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Foreword

Geoscience BC is pleased to once again present results from our ongoing projects and scholarship winners in our annual
Summary of Activities publication. Papers are published in two separate volumes: Energy and Water, and this volume, Min-
erals. Both volumes are available in print and online via www.geosciencebc.com.

Summary of Activities 2019: Minerals

This volume, Summary of Activities 2019: Minerals, contains 20 papers from Geoscience BC—funded projects or scholar-
ship recipients that are within Geoscience BC’s strategic focus area of minerals. The papers are divided into two sections,
based on Geoscience BC'’s strategic objectives of

1) Identifying New Natural Resource Opportunities, and
2) Advancing Science and Innovative Geoscience Technologies.

The first two papers in the ‘Identifying New Natural Resource Opportunities’ section focus on northern Vancouver Island.
Clift etal. describe Geoscience BC’s latest airborne magnetic and radiometric survey in the region, which adjoins an earlier
Geoscience BC—supported magnetic survey flown in 2012. Morris and Canil examine skarn mineralization in the Merry
Widow Mountain area.

Four papers present research into mineralization or coal in southern British Columbia (BC). Branson et al. highlight explo-
ration for podiform chromite occurrences using ground magnetometry. Hoy et al. discuss ongoing work on mineral poten-
tial in the east half of the Penticton map area (NTS 082E), and Rioseco et al. present new Ar/Ar ages for the Purcell
Anticlinorium and the Kootenay Arc. Also in the Kootenay region, Kuppusamy and Holuszko introduce a new Geoscience
BC—supported project to investigate the potential for extracting rare-earth elements from East Kootenay coal seams.

Two papers discuss the potential of machine-learning techniques to support mineral exploration in BC. In Grunsky and
Arne, advanced data analytics and machine learning are applied to the results from regional stream-sediment sampling in
southwestern BC. Murphy et al. introduce a project designed to develop a database of gold compositions from across the
province, which can be interrogated using machine-learning techniques.

Finally, Sacco et al. highlight initial activities being undertaken in one of Geoscience BC’s new Central Interior Cop-
per-Gold Research series of projects. These projects, which will start new field activities in 2020, are focused on investigat-
ing the potential for undiscovered mineral deposits buried beneath thick glacial sediments between Mackenzie and
Williams Lake.

In the ‘Advancing Science and Innovative Geoscience Technologies’ section, three papers highlight new methods in explo-
ration geochemistry. Lett et al. present an investigation into the use of soil-gas detectors for mapping geological faults and
detecting buried mineralization, as soil-gas anomalies have been reported above faulting and mineralization from a range of
deposits across the northern hemisphere. Dunn and Heberlein took advantage of archived tree-top samples collected during
the TREK project to further research the use of halogen elements as an exploration tool. Jackaman and Lett investigate a
modified regional stream-sediment sampling methodology that integrates the collection of bulk-sediment samples to derive
mineralogical information with trace-metal data in south-central BC.

Three papers describe research into new tools and techniques that will benefit exploration in BC. Bouzari et al. introduce a
new project examining advanced argillic alteration associated with BC porphyry systems to identify key textural, mineral-
ogical and geochemical trends to help guide exploration across the province. Mackay et al. discuss their ongoing study us-
ing the Roben Jig to clean exploration coal samples for analysis. Finally, Cutts et al. describe an exciting new project aimed
at assessing the potential for rocks in BC to sequester atmospheric carbon dioxide in minerals.

Three papers describe new Geoscience BC initiatives focused on preserving BC’s geological heritage. Barlow et al. de-
scribe the methods and benefits of capturing geoscience data contained in NI 43-101 reports pertaining to BC and making
them searchable by location through a map layer hosted by Geoscience BC and also updating MINFILE occurrences.
Randell et al. introduce a project aimed at digitally preserving key rock and mineral samples in BC through an online, inter-
active museum; and Ledwon and Ogryzlo highlight updates to the Smithers Exploration Group’s Rock Room.
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The final two papers present the results of ongoing mining-reclamation studies led by Thompson Rivers University. Gervan
et al. examine the response of invertebrates to reclamation and soil-amendment treatments, and Fischer et al. consider mi-
crobial and geochemical changes within topsoil stockpiles set aside for post-mining reclamation.

Geoscience BC Minerals Publications 2019

In addition to the two Summary of Activities volumes, Geoscience BC releases interim and final products from our projects
as Geoscience BC reports. The following seven Minerals reports and maps were published in 2019:

e Twelve technical papers in the Geoscience BC Summary of Activities 2018: Minerals and Mining volume (Geoscience
BC Report 2019-01)

e Bedrock Geology, Search Phase I Project Area, Western Skeena Arch, West-Central British Columbia, by J.J.
Angen, M. Rahimi, J.L. Nelson and C.J.R. Hart (Geoscience BC Map 2019-03-01 / MDRU Map 17-2018 / BCGS Open
File 2019-07)

e Aeromagnetic Correlation with Bedrock Geology, Search Phase I Project Area, Western Skeena Arch,
West-Central British Columbia, by J.J. Angen, M. Rahimi, J.L. Nelson and C.J.R. Hart (Geoscience BC Map
2019-03-02 / MDRU Map 18-2018 / BCGS Open File 2019-08)

e Mineral Mapping Using ASTER Data, Search Phase I Project Area, Western Skeena Arch, West-Central British
Columbia, by M. Rahimi, J.J. Angen and C.J.R. Hart (Geoscience BC Map 2019-03-03 / MDRU Map 19-2018)

¢ Geology of the Penticton Map Sheet (east half; NTS 082E/01, 02, 07, 08, 09, 10, 15, 16), by T. Hoy (Geoscience BC
Map 2019-04)

e Producing Clean Coal from Western Canadian Coal Fields using the Water-Based Roben Jig: Refining the Pro-
cess, by M. Mackay, R. Leeder, L. Giroux, M. Holuszko, H. Dexter and D. Thomas (Geoscience BC Report 2019-05)

¢ An Exploration Framework for Porphyry to Epithermal Transitions in the Toodoggone Mineral District (094E),
by F. Bouzari, T. Bissig, C.J.R. Hart and H. Leal-Megjia (Geoscience BC Report 2019-08 / MDRU Publication 424)

All releases of Geoscience BC reports, maps and data are published on our website and are announced through e-mail up-
dates. Most final reports and data can also be viewed or accessed through our Earth Science Viewer at
https://gis.geosciencebe.com/esv/?viewer=esv.
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Vancouver Island North Regional Project:
Airborne Magnetic and Radiometric Survey, British Columbia
(Parts of NTS 092E, F, K, L)

B.K. Clift, Geoscience BC, Vancouver, British Columbia, clift@geosciencebc.com

T.A. Ballantyne, in3D Geoscience Inc., Gabriola, British Columbia
C.L. Pellett, Geoscience BC, Vancouver, British Columbia

Clift, B.K., Ballantyne, T.A. and Pellett, C.L. (2020): Vancouver Island North Regional Project: airborne magnetic and radiometric survey,
British Columbia (parts of NTS 092E, F, K, L); in Geoscience BC Summary of Activities 2019: Minerals, Geoscience BC, Report 2020-01,

p- 1-4.

Introduction

The Vancouver Island North Regional Project (VIN) is de-
signed to provide high-quality airborne geophysical data
over 6127 km? of northern Vancouver Island, British Co-
lumbia (BC; Figure 1), an area with a long history of mining
and mineral exploration. The project falls within the
Wrangellia terrane—a mixture of Triassic through Jurassic
volcanic and sedimentary sequences, including the Kar-
mutsen Formation and Bonanza Group (Nixon et al.,
2011a—c). The VIN project covers prospective trends for
Jurassic and Miocene porphyry copper deposits, Eocene
gold vein deposits, Jurassic iron and copper skarn deposits,
and Paleozoic volcanogenic massive sulphide deposits (J.
Houle, pers. comm., 2014).

Following in the Geoscience BC tradition of regional geo-
physical surveys such as Targeting Resources through Ex-
ploration and Knowledge (TREK) and Search, these new
geophysical data will assist the mineral exploration com-
munity in identifying regional geological and structural
mineral exploration targets, thereby providing new eco-
nomic stimulation to the region. Geoscience BC is commit-
ted to engaging with communities in the region to share in-
formation during and after the project is completed.

Previous Work

The VIN covers an area that had not been surveyed as part
of'aregional geophysical program since the 1980s (Natural
Resources Canada, 2019). Survey lines at that time were
flown 1500 m apart. The project builds on the 2012 North-
ern Vancouver Island Exploration Geoscience Project,
which was a partnership between Geoscience BC and the
Island Coastal Economic Trust (ICET; Simpson et al.,
2013). The 2012 airborne magnetic survey was conducted

This publication is also available, free of charge, as colour digital
files in Adobe Acrobat™ PDF format from the Geoscience BC web-
site: http://www.geosciencebc.com/updates/summary-of-
activities/.
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using a predefined drape surface with a nominal ground
clearance of 80 m at 250 m line-spacing over the northwest-
ern extent of Vancouver Island (Figure 1). The work carried
out in 2012 included the collection of new regional geo-
chemical data for northern Vancouver Island (Geo Data So-
lutions GDS Inc., 2013; Jackaman and Lett, 2013; Simpson
et al., 2013). The geochemical survey covered a much
larger area than the magnetic survey, which overlapped the
northern part of the new VIN project area. Geological map-
ping in the region has been recently updated by the BC
Geological Survey (Nixon et al., 2011a—c).

