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SUMMARY

Five boreholes in the vicinity of the ancient Ag-Ni-Pb
mine at Hilderston, near Bathgate have yielded new
stratigraphic, mineralogical and geochemical informa-
tion. These results, together with a critical re-
examination of old records, are interpreted in relation to a
palaeo-environment profile across a volcanic island with
coastal lagoon and fringing reef deposits, as proposed by
Jameson (1980).

Stratabound Zn—Pb mineralisation occurs in the lower,
argillaceous part of the Petershill Limestone, which was
deposited in an anaerobic lagoon on the edge of a volcanic
landmass during the Lower Carboniferous Epoch (Lower
Limestone Group, Viséan Stage). The best intersection
shows 8 m of mineralised limestone, with underlying car-
bonaceous mudstone (1 m) and tuffaceous seat rock
(2 m), having an average concentration of 0.14% Pb and
0.66% Zn and maximum values of 0.6% Pb and 3.1%
Zn in the carbonaceous mudstone. Further drilling was
subsequently carried out in order to investigate possible
lateral extensions of the stratabound mineralisation and to
test for mineralisation in similar lithologies and geological
environments at other stratigraphic levels, and a report
on the results will be available at Edinburgh.

Late-Carboniferous hydrothermal veins occur within
the Petershill Limestone and in immediately overlying
clastic sediments, where they are cut by E-W faults and
quartz-dolerite dykes. At Hilderston Mine two
assemblages are recognised in the vein: Ba-Fe-
Ni-Co-Ag-As on a dyke margin adjacent to the clastic
sediments and Fe-Pb-Zn-S at lower levels adjacent to
the limestone. Zones of alteration in the dolerite dykes
carry hydrocarbons and weak Ba-Fe-Cu-F mineralisa-
tion. No potentially-valuable vein deposits were
discovered in the present investigation.

INTRODUCTION

SCOPE OF THE PRESENT INVESTIGATION
Hilderston Mine, which was worked at intervals from
1607 to 1898 for silver, lead and nickel, is one of a small
number of worked metalliferous deposits occurring in the
Midland Valley of Scotland. The nearest comparable
deposit lies 20 km to the north-west in the Alva district.
Although the country-rocks at Alva are Lower Devonian
volcanics (Hall, Gallagher and others, 1982) rather than
Lower Carboniferous sediments as at Hilderston, these
localities are especially noteworthy because they are the
only two in Scotland where native silver has been ex-
tracted (Dunham and others, 1978). Cobalt was also ex-
tracted at Alva and is present at Hilderston. The high
commercial value of the metals recovered from Hilderston
Mine and the paucity of evidence for the controls and
genesis of the mineralisation prompted the present in-
vestigation.

Because of the many pipeline routes and other artifacts

in the immediate area of Hilderston Mine, geochemical
and electromagnetic geophysical studies were not carried
out. Using the available 1:10 560 scale geological maps,
supplemented by a structural interpretation based on
aerial photographs and magnetometer traverses, borehole
sites were selected to determine the incidence of
metalliferous mineralisation in a Lower Carboniferous
Limestone formation and associated clastic rocks, where
they are intruded by late-Carboniferous quartz-dolerites
and cut by E-W faults. The nature of the Hilderston vein
has been determined from a reinterpretation of old
records and examination of museum material.

Five boreholes of 55 m to 91 m rod-length (total
meterage 365 m) were drilled at three locations in 1980.
Core recovery of 99% or better was achieved by the con-
tractor in the operation. Half-core samples were taken
from appropriate sections for geochemical analysis and
mineralogical study and the remaining material was
stored in Edinburgh.

LOCATION

The Bathgate Hills comprise an area of 9 x 9 km within
the Midland Valley of Scotland, between Linlithgow to
the north and Bathgate to the south (Figure 1). Hilderston
silver mine is situated in the highest ground (up to 312 m
OD), 2 km ESE of Torphichen village and lies 300 m SE
of Cairnpapple Hill at the eastern edge of the one-inch
New Series Geological Sheet 31 (Airdrie).

GENERAL GEOLOGY OF THE BATHGATE
HILLS

The first detailed description of the geology by Forsyth
(1847) was followed by accounts in Geological Survey
memoirs '(Howell and Geikie, 1861; Geikie, 1879) all of
which are valuable for their detailed descriptions of
specific localities. These early works were summarised by
Peach and others (1910) and this remains the definitive
general work on the area. Further summaries are given in
two Central Coalfield memoirs (Macgregor and
Anderson, 1923; Macgregor and Haldane, 1933). Cadell
(1925) gives a comprehensive account of the geology and
also includes many interesting historical accounts of min-
ing activities.

Sediments and volcanics of the Bathgate Hills are of
Carboniferous age and range from the Upper Oil-Shale
Group up to the Upper Limestone Group. A generalised
succession for the southern part of the hills is shown in
Table 1. Much of the succession consists of basaltic lavas
and associated pyroclastic rocks which take the place of
the normal sedimentary succession and thereby make cor-
relation difficult with established successions north and
south of the hills. Quartz-dolerite dykes and sills of late-
Carboniferous age are widespread, forming prominent
topographic features. The succession has a regional dip of



{ B4

]

(X

i
S
Wegy AN
1o

¢

O™
AT SN I
\Nexy -

uepunoq (eaiBojoan) ‘uonebnseAul Jussaid

LA
P A

>
Sl
N
AN~

14 aiebyleg eyl jo dew jeoibojosb payyduss

-

youI-eUO SBUSS MBN peysignd wouy sa

eyl jo ease ayl Bumoys sy

opid JILRDIOA B
UM SIUBUIIPES PRIRIDOSSE
pue SEUOISEW! JO GOIIN0
)
“”4’1:-"1 ~
ANy
ey

gpue g 's5i3 4O say |
N




Table 1 Generalised succession in the southern part of
the Bathgate Hills

Upper Carboniferous (Namurian)
Upper Limestone Group:

150 m Sandstones, siltstone, mudstones with Orchard,
Calmy and Castlecary Limestones
40 m Basalt lavas
35m Mudstones, some sandstones
1.5m Index Limestone
Limestone Coal Group:
100 m Sandstones and seat rocks with coals

Basalt lavas
200-300 m { Lower QMbonifcrom (Viséan)
Lower Limestone Group:
Basalt lavas including Wairdlaw Limestone (4 m)
16 m Sandstone, siltstones, mudstones . :
(Silvermine Member) gg;::l:ilgn
Petershiil Limestone (Reservoir Member) J
locally may = Tartraven and Hillhouse
Limestones
regionally = Charlestown Main = Carriden
No. 5 = Foul Hosie = Blackhall
100 m Tuffs with local basalt flows, more numerous
towards base
7.5m West Kirkton Limestone
locally may = Whitebaulks Limestone.
Regionally = Hurlet
Upper Oil Shale Group:
80-100 m Basalt lavas and tuffs
4m East Kirkton Limestone (freshwater)
locally may = Craigs Limestone
Tuffs and basalt lavas
Mudstones, sandstones, clays and tuffs with
oil-shales

16-24 m

over 100 m
300-800 m

about 18° to the northwest or west and is cut by E-W
faults. The Bathgate Hills sequence is terminated in the
south at the Heatherfield Fault, a major structure exten-
ding eastwards from the Central Coalfield with a throw of
50-150 m to the south. South of this fault the volcanics
die out rapidly and the hills give way to lowlands.

UPPER OIL-SHALE GROUP

The group is assumed to underlie the whole of the area of
present investigation and it is possible that the many thick
seams of oil-shale present in the lower part of the group
and in the underlying Lower Oil-Shale Group may have a
genetic connection with the metalliferous mineralisation
observed at higher stratigraphic levels.

The upper part of the group is exposed poorly in the
east of the study area. Exposures are almost entirely of
basaltic tuffs and agglomerates with localised basalt lava
flows, which may be continuous through into the overly-
ing Lower Limestone Group. A 1.8 to 4 m thick
limestone, interbedded with tuffs and shales at East
Kirkton quarry, is assigned to the Upper Oil-Shale Group
because of its freshwater flora and fauna (Hibbert, 1836;
Geikie, 1879; Peach and others, 1910). Banded cherts and
irregular masses of silica within the limestone have been
taken as indications of hot-spring activity.

LOWER LIMESTONE GROUP

The outcrop of this group extends north to south through
the centre of the Bathgate Hills, including the Hilderston
area. Much of the succession consists of volcanic rocks but
one major and several minor sedimentary intercalations
include limestones, sandstones, siltstones, mudstones,
seatrocks and a few thin coals (Table 1). In general the
lowest part of the group consists of a basal marine

limestone (West Kirkton), followed by bedded tuffs and
agglomerates with a few basalt flows and rare thin sand-
stones and limestones. The middle part consists of the
Petershill Limestone and associated clastic sediments (the
‘Petershill Formation’ of Jameson, 1980). The upper part
is a thick sequence of basalt lava flows passing upwards
into the Limestone Coal Group. Within the upper unit,
togographic hollows with no exposures may represent
rubbly flow tops, pyroclastic horizons or thin intercala-
tions of sediment and a local limestone lens is exposed at
Wairdlaw.

LIMESTONE COAL GROUP

Above the basalts which overlie the Petershill Formation
the sediments are of a different character. Shales,
siltstones and cross-bedded sandstones occur in repeated
sequences which include several worked coal seams. Ex-
posure is poor within a 250 m wide, N-S band of
negative relief corresponding to about 100 m of strata to
the west of the Hilderston Hills.

UPPER LIMESTONE GROUP

The base of the group is marked by the Index Limestone
which is exposed in a few quarries on the western edge of
the Limestone Coal Group crop. The overlying 35 m of
mainly argillaceous sediments are succeeded by about
40 m of basaltic lavas which constitute the youngest
volcanic interlude of the area and which form a steep dip
slope marking the western edge of the Bathgate Hills.
Above the lavas a predominantly sandstone, siltstone,
mudstone sequence includes three named limestones: the
Orchard, Calmy and Castlecary. The latter two have
been quarried and mined in the north-west of the
Bathgate Hills at Carribber Glen and Bowdenhill.

QUARTZ-DOLERITE INTRUSIONS
The Bathgate Hills are cut by numerous dykes and sills of
quartz-dolerite which form part of a widespread suite ex-
tending throughout central Scotland. The suite is believed
to be of late-Carboniferous age and comprehensive
general accounts are given elsewhere (Walker, 1935;
Macgregor and MacGregor, 1948; Macdonald and
others, 1981). Detailed field and petrographic descrip-
tions of the Bathgate Hills intrusions are given by
Falconer (1905, 1906) and Peach and others (1910).
The sills and dykes are petrologically, mineralogically
and chemically similar and are without doubt co-
magmatic. Sills are particularly thick and widespread in
the north-west of the Bathgate Hills where they often con-
sist of several ‘leaves’ concordant with the sediments and
lavas. Transgressive steps form dyke-like bodies, one of
which may be the persistent N-S or NW-SE dyke which
extends from the eastern edge of the major sill complex,
southwards for 5 km through the Hilderston area, to
Boghall on the eastern outskirts of Bathgate. This dyke
averages 40 m in thickness and has a persistent dip to the
east of about 60°. All other dykes have an E-W trend and
commonly occupy fault planes which occur with a regular
spacing of 250 m or 500 m across the area. The intrusions
and faulting appear to be more or less contemporaneous.

STRUCTURE
The Bathgate Hills lie on the eastern limb of the major,
NNE-trending Central Coalfield Syncline. Goodlet
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(1959) and Francis (1965) have shown that they also coin-
cide with a major thinning and facies change in the Car-
boniferous succession over the positive barrier of the
‘Burntisland Arch’ which separates the Central Coalfield
basin of deposition from that of the Midlothian Coalfield.
The Bathgate-Linlithgow volcanics are concentrated
along the axis of this proposed barrier and presumably
developed upon and contributed to a basin ‘swell’. The
aeromagnetic map of central Scotland (1:250 000 Sheet
11) shows a high-amplitude, steep-sided positive anomaly
adjacent to the Bathgate Hills, suggesting a large igneous
mass associated with the swell, but as yet this has not been
investigated in detail.

The structure of the Bathgate Hills is relatively simple
with a north or NNE strike and a westerly dip of 20° to
25°. The few changes of strike that are observed may be
interpreted as flexures associated with movements along
major E-W faults. This contrasts with the West Lothian
Oil-Shale field to the east and the Central Coalfield to the
west, where many minor structural domes and basins are
superimposed upon the general north-south trend. Most
of the movement within the Bathgate Hills is taken up by
brittle fracture in the form of E~W faults. In general these
seem to be high-angle normal faults with a tendency for
northerly throws in the north and southerly throws in the
southern part of the hills. Lateral movement could be pre-
sent, but is difficult to evaluate owing to the scarcity of
vertical features cut by the faults.

LIMESTONE CORRELATION

The results of this study indicate stratabound mineralisa-
tion, in addition to the previously-recognised mineral
veins, within the Petershill Limestone and in
immediately-overlying clastic sediments. It is. therefore
important to establish correlations for the limestones in
the Bathgate Hills and to relate these to the Carboniferous
succession elsewhere in central Scotland, as a
stratigraphical base for further prospecting.

The base of the Lower Limestone Group in the
Bathgate Hills has been taken as the earliest marine
limestone, the 7.5 m thick West Kirkton Limestone. This
has been correlated therefore with the Hurlet and Cob-
binshaw Limestones elsewhere in central Scotland (Peach
and others, 1910; MacNair, 1918; Cadell, 1925;
Macgregor and Haldane, 1933; Mitchell and Mykura,
1962). Limestones at a similar stratigraphic level occur at
Whitebaulks (3 to 3.5 m thick) and possibly Carsie Hill
(4 m thick) (Figure 1).

The Petershill Limestone crops out 300 m west of the
West Kirkton Limestone and has been assumed to occupy
a position about 100 m above the base of the group. Most
authors (op. cit.) have correlated it with the Charlestown
Main and Carriden No. 5 Limestones to the north and
with the Foul Hosie and Blackhall Limestones to the
south, based upon similarities of stratigraphical position,
thickness, lithology and fauna. Marker bands bearing a
diagnostic macrofauna are lacking, but foraminifera
indicate an Upper Viséan zone of Vjc and confirm the
placing within the Lower Limestone Group (Jameson,
1980).

Within the Bathgate Hills, published geological maps
group the limestones into four continuous bands; the East
Kirkton-Craigs; the West Kirkton-
Tartraven—Whitebaulks; the Petershill-Hillhouse; and
the Wairdlaw. However there is no evidence, despite
reasonable exposure in places, for the existence of
limestone in the ground between the outcrops. There is

therefore a justification in an alternative view that the
limestones are localised lenses developed at various
stratigraphic levels within a rapidly-developing
volcanic/marine environment.

The upper part of the Petershill Limestone is exposed
almost continuously in quarries from Glenbare Quarry,
near Bathgate northwards for 3.5 km to North Mine
Quarry, where the lower part contains stratabound
mineralisation (BH3B). Farther north, there are no
limestone exposures for 2.5 km until Hillhouse Quarries,
where up to 9 m of limestone (c.f. 16 to 24 m of
Petershill) is exposed over a strike length of 1 km at a
stratigraphical level similar to that of the Petershill
Limestone. The exposure gap between North Mine and
Hillhouse coincides with the maximum development of
volcanics in the centre of the Bathgate Hills. It is possible
that the limestones may have developed on separate
shelves on opposite sides of a positive barrier (Jameson,
1980) (Figure 2a) and hence may thin considerably or be
absent from this area.

Other modifications to the accepted correlation include
a suggestion that the Tartraven Limestone may be a con-
tinuation of the Petershill Limestone (rather than the
West Kirkton), displaced 1100 m to the east-north-east by
a swing of strike associated with a major E-W fault. The
thickness of limestone formerly exposed in the Tartraven
quarries is not accurately known (3.5 m seen) but it was
undoubtedly less than that in North Mine Quarry,
possibly reflecting an approach to the positive barrier.

GEOLOGY OF THE HILDERSTON AREA

THE PETERSHILL FORMATION

The formation is defined by Jameson (1980, pp. 37-43)
as the sedimentary sequence between the lower and upper
volcanics of the Lower Limestone Group in the southern
Bathgate Hills. A predominantly carbonate ‘Reservoir
Member’ (i.e. the Petershill Limestone), is overlain un-
conformably by the clastic ‘Silvermine Member’. Figure
2b shows a cross section through the formation (after
Jameson, 1980).

The uneven base of the formation appears to overlap
the volcanics from south to north due to a variable
thickness (2 to 25 m) of tuffs and sandstones in the south
which become almost entirely tuffaceous in the north.
The lowest laterally-persistent unit is a 0.75 to 2 m thick,
carbonaceous mudstone with coals and marine shell
bands, which usually rests upon rooty, tuffaceous seatrock
(e.g. BHs 2 and 3B). This mudstone is a useful marker
horizon and features prominently in the pattern of strata-
bound mineralisation to be described.

The lower part of the Petershill Limestone, consisting
of nodular calcareous mudstones and argillaceous
limestone, also forms a persistent unit throughout the
crop. Thickness varies from 6 to 10 m, possibly due to an
underlying topography (Figure 2b), and reaches a max-
imum at North Mine (BH 3B) where it contains strata-
bound mineralisation. The 10 to 12 m thick upper part of
the limestone exhibits lateral facies changes which are in-
terpreted as due to a change of environment from a
volcanic land area in the centre of the Bathgate Hills,
southwards across a marginal platform towards a basinal
area (Jameson, 1980). The lower argillaceous limestones
are overlain at North Mine (BH 3B) and Silver Mine
(BH 2) by an upper unit of massive, slightly argillaceous
limestone. Both units are interpreted as an organic-rich,
restricted lagoon facies with a slow rate of sedimentation.



South of the Silver Mine the facies of the upper unit
passes through a shallow, nearshore turbulent zone,
possibly with barrier bars, into a calmer, deeper environ-
ment in which a reef development is recognised (Jameson,
1980). Farther south the limestones are characteristic of
quieter, deeper, offshore waters. A clastic crinoidal
limestone, forming the topmost unit of the Petershill
Limestone in the south (Figure 2b) exhibits comparable
facies changes. This passes northwards into a 2 to 3 m
thick, massive fine-grained sandstone at the base of the
Silvermine Member which continues the N-S, onshore-
offshore profile. Above the sandstone the sequence
coarsens upwards from carbonaceous shales through
siltstones and interlaminated sandstones into bedded
sandstones and is interpreted as an infilling of the coastal
lagoon (Jameson, 1980). Sedimentation was terminated
by renewed volcanic activity resulting in a thick, con-
tinuous sequence of sub-aerial basalt flows, the base of
which rests on the basal sandstone of the Silvermine
Member at North Mine (BH 3B) and rises to higher
stratigraphic levels southwards.

VOLCANIC ROCKS

Detailed descriptions of the Bathgate Hills volcanics have
been given by Falconer (1905, 1906) and Peach and
others (1910).

Tuffs encountered in boreholes beneath the Petershill
Limestone are usually green, grey-green or purple-brown
with broad colour banding. Bedding is generally poor
although sporadic graded bedding and lode casts suggest
aqueous deposition. Clasts are poorly sorted and are
usually sub-angular to sub-rounded; although bands of
ellipsoidal lapilli are common, often with interstitial
sparry calcite. Texture is variable and grain size varies
widely from very fine-grained tuffaceous mudstones
through to coarse tuffs and agglomerates with angular
clasts up to 8 cm long. The clasts are almost entirely of
fine-grained, aphyric basalt, often finely-amygdaloidal,
or of reworked tuffs. Sedimentary clasts (sandstone or
carbonaceous mudstone/siltstone) occur rarely. Harder
bands show some evidence of secondary silicification.
Numerous bands of soft, friable, pale green or cream,
fine-grained tuff with a mossy or mottled texture are pro-
bably seatclays and sometimes contain plant rootlets.
Leaching at such horizons just below the Petershill
Limestone has resulted in slight metalliferous enrichment.
It thus seems likely that the pyroclastic rocks accumulated
in shallow water, with periodic sub-aerial exposure and
possible development of coal-forming swampy conditions.

The lavas of the Bathgate Hills in general are alkali-
olivine-basalts of remarkably uniform composition. They
may be classified as Dalmeny type (olivine
microphenocrysts) or Hillhouse type (olivine and
clinopyroxene microphenocrysts) using the scheme of
field classification devised for Scottish Carboniferous
lavas (MacGregor, 1928). Many of the flows appear to be
aphyric in hand specimen but usually prove to be of
Dalmeny or Hillhouse type on microscopic examination.
Analyses indicate that they are relatively primitive, silica-
undersaturated alkali-olivine-basalts, often with sufficient
normative nepheline (>5%) to warrant the name
‘basanite’ (Macdonald and others, 1977).

Field exposures are typically hard, compact and very
fresh. Less-fresh, rubbly, vesicular and amygdaloidal
material is present, but is less well-exposed. Freshly-
broken surfaces are usually dark blue, lustrous and ap-
parently finely-crystalline or occasionally glassy.

Microphenocrysts of olivine and clinopyroxene up to
2 mm diameter are usually more apparent on weathered
surfaces. Clusters of microphenocrysts forming olivine or
augite nodules have been observed up to 2 cm in diameter
but plagioclase phenocrysts are extremely rare.

There is no evidence to suggest sub-aqueous eruption,
and the lavas are interpreted as an entirely sub-aerial
accumulation, subsequent to the infilling of coastal
lagoons by sedimentation and pyroclastic activity.

