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Abstract 

The Neoarchean Burntbush–Normétal volcanic belt straddles the Ontario–Quebec border and extends 
more than 50 km in a west-northwest to east-southeast direction, with a cross-strike width of generally 5 
to 10 km. It is bounded to the north by the Mistawak batholith and to the south by Porcupine assemblage 
metasedimentary rocks and the Lake Abitibi batholith. The Normétal (Quebec) portion of the belt has 
seen much previous exploration because of the presence of the past-producing Normétal polymetallic 
massive sulfide deposit, whereas the Burntbush (Ontario) portion of the belt is relatively unexplored, even 
though geologic mapping suggests that the Normétal host rocks continue into Ontario. The objectives of 
the present project, which was based on 3 months of field work in 2010 followed by various specialized 
studies, were to obtain new lithogeochemical and geochronological data across the belt, to produce a 
1:20 000 geological map of the Burntbush (Ontario) portion, and to do a detailed lithogeochemical study 
of the Normétal (Quebec) portion, where much historic drilling has been done and where recent mapping 
and structural studies have been completed (Lafrance 2003). 

The present project has generated a total of 500 high-quality whole-rock analyses, 11 U/Pb zircon 
ages and 11 neodymium–hafnium isotope analyses from along the length of the belt. As well, 25 sulfur 
isotope analyses from the Normétal area, a detailed structural analysis of the Burntbush area and 
petrographic examination of 50 samples were also completed. Through this project, 3000 historic 
geochemical analyses have been classified chemically, 2000 of which come from post-1990 drilling by 
exploration companies in the Normétal portion of the belt. 

The new geochronological results indicate that the main phase of felsic volcanism in the Burntbush–
Normétal volcanic belt ranged in age from 2725 to 2711 Ma, corresponding to the upper Deloro, 
Stoughton–Roquemaure and Kidd–Munro assemblages elsewhere in the Abitibi greenstone belt. 
Tholeiitic mafic volcanic rocks with an inferred age of 2725 Ma (based on interbedded felsic tuff) are 
present in the northern Normétal area. They are followed to the south by the main Normétal sequence of 
transitional to mildly calc-alkaline andesitic to felsic volcanism, with the felsic volcanism ranging in age 
from 2720 Ma (Burntbush area) to 2711 Ma (Normétal area). A tholeiitic rhyolite (age not determined) 
caps the Normétal sequence. It is followed to the south by a sedimentary horizon, then a package of tuffs 
that host the Normétal volcanogenic massive sulfide (VMS) deposit. Surprisingly, a felsic tuff from the 
altered footwall of the deposit yielded an age of 2725 Ma. This requires the presence of a major 
intervening fault, which is inferred to lie along the sedimentary horizon. The new age of 2725 Ma also 
indicates that the massive sulfides did not form in the final stage of felsic volcanism (i.e., at 2711 Ma), 
but in the earliest stage. 

The mine sequence is bounded on the south by the regional Normétal fault, which extends many 
kilometres to the west-northwest and east-southeast of the Normétal Mine. South of the Normétal fault, 
but to the west-northwest of the mine, lies the fault-bounded Beaupré block, which also has an age of 
2725 Ma. This block of mainly rhyolite is separated from andesite to its south by the Perron fault. The 
southern part of the Beaupré block and the andesite near the Perron fault are host to several zones of gold 
mineralization that have been drilled extensively in recent years. These 2 tectonic panels (the mine 
sequence and the Beaupré block) are slightly overturned to the south. The southern part of the Burntbush 
belt, several kilometres to the west of the Patten River pluton, also includes a package of dacitic tuffs, 
intermediate volcaniclastic rocks and iron formation that is in unconformable or tectonic contact with 
flanking rocks. An age of 2693 Ma for a volcaniclastic sample from this package suggests that a late 
phase of volcanism, similar in age to the Porcupine assemblage, occurred in this area. 
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The tectonic complexity in the vicinity of the Normétal fault has implications for VMS exploration 
in the Burntbush–Normétal volcanic belt, as massive sulfides and related hydrothermal alteration could be 
restricted to those tectonic panels having an age of 2725 Ma, and might not be expected to occur in the 
felsic rocks (2720 to 2711 Ma) to the north (assuming the main phase of sulfide deposition occurred at 
2725 Ma). The west-northwest-trending corridor of complex deformation defined by these 2 tectonic 
panels may, however, have potential for gold mineralization, as may the North Chicobi fault, which 
separates the entire Burntbush–Normétal volcanic belt from rocks of the Scapa metasedimentary group 
(<2696 Ma) of the Porcupine assemblage to the south. Structural analysis, in combination with new ages 
on greywackes, tuffs and plutons in the Burntbush area, indicates that D1 south-verging thrusting and D2 
folding were nearly coaxial and occurred between 2693 and 2688 Ma, whereas D3 dextral transpression 
occurred after 2680 Ma. 

Lithogeochemical data for all 3500 samples have been classified using a combination of major-
element chemistry and immobile-element ratios, which are not affected by most types of hydrothermal 
alteration. Sample groupings are based on both primary composition and magmatic affinity. In the 
Normétal area, where sampling is the most dense, a continuum of primary compositions is present, from 
basalt through andesite to rhyolite. Chemically, these units tend to merge from one into another, apart 
from a distinctive tholeiitic rhyolite that occurs mainly near the top of the Normétal sequence. Primary 
chemical rock types can be hard to recognize in the field due to facies changes and alteration overprints. 
However, when drill-hole data are plotted using immobile-element ratios, individual volcanic units with 
thicknesses in the order of 10 to 100 m can commonly be identified. The identification of such chemically 
distinct units provides an effective means of correlating volcanic units along strike. Alteration in the 
vicinity of the Normétal deposit includes both potassium-silicon (K-Si)-altered rocks and iron-
magnesium-potassium (Fe-Mg-K)-altered rocks. The latter rocks contain chlorite, chloritoid, carbonate 
and, locally, magnetite. This type of alteration is inferred to be more proximal to hydrothermal vents. 
Half of a sample set of 12 chemical sedimentary rocks displays positive europeum anomalies, which are 
interpreted to reflect a greater hydrothermal component. Massive sulfides from the Normétal and 
Normetmar deposits have Δ33S values indicating they contain mainly primary igneous sulfur, whereas 
distal sulfide deposits (such as the Great Plains showing, and sulfide veins and laminations in shale and 
tuff) contain larger components of seawater sulfate. Thus, sulfur-isotope ratios may be useful as a 
regional vector toward hydrothermal vents. 

Based on chemical and age similarities, the transitional to calc-alkaline felsic volcanic rocks of the 
Normétal area were likely derived from the Val-St-Gilles pluton (2716±3 Ma) and the Normétal pluton 
(2710±2 Ma), which partly flank the northern margin of the area. The Mistawak batholith, which lies 
further to the north, and the Patten River pluton, which splits the Burntbush–Normétal volcanic belt, have 
respective ages of approximately 2702 and 2688 Ma and are, therefore, too young to have been source 
magma chambers. Rare-earth-element (REE) and extended-element plots indicate that most volcanic 
rocks and intrusions, excluding the older tholeiitic mafic rocks, show enrichment in the light REE 
combined with negative niobium-tantalum anomalies, indicating a subduction influence throughout much 
of the history of the belt. Neodymium-hafnium isotope data are consistent with derivation of the magmas 
from generally primitive mantle sources. The data suggest there was a homogeneous isotopic source for 
the hafnium, but 2 sources for the neodymium. Two neodymium sources have also been reported for the 
volcanic rocks hosting the Matagami VMS deposits (circa 2724 Ma), as opposed to the single 
neodymium source for the host rocks of the Noranda VMS deposits (circa 2700 Ma). 
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Chapter One. Introduction 
by T.J. Barrett 

The purpose of this collaborative project between the Discover Abitibi Initiative and the Ontario 
Geological Survey was to improve the geological database and understanding of the Burntbush (Ontario) 
to Normétal (Quebec) portion of the Abitibi greenstone belt. The primary objectives were to define the 
ages and compositions of the major stratigraphic and intrusive units, to determine their structural setting, 
and to determine the relation of massive sulfide and local gold mineralization to these units. The main 
intended user group for this new information is the mineral exploration industry. 

The Normétal to Burntbush area is a classic example of a region within the Abitibi greenstone belt 
with high mineral potential for both base and precious metals. However, the regional geology is not well 
constrained due to the lack of recent detailed mapping in Ontario, and a general lack of consistency in 
geological interpretations and maps between Ontario and Quebec. The OGS portion of this present project 
included 1:20 000 scale bedrock mapping in Ontario. 

The Normétal deposits in Quebec consist of high-grade zinc-copper-silver-gold massive sulfide 
mineralization that ranks highly in economic significance in the Abitibi greenstone belt. This type of 
deposit is underexplored, particularly in the Ontario portion of the belt, due, in part, to limited available 
geological information. The potential for gold mineralization is also considered to be high, particularly at 
contacts between major stratigraphic packages of the metavolcanic and metasedimentary rocks, which are 
commonly fault bounded, similar to the geological setting at the Detour Lake Mine and Casa Berardi, and 
in the prolific Porcupine gold camp. Yet, only a minor amount of diamond drilling has targeted these 
interfaces in both Ontario and Quebec. This project, therefore, was aimed at obtaining new 
lithogeochemical, geochronological, radiogenic and stable isotopic data on the Archean supracrustal and 
intrusive rock units across the Burntbush (Ontario) to Normétal (Quebec) region. This information, 
together with the mapping on the Ontario side, was used to produce a 1:50 000 scale compilation map and 
database for the entire region. 
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Chapter Two. Geology 
by J.C. Ordóñez-Calderón, T.J. Barrett and J.A. Ayer 

REGIONAL GEOLOGY 

The Abitibi greenstone belt has a coherent stratigraphy that developed over a period of almost 100 million 
years (my) (Figure 2-1). Early development consisted of 7 distinct volcanic episodes from 2765 to 
2695 Ma, locally separated by submarine unconformities that are commonly marked by chemical 
sedimentation (Thurston et al. 2008). The volcanic episodes consist of tholeiites and komatiites, locally 
with coeval calc-alkaline intermediate to felsic volcanic rocks; the former derived by extension-related 
melting and successive plumes from mantle sources, and the latter either by melting of underplated mafic 
crust, or from subduction-related magmas. Autochthonous evolution is indicated by zircon xenocrysts 
with ages similar to those of underlying units in about 20% of the samples and by younger zircon ages for 
feeder dikes cutting the older units (Ayer et al. 2002). 

Volcanogenic massive sulfide (VMS) deposits in the Abitibi greenstone belt are typically spatially 
associated with high-silica (high-temperature) rhyolites, with much of the total tonnage occurring within 
the Deloro (2734 to 2724 Ma), Kidd–Munro (2719 to 2711 Ma) and Blake River (2704 to 2695 Ma) 
assemblages. The VMS deposits have yielded approximately 700 million tons of copper-zinc ore 
(Chartrand and Cattalani 1990). 

Komatiites are found in only 4 assemblages (Pacaud: 2760 to 2735 Ma; Stoughton–Roquemaure: 
2723 to 2720 Ma; Kidd–Munro: 2719 to 2711 Ma; and Tisdale: 2710 to 2704 Ma), but only the Kidd–
Munro and Tisdale assemblages host komatiite-associated nickel-copper-platinum group element (PGE) 
deposits. The chemistry of the younger 2 assemblages shows they were derived by shallower melting of 
the mantle plume sources than the older komatiites (Sproule et al. 2002). Magmatic deposits have yielded 
approximately 15 million tons of nickel-copper-PGE ore: approximately 50% from komatiites and 50% 
from mafic to ultramafic intrusions. 

The regional geology of the central and eastern Abitibi greenstone belt is shown in Figure 2-2; the 
location of the Burntbush–Normétal volcanic belt project area is shown in Figures 2-1 and 2-2. Smaller 
scale maps of the project area are shown in Figures 2-3 and 2-4. 

The following paragraph is taken, with some modifications, from Lafrance et al. (2000); references 
to figures in this report are indicated with the use of brackets “[…]”: 

Chown et al. (1992) divided the Abitibi greenstone belt into the northern and southern 
volcanic zones [see Figure 2-2] based on stratigraphic analysis (Dimroth et al. 1982), U/Pb age 
determinations (Mortensen 1993a, 1993b), stratigraphic and structural relationships (Daigneault 
and Archambault 1990), geochemistry (Ludden, Francis and Allard 1984; Picard and Piboule 
1986a, 1986b), and sedimentary basin analysis (Mueller and Donaldson 1992). The northern 
volcanic zone consists of i) volcanic cycle 1 (2730 to 2720 Ma), representing an extensive, 
subaqueous primitive basalt plain with dispersed mafic to felsic and felsic complexes, which 
collectively define a diffuse and incipient arc; and ii) volcanic cycle 2 (2720 to 2705 Ma), 
interpreted as a mature and dissected volcanic arc. Mueller et al. (1996) divided the Abitibi 
greenstone belt into 4 distinct periods or tectonic stages: 1) arc formation and construction (2730 
to 2698 Ma); 2) arc-arc collision (2696 to 2690 Ma); 3) arc fragmentation (2689 to 2670 Ma); and 
4) arc exhumation (2660 to 2640 Ma). The Normétal volcanic complex (circa 2728 Ma: 
Mortensen 1993b), representing the arc formation and construction period, is one of the least 
known mafic to felsic centres of volcanic cycle 1 of the northern volcanic zone [see Figure 2-2]. 
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Figure 2-1.  Main lithotectonic assemblages in the Abitibi greenstone belt, showing the location of the Burntbush–Normétal study area (black rectangle) (modified after Ayer et al. 
2010).  Abbreviations: DZ, deformation zone; PGE, platinum group elements; VMS, volcanogenic massive sulphide. 
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Figure 2-2.  General geology of the central to eastern portion of the Abitibi greenstone belt (700 by 300 km) and inferred volcanic caldera locations (modified from Mueller et al. 
2008).  Approximate area of present study is shown by black rectangle.  Major faults are shown by red dashed lines.  The Burntbush–Normétal volcanic belt lies north of the 
Chicobi fault zone.  New data from the present study indicate this belt has an age range of 2725 to 2711 Ma (see Chapter 3).  The Normétal VMS deposit (yellow star) is situated 
11 km east of the Ontario–Quebec border.  It lies within a belt of volcanic rocks that can be traced at least 60 km in a west-northwest to east-southeast direction.  Abbreviations: 
NVZ, Northern Volcanic Zone; SVZ, Southern Volcanic Zone. 



Geological Mapping and Compilation Project, Burntbush–Normétal Volcanic Belt Chapter 2 

Discover Abitibi Initiative p.6 

 
Figure 2-3.  Regional geology of the Burntbush–Normétal volcanic belt, as compiled from existing Ontario and Quebec 
geological survey maps, including the Lafrance (2003) map of the Normétal area.  Volcanic rocks are shown in shades of green 
and yellow, granitoid rocks in light and dark pink, and sedimentary rocks in light grey. 

 
Figure 2-4.  Regional geology of the Burntbush area (Ontario) and western Normétal area (Quebec), as compiled by Cogitore 
Resources Inc. in 2008 (from Cogitore Resources Inc., www.cogitore.com/normetal-west.htm). 

http://www.cogitore.com/normetal-west.htm
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Figure 2-5.  Geological map showing the 5 main units of the Burntbush volcanic belt along strike (from Ordóñez-Calderón 2010). 
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BURNTBUSH AREA 

The Burntbush area comprises an association of Neoarchean volcanic, sedimentary and intrusive rocks. 
Prior to the recent OGS work (Ordóñez-Calderón 2010, 2011), the area had not been mapped since 1978 
and its stratigraphic and structural environment was not well understood. The high economic potential of 
the area is implied by the occurrence of volcanogenic massive sulfide (VMS) mineralization immediately 
to the east, at the Normétal Mine in Quebec, and by shear zone-hosted gold mineralization on the Perron 
property, approximately 7 km west-northwest of the Normétal Mine. Shear zone-hosted gold deposits are 
currently being developed and mined in similar geological environments in the Casa Berardi area 
approximately 60 km to the northeast of the Burntbush area, and at the Detour Lake Mine approximately 
100 km to the north. The lack of recent field, geochemical and geochronological studies has previously 
made stratigraphic correlations with the Normétal volcanic complex tenuous and impeded comparison 
with the structural history of gold mineralization in the Detour Lake area. 

The Burntbush mapping project (Ordóñez-Calderón 2010, 2011) was provided by the OGS as “in-
kind” support to the Discover Abitibi Initiative in collaboration with Ore Systems Consulting, who 
conducted the lithogeochemical portion of the project as well as geoscience data collection in Quebec. 
The fundamental objectives of the projects were to resolve current gaps in the geological knowledge of 
the Burntbush area, and to facilitate geological correlation with the VMS-bearing Normétal volcanic 
complex, and other economically important mineralization in the region. Accordingly, detailed structural 
and stratigraphic mapping in the Burntbush area was conducted at a scale of 1:20 000, from June to 
August 2010, in the townships of Abbotsford, Adair, Scapa and Hepburn. 

Bedrock mapping was aimed at 1) understanding the stratigraphic characteristics of the Burntbush 
volcanic belt, 2) investigating siliciclastic rocks of the Scapa metasedimentary group of the Porcupine 
assemblage, 3) recognizing synvolcanic and postvolcanic intrusive rocks, 4) identifying hydrothermal 
alteration styles, 5) establishing the sequence of deformation events that affected the area and 
6) evaluating conceptual models of potential mineral systems in the context of the stratigraphic and 
structural environment of the Burntbush area. All locations for field observations in the Burntbush area 
are provided in Universal Transverse Mercator (UTM) co-ordinates using North American Datum 1983 
(NAD83) Zone 17. 

Five volcanic units were recognized in the Burntbush area based on petrographic characteristics and 
lithofacies (Figure 2-5). These units strike northwest and dip steeply to the northeast. Volcanic lithofacies 
vary considerably along strike. Rare pillow flows locally indicate overturned tops younging south, but, 
since only 2 outcrops show reliable younging indicators, the overall stratigraphic facing direction of the 
belt remains unknown. The contacts between volcanic units are rarely exposed; their original stratigraphic 
relationships are not clear due to strong deformation. These units have been named 1 to 5, and are 
described below, from north to south, respectively. 

Northern Mafic Volcanics Unit (unit 1) 

This unit is 1.0 to 1.5 km in cross-strike thickness and consists primarily of mafic to intermediate lava 
flows, mafic tuff, and lesser mafic lapilli-tuff, and felsic tuff. Mafic to intermediate lava flows are dark 
green, aphyric and massive. They locally contain 5 to 10% amygdules, 1 to 4 mm across, filled with 
quartz and rarely epidote. Some lava flows display weak traces of pillow-shaped cooling cracks without a 
glassy chilled margin, likely indicating the presence of welded pillows (cf. Dimroth et al. 1978). 

Mafic tuff beds are fine grained, massive or finely laminated. Laminations are planar parallel, lacking 
cross bedding or grading, which renders difficult the recognition of stratigraphic tops. Mafic tuffs are rarely 
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intercalated with mafic lapilli-tuff and felsic tuff beds. Lapilli-tuff beds are less than 1 m thick, monomictic 
to polymictic, and matrix supported (Figures 2-6A and 2-6B). Monomictic lapilli-tuff beds contain up to 
50% aphyric basalt lapilli and block fragments (3 to 10 cm), in a fine-grained mafic tuffaceous matrix. 
Polymictic lapilli-tuffs contain basalt (20 to 30%) and amygdaloidal rhyolite (5%) subrounded lapilli and 
block clasts (1 to 20 cm), in a fine-grained mafic tuffaceous matrix. Felsic tuff beds display thin planar-
parallel lamination and include fine-grained felsic tuff, and crystals of blue quartz-plagioclase (5%, <2 mm). 

Numerous mafic and felsic sills and dikes locally intruded unit 1 forming up to 50% of some 
outcrops. Felsic dikes and sills are light grey (fresh), white to pink (weathered), and strongly porphyritic. 
They include quartz-phyric (30%, 2 to 3 mm) and plagioclase-phyric (20%, <2 mm) rhyolite. The quartz-
phyric rhyolite locally forms peperite along the contact with the mafic tuff. Mafic dikes and sills are 
green, aphyric and fine grained. They show similar petrographic characteristics to those of mafic tuffs. 
These field characteristics suggest that the mafic to felsic dikes are synvolcanic. Mafic flows and 
volcaniclastic rocks commonly exhibit rounded patches of quartz-epidote alteration (see Figure 2-6B). 
In volcaniclastic rocks, the quartz-epidote alteration is preferentially located around lapilli- and block-size 
clasts (see Figure 2-6B). In mafic flows, the quartz-epidote alteration has pillow-like shape, likely 
indicating replacement of former pillows. Patchy garnet-rich (>20%) zones with abundant hornblende and 
actinolite and up to 2% pyrite are commonly present in mafic flows and volcaniclastic rocks (Figure 2-6F). 
The garnet-rich rocks likely represent either syn- or post-volcanic metamorphosed alteration zones. 

Burntbush Rhyolite (unit 2) 

The Burntbush rhyolite consists primarily of rhyolitic tuff, and minor rhyolite flows and intrusive 
rhyolite. Magnetite-rich iron formation is locally interbedded with rhyolitic tuff. This unit is up to 600 m 
wide and can be traced for approximately 21 km along strike. A felsic tuff previously sampled by the 
OGS yielded a U/Pb zircon age of 2724 Ma (OGS, unpublished data; see Chapter 4). 

Rhyolitic tuff beds include fine-grained tuff and crystal tuffs. Individual beds are 10 to 100 cm thick, 
and display planar-parallel lamination (Figures 2-6C and 2-6D). Crystal tuffs comprise quartz-poor 
(<5%), quartz-rich (20 to 30%), plagioclase-poor (<5%), plagioclase-rich (10 to 20%) and quartz-
plagioclase crystal tuffs. Quartz and plagioclase crystals are less than 3 mm in size; quartz is typically 
blue or light grey. Individual outcrops may be composed of beds dominated by a single type of tuff, but 
commonly they consist of centimetre- to metre-scale intercalations of petrographically different tuffs. In 
strongly deformed outcrops, a volcaniclastic origin is evident owing to these small-scale intercalations. 

A package of interbedded felsic tuff and magnetite-rich iron formation was observed in the central 
part of the area; close to the contact between units 2 and 3. This package is less than 50 m thick and 
approximately 1 km long. It comprises fine intercalations of 1 to 50 cm thick beds of magnetite-rich iron 
formation, tuffaceous chert and fine-grained rhyolitic tuff. 

The intrusive or extrusive origin of coherent rhyolites is difficult to establish due to strong 
deformation and small size of the outcrops. Coherent rhyolites have similar petrographic characteristics to 
those of rhyolitic tuff. Intrusive rhyolites locally have irregular, dark, magnetite-rich chilled margins. 

Moderate to strong sericite alteration is dominant in the Burntbush rhyolite and affects both coherent 
and volcaniclastic units. Pyrite is commonly present as trace amounts in rhyolitic tuffs, which result in a 
rusty appearance (see Figures 2-6C and 2-6D). Silica-rich alteration of volcaniclastic rocks is localized 
and not common. The enrichment of pyrite and sericite is interpreted to have formed during synvolcanic 
alteration. 
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Figure 2-6.  Field photographs of volcanic rocks in the Burntbush volcanic belt.  A, B) Polymictic matrix-supported lapilli-tuff.  
Lapilli clasts are flattened defining a bedding-parallel composite foliation (“S0–S1”).  Quartz-epidote (“qtz-ep”) alteration patches 
are preferentially associated with lapilli-rich beds (609699E 5438276N).  C, D) Typical finely laminated rhyolitic tuff of the 
Burntbush rhyolite.  Pyrite-bearing layers have a rusty appearance.  Felsic tuffs are commonly crosscut by D3 conjugate dextral 
and sinistral brittle faults and shear zones oriented clockwise and anticlockwise, respectively, of S0–S1 foliation (592431E 
5442087N).  E) Strongly flattened pillow flow with abundant vesicles (602168E N 5435422N).  Pillow tops toward the top of the 
photo.  F) Garnet (“gnt”)-rich amphibolite.  This rock type occurs as patchy localized zones (590576E 5439854N).  The tip of the 
pencil in all photographs points north. 
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Central Mafic Volcanic Unit (unit 3) 

The central mafic volcanic unit is dominated by mafic to intermediate lava flows and mafic volcaniclastic 
rocks with minor felsic tuff beds. Rare magnetite-rich tuffaceous exhalite beds, less than 30 cm thick, are 
intercalated with mafic tuff. 

Mafic to intermediate lava flows are primarily massive, dark green, commonly aphyric, and rarely 
sparsely plagioclase phyric with less than 5% plagioclase. Two outcrops display well-preserved mafic 
pillow lavas with tops indicating overturned stratigraphy younging southward (Figure 2-6E). Individual 
pillows are dark green, 20 to 100 cm long, less than 30 cm wide, aphyric or sparsely plagioclase phyric, 
and locally vesicular. Vesicles are 1 to 2 cm long, locally filled with quartz, and more abundant toward 
the pillow cores and tops (see Figure 2-6E). Glassy chilled margins, now amphibole rich, are less than 
2 cm thick. A few massive lava flows exhibit weakly developed pillows without glassy chilled margin, 
likely indicating the presence of welded pillows (cf. Dimroth et al. 1978). 

Fine-grained mafic tuff is rarely intercalated with felsic tuff and magnetite-rich graphitic tuff. 
Individual beds are massive or finely laminated. However, bedding is not easy to identify in zones of 
strong deformation. The magnetite-rich beds are finely laminated and likely represent tuffaceous exhalite. 
Felsic tuff and tuffaceous exhalite beds are less than 50 cm thick. 

In the central part of the area, mafic and intermediate flows change along strike into a felsic tuff 
package approximately 350 m thick (see Figure 2-5). Felsic tuffs are fine grained and locally display thin 
planar-parallel lamination. They have abundant patchy, stratabound, amphibole-garnet-pyrite-rich zones, 
30 to 100 cm thick, which may represent metamorphosed alteration zones (see Figure 2-6F). Quartz-epidote 
alteration is commonly present and display similar physical characteristics to that observed in unit 1. 

Felsic to Intermediate Volcaniclastic Unit (unit 4) 

This unit is approximately 400 m thick and consists primarily of felsic to intermediate tuff. Tuff beds are 
commonly intercalated with chert and magnetite-rich iron formation. Tuffs weather light brown, but fresh 
surfaces are light grey. They are fine grained and locally contain less than 2% blue quartz crystals 
(<1 mm). Tuff beds locally display planar-parallel lamination; however, they also occur as 2 m thick 
massive beds. Magnetite-rich iron formation beds are black to light grey, 1 to 20 cm thick and finely 
laminated. They commonly occur intercalated with tuff, and chert (Figure 2-7A). Chert beds are less than 
10 cm thick and light grey (fresh) to white (weathered). 

Garnet-amphibole–rich patchy zones, 20 to 50 cm thick, are commonly hosted by felsic to intermediate 
tuffs (Figure 2-7B). These zones are more abundant close to the iron formations. They contain 2 to 5% 
pyrite and up to 5% magnetite. Garnet porphyroblasts may reach 3 cm and comprise 5 to 20% of the rock. 
The garnet-amphibole–rich zones represent amphibolite-grade metamorphosed alteration zones. 

