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aBStraCt

We present new field and U-Pb analytical data from the Sonora Gulch Project that demonstrate a 
protracted history of polymetallic mineralization (Au-Ag-Cu-Zn ± Mo) associated with several pulses 
of Cretaceous magmatism. Recent exploration on the Sonora Gulch Project has highlighted the 
presence of two important mineralized zones: the Nightmusic zone, a mesothermal Au-enriched 
base metal skarn, and the Amadeus zone, an epithermal Au-Ag system. Four U-Pb age dates 
determined from each of two feldspar porphyry dykes (ca. 74 Ma), a weakly mineralized quartz 
porphyry stock (ca. 75 Ma) within the Nightmusic zone and the Au-Ag mineralized Amadeus stock 
(ca. 75 Ma), demonstrate the widespread occurrence of Late Cretaceous magmatism. The age 
determinations indicate that mineralization occurring within the Sonora Gulch project area are 
temporally equivalent to the Casino Cu-Au-Mo deposit, located roughly 40 km to the west-
northwest. These new data extend the currently known eastern limit of Late Cretaceous magmatism 
and associated mineralization.
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introduCtion 
The Sonora Gulch property, which is wholly owned by 
Northern Tiger Resources Inc., is located in the central 
Dawson Range, west-central Yukon where it forms part of 
a regionally extensive, northwest-trending polymetallic 
mineral belt associated with Early Jurassic (e.g., Minto 
deposit) to latest Cretaceous magmatism (e.g., Casino 
deposit; Figs. 1, 2). An important characteristic of metal 
concentration occurring throughout the belt is the 
superposition of mineralizing events upon pre-existing 
ores, such that early phase mineralization can be 
significantly enriched and/or remobilized along active 
structural corridors to be subsequently re-deposited at 
structurally and chemically favourable sites 
(e.g., Mortensen et al., 2002; Bineli Betsi and Bennett, this 

volume). Importantly, the Sonora Gulch property occurs 
where a major regional northwest-trending structure, the 
Big Creek fault, intersects both mid- and Late Cretaceous 
magmatism and hence represents a highly desirable 
location to explore for economically important 
concentrations of metals. Placer gold mines have 
operated on streams draining the Sonora Gulch property 
since the turn of the 20th century, recovering angular 
nuggets of gold, commonly with tetradymite (a bismuth 
telluride). 

Historical exploration conducted on the property 
identified two main mineralized zones including: (i) a 
kilometre-scale zone of anomalous Cu-Au mineralization 
hosted by a pyritic quartz-feldspar porphyritic intrusion; 
and (ii) a zone of gold-tetradymite quartz vein-hosted 

Figure 1. Terrane map of Yukon 

illustrating the location of 

Northern Tiger Resources’ 

Sonora Gulch Project, located 

west of the Teslin fault within 

the Yukon-Tanana terrane.

Sonora  
Gulch 
project
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mineralization oriented northwest, approximately along 
the interpreted trace of the Big Creek fault. In addition to 
these historical zones, recent exploration on the Sonora 
Gulch project has highlighted the presence of several 
zones of important Au-Ag ± Cu ± Zn ± Mo mineralization, 
the most advanced being the Nightmusic (mesothermal 
skarn/replacement) and Amadeus zones (epithermal 
stock; Fig. 3; Schulze, 2004, 2007a,b). In this contribution, 
we present new field and U-Pb analytical data from the 
Nightmusic and Amadeus zones that demonstrate a 
protracted history of polymetallic mineralization 
associated with discrete pulses of Cretaceous magmatism. 

diStriCt GEoloGY
The Sonora Gulch property lies entirely within the Yukon-
Tanana terrane, an accreted terrane locally separated from 
strata of the ancestral North American margin by the 
northwest-trending Tintina fault. The Yukon-Tanana 
terrane consists of a belt of Late Devonian to Late 
Permian metamorphic rocks, including various 
metasedimentary and metavolcanic assemblages, and up 
to four distinct suites of calc-alkaline metaplutonic rocks 
(Mortensen, 1992; Colpron et al., 2006). The northwest-
trending Denali (Shakwak) fault, located approximately 
140 km to the southwest, forms the southwestern 
boundary of the Yukon-Tanana terrane (Gordey 
and Makepeace, 1999; Davidson, 2000). 