QUARTZ-DOLERITES

Typical quartz-dolerites of both dykes and sills consist of a
coarse-grained equigranular aggregate of grey or pink
plagioclase laths; dark green mafic minerals (mostly
augite); black, lustrous iron-titanium oxides and
disseminated pyrite. The rocks are truly ‘tholeiitic’ in
character: olivine is present only in chilled margins;
hypersthene and pigeonite are recognised in some
samples; and a quartzo-feldspathic residuum is almost
ubiquitous. The rock becomes finer grained towards
margins, giving a dark, compact aphyric basalt, but
glassy chills are not observed. Contacts are usually sharp
but one contact between dolerite dyke and sandstone
observed in BH 3A shows a remarkable, even gradation
over a distance of 40 cm. Rare country rock xenoliths
(e.g. sandstone) are observed close to the margins. Zones
of dark green, glass-filled, 1-2 mm ocelli and larger,
calcite-filled amygdales occur throughout the dykes but
are particularly concentrated towards margins, which
often have a spotted or mottled appearance.

Primary quartz is rarely observed in hand specimen but
the silica-oversaturated nature of the magma is
demonstrated by the acidic differentiates which occur in
the central parts of sills and in the thicker dykes. Patches
of micropegmatite (quartz—orthoclase intergrowths),
which occur on a microscopic scale in the normal dolerite,
increase in size in the coarse-grained centres of intrusions
to form mottled pink patches up to 2 cm across which can
form up to 50 per cent of the rock. Similar material is also
filter-pressed out of the rock to form veinlets and veins up
to 5 cm in width. Other pegmatitic patches are off-white
and include blades of augite up to 15 mm long. These
features are well seen in BHs 1A and 1B.

Contact alteration of country rocks is commonly
observed and detailed occurrences are described by Peach
and others (1910). In the present investigation, baked and
bleached basalts are seen up to 1.5 m from dolerite
margins in BHs 1A and 3B. Limestones and sandstones
in BH 3A also show some baking and apparent bleaching.

Characteristic of quartz-dolerite throughout the area,
are the zones of ‘white whin’ or ‘white trap’ in which the
normal rock is transformed into a pale white, cream or
yellowish-brown alteration product. The primary
doleritic texture is preserved in all but the most extreme
examples, but the constituent minerals are pseudomorph-
ed. Plagioclase alters to white kaolinitic clay; pyroxene to
a mixture of chlorite and leucoxene; and iron-titanium
oxides to leucoxene. Secondary opaline or cryp-
tocrystalline silica is widespread and carbonate may later
replace all of the minerals and destroy the overall texture
(Day, 1932). Such rocks are usually cut by thin veins of
carbonate and silica. Samples of altered dolerite from the
Hilderson Mine area have been described in detail by
Gallagher (1958, pp. 319-328; 1964).

Most zones of ‘white whin’ are closely associated with
fault planes and frequently show traces of mineralisation
in the more brecciated zones. Calcite and pyrite with oc-
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casional chalcopyrite and zeolites occur in cavities and
thin irregular calcite/baryte veins have been recorded.
Calcite and chlorite also occur in amygdales, veins and
joint coatings in both altered and unaltered dolerite. A
distinctive feature of many dolerites in the Bathgate Hills
is the presence of veins and joint coatings of sticky, black
asphalt. This is particularly abundant in fault zones
where more solid globules and ‘pseudo-crystals’ of
hydrocarbon (frequently termed ‘albertite’) occur in
cavities (BH 1B). Similar solid hydrocarbons are found in
fault zones within limestone (BH 2).

‘White whin’ is particularly widespread in quartz-
dolerites that are associated with carbonaceous shales,
coals or oil shales (Day, 1932; Mykura, 1965; Peach,
1910). It is suggested that the alteration is produced by
volatiles, released during the distillation of oil shales by
heat from the intrusions (E. M. Bailey in Carruthers,
1927, pp. 230-236). The observed solid or viscous
hydrocarbons constitute the mobilised residue of such
distillation and more-refined brown solid paraffins and
clear mineral oil have been recorded elsewhere in the
area.

FAULTING

The most significant structures within the study area
(Figure 3) are:

a The Tartraven Fault, which contains a dolerite dyke
and terminates the main outcrop of Petershill Limestone
at North Mine. To the north of this fault there is a mark-
ed swing of strike extending eastwards for 1100 m to the
Tartraven limestone quarry. If the proposed correlation
of the Tartraven Limestone with the Petershill Limestone
is correct, the combined effect of the flexure and fault is a
throw of 400 m to the north, most of which is caused by
the ductile flexure (the brittle fault could be as little as
8 m). Boreholes 3A and 3B were sited close to this fault.
b A fault which passes between Cathlaw Hill and Cairn-
papple Hill. This too is associated with major dolerite in-
trusions and seems to be a weakened continuation of a
large, persistent fault (with dyke) which cuts across the
whole of the Central Coalfield (the Lenzie-Torphichen
Fault). In this area the downthrow is probably only a few
metres to the north. Borehole 1B was sited on this fault.
¢ A small fault with a northerly downthrow which ter-
minates the northern end of the Silvermine quarry.

d The Hilderston Fault which has a throw of at least 4 m
to the south. This fault carried the original silver vein and
was intersected by BH 2.

e The Knock Fault which terminates the southern end
of South Mine quarry.

South of the area of immediate investigation the Peter-
shill Formation is cut by many minor E-W faults and one
major WNW fault system, the Galabraes Fault, which has
a downthrow of about 150 m to the south.

MINERALISATION AT HILDERSTON MINE

GEOLOGICAL RELATIONSHIPS

Hilderston Mine was worked in the early 17th century,
the 18th century and the late 19th century. Descriptions
of the 17th and 19th century workings are given by Cadell
(1925) and the known extent of all periods of working are
shown on Figure 4 which is based upon plans held by the
Scottish Records Office and IGS, Edinburgh. The mining
history is detailed elsewhere (Stephenson, 1983). Cross
sections of the original silver workings (Figure 5) are

taken from a mine abandonment plan of unknown age
and origin.

The general geology of the immediate mine area is
shown on Figures 3 and 4. The Petershill Limestone,
formerly exposed in the NNE line of quarries, is overlain
by a massive sandstone at about the present water level,
followed upwards by a series of shales, siltstones and
sandstones with a few interbedded tuffs. This succession
dips to the west-north-west at about 18 to 20° and is
overlain by a thick sequence of basaltic lavas. A 40 m
wide N-S dyke of quartz-dolerite is inclined to the east at
about 60°.

Two major E-W faults are recognised, the southern
one of which provides a control for the mineralisation.
This is a normal fault with a throw to the south of at least
4 m which intersects the surface 15 to 20 m north of the
present topographic ‘low’. A thin E-W dolerite dyke,
which may or may not be an apophysis from the wide,
N-S dyke occupies the fault plane in the old workings.
The vein occurred on the south side of this E-W dyke and
appears to have terminated westwards at the N-S dyke.
Eastwards, the fault continues as a mineralised breccia,
but the E-W dyke dies out and there are no workable
deposits (see also BH 2). It seems that the vein was
restricted laterally within the fault plane to the extent of
the E-W dyke, and vertically to the succession between
the top of a major tuff unit and the base of the overlying
basalt pile.

A longer vein, 60 m to the north of the mineralised
fault was worked for lead in the 18th century, probably
with only limited success. The depths of the shafts and
levels on this vein (Figure 4) suggest that mineralisation
occurred in both the limestone and in overlying clastic
sediments. Workings extended westwards for 60 m
beyond the major N-S dyke.

A careful exaination of the mining records and old
descriptions (Stephenson, 1983) reveals evidence of two
distinct types of mineralisation: (i) the Ba-Ag-Ni-Co
mineral suite which was extracted during early shallow
workings; and (ii) the Ba-Pb-Zn mineral suite of later,
slightly deeper workings.

SILVER-NICKEL-COBALT SUITE

For details of this suite we are entirely dependent upon
original descriptions (Atkinson, 1619; Aitken, 1893) and
a few museumn samples. The ore consisted essentially of
niccolite (‘red mettle’) and contained filiform native
silver. Both green nickel bloom (annabergite) and pink-
red cobalt bloom (erythrite) occurred as oxidation pro-
ducts (Goodchild, 1897). Galena and sphalerite were not
found in the old wastes (Aitken, 1893, p. 197) and it was
reported that the ore contained little or no lead, so that
lead had to be added to the ore to aid smelting (op. cit., p.
194). Museum samples containing both niccolite and
galena may indicate minor galena in the Ni-Ag ore or
may be from deeper levels of the vein. Electron
microprobe studies have revealed the presence of bravoite
(Fe, Ni)S; in association with pyrite, chalcopyrite and an
unknown phase approximating to Ni;As,S in composition
(A. J. Hall, personal communication, Ologun, 1978).

The full list of known minerals in the suite is: baryte,
calcite, dolomite, pyrite, chalcopyrite, niccolite NiAs,
bravoite (Fe, Ni)S,;, unknown Ni;As,S, annabergite Nij
(AsOy),.8H,0, erythrite Cos(AsO,),.8H,0, native silver,
possibly with minor galena. Points to note are: (a) the
assemblage includes a high proportion of secondary
minerals; (b) the assemblage is sulphide-deficient, the
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base metals occurring mainly as arsenides or secondary
arsenates; (c) in view of (b) and the low amounts of
recorded lead, it seems unlikely that the native silver is
derived from argentiferous galena as has been previously
supposed. It would seem more likely that it is a primary
phase associated with the niccolite, or that it is derived
from an arsenide compound.

Records indicate that the silver ore was found entirely
within 18 m of the surface, adjacent to the sandstones and
shales of the hanging wall. The silver vein wasup to 5 cm
wide and assayed up to 1.34% Ag (Atkinson, 1619). The
nickel ore was said to contain about 30% Ni and 2% Co
(Heddle, 1901). This Ni-Ag orebody had a maximum
extent of 18 x 80 m, equivalent to 300 tonnes of ore from
which the maximum possible yield of silver would be
4 tonnes.

LEAD-ZINC SUITE

Below 18 m it seems that the baryte vein continued to a
depth of 55 m with minor amounts of nickel ore (‘red
mettle’), accompanied by galena. Below this in the
‘marls’ (i.e. tuffs), the vein practically disappeared. The
galena contained a small amount of silver (Goodchild,
1897), which has been confirmed by analyses of museum
samples of galena + sphalerite (Moore, 1979). Analyses of
the surrounding limestone from BH 2 indicate a few ppm
of silver which may be present in finely-disseminated
galena. The gangue in this part of the vein includes more
calcite and dolomite than in the upper part and small
globules of solid hydrocarbon (?albertite,

10

C.Hz.s2 + C.Hj,) have been recorded (Wilson, 1921 and
this work).

" The complete list of minerals from this suite is baryte,
calcite, dolomite, pyrite, sphalerite, galena, quartz, alber-
tite from which the following paragenetic sequence has
been established: baryte—calcite — gap —
pyrite —sphalerite —~galena—quartz (Moore, 1979). In
contrast to the suite in the upper part of the vein, this
assemblage consists entirely of primary minerals, in par-
ticular Pb and Zn sulphides, with no appreciable Ni, Co,
Ag or As.

SURFACE EVIDENCE

Surface manifestations of the mineralisation are rare.
Calcite, baryte, galena and sphalerite may be found in the
debris around the old shafts and a particularly impressive
sample with much sphalerite and galena was found in a
field 600 m to the north of the mine (A. J. Hall, personal
communication). Thin calcite veins with galena can be seen
in the sandstone roof of the northernmost adit in Silver-
mine quarry and dense, glassy slag in debris around the
limekilns may testify to the lead-zinc content of the
limestone. In South Mine quarry, a narrow 30 to 60 cm
dolerite dyke trends N 5° W, cutting the clastic sediments
above the Petershill Limestone. At its northern end,
which is only 100 m from the Silver Mine, the dyke is an
altered ‘white trap’, but 80 m to the south the rock is a
fresh tholeitte (Gallagher, 1958, 1964). In an exposure
100 m east of North Mine quarry (NGR NS 9952 7220)
the southern margin of an E-W quartz-dolerite dyke and
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baked limestone are both seen to be impregnated with which could be particularly concentrated in the im-
pink baryte. Forsyth (1847, p. 265) reports that copper mediate vicinity of major E-W faults. (ii) Further vein
ore is said to have been worked at one time from a baryte deposits could be found in the altered margins of dolerite
vein at this locality. v dykes, particularly where these coincide with fault planes.
With these factors in mind, borehole sites were selected
which aimed to sample the succession, and the Petershill
Limestone in particular, close to E~W fault planes and/or
PROSPECTING PLAN dolerite dyke margins. Further, more accurate informa-
" tion was first obtained on the position of faults and dyke
From the information assembled above, two en- margins from selected proton-magnetometer traverses

vironments may be defined in which metalliferous across likely sites.
mineralisation may be found in the area immediately sur- Several of the most suitable sites selected had to be
rounding the known deposits: (i) The Petershill abandoned owing to difficulties of access or because the
Limestone may contain disseminated mineralisation, sites were close to buried pipelines. The immediate area is

11
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crossed by two natural gas pipelines (one 12" and one 24"
diameter) and one ethylene pipeline. Other pipelines oc-
cur elsewhere in the Bathgate Hills, details of which can
be obtained from Scottish Gas, Blandfield House,
Edinburgh EH7 4LP (natural gas) and B.P. Chemicals
Ltd, Grangemouth (ethylene). Five borehole sites were
selected at three localities. These sites are shown on
Figure 6 together with magnetometer traverse lines used
in the siting.

MAGNETOMETER TRAVERSES

Ten magnetometer traverses were carried out using an
Elsec Proton Magnetometer (type 771). The traverses are
shown on Figure 6 which covers the same area as the
geological map (Figure 3). Traverses varied in length
from 250-530 m, some of the longer traverses being ex-
tended to cut more than one E-W feature. Readings were
taken at 10 m intervals with a closer spacing of 5 m over
areas of interest. Traces obtained are shown in Figures
7a, 7b and 7c.

Figure 7a shows five N~S traverses across two strong
E-W features in the northern part of the area of interest.
The northern feature is marked by surface outcrops of a
dolerite dyke with a steep, fault-like scarp on the north
side. The position of the dyke is confirmed by traverses
M3, M4 and M5 in which the negative magnetic ‘trough’
on the southern margin is prominent. On the northern
margin, the junction between dolerite and basalts to the
north provides little magnetic contrast. Traverse M5
shows a contrast between a smooth profile over sediments
south of the fault and a more irregular, higher v, profile
on basalts to the north.

The southern feature is a drainage hollow with outcrops
of a thin dolerite dyke in the west, cutting the large N-S
dyke. The feature is an eastward continuation of one of
the most persistent dyke/fault features in the Midland
Valley, the Lenzie-Torphichen dyke. The positive
magnetic anomaly over the thin dyke is well seen in pro-
files M1 and M2 and may be present in M3 and M4,
However, in these latter two profiles the amplitude of the
dyke anomaly is no greater than other peaks caused by
wild fluctuations in the magnetic field over basalt out-
crops. Profiles M1 and M2 also show a marked displace-
ment of the magnetic background due to a postulated
fault, coincident with the dyke. The level of erosion, at
profile M2 in particular, is close to the base of the basalts.
A small downthrow to the north thus results in a
significantly thicker layer of basalt to the north of the fault
and consequently a higher overall y. The sloping
background in M1 must be related to the thicker dolerite
intrusions and seems to continue to the northern end of
Mé6.

Figure 7b shows the N-S profile M6 across the E-W
fault feature at the Silver Mine. The profile is relatively
smooth with only low amplitude variations, since the
ground is underlain entirely by sediments. The thin
dolerite dyke mentioned in the mine records has no effect
on the profile and the mineralised fault produces no
displacement, presumably because there are no magnetic
horizons on either side to provide a contrast. At the nor-
thern end of the profile, a marked displacment may be
caused by the E-W fault which passes through the nor-
thern end of Silver Mine quarry.

Figure 7c shows E-W traverses M7, M8 and M9
across the N-S dolerite dyke. The dyke forms a large
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positive magnetic anomaly with small negative ‘troughs’
on each side. Strong positive peaks at each margin of the
dyke are separated by a less magnetic zone in the dyke
centre. There is no evidence to suggest that the dyke con-
. sists of multiple sheets of variable composition and a likely
explanation is that the finer grained margins are fresher
and contain a higher proportion of mafic minerals. The
dyke centre is slightly more fractionated, possibly with
less mafics and is also more likely to have contained trap-
ped volatiles which would produce slight alteration and
oxidation of the mafics, thereby reducing their magnetic
properties. Profile M10 shows that the N-S dyke does not
exist near surface to the north of the Torphichen fault. A
remarkably smooth profile over basalts (possibly drift-
covered) undergoes a steep and sudden increase
westwards as it passes over the edge of a dolerite sill on
Cathlaw Hill.

BOREHOLE RESULTS

The drilling was carried out by Drillsure Ltd during the
period 19 January to 5 February 1980. Five holes were
drilled to depths ranging from 55 to 91 m yielding
approximately 365 m of 45-mm diameter core. Borehole
sites are shown on Figure 6 and on the magnetometer pro-
files (Figure 7). Detailed site plans and borehole sections
are shown on Figures 8, 9 and 10; borehole logs, assays
and mineralogical data are given in Appendices to this
report. Down-hole geophysical logging of y-radiation and
electrical conductivity (self-potential) was only poessible in
the vertical boreholes (1A and 1B) owing to collapse of the
inclined bores.

Borehole 1A encountered mostly dolerite with no
mineralisation; BHs 1B and 3A yielded information on
weak mineralisation within the dolerite dykes; BHs 2 and
3B provided sections through the Petershill Limestone
and underlying strata. Significant stratabound Zn-Pb
mineralisation was encountered in BH 3B. In the follow-
ing descriptions thicknesses and widths have been cor-
rected for inclination of bore and dip of strata etc.

BOREHOLE 1A (CAIRNPAPPLE)

The hole was sited close to the intersection of a 40 m wide
N-S dyke and a 12 m wide E-W dyke (Figure 8b) in an
attempt to sample the limestone, at an estimated depth of
150-170 m. A cross-section based upon the borehole is
shown in Figure 8a. After thin superficial deposits, the
bore passed through 2.5 m of baked, aphyric basalts (dip
23°) followed by a 7 m sill of quartz-dolerite. A further
12.5 m of aphyric basalts, baked at the base are followed
by more quartz-dolerite. The basalt/dolerite junction is
sharp and dips at 25° suggesting the top of another sill. A
1.8 m wide chilled zone in the dolerite gradually passes
into coarser grained dolerite with many patches and
veinlets of pink micropegmatite. Some 55 m into the in-
trusion the dolerite is still coarse-grained with no sign of
an approaching base and the hole was abandoned at
80.71 m. The 25° dip of the contact at first suggested a
sill, comformable with the basalt succession. However,
the magnetometer traces show no sign of such an intru-
sion and there are no outcrops of dolerite in the ground to
the east, as would be expected. The preferred interpreta-
tion is therefore as shown on Figure 8a with a slight step
in the margin of an inclined N-S dyke. Assuming this
model the borehole would have had to continue for at least
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another 40 m before passing out of the dyke.

No significant mineralisation was encountered in this
borehole and the assay data shows no anomalous concen-
trations of metals in the dolerite. One sample of basalt
contains 200 ppm Ni but no appreciable arsenic, so the
nickel is assumed to be present in sulphides or in the mafic
rock-forming silicates. Geophysical logs show several
peaks of anomalous radioactivity in the basalts, par-
ticularly in the baked zones, which is in marked contrast
with the non-radioactive dolerite. No zones of anomalous
conductivity (SP) were detected.

BOREHOLE 1B (CAIRNPAPPLE)

The hole was sited to the north side of the E-W dolerite
dyke of BH 1A, midway between the dyke margin and
the supposed surface expression of an E-W fault, to test
for mineralisation in the vicinity of the dyke and fault
(Figure 8b). The bore passed immediately into coarse-
grained quartz-dolerite similar to the lower part of
BH 1A. At 28.28 m a fault zone is encountered, con-
sisting of ‘white whin’, heavily impregnated with vugs
and veins of carbonate. ‘White whin’ alternates with
bands of less-altered dolerite through the zone which has
several brecciated bands towards the base dipping at
65-75°. The zone ends at 51.55 m and represents a true
width of about 4.5 m. Below the fault zone coarse-grained
dolerite continues to 82.26 m where the hole was aban-
doned. It is not clear from the borehole whether the
dolerite encountered is part of the E-W dyke observed at
the surface, repeated by the faulting; a separate E-W
dyke; or part of the N-S dyke displaced by faulting.
Whatever the interpretation it is clear that there is much
dolerite at depth and the chances of encountering
limestone in boreholes at this locality are remote.

The dolerite is cut throughout by thin calcite/chlorite
veins, occasionally with open cavities containing quartz
crystals. On the footwall side of the fault zone many
calcite veins contain a sticky, black hydrocarbon which
also occurs as a coating to vertical joints. Disseminated
primary pyrite is widespread and sporadic, diffuse,
horizontal pyrite-rich bands are observed (e.g. at 15 m).
Within the fault zone calcite veins are larger and more
numerous. Open cavities contain crystals of calcite,
zeolite, nodular and disseminated pyrite and solid
hydrocarbons. Green staining around some pyrite-rich
cavities suggests the presence of chalcopyrite.

