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Abstract

In this contribution, we present new U-Pb age data for ten intrusive units that bracket the timing of 
polymetallic mineralization occurring within the Northern Freegold Resources Ltd. (NFR), Freegold 
Mountain project area. Polymetallic mineralization occurring in the Tinta zone predates trachytic 
dykes (~109 Ma) and represents the earliest phase of mineralization recognized on the Freegold 
Mountain property thus far. Feldspar porphyry dykes that intrude the Revenue zone are correlative 
to the Nucleus zone feldspar porphyry dykes, and yield ages of ~105-104 Ma, indicating that the 
structural corridor in which Au mineralization occurred was active from at least this time. 
Furthermore, monzodiorite was emplaced at ~107 Ma within the Revenue zone. An ~97 Ma aplitic 
dyke that intrudes porphyritic granite of the Stoddart intrusion predates ~94 Ma Mo-Cu-W 
mineralization. Andesitic dykes (~77 Ma) that crosscut the Stoddart porphyry and rhyolitic dykes 
(~75 Ma) intruding the Revenue zone, represent Carmacks-age volcanism in the region. These new 
age data indicate that economically important mineralizing events took place over a period of at 
least 40 Ma.
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Introduction 
The Freegold Mountain project, owned and operated by 
Northern Freegold Resources Ltd., is located in the central 
Dawson Range, west central Yukon. The property is 
situated at the southern end of a regionally extensive, 
northwest-trending polymetallic mineral belt associated 
with Jurassic to latest Cretaceous magmatic events (Figs. 1, 
2). The Freegold Mountain property represents a large 
land parcel exceeding 12 000 hectares and is host to 
numerous important mineralized zones, including two 
with NI 43-101 resources, i.e., the Tinta deposit (Au-Ag-Cu-
Pb-Zn) and the Nucleus Au deposit. Significant zones of 
mineralization currently recognized across the property 
include, from northwest to southeast, Nitro, Big, Nucleus, 

Revenue, Castle, Discovery (Ridge and Stoddart), Goldy 
and Tinta (Fig. 3). Each mineralized zone is associated 
with a different metal suite of interest, and corresponding 
style and setting of mineralization. The density of such 
diverse styles of mineralization in a relatively small area 
suggests a complex interplay of long-lived structural 
conduits and multiphase fertile magmatism. The following 
report presents new U-Pb age data from the Tinta, 
Revenue, Stoddart and Ridge mineralized zones that 
demonstrate a protracted history of polymetallic 
mineralization extending for over 40 Ma that was 
associated with discrete pulses of Cretaceous magmatism. 
Importantly, these new age data place maximum and 
minimum age constraints on the timing of mineralization 
occurring across the Freegold Mountain project area.

Figure 1. Terrane map of Yukon 

illustrating the location of Northern 

Freegold Resources’ Freegold 

Mountain project, which is located 

west of the Teslin fault within the 

Yukon-Tanana terrane (courtesy of 

M. Colpron).

Freegold 
Mountain 

project
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Figure 2. Regional geological map 

illustrating distribution of important 

mineral occurrences and deposits within 

the Dawson Range (courtesy of 

M. Colpron).
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Regional Geology
The Freegold Mountain project is located within the 
Dawson Range (Fig. 2), which is bounded primarily by the 
Yukon River to the north and the Nisling River to the 
south. It extends west-northwesterly from the town of 
Carmacks to the White River. The Dawson Range is 
underlain, in part, by Paleozoic metasedimentary and 
metaplutonic rocks of the pericratonic Yukon-Tanana 
terrane (YTT), which represents a composite of terranes 
that were accreted to the North American continent 
during early Mesozoic time (Colpron et al., 2006). 
Regional metamorphic grade varies from greenschist to 
lower amphibolite facies (Payne et al., 1987). The YTT has 
been intruded by several different phases of plutonic 
rocks of at least three different ages. More than one 
terminology has been introduced in the literature for 
some of the different suites and specific intrusions in the 
Dawson Range. The following nomenclature is 
recommended.

1. Early Jurassic Aishihik and Long Lakes suites (Johnston, 
1995)

Big Creek Metaplutonic Suite (Carlson, 1987) or Big •	
Creek syenite (Tempelman-Kluit, 1984): orthoclase-
hornblende porphyritic syenite, plagioclase-hornblende 
monzonite, and hornblendite

Granite Mountain batholith (Tempelman-Kluit, 1984; •	
Carlson, 1987): foliated coarse-grained hornblende-
biotite granodiorite and leucogranodiorite

2. Mid-Cretaceous Whitehorse Plutonic Suite (Gordey and 
Makepeace, 2000)

Dawson Range batholith (Tempelman-Kluit, 1974): •	
hornblende-biotite-quartz diorite, hornblende-biotite 
diorite, and biotite-hornblende granodiorite

Coffee Creek granite (Carlson, 1987): granite to quartz •	
monzonite

Casino granodiorite (Gordey and Makepeace, 2001)•	

3. Late Cretaceous Prospector Mountain Suite (Johnston, 
1995)

Casino Plutonic Suite (Johnston, 1995): leucocratic •	
granite, quartz monzonite and alaskite with associated 
aplite phases

Bow Creek granite (Carlson, 1987): biotite granite and •	
related quartz-feldspar porphyry dykes

Seymour Creek stock (McCausland •	 et al., 2001): biotite-
hornblende granodiorite to quartz monzonite

Middle and Late Cretaceous volcanic sequences and •	
associated hypabyssal dykes belong to the Mount 
Nansen and Carmacks groups respectively (Carlson, 
1987)

Late Cretaceous plutons in the Dawson Range are 
thought to have been derived through subduction 
processes and melt generation within the mantle, whereas 
mid-Cretaceous intrusions were generated through partial 
melting of the YTT basement (Selby et al., 1999). The Big 
Creek fault is a prominent northwest-trending topographic 
and aeromagnetic feature of regional extent that extends 
across the Freegold Mountain project area. Importantly, 
the Big Creek fault zone is the locus of numerous copper 
porphyry and structurally hosted gold deposits, as well as 
associated placer gold. Mid and Late Cretaceous pluton 
emplacement may have been localized by the presence 
of these major northwest-trending structures.

