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aBStraCt

We present a new dataset from the Eagle exploration project, completed in 2009 on the lesser 
explored southeast slopes of Galena Hill in the Keno Hill silver camp. The Keno Hill silver camp is 
hosted in Neoproterozoic and Paleozoic sedimentary rocks of the Selwyn Basin that were 
subsequently intruded by the Cretaceous Tombstone Plutonic Suite. Although a genetic association 
is documented between the Tombstone plutons and Au-As mineralization regionally, the genesis and 
age of the Keno Ag-Pb-Zn mineralization remains poorly understood. 

Mineralization studied from the Eagle project area, while modally dominated by indium-rich 
sphalerite, was introduced in at least three distinct phases. A low-amplitude aeromagnetic high 
occurs at the southeast end of Galena Hill and is suggestive of a buried intrusion. Two new U-Pb age 
dates of ca. 93 Ma have been determined for aplite dykes, indicating the presence of Tombstone 
Suite intrusions within the Eagle property.
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introduCtion
The Eagle Silver project of Mega Precious Metals Inc. 
(MPI; previously Mega Silver Corp.), is located on the 
southeast slope of Galena Hill in the Keno Hill silver camp, 
north-central Yukon (Figs. 1, 2). Total claim disposition 
comprises the Fisher, Eagle, Spiderman, Blue and One 
properties (Fig. 2). Exploration efforts by MPI during the 
past two years have focused on identifying economic 
extensions of both the Eagle and Fisher polymetallic 
vein-faults. 

The mines of the Keno Hill silver camp, which included up 
to 35 different sites, produced a total 6 656 t 
(214 million ounces) of silver, 80% of which was extracted 
from veins located on the north slopes of Galena Hill 
(Cathro, 2006). Up to 45% of the total silver production 

was from the Hector-Calumet Mine alone, located on 
Galena Hill. The primary ore milled was galena-
tetrahedrite-sphalerite-rich and averaged 1374 g/t 
(41.0 oz/ton) silver. 

Although a genetic association between the mid-
Cretaceous plutons of the Tombstone Suite and Au-As 
and W mineralization in the region (e.g., Scheelite Dome 
and Dublin Gulch) is well documented, the genesis and 
age of the Keno Ag-Pb-Zn mineralization remains poorly 
constrained. Lynch (1989) considered the Roop Lakes 
pluton, a member of the Tombstone Suite, to be the heat 
source linked to the concentration of the Keno Hill 
Ag-Pb-Zn mineralization, but not the source of the metals. 
Duncan Creek and its tributaries, parts of which drain the 
Eagle Silver project area (Fig. 2), have also produced a 
reported total of 15.5 million grams (49 416 oz) of Au 

Eagle
Project

Selwyn Basin

Selwyn Basin

Figure 1. Terrane map of Yukon 

illustrating the location of Mega 

Precious Metals Inc.’s Eagle project 

within the Keno Silver District, 

Selywn Basin (courtesy of 

M. Colpron).
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Figure 2. (a) Geological map of Keno Hill camp illustrating the distribution of Ag-Pb-Zn properties and historic mines. The 

location of Mega Precious Metals Inc.’s claim disposition is outlined in red. Claim blocks labeled 1 – 5 represent Fisher, 

Eagle, Spiderman, Blue and One properties respectively. (b) Total magnetic intensity map acquired for Mega Precious 

claims superimposed on Keno Hill camp geological map.
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from 1898 to 2006 (LeBarge, 2007), indicating important 
bedrock reserves of Au exist within the Keno Hill silver 
camp.

In 2009, the Eagle Silver project was the focus of 4022 m 
of NTW diamond drilling targeting the Eagle Vein, a 
strong, steep southeast-dipping, vein-fault hosted within 
interbedded quartzite and phyllitic schist of the locally 
defined Keno Hill Quartzite. Vein intercepts of Ag-Pb-Zn-
rich mineralization at Eagle and Fisher provide key 
petrographic observations that assist in the understanding 
of ore mineral paragenesis in this region of the Keno Hill 
silver camp. Mineralization observed in drill core from the 
Eagle Vein, although modally dominated by sphalerite, 
show at least three phases of mineralization including: (i) 
an early Au-enriched pyrite-marcasite-sphalerite ± 
cassiterite ± arsenopyrite phase associated with quartz-
siderite gangue; (ii) an intermediate Ag-enriched galena ± 

chalcopyrite-pyrite ± stannite phase with overprinting 
late-stage siderite to cubic pyrite veining; and (iii) a 
late-stage, moderately Au-enriched pyrite ± arsenopyrite ± 
pyrrohotite ± cassiterite phase of mineralization that 
clearly overprints pre-existing Ag-Pb-Zn mineralization. 
Analytical results also indicate that the Eagle Vein includes 
potentially economic concentrations of indium with 
weighted average intercepts from hole D09-EE-07 
containing over 3.1 m (from 217.8 to 220.9 m) of 3.55 g/t 
Au, 787.7 g/t Ag, 4.46% Pb, 18.68% Zn and 168.52 g/t In. 

