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Abstract

TEMPEST is a new AEM system which delivers
accurate, high resolution information as a 3
dimensional (3D) conductivity distribution. Displays
generated from 3D conductivity data complement
traditional data profiles, window amplitude maps and
apparent conductivity maps, and facilitate integration
with other observations.

Vertical and horizontal conductivity slices and 3D
conductivity isosurfaces are derived from a survey
covering the Comet workings, part of the Tuckabianna
Goldfield in Western Australia.

TEMPEST AEM System

TEMPEST was developed by members of the AEM
Systems Program of the Cooperative Research Centre
for Australian Mineral Exploration Technologies (CRC
AMET). It is configured with a transmitter loop located
on a fixed wing aircraft and receiver coils in a towed
“bird”. Unique features of TEMPEST include its
extremely broad bandwidth, 25 Hz to 37500 Hz,
achieved through use of a square transmitter
waveform, sophisticated receiver coil design and high
data sampling rate. Comprehensive calibration
procedures and digital signal processing routines
applied to complete recordings of “streamed” data
ensure that noise is attenuated, the system transfer
function is accurately deconvolved from the data, and
primary field effects are removed from the measured
response to leave the response from the ground.
Measurement of “system geometry” (transmitter loop,
receiver coils and ground surface) significantly improve
the accuracy and lateral continuity of derived ground
conductivity results.

The relationship between the measured response from
any AEM system and sub-surface conductivity
distribution is complex. Profiles and images of time or
frequency response contain essential information, but
can be difficult to interpret in terms of conductivity and
depth since these parameters depend on measurement
system characteristics and the interrelationship
between many time or frequency values.

One dimensional models derived from each
observation are a first order approach to resolving this
complexity. TEMPEST was designed to optimise this
gquantitative approach, and either conductivity-depth-
imaging (CDI) or layered model inversion (LEI)
methods are routinely applied to the data. Models are
combined along flight lines to produce conductivity
sections, and formed into 3D grids where conductivity
values are assigned to elements in a regular (x,y,z)
array. Visualisation methods were developed by WGC
to identify and communicate conductivity relationships
in 3D grids. Computer animation of a series of slices of
increasing depth below surface is an example of the
visualisation techniques applied to TEMPEST data.
Isosurfaces (i.e. surfaces connecting points of a

specific conductivity value) have also proved useful for
showing the spatial geometry of bodies of elevated
conductivity.

TEMPEST may be described as a conductivity
“mapping” system since the output of a survey is a 3D
conductivity distribution. Presentation of results as
conductivity values in 3D space rather than
time/frequency space facilitates integration with other
relevant observations (surface measurements, drilling
results). 3D conductivity output can show subtle low
contrast variation as well as high contrast conductive
bodies, allowing sophisticated geological/hydrological
models for base metal, diamond, ground water and
land management applications to be utilised rather than
being restricted to traditional “bump” (discrete, high
conductance target) identification.

Comet Example

The Comet group of gold workings are located 25 km
east of Cue, in the Murchison province of the Archean
Yilgarn Craton, Western Australia. They are adjacent to
the NNE/SSW Mount Magnet - Meekatharra Shear
Zone. TEMPEST data with a base frequency of 25 Hz
were acquired around Comet on lines spaced at 200 m
intervals. The flight path shown in figure 1 amounts to
approximately 550 line km.
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Figure 1. Flight path map for the TEMPEST survey at
Comet. Line 10170 (figure 4a) is shown in red, closest to
the NE edge of the survey. Line 10290 (figure 4b) is also
shown in red, closest to the SW edge of the survey. The
location of the Comet gold workings are shown with
black asterisk symbols. The area of enlargement shown
in figures 6 and 7 is indicated with the black rectangle.




