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Abstract

Katrine, Ben Nevis and Clifford townships are part of the Archean Blake River Group of the Abitibi
Subprovince of the Superior Province of Canada. The Blake River Group hosts one of the most
significant mining camps in Canada—the Noranda camp—where the origin, localization, and distribution
of deposits are relatively well understood. In contrast, very little is known about the Blake River Group in
Ontario; hence, this subproject of the Discover Abitibi Initiative was conceived to improve our
knowledge of the Blake River Group in Ontario and to use that knowledge to assess its potential for VMS
mineralization.

The Blake River Group is divided into three subgroups: the Garrison, the Misema and the Noranda.
The volcanic rocks of Katrine, Ben Nevis and Clifford townships belong to the Misema subgroup, which
in Ontario ranges in age from 2701 ±2 Ma in Pontiac Township to 2696.6 ±1.3 Ma in Ben Nevis
Township. This spans the known ages for the Blake River Group in Québec (2701 ±1 Ma to 2694 ±2 Ma).

Subaqueous andesite flows are the dominant rock type in the study area. In Katrine Township,
pyroclastic rocks are rare, and felsic volcanic rocks even rarer. In Ben Nevis and Clifford townships, there
is a spectrum of subaqueous volcanic rocks from basalt to rhyolite. Both flow and pyroclastic facies occur
in all rock types, but the felsic volcanic rocks are dominantly pyroclastic with rare flow or dome facies.
The large pyroclastic component of the Ben Nevis–Clifford volcanic centre suggests that it may be a
subaqueous composite stratovolcano constructed on a mafic to intermediate volcanic “floor” represented
by the Misema mafic to intermediate volcanic rocks in Katrine Township. The increase in pyroclastic
rocks, and the pumiceous and scoriaceous nature of some of the fragments, indicates shallow depth of
emplacement for the Ben Nevis–Clifford volcano.

High-level synvolcanic dykes, which can only be distinguished from extrusive rocks by their cross-
cutting relationships, occur in all rock types throughout the study area, as do mafic-intermediate dykes
and irregular masses, which are comagmatic with the Blake River Group volcanism.

The volcanism in the study area is unimodal (andesite dominant), and there are no tholeiites in the
area. Different populations of mafic-intermediate and felsic volcanic rocks are observed in the study area.
Mafic-intermediate volcanic rocks with lower Ybcn have SiO2 and MgO wt % contents within the range of
the higher Ybcn population, and cannot be precursors to the magmas with higher Ybcn. Felsic volcanic
rocks with Zr/Y >5 generally have higher calculated zircon saturation temperatures.

VMS-style alteration and mineralization occur in the study area, indicating that a synvolcanic
hydrothermal system existed. However, the mineralization is concentrated in synvolcanic dykes as veins
or in the multiple injection margins, suggesting that the fluids were channelized within the dykes. This
indicates that the present exposure may represent the feeder zone of the hydrothermal system. The area is
structurally complex and the influence of faults and deformation zones on the stratigraphy of the area
must be determined, as should the effect of possible folding.

A porphyry system related to the Clifford stock is recognized in Clifford Township, opening up a
new avenue for exploration. A gravity low in Ben Nevis Township, which is similar to that corresponding
to the Clifford stock in Clifford Township, suggests a “Clifford-type” intrusion at depth, and the
occurrence of Clifford-event porphyry dykes in Ben Nevis Township confirms that the Clifford intrusive
event extends south of the Murdoch Creek–Kennedy Lake fault. These other occurrences of Clifford-type
intrusive activity have not been fully evaluated for porphyry Cu-Mo-Au mineralization and thus represent
a potential new target in Ben Nevis Township.
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Introduction

Mapping and sampling transects were undertaken in Ben Nevis, Katrine and Clifford townships (Figure
1) as part of the Discover Abitibi Initiative under 2 subprojects: the Volcanogenic Massive Sulphide
(VMS) Deposits 3 subproject; and the Intrusion subproject. The area is part of the Blake River Group
(Figure 2), which hosts one of the most significant mining camps in Canada, the Noranda camp, and is
one of the type localities for Cu-Zn VMS deposits (Sangster 1972; Hutchinson 1973; Franklin et al.
1981). In 1999, the cumulative production from the 25 past-producing and active Cu-Zn mines in the
Noranda area was given by Hannington et al. (1999, their Table 1) as 263 million tonnes. Within the
mining camp, the origin, localization, and distribution of deposits are relatively well understood. The
Blake River Group in Ontario, and in Ben Nevis Township in particular, has been of interest to mineral
exploration companies due to the presence of felsic volcanic centres in a dominantly andesitic regime and
of known mineralized showings. However, little modern geological, geochemical, or isotopic studies have
been undertaken in the area, in contrast to the Blake River Group in the Noranda camp in Québec. This
subproject was conceived to improve our knowledge of the area and to relate that knowledge to the
potential for VMS or other mineralization in the Blake River Group in Ontario.

LOCATION AND ACCESS

Ben Nevis and Clifford townships are located in the District of Cochrane; Katrine Township is in the
District of Timiskaming. Ben Nevis and Katrine townships are 10 km north of the town of Larder Lake
via the Larder Lake Station road, which intersects Highway 66 east of Larder Lake. Many logging roads
in various states of repair and all-terrain-vehicle trails provide access from the Larder Lake Station road
(Figure 1). Although watercrafts were not used in this project, some of the more remote areas could be
accessed by river and/or lake. Clifford Township is located 20 km north of the town of Larder Lake and is
accessible via logging roads off of the Esker Lakes Park Road (Highway 672) intersecting Highway 66
approximately 13 km west of Larder Lake (Figure 1).

The lowest elevation measured in the area, using a Garmin eTrexTM GPS, was 273 m; the highest
elevation measured was 454 m. The highest point, Pushkin Hill, is approximately 490 m above sea level.
In spite of the relief, outcrop is generally poor, due to forest cover. The exception to this are logged-out
areas where outcrops are easily accessible and commonly mechanically stripped.

ACKNOWLEDGMENTS

The Discover Abitibi Initiative was funded by the Timmins Economic Development Corporation, which
in turn received financial backing from FedNor, Northern Ontario Heritage Corporation and private sector
investors. We thank the Discover Abitibi Research Group in its entirety, and particularly Drs. John Ayer
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University, and we thank Natalie Lafleur-Roy for handling all things administrative. Doug Hunter and the
Wallbridge Mining Ltd. geological and technical staff are thanked for their assistance and support
throughout this project. They have supplied property access, materials (specifically digitalized maps, air
and satellite photos, and access to drill core), and scientific discussion and inspiration. S. Piercey is also
supported by a Discovery Grant from the Natural Sciences and Engineering Research Council.
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Figure 1.  Location map for Clifford, Ben Nevis and Katrine townships.
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Figure 2.  Geological map of the Abitibi Subprovince of the Archean Superior Province, showing the Blake River Group (BRG)
and the bounding faults (LCF: Larder Lake–Cadillac fault; PDF: Porcupine–Destor fault).

Previous Geological Work

Katrine Township was first mapped in the 1920s by Knight (1920a, 1920b: map 29e) and Gledhill
(1928a, 1928b: map 37g). Both of those maps were considered reconnaissance in nature and Katrine
Township was systematically mapped for the Ontario Geological Survey by Hogg (1964a, 1964b: map
2061). The Ben Nevis–Clifford township area was first studied by Wilson (1901a, 1901b). The first
reconnaissance mapping was undertaken by Knight (1920a, 1920b), with a second reconnaissance survey
completed by Gledhill (1928). Early regional studies include the Goodwin (1977, 1979) and Baragar
(1968) studies of the volcanology, stratigraphy and geochemistry, the Ridler (1970) study of the
mineralization, and the Jolly (1977) study of the relationship between the volcanic and intrusive rocks.
Systematic mapping of Ben Nevis and Clifford townships was performed by Jensen (1975a, 1975b: map
2283), and Wolfe (1977) studied the VMS metallogeny of Ben Nevis Township. Jensen and Langford
(1985) produced a stratigraphic synthesis of the Kirkland Lake area, including Ben Nevis and Clifford
townships, and Grunsky (1986, 1988) undertook a lithogeochemical study of Ben Nevis and Clifford
townships. More recently, regional hydrothermal alteration studies including mineral chemical studies
(Hannington and Kjarsgaard 1998), stable isotope (Taylor and Timbal 1998) studies, and a study of the
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Clifford stock as a VMS-related synvolcanic intrusion (Galley 1998), were undertaken as part of the
CAMIRO project: “The Use of Regional-scale Alteration Zones and Subvolcanic Intrusions in the
Exploration for Volcanic-associated Massive Sulphide Deposits” (Bailes et al. 1998).

OBJECTIVES AND METHODS

The goal of the Blake River Group VMS Subproject of the Discover Abitibi Initiative is to reach a better
understanding of the volcanic stratigraphy in Ben Nevis and Katrine townships, and relate this knowledge
to the environment of formation of the volcanic sequence and the mineral potential of the Blake River
Group. Mapping and sampling transects were undertaken across the stratigraphy. A concurrent study on
the Clifford stock and the surrounding volcanic stratigraphy was undertaken as part of the Discover
Abitibi Intrusion Subproject, and is reported in MacDonald et al. (2005). Data from the volcanic rocks
examined in that study are, however, incorporated here.

Field work was conducted in Ben Nevis and Katrine townships by S. Péloquin over an 8 week period
in the summer of 2003 and for 5 days during the summer of 2004. S. Piercey mapped the Clifford stock
and surrounding volcanic rocks over 4 weeks in the summer of 2003, and examined and sampled drill
core provided by Wallbridge Mining Ltd. during 2 weeks in 2004. Mapping of transects in Ben Nevis and
Katrine townships was done at 1:20 000 scale, using the maps by Jensen (1975b) and Hogg (1964b) as
base maps. The area of the Clifford stock in Clifford Township was mapped at a scale of 1:5000. Outcrop
positioning on both projects was done with a Garmin eTrexTM GPS using NAD83.

Seventy-eight samples were collected for geochemical analysis from Ben Nevis and Katrine
townships. Forty-two field samples were collected for analyses from Clifford Township and an additional
42 samples were collected from drill core. All samples were analysed for major, trace and rare earth
elements following the methods outlined in MacDonald et al. (2005). Samples collected in 2003 were
analysed at the Geoscience Laboratories, Willet Green Miller Centre, Sudbury, Ontario. Samples were
crushed using an agate shatterbox. Major elements were analysed by X-ray fluorescence (XRF) on fused
discs; the package also included loss on ignition (LOI). Chromium, Nb, Y and Zr were analysed by XRF
using pressed-powder pellets. All other trace elements and the rare earth elements were analysed by
inductively coupled plasma mass spectrometry (ICP-MS) and inductively coupled plasma atomic
emission spectroscopy (ICP-AES) following a closed-beaker digestion (see Burnham and Schweyer
2004). Samples collected in 2004 were crushed at Activation Laboratories, Ancaster, Ontario, using a
mild steel mill. Major elements were analyzed using fused-disc XRF, and Nb, V, Y, Zr, Cr and Ni were
analysed using pressed-pellet XRF at Activation Laboratories. All other trace elements and the rare earth
elements were analysed at the Ontario Geoscience Laboratories using the same methods as for the 2003
samples. All results are listed in Appendix 1; seven of the samples had poor major element closures and
were rejected for use in this study. Data taken from MacDonald et al. (2005) is listed in Appendix 2.
Details on the analytical methods, precision and accuracy can be found in MacDonald et al. (2005). Four
samples of felsic rocks from the study area were radiometrically dated using U-Pb zircon methods at the
Jack Satterly Geochronology Laboratory, University of Toronto. The samples included: 2 samples from
Clifford Township (the Clifford stock and a felsic dyke near the stock), and 2 samples from Ben Nevis
Township (a massive rhyolite flow from the Canagau Mine area and a QFP plug or dome near the
Clifford–Ben Nevis township boundary). The results from these samples are reported in MacDonald et al.
(2005) and Ayer et al. (2005). Details on the methodology for U-Pb geochronology at the Jack Satterly
Geochronology Laboratory are provided by Hamilton in Ayer et al. (2005).

Under the Discover Abitibi umbrella, new airborne geophysical surveys were flown for Ben Nevis
and Clifford townships (OGS 2003a). These data, along with surveys for Katrine Township (OGS 2003b),
were used in producing the map P.3543–Revised, in the back pocket of this report.
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Geological Setting

Ben Nevis, Katrine and Clifford townships are in the Blake River Group of the Abitibi Subprovince of the
Archean Superior Province of Canada (Figure 2). The Blake River Group, along with the Kamiskotia
gabbroic and volcanic complexes, is part of the larger Upper Blake River Assemblage (Figure 3; Ayer et
al. 2005). The term “Assemblage” is used to refer to rocks of similar age and lithological character, in
contrast to “Group”, which is a constrained stratigraphic entity. Goodwin (1977) divided the Blake River
Group into four subgroups based on their lithological character: the Bowman, the Garrison, the Misema
and the Noranda (Figure 4). The Bowman subgroup consisted of Mg-tholeiitic basalts (Goodwin 1977)
and has since been re-interpreted as belonging to the Tisdale Assemblage (Figure 3; MERQ-OGS 1983).
The Garrison subgroup is dominated by Fe-tholeiitic basalts with rare andesites (Goodwin 1977), and was
interpreted on the Lithostratigraphic Map of the Abitibi (MERQ-OGS 1983) to belong to the Kinojevis
Group. The Kinojevis Group in Ontario has been renamed the Lower Blake River Assemblage (Ayer et
al. 2005; Figure 3). The Misema and Noranda subgroups belong to the Upper Blake River Assemblage
(Figure 3; Ayer et al. 2005). The Misema subgroup is andesite dominated, with rare rhyolites; whereas the
Noranda subgroup comprises bimodal, andesite-rhyolite volcanism (Goodwin 1977). The Blake River
Group in Katrine, Ben Nevis and Clifford townships are within the Misema subgroup (Goodwin 1977);
however, the contact between the Misema and Garrison subgroups has been interpreted by previous
authors as occurring in the southern part of Katrine Township (Goodwin 1977, 1979; MERQ-OGS 1983;
Ayer and Trowell 2000). Goodwin (1977, 1979) interpreted the contact to be conformable, and this
interpretation appears on the Lithostratigraphic Map (MERQ-OGS 1983); on the most recent compilation
map by Ayer and Trowell (2000) the contact is bound by a Proterozoic diabase dyke to the east and the
Mulven Lake fault to the north.

Figure 3.  Geological assemblage map for the Abitibi Subprovince in Ontario (after Ayer et al. 2005).
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Figure 4.  Map of the Blake River Group subgroups and adjacent volcanic stratigraphy, from Goodwin (1977).

In his classification, Goodwin (1977) proposed that the Blake River subgroups represented an age
progression from the Garrison (the oldest) through the Misema to the Noranda (the youngest). The
Misema and Noranda subgroups have since been re-interpreted as being contemporaneous (Péloquin et al.
1995; Péloquin 2000). The Noranda subgroup is considered to consist of 3 main phases of volcanism:
pre-cauldron, cauldron and post-cauldron. The cauldron and post-cauldron phases have, in turn, been
divided into formations (de Rosen-Spence 1976; Gibson 1989; Goutier 1997; Lafrance et al. 2003). Such
detailed stratigraphy has not yet been done for the pre-cauldron phase of the Noranda subgroup or for the
Misema subgroup. However, the Québec government is presently undertaking thematic mapping to better
define the stratigraphy in the pre-cauldron Noranda and the Misema subgroups (Lafrance et al. 2004).

The Noranda subgroup was deposited between 2701 and 2694 Ma. The pre-cauldron phase was
radiometrically dated at 2701 ±1 Ma (the four-corners rhyolite; Mortensen 1993), and the post-cauldron
phase has published U-Pb ages ranging from 2698.6 ±1.5 Ma and 2694 ±2 Ma (Lafrance et al. 2003;
Mortensen 1993). The cauldron phase itself has never been accurately radiometrically dated, in spite of
efforts to do so (Vaillancourt 1996). In Ontario, a Misema rhyolite in Pontiac Township, east of the study
area, gave a radiometric age for the subgroup of 2701 ±2 Ma (Corfu et al. 1989), and a rhyolite in an
outlier of the Blake River Group in Gauthier Township, south of the study area, has an age of 2700 ±3 Ma
(Corfu 1993). These ages support the hypothesis that the Misema subgroup is contemporaneous with the
Noranda subgroup. However, new zircon geochronology for a rhyolite in Ben Nevis Township yields a
precise age of 2696.6 ±1.3 Ma (Hamilton in Ayer et al. 2005), making it younger than the main volcanic
phases of the Noranda and Misema subgroups, and a quartz-feldspar porphyritic dome in the Verna–Keith
lakes area (Figure 5; P.3543–Revised, back pocket) has an age of 2695.6 ±2.1 Ma (Hamilton in Ayer et
al. 2005). These ages overlap published ages for the post-cauldron phase of the Noranda subgroup (the
Reneault-Dufresnoy formation: 2697.9 +1.3/-0.7 Ma (Mortensen 1993) and 2696 ±1.1 Ma (Lafrance et al.
2003), and the Bousquet formation: 2698.6 ±1.5 Ma, 2698.0 ±1.5 Ma and 2694 ±2 Ma (Lafrance et al.
2003)). The Garrison subgroup has a radiometric age of 2701 ±3 Ma (Corfu and Noble 1992), and thus is
the same age as the oldest rocks of the Noranda and Misema subgroups.
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Figure 5.  Geological map of the study area.
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Geology of Katrine, Ben Nevis and Clifford Townships

KATRINE TOWNSHIP

Volcanic Rocks

Katrine Township is dominated by subaqueous andesite flows. The andesites throughout Katrine
Township occur as pillowed and massive flows and flow breccias, with andesitic heterolithic pyroclastic
deposits concentrated near the eastern limit of the township immediately south of the Misema Lake–Mist
Lake fault. The andesite flows are both aphyric and plagioclase porphyritic, with 1-2 mm plagioclase
phenocrysts ranging from 5 to 15% in abundance. Amygdules are commonly quartz and/or chlorite filled,
are generally 5-7% in abundance, and are 1-3 mm in size, but 1.5 cm quartz amygdules are present in
some localities. The pyroclastic rocks south of the Misema Lake–Mist Lake fault are of 2 types: tuff
breccia (Photo 1a) and lapilli tuff. Both are heterolithic. The tuff breccia is characterized by 10-15%
blocky fragments ranging from 0.5 to 15 cm with rare fragments over 50 cm in size. The fragments are
non-vesicular plagioclase-phyric andesite, highly vesicular plagioclase-phyric andesite, highly vesicular
aphyric (scoriaceous) andesite, quartz-phyric rhyolite, and jasper. The rhyolitic fragments are generally
small (1-5 cm), and only 2 jasper fragments were observed (Photo 1b). The lapilli tuff fragments range
from 1-3 cm in size and vary from clast supported (>70% fragments) to matrix supported (10-30%
fragments) in a red-brown chloritized matrix.

Photo 1.  Katrine Township volcanic and intrusive rocks: a) heterolithic andesite tuff breccia; b) jasper fragment in the
heterolithic andesite tuff breccia; c) xenoliths in the multi-phase alkalic stock.
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Although no distinguishing features are present in outcrop to subdivide the andesites into domains,
there is an apparent change in magnetic signature across the east-northeast-trending Misema Lake–Mist
Lake fault (OGS 2003b; Figure 6; Map P.3543–Revised, back pocket), and the geochemical data in the
next section (see “Geochemistry”) will be subdivided at this boundary to determine if any chemical
differences occur across this fault. However, it should be noted that the available geophysical data was a
collage of surveys, and different magnetic signatures may be due to survey differences. In the area of
Kinabik Lake, south of the east- to east-northeast-trending Mulven Lake fault (Figure 5; Map P.3543–
Revised), the Misema–Garrison subgroup contact, as interpreted by Goodwin (1979) and Ayer and
Trowell (2000), has no magnetic expression (Figure 6), and in the area accessible to this study no
evidence for the contact was observed. The geochemical analyses from either side of the proposed contact
will be examined in the next section (see “Geochemistry”) to determine if the contact occurs in this area.
Hogg (1964a) interpreted the Mulven Lake fault to be a faulted anticline. There is a change in facing
direction of the pillowed andesites across the Mulven Lake fault: south of the fault, stratigraphy faces
south and immediately north of the fault pillows face north (Map P.3543–Revised). Between the Mulven
Lake and Misema Lake–Mist Lake faults (Figure 5; Map P.3543–Revised), an inversion in facing
direction from north to south indicates the presence of an east-west-trending syncline interpreted by Hogg
(1964a, 1964b) to be of limited westward extent. North of the Misema Lake–Mist Lake fault to the
Katrine–Ben Nevis township boundary, the dominant facing direction of the andesites is south. The
Katrine–Ben Nevis township boundary corresponds approximately to a change in gravity signature (OGS
1999), and the appearance of felsic volcanism to the north (Figure 5; Map P.3543–Revised).

Intrusive Rocks

Three types of Archean intrusions are observed in Katrine Township. Syenitic stocks occur in the
southeast corner of the township, and in the area between Misema Lake and its North Arm. Small feldspar
porphyry dykes of similar composition to these intrusions cut the volcanic rocks. The syenitic intrusion in
the southeast corner of the township is polyphase, locally brecciated and contains xenolithic phases
(Photo 1c). Xenoliths are heterolithic, ranging from ultramafic (pyroxenite) to felsic (syenitic, resembling
other phases observed on the outcrop). The intrusions are part of the late intrusive suite in the Blake River
Group that includes the Aldermac, Tarsac and Clericy syenites in Québec (Rive et al. 1990). Large
diorite-gabbro intrusions, and associated dykes, occur in Katrine Township. These intrusions are
considered to be part of the Blake River Group proper. The final type of intrusion in Katrine Township is
high-level synvolcanic andesitic dykes. These dykes intruded andesite flows and flow breccias in the
Lake Kinabik area and intrude the heterolithic lapilli crystal tuff south of the Misema Lake–Mist Lake
fault. These intrusions are fine-grained and are distinguishable from flows in that they crosscut the
stratigraphy, and have amoeboid margins, locally with magma apophyses that protrude into the
unconsolidated host rock.

Proterozoic diabase dykes of the Matachewan swarm cross-cut the volcanic and intrusive suites in all
three townships. These dykes typically are magnetic and can be mapped by geophysical signatures. In
some cases, their localization appears to coincide with pre-existing structures.
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Figure 6.  Grey-shaded second vertical derivative magnetics map for Clifford, Ben Nevis and Katrine townships, showing major
structures. Darker shades of grey are magnetic highs.



11

BEN NEVIS TOWNSHIP

Volcanic Rocks

Ben Nevis Township contains a spectrum of volcanic rocks ranging from basaltic andesite through
andesite to rhyolite. The township is divided into 2 main domains by the northeast-trending Murdoch
Creek–Kennedy Lake fault (Figure 5). The area south of the fault includes the Interprovincial showings
area (also known as the Canagau Mine area). The area north of the fault is designated the North Ben
Nevis block. Within the area north of the fault is a fault slice lying between the Murdoch Creek–Kennedy
Lake fault and the east-northeast-trending Clifford fault (Figure 5). The area between the faults extends
from Ben Nevis into Clifford Township and will be described in the Clifford Township section. South of
the Murdoch Creek–Kennedy Lake fault, the volcanic rocks are cross-cut by a northwest-trending fault
(Riopel 1998), which will here be called the NW fault (Figure 5). This fault appears to represent a
structural boundary within the Blake River Group stratigraphy in Ben Nevis Township, and the areas on
either side of the fault will be discussed separately. The relationship between the blocks on either side of
the NW fault could not be determined at the scale of this project and further detailed mapping is required
to establish the relationship. The Clifford domal-anticline folds the volcanic and early intrusive rocks in
Ben Nevis and Clifford townships around its east-west-trending axis. The anticline dies out in the west of
the NW fault in Ben Nevis Township (Figure 5).

South of the Murdoch Creek–Kennedy Lake fault and west of the NW fault, the stratigraphy in Ben
Nevis Township youngs outward from the Clifford domal anticline axis and nose. The oldest unit in the
sequence consists of aphyric, pillowed, massive and brecciated andesite flows. Up stratigraphy, along the
anticlinal axis, there is a small massive rhyolite dome. The dome is plagioclase-microphyric and has
polygonally jointed breccia phases; it is interpreted to be extrusive. Immediately above the dome is a
rhyolite breccia intruded by a quartz-feldspar porphyry dyke; along strike to the north, Jensen (1975a,
1975b) mapped a rhyolite tuff and tuff breccia unit (see P.3543–Revised). Along strike to the south, and
overlying the rhyolite pyroclastic unit, is a unit of mixed pyroclastic rocks (P.3543–Revised). This unit
consists of interlayered andesite tuffs, lapilli tuffs and tuff breccias, rhyolite tuffs and tuff breccias, and
heterolithic pyroclastic breccias. Above the mixed pyroclastic unit is an andesitic unit dominated by tuffs
and tuff breccias, but with interlayered pillowed flows and flow breccias. This unit is intruded by
synvolcanic felsic dykes (P.3543–Revised). The Interprovincial South showing occurs in this package
(Figure 5; P.3543–Revised). Outcrops visited in the showing area are characterized by local intense
carbonatization, local silicification and felsic dykes intruding the andesitic flows (Photo 2a). The mixed
pyroclastic unit is overlain by amygdaloidal andesitic flows exhibiting pillowed, massive and breccia
facies. Synvolcanic intermediate to felsic dykes intrude this unit.

