
INTRODUCTION 

Carlin-type gold systems are the results of a number of 
critical geological processes acting at lithospheric to 
mineral scales (Cline et al., 2005; Muntean, 2018). The 
regional- to prospect-scale setting of Carlin-type gold 
zones in central Yukon (Nadaleen trend, Fig. 1) has 
been reviewed by Pinet et al. (2020). These zones are 
located close to the northern boundary of the Selwyn 
Basin, a domain characterized by sedimentary rocks 
deposited in deeper water settings than surrounding 
domains. The northern boundary of the basin is con-
trolled by the Dawson fault, a long-lived deep-seated 
structure. In the Nadaleen trend, the sedimentary suc-
cession is Neoproterozoic to early Permian and 
includes fine- to coarse-grained clastic and carbonate 
rocks. The structural style of the Nadaleen trend is 
complex; strata generally dip steeper than in classical 
fold-and-thrust belts and faults include a significant 
component of strike-slip motion. Carlin-type mineral-
ized zones are mainly hosted in two Neoproterozoic 
limestone units (informally known as the Conrad and 

Osiris limestones, and formally referred to as the 
Nadaleen and Gametrail formations, respectively; 
Moynihan et al., 2019) and in variably calcareous 
Paleozoic siltstone. In Neoproterozoic-hosted zones, 
mineralized intervals are grossly concordant with bed-
ding in complexly shaped anticlines. This contribution 
complements Pinet et al. (2020) and focuses mainly on 
Neoproterozoic-hosted mineralized zones at the tens of 
metres to thin-section scale.  

MINERALIZATION 

History of Exploration 

The Nadaleen trend was discovered in 2010 by ATAC 
Resources Ltd. during a follow-up investigation of 
arsenic anomalies detected in a regional stream sedi-
ment sampling program conducted by the Geological 
Survey of Canada (Goodfellow and Lynch, 1978). 
Subsequent analysis of arsenic in soil was a highly suc-
cessful exploration tool with all known gold mineral-
ization occurrences being spatially associated with a 
multi-element soil anomaly.  
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Drill targeting of the realgar-rich mineralized zones, 
which are locally exposed at surface, started in 2010. 
To date, more than 90 kms of drilling have been com-
pleted in five main zones. In June 2018, the first gold 
resource estimate for the Neoproterozoic-hosted Osiris 
cluster (Conrad, Ibis, Osiris, and Sunrise zones) was 
published by ATAC Resources at 8 Mt at 4.1 g/t 
amenable to open pit mining and 4.3 Mt at 4.52 g/t 
amenable to underground mining, for a total of about 
1.7 Moz (52.3 metric t) (Ristorcelli et al., 2018). All 
gold-bearing zones have significant potential for addi-
tional resources, both along-strike and at depth. 

Common Characteristics of Mineralization 

Realgar and orpiment±fluorite are generally good 
visual guides for gold mineralization in Neoprotero-
zoic-hosted Carlin-type mineralized zones. In some 
cases, realgar is found in calcite veins that clearly post-
date the main stage of gold mineralization. However, 
the spatial association of realgar and orpiment with 
gold-rich intervals indicates that these minerals formed 
during the late stage of a single event, not during a later 
hydrothermal pulse unrelated to gold mineralization 
(Pinet et al., 2018; Tucker et al. 2018; Pinet and Sack, 
2019). 

At the macroscopic scale, mineralized zone contacts 
are generally sharp. Decalcification is the main alter-
ation type associated with gold mineralization and 
resulted in a significant increase in the porosity of the 
host rocks. The intensity of decalcification varies 
strongly, with some decimetre-scale intervals reacting 
with HCl a few centimetres from totally decalcified 
mineralized segments. Silicification and argillization 
are more subtle to document visually, but may be sig-
nificant alteration styles at the microscopic scale, as 
described below. 

