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Abstract

Over the past three decades helicopter-borne electromagnetic (HEM) measurements have
been used to reveal the resistivity distribution of the earth's subsurface for a variety of
applications where knowledge of the electrical properties of the earth is important. HEM
systems include a “bird” or sensor containing one or more pairs of transmitting and
receiving coils. The separation between the rigidly mounted transmitting and receiving
coils of a coil-pair typically lies between 4 and 8 m. The EM bird is towed under the
helicopter by a 30-50 m long cable. This distance is optimum to minimize the helicopter
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effects. The modern HEM systems use a multi-frequency devices operating at 4—6
frequencies ranging from 200 Hz to 200 kHz. The receiving coil measures the voltage
induced by the primary field from the transmitting coil and by the secondary field from
the earth. As the secondary field is very small compared to the primary field, the primary
field is generally bucked out and the ratio between the secondary and primary fields is
presented in ppm. If there are good electrical conductors below the measuring line there
are electrical current induced give rise to a phase shift between the primary and secondary
field. This means that the measured data is a complex quantity having in-phase and
quadrature components.

There are two classes of interpretation tools to apply to HEM data that provide
information to understand geological structures and processes. These are either direct
transformation of data into a generalized half-space model at certain data frequencies, or
inversion of multi-frequency data sets to prepare a layered (1-D) resistivity model of the
earth.

In the transform method, the earth is assumed as a homogeneous half-space and then
the resistivity of such an earth for each of data- associated to each frequency- is
calculated. So, this method has the advantage of yielding a single solution for the given
output parameter, and the disadvantage that the output parameters may provide a poorly
resolved image of the geology.

In the inversion method used here, the earth is divided to some horizontal layers and
each layer has its own resistivity and thickness. So, this method has the advantage of
yielding a much better resolution for the given output parameter and the disadvantage that
this method are slower compared to transform methods.

In this paper we compare the results using two methods for synthetic and real HEM
data. Results from synthetic data show that the inversion method reveals more real
structures than the transform method. On the other hand, because the calculated resistivity
from transform method is proportional to the imaginary to real component ratio of
secondary field at the same frequency, we can just have the number of resistivity values
equal to the number of frequencies. But in inversion methods, we can increase the number
of layers and get models with more resolution than models created by transform methods.
Besides, because transform methods uses a homogeneous half-space to calculate the
resistivity for each frequency, the calculated resistivity is an average resistivity of
subsurface structures. However, the results from both methods are comparable at the
surface. This is because of the fact that higher frequency EM signals cannot penetrate
much into the ground, the resistivities associated with these high frequency secondary
signals are about surface layers.

Applying the methods on real data confirm that the inversion method creates more
reasonable models with better resolution than the models obtained using the transform
method. Moreover, the models from inversion method can discriminate a resistive layer
beneath the conductive layer much better than the models using transform method.

The results from this survey reveal that the inversion method yields better models than
the transform method. But if the main aim of the field work is a reconnaissance work, not
an exact exploration work, the transform method is proposed because its calculations are
much lower than the inversion method.

Keywords: Airborne electromagnetic, Direct transform, Half-space model, Inversion,
Layered model
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