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Preface

Geological Fieldwork 2017

The 43rd edition of Geological Fieldwork is a volume of peer-reviewed papers that presents the results of geological research
conducted by the British Columbia Geological Survey (BCGS) and its partners in 2017. The volume provides new geoscience
information at no cost to the public. Many geoscience projects in 2017 were collaborations with partners including the Geological
Survey of Canada (GSC), the University of Victoria, and the University of British Columbia.

Papers in the volume address various aspects of British Columbia’s geology, with an emphasis on regional geological studies and
mineral systems. Papers also include method development studies related to field mapping and online digital delivery, indicator
mineral surveys, and 3D computer models for estimating depth to bedrock in areas of thick glacial cover. Collaboration between
the BCGS and the GSC focused on the second iteration of the five-year Geo-mapping for Energy and Minerals program (GEM
2) and the fifth iteration of the Targeted Geoscience Initiative (TGI-5) program. The GEM 2 program saw Survey geologists
investigating the bedrock geology and crustal architecture of northern BC to better understand the genesis and distribution of
Jurassic and Triassic porphyry copper-gold-molybdenum deposits. The TGI-5 projects continued in 2017, with an investigation
of the relationship between the Llewellyn fault, Tally-Ho shear zone, and gold mineralization in northwest BC and Yukon. The
BCGS also expanded its field mapping program in 2017, with investigations in the Spanish Lake, McBride River, Trembleur Lake
(Decar) and Iskut River areas.

Survey staff delivered MapPlace 2 workshops at the Mineral Exploration Roundup conference and the Kamloops Exploration
Group (KEG) meeting in 2017, following the launch of MapPlace 2 at the 2016 BCGS Open House. In addition, Survey staff
took the lead in publishing a special volume titled ‘Indicator Minerals in Till and Stream Sediments of the Canadian Cordillera’.
This volume stems from a workshop given at the 2016 Geological Association of Canada—Mineralogical Association of Canada
(GAC-MAC) annual meeting in Whitehorse, Yukon. The publication fills a notable knowledge gap on the use of indicator minerals
in the Canadian Cordillera. We hope that it serves as a user guide and encourages the wider application of indicator minerals by
the exploration community.

In November, the BCGS held its annual Open House in Victoria, featuring technical talks and posters by research scientists from
the BCGS, GSC and the University of Victoria. A highlight of 2017 was the formal recognition of research done by BCGS staff
with two awards. Drs. Mao Mao, Alexei Rukhlov and Steve Rowins, together with Jody Spence and Laurence Coogan from the
University of Victoria, won the Brian J. Skinner Award for the ‘Best Paper’ published in Economic Geology in 2016. The award
was presented to Mao in September at the Society of Economic Geologists annual meeting in Beijing, China. Another award
went to JoAnne Nelson who received the 2017 Provincial and Territorial Geologists Medal. The Medal is presented annually by
the Committee of Provincial and Territorial Geologists to an individual for outstanding work at one of Canada’s provincial or
territorial geological surveys. JoAnne accepted her medal at the annual Energy and Mines Ministers meeting in St. Andrews, New
Brunswick, and will be embarking on a nationwide lecture tour in 2018.

Finally, the past year saw a change in government and an expansion of the Ministry from ‘Energy and Mines’ to ‘Energy, Mines
and Petroleum Resources’, a name familiar to many both inside and outside of government. The role of the BCGS, however,
remains the same.

Stephen M. Rowins
Chief Geologist and Executive Director
British Columbia Geological Survey
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1. Introduction

The British Columbia Geological Survey (BCGS) annual
program review highlights the activities of the Survey
and provides a summary of the activities, events, and
accomplishments. BCGS links government, the minerals
industry, and communities to the province’s geology and
mineral resources. The BCGS generates, disseminates, and
archives British Columbia’s geoscience data to stimulate
investment and provide knowledge to society’s decision
makers for responsible land and resource management. The
Survey strives to be a leader in public government geoscience,
providing geological and geomorphological information to all
through traditional reports, maps, and databases (Fig. 1), which
can be freely accessed online. The BCGS is part of the Mines
and Mineral Resources Division of the Ministry of Energy,
Mines and Petroleum Resources and operates from two offices,
the headquarters in Victoria and the Mineral Development
Office in Vancouver. The Survey has a permanent staff of 29
people (Fig. 2) in three sections: 1) Cordilleran Geoscience; 2)
Resource Information; and 3) the Mineral Development Office
(MDO). The Cordilleran Geoscience Section is responsible for
generating new geoscience knowledge, largely through field-
based studies and surveys. The Resource Information Section
is responsible for maintaining and developing the provincial
geoscience databases and disseminating geoscience data
online through MapPlace 2. This section is also responsible
for evaluating, approving, and archiving mineral and coal
exploration assessment reports filed by the exploration and
mining industry. The MDO links the province’s mineral and
coal resources to the investment community, distributes and
promotes BCGS technical data, and coordinates the technical
outputs of the Regional Geologists Program.

Although the mineral exploration sector continues to
struggle against difficult market conditions, some relief may
be forthcoming as highlighted in the 2017 British Columbia
Mineral and Coal Exploration Survey, a joint initiative
amongst EY (formerly Ernst & Young), the Government of
British Columbia’s Ministry of Energy, Mines and Petroleum
Resources, and the Association for Mineral Exploration
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(AME). The survey, conducted in the fall of 2016, provides an
overview of the mineral and coal exploration sector in British
Columbia and examines a range of economic and sociopolitical
topics that affect exploration and prospecting in British
Columbia. Analysis presented in the 2017 report are based on
data collected directly from 30 prospectors and 177 companies.
This survey, which the BCGS helped coordinate, suggests that
the outlook for the exploration sector in British Columbia will
largely be influenced by the level of investment in grassroots
and early-stage exploration that, in turn, will be determined by
commodity prices and the ability of exploration companies to
raise capital. Expenditure trends suggest that exploration in
British Columbia may be experiencing an exploration lifecycle
‘reset’ as the province has benefitted from large-scale mine
development projects that were approved and fully funded
before the 2012 exploration downturn. Another survey was
conducted in 2017, the results of which will be released in
spring 2018.

BCGS staff received two significant acknowledgements
from the geoscience community in 2017. We are proud to
announce that geoscientist JoAnne Nelson was awarded
the 2017 Provincial and Territorial Geologists Medal by the
Committee of Provincial and Territorial Geologists (CPTG).
The Medal is presented annually to an individual who has
produced outstanding work at one of Canada’s provincial or
territorial geological surveys. The award recognizes major
contributions in the areas of geoscience research and related
developments or applications that serve to meet the mandates
of Canada’s geological surveys. JoAnne received her medal at
the Energy and Mines Ministers Conference in St. John New
Brunswick from the Federal Minister of Natural Resources Jim
Carr and the New Brunswick Minister of Energy and Resource
Development Rick Doucet (Fig. 3). The citation from JoAnne’s
nomination states:

“JoAnne Nelson is an exceptional scientist, mentor, and
teacher who synthesizes research at many scales. This has
led to a career of innovative and insightful studies on the
tectonics and metallogeny of the northern Cordillera, as
related through more than 125 publications that include
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Types of Publications by the British Columbia Geological Survey

Papers*: This series is reserved for reviews and final thematic or regional works. Geological Fieldwork, our annual
review of field activities and current research, is released as the first Paper of each year.

Geoscience Maps: This series is the BCGS vehicle for publishing final maps.
Open Files: These maps and reports present the interim results of ongoing research, particularly mapping projects.

GeoFiles: These publications enable rapid release of extensive data tables from ongoing geochemical,
geochronologic, and geophysical work. As such, they serve the same function as data repositories provided by many
journals, providing immediate access to raw data from specific projects.

Information Circulars: These publications provide accessible geoscience information to a broad audience in
government, industry, and the general public. Included in the Information Circular series are the annual Provincial
Overview of Mining and Exploration, **Exploration and Mining in British Columbia, and the Coal Industry
Overview.

Contributions to partner publications: This category includes reports, maps, and other products published by
another agency such as the Geological Survey of Canada or Geoscience BC, but have received contributions from
British Columbia Geological Survey staff.

External publications: These are contributions to the peer reviewed literature and published in a recognized
national or international scientific journal.

*The count refers to the total number of articles authored by BCGS personnel in a volume.

** Although five articles are included in Exploration and Mining in British Columbia, it is counted as a single volume.

Fig. 1. British Columbia Geological Survey Publications in 2017.

2
Geological Fieldwork 2017, British Columbia Ministry of Energy, Mines and Petroleum Resources, British Columbia Geological Survey Paper 2018-1



Hickin, Jones, and Clarke

Fig. 2. Members of the British Columbia Geological Survey at Mystic Beach, British Columbia.

Fig. 3. JoAnne Nelson receiving her Provincial and Territorial
Geologists Medal from Federal Minister of Natural Resources Jim
Carr (left) and New Brunswick Minister of Energy and Resource
Development Rick Doucet (right) at the Energy and Mines Ministers
Conference in St. John New Brunswick.

geological maps, bulletins, and peer-reviewed papers. In
1986, JoAnne joined the British Columbia Geological
Survey where she undertook bedrock mapping and the
study of mineral deposits in the northwestern part of the
Province. In addition to her many scientific contributions
maps, she is the co-author of a book aimed at the general
public titled “The Geology of British Columbia: A Journey
through Time”.

JoAnne is embarking on a cross-country lecture tour in the
New Year to tell her remarkable stories of mapping in the
Canadian Cordillera.

We also recognize geoscientists Drs. Mao Mao, Alexei
Rukhlov, and Stephen Rowins (Fig. 4), and University of
Victoria colleagues Drs. Jody Spence and Laurence Coogan as
recipients of the Brian J. Skinner award from the Society of
Economic Geologists for their paper “Apatite Trace Element
Compositions: A Robust New Tool for Mineral Exploration”

3

Fig. 4. Alexei Rukhlov (left), Mao Mao (centre), and Stephen
Rowins (right) of the BCGS and colleagues at the University of
Victoria received the 2017 Brian J. Skinner award from the Society
of Economic Geologists for the best paper in the journal Economic
Geology.

(Mao et al., 2016). The Brian J. Skinner Award is presented
annually to the authors of the most innovative and original
paper appearing in the journal Economic Geology as selected
by the editorial board. Papers are judged on technical
excellence, innovation, and impact on the science of economic
geology. Mao accepted the award on behalf of his colleagues at
the Society of Economic Geologists annual meeting in Beijing,
China.

BCGS is a technical partner for the Resources for Future
Generations 2018 (RFG 2018) conference being held in
Vancouver in June 2018 under the auspices of the International
Union of Geological Sciences (IUGS). The Survey has been
organizing sessions, preparing presentations, and planning
two fieldtrips. More than 30 technical societies and geological
surveys are partnering to mobilize industry, academia, and
governments to address the availability and responsible use of
Earth’s finite resources. The RFG 2018 program will explore
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six themes: the Earth, education and youth, energy, minerals,
resources, and water. We invite the British Columbia geoscience
community to participate in the conference.

2. Partnerships

The BCGS is a collaborative agency and partners with
federal, provincial, and territorial governments, other national
and international organizations, and the mineral exploration
industry to develop and deliver geoscience projects. Based
on a relationship that is embedded in the terms of British
Columbia’s entry into confederation, the Geological Survey of
Canada (GSC) and the BCGS continue to benefit from strong
partnerships. In 2017, this collaboration included two main
programs, the Cordilleran Project in the second iteration of
the Geo-mapping for Energy and Minerals (GEM 2) Program,
and the fifth iteration of the Targeted Geoscience Initiative
(TGI-5). The Survey is continuing its partnership with the
Geological Survey of Japan to advance studies on critical and
strategic material. Several projects are co-operations with the
Department of Earth, Ocean, and Atmospheric Science at the
University of British Columbia, supported by TGI-5 grants
from the GSC. Since 2003, the Ministry has maintained a
formal partnership with the University of Victoria that supports
joint research projects and student training of benefit to the
School of Earth and Ocean Science, the Ministry of Energy,
Mines, and Petroleum Resources, and the mineral exploration
sector.

3. Cordilleran Geoscience Section

Cordilleran Geoscience Section geologists have expertise
in regional bedrock mapping, tectonics, mineral deposits,
coal, Quaternary and surficial geology, geochemistry,
petrology, mineral exploration methods, copper, gold, and
nickel metallogeny, and geoscience data management. BCGS
undertakes a variety of field-based, long-term initiatives and
short-term projects that include mapping, mineral deposit
studies, and developing exploration methods (Fig. 5). Many
current projects are continuations of multi-year efforts, whereas
others are new.

In addition to the typical projects executed in 2017,
BCGS staff also contributed to, and edited a volume entitled
“Indicator Minerals in Till and Stream Sediments of the
Canadian Cordillera”, a Special Paper of the Geological
Association of Canada (GAC) and the inaugural contribution
to the Mineralogical Association of Canada (MAC)’s new
Topics in Mineral Sciences series (Fig. 6; Ferbey et al.,
2017). The volume is the first joint publication of the GAC
and the MAC and stems from a workshop given in 2016 at
the annual GAC-MAC meeting in Whitehorse, Yukon. The
workshop was led by the BCGS with support from the Yukon
Geological Survey and the GSC. It was designed to address a
subject of importance to the mineral exploration community:
the use of indicator minerals in the Canadian Cordillera. With
samples now routinely collected for mineral separations during
regional till and stream-sediment surveys, indicator minerals

4

are an efficient and cost-effective exploration tool. BCGS has
delivered indicator mineral programs for many years and these
approaches are becoming important as exploration is forced to
consider covered terrain. The volume includes papers on the
glacial history of the Cordillera Ice Sheet, drift prospecting
methods, the evolution of survey sampling strategies, new
analytical methods, and recent advances in applying indicator
minerals to exploration in British Columbia.

3.1. Mapping, regional synthesis, and compilation
3.1.1. Porphyry transitions (BCGS-GSC-GEM 2)

The Porphyry Environment Transitions project is in
collaboration with the GSC through the GEM 2 program and
includes both topical studies and focused mapping. The project
addresses the continuity of the prospective Triassic-Jurassic
magmatic belt and assess porphyry potential in northern Stikinia
and other prospective deposits in adjacent terranes. In 2015,
BCGS activities focused in the Sinwa Creek area (Mihalynuk
etal., 2017), and in 2016 mapping was completed in the Turtle
Lake map area. The field mapping component of the project is
now complete and activities in 2017 focused on synthesising
data and updating the provincial geology compilation.

3.1.2. Stikinia magmatism

This program is an ongoing multi-year 1:50,000-scale
mapping project aimed at late Early to Middle Jurassic rocks in
the Dease Lake region (Fig. 7). Mapping, which incorporates the
interpretation of regional airborne geophysical data (Aeroquest
Airborne, 2012), is accompanied by geochronological studies
that constrain key magmatic and mineralizing events, and
lithogeochemical analyses for evaluating magma sources, melt
evolution, and tectonic setting. The 2017 program was the
second full field season and a third year of fieldwork is planned.
These regional studies will help develop northern Stikinia-wide
tectonic and metallogenic models and provide insight into the
accretion of the Cache Creek and Stikine terranes. The project
will also provide a much-needed regional update of the geology
east of the Hotailuh batholith.

3.1.3. SeArch (BCGS-MDRU-GBC)

Building on mapping completed by the BCGS between
2005 and 2009 (Nelson et al., 2006, 2007, 2008), this mapping
project, north of Smithers and Terrace, was led by Mineral
Deposits Research Unit (University of British Columbia), and
completed in collaboration with BCGS, with funding from
Geoscience BC. Economically significant porphyry and related
mineralization is genetically related to Late Cretaceous and
Eocene intrusions in a northeast-trending paleotopographic
high (Skeena arch). Angen et al. (2017) provided an update of
the project; final maps will be released in 2018, along with an
update to the provincial geology compilation.

3.1.4. Trembleur Ultramafic Complex
The Trembleur ultramafic unit, host to the Decar awaurite
prospect (Britten, 2017), was the focus of a one-year mapping
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Fig. 5. British Columbia Geological Survey field projects in 2017.

project in 2017 (Fig. 8). The unit, forming a series of tectonic
panels in the Cache Creek complex, is interpreted as obducted
mantle that is overlain by massive to pillowed basalt flows, and
intruded by sheeted diabase dikes. Formation of awaruite is
intimately linked to hydrothermal alteration (serpentinization)
of Ni-bearing Fe-Mg silicate minerals (olivine+pyroxene),
and is therefore critically dependent on fluid chemistry and
deformation history. At present, both the age and geochemical
affinity of the unit are poorly constrained. Geochemical and
isotopic characterization of the Trembleur ultramafic unit and
overlying successions will be used to improve the petrological
and tectonic framework of the Cache Creek complex and
provide a better understanding of its Ni potential.

3.1.5. Till potential (BCGS-GBC)

Basal till potential maps are derived from surficial geology,
terrain, or soils and landform data. The purpose of the basal

Geological Fieldwork 2017, British Columbia Ministry of Energy, Mines

till potential map series is to assist designing surface-sediment
exploration programs by identifying areas where basal till is
most likely to occur. Basal till is ideal for assessing bedrock-
hosted mineral potential in areas covered by Quaternary
sediments because it is commonly a first derivative of bedrock
(Shilts, 1993), has a relatively simple and predictable transport
history, and produces a geochemical and mineralogical
signature that is more extensive than its bedrock source
(Levson, 2001). Glacial transport and deposition of basal till
produces a dispersal train elongated down ice from its bedrock
source. In 2017, the BCGS and Geoscience BC released six
new maps for the Targeting Resources for Exploration and
Knowledge (TREK) project area of central British Columbia,
complementing the 12 that were published in 2014.

3.1.6. Geological framework of the Nicola arc
Quesnel terrane is an important metallogenic belt that hosts
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Fig. 6. Cover of the first joint GAC-MAC publication. The Minerals
in Till and Stream Sediments of the Canadian Cordillera volume was
coordinated by the BCGS with support from GSC.

Fig. 7. Horn Mountain Formation (Lower to Middle Jurassic) from the
Dease Lake area.

most of British Columbia’s producing porphyry Cu-Au-Mo
mines. This Mesozoic arc complex includes Triassic to Jurassic
volcanic and sedimentary rocks and related calc-alkaline
and alkalic intrusions. In south-central British Columbia, the
Nicola Group represents the supracrustal part of the arc and
was originally named for exposures of volcanic rock and
limestone on the south side of Nicola Lake. The Nicola Group

6

Fig. 8. Trembleur ultramafic rocks at the top of Mount Sidney-
Williams, central British Columbia.

has not been formally defined or subdivided on a regional scale.
Ages, typically Carnian or Norian, are known only locally, and
syndepositional faults are known to control the distribution of
some facies.

In 2015, the BCGS started a multi-year field-based program
to establish a regional stratigraphic framework for the Nicola
Group. The study aims to define the characteristics and ages
of individual volcano-sedimentary facies, and establish their
stratigraphic and structural relationships. Initial investigations
were carried out in the Bridge Lake-Quesnel River area in 2015.
The preliminary results included separation of Triassic rocks
into the Nicola and Slocan groups, and dividing Nicola Group
rocks into four stratigraphic assemblages (Schiarizza, 2016).
The 2016 mapping covered the eastern part of the Nicola belt
in the Stump Lake-Salmon River area, southeast of Kamloops
(Schiarizza, 2017). The youngest Nicola rocks in this area
correlate to assemblage four of the Bridge Lake-Quesnel
River area, and older Nicola rocks were tentatively assigned
to assemblages two and three, suggesting that the stratigraphic
scheme may have general applicability. Easternmost exposures
of Triassic rocks, along the Salmon River, were assigned to
the Slocan Group, which highlighted the need for a better
understanding of the relationships between the Slocan basin and
the coeval Nicola arc to the west. Fieldwork in 2017, near the
town of Likely, focused on an eastern siltstone-rich component
of the Nicola Group and its relationship to the main part of the
Nicola arc to the west, and the Slocan Group to the east.

3.1.7. Southern Nicola arc

The Southern Nicola Arc Project (SNAP), between Merritt
and Princeton was a mapping project conducted from 2012 to
2015 (Mihalynuk et al., 2016). Ongoing work complements
the Nicola arc project described above, refining stratigraphic
subdivisions along a segment of the Late Triassic Nicola
magmatic arc axis in southern Quesnel terrane. Recent results
provide time-space relationships in three northerly trending
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stratigraphic belts that were originally proposed to subdivide
stratigraphy of the Nicola Group (Preto, 1979). Nicola arc
magmatism occurred during a 37 million year interval, spanning
the Middle Triassic to end of the Late Triassic. Stratigraphic
ties, supported by conodont-biostratigraphy and radiometric
ages, suggest the western and central belts evolved as a solitary
block between 238 and 224 Ma, and that the central and eastern
belts were stratigraphically linked before 202 Ma. The southern
Nicola magmatic arc segment evolved during two major
constructional stages, the first between 238 to 223 Ma, the
second hetween 212 to 202 Ma. The economically significant
calc-alkaline and alkalic intrusions spatially associated with the
Nicola Group apparently coincide in age with the younger stage
in southern Quesnellia. A 1:50,000-scale geoscience-series
map that revises the stratigraphic and structural framework
will be released and incorporated into the provincial geology
compilation. Brief follow-up fieldwork in 2017 was aimed at:
1) infill mapping for selected areas; 2) targeted assessment of
intra-arc stratigraphic relationships; and 3) geochronologic
sampling to validate and constrain late-arc incision and erosion.
These data will be incorporated into a depositional and tectonic
reconstruction for the basin east of the Nicola arc.

3.2. Deposit studies
3.2.1. Gold and the Llewellyn fault (BCGS-GSC-TGI-5)
The Llewellyn Fault gold project is a collaboration between
the GSC and BCGS, under the TGI-5 program (Ootes et al.,
2017). The Llewellyn fault is a southeast-striking, steeply
dipping brittle dextral strike-slip structure that overprints ‘early’
ductile deformation (Fig. 9). The Tally-Ho shear zone, Yukon,
shares similar early ductile deformation and is overprinted by
the Llewellyn fault. Previous work and this study demonstrate
that brittle strike-slip deformation along the Llewellyn fault
occurred between ca. 56 and 50 Ma (Love et al., 1998; Millonig
et al., 2017). Results suggest that the early ductile fabrics
formed before ca. 75 Ma and, potentially, after ca. 120 Ma.
This study demonstrates that, although the early ductile and

Fig. 9. Investigating the Tally-Ho shear zone and Llewellyn fault at
Mount Hodnett, Yukon.
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late brittle deformation share the same space, they developed at
least ca. 20 Ma apart and are not part of a structural continuum.
The various styles of gold mineralization developed during
temporally distinct tectonic events.

3.2.2. Blue River Carbonatite

Carbonatites, such as those in the Blue River area of east-
central British Columbia, continue to be of interest as potential
sources of REE, Ta, Nb and other commodities. The area is in
the Omineca belt, at the northeastern margin of the Shuswap
metamorphic complex in the Monashee Mountains. Much of
the area is underlain by Neoproterozoic supracrustal rocks and
mafic intrusions that formed during rifting of western Laurentia.
Several alkaline-ultramafic and carbonatite complexes were
emplaced into these rocks during the Cambrian and Late
Devonian-Mississippian (mostly ca. 330 Ma; Pell, 1994;
Rukhlov and Bell, 2010; Millonig and Groat, 2013). The origin
of carbonatite magmas, their mantle sources, and controls of
their mineralization are not well understood. For example, the
origin of the unusual Nb-Ta and Mo mineralization of the Blue
River carbonatites remains ambiguous. This project examines
the petrography, mineral chemistry, and isotope geochemistry
of the Blue River carbonatites to better understand their
petrogenesis and mineralization, and will be featured in a RFG
2018 conference fieldtrip to the Upper Fir deposit.

3.2.3. Specialty metals (BCGS-GSC-TGI-5)

Building on the collaborative work completed under the joint
BCGS-GSC TGI-4 Specialty Metals project, the BCGS and
GSC are advancing a multi-year partnership under the TGI-5
program. The continued availability of ‘specialty metals’, also
referred to as high-technology metals or rare metals, is essential
to the growth of the electronics and green-energy sectors.
Specialty metals are informally defined as a group of materials
considered critical or strategic for technologically advance
devices and industrial processes but are produced in quantities
of less than 150,000 tonnes/year. Examples include rare earth
elements (REE), Li, Ta, Nb, Ga, Ge, In, Co, W, Mg, Cs, Rb, Rh,
Be, Zr, Hf, V, Sb and Sc. Canada has a specialty metals resource
potential to support domestic use, but remains underexplored.
To help with the efficient search for, and extraction of, specialty
metals, this project investigates the ore-forming mineralizing
systems and geological conditions.

