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EX A e Three Dimensional Numerical Modeling of Loop-Loop
Electromagnetic Data at Low Induction Numbers
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Under certain geological conditions, low induction number electromagnetic
(LIN-EM) instruments are known to produce negative apparent conductivity ( o, )
response. This is particularly the case when the shallow subsurface is characterized
by highly conductive bodies, however little attention has been given to this issue in the
research literature. To analyze negative o, anomalies and their causative structures,
we make use of a 3-D integral equation forward modeling technique based on a 3-D
weighting function. Two case studies were undertaken in Sugisawa and Kannondo
where negative apparent conductivity anomalies were encountered, both study areas
are In Akita Prefecture, Japan.

For the first case study, we present 3-D numerical modeling results over a volcanic
tuff body intruded by several dacite dikes in Sugisawa, Akita prefecture, Japan.
Apparent conductivity data were acquired using a Geonics EM-34-3 system in the
horizontal magnetic dipole (HMD) and vertical magnetic dipole (VMD) operation modes.
Our 3-D model resolved the horizontal and vertical extent of the dacite dikes and also
delineated a high conductive zone between the volcanic tuff and the intrusive dacite
dikes. This zone is the causative structure for the occurrence of negative o, response

in the VMD data and is interpreted to be an alteration zone. Interestingly, the
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negative o, response was absent when the coil alignment azimuth was changed,
implicating an anisotropic effect on the EM signature in the study area. The true
conductivity model achieved by 3-D forward modeling was shown to compare favorably
with the DC resistivity data acquired in the same area.

We demonstrated how 3-D forward modeling of field o, measured by a Geonics
EM-34-3, an electromagnetic induction instrument, can be used to detect and map the
spatial conductivity distribution across dacite dike intrusions and better represent the
3-D nature of the geology in the study area.

For the second case study, an electromagnetic survey to detect sulphide
mineralised veins and to map their spatial distribution using the Geonics EM-34-3
instrument was carried out in Kannondo area. Kannondo area exhibit some
mineralised outcrops at the surface which are of significance to us because the area
exhibits negative apparent conductivity response directly over the outcrop. The survey
comprised six, roughly E-W and one N-S, EM profiles across the study areas. The
collected EM data were subjected to rigorous forward modeling using our "3-D LIN-EM
Modeler' code. Due to the non-uniform nature of the survey lines, we slightly modified
our code to allow the rotation of the 3-D weighting function according to each profile
azimuth.

The trial and error approach produced numerous models of which some showed
good agreement with observed data and thus representative of the Kannondo area
subsurface. Using simple 3-D model simulation, we were able to determine that, the
Kannondo data suffered from a shallow conductor effect. That is, the highly
conductive Kuroko outcrops successfully masked the response of deeper geological
structures. Therefore, a shallow conductor model was chosen to be appropriate for this
area.

To further validate our hypothesis, we examined other data from different
geophysical method by various authors, i.e., Vertical Earth Soundings (VES), Electrical
Resistivity Tomography (ERT) and Induced Polarization (IP). The quantitative models
of these methods correlate well with our shallow conductor model. Due to the masking
effect of this anomaly, at depth our model shows relatively weak correlation with
geological logs in the area because such structures are unaccounted for in our model.
In our attempt to uncover the underground structure at Kannondo, the strong negative
0, anomaly encountered was proven to be due to the highly conductive Kuroko
mineralization.

Overall, the two case studies present a good opportunity to study the occurrence of

negative o, in two natural and geologically different environments. The negative o,
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response in LIN-EM instruments is due to the reversal of the secondary magnetic field
at the receiver coil, produced by an inductively coupled conductor in the underground

structure.
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