Freegold Mountain Project - 
Property Geology
Poly-deformed and metamorphosed metagranitic, 
metavolcanic, and subordinate metasedimentary rocks of 
probable Devonian to Mississippian and older ages 
comprise the YTT basement that underlies the Freegold 
Mountain project area. The metamorphic assemblage has 
been intruded by four regional magmatic suites including, 
(i) the early Jurassic Granite Mountain batholith, located 
in the southeast margin of the property; (ii) the early 
Jurassic Big Creek syenite, which parallels the southwest 
property boundary and locally occurs in the south-central 
region of the property; (iii) the mid to Late Cretaceous 
Dawson Range batholith that underlies Revenue, and 
parts of the Nucleus and Discovery zones; and (iv) mid 
and Late Cretaceous intrusions and volcanic rocks of the 
Mount Nansen volcanic suite that partly underlie the 
Nitro and Big zones. The Big Creek lineament parallels Big 
Creek, which anastomoses in a general west-northwest 
trend across the Freegold Mountain property. The Big 
Creek lineament is interpreted to represent an important 
structure for controlling pluton emplacement and 
associated mineralization. Here, we provide more details 
on the geological setting for the Tinta, Revenue, Stoddart 
and Ridge mineralized zones for which U-Pb 
geochronology samples were collected.
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Tinta zone

The Tinta zone is underlain by early Jurassic granodiorite, 
quartz monzonite and minor hornblendite of the Granite 
Mountain batholith and, locally, small lenses of 
amphibolites of the YTT basement (Fig. 3). Early Jurassic 
plutonic rocks within the Tinta zone are crosscut by two 
phases of dykes including pink, equigranular aplite dykes 
and dark green to black, quartz-feldspar porphyry dykes 
of trachytic composition. Samples of both dyke suites 
were collected to constrain maximum and minimum ages 
of mineralization within the Tinta zone. Tinta zone 
mineralization represents a structurally controlled, 
northwest-trending polymetallic (Cu-Zn-Pb-As-Ag-Au) vein 
system. Mineralization occurs as quartz-pyrite-rich, base-
metal-bearing Au-Ag vein systems (Fig. 4). Sulphide 
phases include chalcopyrite, galena and sphalerite (Fig. 4). 
Silver-bearing minerals include tennantite and/or 
tetrahedrite, in addition to galena. The mineralized vein is 
typically zoned and composed of a marginal pyritic zone, 
and a central zone comprising mostly base metals and 

rare sulfosalts (Fig. 4b). Locally, base-metal mineralization 
is zoned into a peripheral chalcopyrite zone, and an 
interior galena-sphalerite zone (Fig. 4b). Alteration mineral 
assemblages that include quartz-sericite-adularia-
carbonate and open-space colloform and comb quartz 
textures are indicative of a high-level vein emplacement; 
this is consistent with an epithermal designation for the 
Tinta deposit. 

Revenue and Nucleus zones

Historically, the Revenue and Nucleus mineralized zones 
were considered as a single property, termed Golden 
Revenue (Eaton, 1984), but are now recognized as 
discrete and different mineralized zones that include the 
NI 43-101 Nucleus Au Deposit (Inferred resource of 
1,082,000 ounces of gold at 0.50 g/t Au with a cutoff of 
0.3 g/t) and the Au ± Cu prospect of the Revenue zone 
(Fig. 3). We describe the geology and mineralization of 
the Nucleus and Revenue zones together in this study due 
to the likely continuation of the structural corridor hosting 

PyPy

GnGn

CpCp

SpSp

PyPy

CpCp

CpCp

GnGn

Figure 4. (a) Massive quartz-pyrite-

chalcopyrite vein crosscut by later crustiform 

quartz-carbonate vein, Tinta Hill (drillhole 

TH07-11, ~329 m depth). (b) Massive 

quartz-pyrite-chalcopyrite-sphalerite-galena 

vein exhibiting zonation from pyrite zone 

(upper; Py) to galena-sphalerite-chalcopyrite 

zone (lower; Gn-Sp-Cp); field of view is 

6 cm. Py = pyrite, Cp = chalcopyrite,  

Gn = garnet.

a

b
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Nucleus-style mineralization into the Revenue zone, as 
well as the occurrence of Nucleus-style feldspar porphyry 
dykes within the Revenue zone.	

Basement rocks of the Nucleus and Revenue zones 
consist predominantly of strongly deformed, locally 
mylonitic, metasedimentary and meta-igneous schistose 
and gneissose rocks of the YTT that are intruded by early 
Jurassic, mid and Late Cretaceous intrusive bodies. 
Intrusive units intruding the Nucleus and Revenue zones 
are compositionally diverse and consist of the following:

medium-grained, unfoliated and equigranular i.	
leucogranite (Nucleus and Revenue);

fine-grained, foliated and unfoliated, locally porphyritic ii.	
leucomicrogranite (Nucleus and Revenue);

medium to coarse-grained, locally porphyritic alkali iii.	
leucogranite (Revenue);

white-brown weathering, equigranular and pervasively iv.	
chloritized biotite-hornblende granite and 
homogeneous, locally foliated biotite granite 
(Revenue);

mesocratic, medium-grained hornblende-biotite v.	
monzonite to quartz monzonite (Revenue); and

weakly deformed monzodiorite-monzogabbro vi.	
(Revenue).

