
INTRODUCTION 

Globally, Carlin-type deposits represent a major source 
of gold and one of the principal exploration targets due 
to their potential to form districts with large gold con-
tent. The vast majority of known Carlin-type gold 
deposits are located in Nevada, where they are defined 
by their common tectono-sedimentary setting, geo-
chemical/mineralogical signature, and timing (Table 1; 
Cline et al., 2005; Muntean, 2018a). In Nevada, the 
huge gold endowment (~255 Moz: Muntean, 2018a) 
within Carlin-type deposits resulted from (1) geologi-
cal processes spanning hundreds of millions of years 
that led to an ideal crustal architecture at regional- to 
drill-target scales (ground preparation); and (2) a rela-
tively short-lived geodynamic event that modified the 
thermal state and tectonic regime of the lithosphere, 
which resulted in a change from shortening to exten-
sion and renewed magmatism. Studies of the few 
Carlin-type occurrences found outside the Great Basin 
of the southwest United States are limited (Muntean, 
2018b and references therein), and it remains unclear if 
the geological processes/geodynamic events docu-
mented in Nevada are absolute prerequisites to gener-
ate Carlin-type deposits. This is important for mineral 
exploration because it impacts whether geological and 
exploration models developed in Nevada can be 

applied elsewhere. In this study, we tackle this knowl-
edge gap by reviewing geological parameters that may 
have been critical in forming Carlin-type gold mineral-
ization in central Yukon at the lithospheric to prospect 
scales (100s of kms to 100s of ms). A companion study 
(Pinet et al., 2020) documents the critical ore-forming 
processes at the drill-target scale and below (≤100 m).  

REGIONAL SETTING 

Geological Framework 

In Yukon and Northwest Territories, the foreland belt 
forms the easternmost geological domain of the 
Cordilleran orogen. The foreland belt consists of sedi-
mentary rocks deposited on the Laurentian (North 
American) continental margin, which is tectonically 
juxtaposed to the west against a variety of allochtho-
nous lithotectonic assemblages. Each of these lithotec-
tonic terranes was accreted to ancestral North America 
during the Mesozoic (Nelson et al., 2013). 

Northeast of the Tintina fault, a major strike-slip 
fault with 430 km of Eocene and a further 60 km of 
Late Cretaceous right lateral displacement (Gabrielse 
et al., 2006), the foreland belt exhibits an arcuate 
geometry with salients and recesses characterized by 
different tectonic styles (Fig. 1). In the Mackenzie 
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Mountains (Fig. 1a), shortening (~50 km) was accom-
modated by east- and west-verging folds and thrusts 
that trend parallel to the north-trending deformation 
front (Gordey, 1981). This contrasts with the deforma-
tion style of the northern boundary of the most pro-
nounced salient, where major faults trend west-north-
west (Fig. 1b). Among these faults, the 250 km long 
Dawson fault was a first-order structure during the 
Mesozoic building of the Cordillera (Abbott, 1997). 
However, evidence suggests that the fault is a deep-
seated structure originating from older tectonic events. 

The present-day location of the Dawson fault 1.
roughly coincides with the northern boundary of 
the Selwyn Basin (Fig. 1b), a domain with 
Neoproterozoic to Permian sedimentary rocks 
mainly deposited in basinal settings and character-
ized by deeper water sediments than the surround-
ing platform domains. Paleogeographic reconstruc-
tions (Cecile, 1982) indicate that the Ogilvie 
Platform-Selwyn Basin transition was relatively 
stable from the Cambrian to the Silurian and 
located close to the inferred Neoproterozoic plat-
form-basin boundary (Abbott, 1997). 

Mass-transport deposits most likely associated 2.
with syndepositional tectonism are ubiquitous in 
the Neoproterozoic to mid-Paleozoic sedimentary 
successions that are present near the Ogilvie 
Platform-Selwyn Basin transition, reinforcing the 
idea of a long-lived structurally controlled, south-
facing (present coordinates) slope. 

Kilometre-scale ultramafic bodies, possibly linked 3.
with the transform fault transition from the upper 
plate to the lower plate segments along the conti-
nental margin, are present along the Dawson fault 
system (Colpron, 2012). 

Several occurrences of Cambrian, Silurian, and 4.
Devonian Paleozoic igneous rocks, including 
basalt, rhyolite and gabbro, are documented in  
the northern part of the Selwyn Basin. These are  
particularly notable in the vicinity of the Dawson 
fault (Yukon Geological Survey, 2019).  
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Figure 1. a) Simplified geological map of the northern Cordillera in Canada and Alaska. Parautochthonous rocks include basi-
nal (darker blue) and platformal (lighter blue) strata. Abbreviations: DR = Dawson Range, MM = Mackenzie Mountains, OP = 
Olgilvie Platform, SB = Selwyn Basin. b) Geological map of the foreland belt in northern Yukon and Northwest Territories. Note 
the changes in strike of the major faults. Abbreviation: TT = Tombstone Thrust. 

