
Report of Activities 2005  67 

Introduction 
 
The past decade or so has seen an increased interest 
in iron oxide-copper-gold (IOCG) deposits, due to 
the attraction of the multi-element association, 
increase in the price of these commodities, and the 
large size of some of the better known deposits. For 
example, Olympic Dam in Australia, the type 
example of this deposit style, is estimated at 
approximately 2.6 billion tons with Cu and Au 
grades of 1.2% and 0.5g/t, respectively. There 
continues to be debate over the genesis of this 
deposit type due to the diversity of features, namely 
the age range, host rocks, mineralogy, geochemical 
signature, and geological setting. Despite these 
arguments, however, there is some consensus on 
the features, if not the genesis, of the deposits and 
Williams et al. (2005) have given a recent 
overview of these as follows: (1) association, but 
not necessarily genetic, with magmatism of varied 
nature; (2) occurrence in crustal settings; 
(3) extensive and often pervasive alkali 
metasomatism with distal Ca-Na and proximal K-
Fe; (4) strong structural control on different scales, 
including terrane bounding faults; (5) abundant 
magnetite and/or hematite and Fe/Ti greater than in 
most igneous rocks; and (6) a diverse suite of 
associated elements that includes F, P, Co, Ni, As, 
Mo, Ag, Ba, LREE and U. 
 The occurrence of widespread iron oxide 
mineralization along the terrane-bounding 
Chedabucto-Cobequid Fault System (CCFS) of 
central Nova Scotia has been known for a long 
time, production coming from the former 
Londonderry iron district for example (Wright, 
1975). More importantly, the iron oxide zones have 

an elemental enrichment in a variety of associated 
elements that include Cu, Ni, Co, Au and Ba. Many 
of these occurrences are shown on Chatterjee’s 
(1983) metallogenic map of the province and are 
found in Ervine’s (1994) comprehensive account of 
mineral occurrences along the CCFS. In addition to 
the mineralization, there is a wide spectrum of 
igneous rock types, including mafic-felsic suites 
and A-type granites, close to these mineralized 
zones and the ages of the igneous rocks indicate 
that a high magmatic flux occurred adjacent to this 
major crustal structure over a protracted time 
interval (Pe-Piper and Piper, 2002). Finally, some 
of the host rocks in the areas of possible IOCG 
mineralization (e.g. Mount Thom) are pervasively 
altered for considerable distances, in some cases 
many kilometres away from the main sites of 
mineralization. Collectively these features have 
been noted by many geologists and the area has 
consequently been considered prospective for 
IOCG mineralization due to the coincidence of 
these features and the deposit style. 
 In order to investigate the possible IOCG 
association two of the better known areas of 
mineralization, namely Mount Thom and Copper 
Lake (Fig. 1), were selected for detailed study as 
part of the federal-provincial Targeted Geoscience 
Initiative, Phase 2 (TGI-2). This report is an update 
of ongoing work. The intent here is to summarize 
the results of work, and a more detailed discussion 
of the interpretive aspect of these data will be 
presented elsewhere. The geological setting of the 
two areas are first presented separately and 
thereafter the geochemical data of the two areas are 
presented together. The study focused on the 
following aspects, whereas they are the most 
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controversial in terms of the IOCG mineralization 
and genetic models: (1) geochemical signature, 
(2) mineralogy and nature of alteration, 
(3) relationship of mineralization to magmatic 
activity, (4) nature of the mineralizing fluids, and 
(5) timing of mineralization. 
 
Mount Thom Geology 
 
Geological Setting 
 
Mount Thom is part of the Cobequid Highlands, an 
area of complex geology that is underlain by 
sedimentary and volcanic rocks of Precambrian to 
Carboniferous age that have been intruded by mafic 
to felsic plutonic rocks of Late Precambrian to 
Devono-Carboniferous age (see Pe-Piper and Piper, 
2002, for review). This area occurs just north of the 
prominent, east-west Cobequid-Chedabucto Fault 
System, which is the suture zone of the Meguma 
and Avalon terranes and is structurally complex 

with numerous splays off the main structure. 
 Mount Thom (Fig. 2a) consists of 
Carboniferous sedimentary rocks of the 
Cumberland and Mabou groups. The Cumberland 
Group in the southern area consists of maroon to 
brown and grey conglomerate and sandstone with 
interbedded red-brown mudstone. The northern 
area is underlain by finer grained, grey, green, and 
blue-grey siltstone and mudstone of the Mabou 
Group. The latter package is considered to be 
equivalent to the Londonderry Formation, which 
occurs 30 km to the west and hosts the former 
Londonderry Iron Mines (Wright, 1975; Northcotte 
et al., 1989). Sedimentary rocks in the mineralized 
area are mainly Mabou Group siltstone and shale, 
but in some drillholes coarse sandstone is seen with 
local pebble beds, which may be fault slices of 
Cumberland Group rocks, as faulting occurs at 
these intervals (Fig. 3c). The Mabou Group 
sediments are intensely altered at the mineralized 
site (Fig. 3a, b, d), as seen in both outcrop and 
diamond-drill holes, and contain abundant 

Figure 1. NTS map of Nova Scotia showing locations of the Mount Thom and Copper Lake mineral occurrences. 
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Figure 2.  (a) Geological map of the Mount Thom area showing the location of the mineralized site, as indicted by the 
diamond-drill holes collared in the 1970s by Esso Minerals Ltd. (Mersereau, 1971, 1974). The middle of the three 
intrusive is granite and was penetrated by drillhole #43, photomicrographs of which are shown in Figure 4. The dashed 
line with question marks the trace of a possible fault indicated by the DEM image in the following figure. (b) Digital 
elevation model (DEM) image of the Mount Thom area showing structural features. Note the inferred fault (dashed 
black line) along the Steele Run (river) and the linear features indicated by the solid black lines. Image from the Nova 
Scotia Department of Natural Resources web site at http://gis2.gov.ns.ca/website/nsgeomap/viewer.htm. Image viewed 
from Az_270Alt_45Z_05. 

http://gis2.gov.ns.ca/website/nsgeomap/viewer.htm


70  Mineral Resources Branch 

Figure 3. Photographs of drill core from Mount Thom. Note that the width of the core is about 4 cm, hence scales are 
not provided for images b through e. (a) Section of about 15  m of core showing heavily veined section with abundant 
siderite. The fresh rocks are bluish to grey-blue and uniform in their colour, but the alteration has bleached the rocks to 
a light colour. Note that the veins are regular to irregular in style. (b) Intensely altered section of core. The rock is very 
siliceous and ranges from light olive-grey to light blue-grey. Siderite is the dark vein mineral. (c) Coarse, blue-grey to 
blue-green grit and heterolithic pebble conglomerate. The top part of the core is carbonate altered and appears brown 
due to alteration of the Fe-carbonate. (d) Close-up of intensely altered and siderite-rich part of core. (e) Unusual section 
of core that is characterized by a distinct banding and mottled texture. In thin section this rock is seen to be rich in 
carbonate, scapolite (?) and Mg-rich mica of phologopitic composition. 
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disseminated and veined carbonate with specular 
hematite and sulphides. Similar alteration with 
specular hematite and carbonate veins is seen in 
folded Mabou Group sediments regionally. 
 The sedimentary rocks at Mount Thom are 
intruded by mafic and felsic rocks of unknown 
extent due to limited outcrop exposure (Fig. 2a). 
The presence of variably developed hornfels 
texture, noted by previous workers, has been 
interpreted to indicate the presence of a larger 
intrusion underlying the area (Mersereau, 1971, 
1974; Northcotte et al., 1989). O’Reilly (2005) has 
provided the most recent account of the intrusive 
rocks here and noted that there is evidence in the 
field that a multi-phase granite intrudes the Mabou 
Group sediments. His examination of core from a 
drillhole (#43; Mersereau, 1971) that penetrated the 
granite indicated that the granite is in sharp contact 
with the hydrothermally altered sediments and all 
these contacts are faulted. Sections of pegmatitic 
granite were observed at several intervals in the 
core and, importantly, he noted that the granite has 
a chilled contact. The high total field magnetic 
response in the area also suggests that there is more 
intrusive rock, probably of mafic composition, 
exposed at depth (D. Bubar, personal 
communication, 2005). Thus, although there are 
three separate bodies indicated in Figure 2a, only 
the middle one is constrained as being of granitic 
composition. The other two bodies are complex 
mixtures of igneous and other rock types, including 
high-grade metamorphic rocks. Thus, it is possible 
that these bodies occurring in the structurally 
complex zones represent structural emplacement of 
basement rocks; hence, interpretation of these two 
bodies as intrusions is tentative. 
 There are several faults that traverse Mount 
Thom, as shown in Figure 2a. Although not yet 
indicated from mapping, there is a strong linear 
feature coincident with the Steele Run and the 
intersection of this with a previously identified 
fault in the area coincides with the site of 
mineralization at Mount Thom (Fig. 2b). A digital 
elevation model (DEM) image of the study area 
highlights this feature in addition to indicating the 
presence of other linears, possibly fault structures 
(Fig. 2b). Although these features have yet to be 
checked in the field, they may be important. 
 The petrology of the felsic intrusive at Mount 
Thom is of particular relevance to the present study 