First-Order Lithological and Structural 
Controls on Mineralization 

In the Conrad, Sunrise, and Osiris mineralized zones 
(Fig. 1), the geometry of the sedimentary units with 
permeability either higher or lower than the surround-
ing rocks exerted a first-order control on gold-bearing 
fluid flow (Pinet and Sack, 2019; Pinet et al., 2020). 
Figure 2 shows two nearly perpendicular sections of 
the Conrad zone and illustrates the tight domal geome-
try of the limestone unit. This geometry constitutes a 
four-way, dip-closure fold/fault trap for mineralizing 
fluids (Pinet et al., 2020). The mixed stratigraphic-
structural trap is sealed by two low-permeability mud-
stone/siltstone units: the NONAD mudstone (Ice Brook 
Formation) that is in fault contact with the Conrad 
limestone to the north and the Conrad siliciclastic rocks 
(Nadaleen Formation) that stratigraphically overlie the 
limestone to the south. These siliciclastic units (includ-
ing the Nadaleen fault damage zone) acted as prospect-
scale aquitards. At the tens of metre scale, some rela-
tively thick (>1 m) massive, and weakly fractured 
limestone beds also may have acted as discontinuous 
impermeable barriers. In the Conrad zone, gold miner-
alized bodies are mainly hosted in three settings (Fig. 
3): 1) the steeply dipping upper part of the limestone 
unit, close to its contact with stratigraphically overly-
ing siliciclastic rocks; 2) in fractured corridors associ-
ated with the north-northwest-trending faults, includ-
ing the 350 and 850 faults; and 3) in the immediate 
footwall of the Nadaleen fault. Due to the closure of the 
main host units at the top of the Conrad limestone, and 
to increased fracture density in the hinge zone, the min-
eralization envelope is more continuous in map view 
close to surface (Fig. 3).  

In the Sunrise and Osiris zones (Fig. 4), the location 
of the steeply dipping limestone host unit (Osiris lime-

Gametrail FormationQuaternary

Paleozoic Neoproterozoic
Carlin-type prospect

Fault

14
4°

W

72°N

62°N

12
0°

W

58°N
14

4°W

Arctic
Ocean

Al
as

ka

Yuk
on

B.C

Pacific
Ocean

Parauchthon rocks

SB

Major faults

Fig. 1bOP

A 132°30'W
64°15'N

64°15'N

132°30'W

SUNRISE
CONRAD

NF

NADALEEN TREND

Dawson Fault

Kathleen Lakes Fault

10 km

ANUBISANUBIS

B

Figure 1. Geological map of the Nadaleen trend (modified from Moynihan, 2016). Abbreviations: B.C. = British Columbia, NF 
= Nadaleen fault, OP = Olgilvie Platform, SB = Selwyn Basin. 



Neoproterozoic-hosted Carlin-type mineralization in central Yukon, part 2: Mineralization

301

mudstone - Ice Brook Formation

dolostone/mudstone
/limestone

SOUTH

NORTH

OS-11-74

siltstone

limestone

fault / fault zone

mineralized zone

mafic dyke

100 m

Nadaleen 

fault zone

MTD

WSW

ENE

850fault zone

NADALEEN FAULT

7112000

631000

Nadaleen fault damage zone

Nonad mudstone

Conrad limestone

Conrad siliciclastics

Conrad shale (and dolostone)

upper Conrad limestone

Osiris mudstone

Osiris limestone

Nadaleen Formation

Ice Brook Formation

Gametrail Formation

500 m

630000

A

A’

B’ B650 fault

850 faultOSIRIS
FAULT

350 fault

MAIN LITHOLOGY

drillhole

A’

A

B’

B

fault

Nadaleen Formation

anticline axis

Fig. 6
Fig. 7

Fig. 9

A

B

mineralized area (projected)

Figure 2. a) Geological map 
of the Conrad area. b) Sub-
perpendicular cross-sections 
of the Conrad zone. The brick 
pattern within the Conrad 
limestone corresponds to 
intervals with high (~34%) and 
nearly constant Ca content. 
Note the preferential location 
of the mineralized intervals 
close to the limestone-silt-
stone contact, in the fold 
hinge and within the 850 fault 
zone. Abbreviation: MTD = 
mass transport deposit. 

   



Pinet et al.

302

stone of the Gametrail Formation) between low-perme-
ability intervals (Osiris mudstone and Osiris fault zone 
in the Sunrise area; Osiris mudstone and Osiris dolo-
stone in the Osiris area) is a first-order control on fluid 
flow. At the scale of tens of metres, the location of the 
mineralized bodies in the Sunrise and Osiris zones 
were also controlled by tight, clast-supported rudstone 
intervals (flat-pebble conglomerate with lime mud-
stone fragments showing indented and stylolitic rela-
tionships) that are found in the Osiris limestone. These 
rudstone intervals acted as local discontinuous imper-
meable barriers (Pinet and Sack, 2019). 

Second-Order Sedimentological and 
Structural Controls on Mineralization 

Drill core indicates that sedimentological and structural 
parameters provided second-order controls that 
resulted in a complex geometry of gold zones and vari-
able mineralization styles and breccia types. As docu-
mented in Pinet et al. (2018) and Pinet and Sack 
(2019), sedimentological and structural controls are not 
mutually exclusive and multiple mineralization styles 
are documented in the same interval.  