Vancouver Island North Regional Project

Covering approximately 20% of Vancouver Island, the air-
borne survey carried out under the VIN project collected
horizontal gradient magnetic data as well as radiometric
data. The survey was flown by Precision GeoSurveys Inc.
of Langley, BC, between August and October 2019. The
survey area is located between the communities of Port Al-
ice and Zeballos on the west, Sayward on the east, Gold
River on the south and Port McNeill on the north (Figure 1).
In total, data were collected over 26 973.4 line-km at a con-
stant height of 80 m above ground level. The sensors used
were attached to an Airbus AS350 helicopter flying along
lines 250 m apart and oriented at 56.5°, with tie lines flown
every 2500 m, perpendicular to the main flight lines. Within
the project area there are three large provincial parks,
which were excluded from the survey, and communities
within the survey area were flown at a minimum of 300 m
above ground level. The survey overlaps slightly with the
2012 Northern Vancouver Island Exploration Geoscience
Project magnetic survey so that the two surveys can be
levelled.

The VIN 2019 survey height was maintained at a constant
80 m above ground surface, following the contours of the
terrain as much as possible, within the limitations of pilot
safety. In contrast, the 2012 Northern Vancouver Island Ex-
ploration Geoscience Project survey was flown using a pre-
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Figure 2. Example of airborne survey height above rugged topography using ‘terrain contouring’ (red line), which closely follows the con-
tours of the terrain, within the limitations of pilot safety, compared to two examples of 2-D preplanned drape surveys (a fixed-wing drape sur-
face using 6% slope, shown in light blue, and a hypothetical helicopter 40% drape surface, shown in dark blue). The 2-D drape surfaces
were calculated using the Geological Survey of Canada’s Drape DTM 2.0 software. Note that the vertical axis is exaggerated. All survey
heights are relative to Shuttle Radar Topography Mission topography (SRTM TOPO).

defined drape surface (i.e., preplanned terrain clearance)
and had a 20% rate of ascent and descent above the surface,
resulting in a nominal ground clearance of 80 m. Figure 2
(reproduced from Madu and Ballantyne, 2018) illustrates
the benefit of surveys flown at a constant height above
ground in mountainous terrain, compared to a common al-
ternative of preplanned flight surface. (Note that in this fig-
ure an example of a 40% helicopter drape is shown.)

Magnetic Survey

Three Scintrex CS-3 cesium-vapour airborne magnetome-
ter sensors were arranged into a triple-boom magnetometer
configuration on an Airbus AS350 helicopter (Figure 3).
Sensor separation was 11.5 m perpendicular to the direction
of flight (cross-line) and 7.3 m in the direction of flight (in-
line), which allowed for simultaneous collection of mag-
netic data at three different locations with known and fixed
separation. The magnetometers measure total magnetic

Figure 3. Precision GeoSurveys Inc.’s Airbus AS350 helicopter,
which was used to fly the Vancouver Island North airborne survey.
Survey equipment included three Scintrex CS-3 cesium-vapour
airborne magnetometer sensors arranged into a triple-boom mag-
netometer configuration (shown), and 21 L of sodium iodide (Nal)
gamma radiation detection crystals. Photo courtesy of Precision
GeoSurveys Inc.

Geoscience BC Report 2020-01

field, cross-line magnetic gradient (transverse) and in-line
gradient (longitudinal).

Radiometric Survey

Radiometric data, consisting of potassium, thorium and
uranium gamma radiation naturally emitted from surface
rocks and soils, were measured using an airborne
gamma-ray spectrometer with 16.8 L of downward-look-
ing sodium iodide (Nal) crystals. Radiometric data com-
plement magnetic data, representing a different rock
property, which contributes to more accurate mapping of
lithology, alteration and geological structure.

Summary

The VIN project covers an area that had not been surveyed
as part of a regional geophysical program since the 1980s;
survey lines at that time were flown 1500 m apart. The VIN
survey offers data with a much higher resolution and an ex-
ponential increase in the density of sampling. Northern
Vancouver Island will now have a modern and highly de-
tailed magnetic and radiometric survey to guide explora-
tion, land use and planning decisions for a significant
portion of the island.

Acknowledgments
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Skarn Mineralization along Magma-Carbonate Contacts in the
Merry Widow Mountain Area, Vancouver Island, British Columbia (NTS 092L)

R.A. Morrisl, School of Earth and Ocean Sciences, University of Victoria, Victoria, British Columbia,
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D. Canil, School of Earth and Ocean Sciences, University of Victoria, Victoria, British Columbia

Morris, R.A. and Canil, D. (2020): Skarn mineralization along magma-carbonate contacts in the Merry Widow Mountain area, Vancouver
Island, British Columbia (NTS 092L); in Geoscience BC Summary of Activities 2019: Minerals, Geoscience BC, Report 2020-01, p. 5—

12.

Introduction

Wrangellia hosts nearly 50% (~350) of all documented
skarn deposits within the Canadian Cordillera, the majority
occurring on Vancouver Island (Ray, 2013). Many of these
skarn deposits are economically significant and were his-
torically mined for Cu-Au-Co-Ag and Fe (Merry Widow,
Kingfisher, Old Sport, Zeballos, Iron Hill and Brynnor;
MINFILE 092L 044,045,035 and 149; 092F 075 and 001;
BC Geological Survey, 2019b).

The past-producing Merry Widow magnetite deposit
(Merry Widow Mountain; Figure 1), along with other Fe-
skarns in Wrangellia, commonly occur at the contact be-
tween intrusions of the Jurassic Bonanza arc and Upper Tri-
assic carbonate rocks of the Quatsino Formation (i.e., the
Quatsino limestone) and the Parson Bay Formation. Previ-
ous work highlights the association of nearby intrusions
with skarn deposits (Sangster, 1964; Ray et al., 1995) but
focused mainly on the extent of the mineralization and
skarn classification rather than its cause. Attributes such as
heat content, bulk composition and cooling history of the
magma influence the type and endowment of skarn miner-
alization but were not the focus of prior studies. This re-
search aims to quantify how these attributes influenced the
extent of magma-carbonate reaction and related skarn min-
eralization. An end goal for this study is to establish the re-
acted volume per unit time between the magmas and car-
bonate rocks by investigating which elements are assimi-
lated into the magma and sequestered in the intrusion (the
endoskarn). This approach differs from previous efforts
that targeted the development of exoskarn (the skarn miner-
alization that occurs within the wallrock), where most eco-
nomic deposits are found.

"The lead author is a 2019 Geoscience BC Scholarship recipient.

This publication is also available, fiee of charge, as colour digital
files in Adobe Acrobat” PDF format from the Geoscience BC web-
site: http://www.geosciencebc.com/updates/summary-of-
activities/.
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This paper presents the preliminary results from mapping
and sampling of the Merry Widow Mountain area during
the 2019 summer field campaign. The Merry Widow
Mountain area was selected for the initial study as it is eas-
ily accessed, has exceptional exposures and displays magma-
carbonate interactions on a variety of scales (i.e., broader
plutonic-carbonate interactions versus more localized
dike-carbonate interactions). The study area is located on
northern Vancouver Island, approximately 25 km southeast
of Port Alice (Figure 1). Access is by truck from Port Alice
along Highway 30 to Alice Lake Road, or via the Keogh
Road from Port McNeill. Mapping and sampling were con-
ducted along road cuts and exposures near both active and
decommissioned logging roads.

Geological Setting

Wrangellia ranges from Devonian to Jurassic in age and
comprises most of the Insular Belt of coastal western Can-
ada. Most units within the terrane were first described by
Muller (1977). Wrangellia accounts for the majority
(~80%) ofthe exposed units on Vancouver Island (Figure 1;
Muller and Yorath, 1977; Greene et al., 2009). A simplified
summary of oldest to youngest stratigraphy on Wrangellia
is as follows: Devonian island arc (Sicker Group), Missis-
sippian to Permian siliciclastic and carbonate rocks (Buttle
Lake Group), Middle to Upper Triassic large igneous prov-
ince (Karmutsen Formation), Upper Triassic carbonate
rocks (Quatsino Formation; herein referred to as the
Quatsino limestone), Upper Triassic to Lower Jurassic
calcsilicate and siliciclastic rocks (Parson Bay Formation),
and Lower Jurassic arc volcanic rocks and associated intru-
sions (Bonanza arc; Jones et al., 1977; Muller, 1977;
Massey and Friday, 1987; Nixon et al., 1993; Monger and
Journeay, 1994; Nixon et al., 1995; Greene et al., 2009).
Volcanic and plutonic rocks of the Jurassic Bonanza arc are
the youngest units of Wrangellia.

