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Abstract: The airborne electromagnetic system MobileMT exploits natural fields in a broadband
frequency range with offset measurements of magnetic and electric field variations. It was introduced
in 2018 and has since been developed in various configurations, each tailored to meet the demands of
different exploration tasks, varied terrains, and geoelectrical conditions and support time-domain
data with controlled primary field sources. There are four distinct airborne systems: the original
MobileMT; the lighter configuration, MobileMTm; the configuration for a drone carrier, MobileMTd;
and the innovative time-domain AFMAG hybrid, TargetEM. The paper describes the technical
features of each system, their differences and inherent strengths, the optimal usage conditions, and
insights into their applications under different conditions across various exploration tasks. Several
field case studies are provided to support the natural field electromagnetics capabilities of recovering
geological structures in a wide depth range, beginning from the near surface, and address the impact
of parasitic IP effects on time-domain data.

Keywords: airborne EM; natural field; mineral exploration; MobileMT

1. Introduction

Airborne electromagnetic (EM) systems used in mineral exploration are based on
various principles and technical designs, leading to variable performance under different
geoelectrical and geological conditions. Systems with controlled primary fields have
limitations, particularly in the depth of investigations and the resistivity detectability
range (the last in the time-domain method). These limitations are overcome by using
“passive” or natural field systems, as confirmed by direct comparisons of “passive” field
data (MobileMT) with airborne TDEM data [1]. A brief history of natural field airborne
technology development is described by the authors of [2], with a comparison of different
systems’ technical specifications and their evolution over sixty years. These systems include
the original AFMAG used in the 1960s and early 1970s, further experimental prototypes
of the AFMAG method (late 1990s—early 2000s), and the magnetovariational tipper-type
ZTEM system patented in 2005. The latest development, MobileMT, was introduced to
the airborne geophysics market in 2018 [3,4]. It measures natural magnetic (magneto)
and electric (telluric) field variations across a wide range of frequencies divided into
comparatively narrow windows. Using three orthogonal components to measure magnetic
field variations, the system can detect geoelectrical boundaries in any direction, improving
subsurface recovery in complex geological structures. The airborne technology is versatile
and can be used for various geophysical tasks in diverse geoelectrical and terrain conditions,
as well as different survey configurations. Technical adaptations are required for specific
conditions, such as using lightweight systems at high altitudes, ensuring precise positioning
for detailed surveys, addressing time-domain data insufficiencies, and exploring deeper
beneath conductive overburden.
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2. Theory and the System Configurations

The operating principle of airborne natural field MobileMT EM technology is a combi-
nation of magnetotelluric (MT) and magnetovariational (MV) concepts [2]. The measuring
system for all configurations includes two main parts (Figure 1):

e  Three orthogonal dB/dT inductive coils (Figure 1b) in a teardrop-shaped shell towed
below the helicopter. Variations in the measured magnetic field (H-field) are recorded
digitally in an acquisition system placed inside a helicopter. It is unnecessary to moni-
tor or control the tilt precisely because the measurement system provides rotationally
invariant total-field data;

e  Two pairs of independent grounded orthogonal (X and Y) electric lines (Figure 1a)
measure “signal” and “reference” variations in the electric field (E-field). Uncorrelated
variations in the E-field, measured separately by the “signal” and “reference” lines,
are used to clean the electrical component data [5], assuming the noise is uncorrelated
with the signal. This process, using the cross-spectral technique, significantly reduces
the risk of biased results [6]. The data from the stationary E-field measurement
system are recorded by a separate acquisition system at the same sampling rate as the
mobile H-field.

Z_epsa

radar-altimeter

tow cabel 97 m full length

~._ magnetometer
GPS B

MobileMT —
3 orthogonal coils

Figure 1. MobileMT system in survey configuration. (a) Schematic of a base station that includes
two pairs of independent grounded orthogonal electric lines in the same position. (b) Schematic of
three orthogonal dB/dT inductive coils.

The denoised and corrected E-field data represent the primary natural electromagnetic
field variations. They facilitate the separation of the time variance from the space variance
of the measured fields (like in MV). The combination of magnetic (H) and electric (E) fields
variations are used for the admittance tensor calculation, described by Bostick and Smith [7]
as Y = H/E (written in tensor notation) and, ultimately, for the calculation of apparent
conductivities corresponding to different frequency bands:

o(w) = pw Y21,
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where p is the magnetic permeability of free space, and w is the angular frequency.

