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Abstract 

Greenstone belts have been recognized as highly prospective settings for high 

grade gold mineralization, and are host to a number of world class quartz-carbonate vein 

deposits, which account for approximately 13% of the cumulative global gold production.  

In Canada, the Archean Red Lake Greenstone Belt hosts one of Canada‟s richest gold 

districts (cumulative production to 2008 of over 24 M oz at 0.461 oz/t). Recently, there 

have been many discoveries in the district including the Gold Eagle occurrence (also 

referred to as the Bruce Channel Deposit and Cochenour project), which has an inferred 

resource of 2.7 million ounces of gold at an average grade of 11.04 g/t Au. The auriferous 

ore zones in the Gold Eagle Deposit are hosted in volcano-sedimentary rocks of the 

Balmer Assemblage (2.99-2.96 Ga), which is controlled by a major north trending, west 

dipping deformation corridor sub-parallel to the Balmer Assemblage-Bruce Channel 

Assemblage contact. The vertical extent of the mineralization is controlled by the 

“Cochenour Thrust” that extends into the adjacent Cochenour-Willans Mine.  The four 

main ore zones are structurally controlled within a NS, west dipping fault corridor and 

consist of: 1) the quartz-actinolite zone; 2) banded iron formations, 3) sulphide 

replacement zones and 4) footwall ore zones. The deposit has undergone pervasive pre-

ore biotite and carbonate alteration, two gold events with the first associated with 

silicification and late actinolite-tremolite and the second associated with arsenopyrite 

sulphidation and iron-rich biotite and post-ore quartz and carbonate veinlets. Late faults 

(including black line faults) have contributed to the complexity and discontinuity of the 

ore bodies.   
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Chapter 1 

General Introduction 

1.1 Introduction 

 

Greenstone belts have been recognized as prospective settings for gold, and are host 

to a number of world class (>100 metric tonnes of Au) quartz-carbonate vein deposits, 

which account for approximately 13% of gold production in the world (Dubé and 

Gosselin, 2007). In general these deposits occur in greenschist-grade rocks and are 

associated with shear zones, faults or folds and have specific styles of mineralization 

depending on the host rocks and favorable structures (Robert et al., 2005). Wall-rock 

alteration assemblages vary with mineralization style and metamorphic grade. While, 

most of the small deposits exhibit a single style of mineralization, many of the larger ones 

have complex hydrothermal alteration patterns and comprise various styles of 

mineralization, with some showing unique metal associations (Robert et al., 2005).  

Despite the large volume of research conducted on these deposits, there are still many 

questions that need to be addressed. These include: a) constraining the geodynamic 

setting of Archean orogenic lode gold deposits; b) developing precise and robust 

geochronological tools to date the mineralizing event; c) recognizing the multiple 

mineralization events and the effects of remobilization; and d) understanding the source 

of gold-transporting fluids (Hagemann and Cassidy, 2000).  
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 In Canada, the Red Lake 

district is one of the richest gold 

camps, hosting various deposits 

including the Red Lake Mine 

(Red Lake and Campbell 

complexes; Fig. 1.1), which is 

the largest gold mine in the 

country with an annual 

production of more than six 

hundred thousand ounces of gold 

(Goldcorp, 2008a). The history 

of exploration in the Red Lake 

District started with a gold      

rush in the 1920 with the first 

mines in operation since 1930 

with a total of 24 million ounces produced (Lichtblau and Storey, 2009). This auriferous 

district has been extensively investigated in the last 3-4 decades (e.g., Penczak and 

Mason, 1997; Penczak and Mason, 1999; Menard, et al., 1999; Hagemann and Cassidy, 

2000; Sanborn-Barrie et al., 2001; Dubé et al., 2002; Dubé et al., 2003; Chi et al., 2003; 

Dubé et al., 2004; Dubé and Gosselin 2007; Goldcorp, 2008b).  

The Red Lake greenstone belt has a complex history and comprises many different 

volcanic and  intrusive events (see figure 1.1 for map), as well as sedimentary units, 

Figure 1.1 Simplified geological map 

showing a portion of the Red Lake 

greenstone belt with the major gold 

deposits in yellow (1. Campbell-Red 

Lake, 2. Cochenour-Willans, 3.  

Wilmar and 4. Madsen) and the 

major batholiths (HL= Hammel Lake 

batholith, K-B= Killala-Baird 

batholith, TL=Trout Lake bathlith; 

modified from Robert et al., 2005) 
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which have been formed, metamorphosed and deformed during the Mesoarchean to 

Neoarchean.
 
 Although the majority of the gold deposits are hosted in the Balmer mafic 

volcanic rocks (Sanborn-Barrie et al., 2001), gold mineralization is also found in all the 

major supracrustal assemblages (Corfu and Andrews, 1987). Structurally, the camp is 

very complex with many stages of deformation occurring through its history (Dubé et al., 

2004).  

The major challenging questions to be addressed in the Red Lake camp are: a) the 

absolute timing of the various gold mineralization episodes/styles in relation to the 

various stages of carbonate, silicification and sulphide alteration; b) how they related to 

the major deformation events; and c) under which conditions the various stages of 

mineralization formed (epithermal or mesothermal conditions?; Robert et al., 2005). 

In the last few years there have been new discoveries in the Red Lake district, 

including the Gold Eagle Deposit, which was found just south-west of the old 

Cochenour-Willans mine (total production= 1,244,279 ounces of gold at a grade of 0.538 

oz/tonne from 1939-1971; Goldcorp, 2008a). The Gold Eagle gold mineralization is 

hosted in tholeiitic basalts and banded iron formations of the Balmer Assemblage and is 

controlled by a north-south reverse, dextral shear-zone. Although it is interpreted to be an 

extension of the West Carbonate Zone of the Cochenour-Willian mine, little is known 

about the Gold Eagle mineralization.  

The main focus for this project is to investigate the Gold Eagle gold occurrence 

and to bring new insights to the processes related to the formation of gold deposits in the 

Red Lake District. The results obtained in this study are integrated with data from other 
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greenstone belt-hosted gold deposits to further our understanding of the genesis of this 

type of gold deposit in Archean terranes. The specific objectives are to mineralogically 

and geochemically characterize the host rocks, alteration and mineralized zones and 

establish a thorough paragenetic sequence for the Gold Eagle Deposit.   

This has been accomplished through detailed field work and laboratory 

investigation. Field work comprised mainly description of the drill cores, sampling of the 

various host rocks and styles of mineralization and alteration as the mineralization is not 

exposed. Laboratory investigation comprised three parts: (a) detailed  petrography and 

mineral chemistry study to determine paragenetic sequence and the composition of the 

critical mineral phases associated with the various hydrothermal stages; (b) 

lithogeochemistry investigation to characterize the major host rocks and  to determine the 

critical pathfinder elements associated with main gold mineralizing event and (c) 

Integration of the field and laboratory data using spatial analysis through 3D software 

(Gemcom), CAD programs (Autocad, Corel draw) and GIS programs (Mapinfo, Arcgis). 

The latter includes 3D variations of the rock compositions, alteration and mineralization 

styles at the deposit scale. Detailed information on specific analytical methods is 

provided in Chapter 3.  

Since considerable research has been done on the other deposits in the area, the 

results of this study have been compared to the previous investigations to propose a 

metallogenetic model and evaluate the hypothesis that the Gold Eagle deposit is indeed 

an extension of the Cochenour-Willans mine. 
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1.2 Thesis Organization 

 

 This thesis has been written in manuscript form. The first chapter introduces the 

problem and outlines the objectives and thesis scope.  The second chapter is a review of 

the current understanding of Archean greenstone-hosted lode gold deposits and the Red 

Lake Greenstone Belt geology and metallogeny. The third chapter is a manuscript titled 

“Geology, Hydrothermal Alteration and Mineralization of the Gold Eagle Deposit, Red 

Lake District, Canada” to be submitted to a major journal in the field of economic 

geology and mineral exploration. This chapter describes the geologic units, structures, 

alteration, metamorphism, and styles of mineralization of the Gold Eagle Deposit and 

discusses the implications of the findings to the understanding of the evolution of the Red 

Lake Greenstone Belt and its metallogeny. The fourth chapter consists of a summary of 

the major findings, further discussion on the implications for exploration, and suggestions 

for further work. The appendices, submitted as an electronic files comprise of: A) 

Geologic maps and models; B) Drill core logs of the Gold Eagle Deposit; C) Sample 

Locations and Information; D) Lithogeochemistry data; E) Scanning electronic 

microscopy (SEM) data; F) X-ray diffraction (XRD) data; and G) Electron microprobe 

(EMP) data. 
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Chapter 2 

Orogenic Gold Deposits and the Geology of the Red Lake Gold Camp 

2.1 Major Types of Gold Deposits Hosted in Archean Greenstone-Belts 

 

 Archean orogenic lode gold deposits are widespread in most Archean granitoid-

greenstone terrains, and in Canada, the Archean Superior and Slave cratons host in excess 

of 220 known gold deposits containing more than 1 tonne of gold (Robert and Poulsen, 

1997). Fourteen of these deposits contain more than 100 tonnes of gold and are referred 

to as “world class”; Fig 2.1; Hagemann and Cassidy, 2000).   

Figure 2.1 World map showing the locations of the world class gold deposits and the different terrains. 

In Canada, the world class deposits shown include Lupin (1), Con-Giant (2), Campbell-Red Lake (3), 

Hemlo (4) and the various deposits in the Abitibi subprovince (5-11). Modified from Hagemann and 

Cassidy‟s (2000) 
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These lode gold deposits tend to occur in clusters within mining camps, defined as 

areas of about 100 km
2
 and show characteristic variations in size (Hodgson, 1993). Lode 

gold deposits generally defined as structurally-controlled wall-rock hosted mineralization 

and/or vein-hosted mineralization that occur in all rock types of Archean granite-

greenstone terrains, and are considered to be epigenetic with respect to host-rock 

formation (Groves et al., 1998). Lode gold deposits are formed from broadly uniform 

low-salinity aqueous carbonic hydrothermal fluids transporting Au and several other 

related elements (associated with CO2, K, S, Ag, As, Cu, Pb, Zn, Sb and variable 

amounts of CH4 and N2 (Ridley and Diamond, 2000.)   Based on a range of structural, 

hydrothermal-alteration and ore fluid characteristics, these deposits are interpreted to 

have formed over a range of paleocrustal levels from shallow (<5km) to deep (20km) as a 

result of late focused fluid flow during active deformation and metamorphism in volcano-

plutonic terrains (Hagemann and Cassidy, 2000).  Most deposits, particularly large ones, 

occur in greenschist-grade rocks and are associated with shear zones, faults or folds 

(Robert et al., 2005). This association strongly reflects a structural control on the 

development and mineralization with the tendency of less-competent altered rocks to 

localize the deformation and the brittle ones to host the veins (Robert and Poulsen, 2001) 

and creates three particularly favourable combinations of lithologic and structural settings 

(Groves et al., 1990) including (1) shear zones and faults developed along contacts of 

rock units of differing competencies (ultramafic-mafic, mafic-granite, etc.), (2)  

competent rock units enclosed in less competent units (ex. felsic dykes and stocks in 

clastic sediments), and (3) fold hinges and anticlines (Robert et al., 2005).   
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There are various styles of gold mineralization including: quartz-carbonate veins, 

sulphidic replacement in banded iron formation (BIF), crustiform carbonate-quartz veins 

and associated sulphide replacements lodes, disseminated-stockwork zones, sulphide-rich 

veins and veinlet zones and massive sulphide lenses. Their major characteristics are 

summarized in Table 2.1. While most of the small deposits consist of a single style of  

mineralization, many of the larger ones  exhibit complex styles formed during multiple 

events, and  showing unique metal associations (such as Red Lake) (Robert, et al., 2005).  

The Red Lake camp hosts various deposits and is one of the richest camps. The 

geology of this camp and a summary of the deposit types are presented below. 

 
 

2.2  Geology and Mineral Deposits of Red Lake Camp 

 

  

The Red Lake gold Camp, located in north-western Ontario, is one of the richest 

gold and major producers of gold camps in the world (Goldcorp 2007a). The gold 

deposits are hosted in the Red Lake greenstone belt, which is part of Uchi sub-province 

of the Superior province, and represents 300 million years of magmatic, sedimentological 

and tectonic history (Sanborn-Barrie et al., 2001). This camp have been investigated over 

many decades, including regional studies by Corfu and Andrews (1987), Parker (1999, 

2000) and Sanborn-Barrie (2001) and by more detailed studies of the Red Lake Mine by 

Riggs and Helmstaedt (1981),  Andrews (1983), Penczak and Mason (1997, 1999),  

Damer (1997 ) and Dubé (2000, 2003, 2004, 2007), among others.  
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Styles of Mineralization Characteristics Host Units Associated Alteration Metal Association

Selected Examples Where 

Mineralization Type is Dominant or 

Important (>5 Moz)

Quartz-carbonate veins Quartz veins with <25% carbonate, 

<10% sulphide, ±albite, tourmaline, 

scheelite. Vein types include 

laminated fault-fill and extensional 

veins. Sulfides are mainly pyrite with 

arsenopyrite and pyrrhotite. 

Mafic and ultramafic volcanic 

rocks, competent iron-rich 

differentiated tholeiitic 

gabbroic sills, granitoid and 

porphyry intrusions

Carbonate-sericite-(albite)-pyrite 

(arsenopyrite), at greenschist 

grade. Biotite-actinolite-pyrite 

±carbonate at lower amphibolite 

grade. Biotite-calc-silicate-

pyrrhotite ± pyrite at mid 

amphibolite grade

Au>Ag (commonly 5-10)                                             

As,W ± Te, Mo, B

Superior: Hollinger-McIntyre, Kirkland 

Lake, Sigma-Lamaque, San Antonio          

Yilgarn: Mount Charlotte, Victory-

Defiance, Norseman, Centenary, 

Bayleys, Westonia

Sulphidic replacements in 

BIF

Stratabound replacements of Fe-rich 

layers by mainly pyrite, arsenopyrite or 

pyrrhotite. Associated with quartz 

veins or zones of veinlets or silica 

flooding

Banded iron formations Pyrite (arsenopyrite)-sericite-

chlorite-carbonate at greenschist 

grade. Pyrrhotite (loellingite) 

grunerite-garnet at amphibolite 

grade

Au>Ag                                              

As ± Cu

Superior: Musselwhite, Cockshutt-

McLeod, Pickle Crow                           

Yilgarn: Mount Magnet, Mount 

Morgans, Sunrise Dam (in part), 

Nevoria

Sulfidic replacements and 

crustiform veins

Crustiform-colloform carbonate-quartz 

veins and breccias with various 

proportions of sulfidic replacements of 

wall rocks or vein carbonates. 

Sulphides are pyrite or arsenopyrite; 

stibnite and tellurides abundant in 

some deposits

Mafic, ultramafic volcanic and 

intrusive rocks.  Variable 

alteration assemblages 

ranging from prehnite-

pumpellyite (Wiluna) to 

amphibolite (Campbell-Red 

Lake)

Sericite-carbonate-(albite)-pyrite 

at greenschist grade. Biotite-

carbonate-silica ± alumnio-silicate 

at amphibole grade

Au>Ag                                              

As,Te ± Sb, Hg, W, Zn

Superior: Campbell-Red lake (in part), 

Cochenour                                              

Yilgarn: Golden Mile, Jundee, Wiluna, 

Racetrack

Disseminated-stockwork 

zones

Zones of 5 to 20% sulfides, as uniform 

disseminations or along foliation-

parallel bands, with variably 

developed stockworks of sulphides or 

quartz veinlets, and crackle type 

breccias. Sulfides are pyrite or 

arsenopyrite, with molybdenite 

abundant at Hemlo

Mafic flows, gabbro and 

peridiotite intrusions, felsic 

to intermediate tuffs

Albite-carbonate-sericite-pyrite at 

greenschist grade. Biotite-calc-

silicate-pyrrhotite ± pyrite at 

amphibolite grade. K feldspar-

muscovite ± calc-silicates  and 

alumino-silicate at Hemlo

Au>Ag                                              

As,Te ± W, Hg, Cu,            

Mo, Sb

Superior: Malartic, Hemlo, Kerr, 

Addison (Flow ore), Ross, Beattie, 

Madsen                                                   

Yilgarn: Wallaby, Plutonic, Sons of 

Gwalia, Kanowna Belle, Binduli

Sulfide-rich veins and 

veinlet zones

Sulfide-rich (25-100% sulfide) veins 

and veinlet zones with intervening 

disseminated sulfides. Sulfides include 

pyrite, sphalerite, chalcopyrite and 

galena

Basaltic to andesitic flows 

with sedimentary packages 

and intrusions near by. 

Sericite-chlorite ± chloritoid at 

greenschist grade. Biotite- garnet-

cordierite at amphibolite grade

Au>Ag                                              

Cu,Zn,Pb ± As,Te

Superior: Doyon, Mouska, Copper 

Rand, Sleeping Giant                                              

Yilgarn: Mount Gibson, Bellevue

Semi massive to massive 

sulfide lenses

Semi massive to massive sulfide lenses 

of pyrite, chalcopyrite, sphalerite and 

galena with pyrrhotite and magnetite 

in some cases

Felsic volcanic flows and 

volcaniclastic rocks near a 

basaltic andesite, andesite or 

clastic sedimentary strata

Sericite-quartz ± chlorite or garnet-

biotite; Quartz-andalusite-kyanite-

pyrophyllite

Au>Ag                                              

Cu,Zn,Pb,As± Te,Sb

Superior: Horne, LaRonde-Penna, 

Bousquet 2-Dumagami, Bousquet 1                                            

Yilgarn: none

Characteristics of the Main Styles of Mineralization in Superior and Yilgarn Gold Deposits

Table 2.1 Summary of the different characteristics of mineralization in the Superior and Yilgarn Craton.  The bolded examples are ones that have produced more 

than 5 Moz (Robert et al. 2005; Hagemannn and Cassidy, 2000; Dubé et al., 2001; Dubé et al., 2003; Dubé and Gosselin, 2007) 
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Many of the other mines, including the Cochenour-Willans, have not been as extensively 

studied, as they have been inactive, and flooded for many years which restricted further 

investigation. 

 

2.2.1 History of the Camp 

 

The first geological map of the area was created in 1893 by Dowling and until 

1924 was the only source of data for the area (Horwood, 1940). Gold was first reported in 

1897 but the first serious prospecting in the area was documented in 1893 by Dowling 

(Horwood, 1940). The initial gold rush began in 1926, however the original efforts to 

locate gold in the area were unsuccessful and most prospectors left Red Lake greenstone 

belt. The history of the Red Lake camp proper began in the 1930s and lead to many 

discoveries of different mines, operated by various companies. In 1944, as World War II 

drew to an end, exploratory drilling struck gold in what is now known as Balmertown. As 

of 2008, the camp has produced 24,420,386 troy ounces of gold from 18 producing mines 

at various times (Lichtblau and Storey, 2009). The summary of the production is 

presented in Table 2.2.  Production in Red Lake has been surpassed in the province of 

Ontario only by the prolific Timmins and Kirkland Lake gold districts (Goldcorp, 2007a).   

One of the mines still in operation is the Goldcorp Red Lake gold mine, originally found 

by prospecting the shoreline of Balmer Lake. The first head frame went up in 1946 and 

production started in 1949 and has continued ever since. The High-Grade zone at the Red 

Lake mine has reserves (proven and probable) established at 1.775 million tons at an 

average grade of 80.6 g/t Au (Dubé et al., 2004). The Campbell part of the mine complex 
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Gold Production In The Red Lake Greenstone Belt to December 31, 2008 

  Gold Produced 

Red Lake Belt 

Producer 
Years of Production 

Ore Milled 

(Short Tons) 

Troy 

Ounces 

Ounces Per 

Ton 

Red Lake Gold Mines
1
 2006 to Present 2,213,740 1,922,690 0.869 

Campbell Red Lake
2
 1949-2005 19,944,241 11,216,443 0.562 

Goldcorp (Dickenson)
3
 1948-2005 9,606,894 5,962,948 0.621 

Madsen
4,5,6

 1938-1976, 1997-1999 8,678,143 2,452,388 0.283 

Cochenour-Willans
7
 1939-1971 2,311,165 1,244,279 0.538 

Mackenzie Red Lake 1935-1966 2,358,833 651,156 0.277 

Howey
8,9

 1930-1941,1957 4,603,779 421,592 0.091 

Hasaga 1938-1952 1,515,282 218,213 0.144 

Starratt Olsen 1948-1956 907,813 163,990 0.181 

H.G. Young 1960-1963 288,179 55,244 0.192 

McMarmac 1940-1948 152,978 45,246 0.296 

Gold Eagle 1937-1941 180,095 40,204 0.223 

Red Lake Gold Shore 1936-1938 86,333 21,100 0.244 

Buffalo 1981-1982 31,986 1,656 0.052 

Abino 1985-1986 2,733 1,397 0.511 

Lake Rowan 1986-1988 13,023 1,298 0.100 

Red Summit 1935-1936 591 277 0.469 

Mount Jamie 1976 552 265 0.480 

TOTAL   52,918,360 24,420,386 

(average 

grade) 0.461 

1. Includes total production from the Red Lake complex from January 1, 2006 and the Campbell      

Complex subsequent to May 12,2006 the date of acquisition 

2. Includes production figures under Placer Dome (CLA) Ltd. To May 12, 2006. 

3. For 1997, 1998, and 1999 no production due to strike by unionized employees 

4. From 1970, includes production from Robin Red Lake. 

5. Includes cleanup of ore materials from the mine site. 

6. Historic grade, actual grade for 1999 was 0.14 ounces per ton gold. 

7. Includes production from Annco and Wilmar properties. 

8. Continuous production 1930 to 1941; includes 268 ounces recovered from clean up in 1957. 

9.  The ore mined at Howey, before sorting totalled 5 158 376 tons. The average production from 

run-of-mine ore was therefore 0.0817 ounces per ton gold 

Table 2.2 List of the historical and current producing mines, their grades and the amount of gold 

mined (Lichtblau and Storey, 2009). 



15 

 

has been in continuous production since 1949 (Parker, 2000b). Recent exploration 

programs led to the discovery of various occurrences and deposits including Rahil-

Bonanza (within the Bruce Channel Sediments; found by Sabina Resources, Wolfden 

Resources and Premier Gold/Goldcorp), East Bay (F2 zone by Rubicon, East Bay North 

by Premier Gold/Goldcorp inc.), Sidace Lake (Planet/Goldcorp), Gold Eagle Shear Zone 

(Gold Eagle Mines ltd, now Goldcorp), and resource revaluation of Madsen Mine 

(Claude Resources), Wilmar Mine (Premier Gold/Goldcorp) and Cochenour-Willans 

Mine (Goldcorp).  

 

2.2.2 District Geology 

 

 

The Red Lake greenstone belt has a complex history and comprises various 

volcanic and intrusive events, as well as sedimentary units, which have been formed, 

metamorphosed and deformed during Mesoarchean to Neoarchean (Sanborn-Barrie et al., 

2001; Fig. 2.2). Many regional studies have been done on this camp including those by 

Sanborn-Barrie (2000,2001), Parker (1999,2000,2002), Corfu and Andrews(1987), 

Andrews et al. (1986). Seven main assemblages were identified in the Red Lake belt by 

Sanborn-Barrie et al. (2001), including the Balmer, Ball, Bruce Channel, Slate Bay, 

Huston, Confederation, and the Trout Bay Assemblage. Table 2.3 summarizes the 

description of the various units and the available geochronological data. The majority of 

the gold deposits and occurrences tends to be hosted in the Balmer mafic volcanic rocks 

(Parker, 2000b; Dubé et al., 2004), whereas the Trout Bay assemblage has 
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Figure 2.2 Geological Setting of the Red Lake greenstone belt and its major gold deposits: A) Simplified 

map of the Uchi greenstone belt and an inset showing its location (Stott and Corfu, 1991). B)  

Geological map of the Red Lake camp modified from Sanborn-Barrie et al. (2001) showing the major 

geological units, regional unconformities and the major gold deposits. C) Simplified map showing the 

distribution of the major gold deposits in the interpreted Red Lake Mine trend (Lichtlau and Storey 

(2009)). D) Major D1 and D2 structures within the Cochenour area (modified from Sanborn-Barrie et al., 

2001) 
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Main Geologic Units 

Assemblage Age Description 

Balmer 2.99-2.96 Ga 

 

Submarine tholeiitic basalt and ultramafic rocks, with minor 

felsic volcanic, iron formations and fine grained clastic rocks.   

The ultramafic rocks   are either pillowed komatiitic basalt or 

spinifex-textured komatiite.  The Balmer basalts have high 

titanium content up to 2 wt%. 

Ball 2.94-2.92 Ga Calc-alkaline sequence of basalts, andesite, dacite, rhyolite, 

with minor komatiites, komatiite basaltic flows, conglomerates, 

quartzite and stromatolitic marbles.  The calc-alkaline basalts 

are low in titanium with ( <0. 5wt%). Restrained to the 

northwest portion of Red Lake district, and in contact with the 

Balmer Assemblage, being younger towards it. 

Bruce Channel 2.89 Ga Thin package of volcaniclastic rocks  (< 500m thick) overlain 

locally by chert-pebble conglomerate, crossbedded wacke, 

siltstone, and quartz-magnetite iron formation 

Slate Bay <2.92 Ga Clastic sequence which includes feldspathic wacked 

interbedded with lithic wacke, argillite, and lenses of 

conglomerate. This assemblage lies unconformably over the 

Balmer assemblage and contains zircons from both the Balmer 

and Ball assemblages with their maximum depositional age 

around 2916 Ma 

Huston 2.89-2.74 Ga Polymictic conglomerate with a few beds of argillite and 

turbiditic wacke and marks the angular unconformity between 

the Mesoarchean and the Neoarchean 

Trout Bay 2.853 Ga Distinct volcano-sedimentary sequence dominated by basalts 

overlain by clastic rocks, intermediate tuff, and chert-magnetite 

iron formations. Gabbros and lesser ultramafics intrude these 

units and are prospective for nickel, copper and platinum group 

elements. 

Confederation 2.75-2.73 Ga Three temporally and spatially distinct units: McNeely calc-

alkaline sequence in central Red Lake district, Heyson tholeiitic 

sequence in south-eastern Red Lake district and the Graves 

calc-alkaline sequence to the north. 

Table 2.3 Summary of the main geological units in the Red Lake camp and their ages The ages are based 

on U-Pb  zircon dating done by Corfu and Wallace (1986) and Corfu and Andrews (1987), whereas the 

descriptions are from Sanborn-Barrie et al. (2001) and Parker (2000a) 
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been prospective for PGE mineralization (Parker 1999). A major south-west striking 

ultramafic body known as the East Bay Serpentinite is also located in the Balmer mafic 

assemblage (Rigg and Scherkus, 1983). A regional angular unconformity in the area 

separates the Mesoarchean Balmer and Ball assemblages (pre-2745 Ma) from the 

Neoarchean Cofederation assemblages (2745-2700 Ma). The younger rocks (< 2700 Ma) 

comprise more felsic units and are considered prospective for massive sulphide 

mineralization (Parker 1999).  There are many different felsic intrusive bodies in the area, 

most of them are granodioritic in composition and have been dated between 2734 Ma to 

2697 Ma (Stott and Corfu, 1991; Sanborn-Barrie et al., 2001, Dubé et al., 2004). The 

characteristics and ages of the major intrusive bodies and some of the relevant dykes are 

summarized in Table 2.4.  

2.2.3 Deformation, Metamorphism and Alteration 

 

 The Red Lake belt has undergone numerous deformation events starting with a 

nonpenetrative D0 (pre- 2.748 Ga), three generations of ductile deformation (D1, D2, D3) 

occurring after 2.742 Ga (Sanborn et al., 2001) and a late brittle deformation event (D4) 

(Menard et al., 1999). The main stages of penetrative deformation resulted in two 

generations of folds, with the main penetrative structures being associated with the D2 

deformation (Sanborn et al., 2001). In detail the major events recognized include: 

(1) D0, Pre-D1, is related to a tilting episode prior to the Neoarchean volcanic event 

(Sanborn-Barrie et al, 2001). 
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Table 2.4 Summary of the characteristics and ages of the major intrusive bodies, and minor dykes and 

their relationship with gold mineralization. Reported ages are based on U-Pb in zircon dates. 

 

 

Assemblage Age Description

Mckenzie Island 

Stock
2720±2 Ma

The stock is a granodiorite stock with  ultramafic rocks and Augite porphyritic 

diorite-gabbro.   They host gold  mineralization   associated with quartz-

tourmaline veins (Corfu and Andrews, 1987).

Dome Stock 2718±1 Ma
 A granodiorite and augite porphyritic diorite gabbro (Corfu and Andrews, 

1987)

Killala-Baird 

Batholith
2704±1.5 Ma

A monzogranite rich in potassium feldspar and quartz. It is also rich in diorite or 

granodiorite xenoliths and has an oxidized magnetite-bearing marginal phase 

(Corfu and Andrews, 1987).

Walsh Lake 

Pluton
2699 Ma

A monzogranite rich in potassium feldspar and quartz. It is  rich in diorite or 

granodiorite xenoliths with an oxidized phase near Ranger Lake giving off a 

broad magnetic anomaly (Noble 1989).
Hammel Lake 

Batholith
2717±2 Ma

A monzogranite rich in potassium feldspar and quartz that is associated with an 

anorthositic intrusion (McMaster, 1987).

Assemblage Age Description

Feldspar 

porphyry 

granodiorite 

dikes

2714±4 Ma

Few meters wide, strike east to east-south-east, dip steeply and contain 

abundant feldspar phenocryst (3-5mm) with a few percent of quarts (1-2mm) and 

disseminated biotite. They are intermediate in composition and are barren. 

(Dubé et al., 2004).

Lamprophyre 

dikes

2702±2 Ma to 

2699 +2/-1 Ma

Meter thick; contains grayish-brown to black biotite and amphibole, chilled 

margins and clearly cut iron carbonate ± quartz veins and gold mineralization. 

Red Lake mine has 4 sets of lamprophyre dikes with three being mesocratic and 

the fourth being calc-alkaline in composition (Dubé et al., 2004). 

Pinky 

Granodiorite
2701 +2/-1Ma

Found in the Red Lake Gold mine. 1.5 meters wide, contains disseminated 

feldspar phenocrysts (2-3mm) in a quartz-feldspar matrix with 5% biotite and 

traces of quartz-feldspar matrix with 5 percent biotite and traces of quartz 

phenocrysts. Commonly bleached, cuts across all lithological units, but does not 

cut across ore zones (Dubé et al., 2004). 

Granodiorite 

dikes
2698±2 Ma

Found at Madsen  and Starratt-Olsen Mine. Medium to dark grey, massive, fine 

grained, 1-2m wide granodiorite dike.  Cuts the gold mineralization in the quartz-

sericite-pyrite schist (Dubé et al., 2004). 

Major Intrusive Bodies

Post Ore Intrusive Rocks
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(2) D1 event is characterized by north-northeastern trending F1 folds and their axial 

northerly trending S1 foliation. It is interpreted to have occurred between 2742 

and 2733 Ma in response to eastern-directed shortening, and contemporaneously 

to the deposition of the conglomerates of the Huston assemblage and prior to the 

volcanism of the Grave assemblage (Sanborn-Barrie et al, 2001, 2002). 

(3) D2 event is represented by S2 and L2 fabric associated with southeast-trending 

folds commonly found in the eastern region of the Red Lake camp (Dubé et al., 

2004) and the east-to northeast striking corridor that extends from Cochenour to 

Balmertown (Sanborn-Barrie et al,, 2001).  The D2 event is interpreted to have 

occurred between 2720-2715 Ma, and to be related with the collision between the 

North Caribou terrain and Winnipeg River (the Uchi phase of the Kenoran 

orogeny; Stott and Corfu, 1991, Dubé et al., 2004). The S2 cleavage pre-dates the 

emplacement of the Dome Stock (dated at 2718 Ma), however amphibolite facies 

foliation coplanar to S2 fabric outlasted emplacement of the Dome Stock (Dubé et 

al., 2004). 

(4) D3 regional event is characterised by crenulations cleavages and brittle-ductile to             

brittle faults (Andrews et al., 1986). 

(5)  D4 a late (2680–2650 Ma) regional deformation event is brittle in nature (Menard 

et al., 1999) and marked by hairline “black line faults” that are discrete, 2- to 5-

mm slip planes containing fine quartz, tourmaline, and dark-coloured chlorite 

(Rogers, 1992; Penczak and Mason, 1997; Tarnocai, 2000; Dubé et al., 2003). 
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Figure 2.3 Simplified map of the regional metamorphism of the Red Lake Belt (modified from Thompson, 

2003). 

These deformation events created the conduits needed for fluid flow and controlled 

the geometry of the alteration and metamorphism. Within the Red Lake greenstone belt, 

the distribution of the metamorphic facies exhibits a spatial relationship with the 

granitoid intrusions and major deformational zones/corridors (Thompson, 2003). The 

zonation shows an irregular concentric pattern with the grade increasing outwards from 

lower greenstone to upper amphibolite in the center of the greenstone belt; localized “hot 

spots” are either related to buried plutons or structural conduits (see Fig. 2.3). The main 

metamorphic event overlaps in time and space with ductile deformation and crustal 

shortening, and the peak metamorphic conditions have been interpreted to have occurred 

during D1 (Menard and Pattison, 1998) or longer and outlasting the D2 deformation event 

(Dubé et al., 2000; Sanborn-Barrie et al., 2000; Parker, 2000b; Thompson, 2003). 
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 The Red Lake greenstone belt has undergone multiple stages of hydrothermal 

alteration. The timing of alteration has been highly debated with various hypotheses, 

including: 1) all or some of the mineralization and alteration was related to syngenetic 

processes and modified by metamorphism  (Cowan, 1979; Kerrich et al., 1981; 

Kusmirski, 1981; Lavigne, 1983); 2) an epigenetic origin in which the ore formed 

contemporaneous with metarmophism and penetrative deformation, overprinting a 

widespread synvolcanic alteration (Rigg, 1980; Hodgson and MacGeehan, 1981; 1982; 

Rigg and Helmstaedt, 1981; MacGeehan et al., 1982; Matheison, 1982; Mathieson and 

Hodgson, 1984; Christie, 1986; Hodgson et al., 1993); 3) both mineralization and 

hydrothermal alteration were contemporaneous with metamorphism and penetrative 

deformation related to the emplacement of granitoid batholiths (Andrews and Hugon, 

1985; Andrews et al., 1986). 

It is generally accepted that the hydrothermal alteration event that altered the mafic 

and ultramafic metavolcanic rocks into anomalously aluminous rocks occurred before the 

metamorphic growth of chloritoid, staurolite, andalusite, cordierite and anthophyllite 

(Penczak and Mason, 1997; Dubé et al., 2000, Thompson, 2003).  This aluminous silicate 

alteration may have formed by syn-volcanic or epithermal hydrothermal systems - 

comprising chlorite and clay minerals (Penczak and Mason, 1997; Thompson, 2003), but 

its origin is still debatable. Distal alteration is marked by an increase in carbonatization 

(calcite) with chlorite and weak potassic alteration (biotite and sericite in metabasalts and 

fuchsite in altered ultramafics) (Parker, 2000b). Proximal intense early alteration is 
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associated with faults, fractures and permeable units (Penczak, 1997) and varies for each 

individual deposit (Table 2.5) and is discussed in more detail in the section below.  

 

2.2.4  Major Gold Deposits  

 

 In the Red Lake camp, 

gold deposits tend to cluster into 

two different zones with a 

northern cluster (including 

Campbell-Red Lake-Cochenour) 

and a southern cluster (including 

Madsen) (see Fig. 2.4 for 

locations on the geologic map).  

The Northern cluster‟s deposits 

are hosted in the Fe-rich 

tholeiitic, komatiitic and minor 

felsic volcanic rocks of the 

Mesoarchean Balmer assemblage 

(2.99-2.96 Ga), near to the 

eastern folded contact with 

younger chemical and clastic sedimentary rocks of the Confederation assemblage (2.75-

2.74 Ga)  (Robert et al, 2005). There is also a spatial association with the regional angular 

unconformity between the Balmer and Confederation assemblages (Sanborn-Barrie et al., 

Figure 2.4 simplified geological map 

showing the major gold deposits in 

yellow (1. Campbell-Red Lake, 2. 

Cochenour-Willans, 3. Wilmar and 

4. Madsen) and major batholiths ( 

HL= Hammel Lake batholiths, K-

B=Killala- Baird batholiths, D= 

Dome stock, TL=Trout lake; 

modified from Robert et al., 2006) 
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2001; Dubé et al., 2003).  The deposits are hosted in amphibolite facies rocks in the 

southern cluster and in the transition zone between greenschist to amphibolites in the 

northern zone (Dubé et al, 2004 and references therein). Their general characteristics are 

summarized in Table 2.5.   

At the Red Lake mine, five different styles of gold mineralization were identified 

by Dubé et al., 2003: (1) sulphide-rich veins and replacement style ore, mainly present at 

the Red Lake mine and spatially associated with the Dickenson and the Campbell faults 

(e.g., East South C-type) associated with biotite and carbonate alteration; (2) carbonate ± 

quartz veins, better developed in the upper portion of the deposit at the Campbell mine; 

(3) magnetite-rich ore; (4) high-grade arsenopyrite-rich silicification present at both the 

Campbell and Red Lake mines and characterized by multi-ounce ore zones that typify the 

high-grade zone; (5) abundant visible gold coating and filling late fractures.  A recent 

study by Cadieux, et al. (2006) proposed that gold mineralization is genetically related to 

biotite-carbonate alteration and the arsenopyrite replacement zones in the Red Lake mine.  

The southern cluster deposits occur along a northeast trending high strain domain 

with highly altered rocks that straddle the unconformity between the Balmer and 

Confederation assemblages (Robert et al., 2005). The dominant style, as represented by 

Madsen, consists of disseminated sulphide zones in folded interflow sedimentary rocks of 

Balmer and Confederation assemblages (Robert et al., 2005).  These deposits are hosted 

by high temperature mineral assemblages about 1.5 km from the margin of the late 

Killala-Baird batholiths (Parker, 2000b). The mineral assemblage includes calc-silicate 

minerals (diopside, garnet, actinolite and staurolite) and aluminous minerals 
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Table 2.5 Summary of the characteristics of the gold deposits in the Red Lake camp. Q-C=quartz-carbonate, Py=pyrite, Po=pyrrhotite, 

Aspy=arsenopyrite, Mt=magnetite, Cpy=chalcopyrite, Sph=sphalerite, Sch=scheelite, St=stibnite, Mb=molybdenite, Ga=galena, Tet=tetrahedrite, 

Ja=jamesonite, Vg=native gold, Vs= native silver. Compiled from Penczak 1996. 

 

DEPOSIT 
HOST ROCKS FOR 

MINERALIZATION 
INTRUSIVES TYPE OF MINERALIZATION ORE MINERALOGY ALTERATION 

Campbell-Red Lake Mine Complex 

Basalt, ultramafic 

Rocks, (diorite, 

rhyolite) 

QFP Dykes, 2 varieties of lamprophyre 

Siliceous replacement of 

brecciated Q-C vein material. 

Siliceous replacement of 

carbonatized wall-rock 

Po, Py, Aspy, (Mt, Cpy, Sph, Sch, 

St, Mb, Ga, Vg) 

Carbonatization,silicification, aluminous 

alteration, biotite, sericite/fuchsite, chloritic 

alteration 

Cochenour Willans Mafic volcanics 
Two types of basic dykes (lamprophyre) QFP 

dykes 

Replacement of Q-C fissure fillings 

Occurs in lenses and pipes 

Py, Aspy, (Po, Cpy, Sph, St, Ga, 

Tet, Ja, Vg) 

Silicification, carbonatization, sericitization, 

aluminous, biotite alteration of ultramafic 

rocks 

Mc Marmac Mafic volcanics 
“Dioritic dykes”, sericitized QP Dyke cuts 

carbonate body hosting ore, lamprophyre dykes 

Ore hosted in fine-grained quartz 

contained in large banded Q-C 

bodies 

Aspy, Py, Po, (Sph, Cpy, Sch, St, 

Vg) 
No mention about alteration in literature 

H.G. Young Mafic volcanics QFP dykes, lamprophyres Quartz fissure veins Py, Po, Aspy (Sch) No mention about alteration in literature 

Madsen and Starratt-Olsen 

Mafic volcanics, 

quartz feldspar 

crystal tuffs 

Diorite dyke, hornblendite dyke, quartz 

porphyry, feldspar porphyry, ore is cut by 

“granite dykes” 

Silicified lenses and 

disseminations, quartz veins, 

stringers 

Py, Po, Aspy, Sph, Cpy, Mt, ( 

Sch, Mb, Vg) 

Local carbonatization, silicification, biotite, 

sericite, aluminous alteration 

Wilmar 
Basalt, 

granodiorite 
QP dykes, granodiorite, diorite, lamprophyre 

Mineralized fault breccia. Ore 

within a brecciated carbonate zone 

and in narrow quartz-filled 

fractures cutting granodiorite 

Po, Py, Cpy, (Aspy, Sph, Sch, 

Tellurides (hessite, petzite, 

calaverite), argentite, ruby 

silver, gersdorffite, Vg, Vs) 

Carbonatization, silicification, epidotization, 

sericitization, chloritization, fuchsite 

alteration 

Gold Eagle 
Greywacke, 

granodiorite 
Two generations of altered "basic dykes" 

Quartz veins emplaced in open 

space fissure fillings 

Py, Sph, (Aspy, Cpy, Sch, Ga, 

tellurides (sylvanite, altaite), 

Mb, Vg) 

Carbonatization, sericitization, albitization, 

chloritization of biotite, biotite 

pseudomorphs after hornblende 

McKenzie Red Lake 
Granodiorite, 

diorite 
Two generations of basic "dykes"

Quartz +/-Albite filled fractures 

and fissures. Best ore grades occur 

where vein flattens or changes 

strike. At depth fractures increase 

in number but decrease in size and 

are further apart than those in the 

upper levels 

Py, Sph, (Po, Aspy, Cpy, Sch, Ga, 

Ja, tellurides (krennerite, 

petzite, altaite), Vg) 

Sericitization, chloritization, carbonatization, 

albitization, hornblende is altered to biotite 

carbonate and chlorite 

Red Lake Gold Shore Granodiorite Two generations of basic "dykes"

Downward constricting pipe-like 

ore shoot consisting of mineralized 

quartz lenses and stringers 

Py, Cpy, (Sph, Tet, tellurides 

(altaite), Vg) 

Silicification, chloritization of biotite, 

Sericitization, Carbonatization 

Howey and Hasaga 

Quartz albite 

porphyry dyke 

which intrudes a 

volcanic breccia 

unit 

“Basic dykes”, another quartz albite porphyry 

dyke cross-cuts porphyry host 

Stockwork to sheeted quartz veins 

and stringers. Gold values decrease 

with depth and to the east 

Py, Sph, (Ga, Cpy, Po, Aspy, Sch, 

Polybasite, Tet, tellurides 

(altaite, sylvanite), Vg) 

Sericitization of feldspar and biotite, 

silicification, chloritization of biotite, 

carbonatization, biotite alteration within the 

porphyry and in adjacent country rock 
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 (andalusite, cordierite, staurolite) in volcanoclastic rocks, conglomerates and basalts 

(Dubé et al, 2004 a).  These high temperature alteration minerals associated with the 

Killala-Baird batholith is interpreted to be overprinted the previously carbonate and 

potassic altered metavolcanic rocks (Parker, 2000b). The Wilmar and Buffalo deposits, 

which are found outside of the southern and northern clusters (Fig. 2.4), comprise smaller 

granodiorite-hosted quartz-tourmaline veins (Robert et al., 2005).   

The timing of the various stages of gold mineralization remains controversial. The 

quartz-tourmaline veins are generally accepted as synorogenic due to the fact that they 

cut the 2701 ± 2 Ma granodiorite at the Wilmar deposit (Robert et al., 2005). The 

Campbell-Red Lake deposit has been interpreted as a deformed and metamorphosed 

epithermal deposit by Penczak and Mason (1999) and as a syntectonic and 

synmetamorphic deposit synchronous with the emplacement of nearby batholiths by 

Andrews et al (1986).  However a multistage model has been proposed by MacGeehan 

and Hodgson (1982) and Dubé et al. (2004a), and was suggested due to the 

paragenetically early carbonate alteration and colloform-crustiform carbonate veins 

overprinted by high grade siliceous-sulphide replacements prior or during ductile 

deformation and metamorphism (Dubé et al., 2004a) and by the distinct As-Sb-Zn(-Hg) 

metal associated related to the carbonate breccias and silicified sulphide replacement 

zones (MacGeehan and Hodgson, 1982; Penczak and Mason, 1997). Occurrences of 

crustiform carbonate veins are documented in a 2747 Ma conglomerate to the south-east 

of the deposit (Dubé et al., 2004). A summary of the timing deformation events and gold 

mineralization events integrated by Dubé et al. (2004) is shown in figure 2.5. 
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Figure 2.5 A schematic diagram of the different units and events of the Red Lake greenstone belt.  Volcanic units: BalmFP-Balmer Feldspar 

Porphyry, Balm R- Balmer rhyolite, Bal-Ball  felsic volcanic rock, BC- Bruce Channel volcanoclastis rock, McN- McNeely volcanic rock, 

GR- Graves assemblage;  Sedimentary units: SB- Slate Bay assemblage sedimentary rocks, BCS- Bruce Channel assemblage sedimentary 

rocks, HC- Huston conglomerate,  Mad C- English River assemblage (Austin tuff) conglomerate;  Intrusive Rocks: CAD- Campbell-

Dickenson diorite, BRP-Brewis porphyry, VL- Little Vermillion Lake batholith granodiorite, DL- Douglas Lake pluton , GDMD-

granodiorite dike from Madsen, HLP- Hammell Lake pluton , KB- Killala-Baird batholiths,  CI- Cat Island pluton,  PD- pinky granodiorite 

dike, WD- Wilmar granodiorite dike, DM- Dome Stock and McKenzie Island stock; Post Ore Dikes: FPG- feldspar porphyry dikes,  MSL- 

mesocratic lamprophyre dikes, MLL- shallow-dipping melanocratic  lamprophyre dike (Dubé et al. 2004) 
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2.3 History, Geology and Mineral Deposits in the Cochenour Area 

 

The Cochenour-Willans property was staked in 1925 by W.M.Cochenour, Dan 

Willans and H.G. Young and consisted of 14 claims.  They first trenched the area to 

expose lenticular bodies (up to 60m by 10m) of carbonatized, silicified greenstone (Hurst, 

1935). These carbonate bodies displayed an irregular network of quartz stringers 

containing fine-grained pyrite, arsenopyrite, galena and jamesonite, in addition to visible 

gold at the Cochenour-Willans Mine (Sanborn, 1987). The Wilmar deposit has the same 

minerals as Cochenour-Willans but is more silver rich, with hessite (Ag2Te), petzite 

((Ag,Au)2Te), calaverite ((Ag,Au)Te2), and visible silver associated with  gold 

mineralization (Rigg and Scherkus, 1983). Following surface and underground 

exploration, Cochenour Willans Gold Mines Limited started production in 1939. Over a 

period of 32 years, between 1939 and 1971, production totaled 1.24 million ounces at an 

average recovered grade of 0.538 oz Au /ton. This mine was remarkable since it produced 

gold for 32 years without ever having an ore reserve established; this was due to its 

structural complexity. This resulted in a smaller average stope size and a visual ore and 

grade estimation to be done by mine geologists. Yet the mine was profitable for most of 

its lifetime, paid dividends, had a pension plan for its employees and built a town site 

complete with school, hospital and recreation center. At time of closure mineralization 

was known to continue below the lowest levels at both the Cochenour-Willans and 

Wilmar deposits, but rising costs and the fixed gold price made development of these 

areas uneconomic (Goldcorp, 2007a).  The properties witnessed extensive surface and 
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underground exploration between 1978 and 1991, driven by rising gold prices during the 

1970's and the position of the property adjacent to two producers (Goldcorp‟s Campbell 

Mine  and Red Lake Mine). The presence of various partially explored prospects made 

the property an attractive exploration target. Exploration was funded successively by 

Wilanour Resources Limited (Camflo; 1978-1983), Esso Minerals (1983-1985), and 

INCO Gold Inc (1985-1991) (Goldcorp, 2007a). Strathcona Mineral Services estimated a 

probable resource of 221,500 tons averaging 0.30 oz Au per ton between the 1800 and 

2350 levels, and potential for an additional 260,000 tons at the same grade between the 

2350 and 2600 levels in 1991 (Goldcorp, 2007a). The same year a pre-feasibility study by 

INCO indicated that the resources on the Cochenour property were not economic. In 

February 1998, Goldcorp completed its acquisition of all of the outstanding shares of 

Wilanour Resources Limited (Goldcorp, 2007a).  

The geology and gold mineralization of the Cochenour-Willans Mine area was 

first studied by Horwood in 1945 and subsequently by Nowlan (1948), Ferguson (1966), 

Pirie (1982), Andrews et al. (1986), Sanborn (1987) and Hopson (1994). The Cochenour-

Willans mine is hosted by complexly folded and intensively altered massive and pillowed 

mafic, ultramafic volcanic rocks with local ultrabasic peridotite intrusions, and contorted 

and disrupted  thin (2-5m) banded cherts, argillite, siltstone and/or  iron-formation 

interflows of the Balmer Assemblage (Horwood, 1945; Nowlan, 1948; Sanborn, 1987; 

Hopson, 1994).  These rocks are intruded by felsic rocks that are altered and foliated, and 

post-ore discordant lamprophyres s (Horwood, 1945, Nowlan, 1948). The altered basaltic 

to andesitic flows are typically comprised of fine-grained chlorite, carbonate, sericite and 
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limonite +/- quartz. Intense alteration of the flows in proximity to the ore structures has 

produced a secondary association of quartz, intensively altered feldspar, sericite and 

carbonate. These altered flow units were historically interpreted as felsic and intermediate 

(dacite) volcanic rocks (Horwood, 1940; Kuryliw, 1957a). In some areas where the 

intermediate pyroclastics of the Bruce Channel assemblage are overlain by chert-

magnetite iron formations, irregular patches of dark green chlorite/amphibole 

±magnetite±garnet occur at the contact (which also occurs in Hoyles Bay on Red Lake; 

Pirie and Sawitizky, 1977). Felsic rocks (locally known as mottled rhyolite dykes 

(MRDs)) show a close spatial association with gold concentrations in the underground 

workings of the Cochenour mine, and at least two generations of post-ore mafic rocks 

discordantly intrude the volcanic rocks (Sanborn, 1987).   

The Wilmar mine is found to the south of the Cochenour-Willans mine and was 

accessed by a drift at 1300 level.  It is underlain by the same units found in the 

Cochenour-Willans mine, but there are more felsic intrusive rocks including the Wilmar 

West Granodiorite dyke (Rigg and Scherkus, 1983).  

 The Balmer units strike east-west to northeast-southwest and dip steeply south 

least two generations of regional structures (D1, D2) in the Cochenour-Willans and 

Wilmar area (Sanborn-Barrie et al., 2000,2001). Horwood (1945) and Dubé et al. (2003) 

proposed that the ESE-trending shear zones hosting most of the ore bodies in the mine 

coincided with/or are sub-parallel to the axis of tight westerly plunging (50E)  syncline 

(Horwood, 1945). The strongest and most persistent faults strike east-west and cut 

throughout mine area into blocks approximately one hundred feet wide. These structures 
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were interpreted as hinge-fault type, showing displacement of the fold limbs where one is 

in the hanging and the other is in the footwall (Kuryliw, 1957b). It was also noted by 

Andrews and Wallace (1983) that there is complex minor folding and distortion of 

bedding immediately southeast of the Cochenour Mine.  However, Kuryliw (1957b) has 

mentioned that intense folding was not observed in the units exposed in the mine stopes.   

The Cochenour-Willans mine comprised various ore bodies including the ‟04 and 

West Carbonate zone (Fig. 2.6). The gold mineralization is characterized by silicification 

with associated arsenopyrite, pyrite, stibnite and sphalerite. Gold mineralization in the 

upper levels of the mine is mainly associated with the syn-D2 Cochenour shear zone 

(N70W/ 80 SW), developed along the south limb and hinge zone of the Cochenour 

anticline (Virtanen et al., 1989; Hopson, 1994) and within meter-wide reverse-dextral 

faults with a subsidiary shear zones trending at N40W and dipping 60-75 NE or to SW 

(Hopson, 1994).  These N40W shear zones, referred to  as 320 structures, are host to the 

largest and most significant ore bodies that comprise the current resources (Hopson, 

1994), and contain meter wide banded iron-carbonate veins  similar to the Cochenour 

Main Zone and the  131/80°SW trending West Carbonate Zone (Fig. 2.7).  Sanborn 

(1987) has described the structures hosting the mineralization, and identified the various 

mineralized zones associated with:  

1) Silicified-carbonatized zones within the overthrust fault zone; 

2) Narrow shear zones conformable to the regional shearing in both hanging wall 

and footwall rocks of the overthrust fault zone; 
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Figure 2.6 Plan map of the 1800‟ level of the Cochenour-Willans mine illustrating the drifts, units, and the locations of the ‟04 ore zone and the West 

Carbonate Zone (Hopson, 1994). 
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3) Replacement lava structures and 

mineralized felsic rocks located parallel 

to the overthrust zone and up to 30m in 

the footwall 

4) Silicified granular structures at the 

hanging wall and footwall of the talc 

schist portion of the overthrust horizon; 

5) Silicified, carbonatized ore lenses 

within talc schist, conformable to the 

regional shearing attitude; 

6) Felsic rocks commonly found 

between fault zones and in the proximal 

hanging wall and footwall lavas. 

7) Fault following silicified structures, 

usually in the footwall of the thrust 

horizon. These structures are steeply 

dipping and strike N20˚W to E-W; 

8) Silicified intraformational chert 

structures striking E-W to N70˚W and dipping 85˚N-NE; 

9) Silicified banded carbonate veins within and parallel to the over thrust horizon. 

In the West Carbonate Zone, veins are confined within highly strained mafic volcanic 

rocks close to the contact with a peridotite intrusion (see Fig 2.8), and enclosed within the 

 
Figure 2.7  Photo of faulted colloform carbonate veins 

from the West Carbonate Zone (1925 level) taken by 

Mary Sanborn in 1987. The veins are found in the 

hanging wall mafic rocks and show inwardly growing 

carbonate crystals indicating open-space crystallization 

(Sanborn, 1987). 
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reverse-dextral West Carbonate shear zone (Sanborn, 1987).  Gold mineralization is 

related to silicification of brecciated quartz-carbonate and massive iron-carbonate veins 

and replacement zones with associated arsenopyrite, pyrite, sphalerite with local stibnite, 

pyrrhotite and chalcopyrite (Kuryliw, 1957b). In general gold content is directly 

proportional to the arsenopyrite content in the ore (Kuryliw, 1957b). Small extensional 

gold-bearing quartz veinlets oriented at high-angle to the carbonate bodies are also 

locally present (Horwood, 1945; Nowlan, 1948; Sanborn, 1987).  The iron-carbonate 

veins, such as the West Carbonate Zone and the Cochenour Main Zone, are barren and 

were interpreted to have acted as a favourable structural site for the subsequent gold 

mineralization (Sanborn, 1987; Hopson, 1994).  These veins constitute the largest and 

most significant ore zones only when they have been subsequently brecciated and 

silicified or cut by quartz veins (Dubé, et al., 2003). The Balmer assemblage meta-

sedimentary rock have also been mineralized but gold values only occur within quartz 

lenses parallel to bedding plane where the footwall shear cut the chert horizons (Sanborn, 

1987).   

The ore zone geometry is known to be extremely complex and disrupted, in large 

part due to the progressive ductile-brittle strain but also due to numerous ESE, E-W and 

ENE trending and a few N-S trending late to post-ore faults (Horwood, 1945; Sanborn, 

1987). According to Sanborn (1987), the restriction of gold mineralization to the ferroan 

carbonate veins and magnetite-chert ironstones reflects the fact that fracturing of 

competent units enhanced the permeability allowing for the auriferous fluid flow in the 
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West Carbonate Zone. This structural control on gold mineralization is also very 

important in the Wilmar Mine, in which fractures, faults and brecciated mafic volcanic 

rocks, carbonate veins and the Wilmar granodiorite dyke host the majority of the 

auriferous mineralization (Rigg and Scherkus, 1983).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.8 Cross section of the West Carbonate Zone.  Note that the ferroan dolomite veins 

are elongated along the shear zone and when these veins are silicified they carry significant 

gold values (Sanborn, 1987) 
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Chapter 3 

Geology, Hydrothermal Alteration and Mineralization of the Gold Eagle 

Deposit 

3.1 Introduction 

Greenstone belts have been recognized as prospective settings for gold and host a 

number of world class deposits (>100 metric tonnes of Au) accounting for approximately 

13% of gold production in the world (Dubé and Gosselin, 2007).  The Red Lake 

Greenstone belt hosts the Red Lake mine (Red Lake and Campbell complexes) which is 

the largest gold mine in the country with an annual production of more than six hundred 

thousand ounces of gold (Goldcorp, 2008). Historically 16 deposits have been mined in 

the Red Lake mining camp and only the Campbell- Red Lake mine is still actively in 

production. In recent years, intensive exploration programs led to many new discoveries 

in this camp, including the Gold Eagle Deposit (also referred to as the Bruce Channel 

Deposit or the Cochenour Project). This deposit is located in the Cochenour-Willans 

mine area which historically produced 1.24 million ounces at 16.8 g /t (Lichtblau and 

Storey, 2009).  

The Gold Eagle deposit has an inferred resource of 7.61 tons at 11.04 g/t Au (i.e., 

2.7 million ounces of gold; Goldcorp, 2011).  Over the last 60 years, sporadic studies 

have been done on the Cochenour-Willans mine and surrounding area (Horwood, 1945; 

Nowlan, 1948; Kuryliw, 1957a, 1957b; Ferguson, 1966; Pirie 1982; Sanborn, 1987; 
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Hopson, 1994; Dubé et al.,2003). These previous investigations did not include the Gold 

Eagle deposit, which has only recently being revealed through extensive drilling, and has 

been interpreted as an extension of the Carbonate zone from the Cochenour-Willans mine 

(pers. Commun. Goldcorp 2009). The gold mineralization is hosted in the volcano-

sedimentary rocks of the Balmer Assemblage (2.99-2.96 Ga) and is controlled by major 

N-NE reverse dextral faults/ shear-zones.   

This study focuses on the characterization of the Gold Eagle deposit with the aim 

to contribute to the understanding of the processes related to alteration and gold 

mineralization during the evolution of the Red Lake greenstone belt.  This study reveals 

that the main mineralized zones are controlled by the NS deformation corridor and that 

the history of fluid-rock interaction is very complex involving various styles and stages 

of alteration and gold mineralization with distinct geochemical signatures. 

 

3.2 The Red Lake Greenstone Belt: Geology and Gold Deposits 

 

The Red Lake greenstone belt is located in the Uchi subprovince of the Superior 

province (Fig. 3.1).  Its  older units comprises (1) Mesoarchean mafic-ultramafic volcanic 

rocks of the Balmer assemblage (2.99-2.96 Ga), (2) intermediate calc-alkaline pyroclastic 

rocks, clastic sedimentary rocks and banded iron formations of the Bruce Channel 

assemblage (2.894 Ga), which unconformably overlie the Balmer assemblage, and (3) 

intermediate to felsic calc-alkaline and pyroclastic rocks of the Ball assemblage (2.94 Ga-

2.92 Ga; Pirie, 1981; Andrews et al., 1986; Wallace et al., 1986; Corfu and Andrews, 
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1987; Parker, 2000; Sanborn-Barrie et al., 2000,2001,2002).  Within the Balmer 

Assemblage there is a major south-west trending ultramafic unit associated with the East 

Bay Serpentinite that is defined by an unaltered core of peridotite with a talc-carbonate 

altered outer rim (Rigg and Scherkus, 1983). The Mesoarchean rocks were tilted by a pre-

D1 deformation resulting in an angular unconformity draped by a polymictic 

conglomerate (Pirie, 1981), which separates the Mesoarchean rocks from the Neoarchean 

rocks (Sanborn-Barrie et al. 2000, 2001). The polymictic conglomerate and finer clastic 

sedimentary rocks of the Huston assemblage occur between the calc-alkaline and 

tholeiitic basalts of the Confederation assemblage (2.75-2.73 Ga) and the calc-alkaline 

Graves assemblage (2.732 Ga) (Sanborn-Barrie et al., 2001, 2002).  Four major stages of 

 
Figure 3.1 Geological map of the Red Lake camp modified from Dubé et al. (2004), Sanborn-Barrie et 

al. (2001), and Stott and Corfu,(1991) showing the major lithological units, regional unconformities, 

and major gold deposits. 

M 
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plutonism (2.74, 2.73, 2.72 to 2.71 and 2.7 to 2.699 Ga) are recorded in the belt 

(Sanborn-Barrie et al., 2001). The intrusive rocks (ranging in ages from 2699 Ma to 

2718±1Ma) consist of granodiorite (McKenzie Island and Dome Stock; Cofu and 

Andrews, 1987) and monzogranite (Killala-Baird Batholith, Walsh Lake Pluton and 

Hammel Lake Batholith; Corfu and Andrews, 1987; McMaster, 1987; Noble, 1989).   

Granodiorite dykes (2698±2 Ma to 2701 +2/-1Ma; Dubé et al., 2004), feldspar porphyries 

(2714±4 Ma; Corfu and Andres, 1987) and lamprophyre dykes (2702±2 Ma to 2699 +2/-1 Ma; 

Dubé et al., 2004) have been recorded in various mines throughout the camp (Dubé et al., 

2004).  

Menard et al. (1999) defined a series of four tectono-metamorphic events that 

occurred between 2740 and 2700 Ma. The two main stages of penetrative deformation 

(D1 and D2) occurred after 2742 Ma McNeely volcanics Fig. 2.5) with D1 being coeval 

with the deposition of the Huston polymictic conglomerate (Sanborn-Barrie et al., 2001, 

2002) and D2 with the Uchian phase of the Kenoran orogeny (Stott et al., 1989, Stott and 

Corfu, 1991). These stages of deformation are recorded by two sets of folds (F1 and F2) 

with the southeast-trending F2 folds widespread in the eastern Red Lake area, where the 

Red Lake- Campbell and Cochenour-Willans mines are located (Sanborn-Barrie et al., 

2002, 2004). Post-collisional D3 strain younger than 2700 ± 6 Ma is locally recorded near 

the Madsen mine, with the penetrative foliation coplanar with D2 fabrics (Sanborn-Barrie 

et al., 2004). Most of the metamorphism and alteration occurred during the D2 

deformation event, which corresponded with the thermal peak of metamorphism (Menard 

et al., 1999; Sanborn-Barrie et al., 2001; Thompson, 2003; Dubé et al., 2004). The D2 
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event has also been linked to either arc-like magmatism (Stott and Corfu, 1991; Sanborn-

Barrie et al., 2000, 2001) or to emplacement of granitoid batholiths marginal to the belt 

(Hugon and Schwerdtner, 1984; Andrews et al., 1986; Corfu and Wallace, 1986; Corfu 

and Andrews, 1987). While D1-D3 is associated with the various stages of plutonism, D4 

deformation is late (2680-2650 Ma) and characterized by brittle faulting (Dubé et al., 

2004). 

 The metamorphism and major deformational corridors within the Red Lake area are 

controlled by the various stages of plutonism (Thompson, 2003) and, in general, the belt 

shows the higher grade metamorphic rocks (amphibolite) occur along the margins, 

adjacent to the intrusions, with lower greenschist facies rocks in the center of the belt. 

Two interpretations were proposed to explain this distribution: (1) The main 

metamorphic event overlaps in time and space with ductile deformation and crustal 

shortening, and the peak metamorphic conditions have occurred during D1 from 2742-

2733 Ma (Menard and Pattison, 1998; Sanborn-Barrie et al., 2002, 2004) or (2) a longer 

metamorphic event outlasted D2 deformation (Dubé et al., 2000; Sanborn-Barrie et al., 

2000; Parker, 2000b; Thompson, 2003).  

Major faults including the Campbell, New mine (both reverse-sinistral) and 

Dickenson (dextral) spatially coincide with the large proportion of the ore zones in the 

Campbell-Red Lake deposit (MacGeehan and Hodgson, 1982; Mathieson and Hodgson, 

1984; Rogers, 1992; Penczak and Mason, 1997; Dubé et al., 2001a, 2002; Twomey and 

McGibbon, 2001; N. Archibald and V. Wall, unpub. rept.for Goldcorp Inc., 2000). 
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Generally, the distal hydrothermal alteration assemblage in the Red Lake camp is 

characterized by early chlorite, carbonate and weak potassic alteration (biotite and 

sericite in metabasalts and fuchsite in altered ultramafics) (Parker, 2000). Whereas the 

proximal alteration is associated with faults, fractures and permeable units, and is 

characterized overall by intensive ferroan-carbonate and biotite alteration (Parker 2000). 

However, the mineral assemblage and relative proportion of various phases vary from the 

various deposits. 

Due to the complexity of the hydrothermal system and the variations among deposits, 

it is difficult to establish a unified fluid-rock evolution to the camp.  However, most 

researchers agree that the aluminous alteration, characterized in the amphibolites-facies 

metamorphosed rocks by chloritoid, staurolite, andalusite, cordierite and anthophyllite 

preceded the formation of the colloform-crustiform carbonate veins and the main 

auriferous event (Penczak and Mason, 1996, Cadieux et al., 2006 and references therein). 

This alteration assemblage has been interpreted by Penczak and Mason (1997) to 

represent metarmophosed argillic and advanced alteration that may have formed in 

submarine synvolcanic or in epithermal systems; however its origin is still debated (Dubé 

et al. 2003). Either way, the hydrothermal alteration altered the mafic and ultramafic 

volcanic rocks into aluminous-rich units prior to the metamorphic growth of chloritoid, 

staurolite, andalusite, cordierite and anthophyllite (Penczak and Mason, 1997; Dubé et 

al., 2000, Thompson, 2003).  

