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IN SITU, BOREHOLE, LAB

FIELD, BOREHOLE, LAB

LAB, BOREHOLE (?)

LAB, BOREHOLE

Issue:

STILL NOT ENOUGH BOREHOLE DATA BEING COLLECTED !!!!!!!!!!!



GEOLOGICAL CONTROLS ON PETROPHYSICAL PROPERTIES

LITHOLOGICAL / STRATIGRAPHIC CHANGES

SPATIAL  / ZONATION CHANGES LAYERED INTRUSIONS

METAMORPHISM (REGIONAL)

WEATHERING (SURFICIAL)

ALTERATION MINERALISATION

PETROLOGICAL OUTCOME AND PETROPHYSICAL RESULTS

LOCATE FRACTURE BASED SYSTEMS, YES

PORPHYRY COPPER, SEE TALK BY CLARK

OTHER MINERAL DEPOSIT SYSTEMS??

OXIDATION… MAGNETITE TO HEMATITE TO GOETHITE.

REDUCTION.. FORMATION OF PYRITE, PYRRHOTITE.

SERPENTINISATION.. FORMATION OF CHLORITE, MAGNETITE



DATABASES… GSC, Mira…. But CALIBRATION !!!!!!

LOCALLY APPLICABLE ????? 



PARAMAGNETICS FERROMAGNETICS

REMANENCE

HENKEL,1994

STANDARD DIAGARAMS 

Reference plots for 

discriminating between  

minerals, lithology, on 

basis of density, 

susceptibility and 

remanence
CLARK, 1997

Induced, Viscous, and Remanent magnetisations



ATIKOKAN, ONTARIO  ALTERATION

RADWASTE PROJECT to LOCATE FRACTURES

COERCIVITY ANALYSIS SHOWS OXIDATION OF 

MAGNETITE TO HEMATITE

Lapointe et al., 1984, 1986

y = 0.8266x2 + 107.61x + 134.46
R² = 0.8355
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IN SITU SUSCEPTIBILITY MEASUREMENTS .. ALTERATION

Ten measurement sets of ten measurements each were completed in 

each of the four zones, resulting in a total of  400 magnetic 

susceptibility measurements

Internal consistency of measurement provides ability to determine 

degree of alteration

BYRNE et al 2017



LITHOLOGY AND FRACTURE MAPPING Highland Valley Copper Deposit

LESAGE et al 2017



GRAVITY

MAGNETICS

BAIE VERTE, NEWFOUNDLAND

SPICER, et al., 2011

Constrained inversion

LITHOLOGY



BATHURST, 

NEW BRUSWICK

LITHOLOGY

MAJOR STRATIGRAPHIC 

UNITS HAVE DIFFERING 

AVERAGE DENSITY 

2.67 gm/cc produces topographic 

artefacts

Use variable density as defined 

by covariance (Nettleton)Ground gravity, a) 2.67, b) variable, c) difference

Gravity Gradiometry Gzz, a) variable density terrain,

b) Terrain correction grid, c) CDED,

d,e,f) uniform terrain corrections using values on graphs
Tschirhart. P., 2011

GRAVITY GRADIOMETRY

VARIABLE DENSITY

TERRAIN CORRECTION



MINERALISATION AND ANOMALY DETECTION
Alteration produces big 

change in meta-basic dykes, 

but volumetrically too small 

for detectable anomaly

Change in meta-sediments is 

significant but hidden by 

large anomaly

Magnetic fabrics, provide 

clear and obvious evidence 

of localised alteration 

associated with 

mineralisation

Malartic Gold Deposit 



INDUCED, VISCOUS, REMANENT MAGNETISATIONS

And Magnetic Anomalies

Remanence direction 

used in inversion 

modelling CANNOT

have a random orientation

It must be consistent with 

age of rock, or its 

alteration, the degree and 

sense of deformation

and the appropriate polar 

wander path

Morris et al., 2007



BATHURST, 

NEW BRUNSWICK

REMANENCE POST FOLDING

PEF / VISCOUS OVERPRINT

Tschirhart, P., et al 2014 



WHAT MINERAL SYSTEMS

AND ALTERATION PROCESSES 

DO WE NEED TO DOCUMENT

TO OBTAIN A BETTER 

UNDERSTANDING OF

SIGNIFICANCE OF 

PETROPHYSICAL RESPONSES ?

HOW MANY DO WE KNOW?

Oxidation

Porphyry Copper

Serpentinization?



Image processing of thin sections and 

polished sections to obtain estimates 

of mineral content, grain size, and 

pore geometry 



BULK
AVERAGE OF PROPERTIES OF ALL MINERALS. 

PROPERTIES OF INDIVIDUAL MINERALS AND THEIR RELATIVE ABUNDANCE

PREDICT USING SIMPLE MIXING MODEL FROM CHEMICAL, OR MINERALOGY

DENSITY, SEISMIC VELOCITY, PARAMAGNETISM  

GRAIN PROPERTIES
CONTROLLED BY PRESENCE / ABUNDANCE OF MINOR MINERAL PHASES

SIZE, SHAPE OF MINERALS

FERROMAGNETISM (INDUCED AND REMANENT MAGNETISATION)

ELECTRICAL POLARISATION

TEXTURE

CONTROLLED BY PRESENCE / ABUNDANCE OF MINOR

MINERAL PHASES, SHAPE, CONNECTIVITY

ELECTRICAL CONDUCTIVITY, POLARISATION



PHYSICAL PROPERTY MODELLING

VAN DER WEILEN and CHOPPING

IMPORTANT TO LINK PHYSICAL PROPERTY VARIATIONS 

TO MINERALOGICAL AND GEOCHEMICAL DATA

MUST TAKE ADVANTAGE OF NEW pXRF, and 

HYPERSPECTRAL MINERAL MAPPING TOOLS



CONCLUSIONS
• PHYSICAL ROCK PROPERTIES GENUINELY REPRESENT THE LINK BETWEEN GEOLOGY AND 

GEOPHYSICAL RESPONSE, BUT NOT JUST LITHOLOGY

• INSTRUMENT CALIBRATION IS A CRITICAL ISSUE

• PHYSICAL ROCK PROPERTIES ARE ESSENTIAL CONTROL WHEN ATTEMPTING ANY TYPE OF 

INVERSION OF GEOPHYSICAL DATA

• REMANENCE……. INTEGRATE WITH APWP CONSTRAINT… 

• NEED TO DEVELOP A BETTER UNDERSTANDING OF CHANGES IN PHYSICAL ROCK PROPERTIES 

ASSOCIATED WITH GEOLOGICAL PROCESSES

• NEED TO TAKE ADVANTAGE OF NEW GENERATION OF PORTABLE MINERAL MAPPING AND 

GEOCHEMICAL TOOLS.

• NEED TO DEVELOP METHODS FOR RAPIDLY CHARACTERISING MAGNETIC MINERAL CARRIER, 

COERCIVITY ANALYSIS, VARIABLE FREQUENCY / FIELD SUSCEPTIBILITY

• NEED TO DEVELOP AND USE NEW DATA INTEROGATION TECHNIQUES FOR USE WITH PHYSICAL 

PROPERTY DATA.



Thanks, Questions?

Western Paleomagnetic & Petrophysical Laboratory

Dr. Phil J. A. McCausland     wppl@uwo.ca