With magnetic and electric field data variations measured in different relative orien-
tations, the magnitudes of the total H and E vectors independent of the sensors’ spatial
attitudes are calculated at the same frequency and time [5]. The processed data typically
span a frequency range of 26-21,000 Hz, divided into 30 windows (Figure 2). The dead-band
range, shown as typical in the figure, varies diurnally and seasonally.
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Figure 2. Typical MobileMT data frequency windows with the frequency zone (dead band), where
the natural signal strength attenuates to a small level.

Currently, there are four modifications to the MobileMT system, tailored to specific
survey requirements or terrain conditions:

(1) The basic model (Figure 1: 1.4 m diameter coils and 97 m tow cable) can provide data
in the 26-21,000 Hz bandwidth. The historical lowest acceptable frequency data from
the configuration is 22 Hz [5]. The system exhibits minimal mechanical noise, with
negligible disturbance from helicopters, and is free from nearby noise sources. A GPS
antenna with a Cs magnetic sensor is located 20 m above the magnetic field variations
receiver in a separate bird. The system weighs 250 kg;

(2) MobileMTm (Figure 3: 0.7 m diameter receiver coils and 55 m tow cable length).
Currently, the recorded frequency range is 50-28,000 Hz. Two Cs magnetic sensors
in the horizontal gradiometer configuration (4 m apart), a gyro inclinometer for the
magnetic sensors tilt corrections, and a GPS antenna are located on the same frame
together with the three components of the magnetic variations receiver. The system
weighs 150 kg.

A GPS antenna and a gyro inclinometer on the MobileMTm frame allow accurate
retrieval of positions for both the airborne EM sensor and magnetometers. The precise
positioning suits detailed surveys with relatively small-line spacing focusing on near-
surface targets along the recovering deep structures. In addition, the system’s light version
(MobileMTm) perfectly matches the surveys’ requirements at high altitudes >4000 m above
sea level;

(3) The AFMAG component can be derived from streaming data recorded during surveys
using the time-domain (TEM) system TargetEM when the MobileMT base station is
operational and captures variations in the electric field (Figure 4) [1]. The receiver
coils have a diameter of 1 m and are attached to a 50 m long tow cable. In the case of
TEM combinations, the extracted natural field frequency range is determined by the
base frequency of the controlled primary field source and the current waveform duty
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cycle. Typically, the TargetEM system operates at a base frequency of 25/30 Hz, and
apparent conductivities are calculated from streaming EM data in the high-frequency
range of 5000-28,000 Hz, depending on the natural signal;

Figure 3. Airborne component of MobileMTm system.

(b)

Figure 4. TargetEM system (a), with the ground E-field base station acquisition system (b).

@)

MobileMTd is a drone version of the MobileMT system (Figure 5) currently under-
going field tests designed to measure magnetic field variations at lower frequencies
of 10-15-20 Hz by mitigating motion noise within this range. These lower frequen-
cies are essential for exploring conductive areas and regions with thick, conductive
overburden where the standard 26 Hz system reaches its limits. As illustrated in
Figure 6, the system aims to enhance the depth of investigation (DOI), particularly in
conducive environments. The DOI typically refers to the sensitivity of acquired data
to subsurface petrophysical variations. Spies [8] suggests that the magnetotelluric
method can detect a buried halfspace beneath 1.5 skin-depths of overburden. For
instance, a 1.5 skin-depth corresponds to 600 m at 5 ohm-m in an infinite halfspace
(Figure 6). Moreover, the MobileMTd system offers flexibility in selecting optimal
survey times, including during and after sunset, to maximize natural electromagnetic
activity peaks.
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Figure 5. MobileMT system on a drone.
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Figure 6. Diagram of 1.5 skin-depth with MobileMTd additional frequencies (10-20 Hz) calculated
for conductive halfspace of 1-100 ohm-m.