3.2.4. Convergent margin Ni-Cu-PGE

Thisprojectwill advance the understanding of the metallogeny
and potential of Ni-Cu-PGE deposits at convergent margins
by investigating precious metal-enriched magmatic sulphide
mineralization in late-stage differentiates of an Alaskan-type
ultramafic-mafic intrusion. High-tenor Cu-PGE magmatic
sulphides have recently been discovered in the Tulameen
ultramafic-mafic intrusion, a classically zoned Alaskan-type
complex. These discoveries led to establishing a new subclass
of magmatic Ni-Cu-PGE deposit formed at convergent
margins, and prompted re-evaluating the mineral potential
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of ultramafic-mafic intrusions in the Cordillera and possible
genetic links to porphyry Cu-Au systems (Fig. 10). This study
complements a BCGS-University of British Columbia-TGI-5-
funded project of broader scope that investigates the physical
and chemical controls on the emplacement and contrasting
metallogenic evolution of two Alaskan-type ultramafic-mafic
intrusions in British Columbia: the Turnagain intrusion with
its unusual endowment of Ni-Cu-PGE mineralization; and the
Tulameen intrusion with early chromitite-PGE mineralization.
Fieldwork in 2017 defined the mineralogical and geochemical
characteristics of high-tenor Cu-PGE mineralization in late-
stage differentiates of the Tulameen intrusion.

Fig. 10. Sampling pyroxenite and dunite exposed in bed of Tulameen
River.

3.3. Exploration methods
3.3.1. Till geochemistry of the Pendleton Bay map area
(93K/12)

Subglacial till geochemical surveys conducted in British
Columbia have been effective at identifying covered
mineralized bedrock sources, including both known and new
mineral occurrences (Bustard and Ferbey, 2016). The Pendleton
Bay map area (93K/12) is relatively underexplored compared
to other areas of the Interior Plateau. In 1998, as part of the
NATMAP Nechako Project, 182 subglacial till samples were
collected and analyzed to assess the area’s mineral potential.
Geochemical results will be released in 2018 and preliminary
interpretation shows that the most pronounced anomaly in
the area is related to the Fort porphyry CuxMozAu showing
(MINFILE 093K 093). Here, elevated concentrations of Cu,
Mo, Ni, Cr, As, and Zn occur in subglacial tills for up to 2 km
to the southeast. This dispersal direction is consistent with
the predominant ice-flow direction through the area during
the Late Wisconsinan glacial maximum. Three new areas of
geochemical interest were also identified from this data set,
possibly related to porphyry-style mineralized systems.

3.3.2. Porphyry apatite

As a contribution to the GAC-MAC volume ‘Indicator
Minerals in Till and Stream Sediments of the Canadian
Cordillera’, this project applies the step-wise discrimination
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approach developed by Mao et al. (2016) that enables the
subdivision of apatites by origin. Detrital apatite grains
recovered from till in ten glaciated and underexplored study
areas of the Nechako Plateau in central British Columbia were
analyzed by electron probe microanalysis and laser ablation-
inductively coupled plasma mass spectrometry. Based in
previous BCGS-UVic work, the apatite grain trace element
chemistry discriminated the major types of mainly magmatic-
hydrothermal mineral deposits. Aided by till geochemistry,
detrital chalcopyrite and gold grain counts, and airborne
geophysics, the interpretation of these apatite data, enabled
342 apatite grains (344 analyses) to be classified as associated
with mineralization, whereas 41 apatite grains were classified
as derived from barren rocks. Mineralization-related apatite
grains were classified as alkalic porphyry Cu-Au (80), porphyry
Cu-Mo-Au (28), porphyry Mo (72), porphyry-related Cu-Au
breccia (16), W skarn (112), orogenic Au (26), orogenic Ni-
Cu (7), and Kiruna-type 10A (3) deposit-types. Detrital apatite
grains in till down-ice from developed mineral prospects in
brownfield areas were correctly identified by the discriminant
method. Detrital apatites also helped to generate several
new exploration targets in greenfield areas lacking known
mineralization or hosting only minor mineral occurrences,
demonstrating that the method is beneficial for exploring
covered terrain.

3.3.3. Single grain XRF

Qualitative portable X-ray fluorescence (pXRF) offers a
novel method of rapid, non-destructive identification of sand-
size, single mineral grains. Using a (pXRF) instrument on 60
single-grain (0.5-1.0 mm) samples comprising 17 different
rock-forming and accessory minerals, results of this study
show that the essential constituents can be detected and used to
identify ambiguous grains recovered from concentrates (e.g.,
Ca-P for apatite, Ca-Ti-Si for titanite, Ca-Nb-Ta for pyrochlore).
Thus real-time readings (30-150 s) from a factory-calibrated
instrument can cost effectively help identify separated sand-
sized single mineral grains in the field or laboratory.

4. Resource Information Section

The BCGS creates, delivers, and archives geoscience data
to help the mineral industry, resource planners, public safety
agencies, communities, First Nations, government, research
organizations, and the general public make decisions related
to the Earth sciences. In particular, the data and derived
products increase exploration effectiveness by enabling users
to efficiently gather regional information for property-scale
evaluation, and help explorers advance projects without
duplicating previous work. To accomplish this mandate, the
Resource Information Section continues to update databases
and disseminate information through MapPlace 2.

4.1. MapPlace 2
Since 1995, MapPlace has provided web map services to
help clients browse, visualize, and analyze geoscience and
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mineral resource data, such as geology, mineral occurrences,
regional geochemical survey, assessment reports, surficial
geology, geophysical survey, and mineral tenures. Building on
its predecessor, MapPlace 2 available on the BCGS website,
continues to offer tools to query and generate custom results
from data connected to many sources (Cui et al., 2017a, 2018).

MapPlace 2 works in commonly available web browsers,
requires no plug-ins, and has a quicker, simpler, more intuitive
interface that accesses third-party base maps and imagery from
sources such as Google Maps and OpenStreetMap. MapPlace
2 is designed for anyone who wants to reduce the costs of
accessing and analyzing geoscience data in British Columbia,
including the mineral industry, resource planners, public safety
agencies, communities, First Nations groups, government,
research organizations, and the general public. Based on the
MapPlace 2 (beta) Workshop notes (Cui et al., 2017a), the
BCGS offers workshops on how to use MapPlace 2. BCGS will
continue to improve MapPlace 2 with advanced applications
and access to more databases.

4.2. Databases

ARIS is the searchable database of over 35,800 assessment
reports submitted to the Ministry of Energy, Mines and
Petroleum Resources, in compliance with Mineral Tenure Act
Regulations. These reports summarize results from exploration
programs on mineral claims. After a one-year confidentiality
period, the reports become an open resource for planning
mineral exploration, investment, research, land use, and
resource management. Between 1967 and 2017, ARIS stored
work representing expenditures of about $2.8 billion. Digital
data are available for download from 480 assessment reports
through the ARIS search application and monthly tables.
The BCGS has been digitally capturing surface-sediment
geochemistry data from reports in the Interior Plateau (Fig. 11).
In early 2018, MapPlace will display more than 30,000 sample
sites with over 1 million analyses from over 100 assessment
reports dating between 2000 and 2015.

COALFILE is a library of 1000 Coal Assessment Reports
submitted by exploration companies since 1900. It includes
data from more than 15,400 boreholes, 540 bulk samples, 5500
maps, and 3600 trenches. MINFILE isan inventory documenting
metallic mineral, industrial mineral, and coal occurrences in
the province. With more than 14,650 entries, the database is
being updated continuously. Users can query MINFILE by
location, identification number, mineralogy, commaodity, host
rock, deposit type, geological setting, age, production, and
references. Property File is a collection of more than 66,500
documents donated by people from government, universities,
and industry dating from the late 1800s. Previously available
only in hard copy, these documents can now be searched for,
and downloaded from, the Property File database. Property File
contains: unpublished reports; theses; field notes; company
prospectuses; correspondence; hand-drawn maps; claim
maps; mine plans; photographs; and geological, geochemical,
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Fig. 11. Location of ARIS reports with surface-sediment geochemical
sampling from the Interior Plateau since 2000.

geophysical, and drill data. The BCGS accepts donations to
Property File.

The provincial geochemical databases hold field and
geochemical data from multi-media surveys by the GSC, the
BCGS, and Geoscience BC. The databases are updated regularly
and contain results from: 1) the Regional Geochemical Survey
program (RGS), including analyses from stream-sediment,
lake-sediment, moss, and water samples; 2) till surveys; and 3)
rock samples. The current version of the RGS database of about
65,000 samples is compiled from 111 original sources (Han
and Rukhlov, 2017) and is delivered in flat tabular XLS format
for ease of use and consistency with previously published data.
The till index and till database were updated in 2017. The till
index is available in various formats and links to 56 regional-
scale and 78 property-scale subglacial till geochemical and
mineralogical surveys (Bustard and Ferbey, 2016). The till
database, a compilation from 39 reports released between 1992
and 2017, includes geochemical data from 10,450 samples and
is released in XLS format (Bustard, et al., 2017). Han et al.
(2016) published an update to the provincial lithogeochemical
database, which includes a new data model and rigorous quality
control. This database includes data from about 2000 papers
and reports published by the BCGS, GSC, and universities
between 1986 and 2015. The data set consists of about 11,000
samples, including a quarter million determinations analyzed
by 26 different methods in 21 laboratories. New in 2017, is
a coal ash chemistry database that will be of value to those
seeking information on coal quality and coke strength (Riddell
and Han, 2017).

Ice-flow indicator data were compiled from published and
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unpublished surficial geology, terrain, and glacial feature maps.
New data were generated using digital stereo airphotos, digital
derived-stereo orthophoto mosaics, and digital derived-stereo
SPOT imagery (Arnold et al., 2016). Using the geochemical
database with ice-flow indicator data helps to target the location
of mineral deposits. The geochemical databases and ice-flow
indicators are available on MapPlace 2.

4.3. British Columbia digital geology map

BCGS provides digital coverage of British Columbia’s
bedrock geology, integrating details from compilations of field
mapping at scales from 1:50,000 to 1:250,000. The bedrock
geology of the entire province is held in a database, and people
can download shapefiles to conduct computations and generate
customized products. People can work in GIS software or
MapPlace 2 (Fig. 12). A new ‘geospatial frame data’ model
simplifies integration and reduces the time needed to move
from field mapping to data delivery. The current edition (Cui
et al., 2017b) includes updates to the Chilcotin-Bonaparte,
northern Vancouver lIsland, North Coast, Kutcho, QUEST,
and Terrace areas; updates to Nicola South and Bowser-Sustut
basins are coming soon.

4.4. Three-dimension geological modelling

The BCGS conducted two 3D modeling exercises using
GOCAD, one on the Turnagain intrusion and the other in the
Ootsa Lake area. The Turnagain intrusion is an ultramafic-mafic
Alaskan-type body that was emplaced in four discrete stages
during a period of at least 3 million years (ca. 188-185 Ma).

Fig. 12. Screen capture from MapPlace 2.
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Nixon et al. (2017) generated a model (Fig. 13) based on field
mapping aided by drill and structural data provided by Giga
Metals Corporation (formerly Hard Creek Nickel Corporation).
At Ootsa Lake, digital datasets were used to build a three-
dimensional (3D) GOCAD model that estimated the thickness
of unconsolidated sediments covering bedrock. The area hosts
several porphyry CuxMozAu deposits and the past-producing
Huckleberry Cu-Mo mine. Estimates of drift thickness in
the depth-to-bedrock model were based on bedrock surfaces
identified in diamond drill holes, bedrock outcrop, and surface
topography derived from aerial Light Detection and Ranging
survey (LIDAR) data. Where combined with geophysical
data, structural data, and geochemical anomalies identified in
sediment from Regional Geochemical Survey (RGS) data, the
depth-to-bedrock model is a useful aid in ranking exploration
targets.

5. Mineral Development Office

The British Columbia Mineral Development Office (MDO)
in Vancouver provides mineral and coal resource information
and is a point of contact on issues affecting the exploration
and mining industries. Through formal and informal activities
including conferences, business meetings, investment
missions, and over the counter contacts, the MDO promotes
the province’s mineral and coal industries both domestically
and abroad.

A primary output is the delivery of a technical marketing
campaign that highlights the province’s mineral and coal
potential, geoscience resources, global expertise, and attractive
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Fig. 13. 3D model of the geology in the Turnagain area from Nixon et al. (2017).

business climate. This includes developing publications
aimed at audiences from large foreign investors through to
independent domestic entrepreneurs. These publications are
distributed widely at conferences, business meetings, over the
counter, and online.

In September of 2017, the MDO supported the Ministry
of Jobs, Trade and Technology at events in Asia. The MDO
provided materials to raise British Columbia’s profile at the
Canada Mineral Investment Forum in Beijing and the Canada
Mineral Investment Forum in Tokyo.

The MDO oversees publication of the ‘Provincial Overview
of Exploration and Mining in British Columbia’ a document
containing an overview of mineral exploration and mining
activities in the different regions of BC written by the Regional
Geologists and the MDO. The most recent annual summaries
can be found in Clarke et al. (2018) and BCGS (2018).

6. Regional geologists

The British Columbia Regional Geologists (Table 1)
represent the provincial government on geological matters at
a regional level and capture information on industry activity
in their jurisdictions. Within their communities, they provide
information on exploration trends, possible investment
opportunities, land use processes, First Nation capacity
building, and public outreach.
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7. Staff

After more than 30 years with the BCGS, JoAnne Nelson
(Fig. 14), Senior Project Geologist and Northwestern British
Columbia Manager, retired at the close of 2017. JoAnne’s
insightful scientific contributions and commitment to public
service have made her a role model and leader in Cordilleran
geoscience. JoAnne has influenced several generations of
Cordilleran geologists and has published in national and
international journals on topics that have strongly shaped our
current understanding of Cordilleran tectonics. In addition to
her research excellence, JoAnne has remained extremely active
and enthusiastic member of the BCGS, organizing conferences,
special sessions, and fieldtrips. JoAnne’s accomplishments
were formally recognized in 2013 when she was listed in the
top 100 Global Inspirational Women in Mining’ by the United
Kingdom’s Standard Bank. In 2015, she was awarded the
‘Gold Pick’ award by the Kamloops Exploration Group (KEG)
in recognition of “outstanding services and contributions to the
minerals industry”. In 2017, she was given a ‘Special tribute’
by the Association of Mineral Exploration (AME) at the 2017
Mineral Exploration Roundup conference in recognition of her
distinguished career in geoscience focused on the tectonics and
metallogeny of the Northern Cordillera. JoAnne’s decades of
outstanding work in Canadian Earth science was recognized
with the 2017 Provincial and Territorial Geologists Medal.
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Table 1. British Columbia’s regional geologists.

Regional Geologist Office Region

Vacant Smithers Northwest

John De Grace Prince George Northeast and North Central
Vacant Kamloops South Central

Fiona Katay Cranbrook Southeast

Bruce Northcote Vancouver Southwest

Fig. 14. JoAnne Nelson at her poster at Cordilleran Roundup in 1990
(top) and Joanne Nelson near Johnny Mountain, 2014 (bottom).

JoAnne remains active and will continue to contribute the
Cordilleran Geology as an Emeritus Geoscientist with the
Survey.
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Abstract

The Iskut River region hosts many significant porphyry, precious-metal vein and volcanogenic massive sulphide deposits. Most of these
deposits are related to the Hazelton Group (latest Triassic to Middle Jurassic) and affiliated intrusions. Current knowledge of the Hazelton Group
is the outcome of piecemeal, local mapping contributions over many years by different workers at different scales, resulting in inconsistencies
and errors in stratigraphic nomenclature. Given that exploration interest in the region remains high, and that considerable work has recently
been done in the region, a reappraisal of this nomenclature, applying provisions in the North American Stratigraphic Code is required. In
our new stratigraphic framework, newly recognized units are given local geographic names; others are correlated with previously established
units. Two newly defined lowermost Hazelton units, the Klastline formation (new informal name) and the Snippaker unit, are latest Triassic,
showing that earliest Hazelton volcanism and sedimentation were coeval with formation of the Red Chris porphyry deposit. These, along with
siliciclastic rocks of the Jack Formation (Lower Jurassic) and mainly andesite successions such as the Betty Creek Formation, comprise the lower
Hazelton Group. The upper Hazelton Group includes the Iskut River Formation (mainly Aalenian-Bajocian) comprising the bimodal volcanic-
sedimentary succession within the Eskay rift that hosts the Eskay volcanogenic massive sulphide deposit; mainly sedimentary units such as the
Spatsizi Formation and Quock Formation that occur throughout central Stikinia; the Mount Dilworth Formation, a stratified Middle Jurassic
felsic volcanic unit that occurs outside but near the Eskay rift; and the Eddontenajon formation (new informal name), an unusual Pleinsbachian-
Toarcian bimodal volcanic-sedimentary sequence that outcrops near the hamlet of Iskut.

Keywords: Iskut, Stewart, Golden Triangle, Hazelton Group, Iskut River Formation, Betty Creek Formation, Snippaker unit, Klastline
formation, Eddontenajon formation, Unuk River andesite unit, Brucejack Lake felsic unit, Johnny Mountain dacite unit, Willow Ridge mafic
unit, Bruce Glacier felsic unit, Mount Madge sedimentary unit, Downpour Creek siliciclastic unit, Palmiere dacite-mudstone unit, Mount
Dilworth Formation, Spatsizi Formation, Quock Formation, Triassic, Jurassic, Stikinia

1. Introduction phase in Stikinia before and during the onset of collision with

The Iskut River region, between Stewart and Iskut (Fig. 1),  Laurentia (Nelson et al., 2013). It is distributed throughout the
hosts many significant porphyry, precious-metal vein and region (Figs. 1, 3; Ash etal., 1997a; Lewis 2001, 2013; Alldrick
volcanogenic massive sulphide (VMS) deposits. Mining et al., 2006); coeval and cogenetic intrusions of the Texas
commenced at the Red Chris porphyry Cu-Au deposit in 2015,  Creek plutonic suite (ca. 195-186 Ma; Anderson, 1993) are also
and at the Brucejack (Valley of the Kings) gold deposit in  widely distributed . The Hazelton Group includes all volcanic
2017. Deposits comparable to the past-producing Eskay Creek  and sedimentary strata that lie above the Stuhini Group (Upper
precious-metal VMS orebody remain targets of exploration  Triassic) and below Upper Jurassic to Lower Cretaceous
interest. Past-producing gold mines at Premier, Snip, and synorogenic siliciclastic rocks of the Bowser Lake Group.
Johnny Mountain are currently being reassessed for additional ~ Tipper and Richards (1976) defined the Hazelton Group from
resources (Fig. 2). Significant developed prospects include the  work near Smithers, and subdivided it into formations based
Kerr-Sulphurets-Mitchell-lron Cap (KSM) porphyry Cu-Au, on the relative abundance of volcanic and non-volcanic rocks,
the GJ porphyry, and porphyry and precious metal targets in  and subaerial and submarine facies. Since then, significant
the Snippaker Mountain-Johnny Mountain area (Fig. 2). advances in our understanding of the Hazelton Group have

Most deposits in the Iskut region are related to the Hazelton  been made through detailed mapping, geochronology, and
Group (latest Triassic-Middle Jurassic) and affiliated intrusions.  biochronology. For example, Tipper and Richards (1976)
The Hazelton Group represents the final arc construction  considered that the Hazelton Group is entirely Early Jurassic,
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Fig. 1. Regional setting of the Iskut River study area.
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LEGEND

STRATIFIED ROCKS

TERTIARY-QUATERNARY
Tertiary and Quaternary basalt, minor alkalic felsic volcanic strata

EOCENE

UPPER JURASSIC-LOWER CRETACEOUS
Bowser Lake Group

UPPERMOST TRIASSIC-MIDDLE JURASSIC
Hazelton Group

Upper Hazelton Group

BAJOCIAN AND YOUNGER
Quock Formation

AALENIAN-BAJOCIAN

Iskut River Formation

ESKAY RHYOLITE MEMBER: rhyolite, rhyolite breccia in footwall of Eskay orebody

BRUCE GLACIER FELSIC UNIT: rhyolite and dacite volcaniclastics, coherent bodies,
domes, cryptodomes

WILLOW RIDGE MAFIC UNIT: basalt, pillow basalt; basalt and diabase dikes
I MT. MADGE SEDIMENTARY UNIT: siliceous argilite, felsic tuff, chert, carbonaceous mudstone

KINASKAN CONGLOMERATE UNIT: coarse to medium conglomerate, sedimentary breccia,
sandstone

DOWNPOUR CREEK SILICICLASTIC UNIT: siltstone,

LOWER TO MIDDLE JURASSIC (PLEINSBACHIAN-AALENIAN)
Spatsizi Formation

Sandstone, siltstone, mudstone, tuff
Limestone, lime-matrix sandstone and conglomerate; fossiliferous
LOWER JURASSIC (PLEINSBACHIAN-TOARCIAN)
Eddontenajon formation
Felsic units: rhyolite, dacite volcaniclastic strata and minor coherent bodies (mainly Todagin Plateau)
Basalt: flows, pillowed flows (mainly Todagin Plateau)
lower Hazelton Group
LOWER JURASSIC (SINEMURIAN-PLEINSBACHIAN)

Betty Creek Formation

Undifferentiated Betty Creek Formation, mainly andesite

, also felsic,

Unnamed felsic units within Betty Creek Formation (rhyolite near Ball Creek, Downpour Creek)

UNUK RIVER ANDESITE UNIT" andesite volcaniclastics (mainly coarse breccias) and flows
BRUCEJACK LAKE FELSIC UNIT (PLEINSBACHIAN): dacite flows, lapilli tuff, welded tuff

JOHNNY MTN. DACITE (SINEMURIAN): dacite welded tuff, breccia

UPPERMOST TRIASSIC-LOWERMOST JURASSIC (RHAETIAN-LOWER SINEMURIAN)
Jack Formation

JACK FORMATION on periphery of McTagg anticlinorium: basal granitoid-clast conglomerate,
conglomerate, quartz-bearing arkose, siltstone, mudstone

Volcaniclastic units within Jack Formation: andesite volcanic breccia, conglomerate, felsic tuff
SNIPPAKER UNIT (RHAETIAN), Snippaker Mountain: granitoid clast bearing polylithic
conglomerate, quartz-bearing arkose, siltstone, mudstone, fossiliferous limestone

UPPERMOST TRIASSIC-LOWER JURASSIC

Conglomerate in Sky fault zone south of Johnny Mountain; coarse, matrix-supported monomict
so somewhat polymict conglomerate with volcanic and limestone clasts.

SINEMURIAN

Bimodal volcanic - siliceous argillite - tuff unit at southern end of McTagg anticlinorium;
contains Sinemurian radiolaria but physically resembles Iskut River Formation.

UPPERMOST TRIASSIC (RHAETIAN), POSSIBLY LOWER JURASSIC
Klastline formation

KLASTLINE FORMATION: volcanic rocks. Andesite breccias with pla?\oclase + hornblende,
+ augite phenocrysts; pyroclastic and epiclastic deposits; minor limestone olistoliths.

KLASTLINE FORMATION: sedimentary rocks. Mudstone, siltstone, volcanic sandstone.

KLASTLINE FORMATION: limestone. Continuous fossiliferous limestone north of Ealue Lk.;
small bioherms and olistoliths on Klastline Plateau. Locally contain Rhaetian macrofaunas.

LOWER JURASSIC
Hazelton Group, undifferentiated

Undifferentiated Hazelton Group; mainly Betty Creek Formation, but may include some
upper Hazelton units (Spatsizi, Iskut River, Quock formations)

y units.