   

Tectono-sedimentary setting
Host rock characterized by significant carbonate content

Location in the lower plate of a pre-ore regional thrust

Association with extensional faults and pre-ore 
   contractional structures
Depth of formation <3 km

Geochemical/mineralogical signature
Pathfinder elements Tl, As, Hg, Sb

Low Ag and base metal content 

Alteration characterized by decarbonatization, 
   silicification, and argillitization
‘Invisible’ gold in arsenian pyrite either as rims on pre-
   ore pyrite or as sub-micrometre particles
Minor open-space filling minerization

210 ± 30°C low-salinity main ore-stage fluids

Timing
Narrow age range between 42 and 34 Ma

Table 1. Selected geological characteristics of Carlin-type 
deposits in Nevada. 
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Due to the lack of post-Permian rocks, the age and 
kinematics of Cordilleran deformation events that 
affected the Ogilvie Platform-Selwyn Basin boundary 
remain poorly constrained. In the western segment of 
the platform-basin boundary, ductile fabrics associated 
with the Tombstone thrust (Fig. 1b) are post-Jurassic, 
but pre-95 Ma, as they are intruded by Late Cretaceous 
plutons (Murphy, 1997). Brittle faults and open folds 
are superimposed on ductile fabrics, but their timing is 
poorly constrained. North of the Selwyn Basin, 
Cenozoic to Quaternary deformation is documented 
along the Yukon fault and the Richardson fault array 
(Fig. 1a; Jeletzky, 1961; Mazotti and Hyndman, 2002). 

Most of the Mesozoic intrusive rocks in the northern 
Selwyn Basin belong to three early Late Cretaceous 
(98‒89 Ma) magmatic suites (i.e. Mayo, Tungsten, and 
Tomstone suites, with dominantly metaluminous, pera-
luminous, and alkali characteristics, respectively; Hart 
et al., 2004a,b; Rasmussen, 2013) and to the volumet-
rically less important latest Cretaceous to earliest 
Paleocene (67‒63 Ma) McQuesten suite (Fig. 2; 
Murphy, 1997; Rasmussen, 2013; Colpron et al., 2016).  

Geophysical Framework 

In northern Yukon and Northwest Territories, the resid-
ual total magnetic field is dominated by the high-
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amplitude, long-wavelength Mackenzie River mag-
netic anomaly (Fig. 3a) interpreted to be associated 
with Early Proterozoic magmatic arc crust at depth 
(Pilkington and Saltus, 2009). In Yukon, the southern 
boundary of the anomaly strikes west-northwest and is 
coincident with the western segment of the Dawson 
fault (Fig. 3). Regional seismic tomography models 
that map seismic velocity anomalies (dv/v; Fig. 4) is 
another tool to study the lithospheric architecture of the 
area. The low resolution of the regional tomographic 
image prevents the mapping of individual structures 
(such as the Dawson fault). However, the tomographic 
cross-section generated for this study and presented on 
Figure 4 clearly shows the juxtaposition of lithospheric 
domains with seismic waves propagating slightly faster 
(to the north) or slower (to the south) than average 
ambient mantle or crust, which correlate with density, 
temperature, and/or compositional variations (Kennett 
et al., 1995). This tomographic section substantiates the 
interpretation in which the northern boundary of the 
Selwyn Basin is a major structural break at the lithos-
pheric scale. 

Gravity stations in northern Yukon are typically 
located between 10 and 15 km apart, which prevents a 
detailed analysis of subtle gravity features. However, 
the western segment of the Dawson fault is marked by 
gravity gradients >1 mGal/km and is clearly defined by 
the linear distribution of maxima of the horizontal 
gravity gradient (white arrows on Fig. 3b). Similar to 
that of the magnetic data (Fig. 3a), the gravity signature 
of the eastern segment of the fault is more subtle, in 
agreement with geological evidence indicating that the 
fault splits into several branches to the east (see below).  

Regional Metallogeny 

In northern Yukon, the styles and ages of mineraliza-
tion range from Proterozoic syngenetic deposits to 
Cenozoic epigenetic deposits (Nelson et al., 2013).  

North of the Selwyn Basin-Ogilvie Platform bound-
ary, mineralization is Precambrian and includes the fol-
lowing: 1) the Paleoproterozoic Cu-Au-U-Co-enriched 
Wernecke breccia (Thorkelson et al., 2001); 2) the 
Mesoproterozoic Hart River massive sulphide deposit; 
and 3) the Neoproterozoic Crest Fe deposit hosted by 
the glaciogenic strata of the Rapitan Group (Yeo, 
1986). 

