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Foreword 

The renewed interest and mineral exploration activity in the Beardmore–Geraldton region has prompted 
the Ontario Geological Survey to publish these previously unpublished data that were collected in the 
mid-1980s. The reader should note that new interpretations of regional geology and new names for some 
of the regional lithostructural features have been adopted in common usage in the interim (cf. Smyk, 
Fralick and Hart 2005 and references contained therein). The original text has not been edited to reflect 
these changes. More recent geochronological and structural data have not been added to augment the 
manuscript. The reader would also benefit from Lafrance et al.’s (2004) reappraisal of the structure of the 
Beardmore–Geraldton belt. Please consult with the Resident Geologist’s Office, Thunder Bay North 
District for current property ownership and access information. 

This report and its accompanying back pocket material is meant to be used in conjunction with 
Miscellaneous Release Data—264, a complementary publication, available separately from this report. 
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Abstract 

Gold mineralization in the Beardmore–Geraldton greenstone belt is the product of hydrothermal fluids 
that flowed in zones of high crustal permeability. This permeability is the product of prolonged 
deformation that resulted in numerous shear zones along which magmatic and hydrothermal activity was 
focused, as evidenced by the close spatial association of shear zones, intrusive rocks and gold 
mineralization. Within these shear zones, primary textures are destroyed or modified over widths of 
several hundreds of metres, and are often bound by high strain zones (kilometres wide), in which primary 
textures are preserved, but tight folding occurred due to simple shear. Many of these high strain zones can 
be traced over 30 km and are often located along major lithologic contacts. Zones that have undergone 
late brittle reactivation are associated with major topographic lineaments; however, the most productive 
shear zone, the Bankfield–Tombill shear zone, host to most of the gold mines in the Geraldton camp, does 
not have an associated topographic lineament. 

This zone and many others that were identified during the course of this study, were located by 
recognizing ductile deformation features. These include: well developed foliation; shear bands and 
breccias; strain markers such as stretched pillows and pebbles; tight folding; and the gradual destruction 
of primary textures as an indicator of relative strain. In greenschist facies rocks, these shear zones are 
often accompanied by discontinuous hydrothermal alteration, which produces iron carbonates and 
hydrous minerals such as muscovite. Adjacent to gold mineralization, major elements such as calcium and 
magnesium are often depleted, while potassium and silica are enriched. Gold and barium are also 
anomalously high. 

The permeability of these shear zones also permitted magma migration, and thus felsic to ultramafic 
intrusive rocks are commonly found within these high strain zones. The common association of gold 
deposits with intrusive rocks suggest that the fluids responsible for gold mineralization could have been 
generated from magmatic activity. Alternatively, the fact that this association is not ubiquitous suggests 
that it could also be a function of the same shear-generated crustal permeability that allowed both 
hydrothermal fluids and magma to access the crust, and that gold mineralization was independent of 
intrusive activity. Relative temporal relationships between deformation, intrusive activity and gold 
mineralization as documented in the field, and precise U/Pb geochronology, support the latter alternative. 

The restriction of gold mineralization to greenschist facies rocks suggest a temperature-pressure 
control on the precipitation of gangue and mineralization. This does not necessarily imply metamorphic 
dehydration, as fluids from other sources may have been present during metamorphism. An anomalous 
spatial relationship exists between oxide facies banded iron formation and gold mineralization. These iron 
formations cannot be a source of gold as their primary gold content is 2 to 3 ppb throughout the belt, 
whether they are far from or in close proximity to gold mines, metasedimentary- or metavolcanic-hosted 
or in greenschist or amphibolite facies rocks. 

It is suggested that explorationists focus their attention on high strain zones within greenschist facies 
rocks. Evidence of hydrothermal activity is usually found within or adjacent to sections of shear zones 
that contain gold mineralization. However, alteration is often difficult to recognize and is not visibly 
widespread within wacke. 
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Introduction 
The Beardmore–Geraldton greenstone belt extends east from the shores of Lake Nipigon for 
approximately 180 km and has produced 128 tonnes of gold (Mason and McConnell 1983). Most of this 
production came from two gold camps, the Geraldton camp on Kenogamisis Lake and the Beardmore 
camp, near the east shore of Lake Nipigon. The balance of gold production came from several small 
mines scattered 20 miles northeast of Beardmore and one mine south of Long Lac. Table 1 is a production 
summary of all past gold producers whose locations are indicated on Figure 1. 

The purpose of this study is to determine the geological controls on gold mineralization and to 
develop gold exploration criteria for the Beardmore–Geraldton greenstone belt. This study is a field-based 
synthesis of regional geological features that have spatial associations, as well as direct and indirect 
genetic relationships with gold mineralization. These features will also be described at the outcrop scale, 
to aid in field recognition. This will then allow the identification of potential exploration targets on 
regional- and township-scale geological maps and subsequent confirmation in the field. 

Regional geological features were studied, since the primary objective of this study is to provide 
regional geological guidance to gold exploration. Areas with abundant mineralization such as the 
Geraldton camp were evaluated with respect to lithologic associations, alteration and structure. 
Anomalous geological features were recorded and subsequently compared to areas that are barren of gold 
mineralization. This resulted in the identification of several regional geological factors that, together, 
define areas with gold potential. The mines in the study area are now inaccessible, with very few surface 
exposures of mineralization available for study. Fortunately, the nature of gold mineralization and the 
geology of most of the underground workings have been very well documented by previous workers (e.g., 
Horwood and Pye 1951; Pye 1951). This information has recently been supplemented by Mason and 
White (1986). Township-scale maps of almost the entire belt, and detailed documentation of 
mineralization in underground workings, provided the foundation of an integrated synthesis. Field work 
consisted of bedrock mapping from regional to outcrop scales, petrographic examination and whole rock 
geochemical analysis. Map 1 (back pocket) shows the regional geology of the Beardmore–Geraldton 
greenstone belt (geology modified after Johns, McIlraith and Stott (2003)), along with locations of gold 
and other mineral occurrences, and regional stratigraphic younging indicators. Sample, photograph and 
detailed figure locations are plotted on Map 2 (back pocket). 

Regional Geology 
The study area is an Archean metavolcanic-metasedimentary belt located within the eastern Wabigoon 
Subprovince where the supracrustal rocks are divided into two structurally and lithologically distinct 
packages juxtaposed along an east-trending boundary. 

The southern package is the Beardmore–Geraldton greenstone belt (BGB). The southern boundary of 
this package is defined by an east-trending contact with the metasedimentary rocks of the Quetico 
Subprovince. The contact consists of linear east-trending units of metasedimentary rocks and mafic 
metavolcanic rocks, most of which can be traced over the entire length of the greenstone belt (see Figure 
1 and Map 1). These linear units pinch and swell along their strike length, which results in lozenge-
shaped lithologic packages, as exemplified in Irwin Township (see Map 1). 

The northern package is known as the Onaman–Tashota greenstone belt (OTB) and is separated from 
the BGB by east-trending shear zones, i.e., Paint Lake fault system. The Onaman–Tashota greenstone belt 
consists of felsic to mafic metavolcanic rocks and lesser metasedimentary rocks, intruded by numerous 
felsic stocks and plutons. 
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Table 1. Gold production statistics for the Beardmore–Geraldton and Onaman–Tashota greenstone belts. With the exception of 
the Tashota–Nipigon Mine, all mine locations are indicated on Figure 1. 

MAP 
NUMBER 

MINE YEARS OF 
PRODUCTION 

ORE MILLED 
(TONS) 

GOLD PRODUCED 
(OZ) 

AVERAGE GRADE 
(OZ / TON) 

SILVER 
PRODUCED 

(OZ) 
1 Bankfield 1937-42,1944-47 231 009 66 417 0.29 7590
2 Brengold 1941, 1949 46 134 2.91 
3 Crooked Green Creek 1980-1984 1455 471  
4 Hard Rock 1938-51 1 458 375 269 081 0.18 9009
5 Jellicoe 1939-41 10 620 4238 0.40 145
6 Leitch 1936-68 920 745 847 690 0.92 31 802
7 Little Long Lac 1934-54, 1956 1 780 516 605 499 0.34 52 750
8 MacLeod-Cockshutt 1938-68 10 337 229 1 475 728 0.14 101 388
9 Magnet Consolidated 1938-43, 1946-52 359 912 152 089 0.42 16 879
10 Maloney Sturgeon 1937 1 73 73.00 16
11 Maylac 1946-47 1518 792 0.52 46
12 Mosher Long Lac 1962-66 2 710 657 330 265 0.12 34 604
13 Northern Empire 1934-41, 1949 425 866 149 493 0.35 19 803
14 Orphan (Dikdik) 1934-35 3525 2460 0.70 1558
15 Sand River 1937-42 157 870 50 065 0.32 3628
16 Sturgeon River 1936-42 145 123 73 438 0.51 15 922
17 Talmora-Long Lac 1942, 1948 6634 1417 0.21 36
18 Tashota-Nipigon 1935, 1938 51 200 12 356 0.24 14 527
19 Theresa 1935-38; 1941-43;  

1945; 1950-53; 1955 
26 120 4785 0.18 202

20 Tombill 1938-42, 1955 190 622 69 120 0.36 8595
    
   TOTAL 4 115 611  318 500

 
The OTB is structurally distinct from the BGB. Lithologic units within the OTB are randomly 

oriented, whereas the BGB is comprised of lithologic units with a dominant east-trending orientation. The 
intensity of deformation in the OTB is much less than in the BGB. The BGB has been affected by intense 
dextral ductile shear, which is partly responsible for the east-trending orientation of the lithologic units. 
The few lithological contacts, which are not sheared, trend northwest and are folded. This suggests that 
the original lithologic orientation of the belt was not east-trending. Most exposures in the BGB have a 
well-developed foliation, a feature that distinguishes it from the OTB, and is a measure of the overall high 
strain. The ductile shear zones have been transected by north-trending diabase dikes. Late brittle 
reactivation of these shear zones resulted in faulting, which produced dextral offset of the diabase dikes 
and fault gouge. Topographical lineaments are expressions of the late brittle deformation since they are 
not observed in shear zones that have not undergone brittle reactivation. A good example is the 
Bankfield–Tombill shear zone in Geraldton, host to the most productive gold mines in the camp. 
Airphotos and Landsat imagery do not indicate abundant lineaments in the area of the shear zone.  

On a regional scale, the BGB may be divided into four distinct east-trending mafic metavolcanic 
belts that are separated by three metasedimentary belts (see Figure 1 and Map 1). The Southern 
Metavolcanic Belt (SVB) is situated at the Wabigoon–Quetico subprovince boundary and extends for the 
full length of the BGB. This highly strained belt is dominated by pillowed to massive, and occasionally 
tuffaceous, mafic metavolcanic flows; abundant oxide facies banded iron formation; and numerous fabric-
parallel gabbroic intrusions as well as felsic dikes. Samples collected from the mafic metavolcanic rocks 
plot around the magnesium-tholeiite–calc-alkalic boundary on a Jensen Cation diagram (Figure 2). A 
sample collected from an iron-carbonate-altered outcrop of mafic metavolcanic rock plots in the basaltic 
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komatiite field of the Jensen Cation diagram, while another sample from the same outcrop plots in the 
iron tholeiite field (see Figure 2).  

 

 
 
Figure 2. Ternary cation plots for a) visibly unaltered metavolcanic rocks and b) visibly altered metavolcanic rocks in the 
Beardmore–Geraldton belt. Calculation of ternary components and fields are after Jensen (1976) and Grunsky (1981). 
 

The Southern Sedimentary Belt (SSB), located north of the SVB, consists of a thick sequence of 
clastic metasedimentary rocks. All past-producing gold mines in the BGB are located in this belt, with the 
exception of the Northern Empire and Maylac gold mines. In Geraldton, the SSB has been subdivided 
into two groups by Pye (1951). The southern group is a monotonous sequence of wackes (Group B, Pye 
1951), while the northern group (Group A, Pye 1951) contains wackes, arkose (quartz-rich wacke), 
conglomerate and oxide facies banded iron formation. Banded iron formation and conglomerate are most 
abundant in the immediate vicinity of the Geraldton camp. Also, all past-producing gold mines at 
Geraldton are situated in the northern group. The oxide facies banded iron formation also defines fold 
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patterns that are apparently not present in the southern group. The northern group, at Geraldton, has also 
been intruded by numerous felsic dikes, gabbroic dikes and irregular gabbroic bodies, but only a few of 
these intrusive rocks have been observed elsewhere in the SSB. The boundary between the northern and 
southern groups is defined by two conglomerate bands (Pye 1951), which are part of the northern group 
(Figure 3, back pocket). The conglomerate bands are confined to the Bankfield–Tombill shear zone, 
which is coincident with an isolated lens of mafic metavolcanic rocks at the southern boundary of 
Ashmore Township (see Figure 1 and Map 1). A possible interpretation is that the fault was active during 
sedimentation and provided an associated fault scarp along which the conglomerate was deposited. This 
fault may have also focused mafic magmatism, which resulted in the gabbroic intrusions and the mafic 
metavolcanic rocks situated along the fault. These distinctions between the northern and southern groups 
of the SSB are consistent as far west as Lake Nipigon. Both the conglomerate and iron formation are 
restricted to the northern edge of the SSB, which is coincident with the Watson Lake shear zone.  

The SSB contains two isolated lenses of mafic metavolcanic rocks. One lens, located in the southern 
portion of Ashmore Township (Figure 4), consists of pillowed flows, breccias and tuffs. Horwood and 
Pye (1951), mapped mafic metavolcanic tuffs and breccias west of this metavolcanic lens. The “mafic 
tuffs” have been affected by intense shearing, making it difficult to identify the protolith, however, the 
author has interpreted the tuffs as sheared gabbro. Pillows in mafic metavolcanic flows located within the 
Bankfield–Tombill shear zone have length to width ratios up to 20:1 (Photo 41). This lens of mafic 
metavolcanic rocks may extend east to Long Lac where it is unexposed. A second lens of mafic 
metavolcanic rocks, centered on the town of Jellicoe (see Map 1, back pocket), has been iron 
carbonatized; however, preserved pillows have only been affected by weak deformation. 

 

 
 

Figure 4. Generalized geology of the Geraldton area. 
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The South Central Metavolcanic Belt (SCVB) extends the full length of the BGB, but pinches and 
swells along its strike length. This belt is lithologically similar to the SVB and is interpreted by Mackasey 
(1976) to have a general tholeiitic affinity, especially in the Jellicoe–Beardmore area. Samples of mafic 
metavolcanic rocks collected by the author from Ashmore and Croll townships plot near the junction of 
the magnesium-tholeiites, iron-tholeiites and calc-alkalic fields on a Jensen Cation plot (see Figure 2). 
The SCVB has been intruded by felsic dikes and irregular mafic intrusions. 

The lowest strain observed in the entire greenstone belt occurs at the west end of the SCVB. Well 
preserved, virtually undeformed, pillowed mafic metavolcanic flows and pillow breccias extend from the 
shores of Lake Nipigon (Photo 67) to the Nordic Lake area in Irwin Township. This low strain domain 
extends from the east shore of Lake Nipigon to the east boundary of Irwin Township where the SCVB is 
abruptly attenuated by shearing and reduced from an unusual bulbous shape to a narrow belt (see Map 1). 
The low strain domain is also coincident with one of the few areas in the BGB where the contacts 
between the metavolcanic belt and the bounding metasedimentary belts are not sheared. The folded 
contacts near the Leitch Mine in Eva and Summers townships and near Spawn Lake in Irwin Township 
are not sheared. These two contacts diverge from the regional trends and represent a portion of the belt 
that has not undergone transposition due to shearing. East of Geraldton, the SCVB bifurcates around the 
Croll Lake stock and is intruded by a large gabbroic body. At the contact with the stock, the mafic 
metavolcanic rocks have undergone contact metamorphism to hornblende hornfels facies. 