An aeromagnetic survey flown over the property provides 
additional information relevant to the question of its 
genesis. An elongate, low-amplitude aeromagnetic high 
occurs at lower elevations on the southeast end of Galena 
Hill and is unique within the Keno Hill silver camp (Figs. 2, 
3). The geometrical expression of the anomaly is 
suggestive of a buried pluton, the margins of which 
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Figure 3. Total magnetic field intensity map of Mega Precious Metals Inc.’s claim block, showing the locations of the Eagle, 

Fisher and Spiderman claims on edges of low-amplitude magnetic high. U-Pb geochronology sample locations marked.
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coincide with two proximal fault zones which separate 
the Eagle Vein from the prolific silver veins on the north 
slopes of Galena Hill (i.e., Hector and Calumet). The age 
of this inferred intrusion is unknown; however, two new 
U-Pb dates on peripheral aplite dykes with similar texture 
and chemistry sampled from (i) within the Fisher fault 
zone, adjacent to the magnetic high, and (ii) to the south 
along Duncan Creek, are ca. 93 Ma, affirming the 
presence of Tombstone-age magmatism in the area. 

rEGional GEoloGY
The bedrock geology of the Keno Hill and surrounding 
Mayo area has been reported by Bostock (1947), Boyle 
(1956, 1957, 1965), McTaggart (1960), Kindle (1962), 
Watson (1986), Murphy (1997) and Roots (1997). The 
mineralogy and paragenesis of the Keno Hill silver base-
metal veins have been discussed most extensively by 
Boyle (1956, 1957, 1965). Contributions have also been 
made by Franzen (1979), Lynch (1989; 2003), and Watson 
(1986). U-Pb geochronological data for intrusions in the 
area are reported in Roots (1997) and Murphy (1997). 
Sinclair et al. (1980), provided a K-Ar date for the 
mineralization from sericite of 90 Ma.

The Keno Hill camp is located within the Selwyn Basin of 
the northern Canadian Cordillera (Fig. 1). An informal 
tripartite stratigraphic subdivision has been applied to the 
highly deformed rocks of the camp during its protracted 
history; more recent work has shown that the succession 
is imbricated as well as highly deformed (Murphy, 1997; 
Roots, 1997; Fig. 2). The stratigraphically and structurally 
lowest informal unit of the camp is the ‘lower schist’ 
which is the local expression of the Devonian to 
Mississippian Earn Group (Fig. 2). In this area, the Earn 
Group comprises greenish-white, siliceous, chloritic- 
phyllitic schist (felsic metavolcanic), carbonaceous phyllite 
and minor quartzite horizons (Murphy, 1997). The Earn 
Group/‘lower schist’ is overlain by the Keno Hill Quartzite 
of Mississippian age (Mortensen and Thompson, 1990), a 
massive, clean, grey quartzite intercalated with lesser 
carbonaceous schist/phyllite. The structurally highest unit, 
the ‘upper schist’, is a composite unit disrupted by a 
cryptic regional thrust fault. The lower part of the ‘upper 
schist’ that directly overlies the Keno Hill Quartzite, 
comprises carbonaceous schist/phyllite, thin quartzite, 
and rare chloritic and quartz-sericite phyllite/schist of 
felsic metavolcanic protolith; all of the above is 
intercalated with dolomitic carbonate (Murphy, 1997; 
Roots, 1997; hereafter, the ‘metavolcanic member’). The 

upper part of the ‘upper schist’ comprises quartz-mica 
schist, impure quartzite, muscovite-chlorite phyllite, grit, 
minor limestone and rare graphitic schist (Boyle, 1965; PY; 
Fig. 2); these rocks have now been correlated with the 
Yusezyu Formation of the Late Proterozoic to Cambrian 
Hyland Group. Tempelman-Kluit (1970) and Thompson 
(1995) recognized the older-over-younger relationship and 
placed the Robert Service thrust between the two parts 
of the ‘upper schist’. The Earn Group, Keno Hill Quartzite 
and the lower part of the ‘upper schist’ were intruded by 
a number of Triassic (Mortensen and Thompson, 1990) 
gabbro sills that are historically referred to as greenstones; 
these typically exhibit a discontinuous, lenticular shape 
due to post-intrusion deformation (Murphy, 1997; Roots, 
1997). 