In the northern Selwyn Basin, disparate mineraliza-
tion styles broadly coincide with specific time periods 
(Fig. 2). Paleozoic mineralization consists largely of 
Zn-Pb±Ag sedimentary-exhalative-type occurrences 
that formed in mid-Cambrian (Anvil district: Pigage, 
2004), early Silurian (Howards Pass district: 
Goodfellow and Jonasson, 1986) and Late Devonian 
(Macmillan Pass: Magnall et al., 2014). Although of 
lesser significance, Late Devonian–Mississippian poly-

metallic, volcanogenic massive sulphide deposits also 
occur in Selwyn Basin and Mississippi Valley-type Zn-
Pb occurrences in the Mackenzie Platform to the east 
are thought to be mainly mid-Paleozoic (Nelson et al., 
2002).  

Mesozoic mineralization in the northern Selwyn 
Basin region defines the eastern part of the Tintina gold 
province (Hart et al., 2004a,b), a regional belt of min-
eralization spatially and temporally associated with the 
early Late Cretaceous Tungsten (98–95 Ma), Mayo 
(98–93 Ma) and Tombstone (93–89 Ma) magmatic 
suites (Fig. 2). It includes the reduced intrusion-related 
Au deposits at Dublin Gulch, Clear Creek, Scheelite 
Dome, and Brewery Creek (Maloof et al., 2001; Marsh 
et al., 2003; Hart et al., 2004a,b; Lindsay, 2006; Mair et 

55°N 75°N
DAWSON FAULT

UU-P07

Seismic velocity anomaly dv/v in %
-1.0 1.00.0

410 km

1000 km

Figure 4. A tomographic image across the northern 
Cordillera, which has been generated for this contribution 
from the UU-P07 model (Amaru, 2007). 
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al., 2011). Farther to the east, close to the boundary 
with Northwest Territories, the Mactung world-class W 
skarn deposit is also early Late Cretaceous. Quartzite-
hosted polymetallic Ag-Pb-Zn veins of the Keno Hill 
district (Cathro, 2006) are classically associated with 
the Tombstone plutonic suite (e.g. Sinclair et al., 1980), 
but unpublished 40Ar/39Ar dating of mica suggests a 
possible Late Cretaceous age (Cragg, pers. comm., 
2019), possibly related to nearby small intrusions of 
the McQuesten plutonic suite (ca. 67–63 Ma: Murphy, 
1997; Colpron et al., 2016).  

The youngest metallogenic event is upper Late 
Cretaceous to Eocene (?). East of the Tintina fault, it is 
documented only in the Rackla belt, a 5–15 km wide 
fold-and-fault belt bounded to the north by the 
Kathleen Lakes fault and to the south by the Dawson 
fault. The Rackla belt includes the Rau trend to the 
west and the Nadaleen trend to the east (Fig. 5a). The 
Rau trend consists of the Tiger deposit and a series of 
sediment-hosted occurrences that are still at an early 
stage of exploration. Sulphide replacement of Silurian 
carbonate rocks at the Tiger deposit (Thiessen et al., 
2016) is linked to an intrusion that yielded Ar-Ar  
muscovite cooling ages between 62.3 and 59.1 Ma 
(Kingston et al., 2010). The Nadaleen trend consists of 
a series of Carlin-type gold mineralized zones (Arehart 
et al., 2013; Tucker et al., 2018) that are the focus of 
this study as well as auriferous quartz veins and sedi-
ment-hosted occurrences.  

In the Nadaleen trend, U-Pb zircon dating from a 
locally gold-mineralized dyke indicates that the age of 
mineralization is <74 Ma (Tucker, 2015; Tucker et al., 
2018). During the present study, late ore-stage calcite 
has been dated by U-Pb laser ablation inductively-cou-
pled plasma mass spectrometry (LA-ICP-MS). 
Preliminary results reported in Davis et al. (2019) show 
variable degrees of complexity. Samples from the 
Conrad zone (n = 3) yield a relatively simple age dis-
tribution, including Tera-Wasserburg intercept ages 
between 72 and 75 Ma. Samples from the Osiris/ 
Sunrise zone (n = 2) are significantly more complex 
and yield scattered U-Pb ages that may reflect several 
hydrothermal events, including one at ca. 73 Ma and 
one or several younger events. The relationship 
between these hydrothermal pulses and gold-mineral-
ization is still under investigation. 

DISTRICT-SCALE SETTING:  
THE EASTERN RACKLA BELT 

Despite its remote location, our understanding of the 
geological setting of the eastern Rackla belt has been 
recently improved through active exploration in the 
area (e.g. Ristorcelli et al., 2018), a multiyear mapping 
project conducted by the Yukon Geological Survey 
(Fig. 5; Colpron et al., 2013; Moynihan, 2016) and the-

matic research (e.g. Arehart et al., 2013; Beaton, 2015; 
Tucker, 2015; Palmer and Kuiper, 2016 Pinet et al., 
2018; Steiner et al., 2018; Tucker et al., 2018; Pinet and 
Sack, 2019).  