The Central Sedimentary Belt (CSB) is a distinct lithologic package within the eastern portion of the 
BGB. Mackasey (1976) describes the CSB as medium- to coarse-grained feldspathic sandstones with 
conglomerate layers with some finer-grained metasedimentary rocks near the southern margin in Leduc, 
Walters and Irwin townships. Pye (1951) describes this belt as principally conglomerate, wacke and slate 
in the Geraldton area. In Kirby Township, Beakhouse (1984) mapped conglomerate and minor sandstone. 
Thus, the principal distinction between the SSB and CSB is the greater abundance of conglomerate and 
coarse sandstones in the CSB, while the SSB is dominated by fine-grained sandstone, siltstone and 
mudstone. Iron formation, which is present in both belts, is more extensive in the SSB. Mafic intrusive 
rocks are common at the west end of the CSB. 

The North Central Metavolcanic Belt (NCVB) is distinct from the Northern Metavolcanic Belt 
(NVB) within the eastern third of the BGB (see Figure 1 and Map 1). In the west, this distinction is 
tenuous due to the pinch and swell of the lithologic packages and poor exposure. In the east, the NCVB 
represents the largest mass of metavolcanic rocks in the BGB and is unfortunately largely covered by 
overburden. This belt is reasonably well exposed in Oakes and Houck townships, where the rocks are 
predominately composed of mafic metavolcanic pillowed flows, which are geochemically identical to the 
other metavolcanic belts (see Figure 2). Beakhouse (1984) distinguished the NVB from the NCVB by the 
presence of banded iron formation and a lack of felsic metavolcanic rocks in the NVB. Beakhouse (1984) 
also found that the mafic metavolcanic rocks in both the NCVB and the NVB have a dominant tholeiitic 
affinity. Both belts have abundant mafic intrusive rocks, which range in composition from dioritic to 
ultramafic (Lavigne 1983). 

The NCVB and NVB are separated by the Northern Sedimentary Belt (NSB), a belt of feldspathic 
wackes and associated siltstone in the east (Beakhouse 1984), while in the west these two belts are 
separated by polymictic conglomerate and associated feldspathic sandstone. The belt of feldspathic 
sandstone mapped by Beakhouse (1984) has been extended beyond the northern boundary of Houck 
Township during this study, as shown on Map 1. 
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Geology of the Geraldton Gold Camp 

The following section will give a brief overview of the geology of the Geraldton camp and a preliminary 
assessment of those geological features that may shed light on the origin of gold mineralization. The 
Geraldton area will then be compared to areas barren of gold mineralization, and as a result of this 
comparison those features deemed to be genetically significant will be further evaluated. 

The geology and gold deposits of the Geraldton area have been described in detail by Pye (1951) and 
Horwood and Pye (1951). The area was re-examined in light of our current understanding of ductile 
deformation, since past work has only recognized brittle faults as major structural features due to offset of 
lithologic contacts or by the presence of fault gouge. Secondly, this study emphasizes the importance of 
anomalous lithologic associations spatially related to the gold deposits. Lithologic comparisons are not 
only made on the basis of field and thin section examinations but also on lithogeochemistry. This 
permitted the documentation of subtle alteration, since in Geraldton, widespread alteration is not obvious 
and visible alteration is restricted to within 30 m of ore bodies. Metamorphic facies has also been 
documented and isograds for the area of study were established. 

Past-producing gold mines in the Geraldton camp are confined to the northern group of the SSB 
(Group A, Pye 1951), an east-trending package of highly variable lithologies (see Figures 3 and 4). The 
northern boundary is the SCVB, while the southern boundary, where the majority of deposits are 
concentrated, is defined as a parallel pair of conglomerate units. This zone is referred to as the Barton Bay 
deformation zone (BBDZ) as it is distinguished from the rocks to the north and south by its high strain 
state. The rocks to the south of the BBDZ consist of a homogenous, monotonous sequence of wackes of 
the southern group of the SSB (Group B, Pye 1951). To the north is the SCVB, a band of mafic 
metavolcanic rocks and mafic intrusions. The BBDZ is a complex mixture of rocks with high ductility 
contrasts, which include mafic to intermediate intrusions, felsic dikes, wacke, massive quartz-wacke, 
massive conglomerates and iron formation. Only a few areas in the greenstone belt have such lithological 
heterogeneity. All of these rocks, with the exception of the conglomerates, host gold mineralization. 

In comparison to the greenstone belt as a whole, banded iron formation and mafic and felsic 
intrusions are all volumetrically anomalous within the BBDZ. This area, which has been the focus of 
magmatic activity, also hosts abundant gold mineralization. Examination of Figure 3 reveals that the 
banded iron formation has undergone tight isoclinal folding, which has resulted in stratigraphic repetition. 
On an outcrop scale, individual beds have been tightly folded and refolded so that, across strike, a single 
bed is repeated four times within 30 cm, resulting in an apparent increase in volume of banded iron 
formation. This factor cannot be singled out as the only cause for anomalous volumes of iron formation. 
For example, the banded iron formation on Barton Island is a thick, distinct sequence of chert-magnetite-
jasper whose thickness cannot be attributed to refolding. Thus, there is a component of thick units of 
banded iron formation. Despite this, it is significant that the banded iron formation has undergone tight 
repeated folding since it indicates that this area has experienced prolonged deformation. This state of high 
strain can be easily recognized by examining the conglomerates. Fine-grained and aphanitic clasts within 
the conglomerate have been sheared, with length to width ratios in excess of 20:1. Large, coarse-grained 
clasts often remain spherical despite the deformation. As can be seen on Figure 3, two conglomerate 
bands are found within the Bankfield–Tombill shear zone, which is coincident with most of the gold 
mines in the Geraldton camp. Bedding in adjacent wackes has been obliterated and these units are now 
strongly foliated schist. Gabbro in this zone has been rendered into chlorite schist and felsic dikes have 
well developed cleavage. This intense deformation, as will be further described, is coincident with the 
northern group of the SSB, which is in turn lithologically heterogeneous and is the host to all gold 
mineralization. 
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Alteration 

Documenting regional alteration associated with gold presents a special problem in Geraldton because the 
dominant lithologies are chemically heterogeneous clastic metasedimentary rocks. Second in abundance 
are mafic intrusions, which range from diorite to pyroxenite. The intrusions are in close proximity to the 
gold mines, are found in the mine workings and may be mineralized. The closest mafic metavolcanic 
rocks, which are east of the camp, are chemically heterogeneous fragmental rocks. Felsic dikes and iron 
formation are common but not suitable for alteration analysis. Thus, the most ideal medium for an 
alteration study are the mafic intrusions. 

Forty-one samples were collected along the Bankfield–Tombill shear zone, including some samples 
from the large mafic intrusive northeast of Kenogamisis Lake. Results of whole rock and trace element 
analyses on these and other samples from the study area are presented in Appendix A, along with a table 
cross-referencing the sample numbers, their rock type and general location. Appendix A and its 
accompanying table are found on Miscellaneous Release—Data 264 (MRD 264). The exact sample 
location can be obtained from Map 2 and other figures in this report. Due to the intensity of shearing in 
many of these rocks, volume changes could be enormous and a Gresens-type of calculation (Gresens 
1967) would be a very misleading method in determining the gains and losses of most elements. A 
qualitative method was adapted in this study, which plots cations/Al against Ti/Al. With an adequate 
number of samples, metasomatic trends can be established as long as Ti and Al remain reasonably 
immobile. This can be adequately demonstrated by plotting Al vs Ti. Figures 5a and 5b are comparisons 
of sheared and undeformed gabbroic rock from the Bankfield–Tombill shear zone at the Mosher and 
McLellan gold mines. At both locations, the Ti:Al ratios are similar and none of the samples deviate from 
the trends, therefore, both Al and Ti can be assumed to have remained immobile and can be used as 
baselines to determine the relative gains and losses of other elements at these locations. The results are as 
follows: Figures 6a and 6b demonstrate a gain of Si at the McLellan Mine with no change at the Mosher 
Mine; Figures 7a and 7b show strong Ca depletion at both sites, especially in comparison to fresh gabbro 
north of Kenogamisis Lake (central Ashmore Township); Figures 8a and 8b show that the sheared 
samples at the Mosher Mine have been depleted in Mg; Figures 9a and 9b show K enrichment at the 
McLellan Mine. Gold and barium are enriched in both fresh and sheared gabbro along the Bankfield–
Tombill shear zone and CO2 is preferentially enriched in sheared gabbro. 

In summary, the Geraldton gold camp is underlain by a lithologically heterogeneous package of 
rocks with anomalous volumes of mafic and felsic intrusions, and banded iron formation. Conglomerate 
occurs along the Bankfield–Tombill shear zone, where most of the gold mines are located. All of these 
rocks are highly strained and have attained lower greenschist facies metamorphism. Despite lithological 
constraints, it can be demonstrated that chemical alteration near the gold mines often consists of 
enrichment in Au, Si, K, Ba and CO2 and depletion in Mg and Ca. 
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Figure 5. Variation of Ti vs. Al in sheared and unsheared gabbro from the Bankfield–Tombill shear zone. a) McLellan prospect, 
b) Mosher property (locations of these properties are shown on Figures 3 and 13, respectively). 
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Figure 6. Variation of Si/Al vs. Ti/Al in sheared and unsheared gabbro from the Bankfield–Tombill shear zone. a) McLellan 
prospect, b) Mosher property (locations of these properties are shown on Figures 3 and 13, respectively). 
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Figure 7. Variation of Ca/A1 vs. Ti/Al in sheared and unsheared gabbro from the Bankfield–Tombill shear zone. a) McLellan 
prospect, b) Mosher property (locations of these properties are shown on Figures 3 and 13, respectively). 
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Figure 8. Variation of Mg/Al vs. Ti/Al in sheared and unsheared gabbro from the Bankfield–Tombill shear zone. a) McLellan 
prospect, b) Mosher property (locations of these properties are shown on Figures 3 and 13, respectively). 
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Figure 9. Variation of K/Al vs. Ti/Al in sheared and unsheared gabbro from the Bankfield–Tombill shear zone. a) McLellan 
prospect, b) Mosher property (locations of these properties are shown on Figures 3 and 13, respectively). 
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Comparison of the Geraldton Gold Camp to Barren 
Areas 

Large areas of the BGB are barren of gold mineralization. Other than a few areas where overburden did 
not permit discovery by prospecting, many barren areas have reasonable outcrop. The area underlain by 
wackes to the immediate south of the Geraldton camp (i.e., south of the Bankfield–Tombill shear zone) 
has abundant outcrop and consists of a monotonous sequence of relatively undeformed wackes where 
bedding features are well preserved. Pye (1951) states that folding is not present in this area. Although 
marker horizons that help to define folding are absent, consistent tops to the north, as indicated by graded 
bedding, demonstrate an absence of folding. Thus this area is lithologically homogeneous, lacks felsic and 
mafic dikes, iron formation, is relatively undeformed, and has no gold mineralization. 

The area to the immediate north of the Croll Lake stock in Houck and Oakes townships was mapped 
during this study and represents a large area with insignificant gold mineralization. Mapping was 
confined to areas of road access, which provided a good cross section from the margin of the greenstone 
belt to the Croll Lake stock. The results of this and other mapping throughout the belt have been 
incorporated in Map 1. 

The NVB, NSB, NCVB and the CSB are exposed in this area. The NVB at the basement–greenstone 
contact is an epidote-rich mafic gneiss consisting of interlayered hornblende and epidote with minor 
plagioclase and potassium feldspar. Early quartz veins have been transposed parallel to the foliation and 
boudinaged (Photo 1; photo locations are shown on Map 2 and detailed geologic figures within this 
report). Quartz phenocrysts in a felsic quartz porphyry at this location plunge 70° at 220°, the long axis 
being 40 mm in length, and the horizontal axes both being 1 mm. These sub-vertical stretch lineations are 
most likely the result of diapiric emplacement of the basement granitoid intrusions, which generated a 
wide strain aureole in surrounding supracrustal rocks. The entire width of the NVB is highly strained and 
only two isolated lenses of less deformed mafic metavolcanic rocks contain relatively well preserved 
pillows. The contact between the NVB and the NSB is a broad zone of very high strain and alteration. 
The protolith to the well layered hornblende-quartz-epidote gneiss and schist could not be determined. 
This contact zone is exposed for 50 m and locally contains disseminated pyrite and arsenopyrite.  

The NSB is approximately 1.5 km wide and consists of two major units. The northern quarter is 
largely reworked volcaniclastic material, while the remainder of the belt is epiclastic. The northernmost 
outcrop is a well bedded, buff, silty to medium-grained, biotite-bearing quartz-feldspar sandstone, 
interbedded with massive, fine- to medium-grained mafic layers (Photo 2). Layering in the mafic units is 
defined by variations in grain size. Bedding is locally tightly folded and boudinaged. To the immediate 
south is a felsic, matrix-supported, monomict conglomerate. The matrix consists of fine-grained quartz, 
feldspar, biotite and minor muscovite. The clasts are identical in composition and texture to the felsic 
beds to the immediate north and have variable grain sizes. Although the clasts have length to width ratios 
of 5:1, it is conceivable that they were derived locally from well bedded rock and had original elongate 
shapes. Evidence of high strain, such as tight folding in nearby outcrops, suggest that these clast shapes 
are at least partly the product of deformation. 

Only two outcrops in the south half of the NSB were examined. They consist of matrix-supported 
polymict conglomerate dominated by granitic clasts, in a quartz, feldspar and biotite matrix. Both of these 
outcrops contain felsic dikes and pods, and exhibit a red discoloration due to potassic alteration. The 
composition of the intrusions ranges from syenitic to granitic. A carbonatite dike crosscuts the felsic 
dikes. Irregular granitic pods appear to have assimilated the metasedimentary rocks, or the 
metasedimentary rocks have been affected by anatexis. It is possible that the area is underlain by a 
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granitic stock that is not exposed by the present erosional surface, since R.D. Macdonald (1940) mapped a 
granitic stock 2 km to the southeast, in the NCVB, which was confirmed during the present mapping. 

The northernmost outcrop of the NCVB consists of well preserved pillowed mafic metavolcanic 
flows. This belt is poorly exposed except for an area to the south of Noel Lake, indicated between the two 
heavy dashed lines on Map 1. All of the mafic metavolcanic rocks in this area are highly deformed with 
very elongate pillows. This area contains numerous intrusions with at least a dozen 1 m wide felsic dikes 
exposed along a 1 km section (Photo 3). Gabbroic intrusions are also common and a coarse-grained 
ultramafic rock was also found. The common feldspar porphyry dikes are pink and consist of 40%, 3 mm 
potassium feldspar phenocrysts in an aphanitic matrix composed of quartz, potassium feldspar and biotite. 
The second type, of which only one was observed, is a white albite porphyry with about 20% matrix 
consisting of quartz and albite. This porphyry contains abundant, smoky, quartz-chlorite veinlets (Photo 
4). The dikes are less deformed than the enclosing mafic metavolcanic rocks, but display a well-
developed cleavage and are boudinaged. One strongly deformed porphyry dike has been affected by 
pervasive iron carbonate alteration and contains numerous quartz veinlets that have been transposed 
parallel to the well-developed foliation. 