All lithological units in the Keno Hill area are isoclinally 
folded at a variety of scales, are significantly internally 
thrust imbricated, and have undergone greenschist-facies 
metamorphism (McTaggart, 1960; Roots, 1997). These 
structures are part of the Tombstone strain zone of 
Murphy (1997), the hanging-wall shear zone above the 
Tombstone thrust which places the deformed and 
metamorphosed Keno Hill succession to the northwest 
above less highly deformed strata, which is as young as 
Upper Jurassic. The Robert Service thrust is deformed 
within the Tombstone strain zone, attesting to its older 
age, and all structures are folded by the southwest-
plunging McQuesten antiform (Murphy, 1997; Roots, 
1997; Mair et al., 2006).

All stratigraphic units of the region have been intruded by 
a post-deformation suite of granodiorite to quartz 
monzonite related to the Early to Late Cretaceous-age 
Tombstone Plutonic Suite. Medium-grained granodiorite 
of the Roop Lakes stock is located 20 km to the east and 
has a U-Pb titanite age of 92.8 ± 0.5 Ma (Roots, 1997). 
Intrusions of the ca. 63 – 69 Ma McQuesten Suite are 
also recognized in the region, where their emplacement 
locally exploited the existing structural weakness in the 
axis of the McQuesten antiform (Murphy, 1997).

The Elsa-Keno mining camp has been a major worldwide 
producer of silver from a series of sulphide-rich veins or 
vein-faults forming in dilational zones along east-
northeast-striking, southeast-dipping, sinistral-oblique 
normal faults. Productive veins occur dominantly within 
the Keno Hill Quartzite, and to a lesser extent, in the 
underlying ‘lower schist’, although the host structures do 
extend up across the Robert Service thrust and into the 
structurally overlying Yusezyu Formation. Principal ore 
minerals include galena, sphalerite and tetrahedrite with 
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siderite and/or quartz as gangue material (Boyle, 1965). 
Cross-oriented vein faults, roughly perpendicular to the 
dominant structures, offset the mineralized structures 
(Boyle, 1965). 

propErtY GEoloGY
The southern slope of Galena Hill in the Eagle project 
area is underlain by the west-northwest-striking, moderate 
south-southwest-dipping structural succession of 
isoclinally folded/imbricated and unaltered to strongly 
altered Keno Hill Quartzite, the ‘metavolcanic member’ 
and Yusezyu Formation. The Keno Hill Quartzite is 
exposed only in the most northeastern part of the project 
area (Fig. 4). The surface traces of the contacts with the 
Yesuzyu Formation trend west-northwesterly across the 
gentle upper slopes of Galena Hill to the north. 

The Keno Hill Quartzite is generally siliceous and has a 
variable thickness of 1-20 m. The unit is tan to pale grey, 
massive to laminated quartzite and medium to dark grey 
graphitic quartzite with centimetre to metre-scale, 
schistose graphitic partings, seams and interbeds. The 
Yusezyu Formation is a variable package of 1 to 
10 m-thick horizons of grey schistose graphitic quartzite, 
dark grey graphitic schist, phyllitic schist and minor brown 
biotite schist, and pale grey marble. Green to pale green 
chlorite ± sericite ± talc schist of the ‘metavolcanic 
member’ occurs interspersed throughout all rock types 
within the zone between Keno Hill Quartzite and 
Yusezyu Formation. 

Metagabbro lenses are intercalated with the Keno Hill 
Quartzite and the ‘upper schist’ contact zone where they 
vary from 0.5 m to 30 m in thickness and occur as 
competent green, variably foliated, sill-like bodies. They 
are calcareous, host trace amounts of chalcopyrite and 
commonly exhibit feldspar porphyry textures; the 
composition of these sill-like bodies are best described as 
foliated amphibolite (Boyle, 1965; Le Couteur, 2009). 
Greenstone units observed in the project area vary from 
weakly to intensely foliated and are characterized by 
pervasive chloritization, sausseritization and silicification.

Fine-grained, unfoliated grey-white, equigranular albite-
quartz-muscovite-bearing aplitic dykes or sills were 
mapped just off the property to the southeast on Duncan 
Creek and in drill core (D09-EF-05) along the trace of the 
Fisher Creek fault on the Fisher property (Figs. 3, 4). Both 
localities were sampled for U-Pb geochronology.

