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Abstract 

Tourmaline is considered a potential indicator of porphyry-style mineralization as it is a relatively common accessory 

mineral and has a broad range of compositions. The aim of this study is to test discrimination criteria for tourmaline 

in relation to porphyry copper mineralization. Work to date has focussed on the collection of tourmaline in bedrock 

samples from a broad range of known porphyry deposits, the detailed examination of tourmaline in archived till sam-

ples from the vicinity of the Woodjam deposit, and the collection of new bedrock and stream sediment samples in the 

area of the Casino deposit. Three different types of tourmaline were identified in bedrock from Casino: i) breccia-

style; ii) vein-style; and iii) disseminated. A paragenetic analysis based on associated minerals and tourmaline tex-

tures indicates that tourmaline is one of the first hydrothermal minerals to form in the mineralized porphyry system. 

Diffusion-like textures found in some tourmaline grains from bedrock samples from other deposits is significant be-

cause chemical diffusion in tourmaline is considered to be virtually non-existent. Future work includes the comple-

tion of trace element analysis of tourmaline, comparison of tourmaline chemical signatures in bedrock to those recov-

ered in till or stream sediments at the two test sites, and investigation of Fe2+/Fe3+ using Raman spectroscopy. 
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Introduction 

Indicator minerals are an established exploration tool in 

glaciated terrain for gold (e.g. Averill and Zimmerman, 1986; 

Averill, 2001; McClenaghan and Cabri, 2011) and diamonds 

(e.g. McClenaghan and Kjarsgaard, 2007), and more recently 

have been tested for porphyry copper deposits (e.g. Kelley et 

al., 2011; Hashmi et al., 2015; Plouffe et al., 2016). The objec-

tive of this research activity is to further develop the porphyry 

copper indicator mineral suite for both glaciated and unglaciat-

ed terrains through the detailed examination and testing of the 

mineral tourmaline. Discrimination criteria will be developed 

for identifying tourmaline in bedrock and unconsolidated sedi-

ments (i.e. till, stream sediments) that is indicative of fertile 

porphyry copper intrusions. 

Sampling of GSC archives 

Archived bedrock samples housed at Geological Survey of 

Canada’s sample repository in Ottawa from a broad range of 

porphyry copper deposits and pegmatites that had been collect-

ed by R. Kirkham, D. Sinclair, R. Mulligan, A. Soregaroli and 

R. Boyle from British Columbia, Yukon, Ontario, Quebec, 

Nova Scotia, Chile and Mexico have been subsampled. At least 

half the subsamples selected for this study are from locations 

that are no longer accessible or represent upper parts of depos-

its that have been mined out. Tourmaline in these samples are 

being examined in polished thin section and/or heavy mineral 

concentrates to characterize textural relationships (grain size, 

mineral inclusions, colour, zonation, etc.), mineral chemistry 

(major, minor and trace) and isotopic ratios. 

Figure 1. Brown tourmaline grains recovered from the mid-

density fraction of till overlying mineralization at the 

Woodjam copper prospect, British Columbia. 
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Figure 2. Terrane and geological map of Yukon showing the Casino property location. Modified after Colpron and Nelson 

(2011). 
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(Casselman and Brown, 2017). Tourmaline occurs throughout 

the deposit in all rock types despite several different alteration 

types and styles (i.e. potassic, phyllic, propylitic and argillic). 

The Casino deposit was chosen for detailed study because of 

the abundance and widespread nature of tourmaline in the de-

posit, the availability of drill core from all parts of the deposit, 

and the relatively undisturbed nature of the deposit that was 

optimal for testing the effectiveness of tourmaline as an indica-

tor mineral in surrounding stream sediments. 

Thirty-eight bedrock samples were collected from drill core 

(Appendix 1). Surface bedrock sampling at the Casino deposit 

was not possible because of the thick cover of colluvium in this 

unglaciated terrain and the weathered bedrock masking hard 

competent bedrock. In addition to bedrock sampling, samples 

of stream sediment and water were collected at 22 sites (Fig. 