Sedimentological control 
At the macroscopic scale, several mineralization styles 
denote a predominant sedimentological control. 

 Selective replacement of beds. This mineralization 1.
style is documented in all Neoproterozoic-hosted 
mineralized zones and is mainly restricted to inter-
vals including millimetre to centimetre thick lime-
stone beds with a granular texture alternating with 
millimetre thick fine-grained beds (Fig. 5a). Drill 
core indicates that mineralized beds are connected 
to feeder veins at high angles to bedding (Fig. 5b). 
In a few cases, mineralization is confined to mud-
stone beds bounded by massive limestone beds 
(Fig. 5c).  

 Mineralized floatstone (debris flow). Matrix-sup-2.
ported, monomictic to polymictic, floatstone inter-
vals are the most favourable host-rocks for gold 
mineralization at the Sunrise and Osiris zones (Fig. 
5e,f; Pinet and Sack, 2019). Floatstone-hosted min-
eralization also represents a significant part of 
high-grade (>5 g/t Au) intervals in the Conrad zone 
(Fig. 5d, 6). Clasts are generally calcareous (lime 
mudstone to packstone with variable colours and 
laminations), represent between 40 and 90 vol.% 
of the rock, are angular to subangular, and show no 
clear preferential orientation, except close to the 
basal contact. Mineralization is confined to the gen-
erally silty matrix and to a few fractures within 
clasts. Realgar is ubiquitous in mineralized float-
stone intervals within the Osiris limestone of the 
Gametrail Formation (Osiris, Sunrise, and Ibis 
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zones), but is rarely present within the Conrad 
limestone of the Nadaleen Formation (Conrad 
zone). 

 Dark grey to black mineralized interval. These 3.
decimetre to metre thick decarbonatized intervals 
(Fig. 5g) are visually featureless with only a few 
laminations preserved locally. Their boundaries are 
concordant with bedding and a few irregularly 
shaped fragments are observed, suggesting that 
these intervals were originally matrix-rich, float-
stone intervals. 

In the Conrad zone, all of the mineralization styles 
described above are developed in the upper part of the 
limestone unit that hosts a significant portion of the 
mineralization (Fig. 3). Figure 7 illustrates a high-
grade mineralized interval located close to the lime-
stone-siltstone contact that consists of interbedded and 
thinly bedded, lime mudstone, packstone, floatstone, 
and calcareous siltstone. In this interval, mineralization 
styles correspond mainly to the selective replacement 
of millimetre to centimetre beds and 0.5 to 3 m thick 
breccia zones with angular fragments. Mineralization 
along pre-ore tectonic joints and fractures also account 

for a minor part of the gold-bearing interval. Tectonic 

features in this interval include bedding-parallel faults 

that are notably absent in more thickly bedded succes-

sions. 

Floatstone beds are interpreted to originate from 

debris flow events in which sediments are supported 

above the sediment-water interface by matrix strength 

and buoyancy, which allows larger clasts to float along 

in a mud-sand matrix (Moscardelli and Wood, 2008). 

In this interpretation, sedimentary breccias (floatstone) 

and clast-bearing mud limestone lithofacies (dark grey 

to black interval) may coexist over a short distance, 

reflecting different density flow mechanisms or differ-

ent ratios of carbonate mud, sand and clasts. Intervals 

with a granular texture (intraclastic packstone) may 

also belong to ‘mass-transport’ deposits, as suggested 

by the presence of small (mm) angular clasts and may 

represent the upper and/or distal parts of floatstone 

intervals (Pinet and Sack, 2019).  

Structural control 
Fracture density and permeability also influenced min-

eralizing fluid flow. This general statement is substan-
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tiated by the highest-grade intervals being located in 
fold hinges with high fracture-density and by the close 
spatial relationship occurring between fractured rock 
intervals (i.e. domains with poor rock quality designa-
tion, RQD) and gold. Interestingly, intervals above 
mineralized zones are often characterized by higher 
than average RQD index values, suggesting that these 
intervals are less fractured and thus less permeable. 
Low-permeability domains likely acted as a cap rock 
for mineralizing fluids. At the tens of metres to hand-
sample scales, several types of mineralized structural 
features can be distinguished. 

