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Magnetic surveys rapidly provide cost-effective information 
on the magnetisation distribution of the Earth’s crust 
at all scales ranging from local to global. In particular, 
aeromagnetics is the most widely used geophysical method 
in hard-rock mineral exploration from prospect to province 
scales. Over time, improvements in acquisition, processing, 
display and interpretation of magnetic survey data have led 
to new applications and greater acceptance by geologists.

Magnetics has obvious application to the search for large 
banded iron formation (BIF)-hosted iron ore deposits in 
the Hamersley Province, and a number of high-resolution 

areas. However, interpretation of these high-quality data sets 

to this environment, and successful application to exploration 
has been limited.

Trendall and Blockley (1970), Trendall (1983), Harmsworth
et al (1990), Taylor et al (2001) and Morris and Kneeshaw 
(2011) describe the regional geology of the Hamersley 
Province and its BIF-derived iron ore deposits. A naïve view 
of the magnetic environment in the Hamersley Province 
might initially suggest that interpretation of magnetics 
should be relatively straightforward. Magnetic anomalies 
are dominated by a sequence of laterally persistent, strongly 
magnetic BIF units that have fairly consistent stratigraphic 
thicknesses and are separated by weakly magnetic 
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While magnetic surveys are the most common geophysical method used in mineral exploration, 
magnetics and geology remain to be fully integrated quantitatively in iron ore provinces. Although 
high-resolution aeromagnetic data has been collected over prospective areas of the Hamersley 
Province, much of the information in the data sets has hitherto not been fully exploited due to a lack 
of suitable interpretation methods. Recent advances in the processing and modelling of magnetics 
in highly magnetic terrains, constrained inversion and 3D visualisation and understanding the 
magnetic properties of banded iron formations and iron ores potentially create the capability to 
generate realistic 3D mapping of magnetite and hematite concentrations over large areas. Initial 

which emphasises different structural features of the geology. Scalar quantities derived from these 
components simplify interpretation, using new methods, developed by CSIRO and elsewhere, 
that are less sensitive to magnetisation direction. Preliminary interpretations allow interpolation 
between mapped units and structures and evaluation of remanence and anisotropy effects. 
Accurate modelling requires rigourous treatment of self-demagnetisation and magnetic interaction 
effects. Semi-automated constrained inversion, combining magnetics with available geological 
information and other geophysical data, can be utilised to generate models of disposition of major 

is to exploit the understanding of magnetic properties (susceptibility, anisotropy and remanence) 
developed over many studies by CSIRO, the University of Western Australia and others to convert 
the interpreted magnetisation distributions into 3D maps of magnetite and hematite contents, 
which are the quantities of direct exploration interest.
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sedimentary and volcanic units. Within particular BIF units 
(the Dales Gorge and Joffre Members of the Brockman Iron 
Formation and the Marra Mamba Formation), iron ores have 
developed as a result of oxidation of magnetite to hematite, 
accompanied by the replacement of silicate and carbonate 
gangue by hematite and/or goethite. In principle, BIF units 
should represent easily recognisable marker units within 
the magnetic stratigraphy that can be mapped under cover, 
and substantial zones of magnetite replacement by weakly 
magnetic hematite should be evident as zones of subdued 
magnetic response within the prominent narrow curvilinear 
magnetic anomalies associated with unoxidised BIFs. Fold 

offsets of BIF-related anomalies
subdued magnetic expression along narrow linear cross-
cutting features due to deeper weathering or the passage 

In practice, the situation is much more complicated. 
As will be discussed in following sections, the unusual 
magnetic properties of BIFs produce magnetic anomalies 
associated with each BIF unit that are very variable. Anomaly 
amplitudes, as well as shapes, vary substantially with 
changes in strike and dip and also depend on the tectonic, 
metamorphic and metasomatic history of the area in which 
they are found. Weathering that postdates deformation and 
ore formation and extends to substantial, but variable, depth 