The youngest intrusions identified through observation of 
overprinting relationships in both the Revenue and 
Nucleus zones include aplitic and dacitic to rhyolitic 
porphyry dyke swarms. In addition, a high-level intrusive 
breccia, referred to as tuffisite, has also intruded the 
composite plutonic basement, described above, that 
underlies the Revenue zone. The tuffisite consists of 
angular to subrounded lithic clasts of quartz-feldspar 
porphyry and subordinate, variably altered granitic and 
metasedimentary clasts hosted in a crystal-rich quartz-
feldspar matrix. Four trachydacitic to rhyolitic porphyry 
dykes from the Revenue zone were sampled to determine 
a crystallization age.

Despite the initial classification as a porphyry Cu-Mo-Au 
target, the Nucleus Deposit has been reinterpreted on the 
basis of detailed drilling as a structurally controlled, 
telescoped magmatic hydrothermal system. Mineralization 
styles include Au-enriched, mesothermal sulphide-calc-
silicate replacement bodies (Fig. 5a); Au-Cu quartz 
stockworks and associated veining (Fig. 5b); sheeted veins 
and breccias (Fig. 5c and d respectively); and epithermal 
crustiform veins in addition to mineralized feldspar 

porphyry dykes (Fig.5d). Oriented diamond drilling 
indicates that Nucleus mineralization is oriented east-west, 
as defined by geometry of both the feldspar porphyry 
dyke swarm and vein-hosted styles of mineralization. 
Overprinting relationships in the Nucleus Au Deposit 
demonstrate a progression from deeper level, early-
formed porphyry, skarn and replacement styles of 
mineralization, to higher level, likely epithermal 
mineralization, that are inferred to be associated with 
both the Mt. Nansen and Carmacks magmatic events.

Significant mineralization currently recognized in the 
Revenue zone consists of the initial Revenue discovery 
zone breccia pipe (tuffisite) that has significant supergene 
copper mineralization (malachite-azurite-gypsum/
anhydrite; Fonseca, 2009; Fig. 5e and f). Sulphide copper 
mineralization is observed in both the clasts and the 
matrix of the intrusive breccia. Preferential mineralization 
occurs in Fe-bearing clasts by the process of sulfidation 
reactions, and by pyrite ± chalcopyrite formation within 
the crystal-rich matrix.

Discovery zone – Stoddart and Ridge 

The polymetallic Ridge and Stoddart porphyry mineralized 
deposits represent the two main targets occurring within 
the Discovery zone, which is comprised of several 
intrusive bodies including a series of dyke swarms of 
basaltic-andesitic (Ridge) and aplitic (Stoddart) 
compositions. Four main intrusive bodies are recognized 
within the Discovery zone including an equigranular, 
medium-grained, hornblende-biotite-magnetite granite; a 
strongly magnetic alkali feldspar porphyritic granite; a 
pink, medium-grained granite with distinctive hornblende-
biotite aggregates (Bow Creek granite); and a medium-
grained, melanocratic biotite monzonite.

Porphyry-style Cu-Mo-W mineralization at the Stoddart 
zone occurs as both quartz-chalcopyrite-molybdenite-
scheelite veins and microstockwork, as well as a sub-
parallel set of veins, or as chalcopyrite-molybdenite-
scheelite disseminations (Fig. 6a and c). Additionally, 
mineralization is observed to be associated with either 
phyllic (quartz-sericite), or potassic (K-feldspar-biotite-
magnetite after primary biotite) alteration. A Re-Os 
isotopic age date of molybdenite sampled from the 
Stoddart zone mineralization yielded a model age of 
93.6 ± 1.5 Ma (Geospec Consultants Ltd., 2008). 

Polymetallic Au-Ag-Pb-Cu mineralization occurring within 
the Ridge zone is hosted by a northwest-trending shear 
zone approximately 5 m to 10 m wide (apparent), located 
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Figure 5. (a) High-grade, gold-copper skarn, Nucleus zone. Visible gold (VG) occurs in early phase assemblage (quartz-

feldspar-biotite) and is overprinted by pyrrhotite-chalcopyrite-pyrite. (b) Quartz-chalcopyrite-molybdenite stockwork 

mineralization, Nucleus zone. (c) Quartz stockwork mineralization overprinted by late-stage brittle veining and brecciation, 

Nucleus zone. (d) Example of silicified feldspar porphyry dyke with overprinting brittle deformation and brecciation, 

Nucleus zone. (e) Matrix mineralization of pyrite and chalcopyrite (Py + Cp) occurring within tuffisite unit, Revenue zone. 

(f) Clast-hosted sulphide mineralization (Py + Cp), tuffisite, Revenue zone. Scale card increments and scale bars in 

Figures 5 a-f represent 1 cm. Py = pyrite, Mo = molybdenite, Cp = chalcopyrite.
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at, or near, the contact of a strongly foliated biotite 
granodiorite and the Bow Creek granite. Early-phase 
copper and gold mineralization occurs as malachite, 
azurite, chalcocite, and/or telluride, with gold. Dolomitic 
veining represents late-stage overprinting and exhibits 
crustiform textures that locally host galena mineralization 
(Fig. 7a-d). Dolomite veining parallels the southeast-trend 
of the shear zone, and crosscuts the biotite monzonite 
(Fig. 7a) and Bow Creek granite.

Geochronology
Ten magmatic samples were collected from surface and 
drill core from the Tinta, Revenue, Stoddart and Ridge 
mineralized zones for U-Pb dating. Sampling was 
restricted to magmatic phases, which were either directly 
associated with mineralization, or were observed to 
postdate it. Dating was completed using both U-Pb 
Isotope Dilution Thermal Ionization Mass Spectrometry 
(ID-TIMS; 7 samples) and Laser Ablation Microprobe 
Inductively Coupled Plasma-Mass Spectometry (LAM 
ICP-MS; 3 samples) techniques. The samples are reported 

CpCp MoMo
CpCp

MoMo

dolomite 
vein

CpCp
MoMo

CpCp

MoMo

aplite
dyke

Stoddart
granite

SchSch

Figure 6. (a) Quartz-scheelite-chalcopyrite-molybdenite vein crosscutting granite and overprinted by phyllic (sericite-

quartz) alteration (drillhole 08 ST07, at 180 m). (b) Quartz-chalcopyrite-molybdenite mineralization within Stoddart zone 

granite overprinted by late-stage dolomitic veining. (c) Quartz-chalcopyrite-molybdenite veins crosscutting aplitic dyke 

that intrudes Stoddart pluton. Aplite dyke is equivalent to TB369 sampled for U-Pb age dating. Scale bars represent 1 cm. 