3). At each site, two water samples, one stream silt sample, one 

bulk stream sediment sample for recovery of indicator miner-

als, and one pebble sample were collected following protocols 

described in Day et al. (2013). 

Sand-size (<2 mm) bulk sample for indicator minerals 

Samples were collected to determine the minerals that are 

indicative of porphyry copper mineralization. Material was 

Woodjam tourmaline study 

Mineral fractions of 91 archived till samples from a previ-

ous study of till indicator minerals down ice of the Woodjam 

copper-gold porphyry prospect, British Columbia (Plouffe et 

al., 2016) were re-examined. In particular, tourmaline (Fig. 1) 

was re-examined and recounted in both high (>3.2 SG) and 

mid-density (2.8–3.2 SG) fractions. The mineral chemistry and 

other features of tourmaline grains from four till samples up 

ice, overlying, and down ice of the deposit were initially exam-

ined by Chapman et al. (2015). Additional tourmaline grains 

from up ice, overlying, and at varying distances down ice of 

the deposit as well as newly acquired bedrock samples are cur-

rently being characterized, with special focus on understanding 

the differences in tourmaline recovered from the high- and mid

-density mineral fractions. 

Casino sampling 

Bedrock and stream sediment samples were collected from 

the Casino copper-molybdenum-silver-gold porphyry deposit, 

380 km northwest of Whitehorse, Yukon (Fig. 2). The deposit 

is a calc-alkalic porphyry and ore is hosted in quartz monzonite 

and associated breccias around the edge of the main intrusion 

Mineral markers of porphyry copper mineralization 

Figure 3. Location of stream sediment sample sites (red stars) around the Casino porphyry Cu deposit plotted on the digital topo-

graphic map for NTS 115J. 
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At each site the six variables listed in Table 1 were measured in 

stream waters. Two water samples were collected in the mid-

channel of streams at each site: i) a filtered, acidified sample 

(‘FA’); and ii) a filtered, un-acidified sample (‘FU’) by draw-

ing stream water into a 60 ml plastic syringe and filtering into 

each HDPE bottle through a 0.45 µm disposable filter unit. 

One set of filtered stream water samples will be acidified with 

0.5 ml 8M HNO3. Groundwater samples collected from drill 

holes during the same time period by Western Copper and 

Gold staff have been shared with GSC. Filtered and acidified 

(FA) stream water samples will be analyzed for trace metal and 

major elements at GSC laboratories in Ottawa. Conductivity, 

pH and alkalinity will be measured in the filtered, un-acidified 

set of waters. 

Tourmaline types 

Three different types of tourmaline were identified in bed-

rock samples at Casino, these being classified as breccia-style, 

vein-style and disseminated (Fig. 4). The breccia-style consists 

of a tourmaline-dominant breccia matrix with associated 

quartz. Tourmaline grains form euhedral acicular radiating 

masses appearing black in hand sample, but under closer in-

spection, grains actually range in colour from black-brown to a 

pale-green, some being colour-zoned along their length (from 

nucleation to termination). The tourmaline morphology is con-

sistent with that observed in other deposits examined in this 

study (e.g. Schaft Creek and Woodjam). However, the occur-

rence of lighter-coloured tourmaline in the breccia style is a 

new observation. The vein-style tourmaline is very fine-grained 

and commonly develops along the margins of quartz – sulphide 

veins (generally pyrite), but can also be observed as tourmaline

-dominant veins that exhibit a pinch and swell texture. Tourma-

line vein textures at Casino are similar to those observed at the 

collected from shovel holes dug at suitable sites (mid-channel 

bars, boulder or log traps, etc.) in the main channel of each 

stream (see Prior et al., 2009, for a full list of suitable sites). At 

each site, sediment was wet-sieved through a U.S. sieve series 

12-mesh (1.68 mm) stainless steel sieve into a sample bag until 

a sample weight of 10-15 kg was collected. Bulk sediment 

samples for indicator minerals have been shipped to a commer-

cial laboratory for heavy (>3.2 specific gravity) and moderate-

density (2.8–3.2 specific gravity) fraction separation and iden-

tification of key indicator minerals (including tourmaline) of 

porphyry mineralization. 