In the Dawson Range, the Yukon-Tanana terrane typically 
includes metasedimentary and metavolcanic sequences 
of quartz-mica schist and diorite gneiss. Plutonic rocks of 
the mid-Cretaceous Dawson Range batholith intrude the 
Yukon-Tanana terrane over vast areas and consist of large 
bodies of granodiorite and quartz monzonite, and smaller 
high-level felsic porphyry plugs and sills. Locally, narrow 
ultramafic units of unknown age have been emplaced 
along major structures within the Yukon-Tanana terrane. A 
suite of quartz-eye feldspar ± biotite porphyritic 
monzonite to granite intrusions, including felsic dykes, 
was previously interpreted as part of the mid-Late 
Cretaceous Prospector Mountain suite (Davidson, 2000). 
Late volcanic rocks in the district consist of sills, dykes 
and flows of the Late Cretaceous Mount Nansen Group, 
and mafic flows and pyroclastic volcanic rocks of the Late 
Cretaceous Carmacks Group (Templeman-Kluit, 1984, 
Davidson, 2000). 

Two regional-scale faults crosscut the region: the 
northwest-trending Big Creek fault and an east-trending 
fault. The Big Creek fault, which extends northwest 
approximately 80 km from the Freegold Mountain 
property of Northern Freegold Resources Ltd., intersects 
the east fault, west of the junction of Selkirk and Hayes 
creeks. From this intersection, the Big Creek fault projects 
more westerly in orientation. Importantly, the Big Creek 
fault and related northwest-trending faults are considered 
to represent the locus of an important mineralizing belt, 
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extending possibly as far as the Casino deposit of 
Western Copper Inc. Copper porphyry and structurally 
hosted gold deposits occur ubiquitously along these 
northwest to north-northwest-trending fault systems, and 
associated placer gold deposits occur within watersheds 
draining these mineralized zones.

GEoloGY of Sonora GulCh 
propErtY 
The Sonora Gulch property is underlain by polydeformed 
and metamorphosed Devonian to Mississippian 
metagranitic, metavolcanic and subordinate 
metasedimentary rocks assigned to the Wolverine Creek 
metamorphic suite of the Yukon Tanana terrane (Johnston 
and Hachey, 1993). Several ultramafic sills and numerous 
mid- and Late Cretaceous monzonitic – granitic magmatic 
units intrude the Wolverine Creek assemblage within the 
property area (Fig. 3). West of Hayes Creek, several 
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ultramafic lenses are intercalated within the west-
northwest striking Wolverine Creek units. Importantly, 
these ultramafic bodies are spatially associated with 
mineralization occurring in the Nightmusic zone. The 
mid-Cretaceous east-southeast-trending Dawson Range 
batholith occurs along the southwest margin of the 
Sonora Gulch property, west of the Big Creek fault (Fig. 3). 
Late Cretaceous quartz-feldspar porphyritic monzonite of 
the Prospector Mountain suite intrudes the Wolverine 
Creek sequence along the northern boundary of the 
Dawson Range batholith, east of the Sonora camp. 
Furthermore, this monzonitic stock is crosscut by the Big 
Creek fault (Fig. 3). East of Hayes Creek, a small stock of 
strongly pyritic feldspar porphyritic monzonite, called the 
Amadeus stock, occurs in association with significant 
Au-Ag mineralization.

WolVErinE CrEEk MEtaMorphiC SuitE

Metabasaltic rocks represent the most aerially extensive 
member of the Wolverine Creek suite within the Sonora 
Gulch property area. They are typically strongly foliated 
and characterized by a well-developed gneissic fabric. 
Metabasaltic rocks have a weak to moderate calcareous 
composition and are commonly host to replacement-style 
and skarn mineralization within the Nightmusic zone. 
Granitic gneiss underlies much of the Sonora Gulch 
property and most commonly occurs as augen gneiss 
characterized by quartz and feldspar augen 
porphyroclasts up to 0.5 cm in length. Granitic gneiss 
hosts a greater proportion of foliation-parallel quartz 
veining than metabasalts, as well as more pervasive 
sericite alteration and weak pyrite mineralization. 
Metasedimentary rocks of the Wolverine Creek suite, 
which underlie most of the northeastern part of the 
property, consist of phyllite, siltstone and mudstone, with 
lesser sandstone. They are variably calcareous, and 
include minor limestone horizons. Metasedimentary rocks 
exhibit a prominent schistose foliation, with variable and 
locally intense sericite and/or phlogopite alteration.

ultraMafiC unitS

Discontinuous lenses and irregular bodies of a strongly 
serpentinized and listwanite-altered ultramafic body occur 
in an east-trending structural corridor immediately east 
and west of the Big Creek fault. Where not completely 
altered, the composition of the ultramafic unit is primarily 
pyroxenitic. Pervasive secondary carbonate-silica 
alteration has resulted in destructive listwanite-alteration 
of the body, particularly proximal to the southern hanging 

wall contacts. The ultramafic lens has undergone 
significant deflection (ca. 500 m) related to dextral 
motion along the Big Creek fault (Fig. 4). Additionally, 
three separate ultramafic horizons have been identified 
west of the Big Creek fault.

