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INTRODUCTION 

 
A common assumption in magnetic modelling of subsurface 
bodies is that of an induced magnetisation M that scales 
linearly with the target’s susceptibility and is parallel to the 
inducing field H0, i.e. 
 

,     (1) 
 
where χij is the susceptibility tensor. In fact, it is only within 
specially curved bodies “2nd order surfaces” (Osborn 1945; 
Stoner 1945) in which the internal fields are homogeneous, 
i.e. ellipsoids. In such bodies the internal demagnetising field 
Hd may be written in terms of the resultant magnetisation Mr 
(induced plus any remanent component) and the 
demagnetising tensor Nij 

 

.          (2) 
 
Nij has a trace equal to zero outside a body and to unity within 
a body (in SI). The components of the tensor depend on the 
shape of the ellipsoid which is defined by the semi-axes 
(a>b>c). The above trace condition suggests that Nxx = Nyy = 
Nzz = 1/3 for a sphere. This is also approximately true for a 
cube at low susceptibilities, however, the discontinuities at the 
edges mean that the internal field is increasingly 
inhomogeneous as the susceptibility grows.  
 
The magnetisation corrected for self-demagnetisation (SDM) 
Mr

’ then becomes  
 

,   (3) 
 
where δij is the delta function. Equation (3) shows that the 
correction to the magnetisation scales with the intrinsic 
susceptibility (Emerson et al. 1985). At low susceptibilities 
the correction is negligible and SDM may be ignored; at 
susceptibilities much above 0.1 (SI) the effects may be 
significant depending on the body’s shape and its orientation 
with respect to the inducing field. This makes SDM effects 
particularly relevant to modelling magnetite and pyrrhotite 
rich deposits, and to banded iron formations (Clark and 
Schmidt, 1994; Clark, 1997; Clark and Emerson 1999; Guo et 
al. 2001). 
 

SDM CORRECTION 
 
The internal demagnetising field, and hence demagnetising 
tensor, may be analytically calculated for the case of a triaxial 
ellipsoid. The ellipsoid is a flexible model and many sources 
may be reasonably modelled by the range of elongate or 
flattened shapes conforming to ellipsoids. The correction for 
SDM in this case is exact, and is the algorithm is given by 
Clark et al. (1986). To calculate the SDM corrected response 
for all other geometries an approximation of some kind is 
required.  
 
Approximate average demagnetising factors may be used for 
simple geometries (cylinders, prisms, etc.) and provide a 
useful correction in the case that the observer is of the order of 
the target’s dimension or more away. They may be useful to 
model the bulk properties of the rock such as the 
magnetisation direction and susceptibility. However, if the 
observer is close to an edge of the target, the accumulation of 
“magnetic charge” at the discontinuity will not be 
representative of the bulk properties of the entire target, and 

SUMMARY 
 
Self-demagnetisation effects can be reasonably ignored 
when modelling magnetic targets with susceptibilities of 
less than about 0.1 SI. However, for highly susceptible 
bodies, failure to correct for self-demagnetisation effects 
may lead to erroneous geophysical interpretations and 
incorrect targeting due to the suppression of the fields 
and rotation of the bulk magnetisation vector. Correction 
schemes for self-demagnetisation are briefly summarised 
in this paper and a rapid sub-element Fourier technique is 
employed to test synthetic models. The example of a thin 
sheet, with side length ratios of 10:10:1, is used to 
demonstrate the field rotation and suppression effects for 
a range of susceptibilities in a typical Australian 
geomagnetic field. The rotation effect increases with 
susceptibility and body elongation, and can be of the 
order of tens of degrees for the models investigated here. 
The implications of inverting for some model parameters 
whilst ignoring self-demagnetisation effects is then 
investigated. The recovered magnetisation directions, 
susceptibilities, dips, and depths are found to be in error, 
which increases with increasing true susceptibility. The 
errors are also found to be greatest when the angle 
between the inducing field and the plane of the body is 
large. The erroneous dips and depths are considered in 
the context of exploration drilling where it is possible for 
drill-holes orientated near perpendicular to the 
interpreted dip to fail to intersect the true body. 
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the demagnetisation correction will be invalid (Eskola and 
Tervo, 1977). 
 