 Mineralized joints. Among the mineralized struc-1.
tures, some clearly formed as joints under  low 
deviatoric stress, before the main deformation and 
mineralization events. The joints recorded almost 
no displacement (tensile-type fractures) and have 

limited calcite infill. They formed well organized 
joint sets perpendicular to bedding (Pinet et al., 
2020) and contributed to enhance permeability in a 
way similar to fractured petroleum reservoirs in 
which there is a clear relationship between the 
spacing of joints and bed thickness, and in a less 
pronounced way, between joint spacing and lithol-
ogy (Rustichelli et al., 2013; Afşar et al., 2014). 

 Pre-mineralization veins and brecciated intervals. 2.
Pre-mineralization breccias are the most common 
type of tectonic breccia. At Conrad, the selective 
replacement of irregular and often complex pre-
mineralization vein sets is an important process. 
Comparison of barren and mineralized samples 
located a few metres apart (Fig. 8a,b) suggests that 
calcite between breccia fragments were preferen-
tially dissolved by acidic, early stage mineralizing 
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fluids, resulting in increased porosity and perme-
ability that focused later gold-bearing fluids. 
Realgar, orpiment, and fluorite (Fig. 8c) are the 
most obvious late-mineralization stage minerals in 
brecciated intervals. Similar to the joints, the 
amount of pre-mineralization veins and fractures in 
the pre-mineralization breccia is linked with the 
structural position (increase in fold hinge zones 
and fault damaged zones), bed thickness, and 
lithology (Fig. 8g). Figure 8e and f show an exam-
ple in which brecciation may be erroneously inter-
preted as postdating mineralization. In this case, 
realgar selectively replaces fractures that are 

mostly confined to the clasts, but closer inspection 
shows that, in a few cases, realgar-filled veins 
extend into the matrix, indicating that mineraliza-
tion postdates fracture and breccia development. 
Comparison of pre-mineralization breccia intervals 
within the same drillhole shows a complete transi-
tion from barren to realgar-rich gold mineralized 
rocks (Fig. 8h to j). 

 Late mineralization stage veins. Veins associated 3.
with the late stage of mineralization are found 
within and adjacent to (<10 m) gold-bearing inter-
vals. Late mineralization-stage veins are defined 
by the presence of realgar (±orpiment) and calcite 

Pinet et al.

306

N
on

e
W

ea
k

M
od

er
at

e
St

ro
ng

Ve
ry

 s
tro

ng

limestone

lime mudstone / calcareous siltstone

breccia interval

realgar

calcite

20

40

60

80

100

120

SILTSTONE

LIMESTONE

40

45

50

55

60

Depth
(m)

Au
(ppm)

HCl reactivity

0 10 20

2 cm

2 cm
B

C

fault

A

B

C

Re

Figure 7. a) Mineralized interval located close to 
the Conrad limestone-Conrad siliciclastic contact. 
Note the highly variable reactivity to HCl within the 
interval. HCl reactivity is a field-based estimate of 
the amount of calcite. Mineralized styles include 
selective replacement of brecciated zones (b) and 
millimetre-thick beds (c). Abbreviation: Re = real-
gar. 



Neoproterozoic-hosted Carlin-type mineralization in central Yukon, part 2: Mineralization

307

(Fig. 8c). Realgar is found in the central part of the 
veins or along their margins, suggesting that it both 
pre- and postdates calcite. The late-stage veins 
commonly have centimetre-size calcite crystals 
and, in some cases, a central cavity. In mineralized 
intervals, these late-stage mineralization veins are 
visually distinct, but they most likely represent a 
very small part of the gold endowment. Minor 
faults cutting calcite-realgar veins attest to some 
post-veining deformation (Pinet and Sack, 2019).  

 Hydrothermal breccia. In some cases, fracture per-4.
meability increased during mineralization and fluid 
pressure was high enough to fracture rock frag-
ments to form cement-supported breccia (‘mosaic 
breccia’). The amount of cement is variable and 
locally represents more than 50 vol.% of the rock 
(Fig. 9d). Cement is typically realgar and/or calcite, 
but orpiment and, to a lesser extent, fluorite also 
occur. In the example shown on Figure 9, cement-
supported hydrothermal breccia is found below 
one of the mineralized Conrad mafic dykes. In this 

case, the local increase in fluid pressure was prob-
ably due to the aquitard that was formed by the 
dyke.  

 Synmineralization fractures and minor faults. Syn-5.
mineralization brittle faults, with or without catacl-
asite and gouge development, locally contributed 
to the development of pathways for mineralizing 
fluids. Fault planes with realgar slickenlines attest 
to such syn- to late-mineralization deformation 
(Pinet and Sack, 2019).  