Various hypotheses for the timing and nature of hydrothermal alterations have been 

presented: 1) all or some of the mineralization and alteration was related to syngenetic 
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processes and modified by metamorphism  (Kerrich et al., 1981; Kusmirski, 1981; 

Lavigne, 1983); 2) an epigenetic origin where ore formed contemporaneous with 

metarmophism and penetrative deformation, overprinting a widespread synvolcanic 

alteration (Hodgson et al., 1980; Rigg, 1980; MacGeehan and Hodgson, 1981; Rigg and 

Helmstaedt, 1981; Matheison, 1982; Mathieson and Hodgson, 1984; Christie, 1986); 3) 

both mineralization and hydrothermal alteration were contemporaneous with 

metamorphism and penetrative deformation related to the emplacement of granitoid 

batholiths (Andrews and Hugon, 1985; Andrews et al., 1986).  

Various styles of mineralization associated with specific alteration zones have been 

mined in the Red Lake district including (1) siliceous replacement of quartz-carbonate 

vein and carbonatized wall rocks in the Campbell-Red Lake, Cochenour Willans and 

McMarmac mines, (2) granodiorite hosted quartz-tourmaline veins in open space fissures 

and fractures in Wilmar, Gold Eagle and McKenzie Red Lake mines (both on Mckenzie 

island), (3) silicified lenses and disseminations, quartz veins and stringers in McMarmac, 

Madsen and Starratt-Olsen, (4) ore shoots and sheeted quartz veins and stringers in Red 

Lake Gold Shore, Howey, and Hasaga mines (Penczak, 1996 and references therein), (5) 

sulphide-rich veins and replacement ore style at Campbell-Red Lake, Cochenour-Willans 

and Madsen mines, (6) magnetite-rich ore at Campbell-Red Lake mine and (7) 

arsenopyrite-rich silicified basalts at Campbell-Red Lake and Cochenour-Willans mine 

(Hopson, 1994; Dubé et al., 2004). The Campbell-Red Lake Mine has the most complex 

documented syn-ore alteration assemblage with  carbonate, quartz, garnet, chlorite, 

sericite, biotite, tourmaline, pyrite, chalcopyrite, pyrrhotite, sphalerite, stibnite, 
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magnetite, galena, arsenopyrite and gold associated with the various ore zones and minor 

post-ore tourmaline filled faults and carbonate veinlets (Penczak, 1996; Penczak and 

Mason, 1997; Parker, 2000; Dubé et al., 2004). Distal from the mine trend, the Madsen 

mine has a syn-ore assemblage rich in actinolite, hornblende, microcline, calcite, 

tourmaline, diopside, muscovite, silicification; pyrrhotite, pyrite, arsenopyrite, 

chalcopyrite, gold and post-ore tourmaline, amphibole, quartz, carbonate; pyrrhotite, 

pyrite common (Durocher, 1983; Dubé et al., 2002). Table 3.1 present a summary of the 

major characteristics of the four major mines in the Red Lake Camp.   

3.3 . Geology and Gold Mineralization of the Cochenour-Willans Camp:  

 

The Cochenour-Willans 

camp comprises the Cochenour-

Willans, Wilmar and the Gold 

Eagle gold deposits (Fig. 3.2). 

As the Gold Eagle deposit has 

been considered by the Goldcorp 

exploration geologists to 

represent an extension of the 

Carbonate Zone of the 

Cochenour-Willans mine, these 

deposits will be described in 

more detail below. 

Figure 3.2 Local Geology of the 

Cochenour-Willans area with the 

locations of the McKenzie Red 

Lake, Willmar, and Cochenour-

Willans mine shafts and the 

approximate surface projection of 

the Gold Eagle deposit (red line; 

modified from Sanborn-Barrie et al., 

2004) 
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Table 3.1 Summary of the major characteristics of the Campbell-Red Lake, Madsen, Cochenour-Willans 

and Wilmar mines from the Red Lake District. Note that the ounces produced and grades for Wilmar were 

historically incorporated into the Cochenour-Willan‟s data. (Horwood, 1940; Durocher, 1983; Rigg 

and Scherkus, 1983; Christie, 1986; Hopson, 1994; Penczak, 1996, 1997; Parker, 2000; Dubé et 

al., 2003; Dubé et al., 2004; Lichtblau and Storey, 2009). 

Gold Eagle Deposit Campbell-Red Lake Madsen Cochenour-Willans Wilmar

Basalts, banded iron formations
Basalts, ultramafic Rocks, 

diorite, rhyolite

Basalts, quartz feldspar crystal 

tuffs
Basalts, banded iron formations

Basalts, granodiorite, ultramafic 

rocks

QFP, lamprophyre, mafic, "MRD" 

dykes

QFP Dykes, 2 varieties of 

lamprophyre 

Diorite dyke, hornblendite dyke, 

quartz porphyry, feldspar 

porphyry,

ore is cut by “granite dykes”; 

Close to the Killala-Baird 

batholith

Two types of basic dykes

(lamprophyre), QFP dykes

QFP dykes, granodiorite, diorite, 

lamprophyre

NS steeply dipping brittle-ductile 

deformation corridor, zones of 

brecciation,  late black line faults

Two main generations of 

structures (D1 and D2 with D2 

being dominant within the high 

grade zone)

Two main generations of 

structures (primarily D1 and 

D2).  Close to regional 

unconformity

Three main generations of 

structures (D1 , D2 and D3 ). 

Gold mineralization associated 

with D2 east-southeast  trending 

shear zones (similar to the mine 

trend)

Strong folding, brecciation and 

penetrative fabric with the main 

structural trends east to east-

northeast ( D1 ; similar to the 

East Bay Trend)

Pre-

Ore
Chlorite, biotite, carbonate

Carbonate, biotite, aluminous  

(sericite ±leucoxene), talc, 

cordierite; pyrrhotite, pyrite, 

chalcopyrite, magnetite, 

ilmenite, arsenopyrite

Carbonate, chlorite, biotite
Carbonate, biotite, chlorite, 

sericite, quartz
Chlorite, carbonate

Syn-

Ore

Siliciication, biotite, muscovite,  late 

actinolite, tremolite, 

ferrohornblende, scheelite; 

pyrrhotite, chalcopyrite, pyrite, 

sphalerite, gersdorffite, ullmanite-

willyamite, galena, jamesonite, 

arsenopyrite, gold

Carbonate, silicification, 

garnet, chlorite, sericite, 

biotite, tourmaline; pyrite, 

chalcopyrite, pyrrhotite, 

sphalerite, stibnite, magnetite, 

galena, arsenopyrite, gold

Actinolite, hornblende, 

microcline, calcite, tourmaline, 

diopside, muscovite, 

silicification; pyrrhotite, pyrite, 

arsenopyrite, chalcopyrite, gold

Silicification, carbonate; 

pyrrhotite, arsenopyrite, pyrite, 

chalcopyrite, sphalerite,  

gersdorffite,  stibnite, ullmanite, 

gold

Quartz, carbonate, talc, epidote 

sericite, tourmaline, fuchsite, 

albite; pyrite, pyrrhotite, 

chalcopyrite, hessite, petzite, 

calaverite, argentite, native 

silver, gold

Post-

Ore

Tourmaline, chlorite, quartz, 

carbonate
Tourmaline, carbonate

Tourmaline, amphibole, quartz, 

carbonate; pyrrhotite, pyrite
Tourmaline, quartz, carbonate

Quartz, carbonate, tourmaline; 

sphalerite

Sigmoidal quartz veins, brecciated 

siliceous material, brecciated biotite 

and sulphides

Siliceous replacement of 

brecciated Q-C vein material. 

Siliceous replacement of 

carbonatized wall-rock

En echelon ore bodies within a 

sulphide bearing shear zone, 

silicified lenses and 

disseminations, quartz

veins, stringers

Replacement of Q-C fissure 

fillings. Occurs in lenses and 

pipes

Structurally controlled 

hydrothermal conduits with 

mineralized fault breccia. Ore 

within a brecciated carbonate 

zone and in narrow quartz filled 

fractures cutting granodiorite

Native gold occurs disseminated 

within veins, rimming fracture, 

coating and inclusions in pyrrhotite 

and arsenopyrite

5 different styles: 1) sulphide 

rich veins and replacement ore 

style; 2) carbonate ±quartz 

veins; 3) magnetite- rich ores; 

4) arsenopyrite-rich 

silicification; 5) abundant 

visible gold coating and filling 

late fractures

Native gold occurs as 

micrometer sized inclusions in 

silicate minerals and coating on 

sulphide minerals

Native gold found filling in 

fractures and commonly found 

in: 1) iron-dolomite veins; 2) 

arsenopyrite-quartz replacement 

zones; 3)sulphide replacement 

bodies; 4) quartz veins

 Native gold occurs as smears 

along chlorite slip planes, gold-

telluride mineralization in 

silicified bodies and free gold in 

quartz-carbonate breccias.

Au, Ag, As, Cu,
Au. Ag, Cu, Mo, Zn, Pb, W 

and Sb

Au, Ag, As ± Zn, Sb, Cu and 

Hg
Au, Ag, As, Zn,Sb  and Pb NA

est. 2,500,000                         19,202,081.00                            2,452,388.00                              1,244,279.00 

21.27 8.8                                        16.73 

Summary of Important Mines in the Red Lake Camp in Comparison with the Gold Eagle Deposit

Mine

Host Units

Intrusives

Structural Controls

Gold Grade (grams 

per ton)

Alteration and 

Associated 

Minerals

Mode of Gold 

Occurrence

Geometry of 

Mineralized Zones

Elements Associated 

with the Gold 

Mineralization

Troy Ounces 

Produced
 Included in Cochenour-Willans  
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The Cochenour-Willans deposit is hosted by a complexly folded, highly altered massive 

and pillowed mafic, ultramafic volcanic rocks and local peridotite intrusions, banded 

cherts, argillites, siltstone and/or iron formations of the Balmer assemblage (Fig. 3.2; 

Horwood, 1945; Nowlan, 1948; Sanborn, 1987; Hopson, 1994; Dubé et al.,2003). These 

rocks are intruded by felsic dykes that are altered and foliated (mottled rhyolite dykes or 

“MRD”) and post-ore discordant lamprophyre (Horwood, 1945; Nowlan, 1948). A 

controversial unit named “Point Rock” also occurs in the area and has been interpreted 

as: 1) spherulitic rhyolite dome or flow (Pirie et al., 1982), 2) “Timiskaming” quartzite 

(Hurst, 1935; Pegg, 1953), 3) silicified lava (Thomson, 1943) and 4) a quartz porphyritic 

intrusion (Horwood, 1940).   

The Wilmar deposit comprises of the same tholeiitic massive and pillowed 

basalts, ultramafics and iron formations of the Balmer assemblage, and minor felsic 

volcanic rocks, and two small granodiorite dykes: the Wilmar granodiorite  (Rigg and 

Scherkus, 1983) and the Abino granodiorite to the north of the Cochenour-Willans Mine. 

These dykes are interpreted to be associated with the third stage of plutonism coeval with 

the Walsh Lake Pluton and the Killala-Baird batholith (Corfu and Andrews, 1987).  The 

Wilmar granodiorite is an ENE striking, 10-40m thick dyke, which is locally intensely 

brecciated, and the exact relationship between the intrusion and phases of deformation is 

not well understood (Corfu and Andrews, 1987). The Abino granodiorite is similar to the 
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Wilmar granodiorite, but is situated in the East Bay deformation zone (Corfu and 

Andrews, 1987).  

 There are at least two generations of regional structures (D1, D2) in the 

Cochenour-Willans and Wilmar area (Sanborn-Barrie et al., 2000,2001). In general the 

units in the area strike east to northeast and dip steeply south (Horwood, 1945). The D1 

structures were identified during an airborne magnetic survey and indicate a south-

southwest trending F1 anticline (Sanborn-Barrie et al, 2000, 2001) but is poorly 

developed in the basalts and interflow sediments (Dubé et al., 2003). Horwood (1945) 

suggested that the units were deformed by a tight west plunging (50˚) syncline. However 

it has subsequently been reinterpreted  as the south limb of the F2 Cochenour Anticline, 

which has an east-trending fold overturned to the north and plunging 65˚W (Dubé et al., 

2003 and references therein).  The units in the Wilmar mine follow the same east to 

northeast structural trend as the Cochenour-Willans ones (Rigg and Scherkus, 1983).   

Several faults have been documented in the area and the majority following the 

east to northeast mine trend and have been interpreted as preferential conduits for the 

various intrusions (Rigg and Scherkus, 1983). The Cochenour-Willans and Wilmar rocks 

were metamorphosed to lower greenschist facies (Sanborn, 1987) with zones reaching 

lower amphibolite facies (Thompson, 2003).   

Hydrothermal alteration has occurred over several stages with synvolcanic 

seafloor to late stage, syn-, or post metamorphic alteration (Rigg and Scherkus, 1983). In 

the Cochenour-Willans area, alteration is characterized by pre-ore carbonatization, 

sericite, biotite alteration and syn-ore quartz and post-ore barren quartz and carbonate. 



52 

 

The syn-ore silicification is localized and comprises pyrrhotite, arsenopyrite, pyrite, 

chalcopyrite, sphalerite, stibnite, ullmanite and gold, and is cut by post-ore tourmaline 

veinlets (Sanborn, 1987; Hopson, 1994). In the Wilmar deposit, it is more widespread 

and silver rich, with syn-ore epidote, tourmaline (associated with quartz veining), 

fuchsite, albite, pyrite, chalcopyrite, hessite, petzite, calaverite, argentite, native silver 

and native gold and post-ore quartz, carbonate and sphalerite (Rigg and Scherkus, 1983).  

Cochenour-Willans mine has a similar syn- and post-ore assemblage but instead 

of syn-ore garnet, chlorite, muscovite, tourmaline, is comprised of pyrrhotite, 

gersdorffite, stibnite, and ullmanite (Sanborn, 1987; Hopson, 1994, Dubé et al., 2003). 

Wilmar mine is more distinct with no pre-ore biotite, and a more silver-rich, syn-ore 

assemblage consisting of quartz, carbonate, talc, epidote sericite, tourmaline, fuchsite, 

albite; pyrite, pyrrhotite, chalcopyrite, hessite, petzite, calaverite, argentite, native silver, 

and gold with minor post-ore quartz, carbonate and sphalerite (Rigg and Scherkus, 1983). 

 The ore zone geometry in the Cochenour-Willans deposit is extremely complex 

and disrupted due to progressive ductile-brittle strain, and east-southeast, east, east-

northeast and north trending late to post-ore faults (Horwood, 1945; Sanborn, 1987). In 

general the Cochenour-Willans ore bodies occur within meter-wide  reverse dextral 

subsidiary shear zones referred to “320 structures” that trend  N40W dipping 60-75 NE or 

to SW (Hopson, 1994). These “320” structures hosted the most significant ore bodies 

(Hopson, 1994) and contained  meter-wide banded iron–carbonate veins, similar to the 

more significant ore bodies including the Cochenour Main Zone and the 131/80°SW 

oriented West Carbonate Zone  (Sanborn, 1987).   Nine distinct mineralized zones  were 
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identified within the West Carbonate Zone by Sanborn  (1987): 1) Silicified-carbonatized 

zones within the over-thrust fault zone; 2) Narrow shear zones conformable to the 

regional shearing in both hangingwall and footwall rocks of the over- thrust fault zone; 3) 

Replacement lava structures and mineralized felsic rocks located parallel to the over-

thrust zone and up to 30m in the footwall; 4) Silicified granular structures at the 

hangingwall and footwall of the talc schist portion of the over-thrust horizon; 5) 

Silicified, carbonatized ore lenses within talc schist, conformable to the regional shearing 

attitude; 6) Mineralized felsic rocks commonly found between these structures and in the 

hanging wall and footwall volcanic rocks. 7)  Faults followed these silicified structures, 

usually in the footwall of the thrust horizon. These structures are steeply dipping and 

strike N20˚W to E-W; 8) Mineralized, intraformational chert within structures striking E-

W to N70˚W and dipping 85˚N-NE; 9) Silicified banded carbonate veins within and 

parallel to the over-thrust horizon.  Smaller structures and ore bodies trending 340˚ to 

360˚ also host irregular veins of quartz with subordinate carbonate and little or no internal 

structure (Hopson, 1994). Gold mineralization in these zones is not uniform along the 

length of the veins, but concentrated around distinct sedimentary and chert horizons 

(Hopson, 1994). At surface, weak mineralization also occur in steeply dipping north-

trending en echelon quartz veins (Dubé et al, 2003). Gold mineralization is associated 

with arsenopyrite, pyrite, sphalerite, stibnite, pyrrhotite, galena, jamesonite, tetrahedrite 

and chalcopyrite (Horwood, 1945; Nowlan, 1948; Sanborn, 1987).  

The Wilmar deposit gold mineralization is lower grade (the Wilmar East Breccia 

Zone ranged from 0.3-1.8g/t) and tonnage (contributed 200,000 ounces of the Cochenour-
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Willans total; Rigg and Scherkus, 1983) compared with other deposits in the Red Lake 

District. The mineralized zones are controlled by structural domains such as the contact 

with the ultramafic dyke, which are interpreted to be served as hydrothermal conduits 

(Rigg and Scherkus, 1983). Localized high grade mineralization is found associated with 

intense silicification, and late stage quartz ± tourmaline ± carbonate veins (Rigg and 

Scherkus, 1983). Four major auriferous zones were identified in the mine: 1) Wilmar East 

Breccia zone consisting of silicified and carbonatized brecciated volcanic rocks and 

quartz-carbonate veins; 2) Wilmar East Footwall Diorite Zone consisting of mineralized 

quartz-carbonate veins cutting a diorite dyke; 3) Central Wilmar Rahill Zone defined by 

low grade disseminated mineralization in quartz carbonate altered mafic volcanic rocks 

and quartz-tourmaline veining; 4) Wilmar West Granodiorite Zone with mineralized 

quartz-tourmaline veins cutting the granodiorite dyke. Gold mineralization is commonly 

associated with pyrrhotite, pyrite, chalcopyrite, arsenopyrite, gersdorffite, tellurides 

(hessite, petzite, calaverite), argentite, silver sulfosalts and native silver (Rigg and 

Scherkus, 1983).  

The Gold Eagle deposit occurs in the deepest zones in this camp and was 

investigated during the present study, being described in detail in subsequent sections of 

this article.  

  

3.4 Methodology and Sampling 
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Fieldwork in the Gold Eagle Deposit was completed over three summers and 

involved re-logging of core from 32 diamond drill holes completed by Gold Eagle Mines 

Ltd. and Goldcorp Inc. Three hundred-eighty five core samples were selected to represent 

a range of altered metabasalts, metasedimentary rocks remote from the auriferous zones 

and metabasalts, ultramafic rocks, banded iron formations and veining adjacent to and 

within the mineralized zones.  Ninety two samples were selected for petrographic 

analysis and 60 samples for lithogeochemical investigation comprising rocks from the 

various geological units, alteration and mineralization styles. A small group of samples 

selected from the petrographic analysis was further analyzed with X-ray diffraction (28 

samples), scanning electron microscope (16 samples) and electron microprobe (8 

samples).  

Data compilation for the deposit used a range of software over the three field 

seasons. Topographic and surficial geologic interpretations were done using either 

ArcGIS 9.3 for the Geologic Survey of Canada data and Mapinfo 8.0, and 10.0 for the 

internal Goldcorp Inc. data. Compilation of 450 drill holes was done using Microsoft 

Access (2007, 2010) for the database, Gemcom v.3.41 and Rockworks (trial version 14) 

for 3D visualization and the geologic interpretation was done with AutoCAD 12.0 and  

Corel Draw X4.  

Samples selected for lithogeochemical investigation were prepared and analyzed 

by ALS Laboratories.  The samples were initially crushed in a ceramic crucible to avoid 

contamination and 259g was selected to be pulverized to pass 75 micron mesh. Major 

oxides were analyzed using a lithium metaborate fusion and XRF. Trace and rare earth 
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elements were dissolved with lithium borate fusion and acid digestion with an ICP-MS 

analysis. Base metals were analyzed by 4 acid digestion with an ICP-AES finish, while 

total sulphur and carbon were analyzed by LECO furnace. Gold was analyzed using fire-

assay with an ICP-AES finish for values below 10 ppm and a gravimetric finish assays 

for higher grade samples to give a more accurate reading. Arsenic was analyzed by ICP-

MS and had a gravimetric finish for samples above 10,000 ppm.  Assays of the various 

ore zones from the Goldcorp Inc. database was done by Accurassay labs by fire assay 

with either an ICP-AES finish or a gravimetric finish for higher grade samples. 

Twenty-eight powdered whole-rock samples were ground into powder and 

mounted as thin smears on glass disks and analyzed by the Philips X'Pert Pro Multi-

purpose X-ray Diffractometer fitted with an X'Celerator high speed strip and using 

PanAlytical HighScore software at the Department of Geological Sciences and 

Geological Engineering at Queen‟s University to identify some of the major minerals. 

The condition of the detector set to a CoKα radiation between 6º and 70º with a count 

time of 10 sec per 0.2º increment and compared peak intensities from the unknown to 

those in the ICDD database using the program HighScore. 

Scanning electron microscopy was performed with the MLA650 FEG ESEM at 

Queen‟s University. The imaging was done under low vacuum using the backscatter 

electron imaging with accelerating voltage of 10-20kV while the spectrums were 

collected through the energy dispersive X-ray spectroscopy (EDS).   

Electron microprobe work was performed with the JEOL JXA-8230 EMP at 

Queen‟s University. The operating conditions for the analyses an accelerating voltage of 



57 

 

15kV, tightly focused beam (spot size around 1µm) and a static beam current of 20nA for 

the amphiboles and 10nA for the biotite. Table 3.2 lists the elements analysed, standards 

used and their analytical line.  

.  

 

 

 

 

 

Element 

Microprobe Standards 

Xtal Scan 
Analytical 

Line Amphibole & pyroxenes Biotite 

Si Diopside S-095 Syn. Fluorophlogopite S-213 TAP WDS Kα 

Al Adularia S-096 Adularia S-096 TAP WDS Kα 

Ti Rutile S-208 Rutile S-208 PETL WDS Kα 

Fe Syn. Fayalite S-094 Syn. Fayalite S-094 LiFL WDS Kα 

Mn Rhodonite S-207 Rhodonite S-207 LiFL WDS Kα 

Mg Diopside S-095 Diopside S-095 TAP WDS Kα 

Ca Diopside S-095 Diopside S-095 PET WDS Kα 

Na Albite S-122 Albite S-122 TAP WDS Kα 

K Adularia S-096 Adularia S-096 PETL WDS Kα 

F Syn. Fluorophlogopite S-213 Syn. Fluorophlogopite S-213 TAP WDS Kα 

Cl Scapolite S-138 Scapolite S-138 PETL WDS Kα 

Cr Chromite S-287 Chromite S-287 LiFL WDS Kα 

 

Table 3.2 Elements, standards, scan and crystal (Xtal) used for detection for the   electron 

microprobe analyses. 
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3.5 Geology of the Gold Eagle Deposit 

 

The Gold Eagle Deposit is located to the west-southwest of the old Cochenour-

Willans mine site (Fig 3.2). The deposit exhibits complex geometry due to multiple 

deformation events, faulting, and alteration. The auriferous mineralized zones occur in 

quartz veins and replacement zones in altered tholeiitic basalts and interflow sedimentary 

units of the Balmer Assemblage. They are confined to a NS-trending high strain corridor, 

referred to as the Gold Eagle Deformation Corridor (Fig. 3.3).  These units are cut by late 

stage faults, and dykes (lamprophyre, mafic, diorite). The various geological units 

intercepted by the drill holes within and adjacent of the deposit are described below and 

their distribution is show in figure 3.3.  

 

Balmer Basalts and Interflow Sedimentary Rocks: Units are composed of variably altered 

and deformed massive, amygdaloidal, variolitic, and pillowed tholeiitic basalts.  The 

amygdules (0.5-1cm diameter) are round to slightly elongated and commonly filled with 

quartz, carbonate and/or muscovite. Although the magmatic textures are still preserved in 

the less deformed samples, their original magmatic assemblage has been pervasively 

replaced by metamorphic and alteration minerals. The least altered samples comprise 

hornblende, plagioclase, chlorite and epidote. The basaltic rocks exhibit widespread 
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biotite alteration in the footwall of the mineralization, chlorite alteration in the 

hangingwall, with garnets in small lense-shapped zones proximal to the Point Rock unit.  

Geochemically, the basalts fall into two separate groups (Fig. 3.4) based on their Al2O3%  
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Figure 3.3 Schematic block diagram of the geology of the Gold Eagle Deposit compiled in this 

study from drill log information from Gold Eagle Mines Ltd. and Goldcorp Inc. The numbers show 

the location of the various mineralized zones, and location of the section is shown in Fig 3.2 
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Hole and Depth Au Al2O3 BaO CaO Cr2O3 Fe2O3 K2O MgO MnO Na2O P2O5 SiO2 SrO TiO2 LOI Total As C S 

  ppm % % % % % % % % % % % % % % % % % % 

Quartz-Actinolite Zones                                     

BC19W17-1269.5 21.80 0.86 0.00 5.40 0.00 3.48 0.04 3.69 0.07 0.06 0.00 82.49 0.00 0.20 1.76 98.05 0.00 0.60 0.30 

BC33W5-1763.2 0.59 1.09 0.00 5.46 0.00 3.21 0.04 3.14 0.11 0.00 0.03 83.29 0.00 0.18 3.22 99.76 0.00 0.86 0.04 

BC19W34-1220.2 1.83 0.97 0.01 4.80 0.01 4.84 0.23 2.37 0.07 0.01 0.02 81.75 0.01 0.08 3.12 98.27 1.49 0.68 1.18 

BC33W31-1499.4 0.42 1.02 0.00 2.68 0.00 1.72 0.04 1.48 0.04 0.01 0.00 88.65 0.00 0.24 2.38 98.25 0.00 0.61 0.05 

BC19W34-1291.5 1.11 0.58 0.00 6.06 0.00 3.44 0.06 4.12 0.09 0.04 0.00 82.63 0.00 0.19 2.50 99.71 0.00 0.72 0.13 

Avg. 5.15 0.90 0.00 4.88 0.00 3.34 0.08 2.96 0.08 0.02 0.01 83.76 0.00 0.18 2.60 98.81 0.30 0.69 0.34 

Std. Deviation 9.32 0.20 0.00 1.31 0.00 1.11 0.08 1.05 0.03 0.03 0.01 2.79 0.00 0.06 0.60 0.85 0.67 0.11 0.48 

Banded Iron Formations                                     

BC19W6-1683.28 1.42 0.47 0.00 3.85 0.02 25.79 0.03 3.99 0.66 0.02 0.08 62.91 0.00 0.04 0.79 98.66 0.00 0.31 4.44 

BC11W2-1590.2 1.38 0.38 0.00 13.79 0.00 36.26 0.01 7.25 0.95 0.02 0.06 28.55 0.01 0.01 -0.76 86.54 0.00 2.48 9.63 

BC11W2-1599.2 1.07 0.29 0.00 8.96 0.00 38.53 0.01 6.06 1.34 0.03 0.19 43.11 0.01 0.01 0.25 98.77 0.00 1.21 2.38 

BC17W3-1069.75 13.30 1.86 0.00 4.45 0.00 23.61 0.69 4.25 0.55 0.04 0.08 61.95 0.01 0.09 0.52 98.10 0.00 0.78 3.36 

Avg. 4.29 0.75 0.00 7.76 0.01 31.05 0.19 5.39 0.88 0.03 0.10 49.13 0.01 0.04 0.20 95.52 0.00 1.20 4.95 

Std. Deviation 6.01 0.74 0.00 4.62 0.01 7.44 0.34 1.55 0.35 0.01 0.06 16.47 0.01 0.04 0.68 5.99 0.00 0.93 3.23 

Sulphide Replacement Zones                                   

BC17W16-849 2.17 5.45 0.00 11.29 0.05 25.59 2.60 7.50 0.27 0.04 0.03 23.38 0.01 0.23 10.95 87.38 11.80 2.19 8.10 

BC19W34-1141.2 2.44 2.20 0.00 1.42 0.01 20.50 0.52 2.06 0.04 0.01 0.02 53.50 0.00 0.10 16.85 97.23 14.65 0.34 7.85 

Avg. 2.31 3.83 0.00 6.36 0.03 23.05 1.56 4.78 0.16 0.03 0.02 38.44 0.01 0.17 13.90 92.31 13.23 1.27 7.98 

Std. Deviation 0.19 2.30 0.00 6.98 0.03 3.60 1.47 3.85 0.16 0.02 0.01 21.30 0.01 0.09 4.17 6.97 2.02 1.31 0.18 

Gold Eagle Shear                                       

BC19W13-1290.18 1.30 10.77 0.01 14.36 0.02 9.53 0.75 8.13 0.26 0.31 0.03 49.58 0.00 0.48 4.61 98.84 0.00 1.21 0.21 

BC33W5-1753 0.04 1.56 0.01 25.91 0.01 8.64 0.06 14.10 0.38 0.05 0.00 17.38 0.00 0.12 30.10 98.30 0.00 8.36 0.29 

BC10W15-1124.75 0.02 9.01 0.01 8.47 0.04 7.77 0.76 5.14 0.20 0.01 0.04 57.27 0.00 0.47 9.48 98.66 0.00 1.94 0.05 

Avg. 0.45 7.11 0.01 16.25 0.02 8.65 0.52 9.12 0.28 0.12 0.03 41.41 0.00 0.36 14.73 98.60 0.00 3.84 0.18 

Std. Deviation 0.73 4.89 0.00 8.87 0.02 0.88 0.40 4.56 0.09 0.16 0.02 21.16 0.00 0.21 13.53 0.27 0.00 3.93 0.12 
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Carbonate Replacement Zones and Veins                               

BC11W2-1252.4 0.38 3.62 0.00 23.86 0.01 13.81 0.03 11.30 0.30 0.03 0.04 20.20 0.01 0.42 16.90 90.52 3.63 5.40 3.38 

BC19W34-1156.6 0.32 0.37 0.00 25.67 0.03 12.75 0.01 16.30 0.28 0.01 0.01 2.05 0.00 0.03 32.90 90.41 5.15 10.50 3.27 

BC10W15-1155.62 0.05 1.19 0.01 27.68 0.01 6.06 0.02 16.93 0.28 0.04 0.00 10.51 0.00 0.11 35.40 98.21 0.00 9.94 0.45 

Avg. 0.25 1.73 0.00 25.74 0.02 10.87 0.02 14.84 0.29 0.03 0.02 10.92 0.00 0.19 28.40 93.05 2.93 8.61 2.37 

Std. Deviation 0.17 1.69 0.01 1.91 0.01 4.20 0.01 3.08 0.01 0.02 0.02 9.08 0.01 0.21 10.04 4.47 2.65 2.80 1.66 

Chlorite ± Garnet Altered Basalts                                 

BC33W5-1650.2 0.01 15.62 0.01 5.38 0.00 14.55 0.09 3.80 0.22 0.12 0.25 54.99 0.01 2.21 2.66 99.92 0.00 0.07 0.22 

BC11W2-1056.23 0.01 16.24 0.02 3.66 0.03 13.77 2.36 4.53 0.25 0.05 0.10 50.90 0.00 1.26 6.31 99.48 0.00 0.73 0.09 

BC33W5-1703.1 0.00 15.77 0.02 1.42 0.03 1.11 2.65 0.39 0.01 0.23 0.04 74.57 0.00 1.19 1.90 99.33 0.00 0.03 0.03 

BC11W2-1008.25 0.01 9.91 0.01 2.27 0.27 30.50 0.01 3.69 1.28 0.11 0.05 43.65 0.01 1.20 5.15 98.10 0.00 0.77 3.99 

BC17W16-1037 0.02 11.29 0.01 11.17 0.01 23.55 1.36 6.87 0.56 0.50 0.12 40.70 0.01 1.48 1.68 99.30 0.00 0.48 1.00 

BC17W16-1077 4.60 11.68 0.01 7.47 0.01 19.67 0.29 3.73 0.16 0.23 0.03 48.85 0.00 1.53 5.00 98.66 2.83 0.16 5.96 

Avg. 0.78 13.42 0.01 5.23 0.06 17.19 1.13 3.84 0.41 0.21 0.10 52.28 0.01 1.48 3.78 99.13 0.47 0.37 1.88 

Std. Deviation 1.87 2.76 0.01 3.64 0.10 10.01 1.18 2.08 0.46 0.16 0.08 12.05 0.01 0.39 1.95 0.65 1.16 0.33 2.50 

Biotite Altered Basalts                                     

BC17W16-916.05 0.02 12.35 0.00 10.06 0.01 11.09 1.64 5.13 0.26 0.01 0.12 51.79 0.02 1.55 4.16 98.19 0.00 0.87 0.33 

BC17W16-913.35 0.45 11.98 0.00 8.14 0.01 13.05 2.11 4.25 0.22 0.00 0.11 53.62 0.01 1.71 2.20 97.42 0.00 0.57 1.60 

BC29W15-1386.37 1.16 11.27 0.01 14.00 0.02 9.41 0.78 7.98 0.24 0.31 0.04 49.35 0.00 0.56 4.34 98.30 0.00 1.12 0.22 

BC19W13-1303 0.24 14.93 0.03 12.43 0.02 13.54 1.75 7.60 0.31 0.17 0.10 43.74 0.01 1.35 3.10 99.06 0.00 0.69 0.72 

BC11W2-1335.74 0.06 12.69 0.01 10.14 0.02 11.65 1.27 8.20 0.23 1.32 0.05 50.88 0.01 0.49 1.67 98.63 0.00 0.20 0.04 

BC11W2-1481.58 0.39 12.41 0.01 11.13 0.02 15.64 1.31 6.02 0.35 0.55 0.06 46.97 0.01 0.56 3.50 98.54 0.00 0.78 0.18 

BC17W16-1040.15 1.48 4.85 0.02 7.68 0.01 43.23 1.94 4.85 0.90 0.10 0.04 25.83 0.00 0.52 3.18 93.15 0.00 1.29 13.85 

BC33W31-1516.8 0.04 12.90 0.02 11.77 0.02 9.12 1.66 8.52 0.22 0.14 0.03 51.47 0.02 0.60 1.92 98.40 0.00 0.23 0.03 

BC33W31-1568.6 0.09 16.06 0.01 10.12 0.02 8.12 1.13 5.69 0.17 0.23 0.15 53.55 0.01 1.63 1.79 98.68 0.00 0.13 0.09 

BC19W17-1256.7 0.66 14.20 0.02 14.77 0.02 9.98 0.58 7.81 0.25 0.42 0.01 49.32 0.02 0.68 1.92 99.99 0.00 0.27 0.07 

BC19W34-1113.8 0.02 3.05 0.01 23.52 0.27 6.70 0.34 14.00 0.20 0.03 0.00 24.24 0.00 0.17 26.00 98.52 0.00 6.76 0.01 

BC29W15-1196.8 0.05 12.91 0.01 11.07 0.03 10.32 1.30 8.42 0.25 0.09 0.04 51.38 0.01 0.65 2.22 98.70 0.00 0.19 0.30 

BC17W16-849.8 0.24 9.80 0.01 13.01 0.02 16.66 5.74 10.27 0.28 0.05 0.03 29.32 0.02 0.26 7.99 93.46 2.03 2.89 3.13 

BC17W16-1032.35 0.29 9.39 0.01 8.26 0.01 13.73 3.02 4.17 0.27 0.10 0.09 49.09 0.00 1.19 7.33 96.66 0.00 2.21 1.09 

Avg. 0.37 11.34 0.01 11.86 0.04 13.73 1.76 7.35 0.30 0.25 0.06 45.04 0.01 0.85 5.09 97.69 0.15 1.30 1.55 

Std. Deviation 0.45 3.61 0.01 3.97 0.07 8.95 1.33 2.66 0.18 0.35 0.05 10.43 0.01 0.52 6.33 2.00 0.54 1.77 3.64 
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Quartz Altered Basalts                                     

BC17W16-1015.8 3.20 3.58 0.01 9.62 0.00 32.02 1.96 3.85 0.43 0.03 0.21 35.34 0.01 0.44 1.89 89.39 0.00 1.87 11.85 

BC33W31-1577.8 5.80 5.91 0.00 10.41 0.01 6.90 0.18 5.51 0.17 0.09 0.11 65.61 0.00 0.78 2.67 98.34 0.00 0.78 0.23 

BC19W34-1280.2 2.22 4.40 0.01 13.36 0.00 5.80 0.50 8.62 0.17 0.15 0.01 56.86 0.00 0.64 8.64 99.15 0.00 2.05 0.09 

BC29W15-1244.7 0.73 9.15 0.01 11.18 0.01 9.13 0.44 6.76 0.15 0.10 0.02 49.78 0.00 0.50 10.95 98.17 0.00 2.49 1.23 

BC17W16-831.35 0.05 10.24 0.01 2.35 0.02 7.10 2.65 2.80 0.09 0.03 0.02 71.03 0.01 0.44 1.69 98.48 0.00 0.04 0.45 

BC10W15-1087.95 0.04 7.82 0.00 14.55 0.38 9.71 0.05 9.00 0.26 0.03 0.01 55.20 0.01 0.59 1.08 98.69 0.00 0.09 0.07 

BC11W2-1282.3 1.90 0.50 0.01 4.58 0.00 22.30 0.04 3.60 0.42 0.06 0.05 67.51 0.01 0.03 0.18 99.29 0.00 0.31 1.57 

Avg. 1.99 5.94 0.01 9.44 0.06 13.28 0.83 5.73 0.24 0.07 0.06 57.33 0.01 0.49 3.87 97.36 0.00 1.09 2.21 

Std. Deviation 2.05 3.41 0.00 4.46 0.14 9.98 1.04 2.48 0.13 0.05 0.07 12.28 0.01 0.24 4.17 3.54 0.00 1.02 4.29 

Quartz-Muscovite Altered Basalts                                 

BC17W16-909.75 7.68 8.94 0.01 5.21 0.00 10.26 1.10 3.55 0.13 0.15 0.06 63.45 0.01 1.27 4.22 98.36 0.00 0.70 2.49 

BC17W16-902.83 6.68 9.07 0.01 1.08 0.01 3.43 2.56 1.00 0.03 0.05 0.03 78.75 0.01 1.08 1.75 98.85 0.00 0.06 0.62 

BC17W16-839.7 0.01 11.34 0.03 0.84 0.02 2.64 3.60 1.31 0.03 0.01 0.00 77.54 0.00 0.64 1.61 99.59 0.00 0.00 0.04 

BC17W16-897.45 1.03 7.21 0.00 2.57 0.01 6.20 1.34 2.10 0.06 0.04 0.04 75.90 0.01 0.90 2.03 98.41 0.00 0.11 1.76 

BC19W34-1224.9 2.86 5.15 0.09 2.81 0.00 5.99 1.65 1.61 0.03 0.01 0.01 78.07 0.00 0.89 2.45 98.76 0.00 0.35 1.99 

BC33W5-1515.2 0.01 18.29 0.01 8.00 0.05 10.81 0.98 5.12 0.18 0.22 0.09 48.95 0.00 1.26 4.55 98.51 0.00 0.62 0.09 

BC33W5-1682.6 0.01 11.50 0.00 3.12 0.03 26.97 0.08 8.47 1.04 0.04 0.09 41.77 0.00 0.74 3.66 97.50 0.00 0.45 0.93 

Avg. 2.61 10.21 0.02 3.38 0.02 9.47 1.62 3.31 0.21 0.07 0.04 66.35 0.00 0.97 2.90 98.57 0.00 0.33 1.13 

Std. Deviation 3.29 4.20 0.03 2.50 0.02 8.31 1.15 2.70 0.37 0.08 0.03 15.40 0.01 0.24 1.22 0.63 0.00 0.28 0.96 

Ultramafics                                       

BC33W31-1456 0.02 2.41 0.00 15.56 0.42 9.55 0.03 16.87 0.23 0.09 0.02 46.80 0.00 0.25 5.95 98.17 0.00 1.34 0.30 

BC29W15-1056.4 0.03 1.16 0.00 5.87 0.49 11.78 0.01 36.27 0.20 0.08 0.00 29.95 0.00 0.20 12.55 98.56 0.00 2.58 0.01 

BC29W15-1121 0.03 1.10 0.00 2.96 0.50 10.84 0.01 36.87 0.23 0.08 0.00 34.30 0.00 0.08 11.25 98.21 0.00 1.28 0.04 

Avg. 0.03 1.56 0.00 8.13 0.47 10.72 0.02 30.00 0.22 0.08 0.01 37.02 0.00 0.18 9.92 98.31 0.00 1.73 0.12 

Std. Deviation 0.00 0.74 0.00 6.60 0.04 1.12 0.01 11.38 0.02 0.01 0.01 8.75 0.00 0.09 3.50 0.21 0.00 0.73 0.16 

Intrusives (MRD, QFP, Diorite)                                   

BC17W16-830.6 0.06 12.87 0.01 0.48 0.00 0.98 3.94 0.79 0.01 0.05 0.02 77.46 0.00 0.15 2.03 98.79 0.00 0.07 0.01 

BC17W16-851 0.03 16.90 0.13 6.05 0.00 3.40 2.24 1.10 0.04 5.95 0.36 59.41 0.16 0.67 2.04 98.45 0.00 0.47 0.39 

BC17W16-871.5 0.04 12.81 0.00 8.84 0.01 10.23 1.45 5.00 0.19 1.25 0.11 55.25 0.02 1.06 2.01 98.23 0.00 0.30 0.43 

BC17W3-833.1 0.04 12.59 0.03 0.32 0.02 3.99 4.01 1.00 0.04 0.07 0.02 74.75 0.01 0.45 1.97 99.26 0.00 0.00 0.17 

BC17W3-992.43 0.02 14.90 0.03 6.86 0.00 6.62 2.58 3.79 0.12 5.28 0.32 53.93 0.06 0.75 3.98 99.23 0.00 1.08 0.36 

Avg. 0.04 14.01 0.04 4.51 0.01 5.04 2.84 2.34 0.08 2.52 0.17 64.16 0.05 0.62 2.41 98.79 0.00 0.38 0.27 

Std. Deviation 0.02 1.86 0.05 3.89 0.01 3.53 1.11 1.93 0.07 2.88 0.17 11.13 0.07 0.34 0.88 0.46 0.00 0.43 0.18 

 



64 

 

Hole and Depth Al2O3%/Zr 

ppm 

 

Ba Ce Cr Cs Dy Er Eu Ga Gd Hf Ho La Lu Nb Nd Pr Rb Sm 

  ppm ppm ppm ppm Ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

Quartz-Actinolite Zones                                     

BC19W17-1269.5 0.07 10.50 2.00 20.00 0.24 0.86 0.55 0.16 0.90 0.59 0.30 0.20 1.10 0.08 0.40 1.40 0.31 2.90 0.41 

BC33W5-1763.2 0.14 3.50 1.00 20.00 0.12 0.56 0.30 0.15 1.80 0.41 0.20 0.11 0.50 0.03 0.30 0.90 0.15 0.90 0.31 

BC19W34-1220.2 0.11 73.90 2.70 30.00 0.74 0.84 0.53 0.22 1.10 0.75 0.20 0.18 1.40 0.08 0.40 1.80 0.37 9.90 0.50 

BC33W31-1499.4 0.17 7.50 0.00 50.00 0.10 0.22 0.16 0.05 1.30 0.13 0.20 0.05 0.00 0.02 0.00 0.30 0.07 0.70 0.09 

BC19W34-1291.5 0.08 9.40 1.20 20.00 0.13 0.36 0.24 0.12 0.90 0.30 0.20 0.08 0.70 0.02 0.20 0.70 0.17 1.10 0.21 

Avg. 0.11 20.96 1.38 28.00 0.27 0.57 0.36 0.14 1.20 0.44 0.22 0.12 0.74 0.05 0.26 1.02 0.21 3.10 0.30 

Std. Deviation 0.09 29.71 1.03 13.04 0.27 0.28 0.18 0.06 0.37 0.24 0.04 0.06 0.54 0.03 0.17 0.59 0.12 3.90 0.16 

Banded Iron Formations                                     

BC19W6-1683.28 0.02 5.50 19.60 40.00 0.14 2.99 1.87 1.98 1.40 2.93 0.40 0.63 7.60 0.24 0.40 11.40 2.50 1.20 2.86 

BC11W2-1590.2 0.08 1.00 6.90 0.00 0.07 1.43 1.03 0.24 1.30 1.15 0.00 0.32 3.30 0.20 0.00 3.60 0.84 0.50 0.82 

BC11W2-1599.2 0.07 0.80 9.70 10.00 0.05 2.24 1.55 0.58 2.80 1.66 0.00 0.50 4.70 0.30 0.20 5.20 1.24 0.30 1.27 

BC17W3-1069.75 0.10 49.00 8.10 30.00 4.35 1.83 1.04 0.69 3.00 1.38 0.40 0.36 3.60 0.19 0.70 4.10 1.00 22.00 1.12 

Avg. 0.06 14.08 11.08 20.00 1.15 2.12 1.37 0.87 2.13 1.78 0.20 0.45 4.80 0.23 0.33 6.08 1.40 6.00 1.52 

Std. Deviation 0.09 23.38 5.80 18.26 2.13 0.67 0.41 0.76 0.90 0.79 0.23 0.14 1.96 0.05 0.30 3.61 0.75 10.67 0.91 

Sulphide Replacement Zones                                     

BC17W16-849 0.11 50.90 9.20 280.00 12.35 2.52 1.80 0.43 7.30 2.29 1.20 0.59 6.50 0.28 0.90 6.40 1.46 105.00 1.84 

BC19W34-1141.2 0.08 28.60 3.00 100.00 4.42 1.59 1.16 0.28 1.70 0.95 0.60 0.34 1.70 0.19 0.40 2.20 0.43 23.90 0.78 

Avg. 0.10 39.75 6.10 190.00 8.39 2.06 1.48 0.36 4.50 1.62 0.90 0.47 4.10 0.24 0.65 4.30 0.95 64.45 1.31 

Std. Deviation 0.15 15.77 4.38 127.28 5.61 0.66 0.45 0.11 3.96 0.95 0.42 0.18 3.39 0.06 0.35 2.97 0.73 57.35 0.75 

Gold Eagle Shear                                       

BC19W13-1290.18 0.34 72.10 7.00 100.00 3.53 2.47 1.37 0.57 9.30 1.80 0.80 0.50 3.10 0.21 1.20 4.50 0.96 18.60 1.34 

BC33W5-1753 0.20 7.30 2.40 70.00 0.31 1.28 0.71 0.33 2.20 1.02 0.20 0.27 1.30 0.08 0.00 1.90 0.33 2.00 0.70 

BC10W15-1124.75 0.26 67.30 4.00 280.00 0.81 2.89 2.02 0.66 9.50 1.68 1.00 0.71 1.50 0.25 2.30 3.10 0.58 12.80 1.16 

Avg. 0.28 48.90 4.47 150.00 1.55 2.21 1.37 0.52 7.00 1.50 0.67 0.49 1.97 0.18 1.17 3.17 0.62 11.13 1.07 

Std. Deviation 0.33 36.11 2.34 113.58 1.73 0.84 0.66 0.17 4.16 0.42 0.42 0.22 0.99 0.09 1.15 1.30 0.32 8.42 0.33 
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Carbonate Replacement Zones and Veins                                   

BC11W2-1252.4 0.10 2.90 8.10 50.00 0.22 4.37 2.77 0.73 6.20 3.16 0.80 0.94 3.40 0.43 0.90 6.40 1.20 1.20 2.18 

BC19W34-1156.6 0.05 2.60 2.90 160.00 0.09 2.27 1.38 0.27 0.60 1.47 0.00 0.50 1.40 0.18 0.00 2.20 0.42 0.30 0.82 

BC10W15-1155.62 0.09 1.50 3.00 30.00 0.07 1.84 1.26 0.28 1.60 1.11 0.30 0.41 1.40 0.18 0.20 2.20 0.43 0.60 0.67 

Avg. 0.09 2.33 4.67 80.00 0.13 2.83 1.80 0.43 2.80 1.91 0.37 0.62 2.07 0.26 0.37 3.60 0.68 0.70 1.22 

Std. Deviation 0.12 0.74 2.97 70.00 0.08 1.35 0.84 0.26 2.99 1.09 0.40 0.28 1.15 0.14 0.47 2.42 0.45 0.46 0.83 

Chlorite ± Garnet Altered Basalts                                     

BC33W5-1650.2 0.10 23.90 37.60 20.00 2.58 7.88 4.14 2.16 23.70 7.27 3.90 1.47 13.80 0.62 8.70 25.30 5.40 5.70 6.97 

BC11W2-1056.23 0.21 160.50 17.20 190.00 4.68 4.45 2.47 1.19 18.80 3.56 2.10 0.88 6.60 0.34 3.80 11.20 2.41 35.30 3.14 

BC33W5-1703.1 0.30 210.00 23.70 250.00 2.82 1.43 0.59 0.45 19.10 2.20 1.60 0.22 12.10 0.07 3.80 9.90 2.63 66.10 2.06 

BC11W2-1008.25 0.11 7.20 39.50 1890.00 0.46 11.30 5.45 3.46 18.40 11.10 2.30 2.10 19.10 0.82 4.20 23.90 5.04 0.20 6.69 

BC17W16-1037 0.13 49.00 9.90 30.00 3.12 5.59 3.41 1.10 17.80 4.09 2.40 1.22 3.80 0.47 2.70 8.50 1.56 31.40 3.10 

BC17W16-1077 0.12 17.20 9.80 40.00 0.63 4.84 3.16 1.11 19.60 3.99 2.80 1.09 4.00 0.43 2.70 8.70 1.64 7.40 3.20 

Avg. 0.14 77.97 22.95 403.33 2.38 5.92 3.20 1.58 19.57 5.37 2.52 1.16 9.90 0.46 4.32 14.58 3.11 24.35 4.19 

Std. Deviation 0.08 85.68 13.16 734.51 1.60 3.36 1.63 1.07 2.12 3.27 0.78 0.62 6.13 0.25 2.24 7.83 1.69 25.02 2.09 

Biotite Altered Basalts                                     

BC17W16-916.05 0.13 51.00 10.80 30.00 4.77 5.56 3.47 1.06 20.70 4.29 2.90 1.18 3.90 0.47 2.90 8.60 1.67 63.50 3.07 

BC17W16-913.35 0.12 57.10 10.50 40.00 6.20 5.35 3.54 1.00 21.60 4.38 2.80 1.19 4.20 0.48 3.10 8.90 1.65 92.70 3.14 

BC29W15-1386.37 0.30 75.90 7.30 120.00 3.81 2.64 1.48 0.60 10.10 1.94 1.00 0.51 3.20 0.24 1.30 4.90 1.00 19.90 1.41 

BC19W13-1303 0.17 152.50 14.30 110.00 4.62 4.63 2.67 1.00 16.20 3.47 2.10 0.97 5.10 0.40 4.00 10.10 2.12 47.10 2.90 

BC11W2-1335.74 0.36 67.10 7.20 200.00 6.68 2.42 1.51 0.63 12.20 1.90 1.00 0.50 2.90 0.23 1.30 4.70 0.99 38.70 1.38 

BC11W2-1481.58 0.30 137.50 7.30 170.00 4.02 2.43 1.45 0.54 13.00 1.77 1.00 0.50 3.00 0.25 1.50 4.80 1.00 36.70 1.40 

BC17W16-1040.15 0.09 76.10 9.20 10.00 5.31 4.31 3.18 1.05 7.90 2.95 1.50 0.99 4.60 0.54 0.90 6.60 1.40 52.20 1.97 

BC33W31-1516.8 0.31 195.50 10.10 110.00 3.34 3.05 1.95 0.65 16.00 2.39 1.20 0.67 4.60 0.26 1.80 6.30 1.31 46.70 1.80 

BC33W31-1568.6 0.13 80.30 22.20 140.00 3.44 6.36 4.18 1.50 21.90 5.13 3.40 1.41 9.00 0.55 5.70 14.70 3.16 33.90 4.42 

BC19W17-1256.7 0.32 95.10 7.90 140.00 1.05 2.93 1.94 0.72 13.70 2.26 1.30 0.63 3.50 0.25 1.70 5.10 1.07 14.40 1.57 

BC19W34-1113.8 0.18 35.60 1.40 1870.00 3.54 1.00 0.60 0.27 3.70 0.67 0.40 0.22 0.70 0.07 0.30 1.20 0.22 20.10 0.42 

BC29W15-1196.8 0.33 80.50 7.30 210.00 4.01 2.74 1.57 0.55 11.70 1.91 1.10 0.56 3.00 0.24 1.60 4.60 1.04 39.70 1.55 

BC17W16-849.8 0.39 180.00 7.60 110.00 21.90 1.68 1.18 0.29 12.60 1.48 0.70 0.37 3.90 0.20 0.70 4.70 1.01 188.00 1.22 

BC17W16-1032.35 0.13 98.50 10.00 30.00 7.35 4.84 3.01 1.07 16.40 3.88 2.00 1.07 4.00 0.40 2.30 8.60 1.57 88.30 2.86 

Avg. 0.19 98.76 9.51 235.00 5.72 3.57 2.27 0.78 14.12 2.74 1.60 0.77 3.97 0.33 2.08 6.70 1.37 55.85 2.08 

Std. Deviation 0.11 48.89 4.64 474.76 4.92 1.60 1.07 0.34 5.19 1.30 0.90 0.36 1.80 0.14 1.44 3.28 0.68 44.55 1.05 
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Quartz Altered Basalts                                     

BC17W16-1015.8 0.09 41.70 7.10 10.00 5.78 3.52 2.23 1.13 5.00 2.81 1.10 0.79 3.60 0.37 1.20 5.40 1.11 49.70 1.71 

BC33W31-1577.8 0.07 11.70 8.90 30.00 0.42 2.78 1.81 0.68 7.60 2.28 1.70 0.65 3.70 0.26 3.20 6.20 1.27 4.00 1.74 

BC19W34-1280.2 0.08 132.00 9.70 30.00 0.92 3.32 2.21 0.95 5.30 2.42 1.30 0.73 4.20 0.31 2.30 6.30 1.28 10.80 1.79 

BC29W15-1244.7 0.28 26.70 5.40 100.00 2.65 2.05 1.22 0.39 9.30 1.39 0.90 0.41 2.40 0.18 1.10 3.50 0.75 15.70 1.01 

BC17W16-831.35 0.27 123.50 5.90 120.00 7.48 1.17 0.95 0.29 11.90 1.05 1.10 0.28 3.00 0.19 1.40 3.30 0.73 86.20 0.86 

BC10W15-1087.95 0.30 3.60 3.10 2640.00 0.11 2.16 1.39 0.44 10.90 1.40 0.90 0.48 1.30 0.18 4.90 2.60 0.52 0.80 0.96 

BC11W2-1282.3 0.07 2.40 10.10 40.00 0.15 1.79 1.14 1.06 1.30 1.62 0.20 0.41 4.50 0.18 0.30 5.30 1.28 0.70 1.31 

Avg. 0.15 48.80 7.17 424.29 2.50 2.40 1.56 0.71 7.33 1.85 1.03 0.54 3.24 0.24 2.06 4.66 0.99 23.99 1.34 

Std. Deviation 0.14 55.70 2.56 977.87 2.99 0.85 0.52 0.34 3.73 0.65 0.46 0.19 1.11 0.08 1.56 1.50 0.32 32.28 0.40 

Quartz-Muscovite Altered Basalts                                     

BC17W16-909.75 0.11 75.30 8.30 20.00 0.76 3.79 2.57 0.91 15.90 2.84 2.30 0.85 3.20 0.38 2.40 6.80 1.26 23.30 2.22 

BC17W16-902.83 0.12 117.00 6.00 30.00 0.65 2.52 1.76 0.38 12.40 1.74 2.00 0.60 2.40 0.24 2.40 4.30 0.90 43.90 1.33 

BC17W16-839.7 0.28 236.00 3.80 120.00 3.37 0.93 0.89 0.17 11.60 0.72 1.20 0.24 2.30 0.14 1.40 2.40 0.52 69.00 0.57 

BC17W16-897.45 0.12 101.50 11.30 50.00 0.84 3.90 2.55 0.93 11.60 3.10 1.80 0.91 4.90 0.34 1.80 8.30 1.59 29.40 2.39 

BC19W34-1224.9 0.10 793.00 10.60 40.00 0.75 3.55 2.47 0.80 7.90 2.81 1.40 0.80 4.60 0.36 2.30 7.30 1.50 34.50 2.02 

BC33W5-1515.2 0.23 60.80 16.50 350.00 13.35 4.38 2.44 1.20 20.20 3.67 2.10 0.89 6.20 0.35 3.70 10.80 2.31 38.80 2.99 

BC33W5-1682.6 0.19 3.00 7.20 150.00 1.63 4.16 2.35 0.48 11.00 2.85 1.50 0.85 2.30 0.35 2.40 5.90 1.14 2.70 2.05 

Avg. 0.16 198.09 9.10 108.57 3.05 3.32 2.15 0.70 12.94 2.53 1.76 0.73 3.70 0.31 2.34 6.54 1.32 34.51 1.94 

Std. Deviation 0.28 271.80 4.16 117.11 4.64 1.21 0.62 0.36 3.97 0.98 0.40 0.24 1.55 0.09 0.71 2.72 0.57 20.25 0.78 

Ultramafics                                       

BC33W31-1456 0.22 1.80 3.10 2820.00 0.06 1.87 1.12 0.23 5.00 1.21 0.30 0.41 1.40 0.13 0.70 2.20 0.45 0.20 0.77 

BC29W15-1056.4 0.13 4.50 0.80 3480.00 0.06 0.40 0.21 0.11 2.60 0.33 0.20 0.08 0.00 0.03 0.20 0.80 0.17 0.20 0.28 

BC29W15-1121 0.28 1.10 0.00 3380.00 0.03 0.31 0.18 0.03 2.20 0.26 0.00 0.06 0.00 0.03 0.00 0.40 0.07 0.30 0.20 

Avg. 0.19 2.47 1.30 3226.67 0.05 0.86 0.50 0.12 3.27 0.60 0.17 0.18 0.47 0.06 0.30 1.13 0.23 0.23 0.42 

Std. Deviation 0.21 1.80 1.61 355.72 0.02 0.88 0.53 0.10 1.51 0.53 0.15 0.20 0.81 0.06 0.36 0.95 0.20 0.06 0.31 

Intrusives (MRD, QFP, Diorite)                                     

BC17W16-830.6 0.24 162.00 3.40 10.00 1.37 0.39 0.17 0.19 13.80 0.66 1.70 0.07 1.70 0.02 0.40 2.20 0.48 79.00 0.62 

BC17W16-851 0.10 1295.00 138.50 10.00 2.97 2.43 1.09 2.35 22.40 8.28 4.40 0.37 64.10 0.10 6.30 66.60 16.55 37.60 10.75 

BC17W16-871.5 0.13 148.00 19.90 140.00 3.10 3.80 2.37 1.01 18.20 3.53 2.80 0.85 8.80 0.34 3.60 11.40 2.60 41.60 3.02 

BC17W3-833.1 0.52 449.00 0.70 160.00 2.90 0.63 0.50 0.09 11.50 0.29 0.60 0.15 0.00 0.08 0.50 0.50 0.10 69.10 0.14 

BC17W3-992.43 0.10 330.00 119.50 60.00 10.10 3.96 1.61 2.20 19.30 8.01 3.90 0.62 52.50 0.17 7.20 58.10 14.50 62.80 9.91 

Avg. 0.14 476.80 56.40 76.00 4.09 2.24 1.15 1.17 17.04 4.15 2.68 0.41 25.42 0.14 3.60 27.76 6.85 58.02 4.89 

Std. Deviation 0.03 474.07 67.02 70.92 3.43 1.69 0.88 1.07 4.37 3.85 1.56 0.32 30.47 0.12 3.17 31.99 8.01 17.84 5.09 
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Hole and Depth Sn Sr Ta Tb Th Tl Tm U V W Y Yb Zr As Bi Hg Sb Se Te Ag 

  ppm ppm ppm ppm ppm ppm ppm Ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

Quartz-Actinolite Zones                                       

BC19W17-1269.5 0.00 18.80 0.10 0.12 0.08 0.00 0.09 0.00 16.00 7.00 6.50 0.54 12.00 462.00 0.02 0.13 9.38 0.00 0.01 2.50 

BC33W5-1763.2 0.00 16.30 0.00 0.08 0.00 0.00 0.06 0.00 24.00 7.00 3.40 0.28 8.00 39.00 0.01 0.02 0.84 0.20 0.04 0.00 

BC19W34-1220.2 0.00 17.70 0.10 0.12 0.00 0.00 0.09 0.00 20.00 4.00 5.10 0.53 9.00 10000.00 0.29 0.07 11.35 1.60 0.43 0.70 

BC33W31-1499.4 0.00 11.60 0.10 0.03 0.00 0.00 0.02 0.00 11.00 3.00 1.20 0.13 6.00 62.00 0.01 0.04 1.17 0.00 0.02 0.60 

BC19W34-1291.5 0.00 12.40 0.10 0.06 0.00 0.00 0.03 0.00 8.00 16.00 2.40 0.16 7.00 122.00 0.01 0.04 2.03 0.00 0.02 1.10 

Avg. 0.00 15.36 0.08 0.08 0.02 0.00 0.06 0.00 15.80 7.40 3.72 0.33 8.40 2137.00 0.07 0.06 4.95 0.36 0.10 0.98 

Std. Deviation 0.00 3.21 0.04 0.04 0.04 0.00 0.03 0.00 6.50 5.13 2.11 0.20 2.30 4398.86 0.12 0.04 5.01 0.70 0.18 0.94 

Banded Iron Formations                                       

BC19W6-1683.28 1.00 30.30 0.30 0.51 0.29 0.00 0.26 0.13 12.00 5.00 14.00 1.75 20.00 23.00 0.21 0.01 10.55 2.50 0.45 0.70 

BC11W2-1590.2 0.00 26.80 0.00 0.21 0.13 0.00 0.19 0.00 24.00 2.00 11.10 1.17 5.00 10.00 0.33 0.01 11.55 5.20 0.54 1.30 

BC11W2-1599.2 0.00 39.50 0.00 0.30 0.06 0.00 0.26 0.07 22.00 3.00 15.90 1.73 4.00 5.00 0.10 0.01 8.91 1.70 0.35 0.70 

BC17W3-1069.75 1.00 13.50 0.00 0.25 0.92 0.00 0.21 0.26 34.00 7.00 11.40 1.09 18.00 102.00 0.06 0.09 11.50 2.10 0.26 1.30 

Avg. 0.50 27.53 0.08 0.32 0.35 0.00 0.23 0.12 23.00 4.25 13.10 1.44 11.75 35.00 0.18 0.03 10.63 2.88 0.40 1.00 

Std. Deviation 0.58 10.78 0.15 0.13 0.39 0.00 0.04 0.11 9.02 2.22 2.28 0.35 8.42 45.31 0.12 0.04 1.23 1.58 0.12 0.35 

Sulphide Replacement Zones                                     

BC17W16-849 0.00 122.00 0.40 0.43 0.41 1.20 0.31 0.12 169.00 24.00 15.40 1.72 51.00 10000.00 0.37 1.59 185.50 0.90 0.15 3.00 

BC19W34-1141.2 1.00 10.20 0.30 0.20 0.08 1.00 0.19 0.00 50.00 8.00 11.50 1.11 29.00 10000.00 0.18 0.73 168.00 0.20 0.06 1.50 

Avg. 0.50 66.10 0.35 0.32 0.25 1.10 0.25 0.06 109.50 16.00 13.45 1.42 40.00 10000.00 0.28 1.16 176.75 0.55 0.11 2.25 

Std. Deviation 0.71 79.05 0.07 0.16 0.23 0.14 0.08 0.08 84.15 11.31 2.76 0.43 15.56 0.00 0.13 0.61 12.37 0.49 0.06 1.06 

Gold Eagle Shear                                         

BC19W13-1290.18 0.00 67.00 0.10 0.33 0.44 0.00 0.25 0.12 200.00 4.00 14.90 1.28 32.00 80.00 1.06 0.01 2.34 0.50 0.57 0.00 

BC33W5-1753 0.00 146.50 0.00 0.17 0.05 0.00 0.11 0.00 37.00 18.00 11.10 0.64 8.00 14.00 0.03 0.03 0.53 0.40 0.06 0.00 

BC10W15-1124.75 0.00 28.10 0.20 0.39 0.19 0.00 0.31 0.43 218.00 21.00 16.20 1.78 35.00 221.00 0.02 0.02 1.99 0.30 0.01 0.00 

Avg. 0.00 80.53 0.10 0.30 0.23 0.00 0.22 0.18 151.67 14.33 14.07 1.23 25.00 105.00 0.37 0.02 1.62 0.40 0.21 0.00 

Std. Deviation 0.00 60.35 0.10 0.11 0.20 0.00 0.10 0.22 99.71 9.07 2.65 0.57 14.80 105.74 0.60 0.01 0.96 0.10 0.31 0.00 
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Carbonate Replacement Zones and Veins                                 

BC11W2-1252.4 0.00 80.10 0.10 0.58 0.10 0.00 0.47 0.05 231.00 19.00 31.90 2.73 35.00 10000.00 0.30 0.12 26.60 0.70 0.13 0.00 

BC19W34-1156.6 0.00 80.50 0.10 0.30 0.00 0.00 0.21 0.00 21.00 10.00 17.20 1.19 8.00 10000.00 0.01 0.50 59.10 0.30 0.01 0.80 

BC10W15-1155.62 0.00 58.30 0.10 0.24 0.06 0.00 0.19 0.00 57.00 13.00 13.10 1.13 14.00 4920.00 0.01 0.05 9.24 0.30 0.02 0.60 

Avg. 0.00 72.97 0.10 0.37 0.05 0.00 0.29 0.02 103.00 14.00 20.73 1.68 19.00 8306.67 0.11 0.22 31.65 0.43 0.05 0.47 

