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derived from the synthetic data of

the 3D model using an algorithm Vuy S0 OmVVVy yVVy VVVV"-T— Vy yVYVy vVVy vy v

described in Strack (1992). This
image shows similarities of the

dyke and thus confirms that the R T T U S PRI o +tp+ +to+ 1+
3D intrusion is resistive (conduc- +++++-|—$ am I-++++++++ ++ ++ 4+ +t 4+ ++
tive anomalies could not generate +t 4+t + ++++++++ +ti+ 4t + 4+
images with characteristics simi- +t + + '+ + 4+ gt b ATyt + 4
lar to the data). It also confirms Model section

that we do not necessarily see a
dyke-like feature from the data,
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and the dyke could actually be

6 km

dipping to one side. 0

Subsequently, we generated a
large set of model data for several
profiles and used different inver- 2
sion and modeling methods
(Kriegshaeuser, 1992). Here, we
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have selected the one used by -
ONGC for the interpretation. Current image
Figure 7 shows a plan view of the
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total conductance for the firstand
second layer across the dyke

structure. The diagrams show the
results after the 3D synthetic data 1D Inversion of 3D data
were inverted with a 1D model o
(after adding noise). The top
shows the inversion results for the
vertical magnetic fields and elec-
tric fields. The bottom shows the
joint inversion results of both field
components—the electric field, E,
and the magnetic field, H. The
electric field is clearly more sen-
sitive to the resistor while the

magnetic field does not see the
resistor in the total conductance of
layer 1 and 2 which is derived
from the anomalous behavior of
the total conductance over the 3D
resistive anomaly. In fact, only the
electric field alone clearly outlines
the dyke. The Rajkot field data

have two third electric field mea- Fetuk by~ K
surements, which is why you see 8 st
the resistive dyke in the field data. s

(Electric fields are more sensitive

CONDUCTANCE

to resistors than magnetic fields.)

One part of the final interpretation included the deriva-
tion of a total conductance map. These maps are used to esti-
mate the amount of conductive sediments below the trap
basalt. Before deriving the total conductance map, the data
were corrected for 3D effects using the dc components of the
electric field measurements (dc limits). Figure 8 shows the total
conductance map which indicates a thickening of the sedi-
ments below the basalt and what was then thought to be
resistive basement in the darker reds to the northwest.

The data were integrated with gravity, deep seismic, and
deep electrical sounding, and a well was drilled mostly on
the LOTEM results. The interpretation from the well report
is shown in Figure 9. Trap basalts are in the well in the top
and bottom. The interface boundaries are within 90-95% of
the depth indicated from well logs.

The case history shows that LOTEM is a viable method
to obtain geophysical information from below basalt covers.
Large data quantities were acquired using a normal seismic
crew. The data were interpreted including 1D and 3D mod-
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Figure 6. 3D model section view (top) in WE profile direction and current image of the 3D model data.

Figure 7. Plan view of the
total conductances for the

first and second layer across

the dyke structure. The dia-
grams show the results after
the 3D synthetic data were
inverted with a 1D model.
On the top are vertical mag-
netic fields and electric fields
shown respectively. The
bottom shows the joint inver-
sion results of both (After
Kriegshaeuser, 1992).
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Figure 8. Total conductance map survey area. The Lotem stations are

shown as black dots.




Actual well
results

Figure 9.
Interpretation derived
from well-log report

Pre-drill Prediction

with major lithological

Formation
units indicated on the

Depth
(m)

Age

Lithological Description

Tectonics

right. These units are
with 90-95% agree-
ment with the
LOTEM predictions.
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-1800
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Jurassic (?)
Lower| Upper

Tuff

Basalt / weathered basalt with
amygdales at places traversed by

Dominantly sandstone with clay
intercalations. Sandstone is light grey
to brown,
feebly calc. Claystone is brick red hard
and compact

Dominantly claystone with intercalations

Sandstone brownish grey medium
grained hard and compact
Dominantly claystone, dark grey to
brown with sandstone intercalations

Sandstone white to light grey mod.
Hard and compact non-calc.

Dominantly claystone

Conglomarate (Polymictic)

Sandstone light brown to colorless.
Medium to very coarse grained.
Claystone brick red to maroon in color
Sandstone brown, fine to coarse
grained with alterations of siltstone and

Basalt / Dolerite

Amygdaloidal basalt with red /
maroen colored claystone

% Basalt. Fine grained fractured tuff.
Light green to dark green with chocolate
brown clasts, hard and compact

Trap basalt

fine to coarse grained,

Late drift phase

Transitional
early drift
iphase

Sediments

Basalt

Rift sequence

eling and various inversion methods. Today’s new generation
multichannel systems can even record electromagnetic and
seismic data in the same recording unit and yield higher data
volumes with better data quality than shown here.

The future. The work in India was performed during the late
1980s with the interpretation being done during subsequent
years while developing 3D interpretation capabilities. The
exploration and subsequent drilling went on independently.
The experience in India (and from a sister project in China)
resulted in the design of the first seismic-style multichannel
acquisition system for electromagnetics (Rueter and Strack,
1991). Today, the understanding of the method has evolved,
and most seismic systems can be used with minor modifica-
tions to acquire electromagnetic data. While the physics is still
the same, modern data handling and imaging techniques will
improve the quality of the information derived from these
methods.

The renewed interest in electromagnetics as a marine direct
hydrocarbon indicator has spawned various companies to
offer CSEM onshore. The difficulties CSEM faced in the early
1990s (limited 3D modeling capabilities) are now being
addressed aggressively. Oil companies are acquiring array
data sets and 3D modeling/interpretation capability.

Suggested reading. “Occam’s inversion: A practical algorithm for
generating smooth models from electromagnetic sounding data”
by Constable et al. (GEOPHYSICS, 1987). “Marine electromagnetic
methods—A new tool for offshore exploration” by Constable
(TLE, 2006). “Sea-bed logging (SBL), a new method for remote
and direct identification of hydrocarbon-filled layers in deepwa-

ter areas” by Eidesmo et al. (First Break, 2002). “Interpretation of
3D effects in long-offset transient electromagnetic (LOTEM)
soundings in the Miinsterland area/Germany” by Hordt et al.
(GeorHysIcs, 1992). Einige Aspekte der 3-D Interpretation von
Lotem Daten by Kriegshaeuser (Diplom thesis, University of
Cologne, 1992). “Bedrock exploration system using transient elec-
tromagnetic measurements” by Rueter and Strack (patent WO
91/14954,1991). “Marine gas hydrate electromagnetic signatures
in Cascadia and their correlation with seismic blank zones” by
Schwalenburg et al. (First Break, 2005). “Case histories of long-
offset transient electro-magnetics (LOTEM) in hydrocarbon explo-
ration” by Strack et al. (First Break, 1989). Exploration with Deep
Transient Electromagnetics by Strack (Elsevier, 1992). “Integrating
long-offset transient electromagnetics (LOTEM) with seismics in
an exploration environment” by Strack and Vozoff (Geophysical
Prospecting, 1996). “Marine EM technique for gas-hydrate detec-
tion and hazard mitigation” by Weitemeyer et al. (TLE, 2006). T|E
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