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Abstract

New and previously unpublished geochronological data that complement bedrock mapping and geochemical studies in northern Hogem
batholith indicate punctuated emplacement of four distinct intrusive suites during a protracted (ca. 80 Ma) interval, from 207 to 128 Ma. U-Pb
crystallization ages include new zircon (by LA-ICP-MS), previously unpublished legacy zircon and titanite (by ID-TIMS), and published
zircon (by CA-TIMS). Amphibole, biotite, and muscovite **Ar/*?Ar step-heating results provide magmatic cooling ages and post-deformation
cooling ages. The Thane Creek suite, composed of mostly metaluminous diorite to quartz monzodiorite with lesser hornblendite, intruded host
Nicola Group strata between 207 and 194 Ma. The Duckling Creek suite consists of alkaline biotite clinopyroxenite and syenite that intruded
the Thane Creek suite between 182 and 175 Ma. The Osilinka suite, represented by a weakly peraluminous leucocratic granite body, yielded
a maximum emplacement age of ca. 160 Ma. The Mesilinka suite consists of metaluminous tonalite and weakly peraluminous granodiorite to
granite, with interpreted crystallization ages ranging from 135 to 128 Ma. Bedrock mapping and geochronologic results from this study indicate
that northern Hogem batholith contains prospective rocks comparable to those that host the Lorraine and other deposits south of the present
study area. The Hogem batholith is relatively unique in the Canadian Cordillera because it contains a remarkable evolution of punctuated Upper
Triassic to Lower Cretaceous intrusive suites that are compositionally and chemically diverse. A new discovery is that the Mesilinka suite (Lower
Cretaceous) intruded during a Cordilleran-wide magmatic lull.

Keywords: Hogem batholith, Quesnel terrane, Stikine terrane, geochemistry, U-Pb zircon crystallization ages, CA-TIMS, ID-TIMS, LA-ICP-
MS

1. Introduction and east by volcanic and sedimentary rocks of the Nicola
In 2018, the British Columbia Geological Survey initiated  Group (Triassic) along fault and intrusive contacts (Fig. 1). To
a three-year mapping project in the Omineca Mountains of  the west, the batholith and Nicola Group are juxtaposed against
north-central British Columbia (Figs. 1, 2; Ootes et al., 2019,  Cache Creek and Stikine terranes across the Pinchi-Ingenika
2020a-c). The project aims to better understand the bedrock  dextral strike-slip fault system (Figs. 1, 2).
and surficial geology and associated base- and precious-metal Hogem batholith is subdivided into four petrologically
mineralization in the northern part of Hogem batholith and  distinct intrusive units; from oldest to youngest these are the
surroundings, through detailed 1:50,000-scale mapping and  Thane Creek, Duckling Creek, Osilinka, and Mesilinka suites
geochemical studies (Fig. 2; Ootes et al., 2020a). Herein we  (Figs. 3, 4; Woodsworth, 1976; Schiarizza and Tan, 2005a,
summarize the results of new U-Pb zircon, legacy U-Pb zircon ~ b; Devine et al., 2014; Ootes et al., 2019, 2020a-c). Full unit
and titanite, and “’Ar/*°Ar biotite, hornblende, and muscovite  descriptions can be found in Ootes et al. (2019) and supporting
geochronology for northern Hogem batholith. Full details, geochemical data are in Ootes et al. (2020c). The intrusive
including locations, data tables, zircon descriptions, and suites span a range of compositions from ultramafic to highly
cathodoluminescence (CL) imagery are presented in Ootes et silicic (Si0,=34.3-77.0 wt.%, on LOI-free anhydrous basis;

al. (2020c). Figs. 3, 4). In general, the metaluminous (Fig. 4) Thane Creek

suite contains relatively small pockets (<0.01 km?) of coarse-
2. Geologic setting and previous work grained hornblendite that was intruded and co-mingled with
2.1. Geology medium-grained diorite to quartz monzodiorite (Fig. 3). The

In Quesnel terrane, Hogem batholith is bounded to the north  suite ranges from undeformed to strongly deformed, including
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Fig. 2. Geology of northern Hogem batholith and its surroundings. The Hogem batholith is in the Quesnel terrane, which is separated from the
Cache Creek and Stikine terranes by the Pinchi-Ingenika fault (dextral strike-slip). Modified after Ootes et al. (2020a).
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Fig. 3. Quartz-alkali feldspar-plagioclase (QAP) diagram for
classification of felsic igneous rocks (Le Maitre et al., 2002). Whole-
rock geochemical compositions of samples from the Hogem batholith
were converted to volumetric modal mineralogy using the methodology
of Stanley (2017). Felsic samples from the Duckling Creek suite are
mildly silica-undersaturated and plot on the feldspathoid side (not
shown) of the alkali feldspar-plagioclase join.

local zones of mylonite. The Duckling Creek suite includes
older biotite clinopyroxenite that is intruded by two-feldspar-
bearing syenite, commonly with K-feldspar phenocrysts and
local magmatic layering. In the north, the suite is weakly
deformed (Ootes et al., 2019, 2020a, b), whereas in the Lorraine
area to the south it is moderately to strongly deformed (e.g.,
Devine et al., 2014). Duckling Creek rocks are metaluminous
and mildly silica undersaturated; the more felsic samples plot
on the feldspathoid side of the QAP diagram (Fig. 3). Based on
lower AL,O, and higher CaO at given SiO, the ultramafic rocks
of the Duckling Creek suite are readily dfstinguished from the
Thane Creek suite hornblendites (Fig. 4).

The Osilinka suite is a leucocratic medium-grained
equigranular granite (Fig. 3), typically with less than 5%
mafic minerals. The Osilinka suite is weakly peraluminous
(Fig. 4). The intrusive rocks are deformed and although fabric
development is cryptic in the granitic rocks, mafic dikes in the
Osilinka suite locally contain shear fabrics (Ootes et al., 2019).

