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Abstract

The main purpose of this research is to analyze and model the audio-magnetotelluric (AMT) data to study
the regional structure and deep groundwater of the Sena- the Shonbe aquifer system in central Zagros. We
used challenging methods to determine the dimensionality of the regional structure, evaluate the degree of
inherent distortion caused by small-scale, near-surface inhomogeneities, quantify these effects and remove
them from MT measurements, and retrieve the main features of the regional geoelectric structure (e.g., its
strike direction). Data were collected at 19 stations along the profile in the southeast of the folded belt (SFB)
of the Zagros folded belt. First, the regional subsurface structure was classified using impedance and MT
tensors rotational invariants (Bahr and WAL invariants). Then, the phase tensor method was used to estimate
the strike direction of the regional geo-electric structure. The results of Bahr and WAL invariants confirm
regional 1D and 2D structures with local galvanic distortion at most periods. Rotating the data into the strike
direction of the regional structure, isotropic two-dimensional inversions of the different polarizations of the
impedance data and tipper vectors were performed. The computer program used for this purpose uses the
nonlinear conjugate gradient (NLCG) algorithm to minimize the cost function, which consists of data misfit
and model roughness. Several numerical tests were performed to determine the optimal values of the
parameters regulating this algorithm: 7, a, B, and H/V ratio. Finally, interpretations related to the resulting
electrical resistivity cross-section are provided.
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1- Introduction

AMT data are extensively used for hydrogeological studies ([1], [2], [3]) because their
exploration depth (0.2-2 km) is large enough to penetrate conductive surficial sedimentary layers,
and they can discriminate between brine- and fresh-water-saturated layers.

We investigate an AMT data set obtained along a profile southwest of the simply folded belt in
the Zagros Mountain. We apply different methods to investigate the dimensionality of the
subsurface resistivity structure from measured AMT responses. Then, we apply a 2D inversion
approach for further interpretation of the data set.

2- Methods

During AMT measurements, horizontal components of the electric field (Eyx, E,) and three
orthogonal components of the magnetic field (Bx, By, Bz) recorded in the frequency range (10
kHz—1 Hz) are processed to resolve MT transfer functions: the Impedance tensor elements (Z;; in
equation 1) and the tipper vectors (equation 2).

(1) (EXJ{ZXX nyJ[Hx]
Ey) (Zyx Zyy \Hy
) B, (T) = Wy (T)By (T) + W, (T)By,(T)

In 2D earth situations, EM fields are decoupled into transverse electric (TE) and transverse
magnetic (TM) modes, in which electric currents flow parallel to and perpendicular to the strike
direction.

Our MT profile is located within the thick, folded sedimentary cover of the southeastern folded
belt (SFB) in Bushehr province, southwestern Iran.

As the first step of MT data analysis, we applied the WAL rotational invariants method [4] to
determine the dimensionality of the subsurface structure. The results (figure 1) show that at most
periods of all stations, the skew values are below the thresholds suggested as a necessary condition
for the 2D regional structure. It appears that the conductivity distribution is generally one-
dimensional or can be explained by 2D or local galvanic distortions superimposed on a 2D regional
structure. Accordingly, applying a 2D modeling approach for data interpretation is reasonable.
Furthermore, we used the Groom-Baily decomposition approach [5] to remove galvanic distortions
from measured data and determine the strike direction of the regional 2D structure. A rose diagram
of strike angles at periods where the split in principal phases is more significant than 5° shows that
the dominant strike azimuth of regional geo-electric structure is about N27°E.
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Figure 1. Dimensionality analysis results obtained by WALDIM code for AMT data along profile A08.

In the last stage, we used distortion-corrected AMT data after rotating into the strike direction of
the regional structure for 2D inverse modeling. The non-linear conjugate gradient approach, as
implemented in the Winglink interpretation software package [6], was used for the following
inversions. Numerical experiments were conducted to determine the optimal values for the
LaGrange multiplier and smoothing parameters. Based on these results, T = 10 (for the whole data
set with a strike angle of 27°E of north) was chosen as the regularization parameters for the
inversions. The weighting function parameters were o = 1, f = 1, and H/V = 50/50 for all
inversions.

For apparent resistivities, phases, and tipper data, respectively, relative error floors of 3.5% and
1° and an absolute error floor of 0.03 were adopted. All of the start models were 100Q2m half space.

3- Findings and Argument

Figure (2) presents the inverse modeling result of the AMT data set. It indicates distinct
conductive and resistive structures within the upper crust. The resistive and faulted structures
recovered at deeper parts of the model are consistent with the seismicity level in the study area. It is
located in one of the southwest dipping fault segments where the main shock rupture of the 2013
My, 6.2 Khaki-Shonbe earthquake has been initiated [7]. According to the known stratigraphy of
central Zagros, while Bakhtiyari, Asmari, Pabdeh, and Gurpi formations are moderately resistive,
the Gachsaran formation is highly conductive, and the Sarvak formation is resistive. Examining the
electrical resistivity section, the upper mid-resistive layer correlates with the Bakhtiyari formation.
The underlying conductive layer correlates with the Asmari formation. These upper units are
underlain by moderately resistive pabdeh and Gurpi shales. The basal parts of this resistivity section
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may correspond to the Sarvak formation, which appears to be highly resistive and faulted.
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Figure 2. 2D electrical conductivity model obtained from inversion of AMT data along profile A08.

4- Conclusions

This study investigated an AMT data set recorded at 19 stations along a 2.5 km long profile.

Dimensionality and directionality analyses reveal that the data set is compatible with the 2D
assumption for the regional geoelectric structure with a dominant strike direction of N27°E. A 2D
resistivity model has been derived from distortion-corrected data. Classical 2D smooth inversion
resolves a shallow conductive layer extending throughout the model and a resistive basement
detached by a moderately conductive zone underlying the conductive layer. The recovered
conductivity model is compatible with the known stratigraphy of the study region.
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