Stratigraphic Framework 

The eastern Rackla belt comprises a lithologically 
diverse Neoproterozoic to Permian sedimentary succes-
sion (Fig. 6). The Neoproterozoic part of the succession 
belongs to the upper parts of the Windermere 
Supergroup (Moynihan et al., 2019). The oldest rocks 
in the eastern Rackla belt are latest Cryogenian and 
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consist of predominantly fine to coarse clastic strata 
with some silty to sandy limestone of the Twitya and 
Ice Brook formations (both belonging to the Hay Creek 
Group). The recently defined Rackla Group (Moynihan 
et al., 2019) conformably overlies the Ice Brook 
Formation and includes (1) fine-grained clastic rocks 
(Sheepbed Formation); (2) a heterogeneous mixed sili-
ciclastic and carbonate succession (Nadaleen 
Formation); (3) distinctive, cliff-forming limestone and 
dolostone (Gametrail Formation) characterized by a 
large negative carbon isotope excursion that is corre-
lated with the 579–551 Ma Shuram anomaly 
(Macdonald et al., 2013, 2017); (4) fine-grained silici-
clastic rock (with some carbonate intervals) and sand-
stone (Blueflower Formation); and (5) cliff-forming 
limestone (Algae Formation). The Neoproterozoic-
Cambrian contact is marked by an irregular erosional 
surface at the contact with overlying varicoloured mud-
stone and siltstone (Cambrian Narchilla Formation). A 
few kilometres southeast of the map area shown in 
Figure 5b, Cambrian-Ordovician rocks correspond to 
boulder conglomerate, mudstone, and siltstone of the 
Gull Lake Formation and mafic volcaniclastic and frag-
mental volcanic rocks of the Old Cabin Formation 
(Moynihan, 2013). In the Anubis area (Fig. 5b), 
Paleozoic rocks form a 2–7 km wide syncline with 
mainly fine-grained siliciclastic (black shale and silt-
stone) intervals alternating with three carbonate units. 
Within the syncline, fossil assemblages range from 
Middle Ordovician to Early Permian (Moynihan, 
2016). 

The entire Neoproterozoic succession was deposited 
below wave base in slope-to-basin settings, with the 
possible exception of some flat-pebble conglomerate 
layers in the Gametrail Formation that may indicate an 
outer ramp or shelf setting (Moynihan et al., 2019). 
Evidence of soft sediment deformation is present in 
almost all Neoproterozoic formations and in some 
Paleozoic units and include slump intervals with dis-
continuous folds and/or basal shears and flame struc-
tures. 

Tectonic Framework 

The Rackla belt is bounded by the Dawson fault to the 
south and the Kathleen Lakes fault to the north. Both 
faults split into several branches in the eastern Rackla 
belt. Some splays trend west-northwest, slightly 
oblique to the more east-west regional trend 
(Moynihan, 2016; Fig. 5b). As a result, displacements 
along individual faults tend to decrease toward the east 
and differences in the magnetic signature on both sides 
of faults are less apparent. 

South of the Dawson fault, folds are generally tight 
and trend west-northwest- with a clear asymmetry to 
the north. In the Anubis area (Fig. 7a), the Dawson 
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fault is a moderately south-dipping structure that juxta-
poses a >3 km succession of Neoproterozoic to Lower 
Cambrian rocks in its hanging wall upon Paleozoic 
strata in its footwall (Fig. 5, 7a).  

North of the Dawson fault, fault dip direction and 
fold asymmetry vary. Fold interference is documented 
from regional (Moynihan, 2016) to outcrop scale 
(Steiner et al., 2018; this study). Regional west-north-
west-trending folds predominate, some exhibiting an 
en échelon geometry relative to the Kathleen Lakes 
fault (Fig. 7a). Folds plunge either to the west-north-
west or east-southeast and have a steeply dipping axial 
planar cleavage locally developed in fine-grained sili-
ciclastic intervals. Faults trending obliquely to the east-
west regional faults are common in the eastern Rackla 
belt (Fig. 7a). Northwest-striking faults are well devel-
oped throughout the area and generally exhibit a right-
lateral component of displacement documented by the 
apparent offset of east-west-trending structures 
(including the Dawson fault) and magnetic markers on 
the high-resolution survey flown for ATAC Resources. 
A notable exception is the Osiris fault, which, despite 
trending east to east-northeast, is characterized by an 
apparent right-lateral sense of motion. It is likely that 
some of this apparent displacement reflects fault reac-
tivation (see below). Some northeast-striking faults are 
also documented and exhibit a left-lateral component 
of displacement (Fig. 7a). Both northwest- and north-
east-trending faults are compatible with a regime of 
left-lateral transpression (Fig. 7b). This regime is in 
agreement with the predominance of contractional 
structures and with the 10 km (northwest of Conrad) to 
2.5 km (northeast of Conrad) left-lateral offset of 
steeply dipping contacts along the Kathleen Lakes fault 
(Fig. 7c,d; Moynihan, 2016). North of the Stewart 
River, regional mapping by Moynihan (2016) indicates 
that northeast-trending folds are also present in a 
restricted zone that includes the Osiris cluster. These 
anomalously trending folds are inconsistent with a 
model of left-lateral transpression and suggest that they 
formed in a distinct tectonic episode. 