In Conrad, discontinuous gold zones are associated 
with steeply dipping, northwest-trending fault corri-
dors. For the 350 fault, the zones are located close to 
the contact between the Conrad limestone and the 
Conrad siliciclastic rocks, whereas they are entirely 
hosted in the Conrad siliciclastic rocks in the case of 
the 850 fault (Fig. 2b, 3). In the latter case, drill core 
indicates that some deformation occurred during to 
post mineralization. Tectonic features also include 
early brittle structures with poorly constrained timing 
and it is presently unclear if the mineralizing fluids  
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used a pre-existing pathway or if they circulated in an 

active deformation corridor. 

Variations in mineralization styles and feedback 
effects between sedimentological and tectonic 
factors 
At the macroscopic scale, gold mineralization styles 

vary significantly, even in the same mineralized inter-

val. Variations in mineralization styles attest to the 

opportunistic nature of gold-bearing fluids that exploit 

permeable pathways, regardless of their origin, includ-

ing floatstone units and intervals characterized by a 
network of pre-existing fractures. The factors favour-
ing gold mineralization should not be considered sepa-
rately as sedimentological and tectonic parameters 
show feedback effects that have resulted in complex 
mineralized zone geometries. Figure 10 illustrates 
some of the feedback effects between sedimentological 
and tectonic controls: 1) due to their high matrix con-
tent, floatstone intervals were frequently used as bed-
ding-parallel décollement; 2) fractures acted as feeder 
pathways for the selective replacement of beds; 3) pre-
mineralization fracturing and veining was intimately 
linked with bed thickness and lithology; and 4) there is 
a continuum between tectonic and hydrothermal brec-
cia, the only difference being the presumably higher 
fluid pressure during formation of hydrothermal brec-
cia.  

Factors that decrease the permeability also played a 
major role in focusing mineralizing fluid flow in the 
Osiris, Sunrise, and Conrad zones. Within the Osiris 
limestone (Osiris and Sunrise zones), clast-supported 
rudstone intervals with indented and stylolitic relation-
ships between fragments are never mineralized, even if 
proximal to gold-bearing intervals (Pinet and Sack, 
2019). These discontinuous rudstone intervals acted as 
impermeable barriers and contributed to the complex-
ity of gold-bearing fluid pathways. A similar interpre-
tation is also valid for thickly (>1 m) bedded limestone 
intervals at Conrad, which are generally not mineral-
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ized, even though fractures at high-angle to bedding 
may have served as by-pass pathways. 

Alteration and Gold Mineralization 

In the Nadaleen trend, gold deposition resulted from 
the same processes documented in Nevada (Cline et al., 
2005), including an early stage characterized by the 
dissolution of carbonate, a gold-bearing stage associ-
ated with very fine quartz, and a late stage character-
ized by the deposition of calcite, realgar, orpiment, and 
fluorite. Alteration associated with gold is restricted to 
the mineralized zones and immediately surrounding 
host rocks (generally <1 m).  

Within mineralized intervals, decarbonatization 
(removal of both calcite and dolomite) is the most 
obvious alteration style. Alteration intensity is highly 
variable with some decimetre-scale core segments still 
reacting with HCl a few centimetres from totally decar-
bonatized core segments (Fig. 7). Decarbonatization is 
always associated with porosity enhancement. This 
porosity is sometimes visible at the sample scale (Fig. 
11a,b), with some millimetre-wide voids or granular 
texture and is clear at thin-section scale (Fig. 11c). 

Preliminary results of a detailed analysis of Au-bear-
ing arsenian pyrite, here referred to as ore-pyrite, were 
reported in Sack et al. (2019). Gold-bearing pyrite pro-
gressed from early ‘blocky’ single-stage grains and 
rims to late ‘fuzzy’ single-stage grains and rims (Fig. 
12). Early, ‘blocky’ ore-pyrite has low ‘Carlin-type’ 
trace element content. Late, ‘fuzzy’ ore-pyrite has high 
‘Carlin-type’ trace element content. Both types of ore-
pyrite are very fine grained. ‘Blocky’ ore-pyrite has rel-
atively low As and may have precipitated from fluids 
saturated in Au, with gold partly deposited as nanopar-
ticles. ‘Fuzzy’ ore-pyrite has higher As content and 

likely precipitated from an unsaturated fluid with Au 
incorporated in solid solution. Electron microprobe 
data suggest that As substitutes for S in both types of 
ore-pyrite, which is consistent with hydrothermal flu-
ids that were reduced throughout both early and late 
stages of mineralization. Previous studies have shown 
that Au and As concentrations decrease in pyrite as 
temperature of formation increases (Deditius et al., 
2014). This retrograde solubility of As (±Au) in ore-
pyrite suggests early, ‘blocky’ pyrite was formed at 
higher temperatures than late, ‘fuzzy’ pyrite. Laser-
ablation inductively-coupled plasma mass-spectrome-
try (LA-ICPMS) results show that between 10 and 80% 
of the gold is contained within very small (<2 µm) sin-
gle-stage pyrite and the balance is contained in the rims 
on pre-ore pyrite. 