Interpretation is complicated not only by the variability 
of magnetic signatures associated with BIFs, but also by 
the extraordinarily intense magnetic anomalies (tens of 

magnetic processing methods, which rely on consistency and 

environment, the total magnetic intensity (TMI), which is 
the quantity measured in a conventional magnetic survey, 
does not represent a consistently oriented component of the 

techniques, such as reduction to the pole (RTP), that rely 

Schmidt and Clark, 2006).
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Magnetic petrophysical and palaeomagnetic studies of 
Hamersley Province BIFs, iron ores and host rocks include 
those of Porath and Chamalaun (1968); Chamalaun and 
Dempsey (1978); Embleton, Robertson and Schmidt (1979); 
Schmidt and Embleton (1985); Clark and Schmidt (1986a, 1993, 
1994); Clark (1988); Schmidt (1998); Li, Powell and Bowman 
(1993); Schmidt and Clark (1994); Li, Guo and Powell (2000); 
Tompkins and Cowan (2001); Cowan and Cooper (2003) and 

available from these studies, magnetic modelling studies 
(Clark and Schmidt, 1986b; Clark, 1988; Schmidt and Clark, 
1999; Guo, Li and Dentith, 2011) and qualitative and semi-
quantitative interpretations (eg Kerr et al, 1994; Christensen 

to make useful generalisations.

The induced magnetisation of strongly magnetic bodies 
is controlled by self-demagnetisation (Clark and Emerson, 
1999; Clark, 2000; Guo et al, 1998, 2001). Magnetic properties 

their mesoscopic fabric, which comprises thin, magnetite-
rich layers separated by relatively non-magnetic layers 
(Jahren, 1963; Clark, 1988; Clark and Schmidt, 1994; Schmidt 
and Clark, 1994). In a laterally extensive layer, the ambient 

strongly attenuated by self-demagnetisation, whereas the 

Thus, the effective susceptibility parallel to bedding k
=
 is 

substantially greater than the susceptibility perpendicular 
to bedding k  (Jahren, 1963). This strong anisotropy of 
susceptibility has a pronounced effect on the amplitude and 
shape of magnetic anomalies associated with BIF units. The 
magnetic fabric of fresh magnetite-rich BIFs is oblate, with an 
almost isotropic susceptibility within the bedding plane and 
a substantially lower susceptibility normal to bedding. The 

=

For Hamersley BIFs, the degree of anisotropy is typically 
two to four (Clark and Schmidt, 1994; Schmidt and Clark, 
1994). The effects of anisotropy of susceptibility on the 
induced magnetisation of a BIF unit are:

Strong dependence of intensity of induced magnetisation 
on the orientation of the BIF layer with respect to the 

bedding plane than when it is perpendicular to the plane.

magnetisation, I , is given by:

where:
I

is almost vertical, but becomes important for intermediate 

anisotropy degree of three induces magnetisation with an 

inclination is 60°.

comparable errors in interpreted dips of sheet-like bodies if 

assumed. Clearly, anisotropy of susceptibility must be taken 
into account when modelling magnetic anomalies due to BIFs.

As well as acquiring strong induced magnetisation in 

magnetisation, which must be considered in quantitative 
interpretation. Dunlop and Özdemir (1997) give a 
comprehensive treatment of theoretical and experimental 
aspects of remanence acquisition by magnetite- and hematite-
bearing rocks. Although fresh Hamersley BIFs contain both 
hematite and magnetite, magnetite is the overwhelmingly 
dominant carrier of remanence in these units because hematite 
is so much less magnetic than magnetite.

The earliest-acquired natural remanent magnetisation 

magnetisation (CRM), which is acquired by magnetite 
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diagenesis, burial metamorphism or metasomatism at 
temperatures well below the Curie point of magnetite (580°C). 
This early magnetisation may be overprinted by a partial 
thermoremanent magnetisation if the unit is subsequently 
meta morphosed below 580°C without recrystallisation of the 
magnetite, or by a thermochemical remanence if pre-existing 
magnetite recrystallises or new magnetite is produced during 
metamorphism or metasomatism. If a BIF unit is locally 
contact metamorphosed at peak temperatures above 580°C, 
it will acquire a themoremanence (TRM) on subsequent 
cooling. The only circumstance in which a Hamersley-type 
hematite ore may acquire a very strong remanence is if it is 
contact metamorphosed above 680°C, the Curie temperature 
of hematite, and multidomain hematite grains (larger than 
~100 µm) thereby acquire a TRM upon cooling in the ancient 

 et al (2007) present a case study of a contact 
metamorphosed massive hematite body in South Australia 
that carries an intense TRM and produces a very large 
magnetic anomaly.