The digital terrain model derived from airborne
measurements (figure 2) reveals a very uniform and
gentle slope of around 2 m/km towards Lake Austin on
the southern edge of the survey area. A few scattered
NE/SW trending ridges up to 20 m above the
surrounding level are present within generally
featureless terrain. Open pit gold workings are evident
near (608000 mE, 6954000 mN), “Friars”, (603000 mE,
6953500 mN), “Comet”, “Comet North” and “Pinnacles”,
and (601000 mE, 6950500 mN), “Venus”.
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by the CDI algorithm produces an underestimation of
conductivity and overestimation of depth to top of such
discrete features. Some artifacts may result from the
conversion of measured response to conductivity near
sharp lateral changes in shallow conductors due to the
complex anomaly forms associated with these features.
The majority of the features across section 10170
would be expected to be accurately portrayed.

Figure 2. Surface topography derived from the airborne
measurements.

Total magnetic intensity (TMI) data collected during the
TEMPEST survey (figure 3) are dominated by intense
linear anomalies related to banded iron formation and
ultramafic units within the greenstone sequence. A
lower amplitude magnetic curvilinear feature coincides
with the arcuate ridge in the vicinity of the Comet group
of workings. Homogeneous areas of magnetic response
along the northwest edge of the survey are associated
with granite.

Conductivity values are extremely variable within the
survey area, from less than 1 mS/m (>1000 ochm.m
resistivity) to more than 1000 mS/m (< 1 ohm.m
resistivity). Widespread cover of low to moderate
conductivity is present in the top 50 m of line 10170
(figure 4a). A strong discrete conductor occurs directly
below the Comet North pit. The 1D assumption utilised

Figure 3. Coloured total magnetic intensity image. A
gaussian (normal) stretch has been applied to the data,
the dynamic range being 55250 - 60400 nT. An
illumination from the SE has been applied.

The conductivity section for line 10290 (figure 4b)
shows the presence of multiple discrete conductors.
These are evident in window amplitude profiles as
slowing decays and enhanced amplitude in the later
windows, between 2000 and 4500 m distance along
line. It is anticipated that the conductors may be closer
to the surface and more conductive than shown in the
sections. A depression in the near surface conductive
layer in the central part of the line is interpreted as a
palaeochannel feeding into Lake Austin, a salt lake
system to the south west. The base of the channel is
approximately 100 m below the present land surface
and its width is around 1 km.
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Figure 4. Square wave B-field profiles, conductivity sections and TMI profiles for (a) line 10170, and (b) line 10290. Window
centre times for the profiles are 0.013, 0.040, 0.067 0.107, 0.173, 0.280, 0.453, 0.720, 1.120, 1.733, 2.693, 4.200, 6.560,

10.200, and 16.200 ms.

Conductivity data for all observations are combined into
a 3D grid. Slices of average conductivity for various
depth intervals are then extracted from the gridded
volume. The depth interval over which conductivity
values are selected depends on the range of
conductivity values in the survey area and the specific
application of the data. Thinner intervals are more
practical in areas of higher conductivity. A wealth of
spatial detail, evident in these slices, can be further
enhanced by combining them into a time sequenced
computer display (“animation”).

A number of slices, representative of the varying spatial
patterns observed between 0 and 200 m depth for the
Comet data, are shown in figure 5.

The near surface slice (0-10 m, figure 5a) shows
generally low conductivity values, with an increase in
conductivity along the south west edge near Lake
Austin. Weakly elevated values are present over most
of the greenstone sequence in a NE trending band
across the central part of the survey area, gradually
increasing towards the south east edge of this band.




Dramatic changes in conductivity are evident by 20-30
m below surface (figure 5b). Increasing conductivity,
which is commonly observed in the Murchison and
Eastern Goldfields areas of Western Australia, is
associated with an increase in moisture content.
Extremely high conductivity values along the south west
edge are associated with highly saline groundwater of
Lake Austin. Conductivity values are enhanced over the
covered central part of the greenstone belt, reflecting
the presence of saprolite in this depth range.