The assay data shows a slight increase in various metals
in the ‘white whin’ of the fault zone compared with
unaltered dolerite. Up to 100 ppm Cu is recorded in the
central 1.5 m of the zone, with lead increasing to 900 ppm
over 2 m on the footwall. Arsenic shows a marked in-
crease in the ‘white whin’ (up to 127 ppm) and is pro-
bably present as arsenopyrite. Values of 3000 to 4000
ppm Ba are found at the margins of the fault zone, but not
in the centre. No zones of anomalous radioactivity or con-
ductivity were detected in the geophysical logs.

BOREHOLE 2 (SILVER MINE)

The hole was sited to the south of the E-W fault which
controlled the main Ag-Ni-bearing vein at Hilderston
Mine. The hole is approximately 50 m east of the limit of
the original workings and was inclined northwards at 44°
to intersect the fault zone where it cuts the Petershill
Limestone (Figure 9). After about 5 m of superficial
deposits the bore passed into a sequence of silty
mudstones and tuffs with a 2.5 m thick massive sandstone
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at 14.35 m. A major fault zone intersected at 23.95 m has
a true width of about 1 m, is steeply-inclined to the south
and consists of brecciated fragments of wall rock (clastics
and limestone) heavily veined with calcite. Beyond the
fault zone the bore penetrated the Petershill Limestone,
sampling a true thickness of about 12.5 m. (The full
thickness in this area is 16.5 m according to Aitken, 1893
or 21 m according to the abandonment plan R175D.)
The limestone consists of a massive, crystalline, medium
grey upper unit (8.5 m seen) which passes down into a
more-argillaceous, dark grey, banded, nodular, lower
unit having a true thickness of about 4 m. Both units con-
tain colonial and solitary rugose corals and bands of shell
debris. At the base of the limestone, a 50 cm band of car-
bonaceous mudstone may be correlated with a similar
band which underlies the limestone throughout the area
(BH 3B, this work; Jameson, 1980). The mudstone rests
upon 1 m of sandy tuffs at the top of a thick unit of green,
bedded tuffs (6 m seen) similar to those encountered in
BHs 3A and 3B. The borehole was terminated in the tuffs
at an inclined depth of 55.02 m. Assuming Aitken’s
(1893) section for the hanging wall, the displacement of
the fault may be estimated at about 4 m to. the south,
though this figure may have been reduced by fault drag.

Mineralisation on the hanging-wall side of the fault is
confined to the massive sandstone unit, which contains
appreciable amounts of pyrite as disseminations, in
nodular bands parallel to the bedding, and as joint
coatings. Thin veins contain mostly calcite and possibly a
little baryte. Assays of this part of the-succession show
very slight enrichment in nickel (maximum 100 ppm) and
zinc (maximum 160 ppm) in the tuffs and a little arsenic
(maximum 29 ppm in mudstone). Moderate lead values
occur in one sample of sandstone (160 ppm) and one of
tuff (140 ppm).

The brecciated fault zone consists mainly of veins of
calcite up to 2 cm wide with open cavities, up to 1 cm
wide containing calcite crystals, solid hydrocarbon (alber-

tite) and disseminated pyrite. A sharply-defined, 3 cm

wide band at the southern margin of the fault zone is par-
ticularly rich in pyrite (30%) with baryte, gypsum and
some replacement galena visible in polished section.
Assays of this band show considerable enrichment in lead
(2800 ppm), zinc (400 ppm), cobalt (70 ppm), nickel (100
ppm), arsenic (275 ppm) and barium (25 300 ppm) with 3
ppm silver. The remainder of the fault zone is not enrich-
ed in any of the base metals analysed, but does show 5-7
ppm silver.

On the footwall side of the fault, the Petershill
Limestone contains thin veinlets and patches of calcite
with some dolomite and a little baryte. The lower, more
argillaceous part of the limestone has abundant, fine-
grained, disseminated pyrite and sporadic bands of fram-
boidal pyrite parallel to the bedding. Solitary corals and
bands of shell debris usually show replacement by pyrite.
Apart from the pyrite, sulphides are not common, even
microscopically, and only traces of galena and sphalerite
have been identified. The assay data for the limestones
shows only slight enrichment in lead (maximum 140 ppm)
and moderate enrichment in zinc (maximum 650 ppm),
but does show a consistent silver content of 3-6 ppm.
Barium is generally low (around 100-300 ppm) except
where thin baryte veinlets are present (maximum 2900
ppm over 2.4 m). The histogram superimposed on Figure
9 shows the lead and zinc values and emphasises the high
overall Zn/Pb ratio. It also illustrates the relatively
uniform distribution of both metals through the limestone
with, if anything, slightly lower values in the basal unit of
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argillaceous, nodular limestone. This is in strong contrast
to the distribution found in BH 3B. The thin mudstone
below the limestone contains specks of dissemninated
pyrite but in marked contrast to the identical horizon in
BH 3B, enrichment in metals is restricted to 270 ppm Zn
and 210 pm Ni. Higher values are found in the top 10 cm
of sandy tuff immediately below the mudstone (250 ppm
Cu, 1300 ppm Pb, 690 ppm Zn).

The bedded tuffs are not mineralised apart from sparse,
disseminated pyrite and sporadic thin, irregular calcite
veinlets. The assay data shows a slight enrichment in
cobalt (maximum 80 ppm), nickel (maximum 210 ppm)
and barium (maximum 3000 ppm), but silver values have
fallen to background level.

The results from this borehole confirm the findings of
Aitken (1893) that the E~W dolerite dyke and productive
vein die out rapidly to the east of the mine workings and
that metal values are markedly reduced below the
limestone. The silver values of 3-7 ppm do, however,
show that a considerable halo exists in the country rock
around the rich silver vein.

BOREHOLE 3A (AITKEN BOG PLANTATION)

The hole was sited close to North Mine to the north of a
20 m wide E-W dolerite dyke having a strong, fault-like
scarp feature on its northern margin (Figure 10a). Ir-
regular patches of baryte mineralisation are found in sur-
face outcrops of dolerite and limestone 100 m ESE of the
site. The hole was inclined southwards at 50° to test for
faulting and mineralisation on the north side of the dyke;
to penetrate the dyke testing for within-dyke mineralisa-
tion; and to sample the succession on the south side of the
dyke.

After 3 m of superficial deposits the bore entered
steeply-dipping calcareous sandstone, most of which is
highly brecciated in a fault plane on the margin of a thin
(1.25 m) dolerite dyke. This dyke is presumably an
apophysis of the main dyke, from which it is separated by
1.5 m of mineralised limestone. The main dyke formed in
two stages. The earlier northern sheet is chilled against
the ‘screen’ of limestone and has a 1 m wide zone of
mineralised ‘white whin’ close to the margin. The true
thickness of this sheet is 7 m. The later southern sheet has
a true thickness of 22 m and is chilled against the nor-
thern sheet indicating a time lapse between the two. The
southern margin, encountered at an inclined depth of
63 m, shows a remarkably smooth gradation from fine-
grained dolerite into sandstone over a distance of about
40 cm, suggesting a slow development of the intrusion
with pre-heating of the surrounding sediments. South of
the dyke the bore passed through about 4 m of massive,
slightly calcareous sandstone, 0.5 m of fine-grained, soft,
soapy tuff, probably a seat-clay, 2.5 m of the underlying
bedded tuffs and was terminated at an inclined depth of
71.38 m. Throw on the fault is difficult to estimate. The
small amounts of calcareous sandstone and limestone en-
countered on the north side of the dyke suggest that brittle
movement may be as little as 8 m to the north. However,
the swing of strike associated with the fault could give a
total downward movement of 400 m to the north.

The calcareous sandstone north of the fault and the
brecciated fault plane are not mineralised and show no
anomalous concentrations of analysed metals. The thin
dolerite apophysis contains a few thin calcite veins and
sparsely disseminated pyrite but no metal anomalies. The
‘screen’ of limestone between the dolerite branches is
mineralised with several thin calcite veins, some baryte



and patches of pyrite, possibly replacing shell debris, but
no metal anomalies. Of particular interest are two thin
(2-3 mm) veins consisting almost entirely of fluorite
which cut the limestone; fluorite is of very rare occurrence
in central Scotland. Along the contact with the main
dolerite dyke a thin (5 mm) carbonate vein contains
nodules of pyrite up to 5 mm diameter and assays 850
ppm Cu.

Within the main dolerite dyke, most of the mineralisa-
tion occurs in the earlier, northern sheet. Calcite veins are
numerous, some with baryte and some with pyrite, par-
ticularly in the zone of white trap. Irregular yellow-green
patches contain epidote but some green staining may be
due to chalcopyrite (maximum 770 ppm Cu). Har-
motome occurs in cavities. A few moderate zinc values oc-
cur (maximum 210 ppm) and barium is generally low
(200-500 ppm) except in baryte veins (maximum 6.45%
Ba over 10 cm). In the thicker, later, southern sheet
calcite/chlorite veins are numerous, often following joint
sets, and pyrite is rarely concentrated. Copper and zinc
assays are moderately high throughout (maximum 170
ppm Cu, 400 ppm Zn) and barium highs (maximum
2.4% Ba over 25 cm) coincide with thin baryte veins.

To the south of the dyke the sandstone contains veins of
calcite and dolomite with open cavities containing calcite
and zeolite (Pharmotome) crystals. Veins containing
pyrite occur rarely but limonite staining is widespread.
There are no metal anomalies. The underlying tuffs con-
tain several thin stratabound bands of nodular pyrite, and
assays show a slight enrichment in cobalt (70 ppm) and
nickel (260 ppm). One sample contains 840 ppm Cu over
20 cm.

BOREHOLE 3B (AITKEN BOG PLANTATION)

The hole was sited 130 m west of BH 3A on the E-W
dolerite dyke and was inclined southwards at 66° to drill
out of the dyke and sample a full sequence of limestone
close to North Mine (Figure 10b). (A vertical hole sited on
the south side of the dyke would have been preferred, but
was impossible owing to access difficulties.)

The bore passed through 2 m of boulder clay followed
by an inclined thickness of 14 m of quartz-dolerite. The
dolerite has a chilled and brecciated southern margin
which is steeply-inclined to the north and may be a fault
plane. On emerging from the dyke, the bore sampled
0.2 m of baked basalt, a thin tuff (0.5 m) and 2 3 m sand-
stone. The sandstone has an intra-formational breccia of
sandstone—-mudstone in the centre and becomes
calcareous towards the base, where it rests directly upon
limestone. As in BH 2, the Petershill Limestone may be
divided into two units. The upper unit has a true
thickness of about 10.5 m and consists of fossiliferous
dark, fine-grained, crystalline limestone with more-
argillaceous, nodular bands increasing downwards and
passing into the lower unit. This has a true thickness of
about 9 m and is generally more-argillaceous with
nodular bands, shell debris and disseminated mineralisa-
tion (see below). Sporadic cherty bands and bands of
diagenetic silicification occur throughout both units. The
limestone is underlain by a carbonaceous mudstone with
coaly fragments and thin limestone bands (true thickness
0.9 m) as in BH 2. Beneath the mudstone the underlying
tuffs are pale and soft with rootlets for 2 m, suggesting a
seat-rock (fireclay), beneath which the bore penetrated a
true thickness of 40 m of bedded tuffs and agglomerates.
Within the pyroclastic sequence are a 3 m massive sand-
stone with tuffaceous fireclays at top and bottom and a

1 m band of shelly, nodular and argillaceous limestone.

The dolerite dyke contains a few calcite veins, possibly
some baryte and sporadic pyrite with rare chalcopyrite.
The brecciated chill is particularly impregnated with
calcite and assays 280 ppm Cu over a 25 cm width. The
basalt and thin tuff are not mineralised. The sandstone
contains thin veins of calcite and baryte, particularly in
the lower, calcareous part. Some of the calcite veins also
contain a little galena. The mudstone band in the centre
of the sandstone contains pyrite, a trace of chalcopyrite
and, in the sedimentary breccia matrix, small euhedral
crystals of galena and sphalerite. At the base of the unit,
pyrite nodules (up to 5-mm diameter) occur in bands
parallel to the bedding. Assays of the mudstone and lower
part of the sandstone show relatively high lead (maximum
650 ppm over 25 cm) and zinc (maximum 470 ppm over
25 cm) and baryte veins are reflected by barium values up
to 9.1% . High values of arsenic (75 ppm) may be located
in pyrite.

The limestone is cut throughout by thin veins of calcite,
many of which contain appreciable amounts of galena and -
more rarely sphalerite as small crystals. Baryte veinlets
are rare. Pyrite occurs as disseminations, in replacement
of shell debris and in thin bands of 5 mm nodules parallel
to the bedding. The pyrite increases in amount
downwards and becomes very abundant in parts of the
lower unit of argillaceous limestone. In the underlying
mudstone, some bands contain up to 30% pyrite.
Sphalerite is rarely visible in the basal 5 m of limestone

. but can be recognised in the underlying mudstone in thin
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stringers and small nodules parallel to the bedding. It is
also present in the tuffaceous seat rock in 1 cm bands of
brownish nodules. Assays of the limestone show high
values of lead and zinc, particularly in the lower unit with
values of 850-1100 ppm Pb and 1250-18 000 ppm Zn.
The underlying 0.9 m of mudstone has even higher
values (6200 ppm Pb, 31 000 ppm Zn) and even the tuf-
faceous seat-rock has 770 ppm Pb and 3500 ppm Zn,
presumably due to downward leaching. Below the seat-
rock the high values end abruptly. The distribution. of
lead and zinc through the borehole is shown in the
histogram superimposed on Figure 10b. It is seen that,
whereas values of lead are high throughout the limestone,
the overlying sandstone and the underlying mudstone and
seat-rock, high zinc values are more-or-less restricted to
the lower unit of limestone, the mudstone and seat-rock,
defining a mineralised zone with a total true thickness of
11 m. Average concentrations within this 11 m are
0.14% Pb and 0.66% Zn. Galena is present in thin calcite
veins and on joints and nodular sphalerite is seen in the
mineralised zone. These minerals were also detected
microscopically as fine grains in the mineralised
limestone, especially in samples with very high assays.
They are abundant as fine disseminations in the
mineralised soft mudstone. Values of other metals within
the mineralised zone are not anomalous, with the excep-
tion of arsenic (average 49, maximum 166 ppm) which is
most likely present in the pyrite. This is a significant con-
trast with BH 2 where, although the lower unit of
limestone is rich in pyrite, it does not contain appreciable
arsenic or lead and is only slightly enriched in zinc.
Below the seat-rock, the tuffs and agglomerates have
little visible sign of mineralisation. Thin veinlets of calcite
or baryte occur rarely, and very sparse disseminated
pyrite is concentrted in small nodules. The assay data
shows a consistent slight enrichment in cobalt and nickel
throughout the pyroclastic sequence averaging about 80
ppm Co and 170 ppm Ni. Arsenic is not enriched, so the
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cobalt and nickel may be present as sulphides or in secon-
dary minerals derived from mafic silicates of the basaltic
volcanics. The thin limestone within the pyroclastics con-
tains some pyrite-rich bands, but has no anomalous metal
values. The sandstone band within the pyroclastics con-
tains a sparse dissemination of pyrite. Macroscopic in-
terstitial areas of metallic, pink-brown niccolite occur in
the upper part of the sandstone which contains the highest
values of cobalt, nickel and arsenic recorded in this in-
vestigation (105 ppm Co, 500 ppm Ni and 871 ppm As
over 1.8 m thickness). ‘

The 11 m thick zone of stratabound lead~zinc
mineralisation encountered in this borehole is the most
significant find of the present investigation and will be
discussed in more detail in the following sections.

PETROGRAPHY AND MINERALOGY

Based on the descriptions’ given in Appendix III, five
principal rock types are distinguished: limestone, sand-
stone, mudstone, dolerite and tuff, in which two principal
styles of metalliferous mineralisation are recognised:
synsedimentary (including diagenetic) and epigenetic.

LIMESTONE

The limestone is invariably dark grey or black due to the
presence of organically derived carbon. The most
prevalent texture is that of shell fragments, matrix-
supported in a fine or medium-grained lime mud. The
shell fragments are replaced by sparry calcite of diagenetic
origin. Although entire fossils are virtually absent save for
ostracod tests and other minute shells, delicate ornamen-
tation is often preserved. The present grain size of the
matrix probably reflects some diagenetic coarsening of
original lime muds. Other than this diagenetic
recrystallisation, the rock has been little altered since
original deposition. Though fracturing and calcite vein-
ing were developed at some later stage, the host limestone
is not altered about the veinlets; nor is there evidence of
metal impregnation into the rock from the veinlets.

In some instances the limestone contains detrital quartz
grains, though in several fossiliferous specimens this com-
ponent is absent. Several of the specimens examined also
contain thin seams of highly carbonaceous clay-calcite
mud.

No examples of nodular chert were encountered in
these specimens, but at least two limestone specimens
showed clear evidence of silicification (e.g. replacement of
shell fragments by chalcedonic silica). One of these was
also highly pyritic, suggesting silicification by exhaling
siliceous metal-bearing brine.

SANDSTONE

The few sandstone specimens are well sorted and lack
rock fragments and other evidence of immature
" sediments. All contain a coarse calcite cement which, in
one specimen, is in crystallographic continuity with cross-
cutting calcite veinlets.

MUDSTONE

Dark grey to black graphitic mudstone, variously
calcareous and non-calcareous, is the most important
mineralised lithology observed. The specimens are very
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fine-grained, carbon rich, typically soft and crumble easi-
ly. In some examples coarse flakes of graphite are present.
Some contain populations of sand-grade detrital quartz
grains. Others have a lithological character approaching
the limestone, and may be described as calc-mudstone or
muddy limestone.

IGNEOUS ROCKS

Specimens of altered dolerite (‘white whin’) show a com-
plex type of hydrothermal alteration in which two distinct,
though probably effectively contemporaneous, alteration
styles are superimposed. In one, pervasive clay/chlorite
formation is accompanied by deposition of coarse quartz
grains. In the other, veinlets and less regular patches of
calcite ramify the rock.

Specimens of ‘tuff’ include a soft, porcellaneous, clay-
quartz, tuffaceous seat-rock and heavily chloritised bedd-
ed agglomerate. A feature of the seat-earth is minute
cavities filled with chlorite often accompanied by calcite,
and discontinuous hairline veinlets of similar material
[CXD 392, BH 3B, Appendix III]. It is possible that
these represent vesiculation resulting from steam
generated either by rapid heating of sea water or by boil-
ing hydrothermal brine, or that they are of botanical
origin (see preceeding text).

- The agglomerate consists of rounded drops (lapilli) of
quenched microporphyritic basalt which form a self-
supporting fabric in the interstices of which occur chlorite
and sparry calcite. The rock is generally chloritised and
bleached. In its structure it suggests a spray of lava
droplets accumulating in water from a nearby subaerial
eruption.

SYNSEDIMENTARY MINERALISATION

Two styles of synsedimentary mineralisation were observ-
ed. One is the formation of fine pyrite grains in graphitic
black mud, which is a common feature of such rocks. The
other is the heavy impregnation of certain mudstone and
muddy limestone beds with pyrite, sphalerite and minor
galena. The sulphides occur as fine disseminations and in
some cases as small dense lenses located on bedding
planes. There is no textural evidence for epigenetic metal
introduction in these rocks. The nature and intensity of
the stratiform metal enrichment seen in BH 3B between
36.6 m and 49.5 m (see Appendix II) demand input from
a metal-enriched hydrothermal brine. A biological aspect
to the mineralising process is indicated by the frequency
of well preserved pyrite framboids and, in one specimen
[CXD 322, BH 2, Appendix III] well preserved cellular
and laminar structures of possible algal origin.

Most of the sulphide grains (pyrite and traces of
sphalerite) in the limestone formed during diagenetic
recrystallisation, as evidenced by their euhedral crystal
forms, their partial replacement of shell fragments and
their coarse grain size. Coarse, cuboid pyrite crystals of

" diagenetic origin are also frequent in mineralised

mudstone, and in the most metal-enriched specimens
similarly coarse sphalerite grains are conspicuous in the
otherwise finely disseminated sulphide.

EPIGENETIC MINERALISATION

Veins and thin veinlets are present in many of the
specimens. Though dominated by calcite, they also con-
tain pink baryte, pyrite, galena and rare sphalerite. This
veining must account for most of the barium anomalies



recorded in the drillcore, and for much of the lead. It is
developed on brittle fractures and may be considerably
younger than the host sediments. Only one generation of
such veins was discerned.

Another style of possibly epigenetic mineralisation is
seen in the occurrence of interstitial sulphide patches
developed in the calcite cement of certain sandstone
specimens. Though most examples were pyrite, one sand-
stone specimen was found to contain niccolite (NiAs) in
excess of pyrite, and the geochemical sample from which
it came [CXD 400, BH 3B, Appendix II] contains 105
ppm Co, 500 ppm Ni and 870 ppm As.

Minor sulphide enrichment occurs in the tuffaceous
seat-earth, and in the underlying altered agglomerate in
BH 3B. In the former, sphalerite, pyrite and galena occur
in association with calcite in the vesicles and veinlets. In
the agglomerate pyrite occurs in association with calcite in
interstices. The age of these sulphides is unclear.

SUMMARY OF MINERALISATION

The present investigation provides information on
previously-undetected stratabound mineralisation in the
Hilderston Mine area. It also provides further insight into
a reinterpretation of the old mining records, in order to
establish the nature of the vein mineralisation.