The Eagle Vein trends 057o/60o southeast and has been 
traced laterally in outcrop and drillholes for up to 900 m 
along a southwest trend from the east boundary of the 
project area, as well as down dip for over 500 m (Fig. 4). 

The McLeod-Fisher fault is a major structure that extends 
west-southwest from the Galkeno Mine, before arcing to 
the south into the Eagle project area along the trace of 
Fisher Creek (Fig. 4). Boyle (1957) shows that the McLeod 
fault, which is considered to post-date the Robert Service 
thrust, is a continuation of the McLeod Vein (azimuth 
025o/60o southeast) at the Galkeno Mine. The McLeod-
Fisher fault dips southeast to east-southeast and exhibits 
apparent left-lateral movement that structurally isolates 
the project area from the prolific silver-rich veins on the 
north slopes of Galena Hill. Additionally, the McLeod-
Fisher fault is coincident with linear topographic features 
and linear aeromagnetic features interpreted from 2008 
airborne total magnetics and magnetic tilt derivative 
survey plots completed by CMG Airborne (Figs. 3, 4). A 
second coincident topographic and geophysical 
lineament extends northwesterly from the headwaters of 
Duncan Creek, along the west tributary of Fisher Creek 
and over Galena Hill to align with the right-lateral Brefalt 
Creek cross-fault in the area of the Elsa Mine (Fig. 2). 
Right-lateral offsets in geology suggest that a similar 
north-trending, west-dipping structure extends north 
through the headwaters of Hinton Creek.

GEoCHEMiCal and GEopHYSiCal 
SurVEYS
Geochemical soil surveys completed in 2006 and 2008 
by Mega Precious repeated historic surveys and 
delineated Pb-Zn-Ag-As anomalies that parallel the Eagle 
Vein system and the McLeod-Fisher fault (Figs. 4, 5). A 
2008 geochemical soil survey on the Spiderman property 
defined a 450 m Ag-Pb-Zn anomaly extending east along 
strike from the Eagle Vein (Pb = 56 ppm and 4036 ppm). 
A second, east-trending, lower threshold (56 ppm to 
122 ppm Pb) soil anomaly was also identified down slope 
to the south. Drilling in 2009 confirmed the presence of 
the Eagle vein-fault extending to the northeast, and also 
suggested that the source of the second anomaly to the 
south is associated with weakly mineralized chloritic 
schist and/or gabbro sill at approximately 100 m depth in 
the hangingwall to the Eagle Vein.

A 610 line-km airborne magnetic survey was completed 
for the entire Eagle Silver project area during 2008 
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(Figs. 2b, 3, 5). Although resolution of the total field 
magnetic intensity anomaly is low (57707 to 57820 nT, 
TMI), the data indicate the presence of a west-southwest-
trending, low-amplitude, elongate anomaly located 
immediately south of the Eagle Vein that may represent a 
buried intrusion. An arcing magnetic low extending 
through the main body of the anomaly is roughly 
coincident with the northward trend of the McLeod-Fisher 

linear, suggestive of magnetic destruction along a fault 
system. Linear features identified from magnetic tilt 
derivative analysis of the data suggest a number of 
arcuate structures that could be related to the interpreted 
buried intrusion (Scriven, 2008; Fig. 5).
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MinEraliZation

GEnEral oBSErVationS and VEin 
MorpHoloGiES

The Eagle Vein represents the most significant mineral 
occurrence within the Eagle project area, with minor 
mineralization occurring within the Fisher fault zone. The 
Eagle occurrence is described by Boyle (1965) as being 
composed of two ladder vein-fault structures mineralized 
with siderite, quartz, massive pyrite, galena, sphalerite, 
arsenopyrite, freibergite, limonite and manganese oxides. 
Recent work confirms this, although no freibergite was 
observed, and the mineralogy is dominated by sphalerite 
-pyrite-marcasite. A variety of vein styles have been 
observed at Eagle (Fig. 6) and, apart from the sphalerite-
dominant mineralology, are generally consistent with 
classifications described by Watson (1986), including:

simple veins (D09-EE-07 and trench exposures) i. 
consisting of discontinuous bands and lenses of 
sulphides, with minor wall-rock brecciation present 
(Fig. 6a and b); 

breccia zones of matrix-supported (siderite-quartz- ii. 
sulphide), angular to rounded quartzite breccia 
(D09-EE-02; Fig. 6c); 

sheeted zones of large angular blocks of country rock iii. 
with gouge zones of siderite and massive sulphides 
(D09-EE-01 and -11); 

greenstone-hosted, narrow irregular veins of siderite iv. 
and sphalerite occurring between parallel vein-faults 
(D09-EE-02, Fig. 6d); 

zones of sheeted, narrow siderite stringer veins v. 
sub-parallel to the main vein structure, occurring 
within the vein-fault hangingwall (D09-EE-01, -09 and 
-11); and 

rare foliaform siderite-sphalerite-pyrite mineralization vi. 
occurring subparallel to parallel to the main foliation 
plane within the schistose host rocks (Fig. 6e).