Stream sediments (silt) 

At each site, a synthetic cloth bag was two-thirds filled with 

silt or fine sand collected from the active stream channel after 

collection of the water sample(s) and before the bulk sediment 

sample from various points in the active channel while moving 

upstream, over a distance of 5 to 15 m. If the stream channel 

consisted mainly of clay and coarse material or organic sedi-

ment was scarce or absent, trapped silt moss mats in the stream 

channel may have been collected. Field observations were digi-

tally recorded on a tablet using a standard form developed 

jointly by the GSC and the Northwest Territories Geological 

Survey. Samples of stream silt collected around the Casino 

deposit are currently being dried at low temperatures (<40°C) 

at the GSC Sedimentology Laboratory, Ottawa. These samples 

will be sieved to recover the <177µm fraction and analyzed 

using modified aqua regia digestion /ICP-MS, instrumental 

neutron activation analysis, and portable XRF. 

Stream waters 

Stream water was collected at each site because it is a rou-

tine component of GSC stream sediment sampling protocols. 

McClenaghan et al., 2017 

Table 1. Specifications for parameters measured in stream water samples collected around the Casino copper deposit. 
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found in a barren breccia close to the core of the deposit that 

has been overprinted by minor pyrite that formed much later. It 

is also observed to have been overgrown by sulphides and does 

not appear to have been modified or impacted by the various 

subsequent alteration styles (i.e. potassic, phyllic, propylitic, 

and argillic). 

Ongoing tourmaline analysis 

Polished thin sections of bedrock samples from the GSC 

archives have been examined by transmitted and reflected light 

microscopy, providing preliminary documentation of important 

mineral textures and associations. Select samples were then 

investigated using a scanning electron microscope (SEM) to 

collect major and minor chemical data by energy dispersive 

spectroscopy. An important observation during SEM analyses 

was the identification of what may be interpreted as diffusion-

like textures in tourmaline (Fig. 5). This finding is significant 

as chemical diffusion in tourmaline is considered to be virtual-

ly non-existent (van Hinsberg et al., 2011), and thus this obser-

vation challenges our current state of knowledge regarding the 

mineral. It will therefore be important to be able to determine 

if: a) the observed textures do conform to solid state diffusion; 

and b) if so, the extent to which chemical diffusion may occur 

in the mineral. Understanding the potential for significant dif-

fusion will be important when analyzing and interpreting dis-

tinct growth zones of tourmaline. 

Preliminary laser-ablation work on samples has been con-

ducted to establish protocols (e.g. ablation conditions, beam 

size, isotope list, internal and external standards) that will pro-

duce the best results for tourmaline trace element analyses. Prep-

aration and mounting of tourmaline grains in epoxy pucks is 

other deposits in this study suggesting that they form from a 

similar process. Disseminated tourmaline is texturally similar 

to the breccia-style tourmaline (i.e. euhedral acicular radiating 

masses commonly infilled by quartz), but can also be observed 

overgrown by feldspars, sulphides, and clays and appears simi-

lar to that observed in other deposits in this study. A paragenet-

ic analysis based on associated minerals and tourmaline tex-

tures indicates that tourmaline is one of the first hydrothermal 

minerals to form in the mineralized porphyry system. It is 

Mineral markers of porphyry copper mineralization 

Figure 4. Casino deposit, Yukon, drill core samples: a) Hole 93

-177 showing the breccia-style tourmaline (black matrix) 

surrounding mineralized fragments of Paton porphyry; b) 

Hole CAS-082 showing the vein-style tourmaline (black) 

forming along the rim of a pyrite vein; c) Hole CAS-084 

showing the disseminated-style tourmaline (black). 