STRATABOUND ZINC-LEAD SUITE

The borehole at Aitken Bog, North Mine (BH 3B) in-
dicates considerable stratabound Zn-Pb mineralisation
within the Petershill Limestone and to a lesser extent in
associated sediments. The most heavily-mineralised zone
has a true thickness of 11 m, comprising the basal 8 m of
limestone, an underlying 1 m of carbonaceous shale and
2 m of tuffaceous seat-rock. The zone has average con-
centrations of 0.14% Pb and 0.66% Zn but values of
0.6% Pb and 3.1% Zn occur in the carbonaceous shale.
Zn/Pb ratios are of the order of 5. Above the mineralised
zone, in the upper part of the limestone and overlying
sandstone, lead values are anomalous, but zinc is rarely
significant and the Zn/Pb ratio is consequently lower (0.5
to 0.2). Within the mineralised zone, pyrite (probably
with appreciable arsenic) occurs as disseminations, in
nodular bands and as replacement of organic material;
sphalerite is very finely disseminated and in nodular
bands; and galena is very finely disseminated and as
larger crystals in thin calcite veins. Calcite veinlets in sur-
face exposures of limestone contain up to 1800 ppm Zn up
to 350 m south of BH 3B (Ologun, 1978).

In the Silver Mine area 990 m south of BH 3B, a
similar lithological sequence is observed, including 1 m of
carbonaceous mudstone (BH 2). Here, levels of lead and
zinc are only moderate (100 ppm Pb, 300 ppm Zn,
Zn/Pb =2 to 5) and there is no increase in the lower levels
of limestone and mudstone. Pyrite is widespread but con-
tains no appreciable arsenic. A small amount of silver
(2-6 ppm) in the limestone is probably a halo around the

_ silver vein and calcite veins contain up to 4.9% Pb and

440 ppm Zn (Ologun, 1978). Sandstones above the
limestone have a low enrichment in lead comparable with
that of the limestone.

Farther south, the lower part of the limestone is not ex-
posed in the quarries but boreholes described by Jameson
{1980) prove that the lower argillaceous limestone and
carbonaceous mudstone persist beneath variable overly-
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ing facies for at least 2 km. Analyses of calcite veinlets
from the limestone show sporadic lead anomalies (max.
842 ppm Pb), but no significant Zn south of the Silver
Mine (Ologun, 1978).

Below the limestone and mudstone in both BHs 2 and
3B the pyroclastic rocks and interbedded sandstones show
an overall slight enrichment in nickel and cobalt, but not
arsenic.

VEIN LEAD-ZINC SUITE

In the lower part of Hilderston Mine the worked vein ap-
pears from old records to have consisted mostly of calcite
and dolomite with galena, sphalerite, pyrite and minor
amounts of niccolite and albertite. Baryte does not seem
to have been so abundant as in the upper part of the vein.
The vein occurred in an E-W fault breccia where it cut
the Petershill Limestone. A thin dolerite dyke occurs in
the western part of the fault but dies out eastwards. East
of the worked vein (BH 2) the fault breccia carries little
visible metalliferous mineralisation but a narrow zone
(3 cm) with high values of Pb, Zn, Co, Ni, Ag, As and Ba
confirms a connection with the vein.

A longer worked vein, 60 m north of the original mine
has only calcite, pyrite and galena recorded. This vein ap-
pears to have passed up into sediments overlying the
limestone and has also been traced westwards through a
wide N-S quartz-dolerite dyke.

VEIN SILVER-NICKEL-COBALT SUITE

In the upper part of Hilderston Mine the vein contained
economic concentrations of silver and nickel. Old records
suggest that this part of the vein consisted chiefly of baryte
with masses of niccolite and some calcite, pyrite,
chalcopyrite and native silver. Secondary minerals were
annabergite and erythrite. Galena and sphalerite were
probably not present in appreciable amounts. The
assemblage thus consists of arsenides, arsenates and
sulphates rather than sulphides. The vein occurs in an
E-W fault plane containing a thin quartz dolerite dyke in
clastic sediments and tuffs above the Petershill Limestone.
The vein terminated in the west at a N-W dolerite dyke
and is not recorded beyond the eastern limit of the E-W .
dyke. A silver halo is detected in the Petershill Limestone
close to the mine (BH 2) and Ologun (1978) records
anomalous values of cobalt, lead and zinc in calcite
veinlets.

VEIN BARIUM-COPPER SUITE

Away from the immediate Hilderston Mine area vein
mineralisation of a slightly different, less intense nature is
found within and on the margins of E-W quartz-dolerite
dykes. On Cairnpapple Hill (BH 1B) a wide zone of
‘white whin’ in a fault zone contains visible baryte,
pyrite, some chalcopyrite and hydrocarbons in addition to
more widespread chlorite and calcite veins. Assay data
reveals an overall enrichment in arsenic; copper values up
to 100 ppm in the centre of the zone; barium values of
3000-4000 ppm on the margins of the zone; and 500-900
ppm Pb on the footwall margin. Zinc, being a relatively
mobile element, is slightly depleted in the zone and may
have been leached out and redeposited elsewhere.

At North Mine, where Forsyth (1847) reports that cop-
per was once worked, the margins of a dolerite dyke and
the enclosing sediments are impregnated with irregular
baryte veins. Disseminated pyrite is widespread,



chalcopyrite is rarely observed and open cavities in
country-rock limestone contain zeolites and fluorite. Most
of the mineralisation occurs in the earlier, northern dyke
sheet which has generally high copper assays (maximum
850 ppm), the highest encountered in this investigation.
The later, southern sheet is less mineralised with few
moderate copper and zinc assays (maximum 180 ppm
Cu, 400 ppm Zn). The contrast between the two sheets
suggests that the vein mineralisation was more-or-less
contemporaneous with dyke intrusion.

GENESIS

The depositional environment of the Petershill Formation
as described by Jameson (1980) would seein to be ideal for
the accumulation of metalliferous minerals. The forma-
tion was deposited in a shallow shelf sea fringing a
volcanic landmass and represents a relatively short quies-
cent period within a very active volcanic and
volcaniclastic development. Between the Silver Mine and
North Mine Quarry, Jameson (1980) postulates a
shallow, sheltered, coastal lagoon (Figure 2). Anaerobic
conditions with restricted circulation are indicated by the
dark, argillaceous carbenate lithologies with shell debris
and algal structures replaced by iron sulphides. It is also
reasonable to suppose that the rate of heat flow was high
in the area at the time of deposition, manifested by in-
tense and prolonged volcanic activity and possibly
associated with a large intrusion at depth, now seen as
regional magnetic and gravity anomalies close to the
Bathgate Hills.

If the strata accumulating in the area were sufficiently
permeable, it is likely that convective cells, generated and
perpetuated by the high heat flow, could circulate poten-
tial mineralising solutions throughout the succession. A
rapidly developing, essentially volcanic pile in a tensional,
mid-basin stress regime could be expected to be very
permeable, due to a combination of lithology and
penecontemporaneous jointing and faulting. The source
of the mineralising solutions is always a matter of great
debate. In a marine environment the possibility always
exists that seawater may be circulated as suggested by
Russell and others (1981). In contrast Badham (1981) has
suggested that many shale-hosted massive sulphide
deposits are the product of exhalation of formation
waters. In view of the stratigraphic horizon of the
Hilderston deposits above the Oil-Shale Group and the
common presence of hydrocarbons it is possible that con-
nate waters from the oil-shales may have been responsible
for the mineralisation. Carruthers (1927, p. 230) records
the presence of such brines within Scottish oil-shale work-
ings, as ‘brackish water containing carbonates and
chlorides of lime and magnesia, along with alumina, but
no sulphate’, and similar sulphate-deficient brines from
springs and mine waters originating in Carboniferous-age
rocks are well-documented elsewhere in Britain (Ander-
son, 1945; Edmunds, 1975).

Assuming that brines existed and that a mechanism was
available to circulate them, it is now necessary to consider
the origin of the metals. It is unlikely that they may have
been derived directly from the volcanics. Few analyses are
available from the immediate area but there is no
evidence to suggest that they are unusually enriched in
base metals and it is probably significant that no
mineralisation is known to exist within the volcanics
themselves. It is possible that metals may have been leach-

ed out of the pre-Carboniferous basement but the simplest
explanation seems to be that they may have been expell-
ed, with the brines from the oil-shales. Unfortunately,
trace element data is not available for the Lothian oil-
shales but elsewhere the association of ores with
hydrocarbon-bearing sedimentary sequences and the
presence of Fe-Zn-Pb sulphides ( + Ba and Cu) in oil
reservoirs, is well-established (Carpenter and others,
1974; Hitchon, 1977). Boyle (1968) records that oil-shales

are aleo enriched in silver relative to other sediments

Qasly CATILACRR A Sivel IRiau QO ORACL SPLlAARAits.

The origin of the sulphur cannot be determined with

" any certainty in the absence of sulphur-isotope data, but
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there is an abundance of potential sources, all of which
may have contributed. The close proximity of active
vulcanicity would ensure a supply of primary sulphur,
and SO, dissolved in sea water would be readily
precipitated by biological reduction in the euxinic en-

. vironment of the coastal lagoons. Although the underly-

ing oil-shales have a high sulphur content, metallic
sulphides are very insoluble and mineralising fluids in
general are sulphur deficient. This is confirmed in this
specific case by the composition of brines observed in the
oil-shales and quoted above (Carruthers, 1927). It
therefore seems likely that the metals were transported as
soluble chlorides and combined with sulphur from a
separate source at higher levels.

From the above discussion it is possible to propose a
tentative model as follows. High heat flow during the
Lower Carboniferous, possibly associated with a deep
seated igneous body, gave rise to intense volcanic activity
centred upon the present Bathgate Hills. Convection cur-
rents were generated within the stratigraphic pile involv-
ing expelled formation water and possibly downward-
circulating sea water. Fluids originating in, or circulating
through sediments of the Oil-Shale Group became charg-
ed with ionic chloride complexes and were expelled onto
the floor of a coastal lagoon. There they formed pools of
dense brine in a calm, reducing environment and reacted
with sulphur in the sea water and sediments around the
volcanic landmass to form stratabound sulphides within
the argillaceous carbonates which were precipitated in the
lagoon.

The reduction in mineralisation southwards from
North Mine (BH 3B) can be explained in two ways. On
sedimentological evidence the lagoonal environment
passes southwards into a more turbulent, oxidising en-
vironment which would preclude mineral deposition on
both dynamic and chemical grounds. This does not,
however, explain why the argillaceous carbonates and
carbonaceous shale, which underly the whole of the reef
development to the south, show no signs of stratabound
mineralisation. An alterntive suggestion is that the
mineralising fluids were localised in a restricted lagoon
(cf. Figure 2b) or by a syndepositional fault (i.e. the E-W
fault at North Mine) in a situation analagous to that seen
in many Irish base-metal deposits (Morrissey and others,
1971; Deeny, 1981). Slumped and eroded bedding inter-
faces and thin sedimentary breccia horizons indicating
periodic disturbance of the sediments add support to this
hypothesis.

It is possible that at least some of the stratabound
mineralisation may be post-sedimentary. For example,
the sulphides in the 2 m of tuffaceous seat-rock at the base
of the mineralised sequence could have originated by
downward leaching under sub-aerial conditions from an
earlier stratabound accumulation as it was removed by
erosion. Alternatively it could represent deposition from
rising solutions trapped or retarded beneath the relatively



impermeable carbonaceous mudstone. Post-depositional
and post-diagenetic circulation of mineralising solutions is
also indicated by the thin sulphide-bearing calcite veinlets
throughout the limestones.

Epigenetic veins are concentrated in E-W fault lines,
most of which contain quartz-dolerite dykes. The
evidence of BH 3A indicates that the vein mineralisation
was contemporaneous with dyke intrusion and may
therefore be of late-Carboniferous age. High heat flow
was probably localised in the vicinity of quartz-dolerite in-
trusions, resulting in renewed circulation of metalliferous
brines. The high hydrocarbon content of the veins sug-
gests that distillation of the oil-shales by the intrusions
played a major part and all of the metals present in the
veins could have been derived from this source. Leaching
of country rocks by the same solutions at higher levels
could have reactivated and redistributed the earlier strata-
bound Pb-Zn mineralisation to produce veinlets
throughout the Petershill Limestone and contribute to the
larger veins. Some cobalt and nickel may also have been
leached from the tuffs and concentrated in the veins dur-
ing this phase. Within and on the margins of the dolerite
dykes, copper and fluorine indicate mineralising fluids of
slightly higher temperature, possibly more directly
associated with the dykes.

This later, epigenetic mineralisation is contem-
poraneous with a major Carboniferous—Permian -phase
which was responsible for many of the mineral deposits of
the British Isles and northern Europe (Dunham and
others, 1978). Similar polyphase vein deposits involving
Fe-Cu-Zn-Pb and later Ba-Ni-Co-Ag-As, separated
by Permian dolerite intrusion, occur at Kongsberg in the
Oslo Graben, Norway (Bugge, 1978; Neumann, 1944).
In age, composition and location these are the closest
comparable deposits to those of Alva and Hilderston.

FURTHER EXPLORATION

The presence of a vein containing high-value metals at
Hilderston mine is unlikely to be an isolated occurrence.
Identical environments to that at Hilderston occur
throughout the Bathgate Hills where E-W faults and
quartz-dolerite dykes cut the Petershill Formation and
other limestones within the volcanic pile. However, the
worked vein was very limited in lateral and vertical ex-
tent, so the chances of intersecting similar small deposits
with boreholes is slight. The Ni—-Co-Ag vein occurred on
a faulted dyke margin in clastic sediments above the
Petershill Limestone. Any exploration for vein deposits
should, therefore, be concentrated in areas in which
limestones are cut by dykes and faults, either in surface
crops or projected to depth. An orientation soil survey
around the known vein (Ologun, 1978) suggests that
deep-drift sampling in suitable target areas may be suc-
cessful. Mn, Ba and As show the greatest coincidence
with the vein within a wider halo of Pb, Co and Ni.
Despite the possibility of further Ag—Co-Ni bearing
veins, the greater potential for mineable economic
deposits in the area lies in the stratabound Zn-Pb
mineralisation discovered in the present investigation.
The significant thickness of stratabound Zn-Pb deposits
identified in the Petershill Formation does not appear to
continue south of North Mine for more than about
400 m. It could, however, extend (i) westwards, down-
dip beneath a rapidly-increasing thickness of overburden
or (ii) eastwards and northwards along strike, allowing for
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a possible eastward swing of strike through the Tartraven
quarries. Such extensions could still be in the coastal
lagoonal facies (Jameson, 1980) and, therefore, be
favourable to sulphide precipitation. Other limestones
within the volcanic pile may also provide a suitable en-
vironment, especially where small, laterally-restricted
lenses may result in particularly high concentrations. One
such lens is the Wairdlaw Limestone, which consists of
4 m of very pyritous, argillaceous and nodular limestone
similar to the lower part of the Petershill Limestone.
Analyses of calcite veinlets in the Petershill, Hillhouse and
Wairdlaw Limestones are not encouraging (Ologun,
1978). However, these samples are all from the exposed
upper parts of the limestones whereas BH 3B shows that
stratabound mineralisation is concentrated towards the
base. Nicol (1844, p. 92) records that the Castlecary
Limestone at Bowdenhill, which lies directly beneath a
thick dolerite sill, contains ‘a vein formed of minute un- .
connected cubical crystals of iron pyrites’. This could in- .
dicate the presence of metalliferous mineralisation in
limestones of the area at levels well above that of the
Petershill.

A programme of shallow boreholes was planned to
prove northward extensions of the Petershill Limestone
and to test for stratabound mineralisation within the
lower part of this formation throughout its known strike
length. These holes have now been drilled. A short report,
giving detailed logs and geochemical data, is being
prepared by Dr M. J. Gallagher and will be available on
application to the IGS, Murchison House, West Mains
Road, Edinburgh EH9 3LA.

ACKNOWLEDGEMENTS

The project was instigated by E. G. Poole, former District
Geologist, North Lowlands Unit. Field assistance and
sample preparation were provided by A. Grout, M. G.
Hills, F. Lochtie and S. Turley. Analyses were performed
by B. S. Chaumoo, D. Peachey, T. K. Smith and B. P.
Vickers, and additional mineralogical work was done by
B. R. H. Skilton. Access to additional material was kindly
arranged by E. N. K. Clarkson (University of Edin-
burgh) and A. Livingstone (Royal Scottish Museum,
Edinburgh). Discussions with our colleagues R. ].
Gillanders, I. H. S. Hall and C. D. Will have been
beneficial. A. J. Hall and M. J. Russell (University of
Strathclyde) were helpful in discussing results on their
own work in the area.

REFERENCES

Aitken, H. 1893. The Hilderstone silver mine, near
Linlithgow. Trans. Fed. Inst. Min. Eng., Vol. 6, pp.
193-198.

Anderson, W. 1945. On the chloride waters of Great
Britain. Geol. Mag., Vol. 82, pp. 267-273.

Atkinson, S. 1619. Discovery and historie of the gold
mynes in Scotland by Stephen Atkinson, written in the year
1619. (Edinburgh: The Bannatyne Club, publ.
1835), 119 pp.

Badham, J. P. N. 1981. Shale-hosted Pb-Zn
deposits: products of exhalation of formation waters?
Trans. Instn. Min. Metall. (Sect. B: Appl. Earth Sci.),
Vol. 90, pp. 70-76.



Boyle, R. W. 1968. The geochemistry of silver and
its deposits. Geol. Surv. Canada Bull., Vol. 160,

264 pp.

Bugge, J. A. W. 1978. Norway. In Bowie,

S. H. U., Kvalheim, A. and Haslam, H. W.
(editors). Mineral deposits of Europe. Vol. 1. Northwest
Europe. (London: Instn. Min. Metall. and the
Mineral. Soc.) pp. 199-249.

Cadell, H. M. 1925. The rocks of West Lothian.
(Edinburgh: Oliver and Boyd), 390 pp.

Carpenter, A. B., Trout, M. L. and Pickett, E. E.
1974. Preliminary report on the origin and
chemical evolution of lead and zinc rich oil field
brines in central Mississippi. Econ. Geol., Vol. 69,
pp: 1191-1206.

Carruthers, R. G. 1927. The oil-shales of the
Lothians. (3rd Edition) Mem. Geol. Surv. G.B.

Day, T. C. 1932. Chemical analyses of white trap
from Dalmeny, Granton, Weak Law and North
Berwick. Trans. Edinburgh Geol. Soc., Vol. 12, pp.
189-194.

Deeny, D. E. 1981. An Irish Carboniferous metallo-
genetic model. Trans. Instn. Min. Metall. (Sect. B:
Appl. Earth Sci.), Vol. 90, pp. 183-185.

Dunham, K. C., Beer, K. E., Ellis, R. A,
Gallagher, M. J., Nutt, M. J. C. and Webb,

B. C. 1978. United Kingdom. In. Bowie,

S. H. U., Kvalheim, A. and Haslam, H. W.
(editors). Mineral deposits of Europe. Vol. 1. Northwest
Europe. (London: Instn. Min. Metall. and the
Mineral. Soc.) pp. 263-317.

Edmunds, W. M. 1975. Geochemistry of brines in
the Coal Measures of northeast England. Trans.
Instn. Min. Metall., Vol. 84, pp. 39-52.

Falconer, J. D. 1905. The igneous geology of the
Bathgate and Linlithgow hills. Trans. R. Soc.
Edinburgh, Vol. 41, pp. 359-366.

— 1906. The igneous geology the Bathgate and
Linlithgow hills. Part II — Petrography. Trans. R.
Soc. Edinburgh, Vol. 45, pp. 133-150.

Francis, E. H. 1965. Carboniferous. /n Craig, G. Y.
(editor). The geology of Scotland. (Edinburgh: Oliver
and Boyd) pp. 311-359.

Gallagher, M. J. 1958. The petrography of the
mineralised dykes of west Scotland. Unpubl. PhD thesis,
Univ. of Durham. 403 pp.

— 1964. Rock alteration in some mineralised basic
dykes in Britain. Trans. Instn. Min. Metall., Vol. 73,
pp- 825-840.

Geikie, A. 1879. Explanation of sheet 31. Mem.

Geol. Surv. ,

Goodchild, J. G. 1897. Notes on the minerals of the
Hilderston silver mines: Trans. Edinburgh Geol. Soc.,
Vol. 7, pp. 201-202.

Goodlet, G. A. 1959. Mid-Carboniferous sedimenta-
tion in the Midland Valley of Scotland. Trans.
Edinburgh Geol. Soc., Vol. 17, pp. 217-240.

Hall, 1. H. S., Gallagher, M. J., Skilton, B. R. H.
and Johnson, C. E. 1982. Investigation of
polymetallic mineralisation in Lower Devonian
volcanics near Alva, central Scotland. Mineral Recon-
naissance Programme Rep., Inst. Geol. Sci., No. 52.

Heddle, M. F. 1901. Mineralogy of Scotland. Vol. 1.
(Edinburgh: David Douglas) pp. 25-27.

Hibbert, S. 1836. On the freshwater limestone of
Burdiehouse in the neighbourhood of Edinburgh,
belonging to the Carboniferous group of rocks. With
supplementary notes on other freshwater limestones.

26

Trans. R. Soc. Edinburgh. Vol. 13, pp. 169-282.

Hitchon, B. 1977. Geochemical links between oil
fields and ore deposits in sedimentary rocks. In
Garrard, P. (editor). Forum on oil and ore in sediments.
(London: Imperial College) 202 pp.

Howell, H. H. and Geikie, A. 1861. The geology
of the neighbourhood of Edinburgh (1st Edition)
Mem. Geol. Surv. G.B., Sheet 32.

Jameson, J. 1980. Depositional environments in the
Petershill Formation, Bathgate, West Lothian. Unpubl.
PhD thesis. Univ. of Edinburgh. 544 p. in 2 Vols.

