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SUMMARY

Work carried out from AEM 13 till now shows that IP
effects in AEM data need to be modelled. Doings so
augments the overall impact of an AEM survey on a
variety of levels, whether the physical proxy for the
mapping is conductivity or chargeability. Modelling IP
effects in AEM data will soon become the industy
standard.
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INTRODUCTION

At AEM 2013, Viezzoli et al. (2013) discussed on the
possibility of modelling IP effects in AEM data, extending
beyond the seminal research of the late eighties (Smith and
West, 1988). Although based on reasonable theoretical
background, the AEM 2013 work was at its very early stages,
and lacked significant statistics in real life applications. The last
10 years saw a continuous growth in AIP research and
applications by several groups (e.g., Oldenburg and Kang,
2015, Macnae, 2016). | now summarize herein the main take
home messages from the work that I, together with several
colleagues, have been personally involved in during the past
decade.

METHOD

The fundamental conceptaround AIP is that AEM too captures
the dispersive nature of resistivity,a phenomenonnot limited to
galvanic methods. Is itonly usinga dispersive resistivity model
that negatives in concentric loops can be explained.

The vast majority of the work we carried out is based on what
is perhaps the most common of the induce polarization models,
the one by Cole and Cole, in the notation given by Pelton et al.
(1978). Ever present in galvanic methods, it was found to be
suitable also for inductive methods.

Alternative models tested include the MPA (Fiandaca et al.,
2018). These were the basis for forward models. As for
inversions, the workhorse was the Spatially Constrained
Inversion. Variations on the SCI included hybrid, multimesh
approaches (Fiandaca) that explored more thoroughly the
balance of information across the model parameters. The added
value of joint inversions of ground galvanic and
ground/airborne inductive data was also assessed.

Starting from the easier concentric loop AEM systems, where
the presence of negatives is unmistakably associated with IP
effects, we moved onto offset systems, B field (including
squids) receivers. All the modelling, both synthetic and on real
data, was carried outusing Aarhus Inv (Auken etal., 2015) and,
more recently, EEMverter (Fiandaca et al., 2023).

RESULTS

This sections recaps a list of the main findings of hundreds of
case AIP studies, numerical experiments, discussions with
clients and colleagues. Most of the work is ongoing. Space
limitations allow including herein supportingevidence only for
a few of them. Some were already included in the different
publications on this topic (cfr Viezzoli et al., 2017; Kaminski
and Viezzoli, 2017; Viezzoli and Manca, 2020; Viezzoli, et a
2020, Viezzoli and Manca, 2020; Viezzoli et al., 20213;
Viezzoli et al., 2021b; Fiandaca and Viezzoli, 2021)

1. How does AIP manifest itself: there is more than
negatives to AlIP; they usually affect entire transients, from
early to late times (cfr Figure 1). The interplay between
standard EM eddy currents and IP currents can alter
significantly the time/depth relationship in TEM
soundings.

2. Relevance towards recovering correct resistivities:
Failing to model IP effects, when presentin the EM data,
results in erroneous resistivity models. Typical artefacts
are overestimation of bedrock resistivity, underestimation
of cover thickness and resistivity, geological conductors
appearing as isolated bedrock conductors, but also legit
bedrock conductors disappearing. On the other hand,
modelling IP can (it does not always) return the correct
resistivity, at all depths.

3. How much sensitivity does AEM have on IP: AEM’s
sensitivity to chargeability is limited by a number of
factors (base frequency, S/N, the fact that pure induction
currents and IP currents are present at once). As a
consequence, the most common source of measurable AIP
effects originates from shallow chargeable layers over
resistive basement. Itis possible to track chargeable layers
to depths of hundreds of m, if buried below resistive cover.
Customized regularization and model updates of the
different parameters is crucial to obtain more robust
results.

4. How does AIP compare with galvanic IP: Direct
comparison on real data is hindered by the fact that they
usually use different frequencies (lower for ground IP,
which charges up bigger particles), and are inverted with
different models (e.g., solving for m versus M). In these
cases the comparison shows positive correlations only at
times, and over certain subdomains. Using more similar
approaches increases the correlation (cfr Figure 2). AIP
will/should notreplace ground IP, but rather complement
it. There is room to increase further the interaction, with
associated mutual benefits, between AIP and ground IP.
Joint inversion of inductive and galvanic IP data is
possible and can improve mapping capabilities.

5.  What does AlIP-derived chargeability tell us: This is one
of the points that calls for much more work. To date,
evidence has shown that chargeability recovered from
standard AEM systems is more frequently associated to
fine grained material such as regolith, certain types of
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alterations, permafrost, lake sediments, etc. In fewer
occurrences it was due to disseminated mineralization.

6. Are fixed wing EM systems affected by IP: there is no
fundamental reason they should not. On the other hand,
spotting AIP in them is harder due to a number of factors.
Beside the most obvious (negatives can have a geometrical
reason), these factors include the extra degrees of freedom
introduced by the poorly monitored varying Tx-Rx
distance and varying Rx attitude, the relatively heavy
postprocessing carried often out by some of the contractors
that introduce other unknowns.

7. How pervasive/frequent are AIP effects: experience
shows that measurable IP effects can be/are presentin all
the instances there is both a chargeable coverand the cover
itself has a conductance < 100 S. Such scenarios are very
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common across all latitudes. This finding agrees with
theoretical results shown in Figure 3. The latter displays
the measurable (i.e., above noise) distortions due to
extremely strong chargeability over each one (j) of the
gates of a nominal HTEM system, calculated as below:
Only transients associated with conductance above 100 S
can be considered safely free from measurable IP artefacts
also in presence of the strongest chargeabilties. For
example, a sequence of alluvium layers, with thick (>
200m), fine grained strata provide a typical examples of
scenario where IP will never affect AEM data (down to
frequencies presently considered realistic for these
systems; ground EM can be affected further). This is
because the EM currents in such layer are strongand take
a long time to pass through it, therefore masking the
contribution of the IP currents.

8. AIP relevance towards mapping: the goal of an AEM
campaign is to investigate the electrical properties of
subsurface; unattended AIP will result, in many instances,
in artefacts in the recovered properties. This applies both
to mineral exploration and (hydro)geological mapping.

9. AIP in old and new data: Virtually all “modern” data,
that is acquired past 2000, can be re-modelled taking IP
into account. This may unlock new value from these
datasets. As for new data, the ever-increasing dipole
moment, the lowering base frequencies and the greater
attention contractors are devoting to IP effects, they all
concur towards affirming AIP modelling as the new norm
in AEM.

CONCLUSIONS

Modelling IP effects in AEM data has proven its relevance and
worth over a variety of cases and applications, and is bound to
become the industry standard.
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Figure 1. The effect of IP currents on measured transients of a nominal HTEM system, for the three-layer model described
in the panel. The first layer is the only chargeable, the last represents a bedrock conductor
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Figure 2. Phase (IP) derived fromn Galvanic (isolines) and AEM (bottom background colour) data, over coincident lines
(edited from Fiandaca and Viezzoli, 2021)
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Figure 3. Distortions (cfr text for details) due to IP effects over individual gates of nominal HTEM system, as a function of
cover’s conductance.

8" International Airborne Electromagnetics Workshop, 3-7t" September 2023, Fitzroy Island 4