The majority of mafic metavolcanic rocks in this area are strongly foliated and pillows are strongly 
deformed. Iron carbonate veinlets, which are common in this area, have been crenulated, rotated parallel 
to the foliation and boudinaged (Photo 5). These features, in conjunction with the presence of carbonate 
breccia zones (Photo 6), ultramylonite zones with pseudotachylyte (Photo 7) and sigmoidal tension 
gashes (Photo 8), are all evidence of a high strain regime. The mafic metavolcanic rocks have developed 
porphyroblastic elongate clots of chlorite and biotite with minor hornblende and epidote (Photo 9) and the 
majority of outcrops have well developed fluxion structures. The features described above indicate that a 
northeast-trending, 1 km wide deformation zone transects the area (indicated on Map 1). This zone will be 
referred to as the Kenogamisis River deformation zone (KRDZ). 

As seen on Map 1, the amphibolite-greenschist facies isograd passes through this area, about 600 m 
south of Noel Lake, and bisects the KRDZ . Hornblende is fibrous and partially altered to biotite on the 
amphibolite side of the isograd within the mafic metavolcanic rocks. Greenschist facies rocks are 
predominantly composed of chlorite, biotite and epidote, and contain many broad zones of strong 
pervasive iron carbonate alteration. This alteration is absent in amphibolite facies rocks, where carbonate 
is only found in veinlets. This area of greenschist facies metamorphism contains the only significant gold 
occurrence, located near the dam on the Kenogamisis River. Several zones of sulphide-mineral-rich 
impregnations and quartz veins were sampled and all analytical results were less than 0.01 ounce Au per 
ton. Despite these poor results, it is the author’s opinion that this deformation zone exhibits favourable 
geological features with respect to its potential to contain significant gold mineralization. It is suggested 
that exploration be carried out along the southwest extension of this zone toward Geraldton into the lower 
metamorphic facies rocks. The absence of gold occurrences in this area is most likely due to extensive 
overburden. 

South of this high strain zone, mafic metavolcanic flows, breccia and tuffs are weakly to moderately 
deformed (Photo 10) and are metamorphosed to greenschist facies. All of the mafic metavolcanic rocks 
within 1 to 2 km of the Croll Lake stock have been metamorphosed to amphibolite facies. In Daley 
Township and eastern Oakes Township the mafic metavolcanic rocks have been affected by intense 
deformation through compression between the Croll Lake stock and the batholith flanking the greenstone 
to the northeast, and exhibit well-developed fluxion structures. At the contact with the stock, the mafic 
metavolcanic rocks have been sulphidized. All channel and grab samples assayed less than 0.01 ounce Au 
per ton except for a grab sample of a quartz vein within one of the sulphide zones, which ran 0.01 ounce 
Au per ton.  
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The CSB extends east and is truncated by the Croll Lake stock in Oakes Township at the contact 
where the wackes have been migmatized. Twenty metres from the contact, orthogonal fractures in the 
wacke have been filled with quartz and epidote and have well developed hornblende-rich selvages. The 
wackes consist of quartz, feldspar, biotite and minor chloritoid and garnet. A unit of polymict 
conglomerate was also found at this location. Up to 200 m from the contact, bedding features are well 
preserved (Photo 11), but beyond this, they have been mylonitized (Photo 12). To the north of the 
mylonitized wackes of the CSB, 500 m from the Croll Lake stock, the mafic metavolcanic rocks of the 
NCVB are massive black hornfels and consist of hornblende of variable grain size. Pillow structures are 
recognizable where they are not foliated, but primary textures are commonly destroyed by shearing. 
Examination of thin sections reveals that euhedral porphyroblastic hornblende has overgrown an earlier 
well developed foliation defined by chlorite and quartz. In the unfoliated portions of the outcrops, iron 
carbonate and quartz occurs as irregular, amoeboid lenses and veinlets (Photo 13), which are parallel to 
foliation in sheared portions of the outcrop. Tourmaline veins were also found in this area. 

The effect of the Croll Lake stock on the enclosing mafic metavolcanic rocks in the area described 
above, an area with insignificant gold occurrences, is dissimilar to that found near the cupola of the stock, 
an area with abundant gold east of the Geraldton camp. The only similarity is that in both locations the 
mafic metavolcanic rocks have been hornfelsed. East of the Geraldton camp the amphiboles in the mafic 
metavolcanic rocks are fibrous and are dominantly hornblende with minor actinolite clusters (1 to 2 mm). 
Isolated outcrop-scale lenses dominated by actinolite also occur, but do contain minor hornblende, 
suggesting close proximity to the amphibolite-greenschist isograd. The important distinction between this 
area and the area on the northern perimeter of the Croll Lake stock, whether in greenschist or amphibolite 
facies rocks, is the presence of metasomatic segregations in the former area. These tend to be sub-
spherical segregations, from 1 to 20 mm in diameter (Photo 14) and are commonly whitish, but can be 
black due to variable mineralogical composition. The four mineralogical end members are quartz, 
chlorite, epidote and albite. These segregations cannot be primary features as they are superimposed on 
pillows, pillow selvages, pillow fragments and on the matrix to the fragments (Photo 15). The 
segregations may be interpreted as products of metasomatism from fluids generated by the Croll Lake 
stock. The restriction of this apparent metasomatism and gold mineralization to the rocks surrounding the 
cupola of the stock suggests a genetic relationship. However, despite the appearance of metasomatism, 
geochemical analyses of these visibly altered mafic metavolcanic rocks in comparison to nearby unaltered 
mafic metavolcanic rocks has not revealed any significant compositional changes. This lack of 
geochemical alteration does not support the hypothesis that fluids emanated from the cupola of the stock 
to produce both the segregations and gold mineralization. Thus the distinction between the effects of the 
stock, as described above, on an area devoid of gold mineralization and an area with abundant gold does 
not appear to be a genetically significant factor. 

In summary, the detailed geological description provided above, which is a cross-section from the 
greenstone belt margin to the north end of the Croll Lake stock, covering 150 square km, will serve as a 
type area representing an absence of gold mineralization. This area has many of the geological features 
found in the Geraldton gold camp. This includes several deformation zones, one of which contains 
numerous felsic and mafic intrusions, as well as iron carbonate alteration. The major differences are 1) the 
absence of iron formation; and 2) the area was affected by amphibolite facies metamorphism (with the 
exception of a tongue of greenschist facies rocks protruding from the west). These two differences are 
deemed to be significant, and as a result, further field and laboratory investigations were focused on these 
two parameters, the results of which are described in the following two sections. 
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Gold in Banded Iron Formation 

There has been some debate that gold mineralization in the BGB is syngenetic and deposited in exhalitive 
chemical sediments such as iron formation, then remobilized and enriched during later metamorphism. 
A.J. Macdonald of the Ontario Geological Survey investigated the nature of gold mineralization hosted by 
iron formation at the Hard Rock Mine in 1982 (A.J. Macdonald 1983, 1984). L. Anglin of Queen’s 
University examined iron formation from Jellicoe to Geraldton in the SSB (Anglin and Franklin 1985). 
The focus of these studies was on the Geraldton camp and iron formation associated with gold 
mineralization. The present study is more regional in extent in that sampling was performed over the 
entire greenstone belt, including areas remote from gold mineralization.  

The purposes of this study are 

1. to determine the primary gold content of iron formation throughout the area by careful sampling and 
avoiding any iron formation affected by secondary hydrothermal processes; 

2. to determine the primary gold content of iron formation in proximity to past-producing mines, since 
primary gold content should be elevated near the mines if the gold was deposited by exhalitive 
hydrothermal processes; 

3. to compare gold content of samples collected from iron formation in greenschist facies rocks with 
those collected from iron formation in amphibolite facies rocks to test the hypothesis that iron 
formation is a low grade protore from which gold was subsequently remobilized during 
metamorphism and deposited at low temperatures; and 

4. to compare sediment-hosted iron formation with iron formation hosted by metavolcanic rocks, in 
order to evaluate the possible effects of exhalitive activity during volcanism on the gold content of the 
iron formation.  

 

Iron formation was sampled at ten locations from Beardmore to Jellicoe, and the results are 
presented in Appendix B, along with sample descriptions and the results of CO2 and S analyses. A 
summary of the results is presented in Table 2. Secondary gold content was determined from samples 
with a secondary hydrothermal component (i.e., veinlets and visible alteration). 

Data presented in Table 2 and Appendix B demonstrate that the primary gold content of iron 
formation, regardless of the host lithology, metamorphic facies or proximity to gold mineralization, 
ranges from less than 2 to 4 ppb Au, with the exception of the Maki property. Of the 107 analyses 
performed, gold is below the detection limit of 2 ppb in 49 samples and 7 samples have 4 ppb or less. The 
highest gold values are associated with quartz veins that crosscut the iron formation and adjacent pyritic 
wall rock. The most anomalous gold values are associated with high S and CO2 associated with secondary 
alteration. These results are in agreement with those of A.J. Macdonald (1983, 1984) and Anglin and 
Franklin (1985). It can therefore be concluded that iron formation did not contribute as a primary source 
of gold.  
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Table 2. Gold content of banded iron formation. 

Sample Type Location Primary Gold (ppb) Secondary Gold (max) (ppb) 
Banded iron formation, near gold mineralization Leitch Mine <2 12 
Banded iron formation, near gold mineralization Solomon’s Pillars <2 to 3 50 
Banded iron formation, near gold mineralization Maki Property 49 740 
Banded iron formation, sediment-hosted Leitch Mine <2 12 
Banded iron formation, sediment-hosted Solomon’s Pillars <2 to 3 50 
Banded iron formation, sediment-hosted Watson Lake, 

Location 1 
<2 to 4 20 

Banded iron formation, metavolcanic-hosted, lower 
greenschist 

Beardmore <2 12 

Banded iron formation, metavolcanic-hosted, lower 
greenschist 

Maki Property 49 740 

Banded iron formation, metavolcanic-hosted, upper 
greenschist 

Lattimer 
Occurrence 

<2 30 

Banded iron formation, metavolcanic-hosted, upper 
greenschist 

Patsy Lake <2 -2 

Banded iron formation, metavolcanic-hosted, 
amphibolite 

Legault 
Township 

<2 to 4 6 

Banded iron formation, metavolcanic-hosted, 
amphibolite 

Legault 
Township 

<2 to 3 20 

 
 
 

Distribution of Gold With Respect to Metamorphic 
Facies 
Comparison of the regional geology of areas with abundant gold mineralization to barren areas indicates 
that the mineralized areas occur in greenschist facies rocks and the barren areas occur in amphibolite 
facies rocks. This initial field observation prompted a belt-wide sampling program with the specific 
objective of establishing metamorphic facies and comparing this to gold distribution. Metamorphic 
mineral assemblages were determined by thin section examination of all samples. Samples were taken 
along north-trending traverses from Lake Nipigon to Long Lake and were complemented by samples 
taken for other purposes during the course of this study. All sample locations are plotted on Map 2 and 
other figures in this report, and the metamorphic isograds on Map 1. The mineral assemblages used to 
define the isograds are indicated on Map 2. Overburden and poor access prevented uniform sample 
distribution, but despite this, adequate information was gathered to construct a metamorphic facies map. 

The amphibolite-greenschist isograd in mafic metavolcanic rocks is defined by the first appearance 
of hornblende. In metasedimentary rocks, the mineral assemblages only permitted the distinction between 
lower and upper greenschist facies by the presence of biotite in upper greenschist rocks. Diagnostic 
amphibolite facies metamorphic mineral assemblages are not well developed in the metasedimentary 
rocks, despite field evidence indicating amphibolite facies metamorphism. For example, metasedimentary 
rocks of the NSB located in the northwest portion of Houck Township contain a quartz-biotite assemblage 
with traces of muscovite and garnet. Although this mineral assemblage can be stable at upper greenschist 
facies, the belt is bounded by hornblende-bearing mafic metavolcanic rocks to the north and south. 
Similarly, the metasedimentary rocks of the Quetico Subprovince, south of the SSB, contain metamorphic 
mineral assemblages that are stable in upper greenschist facies but are bounded to the north by 
hornblende-bearing mafic metavolcanic rocks and amphibolite facies metasedimentary rocks to the south 
(Pirie and Mackasey 1978). At this location we must take into consideration the structural discontinuity 
between the metasedimentary rocks of the Quetico Subprovince and the mafic metavolcanic rocks of the 
Wabigoon Subprovince. For the purpose of this study, however, it is concluded that the presence of 
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hornblende in the mafic metavolcanic rocks is the most reliable indicator of amphibolite facies 
metamorphism. 

Map 1 illustrates that the amphibolite-greenschist isograd crosses the SVB south of the town of 
Jellicoe. The isograd is coincident with the attenuation of the SVB and may represent a structural 
discontinuity. With the exception of the Lattimer occurrence, where gold anomalies were found in iron 
formation, all gold occurrences, prospects and one past producer are found west of the isograd, within 
greenschist facies rocks. To the east, for a distance of 80 km, not one gold occurrence has been recorded 
within the amphibolite facies mafic metavolcanic rocks of the SVB. As described previously, a similar 
relationship exists north of the Croll Lake stock. Therefore, on a regional scale, metamorphic facies does 
appear to control the distribution of gold mineralization. The implications of this observation will be 
discussed in a synthesis of all data and observations. 

Despite the abundance of gold in greenschist facies rocks, a few exceptions do exist. R.D. 
Macdonald (1941) reports having heard about a gold occurrence north of Hutchison Lake, in amphibolite 
facies mafic metavolcanic rocks. This occurrence was not confirmed by R.D. Macdonald (1941) and 
could not be located by Beakhouse (1984) who also mapped the area. ODM Map 2102 (Pye et al. 1966) 
indicates one occurrence in mafic metavolcanic rocks at the contact with the Croll Lake stock at the north 
end of Long Lake. Investigation of this area has found that the mafic metavolcanic rocks are highly 
deformed and pyritic. Channel samples taken across the mineralized zones in the vicinity of previous 
trenching have analyzed less than 0.01 ounce gold per ton. One grab sample from a quartz vein produced 
an assay of 0.01 ounce gold per ton. Several gold occurrences are reported on either side of Northern 
Narrows on Long Lake, where mineralization consists of disseminated sulphide minerals in biotite-
garnet-hornblende schist. Finally, a few gold occurrences are reported within the contact metamorphic 
aureole of the Croll Lake stock in Ashmore Township. 

Map 1 illustrates that the Geraldton gold camp lies midway between the greenschist-amphibolite 
isograds, which are approximately 7 km to the north and south. The amphibolite-greenschist isograd north 
of Geraldton lies within the NSB because the mafic metavolcanic rocks to the north of this belt are 
hornblende-bearing (Beakhouse 1984). Assuming that the thermal gradients are the same from the north 
and south, the Geraldton camp is coincident with the expected lowest metamorphic facies. Map 2 
illustrates that chlorite is dominant in rocks in the Geraldton camp, which is indicative of either lower 
greenschist metamorphism or chloritic hydrothermal alteration. In this case it is both, since samples taken 
from visibly altered rock are completely chloritized and samples taken from fresh mafic metavolcanic 
rocks have well preserved actinolite and chlorite. Thus the Geraldton gold camp, the source of the 
majority of gold in the BGB, occurs almost exclusively in lower greenschist facies rocks, bounded to the 
north, south and east by rocks affected by higher facies metamorphism. 