Another approach required for highly susceptible targets is to 
discretise the model into sub-elements, each of which is 
assumed to be small enough to have a homogeneous 
magnetisation, and compute the magnetostatic interactions. 
The accuracy of the demagnetising correction should increase 
with finer discretising meshes. However, a full volume 
calculation may be computationally expensive, especially for 
an elongate model where a number of sub-volumes are 
required across the thin dimension (i.e., a sheet) (Sharma, 
1966; Purss and Cull 2005; Hillan and Foss, 2012). A 
considerable increase in speed may be achieved by making use 
of ∇·M=0, and computing only the sub-area interactions over 
the surface (Eskola and Tervo 1977; Lee 1980). Or 
alternatively, a discretised volume calculation can be recast in 
the Fourier domain where the first order spatially varying 
demagnetising tensor can be transformed and calculated in the 
wave domain via 
 

,    (4) 
 
where D(k) is the Fourier transform of the shape function, 
which is defined as equal to unity within a material and zero 
outside (Beleggia and De Graef, 2003; Hillan 2013). This 
method allows for much finer discretisations than real-space 
volume methods due to the increased speed of calculation. 
This method is used below to demonstrate the SDM effects for 
the geologically useful model of a thin sheet; it is fast enough 
to be used in simple inversions, whilst retaining a higher 
accuracy than using an average demagnetisation factor  
alone. 
 

 
Figure 1. Model of a horizontal sheet in an inducing field of 
0° dec. and -60° inc., indicated by the blue arrow. 
 
 
 
 

 

 
Figure 2. Model of a vertical sheet in an inducing field of 0° 
dec. and -60° inc., indicated by the blue arrow. 
 
Figures 1 and 2 show two basic models of a thin horizontal 
and vertical sheet, respectively. These models are used 
throughout this paper to demonstrate the SDM effects in a 
typical Australian geomagnetic field of 0° declination and -60° 
inclination, which is indicated by the blue arrow in the plots. 
The sheets in Figures 1 and 2 have dimension ratios of 
10:10:1 and 1:10:10, respectively, in the NED system. The 
average demagnetising factor for simple prisms is given by 
Aharoni (1998), and similar models have been investigated by 
Emerson et al. (1985). For the two model sheets in Figures 1 
and 2, the average demagnetising factors (Nxx, Nyy, Nzz) are 
calculated to be (0.098, 0.098, 0.81) and (0.81, 0.098, 0.098), 
respectively.  
 

 
Figure 3. The RMS difference between SDM corrected 
fields using the average demagnetising factor and spatially 
varying demagnetising tensor. The fields are forward 
computed from horizontal and vertical sheets in Figures 1 
and 2, with varying depths in multiples of the sheet 
thickness d and varying susceptibilities. 
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The average demagnetising factor, however, becomes an 
increasingly erroneous approximation as the observation 
distance decreases and the susceptibility increases. The RMS 
difference between forward computing the SDM corrected 
fields with the average demagnetising factor and the more 
accurate spatially varying demagnetising tensor are plotted in 
Figure 3. In this plot the depth to the top of the horizontal and 
vertical sheets is increased in multiples of the sheet thickness 
d. The plot shows that for both sheets the difference, which 
implies the error, is proportional to the susceptibility and 
inversely proportional to the distance of observation. The 
demagnetising tensors calculated to generate Figure 3 were 
calculated using equation (4) in a 3D volume of 1003 points.  
 

EFFECTS 
 
The internal demagnetising field is dependent on the shape 
function of a homogenous body. For a spherical body, in the 
absence of anisotropy of susceptibility and remanent 
magnetisation, the demagnetising field will oppose the 
direction of the inducing field and reduce the induced 
magnetisation by a factor of 1/(1+χ/3). A triaxial ellipsoid too 
will have an antiparallel demagnetising field if the inducing 
field vector is aligned with one of its axes (Clark et al., 1986). 
In general, however, the internal fields of an elongate body 
will preferentially rotate toward the body’s elongated axes. 
 