Cp = chalcopyrite, Mo = molybdenite, Sch = scheelite.
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Figure 7. (a) Biotite monzogranite crosscut by dolomite 

veins, Ridge zone. (b) Galena mineralization associated 

with dolomite veining, Ridge zone. (c) Early quartz veining 

(± galena rimming quartz crystal terminations) and open-

space-filling crystal form crosscut by dolomite stringer veins. 

(d) Crustiform dolomitic banding, Ridge zone. Scale bars 

and scale card and increments represent 1 cm. 

Dol = dolomite, Gn = galena, Qtz = quartz. 
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according to the mineralized zone in which they were 
sampled and, where possible, sequentially presented from 
oldest to youngest. Final calculated ages are reported in 
Table 1.

Conventional and chemical abrasion ID-TIMS zircon U-Pb 
dating was performed at the Pacific Centre for Isotope 
and Geochemical Research (PCIGR) of the University of 
British Columbia. Analytical techniques for U-Pb dating 
studies by ID-TIMS at the PCIGR are as described by 
Mortensen et al. (1995). Interpreted crystallization ages 
are based on a weighted average of the 206Pb/238U ages 
calculated for at least two overlapping concordant points. 
Errors for the calculated concordia and weighted mean 
206Pb/238U ages are given at the 2 sigma level. Field 
relationships are briefly described for each sample before 
reporting the U-Pb IDTIMS isotopic results.

Three samples from the Freegold Mountain property were 
dated using U-Pb LAM ICP-MS techniques at the INCO 
Innovation Centre at Memorial University, St. Johns, 
Newfoundland. A detailed outline of the methodology is 
given in Bennett and Tubrett (this volume). Analytical 
techniques 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 to 80, 
dependent on yield). Field relationships and zircon 
zonation styles are briefly described for each sample 
before reporting the U-Pb isotopic results. Uncertainties 

reported for all calculated ages and plotted on associated 
concordia and weighted mean diagrams are at the 2s 
uncertainty level, unless stated otherwise. Final age 
calculations include U-decay constant uncertainties, 
which are plotted graphically on concordia plots. 
Concordia and weighted mean 206Pb/238U ages were 
calculated 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 Th 
concentration data and Th/U ratios were also calculated 
for each sample.

Tinta zone

One porphyry dyke and one aplite dyke were sampled 
from the Tinta mineralized zone, TB218 and TB234, 
respectively. The porphyry dyke was observed to crosscut 
polymetallic mineralization, whereas the aplite dyke hosts 
mineralization.

Sample TB218 is a dark green to black feldspar porphyritc 
dyke of trachytic composition sampled from 
DDH TH 07-08 between intervals 38.45 m and 38.65 m. 
The dyke has strong pervasive chlorite-epidote alteration 
of both phenocrysts and groundmass. The sample TB218 
dyke intrudes hornblende-granodiorite of assumed 
Jurassic age, and is possibly associated with the Granite 
Mountain batholith. Additionally, carbonate veining is 
observed crosscutting the dyke, and represents a later 
overprinting fluid system.

Three single-grain zircon fractions were analysed from 
sample TB218 by conventional ID-TIMS (Table 2; Fig. 8a). 
Three overlapping concordant data points yielded a 
concordia age of 108.7 ± 0.17 Ma (MSWD = 0.25) and a 
weighted mean 206Pb/238U age of 108.7 ± 0.36, which is 
interpreted to be the crystallization age of TB218 (Fig. 8b).

Sample TB234 is a pink, equigranular aplitic dyke sampled 
from DDH TH 07-11, at 188.1 m. The dyke intrudes 
granodiorite of the Granite Mountain batholith and is 
comprised dominantly of feldspars (~80 vol. %) exhibiting 
poikiolitic textures and subordinate quartz (~20 vol. %). 
Locally, feldspar is altered to saussurite, carbonate and 
clay minerals. Five single-grain zircon fractions were 
analysed from TB234 (Table 2; Fig. 8c). No overlapping 
concordant points occur in the dataset, and calculated 
206Pb/238U ages range from ca. 188 Ma to 216 Ma. The 

Table 1. Summary of crystallization ages, Freegold 

Mountain project.

Zone Sample

206Pb/238U 
weighted mean age

Tinta TB234 unresolved

TB218 108.7 ± 0.4 Ma

Revenue TB183 105.7 ± 0.2 Ma

TB022 105.5 ± 0.2 Ma

TB174 104.4 ± 0.1 Ma

TB181 75.2 ± 0.2 Ma

Revenue Creek granite 107.1 ± 0.6 Ma

Stoddart Re-Os 
Mo (94Ma)

TB369 (Concordia age) 97.9 ±0.4 Ma

TB038 76.9 ± 0.9 Ma

Ridge Bow Creek granite 68.4 ± 0.9 Ma
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most reasonable interpretation of the isotopic variability 
in the dataset is that the zircon fractions analysed 
represent inherited populations. Further work is required 
to establish the crystallization age of this sample.

Revenue zone

Four feldspar porphyry dykes (TB022, TB174, TB183, 
TB181) and one monzodiorite intrusion (Revenue Creek 
monzodiorite) were sampled in the Revenue zone. The 
porphyry dykes are interpreted to be correlative to the 
mineralizing porphyry dykes that occur in the Nucleus 
zone. The porphyry dykes were analysed using 

conventional ID-TIMS, whilst U-Pb dating of the Revenue 
Creek monzodiorite was done using LAM ICP-MS.

