I * I Natural Resources Ressources naturelles
Canada Canada

GEOLOGICAL SURVEY OF CANADA
OPEN FILE 9235

A preliminary inventory of gossans
identified in the Canadian Arctic

E. Brassard, M. Lemelin, and M.-C. Williamson

2025

Canada



GEOLOGICAL SURVEY OF CANADA
OPEN FILE 9235

A preliminary inventory of gossans
identified in the Canadian Arctic

E. Brassard', M. Lemelin, and M.-C. Williamson:

! Université de Sherbrooke, 2500 Boulevard de 1’ Université, Sherbrooke, Québec, JIK 2R1
2 Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario, K1A 0E8

2025

© His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2025

Information contained in this publication or product may be reproduced, in part or in whole, and by any means, for

personal or public non-commercial purposes, without charge or further permission, unless otherwise specified.

You are asked to:

« exercise due diligence in ensuring the accuracy of the materials reproduced;

« indicate the complete title of the materials reproduced, and the name of the author organization; and

« indicate that the reproduction is a copy of an official work that is published by Natural Resources Canada (NRCan)
and that the reproduction has not been produced in affiliation with, or with the endorsement of, NRCan.

Commercial reproduction and distribution is prohibited except with written permission from NRCan. For more

information, contact NRCan at copyright-droitdauteur@nrcan-rncan.gc.ca.

This publication is available for free download through the NRCan Open Science and Technology Repository
(https://ostrnrcan-dostrncan.canada.ca/).

Recommepded citation
Brassard, E., Lemelin, M., and Williamson, M.-C., 2025. A preliminary inventory of gossans identified in the Canadian
Arctic; Geological Survey of Canada, Open File 9235, 1 .zip file. https://doi.org/10.4095/ptdd7ztk2y

Publications in this series have not been edited; they are released as submitted by the author.

ISSN 2816-7155

ISBN 978-0-660-76727-7

Catalogue No. M183-2/9235E-PDF
https://doi.org/10.4095/ptdd7ztk2y



mailto:copyright-droitdauteur@nrcan-rncan.gc.ca
https://ostrnrcan-dostrncan.canada.ca/
https://doi.org/10.4095/ptdd7ztk2y

INTRODUCTION

Gossans are intensely oxidized and weathered rocks that occur within the upper and exposed part of
an ore deposit or mineral vein (Figure 1). The mineralogy of gossans (e.g., silica, jarosite and goethite)
results from the oxidation of sulphides by oxidizing fluids, creating an acidic environment. The alteration
of iron-bearing minerals, such as pyrite, leads to the reddish-brown colour of gossans, which makes
the deposits easy to map on satellite images (Percival and Williamson, 2016). Gossans are of interest
to the mineral exploration industry because of their association with nearby metalliferous deposits
(Harris et al., 2015; Percival and Williamson, 2016). They are also of environmental interest because
they serve as natural laboratories that mimic some of the processes leading to the formation of acid
mine tailings (Peterson et al., 2014; Williamson, 2015). Finally, gossans are considered analogues of
potentially similar deposits on Mars (e.g., West et al., 2009; Peterson et al., 2014).

In this report, we present the first inventory of gossans identified in northern Canada, based on 68
sources of information. The goals of the inventory are to (1) provide a list of geographic coordinates for
gossans in areas where their occurrence was reported, (2) emphasize the importance of including
gossans on geological maps and in field reports, and (3) provide the fundamental information needed
to develop new research and mineral exploration projects.
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Figure 1. Simplified classic gossan profile. Zone A consists of bedrock or a vein with primary sulphides.
Zone B is enriched with Fe-oxides and oxyhydroxides. Zone C is sulphide-depleted and silica-enriched.