In addition to natural EM field data, all configurations of MobileMT airborne tech-
nology can measure VLF data, extracting the signal from the same magnetovariational
streaming data. The VLF total field magnitudes (usually in the 15-30 kHz range) are
calculated as a vector of signals from the orthogonal receiver coils.
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The natural total field airborne EM system, with its comprehensive technical solutions,
effectively explores various types of mineralization across a wide depth range and identifies
complex geological settings and structures. Table 1 describes the main technical features of
MobileMT technology and their corresponding outcomes.

Table 1. Technical solutions and their outcomes in the system’s capabilities.

Technical Solution Outcome

Primary field: naturally occurring subsurface
electromagnetic plane wave.

Depth of investigation consistently exceeds the capabilities of
controlled-source airborne EM systems. There is no critical dependence on the
system’s terrain clearance, as illustrated in [5].

Three orthogonal receiver coils (total field). Sensitivity to geoelectric boundaries in any direction.

Remote signal-reference electrical component
station in the combination of a mobile

Denoised and bias-free data related to the electromagnetic admittance with the
calculation of the absolute values of conductivities.

magnetic component.

Sensitivity in a full range of rock and mineral resistivity. The method is

Frequency domain data. sensitive to conductors and resistivity differences in the range of thousands
and tens of thousands of ohm-m (a proven case up to 20,000 ohm-m [5]).
Broadband frequency range over 3+ decades Imaging of near-surface structures as well as those at >1 km depth, depending
(typically 26-21,000 Hz). on the conductance of the geologic environment.
Output apparent conductivity data for up to 30 Better in-depth resolution than ZTEM, with 4-6 frequencies [2] and a good
different frequencies (typically for 15-24 opportunity for data selection, depending on cultural noise sources, natural
frequencies, depending on the natural signal). EM field signal, and exploration goals.

3. MobileMT Capabilities and Advantages on Field Examples

The MobileMT data inversions presented below were executed using the MARE2DEM
software code [9] adopted for MobileMT data. The data inversions were executed without
constraints using a uniform halfspace as an initial model.

3.1. Athabasca Basin (Canada): Comparison with Natural Field Airborne System ZTEM
(Tipper Data) and Ground TAMT

Athabasca Basin has historically presented a challenging environment for testing
geophysical technologies, including airborne electromagnetic (EM) systems. This unique
geological region offers a practical testing ground for several critical parameters: depth
of investigation, resistivity resolution (including in high-resistivity bands), sensitivity
to different boundary orientations, and the ability to recover complex structures and a
low-contrasting contact.

The study area is located in the western part of the Athabasca Basin (Figure 7). The
known unconformity-type uranium deposits (Collete, 58B, Kianna, Anne) are controlled by
the NNW trending, graphite-rich “Saskatoon Lake Conductor (SLC)” [10]. The Athabasca
Group sandstone with thickness between 710 m and 750 m unconformably overlies basement
crystalline rocks and granitic and pelitic gneisses [11]. There are three types of uranium
mineralization displayed on the Kianna deposit: unconformity mineralization associated
with the conductive graphitic fault (SLC) and followed by intense chlorite—pyrite alteration;
basement mineralization in steep-to-moderate dipping veins with intense clay—chlorite
alteration; and above the unconformity alteration plume containing perched mineralization,
followed by clay—chlorite alteration. The last “often occurs along the up-dip projection of
basement-hosted faults into the sandstone column” [10].

The MobileMT system was tested in 2018 over the Shea Creek uranium deposit along
a line and compared with the ZTEM system testing results [12] (Figure 7). The ZTEM
system, a predecessor of MobileMT technology, measures only one vertical component
of the magnetic field (Hz) along survey lines [2]. The orthogonal horizontal components
of the magnetic field Hx and Hy are measured at a remote, stationary base station to
reference the primary field variations. In contrast to MobileMT, ZTEM does not utilize the
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data acquired at the station as a reference to denoise the data, which could cause biased
tipper data [13]. Other limitations of the tipper-type system include a lack of ability to
image layered geology [13], a reduced bandwidth, a limited number of frequencies, and
comparatively wide frequency windows [2].
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Figure 7. MobileMT (and ZTEM [12]) survey line with positions of TAMT stations on a magnetic
field map of the study area. The overview geological map from the Mineral Resource Map of
Saskatchewan, 2008 edition (Saskatchewan Ministry of Energy and Resources). Magnetic field
data and the overlapped hydrology from Canada Geoscience Data (http://gdrdap.agg.nrcan.gc.ca,
accessed on 6 May 2024).