CrEtaCEouS MaGMatiC unitS 

Within the Sonora Gulch property, the mid-Cretaceous 
Dawson Range batholith varies from quartz-hornblende-
biotite granodiorite, quartz monzonite and quartz diorite 
to granite. Textures are typically coarse grained and 
equigranular. A Late Cretaceous intrusive unit, which 
abuts the northern contact of the Dawson Range 
batholith is a massive quartz-feldspar porphyritic 
monzonite characterized by 35 to 40% evenly distributed 
feldspar grains approximately 2-3 mm in length and 
hosted in an aphanitic groundmass. The Late Cretaceous 
Amadeus stock varies from 50 m to 250 m in width and is 
monzonitic in composition. The stock is strongly leached 
and has undergone moderate to strong argillic and 
moderate phyllic alteration that largely masks primary 
textures.

MinEralization 
Two zones of historical mineralization occur on the 
Sonora Gulch property: a kilometre-scale zone of 
anomalous copper-gold mineralization, called the ‘Gold 
Vein System’, located towards the western end of a Late 
Cretaceous quartz-feldspar porphyritic monzonite stock; 
and a gold-tetradymite vein system, known as the 
’Tetradymite Vein System’, occurring several hundred 
metres to the north of the ‘Gold Vein System’ and 
paralleling the approximate surface trace of the Big Creek 
fault for approximately 1.3 km. The ‘Gold Vein System’ 
consists of disseminated pyrite and minor chalcopyrite 
with total sulphide concentrations approaching 10%. 
Gold and copper mineralization occurs both in the 
interior of the monzonitic stock and also along northwest-
trending shear zones and fractures. Locally, the underlying 
unoxidized zone contains gold-bearing quartz-
arsenopyrite veins with sphalerite, galena and stibnite. 
Precious metal content within the ‘Gold Vein System’ 
appears to be directly associated with depth, sulphide 
content and quartz vein density. A sample of the 
monzonitic stock from the ‘Gold Vein System’ was 
sampled for U-Pb age dating (sample NTR-1). 
Mineralization within the ‘Tetradymite Vein System’ is 
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confined to narrow, high-grade quartz-arsenopyrite veins 
of limited strike length.

Recent exploration on the Sonora Gulch property has 
defined the presence of several zones of anomalous gold 
including the Nightmusic and Amadeus zones, and the 
Sonata, Jupiter, Wolfgang and Concerto anomalies. The 
Nightmusic and Amadeus zones represent the most 
advanced of the anomalies thus far identified. The two 
zones are marked by distinct mineralization styles and 
metal suites. Mineralization in the Nightmusic zone is 
complex and consists of: (i) mesothermal Au-enriched 
base-metal skarns (Cu-Zn-Pb), (ii) replacement zones 
hosted by calcareous metaclastic and metavolcanic rocks, 
(iii) bonanza-style lode gold associated with listwanitic 
ultramafic rocks, and (iv) structurally controlled veins and 
stockwork. In contrast, the Amadeus zone represents a 
high-level epithermal Au-Ag mineralizing system. 
Importantly, the two mineralized zones occur along that 
portion of an east-trending structural corridor located east 
of the northwest-trending Big Creek fault. Farther south 
within the Freegold Mountain Project area, similar east-
trending mineralizing structures occur to the west of the 
Big Creek fault, suggesting the fault system may represent 
a significant mineralizing conduit of regional extent.

The Nightmusic zone was initially identified through 
re-interpretation of historical diamond drilling results, and 
from a single 2007 drillhole designed to target the east-
trending ultramafic horizon (Figs. 3, 4). The zone was 
further delineated during drill testing in 2008 and 2009. 
Replacement and skarn-style mineralization hosting 
significant gold and base-metal concentrations occur 
along the southern hanging wall side of the east-trending 
ultramafic body. Mineralized zones also occur adjacent to, 
or within, listwanitic ultramafic horizons, with visible gold 
identified at one location within the ultramafic unit. 
Replacement-style gold mineralization, which occurs 
more commonly in the western Nightmusic zone 
(Fig. 5a,b), appears to contain the highest grades of gold 
recognized thus far. In contrast, skarn mineralization and 
associated calc-silicate alteration that occurs at the 
eastern end of the Nightmusic zone hosts greater 
concentrations of base metals (Zn-Cu-Pb) with 
subordinate gold (Fig. 5e-h). The lateral variation in metal 
suites within the Nightmusic zone, ranging from gold-
enrichment in the west to base-metal enrichment in the 
east, may indicate lateral zoning in a mesothermal skarn 
mineralizing system. The magmatic source for the 
Nightmusic skarn zone has yet to be located. 
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Figure 5. Replacement-style and skarn mineralization occurring in 

