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Introduction

Canada has committed to a target of net-zero emissions by

2050. This requires a significant increase in renewable en-

ergy supply for heating and electrical generation. Most

renewables, though, have intermittent supply (e.g., wind,

solar) that requires storage solutions to be integrated into

existing energy grids. Compared to other renewables, geo-

thermal energy has numerous advantages: its low environ-

mental footprint, its ability to provide a stable baseboard–

power supply and the fact that it is dispatchable (capable of

quickly ramping up and down to adjust to demand). Driven

at the time by concerns over energy security, the Geological

Survey of Canada ran a Geothermal Energy Program from

1975 to 1985 that provided the first insight into geothermal

energy potential in Canada (Jessop, 2008; Grasby et al.,

2011). This program included highlighting the high-temper-

ature resource potential of volcanic belts in western Canada

(Yukon and British Columbia [BC]).

With renewed interest in geothermal energy, a new research

project was initiated in the Garibaldi volcanic belt of south-

western BC (Figure 1), with a specific focus of reducing the

exploration risk for geothermal energy associated with vol-

canic systems. The first phase of this project was a

multidisciplinary field program, conducted in the Mount

Meager area in the summers of 2019 and 2020 (Grasby et

al., 2021), that focused on developing novel tools to better

predict the occurrence of zones of high permeability in the

subsurface. In 2021, the second phase of the project moved

the focus to the Mount Cayley area, to test exploration tools

developed in Phase 1 in an area with limited previous ex-

ploration. This paper reports on the nature of the field pro-

gram and data collected in 2021.

Garibaldi Volcanic Belt

The Garibaldi volcanic belt represents a chain of young

(less than 11 000 years old) volcanoes in southwestern BC,

in a region also known to have abundant thermal springs. In

the 1990s, Natural Resources Canada (NRCan), along with

BC Hydro, conducted initial exploration drilling at the

Mount Meager volcano that defined high-temperature geo-

thermal resources, exceeding 250°C (Jessop, 2008; Witter,
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2019). While the drilling defined a world-class ther-

mal resource, the permeability was insufficient to al-

low economic development at that time. A lack of

geoscience information regarding the regional con-

trols on permeability posed a significant drilling risk

for subsequent industry exploration in the region

(Witter, 2019).

A project to reduce exploration risk was initiated in

2019 by the Geological Survey of Canada (GSC) of

Natural Resources Canada (NRCan), in partnership

with The University of British Columbia (UBC), Si-

mon Fraser University (SFU), Douglas College (DC),

University of Calgary (U of C) and University of Al-

berta (U of A), to develop a multidisciplinary ap-

proach to reduce exploration risk through an inte-

grated geological and geophysical field campaign.

Project funding is provided through NRCan’s Re-

newable and Electrical Energy Division, together

with Geoscience BC. The project incorporates a

range of geoscience tools, including remote sensing,

bedrock mapping, fracture measurements, geochem-

istry, and magnetotelluric (MT), gravity and passive-

seismic surveys. The ultimate project goal is to de-

velop new predictive tools for finding permeable

aquifers at depth. Results will also aid development

of new geothermal-resource models, thus creating

greater certainty in national geothermal-resource

assessments and supporting development of effec-

tive regulatory environments.

Mount Cayley Field Program

Field teams from UBC, SFU, U of A, U of C and GSC

participated in the 2021 field program but worked

independently to adhere to COVID-19 protocols.

Field planning began with engagement with the

Squamish Nation and co-development of a modified

field plan that limited impacts in areas of special con-

cern. This included movement of planned survey

points to new locations that still meet science goals

but did not disturb the areas of special concern and,

in other areas, focusing survey work on previously

disturbed lands, which had the additional benefit of

easier field access. The local knowledge provided

through the engagement process was of significant

benefit to field operations. Fieldwork was focused

on logging roads along the flanks of Mount Cayley.

As well, the project team engaged an environmental

monitor from the Squamish Nation to ensure that he-

licopter work to access higher levels on Mount

Cayley did not cause any wildlife disturbance. The

field program focused on establishing an array of

broadband seismometers to record the nature of

seismicity as potential information on subsurface

magma chambers (U of C); an array of MT stations
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Figure 1. Volcanic complexes of the Garibaldi volcanic belt, showing the lo-
cation of Mount Meager, the focus of Phase 1, and the Mount Cayley area,
which is the focus of Phase 2.



focused on imaging the deeper volcanic plumbing (U of A);

a gravity survey that will provide insight into potential

magma chambers (SFU); bedrock mapping to provide in-

formation on the rock types of the geothermal reservoir

(UBC); and fracture, rock property and thermal anomaly

studies that will provide information on permeable net-

works, heat conduction and heat production, respectively

(GSC).

Broadband Seismometers

Due to delays in equipment development and refurbish-

ment, the seismometer stations have not yet been installed,

but attempts will be made pending onset of winter snow.