The study area is ~7 km® on Merry Widow Mountain (Fig-
ure 2). The oldest rocks in the area are volcanic rocks asso-
ciated with the Karmutsen Formation, just outside the
northeastern part of the map area, which underlie the
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v Field site (Figure 2)
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Wrangellia:

m Bonanza arc intrusions
Bonanza arc volcanic rocks
Parsons Bay volcanic rocks
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% Pacific Rim terrane
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British
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Figure 1. Regional geology of Vancouver Island, showing Wrangellia and the Pacific Rim and Crescent terranes. Wrangellia is stripped of
its pre- and post-Jurassic rocks, except for Parson Bay volcanic rocks and Quatsino limestone (both Triassic), which immediately underlie
the Jurassic Bonanza arc. Geological-unit boundaries and faults are from the BC Geological Survey (BCGS) MapPlace dataset (BC Geo-
logical Survey, 2019a). The Merry Widow Mountain area is located in NTS 092L.

Quatsino limestone (Figure 2; Lund, 1966; Ray and Web-
ster, 1995; Nixon et al., 2011). Measured bedding of the
Quatsino limestone and Parson Bay Formation dips gently
(~20°) to the west. Mafic dikes crosscut the Quatsino lime-
stone, the Parson Bay Formation (i.e., stratified tuff and
volcanic breccia) and the Merry Widow Mountain pluton
(Figure 2). Fieldwork was conducted in the eastern region
of the Merry Widow Mountain pluton, where it is domin-
antly gabbroic.

The Merry Widow pit is situated along a prominent north-
east-striking (035°), near-vertical fault (the Kingfisher
fault) that propagates outward from the pluton margin
(Nixon et al., 2011). Most regional faults in the area are
near vertical and trend northeast (Figure 2).

Geochronology has been completed on two units within the
study area and includes an *’Ar/*’Ar date of 197.9 +1.3 Ma
on phlogopite within the limestone (presumably contact
metamorphosed) and a U-Pb age of 197.1 +0.3 Ma for zir-
con within the western region of the Merry Widow pluton
(Nixon et al., 2011).

Carbonate

The Quatsino limestone is the oldest and stratigraphically
lowermost unit mapped in the Merry Widow Mountain

area. It is approximately 1 km in thickness and comprises
massive to bedded, grey to white micrite. In some areas, the
limestone is locally folded, showing evidence of ductile
flow. Folding of the limestone is most apparent within
graphite-rich layers (Figure 3a). Regional bedding dips
gently (10-30°) to the west. The limestone is crosscut by
various dikes and sills (described below) and, in some
cases, forms drag folds at the contact with dikes (Fig-
ure 3b). These drag folds show evidence of slight normal
offset of ~20 cm. Where present, skarn mineralization oc-
curs at the contact of the limestone with dikes and sills, and
is usually <25 cm in thickness.

Keystone Intrusion and Associated Dikes and
Sills

The Keystone intrusion and associated dikes and sills
weather a characteristic light green to buff colour. The
groundmass is very fine grained to hypocrystalline. Mafic
xenoliths with reaction rims are abundant within the unit
and range in size from <1 cm to >20 cm (Figure 4a). Flow
banding is common and is parallel to the margins of dikes,
or of sills (Figure 4b). Sills follow limestone contacts and
dip gently (~20°) to the northwest. Dikes crosscut the lime-
stone bedding and have a moderate to steep southeast dip
(~60-75°). Skarn mineralization is most common at con-
tacts of the Keystone intrusion (and associated dikes/sills)

Geoscience BC Summary of Activities 2019: Minerals
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Figure 2. Detailed bedrock geology of the Merry Widow Mountain area, modified after Lund (1966), Ray and Webster (1991) and Nixon et
al. (2011). Mapped volcanic breccia locations are from Ray and Webster (1991) and this study (see field stations). The mafic hypabyssal in-
trusion was previously defined by Ray and Webster (1991) as a pyroxenite. Other previously defined units include the Keystone intrusion
(Ray and Webster, 1991) and the Merry Widow Mountain pluton (Nixon et al., 2011).

with the limestone (Figure 4c). The skarn contains assem-
blages of garnet-diopside-epidotetwollastonitetmagnetite
(Figure 4c, d). Calcite along the limestone—dike/sill con-
tacts is coarse and frequently recrystallized, and can con-
tain conspicuous void spaces (Figure 4d).

Stratified and Brecciated Volcanic Rocks

Stratified and brecciated volcanic rocks overlying the Quat-
sino limestone belong to the Parson Bay Formation (Nixon
etal., 2011). The stratified unit is a crystal-poor, lithic-rich
tuff with a hypocrystalline groundmass, and contains thin
layers of quartz-feldspar (Figure 5a). The tuff weathers
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dominantly light green to buff, with lithic fragments weath-
ering dark grey (Figure 5a). Measured bedding dips gently
(~30°) to the northwest. Brecciated volcanic rocks are dis-
cordant with the surrounding stratified tuff and occur as
near- to subvertical bodies interpreted as subvolcanic plugs
(Figure 2). Boundaries between the tuff and volcanic brec-
cia show both brecciation and flow banding. The breccia is
polymictic (Figure 5b) and includes clasts that resemble the
stratified tuff, plagioclase-phyric basalt and the nearby
gabbro (the latter two described below). The groundmass
within the breccia is fine grained and weathers dark grey.
Previous mapping interpreted the Keystone intrusion (de-
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Figure 3. Field images of the Quatsino limestone, displaying a) folding of graphite-rich layers (outlined by dashed white line) and ductile be-
haviour of the surrounding massive limestone; and b) drag fold (dashed white line) within the limestone along the contact of a mafic dike
(dashed red line); drag fold has a slight normal offset of ~20 cm.

Figure 4. Field and petrographicimages of the Keystone intrusion displaying a) mafic xenoliths with reaction rims; b) flow banding and pref-
erentially oriented xenoliths; ¢) skarn development along the margin of the Keystone intrusion with the limestone (Cal), displaying irregular
patches of epidote (Ep) and garnet (Grt); and d) the change in mineralogy (Cal-Mag-Grt-Di) shown in plane-polarized light from limestone
(Cal) to skarn along the margin of the Keystone intrusion. The calcite is coarse and void spaces are common at the limestone (Cal) to skarn
transition. Abbreviations: Cal, calcite; Ep, epidote; F.g. Di, fine-grained diopside; Grt, garnet; Mag, magnetite.

8 Geoscience BC Summary of Activities 2019: Minerals
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Figure 5. Field images of the Parson Bay Formation, displaying a) stratified tuff with thin quartz-feldspar (Qz-Fsp) layers and mafic lithic
fragments; and b) polymictic volcanic breccia with clasts resembling the stratified tuff, a plagioclase-phyric basalt and the nearby gabbroic
intrusion.

scribed above) as the feeder to both the stratified tuff and
the volcanic breccia (Ray and Webster, 1991).

Plutonic Rocks

Plutonic rocks of the Merry Widow Mountain area have
been previously described as the Coast Copper stock (Ray
and Webster, 1991) or the Merry Widow Mountain pluton
(Nixon et al., 2011). The present study mapped the eastern
margin of the pluton in detail. The pluton is heterogeneous
and ranges modally from dominantly gabbro to lesser oc-
currences of monzonite. Textures display both brittle
(sharp, angular boundaries) and ductile (mingling) rela-
tionships between the gabbro and monzonite compositions.

The dominant gabbro of the Merry Widow Mountain
pluton (Figure 6a, b) is hypidiomorphic, with euhedral
plagioclase (45—60%), anhedral clinopyroxene (25-40%),
hornblende (<10%), oxides (5-10%), = olivine (5%).
Grain size ranges from medium to pegmatitic, in which
euhedral plagioclase crystals canreach up to 5 cm in length.
Rare coarse-grained mafic cumulates occur along the mar-
gin of the pluton. These cumulates are hypidiomorphic,
with altered (i.e., chloritized) hornblende (30%), plagio-
clase (40%), oxides (10—15%), apatite (5%), clinopyrox-
ene (<5%), olivine (~1-3%) and titanite (~1%). Within
these cumulates, apatite grains reaching 2 mm in diameter
commonly have melt inclusions (Figure 6¢). Titanite typi-
cally forms on the edges of apatite (Figure 6¢). Fine-
grained clinopyroxene along plagioclase boundaries also
occurs in some marginal gabbro (Figure 6d).