because of its potential role in mineralization. As 
noted above, this granite is observed in core from 
drillhole #43, collared by Imperial Oil Ltd. in the 
1970s, and thus it was logged and sampled for 
petrological study. Only the petrography is 
discussed here and the remaining aspects of whole-
rock and mineral chemistry will be presented 
elsewhere. As observed earlier (Mersereau, 1971, 
1974; O’Reilly, 2005), the granite has various 
contact relationships with the host sediments, with 
intrusive, breccia, and fault contacts seen, but it is 
noted to be highly siliceous, free of mafic phases 
(e.g, biotite) and variably textured. 
 Representative photomicrographs of the felsic 
intrusive are shown in Figure 4 and the following 
points are noted. (1) Texturally it varies from 
medium grained and hypidiomorphic granular 
(Fig. 4a) to finer-grained phases (Fig. 4b, c, d), and 
texturally modified due to later deformation. (2) In 
breccia samples, pieces of several different textural 
varieties are present (Fig. 4c), but these are 
considered to represent sampling of the same 
intrusion. (3) Textures indicative of high-level 
emplacement and rapid crystallization include 
graphic intergrowths (Fig. 4e), spherulites (Fig. 4f), 
and aphanitic grain size (Fig. 4c, d). (4) Early 
pervasive alkali metasomatism is present as 
albitization of alkali feldspar (Fig. 4g, h). Later 
hydrothermal alteration occurs as sericitic 
alteration of feldspars (Fig. 4b), carbonate-chlorite-
sericite replacing earlier magmatic phases and in 
veins, and disseminated specular hematite. It is 
relevant to note that where the alteration is 
pervasive in the fine-grained granite phases, it is 
difficult to discern between granite and sediment. 
 
Alteration and Mineralization 
 
Mineralization at Mount Thom was documented in 
the early 1970s by Imperial Oil Ltd. after a regional 
geochemical survey followed by ground 
geophysics and finally trenching and drilling (49 
holes) which indicated the presence of extensive 
zones of copper mineralization with up to 1.66% 
Cu over about 5 m (Mersereau, 1971, 1974). The 
minerals occur as both disseminated and vein styles 
with pyrite the most obvious and abundant sulphide 
and chalcopyrite in trace amounts. The following 
styles of mineralization occur: (1) fine-grained 
pyrite disseminated in altered sediments and 



72  Mineral Resources Branch 

Figure 4. Photomicrographs of felsic intrusive phases in drillhole #43, Mount Thom area. (a) Medium-grained, 
hypidiomorphic granular granite with minor deformational overprint, as shown by subgrain development in quartz and 
bent albite twin planes, and sericite alteration after alkali feldspar. This is the best preserved granitic texture in the 
granite. (b) Matrix of the fine- to medium-grained felsic phase with subhedral to euhedral quartz grains. Note that the 
feldspar phases have been altered to sericite. (c) Breccia with large fragment of aphanitic felsite and many smaller 
fragments of felsic rocks and also broken crystals. Note the later cross-cutting quartz veins. (d) Close-up of a felsic 
fragment with feldspar phenocrysts. (e) Graphic texture of quartz and felspar. Note that the alkali feldspar has been 
replaced by fine-grained sericite. (f) Spherulitic texture developed in a matrix of fine-grained felsic phase. (g) Graphic 
texture and later chessboard albite replacement of the host alkali feldspar. (h) Chessboard albite replacing intergranular 
alkali feldspar in medium-grained granite. 
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breccia fragments, (2) sulphides associated with 
carbonate veins, and (3) sulphides associated with 
areas of intense wall-rock alteration. Areas of 
specular hematite noted in mineralized sections 
occur along fractures and disseminations within the 
rocks. Subsequently, Northcotte et al. (1989) 
examined the area and noted samples that may 
contain up to 25% disseminated sulphides and 
importantly identified the potential for Co-Ni 
mineralization through geochemical analysis of the 
drill core. Further work by G. O’Reilly in 1996 
(reported in the NSDNR mineral occurrence 
database) indicated elevated contents of Cu, Co, 
Ni, As and Au in selected samples. Recent 
exploration in the area by Avalon Ventures Ltd. 
identified a new zone of mineralization called the 
Brook Showing where grab samples have indicated 
up to 3.32% Cu and 0.61g/t Au (Bubar, 2004). 
Significantly, this new zone is associated with the 
granitic intrusion that lies east of the main showing 
originally identified. Mineralogical analysis of 
samples from this zone has confirmed the presence 
of pyrite, arsenian pyrite, chalcopyrite and a variety 
of Co-Ni-Fe-As sulphide phases. 
 The results of detailed mineralogical studies 
done on samples from Mount Thom are 
summarized below. 
(1) Zones of siderite, both as veins and 
disseminations, are associated with pyrite and 
chalcopyrite phases. 
(2) Intense alteration types includes silicification, 
referred to as porcellanite in some earlier reports of 
the alteration, and Fe carbonate. These zones are 
seen as intense alteration of the core, as indicated 
by bleaching and discoloration of the original dark 
blue-grey to grey sediments. 
(3) Development of chlorite and sericite occurs in 
the altered rocks as intergranular phases to quartz. 
(4) A single area of one core (drillcore #42) 
contained a mottled and banded texture (Fig. 3e) 
which consists of blebs of scapolite-phologopite-
biotite-muscovite (Mg-poor and Mg-rich varieties)-
carbonate-apatite and an unidentified hydrated 
phase (totals of 55 wt. % on the electron 
microprobe). Images of this alteration style are 
shown in Figure 5. The occurrence of scapoite-
phologopite is often associated with skarn 
environments and reflects the presence of CO2 in 
the fluid, as expected from the abundance of 
carbonate in these rocks. 

(5) Specular hematite is pervasive in the 
mineralized and altered rocks and is clearly a 
hypogene mineral, at times intimately intergrown 
with pyrite, chalcopyrite and carbonate phases. 
(6) A variety of accessory phases occur as micron-
scale minerals associated with alteration and 
includes monazite, xenotime, zircon and rutile. As 
this work is of cursory nature, additional 
mineralogical study may indicate provide mineral 
phases. 
 
