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Abstract

Recent advances in the airborne electromagnetic technologies
based on naturally occurring audio-frequency magnetic fields
(AFMAGQG) are discussed. The technical solutions applied in the
MobileMT platform allow it to detect targets of any shape and
structures of any orientation, provide a depth of investigation
that exceeds any airborne EM method with controlled field
sources, and make the system sensitive in both conductive
and resistive environments. Four field examples from historical
and active mine sites were presented which demonstrate the
exceptional exploration capabilities of the MobileMT technology
in conditions usually considered problematic for airborne EM
due to industrial noise, conductive overburden, differentiations
in resistive environments, or rough terrain.

Keywords: mine sustainability, resource expansion, airborne
electromagnetics, AFMAG.

Introduction

The long-term viability of mines and mine infrastructure requires
expansion of the reserve/resource inventory. Brownfield, or
near-mine exploration, is generally an effective and low-risk
way to keep a mine sustainable, but any deposit has its natural

boundaries. Contemporary advanced exploration technologies
which provide new levels of information about the surrounding
mine area are making it possible to grow the resource base
through new discoveries in the same or similar adjoining
geological structures. In this paper we describe a new concept
of the AFMAG method — airborne EM MobileMT technology.
MobileMT technology overcomes many limitations of the previous
platforms of the method and EM systems with controlled primary
field sources. The MobileMT’s technical solutions make it possible
to explore resistive environments even with slight differentiation
in resistivity, to penetrate thick and conductive overburden, to
collect reasonable data even near industrial noise sources, and
produce quality data in rough terrain conditions. The system is
sensitive to geoelectrical boundaries of any direction, discrete
targets, and continuous structures. The MobileMT depth of
investigation always exceeds the depth of investigation of
systems with controlled sources near-surface.

Main Airborne EM Methods

The main airborne electromagnetic methods are listed in Table
1 - Airborne EM principles. The methods differ in the primary field
sources which induce currents in the subsurface geology. The
estimated depths of investigation (DOI), shown in the table, are
approximate and conditional depending on rock conductance
and the controlled transmitters’ technical features, but the general
ratios between the different methods’ DOI are close to reality.

Table 1 — Airborne EM principles

Method Primary field _ Dep_th o-f
source investigation
Remote radio
VLF communication ~30-50 m
signal
Frequency-domain Current-carrying ~50-150 m
loop or coil
Current-carryin Several
Time-domain ying hundred
loop
meters
- Natural EM field in
Magnetovariational .
. the audio frequency | ~1-2 km
and Magnetotellurics
range

The MobileMT technology belongs to the “Magnetovariational
and magnetotellurics” natural field methods in the audio-
frequency range with a depth of investigation exceeding all
other methods.

The MobileM'T Method and the
Main Technical Parameters

The basis of the MobileMT technology is close to that of the
ground magnetotelluric method, but there are some specific
advantages to the airborne method.

The system consists of a stationary surface base station
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Figure 2 - a) MobileMT towed instruments aerial configuration (left) b) Electrical
components of the base station (right)

measuring independent main and reference electrical signals
intended to provide bias-free and denoised orthogonal
horizontal component data (Figure 1a), and the towed airborne
receiver for measurement of variations in the three magnetic
components of the natural EM field (Figure 1b). The variations
of the electromagnetic field are measured in the frequency
range 26 Hz — 21 kHz, then digitized and recorded at 74 kHz
to produce a representative data series (Figure 1) for high-
quality data synchronization and processing. The Fast Fourier
Transform technique is applied to the merged recordings
with calculation of six admittance matrices on the different
time bases and in different frequency bands. As a result of
modular computation of the matrices’ determinants as rotation
invariant parameters, apparent conductivity is calculated for
each frequency window as a main parameter of the MobileMT
mapping (Figure 1).

MobileMT recorded frequency windows

Frequency, Hz

100 -t
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Figure 3 Typical MobileMT data frequency channels

All the main components of the MobileMT platform during a
survey are shown in Figure 2.

