2 2 3 3 3 3 3 3 3 

I)ap*: b) -x -g:g 145.17 145.17 148.07 148.07 148.07 168.62 168.62 
-145.24 -145.24 -148.24 -148.24 -148.24 -168.73 -168.73 

Veluee in brwkete are below 9% confidence detection limite. ( lower 4 limit of detection: 8&lOO eeo. cmmte). 

l Iaw totele pmbably due to poor specimen emfaoee related to abmdant lllkroacopio~ueioMin~. 

TABLE VII 

Electron microorobe analrees of vein Dyrite 

2 4 

wt % 

Fe 45.38 455.30 45.93 44.77 46.02 

S 50.76 52.99 51.11 51.85 53.53 

Aa 5.18 0.62 1.63 3.34 1.36 

Total 101.32 98.91 Y8.97 99.96 lao.91 

Atomic formulae (3.OOO) 

Fe 0.989 0.984 1.011 0.976 0.984 

S 1.927 2.006 1.959 1.969 1.994 

As o.o84 0.010 0.030 0.054 0.022 

PPm 

Ni 

co 
Sb 

as 

Se 

cu 

(0) (0) (0) (0) (0) 
480 (190) 280 940 720 

(0) 7470 (0) 670 60 

(70) (loo) (0) (0) 

(180) (0) (130) (Z) (0) 

760 680 380 570 560 

FTS No 5854 6027 6027 5854~ 5854a 

CXD No 1512 1563 1563 1512 1512 

BH No 3 2 2 3 3 

Depth: (Ill) 80.87 57.42 57.42 80.87 80.87 
-80.90 -57.47 -57.47 -80.90 -80.90 
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TABIS VIII 

Electron micro?xvbe adYSes of StratifOm WX5enODwite 

2 3 4 5 

wt % 
Fe 34.44 344.09 34.46 s.62 34.74 34.99 34.66 

S 20.77 21.16 20.97 21.41 21.41 21.46 22.13 

Is 42.92 42.95 44.32 44.19 43.32 42.86 43.05 

Total 98.13 98.20 99.75 100.22 99.47 99.31 99.84 

Atomic fonnulee (3.000) 

Fe 1.007 0.993 0.994 0.991 0.999 1.006 0.988 

S 1.058 1.074 1.053 1.067 1.072 1.m 1.098 

Aa 0.935 0.933 0.953 0.942 0.929 0.919 0.914 

Ppm 

Hi 1060 4820 (90)_ (0) - 240 190 

co 950 1290 700 690 - 840 760 

Sb 2150 570 (0) 1360 Ilo 1380 3280 

& (0) (0) - - data (0) (0) 

se 400 - - 500 - 

cu 380 430 420 (170) : 260 390 

Fmxo 6029 6029 6030 6030 6030 6035 6035 

c!mm 1565 1565 1566 1566 1566 1572 1572 

BgNo 3 3 3 3 3 3 3 

me (m) 145.17 145.17 l48.07 148.07 148.07 168.62 168.62 
-l45.2.4 -145.24 -148.24 -148.24 -148.24 -168.73 -168.73 

TABLE IX 

Eleotron micnmmbe an&wee of vein ameaonmite 

2 4 5 6 

wt 96 

Fe 344.67 34.75 34.27 34.06 34.72 34.44 35.38 

S 21.22 21.80 21.18 21.67 20.96 22.49 23.84 

As 43.05 42.38 4l*91 41.38 41.88 41.05 41.05 

Total 98.94 98.93 97.36 97.t1 97.56 97.98 lOQ.27 

Ltomio formulae (3.000) 

Fs 1.003 0.999 1.004 0.995 1.017 0.992 0.987 

S 1.081 , 1.069 1.092 1.103 1 A69 1.127 1.159 

Aa 0.928 0.909 0.915 0.902 0.914 0.881 0.854 

m I&# 
Ni (60) (40) (140) (0) (110) (80) 670 210 

co 710 640 640 460 430 (200) 780 270 

Sb 220 1620 4520 (0) 560 (40) 5080 220 

rer (0) (0) (0) (0) (0) (0) (0) 230 

Se (0) (0) (610) (220) (550) 1550 (690) 1000 

cu 480 360 430 480 320 540 (60) 310 

Pls No 6027 6027 5854 5854 5854 58540 585I.d 

CxoNo 1563 1563 1512 1512 1512 1512 1512 

BE No 2 2 3 3 3 3 3 

&Pa (m) 57.42 
-57.47 

-g:g -E:g -Ei:z 80.87 80.87 80.87 
-80.90 -80.90 -80.90 

+ 
Lower limit of detection: 80-100 sec. counts 
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APPENDIX IV 

GEOPHYSICAL PROFILES 
In the geophysical survey of the Glendinning mine area, 
IP measurements were made along five NW-SE profiles. 
The detailed results are presented here as Figures l-5. 
Apparent resistivity and chargeability results are given in 
the form of pseudosections and VLF-EM results are 
plotted as profiles of the percentage in-phase and out-of- 
phase component. The apparent VLF current-density 
was calculated by the method of Karous and Hjelt 
(197 7) and is presented as pseudosections. The correspond- 
ing topographic profiles and the available geological 
information are also shown in Figures l-5. The location of 
each traverse is shown on Appendix VI, Figure 1. 