Sample TB022 was collected in Revenue Creek, 
immediately adjacent to Revenue Camp (382254E, 
6914428N). The dyke is rhyolitic in composition and 
contains approximately 5% modal quartz and feldspar 
phenocrysts set in an aphanitic groundmass composed 
almost entirely of quartz. Strong pervasive silicification 
and weak to moderate pyrite ± chalcopyrite 
mineralization is also associated with TB022. Importantly, 
the feldspar porphyry dyke crosscuts the Revenue Creek 
monzodiorite. Immediately proximal to the dyke contacts, 
strong biotite alteration is observed, which is associated 

Table 2. Conventional U-Pb ID-TIMS data for zircon fractions from porphyritic dykes from Tinta and Revenue zones.

sample/ 
fraction

207Pb/ 
235U 
ratio

± 1s, 
%

206Pb/ 
238U 
ratio

± 1s, 
% rho

206Pb/ 
238U age

± 2s,  
Ma

207Pb/ 
235U age

± 2s, 
Ma

207Pb/ 
206Pb age

± 2s, 
Ma

TB234 Tinta

A 0.2212 0.1700 0.0314 0.0920 0.8025 199.3 0.4 202.9 0.6 244.5 5.1/5.1

B 0.2343 0.1980 0.0332 0.0720 0.6243 210.4 0.3 213.7 0.8 250.4 7.5/7.5

C 0.2033 0.2390 0.0296 0.0810 0.6012 188.0 0.3 187.9 0.8 187.8 9.3/9.4

D 0.2372 0.2560 0.0338 0.0950 0.5224 214.1 0.4 216.2 1.0 238.7 10.2/10.2

E 0.2197 1.5250 0.0315 0.1530 0.6047 199.7 0.6 201.7 5.6 224.9 65.1/67.8

TB218 Tinta

A 0.1130 0.3500 0.0170 0.1130 0.4963 108.6 0.2 108.7 0.7 111.3 14.6/14.7

B 0.1132 0.1630 0.0170 0.0810 0.6510 108.8 0.2 108.9 0.3 111.8 5.9/6.0

C 0.1127 0.2430 0.0170 0.1400 0.4494 108.5 0.3 108.4 0.5 108.1 10.3/10.4

TB183 Revenue

A 0.1090 1.1720 0.0165 0.1420 0.5589 105.6 0.3 105.0 2.3 92.8 51.3/52.9

B 0.1100 1.0710 0.0165 0.1900 0.4424 105.8 0.4 106.0 2.2 110.6 46.6/48.0

C 0.1104 0.8830 0.0166 0.1690 0.4619 105.8 0.4 106.3 1.8 117.6 38.2/39.1

D 0.1049 1.8080 0.0160 0.1980 0.6360 102.1 0.4 101.3 3.5 80.6 78.3/82.2

E 0.1046 2.9410 0.0157 0.2350 0.5813 100.4 0.5 101.0 5.7 116.1 127.5/138.2

TB022 Revenue

A 0.1098 0.3520 0.0165 0.1300 0.5438 105.5 0.3 105.8 0.7 113.2 14.2/14.3

B 0.7554 0.1460 0.0574 0.1070 0.6663 360.1 0.8 571.4 1.3 1535.6 4.1/4.1

C 0.5838 0.1640 0.0531 0.0980 0.6961 333.8 0.6 466.9 1.2 1189.1 4.7/4.7

D 0.1098 0.3180 0.0165 0.1110 0.5499 105.4 0.2 105.7 0.6 112.7 12.9/12.9

E 0.1095 0.5030 0.0165 0.2690 0.6666 105.5 0.6 105.5 1.0 104.4 17.9/18.1

TB174 Revenue

A 0.1077 0.2050 0.0161 0.0940 0.6889 103.2 0.2 103.9 0.4 119.3 7.3/7.4

B 0.1085 0.2060 0.0163 0.1240 0.7131 104.5 0.3 104.6 0.4 106.2 6.9/6.9

C 0.1182 0.2290 0.0174 0.1680 0.7988 111.4 0.4 113.4 0.5 156.0 6.5/6.5

D 0.1085 0.2170 0.0164 0.1200 0.6932 104.6 0.3 104.6 0.4 104.2 7.5/7.6

E 0.1082 0.1810 0.0163 0.0900 0.7277 104.4 0.2 104.4 0.4 102.9 6.2/6.2

TB181 Revenue

A 0.0756 0.4180 0.0116 0.0770 0.4999 74.2 0.1 74.1 0.6 69.2 18.3/18.5

B 0.0768 3.3320 0.0117 0.2960 0.6417 75.1 0.4 75.1 4.8 75.5 143.3/156.9

C 0.2041 0.1610 0.0280 0.1110 0.7951 178.3 0.4 188.6 0.6 319.6 4.5/4.5

D 0.0770 0.4070 0.0117 0.1740 0.4770 75.2 0.3 75.3 0.6 79.6 16.9/17.1

Note: A, B etc. are labels for fractions composed of single zircon grains or fragments.
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with (i) destruction of primary plutonic textures in the 
monzodiorite, and (ii) local pyrite ± chalcopyrite 
mineralization hosted in the alteration selvedge. Five 
single-grain zircon fractions were analysed from TB022 
(Table 2). Of the five fractions, three resulted in 
overlapping concordant analyses from which a concordia 
age of 105.5 ± 0.20 Ma and a weighted mean 206Pb/238U 
age of 105.5 ± 0.16 Ma were calculated (Fig. 9a and b). 
The two remaining fractions resulted in strongly 
discordant data, interpreted as inherited (Table 2).