As remanence acquisition in BIFs is highly anisotropic 
(Schmidt and Clark, 1994), the remanence is generally not 

bedding plane. The degree of anisotropy is somewhat higher 
for remanence acquisition than for susceptibility. It follows 

prefolding remanence in a BIF is underestimated and inferred 
palaeolatitudes are too low. Schmidt and Clark (1994) give a 
method for approximately correcting measured remanence 
inclinations in BIFs for anisotropy.

Magnetic property measurements on samples of highly 
magnetic rocks are complicated by self-demagnetisation and 
require careful correction and calibration, particularly if the 
rocks are anisotropic. Clark (2014) discusses the necessary 
corrections for handheld susceptibility meters and laboratory 
susceptibility bridges and rock magnetometers that measure 

were applied to measurements on Hamersley BIF samples to 
in situ properties of extensive 

directions recorded by BIFs.

Hamersely BIFs have good lateral continuity and 
homogeneity, but exhibit marked heterogeneity perpendicular 
to bedding at a wide range of scales. Petrophysical studies 
of Hamersely BIFs therefore require detailed and careful 
sampling, informed by geological logging, to characterise 
representative bulk properties. Cowan and Cooper (2003) 
describe a wavelet-based method for analysing detailed 

and obtain representative bulk susceptibilities for individual 
bands. However, it should be noted that handheld susceptibility 
meter measurements on anisotropic rocks respond to a 

susceptibilities that are dependent on the orientation of 
the banding with respect to the meter. Furthermore, these 
measurements should be corrected for self-demagnetisation 
using a Système International (SI) demagnetising factor of 0.5 
(Clark, 2014) if measurements are made on large blocks or 

should be made for measurements on drill core.

contents of individual bands is available to calculate 
susceptibilities parallel and perpendicular to bedding, using 
known relationships between magnetite concentration 
and susceptibility of individual bands, for comparison 
with laboratory measurements. Using data from Trendall 

and Blockley (1970), Clark and Schmidt (1994) calculated 
susceptibilities parallel and perpendicular to bedding of 
magnetite, chert-matrix, chert and shale macrobands, arriving 
at overall values of 0.9–1.1 SI and 0.2–0.3 SI respectively, 

Dales Gorge Member of the Brockman Iron Formation at 
Wittenoom.

Outcropping BIFs are invariably weathered and have 
much lower susceptibilities than fresh equivalents at depth. 
Many surface samples are also affected by lightning, which 
produces strong, randomly oriented remanence components. 
This palaeomagnetic noise is unrepresentative of the bulk 
magnetisation of the unit. The studies of Clark and Schmidt 
(1986a, 1993, 1994) and Schmidt and Clark (1994) provide 

properties of unweathered BIFs, with corrections for self-
demagnetisation of palaeomagnetic specimens cut from 
deep-oriented exploration drill core samples. Palaeomagnetic 

stable ancient components, overprinted to varying degrees 
by soft components with no consistent orientation. The soft 
components are often attributable to isothermal remanent 

by standard palaeomagnetic cleaning. Clark (2014) discusses 
the application of palaeomagnetic cleaning and correct 
vectorial averaging procedures for estimating representative 
in situ

The studies cited previously show that the stable remanence 
of the BIFs is intense and consistently oriented over substantial 
areas and stratigraphic intervals. The in situ
important contributor to the total magnetisation, with typical 
Koenigsberger ratios (remanent intensity/induced intensity) 
of one to two. Clearly, remanent magnetisation must be 
considered in magnetic modelling of BIF signatures.

As reported by Schmidt and Clark (1994), the 
palaeomagnetically cleaned directions at Wittenoom and 
Parabudoo converge on a common direction, north-west 
directed with shallow negative (upward) inclination, after 
restoration of the differently tilted beds at these localities 
to the palaeohorizontal. This positive fold test shows that 
the remanence predates folding, which suggests that the 
remanence is a CRM acquired during crystallisation of the 
magnetite during diagenesis or burial metamorphism. Even 

small, indicating a low palaeolatitude when the CRM was 
acquired.