the Nightmusic zone; (a) to (d) replacement-style Au-Cu 

mineralization (DDH SG-08-27). Note: (b) and (d) show 

chalcopyrite (Cp) replaced by later pyrite (Py) + pyrrhotite (Po); 

(c) and (d) show epithermal veins crosscutting replacement-style Au 

mineralization. Scale bars represent 1 cm.
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Sulphide paragenesis in both replacement and skarn-style 
mineralized zones indicates early phase chalcopyrite ± 
sphalerite partially to completely overprinted by pyrite + 
pyrrhotite, with pyrrhotite recognized as the latest 
sulphide phase (Fig. 5b, e-i). Accessory molybdenite 
occurs in association with the Cu-Zn skarn of the eastern 
Nightmusic zone (Fig. 5i). Late-stage overprinting veining 
with epithermal textures is ubiquitous throughout the 
Nightmusic zone, where they are observed to crosscut 
both replacement and skarn mineralization (Fig. 5c,d,j). 

The epithermal veins indicate the occurrence of multiple 
fluid and mineralizing events within the Nightmusic zone. 
Feldspar porphyry dykes, that are interpreted to postdate 
replacement and skarn mineralization, also intrude the 
Nightmusic zone (Fig. 6). The dykes are commonly 
limonite ± hematite-altered and do not host appreciable 
mineralization. Two feldspar porphyry dykes from the 
Nightmusic zone were sampled for U-Pb geochronology, 
one of which is crosscut by the Big Creek fault (sample 
SG-09-41). Brecciation and fracturing of the porphyry 

Figure 5. continued. (e) Garnet + chalcopyrite replaced by pyrite + pyrrhotite in skarn zone, SG-09-43. (f) Sulphide vein 

replacement mineralization in skarn-altered gneissic host rock, Nightmusic zone, SG-09-43. Figures 5 (g) and (h) sphalerite 

- chalcopyrite skarn mineralization overprinted by pyrite + pyrrhotite, Nightmusic zone, SG-09-43. (i) Sphalerite-

chalcopyrite and rare molybdenite replaced by pyrite + pyrrhotite. (j) Late, overprinting epithermal vein crosscutting 

Cu-Zn skarn mineralization, SG-09-43, Nightmusic zone. Scale bars represent 1 cm. Cp = chalcopyrite, Py = pyrite, 

Po = pyrrhotite, Grt = garnet, Sp = Sphalerite. 
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indicates that deformation and movement associated with 
the Big Creek fault post-dated dyke emplacement.

The Amadeus zone (Fig. 3) is hosted by a high-level, 
epithermal quartz-feldspar porphyritic stock, which is 
strongly leached and has undergone moderate to strong 
pervasive argillic alteration and lesser silicification. Gold 
and silver mineralization occurs both in the Yukon-Tanana 
terrane host rocks immediately above the intrusive 
contact of the stock and within the stock itself. 
Immediately above the intrusion, granitic gneiss hosts 
multiple phases of pyrite ± chalcopyrite vein and fracture 

mineralization (Fig. 7a,b). Gold and silver mineralization 
also occurs at the brecciated intrusive contact of the 
Amadeus stock and the Yukon-Tanana terrane, where 
pyrite ± Au and Ag mineralization occur as matrix 
minerals of the intrusive clast-supported breccia (Figs. 7c 
and 8). Within the Amadeus stock, gold and silver show a 
correlation with depth; gold occurs at higher levels, while 
appreciable silver concentrations occur at depth (Fig. 8). 
Gold is typically associated with fine-grained disseminated 
euhedral pyrite (Fig. 7d) and shows a correlation with clay 
alteration assemblages. Intervals of higher grade gold are 
typically associated with low to background arsenic 
values, suggesting a more evolved epithermal nature of 
gold mineralization. Silver mineralization within the stock 
is associated with occurrences of quartz and/or pyrite 
veining occurring at lowermost levels (Fig. 7e). Notably, 
late stage epithermal-style veining and feldspar porphyry 
dykes were not observed to crosscut the Amadeus stock, 
suggesting stock emplacement was coeval with, or 
post-dated, the epithermal and dyking events observed in 
the Nightmusic zone. A sample of the Amadeus stock was 
collected for U-Pb geochronology.