MIDDLE TO UPPER TRIASSIC
Stuhini Group

Undifferentiated Stuhini Group
UPPER TRIASSIC (CARNIAN-NORIAN)

Sandstone, mudstone, conglomerate, limestone, argillite, chert
Andesite-clast conglomerate

cpx-plag-phyric volcanic breccia
Limestone
L

mafic and ir volcanic rocks
Andesitic volcaniclastic strata, flows

Basalt, augite-phyric basalt flows, breccias
Sedimentary and lesser volcanic strata, undifferentiated
Dacite north of More Creek

Granduc mine series; semi-massive sulphide hosted in argilite, chert and
magnetite iron formation; minor limestone, mafic volcanic rocks

Sedimentary and lesser volcanic strata, undifferentiated

MIDDLE TRIASSIC
Thin-bedded carbonaceous and pyritic silty shale, sandstone, chert-pebble conglomerate

UPPER PALEOZOIC (DEVONIAN-PERMIAN)

Stikine assemblage

Phyliite, siltstone, graphitic argillite, siliceous tuff, sandstone
Limestone, marble

Basalt, andesite, rhyolite, variably foliated

Felsic tuff, breccia, minor flows

undivided volcanic and sedimentary strata

INTRUSIVE ROCKS

EARLY TERTIARY
Granite, granodiorite, rhyolite dikes
JURASSIC? TERTIARY?

Granite, feldspar porphyry
MIDDLE JURASSIC
Diorite, diabase: intrusions coeval and cogenetic with Iskut River Formation mafic units.

EARLY OR MIDDLE JURASSIC

Nickel Mountain gabbro-pyroxenite intrusion.

Intrusions coeval and
EARLY JURASSIC
BRUCEJACK LAKE SUITE (ca. 197-183 Ma): K-feldspar-plagioclase-hornblende
porphyry subvolcanic equivalents of Brucejack Lake felsic unit.

TEXAS CREEK SUITE (ca. 198-188 Ma): diorite, monzonite, syenite, commonly porphyritic
subvolcanic equivalents of Betty Creek volcanic units. Includes Premier, Sulphurets,
Mitchell, Lehto sub-suites.

LATEST TRIASSIC
TATOGGA SUITE (ca. 207-198 Ma): hornblende quartz diorite, monzodiorite, monzonite,
typically crowded plagioclase-hornblende porphyry. Host Red Chris, GJ. Subvolcanic
equivalents of Klastline andesites.
Intrusions coeval and cogenetic with Stuhini Group volcanism

LATE TRIASSIC

Stikine Plutonic Suite (ca 216-226 Ma)
GRANDUC SUITE: diorite

with lower Hazel Group volcanism

Railway pluton, other intrusions: monzodiorite, diorite, quartz diorite, granodiorite.
Intrusions coeval and with Pal

LATE DEVONIAN - MISSISSIPPIAN

Forrest Kerr and More Creek plutons: granodiorite, diorite, variably foliated.

Fig. 3. b) Legend.
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but recent work by Barresi et al. (2015) showed that basal
volcanic rocks near Terrace are ca. 205 Ma, within the Rhaetian
stage (Gradstein et al., 2012; Cohen et al., 2013) of the Upper
Triassic. In the 1990s, detailed studies of the Hazelton Group
stratigraphy, spurred by the discovery and development of the
Eskay Creek deposit, identified a heterogeneous succession
of Middle Jurassic bimodal volcanic and sedimentary strata
in the upper Hazelton Group that differ in age and character
from older, predominantly andesitic units in the lower Hazelton
Group (Anderson and Thorkelsen, 1990, Lewis et al., 2001a).
Recently, Gagnon et al. (2012) developed a stratigraphic
schema for the Hazelton Group throughout Stikinia, based on
detailed studies by Gagnon (2010) and Barresi (2015). They
proposed that it consists of two divisions. The lower Hazelton
Group includes basal siliciclastic units (where present) and
andesitic to variable volcanic successions. The upper Hazelton
Group includes the Iskut River Formation, a distinctive unit
of bimodal volcanic and interbedded sedimentary rocks that
occupies a fault-bounded belt in western Stikinia (Fig. 1),
and mainly sedimentary strata that immediately underlie the
Bowser Lake Group throughout central and northern Stikinia.
We follow their system of nomenclature in this paper.

As is commonly the case when different areas within a
region are studied by different workers at different scales
over many years, errors and inconsistencies, which constitute
conceptual barriers, have been introduced into the stratigraphic
nomenclature of the Hazelton Group. Because exploration
interest in this mineral-rich area is high, and because new
published and unpublished data are currently being integrated
into the province-wide geology database (see Cui et al.,
2017), a regionally consistent and stable stratigraphic scheme
is required. In this paper we review key aspects of Hazelton
Group lithostratigraphy, evaluate stratigraphic terms in the light
of recent work and current understanding, and introduce a new
stratigraphic framework for the Iskut River region. Our scheme
retains some long-standing terms, abandons some obsolete
or ill-conceived terms, and introduces new terms following
procedures outlined in the North American Stratigraphic Code
(North American Commission on Stratigraphic Nomenclature,
2005). Because the Hazelton Group displays significant
longitudinal variation in the region, we present our analysis
along a south-to-north transect, providing details from three
areas: 1) Stewart-McTagg anticlinorium-Snippaker Mountain;
2) Forrest Kerr-Ball Creek-Table Mountain, and 3) Kinaskan
Plateau-Klastline Plateau-Todagin Plateau.

2. Stewart-McTagg anticlinorium-Snippaker Mountain
area

This area extends north from the Stewart mineral camp and
includes the Unuk River drainage, Treaty Glacier, Snippaker
Mountain, and Johnny Mountain (Fig. 2). It centres on the
McTagg anticlinorium (Fig. 3), aregional structural culmination
cored by Stuhini Group strata and flanked by Hazelton Group
rocks. Eskay rift rocks form extensive exposures in the Unuk
River valley, bounded on the west by the South Unuk fault.
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Below we track the evolution of Hazelton nomenclature in
the area (Fig. 4). For the most part, we follow stratigraphic
assignments in Lewis et al. (2001a) and Lewis (2013) but with
revisions as described below (Figs. 4, 5).

2.1. Basal Hazelton Group: Jack Formation; introduction
of Snippaker unit

Along the margins of the McTagg anticlinorium, the Stuhini
Group-Hazelton Group contact is an angular unconformity that
is overlain by a basal conglomeratic unit (Lewis et al., 2001a,
Lewis, 2013; Nelson and Kyba, 2014; Kyba and Nelson,
2015). This basal siliciclastic unit is named the Jack Formation
after exposures near the Jack Glacier (Fig. 3; Henderson et
al., 1992; Lewis et al., 2001a). It was originally defined as
a wholly siliciclastic unit, identified primarily by cobble to
boulder granitoid-clast conglomerate (Fig. 6a). Quartz-bearing
arkosic sandstone, granulestone, and thinly bedded siltstones
and mudstones are also present (Fig. 6b; Nelson and Kyba,
2014). Jack Formation sections at Bruce Glacier and Treaty
Glacier contain andesitic volcaniclastic rocks that are in
gradational contact with identical siliciclastic strata above and
below (Fig. 6¢; Nelson and Kyba, 2014). Near Treaty Glacier,
ammonite collections from above the andesitic volcaniclastic
layer are Late Hettangian to Early Sinemurian (Nadaraju and
Lewis, 2001). Although Lewis et al. (2001a) assigned these
andesitic volcaniclastic rocks to the overlying Unuk River
unit, evidence of interfingering or continuity between the two
is lacking, and we consider them part of the Jack Formation.
Febbo et al. (2015) and Febbo (2016) identified similar
andesitic pyroclastic units in the Jack Formation in the KSM
deposit area.

The base of the Jack Formation is broadly latest Triassic
to Early Jurassic. In the Atkins Glacier area (north of Treaty
Glacier), a fossil collection from near the Stuhini Group-Jack
Formation contact is considered Late Norian (Crickmayi zone;
collection 93-ATP-7, Lewis, 2013) based on the ammonite
Choristoceras(?). However, this ammonite is presently
considered as Rhaetian (Ogg, 2012). Further work is needed
to establish a more precise age and to determine if the unit
sampled is part of the Stuhini Group rather than the Hazelton
Group. A tuffaceous sandstone from the Jack Formation 2 km
northwest of Brucejack Lake yielded ca. 197 Ma detrital
zircons, and a volcanic conglomerate in the overlying Betty
Creek Formation contains a ca. 196 Ma leucodiorite clast
(Figs. 4, 5; J. Nelson, unpublished, 2017). These ages suggest
that the top of the Jack Formation is mid-Sinemurian, at least
locally (Fig. 5). Other samples of the Jack Formation contain
mainly 220-226 Ma and minor Paleozoic detrital zircon
populations (J. Nelson, unpublished, 2017). Together with the
abundance of coarse-grained plutonic clasts, these distinctly
older populations indicate that Jack Formation deposition
represents a significant break from Stuhini Group volcanic and
volcaniclastic accumulation, recording deep erosion into the
Paleozoic section and Triassic Stikine suite plutons.

On Snippaker Mountain, the uppermost layer of the Stuhini
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Fig. 4. Evolution of Hazelton Group stratigraphic nomenclature in the Stewart-McTagg-Snip area, southern Iskut River region.

Group consists of dull green greywacke in which pebbles of
hypabyssal diorite increase in abundance up-section (Kyba
and Nelson, 2015). This layer is unconformably overlain by
a succession of orange-weathering sandstone, polymictic
conglomerate, siltstone, and mudstone (Figs. 6d, e). Clasts
in the conglomerate are well rounded and include granitoid
rocks, chert, and volcanic rocks. Because the unit contains Late
Triassic faunal assemblages (Nadaraju, 1993) it was previously
included in the Stuhini Group (unit TrSs8, Lewis, 2013).
However, because it unconformably overlies the Stuhini Group,
physically resembles Jack Formation conglomerates (Kyba and
Nelson, 2015), and contains detrital zircon populations identical
to those in the Jack Formation (see below), we recommend that
these siliciclastic rocks be included as an informal unit in the
Jack Formation, and call it the Snippaker unit.

Small (tens of metres) rafts of highly fossiliferous limestone
and clasts of individual fossils occur within the conglomerate
(Fig. 6f). Fossil collections from these contain Nevadathalamia
sp., Placites sp., Rhacophyllites sp., Cladiscites sp.;
Myophoria sp., Pinna sp., Weyla sp., Trigonia sp., Gryphae
sp., Thamnastrea sp., and Thecosmilia sp. (Nadaraju, 1993),
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which were originally assigned to the Amoenum-Crickmayi
zone, considered to be Upper Norian (Tozer, 1979). However,
these faunal zones are now considered to be Rhaetian (Orchard
and Tozer 1997; Gradinaru and Sobolev, 2010). An additional
maximum age constraint for the Snippaker unit comes from the
main population of detrital zircons in the underlying uppermost
Stuhini pebble greywacke at ca. 203 Ma (J. Nelson, unpub.
data). Main detrital zircon populations from the Snippaker
unit at ca. 220-226 Ma are similar to main peaks in the Jack
Formation (J. Nelson, unpub. data, 2017). It also contains late
Paleozoic grains, and a ca. 212 Ma population. As with the
main part of the Jack Formation, the appearance of distinctly
older zircons is evidence of regional exhumation.

2.2. Betty Creek Formation: Replacement of Unuk River
‘Member’ by Unuk River andesite unit; replacement
of Brucejack Lake ‘Member’ by Brucejack Lake felsic
unit; introduction of Johnny Mountain dacite unit; and
abandonment of Treaty Ridge ‘Member’

We follow Lewis et al. (2001a) in assigning most lower
Hazelton volcanogenic strata to the Betty Creek Formation.
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Fig. 5. Stratigraphic columns representing the Hazelton Group in the Stewart-McTagg-Snip area, southern Iskut River region. Numbers
reference sources for fossil and radiometric ages. 1. Norian-Rhaetian boundary (Wotzlaw et al., 2014); 2. Rhaetian-Hettangian boundary
(Schaltegger et al., 2008); 3. Hettangian-Sinemurian boundary (Schaltegger et al., 2008); 4. Cohen et al. (2013); 5. ca. 203.4 Ma youngest
detrital population (J. Nelson, unpublished data, 2017); 6. biochronologic and geochronologic compilations of Lewis et al. (2013) based on
Nadaraju (1993); Nadaraju and Lewis (2001); Lewis et al. (2001b); 7. ca. 198 Ma youngest detrital population (J. Nelson, unpublished data);
8. ca. 192 Ma U-Pb zr (J. Nelson, unpublished data, 2017); 9. Childe, 1996; 10. ca. 197 Ma, U-Pb zr (J. Nelson, unpublished data, 2017);

11. Greig (2013); MacDonald (1993); 12. 198-189 Ma U-Pb zr (Febbo,

unpublished data, 2017); 14. Cutts et al. (2015).

Alldrick (1987, 1993) referred to the lowest exposed Hazelton
Group unit near the Salmon River, consisting of interbedded
green andesitic volcaniclastic and sedimentary strata, as the
Unuk River Formation. The name Unuk River was derived
from earlier assignment of volcanic rocks in the Unuk
River valley farther north and west by Grove (1971, 1986).
Overlying maroon and green, mostly epiclastic andesitic units
were assigned to the Betty Creek Formation (Alldrick, 1987,
1993). Noting that the distinction between these two units
was mainly based on colour and not regionally significant,
Lewis et al. (2001a) reassigned andesitic rocks of the Unuk
River ‘Formation’ to the Betty Creek Formation, giving it a
‘Member’ status (Fig. 4). Other proposed members of the Betty
Creek Formation were the felsic Brucejack Lake Member and
sedimentary Treaty Ridge Member.

We consider subdivision of the Betty Creek Formation into

2016); 13. ca. 186 Ma youngest detrital zircon population (J. Nelson,

formal members (Lewis et al., 2001a; Lewis, 2013) to be
problematic. In formal stratigraphic nomenclature (see North
American Commission on Stratigraphic Nomenclature, 2005)
a member is defined as a single unit with a defined bottom
and top. In the Betty Creek Formation, volcanic lithotypes
do not form discrete unrepeated layers but multiple bodies at
different stratigraphic levels. Thus we abandon the formal term
‘Member’ for subdivisions of the Betty Creek Formation in this
area and instead propose that it be divided into three informal
subdivisions (Fig. 4): the Unuk River andesite unit, the Johnny
Mountain dacite unit (ca. 194 Ma, Lewis et al., 2001b), and
the Brucejack Lake felsic unit (ca. 185-178 Ma; Lewis et al.,
2001b). As described further below (see section 2.3) Lewis et
al. (2001a) considered the succession of mainly sedimentary
rocks above these volcanogenic units as part of the Betty Creek
Formation and referred to them as the Treaty Ridge Member

22

Geological Fieldwork 2017, British Columbia Ministry of Energy, Mines and Petroleum Resources, British Columbia Geological Survey Paper 2018-1



Nelson, Waldron, van Straaten, Zagorevski, and Rees

Fig. 6. Representative photos of the Jack Formation and Snippaker clastic unit. a) Basal polymictic conglomerate, Jack Formation near Jack
Glacier (413850 E, 6269040 N). b) Thinly bedded calcareous siltstone, fine-grained sandstone, and carbonaceous mudstone; Jack Formation
mudstonezsandstone and siltsone facies, near Jack Glacier (413557 E, 627708 N). ¢) Andesite block breccia; Jack Formation middle volcaniclastic
facies (413278 E, 6270599 N). d) Snippaker unit polymictic conglomerate. Light clasts are felsic to intermediate high-level intrusive rocks and
silicified rocks; dark clasts are chert. Weathered-out clasts are limestone (377358 E, 6281369 N). e) Snippaker unit, thinly bedded sandstone and
mudstone (376848 E, 6281354 N). f) Corals from partly dismembered boundstone raft, Snippaker unit (379725 E, 6279752 N).
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(Fig. 4). However, this succession displays the same lithological
characteristics, age and stratigraphic position as the Spatsizi
Formation in the upper Hazelton Group elsewhere (Gagnon et
al., 2012), and Treaty ridge is an informal topographic term.
Thus we reassign the succession to the Spatsizi Formation and
propose that the term ‘Treaty Ridge Member’ be abandoned
(Figs. 4, 5).

2.2.1. Unuk River andesite unit

We agree with the decision of Lewis et al. (2001a) to include
all lower Hazelton Group andesites previously referred to
as the Unuk River Formation (Alldrick, 1987) in the Betty
Creek Formation. They include both pyroclastic (Fig. 7a) and
epiclastic (Fig. 7b) deposits. In general, subaerial and epiclastic
deposits increase up-section in the andesitic unit, but a simple
transition is not traceable throughout the region (cf. Alldrick,
1987, 1993). For example, in the section 2 km northwest of
Brucejack Lake, maroon and green volcanic clast-bearing
conglomerate is at the base of the Betty Creek Formation, lying
directly on the Jack Formation (Fig. 7c; Nelson and Kyba,
2014). Facies distinctions can be usefully documented locally,
for example on the Brucejack property where increasing
oxidation upwards may have exerted chemical control on
mineralization (W. Board, pers. comm., 2013; S. Flasha, pers.
comm., 2017), but cannot be used regionally.

The base of the Unuk River andesite unit above the Jack
Formation is sharp and ranges from paraconformable to
unconformable. It represents an abrupt transition from
siliciclastic sedimentation to mixed, predominantly andesitic
pyroclastic and epiclastic accumulation. Near the Iron Cap
deposit, a volcanic breccia lies at the base of the unit. It contains
irregular, angular dark green andesite and lesser pinkish felsic
clasts, overlain in part by a pillowed mafic flow (Nelson
and Kyba, 2014). North of Treaty Glacier, the basal bed is a
coarse, matrix-supported, polymictic volcanic-hypabyssal clast
conglomerate, overlain by monomictic andesite pyroclastic
breccia (Nelson and Kyba, 2014). Northwest of Brucejack
Lake, the polymictic basal volcanic conglomerate contains a
ca. 196 Ma porphyritic diorite block (J. Nelson unpublished,
2017) along with mostly andesite cobbles. On Snippaker
Mountain, the base of the Unuk River andesite unit cuts
down through the Snippaker unit into the underlying Stuhini
Group (Kyba and Nelson, 2015). A matrix-supported basal
conglomerate includes both volcanic blocks derived from the
underlying Stuhini Group and intraformational sedimentary
clasts. A detrital zircon sample of this conglomerate contains
a youngest population at ca. 198 Ma, along with older Late
Triassic populations derived from the Stuhini Group and
comagmatic intrusions (J. Nelson unpublished, 2017). In
summary, U-Pb ages place the base of the Unuk River andesite
unit in the mid-Sinemurian (ca. 197 Ma), slightly younger than
the Jack Formation, indicating abrupt onset of voluminous
andesitic volcanism. Youngest U-Pb ages, obtained from
minor felsic rocks in the Unuk River andesite unit, are ca.
187 Ma (Cultts et al., 2015). U-Pb ages of Texas Creek suite
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intermediate porphyritic intrusions, notably the Mitchell suite
at KSM (Febbo et al., 2015; Febbo, 2016) and the Lehto suite
in the Snippaker area (Kyba and Nelson, 2015), overlap those
of the Unuk River andesite unit (Fig. 5). We consider them
intrusive and extrusive equivalents.

2.2.2. Johnny Mountain dacite unit

Johnny Mountain (Fig. 2) is underlain by a succession
of bedded dacite lapilli tuff and breccia (Fig. 7d) that
unconformably overlies the Stuhini Group (Kyba and Nelson,
2015). It was previously assigned to the Brucejack Lake
Member (Lewis et al., 2001a), and mapped, probably in error,
as felsic and mafic Salmon River Formation (Lewis, 2013). A
U-Pb age from this unit is ca. 194 Ma (Lewis et al., 2001b;
Lewis, 2013). Given that the unit is markedly older than the
rocks at the Brucejack Lake type locality (ca. 183-188 Ma;
Lewis et al., 2001b; Lewis, 2013; Greig, 2013) and given its
geographic distance from Brucejack Lake, we suggest that the
succession forms a distinct unit and propose the name Johnny
Mountain dacite unit. It is coeval with nearby porphyry bodies
such as at Red Bluff and Inel (Kyba and Nelson, 2015) and
probably represents an extrusive equivalent.

2.2.3. Brucejack Lake felsic unit

Near Brucejack Lake, the Unuk River andesite unit is overlain
by a felsic unit including potassium feldspar-, plagioclase-
and hornblende-phyric flows, breccias, and bedded welded
to non-welded felsic tuffs (Fig. 7e) that are intruded by a
flow-banded coherent plagioclase-phyric body, which grades
upwards into flows (MacDonald, 1993). MacDonald (1993)
interpreted this unit, which we refer to as the Brucejack Lake
felsic unit (cf. “Member’ of Lewis, et al., 2001a; Lewis, 2013,
Fig. 4) as a flow-dome complex, representing the extrusive and
high-level intrusive products of a local magmatic centre. The
intrusive and extrusive rocks of the unit have yielded ca. 183-
188 Ma U-Pb ages (Lewis et al., 2001b; Lewis, 2013; Greig,
2013). Polymictic conglomerates with well-rounded cobbles to
boulders at the base of the unit 2 km northwest of Brucejack
Lake (Fig. 7f) suggest that the lower contact of the unit is an
unconformity. Felsic rocks of similar age also occur in the
Unuk River drainage and are included in the unit.

2.3. Spatsizi Formation and abandonment of ‘Treaty Ridge
Member’ for basal rocks in the upper Hazelton Group
Examining stratigraphic relationships across Stikinia,
Gagnon et al. (2012) recognized that the Hazelton Group
consists of two parts, separated by a diachronous contact. In
the Iskut River region, the lower part includes the Rhaetian
to Sinemurian basal sedimentary units (Jack Formation)
and overlying voluminous volcanogenic strata (Betty Creek
Formation) described above. Regionally, the basal unit of
the upper Hazelton Group is the Spatsizi Formation, defined
on the Spatsizi Plateau of north-central Stikinia (Fig. 2) as a
Pleinsbachian through Aalenian siliciclastic sequence with
minor volcanic components (Figs. 8, 9; Spatsizi Group of
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Fig. 7. Representative photos of the Betty Creek Formation. a) Sparse clasts in andesite lapilli tuff, Unuk River andesite unit 2 km northwest
of Brucejack Lake (426273 E, 6260107 N). b) Interbedded pebble conglomerate with volcanic clasts and tuff; Unuk River andesite unit, Treaty
Glacier (427578 E, 6272959 N). ¢) Tabular crowded plagioclase-phyric boulder (light-toned left foreground) in basal Unuk River andesite unit
(425715 E, 6260099 N); U-Pb zircon age ca. 197 Ma (J. Nelson, unpub. data). d) Felsic-clast breccia, Johnny Mountain dacite unit (374608 E,
6276356 N). e) Welded tuff and pyroclastic breccia, Brucejack Lake felsic unit (426343 E, 6261610 N). f) Local conglomerate at the base of the
Brucejack Lake felsic unit (426101 E, 6260852 N).
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Fig. 8. Evolution of Hazelton Group stratigraphic nomenclature in the Kinaskan-Klastline-Todagin area, northern of Iskut River region.

Thomson et al., 1986; revised to Spatsizi Formation within
the Hazelton Group by Evenchick and Thorkelson (2005) and
Gagnon et al., 2012). In its type area, the Spatsizi Formation is
divided into four members based on proportions of sandstone
vs. shale and siltstone, interpreted as the result of cycles of
transgression and regression (Fig. 9; Thomson et al., 1986). In
the Iskut region, we use the first appearance of similar rocks
above the Unuk River andesite unit to define the base of the
upper Hazelton Group.

Near Treaty Glacier, the sedimentary succession consists of
volcanic sandstone, conglomerate, and local bioclastic sandy
limestone, mudstone-siltstone rhythmites, and limestone.
It overlies the Unuk River andesite unit, which includes
a ca. 187 Ma U-Pb felsic unit (Cutts et al., 2015). Two
ammonite collections from a single locality near the top of
the sedimentary section are Late Aalenian (PDL-886 and GJ-
099; Nadaraju 1993; Lewis, 2013). Similar sedimentary rocks
are also exposed within the Eskay anticline, near John Peaks-
Bruce Glacier, and in the Cone Glacier-Julian Creek area
west of the Unuk River. These sedimentary sections contain
abundant Upper Pleinsbachian to Upper Toarcian macrofossils
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(Nadaraju, 1993).

Although Lewis et al. (2001a) and Lewis (2013) referred to
this succession as Treaty Ridge Member of the Betty Creek
Formation, the lithologic character, fossil age, and stratigraphic
position of the unit are similar to those of the Spatsizi Formation
in its type area (Figs. 5, 9). We recommend that these strata be
included in the upper Hazelton Group and be referred to as the
Spatsizi Formation. Because Treaty ridge is an informal and
poorly described location, we further recommend that the term
‘Treaty Ridge Member’ be abandoned.