Sample TB174 is a yellowish brown to pink feldspar 
porphyry dyke of trachydacitic composition that intrudes 
a strongly altered plutonic rock in Revenue zone (382613E, 
6913285N). The dyke is strongly mineralized 
(chalcopyrite-pyrite-malachite-manganese oxides). Five 
single-grain zircon fractions were analysed from TB174 
(Table 2). Of the five fractions, three resulted in 

overlapping concordant analyses from which a concordia 
age of 104.5 ± 0.17 Ma and a weighted mean 206Pb/238U 
age of 104.5 ± 0.13 Ma were calculated (Fig. 9c and d). 
The two remaining fractions resulted in discordant data 
and were not used in the age calculation (Table 2).

Sample TB183 (382690E 6912989N) is a fine-grained, 
equigranular monzonitic dyke comprised of 
predominantly feldspar, subordinate quartz (<10%) and 
rare biotite. Where sampled, the dyke intrudes a coarse-
grained granitic pluton of similar mineralogy. Five single-
grain zircon fractions were analysed from TB183 (Table 2). 
Of the five fractions, three resulted in overlapping 
concordant analyses from which a concordia age of 
105.7 ± 0.22 Ma and a weighted mean 206Pb/238U age of 
105.7 ± 0.19 Ma were calculated (Fig. 9e and f). The two 
remaining fractions also resulted in concordant data at  
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Figure 9. (a) Concordia diagram for U-Pb ID-TIMS analyses of magmatic zircon from TB022; silicified feldspar porphyry 

dyke crosscutting Revenue Creek monzodiorite, Revenue zone. Data point error ellipses represent 2σ error, and 2s 

uranium-decay constant errors are included in final age calculation. (b) Plot of weighted mean 206Pb/238U ID-TIMS ages 

for TB022; feldspar porphyry dyke, Revenue zone. Box heights represent 2s. (c) Concordia diagram for U-Pb ID-TIMS 

analyses of magmatic zircon from TB174; feldspar porphyry dyke, Revenue zone. (d) Plot of weighted mean 206Pb/238U 

ID-TIMS ages for TB174; feldspar porphyry dyke, Revenue zone. Box heights represent 2s. MSWD = mean square of the 

weighted deviates. (Figure 9e,f,g,h continued on next page.)

ca. 102 and 100 Ma, and are interpreted to be reset ages 
due to overprinting thermal events (Table 2).

Sample TB181 is a purple porphyritic dyke of rhyolitic 
composition and is comprised of distinctive ‘quartz-eye’ 
and feldspar phenocrysts hosted in an aphanitic, quartz-
dominant groundmass. The dyke is weak to moderately 
sericite-saussurite-altered, and additionally, has notable 
malachite staining at the margins of the dyke when in 

contact with the country rock, which is an altered 
granitoid of unknown composition. Four single-grain 
zircon fractions were analysed from TB181 (Table 2). Of 
the four fractions, two resulted in overlapping concordant 
analyses from which a concordia age of 75.15 ± 0.23 Ma 
and a weighted mean 206Pb/238U age of 75.16 ± 0.22 Ma 
were calculated (Fig. 9g and h). The two remaining 
fractions also resulted in one strongly discordant older 
analysis interpreted as inherited, and one concordant 
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analysis at ca. 74 Ma, which is interpreted as resetting 
ages (Table 2).

A sample of the Revenue Creek monzodiorite was 
collected at the feldspar porphyry dyke U-Pb locality 
(sample TB022; Fig. 10) in order to better constrain the 
age of plutonism into which the Revenue feldspar dykes 
intrude. The site relationships are described above and 
illustrated in Figure 10c. 

Abundant zircon of moderate quality was extracted from 
the sample of the Revenue Creek monzodiorite. Two 
morphologically distinct populations are present in 
subequal amounts: (i) clear, well-faceted equidimensional 
prisms (Fig. 11a), and (ii) elongate to irregular prisms with 
core and rim zircon growth (Fig. 11b). BSE and CL imaging 
of both zircon populations demonstrates that magmatic 
zircon occurs as both entire grains and as thick magmatic 

Figure 9. continued (e) Concordia diagram for U-Pb ID-TIMS analyses of magmatic zircon from TB183; feldspar porphyry 

dyke, Revenue zone. Data point error ellipses represent 2σ error, and 2s uranium-decay constant errors are included in 

final age calculation. (f) Plot of weighted mean 206Pb/238U ID-TIMS ages for TB183; feldspar porphyry dyke, Revenue zone. 

Box heights represent 2s. (g) Concordia diagram for U-Pb ID-TIMS analyses of magmatic zircon from TB181; rhyolite dyke, 

Revenue zone. Data point error ellipses represent 2σ error, and 2s uranium-decay constant errors are included in final age 

calculation. (h) Plot of weighted mean 206Pb/238U ID-TIMS ages for TB181; rhyolite dyke, Revenue zone. Box heights 

represent 2s. MSWD = mean square of the weighted deviates.
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Figure 10. (a) and (b) U-Pb 

sampling locality for Revenue 

Creek monzodiorite and TB022 

feldspar porphyry dyke. 

Monzodiorite is crosscut by 

strongly silicified feldspar 
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proximity to dyke margins. 
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rims, and that magmatic zircon is characterized by more 
diffuse oscillatory zoning (Fig. 11c). 

Thirty-one analyses were collected from both magmatic 
zircon grains and magmatic rims (Appendix 1). Twenty 
micron-diameter line rasters were employed to analyze 
zircon rims, whereas 40 x 40 μm box rasters were used to 
analyze magmatic zircon grains. A concordia age 
calculated from 31 analyses yielded an age of 
107.06 ± 0.68 Ma (MSWD = 0.0014) and a weighted 
mean 206Pb/238U age of 107.05 ± 0.649 Ma 
(MSWD = 0.91; Fig. 12a and b). Concentration data 
calculated from magmatic zircon varies from 128 ppm to 
729 ppm U, and 54 ppm to 301 ppm Th (Appendix 1). 