Although the high-grade hematite ores carry stable ancient 
remanence components, the susceptibility is low and their 
total magnetisation (induced + remanent) is much lower than 
that of fresh BIFs. The strong magnetisation contrast between 
unmineralised BIF and ore provides a clear exploration 
target, provided that the 3D magnetisation distribution can 
be reliably inferred from analysis of magnetic anomalies, 
which is the subject of the following sections.
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Clark and Schmidt (1986b, 1994), Schmidt and Clark (1999) 
and Guo, Li and Dentith (2011) present models of magnetic 
anomalies over Hamersely BIFs that incorporate anisotropic 
susceptibility and remanence. Figure 1 shows a pattern of 
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induced magnetisation within a folded BIF unit that differs 

isotropic unit. For a homogeneous isotropic bed, the induced 

and has consistent intensity, given by the product of the 

susceptibility is very high, in which case self-demagnetising 

both the intensity and direction of magnetisation vary 
substantially and systematically as the dip of the unit changes 
throughout the fold structure. The intensity of magnetisation 

within the bedding plane than when it is perpendicular to 

bedding plane. Figure 1 is also applicable to the acquisition 

If the measured in situ
for anisotropy, restoring the beds to the palaeohorizontal 
may over-correct the directions from different fold limbs, 

Figure 2 illustrates the acquisition of prefolding remanence 

the remanence direction. Although the presently observed 
remanence direction varies substantially, and can even exhibit 
opposite polarities that can produce anomalies of opposite 
sign, the remanent intensity is expected to be reasonably 
consistent throughout the structure. It is evident that the 
magnetic anomalies produced by the different scenarios 

examples can be found in Clark and Schmidt (1986b, 1994).

Interpretation of the fold tests that have been applied to 
palaeomagnetic data from the Hamersley Province requires 
an understanding of its tectonic history. Dalstra (2006) and 
Thorne et al (2014) have provided useful summaries of the 
deformational events that have affected the Hamersley 
Province. Li, Guo and Powell (2000) and Guo, Li and Dentith 
(2011) report a pervasive regional overprint remanent 
magnetisation throughout the Hamersley and Fortescue 

The mean direction from 25 sites is declination = 310°, 
inclination = -27°, with an angular deviation of 13°. Given 
a remanent anisotropy degree of three (a reasonable value 

by 17°, resulting in an inclination of -10°. This direction is 

Dales Gorge, Joffre and Weeli Wolli BIFs at Paraburdoo 
(Clark and Schmidt, 1994; Schmidt and Clark, 1994). This 

which lie within zones of relatively low metamorphic grade 
(Smith, Perdrix and Parks, 1982; White et al, 2014), was 
acquired before the F4 folding at Paraburdoo, associated with 
the c
that recorded post-F3 folding by non-BIF units throughout 
the Hamersley Province. F3 is associated with the ~2000 Ma 
Panhandle orogeny.

Clark and Schmidt (1986a, 1986b, 1993, 1994), Schmidt and 
Clark (1994, 1999) and Guo, Li and Dentith (2011) present 
evidence from palaeomagnetic measurements and magnetic 
modelling over known structures that suggests that BIFs in the 
Turner Syncline, adjacent to the Tom Price mine, carry strong 

remanence was acquired after the c 2140 Ma Ophthalmian 
orogeny, which gave rise to the dominant E–W-trending 
large-scale structure of the Turner Syncline. The timing of 

grade in this area or metasomatism that postdates the regional 
metamorphism (Smith, Perdrix and Parks, 1982; White et al, 
2014).