2.4. The Eskay rift, the Iskut River Formation, and
abandonment of ‘Salmon River Formation’

A several kilometre-thick succession of interlayered basalt,
rhyolite, and sedimentary rocks in the upper Hazelton Group
occupies a narrow, elongate north-trending belt, extending
from Kinaskan Lake in the north to Anyox in the south
(Figs. 1-3; Anderson, 1993; Lewis, 2001, 2013; Lewis et al.,
2001a; Alldrick et al., 2005b; Gagnon et al., 2012; Barresi,
2015). This narrow, fault-bounded zone has been referred
to as the Eskay rift (e.g., Evenchick and McNicoll, 2002;
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Fig. 9. Stratigraphic columns representing the Hazelton Group in the Kinaskan-Klastline-Todagin area, northern Iskut River region. Numbers
reference sources for fossil and radiometric ages. 1. Norian-Rhaetian boundary (Wotzlaw et al., 2014); 2. Rhaetian-Hettangian boundary
(Schaltegger et al., 2008); 3. Hettangian-Sinemurian boundary (Schaltegger et al., 2008); 4. Cohen et al. (2013); 5. Groat stock 205-207 Ma
(Peatfield et al., 2016); 6. Groat stock 205.1 +0.8 (Ash et al., 1997b); 7. A. Zagorevski, unpub. Dz 10ZE-176. Main population 205.7 +0.8 Ma;
8. Upper Triassic, Suessi zone (Late Norian-Rhaetian, collections 32781, 32767, 40482; Souther, 1972); 9. Early Jurassic (collection 32786;
Souther, 1972); contains pectinid similar to P. bodenbenderi behr similar to Weyla in Joan Member (Early Pleinsbachian; see Gagnon et al.,
2012); 10. Felsite intrusions 182-186 Ma (Ash et al., 1997a); 11. D. Alldrick and J. Nelson, unpub. data, 2017; 12. Possibly middle-Upper Jurassic
macrofossils (collection 32834, Souther, 1972); 13. Red stock 203.8 +1.3 Ma (Ash et al., 1997b); 14. Trachyte north of Ealue Lk, 202.1 +4.2
Ma (Ash et al., 1997h); 15. 185.6 +6.1-0.6 Ma, Freboldi zone (Lower Pleinsbachian; Palfy et. al., 2000); 16. Early Oxfordian (collection 32778,
Souther, 1972); 17. Thorkelson et al. (1995); 18. Early Pleinsbachian fossils in Cold Fish volcanics (Evenchick, 1986); 19. Toarcian fossils in Mt.
Brock volcanics (Read and Psutka, 1990); 20. Thomson et al. (1986); 21. Bathonian-Callovian fossils in Bowser Lake Group (Evenchick, 1986).

Alldrick et al., 2005b). Gagnon et al. (2012) proposed the name
Iskut River Formation for this succession in the Iskut River
region and elsewhere in western Stikinia. Previously, Lewis
et al. (2001a) and Lewis (2013) used the term ‘Salmon River
Formation’ for these rocks. However, as originally defined on
Mount Dilworth by Grove (1971, 1986) and Alldrick (1987),
the *Salmon River Formation’ is not a bimodal-volcanic rock
and sedimentary succession but rather comprises a <10 m thick
basal layer of Toarcian(?) calcareous grit overlain by 50-100 m
of thinly bedded siltstone, shale, tuff and radiolarian chert, and
then more than 1000 m of siliciclastic strata (Alldrick 1993).
Furthermore, Gagnon and Waldron (2011) recognized that the
siliciclastic rocks on Mount Dilworth are part of the Bowser

Lake Group, which unconformably overlies the Hazelton Group
(Fig. 4).Thus, because the term ‘Salmon River Formation’ was
appropriated for an entirely different succession of rocks (in
contradiction to the North American Stratigraphic Code), and
because, as originally defined, the Salmon River Formation,
was miscorrelated, Gagnon et al. (2012) proposed that the term
‘Salmon River Formation’ be abandoned, a recommendation
that we follow.

The Iskut River Formation is laterally equivalent to the upper
parts of the Hazelton Group elsewhere, but it is much thicker
than correlative units, displays distinct volcanic-rich, locally
variable facies, and occupies a unique tectonic setting. It has
yielded uppermost Toarcian, Aalenian to Early Bajocian fossils
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and ca. 179-173 Ma U-Pb zircon ages (Childe, 1996; Cutts et
al., 2015; J. Nelson and D. Alldrick, unpublished, 2017). The
base of the unit in the Treaty Glacier area is constrained by Late
Aalenian fossils at the top of the underlying Spatsizi Formation
(Nadaraju, 1993).

The Iskut River Formation is a highly variable succession in
which mafic and felsic volcanic and sedimentary units occur
in differing stratigraphic sequences, with multiple stratigraphic
repetitions in some areas. Similar to subdivisions of the Betty
Creek Formation, most of these units do not lend themselves to
formal member status. In the following we: abandon the John
Peaks Member (Lewis et al., 2001a; Lewis, 2013) and replace
it with Willow Ridge mafic unit; downgrade the Bruce Glacier
Member (Lewis et al., 2001a; Lewis, 2013) to an informal
unit; retain the ‘Eskay Rhyolite Member’ (Lewis et al., 2001a;
Lewis 2013); and introduce the Mount Madge sedimentary unit
for the Troy Ridge Member, which we abandon (Fig. 4).

2.4.1. Willow Ridge mafic unit

Basalt is the most voluminous rock type in the Iskut River
Formation throughout its extent. It is abundant in the Unuk
River valley (Lewis, 2013; Fig. 3), where it was called the John
Peaks Member (Lewis et al., 2001a). However, the John Peaks
massif is underlain by an Early Jurassic pluton, which Lewis
(2013) named the John Peaks pluton. Because John Peaks
do not expose the basalts and because the same name is used
for two different rock bodies, we propose that the term “John
Peaks Member’ be abandoned. Alldrick et al. (2004b) proposed
Willow Ridge as a type section of basalt typical of the Iskut
River Formation. This locality, between Table Mountain and
Kinaskan Lake (Figs. 2, 3), displays typical variations within
the unit and is road accessible. We recommend the term Willow
Ridge mafic unit for these rocks.

2.4.2. Bruce Glacier felsic unit

Non-welded to welded lapilli tuff (Fig. 10), felsic volcanic
breccia and coherent flows, and volcanic conglomerates occur
extensively around the periphery of the McTagg anticlinorium,
where they form the local basal unit of the Iskut River
Formation (Fig. 3). This unit also occurs in the Eskay anticline,
in the footwall of the Eskay deposit, and overlying Betty
Creek strata west of Harrymel Creek (Lewis, 2013). In the
Bruce Glacier area, it unconformably overlies the Jack, Betty
Creek and Spatsizi formations. Similar felsic rocks also occur
at higher stratigraphic levels, such as at the top of the Iskut
River Formation on Treaty ridge and above pillow basalts of
the Willow Ridge mafic unit on Pillow Basalt ridge and Table
Mountain (see below). Because of this repetition, we refer to
these felsic rocks as the Bruce Glacier felsic unit, rather than
retaining the formal ‘Member’ status used by Lewis et al.
(2001a). Six SHRIMP U-Pb zircon ages from the unit range
from 178.5 +1.8 to 173.3 +1.8 Ma (Cultts et al., 2015). These
ages agree well with the multigrain TIMS ages presented in
Lewis (2013), and support the Middle Jurassic age of the Iskut
River Formation.
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Fig. 10. Bruce Glacier felsic unit, welded lapilli tuff (412848 E,
6270707 N).

2.4.3. Eskay Rhyolite Member

The Eskay Rhyolite Member (Lewis et al., 2001a) forms
the immediate footwall of the Eskay deposit at the northern
end of the Eskay anticline (Fig. 5) where it was rigorously
defined by mapping and core logging as a single, linear flow-
dome complex of coherent to brecciated flows that show
peperitic contacts with the overlying argillite, which is the host
for massive sulphide mineralization (Bartsch, 2001; Barrett
and Sherlock, 1996; Childe, 1996). Childe (1996) obtained
a U-Pb zircon age of 175 +2 Ma from the Eskay rhyolite,
identical within error to ages in the Bruce Glacier felsic unit.
Geochemistry of the rhyolite (Al/Ti>100) also distinguishes
it from other felsic bodies in the area, although this does not
constitute a lithostratigraphic criterion.

2.4.4. Mount Madge sedimentary unit

The Eskay Rhyolite Member is overlain by thinly bedded
black argillaceous mudstone and felsic tuff. This unit hosts
most of the mineralization at Eskay Creek where it is referred to
as the Contact argillite (Barrett and Sherlock, 1996). Elsewhere
in the Iskut River Formation, tuff-argillite units occur as thin,
discontinuous lenses enclosed within volcanic rocks. They
were included in the Troy Ridge Member as defined by Lewis
et al. (2001a) because of their similarity to siliceous strata at the
type locality on Troy ridge. However, the rocks on Troy ridge
are now assigned to the regionally extensive Quock Formation
(see section 2.6. below). We suggest that Mount Madge (Fig. 2)
be the type locality for isolated occurrences in the Iskut River
Formation, because Lewis (2001, 2013) has documented two
prominent layers on its higher slopes. Other examples occur
north of the McTagg anticlinorium, at the head of Treaty
Glacier, and near Granduc (Lewis, 2001, 2013).

2.5. Mount Dilworth Formation
Dacite and rhyolite form laterally continuous exposures
on Mount Dilworth and Troy ridge in the Salmon River
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area, above the Betty Creek Formation and below the Quock
Formation (see below). They constitute the Mount Dilworth
Formation as originally defined by Alldrick (1987). A U-Pb
zircon SHRIMP age of 173.6 1.7 Ma from the northern ridge
of Mount Dilworth (Cutts et al., 2015) shows that these rocks
are coeval with the Bruce Glacier felsic unit of the Iskut River
Formation. We suggest that the Mount Dilworth Formation be
retained as part of the upper Hazelton Group, distinguished
from felsic units in the Iskut River Formation by its tabular
geometry, regional extent, and lack of interfingering with mafic
units. It indicates widespread Aalenian felsic activity proximal
to, but outside of, the Eskay rift.

2.6. Quock Formation

The highest unit of the Hazelton Group regionally is the
Quock Formation, which ranges from Bajocian in the Spatsizi
Plateau area (Fig. 9) to Callovian near Terrace (Gagnon et
al., 2012). It comprises 50-100 m of thinly bedded, dark grey
siliceous argillite with pale felsic tuff laminae, and radiolarian
chert. The dark and light striping led to the unit being informally
but unforgettably termed ‘pyjama beds’” by Howard Tipper of
the Geological Survey of Canada. It is at least in part a facies
equivalent of the Iskut River Formation.

The Quock Formation forms a thin but regionally continuous
layer on Mount Dilworth and Troy ridge, above the Mount
Dilworth Formation and below the Bowser Lake Group. It was
previously called the Troy ridge facies of the Salmon River
Formation (Anderson and Thorkelson 1990), and later the Troy
Ridge Member of the Salmon River Formation (Lewis et al.,
2001a; Lewis, 2013). Because Troy ridge is an informal locality,
we favour the usage of Gagnon et al. (2012) and propose that
these rocks be included in the Quock Formation, which forms a
thin but areally extensive layer at the top of the Hazelton Group
throughout Stikinia, outside of the Eskay rift.

3. Ball Creek-Forrest Kerr Creek-Table Mountain (central)
area

This area extends north from the confluence of Forrest Kerr
Creek and the Iskut River and includes the Downpour Creek,
More Creek, and Ball Creek drainages, Table Mountain, and
Willow Ridge (Fig. 2). Rocks of the Iskut River Formation
are exposed in northerly, fault-bounded graben in contact with
older units of the Stuhini Group and Paleozoic stratified and
intrusive bodies.

Souther (1972) mapped the area at a 1:250,000 scale,
providing a broad bedrock framework and important age
constraints from macrofossil collections (Fig. 11). Subsequent
1:50,000-scale mapping was supported by macrofossil and
microfossil collections and sparse U-Pb geochronology (Read
etal., 1989; Logan et al., 2000). Alldrick et al. (2004a, b; 2005,
a, b; 2006) mapped from Forrest Kerr Creek to Kinaskan Lake
(Fig. 2), identifying a series of geographically named sub-
basins in the Eskay rift, each with a distinct stratigraphy, and
used unique codes for each lithotype in each sub-basin (see
list of sub-basin names on Fig. 11, which correspond to major

29

legend subdivisions in Alldrick et al., 2006). In the following,
we apply Hazelton Group terminology developed above for
the Stewart-McTagg anticlinorium-Snippaker Mountain area
to previously unnamed units. We also propose new informal
names for rocks in the Iskut River Formation that do not occur
farther south: Kinaskan conglomerate unit, Downpour Creek
siliciclastic unit, and Palmiere dacite-mudstone unit.

3.1. Units in the lower Hazelton Group
3.1.1. Jack Formation(?)

At two localities along a southern tributary to Ball Creek,
east of the Matthew Glacier (Figs. 2, 12), a siliciclastic
sedimentary-volcanic succession (unit 13 of Souther, 1972)
yielded Hettangian ammonites (Psiloceras canadense Frebold).
These rocks overlie the Stuhini Group in the hinge zone of a
syncline (Souther, 1972). Although lacking the characteristic
conglomerates, these rocks are coeval with the Jack Formation
elsewhere and, like Jack Formation equivalents, form the basal
unit of the Hazelton Group in this area.

3.1.2. Betty Creek Formation

Isolated occurrences of Lower Jurassic andesites between
Downpour Creek and the Little Iskut River are herein assigned
to the Unuk River andesite unit. Felsic units near Downpour
Creek (Logan et al., 2000; Alldrick et al., 2005b) and Ball
Creek (Alldrick et al., 20044, b) are designated as unnamed
rhyolites in the Betty Creek Formation (Fig. 12). The unit near
Downpour Creek is Sinemurian based on a conodont collection
in overlying strata (Logan et al., 2000). The rhyolites near
Ball Creek occur in a succession containing Pleinsbachian
ammonites (Souther, 1972).

3.2. Units in the upper Hazelton Group

The Iskut River Formation was first defined based on
stratigraphic sections in this area (Gagnon et al., 2012). Below
we assign previously unnamed basaltic sequences to the
Willow Ridge mafic unit, rhyolites to the Bruce Glacier felsic
unit, and fine-grained siliceous sequences to the Mount Madge
sedimentary unit, as described from the southern area. The area
also contains units not seen in the southern sub-area (Fig. 12).
Sections many hundreds of metres thick of mainly medium-
grained siliciclastic beds near Downpour Creek and on Table
Mountain are assigned to the Downpour Creek siliciclastic
unit (new name). Conglomerates south of Downpour Creek
and on western Table Mountain are assigned to the Kinaskan
conglomerate (new name). Also not recognized in the south,
the Palmiere unit (new name) is a unique felsic volcaniclastic-
mudstone succession that occurs on both sides of the Iskut
River near Palmiere Creek (Fig. 2).

3.2.1. Willow Ridge mafic unit

As is the case elsewhere in the region, basalt and pillow basalt
are the most widespread and thickest Iskut River Formation
rock types. They form particularly thick, km-scale sections on
the eponymous Pillow Basalt ridge (Fig. 13a), and on Table

Geological Fieldwork 2017, British Columbia Ministry of Energy, Mines and Petroleum Resources, British Columbia Geological Survey Paper 2018-1



Nelson, Waldron, van Straaten, Zagorevski, and Rees

Telegraph Creek

Upper Iskut River area

Ball Creek, Table Mtn.,

Souther (1972) Alldrick et al. (2006) Forrest Kerr (THIS STUDY) [ |
= Bowser Group Bowser Lake Group Bowser Lake Group
m @ | 168.3+1.3 (unit 16)
— a' Eimﬁﬂ 4 Willow Ridge mafic unit, Palmiere unit
. Downpour Creek clastic unit;
170 ol _ ) River Klna'\ﬁ an conglomen{a e, N
imen nr
= 2 unit 15 Eskay glrxepeicﬁﬁ:?lgggng ng%%/ur Fm. BruceaG aecﬁeer fels?c L?r:Yt !
174.1+1.0 Mine, Forgold, Pillow Basalt
- Rldge Iskut River facies;
ift \Cl\(ljlrlllovlvegergek Table Mtn. UPPER
Il
diment; it
= oo River Rrary uni HAZELTON
© Snoball Creek GROUP
g sequences
I - <} rAAANANANAANANANANAN NN
180 =
182.7+0.7 units
= c
>| 13 Lower .%
Al ®
Y| 2 € N
< 2 and Hazelton E Unuk %
w| =
— 2| & |1908+1.0 14 Group > River e
190 E 8 (é')
c (in this area, i
o|.® mainly includes 2 unnlameq andesite 9
= units 1Ji and Jr T || et i i
£ on ridge SE of m E
g Downpour Creek) N NN N N N N N N N N N N N N =
n 14
(7] ) . ]
199.53+0.19/.29 Jack Formation equivalent? =
— R (Ball Creek area) o)
200 201.58+0.17/.28 9
IRAAARARARAAAI VUV YNVYNNNNYNNNUNY
205.50+0.35 units 5-9 Stuhini Stuhini
Group Group
210

Fig. 11. Evolution of Hazelton Group stratigraphic nomenclature in the Forrest Kerr-Ball Creek-Table Mountain area, central Iskut River region.

Mountain and adjacent Willow Ridge south of Kinaskan Lake.
On Pillow Basalt ridge, a small rhyolite in a sedimentary
inlier yielded a U-Pb TIMS age of ca. 174 Ma (J. Nelson and
D. Alldrick, unpublished data, 2017). Voluminous feeder dikes
and sills form part of the unit. Basalts are of non-arc, tholeiitic
character, variably contaminated by incorporation of older arc
crust (Barresi et al., 2015b).

3.2.2. Bruce Glacier felsic unit

Small domes and cryptodomes with peperitic margins occur
on Pillow Basalt ridge, near Forrest Kerr Creek (Figs. 2, 13b),
on Table Mountain, and on Willow Ridge, most commonly
surrounded by sedimentary facies, but also enclosed within
basalts (Alldrick et al., 2004b, 2005b). Felsic volcaniclastic
and coherent bodies also occur near Kinaskan Lake.

3.2.3. Mount Madge sedimentary unit

Two discontinuous intervals of thinly bedded to laminated,
fine-grained, siliceous argillite and felsic tuff occur on
Pillow Basalt ridge (Fig. 13c). One of these encloses a small
rhyolite dome or cryptodome that has yielded a U-Pb age
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of 174.07 0.2 Ma (J. Nelson and D. Alldrick, unpublished,
2017), coeval within error with the Eskay Rhyolite and the
Bruce Glacier felsic unit (Childe, 1996; Cutts et al., 2015).

3.2.4. Kinaskan conglomerate unit (new name)
Conglomeratic deposits interfinger with Willow Ridge
basalts along the southern shores of Kinaskan Lake, on Table
Mountain, and between Downpour Creek and Pillow Basalt
ridge. Clasts are both intraformational basalts and rhyolites and
extrabasinal, derived from adjacent older Hazelton, Stuhini, and
Paleozoic stratified units and intrusive bodies (Figs. 13d, e).
They transition across short distances from monomictic
breccias to polymictic conglomerates; clast roundness increases
with clast diversity. On western Table Mountain, the base of the
unit consists of breccias that are interpreted to be paleotalus
derived from underlying fault-brecciated lower Hazelton
volcanic rocks (Alldrick et al., 2004b). They grade upward into
polymictic conglomerates with a sandstone matrix that contain
rounded rhyolite and basalt clasts derived from the Iskut River
Formation. A suite of monomictic sedimentary breccias north
of Pillow Basalt ridge consists of individual deposits derived
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Fig. 12. Stratigraphic columns representing the Hazelton Group in the Forrest Kerr-Ball Creek-Table Mountain area, central Iskut region.
Numbers reference sources for fossil and radiometric ages. 1. Norian-Rhaetian boundary (Wotzlaw et al., 2014); 2. Rhaetian-Hettangian
boundary (Schaltegger et al., 2008); 3. Hettangian-Sinemurian boundary (Schaltegger et al., 2008); 4. Cohen et al. (2013); 5. Logan et al. (2000);
6. Souther (1972); 7. Evenchick et al. (2001); 8. D. Alldrick and J. Nelson, unpub. data (2017); 9. Read et al. (1989).

from diverse volcanic and intrusive sources that interfinger on
a scale of less than a hundred metres (Alldrick et al., 2005b).
These units are localized next to probable syn-sedimentary
faults, some of which were later remobilized as thrust faults
(Alldrick et al., 2004b, 2005b).

3.2.5. Downpour Creek siliciclastic unit (new name)

The Kinaskan conglomerate unit grades upsection and
laterally into a succession of sandstone, siltstone and mudstone
that we refer to as the Downpour Creek siliciclastic unit, after
exposures near Downpour Creek (Fig. 2). The Downpour Creek
siliciclastic unit yielded Late Toarcian to Bajocian and perhaps
Bathonian macrofossils (Souther, 1972; Logan et al., 2000). A
key collection from a small outlier in a synclinal keel overlying
lower Hazelton Group rocks yielded abundant, diverse latest
Toarcian shelly fauna (J. Nelson and D. Alldrick, unpublished,
2017), which best constrains the age of the base of the Iskut
River Formation in this area.
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Table Mountain is underlain by two basaltic units separated
by interbedded sandstone, siltstone and mudstone assigned to
the Downpour Creek siliciclastic unit (Fig. 13f). Small bodies
of rhyolite and basalt occur within it. Rare beds of fine-grained
siliceous argillite resemble the Mount Madge sedimentary
unit, but they are not separated in regional mapping. The unit
grades laterally into a narrow zone near the western bounding
fault of coarse clastic deposits (Alldrick et al., 2004b) that we
assign to the Kinaskan conglomerate unit. This sequence has
yielded Late Toarcian, Early Bajocian, and Middle Bajocian
macrofossil assemblages (Souther, 1972; J. Nelson and
D. Alldrick, unpublished data, 2017).

3.2.6. Palmiere dacite-mudstone unit (new name)

The southern end and southeastern slopes of Pillow Basalt
ridge are underlain by a distinctive unit of dacite-clast volcanic
breccia, dacite-clast conglomerate, arkosic sandstone, and
dark grey to black silty argillite and mudstone (Alldrick et al.,
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Fig. 13. Representative photographs of the Iskut River Formation. a) Willow Ridge mafic unit, pillow basalt, Pillow Basalt ridge (401436 E,
6298614 N). b) Bruce Glacier felsic unit, small rhyolite dome-cryptodome complex, ‘Four Corners’ area (401000 E, 6307500 N). ¢) Mt. Madge
sedimentary unit, laminated siliceous argillite and pale felsic tuff offset by small synsedimentary (?) faults, Pillow Basalt ridge (403000 E,
6301000 N). d) Kinaskan conglomerate unit, breccia, Sixpack ridge (405608 E, 630318 N). e) Kinaskan conglomerate unit, polymictic
conglomerate, Sixpack ridge (405424 E, 6303410 N). f) Downpour Creek clastic unit interbedded sandstone and siltstone, Table Mountain
(415000 E, 6360000 N). Monocline typical of mild deformation seen in these strata.

2005a, b). Correlative felsic breccia and argillite occur on the  that imbricate them (Alldrick et al., 2005a, 2006). The Palmiere
ridge northeast of Palmiere Creek, south of the Iskut River.  dacite-mudstone unit is overlain by the Bowser Lake Group.
Relationships on Pillow Basalt ridge suggest that the Palmiere  On the southern end of Pillow Basalt ridge, dacite breccias
unit onlaps all older Iskut River units as well as thrust faults  show incipient fragmentation textures. Large olistoliths of
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limestone are scattered within it. One has yielded Early Permian
conodonts (F129, Read et al., 1989). A macrofossil collection
from the unit is Middle or possibly early Late Jurassic (F141,
Read et al., 1989).

The Palmiere unit appears to be the youngest unit in the Iskut
River Formation. Its suggested unconformable relationship
to other Iskut River units and structures should be further
investigated, and more precise ages obtained. The Palmiere
unit could provide constraints on episodes of transtension and
transpression, or transfer from releasing to restraining bends,
within the overall Eskay rift (Alldrick et al., 2005b).