The NW fault cross-cuts the amygdaloidal andesite unit and the mixed pyroclastic unit (Riopel 1998;
Figure 5; P.3543–Revised). West of the NW fault the facing directions vary from north-east on the north
flank of the anticline to south-west on the south flank (P.3543–Revised). East of the NW fault few facing
directions were observed; those present have southwest to west-southwest facings, except in the area of
the Interprovincial showings, which have west-northwest facing directions. However, all the compiled
facing directions east of the NW fault are south to southwest.
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Photo 2.  Ben Nevis Township volcanic rocks: a) rhyolite dyke intruded into andesite at the Interprovincial South showing;
b) lapilli and bedded tuff, Canagau rhyolite; c) polygonally jointed rhyolite, Canagau rhyolite; d) tectonic overprinting of
pyroclastic rhyolite producing pseudobreccia, Canagau rhyolite; e) epidotized and silicified (light grey) andesite pillows, north of
the Murdoch Creek–Kennedy Lake fault; f) pyroclastic rhyolite showing reaction rim on a fragment, north of the Murdoch
Creek–Kennedy Lake fault.
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The rhyolite located immediately east of the fault is called the Canagau rhyolite (Pearson 1992;
Riopel 1998; Figure 5; P.3543–Revised) and is host to the Roche North, Roche South and Interprovincial
North showings (Canagau Mine). The Canagau rhyolite package consists predominantly of pyroclastic
tuffs and tuff breccias (Photo 2b), with local massive polygonally jointed domes (Photo 2c), and lobe and
breccia flows. The area is highly deformed; the deformation commonly masking the original textures and
morphologies of the rhyolites (Photo 2d). The deformation is commonly associated with Fe-carbonate
alteration and/or sericite alteration. Chlorite alteration also occurs, but does not appear to be deformation
related. The rhyolites are commonly cut by andesitic synvolcanic dykes. The Canagau rhyolite terminates
to the southeast (Figure 5; P.3543–Revised). A thick diorite dyke cross-cuts the andesite flows and
pyroclastic rocks southeast of the Canagau rhyolite; in turn, a rhyolite dyke cross-cuts the diorite. A
number of parallel northeast-trending faults, of unknown displacement, cross-cut the stratigraphy and the
diorite intrusion southeast of the Canagau rhyolite. The andesite flows northeast of the Canagau rhyolite
(Figure 5; P.3543–Revised) strike east-west to east-southeast and face to the south; thus, they are
interpreted to underlie the Canagau rhyolite. These flows are locally interlayered with andesitic
pyroclastic rocks.

The area north of the Murdock Creek–Kennedy Lake fault is dominated by southwesterly facing
subaqueous andesite flows exhibiting pillowed, massive and breccia facies, with rare pyroclastic facies.
The andesites are variably plagioclase porphyritic (porphyritic flows generally contain 3-5%, 1-2 mm
plagioclase phenocrysts, with one highly porphyritic flow, 30% plagioclase phenocrysts, observed in the
northeast corner of the township), and/or amygdaloidal (amygdaloidal flows contain 5-10% quartz,
chlorite or rare carbonate amygdules, increasing to 20% near pillow rims). Some pillowed flows exhibit
extreme epidote-quartz alteration of the pillow centres and rims (Photo 2e). Rhyolite pyroclastic rocks,
tuffs and tuff breccias, occur above the andesites, and alternate with andesite flow units. The pyroclastic
rhyolites (Photo 2f) are heterolithic lapilli and tuff breccias with accidental andesite fragments and
variably textured (cherty, laminated, massive, fragmental) aphyric and porphyritic rhyolite fragments
from 1-3 cm in size, and laminated tuffs with 3%, 1.5 mm quartz phenocrysts. Small, polygonally jointed
massive rhyolites are present in very minor abundance in this area. Jensen (1975a, 1975b) interpreted the
presence of a syncline north of the Murdock Creek–Kennedy Lake fault in Ben Nevis Township; this area
was not accessible to the present study (Figure 5; P.3543–Revised).

Intrusive Rocks

Ben Nevis Township contains 3 types of Archean intrusions: late (post Blake River Group volcanism)
intrusions; Blake River Group intermediate intrusions; and high-level synvolcanic dykes. The small
granitoid stock in the northeast corner of the township, north of the Murdoch Creek–Kennedy Lake fault,
is considered to be part of the same intrusive suite as the Clifford stock, described below and in more
detail in MacDonald et al. (2005). The Ben Nevis intrusion corresponds to a magnetic high on the
magnetic second vertical derivative maps, as does the Clifford stock (OGS 2003a; Figure 6). However,
unlike the Clifford stock, it does not correspond to a gravity low (OGS 1999; Figure 7). The gravity low,
instead, occurs south of the Murdoch Creek–Kennedy Lake fault in the area of the Canagau rhyolite,
without, it should be noted, the magnetic high signature (OGS 2003a; Figure 6). It is, therefore, possible
that an intrusion similar to the Clifford stock occurs at depth in the Canagau rhyolite area. Two porphyry
dykes were observed south of the Murdoch Creek–Kennedy Lake fault and west of the NW fault. These
appear to be late intrusions possibly related to the Clifford stock event (see MacDonald et al. 2005), rather
than synvolcanic dykes, and are the only observed examples of that event in Ben Nevis Township south
of the Murdoch Creek–Kennedy Lake fault.
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Figure 7.  Grey-shaded gravity map of Clifford and Ben Nevis townships, showing the major structures and intrusions. Darker
shades of grey are gravity lows.

Medium- to coarse-grained diorite-gabbro bodies and dykes, similar to those in Katrine Township,
intrude the Ben Nevis volcanic pile, north and south of the Murdoch Creek–Kennedy Lake fault, and are
considered to be part of the Blake River magmatic event. In one outcrop, southeast of the Canagau
rhyolite, a high-level rhyolite dyke intrudes the diorite, indicating the synvolcanic origin for the diorites.

The high-level synvolcanic intrusions comprise andesite and rhyolite dykes, rhyolite cryptodomes,
and a composite quartz-feldspar porphyry (QFP) plug. The andesite dykes are most easily recognized
where they intrude rhyolitic volcanic rocks. They commonly have amoeboid contacts, indicating that the
host rock was unconsolidated, and locally exhibit multiple injection borders (Photo 3a). Conversely, the
rhyolite dykes intrude andesite flows, which often exhibit varying degrees of silicification near the dykes
(Photo 3b). These rhyolite dykes commonly have sharp contacts, and locally exhibit multiple injections
borders (Photo 2a). Sulphide mineralization is commonly concentrated in the multiple injection borders in
both dyke lithologies. Two rhyolite domes are present in the study area; both occur along the axis of the
Clifford domal anticline. The first, described above with the felsic volcanic rocks is interpreted to be
extrusive. The second dome, in Ben Nevis Township south of the Clifford fault, is interpreted to be a
cryptodome and is described with Clifford Township, below. A high-level composite QFP plug occurs in
the southeast corner of Ben Nevis Township, and extends into Katrine Township. This plug was mapped
in Ben Nevis Township (Jensen 1975b) as a rhyolite, and in Katrine Township (Hogg 1964b) as a diorite.
Both felsic and intermediate lithologies are present in the intrusion, as is a breccia facies consisting of
andesitic fragments in a deformed QFP matrix (Photo 3c). The QFP outcrops are massive with no evident
volcanic features; the diorite is also massive but the outcrop is of very poor quality.
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Photo 3.  Ben Nevis Township intrusive and volcanic rocks: a) multiple injection borders in andesite dyke intruded into rhyolite;
b) network silicification of andesite near synvolcanic rhyolite dykes; c) mafic fragment in deformed phase of QFP plug at the Ben
Nevis–Katrine township boundary; d) monolithic carapace breccia of rhyolite with polygonally jointed, flow-banded rhyolite
clasts, from cryptodome in western Ben Nevis Township.

CLIFFORD TOWNSHIP

Volcanic Rocks

The southeastern corner of Clifford Township was systematically mapped by S. Piercey (see MacDonald
et al. 2005) at a scale of 1:5000. The Clifford Township map area extended into Ben Nevis Township as a
natural extension of the fault block between the Clifford and Murdoch Creek–Kennedy Lake faults, and
data from the volcanic rocks examined in Piercey’s study are incorporated here.

There appears to be little displacement along the Clifford fault, and the stratigraphy is considered
continuous across it. In the area, the stratigraphy consists of a southward-younging succession of basaltic
andesite, andesite, and felsic volcaniclastic rocks, that are interpreted to record 2 cycles of volcanism and
comprise 5 volcanic to volcaniclastic units, and associated synvolcanic diabase/gabbro intrusions (Figure
8). The lowermost packages consist of pillowed to massive, basaltic andesite to andesite that is
amygdaloidal and variably plagioclase porphyritic; where porphyritic plagioclase crystals are 2-3 mm
long and relatively euhedral. Conformably overlying the amygdaloidal basaltic andesite is a package of
andesitic volcaniclastic rocks. Péloquin and Piercey (2003) interpreted this package as consisting of
andesitic flows, but recent investigations of drill core from Wallbridge Mining Company Ltd. illustrate
that these rocks are actually andesitic tuffs, lapilli tuffs, and tuff breccias. These volcaniclastic rocks are
matrix supported and consist mainly of fine-grained, grey to grey-black andesitic tuff with varying
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amounts of feldspar lapilli and black andesitic fragments. Feldspar grains range from <1 mm to 5 mm in
size and are euhedral to subhedral; in places they comprise 30-40% of the rock. Black andesitic fragments
are not easily discernable on surface but in drill core they are typically subrounded to subangular, range
from <1 cm up to 10 cm in size, and in places comprise 20-30% of the rock. Overlying this andesitic tuff
unit is the first of two felsic volcaniclastic units consisting of a matrix-supported felsic tuff breccia
(nomenclature from Fisher 1966). On surface these tuff breccias appear monomictic to weakly
polymictic; however, in drill core these samples are clearly polylithic and contain clasts of andesite,
basaltic andesite, dacite and rhyolite, which are angular to subrounded and range in size from 1-30 cm.
All the clasts are within a matrix of fine siliceous ash material. Overlying the latter felsic tuff breccia is a
second unit of amygdaloidal and variably plagioclase-porphyritic basaltic andesite to andesitic tuff with
small plagioclase feldspar crystals: less than 1 mm and up to 2-3 mm. The uppermost stratigraphic unit is
a second felsic tuff breccia to lapilli tuff, very similar to the underlying felsic tuff breccia, consisting of a
matrix-supported breccia with angular clasts of predominantly dacite to rhyolite. There appears to be a
southward younging of the tuff breccia into a lapilli tuff on a regional scale, suggesting normal grading
outward from the Clifford stock (Jensen 1975a, 1975b).

Minor felsic flows and cryptodomes occur within the study area. In southern Clifford Township,
there are felsic flows associated with a primarily felsic volcaniclastic package. These flows are white,
aphyric rhyolitic rocks that are relatively massive in nature. In the extension of Piercey’s Clifford
Township study area into western Ben Nevis Township, there are flow-banded rhyolitic volcaniclastic
rocks spatially associated with synvolcanic rhyolitic to dioritic dykes, which are interpreted to be part of a
cryptodome. The rhyolitic volcaniclastic rocks are different than most felsic volcaniclastic rocks in the
area in that they are clast-supported, monolithic, and consist of polygonally jointed rhyolite fragments that
have flow banding (Photo 3d). Rhyolitic intrusive rocks that intrude these felsic volcaniclastic rocks are
fine-grained, quartz-plagioclase porphyritic and have irregular margins; they are synvolcanic in nature as
shown by the U-Pb age date of 2695.6 ±2.1 Ma (Hamilton in Ayer et al. 2005). The diorites are also
porphyritic; plagioclase is the ubiquitous phenocryst phase, but chlorite pseudomorphs of a mafic
phenocryst phase were observed locally.

Intrusive Rocks

In Clifford Township the main intrusive phases are the Clifford stock and related dykes, and diorite-
gabbro dykes and sills. The Clifford stock is located in the core of the Clifford domal anticline and
consists of a relatively equigranular tonalite to granodiorite, commonly hornblende-bearing and locally
hornblende-biotite-bearing. The intrusion does not appear to be polyphase and contains xenoliths of the
surrounding wall rock in only a few localities. Southeast of the Clifford stock, numerous east- to
northeast-striking dyke- to sill-like intrusions cut the volcanic sequence; they are interpreted to be related
to the Clifford stock. The dykes are fine- to medium-grained, variably feldspar porphyritic, locally pyrite-
bearing, siliceous, and dacitic to rhyolitic in composition. The dykes crosscut stratigraphy; they have very
straight walls in most places, suggesting emplacement into solidified host rock material, but are irregular
in some localities due to being potentially emplaced into dilation zones or when they are associated with
hydrothermal brecciation. Locally, the dykes are associated with xenoliths of very angular fragments of
wall rock and the breccias are interpreted to be due to forceful emplacement of the dykes into solid wall
rock. They are also spatially associated with breccia-pipes (e.g., Croxall occurrence) and stockworks of
pyrite-quartz-gold-molybdenite veins. The mafic intrusive units in Clifford Township are similar to those
observed in Katrine and Ben Nevis townships; they are metamorphosed and hard to distinguish from
massive mafic-intermediate volcanic rocks. These rocks intrude all stratigraphic units in the area, and are
mostly dioritic, locally gabbroic, forming sheet-like and dyke-like intrusions. Some of the dykes have
amygdules suggesting emplacement at high levels, and supporting a synvolcanic origin (Gibson et al.
1999).
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Figure 8.  Geological map of Clifford Township (from MacDonald et al. 2005). Geology based on the mapping of Piercey et al.
(2004), Péloquin and Piercey (2003), and Jensen (1975).
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Geochemistry

Samples for geochemical analysis were taken of the volcanic and intrusive rocks in Katrine, Ben Nevis
and Clifford townships. The geochemistry of the Clifford Township area rocks, particularly the Clifford
stock and its associated dykes, and including the volcanic sequence in the southwestern corner of Ben
Nevis Township, is discussed in detail in the Discover Abitibi Intrusion Subproject (MacDonald et al.
2005). Here, the volcanic rocks of that study will be placed in the context of the larger area covered by
this study.

The Clifford stock and its associated felsic dykes will not be treated in this study. The intrusive rocks
studied will include the high-level synvolcanic dykes, the high-level felsic plug and cryptodome, and the
Blake River diorite dykes and intrusions. A late alkalic intrusive suite occurs in the study area, but was
not studied. Samples of the intrusive rock types are fewer and more widely dispersed than the volcanic
samples; consequently the treatment of these rocks will be less detailed.

VOLCANIC ROCKS

In general, the Blake River Group volcanic rocks sampled in this study range from basalt to rhyolite, with
andesites being the dominant rock type. A SiO2 wt % histogram of the rock types shows this (Figure 9a).
This histogram, along with the SiO2 line-diagram (Figure 9b), shows that the Blake River Group in this
area is not bimodal, as no significant silica gap occurs.

The progression of volcanic rock types from basalt to rhyolite is also seen on the LeBas et al. (1986)
classification diagram (Figure 10a). Here, the domination of basaltic andesites and andesites in the area is
clear. Four samples fall in the alkalic rock fields on this diagram, and two of the rhyolites exhibit low
Na2O+K2O values. These phenomena are considered to be due to alteration and/or the sulphide or oxide
content of the rocks. On a standard Irvine and Baragar (1971) AFM diagram (Figure 11a), the vast
majority of volcanic rocks fall in the calc-alkalic field, with few samples falling in the tholeiitic field.

Plotting the samples on a Large et al. (2001) alteration box diagram (Figure 12a) shows them to be
concentrated along the divide line between diagenetic and hydrothermal alteration. The “tholeiitic” mafic
rocks from the AFM diagram fall outside the least altered basalt/andesite box along the division line
toward the epidote-calcite corner of the diagram. The majority of the samples of mafic “calc-alkalic”
rocks fall within the least altered box, clustered along the diagenetic–hydrothermal alteration divide.
Epidotization is common in the mafic rocks as a product of metamorphism, and is also visible on outcrop
as a more intense alteration: as epidotized pillow rims and/or centres, and as epidote pods in massive
flows. The felsic rocks of this study, dacites and rhyolites, also cluster along the divide line between
diagenetic and hydrothermal alteration, with samples falling outside the least altered dacite and rhyolite
boxes, indicating carbonatization on the one hand, and sericitization on the other. Both alteration types
were observed in outcrop. Carbonatization is particularly evident in the area of the Roche and
Interprovincial showings, and sericitization is common in the rhyolites throughout the area, in particular
in the matrices of volcaniclastic rocks.
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Figure 9.  SiO2 content of the volcanic rocks in the study area: a) SiO2 wt % histogram. Class intervals are SiO2 wt % contents of
rock types; b) linear plot of SiO2 wt %.
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Figure 10.  Rock classification diagram (Na2O wt % + K2O wt % versus SiO2 wt %; LeBas et al. 1986; plotted using IgPet2001)
for: a) the volcanic rocks; b) the high-level synvolcanic intrusions; c) the intrusive rocks.
(ML-ML Fault = Mist Lake–Misema Lake fault; MC-KL Fault = Murdoch Creek–Kennedy Lake fault)
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Figure 11.  AFM diagram (Irvine and Baragar 1971; plotted using IgPet2001) for a) the volcanic rocks; b) the high-level
synvolcanic intrusions; c) the intrusive rocks.
(ML-ML Fault = Mist Lake–Misema Lake fault; MC-KL Fault = Murdoch Creek–Kennedy Lake fault)
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Figure 12.  Alteration box plot (Large et al. 2001) for a) the volcanic rocks; b) the high-level synvolcanic intrusions; c) the
intrusive rocks. Figure a) indicates the hydrothermal and diagenetic alteration fields; figures b) and c) show the alteration mineral
assemblage progressions.
Ishikawa index = 100 x (K2O + MgO) / (K2O + MgO + Na2O + CaO).
CCP index = 100 x (MgO + FeO) / (MgO + FeO + Na2O + K2O)
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Mafic to Intermediate Volcanic Rocks

On an MgO versus FeOtotal diagram (Figure 13a), the mafic-intermediate samples (with the notable
exception of the 2 samples that fell in the trachybasalt field of the total alkali–silica diagram (LeBas et al.
1986; Figure 10a)) show no iron enrichment. The “tholeiitic” samples have only slightly higher iron
contents than the “calc-alkalic” samples, and not the high iron expected of tholeiitic rocks. On TiO2 and
Al2O3 versus SiO2 diagrams (Figures 14a and 15a), the “tholeiitic” and “calc-alkalic” rocks fall in the
same fields, again with the exception of the “trachybasalts”, which show low TiO2 on the TiO2 versus
SiO2 diagram. This would indicate that there is only one “chemical affinity” in the area, and that the
“trachybasalts” most likely contain a sulphide mineral phase, or a high Fe–low Ti oxide phase. The
alteration indicated by the alteration box plot (Figure 12a) does not affect the behaviour of the major
elements in Figures 13a, 14a and 15a, as most of the samples designated “altered” fall along the trends
defined by the “unaltered” samples.

Trace element data supports the hypothesis of a single chemical affinity. On Zr/Y versus Y ppm and
(La/Yb)cn

1 versus Yb cn (Figures 16a and 17a), the “tholeiitic” mafic-intermediate samples are not
distinguishable from the “calc-alkalic” samples. On the (La/Yb)cn versus Ybcn diagram there appear to be
2 populations of mafic rocks that do not correspond to the “tholeiitic” versus “calc-alkalic” classifications
on the AFM diagram (Figure 11a). The populations are divided at Yb approximately 12 x chondrite. The
population Ybcn <12 is characterized by chondrite-normalized La/Yb ratios dominantly >4, whereas the
population with Ybcn >12 generally has (La/Yb)cn <4. Although the two populations overlap on Ybcn
versus SiO2 wt % and Ybcn versus MgO wt % diagrams (Figures 18a and b), the lower Ybcn value mafic
volcanic rocks are not the most mafic, and cannot therefore be the precursors to the higher Ybcn rocks.

On a chondrite-normalized spider diagram (Figure 19), andesites with Ybcn >12 exhibit negative Nb
anomalies, small to large positive Zr and Hf anomalies, and both negative and positive Sr anomalies
(Figures 19a and b). Samples with negative Sr anomalies have no to small negative Eu anomalies, and
negative Ti anomalies; whereas samples with positive Sr anomalies have no Eu anomalies and very small
negative Ti anomalies. The Ybcn >12 andesites also exhibit negative Nb anomalies, and positive Zr and Hf
anomalies; however, they exhibit negative and positive anomalies for both Sr and Ti (Figures 19a and c).
In these samples the Ti anomalies correspond in amplitude and direction to the Sr anomalies. Titanite was
observed as an accessory mineral (Thompson 2005) in thin sections of the rocks with positive Sr and Ti
anomalies, and the relationship between these elements may be explained by the retention or fractionation
of this mineral.

Both andesite types occur in Katrine Township, north and south of the Misema Lake–Mist Lake fault
(Figure 19a). Both samples taken in the area previously designated as the Garrison subgroup of the Lower
Blake River Group have Ybcn <12. However, Ybcn <12 andesites also occur in the Misema subgroup in
Katrine Township; the geochemistry thus supports the geophysical evidence that no lithological boundary
occurs in this area.

North of the Murdoch Creek–Kennedy Lake fault in Ben Nevis and Clifford townships, the mafic
volcanic rocks sampled had, with two exceptions, Ybcn <12 (Figures 19b and c). There appears to be no
relationship between the two anomalous samples: one taken from the northeast corner of Ben Nevis
Township; the other from Clifford Township south of the Clifford fault. South of the Murdoch Creek–
Kennedy Lake fault, all but one of the mafic volcanic samples had Ybcn >12. The one anomalous sample
came from the south limb of the Clifford anticline and is associated with rhyolites that also have low Ybcn
values.

                                                     
1 cn = chondrite normalized
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Figure 13.  MgO wt % versus FeOtotal wt % for a) the volcanic rocks; b) the high-level synvolcanic intrusions; c) the intrusive
rocks. (CA = Calc-alkalic; Th = Tholeiitic; Thol-Transit = Transitional between Calc-alkalic and Tholeiitic; Alteration Box =
samples that fell outside the unaltered boxes on the Large et al. 2001 alteration box plot, Figure 12.)
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Figure 14.  TiO2 wt % versus SiO2 wt % for a) the volcanic rocks; b) the high-level synvolcanic intrusions; c) the intrusive rocks.
(CA = Calc-alkalic; Th = Tholeiitic; Thol-Transit = Transitional between Calc-alkalic and Tholeiitic; Alteration Box = samples
that fell outside the unaltered boxes on the Large et al. 2001 alteration box plot, Figure 12.)
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Figure 15.  Al2O3 wt % versus SiO2 wt % for a) the volcanic rocks; b) the high-level synvolcanic intrusions; c) the intrusive
rocks. (CA = Calc-alkalic; Th = Tholeiitic; Thol-Transit = Transitional between Calc-alkalic and Tholeiitic; Alteration Box =
samples that fell outside the unaltered boxes on the Large et al. 2001 alteration box plot, Figure 12.)
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Figure 16.  Zr/Y versus Y ppm for a) the volcanic rocks; b) the high-level synvolcanic intrusions; c) the intrusive rocks.  (CA =
Calc-alkalic; Th = Tholeiitic; Thol-Transit = Transitional between Calc-alkalic and Tholeiitic; Alteration Box = samples that fell
outside the unaltered boxes on the Large et al. 2001 alteration box plot, Figure 12.)
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Figure 17.  (La/Yb)cn versus Ybcn for a) the volcanic rocks; b) the high-level synvolcanic intrusions; c) the intrusive rocks.
(CA = Calc-alkalic; Th = Tholeiitic; Thol-Transit = Transitional between Calc-alkalic and Tholeiitic; Alteration Box = samples
that fell outside the unaltered boxes on the Large et al. 2001 alteration box plot, Figure 12.)
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Figure 18.  Ybcn versus a) SiO2 wt % and b) MgO wt % for the volcanic rocks. (Alteration Box = samples that fell outside the
unaltered boxes on the Large et al. 2001 alteration box plot, Figure 12.)
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Figure 19.  Chondrite-normalized spider plots for the mafic-intermediate volcanic rocks: a) Katrine Township mafic-
intermediate volcanic rocks, both Ybcn <12 and >12; b) Clifford and Ben Nevis township mafic-intermediate volcanic rocks with
Ybcn >12; c) Clifford and Ben Nevis township mafic-intermediate volcanic rocks with Ybcn <12. (Chondrite normalizing values
are C1 chondrite from Sun and McDonough 1989.)