Southern Mafic Volcanic Unit (unit 5) 

The southernmost volcanic unit is not well exposed. The available outcrops are strongly deformed and 
recrystallized into fine-grained amphibolites. A few outcrops show relic primary volcanic textures, 
indicating that unit 5 comprises massive mafic lava flows and tuffs. Garnet-biotite schist, garnet-biotite-
amphibole schist and quartzitic gneiss commonly occur toward the contact with the Scapa 
metasedimentary group rocks; these lithologies contain 10 to 30%, 1 to 4 cm long, garnet porphyroblasts. 
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Figure 2-7.  Field photographs of volcanic rocks in the Burntbush volcanic belt (A, B), and greywacke in the Scapa metasedimentary 
group (C to F).  A) Intercalation of chert and magnetite-rich iron formation (596835E 5437014N).  B) Garnet (“gnt”)-rich zone 
hosted in intermediate tuff (597287E 5436850N).  C) Typical centimetre-scale intercalation of fine- to medium-grained 
greywacke (607553E 5427050N).  D) Intercalation of fine- to medium-grained greywacke with well-developed flame structure.  
Younging direction toward the top of the photograph (584213E 5429653N).  E, F) Turbiditic greywacke with normal grading 
indicating younging toward the south (arrow indicates younging direction) (594744E 5427237N).  The tip of the pencil in all 
photographs points north. 
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Scapa Metasedimentary Group, Porcupine Assemblage 
Siliciclastic metasedimentary rocks south of the Burntbush metavolcanic rocks are referred to as the 
“Scapa metasedimentary group” (Lumbers 1962, 1963; Johns 1982). These rocks strike nearly east to 
west and dip steeply to the south and north. The metasedimentary rocks consist of intercalations of fine- 
to medium-grained turbiditic greywacke and minor argillite (Figure 2-7C). Bouma sequences have been 
described by Johns (1978, 1982). The Scapa metasedimentary group is correlative with siliciclastic 
sedimentary rocks of the Chicobi Group that are found east of the study area and south of the Normétal 
volcanic complex (Lafrance et al. 2000). 

Greywackes are light brown to light green in weathered outcrops, and light grey in fresh surface 
(see Figure 2-7C). Their typical mineral assemblages include quartz, plagioclase, biotite and muscovite. 
Garnet (1 to 5%) and amphibole (<2%) are locally present. Greywackes are rarely intercalated with 
amphibole-garnet-magnetite–rich beds, less than 50 cm thick, and chert layers, 1 to 3 cm thick. These 
rocks likely represent altered siliciclastic rocks and chemical sediments. 

Sedimentary beds, 2 to 50 cm thick, are either massive or display planar-parallel laminations. 
Sedimentary structures indicating younging direction are rare. Two outcrops display well-preserved flame 
structures and normal grading, which indicate upright beds younging southward (Figures 2-7D, 2-7E and 
2-7F). However, given the small number of younging indicators, the overall stratigraphic facing direction 
remains unknown. 

Granitic Intrusions 
Major granitic intrusions include the Case batholith (Figure 2-8A), the Mistawak batholith and the Patten 
River pluton (Figure 2-8B) (see also Figure 2-5). These granitic intrusions are distinctively undeformed. 
However, the margins of the Pattern River pluton are moderately to strongly sheared (see Figure 2-8B). 
The petrographic characteristics of these granitic intrusions in the study area have been previously 
described by Lumbers (1962, 1963) and Johns (1978, 1982). 

The Mistawak batholith in Adair Township consists primarily of medium- to coarse-grained pink 
biotite monzogranite. It is composed of quartz (30%), plagioclase (30 to 35%), potassium feldspar (30 to 
35%), biotite (1 to 10%), epidote (<1%) and magnetite (<1%). Magnetic susceptibility values of 1.6 to 
4.35 ×10–3 SI indicate that this batholith is transitional between the intermediate-series (1 to 3 ×10–3 SI) 
and magnetite-series (>3 ×10–3 SI) granites of Ishihara (1977, 1979, 1990, 2004). 

The Patten River pluton is a medium- to coarse-grained biotite monzogranite composed of quartz 
(25 to 30%), plagioclase (30 to 40%), potassium feldspar (25 to 30%), biotite (0 to 15%), epidote (<1%) and 
magnetite (<1%). Quartz diorite, composed of hornblende (35%), plagioclase (40%), quartz (25%), garnet 
(5%) and magnetite (<1%), was observed at the margins of the pluton. The biotite monzogranite exhibits 
magnetic susceptibility values between 0.02 and 1.7 ×10–3 SI. These values overlap with those of the 
ilmenite-series (<1 ×10–3 SI) and intermediate-series granites (Ishihara 1977, 1979, 1990, 2004). The quartz 
diorite phase displays magnetic susceptibility values (4.6 ×10–3 SI) typical of the magnetite-series granites. 

The Case batholith has yielded U/Pb monazite ages of 2676±3 and 2660±3 Ma (Davis et al. 2000). 
This batholith comprises pink biotite monzogranite and white leucogranite (see Figure 2-8A). The biotite 
monzogranite is composed of quartz (30 to 35%), plagioclase (30%), potassium feldspar (25 to 30%), 
biotite (10 to 15%) and epidote (<1%). The leucogranite consists of plagioclase (63%), quartz (30%), 
muscovite (5%) and garnet (2%). The leucogranite phase has magnetic susceptibility values less than 
1.0 ×10–3 SI, which is typical of the ilmenite-series granites (Ishihara 1977, 1979, 1990, 2004). In 
contrast, the magnetic susceptibility values of the biotite monzogranite, 1.32 ×10–3 to 5.72 ×10–3 SI, 
overlap those of the intermediate-series and magnetite-series granites. 



Geological Mapping and Compilation Project, Burntbush–Normétal Volcanic Belt Chapter 2 

Discover Abitibi Initiative p.14 

 

Figure 2-8.  Field photographs of various intrusive rocks in the Burntbush area.  A) Undeformed leucogranite phase of Case 
batholith intruded by pegmatite dikes (584381E 5437827N).  B) Sheared marginal phase of Patten River pluton.  Foliation is 
defined by flattened quartz ribbons and is folded into small-scale Z-shape folds (white arrow) (605794E 5436084N).  
C) Pyroxene (“px”)-porphyritic gabbroic dike.  Note the strong development of a D3 shear fabric.  The occurrence of δ- and σ-
type pyroxene porphyroclasts (white arrow) suggests dextral shearing (602015E 5435354N).  D) Pillow flows intruded by 
plagioclase (“pl”)-porphyritic intermediate (“int.”) dike.  Regional S1 foliation is defined by long axis of flattened pillows.  A late 
D3 dextral shear zone is oriented clockwise to S1 foliation (602368E 5435485N).  E) Pyroxene (“px”)-porphyritic gabbro 
intruded by plagioclase (“pl”)-porphyritic intermediate (“int.”) dike.  Note strong development of a D3 shear fabric in both dikes.  
Plagioclase phenocrysts exhibit δ- and σ-type pressure shadows (black arrows) indicating dextral shearing (602015E 5435354N).  
F) Scapa metasedimentary group greywacke intruded by amphibole-bearing leucogabbro dike.  The dike has been affected by D3 
Z-shaped folding.  Quartz veins (white arrows) are near-parallel to axial plane of the Z-shaped fold (584331E 5429685N).  The 
tip of the pencil and compass point north in all photos. 
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The Case batholith is intruded by 4 to 30 cm thick pegmatites (see Figure 2-8A). They consist of 
potassium feldspar (60%), plagioclase (10%), quartz (20%) and muscovite (10%). Spodumene, 
columbite-tantalite and molybdenite have been reported in pegmatitic dikes that intruded the Case 
batholith, south of the study area (Lumbers 1962, 1963; Karvinen and Hunt 1976; Johns 1978, 1982). 
Pegmatitic dikes have magnetic susceptibility values similar to those in the leucogranite. 

Dikes and Sills 

Volcanic rocks of the Burntbush volcanic belt are intruded by numerous plagioclase-porphyritic 
intermediate and pyroxene-porphyritic gabbro dikes and sills (Figures 2-8C, 2-8D and 2-8E). These 
intrusive rocks have not been observed in the Scapa metasedimentary group rocks, which are intruded 
primarily by amphibole-bearing leucogabbro (Figure 2-8F) and magnetite-rich diabase. 

Pyroxene-porphyritic gabbros are dark green, medium to coarse grained, 50 cm to 150 m thick (see 
Figure 2-8C). Pyroxene crystals (20 to 40%; 0.5 to 2 cm) are commonly replaced by actinolite and 
hornblende. These gabbroic dikes have well-preserved relict igneous texture. However, they are 
transformed into foliated amphibolites in zones of strong deformation. 

Plagioclase-porphyritic intermediate composition dikes are light grey (fresh) to white (weathered), 
0.5 to 1.0 m thick, and intruded both the volcanic rocks and pyroxene-porphyritic gabbros (see Figures 2-8D 
and 2-8E). Plagioclase crystals (30 to 40%; 1 to 5 mm) occur in an aphanitic matrix that locally contains 
up to 2% biotite. 

Amphibole-bearing leucogabbro commonly occurs in thin dikes and sills, 1 to 30 cm thick, intruded 
along and across bedding planes (see Figure 2-8F). They are composed of amphibole (20 to 30%) and 
plagioclase (70 to 80%). 

Magnetite-rich diabase dikes are strongly magnetic, with magnetic susceptibility values up to 
61 ×10–3 SI. Although they were observed in the southern sedimentary unit, high-resolution geophysics 
clearly indicate that these dikes intruded into volcanic rocks on a regional scale. These diabase dikes, 
elsewhere in the Abitibi greenstone belt, have ages of 1230 and 2485 Ma and, accordingly, are 
Proterozoic in age (Farigh et al. 1965). 
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NORMÉTAL AREA 

Lafrance carried out mapping, lithogeochemical and structural studies in the Normétal area as part of his 
PhD thesis (Lafrance 2003; see also Lafrance et al. 2000). In the present project, we have focussed on 
obtaining new lithogeochemical data and U/Pb zircon ages from the various geological units recognized 
by Lafrance. Many of these units were previously sampled for lithogeochemistry by Valiquette et al. 
(1978), Valiquette, Mellenger and Gagnon (1980) and Bambic and Cattalani (1992). The latter authors 
also produced a map of the main chemostratigraphic units in a 5 km by 2 km area extending west from the 
Normétal Mine. The following text is taken, with minor modifications, from Lafrance et al. (2000); 
references to figures or tables in this report are indicated with the use of brackets “[…]”. 

The study area is divided into northern and southern Normétal blocks [Figure 2-9A]. 
The northern Normétal block is composed of i) basalt and iron formation of the Gale Group 
(Latulippe 1976); and ii) the Normétal volcanic complex. The southern Normétal block is 
composed of basalt, andesite, iron formation and gabbro (Péloquin 1994). The contact between 
the Normétal volcanic complex and the southern Normétal block is the Normétal fault zone, 
characterized by pure shear with local dextral reactivation [see Figure 2-9A]. Greenschist-facies 
metamorphism is prominent in the Normétal volcanic complex, whereas upper greenschist-
facies (biotite isograd) and amphibolite-facies metamorphism occurred near the Rousseau and 
Patten plutons. A metamorphosed hydrothermal assemblage of quartz + sericite + chlorite + 
carbonate + chloritoid + tourmaline is characteristic of the study area (Teasdale 1993; Péloquin 
1994). An ubiquitous semi-concordant carbonate + chloritoid alteration zone is consistent with a 
Mattabi-type VMS deposit (Morton and Franklin 1987). 

The 4 km thick Normétal volcanic complex is traceable for 35 km along strike [see Figures 
2-9A and 2-9B]. It has been divided into 5 volcanic phases plus the Normétal marker horizon 
based on stratigraphic relations and geochemistry [Table 2-1]. The basal mafic volcanic 
sequence (unit 1) is overlain by mafic and felsic volcanic, and volcaniclastic rocks (units 2 to 4), 
then a minor but significant volcaniclastic sedimentary unit. This latter unit, referred to as the 
Normétal sedimentary horizon (unit 5), represents the principal marker horizon in the Normétal 
volcanic complex. The uppermost sequence (unit 6) is composed of southward-younging mafic to 
felsic volcaniclastic rocks, minor massive volcanic rocks, and diorite intrusions (Lafrance et al. 
1998). Unit 6 is also referred to as the “Mine Sequence”. The volcaniclastic rocks of unit 6 host 
the former Normétal Mine (11 Mt grading 5.12% Zn, 2.15% Cu, 0.55 g/t Au and 45.25 g/t Ag; 
Teasdale 1993) and the satellite Normetmar deposit (0.16 Mt at 12.6% Zn). 

Field photographs of the main volcanic units in the Normétal area are shown in Figures 2-10 to 2-17 
and Figures 2-20 to 2-26. Emphasis is placed on the various chemically defined rock types (Chapter 5), 
the new U/Pb zircon ages (Chapter 4), and mineralization in the tectonically complex southern portion of 
the Normétal volcanic sequence, which hosts the Normétal massive sulfide deposit and the Amex gold 
prospect. Maps of the Normétal area and the mine, as it appeared in 1948 (Brown 1948), are provided in 
Figures 2-18 and 2-19, respectively. 
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Figure 2-9.  A) General geology of the Normétal volcanic complex (from Lafrance 2003). 
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Figure 2-9.  B) Schematic geology of the Normétal volcanic complex (from Lafrance 2003).  New ages obtained in the present study indicate that rhyolite in the Normétal mine 
sequence (unit 6) is notably older (2725 Ma) than rhyolites from unit 2 (2712 to 2711 Ma). 
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Table 2-1.  Volcanic phases of the Normétal volcanic complex (modified from Mueller et al. 2008).  Note that phase V (5), which produced the volcanic rocks of the 
mine sequence, is also referred to as stratigraphic unit 6, with the sedimentary marker horizon referred to as unit 5 (Lafrance 2003; see also Figures 2-9A and 2-9B). 

 
Abbreviations: Qfp, quartz feldspar phyric; qtz, quartz. 
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Figure 2-10.  A) NOR-016.  Mini-pillows of tholeiitic basalt in the Gale Group, which is assigned to the lower member of the 
Normétal volcanic complex by Lafrance et al. (2000). 

 

Figure 2-10.  B) NOR-109.  Folded nose of recrystallized iron formation within basalts of the Gale Group.  The iron formation 
layers are amphibole rich or quartz rich (2% sulphides overall).  The metamorphic overprint is due to the nearby Rousseau 
pluton. 
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Figure 2-11.  A) NOR-109.  Recrystallized iron formation (in the Gale Group).  The iron formation layers are amphibole rich or 
quartz rich.  Crossed polars.  Width of view = 6 mm. 

 

Figure 2-11.  B) NOR-109.  Detail of amphibole-rich layer.  The whole-rock analysis indicates that the amphibole is actinolite 
(very low aluminum).  Plane light.  Width of view = 3 mm. 
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Figure 2-12.  A) NOR-108.  Tholeiitic basalt volcaniclastic sediments 30 m northwest of NOR-015 (see Figure 2-12B).  Bedding 
strikes 324°.  In thin section, rock is mainly amphibole with minor quartz. 

 

Figure 2-12.  B) NOR-015.  Rhyolitic tuff interval (1 to 2 m thick) within tholeiitic mafic volcanic rocks of the Gale Group.  
An age of 2725.4±2.3 Ma was obtained for this rhyolite (chemical subtype 6b) in the present study.  Note irregular contact with 
basalt at top of outcrop. 
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Figure 2-13.  A) SOQUEM Inc. drill hole 1356-07-09, 368.7–373.2 m.  Quartz feldspar-porphyritic rhyolite breccia (chemical 
subtype 6c).  An age of 2710.6±0.8 Ma was obtained for this rhyolite (365.4–375.4 m) in the present study.  This rhyolite would 
lie within unit 2.2 of the middle member of Normétal volcanic complex according to Lafrance et al. (2000). 

 

Figure 2-13.  B) SOQUEM Inc. drill hole 1356-07-09, 369.0 m (geochronology sample).  Phenocrysts of quartz and feldspar 
(partly altered to sericite and carbonate) in fine-grained quartzofeldspathic matrix.  Phenocrysts can reach 5 mm.  Crossed polars.  
Field of view = 12 mm. 
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Figure 2-14.  A) NOR-041.  Massive, autobrecciated rhyolite (chemical subtype 6a) (616604E 5433345N).  This rhyolite 
subtype is characterized by high zirconium contents (300–400 ppm Zr) and a transitional affinity.  NOR-041 is sodic 
(Na2O = 5.47%; K2O = 0.42%). 

 

Figure 2-14.  B) NOR-049.  Fissile, sericitized rhyolite, probably a fine tuff (chemical subtype 6a) (618812E 5430223N).  This 
sample belongs to the same unit as, from northwest to southeast, NOR-041, NOR-042, NOR-049 and NOR-064.  The last sample 
is 600 m north of the Normétal Mine.  Rhyolite chemical type 7 occurs to south of rhyolite chemical subtype 6c. 
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Figure 2-15.  NOR-047 and NOR-048.  Along hydro line about 500 m north-northwest of Normetmar VMS lens.  Massive, 
perlitic, aphanitic rhyolite (NOR-047) flanked by foliated sericitized rhyolite tuff (NOR-048).  Both rhyolite samples are 
chemical subtype 7a, which is characterized by low zirconium contents (90 to 140 ppm Zr) and a tholeiitic affinity.  The age of 
this unit has not as yet been determined (see Chapter 6 “Summary of Geological Relations”). 
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Figure 2-16.  A) NOR-047. Detail of massive perlitic rhyolite (chemical subtype 7a) outcrop shown in Figure 2-15.  Flow 
banding and autobreccia are also present in this outcrop. 

 

Figure 2-16.  B) NOR-097.  Fissile, sericitized, aphanitic rhyolite (chemical subtype 7a) (619268E 5429134N).  This sample, 
together with NOR-011, NOR-047 and NOR-048 to the northwest, and NOR-079 to the southeast, form a southeast-striking 
chemical unit that lies immediately north to the Normétal “sedimentary” horizon. 
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Figure 2-17.  A) Geochronology sample 10GC-001 of strongly foliated rhyolite tuff(?) (617217E 5430242N; approximately 1.5 km 
west-northwest of Normetmar VMS lens).  An age of 2712.1±0.8 Ma was obtained for this rhyolite (chemical subtype 6c). 

 

Figure 2-17.  B) NOR-004.  Fissile, sericitized, rhyolite tuff(?) (617026E 5430311N) approximately 200 m west-northwest of 
geochronology sample 10GC-001 (see Figure 2-17A).  Both samples (NOR-004 and 10GC-001) are chemical subtype 6c. 
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Figure 2-18.  A) General geology in the vicinity of the Normétal Mine (modified from Brown 1948).  Note that the scale is in 
thousands of feet. 

 

Figure 2-18.  B) General plan of the 2300 foot level, Normétal Mine (from Brown 1948). 
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Figure 2-19.  Vertical section through the western part of the Normétal Mine (from Brown 1948).  View is to west, with the 
stratigraphic footwall on the north side of the orebody.  A new age of 2724.6±0.8 Ma for an altered rhyolite tuff from the 
immediate footwall (see Figures 4-12 and 5-29) was obtained in the present study. 
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Figure 2-20.  A) Normetmar Mine horizon, view to northwest, with old collapsed workings in distance behind the wire fence.  
In the foreground are red-brown volcaniclastic sediments and pale grey felsic tuff.  B) NOR-002.  Red-brown andesitic 
volcaniclastic sediments (618785E 5429062N).  Same lithological unit as shown in Figure 2-20A, but closer to the old workings.  
Rock has low alkali and CO2 contents, so alteration is mainly chlorite + FeOx. 
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Figure 2-21.  A) NOR-003.  Slightly bedded and sheared rhyolite tuff (chemical subtype 6a) (618785E 5429059N; 3 m south of 
NOR-002 (see Figure 2-20B)).  The chemistry of this tuff unit exactly matches that of the Normétal Mine footwall 1 km to the 
east-southeast, for which an age of 2724.6±0.8 Ma was determined in the present study (sample 10GC-005; see Figure 4-13; see 
also Figure 2-24B). 

 

Figure 2-21.  B) Lobe of massive rhyolite within felsic volcaniclastic sediments several metres from NOR-003 outcrop shown in 
Figure 2-21A. 
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Figure 2-22.  A) Normétal Mine drill hole GN-07-21, 220.8 m.  Calc-alkaline dacite tuff in stratigraphic hanging wall of the 
Normétal VMS deposit (on south side of the deposit).  The dacite unit becomes more altered toward the deposit.  Collar location: 
619591E 5428629N, azimuth = 048; dip = 72.5°. 

 

Figure 2-22.  B) Normétal Mine drill hole GN-07-21, 263.3 m.  Exhalative interval (a few tens of centimetres thick) consisting of 
quartz, carbonate and magnetite.  Sample contains 0.5% Al2O3 and shows a distinct positive europium anomaly, but has no 
enrichments in metals apart from iron. 
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Figure 2-23.  A) Normétal Mine drill hole GN-07-21, 354.0 m.  Diabase intrusion of transitional affinity.  The intrusion, which is 
chemically unaltered, has a thickness of approximately 90 m as determined by drilling.  In mine documents, it is referred to as 
quartz diorite, but, compositionally, it is basaltic. 

 

Figure 2-23.  B) Normétal Mine drill hole GN-07-21, 442.1 m.  Strongly carbonate-altered rhyolite tuff (chemical subtype 6b) in 
stratigraphic hanging wall of the Normétal deposit.  Sample shows no metal enrichments apart from iron.  Addition of carbonate 
and iron has diluted the Al2O3 content of the tuff from approximately 11% to 6.8%. 
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Figure 2-24.  A) Normétal Mine drill hole GN-07-21, 459–467 m (increasing depth to the right).  The 461.9–468.3 m interval 
consists of semi-massive to massive pyrite (approximately 60% on average). 

 

Figure 2-24.  B) Normétal Mine drill hole GN-07-21, 509.0 m.  Strongly altered rhyolite tuff (chemical subtype 6a) in the 
stratigraphic footwall of the Normétal deposit.  Alteration consists of chloritoid + carbonate + pyrite stringers (the 513.0–517.5 m 
interval contains an average of 2.9% Zn).  A new age of 2724.6±0.8 Ma for this rhyolite (497.5–505.9 m: sample 10GC-005) was 
obtained in the present study; thus establishing the age of the Normétal deposit. 
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Figure 2-25.  A) Perron property drill hole PE2009-12, 91.9–96.3 m.  Massive rhyolite.  This drill hole lies within the Beaupré 
block of Lafrance et al. (2000), 7 km west-northwest of Normétal, and south of the regional “mine horizon”.  Lithology samples 
at 94.6–95.0 m, and another at 239.3–239.7 m, indicate the rhyolite is chemical subtype 7b (tholeiitic, very low titanium) and 
sodic.  Collar of hole: 612800E 5431126N; azimuth = 180°; dip = -50°. 

 

Figure 2-25.  B) Perron property drill hole PE2009-12, 340.5–340.8 m.  Tuff + exhalite.  This sample is from south of the contact 
(at 265 m) between Beaupré rhyolite to the north and andesites of the southern Normétal block to the south.  Lithological analysis 
indicates an andesitic component + carbonate + pyrrhotite, and a positive europium anomaly. 
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Figure 2-26.  A) Perron property drill hole PE2009-08, 148.5–149.0 m.  Lithological analysis: rhyolite chemical subtype 6a with 0.4% 
total S and 1.0 ppm Au (no arsenic).  Rhyolite is sodic.  Location of hole collar: 613150E 5431200N; azimuth = 180°; dip = -50°. 

 

Figure 2-26.  B) Location of geochronology sample 10GC-003, from Beaupré rhyolite on Amex Exploration’s Perron property.  
Sample has an age of 2725.4±0.9 Ma.  A lithological sample (613167E 5431040N) from this outcrop (NOR-133) indicates 
rhyolite is chemical subtype 6a, with 0.4% total S and 0.04 ppm Au.  The outcrop lies approximately 60 m south of the drill core 
sample shown in Figure 2-26A.  A 150 m thick unit of rhyolite chemical subtype 7b starts 50 m to south of this outcrop, and 
continues south to the contact with andesites at the Perron fault. 
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Chapter Three. Structure 
by J.C. Ordóñez-Calderón 

Supracrustal rocks in the Burntbush area underwent a complex, multi-stage history of ductile deformation 
in the upper greenschist- to lower amphibolite-facies metamorphic conditions. Three different deformation 
events, D1 through D3, are recognized based on overprinting relationships (Table 3-1; Figure 3-1) 
(Ordóñez-Calderón 2010). 

The earliest deformation event (D1) identified in the area is indicated by a well-developed bedding 
(S0)-parallel foliation (S1), which is prevalent in volcanic rocks of the Burntbush volcanic belt, and 
turbiditic sedimentary rocks to the south of the belt (Figures 3-2A and 2-5; see Table 3-1). The close 
parallelism between bedding (S0) and S1 foliation resulted in a composite S0–S1 foliation, the dominant 
fabric in volcanic and sedimentary rocks throughout the area. The trend of S0–S1 foliation is northwest to 
near-west (see Figure 3-1). The S1 foliation is defined by flattening of pillow flows, lapilli- and block-size 
clasts, and quartz crystals (see Figure 3-2A). Locally, the orientation of stretched quartz crystals and 
lapilli-size clasts defines a steeply plunging stretching lineation (L1) along S1 foliation. 

Table 3-1.  Main deformation events and their characteristics in the Burntbush area. 

Deformation Event Structure Characteristics Age 
D3  
Dextral Transpression 

F3 Moderately to steeply plunging Z-shaped folds; amplitude of 
centimetres to metres 

 
<2680 Ma 

 S3 East-northeast- to near west-trending, subvertical, oriented 
anticlockwise of the prevalent S0–S1 foliation; axial planar to  
Z-shaped F3 folds 

 

 L3 1) Moderately to steeply plunging mineral stretching lineation 
parallel to Z-shaped F3 fold axes; defined by stretched biotite, 
garnet, quartz and quartz fibers around δ- and σ-type garnet 
porphyroclasts 

2) Subhorizontal ridge-in-groove lineation along C-planes of 
dextral shear zones 

 

 Dextral shear zone Steeply dipping, centimetres to hundreds of metres high-strain 
zones; parallel to the lithological contacts and the S0–S1 
foliation.  Subvertical C′-type shear bands, S–C mylonitic 
fabrics, and asymmetric pressure shadows in porphyroclasts are 
well developed. 

 

 Conjugate faults and shear 
zones 

Rare, millimetre to centimetre thick, faults and shear zones with 
dextral and sinistral shear sense of movement, oriented 
clockwise and anticlockwise, respectively, of the prevalent  
S0–S1 foliation. 

 

D2  
Isoclinal Folding 

F2 Tight, isoclinal, shallow-plunging folds; amplitude of centimetres 
to metres.  Axial plane oriented subparallel to slightly 
clockwise or anticlockwise of the composite S0–S1 foliation.   
F2 folds were observed only at outcrop scale. 

 
<2693 to >2688 Ma 

 S2 Rare, weakly developed, axial planar to F2 folds  
D1 S1 Northwest- to near west-trending, well-developed, bedding (S0)-

parallel foliation; defined by flattening of quartz crystals and 
lapilli-size fragments in volcaniclastic rocks.  Parallelism with 
S0 resulted in a prevalent S0–S1 composite foliation 

 
<2693 to >2688 Ma 

 L1 Rare, steeply plunging stretching lineation along S1; defined by 
stretched lapilli-size fragments, and preferred orientation of 
amphibole 

 

 South-vergent thrust faults Interpreted from repetitions of old-over-young volcanic 
stratigraphy in the Burntbush area (see text). Strongly 
overprinted by D3 dextral deformation. 
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The Mistawak and Case granite batholiths and the Patten River granite pluton are not overprinted by 
S1 foliation. In addition, the S1 foliation is crosscut by plagioclase-porphyritic intermediate dikes, 
pyroxene-porphyritic gabbro, and amphibole-bearing leucogabbro dikes and sills (Figures 3-2B and 3-2C). 
The Case batholith displays marginal leucogranite dikes that intrude into turbiditic sedimentary rocks 
south of the Burntbush volcanic rocks. These dikes crosscut the regional bedding-parallel S1 foliation. 
As a corollary, felsic and mafic dikes that crosscut the S0–S1 foliation are postvolcanic intrusions. 