GEoChronoloGY
Four intrusive samples were collected from the Sonora 
Gulch property in order to place maximum and minimum 
age constraints on magmatism and related mineralization 
within both the Nightmusic and Amadeus zones. Sample 
preparation and U-Pb Laser Ablation Microprobe 
Inductively Coupled Plasma Mass Spectrometry 
(LAM ICP-MS) geochronology was completed at the Earth 
Sciences Department and the INCO Innovation Centre, 
Memorial University, St Johns’, Newfoundland. A detailed 
outline of the methodology is given in Bennett and 
Tubrett (this volume). Analytical techniques used to 
characterize the zircon populations included standard 
optical microscopy and backscattered electron imaging 
(BSE) 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). Weighted mean 206Pb/238U ages are also 
reported, to remain consistent with current U-Pb 
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Figure 7. Styles of mineralization occurring in the Amadeus stock, Amadeus zone (SG-08-31). (a) and (b) vein-hosted 
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geochronology reporting trends. Two sigma uncertainty 
levels are reported for all calculated ages and plotted on 
concordia and weighted mean diagrams, 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 using Ludwig (1999). 
The concordia age that includes U decay constant 
uncertainties is considered the best estimate of the 
crystallization age of a sample (see Bennett and Tubrett, 
this volume). 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. Uranium and thorium concentration 

data and Th/U ratios were also calculated for each 
sample.

niGhtMuSiC zonE

Three magmatic samples were collected from the 
Nightmusic zone, including a weakly mineralized, quartz 
feldspar granitic porphyry stock (NTR-1) sampled from the 
historical gold vein system, and two feldspar porphyry 
dykes sampled from both drill core (DDH SG-09-41) and 
from surface within Nightmusic zone (Road FP dyke).

Sample NTR-1, QFP Stock (UTM 651779E 6949756N, 
NAD 83 Zone 7)

Weak to moderately pyritic quartz-feldspar granite was 
sampled approximately 300 m north of the current site of 
Northern Tiger Resources’ Sonora Gulch summer 
exploration camp, within the historical gold vein system 
for which the Sonora Gulch area was initially staked in 
1965. The stock has a porphyritic texture with smoky to 
clear quartz eyes, feldspar phenocrysts and lesser biotite 
(Davidson, 2000; Fig. 9a-c). Argillic and propylitic 
alteration and abundant quartz veining occur in 
mineralized portions of the stock. The U-Pb sample site 
was located in a relatively unaltered part of the stock 
(Fig. 9a).

The U-Pb sample yielded abundant zircon grains of poor 
to moderate quality. Two morphologically distinct 
populations are present: subordinate, clear to turbid 
prisms (Fig. 9d) and abundant elongate bipyramidal 
prisms with colourless, translucent overgrowths (Fig. 9e). 
Backscattered electron and CL imaging of both zircon 
populations demonstrate magmatic zircon occurs as both 
entire grains, and as rims of partially resorbed xenocrystic 
cores. In either case, magmatic zircon growth is 
characterized by sharp oscillatory growth zoning. Clear 
truncation of xenocrystic cores is a striking feature 
characterizing zircon within the NTR-1 sample (Fig. 10).

Twenty-three analyses were collected from 18 magmatic 
rims and 5 xenocrystic cores (Fig. 11, Appendix 1). A 
concordia age calculated from 18 rim analyses yielded an 
age of 75.73 ± 0.93 Ma (MSWD = 0.0020) and a 
weighted mean 206Pb/238U age of 75.75 ± 0.96 Ma 
(MSWD = 0.27; Fig. 11a,b). Xenocrystic core analyses 
yielded 3 different age populations including ca. 85 Ma, 
104 Ma and 410 Ma (Appendix 1). Concentration data 
calculated from magmatic zircon varies from 
223-2250 ppm U and 75-427 ppm Th (Appendix 1); Th/U 
ratios calculated for all zircon analyses highlight the 

5 4 3 2 1 10 20 30 40 50 60

Au (gpt) Ag (gpt)

DDH SG-08-31

undi�erentiated granitic 
 gneiss and schist of
Yukon-Tanana terrane.