31

Felsic Volcanic Rocks

The felsic rocks in Ben Nevis and Clifford townships are nearly equal proportions of dacites to rhyolites.
On the AFM diagram (Figure 11a), the samples fall within the calc-alkalic field. Only 2 samples fall in
the tholeiitic field: one is an isolated dacite near the western Ben Nevis Township boundary, south of the
Murdoch Creek–Kennedy Lake fault, and the second is a rhyolite flow adjacent to the cryptodome in Ben
Nevis Township south of the Clifford fault. No difference between the “calc-alkalic” and “tholeiitic”
felsic rocks is seen on major element plots (Figures 13a, 14a and 15a).

On the Zr/Y versus Y ppm diagram, there are two populations of felsic rocks (Figure 16a). One has
Zr/Y ratios over 5; the ratios remain the same with increasing Y ppm. The other has Zr/Y ratios below 5
and exhibits decreasing Zr/Y ratios with increasing Y. This trend is due to Zr contents remaining stable in
the second population as Y contents increase. On a (La/Yb)cn versus Ybcn diagram (Figure 17a), the
samples with Zr/Y over 5 are not easily distinguishable from those with Zr/Y less than 5. However, on the
(La/Yb)cn versus Ybcn diagram of Lesher et al. (1986; Figure 20a), the felsic rocks with Zr/Y <5 have
slightly lower La/Ybcn. This is also seen on a Zr/Y versus (La/Yb)cn diagram (Figure 20b). The samples
with Zr/Y over 5 exhibit higher La/Ybcn ratios, with an overlap in La/Ybcn ratios between 3.2 and 3.9. On
a Lacn versus Ybcn diagram (Figure 20c), both populations exhibit grossly increasing Lacn with increasing
Ybcn, but the Zr/Y >5 samples have higher Lacn values for the same Ybcn values as the Zr/Y <5 samples.

Lesher et al. (1986) classified the Misema rhyolites as FII, and the felsic volcanic samples in this
study fall within their criteria (Table 1). It should be noted, however, that there is considerable overlap
between FII and FIIIa rhyolites (Lesher et al. 1986; Hart et al. 2004; Table 1).

Table 1.  Geochemical criteria for the classification of rhyolites into F-types (Lesher et al. 1986; Hart et al. 2004).

Rhyolite Type Y (ppm) Yb (ppm) Sc (ppm) (La/Yb)cn
3 (La/Yb)cn

4 (La/Yb)cn
5 Zr/Y

FII (Magusi)1 38-48 3.9-5.8 7.8-12 2.3-2.7 -- 4.37-5.13 6.2-7.0
FII2 11-73 1.3-7.9 -- -- 1.3-8.8 1.39-9.42 3.2-12.12
FIIIa (Noranda)1 25-70 3.4-9.3 7.0-20 1.5-2.8 -- 2.85-5.32 3.9-6.8
FIIIa2 25-96 3.4-9.3 -- -- 1.5-3.5 1.61-3.75 3.9-7.7
This study (Zr/Y <5) 29-56 3.56-6.7 3-11.9 2.07-3.54 2.10-3.32 2.26-3.86 3.07-4.61
This study (Zr/Y >5) 10-43 1.15-5.51 2-10.1 2.94-9.47 2.98-9.62 3.2-10.32 5.19-9.4

1 Lesher et al. 1986
2 Hart et al. 2004
3 (Leedy chondrite from Masuda et al. (1973))/1.20
4 Average of 10 chondrites, from Nakamura (1974)
5 C1 chondrite from Sun and McDonough (1989)

On spider diagrams (Figure 21a and b), the Zr/Y <5 felsic rocks exhibit similar HREE, and similar to
slightly lower LREE compared to the Zr/Y >5 felsic rocks. A distinct subpopulation of 4 samples occurs
within the Zr/Y >5 population. This subpopulation has Ybcn <13. Two of these samples were from the
same area in the southwestern part of Ben Nevis Township where the andesite with Ybcn <12 occurred,
indicating a possible relationship between the low Ybcn populations. The third sample was from the small
felsic plug (possibly a cryptodome) in the southwestern part of Ben Nevis Township along the axis of the
Clifford anticline. The fourth sample was from the southernmost part of the area south of the Clifford
fault in Clifford Township. All but one of the felsic samples, in both Zr/Y >5 and <5 populations, show
negative Nb, Sr, Eu and Ti anomalies, and positive Zr and Hf anomalies. The anomalous sample has Ybcn
<12 and is from the south limb of the Clifford anticline in Ben Nevis Township; it exhibits a positive Sr
anomaly with a negative Eu anomaly. This is believed to be an alteration effect.
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Figure 20.  a) (La/Yb)cn versus Ybcn diagram from Lesher et al. (1986) for the felsic volcanic rocks; b) Zr/Y versus (La/Yb)cn
diagram for the felsic volcanic rocks; c) Lacn versus Ybcn diagram for the felsic volcanic rocks. (Alteration Box = samples that
fell outside the unaltered boxes on the Large et al. 2001 alteration box plot, Figure 12.)
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Figure 21.  Chondrite normalized spider plots for the felsic volcanic rocks: a) felsic volcanic rocks with Zr/Y >5; b) felsic
volcanic rocks with Zr/Y<5. (Chondrite normalizing values are C1 chondrite from Sun and McDonough 1989.)

The Zr/Y <5 rhyolites occur throughout Ben Nevis and Clifford townships, whereas the Zr/Y >5
rhyolites occur only in the Canagau rhyolite area and immediately south of the Clifford fault. Notably, 8
of the Zr/Y <5 samples come from 2 drill holes in the South Clifford block. The sole felsic volcanic rock
observed in Katrine Township occurs north of the Misema Lake–Mist Lake fault near the Ben Nevis–
Katrine township boundary. This dacite has Zr/Y <5 and is the most evolved of the samples on the spider
diagram (Figure 21b), but is otherwise not distinguishable from the other felsic volcanic rocks.

Using the method of Watson and Harrison (1983), zircon saturation temperatures were calculated for
the rhyolites in Ben Nevis and Clifford townships (Table 2). Zircon saturation temperatures are the
temperatures at which zircon saturates in a melt and begins to crystallize (Watson and Harrison 1983);
this is argued to be close to the temperature of emplacement. The rhyolites having Zr/Y ratio >5 generally
have Zr saturation temperatures >775°C, whereas the rhyolites with Zr/Y <5 have lower temperatures
(Figure 22a). Seven rhyolite samples gave Zr saturation temperatures >800°C. They occur in the South
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Clifford Block rhyolites (including the rhyolite adjacent to the cryptodome), in the rhyolites in the
Canagau Mine area, and in a pyroclastic rhyolite north of the Murdoch Creek–Kennedy Lake fault in Ben
Nevis Township. The rhyolite sample giving a Zr saturation temperature of 897°C is microcrystalline,
equigranular, aphyric to sparsely quartz microphyric, compared to the other rhyolites sampled that were
clearly plagioclase or quartz-plagioclase phyric. The rhyolite sample was taken from a mechanically
stripped outcrop in the Interprovincial North showing area, which exhibited intense chlorite alteration and
associated sulphide mineralization.

Table 2.  Calculated Zr saturation temperature for the rhyolites (using method of Watson and Harrison 1983).
(MC-KL = Murdoch Creek–Kennedy Lake)

Sample number Zr/Y T (ºC ) Classification Structural Block

03ASP0068.1.1  <5 760 Dacite Ben Nevis south of MC-KL fault and east of NW fault

03ASP0146.1.1  <5 774 Rhyolite Ben Nevis south of MC-KL fault and east of NW fault

03ASP0179.1.1  <5 759 Rhyolite Ben Nevis south of MC-KL fault and east of NW fault

03ASP0170.1.1  <5 767 Rhyolite Ben Nevis south of MC-KL fault and east of NW fault

03ASP0176.1.1  <5 774 Rhyolite Ben Nevis south of MC-KL fault and east of NW fault

WC04-03, 62.65-62.79  <5 743 Dacite Tuff Clifford south of Clifford fault

P03-001  <5 746 Dacite Clifford south of Clifford fault

03SJP088-1  <5 774 Dacite Clifford south of Clifford fault

WC04-03, 68.12-68.25  <5 763 Dacite Tuff Clifford south of Clifford fault

03SJP031-1-1  <5 772 Dacite Clifford south of Clifford fault

P03-003  <5 741 Dacite Clifford south of Clifford fault

WC04-03, 131.59-131.7  <5 762 Dacite Tuff Clifford south of Clifford fault

WC04-08, 123.7-123.9  <5 755 Dacite Tuff Clifford south of Clifford fault

WC04-03, 154.75-154.90  <5 745 Dacite Tuff Clifford south of Clifford fault

WC04-03, 146.0-146.16  <5 766 Dacite Tuff Clifford south of Clifford fault

WC04-08, 132.4-132.55  <5 750 Dacite Tuff Clifford south of Clifford fault

WC04-03, 76.27-76.41  <5 750 Dacite Tuff Clifford south of Clifford fault

03ASP0144.1.2 >5 819 Rhyolite Lapilli Tuff Ben Nevis north of MC-KL fault

03ASP0143.1.1 >5 788 Rhyolite Lapilli Tuff Ben Nevis north of MC-KL fault

03ASP0135.1.2 >5 775 Rhyolite Massive Ben Nevis north of MC-KL fault

03ASP0141.1.3 >5 777 Rhyolite Massive Ben Nevis north of MC-KL fault

03ASP0175.1.1 >5 780 Rhyolite Massive Ben Nevis south of MC-KL fault and east of NW fault

03ASP0087.1.1 >5 790 Rhyolite Lobe &
Breccia

Ben Nevis south of MC-KL fault and east of NW fault

03ASP0121.1.1 >5 806 Rhyolite Lobe &
Breccia

Ben Nevis south of MC-KL fault and east of NW fault

03ASP0147.1.1 >5 897 Rhyolite Lobe &
Breccia

Ben Nevis south of MC-KL fault and east of NW fault

03ASP0075.1.1 >5 784 Rhyolite Massive Ben Nevis south of MC-KL fault and east of NW fault

03ASP0028.1.1 >5 776 Rhyolite Breccia Ben Nevis south of MC-KL fault and west of NW fault

03ASP0027.1.1 >5 772 Rhyolite Breccia Ben Nevis south of MC-KL fault and west of NW fault

03ASP0059.2.1 >5 788 Rhyolite Massive Ben Nevis south of MC-KL fault and west of NW fault

03SJP053-1 >5 808 Dacite Clifford south of Clifford fault

WC04-08, 158.61-158.94 >5 829 Dacite Clifford south of Clifford fault

03SJP068-1-1 >5 748 Rhyolite Clifford south of Clifford fault

03SJP068-36 >5 805 Rhyolite Clifford south of Clifford fault

03ASP0133.1.1 >5 807 Rhyolite Massive Clifford south of Clifford fault
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Figure 22.  Calculated Zr saturation temperature (ºC) versus Zr/Y for a) the felsic volcanic rocks, and b) the felsic high-level
synvolcanic intrusions. (Alteration Box = samples that fell outside the unaltered boxes on the Large et al. 2001 alteration box
plot, Figure 12.)
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INTRUSIVE ROCKS

Three types of intrusive rocks will be presented in this section: high-level synvolcanic intrusions
including dykes and cryptodomes or plugs, Blake River diorite dykes and intrusions, and a late alkalic
stock with associated dykes.

High-Level Synvolcanic Intrusions

The high-level synvolcanic intrusions take two forms: dykes that, without contact relationships, would be
mapped as volcanic; and intrusive masses that include breccia phases and are interpreted as cryptodomes
or plugs.

On the LeBas et al. (1986) classification diagram (Figure 10b), the high-level synvolcanic intrusions
all fall within the sub-alkalic field and exhibit the same rock types as the extrusive rocks: basalts through
andesites to rhyolites. These synvolcanic intrusion samples also fall along the same trend as the volcanic
samples on the Irvine and Baragar (1971) AFM plot (Figure 11b), with most of the samples being calc-
alkalic in nature. On the Large et al. (2001) alteration box plot (Figure 12b), the syn-volcanic intrusions
resemble the volcanic rocks in that they fall along the diagenetic–hydrothermal alteration divide line,
most of the “tholeiitic” rocks fall outside the least altered box toward the Epidote-Carbonate corner, and
the “altered” felsic rocks indicate carbonatization or sericitization. On major element and trace element
plots (Figures 13b, 14b, 15b, 16b and 17b), the similarity between the synvolcanic intrusions and the
volcanic rocks is also evident. There is not, however, enough data for the synvolcanic intrusions to define
the populations seen in the volcanic rocks. On chondrite-normalized spider diagrams (Figure 23a), the
mafic-intermediate synvolcanic intrusions appear similar to the mafic volcanic rocks with Ybcn >12
(Figure 19b), with the exception of an andesite dyke intruding the heterolithic andesite lapilli tuff in
Katrine Township south of the Misema Lake–Mist Lake fault. The felsic synvolcanic dykes have spider
diagram patterns (Figure 23b) resembling the felsic volcanic rocks (Figure 21); the felsic dyke with low
chondrite-normalized heavy rare earth values (Ybcn = 10.47) was intruded into the diorite lying south of
the Canagau rhyolite. Its pattern is similar to that of the rhyolite from the southernmost part of Clifford
Township (Figure 21a). The two subvolcanic intrusions—the cryptodome between the Murdoch Creek–
Kennedy Lake and the Clifford faults in Ben Nevis Township, and the composite quartz-feldspar
porphyry plug at the Ben Nevis–Katrine township boundary—exhibit similar spider diagram patterns for
both their felsic and mafic phases (Figure 23c). The felsic (QFP) phases resemble the felsic synvolcanic
dykes, and therefore, the rhyolites of the area. The spider diagram patterns of the mafic-intermediate
phases do not, however, resemble the mafic-intermediate synvolcanic dykes (Figure 23a), instead
resembling the patterns of the mafic-intermediate volcanics with Ybcn <12 (Figure 19c). Zircon saturation
temperature calculations (Table 3; Figure 22b) show that the felsic phase of the cryptodome has a
temperature <775ºC, as does the felsic dyke from Katrine Township north of the Misema Lake–Mist Lake
fault. The composite plug from the Ben Nevis–Katrine township boundary and the felsic dykes have
zircon saturation temperatures >775ºC, as do the rhyolites with Zr/Y >5 (Figure 22a).
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Figure 23.  Chondrite-normalized spider plots for the high-level synvolcanic intrusions: a) mafic-intermediate dykes; b) felsic
dykes; c) the cryptodome in Ben Nevis Township and the composite plug at the Ben Nevis–Katrine township boundary.
(Chondrite normalizing values are C1 chondrite from Sun and McDonough 1989.)
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Table 3.  Calculated Zr saturation temperature for the high-level synvolcanic intrusions (using method of Watson and Harrison
1983).

Sample number Zr/Y T (ºC ) Classification Structural Block
03ASP0126.2.1 6.00 796.98 Rhyolite Dyke Ben Nevis south of Murdoch Creek–Kennedy Lake fault and east

of NW fault
03ASP0198.2.1 4.67 769.78 Rhyolite Dyke Katrine north of Misema Lake–Mist Lake fault
03ASP0207.2.1 4.65 825.47 Rhyolite Dyke Ben Nevis south of Murdoch Creek–Kennedy Lake fault and

west of NW fault
03ASP0162.2.1 5.46 807.52 Rhyolite Dyke Ben Nevis south of Murdoch Creek–Kennedy Lake fault and

west of NW fault
03ASP0130.1.2 3.71 750.57 Quartz Feldspar Porphyry Clifford south of Clifford fault
04ASP512-1.1 3.46 794.83 Quartz Feldspar Porphyry At Ben Nevis–Katrine boundary

Intrusions

The majority of intrusions in the Blake River Group in the study area are mafic to intermediate dykes and
irregular masses. A felsic dyke occurs at the western edge of Ben Nevis Township immediately south of
the Clifford fault, and an alkalic stock with associated dykes is located in the southeastern corner of
Katrine Township.

The nature, alkalic versus subalkalic, and the dominance of mafic and intermediate intrusions are
seen on the modified total alkali–silica classification diagram (Figure 10c; LeBas et al. 1986). The alkalic
intrusions will not be discussed here. The majority of the sub-alkalic intrusions, like the volcanic rocks
and the high-level synvolcanic intrusions, fall in the calc-alkalic field of the Irvine and Baragar (1971)
AFM diagram (Figure 11c). The samples falling in the tholeiitic field come from south of the Clifford
fault in Clifford Township, the northeast corner of Ben Nevis Township, and immediately south of the
Misema Lake–Mist Lake fault in the eastern part of Katrine Township. In the case of the diorite-gabbro
intrusion in Ben Nevis Township, a second sample of the intermediate phase falls in the calc-alkalic field.
This indicates that, like the volcanic rocks, there is likely only one chemical affinity in this intrusion. On
the Large et al. (2001) alteration box plot (Figure 12c), the intrusive rocks behave in the same fashion as
the volcanic rocks and the high-level synvolcanic intrusions. On major element diagrams (Figures 13c,
14c and 15c), one sample shows anomalously high MgO content, and lower Al2O3 content for the same
SiO2 value as the volcanic rocks. This sample is from a mafic intrusion in Ben Nevis Township south of
the Clifford fault. On trace element ratio diagrams (Figures 16c and 17c), the intrusions plot in the same
areas as the volcanic rocks with one exception: the gabbro intruding the heterolithic lapilli tuff in Katrine
Township has a low Zr/Y ratio with low Y content (Figure 16c) and a low La/Ybcn ratio with a low Ybcn
value (Figure 17c). A feldspar-porphyritic dyke and a quartz-feldspar-porphyritic dyke from the vicinity
of the small rhyolite dome in the nose of the anticline, in the southwest part of Ben Nevis Township, have
very high Zr/Y and La/Ybcn ratios (Figures 16c and 17c). These units are likely related to the Clifford
intrusive event (see MacDonald et al. 2005) and are the only confirmed examples of that event south of
the Murdoch Creek–Kennedy Lake fault in Ben Nevis Township. As with the high-level synvolcanic
intrusions, there are not enough intrusion samples to delineate the populations observed in the volcanic
rocks. In Ben Nevis and Clifford townships, the spider diagram patterns of the intrusive rocks (Figure
24a) resembles those of the mafic to intermediate volcanic rocks with Ybcn >12 (Figure 17b), although the
Ybcn contents of  the intrusion samples are as low as 9. The only felsic sample from Clifford Township
has a spider pattern similar to, but slightly more evolved than the mafic to intermediate intrusions (Figure
24a). The samples of the porphyry dykes mentioned above (Clifford event; see MacDonald et al. 2005)
have very low Ybcn values (0.88 and 1.35) and their spider patterns exhibit HREE depletion (Figure 22a).
In Katrine Township (Figure 24b), the 2 samples from the mafic-intermediate intrusion sampled north of
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the Misema Lake–Mist Lake fault have trace element patterns similar to the adjacent volcanic unit, and to
the mafic to intermediate volcanic rocks with Ybcn <12 sampled in Ben Nevis and Clifford townships
(Figures 19a and c). The mafic to intermediate intrusion in the heterolithic lapilli tuff south of the Misema
Lake–Mist Lake fault has a trace element pattern similar to nearby volcanic units. The sample from the
mafic to intermediate stock south of the Mulven Lake fault (Figure 24a, Katrine South-Garrison sample)
has as trace element pattern similar to the mafic to intermediate volcanic rocks sampled in that area, and
to the majority of samples between the Mulven Lake and Misema Lake–Mist Lake faults, and north of the
Misema Lake–Mist Lake fault (Figure 19a). The geochemical similarities between the intrusive rocks and
the volcanic rocks suggest that they are part of the synvolcanic intrusive phase of the magmatism forming
the Blake River Group.

Figure 24.  Chondrite-normalized spider plots for the intrusive rocks: a) Clifford and Ben Nevis townships, including the
Clifford-phase porphyry dykes; b) Katrine Township, including the alkalic stock and dykes. (Chondrite normalizing values are
C1 chondrite from Sun and McDonough 1989.)
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SUMMARY

On major element diagrams there is a progression from mafic to felsic rocks in the Blake River Group of
the study area. On the chondrite-normalized spider diagrams, the mafic and felsic patterns overlap.
However, the patterns are not a simple progression from mafic to felsic. In particular, mafic rocks with
the low Ybcn values are known to be more evolved in regards to major elements (higher SiO2 and lower
MgO) and have higher La/Ybcn ratios. These rocks also have more pronounced negative Nb anomalies.
As the rocks do not greatly deviate from the hydrothermal–diagenetic alteration divide on the Large et al.
(2001) alteration box plot, the differences in rock chemistry are not considered to be due to alteration, but
to be a primary effect. The felsic rocks in the study area exhibit 2 trends in Zr/Y ratios. As for the mafic
rocks, the felsic rocks do not deviate from the hydrothermal–diagenetic alteration divide on the alteration
box plot, and thus the populations are also considered primary rather than alteration induced.

The geochemical similarity between the high-level synvolcanic intrusions and the volcanic rocks
supports the field evidence for their synvolcanic nature. The interpretation that the composite QFP-diorite
intrusion at the Ben Nevis–Katrine township boundary is a synvolcanic plug is supported by its chemical
similarity to the cryptodome in Ben Nevis Township south of the Clifford fault. The cryptodome has been
radiometrically dated at 2699.8 ±3.6 Ma (Hamilton in Ayer et al. 2005), showing it to be synvolcanic. The
volcanism in the Canagau Mine area of Ben Nevis Township has been radiometrically dated at
2696.6 ±1.3 Ma (Hamilton in Ayer et al. 2005), and a rhyolite in Pontiac Township, to the east, has a
radiometric age of 2701 ±2 Ma (Corfu et al. 1989).

The mafic to intermediate intrusive bodies in the study area also have the same chemical
characteristics as the hosting volcanic rocks, and are considered to be part of the Blake River Group
magmatic event. Two porphyry dykes from Ben Nevis Township have chemical signatures similar to the
Clifford phase intrusions (see MacDonald et al. 2005) and are interpreted as being related to that event.
The alkalic stock and its associated dykes in the southeast corner of Katrine Township are interpreted as
being part of the late-phase plutonism described as Suite K in Rive et al. (1990).

Alteration and Mineralization Styles

In Clifford Township, MacDonald et al. (2005) recognized 3 alteration and mineralization styles: 1)
contact metamorphic alteration around the Clifford stock with minor pyrite mineralization; 2) VMS-style
alteration and mineralization; and 3) intrusion-related or porphyry-style alteration and Cu-Mo-Au
mineralization. In Ben Nevis Township, the second (VMS) style alteration is present, as well as Fe-
carbonate alteration apparently related to north-northwest-trending faults and shear zones. In Katrine
Township, VMS-style alteration also occurs but there is not enough data to properly classify alteration
types.

Regional metamorphism in the area is low-grade prehnite-pumpellyite facies (Hannington et al.
2003; Jensen 1975a, 1975b). The Clifford stock exhibits a well-defined contact aureole surrounding it for
200-300 m (MacDonald et al. 2005). In the aureole, the andesites to basaltic andesites exhibit a distinctive
dark colouration and contain ubiquitous magnetite, lath-like needles of plagioclase (albite?), epidote
patches, and, in some cases, amphibole (actinolite?) (Photo 4a). Minor pyrite is present in the
metamorphic aureole.
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Photo 4.  a) Typical recrystallized basaltic andesite of the Blake River Group with albite (white laths) and magnetite (black clots)
from the contact aureole of the Clifford stock; b) pillow lava with chlorite alteration at the edge of the pillow, silicification of the
hyaloclastite (white fragments), and a sulphide assemblage of pyrite-chalcopyrite, from Clifford Township; c) highly silicified
pillows with pyrite in the interpillow hyaloclastite, Interprovincial South showing; d) rhyolite breccia with pyrite in the breccia
matrix, Interprovincial North showing; e) highly chloritized rhyolite, Interprovincial North showing; f) breccia pipe occurrence
from the Brett-Tretheway (Croxall) prospect with angular andesite fragments within a sea of quartz and sulphide minerals.
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In Clifford Township, volcanogenic massive sulphide (VMS)-style alteration is present on surface
and in drill core. Chlorite-quartz-epidote-pyrite assemblages commonly fill amygdules in varying
proportions and are interpreted to represent semi-conformable-style alteration (e.g., Galley 1993). Most
common are quartz-pyrite fillings but there are also epidote-quartz-pyrite, chlorite-quartz, and chlorite-
pyrite infillings. These mineral assemblages are also present in some rocks, commonly the more mafic
members of the Blake River Group, as patches, typically near permeable zones in the rocks (i.e., near
hyaloclastite or in volcanic breccias). Silicification and chlorite alteration are present in some drill holes,
and are associated with sulphide mineralization and interpreted to be more indicative of proximal, high
temperature alteration (e.g., Franklin 1993). This style of alteration and mineralization is present only in
drill core and occurs associated with the lowermost basaltic andesite pillow lava sequence. The
mineralization is generally restricted to hyaloclastite along pillow margins (Photo 4b). Along these
margins, chalcopyrite, pyrite and quartz are found interstitial to angular hyaloclastite; sulphides comprise
a maximum of ~10% of the rock (Photo 4b). Hyaloclastite fragments are either bleached to a white-pink
colour and silicified or are completely chlorite altered with or without epidote (Photo 4b). Finer grained
ash-sized material in between the hyaloclastite is typically completely replaced by chlorite.