Macdonald, R., Gottfried, D., Farrington, M. ]J.,
Brown, F. W. and Skinner, N. G. 1981. The
geochemistry of a continental tholeiite suite: late
Palaeozoic quartz-dolerite dykes of Scotland. Trans.
R. Soc. Edinburgh. Vol. 72, pp. 57-74.

— Thomas, J. E. and Rizzello, S. A. 1977.
Variations in basalt chemistry with time in the
Midland Valley province during the Carboniferous
and Permian. Scott. J. Geol. Vol. 13, pp. 11-22.

MacGregor, A. G. 1928. The classification of
Scottish Carboniferous olivine-basalts and
mugearites. Trans. Geol. Soc. Glasgow, Vol. 18, pp.
324-360.

Macgregor, M. and Anderson, E. M. 1923.
economic geology of the Central Coalfield of
Scotland. Area VI. Bathgate, Wilsontown and
Shotts. Mem. Geol. Surv. G.B.

— and Haldane, D. 1933. The economic geology of
the Central Coalfield of Scotland. Area III, Bo’ness
and Linlithgow. Mem. Geol. Surv. G.B.

— and MacGregor, A. G. 1948. British Regional
Geology: The Midland Valley of Scotland. (2nd
Edition). (Edinburgh: HMSO for Institute of
Geological Sciences.)

MacNair, P. 1918. The Hurlet sequence in the east
of Scotland and the Abden fauna as an index to the
position of the Hurlet Limestone. Proc. R. Soc. Edin-
burgh, Vol. 37, pp. 173-209.

Mitchell, G. H. and Mykura, W. 1962. The
geology of the neighbourhood of Edinburgh (3rd
Edition). Mem. Geol. Surv. G.B., Sheet 32.

Moore, D. J. 1979. The baryte deposits of central and
southern Scotland. Unpubl. PhD thesis, Univ. of
London.

Morrissey, C. J., Davis, G. R. and Steed, G. M.
1971. Mineralisation in the Lower Carboniferous
of central Ireland. Trans. Instn. Min. Metall. (Sect. B:
Appl. Earth Sci.), Vol. 80, pp. 174-185.

Mykura, W. 1965. White trap in some Ayrshire
Coals. Scott. J. Geol., Vol. 1, pp. 176-184.

Neumann, H. 1944. Silver deposits at Kongsberg.
Norges Geol. Unders., Vol. 162, 133 pp.

Nicol, J. 1844. Guide to the geology of Scotland.
(Edinburgh: Oliver and Boyd) 272 pp.

Ologun, J. A. A. 1978. Geochemical exploration
techniques in the vicinity of the Hilderston silver mine,
Midland Valley of Scotland. Unpubl. MSc thesis,
Univ. of Strathclyde.

Peach, B. N., Clough, C. T., Hinxman, L. W,
Grant Wilson, J. S., Crampton, C. B., Maufe,
H. B. and Bailey, E. B. 1910. The geology of
the neighbourhood of Edinburgh. (2nd Edition).
Mem. Geol. Surv. G.B., Sheet 32.

Robertson, T., Simpson, J. B. and Anderson,

J- G. C. 1949. The limestones of Scotland. Mem.
Geol. Surv. Spec. Rep. Miner. Resour. G.B., No. 35.

The



Russell, M. J., Solomon, M. and Walshe, J. L.
1981. The genesis of sediment-hosted, exhalative
zinc and lead deposits. Mineral Deposita, Vol. 16, pp.
113-127.

Stephenson, D. 1983. Hilderston Mine, West
Lothian: mining history and the nature of the vein
mineralisation as deduced from old records. Inst. of
Geol. Sci. Internal Report, No. NL83/4.

Walker, F. 1935. The late Palaeozoic quartz-
dolerites and tholeiites of Scotland. Mineral Mag.,
Vol. 24, pp. 131-159.

Wilson, G. V. 1921. The Pb, Zn, Cu and Ni ores of
Scotland. Mem. Geol. Surv. Spec. Rep. Miner. Resour.
G.B. No. 17.

27



APPENDIX 1

BOREHOLE LOGS

Detailed logs of the five boreholes are given in Tables I to V.
Inclinations of planar features are given as true dips in the two
vertical boreholes (1A and 1B) and as inclinations relative to the
core axes in the inclined holes (2, 3A and 3B). Sample numbers
(all prefixed by CXD) refer to analyses listed in Appendix II,
some of which are also given petrographic and mineralogical
descriptions in Appendix III. Sample numbers in brackets are
for samples which include parts of more than one lithological

unit.
APPENDIX I TABIE I DOREROLE 1A (cmm)
G.R. NS 98938 71954 vertical borehole

411 inolinations are given as true dips

Depth (m) f:c"tf-on @ Lithology Mineralisation ::p%gm)
116 .46 Boulder Clay
312 1.66 Basglt; recovered in fragments
3.26 0.14 Bagalt; dark blue-grey, fine-grained, aphyrio. Saall amount of widely-disseminated pyrite.
UL Some ante sorieles 5 m “Hemiscatal Sltered zoe ot vaser P

parting and alternating darker/paler bsnds. Scme thin
bands of flow-brecciation (e.g. 3.L6 m and 3.88 m).
Vory pale with bending dipping at 23° and disseminated

4.03 .77 carbonate below 3,90 ‘
Basalt; creamecoloursd, fine-grained, aphyric, baked

4.20 0.17 and possibly silicified. Core brokem 4.10-4.28 m
Dojerite (aill); gresnish-grey, fine-grained, equigranular, Irregular calcite/chlorite veinlets
soattered ocelll (1-2 mm) of carbomate and a few larger in top 20 cm. Thin calcite/chlorite
calcite end calcite/chlorite axygdales (up to 15 ma). coating on joints (vertical and 65°).
Beocming slightly coarser downwards below 4.40 m. Irregular Some pyrite an irregular, horizontal
pale pink patches (up to 5 mm) of mic: tite appesr fractures e.g. 5.08 m and 5.58 m and
below 5.90 m. Cosrser-grained (0.5 ms) below 6.02 m. on joint surface at 6.95 m. Calcite/ U9
Vertical joints and brokem core 6.02-7.20 m. Becoming more chlorite vein (5 m) from 7.05-7.20 m.
patchy in texture below 7.30 m with irregular, interstitial, Basal S cm has ouch disseminated
pale pink mioropegmatite patches (up to 10 me). Several prrite.
veins 21-—5 cm wide) of ucmpg-uu dipping at a high
mg.hu.vmd70°)lt836 96 @, 9.36 m, 9.66 m,

12,13 7.93 10,20 @, 10.85 = and 11

asalt; pels grey, ﬁno-a.-uud aphyric. Appears to he

b-hd with irregular pel mn/cn- veinlets and bands

13.68 1.55 of pale brecciated utcrhl dipping 259.
Bgsalt; purplish-grey, fine-grained, aphyric with Brecciatsd with pale green/cresm/white
soattered coelli (1-2 mm) of calcite. Core is mostly carbonate vein network 13.80-14.50 m.
broken. Ocelli not pressnt from 15.19-17.10 m them Zone of diffuse vein network with
become larger (up to ) ma) and more numercus as well-defined calcite/chlorite dips 38° from
amygdales. Zone of very broken rock from 21.59-22.29 m 17.20-17.54 m.  Brecciated with

way include & thin dolerite at 22.00 a. Core loss caloite/chlorite vein n-tuoﬂ: 18,35~

22. 88—23.0’{ m. 3Below 23.07 m basalt is generally fresher, 18,76 . Irregular pale green veinlets 450
blus-grey, {ine-grained, aphyric and quite massive. often dip L40° below 18 76 m. Some
Crusbly and friable from 24.70-24.85 m and very broken below. large, lenticular calcite/chlorite

25.62 11.94 patches e.g. 20.67 m and 20.75 m
Basalt; baked, very pale green, fine-grained, aphyric.

25.74 0.12 Very sharp base dips 25°.
Dolerite (intrysicn); chilled, dark to mediva grey, very

25.83 0.09 fine=grained.
Dolerite; medium grey, fine to medium~grained, Irregular calcite veinlets preseat. LS1
equigranular, few mmall, scattered cuuu ocelli (1 ma),
atill within the chilled zone but bacoming

27.84 2.01 coarser. Passes dowvn into:
Iolerite; pale grey, medium-grained, equigramilar,
nassive and free from any traces of mineralisation.

29.00 1.16 Passes dowm into:
Dolerite; pale grey, medium-grained (1 mm), regular~ Open vesicles (3 mm) with calcite in
textured, equigranular but with many pinkish-white, places,
irrvegular patches (up to 10 mm) of mic tite.
1.5 ca wide vein of doleritic pegmatite (crystala 2 mm

30.50 1.50 long) dips 30° at 30.03 m
Dolerite; coarser-grained ( >1 ma) with patches of Very saall amounts of fine-grained,
micropegmatite, becoming larger and more mumerous widely-disseminated pyrite.

downwards, resulting in a paler overall rock colour.
Generally massive, unbroken core, pale grey with pinkish
micropesmatite cocupying 50% of the rock in patches up to L2
10 me in size. Thin, irregular pink/grey veins of e
micropegmatite average 5 ma in width. Also irregulax
patohes of cream/white doleritic pegmatite with elongate
pyToxsne crystals up to 2 mm long. Larze patch of
dolerite pegmatite from 58.00-58.19 m has large, black L53
blades of pyroxsne (up to 15 ms) in a fine-grained, slightly

58.20 21.70 drusy, creamish white matrix.

Dolerite; dark purplish-grey, cosrse-grained (1.5 ma), Snall -vuncn of fine-grained,
fresher and more equigranular than above with little d pyrite Pew, Lsl
obvious, i tial mi te. Massive and th!.n (2 mm \d.d.g quartz/calcite
core vith very few, wminerslised joints dipping veinlets dip 77° from 75.56-77.00 m.

, 50° and 82°, Slightly coarser-grained below 6L.00 m.
Dnlmue Ppegmatite patch vith pyroxens blades (15 m long) 453
in fine d cream 8 68.00=68,27 m. Near~
horizontal, 5-15 om wide veins of banded micropegmatite at 455
75.33 m, 76.85 m, 78.68 m and 850.60 m, Contimuing as very
coarse-grained (1-1.5 mm) dolerite with a regular equi~
grapular texture. No sign of an approsching bass to the

80.71 22,51 intrusion.

80.71 End of Borehole
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APPENDIX I

TABLE II

G.R. NS 38946 71986

All inclinations are given as

Depth (m)
0.6l

20.50

28.28

33.98

45.85

51.55

Inter-
saction (m)

0.6k

0.46

7.78

5.70

3.L2

7.25

BOREHOLE 1B (CAIRNPAPPLE)
vertical borehols

true dips

Lithology

Bowlder Clay; with dolerite clasts
Dolerite; recovered as limonite-stained fragments.

Dolerite; bluish-grey, medium-grained (1 mm feldspars),
equigramiiar texture, fresh, massive; white or glassy
plagioclass laths in a fin &rey

black, mafic patches are oftem ophitic; i

interstitial pinkish patches (up to 2 cm) and aiffuse
veins (5 mm) of micropegmatits. Open, limomite-stained
joints and fractures to 2.82 m. Broken core 2.§2-

3,40 z. Coarser-grained (1 m mafics) below 3.40 m with
larger, more f P te

to 5 ma and sometimes 10 mm wide. Fewv joints dip at
329, 489 and 66°. Below 6.50 m irregular patches

and sub-vertical veins of micropegmatite are more
frequent to 12,00 m. Below 12.00 m dolerits ia darker
with less micropegmatite. Core broken along many
80-90° dipping joints from 12.90-14.50 m. More pink
patches below 18.50 m, increasing downwards with
irregular 2 cm, sub-vertical veins to a sharp cut-off
with calecite/chlorite veins at 20.50 m.

Dolerite; coarse-grained; pegmatitic in parts with
Targe, acicular crystals (up to 5 mm) and stellar
aggregates of dark green pyroxsne; also large,
irregular, sub-vertical, pink patches of micropegmatite
to 21.22 m. Dolerite below is more greenish, less
pink, with an almost mottled appearance due to white
patches of feldspar up to S ma wide; coarse-grained
(1-2 mm). Pegmatitic with 5 mm long acicular
pyroxene from 23.90-2L.2L m. Continuing below as very
coarse, mottled dolerite with 3-5 mm white patches.
Becoming pale green below 26,25 m with a little
disseminated carbonate. Very sharp, faulted base
dipe 60° from 28.28-28.39 m

"whi " (fault 2 very pale grey to white,
coarse~grained (1-2 mm feldspars), altered dolerite
consisting of white plagioclase, pale grey mafics and
pink mi te P and degree of
alteration are very constant; some carbonate, possibly
replacing mafice and much white keolin. Angular
"fragment" of pale green dolerite with a sharp margin
and rim of calcite from 30.78-30.94 m. Low demsity
and very friable with much white clay (7kaolinite) and
yellow iron-staining from 33.39-33.98 m.

"White Whin"; visible dolerite texture as above.
Passing down intos

Dolerite; . pale green, coarse-grained (1-2 mm), equi-
granular, fresh, black, shiny pyroxens. Passing down
intos

"White whin"; doleritic texture as above, pink patches
pmment. Ends at a sharp junotion with a 1 cm wide
calcite vein dipping L4O°.

Dolerite; blue-grey, altered, passing down into
cream-coloured dolerite and "white whin" around
46,80 m. Brecciated from 47.25-48.L5 m ending in a
joint dipping 60°., Continuing as "white whin" with
pinkish patches to a sharp, brecciated base dipping
65-75° from 51.35-51.55 m.

of ¢

. 29

Mineralisation

Very small, very widely~-scattered
specks of pyrite visible throughout.
Very thin layer of chlorite on some
Joints. Irregular, sub=vertical
calcite/chlorite veins (up to 2 cm
wide) with some =small, prismatic
crystals (1 mn) of smokey quartz

in cavities from 10.00-11.20 m and
11.73-11.96 m. Calcite-lined joints
dip 80-90° from 12.90-14.50 m.
Diffuee, horizontal, red~brown,
oxidised, pyrite-rich bands from
14.30-15.36 m. Thereafter,
chlorite-lined joints throughout
with occasional very amall amount of
calcite. Sharp cut-off of micro-
pegmatite veins at a calcite/
chlorite vein at 20.50 m

Irregular, sub-vertical calcite/
chlorite veins and patches at 23.55 m

and 24.25-244.70 m. Many irregular
calcite/chlorite veins below 25.15 o
with more regular veins (5-10 mm wide)
dipping at 279, 450 and 70°.  Veins
contain small vugs with possible
quartz below 26,90 m

Cut by thin, irregular calcite veinlets.
Veins are larger with many open vugs (up
to S cm wide) from 28.96-30.53 m. Vugs
contain rhombic and dog-tooth crystals
of calcite and occasional small specks
of pyrite. Some sub-vertical, closed
veins of calcite. Dark staining may
be hydrocarbons. Small, clear,
prismatic crystals in stellate clusters
in vugs (e.g8. 29.59 m) are probably
zeolites. Small calcite veins and vugs
from 31,00-31.80 m. Larger veins and
vugs from 31.80-33.39 m. Large, pyrite=
rich vug with a greenish tint from
32.92-33.05 m.  Irregular vein mth
calcite and pyrite in small vugs

sharp contact with footwall aippl.ng 83"

Few thin, irregular calcite veins.
Di inated pyrite in %ep
30 cm. Some small vugs lined with
black hydrocarbon.

Calcite/chlorite veins (S mm) with a
1ittle pyrite dip 56° and 66°.

Little di pyrite

Few, irregular calcite veina, many of
which are sub-vertical. Some have

amall pyrite nodules (e.g. 4O0.71 m).
White 7kaolinite vein dipas 60° at 41.32 m.
Irregular, sub-vertical vein (2 cm) with
calcite, cream coloured clay, hydrocarbon
and small pyrite patches from L1.70~
41.98 @,  Thin, irregular, sub-vertical
calcite/hydrocarbon veins continue to
L42.90 m. Irregular open vug with much
pyrite from LL.50-4k.55 m. 2 cm vein,
mostly of cream—coloured ?clay mineral +
hydrocarbon and few vugs, dips L0° at
LS.40 m.  Sub-vertical, 1-2 cm vein of
pure calcite from 45.56-45.85 m.

Irregular calcite patches and veinlets
with some pyrite. Pyrite on joints
dipping LO® at 47.25 m. Pyrite in
interstices of breccia zone and in

thin veinlets from 47.25-48.45 m. Joint
at base of breccia is coated with hydro-
carbons and pyrite. Below this are thin

Sample
No. (CXD)

425
426

L7
L28

L2y
L30

L3t
L32
L33

w3l

L35

436
L38

L39
LLo
Lt

calcite veins with pyrite and hydrocarbons.

Irregular, white veinlets of clay mineral
oceur below L3.95 m together with cream
and white clay mineral/calcite veins vith
pyrite. Very pyrite-rich vug (5 mm wide)
at 50.68 m. Brecciated base is heavily-
veined by calcite with pyrite.



APPENDIX T

Depth (a)

59.00

82.26
82.26

TABLE II (contimmed)

Inter-
secticn (m)

7.45

23.26

Lithology

Dolerite; pale grey, medium~grained (1 mm), equi-
graoular, nassive; some free quarts visible; small
interstitial pink patches. Larger (5 mm) patches
of pinkish micropegmatite below 56.00 m with a 2 cm
wide horizontal vein at 58.55 m.

Dolerite; grey, wottled, coarse-grained (1-2 m),
slightly pinkish micropegmatite patches up to
5 x 10 ma in size. Slightly brecciated with
large, interstitial of pinkish micropegmatite
from 67.75~67.85 m. Irregular texture dus to dark
patches of chloritic alteration from 6B8.95-69.L0 m.
Dolerite is pale gresnish below 69.40 m and below
70.00 = it has a coarse, pale, mottled appearsnce dus
to conspicuous white to pale pink patches of micro-
pegmatite. Particularly pale, patchy and coarsely-
mottled from 73.70~7L4.70 m. Finer-grained,
and mottled below 74.85 m to around 76.18 m.

tic with long crystals of py in
a pink groundmass from 76.67-77.10 m. Dolerite is
darker grey-green, mottled and coarse-grained (1-2 mm)
with vhite, interstitial patches below 77.10 m,
continuing with a very uniform texture to base of
borehole.

BEnd of Borehole

30

Sample
Minsralisation No. (CXD)

Few very thin calcite veinlets;

sparse disseminated pyrite. Long,

thin vertical veins of thick, sticky,

black hydrooarbon with a little calcite

from 53.74=54.62 m. Less hydrocarbon- L2
rich, vertical caloite vein from Sk.9u=- Lh3
55,80 m. Caloite veins (5 mm wide)

dip 520, 72° and 82° from 56.00-56,35 a.
Sub~vertical calcite/chlorite vein

(5 ma) from 58.55-58.99 m.

Little &l pyrite

Calcite veins (5-10 ma), vertical and
56° from 59.71~60.10 m.  Zoned pod

(10 x 4 cm) from 60.94~61.04 m
consisting of, from the ocutside;
calcite/chlorite - calcite - thick,
sticky, black hydrotarbon ~ crystals

of smokey quartz - central void.

2 ca vein of caloite with hydroocarbons
dips 70° from 61,30-61.42 m. Vertical
S mm calcite vein from 63.18-63.38 m.
S-10 mm calcite/chlorite vein dips 78°
from 63.89=64.16 m. Calcite veins (5 mm)
from 65.40~65.81 m. Thin caloite veine
lets (<5 mm) with pink acid pesmatite
patches from 66.50-67.85 m. Irregular,
thin (5 me) calcite vein dips 80° from
68.15=68.50 . Irregular, sub-vertical
and 75° caloite/chlorite veins from
69.56=71.00 m, Below 71,00 @ are many
thin calcite veinlets with occasional
thicker veins (5 m) dippifig 75° from
72.27-72.90 m.  Calcite/chlorite veins
(5 om) dip 50° at 73.73 m and 68° at
7445 m.  3-5 ma vide calcite/chlorite
veins with pyrite dip 75° in opposing
directions from 75.10-75.54L m and
75.60-~76.01 m.  Thin, sub-vertical
calcite/chlorite veinlets peraist to
77.80 m. Occasional chlorite/calcite
veins (5 m) dip 45° at 78.22 m,

78.85 m, 79.20-79.32 m, 79.90 m,

80.10 m, 80.46 m, 81.00 m.