A second deformation event (D2) has been interpreted based on the local occurrence of rare centimetre- 
to metre-scale, tight, isoclinal, shallow-plunging F2 folds (Figure 3-2D; see Table 3-1). Bedding and S1 
foliation in volcanic and sedimentary rocks are folded around F2 folds. The axial plane of F2 folds is 
oriented subparallel to slightly clockwise or anticlockwise to S0-S1 foliation. The D2 event did not produce a 
regional penetrative foliation. However, F2 folds locally exhibit a very weak axial planar S2 foliation. The 
D2 deformation-related structures have not been observed in the postvolcanic felsic to mafic dikes. 

 

Figure 3-1.  Equal-area, lower hemisphere projections of structural measurements from the Burntbush area.  Number of measurements 
(N) and maximum density point maxima are given above each projection.  Contours are in 2 multiples of uniform distribution. 
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Figure 3-2.  Field photographs of volcanic and sedimentary rocks in the Burntbush area.  A) Polymictic matrix–supported lapilli-
tuff (609699E 5438276N).  Lapilli-size clasts are flattened defining a bedding-parallel composite foliation (S0-S1).  B) Pillow 
flows intruded by plagioclase (“pl”)-porphyritic dike (sample JCO-106-AG01: 2685.2±1.2 Ma, this study) (602368E 5435485N).  
The regional S1 foliation is defined by the long axis of flattened pillows.  A late D3 dextral shear zone is oriented clockwise of S1 
foliation.  C) Turbiditic sedimentary rocks south of the Burntbush volcanic rocks (584331E 5429685N).  An amphibole-bearing 
leucogabbro dike crosscuts S0-S1 foliation.  The dike has been affected by F3 Z-folding.  Quartz veins (white arrows) are near-
parallel to the axial plane of the Z-shaped fold.  D) Bedding-parallel foliation (S0-S1) in rhyolitic tuff folded by F2 axial plane 
(“a.p.”) (592431E 5442087N).  E) Strongly sheared rhyolitic tuff (597857E 5436587N).  The D3 deformation S–C–C′ fabrics are 
well developed and consistently indicate dextral shearing.  Inset indicates the orientation of the different structural elements.  
F) Volcaniclastic rocks younger than 2693 Ma (sample JCO-043-AG03: 2693.0±0.8 Ma, this study).  The Z-shaped F3 folds are 
well developed.  The S3 axial planar foliation is not well developed (595905E 5437985N).  The tip of the mechanical pencil and 
compass in all photographs points north. 
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A third deformation event (D3) is characterized by strong ductile dextral shearing, which is well 
recorded in volcanic and siliciclastic sedimentary rocks (see Table 3-1). However, these rock types 
deformed differently. In volcanic rocks, D3 deformation was accommodated by dextral shearing and 
asymmetric Z-shaped F3 folding (Figures 3-2E and 3-2F). The D3 dextral shear zones, a few centimetres 
to approximately 200 m wide, are parallel to lithological contacts and the prevalent S0–S1 composite 
foliation. These shear zones are defined by well-developed subvertical C′-type shear bands, S-C mylonitic 
fabrics, δ- and σ-type clasts, asymmetric pressure shadows in crystals, and Z-shaped F3 folds (Figures 3-2E, 
3-2F, 3-3A, 3-4A and 3-4B) (cf. Hanmer and Passchier 1991; Passchier and Trouw 2005; Trouw, Passchier 
and Wiersma 2010). Collectively, these structures consistently indicate a dextral sense of movement. In 
contrast, the turbiditic sedimentary rocks accommodated D3 deformation mainly by localized Z-shaped F3 
folding (Figure 3-3B); D3 shear zones are rare, less than 20 cm thick, oriented parallel to S0–S1 foliation, and 
preferentially developed toward the north, close to the contact with the volcanic rocks. 

The Z-shaped F3 folds, both in volcanic and sedimentary rocks, are centimetre to metre scale. 
However, in the volcanic rocks, kilometre-scale variation in the strike of S0–S1 foliation, as well as the 
data from a high-resolution aeromagnetic survey, clearly indicate that the belt has been folded into a 
regional-scale asymmetric Z-shaped F3 fold. Small-scale F3 fold axes plunge 30 to 88° east-southeast and 
their axial planes are subvertical and oriented anticlockwise to S0–S1 foliation (see Figure 3-1). The F3 
folds commonly develop an axial planar foliation (S3). The S3 foliation is more commonly developed in 
tuffaceous rocks and greywackes than in volcanic rocks (see Figures 3-2F and 3-3B). It forms a 
subvertical-spaced cleavage, oriented anticlockwise to S0–S1 foliation, and is defined by biotite and 
muscovite flakes, and flattened quartz crystals. In volcanic rocks, S3 foliation is subparallel to the shear 
foliation (S-fabric) in D3 dextral shear zones (see Figure 3-1). The shear foliation is commonly defined by 
reorientation of the older S0–S1 foliation. The F3 folds and their axial planar foliation overprint outcrop-
scale F2 folds; the axial planes of F2 folds are folded into F3 folds and are transected by S3 foliation 
(Figures 3-3C, 3-3D, 3-4C and 3-4E). 

Two distinct L3 lineations have been recognized (see Figure 3-1; Figures 3-3E and 3-3F). The first is 
a mineral stretching lineation (L3) along S3 foliation that plunges 30 to 88° east-southeast and is 
subparallel to F3 fold axes (see Figure 3-3E). It is defined by stretched quartz, garnet and quartz-filled 
vesicles. This lineation is strongly developed in quartz veins. Stretched lapilli-size fragments are also 
oriented parallel to F3 fold axes. In places, L1 lineation was reoriented parallel to F3 axes during D3 dextral 
deformation. Accordingly, the moderately to steeply plunging L3 stretching lineation may locally be a 
composite L3–L1 lineation. However, postvolcanic dikes that crosscut the regional S0–S1 foliation also 
exhibit moderately to steeply plunging lineation that subparallels F3 fold axes, which indicate that the 
overall stretching lineation was formed during D3 deformation. The second type of L3 lineation, a 
subhorizontal ridge-in-groove type, was observed along shear planes in D3 dextral shear zones (see 
Figure 3-3F). The subhorizontal L3 lineation is rarely evident, because most outcrop surfaces are flat and 
shear planes are rarely well exposed. 

Proterozoic diabase dikes are not affected by D3 deformation. In contrast, postvolcanic intermediate 
to mafic dikes and sills are overprinted by D3 dextral shear zones and Z-shaped F3 folds (see Figure 3-2C). 
Plagioclase and pyroxene crystals have been rotated and recrystallized into δ- and σ-type winged 
porphyroclasts with a consistent dextral sense of movement (see Figure 3-3A). Dextral C′-type shear 
bands and S-C mylonitic fabrics are also common (Figure 3-4F). Shear planes (C-planes) are normally 
localized along and parallel to the contact between sills and their host rocks. The northwestern margin of 
the Patten River pluton locally displays Z-shaped F3 folding of foliation defined by flattening and 
preferred orientation of recrystallized quartz crystals. However, the interior of the pluton is virtually 
undeformed. Similarly, the Mistawak and Case batholiths are undeformed in their innermost parts, and 
their contacts with supracrustal rocks are weakly deformed. Leucocratic granite dikes marginal to the 
Case batholith, intrude turbiditic sediments, crosscut regional S1 foliation, and are overprinted by well-
developed S3 foliation. 
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Figure 3-3.  Field photographs of volcanic and sedimentary rocks in the Burntbush area.  A) Mafic tuff overprinted by D3 
shearing (592459E 5442034N).  Note the development of quartz-filled, σ-type pressure shadows around garnet porphyroclasts.  
The porphyroclasts indicate dextral shearing.  B) Greywacke in turbiditic sedimentary rocks (584331E 5429685N) south of the 
Burntbush volcanic rocks with an age younger than 2693 Ma (sample JCO-117-AG01: 2685.2±1.2 Ma, this study).  These 
siliciclastic sediments display Z-shaped F3 folds with well-developed S3 axial planar foliation.  This foliation crosscuts regional 
S0-S1 foliation.  C, D) Intercalation of chert and garnet-rich sedimentary rocks in the turbiditic sedimentary group south of the 
Burntbush volcanic belt (584148E 5429567N).  The S0-S1 foliation has been folded by F2 folds (“a.p.” = axial plane).  The Z-
shaped F3 folds clearly refold the F2 folds. The S3 foliation is axial planar to F3 folding and clearly transect the axial plane of F2 
folds.  E) Steeply plunging stretching lineation (609699E 5438276N).  The lineation is subparallel to F3 fold axes.  F) Exposed 
C-type shear plane with well-developed subhorizontal L3 ridge-in-groove lineation (602015E 5435354N).  The tip of the 
mechanical and magnetic pencil in all photographs points north. 
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Figure 3-4.  Photomicrographs of deformation features in volcanic and sedimentary rocks of the Burntbush area.   
A, B) Graphite-bearing volcanogenic sedimentary rock strongly overprinted by D3 deformation.  Asymmetric Z-shaped F3 folds 
and well-developed D3 deformation S–C–C′ fabrics consistently indicate dextral shearing.  Inset indicates the orientation of the 
different structural elements.  C) Thin section illustrating small-scale F2 fold overprinted by D3 deformation.  Insets represent 
photomicrographs Figures 3-4D and 3-4E to illustrate the geometric relationships of D1 to D3 structures in the nose and limbs of 
the F2 fold, respectively.  D, E) S1 foliation parallel to relict bedding (S0) in the limbs of the F2 fold.  S1 foliation is defined by the 
preferred orientation of biotite.  There is no evident S2 axial planar foliation.  The S3 foliation is defined by finer grained biotite 
crystals than those oriented parallel to S1.  The S3 foliation is oriented anticlockwise to S0-S1 foliation and clearly transects the 
axial plane of the F2 fold (shown in Figure 3-4C).  F) Dynamically recrystallized plagioclase (“Pl”) crystals in a plagioclase-
porphyritic dike.  The dike exhibits well-developed S–C–C′ mylonitic fabric consistent with strong overprinting by D3 dextral 
shearing.  All thin sections are oriented perpendicular to S3 foliation and parallel to the direction of tectonic transport.  Cross-
polarized light for Figures 3-4A, 3-4D and 3-4F; plane polarized light for Figures 3-4B and 3-4E. 
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In the Burntbush area, D3 dextral shearing was localized mainly along bedding planes and major 
lithological contacts. The Chicobi and Normétal shear zones (see Figures 2-5 and 2-9), mapped in the 
Normétal area, are interpreted as thrust faults (e.g., Lacroix and Sawyer 1995; Lafrance et al. 2000). 
In the Burntbush area, these shear zones underwent strong overprinting by late D3 dextral shearing, 
rendering difficult the identification of kinematic indicators associated with an early thrust fault history. 
The significance of these structural boundaries is discussed in following section. 

Although D3 shearing was localized mainly along and parallel to lithological contacts and the S0–S1 
foliation, dextral and sinistral brittle faults and shear zones, less than 5 cm wide and oriented clockwise 
and anticlockwise, respectively, to S0–S1 foliation, are also common (see Figure 3-1). These shear zones, 
which are oblique to S0–S1 foliation, occur either individually or as conjugate pairs. The oblique dextral 
shear zones are subparallel to D3 dextral C′-type shear bands (see Figure 3-1). These geometric features 
suggest that the conjugate brittle faults and shear zones formed during D3 deformation. However, the 
brittle behaviour of the oblique faults indicates that they formed when the volcanic rocks were relatively 
cool. Therefore, these structures may have formed during late D3 deformation. 

Quartz veins, 10 to 50 cm thick, occur both in volcanic and sedimentary rocks, but they are more 
abundant within shear zones. Quartz veins oriented parallel to S0–S1 foliation are either tightly Z folded, 
or boudinaged, back rotated and linked by dextral shear bands. Veins oriented clockwise to S0–S1 
foliation are Z folded, whereas those oriented anticlockwise to S0–S1 foliation are primarily boudinaged. 
However, the anticlockwise-oriented veins are commonly S folded. The antithetic asymmetry of these 
veins likely reflects localized sinistral slip, which is compatible with the antithetic sinistral shear zones 
that are oriented anticlockwise to S0–S1 foliation (see Figure 3-1). The above structural characteristics 
suggest that the quartz veins formed during D3 deformation. 
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Chapter Four. Geochronology 
by M.A. Hamilton and J.A. Ayer 

INTRODUCTION 
This chapter presents U/Pb geochronological results for the Neoarchean Burntbush–Normétal volcanic 
belt, in the northern Ontario–Quebec border region. Eleven samples were collected from the area by Juan 
Carlos Ordóñez-Calderón, Catriona Imray, and others, under the direction of Tim Barrett and John Ayer. 
Samples collected for geochronological study included intermediate and felsic extrusive flows, breccias 
and tuffaceous rocks, plutonic rocks of monzogranite composition, a greywacke and a porphyritic 
andesite dike. The new ages were determined, in part, to aid in the production of a 1:20 000 map and 
structural interpretation of the Burntbush (Ontario) area (Ordóñez-Calderón 2010), as well as to help 
understand the nature and timing of mineralization in the Normétal area (Quebec), the latter hosting the 
past-producing Normétal VMS deposit, as well as the satellite Normetmar deposit. 

Zircon was recovered from all samples and analyzed by isotope dilution thermal ionization mass 
spectrometry (ID-TIMS) using a chemical abrasion (CA) pre-treatment (Mattinson 2005). A sample list 
with a summary of age results is provided in Table 4-1. Results for individual ID-TIMS analyses are 
given in Table 4-2. 

Photomicrographs of selected zircons from all samples are shown in Figures 4-1A to 4-1K. The U/Pb 
results are plotted in the form of Concordia diagrams in Figures 4-2 to 4-12. 

Table 4-1.  Summary of new U/Pb (zircon ID-TIMS) geochronological results for rocks from the Burntbush–Normétal area. 

Sample Number Report Location (NAD83, Zone 17) Lithology Interpreted Age Inheritance Age 
 Number* Easting (m) Northing (m)  (Ma) (Ma) 

JCO-009-AG01 1 589296 5443551 Rhyolitic tuff 2719.8 ± 0.8  
JCO-117-AG01 2 584331 5429685 Greywacke <2696 ± 3 2696–2793 
JCO-083-AG01 3 611161 5437884 Monzogranite circa 2688 2693–2710 
10GC-001 4 617217 5430242 Felsic tuff 2712.1 ± 0.8  
JCO-043-AG03 5 595905 5437985 Intermediate tuff 2693.0 ± 0.8 2695, 2697 
JCO-098-AG01 6 605766 5445056 Biotite monzogranite 2702.3 ± 4.5  
JCO-106-AG01 7 602015 5435354 Plagioclase-phyric dike 2685.2 ± 1.2 2703 
10GC-002 8 626954 5426696 Rhyolite breccia 2710.6 ± 0.8  
10GC-003 9 613150 5431200 Foliated rhyolite 2725.4 ± 0.9  
10GC-004a 10 615663 5440510 Felsic tuff 2725.4 ± 2.3  
10GC-005 11 619591 5428629 Rhyolitic tuff 2724.6 ± 0.8  

* Number used in report text, on Figure 4-13 and in Tables 4-2 and 4-3. 
Abbreviation: ID–TIMS, isotope dilution thermal ionization mass spectrometry. 
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Figure 4-1.  A to F) Zircon separates from new geochronology samples.  Sample numbers and scale bars are given in the 
individual photographs, and sample details in Tables 4-1 and 4-2. 
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Figure 4-1, continued.  G to K) Zircon separates from new geochronology samples.  Sample numbers and scale bars are given in 
the individual photographs, and sample details in Tables 4-1 and 4-2. 
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All work was done at the Jack Satterly Geochronology Laboratory at the University of Toronto. 
Rocks were crushed using a jaw crusher followed by a disk mill. Initial separation of heavy minerals was 
carried out by multiple passes on a Wilfley® table to concentrate zircon. Subsequent work included 
density separation using methylene iodide, followed by paramagnetic separations with a Frantz 
isodynamic separator. In some cases, pyrite was removed by flotation. Every effort was made to avoid the 
possibility of contamination from the laboratory. Samples were washed before crushing and all equipment 
was meticulously cleaned before use. Final sample selection was by hand picking under a microscope, 
choosing the freshest, least cracked grains of zircon. 

The method of chemical abrasion (Mattinson 2005) was used to improve concordance of zircon 
analyzed by ID-TIMS. For normal chemical abrasion processing, selected zircon fractions were annealed 
in a quartz crucible at 1000°C for a period of 2 days. These crystals were then leached in a 1:1 mixture of 
concentrated hydrofluoric acid (HF) and 6N hydrochloric acid (HCl) (or 7N nitric acid (HNO3)) at 200°C 
in Teflon® bombs (Krogh 1973) for approximately 6 to 8 hours. The annealing partially removes radiation 
damage from the zircon, rendering it more chemically inert and slowing its rate of dissolution in HF. 
Altered crystal domains, which contain disturbed lead (Pb) and are responsible for discordance, generally 
dissolve faster than annealed unaltered zircon and are usually completely removed after a few hours of 
leaching. Relatively undamaged crystals are attacked only slightly by the leaching process, sometimes 
showing surface etching and white colouration along cracks. 

Weights of zircon grains were estimated from photomicrographs. Estimated weights should be 
accurate to approximately ±30%. This affects only uranium and lead concentrations, not age information, 
which depends only on isotope ratio measurements. Mineral grains were washed prior to dissolution. 
A 205Pb–235U spike was added to the dissolution capsules during sample loading. Zircon was dissolved 
using concentrated hydrofluoric acid in Teflon® bombs at 200°C (Krogh 1973) and subsequently 
redissolved in 3N HCl to promote equilibration with the spike. Uranium and lead were separated from the 
solutions using 50 μL anion exchange columns (Krogh 1973). Mixed purified uranium and lead solutions 
were loaded directly onto rhenium (Re) filaments using silica gel and analyzed with a VG354 mass 
spectrometer in single (Daly) collector, pulse-counting mode. Dead time of the measuring system during 
this time was 20 ns. The mass discrimination correction for the Daly detector was constant at 0.07% per 
atomic mass unit (AMU). Daly characteristics were monitored using the SRM982 lead (Pb) standard. 
Thermal mass discrimination corrections are 0.10±0.03% per AMU. 

RESULTS AND AGE INTERPRETATIONS 

Ages are summarized in Table 4-1; results of individual ID-TIMS isotopic analyses are provided in 
Table 4-2. Tabulated ID-TIMS errors are given at the 2 sigma (2σ) level of uncertainty. Data are plotted 
on Concordia diagrams with 2σ error ellipses (see Figures 4-2 to 4-12). Age errors in the text are given at 
2σ or 95% confidence levels. Regressions were carried out using the Isoplot program of Ludwig (2003). 
Probabilities of fit (p.o.f.) would be expected to be 50% on average for random data with correctly chosen 
analytical errors. The locations of each sample are provided in Table 4-2 as UTM co-ordinates using 
NAD83, Zone 17. 
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Table 4-2.  U/Pb zircon ID–TIMS data for rocks from the Burntbush–Normétal area. 

Sample/  
Fraction 

Weight 
(µg) 

U 
(ppm) 

Th/U Pbtot 
(pg) 

Pbcom 
(pg) 

206Pb/204Pb 
measured 

207Pb/235U 2σ 206Pb/238U 2σ 207Pb/206Pb 2σ 206Pb/238U 
Age (Ma) 

2σ 207Pb/235U 
Age (Ma) 

2σ 207Pb/206Pb 
Age (Ma) 

2σ % 
Disc 

Error 
Corr. 

JCO-009-AG01:  Rhyolitic, quartz-bearing tuff (589296E 5443551N) (Sample 1 in report; see Figure 4-2) 
Z1 (1) 4.5 366 0.47 217.9 2.4 5245 13.55708 0.03181 0.524490 0.000958 0.187468 0.000178 2718.2 4.1 2719.3 2.2 2720.1 1.6 0.1 0.927 
Z2 (2) 2.9 162 0.47 96.2 0.3 17317 13.55174 0.03164 0.524464 0.001005 0.187404 0.000147 2718.1 4.3 2718.9 2.2 2719.5 1.3 0.1 0.950 
Z3 (2) 4.7 394 0.48 234.5 0.6 22051 13.54656 0.03029 0.524118 0.000952 0.187455 0.000153 2716.6 4.0 2718.5 2.1 2720.0 1.3 0.2 0.940 

JCO-117-AG01:  Greywacke (584331E 5429685N) (Sample 2 in report; see Figure 4-3) 
Z1 (1) 0.2 41 1.08 27.6 0.6 2450 14.00038 0.05177 0.530310 0.001692 0.191474 0.000257 2742.8 7.1 2749.7 3.5 2754.9 2.2 0.5 0.935 
Z2 (1) 0.7 102 0.25 59.4 0.7 5007 14.54070 0.03747 0.538125 0.001153 0.195975 0.000196 2775.6 4.8 2785.7 2.4 2793.0 1.6 0.8 0.926 
Z3 (1) 0.3 64 0.49 37.2 1.2 1788 13.11353 0.04467 0.514869 0.001284 0.184723 0.000320 2677.4 5.5 2687.9 3.2 2695.7 2.9 0.8 0.873 
Z4 (1) 0.2 61 0.32 34.5 0.4 5649 13.29011 0.04028 0.520534 0.001373 0.185173 0.000187 2701.4 5.8 2700.5 2.9 2699.8 1.7 -0.1 0.946 
Z5 (1) 0.3 87 0.77 27.4 0.4 3535 13.42662 0.04625 0.522289 0.001603 0.186447 0.000231 2708.9 6.8 2710.1 3.3 2711.1 2.0 0.1 0.934 
Z6 (1) 0.6 47 0.76 29.5 0.3 5259 13.65967 0.04632 0.526486 0.001665 0.188171 0.000245 2726.6 7.0 2726.4 3.2 2726.2 2.1 0.0 0.923 

JCO-083-AGO1:  Coarse, biotite monzogranite (Patten River pluton) (611161E 5437884N) (Sample 3 in report; see Figure 4-4)) 
Z1 (1) 10.6 471 0.21 516.9 0.4 73764 13.02623 0.02881 0.513893 0.000914 0.183842 0.000141 2673.2 3.9 2681.6 2.1 2687.8 1.3 0.7 0.949 
Z2 (2) 9.0 435 0.25 241.5 0.5 29656 13.10389 0.02908 0.515455 0.000921 0.184377 0.000145 2679.9 3.9 2687.2 2.1 2692.6 1.3 0.6 0.946 
Z3 (3) 4.6 387 0.33 219.3 0.6 22034 13.16486 0.02953 0.516252 0.000933 0.184949 0.000144 2683.3 4.0 2691.5 2.1 2697.8 1.3 0.7 0.949 
Z4 (1) 1.5 113 0.26 63.2 0.4 10469 13.16617 0.03241 0.516536 0.001059 0.184866 0.000151 2684.5 4.5 2691.6 2.3 2697.0 1.3 0.6 0.951 
Z5 (1) 1.7 141 0.39 80.6 0.5 8541 13.12823 0.03131 0.515718 0.001007 0.184626 0.000160 2681.0 4.3 2688.9 2.3 2694.9 1.4 0.6 0.939 
Z6 (1) 3.2 144 0.44 83.9 0.7 6480 13.35510 0.03264 0.519774 0.001036 0.186351 0.000169 2698.2 4.4 2705.1 2.3 2710.2 1.5 0.5 0.937 
Z7 (1) 1.0 73 0.47 42.4 0.3 7706 13.20821 0.03534 0.516805 0.001185 0.185360 0.000163 2685.6 5.0 2694.6 2.5 2701.4 1.4 0.7 0.949 

10GC-001:  Felsic (rhyolitic) tuff, ~1.5 km WNW of Normetmar deposit (617217E 5430242N) (Sample 4 in report; see Figure 4-5) 
Z1 (3) 1.2 285 0.63 174.3 1.9 5122 13.42790 0.03900 0.521918 0.001319 0.186597 0.000195 2707.3 5.6 2710.2 2.7 2712.4 1.7 0.2 0.936 
Z2 (3) 3.2 765 0.64 467.9 0.7 35059 13.41067 0.02980 0.521597 0.000946 0.186472 0.000155 2706.0 4.0 2709.0 2.1 2711.3 1.4 0.2 0.935 
Z3 (3) 2.1 311 0.68 191.8 0.7 14029 13.43275 0.03145 0.522056 0.001002 0.186615 0.000150 2707.9 4.2 2710.6 2.2 2712.6 1.3 0.2 0.948 

JCO-043-AG03:  Intermediate tuff, ~8.5 km W of Joe Lake (595905E 5437985N) (Sample 5 in report; see Figure 4-6) 
Z1 (1) 0.8 77 0.68 46.8 1.9 1356 13.20550 0.05082 0.518589 0.001354 0.184684 0.000401 2693.2 5.7 2694.5 3.6 2695.4 3.6 0.1 0.841 
Z2 (3) 1.3 101 0.77 62.8 0.7 4855 13.18858 0.03439 0.517294 0.001108 0.184910 0.000183 2687.7 4.7 2693.2 2.5 2697.4 1.6 0.4 0.932 
Z3 (3) 1.5 153 0.77 95.7 0.5 9523 13.17942 0.03166 0.518262 0.001023 0.184436 0.000154 2691.8 4.3 2692.6 2.3 2693.2 1.4 0.1 0.946 
Z4 (1) 1.2 171 0.78 106.5 0.4 13197 13.10498 0.03088 0.515523 0.000997 0.184369 0.000148 2680.2 4.2 2687.2 2.2 2692.6 1.3 0.6 0.949 
Z5 (1) 0.3 42 0.75 26.2 0.4 3578 13.20071 0.04639 0.518887 0.001634 0.184511 0.000227 2694.5 6.9 2694.1 3.3 2693.8 2.0 0.0 0.938 
Z6 (1) 
 

0.4 49 0.65 29.4 0.2 7655 13.14128 0.04308 0.516824 0.001569 0.184414 0.000201 2685.7 6.7 2689.8 3.1 2693.0 1.8 0.3 0.943 
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Sample/  
Fraction 

Weight 
(µg) 

U 
(ppm) 

Th/U Pbtot 
(pg) 

Pbcom 
(pg) 

206Pb/204Pb 
measured 

207Pb/235U 2σ 206Pb/238U 2σ 207Pb/206Pb 2σ 206Pb/238U 
Age (Ma) 

2σ 207Pb/235U 
Age (Ma) 

2σ 207Pb/206Pb 
Age (Ma) 

2σ % 
Disc 

Error 
Corr. 

