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Improving Inversion Models with Physical Property Constraints

Enhancing Geophysical Interpretation and Mineral Deposit Modelling Though 
Knowledge of Physical Rock Properties: Magnetic Susceptibility

Susceptibility Data Summary
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? Anomalously high susceptibilities 
associated with magnetite veins - 
magnetite is part of the mineralization-
related potassic alteration assemblage

?Moderate sus. monzonites can also be 
mapped within lower sus. volcanics

?Minimal contrast between localized 
moderate-high sus. alteration zones and 
high sus. hornfelsed volcanics

?Can map moderate sus. intrusives within 
high sus. hornfels rocks

?Can map low sus. alteration (qtz-ser; 
kaol) within higher sus. intrusive hosts

?Can map contacts between high sus. 
intrusive host and adjacent intrusive rocks

N/A

N/AN/A

1Mitchinson, D.E. , and Bissig, T.

Studies for Porphyry Deposits in the QUEST and 
QUEST-West Areas (NTS 93E, 93K, 93N) 

?Mineralization (DWBX, WBX, MBX, 66 zones) is spatially 
related to monzonite intrusions, and is mainly hosted within 
potassically-altered basalt.

?Background propylitically-altered volcanics have consistently 
low susceptibility values.

?Ore-related potassic alteration mineral assemblages contain 
magnetite, and these alteration zones correlate with anomalous 
susceptibilities.  

?Magnetic highs, and high susceptibility can be used to target 
potassically-altered volcanic and intrusive rocks.

?Mineralization is associated with a series of quartz-
molybdenite veins hosted within the Endako quartz 
monzonite (EQM).

?The Endako quartz monzonite is high susceptibility. 

?Ore-proximal quartz-sericite alteration destroys 
magnetite.

?Magnetics/susceptibility can be used to target low 
susceptibility zones within the EQM, or to map the 
contact between the EQM and the low susceptibility 
Casey granite to the north.

?A caution is that weak, pervasive kaolinite alteration 
unrelated directly to ore is also magnetite destructive.

?Mineralization is hosted mainly within hornfelsed andesites, 
and is spatially related to granodiorite intrusions. 

?Contact metamorphism introduced magnetite, and within this 
hornfelsed rock, ore-related K-feldspar and albite alteration 
causes only localized magnetite destruction.

?Susceptibility contrasts within hornfelsed rocks may not be 
strong enough to locate mineralization, however, the contrast 
between moderate susceptibility granodiorites and high 
susceptibility host volcanics might allow these spatially important 
intrusives to be mapped in 3D in the subsurface.

?From initial sampling, volcanic rocks beyond the mine setting 
appear to be moderate to low susceptibility, thus it may be 
difficult to map alteration zones or granodiorites within them.  

Physical property information, along with 
geological knowledge of the mineral 
deposit setting can be used to improve 
geophysical inversion model results. 

With the recent release by Geoscience BC of a series of geophysical data sets over mineral deposits in west-central British Columbia (Geotech Limited, 2008, 2009; Aeroquest Surveys, 2009; 

Phillips et al,, 2009), there is increased interest in improving our understanding of the links between geology and geophysics. A postdoctoral project was initiated by the Mineral Deposit 

Research Unit at the University of British Columbia that focuses on understanding the relationships between geology and physical properties in porphyry deposit settings. Study sites for this 

project include the Mount Milligan copper-gold deposit, the Endako molybdenum mine and the Huckleberry copper-molybdenum mine. Magnetic susceptibility is the first physical property data 

set to be analyzed. This compilation provides a preliminary summary of the characteristic susceptibility ranges for suites of rocks from the three deposits, and shows how this type of 

information can be employed to improve 3D geophysical models of the subsurface.

Potassic alteration (+ magnetite) yields the highest 
susceptibility values in volcanic and intrusive host 
rocks. Propylitically-altered volcanic host rocks 
have low susceptibilities on average. 

Mount Milligan magnetic map (MBX area). Magnetic 
highs occur in all mineralized zones: MBX, WBX, 
DWBX, and 66 zones. From physical property studies, 
moderately magnetic areas could be associated with 
monzonite intrusive bodies, and localized strong 
magnetic highs should predominantly correlate with 
potassically-altered rocks.