The structural complexity and polyphase structural 
history of the eastern Rackla belt are well exemplified 
by the scattering of bedding data on an equal-area 
lower-hemisphere stereodiagram (Fig. 7c), with a pre-
dominance of moderate to relatively steep dips (aver-
age 55°). Fault plane data collected during the course 
of this study are consistent with such structural com-
plexity. Fault planes are generally steeply dipping and 
exhibit highly variable slickenline rakes attesting, in 
most cases, to mixed dip-slip (thrust or normal) and 
strike-slip (left- or right-lateral) components (Fig. 7d). 
In several cases, several generations (up to 3) of slick-
enlines are present on a single fault plane, demonstrat-
ing the polyphase structural history of the area. The rel-

ative timing of slickenlines is documented in a few 
cases only, preventing a detailed paleostress analysis.  

LITHOSTRATIGRAPHY AND GEOMETRY 
OF THE NEOPROTEROZOIC-HOSTED 

GOLD MINERALIZED ZONES 

The Nadaleen trend comprises several gold zones that 
are hosted in Neoproterozoic (Osiris cluster) and 
Paleozoic (Anubis cluster) rocks. This study focuses on 
the Conrad, Sunrise, and Osiris zones; the Ibis zone, 
also part of the Osiris cluster but located in the Osiris 
fault hanging wall (Fig. 8), has not been studied in 
detail. 

Conrad Zone 

The Neoproterozoic-hosted Conrad gold mineralized 
zone (Fig. 8) is the most intensively drilled (43,433 m 
in 108 holes) with inferred resources estimated at 9.7 
Mt at 4.15 g/t (1.29 Moz Au: Ristorcelli et al., 2018). 
The Conrad area is poorly exposed. However, detailed 
mapping (Fig. 8) and drill data indicate that the main 
host unit (Conrad limestone, part of the Nadaleen 
Formation) forms the core of a doubly plunging anti-
cline. The anticline is in fault-contact to the north and 
stratigraphic contact to the south with non-calcareous 
siliciclastic rocks with little evidence of paleofluid 
flow (veins), suggesting that siliciclastic rocks have 
low porosity and permeability. Mineralized intervals 
are documented for 800 m along strike and to a mini-
mum vertical interval of 500 m (Ristorcelli et al., 
2018). 

The oldest sedimentary unit is found in the hanging 
wall of the Nadaleen fault, structurally overlying the 
Conrad mineralized zone (Fig. 8). It corresponds to 
varicoloured, thinly laminated mudstone and siltstone 
with quartz pebble conglomerate intervals. Evidence 
for soft-sediment deformation is common and pyrite 
(including locally cm-scale nodules) is disseminated 
throughout the unit. This unit, informally known as the 
NONAD mudstone, is regionally correlated with the 
Ice Brook Formation (Fig. 6; Moynihan et al., 2019). 

In the footwall of the Nadaleen fault, the limestone 
unit is a medium grey lime mudstone/wackestone (Fig. 
9a) with some intraclastic packstone (and minor grey to 
black siltstone). Limestone beds vary from a few mil-
limetres to 20 cm (with a few beds >1 m) in thickness, 
and exhibit planar contacts. Cone-in-cone (Fig. 9b) and 
beef calcite are common and probably formed as 
hydraulic fractures through the degassing of biogenic 
methane during shallow burial (Meng et al., 2017), 
suggesting that the sediments were originally rich in 
organic matter. Calcium content of nonmineralized 
samples averages 28.9 wt% (i.e. approximately 72% 
calcite if all Ca is in calcite). At the surface, fabric-
retentive dolomite is locally present with very irregular 
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dolomitization fronts. Analysis of the ATAC Resources 
geochemical database shows that >97% of Conrad 
limestone samples from the drilled area have less than 
3 wt% Mg (<14% dolomite if all Mg is in dolomite), 
suggesting dolomitization was spatially restricted. 
Toward the top of the limestone unit, close to the con-
tact with stratigraphically overlying siliciclastic rocks, 
the succession is more diverse. The upper part of the 
limestone unit is more finely laminated and includes 
light grey to black lime mudstone (Fig. 9e), intraclastic 
packstone, floatstone, and calcareous siltstone. 
Floatstone intervals (Fig. 9d) correspond to matrix-
supported sedimentary breccia with angular fragments 
of lime mudstone, which are interpreted as debris flow 
deposits formed on a carbonate slope. The limestone 
unit is stratigraphically overlain by a siliciclastic unit 
locally known as the Conrad siliciclastics. It corre-
sponds to grey-green siltstone and mudstone with some 

poorly sorted matrix-supported polymictic conglomer-
ate with quartz pebbles (Fig. 9c) and a few weakly cal-
careous, centimetre-thick sandstone layers. Conglom-
eratic intervals up to 20 m thick are in gradational con-
tacts with finer siliciclastic rocks and commonly 
exhibit synsedimentary deformation features. Pyrite 
(locally >2 vol.%) is disseminated throughout the unit. 
Both the Conrad limestone and the stratigraphically 
overlying Conrad siliciclastic rocks in the footwall of 
the fault are correlated with the Nadaleen Formation 
(Moynihan et al., 2019). 