The Mesilinka suite contains at least four intrusive phases. The
oldest (tonalite and granodiorite) are intruded by equigranular
granite and K-feldspar porphyritic granite (Fig. 3). The suite
ranges from weakly metaluminous (tonalites) to peraluminous
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Fig. 4. Geochemical classification of plutonic suites of the Hogem
batholith, including previously published analyses of Duckling Creek
suite (Nixon and Peatfield, 2003). a) Aluminum saturation index
(ASI=molar AL,O,/(Ca0O-1.67 P,0,+Na,O+K,0; Shand, 1943) vs. SiO,
(Wt.%). b) Mg-number (molar MgO/(MgO+FeO™T) vs. SiO, (wt.%).
Magnesian and ferroan intermediate to felsic rocks are separated by
the dashed line from Frost and Frost (2008). Shown for reference are
the estimated compositions of lower (LCC), middle (MCC), upper
(UCC) and bulk (BCC) continental crust (Rudnick and Gao, 2003).
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(granite to granodiorite; Fig. 4). All the intrusive phases in
the Mesilinka suite have a tectonic foliation that is defined by
aligned biotite (Ootes et al., 2019, 2020a, b).

2.2. Previous work

Northern Hogem batholith (north of 56°N) was mapped by
Armstrong (1946), Lord (1948, 1949), Armstrong and Roots
(1948, 1954), Roots (1954), Irvine (1976), and Woodsworth
(1976). Mapping by Ferri et al. (2001a, b), in areas to the east
and northeast, focussed on the Takla Group in Quesnel terrane
(referred to as the Nicola Group in this study; see discussion in
Ootes et al., 2020b) and left Hogem batholith largely undivided.
Schiarizza and Tan (2005a, b) mapped north of the study area
and reported preliminary isotopic ages for plutonic rocks at the
northern tip of Hogem batholith. Southern Hogem batholith
(south of 56°N) was mapped and subdivided by Garnett (1972,
1978). Bath et al. (2014) and Devine et al. (2014) studied the
Lorraine porphyry Cu-Au deposit southeast of the study area,
providing isotopic ages for mineralization and host rocks.
Nixon and Peatfield (2003) described rock types and presented
geochemical data from the Lorraine deposit area. CGG Canada
Services Ltd. (2018) presented the results of an airborne
geophysical survey extending across much of the study area
that includes both radiometric (K, U, Th) and magnetic data.

3. Methods
3.1. U-Pb geochronology

Samples collected in 2018 and 2019 were analyzed using
laser ablation-inductively coupled plasma-mass spectrometry
(LA-ICP-MS); samples collected in 2004 were analyzed using
thermal ionization mass spectrometer (ID-TIMS). Table 1
summarizes the samples analyzed and preliminary results; the
full analytical techniques and supporting data are in Ootes et
al. (2020c).

3.1.1. LA-ICP-MS

We collected unaltered rock samples weighing 5-10 kg
for geochronology. Sample preparation and analysis were
completed at the Canadian Centre for Isotopic Microanalysis
(CCIM), University of Alberta. Approximately 1-2 kg of
sample was cut, then disaggregated using the SELFRAG
laboratory electronic pulse disaggregation system to yield
high-quality mineral separates. Zircon separates were set
in epoxy mounts and polished to expose grain mid-sections.
Back-scattered electron (BSE), cathodoluminescence (CL),
and secondary electron (SE) images of the zircon crystals (see
Ootes et al., 2020c) were obtained using a Zeiss EVO MAL1S5
scanning electron microscope at CCIM. These images were
used to select spots for laser ablation U-Pb isotope analysis.

Zircon U-Pb isotope data were collected using laser ablation-
inductively coupled plasma-mass spectrometry (LA-ICP-MS)
with a RESOlution 193 nm ArF excimer laser, equipped with
a 2-volume Laurin-Technic S-155 ablation cell, and a Thermo
Scientific Element-XR mass spectrometer. A subset of the
zircon U-Pb data were collected using the laser ablation split-
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stream (LASS)-ICP-MS method (e.g., Fisher et al., 2014) to
simultaneously analyze U-Pb and Lu-Hf (Jones et al., 2021).
All LA-ICP-MS data were reduced using Iolite software
(Paton et al., 2010; Paton et al., 2011; Fisher et al., 2017).
Trace element concentrations of most zircon crystals were
determined during a separate analytical run in single stream or
in LASS mode along with Lu-Hf (Jones et al., 2021). Not all
zircon was analyzed for trace elements because of zircon grain
size limitations.

After reduction, the data were filtered using trace element
concentrations. Zircons with concentrations of Ca >300 ppm,
Fe >300 ppm, Ti >20 ppm, and La >1 ppm were not considered
in age calculations, because they may contain altered domains,
or domains with mineral inclusions, which will affect the
interpreted age of the sample. Zircon grains with significant
common Pb were also filtered by rejecting data with f°°Pb_
values >1% (e.g., Vezinet et al., 2018; Ootes et al., 2020c).
Zircon grains with >10% discordance, determined using the
206Pb/28U and 27Pb/? U ages, were also rejected. In addition
to filtering the U-Pb data, the internal structures of zircon
were examined using CL and BSE images. Xenocrystic or
antecrystic cores were identified by the degree of roundness
and crosscutting growth zones, and these grains were not used
in calculating sample ages. After data filtering, individual
zircon Pb/**U ages were used to calculate a weighted mean
206pp/238U age for each sample using IsoplotR (Vermeesch,
2018). All U-Pb data are reported at the 20 (95.5%) confidence
level.

Several samples yielded a spread in the *Pb/?*U age data
that is higher than a statistically reasonable mean squared
weighted deviation (MSWD) of the weighted mean. Zircon in
these samples were interpreted to be of the sample population,
having passed the data reduction and filtering methods outlined
above, so the spread in the zircon data was attributed to
natural isotopic variation between crystals (geological scatter;
Vermeesch, 2018). To reduce the spread in the data and lower
the MSWD, an excess scatter constant (over-dispersion) was
determined for each sample and added to the standard error of
the individual analyses (Vermeesch, 2018; see sample 18l025-
2a (section 4.2.1.) for an example of filtering method results).
After using excess scatter, the weighted mean **°Pb/**U dates
overlapped the concordia and non-processed weighted mean
206pp/238U dates, but with a reasonable MSWD. The robustness
of these weighted mean 2°°Pb/**%U dates is shown by arbitrarily
rejecting the youngest and oldest zircon dates in the sample
to lower the MSWD, which yields a weighted mean 2%Pb/3¥U
age that overlaps with the excessive scatter weighted mean
200Pb/28U age (e.g., see sample 18l025-2a, Fig. 7e, section
4.2.1.).

