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Mineral explorationMineral exploration

•• Direct inspectionDirect inspection
•• Remote detectionRemote detection



Remote detectionRemote detection
•• Exploration geophysicsExploration geophysics
•• Exploration geochemistryExploration geochemistry
•• Indicator mineral methodsIndicator mineral methods
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Remote detectionRemote detection
•• Exploration geophysicsExploration geophysics
•• Exploration geochemistryExploration geochemistry

–– Chemical signalChemical signal
•• Indicator mineral methodsIndicator mineral methods

–– Clastic signalClastic signal



Chemical signalChemical signal

•• Transported by aqueous &/orTransported by aqueous &/or
gaseous processesgaseous processes

•• Detected in media such as ADetected in media such as A
horizon, B, horizon, vegetation, orhorizon, B, horizon, vegetation, or
gasesgases



Clastic signalClastic signal
•• Transported by mechanical processesTransported by mechanical processes
•• Detected by sampling clastic sedimentsDetected by sampling clastic sediments

that have undergone minimalthat have undergone minimal
modificationmodification



Clastic sedimentsClastic sediments



Indicator mineralsIndicator minerals
•• Ideally:Ideally:

–– Coarse-grainedCoarse-grained
–– Specific to exploration targetSpecific to exploration target
–– Visually distinctiveVisually distinctive
–– Readily recoveredReadily recovered
–– Adequately abundantAdequately abundant
–– Adequately resistantAdequately resistant



Indicator mineral methodsIndicator mineral methods

•• Drift prospectingDrift prospecting
•• Drift explorationDrift exploration
•• Tracing floatTracing float
•• Boulder tracingBoulder tracing
•• Stream sediment geochemistryStream sediment geochemistry
•• LoamingLoaming
•• Overburden samplingOverburden sampling
•• Till geochemistryTill geochemistry
•• Indicator mineral tracingIndicator mineral tracing



Indicator mineral surveysIndicator mineral surveys
•• Exploration, mapping, researchExploration, mapping, research
•• Regional reconnaissanceRegional reconnaissance
•• Follow-upFollow-up
•• Assessment of geophysicalAssessment of geophysical

targetstargets
•• In situIn situ mineral chemistry mineral chemistry



ObjectiveObjective

•• Region or targetRegion or target

•• Commodity or commoditiesCommodity or commodities





MediaMedia

•• Stream sedimentsStream sediments
•• Shoreline sedimentsShoreline sediments
•• Glaciofluvial sedimentsGlaciofluvial sediments
•• TillTill









Spacing & layoutSpacing & layout

•• Can vary by orders of magnitudeCan vary by orders of magnitude
–– 1010’’s of kms of km
–– 1 km1 km
–– 0.1 km0.1 km

•• LayoutLayout
–– GridGrid
–– TransectTransect



Ranch Lake, NWT,
 pyrope grains in till

(McClenaghan et al.,. 2001)

Ribbon shaped train: one directionRibbon shaped train: one direction







•

All
Indicators

(J. Armstrong, 2003)



James BayJames Bay
LowlandLowland

DE BEERS

(Kong et al., 1999)

Stream sediments 
derived from till





SizeSize
•• Samples on the order of 10 litresSamples on the order of 10 litres

–– Expected frequency ~ 1 indicatorExpected frequency ~ 1 indicator
mineral per litre of sandmineral per litre of sand

–– May require 5 to 50 litres of sandMay require 5 to 50 litres of sand
–– % sand varies% sand varies



CollectionCollection
•• Road access, aircraftRoad access, aircraft
•• Exposures, shovel,Exposures, shovel,

excavatorexcavator
•• Large volume &Large volume &

weightweight
•• Field concentrationField concentration

e.g. panninge.g. panning
•• Field screening e.g.Field screening e.g.

remove gravelremove gravel







Field observationsField observations
•• BouldersBoulders
•• StriationsStriations



ProcessingProcessing

•• DisaggregateDisaggregate
•• Screen gravelScreen gravel

–– >2 mm (10 mesh)>2 mm (10 mesh)
–– >1 mm (20 mesh)>1 mm (20 mesh)
–– >4 mm (5 mesh)>4 mm (5 mesh)