Std. Deviation 0.00 12.70 0.00 0.18 0.05 0.00 0.16 0.03 112.30 4.58 9.89 0.91 14.18 2932.94 0.17 0.24 25.31 0.23 0.07 0.42 

Chlorite ± Garnet Altered Basalts                                   

BC33W5-1650.2 1.00 67.20 0.60 1.25 1.63 0.00 0.70 0.70 422.00 40.00 37.60 3.97 156.00 27.00 0.02 0.05 3.01 0.80 0.02 0.00 

BC11W2-1056.23 1.00 20.60 0.30 0.67 0.86 0.00 0.41 0.19 365.00 10.00 22.50 2.25 78.00 42.00 0.01 0.03 4.19 0.40 0.01 0.00 

BC33W5-1703.1 1.00 30.50 0.30 0.27 0.87 1.00 0.09 0.17 226.00 13.00 5.50 0.49 52.00 308.00 0.06 0.00 18.80 0.30 0.02 0.60 

BC11W2-1008.25 1.00 35.60 0.30 1.77 0.90 0.00 0.88 0.34 274.00 250.00 62.10 5.04 87.00 256.00 0.16 0.30 6.39 1.70 0.32 0.00 

BC17W16-1037 1.00 69.90 0.20 0.79 0.30 0.00 0.52 0.12 414.00 31.00 30.60 3.28 85.00 52.00 0.01 0.03 23.00 0.50 0.02 0.80 

BC17W16-1077 1.00 101.50 0.50 0.72 0.33 0.00 0.46 0.10 404.00 31.00 26.60 3.01 100.00 10000.00 0.18 0.13 63.40 1.60 0.11 1.50 

Avg. 1.00 54.22 0.37 0.91 0.82 0.17 0.51 0.27 350.83 62.50 30.82 3.01 93.00 1780.83 0.07 0.09 19.80 0.88 0.08 0.48 

Std. Deviation 0.00 30.62 0.15 0.52 0.49 0.41 0.27 0.23 81.94 92.58 18.72 1.55 34.71 4028.33 0.08 0.11 22.88 0.62 0.12 0.61 

Biotite Altered Basalts                                       

BC17W16-916.05 1.00 115.00 0.30 0.78 0.36 0.60 0.52 0.11 468.00 28.00 29.50 3.28 97.00 75.00 0.01 0.03 10.35 0.60 0.01 0.00 

BC17W16-913.35 2.00 131.50 0.30 0.79 0.34 0.70 0.53 0.12 476.00 31.00 30.10 3.35 101.00 495.00 0.01 0.03 10.10 0.80 0.02 0.60 

BC29W15-1386.37 1.00 72.10 0.10 0.37 0.46 0.00 0.26 0.14 221.00 3.00 15.90 1.40 37.00 82.00 1.00 0.00 2.36 0.50 0.55 0.00 

BC19W13-1303 1.00 128.00 0.30 0.63 0.88 0.00 0.46 0.28 349.00 10.00 27.30 2.66 88.00 241.00 0.04 0.01 2.93 0.90 0.08 0.00 

BC11W2-1335.74 1.00 66.60 0.10 0.37 0.46 0.00 0.26 0.12 253.00 15.00 15.30 1.49 35.00 27.00 0.01 0.01 1.43 0.20 0.01 0.00 

BC11W2-1481.58 1.00 46.50 0.10 0.33 0.51 0.00 0.25 0.17 242.00 35.00 14.30 1.44 42.00 332.00 0.01 0.04 1.23 0.40 0.02 0.00 

BC17W16-1040.15 2.00 21.10 0.40 0.51 0.27 0.00 0.49 0.10 144.00 19.00 26.50 3.41 52.00 9.00 0.16 0.04 7.80 3.50 0.31 1.50 

BC33W31-1516.8 1.00 219.00 0.20 0.45 0.54 0.00 0.29 0.18 302.00 18.00 17.40 1.76 42.00 173.00 0.01 0.02 3.54 0.20 0.01 0.00 

BC33W31-1568.6 1.00 97.40 0.50 0.95 0.83 0.00 0.61 0.23 433.00 47.00 35.70 3.81 125.00 195.00 0.01 0.04 4.50 0.40 0.01 0.50 

BC19W17-1256.7 1.00 209.00 0.20 0.40 0.48 0.00 0.28 0.14 254.00 8.00 16.70 1.79 45.00 108.00 0.02 0.01 3.94 0.20 0.03 0.00 

BC19W34-1113.8 0.00 200.00 0.10 0.14 0.05 0.00 0.08 0.00 13.00 3.00 6.50 0.52 17.00 71.00 0.00 0.02 0.93 0.30 0.00 0.00 

BC29W15-1196.8 1.00 136.50 0.10 0.37 0.52 0.00 0.26 0.18 256.00 18.00 16.30 1.56 39.00 692.00 0.02 0.02 3.10 0.50 0.03 0.00 

BC17W16-849.8 0.00 174.00 0.10 0.25 0.23 0.80 0.19 0.08 233.00 5.00 10.50 1.24 25.00 10000.00 0.15 0.29 30.20 0.40 0.08 0.60 

BC17W16-1032.35 1.00 69.60 0.20 0.72 0.24 0.50 0.47 0.10 385.00 20.00 26.30 2.80 71.00 19.00 0.02 0.04 10.65 0.70 0.03 0.00 

Avg. 1.00 120.45 0.21 0.50 0.44 0.19 0.35 0.14 287.79 18.57 20.59 2.18 58.29 894.21 0.11 0.04 6.65 0.69 0.09 0.23 

Std. Deviation 0.55 62.58 0.13 0.23 0.22 0.31 0.16 0.07 127.55 12.98 8.52 1.01 32.52 2628.19 0.26 0.07 7.61 0.84 0.16 0.44 
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Quartz Altered Basalts                                       

BC17W16-1015.8 1.00 21.70 0.40 0.53 0.23 0.00 0.40 0.12 144.00 8.00 20.60 2.34 41.00 25.00 0.06 0.04 5.09 3.60 0.25 2.10 

BC33W31-1577.8 1.00 75.30 0.20 0.42 0.34 0.00 0.27 1.01 136.00 35.00 14.80 1.65 85.00 99.00 0.01 0.38 5.36 0.60 0.03 8.20 

BC19W34-1280.2 1.00 47.90 0.20 0.46 0.33 0.00 0.34 0.10 122.00 22.00 21.50 2.06 52.00 571.00 0.02 0.03 2.19 0.20 0.01 0.50 

BC29W15-1244.7 0.00 47.50 0.10 0.27 0.41 0.00 0.19 0.12 181.00 14.00 12.10 1.12 33.00 4320.00 0.24 0.05 7.62 1.00 0.18 0.00 

BC17W16-831.35 1.00 62.40 0.20 0.16 0.45 0.60 0.17 0.15 215.00 13.00 7.80 1.07 38.00 876.00 0.01 0.02 6.58 0.30 0.02 0.00 

BC10W15-1087.95 0.00 91.00 0.30 0.30 0.11 0.00 0.20 1.79 121.00 13.00 12.00 1.29 26.00 785.00 0.01 0.01 32.70 0.30 0.02 0.00 

BC11W2-1282.3 1.00 13.60 0.00 0.27 0.30 0.00 0.20 0.10 26.00 6.00 11.60 1.13 7.00 160.00 0.08 0.01 2.28 1.60 0.17 0.90 

Avg. 0.71 51.34 0.20 0.34 0.31 0.09 0.25 0.48 135.00 15.86 14.34 1.52 40.29 976.57 0.06 0.08 8.83 1.09 0.10 1.67 

Std. Deviation 0.49 27.68 0.13 0.13 0.11 0.23 0.09 0.67 58.94 9.86 5.02 0.51 24.18 1512.85 0.08 0.14 10.72 1.21 0.10 2.98 

Quartz-Muscovite Altered Basalts                                   

BC17W16-909.75 1.00 44.80 0.20 0.55 0.30 0.00 0.41 0.07 344.00 30.00 19.70 2.47 78.00 8380.00 0.05 0.07 17.20 4.70 0.04 0.90 

BC17W16-902.83 1.00 7.40 0.30 0.34 0.24 0.00 0.27 0.09 210.00 19.00 14.10 1.63 73.00 2900.00 0.04 0.04 11.80 1.90 0.05 0.70 

BC17W16-839.7 0.00 20.40 0.20 0.13 0.41 0.00 0.14 0.13 220.00 13.00 6.10 0.93 40.00 185.00 0.01 0.01 6.53 0.00 0.00 0.00 

BC17W16-897.45 1.00 32.30 0.20 0.57 0.23 0.00 0.37 0.07 219.00 34.00 23.30 2.19 61.00 1685.00 0.02 0.06 15.70 1.30 0.02 0.50 

BC19W34-1224.9 1.00 16.10 0.20 0.51 0.36 0.00 0.37 0.13 193.00 40.00 21.20 2.30 51.00 8650.00 0.24 0.08 10.60 1.60 0.28 0.80 

BC33W5-1515.2 1.00 41.60 0.30 0.66 0.84 0.50 0.42 0.21 358.00 3.00 24.00 2.26 81.00 40.00 0.01 0.02 3.29 0.40 0.02 0.00 

BC33W5-1682.6 0.00 4.30 0.20 0.56 0.40 0.00 0.40 0.15 397.00 78.00 23.40 2.30 61.00 10.00 0.04 0.09 10.55 0.70 0.04 0.00 

Avg. 0.71 23.84 0.23 0.47 0.40 0.07 0.34 0.12 277.29 31.00 18.83 2.01 63.57 3121.43 0.06 0.05 10.81 1.51 0.06 0.41 

Std. Deviation 0.49 16.07 0.05 0.18 0.21 0.19 0.10 0.05 85.25 24.33 6.56 0.55 14.88 3832.51 0.08 0.03 4.84 1.56 0.10 0.41 

Ultramafics                                         

BC33W31-1456 0.00 74.10 0.10 0.26 0.17 0.00 0.16 0.18 35.00 11.00 10.40 0.87 11.00 338.00 0.12 0.03 3.96 0.50 0.12 0.60 

BC29W15-1056.4 0.00 155.50 0.00 0.06 0.00 0.00 0.04 0.00 0.00 3.00 2.30 0.25 9.00 906.00 0.02 0.01 4.63 0.20 0.01 0.00 

BC29W15-1121 0.00 11.90 0.00 0.04 0.00 0.00 0.03 0.00 0.00 4.00 1.70 0.17 4.00 670.00 0.03 0.01 2.49 0.00 0.01 0.00 

Avg. 0.00 80.50 0.03 0.12 0.06 0.00 0.08 0.06 11.67 6.00 4.80 0.43 8.00 638.00 0.06 0.02 3.69 0.23 0.05 0.20 

Std. Deviation 0.00 72.01 0.06 0.12 0.10 0.00 0.07 0.10 20.21 4.36 4.86 0.38 3.61 285.35 0.06 0.01 1.09 0.25 0.06 0.35 

Intrusives (MRD, QFP, Diorite)                                     

BC17W16-830.6 0.00 13.90 0.10 0.09 0.10 0.00 0.03 0.14 24.00 6.00 1.80 0.13 54.00 21.00 0.00 0.00 1.94 0.00 0.00 0.00 

BC17W16-851 1.00 1510.00 0.40 0.74 6.43 0.00 0.11 1.46 51.00 2.00 9.40 0.67 167.00 23.00 0.02 0.00 4.80 0.20 0.01 0.50 

BC17W16-871.5 1.00 191.50 0.30 0.63 1.04 0.00 0.36 0.28 302.00 17.00 20.60 2.19 96.00 307.00 0.01 0.02 7.02 0.90 0.03 0.00 

BC17W3-833.1 0.00 25.00 0.00 0.06 0.11 0.50 0.08 0.00 234.00 45.00 4.50 0.53 24.00 208.00 0.03 0.04 4.23 0.30 0.04 0.00 

BC17W3-992.43 1.00 540.00 0.50 0.90 9.40 0.00 0.22 2.19 113.00 2.00 18.30 1.22 152.00 17.00 0.04 0.01 3.12 0.40 0.02 0.00 

Avg. 0.60 456.08 0.26 0.48 3.42 0.10 0.16 0.81 144.80 14.40 10.92 0.95 98.60 115.20 0.02 0.01 4.22 0.36 0.02 0.10 

Std. Deviation 0.55 626.33 0.21 0.39 4.26 0.22 0.13 0.96 119.45 18.17 8.29 0.80 61.42 134.55 0.02 0.02 1.91 0.34 0.02 0.22 
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Hole and Depth Cd Co Cu Mo Ni Pb Zn 

  ppm ppm ppm ppm ppm ppm Ppm 

Quartz-Actinolite Zones             

BC19W17-1269.5 0.00 5.00 365.00 0.00 14.00 4.00 58.00 

BC33W5-1763.2 0.00 7.00 344.00 1.00 35.00 0.00 29.00 

BC19W34-1220.2 0.00 17.00 222.00 0.00 57.00 0.00 28.00 

BC33W31-1499.4 0.00 5.00 304.00 0.00 20.00 0.00 11.00 

BC19W34-1291.5 0.00 6.00 666.00 0.00 16.00 0.00 28.00 

Avg. 0.00 8.00 380.20 0.20 28.40 0.80 30.80 

Std. Deviation 0.00 5.10 168.86 0.45 17.98 1.79 16.96 

Banded Iron Formations             

BC19W6-1683.28 0.00 18.00 170.00 8.00 66.00 0.00 157.00 

BC11W2-1590.2 0.00 48.00 733.00 1.00 81.00 5.00 71.00 

BC11W2-1599.2 0.00 13.00 186.00 0.00 21.00 5.00 197.00 

BC17W3-1069.75 0.00 14.00 195.00 2.00 48.00 4.00 142.00 

Avg. 0.00 23.25 321.00 2.75 54.00 3.50 141.75 

Std. Deviation 0.00 16.64 274.86 3.59 25.81 2.38 52.57 

Sulphide Replacement Zones           

BC17W16-849 0.00 134.00 120.00 0.00 864.00 40.00 67.00 

BC19W34-1141.2 0.00 19.00 6.00 0.00 312.00 12.00 23.00 

Avg. 0.00 76.50 63.00 0.00 588.00 26.00 45.00 

Std. Deviation 0.00 81.32 80.61 0.00 390.32 19.80 31.11 

Gold Eagle Shear               

BC19W13-1290.18 0.00 40.00 76.00 1.00 70.00 4.00 79.00 

BC33W5-1753 0.00 12.00 20.00 1.00 69.00 0.00 36.00 

BC10W15-1124.75 0.00 36.00 16.00 0.00 167.00 2.00 55.00 

Avg. 0.00 29.33 37.33 0.67 102.00 2.00 56.67 

Std. Deviation 0.00 15.14 33.55 0.58 56.29 2.00 21.55 
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Carbonate Replacement Zones and Veins       

BC11W2-1252.4 0.00 35.00 63.00 1.00 86.00 5.00 50.00 

BC19W34-1156.6 0.00 26.00 44.00 0.00 370.00 17.00 23.00 

BC10W15-1155.62 0.00 7.00 6.00 0.00 34.00 2.00 34.00 

Avg. 0.00 22.67 37.67 0.33 163.33 8.00 35.67 

Std. Deviation 0.00 14.29 29.02 0.58 180.86 7.94 13.58 

Chlorite ± Garnet Altered Basalts         

BC33W5-1650.2 0.00 56.00 323.00 1.00 73.00 3.00 69.00 

BC11W2-1056.23 0.00 46.00 191.00 0.00 103.00 3.00 85.00 

BC33W5-1703.1 0.00 62.00 33.00 0.00 169.00 2.00 14.00 

BC11W2-1008.25 0.00 132.00 197.00 2.00 788.00 5.00 297.00 

BC17W16-1037 0.00 38.00 44.00 0.00 38.00 3.00 123.00 

BC17W16-1077 0.00 115.00 564.00 0.00 77.00 12.00 50.00 

Avg. 0.00 74.83 225.33 0.50 208.00 4.67 106.33 

Std. Deviation 0.00 38.96 198.04 0.84 287.48 3.72 100.18 

Biotite Altered Basalts             

BC17W16-916.05 0.00 45.00 75.00 0.00 50.00 0.00 83.00 

BC17W16-913.35 0.00 64.00 117.00 0.00 69.00 2.00 93.00 

BC29W15-1386.37 0.00 39.00 75.00 0.00 71.00 0.00 73.00 

BC19W13-1303 0.00 56.00 203.00 1.00 98.00 3.00 87.00 

BC11W2-1335.74 0.00 39.00 6.00 0.00 88.00 5.00 84.00 

BC11W2-1481.58 0.00 43.00 97.00 1.00 105.00 2.00 125.00 

BC17W16-1040.15 0.00 26.00 359.00 0.00 130.00 5.00 95.00 

BC33W31-1516.8 0.00 36.00 15.00 0.00 85.00 0.00 64.00 

BC33W31-1568.6 0.00 71.00 42.00 0.00 120.00 2.00 115.00 

BC19W17-1256.7 0.00 32.00 22.00 0.00 94.00 3.00 84.00 

BC19W34-1113.8 0.00 31.00 3.00 0.00 389.00 2.00 50.00 

BC29W15-1196.8 0.00 37.00 49.00 1.00 121.00 3.00 60.00 

BC17W16-849.8 0.00 38.00 103.00 0.00 298.00 9.00 147.00 

BC17W16-1032.35 0.00 26.00 58.00 0.00 21.00 3.00 57.00 

Avg. 0.00 41.64 87.43 0.21 124.21 2.79 86.93 

Std. Deviation 0.00 13.47 94.59 0.43 98.93 2.39 27.29 
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Quartz Altered Basalts             

BC17W16-1015.8 0.00 56.00 577.00 8.00 196.00 4.00 57.00 

BC33W31-1577.8 0.00 22.00 159.00 0.00 26.00 2.00 65.00 

BC19W34-1280.2 0.00 13.00 110.00 0.00 39.00 2.00 58.00 

BC29W15-1244.7 0.00 41.00 429.00 2.00 143.00 3.00 43.00 

BC17W16-831.35 0.00 40.00 58.00 0.00 119.00 3.00 30.00 

BC10W15-1087.95 0.00 147.00 9.00 0.00 678.00 0.00 315.00 

BC11W2-1282.3 0.00 6.00 57.00 5.00 10.00 0.00 73.00 

Avg. 0.00 46.43 199.86 2.14 173.00 2.00 91.57 

Std. Deviation 0.00 47.65 216.58 3.18 232.92 1.53 99.54 

Quartz-Muscovite Altered Basalts         

BC17W16-909.75 0.00 47.00 161.00 0.00 57.00 2.00 54.00 

BC17W16-902.83 0.00 30.00 49.00 0.00 38.00 0.00 14.00 

BC17W16-839.7 0.00 42.00 6.00 0.00 103.00 0.00 11.00 

BC17W16-897.45 0.00 65.00 109.00 0.00 222.00 0.00 28.00 

BC19W34-1224.9 0.00 21.00 193.00 0.00 64.00 0.00 15.00 

BC33W5-1515.2 0.00 48.00 156.00 0.00 108.00 4.00 69.00 

BC33W5-1682.6 0.00 96.00 323.00 1.00 412.00 5.00 400.00 

Avg. 0.00 49.86 142.43 0.14 143.43 1.57 84.43 

Std. Deviation 0.00 24.69 103.40 0.38 132.97 2.15 140.89 

Ultramafics               

BC33W31-1456 0.00 105.00 124.00 0.00 1270.00 2.00 277.00 

BC29W15-1056.4 0.00 114.00 1.00 1.00 1730.00 0.00 75.00 

BC29W15-1121 0.00 126.00 1.00 0.00 1860.00 2.00 79.00 

Avg. 0.00 115.00 42.00 0.33 1620.00 1.33 143.67 

Std. Deviation 0.00 10.54 71.01 0.58 310.00 1.15 115.49 

Intrusives (MRD, QFP, Diorite)           

BC17W16-830.6 0.00 3.00 4.00 0.00 15.00 0.00 3.00 

BC17W16-851 0.00 8.00 12.00 0.00 10.00 12.00 61.00 

BC17W16-871.5 0.00 34.00 132.00 0.00 52.00 3.00 81.00 

BC17W3-833.1 0.00 54.00 68.00 0.00 126.00 2.00 22.00 

BC17W3-992.43 0.00 20.00 51.00 0.00 59.00 9.00 78.00 

Avg. 0.00 23.80 53.40 0.00 52.40 5.20 49.00 

Std. Deviation 0.00 20.69 51.36 0.00 46.52 5.07 34.84 

 

Table 3.3 Whole rock, major oxides, minor and trace elemental composition 

of the various rock units, alteration and mineralized zones of the Gold Eagle 

Deposit. The average and standard deviation for each rock types. 
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and Zr ppm contents (Table. 3.3) and these two types of flow occur interstratified with 

each other in the hangingwall and footwall zones. Both units have been subjected to the 

various stages of alteration, however samples from group 2 basalts (with Al2O3%:Zr ppm 

ratio= 0.08 to 0.13) are on average more enriched in gold than group 1 basalts (with 

Al2O3%:Zr ppm ratios=0.23 to 0.39; Fig. 3.4).   

The interflow sedimentary rocks are primarily banded iron formations. These 

units have been faulted and transposed into the main Gold Eagle Deformation Corridor. 

The banded iron formations comprise of two types of silicate layers: 1) quartz (~10-

20%), and minor muscovite (trace-5%); 2) actinolite (10-20%), hornblende (5-10%), 

chlorite (10-20%), with minor amounts of biotite (trace-5%). The silicate bands are 

interbedded with layers composed of pyrrhotite (10-15%), chalcopyrite (trace-10%), 

 

A) B) 

Figure 3.4 A) Zr (ppm) vs. Al2O3(%) plot illustrating the occurrence of two major distinct basaltic flows 

nd the ratio values. B) Histogram showing distribution of gold grades for mineralized zones hosted in 

these two major basaltic units. 

Au g/t 
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pyrite (trace-5%), magnetite (~5%) ± gold (trace), and minor quartz and carbonate. Later 

phases of biotite, carbonate and muscovite were observed in the samples that have 

undergone late brecciation. The banded iron-formation units are segmented due to 

intensive folding and faulting, and vary from a few meters to tens of meters in width.  

One unique sample was found during the sampling BC17W17 (1100.5m) that was 

composed of aggregates of magnetite (30-40%), pyrrhotite (~15%) in a matrix of 

actinolite (~30%), quartz (5-10%), and carbonate (5-10%) with gold values of 3.8 ppm 

(internal Goldcorp Inc. data).  

 

Point Rock unit: A enigmatic unit that forms 3 separate ovoid bodies (possibly from one 

original continuous body) along the contact of Balmer Assemblage and the Bruce 

Channel Assemblage (south block of Fig 3.3). It is a massive, fine grained, light steel 

grey unit with patchy zones of brecciation that have been filled in by later quartz veins 

(Fig 3.5). The magmatic minerals and texture have been pervasively replaced by 

andalusite and quartz.  Minor amounts of pyrrhotite, pyrite, sphalerite and rarely 

arsenopyrite are found within this unit.  Sphalerite occurs as red-brown grains (Fig 3.5) 

associated with pyrite mantling angular fragments of silicified rocks, and arsenopyrite is 

found along small quartz veins. At most, this unit is 100-150m wide and extends for a 

few meters laterally. The contact of this unit with the Balmer basalts is either sharp or 

brecciated (with angular fragments from 2-15cms wide within a matrix of fine quartz).  
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Figure 3.5  Drill core from the Point Rock unit (From CW1118c at 1147.6m) showing red-brown 

sphalerite filling the angular fragments of the aluminosiliciate altered unit and a small white quartz 

vein that has been cut off by a fault. 

 

Quartz vein 

Sphalerite 

Quartz and andalusite 

altered unit 

Fault 

 

 

The age of this unit has been controversial, and Pirie (1981) suggests that this unit is the 

extension of the rhyolitic unit near the Red Lake Mine (dated to 2964
+5

/-1 Ma), whereas 

Sanborn (1987) has interpreted it to be a felsic intrusive rock associated with the mottled 

rhyolite dykes (MRD).  

  

Bruce Channel Sedimentary rocks: This is a 250-300m wide sedimentary package that 

lies unconformably over the Balmer Assemblage, and consists of tuffs and volcaniclastic 

rocks, conglomerates, banded iron formations, rhyolite and wackes. The dark grey/brown 

felsic tuffs and volcaniclastic units are fine grained, massive to gradationally bedded 

containing lithic fragments, angular clasts of quartz and plagioclase and contain rare 

patches of pyrrhotite and pyrite. The rhyolite units are light grey, massive to brecciated 

and silicified and contain minor pyrite.  Coarse grained conglomerates are dark grey with 

larger elongated felsic and chert clasts within a finer grained matrix of muscovite and 
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biotite. Minor pyrrhotite and pyrite can be found within the matrix of the unit. The 

banded iron formations are commonly found interbedded with thin fine grained, black 

argilitic beds, and comprise bands of magnetite and cherts. Compared to the Balmer 

banded iron formations, they are less brecciated and altered, and have more abundant 

magnetite-rich layers and fewer sulphides. The wackes are dark grey/brown to grey/green 

and have remnant angular fragments of plagioclase and quartz within a biotite, chlorite 

and muscovite fine-grained matrix. Layering and gradational bedding is commonly 

preserved within the units with sporadic small folded quartz veins.  Commonly 

pyrrhotite, pyrite and magnetite are disseminated within the foliation and bedding plans.  

The porphyritic intrusions contain large (up to cm sized) crystals of feldspar, quartz, 

biotite and minor tourmaline within a muscovite-rich matrix. Calc-alkaline mafic 

volcanics are also common in the Bruce Channel Assemblage, but they were not found in 

the drill holes logged for the project. 

 

Ultramafic intrusions: They are characterized by a dark grey-green, fine- to medium-

grained, massive unit that has undergone variable alteration, in which olivine is partially 

(in the inner zones) to pervasively (along the edges of the intrusion) replaced to talc, 

carbonate, serpentine and magnetite. The most intensively altered samples contain also 

muscovite and biotite. Zoned chromite is commonly found within this unit, with the outer 

edges richer in iron and the inner cores richer in chromium. Pentlandite, pyrrhotite and 

chalcopyrite were also observed in the various samples. This unit intrudes the Balmer 

meta-volcanic rocks, but does not cut the Bruce Channel-Balmer contact, suggesting it 
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was emplaced prior to the sedimentation of the Bruce Channel units. It occurs in the 

hanging wall of the various auriferous zones hosted in the Balmer basalts and banded iron 

formation.  Based on diamond drill logging information, this unit is interpreted to be an 

extension of the East Bay Serpentinite, which is part of the Balmer assemblage (Sanborn 

et al., 2003).  The ultramafic unit is wider in the upper parts of the Cochenour-Willans 

mine and within the Cochenour Thrust package (up to 300m wide) than within the Gold 

Eagle Shear, where it ranges from a few 100 meters in the shallower parts to less than a 

meter at depth 

 

McKenzie Stock: To the West of the Gold Eagle Deposit, the McKenzie stock intrudes 

the Bruce Channel Sedimentary Assemblage. It is a phaneritic granodiorite comprised of 

quartz, plagioclase, pyroxene, hornblende, biotite and minor euhedral pyrite. The unit has 

undergone patchy alteration, and late stage quartz veining and carbonate alteration. The 

intrusive contact roughly parallels the local unconformity between the Bruce Channel and 

Balmer Assemblages. The width of the stock is not well constrained at depth, but has a 

surface expression of 0.5km wide and 1.5 km long (Sanborn-Barrie, et al., 2001). 

 

Small Intrusive units: There are many intrusive units that cut through the deposit. These 

include felsic dykes (locally referred to as mottled rhyolite dykes or MRDs), 

lamprophyres, porphyries, diorites and mafic dykes.  The quartz-feldspar porphyritic 

intrusions trends E-W, are dark grey in colour with phenocrysts of quartz and plagioclase. 

In the proximity of the ultramafic units they become strongly silicified and sericitized 
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giving it the buff-honey brown colour and fine grained appearance.  The diorites, 

lamprophyres and mafic dykes are late intrusive units that can be found in the Gold Eagle 

Deformation corridor. These dykes have not undergone the same pervasive alteration, 

lack a tectonic fabric and are cut by barren quartz-carbonate veinlets that vary from 1-10 

centimetres in width.  The diorite dykes are in sharp contact with the units around them 

and are composed of coarse grained crystals of hornblende, plagioclase and pyroxenes. 

The lamprophyre dykes are porphyritic in texture, with mm to cm sized biotite 

porphyrocrysts within a fine grained biotite and carbonate altered matrix. The mafic 

dykes (mostly diorite) are fine grained and share a similar appearance with the basalts in 

the area but have a well-defined chill margin and are less altered. These dykes cut the 

Balmer and Bruce Channel units, and the McKenzie stock and many of them are 

emplaced in the Gold Eagle Deformation Corridor 

 

3.4 Deformation, Metamorphism and Deposit- Scale Hydrothermal Alteration 

 

Two major structures were identified in the Gold Eagle Area: 1) the Gold Eagle 

Deformation Corridor and 2) the Cochenour Thrust. These structures may have acted as 

the major conduits for the fluids and strongly control the gold mineralization. Many 

smaller structures are either syn-mineralization (host to the footwall mineralization) or 

post-mineralization, and both add to the complexity of the deposit geometry. 

The Gold Eagle Deformation Corridor is the most important structure in the deposit and 

consists of a brittle-ductile, high strain, north-south trending, west dipping (roughly 70˚) 
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corridor. It roughly parallels the Bruce Channel Assemblage-Balmer Assemblage contact 

(Fig 3.3), but its widths can be quite variable, and the exact width cannot be determined 

from the drilling. This corridor composes two distinct zones: 1) the barren Gold Eagle 

Shear and 2) The Upper Main Zone, which host three auriferous zones. The Gold Eagle 

Shear is found along the top contact of the deformation corridor and is defined by an 

increase in penetrative foliation, folding, brecciation, alteration and boudinaged quartz-

carbonate veining found along the top edge of the Corridor (Fig 3.6 a-d). It incorporates 

the altered Balmer basalts (with variable amounts of biotite, chlorite, carbonate, quartz 

and minor amounts of pyrrhotite, pyrite and chalcopyrite  and to a lesser extent  altered 

ultramafic rocks and MRD dykes.  Late lamprophyre dykes have been observed either 

paralleling or cutting the fabric of the shear zone. The Upper Main Zone is found below 

the Gold Eagle 1-3 in Shear is compositionally variable and hosts three of the four major 

ore zones (banded iron formations, veining, and sulphide replacement zones; Fig 3.3), 

Structurally it is characterized by the alignment of brittle and ductile features comprising 

brecciated basalts and sigmoidal veins. The various ore styles of the upper main zone will 

be described in detail in the mineralization section. 
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The Cochenour Thrust (earlier described in the literature as the Cochenour 

Anticline) is a south-south west oriented major structure in the Cochenour-Willans Mine 

and in the higher levels of the Gold Eagle deposit. Within the Cochenour-Willans mine,  

Figure 3.6 A-D. Samples from Gold Eagle Deformation Corridor; A) BC33W31-1489 m-Biotite-

altered Balmer basalt with biotite, muscovite and chlorite oriented parallel to the foliation that are 

anastomosing around boudinaged quartz carbonate veinlets. B) BC19W8-1395 1395m- Fine grained 

carbonate, quartz and chlorite-rich altered Balmer basalt that has been sheared, folded and transposed 

within the Gold Eagle shear. C) BC29W15-1148.5m-Foliated biotite and carbonate altered basalt with 

disseminated pyrrhotite. C-S fabric can be seen along the left side of the photomicrograph.  D) CW11-

117C1-1295.25m- Foliated quartz and muscovite altered basalt found in the footwall of the main 

structures hosting a folded tourmaline veinlets (also known as a “black line fault”) that in turn is cut by 

a barren quartz vein. E) BC33W5-1750m- late brittle deformation faulting a barren quartz-carbonate 

vein.  F) BC10W15-1088.1m- Brecciated basalt with angular pieces of quartz vein and basalt being cut 

by a late actinolite veinlet.  
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the Cochenour Thrust is characterized by sheared and altered Balmer basalts and 

intrusive units including MRD dykes (that parallel the fabric) and late lamprophyre 

dykes.  Deeper in the mine (and towards the Gold Eagle Deposit) the thrust incorporates 

larger bodies of ultramafic units. The exact width of the Cochenour Thrust had never 

been well defined, being estimated to be between 50-150m within the Cochenour-Willans 

Mine (Hopson, 1994) and narrows towards the later Gold Eagle Deformation Corridor.  

Gold mineralization is not hosted within the thrust itself; rather the auriferous 

mineralization is constrained to its footwall with minor sporadic anomalous gold grade 

found in the hanging wall of the structure.  

 Other structures and tectonic fabrics found throughout the deposit include: 

foliation within the footwall units, brecciation zones, minor shear zones, and various 

minor faults (Fig 3.6e,f). Some of the earlier smaller structures (including the foliated 

basalts, brecciated zones and minor shear zones) host the footwall gold mineralization. 

They share the same intrusive units and alteration as the Gold Eagle Deformation 

Corridor, and are erratically mineralized. 

 Later post-ore structures include brecciation associated with the actinolite 

alteration (Fig. 3.6f) and faulting (Fig. 3.6 d,e). The faulting has three distinct styles: 1) 

faults filled with black tourmaline (Fig. 3.6d); 2) faults filled with black chlorite; and 3) 

distinguished only by displacement of veins and other structures (Fig 3.6e). Due to the 

sparse drilling in these zones, the exact orientation of many of these late structures could 

not be constrained, but they probably follow the same NS, NW-SE and EW orientations 

recorded in the deeper levels of the Cochenour Mine by Virtanen et al., (1989). 
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 The units in the hanging wall of the Gold Eagle Deformation Corridor have 

undergone greenschist metamorphism and are composed mainly of chlorite (Fig 3.7). 

Garnet is found in bands defining the foliation in zones adjacent to the lower contact with 

the Point Rock unit (Fig 3.8a). Closer to the corridor and within its footwall, light brown 

biotite becomes the dominant alteration phase in the mafic volcanic rocks (Fig. 3.7; Fig 

3.8b) where it replaces the earlier chlorite, epidote and plagioclase indicating the fluids in 

the shear zone and at its footwall structures where hotter and/or enriched in K.  

Along the Gold Eagle Deformation Corridor carbonate alteration becomes 

pervasive characterized by both massive replacement of the earlier biotite alteration and 

early colloform veins of calcite, dolomite and Mg-rich calcite (Fig.3.7; Fig 3.8c) with 

occasional stringers of magnetite. Due to the continuous displacement and movement 

along the structure, only remnants of the colloform carbonate veins were observed. In the 

southern portion of the deposit, patchy zones of muscovite replace the earlier biotite 

alteration in the immediate footwall basalts and the chlorite alteration in the hanging wall 

basalts (Fig 3.7; Fig 3.8d for hanging wall example).  Within the footwall basalts, the 

muscovite is cut by late quartz veins and incorporates remnant of the ore bearing veins 

formed during the main silicification event.  
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 Figure 3.7 Schematic block model illustrating the spatial distribution of the various types of alteration within 

the Gold Eagle deposit. Note that the biotite alteration is constrained to the footwall of the major structures 

(Cochenour thrust and Gold Eagle Shear). Inset map shows the local metamorphic zonation modified from 

Thompson (2003) 
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Figure 3.8 Samples from the various alteration zones within the Gold Eagle Deposit. A) BC11W2-

1008.25m: Fine-grained chlorite altered basalts with garnet and pyrrhotite grains elongated along the 

foliation.  B) BC17W16-924m: Fine grained foliated basalt with early biotite alteration.  All the 

carbonate veins within the sample have been folded and weakly boudinaged. C) BC10W15-1155.62m: 

Brecciated colloform carbonate vein within a carbonate altered basalt. The crystals of the colloform 

carbonate vein are much larger than the pervasive carbonate alteration. D) BC33W5-1682.6m: 

pervasive muscovite alteration of the basalts with preserved pillow rim and amygdules. E) BC11W2-

1481.58m: Andalusite crystals within the biotite alteration roughly paralleling the foliation with some 

pressure shadows.   
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The hangingwall basalts have preserved some primary features including pillow 

rims and amygdules. Anatase is a common accessory mineral in both the biotite and 

muscovite altered basalts.  Few andalusite crystals are found either rotated along the  

biotite foliation (Fig 3.8e) and some exhibit pressure shadows filled with biotite and 

quartz. They are spatially related with various styles of veining (quartz, quartz-carbonate, 

and carbonate) and only observed proximal to them. The relative timing between peak 

metamorphic conditions and the various stages of alteration was not possible to 

determine.  The textural relationships and the paragenetic sequence specifically related to 

the various auriferous zones are described in detail in the subsequent section. 

3.5 Gold Mineralization and Alteration 

 

Similarly to the Cochenour-Willans mine, the geometry of the mineralized zones 

in the Eagle Shear deposit is complex.  On the deposit scale, most of the mineralized 

zones are confined to the Gold Eagle Deformation Corridor or to its footwall, where they 

occur in the basalt and iron-formation units from the Balmer Assemblage. Four major 

mineralized zones where identified during drilling and were investigated during this 

study (Table 3.4; Fig. 3.3). They are: Zone 1 (Quartz-Actinolite Zone) comprised of 

auriferous quartz veins cut by barren actinolite stringers hosted by basaltic units found in 

the Gold Eagle Deformation Corridor; Zone 2 (Banded Iron Formation) composed of 

silicified banded iron formations and minor quartz veins cut by barren actinolite stringers 

in the Gold Eagle Deformation Corridor; Zone 3 (Sulphide replacement) characterized by 

sulphide replacement zone found either in the Gold Eagle Deformation Corridor or in the  
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Table 3.4 General features of the various ore zones within the Gold Eagle Deposit. 

Quartz Actinolite Zone Banded Iron Formations
 Sulphide Replacement 

Zones
Footwall Ore Zones

Biotite and Carbonate 

altered basalts
Banded Iron Formations

Biotite and Carbonate 

altered basalts

Biotite and Carbonate 

altered basalts

- Forms Sigmoidal ore 

lenses                                           

- Found in a NS Shear/ 

deformation corridor

- Brecciated and folded 

zones of banded iron 

formations within a NS 

deformation corridor

-Brecciated basalts             

- Found in the footwall 

directly below the NS 

shear zone

 Variable with zones 

controlled by veining, 

foliation, fractures and 

faults

Longer ( approximately 

<100ms long, 1-10m's 

wide), more continuous 

intervals of veining

Short (approximately 

<50ms long, 1-10m's 

wide), highly brecciated 

and broken up intervals

Short and narrow 

(approximately <10m's 

in length and width), 

commonly brecciated, 

not always a host for 

gold

Variable length (not well 

defined in drilling; 

dependent on style), 

highest values are 

associated with narrow 

(<10cm) quartz veins

- Pervasive quartz veining 

and silica replacement 

zones                                              

- Late staged Actinolite and 

Carbonate stringers cut 

and brecciate the 

silicification                                                

- Pyrrhotite, Chalcopyrite, 

Arsenopyrite, Galena, 

Jamesonite, Ullmanite, 

Gersdorffite

- Pervasive quartz veining 

and silica replacement 

zones                                              

- Late staged Actinolite 

and Carbonate stringers 

cut and brecciate the 

silicification                                                

- Pyrrhotite, Chalcopyrite, 

Magnetite, Pyrite

- Pervasive biotite 

and/or carbonate 

alteration                                  

- Late staged quartz 

veins common                        

- Two generations of 

sulphidation: early 

pyrrhotite, pyrite, and 

chalcopyrite; Late 

arsenopyrite

- Strong pervasive biotite 

alteration with localized 

carbonate and 

silicification                           - 

Biotite increases near 

fracutres                                  

- Quartz and carbonate 

increases near veins and 

banded iron formations                            

- Pyrrhotite, 

chalcopyrite, 

arsenopyrite, galena

Irregular grains of free gold 

within the quartz or as 

inclusions within the 

pyrrhotite and chalcopyrite

Irregular grains and 

coatings within the 

pyrrhotite and 

chalcopyrite rich bands

Irregular grains included 

in the pyrrhotite and 

the arsenopyrite grains

irregular grains of free 

gold in quartz; coats 

fractures; included in 

pyrrhotite and 

chalcopyrite

0-701 g/t 0-502 g/t 0-77.3 g/t 0-6360 g/t

avg. 23.4g/t avg. 31.1g/t avg. 17.3 g/t avg. 56.68g/t

Enriched Au, Ag, As, Cu Au, Ag, Te, Se, Zn, Cu, Mo
Au, Ag, As, Bi, Hg, Sb, 

Co,  Cs, Ni, Pb, Tl

Depleted
Y, Zn, Ce, Tb, Yb, V, W, 

Tb,Tl, Th

Sr, W, Yb, Sb, Ni, Co, Zr, 

As*, V Tb, Se, Mo, Zn

* As was low in the samples analyzed, but arsenopyrite has been observed in some of the banded iron formations within the Gold 

Eagle Deformation Corridor

†variable depending on the style of  mineralization (whether its quartz actinolite vein, BIF, or fracture controlled,etc.)

Gold Eagle Ore Zones

Associated 

Elements

Geometry of Ore Bodies

Alteration

Mode of Gold Occurrence

Host Units

Variable†

Gold Grade

Interval Length
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adjacent footwall; and Zone 4 ( Footwall minor occurrences) including minor 

occurrences hosted in biotite-rich basalts, iron-formation cut by quartz veins, minor shear 

faults and fractures in footwall units distal from the Gold Eagle Shear Fault.  

 

3.4.1 Zone 1: Quartz Actinolite Zone  

The Quartz Actinolite Zone forms the bulk of the mineralization in the southern 

portion of the Gold Eagle Deposit, within or at the footwall margins of the Gold Eagle 

Deformation Corridor. They are hosted within the brecciated and hydrothermally altered 

Balmer basalts, and is defined by discontinuous, sigmoidal lenses approximately 1-  

10‟s of meters in length and 1-5m in width and elongated parallel to the shear fault (Fig 

3.3 and 3.6). The Quartz Actinolite Zone comprises some of the samples with gold grades 

up to 701 g/t (internal Goldcorp data) but in general gold grades in this zone range from 0 

to 30 g/t (average of 23.4g/t; Fig 3.9). The alteration styles typical of this zone include 

early, pre-ore pervasive biotite and carbonate alteration, syn-ore silicification, late-ore 

actinolite-tremolite and post-ore quartz and carbonate veining.  

The earliest biotite alteration is characterized by fine laths (50-100µm in length) 

of light to medium brown biotite that are rarely preserved in the most silicified samples. 

Carbonate forms more irregular grains (again ranging from 50-100µm in length in the 
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rock matrix) and remnants of carbonate veins (up to 40cm in length found in BC19W31-

1307.8m) are occasionally preserved into the silicified zone. Small amount of ankerite 

was identified during the XRD analysis within this zone. 
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 Figure 3.9 Gold grade histograms for the various ore zones.  Samples >5g/t were used from Sixty-one BC Series holes that covered the 

various ore zones of the deposit. Data from Goldcorp Inc. 
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Silicification is the most pervasive alteration in the auriferous samples within this 

zone and is characterized by either quartz veining or pervasive silica replacement (Fig 

Pyrrhotite 

Figure 3.10 Textures and mineralogy of the Quartz Actinolite Zone (Zone 1). A) BC19W17-1269.5m: 

Pervasive silicification of the ore zone with late actinolite and carbonate veinlets cutting through the zone. B) 

BC19W17-1269.5m: Brecciated quartz vein within a m atrix of actinolite with large irregular grains of 

pyrrhotite and chalcopyrite and smaller crystals of arsenopyrite.  C) BC19W17-1269.5m: aggregates of free 

gold within the quartz vein. D) BC19W17-1269.5m: Late carbonate vein cutting both the quartz and 

actinolite. E) BC19W34-1220.2m- Late staged quartz veinlet cutting the actinolite alteration with a strong 

biotite halo. F) BC19W17-1269.5m: Backscatter electronic image (BSE) photo showing gold as along the 

contact of the pyrrhotite grain. G) BC19W17-1269.5m: BSE showing a chalcopyrite grain with inclusions of 

ullmanite and a small arsenopyrite grain within the silicification.  
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3.10a-d).  In both veins and replacement zones, quartz occurs as irregular interlocking 

grains (75-300 µm wide; Fig 3.10 a-d) with rare inclusions of chlorite, carbonate, biotite,  

tourmaline, apatite and epidote (all ranging from 20-100 µm long). The chlorite, 

carbonate, biotite and epidote are remnants from the earlier altered events, while the 

tourmaline and apatite may have precipitated synchronously with quartz as they are found 

as small grains (<100µm) in sharp contact with quartz.   

This zone comprises a variety of sulphides which include pyrrhotite, chalcopyrite, 

sphalerite, pyrite and arsenopyrite (ranging from 10-150 µm long; Fig 3.9f-g), and rare 

fine-grained jamesonite, ullmannite-willyamite, gersdorffite, and galena (5-30 µm long). 

Pyrrhotite, chalcopyrite, and sphalerite commonly form aggregates which are overprinted 

by the later arsenopyrite crystals. Native gold is found as patches of small (~50 µm long), 

irregular free grains (Fig. 3.10c) disseminated within the silicified rock and as tiny (5-

10µm long) inclusions within the pyrrhotite grains (Fig. 3.10e).  

Actinolite (50-100 µm long) occurs in the breccia matrix and stringers that 

overprint the silicified patches and quartz veins (Fig. 3.10a-e). It occurs in complexes 

aggregates with smaller laths (20-50 µm long) of ferrohornblende and tremolite (Mineral 

chemistry are in Appendices G, Fig. 3.11 and 3.12), and contains inclusions of chlorite, 

apatite, Mo-bearing scheelite, and interstitial calcite. The X-ray elemental mapping 

shows that ferrohornblende occurs along the edges of the actinolite aggregates and is 

slightly enriched in titanium (Fig 3.12).  Actinolite grains exhibit weak iron and  
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Figure 3.11Classification graph showing what the various amphiboles plot based on their formula (Leake et 

al., 1997). Data for this table is found within the appendices. 
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Figure 3.12 Backscattered Electron Imaging and Elemental EMP X-Ray mapping (Fe, Mg, Ca, Al, Ti) for 

actinolite stringers showing the complex composition (with zones of tremolite and minor ferrohornblende) 

and inclusions of chlorite, scheelite apatite and interstitial late calcite 
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magnesium zonation and the tremolite forms distinct bands within the veinlet. These 

veins commonly cut the ore zones (Fig. 3.10e, f), and contain rare disseminated 

pyrrhotite, chalcopyrite, arsenopyrite ± gold. This style of alteration is not restrict to Zone 

1, and is also observed in brecciated basalts within the footwall of the deposit (Fig 3.6f). 

Late carbonate and quartz are commonly found in very small veinlets (<1cm 

wide) in fractures and small faults that cut the previous quartz and actinolite alteration 

(Fig 3.9 d,e).  The veinlets contain various proportions of either quartz or carbonate 

(ranging up to 90% of either mineral). The grains range in size from 50-200 µm and are 

not as deformed as the earliest veins (ex. carbonate grains still show non-deformed 

twining). The veinlets that are more quartz-rich tend to be earlier than the carbonate-rich 

ones and are distinct from the syn-ore style, as they are practically barren of any 

sulphides and are milky white. Some of these late quartz veins are associated with a 

strong biotitic halo (3.10i) that cuts not only the earlier quartz but the later actinolite 

alteration, indicating a second generation of biotite alteration. Both the actinolite and the 

biotite-lined veinlets cut also across and the barren basalts within the footwall and 

hanging wall of the Gold Eagle Deformation Corridor. Furthermore, late carbonate veins 

have been recorded cutting through all rock types, and previous alteration phases and 

mineralized zones. The paragenetic sequence for the zone is illustrated in fig. 3.13 
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3.4.2 Zone 2: Mineralized Banded Iron Formations 

 

The mineralized banded iron formations (zone 2) occur in two distinct locations: 

1) the northern portion of the deposit, and 2) deep in the southern portion of the Gold 

Eagle Deposit below the Quartz-Actinolite Zone (Fig 3.3 and 3.7). The zone has a 

smaller range of gold grade values (ranging up to 502 g/t; Fig. 3.9) and a higher average 

(31.1g/t) than the Quartz Actinolite zone, based on limited number of samples intercepted  

 
Figure 3.13  Paragenetic sequence of ore zones 1-3 and the relative mineral abundances. Ore zone 4 was not 

included due to the variability of it and since it has characteristics of the other zones described. (*) indicated 

that the cross-cutting relationship was mo re evident and commonly observed within the un-mineralized 

footwall basalts. For Zone 3 the QAV stands for Quartz Actinolite zone style and the SRZ stands for 

Sulphide Replacement Zone style. Gold is marked as trace since not every sample will run due to the nugget 

effect. 
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by drilling. Their dimensions are similar to the Quartz Actinolite Zone and may have 

undergone both ductile (characterized by preserved and boudinaged fold hinges; Fig 

3.14a-c) and brittle (typically brecciated) deformation.  

The banded iron formations have undergone variable amounts of alteration 

ranging from incipient (Fig. 3.14a) to highly silicified (Fig 3.14b,c).  Within the least 

altered iron formation samples, the pre-ore alteration and/or metamorphic minerals are 

well preserved within bands dominated by laths of actinolite (~100µm long) and chlorite 

(~100µm long), and irregular grains of hornblende (50-100µm long) and magnetite (50-

300µm long) with minor (usually ≤5%) irregular grains of biotite (50-100µm long), 

muscovite (~50µm long) and anatase (~50µm long) disseminated along the boundaries of 

the various bands.   

The banded iron formations have undergone a similar silicification alteration 

(mineral assemblage, grain size etc.) to the Quartz Actinolite Zone. Quartz which occurs 

in either small veining (Fig 3.14a) or as a pervasive replacement of the rock (Fig 

3.14b,c). Within these silicified zones, there are small bands that are rich on either 

magnetite or sulphide±gold. The sulphide bands are composed of irregular grains of 

pyrrhotite (50-300µm long; Fig 3.14d), chalcopyrite (50-300µm long), magnetite (50-

300µm long; Fig 3.14d) and occasional pyrite (50-300µm long) and gold (up to 50µm 

long; Fig 3.14e).  Magnetite within these zones is found in the core of the sulphide bands 

(Fig 3.14d) suggesting that the sulphides replaced the magnetite-rich zones. Rare acicular 

arsenopyrite was only found in fold hinges of silicified portions of the banded  
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iron 

formations.  Gold is found along the pyrrhotite-chalcopyrite grain boundaries (Fig 3.14e). 

Late carbonate veining occurs as two different styles: 1) pure carbonate veins; 2) 

carbonate and sulphide veins. The late pure carbonate veins are similar to the ones in the 

 
Figure 3.14 Samples from zone 2 Banded Iron formation A) BC19W6-1683m: Banded iron formation that has 

undergone incipient silicification and deformation. B) BC17W27-1078.5m: Folded Banded iron formation 

with silicification between the pyrrhotite+pyrite+ chalcopyrite rich bands. Small bands of magnetite preserved 

within the unit, and arsenopyrite is concentrated in the silicified zones. C) BC17W27-1078.5m: Folding of the 

banded iron formation with disseminated acicular grains of arsenopyrite within the pervasive silicification. D) 

BC19W6-1683m: Sulphide band with pyrrhotite and chalcopyrite with magnetite found in the core. E) 

BC17W3-1069.75m: Irregular gold grains along the contact between the pyrrhotite and chalcopyrite grains in 

the sulphide-rich bands. F) BC19W6-1683m: Late carbonate vein with pyrrhotite and chalcopyrite cutting the 

altered banded iron formation and quartz vein.    
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Quartz Actinolite Zone, while the carbonate and sulphide veins are more complex. They 

are not deformed, cut through the various stages of alteration and have pyrrhotite and 

chalcopyrite in the core of the vein (Fig. 3.14f). This carbonate-sulphide veining is also 

occasionally found within the altered footwall basalts.  There are no cross cutting 

relationships between the two styles of late veining to gauge the timing of the two events.  

The interpreted paragenetic sequence for this zone is illustrated in Fig. 3.13. 

 

3.4.3 Zone 3: Sulphide Replacement Zones 

 

The sulphide replacement zone is a smaller occurrence within the Upper Main 

zone and found in two locations: at the bottom of the deformation corridor and directly in 

its footwall.  It is brecciated in nature, forms small arsenopyrite-rich lenses of a few 

meters in length, hosted in intensively altered basalts (Fig 3.15a), and yielded gold grades  

up to 77.3 g/t (avg. of 17.3g/t; Fig 3.9) .  

Early alteration within this zone is occasionally preserved and varies in the 

distinct intercepted patches and includes remnants of the early colloform carbonate veins, 

irregular grains of carbonate (50-100µm wide; Fig. 3.15a), quartz (50-100µm  
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wide; Fig 3.15c), fragments of silicified basalt and/or portions of the quartz-actinolite 

veins (Fig 3.15b). Larger pyrrhotite and chalcopyrite aggregates are more common in the 

 Figure 3.15 Samples of the Sulphide Replacement Zone (Zone 3). A) BC19W17-1269.75- Brecciated 

silicified and chloritized basalt with small carbonate stringers boudinaged within the zone. A late stage of 

massive arsenopyrite overprints the alteration B) BC19W34-1243m: Massive arsenopyrite replacement 

with brecciated quartz veins and minor actinolite brecciation. C) BC17W16-849m: early quartz veinlet 

that is boudinaged within the massive biotite and arsenopyrite alteration D) BC17W16-849m: Massive 

arsenopyrite mattes overgrowing the earlier pyrrhotite and chalcopyrite composite grains. E) BC29W15-

1205.6m-Gold within a zoned arsenopyrite crystal that cuts the earlier pyrrhotite crystals. F) BC19W34-

1156.6m: Arsenopyrite filling in a fracture within the carbonate vein. Biotite is found along the right side 

of the arsenopyrite zone. 
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pervasive silicification patches and minor sulphide aggregates of (10-150 µm long; Fig 

3.15d) occur along carbonate grain boundaries. 

Syn-ore alteration within these patches is complex and associated with the 

abundant arsenopyrite.  Arsenopyrite grains are acicular, 10-150 µm long, and form 

either mattes of alteration (50 µm-5cms wide) or veins (0.1-2cms wide) commonly 

cutting earlier pyrrhotite and chalcopyrite aggregates. The outer edges of the arsenopyrite 

grains are zoned (Fig. 3.15e) suggesting that there was some variation in the fluid 

chemistry during precipitation. The more brecciated arsenopyrite-rich aggregates are 

associated with pervasive biotite alteration (Fig. 3.15c), while arsenopyrite stringers in 

the carbonate units has a biotitic-rich selvage (Fig 3.15f). The biotite associated with 

these zones is richer in Fe and Mn than the Gold Eagle Shear Zone and altered barren 

basalts (Table 3.5; Fig 3.16). Syn-ore boudinaged quartz veins are also found within the 

zones (Fig 3.15c) and have arsenopyrite grains within the center of the veins. Gold (1-5 

µm long) within this zone is found as inclusions within the arsenopyrite grains (Fig 

3.15e).  The post-ore alteration is similar to the Quartz Actinolite Zone, with small quartz 

and carbonate veinlets cutting across the early phases. The paragenetic sequence for this 

zone is illustrated in Fig. 3.13. 

 

 

 

BC29W15-1148.5m: Barren Gold Eagle Shear biotite 
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  1 2 3 4 5 6 7 8 9 10 

K2O (wt%) 9.73 9.76 9.80 10.04 9.76 9.66 9.83 9.87 9.88 9.90 

CaO 0.00 0.01 0.00 0.01 0.00 0.04 0.02 0.01 0.00 0.02 

MgO 13.80 14.35 14.11 14.21 14.05 14.20 14.14 13.99 14.31 13.92 

FeO 14.47 14.86 14.71 14.51 14.27 14.18 14.27 15.11 14.23 14.52 

MnO 0.10 0.12 0.11 0.14 0.14 0.11 0.14 0.13 0.10 0.17 

TiO2 1.35 1.42 1.33 1.35 1.40 1.32 1.30 1.23 1.31 1.33 

Na2O 0.00 0.01 0.05 0.04 0.11 0.06 0.03 0.02 0.08 0.01 

SiO2 38.39 38.54 38.44 38.79 38.80 38.57 39.14 38.51 39.08 38.58 

Al2O3 17.60 17.47 16.90 17.43 17.45 17.57 18.00 17.53 17.58 17.78 

Cr2O3 0.05 0.03 0.03 0.03 0.02 0.06 0.03 0.03 0.00 0.03 

F 0.36 0.00 0.03 0.39 0.33 0.36 0.07 0.00 0.13 0.42 

Cl 0.03 0.04 0.03 0.05 0.05 0.04 0.04 0.05 0.03 0.04 

Total 95.87 96.60 95.54 96.99 96.37 96.16 96.99 96.48 96.73 96.73 

Formula based on 11 oxygen 

K2O 0.92 0.91 0.93 0.94 0.91 0.91 0.91 0.92 0.92 0.93 

CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MgO 1.52 1.57 1.56 1.55 1.54 1.56 1.53 1.53 1.56 1.52 

FeO 0.89 0.91 0.91 0.89 0.88 0.87 0.87 0.93 0.87 0.89 

MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

TiO2 0.07 0.08 0.07 0.07 0.08 0.07 0.07 0.07 0.07 0.07 

Na2O 0.00 0.00 0.01 0.01 0.02 0.01 0.00 0.00 0.01 0.00 

SiO2  2.84 2.82 2.85 2.84 2.85 2.84 2.84 2.83 2.85 2.83 

Al2O3 1.53 1.51 1.48 1.50 1.51 1.52 1.54 1.52 1.51 1.54 

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

F 0.08 0.00 0.01 0.09 0.07 0.08 0.01 0.00 0.03 0.10 

Cl 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 

Table 3.4 Microprobe data for biotite in the barren Gold Eagle Shear 
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BC17W16-849m: Biotite in matrix of Sulphide Replacement Zone 

  1 2 3 4 5 6 7 8 9 10 

K2O (wt%) 9.45 9.30 9.59 9.44 9.54 9.39 9.50 9.58 9.58 9.13 

CaO 0.01 0.03 0.02 0.01 0.00 0.03 0.01 0.00 0.00 0.03 

MgO 11.71 11.51 11.62 11.89 11.88 11.84 11.78 11.75 11.58 11.90 

FeO 19.65 19.70 19.54 19.18 19.61 19.54 19.52 19.64 19.89 19.42 

MnO 0.39 0.40 0.35 0.36 0.37 0.37 0.33 0.36 0.36 0.32 

TiO2 1.66 1.59 1.65 1.62 1.63 1.45 1.53 1.56 1.56 1.58 

Na2O 0.03 0.10 0.09 0.08 0.11 0.11 0.10 0.05 0.04 0.14 

SiO2 38.00 37.63 37.66 37.85 38.61 37.91 37.80 37.99 38.34 38.02 

Al2O3 15.98 15.56 15.51 15.64 15.63 15.81 15.84 15.79 15.88 16.03 

Cr2O3 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.00 

F 0.00 0.03 0.00 0.10 0.06 0.00 0.10 0.03 0.00 0.06 

Cl 0.04 0.07 0.05 0.05 0.04 0.03 0.04 0.06 0.05 0.04 

Total 96.93 95.92 96.08 96.23 97.49 96.47 96.54 96.81 97.31 96.68 

Formula based on 11 oxygen 

K2O 0.90 0.90 0.93 0.91 0.91 0.90 0.91 0.92 0.91 0.87 

CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MgO 1.31 1.30 1.31 1.34 1.32 1.33 1.32 1.31 1.29 1.33 

FeO 1.23 1.25 1.24 1.21 1.22 1.23 1.23 1.23 1.24 1.22 

MnO 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

TiO2 0.09 0.09 0.09 0.09 0.09 0.08 0.09 0.09 0.09 0.09 

Na2O 0.00 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.02 

SiO2  2.84 2.85 2.85 2.85 2.87 2.85 2.84 2.85 2.86 2.85 

Al2O3 1.41 1.39 1.38 1.39 1.37 1.40 1.40 1.40 1.40 1.41 

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

F 0.00 0.01 0.00 0.02 0.01 0.00 0.02 0.01 0.00 0.02 

Cl 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.00 

Table 3.5 Microprobe data for biotite in the Sulphide Replacement Zones (Zone 3) 
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BC17W16-1015.8m: Mineralized footwall basalt 

  2 3 4 5 6 7 8 9 10 

K2O (wt%) 9.68 9.42 9.29 9.31 9.40 9.71 9.64 9.59 9.70 

CaO 0.05 0.03 0.08 0.03 0.05 0.02 0.02 0.01 0.03 

MgO 9.97 10.11 10.13 10.07 10.04 10.19 10.03 10.11 10.04 

FeO 19.81 20.36 19.77 19.93 19.85 19.52 20.01 19.91 19.60 

MnO 0.25 0.28 0.30 0.27 0.29 0.30 0.27 0.31 0.28 

TiO2 1.55 1.54 1.54 1.60 1.61 1.58 1.54 1.49 1.45 

Na2O 0.04 0.03 0.09 0.04 0.05 0.03 0.05 0.07 0.08 

SiO2 37.33 37.19 37.21 37.39 37.06 37.24 37.12 37.38 37.36 

Al2O3 17.79 17.53 17.63 17.46 17.72 17.57 17.60 17.82 17.61 

Cr2O3 0.02 0.08 0.07 0.02 0.02 0.06 0.06 0.08 0.07 

F 0.06 0.13 0.13 0.00 0.16 0.22 0.28 0.16 0.13 

Cl 0.09 0.08 0.09 0.09 0.10 0.09 0.10 0.09 0.09 

Total 96.64 96.76 96.32 96.20 96.35 96.54 96.70 97.01 96.42 

Formula based on 11 oxygen 

K2O 0.93 0.90 0.89 0.89 0.90 0.93 0.93 0.92 0.93 

CaO 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

MgO 1.12 1.13 1.14 1.13 1.13 1.14 1.13 1.13 1.13 

FeO 1.24 1.28 1.25 1.26 1.25 1.23 1.26 1.25 1.24 

MnO 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

TiO2 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.08 0.08 

Na2O 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 

SiO2  2.80 2.80 2.80 2.82 2.80 2.81 2.80 2.80 2.81 

Al2O3 1.58 1.56 1.57 1.55 1.58 1.56 1.56 1.57 1.56 

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

F 0.02 0.03 0.03 0.00 0.04 0.05 0.07 0.04 0.03 

Cl 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Table 3.6 Microprobe data for biotite in the Mineralized footwall basalts (Zone 4) 
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BC11W2-1415.58m: Barren biotite altered footwall basalt 

  1 2 3 4 5 6 7 8 9 10 

K2O (wt%) 10.09 9.83 10.01 8.95 9.82 10.03 9.82 9.98 9.93 9.45 

CaO 0.01 0.02 0.00 0.02 0.01 0.00 0.00 0.02 0.01 0.01 

MgO 14.54 15.16 14.65 15.33 13.90 15.07 14.66 14.94 14.65 14.84 

FeO 14.51 14.45 14.64 14.58 14.10 14.31 14.46 14.75 14.75 14.07 

MnO 0.22 0.21 0.21 0.25 0.24 0.23 0.19 0.19 0.19 0.26 

TiO2 0.72 0.74 0.69 0.68 0.73 0.70 0.70 0.75 0.75 0.71 

Na2O 0.03 0.05 0.03 0.06 0.01 0.03 0.02 0.04 0.04 0.00 

SiO2 38.91 38.96 38.47 37.64 37.15 39.51 39.12 38.61 39.40 38.31 

Al2O3 16.25 16.32 16.61 16.77 15.71 16.15 16.59 16.12 15.65 16.15 

Cr2O3 0.24 0.15 0.18 0.29 0.20 0.17 0.20 0.12 0.13 0.16 

F 0.49 0.13 0.32 0.67 0.77 0.87 0.42 0.39 0.19 0.13 

Cl 0.03 0.05 0.02 0.06 0.03 0.01 0.02 0.03 0.03 0.04 

Total 96.02 96.07 95.84 95.30 92.67 97.09 96.19 95.92 95.71 94.13 

Formula based on 11 oxygen 

K2O 0.95 0.92 0.95 0.85 0.97 0.94 0.92 0.95 0.94 0.90 

CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MgO 1.61 1.66 1.62 1.71 1.60 1.65 1.61 1.65 1.62 1.66 

FeO 0.90 0.89 0.91 0.91 0.91 0.88 0.89 0.92 0.91 0.88 

MnO 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 

TiO2 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

Na2O 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 

SiO2  2.88 2.87 2.85 2.81 2.87 2.90 2.88 2.87 2.92 2.88 

Al2O3 1.42 1.42 1.45 1.48 1.43 1.40 1.44 1.41 1.37 1.43 

Cr2O3 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 

F 0.11 0.03 0.08 0.16 0.19 0.20 0.10 0.09 0.05 0.03 

Cl 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 

Table 3.7 Microprobe data for biotite in barren altered footwall basalts. 

 

 

 

 



105 

 

 

 

 

Figure 3.16 Al-Mg-Fe diagram showing the variation in composition of biotite from the sulphide 

replacement zone, footwall ore zones and barren samples from the Gold Eagle Deposit. The 

biotite associated with the sulphide replacement zones and mineralized footwall basalt are 

noticeably higher in iron than the biotite associated with either the non-mineralized Gold 

Eagle Shear or the altered footwall basalts (graph based on Rock et al., 1989).  

 

 

 

 

 

 

Biotite 
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3.4.4 Zone 4: Footwall Zones 

 

Zone 4 groups all the significant gold mineralized drill intersections that are found  

in the footwall distal to the Upper Main Auriferous Zone. The host rocks and style of 

mineralization are quite varied and include: 1) quartz veins (fig 3.17a); 2) banded iron 

formations; 3) sulphide replacement zones; 4) mineralized fracture-filled veins (Fig 

3.16b);  5) mineralized brecciated basalt (fig 3.17c-j); and 6) Mineralized Shear zones. 

