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McClenaghan & Kjarsgaard, 2007
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- Mineral species
- Mineral abundance
- Mineral chemistry/discrimination plots
- Grain shape, textures

McClenaghan & Kjarsgaard, 2007
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TGI3 Test sitesTGI3 Test sitesTGI3 Test sitesTGI3 Test sites
• Halfmile Lake Zn• Halfmile Lake Zn--PbPb--Cu VMS deposit, Cu VMS deposit, 
Bathurst CampBathurst Camp
• Magmatic Ni• Magmatic Ni--Cu deposits, Thompson Cu deposits, Thompson 
Ni BeltNi BeltNi BeltNi Belt
• Broken Hammer Cu• Broken Hammer Cu--(Ni)(Ni)--PGE PGE 
occurrence, Sudburyoccurrence, Sudbury
• Nico • Nico Co-Au-Bi IOCG deposit, Great IOCG deposit, Great 
Bear Magmatic zoneBear Magmatic zoneBear Magmatic zoneBear Magmatic zone

GEM Test SitesGEM Test Sites
• Izok Lake • Izok Lake Zn-Cu-Pb-Ag VMS deposit, VMS deposit, 
NNNunavutNunavut
• Pine Point Pb• Pine Point Pb--Zn MVT deposits, NWTZn MVT deposits, NWT
• Kiggavik U deposit, Nunavut• Kiggavik U deposit, Nunavut
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Common indicators of hydrothermal alteration 
zones associated with metamorphosed massive 
VMS deposits in glaciated terrain

Averill (2001)
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VMS deposits: indicator minerals
Chalcopyrite Sphalerite (Fe-rich)

1.0 mm 1.0 mm

Galena

Pyrrhotite Sphalerite

1.0 mm1.0 mm
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VMS deposits: indicator minerals
Gahnite Staurolite

1.0 mm
1.0 mm1.0 mm 1.0 mm

SpessartineAxinite

1.0 mm 1.0 mm
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Example: Gahnite Distribution
Izok Lake VMS deposit, Nunavut-NWT: dispersal train

Hicken et al. 2010
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Gahnite in till, Halfmile Lake VMS deposit, Bathurst

Example: Gahnite Chemistry
Composition of Gahnite in Natural Geological Settings Gahnite in till, Halfmile Lake VMS deposit, BathurstComposition of Gahnite in Natural Geological Settings
Spry & Scott (1986a); Heimann et al. (2005)

1 Marbles; 2 Metamorphosed massive sulfide deposits and S-poor rocks in Mg-Ca Al alteration zones; 3 Metamorphosed massive sulfide deposits in 
F Al t di t d t l i k 4 M t b it 5 P tit 6 U lt d d h d th ll lt d F Al i h t di t dFe-Al metasedimentary and metavolcanic rocks; 4 Metabauxites; 5 Pegmatites; 6 Unaltered and hydrothermally altered Fe-Al-rich metasedimentary and 
metavolcanic rocks; and (7) Al-rich granulites
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Common indicators of Ni-Cu massive sulphide deposits 
hosted by mafic/ultramafic rocks in glaciated terrainhosted by mafic/ultramafic rocks in glaciated terrain

Averill (2009)
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Ni-Cu-PGE: indicator minerals

Pentlandite Chalcopyrite Chromite

1.0 mm 1.0 mm 1.0 mm

Pyrrhotite Olivine Cr-diopside

1.0 mm 1.0 mm 1.0 mm
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Ni-Cu-PGE: indicator minerals

Pentlandite Chalcopyrite Chromite
Comparison to Kimberlite indicator minerals

Olivine:

1.0 mm 1.0 mm 1.0 mm

Olivine: 
• smaller, paler colour
• paramagnetic due to inclusions of Cr-
magnetite/Fe-chromite

Pyrrhotite Olivine Cr-diopside
Chromite:
• shaper edged crystals, no resorbed surfaces

1.0 mm 1.0 mm 1.0 mm

Cr-diopside:
• lower Cr content, paler green colour
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Definition – Indicator Mineral
Ni-Cu-PGE: indicator minerals