EEE



APPENDIX I TABLE IIX BOREEOLE 2 (SILVER MINE)
G.R. N3 99063 T15L0 Azimuth: 015°

All inclinations are measured parallel to the core length

Inolinations Li°

Inclined Inter-
Depth (a) section (m) Li thology Mineralisation ;:pj(.;m)
2.91 2.91 Peat
7.2 L.28 Bouldex Clgy
Silty Mudstons/Siltetons; dark grey, sassive, poorly-bedded,
non=calcarecus, small flakes of muscovite viaible. Some
plant debris. Banding (32°) at 7.95 m. Thin band of 300
wudstone pellets 10.00 @-10.50 m. Becoming finer-grained
12,00 L.71 below 10,50 m. Passing down into:
13.11 . 1.11 Mudstope; dark grey, lipey surfaces in basal 50 cm
Tuf{f; pale buff-grey, medium-grained (1 mm), poorly-sorted,
poorly-bedded, some larger, creamm-coloured clasts up to 8 ca 301
in size. Friable and flakey in most parts and intensely
14,35 1.2 aheared in basal 30 om. Probably a fsulted base.
Sapdstope; off-white, medium-grained (0.3 ma), Several pale pink veins (up to 5 mm vide)
sub=rounded, wellesorted some carbonate cement, inclined at 60° are mainly calcite,
irregular dark mudstone clasts (up to 10 ma) quite common, possibly with baryte. Mudstone clasts 302
naseive with sinuous laminations in top 15 ca inclined at are slightly to heavily pyritised below
37°. Faulted base inolined at 20°. 15,30 . Much disseminated pyrite
16.77 2.42 from 15.30-16.06 m.
Sepdstoge/Siltatone interlsplngted; fine, ’-”-"8“1“-
sinuous interlaminations of off-white sandstone and
black siltstone with carbonacecus-micacecus lamellae,
17.20 0.43 inclined at 25°. Passes down intos
Sandstone; off-white, fine-grained (0.1 m), 3 m wide calcite vein inclined 55° at
sub-rounded, well-sorted grains, micaceous, massive but 17.30 m. Small pyrite specks and a
intensely bioturbated in top 20 cm. Coaly clasts (up single black, metallic speck (possidly
to 2 ma diameter) in places. Core is very broken from tarnished chalcopyrite). Cream- 303
18.00 m to base. coloured 1 ms wide carbonate vein with .
pyrite and black specks inclined 30° at
17.60 m. Caloite and pyrite on joints
18.75 1.55 at 17.90 m.
Tuff; buff-grey, sediva-grained (1 m), poorly-sorted, 08
poorly-bedded, non-calcarecus, mainly friasbly. Sandy
and well-sorted towards base thh small (0.1 mm)
19.69 0.94 "oolitic™ clasts. Base nay be fmalted.
Sty Mudstons; btuff-grey, visible mica, poorly-bedded,
soft, sospy feel, small irregular lipey surfaces.
21.50 1.81 Breociated and sheared.
M mediva to daxk grey, fine-grained, poorly-
blocky :loiat.‘..os lipey surfaces. 305
23.95 2.45 M.nd and sheared below 22.10 n
Mador feult zones cansisting of carbonate-rich Starts with a sharply-defined 3 cm wide
vein material with only small patches of brecciated band, pe: cular to the core, very
wall-rock - mudstone/siltstone at top vith a band of rich (30%) in disseminated pyrite.
brecciated, pale buff-col d clay band i Ironstene is heavily impregnated with
Below 24.60 m most of the breccia clasts are of pale white calcite veins up to 2 cm wide con-
btuff-grey limestcns. Sharp margin at base taining coarsely crystalline %1 cs)
rhombic calcite. Open vugs (up to 1 ca 306
wide) contain rhombic caloite
and black hydrocarbons, often with amch 307
pyTite and a little chalcopyrite 308
e.g. 233 m, 24.60 m, 2L.73 3. A
particularly contimuous mase of calcite
from 24.88 0-25.32 o has many large, open
One such vug at 25.13 m is 2.5 ca
vido and contains blobs and apparent
faceted crystals of hard, black, shiney
hydrocarbon (up to 8 mm dimmeter) together
25,55 1.60 with fine-grained specks of pyrite.
Limestone (Petershill Limestons); pale buff-grey, Some thin calcite veinlets and small
becoming medium grey, crystalline, massive. Saall patches of brown, crystalline dolomits. (308)
fault inslined L5° from 26.00 m=26.25 m contains Small fault at 26.00 m contains thin 109

39.40

u5.37

13.85

5.97

brecciated limestone. Joints inolined at 320 show
limited pressure solution. Two possible bedding
planes inclined at 22° are separated by sheared
limestons from 27.37 m=-27.67 m. Lithostrotion colony
28.04-28.32 m and 29.80-30.00 m. Caninia at

28,70 m« Small fault with breccistion and shearing
inclined 37° from 28.72-28.84 m. Joint inclined

2% at 28.50 m. General shearing inclined 3L4°.
Rubbly with broken shell ts from 30.20-30.50 @
Particularly thick (5 mm) calcite lenses from
30.75~30.65 m nay be shell cross-sections. Banded
from 31,00-31.90 m with light and dark bands inclined
at 300 (bedding). Many shell fragments and darker
horizons contain large, solitary corals. Bedding
shears are common along thin, shaley partings inclined
34=38°, partioularly from 32.50-32. 65 @. Large rugose
coral 32.67-32.87 m and many smsll Lithostrotion corals.
Sheared dark band with corsl debris inclined 30° from
33.03-33.60 m.  Stylolites sub-parallel to core from
34.25-34.40 m.  Joints inclined 23° at 34.50 m.
Bedding shear inclined 34° at 35.00 m snd inclined 31°
from 35.70-36.05 m and 36.45-36.55 m. Shesred and
‘broken with shell and coral fragments from 37.40-38.90 m.

Lipestons; dark grey, streaks of lighter (?nodular)
nurhl. slightly sheared with dark partings inclined
30°, Many coral and shell fragments. Below 43.50 m
the unit is particularly dark, banded (inclined 28°) and
packed vith shell debris. Basal 15 cm is very shelly
and slightly sandy above a sharp base to the unit

31

calcite veins. Occasional thin (<1 mm)
calcite veinlets below 26.25 m. 2-10 ma
wide calcite vein from 29.00-29.13 m.
Breccia impregnated with calcite, inclined
520 fram 29.27-29.37 m. Calcite/?dolomite
veinlets inclined 15° from 29.60-29.80 n
and inclined 5P at 29.95 m. Calcite
patches 30.20-30.50 m. Thin (2-5 mm)
calcite veins inclined L8° at 33.75 m,
inclined 31° at 36.00 m and 37.30 m.

Very small specks of sparsgly-distributed
pyrite are present throughout this unit
with slightly more-concentrated 5 ma
patches in dark horizons at 39.60 m and
40.03 m. Larger (10 m) nodules.of
pyrite ccour in dark bands inclined

at 40.90 m, 41.60 m, L2.40 m, L3.20 m,
43.47 m, 43.70 m, 43.90 @ and LL.0O m.
Smaller (2-5 mm) pyrite nodules are
comnon in fine-grained, shelly bands
#.g. LleSS @, LLaT77 3 and LL.9T 3. A
sandy/shelley band in the basal 15 cm
is particularly pyrite-rich.

310
311
32
313
b
3ns
316

N7
318
319
320



APPENDIX I TABLE III (comtinued)
Inclined Inter- Sample
Depth (m)  section (m) Lithology Higeralisstion No. (CXD)
Mudstons; banded medium grey and pale grey, fine-grained, Mirute specks of pyrite present 321
46.15 0.78 non-calcarecus. Banding inclined 28°.  Sharp base. throughout.
Sandy tuff; pale grey, finsegrained (<1 mm) with soae Mach pyrite (about 30%) in top
elongate, larger clasts up to 5 mm in size. Gensrally 1 cm, thereafter as small, 322
L7485 1.30 friable with much shearing and brecciation. disseminated specks.
Tuff; cresa and pale grey, mediume-grained (1 ms). Spall amounts of widely- 323
Generally soft and friable with streaking and shearing. 4 d te
L8.82 1.37 Becoaing very pale gresnish below L8.50 m Pyrits also present on joints.
Tuff; pale green and creasm, streaked and mottled with Many i , white calcite 324
2 mm mossy uniform nonw-cal veinlets (1-5 - wide) from
generally massive and unbedded. Harder than overlying 50.10-52,70 m, Some have thin L2t
tuffs, saybe dus to silicification. Scattered brick-red pyrite~besring layers on vein u22
mineral. Soms bands consist of 1 mm dark green clasts marging.
in a pale green/cresm groundmass. Brecciated with an

Slightly
equigrsmular texture below 53.20 m. Banding of colour
and texture, inolined 25° below 53.50 m. Broken core
with brown ataining 53.90-54.20 m. Tuff is mottled delow
with dark green clasts in a pale green groundmass.
55.02 6.20 Red-purple staining 55.01-55.02 m.

55.02 EXD OF BOEEHOLE
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APPENDIX I TABLE IV BOREBOLE 3A (AITKEN BOG PLANTATION)
G.R. NS 99LLB 72225 Azimuth: 200° Inclination: 50°
A1l inclinations are measured parallel to the core length

Inclined Inter
Depth (m) section (m) Li thology Mineralisation
3.00 3.00 Poat
Boulder Clay; boulders of amygdaloidal basalt in pale green
3.89 0.89 matrix.
Calcareous Sandstone; off-white, fine-grained (0.2 mm); well~
sorted, sub~-rounded, glassy quartz grains in white calcareous
5.20 1.31 cement; mnassive, hard. Few jointe inclined 30°.
Calcareous Sandstone (hmggﬂg%)l Tock~type as above;
rounded, ellipsoidal fragments {1 cm) separated by thin
( 1 mm) streaks of dark, crushed material; much broken core,
Brecciation is slightly more intense with more dark, crushed
planes and cuspate pressure-solution lines from 6.15-6.39 m.
Wider, more irregular bsnds of brecciation with more angular
1 cm frageents to 6.76 m then less brecciated white sandstone
with thin, dark, sirmuous pressurs-solution lines, possibly
7.20 2.00 parallel to bedding planes inclined at 37°.
Broken core; fragments of calcareous sandstone and
8.30 1.10 fine-grained dolerite
Dolervite; dark grey, fine-grained, equigramlar texture; Caloite vein (L mm) inclined 19° from
many small ocelli ( 'y ; of caleite and elongate month. 9.10-9.23 m contains specks (0.5 mn)
of caloarecus sandstone, arranged in bands inclined at 25°. of irridescent, blus/green metallic
slight limonite staining on joints inclined 30°, 36° and L8°. mineral (?tarnished chalcopyrite).
Dolerite becomes altered and greenish at 9,32 m with 1
ocelli and thin veinlets of calcite weakly-aligned at 50°.
9.89 1.59 Broken core 9.84-9.89 m.
dark grey, fine-grained, crystalline, sandy in Few thin (< 1 mn) calcite veinlets
places, massive with vague banding inclined at 35°.,  Dark, inclined at 10° and 20°, i
cuspate shell fragments in places. Few joints inclined at veins (2-3 mm) inclined 20° from
260 and 47°.  Sharp base inclined at 35° from 11.82-11.86 m. 10,50-10.65 m are mostly fluorite
(1 mn cubes, pale purple to yellowish)
growing into a narrow, opem cavity
with limonitic surface staining.
Small (1-3 mu) irregular patches of
pyrite in places e.g. 10.90-11.05 m
and 11,33 m, possibly concentrated
in bands containing shell fragmenta.
A rounded area (30 x 10 mm), posaibly
a mineralised coral, at 11.40 m has
a rim of dark pink mineral.
similar mineral occurs on a joint
11.82 1.93 surface at 11.65 m.
Baked T ; cream/white, Telatively textureless, Thin (5 mm) mineral vein along contact
calcarecus. romms a sharply-defined band in contact with dolerite consists of banded dark
with chilled dolerite frem 11.87-11.91 m. and light glassy material with
thin (1 mm) bands of pale carbonate
and nodules of pyrite up to 5 mm wide.
Includes a band of swall (1 mm) voids
11.87 0.05 lined with limonite.
lerite chill; very pale green, very fine-grained, Thin (< 1 mn) limonite-stained
altered. Soft, broken core from 11.92-12.10 m. veinleta, Calcite vein (2 cm)
inclined 35° with offshoots from
12,30 0.43 12.15-12.25 m.

Dolerite; green, medium~grained, e amular texture; Calcite vein (1 cm) inclined 16° from
ragged white plagioclase laths (0.5 mm) in green matrix; 12.60=12.75 m. Banded pink and white
soattered 1 cm ocelli of calcite; mnassive with calcite/baryte vein inclined 41° from
occasional joints inclined 20° and 60°. Sharp change 13.75=13.85 m.

12.85 0.55 to "white whin" below.
"White Whin"; pale cream-white altered dolerite; Scattered, very mmall specks of pyrite.
texture still visible with white feldspar laths and "White whin" ends at a network of 1 ca
black mafics. Fnds at mineralised zane. banded calcite/baryte veins from
14.20=-14.42 m. Lowest vein, inclined
14.20 1.35 at 35° contains a little pyrite.
Dolerites pale green, medium-grained, equigranular Diffuse 1 cm vein of calcite inclined
14.80 0.60 texture. LS° at base.
Dolerite; dark green, medium-grained (0.5 m), fre Calcite veins: 5 mm wide, inclined 8°,
equigramular texture; joints inclined at 30°, 52°, 61°. 589, 70° from 15,20=15.40 m;
Becoming paler green and slightly coarser-grained down=- wide, banded, inclined }41° at 15.80 m;
wards. Sharp junctiom at 20.37 m. 10 me wide, banded, inclined 33° at
16.20 m; 35 mm wide, banded with
some 2 mm pyrite nodules, inclined
30° from 17.50~17.72 m; 10 mm wide,
inclined 20° from 18.70-18.90 m;
10~15 mm wide, banded with red-brown
siderite, inclined 32° from 19.40-
19,50 m. Below 19.00 m are many
irregular calcite veinlets and some
irregular calcite patches (up to 3 cm)
to 19.77 m. Pale yellowegreen
patches (? epidote) at 19.77 m and
20.37 5.57 20.37m
Dolgrite; sreenish, very fine-grained, mottled with an Many, irregular, cream and white
almost devitrified appearance. Slickensides cn low carbonate veins up to 3} mm wide.
angled, chlorite~lined joints. In sharp contact with: Many have bands of pale pink b. .
Calcite veins: 20 mm wide, inclination
° from 21.;0—21.90 m; 20 mm wide
inclined L7° at 22.53 m3
inclined 389 at 22.90 m;
inelined 35° at 23.50 m;
‘banded, inclined L6° at 24.05 ms
. 10~20 mm wide, sinuous, banded with
24,35 3.98 some baryte from.2l.35-2L.99 m.

Sample
No. (CXD)

325

326

328

418
u19
420

329

330

(330)

n
332

(332)

335

336
337



APPENDIX I TABLE IV (contimied)

Inclined Inter- Sample
Depth (=) section (m) Lithology Mineralisation No. (€XD)
2L.75 0.Lo Dolerjte chill; gzreen, Vvery fine-grained, passing intos 338
Dolerite; green, nedium~grained, equigramular texturs, some Thin calcite veinlets and banded
1 om ocelli of calcite and thin (1 ma) calcite veinlets. (1-10 m) calcite/chlorite veins
Passing into very dark green dolerite, possibly with much and veinleta parallel to joints at
secondary chlorite. Joints inclined at 32° and 38° often 0%, 329 and 38°, Thicker (1030 mm)
with banded calcite/chlorite veins. Below 30.00 m dolerite calcite/chlorite veins at 28.50 m,
i3 coarser-grained (1 mm), more equigramular in texture 31.10 m and 33.10 m. Calcite/
with no calcite ocelli. Thereafter contimuing as massive, chlorite veins at 32.20 m and 33.10 m
dark green, coarse-grained (1-2 mm), equigranular dolerite. contain few pyrite nodules (up to 339
Massive and gemerally fresh with joints fnclined at 26°, 34°, 5 zm) concentrated in dark dands. 340
400 and 43°. ® with 2-8 mm calcite Continuing with zany nuo&tn/ehlongo 341
ocelli below 59.00 m; ocelli more mumerous balow 62.00 m; veins, gemerally inclined around 30 . 3L2-
paler with fewer ocelli below 62,4C m. Marked increase Crystals are often fibrous, with 343
in amount of interstitial calcite at 62.77 m and there- fibres perpemdicular to walls of vein 34l
after grades imperceptively, through very pale dolerite, suggesting that the veins are temsional 35
into off-white sandstons. Visible quartz grains appear cooling joints filled by late mineral- 3ué
at 63.10 @ and calcite ceases to be present at 63.35 m. iging fluids. Other tensional features 3u7
include amall tension gashes and many w8
closed joints which offset mineral 3u9
veins. Calcite/chlorite veins at 350
33.80 m, 34.25 m, 34.4O0 m, 35.05 m, 351
35.75 m, 35.95 =, 37.15 =, 38.95 =, 352
40.15 m, 40.75 m, 41.50~141.91 m, 353
42,20 w, 42.55 m, 42.75 3, L43.25 m, 354
43.85 @, UL.60 m, LL.75 m, L5.90 m, 355
46.85 m, 47.35 m and 47.70 m. 356
Chlorite is lesa abundant below LS5 m.
Below 47.70 core is broken above a
series of thick caloite veins (up to
5 cm wide), inclined 20° from L3.00-
L43.50 m. Limonite-stained voids in
centre of veins have well-formed crystals
(3 mm) of nail-heed caloite. Small vein
from 48.70-48.85 m oontains cavities with
small (1 mm), elongate, priematic, twinmed,
clear crystals of zeolite. - Calcite/
chlorite (5-10 mm) at 49.30 a, 49.90 m,
50,90 m, 5L.55 m, 5L4.90-55.50 m, 57.33 m
63.35 38.60 and 62,40-62.60 m.
Sapdstone; off-white to pale grey, possibly "bleached”, Carbonate vein (10 cm), brecciated, white
medium~grained (0.3 mm), sub-rounded, moderately and cream coloured carbonates, latter shows
well-sorted grains, silica cement, very little carbonate, less reaction with acid and may be dolomite,
vague bedding planes inclined 50°. Daxk bands, inclined inclined 469 from 63.52-63.67 m. Irregular
at 59° below 65.25 m, becoming moTe pwonounced, inclined vugs contain small (<1 mm), clear, prismatic
at 54O from 65.55-66.55 m. Hock becomes more masaive crystals of zeolites. Some limonite staining
~with a slight increase in the amount of carbonste cement on Two 1 ing veins of car-
below 66.25 m. Bands of coarser ssndstone (0.5 mm bonate, mainly cresm ?dolomite, scme Thombic
“fgrain size) with little calcite cement ocour below crystals with ourved faces, with some white
67.05 m.  Sharp base to wnit. calcite, inclined at 23° and 34° from 357
63.80~64.10 m.  Vug at intersection of 358
veins contains very clear, glassy crystals 359
(24 m) of nail-head calcite and spacks of 360
pyrite. Thin, irregular dolomite/calcite
veins with pyrite from 64.53-6L4.66 @ and
64.90-65.05 m.  Dark bands 59°
below 65,25 m contain pyrite specks and some
thin (1 mm) veins of creap~coloured carbon-
ate. Thin (1 m) veins parallel to the
banding around 65.50 m contain carbonate and
liponite. Vein (8 mm) of cresm-coloured
carbonate with pyrite inclined 20° at
65.94 m. Little veining or mineralisation
below 66,25 m apart from ococasional very
sxall disseminated speoks of pyrite and a
stratabound 2 m vein of calcite + 30%
67.82 Loh? pyrite inclined 55° at 66.95 m.
Tuff; very pale grey, very fine-srained ( 0.1 mm), no Vein (5 ma) of pale pink baryts and some
carbonate, soft with a soapy texture, recovered in caleits, inclination 0°, from 68,08~
pieces, cream-coloured below 68.10 m. Bedding 68.27 a 361
68,14 0.62 inclined 5L°,  Joints inolined 3.° and 50.  Sharp base.
pale green, medium-grained (0.1-0.5 mm); bands Vein (0.5 mm) of pale pink baryte/calcite
of cream~colour with small, mossy green patches; inclined LE° at 68.65 m. Several thin
occasiopal bands are slightly coarser-grained with a veinlets {1 mm) of calcite/baryte to
carbonate cement, GCemerally coarser-grained below 70.45 = with a single small speck of pyrite
69.00 m with vague, rounded clasts of similar tuff, observed at 70.00 m. Thin pyrite-rich
usually 2-5 ma in size but occasionally 20 mm. bands parallel to the bedding oocur at
Contimuing as mottled cresm/green twuff with a “mossy” 70.20 m and a diffuse thicker band (5 mm)
texture. Well-banded below 70,15 m with bands 5-35 mm at 70.35 m contains 1-2 ms pyrite nodules, 362
wids, inclined at 56°, of pale greem, reddish-purple and A pale band at 70.75 m contains specks of u17
cream colour. Lower parts are gensrally pale colcured pyTite in larger clasts and a diffuse band
greenish and "mossy", medi d tut with 1 J with disseminated pyrite ocours at 70.80 m.
bands containing clasts up to 5 me in size. Carbonate vein (2 cm) inclined 32° contains
pale pink, rhombic dolomite, some calcite
71.38 2.94 and pyrite grains up to 2 mm in siza.
71.38 End of Borshole
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APPENDIX I TABLE V BOREHDLE 3B (AITKEN BOG PLANTATION)

G.R. NS 99312 72219 Aziguth: 1900 Inclinatiom: 66°

A1l inclinations are measured parallel to the core length.