Mafic Dikes and Sills

In the lower section of the study area, mafic dikes are dis-
cordant and sills are concordant with the surrounding lime-
stone bedding (Figure 7a). There is evidence of two sets of
dikes/sills. The late dikes/sills form sharp and brittle con-
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tacts with the surrounding limestone, whereas the earlier
dikes/sills show evidence of ductile deformation at their
margins and are commonly boundinaged. Dikes/sills occur
as 1) aphyric with microphenocrysts of plagioclase and rare
xenoliths that resemble the gabbro; or are 2) plagioclase
phyric with euhedral plagioclase laths <1.5 cm in length.
Both aphyric and plagioclase-phyric dikes/sills are inter-
preted to be basalt to basaltic andesite in composition.
Aphyric dikes have a steep (~75°) dip to the southeast and
the sills have a gentle (<20°) dip to the west. Both aphyric
dikes and sills are typically <1-2 m in width. Plagioclase-
phyric dikes have a steep (>65°) dip toward either the
northeast or southeast and are larger (>2 m in width).
Within the lower section of the field area, aphyric dikes
commonly cut up through larger, earlier dikes of the Key-
stone intrusion (i.e., a dike within a dike). Sulphides (chal-
copyrite and pyrite) are concentrated along some of these
dike contacts with the limestone (Figure 7b).

In the upper section of the study area, mafic dikes crosscut
the Merry Widow Mountain pluton (Figure 2). They range
from <1 m to >5 m in width and are interpreted to be basalt
to basaltic andesite in composition. The dikes dip gently to
near vertically (<20° to >80°) between southwest and
northwest. The dikes are 1) aphyric with microphenocrysts
of plagioclase; 2) plagioclase phyric with euhedral
plagioclase laths <1.5 cm in length; or have 3) abundant
carbonate-silicate spherules interpreted as ocelli. These
ocelli-rich dikes are confined to the upper section where
they only crosscut the pluton, and display ocelli amalgam-
ating (Figure 7c) near some of the dike centres. The ocelli
are similar in grain size to the groundmass (fine grained)
but are lighter in colour (Figure 7c, d). Glomerocrysts of
clinopyroxene are common within the ocelli, as well as in
the main groundmass. Both the glomerocrysts of clino-
pyroxene and the ocelli can be up to 3 mm in diameter.
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Figure 6. Petrographic images of the gabbro of the Merry Widow Mountain pluton, displaying a) euhedral plagioclase (Pl) and anhedral
clinopyroxene (Cpx) in plane-polarized light; b) euhedral-subhedral olivine (Ol) grains in plane-polarized light; c) apatite (Ap) and titanite
(Ttn) within mafic cumulates in a marginal gabbro in plane-polarized light; and d) fine-grained clinopyroxene (Cpx) along plagioclase (PI)

boundaries in a marginal gabbro in cross-polarized light.

Felsic aplite dikes also crosscut the Merry Widow Moun-
tain pluton and are predominant closer to the plutonic mar-
gin and/or near faulted zones (northeast of Newt Lake; Fig-
ure 2).

Summary and Future Work

Detailed mapping and sampling during the 2019 summer
field campaign in the Merry Widow Mountain area focused
on the contacts of the Jurassic Bonanza arc intrusions, dikes
and sills with the Quatsino limestone. The overall crustal
section dips gently (~20°) to the west and from deepest to
shallowest consists of ~1 km of limestone, ~250 m of strati-
fied tuff and volcanic breccia, and ~500 m of gabbro. Skarn
development, resulting in garnet-diopside-epidotetwollas-
tonite+magnetite, is most prevalent along contacts between
limestone and the Keystone intrusion. Some sulphide con-
centration (chalcopyrite+pyrite) occurs at the contact be-
tween limestone and dikes or sills. No skarn development

10

or sulphide mineralization was observed within the strati-
fied tuff or volcanic breccia. The Merry Widow Mountain
pluton is dominantly a plagioclase-clinopyroxene—rich
gabbro but displays heterogeneity in composition and tex-
ture. Heterogeneity along the margin of the gabbro includes
conspicuous coarse-grained mafic cumulates containing
abundant apatite (~5%) and occurrences of fine-grained
clinopyroxene along plagioclase boundaries. Mafic dikes
crosscut all units but have not yet been followed continu-
ously across the exposed depth range. Aphyric and plagio-
clase-phyric dikes are observed atall levels (i.e., from lime-
stone up to gabbro), whereas mafic dikes containing
carbonate-silicate spherules (interpreted as ocelli) are only
observed in the upper part of the section, where they cross-
cut the pluton.

The overarching project goal is to understand all parts of
the magmatic system and heat source that led to skarn de-
velopment at Merry Widow Mountain. It will be important

Geoscience BC Summary of Activities 2019: Minerals
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Figure 7. Field and petrographic images displaying a) aphyric mafic dikes and sills crosscutting the Quatsino limestone in the lower section;
b) concentration of chalcopyrite (Ccp) and pyrite (Py) along the margin of an aphyric dike in limestone; ¢) carbonate-silicate spherules inter-
preted as ocelli amalgamate near the centre of a dike that crosscuts the Merry Widow Mountain pluton; and d) ocelli (lighter groundmass,
circular) set in a mafic groundmass of similar grain size in cross-polarized light, with a phenocryst of clinopyroxene (Cpx) within one of the
ocelli; glomerocrysts of pyroxene can occur within ocelli and in the main groundmass; both ocelli and glomerocrysts can reach up to 3 mmin

diameter.

to establish whether the lower dikes that crosscut the lime-
stone and stratified tuffs are related to the upper dikes that
crosscut the pluton, and whether either is genetically re-
lated to mineralization. Lack of exposures impeded the
tracing of dikes upsection into the pluton. It is a priority to
complete geochemical analyses on sampled dikes at all
crustal levels to identify compositional changes. Geochem-
ical analyses will help assess 1) the extent to which assimi-
lation of limestone into the magma has occurred; 2) the vol-
ume and extent of the endoskarn development within the
pluton; and 3) relationships (if any) to endoskarn mineral-
ization.

The study will produce details of contact mineralization,
and related geochronological data will help to further refine
the stratigraphy of Wrangellia, including the ages and
groupings of Jurassic plutons and correlations of late Trias-
sic carbonate wallrocks. This research aims to create a pre-

Geoscience BC Report 2020-01

dictive tool to aid future exploration for Cu-Au-Co-Ag
skarn deposits on Vancouver Island.
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Introduction

Podiform chromite deposits represent approximately
25% of global chromite production, a production share that
has been consistent for the past 50 years (Mosier et al.,
2012). Chromium is an essential metal for stainless-steel
production and is one of the 35 minerals identified in the
United States as being “critical” (i.e., a secure and reliable
supply is needed; U.S. Department of the Interior, 2018).
Worldwide, production of chromium is currently domi-
nated by, in decreasing order of importance, South Africa,
Turkey, Kazakhstan and India (U.S. Geological Survey,
2019). The last known chromite production in Canada was
in 1948 from the Union Carbide Company’s ‘Montreal’ pit
in the Black Lake area of Quebec (Eardley-Wilmot, 1948).
Its designation as a critical mineral with no domestic supply
indicates the need to investigate possible domestic sources.
The primary issue facing exploration for podiform chro-
mite is the discontinuous nature and small size of the depos-
its. Podiform chromite occurs in lenticular bodies in the
lower portions of ophiolitic sequences, particularly in the
upper (500—1000 m) part of the tectonite zone in the host
harzburgite (Eckstrand et al., 1995). British Columbia has
demonstrated historical potential along a chain of obducted
ophiolite sequences that runs parallel to the accretionary
arc along the margins of the Quesnel Terrane. The correla-
tion between the terrane margins and known podiform
chromite occurrences is shown in Figure 1. This project in-
vestigates the region surrounding one such known occur-
rence, located on the Bart mineral claims (#1057772;
Strafehl, 2019), 25 km northwest of Kelowna.

"The lead author is a 2019 Geoscience BC Scholarship recipient.

This publication is also available, free of charge, as colour digital
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Obducted ophiolites are typically highly deformed and al-
tered by serpentinization. The process of serpentinization
results in the formation of magnetite, which leads to a
strong residual magnetic-field anomaly over the ophiolitic
ultramafic rocks (Parvar et al., 2017). The high magnetic
susceptibility of these serpentinized rocks makes magnetic
surveys an effective tool for mapping the extent and struc-
ture of ophiolitic sequences. It must be noted that chromite
has a low magnetic susceptibility and therefore must be de-
tected using an indirect approach: measuring the serpentin-
ized areas and then investigating if chromite is present
through non-geophysical means, such as geochemical
sampling and drilling.