Given the lateral continuity of the BIFs and the relatively 
large scale of major fold structures, in most places the BIF 
units act as approximately 2D magnetic sources for which 
the along-strike component of magnetisation does not 

directed remanence carried by the BIFs has generally shallow 
inclination, the contribution of remanence to observed 
magnetic anomalies is very sensitive to strike – maximum for 
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across-strike component, which controls the anomaly 
amplitude, is also strongly dependent on strike as well as 
dip of the units. These effects mean that anomaly amplitudes 
and shapes of individual BIF units vary substantially with 
changes in strike, particularly around noses of folds. For this 
reason, the thickness of units, depths of burial or weathering 
and possible variations of magnetic mineralogy within them 
cannot be inferred from qualitative interpretation of magnetic 
anomaly patterns. Estimating magnetisation variations 
within a BIF horizon requires detailed structural information 
and quantitatively accurate modelling. However, given good 
mapping and structural information, systematic changes in 
magnetic signatures with changes in strike allow estimation 
of all magnetisation components from detailed analysis of 
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���'!%�
Magnetic anomaly amplitudes in aeromagnetic survey 
data over the Hamersley BIFs can exceed 20 000 nT, which 
represents a substantial perturbation of the regional 

for magnetic interpretation:

1. There are substantial differences between the TMI actually 
Bm) and the 

B
T
) that is traditionally 

calculated in most modelling software (Emerson, Clark 
and Saul, 1985; Clark, 2000; Schmidt and Clark, 2006). The 
maximum magnitude of the correction is ~b²/2F, where 

is very small for anomalies of a few hundred nT or less, 

large anomalies. For example, the discrepancy can be as 
large as 1000 nT for a 10 000 nT anomaly in a 50 000 nT 

methods, including RTP, upward and downward 
continuation, calculation of the total gradient (analytic 
signal amplitude) and calculation of vector or gradient 

(Blakely, 1996) and implicitly assume that the measured 
TMI

direction. When this assumption is violated, a correction 
Bm BT, as 

suggested by Lourenço and Morrison (1973) and Schmidt 
and Clark (1998), before further processing of the data. 

TMI 
data from a high-quality survey. Clark (2013) outlines an 
algorithm to perform this correction.

2. Modelling algorithms that rely on the usual approximation 
Bm BT may miscalculate anomaly amplitudes 

and shapes, as shown by Clark (2000). Some programs, 

anomalies correctly, but other commercial and in-house 
software may not.

3. Magnetisations of BIFs are affected by the very strong 
anomalies arising from folding of highly magnetic 
units or terminations of neighbouring BIF units, such as 
upper surfaces of dipping BIFs at the surface (or base of 
weathering), or at faulted boundaries. Therefore, the most 
accurate modelling of BIF magnetic signatures requires 
magnetic interactions between units to be taken into 
account. As discussed by Clark (2014), the problem is 

exacerbated by the strongly anisotropic susceptibility of 
BIFs, which requires the 3D distribution of magnetisation 
to be calculated for all interacting bodies rather than 
relying on surface element methods such as those of Eskola 
and Tervo (1980) or Furness (1999, 2001). Algorithms that 
can in principle incorporate anisotropic susceptibility as 
well as remanence into forward modelling and inversion 
in highly magnetic environments include those of Lelièvre 
and Oldenburg (2006), Hillan and Foss (2012), Hillan 
(2013a, 2013b) and Fullagar and Pears (2013).

Figure 3a displays an image and contours of the measured 
TMI over the Turner Syncline, with contours superimposed 
on the geology shown for comparison in Figure 3b. At 80 m 
nominal terrain clearance, the total variation in TMI over the 
structure is 37 000 nT, although typical anomaly amplitudes 

B
m

B
T
 over 

the Turner Syncline. The correction varies systematically 
around this major structure and ranges up to 3600 nT, which 
is about 20 per cent of the typical anomaly amplitudes along 

derived data sets, such as vector and tensor component 
grids. Another complication for interpretation arises from 

deviate substantially from the nominal terrain clearance in 
places.

The RTP transform (Blakely, 1996, pp 330–342) is designed 
to simplify interpretation by removing the asymmetry of TMI 
anomalies that is associated with an inclined geomagnetic 

RTP processing requires an assumption about the direction 
of magnetisation, which is usually taken to be parallel to 

directions that differ markedly from the regional present 

or asymmetric dipolar anomalies. Figure 5 shows an image 
of the RTP TMI magnetics after correction of the TMI to a true 

The measured TMI is a scalar quantity and represents only 

approximation, it is equivalent to a single component of 

subsurface magnetisation distribution and emphasise 
different aspects of the geology, in particular magnetic 
horizons, cross-cutting structures and geological contacts 
with different orientations. Gradients of magnetic anomaly 

separating the effects of neighbouring sources. Gradient 
tensor components are directional derivatives of vector 
components and therefore combine the attributes of 
directionality and improved spatial resolution.