Figure 8 compares resistivity sections derived from MobileMT and ZTEM data along
the same survey line crossing the SLC with the Kianna deposit [10] and the Klarke Lake
structural conductor. Apparent conductivities across twelve frequency windows used in
MobileMT data inversions are displayed in the resistivity section. While both systems detect
major conductive structures, they differ in performance in several aspects. Unlike ZTEM,
the MobileMT system clearly identifies the unconformity contact between the more resistive
Athabasca sandstones and basement rocks at a depth of 700-750 m below the surface. On
the right side of the survey line, ZTEM depicts a continuous conductive layer at the top,
ranging from 700 to over 1000 m thick, interpreted as Douglas Formation mudstones [12].
According to the descriptions of stratigraphy and sedimentology of the western Athabasca
Basin, the thickness of Douglas Formation mudstones typically does not exceed 200 m [14].
MobileMT provides a more detailed depiction in this segment, revealing a near-surface
conductive layer with a thickness of approximately 200 m (likely corresponding to the
Douglas Formation mudstones) and a distinct conductor in the basement.

Data from the ground transient audio magnetotellurics (TAMT) method exploiting
linearly polarized signal of sferics [15] were collected in the summer of 2005 over the Shea
Creek deposit [16]. One of the ground survey lines crosses the Kianna mineralization zone
and lies in the central part of the MobileMT and ZTEM test line, as shown in Figure 7.
The TAMT resistivity section extracted from a 3D model of the tipper data is shown in
Figure 9, along with MobileMT resistivity distribution in the same line range. The shape of
the Saskatoon Lake conductor, as recovered from MobileMT data, is well-aligned with the
results of the ground TAMT survey (Figure 9).
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Figure 8. MobileMT apparent conductivity profiles (top); MobileMT resistivity section (middle) and
ZTEM resistivity section (from [12], bottom) over the line crossing Kianna uranium mineralization zone.
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Figure 9. Kianna zone: left—resistivity section extracted from ground TAMT tipper (Zxy/Zyx/Tx/Ty)
3D model; right—MobileMT resistivity section.

3.2. VMS Mineralization System El Domo (Ecuador)

The El Domo deposit is a gold-rich, polymetallic VMS deposit located in the Western
Cordillera of Ecuador. The mineralization is flat-lying, stratiform, and stratabound and
occurs in one main massive sulfide lens, a directly overlying talus or breccia zone, and a
number of smaller, mineralized lenses, primarily in the footwall of the main lens [17,18].
The lens thickness ranges between 20 cm and 25 m and strictly follows the contact between
the Lower Felsic Unit and the Hangingwall Unit (Figure 10). Sphalerite, chalcopyrite,
and pyrite are the principal sulfides in the mineralized rocks. Galena is less common,
and tennantite/tetrahedrite and covellite are minor phases. The known lateral dimen-
sions of the VMS massive sulfide mineralization are approximately 1,000x800 m. The
massive sulfides are related to a zone of abundant hydrothermal alteration, which in-
cludes extensive sericitization—silicification in the rhyodacitic footwall and widespread
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silicification—chloritization-argillitization in the overlying mafic volcaniclastic rocks. The
rhyodacite hosts a sulphide-rich stockwork zone and abundant gypsum, replacing earlier
anhydrite. The stockwork is characterized by quartz—sericite alteration and includes mas-
sive pyrite mineralization, which is irregularly replaced by abundant chalcopyrite [17]. The
El Domo model type showcases distinct zoning, starting from the underlying feeder pipe
area (considered the stockwork) and extending through vertical and lateral variations up
to the abrupt termination of the massive sulfides [17].

LEGEND
[ collavium [ Rinyodacie
[ crystalrich Volcaniclastic unit  [Jilj Porhyritic Andesite
Polymictic breccia Basalt
— - CUR039
B Massive to semimassive sulfide \{ Stockwork
€
84 sw
>

Unaltered polymictic breccia containing sulfide clasts
Massive sulfide

Hydrothermally altered polymictic breccia containing sulfide pseudoclasts

Massive to semi-massive sulfide replacing polymictic breccia and basalts

Gypsum Stockwork
om.