Quartz-pyrite-filled amygdules are also present locally in Ben Nevis and Katrine townships, but are
more common in Ben Nevis than in Katrine, where it is rare. In Ben Nevis Township, pyrite also occurs
along fractures and in the multiple injection borders of both rhyolitic (Photo 2a) and andesitic high-level
synvolcanic dykes, in the rims of silicified pillows (Photo 4c), and in the matrix of brecciated rhyolite
(Photo 4d). Network silicification is common in the andesites that have been intruded by rhyolitic
synvolcanic dykes in the Interprovincial South showing area (Photo 3b). Sericite alteration is common in
the felsic volcanic rocks; however, it should be noted that most of the felsic volcanic rocks are
fragmental, and that the matrix would be expected to alter to sericite under metamorphic conditions.
Intense chlorite alteration with associated sulphide mineralization is present on one mechanically stripped
outcrop (Photo 4e). This same outcrop is cut by a Fe-carbonate-altered deformation zone. Epidote-quartz
and quartz alteration occur in the pillowed facies of the andesites in Ben Nevis Township (Photo 2e) and
is concentrated in pillow rims or in pillow centres. The flow breccias associated with these pillowed
facies also exhibit epidote-quartz or quartz alteration.

In Clifford Township, MacDonald et al. (2005) recognized porphyry Cu-Au-Mo-style alteration
overprinting, and younger than, the VMS-style alteration. The porphyry-style alteration is present both on
surface and in drill core, and is associated with numerous breccia-pipe-style occurrences on surface (e.g.,
Brett-Tretheway / Croxall prospect). On surface, the mineralization is not easily visible and occurs within
breccia pipes, like the Croxall prospect. These pipes are broadly radial in nature and spatially associated
with rhyolite porphyry and brecciated porphyry; in between the brecciated porphyry there is abundant
quartz±sulphide mineralization forming the interstices between porphyry clasts (Photo 4f; E. Chaloux,
unpublished data). Alteration associated with this style of mineralization is commonly silicification and
pyrite alteration near the breccia pipes, whereas outside of the breccia pipes the regional wall rocks have a
randomly oriented network of millimetre- to centimetre-scale quartz, epidote, K-feldspar, hematite and
calcite (±sericite) veins. In drill core, mineralization and alteration are associated primarily with a
randomly oriented vein network that exhibits a complex paragenesis. The veinlets form a stockwork a few
millimetres up to a few centimetres in width. The paragenesis seems to be, from oldest to youngest: 1)
epidote, chlorite and sericite; 2) quartz-pyrite; 3) dark grey quartz-pyrite-chalcopyrite-molybdenum (and
gold?); and 4) hematite-calcite-±K-feldspar. This paragenesis is not always present and some events
appear to be synchronous and overlap in some drill holes. Nonetheless, there seems to be an intermediate
Cu-Mo-Au event associated with dark grey quartz veins, and all alteration styles are cut by late hematite-
calcite±K-feldspar veins. The veins that host mineralization are widespread across all rock types but most
Mo-(and Au?)-rich zones are also hosted by dykes of rhyolitic feldspar porphyry similar to the Clifford
stock; this suggests that this porphyry-style mineralization is a distinctly younger hydrothermal event in
Clifford Township and likely related to the emplacement of the Clifford stock.
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Although the porphyry-style alteration and mineralization described in Clifford Township was not
recognized in Ben Nevis Township during the course of this study, Pearson (1992) describes an alloclastic
breccia within a dacite dyke in Ben Nevis Township, which may be a porphyry-style breccia pipe:

“The mechanically stripped area of the Erhart showing [Interprovincial South showing in this report]
consists of a sequence of andesites (massive, brecciated and pillowed) with facing directions to the
southwest, which are crosscut by dacite dykes. The dykes are generally oriented N010º to N045º exhibiting
rectilinear to irregular contacts, with locally brecciated chill margins. The border has flow laminations,
followed by a massive section with columnar joints. The dyke and the wallrocks are crosscut by many small
faults, whose distribution suggests movement synchronous with the intrusions. The centre of the dacite dyke
is cut by a monolithic alloclastic breccia with fragments of the same composition as the dyke. This alloclastic
breccia is the principal host to the mineralization (pyrite, galena, sphalerite, gold, chalcopyrite) and is a major
feature cutting the entire zone of outcrops. Locally, the periphery of the dyke exhibits patches of chlorite
alteration and is cut by two orientations of chlorite stringers forming an orthogonal pattern”  [translated by
Péloquin from Pearson 1992].

The synvolcanic interpretation of the mineralization cannot be overruled as the age of the dyke
hosting the breccia and mineralization is unknown, and no chemical analyses are available for the dyke.
However, the description by Pearson (1992) is very similar to the breccias in drill core and at the Croxall
showing in Clifford Township described above (MacDonald et al. 2005; E. Chaloux, unpublished data).
The presence of “Clifford-like” dykes south of the Murdoch Creek–Kennedy Lake fault, and the presence
of a gravity low in the Interprovincial showing area similar to that centred on the Clifford stock (OGS
1999; Figure 7), suggests that a Clifford-type intrusion may occur at depth in Ben Nevis Township south
of the Murdock Creek–Kennedy Lake fault. Further investigation is necessary to test this hypothesis.

The 3 types of mineral showing for the study area are listed in the Ontario Geological Survey (OGS)
Mineral Deposit Inventory (OGS 2002): precious metals, base metals and diamonds (Table 4). In Katrine
Township, the showings are generally polymetallic with gold being the dominant commodity (Table 4;
locations on Map P.3543–Revised, back pocket). All of the showings in Katrine Township are classified
as vein-replacement deposits. In Ben Nevis Township, the showings are also listed as polymetallic, but
with Zn as the dominant commodity (Table 4; locations on Map P.3543–Revised). The showings are
classified as volcanic associated with two exceptions. The first exception is the Tremblay, A., a gold-zinc
showing, which is described as an “unknown hard rock deposit type”. In MacDonald et al. (2005) and this
study, the host rock to the Tremblay A. showing is interpreted to be a cryptodome (location 8 on Map
P.3543–Revised). The second exception to the volcanic-associated deposit classification is the
Interprovincial North showing, which is described as a vein-replacement deposit (Table 4; location 12 on
Map P.3543–Revised). Wolfe (1977) interpreted the Interprovincial North mineralization to be consistent
with stringer mineralization in alteration pipes below exhalative massive sulphide deposits. However,
Jensen (1975a) describes the mineralization as being, at least in part, hosted in “fractures and shear
zones”. As mentioned above, the interpretation of the Interprovincial South showing may need to be
revised. It is described by Pearson (1992) as hosted within a breccia and stringers in a dyke; the age of the
dyke must be determined before the mineralization can be classified as volcanic. Mineralization was
observed in Ben Nevis Township (by the authors and D. Hunter, personal communication) in veins and
along the multiple injection borders of high-level synvolcanic dykes. In Clifford Township, the two types
of showings are polymetallic and diamond. The diamond showing (Table 4) was not examined in this
study. The polymetallic Brett-Tretheway showing is classified as intrusion related in the Mineral Deposit
Inventory (OGS 2002). Based on the work by Piercey (in MacDonald et al. 2005) and E. Chaloux
(unpublished data), the Croxall showing (not listed in OGS 2002) is also intrusion-related, porphyry-style
mineralization. The Brazzoni showing is classified as a vein-replacement deposit in the Mineral Deposit
Inventory (OGS 2002). The description of this showing in Jensen (1975a) includes the presence of
porphyry dykes in all the old workings; this association suggests that the veins may be intrusion-related.
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SUMMARY

VMS-style alteration and mineralization is present in Clifford, Ben Nevis and Katrine townships, and
porphyry-style alteration and mineralization is present in Clifford Township. However, there are
indications that a porphyry system may have existed in Ben Nevis Township. The gravity low in Ben
Nevis Township south of the Murdoch Creek–Kennedy Lake fault resembles that centred on the Clifford
stock in Clifford Township, and suggests the presence of a similar intrusion at depth in Ben Nevis
Township. Two small Clifford-event porphyry dykes occur in Ben Nevis Township south of the Murdoch
Creek–Kennedy Lake fault indicating that the Clifford intrusive event extends south of the fault. Finally,
the description of the mineralized brecciated dyke at the Interprovinicial South showing resembles the
breccia recognized at the Croxall porphyry breccia pipe showing, and the age of the Interprovincial South
dyke should be determined to test if the mineralization is indeed related to the Clifford porphyry event.

On one mechanically stripped outcrop in the Interprovincial North showing area, intense
chloritization of a rhyolite with associated sulphide mineralization occurs. Most of the mineralization
observed in Ben Nevis Township was in the form of quartz-pyrite-filled amygdules, and in the area of the
Interprovincial and Roche showings, in the form of sulphide veins in high-level synvolcanic dykes or
sulphides concentrated in the multiple injection borders of those dykes. However, intensely Fe-
carbonatized deformation zones cross-cut the area of the Interprovincial and Roche showings, and the
literature describes mineralization occurring in veins within these deformation zones. It is, therefore,
likely that remobilization of the synvolcanic mineralization occurred during a deformation event.

In Katrine Township, the mineral showings are all polymetallic vein-replacement deposits. Although
VMS-style alteration and mineralization, e.g., quartz-pyrite-filled amygdules, occur in Katrine Township,
it is rare, and no showings occurred in those areas.
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Discussion and Conclusion

The volcanic rocks of Katrine, Ben Nevis and Clifford townships belong to the Misema subgroup of the
Blake River Group. No evidence was seen in this study for the presence of the Garrison–Misema
subgroup boundary in Katrine Township; further studies in the southern part of Katrine Township and in
McVittie Township, to the south, should be undertaken to determine the position and nature of that
stratigraphic boundary.

The Misema subgroup of the Blake River Group in Ben Nevis Township has a U-Pb age of
2696.6 ±1.3 Ma (Hamilton in Ayer et al. 2005). This is younger than the pre-cauldron phase of the
Noranda subgroup (2701 ±1 Ma; Mortensen 1993), younger than the Misema subgroup in Pontiac
Township, to the east (2701 ±2 Ma; Corfu et al. 1989), and of the same age as the post-cauldron phase of
the Noranda subgroup (the Reneault-Dufresnoy formation: 2697.9 +1.3/-0.7 (Mortensen 1993) and
2696 ±1.1 Ma (Lafrance et al. 2003), and the Bousquet formation: 2698.6 ±1.5 Ma, 2698.0 ±1.5 Ma and
2694 ±2 Ma (Lafrance et al. 2003)). Thus, the Ben Nevis–Clifford volcanic complex formed late in the
Blake River Group volcanic event.

Subaqueous andesite flows are the dominant rock type in the study area. In Katrine Township,
pyroclastic rocks are rare, and felsic volcanic rocks even rarer. In Ben Nevis and Clifford townships there
is a spectrum of subaqueous volcanic rocks from basalt to rhyolite. Both flow and pyroclastic facies occur
in all rock types, but the felsic volcanic rocks are dominantly pyroclastic with rare flow or dome facies.
High-level synvolcanic dykes, which can only be distinguished from extrusive rocks by their cross-
cutting relationships, occur in all rock types throughout the study area. Mafic-intermediate dykes and
irregular masses, which are comagmatic with the Blake River Group volcanism, also occur throughout the
study area.

The Noranda cauldron sequence of the Noranda subgroup hosts the majority of VMS deposits in the
Blake River Group (Gibson 1989; Gibson and Watkinson 1990). The volcanism in the Noranda cauldron
is flow dominated (de Rosen-Spence 1976; Gibson 1989; Paradis 1990), as is the pre-cauldron volcanism
(Péloquin et al. 1989a, 1989b; Péloquin 2000). However, pyroclastic rocks form an important part of the
post-cauldron volcanism (Trudel 1978, 1979; Goutier 1997; Lafrance et al. 2003). The Ben Nevis–
Clifford volcanic centre has a large pyroclastic component. This volcano may be a subaqueous composite
stratovolcano (Williams and McBirney 1979) constructed on a mafic to intermediate volcanic “floor”
represented by the Misema subgroup in Katrine Township. The increase in pyroclastic rocks, and the
pumiceous and scoriaceous nature of some of the fragments, indicates shallow depth of emplacement.

The geochemistry of the Ben Nevis–Clifford volcanic centre also differs from the Noranda
volcanism. Noranda has long been known to be bimodal (andesite–rhyolite) and have 2 end-member
andesite affinities: tholeiitic and calc-alkalic (or LREE-enriched) (e.g., Goodwin 1977; Gélinas et al.
1977; Laflèche et al. 1992; Péloquin 2000; Péloquin et al. 2001). In contrast, the Misema subgroup in the
study area is unimodal (andesite dominant) with no silica gap, and there are no true tholeiites in the area.

The differences between the Ben Nevis–Clifford volcanic centre and the Noranda cauldron indicate
that mineral exploration in Ben Nevis and Clifford townships should not be limited strictly to Noranda-
type Cu-Zn VMS deposits. The presence of VMS-style alteration and mineralization in the area indicates
that a synvolcanic hydrothermal system existed. However, the apparent concentration of the
mineralization in the synvolcanic dykes, as veins or in the multiple injection margins, suggests that fluids
were channelized within the dykes. Thus, the present exposure may represent the feeder zone of the
hydrothermal system (Figure 25). The structural complexity of the area must first be unravelled. The



47

influence of the NW fault and the Fe-carbonatized deformation zones on the stratigraphy of the area
should be determined, and the possibility that the area is affected by complex folding examined.

The recognition of a porphyry system related to the Clifford stock in Clifford Township by Piercey
(Piercey et al. 2004; MacDonald et al. 2005) opens up a new avenue for exploration. The gravity low in
Ben Nevis Township is similar to that corresponding to the Clifford stock in Clifford Township and
suggests a “Clifford-type” intrusion at depth. The occurrence of Clifford-event porphyry dykes in Ben
Nevis Township confirms that the Clifford intrusive event extends south of the Murdoch Creek–Kennedy
Lake fault.

Figure 25.  Schematic diagrams (not to scale) of a) the Ben Nevis–Clifford stratovolcano in relationship to the Misema mafic
lava plain (Katrine Township and western Québec) and the Noranda cauldron, indicating possible areas of present exposure, b)
the Ben Nevis–Clifford stratovolcano indicating the possible area of present exposure, and c) the Noranda cauldron indicating the
possible area of present exposure.
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Appendix 1

Major, Trace and Rare Earth Element Data for Ben Nevis and Katrine
Townships

Abbreviations:
BRG Blake River Group
OGL Ontario Geoscience Laboratories (Geo Labs)
ActLab Activation Laboratories
XRF X-ray fluorescence
ICP-AES inductively coupled plasma atomic emission spectroscopy
ICP-MS inductively coupled plasma mass spectrometry
2003 d.l. 2003 detection limit
2004 d.l. 2004 detection limit

Note:
A minus sign in front of a value (e.g., -1000) indicates the value is either below or above the detection
limit for that element.



Sample number 03ASP0142.1.1 03ASP0145.1.1 03ASP0137.1.1 03ASP0010.2.1
Township Ben Nevis Ben Nevis Ben Nevis Ben Nevis

Easting UTM NAD83 595486 595872 595218 598585
Northing UTM NAD83 5354252 5353798 5352837 5355697

Phase BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Structural Block Ben Nevis North Ben Nevis North Ben Nevis North Ben Nevis North

Rock type Andesite - Massive Andesite - Massive Andesite Massive Andesite Pillows
Note Poor Oxide Closure Poor Oxide Closure

laboratory OGL OGL OGL OGL
method units 2003 d.l. 2004 d.l.

SiO2 XRF wt% 0.01 0.01 52.37 52.54 52.64 54.41
TiO2 XRF wt% 0.01 0.01 0.95 0.9 0.98 1.22

Al2O3 XRF wt% 0.01 0.01 17.1 17.14 17.14 18.38
Fe2O3 XRF wt% 0.01 0.01 9.6 9.46 9.08 7.33

MgO XRF wt% 0.01 0.01 6.44 6.01 5.42 3.7
CaO XRF wt% 0.01 0.01 8.75 9.63 8.88 8.13

Na2O XRF wt% 0.01 0.01 2.59 1.91 2.75 4.34
K2O XRF wt% 0.01 0.01 0.43 0.49 0.35 0.4
MnO XRF wt% 0.01 0.001 0.13 0.12 0.15 0.1

P2O5 XRF wt% 0.01 0.01 0.11 0.11 0.12 0.13
Cr2O3 XRF wt% 0.01

LOI XRF wt% 0.05 0.01 3.4 3.24 3.91 3.27
TOTAL 101.86 101.54 101.41 101.42

laboratory OGL OGL OGL OGL
Cr XRF ppm 4 5 210 174 128 52
Ni XRF ppm 5

Nb XRF ppm 2 2 3 2 3 4
Y XRF ppm 1 2 16 14 18 17

Zr XRF ppm 3 5 84 75 90 120
V XRF ppm 5

laboratory OGL OGL OGL OGL
Al ICP-AES ppm 100 100 78519 77230 78196 72538

Ba ICP-AES ppm 1 1 103 132 132 100
Be ICP-AES ppm 0.1 0 0.31 0.27 0.29 0.36
Ca ICP-AES ppm 50 50 51759 56093 52018 27902
Cd ICP-AES ppm 2 2 0 0 0 0
Co ICP-AES ppm 1 1 31 30 27 23
Cr ICP-AES ppm 6 1 128.82 117.2 80.21 23.72
Cu ICP-AES ppm 3 3 48 75 57 27
Fe ICP-AES ppm 100 100 57866 55830 54588 46823
K ICP-AES ppm 60 60 2855 3180 2233 2614
Li ICP-AES ppm 1 1 22 15 15 6

Mg ICP-AES ppm 70 70 34517 31614 28946 20504
Mn ICP-AES ppm 1 1 780 686 895 609
Mo ICP-AES ppm 8 8 0 0 0 0
Na ICP-AES ppm 150 150 17782 13566 18931 29234
Ni ICP-AES ppm 3 3 108 94 72 48
P ICP-AES ppm 10 10 406 352 428 487
S ICP-AES ppm 43 43 89 279 131 103

Sc ICP-AES ppm 3 0.3 17.7 17.3 17.7 6.7
Sr ICP-AES ppm 0.7 0.7 147.1 169.2 292.3 165.1
Ti ICP-AES ppm 10 10 4254 3984 4390 5168
V ICP-AES ppm 0.6 1 173 158 176 224.2
W ICP-AES ppm 2 2 0 0 0 0
Y ICP-AES ppm 0.2 0.2 12.2 11.3 13.8 7.6

Zn ICP-AES ppm 2 2 74 79 76 68
laboratory OGL OGL OGL OGL

Ce ICP-MS ppm 0.07 0.07 20.58 19 21.43 9.75
Cs ICP-MS ppm 0.007 0.007 0.727 0.655 0.753 0.176
Dy ICP-MS ppm 0.008 0.008 2.987 2.745 3.286 1.337
Er ICP-MS ppm 0.008 0.008 1.882 1.75 2.121 0.827
Eu ICP-MS ppm 0.005 0.005 0.85 0.837 0.968 0.417
Gd ICP-MS ppm 0.009 0.009 2.92 2.726 3.106 1.343
Hf ICP-MS ppm 0.1 0.1 2.3 2.1 2.4 2.9

Ho ICP-MS ppm 0.003 0.003 0.636 0.59 0.704 0.284
La ICP-MS ppm 0.02 0.02 9.44 8.59 9.92 4.88
Lu ICP-MS ppm 0.003 0.003 0.293 0.274 0.325 0.108
Nb ICP-MS ppm 0.2 0.2 4.3 3.9 4.4 4.8
Nd ICP-MS ppm 0.03 0.03 11.01 10.02 11.65 5.28
Pr ICP-MS ppm 0.006 0.006 2.602 2.396 2.667 1.254

Rb ICP-MS ppm 0.05 0.05 12.42 13.65 11.98 7.27
Sm ICP-MS ppm 0.01 0.01 2.63 2.4 2.79 1.25
Sr ICP-MS ppm 0.5 0.5 180.3 203.8 356.3 182.7
Ta ICP-MS ppm 0.17 0.17 0.32 0.3 0.34 0.36
Tb ICP-MS ppm 0.003 0.003 0.48 0.446 0.521 0.217
Th ICP-MS ppm 0.06 0.06 1.48 1.27 1.64 0.87
Tm ICP-MS ppm 0.003 0.003 0.283 0.263 0.311 0.117

U ICP-MS ppm 0.007 0.007 0.386 0.331 0.434 0.358
Y ICP-MS ppm 0.02 0.02 17.11 15.75 19.28 7.45

Yb ICP-MS ppm 0.01 0.01 1.88 1.73 2.06 0.73
Zr ICP-MS ppm 4 4 90.7 80.1 95.1 114.2
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0143.1.1 03ASP0144.1.2 03ASP0135.1.2 03ASP0141.1.3 03ASP0071.1.1
Ben Nevis Ben Nevis Ben Nevis Ben Nevis Ben Nevis

595645 595551 595310 594806 599899
5354339 5354159 5352465 5352965 5354039

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Ben Nevis North Ben Nevis North Ben Nevis North Ben Nevis North Ben Nevis Southeast

Rhyolite Lapilli Tuff Rhyolite Lapilli Tuff Rhyolite Massive Rhyolite Massive Andesite

OGL OGL OGL OGL OGL

74.25 69.2 72.06 68.7 55.85
0.26 0.25 0.19 0.34 0.81

12.41 15.3 12.14 12.82 17.25
3.33 2.9 3.19 3.68 7.22
0.58 0.77 0.4 0.6 4.64
1.59 3 2.85 3.49 6.82

4.4 2.14 4.81 4.18 3.05
2.53 4.42 0.89 1.51 1.72
0.04 0.06 0.03 0.07 0.11
0.05 0.05 0.04 0.07 0.14

0.89 1.95 3.08 4.37 3.18
100.32 100.05 99.69 99.83 100.8

OGL OGL OGL OGL OGL
49 18 20 18 90

6 8 4 6 3
33 40 27 30 17

175 221 176 189 106

OGL OGL OGL OGL OGL
55619 72903 55518 59684 73550

525 848 195 292 372
0.48 0.78 0.34 0.45 0.28

9135 17874 15096 20644 31324
0 0 0 0 0
3 2 1 3 26

16.48 15.77 12.26 9.45 57.24
0 0 15 3 10

21345 19455 20241 23152 46828
15283 29678 5787 9947 10567

3 8 16 7 9
3180 4258 2388 3347 24996

261 405 144 414 706
0 0 0 0 0

27923 15210 32307 27624 19752
6 4 3 3 88

148 119 110 239 523
48 59 102 66 -400

4.8 5 3.6 4.9 9.9
141.9 59.9 78.9 84.8 119.6
1083 1214 801 1505 3362

1 0 1 8 137.4
0 0 0 0 0

24.3 27.5 18.8 22.8 8.5
22 59 20 51 42

OGL OGL OGL OGL OGL
46.58 54.85 48.93 45.02 11.85
0.691 2.215 1.201 1.521 1.332

5.69 6.73 5.164 5.444 1.805
3.709 4.51 3.378 3.554 1.121
1.033 1.049 1.013 1.218 0.497
5.245 6.111 4.995 5.376 1.729

5.1 6.5 5 5.4 2.9
1.225 1.452 1.111 1.171 0.382
22.84 25.93 23.54 20.13 5.79
0.614 0.723 0.525 0.596 0.161

8.1 10.3 6.3 8.4 4.3
21.55 25.45 22.48 22.94 6.43
5.551 6.622 5.853 5.568 1.544
60.11 141.42 24.6 49.53 49.34

4.89 5.81 4.85 5.51 1.59
170.2 66.9 94.6 98.9 145.4

0.8 1.04 0.64 0.72 0.34
0.923 1.06 0.829 0.885 0.291

5.49 7.2 5.02 4.6 1.06
0.573 0.695 0.508 0.555 0.165
1.617 2.013 1.322 1.164 0.317
34.54 40.48 31.24 31.97 9.76

3.9 4.68 3.36 3.75 1.08
190.8 238.1 193.9 205.8 113.4
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0121.2.1 03ASP0003.1.1 03ASP0124.1.1 03ASP0087.1.1 03ASP0121.1.1
Ben Nevis Ben Nevis Ben Nevis Ben Nevis Ben Nevis