West of the Conrad mineralized zone, Neoproterozoic 
sedimentary units are cut by the Middle Ordovician 
Osiris gabbro that forms a 400 by 250 m intrusive body 
(Fig. 8; Tucker, 2015). Two 0.25–4 m thick dykes, also 
with gabbroic composition, are intersected in drill 
cores, in the footwall of the Nadaleen fault. These 
dykes, known as the Conrad dykes, are gabbroic and 
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composed of plagioclase, clinopyroxene, and second-
ary carbonate and pyrite. Tucker (2015) pooled five 
LA-ICP-MS U-Pb zircon analyses from two samples to 
calculate an emplacement age for the dykes of 74.1 ± 
1.0 Ma. Dykes are commonly mineralized (Au >1 g/t) 
and contain realgar and fluorite. The inferred emplace-
ment age of the dykes provides a maximum age limit 
for mineralization (Tucker et al. 2018; see discussion in 
Pinet et al., 2020).  

The Nadaleen fault is the main structural feature in 
the Conrad area. It is an east-striking, steeply north-
dipping (65º) fault with a damage zone that ranges 
from a few metres thick to up to several tens of metres 
between the north-northwest-trending 350 and 650 
faults (Fig. 8). The Nadaleen fault zone records a 
polyphase structural history and is characterized by 
brittle to ductile fabrics (Fig. 10a) with kinematic indi-

cators showing both strike-slip (predominantly left-lat-
eral) and dip-slip (predominantly thrust) components. 
Most of the deformation predates mineralization, but in 
a few cases late- to post-mineralization displacement is 
documented by the offset of calcite veins with realgar 
and by minor fault planes with striated realgar coating. 
The Nadaleen fault is cut by a series of north-north-
west-trending faults with apparent right-lateral dis-
placement. Fault intersection zones show increased 
fracture density and mineralized intervals, but the tim-
ing of fracture permeability enhancement remains 
poorly constrained and both pre- and synmineralization 
fractures are possibly present (Pinet et al., 2020).  

Though the limestone host unit is poorly exposed, 
there is evidence for complex folds and faults. In some 
cases, outcrop- to core-scale folds are a result of soft-
sediment deformation (Fig. 9c). However, the radial 
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pattern of calcite veins in the hinge zones (Fig. 10b) 

clearly indicates a tectonic origin for at least some of 

the folds. 

The deformation style at the Conrad zone varies with 

rock competency. In the more massive and competent 

intervals, multiple generations of calcite (± dolomite/ 

quartz) veins locally represent up to 25 vol.% of the 

rock (Fig. 10e). Based on crosscutting relationships, up 

to four vein generations can be defined in hand samples 

(Fig. 10c), the latest generation is commonly character-

ized by coarse rhombohedral calcite crystals associated 

with realgar. Stylolites are locally well developed in 

thick-bedded limestone horizons (Fig. 9a). Early, bed-

ding-parallel stylolites are the most common, but late 

stylolites crosscutting bedding are also present. In 

more thinly bedded and less competent intervals, shear-

ing on bedding planes and bed-restricted joints pre-

dominate (Fig. 10f). Joint spacing varies from bed to 

bed and two well organized perpendicular joint sets are 

documented in outcrop (Fig. 10d).  

Sunrise and Osiris Zones 

The Sunrise and Osiris gold zones are located approxi-

mately 1.2 km west-southwest of the Conrad zone, on 

the east- and north-striking flanks of a complexly 

shaped anticline, respectively (Fig. 8; Steiner et al., 
2018). The Sunrise and Osiris zones are in the footwall 
of the Osiris fault (Fig. 8). The Osiris fault is a steeply 
dipping (75º) fault with mixed right-lateral and 
reverse-sense of motion (see Pinet and Sack, 2019 for 
additional details). 