Geology

The Bart mineral claims are dominated by the Permian
Chapperon Group, which is generally interpreted as a fault-
bounded, obducted ophiolite complex (Cui et al., 2017).
The regional-scale geology and ground-magnetic survey
data may be seen in Figure 2. The Chapperon Group con-
sists of metamorphosed siliceous and calcareous argillites,
greenschists of volcanic and sedimentary origin, and minor
serpentinized harzburgite (also identified as dunite by
Cairnes, 1932) in pelitic and volcanic rocks (Cui et al.,
2017). Within the Chapperon Group are oblong bands of
ultramafic intrusive rocks striking approximately 330° and
known to host podiform chromite occurrences. These ultra-
mafic units are historically known as the Old Dave intru-
sions. These comprise primarily dark green serpentine that
often weathers to a deep orange-red but is sometimes
coated with a thin, semitransparent, whitish, talcose film
(Cairnes, 1932). Thin-section analysis reveals different
stages of alteration, from abundant small grains of olivine
occurring in a meshwork of serpentine to instances in
which no traces of unaltered olivine remain (Cairnes,
1932). Other common minerals include similarly altered
pyroxene, talc, chlorite, magnetite, asbestos and chromite
(Cairnes, 1932).
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Figure 1. Terranes of British Columbia with known podiform chromite occurrences indicated. Base map from BC Geological Survey (2011),

modified with MINFILE data from BC Geological Survey (2019).

The Devonian to Permian Harper Ranch Group, located
east of the Chapperon Group, comprises Carboniferous to
Permian arc clastic rocks (limestone, sandstone and mud-
stone) that form the basement to the Quesnel terrane
(Beatty et al., 2006). The Chapperon and Harper Ranch
groups are unconformably overlain by the Upper Triassic
to Lower Jurassic Nicola Group (Cui et al., 2017). The
Nicola Group comprises the following sedimentary facies
of Upper Triassic age: shale, argillite, siltstone, sandstone,
phyllite, tuff, local polymict conglomerate, limestone,
greenstone and chloritic phyllite (Cui et al., 2017). These
units were intruded into and are abutted by intermediate in-
trusive rocks to the southwest that comprise, in order of
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lessening abundance, granodiorite, quartz diorite, quartz
monzonite and lesser monzonite, diorite and gabbro, em-
placed during the late Triassic to early Jurassic (Cui et al.,
2017). Overlying the region in the Eocene period is the
Penticton Group, comprising volcanic rocks that include
mixed alkalic and calcalkaline transtensional volcanic
rocks and associated fluvial and lacustrine sedimentary
rocks, hornblende-biotite-quartz-feldspar porphyry and bi-
otite-hornblende-plagioclase porphyry (Cui et al., 2017).
Abutted against the east side of the serpentinized belt is a
parallel layer of discontinuous marble of sedimentary ori-
gin. Apart from the Penticton Group, all the geological units
in the study area are components of the Quesnel terrane.

Geoscience BC Summary of Activities 2019: Minerals
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Thin-section analysis was done on a sample taken from one The clasts in Figure 3 comprise massive chromite domi-
of'the known chromite pods on the property and asample of ~ nated by a brittle fracture system, which was infilled by ser-
the serpentinized ultramafic rocks that host the occurrence ~ pentine. The clasts also have inclusions of unknown
and are shown in Figures 3 and 4, respectively. opaque minerals, which exhibit a higher reflectance than

Sulphide: 3

Srp
Chr

Figure 3. Sample (a) and photomicrographs from a known chromite pod: b, d) reflected-light images illustrating the fracture system that
dominates the sample; chromite (Chr), which makes up 70-90% of the section, was brittlely deformed, resulting in serpentine (Srp)—filled
fractures throughout the sample; unknown sulphide minerals occur throughout these fractures; ¢) transmitted-light image (with the same
field of view as (d), illustrating the brittle deformation that the sample underwent; e, f) transmitted-light (e) and reflected light (f) views of the
opaque grains hosted within the serpentine matrix.

16 Geoscience BC Summary of Activities 2019: Minerals



PN

Geoscience BC

500 pm-- .-

-4 Hem

chr e

4

x

} 9
Figure 4. Typical sample (a) of the serpentinized ultramafic rocks that occur within the Chapperon Group and photomicrographs illustrating
its mineralogy: b) reflected-light image of a large chromite (Chr) grain with replacement by magnetite (Mag) on the periphery of the grain,
disseminated hematite (Hem) in the surrounding matrix; c¢) cross-polarized image illustrating serpentine (Srp)—filled fracture through
heavily altered host; d) same field of view as (c) with reflected light, illustrating the moderately reflective chromite grains; e) cross-polarized
image displaying talc (Tlc); f) cross-polarized image showing an accumulation of chromite grains along a heavily deformed trend in the sec-
tion, hosted within remnant olivine (Ol) not destroyed by the serpentinization process.
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the host chromite. The reflective inclusions may also be
seen in several of the other fractures. These are likely to be
sulphide minerals such as chalcopyrite or pentlandite,
which will be investigated in the near future by scanning
electron microscope (SEM) analysis.

The serpentinized ultramafic sample in Figure 4 was deter-
mined to consist primarily of serpentine and talc, with rem-
nant olivine as well as opaque minerals in two modes of oc-
currence: disseminated throughout the section and hosted
in concentrated layers as a result of metamorphic proces-
ses. These opaque minerals are believed to consist of chro-
mite, magnetite and minor hematite. The chromite and
magnetite are associated with each another, with chromite
making up the core of the opaque grains and the outside al-
tered to magnetite in many samples. This provides an ex-
planation for the strong magnetic signal generated by these
ultramafic rocks.

Ground Magnetometry Survey

The primary survey method used for delineating the extent
of the serpentinized regions is ground magnetometry using
a GEM Systems GSM-19T proton-precession magnetome-
ter. Positioning was achieved using a NovAtel single-fre-
quency GPS receiver with an advertised accuracy of 1.5 m
in the horizontal plane. The GPS antenna was mounted on
the GEM systems GSM-19T sensor staff, approximately
2 m above ground level. The magnetometer sampling fre-
quency was set to 0.5 sample/second. Approximately
165 line-km were collected, assuming a 4 km/h walking
speed, with 74 281 filtered observations collected in
nanoteslas (nT) over the 10-day ground magnetic survey
(June 18-28, 2019). A reference station for monitoring di-
urnal variations was not available. However, since the tar-
get anomalies were an order of magnitude larger than the
diurnal signals, this was deemed to be a noncritical issue.

The primary targets for exploration were the regions of
serpentinization within the ultramafic Chapperon Group,
which follows a north-northwesterly structural trend. This
trend dominates the joint patterns and schistosity, and con-
trols the extent of the Chapperon and Harper Ranch groups
in this region. This interpretation is based on the orientation
of the purple lobes within the Chapperon Group shown in
Figure 2. In order to target the north-northwest-trending
serpentinized regions, large-scale (750-3000 m line spac-
ing, depending on accessibility) perpendicular transects of
this trend were made across the Chapperon Group. Anoma-
lous zones were identified in the field and followed up with
high resolution local grid surveys on subsequent days.

The magnetic data were interpolated using natural neigh-
bour interpolation, and a discrete colour scale was applied
based on geological interpretations from field observations
(Figure 5). Natural-neighbour interpolation is an algorithm
that, for a subset of data surrounding a query point, con-
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structs a Voronoi diagram for the given data points and the
Voronoi polygon for the query point. The proportion of
overlap between the query polygon and the adjacent cells
determines the weights applied for the calculation of the
point value (Esri, 2016).

Interpretations

Geological interpretations were made based on a combina-
tion of magnetic signatures, field mapping and observa-
tions of geology. Based on field observations, the colour
scale for magnetic intensity shown in Figures 2, 5 and 7 was
selected to separate the magnetic data into geologically
meaningful groups. This clustering resulted in the grouping
of very high magnetic signals produced within the
serpentinized zone (56 020—-66 310 nT), the average signal
observed within the serpentinized zone (55 030-56 010 nT)
and the slightly lower signal on the fringe of this zone
(54 660-55 010 nT). Based on the strong magnetic signal
generated by the serpentinization of the ultramafic rocks
and ground observations of the geology, the delineation of
the serpentinized ultramafic rocks was reviewed as shown
in Figure 6.

The geological interpretations in Figure 6 indicate several
fault structures, along with strike-slip motion. These faults
are oriented primarily in two parallel sets, one with sinistral
strike-slip at approximately 300° and the other with dextral
strike-slip at approximately 355°. Based on this pattern of
strike-slip faults, it is interpreted that these faults make up a
conjugate fault set, which is reacting to a north-northwest-
oriented primary stress field as a result of regional-scale
tectonic forces. This may be the result of a regional-scale
dextral shear system that is present throughout the western
cordillera (Mazzotti et al., 2008). Interpretations of the
fault systems can be seen in Figure 7.

Conclusions

The data collected this field season provided the highest
resolution magnetometer data to date for this area. The finer
resolution of this survey has enabled more precise interpre-
tations regarding the extent of the serpentinized zone and
improved interpretations of the orientation of the fault
structures. There remains some uncertainty regarding the
exact orientation of these fault structures as observed dur-
ing fieldwork, so these interpretations are based mainly on
magnetic and topographic features. Detailing the full extent
of'the serpentinized ultramafic rocks will allow for more ef-
fective rock- and soil-sampling programs, which may re-
sult in the discovery of chromite pods of potential eco-
nomic importance. Of additional interest, the faults in the
area may have acted as fluid conduits for hydrothermal
mineralization, evidence of which was observed in the area
as glacially transported rock samples. Improved under-

Geoscience BC Summary of Activities 2019: Minerals
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standing of these fault structures may generate targets for
exploration of hydrothermal mineral occurrences.