4. Kinaskan Plateau-Klastline Plateau-Todagin Plateau
area

This area was initially mapped at 1:250,000 scale by
Souther (1972). The Klastline and Todagin plateau areas were
subsequently mapped at 1:50,000 scale (Ash etal., 1996, 19974,
b). In their study of the Stuhini, Hazelton, and Bowser Lake
groups in the Spatsizi Plateau area, Evenchick and Thorkelson
(2005) overlapped the eastern limit of the present study near
Ealue Lake and included a partial re-interpretation of mapping
by Ash et al. (1997a) on the Todagin Plateau (Evenchick and
Green, 2004). To constrain the northern termination of the
Eskay rift, Alldrick et al. (2004a, 2006) extended mapping to
Kinaskan Lake and southern Todagin Plateau.

In the following, we replace the codes that were used for
two new Hazelton map units recognized in the area by Ash et
al. (1997a) with informal stratigraphic names, and substitute
units within the Iskut River Formation for unit codes used in
Alldrick et al. (2004a, 2006; Figs. 8, 9). Uppermost Triassic (to
lowermost Jurassic?) andesites in the lower Hazelton Group are
included in the Klastline formation and Lower Jurassic (partly
or wholly Pleinsbachian to Toarcian) bimodal volcanic and
sedimentary strata in the upper Hazelton Group are included in
the Eddontenajon formation. Also, we correlate a siliciclastic-
limestone unit in the upper Hazelton Group with the redefined
Spatsizi Formation of Gagnon et al. (2012), and an overlying
thinly bedded siliceous unit with the Quock Formation.
Conglomerates and sedimentary breccias, basalt and felsic
volcanic rocks near Kinaskan Lake are considered part of the
Iskut River Formation, and named accordingly.

4.1. The lower Hazelton Group
4.1.1. Klastline formation (new name)

Ash et al. (1996, 1997a, b) recognized extensive andesitic
volcaniclastic deposits and lesser flows unconformably above
the Stuhini Group on the Klastline and Todagin plateaus
(Fig. 14a) and referred to them using informal map code
designations (units TrJavb and lJavb in Ash et al., 1997a).
Pending detailed study, we propose the informal name Klastline
formation for these rocks.

The andesites contain plagioclase phenocrysts accompanied
by either pyroxene or hornblende. They unconformably overlie
steeply dipping greywacke-argillite and pyroxene-phyric
basalt of the Stuhini Group (Ash et al., 1996, 1997a; C. Rees,
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unpublished, 2017). Mapping of the Todagin Plateau near
the Red Chris mine (Rees et al., 2015; C. Rees, unpublished,
2017) confirmed the existence of the lower Hazelton volcanic
unit, and at one locale documented a conglomerate at its base
above the Stuhini Group. The basal conglomerate contains
intrusive and chert clasts (Fig. 14b). Its matrix, quartz-bearing
arkose with orange-weathering carbonate cement, physically
resembles the Snippaker unit. Detrital zircon peaks at 225
and 330-355 Ma indicate regional exhumation of the Stuhini
Group and its Paleozoic basement (J. Nelson and B. van
Straaten unpublished 2017). A detrital zircon sample from
basal volcanogenic sandstone on the Klastline Plateau displays
a major peak of ca. 205.4 Ma (A. Zagorevski, unpublished,
2017). This maximum depositional age likely approximates
the actual age of the sandstone because the preservation of
microlites suggests a proximal volcanic source. Kilastline
andesites have been interpreted as the volcanic equivalents of
the ca. 206 Ma Red and Groat stocks (Friedman and Ash, 1997;
Hollis, 2011), which intrude the underlying Stuhini Group. We
suggest that this be named the Tatogga intrusive suite, after
Tatogga Lake. The Klastline formation is intruded by numerous
smaller undated bodies of the same suite.

North of Ealue Lake, a trachyte from the Klastline formation
yielded aca. 202 Ma U-Pb zircon age (Ash etal., 1997b). Farther
north and at higher elevation on the tableland, a linear body of
fossiliferous limestone and limestone breccia is intercalated
with the plagioclase-phyric volcanic breccias. The limestone
contains Late Triassic conodonts (Ash et al., 1997b). Because
of its age, the limestone was previously considered to be a small
inlier of the Stuhini Group below the volcanic pile (Ash et al.,
1997a). However, limestone breccia contains volcanic matrix,
and volcanic clasts occur within limestone (Fig. 14c; J. Nelson,
unpublished, 2014), suggesting that this limestone represents
small bank deposits on the Klastline volcanic edifice.

On Kilastline Plateau, small bodies of limestone and fossil
hash with a volcaniclastic matrix occur within the andesitic
succession. They were described by Ash et al. (1997a, b) as
olistoliths. One of these occurrences is an andesite breccia
containing small colonial corals, brachiopods, and gastropods,
which appear to have been incorporated as individuals in a
volcanic mass flow deposit (Fig. 14d; J. Nelson, unpublished,
2014). Fossils from three collections include Paleocardita,
Myophoria, Pinna, and Plicatula perimbricata Gabb; assigned
a Late Norian (Suessi zone) age (E.T. Tozer in Souther, 1972).
Some of these genera are also recognized in the Rhaetian of
Europe (Hallam and Wignall, 1997). The base of the Rhaetian is
now placed between ca. 205.5 Ma and its top at ca. 201.58 Ma
(Ogg, 2012). Given its current age constraints, the Klastline
formation is latest Triassic (Rhaetian), with possible range into
earliest Jurassic. It is coeval with the Griffith Creek volcanics
in the Spatsizi area (Fig. 9; Thorkelsen et al., 1995) and with
the Snippaker unit to the south (Fig. 5). It is physically isolated
from, and older than, the Betty Creek Formation, and represents
a separate, earlier episode of Hazelton andesitic volcanism.
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Fig. 14. Representative photographs of Klastline formation. a) Andesite breccia forms mountains west of Tatogga Lake. b) Basal conglomerate
west of Red Chris (446000 E, 6394000 N). c) Limestone with andesitic tuff inclusions displaying embayed and flame-like boundaries, north of
Ealue Lake (448290 E, 6406500 N). d) Coral clasts in andesite breccia, Klastline Plateau (429680 E, 6402520 N).

4.2. Units in the upper Hazelton Group
4.2.1. Eddontenajon formation (new name)

Pleinsbachian to Toarcian basalt, pillow basalt, rhyolite
and interbedded limestone, calcareous sandstone and shale
occur on southern Todagin Plateau and as scattered outliers
on Kilastline Plateau, unconformably overlying Klastline
formation andesites (Figs. 3, 9). These rocks were designated
as IJmv (mafic volcanic rocks), 1Jfv (felsic volcanic rocks)
and LI (limestone) by Ash at al. (1997a). Ash et al. (1997b)
reported a ca. 180 Ma age from a rhyolite on Todagin Plateau.
At the Todagin section, a rhyolite (U-Pb zircon, 185.6 +6.1-
0.6 Ma) is interbedded with sandstone from which a late Early
Pleinsbachian ammonite fauna was collected (Palfy et al.,
2000). Another rhyolite in this area yielded a 181 +4 Ma U-Pb
zircon age (J. Nelson and D. Alldrick, unpublished, 2017).
Souther (1972) reported Early Jurassic fossils from one locality
on Klastline Plateau.

The sedimentary components of this unit resemble the
Spatsizi Formation in age and character. However the bimodal
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volcanic rocks physically resemble those of the Iskut River
Formation. A local name for this unit is appropriate, leaving
potential correlations and interpretations for future work. We
consider it part of the upper Hazelton Group because of its age
and unconformable relationship to the Klastline formation.

4.2.2.Spatsizi Formation

A thin equivalent of the Spatsizi Formation outcrops along
the southern edge of the Todagin Plateau, unconformably
overlying the Stuhini Group and Klastline formation (Rees et
al., 2015; C. Rees, unpublished mapping, 2017) and probably
the Eddontenajon formation farther west. It includes bioclastic
calcarenite that grades into fine-grained limestone, and
feldspathic-lithic sandstone.

4.2.3. Quock Formation

Chert and siliceous argillite with pale felsic tuff laminae
occur on the southern Todagin Plateau as a thin, continuous
unit above the Spatsizi Formation and immediately below the

Geological Fieldwork 2017, British Columbia Ministry of Energy, Mines and Petroleum Resources, British Columbia Geological Survey Paper 2018-1



Nelson, Waldron, van Straaten, Zagorevski, and Rees

basal beds of the Bowser Lake Group (Rees et al., 2015; Fig. 9).

4.2.4. Iskut River Formation

The northernmost outcrops of possible Iskut River Formation
lie west and east of southern Kinaskan Lake (Fig. 3).
They include immature, poorly bedded conglomerates and
sedimentary breccias of the Kinaskan conglomerate unit (see
above; Alldrick et al., 2004b), interfingering with basalt and
felsic volcanic rocks. The conglomerate contains macrofossils
considered Bajocian and younger (Souther, 1972; D. Alldrick
and J. Nelson, unpublished). This succession abuts the
Eddontenajon formation at the western edge of Todagin Plateau.
Although different in age (Middle Jurassic vs. Pleinshachian-
Toarcian), the two units have similar characteristics, i.e.,
basalt and rhyolite with interlayered siliciclastic beds. The
contact between them is mostly covered and interpreted to be
structural. Further mapping and geochronological work in this
area is required to establish their relationship.

5. Discussion

Integration of mapping studies conducted in the Iskut
region of western Stikinia has brought new understanding of
the Hazelton Group, and provides a stratigraphic framework
for related intrusions and mineral deposits. Newly defined
uppermost Triassic (to lowermost Jurassic?) basal Hazelton
units include the Klastline formation near the hamlet of Iskut and
the Snippaker unit in the lower Iskut River area. Detrital zircon
and fossil ages in these units indicate deposition in the Rhaetian
(ca. 206-203 Ma) coeval with the emplacement of the Tatogga
intrusive suite and porphyry mineralization at Red Chris and
GJ. Close association of the Klastline formation and Tatogga
intrusive suite suggests a temporal and probably causative link
between the local onset of Hazelton volcanism and porphyry
intrusion and mineralization. The abrupt appearance of older
detrital zircon populations in basal Hazelton conglomerates
attests to tectonically-induced denudation immediately
preceding the onset of Hazelton deposition.

The Hazelton magmatic axis apparently shifted southwards
by nearly a hundred kilometres between latest Triassic and
Early Jurassic time, to the lower Iskut-McTagg region. Early
Betty Creek volcanism coincided with emplacement of Texas
Creek plutons. Of these, the Mitchell suite gave rise to the
Kerr, Sulphurets, Mitchell and Iron Cap porphyry systems,
and plutons of the Lehto suite caused porphyry and related
gold mineralization in the Snip-Johnny Mountain-Inel-KSP
camp. Epithermal gold mineralization at Valley of the Kings
was formed during the waning stages of the magmatic episode,
overlapping ages of felsic volcanic and intrusive rocks of the
Brucejack Lake felsic unit.

All Middle Jurassic upper Hazelton Group units that fill
the Eskay rift are included in the Iskut River Formation, as
recommended by Gagnon et al. (2012). This supersedes the
abandoned term Salmon River Formation. The Iskut River
Formation is divided into seven informal, lithostratigraphic
units: the Willow Ridge mafic unit, Bruce Glacier felsic unit,
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Mount Madge sedimentary unit, Kinaskan conglomerate,
Downpour Creek siliciclastic unit, and Palmiere unit; and one
formal member, the Eskay Rhyolite Member. The informal
terms are applicable throughout the northern part of the Eskay
rift, and probably beyond.

The Eskay rift opened as a post-arc extensional to mildly
transtensional, terrane-scale feature in response to the collision
of Stikinia with adjacent terranes (Nelson et al., 2013). Mainly
andesite volcanism in the lower Hazelton Group was succeeded
by bimodal basalt-rhyolite volcanism in the rift, which provided
the setting for volcanogenic massive sulphide deposits such
as Eskay Creek and Anyox. In detail, the Eskay deposit lies
in an interval of fine-grained sedimentary strata immediately
above footwall rhyolite (Childe, 1996). The association of thin
Mount Madge siliceous sedimentary units with rhyolite is thus
an important exploration criterion in the Iskut River Formation.
This critical association has been observed on Pillow Basalt
ridge and to the north in the “Four Corners” area (Alldrick
et al., 2005b). Dark siliceous mudstone beds in the middle
sedimentary unit on Table Mountain (Downpour Creek unit)
host laminated syngenetic pyrite (Alldrick et al., 2004b).

Work with the existing set of geological maps and supporting
data has identified a number of knowledge gaps in the area
that will benefit from future studies. First, the newly defined
Klastline formation needs detailed documentation through
mapping and construction of reference sections. Its absolute
age is currently based on a few unpublished U-Pb ages. Its
internal and external unit relationships require re-examination,
in particular its unconformable contacts with the Stuhini
Group. Comparison of ages and geochemistry with the many
small plutons of the Tatogga intrusive suite will test the
degree of consanguinuity between intrusive and extrusive
magmatism. Porphyry mineralization of the Castle occurrence
(BC MINFILE 104G 076) and newly discovered epithermal
veins in the Saddle zone have yet to be studied in this context.

Second, the Eddontenajon formation also requires further
study. Structural and stratigraphic relationships between the
Eddontenajon formation (Lower Jurassic) and Iskut River
Formation (Middle Jurassic) on the western margin of the
Todagin Plateau need clarification. This will result in greater
understanding of the apparent northern termination of the
Eskay rift. Was it simply a propagating rift tip? Or did the
north-trending rift terminate against nearly orthogonal faults
of the Pitman system (Fig. 1)? Did bimodal Eddontenajon
volcanism evolve into that of the Iskut River Formation? How
do their trace-element chemistries compare?

Third, an age from the Bruce Glacier unit on the east limb
of the Eskay anticline (174.10 +0.68/-0.72 Ma; Childe, 1996),
is currently the sole radiometric age used to establish the
absolute age of the Aalenian in the 2012 Geological Time Scale
(Schmitz, 2012). Near the sample locality, it is overlain by
sedimentary strata that contain Late Aalenian fauna (Nadaraju
and Lewis, 2001). The Treaty ridge section offers an excellent
opportunity to improve understanding of Aalenian stage
boundaries via combined fossil zonation and absolute ages.
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This section contains Late Aalenian fossils at the top of the
Spatsizi Formation (formerly Treaty Ridge Member; Nadaraju,
1993; Lewis, 2013), overlain by basalt and rhyolite of the
Iskut River Formation. The rhyolite has yielded a concordant,
U-Pb age of 174.7 +1.4 Ma (Cutts et al., 2015). The current
age pick for the base of the Aalenian, 174.1 +1.0 Ma (Ogg and
Hinnov, 2012), thus probably requires downward revision.
The fossiliferous strata contain thin felsic tuff beds (P. Lewis,
personal communication, 2017), offering an opportunity
for establishing additional absolute age constraints in this
important section.

6. Conclusions

A revised stratigraphic framework for the Hazelton Group
in the Iskut River region sets it in the context of Stikinia-
wide recommendations (Gagnon et al., 2012), highlights the
importance of basal units within the uppermost Triassic, and
offers a technically correct terminological scheme that meets
the requirements of the North American Stratigraphic Code.

e The Hazelton Group is divided into upper and lower
parts. The lower Hazelton Group comprises basal
siliciclastic units (Jack Formation, Snippaker unit), and
andesite and minor felsic volcanogenic accumulations
(Klastline formation, Betty Creek Formation). The upper
Hazelton Group comprises the Spatsizi, Mount Dilworth
and Quock formations regionally, the Eddontenajon
formation locally and, within the Eskay rift, the Iskut
River Formation.

e The Kilastline formation and Snippaker unit are of
Rhaetian, latest Triassic age, coeval with the Griffith
Creek volcanics in the Spatsizi Plateau (Thorkelsen et
al., 1995) and the lower Telkwa Formation near Terrace
(Barresi et al., 2015a).

e Lithostratigraphic subdivisions of the Betty Creek and
Iskut River formations are recast as informal units, with
the exception of the Eskay Rhyolite Member.

Stratigraphic names recommended here will be applied to

map units in the upcoming revision of Iskut geology in the
digital geological map of British Columbia, to be released this
year.
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Abstract

Continued mapping and geochronologic studies on the northeast margin of Stikinia east of Dease Lake indicate that Late Triassic plutonic
rocks of the Cake Hill pluton are unconformably overlain by late Early to Middle Jurassic rocks in the upper part of the Hazelton Group. The
unconformity, which has been traced laterally for 50 km, spans at least 30 m.y. and represents one of the few examples of unroofed Stuhini arc in
northern Stikinia. The unconformity is overlain by sedimentary rocks of the Spatsizi Formation (up to 0.2 km thick, Toarcian) and volcanic rocks
of the Horn Mountain Formation (at least 3.5 km thick, Aalenian-Bajocian). The recently-defined Horn Mountain Formation is unusual because
it postdates typical Late Triassic to Early Jurassic arc volcanism in northern Stikinia, and was deposited during accretion of the Stikine and
Cache Creek terranes. In the lower part of the Horn Mountain Formation, partly or wholly subaqueous, massive green augite-plagioclase-phyric
volcanic breccia pass upward to a subaerial volcanic edifice composed of interlayered maroon augite-plagioclase-phyric flows, volcanic breccia
and tuff. Felsic volcanic rocks cap the succession. The Horn Mountain Formation is cut by the Three Sisters pluton (ca. 173-169 Ma, Aalenian-
Bajocian) and McBride River pluton. The McBride River granodiorite has hitherto been interpreted as Early Jurassic (ca. 184 Ma), but based on
crosscutting relationships we suggest a Middle Jurassic or younger age to be more plausible. The Bowser Lake Group (Bajocian) conformably
overlies the Horn Mountain Formation; it records initiation of erosion from the Stikinia-Cache Creek tectonic welt. Chert and limestone clast-
bearing pebble to cobble conglomerate (>330 m thick) is interpreted to have formed close to range front faults along the building orogen. The
coarse clastic facies transitions to interbedded subaerial siltstone, sandstone, chert clast-bearing conglomerate, and mafic flows (>430 m thick)
farther south. In the northern part of the study area, the Horn Mountain Formation and Bowser Lake Group are structurally overlain by rocks of
the Whitehorse trough, juxtaposed along the Kehlechoa thrust fault (south vergent). In the hanging wall, Sinwa Formation limestones (Upper
Triassic) are unconformably overlain by Takwahoni Formation sedimentary rocks (Lower Jurassic). The Takwahoni Formation succession
comprises a lithologically variable unit of fine-grained siliciclastic rocks, polymictic conglomerate and volcanic rocks (Sinemurian?) that
appears to grade upward to a thick unit of interbedded sandstone and siltstone (Pliensbachian). In the northernmost part of the map area, rocks of
the Whitehorse trough are structurally overlain by rocks of the Cache Creek terrane along the King Salmon thrust fault (south vergent).

At Tanzilla and McBride, northwest of the study area, the Horn Mountain Formation hosts large advanced argillic alteration systems. However
in the present area, evidence of alteration and mineralization is more modest. Four grab samples from two intrusion-related hydrothermal
alteration zones west and southeast of the McBride River returned no anomalous metal values. Several Cu-Ag mineral occurrences with limited
alteration footprints are hosted in the middle and upper part of the Horn Mountain Formation in the southeast part of the map area. Polymetallic
veins near the Kehlechoa and King Salmon thrust faults locally contain significant gold and silver.

Keywords: Horn Mountain Formation, Spatsizi Formation, Hazelton Group, Bowser Lake Group, Stuhini Group, Cake Hill pluton, Three
Sisters pluton, McBride River pluton, Hotailuh batholith, Takwahoni Formation, Sinwa Formation, Kehlechoa fault, Jurassic, McBride River,
Tanzilla, Stikine terrane

1. Introduction at understanding the host rocks of large hydrothermal alteration

This paper presents the results of the third year of a zones at Tanzilla (Fig. 2), identified a sedimentary succession
mapping project focussed on an unusual volcano-sedimentary  (up to 1 km thick) overlain by a volcanic succession (ca. 5.4 km
succession southeast of Dease Lake (northern Stikinia; Fig. 1).  thick). They found the units to be late Early to Middle Jurassic,
Before this project, the succession was poorly understood. and defined the volcanic unit as the Horn Mountain Formation
Part of it was assigned to the Takwahoni Formation (Lower (part of the upper Hazelton Group). Mapping in 2016 extended
Jurassic), part to the Stuhini Group (Triassic), and part to  the along-strike length of this succession from Gnat Pass to the
Triassic-Jurassic volcanic rocks that could correlate with either ~ McBride River (Fig. 2; van Straaten and Gibson, 2017; van
the Stuhini Group or the Hazelton Group (Gabrielse, 1998).  Straaten et al., 2017). The Horn Mountain Formation is unusual
Detailed mapping by van Straaten and Nelson (2016) directed  because it postdates typical Late Triassic to Early Jurassic
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Fig. 1. Geology of northern Stikinia with emphasis on Middle to Late Jurassic geology and tectonic elements. Boundary of Hazelton trough from
Marsden and Thorkelsen (1992); boundary of Eskay rift from Gagnon et al. (2012). Modified from van Straaten and Nelson (2016).
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volcanic arc successions in northern Stikinia, formed during
accretion of the Stikine and Cache Creek terranes, and occupies
a position adjacent to their suture (van Straaten and Nelson,
2016). Between the Tanzilla gossan and the McBride River,
the Horn Mountain Formation hosts several porphyry- and
epithermal-style mineral occurrences attributed to a Middle
Jurassic magmatic-hydrothermal event. The syncollisional
Middle Jurassic magmatic event represents a potential
new metallogenic epoch for the Canadian Cordillera and is
prospective for porphyry- and epithermal-style mineralization
(van Straaten and Nelson, 2016).

Herein we present the results of two months of 1:20,000-scale
mapping carried out by two field teams along the McBride
River, representing an eastward continuation of work carried
out in 2015 and 2016 (Fig. 3). We demonstrate continuity of
the Spatsizi and Horn Mountain formations to a strike length
of at least 80 km. We show the Horn Mountain volcanic rocks
to be conformably overlain by largely subaerial synorogenic
siliciclastic strata of the Bowser Lake Group. This contact
records the interaction between Middle Jurassic (Bajocian)
volcanism and initial debris shed from the Stikinia-Cache
Creek tectonic welt, and provides further evidence for the
syncollisional nature of the volcanic rocks.

2. Geological setting

The study area is in the Intermontane belt of the Canadian
Cordillera, near the northeastern margin of the Stikine terrane
(Stikinia; Fig. 1). Stikinia represents a multi-episodic volcanic
island arc complex that accreted to ancestral North America
during the Middle Jurassic (Nelson and Mihalynuk, 1993;
Mihalynuk et al., 1994; Evenchick et al., 2007; Nelson et
al., 2013). Volcanic and sedimentary rocks of the Stikine
assemblage (Devonian to Permian), basement to Stikinia,
are overlain by volcanic and related sedimentary rocks of
the Stuhini Group (Triassic) and the Hazelton Group (Early
to Middle Jurassic; Tipper and Richards, 1976; Marsden
and Thorkelson, 1992). Also in the Intermontane belt, the
Quesnel terrane (Quesnellia), is a volcanic island arc with a
similar Devonian to Early Jurassic history. The two volcanic
arcs are separated by the Cache Creek terrane, an accretionary
complex of oceanic crustal rocks, primitive arc ophiolites,
pelagic rocks, carbonate rocks, and blueschists (Fig. 1). The
northeastern margin of Stikinia and adjacent Cache Creek
terrane are covered by Lower Jurassic siliciclastic rocks of the
Whitehorse trough (Fig. 1; Colpron et al., 2015). Accretion of
Stikinia to the Cache Creek terrane, Quesnellia, and ancestral
North America is recorded by deposition of Bowser Lake
Group siliciclastic rocks (Middle Jurassic) in a foreland basin
atop Stikinia (Evenchick et al., 2007). Combined, Stikinia and
Quesnellia host most of the porphyry copper deposits in the
Canadian Cordillera (Logan and Mihalynuk, 2014).