Although the temporal relationship between metamorphism and the mineralizing event was not 
deduced by direct evidence, the overwhelming preponderance of gold in the lower metamorphic facies 
rocks does suggest a genetic relationship. It is therefore reasonable to suggest that the mineralization 
event occurred during metamorphism and that gold and associated gangue minerals preferred to 
precipitate in areas with the lowest ambient temperatures. Therefore, a temperature decrease is at least in 
part responsible for the precipitation of gold from a hydrothermal fluid that circulated within this 
greenstone belt. Although it is suggested that the mineralizing event is syn-metamorphic, the mineralizing 
fluids are not exclusively derived from metamorphism, as fluids from other sources may have been 
circulating during metamorphism. 
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Gold and Shear Zones 

INTRODUCTION 

The dominant geological feature of the Geraldton camp is the broad, intense ductile deformation of the 
Bankfield–Tombill shear zone, first documented during this study (Lavigne 1983), which hosts the 
majority of gold mineralization (see Figure 1). Consequently, this project was dedicated to locating high 
strain zones throughout the BGB and the results are plotted on Map 1 and Figure 1. Map 1 illustrates that 
all gold occurrences, prospects and past producers are found either within or immediately adjacent to 
major shear zones. In the following sections, many of these shear zones will be described, with emphasis 
on the criteria that aided in their field identification. 

BARTON BAY DEFORMATION ZONE 

The Barton Bay deformation zone (BBDZ), which hosts all gold deposits in the Geraldton camp, is 
defined by isoclinal folding, stratigraphic discontinuities, abundant intrusions, well developed foliation 
and numerous shear zones. Two major shear zones have been identified. The most important being the 
Bankfield–Tombill shear zone, outlined in Figure 10, and the Portage shear zone. Primary textures within 
these shear zones are destroyed or strongly modified. 

 

 
 
Figure 10. Stratigraphic and structural interpretation of the Barton Bay Deformation Zone as defined by the upper iron formation 
unit and stratigraphic top indicators. 
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Mapping at 1 inch to 1000 feet by Horwood and Pye (1951) was aided by a dip needle survey that 
located iron formation and permitted detailed definition of stratigraphy and structure. As seen on Figures 
3 and 10, the iron formations define isoclinal folds. Folding has been identified at 3 scales, all with fold 
axes plunging shallowly to the west: 1) regional isoclinal folds with apparent limb lengths from 1 to 5 
km; 2) folds with apparent limb lengths from 10 to 300 m; and 3) folds that can be identified at the 
outcrop scale. At all scales the iron formation defines Z-folds, while S-folds are minor in comparison. The 
structure within the BBDZ, based on stratigraphic top indicators and the delineated iron formation, is 
illustrated on Figure 10. The anomalous volume of iron formation in this area is the result of stratigraphic 
repetition caused by folding. The Z-shape of the folds is consistent with dextral shear, which in turn is 
responsible for the stratigraphic discontinuity shown on Figure 10. Reversal of this dextral shear would 
result in the linkage of points A and B where iron formation is suddenly terminated. Several large felsic 
dikes have been emplaced along this discontinuity. Although it is strongly suspected that this 
discontinuity is a shear zone it could not be confirmed due to poor exposure. 

Two distinct iron formation units occur within the BBDZ and are referred to as the Upper Iron 
Formation and the Lower Iron Formation (see Figure 10). Both the northern and southern limbs of the 
Lower Iron Formation are underlain by wacke and then by conglomerate. The wackes young to the north, 
south of the BBDZ, whereas the mafic metavolcanic rocks, north of the BBDZ, young to the south. Thus 
it appears that the BBDZ is a west-plunging syncline with conglomerate at the base, followed by the 
Lower Iron Formation, then the Upper Iron Formation unit, all units separated by wacke. Thus the Upper 
Iron Formation defines the nose of the syncline, which has subsequently been sheared to produce isoclinal 
folds. 

Two aspects of the geology present minor problems to this interpretation. Firstly, the quartz-rich 
wacke unit on Figure 3 that overlies the Lower Iron Formation on the north limb of the syncline is not 
repeated on the south limb. This expectation of repetition cannot be supported as this unit pinches out 
along strike. This lack of lateral continuity cannot necessarily be expected to be found on the south limb 
of the syncline. The second problem is that the north limb of the syncline is underlain by mafic 
metavolcanic rocks, while most of the south limb is underlain by wacke. However, as seen on Map 1 and 
Figure 4, the east portion of the south limb is underlain by mafic metavolcanic rocks that young to the 
north. This metavolcanic unit can be traced east and is discontinuous at first, but is well developed east of 
Long Lake and eventually joins with the SCVB, defining a regional fold closure enclosing the wacke. 
These mafic metavolcanic rocks are mainly fragmental with few pillowed flows in Ashmore Township. 
The fragmental character of the rocks, which ranges from tuff to breccia (Photos 16 and 17), is most 
likely the product of the redeposition of the metavolcanic pile, which explains the discontinuous 
representation of the mafic metavolcanic rocks on the southern limb of the syncline. Another 
interpretation of the discontinuous nature of the mafic metavolcanic sequence is that they represent a 
distal fragmental facies near the outer edge of the metavolcanic pile. These two interpretations are not 
necessarily mutually exclusive. 

Folding within the BBDZ is dominantly Z-shaped, the exception being the S-folding of the felsic 
dike and iron formation depicted in the southeast part of Figure 3. The location of ore bodies at the Hard 
Rock, Macleod–Cockshutt and Mosher mines is controlled by Z-folds, and is demonstrated and discussed 
in Horwood and Pye (1951) and Pye (1951). Both limbs of a regional syncline, just east of the McLellan 
shaft in the southwest part of the deformation zone (see Figure 3), contain 10 to 200 metre scale Z-folds, 
which is particularly obvious in the southern limb. This negates the possibility that these 10 to 200 metre 
scale folds are parasitic folds, since it would be expected that parasitic folds on the south limb of the 
syncline would be S-shaped. Thus it appears that subsequent to the formation of the regional-scale Z-
folds, interpreted to have formed due to dextral shear, dextral shearing continued and formed Z-folds on 
the fold limbs. This pattern is repeated on an outcrop-scale as folds and associated cleavages are often co-
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axially refolded about the same axis, which is evidence of prolonged dextral shear. Outcrop-scale features 
will be elaborated on in the section describing the Bankfield–Tombill shear zone. 

In summary, the BBDZ contains a shallow west-plunging syncline that was affected by dextral shear 
and was the focus of magmatic and hydrothermal activity. The syncline, underlain by mafic metavolcanic 
rocks to the north and discontinuous mafic metavolcanic rocks and wacke to the south, consists of a basal 
conglomerate, now located at the margins of the deformation zone, which is overlain by wacke and then 
the Lower Iron Formation unit. This sequence is then overlain by wacke followed by the Upper Iron 
Formation unit, which delineates the trace of the syncline. Subsequent dextral shear greatly modified this 
simple syncline by disrupting the stratigraphy and producing very tight folds at all scales. Felsic and 
mafic intrusive activity was focused in this zone during the early stages of deformation, as these intrusive 
bodies have all been folded and sheared. 

The nature of the well-exposed Bankfield–Tombill shear zone was documented over a strike length 
of 10 km during this study. It has no topographic expression and, consequently, associated lineaments are 
not visible on aerial photographs and Landsat imagery. This is because late brittle reactivation was weak 
in comparison to most other shear zones in the belt and, where observed, the brittle structures are flooded 
with quartz. Where brittle reactivation was strong, the product is much more susceptible to erosion, e.g., 
Paint Lake shear zone. Lithological heterogeneity in this shear zone also permitted the documentation of 
strain in many rock types, some of these, such as pillowed mafic metavolcanic flows and conglomerate, 
being good strain indicators.  

BANKFIELD–TOMBILL SHEAR ZONE 

The Bankfield–Tombill shear zone (BTSZ) is a planar zone of much higher strain within the Barton Bay 
deformation zone (BBDZ). It is distinguished from the BBDZ by a stronger penetrative fabric and the 
destruction or strong modification of primary textures. All represented lithologies in the vicinity of the 
Geraldton camp have been affected by this intense shearing, each of which reacted in a different manner, 
producing a wide variety of structural features. The shearing of each of these lithologies will be discussed 
separately. 

Conglomerate has a close spatial relationship to many shear zones in the Beardmore–Geraldton 
greenstone belt. The BTSZ contains two units of conglomerate, which can be traced for 13 km within its 
boundaries. The Portage shear zone also contains a conglomerate unit, which may be correlative with the 
conglomerate in the BTSZ. Conglomerate is also found along the Paint Lake and Brookbank shear zones, 
north of Beardmore. This close spatial relationship may indicate that faulting was active during 
sedimentation and that the conglomerate may represent coarse sediment deposited along paleofault 
scarps. In Geraldton, the presence of conglomerate on the margins of the BBDZ may be interpreted to 
represent a fault-bounded basin that is also coincident with both the north and south limbs of the 
previously described syncline and the Portage and Bankfield–Tombill shear zones. 

These conglomerates serve as ideal strain markers since it can be assumed that the clasts were at 
least sub-spherical before deformation. Clasts within the BTSZ have been sheared into flattened ellipses 
with length to width ratio in the horizontal plane exceeding 20:1 (Photo 18). Regardless of origin or 
composition, fine-grained and aphanitic clasts are the most strained, while coarse-grained clasts are 
commonly unaffected. The development of these flat ellipses is due to dextral simple shear. Figure 11 is a 
diagrammatic representation of six kinematic indicators found on a single outcrop of conglomerate 
southeast of the Mosher Mine shaft. These are as follows: Z-folded sandy layers, Z-folded pebbles, shear 
bands with dextral offsets, asymmetric pressure shadows, broken clasts with dextral offsets (Photo 19) 
and coarse-grained clasts with cleavage along which dextral displacement has occurred (Photo 20). As 
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seen in Photo 20, the cleavage in the coarse-grained clast is clockwise to the long axis of the pebbles and 
close examination of aphanitic clasts reveals the same relationship, at an angle of about two degrees. Thus 
the mechanism for the production of the flat clasts is dextral movement along a cleavage. In the Z-folded 
clasts, this cleavage is folded, similar to that found in the sandy layers. Brittle layers such as quartz veins 
are boudinaged (Photo 21). All of the above features indicate dextral simple shear. 
 

 
 
Figure 11. Schematic diagram of kinematic indicators found in conglomerate within the Bankfield–Tombill shear zone indicating 
dextral shear (see text for explanation, photos 20 and 21 for examples). 
 

Bedding in wacke is obliterated within the BTSZ. Where bedding can be recognized, it is highly 
contorted (Photo 22) and usually forms Z-folds. In the zones of highest strain, the diagonal limb of these 
Z-folds, formed during dextral shear, becomes attenuated and produces an apparent S-shaped fold with a 
very thin diagonal limb linking thick limbs. Figure 12 is a diagrammatic representation of the above and 
Photos 23 and 24 are examples from the MacLeod–Cockshutt property. In extreme cases, the diagonal 
limb is attenuated to the point that it is unrecognizable. A single outcrop exposure of this lithology can 
mislead one to identify the texture as primary, and thus a low strain rock. This is the case for a rock 
identified as metavolcanic tuff and breccia by Horwood and Pye (1951). Extensive outcrop stripping by 
the author provided the necessary exposure to fully document the nature of this lithology. It is significant 
that the “tuff and breccias” are found only in the BTSZ and only adjacent to gabbroic intrusions that are 
dikes parallel to, and enclosed within the BTSZ. Outcrop stripping has revealed numerous contacts where 
the gabbro-tuff transition is visible and clearly a strain gradient, thus the “tuff and breccia” are in fact 
sheared gabbro (Lavigne 1983). The nature of the sheared gabbro was investigated in four locations (see 
Maps 1 and 2, and Figure 3): 1) at the Bankfield mine site; 2) on the McLellan prospect; 3) on Hwy 11, 
just south of Mosher Lake; and 4) immediately south of the Hard Rock Mine.  
 

 
 
Figure 12. Idealized sketch demonstrating the eventual production of S-shaped folds during dextral simple shear from the initial 
Z-shaped folds in very high strain regimes such as the Bankfield–Tombill shear zone. Note the attenuation of the diagonal limb. 
See Photos 23 and 24 for examples from Geraldton. 
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At the exposure on Hwy 11 (on the Mosher Mine property), the gabbro and the “tuff-breccia” are 
interdigitated, and the gradational nature of increasing strain intensity is obvious where contacts are fully 
exposed. Figure 13 (back pocket) is a detailed map of this outcrop showing strain intensity and foliation 
trajectories. The lowest strain portion of the outcrop is gabbro without penetrative fabric, as seen in Photo 
25. With increasing strain the gabbro acquires narrow (1 cm), chloritized, anastomosing dextral shears 
(Photo 26), with the S-C fabric relationship defined by the angle between the elongated mafic clots (S) 
and the shear zone boundaries (C). The mafic minerals in the intervening less strained rocks have a 
preferred orientation. With increased strain these shear zones become parallel and grain size reduction 
within them is apparent, while the intervening layers have a strong mineral alignment (Photo 27). With 
further increased strain, grain size reduction is complete and well developed compositional layering is 
defined by variable chlorite content (Photo 28). The most intense deformation is represented by the 
development of a C' fabric (shear bands), which transects the C fabric at 30° (Photo 29). Dextral 
movement along the C' fabric (Photo 30), and counterclockwise rotation of the intervening lithons, 
indicates that the BTSZ is a dextral shear zone and the near-vertical intersection of the C and C' fabric 
indicates transcurrent motion. The result of the development of C' fabric, superimposed on the C fabric, is 
the production of a brecciated chloritic schist (Photo 31). 

The gradation from unstrained gabbro to the highest strain take places over several centimetres to 
several metres, Photo 32 being an example of a fairly abrupt change. Continuous compositional layering 
(C fabric) is often tightly folded (Photo 33). Photo 34 illustrates another example of folded C fabric, 
which envelopes an isolated lens of preserved gabbro. This a small-scale reflection of the larger scale, as 
islands of relatively undeformed rock are enclosed by highly strained rock. Figures 13 and 14 (back 
pocket) illustrate this point at the outcrop scale while Figure 3 does so on a regional scale. 

In thin section, the transformation from relatively unaltered gabbro to the most intensely sheared and 
altered chlorite schists has occurred by the progressive alteration of mineralogy, grain size reduction and 
fabric development. The mineralogy of the least altered gabbro consists of blocky, relict hornblende 
(altered to actinolite) with interstitial epidote, plagioclase and quartz. Increased deformation and alteration 
has resulted in a decrease in the abundance of actinolite phenocrysts, which develop a more fibrous habit 
and exhibit a preferred orientation. The amount of chlorite, epidote and quartz increases at the expense of 
plagioclase and actinolite and is associated with the first appearance of a strong penetrative fabric and 
well-developed compositional layering. The compositional layering is largely due to the alternating high 
strain–low strain layers. The low strain layers contain actinolite-rich porphyroblasts, while some layers 
are defined by increased wispy quartz aggregates. Complete mylonitization occurs in conjunction with the 
formation of secondary albite porphyroblasts and carbonate at the expense of epidote and quartz, while 
chlorite remains abundant. In the zone of most intense deformation, actinolite and epidote are absent, and 
the rocks consist of quartz, chlorite, carbonate and albite. 