Copper Lake Geology 
 
Geological Setting 
 
The Copper Lake area lies just a few kilometres 
north of the east-west CCFS, which separates the 
Meguma and Avalon terranes (Fig. 6a). The area 
lies east of a thick sequence of Ordovician-
Devonian rocks that drape part of the Precambrian 
Antigonish Highlands (Murphy et al., 1982) around 
Lochaber Lake and west of a sequence of Late 
Devonian sedimentary rocks that form the 
Guysborough Block (Tèniére, 2002; Reynolds et 
al., 2004) (Fig. 6a). This area of Devonian rocks is 
structurally bound and may represent a positive 
flower structure related to dextral movement along 
the terrane bounding CCFS fault to the south 
(Webster et al., 1998), hence the area is geological 
and structurally complex and ultimately this must 
be considered when evaluating the origin of 
mineralization at Copper Lake. 
 There are several significant faults in the area 
that coincide with changes in rock types and/or 
structural trends of the rocks. Shown in Figure 6a 
are the north-trending Lochaber Lake and South 
River Lake faults and the east-trending Roman 
Valley Fault. The latter fault forms the structural 
break with Carboniferous Horton Group sediments 
in the northern part of this area, the geology of 
which is discussed in detail by Tèniére (2002). 
These structural discontinuities have been noted for 
some time and are seen, for example, on 
MacCormack’s (1966, 1967) map of this area. 
 East of Copper Lake where historical mining 
occurred (Fig. 6b), the stratigraphy is dominated by 
green to grey-green siltstone and shale and grey to 
black laminated siltstone, silty shale and shale, both 
rock types occurring in the cores logged from the 
mineralized zone. Based on core logging and 
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Figure 5. Images from the Mount Thom area (thin section photomicrograph in a, and back-scattered electron (BSE) 
images in b to f). These images are for altered rocks from the bottom of drillhole #42. Note that for the BSE images, the 
brightness correlates with increasing average atomic number, such that Fe-bearing phases (e.g. pyrite) are brighter 
than Ca phases (e.g. carbonate). (a) Thin section (cross polars) of altered sediment showing development of blebs 
containing scapolite-phologopite-carbonate and an unidentified phase. The blebs are about 1-2 mm wide. (b) Bleb as 
seen in previous figure showing corroded quartz grains and intergranular development of an unkown phase (dark grey) 
and scapolite (light grey). (c) Close-up of alteration phase associated with the scapolite showing dessication cracks. 
This is a hydrated phase of Mg-Fe-Al-Si which has not been identified. (d) Close-up of scapolite (Sc) infilling pore space 
created in the sediment during alteration and dissolution. (e) Association of phologopite (Phl) and scapolite (Sc) filling 
pore space generated by dissolution of the quartz grains (dark phase) in sedimentary host rock. (f) Zoned apatite grain 
filling pore space created during alteration. Variation in brightness of the apatite reflects the concentration of Cl. The 
bright phase attached to the apatite is monazite. 
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Figure 6. Geology of the Copper Lake area. (a) Geology map of the Lochaber-Copper Lake area from Nova Scotia 
Department of Natural Resources web site. Faults (after Reynolds et al., 2004) shown are Lochaber Lake Fault (LLF), 
South River Lake Fault (SRLF) and Roman Valley Fault (RVF). Locations of Copper Lake and College Grant areas are 
shown and discussed in the text. The star at the south end of South River Lake refers to an occurrence of siderite-
quartz-specular hematite veins. (b) Digital elevation model image (see Fig. 2 caption for source) for Copper Lake area 
with inferred traces of possible fault structures indicated by dashed black lines (? denotes linear trend and C is fault 
inferred by Cameron, 1951), whereas the circle shows outline of a syenite plug, also inferred by Cameron (1951). The 
stars locate the Copper Lake Cu deposit and occurrence of siderite-specular hematite veins to the east. The dashed 
ellipse is the inferred continuation of the siderite veins as traced out by underground workings, drilling and boulder trail. 
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compilation of core logs from assessment reports, 
in particular Lacombe (1962), it appears that there 
is a package of mainly greenish sediments on the 
north side of the area, whereas grey to black 
sediments dominate in the south; in some cases 
zones of brittle deformation occur between these 
two rock sequences. The dark shales are noted to 
commonly have fine layers of sulphides, mainly 
pyrite dominant over pyrrhotite, that occur with 
quartz and carbonate extensional veins (e.g. 
Fig. 7e, f). Reference is made in drill records (e.g. 
Lacombe, 1962) to the occurrence of andesite and 
rhyolite, but no such rocks were seen during this 
examination of the core. 
 The sequence has been tightly folded into east-
to northeast-trending folds, but the scale of these 
structures is not well constrained. A variably 
developed cleavage occurs, which dips steeply with 
an easterly to northeasterly trend. Previous workers 
have inferred the presence of paired anticlines 
(Cameron, 1951) and a syncline (Schiller, 1961). 
There are some significant zones of fault breccia up 
to several metres wide that were encountered 
during drilling and these have a general east-west 
orientation. Cameron (1951) infers the presence of 
a southeast-trending fault, which is shown in 
Figure 6b, but the basis for this is not known. A 
strong northeast linear feature is indicated in the 
DEM image in Figure 6b, which parallels the 
orientation of geophysical conductors noted in 
surveys of the property. Finally, there is mention of 
small plugs of intrusive rocks of mafic and felsic 
composition. These reports are based mainly on 
concentrations of erratics and there are no detailed 
descriptions of the field relationships of such rocks. 
Cameron (1951) refers to such a plug located west 
of Copper Lake as being of syenitic composition 
(Fig. 6b). No igneous rocks were encountered in 
examination of the core from this area. It is 
relevant to note, however, that copper 
mineralization at College Grant (Fig. 6a) is 
associated with quartz-specular hematite veins in a 
dioritic intrusion of inferred Devonian age 
(Murphy et al., 1982). 
 
Alteration and Mineralization 
 
The host rocks at Copper Lake are siltstone and 
shale with grey, dark grey and greenish-grey 
colours (Fig. 7). Bedding is either massive or the 

rocks are laminated on a mm scale. These rocks 
have been variably altered, ranging from incipient 
to intense, and zones of bleaching occur at scales 
from centimetres to metres (Fig. 7g, h). 
Preservation of sedimentary features indicates that 
the alteration was a ‘constant volume’ process. The 
altered sections are light green, green-grey, and 
buff to beige, and altered zones can be either 
massive or banded. Some areas of intense alteration 
coincide with zones of carbonate (± sulphide) veins 
or breccia due to faulting. Local spotting of 
sediments relates to development of carbonate, 
which in one case was coarsely developed and 
rimmed by specular hematite (Fig. 7d). 
 Imaging analyses on the electron microprobe 
show that the original sediments consist of variable 
mixtures of quartz, chlorite, white mica and albite 
(Fig. 8a); importantly, carbonate is rare in these 
rocks. In contrast to the fresh rocks, alteration is 
revealed by the pervasive development of zones 
dominated by quartz-carbonate-albite (see Fig. 8d), 
either in similar proportions or variable mixtures, 
and a distinctive medium-grained, granoblastic 
texture (Fig. 8c, e f). The alteration can occur 
peripheral to veins (Fig. 8b, c), but in most cases 
the altered sections are vein free. Transformation of 
the rock occurs through a process of dissolution 
and replacement of the primary mineral assemblage 
along grain boundaries; in some cases a porosity 
increase occurs and the pores can be partially 
occluded by a variety of late stage minerals. In 
addition to the dominant minerals mentioned, 
muscovite, chlorite, apatite, rutile, clay (possibly 
kaolinite) and pyrite develop with trace amounts of 
chalcopyrite, monazite, zircon, xenotime, thorite, 
and unidentified rare earth phases. Apatite forms 
both within the altered wall rock and as part of the 
vein assemblage (Fig. 8l). 
 Other notable features of the host rocks include 
the points below. (1) Carbonate is a mixture of 
dolomite, ankerite or calcite and can be strongly 
zoned (variable Fe:Mg ratio). (2) Albite forms 
disseminations or porphyroblastic grains (Fig. 8g). 
(3) Pyrite in the altered sediments can have a 
euhedral to subhedral texture, but internally can be 
complex with inclusions of chalcopyrite, pyrrhotite 
and a variety of Co-Ni-Fe-S phases. Pyrite also has 
a sieve texture locally and appears to have 
developed as coarsened framboids (Fig. 8h). (4) In 
some cases carbonate post-dates early silicification 
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Figure 7. Photographs of rock samples from Copper Lake deposit area. (a) Slab of siderite-sulphide 
(pyrite>>chalcopyite) vein material from a dump pile at the deposit site. The white material is calcite and darker beige 
material is siderite. (b) Dark blue-grey siltstone wall rock invaded by carbonate. Note that the sulphide is in the siderite 
vein material rather than in the calcite (white vein material). This photo is from a different part of the same sample 
shown in Figure 7a. (c) Quartz-specular hematite vein cutting altered wall rock sediment. (d) Carbonate porphyroblasts 
with narrow rim of specular hematite. (e) Dark grey to black laminated siltstone sequence with thin, bedding 
concordant quartz-carbonate-sulphide veins and extensional veins perpendicular to the fold plane. The dashed white 
line traces bedding (So). (f) Laminated dark grey silty shale beds with incipient alteration indicated by discoloration. 
narrow discordant veins. Note the abundant extension veins developed in the section. (g) Altered section of drill core 
with relatively fresh rock represented by the dark grey to black sections. (h) Intensely altered interval with remnant 
bedding seen in the grey areas. Note the presence of pyrite in the most intensely altered rock and offsets by late 
micro-faults. 
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and fills the voids created (Fig. 8j). (5) The 
euhedral shape of zircon, monazite and xenotime, 
plus the fact that they may occur as phases in 
hydrothermal pyrite, indicate that these phases are 
partly of hydrothermal origin (Fig. 8h, j). 
Overgrowths of xenotime and thorite on earlier 
monazite and zircon similarly argue for a 
hydrothermal origin. (6) Unidentified rare earth 
element (REE) phases are found associated with 
sulphides, chlorite and carbonate (Fig. 8m). 
 There are presently no mineralized outcrops, 
only derived boulders or erratics, and what is 
known of the mineralization was obtained from 
underground workings and has been summarized in 
various reports (e.g. MacDonald, 1937; Cameron, 
1951). A summary of the past workings in the area 
is given in Cameron (1951) and McMullin (1970), 
who note that mineraled zones at Copper Lake 
occurred in east-west, steeply dipping (to 65° but 
flattening to 40° at 30 m depth) siderite veins and 
early workings of these veins extracted material 
that was reported to run up to 10-12% Cu with up 
to 0.24 oz. Au per ton, 0.3 oz. Ag per ton and 0.1 % 
Ni. Intersections of over 2% Cu over ca. 3 m are 
recorded. The veins are generally considered to 
infill subparallel fissures that relate to a series of 
faults in the area. Two mineralized carbonate veins 
were defined by drilling and underground 
workings, and these were traced for 300 m. In the 
most recent drilling of the area, Black (1996) noted 
that two siderite veins of approximately 1 m width 