3.1.2. Legacy ID-TIMS

Samples collected in 2004 were processed and analyzed
soon thereafter at the Pacific Centre for Isotopic and
Geochemical Research (PCIGR) at the University of British
Columbia. Zircon and titanite were separated from samples
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using conventional crushing, grinding, and Wilfley table
techniques, followed by final concentration using heavy
liquids and magnetic separations, then air-abrasion. Following
dissolution of multi-grain zircon and titanite fractions in the
presence of a 233-235U-2%Pb tracer, isotopic ratios were measured
using a modified single collector VG-54R thermal ionization
mass spectrometer (TIMS) equipped with an analogue Daly
photomultiplier. In 2020, these legacy raw data were re-reduced
using the Excel-based program of Schmitz and Schoene (2007).
Standard concordia diagrams were constructed, and weighted
averages calculated with Isoplot (Ludwig, 2003). All errors are
quoted at the 20 or 95% level of confidence.

3.2. Ar-Ar laser step-heating

This study presents “°Ar/*’Ar laser step-heating ages for
single hornblende, muscovite, and biotite crystals. Samples
were prepared at the British Columbia Geological Survey where
they were crushed and sieved to between 100 and 250 mm and
run through a Frantz magnetic separator after which single
crystals were handpicked under a binocular microscope. Full
analytical techniques and supporting data are in Ootes et al.
(2020c¢). Three of the biotite *°Ar/*’Ar laser step-heating results
were also reported in Ootes et al. (2020b).

All “Ar/*Ar analytical work was performed at the
University of Manitoba using a multi-collector Thermo Fisher
Scientific ARGUSVI mass spectrometer linked to a stainless
steel Thermo Fisher Scientific extraction/purification line and
Photon Machines (55 W) Fusions 10.6 CO, laser. All specimens
were irradiated in the cadmium-lined, in-core CLICIT facility
of the Oregon State University TRIGA reactor. The duration
of irradiation was 70 hours and was conducted with the Fish
Canyon sanidine (28.201 Ma; Kuiper et al., 2008). Irradiated
samples were placed in a Cu sample tray, with a KBr cover
slip, in a stainless steel high-vacuum extraction line and baked
with an infrared lamp for 24 hours. Single crystals were either
fused or step heated using the laser, and reactive gases were
removed after ~3 minutes by three NP-10 SAES getters (two
at room temperature and one at 450°C) before being admitted
to an ARGUSVI mass spectrometer by expansion. Five argon
isotopes were measured simultaneously during a period of 6
minutes. Measured isotope abundances were corrected for
extraction-line blanks, which were determined before every
sample analysis. Each of the resulting steps have relatively
small errors, and the integrated ages were calculated from
the average and uncertainty by standard deviation of the best
analysis.

4. Results
4.1. Thane Creek suite
4.1.1. Thane Creek quartz diorite: 19GJ12-4, U-Pb zircon,
206.6 £0.9 Ma

The sample was taken 17.9 km east-northeast of Notch Peak
(Fig. 2). It is a white and black, medium-grained, equigranular
quartz diorite, and is composed of mostly plagioclase (~62%),
with about 25% equal parts of green amphiboles, with corroded
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clinopyroxene cores, and brown (metamorphic?) and green
biotite. The sample contains minor quartz (~6%) and alkali
feldspar (~7%), with accessory magnetite, apatite, titanite, and
epidote. Titanite occurs as rims on magnetite grains. Trace fine-
grained chalcopyrite is disseminated and occurs as inclusions
in magnetite.

After analysis and data reduction, two zircons were filtered
out for exceeding Ca >300 ppm and Ti >20 ppm, and one zircon
was rejected for f°°Pb.>1%. Ten remaining analyses yield a
weighted mean *°Pb/**8U date 0f206.6 £0.9 Ma (MSWD=1.77,
probability of fit=0.07). This weighted mean is interpreted as
the best estimate for the crystallization age (Figs. Sa, b).

4.1.2. Thane Creek hornblendite: 18l0o22-1a, U-Pb zircon,
CA-TIMS: 197.6 £0.1 Ma; LA-ICPMS: 191.4 £0.7 Ma

The sample was taken 18.6 km south-southeast of Mount
Ferris (Fig. 2). It is a coarse-grained to pegmatitic plagioclase-
bearing hornblendite.  Pegmatitic =~ white  hornblende-
plagioclase segregations are interstitial to predominantly green
hornblendite. Hornblende is commonly overgrown by brown or
green biotite, with biotite making up ~10% of the sample. The
sample contains ~5% magnetite that is interstitial to amphibole
and is concentrated with accessory titanite and apatite. Coarse,
subhedral accessory epidote occurs in pegmatitic plagioclase
segregations. Trace fine-grained chalcopyrite is disseminated
through the sample.

Ootes et al. (2020b, c) report a 197.6 £0.1 Ma zircon
crystallization age, determined by chemical abrasion CA-TIMS
(Fig. 5¢). For LA-ICPMS, nine analyses were rejected for
exceeding f**Pb_>1%. Thirty-three remaining zircons yield a
206Ph/28U weighted mean date of 191.4 +0.7 Ma (MSWD=0.87,;
probability of fit=0.68) (Figs. 5c, d). The discrepancy between
the LA-ICP-MS weighted mean 2°Pb/>%U date and the
reported CA-TIMS 2Pb/>8U date (197.6 0.1 Ma) may be due
to differences in the calibration techniques between the LA-
ICP-MS and CA-TIMS methods. Although we consider both
the LA-ICP-MS and CA-TIMS U-Pb dates of the hornblendite
valid, the CA-TIMS date (197.6 £0.1 Ma) is interpreted to be
more accurate and the best estimate of the crystallization age.