JCO-098-AG01:  Biotite monzogranite, Mistawak batholith, ~6 km N of Joe Lake (605766E 5445056N) (Sample 6 in report; see Figure 4-7) 
Z1a (1) 3.3 304 0.28 170.8 0.8 12922 13.16307 0.03162 0.517401 0.001030 0.184514 0.000153 2688.1 4.4 2691.4 2.3 2693.9 1.4 0.3 0.946 
Z3 (2) 5.0 320 0.22 176.0 0.3 31703 12.97979 0.03050 0.513072 0.001006 0.183480 0.000150 2669.7 4.3 2678.2 2.2 2684.6 1.4 0.7 0.944 
Z4 (1) 3.4 247 0.27 137.7 0.6 14323 13.09000 0.02974 0.515533 0.000945 0.184154 0.000147 2680.2 4.0 2686.2 2.1 2690.6 1.3 0.5 0.946 
Z5 (1) 4.1 117 0.50 69.3 0.6 7065 13.32171 0.03375 0.520817 0.001098 0.185513 0.000163 2702.6 4.7 2702.7 2.4 2702.8 1.5 0.0 0.944 
Z6a (1) 2.5 260 0.35 147.2 0.9 9875 13.06459 0.03118 0.515093 0.001019 0.183954 0.000162 2678.3 4.3 2684.3 2.3 2688.8 1.5 0.5 0.936 

JCO-106-AG01:  Plagioclase-phyric felsic dike, ~3.5 km SW of Joe Lake (602015E 5435354N) (Sample 7 in report; see Figure 4-8) 
Z1 (1) 4.2 303 0.26 165.1 0.7 14550 12.81283 0.02915 0.504688 0.000930 0.184128 0.000149 2633.9 4.0 2666.0 2.1 2690.4 1.3 2.6 0.944 
Z2a (1) 3.2 526 0.36 299.1 0.6 31369 13.02701 0.02898 0.514784 0.000923 0.183535 0.000143 2677.0 3.9 2681.6 2.1 2685.1 1.3 0.4 0.947 
Z3 (1) 1.6 478 0.36 272.4 0.7 22147 13.16558 0.02953 0.515856 0.000936 0.185102 0.000147 2681.6 4.0 2691.6 2.1 2699.1 1.3 0.8 0.945 
Z4 (1) 0.9 68 0.23 37.6 4.1 570 13.08946 0.08894 0.516684 0.001456 0.183737 0.000902 2685.1 6.2 2686.1 6.4 2686.9 8.1 0.1 0.784 
Z5 (1) 1.1 62 0.33 34.5 1.8 1130 12.91192 0.05437 0.509508 0.001326 0.183797 0.000468 2654.5 5.7 2673.2 4.0 2687.4 4.2 1.5 0.822 
Z6 (1) 1.7 108 0.41 61.9 1.4 2567 13.06078 0.06051 0.515836 0.001468 0.183635 0.000576 2681.5 6.2 2684.1 4.4 2686.0 5.2 0.2 0.748 

10GC-002:  Rhyolite breccia, Normétal North Block, southern portion (626954E 5426696N) (Sample 8 in report; see Figure 4-9) 
Z1 (1) 2.2 282 0.49 167.9 0.3 31573 13.44862 0.03142 0.523444 0.001028 0.186340 0.000160 2713.8 4.3 2711.7 2.2 2710.1 1.4 -0.2 0.935 
Z2 (1) 1.4 160 0.53 95.9 0.2 29089 13.44466 0.03205 0.523224 0.001059 0.186364 0.000161 2712.8 4.5 2711.4 2.3 2710.3 1.4 -0.1 0.936 
Z3 (1) 2.6 296 0.52 177.4 0.6 17855 13.45072 0.03043 0.523197 0.000965 0.186457 0.000153 2712.7 4.1 2711.8 2.1 2711.2 1.4 -0.1 0.940 

10GC-003:  Foliated rhyolite, Beaupré Block, southern portion (613150E 5431200N) (Sample 9 in report; see Figure 4-10) 
Z1 (1) 1.0 66 0.78 41.7 0.3 8147 13.62474 0.03808 0.525665 0.001274 0.187983 0.000158 2723.2 5.4 2724.0 2.6 2724.6 1.4 0.1 0.958 
Z2 (1) 1.9 159 0.72 99.3 0.3 17143 13.56051 0.03164 0.523441 0.001002 0.187891 0.000148 2713.8 4.2 2719.5 2.2 2723.8 1.3 0.5 0.950 
Z3 (1) 2.1 204 0.66 126.0 0.5 13813 13.63016 0.03226 0.525570 0.001029 0.188092 0.000160 2722.8 4.3 2724.4 2.2 2725.5 1.4 0.1 0.940 

10GC-004a:  Felsic (rhyolitic) tuff, Normétal North Block, northern portion (615663E 5440510N) (Sample 10 in report; see Figure 4-11) 
Z1 (1) 1.2 146 0.52 87.2 0.5 9025 13.49211 0.03240 0.521453 0.001029 0.187656 0.000159 2705.3 4.4 2714.7 2.3 2721.7 1.4 0.7 0.944 
Z2 (1) 0.6 65 0.52 38.9 0.2 9422 13.61088 0.03769 0.525124 0.001267 0.187985 0.000158 2720.9 5.4 2723.0 2.6 2724.6 1.4 0.2 0.957 
Z3 (1) 0.9 121 0.36 69.7 1.3 3018 13.51173 0.03699 0.522165 0.001114 0.187673 0.000233 2708.4 4.7 2716.1 2.6 2721.9 2.0 0.6 0.899 

10GC-005:  Rhyolitic tuff, Normétal Mine (619591E 5428629N) (Sample 11 in report; see Figure 4-4) 
Z1 (1) 1.2 107 0.71 66.8 0.4 9873 13.57522 0.03605 0.523640 0.001201 0.188024 0.000162 2714.6 5.1 2720.5 2.5 2725.0 1.4 0.5 0.950 
Z2 (1) 0.9 75 0.87 48.0 0.4 6998 13.49904 0.04231 0.521060 0.001489 0.187894 0.000197 2703.7 6.3 2715.2 3.0 2723.8 1.7 0.9 0.943 
Z3 (1) 0.7 87 0.73 54.8 0.3 9996 13.58822 0.03569 0.524121 0.001188 0.188031 0.000166 2716.6 5.0 2721.4 2.5 2725.0 1.5 0.4 0.945 
Z4 (1) 
 

0.6 37 0.64 22.6 0.3 3713 13.63282 0.05340 0.526065 0.001881 0.187951 0.000205 2724.9 7.9 2724.5 3.7 2724.3 1.8 0.0 0.962 
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Sample/  
Fraction 

Weight 
(µg) 

U 
(ppm) 

Th/U Pbtot 
(pg) 

Pbcom 
(pg) 

206Pb/204Pb 
measured 

207Pb/235U 2σ 206Pb/238U 2σ 207Pb/206Pb 2σ 206Pb/238U 
Age (Ma) 

2σ 207Pb/235U 
Age (Ma) 

2σ 207Pb/206Pb 
Age (Ma) 

2σ % 
Disc 

Error 
Corr. 

08JAA-021:  Felsic lapilli tuff, 2 km SW of Joe Lake (603574E 5436167N) 
Z1 (1) 0.5 96 0.52 28.7 0.3 5142 13.53823 0.04450 0.523668 0.001566 0.187501 0.000210 2714.7 6.6 2718.0 3.1 2720.4 1.8 0.3 0.941 
Z2 (1) 0.5 99 0.51 29.5 0.3 5758 13.55020 0.04392 0.524097 0.001559 0.187514 0.000211 2716.5 6.6 2718.8 3.1 2720.5 1.8 0.2 0.938 
Z3 (1) 0.4 74 0.53 22.2 0.4 3307 13.56467 0.05251 0.524825 0.001846 0.187454 0.000236 2719.6 7.8 2719.8 3.7 2719.9 2.1 0.0 0.946 

08JAA-023:  Quartz-phyric rhyolite, ~3.5 km SW of Joe Lake (602117E 434891N) 
Z1 (1) 2.0 144 0.64 397.6 0.3 77930 13.62725 0.03757 0.526095 0.001281 0.187864 0.000151 2725.0 5.4 2724.2 2.6 2723.5 1.3 -0.1 0.959 
Z2 (1) 1.5 196 0.59 119.4 0.4 15296 13.60376 0.03135 0.525068 0.000986 0.187907 0.000150 2720.6 4.2 2722.5 2.2 2723.9 1.3 0.1 0.947 
Z3 (1) 1.0 94 0.63 57.9 0.3 12050 13.62161 0.03425 0.525727 0.001119 0.187918 0.000154 2723.4 4.7 2723.8 2.4 2724.0 1.4 0.0 0.951 

06JAA-052:  Felsic tuff, 151-154 m interval, Falconbridge–Eastmain DDH ABB-09-01 (594860E 5437920N) 
Z-A (1) 4 215 0.53 129.4 1.2 24170 13.53138 0.03626 0.523003 0.001130 0.187645 0.000184 2711.9 4.8 2717.5 2.5 2721.6 1.6 0.4 0.941 
Z-B (1) 5 74 0.50 42.7 1.1 10870 12.98586 0.02727 0.509423 0.000672 0.184880 0.000192 2654.2 2.9 2678.6 2.0 2697.1 1.7 1.9 0.913 
Z-C (1) 6 154 0.53 90.8 2.0 14930 13.13012 0.05462 0.513366 0.001982 0.185498 0.000189 2671.0 8.4 2689.1 3.9 2702.7 1.7 1.4 0.971 
Z-D (1) 4 243 0.58 147.7 2.9 11020 13.53097 0.02896 0.522993 0.000732 0.187643 0.000203 2711.9 3.1 2717.5 2.0 2721.6 1.8 0.4 0.898 
Z-E (1) 4 165 0.57 99.6 1.9 11300 13.40938 0.03004 0.519618 0.000811 0.187164 0.000198 2697.6 3.5 2708.9 2.1 2717.4 1.7 0.9 0.909 
 
Notes: 
Analyzed by isotope dilution thermal ionization mass spectrometry (ID–TIMS). 
Z# (n) is zircon fraction number, with number of analyzed grains in fraction (in brackets). All zircons were chemically abraded, except those of 06JAA-052, which were air abraded (UBC). 
Pbtot is total amount of Pb excluding blank. 
Pbcom is common Pb assuming the isotopic composition of laboratory blank: 206/204 - 18.221; 207/204 - 15.612; 208/204 -  39.360 (2σ errors of 2%). 
206/204 corrected for fractionation and common Pb in the spike; Pb/U values also corrected for blank where applicable. 
Th/U calculated from radiogenic 208Pb/206Pb value and 207Pb/206Pb age assuming concordance. 
% Disc is percent discordance for the given 207Pb/206Pb age.  Error Corr. is correlation coefficients of X-Y errors on the Concordia plot. 
Analytical methods for 06JAA-052 (analyzed at University of British Columbia by Richard Friedman) followed those outlined by Scoates and Friedman (2008). 
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Sample 1:  JCO-009-AG01 
Rhyolitic, quartz-bearing tuff, Abbottsford Lake area (Figure 4-2) 

This sample was collected from a long, north-northwest-trending felsic unit approximately 200 to 500 m 
wide, which can be traced for over 20 km along strike from the Ontario–Quebec border. This unit was 
sampled to test for correlations with other volcanic units for which ages were previously determined, as 
well as for along- and across-strike variations in eruptive ages between various volcanic packages. Precise 
geochronological results for this unit were desired in order to assess the extent to which the volcanic 
stratigraphy has been imbricated and transposed by early isoclinal folding and late dextral shearing. This 
relatively thick and continuous felsic unit may also have the potential to host VMS deposits. 

This sample yielded a moderate amount of good quality euhedral, flat, colourless to pale yellow 
zircon, up to 300 µm in length, as well as broken equivalents (see Figure 4-1A). Three fractions of zircon, 
comprising between 1 and 2 grains each, are all concordant and overlapping. Model 207Pb/206Pb ages 
range very narrowly between 2719.5 and 2720.1 Ma (see Table 4-2). A weighted mean 207Pb/206Pb age for 
all 3 fractions yields a precise age of 2719.8±0.8 Ma (probability of fit = 83%; see Figure 4-2). The 
uniformity of all Pb/Pb ages strongly suggests that the age for the rock represents a rigorous age for 
contemporaneous felsic volcanism responsible for this tuff. 

 

Figure 4-2.  Concordia plot for sample JCO-009-AG01, Burntbush area (also referred to as geochronology sample 1 in report). 
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Sample 2:  JCO-117-AG01 
Greywacke, western Burntbush map area (Figure 4-3) 

Approximately 35 km west of Normétal, sample JCO-117-AG01 was collected from a sedimentary unit 
composed mostly of turbidites in the southwestern part of the Burntbush area. Abundant zircon was 
recovered from this greywacke (see Figure 4-1B). An assortment of diverse zircon morphologies was 
selected from this sample, biased slightly toward sharply facetted and least pitted (from sedimentary 
abrasion) grains so as to constrain the younger populations and thereby establish a maximum age for 
sedimentation. Single detrital zircon ID-TIMS ages have been determined for 6 individual grains, with 
discordance ranging between 0.0 to 0.8% (see Table 4-2). These zircons have model 207Pb/206Pb ages at 
2793.0±1.6 Ma, 2754.9±2.2 Ma, 2726.2±2.1 Ma, 2711.1±2.0 Ma, 2699.8±1.7 Ma and 2695.7±2.9 Ma 
(2σ errors; see Table 4-2; see Figure 4-3). The youngest analyzed grain constrains the age of deposition 
of these turbidites to be younger than circa 2696±3 Ma. 

 

Figure 4-3.  Concordia plot for sample JCO-117-AG01, Burntbush area (also referred to as geochronology sample 2 in report). 
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Sample 3:  JCO-083-AG01 
Biotite monzogranite, Patten River pluton (Figure 4-4) 

Sample JCO-083-AG01 is a coarse-grained biotite monzogranite from the Patten River pluton, collected 
in Quebec. This sample yielded abundant, good quality, large and small, clear and colourless zircons, 
although inclusions and cracks are relatively common (see Figure 4-1C). Despite a thorough chemical 
abrasion pre-treatment, the analyses for 7 separate fractions of zircon (comprising between 1 and 3 grains 
each; 5 are single grains) show a spread of 207Pb/206Pb ages, ranging from 2688 to 2710 Ma, while also 
lying below, and parallel to, Concordia (0.5 to 0.7% discordant; see Table 4-2; see Figure 4-4). The lack 
of concordant analyses and the smear of the data preclude an easy interpretation of the data. At present, 
the youngest age, 2687.8±1.3 Ma (Z1), probably represents the best age estimate for the emplacement of 
the monzogranite. The oldest fraction (Z6), at 2710.2±1.5 Ma, has a distinctly higher 207Pb/206Pb value 
than the others, and may reflect minor inheritance, though this is not proven. A small cluster of fractions 
have 207Pb/206Pb ages near 2698 Ma, and it is conceivable that this approximates the true age of the 
granitoid. However, the persistent small amount of Pb-loss preserved in these grains renders an accurate 
age estimate difficult. Accepting that some of the zircons reflect (in part or whole) xenocrystic grains, 
then the possibility exists that all grains could be affected by a finite amount of inheritance, in which case 
the granite may well be younger than 2688 Ma. It is recommended that a second sample of the Patten 
River pluton be taken in the hope of better defining its age. 

 

Figure 4-4.  Concordia plot for sample JCO-083-AG01, Burntbush area (also referred to as geochronology sample 3 in report). 
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Sample 4:  10GC-001 
Felsic (rhyolitic) tuff, approximately 1.5 km west-northwest of Normetmar deposit (Figure 4-5) 

Sample 10GC-001 was collected from a rhyolite tuff approximately 1.5 km along strike to the west-
northwest of the Normetmar deposit. This sample yielded a modest zircon population consisting of fine 
needles, larger prisms, and smaller prism tips (see Figure 4-1D). Three fractions were prepared, comprising 
3 grains from each morphological type. The resulting analyses yielded relatively uniform 207Pb/206Pb 
ages—ranging from 2711.3 to 2712.6 Ma—with only slight discordance (0.21 to 0.24%; see Table 4-2). 
The weighted average 207Pb/206Pb age for all 3 fractions is 2712.1±0.8 Ma (MSWD = 1.0; see Figure 4-5). 
This age is interpreted to represent the timing of eruption of this felsic tuff in the Normetmar area. 

 

Figure 4-5.  Concordia plot for sample 10GC-001, Normétal area (also referred to as geochronology sample 4 in report). 
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Sample 5:  JCO-043-AG03 
Intermediate tuff, approximately 8.5 km west of Joe Lake (Figure 4-6) 

Sample JCO-043-AG03, from the Burntbush area, consists of intermediate tuff from a unit of fragmental 
volcanic rocks, associated with magnetite-rich iron formation, and chert. The sample contained sparse 
zircons of mixed quality, mostly short prisms up to circa 3:1 in length:breadth (see Figure 4-1E). Six 
fractions were prepared and analyzed: 4 single clear prisms, and 2 fractions comprising 3 grains each of 
medium, and smaller clear prisms. The 2 multigrain fractions do not overlap in age and error (207Pb/206Pb 
ages of 2693.2 (Z3) and 2697.4 Ma (Z2)), suggesting that one (the older, Z2) may contain an inherited 
grain or component (the latter also falls below Concordia) (see Figure 4-6; see Table 4-2). Single-grain 
analysis Z1 is less precise and also yields a slightly older 207Pb/206Pb age than Z3, at 2695.4 Ma. The 
remaining 3 single-grain fractions (Z4, Z5, Z6) all have 207Pb/206Pb ages overlapping with Z3. Regression 
of the 4 youngest fractions Z3 to Z6, assuming recent Pb-loss, yields a tightly constrained upper intercept 
age of 2693.0±0.8 Ma (MSWD = 0.4, probability of fit = 76%). This age represents the best estimate for 
the time of eruption of this tuff. 

 

Figure 4-6.  Concordia plot for sample JCO-043-AG03, Burntbush area (also referred to as geochronology sample 5 in report). 
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Sample 6:  JCO-098-AG01 
Biotite monzogranite, Mistawak batholith, approximately 6 km north of Joe Lake (Figure 4-7) 

Sample JCO-098-AG01 is a biotite monzogranite sample from the multiphase Mistawak batholith, collected 
approximately 7 km north of the contact with the supracrustal rocks in the Burntbush area. This granite 
yielded abundant, moderately large, good quality, clear zircon prisms, though cracks were nearly always 
ubiquitous (see Figure 4-1F). Six separate fractions were prepared and analyzed, 4 of which were single 
grains; whereas 2 fractions comprised 2 grains each. One of the latter fractions (Z2) had extremely weak Pb 
emission, yielded no usable data, and is excluded from Table 4-2. All data show a range of 207Pb/206Pb ages, 
with 4 of the 5 fractions (Z1, Z3, Z4, Z6) scattering below Concordia with variable discordance (~0.3 to 
0.7%; see Figure 4-7). However, a single fraction (Z5) is concordant, and a regression of all of the data 
(n=5) yields a good fit with an upper intercept age of 2702.3±4.5 Ma (MSWD = 0.24; probability of fit = 
87%). This age is interpreted to be the best estimate of the age of emplacement of this monzogranitic 
phase of the Mistawak batholith. It is in good agreement with a previous zircon age determination for a 
relatively massive late phase of the tonalitic Rousseau pluton, at 2703 +3/–2 Ma (Davis et al. 2000). These 
ages contrast with apparently older tonalitic phases of the batholith (e.g., 2716±3 Ma, Val-St-Gilles 
pluton: Vaillancourt and Machado 1995; and 2710±2 Ma, Normétal pluton: Zhang et al. 1993). 

 

Figure 4-7.  Concordia plot for sample JCO-098-AG01, Burntbush area (also referred to as geochronology sample 6 in report). 
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Sample 7:  JCO-106-AG01 
Plagioclase-phyric felsic dike, approximately 3.5 km southwest of Joe Lake (Figure 4-8) 

Sample JCO-106-AG01 is a felsic dike (30 to 40% plagioclase, 2 to 5 mm in size) cutting mafic volcanic 
rocks approximately 1 km west of the Patten River pluton. This dike yielded a modest number of pale 
yellow zircons of slightly heterogeneous morphology and size (see Figure 4-1G). Six large and small, 
best-quality single grains were selected for analysis, and the results vary from being concordant to 
moderately (2.6%) discordant (see Table 4-2). Figure 4-8 shows that fractions Z1, Z3 and Z6 (shaded 
ellipses) are most discordant and tend toward higher 207Pb/206Pb ages; these analyses are interpreted to 
reflect minor inheritance coupled with Pb-loss. Regression of Z1 and Z3 hints at a possible minimum age 
for inherited material, at approximately 2703 Ma. In contrast, zircon fractions Z2, Z4 and Z6 (unshaded 
ellipses in Figure 4-8) are concordant or nearly concordant (only 0.1 to 0.4% discordant), have 
overlapping model 207Pb/206Pb ages, and yield a weighted average age of 2685.2±1.2 Ma (MSWD = 0.2; 
probability of fit = 86%). The simplest interpretation of these data is that 2685 Ma represents the best 
estimate of the intrusion age for the porphyritic felsic dike. 

 

Figure 4-8.  Concordia plot for sample JCO-106-AG01, Burntbush area (also referred to as geochronology sample 7 in report). 



Geological Mapping and Compilation Project, Burntbush–Normétal Volcanic Belt Chapter 4 

Discover Abitibi Initiative p.58 

Sample 8:  10GC-002 
Rhyolite breccia, Normétal North block (Figure 4-9) 

Sample 10GC-002 is a rhyolite breccia from the southern portion of the Normétal North block, collected 
from SOQUEM Inc. drill hole 1356-07-09, approximately 8 km east-southeast of Normétal Mine. Several 
kilograms of rhyolitic material were processed from an interval intersected over a depth of 365.4–
375.4 m. Geochronological analysis of this unit, much like 10GC-001, is aimed at constraining the time 
of felsic magmatism in the stratigraphically upper portion of the Normétal North block. 

This sample yielded a modest amount of short euhedral zircon prisms, mostly 200 μm or less in 
longest dimension (see Figure 4-1H). Many grains show good evidence for oscillatory magmatic growth. 
Analyses for 3 single grains from sample 10GC-002 are all overlapping and also straddle Concordia (see 
Figure 4-9; see Table 4-2). A weighted average 207Pb/206Pb value for all 3 fractions yields a precise age of 
2710.6±0.8 Ma (MSWD = 0.6; probability of fit = 53%). Together with the results from sample 10GC-001 
(2712.1±0.8 Ma) presented above, these new ages confirm that the stratigraphically upper, southern 
margin of the extensive Normétal rhyolite unit in the Normétal area is considerably younger than the 
central, northern and western parts. 

 

Figure 4-9.  Concordia plot for sample 10GC-002, Normétal area (also referred to as geochronology sample 8 in report). 
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Sample 9:  10GC-003 
Rhyolite, Beaupré block, approximately 7 km west-northwest of the town of Normétal (Figure 4-10) 

Sample 10GC-003 is from a massive but somewhat foliated rhyolite unit in the southern, gold-bearing 
portion of the Beaupré block, immediately south of the regional Normétal fault. The sample was taken 
from a trench made by Amex Exploration Inc. Determining the age of the fault-bounded Beaupré block is 
aimed at constraining the place of the Beaupré rhyolite in the overall volcanic stratigraphy. 

This sample yielded a small amount of delicate, flat, and elongated euhedral zircon prisms, typically 
clear and colourless (see Figure 4-1I). Upon chemical abrasion, only a reduced quantity of clear, unaltered 
zircons robust grains remained, but isotopic analysis of 3 single-grain fractions from this population are all 
concordant or nearly concordant (see Figure 4-10; see Table 4-2). Model 207Pb/206Pb ages for fractions Z1 to 
Z3 fall between 2723.8 and 2725.5 Ma. A free regression of all points yields a lower intercept near 720 Ma 
and a tightly constrained upper intercept age at 2725.4±0.9 Ma (MSWD = 0.6; probability of fit = 57%). 

An eruption age of 2725.4±0.9 Ma for this rhyolite flow in the southern part of the Beaupré block 
represents key evidence that thrusting has resulted in stratigraphic repetition south of the Normétal fault. 
This is supported by additional evidence from a foliated quartz-phyric rhyolite, intercalated with tholeiitic 
basalts west of the Patten River pluton in Ontario, in which concordant zircons yield a precise age of 
2723.8±0.8 Ma (sample 08JAA-023: unpublished Jack Satterly Geochronology Laboratory report to the 
OGS, 2009; see also Table 4-2). 

 
Figure 4-10.  Concordia plot for sample 10GC-003, Normétal area (also referred to as geochronology sample 9 in report). 
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In summary, the age evidence from these samples indicates that an older rock package (circa 
2725 Ma = upper Deloro assemblage) has been repeated by thrusting over younger rocks to the north of 
Kidd–Munro age (circa 2720 to 2711 Ma). This confirms that the earliest movement on the Normétal 
fault was thrust related, as indicated by Lacroix and Sawyer (1995). 

Sample 10:  10GC-004a 
Felsic (rhyolitic) tuff, Normétal North block (Figure 4-11) 

Sample 10GC-004a is a rhyolitic tuff collected from outcrop in the northern portion of the Normétal North 
block, approximately 2.5 km west of Lac Imbreau. This rhyolite tuff occurs as a thin felsic unit within a 
predominantly mafic to intermediate volcanic (locally pillowed and volcaniclastic) sequence in the northern 
part of the study area and, therefore, should represent a stratigraphically lower part of the Normétal block. 

This sample yielded a small variety of poor quality, but large, subhedral short prisms and anhedral 
zircon grains (see Figure 4-1J). Following chemical abrasion, 3 single grain fractions were analyzed for 
U/Pb isotopic compositions and the results are shown in Table 4-2 and Figure 4-11. Zircon fractions Z1 to 
Z3 are all nearly concordant (0.2 to 0.7% discordant), and have model 207Pb/206Pb ages that range from 
2721.9 to 2724.6 Ma. Regression of all 3 points yields an upper intercept age of 2725.4±2.3 Ma (lower 
intercept = 909±470 Ma; MSWD = 0.13; probability of fit = 72%). The age of 2725 Ma is interpreted to 
represent the primary igneous age of this rhyolite. This age suggests the northernmost stratigraphic unit in 
the study area could be correlative with the Deloro assemblage (2734 to 2724 Ma: Ayer et al. 2010). 

 
Figure 4-11.  Concordia plot for sample 10GC-004a, Normétal area (also referred to as geochronology sample 10 in report). 
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Sample 11:  10GC-005 
Rhyolitic tuff, Normétal Mine (Figure 4-12) 

Sample 10GC-005 is a felsic, rhyolitic tuff with quartz eyes collected from the 497.5–505.9 m interval in 
drill hole GN-07-21, drilled by Globex Mining Enterprises Inc. in 2007. This unit is found in the 
immediate footwall of the orebody at the Normétal Mine. 

This sulfide-rich tuff yielded a modest amount of tiny zircon (typically circa 50 μm in length), 
present mostly as short, stubby, clear prisms and rarely as longer, broken euhedra (see Figure 4-1K). Four 
good quality single-grain fractions were selected for isotopic analysis. Results are tightly clustered on or 
near Concordia, ranging from 0.0 to 0.9% discordant, with model 207Pb/206Pb ages falling narrowly between 
2723.8 and 2725.0 Ma (see Table 4-2). Figure 4-12 shows a regression of all 4 data points (Z1 to Z4) 
through the origin, which yields a tightly constrained upper intercept age of 2724.6±0.8 Ma (MSWD = 0.5; 
probability of fit = 68%). 

 

Figure 4-12.  Concordia plot for sample 10GC-005, Normétal area (also referred to as geochronology sample 11 in report). 
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STRATIGRAPHIC AND STRUCTURAL INTERPRETATIONS 

The 11 new ages obtained in the present study allow a much more constrained stratigraphic and structural 
interpretation to be made than was previously possible. The new age of 2725.4±2.3 Ma for sample 10 
(sample 10GC-004a), from the Gale Group within the northern part of the Burntbush–Normétal volcanic 
belt, represents the oldest part of the stratigraphic succession in this area (Figure 4-13). From a regional 
(Abitibi greenstone belt) perspective, the Gale Group is thus part of the Deloro assemblage (2734 to 2724 Ma) 
(Ayer et al. 2010). 