I 10m.

I20m. -

Brecciated rhyodacite with quartz-sericite alteration
and chalcopyrite-pyrite-sphalerite stockwork

42.13 = 0.54 Ma

U/Pb zircon age

FO OTWA L L MINERALIZATION

Figure 10. Geological section (top) and stratigraphic column (bottom) of El Domo deposit [18].

There is no proven evidence from historical geophysical data that the main lens of El
Domo VMS mineralization is conductive compared to the surrounding rocks. If sphalerite,
a non-conductive mineral, is the primary mineral in the massive sulfides assemblage, while
pyrite and chalcopyrite are found disseminated or aggregated with quartz and barite, as in-
dicated in [17], then the lens’ potential for high conductivity is questionable. The MobileMT
survey results suggest that the flat-lying mineralization is located on the contact between
the resistive rocks of the Hangingwall Unit and the conductive footwall (Figure 11), as the
drilling results indicate directly [17,18]. The conductive zone exhibits complex structure
boundaries, likely indicating alteration zones associated with the stockwork controlling
VMS mineralization as a feeder structure rather than uniformly representing Lowerfelsic
Unit rocks. Figure 12 shows the resistivity distribution around the El Dome deposit in a
3D view. The El Domo case study demonstrates MobileMT’s capabilities in recovering
comparatively near-surface geology and deep structures, including complex geometry.
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Figure 11. MobileMT resistivity sections along survey lines crossing El Domo deposit (distance
between L2371 and L2351 lines is 200 m). Grey—projection of stratabound VMS mineralization on
the survey lines.

e - KQOO
Figure 12. MobileMT resistivity 3D voxel with the El Domo VMS mineralization position (grey).

3.3. Sudbury Impact Structure (Canada)

One of the main environments of the Ni-Cu sulfide and platinum group element (PGE)
mineralizations in the 1.85 Ga Sudbury impact structure is the near basal contact and the
underlying anatectic footwall breccia [19]. The contact of the Sudbury Igneous Complex
(SIC) contains a significant amount of pyrrhotite with pentlandite and chalcopyrite, but the
PGE mineralization at Sudbury is not always associated within the highest concentrations
of sulfide and often occurs hundreds of meters away from the Ni-Cu mineralization
and within the footwall rocks [20]. The SIC footwall strata, associated breccia, and their
inflections and hanging forms are important structural and lithological factors in controlling
both types of mineralization in the geological structure.

Moderately conductive bodies within the norite, contact sublayer, and footwall breccia
area were mapped using heliborne frequency-domain data employing coplanar (32,000
and 4175 Hz) and coaxial (4600 and 935 Hz) coil pairs [21]. Both MobileMT airborne EM
technology and the frequency-domain method can detect not only highly conductive sulfide
concentrations but also moderately and low-conductive structures and lithologies [2].
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MobileMT operates across a broader spectrum of frequencies, enhancing its depth of
investigation (DOI) compared to frequency-domain systems with controlled primary field
sources. MobileMT’s DOI is estimated to reach nearly 2 km in the Sudbury resistive
environment. The lowest frequency used in MobileMT data inversions was 84 Hz due to
interference from nearby powerlines and industrial sources affecting lower frequencies.
The results from MobileMT EM data inversion along a test line crossing the SIC contact
in its southwest end are presented in Figure 13, demonstrating a depth of investigation
estimated to exceed 2000 m, based on a sensitivity measure of approximately —2.7 on a
log10 scale (Figure 14).

The position of the line is shown on the geological map (Figure 15). The conductive
footwall between the SIC and Precambrian igneous rocks has been mapped successfully.
The test survey results demonstrate MobileMT’s capability of detecting and recovering
deep structures, which are not reachable by conventional airborne EM systems with towed
controlled sources of the primary field.
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Figure 13. MobileMT apparent conductivity profiles in 84-13,619 Hz bandwidth (top) and resistivity
section with overlapped normalized inversion sensitivity contours (the test survey line position is in

Figure 15).
100 =

75+ 1
)
B
c

SO{Ud 1
]
o

25 .