4.1.3. Thane Creek diorite: 181022-1d, ““Ar/*Ar hornblende,
biotite, 126-124 Ma

This sample is from 18.6 km south-southeast of Mount
Ferris, 100 m east of the hornblendite sample (18lo22-1a;
section 4.1.2., Fig. 2). It is a ‘salt and pepper’, medium-
grained equigranular diorite. The rock contains a moderate
foliation defined by plagioclase, biotite, and amphibole. The
sample is mostly clay-altered plagioclase (65%), biotite (12%),
and amphibole (6%). Minor altered alkali feldspar (7%) and
quartz (1-2%) are present, interstitial to plagioclase. Accessory
anhedral to subhedral, fine-grained epidote, apatite, magnetite,
and zircon occur with biotite. Trace fine-grained chalcopyrite is
disseminated through the sample. Ootes et al. (2020b, c) report
a 196.6 £0.9 Ma zircon crystallization age, determined by CA-
TIMS.
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Fig. 5. Results of Thane Creek suite zircon U-Pb LA-ICP-MS analysis. Data used for weighted mean calculations have been filtered using the
methods outlined in section 3.1.1. and Ootes et al. (2020c). Grey ellipses in concordia plots represent data that have been filtered and were not
included in age calculations. Uncertainties are reported at the 20 or 95.5% confidence level. a) Concordia plot of quartz diorite sample 19GJ12-
4. b) Weighted mean 2°°Pb/>8U date, interpreted as the crystallization age, of quartz diorite sample 19GJ12-4. ¢) Concordia plot of hornblendite
sample 181022-1a. Also plotted are CA-TIMS results (Ootes et al., 2020b, ¢). d) Weighted mean *Pb/>**U date of hornblendite sample 181022-
1a. e) Concordia plot of quartz monzodiorite sample 19GJ13-3. f) Weighted mean 2°°Pb/>**U date of quartz monzodiorite sample 19GJ13-3, after
applying excessive scatter constant (section 3.1.1.). Colourless bars passed the data filters outlined in section 3.1.1. but were not included in the
weighted mean calculation due to the younger skew of these points, possibly indicating undetected Pb-loss in the zircon grains.

44
Geological Fieldwork 2020, British Columbia Ministry of Energy, Mines and Low Carbon Innovation, British Columbia Geological Survey Paper 2021-01



Jones, Ootes, Milidragovic, Friedman, Camacho, Luo, Vezinet, Pearson, and Schiarizza

Two aliquots each of hornblende and biotite were analyzed
by ICP-MS via laser step-heating. For biotite-aliquot 1, seven
steps (C-I) released 99.98% *Ar and yield an integrated
DOAr/PAr age of 126 +2 Ma (Fig. 6a). For biotite-aliquot 2,
six steps (D-I) released 80.23% *Ar and yield an integrated
“OAr/PAr age of 124 +1 Ma (Fig. 6b). For hornblende-aliquot
1, six steps (C-H) released 99.82% *°Ar and yield an integrated
DOAr/PAr age of 124 £2 Ma (Fig. 6¢). For hornblende-aliquot
2, ten steps (C-L) released 99.01% *Ar and yield an integrated
“OAr/?Ar age of 124 =1 Ma (Fig. 6d).

4.1.4. Thane Creek monzodiorite: 19GJ13-3, U-Pb zircon,
194.0 £1.1 Ma

This sample is from 25.9 km southeast of Notch Peak
(Fig. 2). The sample is a ‘salt and pepper’, fine- to medium-
grained, equigranular quartz monzodiorite, composed of ~40%
euhedral plagioclase, ~30% poikilitic alkali feldspar, and ~15%
anhedral, strained quartz. Mafic minerals make up ~10% of the
sample, mainly subhedral amphibole (8%) with lesser biotite
(2%). Anhedral magnetite and titanite, and euhedral apatite and
zircon are accessory. Titanite occurs as ~1 mm grains and as
fine rims on magnetite.

After LA-ICP-MS analyses, six zircons were rejected for
f%Pb,.>1%, two zircons were rejected for >5% discordance.
All remaining zircon passed the trace element filters, and no
xenocrystic or antecrystic grains or cores were identified. An
excess scatter constant of 3.99 was added to the standard error
of the filtered data points to decrease the MSWD of weighted
mean 2*Pb/*¥U date. The youngest two analyses were then
rejected in order to further reduce the scatter, as they may
indicate undetected Pb-loss. Forty remaining analyses yield a
weighted mean 2Pb/>8U date of 194.0 +1.1 Ma (MSWD=1.23;
probability of fit=0.16). This weighted mean is interpreted as
the best estimate for the crystallization age (Figs. Se, f).

4.1.5. Thane Creek monzodiorite:
hornblende, 202 +5 Ma

The sample site is 23.2 km southeast of Notch Peak and
3.69 km north of sample 19GJ13-3 (section 4.1.4.; Fig. 2). This
sample is of relatively pristine (unaltered) monzodiorite with
euhedral hornblende and accessory euhedral magnetite and
titanite. The sample yielded hornblende and eight steps (E-L)
released 84.07% 3°Ar and yield an integrated “°Ar/*Ar age of
202 +5 Ma (Fig. 6¢).

18l026-1, “Ar/*Ar

4.2. Duckling Creek suite
4.2.1. Duckling Creek syenite: 18lo25-2a, U-Pb zircon,
178.9 £1.3 Ma

Collected 22.7 km southeast of Notch Peak (Fig. 2), the
sample is a pink-white, medium-grained, equigranular syenite.
The sample consists of ~90% two alkali feldspars (K- and Na-
bearing), with lesser clinopyroxene (~5%). Magnetite, titanite,
chlorite, and zircon are accessory minerals. Titanite forms
~1 mm wide euhedral, wedge-shaped grains intergrown with
clinopyroxene.
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Two types of zircon were identified during mineral picking.
The first type (18lo25-2a z1) are clear-pink coloured zircon
fragments between 100 to 200 mm. The second type (18l025-
2a 7z2) are larger grains (300 to 400 mm) that are brown with
good crystal habit but with cores that are commonly metamict
or highly fractured (see zircon CL images; Ootes et al., 2020c).
Only type one zircons (z1) were considered in the U-Pb age
interpretation as none of type two zircon (z2) LA-ICP-MS data
passed the filters. Fourteen z1 and z2 zircons were rejected for
>10% discordance, four zircons were rejected for exceeding
Fe >300 ppm and/or Ca >300 ppm and La >1 ppm. One
zircon was rejected for excessive standard error of Ca, and
two zircons were rejected for high U and internal structures.
An excess scatter constant of 3.11 was added to the standard
error of the filtered data points to decrease the MSWD of the
weighted mean 2Pb/>*¥U date. Twenty-two remaining type one
zircons yield a weighted mean 2°°Pb/**U date of 178.9 +1.3 Ma
(MSWD=1.33; probability of fit=0.15). This weighted mean
is interpreted as the best estimate for the crystallization age
(Figs. 7a-e).