The Gale Group is succeeded to the southwest by the Normétal volcanic complex, consisting of a 
4 km thick and 60 km long volcanic succession of predominantly rhyolitic composition (Lafrance et al. 
2000). Sample 1 (sample JCO-009-AG01, this study) yielded an age of 2719.8±0.8 Ma from the western 
part of this unit, in the Burntbush area (see Figure 4-12). This age is the same, within error, as the age of 
2720.3±1.1 Ma for sample 08JAA-021 (unpublished Jack Satterly Geochronology Laboratory report to 
the OGS, 2009; see also Table 4-2), a felsic lapilli tuff located about 20 km along strike to the southeast 
(see Figure 4-13). The uniformity of ages of all analyzed zircons in these 2 samples provides a well-
constrained age for felsic volcanism in the western part of the Normétal volcanic complex. Mortensen 
(1993b) previously reported a U/Pb zircon age for a quartz-phyric rhyolite in the vicinity of the Normétal 
deposit as 2727.7 +2.6/–2.1 Ma, based on 5 zircon fractions. However, the 2 most concordant fractions yield 
an age of 2722.0±1.2 Ma, which most likely represents a minimum age for the sample (Mortensen 
1993b). This minimum age is within error of the new and recent rhyolite ages from the western part of the 
Normétal volcanic complex in Ontario, which are 2719.8±0.8 and 2720.3±1.1 Ma. An age of 2720 Ma 
would be correlative with the youngest part of the Stoughton–Roquemaure assemblage (2723 to 
2720 Ma) or the oldest part of the Kidd–Munro assemblage (2719 to 2711 Ma) (Ayer et al. 2010). 
However, given that new younger ages have been found further south in the Normétal complex (discussed 
below), correlation with the Kidd–Munro assemblage seems more likely. 

Two new rhyolite ages of 2712.1±0.8 Ma and 2710.6±0.8 Ma from the southern part of the Normétal 
volcanic complex (see Figure 4-13, samples 4 and 8, respectively) indicate that this area is younger than 
the central, northern and western parts (which have ages of circa 2725 to 2720 Ma). The age of these 
southern rhyolites is similar to the age of 2710±2 Ma for the Normétal pluton (Zhang et al. 1993), located 
approximately 5 km north of the Normétal Mine. This suggests that the Normétal pluton was the source 
magma chamber for the southern rhyolites. 

A new age of 2724.6±0.8 Ma was obtained for rhyolitic tuff in the immediate footwall of the 
orebody at the Normétal Mine (see Figure 4-13, sample 11 (sample 10GC-005, this study)). This mine 
footwall, therefore, is significantly older than the rhyolites (2712 to 2711 Ma; see Figure 4-13, samples 4 
and 8, discussed above (samples 10GC-001 and 10GC-002, respectively)). This reversal of ages indicates 
that thrusting and/or folding has resulted in the repetition of Deloro assemblage stratigraphy near the 
southern margin of the Normétal volcanic complex. 

South of the Normétal fault, a new age of 2725.4±0.9 Ma was obtained from massive rhyolite of the 
Beaupré Group (sample 9 (sample 10GC-003, this study)), and a new age of 2723.8±0.8 Ma from quartz-
phyric rhyolite sample 08JAA-023 (unpublished Jack Satterly Geochronology Laboratory report to the 
OGS, 2009; see also Table 4-2). This latter rhyolite is intercalated with tholeiitic basalts immediately 
west of the southern lobe of the Patten River pluton (see Figure 4-13). These 2 ages, which are similar to 
the Normétal footwall age mentioned above, confirm that stratigraphy of the older Deloro assemblage has 
been repeated to the south of younger Kidd–Munro assemblage units, and that early displacement along 
the Normétal fault was thrust related (Lacroix and Sawyer 1995). 
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Figure 4-13.  Geological sketch map of the Burntbush–Normétal volcanic belt, showing new U/Pb zircon ages and Nd–Hf isotope results (rounded off from data in Tables 4-1 and 4-3).  
The upper limit of the Kidd–Munro assemblage is taken as 2720 Ma based on the new ages. 
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Sample 5 (sample JCO-043-AG03, this study), an intermediate tuff in the southernmost part of the 
volcanic succession in the Burntbush area, yielded an age of 2693.0±0.8 Ma. The tuff is from a mixed 
succession of mafic to felsic volcanic rocks with locally intercalated epiclastic and chemical sedimentary 
units. 

Ontario Geological Survey sample 06JAA-052, a felsic tuff, was previously collected from 
Falconbridge–Eastmain diamond-drill hole ABB-09-01, located 1 km west of sample 5 (see Figure 4-13). 
This sample was initially reported in Ayer et al. (2007). Five zircons analyzed from this sample ranged 
from 2 to 4% discordant, with 207Pb/206Pb ages of 2697±1.4 Ma to 2721.6±1.6 Ma (see Table 4-2). This 
indicates that these zircons are at least in part inherited. The unit has a maximum depositional age of 
2697±1.4 Ma. 

Sample 2 (sample JCO-117-AG01, this study) is a greywacke from the southwestern part of the map 
area, within the Scapa metasedimentary group package, which is in fault contact with the Burntbush–
Normétal volcanic package to the north (see Figure 4-13). Six zircons from the greywacke range in age 
from 2754.9±2.2 Ma to 2695.7±2.9 Ma, indicating deposition after 2696 Ma. The Scapa metasedimentary 
group package, therefore, appears to be broadly correlative with the volcanic package that lies south of 
the Normétal fault, despite being separated from it by the North Chicobi fault (Lacroix and Sawyer 1995). 
Both of these packages are broadly coeval with the Porcupine assemblage (2690 to 2685 Ma), which 
consists of lower felsic volcanic and upper turbiditic rocks unconformably overlying older volcanic 
assemblages in a number of basins within the southern Abitibi greenstone belt (Ayer et al. 2005, 2010). 

Intrusive rocks samples collected in the past from the multiphase Mistawak batholith north of the 
Normétal volcanic belt in Quebec yielded ages of 2716±3 Ma and 2710±2 Ma for the older tonalitic 
phases, with a younger phase of 2703±3 Ma (Vaillancourt and Machado 1995; Zhang et al. 1993; Davis et 
al. 2000). The 2 early phases have ages and compositions similar to those of the youngest (2720 to 
2711 Ma) phase of rhyolite volcanism in the Normétal volcanic complex and may, in part, represent upper 
crustal magma chambers for these rhyolites. Sample 6 (sample JCO-098, this study) was collected from a 
massive biotite monzogranite unit in the Mistawak batholith, approximately 7 km north of the 
supracrustal rocks in the Burntbush area (see Figure 4-13). This sample yielded an age of 2702.3±4.5 Ma, 
which is within error of the youngest granitic sample from the batholith in Quebec. 

Sample 3 (sample JCO-083-AG01, this study) was collected from coarse-grained biotite 
monzogranite in the northeastern part of the Patton River pluton in Quebec. The age of 2687.8±1.3 Ma for 
the youngest zircon fraction represents the best estimate for the emplacement age of the pluton. Sample 7 
(sample JCO-106-AG01, this study) is from a felsic dike cutting mafic volcanic rocks approximately 
1 km west of the southern lobe of the Patton River pluton (see Figure 4-13). An age of 2685.2±1.2 Ma 
represents the best estimate of the intrusion age for the felsic dike. Its spatial proximity to the Patten River 
pluton and similarities in ages and chemistry suggest that the dike represents a late phase of magmatic 
activity related to this pluton. The dike itself is crosscut by dextral shear zones, and locally has developed 
an S–C–C′ mylonitic fabric, which is consistent with dextral shearing. The dike is not affected by the 
oldest deformational event, which produced layer-parallel foliation in the volcanic rocks. Because the 
dike crosscuts earlier D1 fabrics in the host volcanic rocks, but is itself affected by later D2 transpression, 
it is a useful intrusive marker for constraining the timing of these deformational events. 
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Table 4-3.  Nd/Sm and Hf/Lu isotopic data and εNd-εHf values for whole-rock samples from the Burntbush–Normétal area. 

Sample 
Number 

Report 
Number* 

Lithology Interpreted 
Age 
(Ma) 

Nd 
(ppm) 

Sm 
(ppm) 

Lu 
(ppm) 

Hf 
(ppm) 

143/144 2 SE 176/177 2 SE 147Sm/144Nd BE T init 143/144 
at T 

ℇNd at 
T init 
(whole 
rock) 

176Lu/177Hf BE T init 176/177 
at T 

ℇHf at 
T init 
(whole 
rock) 

ℇHf at 
T init 

(zircon 
averages) 

NOR-015 10:   
10GC-004a 

Felsic tuff 2725 13.7 3.23 0.79 8.4 0.511848 0.000008 0.281850 0.000005 0.1425 0.509101 0.50929 3.62 0.0134 0.280979 0.28113 5.32 4.69 

NOR-133 9:   
10GC-003 

Rhyolite 
massive 

2725 64.33 13.60 1.19 9.6 0.511463 0.000006 0.282062 0.000004 0.1278 0.509101 0.50916 1.26 0.0176 0.280979 0.28111 4.68 3.50 

JCO-009-
AG01 

1:   
JCO-009-AG01 

Rhyolitic tuff 2720 29.7 6.80 0.94 9.3 0.511663 0.000007 0.281880 0.000004 0.1384 0.509108 0.50918 1.41 0.0144 0.280983 0.28111 4.38 4.12 

NOR-004 4:   
10GC-001 

Felsic tuff 2712 49.4 14.8 0.9 6.1 0.512411 0.000007 0.282129 0.000004 0.1814 0.509118 0.50916 0.92 0.0205 0.280988 0.28103 1.42 3.66 

1356-07-09, 
368.8m 

8:   
10GC-002 

Rhyolite 
breccia 

2711 31.0 6.11 0.52 5.4 0.511428 0.000007 0.281803 0.000004 0.1191 0.509119 0.50930 3.48 0.0137 0.280989 0.28107 2.82 4.00 

JCO-098-
AG01 

6:   
JCO-098-AG01 

Biotite 
monzogranite 

2702 21.8 3.60 0.09 3.3 0.511051 0.000006 0.281450 0.000005 0.0998 0.509131 0.50927 2.76 0.0039 0.280995 0.28124 8.83 3.60 

JCO-083-
AG01 

3:  
JCO-083-AG01 

Monzogranite 2688 13.3 2.71 0.07 2.8 0.511469 0.000006 0.281331 0.000006 0.1232 0.509150 0.50929 2.67 0.0036 0.281004 0.28114 4.90 3.53 

JCO-043-
AG03 

5:   
JCO-043-AG03 

Intermediate 
tuff 

2693 28.6 4.89 0.21 4.7 0.511018 0.000007 0.281344 0.000006 0.1033 0.509143 0.50918 0.77 0.0063 0.281001 0.28101 0.15 4.49 

JCO-106-
AG01 

7:   
JCO-106-AG01 

Plagioclase-
phyric dike 

2685 12.6 2.44 0.08 3.1 0.511499 0.000006 0.281354 0.000006 0.1170 0.509153 0.50943 5.34 0.0037 0.281006 0.28116 5.45 3.04 

JCO-117-
AG01 

2:   
JCO-117-AG01 

Greywacke <2696 5.8 1.25 0.19 3.1 0.511337 0.000006 0.281702 0.000006 0.1303 0.509139 0.50902 -2.34 0.0087 0.280999 0.28124 8.48 3.16 

                     
JCO-053-
AG02 

 Andesite  
(calc-alkaline) 

~2725 13.3 3.13 0.32 3.4 0.511692 0.000008 0.282136 0.000005 0.1422 0.509101 0.50913 0.65 0.0134 0.280979 0.28141 15.46  

JCO-107-
AG01 

 Basalt 
(tholeiitic) 

~2725 8.8 3.21 0.48 2.7 0.512751 0.000008 0.284159 0.000008 0.2205 0.509101 0.50879 -6.20 0.0253 0.280979 0.28279 64.62  

JCO-186-
AG01 

 Basalt 
(transitional) 

~2693 7.5 2.21 0.25 2.7 0.512053 0.000008 0.282698 0.000006 0.1781 0.509101 0.50889 -4.18 0.0132 0.281001 0.28200 35.44  

GN-07-21, 
509.2m  

11:   
10GC-005 

Rhyolite 2725 32.36 7.97 0.88 9.3 0.511768 0.000008 0.281834 0.000007 0.1488 0.509143 0.50909 -1.01 0.0134 0.280979 0.28111 4.64  

NOR-107  Basalt 
(tholeiitic) 

~2725 5.6 2.01 0.33 1.4 0.513036 0.000006 0.283558 0.000007 0.2170 0.509101 0.50913 0.64 0.0335 0.280979 0.28175 27.40  

*Number used in report text, Tables 4-1 and 4-2 and Figure 4-13. 
Trace elements determined at Acme Analytical Laboratories Ltd. (AcmeLabs), excluding 3 samples (*) analyzed by the Geoscience Laboratories (Geo Labs), Sudbury, Ontario. 
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Neodymium and Hafnium Isotopes 

Neodymium and hafnium isotopic ratios were determined for the above geochronological samples at the 
Pacific Centre for Isotopic and Geochemical Research (PCIGR) at the University of British Columbia. 
The results are given in Table 4-3. The neodymium and hafnium isotopic values were determined from 
whole-rock powders by multiple collector inductively coupled plasma mass spectrometry (MC-ICP–MS) 
following the methodology of Weis et al. (2005, 2007). Epsilon Nd (εNd) and Hf (εHf) values were 
calculated based on the isotopic ratios, the U/Pb age of the sample and the neodymium, samarium, 
hafnium and lutetium concentrations as determined by ICP–MS at Acme Laboratories, Vancouver, and 
the Geoscience Laboratories, Sudbury. In addition, hafnium isotopic data were also obtained at PCIGR on 
the zircon fractions used to determine the U/Pb ages. The REE and hafnium contents of the zircon 
fractions were determined by ICP–MS at Laurentian University, Sudbury. The εHf values reported in 
Table 4-3 are based on the average of the Hf–Lu isotopic ratios and Hf–Lu concentration values for each 
of the zircon fractions (see folder “Report Appendixes” file “Appendix 5_Nd-Hf_Zircon Separates”). 

The whole-rock samples display scattered εHf values. This is evident when the whole-rock εHf values 
are compared with the zircon εHf values. The latter generally show internal consistency amongst different 
zircon fractions and from sample to sample (see Table 4-3; see also folder “Report Appendixes” file 
“Appendix 4_Nd-Hf_Whole-Rock”). The εHf values derived from the zircons are more reliable than the 
whole-rock values because the considerably higher contents of lutetium and hafnium in the zircons make 
them less susceptible to measurement errors; in addition, zircon is more resistant to element mobility than 
other mineral phases that contain these elements. The zircon εHf values display minor radiogenic decay 
over time (Figure 4-14A), with a decrease from +4.5 in the Gale Group (2725 Ma) in the northern part of 
the belt, through values of +3.5 to +4.0 in the Normétal volcanic complex (2720 to 2711 Ma), to values of 
+3.0 to +3.5 in the monzogranite intrusions (circa 2700 to 2690 Ma). This suggests that a series of magmas 
were derived from a relatively homogeneous mantle hafnium reservoir over about 40 my. Whole-rock 
samples display moderate declines in εNd values in the younger rocks, but, unlike the εHf values, they 
suggest derivation from 2 distinct neodymium reservoirs (Figure 4-14B): one reservoir with depleted 
mantle εNd values ranging from +4.0 at 2725 Ma to +3.0 at 2690 Ma; and a second reservoir with slightly 
enriched εNd values ranging from about +1.3 to +0.8 over a similar time interval. This is also evident in a 
plot of εNd versus εHf (Figure 4-14C). A neodymium-heterogeneous mantle source was similarly suggested 
by Vervoort, White and Thorpe (1994) for volcanic rocks of comparable age range in the Matagami VMS 
camp, 150 km to the northeast of the Normétal area. 

At Matagami, the rhyolites (2725 Ma) of the Watson Group averaged εNd = +3.2, whereas the 
overlying Wabassee Group basalts (age not determined) yielded distinctly lower average εNd = +2.4 
similar to those of volcanic rocks (circa 2700 Ma) of the Noranda area (Vervoort, White and Thorpe 
1994). The initial-Pb isotopic compositions of the Matagami volcanic rocks also indicated 2 distinct lead 
reservoirs. The Pb-isotopic values in galena associated with VMS mineralization at both Matagami and 
Normétal are more primitive than the lead in deposits at Noranda, Kidd Creek and Val d’Or (Vervoort, 
White and Thorpe 1994) (Figure 4-15). The existence of a widespread homogeneous depleted hafnium 
reservoir in the northern Abitibi greenstone belt is indicated by εHf values of +3.8 to +4.1 for zircons from 
volcanic rocks (circa 2725 to 2720 Ma) in the Detour Lake and Burntbush belts (Ayer et al. 2010; Ayer 
and Chartrand 2011), and by similar εHf values for zircons from volcanic rocks (circa 2725 to 2710 Ma) 
in the Normétal area (this study). 

Within the study area, rhyolites of the Normétal volcanic complex (2720 to 2711 Ma) and the 
intermediate tuff (2693 Ma) of the Porcupine assemblage have distinctly lower εNd values of about +1.0, 
implying derivation from a more enriched neodymium reservoir. Such enrichment may have been the 
result of localized crustal contamination in high-level magma chambers. 
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Figure 4-14.  Cross-plots of whole-rock neodymium and zircon hafnium isotopic results for samples from the Burntbush–
Normétal volcanic belt: A) age versus εHf; B) age versus εNd; C) εHf versus εNd (see text for explanation). 
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There are 2 distinct outliers in the neodymium data obtained in the present study (see Figures 4-14B 
and 4-14C): a low value of –2.3 in a greywacke (<2696 Ma), and a high εNd value of +5 in a plagioclase 
porphyry dike (2685 Ma). The negative value for the greywacke is most likely the result of a component 
of older crustal detritus, as indicated by the presence of zircons older than 2.8 Ga in the sample. Such 
older zircon ages are common in turbidites (circa 2.69 Ga) from the Abitibi greenstone belt (Davis 2002). 

Most of the Abitibi greenstone belt has juvenile neodymium and hafnium isotopic compositions in 
both volcanic rocks and synvolcanic plutons. Some samples from the southwestern part of the belt, 
however, contain xenocrystic zircons older than 2.8 Ga and evolved neodymium and hafnium isotopes in 
the Neoarchean units, indicating localized contamination by Mesoarchean crust. This is somewhat similar 
to the Michipicoten greenstone belt, which lies within the Wawa Subprovince, a continuation of the 
Abitibi Subprovince west of the Kapuskasing structural zone. One distinction, however, is that the 
Michipicoten greenstone belt has a preserved lower stratigraphic unit of volcanic rocks (the Hawk 
assemblage) with an age of 2.9 Ga, as well as similarly evolved hafnium isotopic values, indicating 
Mesoarchean contamination in the overlying Neoarchean assemblages (Ayer et al. 2010). 

 

Figure 4-15.  Lead (Pb) isotope plot showing regression lines for whole-rock data from the Matagami and Noranda camps in 
relation to data for galenas from Abitibi VMS deposits (from Vervoort, White and Thorpe 1994). Abbreviations: BRC, Bell River 
Complex; PMR, porphyritic metarhyolite; WG, Wabassee Group. 
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Chapter Five. Lithogeochemistry 
by T.J. Barrett 

INTRODUCTION 
Lithogeochemical methods have been applied increasingly in ancient volcanic terranes to help identify 
and correlate volcanic rock types. Chemical fingerprints provided by certain immobile elements are 
particularly useful in defining chemostratigraphic units and subunits that may not be recognizable in the 
field due to mineralogical overprinting as a result of weathering, hydrothermal activity or metamorphism. 
This information assists in the production of geological maps and sections. In recent years, such studies 
have been carried out in several parts of the Abitibi greenstone belt, although mainly in the vicinity of 
volcanogenic massive sulphide (VMS) deposits such as Matagami (MacLean and Kranidiotis 1987), 
Noranda (Barrett and MacLean 1991, 1999; Barrett et al. 1991a, 1991b, 1991c), Normétal (Lafrance et al. 
2000), Kidd Creek (Wyman et al. 1999; Prior et al. 1999), Kamiskotia (Hathway, Hudak and Hamilton 
2008) and Genex (Finamore et al. 2008). Many VMS deposits are located at contacts between chemically 
distinct units that can be traced up to several kilometres along strike. Lithogeochemical methods also 
allow quantitative assessments of hydrothermal alteration to be made through calculation of mass changes 
that have occurred in the rocks as a result of interaction with hydrothermal fluids. Such methods have also 
been applied to gold-prospective terrains to help define favourable host lithologies, for example, at 
Timmins (Bateman, Ayer and Dubé 2008; Dinel et al. 2008) and Kirkland Lake (Ispolatov et al. 2008). 

Considerable lithogeochemical data already exist from diamond-drill holes and outcrops in the 
Burntbush–Normétal map area. These analyses have been supplemented by 500 new samples of mainly 
metavolcanic rock units. All data were treated using immobile-element-based techniques to produce an 
internally consistent framework to chemically define the various rock types present in the area. The main 
objectives were to help define units that can be mapped across the area, and to determine if any of the 
volcanic units hosting the Normétal VMS deposit can be traced westward into the Burntbush area. In 
addition, the lithogeochemical data were used to assess the degree of hydrothermal alteration and to 
highlight trends that might be related to unknown metal deposits. Finally, a study of chemical 
metasedimentary rocks (exhalites and iron formations) was made in the hope of recognizing hydrothermal 
signals that could point toward metal-discharging vents on the paleo-seafloor. 

METHODOLOGY 
Most orogenic and greenstone belts contain a variety of volcanic series with different magmatic affinities 
and fractionation trends, which can lead to problems of recognition and classification. Volcanic rocks 
vary in chemistry as a result of factors such as tectonic setting, depth of magma generation and 
fractionation, and amount of interaction with continental crust. The use of combinations of major 
elements and high field strength elements (HFSE) provides ways to make detailed divisions of volcanic 
sequences in greenstone and younger terranes. Many of the major elements (Na, Mg, Si, K, Ca, Mn, Fe), 
and some trace elements (Ba, Sr, Rb) are mobile during hydrothermal alteration, which blurs or 
obliterates the primary geochemical features of lithostratigraphic units in the vicinity of mineralized 
zones. Fortunately, the major elements aluminum and titanium, and the high field strength elements—
which include zirconium, yttrium, thorium, niobium, tantalum and the rare earth elements—are 
commonly immobile in these alteration zones, and carry sufficient primary magmatic information for 
detailed identification, classification and subdivision of volcanic stratigraphy. Procedures using immobile 
elements can be used to identify and track hydrothermally altered volcanic units of exploration interest 
along strike, and across folds and faults. Primary signatures are retained even in rocks metamorphosed up 
to the upper amphibolite facies. 
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The first step in characterizing a volcanic sequence is to separate out different affinity groups using 
incompatible trace-element ratios such as Zr/Y, Y/Nb, Th/Yb and La/Yb. The volcanic units within each 
affinity group can then be identified using standard compatible–incompatible element plots (e.g., Al2O3–
TiO2 and TiO2–Zr). On these plots, it is generally possible to define primary fractionation trends based on 
least-altered samples. When hydrothermally altered samples are superimposed on the same plots, it is 
usually possible to identify one or more alteration lines corresponding to discrete primary volcanic units. 
Care must be taken in identifying precursors where fractionation subtrends are present within a suite of 
rocks that has a common affinity. For example, variations in fO2 in a suite of tholeiitic mafic magmas can 
lead to differing iron-enrichment trends, which also affect the fractionation trends of other elements such 
as silica and magnesium. 

Many Archean volcanic sequences contain thin but important intervals of chemical sedimentary 
rocks that demarcate pauses in volcanic activity. These rocks include iron formations, sulfide-bearing 
graphitic shale and sulfide-bearing cherty tuff. Where these rocks are of regional lateral extent, they form 
important stratigraphic horizons that approximate timelines. Chemical sedimentary rocks can also occur 
as the lateral equivalents of synvolcanic massive sulfide deposits, although they may contain only limited 
amounts of base metals, and large proportions of either terrigenous or volcaniclastic material. As a working 
assumption, the proportion of metals precipitated on the seafloor is expected to decrease with increasing 
distance from the main area of hydrothermal venting. The degree of oxidation of bottom waters may also 
increase away from the area of venting. It is useful from an exploration point of view to try to identify the 
proportion and composition of the hydrothermal component in chemical or mixed chemical-clastic rocks. 
This can be done using lithochemical plots to estimate the percentage of hydrothermal versus clastic 
components, and rare earth element plots to determine the degree of oxidation of bottom waters (based on 
the nature of the Eu and Ce anomalies). The concentrations of various metals such as copper, zinc, lead, 
arsenic, antimony, mercury, vanadium, nickel and tin can also provide clues as to the relative contributions 
of hydrothermal versus hydrogenous sources. For lithochemical studies to provide meaningful vectoring 
results, care must be taken to sample the chemical sedimentary rocks along correlative horizons, and to 
make corrections for the amount of clastic material that is commonly present in such rocks. 

RESULTS 

The chemical classification scheme presented here for the rocks of the Burntbush–Normétal volcanic belt 
is based on immobile-element systematics together with primary compositional and petrographic features 
of the least-altered rocks. Immobile-element ratios provide 2 main types of information: i) primary 
compositional variations within the mafic to felsic spectrum, and ii) primary magmatic affinity (e.g., 
tholeiitic, transitional, calc-alkaline and alkaline). The main rock groups identified in the present study are 
shown in the following section using: 1) binary plots of immobile-element ratios; 2) rare earth element 
(REE) patterns; and 3) incompatible-element diagrams. In the latter 2 plot types, analyses are normalized 
to the chondritic values of McDonough and Sun (1995). Incompatible elements that are relatively mobile 
(e.g., Ba, K, Pb) have been omitted from the plots. References in the text to a rock and number, for 
example, “rhyolite 6” and “rhyolite 6a” refer to the “chemical classification” as determined in this study, 
that is, rhyolite chemical type 6 and rhyolite chemical subtype 6a, respectively. 

In addition to the 500 new samples collected as part of the Discover Abitibi project, approximately 
3000 historic analyses of drill hole and outcrop samples have also been classified. For all 3500 samples, 
several simple alteration parameters have also been calculated. The analyses, classifications and alteration 
parameters results are given in Tables 5-1 to 5-5 (Microsoft® Excel® versions only: see folder “Report 
Tables”). These correspond respectively to the data sets obtained by the present Discover Abitibi project 
(Table 5-1), by Cogitore Resources Inc. in Ontario (Table 5-2), by Lafrance (2003) in Quebec (Table 5-3), 
by historic (pre-1997) company drilling in Quebec (Table 5-4), and by historic company outcrop 
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sampling in Quebec (Table 5-5). Sample locations for each of the 4 main data sets in the Normétal area 
are shown on Figure 5-25. Chemical rock types are shown on Figures 5-26 and 5-27, and the Ishikawa 
alteration index on Figure 5-28. On these figures, results are superimposed on the geological map of 
Lafrance (2003). These figures provide Lafrance’s original lithological legend in addition to the chemical 
classification legend from this study. [Figures 5-25 to 5-28 are large-format figures not included in the 
body of the report, see folder “Report Large Figures”.] 