Quartz-sericite and kaolinite altered 
Endako quartz monzonite (EQM) have 
consistently low susceptibility values 
compared to least-altered EQM.
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FUTURE WORK

Endako magnetic map. Quartz-sericite, and kaolinite alteration yields low 
susceptibity zones within the high susceptibility Endako quartz monzonite 
host. The Casey granite to the north is low susceptibility in its unaltered 
state. The susceptibility contrast between the two granitic units, means 
that the contact between them, thought to be spatially related to 
mineralization, may be mapable using magnetics or susceptibility.

? Analysis of additional property data (conductivity, impedance, density).

? More constrained inversions for Mount Milligan and other deposits.

? Analysis of inversion results to determine: 

what geophysical methods and physical properties are most useful for exploring in the different areas?

what can we expect to resolve when inverting various geophysical data, and will this help with survey 
design?

? Query combined inversion model results for desired ranges of multiple physical properties - if one physical 
property is not providing enough contrast to image particular geologic units or ore-related features, it may still be 
helpful queried in combination with other physical properties.  

Susceptibility data for basaltic rocks at 
Mount Milligan

Susceptibility data for monzonite intrusives 
at Mount Milligan

Calc-alkalic system; magnetite-destructive alteration
Calc-alkalic system; magnetite-destructive alterationAlkalic system; magnetite-rich alteration

Susceptibility data for granitic intrusives, 
and basaltic dikes at Endako

Susceptibilities of 
hornfelsed andesites 
within the mine area and 
of feldspar-altered 
andesites overlap, making 
their distinction difficult.

Susceptibilities of least-
altered and altered 
granodiorite are relatively 
low and this means these 
intrusive rocks could 
potentially be mapped 
within high susceptibility 
hornfelsed rocks.

Huckleberry deposit-scale magnetic map. Magnetic 
highs are likely related to hornfelsed andesites, 
magnetic/ susceptibility lows within these highs 
correspond to granodiorites +/- zones of local K-
feldspar and albite alteration of andesite.

Susceptibility data for andesitic rocks at 
Huckleberry

Susceptibility data for granodiorite 
intrusives at Huckleberry
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Mount Milligan intrusions, faults, ore zones in 
the MBX and Southern Star areas (plan). 

Surfaces provided by Terrane Metals Corp.

Base-map files and collar locations 
provided by Terrane Metals Corp

Plan-view geology of the Endako molybdenum 
deposit (modified from Kimura et al., 1976)

Pervasive magnetite-destructive kaolinite 
alteration alteration is not consistently 
related to mineralization, and thus, some 
magnetic lows will not be prospective. (i) 
Least-altered monzonite, and (ii) kaolinite 
alteration of EQM.

Data collected by Aeroquest Limited (2009) 
for the QUEST-West program Plan-view geology and alteration of the Huckleberry 

mine area (modified from Jackson and Illerbrun, 1995)

Data collected by Aeroquest Limited (2009) 
for the QUEST-West program

When suspected or known values are used as 
reference values, tying down different points or 
zones within the model, the values of the remaining 
model cells are likely to be more accurately 
calculated, leading to higher confidence in the model.  

The Mount Milligan QUEST-West magnetic data set 
was inverted first without constraints. The data was 
then inverted using surface and downhole 
susceptibility measurements, and downhole geology 
as constraints. 
 

Unconstrained magnetic 
inversion

Constrained magnetic 
inversion

Photomicrograph of potassically-altered monzonite from Mount 
Milligan. i) Breakdown of primary magnetite (mag) to hematite 
(hem), and (ii) subeuhedral secondary magnetite occurring within 
the groundmass. Reflected light; FOV 4 mm.
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• Can susceptibility be used as an exploration or mapping tool in these areas?
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Potassically-altered basalt 
from DWBX Zone

Quartz-sericite-pyrite vein selvages 
in K-feldspar altered Endako quartz 

monzonite

T.Bissig photo

Localized albite alteration along 
mineralized veins and fractures in 

andesitic volcanics

?

Smooth model – susceptibility 
concentrated in one area
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Susceptibility is better distributed throughout 
model, and more detail is discernible at depth
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