Figure 6 shows images of the north, east and down vector 
components, calculated from corrected TMI data, over the 
Turner Syncline. Each component highlights different aspects 
of the geology, showing that qualitative interpretation of 

considering all components. The vertical down derivative 
of the vertical component is also shown in Figure 6. This 
image illustrates the improving resolving power of spatial 
derivatives by outlining individual BIF horizons, tracing 
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their continuity and highlighting narrow cross-cutting 
structures.

The total gradient (TG) of the TMI, also known as the 
analytic signal amplitude, is a popular processed product 
of conventional TMI surveys because it delineates locations 

to overlie narrow sources and boundaries between broad 
sources. The TG is insensitive to magnetisation direction for 
2D sources and is less sensitive to magnetisation direction 
for 3D sources than TMI anomalies or particular magnetic 
vector or tensor components. A recently proposed alternative 

by µ, which is a rotational invariant (scalar) calculated from 
the gradient tensor components and is strictly independent 
of magnetisation direction for compact (dipole-like), pole-
type and all 2D sources (Beiki et al, 2012; Clark, 2012). The 

from TMI
similar because most magnetic sources in this large-scale 

can be regarded as approximately 2D. Figure 7 shows an 

outlines the magnetic horizons within the stratigraphy and 

prominent peaks over outcropping and subcropping BIFs on 
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the northern and south-western limbs of the structure. The 

cases, resolves them into multiple peaks that represent distinct 
magnetic horizons or small-scale fold structures within the 
iron formations.

is theoretically possible to calculate all vector and gradient 
tensor components from a densely sampled grid of a single 

TMI. 
In fact, this provides the basis for correcting TMI data with 

these calculations are carried out in the Fourier domain and 

approach, equivalent source inversion (Dampney, 1969; 
Blakely, 1996, Chapter 12), is not restricted to data acquired 
on a level surface, but has hitherto been more computationally 
demanding. Computations of equivalent source distributions 

reduction of data to a constant elevation, vector and tensor 
components, RTP, upward and downward continuation and 

of source distributions carried out in the Fourier domain 
(Hillan and Schmidt, 2013).
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Province are typically draped over the topography, with 
approximately constant terrain clearance, the aforementioned 
interpretive aids require preliminary processing of the 
measured line data to produce gridded data interpolated 
onto a level surface. Blakely (1996, Chapter 12), Dickson, 
Schmidt and Clark (2001) and Hillan and Schmidt (2013) 
discuss methods for achieving this task. Flis and Cowan 
(2000) evaluated a number of methods for converting loosely 
draped aeromagnetic survey data over the Turner Syncline 
to a terrain-hugging tight drape, which in principle retains 
the full bandwidth of the measured data and maximises 
interpretable detail in magnetic images.

Ideally, when new-generation airborne magnetic tensor 
gradiometers become available, gradient tensor surveys could 
provide a wealth of detailed structural information in the 
Hamersley Province. In the meantime, considerable value can 
be added to conventional TMI survey data by calculating and 
interpreting vector and tensor components (Clark, 2012, 2013). 
In principle, calculation of vector components is generally 
more reliable than direct measurement on a mobile platform 
because motion noise and orientation errors dominate the 
measured signal. The accuracy of direct measurement of the 

for mobile platforms are generally so large that the theoretical 
derivation of the components from densely sampled TMI 
is usually preferable. For example, an orientation error of 
0.1° produces an error of up to ~100 nT in an unfavourably 
oriented vector component.

Very strong vector anomalies associated with BIFs, however, 
can be measured from the air. Examples of successful airborne 
vector magnetic surveys, in which useful extra information 
about remanently magnetised BIFs was provided by vector 

cases, the large anomalies due to BIFs, accurate measurements 
of aircraft attitude and careful aircraft compensation gave an 
acceptable signal-to-noise ratio for the orientation-corrected 
vector magnetic data.