Stratigraphic units in the Sunrise area (Fig. 8) have 
been described in Pinet and Sack (2019) and only a 
brief summary is given here. The oldest unit is lime-
stone-dominated (alternating lime-mudstone and intra-
clastic packstone) and is locally known as the upper 
Conrad limestone. The upper Conrad limestone also 
includes a few weakly calcareous mudstone intervals 
and polymictic matrix-supported conglomerate with 
subrounded clasts. A finely (mm to a few cms) lami-
nated varicoloured (brown, grey, green, purple) non-
calcareous mudstone and siltstone unit (Fig. 9j; Osiris 
mudstone) stratigraphically overlies the upper Conrad 
limestone. This mudstone unit contains up to 3 vol.% 
of fine-grained pyrite and exhibits textures typical of 
soft-sediment deformation (Fig. 9k). Both the non-min-
eralized upper Conrad limestone and Osiris mudstone 
are part of the Nadaleen Formation (Moynihan et al., 
2019). The unit that hosts the mineralization at Sunrise 
and Osiris corresponds to a 130 m thick limestone 
interval, locally known as the Osiris limestone, and has 
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been correlated with the Gametrail Formation of the 
Windermere Supergroup (Aitken, 1989; Moynihan et 
al., 2019). This unit is a medium grey lime-mudstone 
with bed thickness varying between 1 and 80 mm 
(average 8 mm). Some intervals show only a weak 
reaction to dilute (10 vol.%) HCl, indicating partial, 
fabric-retentive dolomitization.  

The Osiris limestone also includes intraclastic rud-
stone and floatstone intervals interpreted as mass trans-
port complexes resulting from different processes 
(short-distance translational sliding on a moderate 
slope and debris flows, respectively; Pinet and Sack, 
2019). The rudstone intervals correspond to decimetre- 
to metre-thick clast-supported conglomerate with elon-
gated lime-mudstone fragments showing stylolitic and 
indented contacts (flat-pebble conglomerate; Fig. 9h; 
Myrow et al., 2004). The floatstone intervals consist of 
poorly sorted polymictic, matrix-supported sedimen-
tary breccia with variable matrix content and angular 
lime-mudstone clasts with variable colours and lamina-
tions (Fig. 9i). In the Osiris area (Fig. 8), a coarse-
grained fabric-destructive dolostone with irregular 
dolomite veins (Fig. 9g; Beaton, 2015) overlies the 
Osiris limestone. In the Osiris limestone, multiple gen-
erations of calcite veins are documented, but they make 
up a smaller volume of the rock than in the Conrad 
limestone (Pinet and Sack, 2019). 

DISCUSSION 

At the regional scale, the Nadaleen trend exhibits two 
characteristics that have been identified as critical 
parameters for the formation of Carlin-type deposits in 
Nevada (Cline et al., 2005; Muntean, 2018a): 1) prox-
imity to a long-lived, deep-seated tectonic feature 
(Dawson fault); and 2) a host sedimentary succession 
that includes carbonate and carbonaceous sedimentary 
rocks deposited in slope and base-of-slope settings. 
However, the spatial and temporal relationship of 
Carlin-type mineralized zones with magmatism 
(Muntean et al., 2011) remains equivocal in central 
Yukon because Late Cretaceous to Cenozoic igneous 
rocks is restricted to volumetrically minor stocks and 
dykes. A composite, positive magnetic anomaly with 
values up to 200 nT above the regional magnetic field 
is located 20 km west-northwest of the Conrad zone 
(M1 on Fig. 3) and may represent a large buried intru-
sion. Euler decomposition of the anomaly gives an esti-
mate of 1.7 km for the depth of the uppermost part of 
the magnetic source and thus possibly the top of the 
intrusion. This interpretation is, however, not unique 
and the magnetic anomaly could also be associated 
with buried high magnetic susceptibility 
Paleoproterozoic to Mesoproterozoic sedimentary 
rocks. On high-resolution data flown for ATAC 
Resources, the residual total magnetic field also 

includes a low-amplitude (<50 nT) oval-shaped mag-
netic low centred 3.5 km southwest of the Sunrise 
zone. This anomaly could hypothetically be associated 
with a reduced (ilmenite series) intrusion.  

In central Yukon, the sedimentary succession is 
complexly faulted and folded with several phases of 
deformation, but the ages of deformation are poorly 
constrained. Despite uncertainty about the timing and 
detailed kinematics of deformation phases, a regional-
scale Late Cretaceous extensional event comparable to 
the Eocene-Miocene basin-and-range extension of the 
southwestern United States is not evident in the 
regional geology of east-central Yukon (Nelson et al., 
2013). Importantly, synmineralization extension, if 
any, must have been kinematically linked with signifi-
cant strike-slip motion along faults and not to a 
regional-scale episode of extension, for which no evi-
dence has been found. 