Although the southern portion of the Normétal sequence appears to be more lithologically complex 
on existing maps than the northern portion, this is partly the result of more extensive outcrop exposure in 
the southern portion together with the much greater amount of exploration drilling that has been done 
along the “mine horizon” over the last 4 decades. Nonetheless, the presumed stratigraphically upper 
(southern) portion of the Normétal volcanic sequence contains a notably higher proportion of dacitic-
rhyolitic rocks than the northern portion, where mafic to andesitic rocks dominate. In detail, as shown by 
both outcrop and drill-hole results, the spatial distribution of specific volcanic types can be complex, 
which is likely mainly the result of primary interfingering of flows and tuffaceous rocks derived from 
compositionally varied sources. However, structural repetition in some areas is also possible, especially in 
light of the thrust faults and dextral shear zones that are known to occur in the southern portion of the belt 
(and where at least one panel of out-of-place stratigraphy must be present, as shown by the new 
geochronological results (see Chapter 4)). 

In general, the main rock types defined here support the broad subdivisions shown on the maps of 
Lafrance (2003), Bambic and Cattalani (1992) and Suriunas (1988), which were based on a combination 
of field mapping (including petrography) and lithogeochemical data from outcrops. In detail, however, 
some of the individual volcanic units previously mapped within the felsic part of the Normétal sequence 
actually consist of 2 or 3 chemically distinct units that are inferred to be derived from different volcanic 
sources. Thus, correlations based on volcanic facies alone are not always reliable. Nonetheless, where 
sample coverage is dense, as in the historic drill-hole data set, it is clear that some chemically 
homogenous volcanic units do occur within the Normétal sequence, although the thickness of such units 
varies considerably along strike, and they may pinch out entirely. Examples of some well-defined units 
are given later in this section. 

Table 5-1.  New whole-rock analyses for samples from the Burntbush–Normétal volcanic belt (UTM location data 
provided in North American Datum 1983 (NAD83), Zone 17). 
 [see folder “Report Tables”,  file “Table 5-1_new whole-rock analyses_Burntbush–Normétal”] 

Table 5-2.  Whole-rock analyses of outcrop samples in the Burntbush area (from Cogitore Resources Inc. 2007; 
UTM location data provided in North American Datum 1983 (NAD83), Zone 17). 
 [see folder “Report Tables”,  file “Table 5-2_Burntbush-outcrops_Cogitore-2007_whole-rock analyses”] 

Table 5-3.  Whole-rock analyses of outcrop samples in the Normétal area (from Lafrance 2003; UTM location data 
provided in North American Datum 1927 (NAD27), Zone 17). 
 [see folder “Report Tables”,  file “Table 5-3_Normétal-outcrops_Lafrance-2003_whole-rock analyses”] 

Table 5-4.  Historic (pre-1997) whole-rock analyses of drill-core samples in the Normétal area. 
 [see folder “Report Tables”,  file “Table 5-4_Normétal_drill cores_historic whole-rock analyses”] 

Table 5-5.  Historic whole-rock analyses of outcrop samples in the Normétal area (UTM location data provided in 
North American Datum 1927 (NAD27), Zone 17). 
 [see folder “Report Tables”,  file “Table 5-5_Normétal-outcrops_historic whole-rock analyses”] 
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The majority of rhyolites and dacites in the Burntbush–Normétal volcanic belt belong to a relatively 
high-zirconium suite that has a transitional to mildly calc-alkaline magmatic affinity. The high-zirconium 
rhyolites (chemical subtypes 6a and 6b on Figures 5-25 to 5-28 (see folder “Report Large Figures”)) 
yielded 4 new ages in the range of 2725 to 2720 Ma. Lower-zirconium rhyolites (chemical subtype 6c) 
occur mainly in the southern part of the Normétal felsic sequence, where 2 new and unexpectedly 
younger ages of 2712 and 2711 Ma were obtained in the present study. A small group of near-tholeiitic, 
very low-titanium rhyolites (chemical type 7) is also present in the southern part of the Normétal felsic 
sequence. An age for rhyolite 7 has not, as yet, been determined. Mafic volcanic rocks (basalts to basaltic 
andesites and subvolcanic equivalents) in the Burntbush–Normétal volcanic belt are mainly of tholeiitic 
and transitional affinity, whereas andesites are mainly of calc-alkaline affinity. Andesitic rocks, especially 
those that are tuffaceous or sheared, can be difficult to distinguish from greywackes in the field. However, 
certain trace-element features, in particular the Th/Yb ratio, allow these 2 rock types to be distinguished 
in most cases. 

In the western part of the Normétal area, a wedge-shaped area of mainly felsic volcanic rocks—
termed the Beaupré block—lies between the Normétal fault to the north and the Perron fault to the south 
(Lafrance 2003). Rhyolites of the Beaupré block belong mainly to chemical subtype 6a and type 7, and 
typically are sodic (4 to 6% Na2O). A new age of 2725 Ma was obtained for a sample of rhyolite 6a from 
near the southern margin of this block, which has been explored extensively for gold in the last few 
decades. This age is identical to the that of rhyolite 6a from the immediate stratigraphic footwall of the 
Normétal massive sulfide deposit, approximately 7 km to the east-southeast. Interestingly, a thin horizon 
of rhyolite 6a tuff located approximately 10 km to the north of the mine, within sequence of mainly 
tholeiitic basalt lavas, also yielded an age of 2525 Ma. 

To the south of the Perron and Normétal faults lies the southern Normétal block (Lafrance 2003). 
This block was not sampled in detail, but, based on historic lithogeochemical data, it appears to consist 
mainly of mafic to andesitic volcanic rocks and local intrusive equivalents of tholeiitic to transitional 
affinity, as well as thin clastic sediment and iron formation horizons. The age of the southern Normétal 
block has not been determined. 

Immobile-Element Plots 

In binary plots involving immobile-element ratios, the effects of alteration are essentially removed, as 
mass changes in mobile elements affect the absolute concentrations of immobile elements, but do not 
change the immobile-element ratios. Thus, any groupings or trends in plotted data are due to primary 
magmatic variations, at least in the case of intrusions, massive lavas and proximal volcaniclastic rocks. 
In the case of reworked volcaniclastic deposits, changes to the primary ratios can occur if there has been 
selective concentration or winnowing or minerals such as zircon, monazite and iron-titanium oxides. 

Various immobile-element ratios for the new Discover Abitibi data set are shown in Figures 5-1 to 5-5. 
Within the felsic part of the spectrum, a near-continuum of compositions exists from rhyolite 6a through 
rhyolite 6b to dacites 5a and 5b, with rhyolite 7 occupying a different field (Figure 5-1). Mainly as a result 
of its very low TiO2 contents, rhyolite 7 has Al2O3/TiO2 greater than 100 and Zr/TiO2 greater than 1500. 
The boundary between rhyolites 6a and 6b has been taken rather arbitrarily at a Zr/TiO2 value of 1500 (with 
chemical subtype 6a being >1500). Most samples of rhyolite 6a also have Al2O3/TiO2 greater than 50. 

Rhyolites 6a and 6b have Zr/Al2O3 values greater than 20, whereas rhyolite 6c and dacites 5a and 5b 
have Zr/Al2O3 values less than 20. Rhyolite 7 also has Zr/Al2O3 values less than 20, due to its unusually 
low zirconium contents, but it can readily be distinguished from all other felsic rocks by virtue of its high 
Al2O3/TiO2 values (and also its magmatic affinity, as discussed below). 
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Most of the felsic intrusive rocks, which range from granite through trondhjemite to tonalite, have 
Al2O3/TiO2 similar to those of rhyolite 6, but much higher La/Yb and Zr/Y values (Figure 5-2). These 
felsic intrusive rocks (chemical subtypes 8a to 8c) have an alkaline magmatic affinity. A small group of 
felsic intrusive rocks (chemical subtypes 8d to 8f) have calc-alkaline to transitional affinities and could 
conceivably be genetically related to the felsic volcanic sequence, assuming that they are coeval. 
However, these samples are located close to the presumed western margin of the Rousseau pluton (9 to 
10 km north of the Normétal Mine; see Figure 5-25 (see folder “Report Large Figures”)), which is 
younger than any of the Normétal volcanic rocks. 

Basaltic to andesitic rocks (and subvolcanic equivalents) of the Burntbush–Normétal volcanic belt 
are plotted in Figure 5-3. Basalt 1b displays a marked igneous trend that is probably the result of different 
degrees of melting of a tholeiitic source region, producing magmas ranging from magnesium-chromium 
rich (right side) through to iron-titanium-zirconium rich (left side). Relative to basalt 1a, basalt 1b is 
somewhat more evolved (higher Zr/Al2O3) and also has a transitional affinity (see Figure 5-3, lower plot). 

Andesites have yet higher Zr/Al2O3 values, although a continuum of compositions appears to exist 
from basalt 1b to andesites 2a to 2c. Andesites are distinguished from basalts on the basis of their major-
element composition as well as immobile-element ratios (most of the mafic to intermediate rocks are 
chemically little altered apart from H2O–CO2 addition). Most andesites (chemical subtype 2a) have MgO 
contents less than 3.5% and Zr/TiO2 values of 100 to 200 (see Table 5-1). They range in affinity from 
transitional to calc-alkaline. Two small groups of andesite (chemical subtypes 2a and 2b) have notably 
higher zirconium or titanium contents and are probably ferroandesites. 

Mafic intrusive rocks show a range of compositions and affinities (Figure 5-4). Gabbro 9a, which is 
tholeiitic, shows an igneous trend similar to that of basalt 1a. This suggests that these rock types are 
genetically related, although radiometric dating would be required to prove this. Other, smaller mafic 
intrusive groups are more evolved, reaching diorite compositions, and range in affinity from transitional 
through calc-alkaline to alkaline (although 2 of the 3 alkaline samples are from a single mafic dike). 
Mafic intrusive rocks subtype 9f (calc-alkaline) consists of 3 samples from a magnetic diabase dike taken 
over a north-south distance of about 400 m. The samples have almost identical compositions and are 
classified as ferrobasalts. 

Clastic sediments (greywacke to siltstone) are compared with the main volcanic groups in Figure 5-5. 
The clastic sediments have notably higher Th/Yb values, which is useful for discriminating them from 
volcaniclastic rocks. Many clastic sediments also have elevated La/Yb values and chromium contents. 
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Figure 5-1.  Immobile-element-ratio plots for felsic volcanic rocks from the Burntbush–Normétal volcanic belt (this study). 
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Figure 5-2.  Comparison of rhyolites and felsic intrusive rocks from the Burntbush–Normétal volcanic belt (this study). 
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Figure 5-3.  Immobile-element-ratio plots for mafic to intermediate volcanic rocks from the Burntbush–Normétal volcanic belt 
(this study). 
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Figure 5-4.  Precursor and affinity plots for mafic intrusive rocks from the Burntbush–Normétal volcanic belt (this study).  The 
straight line in the upper plot is a best-fit curve to the data for gabbro 9a; the trend probably reflects fractionation from a more 
mafic member (right side) to a ferrogabbro (left side).  Abbreviations: calc-alk, calc-alkaline; thol, tholeiitic; trans, transitional. 
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Figure 5-5.  Affinity plots for clastic sedimentary versus volcanic rocks from the Burntbush–Normétal volcanic belt (this study).  
Rhyolites are omitted for clarity, but would fall within the dacitic field. 
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Rare Earth Element and Extended-Element Plots 
Rare earth element (REE) and extended-element plots for the rock groups discussed above are shown in 
Figures 5-6 to 5-24; analyses are normalized to the chondritic values of McDonough and Sun (1995). Mobile 
incompatible elements such as potassium, barium and lead have been omitted from the extended-element 
plots, leaving only the immobile, high field strength elements (HFSE: Th, Nb, Ta, Zr, Hf and REE). With 
some exceptions outlined below, the HFSE plots show negative niobium-tantalum anomalies consistent with 
a subduction zone setting, even for the alkaline intrusive rocks. Most of the rhyolites and dacites show 
relatively flat heavy REE patterns with progressive enrichment of the middle through to the light REEs. 

Of the felsic volcanic rocks, only rhyolites 7a and 7b have relatively flat patterns, which is 
characteristic of tholeiitic rocks. Most andesites (chemical subtype 2a) have calc-alkaline patterns, 
although the 2 small ferroandesite groups (chemical subtypes 2b and 2c) have transitional and tholeiitic 
patterns, respectively. The mafic volcanic rocks show a continuum of patterns from mildly light REE-
depleted (tholeiitic) to flat to mildly light REE-enriched (transitional). Modest negative niobium-tantalum 
anomalies are present in andesites 2a and 2b, but not in tholeiitic andesite 2c. Similarly, they are present 
in transitional mafic volcanic rocks 1a, but not in tholeiitic mafic volcanic rocks 1b. The mafic intrusive 
rocks show similar relations, with distinct negative niobium-tantalum anomalies in the calc-alkaline to 
alkaline groups, generally weaker negative anomalies in the transitional group, and no anomalies in the 
tholeiitic group. Some rock types include a series of parallel patterns having different absolute levels of 
the HFSE. The vertical variations are mainly due to primary igneous effects such as different degrees of 
source melting or melt fractionation; this is particularly well shown by the tholeiitic gabbro group. 

Clastic sediments have REE and extended-element patterns similar to those of andesite, although 
with greater enrichment in the light REE and thorium, and also a more pronounced negative niobium-
tantalum anomalies than andesite. This translates into notably higher Th/Nb and Th/Yb values for clastic 
sediments relative to andesitic rocks, which is a useful feature for distinguishing these rocks where the 
effects of shearing, alteration or metamorphism have made them hard to identify visually. 

Chemical sediments, which range in mineralogy from chert to chert-magnetite-hematite to 
carbonate-magnetite-sulfide, and contain only 1 to 3% Al2O3, show 2 contrasting groups of REE patterns. 
One group shows positive europium anomalies and enrichment in the light REE similar to the features of 
high-temperature hydrothermal fluids discharging onto the modern seafloor, whereas the other group 
shows negative or no europium anomalies and little enrichment in the light REE. The former group, is 
therefore, interpreted to contain a hydrothermal component (cf. Barrett, Jarvis and Jarvis 1990; Peter, 
Goodfellow and Doherty 2003; Grenne and Slack 2005). However, it is difficult to relate variations in the 
magnitude of the positive europium anomaly to proximity to a hydrothermal vent where sulfide 
deposition might have occurred because other factors such as the degree of oxidation of bottom waters 
and the nature of the precipitating minerals (oxides versus carbonates) can affect the size of the anomaly, 
as can the presence of detrital material. It is also difficult to evaluate the light REE enrichment in samples 
with positive europium anomalies, as both hot vent fluids and calc-alkaline volcanic rocks can show this 
feature. Even 10 to 20% volcanic material in a chemical sediment could mask any positive europium 
anomalies that might have been contributed by the hydrothermal component. 

In terms of alteration, a few interesting effects can be seen in 3 samples of rhyolite when REE 
patterns are compared to the extended-element plots (Figures 5-8 and 5-12). The 3 anomalous samples 
show a progressive depletion in the middle to light REEs, but the extended-element plots show apparent 
peaks in zirconium-hafnium and thorium-niobium-tantalum relative to flanking REEs. However, these 
peaks are actually the result of loss of the middle to light REEs. This probably requires quite strong 
alteration, as the REE are commonly immobile or near-immobile in VMS systems, although severe 
chloritization or sericitization can lead to substantial REE mobility (MacLean 1988; Barrett and Sherlock 
1996). In Figure 5-8, the 2 samples of rhyolite 7 with major loss of the light REE are sericitized and lie 
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immediately north of the mine horizon (although 2 to 3 km west-northwest of the Normétal Mine). In 
Figure 5-12, the sample of rhyolite 6b with light REE depletion is also sericitized. This sample is located 
within the main Burntbush felsic belt, approximately 4 km west-northwest of the Ontario–Quebec border. 
The atypical alteration in 3 samples suggests that unusually corrosive hydrothermal fluids were involved. 

It should be noted that a few dozen samples in the overall data set show some sort of “irregularity” in 
their extended-element patterns from lanthanum to gadolinium, although not as extreme as the examples 
discussed above. Small “enrichments” in zirconium-hafnium may result from some loss of flanking 
REEs. However, for samples that do not appear chemically altered, it is more likely that the zirconium-
hafnium enrichments are primary. Positive zirconium-hafnium anomalies been found in some modern 
island-arc volcanic rocks, where they may result from slab melting under amphibolite-grade conditions 
(Pearce and Parkinson 1993). Both positive and negative zirconium-hafnium anomalies have been 
reported from Archean volcanic rocks, for example, those hosting the LaRonde gold-rich semi-massive 
sulfide deposit in the eastern part of the Blake River Group (Mercier-Langevin et al. 2007). 
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Figure 5-6.  Rare earth element (REE) and incompatible-element plots for granites from the Burntbush–Normétal volcanic belt.  
All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-7.  Rare earth element (REE) and incompatible-element plots for trondhjemites from the Burntbush–Normétal volcanic 
belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-8.  Rare earth element (REE) and incompatible-element plots for rhyolite chemical subtype 7a from the Burntbush–
Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-9.  Rare earth element (REE) and incompatible-element plots for rhyolite chemical subtype 7b from the Burntbush–
Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-10.  Incompatible-element plots for rhyolite chemical subtypes 7c and 7d from the Burntbush–Normétal volcanic belt.  
All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-11.  Rare earth element (REE) and incompatible-element plots for rhyolite chemical subtype 6a from the Burntbush–
Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-12.  Rare earth element (REE) and incompatible-element plots for rhyolite chemical subtype 6b from the Burntbush–
Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-13.  Rare earth element (REE) and incompatible-element plots for rhyolite chemical subtype 6c from the Burntbush–
Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-14.  Rare earth element (REE) and incompatible-element plots for dacite chemical subtype 5a from the Burntbush–
Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-15.  Rare earth element (REE) plots for dacite chemical subtype 5b and ferrodacite chemical subtype 5c from the 
Burntbush–Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 



Geological Mapping and Compilation Project, Burntbush–Normétal Volcanic Belt Chapter 5 

Discover Abitibi Initiative p.91 

 

 

Figure 5-16.  Rare earth element (REE) plots for chemical sedimentary rocks chemical type 4 from the Burntbush–Normétal 
volcanic belt.  Upper plot: samples with positive europium (Eu) anomalies; lower plot: samples with negative or no europium 
(Eu) anomalies.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-17.  Rare earth element (REE) and incompatible-element plots for clastic sedimentary rocks chemical subtype 3a from 
the Burntbush–Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-18.  Rare earth element (REE) and incompatible-element plots for andesite chemical subtype 2a from the Burntbush–
Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-19.  Incompatible-element plots for ferroandesite A and ferroandesite B (chemical subtypes 2b and 2c, respectively) 
from the Burntbush–Normétal volcanic belt. 
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Figure 5-20.  Rare earth element (REE) and incompatible-element plots for transitional mafic volcanic rocks chemical subtype 1b 
from the Burntbush–Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-21.  Rare earth element (REE) and incompatible-element plots for tholeiitic mafic volcanic rocks chemical subtype 1a 
from the Burntbush–Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-21, continued.  Rare earth element (REE) and incompatible-element plots for tholeiitic mafic volcanic rocks chemical 
subtype 1a from the Burntbush–Normétal volcanic belt.  All data normalized to the chondritic values of McDonough and Sun (1995). 
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Figure 5-22.  Rare earth element (REE) and incompatible-element plots for tholeiitic mafic intrusive rocks chemical subtype 9a 
from the Burntbush–Normétal volcanic belt. 
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Figure 5-23.  Incompatible-element plots for transitional mafic intrusive rocks chemical subtypes 9b and 9c from the Burntbush–
Normétal volcanic belt. 
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Figure 5-24.  Incompatible-element plots for calc-alkaline to alkaline mafic intrusive rocks chemical subtypes 9f and 9g from the 
Burntbush–Normétal volcanic belt. 
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Distribution of Chemically Classified Samples 
The distribution of new and historic whole-rock analyses from the Burntbush–Normétal volcanic belt, and 
their chemical classifications, are shown in Figure 5-25 (see folder “Report Large Figures”), superimposed 
on a simplified compilation map. Chemical classifications of samples from the Normétal area are shown in 
Figures 5-26 to 5-28 (see folder “Report Large Figures”), superimposed on the geological map of Lafrance 
(2003). For the lithogeochemical study, we have focussed on the Normétal portion of the volcanic belt 
because the database of historical analyses, especially for drill holes, is much greater than in the Burntbush 
segment. Also shown on all figures are the U/Pb zircon ages determined in the present study, plus several 
older published ages. A chemically based legend has been added to the figures based on Lafrance (2003); 
the original lithological legend by Lafrance has been retained, which was based on facies and petrographic 
observations together with geochemical analysis of approximately 100 outcrop samples. 

Figure 5-25.  Locations of the 5 outcrop data sets classified in the present study, with our chemical classifications, 
superimposed on a simplified geological map.  These 5 data sets are from i) outcrops sampled by Discover Abitibi 
2010 (this study), including samples from the tops of drill holes; ii) mapping projects by Cogitore Resources Ltd. 
(2007); iii) Lafrance’s (2003) PhD thesis; iv) historical company mapping projects; and v) samples from the tops of 
historical drill holes.  Also shown are new ages (in Ma) from the present study and previously published regional 
ages (in Ma).  Rhyolite chemical subtypes 6a and 6b can be traced from the Normétal segment (Quebec) into the 
Burntbush segment (Ontario), even though the volcanic belt is cut by the Patten River pluton (centre).  Rhyolite 
chemical type 7 occurs only in the Normétal segment, close to the mine horizon.  Based on geophysical patterns, a 
small granitic body is thought to be present just east of the Case batholith (shown here, but omitted from Figure 2-5). 
 [see folder “Report Large Figures”,   

file “Figure 5-25_chemical classifications - 5 outcrop data sets_Burntbush–Normétal”] 

Figure 5-26.  Chemical classification of surface samples from the Normétal area only showing the 4 main data sets 
used, superimposed on Lafrance’s (2003) geological map.  These 4 data sets are from i) outcrops sampled by 
Discover Abitibi 2010 (this study), including samples from the tops of drill holes; ii) Lafrance’s (2003) PhD thesis; 
iii) historical company mapping projects; and iv) samples from the tops of historical drill holes.  Also shown are 
new ages (in Ma) from the present study and previously published regional ages (in Ma). 
 [see folder “Report Large Figures”,   

file “Figure 5-26_chemical classification - 4 outcrop data sets_Normétal”] 

Figure 5-27.  Chemical classification of samples from historic drill holes in the Normétal area, superimposed on 
Lafrance’s (2003) geological map.  Also shown are new ages (in Ma) from the present study and previously 
published regional ages (in Ma).  For reference, the locations of 15 recent drill holes sampled in the present study 
are indicated (open symbols).  These holes were drilled by SOQUEM Inc., Amex Exploration Inc. and Globex 
Mining Enterprises Inc.  Downhole geological results for three of these holes are shown in Figures 5-29 to 5-31. 
 [see folder “Report Large Figures”,   

file “Figure 5-27_chemical classification - historic drill holes_Normétal”] 

Figure 5-28.  Locations of Normétal area surface samples with Ishikawa alteration index values higher than 70 
(red symbols).  The index has a maximum value of 100.  All other surface samples are shown by black dots.  Data 
are superimposed on Lafrance’s (2003) geological map.  Surface samples are from i) outcrops sampled by Discover 
Abitibi 2010 (this study), including samples from the tops of drill holes; ii) Lafrance’s (2003) PhD thesis; 
iii) historical company mapping projects; and iv) samples from the tops of historical drill holes.  Also shown are 
new ages (in Ma) from the present study and previously published regional ages (in Ma). 
 [see folder “Report Large Figures”,   

file “Figure 5-28_Ishikawa alteration index - surface samples_Normétal”] 
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There has been no attempt made to modify the lithological units shown on Lafrance’s (2003) map. 
Although there are various localities where the chemically classified samples of this study do not match 
his map units very well, this may be due, in part, to local geological complexities; also, at this scale, some 
simplification of rock types is necessary if general lithological trends are to be shown. One difference, 
however, is that Lafrance’s andesite-dacite unit (2.1) is mostly dacite in the current classification. A second 
difference is that the 2 main occurrences of tholeiitic rhyolite on Lafrance’s map (unit 3), which also occur 
at different levels in the volcanic sequence, show rather contrasting chemistry and, thus, are probably not 
genetically related. Also, in the Beaupré block, which lies just south of the Normétal fault, rhyolite 
compositions (subtype 6a and type 7 in the present study) closely match those of rhyolites on the north side 
of the fault and, therefore, are probably related (even if the Beaupré rhyolites are generally more sodic). 

Finally, as a general statement, the present study indicates that quite different facies can share the 
same precursor chemistry. For example, Lafrance (2003) recognized a massive felsic dome, a few 
kilometres to the east-southeast of the mine and at the top of the Normétal volcanic sequence, which is 
characterized by quartz and feldspar phenocrysts up to 1 cm across. Where this petrographically 
distinctive unit was sampled for this study in a nearby drill hole, it has a rhyolite 6c composition. Rhyolite 
6c also occurs as fine tuff at several places near the mine and up to a few kilometres west-northwest of the 
mine. New ages from these contrasting rhyolite 6c facies, of 2712 and 2711 Ma, respectively, support 
their equivalence. Thus, the chemical fingerprint of a particular volcanic eruptive event can be a useful 
tool for making lateral correlations, particularly where the eruptive products exhibit major facies changes. 
Obviously, this requires that the event is chemically distinctive. 

Lithogeochemical results for 2000 historic drill-hole samples, mainly from drilling completed by 
Cominco Ltd. and Falconbridge Ltd. from 1990 to 1996, are plotted in Figure 5-27 (see folder “Report 
Large Figures”). This figure is mainly intended to show the distribution of the drill holes, as opposed to 
the compositions of individual samples, which are listed with colour-coding in Table 5-4 (see folder 
“Report Tables”). Also shown in Figure 5-27 are the locations of 15 SOQUEM Inc., Amex Exploration 
Inc. and Globex Mining Enterprises Inc. drill holes sampled in the present study. Three of these holes are 
discussed in the next section. 

Figure 5-28 (see folder “Report Large Figures”) shows the distribution of all surface samples 
(outcrops and tops of drill holes), with values of the Ishikawa alteration index (Ishikawa et al. 1976) 
greater than 70 marked by red symbols. This index, which is defined as 100×(K2O+MgO) / 
(K2O+MgO+CaO+Na2O), has a maximum value of 100. Values greater than 70 indicate substantial 
alteration involving some or all of these elements. Values of the Ishikawa alteration index are given in 
Table 5-1 (see folder “Report Tables”), together with a modified chlorite index and calculated europium 
anomalies. The chlorite index is modified from Large, Gemmell and Paulick (2001) to include a calcium 
term, and is defined as 100×(FeO*+MgO) / (FeO*+MgO+CaO+Na2O+K2O), where FeO* is total iron. 
Values greater than 70 are considered significant. It should be noted that the presence of iron sulfide and 
iron-bearing carbonate in a sample will increase the value of the index and, thus, it is not strictly a chlorite 
index. The europium anomaly Eu* in Tables 5-1 to 5-3 is defined in the footnotes to the tables. Unaltered 
volcanic rocks commonly show an increasingly negative europium anomaly in going from mafic to felsic 
compositions due to fractionation effects involving feldspar removal. However, if any of these rocks 
become hydrothermally altered to sericite or chlorite, the europium anomaly generally becomes even 
more negative as feldspars breakdown and europium is lost to migrating fluids. Positive europium 
anomalies are of interest to exploration geologists as they generally result from the presence of sulfides, 
carbonates or oxides that precipitated from hydrothermal vent fluids (Michard and Albarède 1986; 
Barrett, Jarvis and Jarvis 1990). In ancient chemical sediments such as iron formations, the size of the 
positive anomaly could, in theory, reflect proximity to a hydrothermal vent. 
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Downhole Chemostratigraphic Columns 

Lithogeochemical results and rock photos for 3 drill holes from contrasting portions of the Normétal 
volcanic sequence are shown in Figures 5-29 to 5-31. New U/Pb zircon ages were obtained at each of 
these 3 locations. Two of the drill holes were sampled as part of the present project. The third drill hole 
was sampled by Amex Exploration Inc., who kindly provided their whole-rock geochemical analyses 
(Marchand 2009). 