Figure 4 shows the TMI calculated from the horizontal (top 
row) and vertical (bottom row) sheet models of Figures 1 and 
2, respectively, for a high susceptibility of 3 SI. The panels on 
the left show the anomaly with no SDM correction and the 
panels on the right have been corrected. Each row is plotted 
using the same colour scale and the suppression of the 
magnetisation is clearly evident in the SDM corrected panels. 
Less obvious is the field rotation effect in the corrected cases. 
However, panel b) in Figure 4 shows that the peak has moved 
northward when compared with panel a), which indicates a 
magnetisation with a shallower inclination. This is consistent 
with a rotation from the geomagnetic field direction towards 
the horizontal direction, i.e., the plane of the horizontal sheet. 
Furthermore, panel d) shows that the peak has shifted 
southward as compared with panel c), reminiscent of an RTP 
like anomaly. This indicates a steepening of the magnetisation 
direction towards the vertical plane of the sheet. 
 

 
Figure 4. Top row: TMI for the horizontal sheet anomaly 
a) with no SDM correction, and b) with SDM correction. 
Bottom row: TMI for the vertical sheet anomaly a) with no 
SDM correction, and b) with SDM correction.  

The field rotation effect as a function of body shape and 
susceptibility can be investigated explicitly by calculating the 
magnetisation vector from the average demagnetising factor 
for prisms (Aharoni, 1998) and calculating the departure from 
the inducing field direction. Figure 5 shows the rotation of the 
magnetisation vector from the inducing field (0° declination 
and -60° inclination) for a number of axis-aligned prisms with 
varying dimension ratios. Here a positive rotation is taken to 
be in the direction of the Z (positive down) axis.  
 

 
Figure 5. Plots showing the rotation of the magnetisation 
inclination away from the inducing field direction, for 
sheets of varying shapes and susceptibilities. 
 
Figure 5 clearly shows that the amount of magnetisation 
rotation is dependent on the shape factor and susceptibility of 
the body. The orientation of the inducing field with respect to 
the plane of the body determines the direction of the rotation 
and also its strength. This is evidenced by the non-symmetric 
curves about the zero rotation line, i.e., the angle between the 
‘dip’ of the horizontal sheet and the inducing field is larger 
and therefore the rotation effect is greater. The example 
plotted in Figure 4 corresponds to the cases 10:10:1 and 
1:10:10, for the horizontal and vertical sheets, respectively, 
both with a susceptibility equal to 3 SI, Figure 5 shows that 
this translates into a field rotation of around 25° and -20°. 
 

INVERSION 
 
If we are to invert magnetic data using a calculated forward 
model that does not correct for SDM effects, the inversion 
algorithm will attempt to match the modelled body’s response 
by erroneously changing one or more physical parameters. 
Below I investigate the effect on trying to simultaneously 
invert for the magnetisation vector and susceptibility, and dip 
and depth. However, these parameters may not be the only 
ones affected by not correcting for SDM when inverting. 
Below the “best” recovered models are those with the lowest 
RMS misfits between the true model (either Figure 1 or 2) and 
the recovered model. 
 
Starting from the true models of Figures 1 and 2 placed at a 
depth of 3d, the true SDM corrected TMI fields are calculated. 
A dipping magnetic sheet requires of the order of 10 or more 
quantities to parameterise it and, if we know all parameters 
correctly except for the inclination of the magnetisation vector 
and the susceptibility, we can invert for just these two 
parameters. Then, by performing this inversion for a range of 
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starting true model susceptibilities, we may investigate the 
effect of not correcting for SDM when using an inversion.  
 
Figure 6 shows how the recovered parameters vary as a 
function of true susceptibility for both the horizontal and 
vertical sheet models. The ratio between the susceptibility 
recovered via inversion and the true susceptibility increases 
with increasing true susceptibility, and the effect is strongest 
for the horizontal sheet. This means that the inverted 
susceptibilities underestimate the true value, because of the 
SDM effect. The magnetisation inclinations recovered via 
inversion (blue pluses and circles) again show a rotation into 
the plane of the body, and match those predicted by the 
average demagnetisation factors (blue lines) (as discussed 
earlier in Figure 5). This implies that the model depth of 3d is 
sufficiently far from the observation points to describe the 
bulk magnetisation in terms of an average demagnetisation 
factor. 
 