4.2.2. Duckling Creek 181024-1, “Ar/*Ar
hornblende, 177 £5 Ma

This sample is of coarse-grained equigranular monzonite
(syenite) from the centre of the Duckling Creek suite, 23.9 km
south of Mount Ferris, 1.33 km northeast of sample 181025-2a
(section4.2.1., Fig. 2). The sample consists of coarse K-feldspar
(80%) with 15% mafic minerals. These are mostly medium-
grained green clinopyroxene with lesser dark-green amphibole.
Medium-grained titanite is intergrown with clinopyroxene and
accessory magnetite is disseminated throughout. The sample
was collected 1.33 km northeast of sample 18l025-2a (section
4.2.1.) and was used for Ar-Ar step-heating as sample 181025-
2a did not yield hornblende. For hornblende, four steps (F-I)
released 98.45% *Ar and yield an integrated **Ar/*’Ar age of
177 £5 Ma (Fig. 8).

syenite:

4.2.3. Duckling Creek syenite: 19GJ13-5a, U-Pb zircon,
174.7 £0.7 Ma

The sample was collected 31.1 km southwest of Notch Peak
(Fig. 2), next to the Slide Cu-Au porphyry prospect and 7 m
south of a grab sample with chalcopyrite that yielded 0.07 wt.%
Cu (19GJ13-5b; Ootes et al., 2020b). The sample is a pink-white
and greenish black, medium-grained, equigranular syenite. It
contains alkali feldspar (~70%), with lesser amphibole (9%),
plagioclase (8%), and clinopyroxene (5%). Biotite, chlorite,
and magnetite combine to make up ~5% of the sample, whereas
fine-grained apatite, titanite, epidote, and zircon are accessory
minerals. Chalcopyrite forms rare fine, disseminated grains,
and may be rimmed by titanite.

Two zircon U-Pb analyses were rejected for f*Pb_>1%,
whereas the remaining analyses passed all data filters. Twenty-
four remaining analyses yield a weighted mean **Pb/?%U date
of 174.7 +0.7 Ma (MSWD=1.36; probability of fit=0.12).
The weighted mean is interpreted as the best estimate for the
crystallization age (Fig. 9).
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© of the weighted mean. This demonstrates the robustness of the
S e interpreted crystallization age, because the arbitrary filtered weighted
mean corresponds within error to the weighted mean in Figure 7b.
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4.3. Osilinka suite
4.3.1. Osilinka granite: 18lo17-1, U-Pb zircon 159.2 +4 Ma
(maximum), “Ar/*Ar muscovite, 122 +5 Ma, biotite,
116 £1 Ma

We collected this sample 11.9 km southeast of Notch Peak
(Fig. 2). The sample is of a white (leucocratic), medium-
grained, equigranular granite. Strained quartz (~37%),
subhedral alkali feldspar (32%), and subhedral plagioclase
(26%) comprise most of the sample. Rare accessory biotite,

muscovite, and magnetite constitute less than 5% of the rock.
Fine-grained biotite and magnetite occur interstitial to feldspar
grains, whereas muscovite and sericite are present within
feldspar cores and along grain boundaries.

Eight zircon U-Pb isotopes analyses were rejected for f*°Pb_
>1% and/or >10% discordance, and one zircon was rejected
for Fe >300 ppm. The thirteen remaining zircon yield an
approximately 30 million year spread in **Pb/***U dates, and
are interpreted as inherited. The youngest zircon has a 2Pb/>*3U
date of 159.2 +4 Ma; it is unclear if this is a magmatic or
inherited zircon and therefore the 2°°Pb/**U date is interpreted
as the maximum crystallization age (Fig. 10a).

Both muscovite and biotite were separated from the sample
and tested by laser step heating. For muscovite six steps (D-
I) released 85.83% *°Ar and yield an integrated “Ar/*Ar age
of 122 +5 Ma (Fig. 11a). For biotite five steps (C-G) released
57.98% *¥Ar and yield an integrated **Ar/*?Ar age of 116 £1 Ma
(Fig. 11b).

4.3.2. Sheet cutting Osilinka granite, 181020-4, U-Pb zircon,
162.2 £2.6 Ma (maximum)

The sample is from a flat-lying sheet, at least 4 m thick,
that cuts Osilinka suite rocks, 14.01 km southeast of Notch
Peak (Fig. 2). Fine-grained plagioclase and quartz make up
most of the groundmass, with plagioclase phenocrysts up to
0.5 cm. Magnetite, chlorite, epidote, and calcite are accessory
in the groundmass. A ~0.5 mm wide calcite-filled vein cuts
the sample. Rare, ~2.5 mm wide euhedral chalcopyrite grains
are in the groundmass. Eight zircon U-Pb analyses were
rejected for f°°Pb_>1% and/or >10% discordance. The nine
remaining zircon yield an approximately 100 million year
spread in 2Pb/**U dates and are interpreted as inherited. The
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Fig. 9. Results of Duckling Creek suite zircon U-Pb LA-ICP-MS analysis. a) Concordia plot of syenite sample 19GJ13-5a. b) Weighted mean
206pp/238U date, interpreted as the crystallization age, of syenite sample 19GJ13-5a.
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Fig. 10. Results of Osilinka suite zircon U-Pb LA-ICP-MS analysis.
Grey ellipses in concordia plots represent data that have been
filtered (section 3.1.1.) and were not included in age calculations.
Uncertainties are reported at the 20 or 95.5% confidence level. a)
Concordia plot of granite sample 18lo17-1. The green ellipse is the
youngest zircon result, interpreted as the maximum age. Red ellipses
are data that passed the data filters in section 3.1.1. and the zircon
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porphyritic sheet sample 181020-4. The green ellipse is the youngest
zircon result, interpreted as the maximum age. Red ellipses are data
that passed the filters in section 3.1.1. and the zircon grains are
interpreted as antecrysts or xenocrysts.

youngest zircon has a *Pb/>*U date of 162.2 £2.6 Ma; it is
unclear if this is a magmatic or inherited zircon and therefore
the 2°Pb/**U date is interpreted as the maximum crystallization
age (Fig. 10b).
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Fig. 11. Results of “Ar/*Ar laser step heating of single crystals of a)
muscovite and b) bioitie from Osilinka suite granite (18lo17-1).