were intersected by one of the two drillholes, and 
that there was only a weakly anomalous Au 
content, with Cu content sporadic (to 13 000 ppm 
Cu). Of note is the regional occurrence (e.g. South 
River Lake area) of siderite, limonite, specular 
hematite and some sulphides that indicate a much 
larger system than indicated at Copper Lake, but 
this aspect remains to be fully explored. 
 Samples collected from the site and provided 
by other workers (R. Ryan, personal 
communication, 2004) indicate the following 
features: (1) coarse pyrite and chalcopyrite are 
intergrown with siderite and appear to be of the 
same paragenesis (Fig. 7a), but pre-date a cloudy 
white carbonate; (2) carbonate veins infiltrate the 
wall-rock sediment (Fig. 7b); (3) specular hematite 
occurs intergrown with siderite; (4) veins cut 
cleaved wall rock, hence suggesting a late origin 
with respect to deformation; and (5) many of the 
samples have breccia textures indicating repeated 
opening, sealing and brittle deformation of the 
veins with subsequent sealing. In addition, siderite 
veins with sulphides were observed in core, but the 
intersections and sulphide content were nothing 
like the intervals reported from underground 
workings. Examination of core from the area also 
indicates widespread occurrence of quartz-hematite 
veins (Fig. 7c) and areas of well developed 
extensional veins of quartz-carbonate-sulphide, 
particularly in the dark grey to black sediments. 
 Petrographic examination of a variety of 

Figure 8 (facing page).  Back scattered electron (BSE) images for samples from Copper Lake. Bright areas have higher 
average atomic number (e.g. quartz is darker than carbonate and pyrite is brighter than both of these). Abbreviations are 
wall rock (WR), quartz (Qtz), carbonate (Carb), albite (Alb), apatite (Apt), pyrite (Py), zircon (Zr), rare earth element phase 
(REE). (a) Fresh matrix to rock altered in Figs. 7b, c, d showing the isolated, anhedral texture of the quartz and 
intergranular micas. Note that there is only trace carbonate. (b) Wall rock on left (quartz-micas-albite) against a vein of 
quartz-pyrite (bright phase) that goes into an alteration halo of quartz and then quartz-carbonate. Area outlined by white 
box is enlarged in the next image. (c) Image enlarged from Fig. 7a showing quartz-rich zone on left (dark grey material) 
against a vein of quartz-pyrite which then becomes carbonate-rich (light grey material). (d) Alteration of siltstone 
beginning in zone 1 (quartz-chlorite- K mica) which becomes a quartz-carbonate zone, and then zones where 
quartz>>carbonate. (e) Altered rock with quartz (medium-grey) - carbonate (bright phase) dominant and new pore space 
filled by muscovite and clay minerals. (f) Altered rock replaced by quartz (dark) and carbonate (grey). Note that some of 
the quartz has euhedral outlines and that carbonate appears to be paragenetically later and can be zoned. (g) Albite 
ghosts as porphyroblasts overgrowing the matrix phases of fresh sedimentary rock. (h) Coarse framboidal pyrite in quartz-
albite matrix containing carbonate euhedra (triangular phase) and disseminated accessory minerals (i.e. bright phases), 
including monazite, zircon and rutile. Inset is a euhedra of monazite. (i) Altered sedimentary rock now composed of 
quartz-albite (dark host phases) with later carbonate (grey), rare muscovite (Ms) and a zoned zircon euhedra (enlarged in 
the inset box as 20 micron grain). (j) Altered sediment with coarse area of quartz, carbonate and apatite euhedra. 
(k) Quartz vein with intergrowth of chlorite and apatite euhedra against wall rock on right. (l) Vein filled by zoned 
carbonate with intergrowths of albite and apatite. (m) Vein cored by quartz-chlorite intergrowth with pyrite and rare earth 
element - bearing carbonate phase at vein-wall rock contact. (n) Pyrite euhedra with zones enriched in As and Ni, as 
indicated by the increased brightness. (o) Pyrite with distinctive pitted or sponge texture, with abundant inclusions of Fe-
Ni-Co phases. Inset diagram shows enlargement of some of these inclusions. 
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mineralized carbonate veins and sulphidized wall-
rock material indicates that Co-Ni-Fe-S phases and 
pyrite are seen to be zoned from imaging with the 
electron probe, due to trace concentrations of As, 
Co, and Ni (Fig. 8n, o). Further aspects of the 
mineralization are addressed below under 
geochemistry. 
 
Whole-rock and Mineral 
Geochemistry 
 
Material from both study areas was selected for 
lithogeochemistry to assess the samples for 
chemical signatures indicative of mineralization. 
Material was analyzed at the Regional 
Geochemical Centre at St. Mary’s University. For 
details of the procedures, precision and accuracy 
see http:/www.stmarys.ca/academic/science/
geology/rgc/rgc_home.htm. Samples of 
sedimentary rocks from both areas have been 
analyzed, but the intrusive phase at Mount Thom is 
currently being analyzed and results will be 
reported elsewhere. The data from sedimentary 
rocks are discussed below. In addition, carbonate 
samples from vein assemblages at the two study 
areas and the Londonderry district were analyzed 
for their trace element contents, including rare 
earth elements (REE), using ICP-MS wet chemical 
methods at Memorial University, Newfoundland. 
Data for the Mount Thom samples are not yet 
available and will be reported elsewhere along with 
geochemistry for the granite from Mount Thom. 
Sulphide concentrates from the two study areas 
were prepared and analyzed at the facilities of 
DalTech (Dalhousie University), Halifax, for base 
metal (Ca, Pb, Zn, Ni, Co) and precious metals 
(Au). 
 
