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ABSTRACT 

A magnetotelluric (MT) survey in the frequency range of 0.002-320 Hz was carried out on 

southwestern of Sabalan geothermal region. Twenty eight soundings were conducted in the study 

area. Data along a profile crossing the hot springs with seven MT stations have been implemented 

for modeling and inversion. MT data were analyzed and modeled using MT2DInvMatlab 

inversion source codes and the method of finite elements (FEM) for forward modeling. Inversion 

parameters as an Input file and appropriate mesh blocks design should prepared before starting 

the modeling and inversion. MT2DInvMatlab software include topography file into a forward 

model for terrain effects compensation in the inversion process. After setting up the model 

parameter, 2D inversion of the Sabalan magnetotelluric data has been performed using 

smoothness–constrained least square methods with a spatially regularization parameter 

estimation. The ACB (Active Constraint Balancing) algorithm employed to stabilize the model. 

Both apparent resistivity and phase data has been used to have model with minimum misfit for 

TM mode data. The resulting model reveal the presence of a resistive cover layer (Cap-rock) 

underlain by an anomalous conductive layer and other geological structures such as fluid-filled 

faults in about 500-1000 m below the ground surface. A very low resistivity (3-5 ohm-m) feature 

at the depths below 2000 m, bounded by two more resistive (100-500 ohm-m) features that 

interpreted as the main reservoir of the geothermal system in the area. At shallow depths, the 

resistivity model obtained from the MT data is consistent with the general conceptual resistivity 

model proposed for high-temperature geothermal systems. 

 

Keywords: Magnetotellurics, Geothermal exploration, reservoir, MT2DInvMatlab, Sabalan, 

Iran 

 

INTRODUCTION 

 
Geothermal resources are ideal targets for electromagnetic (EM) methods since they produce 

strong variations in underground electrical resistivity. In thermal areas, the electrical resistivity is 

substantially different form and generally lower than areas with colder subsurface temperature 

(Oskooi et al., 2005). Figure1 show a conceptual model and the main elements of high-

temperature type of geothermal systems (Berktold, 1983).  
 

 
 

Figure 1. Conceptual resistivity model of a hyper-thermal field (after Berktold, 1983). 
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In 1998 data acquisitions, 212 MT stations carried out on the Sabalan area that highlighted its 

resistivity structure and the relations between conductive anomalies and the geothermal reservoir 

condition (Talebi, B., 2006; Fanaee et al., 2010). The most productive areas of Sabalan 

geothermal field were explored in November 2007, to investigate any consistency between the 

resistivity models of the area and the conceptual resistivity model presented for high temperature 

geothermal fields.  
 

Methodology and Data  

 
The basic principles of the MT method were introduced by Tikhonov (1950) and Cagniard 

(1953). Various skew parameters were estimated in order to analyze the dimensionality of the 

data. Swift’s skew, defined as the ratio of the on- and off diagonal impedance elements, 

approaches zero when the medium is 1D or 2D (Swift, 1967). Skew values below 0.2 normally 

indicate that the study area could be approximated by a 2D structure, geoelectrically. MT 

sounding curves show a 2D effect with a clear separation between the curve where the electric 

field parallel to the strike (TE mode), and the curve related to current circulation normal to the 

strike (TM mode). Skew values of the impedance strike are shown in Figure 2 for data from all 

sites and frequencies. 

 
 

Figure 2. Variation of dimensionality Swift’s skew values for all selected sites along the 

profile.  

 

The data at some sites and frequencies show high skew values that originate from either 

galvanic distortion or 3D subsurface structures. In cases where MT data display overall 2D 

characteristics despite some 3D affects, results obtained by using 2-D inversion algorithms can 

be valid (Ledo, 2005). Seven broadband MT sites along a nearly 10 km profile selected for 

modeling and interpretation in this paper. 
 

Modeling and Interpretation 

 
To obtain the subsurface structure, 2D inversion code MT2DinvMatlab (Lee et al, 2009) was 

used for all sites along the profile. It is an open source MATLAB based software package for two 

dimensional (2D) inversion of magnetotelluric (MT) data that seeks a smooth model with the 

minimum number of features required to fit the observed data. Forward modeling in 

MT2DInvMatlab, use the finite elements (FEM) method in order to calculate 2D MT responses 

of geological structures. A spatially variable regularization parameter algorithm by Yi et al. 

(2003) for smoothness constrained least squares inversion with ACB (active constraint balancing) 

algorithm has been implemented to obtain an optimal smoothness constraint. Also, smoothly 

varying topography into a forward model by deforming rectangular elements to quadrilateral 
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elements with the elevation of the air and earth interface is available in MT2DinvMatlab. Besides 

apparent resisitivity data, the phase data were also included but the topography (elevation) of the 

sites ignored and excluded from inversion process. Since TM mode typically suffers less 3D 

distortion than TE (Wannamaker et al., 1984), some inversions considered only the TM mode 

data. The MT transfer functions of TM-mode data were inverted to derive the 2D subsurface 

resistivity distribution. The normalized root mean square (R.M.S) or data misfit error achieved 

after 10 iterations was around 0.7 for TM mode data. The apparent resistivity and phase data and 

model responses from the inversion results shown separately. Resistivity model from the TM-

mode data inversion is shown in Figure 3.  

 

 

 

 
Figure 3.The electrical resistivity model resulting from the inversion of TM mode data. 

 

The prominent structures in the resistivity model of TM mode data in Figure 3 and its relevance 

to the geothermal field are discussed below. The uppermost 0.5–4 km of the obtained 2D 

resistivity structures is fairly like the previous results from 1998 data modeling (Talebi, B., 2006; 

Fanaee et al., 2011). At greater depths there is a highly conductive (<5 ohm-m) structure that 

intrudes upwards to a depth of about 2.5 km in the middle of the profile and most naturally 

magmatic intrusions acting as a heat source for the geothermal system, although there are no 

temperature data to confirm the presence of magma. 

 

CONCLUSION 

 
In this paper, electrical resistivity models were interpreted in order to assess the location and 

depth of the three main parts of the Sabalan geothermal system. Analysis of different skew 

parameters indicates that the impedances are well described in terms of a 1D or 2D model. Some 

deviations from 2D behavior were noted for the data of some frequencies and sites where misfits 

were relatively high. 2D inversion yielded conductivity models with stable features, identifying 

the geothermal reservoir and related geological units. 

The resistive layer at the surface can clearly be interpreted as the geothermal cap rock. There 
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are remarkable signatures as subsurface conductivity variations at depth. 

The results of our study indicate that an alteration zone and a hydrothermal fluid circulation 

exists at depth. Generally, flow of the fluids in the fractures of the rocks and the top soil which 

saturated with penetrated hot water. The geothermal reservoir might be connected at depth to a 

deeper conductor, representing the heat source of the system. The main result is that the resistivity 

structure defined in the first 0.5–4 km is perfectly comparable to the structures found in literature 

as conceptual resistivity model of high-temperature geothermal systems.  

MT survey provided very encouraging information about the resistivity structure of Sabalan 

geothermal field. The resistivity model of Sabalan area is in a good correlation with the geological 

features and the common conceptual resistivity model for the geothermal structures. Also, the 

agreement between the MT model and geological information supports the use of Magnetotelluric 

technique in other active geothermal regions at future studies. 
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