Future Work

In order to better resolve the distribution of magnetic sus-
ceptibility within the serpentinized ultramafic belt, an un-
manned aerial vehicle (UAV)-borne aecromagnetic survey
is planned for the spring o 2020. This will allow total-mag-
netic-field data to be collected at a high resolution over the
tops of densely forested areas and steep gullies where col-
lecting terrestrial total-magnetic-field measurements was
not physically possible. This UAV magnetometry is also
capable of achieving higher spatial resolution than a
manned airborne survey. This UAV-borne total-magnetic-
field data will enable gaps in the terrestrial magnetic data to
be filled, observation of additional fault structures and the
ability to better resolve areas within the serpentinized ultra-
mafic rocks that may host chromite. An SEM analysis will
be conducted to verify mineral interpretations from the thin
sections and to determine the composition of the observed
sulphide inclusions.
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Introduction

The Boundary area in southern British Columbia (BC) has
an extended history of exploration and mining, particularly
in the Greenwood, Franklin and Beaverdell camps, where
intermittent production of base and precious metals contin-
ued from the late 1890s to the early 1990s. Exploration con-
tinues to be active throughout most of the area, although it
is largely concentrated in the Greenwood camp for a variety
of deposit types, including epithermal gold, skarn and base-
and precious-metal vein deposits.

This project is a continuation and enhancement of system-
atic 1:50 000 geological mapping of the eastern half of the
Penticton map area (NTS 082E) that has resulted in publi-
cation of six maps (Figure 1): Grand Forks (NTS 082E/01),
Greenwood (NTS 082E/02), Almond Mountain (NTS
082E/07), Deer Park (NTS 082E/08), Burrell Creek
(NTS 082E/09) and Christian Valley (NTS 082E/10). The
focus of the project has been to determine the ages of and
controls on the various types of deposits that occur
throughout the eastern half of the Penticton map area and to
provide updated regional base maps and deposit models
that may direct ongoing and future exploration. All new ra-
diometric ages reported in this paper were obtained by
J. Gabites (Ar-Ar) or R. Friedman (U-Pb) at the University
of British Columbia; some of this data has been previously
released in a summary report by Hoy et al. (2019) and in-
cluded in aregional compilation map by Hoy and Jackaman
(2019).

Alarge part of the Penticton map area is underlain by poorly
dated granitic and alkalic intrusive rocks that have been
variously assigned to largely undifferentiated granodiorite
of the Jurassic ‘Nelson’ Complex, granite of the Okanagan
batholith or Coryell syenite. However, numerous small, gen-
erally unrecognized, high-level stocks occur within some
of the intrusive complexes and these have the potential to

This publication is also available, free of charge, as colour digital
files in Adobe Acrobat™ PDF format from the Geoscience BC web-
site: http://www.geosciencebc.com/updates/summary-of-
activities/.
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host metallic-mineral deposits. The 2018-2019 project was
largely directed toward examining several examples of
mineral occurrences related to these stocks to determine
their age and thereby provide impetus for further explora-
tion within areas that are largely underlain by these undif-
ferentiated batholiths. Efforts focused on several areas and
work included sample collection for radiometric dating,
geological mapping and data compilation. In this paper, the
Franklin camp, the Beaverdell-Carmi—Tuzo Creek area,
the Lightning Peak camp and the Midas—Bulldog area (Fig-
ure 1) are briefly described. These areas highlight the range
in ages and the variety of deposit types throughout the dis-
trict, with mineralization related to small Jurassic, Creta-
ceous, Paleocene and Eocene stocks respectively, and host-
rocks that range from granite to syenite.

Franklin Camp
Introduction

Mineralization in the Franklin mining camp, located in the
southern part of the Burrell Creek map area (Figure 1), was
discovered in the early 1900s (Drysdale, 1915). The only
significant deposit in the camp, the Union mine, produced
122 555 tgrading 14.1 g/t Auand 353.4 g/t Ag, primarily in
the early 1930s. Recent exploration in the camp has in-
cluded soil sampling, geological mapping and prospecting
by Tuxedo Resources Ltd. in 2001-2004 (Caron, 2004),
and rock sampling, trenching and limited diamond drilling
by Solitaire Minerals Inc. in 2004 (Caron, 2005).

The geology in the vicinity of the Franklin camp is shown in
Figure 2. The area is in the hangingwall of the Granby fault
and underlain by dominantly Jurassic rocks that intrude
metavolcanic and metasedimentary rocks of the late Paleo-
zoic Franklin group. These are locally intruded by Eocene
Coryell syenite stocks and numerous dikes. Eocene
Penticton group conglomerate and feldspathic grit of the
Kettle River formation and overlying Marron formation
alkalic volcanic rocks unconformably overlie the Paleozoic
metasediments and Jurassic intrusions. Mineralization is
spatially related to the Averill Plutonic Complex, a suite of
mafic alkalic intrusions that was originally interpreted as
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Figure 1. Regional terrane map of the Boundary area of British Columbia, showing the location of mineral occurrences, study areas
covered in this paper and published 1:50 000 Geoscience BC maps (locations of figures 2, 3, 6 and 9 are also outlined).

Eocene in age based in large part on its similarity to Coryell
intrusive rocks (Drysdale, 1915) but is now recognized as
Jurassic, based on a K-Ar date reported in Keep (1989) and
several new Ar-Ar dates thatrange fromca. 176 Mato 161 Ma
(Hoy et al., 2019).

Several styles of mineralization are recognized in the camp.
These include skarns in altered late Paleozoic metasedi-
ments and metavolcanic rocks of the Franklin group, minor
platinum-group minerals (Pt, Pd) in the Averill Complex,
and base- and precious-metal mineralization in shears and
faults (Drysdale, 1915).

Discussion on the Franklin Camp

The Averill Plutonic Complex is a zoned alkalic intrusion
within the dominantly calcalkaline, middle to early Jurassic
plutonic suite in the eastern half of the Penticton map area.
Other exposures of smaller mineralized Jurassic intrusions
are common throughout the area. For example, the ca.
179.9 Ma Greenwood stock (Massey et al.,2010) hosts sev-
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eral deposits and showings. Also, numerous precious- and
base-metal vein occurrences in the northwestern part of the
Almond Mountain map area east of Beaverdell, which are
hosted by Middle Jurassic granodiorite and diorite, are as-
sumed to be related to these early intrusions. These deposits
appear to have a regional structural control, aligned along
prominent northwest structural trends that are marked by
the alignment of late faults and orientations of host intru-
sive rocks. They are within relative structural highs; the
Franklin camp is in the hangingwall of the Eocene Granby
fault and occurrences east of Beaverdell are within a north-
northwest-trending, fault-bounded structural zone that
crosses the more northerly trending Rock Creek graben
(Hoy and Jackaman, 2016).

Beaverdell Area
The Beaverdell area (Figure 1) is located immediately west

of the Almond Mountain map area (NTS 082E/07), strad-
dling the West Kettle River (Figure 3). The area includes

Geoscience BC Summary of Activities 2019: Minerals
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Figure 2: Geology of the Franklin mining camp and surrounding area; all dates are Ar-Ar mineral dates from Hoy et al. (2019). Map is modi-

fied from Keep (1989) and Hoy and Jackaman (2013).

the past-producing Beaverdell silver-lead-zinc camp and
several gold occurrences, including Carmi (MINFILE
082ESW029; BC Geological Survey, 2019) in the north.
Two prominent molybdenite porphyry deposits also occur
in the area, the Carmi deposit just north of Carmi township
and the Tuzo Creek deposit south of Beaverdell.

The Beaverdell area was mapped initially by Reinecke
(1915) and this work largely provided the basis for later re-
gional compilation maps by Cairnes (1940), Little (1961)
and Tempelman-Kluit (1989). The area east of Beaverdell
was mapped more recently by Massey and Duffy
(2008a, b). This paper and map (Figure 3) are a compilation
of those previously published maps, several provincial as-
sessment reports, mapping by the senior author this past
field season and new radiometric dates.

The area is underlain mainly by Middle Jurassic granodior-
ite that has intruded Late Paleozoic metasedimentary rocks,
referred to as the “Wallace formation’ by both Reinecke
(1915) and Massey and Duffy (2008b). Massive to porphy-
ritic granite of the Paleogene Okanagan batholith intrudes
and surrounds the Jurassic exposures as well as forms sev-
eral small, isolated stocks within the central mass of
granodiorite (Figure 3). These stocks are the loci for miner-
alization in the main deposits or camps within the area.