Due to a lack of drilling data in the footwall of the deposit, it is hard to constrain the 

geometry of the various mineralized intervals. The variation in gold grade (0-6360g/t, 

avg. 56.68g/t; Fig 3.9) reflect the range in the style of mineralization (largest values are 

associated with veins less than 40cms wide; Fig 3.17a).  The quartz veins, banded iron 

formations and the sulphide replacement zones share similar characteristics and have 

undergone the same alteration to the previous 3 styles described above. Many late faults 

(including faults filled with black tourmaline) have offset the various ore zones, which 

have made it more difficult to constrain their original geometry and find their 

continuation during the drilling campaign. 

The sub-zones that are strongly structurally-controlled (4-6 listed above) are 

distinct from the previous ones and exhibit variably degrees and styles of alteration in the 

basalts. The alteration range from pervasive muscovite with small quartz veinlets 

(veinlets up to 200µm wide; Fig 3.17c,d), chlorite with actinolite and biotite,  biotite with 

anatase (Fig 3.17e,f), and strongly silicified patches with abundant biotite (Fig 3.17 g,h).  

Some of the brecciated zones exhibit abundant pyrrhotite and iron-rich biotite (Fig 3.17)  
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bands (Fig 3.17 i,j). The biotite within these zones has a similar chemistry as the biotite 

from the sulphide replacement zones.   

 
Figure 3.17 Samples from the various occurrences in the Footwall Zone (Zone 4). A) BC36W1-1954.4m: 

Small quartz vein with gold along the contacts and disseminated within the quartz. B) BC17W33-1222.3m: 

gold in a fracture cutting the chlorite, carbonate, and actinolite alteration; C) BC17W16-902.85m: footwall 

brecciated muscovite and silicified basalt. Folded quartz stringers, tourmaline filled fractures, and chlorite 

filled fault cutting through the earlier alteration. D) BC17W16-902.85m: two generations of quartz veining, 

with the younger one filled with arsenopyrite. E) BC19W24-1262.1m: biotite altered basalt with weak 

brecciation and tourmaline filled faults. F) BC19W24-1262.1m- arsenopyrite stringer with gold included 

within it. G) BC33W31-1577.8m: gold grains within brecciated and silicified basalt H: Details of gold 

grains in G. I) BC17W16-1015.8m: brecciated basalt with stringers of pyrrhotite, biotite and quartz veins. 

J) BC17W16-1015.8m: close up of the pyrrhotite stringers showing the biotite along its contact. 
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Biotite is found as small grains within the pervasive muscovite alteration or as 

remnant laths in the pervasively silicified basalt. The muscovite alteration patches include 

brecciated quartz veins, folded quartz veins with both barren and lined arsenopyrite 

overprinted by the muscovite-rich foliation.  This patchy alteration is strongest near the 

Gold Eagle Deformation Corridor and gradually decreases away from it while localized 

occurrences are found within the Gold Eagle Shear itself. Actinolite stringers within these 

zones are either restrained to the silicified patches (like Fig 3.17g) or is the main 

component filling the matrix of the brecciated basalts (Fig. 3.7f). 

In areas with pervasive silicification, gold is either free (~50µm wide) or found as 

inclusions within pyrrhotite grains. Gold in massive biotite altered and brecciated basalt 

is associated with small arsenopyrite stringers that overprint the pyrrhotite and 

chalcopyrite aggregates (Fig 3.17f; gold <50µm wide).   

There are various post-mineralization events within these zones, including late 

barren carbonate and quartz veins occasionally offset by small faults and/or folded. Also 

found throughout these zones are two different styles of minor faults: tourmaline-filled 

(referred to as “black line”) and chlorite-filled. Some tourmaline-rich stringers are 

crenulated , cut by later barren veins, while others are sometimes associated with minor 

concentrations of gold mineralization.  

 

 

3.5 Geochemistry of the Ore Zones 
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Whole rock and ICP geochemistry was done on 50 representative samples (Table 

3.4 for the full data set). The main ore zones show a range of values (Table 3.4for 

average and standard deviation, Fig 3.18 for box diagrams) and each specific zone had a 

distinct chemical signature.  The Quartz Actinolite zone (Zone 1) is enriched in copper 

and gold while depleted in yttrium, selenium, molybdenum, lead, zinc, nickel and cobalt 

relative to the other ore zones (Fig 3.18). The Banded Iron Formation zone (Zone 2) is 

enriched in tellurium, copper, selenium, gold, molybdenum and zinc relative to the other 

ore zones (Fig. 3.18). The Sulphide Replacement zone (Zone 3) has a unique signature, 

being enriched in mercury, arsenic, antimony, silver, lead, nickel and cobalt (Fig. 3.18).  

The brecciated style of the footwall zones were separated into the three dominant 

alteration styles (biotite, quartz, and quartz-muscovite altered) and in general the all 

showed  enrichment in cobalt, copper, selenium, tellurium, and yttrium (Fig. 3.18), and 

the quartz-muscovite style is slightly higher in gold, arsenic and antimony and lower in 

lead and zinc. 
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Figure 3.18 Box and whisker diagrams of selected ore related elements for 

various zones: 1-Banded Iron Formations (Zone 2); 2-Quartz Actinolite Zone 

(Zone 2); 3-Sulphide Replacement Zone (Zone 3); 4-Footwall occurrences 

(Zone 4): a-Biotite altered basalt (Fig.3.16e); b-Quartz altered basalt (Fig. 

3.16g); c- Quartz-muscovite altered basalt (Fig 3.16c). Note that zone 4 was 

split up into its various alteration styles and only samples with greater than 

0.4 g/t were used 
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3.5 Discussion 

3.5.2 125Evolution, Formation and Gold Mineralization of the Gold Eagle Deposit 

 

This study demonstrated that the Gold Eagle deposit is structurally co1ntrolled 

and that the gold mineralization was favored by a series of events that occurred during 

the evolution of the area. It is preferentially hosted in tholeiitic basalt flows and iron-

formations of the Balmer Assemblage. Two tholeiitic flows were identified: type 1 

(Al2O3%:Zr ppm ratio between 0.23-0.39) and type 2 (Al2O3%:Zr ppm ratio between 

0.08 and 0.13) with the latter being the most favourable host (Fig. 3.4).  The area has 

undergone greenschist metamorphism with the original mineral assemblage is only 

preserved within the hangingwall of the major structures and distal from the deposit.  

During this event both the Gold Eagle Deformation Corridor which controls mineralizing 

Zones 1-3 and the Cochenour Thrust which controls the vertical extent of the 

mineralization were formed. The exact timing of the formation and longevity of the major 

structures in relation to the deformation history of the Red Lake Greenstone Belt were not 

established. 

Pre-ore alteration assemblage is typically dominated by a fine grained pervasive 

biotite, found within the footwall of the Gold Eagle Deformation Corridor creating an 

overall envelope for the deposit (Fig 3.7). Both the type 1 and 2 tholeiitic basalts are 

equally affected by this early alteration which is commonly stronger around veins, shear 

zones, and faults.  Minor phases such as andalusite and muscovite were also found in 

localized areas, while anatase was more widely distributed.  Although the early biotite 

created the alteration halo that defines the deposit, carbonate alteration acted as ground 
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preparation for later veining and mineralization. Pre-ore carbonate is found as veins and 

replacement zones that are not as extensive as earlier biotite and constrained to the Gold 

Eagle Deformation Corridor as well as some deformed zones and veins within the 

footwall basalts.  Calcite, dolomite and Mg-rich calcite are the dominant mineral phases. 

Two distinct styles of syn-ore alteration were identified. The first is a pervasive 

silicification in the Quartz Actinolite Zone creating sigmoidal veins during ductile 

deformation and the second is iron-rich biotite and arsenopyrite in the Sulphide 

Replacement Zone that was part of brittle deformation. Pervasive silicification alters both 

the tholeiitic basalts and banded iron formations, with the earlier carbonate alteration 

being replaced by silicification. Traditionally the Quartz Actinolite Zone has been logged 

as a single event with similarities to a quartz-carbonate vein. This study, however, has 

illustrated that these veins are actually two distinct events (Fig. 3.10): 1) pervasive 

silicification with the associated apatite, tourmaline, pyrrhotite, chalcopyrite, ullmanite, 

willyamite, gersdorffite, sphalerite, galena, jamesonite and gold mineralization formed 

during the end of the ductile deformation; and 2) actinolite, tremolite, calcite, scheelite, 

and apatite probably are associated with a distinct fluid source. Gold mineralization 

within this unit occurs as either free gold within the silicification or as inclusions within 

pyrrhotite grains.  Even though these are two distinct alteration events and gold is 

associated with the silicification and not the actinolite, quartz veins associated with 

actinolite veinlets are commonly enriched in gold than those without the actinolite 

overprinting event. The pyrrhotite, chalcopyrite and sphalerite form aggregate grains cut 

by occasional late arsenopyrite crystals. A second smaller gold, event later than both the 

silicification and actinolite alteration, is associated with iron-rich biotite and arsenopyrite 
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formed during brittle deformation.  Gold within this zone is found as inclusions within 

the arsenopyrite grains. Within the Zone 4 footwall mineralization, the strongest gold 

values are found in areas that exhibit similar alteration and structural controls. All the ore 

zones have been cut by barren post-ore faults, quartz and carbonate veins.  Some of the 

late-stage faults were filled with either tourmaline or chlorite, referred to as black line 

faults. All these features have added to the structural complexity of the deposit and 

discontinuity of the ore bodies. 

 

3.5.3 Relationship with other mines in the Red Lake Camp 

 

The Mines in the Red Lake Camp and the Gold Eagle Deposit all share some 

similar features including: 

 Structurally controlled deposits in areas that have undergone multiple 

deformation events; 

 Commonly hosted in tholeiitic Balmer age basalts (Madsen is slightly 

different); 

 Host to many intrusive units including: lamprophyre dykes, diorite dykes, 

and quartz-feldspar porphyries; 

 Pre-ore chlorite and carbonate alteration (biotite is documented in all 

deposits except Wilmar), syn-ore carbonate, silicification, pyrite, 

pyrrhotite, chalcopyrite,  and arsenopyrite, and post-ore tourmaline and 

carbonate; 
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 Multiple gold mineralization events (style of mineralization changes 

between the events);  

 Enriched concentrations of Au, Ag, As, Sb and Zn 

 

The Gold Eagle deposit was originally interpreted by Goldcorp and Gold Eagle 

Mines ltd. as an extension of the West Carbonate Zone of the Cochenour-Willans mine. 

The two deposits share not only features similar to above, but are also hosted in a quasi-

planar high strain zone and contain ullmanite-willyamite and gersdorffite which are not 

common elsewhere. However, they also exhibit distinct features. First, there are two 

different orientations for structures controlling the mineralization. The West Carbonate 

Shear Zone is at 131/80°SW (Sanborn, 1987) while the Gold Eagle Deformation Corridor 

is NS/W. Second, the colloform carbonate veins of the West Carbonate Zone are ankerite 

and iron-rich carbonate (Sanborn, 1987) while from the XRD work the Gold Eagle 

Deposit is calcium and magnesium-rich. Third, the West Carbonate Zone was more 

pyrite-rich (Sanborn, 1987) while the Gold Eagle Deposit is dominated by pyrrhotite, 

which could be related to the fact that Gold Eagle deposit has formed at greater depth.    

The Banded Iron Formations (Zone 2) of the Gold Eagle deposit are more similar 

to the Cochenour-Willans ‟04 zone, and are tentatively interpreted as a down dip 

extension.  Both have similar mineralogy with pyrrhotite, magnetite and pyrite more 

common in the ‟04 zone.  More study is required to define the relationship between these 

two zones.  Both Hopson (1994) and Dubé et al., (2003) recognized that gold 

mineralization is variable along the length of these steeply dipping NS structure in the 
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Cochenour-Willans area. The Gold Eagle Deposit clearly illustrates that these structures 

can host significant gold mineralization suggesting that these repetitive structures could 

possibly contain stronger mineralization at depth since the Gold Eagle deposit represents 

some of the deepest zones in the Cochenour-Willans area.   

While the Gold Eagle Deposit is smaller than the Campbell-Red Lake mine, it has 

some similarities to specific ore zones within the Campbell-Red Lake mine and falls 

along the same “mine trend”. The Sulphide Replacement Zone (type 3) of Gold Eagle 

deposit is similar to the Au-As-Sb-Zn- (Hg) mineralization described by Penczak and 

Mason (1997). Both of these zones are enriched in gold, silver, arsenic, antimony, and 

mercury but low in copper, while the Sulphide Replacement Zone is also enriched in 

lead, nickel and zinc. This similar arsenic, antimony and mercury signature that 

accompanies the biotite alteration suggests that they could have been formed during the 

same event or from a similar fluid source and formed by similar processes.  One possible 

reason why the Gold Eagle Deposit is smaller is because it has less extensive syn-ore 

alteration halo, suggesting that the auriferous fluid volume was smaller in this deposit 

than in the Campbell-Red Lake deposit. 

 

3.5.4 Conclusions 

 

The Gold Eagle deposit represents a complex structurally controlled gold deposit 

within the Red Lake camp.  Like most greenstone hosted gold deposits, it is found within 

a steeply dipping planar structure hosted in tholeiitic basalts cut by intrusions of 
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lamprophyre, diorite, porphyry and mafic dykes. There are a variety of mineralization 

styles which include: quartz veins with late actinolite stringers silicified banded iron 

formations, sulphide replacement zones with a wide range of footwall ore zones. Two 

distinct gold events were identified with the main one associated with the silicification, 

apatite, tourmaline, pyrrhotite, chalcopyrite, arsenopyrite, galena, jamesonite, sphalerite, 

ullmanite, gersdorffite, and late actinolite, whereas a later minor gold event was 

associated with stringers with iron-rich biotite and arsenopyrite . The zoned alteration, 

breccias, massive sulphide replacement zones and silicification textures are very similar 

to mineralization within the Cochenour-Willans and Campbell-Red Lake Mines and the 

Madsen Mine.  While they share similar mineralogy and alteration, the Gold Eagle 

Deposit has not seen as large an auriferous fluid influx as these deposits. More works 

needs to be done to clarify the orientation of the host structures and fluid conduits and to 

evaluate its relationship with the West Carbonate Zone in the Cochenour-Willans Mine. 

The recognition of pervasive alteration (biotite, carbonate, muscovite, and quartz), 

structures with localized alteration (increase in carbonate and silicification) and the 

location relative to the Balmer-Bruce Channel have significant implications for mineral 

exploration and modeling within greenstone belts. 
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Chapter 4 

Conclusions 

4.1 Conclusion 

 

The evolution of the Gold Eagle Deposit based on data obtained in this study, and 

existing data can be summarized as: 

 

Pre-Ore Events 

 Extrusion of mafic units and deposition of banded iron  

formations of the Balmer Assemblage 

 Intrusion of the East Bay Serpentinite  

 Early folding and faulting of the mafic volcanic rocks 

 Early intrusive porphyries 

 Pervasive chlorite alteration and greenschist metamorphism 

 Pervasive biotite alteration 

 Pervasive carbonate alteration 

 Alteration of all units within the Gold Eagle deformation corridor 

and patches of the footwall; emplacement of colloform carbonate 

veins; brecciation of the veins 

 Pervasive/patchy muscovite alteration 

 Pervasive muscovite alteration of pre-existing quartz-feldspar 

porphyry‟s creating Mottled Rhyolite dykes 

 Pervasive alteration of pillow basalts  

 Early alteration of the footwall basalts 

 

Syn-Ore Events 

 Development of the steeply dipping NS brittle-ductile Shear zone and 

deformation corridor (could be pre-ore and then reactivated during the 

silicification) 

 Pervasive silicification, veining, and mineralization of the ore zones 

 Silicification of the Banded Iron Formation‟s 

 Silicification of the Basaltic units 

 Quartz veining within the Upper Main Zone 

 Pervasive silicification of the footwall basalts 

Unable to 

determine 

exact timing 

relationships  
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 Continued pervasive muscovite alteration and incorporation of the 

brecciated silicified zones 

 Late actinolite alteration cutting the various units within the Gold Eagle 

Area  

 Massive arsenopyrite and Fe-rich biotite replacement of basalts, quartz 

and carbonate veins 

 

Post-Ore Events 

 Continued movement along the NS shear zone 

 Late tourmaline lined faults 

 Quite a few are folded and crenulated suggesting that they are 

earlier than the final stages of deformation 

 Late chlorite lined faults 

 Carbonate, pyrrhotite, and chalcopyrite veinlets (exact timing unknown) 

 Late stage of lamprophyre, mafic, and diorite dykes 

 Late staged barren quartz veins (some with biotitic halos)  and carbonate 

veins 

 

The Gold Eagle deposit is similar to many of the other gold occurrences in the 

Red Lake Camp.  Being located close to the Bruce Channel Formation and under a 

regional unconformity is similar to both the Campbell-Red Lake mine and the Madsen 

mine. This relationship is well documented in both Timmins and Kirkland Lake (Dubé et 

al., 2003; Hodgson, 1993) and 94% of 27.6 M oz of gold produced in Red Lake are from 

mines along this Mesoarchean-Neoarchean boundary (Dubé et al., 2003).  Temporal 

relationships of the various units, structures and alteration phases of the Gold Eagle 

Deposit are still unknown.  Relatively speaking, the deposit is younger than the 

ultramafics, quartz-feldspar porphyries and the Bruce Channel Sediments that overlay it. 

The deposit is hosted in a long-lived NS deformation corridor that incorporated the 

tholeiitic Balmer basalts, banded iron formations, quartz-feldspar porphyry‟s, and MRD‟s 
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into its structures. Late lamprophyre dykes have also been documented utilizing the 

structure as well and this relationship is very similar to their relationship within the 

Campbell-Red Lake Mine. Spatially the biotite alteration is constrained to the footwall of 

both the Gold Eagle Deformation Corridor and the Cochenour Thrust with strong 

carbonate alteration found within the deformation corridor itself. Veining within the 

Upper Main Zone mineralization forms an en echelon pattern with the dilatational jogs 

being the primary trap for the quartz veining and later actinolite stringers. The strongest 

silicification is found in the immediate areas overprinting carbonate rich material is 

associated with gold mineralization in the Gold Eagle Deformation corridor or as small 

veinlets within the footwall of the deposit. Late Fe-rich biotite and arsenopyrite is 

associated with localized mineralization within and along the footwall of the major 

deformation corridors.  The Gold Eagle Deposit nicely illustrates the prospectivety of 

steeply dipping brittle-ductile structures and their ability to host economic gold grades.  

 

 

4.2 Future Studies 

 

 There are many open questions of the relationship between the timing and 

conditions of metamorphism and gold mineralization at the Gold Eagle deposit. Here are 

some suggestions for future work: 

1. Detailed underground mapping (when and if available) to determine the 

exact relationship between the various structures, and the timing of  

mineralization, deformation and metamorphism 
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a. If suitable minerals are found, dating of the various alteration 

zones and dykes to constrain the timing of events and their 

relationship to the regional metamorphism  

b. Verify the interpreted cross-cutting relationship between the Gold 

Eagle Deformation Corridor, Cochenour Thrust and the West 

Carbonate Zone 

2. Detailed geochemical analysis of samples from the Wilmar, and the 

Cochenour-Willans mine to understand the various mineralization styles 

within the immediate area 

a. Detailed study (petrography and geochemistry) of the Wilmar 

granodiorite to see what influence it has had on the local area. 

Silver could act as the a key indicator for the Wilmar 

mineralization due to its enrichment (and silver bearing minerals 

unique to the mine) in relative to the rest of the camp.  

b. Comparative geochemical and petrographic analysis of the massive 

sulphide replacement zones of the Gold Eagle Deposit and the East 

South C zone of the Campbell-Red Lake mine to evaluate if the 

two zones formed during the same sulphidation event. 

c. 3D modelling of geochemical data to see if there elements that are 

associated with the gold mineralization that could be used as a 

vectors. From this study, mercury looks like a good candidate to 

start with. 
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3. Detailed 3D modelling of the Gold Eagle, Cochenour-Willans and Wilmar 

deposits to gain a more thorough understanding of the relationships 

between the various mineralized zones, structures and alteration. 

a. Identify if more NS structures are mineralized, if so, how 

continuous are they and how do they fit into the deformational and 

gold mineralization history of the Red Lake greenstone belt. 
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Appendix A: Geologic Maps and Models 

 The Gold Eagle deposit had a unique set of issues when it came to modeling and mapping 

the deposit. Due to the depth of the deposit and lack of surface exposure no surface maps were 

available and surface projections were based on the angles from the drilling. All the maps of 

surficial geology were digitized from previous work and publications.  

The block diagrams of the geology and alteration was done in 3 parts. Drill hole 

compilation of 450 holes was done using Microsoft Access (2007, 2010) for the database, 

Gemcom v.3.41 and Rockworks (trial version 14) for 3D visualization and the geology was 

interpreted with AutoCAD 12.0 and cleaned up in Corel Draw X4 and X5.  
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A1. Major Gold Deposits along the Bruce Channel Assemblage and Balmer Assemblage Contact 

 

 

 

 

 

 

 

 

 

A1. Geological map of the 

Cochenour and 

Balmertown area 

highlighting the various 

gold mines  and showings 

along the regional 

unconformity (GSC data 

from Sanborn-Barrie et al. 

2004 and Panagapko et 

al., 2000) 
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A2. Digitized plan map of 2050L with interpreted geology by INCO GOLD geologists (1988). 

 

A2. Digitized INCO GOLD (1988) Plan Map of 2050 Level of Cochenour-Willans Mine 
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A3. Inclined long section and cross sections of the northern and southern portions of the deposit. Outlines of the gold 

values are in red along the right side of the image. 

A3. Inclined Section and Geometry of Ore Bodies 
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Appendix B: Drill Core Logs of the Gold Eagle Deposit 

A total of 32 drill holes were selected from the Gold Eagle core and re-logged throughout the 

main deposit, with 9 holes selected for the entire hole to be studied in detail (Listed in Table B1.). 

Four holes (20L5027, 20L5028, 20L5029, 20L5032) were logged from the 2010 underground 

drill program and were used to help with the geologic modeling, but were not used for in the 

geochemical or petrographical investigation so their logs are not listed below. 

  Selection of drill holes was limited to what core was available/ easily accessible at the time 

of the project. Unaltered mafic volcanic units, zones of pervasive carbonate alteration, biotite-

carbonate alteration, muscovite alteration, ultramafic, veining, sulphide replacement zones, 

banded iron formations and intrusive units were sampled in these 32 drill holes.  
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B1. Collar Information of All Holes Examined and Sampled 

Collar Locations 

Mother Hole Wedge 
UTM Zone 15 (NAD27) 

Azimuth Dip 
Length 

(m) 
Year 

Logged in 
Detail 

Zones 
Logged 

Sampled 
X Y Z 

BC8 
3 

441914.4 5657795 367.7805 61.62 -65.1 
1005 2009/2010 



 

6 1356.18 2009/2010   

BC10 
14 

442807.8 5657687 383.544 261.1 -74.7 
1584 2010   

15 1260 2010   

BC11 3 442807.8 5657687 383.544 297.3 -72.4 1023 2010   

BC17 

2 

442987.4 5657822 369.7947 289.2 -68.3 

1245 2010 


 

3 1170 2010   

8 954 2010   

10 1089 2009/2010   

16 1425.4 2010   

17 927 2009/2010   

BC19 

6 

442807.8 5657687 383.544 280.7 -71.9 

2105 2010   

8 2137 2010   

10 2119 2010   

13 1322.4 2010   

15 1182 2010   

17 1688 2009/2010   

31 1370.3 2009/2010   

34 1470 2009/2010   

35 1575.5 2009/2010 


 

BC29 
15 

442716.8 5657506 384.4718 274.26 -80.0 
1388.9 2009/2010   

22 1407 2009 
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23 1371 2009/2010   

27 1101.45 2010   

38 1635 2010   

52 1330.1 2009/2010   

56 1529 2009/2010   

BC30 24 441745.5 5657685 375.573 91.9 -85.2 1453.4 2009/2010   

BC33 

5 

442807.8 5657687 383.544 254.9 -70.3 

1583.2 2010   

6 1894 2010 


 

31 2067 2010   

BC36 
6 

441745.5 5657685 375.573 93.6 -71.3 
2028.2 2010   

7 1939.82 2010   

Table B1. Summary of holes examined, sampled, collar locations and year(s) examined. 
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B2. Core Logs of Complete Holes Logged in Detail 

 

DDH: BC10W15 Zone: Potentially hit the gold eagle shear (1216.5-1248m), hit the banded iron formation (1205.4-1214.6m), and footwall zone (1239.6-1242m in a small shear zone) 

From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

999 1029 Balmer Basalt Massive 

Moderate to strong 
pervasive silicification, 

weak pervasive chlorite 

and biotite 

- 

Carbonate 
veinlets, 

actinolite 

stringers 

Fine grained, dark grey, basalt, moderate to strong silica 

flooding, weak biotite and chlorite alteration, trace carbonate 
stringers, fractures filling, trace actinolite stringers, the unit is 

fairly massive with no distinctive foliation of brecciation. At 

1018.5 to 1027.5 there is varying amount of silicification, but 
with everything else is the same 

1029 1035 Balmer Rhyolite Massive 

Strong pervasive 

silicification, trace 

pervasive sericite 

Pyrite 

Tourmaline 

filled faults, 
carbonate 

veinlets 

Fine grained, strong silicification, small black clasts, trace black 

line faults, trace ankerite, trace sericite, where the sample was 

taken it looks like an intermediate phase with patchy MRD in 
portions, still has chlorite stringers/bands through it, trace 

sulphides, trace carbonate stringers/fractures, sharp upper contact 

of 60 degrees. 

1035 1038 Balmer Rhyolite Massive 

Strong pervasive 

silicification, trace 

pervasive sericite 

Pyrrhotite, 
chalcopyrite 

- 

Strong silicification and sericite alteration, small blebs of 
pyrrhotite and chalcopyrite (2%), black clasts have been altered 

away, light grey /tan/pin colour, very fine grained, this zone 

could be an alteration zone at the contact between the rhyolite 
and the basalt 

1038 1042 Balmer Basalt 
Massive, 

amygdules 

Moderate to strong 

pervasive silicification, 

weak pervasive chlorite 
and biotite 

- 

Carbonate 

veinlets, 

actinolite 
stringers 

Fine grained, dark grey, basalt, moderate to strong silica 

flooding, weak biotite and chlorite alteration, trace carbonate 
stringers, fractures filling, trace actinolite stringers, the unit is 

fairly massive with no distinctive foliation of brecciation. 

Amygdules present within the zone 

1042 1046.2 Balmer Diorite Massive 

Weak to moderate 
patchy seritiziation, 

moderate pervasive 

silicification, trace 

pervasive chlorite 

Chalcopyrite - 

Intrusive diorite dyke, fine to medium grained diorite with 
visible plagioclase and mafic minerals, there is trace chalcopyrite 

in some of the fractures that are seritized found closer to the end 

of the unit, moderately silicified, trace chlorite alteration, there is 

6 cms of mafics within the dyke 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1046.2 1064.4 Balmer Basalt Massive 

Moderate to strong 

pervasive silicification, 
weak pervasive chlorite 

and biotite 

- 
Actinolite 
stringers 

Fine grained, dark grey, basalt, moderate to strong silica 

flooding, weak biotite and chlorite alteration, trace carbonate 
stringers, fractures filling, trace actinolite stringers, the unit is 

fairly massive with no distinctive foliation of brecciation. 

1064.4 1087 Balmer Basalt Massive 

Strong pervasive 

silicification, weak to 

moderate biotite, trace 
chlorite 

Pyrrhotite 
Carbonate 

veinlets 

Fine grained, dark grey basalt, trace carbonate filling fractures 
and veinlets at 50-70 degrees, strongly silicified, weak to 

moderate biotite alteration, trace disseminated sulphides, trace 

chlorite, massive (no real foliation or brecciation), no biotite halo 
around the carbonate veinlets, possible sphalerite at 1066.6m in a 

20cm shear zone. 

1087 1097.7 Balmer Basalt Brecciated 

Moderate to strong 

pervasive silicification, 
weak to moderate patchy 

carbonate 

- 
Brecciated 

quartz veins 

Brecciate basalt with ankerite and silica filling in around the 

basaltic clasts, there is strong silicification throughout the unit, 

there is also broken up quartz veins within the unit. The breccia 
zone continues with areas of shearing (ex. 1095.5 for 40cms), 

white carbonate filling in fractures and bleaching at 1096m, the 

whole unit has strong silicification. 

1097.7 1102.8 Balmer Basalt Massive 
Strong pervasive 

silicification, weak to 

moderate biotite and 

chlorite 

- 
Carbonate 

veinlets 

Mafic volcanics, fine grained, grey, massive, strong 

silicification, weak to moderate chlorite and biotite alteration, no 
carbonate alteration (trace carbonate stringers at 45 degrees).  

1102.8 1113 Balmer Basalt Massive Strong silicification, 

weak sericite alteration 
Pyrrhotite 

Carbonate 

veinlets 

Bleached basalt, fine grained, strongly silicified, bleached basalt, 

tan to light grey in colour, massive, highly fractured, upper 

contact of 85 degrees, quite sharp and shows colour difference, 
there are small little quartz veinlets that fill in some of the 

fractures, trace sulphides present, 

1113 1117 Balmer Basalt Massive Moderate pervasive 

silicification 
- 

Biotite filled 

fractures 

Gradational upper contact of 40 cms, with decreasing bleaching, 

in general it is fine grained, dark grey with moderate 

silicification 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1117 1118 Balmer Diorite  Massive 
Moderate pervasive 

silicification 
- 

Quartz-

carbonate 
veinlets 

Diorite dyke cut by several narrow qtz/carb veinlets, dark grey, 
visible mafic and felsic minerals with contacts of 65 degrees. 

1118 1119.7 Balmer Basalt Massive 

Weak to moderate 

pervasive biotite, trace 
carbonate 

- 

Quartz-

carbonate 
veinlets 

Fine grained, dark grey/green, weak to moderate biotite 

alteration, trace carbonate veining, trace ankerite veinlets, trace 
carbonate veinlets. 

1119.7 1135.1 Balmer Shear zone Sheared 

Moderate banded 

carbonate, chlorite and 

biotite and strong 
pervasive carbonate 

Pyrrhotite, 

arsenopyrite 

Boudinaged 

quartz veins 

Fine grained, carbonate/chlorite/biotite sheared with bands of 

carbonate and chlorite, stronger pervasive carbonate alteration, 
fine grained, dark grey with white bands, small dark brown 

bands, trace sulphides, foliated at 5-25 degrees, minor milky 
white quartz boudins. 

1135.1 1146 Balmer Basalt Brecciated 

Strong pervasive 
silicification and 

carbonate, moderate 
chlorite and trace patchy 

biotite 

- - 

Fine grained, brecciated basalt, with strong silicification, 

pervasive carbonate alteration, weak to moderate chlorite, trace 

biotite (gets stronger the further down the unit), zones around 
brecciation are strongly bleached and have a tan to light grey 

colour, upper contact of 25 degrees, shards of cherty silica 
alteration. 

1146 1147.1 Balmer Basalt Brecciated 
Strong pervasive 

carbonate 
- 

Carbonate 

veinlets 

Strong carbonate alteration takes over and an increase of 

carbonate stringer with the biotite alteration around them. 

1147.1 1157.9 Balmer Basalt Brecciated 
Strong pervasive 

carbonate 

Pyrrhotite, 

pyrite, 
arsenopyrite 

Brecciated 
colloform 

carbonate, 

quartz veinlets 

Brecciated basalt with carbonate and quartz veinlets that are tan 
to light grey in colour that are in a strong carbonatized matrix, 

the clasts are angular in nature and there are some relicts of 

MSCV, trace pyrrhotite, pyrite and arsenopyrite 

1157.9 1171.2 Balmer Shear zone Sheared 
Moderate to strong 

banded carbonate and 

biotite 

Pyrrhotite, 
pyrite, 

arsenopyrite 

- 

Strong shearing, banded in nature with dark brown biotite bands 
and light grey carbonate bands with no carbonate present in the 

biotite bands, trace pyrrhotite/ pyrite, by 1163m there is an 

increase in quartz veining in a more massive/biotitic portion, 
sulphides are constrained to the biotitic bands, the whole unit is 

sheared at 45 degrees with an upper contact of 45 degrees. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1171.2 1180.4 Balmer Basalt Massive 

Moderate pervasive 
chlorite, carbonate and 

weak patchy muscovite 

and quartz 

Pyrrhotite 
Carbonate 

veinlets 

Fine grained, massive mafics, weak foliation defined by biotite, 

upper contact of 45 degrees, there is moderate chlorite alteration 
fiving the unit a slightly green appearance, trace pyrrhotite, weak 

bleaching in portions (mainly around 1179), moderate carbonate 

(pervasive), sporadic carbonate veinlets (no biotite halos), very 
similar to previous basalts. 

1180.4 1190.1 Balmer Basalt Massive Strong pervasive biotite - 
Carbonate 

veinlets 

Fine grained, massive mafics, dark brown in colour, strong 

biotite alteration, upper contact of 60 degrees, carbonate altered 

primarily constrained to the carbonate stringers. 

1190.1 1205.4 Balmer Basalt 
Foliated, 

brecciated 

Strong pervasive biotite, 

silicification, weak 
carbonate, trace chlorite 

Pyrrhotite - 

Mafic volcanics. Dark brown to patchy light grey (where 
carbonate alteration is prevalent). It is fine grained, weakly 

sheared to massive to almost brecciated in appearance. There is 

strong biotite and silica alteration, trace chlorite alteration. There 
is weak carbonate alteration but it constrained to fractures and 

grey altered portions within the zone. There is trace sulphide 

mineralization and carbonate stringers are at 20-50 degrees. 

1205.4 1214.6 Balmer 
Banded iron 
formation 

Banded, 
brecciated 

Trace patchy chlorite and 
sericite alteration 

Pyrrhotite, 
chalcopyrite 

Carbonate 
veinlets 

Laminated cherty iron formation that has undergone strong silica 

flooding. Fine grained, dark grey to brown strongly reworked 
unit. There are still some trace beds left that can be seen at 60 

degrees. There is patchy carbonate alteration, mainly as stringers 

that are at 80 to 90 degrees that can be seen being cut by 
pyrrhotite stringers. The unit is weakly moderately sheared at 40 

degrees. There is trace chlorite and sericite alteration. There is 5-

10% pyrrhotite stringers throughout the unit with 2-3% 
chalcopyrite blebs within these areas that follow the shearing, 

beds and fractures within the unit. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1214.6 1216.4 Balmer Mafics Massive 
Moderate pervasive 

carbonate alteration 
Pyrrhotite - 

Mafic volcanics. Light grey, fine grained, pervasive carbonate 

alteration, upper contact of 80 degrees marked by a 5cm 

carbonate/biotite shear. The unit in general is massive and there 
is trace sulphides. 

1216.6 1222.6 Balmer Shear zone Sheared 

Moderate to strong 

banded biotite, carbonate 

and chlorite 

- 
Carbonate 

veinlets 

Strongly sheared zone with biotite, carbonate and chlorite 
alteration (carbonate is pervasive except in chlorite bands), 

foliation is at 50 degrees, small carbonate stringers are found 

throughout the zone, there is a small 4cm vein at1217m that are 
perpendicular to the core axis and is dark grey in colour. 

1222.6 1227.8 Balmer Mafics Sheared 

Moderate to strong 

banded biotite, pervasive 

silicification, patchy 
carbonate 

- - 

Fine grained basalt with biotite and pervasive silica alteration, 

the unit is dark grey/brown, there is some patchy carbonate 

alteration in places and a few biotite rimmed carbonate veinlets, 
at 1230.4m there is a 2cm carbonate and biotite shear zone, 

1227.8 1228 Balmer Carbonate Sheared 

Strong pervasive 

carbonate, weak banded 
biotite and chlorite 

- - 
Strongly carbonatized portion of the zone that has silica flooding 
and fractures filled at 20 degrees, with biotite and chlorite shear 

1228 1239.6 Balmer Mafics Massive 

Moderate pervasive 

biotite and silicification, 
weak patchy carbonate 

- 

Biotite lined 

carbonate 
veinlets 

Fine grained basalt with biotite and pervasive silica alteration, 
the unit is dark grey/brown, there is some patchy carbonate 

alteration in places and a few biotite rimmed carbonate veinlets, 
at 1230.4m there is a 2cm carbonate and biotite shear zone, 

1239.6 1242 Balmer Shear zone Sheared 
Moderate pervasive 

biotite and silicification, 

weak patchy carbonate 

- - 

Sheared and brecciated zone with strong biotite alteration, silica, 

trace carbonate stringers, no defined foliation, reworked and 

broken, no visible gold even though it ran 22 g, good example of 
footwall zone 

1242 1260 Balmer Mafics Massive 

Moderate pervasive 

biotite and silicification, 
weak patchy carbonate 

- 

Biotite lined 

carbonate 
veinlets 

Fine grained basalt with biotite and pervasive silica alteration, 

the unit is dark grey/brown, there is some patchy carbonate 
alteration in places and a few biotite rimmed carbonate veinlets, 

at 1230.4m there is a 2cm carbonate and biotite shear zone, 
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DDH: BC11W2 
Zone: Gold Eagle Shear (mylonitized carbonate at 1205.3-1228.2m and full shear zone extending to ~1252.4m ), UMZ (silicified basalts ), GMS (1269-1269.6m) 

and banded iron formations (1277.2-1285.1m) 

From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

905 935.82 - - - - - - Missing in core yard/ not racked at time or logging 

935.82 962.62 Balmer Point rock Brecciated 

Strong pervasive 
silicification and 

aluminous 

alteration 

Pyrite 
Stringers of 

actinolite 

Fine grained, light grey, brecciated, strong pervasive silica and aluminous 

alteration, trace cubic pyrite, many quartz veinlets cutting through the 
zone, weak stringers of actinolite 

962.62 965.95 Balmer Aplite dyke Massive 

Weak to moderate 

pervasive 

silicification, weak 

pervasive carbonate 

- 
Carbonate 

veinlets 

Upper contact at 50 degrees, fine grained, light grey/pink dyke, small 

carbonate veinlets cut through the zone, weak to moderate silicification, 
weak pervasive carbonate no visible sulphides 

965.95 979.72 Balmer Point rock Brecciated 

Strong pervasive 

silicification and 
aluminous 

alteration 

Pyrite 
Stringers of 
actinolite 

Fine grained, light grey, brecciated, strong pervasive silica and aluminous 

alteration, trace cubic pyrite, many quartz veinlets cutting through the 

zone, weak stringers of actinolite 

979.72 981.28 Balmer Diorite Massive 
Weak pervasive 

chlorite 
- - 

Mafic dyke, pale green, diorite, similar to aplite by light grey and some 

visible amphiboles with an upper contact of 50 degrees, weak pervasive 
chlorite 

981.28 983.5 Balmer Point rock Brecciated 

Strong pervasive 

silicification and 

aluminous 
alteration 

Pyrite 
Stringers of 

actinolite 

Fine grained, light grey, brecciated, strong pervasive silica and aluminous 

alteration, trace cubic pyrite, many quartz veinlets cutting through the 

zone, weak stringers of actinolite 

983.5 986.92 Balmer Msfics/argillite Bedded 
Strong pervasive 

chlorite, moderate 

patchy garnet 

Pyrrhotite - 

Fine grained, bedded, dark grey/green sediments, bedding at 20 degrees, 

strong chlorite mineralization, trace garnets, pyrrhotite stringers and blebs 

present parallel to bedding, trace chlorite alteration, upper contact at 20 
degrees/ 

986.92 1070.3 Balmer Mafics/argillite Sheared 

Moderate pervasive 

chlorite, carbonate 
and silicification, 

weak to moderate 

patchy biotite, trace 
patchy garnets 

Chalcopyrite, 

pyrrhotite 

Carbonate 

stringers 

Fine grained mafics, dark grey, massive to weakly sheared at 40 degrees, 

trace pyrrhotite in biotite rich blebs, chlorite/carbonate/silica altered, 

patchy biotite alteration, trace garnets in chlorite rich patches, trace 

bleaching, trace carbonate stringers, trace chalcopyrite with pyrrhotite 

blebs and varioles present in some parts of the mafics 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1070.3 
1071.2

2 
Balmer 

Feldspar 

porphyry 
Massive 

Weak pervasive 

silicification 
Pyrrhotite 

Carbonate 

stringers 

Upper contact of 40 degrees, feldspar porphyry, dark grey, massive with 

feldspar crystals (mm sized),  there are some trace carbonate stringers at 
40 degrees, trace pyrrhotite along stringers. 

1071.22 1143 Balmer Mafics Massive 
Moderate to strong 
silicification, trace 

patchy chlorite and 

carbonate 

Pyrrhotite 

and 
chalcopyrite 

Carbonate 

stringers 

Fine grained, dark brown, massive basalt, weak biotite, moderate to 
strong silicification, trace patchy chlorite, carbonate contained to 

stringers, trace pyrrhotite and chalcopyrite (disseminated), patchy 

fracturing 

1143 1196.3 Balmer Mafics Massive 

Moderate pervasive 

biotite, weak to 
moderate 

silicification, trace 

patchy chlorite 

Pyrrhotite 

and 

chalcopyrite 

Biotite 

stringers, 

carbonate 
stringers 

Fine grained, dark brown, massive basalt, moderate biotite, moderate to 

weak silicification, trace patchy chlorite, carbonate contained to stringers, 

trace biotite stringers, trace pyrrhotite and chalcopyrite (disseminated), 
patchy fracturing 

1196.3 1202.3 Balmer Mafics Massive 
Moderate pervasive 

biotite, moderate 

silicification, tract 

patchy chlorite 

Pyrrhotite 

and 

chalcopyrite 

Biotite 
stringers, 

carbonate 

stringers 

Fine grained, dark brown, massive basalt, moderate biotite, moderate 
silicification, trace patchy chlorite, carbonate contained to stringers, trace 

biotite stringers, trace pyrrhotite and chalcopyrite (disseminated), highly 

fractured 

1202.3 1205.3 Balmer Mafics Foliated 

Strong pervasive 

carbonate, 
silicification, weak 

chlorite 

- 
Carbonate 
stringers 

Mafic, dark grey, strong carbonate alteration, strong silicification, weak 
chlorite, foliated at 35 degrees, fine grained carbonate stringers 

1205.3 1228.2 Balmer Carbonate Sheared 

Strong pervasive 

carbonate, weak 
patchy chlorite 

Pyrrhotite, 

magnetite 
- 

Strong silicification, light grey to tan in colour, strong foliation (almost 
mylonitic; gold eagle shear!) at 20 degrees, contact at 35 degrees, trace 

pyrrhotite in portions, chloritic bands within the shear, most likely an 

altered ultramafic due to the presence of magnetite 

1228.2 1232 Balmer Shear zone Sheared 

Strong banded 

biotite and 
carbonate, weak to 

moderate 

silicification, trace 
chlorite 

Pyrrhotite 
Quartz 

veining 

Light grey (carbonate rich zones) and brown (biotite rich) bands, strongly 
foliated at 35 degrees, fine grained. There is strong biotite and carbonate 

alteration, weak to moderate silica, trace chlorite and trace pyrrhotite. The 

unit is banded with trace quartz veining. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1232 1245.4 Balmer Carbonate Brecciated 

Strong pervasive 

biotite, moderate 
silicification, weak 

patchy chlorite 

pyrrhotite 
Carbonate 
stringers 

Light grey with white brecciated pieces of carbonate veins. There is 

strong carbonate alteration, moderate silicification. There are very few to 

no carbonate veinlets, trace pyrrhotite mineralization. The predominant 
alteration is carbonate with weak chlorite alteration. There are patchy 

shear zones defined by bands of biotite mineralization (example from 

1232 to 1237.3m). The upper contact is 35 degrees. 

1245.4 1252.4 Balmer Shear zone Sheared 

Strong banded 

biotite and 
carbonate, weak to 

moderate 

silicification, trace 
chlorite 

pyrrhotite 

Boudinaged 

carbonate 
veins 

Light grey (carbonate rich zones) and brown (biotite rich) bands, strongly 

foliated at 40 degrees, fine grained. There is strong biotite and pervasive 

carbonate alteration, weak to moderate silica, trace chlorite and trace 
pyrrhotite (primarily within the biotite). There are trace broken and 

boudinaged carbonate veins.  The upper contact is 40 degrees. 

1252.4 1256.7 Balmer Carbonate Brecciated 
Strong pervasive 

carbonate 

arsenopyrite, 

pyrrhotite 

Boudinaged 

carbonate 
veins 

Brecciated carbonate vein (with some visible carbonate crystals), light 

grey in colour with broken carbonate veins (light grey to white blocks), 

strong carbonate alteration, patchy acicular arsenopyrite (2-3%) and blebs 
of pyrrhotite (1-2%). There are trace carbonate stringers at 90 degrees. 

The upper contact is at 30 degrees. 

1256.7 
1260.9

8 
Balmer Mafics Massive 

Weak to moderate 

pervasive chlorite 
and carbonate, 

strong 
silicification, trace 

patchy biotite 

- 
Carbonate 

stringers 

Dark grey, fine grained, weak to moderate chlorite, pervasive carbonate, 
carbonate stringers at 50 to 80 degrees (white, mm sized with some small 

haloes around the stringers), strongly silicified, trace biotite alteration. 
The upper contact is sheared with biotite and 55 degrees. 

1260.98 
1264.5

3 
Balmer Lamprophyre Massive 

Weak to moderate 
silicification and 

carbonate 

- 
Carbonate 

stringers 

Lamprophyre dyke, fine grained, grey with visible biotite crystals and 
carbonate stringers cutting the unit, there is weak to moderate 

silicification and carbonatization 

1264.53 1269 Balmer Mafics Massive 
Strong pervasive 
carbonate, weak 

silicification 

- - 
Strongly carbonatized mafics that are massive in nature, fine grained, 

light grey, weak silica flooding weak biotite and chlorite alteration 
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1269 1269.6 Balmer GMS Brecciated 
Strong patchy 
silicification 

- 
Carbonate 
stringers 

Strongly silicified with 10-20% grey sulphides, 10% pyrrhotite, some 
small green carbonate stringers, and ghosted quartz veins, patchy texture 

1269.6 1270 Balmer Mafics Massive 

Strong pervasive 

carbonate, weak 

patchy 
silicification, 

biotite and chlorite 

- - 
Strongly carbonatized mafics that are massive in nature, fine grained, 

light grey, weak silica flooding weak biotite and chlorite alteration 

1270 1277.2 Balmer Mafics Brecciated 
Moderate pervasive 

carbonate 
- 

Carbonate 
stringers 

Fine grained basalt, brecciated, dark green, upper contact at 45 degrees, 

moderate carbonate alteration filling fractures as stringers, biotite line the 

carbonate stringers, strong carbonate near the top of the zone 

1277.2 1285.1 Balmer 
Banded iron 
formation 

Banded 
Strong pervasive 

silicification 
Pyrrhotite, 
magnetite 

- 

Upper contact of 45 degrees, fine grained, laminated banded iron 

formation, dark grey, strong silicification, beds run at 15-20 degrees to 
core axis, magnetite present, pyrrhotite present, high gold values are 

where there is silica flooding 

1285.1 1286.7 Balmer Mafics Massive 
Strong pervasive 

biotite, carbonate 
Pyrrhotite - 

Black, biotitic, fine grained, soft, massive with very strong biotite 

alteration and strong pervasive calcite, trace pyrrhotite mineralization. 

1286.7 
1290.3

2 
Balmer Mafics Massive 

Weak to moderate 

pervasive 

carbonate, weak 
biotite 

- 
Chlorite 

stringers 

Fine grained, light grey, weak biotite alteration, weak to moderate 

pervasive carbonate, weak chlorite stringers 

1290.32 1315 Balmer Mafics Massive 

Strong pervasive 

biotite, trace patchy 

leucoxene and 
carbonate, weak to 

moderate 

silicification 

- 
Carbonate 
stringers 

Strong biotite alteration with trace patchy leucoxene mineralization, 
patchy carbonate alteration, gradational upper contact, trace carbonate 

stringers, trace quartz stringers (mm sized), weak to moderate silica 

flooding, trace pyrrhotite mineralization (primarily disseminated in 
biotite). 

1315 1316.7 Balmer Mafics Massive Weak chlorite 

alteration 
Pyrrhotite Carbonate 

stringers 

Silica flooded mafics with carbonate stringers, pyrrhotite stringers 

present, dark grey with some bronze patches, weak chlorite alteration 

1316.7 1317.2 Balmer Mafics Massive 

Strong pervasive 

biotite, trace patchy 

leucoxene and 

carbonate, weak to 
moderate 

silicification 

Pyrrhotite Quartz 

veining 

Strong biotite alteration with trace patchy leucoxene mineralization, 

patchy carbonate alteration, gradational upper contact, trace carbonate 
stringers, trace quartz stringers (mm sized), weak to moderate silica 

flooding, trace pyrrhotite mineralization (primarily disseminated in 

biotite). 
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1317.2 1334.3 Balmer Mafics Massive 

Strong pervasive 

silicification, weak 
chlorite 

- 

Biotite 

lined 
carbonate 

veinlets 

Fine grained, strongly silicified, dark grey basalt, trace carbonate 
(primarily as stringers within the zone) and are surrounded by biotite, 

stringers at 60 degrees and roughly mm sized, weak chlorite, trace 
amygdules, at 1334/4 for 30cms there is a breccia zone with carbonate 

and chlorite filling in the fractures 

1334.3 1338.5 Balmer Mafics brecciated, 
sheared 

Weak to moderate 
pervasive 

vilification, 

moderate pervasive 
carbonate 

- - 

Weak brecciation/shearing at 10 degrees, fine grained dark green/brown, 

moderate to weak silicification, late carbonate bands with biotite 
alteration 9mm sized) moderate pervasive carbonate and an upper contact 

not well defined 

1338.5 1397.2 Balmer Mafics Massive 
Strong patchy 

biotite, moderate to 

strong pervasive 

silicification 

- - 

Gradational upper contact, patchy biotite mineralization, fine grained, 
massive, dark brown, strong biotite alteration, moderate to strong 

silicification, trace pyrrhotite, grey-green carbonate flooding/veins at 70-

80 degrees present. 

1397.2 1400.5 Balmer 
quartz-feldspar 

porphyry 
Massive 

Weak to moderate 

pervasive 
silicification 

- - 

Sharp contact at 35 degrees, QFP, dark grey, fine grained, massive with 

visible crystals of quartz and feldspar, upper contact has biotite alteration, 
no preferred alignment of minerals, weak to moderate silicification 

1400.5 1408.1 Balmer Mafics Massive 

Moderate to strong 
biotite, weak 

patchy leucoxene 
and carbonate 

- - 

Dark brown, upper contact of 35 degrees, fine grained, leucoxene 
mineralization present, dark grey green, quartz veins present, carbonate 

limited to fractures and veinlets, mineralization associated with leucoxene 
and quartz, massive, moderate to strong biotite alteration 

1408.1 
1411.1

5 
Balmer carbonate brecciated 

Strong pervasive 

carbonate, 

moderate pervasive 

silicification 

- - 

Grey-green carbonate with minor chlorite bands, sections of broken 

ferroan dolomite, moderate silica, upper contact of 80 degrees, pervasive 

carbonate alteration, fine grained, dark grey, no magnetite, strong 

brecciation 
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1411.15 1416.3 Balmer Mafics Massive 
Moderate to strong 

biotite, weak 

patchy leucoxene 
and carbonate 

Pyrrhotite 
Carbonate 

stringers 

Dark brown, upper contact of 20 degrees, fine grained, leucoxene 

mineralization present, dark grey green, quartz veins present at 20-25 
degrees, carbonate limited to fractures and veinlets, mineralization 

associated with leucoxene and quartz, massive, moderate to strong biotite 

mineralization strong silicification 

1416.3 1467.5 Balmer Mafics Massive 

Moderate to strong 

pervasive 
silicification, weak 

to moderate biotite 

and chlorite 

- - 

Fine grained dark grey basalt, moderate to strong silicification, weak to 

moderate biotite alteration and chlorite alteration, massive, brecciated 

section at 1459.21-1459.41 with ankerite infilling, gradational upper 
contact 

1467.5 
1479.7

5 
Balmer Mafics Massive 

Moderate pervasive 
chlorite and 

silicification, weak 

pervasive carbonate 

- 
Carbonate 

stringers 

Dark grey/green mafics, moderate chlorite alteration moderate 

silicification, scattered quartz veins present, trace biotite (more patchy 

than pervasive) weak pervasive carbonate (carbonate stringers are mm 
sized, various angles and found throughout), there is 75cms of fault gauge 

at the upper contact 

1479.75 1484 Balmer Mafics Massive 

Moderate pervasive 

silicification, 
patchy biotite, 

weak pervasive 

carbonate 

- 
Quartz 

veining 

Dark grey/green mafics, weak chlorite alteration, moderate silicification, 

scattered quartz veins present, moderate biotite (more patchy than 
pervasive) weak pervasive carbonate (carbonate stringers are mm sized, 

various angles and found throughout), transition marked with a weak 

carbonate shear, there are trace shears filled with ankerite 

1484 
1511.7

5 
Balmer Mafics Massive 

Moderate pervasive 
silicification, trace 

pervasive chlorite 
and carbonate 

Pyrrhotite - 

Dark grey, trace chlorite and pervasive carbonate, moderate silicification, 
fine grained, massive, gradational upper contact, at 1487.5 to 1487.7 there 

are some trace shearing with ankerite flooding, 1% disseminated patchy 
pyrrhotite 
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1511.75 1551 Balmer Mafics Massive 

Moderate pervasive  

silicification and 
biotite, weak 

pervasive carbonate 

Pyrrhotite Carbonate 
stringers 

Fine grained, dark grey basalt that has weak pervasive carbonate, 

moderate silicification, moderate biotite alteration, quartz-carbonate 
stringers, biotitic halos at 80 degrees, massive, trace patchy shearing 

(10cms wide), biotite shear, quartz carbonate stringers vary from 20-80 

degrees. At 1519.21 to 1519.65 there is strong silicification with 5% 
disseminated and blebs of pyrrhotite. At 1540-1543 there is patchy 

leucoxene mineralization around a quartz actinolite vein/flooding. 

1551 1560.8 Balmer Mafics Massive 

Weak to moderate 

patchy biotite, 
moderate pervasive 

silicification and 

chlorite 

Pyrrhotite 
Carbonate 
and biotite 

stringers 

Weak to moderate patchy biotite alteration, moderate pervasive 

silicification, gradational upper contact, fine grained, dark grey/green, 

massive, moderate chlorite alteration, trace carbonate and biotite stringers, 
trace pyrrhotite (disseminated and stringers) 

1560.8 1566.1 Balmer Shear zone Sheared 

Strong pervasive 

silicification, 
moderate banded 

biotite and 

carbonate 

Pyrrhotite - 
Upper contact at 45 degrees, sheared, at 45 degrees, fine grained, dark 

grey, strong silicification, pervasive carbonate, grey/tan in colour, biotite 

stringers present, strong biotite bands, pyrrhotite stringers (2-3%) 

1566.1 1575.5 Balmer Mafics Foliated 

Moderate to strong 

pervasive biotite, 
weak to moderate 

silicification 

Pyrrhotite - 

Sheared upper contact, moderate to strong biotite alteration, dark brown, 
fine grained, foliated (defined by leucoxene at 40 degrees), quartz veins 

that cut across and altered zones with pyrrhotite mineralization cutting 

across fabric, weak to moderate silicification, upper contact at 45 degrees, 
trace carbonate in fractures and veinlets 

1575.5 1584 Balmer Mafics Massive 

Moderate pervasive 
biotite, 

silicification, weak 

patchy chlorite and 

carbonate 

- 
Carbonate 
stringers 

Upper contact at 30 degrees, moderate biotite alteration, moderate 

silicification, grey/brown. Fine grained, massive, patchy chlorite 

alteration, patchy carbonate, trace carbonate and stringers and fractures 
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1584 1589 Balmer Mafics Massive 

Moderate pervasive 

biotite, 
silicification, weak 

patchy carbonate 

and chlorite 

Gold 
Quartz-

carbonate 

veinlets 

Upper contact at 30 degrees, moderate biotite alteration, moderate 

silicification, dark brown. Fine grained, massive, patchy chlorite 

alteration, patchy carbonate, trace carbonate and stringers and fractures. 
Gold mineralization is in small quartz-carb veinlets 

1589 1590 Balmer Mafics Massive 

Strong pervasive 

silicification and 
biotite, moderate 

carbonate 

Pyrrhotite 

Quartz-

carbonate 

veinlets 

Dark brown, massive, strong silicification, strong biotite alteration, 

moderate carbonate, quartz carb stringers cut through at 10-30 degrees, 

trace sulphides 

1590 1600.5 Balmer 
Banded iron 
formation 

Banded 

Strong pervasive 

silicification, weak 

pervasive chlorite 

Pyrrhotite - 

Fine grained, strongly silicified, magnetite rich, silica flooded BIS, dark 

grey, beds at 20 degrees to core axis, blebs of pyrrhotite present, weak 
chlorite alteration, brecciation at the end of the unit near the contact, 

upper contact of 45 degrees 

1600.5 
1603.1

2 
Balmer Mafics Massive Moderate pervasive 

biotite alteration 
- - 

Fine grained, massive basalt, upper contact at 55 degrees, strong silica, 

grey/brown in colour, moderate biotite alteration 

1603.12 
1604.0

5 
Balmer Lamprophyre Massive Moderate pervasive 

carbonate 
- - 

Lamprophyre dyke, fine grained, grey, moderate carbonate, visible biotite 
crystals, massive, upper contact of 30 degrees and lower contact of 60 

1604.05 1612.5 Balmer Mafics Massive 
Strong pervasive 

silicification, 

moderate biotite 

alteration 

- - 
Fine grained, massive basalt, upper contact at 55 degrees, strong silica, 

grey/brown in colour, moderate biotite alteration 

1612.5 1614 Balmer 
Banded iron 

formation 
Banded 

Strong pervasive 

silicification 

Pyrrhotite, 

magnetite 
- 

Weakly sheared at the contact, upper contact of 45 degrees, strong 

silicification, dark black magnetite bands, weak carbonate alteration, beds 
at 20 degrees, blebs and stringers of pyrrhotite present 

1614 1637.3 Balmer Mafics Massive 

Moderate 
silicification, weak 

to moderate biotite 

and chlorite 

Pyrrhotite 
Carbonate 

stringers 

Fine grained, massive, dark grey basalt, moderate silicification, weak to 

moderate biotite and chlorite alteration, trace shearing in patches, trace 

quartz carbonate veins, trace disseminated pyrrhotite along fractures. 
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1637.3 1643.2 Balmer Mafic dyke Massive 
Trace pervasive 

carbonate 
- 

Carbonate 
stringers 

Dark grey/green, visible biotite crystals, trace pyrrhotite, trace carbonate, 
massive, trace dark stringers, upper contact at 50 and lower at 30 

1643.2 1677 Balmer Mafics Massive 

Moderate 
silicification, weak 

to moderate biotite 
and chlorite 

Pyrrhotite 
Carbonate 

stringers 

Fine grained, massive, dark grey basalt, moderate silicification, weak to 

moderate biotite and chlorite alteration, trace shearing in patches, trace 
quartz carbonate veins, trace disseminated pyrrhotite along fractures. 
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DDH: BC17W3 
Zone: Hit upper main zone at 891m with brecciated banded iron formations and quartz actinolite veining and ends at 925.05m. Bottom portion goes through the 
footwall banded iron formations. 
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817.5 832.82 Balmer Basalt Massive 

Weak to 

moderate 
pervasive 

silicification and 

chlorite, weak 
patchy 

carbonate 

Pyrrhotite 

Boudinaged 

quartz 

veinlets 

Fine grained, massive, dark green/grey basalt. Weak to moderate 
pervasive silicification, weak patchy carbonate and moderate 

pervasive chlorite. There are trace small broken quartz veins/ flooding 

and small quartz veinlets are present. There is trace disseminated 
blebs of pyrrhotite. 

832.82 837.7 Balmer Porphyry Massive 

Moderate to 

strong patchy 
sericite and 

silicification 

- - 

Upper contact of 30 degrees. The first 40 cms appears to be an MRD 

that then grades into a 15cm shear than into a porphyry. The porphyry 

is fine grained, dark grey, massive with visible quartz crystals. 

837.7 844 Balmer Basalt Bbrecciated 

Strong 

pervasive/patchy 

carbonate, 
silicification 

weak chlorite 

Pyrrhotite, 

chalcopyrite 
- 

Upper contact of 60 degrees. Dark grey/green, fine grained, 

brecciated, strong carbonate flooding in portions, strong silicification, 

weak chlorite, trace pyrrhotite. The carbonate alteration decreases 
away from the dyke. There is gold values around the whole unit. 

There is chalcopyrite and pyrrhotite stringers in the bottom meter. 

844 856.2 Balmer Basalt Massive 

Moderate 

pervasive 

biotite, weak 

patchy 

carbonate, 
strong 

silicification 

Pyrrhotite, 
chalcopyrite 

Carbonate 
stringers 

Mafic volcanics. Upper contact of 45 degrees, fine grained, dark 

brown basalt, massive, moderate pervasive biotite alteration,  weak 
patchy carbonate, trace carbonate stringers, strong silicification, trace 

sulphides, patchy bleaching 

856.2 859.5 Balmer Basalt Massive 

Strong pervasive 

silicification, 
moderate 

pervasive 

biotite, weak to 
moderate patchy 

carbonate 

- 
Carbonate 
stringers 

Mafic volcanics. Upper contact of 45 degrees, fine grained, dark 

brown basalt, massive, moderate pervasive biotite alteration, weak to 
moderate patchy carbonate, trace carbonate stringers, strong 

silicification, trace sulphides, patchy bleaching 

859.5 864.2 Balmer Basalt Brecciated 

Moderate patchy 

carbonate, weak 
pervasive 

chlorite and 

biotite alteration 

- - 
Brecciated and bleached basalt. Fine grained, the majority is light 

grey/green, but there are bleached fragments within patchy carbonate 

alteration, weak chlorite alteration and weak biotite alteration. 
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864.2 875.4 Balmer Mafics 
Massive, 

brecciated 

Weak patchy 

carbonate 
alteration, 

moderate 

pervasive 
silicification, 

chlorite 

Pyrrhotite 
Actinolite 
veinlets 

Fine grained mafics that are medium grey/green in colour. There is 

weak carbonate alteration, primarily contained within fractures, and 

some long black millimetre sized chlorite/actinolite veinlets at 20-40 
degrees. The unit is fairly massive with weak brecciation and weak 

bleaching, moderate silicification and weak to moderate chlorite 

alteration. There are some trace disseminated sulphides. 

875.4 879 Balmer Shear zone Sheared 

Moderate to 

strong banded 

chlorite, biotite, 
carbonate and 

silicification 

Pyrrhotite - 

Sheared/brecciated zone of mafics. Predominantly altered basalt with 
shear defined by  chlorite/biotite zones and carbonate veins/flooded 

zones to give  a striped appearance. There are some stringers of 

pyrrhotite (around 2%) within the zone as well.  In some locations 
there are blebs of arsenopyrite as well. It is fine grained and the shear 

is at  20-30 degrees to the core axis. In general the unit is  dark 

grey/brown with light grey bands.  

879 881.2 Balmer Lamprophyre Foliated 

Weak to 

moderate 

pervasive 
carbonate 

- - 

Fine grained, dark grey unit with dark brown specs throughout the 
unit. The specs are elongated biotite crystals that are scattered within 

the core and define a weak foliation of 20 degrees. The unit in general 

is fairly massive with no dominant shearing. There is pervasive 
carbonate alteration throughout the dyke. The upper contact is at an 

angle of 70 degrees. 

881.2 888.9 Balmer Mafic units Sheared 

Moderate to 
strong banded 

biotite, 

carbonate 
alteration 

Pyrrhotite 
Carbonate 
stringers 

Mafic volcanics, basalt, that is dark grey in colour with patches of 
light grey/tan bleached basalt. The unit is biotite/carbonate altered 

with biotite alteration defining some shearing that is at 20-30 degrees 

to the core axis.  There is patchy carbonate a flooding and some 
carbonate stringers at 30 degrees to the core axis. There are trace 

pyrrhotite stringers (parallel to the carbonate stringers), but the 

mineralization is primarily disseminated. The upper contact is at an 
angle of 20 degrees. 
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888.9 891 Balmer altered mafics 
sheared, 

brecciated 

moderate to 

strong banded 

biotite, chlorite, 
carbonate 

alteration 

pyrrhotite, 
arsenopyrite 

carbonate 
stringers 

Sheared/brecciated zone of mafics. Predominantly altered basalt with 

shear defined by chlorite/biotite zones and carbonate veins/flooded 

zones to give  a striped appearance. There are some stringers of 

pyrrhotite (around 1-2%) within the zone as well.  In some locations 
there are blebs of arsenopyrite (about 1%) as well. It is fine grained 

and the shear is at  10-30 degrees to the core axis. In general the unit 

is  dark grey/brown with light grey bands.  

891 895.25 Balmer banded iron formation 
banded, 

brecciated 

weak to 

moderate patchy 
carbonate 

pyrrhotite, 

chalcopyrite, 
arsenopyrite 

carbonate 

stringers 

Banded iron formation. Not magnetic suggesting sulphide facies 

rather than oxide facies. There are distinct chert beds with pyrrhotite 

(5%) and chalcopyrite (2%) mineralization that roughly follow the 
bedding which is at 20 degrees. There are seams of arsenopyrite 

mineralization along fractures and lining the beds at 2-5% of the unit. 

In general this section of BIFs are dark black in colour, brecciated, 
with weak to moderate carbonate infilling of fractures and zones of 

fine grained cherty material. The upper contact parallels the bedding 

at 20 degrees. 