The whole measured frequency range is divided into windows
(channels) during the data processing. Typically, 20 or 30
windows are formed depending on the natural signal and
external noise characteristics (Figure 3). After data processing,
informative and noise-free windows are selected for further
representation and data inversions.

The following technical solutions are possible as a result of the
technology’s high performance in mineral exploration tasks
and its abilities to overcome limitations of other platforms and
principles. In particular:

- impedance-type data provides sensitivity to absolute resistivity
differences, not just to relative contrasts;

- the measurement of the total magnetic field vector (through
three orthogonal components) means that no attitude
correction is required and all related physical and analytical
noise sources are excluded;

- the total field measurements provide the system sensitivity for any
direction of geoelectric boundaries — from horizontal to vertical;

- the wide range of measured frequencies provides a range of depth
of investigation from the surface to depths of more than 1 km;

- due to its very low noise floor the MobileMT data could be split
into smaller frequency windows which provide high in-depth
resolution, data selection, and industrial noise localization.

MobileMT Depth of Investigation

Depth of investigation of the MobileMT technology can be
estimated based on the “skin” depth parameter (Spies, 1989)

h ~ 503.3- F
f» meters

where h — depth of investigation in units of m; pa — apparent
resistivity in units of ohm-m; f — frequency in Hz.

The skin-depth calculated for the MobileMT-range frequency
channels depending on the halfspace resistivity is presented
in Figure 4 and Figure 5. The latter illustrates the significant
MobileMT DOI estimate even in a conductive environment.
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Figure 4 - Skin-depth diagram calculated for MobileMT frequency channels
depending on the halfspace resistivity (1-100,000 Ohm-m) in log scale. See Figure 5
(next page) for legend of frequency lines)
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Figure 5 - Skin-depth diagram calculated for MobileMT frequency channels in
conductive environment depending on the halfspace resistivity (1-100 ohm-m) in
linear scale

Field Examples of the MobileMT S.56_4.07.5488
System’s Capabilities ~ app cond,

c)
The field examples below demonstrate the effectiveness of

MobileMT and its capabilities in the variety of conditions found
in historical and currently active mining districts.

La Plata historical mining district

This MobileMT data example is from an area of Colorado
with a very rugged terrain and the receiver height sometimes
exceeding 300 m above the surface. The La Plata survey area is
a historic gold-silver high-grade mining district with significant
mineral production in the past. Currently, exploration in the
district is focused on the potential for disseminated bulk-
tonnage and stockwork porphyry-hosted copper mineralization
(Metallic Minerals Corp). A MobileMT survey was flown for
deep resistivity mapping under the conductive overburden
and in the rugged relief conditions. The MobileMT data was
processed and confirms that apparent conductivity taken from &
multi—component natural electromagnetic field data does not Figure 6 - a part of La Plata survey area a) Receiver terrain clearance
depend on the receiver terrain clearance in a wide range of b) apparent conductivity low frequency c) apparent conductivity high frequency
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elevations. As shown in the presented maps (Figure 6), there
is no manifestation of the receiver flight height in the range 15-
337 m above the surface in the low and high frequency data.

Dukat ore field mine area

Dukat is currently the world’s third largest silver deposit and the
largest gold-silver deposit in Russia. The epithermal-type Au-Ag
ore field occurs in the central section of the Omsukchan riftlike
trough (~150 km in length) along a regional North-South fault
system. The framework of the depression is intruded by numerous
granitoid polyphase stocks and plutons, porphyry and dykes
(Levitan, 2008). The central part of the ore field contains a dome-
like structure (granite-granodiorite pluton) which is intersected by
drill holes to a depth of 1200 — 1500 m below the surface. The
main elements of the Dukat deposit that govern the ore bodies’
structure are subvertical zones consisting of systems of sub-
parallel shear cracks, zones of mylonite along faults, individual
large fractures, tree-like dykes, and veins (Levitan, 2008).