Ore-pyrite is accompanied by variable amounts of 
silicification through carbonate replacement by fine-
grained quartz (‘jasperoid’; Lovering, 1972) and very 
fine quartz lining vugs. Almost all silicified rocks can 
be scratched, which makes the logging of alteration 
intensity challenging. No erosion-resistant outcrops of 
densely silicified rocks (jasperoids) that are locally 
associated with Carlin-type mineralization in Nevada 
(Cline et al., 2005) have been found in the Nadaleen 
trend. 

Strong and obvious argillization is rare and reliable 
estimates of argillization could not be made, even under 
the microscope, because of their fine grain size and the 
uncertain genesis of most clay minerals (i.e. hydrother-
mal or detritic-diagenetic). As mentioned above, real-
gar, orpiment, and fluorite are ubiquitous in or close to 
gold-bearing intervals and constitute generally good 
visual guides for gold mineralization, even if these 
minerals postdate gold deposition and silicification.  
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Figure 11. Photographs illustrating the various alteration styles. a) Porosity enhancement due to decarbonatization (Sunrise 
zone). Abbreviations: Po = pore, S0 = bedding. b) Decarbonatization and silicification associated with mineralization (Conrad 
zone). Abbreviation: Re = realgar. c) Thin section showing porosity enhancement due to decarbonatization (Conrad zone). The 
blue colour corresponds to blue epoxy filling micropores. 
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Figure 12. Ore-pyrite from Conrad 
and Osiris zones. a to d) ‘Blocky’ 
pyrite with a <1 µm ‘fuzzy’ rim; sam-
ple OS058, 182.8 m (4.5 g/t Au over 
2.75 m), Conrad zone. e to i) ‘Blocky’ 
ore-pyrite as single-stage grains (h) 
and a rim overgrowing pre-ore pyrite 
(i); sample OS244, 128.0 m (4.9 g/t 
over 3.04 m), Osiris deposit. Photo-
graphs (a) and (e) are of drill  core; 
(b) and (f) are reflected light (50X) 
images; and (c), (d), (g), (h), and (i) 
are field emission scanning electron 
microscope (FE-SEM) backscatter 
electron (BSE) images. Abbreviation: 
BD = below detection, which is ~100 
ppm Au. 

Whole-Rock Geochemistry 

The geochemical signature of the gold mineralizing 
event was investigated using ATAC Resources data. 
The ATAC Resources database comprises over 29 000 
samples assayed for 50 elements, not including Si. The 
average length of the assayed interval is  approximately 
3 m. New whole-rock analyses from samples collected 
along transects from barren rocks to mineralized inter-
vals will be presented in a separate contribution. 

Figure 13 presents the correlation coefficients 
between gold and several elements for the Neoprotero-
zoic-hosted Conrad, Osiris, and Sunrise zones. 
Thallium, Hg, and As present a high to moderate coef-
ficient of correlation with gold in all three zones. 
Sulphur and Sb are also positively correlated with gold. 
Calcium is weakly negatively correlated with gold. 
However, this weak correlation is mainly due to the 
original variability of Ca in the host rocks and a clear 
decrease in Ca content in high-grade (>5 g/t Au) min-
eralized samples is obvious for the Conrad limestone 

(Fig. 14; see Pinet and Sack, 2019 for a similar plot for 
the Osiris limestone). 

Figure 15 presents the Fe versus S diagram, normal-
ized to Al, the least mobile element (with Ti) among 
those analyzed. For both the Conrad and Osiris lime-
stone, gold mineralized samples show little or no Fe 
increase compared to barren samples but a significant 
enrichment in S. This suggests that S was added to the 
rock during mineralization but Fe was not, indicating 
that sulphidation was the dominant process rather than 
pyritization. Some barren samples have relatively high 
Fe content, but Fe is probably associated with pre- 
mineralization ferroan carbonate.  