Geoscience BC Report 2020-01

Beaverdell Camp

Mineral deposits in the Beaverdell camp were mined inter-
mittently from 1913 to 1991, producing approximately
99.2 million grams of silver (35 million oz.) and
481 941 grams of gold (17 000 oz.) from narrow, high-
grade lead-zinc veins. Mineralization and associated alter-
ation occur mainly within Middle Jurassic granodiorite but
extend into a small granitic stock that is essentially centred
on the town of Beaverdell. The Ar-Ar dating method using
hornblende yielded an age of 168.4 Ma for a sample of the
Middle Jurassic granodiorite and the same method using
muscovite yielded an age of 59.2 Ma for an unaltered sam-
ple of the Beaverdell stock (Figure 3). Supporting evidence
for a Paleocene age for mineralization in the camp is pro-
vided by galena lead-isotope data that indicated a ca.
0.05 Ga age (Watson et al., 1982).

Carmi Area

The Carmi area, located approximately 8 km north of
Beaverdell, hosts a variety of mineral occurrences and de-
posits. These include base- and precious-metal veins as
well as the Carmi molybdenum deposit (MINFILE
082ENE036). Gold-bearing veins within the Westkettle
batholith and host Paleozoic Wallace formation have been
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Figure 3: Geology of the Beaverdell camp, Carmi and Tuzo creeks areas. Geology modified from Reinecke (1915), Leary
(1987) and Massey and Duffy (2008b); Ar-Ar radiometric dates are from Hdy et al., (2019).

interpreted to be Jurassic in age based on galena lead-iso-
tope data (Watson et al., 1982).

The Carmi molybdenum deposit was discovered in 1960 by
Kennco Exploration Ltd. and since then has been explored
fairly intensely by various companies, defining two zones
referred to as the ‘E zone’ and the ‘Lake zone’ (summarized
in Leary, 1987). Recent work, including diamond drilling,
has defined an open pit indicated resource of 12.96 Mt
grading 0.058% Mo and an inferred resource of 27.38 Mt
grading 0.066% Mo (Reynolds, 2009).

The deposit is within an area largely underlain by Middle

Jurassic granodiorite (Figure 3) that is cut by monzonite to
granodiorite dikes and an underlying granitic stock (Leary,

26

1987). A late quartz monzonite stock, lithologically similar
to phases of the Beaverdell stock, occurs immediately east
of'the Carmi molybdenum deposit and a similar stock along
the western edge of the Lake zone. Molybdenum-copper
mineralization comprises molybdenite with pyrite, magne-
tite, chalcopyrite and minor bornite in west-northwest-
trending shear and breccia zones in Jurassic granodiorite
and within the younger quartz monzonite stocks and dikes.
The age of mineralization is assumed to be Paleocene based
on correlation of the younger intrusive phases with the Val-
halla Complex (Okanagan batholith; Leary, 1987). A sam-
ple of medium-grained, equigranular quartz monzonite
from the E zone has been submitted for radiometric dating;
the results will more closely constrain the age of mineral-
ization in the Carmi molybdenum deposit.

Geoscience BC Summary of Activities 2019: Minerals
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Tuzo Creek

A molybdenite deposit (MINFILE 082ESWO058) has been
explored in the Tuzo Creek area, west of the West Kettle
River, approximately 7 km south-southwest of Beaverdell
(Figures 3, 4). The deposit was discovered in 1961 by
Kennco Explorations (Canada) Ltd. and drilled by Amax
Exploration Inc. from 1964 to 1966 and by E&B Explora-
tions Ltd. in 1981. The property was the subject of an M.Sc.
thesis, which remains to date the most comprehensive study
of the deposit (Leary, 1970).

The regional geology in the vicinity of the deposit is shown
in Figure 3. A generally north-trending porphyritic granite/
quartz monzonite stock, the Tuzo Creek stock, is
lithologically similar to Okanagan batholith rocks farther
west (Figure 5). It intrudes the Middle Jurassic Westkettle
batholith that also hosts the Beaverdell stock and quartz
monzonite intrusions at Carmi. A small syenite stock, simi-
lar to many phases of the Eocene Coryell intrusive suite, is
exposed a few kilometres northeast of the Tuzo Creek
stock.

A large zone of molybdenite mineralization, associated
with pyrite and specular hematite, quartz stockwork and
veining, and widespread zones of argillic and potassic al-
teration, occur within and along the eastern side of the Tuzo
Creek quartz monzonite. Leary (1970) described several
phases of hydrothermal activity and mineralization, spa-
tially and temporally associated with prominent southwest-
trending shear and breccia zones, and both pre- and
postmineral dikes and ‘sills’. Leary (op. cit.) concluded that
molybdenite mineralization, controlled by the dominant
southwest-trending shears, occurred during and immedi-
ately after intrusion of the porphyritic stock, followed lo-
cally by minor overprinting of galena-sphalerite-pyrite
quartz veining.

Figure 4: View to the south-southwest, from a waste dump in the
Beaverdell camp to the Tuzo Creek deposit located on the rounded
hill in the centre left of the photo.
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Discussion on the Beaverdell Area

Two porphyry molybdenite deposits occur within small
Paleocene(?) stocks that are located along the margins of
the Paleogene Okanagan batholith in the central part of the
Penticton map area. The stocks intrude Middle Jurassic
granodiorite in the central part of the Okanagan batholith.
Approximately 6 km south of the Tuzo Creek deposit, the
Chenier copper-porphyry occurrence appears to share a
similar setting, associated with Paleocene(?) megacrystic
K-feldspar dikes that intrude Middle Jurassic granodiorite
(Kennedy, 2006; Hoy, 2007). The Beaverdell silver-lead-
zinc camp is associated with a similar granitic stock, dated
at 59.2 Ma (muscovite Ar-Ar dating) that intrudes Jurassic
granodiorite.

The deposits within the Beaverdell-Carmi—Tuzo Creek area
are structurally controlled. On a regional scale they appear
to be in a structural zone that extends northwest from the
Greenwood area, crossing the Rock Creek graben and into
the Beaverdell area, where Jurassic rocks and Paleozoic
metasediments of the Wallace formation are exposed. A
number of northwest-trending faults parallel the zone, and
these seem to have localized the intrusion of small outlying
Paleocene stocks. On property scales, the deposit areas are

Figure 5: Sample of fresh porphyritic granite of the Tuzo Creek
stock; note subhedral K-feldspar phenocryst in a granular quartz,
K-feldspar, plagioclase matrix.
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characterized by numerous shears and faults, commonly
with little displacement; many of these are schematically
shown in both the Carmi and Tuzo Creek areas (Figure 3).
These faults typically have two prominent trends, north-
northeasterly parallel to the trend of the Eocene Rock Creek
graben extensional faults farther east and northwesterly,
parallel to the trend of the regional structural high.

Lightning Peak

The Lightning Peak gold camp is located in the northern
part of the Penticton map area (Figure 1), between the Ket-
tle River and the northern headwaters of the Granby River
(Figure 6). Regional maps show the area to be underlain by
undifferentiated Middle Jurassic intrusive rocks with occa-
sional small scattered exposures of basement Monashee
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Figure 6: Geology of the Lightning Peak camp and surrounding area; geology is modified from Cairnes (1931)
and Tempelman-Kluit (1989); U-Pb zircon dates were obtained at The University of British Columbia (R. Fried-

man, unpublished data, 2019).
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gneiss and, to the southeast, Paleozoic volcanic and sedi-
mentary rocks of the Harper Ranch group (Cairnes, 1931;
Little, 1957; Tempelman-Kluit, 1989). This paper focuses
mainly on gold-vein occurrences that occur in the porphy-
ritic granodiorite (unit Kgd) shown in the central part of the
1:20 000 scale TRIM map 082E/098 (Figure 6).

The first claims in the Lightning Peak area (Figure 7) were
staked in 1897 and, by the early 1900s, many of the show-
ings were being developed and worked (Cairnes, 1931).
Work has continued intermittently to the present and has in-
cluded considerable diamond drilling, underground explo-
ration in the 1930s and 1940s and a small amount of pro-
duction. Recent work on the property (Callaghan and York-
Hardy, 1996; Peterson, 2013) was concentrated mainly on
the southern showings, referred to as the “Waterloo ten-
ures’, which are hosted by Paleozoic Harper Ranch group
rocks (Figure 6).

Mineral Occurrences and Deposits

The first comprehensive report of mineralization in the
Lightning Peak camp describes two main vein types
(Cairnes, 1931). East-west trending veins in shear zones,
such as the Waterloo mine area (MINFILE 082ENEO017;
Figure 6), have been traced in surface and underground for
several hundred metres within limestone and metasedi-
ments of the Harper Ranch group. The veins comprise
mainly galena, sphalerite, pyrite and chalcopyrite, with
high silver content in the form of ruby silver, argentite and
native silver, in a gangue of quartz and minor calcite (Fig-
ure 8). A second style of veins, more common to the north,
are north-trending gold-quartz veins that have been traced
locally for several hundred metres. They occur in a light
grey, megacrystic Cretaceous granodiorite (unit Kgd; Fig-
ure 6) and farther south, in Paleozoic rock commonly
within or parallel to quartz-porphyry dikes. These veins

| 3 et - 4 s
Figure 7: View to the southeast to Lightning Peak, which is capped

by Miocene basalt of the Kallis formation that rests unconformably
on Paleozoic basement.
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contain variable amounts of pyrite and generally only mi-
nor galena and sphalerite.