 
Figure 6. Recovered model magnetisation inclinations and 
ratios of recovered to true susceptibilities as a function of 
the model’s true susceptibility. The predicted changes in 
inclinations calculated with the average demagnetising 
factors are plotted as blue solid and dashed lines. 
 
The dip and depth of the two sheets are now inverted for, 
whilst keeping all other parameters fixed at the correct values. 
Figure 7 plots the recovered parameters via inversion as a 
function of the model’s true susceptibility. This figure shows 
that the parameters of the horizontal sheet are strongly 
affected, and the recovered models approach around 45° of 
erroneous dip and are interpreted to be at a greater depth than 
that of the true model. The recovered vertical sheet parameters 
also indicate an erroneous dip but have depths that are not 
strongly affected. 
 
Figure 7 indicates strong differences between the true and 
recovered models via inversion when SDM is ignored. To 
illustrate the difficulties this presents when drilling targets for 
exploration, Figures 8 and 9 plot the location of the true and 
recovered models for a body with a susceptibility of 3 SI.  
 

 
Figure 7. Recovered model dips and depths via inversion as 
a function of varying the model’s true susceptibility. Here 
the dip is the angle from that of the true model. 

 
Figure 8. The true horizontal model (red) and the 
recovered model (blue) when inverting for the dip and 
depth with a true susceptibility of 3 SI. A drill-hole located 
perpendicular to the centre of the recovered model is 
plotted in green. 
 
Often drill-holes are directed near perpendicular to the 
interpreted dip of a target in order to increase the likely-hood 
of an interception. The location of such an exactly 
perpendicular drill hole is indicated on the plots (green dashed 
line) originating from the centre of the recovered target model. 
In Figure 8, the effect of the SDM rotation on the true body is 
so strong that the drill hole to the interpreted body may only 
just intersect the edge. 
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Figure 9.  The true vertical model (red) and the recovered 
model (blue) when inverting for the dip and depth with a 
true susceptibility of 3 SI. A drill-hole located 
perpendicular to the centre of the recovered model is 
plotted in green. 
 
 In Figure 9, the SDM rotation effects are weaker for the 
vertical sheet (there is a smaller angle between the body and 
inducing field) and an interception with the original body 
seems likely. It is not normally possible to drill at such a 
shallow angle as indicated in Figure 9 and, in practice, 
shallow drill holes increase the drilling distance to the target 
and hence the drilling costs. A steeper drill hole would instead 
have a smaller chance of intersection, working from this 
erroneous model. Furthermore, if the true body was dipping 
slightly to the South, the rotated dip of the interpreted model 
would mean that drilling along strike (i.e. parallel to the true 
dip) would be a real possibility and ensure no intersection 
(Anderson and Logan, 1992). 
 

CONCLUSIONS 
 
This paper has investigated the field rotation and suppression 
effects associated with SDM, applied to the example of thin 
sheets. Failure to correct for SDM may lead to inverted 
parameters that are grossly in error and impact on drilling 
success. A moderate to high susceptibility is a necessary 
condition for consideration of SDM, but in general this paper 
shows that one should consider SDM in magnetic modelling   
if: 

1) The interpreted or measured susceptibility is around 
0.1 SI or larger. If no SDM correction has yet to be 
applied, the true susceptibility may be even larger. 
This may impact on the geometric parameters of the 
generated model or even the interpreted economic 
feasibility of the target where susceptibilities are 
indicative of mineral content (Clark et al. 1997).  

2) The interpreted model is elongate in one or more 
dimensions. This will lead to a rotation of the field 
effect, which increases with the ratio of the large to 
small model dimensions, and may manifest itself in 
erroneous dips for the interpreted model. If the body 
appears to be sufficiently compact, then it is more 

likely that only field suppression and erroneous 
susceptibilities are involved. 

3) The angle between the local geomagnetic field and 
the plane (dip) of the body is large. The SDM field 
rotation effect is proportional to this angle. 

4) There are multiple strongly magnetic bodies close 
together. Whilst not discussed here, multiple parallel 
bodies may even reduce the SDM field rotation 
effect, however, this is strongly dependent on the 
separation of the bodies (Hillan, 2013).  
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