DISCUSSION 

Initial Porosity and Permeability Enhancement 

In the Nadaleen trend, the preferential occurrence of 
gold in some sedimentary intervals raises the question 
of what lithological or alteration features focused fluid 
flow. In particular, floatstone intervals formed through 
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debris flows are a major host for gold mineralization, 
suggesting that their original properties contrast with 
surrounding slope or base-of-slope sedimentary rocks 
not affected by mass-wasting processes. During debris 
flow events, clasts ‘float’ in a mud- to sand-dominated 
matrix above the sediment-water interface due to 
matrix strength and buoyancy (Loucks et al., 2010). 
This results in a slightly higher porosity after mass-
wasting compared to the initial, undeformed micrite 
slope lithofacies. However, the porosity of most car-
bonate rocks, particularly dominantly mud-rich lithofa-
cies such as those in the Conrad and Osiris limestones, 
is substantially reduced by early cementation and com-
paction during burial. Therefore, it seems unlikely that 
the early (primary) porosity was preserved for >450 
Ma between the time of deposition and mineralization. 
Beaton (2015) proposed that post-depositional dissolu-
tion of lime mud and dolomitization of the matrix of 
the Osiris limestone (Osiris and Sunrise zones) may 
have contributed to enhance the primary porosity/ 
permeability at the microscale. However, this hypothe-
sis is difficult to consider in the case of the Conrad 
limestone, which is characterized by sparse and very 
irregular dolomitization zones at surface and low Mg 
content (average 0.86 wt%, <2% dolomite if all the Mg 
is in dolomite). Secondary porosity may also be created 
through the migration of carbonic acid associated with 
the generation of carbon dioxide during the maturation 
of organic matter to hydrocarbon and interaction with 
subsurface water, but this mechanism remains largely 
hypothetical in the Nadaleen trend. Whatever the 
mechanism, hydraulic efficiency of floatstone units 
was higher than surrounding units during mineraliza-

tion and was acquired either through the preservation 
of a secondary porosity or the dissolution of secondary 
carbonate by early stage acidic hydrothermal fluids.  

Pre-mineralization tectonic breccia zones were also 
probably characterized by a slightly higher fracture 
permeability than surrounding rocks during the early 
mineralizing stage. However, in this case, a compari-
son of barren and mineralized samples suggests that 
acidic fluids dissolve the calcite infill between frag-
ments more efficiently than the original host rock, 
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enhancing the original porosity and permeability and 
making these zones effective pathways for late gold-
bearing fluids. 

Comparison with Paleozoic Rock-Hosted Gold 

Mineralization 

The tight anticline geometry of the Neoproterozoic-
hosted gold zones contrasts with the geometry docu-
mented for the Paleozoic-hosted zones (including the 
Anubis area; Fig. 1). The latter are preferentially 
located along the west-northwest-trending, north-
northeast-dipping Anubis fault zone (Moynihan, 2016). 
The fault zone has a polyphase history with structural 
events recording predominantly dip-slip and predomi-
nantly strike-slip motions (Pinet, unpublished data). 
Second-order north-northeast-trending faults cut or 
merge with the Anubis fault.  

Mineralization is hosted in a steeply dipping 
Devonian-Mississippian siliciclastic unit, close to the 
fault contact with a Middle Devonian dolostone unit. 
Mineralized intervals are generally highly fractured 
and are typically difficult to differentiate from the dark 
grey to black, moderately to non-calcareous, pyrite-
rich siltstone and mudstone. In Anubis, the amount of 
calcite veins, realgar, and orpiment in or close to min-
eralized intervals is much lower than in 
Neoproterozoic-hosted zones. Association of gold min-
eralization with pathfinder elements classically associ-
ated with Carlin-type mineralization is also present in 
Paleozoic-hosted zones, even if some differences with 
Neoproterozoic zones exist (Fig. 13; absence of corre-
lation with S and Sb, higher correlations with Hg and 
Tl).   

In the absence of temporal constraints on the gold 
mineralizing event and detailed characterization of 
mineralizing fluids, Paleozoic gold-bearing zones are 
tentatively interpreted as a structural end-member (Teal 
and Jackson, 2002) of Carlin-type mineralization in the 
Nadaleen trend. 

IMPLICATIONS FOR EXPLORATION 

Classification of deposit types must be pragmatic and 
criteria used for defining the specific characteristics of 
each type should be factual, not interpretative. With 
this general statement in mind, gold mineralization in 
the eastern Rackla belt can be classified as a ‘true’ 
Carlin-type example. 