•• Retain gravel forRetain gravel for
lithologylithology















Pre-concentrationPre-concentration
•• DensityDensity

–– Jig, table, pan, spiral,Jig, table, pan, spiral,
wheelwheel

–– Heavy liquidHeavy liquid

•• SizeSize
–– medium to verymedium to very

coarse sandcoarse sand

•• MagnetismMagnetism
–– Reject non-Reject non-

paramagneticparamagnetic



ConcentrationConcentration
•• Heavy liquidsHeavy liquids

–– Methylene iodide (MI, 3.3)Methylene iodide (MI, 3.3)
–– Diluted MI (e.g. 3.2)Diluted MI (e.g. 3.2)
–– Tetrabromoethane (TBE, 2.96)Tetrabromoethane (TBE, 2.96)
–– NaPolyW (variable)NaPolyW (variable)

•• SuperpannerSuperpanner
•• DMSDMS
•• MagstreamMagstream



FerromagneticsFerromagnetics
•• SeparatorSeparator
•• Hand magnetHand magnet





ClassificationClassification
•• Processing of nonferromagneticsProcessing of nonferromagnetics

–– Reduce picking timeReduce picking time
–– Add informationAdd information
–– SizingSizing

•• E.g. 0.25-0.5 mm; 0.5-2.0 mmE.g. 0.25-0.5 mm; 0.5-2.0 mm

–– Magnetic susceptibilityMagnetic susceptibility
–– MagstreamMagstream





BackgroundBackground

•• Many aspects of processing areMany aspects of processing are
governed by regional heavygoverned by regional heavy
mineral backgroundmineral background





Picking/panningPicking/panning

•• Identification of possible & probableIdentification of possible & probable
indicator mineralsindicator minerals

•• RecoveryRecovery
•• MorphologyMorphology
•• SpikesSpikes
•• Re-picksRe-picks





Gold grainsGold grains

•• NumberNumber
•• MorphologyMorphology
•• MassMass
•• CompositionComposition













SulphidesSulphides

•• Rare coatedRare coated
grains ingrains in
aeratedaerated
sedimentssediments

•• Fresh sulphidesFresh sulphides
in sedimentsin sediments
obtained byobtained by
drillingdrilling











ScheeliteScheelite
•• Lamping under short-waveLamping under short-wave

ultravioletultraviolet



Base metal indicatorsBase metal indicators

•• e.g. e.g. resistatesresistates
such assuch as
gahnitegahnite



Kimberlite indicatorKimberlite indicator
mineralsminerals

•• Cr-pyropeCr-pyrope
•• Mg-ilmeniteMg-ilmenite
•• Cr-spinelCr-spinel
•• E-garnetE-garnet
•• Cr-diopsideCr-diopside
•• OlivineOlivine
•• DiamondDiamond



MorphologyMorphology



Mineral chemistryMineral chemistry

•• Mount & polish grainsMount & polish grains
•• Semi-quantitative analysisSemi-quantitative analysis
•• Quantitative major element analysisQuantitative major element analysis
•• Mineral classificationMineral classification
•• Trace element analysisTrace element analysis

























Mineral Services
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Interpretation & follow-upInterpretation & follow-up



Indicator mineral surveysIndicator mineral surveys
•• ObjectiveObjective
•• MediaMedia
•• SpacingSpacing
•• SizeSize
•• CollectionCollection
•• ProcessingProcessing
•• Pre-Pre-

concentrationconcentration

•• ConcentrationConcentration
•• FerromagneticsFerromagnetics
•• ClassificationClassification
•• PickingPicking
•• MorphologyMorphology
•• Mineral chemistryMineral chemistry
•• Interpretation &Interpretation &

follow-upfollow-up



Indicator Mineral MethodsIndicator Mineral Methods
in Mineral Exploration: Introductionin Mineral Exploration: Introduction

Harvey ThorleifsonHarvey Thorleifson
Minnesota Geological SurveyMinnesota Geological Survey



Workshop 3Workshop 3

Indicator Mineral MethodsIndicator Mineral Methods
in Mineral Explorationin Mineral Exploration

Sunday, September 9, 2007Sunday, September 9, 2007

Association of Applied Geochemists (AAG)Association of Applied Geochemists (AAG)

Convenors:Convenors:
Harvey Thorleifson, MGS & Beth McClenaghan, GSCHarvey Thorleifson, MGS & Beth McClenaghan, GSC


