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Article info Abstract

Received: 15 October 2024 The magnetotelluric (MT) method is a passive geophysical technique used to
Revised: 2 March.ZOZS investigate subsurface electrical resistivity structures. The distribution of
Accepted: 13 April 2025 electrical resistivity is among the most reliable methods for detecting vertical and

horizontal subsurface variations, particularly for imaging salt diapirs. This study
examines the application of the fast Occam inversion method to invert synthetic
MT data generated from the Nasrabad region salt diapirs using adaptive finite
Magnetotellurics element modeling. Subsequently, this inversion method has been applied to a real
MT data profile from the Nasrabad region. A synthetic model, developed based
on an available geological cross-section, was used to generate MT data. The

Keywords

Fast Occam Inversion

Inversion synthetic MT data were then inverted using the fast Occam method. The inversion

o results demonstrated the effectiveness of this method in accurately recovering the
Diapir surrounding formations and delineating the diapiric boundaries. For real data
Nasrabad modeling, dimensionality and strike direction analysis were conducted using the

phase tensor approach, revealing a predominantly two-dimensional structure
with a N30W strike direction. Inversions were performed in TE+TM mode,
successfully imaging diapirs 4 and 5. Comparisons between the fast Occam
*corresponding author inversion and Gauss-Newton methods confirmed the robustness and reliability of

the performed modeling.
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EXTENDED ABSTRACT

1. Introduction

Various geophysical methods play different roles in subsurface exploration, from initial
prospecting to drilling. Potential field methods, such as gravity and magnetics, are commonly used
for early-stage exploration, whereas seismic methods are employed in the final stages before and
during drilling. Gravity methods help to delineate the geometry of salt diapirs based on density
contrasts between the salt and overlying formations. However, inherent ambiguities exist in gravity
interpretations. Magnetic surveys, though less frequently applied to salt diapir imaging, can identify
the diapiric structures based on their low magnetic susceptibility. Nonetheless, like gravity methods,
magnetic surveys face interpretation challenges due to their inherent non-uniqueness. Reflection
seismic techniques provide high-resolution images of the diapir morphology, including their roof,
body, and internal structures. However, they are often limited in resolving steep vertical features such
as the diapir walls.

Electromagnetic methods, particularly MT, bridge the gap between potential field and seismic
methods by providing subsurface resistivity images from shallow to deep depths. Since salt diapirs
contain high-resistivity dry salts and are often capped by conductive sedimentary formations, the MT
method is highly effective in characterizing diapirs and their associated geological structures.

Stable and rapid two-dimensional inversion algorithms for MT data have been developed since
the late 1980s. The Occam inversion method was introduced by de Groot-Hedlin and Constable
(1990) to generate smooth resistivity models. Smith and Booker (1991) later developed the rapid
relaxation inversion method, while Siripunvaraporn and Egbert (2000) introduced a data-space
Occam inversion approach to reduce computational costs. Rodi and Mackie (2002) proposed a
nonlinear conjugate gradient inversion algorithm that requires less memory and computational time.
These traditional approaches typically use rectangular grids for forward modeling, which can create
challenges when incorporating rough topography and complex structures. A solution to these issues
is the use of unstructured meshes with the adaptive finite element method, as demonstrated by Key
(2016). The fast Occam method, integrated into the MARE2DEM code (Key, 2016), employs
adaptive finite elements for forward modeling and is 15% faster than conventional Occam inversion.

This study aims to assess the effectiveness of the fast Occam inversion in imaging salt diapirs in the
Nasrabad region. A synthetic model was generated based on an existing geological cross-section
(Moradi et al., 2019). Forward modeling was performed using adaptive finite elements, and the
synthetic MT data were subsequently inverted using the fast Occam inversion. The validated inversion
method was then applied to real MT data from the Nasrabad region to image diapirs 4 and 5.

2. Methodology

2.1. Magnetotelluric Fundamentals

The MT method is a frequency-domain electromagnetic technique that utilizes naturally occurring
electromagnetic fields to probe subsurface resistivity variations. The relationship between measured
electric and magnetic field components is expressed using the impedance tensor. Apparent resistivity
and phase responses provide insights into subsurface conductivity structures. The governing
equations and derivations for MT impedance, apparent resistivity, and phase are well-documented in
the literature (Telford et al., 1990; Vozoft, 1991; Chave et al., 2012).

2.2. Fast Occam Inversion
Fast Occam inversion aims to minimize the following objective function:
* - 2
U = IRm|1? +[IP(n — m)|1? + w7 [W(d ~ £ () b
Where R represents the roughness operator, m is the model parameter vector, P is the weighting
matrix, p is the Lagrange multiplier, and W accounts for data uncertainties. Unlike conventional
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Occam inversion, the fast Occam inversion introduces an efficient stopping criterion, reducing
computational time by approximately 15% while maintaining solution stability (Key, 2016).

3. Results and Discussion

3.1. Synthetic Model Validation

A synthetic model based on geological data from the Nasrabad region (Moradi et al., 2019) was
used to generate MT responses of 49 stations. The data were contaminated with 5% Gaussian noise
before inversion. Fast Occam inversion successfully retrieved the main diapiric structures and
surrounding formations, demonstrating its robustness. The performed sensitivity analysis confirmed
reliable inversion results.

3.2. Real Data Inversion

Real MT data were collected from a profile in the Nasrabad region using Phoenix Geophysics
MTU-V5-2000 equipment. Apparent resistivity and phase data were analyzed using the phase tensor
method, revealing a dominantly two-dimensional structure with an N30W strike direction. Inversions
were conducted in TE+TM mode. The final resistivity model successfully delineated diapirs 4 and 5,
validating the fast Occam inversion capability in imaging real geological structures.

4. Conclusion

Fast Occam inversion proved to be a reliable and computationally efficient method for MT data
inversion. Its application to both synthetic and real data from the Nasrabad region successfully
imaged salt diapirs and associated geological formations. The inversion results corroborated the
effectiveness of this approach in reducing computational time while maintaining high model fidelity.
The study highlights the influence of tectonic activity, particularly faulting, in diapir formation. The
fast Occam inversion method can be a valuable tool for salt diapir exploration, particularly in
hydrocarbon and gas storage assessments.

5. Acknowledgments: The authors express gratitude to Engineering Development & Gas Company
for providing MT data and to Kerry Key for making the MARE2DEM code available.
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