Inclined Inter- : Sample
Depth {(m) section (m) Lithology Mineralisatica No. (CXD)
2.40 2.40 Boujder Clay; with dolerite boulders at base.
3.86 1.6 Dolerite; weathered, brown, sandy and friable.
Dolerjte; grey-green, (1 zm), y Calcite veins {1 cm), with open
freah; broken core at top and curved exfoliation cavities and very few, very small
fractures from h.ZO-J‘ 80 m. Joints inclined at 30° and specks of chalcopyrite, inclined
60°. below 10.00 m. Joints at 48° from 4.80-5.00 » and arownd 6.00 m.
89, 30° and 60" Scattered ocelli (1 mm) of calcite Scme thin (up to 1 cm) calcite veins,
below 14,50 m« Much finer-grained, chilled, pale green generally inclined at 60° from 10.00~
and slightly mottled below 14.90 m. Mach interstitial 10,84 m. Some interstitial calcite. 363
carbonate below 15.40 m. Very pals greem, mottled and Numercus salcite veins (5-10 mm) with 364
very fine-grained below 16,02 m; becoming soft and wvery occasional, very small of 365
cream-coloured with partings inclined at 73°. Brecciated, pyrite, inclined 18°, 359, and
chilled dolerite in basal 16 ca with a aharp, faulted 65° between 11.24=16.56 m. Network
contact inclined at 36°. of thick caloite veins up to 2.5 cm
wide from 15.00-15.40 m.  Brecciated
nargin is impregnated with calcite
16.54 12.68 from 16.38-16,54 n.
Basalt (baked); fine-grained, uniform Calcite in small tension gashes 366
16.98 0.k texture; small, ﬂu.n 1 -) caloite-filled gashes.
medium-grey to purplish, mediume-grained;
0. ma pooriy-sorted, angular clasts with occasional
larger clasts up to 10 mm. Crude bedding inclined at 50°, 367
18.10 1.12 Sharp base inolined at 69°.
Sandatope; off-white, medium-grained (0.3 mm), well- Vein (1 cm) of caloite and pink baryte
sorted, sub-rounded, silica cememt, massive. Micaceous inclined at 20° from 18.10=-18,25 m. 368
silty bands (1 ca) with lodecasts, inclined st 75° in Thin, irregular calcite veinlets and a 369
19.70 1.50 top 50 cm. Joints at 0° and 24,°. Passing down intos little pink baryte. (370)
Mudstones 1 brecoia of and
mdstone clutl (up to 2 cm) in a dark grey mdstone (370)
matrix, Becoming mostly mudstone with lipey surfaces n
20.37 0.67 below 20.00 m
Calcareous Sapdstone; pale grey, medium-grained, Network of veins (up to 2 cm) of white
carbonate cement. Brecciated from 20,37-20.65 m with calcite and pink baryte with a little
large (up to 5 cm), angular clasts in a mineralised galena from 20.37-20.65 m. Hard, dark.
matrix. Dark grey, banded limestone with ahell fragments, less calcarecus band inclined L6° from
inclined 63° from 20.65-20.80 m. Passes down into 21.44=21.74 m contains much pyrites 372
massive calocareous sandstone with harder, more siliceous disseminated; as 5 mm nodules elon-~ - 313
bands and softer bsnds of pale grey, impure limestone. gated parallel to the bedding; and as 374
disseminated grains replacing up to 30%
of sandstons clasts. Pyrite-bearing
band is out by thin (1 m) calcite
21,74 1.37 veinlets.
8 te: dark grey, tin.—g.uuud. Many thin, irregular veins (2-5 m) of
crystalline; often nodular with well-rounded nodules calcite with occasional pink baryte to
{1=2 cm) of paler limestone in a dark grey matrix. 24.29 m. Thick veins (1-5 cm) of
Slight pressure~soluticn around edges of nodules and caloite, low inclination from 23.93-
sub-parsllel to bedding. Bands of ahell debris are 2L.29 m. Little pyrite on lipey
common; large solitary coral at 22,28 m. Dark, surfaces in caloarecus mudstcnas. 375
calcareous mudstons band with lipey surfaces and large 2 cm wide band of 3 om pyrite nodules 376
{1 em) cal dules from 2l.29=2L.LS5 m. at 25,16 m. Network of ] mm wide 31
Limestone continues to be nodnhr with many shell fragments, calcite/baryte veins from 25.16=-25.40 m. 378
often in a lipey, dark, carecus mudstone matrix. Some very fine-grained disseminated 379
Solitary corals at 26.61 m, 26.88 m, 26,94 m, 27.08 m, pyrite and oocasional caloite veinlets 380
29,08 m, 31.L4=31.79 m. Dark band with tension gashes (1 m). Calcite veins; (3 ma) inolined 381
from 30.22¢30.49 m. Lithostrotion colony 33.L45-33.60 m. 29° frem 26.38-26.52 mj (5 mm) inclined 382
Pyritised solitary corals 34.77-34.90 m and 35.08 =, 310 at 26,67 m. Calcite veinlets
26.67=26.87 m3 calcite in temsion gashes
28,11-28.25 m.  Calcite vein (2-5 mm)
inolined 20° from 30.00-30.22 m. Calcite
vein (2-4 ca), irregular but
parallel to core, with scattered 2 mm
specks of galena throughout from 32.10-
32.58 m3 ends at a L cm vein of calcite
with galena, perpendicular to core at
32,58 m. Calcite veinlets continue to
32.78 o without galena. Tension gashes
and veinlets of calcite (wp to L mm)
from 33.85-34.77 m contain occasional
specks (1-2 mm) of galena and pyrite.
Veinlets terminate at a dark band com—
taining pyrite nodules and a solitary
coral with heavy pyrite replacement
34.90 12,16 from 3. 77-34.90 m.
Limestons (heevily nineralised); dark grey, shelly, Abundant disseminated nodules of pyrite,
massive 1-10 ma in size and scme cubic crystals
up to 3 m (e.g. 35.45 m). Pyrite is 383
particularly concentrated on margins of 384
shell fragments and in large solitary (385)
corals (e.g. 35.08 m). Some thin
39.50 5.00 (1 m) calcite veinlets.
Lipestone (minerslised); daxk grey, shelly, nodular, Much disseminated pyrite in nodules up (385)
quite strong banding to 5 mm in size and around shell and 386
coral fragments. Thin layer of 287
caleite on joints. Calcite vein 388
(3 m) and veinlets with pyrite and 389
galena, inclined 15° from 40.86~
41.09 m. Pyrite less abundant below
L5.70 5.30 L4470 my Occasicnal sphalerite and galena.
g;?ggm; interbanded, bedding inclined Very rich in pyrite with nodules up to (390)
L45.90 0.20 at 950, 5 m.
Mudstone; medium grey, very fi thin 1im Cal band with 0% pyrite from
bands and good parting inclined at 71°.  Carbonacecus L6.28-46,3T m.  Mudstome below comtains  (390)
with small coaly fragments. Passing down into: pyrite, disseminated and in nodules. 39
Very thin smear of galena on a Jjoint
surface at 46.55 m. Pyrite rich band,
46.97 1.07 1 cm wide at 46.90 m. Nodules (up to
S mm) and thin stringers, parallel to
bvedding, of sphalerite throughout.
16.97 1.07 Little associated galena.
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APPENDIX I

Inclined
Depth (m)

49.50

58.05

62.67

63.30

72.L0

677

16.90

78.60

80.32

81.16

36,15

36.60

1.46
91.46

TABLE 7V (continued)

Inter~
section (m)

2.53

8.55

4.62

0.63

3.43

.57

2.37

2,13

1.70

1.72

L.86

Lithology
m a!'f—uh!.t.. mottled, very fi nof-=cal
slightly , mottled,
with pale green specks in a cresm/white matrix below

L47.40 m. v.n developed joints inclined at LO° and 75°.
Off-white, non-calcarscus, possibly silicified patches of
irregular texture occur between areas of regular texture
(e.g. 48.05-49.50 m). Mottled grey and white banding

present below 48.90 m. Thin roctlets present throughout.

Tuff; pale green and cresm coloured, mottled, medium-
grained, banded with colour bands 0.5-10 om thick and
very flat bedding inclined at 71°. Some bands show
well-developed graded bedding and lode casts suggesting
deposition in an aquecus environment. Lese well-] "
purplish to dark greea in colour below 50.90 m, then
coarser~grained, pale green and cream with irregular
mottling below 51.55 m.
[2.57 m core lose between 51.77 and Sh.3u)
Coarser—grained (2-3 m) and poorlr-lomd below 54.90 m
with poor bedding inclined at 71°. Generally pale greem,
darker green and cresm with occasional pink streaks.
Some interstitial calcite cement below 57.70 m. Passing
sharply into:

Tuff; dark green to 58.28 m, then very pale greenish~
grey with greenish mottling in places; very fine-grained,
relatively featureless. Regular, fine, gresm mottling
below 59.30 m; purplish and brecciated from 59.85-

60,34 m; then pale greenish-grey, fine-grained tuff with

nedium green in colour. Banding is present below
61.20 m, b 1y wvith some
coarse-grained (3 mn) bands. Pale-coloured in basal
20 cm.

Tuff; off white/pale grey, very fine-grained; slight
streaky banding parallel to the bedding, otherwise
featureless, Rather soft with lipey bedding surfaces.
Grades down into:

Sapdstone; off white, fine to medium-grained (0.1 mm),
well-sorted, sub-angular; ul.mtoun in parts resulting
in a good parting 1 at 71°.

(0.2+0.3 mm) below 64.00 m but atm with micaceous

P ; aome carbonate cement, slightly greenish in

places. Very massive below 65,40 m. Sharp base.

Tuff; pale grey, very fine-grained, featureless,
midstone-like appearance; flakey, parallel bedding.
Mottled towards base. Passing down intos

Tuff; pale gnan/cn-/m mottled, medium to
coarse-grained (1-6 mm) banded, Poor bedding iucl.i.ncd
65°, Large, angular 6 cm clast at 68.L0 m.

coloured bands of ellipsoidal lapilli from 69. 30-69 65 m
and 70.82-70.95 m.  Coarser-grained (5-8 m) below
71.30 m with sub~smgular, pooriy-sorted clasts.

Passing down intos

rate; purplish-grey, ill-sorted clasts up to

um in size with occasional larger clasts;

- lar with ded mostly of fi
tuff. . Bedding poor or absent, Slight cnrbmt.o
cement: in places with a particularly carbonate=
band (pon.{.b).y nmm clasts) from 7].;.26—7).;.62 n.
Piner cement from Th.L3 to vase.
Sharp, possibly f-u.m base inclined at LO°.

Tuff; medium to dark grey, {ine-grained, calcareous
below The93 m to 75.50 m Pale green and mottled with
some larger clasts and banding inclined S6° from
75.00=75.96 m; pale bluish grey and very fine-grained
from 75.96=76.90 m.

Agglopergte; pale gresnish and , irregular texture;
large, rounded clasts (7 cm) of nm-gnm-d mottled tuff
with irregular cracks and scme finely-vesicuiar lava.
Stratigraphic base.

Mineralisatien

1 cm band of dense, brownish
nodules at 47.20 m may be

sulphides (?sphalerits).

Irregular streaks of pyrite at
47,40 m.  Very finely disseminated
pyrite towards base.

Some very fine-grained, disseminated
pyrite. Calcite vein (5 mm),
irregular at 56.36 m and thin veinlet
at 57.40 m. Several dark, metallic
lssgng;, up to 1 ca wide from 56.35~

+05 m.

Thin film of pyrite present cn joints
at 58.60 m.

Thin (102 mm) caloite/baryte vein
sub-parallel to the bedding (71°) at
64.06 m. Interstitial, pinkish,
metallic mineral present at 6L.53 m.
= iccolite.

Lapilli bands comtain irregular 3 mm
patches of calciu/bm and small

of i d
pyrite in places.

Few vague, thin carbonate veinlets.
Clasts in carbonate-rich band from
74.26~74.62 n contain small pyrite
nodules.

Thin lenses (1 cm long) of calcite
with pyrite in upper part. Calcareocus
horizon at 75.00 m contains 1 cm pyrite
nodules. Veinlets (1-2 mm) of
calcite with pyrite and possibly baryte
from 75.13-75.33 » and 75.54=75.67 m.
Calcarecus clasts (up to 8 cm) with
pyrite at 75.45 m. Thin, irregular
calcite vein with much pyrite at

76.90 m.

Some disseminated pyTite. Impersistent

veins (1-3 m) of calcite with some pink
baryte from 78.48-78.6L m.

iated with irregular patches

M, pdo green, f.tno-grd.nod (0.1 m), sandy

aligh ation Slight banding
with a little ccbmau cement below 79.05 m, becoming
more promounced and irregular below 79.50 m. Passing
down intot

#; muddy and shelly. Dark mudstone in top
cm, then very shelly and nodular with shell fragments,
corals and pale nodules in a medium grey, calcareous
mudstone matrix. Fairly sharp base.

Agglomergtes pale green, poor bedding; ill-sorted,
Tounded clasts up to 2-4 cm, mostly of fine-grained

tuff or finely-amygdaloidal lava. Lower parts have
mostly clasta of amygdaloidal basalt with calcite/chlorite
in the amygiales and some interstitial calcite, Slightly
better sorting with tightly-packed, well-rounded clasts
(3-8 mm) from 8L4.,9U=85.46 m. Quite a sharp base.

m‘f_. dark g‘q at tcp becoming pale grey, very
r mdstone-like appearance.
and ing down into:

B ; grey or greemnish, fine to medium-grained
10.1=0. 3 mm, occasionally 1 mm), good bapding about 1-2 cm
wide, inclined 64-66°, poor-sorting, sub~angular clasts,
nop~calcareous. Banda of 2-5 mm lapilli are quite common.
Less regular banding with poorly-eorted clasts of various
shapes and sizes below 50.27 m. More regular and banded
below 90.92 m.

End of Borehole
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and veinlete of calcite from 78,.87-
79.05 m. Pyrite nodules (1 cm) at
79.87 m. Calcite vein, 2 mm,
irregular, low inclination from
80.02-30,23 m.

Pyritifercus streaks in top 15 cm.
Yery pyrite-rich band, 1 cm wide from
80.4L=30.L7 m. Some disseminated
pyrite within and around nodules and
ghell clasts to 30.59 m.

Few irregular calcite veinlets and
little interstitial calcite.

Rare, di d, fine d
pyTite e.g. B. 1 m

Sample
No. (CXD)

393
394
(395)

(395)
3%
37
398
399

Loo
L1

405

Loé
Lo7

Log

Lo

i1
L1z

13

L
6



APPENDIX II

GEOCHEMICAL ANALYSES OF BOREHOLE CORES
Analyses of drillcore from the five boreholes are listed in Tables [
to V. General lithological descriptions only are given but the
sample numbers are cross-referenced in the tables of borehole
logs in Appendix . .

Most of the sedimentary units and the mineralised zones
within dolerite were analysed in total with an average sample
length of 1.5 to 2 m. Further isolated samples were chosen to
given representative analyses of the remainder of the core and to
determine background concentrations (i.e. in dolerite). The
selected core lengths were split in half longitudinally. Half of
each sample was crushed in a jaw crusher to less than 5 mm par-
ticle size, coned, quartered and approximately 200 g were
ground to less than 50 um grain size in an agate Tema mill. The
samples were analysed for Cu, Pb, Zn, Co, Ni and Ag by atomic
absorption spectrophotometry (AAS) and for As and Ba by
X-ray fluorescence spectrometry (XRF). Samples showing
traces of Ag were subjected to a more efficient acid attack and re-
analysed by AAS with no improvement in yield.

APPENDIX II TABLE I BOREHOLE 1A (CAIRNPAPPLE)

Sméi; Yo. F::th (n%O Intu-;-cnm Lithology . » Trace gm« éoncant;itimé‘(m) i
L9 9.88  10.80 0.92 Dolerite + calcite/chlorite vein 50 20 70 Lo 50 1 3 310
4s0 19.19  21.00 1.81 Basalt 50 30 90 50 200 2 s 663
151 27.32  27.80 0.48 Dolerite, chilled 60 20 90 30 30 1 o 94
L52 39.58  Lo.o7 0.49 Dolerite, coarss with micropegmatite 15 20 90 20 15 [ [} 9
Ls3 [58'00 58'19] 0.46 Pegnatite patch in dolerite 20 30 70 25 20 1 0 39

68.00 68,27,

LSk 61.37  61.85 0.48 Dolerite, coarse-grained S5 20 60 30 30 1 0 L85
455 7L.57  T5.14 0.57 Dolerite, coarse-grained 50 20 70 35 Lo L 0 93

APPRMDIX IX TABLE IT BOREHOLE 1B (CAIRMPAPPLE)
425 5.3  5.54 0.19 Dolerite 50 20 100 Lo 30 1 [ 514
L26 10,00 11,20 1.20 Dolerite + calcite/chlorite/quartz veins 35 20 80 30 25 1 0 Li1
L7 14.30  15.36 0.56 Dolerits + pyrite bands 90 20 110 10 60 1 0 Sk9
1428 19.78  20.50 0.72 Dolerite + micropegmatite veins 50 20 100 50 L5 0 0 600
429 25,26 26.71 2.45 Dolerite + calcite veins 65 20 200 60 60 1 0 52,
L30 26,71  28.28 1.57 Dolerite + calcite veins 60 20 170 55 55 1 2 519
431 28.39  30.53 2.1 "White whin" + calcite and vugs [ 30 20 30 Lo 1 22 3673
u32 30.53  32.15 1.62 "White whin" + caloite and vugs 20 20 Lo 50 10 1 3 883
L33 32.15  33.98 1.83 "Wnite whin" + calcite and vugs 10 20 10 35 Lo 1 Ll 952
L34 33.98  37.40 3.42 "Wwnite whin" + calcite and vugs 10 20 20 60 60 [¢] sS4 29
L35 37..0 38.60 1.20 "hite whin", pale green 100 20 120 Lo 50 1 1 419
436 38.60 L1.lk 2.84 "White whin" 100 20 30 30 Lo 0 30 453
437 L.l 42.90 1.46 "White whin" + calcite and hydrocarbons 20 30 Lo 50 S0 1 7 537
u38 b2.90  L5.85 2.95 "White whin" 35 190 Lo 50 60 1 16 398
L39 45.85 L7.25 1.40 "hite whin", pale blue-grey 80 500 70 60 60 1 21 654
Lo 47.25 L8.50 1.25 *White whin" + much pyrite 10 900 60 55 b5 1 17 975
Ll 48.50 51.55 3.05 "White whin" 10 Lo 20 35 20 1 W 780
ub3 53.7%  Sh.62 0.88 Dolerite + calcite/hydrocarbon vein 15 30 110 30 20 1 1 LT
Ly 60.90 61.LL 0.54 . Dolerits + calcite/hydrocarben vein Lo Lo 200 55 Lo 1 2 1146
LL6 69.56  71.00 1. Dolerite + calcits/chlorite vein 30 30 90 50 50 1 0 831
L7 75.10  76.01 0.9 Dolerite + calcite veins 100 Lo 280 60 60 3 0 326
LL8 78.L5  78.76 0.31 Dolerite 80 50 140 65 50 1 1 1666



APPENDIX II

Sample No.
C:

300
301
302
303
304
305
306
307
308
309
310
m
312
313
b1
315
316
317
318
319
320
321
322
323
32
u21
u22

TABLE ITT

Inclined Depth (m) Intersection
From To (m)

10.70 10.83 0.13
b1 14.28 0.14
14.35 16.77 242
17.20 18.75 1.55
19.33 19.53 0.20
21,47 21,70 0.23
23.95 2,.05 0.10
24.05 24.82 0.77
24,82 25.70 0.88
25.70 21.271 1.57
27.37 29.27 1.90
29.27 29.37 0.10
29.37 31.94 2.57
3194 33.60 1.66
33.60 36.20 2.60
38.25 37.90 1.65
37.90 39.43 1.53
39.43 k1.55 2.12
41.55 3.4 1.89
L34 45.10 1.66
45.10 45.32 0.22
LS. Tk 45.85 0.1
L6.15 46.25 0.10
L7.70 47.85 0.15
49.70 49.90 0.20
50.31 50.77 0.46
53.50 53.64 0,14

BOREBOLE 2 (SILVER MINE)

Lithology

Silty mudstone
Ture

Sandstone + pyrite nodules
Sendstons + pyrite on joints
Taft

Mudstone

Mineralised Limestone - top of faultzone

Mineralised Limestone

Mineralised Limestone + hydrocarbons

Linestone + calcite veinlets
Limestone + calcite veinlets
Breociated Limestone + calcite
Linestone

Limestone

Limestons {masaive)

Limestone (massive)

Limestons (massive)

Limestons, dark, banded, + pyrite

Limestone, dark, banded, + pyrite

Limestone, dark, bsnded, + pyrite
Limestone base, pyrite rich
Mudstone

Tuff, grey, much pyrite

Tuff, + disseminated pyrite

Tuf{, greemish

Tuff, greenish + calcite veins
Tuff, green, banded

38

Trace Element Concentrations (ppm)
N ik

Z Co A
70 25 55 0 S
160 " uo 100 2 7
100 5 10 1 3
10 s 20 1 12
50 25 75 1 2
10 20 30 1 29
400 70 100 3 as
20 15 20 5 2
10 20 30 7T L
110 20 30 5 1
300 15 Lo L 9
70 15 30 L 2
400 15 w6 7
260 20 Ls 5 6
3% 15 Lo S 10
80 20 50 s 6
650 20 50 3 8
380 10 Lo 3 3
320 25 50 3 3
170 30 70 L 1
270 25 60 2 s
270 60 210 2 1
60 1% a4 13
120 10 200 1 ¢}
60 80 180 1 0
8o 50 190 1 3
60 80 210 1 0

u9
176
238
559
8271
387
25300
723
618
79
97
188
2897
289
119
82
678
W73

L36
559
522
330
2977
1528
886
1960



APPENDIX II

Sample No.
CXD

325
326

327

328
418
L19
420
329

Inclined Depth (m)
From To

429
5.59
3.37

[9‘23
93.10
9.9

1055

10.85
11.82

68.21
70.14
70.75

TABLE IV

5.59
7.20
9.10
o
9.23
10.55
10.85

11.32
11.91

12.41
13.85
14.29
17.72
18.54
19.77
21.40
22.19
24.73
21.29
28.50
32.15
33.10
3h.20
36.00
39.00
41.91
45.56
L3.38
48.65
52.50
Sk 36
55.34
62.29
63.16
63.28
63.41
€3.67
64.10
6k.70
63.52
63.90
6L.53
66.29
67.82