CL

CL

BSE BSE

BSE

BSE

Figure 11. Transmitted light images of (a) stubby, 

equidimensional zircon prism population, and 

(b) overgrowth population of zircons from Revenue Creek 

monzodiorite. Scale bars represent 50 mm. (c) BSE and CL 

images (denoted on image) of magmatic zircon occurring 

as entire grains and magmatic overgrowths on xenocrystic 

cores (CL images). Scale bars represent 50 μm. 

BSE = backscattered electron, CL = cathodoluminescence.
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Stoddart zone

Two intrusive rocks were sampled from the Stoddart zone 
including an aplitic dyke (TB369) and a porphyritic 
andesitic dyke (TB038). Both dykes are observed to 
crosscut the Stoddart granite. The aplitic dyke was dated 
using ID-TIMS, whilst U-Pb dating of the andesitic dyke 
was done using LAM ICP-MS.

Sample TB369 is one of a suite of aplitic dykes that 
crosscut the Stoddart porphyry. Additionally, the aplite 
dykes are observed to be overprinted by quartz-
chalcopyrite-molybdenite ± scheelite mineralized veins for 
which the molydenite has a Re-Os age of ca. 94 Ma 
(Fig. 6c). Four single-grain zircon fractions were analysed 
from TB369 (Appendix 2) and four concordant analyses of 
widely different ages (ca. 162 Ma, 102 Ma, 97 Ma and 
78 Ma; Fig. 13a) were obtained. The spread in concordant 
U-Pb age data can only be interpreted by taking into 
consideration the age of molybdenite mineralization at 
Stoddart (ca. 94 Ma) and the age of TB038 (ca. 77 Ma, 
outlined below). The fractions yielding concordant ages of 
ca. 162 Ma and 102 Ma are considered to represent 
inheritance. The concordant analysis yielding an age of 
ca. 78 Ma is consistent with the age of crystallization of 
TB038 and is thus interpreted as a reset age. If the age of 
molybdenite mineralization is constrained to ca. 94 Ma, 
then the third fraction, which has a concordia age of 
97.9 ± 0.40 Ma (Fig. 13b), is considered the best estimate 
of the crystallization age of the aplitic dyke and is 

consistent with the overprinting chalcopyrite-molybdenite 
± scheelite mineralized veins observed in core.

TB038 was sampled from the Stoddart zone where a 
weakly mineralized porphyritic andesitic dyke crosscuts 
an equigranular phase of the Stoddart granitic intrusion 
(Fig. 14). The andesite dyke consists of coarse-grained 
plagioclase, hornblende, biotite and quartz phenocrysts 
with weak to moderate flow alignment in a fine-grained 
groundmass of similar mineralogy. Malachite staining was 
observed at the margins of the andesitic dyke, similar to 
that observed for TB181 within the Revenue zone.

The sample yielded abundant zircons of moderate to 
good quality, from which three morphologically distinct 
populations could be recognized, including: (i) elongate 
to irregular prisms with core and rim zircon growth 
(Fig. 15a), (ii) clear, well-faceted equidimensional prisms 
(Fig. 15b), and (iii) elongate prisms transitional to needle-
shaped populations (Fig. 15c). BSE and CL imaging of the 
zircon populations demonstrates that magmatic zircon 
occurs as both entire grains and as magmatic rims and 
that the magmatic zircon is characterized by more diffuse 
to sharp oscillatory zoning (Fig. 15d). 

Twenty-six analyses were collected from both magmatic 
zircon grains and magmatic rims (Appendix 3). A 
concordia age calculated from 22 analyses yielded an age 
of 76.86 ± 0.86 Ma (MSWD = 0.0023) and a weighted 
mean 206Pb/238U age of 76.89 ± 0.86 Ma (MSWD = 0.57; 
Fig. 16a and b). Concentration data calculated from 
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andesite dyke
(TB038)

Figure 14. (a) Porphyritic andesitic dyke 

(TB038) crosscutting Stoddart zone granite. 

(b) Slab image of andesitic dyke (TB038) 

sampled for U-Pb analysis. Scale bar 

represents 1 cm. 
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Figure 15. Transmitted 

light images of (a) 
overgrowth zircon 

population, (b) well-

faceted, stubby zircon 

prism population, and 

(c) zircon needle and 

elongate prism population 

(with some overgrowth 

tips) of zircons from 

andesitic dyke (TB038). 

Scale bars represent 

50 mm. (d) BSE and CL 

images (denoted on image) 

of magmatic zircon from 

andesitic dyke (TB038) 

occurring as entire grains 

and magmatic overgrowths 

on xenocrystic cores. All 

scale bars represent 50 μm. 

BSE = backscattered 

electron, 

CL = cathodoluminescence.

a

c d

b



Yukon Exploration and Geology 2009  75

Bineli Betsi and Bennett – Geology and Geochronology, Freegold Mountain property

magmatic zircon varies from 105 ppm to 2118 ppm U, 
and 44 ppm to 1588 ppm Th (Appendix 3). 

Ridge zone

Observations from the Ridge zone trench and drill core 
indicate that mineralization in this zone postdates the 
intrusion of the Bow Creek granite (Fig. 17a). A sample of 
the Bow Creek granite from the Ridge zone mineralized 
trench was collected to place a maximum age constraint 
on the timing of mineralization associated with dolomitic 
alteration within this zone (Fig. 17b and c). 

The sample yielded abundant zircon of good quality from 
which three morphologically distinct populations could 
be recognized, including: (i) translucent, well-faceted, 
equidimensional prisms (Fig. 18a), (ii) elongate to irregular 
prisms with core and rim zircon growth (Fig. 18b), and 
(iii) subordinate, large needle and needle fragment 
population (Fig. 18c). BSE and CL imaging of the zircon 
populations demonstrates magmatic zircon occurs as 
entire grains and as magmatic rims, and that magmatic 
zircon is characterized by diffuse to sharp oscillatory and 
sector zoning (Fig. 18d). 