‘ log10(Sensitivity) ‘

-4 -3 -2 -1 0

Figure 14. Cumulative distribution function of normalized inversion sensitivity along the survey line

in Figure 9.
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gneissic tonalite

Figure 15. SW of Sudbury impact structure geology (Ontario Geological Survey).

3.4. Poplar Porphyry Deposit (BC, Canada)

Copper—molybdenum porphyry mineralization on the north shore of Tagetochlain
Lake is associated with the Late Cretaceous Poplar intrusive stock. The sulfide mineraliza-
tion occurs within broad envelopes of propylitic, argillic, phyllic, and potassic alteration [22].
Featuring a well-developed pyrite halo, the deposit appears in the MobileMT data as a
discrete conductive anomaly that closely matches the deposit boundaries (Figure 16). The

Late Cretaceous felsic pluton (Poplar Stock) is distinctly observed as a resistive, dome-like
structure in the center of the resistivity sections.

Plutonic Felsic «

App Cond, msin)

Volcanics 0.4%Cu - 55 {/ SN2
0.3%Cu | —2 km—
©2018-2019 DHs 0.2% Cu
* DHs 0.1% Cu

Figure 16. Poplar porphyry deposit: (A) Apparent conductivity color grid (266 Hz) with drill hole
positions and MobileMT lines crossing the deposit; (B) Geological map and Cu grades projected to
the surface (from [22]); (C) MobileMT resistivity sections along the lines in A, with projections of drill
holes; (D) MobileMT apparent conductivity profiles along Line 2400.
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3.5. Combination with Active Source Time-Domain Data

The TargetEM system was designed to capture both time-domain responses from a
controlled-source transmitting field and natural (passive) EM field data [1]. Natural EM
field data are recorded between the pulses of the transmitting field and when the transmitter
is off as a second option. This combined active and passive airborne electromagnetic system
collects broadband streaming data, allowing the extraction of variations in the natural EM
field, VLF signals, and time-domain components. Even within a limited frequency range
(typically above 5 kHz), natural field data play a crucial role in filling gaps where the
time-domain method may be restricted, such as in mapping highly resistive geological
terrains, detecting superconductors, conducting surveys in rugged terrain, and identifying
parasitic effects, like IP and SPM.

An illustrative field example of TargetEM data comes from Western Australia, specifi-
cally within the Norseman-Wiluna Belt of the Kurnalpi Terrane in the Eastern Goldfields
Superterrane (EGS). This region is known for significant occurrences of nickel sulfides
associated with Archaean greenstone peridotites [23].

TargetEM time-domain data were recorded with a base frequency of 25 Hz and a 420,000 NIA
dipole moment, covering 37 time gates within the off-time range of 83.4-12478.30 microseconds.
A prominent parasitic IP effect, evident from negative dB/dt responses, significantly influ-
enced induction, particularly in the eastern part of the survey block (Figure 17). Passive
EM field and VLF data were extracted from the same streaming data recorded during
the survey at a sampling rate of 73,728 Hz. As depicted in Figure 17, discrete conductors
were identified within the IP anomaly using complementary high-frequency data extracted
between transmitting field pulses.

T Sl
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83.4-12,478.3 microsec after current turn-off \ati /74

ﬂ Natural field apparent conductivity, mS/m
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Figure 17. Left: TargetEM time-domain, natural field EM, and VLF data profiles recorded simultane-
ously along 2840 survey line; right: dB/dt color grid with overlapped anomaly contours apparent
conductivity natural field at 18 kHz (white) and VLF at 19.8 kHz (black) (Western Australia).

Furthermore, a comparison between natural field MobileMT data and time-domain
data affected by induced polarization due to a superficial clay-rich layer [1] highlights
the relative independence (or minimal influence) of MobileMT’s natural field data on
parasitic effects.
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Gasperikova and Morrison [24] demonstrate that natural field (MT) data can be
affected by the IP effect only under specific conditions. First of all, the IP component is
prominent when telluric (E) field data are measured at a fixed base and along stations during
continuous profiling (the TM mode), as E-field data become frequency-dependent in the
presence of a polarizable body, indicating the presence of the IP effect. In MobileMT surveys,
E-field data are measured only at a stationary position, not over potentially polarized bodies.
Favorable conditions to detect the IP influence in natural field data include having a finite
polarized body and low frequencies (typically below 1 Hz, outside the MobileMT frequency
range), where the body shows negligible induction but still exhibits significant complex
frequency-dependent resistivity. Therefore, based on Gasperikova and Morrison’s research
results and MobileMT survey practices, including measurements over strongly polarized
surficial layers [1], MobileMT data are not affected by the IP phenomenon.