68.35
70.34
70.86

BOREBOLE 34 (AITKEN BOG PLANTATION)

Intersection
(m)

1.30

1.61
1.34

0.13
0.66
0.30
0.97
0.09

0.15
0.10
0.11
0.22
o.14
0.12
040
0.18
0.23
0.1
0.10
0.25
0.1l
0.12
0.35
0.10
0.25
a.11
0.L0
0.08
0.17
0.16
0.3
0.15
0.16
0.12
0.13

0.77

1.59

0.1k
0.20
0.1

Lithology

Calcareous Sandstone

Calcareous Sandstone
Dolerite

Dolerite + calcite vein + sulphide
Limestone

Limestone + fluorite

Limeatone + occasional pyrite

Mineralised Limestone in contact with
Dolerite

Dolerite + carbonate veins

Dolerite + calcite/baryte vein
"White whin"

Dolerite + calcite vein

Dolarite

Dolerite + green, minsralised patch
Dolerite, mottled, brecciated + carbonate
Dolerite, mottled

Dolerite, chilled + caloite veins
Dolerite

Dolerite + calcite/chlorite veins
Dolerite + calcite/chlorite + pyrite
Dolerite + calcite/chlorite + pyrite
Dolerite

Dolerite + calcite/chlorite vein
Dolerite + calcite/chlorite vein
Dolerite + caloite/chlarite vein
Dolerite

Dolerite + calcite vein + vugs
Dolerite + calcite vein + zeolites
Dolerite + calcite veins

Dolerite, coarse-grained

Dolerite + calcite veins

Dolerite, marginal + calcite ocelli

gradational contact between
dolerite and sandstone

Carbonate/limonite/pyrite/zaclite
veins in sandstone

Sandstone

Sandstone + disseminated pyrite

Sandstone + disseminated and thin bands
of pyrite

Tuff, cream, fine-grained
Tuff, banded + pyritiferous bands
Tuff, banded + pyritiferous bands

39

w 12

w

30
Lo
20
850

8 8 |

Trace Element Concentrations (ppm)
pLER Az s

20
20

60

20

Lo
50
130
120
210
130

130
180

Co
10

10

20

20

20

70

8o
Lo

55
70
35
55
50
50
Lo
us
70
us
35

15

25

25

20

50
10
260

0

NN -

-

w N N O

0

13

~“~ O O N 0O 0 O 0 O 0o w o -

O o O w o o o o©o

154
216

551

L9
127
582

337

8150
64500
1726
L7s
181
551
1804
170
3093
566

24100
2293
320
212

102

776
162

1256
261
35



APPENDIX II TABLE V BOREHOLE JB (AITKEN BOG PLANTATION)
s-ngzx; No. In;l:.d Dl'pmt: (m) Intn(:;;ctton Lithology o &hwo mgmz goncmtg:tim (ppm)
So JES 4s Ba

363 1.7 11.63 0.16 Dolerite 160 10 250 60 95 1 ) 215
36k 14.63 15.50 0.87 Dolerite + calcite veins 110 50 120 se 715 1 o 2532
365 15.88 16.50 0.62 Dolerite, chilled + caloite veins 280 Lo 80 4w 75 1 0 736
366 16.60 16,88 0.28 Basalt 20 W 10 30 s 1 2 908
367 16.98 18.10 1.12 Tutf 30 110 220 55 140 2 21 356
368 18.10 18,25 0.15 Sandstone + calcite/baryte veins 30 110 100 15 40 1 2 9706
369 18.35 19.57 1.22 Sandstone + calcits/baryte veins 20 60 30 0 35 1 115100
370 19.57 19,84 0.26 Sandetone/Mudstone breccia 20 500 90 S 1 75 2822
n 19,84 20.37 0.53 Mudstone b 220 300 0 9 1 L3 507
312 20.37 20,65 0.28 Calcareous Sandstone, brecciated + veins 30 W0 210 20 30 2 6 91400
373 20.65 2104 0.79 Calcavecus Sandstone 0 210 130 20 60 1 10 798
3Ty 21,4, 21,7, 0.30 Mudstone + pyrite 20 650 470 20 1w 2 18 sko
375 21,74 24.29 2.55 Limestone + carbonate veins 20 220 80 20 W 1 20 636
376 24.29 25.99 1.70 Limestone, nodular + soue veins 20 100 240 20 W0 1 10 175
317 25.99 28.11 2.12 Linestons, massive 15 90 8o 20 Lo 1 15 81
378 28.11 30.22 2.11 Linestone, nodular + caloite veins 15 80 70 20 45 1 12 Lk
379 30.22 32.10 1.88 Limestone, nassive 15 380 60 20 o 2 11 122
380 32.10 32.78 0.68 Limestcne, massive + calcite/galena 30 1110 50 20 us 2 33 78
381 32.78 33.85 1.07 Limestone, masaive us 280 50 20 70 2 23 101
382 33.85 34.90 1.05 Limestone, massive + calcite/galena/pyrite 20 1830 80 w90 2 103 599
383 34.90 36.63 1.73 Limestone, massive + pyrite 2% 120 200 25 53 2 28 95
38 36.63 38.57 1.9% Limestone, massive + pyTite 3 850 5350 3% 10 2 63 107
385 38.57 40.82 2.25 Limestone, nodular + pyrite 30 860 3500 30 70 2 57 107
386 40.82 [RIRTN 0.32 Linestone, nodular + pyrite and galena 20 1500 18000 60 120 2 166 193
387 L1k L2.6L 1.50 Limestane, nodular + pyrite 20 1450 7000 30 55 3 s7 31N
388 2.6l Lh.70 2.06 Lizestone, nodular + pyrite 20 850 1250 3% 70 L 55 170
389 .70 us.70 1.00 Limestone, nodular 25 1100 6500 L5 8o 2 56 - 313
390 fs-"lo hs'”} 0.29 Linestone/Mudstons + much pyrite 4 1080 9200 90 180 2 52 96k

6. 28 46.37

Fs.so us.ze]
391 0.98 Mudstone 50 6200 31000 s5 180 3 30 2u78

46, 37 46.97]
392 46,97 49.50 2.53 Tuff, mottled 60 7170 3500 60 160 1 12 1432
393 149.50 51.55 2.05 Tuff, bedded 55 Lo 180 70 170 1 W% 883
394 She3l 56.25 1.91 Toff, mottled 60 20 110 70 210 1 15 302
395 56425 58.28 2.03 Tuff, green, bedded Lo 20 110 80 180 1 2 236
396 58.28 59.30 1.02 Tuff, creem, fine-grained Lo 10 20 50 100 1 L 816
397 59.30 60.96 1.66 Tuff, sandy 30 10 80 120 160 1 2 77
398 60.96 62,67 1.7 Tuff, green, bedded 25 20 90 75 170 1 7 638
399 62.67 63.30 0.63 Tuff, white, fine-grained 0 10 10 35 55 1 16 1367
400 63.30 65,40 ' 2.10 Sandstone, bedded 10 20 10 105 500 1 8m L65
401 65.40 66.73 1.33 Sandstone, massive s 20 10 5 15 1 W 73
uo2 66,77 67.30 0.53 Taff, grvy, very fine-grained 5 20 10 35 180 1 156 1240
ma‘ 67.30 69.92 2.62 Taff, mottled, banded, medium/coarse 100 20 60 80 195 1 7 Lk
ol 69,92 72.40 2.L8 Tuff, banded 90 20 % 70 180 0 o 270
405 72.40 NT7 2.37 Agglomerate 170 20 Y 65 160 0 2 179
Loé The77 75.50 0.73 Calcareous Tuff + pyrite 60 20 30 30 70 o] L 156
107 75.50 76.90 1.40 Tuff, blus—grey, very fine-grained 20 20 50 us WS 0 ] Lot
Lo8 76.90 . 78.60 .70 Agglomerate 3 20 90 60 250 0 0 370
109 78.60 80.21 1.61 Tuff, green, sandy textured 30 Lo 70 Lo 160 1 s L1
410 80,21 81.16 0.95 Linestone 20 20 %0 B % ° 17 186
L1 81,16 83.65 2.9 Agglomerate Lo 20 90 60 215 1 0 N
K12 83.65 86.15 2,50 Agglomerate 65 20 100 60 230 [+} [+] 372
113 86.15 86,60 0.45 Taff, fine-grained 3 20 80 110 190 0 8 338
RN 86.66 88.45 1.79 . Tuff, banded + lapilli 70 20 8 60 170 0 7 23
415 88.L5 90.27 1.82 Tuff, banded + lapilli 10 20 80 70 1710 P 7 29
116 90.27 91.L6 1.19 Taff o 20 S50 70 22 0O o 637
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APPENDIX IIX

PETROGRAPHY AND MINERALOGY OF DRILLCORE
SPECIMENS

Note: PTS numbers refer to polished thin-sections held by IGS
Applied Mineralogy Unit (PS refers to a polished block).

(¢) BHIB
CXD 436: 39.52-39.61 m. PTS 7166.

Soft, pale altered rock (‘white whin’) showing relict dolerite
texture. Two superimposed alterations (one silicification and
argillation, the other calcite veinlets and sparry replacements)
are probably of the same age. Brown semi-opaque leuxoxene
rims calcite veinlets and has replaced pyroxene and ilmenite.
Epigenetic pyrite is common. One calcite veinlet contains a grain
of semi-opaque ‘albertite’.

CXD 440: 48.14-48.20 m. PTS 7167.

Outwardly similar to the PTS 7166 specimen but in thin sec-
tion the texture is of irregular quartz grains in a fine argillised
matrix. Calcite veinlets are accompanied by leucoxene and Fe-
hydroxide phases. Pyrite is abundant in these veinlets.

(») BH2
CXD 306: 23.95-23.99 m. PTS 6483.

Fault breccia comprising three components: grey mudstone,
pyritic material and sparry calcite cement. At some points the
pyritic material (framboids and coarser grains in a dolomite matrix)
encloses brown mudstone fragments. The coarse calcite is ac-
companied by pink baryte, accessory galena and a trace of probable gyp-
sum, and represents an epigenetic stage of brittle fracturing.

CXD 308: 25.05-25.11 m.

Sparry calcite vein material containing mudstone fragments and
part of a mudstone selvage. Pyrite is finely disseminated in the
mudstone and occurs with galena in small vugs and discontinuous
hairline seams.

CXD 312: 29.95-30.01 m.

Black fossiliferous limestone, including a substantial coral frag-
ment, is crossed by a vein of coarse brown calcite. No sulphide
was observed.

GXD 316: 39.26-38.35 m. PTS 7168.

Grey fossiliferous limestone containing a few black mudstone
fragments. Fine, often framboidal, pyrite occurs in sparry fossil
replacements, and may be enclosed by isolated sphalerite crystals.
No evidence for epigenetic metal introduction was observed.

CXD 317: 39.65-39.71 m. PTS 6484.

Black lime mud rich in sparry shell fragments. Fine car-
bonaceous bands indicate bedding and show irregular forms in-
dicative of sedimentary instability. Thin ‘crumpled’ plates made
up of fine calcite could be corrugated shell fragments or be deriv-
ed from layers of pure calcite mud. Fine grains and coarse cubes
of pyrite occur in the darker bands, in fractures in shell fragments
and in sparry shell replacements, being accompanied in the last
setting by isolated sphalerite crystals.

CXD 320: 45.35-45.40 m. PTS 6485.

Sandy limestone with sparry calcite shell fragments and crossed
by fine-grained carbonaceous seams. Fine pynte occurs in shell
replacements and, more prevalently, in the carbonaceous
material as clusters of framboid-like grains accompanied by
minor galena and sphalerite.

CXD 322: 46.15-46.25 m. PTS 7169.

Graphitic calc-mudstone containing a massive pyrite band. This
band varies from truly massive pyrite to clusters of perfect fram-
boids, and also contains coarse flakes of graphite which may
themselves contain framboids.

At other points graphite forms a thin-walled cellular structure
or may be finely laminated, suggesting preserved algal structure.
Ovoid areas of laminar structure in the massive pyrite may also
be biological in origin.

41

(¢) BH 34
CXD 328: 9.10-9.17 m. PTS 6486.

Sandy limestone with sparry fossil fragments, cut by a 5 mm
thick sparry calcite vein. Metallic minerals are absent save for a
trace of pyrite.

CXD 419: 10.60-10.68 m.

Massive grey limestone barren save for local disseminations of
fine pyrite. A limonitic fracture-vein surface has coarse caicite
crystals adhering to it.

CXD 420: 11.75-11.86 m.

A sharp contact between grey crystalline limestone and pale altered
dolerite. Accessory fine pyrite occurs in both. One end of the
specimen, in dolerite, shows a fracture-vein surface of limonitic
calcite. Adjacent to this is a 5 mm calcareous zone with coarse
pynite, then a 4 mm zone of black, highly magnetic material con-
sisting dominantly of diopsidic pyroxene and quartz (XRD powder-
photograph Ph 6627); the magnetic property is presumably due
to magnetite or pyrrhotite micro-inclusions.

CXD 331: 13.80-13.85 m. PTS’s 6487 and 6496.

Vein in dolerite: coarse white calcite and pink baryte, with a
minor amount of chalcedonic silica. The specimen encloses
slivers of green ‘altered dolerite carrying pyrite and hematite
granules.

CXD 335: 19.70-19.74 m. PTS 6488

Coarse dolerite showing intense chlorite-sericite-clay alteration
and patches of fine pink chalcedony. The rock is crossed by
calcite veinlets. Hematitised ferromagnesian and oxide minerals
are common, and accessory pyrite and chalcopyrite are present.

CXD 348: 48.36-48.46 m.
Chloritised dolenite with intensive calcite veining. Vuggy cavities
are line with euhedral prisms of probable harmotome (see below).

CXD 349: 48.65-48.75 m. PTS 6489.

Calcareous chloritised dolerite with accessory pyrite is crossed by
limonitic calcite veinlets. Hematite and accessory sphene have
replaced primary mafic silicates and oxides. Vuggy cavities are
line with harmotone (square prisms with cruciform hemidome ter-
minations due to interpenetrant twinning: confirmed by XRD
powder photograph Ph 6628).

CXD 357: 63.55-63.65 m.
Heavily limonitised limestone carrying developments of coarse
sparry calcite.

CXD 362: 70.14-70.37 m.

Chloritised flow-banded lapiili tuff crossed by calcite veinlets.
Pynte occurs in calcite vesicle-fills. Other vesicle-fills have a pale
clay-chlorite filling.

(d) BH 3B
CXD 368: 18.15-18.20 m.

Massive even-textured calcareous sandstone crossed by veinlets
up to 1 cm thick of calcite and subordinate pink baryte plus occa-
sional specks of galena.

CXD 372: 20.55-20.60 m. PTS 6490.

Breccia: angular fragments of dark grey limestone form some
40% by volume and are set in a coarse matrix of white calcite,
pink baryte and clear quartz, which also carries pyrite, galena, and
sphalerite. Fine pyrite granules occur disseminated through the
limestone.

CXD 374: 21.44-21.48 m.

Black calcareous mudstone crossed by veinlets of calcite. Pyrite is a
major constituent finely disseminated and in small (1-3 mm
thick) lenses in the mudstone. Pyrite also occurs in the veinlets.
The pyrite enrichment of the mudstone appears to pre-date for-
mation of the veinlets.



CXD 376: 25.18-25.23 m.

Black calc-mudstone containing branching seams of highly
graphitic material. A few coarse calcite crystals of diagenetic
character, and sparry shell fragments, are present. Two
epigenetic veinlets, one of calcite, quartz and pynte; the other of
calcite, baryte and ‘albertite’, appear in opposite corners of the
core specimen (thus not establishing age relationships). The
mudstone carries fine disseminated pyrite.

CXD 380: 32.15-32.21 m, 32.55-32.63 m.

Two pieces of black, fossiliferous limestone crossed by a calcite
veinlet carrying galena, sphalerite and pynite. The limestone itself
appears to be barren.

CXD 382: 34.17-34.22 m. PTS 6491.

Black graphitic mudstone with a network of calcite hairline
veinlets. The specimen contains a sinuous boundary between
silified rock and calcareous rock. Disseminated euhedral pyrite
grains are abundant, and a single sphalerite crystals was located in
a veinlet. The silicification is regarded as early diagenetic, which
with the abundant pyrite may indicate proximity to a contem-
poraneous siliceous hot spring.

CXD 384: 36.63-36.73 m. PTS 7171.

Black limestone and black calc-mudstone in sharp contact at which
irregularities suggest local erosion or disturbance of the
limestone prior to deposition of the mud. Diagenetic pyrite cubes
occur in sparry shell fragments, or randomly sited in the
limestone. A cross-cutting calcite hair veinlet is barren and ap-
parently not related to the sulphide.

CXD 384: 37.25-37.31 m.

Dark crystalline limestone with diagenetic pyrite cubes. Car-
bonaceous seams carry fine pyrite and small lenses of sparry
calcite.

CXD 385: 39.69-39.75 m. PTS 7172.

Dark limestone with sparry shell fragments and occasional thin
seams of fine-grained carbonaceous material. Pyrite forms fine
grains in fossil fragments, and larger diagenetic cubes. Calcite
hair veinlets are barren save for rare sphalerite grains.

CXD 385: 40.28-40.33 m. PTS 6492.

Black muddy cherty limestone with sparry shell fragments. An ir-
regular boundary between calcareous and siliceous bands sug-
gests syn-depositional instability (local down-sagging of the
siliceous lithology). Pyrite and minor sphalerite occur in areas of
sparry limestone.

CXD 386/387: 41.10~41.18 m.

Black limestone crossed by numerous white calcite veinlets and
containing small patches of sparry calcite. Pyrite occurs in the
sparry patches and, with galena, in the veins. The sulphide here
looks epigenetic.

CXD 387: 42.58-42.64 m. PTS 7173.

Dark fossiliferous limestone specimen, one end of which consists
of a galena bloom developed in a calcite hair veinlet. The rock
generally contains disseminated fine pyrize. Muddy bands con-
tain fine sphalerite, pyrite, galena and ‘albertite’.

CXD 388: 43.20-43.23 m.

Grey fossiliferous limestone in which common pyrite grains
occur disseminated and preferentially sited in sparry shell
fragments.

CXD 390: 45.75-45.81 m.

Muddy limestone with graphitic seams: very rich in fine
disseminated pyrite and isolated coarser pyrite crystals. Pyrite is
especially abundant in branching graphitic seams. Galena occurs
in calcite hairline veinlets. Sphalerite is almost certainly present.

CXD 390: 46.32-46.37 m.

Moderately calcareous black mudstone varying from sulphide-
poor to sulphide-rich and calcareous. The sulphide is mostly
pyrite, but fine sphalerite and galena could well be present.
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CXD 391: 46.90-46.92, 46.92-46.95.
piece)

Consecutive pieces of friable carbonaceous mudstone, almost non-
calcareous but heavily sulphide impregnated. The first has a
pyrite band showing a breccia structure with barren mudstone
fragments in a pyritic matrix. Adjacent mudstone bands are bar-
ren and not brecciated. The second specimen shows heavily
sphalerite with galena impregnated bands alternating with less
mineralised mud.

CXD 392: 47.09-47.15 m. PTS 7176.

Grey mudstone (possibly tuffaceous) containing hair veinlets
and lobate micropatches of very fine silica and clay/chlorite.
Many also contain sparry calcite crystals, and also host sphalerite
and, less commonly, galena. The lobate patches are vesicle-like.

CXD 392: 47.25-47.29 m.

Porcellanous clay-rich tuffaceous rock rich in minute chlorite spots.
The rock also displays small chloritic patches, lenses and veinlets
which contain sphaleritz and galena. This, and the preceding
specimen, are interpreted on geological criteria as a seat-earth
(see Appendix I).

CXD 395: 56.25-56.33 m. PTS 6493.

Tuff in which small rounded lap:lii of quenched basaltic lava,
now clay/chlorite altered, form an open textured fabric whose in-
terstices are filled with sparry calcite. These calcite areas have
chlorite rims and contain pyrite grains.

CXD 395: 56.49-56.57 m. PTS 6494.

Bedded tuff in which interstices between plastically deformed
{aplli contain chlorite and calcite, and in some cases pyrite. The
specimen is crossed by a seam of intense chloritisation centered
on a calcite veinlet.

CXD 400: 64.07-64.12 m. PTS 7177.

Calcareous sandstone crossed by chloritic hairline seams. The
rock is also crossed by a hair fracture carrying small patches of a
red resinous hydrocarbon. A little pyrite occurs interstitially.

CXD 400: 64.58-64.67 m.

Calcareous sandstone crossed by a barren calcite veinlet. Small
patches of a coppery metallic phase oriented parallel to the bed-
ding consist mostly of niccolite with lesser pyrite (XRD powder
photograph Ph 6630).

CXD 405: 74.30-74.34 m. PTS 6495.

Calcareous agglomerate in which pale fragments occur in a fine
dark matrix. Pyrite and minor chalcopyrite are common in certain
zones in the matrix. Some pyrite occurs as discrete patches of
massive sulphide. In thin-section micro-porphyritic texture is
visible in some fragments, while others show a micro-cellular
structure indicating either exploded pumice or a biological
origin.

CXD 410: 80.44-80.47 m.

Grey fossiliferous limestone in which pyrite is abundantly im-
pregnated through the rock and preferentially sited in shell
fragments.
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