orE MinEral paraGEnESiS

Boyle (1965) outlines three principal paragenetic stages of 
ore mineralization associated with the formation of the 
Keno Hill Ag-Pb-Zn veins, including: 

Stage 1: small quartz-carbonate stringers;

Stage 2: camp-wide quartz-pyrite-arsenopyrite-gold lenses 
developed in vein- faults; and

Stage 3: extensive series of vein-faults mineralized with 
siderite-pyrite-sphalerite-galena-freibergite lodes and 
minor quartz.

Macroscopic and petrographic observations (LeCoutour, 
2009) of important mineralized vein intercepts from the 
Eagle Vein are broadly consistent with Boyle’s (1965) 
sequence of silver and base-metal mineralization; 
however, mineralization occurring within the Eagle Vein is 
unique due to the ubiquitous breakdown of Stages 1 – 3 
mineralization and subsequent replacement by prismatic 
pyrite-arsenopyrite-pyrrhotite, which is locally enriched in 
Au. Three main stages of mineralization are recognized for 
the Eagle Vein ore, including:

(i) early Au-enriched pyrite-marcasite ± sphalerite ± 
cassiterite ± arsenopyrite phase associated with a 
quartz-siderite gangue (Fig. 7a; 339 g/t Au); 

(ii) intermediate Ag-enriched galena ± chalcopyrite-pyrite 
± stannite mineralization which crosscuts early-phase 
sphalerite-siderite-marcasite and subsequently is 
crosscut by late-stage secondary siderite to cubic 
pyrite veining (Figs. 6, 7a-c); and 

(iii) late-stage, moderately Au-enriched pyrite ± 
arsenopyrite ± pyrrhotite ± cassiterite phase of 
mineralization that clearly overprints pre-existing 
Ag-Pb-Zn mineralization (Fig. 8).

indiuM MinEraliZation

Iron-rich sphalerite in the Eagle Vein is highly enriched in 
indium where it is intergrown within the crystal lattice of 
coarse-grained sphalerite, combining with copper to 
replace zinc. High-grade zinc intercepts assayed 13.06% 
Zn and 182.80 g/t In over 10.9 m (e.g., D09-EE-07, 210.5 
to 221.4 m). No data are available from other veins in the 
region to suggest any zonation in indium levels of 
sphalerite; however, Boyle (1965) reports enrichment in 
indium in quartz-sericite schist in the camp. It is notable 
that the Eagle Vein occurs in the ‘metavolcanic member’ 
above the Keno Hill Quartzite where the sericite schists 
are particularly abundant.
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Skarn/rEplaCEMEnt MinEraliZation

Late-stage arsenopyrite-pyrite-gold skarn/replacement 
mineralization was encountered at depth within the Eagle 
Vein system (Fig. 9; D09-EE-01). The host lithology is a 
strongly deformed, brown sericite schist that is replaced 

by up to 45% coarse euhedral arsenopyrite and 
paramagnetic pyrite (Fig. 9b-d). The section assayed 
1.23 g/t gold and was of interest as it was a new style of 
mineralization not encountered elsewhere on the 
property. Importantly, immediately above the 
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Figure 9. (a) Schematic diagram illustrating mineralization at lower levels of D09-EE-01, 346.3 m to 352.5 m; (b) and 

(c) late post-deformational skarn/replacement-style mineralization overprinting highly foliated greenstone (1.2 g/t Au and 

3841 ppm As; 351-352.5 m, D09-EE-01). (d) Reflected-light photomicrograph of gold-bearing late pyrite-arsenopyrite 

overprinting greenstone; field of view (FOV) marked; photomicrograph from LeCoutour (2009); (e) and (f) base-metal 

vein immediately overlying skarn/replacement pyrite-arsenopyrite mineralized zone. Early-phase sphalerite overprinted by 

pyrite and arsenopyrite (0.99 g/t gold and 6684 ppm As; 346.3-349.9 m, D09-EE-01). Scale bars represent 1 cm. 
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replacement-style mineralized zone, more typical 
Ag-Pb-Zn mineralized veining occurred, which was 
characterized by early-phase sphalerite-siderite 
mineralization which is partially to completely replaced by 
pyrite-arsenopyrite (Fig. 9a, e and f). Assay results from 
this interval show elevations in Au and As, similar to the 
underlying replacement/skarn mineralized horizon, 
suggesting a genetic link between the Au-As 
mineralization in both horizons. The overprinting 
relationships are significant as they imply that the low-
grade Au-As replacement/skarn-like mineralization, which 
is more typical of Tombstone intrusion-related Au-forming 
events in the region (e.g., Gold Dome), overprints the 
Keno Hill Ag-Pb-Zn mineralizing event, which itself 
post-dates an early-stage strongly Au-enriched 
mineralizing episode.