895.25 896.25 Balmer 
Intermediate/ 

Porphyry Dyke 
massive 

moderate 

pervasive biotite 
alteration 

pyrite - 

feldspar porphyry, upper contact of 40 degrees, fairly fine grained, 

grey with mm-cm sized white plagioclase crystals. There is moderate 
biotite alteration of the groundmass and some trace sulphides, 
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896.25 900.5 Balmer Banded iron formation 
Banded, 

brecciated 

Weak to 
moderate patchy 

carbonate 

Pyrrhotite, 
chalcopyrite, 

arsenopyrite 

Carbonate 

stringers 

Banded iron formation. Not magnetic suggesting sulphide facies 

rather than oxide facies. There are distinct chert beds with pyrrhotite 
(5%) and chalcopyrite (2%) mineralization that roughly follow the 

bedding which is at 20 degrees. There are seams of arsenopyrite 

mineralization along fractures and lining  the beds at 2-5% of the unit. 

In general this section of BIFs are dark black in colour, brecciated, 

with weak to moderate carbonate infilling of fractures and zones of 

fine grained cherty material.  There are some minor quartz veining at 
low angles to the core that has also been brecciated. Upper contact 

has been lost. 

900.5 906.7 Balmer Mafics Massive 

Moderate 

pervasive biotite 
alteration 

Pyrrhotite - 

Basalts. Foliation of 30 degrees, dark grey with some carbonate 
flooding, bleaching (light grey in portions) with trace quartz eyes 

throughout the unit. There are trace sulphides and moderate biotite 

alteration.  

906.7 914.2 Balmer Banded iron formation 
Banded, 

brecciated 

Weak to 
moderate patchy 

carbonate 

Pyrrhotite, 
chalcopyrite, 

arsenopyrite 

Carbonate 

stringers 

Banded Iron Formation. Dark grey to black with dark black magnetite 

bands (magnetite), suggesting oxide facies. The whole unit is strongly 
mineralized with 1-2% pyrrhotite, pyrite, and acicular arsenopyrite. 

Their beds in the unit are at 20 degrees with pyrrhotite stringers 

roughly following the same angle. There are some more patchy blobs 
of both pyrrhotite and arsenopyrite throughout the unit. There are 

some faulting across beds at 80-90 degrees. The upper contact is 

fairly sharp and is at the same  angle as the beds. 
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914.2 916.6 Balmer Quartz actinolite vein Brecciated 
Strong pervasive 
silicification 

Pyrrhotite, 
arsenopyrite 

Carbonate 
stringers 

Quartz actinolite vein. Brecciated upper and lower contacts (see 
photos)/ Dark grey with dark green actinolite filled fractures/veinlets 

throughout the vein. The vein parallels the core in portions (from 

915.4 to 915.7m). There is patchy chlorite and carbonate alteration 
with trace carbonate filled fractures. 

916.6 924.35 Balmer Basalt Massive 
Weak patchy 

carbonate 
Pyrrhotite 

Quartz-

carbonate 

veinlets 

Medium grey, fine grained with weak bleaching. Weak carbonate 

alteration (primarily contained to the fractures within the unit). Fairly 

massive, no strong fabric, trace sulphides, brecciated upper contact 
with moderate silicification. There are small QCV throughout the 

zone and there is patchy pyrrhotite mineralization. Upper contact is 

gradational with the vein above 

924.35 925.05 Balmer BIF 
Banded, 

brecciated 

Strong pervasive 

silicification 

Pyrrhotite, 

chalcopyrite, 
arsenopyrite 

- 

BIF. Fine grained, dark grey, banded, upper contact of 90 degrees 

(same with lower). The zone has been reworked with magnetite 

present within some of the bands. There is strong pyrrhotite 
mineralization (5-10%), trace chalcopyrite, trace disseminated 

arsenopyrite, strong silicification 

925.05 933 Balmer Basalt Massive 

Moderate 
pervasive 

silicification, 
weak patchy 

carbonate 

Pyrrhotite 

Quartz-

carbonate 
veinlets 

Medium grey, fine grained with weak bleaching. Weak carbonate 
alteration (primarily contained to the fractures within the unit). Fairly 

massive, no strong fabric, trace sulphides, brecciated upper contact 
with moderate silicification. There are small QCV throughout the 

zone and there is patchy pyrrhotite mineralization.  

933 944.8 Balmer Basalt Brecciated 

Spervasive 

silicification, 

weak patchy 
chlorite, 

carbonate 

Pyrrhotite 

Carbonate 
stringers, 

actinolite 
stringers 

Fine grained, brecciated basalt, dark grey, patchy bleaching, QC 

stringers cut through the zone, strong silicification, chlorite alteration 
around carbonate stringers, patchy bleaching (light grey to tan), 2-5% 

pyrrhotite mineralization (disseminated and blebs along carb veins), 
weak carbonate alteration, brecciated mafic volcanic, weak quartz 

flooding to give a few quartz-actinolite veins 
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944.8 971.3 Balmer Basalt Brecciated 

Weak to 
moderate 

pervasive 

chlorite, biotite, 
silicification, 

weak patchy 

carbonate 

Pyrrhotite 
Carbonate 

stringers 

Brecciated upper contact, fine grained, massive, dark grey/green 
basalt, trace-weak patchy carbonate, weak to moderate chlorite,  

silicification, patchy biotite alteration, along carbonate fractures, trace 

pyrrhotite, carbonate stringers are common 

971.3 972.4 Balmer Lamprophyre Massive 

Weak to 

moderate 

pervasive 
silicification and 

carbonate 

- 

Carbonate 

stringers 

Lamprophyre dyke, fine grained, grey with brown specs, massive 

lamp. Contacts at 45 degrees, small carbonate stringers are common, 

weak to moderate pervasive silicification, weak to moderate 

pervasive carbonate, mm size biotite crystals 

972.4 991.25 Balmer Basalt Massive 

Moderate 
pervasive 

silicification, 

patchy biotite, 
weak to 

moderate 

chlorite, trace to 
weak carbonate 

Pyrrhotite 

Carbonate 

stringers 

Brecciated upper contact, fine grained, massive, dark grey/green 

basalt, trace-weak patchy carbonate, weak to moderate chlorite, 
moderate silicification, patchy biotite alteration, along carbonate 

fractures, trace pyrrhotite, carbonate stringers are common 

991.25 993.3 Balmer Lamprophyre Massive 

Weak to 

moderate 

pervasive 
silicification, 

carbonate 

- 

Carbonate 

stringers 

Lamprophyre dyke, fine grained, grey with brown specs, massive 
lamp. Contacts at 45 degrees, small carbonate stringers are common, 

weak to moderate pervasive silicification, strong pervasive carbonate, 

mm size biotite crystals 

993.3 1005.4 Balmer Basalt Sheared 

Moderate 
pervasive 

biotite, weak to 

moderate 
carbonate 

Pyrrhotite - 

Fine grained, dark grey/brown, weakly sheared at 40 degrees, defined 

by biotite and chlorite bands and carbonate bands. Patchy carbonate 
alteration, trace-1% pyrrhotite mineralization within carbonate, 

moderate pervasive biotite, trace carbonate stringers 

1005.4 1007.5 Balmer BIF 
Banded, 

brecciated 

Strong pervasive 

silicification 
Pyrrhotite 

Carbonate 
and quartz 

veinlets 

BIF. Dark grey, distorted, hanging wall at 50 degrees, foot wall at 25 

degrees, carbonate and quartz veinlets, strongly silicified, magnetite 

rich, beds vary against core axis, 2-5% disseminated pyrrhotite, 
biotite altered. 

1007.5 1013.65 Balmer Basalt Massive 

Moderate patchy 

carbonate, 

silicification, 
weak to 

moderate patchy 

leucoxene 

- 

Boudinaged 

quartz 

veinlets 

Fine grained, dark brown, massive basalt with patchy carbonate 

flooding, patchy silicification and patchy leucoxene mineralization, 

trace boudinaged quartz veins, upper contact at 25 degrees. 
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1013.65 1014.65 Balmer Lamprophyre Massive 

Weak to 

moderate 
pervasive 

silicification, 

strong pervasive 
carbonate 

- 
Carbonate 

stringers 

Lamprophyre dyke, fine grained, grey with brown specs, massive 
lamp. Contacts at 45 degrees, small carbonate stringers are common, 

weak to moderate pervasive silicification, strong pervasive carbonate, 

mm size biotite crystals 

1014.65 1015.65 Balmer Basalt Massive 

Moderate patchy 

carbonate, 

silicification, 
weak to 

moderate patchy 

leucoxene 

- 

Boudinaged 

quartz 

veinlets 

Fine grained, dark brown, massive basalt with patchy carbonate 

flooding, patchy silicification and patchy leucoxene mineralization, 

trace boudinaged quartz veins, upper contact at 45 degrees. 

1015.65 1015.85 Balmer Lamprophyre Massive 

Weak to 

moderate 

pervasive 
silicification, 

carbonate 

- 
Carbonate 

stringers 

Lamprophyre dyke, fine grained, grey with brown specs, massive 
lamp. Contacts at 45 degrees, small carbonate stringers are common, 

weak to moderate pervasive silicification, strong pervasive carbonate, 

mm size biotite crystals 

1015.85 1055.6 Balmer Basalt Massive 

Moderate to 

strong biotite, 

weak to 
moderate 

silicification 

- 
Quartz 

veinlets 

Fine grained, dark brown, massive basalt. Moderate to strong biotite 
alteration, weak to moderate silicification, trace carbonate stringers in 

various orientations, some barren quartz veins present with irregular 

contacts. The upper contact of the zone is at 85 degrees.  

1055.6 1057.95 Balmer Quartz actinolite vein Brecciated 
Strong pervasive 

silicification 
Pyrrhotite 

Actinolite 

veinlets 

Quartz actinolite vein, fine grained, white with actinolite stringers 

within the unit, no visible sulphides 

1057.95 1072.25 Balmer BIF 
Banded, 

brecciated 

Strong pervasive 

silicification 

Pyrrhotite, 
magnetite, 

chalcopyrite, 

gold 

- 

Fine grained, dark grey, laminated BIF, there are bands of pyrrhotite, 

magnetite, quartz carbonate, strongly silicic brecciated in portions. 

Visible gold found in fractures or in the quartz-carbonate bands, some 
of the beds have been distorted and are now wavy, The upper contact 

is 50 degrees. 
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1072.25 1091.7 Balmer Basalt Massive 

Weak to 
moderate 

pervasive 

biotite, patchy 
carbonate 

- 
Carbonate 
stringers 

Wavy upper contact of roughly 20 degrees, massive, fine grained, 

dark grey/green/brown basalt. There are specs (max 1cm long, 

slightly ovoid) filled with carbonate throughout the unit, small 
carbonate stringers common, weak to moderate biotite alteration, 

patchy carbonate flooding becomes more abundant closed to the 

cherty seds, low angled 15cms wide light grey 

1091.7 1096.2 Balmer BIF 
Banded, 

brecciated 

Weak pervasive 

silicification 

Pyrrhotite, 

chalcopyrite, 
magnetite 

Carbonate 

stringers 

45 degree contact, cherty seds streaked with biotite, cherts and 
magnetite and pyrrhotite (5%) fine grained, dark grey with brown and 

bronze bands, weak silica flooding and veining, trace carbonate in 

fractures, trace chalcopyrite in high angle fractures. 

1096.2 1118.75 Balmer Basalt Massive 

Weak to 

moderate 
pervasive 

biotite, patchy 

carbonate, trace 
patchy chlorite 

- 

Carbonate 

stringers 

Upper contact of 40 degrees. Fine grained, massive, dark grey/brown 
seds, weak to moderate pervasive biotite, patchy carbonate altered 

zones and carbonate stringers (light grey), green chlorite altered 

fractures. 

1118.75 1130.3 Balmer BIF 
Banded, 

brecciated 

Trace pervasive 

carbonate 

Magnetite, 

pyrrhotite 

Quartz 

veinlets 

Upper contact of 30 degrees. Fine grained, dark grey magnetite bands 
with light grey chert beds, pyrrhotite stringers following bedding, 

trace quartz veinlets, trace carbonate flooding, beds have been faulted 

and brecciated and distorted, trace beds of argillite, more massive 
magnetite near the bottom of the unit, the lower contact is marked by 

distorted quartz veins. 

1130.3 1132.8 Balmer Lamprophyre Massive 
Weak pervasive 

silicification 
- - 

Weak silicification, contacts are at 75 degrees, fine grained with 
visible carbonate and biotite crystals with chill margins present 

1132.8 1138.1 Balmer BIF 
Banded, 

brecciated 

Trace pervasive 

carbonate 

Pyrrhotite, 

magnetite 

Quartz 

veinlets 

Upper contact of 40 degrees. Fine grained, dark grey magnetite bands 

with light grey chert beds, pyrrhotite stringers following bedding, 

trace quartz veinlets, trace carbonate flooding, beds have been faulted 

and brecciated and distorted, trace beds of argillite, more massive 

magnetite near the bottom of the unit, the lower contact is marked by 
distorted quartz veins. 
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1138.1 1140.4 Balmer Basalt Massive 

Weak to 
moderate 

pervasive 

biotite, patchy 
carbonate, trace 

patchy chlorite 

- 
Carbonate 

stringers 

Upper contact of 40 degrees. Fine grained, massive, dark grey/brown 

seds, weak to moderate pervasive biotite, patchy carbonate altered 

zones and carbonate stringers (light grey), green chlorite altered 
fractures. The lower contact is weakly brecciated 

1140.4 1146.5 Balmer Basalt Massive 

Moderate 

pervasive 
biotite, 

silicification, 

trace chlorite 
alteration 

- 

Carbonate 

stringers 

Fine grained, massive, dark brown, moderate biotite alteration, 

moderate silicification, trace carbonate stringers, no visible sulphides, 
trace chlorite, lower contact of 60 degrees. 

1146.5 1148.8 Balmer BIF 
Banded, 

brecciated 

Strong pervasive 

silicification 

Pyrrhotite, 

magnetite 

Carbonate 

stringers 

Dark grey to black, predominantly magnetite, strong silicification, 
trace carbonate veins, 1-2% pyrrhotite, trace chert beds, contacts 

roughly 60 degrees, beds vary and are brecciated 

1148.8 1154.6 Balmer Basalt Massive 

Moderate 

pervasive 

biotite, 
silicification, 

trace chlorite 

alteration 

- 

Carbonate 

stringers 

Fine grained, massive, dark brown, moderate biotite alteration, 

moderate silicification, trace carbonate stringers, no visible sulphides, 

trace chlorite, lower contact of 60 degrees. 

1154.6 1158.2 Balmer BIF 
Banded, 

brecciated 

Strong pervasive 

silicification 

Pyrrhotite, 

magnetite 

Carbonate 

stringers 

Dark grey to black, predominantly magnetite, strong silicification, 

trace carbonate veins, 1-2% pyrrhotite, trace chert beds, contacts 
roughly 60 degrees, beds vary and are brecciated 

1158.2 1160.7 Balmer Basalt Massive 

Moderate 
pervasive 

biotite, 
silicification, 

trace chlorite 

alteration 

- 

Carbonate 

stringers 

Fine grained, massive, dark brown, moderate biotite alteration, 

moderate silicification, trace carbonate stringers, no visible sulphides, 

trace chlorite, lower contact of 60 degrees. 

1160.7 1163.2 Balmer BIF 
Banded, 

brecciated 

Strong pervasive 

silicification 

Pyrrhotite, 

magnetite 

Carbonate 

stringers 

Dark grey to black, predominantly magnetite, strong silicification, 

trace carbonate veins, 1-2% pyrrhotite, trace chert beds, contacts 
roughly 60 degrees, beds vary and are brecciated 
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1163.2 1164.4 Balmer Basalt Massive 

Moderate 

pervasive 
biotite, 

silicification, 

trace chlorite 
alteration 

- 
Carbonate 

stringers 

Fine grained, massive, dark brown, moderate biotite alteration, 

moderate silicification, trace carbonate stringers, no visible sulphides, 
trace chlorite, lower contact of 60 degrees. 

1164.4 1168.5 Balmer BIF 
Banded, 

brecciated 

Strong pervasive 

silicification 

Pyrrhotite, 

magnetite 

Carbonate 

stringers 

Dark grey to black, predominantly magnetite, strong silicification, 

trace carbonate veins, 1-2% pyrrhotite, trace chert beds, contacts 

roughly 60 degrees, beds vary and are brecciated 

1168.5 1170 Balmer Basalt Massive 

Moderate 

pervasive 

biotite, 
silicification, 

trace chlorite 

alteration 

- 

Carbonate 

stringers 

Fine grained, massive, dark brown, moderate biotite alteration, 

moderate silicification, trace carbonate stringers, no visible sulphides, 

trace chlorite, lower contact of 60 degrees. 
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613.55 624.85 Balmer Mafics Brecciated 

Moderate patchy 

biotite, chlorite, 
muscovite  

Pyrrhotite 

Quartz-

carbonate 
veinlets 

Fine grained basalt overprinted with pervasive biotite and locally with 

slight bleaching. Moderate patchy biotite with trace pyrrhotite 
mineralization, small quartz carbonate stringers at 35 degrees, weak 

shearing in patches at 35 degrees, trace carbonate (primarily contained to 

fractures), patchy chlorite alteration. At 622.52m there is a 10cm zone of 
brecciated basalt with angular inclusions of chlorite altered basalt with a 

carbonate matrix infilling around with  a sharp bottom contact at 45 
degrees and a more gradational upper contact. at 614.7m there is a 90cm 

brecciated carbonate with chloritic matrix, carbonate clasts are rounded to 

subrounded and light grey in colour. 

624.85 627.18 Balmer Felsic dyke 
Massive/ 

porphyritic 

Moderate to strong 

pervasive muscovite 

and quartz alteration 

Pyrite 

Quartz-

carbonate 

veinlets 

Felsic dyke- light to medium grey, granular, fine to medium grained with 

5% 1-3mm brown biotite phenocrysts, microporphyritic, cubic pyrite and 
pyrrhotite in fractures along veins and fractures. There are quartz-calcite 

veinlets and bleached alteration margins. the upper contact is 80 degrees. 

627.18 722.3 Balmer Basalt Brecciated 

Weak to moderate 

patchy chlorite, 
carbonate and biotite 

- - 

Weak to moderate patchy chlorite, carbonate, and biotite, patches of 

carbonate for 1m after dyke, pervasive chlorite with patchy biotite, patchy 
carbonate within breccias with quartz vein material within it. 

722.3 819 - - - - - - Missing core 

819 829 Balmer Ultramafic 
Sheared, 

brecciated 

Moderate to strong 
patchy chlorite, 

biotite, carbonate 
and talc 

- - 

Mottled unit that varies from dark grey (carbonate rich units) to dark brown 
in the biotitic units. There are chlorite-biotite-carbonate- talc schist. The 

shear zone is at an angle of 40 degrees. The upper contact is in the portion 

of the core boxes that are missing. At the bottom portion of the shear zone 
there are two small MRDs with one for 40cms and the other is 10cms 

starting at 826.5m. The bottom portion of the unit has more silica flooding 

around these MRD intrusions. 
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829 831.7 Balmer 
Mottled 

Rhyolite Dyke 

Massive/ 

porphyritic 

Strong pervasive 

sericite and 
silicification 

- 
Carbonate 

veinlets 

Honey brown colored with dark green chlorite/actinolite stringers with 

carbonate only present as fracture fills and stringers.  The unit is aphanitic 

with rare quartz eyes and intense silica and sericite alteration. The 
carbonate stringers vary from 45 to 70 degrees and are mm-1cm in width 

and found in rare spots within the unit. The upper contact is at 25 degrees. 

831.7 849.78 Balmer Mafics Foliated 

Strong pervasive 

chlorite, moderate 
patchy silicification, 

muscovite 

Pyrrhotite 
Actinolite 
stringers 

Basalt.  Originally logged as Cochenour Rhyolite (Altered footwall 

basalts). Dark grey/green in colour with strong chlorite alteration. There is 
patchy silica flooding and broken up quartz veins. The unit is fine grained. 

There is 1% pyrrhotite as stringers and trace carbonate stringers in 

fractures. There are small mm sized quartz veins sporadically throughout 
the unit. The upper contact is at 25 degrees. The lower portion of the zone 

(from 837.95m) is silica flooded basalt that is pale grey to brown with 

some foliation at 10 degrees and sporadic black line faults present. This 
portion has stronger biotite alteration and some silica flooding in places. 

The chlorite/actinolite veins average around 20 degrees. 

849.78 857.61 Balmer 
Quartz feldspar 

porphyry 

Massive/ 

porphyritic 

Weak pervasive 
carbonate, weak to 

moderate biotite 

alteration 

- 
Carbonate 

veinlets 

Quartz-feldspar porphyry. Dark grey/brown with mm sized plagioclase and 
quartz crystals (more plagioclase rich than quartz). There is weak pervasive 

carbonate alteration, the groundmass is fine grained. There is weak to 

moderate biotite alteration. The upper contact  

857.61 871.5 Balmer Mafic unit Massive 
Strong pervasive 
biotite, weak to 

moderate carbonate 

Pyrrhotite 

Actinolite 

stringers, 
boudinaged 

quartz 

veinlets 

Altered basalt. Dark brown, fine grained with strong biotite and weak to 
moderate carbonate alteration (carbonate alteration is predominantly in 

fractures rather than being a pervasive alteration). There is trace sulphides 

with quartz flooding into areas. There are small actinolite/chlorite seams at 
50-60 degrees in conjugate pairs.  Throughout the unit there are small 

quartz veinlets and boudinaged veinlets. 
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871.5 871.83 Balmer Felsic dyke 
Massive/ 

porphyritic 

Weak to moderate 
pervasive carbonate 

and biotite 

Pyrrhotite 
uartz and 
carbonate 

veinlets 

Felsic dyke (in some areas it has the appearance of a diorite).  The zone is 
pale beige/grey with some visible mafic minerals (hornblende and 

pyroxene). There is interstitial calcite and biotite alteration. The unit is 

non-foliated with an upper contact of 62 degrees.  There are some trace 

quartz and carbonate veinlets throughout the unit at 20 degrees to the core 

axis. 

871.83 920.95 Balmer Mafics Massive 

Moderate pervasive 
biotite, weak 

pervasive chlorite 
and carbonate 

Pyrrhotite 
Quartz 

veinlets 

Altered basalt. The unit is pale beige/grey with some patchy bleaching and 

varies to dark brown in patches. The mafics in general are fine grained. The 
unit has moderate biotite alteration with finely disseminated pyrrhotite. 

There is weak chlorite and carbonate alteration.  Throughout the unit there 
are some fine quartz veinlets that are 1-3mm wide at about 30 degrees to 

the core axis.  The upper contact is at 53 degrees. 

920.95 930.15 Balmer Lamprophyre Massive 

Strong pervasive 

carbonate alteration, 

weak to moderate 
silicification and 

biotite 

Pyrite 

Trace 

carbonate 
veinlets 

Fine grained, light grey with mm sized biotitic clasts. The unit is massive 

with no foliation, but there are calcite stringers at 90 degrees. Within the 

unit there are trace cubic pyrite. There is strong pervasive carbonate 
alteration, weak to moderate silicification and biotite alteration. The upper 

contact is weakly sheared and is at 60 degrees. 

930.15 946 Balmer Shear zone Sheared 

Moderate to strong 

banded biotite, 

chlorite and 
carbonate alteration 

Pyrrhotite 
Carbonate 

veinlets 

Dark grey to brown that is banded depending on mineralogy. It is fine 
grained, with carbonate veins parallel to shear and stringers perpendicular 

to the shear. There is trace pyrrhotite (patchy dissemination in carbonate 

rich areas). There are some small zones (<1cm) that are not as sheared and 
are primarily biotite altered basalt. There is some weak quartz veining, with 

one 10cm wide vein at 20 degrees found at 938.1m 



 

 

183 

From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

946 954.5 Balmer Altered mafics Massive 

Strong pervasive 

silicification, 

moderate pervasive 
carbonate weak 

patchy leucoxene 

Pyrrhotite 

Quartz and 

carbonate 
veinlets 

Biotite altered basalt. Light grey/brown with pink leucoxene mineralization 

(mm sized, elongate with a preferred orientation of around 10 degrees).  

The unit is strongly silicified and moderately carbonatized with carbonate 
alteration along fractures and patches along units. There are some small 

carbonate/quartz veinlets found within the zone.  

954.5 960 Balmer Bleached basalt 
Patchy 

shearing 

Moderate pervasive 

biotite, weak patchy 

leucoxene 

Pyrrhotite 
Black line 

faults, 
quartz 

veinlets 

Bleached basalt that is fine grained, light grey with a brown tinged, biotite 
altered with trace leucoxene mineralization. There are smears of pyrrhotite 

(ex. 956,) and some weak shearing at 30 degrees. The upper contact is 

gradational. There are some black line faults present in the area that are 
between 30 and 40 degrees. 

960 986 Balmer Mafics Massive 

Moderate pervasive 

biotite, weak 
pervasive carbonate 

Pyrrhotite - 

Footwall basalt. Dark grey/brown, fine grained with moderate biotite 
alteration, weak carbonate alteration and carbonate filled fractures that are 

fine grained and at 30 degrees. There are trace pyrrhotite stringers and trace 
disseminated sulphides. some original mineralogy of the basalt can still be 

seen (plagioclase, etc.) 

986 999 Balmer Basalt Brecciated 

Moderate to strong 

patchy carbonate 

alteration, weak to 
moderate patchy 

biotite 

Pyrrhotite 
Quartz 

veinlets, 

actinolite 

stringers 

Bleached and brecciated zone, fine grained, light grey in colour with dark 
grey/brown areas and specs filling in along the clasts, strong carbonate 

alteration in the clasts and in the finer grained matrix. There are small 

quartz veins at 15 degrees (mm sized, dark grey, boudinaged). At 988.6m 
there is a dark grey vein that is 2cms wide at 30 degrees and is faulted at 45 

degrees. There is a carb vein at 70 degrees with actinolite filling in the 

fractures parallel to the contact. 
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999 1003.1 Balmer Basalt Massive 
Moderate pervasive 

biotite and carbonate 
Pyrite - 

Gradational contact to more massive dark brown with pervasive biotite 
altered zone with carbonate altered zones at 40-80 degrees that are 2-3cms 

wide with a chloritic halo (1cm) and trace cubic pyrite 

1003.1 1004.4 Balmer Diorite dyke Massive 

Moderate pervasive 

silicification, weak 
to moderate 

pervasive carbonate, 
chlorite and biotite 

alteration 

Pyrite 
Carbonate 

veinlets 

Dark grey with black specs, visible plagioclase, weak carbonate alteration, 

moderate silicification (pervasive) as white clasts within the zone (possible 

lamprophyre), weak to moderate biotite alteration, trace pyrite, there is 1 
carbonate stringer (at 60 degrees) within the zone, weak to moderate 

pervasive chlorite alteration. 

1004.4 1024 Balmer Basalt Brecciated 

Strong pervasive 
biotite, weak to 

moderate patchy 

carbonate, moderate 
pervasive 

silicification 

Pyrrhotite 

Carbonate 

veinlets, 

boudinaged 

quartz 
veins 

Brecciated zone with biotite, pyrrhotite, and chlorite breccia zone with 
pyrrhotite as blebs (5-10%) and wispy carbonate around the biotite and 

pyrrhotite. Fine grained, dark grey and patchy light grey in fractures. From 

1007.9 to 1101m there is a fine grained strongly biotitzed moderately 

silicified , weakly carbonatized (pervasive) small carbonate veins with 

boudinaged quartz veins, patchy disseminated pyrrhotite around quartz 
(2%) small (mm) sized quartz stringers. Biotite altered after with small 

quartz veinlets cutting across, weak pervasive carbonate, trace carbonate 

veinlets near the start and more common after 1016.7m 

1024 1030.6 Balmer Basalt 
Faults, 

foliated 

Weak pervasive 

chlorite, strong 

pervasive biotite and 
silicification 

Pyrrhotite - 

Fine grained mafics that are dark grey with 10% stringers, blebs and 

disseminated pyrrhotite with patchy strong carbonate alteration constrained 
to bands within the zone, foliated at 10-30 degrees, weak chlorite 

alteration, primarily constrained to the carbonate, strong pervasive biotite 

and silicification, small faults/offsets in the zone 

1030.6 1038.9 Balmer Basalt Massive 

Weak to moderate 

pervasive carbonate, 
patchy chlorite 

Pyrrhotite 

Quartz 

actinolite 
veinlets 

Patchy chlorite alteration, fine grained, massive, trace disseminated 
pyrrhotite stringers, pervasive carbonate alteration, trace light grey patches 

through the zone, fairly massive with no distinct foliation. There are zones 
with ankerite fractures cutting the quartz actinolite vein. 
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1038.9 1050 Balmer Basalt Sheared 

Moderate to strong 

pervasive carbonate 
and biotite 

Pyrrhotite 

Brecciated 

carbonate 
veins 

Fine grained, weakly sheared to foliated unit with strong alteration, dark 

grey with dark brown and light metallic brown bands within the zone. 
Sheared at 20 degrees, 10-15% pyrrhotite, pervasive biotite, pervasive 

carbonate, there are some small brecciated carbonate veins. 

1050 1051.05 Balmer Shear zone Sheared 
Strong pervasive 

biotite and carbonate 
Pyrrhotite 

Brecciated 

carbonate 
veins 

Fine grained, strongly sheared unit with strong alteration, dark grey with 

dark brown and light metallic brown bands within the zone. Sheared at 80-
90 degrees, 10-15% pyrrhotite, pervasive biotite, pervasive carbonate, there 

are some small brecciated carbonate veins. with small faults cutting 
through the zone, small quartz carbonate veinlets within it, fine grained, 

dark grey green. 

1051.05 1060.6 Balmer Basalt Massive 
Weak pervasive 
carbonate, trace 

chlorite 

- 

Actinolite 

stringers, 
quartz and 

carbonate 
veinlets 

Fine grained, massive, dark grey/brown with small quartz veinlets cutting 

through the unit, weak pervasive carbonate, trace chlorite, actinolite 

stringers, carbonate stringers. There are small sheared patches within the 
zone. 

1060.6 1061.5 Balmer Lamprophyre Massive 
Strong pervasive 

carbonate alteration, 
weak pervasive 

biotite 

Pyrite 

Trace 

carbonate 
veinlets 

Biotite lamprophyre dyke, massive, 5% biotite phenocrysts, 1-2% cubic 

pyrite, pervasive carbonate, upper contact of 40 degrees with a 5cm quartz 
actinolite vein, small carbonate stringers cut across at 70-80 degrees. 

1061.5 1091.35 Balmer Basalt Massive 

Weak pervasive 
carbonate, trace 

pervasive chlorite, 

strong pervasive 
biotite 

Pyrrhotite 

Quartz 

veinlets, 

carbonate 
veinlets, 

actinolite 

stringers 

Fine grained, massive, dark grey/brown with small quartz veinlets cutting 

through the unit, weak pervasive carbonate, trace chlorite, actinolite 

stringers, carbonate stringers. There are small sheared patches within the 
zone. At 1077m there is a patchy zone of 2m with an increase of chlorite 

and pyrrhotite still fairly massive, sheared at 30 degrees with zones of 

strong biotite alteration. 

1091.35 1092.65 Balmer „amprophyre Massive 
Sstrong pervasive 

carbonate alteration, 

weak pervasive 
biotite 

Pyrite 
Trace 

carbonate 

veinlets 

Dark brown with biotite clasts, strong carbonate alteration, massive with no 
foliation and trace carbonate stringers, upper contact of 30 degrees and a 

lower contact of 65 degrees. 
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1092.65 1106 Balmer Basalt Massive 

Weak pervasive 

carbonate, trace 

pervasive chlorite 

- 

Actinolite 

stringers, 
carbonate 

veinlets 

Fine grained, massive, dark grey/brown with small quartz veinlets cutting 

through the unit, weak pervasive carbonate, trace chlorite, actinolite 
stringers, carbonate stringers. There are small sheared patches within the 

zone. Some of the carbonate veins have chloritic halos 

1106 1107.65 Balmer Diorite dyke Massive 

Strong pervasive 

silicification, trace 

biotite alteration 

- 
Carbonate 

veinlets 

Felsic dyke, fine grained, strongly silicified, carbonate filled fractures, 

trace biotite alteration, fine grained with visible plagioclase crystals, small 

carbonate stringers with a irregular contact 

1107.65 1128.55 Balmer Basalt Massive 

Moderate pervasive 

biotite and 

silicification 

- 

Carbonate 
veinlets 

with 

biotitic 
halos 

Fine grained, massive basalt with moderate biotite and silica alteration, 

carbonate stringers with biotitic haloes are found at variable angles and 

there is no visible sulphides. 
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1153.5 1161.1 Balmer Mafics Massive 

Strong pervasive 

silicification, trace 

patchy chlorite and 
biotite 

- - 

Fine grained, dark grey, massive silica altered basalt. There is 

trace chlorite alteration (primarily along fractures), trace biotite 

alteration (primarily along fractures), no visible sulphides and no 
pervasive carbonate. There is an increase of carbonate filled 

fractures at 70-90 degrees the further down the unit. 

1161.1 1189.6 Balmer Mafics Amygdules 

Strong pervasive 

silicification, trace 

pervasive carbonate, 
chlorite and biotite 

- 
Carbonate 

veinlets 

Grey mafic volcanics, fine grained, massive, strong silicification, 

trace amygdules filled with ankerite, trace carbonate stringers, 

gradational upper contact, trace carbonate alteration, trace 
chlorite and biotite as an alteration halo around fractures that are 

at 70-90 degrees and filled with carbonate. 

1189.6 1191 Balmer Mafics Massive, 

amygdules 

Strong pervasive 
silicification, trace 

pervasive carbonate, 
chlorite and biotite 

- 

Quartz-

carbonate 
veinlets 

Grey mafic volcanics, fine grained, massive, strong silicification, 
trace amygdules filled with ankerite, trace carbonate stringers, 

gradational upper contact, trace carbonate alteration, trace 

chlorite and biotite as an alteration halo around quartz-carbonate 
stringers that are at 45-7- degrees and filled with carbonate. 

1191 1193 Balmer Mafics Brecciated, 

sheared 

Strong pervasive 

silicification, weak to 

moderate carbonate 

- - 

Brecciated mafic volcanics that are also sheared in places with 
15cms of fault gauge at the bottom of the unit. There  is an 

increase in bleaching that gives the unit a tan colour with a dark 

grey matric, strong silicification, weak to moderate carbonate, 
sheared in portions at 45 degrees. 

1193 1206 Balmer Mafics Massive 

Strong pervasive 
silicification trace to 

weak patchy 
carbonate, chlorite 

and biotite 

- 

Quartz-

carbonate 
veinlets 

Grey mafic volcanics, fine grained, massive, strong silicification, 

trace amygdules filled with ankerite, trace carbonate stringers, 
gradational upper contact, trace carbonate alteration, trace 

chlorite and biotite as an alteration halo around quartz-carbonate 

stringers that are at 45-7- degrees and filled with carbonate. 

1206 1207 Balmer Mafics Massive 

Moderate pervasive 

sericite, trace to weak 

pervasive carbonate 

- - 

Altered unit with light grey/tan alteration, fine grained, relatively 
massive. There are zones of light alteration, strong silicification, 

trace to weak pervasive carbonate, moderate sericite alteration 

giving the unit the tan colour, mottled appearance. The alteration 

tends to travel along fractures. There is a possible 3cm 

conglomerate horizon with angular pieces of material (see 

476102) 
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1207 1234 Balmer Mafics Massive 

Moderate pervasive 

silicification, trace to 

weak pervasive 
carbonate, chlorite 

and biotite 

- - 

Fine gained mafics volcanics, majority is dark grey in colour but 
there are mottled/bleached patches that make it more tan in 

colour. Fairly massive in nature, moderate silicification, trace to 

weak pervasive carbonate, weak chlorite/biotite alteration, with 
some of the alteration travelling along fractures in the rock. The 

upper contact is gradational. 

1234 1266.4 Balmer Breccia Brecciated 

Strong pervasive 

silicification, weak 

pervasive carbonate 

- 
Carbonate 

veinlets 

Fragmental area that has been altered. There is strong 

silicification, trace carbonate stringers, weak pervasive 
carbonate. The unit is brecciated and reworked. There is weak 

chlorite and biotite alteration. There are small fragments of 

bleached and altered basalt and zones of pervasive carbonate 
replacement. The upper contact is brecciated. Fine grained mafic 

volcanics, dark grey to almost purple in colour, weak brecciated 

with chlorite mineralization filling in around the fragments of 
basalt. The basalt itself has undergone some weak bleaching 

giving it a light red colour, trace biotite rimmed carbonate 

fractures within the zone, there are some massive sections, 
strong silicification, carbonate contained within fractures, 

gradational upper contact. 

1266.4 1274.17 Balmer Mafics Brecciated 

Moderate 
silicification, weak to 

moderate biotite, 

chlorite 

Pyrrhotite, 

pyrite 
- 

Fine grained mafic volcanics that is brecciated and altered. The 

upper contact is at 45 degrees. The closer to the contact the more 
brecciated it is grading to more massive. In general it is massive, 

dark grey, silica flooded basalt with biotite and chlorite 

alteration. There is trace disseminated pyrrhotite and pyrite in 
the lower 50cms. 

1274.17 1276.8 Balmer Carbonate Massive 
Strong pervasive 

carbonate 
Pyrrhotite - 

Fine grained, dark grey/green, massive, trace sulphides, with 

streaks of ankerite. The upper contact is sheared over 30cms at 

35 degrees. 
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1276.8 1280.6 Balmer Shear zone Sheared 
Moderate pervasive 
silicification, biotite 

and carbonate 

Pyrrhotite 

Quartz 

boudins and 
veinlets, 

carbonate 

stringers 

Shear zone. Dark grey with dark brown bands defining the shear. 

The shear varies from 50 to 80 degrees. There is small carbonate 

stringers also found within the shear. There is .5% pyrrhotite, 
and minor dark grey quartz boudins and veinlets. There is 

carbonate, biotite and silica alteration. 

1280.6 1288.8 Balmer Basalt Sheared 

Moderate pervasive 

carbonate, patchy 

biotite, weak 
pervasive 

silicification, trace 

chlorite alteration 

Pyrrhotite Brecciated 
quartz veins 

Dark grey biotitic bands with light grey carbonate flooding in 
between. The whole unit is fine grained with no visible original 

mineralogy. There is moderate carbonate alteration but contained 

to only the flooding and is not present within the biotite altered 
areas. The unit is sheared at 20-30 degrees. There is weak silica 

infilling within these altered portions and trace broken quartz 

veins and trace chlorite alteration. The upper contact is 
gradational. The unit has a more brecciated appearance than 

sheared. There are trace sulphides found within the unit. 

1288.8 1292 Balmer Carbonate Sheared 

Strong pervasive 
carbonate, moderate 

pervasive 

silicification, weak 
patchy biotite 

Pyrrhotite Carbonate 

veinlets 

Variable in appearance with some portions having a tan/beige 

colouring while others has closer to a green colouring. The upper 

contact is at 30 degrees. The first 50 cms is predominantly the 

sheared  tan/beige carbonate vein that grades into a green 

silicified vein which has 50 cms (from 1290.8m) of biotitic 

shearing. In general the unit is fine grained with some larger 
portions of carbonate. 

1292 1294.2 Balmer Basalt Massive 

Strong pervasive 
silicification, weak to 

moderate patchy 

biotite, trace patchy 
chlorite and carbonate 

Pyrrhotite 
Quartz-

actinolite 

veinlets 

Dark grey basalt with some white patches (quartz veining). 
Strongly quartz flooded basalt with broken and reworked quartz 

actinolite veins. There is no dominant fabric and wispy biotite 

stringers. There is trace pyrrhotite (which is associated with the 
biotite). The upper contact is gradational with an increase of 

shearing and biotite at roughly 50 degrees to the core axis. The 

unit is fine grained, with pervasive silica flooding, trace 
carbonate and chlorite alteration and weak to moderate biotite 

alteration.  
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1294.2 1297.1 Balmer Carbonate Foliate 

Strong pervasive 
carbonate, weak 

patchy biotite 

alteration 

Pyrrhotite 

Remnant 
colloform 

carbonate 

veins 

Colloform carbonate. Mottled dark/light grey and shows signs of 

being broken and reworked. There are trace stringers of 
pyrrhotite at 50 degrees and a weak foliation of 50 degrees 

defined by a weak biotite alteration creating stringers. The upper 

contact of the zone is roughly 80 degrees . There are some  small 
zones of intense shearing (example 1296.1m for 5cms which is 

at 40 degrees). 

1297.1 1317.66 Balmer Basalt Brecciated 

Strong pervasive 
silicification, 

moderate patchy 

biotite, weak patchy 
carbonate 

Pyrrhotite, 
arsenopyrite 

Carbonate 
veinlets 

Dark grey, fine grained basalt with some brown patches. The 
unit is strongly altered with strong silica flooding, moderate 

patchy biotite alteration (which grades into a more pervasive 

alteration at 1306m), and weak carbonate alteration primarily 
filling fractures. There are some small mm sized biotite lined 

carbonate veinlets that are sporadic (every 10-30 cms) and are at 

an angle of 60-70 degrees. On top of these veinlets there are 
broken and reworked quartz veinlets.  There is trace to 1% 

pyrrhotite and arsenopyrite which occur as blebs. The upper 

contact of the unit is at 60 degrees and is marked by a 40 cm 
carbonate-biotite shear. There are portions of the zone that are 

brecciated and show brecciated sulphides, altered basalt, etc. 

1317.66 1318.4 Balmer Carbonate breccia Brecciated Strong pervasive 
carbonate 

- 

Brecciated 

carbonate 

veins 

Carbonate breccia. Upper contact of 80 degrees.  The unit is light 
grey with small tan brecciated remnant veins and fine grained 

carbonate filling in the zone around it.  

1318.4 1323 Balmer Basalt Brecciated 
Moderate to strong 

pervasive biotite and 

silicification, weak 
patchy carbonate 

- 
Quartz 

stringers 
Biotitic basalt. Fine grained, bleached basalt with, patches of 

carbonate alteration, moderate to strong silicification and biotite, 

brecciated, light grey. The upper contact is 30 degrees and there 
are prevalent quartz stringers within the zone. 
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874.5 876.4 Balmer Ultramafic Sheared 
Moderate pervasive 

serpentine and 

carbonate 

- 

Small 
carbonate 

veinlets; 

possible 
actinolite 

stringers 

Ultramafic, light grey in colour, fine grained, nonmagnetic, small 
carbonate veins cut through the zone, some dark actinolite stringers 

present, moderate pervasive serpentine/carbonate altered, sheared 

876.4 879.15 Balmer 
Lamprophyre 

dyke 
Massive 

Weak to moderate 

pervasive carbonate 
alteration, weak 

pervasive biotite 

Pyrite 

Trace 

carbonate 
veinlets 

Dark grey with biotite crystals present, weak to moderate pervasive 

carbonate, fine grained with chill margins, contact is roughly at 10 
degrees, trace carbonate veinlets common, trace disseminated pyrite found 

throughout the unit 

879.15 888.8 Balmer Ultramafic 
Sheared, 

brecciated 

Moderate pervasive 

serpentinite and 
talc alteration, 

patchy carbonate 

Magnetite 
Magnetite 
stringers 

Ultramafics, moderate pervasive dol/serp/talc altered, sheared with 

brecciated portions, fine grained, dark grey with black bands and light 
grey inclusions of carbonate, there are magnetite stringers going at 30 

degrees to core axis (cm sized and black), upper contact at 10 degrees. 

888.8 891 Balmer Diorite Massive 

Strong pervasive 

carbonate and 
biotite alteration 

- 

Trace 

carbonate 
veinlets 

Fine grained diorite with chilled margins and contacts at 90 degrees, there 

are some carbonate stringers at 90 degrees within the zone, strong 
pervasive carbonate alteration, strong biotite alteration 

891 952 Balmer Ultramafic 
Sheared, 

brecciated 

Weak pervasive 

biotite, serpentinite 

and moderate  
carbonate alteration 

Mgnetite 
Magnetite 

stringers 

(East Bay Serpentinite?) that has a mottled colouring and varies from light 

grey to dark grey (due to dolomitization) there are magnetite stringers 
throughout the zone, upper contact of 90 degrees, weak pervasive biotite 

and serpentine with moderate pervasive carbonate alteration. Magnetite 

stringers have no preferred orientation. 

952 956.45 Balmer 
Lamprophyre 

dyke 
Massive 

 Moderate 

pervasive carbonate 
alteration, weak 

pervasive biotite 

Pyrite 

Trace 

carbonate 

veinlets 

Upper contact of 60 degrees, coarse grained biotite, grey in colour with 

beige books of biotite, moderate pervasive carbonate alteration, trace 

disseminated pyrite, trace carbonate stringers (mm sized) at 40 degrees. 
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956.45 969.8 Balmer Ultramafic 
Sheared, 

brecciated 

Weak pervasive 

biotite, serpentinite 

and moderate  
carbonate alteration 

Magnetite 
Magnetite 

stringers 

(East Bay Serpentinite?) that has a mottled colouring and varies from light 

grey to dark grey (due to dolomitization) there are magnetite stringers 
throughout the zone, upper contact of 90 degrees, weak pervasive biotite 

and serpentine with moderate pervasive carbonate alteration. Magnetite 

stringers have no preferred orientation. 

969.8 970.98 Balmer 
Lamprophyre 

dyke 
Massive 

Moderate pervasive 

carbonate 
alteration, weak 

pervasive biotite 

Pyrite 

Trace 

carbonate 

veinlets 

Upper contact of 45 degrees, coarse grained biotite, grey in colour with 

beige books of biotite, moderate pervasive carbonate alteration, trace 
disseminated pyrite, trace carbonate stringers (mm sized) at 40 degrees. 

There is a 5cm chill margin at the contact 

970.98 1023 Balmer Ultramafic 
Sheared, 

brecciated 

Weak pervasive 
biotite, serpentinite 

and moderate  

carbonate alteration 

Magnetite 
Magnetite 

stringers 

(East Bbay Sserpentinite?) that has a mottled colouring and varies from 
light grey to dark grey (due to dolomoitization) there are magnetite 

stringers throughout the zone, upper contact of 90 degrees, weak 

pervasive biotite and serpentine with moderate pervasive carbonate 
alteration. Magnetite stringers have no preferred orientation. There are 

some slivers of mafics at 972.5 to 973.3m that is dark green, fine grained 

with dark brown inclusions 

1023 1027.85 Balmer 
Lamprophyre 

dyke 

Massive, 
patchy 

shearing 

 Strong  pervasive 

carbonate 

alteration, weak 
pervasive biotite 

Pyrite 
Trace 

carbonate 

veinlets 

Fine grained, biotite rich lamprophyre, weakly sheared, strong carbonate 
alteration. Trace disseminated pyrite, upper contact was lost, strong 

shearing in portions,  and carbonate stringers cut through the unit 

1027.85 1046 Balmer Ultramafic 
Sheared, 

brecciated 

Strong pervasive 

silicification, 
moderate pervasive 

carbonate 

 
Pyrite 

Serpentine 
stringers; 

brecciated 

quartz 
veins 

Fine grained, strong silicification, moderate dolomite alteration, 

brecciated with clasts of dolomite within the zone, light grey/green in 
colour, loss of magnetite stringers more serpentinite stringers, trace-1% 

pyrite within the serpentine stringers, trace brecciated quartz stringers 
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1046 1054.9 Balmer Shear zone Sheared 

Strong banded 

biotite, carbonate 
and chlorite 

alteration 

pyrrhotite, 
pyrite 

- 

Strongly sheared mafics, fine grained, dark green/brown in colour, 
sheared at 10 degrees, hard to tell protolith, upper contact is sharp and at 

40 degrees, trace pyrrhotite and pyrite, strong banded carbonate alteration 

(mainly contained in light grey bands within the shear) and chlorite/biotite 
alteration (darker green/brown bands) 

1054.9 1058 Balmer Carbonate Sheared 
Strong pervasive 

carbonate, weak 

pervasive 
silicification 

- - 
Massive to sheared, fine grained, strongly carbonatized, upper contact of 

45 degrees and is sharp to the shear, grey carbonate flooded, weakly 

siliceous 

1058 1065.8 Balmer Shear zone Sheared 
Strong banded 

biotite, carbonate 
and chlorite 

alteration 

- 

Brecciated 

carbonate 

veins 

Fine grained, strongly sheared mafics at 10-25 degrees, shearing is 
defined by bands of mafics, biotite, and chlorite altered material that is 

dark brown (biotite & chlorite alteration) and carbonate that is light grey, 

still fairly soft, defined bands of carbonate, shear near the bottom portion 
there is brecciated carbonate veins included 

1065.8 1067.4 Balmer Carbonate Brecciated 

Strong pervasive 

carbonate, 

moderate pervasive 
silicification, weak 

to trace patchy 

chlorite 

- - 

Carbonate, fine grained and upper contact of 30 degrees, massive, 

brecciated,  moderate pervasive silicification strong pervasive carbonate, 
grey-green, weak to trace patchy chlorite primarily constrained in the 

upper portion 

1067.4 1070 Balmer Mafics Sheared 

SProng pervasive 

biotite and chlorite, 
weak to moderate 

pervasive 

silicification 

Pyrite - 

Fine grained, mafics, upper contact of 30 degrees, massive to weakly 

sheared at 10-25 degrees, strong pervasive biotite and chlorite alteration, 

dark grey, weak to moderate silicification, trace finely disseminated 
pyrite. 
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1070 1084 Balmer Ultramafic 
Sheared, 

brecciated 

Moderate pervasive 

carbonate, 
serpentine, chlorite 

and silicification; 

moderate banded 
biotite and chlorite 

- 

Brecciated 

carbonate 
veins 

Fine grained, brecciated ultramafics that vary from dark grey to light grey 

in colour, there are a few brecciated carbonate veins within the 

ultramafics, there is moderate pervasive carbonate, serpentine, chlorite 
and silica alteration, shearing in patches at 40 degrees defined by biotitic 

and chloritic bands that are dark and light grey bands of carbonate 

1084 1095 Balmer Ultramafic 
Sheared, 

brecciated 

Moderate pervasive 

talc alteration, 

weak to moderate 
pervasive carbonate 

and weak chlorite 

Pyrrhotite 

Brecciated 
quartz-

actinolite 

veining 

Fine grained, medium grey with dark black stringers of magnetite and 

light grey clasts of quartz. The unit is highly altered and brecciated with 

weak to moderate talc  alteration, weak to moderate carbonate alteration, 
and weak chlorite alteration. There is trace disseminated pyrrhotite. There 

is stronger carbonate alteration the closer to the carbonate rich zone 

below. The unit is massive with no strong foliation ( there is a weak 
alignment of quartz boudins of 10 degrees). There are small broken pieces 

of quartz actinolite veining within the zone. 

1095 1101.7 Balmer Carbonate Brecciated 

Moderate pervasive 

carbonate, 

moderate pervasive 
silicification 

Pyrrhotite, 

arsenopyrite 

Brecciated 
carbonate 

veins 

Silica altered carbonate.  Upper contact is diffuse and grades into the 

carbonate. It is light grey, fine grained, moderately silicified, fairly 
massive, visible carbonate crystals, broken up and reworked vein material. 

There is trace pyrrhotite and arsenopyrite. Example of silica replacement 

of carbonate veins/altered material. 

1101.7 1114.35 Balmer Basalt Brecciated 

Moderate patchy 
silicification, weak 

pervasive chlorite, 

weak patchy 
leucoxene 

Pyrrhotite, 
arsenopyrite 

Carbonate 
veinlets 

Dark brown, fine grained basalt with visible leucoxene crystals (mm 
sized), brecciated, broken quartz vein fragments visible, weak bleaching 

in patches, small carbonate stringers at 20 degrees (mm sized). There is a 

gradational upper contact with brecciation marked by an increase of 
bleaching, massive brecciation light beige/tan in colour, moderate patchy 

silicification (flooding), weak pervasive chlorite alteration (stronger 

towards the vein) and increase of silica flooding towards the QAV. 
Pyrrhotite and arsenopyrite is disseminated within the unit. 
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1114.35 1118.5 Balmer 
Quartz 

actinolite vein 
Vein 

Strong pervasive 
silicification 

Pyrrhotite, 
arsenopyrite 

Actinolite 

stringers, 
late quartz 

veins 

Dark grey/green with dark grey quartz and dark green actinolite veins and 

chlorite alteration along the actinolite. There are inclusions of bleached 

basalt. There is a milky white vein that cuts through the quartz actinolite 
vein (later quartz vein) that is 1cm wide and is at 60 degrees. There are 

carbonate filled fractures/stringers at 70 degrees.  The upper contact is at 

80 degrees.  There is trace pyrrhotite and arsenopyrite. 

1118.5 1120.9 Balmer Basalt Foliated 

Strong pervasive 

biotite, moderate 

patchy 
silicification, weak 

patchy leucoxene 

Pyrrhotite, 

arsenopyrite 

Actinolite 

stringers; 

brecciated 
quartz 

veins 

Grey bleached basalt with leucoxene mineralization. Weakly foliated sub 

parallel to the core axis. The upper contact is 20 degrees. There is 
moderate patchy silica flooding/broken quartz veinlets, strong pervasive 

biotite alteration, small black actinolite veinlets at 50-70 degrees that cut 

across the foliation. There are small mm sized quartz veinlets at 10 
degrees. Disseminated pyrrhotite and arsenopyrite are common. 

1120.9 1130.5 Balmer 
Quartz 

actinolite vein 
Vein 

Strong pervasive 
silicification 

Pyrrhotite, 

arsenopyrite, 

gold 

Actinolite 

stringers, 
late quartz 

veins 

Dark grey/green with dark grey quartz and dark green actinolite veins and 

chlorite alteration along the actinolite. There are inclusions of bleached 

basalt. The upper contact is irregular. The unit is fine grained, massive, no 
foliation, there are disseminated arsenopyrite, pyrrhotite, and gold. Some 

of the actinolite veinlets are rimmed with chlorite.  The further down the 

hole you get there is an increase of biotite altered basalt inclusions. 

1130.5 1136.71 Balmer Basalt Foliated 

Strong pervasive 
biotite, moderate 

patchy 

silicification, weak 
patchy leucoxene 

Pyrrhotite, 
arsenopyrite 

Actinolite 

stringers; 
brecciated 

quartz 

veins, 
carbonate 

veinlets 

Grey bleached basalt with leucoxene mineralization. Weakly foliated sub 

parallel to the core axis. The upper contact is 20 degrees. There is 
moderate patchy silica flooding/broken quartz veinlets, strong pervasive 

biotite alteration, small black actinolite veinlets. The silica flooding 

creates more a gradational contact than a sharp one. There is more 
carbonate alteration which is restricted to fractures/veinlets. There is 1% 

fine pyrrhotite and arsenopyrite. 
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1136.71 1144 Balmer Basalt brecciated 

moderate to strong 

pervasive 

silicification, 

moderate pervasive 
biotite, carbonate 

and weak to 

moderate chlorite 

pyrrhotite, 
arsenopyrite 

carbonate 

veinlets, 
actinolite 

stringers 

quartz flooded and brecciated basalt, dark grey brown with dark green 

actinolite stringers cutting through the zone. There is an upper contact of 

40 degrees and carbonate stringers throughout the zone that are at 80 

degrees. There are biotite altered basalt inclusions in the zone and there is 
1% sulphides (pyrrhotite and arsenopyrite). There is moderate pervasive 

carbonate alteration and weak to moderate chlorite alteration and strong 

silicification. 

1144 1156 Balmer 
grey massive 

sulphides 
brecciated 

weak to moderate 

pervasive carbonate 
and silicification 

pyrrhotite, 

arsenopyrite 

carbonate 

stringers, 
brecciated 

quartz-
actinolite 

veins 

dark grey zone with a gradational upper contact with the slow replacement 

of quartz actinolite veins with grey massive sulphides (arsenopyrite), 

possibly partially brecciated. In some portions of the zone there is up to 
50% arsenopyrite with an average of 10-20 percent pyrrhotite. Some areas 

have a more sooty appearance. Broken up blebs of arsenopyrite can be 
seen. There is a weak shearing and carbonate stringers are at 20 degrees to 

the core axis. There is weak to moderate carbonate alteration along 

fractures and veinlets but it is not pervasive.  

1156 1166.5 Balmer 
carbonate/grey 

massive 

sulphides 

brecciated 

strong pervasive 
carbonate, 

moderate pervasive 

silicification, weak 
to moderate 

chlorite 

pyrrhotite, 

arsenopyrite 

colloform 

carbonate 

vein, 
boudinaged 

quartz-
carbonate 

veins 

light grey colloform carbonate veins with dark grey massive sulphides 
(60-70% carbonate and 10-20% massive pyrrhotite and arsenopyrite). 

There is moderate pervasive silicification, weak to moderate pervasive 

chlorite alteration and strong pervasive carbonate alteration. The zone is 
brecciated rather than foliated and the bottom 4 meter grades into 40% 

green carb veins, 40% biotite altered basalt and 30% grey massive 
sulphides. The upper contact of the unit is 20 degrees. In the last 3 meters 

there are boudinaged quartz and carbonate veins and an increase of 

shearing (5-10 degrees) 
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1166.5 1185.5 Balmer basalt brecciated 

strong pervasive 

carbonate 
alteration, weak 

pervasive chlorite 

and silicification 

pyrrhotite 

biotite 
lined 

fractures, 

brecciated 
carbonate 

veins 

grey, fine grained basalt with strong carbonate flooding and an upper 

contact of 5 degrees. The unit is fairly massive, with some brecciated 
carbonate veins (cm sized carbonate blocks). There are small quartz-

carbonate stringers at 15/70 degrees and occur in patches rather than 

throughout the whole unit. There are biotite stringers at 5-10 degrees 
(undulates in core, not linear and occur sporadically). There is chlorite 

alteration, weak silica flooding, trace-1% disseminated pyrrhotite and 

increasing biotite from stringers to patchy near the bottom of the unit. 

1185.5 1191 Balmer 
grey massive 

sulphides 
brecciated 

moderate pervasive 

silicification, weak 

chlorite alteration 

arsenopyrite 

boudinaged 
quartz and 

carbonate 
veins 

near massive sooty sulphides, steel grey in colour, fine grained, dominated 

by sulphides, brecciated, strong silicification, massive in places. There is 
40% (or more) disseminated and blebs of arsenopyrite. The host rock has 

been completely altered with moderate silicification and weak chlorite 
alteration. There are broken/boudinaged quartz and carbonate veins that 

are present as 1-2cms blocks. 

1191 1192.2 Balmer 
lamprophyre 

dyke 
massive 

weak to moderate 

biotite and 
carbonate alteration 

pyrite 

trace 

carbonate 
veinlets 

grey with dark brown books of biotite, massive, not foliated, weak to 

moderate carbonate and biotite altered unit with  trace pyrite and an upper 
contact was lost/ not in boxes 

1192.2 1199 Balmer 
quartz actinolite 

vein 
vein 

strong pervasive 

silicification 

pyrrhotite, 
arsenopyrite, 

gold 

actinolite 

stringers, 
late 

carbonate 

stringers 

grey green fractured quartz with green actinolite stringers. The upper 

contact is 80 degrees, there are fine trace pyrrhotite and arsenopyrite, trace 

visible gold. The unit is fairly massive with no distinctive foliation. There 
are trace carbonate stringers at 50 degrees. 
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1199 1208.4 Balmer Basalt foliated 

strong pervasive 

carbonate and 

chlorite, moderate 
biotite and patchy 

quartz 

pyrrhotite, 
arsenopyrite 

brecciated 
veinlets 

fine grained, dark grey/green basalt. The unit has strong pervasive 

carbonate, chlorite, and moderate biotite alteration. The upper contact is at 

25 degrees . There is 2-5% disseminated pyrrhotite and arsenopyrite and 

sporadic blebs of sulphides near the start of the unit.  There is a weak 
foliation of 10 degrees with patchy areas that are more massive/brecciated. 

there are small quartz veinlets, brecciated veinlets and flooding in the 

zone. 

1208.4 1209.57 Balmer 
lamprophyre 

dyke 
massive 

weak to moderate 

biotite and 
carbonate alteration 

pyrite 

trace 

carbonate 
veinlets 

grey with dark brown books of biotite, massive, not foliated, weak to 

moderate carbonate and biotite altered unit with  trace pyrite and an upper 
contact was lost/ not in boxes 

1209.57 1217 Balmer Basalt brecciated 

moderate patchy 
silicification, weak 

to moderate 

chlorite alteration 

arsenopyrite 
carbonate 

stringers 

altered zone with patchy silicification (flooding) and chlorite alteration, 

fine grained dark grey and blebs of arsenopyrite is common. There are 
carbonate stringers at 70 to 80 degrees (small, mm sized) fairly regular 

spacing near the start of the zone and become less common near the  vein. 

there is a weak foliation of 10 degrees defined by the chlorite the upper 
contact is at 80 degrees 

1217 1220.8 Balmer 
quartz actinolite 

vein 
vein 

strong pervasive 

silicification 

pyrrhotite, 

arsenopyrite  

actinolite 

stringers, 
late 

carbonate 

stringers 

quartz actinolite veining. The zone is grey-green with dark grey quartz 

and dark green actinolite stringers. There are small white carbonate 
stringers at 70 degrees. There is 1-2% pyrrhotite/arsenopyrite and the 

upper contact is hard to tell, and looks like pervasive flooding that grades 

into the vein. 
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1220.8 1228.3 Balmer Basalt 
massive, 
patchy 

brecciation 

moderate to strong 
pervasive 

silicification, weak 

to moderate patchy 

biotite, leucoxene 

and chlorite 

pyrrhotite 
carbonate 

stringers 

fine grained, bleached basalt that is  grey in colour with patchy brown 
biotite alteration with leucoxene crystals. There is 2-3% blebs of 

pyrrhotite. The zone if mainly massive with some patchy brecciation. 

There is weak to moderate chlorite, moderate to strong silicification weak  

pervasive carbonate alteration along fractures, trace carbonate stringers 

(mm) at 70 to 80 degrees. The upper contact is lost 

1228.3 1235.35 Balmer 
carbonate 

flooded basalt 

massive, 

patchy 
brecciation 

strong pervasive 

carbonate and 
silicification 

pyrrhotite 

brecciated 
colloform 

carbonate 
veins 

light grey, massive unit, (grey lava?). strongly carbonatized/silicified and 

bleached basalt with a few colloform carbonate veins that are white to 
light grey/tan that has been broken and reworked. There is 1-2% 

pyrrhotite, massive with a gradational upper contact and grades into this 
unit from the altered basalt over 10cms. there are vey few to no carbonate 

stringers present. 

1235.35 1239.8 Balmer Basalt 
sheared, 

brecciated 

moderate to strong 

pervasive carbonate 

and silicification, 

pyrite, 

pyrrhotite, 

arsenopyrite 

- 

fine grained, grey, basalt that has moderate to strong carbonate  and silica 
alteration. There is trace to 2% pyrrhotite, pyrite and arsenopyrite. It has 

an upper contact of 20 degrees and is sheared at 30 degrees and 

progressively becomes more brecciated 

1239.8 1248 Balmer Basalt brecciated 

moderate patchy 

carbonate and 
silicification, weak 

leucoxene 

pyrrhotite, 
arsenopyrite 

- 

dark grey with wispy light grey alteration patches. There is patchy 

carbonate and silica flooding. And patchy leucoxene mineralization. There 

is fine brownish pyrrhotite fragments and grey massive sulphide 
fragments. There is also trace acicular arsenopyrite. in some portions of 

the unit there is up to 20% blebs of sulphides.  There is a brecciated upper 
contact. 

1248 1260 Balmer 
quartz actinolite 

vein 
vein 

strong pervasive 
silicification 

pyrrhotite, 

arsenopyrite, 

gold  

actinolite 
stringers, 

late 

carbonate 
stringers 

dark grey with fine grained actinolite stringers that has been weakly 

altered to carbonate. There is visible gold in the quartz that is close to 

actinolite veins. Trace disseminated arsenopyrite and pyrrhotite is found 
within the unit. There is a pervasive weak chlorite and sericite alteration 

and patches of biotite alteration.  The upper contact has been lost 

(might've been removed from the core box).  



 

 

200 

From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1260 1267.4 Balmer Basalt massive 

strong pervasive 

leucoxene, weak 

pervasive chlorite, 

weak patchy 
carbonate, 

moderate pervasive 

biotite 

arsenopyrite 
quartz 

veinlets 

light grey, bleached, brownish tinged with strong leucoxene 

mineralization. There are various quartz veinlets that are at 85 degrees and 

vary from 0 to a few mms in  length. The unit in general is massive with 

weak chlorite alteration, weak patchy carbonate alteration and moderate 
biotite alteration. There is fine disseminated acicular arsenopyrite creating 

patchy zones and bands of mineralization (5-10%) and trace disseminated 

pyrrhotite. The upper contact was lost. 

1267.4 1268.6 Balmer 
quartz actinolite 

vein 
vein 

strong pervasive 
silicification 

pyrrhotite, 
arsenopyrite  

actinolite 
stringers, 

late 

carbonate 
stringers 

dark grey with fine grained actinolite stringers that has been weakly 
altered to carbonate. There is visible gold near the quartz that is close to 

actinolite veins. There is a pervasive weak chlorite and sericite alteration 

and patches of biotite alteration.  The upper contact has been lost 
(might've been removed from the core box).  

1268.6 1286 Balmer Basalt brecciated 

moderate to strong 

patchy silicification 
and carbonate, 

weak to moderate 

patchy biotite and 
chlorite 

pyrrhotite, 

arsenopyrite  

carbonate 

stringers 

dark grey, fine grained with some visible carbonate crystals. moderate to 

strong patchy silica flooding and veining with green actinolite veinlets. 