599532 601526 601016 600012 599532
5353404 5355557 5351781 5353297 5353404

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Ben Nevis Southeast Ben Nevis Southeast Ben Nevis Southeast Ben Nevis Southeast Ben Nevis Southeast

Andesite Massive Andesite Pillows Andesite Pillows Rhyolite Lobe_Breccia Rhyolite Lobe_Breccia
Poor Oxide Closure Poor Oxide Closure

OGL OGL OGL OGL OGL

59.44 53.34 49.51 75.06 75.22
0.73 1.02 0.91 0.17 0.21

16.27 16.3 17.16 12.07 13.23
6.81 8.73 8.69 2.48 1.89
3.76 4.74 5.92 0.53 0.56
3.05 8.46 13.06 1.07 0.47
4.97 2.43 2.51 4.48 6.17
1.97 0.83 0.17 2.53 1.85
0.12 0.14 0.13 0.06 0.03

0.1 0.13 0.16 0.04 0.04

3.44 5.4 3.79 1.64 0.85
100.66 101.53 102.01 100.12 100.53

OGL OGL OGL OGL OGL
79 86 138 21 16

4 4 4 6 7
19 23 18 32 37

121 115 133 167 204

OGL OGL OGL OGL OGL
74367 66375 77938 57802 60872

359 137 106 223 223
0.39 0.41 0.76 0.44 0.54

11563 32577 75501 5454 2600
0 0 0 0 0

21 26 27 2 2
48.77 49.84 99.01 16.11 10.04

43 12 63 0 0
47744 56049 56137 16488 13375
12342 5396 1097 15214 11542

20 10 13 7 5
22246 24703 32437 3080 3359

786 868 830 374 202
0 0 0 0 0

30217 16785 15676 28602 38744
70 76 140 6 4

386 536 571 76 76
129 79 104 52 45
7.9 7.6 13.7 4 4.3

147.5 186.8 286.6 25.8 48
2969 4493 3678 708 808
120.2 157.2 170.1 0 0

0 3 0 4 0
7.6 10.8 14.7 22.2 22.8
55 76 65 39 15

OGL OGL OGL OGL OGL
11.96 13.63 32.12 58.72 41.32
0.637 0.875 0.122 0.846 0.356
0.908 2.283 3.417 4.527 4.474
0.589 1.387 2.046 2.815 2.949
0.241 0.594 1.4 0.862 0.748
0.882 2.116 3.626 4.816 4.131

3.4 3.2 3.4 4.8 6.2
0.193 0.48 0.696 0.919 0.941

7.27 6.39 15.47 29.32 20.41
0.104 0.176 0.278 0.453 0.499

5.2 5 5.4 7.7 9
4.41 7.85 15.99 25.22 18.66
1.24 1.817 3.97 6.823 4.86

35.93 27.61 1.86 59.32 31.58
0.86 1.89 3.48 5.21 3.97

159.8 215.6 320.9 29.1 59.1
0.5 0.38 0.42 0.81 0.97

0.146 0.358 0.565 0.753 0.698
1.97 1.05 1.65 4.86 6.36

0.093 0.203 0.289 0.434 0.457
0.79 0.38 0.457 1.464 1.899

5.1 12.09 17.52 26.46 26.91
0.65 1.25 1.87 2.91 3.16

130.6 121.8 135.4 176.2 223.1
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0147.1.1 03ASP0075.1.1 03ASP0146.1.1 03ASP0170.1.1 03ASP0175.1.1
Ben Nevis Ben Nevis Ben Nevis Ben Nevis Ben Nevis

599365 599600 599323 599293 599463
5352135 5353590 5352512 5353039 5353167

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Ben Nevis Southeast Ben Nevis Southeast Ben Nevis Southeast Ben Nevis Southeast Ben Nevis Southeast

Rhyolite Lobe_Breccia Rhyolite Massive Rhyolite Massive Rhyolite Massive Rhyolite Massive

OGL OGL OGL OGL OGL

72.88 72.29 69.22 74.42 70.74
0.34 0.2 0.25 0.15 0.24

12.68 12.44 12.48 11.72 12.97
6.25 2.3 3.16 2.23 2.84
3.11 0.27 1.56 0.43 0.3
0.09 2.68 4.35 2.56 3.58

0.1 4.3 0.84 4.3 3.79
2.15 2.03 2.5 1.2 1.99
0.06 0.04 0.16 0.03 0.06
0.07 0.04 0.05 0.03 0.05

3.17 2.91 5.79 2.82 3.92
100.89 99.5 100.36 99.89 100.46

OGL OGL OGL OGL OGL
17 9 18 12 30

6 7 4 6 7
35 35 33 37 33

197 188 136 144 188

OGL OGL OGL OGL OGL
50671 56760 58860 54298 59291

481 379 294 185 188
0.32 0.55 0.37 0.38 0.55
556 15898 27312 15879 21501

0 0 0 0 0
4 2 4 2 2

9.22 10.42 9.44 10.14 8.82
0 0 3 3 0

43040 14717 21296 14539 18140
12134 12219 16565 7483 12237

16 4 12 9 6
12866 1568 8703 2522 1689

370 252 1027 170 340
0 0 0 0 0

1235 26691 6226 28870 25352
8 0 7 3 0

265 72 164 54 128
0 132 -400 49 52

3.7 4.4 5.9 3.8 4.9
8.6 49.3 45 62.5 48.1

1509 849 1095 640 1043
6 0 4 3 0
2 3 4 4 5

22.1 26.5 23.5 28.4 24.4
172 38 91 24 47

OGL OGL OGL OGL OGL
38.5 63.85 37.94 47.87 50.34

0.959 2.117 1.604 1.799 1.96
5.17 6.417 5.779 6.582 5.907

3.409 4.062 3.913 4.358 3.818
0.666 1.126 0.898 0.875 1.025
4.885 6.37 5.317 5.877 5.598

5.7 5.6 4.1 4.6 5.5
1.123 1.32 1.259 1.406 1.233
17.33 31.81 17.22 23.12 24.14
0.567 0.653 0.647 0.733 0.619

8.4 9.1 6.1 7.7 8.7
19.45 28.88 19.03 23.32 24.06
4.777 7.448 4.666 5.888 6.109
27.54 74.48 78.44 41.7 66.07

4.56 6.26 4.64 5.48 5.24
10 59.4 51.6 74.2 55.9

0.79 0.93 0.62 0.75 0.87
0.824 1.061 0.917 1.017 0.925

3.2 6.66 4.88 5.23 6.05
0.543 0.63 0.614 0.688 0.578

1.21 1.751 1.268 1.474 1.716
28.68 37.98 36.13 39.97 34.56

3.65 4.3 4.11 4.7 3.99
211.7 207.9 147.5 159.3 203.1
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0176.1.1 03ASP0179.1.1 03ASP0109.1.1 03ASP0164.1.1 03ASP0209.1.1
Ben Nevis Ben Nevis Ben Nevis Ben Nevis Ben Nevis

599828 599636 597870 598893 597916
5352946 5352799 5350474 5351361 5352132

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Ben Nevis Southeast Ben Nevis Southeast Ben Nevis Southwest Ben Nevis Southwest Ben Nevis Southwest

Rhyolite Massive Rhyolite Massive Andesite Andesite Andesite

OGL OGL OGL OGL OGL

72.36 72.97 70.85 53.53 54.73
0.18 0.15 0.31 0.82 0.83

13.38 11.62 13.58 15.67 17.23
2.38 1.93 3.82 7.91 8.15
0.28 0.52 0.81 5.26 5.61
1.22 3.39 2.48 5.85 5.9
6.72 3.35 3.96 3.59 4.84
1.15 2.04 1.69 0.47 0.09
0.04 0.05 0.05 0.13 0.09
0.03 0.03 0.08 0.1 0.1

2.06 3.6 3.14 7.34 3.55
99.81 99.64 100.76 100.67 101.12
OGL OGL OGL OGL OGL

8 16 22 161 135

6 6 5 3 3
42 40 29 13 16

164 146 168 98 105

OGL OGL OGL OGL OGL
65100 52843 55996 69350 83746

316 291 184 486 52
0.53 0.53 0.39 0.23 0.46

8215 19224 7368 33328 36705
0 0 0 0 0
2 2 5 20 26

16.16 10.59 5.05 114.01 84.41
0 0 0 20 60

16351 12791 27008 47381 49695
8025 12661 9949 2907 649

3 5 10 49 24
1988 2955 3863 27708 29973

290 293 308 763 508
0 0 0 0 0

44165 21808 24800 23216 33628
0 0 7 124 119

64 55 251 352 359
44 0 44 -400 90

4.2 3 3.5 12.2 13.4
79.4 63.2 49.9 82.1 293.3
783 645 1200 3479 3784

3 3 6.5 140 165
3 3 0 4 0

32.8 27.9 9.4 10.5 13.5
27 23 27 171 66

OGL OGL OGL OGL OGL
51.64 44.32 29.85 23.61 25.9
0.874 1.847 3.03 1.248 0.279
7.359 6.7 1.516 2.631 3.113
4.946 4.42 0.932 1.653 1.951
0.988 0.837 0.733 0.879 1
6.597 5.985 2.473 2.66 2.984

5.3 4.8 5.1 2.6 2.8
1.549 1.425 0.304 0.547 0.635
24.84 20.77 14.42 11.31 12.57
0.811 0.692 0.17 0.243 0.296

8.8 7.8 6.5 4.3 4.5
25.09 21.91 14.66 11.65 12.38
6.294 5.459 3.672 2.883 3.117
39.82 63.02 51.54 17.98 1.53

5.93 5.15 3.21 2.61 2.84
90.3 75.4 60.9 102.8 336.9
0.86 0.77 0.59 0.36 0.4

1.148 1.064 0.29 0.436 0.489
5.91 5.18 1.81 1.97 2.16

0.764 0.667 0.147 0.245 0.282
1.568 1.402 0.893 0.509 0.579
45.08 40.56 8.44 14.81 17.52

5.2 4.46 1.06 1.6 1.91
184.7 169 183.8 107.8 111.3

60



Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0210.1.1 03ASP0163.3.1 03ASP0028.3.1 03ASP0016.1.1 03ASP0020.1.1
Ben Nevis Ben Nevis Ben Nevis Ben Nevis Ben Nevis

597964 599061 594701 596388 596754
5352187 5351237 5349004 5348979 5348631

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Ben Nevis Southwest Ben Nevis Southwest Ben Nevis Southwest Ben Nevis Southwest Ben Nevis Southwest

Andesite Andesite Dyke- altered Andesite Massive Andesite Pillows Andesite Pillows

OGL OGL OGL OGL OGL

53.65 58.41 48.53 55.34 56.93
0.88 0.68 1.69 0.89 0.78

16.26 16.52 16.65 17.36 14.97
8.08 4.61 12.16 7.08 6.57
5.36 1.99 6.17 4.64 3.99
5.79 5.89 7.8 8.18 8.3
4.72 2.59 2.86 2.83 3.51
0.11 2.76 0.14 0.91 0.26
0.11 0.11 0.19 0.09 0.1

0.1 0.15 0.33 0.09 0.1

4.94 6.9 4.73 3.45 5.18
99.99 100.6 101.24 100.87 100.69
OGL OGL OGL OGL OGL
141 28 197 75 170

3 3 6 3 3
15 7 29 13 13

110 92 143 103 96

OGL OGL OGL OGL OGL
80971 74322 80573 72784 64487

64 472 69 165 81
0.38 0.45 0.39 0.28 0.24

35561 35934 45132 29099 34864
0 0 0 0 0

27 12 33 24 25
92.39 17.48 131.99 46.97 102.57

196 21 38 33 42
51199 29308 78737 47393 42387

798 17884 916 5971 1749
29 24 22 13 10

30721 10459 36617 27412 22401
674 699 1171 554 642

0 0 0 0 0
33791 16697 17754 18532 23264

127 22 120 93 132
392 538 1348 341 370
185 251 97 86 -400

14.3 4.1 18.3 6.3 7
252.6 64.6 267.9 113 105.9
4085 3010 7403 3788 3296

157 75 163.8 153.6 130.5
0 0 0 2 3

13.4 5.6 21.7 6.4 8
79 89 86 62 57

OGL OGL OGL OGL OGL
27.07 21.29 50.17 7.25 9.88
0.343 1.181 0.208 0.956 0.41
3.126 1.586 5.508 1.008 1.478
1.961 0.729 3.185 0.63 0.861
0.944 0.796 2.03 0.284 0.426
3.125 2.198 6.228 0.98 1.441

3 2.7 3.8 2.8 2.6
0.653 0.275 1.115 0.207 0.306
13.28 9.62 19.4 4.03 5.02
0.291 0.09 0.444 0.091 0.119

4.8 4.9 7.9 4.2 3.8
13.25 12.02 31.15 3.69 5.23
3.285 2.767 7.116 0.89 1.264

2.1 87.92 4.02 25.81 8.59
2.97 2.55 6.61 0.88 1.25

295.3 80.3 303.9 128.6 124.4
0.42 0.34 0.54 0.4 0.36

0.513 0.307 0.927 0.16 0.229
2.29 1.19 1.65 1.55 1.48

0.288 0.101 0.458 0.093 0.128
0.605 0.418 0.486 0.566 0.47
17.98 7.67 28.55 5.8 8.15

1.9 0.62 2.95 0.61 0.83
120.9 99.4 146.4 108.5 99.3

61



Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0164.4.1 03ASP0027.1.1 03ASP0028.1.1 03ASP0059.2.1 03ASP0133.1.1
Ben Nevis Ben Nevis Ben Nevis Ben Nevis Ben Nevis

598893 594816 594701 596399 593276
5351361 5349260 5349004 5350739 5350764

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Ben Nevis Southwest Ben Nevis Southwest Ben Nevis Southwest Ben Nevis Southwest Clifford South

Andesite Pillows Rhyolite Breccia Rhyolite Breccia Rhyolite Massive Rhyolite Massive

OGL OGL OGL OGL OGL

55.95 80.51 78.26 75.66 71.54
0.84 0.29 0.31 0.35 0.37
15.6 10.15 11.2 12.56 13.46
9.91 0.96 1.24 2.48 4.65

6 0.13 0.25 0.47 0.52
2.79 1.26 3.01 1.09 1.46
2.67 4.23 4.49 5.53 5.97
0.25 1.65 0.7 1.09 0.81
0.15 0.02 0.02 0.04 0.1

0.1 0.08 0.08 0.08 0.08

5.87 0.81 0.92 1.15 1.15
100.13 100.09 100.49 100.51 100.1

OGL OGL OGL OGL OGL
224 31 17 12 16

3 4 6 6 8
13 24 33 31 37
94 139 175 161 215

OGL OGL OGL OGL OGL
69046 47919 49650 60120 61338

59 260 201 79 202
0.26 0.44 0.44 0.3 0.48

15960 6208 9498 6243 8440
0 0 0 0 0

31 2 2 4 3
128.05 20.99 31.83 8.71 23.35

174 8 0 13 96
59649 6763 9045 18358 28422

1464 9916 4949 6950 5194
55 1 3 5 6

31103 961 1574 2935 2956
892 140 131 282 593

0 0 0 0 0
17657 26156 28974 35208 39642

131 4 5 5 3
384 251 281 309 266

-400 187 89 -400 237
12.6 3.9 3.6 6.8 5.6
40.1 63 170.2 43.4 85.9

3491 1165 1303 1379 1586
143 3 3.1 2.8 4

0 6 6 2 0
10.4 15.2 14.9 19.5 27.7
127 10 13 34 73

OGL OGL OGL OGL OGL
25.32 20.24 16.28 21.52 50.02

1.07 0.483 0.534 0.659 0.225
2.567 2.812 1.934 3.04 6.659
1.548 1.699 1.297 2.049 4.335
0.797 0.475 0.375 0.531 1.103
2.685 2.678 1.809 2.758 6.258

2.6 4.2 5.1 4.9 6.2
0.535 0.577 0.42 0.653 1.424
12.24 9.58 8.45 9.72 24
0.245 0.245 0.21 0.336 0.696

4.1 5.8 7.6 6.8 9.1
12.45 9.98 7.44 10.86 24.64
3.089 2.47 1.908 2.664 5.966

7.74 36.78 28.36 32.1 11.63
2.71 2.46 1.68 2.55 5.62
50.1 73.7 196.6 51.4 101
0.34 0.53 0.66 0.61 0.79

0.427 0.433 0.295 0.468 1.035
1.88 2.92 1.96 3.01 4.83

0.232 0.249 0.2 0.313 0.66
0.491 0.908 0.931 1.016 1.319
14.26 15.82 12.01 17.48 38.23

1.55 1.65 1.32 2.18 4.41
104.9 150.6 188.2 175.3 232.8
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0100.1.1 03ASP0201.1.1 03ASP0205.1.1 03ASP0043.1.1 03ASP0104.1.1
Katrine Katrine Katrine Katrine Katrine
597287 598292 598034 599285 597415

5347195 5346311 5345624 5345294 5347463
BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Katrine North Katrine North Katrine North Katrine North Katrine North

Andesite Massive Andesite Massive Andesite Massive Andesite Pillow Breccia Andesite Porphyritic

OGL OGL OGL OGL OGL

59 53.78 55.96 52.22 59.24
0.84 0.89 0.72 0.93 0.71

14.97 17.95 17.86 18.73 16.23
7.02 9.17 7.12 8.8 5.55
5.85 3.18 3.89 3.89 3.59
5.48 7.89 6.76 9.62 6.82
3.77 2.87 3.1 2.33 4.59
0.23 1.08 1.22 0.91 0.71
0.11 0.13 0.11 0.15 0.09

0.1 0.11 0.11 0.11 0.1

3.49 3.74 3.81 3.53 3.13
100.85 100.8 100.66 101.24 100.76

OGL OGL OGL OGL OGL
206 53 135 118 79

3 2 4 3 3
12 19 13 13 15
96 73 124 82 107

OGL OGL OGL OGL OGL
68353 79859 80795 72253 74687

87 194 224 175 203
0.28 0.25 0.41 0.32 0.32

28398 46073 39170 24348 40271
0 0 0 0 0

26 17 20 35 19
145.64 13.18 69.96 69.23 58.99

27 67 36 55 35
46486 55410 42735 60004 33334

1427 7135 8532 6108 4778
14 29 22 13 11

31466 16481 20438 24323 19059
670 789 659 1051 496

0 0 0 0 0
24368 18933 21913 15379 30734

150 11 61 71 78
373 415 353 446 325
223 182 120 109 342

11.4 22.6 11.2 8.2 11.5
89.3 208.1 89.3 660.4 143.7

3335 4001 3182 4086 3049
139 192 139 180.2 121

0 0 0 0 0
8.6 14 9.9 5.8 12
56 87 67 64 207

OGL OGL OGL OGL OGL
19.16 15.83 30.39 3.57 25.71
0.187 1.154 1.297 0.566 0.468
2.033 3.542 2.493 0.691 2.855
1.207 2.308 1.518 0.429 1.773
0.599 0.947 1.007 0.199 0.72
2.095 3.205 2.762 0.635 2.851

2.7 2.1 3.3 2.1 2.9
0.413 0.759 0.505 0.141 0.602

9.35 6.95 15.21 1.9 12.4
0.169 0.359 0.223 0.065 0.274

4.1 3.4 5.1 4.6 4.7
9.24 9.69 13.77 2.08 12.07

2.289 2.164 3.609 0.467 3.061
3.87 31.53 51.21 36.09 15.38
2.04 2.71 2.78 0.57 2.68
99.3 259.7 110.4 728.5 172.2
0.37 0.25 0.46 0.37 0.4

0.325 0.559 0.424 0.108 0.465
1.62 1.16 2.39 0.65 2.61

0.175 0.342 0.222 0.064 0.269
0.48 0.334 0.6 0.367 0.699
9.73 20.4 14.22 3.51 16.22
1.11 2.31 1.48 0.42 1.74

105.5 78.4 136.4 77.1 114.7
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0107.1.1 03ASP0083.1.1 03ASP0157.1.1 03ASP0030.1.1 03ASP0050.1.1 03ASP0149.1.1
Katrine Katrine Katrine Katrine Katrine Katrine
597406 600061 599296 600235 597477 599882

5346947 5344582 5343755 5339147 5340148 5341795
BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Katrine North Katrine South Katrine South Katrine South Katrine South Katrine South

Andesite Porphyritic Andesite Lapilli Tuff Andesite Massive Andesite Pillows Andesite Pillows Andesite Pillows

OGL OGL OGL OGL OGL OGL

59.55 56.5 57.66 52.2 55.5 61.34
0.57 1.29 0.74 1.25 1.1 0.69

18.75 15.28 16 17.19 15.97 14.34
5.5 10.99 7.72 10.01 8.15 6.7

1.82 4.18 4.57 5.7 4.08 5.41
4.8 3.64 7.06 8.68 6.83 4.25
5.7 4.97 2.79 3.59 3.79 3.51

1.87 0.26 1.05 0.44 1.21 1.09
0.08 0.17 0.1 0.22 0.12 0.09
0.13 0.19 0.14 0.13 0.16 0.09

1.99 3.1 3.32 2.05 4.17 3.38
100.76 100.56 101.15 101.46 101.07 100.9

OGL OGL OGL OGL OGL OGL
40 32 124 264 116 138

8 6 4 4 4 3
56 31 23 19 16 12

192 139 142 104 106 95

OGL OGL OGL OGL OGL OGL
84615 71632 74545 83488 67614 66415

425 103 220 110 335 344
0.56 0.43 0.38 0.23 0.24 0.2

24374 22079 42117 51097 26244 24756
0 0 0 0 0 0
7 25 24 41 23 25

15.11 16.32 77.12 189.09 79.73 101.28
0 65 17 38 43 41

35450 69390 48395 67136 56468 41196
13194 1652 6776 2742 7934 6800

16 10 18 14 13 15
10027 22959 25159 33877 23708 29080

479 1051 635 1443 800 552
0 0 0 0 0 0

37182 32098 18666 23008 24279 23908
10 31 100 130 49 104

487 782 546 485 646 351
61 -400 80 117 -400 -400

6.8 21 13.1 22 8.8 12.6
194.2 64.1 166.9 105.6 238.9 168.8
2481 5879 3299 5349 4857 2954

46 212 120 215.8 177.5 129
0 0 0 0 0 0

33 25 18.3 14.8 8.3 10.3
32 172 82 77 63 68

OGL OGL OGL OGL OGL OGL
62.4 31.52 30.65 21.48 11.78 23.77

0.649 0.412 0.927 1.001 0.759 0.807
10.181 5.841 4.364 3.409 1.457 2.491

6.562 3.688 2.735 2.217 0.849 1.583
1.587 1.434 1.13 0.878 0.429 0.586
9.473 5.535 4.307 3.232 1.461 2.528

6.1 3.9 3.8 2.9 2.8 2.6
2.18 1.253 0.93 0.731 0.301 0.521

28.63 13.63 13.66 9.45 5.67 11.29
1.057 0.58 0.405 0.329 0.12 0.233

11.1 7.1 6.2 4.9 4.8 4
33.05 18.72 16.5 12.08 6.4 11.15
7.814 4.289 3.908 2.823 1.525 2.825
42.44 3.67 35.69 16.05 37.56 28.82

8.36 4.77 3.87 2.94 1.36 2.39
236.7 75.6 201.9 123.9 282.8 212.6

1 0.48 0.45 0.36 0.37 0.34
1.62 0.91 0.708 0.54 0.231 0.399
6.17 1.59 1.56 1.19 0.9 1.86

1.006 0.56 0.401 0.326 0.124 0.226
1.689 0.423 0.421 0.313 0.326 0.491
60.37 33.2 24.8 19.19 7.73 14.16

6.71 3.7 2.7 2.15 0.8 1.52
216.4 148.3 157.8 112.2 111.8 107.9
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0152.1.1 03ASP0093.1.1 03ASP0212.1.1 03ASP0048.1.1
Katrine Katrine Katrine Katrine
599694 600078 596846 596789

5342260 5340761 5340279 5340101
BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Katrine South Katrine South Katrine South_Garrison Katrine South_Garrison

Andesite Pillows Andesite Pillows - spherulitic Andesite Andesite Pillows
Poor Oxide Closure

OGL OGL OGL OGL

52.18 51.76 54.84 57.47
1.08 0.76 0.89 0.92
16.2 14.01 13.51 14.91
9.14 8.84 8.59 7.12
2.63 4.6 4.38 3.75

