- AARHUSGEO

Volcanogenic Massive Sulphides of Oman
Andrea Viezzoft, AntonioMenghint Vlad Kaminskt,
1. Aarhus Geophysics Aps, Denmaikfo@aarhusgeo.com

Summary

There have been multiple manifestations of IP effect in Time Domain
Airborne EM data (TDEM). This phenomenon is known to be
responsible for incorrect inversion modelling of electrical resistivity,
lower interpreted depth of investigation and lost infororatabout
chargeability of the subsurface, as well as about other valuable
parameterdP effect may not be obvious at first glance, however, when
properly accounted for it may improve recovery of physical parameters
even in nortrivial casesThe IP effectan be mathematically described
using the ColeCole model. In current paper we show the possibility of
extracting IP information frol@ TEM dataand furthermore, improving
the recoveryof electrical parameters beyond the capabilities of the
conventional aproaches, as in case with some VMS targets, surveyed
in Oman.

Introduction

The exact location of the project may not be disclosed due to
confidentiality issues, however geologically the targets are
Volcanogenic Massive Sulphides, located within the bégtls of
southern Oman (Arabian Peninsula). The project was surveyed in 2009
using a VTEM plus system and further interpreted by the data provider
in 2012 featuringMaxwell plate modelling, 2DResistiviy Depth
Imaging (Meju, 1998) and exponential dedaye constant analysis
(Nabighian and Macnae, 1991).

This case study is in our view especially interedtiagause the featured

IP anomaliesverenot immediately apparent. The survey was aimed at
VMS targets, characterized by high electrical conductivithe
preliminary data interpretation carried out by th@a providemwas
successful in identifying several targetsowever in one case, the
conductive target recovered by data provider left room for improvement,
in other case, the target was missed detsfy. Both of these cases were
later confirmed by drilling.

In 2014 the VTEM data were transferreed to Aarhus Geophysics for
advanced modelling attempts and in order to recover the missing target
with potential to image similar targets if they werewas| missing in

the original interpretation. In current paper we are showing two of such
attempts.More detailed analysis of this data set can be found in
Kaminski and Viezzoli, 2017.

Inversions (Target 1)

Firstly, a comparative study was carried out aves of the besstudied
targets. This target was previously imaged by data provider in an RDI
attempt, then the data were inverted by Aarhus Geophysics without
consideration of IP effect and compared with the drilling information
available (Figure 1)The shape of the target is wethown from drill
holes gubvertical browrlines in Figure 1dipping at angle), so the
improvement in imaging the target is obvious.

The VTEM data were further subject to multiparametric inversion in IP
mode (Fiandaca et al., 2012), withplemented Col&€ole parameter
modeling capabilities (Cole and Cole, 1942). The results of this
inversion can be seen in Figure 2.
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Figure 1. Top: Resistivity Depth Image (data provider). Bottom: 1D
inversion without IP modelling (Aarhus Geophysics).
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Figure 2. Top: Resistivity section recovered by 1D inversion with IP
modelling (Aarhus Geophysics). Bottom: chargeability section,
recovered by IP modelling (Aarhus Geophysics).

Inversions (Target 2)

Although plate modeling, RDI and time constaanalysis proved
effective on some targets, they nonetheless have missed at least on
confirmedVMS occurrence, wich was smaller in size and li@sting
copper mineralization. New attempts to image this occurrence in the
model space were carried out usinffedlent techniques including a
Spatially Constrained Inversiof8Cl, Viezzoli et al., 2008)without
consideration of the IP effect

This initial workcarried out by Aarhus Geophysics atio not consider

IP effects. The obtained SCI models revealed sameertain
indications of a conductive targdFigure ), which had been
previously unseen in the initial interpretation phase, neither in 2D
conductivitydepth transforms, nor irinte constant analysis (Figure
3d). Furthermore, as shown, the data fitrotree occurrence was poor
and the conductor was imaged close to surface and in contradiction with
the drilling information, which intersected the massive sulphide at
greater deptlfFigure ).
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Figure 3. (a) Location of known occurrence (Cu) over a geological map. (b) The occurrence as seen in VTEM data. (c) Results of “no-IP” inversion
with usage of advanced processing techniques. (d) Calculated time constant.

This case was revisited at a later time, after the presence of subtle IP Conclusions

effect wassuspected in the dat&loser inspection revealed -liRe

features affecting the early times and showing increased voltages in In this case study it was shown that in some cases, the IP effects
transients, as well as middle time gate measurements subject to subtle althoughnot obvious in the data at first glance, may be nonetheless

signal suppressiorrigured). No negative voltages werbserved. The present in noitrivial form and result in erroneous modelling using
data were thereforeq@rocessed manually and inverted using a 20 layer ~ conventional resistivity depth imaging and inverse modelling
Cole-Cole model. approaches.

The results provided a significantly improved target recovery: a deeper It is possible that, similar to case stughown in ths paperexploration
chargeable target was predicted and in better general agreement with the targets missed in original standard processing may be recovered wher
drilling information acquired over the known mineralization (Figyre reprocessed. Itis also possible iatilar targets may have been missed
As shown in Figurd, the parametersandc were allowed to vary, as in historic case studies worldwide.

it is very challenging to achieve satisfactory data fit with having them
fixed (Viezzoli et al., 201y. The data fit wasignificantly improved
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Figure 4.. Inversion of VTEM data in “IP-mode” with recovery of four Cole-Cole parameters, from top to bottom: electrical resistivity (r);
chargeability (mo), time constant (t), frequency parameter (c).
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