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Introduction

Podiform chromite deposits represent approximately

25% of global chromite production, a production share that

has been consistent for the past 50 years (Mosier et al.,

2012). Chromium is an essential metal for stainless-steel

production and is one of the 35 minerals identified in the

United States as being “critical” (i.e., a secure and reliable

supply is needed; U.S. Department of the Interior, 2018).

Worldwide, production of chromium is currently domi-

nated by, in decreasing order of importance, South Africa,

Turkey, Kazakhstan and India (U.S. Geological Survey,

2019). The last known chromite production in Canada was

in 1948 from the Union Carbide Company’s ‘Montreal’ pit

in the Black Lake area of Quebec (Eardley-Wilmot, 1948).

Its designation as a critical mineral with no domestic supply

indicates the need to investigate possible domestic sources.

The primary issue facing exploration for podiform chro-

mite is the discontinuous nature and small size of the depos-

its. Podiform chromite occurs in lenticular bodies in the

lower portions of ophiolitic sequences, particularly in the

upper (500—1000 m) part of the tectonite zone in the host

harzburgite (Eckstrand et al., 1995). British Columbia has

demonstrated historical potential along a chain of obducted

ophiolite sequences that runs parallel to the accretionary

arc along the margins of the Quesnel Terrane. The correla-

tion between the terrane margins and known podiform

chromite occurrences is shown in Figure 1. This project in-

vestigates the region surrounding one such known occur-

rence, located on the Bart mineral claims (#1057772;

Strafehl, 2019), 25 km northwest of Kelowna.

Obducted ophiolites are typically highly deformed and al-

tered by serpentinization. The process of serpentinization

results in the formation of magnetite, which leads to a

strong residual magnetic-field anomaly over the ophiolitic

ultramafic rocks (Parvar et al., 2017). The high magnetic

susceptibility of these serpentinized rocks makes magnetic

surveys an effective tool for mapping the extent and struc-

ture of ophiolitic sequences. It must be noted that chromite

has a low magnetic susceptibility and therefore must be de-

tected using an indirect approach: measuring the serpentin-

ized areas and then investigating if chromite is present

through non-geophysical means, such as geochemical

sampling and drilling.

Geology

The Bart mineral claims are dominated by the Permian

Chapperon Group, which is generally interpreted as a fault-

bounded, obducted ophiolite complex (Cui et al., 2017).

The regional-scale geology and ground-magnetic survey

data may be seen in Figure 2. The Chapperon Group con-

sists of metamorphosed siliceous and calcareous argillites,

greenschists of volcanic and sedimentary origin, and minor

serpentinized harzburgite (also identified as dunite by

Cairnes, 1932) in pelitic and volcanic rocks (Cui et al.,

2017). Within the Chapperon Group are oblong bands of

ultramafic intrusive rocks striking approximately 330° and

known to host podiform chromite occurrences. These ultra-

mafic units are historically known as the Old Dave intru-

sions. These comprise primarily dark green serpentine that

often weathers to a deep orange-red but is sometimes

coated with a thin, semitransparent, whitish, talcose film

(Cairnes, 1932). Thin-section analysis reveals different

stages of alteration, from abundant small grains of olivine

occurring in a meshwork of serpentine to instances in

which no traces of unaltered olivine remain (Cairnes,

1932). Other common minerals include similarly altered

pyroxene, talc, chlorite, magnetite, asbestos and chromite

(Cairnes, 1932).
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The Devonian to Permian Harper Ranch Group, located

east of the Chapperon Group, comprises Carboniferous to

Permian arc clastic rocks (limestone, sandstone and mud-

stone) that form the basement to the Quesnel terrane

(Beatty et al., 2006). The Chapperon and Harper Ranch

groups are unconformably overlain by the Upper Triassic

to Lower Jurassic Nicola Group (Cui et al., 2017). The

Nicola Group comprises the following sedimentary facies

of Upper Triassic age: shale, argillite, siltstone, sandstone,

phyllite, tuff, local polymict conglomerate, limestone,

greenstone and chloritic phyllite (Cui et al., 2017). These

units were intruded into and are abutted by intermediate in-

trusive rocks to the southwest that comprise, in order of

lessening abundance, granodiorite, quartz diorite, quartz

monzonite and lesser monzonite, diorite and gabbro, em-

placed during the late Triassic to early Jurassic (Cui et al.,

2017). Overlying the region in the Eocene period is the

Penticton Group, comprising volcanic rocks that include

mixed alkalic and calcalkaline transtensional volcanic

rocks and associated fluvial and lacustrine sedimentary

rocks, hornblende-biotite-quartz-feldspar porphyry and bi-

otite-hornblende-plagioclase porphyry (Cui et al., 2017).