There is patchy biotite alteration, moderate chlorite alteration and strong 
carbonate flooding. The unit is massive with brecciated portions to it with 

no dominant foliation. There is a gradational upper contact that is defined 

by the increase of pervasive carbonate flooding. There are carbonate 
stringers at 80 degrees. Disseminated pyrrhotite and arsenopyrite is 

common 

1286 1291.3 Balmer carbonate brecciated 
strong pervasive 

carbonate 

pyrrhotite, 

arsenopyrite  

brecciated 
carbonate 

veins 

grey unit with white carbonate fragments. The upper contact is at 50 

degrees. The zone is brecciated and there are visible pieces of carbonate 
veining and alteration. There is no distinct fabric and there is 1% 

pyrrhotite as stringers and broken grey/brown sulphides and trace 

arsenopyrite. 
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1291.3 1301 Balmer 
Quartz 

actinolite vein 
Vein 

Strong pervasive 

silicification 

Pyrrhotite, 

gold 

Actinolite 
stringers, 

late 

carbonate 

stringers 

Quartz actinolite veining/ silica flooding. Some portions of the zone 
appear to be more vein like while others have more flooding to it. It is 

dark grey with green actinolite cutting across the zone. There is visible 

gold and is found in the silica patches. There are inclusions of biotite 

altered basalt with leucoxene mineralization still present. There is trace 

disseminated pyrrhotite. There are small carbonate stringers that are mm 
sized that cut the core at 80 degrees. The vein portions vary from 10 to 

40cms with intense silica flooding in-between.  the upper contact was lost 

1301 1322 Balmer Basalt Massive 

Moderate pervasive 

biotite and 

silicification 

Pyrrhotite 

Quartz-

carbonate 

veinlets 

Mafic units. Upper contact of 85 degrees. Massive dark grey/brown unit. 

There is trace sulphides, moderate biotite and silica alteration and is cut by 
narrow quartz-carbonate stringers (mm sized at 80 degrees). The unit is 

fine grained. 

1322 1346 Balmer Basalt Massive 

Moderate to strong 

pervasive biotite, 

weak pervasive 

carbonate and 

chlorite 

Pyrrhotite 
Carbonate 

veinlets 

Massive fine grained basalt, dark brown with moderate to strong biotite 
alteration, there are carbonate stringers (mm sized) at 70 degrees, weak 

pervasive carbonate alteration, weak chlorite alteration, majority of the 

carbonate stringers are lined with biotite, there is strong silicification 

1346 1358.8 Balmer Basalt Brecciated 

Moderate to strong 

biotite, weak 

pervasive 
carbonate, chlorite 

Pyrrhotite 
Carbonate 

veinlets 

Brecciated fine grained basalt, dark brown with moderate to strong biotite 
alteration with carbonate filling the fractures, there are carbonate stringers 

(mm sized) at 70 degrees, weak pervasive carbonate alteration, weak 

chlorite alteration, majority of the carbonate stringers are lined with 
biotite, there is strong silicification there is trace disseminated pyrrhotite 

along some of the fractures,  
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1358.8 1365 Balmer Basalt 
Sheared, 

brecciated 

Strong pervasive 
biotite, moderate 

pervasive 
carbonate, weak 

silicification 

Pyrrhotite 
Carbonate 

veinlets 

Altered zone, sheared mafic volcanics with some brecciated, sheared at 45 

degrees, strong biotite alteration, moderate carbonate alteration, weak 
silicification, trace patchy pyrrhotite, fractures with greenish 

carbonate/silica/chlorite flooding 

1365 1369 Balmer Basalt Massive 

Moderate pervasive 
biotite and 

silicification, 

patchy carbonate 

Pyrrhotite 
Carbonate 

veinlets 

Moderate pervasive biotite and silicification, massive fine grained, dark 

grey, few patchy zones of biotite and carbonate, trace pyrrhotite, trace 
carbonate stringers 

1369 1371.3 Balmer Basalt Massive 

Moderate pervasive 

biotite and 

silicification, 
patchy carbonate 

Pyrrhotite 
Carbonate 

veinlets 

Moderate biotite and silicification, massive fine grained dark grey, few 

patchy zones of biotite and carbonate, trace disseminated pyrrhotite, 

moderate patchy carbonate a few 1/2m zones of strong carbonate 
alteration throughout the hole, moderate to strong silicification 

1371.3 1400.8 Balmer Basalt Massive 

Moderate pervasive 

biotite and 
silicification, 

patchy carbonate 

Pyrrhotite 
Carbonate 

veinlets 

Moderate pervasive biotite and silicification, massive fine grained, dark 

grey, few patchy zones of biotite and carbonate, trace pyrrhotite, trace 

carbonate stringers 

1400.8 1405 Balmer Basalt Sheared 

Moderate pervasive 

biotite and 

carbonate, weak 
silicification 

Pyrrhotite 
Carbonate 

veinlets 

Dark brown with biotite defining the shear with calcite stringers, fine 

grained, moderate biotite and calcite alteration, weak silicification, trace 

disseminated sulphides, extensive carbonate flooding of fractures, weak 
shearing on hanging wall 

1405 1470 Balmer Basalt Massive 

Moderate pervasive 

biotite and 

silicification, 
patchy carbonate 

Pyrrhotite 
Carbonate 

veinlets 

Moderate pervasive biotite and silicification, massive fine grained, dark 
grey, few patchy zones of biotite and carbonate, trace pyrrhotite, trace 

carbonate stringers 
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1024.5 1031 Balmer Ultramafic/ mafic? Brecciated 

Strong pervasive 

carbonate, moderate 
pervasive 

silicification, trace 

patchy muscovite 

- 

Remnant quartz 

veins; biotite 

rimmed 
carbonate veins 

Fine grained, remnant  quartz vein clasts 

present within the breccia, dark grey/green in 

colour, brecciated with strong pervasive 
carbonate alteration, moderate pervasive 

silicification,  bleaching and biotite rimmed 

carbonate veins, with zones of sericite 
alteration. 

1031 1034.75 Balmer Ultramafic/ mafic? Sheared 

Strong banded 
carbonate, silica, 

biotite and trace to 

weak chlorite 

- - 

Shear zone, grey/green matric, dominated by 

carbonate and silica, bands of dark brown 

biotite defining a 20-30 degree shear, upper 
contact was broken, strong carbonate and 

silica, trace to weak chlorite, strong biotite 

1034.75 1037 Balmer Ultramafic Foliation 
Mpervasive 

serpentine, carbonate, 

talc 

Pyrrhotite, 
pyrite, 

magnetite 

Stringers of 

magnetite 

Dark grey, fine grained, foliated ultramafics 
with stringers of magnetite present, moderate 

pervasive serpentine alteration present, 

possible dolomite alteration, very soft, talc 
alteration present. There is trace 

disseminated pyrrhotite and pyrite 

1037 1045 Balmer Ultramafic Brecciation 

Moderate pervasive 

serpentine, carbonate, 
talc, weak 

silicification 

Pyrrhotite, 

pyrite, 

magnetite 

Stringers of 
magnetite 

Dark grey, fine grained, moderate pervasive 

serpentine, carbonate, and talc alteration with 

weak silicification, increased brecciation, 

still has magnetite, trace disseminated 
pyrrhotite and pyrite 

1045 1048.6 - - - - - - boxes missing 

1048.6 1083 Balmer Ultramafic Massive 
Weak patchy 

silicification, and talc 

Pyrrhotite, 

pyrite, 
magnetite 

Stringers of 

magnetite; 
quartz veinlets 

Fine grained, granular textured ultramafics, 

dark grey/brown, with fine grained lamellae 

and veinlets of magnetite (up to 1.5cms 
wide), weak silicification there are small 

white patches of talc, trace sulphides 

(pyrrhotite and pyrite) in fractures, trace 
quartz stringers that are at 45 degrees and 

lines with magnetite. 

1083 1098 Balmer Ultramafic Massive 
Strong pervasive 

silicification 

Pyrrhotite, 

magnetite 

Stringers of 
magnetite; 

quartz veinlets 

Massive ultramafic, gradational upper 

contact, dark grey/black in colour, magnetic 
(more disseminated with trace magnetite 

stringers, trace to 1% disseminated 

pyrrhotite, strong silicification. 
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1098 1100.4 Balmer Ultramafic Brecciated Strong pervasive talc Pyrrhotite - 

Massive, strong pervasive talc alteration, 

grey and medium grained groundmass, 
brecciated, very soft, little to no magnetite, 

the upper contact is sharp at 45 degrees. 

1100.4 1101.6 Balmer Lamprophyre Massive 

Strong pervasive 

carbonate alteration, 

weak pervasive biotite 

Pyrite - 

Fine grained, basalt and carbonate rich 

lamprophyre. Weakly sheared at 50 degrees, 
light grey in colour. The upper contact is at 

60 degrees, there is a 10cm chill margin 

directly associated with the contacts; mm 
sized biotitic crystals and pyrite disseminated 

through the unit. 

1101.6 1105 Balmer Ultramafic Brecciated Strong pervasive talc Pyrrhotite - 

Massive, strong pervasive talc alteration, 
grey and medium grained groundmass, 

brecciated, very soft, little to no magnetite, 

the upper contact is marked by a fault 

1105 1120.7 Balmer Ultramafic Brecciated Moderate to strong 

silicification 
Magnetite 

Carbonate 

stringers; 

chlorite lined 
fractures 

Dark black in colour, gradational upper 

contact, disseminated magnetite, trace 
chlorite stringers/lined fractures, moderate to 

strong silicification. An increase of trace 

carbonate stringers at 1118.6m. 

1120.7 1125 Balmer Ultramafic Brecciated 
Weak to moderate 

pervasive 

silicification, patchy 

chlorite 

Magnetite - 

Upper contact of 45 degrees, brecciated, dark 
grey matrix with creamy beige clasts, weak 

to moderate pervasive silicification, 

magnetite fills in the matrix, patchy chlorite 
alteration with chlorite specs and veinlets. 

1125 1138 Balmer Ultramafic Brecciated Moderate to strong 

pervasive silicification 
Magnetite Carbonate 

stringers 

Dark black in colour, gradational upper 

contact, disseminated magnetite, trace 

chlorite stringers, moderate to strong 
silicification. An increase of trace carbonate 

stringers at 1118.6m. 

1138 1144.3 Balmer Basalt Massive 

Strong pervasive 

silicification, 
chloritization, 

moderate patchy 

biotite 

Pyrrhotite, 

magnetite 

Actinolite 

stringers; 

carbonate 
stringers 

Biotite altered basalt, massive, dark green 
with dark brown to purple patches. It is 

strongly silicified, chloritized (pervasive) and 

moderate biotite alteration (patchy). Small 
mm sized actinolite veinlets, small carbonate 

stringers in areas (mm sized at 70 to 80 

degrees), trace pyrrhotite. The interval began 
with some carbonate veinlets that were 5-

8mm wide. Disseminated magnetite present. 
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1144.3 1156.85 Balmer Basalt/ultramafics Ssheared 
Banded strong biotite 
and carbonate, patchy 

talc alteration 

Pyrite, 

pyrrhotite 

Remnant 
colloform 

veining; 

boudinaged 
quartz-

carbonate veins 

Strongly sheared patch that id dark 
grey/brown (altered mafics and ultramafics) 

and some light grey (carbonate) bands. The 

foliation is at 45 degrees and is fairly 
constant through the unit. There is some trace 

talc alteration (contained in specific 

intervals). There is strong biotite and 
carbonate alteration with small patches of 

colloform veining at 1151m. Throughout the 

unit there are patches of ripped up carbonate 
and quartz veining that are deformed, 

boudinaged and elongated in the direction of 

the shear.  There is trace pyrite and 
pyrrhotite. The upper contact is at 45 

degrees, and is slightly gradational. 

1156.85 1168.3 Balmer Basalt Massive 

Moderate patchy 

silicification and 
carbonate, weak 

chlorite alteration 

Pyrite, 
pyrrhotite 

Actinolite 

stringers; 
carbonate 

stringers 

Grey, massive, and bleached basalt zone. 

There is moderate patchy silica and 

carbonate flooding in the zone.  There are 
dark green actinolite stringers that are at 70 

and 30 degrees to the core axis. There is 

weak chlorite alteration, and trace pyrite and 
pyrrhotite. The upper contact is gradational 

out of the shear with the unit becoming more 

massive and an increase in silica flooding.  
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1168.3 1192 Balmer Basalt Foliated 

Moderate pervasive 
biotite, weak pervasive 

carbonate and 

silicification, weak 
patchy leucoxene 

Pyrrhotite, 

arsenopyrite 

Carbonate 

veinlets, quartz 

veinlets 

Dark grey to brown with white/pink specs of 

leucoxene mineralization foliated basalt. 
There are stringers of pyrrhotite and blebs of 

arsenopyrite (2-3%). The unit has a decrease 

of silica flooding but an increase of pervasive 
biotite alteration and weak carbonate 

alteration. The unit is weakly sheared at 20 

degrees and there are small carbonate 
veinlets filling fractures at the sample angle. 

There are a few small quartz veins that are 

10-20 degrees and show boudinaging. At 
1183.5m there is a small mafic dyke 

intruding that is fine grained and dark brown. 

1192 1218.2 Balmer Basalt 

Patchy 

brecciation, 

foliated 

Moderate pervasive 
biotite and 

silicification, weak 

patchy leucoxene and 
carbonate 

Pyrrhotite, 
arsenopyrite 

Quartz veins 

Biotite altered basalt, massive with a few 
brecciated patches, fine grained and dark 

brown. There is weak patchy carbonate 

alteration, primarily found as carbonate 
fractures/stringers at 60-70 degrees that are 

light grey and mm sized. There is patchy 

bleaching which has leucoxene 
mineralization starting at 1197.0m. There is 

moderate silicification and biotite alteration. 

There are trace quartz veining/flooding that 
are 2-3mm at 40 to core axis. There is 2-3% 

disseminated acicular arsenopyrite and 

stringers, and 1-2% pyrrhotite, disseminated 
and stringers. 

1218.2 1219.85 Balmer Lamprophyre Massive 
Moderate carbonate 

alteration 
- 

Carbonate 
veinlets Dark brown to black in colour that is fine 

grained.  There is trace carbonate stringers at 
80 degrees and moderate pervasive carbonate 

alteration. There are visible books of biotite 

and no visible sulphides. The upper contact is 
at 45 degrees 
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1219.85 1227.6 Balmer Basalt 
Patchy 

brecciation, 

foliated 

Strong pervasive 

biotite, carbonate and 

silicification, weak 
patchy leucoxene  

Pyrrhotite, 

arsenopyrite 

Carbonate 

veinlets 

Altered basalt. Dark brown with lighter pink 
mm sized leucoxene crystals and some 

patchy light grey bleaching. The unit in 

general is fine grained and massive to weakly 
brecciated. There is strong pervasive biotite, 

silicification and carbonate alteration. The 

bottom 50 cms of the zone has an increase in 
silica flooding; There are small carbonate 

stringers at 80 degrees. There is trace to 1% 

disseminated pyrrhotite and 1-2% patchy 
disseminated arsenopyrite. The upper contact 

is 45 degrees. 

1227.6 1231 Balmer 
Quartz Actinolite 

vein 
Veining 

Strong pervasive 

silicification, 

Pyrrhotite, 

arsenopyrite 

Actinolite 

stringers 

Gradational upper contact with increasing 
silicification over 50cms. The unit has also 

been described as silica flooding rather than 

veining. It is dark grey with dark green 
actinolite stringers cutting through the unit. It 

is fine grained, massive, crystalline with 

trace pyrrhotite and arsenopyrite. 

1231 1243.47 Balmer Basalt Brecciated 
Moderate pervasive 

silicification and 

carbonate 

- 

Actinolite 

stringers; 

boudinaged 
quartz veins 

Altered basalt. Fine grained, dark 
brown/black. Massive to slightly brecciated. 

The upper contact is 30 degrees. There is less 

pervasive silica flooding with patchy 
portions and a more pervasive carbonate 

alteration. There are still actinolite veins 

cutting through the unit.  There are trace 
carbonate stringers at 60 degrees, mm sized, 

white. There are some small broken up 

quartz veining that are at 10 degrees to core 
axis. Around some of these veins there is 

bleaching present as well. 
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1243.47 1245.9 Balmer Shear zone Sheared 

Banded strong biotite, 

carbonate, chlorite and 
silicification 

Pyrrhotite, 

arsenopyrite 
Carbonate veins 

Fine grained shear zone that varies from light 
grey (silica and carbonate rich zones) to dark 

grey/brown (biotite/sulphide rich zones). It is 

sheared at 85 degrees and the upper contact 
is 85 degrees with a 10cm quartz carbonate 

vein marking the contact. There is pervasive 

biotite, chlorite, carbonate and silica 
alteration.  There is 5% arsenopyrite and 

pyrrhotite. Throughout the zone there are a 

few broken quartz veins. 

1245.9 1268 Balmer Basalt 
Patchy 

brecciation and 

shearing 

Moderate patchy 

silicification and 

carbonate, weak 
patchy leucoxene 

Arsenopyrite 
Carbonate and 

quartz veinlets 

Altered basalt.  Predominantly biotite altered 

basalt, but some patchy silicification, 

leucoxene mineralization and carbonate 
alteration gives the unit a mottled 

appearance. There is moderate carbonate and 

silicification. There is 1-2% acicular 
arsenopyrite. The zone is brecciated to 

massive in some portions (but appears to be 

more massive). There are carbonate stringers 
at 80 degrees with some having angles as low 

as 20 degrees. There is patchy shearing at 85 

degrees and the upper contact is 85 degrees. 

There are trace carbonate and quartz veins. 

1268 1279 Balmer Basalt Massive 
Moderate patchy 

carbonate, trace biotite 
- 

Biotie filled 

fractures, trace 
carbonate and 

quartz stringers 

Massive, biotite altered basalt, fine grained, 

dark brown, moderate patchy carbonate 
alteration, trace biotite filled fractures 

through the zone and trace carbonate 

stringers and trace quartz stringers cut 
through at 20 degrees (both are mm sized), 

no visible sulphides, 

1279 1292.7 Balmer Basalt Massive 
Moderate patchy 

carbonate, trace biotite 
- 

Biotite filled 

fractures, trace 
carbonate and 

quartz stringers 

Massive, biotite altered basalt, fine grained, 
dark brown, moderate patchy carbonate 

alteration, trace biotite stringers through the 

zone and trace carbonate stringers and trace 
quartz stringers cut through at 20 degrees 

(both are mm sized), no visible sulphides, 

there are small biotitic blebs in portions and 
carbonate veinlets that cut across actinolite 
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1292.7 1299.5 Balmer Basalt Massive 
Moderate patchy 

carbonate, trace biotite 
- 

Biotite filled 

fractures, trace 

carbonate and 
quartz stringers 

Massive, biotite altered basalt, fine grained, 
dark brown, moderate patchy carbonate 

alteration, trace biotite stringers through the 

zone and trace carbonate stringers and trace 
quartz stringers cut through at 20 degrees 

(both are mm sized), no visible sulphides, 

there are small biotitic blebs in portions and 
there are small portions of the core that have 

some quartz flooding. 

1299.5 1303.8 Balmer Basalt Massive 
Weak pervasive 

biotite, chlorite 
Pyrrhotite 

Carbonate 

stringers 

Fine grained, weak pervasive biotite, weak 

pervasive chlorite, trace pyrrhotite stringers 
(found in carbonate stringers), massive basalt 

1303.8 1305.3 Balmer Shear zone 
Sheared, faulted 

upper contact 

Moderate pervasive 

chlorite, patches of 
carbonate 

Pyrrhotite Quartz veins 

Fine grained sheared basalt at 40 degrees to 

core axis, with quartz veins defining the 
shear that are deformed and mix with the 

host rock, biotite stringers through the shear, 

chlorite alteration is pervasive, carbonate 
alteration constrained to fractures, upper 

contact mated by 50cms of fault gauge before 

the upper contact of the shear, trace 
disseminated pyrrhotite 

1305.3 1314 Balmer Basalt Massive 
Moderate patchy 

carbonate, trace biotite 
- 

Biotite filled 

fractures, trace 
carbonate and 

quartz stringers 

Massive, biotite altered basalt, fine grained, 

dark brown, moderate patchy carbonate 

alteration, trace biotite stringers through the 
zone and trace carbonate stringers and trace 

quartz stringers cut through at 20 degrees 

(both are mm sized), no visible sulphides, 
there are small biotitic blebs in portions and 

carbonate veinlets that cut across actinolite, 

gradational upper contact 
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1314 1334 Balmer Basalt Massive 

Moderate patchy 

carbonate and 
silicification, weak to 

trace pervasive 

chlorite 

- 

Stringers of 
quartz and 

carbonate; 

remnant 
colloform 

carbonate 

Altered basalt with moderate patchy 
carbonate and silica alteration, weak to trace 

pervasive chlorite, fairly massive but with 

stringers of quartz and carbonate patches, 
fine grained, dark brown, gradational upper 

contact, deformed MSCV present 

1334 1339.6 Balmer Basalt Massive 
Moderate patchy 
biotite alteration 

Pyrrhotite 
Carbonate filled 

fractures 

Massive basalt with moderate patchy biotite 
alteration and carbonate fractures/stringer 

throughout the zone, trace disseminated 

pyrrhotite in fractures, strong silicification, 
dark grey/brown, fine grained 

1339.6 1353 Balmer Basalt Massive 

Strong pervasive 
silicification, weak 

biotite, carbonate and 

chlorite 

Pyrrhotite Carbonate 

stringers 

Strong pervasive silicification, fine grained, 

dark grey, massive with variable alteration, 

patchy chlorite and carbonate (primarily as 
fractures), bleaching and alteration causing 

the core to take on a reddish colour, there is 

also weak biotite, trace pyrrhotite (associated 
with biotite), trace carbonate stringers 

throughout at 70 degrees 

1353 1389 Balmer Basalt 

Massive to 

weakly 
brecciated 

Strong pervasive 
silicification, weak 

biotite, carbonate and 

chlorite 

Pyrrhotite Carbonate 

stringers 

Strong silica altered zone similar to above 
without the patchy red portions, weakly 

brecciated, fine grained, dark black in colour, 

patchy carbonate alteration, patchy sericite 
alteration, patchy bleaching, increasing 

amount of carbonate stringers closer to the 

end of the hole 

 

 

 

 

 



 

 

211 

DDH: BC33W5 Zones: QFP's altering to MRD's (1340-1387), GES (1757.4-1757.4m), UMZ (quartz-actinolite veining- 1757.4-1764.45m) 

From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1297.5 1340 - - - - - - Missing in core yard/ not racked at time or logging 

1340 1387 Balmer 
Quartz-feldspar 

porphyry 
Massive 

Strong silicification, 

weak to moderate 

muscovite and weak 
chlorite 

- - 

Quartz porphyry, upper contact not in racks, fine 
grained light grey, highly altered matrix with mm 

sized quartz crystals, strong silica flooding, weak to 

moderate sericite and chlorite alteration, massive, no 
visible sulphides, looks like an intermediate phase of 

an MRD and the QFPs 

1387 1388.2 Balmer Mafic units Foliated 
Strong silicification, 

patchy biotite 
Pyrrhotite 

Carbonate 
veinlets 

Mafics within the porphyry, fine grained, dark brown, 

weakly sheared at 45 degrees, small biotitic stringers 

throughout the zone, strong silicification, sheared 

upper contact with a carbonate veinlet at the contact at 
45 degrees, shear is 2cms wide. 

1388.2 1391.4 Balmer 
Quartz-feldspar 

porphyry 
Massive 

Strong silicification, 

weak to moderate 
muscovite and weak 

chlorite 

- - 

Quartz porphyry, upper contact not in racks, fine 

grained dark grey, highly altered matrix with mm 

sized quartz crystals, strong silica flooding, weak 
sericite and chlorite alteration, massive, no visible 

sulphides, looks less like an MRD, weak foliation 

along core axis 

1391.4 1403.8 Balmer Mafic units Massive 
Moderate pervasive 

and patchy biotite, 
weak silicification 

Pyrrhotite Carbonate 

veinlets 

Fine grained, dark brown, moderate pervasive  and 

patchy biotite,  trace carbonate stringers at 80 degrees 

(no biotite halo), weak silicification, massive, upper 
contact of 25 degrees. Trace pyrrhotite mineralization 

disseminated within the unit. 

1403.8 1418 Balmer Mafic units 
Massive to weakly 

foliated 

Moderate pervasive 

and patchy biotite, 

weak silicification 

Pyrrhotite Carbonate 
veinlets 

Fine grained, dark grey, moderate patchy and 
pervasive biotite, trace carbonate stringers at 80 

degrees (no biotite halo), strong silicification, 

massive, upper contact sheared at 40 degrees. Dark 
minerals within the unit, either biotite or an 

amphibole, are sub-rounded and weakly elongated at 

5 degrees to core axis. Trace pyrrhotite mineralization 
is disseminated within the unit. 

1418 1529.9 Balmer Mafic units 
Massive to weakly 

foliated 

Moderate pervasive 
and patchy biotite, 

weak silicification 

Pyrrhotite Carbonate 

veinlets 

Fine grained, dark brown, patchy biotite alteration, 

moderate pervasive biotite, some areas have speckled 
biotite alteration, trace carbonate stringers at 80 

degrees (no biotite halo), weak silicification, massive, 

upper contact is gradational. 

1529.9 1531.9 Balmer Lamprophyre Massive 

Strong pervasive 
carbonate alteration, 

weak pervasive 

biotite 

Pyrrhotite - 

Pervasive carbonate upper contact of 75 degrees, fine 

grained, dark grey with visible biotite mineralization, 
chill margin present, trace pyrrhotite. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1531.9 1626 Balmer Mafic units Massive 

Moderate pervasive 
biotite and chlorite, 

trace to weak 

carbonate and 
silicification 

Pyrrhotite 

Carbonate 

veinlets, 

quartz veins 

Massive biotite altered basalt, fine grained, dark 
brown, trace to weak carbonate and silicification, 

moderate patchy chlorite and biotite alteration, trace 

carbonate stringers and trace patchy disseminated 
pyrrhotite with an upper contact of 75 degrees. There 

are small low angled quartz veins in patches and small 

shear zones at 10 degrees at 1542 to 1543.6m and 
1562 to 1563.6m 

1626 1638.6 Balmer Mafic units Massive 

Strong pervasive 

silicification, 

moderate patchy 
chlorite and 

carbonate 

Pyrrhotite Quartz veinlets 

Mafic volcanics, moderate patchy chlorite and 

carbonate alteration, trace to 1% pyrrhotite stringers, 
upper contact is gradational and is roughly at 40 

degrees, strong pervasive silicification. Low angled 

quartz veinlets with pyrrhotite are found throughout 
the unit. 

1638.6 1646.2 Balmer Mafic units Faulted upper 

contact; massive 

Strong silicification 

with weak to 

moderate patchy 
chlorite and biotite, 

trace carbonate 

Pyrrhotite - 

Fine grained, dark grey, upper contact is faulted with 
10cms of gauge, massive, weak to trace carbonate, 

strong silicification, weak to moderate patchy chlorite 

and biotite 

1646.2 1679.2 Balmer Mafic units Massive to weakly 

foliated 

Moderate chlorite 

and trace to weak 
carbonate alteration 

Pyrrhotite 

  

Green and massive to weakly foliated, speckled and 

small biotite (or amphibole?) specks, fine 

disseminated pyrrhotite, gradational upper contact, 
fine grained, with moderate chlorite alteration  and 

carbonate alteration (trace to weak) 

1679.2 1683 Balmer Mafic units 
Pillowed, 

variolitic, 
brecciated 

Strong muscovite 

and quartz alteration 
Pyrite - 

Fine grained, bleached volcanics with variolitic 
sections with minor glassy quartz, diffuse upper 

contact of 50 degrees, pillow rims still visible, light 

tan in colour, seems to have pillow margins with 
amygdules/varioles, there is light green fuchsite 

alteration filling in the rims and the varioles, strong 

silicification, massive 

1683 1684.5 Balmer Mafic units Massive 
Strong muscovite 

and quartz alteration 
Pyrite 

Quartz-
carbonate 

stringers 

Fine grained, massive dark grey basalt, it is fractured 
with the fractures filled in with carbonate and silica, 

upper contact is at 45 degrees, very similar to 
previous basalt 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1684.5 
1700.6

5 
Balmer Mafic units 

Pillowed, 

variolitic 

Strong muscovite 

and quartz alteration 
Pyrite - 

Bleached and brecciated variolitic sections with a 
gradational upper contact. The unit is tan with 

variolitic sections, possible pillow rims, appears to be 

some patchy fuchsite mineralization, more competent 
than previous felsic/bleached unit at 1679.2, appears 

to be a bleached/replacement zone 

1700.6
5 

1721.6 Balmer Mafic units Foliated 

Moderate pervasive 

chlorite, patchy 
silicification and 

trace patchy garnets 

Pyrrhotite 
Carbonate 
veinlets 

Fine grained, dark grey, weakly foliated basalt with 

moderate patchy silicification and chlorite alteration 

and trace carbonate stringers cutting through at 

roughly 70-80 degrees, fine garnets present in 
portions and follow the weak foliation, the contact is 

marked by a 7cm fault gauge. Disseminated pyrrhotite 

commonly found in weak bands and parallels the 
garnets. 

1721.6 1726 Balmer Mafic units Massive 
Moderate pervasive 

biotite, and 

silicification 

- 
Biotite filled 

fractures 

Fine grained, dark grey/brown basalt with moderate  

pervasive biotite and silicification, massive, there are 

patchy biotite and biotite filed fractures are common 
through the unit, no visible sulphides 

1726 1739.9 Balmer Mafic units Brecciated 

Strong pervasive 

silicification and 

chlorite, patchy 
weak biotite  

- 
Carbonate 

stringers 

Brecciated zone, varies from dark grey to dark green 

with some tan bleaching, fine grained, strong 

silicification and chlorite, patchy weak biotite 
alteration, carbonate stringers at 60-80 degrees 

1739.9 1743 Balmer Ultramafic Sheared 

Pervasive strong 

carbonate, weak 
silicification, 

serpentine and talc  

Pyrite 

Magnetite 

stringers; 
quartz boudins 

present 

Ultramafic unit, fine grained, upper contact of 40 

degrees, grey/blue in colour, sheared at 10 degrees, 

magnetite stringers present, fine grained, weak 
silicification, very strong pervasive carbonate, 

boudins of milky quartz present, weak serpentine and 

talc alteration 

1743 1748.1 Balmer Shear zone Sheared 

Strong biotite 

chlorite and 
carbonate 

- 
Quartz 

boudins  

Shear zone with green, brown and white bands (strong 
chlorite, biotite, carbonate alteration), fine grained 

and sheared at 40 degrees. No magnetite, no visible 

sulphides, there are some quartz blow outs. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1748.1 1750 Balmer Shear zone Sheared 

Strong pervasive 

biotite and 
carbonate, trace 

patchy chlorite 

Pyrrhotite 

Quartz-

carbonate 

stringers 

Fine grained, dark brown to black in colour. There is 
pervasive strong biotite and carbonate and trace 

patchy chlorite alteration. It is weakly sheared at 10 

degrees which gets progressively stronger closer to 
the bottom contact. There are small quart-carbonate 

veins that have been faulted and boudinaged in two 

places (both are small, 1-2cms wide and 10cms long). 

There is trace disseminated pyrrhotite. 

1750 1751.4 Balmer Lamprophyre Massive 

Strong pervasive 
carbonate alteration, 

weak pervasive 

biotite 

Pyrite 
Carbonate 

veinlets 

Medium grained lamp dyke with sharp contacts at 30 

degrees. There are biotite phenocrysts, and biotite, 
plagioclase and carbonate in the groundmass 

(dominated by the carbonate alteration).  There is 

trace cubic pyrite, strong pervasive carbonate and 
weak biotite alteration. 

1751.4 1752.2 Balmer Mafic units Sheared 

Strong pervasive 

biotite and 

carbonate, trace 
patchy chlorite 

Pyrrhotite 
Quartz-

carbonate 

stringers 

Fine grained, dark brown to black in colour. There is 

pervasive strong pervasive biotite and carbonate  and 
trace patchy chlorite alteration. It is weakly sheared at 

10 degrees which gets progressively stronger closer to 

the bottom contact. There are small quart-carbonate 
veins that have been faulted and boudinaged in two 

places (both are small, 1-2cms wide and 10cms long). 

There is trace disseminated pyrrhotite. 

1752.2 1757.4 Balmer Carbonate 
Sheared, 

brecciated 

Strong pervasive 
carbonate, weak 

patchy chlorite, 

biotite and 
silicification 

Magnetite, 
pyrrhotite 

- 

Fine grained, light grey strongly carbonate unit. It has 

an upper contact of 75 degrees and the top meter is 

sheared at 50 degrees and progressively becomes 
more massive. There is weak chlorite and biotite 

alteration (stronger at the start with the shear), weak 

brecciation, strong carbonate flooding, weak to 
moderate silicification and trace disseminated 

pyrrhotite. The black specks in the unit are magnetite 

crystals. 
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1757.4 
1764.4

5 
Balmer 

Quartz actinolite 
veins 

Vein/ brecciated 

Strong silicification, 

weak patchy 
carbonate, biotite 

and chlorite 

Pyrrhotite, 
arsenopyrite 

Actinolite 
filled 

fractures; 

carbonate 

stringers 

Light to dark grey quartz with dark green actinolite 
stringers/ filled fractures. The upper contact is 80 

degrees. The unit is fine grained and fractured. There 

is weak chlorite and carbonate alteration along the 
actinolite stringers and trace carbonate stringers at 60-

80 degrees within the unit. There are some patchy 

areas that have brecciated biotite/bleached basalt 

contained within the zone.  Some of the darker areas 

within the vein appears to be more silica flooding than 

veining.  Pyrrhotite and arsenopyrite are disseminated 
within the unit. 

1764.4

5 
1780 Balmer Mafic units Sheared 

Moderate to strong 

pervasive biotite, 
patchy (bands) 

carbonate, weak 

pervasive chlorite 

Pyrrhotite 
Trace 

carbonate 

veinlets 

Fine grained, dark brown basalt with light grey 
carbonate patches. The unit has been weakly sheared 

at 5-10 degrees. There is trace disseminated 

pyrrhotite. The unit has undergone pervasive 
moderate to strong biotite alteration, moderate 

carbonate alteration (constrained to the bands) and 

weak chlorite alteration. There are carbonate stringers 
at 70 degrees that cut across the shear.  

1780 1793 Balmer Mafic units Sheared/ 

brecciated 

Moderate pervasive 

biotite, chlorite, 

carbonate and 

silicified 

Pyrrhotite 

Biotite lined 

carbonate 
veinlets 

Patchy, fine grained, biotite lined carbonate veins, 

fine grained, dark grey/brown, partly brecciated and 

sheared; weak to moderate pervasive biotite, chlorite, 
carbonate and silica altered, trace disseminated 

pyrrhotite 

1793 1797.5 Balmer Mafic units Sheared/ 

brecciated 

Moderate pervasive 
chlorite, biotite, 

silica and carbonate 

Pyrrhotite - 

mafic volcanic unit, with moderate pervasive chlorite, 

biotite, silica and carbonate alteration partly 

sheared/foliated and brecciated, trace disseminated 
pyrrhotite 
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1797.5 1807.9 Balmer Mafic units Massive 

Weak to pervasive 

moderate 
silicification, trace 

bleaching 

Pyrrhotite 

 Carbonate 

veinlets, 

quartz 
veinlets; trace 

quartz-

actinolite veins 

Fine grained, brown, massive mafics, weak-moderate 

pervasive silicification, trace carbonate as stringers, 
trace quartz veins, trace bleaching, trace pyrrhotite. 

Trace quartz-actinolite veins 

1807.9 1832.5 Balmer Mafic units Brecciated Patchy biotite Pyrrhotite 
Remnant 
colloform 

carbonate 

veins 

Altered zone, moderate patchy biotite, patchy 

bleached fragments in brecciated mafics with a 
moderate chlorite/silica altered matrix, remnant pieces 

of colloform carbonate and quartz veins, fine grained, 

light grey, massive, upper contact sheared with biotite 
at 10 degrees. Trace disseminated pyrrhotite 

1832.5 1854 Balmer Mafic units Brecciated 

Strong pervasive 

carbonate, weak to 

moderate patchy 
chlorite, biotite and 

silicification 

Pyrrhotite 

Remnant 

colloform 

carbonate 
veins; quartz 

veinlets 

Altered zone, patchy biotite, patchy bleached 

fragments in breccia with a chlorite/silica altered 
matrix, strong pervasive carbonate alteration with 

remnant pieces of colloform carbonate and quartz 

veins, fine grained, light grey, massive, upper contact 
sheared with biotite at 10 degrees. Blotchy dark green 

to pale brown with biotite alteration, trace 

disseminated pyrrhotite and silica/carbonate flooded 
sections 

1854 1856.4 Balmer Carbonate Brecciated 
Strong pervasive 

carbonate, weak 

pervasive 
silicification 

Magnetite, 

pyrrhotite 
- 

Fine grained, light grey, massive, magnetic (magnetite 

present)--> altered ultramafic? Brecciated, weakly 

siliceous. Very similar to carbonate vein at 1752.7m. 
Upper contact at 10 degrees. 

1856.4 
1858.3

5 
Balmer Mafic units Brecciated 

Moderate pervasive 

silicification, 
chlorite, weak to 

moderate patchy 

biotite and carbonate 

Pyrrhotite 

Biotite lined 

carbonate 
veinlets; 

biotite filled 

fractures 

Mafic volcanics, chlorite/carbonate/silica altered, 

sheared at a low angle, brecciated unit with carbonate 

filling in the fractures. Strong carbonate within 
fractures, moderate pervasive silicification, trace 

bleaching, moderate pervasive chlorite, stringers of 

biotite. Biotite lined carbonate veins present, trace 

disseminated pyrrhotite 
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1858.3

5 
1859.3 Balmer Lamprophyre Massive 

Strong pervasive 

carbonate alteration, 

weak pervasive 
biotite 

Pyrite 
Biotite filled 

fractures 

Fine grained lamp that is dark grey/brown with the 

clasts of biotite within pervasive carbonate, biotite 

stringers present, upper contact at 70 degrees.  Trace 
biotite is disseminated within the dyke 

1859.3 1894 Balmer Mafic units Weak foliation 

Strong pervasive 

silicification, weak 

to moderate patchy 

carbonate 

Pyrrhotite 

Biotite lined 

carbonate 

veinlets 

Fine grained, weakly foliated, basalt with pervasive 

biotite and chlorite alteration, strong pervasive 

silicification, biotite lined carbonate veins (mm) at 60-

90 degrees, dark grey/brown, weak to moderate 

patchy strong carbonate flooding, trace disseminated 

pyrrhotite. 
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DDH: BC33W31 

Zones: GES  (from 1453-1497.8m), UMZ (quartz actinolite veining, 1497.98-1515.0m), possible second UMZ (patchy silica flooding 1525.8-1538.5m), 

dykes in footwall of the structures 

From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1399.5 1400.3 Balmer Basalt Massive 
Weak to moderate 

Carbonate, 

Chlorite 

- 
Trace 

carbonate 

veinlets 

Fine grained basalt, light green with light white patches, 
weak to moderate pervasive carbonate and chlorite altered, 

minor thin carbonate veinlets. 

1400.3 1407.66 Balmer Basalt Massive 

Weak 

silicification, 
unknown red 

alteration 

(hematite?, 
garnet?) 

Pyrrhotite 

Trace 

carbonate 
veinlets 

Strong alteration changing the colour to a dark red (possible 

garnet mineralization), fine grained, trace carbonate, 

primarily constrained to stringers at 60 degrees, weak 
silicification, gradational upper contact. Trace pyrrhotite 

mineralization. 

1407.66 1414.5 Balmer Basalt Brecciated 

Strong carbonate, 

trace chlorite, 
strong 

silicification, 

same red 
alteration 

Pyrrhotite - 

Strongly altered and brecciated with strong pervasive 

carbonate alteration, trace pervasive chlorite, possible patchy 

garnet mineralization, strong pervasive to patchy 
silicification, upper contact of 50 degrees. Trace pyrrhotite 

mineralization. 

1414.5 1423 Balmer Basalt Brecciated 

Strong carbonate, 

weak biotite, 

moderate 
silicification 

Pyrrhotite 
Trace 

carbonate 

veinlets 

Strongly altered and brecciated with strong pervasive 

carbonate alteration, weak pervasive biotite, fine grained, 

light grey in colour, moderate pervasive silicification. Trace 
pyrrhotite mineralization.  

1423 1427.6 Balmer Basalt Brecciated 

Strong 

silicification, 

weak to moderate 
carbonate 

Pyrrhotite - 
Strong silicification, grey in colour, fine grained, brecciated 
basalt, weak patchy bleaching in portions, patchy chlorite 

alteration.  Trace pyrrhotite mineralization.  

1427.6 1430.5 Balmer Basalt Massive 

Strong 

silicification, 

weak to moderate 
carbonate 

Pyrrhotite - 
Strong silicification, grey in colour, fine grained, massive 
basalt, weak patchy bleaching in portions, patchy chlorite 

alteration.  Trace pyrrhotite mineralization.  

1430.5 1437.52 Balmer Basalt Brecciated 

Strong 

silicification, 

weak to moderate 
carbonate, weak 

patchy sericite 

Pyrrhotite - 

Strong silicification, dark grey, fine grained, brecciated 

basalt as the clasts and chlorite/actinolite wrapping around 
them. The silicification is pervasive. There is some bleached 

basaltic clasts within the brecciation and the reddish 

alteration is present as well, weak patchy sericite alteration.  
Trace pyrrhotite mineralization. 

1437.52 1453 Balmer Basalt Brecciated 

Strong pervasive 

silicification, 
patchy biotite  

Pyrrhotite 
Trace 

carbonate 
veinlets 

Fine grained, dark grey, strong silicification, patchy biotite 

alteration, trace carbonate stringers at 60 to 80 degrees that 

become more abundant the further through the zone. Patchy 
pervasive carbonate (weak to moderate), trace pyrrhotite 

mineralization. 
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1453 1480.25 Balmer Ultramafic 
Massive to 

weakly 

sheared 

Trace carbonate, 
moderate 

dolomite and talc 

Magnetite - 

Cochenour, granular ultramafic thrust zone. Fractured, 

brecciated and weakly sheared at 30 degrees. The unit is fine 
grained, grey to black in colour. There is trace carbonate, 

weak to moderate dolomite and talc alteration, and trace 

magnetite mineralization. 

1480.25 1486.87 Balmer Lamprophyre Massive 

Strong pervasive 

carbonate 

alteration, weak 
pervasive biotite 

Pyrite 

Trace 

carbonate 

veinlets 

Medium grained lamp dyke with sharp contacts at 30 

degrees. There are biotite phenocrysts, and biotite, 

plagioclase and carbonate in the groundmass (dominated by 

the carbonate alteration).  There is trace cubic pyrite, strong 

pervasive carbonate and weak biotite alteration. 

1486.87 1493.97 Balmer Shear zone Sheared 

Strong carbonate, 

biotite and 

chlorite 

Pyrite 

Boudinaged 

quartz-
carbonate 

veins 

Shear zone with wavy bands of carbonate, biotite and 

chlorite giving it a mottled grey/brown appearance. There is 
strong carbonate and chlorite alteration, 1% cubic pyrite and 

boudinaged quartz-carbonate lenses with shearing wrapping 

around them. These lenses are milky white to light tan/pink 
in colour. The unit is strongly sheared at 10-20 degrees and 

an upper contact of 20 degrees.  

1493.97 1497.98 Balmer Carbonate 
Sheared/ 

brecciated 

Strong carbonate, 

weak silicification 
and trace chlorite 

Pyrrhotite, 

arsenopyrite 

Patchy 

colloform 
remnants 

A light grey, fine grained massive unit that has an upper 

contact of 40 degrees. There is strong pervasive carbonate 

alteration and weak chlorite and silica alteration. There are 

trace chlorite/actinolite stringers throughout the zone. There 

are trace pyrrhotite, arsenopyrite, patchy colloform texture 
and no carbonate stringers. 

1497.98 1515 Balmer 
Quartz 

actinolite vein 
Fractured 

Strong 

silicification, trace 
carbonate 

Pyrrhotite, 

arsenopyrite 

Actinolite 

filled 
fractures 

Grey to light grey quartz with dark green actinolite 

veins/stringers and white carbonate stringers/fracture fills. 

There are a few dark patches in the zone that are remnants of 
altered basalt included in the vein.  There is trace carbonate 

alteration that is patchy or constrained to the fractures. Some 
areas look more like veining, others more like silica 

flooding. The fractures are at 30-40 degrees. The upper 

contact is at 35 degrees. At 1510m there is 1.2m of shearing 
at 50 degrees. 
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1515 1522.11 Balmer Mafic Massive 

Weak to moderate 

patchy carbonate, 
chlorite biotite 

and pervasive 

silicification 

Pyrrhotite, 

arsenopyrite 

Trace 
carbonate 

veinlets 

Dark grey in colour, fine grained, massive unit. There is 

weak to moderate patchy carbonate and carbonate stringers 

at 50-80 degrees. There is weak to moderate chlorite and 
biotite and silica that is pervasive through the unit, trace 

disseminated and blebs of pyrrhotite that is related of the 

biotite mineralization (in the patches of stronger biotite 
mineralization)and patchy silica flooding and veining and 

patchy bleaching in some areas. 

1522.11 1525.85 Balmer Lamprophyre Massive 

Strong pervasive 
carbonate 

alteration, weak 
pervasive biotite 

Pyrite 

Trace 

carbonate 
veinlets 

Medium grained lamp dyke with sharp contacts at 70 

degrees, biotite phenocrysts and biotite, plagioclase 

groundmass, cut by q/c stringers at 90 degree, the lower 
contact is sheared. Trace pyrite is disseminated within the 

dyke. 

1525.85 1538.5 Balmer Basalt 
Massive to 

brecciated 

Weak to moderate 

biotite, patchy 

strong 
silicification 

Pyrrhotite, 

arsenopyrite 

Actinolite 
filled 

fractures 

Silica flooded basalt with up to 30-40% green silica with 

actinolite over mafic volcanic rocks, fine grained, massive, 
weak to moderate biotite alteration, upper contact of 70 

degrees. Silica flooding looks similar to UMZ style of 

flooding. 

1538.5 1545.8 Balmer Diorite Massive Weak carbonate Pyrite 

Trace quartz-

carbonate 
veinlets 

Medium grained diorite dyke with sharp contacts at 35 

degrees, biotite phenocrysts and biotite, plag groundmass, 
cut by q/c stringers at 90 degree, the lower contact is sheared 

1545.8 1583.2 Balmer Basalt Brecciated 

Strong pervasive 

biotite, moderate 

silicification and 
chlorite, with 

patchy leucoxene  

Pyrrhotite 

Trace 

carbonate 

veinlets, 
colloform 

veinlets, 

actinolite 
filled 

fractures 

Leucoxene mineralization present, patchy carbonate 
alteration, trace carbonate stringers, moderate pervasive 

silicification, strong pervasive biotite and moderate 

pervasive chlorite alteration, brecciation and deformation, 
quartz flooding gradually decreases from the previous unit. 

The upper contact is sharp and is at 35 degrees. Carbonate 

patches begin at 1555.8 with trace colloform carbonate 
veining at 20 degrees. At 1577.8m there is a layered 

actinolite vein with a ghosted grey colour that has VG and 

an increase of leucoxene surrounding the vein. 
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B3. Graphical Logs of Complete Logging 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. B2.1 Graphical log of BC10W15 
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Fig. B 2.2 Graphical Log of BC11W2 
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Fig B2.3 Graphical Log of BC17W3 
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Fig B2.4 Graphical Log of BC17W16 
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Fig. B 2.5 Graphical Log of BC19W13 
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Fig. B 2.6 Graphical Log of BC19W34 
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Fig. B 2.7 Graphical Log of BC29W15 
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Fig. B 2.8 Graphical Log of BC33W5 
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Fig. B9 Graphical log of BC33W31 
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B4. Drill Logs of Zone Logging 

DDH: BC10W14 
zone of Interest:  Upper Main Zone 

Was it there:  Small banded iron formation that could be part of the northern style of UMZ 

From To  Assemblage Unit Structure Alteration Sulphides Veining Description 

1188.8 1191.7 Balmer Mafic units 
Foliated to 

sheared 

Moderate 

pervasive 

biotite, weak 

pervasive 

carbonate and 

silicification 

Pyrrhotite, 

pyrite 

Carbonate 

stringers 

Fine grained mafic volcanics. There is moderate 

pervasive biotite and carbonate alteration, it is 

variably foliated with the dominating angle 

between 0 and 50 degrees. There is minor finely 

disseminated pyrrhotite and pyrite. Trace 

carbonate veinlets are common throughout the 

unit.  

1191.7 1215.5 Balmer Carbonate 
Foliated to 

sheared 

Strong 

pervasive 

carbonate 

Arsenopyrite 

Colloform 

carbonate 

veins 

Fine grained, strongly foliated (at 10 degrees), 

dark grey with light grey inclusions of 

colloform carbonate veins. The unit has 

moderate carbonate alteration, weak to 

moderate silicification, weak chlorite, weak 

brecciation in portions. There are some blebs of 

grey massive sulphides (arsenopyrite), about 

5% 

1215.5 1217.4 Balmer Mafic units 
Massive, 

brecciated 

Strong 

pervasive 

carbonate, 

moderate 

pervasive 

biotite 

Pyrrhotite 
Carbonate 

stringers 

Fine grained, dark grey, strong carbonate 

alteration. The upper contact is 40 degrees and 

there is a weak foliation of 30 degrees with 

some brecciation in portions. There is a 

moderate biotite alteration and trace sulphide. 

1217.4 1220.55 Balmer 
Banded iron 

formation 

Brecciated, 

bedded 

Strong 

pervasive 

silicification, 

moderate 

patchy biotite 

Pyrrhotite, 

chalcopyrite 

Quartz 

veinlets 

Sulphide facies (no magnetite), dark grey with 

beds of chert, and biotite altered material 

(argillites).  There is 5% pyrrhotite stringers 

with trace chalcopyrite, moderate carbonate 

alteration and strong silicification. The upper 

contact is 40 degrees, there is a foliation of 55 

degrees and the bedding is at 35 to 40 degrees. 

There are quartz/carbonate veins at 70 degrees 

(a few cms in width) that cuts across the 

foliation and the beds. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1220.55 1245.8 Balmer Mafic units Massive 

Moderate 

pervasive 

biotite, weak 

pervasive 

carbonate and 

silicification 

- 

Carbonate 

stringers, 

quartz veinlets 

Fine grained, dark brown altered mafics. There 

is moderate biotite alteration, weak carbonate 

alteration (primarily as mm sized stringers at 80 

degrees). There is weak to moderate 

silicification, trace pyrrhotite and trace quartz 

veining. 

1245.8 1257.6 Balmer Mafic units Massive 

Moderate 

pervasive 

biotite, weak 

patchy 

carbonate and 

chlorite and 

weak 

pervasive 

silicification 

- 
Quartz 

veinlets 

Fine grained, dark brown altered mafics. There 

is moderate biotite alteration, weak patchy 

carbonate and chlorite alteration. There is weak 

to moderate silicification, trace pyrrhotite and 

trace quartz veining that is at a low angle to the 

core axis. 

1257.6 1268.32 Balmer 
Banded iron 

formation 

Brecciated, 

bedded 

Strong 

pervasive 

silicification, 

moderate 

patchy biotite 

Pyrrhotite, 

chalcopyrite, 

arsenopyrite 

Quartz 

veinlets 

Sulphide facies (no magnetite), dark grey with 

laminated beds of chert, and biotite altered 

material (argillites).  The unit has been strongly 

silicified with quartz common, biotite forms 

wispy patches throughout the unit. Pyrrhotite, 

chalcopyrite and arsenopyrite are all common 

within the unit. 

1268.32 1320 Balmer Mafic units Massive 

Moderate 

pervasive 

biotite, weak 

patchy 

carbonate and 

pervasive 

silicification 

- 
Quartz 

veinlets 

Fine grained, dark brown altered mafics. There 

is moderate biotite alteration, weak patchy 

carbonate alteration. There is weak to moderate 

silicification, trace pyrrhotite and trace quartz 

veining that is at a low angle to the core axis. 
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DDH:BC17W2 
zone of Interest:  Upper Main Zone 

Was it there:  No, but it did hit a strongly sheared zone. Whether this is an mineralized portion of the structure or the Upper Main Zone is found 

further in the hole is yet to be determined 

From To  Assemblage Unit Structure Alteration sulphides Veining Description 

798 813 Balmer Mafic units Sheared 

Strong banded 

biotite, 

carbonate and 

chlorite 

alteration 

Pyrrhotite 
Quartz 

veinlets 

Dark grey with light grey bands of carbonate. Strongly 

sheared with a foliation of 10 to 20 degrees. There are 

carbonate bands, biotitic bands and some chlorite bands. 

There are portions that have been ripped up portions of 

carbonate and quartz veinlets. There are small carbonate 

veins that cut through the shear in areas with some trace 

sulphides. 

813 
813.7

5 
Balmer 

Felsic/ 

rhyolite dyke 
Massive 

Moderate 

pervasive 

carbonate 

weak 

pervasive 

chlorite 

- 
Carbonate 

stringers 

Fine grained grey rock with visible crystals of plagioclase 

and carbonate. The unit is not foliated by there are small 

carbonate stringers (3 of them at 1mm wide) that trend at 30 

degrees to core axis. These veinlets parallel the sharp upper 

and lower contact. There is moderate pervasive carbonate 

alteration, weak chlorite alteration and there are no visible 

sulphides. 

813.7

5 
817.7 Balmer Mafic units Foliated 

Strong banded 

biotite, 

carbonate and 

chlorite 

alteration 

Pyrrhotite 
Quartz 

veinlets 

Dark grey with light grey bands of carbonate. Strongly 

sheared with a foliation of 10 to 20 degrees. There are 

carbonate bands, biotitic bands and some chlorite bands. 

There are portions that have been ripped up portions of 

carbonate and quartz veinlets. There are small carbonate 

veins that cut through the shear in areas with some trace 

sulphides. The bottom portion grades into a biotite altered 

basalt. 

817.7 854.9 Balmer Mafic units Foliated 

Weak to 

moderate 

pervasive 

biotite, 

carbonate and 

silicification 

Pyrrhotite, 

pyrite, 

arsenopyrite, 

chalcopyrite 

Quartz 

boudins 

Dark grey/brown foliated unit with weak to moderate 

pervasive biotite carbonate and silicification. Minor 

disseminated pyrrhotite, pyrite, arsenopyrite and 

chalcopyrite is found in patches, light grey to grey-green 

boudins of quartz are found within the basalt. 

854.9 
861.8

5 
Balmer Porphyry Massive 

Moderate 

pervasive 

silicification, 

trace 

carbonate 

Pyrrhotite, 

chalcopyrite 

Carbonate 

veins 

Fine grained ground mass with mm sized quartz crystals. 

The unit is light grey with moderate silica flooding and take 

carbonate alteration which is mainly as veins and fractures 

rather than pervasive alteration. Trace carbonate veinlets 

are common.  Patchy pyrrhotite and chalcopyrite are  
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

        disseminated within the unit 

861.8

5 
894.4 Balmer Mafic units Foliated 

Weak to 

moderate 

pervasive 

biotite, 

carbonate and 

silicification 

Pyrrhotite, 

pyrite, 

arsenopyrite, 

chalcopyrite 

Quartz 

boudins 

Dark grey/brown foliated unit with weak to moderate 

pervasive biotite carbonate and silicification. Minor 

disseminated pyrrhotite, pyrite, arsenopyrite and 

chalcopyrite is found in patches, light grey to grey-green 

boudins of quartz are found within the basalt. 

894.4 900.5 Balmer 
Banded iron 

formations 

Brecciated

, bedded 

Strong 

pervasive 

silicification, 

moderate 

patchy biotite 

Pyrrhotite, 

chalcopyrite 

Quartz 

veinlets 

Sulphide facies (no magnetite), dark grey with laminated 

beds of chert, and biotite altered material (argillites).  The 

unit has been strongly silicified with quartz common, biotite 

forms wispy patches throughout the unit. Pyrrhotite and 

chalcopyrite are common within the unit. 

900.5 905.5 Balmer Mafic units Foliated 

Weak to 

moderate 

pervasive 

biotite, 

carbonate and 

silicification 

Pyrrhotite, 

pyrite, 

arsenopyrite, 

chalcopyrite 

quartz 

boudins 

Dark grey/brown foliated unit with weak to moderate 

pervasive biotite carbonate and silicification. Minor 

disseminated pyrrhotite, pyrite, arsenopyrite and 

chalcopyrite is found in patches, light grey to grey-green 

boudins of quartz are found within the basalt. 

905.5 907.8 Balmer Lamprophyre Massive 

Moderate 

pervasive 

carbonate 

alteration, 

weak 

pervasive 

biotite 

Pyrite 
Biotite filled 

fractures 

Fine grained lamp that is dark grey/brown with the clasts of 

biotite within a moderately pervasive carbonate, biotite 

stringers present. Trace biotite is disseminated within the 

dyke 

907.8 910.7 Balmer Carbonate Brecciated 

Strong 

pervasive 

carbonate 

- 
Carbonate 

veins 

Light grey unit with strong pervasive carbonate alteration, 

small late carbonate stringers cut through the pervasive 

alteration 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

910.7 928.5 Balmer Mafic units Massive 

Moderate 

pervasive 

carbonate 

alteration, 

weak 

pervasive 

biotite 

Pyrrhotite 

Quartz, 

carbonate 

veinlets 

Grey-brown mafic volcanics that have undergone moderate 

pervasive carbonate and weak pervasive biotite, patchy 

pyrrhotite common, small quartz and carbonate veinlets are 

scattered throughout the unit.  
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DDH: BC17W8 
zone of Interest: Cochenour Thrust 

Was it there:  Possibly, strongly sheared with MRD's present but a lack of ultramafic units in the shearing 

From To  Assemblage Unit Structure Alteration sulphides Veining Description 

786 793.5 Balmer 

Mottled 

Rhyolite 

Dyke 

massive 

Strong pervasive 

sericite and 

silicification 

- 
Carbonate 

veinlets 

Fine grained, honey brown zone with small chloritic 

fractures. There are no visible minerals due to the 

pervasive silica and sericite alteration. For the most part 

the dyke is fairly massive but there are some portions 

that have shearing at 20 degrees.  

793.5 816 Balmer Shear Zone Sheared 

moderate banded 

biotite and 

carbonate 

Pyrrhotite 

Carbonate 

veins, 

boudinaged 

quartz lenses 

Sheared mafic volcanics. They are fine grained, strongly 

sheared and dominated by biotite and carbonate 

alteration. The unit is banded with dark brown bands of 

biotite altered mafics and light grey bands of carbonate 

flooding and veining. It is foliated at 15-25 degrees and 

there is trace pyrrhotite and pyrite. There are  few quartz 

vein lenses within the shear and a few carbonate flooded 

areas. The upper contact was lost and not in core box. 

816 819.5 Balmer Mafics Massive 

Moderate 

pervasive 

biotite, weak to 

moderate patchy 

carbonate 

Pyrrhotite 
Carbonate 

veinlets 

Basalt. The unit is massive and dark grey/brown in 

colour. There is moderate biotite alteration of fine 

grained basalt. There is some patchy carbonate flooding 

but is predominantly contained in fractures and stringers 

that are at 70 degrees. There is 1% pyrrhotite found as 

stringers at 30 degrees. The unit in general is fairly 

massive and there are trace boudinaged quartz veins. 

The upper contact is gradational from the shear to the 

more massive mafics. 
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DDH: BC17W17 
zone of Interest:  Upper Main Zone 

Was it there:  Shear goes through typical ultramafic and MRD units; veining is smaller with patchy grey massive sulphides and mineralized 

basalts associated with the zone 

From To  Assemblage Unit Structure Alteration Sulphides Veining Description 

798.5 812.37 Balmer 
Ultramafi

c 
Sheared 

Moderate to 

strong 

pervasive 

carbonate, talc 

and chlorite 

Pyrite 

Quartz and 

carbonate 

veinlets 

Cochenour "Granular Altered Fm": likely the highly 

deformed product of the East Bay Serpentinite Sill:  a 

strongly developed shear fabric and well developed banding 

comprising carbonate and silica, with local overgrowths of 

cubic pyrite 5-6 mm;  well-developed chlorite and talcose 

braiding commonly around numerous colloform carbonate 

and silica boudins throughout the unit. 

812.37 823.8 Balmer 
Ultramafi

c 
Sheared 

Strong 

pervasive talc, 

serpentine and 

chlorite, weak 

patchy 

carbonate 

Magnetite - 

Dark black/green with white streaks. The unit is strongly 

sheared at 10-20 degrees, fine grained and has been strongly 

reworked. There is strong talc, serpentine and chlorite 

alteration while there is weak carbonate alteration. There are 

no visible sulphides. 

823.8 834 Balmer MRD Massive 

Strong 

pervasive 

sericite and 

silicification 

Pyrrhotite 

Actinolite 

stringers, 

carbonate 

veinlets 

Massive unit that is waxy yellow in colour, siliceous in 

appearance. The upper contact is at 10 degrees and is marked 

with 10cms of brecciation. In general though the unit is 

massive with not much shearing present. It is fine grained and 

has some dark green actinolite stringers cutting through the 

zone at 50-80 degrees (some cross cutting each other). There 

is weak carbonate alteration at the contact with these veinlets 

There is 1% pyrrhotite mineralization 

834 846.9 Balmer Basalt 
Foliated, 

brecciated 

Strong 

pervasive 

biotite and 

silicification, 

moderate 

patchy 

carbonate 

Pyrrhotite, 

arsenopyrite 

Quartz 

actinolite 

veins 

Basalt. Fine grained, dark grey to almost black in colour with 

some patchy light grey bleaching. The unit has been strong 

reworked and brecciated and there is strong biotite-silica 

alteration. There is strong sulphide mineralization with 

approximately 3% pyrrhotite as stringers and disseminations 

and 3-5% arsenopyrite as bands and blebs. There are a few 

quartz actinolite veins that are mostly small (ex. 30cms at 

840.9m at 30degrees; 20ms at 839.3m at 20 degrees which 

looks more like flooding). The bottom 3ms of the zone has an 

increase in carbonate flooding and colloform carbonate veins 

that then grades into carbonate flooding and a decrease in 

sulphide mineralization. The good gold values are up in the 

top portion of the zone with the stronger sulphide 

mineralization. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

846.9 848.75 Balmer 
Shear 

zone 
Sheared 

Strong banded 

biotite and 

carbonate, 

weak 

pervasive 

sericite and 

chlorite 

Pyrrhotite, 

arsenopyrite 

Carbonate 

veins 

Strongly sheared zone. It is fine grained with  dark 

grey/brown bands (biotite and chlorite dominated) and light 

grey bands (carbonate dominated). There is also weak sericite 

and chlorite alteration throughout the zone with scattered 

deformed, folded and boudinaged quartz veinlets. The shear 

is at 20 degrees to the core axis, which is the same as the 

upper contact. 

848.75 855.2 Balmer 
Quartz 

porphyry 
Massive 

Moderate 

pervasive 

silicification, 

trace 

carbonate 

Pyrrhotite, 

chalcopyrite 
Quartz veins 

Fine grained ground mass with mm sized quartz crystals. The 

unit is light grey with moderate silica flooding and take 

carbonate alteration which is mainly as veins and fractures 

rather than pervasive alteration. There are 3 small quartz 

veins (2-5cms with one at 40 degrees and the other two at 80 

degrees) that are light grey with pink patch's and has 1-2% 

pyrrhotite/chalcopyrite as blebs along the contact. 

855.2 872.7 Balmer Basalt Massive 

Moderate 

pervasive 

biotite and 

carbonate 

Pyrrhotite 
Carbonate 

veins 

Fine grained dark brown biotite-carbonate altered basalt. 

There is no foliation 35cms past the contact (which is at 20 

degrees). There are 5-10% crenulated quartz-carbonate veins. 

In general the unit is fairly massive. 

872.7 873.1 Balmer 

Quartz 

feldspar 

porphyry 

Massive/ 

porphyritic 

Weak 

pervasive 

carbonate, 

weak to 

moderate 

biotite 

alteration 

- 
Carbonate 

veinlets 

Quartz-feldspar porphyry. Dark grey/brown with mm sized 

plagioclase and quartz crystals (more plagioclase rich than 

quartz). There is weak pervasive carbonate alteration, the 

groundmass is fine grained. There is weak to moderate biotite 

alteration. The upper contact  

873.1 925.05 Balmer Basalt Brecciated 

Moderate to 

strong 

pervasive 

silicification, 

weak to 

moderate 

patchy biotite 

Pyrrhotite, 

chalcopyrite 

and 

arsenopyrite 

Quartz 

boudins 

Brecciated Silica-Biotite Alteration:  light grey, aphanitic, 

siliceous rock with moderate to strong silicification and weak 

to moderate patchy brown biotite fracture fillings, 5-8% 

pyrrhotite, trace chalcopyrite, and coarse patches 1-2 % of 

arsenopyrite;  biotite braiding common; + with 5-10% grey 

silica flooding and coarse vein quartz boudins; 
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DDH: BC19W6 
zone of Interest:  Upper Main Zone mineralization 

Was it there: no defined shear zone, banded iron formations incorporated with smaller quartz-actinolite veins throughout the section 

From To  Assemblage Unit Structure Alteration Sulphides Veining Description 

1644 1647 Balmer Basalt Foliated 

Moderate patchy 

biotite and 

carbonate, weak 

patchy 

leucoxene 

Pyrrhotite, 

pyrite 

Quartz 

actinolite 

veinlets, 

carbonate 

veinlets 

Altered basalt with patchy carbonate and biotite 

alteration transitioning to a more dominant biotite 

alteration. It has patchy colouring varying from dark 

brown to dark grey in colour which reacts with acid. 

Some areas appear to me more brecciated with 

biotite altered areas with leucoxene being 

surrounded more by carbonate altered areas. At 

1643.5 There is a 2 cm Quartz actinolite vein at an 

angle of 30 with trace pyrite and two sets of 

actinolite filled fractures (one parallel to the contact 

the other perpendicular to the contact). At 1644 

there is a carbonate filled fractures that are at 65 

degrees. At 1648 cross cutting relationships can be 

observed with small carbonate veinlets cutting 

across the quartz veins. There is a more defined 

foliation of 40 degrees near this carbonate-quartz 

relationship. Throughout the basalt there is trace 

disseminated sulphides (most likely either 

pyrrhotite or pyrite) 

1650.9 1653.36 Balmer 
Quartz 

porphyry 
Massive 

Moderate 

pervasive 

carbonate 

Pyrrhotite 
Carbonate 

veinlets 

Originally logged as a lamprophyre dyke, but 

disagree due to the fine grained nature and the 

quartz eyes scattered in the sample and the lack of 

biotite aggregates. Dark brown in colour with 

moderate carbonate alteration throughout the unit. 