The veins in the northern part of the Lightning Peak camp
are hosted by an east-trending, generally leucocratic grano-
diorite stock that commonly contains large euhedral pink to
tan K-feldspar phenocrysts up to 4 cm in length. Minor
amounts of fresh to chloritic biotite and hornblende occur
in a medium-grained matrix of plagioclase, quartz and K-
feldspar. The stock appears to have a gradational contact in
the north, with massive to porphyritic pink granite or
monzonite (unit Jg) that also commonly contains large
subhedral pink K-feldspar phenocrysts and, to the west,
with massive pink granite (unit Kg). These units are not
easily differentiated but all appear to be intrusive into the
more typical, massive Middle Jurassic granodiorite (Fig-
ure 6).

Uranium-lead zircon ages are shown for several of the in-
trusive phases in Figure 6. The leucocratic (‘white’)
granodiorite that hosts the north-trending gold veins has a
Early Cretaceous age of 137.11 Ma, whereas the granite to
the north has a Middle Jurassic age (164.07 Ma) similar to
the host granodiorite (164.9 Ma). Hence, gold-bearing
quartz veins hosted by the white granodiorite are no older

Figure 8: Dump from workings of the AU silver-rich polymetallic
veins (MINFILE 082ENEO027) located approximately 3 km north-
west of Lightning Peak and immediately northeast of the Waterloo
deposit, shown on Figure 6.
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than Early Cretaceous. The veins found further southeast
along the northern margin of the Paleogene Okanagan
batholith are very similar to the silver-rich sulphide veins in
the Beaverdell camp; hence it is possible that they also rep-
resent a Paleocene mineralizing event.

Summary on the Lightning Peak camp

The Lightning Peak veins form a northwest-trending belt
that extends from the northern margin of the Paleogene
Okanagan batholith through a northwest-trending expo-
sure of Paleozoic basement into the Early Cretaceous stock
that hosts the main gold-rich veins. This mineralization
may represent a zoned camp, marginal to the Paleogene
Okanagan batholith, with more proximal silver-rich base-
metal mineralization in the southeast and distal gold-vein
mineralization in the northwest. Of note, examination of re-
cent work undertaken in the area immediately northwest
and northeast of Lightning Peak camp suggests the pres-
ence of a zoned mineral camp centred on porphyry-style
molybdenite-copper mineralization in the vicinity of the TP
mineral occurrence (MINFILE 082ENE049; Figure 6;
Callaghan and York-Hardy, 1996). Furthermore, the same
study identified prominent north-northeast- and northwest-
trending linears, based on both ground topography and an
airborne geophysical survey; these are inferred to be faults
that parallel the northerly trend of the extensional graben
faults and the northwest trends of controlling mineralizing
structures, respectively, throughout the eastern half of the
Penticton map area.

Midas Deposit Area

The Midas property (Figure 1) is located in the southern
Monashee Mountains, southwest of Lower Arrow Lake
(Figure 9). The area is included in the regional compilation
maps of Tempelman-Kluit (1989) and Hoy and Jackaman
(2019), and the 1:50 000 scale Deer Park map (NTS 082E/
08; Hoy and Jackaman, 2010). Figure 9 shows the geology
in the vicinity of the Midas molybdenum property and the
Bulldog vein occurrence farther west.

The eastern part of the area is underlain by Eocene Coryell
syenite dated at ca. 51 Ma (Carr and Parkinson, 1989). Gra-
nitic rocks of the Valhalla or Okanagan Complex, previ-
ously included as part of the Middle Jurassic Nelson
Plutonic Suite, are exposed in the southwestern part of the
map area. These are separated from the Proterozoic(?)
Grand Forks Complex by the Kettle River extensional
fault. Detailed mapping (Figure 9) shows that the Coryell
and Okanagan batholiths are composite intrusions that can
be separated into distinct intrusive phases. Late high-level
stocks, essentially similar in age to the host batholiths, can
be differentiated and these commonly localize mineraliza-
tion.
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The Midas porphyry-style molybdenum property (MIN-
FILE 082ESE162) lies within a differentiated feldspar por-
phyry that is intruded by a swarm of northwest-trending
feldspar porphyry dikes; this complex is cut by an east-
trending breccia complex with stockwork quartz-magnetite
mineralization and peripheral pyrite-argillic alteration.
Mineralization, mainly within the breccia complex, in-
cludes molybdenite, minor chalcopyrite, and rare scheelite
and sphalerite (summarized from MINFILE 082ESE162).
Considerable work has been done on the property since its
discovery in the early 1900s; the history of this exploration,
including recent work, is summarized in recent assessment
reports (e.g., Kennedy and Hdoy, 2010).

The Bulldog occurrence is a 2009 discovery 8 km west of
the Midas property and is described in Kennedy and Hoy
(2010). A series of northwest-trending shears associated
with intense propylitic alteration cut a small isolated body
of Coryell syenite, dated at 51.99 Ma (Figure 9). Several
parallel faults located to the northeast trend eastward to-
ward the Midas property. Mineralization in the Bulldog
area occurs as thin quartz veins and silicification, com-
monly with pyrite and jarosite alteration as well as elevated
gold values.

Discussion on the Midas Deposit Area

The Midas property is a porphyry molybdenum prospect of
Eocene age in a high-level quartz-feldspar porphyry com-
plex within coarser grained Eocene Coryell syenite. Its lo-
cation is structurally controlled along a series of northwest-
trending faults; similar faults are also evident at the Bulldog
gold occurrence to the west. Farther north, a zoned
monzonite-monzodiorite intrusive complex cuts massive
coarse-grained syenite. Megacrystic porphyritic granite
surrounded by more massive granite is located southwest of
the Coryell complex (Figure 9) and appears to correspond
to an earlier phase than the syenite complex. The small
syenite stock that hosts Bulldog mineralization is intrusive
into the granite and a new U-Pb zircon date indicates a
slightly younger age (Figure 9; R. Friedman, pers. comm.
2019).

Summary

This project was designed to demonstrate that large areas of
the eastern half of the Penticton map area, underlain by
largely undifferentiated and commonly poorly dated intru-
sive batholithic rocks, have the potential to include previ-
ously unrecognized stocks that may host mineralization.
Several deposits and mineral camps were investigated, and
all are shown to occur within or be related to isolated, gen-
erally high-level stocks that intrude Middle Jurassic,
Paleocene or Eocene batholiths. These camps include dom-
inantly polymetallic-vein mineralization in the Franklin
camp, porphyry-style molybdenite deposits and high-grade
silver base-metal-vein mineralization in the Beaverdell

Geoscience BC Summary of Activities 2019: Minerals
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area, gold and silver base-metal mineralization in the Light-
ning Peak area, and the Midas molybdenite porphyry de-
posit in the Deer Park map area. These camps illustrate the
variety in both deposit types and ages of mineralization
related to these small stocks.

An integral part of the project was to date the batholithic
rocks and host stocks to better constrain the ages of associ-
ated mineralization. The results of U-Pb zircon and Ar-Ar
mineral analyses have been summarized in Hoy et al.
(2019) and are included on the recently published compila-
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Figure 9: Geology of the Midas property and Bulldog mineral occurrence area. Geology modified from Tempelman-Kluit (1989) and Hoy
and Jackaman (2010); U-Pb zircon dates were obtained at The University of British Columbia (R. Friedman, unpublished data, 2019).
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tion of the eastern half of the Penticton map area (Hoy and
Jackaman, 2019). Unpublished U-Pb zircon dates that ap-
pear in this paper will be included in a separate paper to be
released by Geoscience BC.

Several Ar-Ar mineral analyses of various phases of the
mafic alkalic Averill Complex, host to much of the vein
mineralization in the Franklin camp, confirm a Middle Ju-
rassic age for the complex and, by inference, the age of
Franklin camp mineralization.

Mineralization in the Lightning Peak camp is hosted by Ju-
rassic granodiorite and a small, Early Cretaceous stock.
The age of mineralization may be Cretaceous, or Paleo-
cene, and related to the margins of the Paleogene Okanagan
batholith that occurs immediately south of the camp.

The Beaverdell camp is located along the margins and
within a granitic stock that was dated at ca. 59 Ma, a
Paleocene age similar to that of many of the massive to por-
phyritic granites that occur to the east in the Almond Moun-
tain (NTS 082E/07) map area. The Carmi and Tuzo Creek
porphyry molybdenite deposits, located several kilometres
north and south of the Beaverdell camp, respectively, are
hosted within similar granitic stocks and are assumed to
have a similar Paleocene age.

The Midas porphyry-style molybdenite deposit occurs in a
small, late Coryell syenite porphyry that intrudes the cen-
tral part of the Eocene Coryell batholith. A small Coryell
stock several kilometres to the west contains 