GEoCHronoloGY
Two aplite dykes were located within the Eagle project 
area during surface mapping along Duncan Creek and 
drilling of the Fisher Vein. Both dykes were sampled for 
U-Pb dating to constrain the age of magmatism occurring 
within the Eagle Silver project area. Data collection using 
Laser Ablation Microprobe Inductively Coupled Plasma 
Mass Spectometry (LAM ICP-MS) techniques was 
completed in the Earth Sciences Department and the 
INCO Innovation Centre at Memorial University, St. Johns, 
Newfoundland. A detailed outline of the methodology is 
given in Bennett and Tubrett (this volume). Due to the 
prevalence of xenocrystic zircon within each of the dyke’s 
zircon populations, an inherited zircon study was also 
completed for each sample. Analytical techniques to 
characterize the zircon populations included standard 
optical microscopy and backscattered electron (BSE) 
imaging and cathodoluminescence (CL) image analysis in 
order to permit greater understanding of zircon zoning 
and growth history. Image analysis was completed on all 
zircon grains selected (n = 20 – 80 depending on yield). 
Field relationships and zircon zonation styles are briefly 
described for each sample before reporting the U-Pb 
isotopic results. Final interpreted crystallization ages are 
based on calculation of concordia ages from individual 
U-Pb isotopic analyses that have a probability of 
concordance greater than 0.20 (see Bennett and Tubrett, 
this volume for more information on data treatment). 
Weighted-mean 206Pb/238U ages are also reported to 
remain consistent with current U-Pb geochronology 
reporting trends. Uncertainties reported for all calculated 
ages and plotted on associated concordia and weighted 

mean diagrams are at the 2σ uncertainty level, unless 
stated otherwise. Final age calculations include U decay-
constant uncertainties which are plotted graphically on 
concordia plots. Concordia and weighted mean 
206Pb/238U ages were calculated as per Ludwig (1999). 
The concordia age that includes U decay-constant 
uncertainties is considered the best estimate of the 
crystallization age of a sample. Where a concordia age 
has a mean square of weighted deviates (MSWD) >1.5, 
the weighted mean 206Pb/238U age is considered the best 
estimate of the crystallization age. Magmatic rims were 
analysed using a 10 μm-diameter line raster. All inherited 
zircon analyses were completed using the standard 
40 x 40 μm box raster (see Bennett and Tubrett, this 
volume). Uranium and Th concentration data and Th/U 
ratios were also calculated for each sample and are 
reported in Appendices 1 – 4.

FiSHEr VEin aplitE (d09-EF-05)

During drill testing of the Fisher fault zone, an ~3 m 
(apparent width) aplitic dyke with brecciated upper and 
lower contacts was intersected from 36.0 m to 39.3 m 
depth in D09-EF-05 (Fig. 10a). The aplitic dyke has a 
fine-grained, saccharoidal texture and consists of subequal 
amounts of quartz and feldspar and approximately 20% 
- 25% biotite and muscovite. Weak to moderate chlorite-
epidote alteration is pervasive throughout the intrusive 
unit where intersected in D09-EF-05.

Approximately 55 zircon grains of poor to moderate 
quality were liberated from the aplitic dyke sampled from 
the Fisher fault zone (Fig. 10c). Inherited zircon, in the 
form of both visible cores and grains with widely varying 
optical features (e.g., grain shape, colour and inclusions), 
makes up the majority of zircons present in this sample. 
The grains selected for analysis were grossly subdivided 
into: (i) subrounded to rounded zircons varying from dark 
pink turbid grains to translucent, inclusion-free grains; and, 
(ii) elongate, sub-prismatic grains with thin, inclusion-free, 
translucent rims. One prismatic and translucent needle 
fragment was also identified and selected for analysis.