Preliminary interpretations of processed magnetic images, 
constrained by available geological information, allow 
interpolation between mapped units and structures and 
evaluation of remanence and anisotropy effects. Local strike 
directions can be estimated from horizontal projections of 

of the gradient tensor (Pedersen and Rasmussen, 1990; Clark, 
2012, 2013). Qualitative interpretation can be supplemented 
by automated analysis of source horizontal and vertical 
locations, such as Werner deconvolution (Ku and Sharp, 1983; 
Blakely, 1996, pp 245–250) or Euler deconvolution (Blakely, 
1996, pp 242–245). Schmidt and Clark (1999) applied Werner 
deconvolution, combined with mapped surface strikes and 
dips, to infer magnetisations, thicknesses and depths of 
magnetic horizons over the Turner Syncline. Beiki et al (2012) 

estimates of source locations in areas where magnetisation 

direction. A particularly useful application of semi-automated 
source location algorithms in the Hamersley Province would 
be mapping of the depth to base of weathering, which 
coincides with the tops of the most strongly magnetic zones 
within BIF horizons.

data over a complex structure results from detailed 
modelling of located line data, constrained by mapping, 
drill hole intersections and other geological data. Using 

semiquantitative interpretations of images and gridded data 
and incorporating all available geological data on disposition 
of units, typical stratigraphic thicknesses of units, bedding 
dips and locations and orientations of major structures, 

the geometry and magnetisations of the magnetic units. In the 

generally available to overcome the intrinsic non-uniqueness 
of unconstrained magnetic modelling. Clark (2014) gives 
a comprehensive review of methods for estimating 
magnetisation directions from measured magnetic anomalies 
and the circumstances under which non-uniqueness can be 
circumvented.
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Figure 9 outlines the proposed procedure for generating 
detailed 3D models of subsurface magnetisation distribution, 
which can then be converted into interpreted magnetite and 

1. Reprocess high-quality aeromagnetic data, which in most 
TMI data, over 

the area of interest. After reducing the data to a common 
level and gridding, correct the measured TMI to a true 

2. Calculate vector and tensor components of the 

the components that are simpler to interpret (eg the 

TMI.
3. Perform a semi-quantitative preliminary interpretation, 

combined with available mapping to delineate magnetic 

and identify controlling structures. Estimate local strike 

vectors or from intermediate eigenvectors of the gradient 
tensor.

4. Use automated inversion methods, such as Werner and 
Euler deconvolution, to constrain horizontal locations, 
thicknesses, depths to top of the magnetic zone and 
magnetisation directions of the BIFs. A 3D map of the base 
of weathering is a by-product of this step.

5. Incorporate the information from the preceding steps into 

3D subsurface geometry and magnetisation of the BIFs. 
Wherever quantitative geological data exist, they are used 
to resolve any ambiguities in the model and determine 
the relative timing of remanence acquisition and folding. 
The forward calculations performed during an iterative 

evaluation of the measured TMI, anisotropy, remanence 
and magnetic interactions between BIF units.

6. Combining the inverted 3D distribution of magnetisation 
with a petrophysical model that is based on a large database 
of measured properties and theoretical understanding of 
the magnetic properties, the magnetisation distribution is 
converted into proportions of unaltered BIF, mineralised 
BIF and ore. The 3D magnetite and hematite concentrations 
can be inferred from this model.

����$������
This paper outlines a scheme for adding value to conventional 
magnetic survey data acquired in the Hamersley Province 
in order to derive 3D maps of magnetite and hematite 
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concentrations, which are the quantities of direct exploration 
interest.

The magnetic signatures of Hamersley BIFs are affected 

remanent magnetisation and magnetic interactions between 
BIF units. The observed magnetic signatures of individual BIF 
units are very dependent on the local geological structure and 
vary substantially around fold structures, greatly complicating 
interpretation. However, the magnetic petrophysics of the 
BIFs and iron ores is quite well understood, and detailed 

signatures.

Conventional magnetic processing and modelling methods, 
combined with others developed over a number of years by 
CSIRO, create an opportunity to unravel the complexities 
of magnetic interpretation in the Hamersley Province and 
improve geological interpretation of hitherto underexploited 
magnetic data. The ultimate goal of the proposed approach 

exploration.
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