56 



300. 

200- 
ztow 16ow law 120w 9ow 6ow 3ow I< 

APPARENT RESISTIVITY IN OHM MET 
RE9 

3OE 6OE 9oE 12OE WE 16OE 210E 
I I 1 I I I I _I 

J I I I I I I I I I I I I 1 

CHARGEABILITY IN MILLISECONDS 

O/o 0 -- - - -Cc 
A- -L-x__/--,r4+.~ . 

-2o- / 
.-a 

-LO- 
/ 

.-.-./‘\*,.~’ 
/ 

.-- 

-6o- ./ 
-Ml- 

-100 - 

APPARENT CURRENT DENSITY 
. . . . 

in phase 
out of phase 

. . . ..a......... 

p$$ii&J< j : : : * * * 

APPENDIX E, Fig1 GEOPHYSICAL PROFILES FOR LINE 300N 

57 



100 

II 
TOPOGRAPHIC PROFILE 

2low 18oN 1scMJ 1m 9w 8ow mw 33E 6oE 9oE 12oE l5oE l8oE 2lOE 

APPARENT RESISTIV~TY IN OHM METRES 

I I I I I I 1 I I I I I I J 

CHARGEABILITY IN MILLISKONDS i 

APPARENT CURRENT DENSITY / 
I 

.,......... . . . . . a.... ....-&~q~~:.~~p~~~~ 
. . . . . . . ..a.. . . . 

APPENDIX E, Fig2 GfXl=WSICAL PFWI IE S FOR LINE lOON 

58 



al 

1 
TWOGRAPHIC PROFILE 

2pw lpw 1qcYw ‘pw ww 6ow 3ow 3OE 6OE 90E 120E w 18OE 2lOE 24OE 270E 

APPARENT RESISTIWY IN OHM METRES 

Plea 616 794 633 7fh 679 912 ssl q a 
I I I I I I I I I I I I I I I 

CHARGEABILITY IN MILLISECONDS 

\ A’ 
/ 

\ I 
I 

A_. 
.-. 

_.-.- in phase 
?_! 

-x--X- out of phase 

APPARENT CURRENT DENSITY 
I 

APPENDIX E Fig 3 GEOPHYSICAL PROFILES FOR LINE 1005 

59 



boo’- TOPOGRAPHIC PROFILE 

I BEDOING IN 
QREVWXKES 

,/‘- 
I 

2low Mow lpv 12w 9ow 6w 3ow . 30E 60E 9OE 12OE 16OE 16OE 2K)E 2+OE 270E 

APPARENT RESISTIVITY IN OHM METRES . 

+60 
VLF - EM 

+60 

--.- in phase 

-n--x- out of phase 

APPARENT CURRENT DENSITY I 

APPENDIX E, Fig4 &OPHYSICAL PROFILES FOR LINE 300s 

60 



ulo, 

Metrps 

300. 

200- 

TOF0GRAPHIC PFWILE 

21OW BOW ISOWl2OW 90W 6OvV 3CW 3OE 60E 90E 120E I5OE 16OE 210E 29 27OE 

APPARENT RESISTIVITY IN OHM METRES 

5.2 
+80 

: 

VLF - EM 

60 

3.3 

35 

APPENDIX E, Fig 5 GECWYSICAL Pf?OFILES FOR LINE 500s 

61 



I APPENDIX V 

DISTRIBUTION OF METALS IN HEAVY MINERAL 
CONCENTRATES FROM DRAINAGE NEAR 

8 

GLENDINNING 
Geochemical maps showing the distribution of iron, zinc, 
lead, copper, nickel, barium, tin and arsenic in panned 
concentrates are presented in Figures 1 -8. . 
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Appendix V, Fig. 1 Distribution of iron 1%) in heavy mineral concentrates 
from drainage near Glendinning 
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Appendix V, Fig. 2 Distribution of zinc (ppm) in heavy mineral concentrates 
from drainage near Glendinning 
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Appendix V, Fig. 3 Distribution of lead (ppm) in heavy mineral concentrates 
from drainage near Glendinning 
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Appendix V, Fig. 4 Distribution of copper (ppm) in heavy mineral concentrates 

from drainage near Glendinning 
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Appendix V, Fig. 5 Distribution of nickel (ppm) in heavy mineral concentrates 
from drainage near Glendinning 
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Appendix V, Fig. 6. Distribution of barium (ppm) in heavy mineral concentrates 
from drainage near Glendinning 
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Appendix V, Fig. 7 Distribution of tin (ppm) in heavy mineral concentrates 
from drainage near Glendinning 
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Appendix V, Fig. 8 Distribution of arsenic in heavy mineral concentrates 
from the Glendinning area 
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1 APPENDIX VI 

