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Summary

Electromagnetic data are commonly inverted or
transformed to multi -layer or smooth layer models.  The
information contained within these models can be
diff icult to summarize, particularly for airborne surveys
covering a large area.  By defining a number of simple
conductive "unit" parameters, it is possible to robustly
characterize the conductivity depth variation. Example
parameters are the depth to top, base, layer thickness,
conductance, average conductivity, and the elevations to
the top and base.  Some flexibilit y in the characterization
make these parameters useful in an integrated
interpretation, particularly when the parameters are
presented in plan and perspective view alongside other
datasets.

Introduction

Quantitative transformation of the measured response
from airborne electromagnetic (AEM) systems to sub-
surface conductivity can result in very large model sets.
For analysis and interpretation, a distill ation of the
information can be helpful. The following discussion
focuses on 1-dimensional (1D) models derived from
time-domain AEM measurements. The concept applies
equall y to higher dimension conductivity models, derived
from either ground electromagnetic or AEM data, or to
galvanic resistivity, induced polarization or
magnetotelluric models.

Conductivity models themselves are viewed at many
levels of detail . Single observation conductivity models
can be studied in great detail , for example in a
comparison with a down-hole conductivity log (eg Lane
and Pracili o, 2000). Further insight can be gained by
viewing the conductivity distributions in 2 or 3
dimensions. A series of 1D models can be stitched
together to form a vertical section and compared to
drill hole geology (eg Worrall et al., 1998). Horizontal
sli ces for depth or elevation intervals can be calculated
(eg Lane and Pracili o, 2000). Distributions in 3
dimensions can be viewed by enclosing elevated
conductivity values with iso-surfaces (eg Lane et al.,
2000).

Parameters derived from conductivity models have been
used by many people to characterize the lateral variations
in a conductivity distribution. For example, Sattel (1998)
presents a series of images of the parameters associated
with layer 2 within a set of 3 layer models. The depth to
the upper resistivity minimum is used by Bultman et al.

(1999) as a characteristic parameter for a set of
conductivity models. Sorensen (1997) relates the depth to
a conductor exceeding 66 mS/m to a clay basement layer,
and the average conductivity for certain elevation
intervals to hydraulic permeability.

This paper provides definiti ons for calculating conductive
unit parameters from multi -layer models. "Unit"
parameters are ill ustrated with an example from the
Kalgoorlie region of Western Australia.

Calculation of conductive unit parameters

Conductive unit parameters are derived from the models
at each observation. One requirement for the resultant
parameters to be a good representation of the
conductivity structure is that the 1D assumption made to
derive the multi -layer model is valid in the volume of
investigation for each observation.

A typical conductivity-depth sounding from the Balgarri
survey area, near Kalgoorlie, Western Australia, is
shown in Figure 1. The Conductivity Depth Image (CDI)
values were derived using program EMFlow (Macnae et
al., 1998). The original data were acquired using the
TEMPEST AEM system (Lane et al., 2000) operating
with a base frequency of 25 Hz.

Figure 1: Representative CDI sounding showing the
derived conductive “unit”.
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An initi al approach was to use a fixed conductivity
threshold to define the upper and lower boundaries of the
"unit". It was found that this required constant
adjustment of the threshold value from one survey to
another as ground conductivity values changed. Even
within a single survey, different background conductivity
levels required a compromise in threshold value to be
made.

A more robust scheme is ill ustrated in Figure 1. A
conductivity threshold is calculated for each observation
as the average of the minimum and maximum base 10
logarithm conductivity values. In this example, the
minimum value is 10 mS/m and the maximum value is
725 mS/m giving rise to a threshold conductivity of 85
mS/m. Once the threshold is determined, 7 "unit"
parameters are derived for each observation ; depth
(below surface) to top, depth to base, elevation (above
sea level) of top, elevation of base, thickness,
conductance and average conductivity.

Section view

Figure 2a shows a conductivity section from Balgarri.
The conductivity distribution is typical of that
encountered in regolith dominated terrains (Worrall et
al., 1998). Conductivity variations are generall y confined

to the in-situ and transported regolith materials overlying
resistive fresh rock, with basement conductors associated
with shale and sulphide horizons being exceptions.
Complex fine scale vertical conductivity structure is
evident across the intervals 316700-317000 mE and
322600-323100 mE This possibilit y of multiple "units" at
a single observation requires consideration. Various
selection criteria can be imposed to select a unique
"unit" at these observations eg closest "unit" to the
surface, second "unit" from the surface, thickest "unit",
"unit" with greatest conductance. The latter has proved to
be the most useful, and has been employed for the
examples herein.

