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Abstract

IP measurements in airborne EM data have not been previously
considered for mapping groundwater distribution. IP modelling can be
applied to discriminate between-egisting salty aquifers (conductive
and norchargeable) and extensive clay layers (conductvel
chargeable); typical in both coastal areas and regions affected -by dry
land salinity. The current case study presents the field results from a
gold and metal project that had a hydrogeological mapping component
to it in central Western Australia. Acooting for IP signal in the
forward response was necessary to fit the datcalizedareas, which
were then interpreted as clay filled (conductive and chargeable)
palaeochannels.

Introduction

The relevance of IP effects in AEM data is presently recegriisth by
industry and academia. Despite ongoing discussions concerning the
depth at which chargeability can affect AEM data and be subsequently

recovered; the consensus is that it can have a role in mineral exploration.

In this paper we focus on an unexped hydrogeological application,
potentially very relevant to places affected by dryland salinity,
especially Australia. This concerns the possibility of distinguishing
between salty aquifers and clays with airborne IP. The rationale is that
both clays ad salty aquifers are conductive, but only clay is chargeable.
Ground IP has been used with some success to this effect. Typically for
EM, where the sensor is airborne, signal associated with chargeable
clays is generally expected to be too small to besorea and
recoverable. Analysis of the Thaduna VTEM dataset from central
Western Australia was subsequently undertgkégure 1) The survey,
recorded in March 2010, shows indications of a regolith derived
chargeable signal which impacts the derived resistivitidgaometries
when the IP is not considered. A comparison with synthetics studies was
initiated

Method and results

The VTEM dataset was analysfed two purposes:

1) modelling the regolith profile to improve planning and
interpretaion of soil geochemical surveys
2) Mapping bedrock geological structures in areas where

interpreted maghaemite in palaeochannels obscures the
otherwise valuable ngmetic data used for this purpose. Note
that no study has confirmed maghaemite as the direct source.

The EM data was first processed to increase the S/N ratio and eliminate
artefacts, before employing a Spatially Constrained Inversion (SCI)
(Viezzoli et &, 2008). No IP effects were expected, nor where they
clearly visible in the data, so the modelling was carried out using the
standard, noiwispersive resistivity. In general, the results were
satisfactory, with adequate mapping of known structural fesfuand
good correlation with ancillary structural information derived from the
magnetic vertical derivative in areas where the maghaessfgonse

was negligible (Figured.

However the spatial distribution of the misfit, which resembles the
known pal@ochannels (Figureb? demanded a review of the data. The
possibility of higher data misfit being related to 3D effects in the quasi
3D SCl inversion was disregarded. The higher misfit coincides with the
widest portions of the palaeochannels (approxima&9m), well
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beyond the expected footprint of the VTEM system at that shallow
depth. Attention was then turned to the presence of IP signal in the data
In very limited parts of the survey the late time voltages show negative
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Figure 1. Location of Sadfire project (adapted from:
http://www.sandfire.com.au/)

values whereas in correspondence to some of the misfit maxima,
observed transients show anomalously fast decays. Both anomalies cal
be associated with a distorted decay, as would be expected in case of Il
effects. The data were therefore reprocessed and reidvesing the
ColeCole model (and SCI approach) in Aarhusinv inversion code,
modified according to Fiandaca et al. (2012). The code solves for
Complex Impedance (dispersive resistivity), using the model of-Cole
Cole (1941) and provided simultaneous estimmaon of } , «c,
resulted i an improved datatf(Figure 21), which was no longer showing
patterns consistent with palaeochannels geometfibg. resistivity
models (Figure @ show improved contrast in 2d. The palaeochannels
exhibit chargeabhity maxima (Figure 8). The palaeochannels, modelled

as conductive and chargeable, implies they are filled withliayfine
grained material, rather than being a sandy aquifer, filled with non
chargeable salty groundwater. The client has confirmed that
palaeochannels in the area are dominated by fine grained clay sediment:
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Figure 2. Recovered electrical resistivity (a) without modelling of IP effect é8®fn depth interval; (b) data misfit

associated with ndP modelling SCI; (c) recovered electrical resistivity with modelling of IP effe2®-&80 m depth

interval; (d) data misfit associated with IP modelling SCI; (e) recovered chargeability sectiorBatralnterval; (f)
resistivity crosssection (nelP model); (g) resistivity crossection (IP model); (h) chargeability cressction.




