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SUMMARY

Within the last decades, the search for ore deposits has become increasingly relevant. Likewise, the need for
powerful exploration methods capable of detecting even deep-seated targets has risen. Since ore deposits
are often characterised by good conductivity, airborne electromagnetic (EM) methods offer an efficient way for
exploration in large-scale remote and even inaccessible terrain. Among those, airborne natural source EM has
the potential of great penetration depth due to the far field source geometry using natural signal of atmospheric
origin.

As part of the DESMEX project series, we optimized the QAMT helicopter platform to meet airborne natural
source EM requirements. Furthermore, we developed a robust multivariate processing code and implemented
the option for natural source EM inversion in the custEM code. For demonstration, we conducted an airborne
natural source EM survey in the Kalahari-Copper-Belt (Gobabis, Namibia) covering over 1000 km?. We ob-
tained spatially consistent and smooth sounding curves in a frequency range of 10 to 1000 Hz. Preliminary
inversion results are in good agreement with other geophysical and geological information.
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INTRODUCTION lating the airborne magnetic flux density (B*"-field)
recordings to ground-based (superscript gr) hori-

zontal B-field data.
As deep-seated ore deposits become increasingly

relevant for mineral exploration, the demand for B%Z(W) Moo (w)  Moy(w) " ”
time-efficient and powerful deep-sounding explo- BZir(W) = | Myo(w) Myy(w)| [BE () Bj (w)]
ration methods rises. A suitable method for effi- B (w) Too(w)  Tey(w)

ciently sensing ores at great depth is airborne elec- (1)
tromagnetics (EM) using natural signal of atmo-
spheric origin. The method relates airborne mag-
netic field recordings in the audio-frequency range
to reference magnetic field recordings measured at
a ground-based site and can achieve greater pene-
tration depths when compared to controlled source
airborne EM techniques.

Here, w represents the angular frequency. Typically,
the transfer function components are split into hor-
izontal magnetic tensor M relating the horizontal
components and vertical magnetic transfer function
T, relating vertical airborne to horizontal ground-
based data. For graphical depiction we use induc-
tion arrows for T and quantity ®(M,,)

Airborne natural source EM data are analysed in M, = ZME _9 )
terms of frequency-dependent transfer functions re- 7

EMIW2024 abstracts are distributed under the Creative Commons Attribution 4.0 Unported License.

Authors retain the copyright of the abstract but grant any third party the right to use the abstract freely

as long as its original authors and citation details are identified.

To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 1/4



Thiede, A. et al., 2024, DESMEX airborne natural source EM demonstration survey in Namibia

which roughly approximates the vertical energy flux
of the anomalous B-field (Thiede et al, 2024).

Within the DESMEX project series, we aim for
advances in deep-penetrating airborne EM meth-
ods such as airborne natural source EM regard-
ing instrumentation, processing and inversion. First
focusing on the semi-airborne EM approach, the
QAMT platform (Stolz et al, 2022) and the custEM
toolbox (Rochlitz et al, 2023) have been developed
and consistently improved/refined, now being able
to meet airborne natural source EM requirements.
A multivariate processing algorithm adapted to air-
borne natural source EM was introduced recently
(Thiede et al, 2024).

We conducted a demonstration survey in eastern
Namibia in the Kalahari-Copper-Belt (KCB). The
Namibian Geological Survey carried out a large-
scale low-resolution ZTEM fixed-wing survey in this
region in 2014. The results indicate the presence
of conductivity anomalies, including the area we se-
lected for measurements. The area is sparsely pop-
ulated suggesting a low-level of culture noise, thus
supporting the demonstration of a novel airborne
natural source EM instrument as well as testing our
processing scheme and implementations in the in-
version toolbox custEM.
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Figure 1: Measurement set-up. The lines show
the flight paths, the shading corresponds to
individual flights. Squares and triangles mark
ground site positions. The background shows
the total magnetic intensity (blue = low, ma-
genta = high) and the dashed line marks a
prominent magnetic-low feature.

Geological Background

The KCB is a NE-SW trending belt extending from
Botswana into Namibia between the Kalahari Cra-
ton to the south and the Damara Belt to the north. It
is known for strata-bound copper deposits, mined at
the Ghanzi-Ridge (Botswana), the Witvlei area and
the Rehoboth province (Lehmann et al, 2015), but it
is largely unexplored in Namibia because of a thick
Kalahari sand coverage. The sparse KCB outcrops
reveal highest amounts of Cu-bearing sulphides in
the contact zone of D’Kar to the Ngwako Pan For-
mation. Existing potential field data (airborne mag-
netics) from this area illuminate geological struc-
tures that are oriented pre-dominantly in E-W direc-
tion (Figure 1). Based on this data, Lehmann et al
(2015) predict the corresponding geological units to
be found in the northern part of the survey area, co-
inciding with a magnetic low.