In the present study area (Figs. 2, 3), we recognize two
successions in the upper part of the Hazelton Group that
extend southeast from areas mapped by van Straaten and
Nelson (2016) and van Straaten and Gibson (2017); the
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Spatsizi Formation, a predominantly sedimentary unit and
the Horn Mountain Formation, a predominantly volcanic unit
conformably above the Spatsizi Formation. These units form a
westerly trending belt, about 80 km long and 10 km wide, north
and east of the Hotailuh batholith, along the northeastern edge
of Stikinia (Figs. 1, 2). Both units unconformably overlie Late
Triassic rocks of the Cake Hill pluton. Prior to this project, the
sedimentary rocks were mapped as the Takwahoni Formation
(Lower Jurassic), structurally overlain by volcanic rocks of the
Stuhini Group (Triassic) and an undivided Triassic-Jurassic
unit above an inferred thrust (Hotailuh fault; Anderson,
1983; Gabrielse, 1998). The area east of the McBride River
was previously interpreted as undivided Triassic-Jurassic and
Lower Jurassic volcanic rocks (Gabrielse, 1998); the latter
based on a four-point Rb-Sr whole rock isochron age of 191
+9 Ma from rocks near Mount Sister Mary (Erdman, 1978).
However, rocks previously mapped as part of the Takwahoni
Formation contain an Early to Middle Jurassic detrital zircon
population (ca. 176 Ma peak; Iverson et al., 2012) and the
contact between the Spatsizi Formation and the overlying
volcanic rocks is conformable, not structural (van Straaten et
al., 2012; van Straaten and Nelson, 2016), thus removing the
need for the putative Hotailuh thrust (Fig. 2). These Hazelton
Group units are bounded to the north by the Kehlechoa thrust
fault, which separates it from rocks of the Whitehorse trough
(Takwahoni Formation), to the west by the Gnat Pass fault, and
to the east by overlying siliciclastic strata of the Bowser Lake
Group. Farther north, Cache Creek terrane rocks in the hanging
wall of the south-verging King Salmon thrust structurally
overlie the Takwahoni Formation (Fig. 2).

3. Lithostratigraphic units

Rocks in the study area lie within three tectonostratigraphic
domains that are separated by two north-dipping thrust faults;
the Kehlechoa fault in the south and the King Salmon fault in
the north. Stratigraphic units in the footwall of the Kehlechoa
fault are part of Stikinia; those in between the Kehlechoa and
King Salmon faults are part of the Whitehorse trough; those in
the hanging wall of the King Salmon fault are part of the Cache
Creek terrane (Figs. 3, 4; Table 1). In the following descriptions
we use classifications for sedimentary rocks from Hallsworth
and Knox, (1999) and for igneous rocks from Gillespie and
Styles (1999).

3.1. Stikinia
3.1.1. Stikine assemblage (Paleozoic)

Dark green phyllitic greenstone and light green phyllite
assigned to the Stikine assemblage are exposed south of the
Pitman fault (Fig. 3; Read and Psutka, 1990).

3.1.2. Stuhini Group (Triassic)

A 0.5 km block or roof pendant of dark green augite-
plagioclase porphyry and mafic volcanic breccia is enclosed
within the Cake Hill pluton in the southwest part of the map
area (Fig. 3; van Straaten et al., 2012). A body of mafic volcanic
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rocks 2 km to the southeast is interpreted as Stuhini Group (after
Gabrielse, 1998), but could also be part of the Horn Mountain
Formation.

3.1.3. Hazelton Group (Lower to Middle Jurassic)

\olcano-sedimentary rocks in the upper part of the Hazelton
Group are exposed on both sides of the McBride River (Fig.
3). We divide them into a lower sedimentary succession
(Spatsizi Formation; up to 0.2 km thick), and a conformably
overlying, mainly volcanic succession (Horn Mountain
Formation; at least 3.5 km thick; Fig. 4). On the west flank of
Peak 2102 m, the Spatsizi Formation unconformably overlies
the Cake Hill pluton (Late Triassic); southeast of the peak, the
Horn Mountain Formation unconformably overlies the Cake
Hill pluton. Elsewhere in the western part of the map area,
the stratigraphic level occupied by the unconformity, Spatsizi
Formation and lower part of the Horn Mountain Formation is
cut by the Three Sisters pluton (Middle Jurassic). In the eastern
part of the map area, the middle and upper part of the Horn
Mountain Formation is conformably overlain by the Bowser
Lake Group

3.1.3.1. Spatsizi Formation

The Spatsizi Formation (defined by Thomson et al., 1986
and modified by Evenchick and Thorkelson, 2005 and Gagnon
et al., 2012) is exposed in a 0.6 by 5 km area centered on
Peak 2102 m in the western part of the map area (Fig. 3). It
unconformably overlies the quartz-rich phase of the Cake
Hill pluton (Late Triassic; Section 4.1.), and is conformably
overlain by volcanic rocks of the Horn Mountain Formation.
In the present map area, we recognize a basal sandstone and
conglomerate unit (20-50 m thick), and an overlying argillite,
siltstone, and sandstone unit (~0.2 km thick; Table 1), similar to
subdivisions along strike to the northwest in the adjoining map
area (van Straaten and Gibson, 2017).

The unconformity above hornblende granodiorite of the Cake
Hill pluton is defined on the west flank of Peak 2102 m. After
a covered interval of 1.5 m, coarse- to very coarse-grained
quartz-rich feldspathic arenite and granule conglomerate with
granitic pebbles (Fig. 5a) appear. Calcic exoskarn is commonly
observed in calcareous sandstone near the contact, and locally
adjacent to felsic dikes that cut the Spatsizi argillite, siltstone
and sandstone unit. The skarn consists of brown garnet and
green diopside bands alternating with cream-coloured bands
containing minor epidote. Late Early to Middle Jurassic felsic
intrusions (unit EMJf or MJTSgr, see Sections 4.2., 4.3.) were
likely responsible for skarn development and we speculate that
the flow of metasomatic fluids may have focussed along the
anisotropy provided by the unconformity. Geochronological
results from the hornblende granodiorite (216.2 1.2 Ma,
van Straaten et al., 2012), and ammonite collections from
the Spatsizi Formation in the map area (Toarcian, Gabrielse,
1998) and fossils along strike to the west-northwest (late
Pliensbachian to Toarcian, van Straaten et al., 2017) indicate a
significant hiatus across the unconformity. Consistent with the
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interpretation of an unconformity, grain size in the granodiorite
does not decrease towards the contact, granodiorite dikes
are lacking in the Spatsizi Formation, and the contact lacks
evidence of a fault.

Crudely bedded medium- to very coarse-grained quartz-
rich feldspathic arenite and granule conglomerate with
granitic pebbles in the basal unit (Fig. 5a) grade upward to a
unit of argillite, siltstone, and sandstone (Fig. 5b). Abundant
incomplete Bouma-like sequences include fining upward,
internally massive to locally laminated sandstone beds with
scoured bases that generally grade upward into parallel
laminated siltstone. These sandstone-siltstone couplets are
interpreted as subaqueous mass flow deposits. Interbedded
argillite, siltstone and very fine- to medium-grained sandstone
are generally strongly silicified and contain 5-10% disseminated
pyrite (Section 7.1.). The unit also includes thick to very thick
feldspathic arenite beds, and rare mafic volcanic rocks.

The base of the Spatsizi Formation marks the change from
latest Triassic - Early Jurassic uplift and erosion of northern
Stikiniato late Early Jurassic subsidence and sedimentation. The
basal unconformity represents one of the few well-documented
examples of the pre-late Early Jurassic unroofing of a Triassic
pluton in northern Stikinia. The associated hiatus spans at least
30 m.y. (Fig. 4), a period of time that saw widespread lower
Hazelton Group volcanism and the latest Triassic and Early
Jurassic porphyry copper metallogenic epochs farther south
(e.g., Galore Creek, Red Chris, KSM; Logan and Mihalynuk,
2014). The unconformity in the Dease Lake area contrasts with
the latest Triassic sub-Hazelton Group unconformity in the
south, which spans <5 m.y. (Nelson et al., 2018). Regionally,
the Spatsizi Formation is correlated with the predominantly
siliciclastic Nilkitkwa Formation east and northeast of Smithers
(Marsden and Thorkelson, 1992). The north-northwest trend of
the Spatsizi and Nilkitkwa formations records Pliensbachian
to Toarcian marine sedimentation in a back-arc or intra-arc
depression (Hazelton trough, Fig. 1; Tipper and Richards,
1976; Marsden and Thorkelson, 1992; Gagnon et al., 2012).

3.1.3.2. Horn Mountain Formation

Herein, we significantly expand the known along-strike
extent of the Horn Mountain Formation (defined by van
Straaten and Nelson, 2016) to 80 km. This predominantly
volcanic succession displays relatively consistent stratigraphy
and lithological characteristics along its strike length. In the
McBride River study area, we recognize three subdivisions that
are similar to those in the adjoining map area to the northwest
(van Straaten and Gibson, 2017); the lower mafic volcanic unit,
the middle maroon volcanic unit and the upper felsic volcanic
unit (Fig. 4, Table 1). The lowermost volcanic units and the
upper mafic volcanic unit of van Straaten and Gibson (2017)
were not observed in the study area.

West of the McBride River, moderately northeast-dipping
volcanic rocks of the Horn Mountain Formation conformably
overlie the Spatsizi Formation. Here, the Horn Mountain lower
mafic volcanic unit is overlain by the middle maroon volcanic
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Fig. 3. Geologic map of field area. See Figure 2 for location.

unit with an apparent conformable contact. Along the McBride  trending faults (Section 5.1.). Here, the formation comprises
River, the Horn Mountain Formation is cut by the McBride the middle maroon volcanic unit, which is generally overlain
River pluton (Middle Jurassic or younger, Section 4.4.). by the upper felsic volcanic unit; both are conformably overlain
East of the McBride River, the Horn Mountain Formation is by sedimentary rocks of the Bowser Lake Group in the north,
moderately to gently southeast-, east- and northeast-dipping to  east and south (Fig. 3).

subhorizontal, and cut by north-northeast to north-northwest
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Fig. 4. Schematic stratigraphic, plutonic, and structural relationships
for Triassic to Jurassic rocks in the map area. Abbreviations: felsic
intrusive (f), Bowser Lake mafic volcanic rocks (v), Hettangian (He),
Bajocian (Baj), Bathonian (Bat), Callovian (Cal). Chronostratigraphic
ages from Cohen et al. (2013, updated February 2017).

The lower mafic volcanic unit is at least 2 km thick and
consists predominantly of massive greenish-grey monomictic
volcanic breccia to tuff breccia with augite-plagioclase-phyric
clasts (Fig. 6a; Table 1). In most locations, the base of the unit is
marked by a felsic volcanic subunit (up to 20 m thick; Fig. 6b).
The lower contact of the unit is conformable, displaying
gradational to locally sharp relationships with rocks in the upper
part of the Spatsizi Formation. On the northwest ridge of Peak
2102 m, a ~5 m-thick gradational contact shows interfingering
siltstone, sandstone and felsic volcanic rocks. In the valley
east of Peak 2102 m, stratified sedimentary rocks (locally with
m-scale intraclasts) were observed immediately below and
above the felsic volcanic subunit. We consider that the unit was
deposited subaqueously because similar lower Horn Mountain
Formation units along strike to the northwest locally contain
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Fig. 5. Spatsizi Formation. a) Basal conglomerate unit (ImJSPcg).
Granule conglomerate with quartz fragments in a very coarse
sandstone matrix. b) Argillite, siltstone and sandstone unit (ImJSPs).
Strongly silicified thinly laminated to thinly bedded siltstone and fine-
grained sandstone.

pillows and interfinger with sedimentary rocks interpreted as
submarine (van Straaten and Gibson, 2017). A mafic volcanic
breccia with minor granitic clasts outcrops 5.3 km southeast
of Peak 2102 m, ~400 m from the Cake Hill pluton. The
contact was not observed, but it is likely unconformable. In the
adjoining map area to the northwest, similar Horn Mountain
granitic clast-bearing mafic volcanic breccias rest directly on
the Cake Hill pluton (van Straaten and Gibson, 2017). Within
the lower mafic unit, a volcaniclastic sandstone subunit (up to
60 m thick) was mapped 2.8 km east of Peak 2102 m; it is
inferred to pinch out along a short distance.

The middle maroon volcanic unit contains interlayered
mafic to intermediate lapilli-tuff, tuff, flows, lapillistone,
tuff breccia and breccia (Fig. 7, Table 1). Clasts are augite-
plagioclase-phyric, plagioclase-phyric and aphyric. The
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Fig. 6. Horn Mountain Formation. a) Lower mafic volcanic unit
(ImJHMLvm). Massive monomictic  augite-plagioclase-phyric
volcanic breccia to tuff breccia cut by a metre-scale subvolcanic mafic
dike (EMJm). b) Lower felsic volcanic subunit (ImJHMLvf). Tuff
breccia with felsic flow-banded clasts.

thickness of the unit is difficult to estimate due to a lack of
marker units, truncation by the McBride River pluton, and
poorly constrained offset along faults. It is at least 1.5 km thick,
but may be significantly thicker. We interpret the bedding-
parallel coherent intervals as flows because they 1) overlie and
underlie breccias interpreted as flow-marginal autobreccias;
2) overlie red baked tuffs; and 3) gradationally overlie spatter
deposits with rare cow-pat-shaped vesicular clasts. Delicate
pumiceous clasts and welded lapilli-tuff suggest subaerial
deposition. The unit contains minor 0.1-20 m-thick felsic
volcanic intervals composed of tuff, lapilli-tuff, lapillistone
and volcanic breccia. A 70 m-thick interval of felsic volcanic
rocks, including a spherulitic to flow-banded felsic coherent
rock interpreted as a flow, are 1.7 km north-northeast of Peak
2087 m. In one location near the base of the northwest ridge of
Peak 2087 m we observed abundant limestone clasts in brick
red tuff and lapilli-tuff. The broad ridge incorporating Peak
1402 m north of the Stikine River exposes a succession of rusty
brown to maroon augite-plagioclase-phyric coherent rocks,
brown weathering lapilli-tuff to lapillistone with plagioclase-
phyric lapilli and local intervals (probable intrusions) of coarse
platy plagioclase porphyry. We include this unit, designated as
mJgv and mJvp by Read and Psutka (1990), within the middle
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Fig. 7. Horn Mountain Formation, middle maroon volcanic unit
(ImJHMMv). a) View of interlayered lapilli-tuff, tuff, flows,
lapillistone, tuff breccia, breccia and rare felsic volcanic rocks on
the north face of Peak 2087 m. b) Massive, clast-supported maroon
lapillistone.

maroon volcanic unit. The lower contact of the middle maroon
volcanic unit was not observed, but the presence of maroon
lapilli-tuff to crystal tuff in the top of the lower mafic volcanic
unit suggests that the contact is gradational.

The upper felsic volcanic unit is up to 100 m thick, and
contains felsic tuff, lapillistone, tuff breccia, breccia and flows.
Clasts are plagioclase-phyric to aphyric and commonly flow
banded (Fig. 8). The unit thins to 2-4 m in the southwest, and
is either absent or thin and recessive in the south and southeast.
The lower contact is gradational based on the following

Fig. 8. Horn Mountain Formation, upper felsic volcanic unit
(mIJHMUV). Tuff breccia with angular flow-banded felsic clasts.
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observations. 1) On aridge 2.9 km north-northeast of Peak 2087
m, maroon augite-plagioclase-phyric flows (middle maroon
volcanic unit) are conformably overlain by felsic lapillistone
with flattened pumices grading up to purple and white felsic
tuff breccia with flow-banded clasts (upper felsic volcanic
unit). 2) Two kilometres north-northeast of the CM prospect,
maroon crystal tuff and tuff (middle maroon volcanic unit) are
overlain by felsic tuff breccia and a flow-banded felsic flow
(upper felsic volcanic unit). 3) At the CM prospect, maroon to
brick red crystal tuff and lapilli-tuff (middle maroon volcanic
unit) are overlain by a 50 m-thick flow-banded purple and
white felsic coherent rock (upper felsic volcanic unit).

3.1.4. Bowser Lake Group (Middle Jurassic)

Bowser Lake Group sedimentary rocks conformably overlie
the Horn Mountain Formation east of the McBride River.
We distinguish two sedimentary, one conglomerate and one
volcanic facies (Table 1).

Sedimentary facies 1 (Table 1) is the most common in the
map area, and comprises maroon to greenish-grey siltstone and
sandstone (Fig. 9) with lesser chert clast-bearing conglomerate.

Fig. 9. Bowser Lake Group (mJBLsS), sedimentary facies 1. Maroon
laminated to thinly-bedded siltstone and fine-grained sandstone with
local cross bedding.
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Organic detritus and interbedded volcanic flows (see below)
attest to subaerial deposition.

Minor volcanic rocks (mJBLv, Table 1) are found within
sedimentary facies 1. They include augite-plagioclase-phyric
coherent rocks (Fig. 10a) and subordinate mafic tuff, lapilli-
tuff and lapillistone. In many instances the coherent rocks
show brecciated lower and upper contacts, suggesting they are
extrusive (Fig. 10b). These coherent rocks can be distinguished
from mafic feeder dikes of the Horn Mountain Formation
(EMJm, Table 2) by their smaller grain size and orangey-
brown weathering colour. Laminated, very well-sorted tuff to
lapillistone commonly underlie the flows and likely represent
airfall deposits that preceded the effusive stage. In one location,
we observed possible adhesion warts (Fig. 10c), which form
by wind drifting sand across a damp surface (e.g., Olsen et al.,
1989).

Gabrielse (1998) described “interbedded marine shale and
greenish breccia, siltstone, and tuffaceous shale” containing
early Bajocian ammonites on Peak 1701 m. Based on the
predominantly fine-grained siliciclastic nature and submarine
depositional environment, we assign these rocks to sedimentary
facies 2 (Table 1). The facies likely includes poorly exposed
fine-grained siliciclastic rocks in the northeast part of the map
area near the Kehlechoa fault.

The conglomerate facies (Table 1) is exposed 3.5 km
southeast of Peak 1701 m. It comprises a succession, at least
330 m thick, of chert tlimestone clast-bearing conglomerate
with minor sandstone interbeds.

Light brown weathering chert clast-bearing pebble
conglomerate and recessive, dark grey-to cream-weathering,
laminated to very thinly bedded siltstone and very fine-grained
sandstone is exposed along the north bank of the Stikine River.
It is tentatively assigned to the Bowser Lake Group, but could
also be part of the Sustut Group mapped by Read and Psutka
(1990) across the Pitman fault to the south.

The lower contact of the Bowser Lake Group is conformable
based on observations at six locations. 1) Three-and-a-half
kilometres southwest of Peak 2087 m, the top of the Horn
Mountain middle maroon volcanic unit contains maroon tuff
to lapilli-tuff with rare chert clasts, indicating interfingering
with Bowser Lake Group chert clast-bearing conglomerates.
It is overlain by a light green felsic lapillistone bed (2-4 m
thick) with rare limestone clasts (Horn Mountain upper felsic
volcanic unit) and maroon to greenish-grey laminated to thinly-
bedded siltstone to fine-grained sandstone with rare 5-40 cm-
thick internally laminated limestone beds and very thick chert
clast-bearing pebble conglomerate beds (Bowser Lake Group).
2) One kilometre northwest of Peak 2087 m, felsic lapillistone
grades into stratified crystal tuff (Horn Mountain upper felsic
volcanic unit) and is conformably overlain by an internally
laminated limestone bed and maroon to sea-green siltstone
to fine-grained sandstone (Bowser Lake Group). 3) Six-and-
a-half kilometres south-southwest of Peak 1701 m, maroon
lapilli-tuff with flow-banded felsic clasts fines upward into
very thickly-bedded maroon crystal tuff (Horn Mountain upper
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Fig. 10. Bowser Lake Group, mafic volcanic rocks (mJBLV).

a) Close up of fine-grained augite-plagioclase-phyric coherent rock
with characteristic reddish altered augite. b) Red tuff overlain by
brecciated lower contact of fine-grained augite-plagioclase-phyric
flow. c) Possible adhesion warts in crudely laminated crystal tuff.
Weak alignment and asymmetry may indicate incipient adhesion
ripples.
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felsic volcanic unit) and grades into laminated to thinly-bedded
siltstone to fine-grained sandstone (Bowser Lake Group). 4)
Two kilometres north-northeast of the CM prospect, a 15-
m-thick flow-banded felsic flow is overlain by cream-coloured
tuff breccia with flow-banded clasts that grades upward into
maroon crystal tuff and tuff (Horn Mountain upper felsic
volcanic unit) and laminated maroon siltstone (Bowser Lake
Group). 5) Half a kilometre west of the CM prospect, the top
of the Horn Mountain middle maroon volcanic unit contains
green chert-grain bearing lapillistone indicating interfingering
with Bowser Lake Group. It is overlain by a 50 m-thick purple
and white flow-banded felsic coherent rock (Horn Mountain
upper felsic volcanic unit), maroon and green-grey sandstone
and chert clast-bearing pebble conglomerate (Bowser Lake
Group). 6) The immediate footwall of the north-trending
Kehlechoa fault exposes a narrow strip of chert clast-bearing
pebble to granule conglomerate and sandstone that interfingers
with, and ultimately overlies, the Horn Mountain middle
maroon volcanic unit (Fig. 19; van Straaten and Nelson, 2016).

Regionally, deposition of Cache Creek-derived chert clast-
bearing conglomerate of the Bowser Lake Group records the
onset of erosion from the Stikinia - Cache Creek tectonic welt
(Evenchick et al., 2007). Bowser Lake Group strata in the map
area are on the western margin of a northern outlier of the
Bowser basin (Fig. 1) and contain early Bajocian ammonites
on Peak 1701 m (Fig. 3; Tipper, 1978; Gabrielse, 1998). The
biostratigraphic age is similar to a preliminary detrital zircon
maximum depositional age (ca. 170 Ma) for Bowser Lake
strata overlying Horn Mountain volcanic rocks in the Tanzilla
area (van Straaten and Gibson, 2017). Together with early
Bajocian fossils from chert-clast bearing granule conglomerate
overlying a Whitehorse trough succession in the Lisadele
Lake area (Fig. 1; Mihalynuk et al., 1999; Sirmohammad et
al., 2011), these occurrences represent the oldest documented
rocks in the Bowser Lake Group. Rocks at the base of the
Bower Lake Group get progressively younger towards the
south. Basal strata in the northern part of the contiguous
Bowser basin (Fig. 1) are Bathonian; in the centre and south
they are Callovian to Oxfordian (Evenchick et al., 2010).
Within the contiguous Bowser basin, the Bowser Lake Group
(Middle Jurassic to Cretaceous) comprises a shallowing-
upward succession deposited in submarine fan, submarine
slope, shallow-marine shelf to deltaic environments (Evenchick
and Thorkelson, 2005). The oldest (Bathonian) strata in the
northern and northeastern part of the contiguous Bowser
basin were deposited in submarine fan to submarine slope
environments, followed by deposition in shallow-marine shelf
and deltaic environments by the early Oxfordian (Evenchick
and Thorkelson, 2005; Evenchick et al., 2010).

In the present map area, the conglomerate facies likely
formed in alluvial fans or braided river systems close to range
front faults along the building orogen, with limestone cobbles
to boulders derived from Sinwa Formation rocks in the hanging
wall of thrust ramps. Interbedded fine-grained siliciclastic rocks
and lesser chert clast-bearing conglomerate beds (sedimentary
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facies 1), and minor mafic volcanic flows (volcanic facies)
were likely deposited in a more distal subaerial setting.
We correlate the sedimentary facies 2 in the map area with
coeval strata in the Tanzilla area (Fig. 2) where Bowser Lake
conglomerate, sandstone and siltstone unconformably overlie
the Horn Mountain Formation; clasts are locally-derived and
the succession contains marine fossils (van Straaten and Nelson,
2016). The sedimentary rocks may have formed an elongate
marine basin on the northern margin (present coordinates) of
waning Horn Mountain volcanic centres.

3.2. Whitehorse trough

Strata of the Whitehorse trough are exposed in a west-
northwest to east-southeast trending fault panel bounded by
the Kehlechoa and King Salmon thrust faults; the belt abruptly
narrows from ~13 km in the north central part of the map
area to ~3-5 km in the west (Figs. 2, 3). Limestones of the
Sinwa Formation are exposed in the immediate hanging wall
of the Kehlechoa fault, and are overlain by siliciclastic rocks,
polymictic conglomerates, and volcanic rocks of the Takwahoni
Formation (Laberge Group; Table 1).

3.2.1. Sinwa Formation (Upper Triassic)

Light to medium grey Sinwa Formation limestones
(Table 1; Late Norian, Gabrielse, 1998) form the basement
to the Whitehorse trough succession. The Sinwa Formation-
Takwahoni contact is hidden by a 35 m-long covered interval.
The lowest Takwahoni Formation rocks exposed are fine-
to medium-grained sandstones (this study), which yielded
Sinemurian fossils along strike (Gabrielse, 1998). Based on the
apparent time gap, the contact is likely an unconformity.