The characteristics consistent with Carlin-type min-
eralization include the following: 1) host-sedimentary 
rocks deposited in slope to base-of-slope settings 
(Moynihan et al., 2019; Pinet et al., 2020); 2) ore-form-
ing events that significantly post-date the ages of the 
host rocks (Tucker et al., 2018; Davis et al., 2019);  
3) the ‘passive’ or ‘opportunistic’ nature of the miner-

alizing fluids that exploited a variety of porous and per-
meable pathways regardless of their sedimentary 
and/or tectonic origin (Pinet and Sack, 2019); 4) alter-
ation that includes partial to complete decalcification 
of mineralized intervals, and very fine-grained quartz 
associated with silicification (Tucker et al., 2018);  
5) the association of gold with pathfinder elements Tl, 
As, Hg and Sb, and with minerals such as realgar, orpi-
ment and fluorite (even if the amount of realgar and 
orpiment is greater than most Carlin-type deposits of 
Nevada); 6) the low base metal and Ag content of the 
gold-bearing zones; and 7) the ‘invisible’ nature of 
gold, which occurs as rims of Au-bearing arsenian 
pyrite on pre-ore pyrite or as sub-micrometre particles 
(Sack et al., 2019).  

The classification of Nadaleen gold mineralized 
zones as ‘true’ Carlin-type mineralized zones should 
not mask the need to refine interpretative models at the 
upper-crustal to lithospheric scales, which is the aim of 
ongoing work in the study area.  

ONGOING WORK 

A better understanding of gold prospects in central 
Yukon can be achieved only with better geochronolog-
ical constraints for the age(s) of mineralization. A first 
step toward this objective was achieved with in situ  
U-Pb dating on late-stage calcite performed at the 
Geological Survey of Canada (Ottawa). Preliminary 
results reported in Davis et al. (2019) show that the  
U-Pb data from the calcite vein samples exhibit vari-
able degrees of complexity. U-Pb data from three 
Conrad samples define Tera-Wasserburg intercept ages 
of between 75 and 72 Ma with relatively simple sys-
tematics. Two samples, one from the Osiris zone and 
one from the Sunrise zone, exhibit complex U-Pb sys-
tematics and the dispersion of ages is interpreted to 
reflect several hydrothermal events, including one at 
ca. 73 Ma and one or several younger events. The rela-
tionship between these hydrothermal pulses and gold 
mineralization is still under investigation. Ongoing 
research, including additional U-Pb calcite dating, will 
provide a tighter control on the age of the gold-miner-
alizing event and a sound basis to address a number of 
scientific questions: Is the Carlin-type mineralization 
event distinct from other metallogenic events docu-
mented in the Cordillera? Are other types of mineral-
ization formed contemporaneously? Does the age of 
mineralization correspond to a change in the magmatic 
and/or tectonic setting? 

Several geochemical methods were used for the 
characterization of various aspects of the mineraliza-
tion and results will be reported in future contributions. 
Geochemical variations due to alteration are investi-
gated through whole rock geochemistry of drillhole 
samples selected from visually unaltered rocks to 
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altered mineralized zones. The mineralogical content 
of a few samples was studied through X-ray diffraction 
to quantitatively study the fine-grained material that 
may be difficult to characterize with other methods. 
Hydrothermal fluids and their interaction with host 
rocks are also being investigated through stable isotope 
(δ13C and δ18O) analyses of calcite from several gen-
erations of cement and veins, including calcite from 
late-mineralization veins.  

The temperature of mineralizing fluids is being 
investigated through a fluid inclusion study and 
clumped isotopes analyses. Fluid inclusion characteri-
zation focusses on calcite and fluorite crystals associ-
ated with the late-mineralization event. Carbonate 
clumped-isotopes analysis is a relatively new method 
with good potential for contributing to hydrothermal 
fluid characterization (Ghosh et al., 2006). Importantly, 
thermometry using carbonate clumped-isotopes does 
not require knowing the isotopic signal of parent water 
to estimate the precipitation temperature. Analyses 
were acquired on calcite at the Delta-Lab facility (GSC 
Quebec) using a Thermo Fisher MAT253 IRMS cou-
pled to a modified KIEL IV carbonate device. To 
obtain the most precise estimation of the formation 
temperature of calcite relevant to hydrothermal con-
texts, the temperature frame was extended to 250°C. 
This development benefitted from the acquisition of a 
pressure- and temperature- (T) controlled set-up allow-
ing calcite to be precipitated at high T, linking T to the 
clumped-isotopic results (Δ47 in ‰). An exploratory 
organic matter study has also been carried out and 
included Rock-Eval analyses and organic petrography 
of a few samples to characterize the amount and type of 
organic matter in dark shale, to investigate the eventual 
role of organic matter/hydrocarbon in the mineraliza-
tion processes as well as to qualitatively evaluate the 
maximum paleo-temperature experienced by the sam-
ples. 
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