Mylonitization and incipient alteration destroyed amphibole, feldspar (primary) and epidote and 
produced a chlorite-rich schist with albite. Grain size is significantly reduced from 1-3 mm to less than 
0.2 mm and is coincident with the progressive development of a C fabric while a C' fabric is developed in 
the zone of most intense deformation. This transformation was accompanied by enrichment in Au, CO2 
and S, small increases in K and Mn, and depletions in Ca and Mg, as discussed earlier (see “Alteration”). 

Gabbro within the BTSZ is well exposed on a 75 by 200 m outcrop, 500 m south of the No. 2 shaft at 
the Hard Rock Mine (Figure 3). This outcrop is located at the western end of a 1000 m thick package of 
mafic metavolcanic rocks that extends east for about 8 km. The dominant lithology in this package is 
calc-alkalic mafic metavolcanic breccias and tuffs, however, the proportion of metavolcanic rock has 
been somewhat overestimated by Horwood and Pye (1951) since they included sheared gabbro within this 
lithology. 
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Weakly deformed, fine-grained, well-bedded tuff can be difficult to distinguish from well-layered 
sheared gabbro, a problem that is magnified when the tuff is also sheared and altered. This problem can 
be resolved in the field by creating sufficient exposure to uncover the gradation to the less sheared 
protolith and can also be distinguished on the basis of geochemistry. The sheared tuff is lighter in colour 
since it is more felsic. 

A detailed map of the outcrop south of the Hard Rock Mine is presented on Figure 14 (back pocket). 
The southwest corner of the map area is underlain by mafic tuffaceous rocks altered to albite-chlorite 
schist while the remainder of the outcrop is variably deformed gabbro. The patterns used on this map 
mimic fabrics seen on the outcrops. Undeformed rocks are rare in outcrops and contain randomly oriented 
hornblende (these are represented by a randomly oriented pattern on Figure 14). Hornblende crystals have 
a weak preferred orientation (Photo 35) consistent with an increase in strain. Irregular pods of epidote 
also occur in the less strained rocks (Photo 36). Moderate strain is represented by the development of a 
penetrative foliation and weak layering, with accompanying grain size reduction in some layers. Epidote 
pods are transposed parallel to foliation (Photo 37) in the moderately strained rocks. Highly strained rocks 
are characterized by well developed compositional layering and a high degree of grain size reduction, 
resulting in aphanitic rocks. The highest level of strain is represented by the development of shear bands 
(C') (Photo 38). Dextral displacement has occurred along the shear bands with accompanying 
counterclockwise rotation of lithons, which has resulted in the development of a chloritic breccia (Photo 
39). The gradation from weak to very high strain is variable in width. For example, fresh, undeformed 
gabbro is transected by 1 m wide shear zones with low to high strain gradation occurring across tens of 
centimetres (Photo 40). 

The layer in the center of Figure 14 (where samples 164-166, 171-173 and 175 are located) is a lens 
of “low strain” gabbro bounded by zones of high strain. At the eastern end, a weak fabric (preferred 
orientation of hornblende) trends northeast at about 20° to the shear fabric (C). The orientation of this 
foliation is consistent with an S-type fabric in dextral shear zones, which in turn is consistent with the 
conclusion drawn from the dextral displacement along the C' fabric. 

On a regional scale, strain was observed to increase from the north side of the peninsula to the east of 
this outcrop (see Map 1), toward the contact with the metasedimentary rocks to the south. On the north 
side the wackes and mafic metavolcanic tuffs are not folded. On a southward traverse the tuffs become 
tightly folded (see Photo 16) and nearby mafic metavolcanic pillowed flows are highly sheared such that 
the pillows are now elongate (Photo 41). Primary textures are obliterated in proximity to the contact with 
metasedimentary rocks.  

Backhoe stripping on the McLellan prospect (see Figure 3) has provided several sections across the 
BTSZ. The dominant lithology on this property is highly folded wacke, with minor banded iron formation 
and one exposure of highly sheared and altered gabbro. At this location fresh gabbro is not available for 
examination and only the northern portion of the outcrop (Figure 15) has relict igneous textures. This 
outcrop provided an ideal opportunity for comparing high strain fabrics in two distinct, juxtaposed 
lithologies. The north half of the outcrop consists of highly sheared gabbro that exhibits complete grain 
size reduction and well-developed layering (C fabric) defined by variable carbonate, chlorite, quartz and 
rare albite, and a superimposed C' fabric (Photo 42). Zones with well-developed C fabric are separated by 
zones with well-developed C' fabric, which has destroyed the layered appearance of the sheared gabbro 
and produced a breccia (Photo 43). Displacement along the C' fabric is dextral, resulting in 
counterclockwise rotation of the intervening lithons and the C fabric, which is indicative of dextral shear. 

A portion of the sheared gabbro is “quartz-flooded”, which consists of a zone of dense micro-veinlet-
breccia and narrow quartz veins. This zone, outlined on Figure 15, plunges west at 30° as demonstrated 
by Photo 44. Similar quartz-flooding is also found 100 m to the west and along strike where it is hosted 
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by highly sheared and altered gabbro. As seen in Photos 45 and 46, the quartz-flooding is much more 
dense, with quartz accounting for up to 80% of the volume. This is the only surface exposure of the main 
gold mineralization on the property, as well as being the only exposure of the Bankfield–Tombill fault, as 
described by Horwood and Pye (1951). Zones of dense quartz veins are not restricted to the sheared 
gabbro, since a broad zone of quartz veining is located 200 m north of the outcrop in Figure 15. As seen 
in Photo 47, quartz veins in this zone are Z-folded. 

Bedding in the wacke in the southern portion of the outcrop depicted in Figure 15 has been totally 
obliterated due to shearing. Relict bedding can only be recognized where it is defined by magnetite layers 
of a banded iron formation (Photo 48) and, here, it has been completely transposed so that it is parallel to 
the foliation. In contrast, 100 m to the north, where the metasedimentary rocks are less deformed, bedding 
is tightly folded and has only undergone transposition along some of the fold limbs (Photo 49). 
Characteristic of highly deformed wacke are abundant quartz pressure-solution seams and C' fabric, 
which cannot be discerned in the field. 

Exposures at the Bankfield Mine site are very informative with respect to temporal relationships. The 
dominant lithology at the Bankfield Mine is wacke, conglomerate and subordinate amounts of iron 
formation. These metasedimentary rocks have been intruded by gabbro and feldspar porphyry, 
respectively. Photos 50 and 51 show gabbro and felsic porphyry dikes crosscutting bedding in the wacke, 
which is well defined by magnetite layers. Photo 52 shows a felsic porphyry dike crosscutting the shear 
fabric in the gabbro (Figure 16). The gabbro is strongly sheared, has suffered complete grain size 
reduction and has well-developed C and C' fabrics. Photo 53 is a close up photograph of the contact 
where a xenolith of gabbro in the felsic dike contains C and C' fabrics. This relationship implies that the 
gabbro had already undergone intense shearing prior to the intrusion of the felsic dike and suggests that 
gold mineralization was a very late event, as the felsic dikes are often the host to gold mineralization. 

The southern portion of the outcrop shown on Figure 16 is relatively unaltered gabbro. Hornblende is 
partially altered to actinolite, chlorite and carbonate, while plagioclase is partially altered to epidote and 
sericite. The most altered sample of gabbro (094) is a chlorite, carbonate and quartz schist that has been 
depleted in Na and Ca, and enriched in Au, H2O, CO2 and K in comparison to samples 090, 092 and 093 
(see Appendix A, on MRD 264). The feldspar porphyry at sample location 096 has 1 to 4 mm, sericitized, 
crowded feldspar phenocrysts in a quartz matrix. This rock has well developed pressure shadows around 
the feldspars and also has chlorite on foliation surfaces. In contrast, the sheared equivalent (sample 095) 
has been mylonitized such that the feldspars are now much less than 1 mm in size, and have been 
completely sericitized to produce a schist. The wackes have been sheared and altered to a quartz-chlorite-
sericite-carbonate-epidote schist. In comparison to fresh wacke, sample 098 is enriched in Au, Pb, Zn, S 
and CO2. 
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Figure 15. Detailed map and description of a gabbro and wacke outcrop within the Bankfield–Tombill shear zone, on the 
McLellan prospect, showing sample and photo locations. 
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Figure 16. Detailed map and description of an outcrop of gabbro, wacke and feldspar porphyry within the Bankfield–Tombill 
shear zone, at the Bankfield Mine, showing sample and photo locations. 
 
 

PAINT LAKE SHEAR ZONE SYSTEM 

The Onaman–Tashota belt, as previously described, is implied to be tectonically juxtaposed against the 
Beardmore–Geraldton belt. The strain related to this tectonic juxtaposition is expressed by a high density 
of large-scale, east-trending, anastomosing ductile shear zones, which have also undergone post-
Proterozoic brittle reactivation. These shear zones were examined in the Windigokan Lake area (Map 1) 
and are presented on a simplified geological map (Figure 17). Many of these shear zones were previously 
recognized (Laird 1936), largely as the result of associated topographic lineaments. These lineaments are 
an erosional expression of the graphitic, clay-rich gouge produced during the brittle reactivation that 
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offset north-trending Proterozoic diabase dikes. In the absence of strong brittle reactivation, topographic 
lineaments do not usually develop, despite the evidence of strong ductile deformation. One such zone is 
the Brookbank shear zone, host to the newly rediscovered Metalore Resources Ltd. gold prospect, which 
was diamond-drilled by Noranda Ltd. in 1944. Diamond-drill core provided by Metalore Resources Ltd. 
was examined by the author and provided almost complete sections across the Paint Lake and Brookbank 
shear zones, which are described in the following sections. 

 

 
 
Figure 17. Simplified geological map of the Windigokan Lake area, Metalore Resources prospect, showing the location of 
diamond-drill holes described in the text. 
 

 

Diamond-drill hole NE1 (see Figure 17) was collared in wackes, south of the Paint Lake shear zone, 
intersected the shear zone to the north and continued for 30 m into mafic metavolcanic rocks. The zone of 
highest strain includes a 3.5 m section of strongly foliated carbonate-altered rock, a 2 m section of 
graphite and 13 m of sericite schist. The banding in the carbonate zone is crenulated, folded and 
brecciated. The graphitic zone locally consists of convoluted quartz and graphite with red hematite 
staining. The sericitic zone is well banded, contains abundant quartz micro-fractures and may be altered 
mafic metavolcanic rock since there is a transition into recognizable mafic metavolcanic rocks to the 
north. The wackes south of this central zone of highest strain are moderately to strongly foliated, have 
some brecciated zones, and zones with up to 60% quartz veinlets. Bedding features such as grain size 
changes and compositional layering can only be observed in 50% of the section, as bedding is disrupted 
or totally obliterated by shearing. The mafic metavolcanic rocks, north of the fault, vary from weakly to 
strongly foliated and the whole section contains quartz, chlorite and epidote-filled micro-fractures and a 
few breccia zones. Pervasive carbonate alteration is generally weak, intense alteration being restricted to 
the highest strain zone. 
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Diamond-drill hole M14 (see Figure 17) intersected the Paint Lake shear zone, was collared in 
wacke, intersected the high strain zone to the north, and was terminated 7 m into the mafic metavolcanic 
rocks. A 2.5 m fault breccia separates the mafic metavolcanic rocks from the wackes. This breccia, with 
40% graphite, contains siliceous, pyrite and altered mafic metavolcanic clasts and exhibits some hematitic 
staining. The mafic metavolcanic rocks north of the fault are strongly foliated, have graphite-filled seams 
near the fault and abundant deformed quartz veinlets and breccias. Strong deformation continues for 
about 30 m south of the fault into wackes and is characterized by strong foliation, graphite-bearing 
breccias, carbonate alteration, convoluted bedding, bleached zones, green mica, epidote alteration and 
sulphide mineralization. 

Diamond-drill hole M1 (see Figure 17) intersected the Brookbank shear zone east of the Metalore 
Resources Ltd. discovery, immediately north of the mafic metavolcanic-metasedimentary contact along 
which the gold-bearing zones are found. This diamond-drill hole, collared in metasedimentary rocks north 
of the contact, did not intersect the mafic metavolcanic rocks. Ductile deformation in this zone is much 
more intense and wider than in the Paint Lake shear zone. It is also important to mention that this zone 
does not have topographic expression in this area and was not previously recognized as a shear zone. This 
lack of topographic expression permitted documentation on surface, since outcrop exposures of the shear 
zone were available. 

All 120 m of diamond-drill core in diamond-drill hole M1 (see Figure 17) are highly strained. The 
first 33.5 m consist of dark grey, strongly foliated, fine-grained wackes and mudstones. Bedding is only 
locally preserved as foliation-parallel lenses. Quartz-carbonate stringers are tightly folded and also occur 
as isolated lenses (Photo 55). From 33 to 65 m, the wackes are altered to yellowish-green phyllosilicates, 
producing a strongly foliated, well layered rock, defined by the abundance of chlorite and white mica 
(Photo 56). This foliation is folded, as are veinlets, and brecciation is common. From 65 to 75 m is an 
example of the late brittle component of deformation in the form of massive amorphous graphite with 
zones of quartz breccia, iron carbonate and some pyrite nodules (Photo 57). From 75 to 85 m is an iron-
carbonate-rich zone in which deformed iron carbonate fragments are cemented by calcite and quartz. This 
is followed by a 2 m zone of a medium green, aphanitic rock with weak pervasive iron carbonate 
alteration (Photo 58). These iron-carbonate-rich zones are interpreted to be slices of mafic metavolcanic 
rocks that have been tectonically interdigitated with the wackes, as this mafic metavolcanic zone is bound 
by another 11 m wide, quartz-rich, graphitic fault zone. The quartz and graphite define a folded and 
brecciated foliation (Photo 59). The graphitic zone transitions into a well-layered phyllosilicate-rich zone 
(Photo 60), which occurs between 98 and 111 m. Layering is defined by both compositional and grain 
size changes and is commonly tightly folded (Photo 61). This zone contains iron carbonate and some 
green mica. The layering is the result of shearing of clasts of variable composition in a conglomerate, as 
indicated by the progressive appearance of recognizable clasts as strain decreases toward the bottom of 
the diamond-drill hole at 126 m. The granitic clasts are not foliated while the remainder of clasts are 
flattened. Photo 62 shows the progression from the strongly foliated rock to a recognizable conglomerate. 

Two surface exposures of the Brookbank shear zone were examined and mapped, one east of the 
Metalore Resources Ltd. gold prospect (Figure 18), and the other is a surface exposure of the gold 
mineralization that is hosted by the shear zone. Figure 19 is a detailed map of this gold mineralization, 
with descriptive notes based on field and thin section observations and lithogeochemical analyses. 
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Figure 18. Detailed map and description of an outcrop within the Brookbank shear zone (shown on Figure 17). 
 
 
 

 
 
Figure 19. Detailed map and description of an outcrop containing gold mineralization of the Metalore Resources prospect within 
the Brookbank shear zone. 
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WATSON LAKE SHEAR ZONE 

The Watson Lake shear zone extends east from Lake Nipigon to, at least, Partridge Lake. Mackasey 
(1975) recognized this zone as a fault, based on the presence of a topographic lineament and offset 
diabase dikes. Several gold occurrences and past-producing gold mines are situated along this zone, 
including the Leitch and Sand River mines. The zone of shearing is rarely exposed, as it is associated with 
a pronounced linear topographic depression. Where exposure permitted, it could be deduced that the zone 
is less than 100 m wide. Hydrothermal alteration associated with this zone forms a much broader halo 
along much of its length. The Watson Lake shear zone separates the SSB from the SCVB, thus is 
analogous to the Portage shear zone in Geraldton. The following descriptions are taken from west to east 
along the shear zone. 