3.2.2. Takwahoni Formation (Lower Jurassic)
3.2.2.1. Lower unit

The southern portion of the Kehlechoa-King Salmon fault
panel exposes a right-way-up, moderately north-dipping
and lithologically-variable sequence. Within this sequence
we distinguish four facies: argillite, siltstone and sandstone
(Fig. 11); volcaniclastic sandstone; volcanic (Fig. 12); and
conglomerate (Fig. 13, Table 1). The conglomerate and volcanic
facies are exposed mainly on ridges, and detailed mapping
suggests they form laterally discontinuous 100 m- to 3 km-
scale bodies in argillite, siltstone and very fine- to fine-grained
sandstone (Fig. 3). This map pattern is mimicked on a smaller
scale, where we found several 0.1-50 m bulbous conglomerate
bodies enveloped by fine-grained siliciclastic rocks (Fig. 13a).
The conglomerate is predominantly polymictic and contains
limestone, (sub)volcanic and lesser plutonic clasts (Fig. 13b).
The (sub)volcanic clasts in the conglomerate facies and volcanic
clasts in the volcanic facies are compositionally and texturally
similar, except for the greater size range and larger average
size of plagioclase phenocrysts in clasts in the conglomerate
(Table 1). Several ~10-15 m limestone olistoliths are present
within the conglomerate and volcaniclastic sandstone facies.

The lower unit has yielded fossil collections with Sinemurian
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Fig. 11. Takwahoni Formation lower unit, argillite, siltstone and
sandstone facies (IJTLs). Interbedded laminated to medium-bedded
siltstone and medium-grained sandstone.

Fig. 12. Takwahoni Formation lower unit, mafic volcanic facies
(TLv). Massive, clast-supported volcanic breccia.

and Toarcian ages (Gabrielse, 1998; Table 1). This has led
Gabrielse (1998) and van Straaten and Nelson (2016) to infer
several thrust faults separating Sinemurian and Toarcian rocks.
During our mapping we observed identical lithologies within
areas previously interpreted as Sinemurian and Toarcian, and
found no evidence for major thrust faults. Based on these
observations, and an apparent conformable contact with
the overlying greywacke unit (Pliensbachian; see below),
we suggest the lower unit may be an internally conformable
succession and largely Sinemurian.

Rocks beneath a klippe of Sinwa limestone and Inklin
Formation south of Wade Lake are very poorly exposed.
They have been tentatively interpreted as Takwahoni lower
argillite, siltstone and sandstone facies (south) and Takwahoni
greywacke unit (north). The main outcrops on the rounded
peak west of the Kehlechoa River and north of the Kehlechoa
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Fig. 13. Takwahoni Formation lower unit. a) Resistant bulbous
bodies of monomictic limestone clast-bearing conglomerate within
recessively weathering siltstone and volcaniclastic sandstone (IJTLsv).
View northeast. b) Close up of polymictic conglomerate (1JTLcg)
with limestone and (sub)volcanic clasts. Volcanic or hypabyssal clasts
contain distinct coarse plagioclase and equant mafic minerals.

fault were not visited. They were previously grouped with an
undivided unit of maroon-weathering plagioclase-phyric flows,
volcanic conglomerate, volcanic breccia, and tuff (Upper
Triassic to Lower Jurassic; unit TrJv of Gabrielse, 1998).
This undivided volcanic unit included rocks north of the Cake
Hill pluton that are now re-interpreted as the Horn Mountain
maroon volcanic unit (Fig. 2; van Straaten and Nelson, 2016;
van Straaten and Gibson, 2017). Along its ~100 km strike
length, the Kehlechoa fault carries only Sinwa limestone
(Upper Triassic) and Takwahoni Formation (Lower Jurassic) in
its hanging wall. We consider it unlikely that the volcanic rocks
in the hanging wall of the Kehlechoa fault are part of the Horn
Mountain Formation, and tentatively re-interpret the exposures
as a laterally discontinuous, several square kilometre-sized
body of Takwahoni volcanic rocks (IJTLv; Fig. 3).

3.2.2.2. Greywacke unit
The northern half of the Kehlechoa-King Salmon fault
panel exposes a right-way-up, moderately north-dipping
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succession of interbedded feldspathic wacke, feldspathic
arenite and siltstone. Medium- to coarse-grained feldspathic
wacke with volcanic clasts (top of the Takwahoni lower unit)
grade into interbedded fine- to medium-grained sandstone
and siltstone (base of the Takwahoni greywacke unit) across
a distance of ~100 m. The lack of evidence for large-scale
faulting and the subtle change in rock type suggest the contact
is gradational. Ammonites collected near the base of the unit
returned late Sinemurian-early Pliensbachian and possible
early Pliensbachian ages (T. Poulton, pers. comm., 2017), in
accordance with several early and late Pliensbachian fossil
collections reported by Gabrielse (1998).

3.3. Cache Creek terrane
3.3.1. Sinwa Formation (Upper Triassic)

Distinctly light grey weathering Sinwa Formation limestone
is commonly exposed in the immediate hanging wall of the
King Salmon fault. It is massive to rarely medium- to thickly-
bedded, generally recrystallized and fractured. Following
Gabrielse (1998), limestone exposures on the north and
south side of a rounded knob 4.5 km south of Wade Lake are
interpreted as a klippe of Cache Creek terrane (Fig. 3).

Within the Cache Creek terrane east-northeast of the study
area, Sinwa limestone overlies the Kutcho assemblage, a Late
Permian to Middle Triassic primitive intra-oceanic volcanic arc
succession (Schiarizza, 2012) accreted to Stikinia in the Late
Triassic (Logan and Mihalynuk, 2014). The Sinwa Formation
therefore represents a common unit between the Whitehorse
through and parts of the Cache Creek terrane.

3.3.2. Inklin Formation (Jurassic)

Recessively weathering thinly-bedded feldspathic wacke,
laminated siltstone and phyllite appear to overlie Sinwa
limestone on a rounded knob 4.5 km south of Wade Lake.
Fine- to medium-grained and minor coarse-grained sandstone
contains rare quartz grains and fine-grained sandstone rip-up
clasts. Following Gabrielse (1998) it is interpreted as Inklin
Formation above the inferred King Salmon thrust fault. The
age of the Inklin Formation is poorly constrained within the
Dease Lake area. However, a detailed study in the Atlin Lake
area suggests it is early Sinemurian to late Pliensbachian
(Johannson et al., 1997).

3.4. Overlap units
3.4.1. Sustut Group (Cretaceous)

Sandstone, siltstone, and mudstone (locally muscovite-
bearing) with chert-clast bearing conglomerate interbeds are
found south of the Pitman fault (Read and Psutka, 1990), and
are assigned to the Tango Creek Formation (Sustut Group).

3.4.2. Tuya Formation (Miocene to Pleistocene)
A small basaltic volcanic centre was mapped by Gabrielse
(1998) in the southwestern part of the study area.
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4. Intrusive units
4.1. Late Triassic: Cake Hill pluton

The map area includes the eastern part of the Hotailuh
batholith, a composite body that extends for 2275 km? (Fig. 2).
Hornblende quartz monzodiorite to quartz monzonite of the
Cake Hill pluton (Late Triassic; Table 2) represents one of the
oldest phases of the batholith, and is exposed in the southwestern
part of the map area (Fig. 3; van Straaten et al., 2012). A minor
leucocratic phase was recognized by van Straaten et al. (2012).

The quartz-rich phase of the Cake Hill pluton forms a 6 km?
body in the western part of the map area. The hornblende
granodiorite to monzogranite (Fig. 14) is unconformably
overlain by Spatsizi Formation sedimentary rocks (Section
3.1.3.1). A U-Pb zircon sample from this phase returned a
216.2 +1.2 Ma age (van Straaten et al., 2012), slightly younger
than 217.91 £0.24 Ma from a hornblende monzogranite body
in the adjacent map area to the northwest (Fig. 2; Section 6.1.).
This unit represents the youngest and most evolved phase of
the Cake Hill pluton.

4.2. Early to Middle Jurassic subvolcanic intrusions

Augite-plagioclase-phyric mafic intrusions (EMJm, Table 2)
form 1 m- to 1 km-scale dikes and intrusive bodies (Fig. 6a).
Several north-northeast-trending bodies cut the Horn Mountain
middle maroon volcanic unit east of the McBride River (Fig. 3).
The intrusions are texturally and mineralogically similar to
volcanic clasts within the Horn Mountain lower mafic and
middle maroon volcanic units; they likely represent feeder
dikes.

Decimetre- to 1 km-scale dikes, sills and other intrusive
bodies of coarse platy plagioclase porphyry (EMJm.po, Table 2)
cut the Spatsizi Formation and the Horn Mountain lower mafic
volcanic unit and middle maroon volcanic unit. Rare coarse
platy plagioclase-phyric clasts within the Horn Mountain
middle maroon volcanic unit indicate that the intrusions are
subvolcanic feeders.

We distinguish at least two felsic intrusive episodes (EMJf,

Fig. 14. Cake Hill pluton, quartz-rich phase (LTrCHgr). Massive,
equigranular, hornblende granodiorite (LTrCHgr) cut by pink dikelets
(Three Sisters potassic phase, MJTSgr).
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Table 2). West of the McBride River near Peak 2102 m, the
Spatsizi Formation is commonly cut by felsic dikes and other
intrusive bodies; intrusive felsic breccias are exposed at two
locations (van Straaten et al., 2012; this study). Felsic intrusions
are notably absent in the Horn Mountain Formation west of the
McBride River, suggesting they represent feeders to the Horn
Mountain lower felsic volcanic subunit (Section 3.1.3.2.). East
of the McBride River, the Horn Mountain middle maroon
volcanic unit is commonly cut by m-scale flow-banded felsic
dikes and intrusive bodies up to 1.5 km? in size (Fig. 15). One
flow-banded felsic dike cuts basal Bowser Lake sedimentary
rocks 3.5 km southwest of Peak 2087 m. The distribution,
dimension, and stratigraphic level of these intrusions suggest
that they are the roots of felsic volcanic centres that fed the
Horn Mountain upper felsic volcanic unit.

4.3. Middle Jurassic: Three Sisters pluton

The Three Sisters pluton (Middle Jurassic) represents the
youngest documented phase of the Hotailuh batholith. Extensive
exposures of the pluton are limited to the southwestern part of
the map area (Fig. 3). The pluton has been divided into four
phases: mafic; fine-grained mafic-intermediate; central felsic;
and marginal potassic (Anderson, 1983; van Straaten et al.,
2012; Table 2).

The mafic phase forms several relatively small (<1-2 km?)
medium-grained hornblende quartz diorite bodies (van Straaten
etal., 2012). A 1.5 km? mafic intrusive body 2 km west of Peak
2102 m contains similar coarse platy plagioclase (Fig. 16) as the
platy plagioclase porphyry (EMJm.po, Table 2). However, we
assign it to the mafic phase because it is fine to medium grained
and mafic rich. It may indicate a common magma source for
the mafic phase of the Three Sisters pluton and Horn Mountain
(sub)volcanic rocks. A fine-grained hornblende-biotite quartz
diorite body in the southwest part of the map area is the type
locality for the fine-grained mafic-intermediate phase (van
Straaten et al., 2012).

Fig. 15. Felsic intrusive, (EMJf). Folded flow banding in plagioclase-
phyric felsic intrusive body.
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Fig. 16. Three Sisters pluton, mafic phase (MJTSqd). Hornblende-
clinopyroxene diorite with melanocratic xenoliths; both contain
coarse platy plagioclase.

The central felsic phase is the most extensive unit of the Three
Sisters pluton. It is typically resistant and forms numerous
ridges and peaks in the western part of the map area (Fig. 3).
It consists primarily of biotite quartz monzonite, and contains
common fine-grained dioritic xenoliths (Fig. 17). The central
felsic phase cuts and includes xenoliths of the mafic phase.

The marginal potassic phase is the youngest unit of the
Three Sisters pluton. It varies from fine to medium grained,
and ranges in composition from biotite to hornblende-biotite
monzogranite to quartz syenite (Table 2). Dikes of the potassic
phase cut the Cake Hill quartz-rich phase (Fig. 14), the platy
plagioclase porphyry (EMJm.po), and the Three Sisters mafic
and central felsic phases.

4.4. Middle Jurassic (or younger): McBride River pluton
The McBride River pluton forms a 150 km? body in the
southern half of the map area where it is interpreted to underlie
the lower McBride River valley and adjacent forested slopes.
Where exposed at or above treeline it consists mainly of
medium-grained hornblende-biotite granodiorite (Fig. 18a).
Along its western margin, the pluton cuts the Horn Mountain
lower mafic volcanic unit. At the interface of the two units,
granodiorite dikes and dikelets cut medium-grey weathering
augite-plagioclase-phyric volcanic breccia (Fig. 18b). Along its
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Fig. 17. Three Sisters pluton, central felsic phase (MJTSgm). Massive,
equigranular quartz monzodiorite containing a fine-grained dioritic
xenolith.

Fig. 18. McBride River pluton (JMRgd). a) Massive, equigranular
hornblende-biotite granodiorite containing a dioritic xenolith. b)
Massive, equigranular, hornblende-biotite granodiorite dike intruding
massive volcanic breccia with augite-plagioclase-phyric volcanic
clasts (Horn Mountain lower mafic volcanic unit, ImJHMLvm).

eastern margin the pluton cuts a mafic intrusive body (EMJm,
Fig. 3) which, based on nearby mafic dikes, appears to cut the
Horn Mountain middle maroon volcanic unit.
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The McBride River pluton was previously assigned an Early
Jurassic age, based on a 184 +8 Ma weighted %7Pb/?%Pb age
for three multigrain abraded zircon fractions interpreted to
have undergone Pb loss (Anderson and Bevier, 1992) and a
186 +13 Ma K-Ar hornblende age (Stevens et al., 1982). An
earlier analysis of this sample yielded a 166 8 Ma upper
concordia intercept based on a line forced through the origin
and three nearly concordant zircon fractions (Anderson et
al., 1982). The earlier U-Pb zircon results were dismissed by
Anderson and Bevier (1992) based on systematic errors resulting
from the inaccurate estimation of the common Pb composition.
However, the ca. 184 Ma age is difficult to reconcile with
crosscutting relationships and new age determinations. The
pluton unequivocally crosscuts the Horn Mountain Formation
lower mafic volcanic unit and mafic intrusions, and likely
crosscuts the Horn Mountain middle maroon volcanic unit.
Underlying the Horn Mountain Formation, the Spatsizi
Formation contains Toarcian fossils (Henderson and Perry,
1981; Gabrielse, 1998) and a ca. 176 Ma detrital zircon
population (lverson et al., 2012). Rocks at the top of the Horn
Mountain Formation are ca. 173-170 Ma (van Straaten and
Gibson, 2017). Given that coarse-grained phaneritic rocks such
as the McBride River pluton require emplacement depths of a
few kilometres, it seems unlikely that the pluton is significantly
older than ca. 173-170 Ma. The McBride River pluton shares
some characteristics with the central felsic phase of the Three
Sisters pluton (Middle Jurassic) in that it contains biotite and
common fine-grained xenoliths. However, the pluton is most
similar to the Snowdrift Creek pluton, a mostly recessive-
weathering Late Jurassic biotite-hornblende granodiorite with
common mafic xenoliths exposed in the adjacent map area to
the northwest (Fig. 2; van Straaten and Gibson, 2007). Awaiting
results from a sample submitted for U-Pb zircon analysis, we
tentatively suggest that the ca. 184 age of Anderson and Bevier
(1992) is incorrect and that the McBride River pluton is Middle
Jurassic or younger.

Three dioritic intrusions outcrop east of the McBride River
pluton (Fig. 3). Medium-grained hornblende diorite to quartz
diorite (unit JMRdr, Table 2) is exposed for approximately
9 km? southeast of the McBride River pluton, but contacts with
the pluton were not observed. Dikes and dikelets of the diorite
cut the Horn Mountain middle maroon volcanic unit and the
felsic intrusive unit. Our observations corroborate mapping
by Read and Psutka (1990), who recognized a hornblende
diorite and gabbro unit (their unit JTSdi) in the same area. A
3 km? body of fine-grained diorite (unit JMRdr.fg, Table 2)
outcrops along a ridge northeast of the McBride River pluton
(Fig. 3); again, contacts with the pluton were not exposed. To
the north, and across a fault to the east, the fine-grained diorite
cuts laminated to thin-bedded siltstone and sandstone of the
Bowser Lake Group. At both locations, the sedimentary rocks
are silicified, likely from contact metamorphism. A small meta-
diabase body (unit mJd of Read and Psutka, 1990) is tentatively
assigned to the same unit. The dioritic intrusions resemble the
Three Sisters mafic phase and fine-grained mafic-intermediate
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phase (see above; Table 2). However, the Three Sisters mafic
phase and fine-grained mafic-intermediate phase (ca. 172-
173 Ma cooling ages, Table 2) are slightly older than-and have
never before been observed cutting-the Bowser Lake Group
(ca. 170 Ma; Table 1, van Straaten and Gibson, 2017).

Common clinopyroxene-hornblende-plagioclase porphyry
dikes cut and follow the Kehlechoa fault 3.5 km south of Peak
1942 m (unit Jdr, Table 2). Their crosscutting relationship
suggests a Late Jurassic age, similar to the Snowdrift Creek
pluton and related diorite dikes observed in the adjacent map
area to the northwest (van Straaten and Nelson, 2016).

5. Structure

We divide the map area into three tectonostratigraphic
domains, separated by the Kehlechoa and King Salmon
thrust faults (Fig. 2). The southern domain comprises Spatsizi
sedimentary rocks overlain by Horn Mountain volcanic rocks
and Bowser Lake sedimentary rocks of Stikinia. The central
domain includes mostly sedimentary strata of the Whitehorse
trough between the Kehlechoa and King Salmon faults. The
northern domain includes rocks assigned to the Cache Creek
terrane in the hanging wall of the King Salmon fault.

On Stikinia, Hazelton Group stratified rocks northwest
and north of the McBride River pluton form a homoclinal,
right-way-up, northeast-dipping sequence; bedding attitudes
flatten towards the northeast (Fig. 3). An outlier of the Horn
Mountain lower mafic volcanic unit is on the northeast ridge
of Peak 2102 m (Fig. 3); the outcrop pattern is caused by an
approximately 150 m-wide s-fold with moderately to steeply
northeast-dipping long limbs and a gently southwest-dipping
short limb. In the southeastern part of the map area, a sequence
of Horn Mountain Formation and Bowser Lake Group is right-
way-up and defines an approximate dome shape. In the centre,
Horn Mountain middle maroon volcanic rocks predominate,
with Horn Mountain upper felsic volcanic rocks exposed on
some ridge tops. Bowser Lake Group sedimentary rocks overlie
the succession along the margins of the dome in the south, east
and north (Fig. 3).

The central structural domain comprises Sinwa limestone
(Upper Triassic) unconformably overlain by a right-way-
up, moderately north-dipping predominantly sedimentary
sequence of the Takwahoni Formation (Lower Jurassic). Local
variations in bedding attitudes in the Takwahoni Formation
may be related to syn-sedimentary deformation and/or minor
folds and faults. One 10 m-scale chevron fold with a north-
dipping axial plane was observed in the footwall of the King
Salmon thrust fault. In contrast to the Takwahoni Formation
in the adjacent map area to the west (van Straaten and Gibson,
2017; van Straaten et al., 2017), we did not find any evidence
for large-scale folding.

5.1. Major faults

We mapped two sets of faults and lineaments in the study
area. The older set includes southwest- and north-northwest-
striking normal/strike-slip faults that cut the Bowser Lake
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Group and older units of Stikinia. Younger, generally west- to
northwest-striking thrust faults (including the King Salmon
and Kehlechoa faults) juxtapose the Cache Creek terrane to the
north with Whitehorse trough strata and, in turn, Stikinia. They
also appear to truncate faults of the older set (Fig. 3).

5.1.1. Early normal/strike-slip faults

Several southwest-trending normal/strike-slip faults are in
the southeast part of the map area. East of the McBride River,
the more westerly of two subparallel south-southwest-trending
faults forms a well-defined topographic and aeromagnetic
lineament. In two saddles, we found highly altered and veined
subcrop with common slickensides. The movement on this fault
is equivocal. In the north, the base of northeast-dipping Bowser
Lake Group rocks is at higher topographic elevations east of
the fault, suggesting west-side down or sinistral movement.
However, in the centre, the fault juxtaposes Horn Mountain
middle maroon volcanic rocks (west) against Horn Mountain
upper felsic volcanic rocks (east), suggesting east-side down
movement. Some of the stratigraphic differences across the
fault may also be caused by relatively abrupt lateral facies
changes. The eastern fault forms a well-defined topographic
and moderately defined aeromagnetic lineament. Stratigraphic
differences across the fault suggest west-side-down or sinistral
movement. Farther south, the location of the two faults is poorly
constrained. Similarly south-southwest trending topographic
and aeromagnetic lineaments cut the McBride River pluton
(Aeroquest Airborne, 2012; van Straaten et al., 2012), but
no significant offset is apparent. A south-southwest-striking
fault with an approximately 10 m west-side-down movement
was observed at the CM prospect. A west-southwest-striking
fault is inferred north of the Stikine River. Offset of the south-

dipping Horn Mountain Formation-Bowser Lake Group
contact (Sections 3.1.3.2., 3.1.4.) suggests a north-side-down
movement. The latest movement along these faults is Middle
Jurassic or younger.

Two north-northwest-striking normal faults are east of
the McBride River. One of these faults is interpreted to cut
subhorizontal strata east of the CM prospect, and is inferred to
cut the south-southwest-trending faults south of Peak 1701 m
(Fig. 3). West of the fault, Horn Mountain volcanic rocks are
present from the valley bottom to 1610 m elevation, and are
overlain by the Bowser Lake Group. To the east, rocks from
valley bottom to the ridge top are all part of the Bowser Lake
Group. An approximately 300 m east-side-down movement
is inferred, but some of the apparent offset could be due to
rapid lateral facies changes. Two outcrops west of the fault
trace (1.4 km northeast of the CM prospect) show unusual,
moderately to steeply southwest-dipping bedding attitudes
that may reflect minor reactivation with a top-to-the-southwest
reverse sense, similar to the north-northwest-trending segment
of the Kehlechoa fault (see below). The immediate footwall
of the north-northwest-striking segment of the Kehlechoa
fault (see below) exposes an approximately 80 m-wide strip of
Bowser Lake chert clast-bearing conglomerates south of Peak
1942 m (Figs. 3, 19; van Straaten and Nelson, 2016). These
rocks are in fault contact with the Horn Mountain Formation
along north-trending and subvertical to steeply east-dipping
recessive zones interpreted as east-side-down normal faults
(Fig. 19).

5.1.2. Late thrust faults
The Kehlechoa and King Salmon thrust faults (Fig. 2;
Gabrielse, 1998) formed as south-vergent structures in a regime

Looking south

b

Sheared argillite

Chert clast-bearing
pebble dikes

Horn Mountain Formation;

Chert & middle maroon volcanic unit

volcanic
clasts

Bowser Lake Qtz-Cpy
Group vein

Fig. 19. North-northeast-trending Kehlechoa thrust fault, 750 m southwest of Peak 1942 m. a) Oblique view to the southeast. b) Diagram looking
south. Fine-grained siliciclastic rocks of the Takwahoni lower unit (IJTLs) in the hanging wall of the Kehlechoa fault. The footwall comprises
Horn Mountain middle maroon volcanic unit rocks (ImMJHMMv) cut by chert-bearing pebble dikes (Fig. 9 in van Straaten and Nelson, 2016), and
down-dropped Bowser Lake Group (mJBLs) conglomerates in which volcanic and chert clasts at the base (Fig. 10 in van Straaten and Nelson,
2016) grade to chert clasts at the top. The bottom of the down-dropped Bowser Lake succession is cut by a 10-20 cm-wide vertical quartz-
chalcopyrite vein that returned >1% Cu and 0.391 g/t Au (sample 15BvS-25-11, Table 3).
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of north-south to north-northeast to south-southwest shortening
during accretion of the Quesnel, Cache Creek and Stikine
terranes (Mihalynuk et al., 2004). Auriferous polymetallic
quartz veins may have formed as extensional veins related to
these thrusts (Section 7.3.).