Globex Mining Enterprises Inc. drill hole GN-07-21, collared immediately south of the Normétal 
Mine, was drilled north through a sequence of dacite, diabase and rhyolite before intersecting semi-
massive to massive sulfides and ending in altered rhyolite (Figure 5-29). Although both the drill hole and 
the geological units dip steeply to the north, which exaggerates the thickness of the units, the drill hole 
appears to have cut down through the overturned stratigraphy. This is supported by the presence of 
stockwork veins on the north side of the sulfide lens. A new U/Pb zircon age of 2724.6±0.8 Ma was 
obtained for altered and mineralized rhyolite 6a (sample 10GC-005) from the immediate stratigraphic 
footwall of the sulfide lens. All of the rock units intersected in this drill hole may lie within Lafrance’s 
(2003) mine sequence, that is, between the Normétal fault to the south and a sedimentary horizon 
(volcaniclastics and argillites) to the north. Many of the felsic rocks in this drill hole are carbonate-
chloritoid altered. The dacitic unit also contains centimetre-scale layers of quartz-magnetite-carbonate 
layers that are interpreted as chemical sediments. The REE pattern of one of these layers shows a strong 
positive europium anomaly. The diabase unit encountered in this drill hole appears to correspond to the 
so-called quartz diorite unit that is shown on old mine maps as occurring to the immediate south of the 
orebody. It appears to represent a post-alteration sill. 

SOQUEM Inc. drill hole 1356-07-09, collared 8 km east-southeast of the Normétal Mine, intersected 
mainly dacites and rhyolite 6c from north to south (the presumed younging direction), with a few thin 
intervals of dark fine-grained tuff and argillite (Figure 5-30). The drill hole ended in a major unit of 
quartz-feldspar-phyric rhyolite, which yielded a new U/Pb zircon age of 2710.6±0.8 Ma (sample 10GC-
002), making it the youngest of the volcanic ages obtained in this study. This rhyolite appears to be the 
lateral equivalent of Lafrance’s unit 4 felsic dome. It also appears to lie very close to the down-dip 
extension of the mine horizon that is shown on Lafrance’s (2003) map. 

Amex Exploration Inc. drill hole PE2008-02, located in the Beaupré block 7 km west-northwest of 
the Normétal Mine, intersected a short interval of rhyolite 6a, followed by a thick interval of rhyolite 7, a 
thin shear zone, and then andesites (Figure 5-31). Over the last few decades, a few dozen gold-exploration 
holes have been drilled in this area, which is known as the Perron property (Marchand 2009, 2010). The 
whole-rock analyses shown in Figure 5-31 are from company assay pulps corresponding to 0.5 to 1.5 m 
core lengths that were commonly contiguous over tens of metres; thus, the data provide a detailed picture 
of chemical variations within the main volcanic units, especially rhyolite 7. Most of the gold occurrences 
lie within this rhyolite, with minor mineralization in the shear zone and adjacent andesite (Marchand 
2009). The upper and lower portions of rhyolite 7 have near-homogeneous primary compositions, as 
shown by the near-uniform Zr/Al2O3 and Zr/Y values, whereas the middle portion is elevated in both 
ratios. These contrasting intervals are assigned to chemical subtypes 7b and 7c, respectively. The lowest 
100 m of rhyolite before the andesite contact shows a marked increase in potassium; this interval also 
contains 2 gold-mineralized zones. A new U/Pb zircon age of 2725.4±0.9 Ma was obtained for an outcrop 
of rhyolite 6a (sample 10GC-003) located 20 m from the collar of the drill hole. Although an age has not 
been determined for the rhyolite 7 interval, it is in apparent stratigraphic contact with rhyolite 6a in 
several holes within the Beaupré block (Marchand 2009; and drill holes sampled in the present study). 
Rhyolite 7, therefore, is inferred to overlie rhyolite 6a and to be essentially coeval with it. 
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Figure 5-29.  Chemostratigraphic column for Globex Mining Enterprises Inc. drill hole GN-07-21.  Abbreviations: carb, 
carbonate; EOH, end of hole; litho, lithogeochemical sample; mag, magnetite; qtz, quartz; Rhy, rhyolite. 
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Figure 5-30.  Chemostratigraphic column for SOQUEM Inc. drill hole 1356-07-09.  Abbreviations:  EOH, end of hole; 
Fp, feldspar; litho, lithogeochemical sample; Rhy, rhyolite. 
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Figure 5-31.  Chemostratigraphic column for Amex Exploration Inc. drill hole PE2008-02.  Whole-rock analytical data from 
Marchand (2009).  Mineralized zones contain enrichments in gold and sulfur, and locally copper and zinc (Cu+Zn) (Marchand 
2009).  Abbreviation:  ICP, inductively coupled plasma mass spectrometry. 
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Figure 5-32.  Collar locations of historic drill holes of Cominco Ltd., Falconbridge Ltd. and SOQUEM Inc. in the Normétal volcanic belt.  Whole-rock data for the 3 holes shown 
by the open symbols are given in Figures 5-33 to 5-35.  Easting and northing values are UTM co-ordinates (NAD83, Zone 17). 
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Downhole Plots of Historic Drill-Hole Data 

Drill holes from the 1990s were generally sampled for lithogeochemistry throughout their entirety and at 
fairly close spacings by the companies involved. As such, the analyses provide good records of the 
downhole variations in primary rock type, although they generally lack REEs and various other trace 
elements that are now used to help separate rock types. Nonetheless, the main chemical units can be 
outlined using immobile-element ratios involving aluminum, titanium, zirconium and yttrium. All 
available historic analyses (approximately 2000) are provided in Table 5-4 (see folder “Report Tables”). 
Three drill holes from different locations along the strike of the Normétal volcanic belt were selected in 
order to show the typical rock types that occur close to the mine horizon, that is, near the presumed 
stratigraphic top of the volcanic sequence. The locations of these 3 drill holes, which were drilled by 
Falconbridge Ltd., are shown in Figure 5-32. 

Drill hole 95-30-04, collared approximately 6 km northwest of the Normétal Mine, intersected 3 
main volcanic units; from north to south: rhyolite 6b, dacite and rhyolite 7 (Figure 5-33; the reason for the 
sampling gap in the lower part of the drill hole is unknown). This drill hole stopped short of the regional 
sedimentary horizon that marks the northern boundary of the mine sequence as defined by Lafrance 
(2003). Each unit has fairly uniform immobile-element ratios, although Zr/Y values in the dacite vary. 
Most of the rocks are relatively unaltered chemically, apart from 2 samples of rhyolite 6b that are strongly 
carbonate altered with sodium-calcium depletion. The main volcanic units in this drill hole (rhyolite 6b, 
dacite and rhyolite 7) correspond to Lafrance’s map units 2.2, 2.1 and 3, respectively. 

Drill hole 95-28-05 was collared approximately 1 km east-southeast of the Normétal Mine. From 
north to south, the drill hole intersected rhyolite 6, dacite and rhyolite 7 intervals, before passing through 
the regional sedimentary horizon (tuffs and argillite at 344 to 380 m) and into a heterogeneous succession 
of volcanic rocks (Figure 5-34). This latter succession, which includes a thick diorite sill, appears to 
correspond to Lafrance’s (2003) mine sequence. The company log indicates that two 1 m thick layers of 
semi-massive to massive pyrite occur between the dacite and rhyolite 7 units, within sheared, gouged and 
altered felsic tuffs. Interestingly, the first half of the drill hole intersected essentially the same 3 volcanic 
units as noted above for drill hole 95-30-04, approximately 6 km northwest of the mine. 

Drill hole 96-33-09, collared approximately 15 km east-southeast of the Normétal Mine, was drilled 
from south to north, intersecting dacite, rhyolite 6a, a mixed unit, andesite and basalt, and finally another 
unit of rhyolite 6a (Figure 5-35). The mixed unit may be the equivalent of the regional sedimentary 
horizon, but no log is available to confirm this. Most of the rhyolite 6a samples are strongly sodium-
depleted, but those in the more northern of the 2 intervals have the highest potassium contents (and also 
the highest Ishikawa index values). 
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Figure 5-33.  Downhole immobile-element plots for Falconbridge Ltd. drill hole 95-30-04, located approximately 6 km 
northwest of the Normétal Mine. 
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Figure 5-34.  Downhole immobile-element plots for Falconbridge Ltd. drill hole 95-28-05, located about 1 km east-southeast of 
the Normétal Mine.  Abbreviations: And, andesite; Rhy, rhyolite. 

 

Figure 5-35.  Downhole immobile-element plots for Falconbridge Ltd. drill hole 96-33-09, located about 15 km east-southeast of 
the Normétal Mine.  Abbreviation: Rhy, rhyolite. 
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SULFUR ISOTOPES 

by Elizabeth Sharman10 and Boswell A. Wing10 

Introduction 

Massive to laminated to disseminated sulfides from the Normétal portion of the belt were analyzed for 
multiple sulfur isotopes at the Department of Earth and Planetary Sciences, McGill University, Montreal. 
The determination of Δ33S is a recent development in the field of sulfur isotope studies, and the results 
can provide new information on the history of the sulfur relative to the traditionally measured 32S and 34S 
isotopes. The analytical methods used to extract the sulfur from crushed whole-rock samples or drilled 
sulfide powders are described in Sharman (2011). All sulfur isotope data are reported relative to Vienna 
Cañon Diablo troilite (V-CDT). The analytical reproducibility (1σ) for the full analytical procedure 
(extraction, fluorination and mass spectrometry) is 0.2‰ for δ34S values, 0.01‰ for Δ33S values and 
0.2‰ for δ36S values. 

Until recently, it was thought that measurements of 33S and 36S carried no new information relative to 
34S because sulfur isotopes fractionated strictly according to isotope mass differences (i.e., 33S/32S will be 
≈ ½× 34S/32S, and 36S/32S will be ≈ 2× 34S/32S; Hulston and Thode 1965). When expressed in terms of the 
relative deviation of a measured ratio from a reference ratio  
(e.g., Δ34S = ([34S/32S]meas – [34S/32S]ref)/[34S/32S]ref), such fractionation produces the following reference 
relationships: Δ33S ≈ 0.515× δ34S and δ36S ≈ 1.9× δ34S. Recent work, however, has shown that variations 
occur. For example, sulfides and sulfates from many rocks older than 2.0 Ga do not follow the reference 
fractionation relationships, but have “anomalous” non-zero ∆ values  
(where ∆33S ≈ δ33Smeas – 0.515× δ34Smeas and ∆36S ≈ δ36Smeas – 1.9× δ34Smeas; Farquhar et al. 2001; Farquhar 
and Wing 2003). Experimental photolysis of SO2 by short wavelength ultraviolet light produces 
anomalous fractionation, with product elemental sulfur characterized by positive δ33S and negative δ36S 
values, and residual oxidized sulfur by negative δ33S and positive δ36S values (Farquhar et al. 2001). In an 
atmosphere with too much O2, these sulfur isotope signals get homogenized into a single flux of oxidized 
sulfur species that exits the atmosphere (Pavlov and Kasting 2002; Zahnle, Claire and Catling 2006). 

In this model, sulfur-isotope anomalies can provide a unique monitor of atmospheric O2 levels 
(Farquhar, Bao and Thiemens 2000; Farquhar et al. 2007)—although Lyons (2007) and Watanabe, 
Farquhar and Ohmoto (2009) offer different interpretations. Anomalous sulfur-isotopes also track the 
atmospheric deposition of reduced and oxidized sulfur species under an anoxic atmosphere (prior to 
2.32 Ga; Bekker et al. 2004). Without significant oxidative weathering to sulfate, nearly all the sulfur in 
the surface environment should eventually pass through the atmosphere and, thus, should acquire an 
anomalous isotopic composition. Since the anomalies produced in the atmosphere are chemically 
conservative once produced, they can be used to track the cycling of reduced and oxidized sulfur species 
in the geologic environment. In essence, they become isotopic “fingerprints” for the specific geological 
processes that utilize reduced sulfur or oxidized sulfur. In Archean submarine environments, for example, 
multiple sulfur isotopes can be used to track the redistribution of seawater sulfate in time and space 
during volcanic massive sulfide deposition. 

                                                      
10 Department of Earth and Planetary Sciences, McGill University, 3450 University St., Montreal, Quebec  H3A 2A7 
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Table 5-6.  Sulfur isotope analyses of samples from the Normétal area. 

Company (Location) Sample Name Field Sample δ33S 
‰ VCDT 

δ34S 
‰ VCDT 

δ36S 
‰ VCDT 

Δ33S 
‰ VCDT 

Δ36S 
‰ VCDT 

Comments Sample Type 
(Laboratory) 

SOQUEM (regional) 1356-07-06, 125.5-126.9m Disseminated sulfides (<5%) -3.287 -5.46 -9.68 -0.472 0.67 Intimately mixed pyrite clots (30%) and 
ankerite; thin quartz bands  

whole-rock powder 

SOQUEM (regional) 1356-07-06, 143.15-144.1m Disseminated sulfides (<5%) 1.183 2.43 5.05 -0.065 0.43 Pyrite clots (50%) mixed with thin 
graphitic bands 

whole-rock powder 

SOQUEM (regional) 1356-07-06, 146.6-147.4m Disseminated sulfides (<5%) -0.479 -1.30 -2.39 0.190 0.08 Graphitic shale with pyrite nodules and 
carb? veinlets 

whole-rock powder 

SOQUEM (regional) 1356-07-07, 129.4-130.8m Disseminated sulfides (<5%) 0.688 3.54 8.08 -1.135 1.34 Graphitic shale with pyrite nodules (20%) whole-rock powder 
SOQUEM (regional) 1356-07-09, 234.3-234.8m Disseminated sulfides (<5%) 0.960 4.43 10.11 -1.317 1.69 Pseudobedded pyrite with discordant 

veinlets of sphalerite? 
whole-rock powder 

SOQUEM (regional) 1356-07-09, 236.0-236.2m Disseminated sulfides (<5%) 0.708 4.13 9.40 -1.419 1.53 Laminations of massive fine-grained 
pyrite and dark material 

whole-rock powder 

SOQUEM (regional) 1356-08-10, 329.1-329.5m Disseminated sulfides (<5%) 4.467 9.53 18.70 -0.429 0.51 50% recrystallized pyrite in matrix of 
quartz feldspar porphyry 

whole-rock powder 

SOQUEM (regional) 1356-08-10, 349.3-349.49m Disseminated sulfides (<5%) 3.904 8.36 16.41 -0.392 0.47 50% transposed pyrite, cut by beige veinlets whole-rock powder 
SOQUEM (regional) 1356-08-10, 444.1-447m Disseminated sulfides (<5%) 1.732 4.16 8.56 -0.410 0.64 Tuff with massive to semi-massive pyritic 

“clasts” 
whole-rock powder 

Globex (Normétal) GN-07-01, 62.0m Massive sulfides 0.070 0.12 0.74 0.008 0.51 90% pyrite, 8% sphalerite, 2% galena drilled sulfide 
Globex (Normétal) GN-07-05, 265.2m Semi-massive sulfides 0.341 0.76 1.48 -0.049 0.04 25% pyrite, 15% sphalerite drilled sulfide 
Globex (Normétal) GN-07-08, 361.4m Semi-massive sulfides 0.523 1.17 2.59 -0.079 0.37 10% pyrite, 25% sphalerite whole-rock powder 
Globex (Normétal) GN-07-12b, 240.0m Massive sulfides 0.464 1.01 2.11 -0.056 0.19 50% pyrite, 30% sphalerite drilled sulfide 
Globex (Normétal) GN-07-12b, 244.9m Semi-massive sulfides 0.470 0.90 2.38 0.007 0.67 30% pyrite, 25% sphalerite drilled sulfide 
Globex (Normétal) GN-07-19b, 91.9m Massive sulfides 0.124 0.31 0.71 -0.034 0.12 95% pyrite drilled sulfide 
Globex (Normétal) GN-07-23, 266.9m Massive sulfides 0.687 1.45 2.95 -0.060 0.19 95% pyrite drilled sulfide 
Globex (Normétal) GN-07-23, 288.0m Massive sulfides 0.048 0.17 0.71 -0.038 0.40 70% pyrite, 10% sphalerite drilled sulfide 

Normetmar pit* NSI-001  Coarse-grained to massive pyrite -0.134 -0.23 -0.17 -0.014 0.27 95% pyrite drilled sulfide 
Normetmar pit* NSI-002 Banded to massive pyrite 0.191 0.45 1.12 -0.041 0.27 95% pyrite drilled sulfide 
Normetmar pit* NSI-003 Banded to massive pyrite 0.236 0.52 1.28 -0.031 0.29 95% pyrite drilled sulfide 
Normetmar pit* NSI-004 Mixed pyrite and quartz, trace mica 0.638 1.30 2.75 -0.030 0.29 50% pyrite drilled sulfide 

Amex (Great Plains) GP-07-04, 179.0-179.5m Massive framboidal pyrite -0.847 -1.02 -1.66 -0.323 0.27 90% pyrite, 3-4% pyrrhotite clots, 
3% chalcopyrite 

whole-rock powder 

Amex (Great Plains) GP-07-04, 179.5-180m Massive sulfides 0.345 1.57 3.63 -0.462 0.65 98% pyrrhotite+pyrite, 1% chalcopyrite whole-rock powder 
Amex (Great Plains) GP-07-04, 183.4-183.6m Disseminated sulfides  -1.200 -1.86 -2.70 -0.243 0.83 1% pyrrhotite+chalcopyrite whole-rock powder 
Amex (Great Plains) GP-07-05, 165.0-165.3m Massive pyrrhotite with framboidal 

pyrite  
-0.630 -0.64 -0.51 -0.303 0.70 98% pyrrhotite+pyrite, 2% chalcopyrite whole-rock powder 

Amex (Great Plains) GP-07-06, 192.1-192.8m Semi-massive sulfides  -1.139 -1.39 -1.98 -0.423 0.65 Fine-grained pyrrhotite, 1% chalcopyrite 
wisps 

whole-rock powder 

Duplicate          
Amex (Great Plains) GP-07-06, 192.1-192.8m  -1.276 -1.65 -2.45 -0.428 0.68  whole-rock powder 

Abbreviation:  VCDT = Vienna Cañon Diablo troilite. 
* Sample location = 618804E 5429103N (NAD83, Zone 17). 
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Normétal Area 

Sulfide-bearing samples were selected in the field by Tim Barrett. They include i) massive sulfides at the 
Normétal Mine and the satellite Normetmar deposit; ii) a thin (1 m) massive sulfide interval at the Great 
Plains showing 20 km along strike to the east-southeast of the Normétal deposit (Guillemette 2007, 
2008); and iii) disseminations, laminations and possibly transposed veins in the upper part of the 
Normétal volcanic complex. Sample details and sulfur isotope results are provided in Table 5-6. 

Four main groups of samples are apparent on a binary plot of δ34S versus ∆33S (Figure 5-36). The 
Normétal and Normetmar massive sulfide deposits, which plot closest to the origin, are dominated by 
primary igneous sulfur, but retain a small component (1 to 4%) of sulfur derived from surficial reservoirs. 
The 3 other groups are much more depleted in 33S and, of these, 2 groups are also enriched in 34S. 

Two possible reservoirs can be hypothesized for the negative ∆33S values. First, the Archean 
sedimentary record indicates that the seawater sulfate reservoir likely had a negative ∆33S value. 
Thermochemical reduction of this sulfate in a hydrothermal circulation system could, in theory, contribute 
sulfur to massive and vein sulfides. Second, sedimentary sulfides in black shales are often characterized 
by negative ∆33S values, probably as a result of microbial reduction of seawater sulfate, either in the water 
column or in pore waters. 

 

Figure 5-36.  Plot of δ34S versus ∆33S for various types of sulfides from the Normétal volcanic belt, with the main groupings of 
data outlined by boxes.  All sulfur isotope data are reported relative to Vienna Cañon Diablo troilite (V-CDT). 
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Abitibi Volcanogenic Massive Sulfide Deposits 

Recent work on volcanogenic massive sulfide (VMS) deposits in the Abitibi greenstone belt has 
determined the common range of ∆33S values for bulk ore sulfide samples. Results for the Kidd Creek 
deposit near Timmins (Jamieson 2005) and deposits in the Noranda camp (Sharman 2011) are shown in 
Figures 5-37 and 5-38, respectively. These deposits are characterized by almost exclusively negative ∆33S 
values, with the Noranda camp VMS ore sulfides exhibiting a wider range of values than those of the 
Kidd Creek deposit. This wider range is likely a result of the Noranda deposits having formed during 
multiple stages of caldera evolution (Sharman 2011), in contrast to the Kidd Creek sulfides, which formed 
in a more uniform volcanic-hydrothermal setting. 

 

Figure 5-37.  Histogram of ∆33S values for ore sulfides from the Kidd Creek VMS deposit (data from Jamieson 2005).  All sulfur 
isotope data are reported relative to Vienna Cañon Diablo troilite (V-CDT). 
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When the multiple sulfur-isotope analyses from the Normétal volcanic complex are compared to 
these other deposits within the Abitibi Subprovince, several observations can be made. The sulfides from 
the Normétal Mine and Normetmar satellite lens have multiple sulfur-isotope characteristics in the same 
range as the ore sulfides of the Kidd Creek deposit, and of deposits that formed in the pre-caldera period 
of the Noranda camp. The sulfur in these deposits is interpreted to have been dominantly leached from 
volcanic wall rocks (a magmatic contribution is also possible), and may have formed at high temperatures 
(Sharman 2011). In contrast, a thin (1 m) interval of massive iron sulfides from the Great Plains showing 
has similar ∆33S and δ34S values to the Cauldron and Post-Cauldron deposits of the Noranda camp, that is, 
this interval contain a greater contribution from seawater sulfate (cf. Sharman 2011). Sulfide veinlets 
within the regional volcanic rocks as well as sulfides in black shales and tuffs also have negative ∆33S 
values, indicating a significant contribution of sulfur from seawater sulfate. 

 

Figure 5-38.  Histogram of ∆33S values for ore sulfides from the Noranda camp VMS deposits (data from Sharman 2011).  All 
sulfur isotope data are reported relative to Vienna Cañon Diablo troilite (V-CDT). 
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Chapter Six. Summary and Conclusions 
by T.J. Barrett, J.C. Ordóñez-Calderón and J.A. Ayer 

In the Burntbush area, field mapping has allowed subdivision of the volcanic belt into 5 tectonostratigraphic 
units based on lithofacies and petrographic characteristics (see Figure 2-5). The northern, central and 
southern volcanic units (units 1, 3 and 5) are dominated by mafic flows and associated volcaniclastic 
deposits. However, these units also include felsic tuffs, indicating that felsic volcanism occurred throughout 
the evolution of the Burntbush volcanic complex. The Burntbush rhyolite (unit 2) represents a major 
phase of felsic volcanism. It can be traced for about 20 km along strike to the Patten River pluton at the 
Quebec border. The rhyolite comprises mainly fine-grained tuff and quartz-plagioclase crystal-rich tuffs. 
The intermediate volcaniclastic unit (unit 4) includes cherty iron formation and rare graphite-bearing tuff, 
indicating that at least one hiatus in volcanic activity occurred. 

Siliciclastic sedimentary rocks in the Porcupine assemblage Scapa metasedimentary group are 
correlative with turbidites of the Chicobi sedimentary group in Quebec (Lafrance et al. 2000). Greywacke, 
approximately 20 km southeast of the Burntbush area, which belongs to the Porcupine assemblage, has a 
maximum depositional age of 2699 Ma (Ayer et al. 2002). In Quebec, the contact between the Chicobi 
sedimentary group and the Normétal volcanic complex has been interpreted as a thrust fault (Lafrance et 
al. 2000). Although thrust faults were not recognized in the Burntbush area, they cannot be ruled out due 
to strong tectonic overprinting during D3 deformation. 

The Burntbush metavolcanic rocks and the Scapa metasedimentary group rocks underwent at least 3 
deformational events. Because D3 deformation strongly overprinted and transposed structures that formed 
during the D1 and D2 phases, it is often difficult to recognize these structures in the field. No regional D2 
folds were identified in this study, but D2 upright folding was recognized in centimetre- to metre-scale 
folds. In the southern Normétal block, reversals of pillow flows indicate that a regional synform is present 
(Lafrance et al. 2000). This synform, which is bounded by dextral shear zones, may have formed during 
D2 deformation. 

STRUCTURAL IMPLICATIONS OF THE NEW URANIUM-LEAD ZIRCON 
AGES 

It is noteworthy that the geometric array of D1 to D3 structures is consistent with near north-south 
compression. Accordingly, these deformation events were near coaxial, which complicates structural and 
tectonic interpretation. However, a combination of structural and geochronological data places clear time 
constraints on the deformational history of the Burntbush–Normétal volcanic belt (Figure 6-1). 

Based on field investigations and Lithoprobe seismic reflection data, a south- to southwest-verging 
fold–thrust system has been recognized in the northwestern Abitibi greenstone belt (Lacroix and Sawyer 
1995). The North Chicobi and Normétal shear zones, well exposed in the Normétal area (see Figure 4-13), 
belong to the regional south-verging thrust-fault system (Lacroix and Sawyer 1995; Lafrance et al. 2000). 
These shear zones have also been mapped in the Burntbush area (Ordóñez-Calderón 2010, 2011), although 
they are not as well exposed and have been strongly overprinted by late D3 dextral shearing, making it 
difficult to recognize pre-D3 kinematic indicators. Late dextral reactivation of early thrust faults has also 
been documented in the Detour and Normétal areas (Lacroix and Sawyer 1995; Lafrance et al. 2000; 
Oliver et al. 2013). 
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Figure 6-1.  Summary of main geological events identified in the Burntbush–Normétal volcanic belt (Ordóñez-Calderón 2010; 
and the present study).  The vertical extent of each magmatic event box is based on reported uncertainties in U/Pb ages.  
Superscripts next to U/Pb ages refer to sources of information: 1, this study; 2, Zhang et al. (1993); 3, Mortensen (1993b); 
4, Davis et al. (2000); and 5, Vaillancourt and Machado (1995). 
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The North Chicobi shear zone brings into structural contact turbiditic sedimentary rocks (<2693 Ma) 
and calc-alkaline mafic to felsic volcanic rocks (circa 2693 Ma). Both sequences have yielded U/Pb 
zircon ages typical of the Porcupine assemblage (Ayer et al. 2002, 2005; Thurston et al. 2008) (see Figure 
4-13). The Normétal shear zone, by contrast, juxtaposes and repeats volcanic rocks with contrasting U/Pb 
zircon ages and geochemical signatures, as indicated by data from the present study (see Figure 4-13). 
Thus, transitional rhyolites of 2720 to 2711 Ma (equivalent to the age span of the Kidd–Munro assemblage) 
are in structural contact with tholeiitic to transitional volcanic rocks of 2725 Ma (equivalent to the upper 
part of the Deloro assemblage) and calc-alkaline volcanic rocks of 2693 Ma (probably equivalent to the 
lower part of the Porcupine assemblage). 