At the mineralized-zone scale, the dip (commonly 
>50º) of units hosting mineralization is significantly 
steeper than in most deposits of Nevada where shal-
lowly dipping (<30º) favourable strata channelled min-
eralizing fluid out of high-angle faults contributing to 
the formation of tree-like mineralized envelopes (Rhys 
et al., 2015; Muntean, 2018a). Considering the remain-
ing uncertainties about the exact timing of deformation 
and local evidence for late- to post-mineralization 
faults in the Osiris cluster area (fault planes with stri-
ated realgar, minor faults cutting calcite-realgar veins, 
and possibly brittle faults surrounding mineralized 
intervals in the Nadaleen fault zone), it is possible that 
folds may have been tightened after gold deposition 
and that the present-day geometry is not the same as 
during mineralization. However, the shape of gold-
bearing mineralized bodies at Conrad strongly suggests 
that without the tight anticline geometry (Fig. 11) and 
the caprock integrity of siliciclastic intervals strati-
graphically or structurally above limestone units host-
ing mineralization (Conrad siliciclastic units and 
NONAD mudstone), fluids would have escaped and 
may not have formed significant gold accumulations. 
In the Sunrise and Osiris zones, caprock units vary 
(Fig. 12) and correspond to the Osiris fault zone 
(including a 10 m thick Osiris mudstone interval) in the 
Sunrise area and to the Osiris dolostone in the Osiris 
area. In this latter case, irregular dolomite veins formed 
during sedimentary burial, with no evidence of 
younger hydrothermal fluid circulation, confirming 
that the dolostone, even if intensively veined, acted as 
an impermeable unit.  

IMPLICATIONS FOR EXPLORATION 

Maximum burial conditions recorded along the north-
ern boundary of the Selwyn Basin decrease from 
greenschist facies in the west (Abbott, 1997) to the 
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anchizone in the eastern Rackla belt. In this latter area, 

Rock-Eval pyrolysis analyses done during this study 

(not shown) indicate that the kerogen present in 

organic-rich sedimentary rocks has lost almost all gen-

erative hydrocarbon potential (dry gas zone). The tim-

ing of differential exhumation is poorly constrained. 

However, if exhumation is syn- to post-mineralization, 

it may have resulted in the erosion of shallowly formed 

deposits, such as Carlin-type, in the western part of the 

Ogilvie platform-Selwyn Basin transition zone and 

their preservation in the eastern part. 

The strike-slip component of motion along many of 

the structures that mark the northern boundary of the 

Selwyn Basin indicates that the detailed geometry in 

the map view of the main faults merits further consid-

eration. In particular, areas characterized by a change 

in strike (bend) and/or step over (relay zones) may cor-

respond to favourable zones of fluid flow and/or traps 

as they have the significant vertical connectivity neces-

sary for tapping relatively deep fluid (and metal) reser-

voirs. Horsetail-style structures (i.e. fault that split into 

several branches) and fault intersections should also be 

considered as highly favourable zones due to the typi-

cal increase of second-order faults in these areas. 

Recognition of such zones may, however, be challeng-

ing, as the expression of intersecting small-displace-

ment faults may be subtle on regional maps or regional 

magnetic surveys. The Conrad zone, where north-

northwest-trending faults cut the Nadaleen fault is an 

example of such a highly favourable setting with 

enhanced permeability (increased density of pre- 

and/or synmineralization fractures and possibly local-
ized zones of extension; Fig. 11; Pinet et al., 2020).  

Several northeast-striking faults are present 
throughout the Nadaleen trend. Analysis of high-reso-
lution aeromagnetic data suggests that most of these 
faults exhibit an apparent left-lateral sense of motion 
and offset more west-trending structures (Fig. 7). 
Interestingly, the spatial association between northeast-
trending faults and latest Cretaceous mineralization 
(porphyry Mo and Cu systems, Ag-rich polymetallic 
veins, carbonate replacement, and skarn bodies) has 
been documented west of the Tintina fault, >350 km 
from the Nadaleen trend, where they exhibit left-lateral 
oblique extensional motion (Allan et al., 2013). East of 
the Tintina fault, mineralization of the Keno Hill dis-
trict is also associated with northeast-trending faults 
with gently plunging slickenlines (D3 of Craggs et al., 
2010). Detailed structural analysis and better timing 
constraints should make it possible to test the potential 
relationship between motion on northeast-trending 
faults and a distinct, possibly short-duration, geody-
namic event. 

In the eastern Rackla belt, most of the first-order 
structures formed and/or have been reactivated in a 
regional left-lateral transpressional regime (Fig. 7b). 
However, the Nadaleen trend is characterized by 
‘anomalous’ geological features that are not compatible 
with such a tectonic regime. These features include 
northeast-trending folds, the Osiris fault that exhibits 
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an apparent right-lateral component of motion, and the 

west- to northwest-trending Conrad dykes. It is 

presently unclear if northeast-trending folds, the 

motion of the Osiris fault, and intrusion of the Conrad 

dykes are contemporaneous. However, these structures 

are kinematically compatible with a west-southwest 

maximum principal compressive stress and there is a 

possibility that they represent a single ‘late’ structural 

event, hypothetically synchronous with mineralization. 

These late-stage structures, which post-date the main 

deformation event, may be significant for Carlin-type 

mineralization exploration in Yukon.  
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