Sedimentary Geochemistry 
 
Representative samples of sedimentary rocks from 
both Mount Thom and Copper Lake were selected 
for geochemistry to assess the nature of alteration 
and its geochemical signature. As noted above, 
extreme variation in the colour of the drill core 
occurs and is considered to reflect variable degrees 
of alteration; thus, the intent of the geochemical 
analysis was to quantify what this alteration 
signature is. None of the samples selected were 

veined (e.g. quartz, carbonate) or contained visible 
sulphides. These data (Tables 1, 2) are presented in 
a variety of binary elemental plots (Figs. 9 to 13) 
that are discussed below. 
 The first requirement is to assess the data for 
alteration and this has been done with the use of 
standard discriminant diagrams in Figure 9, where 
the data are compared to the fields for sedimentary 
rocks formed in various tectonic settings. As the 
diagram shows, much of the data depart from the 
well-defined fields due to gains or losses of the 
major elements. Of particular note is the 
modification of the indices Al2O3/(CaO+Na2O) and 
K2O/Na2O relative to the trends for fresh 
sedimentary rocks. The elevated levels of C, 
indicative of carbonate, LOI, reflecting volatiles 
(i.e. H2O, CO2), and S, relate to alteration (Tables 1 
and 2). 
 The geochemistry of the samples can be 
correlated to their dominant mineralogy with the 
use of mixing lines, as shown in the plots in 
Figure 10. The use of Al2O3 vs. K2O vs. SiO2 and 
K2O vs. Al2O3 plots indicate that a mixture of 
quartz and muscovite-illite, with minor kaolinite, 
can account for most of the chemical variation. The 
lack of orthoclase is indicated in the K2O vs. Al2O3 
plot, where none of the data fall about the quartz-
muscovite/illite mixing line. The addition of 
chlorite is suggested from the plot of Fe2O3 vs. 
Al2O3 and albite is abundant in a few samples 
based on the Na2O vs. Al2O3 plot. Carbonate 
alteration is reflected by addition of mainly CaO 
and MgO, with minor FeO, and both calcite and 
dolomite are inferred to be present based on the 
binary and ternary plots. The plot of CaO vs. Na2O 
suggests that carbonate and albite alteration are 
essentially decoupled. 
 Trace element plots (Figs. 11, 12) do not reveal 
any departures from the trends expected. It is 
noted, however, that the strong correlations among 
V-Cr-Ti do not occur for Ni, thus suggesting that 
Ni is unrelated to these elements. The alkali earth 
elements Sr, Ba and Rb show little dispersion and, 
in fact, both Ba and Sr are depleted compared to 
average levels tabulated for sedimentary rocks 
globally (Fig. 13). In terms of Rb, Sr and Ba the 
sediments are depleted when compared to data for 
the Meguma Group sediments. One element of note 
is zirconium with levels to 471 ppm for a sample 
enriched in sodium (CPL-04-19), which is much 

http://www.stmarys.ca/academic/science/geology/rgc/rgc_home.htm
http://www.stmarys.ca/academic/science/geology/rgc/rgc_home.htm
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higher than normal for sediments in general (e.g. 
Feng and Kerrich, 1990; Pan et al., 1991; Kontak 
and Dostal, 1992). Petrographic study indicates 
hydrothermal zircon occurs in samples from both 
Mount Thom and Copper Lake; thus, this 
enrichment is considered to be consistent with such 
observations. The base metals (Zn, Pb, Cu) are low 
in all but three samples, with one having 226 ppm 
Zn and 118 ppm Pb (CPL-04-11), another 393 ppm 

Cu (MT-04-36-10), and finally one 161 ppm Pb 
(MT-38-3). 
 
Nature of Alteration 
 
The binary element plots in Figure 10 are used to 
assess the nature of alteration in conjunction with 
the petrographic observations summarized above. 
The presence of secondary mica (both muscovite 

Sample MT-04 MT-04 MT-04 MT-04 MT-04 MT-04 MT-04 MT-04 MT-04 MT-04 MT-04 MT-04 MT-04 

 36-2 36-5 36-8 36-10 37-1 37-4 37-6 37-7 38-3 42-2 42-4 42-5 42-6 

Major elements in wt. %:            
SiO2 68.67 75.17 59.24 68.62 65.68 76.28 65.02 66.02 70.44 50.56 81.20 84.18 79.98 

TiO2 0.83 0.50 1.16 1.15 0.97 0.82 1.10 0.85 1.02 0.55 0.34 0.46 0.92 

Al2O3 12.22 7.79 23.04 17.49 15.43 10.88 17.31 13.05 14.99 25.59 4.19 5.12 6.49 

Fe2O3 3.80 2.36 2.52 1.80 7.95 3.37 4.73 8.31 4.51 9.28 1.27 0.69 1.00 
MnO 0.10 0.07 0.02 0.02 0.04 0.05 0.08 0.16 0.01 0.02 0.03 <0.001 <0.001 
MgO 1.35 1.33 0.95 0.55 2.12 0.79 1.17 1.84 1.40 1.98 2.73 4.95 5.23 
CaO 1.88 3.01 0.23 0.23 0.22 0.18 0.16 0.21 0.20 0.27 4.67 0.28 0.62 
Na2O 2.48 2.46 0.57 2.27 0.15 0.10 0.20 0.21 0.10 1.28 0.02 <0.01 0.35 
K2O 2.23 0.70 6.58 4.04 3.35 3.11 4.83 3.27 3.56 5.11 0.55 1.18 1.92 
P2O5 0.12 0.09 0.14 0.08 0.16 0.13 0.11 0.13 0.14 0.20 0.10 0.07 0.12 
L.O.I. 5.29 5.38 4.24 2.95 3.38 3.34 4.37 5.22 2.70 4.06 5.26 1.94 2.24 
S % 0.03 0.03 0.23 0.19 0.03 <0.01 0.10 0.02 0.02 NA 0.03 0.01 0.01 
C % 1.23 1.15 0.12 0.15 0.25 0.32 0.55 0.88 0.03 0.47 0.89 0.03 0.08 
Totals 98.96 98.86 98.69 99.19 99.44 99.04 99.09 99.27 99.08 98.90 100.36 98.87 98.86 

Trace elements in ppm:            
V 52 32 79 68 62 49 69 55 65 59 22 27 56 
Cr 81 53 135 113 96 78 105 77 101 141 24 24 47 
Co 7 <5 17 6 25 6 23 19 18 26 <5 <5 <5 
Zr 221 289 182 268 199 340 269 253 282 113 146 157 349 
Ba 107 28 246 195 153 106 190 103 183 281 <25 35 <25 
La 39 36 55 43 40 17 45 41 58 55 26 19 21 
Nd 32 32 35 34 31 15 28 33 41 35 26 19 20 
Ni 22 4 20 34 52 16 23 47 48 59 13 14 41 
Cu 16 12 <4 393 <4 <4 9 <4 28 <4 9 <4 <4 
Zn 9 8 9 9 16 6 12 8 10 9 12 8 26 
Ga 14 6 33 23 21 15 23 18 21 35 6 7 11 
Rb 89 38 238 154 113 122 164 112 133 163 31 44 73 
Sr 29 25 22 30 12 <5 10 5 11 116 9 <5 10 
Y 33 28 36 36 33 32 32 31 36 30 18 18 25 
Nb 15 10 20 19 19 15 19 15 16 15 6 6 10 
Pb 6 4 12 36 38 7 18 <3 161 <3 <3 <3 <3 
Th 10 6 18 12 10 6 13 9 14 10 <2 <2 2 
U 2 1 8 5 3 4 5 3 4 4 1 1 2 

Table 2. Whole-rock geochemistry for sedimentary samples from Mount Thom drill core. 
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and illite), albite, chlorite, carbonate and kaolinite 
is indicated from the binary element plots. Of these 
minerals, carbonate and albite are the most 
dominant and appear to be more common at 
Copper Lake for the samples analyzed in this study. 
 