Amadeus stock

Legend 0
m

335.3

Figure 8. Schematic drill log of DDH SG-08-31, illustrating 

vertical zonation trends in Au and Ag mineralization (gpt) 

within the high-level Amadeus stock. Economic 

concentrations of Au occur at higher levels of the intrusion 

and Ag increases in concentration at lowermost levels. 

Modified after Northern Tiger Resources 2008 assessment 

report, drill log DDH SG-08-31.
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Figure 9. (a) U-Pb sampling locality for NTR-1, QFP stock. 

(b) Weakly mineralized (Py ± Po) QFP stock adjacent to 

sampling locality. (c) Slab image of U-Pb sample, NTR-1. 

Scale bar represents 1 cm. Transmitted light images of 

(d) zircon prism population and (e) zircon overgrowth, 

bipyramid population from NTR-1, QFP stock. Scale bars in 

d and e represent 50 μm.

a b

c d

e

BSE CL CL CL

CL CL

Figure 10. Representative BSE and CL images (denoted on 

image) of analysed zircon grains from NTR-1, QFP stock. 

Images demonstrate complex xenocrystic core and 

magmatic rim relationships. Magmatic rims exhibit fine, 

well defined, oscillatory zones enclosing partially resorbed 

xenocrystic cores. Scale bars represent 50 μm. 

BSE = backscattered electron, CL = cathodoluminescence.
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difference in zircon chemistry between xenocrystic 
cores and magmatic rims, notably due to the higher U 
content associated with magmatic zircon (Fig. 11c).

Feldspar porphyry dykes

Several feldspar porphyry dykes occur in both drill core 
and at surface within the Nightmusic zone. The dykes 
are typically weakly mineralized (Py) and commonly 
associated with pervasive limonite alteration and vein 
halo potassic alteration (Figs. 6 and 12). Minor late-stage 
chalcedonic veining exhibiting open space-filling 
epithermal textures, overprint the porphyry dykes 
(Fig. 6c). A series of feldspar porphyry dykes were 
intersected in DDH SG-09-41 at a depth that intersected 
the Big Creek fault. A single dyke was sampled between 
the interval 152.8-153.3 m (Fig. 12a,b). A second feldspar 
porphyry dyke was sampled on surface at the western 
margin of the Nightmusic zone, immediately adjacent to 
the surface trace of the Big Creek fault (Figure 12e; 
652238E 6950372N, NAD 83 Zone 7).

Nineteen zircon grains were extracted from the 
porphyry dyke sampled from DDH SG-09-41. Zircon 
populations consisted of: (i) elongate needles and prisms 
with small, well-faceted overgrowths; and (ii) a 
subordinate population of large broken and fractured 
grains with indistinct crystal terminations (Fig. 12c,d). 
The porphyry dyke sampled at surface yielded abundant 
zircon grains of moderate to high quality that were 
subdivided into three morphologically distinct 
populations: (i) minor translucent, well-faceted, elongate 
to equidimensional prisms; (ii) abundant elongate prisms 
with optically distinct core and rim relationships; and 
(iii) elongate bipyramidal prisms with thin colourless and 
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Figure 11. (a) Concordia diagram for U-Pb analyses of 
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Figure 12. (a) Core photo illustrating vein-hosted sulphide mineralization and associated alteration halo within feldspar 

porphyry dyke, DDH SG-09-41. (b) Slab image of feldspar porphyry dyke, U-Pb sample. Scale bar represents 1 cm. 

Transmitted light images of (c) needle and elongate zircon prism population with overgrowths and (d) irregular large 

fractured grains. Scale bar represents 50 μm. (e) Slab image of feldspar porphyry dyke, U-Pb sample occurring at surface 

in Nightmusic zone. Scale bar represents 1 cm. Transmitted light images of (f) large, equidimensional prism zircon 

population, (g) complex core-rim zircon grains, and (h) prismatic bipyramidal zircon population. Scale bar represents 

50 μm.
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translucent overgrowths (Fig. 12f-h). Backscattered 
electron and CL imaging of zircon grains in feldspar 
porphyry dyke samples demonstrates magmatic zircon 
occurs as entire grains and as rims mantling xenocrystic 
cores (Fig. 13). Magmatic zircon in both samples is 
characterized by well-defined, sharp oscillatory growth 
zoning. 