The Kehlechoa thrust fault separates the Sinwa and Takwahoni
formations to the north from the Horn Mountain Formation
and Bowser Lake Group to the south. The west-trending
segment of the fault is not exposed. It places older rocks (Late
Triassic to Early Jurassic) above younger rocks (late Early
Jurassic to Middle Jurassic), suggesting south-directed reverse
movement similar to that on the King Salmon fault. Along its
north-northwest-trending segment, the location and nature of
the Kehlechoa fault is better constrained. Outcrop patterns
suggest that it is subvertical to moderately east-dipping. At one
exposure, sheared argillaceous rocks separate a hanging wall
containing fine-grained siliciclastic rocks of the Takwahoni
lower unit (IJTLs) from a footwall of Horn Mountain middle
maroon volcanic rocks and a narrow down-dropped block of
Bowser Lake Group (Fig. 19; van Straaten and Nelson, 2016).
We interpret this zone as an east-side-down normal fault in
the underlying Stikinia panel, reactivated as a dextral-reverse
lateral ramp or tear fault. Movement on the Kehlechoa fault
is bracketed by fossils in Bowser Lake sedimentary rocks in
the footwall (early Bajocian, ca. 170 Ma using the Cohen et
al., 2013 scale), and the stitching Snowdrift Creek pluton in
the adjacent map area to the northwest (160.43 +0.16 Ma, van
Straaten and Gibson, 2017).

The King Salmon thrust fault separates sedimentary rocks
of the Takwahoni Formation (footwall) from fine-grained
siliciclastic, carbonate, and ultramafic rocks of the Cache
Creek terrane (hanging wall). It is interpreted as a north-
dipping, south-verging thrust with Sinwa limestone commonly
in the immediate hanging wall of the fault (Gabrielse, 1998).
A rounded knob 4.5 km south of Wade Lake is interpreted as a
klippe, carrying Sinwa Formation limestone (Upper Triassic)
and Inklin Formation (Jurassic).

5.1.3. Other faults

The Pitman fault is a poorly exposed east-trending regional
structure with a strike length of at least 200 km. The south side
of the fault exposes Stikine assemblage unconformably overlain
by Sustut Group (Fig. 3; Read and Psutka, 1990). Significant
differences in stratigraphy across the fault suggest a long-lived
history. To the east, the fault is interpreted to cause 3 km of
sinistral offset of the Kutcho and Thudaka terrane-bounding
faults (Gabrielse, 1985; Evenchick and Thorkelson, 2005).

6. Geochronology

Below we report the preliminary results from four U-Pb
zircon samples collected during the 2016 field season in the
adjacent Tanzilla - McBride field area to the northwest (Fig. 2);
detailed methods and final results will be reported elsewhere.
U-Pb zircon analyses were carried out at the Pacific Centre
for Isotopic and Geochemical Research (University of British
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Columbia). Preliminary maximum depositional ages are
calculated for laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS) detrital zircon analyses using
the weighted mean age of the youngest zircon population
(excluding discordant grains and outliers). Future work will use
zircon trace element data and methods of Ludwig (2012) and
Dickinson and Gehrels (2009) to further constrain maximum
depositional ages.

6.1. Cake Hill pluton, quartz-rich phase

A sample of equigranular hornblende monzogranite from the
quartz-rich phase of the Cake Hill pluton (Sample 1, Fig. 2)
returned a preliminary age of 217.91 +0.24 Ma (Fig. 20).
The sample was processed using a chemical abrasion thermal
ionization mass spectrometry (CA-TIMS) technique, which
is assumed to fully mitigate Pb loss in grains. The youngest
concordant grouping is represented by the youngest grain
(Fig. 20); we interpret the slightly older grains as autocrystic
zircon crystallization in the cooling magma (e.g., Samperton
et al., 2015). The age is somewhat older than a 216.2 +1.2 Ma
LA-ICP-MS age for the quartz-rich phase of the Cake Hill
pluton in the map area (van Straaten et al., 2012).

6.2. Horn Mountain Formation

A sample of a felsic lapilli-tuff bed with abundant aphyric to
plagioclase-phyric clasts from the Horn Mountain lowermost
mafic volcanic unit (sample 16BvS-15-111a; sample 4, Fig. 2)
returned a unimodal zircon peak at 215.0 +1.4 Ma (Fig. 21a).
A fine felsic tuff bed from the same location (16BvS-15-111b;
van Straaten et al., 2017) was not analyzed further. The age
overlaps with a maximum depositional age of 214.8 +1.5 Ma
for a Spatsizi basal conglomerate (van Straaten and Gibson,

. data-point error ellipses are 20
0osas  Cake Hill Qtz 220
rich phase [
(16BvS-20-149) |
473,674 6,453,418N
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based on **Pb/”*°U age
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Fig. 20. Uranium-lead zircon concordia diagram showing chemical
abrasion thermal ionization mass spectrometry results from the Cake
Hill pluton quartz-rich phase (LTrCHgr).
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Fig. 21. Detrital zircon 2®Pb/®®U age distribution plots, probability
curves, and preliminary maximum depositional ages. a) Felsic lapilli-
tuff bed in Horn Mountain Formation lowermost mafic volcanic unit
(ImJHMLMvm). b) Takwahoni Formation greywacke unit (IJTgw).
¢) Takwahoni Formation siltstone unit (1JTs). Ages are marked with
coloured diamonds (open symbols are discordant grains and outliers
excluded from age calculation) with two standard deviation analytical
error represented by grey bars. The probability distribution is plotted
with bold coloured lines and the preliminary maximum depositional
age listed on the plots is represented by a coloured vertical line.

2017) and the quartz-rich phase of the Cake Hill pluton (see
above). Based on the presence of Early Jurassic fossils and
zircon populations along strike (Gabrielse, 1998; lverson et
al., 2012) we interpret these zircons as having been derived
from erosion of the underlying Cake Hill pluton (Late Triassic).
The lack of penecontemporaneous zircons within the Spatsizi
and lower Horn Mountain formations (this study; van Straaten
and Gibson, 2017) suggests the source magmas to the alkaline
mafic and felsic volcanic products did not crystallize zircon.

6.3. Takwahoni Formation

A coarse-grained, moderately-sorted feldspathic arenite from
the Takwahoni greywacke unit (IJTgw; sample 16RGI-45-
307; Sample 2, Fig. 2) yielded predominantly Early Jurassic
zircons (Fig. 21b). The preliminary maximum depositional age
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has a larger Mean Square Weighted Deviation (MSWD=3.1)
than expected for such a population (target MSWD=1.4).
This indicates that the scatter is greater than expected based
on the precision of individual measurements, suggesting that:
1) all grains are not of the same true age, or 2) uncertainty is
underestimated. We tentatively attribute the spread in ages
due to the presence of overlapping Early Jurassic zircon
populations. In addition to Early Jurassic zircons, the sample
contains two Late Triassic and four Paleozoic grains.

Two thick beds of medium-grained, moderately-sorted
feldspathic arenite in a section of predominantly siltstone
(Takwahoni siltstone unit, 1JTs; sample 16BvS-35-256; sample
3, Fig. 2) returned predominantly Early Jurassic zircons
(Fig. 21c). Similar to the sample above, the preliminary
maximum depositional age has a larger MSWD (2.9)
than expected for such a population, likely resulting from
overlapping Early Jurassic zircon populations. This sample
also contains seven latest Triassic to earliest Jurassic, one Late
Triassic, two early Late Triassic, and one Late Permian grain.

The preliminary maximum depositional age from both
samples agree with Pliensbachian biostratigraphic constraints
in Gabielse (1998). The samples returned only three grains
(ca. 215-218 Ma) that overlap with the Stikine plutonic suite
(ca. 216-222 Ma, Table 2), suggesting that Whitehorse trough
rocks in the study area were not sourced from the Cake Hill and
related plutons. Possible sources for the Pliensbachian zircons
include distal felsic ash fall or erosional products from lower
Hazelton volcanic centres in the Stewart - Iskut area (e.g.,
Brucejack Lake felsic unit; Nelson et al., 2018), Nordenskiéld
volcanic centres in the Whitehorse trough in southern Yukon
(Colpron et al., 2015), and extrusive equivalents and/or erosion
of the Aishihik and Long Lake plutonic suites along the BC-
Yukon border (ca. 192-178 Ma, Mihalynuk, 1999; Colpron et
al., 2016).

7. Mineral occurrences

We divide mineral occurrences in the map area (Fig. 3)
according to mineralization characteristics, alteration style,
alteration footprint, and host rock. Two sizeable intrusion-
related gossans are west and southeast of the McBride River.
Several volcanic rock-hosted Cu-Ag mineral occurrences,
generally with limited alteration footprints, are hosted by the
Horn Mountain Formation in the southeast part of the map
area. A number of (locally auriferous) polymetallic veins are
near the Kehlechoa and King Salmon thrust faults.

Preliminary assay data from eight altered and/or mineralized
rock samples collected in 2015 and 2017 are presented in
Table 3. Samples were jaw crushed and pulverized at the British
Columbia Geological Survey, and analyzed at Bureau \eritas
in Vancouver. The samples were dissolved using an aqua regia
digestion before being analyzed by inductively coupled plasma-
emission  spectroscopy/mass spectrometry  (ICP-ES/MS).
Results of external standards and duplicates were monitored
to ensure analytical reproducibility and accuracy. Detailed
methods and complete results will be reported elsewhere.
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Provincial Park. Within the gossan, strong silicification and
bleaching are accompanied by 5-10% disseminated pyrite.
The protolith is a uniformly-textured plagioclase-phyric
rock, similar to flows in the Horn Mountain middle maroon
volcanic unit. A grab sample returned no anomalous metal
values (17BvS-12-90, Table 3). The altered and gossanous
rocks are cut by late- to post-mineral chalky white-altered
fine-grained diorite intrusions (JMRdr.fg, Table 2) that lack
sulphides. Two showings within the Stikine River Provincial
Park (Pay, MINFILE 104H 007; Pay 4, MINFILE 104H 027)
are approximately 2.5 km west of the gossan.

Three additional mineral occurrences are hosted in the
Hotailuh batholith in the southwestern part of the map area,
and are described in van Straaten et al. (2012).

7.2. Volcanic rock-hosted Cu-Ag mineral occurrences

Several Cu-Ag mineral occurrences are hosted in Horn
Mountain volcanic rocks, subvolcanic felsic intrusions, and
faults in the southeastern part of the map area. Mineralization
generally comprises chalcocite, chalcopyrite, bornite and/or
native copper; obvious widespread hydrothermal alteration
footprints are lacking. The occurrences have been variably
classified as epigenetic veins and volcanic redbed copper in
the MINFILE database (British Columbia Geological Survey,
2017). However, their presence in or close to felsic (sub)
volcanic rocks may suggest a relatively low-temperature
epithermal origin. Trenching and drilling at the CM prospect
(MINFILE 1041 016, Fig. 3) intersected fine disseminations and
stringers of chalcocite, bornite, and copper oxides accompanied
by pervasive kaolinization, K-feldspar alteration, and local
quartz-carbonate stringers in a vertical northeast-striking
fault; a 6.1 m drill interval assayed 0.39% Cu and 8.57 g/t Ag
(Chisholm, 1971). Chip samples across the zone averaged
1.94% Cu and 35.7 g/t Ag over 10 m (Yeager and Ikona, 1984).
The trench exposes chalcocite and copper oxide stringers and
local massive to vuggy quartz-calcite-chalcocite-copper oxide
veinlets (Fig. 23). The mineralization is hosted in a cream to
purple-grey, flow-banded plagioclase porphyry (likely a flow)
of the Horn Mountain upper felsic volcanic unit, where it is
cut by a south-southwest-striking fault with an approximately
10 metre west-side-down movement. A grab sample returned
>1% Cu and 23.5 g/t Ag (17SBI-37-300, Table 3).

A light grey, bleached and silicified flow-banded plagioclase
porphyry contains common copper oxides and locally abundant
quartz-sulphide-copper oxide veinlets 1.3 km northwest of the
Star showing (MINFILE 1041 027). The host rock is a felsic
intrusion, and a grab sample returned >1% Cu, 22.7 g/t Ag and
trace Au (17BvS-28-270, Table 3). At the nearby Star showing,
local chalcocite and malachite are in north-trending subvertical
brittle fault zones that cut gently dipping to subhorizontal strata
of the Horn Mountain middle maroon volcanic unit. A historic
grab sample returned 4.5% Cu (Mann and Reynolds, 1969).

We noted two gossanous outcrops with ~2% percent
disseminated pyrite hosted in felsic intrusions and adjacent
Horn Mountain middle maroon volcanic rocks in the valley
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Fig. 23. Chalcocite and copper oxide stringers parallel to flow banding
in felsic coherent rock (Horn Mountain upper felsic volcanic unit,
mJHMUVf).

below the Joy 94 showing (MINFILE 1041 021). A nearby
cirque to the southwest hosts the Joy 87 showing (MINFILE
104H 009). Gifford (1969) reported several chalcopyrite and
malachite fractures that returned assay results up to 2.01% Cu,
6.9 g/t Ag, 1.37 g/t Au (Joy 87) and 5.7% Cu, 17 g/t Ag, trace
Au (Joy 94).

Five additional copper and copper-silver mineral occurrences
are east of Peak 2087 m (MINFILES 104H 010, 028, 029, 030
and 1041 015); descriptions refer to chalcocite, bornite and/
or native copper as disseminations, in fractures or fault zones.
Historic samples returned 0.21% Cu from a trench at Joy 84
(MINFILE 104H 010; Gifford, 1969) and 0.2% Cu and trace
Ag from a 30 cm-long drill interval at HC (MINFILE 1041 015;
Chisholm, 1971).

7.3. Polymetallic veins

Several polymetallic and locally auriferous quartz+carbonate
veins are near the Kehlechoa and King Salmon thrust faults.
A grab sample of quartz-chalcopyrite-malachite vein 2.8 km
south of the D8 showing returned >1% Cu, 0.39 g/t Au and
22 g/t Ag (15BvS-25-11, Table 3). The vertical vein strikes
020 degrees and is 10-20 cm wide. The quartz vein cuts chert
and volcanic clast-bearing conglomerate of the Bowser Lake
Group, and is in the footwall of the Kehlechoa thrust fault
(Fig. 19). Quartz and quartz-carbonate veins with chalcopyrite,
bornite, galena, sphalerite and/or arsenopyrite locally contain
high gold, silver, copper, lead and zinc values at the nearby
D1, D4 and D8 showings (MINFILES 1041 093, 100, 101).
A subvertical northwest-striking quartz-calcite vein at the D1
showing returned 116 g/t Au and 590 g/t Ag over 25 cm (Yeager
and lkona, 1982; 1985).

Quartz-calcite-chalcopyrite veins are in an east-northeast
trending probable shear zone that cuts Sinwa Formation
limestone at the ANT showing (MINFILE 1041 009; Hampton,
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1962a). Chalcopyrite in quartz stringers and fracture fillings
have been noted at the BEE showing (MINFILE 1041 010;
Hampton, 1962b); the sulphides are hosted in Takwahoni
Formation volcanic rocks.

8. Discussion: Regional extent and significance of the Horn
Mountain Formation

Work on this project has identified the Horn Mountain
Formation as a distinct late Early to Middle Jurassic volcanic
unit. It extends along the northeastern edge of Stikinia for at
least 80 km; evaluation of the regional literature indicates that
it likely continues for at least 120 km (Fig. 1; van Straaten and
Nelson, 2016). The Horn Mountain Formation represents an
unusual volcanic sequence in the upper part of the Hazelton
Group. Itis coeval with accretion of the Stikine and Cache Creek
terranes, as indicated by conformable contacts with rocks of the
Bowser Lake Group, and-so far-similar volcanic successions
have not been documented elsewhere in northern Stikinia. The
Horn Mountain Formation postdates widespread arc volcanism
recorded in the lower part of the Hazelton Group. In northern
Stikinia, the upper part of the Hazelton Group consists mainly
of Plienshachian and younger sedimentary rocks assigned
to the Spatsizi Formation in the north and the Nilkitkwa and
Smithers formations in the south; both are succeeded by
mudstone and minor tuff of the Quock Formation (Gagnon et
al, 2012). Volcanic rocks are mainly in a narrow, north-south
oriented belt of tholeiitic pillow basalts, sedimentary rocks,
and minor rhyolites assigned to the Iskut River Formation
(Gagnon et al., 2012; Barresi et al., 2015). This Middle Jurassic
(Aalenian to Bajocian) succession is interpreted to have formed
in a series of sub-basins that define the Eskay rift (Barresi et al.,
2015; Fig. 1). The Iskut River Formation contrasts markedly
with the Horn Mountain Formation in lithology, depositional
style, structural setting, and lithogeochemistry (van Straaten
and Nelson, 2016). As discussed elsewhere (van Straaten and
Nelson, 2016), timing relationships with respect to subduction-
related volcanic deposits elsewhere in the Hazelton Group and
timing of Stikinia - Cache Creek collision suggest that the Horn
Mountain Formation does not record normal subduction-related
arc magmatism. Instead we speculate that volcanism was
generated by re-melting of subduction-modified lithosphere
during collision between the Stikine and Quesnel terranes, well
after cessation of subduction in the Late Triassic.

9. Conclusions

This paper presents the results of the third year of a mapping
project focussed on the Horn Mountain Formation (late Early
to Middle Jurassic), a predominantly volcanic unit in the upper
part of the Hazelton Group that regionally hosts advanced
argillic alteration zones with potential for porphyry-style
systems at depth. The Horn Mountain Formation is unusual
because it is younger than any known volcanic succession of
arc affinity in northern Stikinia.

The oldest rocks in the field area are part of the Cake Hill
pluton. New U-Pb zircon data for the youngest hornblende
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granodiorite to monzogranite phase yield a preliminary age of
217.91 +£0.24 Ma, slightly older than a previous determination
of 216.2 £1.2 Ma reported by van Straaten et al. (2012). The
pluton is cut by an unconformity that extends laterally for at
least 50 km and represents one of the few well-documented
examples of unroofed Stuhini arc in northern Stikinia. The
unconformity marks an hiatus of ~30 m.y. Detrital zircons
in the overlying volcano-sedimentary succession are mostly
derived from the Cake Hill pluton, and suggest that Late
Triassic igneous activity in the area continued until ca. 215 Ma.

The unconformity is overlain by rocks in the upper part of the
Hazelton Group in which the Spatsizi Formation (a sedimentary
sequence up to 0.2 km thick) is conformably overlain by the
Horn Mountain Formation (a volcanic succession at least 3.5
km thick). The volcanic rocks are unusual within northern
Stikinia as they postdate widespread arc volcanism of the
lower part of the Hazelton Group, are coeval with deposition
of predominantly sedimentary rocks in the upper part of the
Hazelton Group, and are concurrent with accretion of the Stikine
and Cache Creek terranes. Sedimentary rocks of the Spatsizi
Formation (Toarcian) grade into mafic volcanic breccia of the
lower part of the Horn Mountain Formation. They were, at least
in part, deposited in a subaqueous environment. Increasingly
higher volume volcanism led to the formation of a subaerial
volcanic edifice and deposition of interlayered flows, volcanic
breccia and tuff of the middle maroon volcanic unit. Lower
and middle units are cut by cogenetic mafic feeder dikes and
intrusions. An upper felsic volcanic unit caps the succession.

The Horn Mountain Formation is cut by the Three Sisters
pluton (ca. 173-169 Ma) and the McBride River pluton. The
McBride River granodiorite has hitherto been interpreted as
Early Jurassic (ca. 184 Ma), but this age is difficult to reconcile
with the unequivocal crosscutting relationships observed in the
field and we suggest that a Middle Jurassic or younger age is
more plausible.

The Bowser Lake Group (Bajocian) conformably overlies
the Horn Mountain Formation, and records the onset of
erosion from the Stikinia - Cache Creek tectonic welt. Chert
and limestone clast-bearing pebble to cobble conglomerate
(>330 m thick) is interpreted to have formed close to range
front faults along the building orogen. The coarse clastic facies
transitions to interbedded subaerial siltstone, sandstone, chert
clast-bearing conglomerate and mafic flows (>430 m thick)
farther south.

The Kehlechoa thrust fault places rocks of the Whitehorse
trough above the Horn Mountain Formation and Bowser Lake
Group. The hanging wall panel contains Sinwa Formation
limestone (Upper Triassic) unconformably overlain by
Takwahoni Formation sedimentary rocks (Early Jurassic).
The Takwahoni Formation comprises a lithologically variable
package of fine-grained siliciclastic rocks, polymictic
conglomerate, and volcanic rocks (Sinemurian?) that appears
to grade upward into a thick unit of interbedded sandstone and
siltstone (Pliensbachian). Two detrital zircon samples from
the upper unit returned a largely unimodal ca. 187-188 Ma
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(Pliensbachian) population; significant Late Triassic zircons
are lacking. The detrital zircon data are compatible with
derivation from local Stikinia sources or axial transport from
sources within or adjacent to the Whitehorse trough in southern
Yukon, and suggest that the Cake Hill and related plutons were
not significant sources.

Two intrusion-related hydrothermal alteration zones are
west and southeast of the McBride River; limited sampling
returned no anomalous metal values. Several Cu-Ag mineral
occurrences with restricted alteration footprints are hosted in
the middle and upper part of the Horn Mountain Formation
in the southeast part of the map area. Polymetallic veins are
near the Kehlechoa and King Salmon thrust faults; some have
returned significant gold and silver values.

The Horn Mountain Formation represents a rare example
of syncollisional volcanism that is coeval with accretion of
the Stikine and Quesnel island arcs. Continuing study of its
nature and relationships to adjacent terranes will aid in the
understanding of collisional tectonics of the northern Canadian
Cordillera.
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Abstract

The Llewellyn fault represents a significant geological feature in northwest British Columbia. The fault is a southeast-striking, steeply dipping
brittle dextral strike-slip structure that overprints ‘early’ ductile deformation, which is preserved as foliations, lineations, and folds in the
host rocks. The Tally-Ho shear zone, Yukon, shares similar early ductile deformation and is overprinted by the Llewellyn fault. In general,
the deformation corridor demarcates the eastern limit of metamorphic suites (Triassic and older rocks of the Nisling terrane and Boundary
Ranges metamorphic suite) and the western limit of the younger Stuhini (Triassic) and Laberge (Jurassic) groups. Previous work and this study
demonstrate that brittle strike-slip deformation along the Llewellyn fault occurred between ca. 56 and 50 Ma. New field observations indicate
the early ductile deformation is represented by one foliation (S, ) along the Llewellyn fault and Tally-Ho shear zone corridor. Two granodiorite
intrusions crosscut the early deformation features, and new U-Pb zircon chemical abrasion ID-TIMS results indicate they crystallized at
ca. 75 Ma. In the Tally-Ho shear zone, the S__, is parallel to a foliation in an adjacent granodiorite, mapped as part of the Whitehorse plutonic
complex (ca. 120 Ma). In British Columbia, a deformed rhyolite along the Llewellyn fault yielded a preliminary ca. 120 Ma age. Based on these
results, we infer that the early ductile fabrics formed before ca. 75 Ma and, potentially, after ca. 120 Ma.

Agoal of this study was to establish if the early ductile and late brittle structures represent a crustal-scale, ductile-brittle deformation continuum.
If so, could various gold mineralization styles (epithermal, mesothermal, intrusion-related) along the structural corridor be related in time and
be part of an orogenic gold mineralizing system? This study demonstrates that, although the early ductile and late brittle deformation share the
same space, they developed at least ca. 20 Ma apart and are not part of a structural continuum. This result indicates the various styles of gold
mineralization developed during temporally distinct tectonic events.

Keywords: Llewellyn fault, Tally-Ho shear zone, U-Pb geochronology, gold

1. Introduction mesothermal, and epithermal-style gold systems remain to be
This study was designed to document the geologic setting  clearly established.
and controls of gold mineralization spatially associated with Herein we present new field observations about the

selected major fault zones of the Canadian Cordillera. The relationship between the Llewellyn fault and the Tally-Ho
chosen field laboratory extends from the Tagish Lake area of  shear zone (Hart and Radloff, 1990; Tizzard et al., 2009) and
northwest British Columbia northward to the Wheaton River  five new chemical abrasion ID-TIMS U-Pb zircon ages. These
area in southern Yukon (Fig. 1). This area is the locus of a  data constrain the timing of ductile and the late brittle strain
series of vein-hosted gold prospects and deposits, including and associated gold mineralization that characterizes this
past-producing mines (e.g., Engineer, Mount Skukum) that are  deformation corridor.

spatially related to the Llewellyn 