4.4. Mesilinka suite
4.4.1. Mesilinka
134.1 £0.5 Ma

We collected this sample 2.45 km northwest of Horn Peak
(Fig. 2). It is a grey, medium-grained, equigranular biotite-rich
tonalite with a foliation defined by biotite. Equigranular granite
dikes cut the tonalite at an outcrop ~50 m away. The sample is
composed of slightly altered plagioclase (~50%), with lesser
strained quartz (~30%) and brown and green biotite (~15%).
Subhedral amphibole and magnetite, anhedral epidote, apatite,
and titanite, and euhedral zircon are accessory and spatially
associated with patches of biotite.

tonalite: 19GJ12-1, U-Pb zircon,
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Trace element concentrations were not analyzed and not
used to filter the data, because insufficient zircon remained
after LA-ICP-MS U-Pb and Lu-Hf analyses and the grains
were too small (<60 mm wide) for LASS mode. Three zircon
U-Pb analyses were rejected for f*Pb_>1%. Two analyses
were rejected from the age calculation because the zircons
are interpreted as xenocrysts or antecrysts due to dark cores
and disrupted rim growth in CL images (Ootes et al., 2020c¢).
In addition, the zircons have elevated §'*0 values relative to
the other zircons (G. Jones, unpublished data, 2021). Eighteen
remaining analyses yield a weighted mean 2°Pb/**U date of
134.1 £0.5 Ma (MSWD=1.48; probability of fit=0.09). The
weighted mean is interpreted as the best estimate for the
crystallization age of this sample (Figs. 12a, b).

4.4.2. Mesilinka tonalite: 18bgl7-10, “’Ar/°Ar biotite,
108 £2 Ma and 111 +3 Ma

The sample was collected from 6.87 km south-southeast
of Mount Ferris (Fig. 2), within a body of medium-grained
tonalite that contains a foliation. It consists of 65% quartz and
plagioclase with 30% mafic minerals. The mafic minerals are
mostly green and lesser brown (metamorphic?) biotite and
lesser euhedral hornblende. Titanite is an accessory mineral.

Two aliquots of biotite were analyzed by laser step-heating.
For biotite-aliquot 1, six steps (E-J) released 99.66% *°Ar and
yield an integrated **Ar/*Ar age of 108 +2 Ma (Fig. 13a). For
biotite-aliquot 2, ten steps (B-M; steps E and H not included)
released 99.98% *¥Ar and yield an integrated **Ar/*Ar age of
111 +3 Ma (Fig. 13b).

4.4.3. Mesilinka granodiorite: 18l019-2, “*Ar/*Ar biotite,
123 £2 Ma

This sample, a medium-grained equigranular granodiorite
with biotite and minor hornblende, was collected 8.77 km
south of Mount Ferris (Fig. 2). The sample yielded biotite and
six Ar-release steps (B-H) released 77.07% *°Ar, yielding an
integrated *°Ar/*°Ar age of 123 2 Ma (Fig. 13c¢).

4.4.4. Mesilinka K-feldspar porphyritic granite: 18lo12-7,
U-Pb zircon, 134.8 +1.2 Ma, “Ar/*°Ar biotite, 112 +£3 Ma

The sample, a medium-grained K-feldspar porphyritic
granite with a foliation defined by biotite was collected 2.1 km
northeast of Horn Peak (Fig. 2). Clay-altered alkali feldspar
phenocrysts up to 5 cm (38%), strained anhedral quartz (28%),
and myrmekitic plagioclase (22%) comprise most of the sample.
Biotite (10%) is 1-2 mm wide and interstitial to feldspar and
quartz. Accessory minerals include zircon, magnetite, apatite,
epidote, and allanite with epidote rims.

From the LA-ICP-MS results, six analyses were rejected
for f%Pb_>1% and/or >10% discordance. Ten analyses were
rejected for exceeding Ca >300 ppm, Fe >300 ppm, and/or La
>]1 ppm. One analysis was identified as a xenocryst because
the CL image (zircon 49, sample 18lo12-7; Ootes et al., 2020c)
shows that the zircon has a bright rounded core that is crosscut
by later growth zoning. For the remaining zircon, an excess
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scatter constant of 2.68 was added to the standard error of the
filtered data points to decrease the MSWD of the weighted
mean 2°°Pb/?*8U date. Fourteen zircons yield a weighted mean
205Ph/28U date of 134.8 +1.2 Ma (MSWD=1.64; probability of
1it=0.07). The weighted mean is interpreted as the best estimate
for the crystallization age of this sample (Figs. 12c, d).

This sample yielded biotite and eight steps (B-I) released
99.98% *°Ar, resulting in an integrated “Ar/®Ar age of
112 +£3 Ma (Fig. 13d).

4.4.5. Mesilinka equigranular granite: 18lo11-1, U-Pb
zircon, 127.9 +£0.8 Ma

The sample, an equigranular, fine to medium-grained granite
with a foliation defined by biotite was collected 1.48 km
northeast of Horn Peak (Fig. 2). It consists mostly of strained
fine-grained quartz (40%), anhedral medium-grained alkali
feldspar (30%), and clay-altered plagioclase (25%). Accessory
minerals include zircon, fine-grained muscovite, biotite, and
magnetite. Magnetite may be rimmed by titanite.

Six analyses were rejected for f°°Pb >1% and/or >10%
discordance. Thirteen analyses were rejected for exceeding
La >1 ppm and/or Fe >300 ppm. Three zircons were rejected;
one zircon (shown in Fig. 11e, not shown in Fig. 11f) and two
other zircons are interpreted as antecrysts/xenocrysts because
the CL images (zircons 8, 22, and 35 in sample 18lol1-1;
Ootes et al., 2020c) show bright zircon cores that are crosscut
by darker rims. For the remaining analyses, an excess scatter
constant of 2.34 was added to the standard error of the filtered
data points to decrease the MSWD of the weighted mean
205Pp/28U date. The youngest zircon date was rejected due to
possible undetected Pb-loss and large error in the 2%Pb/**U
value. Twenty-three remaining analyses yield a weighted mean
205Ph/28U date of 127.9 +0.8 Ma (MSWD=1.53; probability of
fit=0.05). The weighted mean is interpreted as the best estimate
for the crystallization age of this sample (Figs. 12e, f).

4.4.6. Mesilinka equigranular granite: 04PSC-277, U-Pb
multi-grain titanite, 133.9 +£0.3 Ma

The sample was collected from the north end of Hogem
batholith, 21.5 km north-northwest of Horn Peak (Fig. 2). It is
a medium-grained granite with ~55% feldspar (plagioclase>K-
feldspar), 25% quartz, and 20% variably chloritized mafic
minerals (biotite>hornblende) and is isotropic to weakly
lineated.