Twenty-four analyses were acquired from 15 zircon grains 
exhibiting magmatic growth zoning from the feldspar 
porphyry dyke sampled from DDH SG-09-41, (Fig. 14a; 
Appendix 2). A concordia age calculated from 22 analyses 
yielded an age of 74.64 ± 0.61 Ma (MSWD = 1.6) and a 
weighted mean 206Pb/238U age of 74.79 ± 0.61 Ma 
(MSWD = 0.47; Figure 14a,b). Concentration data 
calculated for magmatic zircon ranges from 162-1637 U 
ppm and 50-242 ppm Th (Appendix 2).

For the feldspar porphyry sampled at surface from the 
Nightmusic zone, 24 analyses were collected from 19 
grains (Fig. 14c; Appendix 3). A concordia age calculated 
from 17 analyses yielded an age of 74.42 ± 0.75 Ma 
(MSWD = 2.4) and a weighted mean 206Pb/238U age of 
73.91 ± 0.81 Ma (MSWD = 0.5; Fig. 14c,d). Concentration 
data calculated for magmatic zircon vary from 
170-2772 ppm U and 29-323 ppm Th (Appendix 3).

aMadEuS zonE

Amadeus stock (DDH SG-08-32)

The Amadeus stock represents an epithermal quartz-
feldspar porphyry intrusion and hosts significant Au-Ag 
mineralization. The stock is characterized by pervasive 
bleaching and primary zoned plagioclase phenocrysts 

BSE CLBSE

BSE

CL

CLBSE BSE

BSE BSE

aii

aiii aiv

bii

biii
biv

bv

bvi

ai

bi

Figure 13. (ai-aiv) Representative BSE and CL images (denoted on image) of analysed zircon grains from feldspar porphyry 

dyke sampled from SG-09-41. Zircon grain in image 13(aiv) exhibits prominent oscillatory-zoned magmatic rims enclosing 

a partially resorbed xenocrystic core. (bi-bvi) Representative BSE and CL images (denoted on image) of analysed zircon 

grains from feldspar porphyry dyke sampled at surface within Nightmusic zone. Magmatic zircon is characterized by 

oscillatory zoning occurring either as rims on xenocrystic cores or as entire grains. Scale bars represent 50 μm. 

BSE = backscattered electron, CL = cathodoluminescence.
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Figure 14. (a) Concordia diagram illustrating U-Pb analyses of magmatic zircon from feldspar porphyry dyke sampled from 

DDH SG-09-41 (ca. 152.8-153.3 m). Analyses included in age calculation have a probability of concordance greater than 

0.20. Decay constant uncertainties of concordia are indicated. (b) Plot of weighted mean 206Pb/238U ages with probability 

of concordance greater than 0.20 for feldspar porphyry dyke, DDH SG-09-41. (c) Concordia diagram illustrating U-Pb 

analyses of magmatic zircon from feldspar porphyry dyke sampled at surface within the Nightmusic zone. Analyses 

included in age calculation have a probability of concordance greater than 0.20. (d) Plot of weighted mean 206Pb/238U 

ages with probability of concordance greater than 0.20 for surface sample of feldspar porphyry dyke, Nightmusic zone. 
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that have been completely replaced by secondary clay 
minerals, particularly in Au-enriched portions of the 
intrusion (Fig. 15a,b). Xenoliths of metasedimentary and 
meta-igneous gneiss occur sporadically throughout the 
body, and are particularly abundant along upper and 
lower contacts, which are typically brecciated (Fig. 15c,d). 
Sampling for U-Pb geochronology was restricted to 
xenolith-free portions of the stock that displayed clear 
magmatic textures from DDH SG-08-32 (272.2-300.4 m; 
Fig. 15b).

Abundant zircon of moderate quality was extracted from 
the sample of the Amadeus stock. Two morphologically 

distinct populations are present in subequal amounts, 
including (i) clear, well-faceted elongate prisms and 
needles (Fig. 15c), and (ii) elongate prisms with core and 
rim relationships (Fig. 15f). Backscattered electron and CL 
imaging of both zircon populations demonstrate 
magmatic zircon occurs both as entire grains and as thick 
magmatic rims. Magmatic zircon is characterized by sharp 
oscillatory zoning (Fig. 16). 

