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The physical properties – lithology/mineralogy link
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Highland Valley Copper porphyry deposit, near Kamloops, BC

Magnetic Survey over 
the Guichon Batholith,
Highland Valley Copper

Samples from the Footprints 
Project, Guillaume Lesage & 
Kevin Byrne 

Physical properties 
measurements help 
make the link between 
geophysical and 
geological interpretation
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Canadian Rock Physical Property Database, GSC Open File 8460, Enkin 2018
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Forward Problem: What physical properties do different rock-types present?

Inverse Problem: How to interpret rock-types from physical properties?

Enkin, Hamilton, 
and Morris, 2020
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Forward Problem: What physical properties do different rock-types present?

Inverse Problem: How to interpret rock-types from physical properties?

Know the 
properties of 
“ordinary” 
rocks to aid 
recognition of 
important 
exotic rocks

Enkin, Hamilton, 
and Morris, 2020
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Canada

Enkin, 2018
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Norway
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Crustal rocks are half oxygen, and 1 - 15% iron

We are standing on 
a framework of 
SiO4

4- tetrahedra, 
held together by 
cations

Oxygen
Silicon
Aluminum
Iron
Calcium
Sodium
Potassium
Magnesium
Other
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Highland Valley Copper porphyry deposit, near Kamloops, BC
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Iron Oxidation State controls Magnetite and Hematite Concentration

CIPW Norm (Cross, Iddings, Pirsson, and 

Washington, 1902), estimates igneous 
mineralogy from geochemistry.

Fe3+ incorporated into magnetite 
up to 60% Fe3+/FeTot, then into 
hematite

Reduced OxidizedFe3+/FeTot
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Highland Valley Copper porphyry deposit, near Kamloops, BC

Gravity Survey
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Highland Valley Copper porphyry deposit, near Kamloops, BC

Magnetic Survey
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Ultramafic bodies sampled 
along the marine Cache 
Creek terrane, British 
Columbia and Yukon 
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Unaltered deep pluton
Olivine/Pyroxene

No Magnetite
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2.5x4.5 cm Dejan Mildragovic, Decar (BC)
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Koenigsberger Ratio

          Permanent Magnetization
Kn = ------------------------------------
            Induced Magnetization

50% Kn>1
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Bay of Islands Complex - NL
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Colour: H2O concentration. 
Symbols: Open >1% CO2

Ultramafic Petrophysics

• Serpentinization/hydration reduces 
density and creates magnetite           

• Carbonation increases density and 
destroys magnetite
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Resistivity

Ultramafic Petrophysics

• Serpentinization/hydration reduces 
density and creates magnetite           
and creates porosity

• Carbonation increases density and 
destroys magnetite and removes 
porosity
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Enkin, 2018



UNCLASSIFIED - NON CLASSIFIÉPhotomicrographs – resistive and conductive samples from Bell Porphyry Deposit
Biotite-quartz-magnetite altered sediments Sericite-carbonate-quartz-pyrite altered BFP
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For all, field of view ~  8mm Mitchinson, Enkin, and Hart, 2013
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Vs. Porosity

Bubble size = Porosity

Resistivity vs Density

Intrusives
Volcanics
Sediments

Vs. Sulfides

Bubble size = sulfide abundance

>8% sulfide

Mitchinson, Enkin, and Hart, 2013
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Electric Impedance: 
Resistivity and 
Chargeability

Mitchinson, Enkin, and Hart, 2013



UNCLASSIFIED - NON CLASSIFIÉElectric Impedance: Resistivity and Chargeability

Altered porphyritic 
granite from Highland 
Valley Copper deposit, 
British Columbia. 

“Triple-Zarc” spectral 
impedance curve due to 
sericite (~1kHz) and 
bornite (~1 Hz) 
chargeability.
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Geophysical anomalies are caused by physical 
property contrasts.

Rock physical properties reflect lithology and 
mineralogy, and can be understood in terms of 
composition and geological history.

Physical properties measurements help make 
the link between geophysical and geological 
interpretation.
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Geophysical anomalies are caused by physical 
property contrasts.

Rock physical properties reflect lithology and 
mineralogy, and can be understood in terms of 
composition and geological history.

Physical properties measurements help make 
the link between geophysical and geological 
interpretation.

Ultramafic systems are particularly exotic!
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