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Design Considerations

Helicopter-borne EM systems offer an advantage that cannot be matched from a fixed-wing platform. The ability to fly
at a slower speed and collect data with high spatial resolution, and with great accuracy, means that helicopter EM
systems provide more detail than any other EM configuration, airborne or ground-based. Spatial resolution is
especially important in areas of complex geology and in the search for discrete conductors. With the advent of
helicopter-borne high-moment time domain EM systems the fixed-wing platforms are losing their only advantage —
depth penetration.

Advantage 1 — Spatial Resolution

The AeroTEM system is specifically designed to have a small footprint. This is accomplished through the use of
concentric transmitter-receiver coils and a relatively small diameter transmitter coil (5 m). The result is a highly
focused exploration footprint, which allows for more accurate “mapping” of discrete conductors. Consider the
transmitter primary field images shown in Figure 1, for AeroTEM versus a fixed-wing transmitter.

The footprint of AeroTEM at the earth’s surface is The footprint of a fixed-wing system is roughly 150 m
roughly 50 m on either side of transmitter. on either side of the transmitter.

Figure 1. A comparison of the footprint between AeroTEM and a fixed-wing system, highlights the greater
resolution that is achievable with a transmitter located closer to the earth’s surface. The AeroTEM footprint is
one third that of a fixed-wing system and is symmetric, while the fixed-wing system has even lower spatial
resolution along the flight line because of the separated transmitter and receiver configuration.

At first glance one may want to believe that a transmitter footprint that is distributed more evenly over a larger area is
of benefit in mineral exploration. In fact, the opposite is true; by energizing a larger surface area, the ability to
energize and detect discrete conductors is reduced. Consider, for example, a comparison between AeroTEM and a
fixed-wing system over the Mesamax Deposit (1,450,000 tonnes of 2.1% Ni, 2.7% Cu, 5.2 g/t Pt/Pd). In a test survey
over three flight lines spaced 100 m apart, AeroTEM detected the Deposit on all three flight lines. The fixed-wing
system detected the Deposit only on two flight lines. In exploration programs that seek to expand the flight line
spacing in an effort to reduce the cost of the airborne survey, discrete conductors such as the Mesamax Deposit can
go undetected. The argument often put forward in favor of using fixed-wing systems is that because of their larger
footprint, the flight line spacing can indeed be widened. Many fixed-wing surveys are flown at 200 m or 400 m. Much
of the survey work performed by Aeroquest has been to survey in areas that were previously flown at these wider line
spacings. One of the reasons for AeroTEM’s impressive discovery record has been the strategy of flying closely
spaced lines and finding all the discrete near-surface conductors. These higher resolution surveys are being flown
within existing mining camps, areas that improve the chances of discovery.
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Figure 2. Fixed-wing (upper) and AeroTEM (lower) comparison over the eastern limit of the Mesamax Deposit,
a Ni-Cu-PGE zone located in the Raglan nickel belt and owned by Canadian Royalties. Both systems detected
the Deposit further to the west where it is closer to surface.
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The small footprint of AeroTEM combined with the high signal to noise ratio (S/N) makes the system more suitable to
surveying in areas where local infrastructure produces electromagnetic noise, such as power lines and railways. In
2002 Aeroquest flew four exploration properties in the Sudbury Basin that were under option by FNX Mining
Company Inc. from Inco Limited. One such property, the Victoria Property, contained three major power line
corridors.

The resulting AeroTEM survey identified all the known zones of Ni-Cu-PGE mineralization, and detected a response
between two of the major power line corridors but in an area of favorable geology. Three boreholes were drilled to
test the anomaly, and all three intersected sulphide. The third borehole encountered 1.3% Ni, 6.7% Cu, and 13.3 g/t
TPMs over 42.3 ft. The mineralization was subsequently named the Powerline Deposit.

The success of AeroTEM in Sudbury highlights the advantage of having a system with a small footprint, but also one
with a high S/N. This latter advantage is achieved through a combination of a high-moment (high signal) transmitter
and a rigid geometry (low noise). Figure 3 shows the Powerline Deposit response and the response from the power
line corridor at full scale. The width of power line response is less than 75 m.
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Figure 3. The Powerline Deposit is located between two major power line corridors, which make EM
surveying problematic. Despite the strong response from the power line, the anomaly from the Deposit is
clearly detected. Note the thin formational conductor located to the south. The only way to distinguish this
response from that of two closely spaced conductors is by interpreting the X-axis coil response.

Advantage 2 — Conductance Discrimination

The AeroTEM system features full waveform recording and as such is able to measure the on-time response due to
high conductance targets. Due to the processing method (primary field removal), there is attenuation of the response
with increasing conductance, but the AeroTEM on-time measurement is still superior to systems that rely on lower
base frequencies to detect high conductance targets, but do not measure in the on-time.
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The peak response of a conductive target to an EM system is a function of the target conductance and the EM
system base frequency. For time domain EM systems that measure only in the off-time, there is a drop in the peak
response of a target as the base frequency is lowered for all conductance values below the peak system response.
For example, the AeroTEM peak response occurs for a 10 S conductor in the early off-time and 100 S in the late off-
time for a 150 Hz base frequency. Because base frequency and conductance form a linear relationship when
considering the peak response of any EM system, a drop in base frequency of 50% will double the conductance at
which an EM system shows its peak response. If the base frequency were lowered from 150 Hz to 30 Hz there would
be a fivefold increase in conductance at which the peak response of an EM occurred.