Twenty-seven analyses were acquired from 25 grains that 
were interpreted as magmatic zircon (Appendix 3). A 
concordia age calculated from 18 analyses yielded an age 
of 75.5 ± 0.79 Ma (MSWD = 1.07) and a weighted mean 
206Pb/238U age of 75.53 ± 0.89 Ma (MSWD = 0.48; 
Figure 17a,b). Concentration data calculated from 
magmatic zircon ranges from 718-2608 ppm U and 
92-796 ppm Th (Appendix 3). 

diSCuSSion and ConCluSionS
New geological, geophysical and U-Pb analytical data 
from the Sonora Gulch project indicate the occurrence of 
multiple overprinting events that can be correlated to 
different mineralizing environments (mesothermal vs. 
epithermal) and metal associations. Important vectoring 
criteria for the Nightmusic zone include proximity to the 14b

Figure 15. (a) Core photo illustrating feldspar porphyritic 

texture of medium to coarse-grained feldspar porphyry 

stock (Amadeus stock) sampled from DDH SG-08-32 

(272.2-300.4 m). Scale bar represents 1 cm. (b) Slab image 

of U-Pb sample. Scale bar represents 1 cm. (c) Listwanite-

altered ultramafic inclusion within Amadeus stock. 

(d) Brecciated upper contact of Amadeus stock with 

basement gneiss of Yukon-Tanana terrane. Transmitted light 

images of (e) faceted to prismatic zircon population, and 

(f) overgrowth zircon population. Scale bars represent 

50 μm.

c

d

e

f

ba

CL CL CL

CL

CL
BSE

Figure 16. Representative BSE and CL images (denoted on 

image) of analysed zircon grains from Amadeus stock. 

Magmatic rims exhibit oscillatory enclosing partially 

resorbed xenocrystic cores. Scale bars represent 50 μm.
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Figure 17. (a) Concordia diagram illustrating U-Pb analyses 

of magmatic zircon from Amadeus stock. Analyses included 

in age calculation have a probability of concordance 

greater than 0.20. Decay constant uncertainties of 

concordia are indicated. (b) Plot of weighted mean 
206Pb/238U ages with probability of concordance greater 

than 0.20 for Amadeus stock. 
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northwest-trending Big Creek fault zone and recognition 
of an associated second-order, east-trending structural 
corridor. Serpentinized and listwanite-altered ultramafic 
lenses provide useful lithologies to focus on important 
target areas in this structural setting. Gold-enriched 
mesothermal base-metal skarn and replacement-style 
mineralization in the Nightmusic zone is overprinted by 
post-skarn fluid and magmatic events, including ubiquitous 
epithermal veining, feldspar porphyry dyke suite intrusion. 
Additionally, skarn sulphide paragenesis indicates 
replacement of sphalerite-galena-chalcopyrite (± Au) 

mineralization by secondary pyrite and pyrrhotite, which 
may represent either the latest stage of skarn fluid 
evolution, or a discretely different fluid event that 
remobilized the pre-existing ore. Gold and silver 
mineralization occurring in the Amadeus stock show 
vertical zonation with appreciable concentrations of gold 
occurring at higher levels and silver at lower levels. 
Intervals of higher grade gold are typically associated with 
low to background arsenic values, suggesting a more 
evolved epithermal nature of gold mineralization.

The new U-Pb age data determined from each of two 
feldspar porphyry dykes (74.79 ± 0.61 Ma and 
73.91 ± 0.81 Ma), a weakly mineralized quartz porphyry 
stock (75.73 ± 0.93 Ma) within the Nightmusic zone, and 
the gold-silver mineralized Amadeus stock 
(75.5 ± 0.79 Ma) demonstrate the widespread occurrence 
of Late Cretaceous magmatism within the property. This 
magmatism is coeval with the Late Cretaceous Carmacks 
Group rather than the mid-Late Cretaceous Prospector 
Mountain suite as previously interpreted. Age dating of a 
feldspar porphyry dyke located in the Nightmusic zone 
and occurring within the Big Creek fault zone, indicates 
that brittle deformation and movement along the Big 
Creek fault post-dated dyke emplacement (ca. 74 Ma). 
The age data also indicate that mineralization styles 
evolved from early mesothermal replacement and skarn 
type (Nightmusic zone), to a younger epithermal 
mineralizing environment, with the most economic 
concentrations currently recognized as occurring within 
the Amadeus zone. The lack of late-stage epithermal-style 
veining or feldspar porphyry dyke emplacement within the 
Amadeus stock is consistent with U-Pb age data that 
indicate that stock and dyke emplacement were 
contemporaneous. 

Importantly, the new age dates indicate that magmatic-
associated mineralization occurring within the Sonora 
Gulch property area are temporally equivalent to Western 
Copper Corporation’s Casino Cu-Au-Mo deposit, located 
roughly 40 km to the west-northwest. Hence, these new 
datasets extend the currently known eastern limit of Late 
Cretaceous magmatism and associated polymetallic 
mineralization.
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