Single zircon and multi-grain titanite fractions were analyzed
by ID-TIMS. Two titanite fractions yield a weighted mean
206pp/238U date of 133.9 £0.3 Ma (MSWD=1.15; Fig. 12g),
interpreted as a minimum crystallization age estimate for the
granitoid, because they record cooling through the titanite
closure temperature of ca. 600-650°C (Flowers et al., 2005).
Three zircon fractions that give significantly younger results
than the titanites and are interpreted to have suffered from Pb-
loss. One zircon fraction gives older, discordant results, likely
due to the presence of inherited components.
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4.4.7. Mesilinka K-feldspar porphyritic granite: 04PSC-
278, U-Pb zircon, 135.0 £0.3 Ma, U-Pb multi-grain titanite,
134.5 0.3 Ma

The sample is from the north end of Hogem batholith,
22 km north-northwest of Horn Peak, and 1 km west of sample
04PSC-277 (section 4.4.6.; Fig. 2). The granite is coarse
grained and porphyritic, with 30% K-feldspar (10% as 1 to
2 cm phenocrysts), 30% plagioclase, 20% quartz, and 20%
chloritized mafic minerals (biotite>>hornblende). The sample
has a strong lineation defined by elongate biotite clots and
stretched feldspar and quartz grains, and a less-pronounced
northeast-dipping tectonic foliation.

Single zircon and multi-grain titanite fractions were
analyzed by ID-TIMS. Results for two overlapping and
concordant zircon fractions give a weighted mean **Pb/>%U
date of 135.0 £0.3 Ma (MSWD=0.18; Fig. 12h), interpreted
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Fig. 12. Results of Mesilinka suite zircon U-Pb LA-ICP-MS analysis.
Data used for weighted mean calculations have been filtered using
the methods outlined in section 3.1.1. and Ootes et al. (2020c). Grey
ellipses in concordia plots represent data that have been filtered and
were not included in age calculations. Uncertainties are reported at the
20 or 95.5% confidence level. a) Concordia plot of tonalite sample
19GJ12-1. Dark grey ellipses passed the data filters in section 3.1.1.,
but are interpreted as antecrystic or xenocrystic zircon grains, and
were not included in the concordia age calculation. b) Weighted mean
206Pp/238U date, interpreted as the crystallization age, of tonalite sample
19GJ12-1. Blue bars are zircons interpreted as antecrysts or xenocrysts
and were not included in the weighted mean calculation. ¢) Concordia
plot of K-feldspar porphyritic granite sample 18lo12-7. The dark grey
ellipse passed the data filters in section 3.1.1. but is interpreted as
xenocrystic and not included in the age calculation. d) Weighted mean
206ph/28U date of K-feldspar porphyritic granite sample 18lo12-7,
after applying excessive scatter constant (section 3.1.1.). The blue bar
is an intepreted xenocrystic zircon and is not included in the weighted
mean calculation. e) Concordia plot of equigranular granite sample
18lo11-1. The dark grey ellipse passed the data filters in section
3.1.1. but is interpreted as xenocrystic and is not included in the age
calculation. f) Weighted mean 2°Pb/?*U date of equigranular granite
sample 18lol11-1, after applying excessive scatter constant (section
3.1.1.). The blue bars are interpreted antecrystic or xenocrystic
zircons and are not included in the weighted mean calculation. The
colourless bar passed the data filters in section 3.1.1. but was not
included in the weighted mean calculation due to the large uncertainty
and younger age, possibly indicating undetected Pb-loss in the zircon.
g) Concordia plot of equigranular granite sample 04PSC277. Two
titanite fractions were used to determine the weighted mean 2*°Pb/*%U
date, interpreted as the crystallization age of this sample. h) Concordia
plot of K-feldspar porphyritic granite sample 04PSC278. Two titanite
and two zircon fractions yield overlapping weighted mean *Pb/>$U
dates, interpreted as the crystallization age of this sample.

as a good estimate for the age of crystallization. Two slightly
younger zircon fractions appear to have undergone minor Pb-
loss. One zircon fraction is slightly older, likely due to the
presence of inherited, or possibly or antecrystic components.
Two titanite fractions yield a weighted mean 2°°Pb/**8U date of
134.5 £0.3 Ma (MSWD=0.89; Fig. 12h), which overlaps with
the interpreted crystallization age based on two zircon fractions
and is consistent with cooling through the titanite closure
temperature soon after emplacement.

5. Summary

Uranium-lead and “°Ar/*°Ar geochronology of Hogem
batholith samples yield a range of crystallization ages from
206.6 +0.9 to 127.9 +0.8 Ma (Figs. 5-14; Table 1). The
geochronological and geochemical attributes indicate a

punctuated, protracted, and petrologically diverse intrusive
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Fig. 13. Results of “*Ar/*’Ar laser step heating of single crystals of a-b) biotite from Mesilinka suite tonalite (18bg17-10), ¢) biotite from
Mesilinka suite granodiorite (181019-2), and d) biotite from Mesilinka suite granite (18lo12-7).

history for the batholith (Figs. 3,4, 14; Table 1). The Thane Creek
suite crystallized between 206.6 £0.9 and 194 +1.1 Ma and a
single **Ar/*Ar amphibole result from an undeformed quartz
diorite phase indicates post-intrusion cooling at 202 +5 Ma. The
crystallization ages overlap an age of 200.9 £0.2 Ma from the
Rhonda-Dorothy gabbro in southern Hogem batholith (Devine
etal., 2014) and a less-precise age of ca. 204 Ma from the CAT
monzonite (Fig. 2, 14; Mortensen et al., 1995). The results of
“Ar/*? Ar amphibole and biotite from a deformed Thane Creek
diorite indicate these minerals were reset during deformation
after Duckling Creek suite emplacement (<175 Ma) and
underwent prolonged post-deformation cooling at ca. 125 Ma
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synchronous with the Mesilinka suite (Figs. 6a-e, 14).

The Duckling Creek samples investigated in this study
crystallized between 178.9 £1.3 to 174.7 £0.7 Ma (Figs. 7, 9,
14). A hornblende *Ar/*Ar age of 177 5 Ma, from a Duckling
Creek suite syenite approximates the time of relatively rapid
post-crystallization cooling (Figs. 8, 14). The full collection
of results overlaps previously reported U-Pb and “°Ar/*Ar
results from the Lorraine Cu-Au deposit in southern Hogem
batholith (Fig. 14; Bath et al., 2014; Devine et al., 2014). The
174.7 £0.7 Ma zircon crystallization age result in this study
is from a syenite sample that hosts Cu-mineralization (assay
sample 19GJ13-5b; Ootes et al., 2020b) and is adjacent to
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Fig. 14. Geochronology results of the four Hogem batholith intrusive suites. Data includes zircon U-Pb dates by CA-TIMS, TIMS, and LA-
ICP-MS analysis, titanite U-Pb dates by TIMS analysis, and biotite, muscovite, and hornblende “’Ar/*Ar dates by laser step-heating. The CAT
monzonite TIMS zircon U-Pb date is from Mortensen et al. (1995). Data from Devine et al. (2014) includes CA-TIMS zircon U-Pb dates
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represented as a single point, the average of five overlapping CA-TIMS zircon U-Pb dates of Duckling Creek suite samples from the Lorraine

deposit area.

