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SUMMARY
Inversions of synthetic data are rarely of much practical use due mainly to the difficulty of creating realistic synthetic
models. SEG’s Advanced Modeling Corporation (SEAM) Phase 2 project consisted of computing anisotropic resistivity
from very detailed (1.5 billion cells, each a 6.25m cube) seismic properties and then using these resistivity models to
compute synthetic ground MT, CSEM and airborne time-domain EM responses. In this presentation, we explore the
ability of MT, airborne EM, and cooperative inversions to recover any of the important details of the original realistic
synthetic models. Both MT and airborne EM do a good job at recovering the shallow near-surface (down to about
100m). However, inversions using MT data give little information about the model at depth, and unsurprisingly have no
sensitivity to the resistive reservoirs deeper in the model.
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INTRODUCTION
Synthetic data generated by the SEAM-2 non-seismic
modelling project were used as input data to 3D finitedifference EM inversion codes. The MT data set,
originally modelled on a 50 x 50m acquisition grid, was
first reduced to a more practical 500 x 500m station
spacing. Small-scale surface features (on a scale of a few
tens of metres) are not well imaged in MT-only
inversions. To overcome this, we examine the
contribution of near surface resistivity derived from
inversion of detailed airborne EM time-domain data in a
cooperative inversion scheme. The airborne time-domain
EM responses were simulated for flight lines and data
points at 50m spacing, covering the time range 0.10 to
20.0 millisecs.

The results of the inversion show good imaging of
structure and of conductive parts of the model (see
Figure 1 and Figure 2); predictably (for an induction
technique) the resistivity of the more resistive parts of
the model is underestimated.

3D AEM INVERSION ALGORITHM
The synthetic airborne EM data were inverted using a
CGG-proprietary multidimensional inversion code,
which can employ 1D, 2.5D or full 3D forward solvers.
For the quick inversion of the near surface structures, a
pseudo 3D approach was used where a 1D forward
solution (Weidelt, 2006), is used as the kernel in a full
3D inversion framework.
3D INVERSION OF SYNTHETIC AEM DATA
The inversion used a model space of about 10 million
cells, with cell dimensions of 20 x 20m horizontally and
logarithmically increasing thickness starting at 6m. All
of the synthetic data – 1.36 millon data points in total –
were used as input with the addition of 0.01nT/s+2%
Gaussian noise.

Figure 1: Horizontal slice from true resistivity model at
22m below ground level (bgl).

Mackie et al., 3D Inversion of synthetic EM data from a Complex Middle East O&G Prospect

resistive reservoirs at depths from 2500m to 3000m bgl.
The corresponding result of the inversion is shown in
Figure 6, where it is obvious that the reservoirs were not
imaged. This is consistent with the well-known
insensitivity of MT to thin horizontal resistors.

Figure 2: Horizontal slice from inversion resistivity
model at 22m bgl. Note different color scale.

Figure 3: Cross-section from true resistivity model
across the center of the model, vertical extent 0 to
1000m bgl.

3D MT INVERSION ALGORITHM
The 3D MT models were derived from another CGGproprietary 3D MT finite difference inversion code that
uses Tikhonov regularization (Tikhonov and Arsenin,
1977 to find regularized inversion models that fit the
data to within the prescribed errors. Typically, the
regularization produces minimum-structure models. We
use the nonlinear conjugate gradients algorithm to
minimize the nonlinear objective function, as described
in Rodi and Mackie (2001). For MT data, we invert for
the complex impedance tensor values and the complex
vertical magnetic transfer function.

Figure 4: Resistivity cross-section from unconstrained
3D inversion, section as in Figure 3.

3D INVERSION OF SYNTHETIC MT DATA
For the purpose of this study, the input data were
synthetic MT data on a 500 m grid to which 3% random
Gaussian noise had been added. Frequencies used for
inversion were log spaced from 10,000-0.001 Hz. In
general, inversions starting from a 10 ohm-m uniform
half-space using parameters typical for MT inversions of
real data sets do a reasonable job at recovering the
features of the original model at shallow depths, but give
little information on the deeper parts of the model.
Figure 3 shows a cross-section from the true resistivity
model across the center of the model from 0 to 1000m
below ground level (bgl). The complex near surface
comprises resistive karstic features, dry sand, and paleovalleys. At greater depths the sedimentary sequence is
more conductive. The result of the inversion starting
from a uniform half-space is shown in Figure 4 where it
is clear that the general sequence of near surface
resistive rocks is followed by more conductive strata
below. Figure 5 shows a cross-section from the true
resistivity model across the same profile as in Figure 3,
but this time from 0 to 3700m bgl, highlighting the

Figure 5: Cross-section from true resistivity model
across the center of the model, vertical extent 0 to
3700m bgl, showing deeper high resistivity reservoirs in
red.

Figure 6: Resistivity cross-section from unconstrained
3D inversion, section as in Figure 5.
The complex geology of the near surface with many
small scale features results in galvanically-distorted
synthetic responses that the inversion fits by a very
rough near surface as can be seen in the cross sections of
Figure 4. Increased near surface smoothing resulted in
more reasonable images of the near surface resistivity at
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the expense of increased misfit between the observed
and predicted responses.
3D CROSS GRADIENT INVERSION
A cooperative inversion was carried out using a starting
model with a smoothed but more detailed and accurate
near-surface (top 100m), which was derived by downsampling of the 3D airborne EM inversion. Additionally,
the airborne EM model was used as a reference model
for a cross-gradient constraint. The shallow structure,
albeit in a highly smoothed form, is recovered from the
MT inversion and corresponds well with the original
model, as shown in Figure 7, Figure 8, and Figure 9.

RESOLUTION OF INVERSIONS AT RESERVOIR
DEPTH
The deep structure is not imaged. This is emphasized by
Figure 10 which shows the “true” resistivity distribution
at the upper reservoir (about 2500m bgl).

Figure 10: Horizontal resistivity from model resistivity
volume at inferred upper reservoir.

Figure 7: Resistivity at 22m bgl from cross-gradient
inversion; compare with Figure 1 and Figure 2.

Figure 8: Resistivity cross-section from cooperative
joint inversion, section as in Figure 3.

Figure 9: Resistivity cross-section from cooperative
joint inversion, section as in Figure 3.

Figure 11: Resistivity at inferred upper reservoir from
single-domain MT inversion.
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Figure 12: Resistivity at inferred upper reservoir from
cooperative joint inversion.
CONCLUSIONS
Inversions of MT data from uniform starting models and
from cooperative inversions using the airborne EM
model for the near surface starting model (and as a cross
gradient constraint) resulted in smooth inversion models
generally consistent with the original synthetic model,
although in neither case was the inversion able to image
the deeper resistive reservoirs. The inversions do,
however, image the near surface fairly well, even with
complex near surface geology that distorts the MT
responses. The real value could potentially come from
using the detailed image of the near surface for seismic
modeling and inversion, where near surface statics are
always difficult to determine.
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