Data acquisition

The survey was carried out in Feb 2023, i.e. dur-
ing the annual signal high. To find the optimum po-
sition for a quiet reference site, we employed four
full MT stations at different locations in the survey
area. The QAMT system was used and an area
of 30 x 36 km? was completed in 6 flights (Figure
1). Line spacing was set to 1 km and 5 km for flight
and tie lines, respectively. Flight lines are oriented
in approx. NNW-SSE direction and perpendicular to
the expected geological strike direction. Some gaps
were left because of obstructions during flight oper-
ations. Flights were performed between 2 p.m. and
7 p.m. local time when natural signal level was high-
est (Figure 2). The platform was towed at 300 m
above the ground on a 60 m long, damped tow rope
with approx. 130 km h™! flight speed.

The QAMT system consists of a special-designed
wooden platform to avoid magnetic noise caused
by flight maneuvers. It features SQUID (supercon-
ductive quantum interference device) magnetome-
ters with very low sensor noise mounted on an in-
ner platform that is stabilized by a sophisticated
suspension damping that has been main subject to
the optimization procedure. The platform is addi-
tionally equipped with an INS for attitude record-
ings, GPS time is used to synchronize airborne and
ground measurements. The amplitude spectral den-
sity of airborne data is shown in Figure 2 featuring
sensitivity to natural signal over a broad frequency
range. Airborne data become noise-afflicted with
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decreasing frequency, resulting in an increased B, -
field level compared to natural source signal level
recorded on the ground (< 30 Hz).
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Figure 2: B, amplitude spectral densities of time-
series from the QAMT platform (red) and
ground site measurements (blue and grey).
Ground recordings show time windows from 1
p.m. to 7 p.m.; time frames of maximum exci-
tation are marked blue.

DATA PROCESSING

We developed a multivariate multi-site processing
algorithm, that uses a skin-depth adapted trans-
fer function estimation to maintain spatial resolu-
tion. We estimated transfer functions for 19 tar-
get frequencies starting from 8 to 4096 Hz (Figure
3). Processing results show reasonable results at
frequencies ranging from 11 to 1024 Hz for T and
16 to 1284 Hz for the M-tensor. Hence, the algo-
rithm enables to extract transfer function estimates
even at noise-dominated frequency ranges. More-
over, we were able to access lower frequencies (i.e.
greater penetration depth) than with any other sys-
tem/processing tool before.

PRELIMINARY INVERSION RESULTS

We implemented the inversion for airborne natu-
ral source EM transfer functions in the custEM 3D
finite-element toolbox. For first inversion tests, the

data set was split in two segments to save computa-
tion time. Each segment was inverted separately
using vertical magnetic transfer functions ranging
from 22 to 256 Hz. Eastern and western segment
converged to an root-mean-square error of 3.02 and
0.82 after 4 and 3 iterations, respectively.
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Figure 3: Transfer function maps of two represen-
tative target frequencies using the ground site
marked by the square. Left panel: Induction
arrow maps; right panel: ®(M,) maps, values
> 1 are masked. Real parts of induction ar-
rows are depicted in white. Black lines show
the power line grid and the dark area denotes
the magnetic low.

Inversion results of both models are in good agree-
ment in the overlap region (Figure 4). The combined
model features a prominent E-W-trending conductor
in the northern part of the survey area which coin-
cides with the magnetic low (cf. Figure 1) and pre-
dicted boundary of D’Kar to Ngwako Pan Formation.

CONCLUSIONS

The application to field data shows that the QAMT
system is capable of deep-sounding natural source
EM. By applying the multivariate approach, the sys-
tem broadens the frequency range available to air-
borne natural source EM and thus increases the
depth of investigation e.g. for mineral exploration.
Preliminary inversion results are in good agreement
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with geological and other geophysical observations
showing a good conductor at the predicted strati-
graphic boundary known for hosting Cu-sulphides.
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Figure 4: Depth slices of the preliminary inversion results at 100, 500 and 1000 m depth from left to right.
Upper panel: Western segment. Bottom panel: Eastern segment. The models are in good agreement in
the overlap region, showing a conductive E-W-trending structure in the northern part of the survey area.
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