PREVIOUS WORK

Gossans are found in many parts of the world, and they are routinely included on geological maps. The
deposits are typically linear, lensoid, or circular in outcrop, and their size varies from a few metres to
1-2 kilometres (Percival and Williamson, 2016). Research on gossans mapped in the Canadian Arctic
under the Geological Survey of Canada’s Environmental Geoscience, GEM-1, GEM-2 and GEM-
GeoNorth programs has led to new insights into the geological context, morphology, stratigraphy,
mineralogy, and geochemistry of gossans. Study protocols included (1) identifying gossans using
satellite imagery (Behnia et al., 2012; Peterson and Williamson, 2012; Williamson et al., 2012; Harris
et al., 2014, 2015; Brassard et al., 2022); (2) field mapping, sampling and conducting in situ spectral
analyses of gossanous soils (Williamson et al., 2011; Froome et al., 2012; Williamson et al., 2013;
Williamson, 2015); (3) mineralogical and geochemical studies of reactive gossans in permafrost
(Peterson et al., 2014, Percival and Williamson, 2016; Wilton et al., 2017a); and (4) comparative studies
of bedrock and stream sediments located near gossans (Williamson et al., 2015; McNeil et al., 2018).

The overarching conclusion from these studies is that the morphology and stratigraphy of gossans are
complex (Percival and Williamson, 2017; Williamson, 2020; Bethell et al., 2022). For example, the
observed stratigraphy does not always match the classic gossan profile of sulphide-depleted and silica-
enriched cap underlain by Fe-oxides and other secondary minerals, as shown in Figure 1 (Percival et
al., 2015). Moreover, identifying and mapping gossans using multispectral and hyperspectral optical
remotely sensed imagery is an essential prerequisite for fieldwork on gossans in Canada’s North
(Williamson, 2020). Studies based on geomatics, remote sensing, and applied spectroscopy have
confirmed the importance of remote predictive mapping (RPM) techniques (Harris et al., 2015) and
deep learning approaches (Clabaut et al., 2020) in mapping gossans and characterizing their
composition, with implications for mineral exploration (Williamson et al., 2017, 2021; Wilton et al.,
2017b, 2019; Bethell et al., 2023). Studies have also examined reactive gossans in permafrost as
terrestrial analogues for Mars (Williamson et al., 2008; Peterson and Williamson, 2012; Peterson et al.,
2014; Lemelin et al., 2020a, 2020b, 2024; Aoid et al., 2023; Williamson et al., 2023; Belleau-Magnat et
al., 2024; Brassard et al., 2024).

METHODOLOGY

Gossan localities were collected from sources of information grouped in two categories: geological
maps published by the Geological Survey of Canada (GSC) and scientific publications (both shown in
grey in Figure 2). For both categories, the inventory is limited to the geographical area covered by
continuous permafrost in the Canadian Arctic, as mapped by Natural Resources Canada (1995). A total
of 574 geological maps were examined in this project, including surficial geology maps, bedrock
geology maps, and general geology maps. These geological maps were examined for point, line, or
polygon locations showing gossans. A literature review of scientific publications was also conducted to
inventory gossans that had been previously studied or identified. These two categories of information
led to five methods of integrating point coordinates into the gossan inventory, represented by number
1 to 5 on Figure 2 (shown in colour). Appendix A contains the list of references for the 68 sources of
information on gossans used in this inventory.



[ Source of information

on gossans
I |
[ Geological map ] Scientific
[ publication
Geospatial data i 1
file available Gossan Gossan
1 described illustrated
Yes No I

| I Georeferencing
[1] Location||[2] Location possible

registered digitized ] ——
[4] Location
; No Yes
inferred
[5] Location
digitized

Figure 2. Flow diagram illustrating the methodology used to generate the gossan inventory. The two
categories of sources of information are shown in grey and the five methods of integrating data into the
inventory are shown in colour keyed to Figure 3.

RESULTS

The inventory takes the form of an Excel database (Appendix B) containing 1,301 entries, where each
row represents a gossan exposed in an outcrop in the Canadian Arctic. The columns provide various
metadata about these gossans, including their name, location, coordinates, and source of information.
This database can be transformed into a geospatial data file (e.g., shapefile) in GIS software (e.g.,
QGIS). Figure 3 illustrates the results on a map of the study area, where the gossan points in the
database are assigned a colour code keyed to the data integration methods numbered from 1 to 5 on
Figure 2.