11.52 18.06 8.38 8.27
2.8 0.33 3.98 4.69

0.21 0.68 0.38 0.14
0.22 0.12 0.16 0.13
0.11 0.13 0.13 0.14

5.32 2.37 5.7 3.93
101.41 101.66 100.96 101.47

OGL OGL OGL OGL
292 189 240 219

0 3 3 3
16 13 13 13
50 96 90 86

OGL OGL OGL OGL
72031 64293 63777 67726

105 73 98 53
0.26 0.28 0.37 0.38

67163 94962 49843 46624
0 0 0 0

37 28 27 26
191.08 168.99 165.84 152.91

74 3 60 36
55871 55055 53074 42120

1425 4043 2712 888
16 3 8 6

14166 17749 24144 19854
1302 757 978 753

0 0 0 0
19359 2154 26678 30199

125 144 121 166
459 493 504 531

-400 90 111 -400
23.1 12.8 15.8 15.5

166.5 184.7 53.5 85.4
4904 3351 4053 4097

210 126 138 142
0 0 0 0

12.9 10.9 11.2 11
75 55 75 65

OGL OGL OGL OGL
12.26 21.89 20.54 21.5
0.517 0.473 0.427 0.451
3.106 2.582 2.714 2.705
1.933 1.513 1.681 1.56
0.875 0.876 0.818 0.801
2.917 2.739 2.802 2.798

1.5 2.5 2.4 2.5
0.668 0.527 0.566 0.546

5.03 9.78 8.98 9.37
0.284 0.224 0.248 0.22

3 4.5 4.4 4.3
8.61 11.62 11.32 11.88

1.807 2.846 2.694 2.8
5.43 20.96 9.95 3.34
2.33 2.66 2.65 2.67

206.3 221.7 64.4 102.5
0.21 0.33 0.3 0.29
0.49 0.425 0.438 0.436
0.31 0.99 1 0.92

0.284 0.224 0.245 0.226
0.079 0.257 0.258 0.247
18.21 13.59 14.85 14.34

1.84 1.44 1.61 1.51
55.1 100.5 98.7 102.3
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

04ASP514-1.1 04ASP512-1.1 03ASP0146.3.1
Ben Nevis Ben Nevis Ben Nevis

599534 599554 599323
5347875 5348303 5352512

BRG High-level Synvolc Intrusion BRG High-level Synvolc Intrusion BRG High-level Synvolc Intrusion
Ben Nevis South Ben Nevis South Ben Nevis Southeast

Diorite -synvolcanic QFP -synvolcanic Andesite Dyke

ActLab ActLab OGL

54.98 67.96 51.66
1.06 0.42 1

16.68 15.21 16.32
10.02 4.46 9.85

6.4 1.87 5.66
2.11 2.35 4.84
4.23 2.48 4.1
0.17 2.32 0.43

0.185 0.073 0.13
0.17 0.11 0.14
0.02 -0.01

4.2195 2.0098 6.92
100.2445 99.2528 101.05

ActLabs ActLabs OGL
147 13 173
137 -4

5 5 3
21 39 18

125 135 91
227 54

OGL OGL OGL
60786 74115 79756

63 594 84
0 1 0.26

15023 16762 31729
0 0 0

26 6 28
114 31 114.09

30 4 71
66178 30412 64183

1222 17688 2939
17 10 52

26934 10290 32477
1204 502 834

0 0 0
29400 17970 29281

143 12 69
682 361 570

-400 0 193
8.3 7.6 20.5

174.1 82.3 108.4
6004 2275 4446

167 45 187
0 4 0

9.5 32.3 14.4
161 46 115

OGL OGL OGL
13.66 40.44 22.13
0.273 1.876 0.628
1.761 6.423 3.658

1.13 4.165 2.276
0.424 1.087 1.059
1.561 5.986 3.573

3.3 4.4 2.6
0.377 1.352 0.77

6.3 18.48 9.59
0.17 0.687 0.332

5.2 7.6 4.5
6.77 21.45 12.67

1.674 5.133 2.901
3.22 66.93 14.79
1.48 5.36 3.14

170.2 81.8 129.9
0 1 0.31

0.274 1.018 0.599
1 4 0.94

0.174 0.64 0.336
0.418 1.183 0.249
10.03 38.44 20.22

1.14 4.36 2.17
132 155.9 105.2
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0147.2.1 03ASP0183.2.1 03ASP0126.2.1
Ben Nevis Ben Nevis Ben Nevis

599365 599419 600515
5352135 5351732 5351813

BRG High-level Synvolc Intrusion BRG High-level Synvolc Intrusion BRG High-level Synvolc Intrusion
Ben Nevis Southeast Ben Nevis Southeast Ben Nevis Southeast

Andesite Dyke Andesite Dyke Rhyolite Dyke

OGL OGL OGL

56.69 47.36 74.9
0.92 0.87 0.33

17.44 13.94 12.36
12.02 9.88 3.1

6.15 7.82 0.37
0.16 8.46 1.34

0.1 2.48 6.22
2.37 0.36 0.09
0.08 0.13 0.05
0.09 0.11 0.07

4.98 10.03 0.74
101.01 101.44 99.56

OGL OGL OGL
74 156 23

3 3 6
16 31 32

109 82 192

OGL OGL OGL
58679 63400 56421

375 41 75
0.32 0.21 0.47
882 48937 5313

0 0 0
13 21 4

33.31 96.01 37.02
0 0 0

75821 58685 21432
12499 2167 566

31 47 2
22290 41786 2404

501 741 354
0 0 0

1027 15341 40475
78 78 7

394 419 214
62 391 0

9.7 18.1 3.7
5.3 66.6 86.1

4176 3755 1272
157 162 6.1

0 0 0
12.1 24.1 14.4
400 93 37

OGL OGL OGL
28.31 30.61 34.86
1.529 0.563 0.277
3.116 5.858 2.484
1.876 3.813 1.631
0.628 0.888 0.481
3.241 4.596 2.458

3 2.3 5.7
0.635 1.257 0.522
14.05 13.54 18.23
0.271 0.488 0.292

4.9 5 8
13 15.16 14.03

3.326 3.747 3.885
53.9 16.2 2.06
2.85 3.74 2.6

6.4 82.3 103.5
0.44 0.27 0.76

0.516 0.846 0.394
2.36 1 4.19

0.273 0.548 0.256
0.726 0.156 1.22
16.99 32.94 14.3

1.78 3.41 1.78
116.2 89.8 209.7
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0162.2.1 03ASP0207.2.1 03ASP0115.1.1
Ben Nevis Ben Nevis Ben Nevis

599091 598826 598428
5351293 5351143 5350747

BRG High-level Synvolc Intrusion BRG High-level Synvolc Intrusion BRG High-level Synvolc Intrusion
Ben Nevis Southwest Ben Nevis Southwest Ben Nevis Southwest

Rhyolite Dyke Rhyolite Dyke Rhyolite Dyke- altered

OGL OGL OGL

70.48 72.05 69.68
0.32 0.3 0.32

11.77 11.47 13.62
3.45 3.76 3.68
1.06 2.45 1.04
3.35 2.94 3.8

2.2 1.54 1.58
1.77 0.85 3.03
0.08 0.1 0.07
0.06 0.07 0.09

4.08 4.58 4.13
98.62 100.11 101.02
OGL OGL OGL

4 23 11

7 5 6
37 40 40

202 186 160

OGL OGL OGL
54592 53433 52368

329 273 385
0.37 0.45 0.45

19799 17195 10709
0 0 0
1 4 7

9.63 8.42 6.98
0 24 4

23143 23993 25555
10444 5232 17898

15 27 6
5996 13003 5445

525 602 455
0 0 0

15201 10836 10549
4 6 9

242 220 302
111 57 -400
5.3 4.5 2.8

44.1 47.9 28.9
1464 1280 1308

1 5 19.8
4 0 3

26.3 30.3 10.7
53 260 32

OGL OGL OGL
47.87 58.16 13.56
0.747 1.17 2.613
6.423 7.29 1.749
4.154 4.602 1.132
1.135 1.188 0.291
6.006 6.959 1.62

5.9 5.5 4.9
1.37 1.54 0.377

22.14 28.23 6.53
0.642 0.655 0.206

9 7.6 7.3
23.47 28.97 6.66
5.846 7.1 1.652
51.14 24.79 79.68

5.46 6.5 1.5
53.3 55.1 33.7
0.76 0.74 0.68

1.024 1.164 0.268
4.33 4.32 1.72

0.632 0.68 0.179
1.188 1.17 0.931
38.07 41.85 10.6

4.18 4.36 1.26
225.6 201 172.8
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0130.3.1 03ASP0130.1.2 03ASP0198.2.1
Ben Nevis Ben Nevis Katrine

593446 593446 596765
5350654 5350654 5345233

BRG High-level Synvolc Intrusion BRG High-level Synvolc Intrusion BRG High-level Synvolc Intrusion
Clifford South Clifford South Katrine North

Diorite -synvolcanic QFP -synvolcanic Rhyolite Dyke

OGL OGL OGL

60.49 64.79 70.1
0.65 0.49 0.36

15.43 14.02 14.33
6.87 4.95 3.92
4.11 2.54 0.74

5.9 4.28 2.09
3.52 3.04 5.72

0.7 1.76 1.51
0.1 0.07 0.06

0.13 0.11 0.08

3.21 4.37 1.31
101.1 100.42 100.23
OGL OGL OGL
104 89 20

5 7 6
24 35 33

147 130 154

OGL OGL OGL
63141 65969 65941

150 362 294
0.4 0.51 0.38

26212 26955 12244
0 0 0

19 12 6
69.91 57.51 12.01

4 7 0
40057 31974 24250

4308 11705 9702
11 24 5

20193 13966 3965
542 434 357

0 0 0
23933 21310 37281

80 56 5
481 409 264
103 -400 76
5.4 8 6.2

162.3 82.3 107.9
2611 2195 1640
90.3 60 28

0 0 3
10.6 25.8 25.3

56 75 22
OGL OGL OGL

14.06 40.06 40.92
0.343 0.831 0.532
2.435 6.072 5.98
1.529 4.085 4.096
0.532 1.436 0.991
2.216 5.692 5.528

4.2 4.2 4.7
0.517 1.321 1.262

6.99 17.28 19.26
0.228 0.692 0.698

6.3 8.4 7.8
7.68 20.57 20.61

1.783 5.053 5.122
18.41 51.14 36.82

1.9 5.14 5
197.5 94.8 132.3

0.53 0.83 0.7
0.379 0.987 0.941

1.82 5.3 4.52
0.228 0.632 0.638
0.588 1.587 1.181

13.7 36.62 36.51
1.5 4.33 4.42

162 152.2 172.9
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0083.3.1 03ASP0048.3.1 03ASP0015.2.1 03ASP0015.1.1
Katrine Katrine Ben Nevis Ben Nevis
600061 596789 599179 599179

5344582 5340101 5354866 5354866
BRG High-level Synvolc Intrusion BRG High-level Synvolc Intrusion BRG Intrusion BRG Intrusion

Katrine South Katrine South_Garrison Ben Nevis North Ben Nevis North
Andesite Dyke Andesite Dyke Diorite Gabbro

OGL OGL OGL OGL

46.28 51.68 54.79 47.32
1.24 1.07 0.79 1.29

17.22 17.36 16.27 16.02
14.35 10 8.73 12.42

7.87 5.72 5.63 8.63
4.89 8.15 7.79 8.34
2.54 2.2 3.9 2.94
2.14 1.57 0.25 0.15
0.26 0.13 0.12 0.18
0.14 0.12 0.12 0.19

4.48 3.31 2.98 3.91
101.41 101.32 101.37 101.39

OGL OGL OGL OGL
149 163 156 276

0 3 3 4
14 19 19 20
53 100 103 92

OGL OGL OGL OGL
84731 78108 74024 68551

700 216 69 58
0.2 0.27 0.23 0.26

26486 41054 36959 44197
0 0 0 0

47 32 35 42
101.74 112.94 107.75 181.74

182 47 274 81
-100000 66573 60608 77576

13512 9444 1731 944
18 17 11 13

45997 32303 34034 38336
1822 847 822 1071

0 0 0 0
16983 13954 26542 18450

115 64 95 168
572 454 499 748
295 101 -400 147

22.1 14.5 12.5 16.9
123.9 317.2 181.3 143.6
5464 4525 3290 5897
198.9 193.8 145.5 197.8

0 0 5 4
11.4 12.5 10.9 13.9
110 77 49 83

OGL OGL OGL OGL
8.88 13.51 12.57 18.16

0.556 0.7 0.29 0.164
2.596 2.668 2.274 3.564
1.517 1.689 1.471 2.051
0.733 0.702 0.594 1.066
2.487 2.474 2.049 3.603

1.5 2.6 2.8 2.5
0.521 0.57 0.488 0.72

3.5 6.19 6.17 6.8
0.209 0.242 0.216 0.284

2.6 4.4 4.5 5.5
6.64 8.02 6.91 12.45

1.348 1.818 1.645 2.665
29.32 49.44 5.96 2.1

2.05 2.1 1.78 3.29
132.2 354.5 217.3 163.6

0.19 0.33 0.36 0.36
0.411 0.417 0.348 0.582

0.27 0.9 1 0.42
0.215 0.248 0.216 0.295
0.078 0.262 0.265 0.128
11.79 14.24 12.73 17.2

1.38 1.59 1.43 1.91
55.7 100 108.7 97.2
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0068.1.1 03ASP0125.1.1 03ASP0166.1.1 03ASP0134.1.1 03ASP0130.2.1
Ben Nevis Ben Nevis Ben Nevis Ben Nevis Ben Nevis

600548 600509 599046 593510 593446
5354770 5351760 5352817 5350992 5350654

BRG Intrusion BRG Intrusion BRG Intrusion BRG Intrusion BRG Intrusion
Ben Nevis Southeast Ben Nevis Southeast Ben Nevis Southeast Clifford South Clifford South

Dacite Diorite Diorite Diorite Diorite - porphyritic
Poor Oxide Closure

OGL OGL OGL OGL OGL

63.74 51.97 50.58 55.75 59.87
0.64 1 0.99 1.03 0.68

13.27 16.63 18.13 16.97 15.69
5.01 9.65 10.8 7.78 7.12
0.99 6.7 6.96 4.17 4.43
5.76 6.66 3.13 7.28 6.6
3.73 4.86 4.4 3.65 3.29
1.32 0.15 0.35 0.35 0.55
0.16 0.11 0.13 0.15 0.1
0.15 0.13 0.13 0.1 0.13

5.48 3.28 5.22 3.67 3.1
100.26 101.12 100.83 100.9 101.56

OGL OGL OGL OGL OGL
30 163 202 65 113

7 3 4 3 5
53 16 19 14 23

221 92 100 102 146

OGL OGL OGL OGL OGL
62390 72393 79671 77013 73901

265 101 83 133 163
0.5 0.28 0.33 0.44 0.39

33270 32646 18338 42525 35037
0 0 0 0 0
8 30 32 23 26

14 113.65 131.44 34.61 102.9
10 10 19 60 0

32386 63623 61149 46802 49860
8662 952 2173 2410 3688

9 20 91 20 19
5626 31417 34196 22113 27983

972 683 713 913 673
0 0 0 0 0

24683 29852 29492 24444 20926
8 80 90 71 109

592 519 523 308 507
306 47 85 176 88
8.7 16.6 21.2 14.1 9.5

99.8 156.5 88.9 73.2 171.9
3041 4112 4583 4570 2837

38 182.3 186 196 95.8
0 0 4 0 0

40.8 11.6 14.6 10.6 16.8
75 45 86 83 62

OGL OGL OGL OGL OGL
46.87 18.73 23.32 23.52 24.94
1.229 0.301 1.009 0.535 0.306
9.634 2.886 3.916 2.61 3.696
6.234 1.683 2.444 1.653 2.309

1.72 0.87 1.176 0.786 0.853
8.796 2.903 3.667 2.63 3.471

6.3 2.6 2.8 2.8 4.2
2.064 0.586 0.821 0.542 0.777

20.3 8.15 10.38 11.65 11.71
0.94 0.233 0.336 0.25 0.335

9.6 4.1 4.9 4.4 6.6
28.38 10.65 12.98 11 13.32
6.359 2.455 3.073 2.805 3.121
41.99 2.42 12.52 7.24 15.37

7.48 2.61 3.26 2.4 3.17
117.5 172.8 112.4 87.9 198.6

0.66 0.32 0.34 0.38 0.54
1.512 0.465 0.615 0.426 0.582

2.79 0.72 1.09 2.42 1.96
0.932 0.242 0.357 0.245 0.344
0.729 0.222 0.288 0.632 0.55
55.72 12.94 20.93 14.84 20.26

6.1 1.56 2.29 1.61 2.25
236.6 100.1 109.8 111.8 161

71



Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0045.1.1 03ASP0044.1.1 03ASP0064.2.1 03ASP0078.1.1 03ASP0052.1.1
Katrine Katrine Katrine Katrine Katrine
599477 599340 600144 599967 597117

5345342 5345293 5340608 5344587 5339960
BRG Intrusion BRG Intrusion BRG Intrusion BRG Intrusion BRG Intrusion
Katrine North Katrine North Katrine South Katrine South Katrine South_Garrison
Granodiorite Granodiorite-porphyritic Basalt Gabbro Leucogabbro

OGL OGL OGL OGL OGL

64.19 62.52 54 47.71 54.43
0.58 0 0.87 0.93 0.75

15.24 15.87 15.92 17.81 15.37
5.62 6.71 8.76 11.37 8.37
2.12 2.71 6.72 8.41 7.16

6.1 4.51 7.42 7.25 7.66
4.46 5.02 4.16 2 2.98
0.34 0.7 0.51 0.68 0.67
0.08 0.13 0.14 0.2 0.1

0.1 0.11 0.14 0.12 0.12

2.52 2.36 2.17 5.01 3.67
101.37 100.64 100.81 101.49 101.3

OGL OGL OGL OGL OGL
16 18 195 126 240

4 4 4 0 3
24 26 18 9 15

120 117 118 34 99

OGL OGL OGL OGL OGL
55688 65909 72151 82366 75632

80 153 362 141 135
0.38 0.35 0.28 0.17 0.29

13877 13245 40025 45503 43939
0 0 0 0 0

11 13 32 37 33
7.39 8.84 124.45 70.74 153.47

12 17 30 10 0
35485 44360 55982 73106 55908

2014 4593 3157 4026 4203
6 10 14 26 16

10906 14816 34747 43562 41447
519 818 851 1236 664

0 0 0 0 0
28217 32482 26326 12246 19780

10 12 174 82 174
356 396 534 423 448

67 71 -400 74 97
4.2 6.7 14.7 20.3 15.8

87.2 114.7 119.4 130.4 146.9
2428 2708 3488 3602 3100
87.5 105.8 123.8 177.7 128.3

0 5 0 0 0
7.5 7.4 13.2 7.1 12.3
31 44 74 60 48

OGL OGL OGL OGL OGL
6.27 7.6 25.04 6.29 22.43

0.246 0.402 1.048 0.535 0.629
0.828 1.019 3.116 1.628 2.761
0.566 0.701 1.877 1.028 1.66
0.183 0.216 0.922 0.613 0.861
0.767 0.886 3.158 1.523 2.733

3.6 3.6 3.1 0.9 2.8
0.18 0.224 0.636 0.347 0.573
3.54 4.26 10.86 2.76 10.3

0.092 0.137 0.265 0.157 0.253
5.7 5.6 5.2 1.8 4.5

2.88 3.38 13.34 4.4 11.51
0.732 0.859 3.234 0.896 2.838

7.1 15.87 14.13 14.03 16.62
0.69 0.82 3.07 1.26 2.68

104.7 139 139.3 151.3 168.5
0.48 0.47 0.41 0 0.35

0.129 0.152 0.495 0.251 0.453
1.49 1.26 1.39 0.24 1.3

0.085 0.112 0.267 0.15 0.246
0.707 0.701 0.394 0.069 0.353

5 6.27 15.71 8.51 15
0.59 0.81 1.76 1.01 1.64

131.4 129.3 124.5 33.4 107.8
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0053.2.1 03ASP0041.1.1 03ASP0040.1.1 03ASP0094.1.1
Katrine Ben Nevis Ben Nevis Katrine
597210 596858 596611 600639

5340023 5350588 5350634 5341436
BRG Intrusion Late Intrusion? Late Intrusion? Late Intrusion

Katrine South_Garrison Ben Nevis Southwest Ben Nevis Southwest Katrine South
Melanogabbro Diorite-porphyritic QFP Alkalic Intrusion-multiphase

Poor Oxide Closure
OGL OGL OGL OGL

57.33 58.49 62.81 52.95
0.96 0.78 0.4 0.75

14.07 17.29 16.27 13.61
8.03 5.99 3.16 8.61
3.88 3.18 1.43 6.82
7.51 6.42 5.13 7.5
4.55 4.32 8.29 3.41
0.12 0.93 0.06 3.51
0.14 0.08 0.04 0.15
0.14 0.22 0.11 0.41

4.82 2.75 2.54 3.04
101.55 100.44 100.24 100.76

OGL OGL OGL OGL
209 72 25 444

3 6 7 4
14 8 8 25
87 115 96 123

OGL OGL OGL OGL
61369 72680 65820 62728

74 149 37 1302
0.25 0.37 0.23 1.32

35301 11741 11848 41745
0 0 0 0

29 20 10 31
153.63 33.24 20.02 344.02

37 3 74 11
52058 41278 21312 58285

789 6512 463 21736
7 18 5 5

21628 19869 8447 38033
903 530 218 989

0 0 0 0
29114 27176 51123 20964

154 44 19 87
505 927 436 1691
149 68 296 73

11.2 3.9 2.3 17.3
107.1 323 126.1 638.5
3937 3442 1597 3155

131 96.1 53.7 139.2
0 0 0 0

10.4 3.2 3.6 19.7
69 66 29 84

OGL OGL OGL OGL
11.57 5.3 7.75 86.63
0.408 0.653 0.113 0.987
2.113 0.288 0.432 4.897
1.319 0.156 0.244 2.694
0.585 0.139 0.158 2.134
2.054 0.375 0.496 6.647

2.4 3.2 3 4
0.44 0.053 0.082 0.959
5.21 2.94 4.38 40.79

0.177 0.021 0.037 0.385
4 7.5 8 6.4

7.32 2.33 3.17 43.52
1.606 0.62 0.859 10.75

2.78 24.46 0.75 93.47
1.86 0.44 0.62 8.3

128.8 309.6 147.6 771.4
0.29 0.49 0.62 0.4

0.336 0.05 0.075 0.884
0.84 0.47 0.87 6.01

0.185 0.021 0.036 0.391
0.229 0.441 0.701 1.587
11.13 1.28 2.32 24.92

1.16 0.15 0.23 2.54
92 121 108.2 146.6
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Note

laboratory
method units

SiO2 XRF wt%
TiO2 XRF wt%

Al2O3 XRF wt%
Fe2O3 XRF wt%

MgO XRF wt%
CaO XRF wt%

Na2O XRF wt%
K2O XRF wt%
MnO XRF wt%

P2O5 XRF wt%
Cr2O3 XRF wt%

LOI XRF wt%
TOTAL

laboratory
Cr XRF ppm
Ni XRF ppm

Nb XRF ppm
Y XRF ppm

Zr XRF ppm
V XRF ppm

laboratory
Al ICP-AES ppm

Ba ICP-AES ppm
Be ICP-AES ppm
Ca ICP-AES ppm
Cd ICP-AES ppm
Co ICP-AES ppm
Cr ICP-AES ppm
Cu ICP-AES ppm
Fe ICP-AES ppm
K ICP-AES ppm
Li ICP-AES ppm

Mg ICP-AES ppm
Mn ICP-AES ppm
Mo ICP-AES ppm
Na ICP-AES ppm
Ni ICP-AES ppm
P ICP-AES ppm
S ICP-AES ppm

Sc ICP-AES ppm
Sr ICP-AES ppm
Ti ICP-AES ppm
V ICP-AES ppm
W ICP-AES ppm
Y ICP-AES ppm

Zn ICP-AES ppm
laboratory

Ce ICP-MS ppm
Cs ICP-MS ppm
Dy ICP-MS ppm
Er ICP-MS ppm
Eu ICP-MS ppm
Gd ICP-MS ppm
Hf ICP-MS ppm

Ho ICP-MS ppm
La ICP-MS ppm
Lu ICP-MS ppm
Nb ICP-MS ppm
Nd ICP-MS ppm
Pr ICP-MS ppm

Rb ICP-MS ppm
Sm ICP-MS ppm
Sr ICP-MS ppm
Ta ICP-MS ppm
Tb ICP-MS ppm
Th ICP-MS ppm
Tm ICP-MS ppm

U ICP-MS ppm
Y ICP-MS ppm

Yb ICP-MS ppm
Zr ICP-MS ppm

03ASP0033.1.1
Katrine
600175

5339597
Late Intrusion
Katrine South

Alkalic porphyry dyke

OGL

58.87
0.5

15.18
5.42
3.62
5.72
4.66
3.69
0.11
0.29

1.71
99.77
OGL
160

7
28

221

OGL
66472

1319
1.79

17301
0

17
113.37

24
37222
23942

6
20486

789
0

30804
35

1209
-400
5.6
872

2129
79

5
12.4

70
OGL

72.11
0.889
1.632
0.965
0.854
2.456

5.8
0.328
40.54
0.168

8.6
26.93
7.685
84.27

3.7
1022.5

0.5
0.296

8.51
0.143

3.13
9.11
1.05

222.5
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Appendix 2

Major, Trace and Rare Earth Element Data for Clifford Township

(Selected data from MacDonald et al. 2005)

Abbreviations:
BRG Blake River Group
XRF X-ray fluorescence

Note:
A minus sign in front of a value (e.g., -1000) indicates the value is either below or above the detection
limit for that element.