Abutted against the east side of the serpentinized belt is a

parallel layer of discontinuous marble of sedimentary ori-

gin. Apart from the Penticton Group, all the geological units

in the study area are components of the Quesnel terrane.
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Figure 1. Terranes of British Columbia with known podiform chromite occurrences indicated. Base map from BC Geological Survey (2011),
modified with MINFILE data from BC Geological Survey (2019).
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Figure 2. Regional geology of the Bart claims (#1057772; Strafehl, 2019) and ground-magnetic survey data with a manually defined dis-
crete colour-scale, grouping distinct subsets of magnetic intensities (regional geological data from Cui et al., 2017).



Thin-section analysis was done on a sample taken from one

of the known chromite pods on the property and a sample of

the serpentinized ultramafic rocks that host the occurrence

and are shown in Figures 3 and 4, respectively.

The clasts in Figure 3 comprise massive chromite domi-

nated by a brittle fracture system, which was infilled by ser-

pentine. The clasts also have inclusions of unknown

opaque minerals, which exhibit a higher reflectance than
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Figure 3. Sample (a) and photomicrographs from a known chromite pod: b, d) reflected-light images illustrating the fracture system that
dominates the sample; chromite (Chr), which makes up 70–90% of the section, was brittlely deformed, resulting in serpentine (Srp)–filled
fractures throughout the sample; unknown sulphide minerals occur throughout these fractures; c) transmitted-light image (with the same
field of view as (d), illustrating the brittle deformation that the sample underwent; e, f) transmitted-light (e) and reflected light (f) views of the
opaque grains hosted within the serpentine matrix.
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Figure 4. Typical sample (a) of the serpentinized ultramafic rocks that occur within the Chapperon Group and photomicrographs illustrating
its mineralogy: b) reflected-light image of a large chromite (Chr) grain with replacement by magnetite (Mag) on the periphery of the grain,
disseminated hematite (Hem) in the surrounding matrix; c) cross-polarized image illustrating serpentine (Srp)–filled fracture through
heavily altered host; d) same field of view as (c) with reflected light, illustrating the moderately reflective chromite grains; e) cross-polarized
image displaying talc (Tlc); f) cross-polarized image showing an accumulation of chromite grains along a heavily deformed trend in the sec-
tion, hosted within remnant olivine (Ol) not destroyed by the serpentinization process.



the host chromite. The reflective inclusions may also be

seen in several of the other fractures. These are likely to be

sulphide minerals such as chalcopyrite or pentlandite,

which will be investigated in the near future by scanning

electron microscope (SEM) analysis.

The serpentinized ultramafic sample in Figure 4 was deter-

mined to consist primarily of serpentine and talc, with rem-

nant olivine as well as opaque minerals in two modes of oc-

currence: disseminated throughout the section and hosted

in concentrated layers as a result of metamorphic proces-

ses. These opaque minerals are believed to consist of chro-

mite, magnetite and minor hematite. The chromite and

magnetite are associated with each another, with chromite

making up the core of the opaque grains and the outside al-

tered to magnetite in many samples. This provides an ex-

planation for the strong magnetic signal generated by these

ultramafic rocks.

Ground Magnetometry Survey

The primary survey method used for delineating the extent

of the serpentinized regions is ground magnetometry using

a GEM Systems GSM-19T proton-precession magnetome-

ter. Positioning was achieved using a NovAtel single-fre-

quency GPS receiver with an advertised accuracy of 1.5 m

in the horizontal plane. The GPS antenna was mounted on

the GEM systems GSM-19T sensor staff, approximately

2 m above ground level. The magnetometer sampling fre-

quency was set to 0.5 sample/second. Approximately

165 line-km were collected, assuming a 4 km/h walking

speed, with 74 281 filtered observations collected in

nanoteslas (nT) over the 10-day ground magnetic survey

(June 18–28, 2019). A reference station for monitoring di-

urnal variations was not available. However, since the tar-

get anomalies were an order of magnitude larger than the

diurnal signals, this was deemed to be a noncritical issue.

The primary targets for exploration were the regions of

serpentinization within the ultramafic Chapperon Group,

which follows a north-northwesterly structural trend. This

trend dominates the joint patterns and schistosity, and con-

trols the extent of the Chapperon and Harper Ranch groups

in this region. This interpretation is based on the orientation

of the purple lobes within the Chapperon Group shown in

Figure 2. In order to target the north-northwest-trending

serpentinized regions, large-scale (750–3000 m line spac-

ing, depending on accessibility) perpendicular transects of

this trend were made across the Chapperon Group. Anoma-

lous zones were identified in the field and followed up with

high resolution local grid surveys on subsequent days.