Magnetotelluric (MT)

Magnetotelluric (MT) and audio-frequency magnetotel-

luric (AMT) data collection at the Mount Cayley Volcanic

Complex was conducted in 2021 by the U of AMT group to

understand the deeper structure of the volcanic system,

which requires longer recording time and consequently re-

duced the total number of measurement locations. The

deeper focus MT survey was designed to image pathways

that carry fluids to a potential geothermal reservoir. These

deep MT measurements will also define the size and con-

tent of any magma bodies beneath the volcano. With the

deeper exploration targets, lower frequencies were used in

a broadband-magnetotelluric (BBMT) survey. Along with

stations around Mount Cayley, a north-south profile con-

necting with previous work on Mount Meager was also

collected.

A key aspect of MT data analysis will be to elucidate zones

of high and low resistivity found beneath Mount Cayley.

This work, along with analysis of the new 3-D resistivity

models from Mount Cayley and supported by other geolog-

ical and geophysical datasets, can help define potential

geothermal reservoirs.

Gravity

Gravity measurements, in conjunction with

other geophysical methods, are particularly

useful in mapping the magmatic and hydro-

thermal subsurface features of volcanoes.

During the summer of 2021, gravity mea-

surements were taken at 75 stations around

the Mount Cayley Volcanic Complex (Fig-

ure 2) for the purpose of mapping its internal

structure. Gravity was measured with a La-

Coste & Romberg spring-gravity meter in or-

der to develop a Bouguer anomaly map of the

area. The network comprises both a dense

distribution of sites near the volcanic edifice

and more broadly spaced stations with in-

creasing distance from the mountain. This

distribution seeks to investigate the deep

magmatic structures (depth >10 km). The measured Bou-

guer anomalies will be analyzed via an informed inverse-

modelling approach, which combines information from

geological and structural mapping, AMT, MT and seismic

measurements. This will restrict the number of possible so-

lutions for the inversion and ensure that the results best re-

flect plausible subsurface geological features.

Bedrock Mapping

Detailed bedrock mapping was conducted to enhance un-

derstanding of the spatial distribution of volcanic rocks that

form the Mount Cayley Volcanic Complex. Resultant de-

tailed maps will support the development of hydrogeolog-

ical models for bulk-rock permeability to better character-

ize potential fluid flow at depth. High-density fracture

zones appear to be associated with major fault and defor-

mation belts. Identification and mapping of these zones us-

ing all available means (Landsat imagery and regional geo-

physical data, field observations, earthquake records) at a

regional level will provide the basis for construction of

geothermal-resource models. New sample collection will

lead to refined radiometric dating that will aid definition of

the youngest (and hottest) flow units with the greatest heat-

generation potential.

Fracture Studies

Geological examination and fracture measurement fol-

lowed traditional field methods. The field party observed,

identified and recorded geological and geomorphological

features, measured fracture attitudes (strike, dip direction,

dip angle, density and spacing) of fracture/fault planes and

collected rock samples for further laboratory analysis (Fig-

ure 3). The identified geological and geomorphological fea-

tures and evidence of geological processes were analyzed

in relation to tectonic and volcanic activities of the region

and to assess their association with reservoir development

at and around each station. Photos were taken at the out-

crops where well-exposed fracture traces are present to fur-
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Figure 2. Gravity meter on the top of Mount Brandywine. Photo by A. Calahorrano-
Di Patre.



ther study the statistical characteristics of fracture spacing

and density.

Thermal Anomalies

Ground temperature was measured using miniature tem-

perature data loggers (HOBO Water Temp Pro v2). The

temperature data logger is waterproof and has a resolution

of 0.2°C and temperature range of –40°C to 70°C in air and

up to 50°C in water. At each site, a single HOBO tempera-

ture logger was buried in soil with the sensor at a depth of

approximately at 10 cm below the ground surface to avoid

direct exposure to solar radiance. The improved deploy-

ment in 2021 had two HOBO temperature loggers at each

site, one buried at a depth of 30–50 cm, depending on

ground conditions, and the other on surface to account for

solar radiance. The newly deployed loggers will be re-

trieved during the 2022 fieldwork season. For each site, a

soil sample was taken for laboratory analysis to determine

physical and thermal properties.

A thermal infrared camera was also used to take tempera-

ture images of various objects, ground-surface covers and

water bodies. These images will be used to provide accurate

ground temperature measurements to allow calibration of

land-surface temperature maps derived from Landsat im-

ages, as well as for identifying ground-surface–tempera-

ture anomalies (Figure 4), particularly for groundwater

seeps.

Conclusions

The summer 2021 field program faced some challenges due

to COVID-19 restrictions but was still a success, with

abundant new geophysical and geological data collected.

These data are still being processed and will be incorpo-

rated into ongoing research projects. Final results will be

integrated into a new 3-D model of the geothermal and vol-

canic plumbing of the Mount Cayley complex. Results will

provide new methods to help predict the occurrence of per-

meability at depth and greatly reduce the risk associated

with drilling for geothermal reservoirs in the volcanic

systems of British Columbia.
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Figure 3. Field party collecting fracture measurements from out-
crops along the south flank of Mount Cayley.

Figure 4. Comparison of image from thermal infrared camera (a) and true colour image (b), showing the ability to identify ground-tempera-
ture anomalies. Photo taken by W. Yuan from a helicopter about 500 m above ground level.
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