Sample number P03-005 03SJP017-1 03SJP027-1 03SJP096-1-1 03SJP047-1-1 03SJP019
Township Clifford Clifford Clifford Clifford Clifford Clifford

Easting UTM NAD83 591250 588861 588900 591934 590849 589121

Northing UTM NAD83 5350623 5349923 5350525 5351663 5351742 5350008

Phase BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Structural Block Clifford North Clifford North Clifford North Clifford North Clifford North Clifford North

Rock type Andesite Andesite Pillows Andesite Pillows Andesite- Porphyritic Basalt Pillows Basaltic Andesite
Notes

units
SiO2 wt % 55.9 61.31 56.09 50.37 54.5 49.8

TiO2 wt % 0.97 0.63 0.71 1.16 1.13 1.42

Al2O3 wt % 16.01 16.25 16.45 16.22 15.61 17.61

Fe2O3 wt % 8.73 5.52 7.26 10.98 8.64 10.76

MnO wt % 0.16 0.11 0.14 0.19 0.23 0.2

MgO wt % 6.25 4.33 5.54 7.8 5.08 6.87

CaO wt % 6.9 6.52 7.58 8.61 9.42 6.45

Na2O wt % 2.62 3.43 3.58 2.67 3.2 2.43

K2O wt % 0.76 0.86 0.93 0.75 0.85 1.39

P2O5 wt % 0.17 0.11 0.14 0.18 0.18 0.21

LOI wt % 2.67 1.77 2.39 2.4 1.77 3.13

Total 101.15 100.85 100.8 101.33 100.6 100.27

Ni ppm 139 108 152 165 116 176

Cr ppm 120.98 91.39 128.11 158.04 139.94 150.97

Co ppm 29 21 25 39 28 45

V ppm 131.2 100.9 124.7 131.8 131.1 172.3

Sc ppm 15.1 10.6 13.6 17.8 16.4 20.4

Cu ppm 31 78 110 119 552 70

Pb ppm
Zn ppm 100 67 96 110 192 115

Cd ppm 0 0 0 0 0 0

Mo ppm 0 0 0 0 0 0

W ppm 0 4 10 0 4 5

S ppm 128 188 145 -400 -400 243

Nb (XRF) ppm 7 6 6 7 8 9

Y (XRF) ppm 28 20 20 21 26 29

Zr (XRF) ppm 150 128 150 149 140 164

Zr ppm 153.1 137.5 149.2 157.6 131.1 177.3

Hf ppm 3.9 3.6 3.9 4.2 3.4 4.6

Nb ppm 6.9 5.7 6 7 5.9 8.4

Ta ppm 0.51 0.49 0.52 0.53 0.42 0.58

Y ppm 24.41 18.86 21.02 28.76 24.58 29.82

Be ppm 0.52 0.45 0.43 0.6 0.44 0.61

Li ppm 12 7 6 17 19 16

Cs ppm 0.802 0.732 0.765 1.403 0.725 1.755

Rb ppm 23.24 24.16 29.87 25.67 26.63 52.72

Ba ppm 155 210 196 180 220 333

Sr ppm 167.2 206.3 199.2 195.1 197.7 182.9

Th ppm 1.15 1.5 1.66 1.06 0.8 0.78

U ppm 0.335 0.395 0.513 0.303 0.227 0.224

La ppm 10.94 10.21 13.6 13.5 11.06 11.92

Ce ppm 26.61 22.3 28.73 32.66 27.57 29.46

Pr ppm 3.591 2.857 3.399 4.547 3.766 4.156

Nd ppm 15.82 12.3 13.73 20.98 17.13 18.82

Sm ppm 3.92 2.99 3.2 5.11 4.28 4.8

Eu ppm 1.137 0.9 0.938 0.795 1.4 1.385

Gd ppm 4.385 3.304 3.57 5.378 4.641 5.465

Tb ppm 0.698 0.545 0.591 0.885 0.74 0.879

Dy ppm 4.393 3.385 3.762 5.395 4.674 5.504

Ho ppm 0.931 0.727 0.801 1.146 0.954 1.17

Er ppm 2.729 2.175 2.363 3.316 2.768 3.381

Tm ppm 0.399 0.314 0.355 0.486 0.403 0.493

Yb ppm 2.65 2.05 2.34 3.26 2.61 3.14

Lu ppm 0.415 0.313 0.361 0.497 0.396 0.479
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Notes

units
SiO2 wt %
TiO2 wt %

Al2O3 wt %
Fe2O3 wt %

MnO wt %
MgO wt %
CaO wt %

Na2O wt %
K2O wt %

P2O5 wt %
LOI wt %

Total
Ni ppm
Cr ppm
Co ppm

V ppm
Sc ppm
Cu ppm
Pb ppm
Zn ppm
Cd ppm
Mo ppm
W ppm
S ppm

Nb (XRF) ppm
Y (XRF) ppm

Zr (XRF) ppm
Zr ppm
Hf ppm
Nb ppm
Ta ppm
Y ppm

Be ppm
Li ppm

Cs ppm
Rb ppm
Ba ppm
Sr ppm
Th ppm
U ppm

La ppm
Ce ppm
Pr ppm
Nd ppm
Sm ppm
Eu ppm
Gd ppm
Tb ppm
Dy ppm
Ho ppm
Er ppm

Tm ppm
Yb ppm
Lu ppm

03SJP095-1 03SJP046-2 03SJP046-1 03SJP052-1 03SJP055-1 03SJP056-1
Clifford Clifford Clifford Clifford Clifford Clifford
591979 591080 591080 590119 590175 590216

5351476 5351814 5351814 5348846 5349090 5349027

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Clifford North Clifford North Clifford North Clifford South Clifford South Clifford South

Basaltic Andesite Basaltic Andesite Hornfelsed Basaltic Andesite Pillows Andesite Andesite Andesite

56.07 49.58 50.48 57.29 52.49 63.96
0.92 1.26 1.29 0.94 1.25 0.56
15.4 15.9 16.21 16.44 16.91 13.72
7.01 11.13 10.01 8.38 10.05 7.72
0.11 0.26 0.26 0.09 0.22 0.08
6.45 4.68 5.04 3.93 6.27 3.93
7.57 12.82 11.1 5.93 7.62 2.93
2.54 2.52 3.14 3.32 2.44 2.29
1.3 0.48 0.67 1.45 1.05 1.7

0.17 0.16 0.16 0.11 0.24 0.06
2.4 1.65 1.73 2.43 1.78 3.52

99.93 100.44 100.1 100.31 100.32 100.47
181 122 120 51 109 89

142.8 123.61 148.67 12.39 132.79 27.63
54 32 35 27 19 50

138.1 161.4 170.7 174.5 162.7 106.5
15.9 18.8 19.9 17.4 18.9 9.4
1067 138 290 330 222 275

118 107 118 72 78 77
0 0 0 0 0 0
0 0 0 0 0 0
2 7 8 8 5 6

-400 121 97 -400 -400 -400
7 6 6 7 8 5

24 28 28 25 28 15
155 121 124 138 152 128

154.3 122.8 127.3 136.2 147.3 129.7
3.9 3.4 3.5 3.7 3.9 3.5
6.7 5.6 5.6 6 7 4.6
0.5 0.41 0.42 0.49 0.5 0.51

22.12 28.63 28.37 24.75 27.51 14.88
0.43 0.38 0.38 0.41 0.47 0.44

13 13 16 6 4 14
1.263 0.529 0.635 0.871 0.956 1.408
54.32 15.96 23.5 54.36 38.96 63.99

182 98 132 230 122 386
167.8 203.9 184 141.9 176.7 138.3
1.22 0.65 0.65 1.6 0.84 2.89

0.378 0.176 0.182 0.392 0.243 0.758
6.66 8.89 9.01 13.21 12.06 8.46

14.46 22.58 23.51 28.56 30.24 19.47
1.884 3.298 3.485 3.622 4.163 2.406
8.75 15.84 16.37 15.37 18.74 9.53
2.56 4.38 4.47 3.65 4.54 2.33

1.263 1.378 1.526 1.042 1.415 0.64
3.271 5.135 5.32 4.182 5.036 2.499
0.56 0.84 0.879 0.693 0.813 0.425

3.634 5.203 5.476 4.403 5.098 2.658
0.803 1.114 1.161 0.945 1.065 0.572
2.35 3.293 3.349 2.81 3.151 1.766

0.363 0.466 0.48 0.423 0.461 0.27
2.46 3.02 3.15 2.79 2.98 1.8

0.392 0.462 0.472 0.426 0.453 0.289
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Notes

units
SiO2 wt %
TiO2 wt %

Al2O3 wt %
Fe2O3 wt %

MnO wt %
MgO wt %
CaO wt %

Na2O wt %
K2O wt %

P2O5 wt %
LOI wt %

Total
Ni ppm
Cr ppm
Co ppm

V ppm
Sc ppm
Cu ppm
Pb ppm
Zn ppm
Cd ppm
Mo ppm
W ppm
S ppm

Nb (XRF) ppm
Y (XRF) ppm

Zr (XRF) ppm
Zr ppm
Hf ppm
Nb ppm
Ta ppm
Y ppm

Be ppm
Li ppm

Cs ppm
Rb ppm
Ba ppm
Sr ppm
Th ppm
U ppm

La ppm
Ce ppm
Pr ppm
Nd ppm
Sm ppm
Eu ppm
Gd ppm
Tb ppm
Dy ppm
Ho ppm
Er ppm

Tm ppm
Yb ppm
Lu ppm

03SJP070-2-1 WC04-08, 64.53-64.69 03SJP011-1 WC04-08, 25.05-25.18 WC04-08, 26.81-26.97
Clifford Clifford Clifford Clifford Clifford
591805 591510 590898 591510 591510

5349956 5350267 5349546 5350267 5350267

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Clifford South Clifford South Clifford South Clifford South Clifford South

Andesite Andesite Andesite- Porphyritic Andesitic Tuff Andesitic Tuff

50.44 60.37 53.75 59.51 59.47
1.12 0.74 1.3 0.72 0.76

15.24 15.54 15.12 15.56 15.52
11.7 6.85 10.82 6.74 6.88
0.2 0.115 0.19 0.076 0.075

8.91 4.01 6.74 4.69 4.94
6.49 6.14 5.21 5.73 4.81
1.87 3.03 2.96 3.03 4.79
0.8 1.54 0.95 1.75 1.12

0.18 0.16 0.18 0.15 0.15
2.34 1.8 4.04 2.21 2.04

99.29 100.295 101.25 100.166 100.555
246 87 128 111 110

209.64 66 164.39 117 103
38 18 26 23 24

155.8 116 157.6 122 132
18.4 13.6 19.4 15 15
4977 19 68 0 0

386 85 182 128 57
0 0 0 0 0
0 0 0 0 0
2 2 3 0 0

-400 183 -400 134 279
6 5 7 4 5

25 28 29 28 29
122 183 133 158 148

126.4 191.2 131.4 169.6 160.7
3.2 4.8 3.4 4.3 4.1

6 7.6 6.2 7.1 6.9
0.43 0.54 0.46 0.53 0.5

25.85 27.38 28.36 28.74 31.15
0.38 0.56 0.38 0.62 0.51

10 8 14 12 12
1.102 1.005 0.28 1.397 0.876
27.48 56.87 16.48 72.46 38.34

96 251 178 237 196
128.2 149.6 247.4 134.1 126.4
0.75 2.09 0.86 2.19 1.92

0.253 0.614 0.287 0.675 0.653
8.24 14.4 15.28 11.88 12.56

20.74 32.34 38.7 27.09 27.95
2.969 4.108 5.368 3.524 3.617
13.95 17.29 23.68 15.03 15.26
3.82 3.99 5.78 3.77 4.09

1.141 1.084 1.354 1.039 0.989
4.388 4.424 5.744 4.449 4.946
0.747 0.732 0.898 0.754 0.851
4.691 4.703 5.512 4.833 5.397
0.988 1.019 1.154 1.038 1.17
2.892 3.071 3.286 3.196 3.504
0.42 0.462 0.473 0.487 0.522
2.79 3.08 3.01 3.32 3.4

0.429 0.477 0.449 0.507 0.527
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Notes

units
SiO2 wt %
TiO2 wt %

Al2O3 wt %
Fe2O3 wt %

MnO wt %
MgO wt %
CaO wt %

Na2O wt %
K2O wt %

P2O5 wt %
LOI wt %

Total
Ni ppm
Cr ppm
Co ppm

V ppm
Sc ppm
Cu ppm
Pb ppm
Zn ppm
Cd ppm
Mo ppm
W ppm
S ppm

Nb (XRF) ppm
Y (XRF) ppm

Zr (XRF) ppm
Zr ppm
Hf ppm
Nb ppm
Ta ppm
Y ppm

Be ppm
Li ppm

Cs ppm
Rb ppm
Ba ppm
Sr ppm
Th ppm
U ppm

La ppm
Ce ppm
Pr ppm
Nd ppm
Sm ppm
Eu ppm
Gd ppm
Tb ppm
Dy ppm
Ho ppm
Er ppm

Tm ppm
Yb ppm
Lu ppm

WC04-03, 150.63-150.79 WC04-03, 79.43-79.57 03SJP065-1 03SJP065-1-2 03SJP090-1 WC04-08, 13.10-13.20
Clifford Clifford Clifford Clifford Clifford Clifford
591513 591513 590904 590904 591996 591510

5350066 5350066 5349046 5349046 5350686 5350267

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Clifford South Clifford South Clifford South Clifford South Clifford South Clifford South

Basalt Lapilli Tuff Basalt Lapilli Tuff Basaltic Andesite Basaltic Andesite Basaltic Andesite Basaltic Andesite

48.68 43.43 56.61 58.29 52.49 58.62
0.58 0.62 0.96 1.04 0.88 0.72

17.41 16.17 16.69 16.87 15.76 14.92
12.31 17.57 7.41 7.16 8.98 6.68
0.029 0.032 0.1 0.11 0.15 0.066
0.79 1.29 4.42 4.74 6.76 5.26
6.23 4.61 5.31 4.36 8.61 5.23
3.64 5.29 4.61 3.88 2.33 3.18
2.2 1.1 1.13 1 1.12 1.6

0.12 0.14 0.11 0.12 0.14 0.16
6.66 9.39 2.44 2.96 2.85 2.68

98.649 99.642 99.78 100.53 100.07 99.116
15 19 68 54 66 114
18 53 13.42 11.24 186.33 107
22 17 36 28 35 46
60 96 193.6 189.3 73.9 103
7.5 6.4 17.3 17.3 16.9 13.8
841 63 847 491 458 10

30 45 144 122 129 85
0 0 0 0 0 0
0 0 0 0 0 0

11 5 8 5 0 0
-400 -400 -400 -400 88 -400

9 6 6 7 9 6
32 29 25 26 35 27

169 171 138 148 152 138
182.7 179.1 139.2 147.4 162.7 152.9

5.1 4.8 3.9 4 4.1 3.8
10 8.1 6 6.4 6.9 6.7

1.05 0.86 0.53 0.53 0.52 0.49
33.49 28.76 24.02 23.51 25.75 28.1
0.58 0.31 0.55 0.53 0.44 0.48

4 7 7 12 14 15
1.36 0.672 1.003 0.798 1.34 1.001

78.72 38.75 40.84 35.69 43.08 57.75
247 98 174 163 187 216

301.5 141.3 164.9 169.6 236.9 132.2
6.16 5.99 1.6 1.68 1.3 2.52

2.312 1.264 0.445 0.431 0.35 0.659
21.07 24.23 15.76 12.25 12.98 23.35
46.65 50.18 33.36 26.29 29.77 53.01
5.508 6.241 4.177 3.4 3.963 6.502
21.05 24.3 17.34 14.71 17.33 26.97
4.82 5.5 4.12 3.53 4 5.62

1.306 1.44 1.282 1.127 1.148 1.134
5.103 5.593 4.337 4.033 4.458 5.361
0.875 0.892 0.704 0.683 0.726 0.818
5.724 5.142 4.445 4.272 4.523 4.996
1.262 1.024 0.938 0.915 0.962 1.042
3.887 2.942 2.793 2.765 2.872 3.079
0.587 0.445 0.412 0.416 0.42 0.46
4.02 3.09 2.69 2.74 2.76 3.09

0.675 0.526 0.41 0.422 0.428 0.477
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Notes

units
SiO2 wt %
TiO2 wt %

Al2O3 wt %
Fe2O3 wt %

MnO wt %
MgO wt %
CaO wt %

Na2O wt %
K2O wt %

P2O5 wt %
LOI wt %

Total
Ni ppm
Cr ppm
Co ppm

V ppm
Sc ppm
Cu ppm
Pb ppm
Zn ppm
Cd ppm
Mo ppm
W ppm
S ppm

Nb (XRF) ppm
Y (XRF) ppm

Zr (XRF) ppm
Zr ppm
Hf ppm
Nb ppm
Ta ppm
Y ppm

Be ppm
Li ppm

Cs ppm
Rb ppm
Ba ppm
Sr ppm
Th ppm
U ppm

La ppm
Ce ppm
Pr ppm
Nd ppm
Sm ppm
Eu ppm
Gd ppm
Tb ppm
Dy ppm
Ho ppm
Er ppm

Tm ppm
Yb ppm
Lu ppm

WC04-08, 134.45-134.61 WC04-08, 168.34-168.52 WC04-08, 171.03-171.26 03SJP031-1-1 03SJP053-1 03SJP088-1
Clifford Clifford Clifford Clifford Clifford Clifford
591510 591510 591510 591846 590153 591815

5350267 5350267 5350267 5349969 5348894 5350056

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Clifford South Clifford South Clifford South Clifford South Clifford South Clifford South

Basaltic Andesite Basaltic Andesite Basaltic Andesite Dacite Dacite Dacite- Porphyritic
Poor Oxide Closure

62.44 52.56 53.19 64.44 64.24 65.05
0.43 1.17 1.18 0.49 0.61 0.65

13.49 15.68 15.08 13.92 15.92 14.73
3.32 10.24 11.08 4.76 4.78 6.36
0.04 0.12 0.1 0.12 0.04 0.06
1.54 6.32 6.53 2.6 1.75 3.39
9.16 6.5 5.74 3.93 3.28 2.8
0.31 2.85 3.2 1.02 2.75 3.59
3.16 0.87 0.86 3.4 2.76 1.23
0.11 0.21 0.2 0.1 0.11 0.13
8.76 2.51 2.69 5.27 3.35 2.55

102.76 99.03 99.85 100.05 99.59 100.54
39 121 109 55 11 128
28 145 175 45.14 9.62 55.88
4 23 29 12 6 17

49 175 169 60 68 148.8
7.5 18.6 18.1 8.5 8.6 10.2

0 15 55 383 33 298

27 77 53 145 53 148
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 8 9 0

156 -400 -400 -400 -400 -400
6 5 4 8 9 6

27 25 26 35 36 29
121 123 115 135 197 133
137 132.9 123.7 142.7 198.8 166.3

4 3.4 3.2 4.3 5.6 4.6
8 6.3 5.9 8 9 8.5

0.81 0.38 0.36 0.9 0.91 0.86
28.95 27.25 25.94 35.33 35.56 35.84
0.43 0.39 0.39 0.57 0.59 0.7

15 13 13 16 11 17
1.861 0.883 1.315 2.018 1.899 1.013

117.27 26.95 20.35 113.24 87.6 48.3
419 290 273 210 545 180
19.6 178.7 138.2 24.8 94.8 162.1
5.44 0.84 0.68 5.41 5.39 4.52

1.453 0.222 0.225 1.514 1.476 1.325
2.68 10.29 10.53 20.21 20.23 19.2
6.48 25.74 25.32 44.2 43.04 42.58

0.887 3.65 3.549 5.496 5.264 5.448
4.02 16.6 16.38 22.52 20.75 22.85
1.51 4.27 4.06 5.5 4.92 5.27

0.377 1.293 1.36 1.219 1.182 1.422
2.682 4.786 4.72 5.874 5.277 5.732
0.573 0.789 0.776 0.991 0.943 0.96
4.136 4.847 4.855 6.148 6.015 6.176
0.977 1.03 1.017 1.321 1.309 1.285
3.171 2.995 2.994 4.037 3.993 3.853
0.504 0.443 0.431 0.608 0.606 0.593
3.74 2.92 2.84 4.16 4.14 4.08

0.623 0.443 0.424 0.665 0.642 0.659
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Notes

units
SiO2 wt %
TiO2 wt %

Al2O3 wt %
Fe2O3 wt %

MnO wt %
MgO wt %
CaO wt %

Na2O wt %
K2O wt %

P2O5 wt %
LOI wt %

Total
Ni ppm
Cr ppm
Co ppm

V ppm
Sc ppm
Cu ppm
Pb ppm
Zn ppm
Cd ppm
Mo ppm
W ppm
S ppm

Nb (XRF) ppm
Y (XRF) ppm

Zr (XRF) ppm
Zr ppm
Hf ppm
Nb ppm
Ta ppm
Y ppm

Be ppm
Li ppm

Cs ppm
Rb ppm
Ba ppm
Sr ppm
Th ppm
U ppm

La ppm
Ce ppm
Pr ppm
Nd ppm
Sm ppm
Eu ppm
Gd ppm
Tb ppm
Dy ppm
Ho ppm
Er ppm

Tm ppm
Yb ppm
Lu ppm

P03-001 P03-003 WC04-03, 131.59-131.7 WC04-03, 146.0-146.16 WC04-03, 154.75-154.90 WC04-03, 62.65-62.79
Clifford Clifford Clifford Clifford Clifford Clifford
591319 591335 591513 591513 591513 591513

5349924 5350300 5350066 5350066 5350066 5350066

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Clifford South Clifford South Clifford South Clifford South Clifford South Clifford South

Dacite- Porphyritic Dacite- Porphyritic Dacite Tuff Dacite Tuff Dacite Tuff Dacite Tuff

62.16 65.86 66.18 68.32 69.62 61.38
0.7 0.52 0.6 0.57 0.42 0.62

15.03 14.3 14.47 14.23 13.1 14.48
6.79 5.2 4.63 5.01 3.69 6.28
0.05 0.06 0.045 0.041 0.033 0.081
3.98 2.56 2.34 2.16 1.59 3.67
4.68 4.62 3.56 3.51 4 4.68

4 4.21 4.96 4.26 3.77 3.74
1.5 1.35 0.75 0.75 1.1 1.05

0.14 0.11 0.15 0.14 0.11 0.14
2.34 1.77 2.44 2 1.99 3.43

101.38 100.56 100.125 100.991 99.423 99.551
97 64 33 23 23 87

88.57 52.55 29 23 23 162
14 15 8 8 14 22
99 61.5 58 46 39 95

11.9 8.5 10.4 9.4 8.2 11.7
777 681 38 34 46 12

90 99 71 72 51 88
0 0 0 0 0 0
0 0 0 0 0 0
0 0 6 3 4 5

-400 59 -400 144 -400 -400
8 9 6 7 7 5

33 38 36 38 37 30
152 141 156 143 123 137

160.6 147.5 162.6 168.1 144.3 144.3
4.2 4.3 4.6 4.7 4.1 3.9
7.8 8.6 8.7 8.9 8.5 7.3

0.73 0.94 0.81 0.84 0.83 0.63
32.89 36.23 37.7 39.32 38.68 30.75
0.68 0.68 0.55 0.58 0.51 0.56

10 9 11 10 6 14
0.916 0.607 0.539 0.608 0.732 0.697
69.49 45.97 24.79 28.05 36.44 32.67

205 247 101 132 189 227
126 133.2 102 130.7 136.6 151.7
3.36 5.63 4.88 5.3 5.06 3.4

1.035 1.714 1.411 1.536 1.74 0.985
16.53 19.76 15.39 18.69 15.19 17.68
36.43 42.06 35.38 42.3 34.02 38.46
4.661 5.196 4.569 5.358 4.283 4.892
20.02 21.62 19.28 21.96 17.36 20.66
4.85 5.17 4.97 5.56 4.51 4.84

1.139 1.086 1.124 1.182 1.045 1.125
5.229 5.703 5.664 6.237 5.313 5.279
0.876 0.96 1.004 1.059 0.974 0.85
5.546 6.158 6.454 6.596 6.493 5.37
1.18 1.329 1.402 1.426 1.388 1.154

3.518 4.048 4.32 4.384 4.412 3.452
0.541 0.636 0.664 0.682 0.679 0.526
3.64 4.4 4.55 4.67 4.62 3.56