Wackes near the shear zone (near sample 320, Map 2) to the east of the Leitch Mine have moderate 
foliation, which is defined by muscovite and chlorite in the matrix. In thin section, quartz grains have a 
preferred orientation, undulose extinction, asymmetric pressure shadows, and show evidence of 
recrystallization over the fabric. The rocks host weak carbonate and sericite alteration. To the east of the 
mine, rocks exposed on either side of a ravine that defines the lineament and shear zone are strongly 
altered by iron carbonate. At the east end of Watson Lake, wackes near the fault are moderately to 
strongly sericitized, chloritic and iron carbonate altered. Close to the shear zone, the cleavage controls 
abundant quartz veins, and chloritic breccias occur within the shear zone. This breccia (sample 558) has a 
mafic composition, while a well-layered siliceous rock to the immediate south has a rhyolitic composition 
(samples 559 and 560). Thin sections reveal the layering to be the result of mylonitization. 

Further east, at the Solomon’s Pillars prospect (sample location 288-301, Map 2), muck samples 
consist of quartz-sericite schist, with asymmetric pressure shadows around the quartz grains. This 
alteration continues to Partridge Lake, and may be continuous to Geraldton; however, overburden did not 
permit confirmation. 

WABIGOON–QUETICO BOUNDARY ZONE 

In contrast to the narrow Watson Lake shear zone, the Quetico Subprovince is separated from the 
Wabigoon Subprovince by a broad zone of inhomogeneous ductile deformation that covers the entire 
width of the Southern Mafic Metavolcanic Belt (SMVB), including the metasedimentary rocks to the 
north and south of this metavolcanic belt. The highest strain is not necessarily found at the contacts. In the 
Beardmore area, bedding in the Quetico metasedimentary rocks is usually indistinguishable from 
superimposed foliation. Thin section examination of the Quetico metasedimentary rocks 100 m south of 
the Wabigoon boundary show that quartz grains have retained their round shape and have weakly 
developed pressure shadows, which is similar to that found near the contact where the wackes have 
undergone iron carbonate alteration. South of Beardmore, along Hwy. 11, the southern half of the SMVB 
is well exposed and all outcrops examined were highly deformed. This high strain is manifested by a 
well-developed foliation that makes the rocks very fissile (Photo 63). In the horizontal plane, pillows have 
length to width ratios up to 10:1 (Photo 64), and are in excess of 3 m long in the vertical plane (Photo 65). 
All mafic metavolcanic rock exposures examined along Hwy. 11 have undergone alteration to chlorite, 
epidote and some carbonate. Strong pervasive iron carbonate alteration in the SMVB is focused along its 
margins. The northern contact, although rarely exposed, has undergone strong pervasive iron carbonate 
alteration at every outcrop examined. At sample location 319 (Map 2), west of Beardmore, a rare outcrop 
of wacke near the contact is strongly foliated and has undergone sericitic and iron carbonate alteration. 
Along the same contact, east of Beardmore (sample location 324 to 328, Map 2), the variolitic mafic 
metavolcanic rocks contain ultramafic rock (samples 326 and 327, Map 2) that has been altered to a 
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porphyroblastic, magnesium-carbonate-talc schist (Photo 66). This is one of only two exposures of 
ultramafic rock in the greenstone belt. At the southern contact of the SMVB, east of Beardmore (sample 
location 304 to 307, Map 2), the wackes of the Quetico Subprovince are schistose and contain quartz 
veins. The mafic metavolcanic rocks consist of chlorite and iron carbonate and contain 5% disseminated 
arsenopyrite, and some pyrite and chalcopyrite. 

East of Jellicoe, two significant changes in the character of the Wabigoon–Quetico subprovince 
boundary can be observed. One is the transition from greenschist to amphibolite facies metamorphism, 
and the second is that the boundary is not associated with a topographic low. Two locations were 
examined in detail; one near the greenschist-amphibolite facies boundary (sample location 468 to 475, 
Map 2); and the other to the east in amphibolite facies rocks (sample locations 329 to 332, Map 2). At the 
first location, bedding in the Quetico metasedimentary rocks is well preserved, but does have a well-
developed foliation that is defined by biotite and elongated quartz grains. Sample 468, 35 m from the 
contact, is biotite-rich and contains trace amounts of garnet and andalusite. Samples 469 and 470 (Map 2), 
which are 15 m from the contact, are chloritic, but still retain traces of andalusite and garnet. 

It appears that biotite retrograded to chlorite near the contact. The foliation at this location is gently 
kinked, indicating increased strain towards the contact. To the immediate north, the mafic metavolcanic 
rocks consist of well preserved pillows, pillow breccia and hyaloclastite, which contain fibrous actinolite 
at random orientation, indicating low strain. A 15 m gap exists between the metavolcanic rocks and the 
wackes, and it is possible that in this gap, the rocks are highly strained. The only other evidence of 
shearing is a 2 to 3 m wide shear zone in the mafic metavolcanic rocks that is a graphitic, quartz-chlorite 
schist. This sheared rock (sample 474, Map 2) has undergone Mg and Ca depletion, K and Ba enrichment, 
without addition of Au, in comparison to fresh equivalents (sample 475, Map 2). The mafic metavolcanic 
rocks nearest the contact are bleached, have micro-veinlets filled with quartz, clinozoisite and pyrrhotite. 
They have anomalous S content and are enriched in Na (samples 471 and 472, Map 2). 

Summary and Recommendations 

As illustrated on Map 1, there is a strong spatial association between gold mineralization and shear zones. 
This can lead to a partial genetic interpretation in that these shear zones are zones of high crustal 
permeability that allowed the flow of hydrothermal fluids and the development of gold mineralization and 
associated alteration. Permeability also allowed the access of magma, as evidenced by the volumes of 
felsic and mafic intrusions that are commonly associated with the shear zones and gold deposits. 
However, intrusions are not found near all deposits, examples being the Sand River and Leitch mines. 
This could lead one to disregard a magmatic hydrothermal source of ore-generating fluids. This is further 
supported by the fact the felsic porphyries in Geraldton were mineralized during subsequent deformation, 
and these, being the same age as the Croll Lake stock (F.Corfu, Geochronologist, Jack Satterly 
Geochronology Laboratory, Royal Ontario Museum, personal communication, 1984), negate the latter as 
being a potential source of mineralizing fluids. 

Also seen on Map 1 is the obvious restriction of gold mineralization to greenschist facies rocks, the 
Geraldton camp most likely in lower greenschist facies rocks. This suggests a pressure-temperature 
dependence on the precipitation of ore and gangue components of gold mineralization. One may speculate 
that metamorphic dehydration is a source of fluids, but the CO2-rich nature of these fluids, as evidenced 
by the carbonate alteration, cannot be generated at amphibolite facies (Touret 1971; Ghent and DeVries 
1972), but can be generated during granulite facies metamorphism, a deep crustal source of fluids. The 
widths and lengths of the shear zones suggest they are deep crustal features capable of tapping fluids at 
the base of the crust, thus lower crustal degassing is a good candidate for mineralizing fluids. The 
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upwards migration of these fluids may have resulted in partial melting of the crust and the generation of 
the magmas responsible for the numerous intrusions found within and near the shear zones. 

The spatial relationship of gold mineralization with lower metamorphic facies rocks not only 
suggests a pressure-temperature dependence on the formation of gold mineralization, but also dictates that 
this mineralizing event was synchronous with metamorphism. This event can be confidently placed late in 
the tectonic evolution of the greenstone belt because of the following observations. Gold mineralization 
of the F Zone at the Mosher Mine in Geraldton is hosted within the nose of a folded felsic porphyry dike, 
which implies synchronism of deformation and the mineralizing event. These dikes intrude gabbro dikes, 
which themselves have already undergone significant deformation. The emplacement of these gabbro 
dikes is controlled by the Bankfield–Tombill shear zone, implying that the shear zone was active prior to 
the emplacement of the gabbroic intrusions. These felsic porphyries are the same age as the Croll Lake 
stock (F. Corfu, Geochronologist, Jack Satterly Geochronology Laboratory, Royal Ontario Museum, 
personal communication, 1984), which imposed amphibolite facies metamorphism on the surrounding 
rocks, and whose geometry is consistent with emplacement during regional dextral shear. The stock has a 
symmetry analogous to a clast undergoing dextral simple shear, the cupola of the stock east of Geraldton 
being the pressure shadow area. Assuming a westerly plunge of 30° for the cupola of the Croll Lake stock 
(i.e., underneath the Geraldton camp), we find that the Geraldton camp lies within its regional-scale 
pressure shadow, an ideal site for fluid flow. Thus in the Geraldton camp, crustal permeability necessary 
to allow fluid flow and the generation of gold mineralization was generated as the result of the 
deformation of a lithologic package with high ductility contrast at both the regional scale (the pressure 
shadow around the Croll Lake stock), and on a local scale (the tension created by the folding of iron 
formation and felsic dikes in a more ductile wacke, thus providing sites for intense fluid flow and gold 
mineralization). Thus, during continuous regional dextral shear and metamorphism, the following events 
occurred in sequence; mafic intrusive activity, felsic intrusive activity, gold mineralization. 

Zones of high crustal permeability can be recognized by the presence of intrusions and hydrothermal 
alteration. As these zones are shear zones, the following features are very important: juxtaposition of 
major lithologic units; the distribution of lithologic units as planar arrays; attenuation of lithologic units; 
strong foliation; elongated pillows, pebbles and other strain markers; the destruction of primary textures; 
minor features of permeability, such as numerous quartz- and carbonate-filled tension gashes, veins and 
breccia zones; and major features of crustal permeability such as broad alteration zones. Although 
topographic lineaments can be used to recognize shear zones that have undergone late brittle reactivation, 
they do not lead to the recognition of zones that have not, and can lead one to zones that are solely brittle 
fault zones. A good example of the former is the Bankfield–Tombill shear zone, which is the most gold-
productive shear zone in the greenstone belt and does not have a topographic expression. Topographic 
lineaments that are the product of erosion of fault breccias are not good exploration targets, as all 
evidence indicates that major gold mineralization formed during ductile deformation and not during later 
brittle deformation. Thus, lineaments must be examined in the field only to see if they are associated with 
ductile shear zones. 

In conclusion, the following are site-specific recommendations for gold exploration based on the 
findings of this study, which resulted in the identification of previously unidentified shear zones.  
 
1. The Kenogamisis River shear zone, where exposed, has abundant intrusions, strong alteration and one 

gold occurrence. Where examined, it is marginal to amphibolite facies rocks and its on-strike 
continuity into lower metamorphic facies rocks (southwest toward Geraldton) is completely covered 
by overburden and remains unexplored. 

2. Despite the limited exposures along the Portage shear zone, gold occurrences and alteration are 
common along its strike length and yet, this zone remains largely unexplored. 
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3. The east-trending discontinuity at the north end of Mosher Lake has no outcrops, and has not been 
well explored, as only a few diamond-drill holes have penetrated it. 

4. To the east of the Leitch Mine, strong iron carbonate alteration occurs along the Watson Lake shear 
zone. 

5. In general, any major lithologic contact should be examined, as many could not be uncovered during 
this study and these may be the focus of shearing, even though they are not identified as so on Map 1. 

6. The on-strike continuity of the Bankfield–Tombill shear zone is recommended as a focus for 
exploration. 

7. In the Geraldton camp, major Z-folds host most of the gold mineralization. Locating additional 
undiscovered, unexplored Z-folds may be fruitful. These however, are not the only potential style of 
mineralization possible. 
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Photos 

All photos are also included on MRD 264, a companion publication that is available separately and is 
meant to be used in conjunction with this report. Unless otherwise indicated, all photo locations are 
shown on Map 2 (back pocket). Locations of photos of hand samples are not shown on Map 2, but the 
locations of the samples are. 
 

 
 
Photo 1. Sheared mafic metavolcanic rocks at the northern boundary of the greenstone belt, north of Houck Township. Note 
isolated quartz lenses, which are the result of shear-transposed and boudinaged veins. 
 
 

 
 

Photo 2. Tightly folded, interbedded felsic and mafic epiclastic metasedimentary rocks. 
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Photo 3. Porphyritic felsic dikes within the Kenogamisis River deformation zone. 
 
 

 
 

Photo 4. Smoky quartz and chlorite veinlets in albite porphyry dike. 
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Photo 5. Multiple generations of deformed iron carbonate and quartz veinlets in mafic metavolcanic rocks within the 
Kenogamisis River deformation zone. 
 
 
 
 

 
 

Photo 6. Iron carbonate breccia in sheared mafic metavolcanic rocks within the Kenogamisis River deformation zone. 
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Photo 7. Mylonitic mafic metavolcanic rocks within the Kenogamisis River deformation zone. 
 
 
 
 

 
 

Photo 8. Sygmoidal tension gashes in mafic metavolcanic rocks within the Kenogamisis River deformation zone. 
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Photo 9. Sheared, porphyroblastic mafic metavolcanic rocks within the Kenogamisis River deformation zone. Porphyroblasts 
consist of chlorite and biotite with minor hornblende and epidote. 
 
 
 
 

 
 

Photo 10. Moderately sheared mafic metavolcanic lapilli tuff. 
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Photo 11. Thickly bedded wacke. 
 
 

 
 
Photo 12. Mylonitic wacke at the contact between the Central Metasedimentary Belt and the North Central Metavolcanic Belt, 
near the northern margin of the Croll Lake stock. Note the tightly folded vein. 
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Photo 13. Mafic metavolcanic rocks, metamorphosed to hornblende hornfels and injected with iron carbonate, at the northern 
contact of the Croll Lake stock. 
 
 
 
 

 
 
Photo 14. Metasomatic segregations within mafic metavolcanic hornfels at the western cupola of the Croll Lake stock near 
Geraldton. 
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Photo 15. Metasomatic segregations within mafic metavolcanic hornfels at the western cupola of the Croll Lake stock, showing 
distribution within fragments and matrix. This photo also shows well-developed porphyroblastic hornblende. 
 
 

 
 

Photo 16. Tightly folded mafic metavolcanic tuff in southern Ashmore Township. 
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Photo 17. Mafic metavolcanic breccia in southern Ashmore Township. 
 



 

45 

 
 
 
 

 
 
Photo 18. Conglomerate within the Bankfield–Tombill shear zone where clasts have been sheared into ellipses and Z-folded, 
indicative of dextral, ductile simple shear. Also note asymmetry of pressure shadows. 
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Photo 19. Conglomerate within the Bankfield–Tombill shear zone showing clasts with dextral displacements along cleavage and 
asymmetric pressure shadows. 
 
 
 
 

 
 
Photo 20. Conglomerate within the Bankfield–Tombill shear zone demonstrating dextral, ductile simple shear with dextral 
displacements along cleavage within granitic clast and Z-folded aphanitic clasts. 
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Photo 21. Boudinaged quartz vein within the Bankfield–Tombill shear zone. 
 
 
 
 

 
 

Photo 22. Highly contorted bedding in wacke within the Bankfield–Tombill shear zone. 
 



 

48 

 
 
Photo 23. Apparent S-folding of sandy beds, which are produced by the attenuation of the diagonal limb of Z-folds during 
dextral shear within the Bankfield–Tombill shear zone, MacLeod–Cockshutt property. 
 