Carbonate Trace Element 
Geochemistry 
 
A selected subset of samples of vein carbonate 
minerals, principally siderite, from Mount Thom 

and Copper Lake that were used for stable isotopic 
analyses were also prepared for REE analysis. 
Along with these samples, a suite of siderites from 
the Londonderry district were also analyzed for 
comparative purposes. Data for Copper Lake and 
Londonderry are summarized in chondrite-
normalized plots in Figure 14, but results for 
Mount Thom are not yet available. 
 The carbonates for Copper Lake show a large 
spread in REE abundance with chondritic values of 
0.1 to 100 and variable fractionation with (La/Lu)N 

Figure 9. Binary element plots of wt. % oxides for samples of sedimentary rocks from Mount Thom (G) and Copper Lake 
(Δ). The fields are for tectonic settings for sedimentary rocks (after Bhatia, 1983) and are used to illustrate the expected 
fields for unaltered sedimentary rocks (i.e. names of the fields are not relevant here). Note that in the two bottom 
diagrams the fields are at values of less than 3-4 on the vertical axes, thus the rocks plotted are extremely altered relative 
to the fields of fresh sedimentary rocks. 
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Figure 10. Binary and ternary element plots of wt. % oxides for samples of sedimentary rocks from Mount Thom (□) and 
Copper Lake (Δ). The boxes represent ideal mineral chemistry (data in Deer et al., 1966). Abbreviations are: 
Carb=carbonate, Musc=muscovite, Or=Orthoclase, Qtz=quartz, Chl=chlorite, Kaol=kaolinite, Ill=illite. The large box for 
chlorite is due to the range in Fe/Fe+Mg) in this mineral. Significance of the tie lines is discussed in the text. 
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values of 1 to 0.01. In addition, both the light (La-
Sm) and heavy (Gd to Lu) REE are variably 
fractionated, but all samples but one have negative 
Eu anomalies (Eu/Eu*). The carbonate REE 
patterns contrast markedly with patterns typical of 

most sedimentary rocks in which the light REE are 
enriched and (La/Lu)N values are around 10 or 
greater (e.g. McLennan, 1989). The patterns also 
contrast markedly with patterns typical of intrusive 
rocks, which are in general strongly fractionated 

Figure 11. Binary element plots of trace elements (ppm) for samples of sedimentary rocks from Mount Thom (□) and 
Copper Lake (Δ). 
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Figure 12. Binary element plots of trace elements (ppm) for samples of sedimentary rocks from Mount Thom (□) and 
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with light REE enrichment (e.g. Cullers and Graf, 
1982). The carbonate REE data for Copper Lake 
are, however, not unlike patterns for vein 
carbonates elsewhere that have been interpreted to 
indicate mobilization of the REE from prior 
deposition, possibly in carbonate rocks due to the 
preferential complexing of the heavy REE with 
carbonate ligands, as discussed by Möller and 
Morteani (1983). As also discussed by these 
authors, and references therein, the patterns seen 
here are unlike those for vein carbonates hosted by 
granitic rocks or siltstone-shale sequences. 
 Siderite samples from Londonderry are similar 
to some of the REE patterns for Copper Lake 

samples in their enrichment of the heavy REE and 
some, but not all, samples have (La/Lu)N values 
<1. In addition, the samples are all characterized by 
negative Eu anomalies and have similar levels of 
REE abundance. 
 
Sulphide Chemistry 
 
Samples of sulphide concentrates were prepared to 
document the metal enrichment in these phases and 
data for Copper Lake, acquired at DalTech 
facilities using wet chemical techniques, are 
summarized in Table 3 and Figure 15. The results 
indicate that there are elevated concentrations of 
Co and Ni, but not in samples that are Cu rich (i.e. 
chalcopyrite). There is a strong correlation of Au 
with Cu, however, which confirms earlier reports 
of the association of elevated Au with copper 
mineralization at this locality. Samples with 
elevated Au also have elevated Ni, but not Co, but 
not all samples enriched in Ni have elevated Au. 

Figure 13. Binary element plots of Ba and Rb versus Sr 
(all in ppm) for samples of sedimentary rocks from Mount 
Thom (□) and Copper Lake (Δ). The abbreviations refer 
to the following: AWS=average world shale (Wedepohl, 
in Nathan, 1976), NASC=North American shale 
composite (Gromet, 1984), PSC=average Aphebian 
shale (n=326) of the Canadian Shield (Cameron and 
Garrels, 1980). Fields for the Meguma Group 
sedimentary rocks from East Kemptville (EK) from 
Kontak and Dostal (1992). 

Figure 14. Rare-earth element plots of siderite 
normalized to chrondritic values for samples from the 
Copper Lake and Londonderry districts. 
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Stable Isotopes (O, C, S, D) 
 
Stable isotopes are used to assess source reservoirs 
and in some cases constrain the temperature 
attending vein formation where mineral pairs in 
equilibrium are analyzed. In the present study 
carbonates, quartz and sulphides from Mount Thom 
and Copper Lake were analyzed at the Queen’s 
Facility for Isotope Research at Queen’s 
University, Kingston, Ontario. A summary of the 
results follow below, with a more detailed 
discussion of the data to be presented later when all 
the analyses have been completed. 
 
δ18O and δ13C for Carbonates 
 
A summary of the results of carbonates, 
predominantly siderite with a few calcite samples 
(Mount Thom and Copper Lake), are presented in 
binary plots for 13C and 18O (Fig. 16). The data 
show a narrow spread for 18O, except for a few 
samples from Mount Thom, which are not 
distinguished in any way that might suggest their 
being different. The range in 18O levels is +15 to 
+18‰, with the excursions to +21‰ and +13‰ for 
the outliers. This narrow spread implies that there 
is a single reservoir for 18O, or that if mixed 
reservoirs were involved the fluids were 
homogenized before entering the mineralizing 
environment. Given the geographic distribution, 
mixing of reservoirs at the site of carbonate 
deposition is considered unlikely. The range in 18O 
also implies that for a fluid of uniform 18O 
composition and typical crustal values, a 
temperature range of 300-200°C is inferred for 
Mount Thom and Copper Lake (Fig. 17a), although 

the nature of the mineralization at Londonderry 
suggests a low formation temperature, as shown in 
Figure 17a. The range in 13C levels is -4 to -8‰ 
(Fig. 16), with the large range occurring at Copper 
Lake where there is an equal distribution of the 
data for various 13C values. 
 These data for the areas of interest are 
compared to data for mineralized Carboniferous 
settings in southern Nova Scotia, namely the 
Mississippi Valley Type (MVT) districts (i.e. 
Walton, Gays River, Smithfield), in Figure 17b. 
Also shown on this diagram is the field for 
Windsor Group carbonate rocks, which is an 
important reservoir of carbon in southern Nova 
Scotia. In addition, reference is made to siderite 
data for two base metal and precious metal 
carbonate vein system in southern British 
Columbia and the Yukon. The 13C data are similar 
to carbonates in MVT mineralized districts of Nova 
Scotia where mixing of reservoirs has been 
suggested, since the Windsor Group rocks cannot 
be the sole source of carbon (i.e. too light a 
signature). In these cases, mixing of carbon from 
the Windsor limestones and biogenic carbon from 
other strata occurred. The range of 13C levels for 
Copper Lake samples might be interpreted to 
suggest a mixing scenario at the site of deposition, 
whereas mixing had occurred before the fluids 
reached the mineralized environment in the 
Mount Thom case in order to give a homogeneous 
signal. The 18O (siderite) levels are similar to the 
signature for ore-stage carbonate at Gays River, 
inferred to have formed at 200-250°C (Kontak, 
1998), and overlap the range of elevated 18O levels 
for the other vein deposits referred to above from 
B.C. and the Yukon; however, they differ for data 
from Brookfield, Smithfield and Walton. Given 
that the 18O levels of the carbonate depend on the 
temperature of deposition as well as the 18O fluid 
level, the relative enrichment and depletion of 18O
(carbonate) can reflect one or both of these 
variables. Given that the temperature of carbonate 
deposition at the areas of interest was probably not 
much higher than at Brookfield (<250°C; Kontak et 
al., 2006), a different fluid composition is likely. In 
contrast, the higher temperatures for the Yukon and 
British Columbia vein systems may account for 
their lower 18O levels (see Fig. 17b). 
 The similarity of the data for the three areas 
sampled is again noted, as is the similarities and 

Area δ18Oquartz
(per mil) 

δ18Owater (per mil) 

  300°C 250°C 200°C 
     
Mount Thom 16.4 9.5 7.4 4.7 

 13.1 6.2 4.2 1.4 
     

Copper Lake 16.8 9.9 7.9 5.1 

Table 3. Stable isotope data (18O) for quartz samples 
from Copper Lake and Mount Thom. 
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differences with the MVT districts of southern 
Nova Scotia. These data reflect a uniform signal for 
the districts and likely indicate similar reservoirs, 
processes and temperatures of deposition. 
 