Figure 4 shows the index of the GSC map examined in this study, where the maps are classified
according to whether or not they contain gossans. Out of the 574 maps examined to extract gossan
locations, 44 contain gossans. These 44 maps include 20 surficial geology maps, 18 bedrock geology
maps, 4 general geology maps, and 2 others (mineral deposits compilation and geoscience data
compilation). Figure 4 illustrates that at least one map has been examined for the majority of the
Canadian Arctic covered by continuous permafrost, with gaps mainly on mainland Nunavut. In several
locations, two or more maps were examined, represented by darker colours. In some areas represented
in green in Figure 4, a map without gossans (blue) is superimposed with a map containing gossans
(orange). Some gossans in the database do not overlap with a map containing gossans, indicating that
their locations were extracted from scientific publications (“Journal articles” or “GSC Open File reports”
in Appendix A) rather than geological maps.

It is important to note that in some cases, several gossan points in the database may correspond to the
same large-scale geological unit, so the total number of database entries may not represent the actual
number of independent gossans.
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The inventory created in this study aims to be as comprehensive as possible. Geological maps and
scientific publications up to April 2020 were meticulously examined to extract gossan locations.
However, some geological maps or publications are missing from the inventory. For example, the
Northwest Territories and Nunavut mineral occurrence databases (e.g., Nunavut Mineral Project
Inventory), as well as prospecting and exploration industry reports, are not included.

Before publication of this Open File, the gossan inventory was used by Clabaut et al. (2020), and
portions of the inventory were used in two projects recently completed by M.-C. Williamson and E.
Brassard under the GEM-GeoNorth program.
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Figure 3. Map of the Canadian Arctic illustrating the gossan database (coloured circles) plotted on the
World Imagery basemap (Esri et al., 2024). The limit of continuous permafrost from Natural Resources
Canada (1995) is shown in beige. Provincial and territorial boundaries (white lines) are simplified from
Statistics Canada (2018). The colour of filled circles is keyed to the data integration methods indicated
on Figure 2: Blue is [1] Location registered (n = 943); Orange is [2] Location digitized (n = 328); Purple is
[3] Location reported (n = 11); Green is [4] Location inferred (n = 5); Yellow is [5] Location digitized (n =
14). VI, Victoria Island; AHI, Axel Heiberg Island; El, Ellesmere Island; Cl, Cornwallis Island; Bl, Baffin
Island.
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Figure 4. Index of the GSC maps examined in this study showing the maps that contain gossans
(orange, n = 44) versus those that do not contain gossans (blue, n = 530). Green areas represent
locations where a map without gossans is superimposed with a map containing gossans. The gossan
database is shown in white circles. Inset “A” illustrates a region where small maps contain many
gossans, while large maps do not. Among the 530 maps that do not contain gossans, only 512 are
rendered on the figure based on map size for visibility purposes. The limit of continuous permafrost is
the same as Figure 3. The index map shown in this figure was created using the “Surficial geology
index map” and the “Bedrock geology index map” layers from Natural Resources Canada (2017, 2024),
with modifications and additions.

FUTURE WORK

Figure 5 provides a visual snapshot of the inventoried gossans that have been studied so far, either by
fieldwork or remote sensing. We recommend that current and planned geoscientific research projects
include mapping geographic locations of gossans, as well as their attitude, host rocks, and other
observations collected during fieldwork and geo-mapping. These additional steps will enhance our
understanding of Arctic gossans, which has already been significantly advanced by the many studies
completed by the Geological Survey of Canada (GSC) and Canadian universities.
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To date, many areas in the Canadian Arctic remain unexplored for gossans, and expanding field and
remote sensing studies to these regions would help fill existing knowledge gaps. The inventory
compiled in this Open File can serve as a foundation for further investigation and more comprehensive
mapping of gossan deposits across the Arctic. Continued collaboration between the GSC, academic
institutions, and the mineral exploration industry will be essential to advancing research on gossans
and their potential for indicating metalliferous deposits, as well as for understanding their environmental
significance.
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Figure 5. Map of the Canadian Arctic showing the gossans that have been studied so far by fieldwork
(pink, n = 16) or remote sensing (orange, n = 382) versus those that have been identified but not studied
(white, n =900). The limit of continuous permafrost, basemap, provincial and territorial boundaries, and
island abbreviations are the same as Figure 3.
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