 
 
 

 
 
Photo 24. Apparent S-folding of sandy beds, which are produced by the attenuation of the diagonal limb of Z-folds during 
dextral shear within the Bankfield–Tombill shear zone, MacLeod–Cockshutt property. 
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Photo 25. Undeformed gabbro within the Bankfield–Tombill shear zone, Mosher Mine. (See Figure 13 for location.) 
 
 
 
 

 
 
Photo 26. First stage of ductile deformation of gabbro within the Bankfield–Tombill shear zone, Mosher Mine, producing 
anastomosing, dextral shears with flattened mafic minerals. (See Figure 13 for location.) 
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Photo 27. Second stage of ductile deformation of gabbro within the Bankfield–Tombill shear zone, Mosher Mine, in which 
increased strain is demonstrated by a more planar distribution of shears (C fabric). Note the preservation of gabbro between 
shears. (See Figure 13 for location.) 
 
 
 
 

 
 
Photo 28. Third stage of ductile deformation of gabbro within the Bankfield–Tombill shear zone, Mosher Mine, in which 
increased strain is demonstrated by complete grain size reduction and the development of compositional layering. (See Figure 13 
for location.) 
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Photo 29. Fourth stage of ductile deformation of gabbro within the Bankfield–Tombill shear zone, Mosher Mine, in which 
increased strain is demonstrated by the incipient development of shear bands (C' fabric, diagonal), at 30° to the C fabric. (See 
Figure 13 for location.) 
 
 
 
 

 
 
Photo 30. Fifth stage, and the highest strain state of ductile deformation in gabbro within the Bankfield–Tombill shear zone, 
Mosher Mine, in which increased strain is characterized by well-developed shear bands (C' fabric, diagonal) with dextral 
displacement of the C fabric (compositional layering). (See Figure 13 for location.) 
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Photo 31. Breccia derived by shearing of gabbro within the Bankfield–Tombill shear zone, Mosher Mine. The breccia is 
produced as the result of dextral displacement along shear bands (C' fabric) and the counterclockwise rotation of intervening 
lithons, as seen by the rotation of the C fabric (compositional layering). (See Figure 13 for location.) 
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Photo 32. Photograph demonstrating progressive grain size reduction in gabbro as the result of shearing within the Bankfield–
Tombill shear zone, Mosher Mine (see Figure 13 for location). 
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Photo 33. Folded C fabric in sheared gabbro within the Bankfield–Tombill shear zone, Mosher Mine (see Figure 13 for location). 
 
 
 
 

 
 
Photo 34. Folded C fabric in sheared gabbro within the Bankfield–Tombill shear zone, Mosher Mine, with a layer of preserved 
gabbro at the lower left. (See Figure 13 for location.) 
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Photo 35. Gabbro with weak preferred orientation of hornblende crystals within the Bankfield–Tombill shear zone, Hard Rock 
Mine (see Figure 14 for location). 
 
 
 
 

 
 
Photo 36. Irregular pods of epidote alteration in low strain gabbro within the Bankfield–Tombill shear zone, Hard Rock Mine 
(see Figure 14 for location). 
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Photo 37. In zones of moderate strain, pods of epidote alteration, as seen in Photo 36, are transposed into parallelism with the 
foliation and are now vein-like. (Hard Rock Mine; see Figure 14 for location.) 
 
 
 
 

 
 
Photo 38. Progression from high strain, which is defined by total grain size reduction and the development of compositional 
layering (C fabric), to extreme strain, defined by the presence of shear bands (C′ fabric). Photo shows progressive development of 
shear bands, which are lacking at the bottom, to incipient development in the centre and resulting breccia at the top where shear 
bands are well developed. (Hard Rock Mine; see Figure 14 for location.) 
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Photo 39. Chloritic breccia resulting from the shearing of gabbro where earlier formed layering (C fabric) is transected by shear 
bands (C′ fabric), along which there is dextral movement and the intervening lithons undergo counterclockwise rotation. (Hard 
Rock Mine; see Figure 14 for location.) 
 
 
 
 

 
 
Photo 40. Rapid progression from undeformed gabbro on left side of photo, to high strain in centre of photo, to extreme strain on 
right. (Hard Rock Mine; see Figure 14 for location.) 
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Photo 41. Sheared pillowed mafic metavolcanic rocks within the Bankfield–Tombill shear zone east of the Hard Rock Mine. 
 
 
 
 

 
 
Photo 42. Sheared gabbro within the Bankfield–Tombill shear zone on the McLellan prospect, showing C /C' fabric relationship 
that indicates dextral shear. (Located on Figure 15.) 
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Photo 43. Sheared gabbro within the Bankfield–Tombill shear zone on the McLellan prospect, showing the brecciated nature in 
zones with well-developed C' fabric. (Located on Figure 15.) 
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Photo 44. Shallow-dipping quartz vein within a zone of dense quartz-filled fractures in sheared gabbro within the Bankfield–
Tombill shear zone on the McLellan prospect. (Located on Figure 15.) 
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Photo 45. The only surface exposure of the Bankfield–Tombill fault as defined by Horwood and Pye (l951), a zone of quartz 
flooding, McLellan prospect. 
 
 
 
 

 
 

Photo 46. Close-up photograph of the quartz flooding seen in Photo 45 within the Bankfield–Tombill fault. 
 
 



62 

 
 

Photo 47. Dense array of Z-folded quartz veins hosted by wacke in the Bankfield–Tombill shear zone, McLellan prospect. 
 
 
 
 

 
 
Photo 48. Magnetite layers, hosted by wacke within the zone of highest strain in the Bankfield–Tombill shear zone, McLellan 
prospect, are completely transposed and parallel to the foliation. (See Figure 15 for location.) 
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Photo 49. In comparison to Photo 48, magnetite beds in zones of less strain (located 100 m to the north of Photo 48) but still 
within the Bankfield–Tombill shear zone, are tightly folded with preserved bedding features. 
 
 

 
 
Photo 50. Felsic porphyry fold nose crosscutting bedding in wacke, which is well-defined by magnetite beds. (Bankfield Mine.) 



64 

 
 

Photo 51. Gabbro crosscutting wacke interlayered with magnetite beds. (Bankfield Mine.) 
 
 
 
 

 
 

Photo 52. Felsic porphyry transecting layering in sheared gabbro. (Bankfield Mine; see Figure 16 for location.) 
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Photo 53. Xenolith of sheared gabbro in a felsic porphyry. (Bankfield Mine; see Figure 16 for location.) 
 



66 

 
 
Photo 54. Diamond-drill core from hole NE-1, Metalore Resources Ltd., of an intersection of the Paint Lake shear zone. Top two 
rows are iron carbonate breccia, the centre row is graphite schist and the bottom three rows are sericite schist. (Drill hole located 
on Figure 17.) 
 
 
 

 
 
Photo 55. Diamond-drill core from hole M-l, Metalore Resources Ltd., with an intersection of the Brookbank shear zone. Photo 
is sheared wacke near top of diamond-drill hole. (Drill hole located on Figure 17; see text of report for description of sequence.) 
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Photo 56. Diamond-drill core from hole M-1, Metalore Resources, with an intersection of the Brookbank shear zone. Photo is of 
sheared and hydrothermally altered wacke resulting in a phyllosilicate schist. (Drill hole located on Figure 17; see text for 
sequence.) 
 
 
 

 
 
Photo 57. Diamond-drill core from hole M-1, Metalore Resources Ltd., with an intersection of the Brookbank shear zone. Photo 
is of a graphite-quartz breccia. (Drill hole located on Figure 17; see text for sequence.)  
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Photo 58. Diamond-drill core from hole M-l, Metalore Resources Ltd., with an intersection of the Brookbank shear zone. Photo 
is of iron carbonate breccia. (Drill hole located on Figure 17; see text for sequence.) 
 
 
 

 
 
Photo 59. Diamond-drill core from hole M-l, Metalore Resources Ltd., with an intersection of the Brookbank shear zone. Photo 
is of graphite-quartz breccia. Note the laminated nature of the diamond-drill core in the bottom row. (Drill hole located on Figure 
17; see text for sequence.) 
 



69 

 
 
Photo 60. Diamond-drill core from hole M-l, Metalore Resources Ltd., with an intersection of the Brookbank shear zone. Top 
two rows are laminated graphite-quartz schist and the bottom rows are laminated phyllosilicates and quartz. (Drill hole located on 
Figure 17; see text for sequence.) 
 
 
 

 
 
Photo 61. Diamond-drill core from hole M-l, Metalore Resources Ltd., with an intersection of the Brookbank shear zone. Photo 
shows folding of the laminated quartz-phyllosilicate schist. (Drill hole located on Figure 17; see text for sequence.) 
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Photo 62. Diamond-drill core from hole M-l, Metalore Resources Ltd., with an intersection of the Brookbank shear zone. Photo 
shows progression from laminated phyllosilicate schist (top of photo) to conglomerate (bottom of photo). (Drill hole located on 
Figure 17; see text for sequence.) 
 
 

 
 

Photo 63. Fissile mafic metavolcanic rocks from the Southern Metavolcanic Belt, near Beardmore. 
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Photo 64. Ellipsoidal mafic pillowed flows from the Southern Metavolcanic Belt, near Beardmore. 
 
 

 
 

Photo 65. Cross section of mafic pillowed flows shown in Photo 64, showing vertical elongation. 
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Photo 66. Porphyroblastic, magnesium-rich, iron carbonate-talc schist. 
 
 
 
 

 
 
Photo 67. Undeformed mafic pillowed flows from the South Central Metavolcanic Belt, near Sand Point on the eastern shore of 
Lake Nipigon.  
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Photo 68. Quartz and iron carbonate veins transecting banded iron formation at the Leitch Mine. 
 
 
 
 

 
 
Photo 69. Jasper-magnetite banded iron formation that has undergone bedding-parallel shear, as evidenced by the disrupted 
quartz and iron carbonate veinlets. (Sample 299, from the Solomon’s Pillars prospect.) 
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Photo 70. Jasper-magnetite banded iron formation in which bedding has been disrupted. (Sample 565, from the east end of 
Watson Lake.) 
 
 
 
 

 
 

Photo 71. Iron carbonate-altered, hematite-rich mudstone. (Sample 570, from the east end of Watson Lake.) 
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Photo 72. Quartz vein in banded iron formation with pyrite replacement of the wall rock. (Sample 571, from the east end of 
Watson Lake.) 
 
 
 

 
 

Photo 73. Recrystallized chert and banded magnetite iron formation. (Sample 481, from Beardmore.) 
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Photo 74. Bedding in banded iron formation has been obliterated due to shearing, resulting in lenses and pods of recrystallized 
chert and magnetite. Pyrite-rich bands are common. (Sample 488, from Beardmore.) 
 
 
 

 
 
Photo 75. Bedding in banded iron formation obliterated due to shearing and resulting in lenses of recrystallized chert and 
chlorite-magnetite wisps. Iron carbonate occurs as veinlets and pods. (Sample 535, Maki property.) 
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Photo 76. Bedding in banded iron formation overprinted by grunerite crystals. (Sample 539, Maki property.) 
 
 
 

 
 
Photo 77. Poorly preserved bedding in iron formation, which consists of recrystallized chert, chlorite, grunerite and magnetite. 
(Sample 466, from Patsy Lake.) 
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Photo 78. Bedding in banded iron formation obliterated due to shearing and recrystallization, consisting of sugary quartz, 
grunerite, biotite, magnetite and coarse pyrite. (Sample 457, Lattimer gold occurrence.) 
 
 
 
 

 
 

Photo 79. Well-preserved bedding in banded iron formation. (Sample 458, Lattimer gold occurrence.) 
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Photo 80. Contorted bedding in recrystallized chert-magnetite-grunerite banded iron formation (southeastern Legault Township). 
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Appendix A:  Whole Rock and Trace Element 
Lithogeochemistry  

This appendix is contained on Miscellaneous Release—Data 264 (MRD 264), a companion publication to 
this report, which is available separately and is meant to be used in conjunction with this report. 
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Appendix B:  Gold Content of Iron Formation in the 
Beardmore–Jellicoe Area 
 

a) Leitch Mine 
Oxide facies banded iron formation hosted in a sequence of clastic metasedimentary rocks.  
Samples 495 to 514 inclusive are from trenches north of the mine site (see Map 2) and consist of 
1 to 3 mm beds rich in magnetite and hematite alternating with silty to fine sand beds. Bedding is 
well preserved. Pervasive iron carbonate alteration and numerous quartz and iron carbonate 
veinlets are present. A few quartz veins have highly altered wall rock consisting of iron carbonate 
and sulphide replacement perpendicular to bedding, which tends to obliterate bedding. Samples 
515 to 524 are from the mine site. Quartz-iron carbonate veinlets are abundant (see Photo 68), 
bedding is often destroyed due to shearing.  

 
Sample 

No. 
% CO2 % S Au 

(ppb) 
Sample Description 

495 0.78 0.04 <2 contains quartz and iron carbonate veinlets 
496 2.37 0.06 <2 contains quartz and iron carbonate veinlets 
497 9.93 0.38 10 contains iron carbonate-pyrite veinlet with strong pervasive iron carbonate wall rock alteration 

crosscutting bedding at 90° 
498 6.51 0.15 4 contains iron carbonate and quartz veinlets; pervasive iron carbonate alteration and local 

pyritization 
499 5.62 0.04 <2 contains quartz and iron carbonate veinlets 
500 8.75 3.19 790 contains a quartz-iron carbonate-pyrite vein with strong wall rock iron carbonate alteration and 

pyritization; bedding disrupted by shearing 
501 3.45 0.05 6 contains iron carbonate and quartz veinlets; iron carbonate alteration of silty beds 
502 4.67 0.04 <2 contains quartz and iron carbonate veinlets 
503 0.11 0.03 <2 bedding obliterated due to shear; quartz and iron carbonate veinlets are transposed parallel to 

foliation; strong pervasive iron carbonate alteration 
504 5.26 0.06 <2 contains iron carbonate and quartz veinlets; local iron carbonate alteration 
505 10.6 0.04 <2 contains iron carbonate and quartz veinlets; local iron carbonate alteration 
506 13.4 0.06 <2 contains a quartz-iron carbonate-pyrite vein with strong wall rock alteration crosscutting 

bedding at 90° 
507 6.03 0.06 <2 contains iron carbonate and quartz veinlets 
508 6.76 0.04 2 contains iron carbonate and quartz veinlets 
509 5.67 0.03 <2 bedding obliterated due to shear; quartz and iron carbonate veinlets transposed parallel to 

foliation; local iron carbonate alteration 
510 0.86 0.04 3 contains iron carbonate and quartz veinlets; pervasive iron carbonate alteration 
511 2.96 0.06 12 contains iron carbonate and quartz veinlets; weak pervasive iron carbonate alteration 
512 8.88 0.09 2 contains quartz and iron carbonate veinlets; moderate pervasive iron carbonate 
513 0.67 0.10 <2 strong pervasive iron carbonate alteration 
514 10.6 0.10 <2 strong pervasive iron carbonate alteration 
515 0.53 0.01 <2 bedding obliterated by shear; quartz and iron carbonate veinlets rotated parallel to foliation; 

magnetite 
516 0.31 0.01 <2 bedding obliterated by shear; quartz and iron carbonate veinlets rotated parallel to foliation; 

magnetite 
517 0.39 0.01 <2 bedding obliterated by shear; quartz and iron carbonate veinlets rotated parallel to foliation; 

magnetite 
518 0.44 0.01 <2 bedding obliterated by shear; quartz and iron carbonate veinlets rotated parallel to foliation; 

magnetite 
519 0.36 0.01 <2 bedding obliterated by shear; quartz and iron carbonate veinlets rotated parallel to foliation; 

magnetite 
520 0.65 0.01 <2 bedding obliterated by shear; quartz and iron carbonate veinlets rotated parallel to foliation; 

magnetite 
521 0.78 0.01 <2 hematitic mudstone; contains quartz and iron carbonate veinlets 
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522 0.39 0.01 <2 bedding obliterated due to shear; contains quartz and iron carbonate veinlets 
523 0.50 0.01 <2 hematitic mudstone; contains quartz and iron carbonate veinlets 
524 0.46 0.02 <2 strongly deformed; contains quartz and iron carbonate veinlets 

Note: Average gold content of least deformed and altered samples:  <2 ppb Au. 
 