δ18O for Quartz 
 
Samples were collected of vein quartz material, in 
some cases coexisting with carbonate, and results 
for the two areas are summarized in Figure 18. The 
11 samples from Copper Lake are very uniform in 
δ18O with levels ranging from +16.7 to +17.2‰, 
averaging 16.8‰, except for one outlier of 14.9‰. 
In contrast, the quartz samples from Mount Thom 

have δ18O levels ranging from +12.9 to +17.5‰, 
but six of the eight samples fall in the range +15.1 
to +17.5‰, the latter group having a  mean of 
16.4‰. Thus, overall the data for both areas are 
similar and 80% of the data fall in the narrow range 
of 16.7 to 17.7‰, suggesting a similar reservoir for 
the fluids. 
 The δ18O level of the mineral is dependent on 
the temperature of deposition, as mineral-fluid 
fractionation occurs and is temperature dependent. 
For the temperature range of 300° to 200°C the 
δ18Owater levels have been calculated, using the 
appropriate fractionation factors (Clayton et al., 
1972), and results are summarized in Table 3. As 

Figure 15. Trace element data for sulphide concentrates from Copper Lake. See Table 2 for data. 
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expected, the δ18Owater levels are similar for the 
majority of samples from the two areas and vary 
from +9.9 to +4.7‰. For the two quartz samples 
from Mount Thom with much different δ18O 
values, relatively depleted δ18Owater levels of +6.2 
to +1.4‰ are indicated. The range of values here 
overlap, in part, the range for magmatic fluids 
(Sheppard, 1986), but more likely indicate a non-
magmatic fluid reservoir, in particular for the 
quartz samples with low δ18O levels. A more 
detailed discussion integrating this data with other 
information is given in the next section. 
 

δD Versus δ18O and Fluid Type 
 
The covariation of δD and δ18O can be used to 
characterize the fluid(s) attending mineralization. 
The δDwater values were obtained by analysing 
fluids trapped as fluid inclusions in minerals, 
whereas the δ18Owater values were calculated using 
the equilibrium fractionation of mineral-H2O using 
quartz and carbonate. Note that there is a very 
similar range in the δ18Owater results for the two 
districts based on quartz and carbonate data (see 

Figure 16. Binary plots of δ13C versus δ18O for carbonates samples, predominantly siderites, from Copper Lake, Mount 
Thom and Londonderry. 
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range on Fig. 19). The fields outlined for the areas 
of interest indicate that both magmatic and 
metamorphic reservoirs are possible and that there 
is little meteoric signature left. Hence, if the fluids 
were of basinal origin, as suggested for some IOCG 
models, they have been modified to such an extent 
that they have characteristics of metamorphic 
fluids. 
 
δ34S for Sulphides 
 
The results of sulphur isotopic analyses for the two 
study areas are summarized in Figure 20. As can be 
seen, there is a narrower range of samples from 
Mount Thom, with δ34S levels of +7.6 to +12.8‰, 
compared to the bimodal distribution of δ34S from 
Copper Lake. In the case of Copper Lake, one 
population has a range of δ34S values similar to that 
for Mount Thom at +7 to +14‰, but the other 
range is characterized by lower δ34S levels of -2.3 
to 3.5‰. There is nothing notable about the 
samples in terms of the style of mineralization, 

Figure 17. (a) Plot of Temperature (°C) versus δ18O
(siderite) for samples from the study area, Copper Lake-
Mount Thom (CPL-MT), compared to data for 
Londonderry (LD; this study), Brookfield barite deposit, 
Nova Scotia (BS; Kontak et al., 2006) and to siderite data 
from base metal and silver vein deposits of southern 
British Columbia (BCS, Beaudoin et al., 1992) and Keno 
Hill, Yukon (KHS, Lynch et al., 1990). The isopleths for 
δ18O(water) represent water in equilibrium with the siderite 
(curves calculated using fractionation equation of 
Carothers et al., 1988). (b) Plot of δ13C(PBD) versus  δ18O
(SMOW) for carbonates from the study areas (CPL-MT) 
compared to data from Londonderry (LD) and some 
significant MVT mineralization in southern Nova Scotia 
that includes Gays River Zn-Pb deposit (GRC; Savard, 
1996, and Savard and Kontak, 1998), Walton Ba-Zn-Pb-
Cu-Ag deposit (WS; Savard et al., 1998), Smithfield Zn-
Pb (SFM; Ravenhurst et al., 1989) and also the 
Brookfield barite deposit (BS; Kontak et al., 2006). Also 
shown are fields for siderites from two base-metal and 
previous metal districts in British Columbia (BCS) and 
Keno Hill, Yukon. The field for Windsor Group (WG) 
carbonate and dolomitized equivalent (WD), from Akande 
and Zentilli (1984), is also shown. 

Figure 18. Histogram plot summarizing oxygen isotopic 
data (δ18O) for quartz samples from Copper Lake and 
Mount Thom. 
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mineral assemblage, alteration, or host rock that 
can be correlated to the difference in δ34S levels. 
 Interpretation of the δ34S data requires one to 
first determine the degree of fractionation that has 
occurred during sulphide precipitation. In this case, 
if temperatures of 200°-300°C are assumed and the 
fluid was reducing, such that H2S was the dominant 
sulphide species in the hydrothermal fluid, then 
fractionation would be less than 1‰, thus the 
measured δ34S(sulphide). δ34S(H2Sfluid). This 
assumption would suggest that two reservoirs for 
sulphur are involved with signatures of about +7 to 
+14‰ and -2 to +3‰. An alternative explanation, 
however, is that the fluid was not always reduced 
and deviated above the pyrite-magnetite buffer, in 
which case fractionation of δ34S between mineral 
and fluid can change such that relatively depleted 
levels of δ34S(sulphide) can occur (Rye and Ohmoto, 
1974). The presence of specular hematite as part of 
the hypogene stage at Copper Lake justifies 
consideration of this scenario. Thus, the variation 

in δ34S of the sulphide minerals may be accounted 
for by either multiple source reservoirs or a single 
reservoir, probably with δ34S in the range +7 to 
+14‰, accompanied by a change in fluid chemistry 
during the mineralizing event at Copper Lake. 
 
Age Dating 
 
The timing of alteration and related mineralization 
at the two localities is being investigated with a 
variety of techniques, including 40Ar/39Ar (whole 
rock, mica), Re-Os (sulphides), U/Pb (zircon) and 
Th-Pb (monazite). Analytical work continues, but 
the information known is summarized here. 
 
Re-Os Dating 
 
A single sample of pyrite from a massive siderite 
vein with pyrite and chalcopyrite, recovered from 
the surface piles at Copper Lake, is being analyzed 

Figure 19. Isotopic composition of fluids for Mount Thom (MT) and Copper Lake (CPL) in δ18D (‰) versus δ18O (‰) plot. 
The range of δ18Owater for the two areas are given for equilibria based on δ18O values for quartz and carbonate. Fields for 
reference are (after Sheppard, 1986): sedimentary rocks, magmatic fluids, metamorphic fluids (equilibrated at 300- 
600°C), meteoric water line, basinal fluids (Alberta Basin (AB), Michigan (M), Illinois (I), California (C), Gulf Coast (GC). 
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for Re-Os (Stein et al., 2001) at the University of 
Alberta. The pyrite has a high Re/Os ratio and the 
Os is highly radiogenic, the so-called “low level 
highly radiogenic” (LLHR; Stein et al., 2000) 
sulphide. Preliminary analysis of the pyrite 
indicates model Re-Os ages (assuming an initial 
ratio) of 325 to 335 Ma, which agrees with an 
isochron age of 326 ± 4 Ma based on initial results. 
Although these data are preliminary, the age is 
considered to be reliable (R. Creaser, personal 
communication, 2006) and is consistent with the 
observation that the veins cross-cut cleaved wall 
rock. 
 
