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Abstract: This paper presents development of a three-dimensional marine controlled-source electromagnetic (mCSEM)
modeling algorithm and its application to a salt and reservoir model to examine detectability of mCSEM for a reservoir
under complex subsurface structures. The algorithm is based on the finite difference method, and employs the secondary
field formulation for an accurate and fast calculation of modeling responses. The algorithm is verified for a two-layer
model by comparing solutions not only with analytic solutions but also with those from other 3D modeling algorithm.
We calculate and analyze electric and magnetic fields and their normalized responses for a salt and reservoir model due
to three sources located at boundaries between a salt, a reservoir, and background. Numbers and positions of resistive
anomalies are informed by normalized responses for three sources, and types of resistive anomalies can be informed when
there is a priori information about a salt by seismic exploration.

Keywords: marine CSEM, modeling, salt, reservoir, normalized electric fields, normalized magnetic fields
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Fig. 1. A two-layered model, which has sea of 0.3 ohm-m and
seabed of 1 ohm-m under 1 km of sea, to verify the developed 3D
modeling algorithm.
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Fig. 3. A test model consisting of a 30 ohm-m salt dome buried at a depth of 300 m, and a 100 ohm-m reservoir buried at a depth of 500
m in 1 km sea water (redrawn from Zhdanov et al., 2006). The x-directed electric dipole sources are located horizontally at interfaces between
a seabed and a salt, a salt and a reservoir, and a reservoir and a seabed along the center line (y = 0 km), while vertically at 0.1 km above
the seabed. The receivers are located along the center line (y = 0 km) at every 0.2 km on the seabed. A transmission frequency is 0.1 Hz.
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Fig. 4. Amplitude (upper) and phase (lower) of inline electric fields (£,) for models shown in Fig. 3. Horizontal electric dipole sources (J,)
are located horizontally at interfaces between a seabed and a salt (a), a salt and a reservoir (b), and a reservoir and a seabed (c). Pluses
represent responses of a background model, diamonds responses of a model with a salt only, triangles responses of a model with a reservoir

only, and crosses responses of a model with a salt and a reservoir.
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