 

b) Solomon’s Pillars 
Oxide facies banded iron formation hosted in a sequence of clastic metasedimentary rocks; 
samples taken from mine dump; consist of interbedded magnetite and hematitic silt beds (see 
Photo 69). 

 
Sample 

No. 
% CO2 % S Au 

(ppb) 
Sample Description 

288 3.70 0.03 <2 bedding slightly disrupted due to shear; contains quartz and iron carbonate veinlets 
289 4.83 0.03 3 bedding slightly disrupted due to shear; contains quartz and iron carbonate veinlets 
290 5.44 0.18 7 n/a 
291 5.02 0.14 3 n/a 
292 6.63 0.03 <2 n/a 
293 6.53 0.03 7 n/a 
294 4.13 0.58 50 n/a 
295 1.59 0.06 <2 n/a 
296 10.0 0.08 4 n/a 
297 0.98 0.03 3 n/a 
298 2.77 0.03 <2 bedding slightly disrupted due to shear; contains quartz and iron carbonate veinlets 
299 2.37 0.08 <2 bedding slightly disrupted due to shear; contains quartz and iron carbonate veinlets (see Photo 

69) 
Note: Average gold content of least deformed and altered samples: <2 to 3 ppb. 

 
 

c) Watson Lake 
Two series of samples were taken between Watson Lake and Doris Lake: the first location, 561-
566 inclusive, adjacent to the Watson Lake shear zone, consists of interbedded magnetite and 
jasper hosted by clastic metasedimentary rocks in a tightly folded sequence; the second, 567-571, 
is a gold occurrence (see Map 2) in which hematitic mudstones with some magnetite are crosscut 
by numerous quartz veins with pyritic wall rock alteration (see Photo 72). 

 
Sample 

No. 
% CO2 % S Au 

(ppb) 
Sample Description 

561 2.56 0.02 <2 bedding weakly disrupted due to shear; contains quartz and iron carbonate altered veinlets 
rotated parallel to shear 

562 2.29r 0.04 <2 strong shear has obliterated bedding; contains numerous quartz-iron carbonate veins 
564 2.02 0.02 20 bedding weakly disrupted due to shear; contains quartz and iron carbonate altered veinlets 

rotated parallel to shear 
565 1.26 0.01 3 strong shear has obliterated bedding; contains numerous quartz-iron carbonate veins (Photo 

70) 
566 2.19 0.01 5 strong shear has obliterated bedding; contains numerous quartz-iron carbonate veins 
567 13.50 0.04 5 strong pervasive iron carbonate alteration; scattered pyrite crystals 
568 12.90 0.17 4 strong pervasive iron carbonate alteration; quartz and carbonate veinlets are rotated parallel to 

shear; scattered pyrite crystals 
569 18.60 0.09 4 strong pervasive iron carbonate alteration 
570 17.7 0.03 <2 strong pervasive iron carbonate alteration (Photo 71) 
571 7.51 16.4 1200 pyrite replacement of wall rock adjacent to quartz veins  (Photo 72) 

Note: Average gold content of least deformed and altered samples: 2 to 4 ppb. 
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d) Beardmore 
Oxide facies banded iron formation hosted by fine- to coarse-grained mafic metavolcanic 
fragmental rocks. The rocks are highly strained with extremely fissile mafic metavolcanic rocks 
and tightly folded iron formation that also occurs as boudins that are terminated in both the 
vertical and horizontal dimensions. Samples were collected immediately south of Beardmore on 
Highway 11 at two locations. Samples 477 to 483 were collected from an exposure on the east 
side of the highway, while samples 485 to 493 were collected from highly deformed pods of 
sulphidized, banded iron formation on the west side of the highway. 

 
Sample 

No. 
% CO2 % S Au 

(ppb) 
Sample Description 

477 17.0 1.28 <2 bedding obliterated due to shear; contains abundant carbonate veinlets rotated parallel to 
shearing direction and boudinaged; magnetite has been recrystallized; trace pyrrhotite 

478 16.6 1.31 <2 bedding obliterated due to shear; contains abundant carbonate veinlets rotated parallel to 
shearing direction and boudinaged; magnetite has been recrystallized; trace pyrrhotite 

479 12.5 0.95 <2 bedding obliterated due to shear; contains abundant carbonate veinlets rotated parallel to 
shearing direction and boudinaged; magnetite has been recrystallized; trace pyrrhotite 

480 10.7 0.75 <2 bedding obliterated due to shear; contains abundant carbonate veinlets rotated parallel to 
shearing direction and boudinaged; magnetite has been recrystallized; trace pyrrhotite 

481 9.32 0.64 <2 magnetite and silicate layering preserved (Photo 73) 
482 6.54 0.57 <2 bedding obliterated due to shear; contains abundant carbonate veinlets rotated parallel to 

shearing direction and boudinaged; magnetite has been recrystallized; trace pyrrhotite; 
chloritic 

483 7.67 1.27 <2 bedding obliterated due to shear; contains abundant carbonate veinlets rotated parallel to 
shearing direction and boudinaged; magnetite has been recrystallized; trace pyrrhotite 

485 5.76 2.60 4 bedding obliterated due to shear; chert has been recrystallized into fine-grained, white-buff, 
homogeneous lenses, pods, and bands in a matrix of magnetite and locally pyrite; some bands 
contain up to 75% pyrite 

489 5.33 1.40 3 bedding obliterated due to shear; chert has been recrystallized into fine-grained, white-buff, 
homogeneous lenses, pods, and bands in a matrix of magnetite and locally pyrite; some bands 
contain up to 75% pyrite 

490 6.65 2.69 4 bedding obliterated due to shear; chert has been recrystallized into fine-grained, white-buff, 
homogeneous lenses, pods, and bands in a matrix of magnetite and locally pyrite; some bands 
contain up to 75% pyrite 

491 2.78 4.90 12 bedding obliterated due to shear; chert has been recrystallized into fine-grained, white-buff, 
homogeneous lenses, pods, and bands in a matrix of magnetite and locally pyrite; some bands 
contain up to 75% pyrite 

492 11.3 1.10 2 bedding obliterated due to shear; chert has been recrystallized into fine-grained, white-buff, 
homogeneous lenses, pods, and bands in a matrix of magnetite and locally pyrite; some bands 
contain up to 75% pyrite 

493 10.8 1.20 10 bedding obliterated due to shear; chert has been recrystallized into fine-grained, white-buff, 
homogeneous lenses, pods, and bands in a matrix of magnetite and locally pyrite; some bands 
contain up to 75% pyrite 

Note:  Average gold content of least deformed and altered samples:  <2 ppb. 
 
 

e) Maki Property 
Hosted by lower greenschist facies, amygdaloidal and pillowed mafic metavolcanic rocks in a 
zone with abundant gold occurrences and many large quartz veins. Samples were collected over a 
strike length of 1000 feet. Samples 527 to 532 have fairly well preserved bedding consisting of 
recrystallized chert and chlorite-magnetite-bearing bands; contains iron carbonate veinlets and 
pods. Samples 534 to 536 have no bedding preserved; consist of recrystallized chert lenses in a 
chlorite-magnetite matrix; has iron carbonate veinlets and pods. Samples 537 to 539 have no 
bedding preserved and consist of recrystallized chert, chlorite, magnetite and grunerite bands. 
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Sample 

No. 
% CO2 % S Au 

(ppb) 
Sample Description 

527 6.63 0.89 32 recrystallized chert and chlorite-magnetite-bearing bands; contains iron carbonate veinlets and 
pods 

528 5.48 0.65 170 recrystallized chert and chlorite-magnetite-bearing bands; contains iron carbonate veinlets and 
pods 

529 5.50 0.80 65 recrystallized chert and chlorite-magnetite-bearing bands; contains iron carbonate veinlets and 
pods; pyrrhotite in chloritic bands 

530 2.83 0.75 740 recrystallized chert and chlorite-magnetite-bearing bands; contains iron carbonate veinlets and 
pods; quartz veining 

531 5.99 1.09 210 recrystallized chert and chlorite-magnetite-bearing bands; contains iron carbonate veinlets and 
pods; pyrrhotite in chloritic bands 

532 5.44 0.66 16 recrystallized chert and chlorite-magnetite-bearing bands; contains iron carbonate veinlets and 
pods 

534 11.5 0.46 14 recrystallized chert lenses in a chlorite-magnetite matrix; has iron carbonate veinlets and pods 
535 6.09 2.72 35 recrystallized chert lenses in a chlorite-magnetite matrix; has iron carbonate veinlets and pods 

(see Photo 75) 
536 6.14 4.11 80 recrystallized chert lenses in a chlorite-magnetite matrix; has iron carbonate veinlets and pods 
537 9.08 1.08 30 recrystallized chert, chlorite, magnetite and grunerite bands 
538 16.0 0.50 18 recrystallized chert, chlorite, magnetite and grunerite bands 
539 13.4 1.14 490 recrystallized chert, chlorite, magnetite and grunerite bands; has carbonate-pyrrhotite veinlet 

(see Photo 76) 
Note: Average gold content of least deformed and altered samples:  49 ppb. 
 
 

f) Patsy Lake 
Hosted by upper greenschist facies mafic metavolcanic rocks; consist of deformed, recrystallized 
chert interlayered with magnetite, chlorite and grunerite; no bedding preserved. 

 
Sample 

No. 
% CO2 % S Au 

(ppb) 
Sample Description 

461 0.95 0.13 <1 recrystallized chert interlayered with magnetite, chlorite and grunerite 
462 1.08 0.11 <2 recrystallized chert interlayered with magnetite, chlorite and grunerite 
463 3.66 0.08 <2 recrystallized chert interlayered with magnetite, chlorite and grunerite 
464 1.67 0.07 <2 recrystallized chert interlayered with magnetite, chlorite and grunerite 
465 4.15 0.07 <2 recrystallized chert interlayered with magnetite, chlorite and grunerite 
466 1.98 0.06 <2 recrystallized chert interlayered with magnetite, chlorite and grunerite (see Photo 77) 

Note: Average gold content:  <2 ppb Au. 
 
 

g) Lattimer occurrence 
Hosted by upper greenschist facies mafic metavolcanic rocks with moderate to strong foliation; 
has been carbonatized; bedding generally well preserved with only minor pinch-and-swell of 
magnetite beds; chert recrystallized; has few chloritic, grunerite-bearing bands. 

 
Sample 

No. 
% CO2 % S Au 

(ppb) 
Sample Description 

454 0.89 0.02 28 carbonatized; bedding generally well preserved with only minor pinch-and-swell of magnetite 
beds; chert recrystallized; has few chloritic, grunerite-bearing bands; dense micro-fracturing 
filled with chlorite and magnetite 

455 1.49 0.54 6 carbonatized; bedding generally well preserved with only minor pinch-and-swell of magnetite 
beds; chert recrystallized; has few chloritic, grunerite-bearing bands; dense micro-fracturing 
filled with chlorite and magnetite; few pyrite grains 

456 2.73 0.01 23 carbonatized; bedding generally well preserved with only minor pinch-and-swell of magnetite 
beds; chert recrystallized; has few chloritic, grunerite-bearing bands; dense micro-fracturing 
filled with chlorite and magnetite 
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457 3.98 0.44 30 carbonatized; bedding generally well preserved with only minor pinch-and-swell of magnetite 
beds; chert recrystallized; has few chloritic, grunerite-bearing bands; dense micro-fracturing 
filled with chlorite and magnetite; bedding obliterated; fairly abundant pyrite (see Photo 78) 

458 4.57 0.01 <2 least altered sample; bedding generally well preserved with only minor pinch-and-swell of 
magnetite beds; chert recrystallized; has few chloritic, grunerite-bearing bands (see Photo 79) 

459 5.35 0.41 30 least altered sample; bedding generally well preserved with only minor pinch-and-swell of 
magnetite beds; chert recrystallized; has few chloritic, grunerite-bearing bands; contains iron 
carbonate veinlet associated with pyritization of magnetite band 

Note: Gold content of least altered sample:  <2 ppb Au. 
 
 

h) South Central Legault Township 
Hosted by amphibolite facies mafic metavolcanic rocks; bedding disrupted; consists of 
recrystallized chert, magnetite and grunerite. 

 
Sample 

No. 
% CO2 % S Au 

(ppb) 
Sample Description 

448 6.59 0.12 <2 n/a 
449 7.54 0.08 6 n/a 
450 6.88 0.03 3 n/a 
451 7.68 0.05 <2 n/a 
452 6.37 0.02 <2 n/a 
453 3.25 0.04 <2 n/a 

Note: Gold content of least altered sample:  <2 to 3 ppb Au ? 
 
 

i) Southeastern Legault Township 
Hosted by amphibolite facies mafic metavolcanic rocks; consist of tightly folded interbedded 
magnetite and grunerite; bedding often obliterated due to shearing (see Photo 80). 

 
Sample 

No. 
% CO2 % S Au 

(ppb) 
Sample Description 

440 1.77 0.04 2 tightly folded interbedded magnetite and grunerite; bedding often obliterated due to shearing 
441 1.00 0.02 <2 tightly folded interbedded magnetite and grunerite; bedding often obliterated due to shearing 
442 1.01 0.09 3 tightly folded interbedded magnetite and grunerite; bedding often obliterated due to shearing 
443 0.75 0.02 <2 tightly folded interbedded magnetite and grunerite; bedding often obliterated due to shearing 
444 0.43 0.11 3 tightly folded interbedded magnetite and grunerite; bedding often obliterated due to shearing 
445 1.06 0.21 3 tightly folded interbedded magnetite and grunerite; bedding often obliterated due to shearing 
446 5.01 0.05 20 n/a 
447 1.93 0.03 8 tightly folded interbedded magnetite and grunerite; bedding often obliterated due to shearing 

Note: Average gold content of least altered and deformed samples: <2 to 3 ppb. 
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Metric Conversion Table

Conversion from SI to Imperial Conversion from Imperial to SI

SI Unit Multiplied by Gives Imperial Unit Multiplied by Gives

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

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

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

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

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

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

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

ton (short) ton (short)

OTHER USEFUL CONVERSION FACTORS

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

Note:Conversion factorswhich are in boldtype areexact. Theconversion factorshave been taken fromor havebeen
derived from factors given in theMetric PracticeGuide for the CanadianMining andMetallurgical Industries, pub-
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada.
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PRIMARY SECONDARY
1 Brenbar Mine MR Au Ag, Cu, Zn, Pb
2 Consolidated Mosher Longlac Mine MR Au Ag
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