Monazite Th-Pb Dating 
 
Samples containing monazite from the Mount 
Thom and Copper Lake mineralized districts were 
selected for dating using the Th-Pb 
geochronometer (Montel et al., 1996; Williams et 

al., 1999). In this method, monazite samples with 
sufficient Th and of appropriate age can be dated 
using the electron microprobe and model ages 
calculated. The assumptions built into the method 
include: (1) the contained Pb relates to decay of Th 
and no common Pb is present, (2) the monazite has 
been impervious to Pb loss, and (3) the monazite 
has not sustained radiation damage such that 
aberrant ages might result. Samples were selected 
based on petrographic criteria (which suggest a 
hydrothermal origin, in part) and analyzed at the 
electron microprobe facility, Dalhousie University. 
Complete results will be presented elsewhere, but a 
summary of the current findings are discussed here 
(Figs. 21, 22). 
 Monazite from Mount Thom (Fig. 22) shows 
that zonation is common in grains that collectively 
range in age from 413 to 330 Ma. The most 
consistent sample (MT-04-42G1) had ages of 413 
and 405 Ma, essentially the same within the limits 
of error. In contrast, the two other samples had 
large ranges. A preliminary interpretation of these 
data suggests an early stage of monazite growth 
ca. 400-410 Ma with subsequent overgrowths 
ca. 360-330 Ma. The older age is coincident with 
the regional Acadian metamorphism and suggests 
that the cores of these grains are, therefore, of 
detrital origin, whereas the younger ages represent 
later mineral growth. 
 The X-ray maps for monazites from Copper 
Lake show that the grains are variably zoned with 
irregular-shaped core areas. The 12 age dates 
obtained for seven grains from two samples are 
summarized in a histogram in Figure 21. The ages 
range from a high of 387 Ma to a low of 225 Ma, 
and can be broken into three groups: (1) ages of 
370-397 Ma (4 ages), (2) 330-360 Ma (4 ages), and 
(3) two of 225 and 272 Ma. These age ranges may 
indicate and older inherited population with later 
overgrowth. The middle population ages are similar 
to whole-rock 40Ar/39Ar ages of 340-335 Ma 
obtained for well cleaved slate and shale from the 
Horton Group rocks in this area (Reynolds et al., 
2004). The anomalously young ages (less than 
300 Ma) may also be interpreted in the context of a 
Pb loss event rather than generation of new growth. 
 
U-Pb Zircon Dating 
 
A sample from Copper Lake containing possible 

Figure 20. Histogram plots summarizing the sulphur 
isotopic data (δ34S) for sulphide phases from Copper 
Lake and Mount Thom. 
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hydrothermal zircon, as inferred from petrographic 
study and imaging on the electron microprobe, was 
submitted for U-Pb geochronometry by 
conventional solution chemistry and thermal 
ionization mass spectrometry (TIMS) at the 
University of Alberta. The sample returned a 
preliminary 206Pb/206Pb age of 1634 ± 11 Ma with a 
high degree of discordance, which further analysis 
will address. This age indicates that the zircon 
contains a large amount of inheritance, but further 
analysis may indicate the time of overprinting of a 
second generation zircon. 
 
40Ar-39Ar Dating 
 
Samples of whole-rock sediments and fine-grained 
muscovite of hydrothermal origin from both the 
Mount Thom and Copper Lake areas have been 
submitted for 40Ar/39Ar step-wise heating at 
Queen’s University to determine the thermal 
history of the two areas. The samples are currently 
awaiting analysis and the results will be reported 
when completed. 
 
Discussion 
 
The geological and petrological features of the 
Mount Thom and Copper Lake areas summarized 
above provide some insight into the nature of 
mineralization in these environments. The 

following points highlight these results. 
(1) The mineralized areas are characterized by 

extensive alteration or metasomatism that is 
clearly related to mineralization, although the 
alteration extends much farther than zones of 
mineralization. This metasomatism, of Na, Ca, 
CO2 type, is extreme in some cases with 
complete reconstitution of the rocks, as seen at 
Copper Lake where sediments are converted to 
a quartz-albite-carbonate(-apatite) assemblage. 
Similar, but not quite as extensive, alteration 
occurs at Mount Thom where the nature and 
significance of scapolilte-phologopite 
metasomatism remains to be more fully 
explored. 

(2) The mineralized zones are enriched in Ni, Co, 
As and Au, as well as the Cu and Fe that 
characterize this style. This mineralization was 
clearly  related to specular hematite-carbonate
(-chlorite) vein emplacement. The enrichment 
of Au with Cu has been confirmed at Copper 
Lake in sulphide concentrates, although a gold-
bearing phase has not been identified. In 
addition, there is enrichment of P, REE, and U 
on different scales, which relates to 
metasomatism of the rocks. 

(3) The spatial association of magmatism with 
mineralization at Mount Thom is confirmed. 
The development of metasomatism and iron 
oxide and sulphide mineralization in the granite 
suggests there is also a genetic association. The 
petrographic features of this granite indicate a 
high-level setting and affinities with an A-type 
classification. There are suggestions from 
previous work that there may be some 
magmatic influence in the Copper Lake area, 
but this remains unconstrained at present and 
must be examined further, as does the regional 
extent of magmatism along the CCFS proximal 
to mineralized districts (O’Reilly, 2005). 

(4) The age of mineralization remains loosely 
constrained, as additional data are pending. The 
preliminary Re-Os data for Copper Lake, 
however, indicate a young age of ca. 325 Ma. 
This age post-dates the latest deformation in 
the area ca 340-335 Ma, as recorded by 
40Ar/39Ar whole-rock dating of Horton Group 
sediments that may reflect over-thrusting of the 
Guysborough Block (Reynolds et al., 2004), 
which contains the Copper Lake mineralized 

Figure 21. Histogram plot summarizing results of 
monazite Th-Pb ages for samples from Copper Lake. 



Report of Activities 2005  95 

Figure 22. X-ray maps (Th, Y, Pb; bright areas have higher concentrations) and back scattered electron image maps for 
monazite grains from Copper Lake (CPL) and Mount Thom (MT). Ages determined for the samples were: CPL-04-5Gr1 
ages of 387 and 362, CPL-04-Gr4 an age of 358 Ma, MT-04-42Gr1 413 and 405 Ma, and MT-04-42Gr2 ages of 407 and 
357 Ma. 
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district. In situ monazite dating for samples 
from Copper Lake records some ages that are 
coincident with the Re-Os age, but the results 
for Mount Thom are inconclusive. 

(5) Structure was clearly relevant to the 
mineralization, as veining and metasomatism 
were focussed along preferred zones. These 
aspects require further investigation. In the 
case of the Copper Lake setting, the veins and 
metasomatism overprint rocks that record 
earlier deformation, hence the fluids were 
introduced late with respect to these structures, 
as the preliminary dating would suggest. Both 
areas are near a major structure, the 
Chedabucto-Cobequid Fault System, hence it is 
to be expected that movement along this fault 
system controlled fluid flow in the mineralized 
areas. 

(6) The use of stable isotopes as tracers have 
identified the mineralizing fluid to likely be of 
metamorphic origin and to have equilibrated at 
moderate temperatures (250-300°C). The fluids 
overlap, in some respects, the Mississippi 
Valley Type fluids of the Carboniferous 
mineralized sites, but depart significantly in 
terms of their δ18Owater signature that suggests 
either a different source(s) or much higher 
temperatures of equilibration in the source 
area. The sulphur data are consistent with a 
non-magmatic source, and in the case of 
Copper Lake mixing of reservoirs is suggested, 
one of which is similar to that seen at Mount 
Thom. 

 In summary, these data indicate that the 
mineral occurrences at the two areas of interest 
share many common features and it is reasonable to 
interpret them together metallogenetically. These 
data are also consistent with many of the features 
proposed for IOCG deposits. Although extensive 
areas of significant mineralization have not been 
found to date, these data reflect large-scale fluid 
flow through the two sites, with commensurate 
alteration on a large scale, one of the more 
characteristic features of the IOCG deposit type. 
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