0.578 0.695 0.716 0.742 0.718 0.559
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Notes

units
SiO2 wt %
TiO2 wt %

Al2O3 wt %
Fe2O3 wt %

MnO wt %
MgO wt %
CaO wt %

Na2O wt %
K2O wt %

P2O5 wt %
LOI wt %

Total
Ni ppm
Cr ppm
Co ppm

V ppm
Sc ppm
Cu ppm
Pb ppm
Zn ppm
Cd ppm
Mo ppm
W ppm
S ppm

Nb (XRF) ppm
Y (XRF) ppm

Zr (XRF) ppm
Zr ppm
Hf ppm
Nb ppm
Ta ppm
Y ppm

Be ppm
Li ppm

Cs ppm
Rb ppm
Ba ppm
Sr ppm
Th ppm
U ppm

La ppm
Ce ppm
Pr ppm
Nd ppm
Sm ppm
Eu ppm
Gd ppm
Tb ppm
Dy ppm
Ho ppm
Er ppm

Tm ppm
Yb ppm
Lu ppm

WC04-03, 68.12-68.25 WC04-03, 76.27-76.41 WC04-08, 123.7-123.9 WC04-08, 132.4-132.55 WC04-08, 158.61-158.94 03SJP068-1-1
Clifford Clifford Clifford Clifford Clifford Clifford
591513 591513 591510 591510 591510 591261

5350066 5350066 5350267 5350267 5350267 5348588

BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic BRG Volcanic
Clifford South Clifford South Clifford South Clifford South Clifford South Clifford South

Dacite Tuff Dacite Tuff Lapilli Tuff Lapilli Tuff Lapillistone Rhyolite

65.77 62.5 67.15 66.69 67 75.04
0.56 0.62 0.59 0.47 0.51 0.17

13.31 14.75 14.06 13.97 16.11 12.91
6.11 6.89 5.92 4.08 4.85 1.35

0.047 0.058 0.051 0.04 0.034 0.03
2.25 2.97 1.94 1.95 1.03 0.52
3.19 5.58 4.84 3.83 3.23 1.81
3.88 3.49 3.9 3.83 4.9 4.29
1.18 0.56 0.53 1.5 1.22 1.67
0.13 0.14 0.14 0.11 0.11 0.06
2.88 2.62 1.68 3.77 1.82 2.18

99.307 100.178 100.801 100.24 100.814 100.04
41 54 24 32 -4 6
48 102 22 27 -8 9.32
23 22 8 6 6 2
68 78 55 48 -5 4.7
10 11.3 9.6 7.7 10.1 2
30 8 0 4 0 185

63 69 43 35 39 40
0 0 0 0 0 0
0 0 0 0 0 0
4 3 0 0 0 3

-400 -400 69 165 -400 -400
7 7 7 7 8 11

34 37 34 42 43 10
142 153 150 129 280 94

154.7 167.6 166.3 152.9 297.8 100.8
4.3 4.5 4.7 4.4 8 3

8 8.4 8.9 8.6 12.3 11.5
0.75 0.74 0.84 0.86 0.96 0.96

34.41 39.83 36.07 44.64 45.35 10.28
0.46 0.59 0.56 0.51 0.78 0.59

9 13 9 14 6 7
0.523 0.393 0.41 0.958 0.666 0.756
38.57 20.14 18.28 52.65 34.02 57.87

141 82 66 262 520 449
124 261 189.2 68 178.4 95.1
4.4 4.28 5.18 5.58 5.37 3.71

1.326 1.373 1.447 1.661 1.37 1.063
13.05 20.52 14.31 25.83 25.66 16.54
30.4 45.5 33.22 55.48 56.3 33.58

3.894 5.743 4.217 7.052 7.11 3.852
15.84 23.65 17.24 29.65 29.69 14

4.2 5.72 4.41 7.52 6.99 2.49
1.074 1.232 0.965 1.733 1.731 0.549
4.903 6.338 5.155 8.33 7.645 2.127
0.897 1.083 0.915 1.333 1.263 0.319
5.84 6.846 6.091 7.871 8.044 1.796

1.261 1.447 1.344 1.602 1.713 0.355
3.916 4.414 4.204 4.631 5.288 1.098
0.607 0.675 0.663 0.7 0.815 0.166
4.13 4.55 4.55 4.8 5.51 1.15

0.647 0.714 0.709 0.718 0.865 0.178

82



Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Notes

units
SiO2 wt %
TiO2 wt %

Al2O3 wt %
Fe2O3 wt %

MnO wt %
MgO wt %
CaO wt %

Na2O wt %
K2O wt %

P2O5 wt %
LOI wt %

Total
Ni ppm
Cr ppm
Co ppm

V ppm
Sc ppm
Cu ppm
Pb ppm
Zn ppm
Cd ppm
Mo ppm
W ppm
S ppm

Nb (XRF) ppm
Y (XRF) ppm

Zr (XRF) ppm
Zr ppm
Hf ppm
Nb ppm
Ta ppm
Y ppm

Be ppm
Li ppm

Cs ppm
Rb ppm
Ba ppm
Sr ppm
Th ppm
U ppm

La ppm
Ce ppm
Pr ppm
Nd ppm
Sm ppm
Eu ppm
Gd ppm
Tb ppm
Dy ppm
Ho ppm
Er ppm

Tm ppm
Yb ppm
Lu ppm

03SJP068-36 03SJP112-1 03SJP84-1 03SJP037-1 03SJP109-2-1 03SJP080-1-1 03SJP110-2
Clifford Ben Nevis Ben Nevis Ben Nevis Ben Nevis Ben Nevis Ben Nevis
591261 593182 592470 592278 593437 592497 593171

5348588 5350691 5350306 5350685 5350948 5349867 5350838

BRG Volcanic BRG High-level Synvolc Intrusion BRG Intrusion BRG Intrusion BRG Intrusion BRG Intrusion BRG Intrusion
Clifford South Clifford South Clifford South Clifford South Clifford South Clifford South Clifford South

Rhyolite Diabase/Diorite Diabase- synvolcanic Granodiorite Granodiorite Leucogabbro Leucogabbro

70.4 49.92 51.05 71.32 65.54 52.67 51.52
0.4 1.16 1.24 0.43 0.5 0.56 1.21

14.93 14.88 15.92 13.63 15.42 9.23 15.5
1.89 11.77 11.8 3.98 5.37 10.92 11.39
0.02 0.16 0.19 0.05 0.09 0.16 0.17
0.35 7.65 6.42 0.4 2.3 14.67 6.51
2.15 7.45 7.51 1.55 2.83 4.44 8.01
6.27 1.87 1.7 4.88 5.32 1.65 2.02
1.85 0.28 0.38 2.76 1.1 0.32 0.69
0.07 0.14 0.18 0.09 0.1 0.09 0.18
1.11 5.77 4.3 1.18 2.09 4.22 3.62

99.45 101.05 100.69 100.27 100.66 98.93 100.8
5 167 179 7 67 463 36

9.04 172.69 147.02 10.23 37.41 -400 167.24
2 43 38 4 17 56 43
4 150.3 172.2 0 105.5 113.4 64.7

6.4 18.7 18.7 8.4 8.9 18.3 20.1
89 110 442 34 490 167 114

22 130 103 33 210 112 86
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 5 0 8 3 0 0

-400 92 191 45 53 58 126
10 6 5 10 8 5 8
39 27 23 39 8 16 30

247 117 105 237 120 93 170
250.8 108.9 142.6 245.7 175.4 97.4 122.6

7.1 2.9 3.7 6.8 5 2.5 3.2
9.9 4.9 6.4 10.2 7.4 3.9 5.8

0.96 0.36 0.45 0.88 0.75 0.34 0.41
38.67 23.24 30.11 39.35 30.6 15.99 27.27
0.78 0.36 0.4 0.71 0.66 0.28 0.55

3 20 19 4 17 14 25
0.489 0.61 0.783 0.483 0.393 2.418 0.589
32.28 8.56 11.96 44.69 25.93 13.02 19.07

795 76 101 796 327 99 244
72.3 161.7 173.1 99 173.6 95.7 218.1
5.62 0.58 0.79 4.54 4.21 0.85 0.7

1.362 0.163 0.216 1.168 1.105 0.228 0.194
25.73 7.77 10.26 22.66 21.2 8.25 9.21
54.4 19.79 25.84 49.43 44.91 18.49 23.86

6.595 2.962 3.743 6.191 5.413 2.411 3.453
26.86 13.85 17.47 25.78 22.36 10.22 16.36
6.23 3.53 4.68 6.28 5.02 2.51 4.27

1.336 1.297 1.151 1.363 0.85 0.707 1.069
6.7 4.24 5.305 6.744 5.39 2.783 4.919

1.105 0.678 0.87 1.148 0.886 0.456 0.808
7.012 4.27 5.456 7.127 5.53 2.847 4.957
1.491 0.896 1.133 1.508 1.163 0.618 1.065
4.463 2.577 3.23 4.527 3.494 1.843 3.049
0.69 0.379 0.475 0.684 0.534 0.273 0.438
4.84 2.48 3.14 4.61 3.6 1.89 2.84

0.744 0.378 0.478 0.705 0.561 0.303 0.436
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Notes

units
SiO2 wt %
TiO2 wt %

Al2O3 wt %
Fe2O3 wt %

MnO wt %
MgO wt %
CaO wt %

Na2O wt %
K2O wt %

P2O5 wt %
LOI wt %

Total
Ni ppm
Cr ppm
Co ppm

V ppm
Sc ppm
Cu ppm
Pb ppm
Zn ppm
Cd ppm
Mo ppm
W ppm
S ppm

Nb (XRF) ppm
Y (XRF) ppm

Zr (XRF) ppm
Zr ppm
Hf ppm
Nb ppm
Ta ppm
Y ppm

Be ppm
Li ppm

Cs ppm
Rb ppm
Ba ppm
Sr ppm
Th ppm
U ppm

La ppm
Ce ppm
Pr ppm
Nd ppm
Sm ppm
Eu ppm
Gd ppm
Tb ppm
Dy ppm
Ho ppm
Er ppm

Tm ppm
Yb ppm
Lu ppm

WC04-03, 212.49-212.63 WC04-08, 176.74-176.96 WC04-04, 166.52-166.67 WC04-04, 130.88-131.04 WC04-04, 51.62-51.92
Clifford Clifford Clifford Clifford Clifford
591513 591510 591517 591517 591517

5350066 5350267 5349643 5349643 5349643

BRG Intrusion BRG Intrusion BRG Intrusion BRG Intrusion BRG Intrusion
Clifford South Clifford South Clifford South Clifford South Clifford South

Diorite Diorite Granodiorite Leucogabbro Leucogabbro

57.74 58.74 65.14 53.28 53.47
0.95 0.78 0.67 1.24 1.17

12.19 16.19 11.48 15.94 15.69
10.09 7.36 6.41 9.13 10.04
0.112 0.119 0.059 0.092 0.09
6.15 4.58 5.06 6.96 7.2
5.87 5.64 4.22 4.92 3.5
0.98 3.66 2.04 3.22 3.08
0.4 0.84 0.81 1.33 0.85

0.19 0.17 0.15 0.22 0.2
4.95 1.67 3.37 3.11 4.88

99.622 99.749 99.409 99.442 100.17
160 98 120 125 108
190 90 177 181 154
31 20 21 29 30

152 136 88 156 191
16.3 12.9 12 18.4 14.7
583 33 509 654 844

204 63 140 88 106
0 0 0 0 0
0 0 0 13 0
2 0 4 6 9

-400 203 -400 -400 -400
5 5 5 6 5

22 25 18 25 29
102 159 99 136 123

110.5 163 107.3 145.6 127.8
2.8 4.1 2.8 3.7 3.3
5.2 6.6 5.2 6.8 6.2

0.32 0.48 0.32 0.42 0.38
22.53 24.8 17.03 25.82 24.9
0.58 0.43 0.46 0.51 0.52

32 9 22 23 34
0.527 0.96 0.509 1.641 1.403
14.76 23.29 22.29 55.62 31

47 138 62 156 115
268.2 167.2 233 220.8 215.8
0.65 1.85 0.94 0.89 0.78

0.258 0.487 0.457 0.625 0.564
10.94 14.66 9.83 11.08 8.79
26.8 32.85 24.39 27.36 22.64

3.719 4.128 3.381 3.915 3.354
16.67 17.42 14.8 18.11 15.7
4.07 4.05 3.52 4.61 4.21
1.2 1.118 0.862 1.288 1.058

4.331 4.38 3.538 5.065 4.847
0.665 0.701 0.553 0.812 0.795
4.094 4.269 3.173 4.823 4.82
0.84 0.911 0.642 0.999 1.015

2.457 2.697 1.858 2.905 2.956
0.355 0.41 0.264 0.427 0.434
2.35 2.71 1.72 2.83 2.83

0.366 0.421 0.262 0.436 0.417
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Sample number
Township

Easting UTM NAD83
Northing UTM NAD83

Phase
Structural Block

Rock type
Notes

units
SiO2 wt %
TiO2 wt %

Al2O3 wt %
Fe2O3 wt %

MnO wt %
MgO wt %
CaO wt %

Na2O wt %
K2O wt %

P2O5 wt %
LOI wt %

Total
Ni ppm
Cr ppm
Co ppm

V ppm
Sc ppm
Cu ppm
Pb ppm
Zn ppm
Cd ppm
Mo ppm
W ppm
S ppm

Nb (XRF) ppm
Y (XRF) ppm

Zr (XRF) ppm
Zr ppm
Hf ppm
Nb ppm
Ta ppm
Y ppm

Be ppm
Li ppm

Cs ppm
Rb ppm
Ba ppm
Sr ppm
Th ppm
U ppm

La ppm
Ce ppm
Pr ppm
Nd ppm
Sm ppm
Eu ppm
Gd ppm
Tb ppm
Dy ppm
Ho ppm
Er ppm

Tm ppm
Yb ppm
Lu ppm

WC04-04, 70.65-70.84 WC04-08, 227.76-227.93 WC04-08, 236.47-236.52
Clifford Clifford Clifford
591517 591510 591510

5349643 5350267 5350267

BRG Intrusion BRG Intrusion BRG Intrusion
Clifford South Clifford South Clifford South

Leucogabbro Leucogabbro Leucogabbro

52.67 51.84 54.2
1.14 1.25 1.17

15.76 16.17 14.94
9.14 10.7 9.08

0.109 0.097 0.095
6.95 6.31 6.16
6.48 8.36 7.87
2.23 2.41 3.76
2.19 1.28 0.63
0.18 0.21 0.2
2.64 2.14 1.83

99.489 100.767 99.935
136 99 91
189 135 158
31 21 16

162 167 177
18.5 19 18.3
271 41 0

70 62 61
0 0 0
0 0 0
5 0 0

-400 155 111
5 6 5

26 27 28
124 127 120

130.8 138.9 129
3.2 3.5 3.3

6 6.4 6.2
0.38 0.38 0.37

26.05 28.31 29
0.48 0.39 0.48

10 13 6
1.872 1.816 0.922
99.64 61.62 22.25

225 153 69
159.1 170.6 225
0.78 0.79 0.83

0.303 0.194 0.624
10.47 9.1 7.42
25.87 24.14 18.11
3.722 3.506 2.674
17.03 16.54 13.06
4.31 4.25 4.02

1.274 1.048 1.141
4.755 4.719 4.967
0.78 0.783 0.858

4.769 4.926 5.418
0.999 1.058 1.152
2.94 3.153 3.367

0.424 0.465 0.493
2.8 3.07 3.22

0.424 0.467 0.486
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Metric Conversion Table

Conversion from SI to Imperial Conversion from Imperial to SI

SI Unit Multiplied by Gives Imperial Unit Multiplied by Gives

LENGTH
1 mm 0.039 37 inches 1 inch 25.4 mm
1 cm 0.393 70 inches 1 inch 2.54 cm
1 m 3.280 84 feet 1 foot 0.304 8 m
1 m 0.049 709 chains 1 chain 20.116 8 m
1 km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km

AREA
1 cm@ 0.155 0 square inches 1 square inch 6.451 6 cm@
1 m@ 10.763 9 square feet 1 square foot 0.092 903 04 m@
1 km@ 0.386 10 square miles 1 square mile 2.589 988 km@
1 ha 2.471 054 acres 1 acre 0.404 685 6 ha

VOLUME
1 cm# 0.061 023 cubic inches 1 cubic inch 16.387 064 cm#
1 m# 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m#
1 m# 1.307 951 cubic yards 1 cubic yard 0.764 554 86 m#

CAPACITY
1 L 1.759 755 pints 1 pint 0.568 261 L
1 L 0.879 877 quarts 1 quart 1.136 522 L
1 L 0.219 969 gallons 1 gallon 4.546 090 L

MASS
1 g 0.035 273 962 ounces (avdp) 1 ounce (avdp) 28.349 523 g
1 g 0.032 150 747 ounces (troy) 1 ounce (troy) 31.103 476 8 g
1 kg 2.204 622 6 pounds (avdp) 1 pound (avdp) 0.453 592 37 kg
1 kg 0.001 102 3 tons (short) 1 ton (short) 907.184 74 kg
1 t 1.102 311 3 tons (short) 1 ton (short) 0.907 184 74 t
1 kg 0.000 984 21 tons (long) 1 ton (long) 1016.046 908 8 kg
1 t 0.984 206 5 tons (long) 1 ton (long) 1.016 046 90 t

CONCENTRATION
1 g/t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/ 34.285 714 2 g/t

ton (short) ton (short)
1 g/t 0.583 333 33 pennyweights/ 1 pennyweight/ 1.714 285 7 g/t

ton (short) ton (short)

OTHER USEFUL CONVERSION FACTORS

Multiplied by
1 ounce (troy) per ton (short) 31.103 477 grams per ton (short)
1 gram per ton (short) 0.032 151 ounces (troy) per ton (short)
1 ounce (troy) per ton (short) 20.0 pennyweights per ton (short)
1 pennyweight per ton (short) 0.05 ounces (troy) per ton (short)

Note:Conversion factorswhich are in boldtype areexact. Theconversion factorshave been taken fromor havebeen
derived from factors given in theMetric PracticeGuide for the CanadianMining andMetallurgical Industries, pub-
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada.
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        PROPERTIES AND OCCURRENCES
 
1.   Callighan (Au, Cu)
2.   Norwood (Au, Pb, Zn)
3.   Walsh-Katrine (Au, Cu, Pb)
4.   Forward (Cu)
5.   Lowe Katrine (Au, Cu)
6.   Rivard (Cu)
7.   Roche-North (Zn, Pb, Ag, Au)
8.   Tremblay, A. (Au, Zn)
9.   Roche-South (Zn)
10. Interprovincial-South (Zn, Pb, Cu)
11. Tremblay-West (Cu, Au)
12. Interprovincial-North (Zn, Pb, Au, Cu, Ag)

  :
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                              LEGENDabc

 
   PHANEROZOIC
 
        CENOZOIC
 
            QUATERNARY
 
                   PLEISTOCENE and RECENT
 
                                           UNCONFORMITY
  
PRECAMBRIAN
 
   PROTEROZOIC
 
                    Diabase Dikes
 
                                        INTRUSIVE CONTACT
 
   ARCHEAN
 
                                        BLAKE RIVER GROUP
 
                    Alkalic Intrusive Rocks: Syenite
 
 
                    Felsic to Intermediate Intrusive Rocks: Granodiorite,
                    feldspar porphyry, quartz-feldspar porphyry
 
 
                    Mafic Intrusive Rocks
 
 
                         Diorite
 
 
                         Gabbro, hornblende gabbro
 
                                        INTRUSIVE CONTACT
 
                    Felsic Metavolcanic Rocks
 
 
                         Rhyolitic to dacitic dikes
  
 
                         Dominantly volcaniclastic rocks
 
 
                         Felsic flows and massive rhyolites
 
 
                    Intermediate Metavolcanic Rocks
 
 
                         Andesitic dikes
 
 
                         Dominantly flows
 
 
                         Volcaniclastic rocks
 
 
                         Interbedded flows and volcaniclastic rocks
 
 
                         Dacitic metavolcanic rocks
 
 
                         Polymictic and interbedded intermediate and felsic
                         volcaniclastic rocks
 
 a
  The rock unit codes for this legend were designed for use with a

     database of geoscience information related to the Discover Abitibi
     Initiative.  As a result, not all codes used in the database are shown
     in this legend.b
  The letter “C” preceding a rock code denotes information compiled

     from  previously published maps and reports.c
  The letter “G” preceding a rock code denotes information interpreted

     from geophysical data.
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amygdaloidal
aphyric
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bedded
brecciated
cross bedded
cooling fractures
coarse grained
clast supported
cumulate
cyclic
diabasic
elongated clasts
elongated pillows
eyes
flow banding
flattened clasts
fine grained
finely laminated
flattened pillows
fluidal texture
fractured
glomeroporphyritic
hummocky cross-stratified
intrusive breccia
inverse grading
laminated
medium grained
monomictic
matrix supported
mylonite
normal grading
ophitic
pegmatitic
polygonal joints
polymictic
porphyritic
polysutured
reworked
schistose
sheared
spherulitic
soft-sediment deformation
spinifex
turbidite
trachytic
tuffaceous
tectonic breccia
variolitic
vesicular
aphanitic
xenoliths

Argillite
Arkose
Aplite
Ash Tuff
Basaltic Komatiite
Block Tuff
Breccia
Carbonate
Carbonate-Fuchsite Schist
Conglomerate
Chert
Clinopyroxenite
Chlorite Schist
Cherty Tuff
Cumulate
Dacite
Diorite
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Dikes, Sills
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Flow
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Hornblende Gabbro
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Graphitic Shale
Graphitic Tuff
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Hyaloclastite
Iron Formation
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Lamprophyre
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Lapilli Tuff
Lobe and Microbreccia
Massive
Microdiorite
Mudstone
Monzonite
Norite
Peridotite
Porphyritic Granite
Pillows
Parallel Laminated
Peperite
Pyroxenite
Crystal Tuff
Pillow Breccia
Pyroclastic Rock
Quartz Diorite
Quartz Monzonite
Quartz Porphyry
Quartz Syenite
Quartzite
Rhyolite
Serpentinite
Sandstone-Siltstone
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Textural Description

       EXPLANATION OF ROCK CODES
 
This map uses codes that are to be read from left to right.
 
 
                                      3DAapAT
 
 
          The lithology code (3) identifies the main lithologic unit within a
          polygon or outcrop. Lithology codes correspond to units listed in
          LEGEND, above. The letters “C”, “G” or “D” preceding a lithology
          code refer to, respectively, information compiled from previously
          published sources, information interpreted from geophysical data, 
          and information derived from drill-hole logs.
  
          The primary rock type code (DA) identifies subdivisions of the
          main lithologic unit. Explanations of rock type codes are listed
          below under “Rock Type”.
 
          The texture code (ap) supplies additional information about the
          texture of the rock. Explanations of texture codes are listed below
          under “Textural Description”.
 
          The secondary rock type code (AT), where present, identifies a
          second, less abundant rock type within the polygon or outcrop.
          These codes are the same as those listed under “Rock Type”.
 
 
Using the legend and the explanations listed below, therefore, 3DAapAT
indicates a polygon or outcrop of intermediate metavolcanic rock,
composed primarily of aphyric dacite with subordinate ash tuff.
 
 
 
3DAapAT
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Area of bedrock
outcrop
 
Small bedrock
outcrop
 
Lithologic contact,
interpreted
 
Lithologic contact,
interpreted from
geophysics
 
Fault
 
 
Lineament,
interpreted from 
geophysics
 
Shear
 
 
Anticline
 
 
Syncline
 
 
Bedding;
unsubdivided
(trend only,
magnitude of dip
uncertain)
 
Bedding;
unsubdivided
(inclined, vertical)
 
Bedding; pillowed
flows, facing direction
unknown (trend only,
inclined)
 
Bedding; pillowed
flows, facing direction
known (magnitude of
dip uncertain)
 
Bedding; facing
direction from
grading (inclined,
magnitude of dip
uncertain,
overturned)
 
Bedding; facing
direction from
sedimentary
structures other than
grading and
cross-bedding
(overturned,
magnitude of dip
uncertain)
 
Flow banding
(inclined)

 
 
Igneous contact
(trend only,
inclined, vertical)
 
Foliation; unknown
generation (trend
only, magnitude of
dip uncertain)
 
Foliation; unknown
generation
(inclined, vertical)
 
Foliation; second
generation
(trend only, inclined,
vertical)
 
Foliation; third
generation (inclined)
 
Displacement
cleavage; unknown
horizontal
displacement
(vertical)
 
Joint (inclined)
 
 
Brittle-ductile fault;
unknown horizontal
displacement
(trend only, inclined)
 
Brittle-ductile fault;
dextral sense
of displacement
(inclined)
 
Brittle-ductile fault;
sinistral sense
of displacement
(inclined)
 
Shear (trend only)
 
 
Axial plane of kink
fold; trend only
(S-asymmetry,
Z-asymmetry)
 
Zone of contact
metamorphism
 
Roads, trails
 
 
Township boundary
 
 
Property, occurrence
(keyed to list)
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