The airborne MobileMT EM technology was able to identify 1)
the deep dome structure as the main controlling factor of the Au-
Ag mineralization system; 2) other deep dome structures, and
potential for new discoveries beneath them; 3) the subvertical
fault zones as feeding fluid transport channels from the upper
contact of the deep magmatic bodies to the near-surface host
rocks together with following alteration and potential ore zones.

Currently four deposits are under mining operations and the
challenging factor for an airborne EM survey over the area is the
EM interference from the industrial sources of electromagnetic
noise. The MobileMT survey, although affected by the power
line noise, was still able to produce good data for analysis and
inversions revealing the geological response within a couple
hundred meters from the sources of interference. Unfortunately,
high-voltage power lines usually pose a challenge for data
collection in a wider range of frequencies.

The MobileMT survey lines crossing the Dukat ore field are
displayed over the power line monitor shaded map in Figure 7.
Line 2600 crosses an underground mine. Resistivity sections
along the lines are presented in Figure 8. The blanked areas hide
distortion caused by the industrial noise. As seen from these
sections, the system’s exploration capabilities are preserved
quite close to the power lines.

Tien-Shan metallogenic belt

The next case is from the Tien Shan metallogenic belt with
orogenic- (or mesothermal-) type gold deposits. This example
demonstrates the MobileMT system’s capability for deep
resistivity mapping under conductive overburden. The gold
deposits are structurally controlled and the MobileMT system
was able to detect the controlling mineralization structure inside
and below the conductive (<100 Ohm-m) overburden with
~400 m thickness (Figure 9). The lines were flown just several
hundred meters from an active open pit mine.
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Figure 7 - MobileMT lines crossing the Dukat ore field superimposed over the power
line monitor shaded map
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Figure 8 MobileMT resistivity sections along the lines crossing the Dukat ore field.
Distorted data from power lines are blanked.
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Figure 9 — MobileMT resistivity sections (Tien Shan metallogenic belt)

Aylmer Property (Sudbury, Northern
Ontario)

The I0OCG Aylmer Property is located northeast of the Sudbury
Igneous Complex, the known world-class mining camp in an
under-explored polymetallic gold district. The copper-gold
mineralization is expected to be associated with a zone of
deformation and alteration (Transition Metals, 2020). The airborne
MobileMT survey has been conducted to highlight evidence of
a buried system at depth. A part of the property was previously
flown with a time-domain system (Fiset, 2011). Because the area
is quite resistive, the time-domain data only shows some near-
surface conductors associated with river and valley sediments
without getting transient response from deeper layers (Figure 10,
top profiles and a section). The MobileMT system is sensitive to
resistivity differentiations in much higher ranges and is able to
detect conductive and resistive units and structures within the 1.5
km depth range, along with the near-surface conductors (Figure
10, middle section). MobileMT detects a deep fault, or a dyke
in the center of the line, which is visible in the magnetic field as
well (Figure 10, bottom map). There is a copper showing on the
surface over this structure (Transition Metals Corp., 2020).

Conclusions

Based on the measurements of the natural electromagnetic
fields in the audio-frequency range, the MobileMT airborne
exploration technology is an effective tool for extending the

airborne time-domain dB/dt profiles and resistivity-depth image
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Figure 10 — A survey line from the Aylmer Property. Airborne time-domain dB/dt
profiles and resistivity section (top, from Fiset, 2011), MobileMT resistivity section
and line positioning (middle and bottom, respectively)

life of historical or currently active mine sites. It is capable of
bringing new and detailed information about the geological
subsurface in wide ranges of depth and resistivity.

The technology has a great depth of investigation (1-1.5 km on
average), revealing both near-surface and deep structures. It is
sensitive to resistivity differentiations in low and high resistivity
ranges in any direction of geoelectrical boundaries, and in many
cases it is able to get reliable information close to industrial noise
sources.
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