Figure 5. Backscattered electron image of a tourmaline (Tur) 

grain in quartz (Qtz) and albite (Ab) from a bedrock sample 

from the Highland Valley Cu deposit, British Columbia. 

Note the rhythmic oscillatory zonation which dominantly 

reflects changes in Fe:Mg:Al. Overprinting this zonation is 

what appears to be solid state diffusion, outlined by the 

dotted red lines for clarity. 
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Chapman, J.B., Plouffe, A., and Ferbey, T., 2015. Tourmaline: 
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Colpron, M. and Nelson, J.L., 2011. A Digital atlas of terranes 

for the northern Cordillera; <www.geology.gov.yk.ca> 

[accessed September 6, 2017] 
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vey of Canada, Open File 7428. 

Kelley, K.D., Eppinger, R.G., Lang, J., Smith, S.M., and Fey, 

D.L., 2011. Porphyry Cu indicator minerals in till as an 

exploration tool: Example from the giant Pebble porphyry 

Cu-Au-Mo deposit Alaska, USA; Geochemistry: Explora-

tion, Environment, Analysis, v. 11, p. 321–334. 

Hashmi, S, Ward, B.C., Plouffe, A., Leybourne, M.I., and 

Ferbey, T., 2015. Geochemical and mineralogical dispersal 

in till form the Mount Polley Cu-Au porphyry deposit, cen-

tral British Columbia; Canada; Geochemistry: Exploration, 

Environment, Analysis, v. 15, p. 234–249. 

McClenaghan, M.B. and Cabri, L.J., 2011. Gold and Platinum 

Group Element indicator minerals in surficial sediments; 

Geochemistry: Exploration, Environment, Analysis, v.11, p. 

251–263. 

McClenaghan, M.B. and Kjarsgaard, B.A., 2007. Indicator 

mineral and surficial geochemical exploration methods for 

kimberlite in glaciated terrain: Examples from Canada; in 

Mineral Deposits of Canada: A Synthesis of Major Deposit-

Types, District Metallogeny, the Evolution of Geological 

Provinces, and Exploration Methods, (ed.) W.D. Goodfel-

low; Geological Association of Canada, Mineral Deposits 

Division, Special Publication No. 5, p. 983–1006. 

Plouffe, A., Ferbey, T., Hashmi, S., and Ward, B.C., 2016. Till 

geochemistry and mineralogy: Vectoring towards Cu 

porphyry deposits in British Columbia, Canada; Geochem-

istry: Exploration, Environment, Analysis, v. 16, p. 213–

232. 

Prior, G.J., McCurdy, M.W., and Friske, P.W.B., 2009. Stream 

sediment sampling for kimberlite-indicator minerals in the 

Western Canada Sedimentary Basin: The Buffalo Head 

Hills survey, north-central Alberta; in Application of Till 

and Stream Sediment Heavy Mineral and Geochemical 

Methods to Mineral Exploration in Western and Northern 

Canada, (ed.) R.C. Paulen and I. McMartin; Geological 

Association of Canada Short Course Notes 18, p. 91–103. 

van Hinsberg, V.J., Henry, J., and Marschall, R., 2011. Tour-

maline: an ideal indicator of its host environment; Canadian 

Mineralogist, v. 49, p. 1–16. 

ongoing for till samples collected at the Woodjam copper pro-

spect as well as some other reference and background samples. 

Future work includes the completion of trace-element anal-

ysis of tourmaline grains from the Schaft Creek and Woodjam 

copper deposits and other archived samples, the comparison of 

tourmaline chemical signatures to those recovered in till versus 

bedrock at Woodjam, investigation of Fe2+/Fe3+ using Raman 

spectroscopy as a means of determining prevailing oxidation/

reduction (ƒO2) conditions, and the characterization of tourma-

line in bedrock and stream sediments from the Casino deposit. 
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Appendix 1. Casino copper deposit samples 
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Appendix 1. Casino copper deposit samples (cont.) 
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Appendix 1. Casino copper deposit samples (cont.) 