The variable threshold conductivity calculated at each
observation is constrained to li e between global
minimum and maximum limits, allowing different
broadly constrained conductivity ranges to be
investigated.. In Figure 2c these limits were 50 mS/m
and 500 mS/m, whil st in Figure 2d the limits were 250
mS/m and 500 mS/m.

In resistive areas such as 323300-324000 mE, there may
be no conductivity values which exceed the global
minimum. In this situation, the "unit" parameters are
undefined.

(a)

(b) 

(c)
Figure 2: (a) CDI section for Balgarri li ne 10030. (b) "Unit" section based on the CDI section with a variable conductivity
threshold restricted to a minimum of 50 mS/m and a maximum of 500 mS/m. (c) As per (c) with a variable conductivity
threshold restricted to a minimum of 250 mS/m and a maximum of 500 mS/m.
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Plan view

The depth to base image in Figure 3a, calculated from
CDI conductivity values with a variable conductivity
threshold restricted to a minimum of 50 mS/m and a
maximum of 500 mS/m, shows variations that have been
related through field observations (ie mapping, sampling,
logging) to lit hology, structure and alteration. This
information is complementary to surface topography
(Figure 3b), magnetic data (Figure 3c), geological and
other data. Areas covered by the airborne survey where
the "unit"  was absent (ie where the maximum
conductivity was below the minimum of 50 mS/m), are
shown with a black mesh.

Even a casual inspection of Figure 3 leaves one in no
doubt as to the value of subsurface conductivity
information. Topographic relief is subdued and a
moderate level of transported cover obscures much of the
underlying Archaen greenstone geology (Swager et al.,
1995). When the information presented in the "unit"
display was utili zed as part of a comprehensive
interpretation, it led to an improved understanding of
both the geological framework and the relationship of
shallow geochemical results to gold mineralisation.

Diffusion depth limits

The basal layer of 1D models extends to infinite depth. It
can be misleading to portray models without some form
of quali fication on the depth of investigation of the
measurements. Spies (1989) defines the depth of
investigation for a time domain electromagnetic system
as the diffusion depth corresponding to the time at which
the signal decays to the noise level. The diffusion depth,
d, is defined as

d t= ( / ( )2 s m  (1)

where t is the time delay, s  is the halfspace conductivity
and m is the magnetic permeability.

Depth of investigation is a complex quantity, being a
function of the sensiti vity and accuracy of the acquisiti on
system, environmental noise levels (eg sferic and
powerline sources), geologic complexity, the host
conductivity and the target characteristics (eg a discrete
object or an extensive layer, conductivity contrast to the
surrounds). Experience has shown that diffusion depths
approximating the depth of investigation are obtained
using a delay time equal to ¼ of the base period. Thus,
for a 25 Hz base frequency AEM system such as that
used to acquire the Balgarri data, a maximum effective
delay time of 10 ms would be appropriate for estimating
the depth of investigation.

For a layered model rather than a halfspace, the time
required to diffuse through each individual layer must be
considered. The diffusion depth corresponding to a given
time can be quickly solved using an iterative root-finding
methodology.

Figure 3: (a) Depth to base of "unit" for the Balgarri area.
(b) Surface topography. (c) Total magnetic intensity
(TMI) image (2000 nT dynamic range, normali zed color
stretch).
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For the example shown in Figure 3a, the depth of
investigation calculated using a 10 ms delay time far
exceeds the depth to the base of the "unit". Thus, no
quali fication for the depth of investigation is necessary.
The visuali zation methodology employed in a case where
the depth of investigation impacts the “unit” parameters
can be simulated by calculating the diffusion depth for a
delay time of 0.5 ms, the value appropriate for a 500 Hz
base frequency time domain AEM system. Figure 4a has
a gray mask covering areas where the diffusion depth for
0.5 ms is less than the depth to the base of the "unit". An
alternate strategy of limiting the depth to the base of the
"unit" to the diffusion depth for 0.5 ms is shown in
Figure 4b. Although the image is not masked, the areas
where the "unit" parameter is affected by the estimate of
the depth of investigation are indicated by the presence
of a gray mesh.

Figure 4: (a) Depth to base of "unit". The areas where the
depth to the base of the "unit" exceeds the diffusion
depth for a time delay of 0.5 ms are covered by a gray
mask. (b) Depth to base of "unit" limited by the diffusion
depth for a delay of 0.5 ms, indicated by the gray mesh.

Conclusions

Conductive unit parameters can be derived in a robust
fashion from large sets of conductivity models. Images of
these parameters summarize the lateral variations in
depth, thickness and conductivity.
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