However, in the search for highly conductive targets, such as pyrrhotite-related Ni-Cu-PGM deposits, a fivefold
increase in conductance range is a high price to pay because the signal level to lower conductance targets is reduced
by the same factor of five. For this reason, EM systems that operate with low base frequencies are not suitable for
general exploration unless the target conductance is more than 100 S, or the target is covered by conductive
overburden.

Despite the excellent progress that has been made in modeling software over the past two decades, there has been
little work done on determining the optimum form of an EM system for mineral exploration. For example, the optimum
configuration in terms of geometry, base frequency and so remain unknown. Many geophysicists would argue that
there is no single ideal configuration, and that each system has its advantages and disadvantages. We disagree.

When it comes to detecting and discriminating high-conductance targets, it is necessary to measure the pure in-
phase response of the target conductor. This measurement requires that the measured primary field from the
transmitter be subtracted from the total measured response such that the secondary field from the target conductor
can be determined. Because this secondary field is in-phase with the transmitter primary field, it must be made while
the transmitter is turned on and the transmitter current is changing. The transmitted primary field is several orders of
magnitude larger than the secondary field. AeroTEM uses a bucking coil to reduce the primary field at the receiver
coils. The only practical way of removing the primary field is to maintain a rigid geometry between the transmitter,
bucking and receiver coils. This is the main design consideration of the AeroTEM airframe and it is the only time
domain airborne system to have this configuration.
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Figure 4. The off-time and on-time response nomogram of AeroTEM for a base frequency of 150 Hz. The on-
time response is much stronger for higher conductance targets and this is why on-time measurements are
more important than lower frequencies when considering high conductance targets in a resistive
environment.
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Advantage 3 — Multiple Receiver Coils

AeroTEM employs two receiver coil orientations. The Z-axis coil is oriented parallel to the transmitter coil and both
are horizontal to the ground. This is known as a maximum coupled configuration and is optimal for detection. The X-
axis coil is oriented at right angles to the transmitter coil and is oriented along the line-of-flight. This is known as a
minimum coupled configuration, and provides information on conductor orientation and thickness. These two coil
configurations combined provide important information on the position, orientation, depth, and thickness of a
conductor that cannot be matched by the traditional geometries of the HEM or fixed-wing systems. The responses
are free from a system geometric effect and can be easily compared to model type curves in most cases. In other
words, AeroTEM data is very easy to interpret. Consider, for example, the following modeled profile:

Figure 5. Measured (lower) and modeled (upper) AeroTEM responses are compared for a thin steeply dipping
conductor. The response is characterized by two peaks in the Z-axis coil, and a cross-over in the X-axis coil
that is centered between the two Z-axis peaks. The conductor dips toward the higher amplitude Z-axis peak.
Using the X-axis cross-over is the only way of differentiating the Z-axis response from being two closely
spaced conductors.
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HEM versus AeroTEM

Traditional helicopter EM systems operate in the frequency domain and benefit from the fact that they use narrow-
band as opposed to wide-band transmitters. Thus all of the energy from the transmitter is concentrated in a few
discrete frequencies. This allows the systems to achieve excellent depth penetration (up to 100 m) from a transmitter
of modest power. The Aeroquest Impulse system is one implementation of this technology.

The AeroTEM system uses a wide-band transmitter and delivers more power over a wide frequency range. This
frequency range is then captured into 16 time channels, the early channels containing the high frequency information
and the late time channels containing the low frequency information down to the system base frequency. Because
frequency domain HEM systems employ two coil configurations (coplanar and coaxial) there are only a maximum of
three comparable frequencies per configuration, compared to 16 AeroTEM off-time and 12 AeroTEM on-time
channels.

Figure 6 shows a comparison between the Dighem HEM system (900 Hz and 7200 Hz coplanar) and AeroTEM (Z-
axis) from surveys flown in Raglan, in search of highly conductive Ni-Cu-PGM sulphide. In general, the AeroTEM
peaks are sharper and better defined, in part due to the greater S/N ratio of the AeroTEM system over HEM, and also
due to the modestly filtered AeroTEM data compared to HEM. The base levels are also better defined in the
AeroTEM data. AeroTEM filtering is limited to spike removal and a 5-point smoothing filter. Clients are also given
copies of the raw, unfiltered data.
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Figure 6. Comparison between Dighem HEM (upper) and AeroTEM (lower) surveys flown in the Raglan area.
The AeroTEM responses appear to be more discrete, suggesting that the data is not as heavily filtered as the
HEM data. The S/N advantage of AeroTEM over HEM is about 5:1.

Aeroquest Limited is grateful to the following companies for permission to publish some of the data from
their respective surveys: Wolfden Resources, FNX Mining Company Inc, Canadian Royalties, Nova West
Resources, Aurogin Resources, Spectrem Air. Permission does not imply an endorsement of the AeroTEM
system by these companies.



