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Preamble

• What’s tech about this talk?
– Tech was taken advantage of
– Observations can be fed into tech
– Physical properties are still innovative!

• What’s in this for you?
– Copper (Au, Mo) stuff
– Porphyry stuff
– BC stuff
– Geophysics for exploration
– Physical properties for exploration



• Lots of potential for 
porphyry Cu+/-Au in 
British Columbia

• Areas of extensive 
cover, esp. in central BC

• Can we see through this 
to locate new porphyry 
targets in BC, or provide 
new information on 
existing targets?

Modified from BC Geological 
Survey (2015), Copper in British 
Columbia, information circular

Porphyry Cu and Au in BC and under cover potential

Bunch of 
geophysics!



Geoscience BC QUEST and QUEST-West projects

• 2007 and 2008 - new 
regional gravity and 
electromagnetic 
(VTEM, AeroTEM) data 
collected over a large 
part of central BC

• Infill EM and magnetic 
surveys over suite of 
known porphyry 
deposits 

QUEST
QUEST-West



Magnetic susceptibility
Density
Conductivity
Porosity
Chargeability..

How can we use these incredible 
geophysical data resources to help find 
new porphyry deposits?
Knowledge of physical 
rock properties



Physical rock property trends for BC porphyry deposits

• Property-scale petrophysical trends of porphyries in BC
– Physical property trends influenced by alteration

• Regional-scale petrophysical trends of porphyries in BC
– Physical property trends influenced by bulk host rock composition



Property-scale petrophysical trends of porphyries in BC

• 2013 MDRU/Geoscience BC study 
of physical properties at 6 
porphyry deposits in BC’s Stikine 
and Quesnel terranes

• Range of calc-alkalic to alkalic
type porphyry deposits

• Examples, this talk:

– Endako (calc-alkalic Mo)

– Granisle (low K calc-alkalic Cu-Au)

– Mount Milligan (alkalic Cu-Au)

QUEST
QUEST-West



Magnetic susceptibility
Endako (calc-alkalic Mo)

pit

Granisle (low K calc-alkalic Cu-Au)
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AeroTEM magnetics; 
Aeroquest Surveys, 2009
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another porphyry

Mineralization can 
be associated with 
low or high 
magnetic 
susceptibilities
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Resistivity/conductivity

Endako (calc-alkalic Mo)

Endako alteration map; plan 
view (after Selby et al., 2000)
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Phyllic/argillic
alteration 

consistently 
increases 

porosity and 
decreases 
resistivity
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Resistivity/conductivity –Mount Milligan same but different

Propylitic/Na-Ca altered rocks are most conductive 
of Mt Milligan porphyry suite due to sulfides.

ZTEM survey detects structure, but possibly also 
sulfides, where abundant

Mount Milligan (alkalic Cu-Au)

Resistivity (Ohm-m)

Resistivity (Ohm-m)

In-Phase Total Divergence, 180 Hz
Geotech Ltd. ZTEM Survey, 2009



Resistivity –Mount Milligan – role of sulfides

Mount Milligan samples

XRD 19% py



Physical rock property trends for BC porphyry deposits

• Property-scale petrophysical trends of porphyries in BC
– Physical property trends influenced by alteration

• Regional-scale petrophysical trends of porphyries in BC
– Physical property trends influenced by bulk host rock composition



Regional scale petrophysical trends of porphyries in BC 

• 2022 MDRU/Geoscience BC 
study to explore for porphyry 
host rocks undercover using 
geophysics

• Quesnel terrane has a large 
250 km gap in mineral 
occurrences - underexplored 

• This terrane is known for it’s 
alkalic porphyry Cu-Au
deposits

• (Most of) These deposits have 
a common geophysical 
footprint at the regional scale

Terrane map: Colpron and Nelson, 2011; 
Quaternary overburden: Cui et al., 2017

Earth Science Viewer - GBC



What is the geophysical footprint 
of alkalic porphyry host rocks?

Mount Milligan Mount Milligan Mount Milligan

Mount Polley Mount Polley Mount Polley

Magnetics Gravity

Magnetics Gravity

Typical..
• Copper Mtn
• New Afton

Less typical
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What is the petrophysical footprint of alkalic porphyry host rocks?
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Sample data from Canadian Rock Physical Property 
Database (Enkin, 2018), and Mitchinson et al., (2022)

Gabbro/ultramafic

Felsic to 
intermediate 

intrusive

Volcanic

Sedimentary

Alkalic porphyry deposit host samples

Density (g/cm3)

Lithology Count Med Min Max

Diorite 67 2.86 2.55 3.37

Monzodiorite 24 2.80 2.60 2.97

Granite 4 2.77 2.65 2.86

Monzonite 28 2.68 2.55 2.84

Granodiorite 27 2.67 2.59 3.00

Syenite 19 2.66 2.48 2.87

Mount Polley regional hosts?

Mount Milligan regional hosts?



Picking some 
porphyry host 
targets using 
magnetics

Magnetics
(NRCan)



3D modelling of targets for susceptibility and density

Gravity 
inversions
(density 
models)

Magnetic 
inversions 
(magnetic 

susceptibility 
models)



Classifying regional porphyry targets using 
petrophysics - central BC

Target ID Magnetic 

susceptibility       

(10
-3

 SI)

Density 

(g/cm
3
)

Density 

class 

Average 

overburden 

thickness (m)

Land features of note

PG11 41.56 2.85 v. high 30

PG14 46.57 2.75 v. high 13

PG17 61.19 2.74 high 10

PG18 36.96 2.74 high 17

PG13 46.37 2.73 high 52 residences/buildings

PG16 34.46 2.70 med 39

PG12 49.16 2.68 med 97 highway, residences/buildings

PG15 29.05 2.63 low 64 residences/buildings

Typical of alkalic porphyry 
hosts in the Quesnel terrane

Less typical of alkalic porphyry 
hosts in the Quesnel terrane

High magnetic susceptibility 
bodies from magnetic 
inversion classified by average 
density from gravity inversion



Physical properties of BC porphyry deposits - summary

• Locally - some consistencies in petrophysical/geophysical 
patterns for porphyries, but the ‘anomaly of interest’ will 
depend on:

– what alteration phase the mineralization is dominantly hosted in

– what the associated alteration may be introducing or taking away 
(minerals, textures)

– Sulfide abundance and distribution

• Regionally - need to have an awareness of the range of 
compositional variations that exist for porphyry host rocks, 
since regionally, petrophysical/geophysical patterns will 
depend on bulk host rock composition



Physical properties in mineral exploration

• Sample and measure for physical 
properties and integrate
petrographic, mineral, and 
geochemical analysis to 
determine the ‘why’ of the 
petrophysical/geophysical 
response for best informed 
interpretations 

• Low cost ($ and time) to make big 
impact on interpretations 
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