Backscattered electron (BSE) and cathodoluminescence 
(CL) image analyses were completed on all zircon grains 
sampled. Representative images are given in Figure 11. 
Image analysis supports the initial interpretation based on 
optical criteria that the greater majority of zircons 
represent an inherited population. No single uniform 
zonation style was recognized amongst the inherited 
grains suggesting multiple sources for the inherited zircon 
(Fig. 10b). Importantly, four zircon rims were 
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characterized by very bright BSE and CL responses, 
suggestive of high U and/or Hf concentrations (Fig. 11a). 
Where rim development was more significant, oscillatory 
zoning is observed (Fig. 11aiii). Similarity of BSE/CL 
responses of these rims and occurrences of rim oscillatory 
zoning (where better developed) suggests that new 
magmatic zircon growth associated with the aplitic 
magma was restricted to rim development on favourable 
inherited nuclei.

Four analyses were collected from the rims described 
above (Appendix 1). A concordia age calculated from 
these rim analyses yielded an age of 93.6 ± 1.4 Ma 
(MSWD = 2.7) and a weighted mean 206Pb/238U age of 
93.3 ± 1.4 Ma (MSWD = 0.78; Fig. 12a and b). 
Concentration data calculated from magmatic rim 
analyses ranges from 3243 ppm to 4874 ppm U and 
85 ppm to 131 ppm Th (Appendix 1) and demonstrates 
the U-rich nature of the magmatic rims. Twenty-two zircon 
cores were analysed to assess sources of inheritance 

aplite dyke

fault
breccia

fault 
breccia

Figure 10. (a) Core photo of brecciated upper 

and lower contacts of aplite dyke sampled from 

D09-EF-05 (within Fisher fault zone) for U-Pb age 

dating; (b) slab image of the aplite dyke. Scale 

bar represents 1 cm. (c) Transmitted-light images 

of zircon grains extracted from the aplite dyke. 

Scale bar represents 50 µm.
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within the aplite sample (Appendix 2). Several inherited 
populations are recognized in the sample, which range in 
age from ca. 405 Ma to 2805 Ma within important 
Mesoproterozoic (ca. 1000 Ma, 1255 Ma, 1380 Ma, 1410 
Ma and 1580 Ma), Paleoproterozoic (1720 Ma, 1750 Ma, 
1905 Ma, 1955 Ma and 2005 Ma) and Neoarchean 
populations (2555 Ma, 2660 Ma and 2805 Ma; Figs. 12c 
and 13a). Th/U ratios calculated for all analyses clearly 
illustrate the difference between magmatic and inherited 
zircon chemistry (Fig. 13b).

ai aii aiii

b

Figure 11. (a) BSE images of magmatic zircon extracted 

from aplite dyke sampled from D09-EF-05. Magmatic 

zircon occurs as overgrowths on xenocrystic cores (11ai 

and aii) or as fine-grained needles or needle tips (11aiii); 

(b) CL images of inherited zircon grains. All scale bars 

represent 50 µm. BSE = backscattered electron, 

CL = cathodoluminescence.
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dunCan CrEEk aplitE

A second aplitic dyke of similar texture and mineralogy to 
that observed in D09-EF-05 was mapped at surface on 
the northeast side of Duncan Creek where it intrudes 
graphitic schist and laminated quartzite of the ‘upper 
schist’ (482495E 7084445N; Figs. 3-5; Fig. 14a and b). 
The dyke is approximately east-trending and dips south, 
and is concordant to locally discordant to the prevailing 
foliation within the host ‘upper schist’.

The sample yielded abundant zircons of highly variable 
quality which appeared similar in appearance to zircon 
populations in the aplitic dyke sampled from the Fisher 
fault zone. A greater zircon yield allowed for improved 
optical subdivision of the zircon populations into three 
main populations including: (i) irregular grains with core 
and rim zircon growth; (ii) subrounded to sub-prismatic 
zircon varying from dark pink turbid grains to translucent, 
inclusion-free grains; and (iii) a minor population of 
translucent, prismatic needles (Figs. 14c - e). 

Backscattered electron and CL imaging of zircons 
selected from all three populations indicates that inherited 
zircon populations dominate (Fig. 15), as was the case for 
the aplite dyke sampled within the Fisher fault zone. 
Magmatic zircon occurs as bright BSE/CL rims, and more 
rarely as oscillatory zoned needles (Fig. 15a).