(or part of) the Slide Cu showing. This may indicate some
Cu-mineralization within the Duckling Creek suite is slightly
younger than at the Lorraine deposit (ca. 175 Ma; cf. 180-
178.5 Ma, Bath et al., 2014; Devine et al., 2014), or may be due
to results from different analytical techniques.

The Osilinka suite has a maximum crystallization age of
ca. 160 Ma, estimated from the youngest zircon result of the
Osilinka granite sample 18lo17-1 analysis (159.2 +4 Ma). A
plagioclase-phenocrystic sheet cuts the Osilinka granite and
yielded an overlapping U-Pb zircon date (162.2 +2.6 Ma).
Results from *“Ar/*?Ar muscovite (122 +5 Ma) and biotite
(116 £1 Ma) are interpreted as the time of post-deformation
cooling (Figs. 11, 14).

The oldest tonalitic phase of the Mesilinka suite crystallized
at 134.1 £0.5 Ma and the youngest granite phase crystallized
at 127.9 0.8 Ma (Figs. 12a-f, 14). Three Mesilinka granite
ages (determined by U-Pb zircon LA-ICP-MS and multi-grain
TIMS analyses) overlap at ca. 134 Ma. Two U-Pb multi-grain
titanite dates, determined by TIMS, are consistent with the
U-Pb zircon crystallization ages (Figs. 12g, h, 14). The tonalite
is cut by the granite, and the results are best interpreted as
concomitant metaluminous tonalitic and weakly peraluminous
granitic magmatism, preserved as tonalite enclaves within
granite intrusions (Figs. 4a, 12a-h). Four Mesilinka “°Ar/*Ar
biotite dates yield a range from 123 +2 to 108 +2 Ma (Figs.
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13, 14). This is interpreted as a prolonged period of magmatic
and post-deformation cooling following emplacement of the
Mesilinka suite.

A fundamental geochemical subdivision of Hogem batholith
exists between the silica-saturated Thane Creek, Osilinka,
and Mesilinka suites and the mildly silica undersaturated
Duckling Creek suite (0-12 wt.% normative nepheline).
Despite their overlapping SiO, concentrations, the diorites,
quartz monzodiorites, and granodiorites of the Thane Creek
suite (Si0,=47-71 wt.%) have significantly lower total alkali
metal concentrations (Na,0+K ,0=3.4-8.2 wt.%) than the
syenites of the Duckling Creek suite (SiO,=53-64 wt.%;
Na,0+K,0=8.6-14.8 wt.%). The higher SiO, concentrations
of the Mesilinka (63-77 wt.%) and Osilinka (69-76 wt.%)
suites are reflected in higher relative abundances of modal
quartz, although variable K,0+Na,O concentrations and
Ca0/(Na,0+K,O) ratios result in a large compositional range
between tonalite and syenogranite. Whereas the intermediate-
SiO, rocks of the Thane Creek and Duckling Creek suites are
metaluminous (Fig. 4a), the high-SiO, Mesilinka and Osilinka
suites are weakly peraluminous (ASI <1.2) and similar to the
estimated ASI of the upper continental crust (1.04; Rudnick and
Gao, 2003). Samples of the Thane Creek suite are magnesian
(Fig.4b) according to the classification of Frost and Frost (2008),
and clearly distinguished from the ferroan Duckling Creek
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suite syenites. Although most of the samples of the Mesilinka
suite are magnesian, a subset of the syenogranitic samples are
ferroan and more similar to the syenogranite of the Osilinka
suite (Fig. 4b). However, the two ferroan syenogranite suites
are distinguished on their molar K/(K+Na) ratios; the ferrous
syenogranites of the Mesilinka suite (K/(K+Na)=0.32-0.46)
are potassic relative to both the syenogranites of the Osilinka
suite (K/(K+Na)=0.21-0.32) and continental crust estimates
(K/(K+Na) <0.36; Rudnick and Gao, 2003). In addition to the
ferroan syenogranites of the Mesilinka suite, syenites of the
Duckling Creek suites are also potassic (K/(K+Na)=0.32-0.68).
The remaining rocks of the Hogem batholith are relatively
sodic and comparable to the continental crust composition.

The Hogem batholith contains chemically diverse igneous
suites that have a punctuated and protracted intrusive history,
lasting more than 80 m.y. This longevity is rare for a single
batholith in the Canadian Cordillera and indicates that diverse
magma sources were tapped through time. Further petrogenetic
studies will help determine how each of the intrusive suites fit
within the tectonic evolution of the orogen. A new finding in this
study is that the Mesilinka suite (135-128 Ma) intruded during
a previously documented magmatic gap in the Cordilleran
orogen (Armstrong, 1988).

6. Economic implications

Both the Thane Creek and Duckling Creek suites host
porphyry Cu-Au mineralization. The best example is the
Lorraine deposit, which is hosted by Duckling Creek suite.
It has an Indicated resource of 6.42 Mt at 0.62% Cu and
0.23 g/t Au and an Inferred resource of 28.82 Mt at 0.45% Cu
and 0.19 g/t Au (Giroux and Lindinger, 2012). The Lorraine
deposit is south of the present study area (Fig. 2; e.g., Devine
et al., 2014), but equally prospective rocks are in northern
Hogem batholith, as confirmed by our bedrock mapping and
geochronological results (Figs. 2, 14; Ootes et al., 2020a, b,
¢). The Thane Creek suite hosts numerous Cu-prospects, some
of which are actively being explored (e.g., Cathedral project,
Naas, 2016; Top Cat, Serengeti Resources Inc., 2020), and
correlative rocks host the Kwanika developed prospect south
of the present study area (Serengeti Resources Inc., 2020). The
results of this study confirm a similar age-relationship to the
Cu-hosted Rhonda-Dorothy prospect to the south (Devine et
al., 2014) and further highlight the distribution of the Thane
Creek suite in Hogem batholith.
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