4. Discussion

The introduction of MobileMT airborne electromagnetic (EM) technology in 2018
marked a significant advancement in mineral exploration with airborne EM. It leverages
natural field measurements to overcome the limitations of traditional controlled-source
systems and previously developed natural field systems.

The airborne modification of the magnetotelluric method does not contradict the
definition of the method given by Louis Cagniard in 1953, where the measurement of
variations in magnetic and electric fields at the same positions (stations) is just a preferable
option [2]. The telluric method, which involved the comparison of only horizontal electric
fields measured simultaneously at a base-fixed station and remote survey sites, was used
from 1939 to 1973 (before and after Cagniard—Tikhonov’s discovery) by Schlumberger,
Berdichevskiy, and Yungul [25]. The fundamental point of Cagniard-Tikhonov’s discovery
is the canceling of variations from far-zone natural sources in measured data by the mutual
normalization of telluric and magnetic field components [26], and this principle is at the
core of MobileMT technology. In the ground telluric-magnetotelluric method, the telluric
transfer tensor (T) between the electric fields measured at different stations (r and b) is
expressed as E' = [T]*EP [25], and similarly, the magnetotelluric tensor in MobileMT is
expressed as H" = [T]*EP [5]. Combining the offset E-field and H-field in the resulting
output data, as well as the total field measurements, requires modifying the standard
inversion codes, as noted in [13], and several consulting groups have already achieved
this. The 3D inversion of MobileMT data is implemented in EMvision (Tecnolmaging),
E3dMT (UBC-GIF), GeoTools (Viridien), and MAGNUM (Geotexera) software, to name a
few examples.

Airborne natural field technology has several advantages over ground methods. The
advantages include high-density coverage of comparatively large territories in a reasonable
time, encompassing high-altitude regions, mountainous landscapes, deserts, and other
hard-to-reach areas. Additionally, there are significant economic advantages. The versatility
and depth of investigation offered by MobileMT and its configurations (MobileMTm,
MobileMTd, and TargetEM) have enabled the detailed exploration of complex geological
environments, even in challenging geoelectrical and terrain conditions. The airborne MT
concept has been verified experimentally, as demonstrated in the field examples above and
other publications [1-3,5]. The results from these case studies, including direct comparisons
with other airborne and ground methods and drilling, highlight the broad applicability of
MobileMT technology and its configurations in mineral exploration.

The following implications and future research directions are suggested:

e  Enhanced subsurface imaging: MobileMT’s ability to measure total natural fields over
a broad frequency range allows for deeper penetration and more detailed subsurface
imaging in a wide range of resistivities. Future research should focus on refining
inversion algorithms and data processing techniques to further enhance the resolution
and accuracy of subsurface models;
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e Adaptability to diverse environments: The different configurations of MobileMT
systems cater to specific survey needs, making them suitable for a wide range of ex-
ploration scenarios. Further field tests, particularly with the drone-based MobileMTd,
are necessary to validate its performance and extend its applicability in challenging
terrains, including very conducive terrains;

e Integration with other electromagnetic methods: Combining MobileMT with other
geophysical EM techniques, such as time domain and VLE extracted from the same
streaming data, could provide a more comprehensive understanding of the geoelectri-
cal image of the subsurface from very near-surface to the first kilometers depth. Future
research and developments should explore the synergies between these methods to
improve integrated exploration strategies with the EM methods in one system;

e  Mitigating time-domain and natural field method data limitations: The problematic
situations of the airborne time-domain method include the development of parasitic
IP and SPM effects, highly resistive geology, and high system altitude in rugged relief
conditions. With its comparatively large footprint and broad high-frequency windows,
the natural field method has a lower resolution in detecting near-surface features
and smaller conductors than the time-domain method. The further development of
combined systems that integrate passive- and active-source data will be crucial in
overcoming the limitations of each method and improving the overall data quality.
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