Conductivity values in the 50-60 m depth interval
(figure 5c¢) are dominated by a branched pattern
through the central portion of the survey area,
increasing in conductivity to the south west, and a more
narrow linear trend close to the south east edge.

Grey shading in the 150-160 m depth slice (figure 5d)
indicates where the depth penetration or “skin depth” of
the system has been exceeded due to the presence of
overlying highly conductive material. The shading is
used because it is difficult to accurately determine
conductivity under these conditions. Conductance of
overlying material in this instance exceeds 200 S.

A number of narrow discrete conductors are evident in
the deepest slice. An association with massive sulphide
or graphite is likely.
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Distribution of conductive material can also be rendered
in 3D using isosurfaces. These surfaces join points of a
selected conductivity value.

Isosurfaces shown in figure 6a enclose material of
conductivity exceeding 15 mS/m, and reveal the
presence of extensive near-surface weakly conductive
cover. Colouring the isosurfaces by elevation above sea
level highlights the separation between sheets of near-
surface conductive material (red) and deeper
conductors (yellow through blue). Gold workings are
coincident with discrete conductors, seen through the
narrow window in the conductive cover. The
relationship between discrete conductors and gold
mineralisation is consistent with the presence of pyrite
and pyrrhotite with gold mineralisation in these
workings.

By increasing the isosurface value from 15 mS/m to 90
mS/m (figure 6b), the masking effect of near-surface
weakly conductive material can be rolled back. A
second zone of discrete conductors is revealed beneath
cover, parallel to the Comet line of workings, and 1500
m to the south east.

@)

(b)

(©

(d)

Figure 5. Interval conductivity slices for (a) 0-10 m, (b) 20-30 m, (c) 50-60 m, and (d) 150-160 m below surface.
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Figure 6. Isosurface representation of the conductivity distribution within a subset of data around the Comet group of gold
workings, viewed from overhead. The locations of the workings are shown with black asterisk symbols. Flight lines are
plotted in black. The mesh of surface topography and isosurfaces are coloured by elevation above sea level. (a) Isosurfaces
for 15 mS/m. (b) Isosurfaces for 90 mS/m.

A perspective view of the 60 mS/m isosurface (figure 7) relation to figure 5¢c. Two zones of discrete NE-trending
illustrates many of the features discussed above. A conductors are present at depth. The north west zone is
near surface, sub-horizontal layer of conductive associated with the Comet line of workings (the Comet,
material is evident along the eastern edge of the Comet North and Pinnacles open pits are evident in the
rectangular box and as a small fragment in the north surface topography mesh). The second zone lies 1500
west corner. A deeper zone of conductive material m to the south east, between the Comet line of
extending down from the near-surface layer in the south workings and the edge of the palaeochannel.

east corner is a part of the palaeochannel discussed in

Figure 7. Perspective view (azimuth of 030 degrees, elevation 10 degrees) of the 60 mS/m conductivity isosurfaces for a
subset of the data around the Comet group of workings. The mesh of surface topography is coloured by elevation above
sea level. The position of the flight lines is shown projected as black lines along the base plane of the rectangular box. The
isosurfaces have been given a uniform colour.

Comet. Similar strong conductors are detected beneath
cover 1.5 km to the south east. Several lesser
conductors are present across the survey area. A deep
palaeochannel feeds into Lake Austin. A more detailed

Conclusions

TEMPEST data confirmed the presence of discrete
conductors associated with gold mineralisation at the




analysis of variation in the depth and conductivity of
cover would provide further valuable insights into
lithological and alteration patterns. Extensive
weathering and the presence of transported cover mask
these important features from visual observation from
the surface.

Attention during system development to critical
elements for the conversion of measured response to
conductivity and depth (bandwidth, calibration
procedures, noise attenuation, deconvolution of system
transfer function, primary field removal, geometry
corrections) allow TEMPEST conductivity data to be
presented in 3D form with an accuracy and resolution
never seen before from an AEM system.
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