There is 2-3% pyrrhotite, some fine grained biotite 

alteration. The upper contact is missing but the 

lower contact is at 1653.6 at 80 degrees and is 

marked by a cm wide quartz vein.  
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1653.6 1656.1 Balmer Basalt Foliated 

Moderate patchy 

biotite, 

carbonate and 

silicification 

Pyrrhotite, 

pyrite 

Carbonate 

veinlets 

Biotite altered basalt which grades with patches of 

carbonate alteration which grades into biotite/silica 

altered basalt. With the increase in silica there is a n 

increase of silica flooding, stringers and quartz 

veins. These veins have some carbonate stringers 

that have cut through them as well.  Throughout 

there is also trace disseminated sulphides (most 

likely either pyrrhotite or pyrite). 

1656.1 1656.2 Balmer 
Colloform 

carbonate 
Brecciated 

Strong pervasive 

carbonate 
Pyrrhotite 

Colloform 

carbonate, 

carbonate 

veinlets 

Milky white brecciated carbonate veins. There are 

blocks of the original carbonate within the section 

and strong carbonate alteration on either side of the 

carbonate vein turning the rock into a light grey 

colour. There are trace sulphides within the unit. 

The upper contact is at an angle of 65 degrees. 

1656.6 1671.6 Balmer Basalt Brecciated 

Moderate 

pervasive 

carbonate and 

biotite, patchy 

silicification 

Pyrrhotite Quartz 

veinlets 

Basalt showing an increase of silica alteration. The 

unit is grey-brown in colour due to the silica and 

biotite alteration. This unit shows sections of 

carbonate up to 25cm wide at an angle of 25-50 

degrees and some minor low angled sheeted quartz 

veinlets that range in size to 1.5cm with angles of 

10 degrees. Carbonate veins vary from 1cm to 

30cms in width with alteration haloes around them. 

The carbonate veins are brecciated with weak to 

moderate silica flooding.  

1671.6 1673 Balmer 
Quartz- 

actinolite vein 
Vein 

Strong pervasive 

silicification 
Pyrrhotite 

ctinolite 

stringers, 

carbonate 

veinlets 

Brecciated and sheared dark green-grey quartz 

actinolite vein with dark brown biotite altered 

material filling in with the shearing and patchy 

carbonate alteration. The actinolite is  found as 

stingers and or fracture fills within the vein. There 

are no visible sulphides found within the unit. The 

foliation is at 15 degrees. 
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1673 1683 Balmer Basalt Foliated 

Moderate 

pervasive biotite 

and silicification 

Pyrrhotite 

Quartz-

carbonate 

veinlets 

Basalt showing an increase of silica alteration. The 

unit is fine grained and grey-brown in colour due to 

the silica and biotite alteration. At 1678.18 to 

1679.05 there are 3 narrow glassy quartz veins at 20 

degrees in silicic sections. At 1680.63 there are 

again quartz carbonate veinlets with pyrrhotite at 20 

degrees. At 1681.55 to 1681.6 there is carb/silica 

filled shear patches.  

1683 1691.1 Balmer Basalt Brecciated 

Moderate 

pervasive biotite 

and silicification 

Pyrrhotite 
Carbonate 

veinlets 

Fine grained basalt with silica flooding. Dark grey-

green in colour due to silica/sericite/chlorite 

alteration. Possible actinolite veining. There is 2-5% 

pyrrhotite as patchy, stinger and disseminated 

throughout. There are half a dozen narrow 

carbonate veins (around 1mm) at 70 degrees. This 

unit then grades into a hydrothermal breccia from 

1687.4 to 1690.25 (closer to the contact with the 

BIF), which again has the same dark colour to it and 

more pervasive disseminated pyrrhotite. 

1691.1 1694.25 Balmer 
Banded iron 

formation 
Brecciated 

Strong pervasive 

silicification 

Pyrrhotite, 

magnetite 

Quartz 

veinlets 

Broken up BIF beds (oxide facies) that are 

dominated by magnetite and chert beds. It is fine 

grained, dark grey to black with metallic grey fine 

grained bands defining the BIFs. There is up to 10% 

pyrrhotite contained as stringers (at 20-30 degrees). 

Throughout this breccia zone there are boudinaged 

quartz veins and carbonate veins. Both contacts are 

gradational into this breccia. 

1694.25 1702.4 Balmer Basalt Brecciated 

Moderate 

pervasive 

biotite, patchy 

chlorite, strong 

patchy 

silicification 

Pyrrhotite - 

Strongly brecciated clasts of biotite altered basalt. 

The basalt is dark brown and fine grained with a 

carbonate matrix. There is 1-5% disseminated 

pyrrhotite. The top meter of this unit has some 

brecciated chert beds that are light grey/pink with 

strong chlorite alteration grading into stronger 

silicification and patchy pyrrhotite mineralization. 
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1702.4 1702.9 Balmer Quartz vein Vein 
Strong pervasive 

silicification 
Pyrrhotite 

Actinolite 

stringers, 

carbonate 

veinlets 

Milky white quartz vein with trace sulphides and 

trace actinolite veining. The contacts are at 45 

degrees. It is coherent with very little brecciation or 

alteration. The unit has a glassy texture to it and is 

fine grained. 

1702.9 1706.95 Balmer Basalt Brecciated 

Moderate 

pervasive 

biotite, chlorite 

and carbonate 

Pyrrhotite Carbonate 

vein 

Mafic volcanics with biotite/silica alteration. There 

are green-carbonate filled fractures that are 

predominantly at 30 degrees. At 1705.1 there is a 

7cm brecciated carbonate vein that is fine grained, 

dark grey-brown, fine grained, hard, nonmagnetic 

with trace pyrrhotite.  

1706.95 1707.1 Balmer 
Quartz 

actinolite vein 
Vein 

Strong pervasive 

silicification 
Pyrrhotite 

Actinolite 

stringers, 

carbonate 

veinlets 

Fractured grey-green quartz actinolite vein. Fine 

grained with actinolite veinlets cutting through 

giving the green colour. Fairly brecciated with 

inclusions of the host mafic material. The contacts 

are at 30 degrees and there is trace sulphides within 

the vein. 

1707.1 1710.1 Balmer Basalt Brecciated 

Moderate 

pervasive 

carbonate, 

patchy chlorite 

and silicification 

Pyrrhotite 

Colloform 

carbonate, 

carbonate 

veinlets 

Patches of chlorite and silica alteration. The unit 

varies from grey to pink/tan in colour.  It is hard and 

there are trace sulphides within the unit. At 1907.3 

there is a 20cm wide weakly brecciated colloform 

carbonate vein that has an alteration halo around the 

vein. 

1710.1 1720 Balmer Basalt Massive 

Moderate 

pervasive 

carbonate and 

chlorite 

- 
Carbonate 

veinlets 

Mafic volcanic with biotite/ silica alteration. The 

unit is dark grey/green in colour. There are patches 

of areas with vesicles present that have been filled 

with carbonate and chlorite. There is a weak 

foliation of 45 degrees 
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DDH: BC19W10 
zone of Interest:  Upper Main Zone 

Was it there: yes, with the quartz actinolite veining showing a gradational contact rather than sharp, visible gold within the zone 

From To  Assemblage Unit Structure Alteration Sulphides Veining Description 

1333.2 1358.4 Balmer Basalt Massive 

Strong 

pervasive 

silicification 

Pyrrhotite, 

pyrite 

Carbonate 

veinlets 

Fine grained, dark green to black with strong silicification. 

There are small carbonate veinlets (mm sized) at 80 degrees 

to the core axis. The unit is fairly hard with trace sulphides 

(pyrrhotite and pyrite), and massive. 

1358.4 1366.8 Balmer 
Shear 

zone 
Sheared 

Moderate to 

strong 

pervasive 

carbonate 

and chlorite  

Pyrrhotite 

Quartz 

veinlets, 

brecciated 

carbonate 

veins 

Strongly sheared and altered with laminar textures in 

portions. The upper contact is 35 degrees, but the foliation 

in the unit varies from 0 to 50 degrees. There is a mylonitic 

portion at 1359.7m for 1.2m (typical gold eagle shear), that 

is fine grained, tan and strongly sheared at 25 degrees.  

There is moderate to strong  carbonate and chlorite 

alteration. There are no visible sulphides within the zone. 

There are trace boudins of quartz and small brecciated 

carbonate veins (5-10cms) and sporadic black line faults. 

1366.8 1371.58 Balmer Basalt Foliated 

Strong 

pervasive 

silicification

, weak to 

moderate 

patchy 

chlorite and 

trace 

carbonate 

Pyrrhotite, 

gold 

Quartz 

actinolite 

veining 

Fine grained dark grey basalt that has strong silica flooding 

and grades into Quartz actinolite veining. The upper contact 

is roughly 40 degrees (it is an undulating contact). There are 

patches of quartz actinolite veining within the zones and 

some portions containing VG. There is weak to moderate 

chlorite alteration, trace carbonate alteration (as veinlets and 

flooding). 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1371.58 1379.7 Balmer 

Quartz 

actinolite 

vein 

Vein 

Strong 

pervasive 

silicification 

Pyrrhotite, 

gold 

Actinolite 

stringers 

Quartz actinolite vein.  Varies from white to dark grey (no 

preference for gold mineralization) with dark green 

actinolite veins cutting through the quartz (weak preference 

fro 20 degrees). The vein has an upper contact of 40 degrees 

and there are small, mm sized, carbonate veinlets cutting 

through the vein at 60-80 degrees. There is visible gold as 

small flakes, but no other predominant sulphides. There is 

weak chlorite alteration in patches (especially along the 

actinolite veins). 

1379.7 1383 Balmer Basalt Brecciated 

Strong 

pervasive 

silicification

, moderate 

patchy 

carbonate 

and chlorite 

Pyrrhotite, 

gold 

Quartz 

actinolite 

veining 

Dark green, fine grained altered mafics. There is strong 

silicification with broken quartz actinolite veins (rounded, 

elongated at various angles, mm size in width and a few cms 

in length). There is weak to moderate carbonate flooding 

(mainly constrained to fractures), moderate to strong 

chlorite alteration. The upper contact was lost, but it appears 

to be gradational. There is trace to 1% VG and trace to 1% 

pyrrhotite. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1383 1390.78 Balmer Basalt foliated 

Strong 

patchy 

carbonate 

and chlorite 

Pyrrhotite 
Carbonate 

veinlets 

Fine grained, dark grey/green, foliated basalt (at 30 degrees 

and is defined by bands of chlorite and carbonate flooded 

basalt). There is some strong carbonate flooding in the zone 

(1383.2m for 15cms) and trace carbonate stringers at 80 

degrees. From 1389 to 1390.78m there is strong pyrrhotite 

mineralization (5% as stringers) found preferentially with 

the carbonate flooding.  

1390.78 1420 Balmer Basalt Massive 

Moderate to 

strong 

biotite and 

silicification 

Pyrrhotite 
Carbonate 

veinlets 

Basalt. Dark grey to black, fine grained, massive zone that 

resembles the footwall mafics zone. It has moderate to 

strong biotite/silica alteration, trace carbonate stringers (80 

degrees) and trace sulphides. 
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DDH: BC19W17 
zone of Interest:  Upper Main Zone 

Was it there: Yes, with multiple carbonate veins, quartz actinolite veins and grey massive sulphides 

From To  Assemblage Unit Structure Alteration sulphides Veining Description 

1190 1200 Balmer Basalt massive 

Moderate to 

strong pervasive 

chlorite and 

carbonate 

Pyrrhotite 
Carbonate 

veinlets 

Fine grained, massive, dark green/grey in colour 

with no preferred orientation for the fabric. 

Appears to be brecciated in places with small 

portions have mm sized carbonate filled 

fractures that are perpendicular to core axis. 

Strongly chloritized and moderately 

carbonatized with trace sulphides (primarily 

pyrrhotite). There are some areas that have 

larger crystals (around 1999.8m) that could 

possibly be larger pyroxenes that have been 

altered. 

1200 1202.5 Balmer Shear zone sheared 

Strong pervasive 

carbonate, weak 

to moderate 

patchy chlorite 

Pyrrhotite 
Carbonate 

veinlets 

Shear zone with a foliation of 20-30 degrees 

that is defined by the biotite crystals. Still 

predominantly mafics. Strongly sheared, trace 

sulphides, upper and lower contact of 20 

degrees, fine grained, moderate carbonate 

alteration, weak to moderate chlorite alteration. 

In general the unit is dark green with brown 

sheared material. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1202.5 1210.5 Balmer Basalt Massive 

Moderate patchy 

chlorite, pervasive 

carbonate 

Pyrrhotite 
Carbonate 

veinlets 

Altered mafics. Dark grey in colour, fine 

grained. Patchy chlorite and moderate pervasive 

carbonate alteration. Trace disseminated 

sulphides. The unit is fairly massive with no 

real dominant foliation. There are some patchy 

carbonate stringers. The first major carbonate 

vein in the unit is a cm wide one at 10 degrees 

at 1208.1m, the second is a 10cm one at 

1203.8m with an angle of 70 degrees and the 

third is a 10cm one at 1204m at 70 degrees.  

Both the larger veinlets are strongly brecciated 

and reworked. Trace carbonate filled fractures 

throughout the unit at 80 to 90 degrees. 

1210.5 
1211.8

5 
Balmer 

Carbonate 

vein 
Brecciated 

Strong pervasive 

carbonate 
Pyrrhotite 

Colloform 

carbonate, 

chlorite 

stringers 

Colloform carbonate vein.  Top contact was lost 

on drilling. The unit is light grey in colour, 

fairly massive, but with some chlorite stringers 

at an angle of 40 degrees, and appears to have 

been reworked. There are some pyrrhotite 

stringers (2-5%), fine grained, and the bottomed 

portion of the vein appears to be brecciated 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1211.85 1213.6 Balmer Mafics Massive 

Moderate patchy 

chlorite, pervasive 

carbonate 

Pyrrhotite 
carbonate 

veinlets 

Altered mafics. Dark grey in colour, fine 

grained. Patchy chlorite and moderate pervasive 

carbonate alteration. Trace disseminated 

sulphides. The unit is fairly massive with no 

real dominant foliation. There are some patchy 

carbonate stringers. The bottom 30 cms of the 

unit is sheared at 40 degrees and is defined by 

biotite stringers throughout the shear. 

1213.6 1215.2 Balmer 
Carbonate 

vein 
Vein 

Moderate patchy 

chlorite, pervasive 

carbonate 

Pyrrhotite 

Colloform 

carbonate, 

chlorite 

stringers 

Colloform carbonate vein. The unit is light grey 

in colour, fairly massive, but with some chlorite 

stringers at an angle of 40 degrees.  This unit is 

less reworked than the first carbonate vein and 

still has some of the colloform texture present 

within it. The contacts are very diffuse with 

alteration haloes around the vein. The unit is 

fine grained, with cm portions of the carbonate 

veins. 

1215.2 1222.3 Balmer Basalt Brecciated 

Moderate 

pervasive 

carbonate, patchy 

silicification, 

weak to moderate 

pervasive chlorite 

Pyrrhotite 

Carbonate 

veinlets, 

quartz 

veins 

Upper contact of 20 degrees. Patchy unit with 

dark grey ground mass and pink-grey silicified 

and bleached portions throughout the unit. 

There is moderate carbonate alteration (mainly 

groundmass and mm sized fractures at 70 

degrees), and fine grained. The silicified 

bleached portions are broken up into cm sized 

pieces, with a random orientation.  The unit is 

strongly brecciated and has a random fabric, 

weak to moderate chlorite alteration, there are 

some strongly reworked portions of the core 

(see P6150051). There is trace pyrrhotite 

throughout the unit. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1222.3 1225.5 Balmer Basalt Brecciated 

Moderate 

pervasive 

carbonate, weak 

to moderate 

patchy chlorite 

and leucoxene 

Pyrrhotite 
Carbonate 

veinlets 

Upper contact of 30 degrees. Patchy unit with 

dark grey ground mass and broken up pieces of 

biotite altered basalt with leucoxene throughout 

the unit. There is moderate carbonate alteration 

(mainly groundmass and mm sized fractures at 

70 degrees), and fine grained. The unit is 

strongly brecciated and has a random fabric, 

weak to moderate chlorite alteration, there are 

some strongly reworked portions of the core 

(see P6150052). There is 2-3% pyrrhotite 

throughout the unit. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1225.5 1257.7 Balmer Basalt Brecciated 

Moderate patchy 

biotite and 

carbonate, weak 

to moderate 

pervasive 

silicification and 

chlorite 

Pyrrhotite 

Biotite 

rimmed 

carbonate 

veinlets, 

quartz 

veins 

Altered mafic volcanics. Dark grey in colour 

with patchy beige and white areas (similar to 

brecciated cherts but with more carbonate 

clasts) Patchy carbonate alteration and 

carbonate filled fractures. The upper contact is 

marked by a 1cm wide quartz vein at 90 degrees 

with patchy carbonate alteration and carbonate 

filled fractures. There is also weak to moderate 

silica and chlorite alteration. At 1228 there is a 

20cm shear zone at 70 degrees and another one 

at 1252m at 70 degrees with both shears are 

defined by biotite and carbonate.  There are 

sporadic carbonate veinlets (1mm) at 60-90 

degrees throughout the lower portion of the 

unit. There is trace sulphide mineralization 

throughout the unit.  From 1232.4 to 1234.8m 

there are 10 fractures/veinlets (mm wide) that 

are filled with carbonate and quartz and lined 

with biotite at 40 degrees to core axis. Between 

these fractures the basalt is brecciated with 

carbonate infilling around some of these pieces 

with the brecciated portions of quartz roughly 

paralleling the veinlets. Also the gold values 

stop at this portion, making it possible this is a 

fault or shear system that moved part of the 

mineralized zone (see P6150057). 

1257.7 1262.5 Balmer Carbonate Brecciated 

Strong pervasive 

carbonate, weak 

patchy biotite 

Pyrrhotite 

Quartz-

carbonate 

veinlets 

Light grey-green fine grained carbonate unit 

(carbonate not restricted to fractures or patches, 

much more pervasive) with some weak 

brecciation. There is some patchy biotite 

alteration, numerous quartz/carbonate veinlets. 

The upper contact is at 40 degrees with carb 

veins at 80-90 degrees to core axis sporadically 

though the unit. There is 2-3% disseminated 

pyrrhotite. 
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1262.5 
1269.7

5 
Balmer 

Quartz 

actinolite 

vein 

Brecciated 
Strong pervasive 

silicification 

Pyrrhotite, 

arsenopyrite, 

gold 

Actinolite 

stringers, 

carbonate 

veinlets 

Pale purple with less actinolite (in areas with 

higher gold grades) to paler white patches.  The 

actinolite vein has a grey-green glassy fractures 

the quartz. There is a blotchy appearance due to 

brecciation and some carbonate alteration of the 

veinlet. There is 1-2% arsenopyrite as 

disseminated needles, 1-2% pyrrhotite as 

stringers and disseminations, trace to 1% visible 

gold occurs as blebs within the vein (see 

photos). There are carbonate stringers that cut 

through the quartz vein at 70 to 90 degrees. In 

general the darker the quartz the higher the 

grade (also more sulphides increases the grade).  

(this vein has a zone of 2.2m that varies from 9 

to 20.8 g/t). 

1269.75 1278 Balmer 
Carbonate 

and GMS 
Brecciated 

Strong pervasive 

carbonate 

Pyrrhotite, 

chalcopyrite, 

arsenopyrite 

Quartz 

actinolite 

veinlets 

Mafic volcanics with silica/carb/chlorite 

alteration with blebs of glassy quartz. There are 

patches of massive grey sulphides 

(arsenopyrite) with patchy pyrrhotite 

mineralization with some brecciated quartz 

actinolite veins. The unit is fine grained, light 

grey with elongated white-carbonate patches. 

There is disseminated pyrrhotite (1-2%), 5% 

arsenopyrite and trace chalcopyrite.  The 

patches are elongated at 30-40 degrees to core 

axis.  
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1278 1280.3 Balmer 

Quartz 

actinolite 

vein 

Vein 
Strong pervasive 

silicification 
Pyrrhotite 

Actinolite 

stringers, 

carbonate 

veinlets 

Grey-green to white fractured quartz, with grey 

quartz/carbonate fractures.  There are actinolite 

veinlets throughout the unit and are more 

pervasive, creating a more broken up vein, than 

the upper quartz actinolite vein. The unit has an 

upper contact of 60 degrees and carbonate 

stringers throughout the unit at the same 60-70 

degrees (which are white and mm sized). There 

is trace-1% finely disseminated pyrrhotite with 

some pieces of carbonate.  This unit is basically 

barren and only runs between 0.059 to 0.099 g/t. 

1280.3 1296.5 Balmer Basalt brecciated 

Weak to moderate 

pervasive 

silicification, 

moderate 

pervasive chlorite 

Pyrrhotite 
Carbonate 

veinlets 

Fine grained basalt, medium grey in colour to 

light grey in colour (lighter areas have stronger 

carbonate alteration), some weak to moderate 

silicification and moderate chlorite alteration. 

The unit has an upper contact of 90 degrees (it 

is very rounded so hard and acts as a rounded 

point). There are carbonate fractures at 70 to 80 

degrees with some biotite lining along fractures.   

There are some broken up grey-green quartz-

carbonate veins from 1302 to 1304.5m, the 

basalt itself has been fractured, there are some 

carbonate sheared/brecciated portions with 

pyrrhotite aggregates.  
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From To  Assemblage Unit Structures Alteration  Sulphides Veining Description 

1296.5 1299 Balmer Carbonate Brecciated 
Strong pervasive 

carbonate 
Pyrrhotite 

Chlorite 

stringers 

Colloform carbonate vein. The unit is light grey 

in colour, fairly massive, but with some chlorite 

stringers.  This unit is brecciated with portions 

of the carbonate vein and still has some of the 

colloform texture present within it. The contacts 

are very diffuse with alteration haloes around 

the vein. The unit is fine grained, with cm 

portions of the carbonate veins. 

1299 1400 Balmer Basalt Massive 

Weak to moderate 

pervasive 

silicification, 

moderate 

pervasive chlorite 

Pyrrhotite 
Carbonate 

veinlets 

Fine grained basalt, medium grey in colour to 

light grey in colour (lighter areas have stronger 

carbonate alteration), some weak to moderate 

silicification and moderate chlorite alteration. 

Cut by numerous carb stringers at 70 to 80 

degrees with some biotite lining along fractures. 

 

 

 

 

 

 

 

 



 

 

253 

DDH: BC19W31  
zone of Interest:  Upper Main Zone 

DDH: BC19W31  

 

Was it there:  Yes, brecciated quartz actinolite veining, patchy grey sulphides with remnant colloform carbonate within the zone 

 From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1266 1282 Balmer Mafics Foliated 

Moderate 

patchy 

biotite and 

carbonate, 

Pyrrhotite 
Colloform 

carbonate 

Fine grained and grey in colour with patchy biotite and carbonate 

alteration. The carbonate alteration is more pervasive than he 

biotite with the biotite creating more stringers and altering the 

groundmass. There is a weak fabric of about 40 degrees which 

varies throughout the hole with some areas having a fabric closer to 

10 degrees. There is about 1% pyrrhotite, and is very hard to 

discern mineralization within the unit, other than maybe some 

pyroxenes that are present. As you go down the unit there are small 

shearing patches (defined by the biotite) with the pyrrhotite 

mineralization more strongly associated with these portions. There 

are some small (2cm wide) colloform carbonate veins at 1270m 

(they have been faulted and brecciated).  At 1281m there is a 50cm 

brecciated carbonate vein that is strongly carbonatized with only 1-

2cm pieces of the vein left (strongly reworked). 

1282 1284 Balmer 
Carbonate 

vein 
Brecciated 

Moderate 

patchy 

carbonate 

and 

silicification 

Pyrrhotite 

Brecciated 

colloform 

carbonate 

veins 

Carbonate vein. Been reworked and brecciated to destroy original 

colloform carbonate texture. There is patchy silicification with light 

grey and milky white portions in it (small <5cms) which fades out 

to strongly carbonatized material at the contacts. The upper contact 

is at 60 degrees and is fairly sharp. There is some trace pyrrhotite 

mineralization within the unit. 
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From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1284 1288 Balmer Mafics Sheared 

Strong 

banded 

carbonate 

and biotite 

Pyrrhotite 
Quartz 

veinlets 

Fine grained, medium patchy grey (due to brecciation), strongly 

carbonatized with biotitic shears within the unit. On average the 

shears are 5-10cms wide at 10-30 degrees. There are trace quartz 

stingers throughout. The biotitic shears show pyrrhotite 

mineralization. Overall the unit has trace to 1% pyrrhotite.  

1288 1289.8 Balmer Shear zone Sheared 

Strong 

banded 

carbonate 

and biotite 

Pyrrhotite - 

Strongly foliated and sheared material with biotite defining the 

shear (upper contact of 10 degrees and foliation of 10 degrees). In 

general the unit is dark brown with grey strongly carbonatized 

patches (2-5cm blocks). There is 0.5- 1% pyrrhotite within the 

shearing. 

1289.8 1293.5 Balmer 
Altered 

mafics 
Sheared 

Strong 

banded 

carbonate 

and biotite 

Pyrrhotite 

Brecciated 

colloform 

carbonate 

veins 

Altered zone of mafics. Light grey with patchy carbonate 

brecciation and biotitic shears. Fine grained, pervasive carbonate 

alteration with some larger carbonate clasts. Grades into a more 

carbonate creating a weak contact between the altered mafics and 

the carbonate vein.  

1293.5 1297 Balmer 
Carbonate 

vein 
Brecciated 

Strong 

pervasive 

carbonate 

Pyrrhotite, 

chalcopyrite, 

pyrite 

Brecciated 

carbonate 

and quartz 

veins 

Brecciated carbonate vein. Similar in some respects to the unit 

above but contains more carbonate pieces (more vein material than 

host material). There is increasing sulphide material (stringers and 

blebs). Patchy light to medium grey colouring, fine grained, 

strongly carbonatized with 1% pyrrhotite, trace chalcopyrite and 

1% pyrite. There is trace biotite alteration, a random fabric and a 

weak gradational upper contact. 
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From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1293.5 1299.9 Balmer Shear zone Sheared 

Strong 

banded 

carbonate 

and biotite 

Pyrrhotite 
Carbonate 

veinlets 

Strongly foliated and sheared material with biotite defining the 

shear (upper contact of 50 degrees and foliation of 50 degrees). In 

general the unit is dark brown with grey strongly carbonatized 

patches (2-5cm blocks). There is 0.5- 1% pyrrhotite within the 

shearing. Some streaks of pyrrhotite with the biotite. 

1299.9 1307.8 Balmer Felsic unit 
Brecciated, 

massive 

Strong 

pervasive 

silicification, 

patchy 

carbonate 

Pyrrhotite, 

arsenopyrite 

Quartz 

actinolite 

veins 

Stronger silicification than the other units. There are cherty patches 

of material within the unit that is reworked in appearance and some 

small quartz actinolite veins. There is pervasive silica alteration and 

patchy carbonate alteration (preferentially at either contact, but less 

in the center of the unit). There is no real dominant foliation. The 

unit is dark grey with some patchy beige to pink areas, massive, 

and sporadic mm sized carbonate filled fractures at 90 degrees. The 

upper contact is weak and not well defined, just a gradation out of 

the shear zone. At 1304.8 there is a 5cm zone of matted acicular 

arsenopyrite. 

1307.8 1312.5 Balmer 

Quartz 

Actinolite 

vein 

Veining, 

brecciated 

Strong 

pervasive 

silicification 

Pyrrhotite, 

arsenopyrite 

Actinolite 

stringers, 

carbonate 

veinlets 

Quartz actinolite veins. Zone of quartz cut by small stringers of 

actinolite. There is some trace chlorite alteration as well. The unit 

has predominantly milky white quartz with dark green actinolite 

stringers, and some patchy grey/brown silica. Carbonate veinlets 

cut through at various angles. There are 40cm patches of carbonate 

altered areas within the vein. The upper contact is weak and not 

well defined and grades into the silica rich unit above. 
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DDH: BC19W35 

zone of Interest:  upper main zone, gold eagle shear 

Was it there:  hole hit structure the opposite way with the shear zone below the upper main zone; upper main zone dominated by brecciated 

quartz-actinolite veins 

From To  Assemblage Unit Structure Alteration Sulphides Veining Description 

1218.7 1281.3 Balmer Ultramafic 
Foliated, 

sheared 

Moderate 

patchy 

serpentine, 

talc, 

carbonate and 

silicification 

Pyrite, 

magnetite 

Carbonate 

veins 

Altered and foliated ultramafics that were moderately 

altered to serpentine, talc, carbonate and silicified. There 

are minor carbonate veins, disseminated pyrite and 

magnetite throughout the unit 

1281.3 1285.8 Balmer Basalt Foliated 

Strong 

pervasive 

carbonate 

Pyrrhotite 

Brecciated 

carbonate 

veins 

Fine grained, grey, foliated unit. The unit has strong 

pervasive carbonate alteration and fewer than normal 

carbonate stringers. There are some small light grey 

inclusions of carbonate veins and is foliated at 30 

degrees. Trace sulphides 

1285.8 1290 Balmer Basalt Brecciated 

Moderate to 

strong 

pervasive 

biotite, 

carbonate and 

silicification, 

weak to 

moderate 

patchy 

sericite 

Pyrrhotite, 

arsenopyrite 

Boudinaged 

quartz veins 

Fine grained basalt that is dark grey/brown with 

brown/black patches where there is stronger biotite 

alteration and lighter patches where there is bleaching. 

The unit is brecciated has an upper contact of 40 degrees 

and carbonate stringers at 70. It has moderate to strong 

silicification, stronger pervasive calcite, and strong biotite 

alteration. There are trace broken and boudinaged veins 

and trace pyrrhotite/arsenopyrite 
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1290 1305.85 Balmer Basalt Brecciated 

Moderate to 

strong 

pervasive 

carbonate, 

weak to 

moderate 

patchy biotite 

and 

silicification 

Arsenopyrite, 

pyrrhotite 

Boudinaged 

and 

brecciated 

quartz 

actinolite 

veins, 

carbonate and 

colloform 

carbonate 

veins 

Fine grained, massive, grey unit with light grey/tan 

inclusions of broken carbonate veins. There are small 

inclusions of brecciated quartz actinolite veins, strong 

carbonate alteration, weak to moderate patchy biotite 

alteration. There is 2-3% as arsenopyrite stringers and 

disseminated. There are brecciated portions to the unit. 

There are trace colloform veining with the longest for 30 

cms (5cms wide at 10 degrees) at 1304.6m 

1305.85 1312.2 Balmer Basalt Brecciated 

Moderate to 

strong 

pervasive 

biotite, 

carbonate and 

silicification 

Arsenopyrite, 

pyrrhotite 

Quartz 

actinolite 

veins 

Patchy unit. Gradational upper contact but roughly at 60 

degrees. It is strongly altered and reworked/brecciated 

with patches of grey massive sulphides, bleached basalt, 

quartz actinolite veins. The unit in general is fine grained 

and varies from light pink to dark brown There is 

moderate to strong biotite, carbonate and silica alteration, 

2-5% arsenopyrite and 2-3% pyrrhotite 
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From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1312.2 1319.1 Balmer Basalt 
Brecciated, 

sheared 

Moderate to 

strong biotite 

and 

silicification, 

patchy 

sericite 

associated 

with MRD 

dykes 

Pyrrhotite, 

arsenopyrite 

Brecciated 

quartz veins 

Fine grained mafics that has undergone some weak 

brecciation. The upper contact is gradational. The unit in 

general is dark grey with patchy broken quartz veins and 

silica flooding. There are patches of sericite and possible 

inclusions of MRD. There are trace carbonate stingers at 

50 degrees. There is weak pyrrhotite/arsenopyrite. The 

unit has undergone biotite and silica alteration (moderate 

to strong) but trace to weak carbonate that is mainly 

constrained to the stringers and not pervasive. 

1319.1 1360 Balmer Basalt 
Massive, 

foliated 

Moderate 

patchy biotite 
Pyrrhotite 

Quartz 

veinlets 

Mafic volcanics moderate pervasive/patchy biotite 

altered, contact is marked by a 20 cm wide shear at 30 to 

c.a. with three 3mm, 5 mm, 4 mm wide quartz veinlets 

and folded quartz veinlets. There is disseminated 

pyrrhotite throughout the unit. 
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DDH: BC29W38 
zone of Interest: Gold Eagle Shear, Upper Main Zone 

Was it there:  Shear zone, patchy silicification rather than veining 

From To  Assemblage Unit Structure Alteration sulphides Veining Description 

1406.65 1414.86 Balmer Basalt Patchy shearing 

Moderate 

pervasive 

biotite, weak 

patchy chlorite 

and silicification 

Pyrrhotite 
Carbonate 

veins 

Altered mafics, originally Balmer volcanics 

but have been altered. It is heavily altered with 

moderate biotite alteration, weak chlorite 

alteration and patchy silicification.  It is dark 

brown in colour with some brecciated 

carbonate veins (1-2cms) at 30 degrees and 

some with some moderately sheared areas a t 

70 degrees and some quartz veinlets (cm size) 

at 20-30 degrees 

1414.86 1423.43 Balmer Lamprophyre Massive 
Weak pervasive 

biotite 
Pyrite 

Carbonate 

veinlets 

Salt and pepper appearance with biotite and 

plagioclase within the groundmass. Medium 

grained. Could possibly be an altered diorite 

dyke. There is trace cubic pyrite (mm sized), 

weak pervasive biotite alteration. There are 

some trace pyroxenes. Throughout the dyke 

there are mm sized carbonate stringers at 60-

90 degrees (they are milky white and fine 

grained). The upper and lower contacts are at 

40 degrees.  
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From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1423.43 1450.02 Balmer Basalt 
Massive, 

brecciated 

Moderate patchy 

biotite and 

silicification, 

weak to 

moderate patchy 

chlorite 

Pyrrhotite 

Actinolite 

stringers, 

carbonate 

stringers 

Mafics. Altered zone, originally Balmer mafic 

volcanics but heavily altered with moderate 

biotite alteration, weak to moderate chlorite 

alteration and some patchy silicification. It is 

medium grey-green with black actinolite 

stringers cutting through in some areas at 20 

degrees. White carbonate stringers cut through 

the unit at 80 degrees. The unit varies from 

dark grey to brown in areas with more biotite 

alteration.   

1450.02 1460.73 Balmer Basalt 
Brecciated, 

foliated 

Weak to 

moderate 

pervasive biotite 

and chlorite, 

strong pervasive 

silicification 

Pyrrhotite Quartz veinlets 

Sharp contact from relatively unaltered 

Balmer mafic volcanics at 70 degrees. Weakly 

altered with weak to moderate biotite 

alteration, weak to moderate chlorite. There 

are intervals of weakly brecciated material. 

There are chlorite stingers (<1cm) at 40 

degrees to the core axis. The unit then grades 

into a weakly foliated mafic at 50 degrees to 

the core axis with silica/quartz eyes (2%) and 

moves into a fault shear with brecciated 

pyrrhotite blebs. There is a very small upper 

main zone that is dark black, strongly silica 

flooded with some deformed quartz veinlets 

and has one 70cm sample at 28.2g/t. Overall 

this UMZ portion has strong chlorite alteration 

and some patchy carbonate alteration. 
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From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1460.73 1513.8 Balmer Basalt foliated 

patchy weak 

biotite, 

carbonate and 

leucoxene 

  quartz veinlets 

Balmer volcanics with weak to moderate 

silicification. Patchy weak biotite alteration, 

weak carbonate alteration. It is dark grey in 

colour with mod foliation with biotite-

carbonate lenses at 65 degrees to the core axis. 

There are some quartz veinlets in areas at 60 

degrees to the core axis. Further down the 

zone there is some more intense biotite 

alteration and leucoxene mineralization and 

patchy foliated. 
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DDH: BC33W6 
zone of Interest: Gold Eagle Shear 

Was it there:  Possibly hit the shear, no upper main zone 

From To  Assemblage Unit Structure Alteration sulphides Veining Description 

1790 1813.8m Balmer Basalts Massive 

Strong pervasive 

carbonate, weak 

to moderate 

chlorite and 

silicification 

Pyrrhotite 
Brecciated 

quartz veins 

Massive, fine grained, green unit. The upper 

contact is 5 degrees. There is strong carbonate, 

chlorite, silicification and possible weak 

fuchsite alteration. There is patchy 

silicification with almost broken quartz 

veining. There are patchy zones of pure 

carbonate as well. There is 1% pyrrhotite 

stringers, brecciated portions and no real 

dominant foliation. 

1813.8 1823.1 Balmer Carbonate Brecciated 

Moderate to 

strong pervasive 

carbonate, 

moderate 

pervasive 

silicification, 

trace chlorite 

Pyrrhotite, pyrite 
Colloform 

carbonate 

Brecciated carbonate vein that is dark to 

medium grey in colour with bands of strongly 

reworked fine grained light grey carbonate. 

There are areas that show the broken 

colloform vein that are light grey to white. 

There is strong carbonate alteration, moderate 

silicification, trace chlorite and sulphides. 

There is no pervasive foliation or carbonate 

stringers. 
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From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1823.1 1830.95 Balmer Basalts Massive 

Strong pervasive 

carbonate, weak 

to moderate 

chlorite and 

silicification 

Pyrrhotite 
Brecciated 

quartz veins 

Massive, fine grained, green unit. The upper 

contact is 5 degrees. There is strong carbonate, 

chlorite, silicification and possible weak 

fuchsite alteration. There is patchy 

silicification with almost broken quartz 

veining. There are patchy zones of pure 

carbonate as well. There is 1% pyrrhotite 

stringers, brecciated portions and no real 

dominant foliation. 

1830.95 1833 Balmer Carbonate 
Massive, 

foliated 

Strong pervasive 

carbonate, weak 

to moderate 

silicification, 

trace chlorite 

Pyrrhotite - 

Massive, dark grey unit, fine grained, strong 

carbonate, weak to moderate silicification, 

trace chlorite alteration. There are some dark 

specs present (possible relic minerals). The 

unit develops a foliation near the bottom 

portion of the unit that is at 5-10 degrees with 

chlorite defining the shear. 

1833 1845.5 Balmer Basalts Brecciated 

Strong pervasive 

carbonate and 

silicification, 

weak to 

moderate 

chlorite and 

biotite 

Pyrrhotite, 

arsenopyrite 

Carbonate 

stringers 

Brecciated and altered basalt. The unit is dark 

grey, brecciated with strong carbonate 

alteration and silicification, weak to moderate 

chlorite and biotite, trace carbonate stringers at 

80 degrees. There is trace disseminated 

pyrrhotite that is contained within the biotitic 

portions of the zone. The unit in general is 

massive and fine grained. 
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From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1845.5 1851 Balmer Basalts Massive 

Strong pervasive 

carbonate, weak 

to moderate 

chlorite and 

silicification 

Pyrrhotite 
Brecciated 

quartz veins 

Massive, fine grained, green unit. The upper 

contact is 5 degrees. There is strong carbonate, 

chlorite, silicification and possible weak 

fuchsite alteration. There is patchy 

silicification with almost broken quartz 

veining. There are patchy zones of pure 

carbonate as well. There is 1% pyrrhotite 

stringers, brecciated portions and no real 

dominant foliation. 

1851 1853.1 Balmer Carbonate 
Massive, 

foliated 

Strong pervasive 

carbonate, weak 

to moderate 

silicification, 

trace chlorite 

Pyrrhotite - 

Massive, dark grey unit, fine grained, strong 

carbonate, weak to moderate silicification, 

trace chlorite alteration. There are some dark 

specs present (possible relic minerals). The 

unit develops a foliation near the bottom 

portion of the unit that is at 5-10 degrees with 

chlorite defining the shear. 

1853.1 1862.75 Balmer Basalts Massive 

Strong pervasive 

carbonate, weak 

to moderate 

chlorite and 

silicification 

Pyrrhotite Brecciated 

quartz veins 

Massive, fine grained, green unit. The upper 

contact is 5 degrees. There is strong carbonate, 

chlorite, silicification and possible weak 

fuchsite alteration. There is patchy 

silicification with almost broken quartz 

veining. There are patchy zones of pure 

carbonate as well. There is 1% pyrrhotite 

stringers, brecciated portions and no real 

dominant foliation. 
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DDH: BC36W6 
zone of Interest: Gold Eagle Shear, silica flooding style of upper main zone 

Was it there:  yes 

From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1610.5 1623.35 Balmer Mafic units 
Massive, patchy 

shearing 

Moderate 

pervasive 

biotite, weak to 

moderate patchy 

carbonate 

Pyrrhotite - 

Fine grained mafics with moderate biotite 

alteration, patchy carbonate alteration and no 

carbonate stringers. It is fine grained, dark 

grey with some small intervals with deformed 

and brecciated quartz veining. There is trace 

pyrrhotite alteration that is primarily found 

filling in fractures. The alteration increases in 

strength towards the shear zone. 

1623.35 1627.4 Balmer Shear zone Sheared 

Moderate to 

strong banded 

carbonate, 

biotite and 

chlorite 

Pyrrhotite Boudinaged 

quartz veins 

Shear zone with moderate to strong carbonate, 

biotite and chlorite alteration. There are small 

boudinaged quartz veins. The upper contact is 

at 60 degrees and is sheared at 60 degrees as 

well. It is fine grained, banded with dark grey 

to light grey bands with weak sulphide 

mineralization. 

1627.4 1629.74 Balmer Carbonate Brecciated 

Strong pervasive 

biotite, trace to 

weak patchy 

biotite 

Pyrrhotite 
Brecciated 

remnant 

carbonate 

Fine grained carbonate zone that is light grey 

with trace biotite that defines shearing of 80 

degrees. The upper contact is 80 degrees, there 

is brecciation throughout the zone with cm 

sized clasts of the original material found 

throughout the zone. There is trace sulphides. 

Possible original host was either an altered 

mafic or ultramafic. 

1629.74 1629.9 Balmer Mafic dyke 
Foliated/ 

weakly sheared 

Moderate to 

strong biotite 

and chlorite 

- - 

Small mafic dyke that is fine grained, dark 

brown, weakly sheared at 90 degrees, 

moderate to strong biotite and chlorite 

alteration and margins that are at 50 degrees 
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From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1629.9 1631 Balmer Sarbonate Brecciated 

Strong pervasive 

biotite, trace to 

weak patchy 

biotite 

Pyrrhotite 

Brecciated 

remnant 

carbonate 

Fine grained carbonate zone that is light grey 

with trace biotite that defines shearing of 80 

degrees. The upper contact is 50 degrees, there 

is brecciation throughout the zone with cm 

sized clasts of the original material found 

throughout the zone. There is trace sulphides. 

Possible original host was either an altered 

mafic or ultramafic. 

1631 1631.4 Balmer Mafic dyke 
Foliated/ 

weakly sheared 

Moderate to 

strong biotite 

and chlorite 

- - 

Small mafic dyke that is fine grained, dark 

brown, weakly sheared at 50 degrees, 

moderate to strong biotite and chlorite 

alteration and the upper contact is at 30 and 

the lower contact is at 55 degrees 

1631.4 1631.88 Balmer Carbonate Brecciated 

Strong pervasive 

biotite, trace to 

weak patchy 

biotite 

Pyrrhotite 

Brecciated 

remnant 

carbonate 

Fine grained carbonate zone that is light grey 

with trace biotite that defines shearing of 80 

degrees. The upper contact is 55 degrees, there 

is brecciation throughout the zone with cm 

sized clasts of the original material found 

throughout the zone. There is trace sulphides. 

Possible original host was either an altered 

mafic or ultramafic. 
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From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1631.88 1633.6 Balmer Altered zone 
Brecciated/ 

veined 

Very strong 

pervasive 

silicification, 

weak to 

moderate 

sericite 

- 

Carbonate 

veinlets, 

actinolite 

stringers 

Fine grained altered zone with pervasive silica 

flooding (very strong, almost looks like 

veining). There are small actinolite veins 

cutting across the zone and small calcitic filled 

fractures. There is moderate pervasive calcite 

alteration, weak to moderate sericite alteration 

of the actinolite veinlets, no visible sulphides 

and a gradational upper contact.  

1633.6 1634 Balmer Carbonate Brecciated 

Strong pervasive 

biotite, trace to 

weak patchy 

biotite 

Pyrrhotite 

Brecciated 

remnant 

carbonate 

Fine grained carbonate zone that is light grey 

with trace biotite that defines shearing of 80 

degrees. The upper contact is 55 degrees, there 

is brecciation throughout the zone with cm 

sized clasts of the original material found 

throughout the zone. There is trace sulphides. 

Possible original host was either an altered 

mafic or ultramafic. 

1634 1639.57 Balmer Mafic units Massive 

Moderate 

pervasive 

biotite, weak 

patchy 

carbonate and 

leucoxene 

Pyrrhotite 

Carbonate 

veinlets, quartz 

veinlets 

Fine grained, dark grey mafics that have 

moderate biotite, weak patchy carbonate 

alteration. The upper contact is sheared at 65-

60 for 70 cms with an upper contact of 45. 

There are small carbonate stringers at 60 to 80 

degrees that are mm sized and occur in 

patches of 5 to 10. There are some trace 

leucoxene mineralization, trace quartz 

veinlets, trace disseminated pyrrhotite. 
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DDH: BC36W7 
zone of Interest: Gold Eagle Shear and Upper Main Zone 

Was it there: Yes, focussed on that section 

From To  Assemblage Unit Structure Alteration Sulphides Veining Description 

1612.4 1614.5 Balmer Shear zone Shear zone 

Strong pervasive 

carbonate, weak 

pervasive silicification, 

moderate banded 

biotite and chlorite 

Trace pyrrhotite 

and pyrite 

Quartz 

veinlets 

Shear zone, strongly sheared  at 60 degrees to the 

core axis. Strong alteration with bands of dark 

brown biotite and chlorite and light grey bands of 

quartz/carbonate. There is pervasive carbonate, 

small quartz veinlets and boudins that are at 55-

60 degrees,  patchy calcite, pervasive weak silica 

alteration. 

1614.5 1620.8 Balmer Carbonate Shear zone 

Strong pervasive 

carbonate, weak to 

moderate pervasive 

silicification 

Trace pyrrhotite 

and pyrite 

Quartz 

veinlets 

Carbonate interval that is light beige in colour. 

There is strong shearing near the top portion at 55 

degrees and an upper contact of 55 degrees. It is 

fine grained, weak to moderate pervasive silica 

flooding, becomes more massive near the bottom 

part of the vein. There are small little black clasts 

(possible hornblende) that are mm in sized, 1-2%, 

scattered through the bottom part of the unit. 

1620.8 1626 Balmer Altered zone Brecciated 

Strong pervasive 

silicification, weak to 

moderate pervasive  

sericite and chlorite 

Pyrrhotite, 

chalcopyrite, gold 

Carbonate 

veinlets, 

actinolite 

stringers 

Altered zone with breccia texture. Pervasive 

silica alteration, with small actinolite veinlets 

cutting through the zone. There is weak to 

moderate sericite and chlorite alteration of the 

actinolite stingers. The upper contact is lost, but 

the bottom contact is more gradational. The 

carbonate in the zone is primarily found within in 

fractures. The unit is light grey with some dark 

patches within the veining than grades into 

strongly silicified basalt with small (mm sized) 

quartz veins. There is Visible gold at 1621.2 m 

that is small and is in cross cutting 

fractures/actinolite veins. 



 

 

269 

From To Assemblage Unit Structure Alteration Sulphides Veining Description 

1626 1637 Balmer Mafic units Massive 

Moderate pervasive 

biotite, weak patchy 

chlorite and carbonate 

Trace pyrrhotite 

and chalcopyrite 

Carbonate 

veinlets 

Altered basalt with moderate biotite alteration, 

weak chlorite alteration, patchy carbonate 

alteration. There are trace carbonate stringers at 

80 degrees. It is fine grained, dark grey, massive, 

trace sulphides and the upper contact is at 50 

degrees. 
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Appendix C: Sample Locations and Information 

 376 samples were collected over the first two summers (2009 and 2010) and selected to 

cover a variety of lithology, alteration, veining and gold grades across the deposit. All the 

samples were described in detail, while 92 were selected for petrography, 50 for geochemistry, 

and 35 were selected for either SEM, XRD and microprobe work. The table below summarizes 

the hole, depth, lithology, grade and work done on the samples. 
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C1. Sample Summary table 

 

Sample Summary 

Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

530401 BC19W6 1683.3 Banded iron formation 26.7         

530402 BC19W17 1269.5 Quartz actinolite vein 19.25       

530403 BC29W15 1163.4 Altered zone 6.46            

530404 BC29W15 1167.6 Altered zone 1.39            

530405 BC29W15 1170 Basalt 0.036            

530406 BC17W16 830.6 Mottled Rhyolite Dyke 0.02          

530407 BC17W16 823.25 Ultramafic 0.1            

530408 BC17W16 824.55 Ultramafic 0.04            

530409 BC17W16 831.7 Mafics 0.08            

530410 BC17W16 833.6 Mafics 0.42            

530411 BC17W16 836.7 Mafics 0.05            

530412 BC17W16 838 Mafics 0.005            

530413 BC17W16 839.9 Mafics 0.03          

530414 BC17W16 843.35 Mafics 0.99            

530415 BC17W16 846.8 Mafics 0.07            

530416 BC17W16 849 Mafics 1.07         

530417 BC17W16 851 Quartz feldspar porphyry 0.001         

530418 BC17W16 849.8 Mafics 0.01           

530419 BC17W16 881.35 Mafics 0.02          

530420 BC17W16 616.65 Mafics NA            

530423 BC17W16 855.1 Quartz feldspar porphyry 0.001            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

530424 BC17W16 854.7 Quartz feldspar porphyry 0.001            

530425 BC17W16 862 Mafics 0.15            

530426 BC17W16 866.3 Mafics 0.04            

530427 BC17W16 871.5 Felsic dyke 0.26            

530428 BC17W16 885.45 Mafics 0.03            

530429 BC17W16 895.9 Mafics 0.04          

530430 BC17W16 897.45 Mafics 0.28            

530431 BC17W16 902.83 Mafics 5.5            

530432 BC17W16 901.95 Mafics 1.18          

530433 BC17W16 900.85 Mafics 1        

530434 BC17W16 908 Mafics 4.35            

530435 BC17W16 916.05 Mafics 0.02            

530436 BC17W16 896.53 Mafics 0.06            

530437 BC17W16 913.35 Mafics 0.27          

530438 BC17W16 909.75 Mafics 10.8            

530439 BC17W16 927.75 Lamprophyre 0.03          

530440 BC17W16 932.85 Shear zone 1.04          

530441 BC17W16 936 Shear zone 1.93            

530442 BC17W16 953.1 Altered mafics 0.36            

530443 BC17W16 968.45 Basalt 0.31            

530444 BC17W16 984 Mafics 0.07            

530445 BC17W16 996.1 Basalt 0.01            

530446 BC17W16 1014.5 Basalt 0.65            

530447 BC17W16 1015.8 Basalt 0.5            

530448 BC17W16 1017.1 Basalt 0.08            

530449 BC17W16 1030.1 Basalt 0.18      
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

530450 BC17W16 1032.4 Basalt 0.14            

530451 BC17W16 1037 Basalt 0.36            

530452 BC17W16 1040.2 Basalt 2.43          

530453 BC17W16 1055.8 Basalt 0.2        

530454 BC17W16 1061.2 Lamprophyre 0.001          

530455 BC17W16 1077 Basalt 1.73            

530456 BC17W16 1092.5 Lamprophyre 1.3            

530457 BC17W16 1101.1 Basalt 0.8          

530458 BC17W16 1117.3 Basalt 0.04            

530459 BC17W16 1152.2 Basalt 0.001            

530460 BC10W15 1203 Mafics 0.06            

530461 BC10W15 1207.2 Banded iron formation 46.93            

530462 BC10W15 1209.9 Banded iron formation 0.9            

530463 BC10W15 1211.8 Banded iron formation 3.3            

530464 BC10W15 1216.5 Mafics 0.13            

530465 BC10W15 1215 Mafics 0.07            

530466 BC10W15 1217.1 Shear zone 0.7            

530467 BC10W15 1219.2 Shear zone 0.11            

530468 BC10W15 1225.9 Mafics 0.79            

530469 BC10W15 1228.6 Mafics 0.001            

530470 BC10W15 1233.8 Mafics 0.62            

530471 BC10W15 1241 Shear zone 22.01            

530472 BC10W15 1009.3 Basalt 0.3            

530473 BC10W15 1019.5 Basalt 0.05            

530474 BC10W15 1029.7 Basalt 0.06            

530475 BC10W15 1035.1 Rhyolite 0.001            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

530476 BC10W15 1039 Basalt 0.01            

530477 BC10W15 1042.6 Diorite NA            

530478 BC10W15 1071 Basalt 0.001            

530479 BC10W15 1066.6 Basalt 0.7            

530480 BC10W15 1088 Basalt 0.01            

530481 BC10W15 1093.8 Basalt 0.001            

530482 BC10W15 1107.3 Basalt 0.03        

530483 BC10W15 1124.8 Shear zone 0.05            

530484 BC10W15 1140.4 Basalt 0.07            

530485 BC10W15 1146.3 Basalt 0.33          

530486 BC10W15 1155.6 Basalt 0.06            

530487 BC10W15 1158.3 Shear zone 0.04            

530488 BC10W15 1176.6 Basalt 0.05      


  

530489 BC10W15 1178.8 Basalt 1.32            

530490 BC10W15 1182 Basalt 0.14            

530491 BC33W31 1407.9 Basalt 0.15            

530492 BC33W31 1411.1 Basalt 0.037            

530493 BC33W31 1421.8 Basalt 0.007            

530494 BC33W31 1432 Basalt 0.003            

530495 BC33W31 1449.2 Basalt 0.059            

530496 BC33W31 1456 Ultramafic NA            

530497 BC33W31 1483.4 Lamprophyre NA            

530498 BC33W31 1491.2 Shear zone 0.076          

476001 BC33W31 1493.8 Shear zone 0.106            

476002 BC33W31 1495 Carbonate 0.152            

476003 BC33W31 1499.4 Quartz actinolite vein 5.447          
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

476004 BC33W31 1501.2 Quartz actinolite vein 0.324            

476005 BC33W31 1504 Quartz actinolite vein 1.242            

476006 BC33W31 1513.6 Quartz actinolite vein 0.255            

476007 BC33W31 1516.8 Mafics 0.556         

476008 BC33W31 1522.1 Lamprophyre 0.019            

476009 BC33W31 1529.1 Basalt 1.661            

476010 BC33W31 1535.6 Basalt 0.353            

476011 BC33W31 1543 Diorite 0.003            

476012 BC33W31 1547.6 Basalt 3.087            

476013 BC33W31 1556 Basalt 0.01            

476014 BC33W31 1559 Basalt 1.245            

476015 BC33W31 1568.6 Basalt 0.034         

476016 BC33W31 1577.8 Basalt 125.758      

476017 BC19W17 1263.6 Quartz actinolite vein 1.92            

476018 BC19W17 1264.6 Quartz actinolite vein 17.25            

476019 BC19W17 1268 
Carbonate/Sulphide 
Replacement Zones 

6.88            

476020 BC19W17 1276.8 
Carbonate/Sulphide 
Replacement Zones 

2.88            

476021 BC19W17 1256.7 Mafics 0.2          

476022 BC19W34 876.2 Ultramafic 0.021            

476023 BC19W34 876.5 Lamprophyre dyke 0.007            

476024 BC19W34 888.6 Ultramafic 0.009            

476025 BC19W34 889 Diorite 0.013          

476026 BC19W34 897 Ultramafic 0.022            

476027 BC19W34 910 Ultramafic 0.008            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

476028 BC19W34 953.4 lamprophyre dyke 0.009            

476029 BC19W34 972.7 Ultramafic 0.017            

476030 BC19W34 1013.8 ultramafic 4.49        

476031 BC19W34 1026.2 lamprophyre dyke 0.003            

476032 BC19W34 1028.8 Ultramafic 0.034            

476033 BC19W34 1050.7 Shear zone 0.003            

476034 BC19W34 1055.2 Carbonate 0.027            

476035 BC19W34 1064.4 Shear zone 0.294            

476036 BC19W34 1076.5 Ultramafic 0.027            

476037 BC19W34 1082.1 Ultramafic 0.024            

476038 BC19W34 1092.6 Ultramafic 0.594            

476039 BC19W34 1133 Altered basalt 4.92            

476040 BC19W34 1141.2 
Sulphide Replacement 

Zones 
12.7         

476041 BC19W34 1149.8 
Sulphide Replacement 

Zones 
6.03            

476042 BC19W34 1156.6 
Carbonate/Sulphide 
Replacement Zones 

0.368         

476043 BC19W34 1159 
Carbonate/Sulphide 
Replacement Zones 

0.053            

476044 BC19W34 1171.1 Altered basalt 0.1            

476045 BC19W34 1181.9 Altered basalt 0.086            

476046 BC19W34 1184.6 
Sulphide Replacement 

Zones 
0.021            

476047 BC19W34 1187.7 
Sulphide Replacement 

Zones 
1.175            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

476048 BC19W34 1196.2 Quartz actinolite vein 1.865            

476049 BC19W34 1196.9 Quartz actinolite vein 5.26            

476050 BC19W34 1203.4 Altered basalt 1.785            

476051 BC19W34 1220.2 Quartz vein 1.15         

476052 BC19W34 1224.9 Altered basalt 3.93          

476053 BC19W34 1230 Carbonate flooded basalt 0.165            

476054 BC19W34 1238.9 Altered basalt 1.8            

476055 BC19W34 1245 Altered basalt 4.56            

476056 BC19W34 1273.1 Altered basalt 3.82            

476057 BC19W34 1280.2 Altered basalt 1.84          

476058 BC19W34 1282 Altered basalt 22.1            

476059 BC19W34 1287.4 Altered basalt 0.39            

476060 BC19W34 1291.5 Quartz actinolite vein 2.13          

476061 BC19W34 1298.3 Quartz actinolite vein 2.92            

476062 BC19W34 1303.9 Mafics 0.36            

476063 BC19W34 1320.5 Mafics 0.163            

476064 BC19W34 1330 Mafics 0.054            

476065 BC19W34 1345 Mafics 0.595            

476066 BC19W34 1359.8 Mafics 5.36            

476067 BC19W34 1379 Mafics 0.116            

476068 BC19W34 1402 Mafics 0.449            

476069 BC19W34 1423 Mafics 0.039            

476070 BC29W15 1025 Ultramafic/ mafic? 0.012            

476071 BC29W15 1029.9 Ultramafic/ mafic? 0.006            

476072 BC29W15 1032 Sheared 0.031            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

476073 BC29W15 1039.2 Ultramafic 0.044            

476074 BC29W15 1056.4 Ultramafic 0.008          

476075 BC29W15 1085.3 Ultramafic 0.005            

476076 BC29W15 1099 Ultramafic 0.025            

476077 BC29W15 1100.8 Lamprophyre 0.007            

476078 BC29W15 1121 Ultramafic 0.01         

476079 BC29W15 1139.5 Ultramafic 0.007            

476080 BC29W15 1151.6 Shear zone 0.954          

476081 BC29W15 1187.7 Basalt 0.465            

476082 BC29W15 1196.8 Basalt 0.06          

476083 BC29W15 1206.5 Basalt 2.03            

476084 BC29W15 1209.1 Basalt 0.411            

476085 BC29W15 1219.1 Lamprophyre 0.008            

476086 BC29W15 1227.6 Quartz Actinolite vein 3.03            

476087 BC29W15 1236.9 Basalt 1.5            

476088 BC29W15 1244.7 Shear zone 0.707         

476089 BC29W15 1253 Basalt 1.175            

476090 BC29W15 1274.7 Basalt 0.091            

476091 BC29W15 1282.5 Basalt 0.124            

476092 BC29W15 1304.7 Basalt 2.76            

476093 BC29W15 1326.4 Basalt 0.08            

476094 BC29W15 1343 Basalt 0.326            

476095 BC29W15 1349.7 Basalt 0.17            

476096 BC29W15 1355.7 Basalt 0.147            

476097 BC29W15 1386.4 Basalt 27          

476098 BC19W13 1156.5 Mafics 0.001            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

476099 BC19W13 1160.9 Mafics 0.001            

476100 BC19W13 1176 Mafics 0.01            

476101 BC19W13 1191.4 Breccia 0.001            

476102 BC19W13 1206.2 Mafics 0.01            

476103 BC19W13 1223.8 Mafics 0.02            

476104 BC19W13 1234.5 Breccia 0.01            

476105 BC19W13 1236.5 Mafics 0.001            

476106 BC19W13 1258.2 Breccia 0.001            

476107 BC19W13 1267.7 Mafics 0.01            

476108 BC19W13 1273 Mafics 0.02            

476109 BC19W13 1279.2 Shear zone 0.1            

476110 BC19W13 1288.9 Carbonate 0.05            

476111 BC19W13 1290.2 Carbonate 1.23         

476112 BC19W13 1292.6 Basalt 0.67            

476113 BC19W13 1295.8 Carbonate 0.88            

476114 BC19W13 1303 Basalt 21.189          

476115 BC19W13 1316.7 Basalt 1.5            

476116 BC19W13 1321.3 Basalt 0.5            

476117 BC33W5 1371.2 Felsic unit 0.003            

476118 BC33W5 1387.1 Mafic units 0.015            

476119 BC33W5 1388.8 Mafic units 0.003            

476120 BC33W5 1399.8 Mafic units 0.021            

476121 BC33W5 1409.6 Mafic units 0.019            

476122 BC33W5 1439.1 Mafic units 0.015            

476123 BC33W5 1476.3 Mafic units 0.009            

476124 BC33W5 1495.4 Mafic units 0.205            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

476125 BC33W5 1515.2 Mafic units 0.007          

476126 BC33W5 1532.8 Mafic units 0.026           

476127 BC33W5 1545 Mafic units 0.003            

476128 BC33W5 1562.5 Mafic units 0.01            

476129 BC33W5 1602 Mafic units 0.009            

476130 BC33W5 1629.7 Mafic units 0.003            

476131 BC33W5 1644.2 Mafic units 0.006            

476132 BC33W5 1650.2 Mafic units 0.006           

476133 BC33W5 1682.6 Mafic units 0.003         

476134 BC33W5 1686.8 Altered zone 0.007            

476135 BC33W5 1703.1 Mafic units 0.003        

476136 BC33W5 1716.3 Mafic units 0.008            

476137 BC33W5 1723 Mafic units 0.003            

476138 BC33W5 1727.8 Altered zone 0.091            

476139 BC33W5 1739.4 Altered zone 0.248            

476140 BC33W5 1744.8 Shear zone 0.083            

476141 BC33W5 1753 Carbonate 0.06          

476142 BC33W5 1758.6 Quartz actinolite vein 4.1            

476143 BC33W5 1763.2 Quartz actinolite vein 37.2         

476144 BC33W5 1770.6 Mafic units 0.335            

476145 BC33W5 1782.4 Basalt 0.091            

476146 BC33W5 1796.6 Basalt 0.289            

476147 BC33W5 1801 Basalt 0.604            

476148 BC33W5 1810 Altered zone 7            

476149 BC33W5 1812.7 Altered zone 25.8            

476150 BC33W5 1841.2 Altered zone 0.059            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

476153 BC11W2 1008.3 Mafics 0.03          

476154 BC11W2 1008.3 Mafics 0.03            

476155 BC11W2 1056.2 Mafics 0.001           

476157 BC11W2 1091.5 Mafics 0.03            

476158 BC11W2 1125.7 Mafics 0.001            

476159 BC11W2 1151.1 Mafics 0.001            

476160 BC11W2 1184.1 Mafics 0.58            

476161 BC11W2 1206 Carbonate 0.04            

476162 BC11W2 1231.3 Shear zone 1.28            

476163 BC11W2 1245.5 Shear zone 0.7            

476164 BC11W2 1252.4 Carbonate 0.28          

476165 BC11W2 1261.3 Lamprophyre NA            

476166 BC11W2 1269.1 
Sulphide Replacement 

Zones 
9.42            

476167 BC11W2 1271.8 Mafics 0.12            

476168 BC11W2 1280.6 Banded iron formation 2.42            

476169 BC11W2 1282.3 Mafics 502.461           

476170 BC11W2 1295.8 Mafics 0.39            

476171 BC11W2 1315.7 Mafics 0.85            

476172 BC11W2 1320.7 Mafics 0.12            

476173 BC11W2 1335.7 Mafics 0.01            

476174 BC11W2 1353.3 Mafics 0.33          

476175 BC11W2 1368.8 Mafics 4.9            

476176 BC11W2 1403.7 Mafics 1.76            

476177 BC11W2 1408.3 Carbonate 0.45            

476178 BC11W2 1425.3 Mafics 0.48            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

476179 BC11W2 1458 Mafics 0.31            

476180 BC11W2 1469.8 Mafics 0.11            

476181 BC11W2 1481.6 Mafics 0.64      

476182 BC11W2 1496.5 Mafics 17.04            

476183 BC11W2 1510.2 Mafics 3.98            

476184 BC11W2 1512.8 Mafics 0.05            

476185 BC11W2 1518.9 Mafics 62.195            

476186 BC11W2 1543.4 Mafics 0.06            

476187 BC11W2 1552 Mafics 0.001            

476188 BC11W2 1562.6 Shear zone 32.023            

476189 BC11W2 1565.3 Shear zone 0.09            

476190 BC11W2 1567.1 Mafics 0.07            

476191 BC11W2 1578.3 Mafics 0.03            

476192 BC11W2 1590.2 Mafics 0.03          

476193 BC11W2 1593.9 Banded iron formation 0.34            

476194 BC11W2 1599.9 Banded iron formation 30.58        

476195 BC11W2 1612.5 Banded iron formation 0.5            

476196 BC11W2 1651.5 Mafics 0.04            

476197 BC17W16 648.31 Basalt NA            

476198 BC17W16 628.5 Basalt NA            

476199 BC17W3 829 Basalt 0.07            

476200 BC17W3 833.1 MRD/porphyry 0.001          

476201 BC17W3 837.35 Porphyry 0.001            

476202 BC17W3 839.14 Basalt 1.46            

476203 BC17W3 846.33 Basalt 0.001            

476204 BC17W3 859.65 Basalt 0.12            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

476205 BC17W3 870.17 Mafics 0.07            

476206 BC17W3 882.95 Mafic units 0.28            

476207 BC17W3 880.5 Lamprophyre 0.001            

476208 BC17W3 878.32 Shear zone 0.85            

476209 BC17W3 876.86 Shear zone 0.65            

476210 BC17W3 891 Banded iron formation 11.2            

476211 BC17W3 907.25 Banded iron formation 0.34            

476212 BC17W3 911.8 Banded iron formation 1.82            

476213 BC17W3 914.15 Basalt 0.6            

476214 BC17W3 916.5 Quartz actinolite vein 0.14            

476215 BC17W3 918 Basalt 0.001            

476216 BC17W3 924.4 BIF 15.9g            

476217 BC17W3 929.5 Basalt 0.91            

476218 BC17W3 936.6 Basalt 5.61            

476219 BC17W3 954 Basalt 0.22            

476220 BC17W3 972 Basalt 0.001            

476221 BC17W3 986.75 Basalt 0.02            

476222 BC17W3 992.43 Lamprophyre 0.001          

476223 BC17W3 997.92 Basalt 0.07            

476224 BC17W3 1005.7 Banded Iron Formation 0.14            

476225 BC17W3 1011.2 Basalt 0.16            

476226 BC17W3 1032.9 Basalt 0.04            

476227 BC17W3 1055.7 Quartz actinolite vein 0.01            

476228 BC17W3 1063 BIF 1.03            

476229 BC17W3 1069.8 BIF 217.7         

476230 BC17W3 1076.1 Basalt 0.18            
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

476231 BC17W3 1093.7 BIF 161.761            

476232 BC17W3 1095.5 BIF 0.33            

476233 BC17W3 1111 Basalt 0.02            

476234 BC17W3 1124.2 BIF 1.2            

476235 BC17W3 1130.3 lamprophyre 0.16            

476236 BC17W3 1131.4 Basalt 0.01            

476237 BC17W3 1134 BIF 0.5            

476238 BC17W3 1146.2 Basalt 0.01            

476239 BC17W3 1148.7 BIF 0.36            

476240 BC17W3 1168.5 Basalt 0.12            

474751 BC19W31 1308.4 Quartz actinolite vein 0.073           

474752 BC19W31 1286.3 Basalt 7.27           

474753 BC19W31 1288.3 Colloform Carbonate 3.13           

474754 BC19W17 1263.2 Quartz actinolite vein 15.95           

474755 BC29W15 1143 Ultramafic 0.0025           

474756 BC29W15 1147.6 Lamprophyre Dyke 0.0490           

474757 BC29W15 1148.5 Shear zone 0.1590         

474758 BC29W15 1157.2 Quartz actinolite vein 9.59           

474759 BC19W34 1241.9 
Sulphide Replacement 

Zones 
1.675           

474760 BC19W34 1248.1 Basalt 13.6          

474761 BC19W34 1255.6 Quartz actinolite vein 24.6          

474762 BC19W34 1262.1 Basalt 43.2         

474763 BC19W34 1275.9 Basalt 3.16           

474764 BC19W34 877.5 Lamprophyre Dyke 0.007           

474765 BC19W34 906 Ultramafic             
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

474766 BC19W34 1101.4 Carbonate 0.161           

474767 BC19W34 1102.6 Shear zone 0.324           

474768 BC17W17 829.8 Mottled Rhyolite dyke NS          

474769 BC17W17 850 Diorite dyke 0.01           

474770 BC17W17 816 Ultramafic NS          

474771 BC17W17 848 Shear zone 0.94           

474772 BC17W17 934 Lamprophyre Dyke NS           

474773 BC17W17 942.32 Colloform Carbonate 1.7          

474774 BC17W17 1100.5 
Sulphide Replacement 

Zones 
3.8           

474775 BC17W17 924 Basalt NS           

474776 BC8W6 1123.8 Bruce Channel Sediments NS           

474777 BC8W6 1126.3 Bruce Channel Sediments NS           

474778 BC8W6 1195 Point Rock 0.003           

474779 BC8W6 1198.3 Basalt 0.007           

474780 BC8W3 813 Bruce Channel Sediments NS           

474781 BC17W10 1030 Basalt 6.83           

474782 BC19W35 1337.5 Basalt 1.945           

474783 BC29W15 1337.5 Basalt 0.478           

474784 BC30W24 1391 Bruce Channel Sediments 0.04           

474785 BC30W24 1410 Diorite dyke 0.005          

474786 BC29W15 1205.6 
Sulphide Replacement 

Zones 
21.8          

474787 BC29W22 1316.5 Basalt 0.36           

474788 BC29W23 1124 Ultramafic 0.0025          

474789 BC29W23 1131 Lamprophyre Dyke 0.6363           
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Sample 
Number 