Eleven analyses were collected from rims and needles 
described above (Appendix 3). A concordia age calculated 
from magmatic zircon yielded an age of 93.6 ± 0.9 Ma 
(MSWD = 0.34) and a weighted mean 206Pb/238U age of 
93.5 ± 1.2 Ma (MSWD = 1.3; Fig. 16a,b). These ages are 
virtually identical to those determined for the aplitic dyke 
occurring within the Fisher fault zone. Concentration data 
calculated from magmatic zircon vary from 612 ppm to 
8502 ppm U and 54 ppm to 1248 ppm Th (Appendix 3). 
Forty-two zircon cores were analysed to assess sources of 
inheritance within the aplite sample (Fig. 16c; Appendix 4). 
Inherited populations range in age from ca. 265 Ma to 
2660 Ma. Four concordant points for the youngest 
inherited zircon population yield a concordia age of 266 ± 
3.8 Ma (MSWD = 0.65; Fig. 16d). Other inherited ages in 
the Duncan Creek aplite are similar to those determined for 
the Fisher fault aplite. Important inherited populations are 
Silurian (ca. 430 Ma), Mesoproterozoic (ca. 1010 Ma, 
1160 Ma and 1350 Ma), Paleoproterozoic (1630 Ma, 
1700 Ma, 1760 Ma, 1870 Ma and 1920 Ma) and 
Neoarchean (2640 Ma and 2660 Ma; Figs. 16c and 17a). 
Th/U ratios calculated for all analyses illustrate the 
difference between magmatic and inherited zircon 
chemistry (Fig. 17b).
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Duncan Creek aplitic dyke

Figure 14. (a) U-Pb sampling locality for Duncan Creek aplite; (b) slab image of 

Duncan Creek aplite sampled for U-Pb analysis; transmitted-light images of (c) 
overgrowth zircon population; (d) rounded and milled, light to dark pink zircon 

population; and (e) zircon needle population. Scale bars represent 50 µm.
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Figure 15. (a) BSE images of magmatic zircon from Duncan 

Creek aplite. Magmatic zircon occurs as overgrowths on 

xenocrystic cores (15ai-aiii) or as fine-grained needles 

(15aiv). (b) CL images of inherited zircon grains. All scale 

bars represent 50 µm. BSE = backscattered electron, 

CL = cathodoluminescence.
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ConCluSion
The integrated geological, geochemical, geophysical and 
geochronological datasets reported in this study for the 
Eagle Silver project highlight the presence of Tombstone-
age intrusions and related structures that are more 
proximal to the Keno Hill silver veins than the Roop Lakes 
stock. Early-phase Ag-Pb-Zn mineralizing events 
recognized in the Eagle and Fisher veins are consistent 
with the polymetallic mineralization occurring in the 
historic adjacent veins and have an early bonanza-grade 
Au-enriched pyrite-marcasite-sphalerite ± cassiterite ± 
arsenopyrite phase associated with a quartz-siderite 
gangue (such as occurs at the Homestake occurrence); 
this phase of mineralization is overprinted by the more 
common sphalerite-galena-siderite veining. Petrographic 
evidence points to a complex paragenetic sequence 
during this intermediate stage of mineralization and also 
to the presence of at least two phases of siderite, pyrite 
and sphalerite mineralization. The prevalence of sphalerite 
over galena within the Eagle Vein may also directly reflect 
the elevated indium concentrations occurring within the 
Eagle Vein. The Eagle Vein is unique with respect to the 
occurrence of ubiquitous late-stage pyrite-pyrrhotite-
arsenopyrite mineralization associated with low-grade 
gold concentrations, which occurs as replacement/
skarn-like mineralization of weakly calcareous ‘upper 
schist’ host lithologies, and which also overprints earlier 
stage Ag-Pb-Zn mineralized veins. This style and grade of 
mineralization is more typical of Tombstone-age Au-As-W 
mineralization occurring elsewhere in the region (e.g., 
Gold Dome, Dublin Gulch). The presence of ca. 93 Ma 
aplite dykes that occur at the periphery of an elongate, 
low-amplitude aeromagnetic high at the southeast end of 
Galena Hill is unique in the Keno Hill silver camp. The 
geometry of the anomaly is suggestive of a large buried 
intrusion that is bounded by several arcuate fault 
structures, including the McLeod-Fisher fault. 

Collectively, the coincidence of ca. 93 Ma Tombstone-age 
intrusive bodies, unique late-stage mineralization and 
overprinting, low-grade Au-As mineralization within 
Ag-Pb-Zn veins and vein-faults occurring at the margins of, 
or within the defined extents of, a large, low-amplitude 
total magnetic intensity anomaly, in addition to Au-As 
replacement/skarn-like mineralization occurring at depth 
within the Eagle Vein fault system, imply that Tombstone-
age intrusions postdate the prolific Keno Hill Ag-Pb-Zn 
mineralizing event, at least within the confines of the 
Eagle Silver project area. 
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