Thirty analyses were collected from both magmatic 
zircon grains and magmatic rims (Appendix 4). A 
concordia age calculated from 23 analyses yielded an age 
of 68.25 ± 0.90 Ma (MSWD = 1.6) and a weighted mean 
206Pb/238U age of 68.43 ± 0.91 Ma (MSWD = 0.37; 
Fig. 19a and b). Concentration data calculated from 
magmatic zircon varies from 148 ppm to 1380 ppm U, 
and 37 ppm to 1057 ppm Th (Appendix 4). 

Discussion and Conclusions
The NFR Freegold Mountain project is host to several 
discrete mineralized zones, including two with NI 43-101 
resources, e.g., the Tinta Deposit (Au-Ag-Cu-Pb-Zn) and 
the Nucleus (Au) Deposit. Each mineralized zone is 
associated with a different metal suite of interest and 
corresponding style and setting of mineralization 
indicative of a tectonic setting involving a complex 
interplay of long-lived structural conduits and multiphase 
fertile magmatism. 

Quartz-feldspar porphyry dyke relationships within the 
Tinta zone indicate that structurally controlled, 
polymetallic mineralization took place prior to 
108.7 ± 0.4 Ma (zircon). A U-Pb age from hornblende-
biotite monzodiorite, which is crosscut by Nucleus-style 
Au-Cu mineralized dykes in Revenue Creek 
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Figure 16. (a) Concordia diagram for U-Pb LAM ICP-MS 

analyses of magmatic zircon from andesitic dyke, TB038. 

Individual analyses with probability of concordance less 

than 0.2 are not included in final data calculations. Data 

point error ellipses represent 2σ error, and 2σ uranium-

decay constant errors are included in final age calculation. 

(b) Plot of weighted mean 206Pb/238U ages with 

probability of concordance greater than 0.20 for magmatic 

zircon from andesitic dyke, TB038. Box heights represent 

2σ. MSWD = mean square of the weighted deviates.
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Bow Creek granite crosscut 
by dolomite

and quartz veins

epithermal dolomite vein

Bow Creek granite

Fig. 17b

Figure 17. (a) Core photo of epithermal dolomite vein crosscutting Bow Creek granite, Ridge zone. Location of 17b 

marked. (b) Rotated enlargement of dolomite vein exhibiting epithermal veining textures. (c) Slab image of Bow Creek 

granite sampled from Ridge zone for U-Pb analysis. Scale bars represent 1 cm.
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CL

BSE

CL

CL

BSECL

Figure 18. Transmitted light 

images of (a) well-faceted, 

equidimensional zircon prism 

population, (b) overgrowth 

population, and (c) zircon 

needle population (with some 

overgrowth tips) from Bow 

Creek granite. Scale bars 

represent 50 mm. (d) BSE and 

CL images (denoted on image) 

of magmatic zircon from Bow 

Creek granite. All scale bars 

represent 50 μm. 

BSE = backscattered electron, 

CL = cathodoluminescence.
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Figure 19. (a) Concordia diagram for U-Pb LAM ICP-MS analyses, Bow Creek granite. Individual analyses with probability 

of concordance less than 0.2 are not included in final data calculations. Data point error ellipses represent 2σ error, and 

2σ uranium-decay constant errors are included in final age calculation. (b) Plot of weighted mean 206Pb/238U ages with 

probability of concordance greater than 0.20 for magmatic zircon from Bow Creek granite. Box heights represent 2σ. 

MSWD = mean square of the weighted deviates.
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(105.7 ± 0.2 Ma, 105.5 ± 0.2 Ma and 104.4 ± 0.1 Ma; 
U-Pb zircon), yields an age of 107.1 ± 0.6 Ma (U-Pb 
zircon), demonstrating a broadly synchronous relationship. 
The Stoddart Cu-Mo-W porphyry is crosscut by several 
dyke suites ranging from aplitic to andesitic and basaltic in 
composition. A U-Pb zircon age from an aplitic dyke that 
crosscuts the Stoddart porphyry, but is itself crosscut by 
Cu-Mo-W vein mineralization, yields an age of 
97.9 ± 0.4 Ma, consistent with the younger Re-Os 
molybdenite model age of 93.7 ± 1.5 Ma. An andesitic 
dyke that locally hosts Cu mineralization, and which 
crosscuts the Stoddart biotite granite, yielded an age of 
76.9 ± 0.9 Ma (U-Pb zircon). This age and style of 
mineralization has also been recorded from a rhyolitic 
dyke that intrudes the Revenue zone (75.2 ± 0.2 Ma; 
U-Pb zircon). Shear-hosted, polymetallic Au-Ag-Pb-Cu 
mineralization occurring at the Ridge zone, which occurs 
at or near the contact between the Casino granodiorite 

and the Bow Creek granite, is characterized by both 
base-metal-bearing silica and dolomitic fluids. Importantly, 
galena-rich dolomitic veins are observed to crosscut the 
Bow Creek granite, which yielded a U-Pb zircon date of 
68.4 ± 0.9 Ma, indicating that dolomitic fluids associated 
with the Ridge zone post date the intrusion of the Bow 
Creek granite.

Collectively, the new age data determined from 
Cretaceous magmatic units that intrude the Tinta, 
Revenue, Stoddart and Ridge mineralized zones 
demonstrate that a protracted history of economically 
important, polymetallic mineralization extended for more 
than 40 Ma (Fig. 20). Importantly, these new age data 
place maximum and minimum age constraints on the 
timing of mineralization occurring across the Freegold 
Mountain project area. 

Figure 20. Summary diagram illustrating the distribution through time of important magmatic and mineralizing events 

known to occur throughout the Freegold Mountain project area.
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