GEOPHYSICAL MAP AND MAPS OF METAL 
DISTRIBUTION IN OVERBURDEN IN THE 

I 

GLENDINNING MINE - TROUGH HOPE AREA 
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Appendix VI, Fig. 1 V LF- EM map of the area around Glendinning mine; IP maxima are also shown 
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Appendix VI, Fig. 2 Distribution of antimony in shallow overburden 
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Appendix VI, Fig. 4 Distribution of calcium in shallow overburden 
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Appendix VI, Fig. 5 Distribution of lead in shallow overburden 
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Appendix VI, Fig. 6 Distribution of nickel in shallow overburden 

77 



8 
8 
8 
8 
I 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

NY 
1 

310 

Appendix VI, Fig. 7 Element maxima trends in shallow overburden 
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APPENDIX VII 

RAPID FIELD ESTIMATION OF ARSENIC 

Introduction 
The method is based on the well-known Gutzeit technique 
whereby arsenic released by an appropriate dissolution 
procedure is converted to arsine which then forms a 
coloured complex with HgCl2 . 

A portion of prepared sample is mixed with solid 
KHSO4, SnClz and KI. On the addition of water Hz SO4 
is produced releasing some arsenic which is then reduced 
to As(II1). When Zn dust is added nascent hydrogen is 
formed which reacts with As(III) to form arsine; the 
nascent hydrogen also serves to carry arsine from the 
reaction vessel, through a column of paper soaked in lead 
acetate to remove HzS, and onto a piece of filter paper 
impregnated with HgClz . The coloured spot produced is 
compared visually with a set of standard spots and the 
arsenic content of the sample is calculated. The develop- 
ment and previous applications of the method have been 
described by Peachey and others (1982). 

Although total arsenic is not determined the method 
identifies anomalous samples and assists in on-site decision 
making and the need for alkalies and strong acids is 
avoided. Moreover the method is rapid and can be operated 
by unskilled staff. Care should be taken when interpreting 
results since arsenic held in secondary phases is released 
more readily than arsenic held in primary phases. 

Fourteen samples from a traverse were analysed using 
the field method (analyst: B. P. Vickers) and by X-ray 
fluorescence spectrometry (analyst: D. J. Bland). The 
results obtained by both methods are compared in Figure 1. 
The conclusions reached from earlier work are confirmed, 
i.e. there is a close coincidence between the distribution 
patterns shown in Figure 1 and although the field method 
detected only a fraction of the total arsenic the anomalous 
samples are clearly identified. 

Method 
The HgClz papers, lead acetate papers and the standards 
were prepared in the main laboratory. 

Apparutus: Balance or standardised scoops; Gutzeit 
apparatus (see Figure 2). 

Chemicals: (AR Grade chemicals were used throughout) 
Potassium bisulphate (KHS04 ) 
Stannous chloride (SnClz .2Hz 0) 
Potassium iodide (KI) 
Zinc powder 
Mercuric chloride papers. These are available commercially 
but can be prepared by soaking filter papers in mercuric 
chloride solution (about 25 g HgClz in 100 ml ethanol). 
The papers are air-dried, cut to size and stored in a box. 

Lead acetate papers are prepared by soaking strips of 
filter paper (10 X 2 cm) in a saturated, aqueous solution of 
lead acetate. The papers are then air-dried. 

Procedure: 
1 Transfer 0.2 g sample and about 3.6 g KHSOI, into the 
reaction bottle. 
2 Add 10 ml of water. 
3 Add 0.1 g SnCl2.2H20. 
4 Add 0.05 g KI. 
5 Add 1.0 g Zn powder and immediately insert the bung 
holding the glass tube and cup containing the HgCl2 paper. 
6 Swirl and leave for 20 minutes or until the reaction 
subsides. Residues from the reaction vessels should be 
flushed away with large volumes of water. 
7 Compare the colour of the spot on the HgCl2 paper 
with a set of standards. 
8 Calculate the arsenic content from: 
As (PP4 = 5 X pg As corresponding to matched standard. 
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Standards: The need to prepare standards in the field 
can be avoided by making a colour chart, using water 
colours, from standards prepared beforehand in the 
laboratory (Stanton, 1966). 
1 Stock standard solution: Dissolve 0.042 g of sodium 
arsenate (Na2 HAsO .7H20) in distilled water and add a 
few drops of concentrated HCl. Dilute to 100 ml with 
distilled water (1 ml s 100 E.rg As). 
2 5 fig/ml As solution: Dilute a 5 ml aliquot of the 
stock solution to 100 ml with distilled water. 
3 Add to separate reaction vessels appropriate aliquots 
of the 5 ,ug/ml As solution to prepare the following set 
of standards: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30 and 40 
yg As. 
4 Add 2ml 0.5M HCl, 2ml 2.5% KI, 10ml 0.75% 
SnClz in HCl and about 3 g Zn pellets. Immediately insert 
the bung holding the glass tube and cup containing the 
HgCl2 paper and leave for 30 minutes or until the 
reaction subsides (Stanton, 1966). 
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Appendix ViJ 
Sample numbers (at 10m intervals) 

Figure 1 : Arsenic results obtained by the field method and by X. R .F. 
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Appendix D 

Figure 2 : “Gutzeit” apparatus (Scale-approximately half size ) 
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