Geological mapping, geochronology, lithogeochemistry and a high-resolution aeromagnetic survey 
show that the tectonostratigraphic assemblages of the Burntbush–Normétal volcanic belt are continuous 
along strike for several tens of kilometres without any indication of regional-scale isoclinal folding. It is, 
therefore, unlikely that the documented repetition of volcanic rocks of age 2725 Ma to the south of the 
Normétal fault has resulted from large-scale tight folding. In addition, pillow tops and sedimentary 
structures in the Burntbush and Normétal areas consistently indicate younging to the south (with the 
exception of a fold within the southern Normétal block) (Lafrance et al. 2000; Ordóñez-Calderón 2010). 
It is concluded that the presence of volcanic rocks of age 2725 Ma to the south of volcanic rocks of age 
2720 to 2711 Ma is strong evidence for structural imbrication due to thrust faulting. 

Geological mapping reveals that the Patten River pluton crosscuts the Normétal thrust fault and these 
structurally imbricated panels of volcanic rocks. In addition, the core of the pluton is free of deformation, 
whereas the marginal zones exhibit a pronounced S3 mylonitic foliation with well-developed asymmetric 
Z-shaped F3 folds (Ordóñez-Calderón 2010). These structural features indicate that the Patten River 
pluton postdates thrusting, but predates D3 dextral shearing (see Figure 6-1). A U/Pb zircon age of circa 
2688 Ma for the pluton provides the minimum age of thrusting. The maximum age of thrusting is given 
by turbiditic sedimentary rocks that exhibit pronounced S1 tectonic foliation and are crosscut by the North 
Chicobi thrust fault. Detrital zircons from these sedimentary rocks are younger than 2696 Ma. However, 
a nearby intermediate tuff, with an age of 2693.0±0.8 Ma (this study; see Figure 4-6), is also cut by S1 
foliation. Therefore, thrust faulting occurred between 2693 and 2688 Ma, shortly after the deposition of 
greywacke and volcaniclastic rocks (similar in age to the Porcupine assemblage), but before intrusion of 
the Patten River pluton (see Figure 6-1). 

It is noteworthy that U/Pb zircon data suggest that there is no significant time discontinuity between 
the development of the regional bedding-parallel S1 foliation (D1), F2 folding (D2), and thrust faulting. 
The S1 foliation is well developed in both volcanic and turbiditic sedimentary rocks and clearly predates 
the intrusion of the Patten River pluton. As noted above, these structures formed within an interval of not 
more than 5 my (2693 to 2688 Ma). In the Abitibi greenstone belt, the development of prevalent S1 
foliation has been ascribed to early south-verging D1 thrusting (Benn, Sawyer and Bouchez 1992; Lacroix 
and Sawyer 1995). It is likely that early north-south compression (D1) resulted in coeval development of 
south-verging thrust faults and the regional S1 foliation observed in the Burntbush and Normétal areas. 
The D2 event may represent progressive deformation within the same orogenic episode (see “Regional 
Tectonic Significance”), given that rare outcrop-scale F2 folds clearly fold the regional S1 foliation. 

In the Burntbush area, a phase of the Mistawak batholith yielded a new U/Pb zircon age of 
2702.3±4.5 Ma (this study; see Figure 4-7), which is interpreted as the age of crystallization. Thus, the 
batholith was intruded well before the deposition of volcanic and sedimentary rocks (≤2696 Ma; similar 
in age to the Porcupine assemblage). Even though the D1 event produced strong layer-parallel S1 tectonic 
foliation in the Burntbush and Normétal supracrustal rocks, this foliation is not developed in the 
Mistawak batholith. The inner parts of the batholith are free of deformation with only its marginal phases 
locally exhibiting a tectonic foliation of unknown origin. This indicates that the batholith behaved as a 
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rigid body, with deformation partitioned toward the margins. This important rheological behaviour has 
also been documented in the Archean Bird River greenstone belt of the western Superior Province, where 
precollisional (2858 to 2838 Ma) granite batholiths are virtually undeformed (e.g., Duguet et al. 2009). 

Additional constraints on the timing of D3 deformation are provided by detailed structural mapping 
and geochronological analyses of other major granite batholiths and postvolcanic dikes in the Burntbush 
area. Plagioclase-porphyritic dikes, 10 to 50 cm thick, have geochemical characteristics that closely match 
those of the Patten River pluton (circa 2688 Ma; alkaline affinity). These dikes intruded volcanic rocks in 
the Burntbush area, crosscut the S1 tectonic foliation, are overprinted by S3 foliation, and are displaced by 
D3 ductile dextral shear zones. A U/Pb zircon age of circa 2685.2±1.2 Ma (this study; see Figure 4-8) was 
obtained for one of the plagioclase-porphyritic dikes, consistent with post-D1 emplacement. This age also 
implies that D3 deformation is younger than circa 2685 Ma. 

A biotite granite from the Case batholith yielded a U/Pb monazite age of 2676±3 Ma, which was 
interpreted as the age of crystallization (Davis et al. 2000). The Case batholith intruded greywacke 
(<2696 Ma), equivalent in age to the Porcupine assemblage. The batholith displays well-preserved 
undeformed magmatic textures in its innermost parts. The marginal phases of this batholith are not well 
exposed. However, abundant felsic dikes close to the margin of the batholith intruded turbiditic sedimentary 
rocks younger than 2696 Ma, crosscut S1 foliation and are overprinted by S3 foliation. These felsic dikes 
have petrographic features similar to those of the Case batholith. Therefore, it is inferred that the Case 
batholith (2676±3 Ma: Davis et al. 2000) also postdates the D1 event and predates D3 deformation. 

It could be argued that the Patten River pluton, the plagioclase-porphyritic dikes and the Case 
batholith were emplaced during prolonged D3 deformation, rather than predating this major deformation 
event. However, there is no textural evidence indicating that deformation took place above the solidus 
temperature of these intrusive rocks. The inner parts of the Patten River pluton and the Case batholith 
exhibit well-preserved isotropic magmatic fabrics free of deformation. The plagioclase-phyric dikes are 
strongly deformed, but microstructural analysis indicates that the S3 foliation overprinted a well-developed 
primary porphyritic magmatic fabric. These observations suggest that D3 deformation occurred after the 
intrusions had cooled below their solidus temperature; consequently, the intrusions predate D3 deformation. 
Given the analytical uncertainty of the U/Pb age reported for the Case batholith (Davis et al. 2000), it is 
concluded that the maximum age for D3 dextral transpression is younger than 2680 Ma (see Figure 6-1). 

REGIONAL TECTONIC SIGNIFICANCE 
The Superior Province comprises a collage of Eoarchean to Neoarchean continental and oceanic terranes 
(Percival et al. 2006; Stott and Mueller 2009). These terranes were docked during the Neoarchean through 
collision–accretion events that have been compared with plate-tectonic processes operating in the 
Phanerozoic (Percival et al. 2006). As in modern geodynamic regimes, the accretion of the Superior 
Province was diachronous, with 5 different orogenic events operating between about 2720 and 2680 Ma. 
These Neoarchean orogenic processes record a southward progression of collision–accretion processes 
over a relatively short time span of approximately 40 my. 

Detailed structural, lithogeochemical and geochronological work has shown that the Burntbush–
Normétal supracrustal rocks—a part of the Neoarchean Abitibi greenstone belt—record at least 32 my of 
active volcanism and sedimentation between 2725 and 2693 Ma. Volcanic, sedimentary and plutonic 
rocks in the area preserve geologic features attesting to at least 3 major deformational events. Deformation-
related fabrics clearly indicate that D1 south-verging thrusting, D2 folding and D3 dextral transpression are 
the result of tectonic forces in which the principal stress direction was oriented nearly north to south. 
Accordingly, the D1 to D3 events can be correlated with the overall southward progression of the 
collision–accretion history of the Superior Province. 
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In the present study, D1 thrusting and D2 folding have been bracketed between 2693 and 2688 Ma. 
This interval correlates with the proposed Shebandowanian orogeny, the peak of which occurred circa 
2690 Ma (Percival et al. 2006; Corfu and Stott 1998; Stott 1997). During this orogeny, the Wawa–Abitibi 
terrane was accreted to the composite Superior terrane to the north. Accordingly, in the Burntbush–
Normétal volcanic belt, the south-verging D1 thrust faults, the regional dominant S1 foliation, outcrop-
scale F2 folds, and the observed repetition of volcanic rocks (similar in age to the Kidd–Munro and upper 
Deloro assemblages) document the collision of the Wawa–Abitibi terrane with the composite Superior 
terrane to the north. 

Late D3 dextral transpression in the Burntbush–Normétal volcanic belt is constrained to later than 
2680 Ma (see Figure 6-1). Late transpressional tectonics are diachronous throughout the Superior 
Province. In the Wabigoon Subprovince, it has been constrained to later than 2691 Ma in the Beardmore–
Geraldton greenstone belt and later than 2683 Ma at Rainy Lake (Davis, Poulsen and Kamo 1989; Corfu 
and Stott 1998; Lafrance, DeWolfe and Stott 2004). In the Wawa–Abitibi terrane and the Quetico Basin, 
transpressional deformation between 2685 and 2680 Ma is likely related to a late phase of the 
Shebandowanian orogeny (Corfu and Stott 1998). However, a phase of late transpressional deformation in 
the Wawa–Abitibi terrane occurs later than 2680 Ma (Zaleski, van Breemen and Peterson 1999; Percival 
et al. 2006). The youngest deformation has been correlated with the accretion of the Minnesota River 
Valley terrane to the Superior Province during the Minnesotan orogeny. This late orogenic event 
represents the terminal collision and final assembly of the Superior Province. It is suggested that D3 
transpressional deformation in the Burntbush–Normétal volcanic belt reflects late crustal reworking and 
reactivation during the last Neoarchean orogenic event recorded in the Superior Province. 

VOLCANISM AND PLUTONISM 
The Burntbush–Normétal volcanic belt includes a wide range of compositions from basalt through 

andesite to rhyolite and their subvolcanic equivalents. Komatiitic rocks are rare. In the Normétal area, the 
volcanic sequence appears to be thicker than in the Burntbush area, as it extends into the region between 
the northern margin of the Patten River pluton and the Mistawak batholith and Rousseau pluton. The 
volcanic rocks in this northern region comprise mainly basalt and basaltic andesite of tholeiitic to 
transitional affinity. A similar region is present to the immediate east of the Normétal pluton. These 2 
mafic-dominated “northern” regions have been assigned to the Gale Group by Latulippe (1976) and 
Lafrance (2003). The Gale Group also contains thin intervals of felsic tuffs and iron formation. A new age 
of 2725 Ma (this study; see Figure 4-12) was obtained for a felsic tuff horizon within a basalt flow sequence 
in the northernmost part of the Gale Group. This age is the same as the host rocks of the Matagami VMS 
camp, and only a few million years younger than the host rocks of the Joutel–Poirier and the Chibougamau 
VMS deposits (Mortensen 1993a, 1993b). The ages of the felsic intrusive complexes flanking the 
northern margin of the Burntbush–Normétal volcanic belt are in the range of 2716 to 2702 Ma, which 
makes them too young to have been the source of the felsic tuff (2725 Ma) in the Gale Group, although an 
age of 2726 Ma has been reported for the Mistaouac pluton 45 km to the northeast (Davis et al. 2000). 

Andesite, dacite and rhyolite are more abundant in the presumed stratigraphically upper portion of 
the Normétal volcanic sequence, that is, in the southern portion as far as the Normétal fault. These rocks 
are mostly of transitional to mildly calc-alkaline affinity, with the notable exception of a tholeiitic to near-
tholeiitic rhyolite that occurs on the immediate north side of the Normétal fault and also in the Beaupré 
block. In the Burntbush area, 2 new ages of 2720 Ma were obtained for the main “central” rhyolite unit 
(see Figure 4-2: Z1 and Z2), whereas in the Normétal area, 2 new ages of 2712 and 2711 Ma were 
obtained from rhyolites near the presumed stratigraphic top of the sequence (see Figures 4-5 and 4-9, 
respectively). In the Normétal area, rhyolites (ages not determined) 1 to 2 km north of the units of age 
2712 to 2711 Ma could conceivably correlate with the Burntbush rhyolite of age 2720 Ma, especially as 
they lie almost on strike with it. If so, this would support an overall younging of the Normétal volcanic 
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sequence to the south, starting with mafic-dominated volcanism at 2725 Ma at the base of the Gale 
Group, followed by a first phase of rhyolite volcanism at 2720 Ma and a last phase at 2711 Ma (andesitic 
to dacitic rocks also accumulated during the interval 2720 to 2711 Ma). The likely sources of the felsic 
volcanism were the Val-St-Gilles pluton (2716 Ma) and the Normétal pluton (2710 Ma), both of which 
flank the Normétal volcanic belt to its immediate north. The chemistry of parts of these plutons (see 
Tables 5-1 and 5-3) is comparable to that of the transitional to calc-alkaline dacites and rhyolites. The 
Patten River pluton, which bisects the Burntbush–Normétal volcanic belt, cannot be the source of the 
dacites and rhyolites, as it is too young (circa 2688 Ma) and it also has an alkaline composition. However, 
felsic porphyry dikes within several kilometres of the Patten River pluton are probably related to the pluton, 
as they are of alkaline composition; in addition, a new felsic dike sample (sample JCO-106-AG01) yielded 
an age of 2685 Ma (see Figure 4-8), comparable to the age of the pluton. 

In the model of Lafrance (2003), rhyolite volcanism was followed by an interval of volcaniclastic 
sediments and argillite (his unit 5), then the so-called mine sequence (his unit 6), which comprises a 
heterogeneous assemblage of andesitic to rhyolitic volcaniclastic rocks and flows having a thickness of 
approximately 100 to 200 m. The mine sequence hosts both the Normétal and the smaller satellite 
Normetmar massive sulfide deposits. However, a new age of 2725 Ma for a mineralized rhyolite tuff in 
the immediate stratigraphic footwall of the Normétal deposit, in conjunction with the ages of 2712 to 
2711 Ma for rhyolites on the northern side of Lafrance’s (2003) sedimentary unit 5, means that the 
Normétal deposit cannot lie stratigraphically on these latter rhyolites, but must be separated from them by 
a major thrust fault. The most likely location of this fault is along Lafrance’s sedimentary unit 5 
(volcaniclastic sediments and argillite). A second fault, the Normétal fault, lies to the south of this 
inferred fault, with the mine sequence lying between the 2 faults. Thus, the Normétal deposit lies within a 
thrust-bounded panel of rocks that is quite out of place with respect to the main Normétal felsic sequence. 
This indicates that the massive sulfides were not deposited during the waning stages of volcanism in the 
region, but rather at the beginning. 

The only volcanic unit near the Normétal Mine of known age at the time of Lafrance’s study was a 
rhyolite a few hundred metres north of the mine, which yielded an age of 2728 Ma (Mortensen 1993b). 
However, reinterpretation of the zircon results by Mike Hamilton (Chapter 4) suggests an age closer to 
2622 Ma. Although the precise location of this sample is unknown, it cannot be the lateral equivalent of 
the rhyolite units of age 2712 to 2711 Ma. 

The Beaupré rhyolite unit, which occurs several kilometres to the west-northwest of the Normétal 
Mine, but on the south side of the Normétal fault, has an age of 2722±3 Ma according to Zhang et al. 
(1993). The more precise age of 2725.4±0.9 Ma for the Beaupré rhyolite determined in the present study 
coincides with the new age of 2724.6±0.8 Ma for the immediate footwall of the Normétal deposit. The 
chemistry of these 2 rhyolites also matches closely (both are transitional). Thus, the Beaupré rhyolite is 
interpreted here to be part of a second thrust-bounded panel that is the same age as the mine footwall. 
Interestingly, both the main Normétal felsic sequence (north of the Normétal fault) and the Beaupré block 
(south of it) show the same north-to-south change from transitional rhyolite to tholeiitic rhyolite, which 
suggests that the Beaupré block represents a thrust repetition of the slightly more northern sequence. The 
tholeiitic Beaupré rhyolite is separated from andesites to the south by the Perron thrust fault. These andesites 
belong to Lafrance’s Southern Normétal block (Lafrance et al. 2000), the age of which is unknown. 

It would be of interest to determine the age of the tholeiitic rhyolite at the presumed top (southern 
margin) of the main Normétal sequence to see if it belongs to the package with ages of 2712 to 2711 Ma, 
as would seem likely from general field relations, or to a separate tectonic panel of older rock. However, 
within the Beaupré block, similar tholeiitic rhyolite lies immediately south of a transitional rhyolite of age 
2725 Ma and, thus, is presumably only marginally younger than the latter rhyolite. The source of the 
tholeiitic rhyolitic volcanism is unknown, as no felsic intrusions of tholeiitic affinity have as yet been 
identified in the Burntbush–Normétal volcanic belt. 
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ECONOMIC IMPLICATIONS 

Much drilling has been done in the area north of the Normétal fault and east of the Patten River pluton. If 
it is assumed that massive sulfides were deposited only at 2725 Ma, then the portion of the main Normétal 
felsic sequence of age 2712 to 2711 Ma would not represent a favourable exploration target. The 2 areas 
that do have felsic rocks of age 2725 Ma are the mafic-dominated Gale Group 10 km to the north of 
Normétal, and the Beaupré block 5 to 10 km to the west-northwest of Normétal. Within these 2 areas, any 
volcanic contacts or hiatuses would make good exploration targets for massive sulfide deposits. 
Anomalous copper is present in rhyolite tuff at the outcrop that yielded the age of 2725 Ma and also in 
iron formation 150 m to the south (samples NOR-122 and NOR-109, respectively; see also folder “Report 
Appendixes” subfolder “Appendix 13_Petrographic Photos_Normétal”). However, exploration of 
volcanic contacts in the Gale Group area could be limited to strike lengths of several kilometres or less by 
the presence of later granitoid masses that terminate the volcanic sequence on 3 sides. In the area of the 
Beaupré block (also 2725 Ma), the bounding thrust faults on either side of the block may have modified 
or even removed potentially favourable horizons for massive sulfide accumulation. 

On the other hand, the deformation that occurred along the extensive Normétal–Patten–Perron fault 
system, including a later phase of dextral shearing, increases the potential for gold deposition. The 
southern margin of the Beaupré block, which has been the focus of historic gold exploration, contains 
gold zones in the tholeiitic rhyolite on the north side of the Perron fault and also in the andesite on the 
immediate south side of the fault. If the Normétal fault is extrapolated west-northwest across the Patten 
River pluton and into the Burntbush area, it would bound the southern margin of the Burntbush rhyolite 
(2720 Ma). A panel of older rock (2724 Ma) of unknown lateral extent lies immediately to the south of 
the Burntbush rhyolite (see Figure 4-13). The age of this panel suggests it has potential for massive 
sulfide mineralization. In addition, if the Perron fault continues west-northwestward into the Burntbush 
area, it might bound the southern margin of this panel of 2724 Ma rocks. If so, the southern margin would 
offer potential for gold mineralization (analogous to the gold that occurs along the southern margin of the 
Beaupré block in Quebec). Finally, the entire southern margin of the Burntbush–Normétal volcanic belt, 
where mafic rocks are in contact with greywacke along the North Chicobi fault, would also represent a 
gold exploration target by analogy with the setting of gold deposits along the Porcupine–Destor fault in 
the Timmins to Matheson area. 

Some of the felsic volcanic rocks to the north of the Normétal fault show high values of the Ishikawa 
alteration index (see Figure 5-28 (see folder “Report Large Figures”)). This would not be expected if 
these volcanic rocks are in fact 5 to 14 million years younger than Normétal massive sulfide deposit, as 
the new geochronological results suggest. Much of the alteration, however, involves sericitization ± 
silicification. It is conceivable that this alteration is related to a younger hydrothermal system that 
operated sometime within the interval of 2720 to 2711 Ma. By contrast, within the thrust-bounded panel 
of stratigraphy that hosts the Normétal deposit (2725 Ma), chlorite, chloritoid, carbonate and sericite are 
common, and sulfides and magnetite occur locally (Bambic and Cattalani 1992; Teasdale 1993; Lafrance 
2003). This suggests that a different style of alteration resulted from the hydrothermal system that 
deposited the massive sulfides. 

PALEOTECTONIC SETTING 

According to Lafrance et al. (2000), the paleoseafloor in the Normétal area gradually evolved from a 
tholeiitic mafic volcanic submarine plain to a series of isolated felsic centres that eventually coalesced 
into a nearly laterally continuous sequence of felsic volcanic rocks. In his model, most of the andesitic to 
rhyolitic volcanic rocks formed in an early island-arc setting based on their geochemistry, including 
enrichment in the light REEs and tantalum depletions (niobium was not analyzed). Our more extensive 
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lithogeochemical database supports this general setting. The older tholeiitic mafic rocks of the Gale 
Group are interpreted to represent pre-arc ocean floor. Almost all of the subsequent volcanic rocks show 
negative niobium-tantalum anomalies and light REE enrichment, consistent with formation in a subduction-
related setting. Lafrance et al. (2000) suggested that the tholeiitic rhyolite at the apparent top of the main 
Normétal sequence (unit 7 in the present study) formed during a late phase of intra-arc rifting, when the 
influence of subduction had decreased, and that this was followed by a period of sedimentation (his unit 5). 
Given the tectonic complexity in this area, however, it would be important to determine the age of the 
tholeiitic rhyolite to confirm if it indeed marks the end of arc-related volcanism. Overall, the transitional 
to mildly calc-alkaline andesite-dacite-rhyolite volcanism in the Burntbush–Normétal volcanic belt 
appears to represent an early stage in the evolution of a seafloor arc, as Th/Yb and Th/Nb values are lower 
than those of mature calc-alkaline arc volcanic rocks, such as the host rocks of the LaRonde gold-rich 
semi-massive sulfide deposit of the eastern Blake River group (Mercier-Langevin et al. 2007). 

 

Figure 6-2.  Main tectonostratigraphic units in the Normétal area. 
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SUMMARY OF GEOLOGICAL RELATIONS 

In summary, the Normétal part of the Abitibi greenstone belt preserves a volcanic sequence that youngs—
although not necessarily continuously—from 2725 Ma in the north to 2711 Ma in the south. The volcanic 
sequence was then capped by volcaniclastic and argillaceous sediments marking the end of volcanism. 
This semi-continuous sedimentary horizon forms a marker that can be traced west-northwest to east-
southeast for approximately 20 km. We suggest that this sedimentary horizon became the locus of later 
north-to-south thrusting that placed the upper part of the Normétal felsic sequence (2712 to 2711 Ma) 
against a notably older panel (2725 Ma) of mixed volcanic rocks, immediately to the south, that hosts the 
Normétal massive sulfide deposit. This panel, in turn, is bounded to the south by the Normétal fault, south 
of which lies the rhyolite-dominated, gold-bearing Beaupré block, which also has an age of 2725 Ma. 
A simplified section summarizing these relations is shown in Figure 6-2. 

The main lithological units in the Burntbush and Normétal areas, together with U/Pb zircon ages and 
proposed correlations, are shown in Figure 6-3. It should be noted that the individual units are not 
homogenous throughout, but contain some intercalations of other rock types. Tholeiitic mafic volcanic 
rocks together with minor felsic tuffs and iron formation accumulated from 2725 to circa 2720 Ma, 
followed by transitional to mildly calc-alkaline andesite-dacite-rhyolite from circa 2720 to 2711 Ma, with 
a unit of tholeiitic rhyolite (age not determined) at the apparent top of the Normétal volcanic sequence. 
Immediately south of this is a tectonic panel containing the Normétal massive sulfide deposit. However, 
as the Normétal deposit is hosted by felsic tuffs of age 2725 Ma, it must have formed early in the history 
of seafloor arc volcanism, not at the end of it. Synvolcanic plutons were intruded at 2716 and 2710 Ma. 
The last magmatic event in the area was the intrusion of the alkaline Patten River pluton, which split apart 
the central portion of the Burntbush–Normétal volcanic belt. 
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Figure 6-3.  Summary of the main lithological units, geochronological results and inferred faults in the Burntbush and Normétal areas.  The top of the diagram is toward the south.  
The volcanic ages are all new results, as are ages for the Mistawak batholith and the Patten River pluton. 
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Appendixes 

Appendix 1. Field Data from the Burntbush Area 
[see folder “Report Appendixes”,  file “Appendix 1_Field Data_Burntbush”] 

Appendix 2. Structural Data from Mapping in the Burntbush Area 
[see folder “Report Appendixes”,  file “Appendix 2_Mapping Structural Data_Burntbush”] 

Appendix 3. Field Data from the Normétal Area 
[see folder “Report Appendixes”,  file “Appendix 3_Field Data_Normétal”] 

Appendix 4. Whole-Rock Neodymium–Hafnium Isotope Data for 15 Samples 
from the Burntbush–Normétal Volcanic Belt 

[see folder “Report Appendixes”,  file “Appendix 4_Nd-Hf_Whole-Rock”] 

Appendix 5. Zircon-Separate Hafnium Isotope Data for 10 Samples from the 
Burntbush–Normétal Volcanic Belt 

[see folder “Report Appendixes”,  file “Appendix 5_Hf_Zircon Separates”] 

Appendix 6. Table Comparing Acme Laboratories and OGS 
Geoscience Laboratories Analyses of 12 Samples from the 
Burntbush–Normétal Volcanic Belt 

[see folder “Report Appendixes”,  file “Appendix 6_Acme-GeoLabs Analyses_Comparison”] 

Appendix 7. Collar Locations of 26 Drill Holes from the Burntbush–Normétal 
Volcanic Belt Sampled in this Project 

[see folder “Report Appendixes”,  file “Appendix 7_Drill Hole Collar Locations”] 

Appendix 8. Report on Mineral Identification by X-Ray Diffraction for 8 Samples 
from the Burntbush–Normétal Volcanic Belt 

[see folder “Report Appendixes”,  file “Appendix 8_XRD_Mineral ID Report”] 

Appendix 9. Field Photographs in the Burntbush Area 
[see folder “Report Appendixes”,  subfolder “Appendix 9_Field Photos_Burntbush”] 

Appendix 10. Field Photographs in the Normétal Area 
[see folder “Report Appendixes”,  subfolder “Appendix 10_Field Photos_Normétal”] 

Appendix 11. Photographs of Core from the Normétal Area 
[see folder “Report Appendixes”,  subfolder “Appendix 11_Core Photos_Normétal”] 

Appendix 12. Photomicrographs of Thin-Sections of Samples from the 
Burntbush Area 

[see folder “Report Appendixes”,  subfolder “Appendix 12_Petrographic Photos_Burntbush”] 

Appendix 13. Photomicrographs of Thin-Sections of Samples from the 
Normétal Area 

[see folder “Report Appendixes”,  subfolder “Appendix 13_Petrographic Photos_Normétal”] 
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Metric Conversion Table 

Conversion from SI to Imperial  Conversion from Imperial to Sl 

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 cm2 0.155 0 square inches  1 square inch 6.451 6 cm2 

1 m2 10.763 9 square feet  1 square foot 0.092 903 04 m2 

1 km2 0.386 10 square miles  1 square mile 2.589 988 km2 

1 ha 2.471 054 acres  1 acre 0.404 685 6 ha 
VOLUME 

1 cm3 0.061 023 cubic inches  1 cubic inch 16.387 064 cm3 

1 m3 35.314 7 cubic feet  1 cubic foot 0.028 316 85 m3 

1 m3 1.307 951 cubic yards  1 cubic yard 0.764 554 86 m3 

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 9 t 

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

ton (short) 
 1 ounce (troy) /  

ton (short) 
34.285 714 2 g/t 

1 g/t 0.583 333 33 pennyweights /  
ton (short) 

 1 pennyweight /  
ton (short) 

1.714 285 7 g/t 

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 factors in bold type are exact. The conversion factors have been taken from or have been derived from factors given in 
the Metric Practice Guide for the Canadian Mining and Metallurgical Industries, published by the Mining Association of Canada in co-
operation with the Coal Association of Canada. 
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