Drill Hole Depth Lithology 
Gold 
(g/t) 

Described Petrology Geochemistry SEM XRD Microprobe 

474790 BC29W15 1155 Colloform Carbonate 1.73           

474791 BC29W56 1454 Diorite dyke 0.0002           

474792 BC29W52 603 Point Rock NS         

474793 BC29W52 837 Mottled Rhyolite dyke NS           
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C2. Petrography Sample Locations 

 

 

 

 

 

 

 

 

 

 

Fig C2. Sample locations for the majority of the thin sections examined. 
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C3. Geochemistry Sample Locations

Fig C3. Locations of the geochemistry samples. 
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C4. Thin Section Summary Chart 

 

Legend 

Symbol Mineral Symbol Mineral 

Qtz quartz Apa apatite 

Plag plagioclase Leu leucoxene 

Kspar potassium feldspar Ves vesuvianite 

Fsp feldspar Grn garnet 

Amph amphibole Ant anthophyllite 

Hbl hornblende Tit titanite 

Bio biotite Ilm ilmenite 

Chl chlorite Mt magnetite 

Msc muscovite Chrm chromite 

Sil sillimanite Sch scheelite 

And andalusite Rut rutile 

Tour tourmaline Pyr pyrite 

Cpx/Opx 
clinopyroxene/ 
orthopyroxene Po pyrrhotite 

Act actinolite Pn pentlandite 

Trem tremolite Cpy chalcopyrite 

Oliv olivine Asp arsenopyrite 

Serp serpentine Ga galena 

Talc talc Ulm ullmanite 

Epi epidote Gers gersdorffite 

Carb carbonate Sph sphalerite 

Zir zircon Vg gold 

30 % of thin section x trace 

 

Legend for the thin section summary chart starting on the next page.  
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Sample 

Tag 

number Rock type 
Zone GC Unit 

Qtz Plag Kspar Fsp Amph Hbl Bio 

BC19W6-1683m 530401 Iron formation Footwall Iron formation 20         5 5 

BC19W17-

1269.5m 530402 Quartz-actinolite vein 

Upper Main 

Zone Quartz-actinolite vein 75       x   x 

BC17W16-

823.25m 530406 Quartz-muscovite dyke Intrusive Mottled rhyolite dyke 30           5 

BC17W16-839.7m 530413 Quartz-muscovite meta-basalt Footwall Bleached basalt 30 5         10 

BC17W16-849m 530416 Biotite-arsenopyrite meta-basalt Footwall Grey massive sulphides 5       x   20 

BC17W16-851m 530417 Quartz-feldspar porphyry Intrusive Quartz-feldspar porphyry 10 30       5 15 

BC17W16-

881.55m 530419 Brecciated Meta-basalt Footwall Brecciated basalt 30           10 

BC17W16-871.5m 530429 Quartz-feldspar porphyry Intrusive Quartz-feldspar porphyry 15 10       10 45 

BC17W16-

897.45m 530432 Quartz-muscovite Meta-basalt Footwall Bleached basalt 40           4 

BC17W16-

902.85m 530433 Quartz-muscovite Meta-basalt Footwall Bleached basalt 30           x 

BC17W16-

916.05m 530437 Biotite meta-basalt Footwall Basalt 30           20 

BC17W16-

915.35m 530439 Biotite meta-basalt Footwall Basalt 30           25 

BC17W16-

909.95m 530440 Muscovite-chlorite meta-basalt Footwall Basalt 35         x   

BC17W16-

1015.8m 530449 Brecciated meta-basalt Footwall Basalt 30         5 10 

BC17W16-

1032.35m 530452 Brecciated meta-basalt Footwall Brecciated basalt 20         10 30 

BC17W16-1037m 530453 Chlorite meta-basalt Hanging wall Basalt 10 5       15 10 

BC17W16-

1040.15m 530454 Biotite schist Footwall Basalt 20         10 20 

BC17W16-1077m 530457 Chlorite Meta-basalt Footwall Basalt 35         5 10 

BC10W15-

1088.1m 530482 Brecciated Meta-basalt Footwall Brecciated basalt 25       x 5 30 

BC10W15-

1124.75m 530485 Quartz-chlorite schist 

Gold Eagle 

Shear Shear 30         10   

BC10W15-

1155.62m 530488 Brecciated colloform carbonate Footwall Brecciated MSCV           5   

BC33W31-1456m 530498 Talc-muscovite schist Ultramafic Ultramafic           5 5 
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Sample 

Tag 

number Rock type 
Zone GC Unit 

Qtz Plag Kspar Fsp Amph Hbl Bio 

BC33W31-

1499.4m 476003 Quartz-actinolite vein 

Upper Main 

Zone Quartz-actinolite vein 65           5 

BC33W31-

1516.8m 476007 Biotite Meta-basalt Footwall Basalt 30           25 

BC33W31-

1586.6m 476015 Biotite Meta-basalt Footwall Basalt 15 15         20 

BC33W31-

1577.8m 476016 Quartz flooded Meta-basalt Footwall Basalt/Footwall zone 40             

BC19W21-

1256.7m 476021 Biotite-chlorite schist Footwall Basalt 30           20 

BC19W34-889m 476025 Diorite Dyke Intrusive Diorite Dyke 5 30         30 

BC19W34-1013.8n 476030 Biotite-chlorite-carbonate schist Ultramafic Ultramafic 15           30 

BC19W34-

1141.2m 476040 Quartz-arsenopyrite meta-basalt Footwall Grey massive sulphides 20           5 

BC19W34-

1156.6m 476042 Brecciated colloform carbonate Footwall Brecciated MSCV             x 

BC19W34-

1220.2m 476051 Quartz-actinolite vein 

Upper Main 

Zone Quartz-actinolite vein 50           5 

BC19W34-

1224.9m 476052 Quartz-muscovite Meta-basalt Footwall Bleached basalt 55           5 

BC19W34-

1280.2m 476057 Quartz-biotite Meta-basalt Footwall Bleached basalt 35             

BC19W34-

1291.5m 
476060 

Quartz-actinolite vein/quartz-

muscovite Meta-basalt 
Upper Main 

Zone 
Quartz-actinolite vein 40             

BC29W15-

1056.4m 
476074 

Serpentinite Ultramafic Ultramafic 
            5 

BC29W15-1121m 476078 Serpentinite Ultramafic Ultramafic               

BC29W15-

1196.8m 476082 Biotite-muscovite meta-basalt Footwall Basalt 20 20         20 

BC29W15-

1244.7m 476088 Quartz-biotite schist Footwall Shear zone 20           20 

BC29W15-

1386.37m 476097 Biotite schist Footwall Basalt 20 10         20 

BC19W13-

1290.18m 476111 Quartz-carnonate schist 

Gold Eagle 

Shear Shear zone 25           x 

BC29W13-1303m 476114 Biotite schist Footwall Basalt 10           30 
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Sample 

Tag 

number Rock type 
Zone GC Unit 

Qtz Plag Kspar Fsp Amph Hbl Bio 

BC33W5-1515.2m 476125 

Quartz-muscovite-biotite meta-

basalt Footwall Basalt 40           20 

BC33W5-

1532.75m 476126 Biotite schist Hanging wall Basalt 25           30 

BC33W5-1682.6m 476133 Quartz-muscovite Meta-basalt Hanging wall Bleached basalt 15             

BC33W5-1703.1m 476135 Chlorite-garnet schist Hanging wall Basalt 10             

BC33W5-1753m 
476141 

Carbonate-chlorite schist 

Gold Eagle 

Shear Shear zone 10         x   

BC33W5-1763.2m 476143 Quartz-actinolite vein 

Upper Main 

Zone Quartz-actinolite vein 65           x 

BC11W2-

1008.25m 476153 Chlorite-garnet schist Hanging wall Basalt 35             

BC11W2-1252.4m 476164 Brecciated colloform carbonate Footwall Brecciated MSCV x             

BC11W2-1353.3m 476174 Biotite schist Footwall Basalt 20 22         22 

BC11W2-

1415.58m 476181 Biotite-chlorite schist Footwall Basalt 15       5   30 

BC11W2-1590.2m 476192 Iron formation Footwall Iron formation 5             

BC11W2-

1599.92m 476194 Iron formation Footwall Iron formation 15           x 

BC17W3-833.1m 476200 Quartz-muscovite dyke Footwall Mottled rhyolite dyke 35           15 

BC17W3-992.43m 476222 Diorite Dyke Footwall Diorite Dyke   40         25 

BC17W3-

1069.75m 476229 Iron formation Footwall Iron formation 20         10 x 

BC19W31-

1308.4m 474751 Quartz-actinolite vein 

Upper Main 

Zone Quartz-actinolite vein 60             

BC19W31-

1286.3m 474752 Biotite-chlorite schist Hanging wall Basalt 15 5         35 

BC19W31-

1288.3m 474753 Brecciated colloform carbonate Footwall Brecciated MSCV               

BC19W17-

1263.2m 474754 Quartz-actinolite vein 

Upper Main 

Zone Quartz-actinolite vein 65             

BC29W15-1143m 474755 Talc-serpentine-magnetite schist Ultramafic Ultramafic 10             

BC29W15-

1148.5m 474757 Carbonate-biotite schist 

Gold Eagle 

Shear Shear zone 15           40 

BC19W15-

1157.2m 474758 Quartz-actinolite vein 

Upper Main 

Zone Quartz-actinolite vein 57           x 
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Sample 

Tag 

number Rock type 
Zone GC Unit 

Qtz Plag Kspar Fsp Amph Hbl Bio 

BC19W34-

1241.9m 474759 Quartz-arsenopyrite meta-basalt Footwall Grey massive sulphides 25           5 

BC19W34-

1248.1m 474760 Quartz-muscovite meta-basalt Footwall Bleached basalt 30           5 

BC19W34-

1255.6m 474761 Quartz-actinolite vein 

Upper Main 

Zone Quartz-actinolite vein 60           x 

BC19W24-

1262.1m 474762 Biotite-leucoxene Meta-basalt Footwall Basalt 10 5         25 

BC19W34-

1275.9m 474763 Quartz-biotite Meta-basalt Footwall Basalt 30           20 

BC19W34-877.5m 474764 Lamprophyre dyke Intrusive Lamprophyre dyke 10 20         25 

BC19W34-906m 474765 Talc-serpentine-olivine schist Ultramafic Ultramafic x             

BC19W34-

1101.4m 474766 Brecciated colloform carbonate Footwall Brecciated MSCV             5 

BC19W34-

1102.6m 474767 Quartz-chlorite schist 

Gold Eagle 

Shear Shear zone 15           15 

BC17W17-829.8m 474768 Quartz-muscovite dyke Intrusive Mottled rhyolite dyke 40             

BC17W17-850m 474769 Diorite Dyke Intrusive Diorite Dyke x 50       20 5 

BC17W17-816m 474770 Talc-chlorite-carbonate schist Ultramafic Ultramafic 5         10   

BC17W17-848m 474771 Quartz-biotite schist 

Gold Eagle 

Shear Shear zone 35           15 

BC17W16-934m 474772 Lamprophyre dyke Intrusive Lamprophyre dyke 2 15         50 

BC17W16-

942.32m 474773 Brecciated colloform carbonate Footwall Brecciated MSCV               

BC17W17-

1100.5m 474774 Actinolite-magnetite Meta-basalt Footwall Massive magnetite 5         x   

BC17W16-924m 474775 Biotite schist Footwall Basalt 10 5           

BC8W6-1123.8m 474776 Quartz-feldspar porphyry Bruce Channel  conglomerate 40     30       

BC8W6-1126.3m 474777 Quartz-feldspar porphyry Bruce Channel  conglomerate 40     30     20 

BC8W6-1195m 474778 Point Rock Hanging wall Point Rock 60             

BC8W6-1198.3m 474779 Chlorite Meta-basalt Hanging wall Basalt 20           5 

BC8W3-813m 474780 Metasediments Bruce Channel  Metasediments 40     5     20 

BC17W10-1030m 474781 Silicified Meta-basalt Footwall Basalt 50           5 
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Sample 

Tag 

number Rock type 

Zone GC Unit 

Qtz Plag Kspar Fsp Amph Hbl Bio 

BC19W35-

1327.2m 474782 Quartz-muscovite Meta-basalt Footwall Bleached basalt 60           10 

BC29W15-

1337.5m 474783 Biotite schist Footwall Basalt 20     10     40 

BC30W24-1391m 474784 Metasediments Bruce Channel  Metasediments 40 10         30 

BC30W24-1410m 474785 Granodiorite Mckenzie Stock McKenzie Stock 10 20 10     10 10 

BC29W15-

1205.6m 474786 Quartz-arsenopyrite meta-basalt Footwall Grey massive sulphides 20           5 

BC29W27-

1316.5m 474787 Biotite schist Footwall Basalt 40           30 

BC29W23-1124m 474788 

Serpentine-chromite-carbonate 

schist Ultramafic Ultramafic 10             

BC29W23-1131m 474789 Lamprophyre dyke Intrusive Lamprophyre dyke 5 30         20 

BC29W56-1454 474791 Diorite Dyke Intrusive Diorite Dyke 5 30       10   

BC29W52-603m 474792 Point Rock Hanging wall Point Rock 50         x   

BC29W52-837m 474793 Quartz-muscovite dyke Intrusive Mottled rhyolite dyke 50           x 
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Sample Chl Msc Sil And Tour Cpx/Opx Act Trem Ant Oliv Serp Talc Epi Carb Zir Apa Leu Ves Grn Ilm Mt 

BC19W6-1683m 15 5         15             5     5       5 

BC19W17-

1269.5m 2       x   10 5         x 2   x           

BC17W16-

823.25m   58     5   1                             

BC17W16-839.7m 5 35         x           x     x 15         

BC17W16-849m 5                                         

BC17W16-851m             10           5 5 5             

BC17W16-

881.55m 10 15   5 x   10           5       5         

BC17W16-871.5m 10       x   10                             

BC17W16-

897.45m   30     x   6                 x 15         

BC17W16-

902.85m 10 40     x   x                 x 15     x   

BC17W16-

916.05m 15           x             20               

BC17W16-

915.35m 10           10             10   x 5         

BC17W16-

909.95m 15 10         10             5     10         

BC17W16-

1015.8m 10 5         15   x         10   x           

BC17W16-

1032.35m 10     15     x             15   x           

BC17W16-1037m 25                         5     5 x     15 

BC17W16-

1040.15m 10           10             10     x       10 

BC17W16-1077m 25           5                   x         

BC10W15-

1088.1m   10       x 20           x       5     5   

BC10W15-

1124.75m 15           10             15     x         

BC10W15-

1155.62m 15 10                       80     5         
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Sample Chl Msc Sil And Tour Cpx/Opx Act Trem Ant Oliv Serp Talc Epi Carb Zir Apa Leu Ves Grn Ilm Mt 

BC33W31-1456m 5 35         5         20   20               

BC33W31-

1499.4m 10 5         10             5   x           

BC33W31-

1516.8m 10     20     15                 x           

BC33W31-

1586.6m 5     15     10                   15     x   

BC33W31-

1577.8m 10           30           x     x 15         

BC19W21-

1256.7m 20     10     20           x                 

BC19W34-889m 5       x         x       10   x 15         

BC19W34-1013.8n 25 5     10                 15               

BC19W34-

1141.2m 5       x   x             20               

BC19W34-

1156.6m                           50             1 

BC19W34-

1220.2m             25             10               

BC19W34-

1224.9m   20                       5   x x         

BC19W34-

1280.2m 15 10         10             20     9         

BC19W34-

1291.5m 
10 20   10     10             10   x           

BC29W15-

1056.4m 
                  50 20     5             5 

BC29W15-1121m               15   45 20 5                 5 

BC29W15-

1196.8m   30                             x         

BC29W15-

1244.7m 20 5   5                   20               

BC29W15-

1386.37m 10           15             10               

BC19W13-

1290.18m   48                       25               

BC29W13-1303m 10           25             10     10     1   

BC33W5-1515.2m   35                                       
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Sample Chl Msc Sil And Tour Cpx/Opx Act Trem Ant Oliv Serp Talc Epi Carb Zir Apa Leu Ves Grn Ilm Mt 

BC33W5-

1532.75m   15         20                         6   

BC33W5-1682.6m   78     5                               x 

BC33W5-1703.1m 60                               3   20 2   

BC33W5-1753m 15           x             70             1 

BC33W5-1763.2m x       x   30             x   x           

BC11W2-

1008.25m 35                               5   15 x   

BC11W2-1252.4m 20           20             30             x 

BC11W2-1353.3m 24       1   5             5   x 1         

BC11W2-

1415.58m 25     15                   x   x 10         

BC11W2-1590.2m 10           10             10               

BC11W2-

1599.92m 20           20             10           x 15 

BC17W3-833.1m 10 20     5                       x         

BC17W3-992.43m                   x     10   10 x x     x   

BC17W3-

1069.75m 20 10         5             5             5 

BC19W31-

1308.4m             20             20   x           

BC19W31-

1286.3m 25                         10   x           

BC19W31-

1288.3m   20                       65               

BC19W17-

1263.2m             25             5   x           

BC29W15-1143m 10           5     10 20 10   20             5 

BC29W15-

1148.5m   10                       20   x           

BC19W15-

1157.2m             20             3   x 5         

BC19W34-

1241.9m   5         10             5   x           

BC19W34-

1248.1m 10 20         5                 x 15         
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Sample Chl Msc Sil And Tour Cpx/Opx Act Trem Ant Oliv Serp Talc Epi Carb Zir Apa Leu Ves Grn Ilm Mt 

BC19W34-

1255.6m         x   20           x     x           

BC19W24-

1262.1m 5 20         5                   10         

BC19W34-

1275.9m 5 10         30             10   1           

BC19W34-877.5m 5           10           5 5               

BC19W34-906m 10                   15 35   20             10 

BC19W34-

1101.4m                           90     5         

BC19W34-

1102.6m 30 15                       20   x           

BC17W17-829.8m   60                       x               

BC17W17-850m   5       10                               

BC17W17-816m 14             15     5 20   20             5 

BC17W17-848m 15 10                       15               

BC17W16-934m 5           10             8   x           

BC17W16-

942.32m                           85             1 

BC17W17-

1100.5m             30             8             40 

BC17W16-924m 20 30     5               5 x   x         1 

BC8W6-1123.8m 10 20     x                     x           

BC8W6-1126.3m 10       x                 x               

BC8W6-1195m   5   30                                   

BC8W6-1198.3m 30 20                       5         5     

BC8W3-813m 10                         10               

BC17W10-1030m 20 x                       5   x x         

BC19W35-

1327.2m 5 25                       x   x         3 

BC29W15-

1337.5m 10       x                 20               

BC30W24-1391m 10                                         

BC30W24-1410m   5       15               x               
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Sample Chl Msc Sil And Tour Cpx/Opx Act Trem Ant Oliv Serp Talc Epi Carb Zir Apa Leu Ves Grn Ilm Mt 

BC29W15-

1205.6m   10         15             5   x           

BC29W27-

1316.5m 10           10           x 5   x           

BC29W23-1124m 10           5   15   15 5   15             10 

BC29W23-1131m             10             5   x 2     1   

BC29W56-1454   5       25                               

BC29W52-603m   15   20 x                                 

BC29W52-837m 10 40                       x               
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Sample Chrm Sch Rut Pyr Po Pn Cpy Asp Ulm Gers Sph Vg Notes: 

BC19W6-1683m       x 10                 

BC19W17-

1269.5m   x   1 2   2 1 x     x Ullmanite, Jamesonite and gold seen in SEM 

BC17W16-

823.25m       x                   

BC17W16-

839.7m       x                 Black line fault 

BC17W16-849m         x   x 70           

BC17W16-851m       10                   

BC17W16-

881.55m       4 4   1 1         Ghosted quartz veins within breccia 

BC17W16-

871.5m       x                   

BC17W16-

897.45m       x 5   x x         Contact of bleached basalt and biotite altered basalt 

BC17W16-

902.85m       x 2   x 3 x     x 

Black line fault; Ullmanite-Willyamite inclusions within the 

pyrrhotite grains (SEM) 

BC17W16-

916.05m       x 5   x             

BC17W16-

915.35m         5     5         Small quartz-actinolite vein 

BC17W16-

909.95m         9   1 5       x   

BC17W16-

1015.8m         9   1 5           

BC17W16-

1032.35m         10   x           Quartz-carbonate veins 

BC17W16-

1037m         5   x x         Vesuvianite found in chlorite stringers 

BC17W16-

1040.15m         20   x             

BC17W16-

1077m         10   x 15       x   

BC10W15-

1088.1m         x               Brecciated with carbonate filling in fractures 

BC10W15-

1124.75m               5           
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Sample Chrm Sch Rut Pyr Po Pn Cpy Asp Ulm Gers Sph Vg Notes: 

BC10W15-

1155.62m         3     2           

BC33W31-

1456m 9       1                 

BC33W31-

1499.4m     x x x   x x           

BC33W31-

1516.8m         x   x x           

BC33W31-

1586.6m         5   x           Quartz veinlet 

BC33W31-

1577.8m   x     4   x       x 1 Quartz flooded 

BC19W21-

1256.7m       x     6           Quartz-carbonate vein with carbonate halo 

BC19W34-889m       5                 Biotite lined quartz-carbonate veins 

BC19W34-

1013.8n     x x                 Magnetite stringers seen in hand sample 

BC19W34-

1141.2m                           

BC19W34-

1156.6m         9     40         contact between massive sulphides and MSCV 

BC19W34-

1220.2m       1 5   1 3           

BC19W34-

1224.9m       x 10   x 5           

BC19W34-

1280.2m         x   x x       x   

BC19W34-

1291.5m 
      x x   x             

BC29W15-

1056.4m 
10       4   1             

BC29W15-

1121m 10       x                 

BC29W15-

1196.8m       1 8   1           Amygdules 

BC29W15-

1244.7m       1 8   1             
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Sample Chrm Sch Rut Pyr Po Pn Cpy Asp Ulm Gers Sph Vg Notes: 

BC29W15-

1386.37m       1 9   x             

BC19W13-

1290.18m         2   x             

BC29W13-

1303m       1 2   1           Small biotite lined carbonate veins 

BC33W5-

1515.2m       1 2   2           Faulted quartz and carbonate veinlets 

BC33W5-

1532.75m       2 2   x             

BC33W5-

1682.6m     2   x   x           Pillow rim with amygdules 

BC33W5-

1703.1m                           

BC33W5-1753m       x 4                 

BC33W5-

1763.2m     x x 1   4     x       

BC11W2-

1008.25m     x 1 9   x             

BC11W2-

1252.4m       2 10   3 5         Quartz-carbonate vein present 

BC11W2-

1353.3m         x     x           

BC11W2-

1415.58m     x x x   x           Quartz-carbonate vein present 

BC11W2-

1590.2m         55   10             

BC11W2-

1599.92m         15   5             

BC17W3-

833.1m       x 3   2             

BC17W3-

992.43m     5   4   1             

BC17W3-

1069.75m         15   5       x x Gold Found in SEM; sphalerite disseminated within chalcopyrite 

BC19W31-

1308.4m     x   x                 

BC19W31-

1286.3m         9   1             
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Sample Chrm Sch Rut Pyr Po Pn Cpy Asp Ulm Gers Sph Vg Notes: 

BC19W31-

1288.3m     x   9   1 5           

BC19W17-

1263.2m     x x x x               

BC29W15-

1143m 5     1 8 1               

BC29W15-

1148.5m       1 8   1             

BC19W15-

1157.2m         x   x 5           

BC19W34-

1241.9m       x 9   1 40         Late carbonate+pyrrhotite+chalcopyrite+pyrite veining 

BC19W34-

1248.1m         10   1 4           

BC19W34-

1255.6m         3   x x       x Gold seen in SEM 

BC19W24-

1262.1m         14     15       1   

BC19W34-

1275.9m         5     x           

BC19W34-

877.5m       5                   

BC19W34-906m 10     5 4 x 1             

BC19W34-

1101.4m     x x x                 

BC19W34-

1102.6m       x 5   x             

BC17W17-

829.8m     x x                   

BC17W17-850m     5 5                   

BC17W17-816m 5       4 x 1             

BC17W17-848m     15 1 8   1             

BC17W16-934m       x 9   1             

BC17W16-

942.32m     1 1 9   1 1           

BC17W17-

1100.5m       1 15   1             

BC17W16-924m     5 2 8   1           Quartz and carbonate stringers 
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Sample Chrm Sch Rut Pyr Po Pn Cpy Asp Ulm Gers Sph Vg Notes: 

BC8W6-

1123.8m     x   x                 

BC8W6-

1126.3m     x   x                 

BC8W6-1195m       x 5                 

BC8W6-

1198.3m     x   6   1 3           

BC8W3-813m       5 10   x           Folded quartz veins 

BC17W10-

1030m       10 x     x           

BC19W35-

1327.2m     x   2               Ghosted quartz veins 

BC29W15-

1337.5m         x                 

BC30W24-

1391m     x 3 7   x             

BC30W24-

1410m       5                   

BC29W15-

1205.6m         10   1 25       x Gold seen in SEM 

BC29W27-

1316.5m         5   x x           

BC29W23-

1124m 5     x 5 x x             

BC29W23-

1131m       2 4   1             

BC29W56-1454       5 x                 

BC29W52-603m       5                   

BC29W52-837m     x x                   
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C5. Scanned Slides 

Fig. C5.1 Scanned slides of 474751-474793 
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 Fig. C5.2 530401-476114 

530433        530429         530419        530432          530416       530417                                 530413      5305406         530402          530401 
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Fig C5.3 Scanned slides 476125-476229
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Appendix D: Lithogeochemistry 

Fifty samples selected for lithogeochemical investigation were prepared and analyzed 

by ALS Laboratories.  The samples were initially crushed in a ceramic crucible to avoid 

contamination and 259g split pulvarized to pass 75 micron mesh. Major oxides were 

analyzed using a lithium metaborate fusion and XRF. Trace and rare earth elements were 

dissolved with lithium borate fusion and acid digestion with an ICP-MS analysis. Base 

metals were analyzed by 4 acid digestion with an ICP-AES finish, while total sulphur and 

carbon were analyzed by LECO furnace. Gold was analyzed using fire-assay with an 

ICP-AES finish for values below 10 ppm and a gravimetric finish assays for higher grade 

samples to give a more accurate reading. Arsenic was analyzed by ICP-MS and had a 

gravimetric finish for samples above 10,000 ppm.  Assays of the various ore zones from 

the Goldcorp inc. database was done by Accurassay labs by fire assay with either an ICP-

AES finish or a gravimetric finish for higher grade samples. 

 

 

  

 

 

 

 



 

 

309 

D1. Sample Preparation and Detection Limits for the Whole Rock, Minor and 

Trace Element Geochemistry 

 

Methods and detection limits for ALS analyses 

Analysis type Method Element Detection Limit Upper Limit 

Whole Rock: 
SiO2, 

Al2O3,Fe2O3, 
CaO, MgO, Na2O, 
K2O, Cr203, TiO2, 
MnO, P2O5, SrO, 

BaO, LOI 

CCP-PKG01 
  
  
  
  
  
  

Major element 
analysis done by 
dissolving a 2g 

sample with 
lithium borate 

fusion and then 
analyzed by XRF. 
Loss on ignition 

(LOI) is by weight 
difference after 

ignition at 1000˚C. 
Total C and S by 

Leco. 

- 0.01% 100% 

Rare Earth and 
Trace Elements: 
Ag, As, Bi, Ba, 
Ce, CO, Cr, Cs, 
Dy, Er, Eu, Ga, 
Gd, Hf, Hg, Ho, 
La, Lu, Mo, Nb, 
Nd, Pr, Rb, Sb, 
Se, Sm, Sn, Sr, 
Ta, Tb, Te, Th, Tl, 
Tm, U, V, W, Y, 
Yb, Zr 

Trace and rare 
earth elements 
were dissolved in 
lithium borate 
fusion prior to 
acid digestion of a 
1g sample then 
analyzed by ICP-
MS. Samples 
highlighted in grey 
were tested 
separately and 
dissolved with 
Aqua Regia and 
analyzed by ICP-
MS. 
  
  
  
  
  

Cr 10 ppm 

10,000 ppm 

  V 5 ppm 

  Zr 2 ppm 

  Sn, W 1 ppm 

  
Ba, Ce, 

La, Y 
0.5 ppm 

  Nb 0.2 ppm 2,500 ppm 
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Analysis type Method Element Detection Limit Upper Limit 

      

      Se   250 ppm 

      Hf, Rb   10,000 ppm 

      As 0.1 ppm 
10,000 ppm 

  

  
  
  
CCP-PKG01 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  Nd, Sr   

    Ga   1,000 ppm 

    Ta   2,500 ppm 

    
Dy, Gd, 

Th 
0.05 ppm 

1,000 ppm 

    Sb 
250 ppm 

    U 

    
Er, Eu, 
Pr, Sm, 

Yb 
0.03 ppm 1,000 ppm 

    Tl 0.02 ppm 
250 ppm 

    Bi, Te 0.01 ppm 

    Cs   10,000 ppm 

    
Ho, Lu, 

Tb 
  

1,000 ppm 

    Tm   

    Hg 0.005 ppm 25 ppm 

Base metals: Ag, 
Cd, Co, Cu, Mo, 

Ni, Pb, Zn 

1g sample is 
dissolved with 

four acid digestion 
and then analyzed 

with ICP-AES 

Ag 
0.5 ppm 

100 ppm 

Cd 1,000 ppm 

Co 

1 ppm 

10,000 ppm 

Cu 

Mo 

Ni 

Pb 

2 ppm 

  Zn 
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Analysis type Method Element Detection Limit Upper Limit 

Fire Assay (Au) 30g sample fire 
assay analyzed by 

ICP-AES for 
samples <10 ppm 
and a gravimetric 
finish for >10 ppm 

Au 0.001 ppm 10 ppm 

Gravimetric (Au) Au 0.05 ppm 1,000 ppm 

Assay (As) 
Aqua regia 

digestion with an 
ICP-AES finish 

As 0.01% 60% 
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Au Al2O3 BaO CaO Cr2O3 Fe2O3 K2O MgO MnO Na2O P2O5 SiO2 SrO TiO2 LOI Total As C S Ba Ce Cr Cs Dy Er Eu Ga Gd Hf Ho La Lu Nb Nd Pr Rb Sm Sn

Au 1.00

Al2O3 -0.29 1.00

BaO -0.11 0.35 1.00

CaO -0.18 -0.20 -0.15 1.00

Cr2O3 -0.17 -0.21 -0.16 0.06 1.00

Fe2O3 0.01 -0.22 -0.21 0.03 -0.02 1.00

K2O -0.14 0.51 0.33 -0.30 -0.27 -0.15 1.00

MgO -0.18 -0.33 -0.24 0.41 0.74 0.02 -0.33 1.00

MnO -0.07 -0.20 -0.21 0.10 0.07 0.85 -0.28 0.08 1.00

Na2O -0.11 0.35 0.63 -0.05 -0.10 -0.16 0.19 -0.12 -0.14 1.00

P2O5 -0.09 0.40 0.40 -0.13 -0.24 0.20 0.14 -0.26 0.16 0.71 1.00

SiO2 0.28 0.13 0.16 -0.74 -0.25 -0.48 0.15 -0.60 -0.42 0.03 -0.02 1.00

SrO -0.09 0.33 0.71 -0.06 -0.12 -0.10 0.23 -0.17 -0.09 0.88 0.69 0.03 1.00

TiO2 -0.11 0.72 0.15 -0.20 -0.17 -0.07 0.20 -0.30 -0.10 0.07 0.40 0.12 0.09 1.00

LOI -0.16 -0.35 -0.13 0.69 0.18 -0.11 -0.24 0.50 -0.07 -0.11 -0.29 -0.66 -0.17 -0.30 1.00

Total -0.02 0.31 0.16 -0.33 0.07 -0.51 -0.07 -0.11 -0.28 0.11 0.01 0.55 0.02 0.27 -0.22 1.00

As 0.03 -0.20 -0.14 0.06 -0.06 0.20 0.02 -0.01 -0.10 -0.08 -0.15 -0.25 -0.05 -0.20 0.34 -0.44 1.00

C -0.12 -0.42 -0.13 0.80 0.08 0.00 -0.24 0.46 0.08 -0.10 -0.21 -0.71 -0.13 -0.36 0.93 -0.38 0.15 1.00

S 0.13 -0.31 -0.09 0.00 -0.14 0.76 0.02 -0.12 0.43 -0.12 0.05 -0.36 -0.06 -0.16 0.00 -0.73 0.43 0.07 1.00

Ba -0.09 0.37 0.96 -0.23 -0.18 -0.28 0.43 -0.27 -0.28 0.67 0.42 0.24 0.77 0.11 -0.19 0.14 -0.10 -0.19 -0.13 1.00

Ce -0.12 0.41 0.64 -0.13 -0.11 -0.06 0.18 -0.22 -0.02 0.93 0.80 0.04 0.87 0.24 -0.16 0.11 -0.08 -0.14 -0.06 0.66 1.00

Cr -0.17 -0.21 -0.16 0.05 1.00 -0.03 -0.27 0.74 0.06 -0.09 -0.24 -0.24 -0.11 -0.17 0.17 0.09 -0.07 0.07 -0.15 -0.17 -0.11 1.00

Cs -0.13 0.41 0.06 -0.01 -0.17 0.12 0.66 -0.12 -0.08 0.18 0.21 -0.20 0.16 0.15 -0.07 -0.25 0.23 -0.07 0.15 0.12 0.18 -0.18 1.00

Dy -0.13 0.46 0.04 -0.02 -0.10 0.35 -0.03 -0.22 0.38 0.06 0.42 -0.19 0.08 0.76 -0.15 0.00 -0.07 -0.15 0.15 -0.03 0.29 -0.10 0.11 1.00

Er -0.11 0.43 0.02 0.01 -0.15 0.38 0.00 -0.24 0.35 -0.04 0.36 -0.20 0.01 0.77 -0.16 -0.05 -0.03 -0.15 0.22 -0.06 0.18 -0.16 0.12 0.97 1.00

Eu -0.11 0.41 0.33 -0.16 -0.10 0.28 -0.01 -0.29 0.32 0.46 0.66 -0.04 0.45 0.54 -0.23 0.11 -0.14 -0.22 0.12 0.27 0.68 -0.10 0.10 0.82 0.73 1.00

Ga -0.25 0.93 0.32 -0.22 -0.17 -0.12 0.47 -0.33 -0.12 0.35 0.50 0.10 0.37 0.87 -0.36 0.27 -0.20 -0.41 -0.22 0.34 0.47 -0.16 0.36 0.64 0.62 0.57 1.00

Gd -0.16 0.52 0.37 -0.11 -0.09 0.21 0.08 -0.26 0.26 0.52 0.69 -0.09 0.51 0.65 -0.19 0.06 -0.09 -0.19 0.07 0.33 0.73 -0.09 0.17 0.85 0.76 0.95 0.69 1.00

Hf -0.12 0.76 0.42 -0.23 -0.24 -0.08 0.33 -0.37 -0.13 0.54 0.69 0.11 0.52 0.83 -0.31 0.21 -0.12 -0.36 -0.09 0.43 0.67 -0.23 0.25 0.68 0.65 0.70 0.89 0.81 1.00

Ho -0.11 0.43 0.00 0.00 -0.12 0.37 -0.02 -0.22 0.37 -0.02 0.36 -0.20 0.02 0.77 -0.15 -0.03 -0.05 -0.15 0.18 -0.07 0.20 -0.13 0.10 0.99 0.99 0.75 0.62 0.79 0.65 1.00

La -0.11 0.39 0.65 -0.13 -0.11 -0.05 0.19 -0.22 -0.02 0.93 0.78 0.04 0.88 0.20 -0.15 0.08 -0.06 -0.13 -0.04 0.68 1.00 -0.10 0.18 0.26 0.15 0.66 0.44 0.72 0.64 0.17 1.00

Lu -0.08 0.37 -0.02 0.00 -0.17 0.49 0.00 -0.23 0.44 -0.10 0.32 -0.23 -0.04 0.71 -0.17 -0.12 -0.01 -0.16 0.31 -0.10 0.11 -0.17 0.14 0.95 0.98 0.69 0.56 0.72 0.58 0.97 0.09 1.00

Nb -0.15 0.71 0.37 -0.17 -0.07 -0.12 0.15 -0.29 -0.09 0.50 0.69 0.12 0.46 0.78 -0.30 0.27 -0.18 -0.34 -0.21 0.35 0.67 -0.06 0.17 0.65 0.58 0.70 0.80 0.79 0.88 0.60 0.64 0.51 1.00

Nd -0.13 0.46 0.62 -0.14 -0.13 -0.02 0.17 -0.23 0.00 0.90 0.83 0.02 0.84 0.34 -0.17 0.10 -0.09 -0.16 -0.05 0.63 0.99 -0.12 0.19 0.40 0.29 0.75 0.53 0.80 0.73 0.31 0.98 0.22 0.73 1.00

Pr -0.12 0.43 0.63 -0.14 -0.12 -0.04 0.18 -0.22 -0.02 0.92 0.82 0.03 0.85 0.28 -0.17 0.10 -0.08 -0.15 -0.05 0.65 1.00 -0.11 0.19 0.34 0.22 0.71 0.50 0.76 0.70 0.24 0.99 0.16 0.70 1.00 1.00

Rb -0.14 0.45 0.17 -0.18 -0.24 -0.04 0.93 -0.25 -0.22 0.11 0.11 0.02 0.17 0.20 -0.17 -0.19 0.14 -0.17 0.10 0.27 0.11 -0.24 0.83 0.02 0.07 -0.02 0.44 0.08 0.29 0.04 0.12 0.08 0.11 0.11 0.11 1.00

Sm -0.15 0.54 0.52 -0.14 -0.14 0.07 0.14 -0.26 0.09 0.76 0.83 -0.02 0.72 0.54 -0.20 0.11 -0.09 -0.20 -0.01 0.51 0.91 -0.14 0.20 0.64 0.54 0.87 0.67 0.93 0.84 0.56 0.90 0.48 0.83 0.96 0.93 0.11 1.00

Sn 0.04 0.44 0.21 -0.26 -0.30 0.21 0.19 -0.36 0.04 0.19 0.38 0.11 0.19 0.60 -0.37 0.16 -0.10 -0.40 0.21 0.18 0.29 -0.29 0.20 0.56 0.60 0.56 0.55 0.53 0.60 0.57 0.27 0.59 0.47 0.35 0.31 0.23 0.47 1.00

Sr -0.14 0.32 0.72 0.08 -0.03 -0.17 0.17 -0.03 -0.15 0.87 0.62 -0.07 0.96 0.06 -0.01 0.05 -0.04 0.01 -0.12 0.75 0.84 -0.02 0.14 0.03 -0.04 0.39 0.34 0.46 0.49 -0.03 0.86 -0.11 0.42 0.81 0.83 0.13 0.68 0.13

Ta -0.08 0.54 0.24 -0.19 -0.18 0.12 0.21 -0.37 -0.08 0.33 0.55 0.02 0.29 0.68 -0.21 -0.02 0.17 -0.30 0.25 0.21 0.50 -0.18 0.26 0.63 0.64 0.64 0.66 0.69 0.80 0.62 0.48 0.58 0.78 0.57 0.53 0.23 0.69 0.55

Tb -0.14 0.51 0.17 -0.07 -0.09 0.29 0.01 -0.25 0.32 0.26 0.56 -0.15 0.26 0.74 -0.18 0.03 -0.07 -0.18 0.11 0.12 0.49 -0.10 0.14 0.97 0.91 0.90 0.69 0.95 0.77 0.94 0.47 0.88 0.75 0.59 0.53 0.05 0.79 0.56

Th -0.09 0.40 0.54 -0.11 -0.12 -0.12 0.21 -0.17 -0.11 0.93 0.75 0.05 0.76 0.18 -0.14 0.13 -0.08 -0.13 -0.11 0.56 0.95 -0.11 0.25 0.18 0.06 0.54 0.41 0.61 0.60 0.08 0.94 0.00 0.62 0.93 0.94 0.14 0.82 0.24

Tl -0.09 0.16 -0.08 -0.16 -0.10 0.03 0.48 -0.16 -0.18 -0.11 -0.06 -0.03 -0.03 0.10 0.04 -0.25 0.57 -0.08 0.18 0.03 -0.05 -0.10 0.60 -0.03 0.00 -0.12 0.19 -0.03 0.06 -0.03 -0.03 0.01 -0.01 -0.06 -0.05 0.65 -0.04 0.11

Tm -0.09 0.41 -0.03 0.01 -0.16 0.43 -0.01 -0.23 0.39 -0.09 0.34 -0.22 -0.04 0.75 -0.16 -0.09 -0.02 -0.15 0.24 -0.11 0.13 -0.17 0.14 0.97 0.99 0.70 0.59 0.74 0.61 0.99 0.10 0.99 0.55 0.25 0.18 0.07 0.50 0.57

U -0.08 0.34 0.36 -0.03 0.10 -0.13 0.07 -0.14 -0.08 0.71 0.61 0.08 0.58 0.19 -0.20 0.16 -0.12 -0.19 -0.16 0.38 0.73 0.11 0.11 0.18 0.09 0.45 0.36 0.50 0.51 0.12 0.72 0.03 0.70 0.72 0.73 0.02 0.66 0.15

V -0.19 0.76 0.03 -0.10 -0.25 0.04 0.32 -0.27 0.00 -0.07 0.24 -0.02 -0.02 0.88 -0.27 0.13 -0.11 -0.32 -0.11 0.01 0.04 -0.26 0.33 0.70 0.75 0.37 0.83 0.49 0.67 0.74 0.01 0.72 0.56 0.13 0.08 0.36 0.35 0.51

W -0.07 0.17 -0.01 -0.18 0.14 0.24 -0.09 -0.13 0.44 -0.10 0.00 -0.03 -0.06 0.34 -0.06 0.06 -0.05 -0.11 0.06 -0.05 0.09 0.14 -0.12 0.68 0.60 0.55 0.29 0.58 0.26 0.64 0.10 0.61 0.27 0.15 0.11 -0.09 0.31 0.17

Y -0.12 0.38 -0.01 0.08 -0.11 0.40 -0.07 -0.18 0.43 -0.02 0.33 -0.27 0.01 0.69 -0.07 -0.08 -0.02 -0.06 0.20 -0.09 0.20 -0.12 0.09 0.98 0.97 0.75 0.56 0.79 0.58 0.98 0.17 0.97 0.55 0.31 0.24 0.00 0.55 0.52

Yb -0.09 0.39 -0.02 0.00 -0.17 0.45 0.00 -0.23 0.40 -0.10 0.33 -0.22 -0.04 0.75 -0.17 -0.09 -0.03 -0.16 0.27 -0.10 0.12 -0.18 0.13 0.96 0.99 0.69 0.58 0.72 0.61 0.98 0.09 0.99 0.53 0.23 0.16 0.08 0.49 0.60

Zr -0.11 0.74 0.42 -0.20 -0.24 -0.06 0.29 -0.35 -0.11 0.56 0.73 0.08 0.53 0.81 -0.28 0.18 -0.09 -0.33 -0.08 0.42 0.69 -0.24 0.24 0.68 0.65 0.72 0.86 0.83 0.99 0.65 0.66 0.58 0.90 0.76 0.73 0.25 0.87 0.59

As 0.11 -0.23 0.01 0.17 -0.11 0.02 0.04 0.03 -0.20 -0.14 -0.27 -0.22 -0.08 -0.12 0.38 -0.40 0.66 0.30 0.32 0.01 -0.14 -0.12 0.15 -0.05 0.01 -0.18 -0.17 -0.11 -0.12 -0.01 -0.13 0.03 -0.20 -0.14 -0.14 0.14 -0.13 -0.18

Bi 0.01 -0.06 -0.01 0.15 -0.07 0.15 -0.10 0.00 0.10 -0.06 -0.13 -0.11 -0.10 -0.15 -0.02 -0.21 0.17 0.00 0.19 -0.04 -0.07 -0.08 0.06 -0.01 -0.02 -0.03 -0.14 -0.04 -0.16 -0.02 -0.06 0.03 -0.17 -0.07 -0.07 -0.06 -0.07 -0.11

Hg 0.11 -0.17 -0.15 0.07 -0.03 0.23 0.08 0.00 0.00 -0.10 -0.12 -0.26 -0.06 -0.15 0.26 -0.52 0.85 0.16 0.40 -0.10 -0.07 -0.04 0.30 0.03 0.05 -0.06 -0.15 0.01 -0.07 0.04 -0.03 0.07 -0.12 -0.06 -0.06 0.22 -0.04 -0.12

Sb 0.08 -0.15 -0.14 0.01 -0.04 0.24 0.06 -0.04 -0.07 -0.09 -0.14 -0.23 -0.05 -0.12 0.25 -0.45 0.96 0.08 0.46 -0.09 -0.08 -0.05 0.25 -0.03 0.02 -0.12 -0.12 -0.06 -0.05 0.00 -0.06 0.04 -0.12 -0.08 -0.08 0.19 -0.06 -0.06

Se 0.24 -0.24 -0.05 -0.09 -0.17 0.62 -0.09 -0.20 0.46 -0.13 0.14 -0.10 -0.05 0.01 -0.23 -0.46 -0.07 -0.07 0.69 -0.10 -0.04 -0.18 -0.10 0.20 0.26 0.20 -0.11 0.11 -0.01 0.23 -0.04 0.33 -0.09 -0.02 -0.03 -0.09 0.03 0.25

Te 0.08 -0.30 -0.03 0.03 -0.09 0.50 -0.21 -0.10 0.48 -0.13 -0.02 -0.09 -0.11 -0.27 -0.18 -0.30 0.00 -0.04 0.45 -0.08 -0.07 -0.10 -0.09 0.05 0.04 0.12 -0.31 0.00 -0.28 0.03 -0.06 0.12 -0.25 -0.07 -0.07 -0.19 -0.07 -0.02

LOI -0.15 -0.37 -0.12 0.67 0.18 -0.04 -0.23 0.50 -0.04 -0.11 -0.27 -0.69 -0.17 -0.31 0.99 -0.27 0.36 0.92 0.09 -0.19 -0.15 0.17 -0.05 -0.14 -0.14 -0.22 -0.36 -0.18 -0.30 -0.13 -0.14 -0.15 -0.30 -0.16 -0.16 -0.16 -0.19 -0.34

Total -0.04 0.26 0.15 -0.30 0.16 -0.45 -0.14 -0.06 -0.31 0.18 0.00 0.49 0.01 0.17 -0.24 0.79 -0.40 -0.40 -0.49 0.09 0.13 0.17 -0.24 -0.07 -0.13 0.07 0.17 0.01 0.18 -0.11 0.11 -0.19 0.26 0.12 0.13 -0.26 0.09 0.14

Ag 0.46 -0.28 -0.11 -0.02 -0.15 0.15 -0.11 -0.12 0.00 -0.09 0.05 0.06 -0.07 -0.09 -0.07 -0.26 0.24 -0.03 0.31 -0.10 -0.07 -0.16 -0.04 -0.06 -0.01 -0.06 -0.23 -0.08 -0.05 -0.02 -0.06 0.01 -0.07 -0.07 -0.07 -0.06 -0.08 0.10

Cd #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Co -0.19 0.16 -0.19 -0.07 0.67 0.22 -0.07 0.39 0.18 -0.16 -0.10 -0.27 -0.13 0.26 -0.06 -0.16 0.13 -0.15 0.12 -0.19 -0.08 0.66 0.05 0.31 0.29 0.12 0.24 0.20 0.12 0.31 -0.07 0.28 0.22 -0.04 -0.06 0.01 0.07 -0.07

Cu 0.26 -0.25 -0.14 -0.14 -0.23 0.37 -0.26 -0.24 0.27 -0.16 0.06 0.10 -0.16 0.00 -0.27 -0.32 -0.09 -0.13 0.48 -0.19 -0.11 -0.23 -0.12 0.05 0.06 0.01 -0.19 -0.01 -0.09 0.06 -0.11 0.11 -0.09 -0.09 -0.10 -0.23 -0.06 -0.05

Mo 0.06 -0.27 -0.10 -0.07 -0.05 0.42 -0.17 -0.06 0.31 -0.10 0.17 -0.05 -0.06 -0.20 -0.12 -0.19 -0.10 -0.02 0.37 -0.16 -0.01 -0.06 -0.09 0.08 0.05 0.29 -0.26 0.06 -0.18 0.07 -0.02 0.09 -0.15 0.00 -0.01 -0.16 0.02 0.11

Ni -0.16 -0.25 -0.19 -0.01 0.91 0.09 -0.19 0.79 0.08 -0.12 -0.24 -0.33 -0.12 -0.21 0.21 -0.12 0.16 0.09 0.02 -0.18 -0.13 0.91 -0.06 -0.11 -0.15 -0.14 -0.21 -0.11 -0.25 -0.13 -0.11 -0.15 -0.15 -0.14 -0.13 -0.13 -0.15 -0.31

Pb 0.04 0.00 0.05 0.14 -0.08 0.31 0.15 0.01 0.08 0.21 0.13 -0.40 0.22 -0.10 0.23 -0.58 0.74 0.19 0.44 0.09 0.21 -0.09 0.41 0.07 0.08 0.08 0.02 0.17 0.10 0.07 0.25 0.09 0.03 0.22 0.22 0.28 0.20 -0.08

Zn -0.08 0.04 -0.18 0.03 0.40 0.46 -0.23 0.15 0.65 -0.02 0.14 -0.22 0.00 0.06 -0.18 0.02 -0.13 -0.15 0.03 -0.19 0.05 0.39 0.00 0.36 0.31 0.28 0.09 0.28 0.03 0.33 0.05 0.32 0.19 0.08 0.06 -0.16 0.16 -0.04

Sr Ta Tb Th Tl Tm U V W Y Yb Zr As Bi Hg Sb Se Te LOI Total Ag Cd Co Cu Mo Ni Pb Zn

Au

Al2O3

BaO

CaO

Cr2O3

Fe2O3

K2O

MgO

MnO

Na2O

P2O5

SiO2

SrO

TiO2

LOI

Total

As

C

S

Ba

Ce

Cr

Cs

Dy

Er

Eu

Ga

Gd

Hf

Ho

La

Lu

Nb

Nd

Pr

Rb

Sm

Sn

Sr 1.00

Ta 0.28 1.00

Tb 0.21 0.69 1.00

Th 0.74 0.44 0.37 1.00

Tl -0.04 0.18 -0.03 -0.06 1.00

Tm -0.10 0.60 0.90 0.03 0.00 1.00

U 0.57 0.46 0.33 0.77 -0.13 0.05 1.00

V -0.06 0.52 0.64 0.01 0.21 0.75 0.00 1.00

W -0.11 0.20 0.66 -0.03 -0.03 0.61 0.02 0.33 1.00

Y -0.04 0.55 0.93 0.09 -0.04 0.98 0.10 0.68 0.69 1.00

Yb -0.10 0.61 0.88 0.01 0.00 0.99 0.04 0.75 0.58 0.96 1.00

Zr 0.50 0.81 0.78 0.63 0.05 0.61 0.54 0.64 0.27 0.59 0.60 1.00

As -0.08 0.05 -0.07 -0.15 0.29 0.01 -0.19 -0.03 -0.04 0.02 0.02 -0.11 1.00

Bi -0.08 -0.10 -0.03 -0.07 0.03 0.02 -0.12 -0.05 -0.05 0.03 -0.01 -0.15 0.19 1.00

Hg -0.04 0.18 0.03 -0.08 0.56 0.07 -0.05 -0.07 0.14 0.06 0.05 -0.03 0.55 0.15 1.00

Sb -0.04 0.24 -0.03 -0.09 0.61 0.03 -0.07 -0.04 -0.02 0.01 0.02 -0.03 0.64 0.16 0.89 1.00

Se -0.16 0.10 0.16 -0.09 -0.15 0.28 -0.13 -0.01 0.09 0.22 0.30 -0.01 0.13 0.16 -0.03 0.00 1.00

Te -0.16 -0.15 0.02 -0.11 -0.14 0.08 -0.15 -0.22 0.06 0.08 0.08 -0.26 0.08 0.79 0.01 -0.01 0.56 1.00

LOI -0.01 -0.18 -0.17 -0.13 0.07 -0.14 -0.20 -0.27 -0.06 -0.06 -0.15 -0.27 0.37 -0.02 0.29 0.29 -0.17 -0.15 1.00

Total 0.07 0.12 -0.04 0.18 -0.31 -0.16 0.25 0.00 -0.01 -0.17 -0.16 0.17 -0.50 -0.10 -0.44 -0.39 -0.35 -0.20 -0.24 1.00

Ag -0.06 0.09 -0.06 -0.09 0.10 -0.02 0.11 -0.18 -0.01 -0.06 0.00 0.02 0.15 0.00 0.45 0.28 0.20 0.07 -0.03 -0.13 1.00

Cd #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 1.00

Co -0.11 0.26 0.28 -0.11 0.17 0.29 0.12 0.28 0.41 0.29 0.28 0.11 0.08 0.06 0.27 0.27 0.03 -0.03 -0.04 -0.06 -0.07 #DIV/0! 1.00

Cu -0.21 0.08 0.03 -0.12 -0.19 0.09 -0.16 -0.06 0.06 0.05 0.10 -0.07 0.02 0.09 -0.03 -0.05 0.52 0.35 -0.23 -0.15 0.25 #DIV/0! 0.00 1.00

Mo -0.12 0.03 0.08 -0.06 -0.17 0.09 -0.08 -0.19 0.04 0.07 0.08 -0.16 -0.15 0.08 -0.09 -0.11 0.42 0.39 -0.09 -0.12 0.06 #DIV/0! -0.04 0.28 1.00

Ni -0.05 -0.15 -0.11 -0.12 0.07 -0.15 -0.03 -0.24 0.14 -0.12 -0.16 -0.24 0.05 -0.02 0.23 0.18 -0.14 -0.08 0.22 -0.02 -0.07 #DIV/0! 0.72 -0.18 -0.03 1.00

Pb 0.24 0.30 0.13 0.20 0.48 0.09 0.09 -0.01 0.02 0.09 0.07 0.14 0.50 0.16 0.87 0.80 0.02 0.02 0.26 -0.50 0.27 #DIV/0! 0.28 0.03 -0.10 0.17 1.00

Zn -0.03 0.07 0.33 0.01 -0.13 0.32 0.25 0.14 0.45 0.35 0.31 0.04 -0.21 0.01 -0.02 -0.06 0.07 0.15 -0.19 -0.01 -0.08 #DIV/0! 0.52 0.03 0.14 0.34 0.01 1.00

D2. Correlation Matrix 
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     Appendix E: SEM data 

 

 SEM analysis was done on 18 slides to aid with mineral identification.  Most of the 

minerals identified were fairly common (with chlorite, actinolite, carbonates etc.) with more 

unusual minerals found in some of the samples. Included are some of the spectrums and images 

for important minerals identified with the SEM. 
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Appendix F: XRD Analyses Data 

XRD analyses were conducted on twenty-eight samples in order to determine the 

primary mineral phase present in the various alteration and mineralization styles of the 

deposit. The samples that were analyzed are summarized in Table C1 and the results have 

been summarized in table F1 and the spectrums can be found in F2. 
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F1. Summary of XRD Results 

Tag 

Number 
Sample Number Lithology 

Minerals 

Quartz Cordierite Phlogopite Biotite Clinochlorite Muscovite Albite Anorthite 

474760 BC19W34-1248.1m Mafic Volcanics                

474762 BC19W34-1262.1m Mafic Volcanics            

474768 BC17W17-829.8m Mottled Rhyolite Dyke             

474773 BC17W17-942.32m Collofor Carbonate                

474785 BC30W24-1410, Diorite          

474792 BC29W52-603m Point Rock               

476007 BC33W31-1516.8m Mafic Volcanics              

476015 BC33W31-1568.6m Mafic Volcanics             

476016 BC33W31-1577.8m Mafic Volcanics                

476025 BC19W34-889m Diorite              

476030 BC19W34-1013.8m Ultramafic              

476040 BC19W34-1141.2m Sulphide Replacement Zone              

476042 BC19W34-1156.6m Carbonate/Sulphide Replacement Zone                

476078 BC29W15-1121m Ultramafic                 

476088 BC29W15-1244.7m Shear Zone               

476111 BC19W13-1290.2m Carbonate=               

476133 BC33W5-1682.6m Mafic Volcanics            

476135 BC33W5-1703.1m Mafic Volcanics               

476181 BC11W2-1481.6m Mafic Volcanics          

476194 BC11W2-1590.2m Mafic Volcanics               

476200 BC17W3-833.1m Mottled Rhyolite Dyke            

530401 BC19W6-1683.3m Banded Iron Formation              

530413 BC17W16-839.9m Mafic Volcanics               

530417 BC17W16-851m Quartz Feldspar Porrphyry           

530433 BC17W16-900.85m Mafic Volcanics            

530449 BC17W16-1030.1 Mafic Volcanics           

530453 BC17W6-1055.8m Mafic Volcanics          

530482 BC10W15-1107.3m Mafic Volcanics               
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XRD Results 

Tag 

Number 
 

Actinolite Magnesiohornblende Magnesiocummingtonite Staurolite Pyrope Anatase Rutile Titanite Forsterite Antigorite Talc Ankerite 

474760 
            

474762 
           



474768 
          


 

474773 
          


 

474785 
  


         

474792 
      


     

476007 
           

476015 
           



476016 
            

476025 
           



476030 
            

476040 
            

476042 
            

476078 
        

  
 

476088 
        

   
 

476111 
 

 
         

476133    
         

476135 
    

 
      

476181    
         

476194 
   


  

      
476200 

            
530401 

            
530413 

      
 

    
530417         

    
530433 

            
530449         

    
530453         

    
530482 
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XRD Results 

Tag 

Number 

  

Calcite 

Mg-

Calcite Dolomite Ilmenite Pyrrhotite Chalcopyrite Arsenopyrite Gold 

474760                 

474762               

474768               

474773               

474785                 

474792                 

476007                 

476015                 

476016               

476025                 

476030                

476040                

476042               

476078                 

476088                 

476111                

476133                 

476135               

476181                 

476194             

476200                 

530401                 

530413                 

530417                 

530433                 

530449              

530453                 

530482                 

 

Table F1. Summary of the XRD Data 

 



 

 

323 

F2. XRD Spectrums  
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Appendix G: Microprobe Data 

 Microprobe analysis was used to access the variation in chemistry of the actinolite (data 

and images within the thesis) and the biotite grains within the alteration.  The quantitative data for 

the actinolite (G1) and the sample point locations of the biotite analysis (G2) are found below. 
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G1. Microprobe Data for the Actinolite Grains Analyzed 

BC33W31-1577.8m: quartz flooding with late actinolite brecciation 

Point 1 2 3 4 5 6 7 

  Actinolite Ferro-hornblende Tremolite Actinolite Actinolite Actinolite Actinolite 

SiO2(wt%) 52.671 47.19 56.505 53.673 54.913 53.586 54.061 

Al2O3 3.946 6.597 0.716 2.303 2.014 2.809 2.385 

MgO 15.807 8.689 21.57 16.498 16.81 16.503 16.506 

Na2O 0.169 0.336 0.042 0.069 0.099 0.133 0.108 

F 0.035 0.066 0.055 0.141 0.194 0 0 

TiO2 0.082 0.275 0.017 0.049 0.036 0.061 0.051 

Cl 0.053 0.702 0.042 0.032 0.038 0.047 0.034 

CaO 0.004 0.118 0.003 0.001 0 0.006 0 

K2O 12.316 11.805 13.125 12.488 12.648 12.574 12.481 

FeO 10.644 20.279 3.948 10.757 10.832 10.575 10.541 

MnO 0.321 0.369 0.077 0.325 0.274 0.336 0.318 

Total 96.048 96.426 96.1 96.336 97.863 96.63 96.485 

Formula Based on 23 Oxygen 

Si 7.640 7.231 7.927 7.772 7.822 7.723 7.790 

Al 0.675 1.191 0.118 0.393 0.338 0.477 0.405 

Mg 3.418 1.985 4.511 3.562 3.570 3.545 3.546 

Na 0.048 0.100 0.012 0.019 0.027 0.037 0.030 

F 0.016 0.032 0.025 0.064 0.087 0.000 0.000 

Ti 0.009 0.032 0.002 0.005 0.004 0.007 0.005 

K 0.010 0.137 0.007 0.006 0.007 0.008 0.006 

Cl 0.001 0.030 0.001 0.000 0.000 0.002 0.000 

Ca 1.914 1.938 1.973 1.938 1.930 1.942 1.927 

Fe 1.291 2.599 0.463 1.303 1.290 1.275 1.270 

Mn 0.039 0.048 0.009 0.040 0.033 0.041 0.039 

  

Table G1. Microprobe data for the actinolite-tremolite veinlets. 
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G2.  Locations of the Biotite Analysis
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