The magnetic data were interpolated using natural neigh-

bour interpolation, and a discrete colour scale was applied

based on geological interpretations from field observations

(Figure 5). Natural-neighbour interpolation is an algorithm

that, for a subset of data surrounding a query point, con-

structs a Voronoi diagram for the given data points and the

Voronoi polygon for the query point. The proportion of

overlap between the query polygon and the adjacent cells

determines the weights applied for the calculation of the

point value (Esri, 2016).

Interpretations

Geological interpretations were made based on a combina-

tion of magnetic signatures, field mapping and observa-

tions of geology. Based on field observations, the colour

scale for magnetic intensity shown in Figures 2, 5 and 7 was

selected to separate the magnetic data into geologically

meaningful groups. This clustering resulted in the grouping

of very high magnetic signals produced within the

serpentinized zone (56 020–66 310 nT), the average signal

observed within the serpentinized zone (55 030–56 010 nT)

and the slightly lower signal on the fringe of this zone

(54 660–55 010 nT). Based on the strong magnetic signal

generated by the serpentinization of the ultramafic rocks

and ground observations of the geology, the delineation of

the serpentinized ultramafic rocks was reviewed as shown

in Figure 6.

The geological interpretations in Figure 6 indicate several

fault structures, along with strike-slip motion. These faults

are oriented primarily in two parallel sets, one with sinistral

strike-slip at approximately 300° and the other with dextral

strike-slip at approximately 355°. Based on this pattern of

strike-slip faults, it is interpreted that these faults make up a

conjugate fault set, which is reacting to a north-northwest-

oriented primary stress field as a result of regional-scale

tectonic forces. This may be the result of a regional-scale

dextral shear system that is present throughout the western

cordillera (Mazzotti et al., 2008). Interpretations of the

fault systems can be seen in Figure 7.

Conclusions

The data collected this field season provided the highest

resolution magnetometer data to date for this area. The finer

resolution of this survey has enabled more precise interpre-

tations regarding the extent of the serpentinized zone and

improved interpretations of the orientation of the fault

structures. There remains some uncertainty regarding the

exact orientation of these fault structures as observed dur-

ing fieldwork, so these interpretations are based mainly on

magnetic and topographic features. Detailing the full extent

of the serpentinized ultramafic rocks will allow for more ef-

fective rock- and soil-sampling programs, which may re-

sult in the discovery of chromite pods of potential eco-

nomic importance. Of additional interest, the faults in the

area may have acted as fluid conduits for hydrothermal

mineralization, evidence of which was observed in the area

as glacially transported rock samples. Improved under-
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Figure 5. Natural-neighbour–interpolated magnetic-intensity data with a discrete colour scale reflecting field observations of distinct
groups. Data points used in the interpolation are displayed in yellow to allow identification of interpolation and edge effects.
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Figure 6. Geological and structural interpretations based on ground-magnetic survey and geological observations. Background imagery
from Copernicus (2017).
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Figure 7. a) Interpreted geological and structural features in the northern part of the survey area, with supporting magnetic-field data, at
1:20 000 scale. Smaller scale subsets (1:8 000) of the data in (a), illustrating the structural interpretations with supporting interpolated and
point (to illustrate data density used in interpolation) magnetic-field data for b) north-striking fault system in the northeastern ridge, and
c) evidence of conjugate faults through the southern northwest-trending gully and the central lobe, which was displaced northward.



standing of these fault structures may generate targets for

exploration of hydrothermal mineral occurrences.

Future Work

In order to better resolve the distribution of magnetic sus-

ceptibility within the serpentinized ultramafic belt, an un-

manned aerial vehicle (UAV)–borne aeromagnetic survey

is planned for the spring of 2020. This will allow total-mag-

netic-field data to be collected at a high resolution over the

tops of densely forested areas and steep gullies where col-

lecting terrestrial total-magnetic-field measurements was

not physically possible. This UAV magnetometry is also

capable of achieving higher spatial resolution than a

manned airborne survey. This UAV-borne total-magnetic-

field data will enable gaps in the terrestrial magnetic data to

be filled, observation of additional fault structures and the

ability to better resolve areas within the serpentinized ultra-

mafic rocks that may host chromite. An SEM analysis will

be conducted to verify mineral interpretations from the thin

sections and to determine the composition of the observed

sulphide inclusions.
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