Definition – Indicator Mineral
Goethite

Chalcopyrite

Sperrylite
1 mm

Broken Hammer Cu-(Ni)-PGE occurrence, Sudbury (Averill, 2009)
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Chromite grains/10 kg Chromite Distribution
Thompson Nickel Belt

Hi h t t i t d ith

Ice flow
2

• Highest counts associated with 
mineralized rocks and ultramafic 
intrusions
• Unknown sources west and east

1

• Unknown sources west and east 
of belt
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Chromite Chemistry
Thompson Nickel Belt

Pipe 
ultramafics Pipe oreultramafics

Thompson ore

picrite Birchtree ore

Thompson ore
Pipe deposit

Thompson ore

McClenaghan et al., 2009
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GEM Indicator Mineral Data Compilation
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Geoscience Data Repository:
Canadian Geochemical Surveys
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geochemical and indicator 
mineral government surveys
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Chalcopyrite (1.0 – 2.0 mm)Chalcopyrite (1.0 – 2.0 mm)
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Summary

• Website updates:p
• Indicator mineral metadata online in 2010
• Additional GSC survey data online early 2011

• Steve Adcock, Geological Survey of Canadag y
adcock@nrcan.gc.ca

• Roger Paulen, Geological Survey of Canada
Roger.Paulen@NRCan-RNCan.gc.cag @ g

• Beth McClenaghan, Geological Survey of Canada
bmccclena@nrcan.gc.ca
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Wanted: Indicator Mineral Data From Industry

• Permanent archive of indicator mineral data

• Accessible via the internet in office or field

• Currently accepting donations of indicator mineral data for the 
database

• Properly documented sample information
(i.e., sample type, location, weight, size fraction, etc.) 

• Properly documented sample processing methodology

• Also accepting donated concentrates and other media. Priority 
areas (e.g., GEM Project areas) may undergo re-picking of heavy 
mineral concentrates
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F t I di t Mi l R h TGI4Future Indicator Mineral Research - TGI4
• Rare metals

M ti Ni C PGE• Magmatic Ni-Cu-PGE
• VMS

Intrusion hosted deposits• Intrusion hosted deposits  
- porphyry Cu-Au

Sn W Mo- Sn-W-Mo
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INDICATOR MINERALS COMMONLY RECOVERED

•• Gold grains (Au)Gold grains (Au)•• Gold grains (Au)Gold grains (Au)
•• Native copper (Cu)Native copper (Cu)
•• Kimberlite indicator mineralsKimberlite indicator minerals
•• Platinum Group minerals (PGM)Platinum Group minerals (PGM)
•• Sulphide mineralsSulphide minerals•• Sulphide mineralsSulphide minerals
•• Metamorphosed massive sulphide Metamorphosed massive sulphide 

mineralsminerals-- e.g. gahnitee.g. gahnite
•• Magmatic NiMagmatic Ni--CuCu--PGE mineralsPGE minerals
•• Scheelite (W)Scheelite (W)

TopazKimberlite indicator minerals

Scheelite (W)Scheelite (W)
•• Cassiterite (Sn)Cassiterite (Sn)
•• Cinnabar (Hg)Cinnabar (Hg)
•• Fluorite, topaz (F)Fluorite, topaz (F)
•• Uranium mineralsUranium mineralsUranium minerals Uranium minerals 
•• Rare earth element (REE) mineralsRare earth element (REE) minerals

Gold native Cu

Sphalerite
• May be recovered from • May be recovered from samesame heavy mineral concentrateheavy mineral concentrate
• Must also process <0 25 mm fraction• Must also process <0 25 mm fraction

ODM

Gold, native Cu, 
pyromorphite

• Must also process <0.25 mm fraction• Must also process <0.25 mm fraction
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Conference Workshop:
25th International Applied Geochemistry Symposium 
August 22-26, 2011   Rovaniemi, Finland
‘Indicator Mineral Methods in Mineral Exploration’Indicator Mineral Methods in Mineral Exploration
Conveners: Beth McClenaghan and Vesa Peuraniemi
http://www.iags2011.fi/

Journal Special Issue:
Geochemistry: Exploration, Environment Analysis
Special Issue   Fall, 2011
‘I di t Mi l M th d i Mi l E l ti ’‘Indicator Mineral Methods in Mineral Exploration’
Editors: Beth McClenaghan and Gwendy Hall


