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Abstract 

Dimensionality and distortion analysis of the measured magnetotelluric (MT) data are challenging 
procedures to conclude the main properties of regional geo-electric structure (e.g., its strike 
direction) and quantify the influence of superficial distorting bodies. In this paper, we applied 
several analysis methods to the same data set from southwest Zagros to determine the 
dimensionality and degree of the inherent distortion in the data and to recover the regional 
responses. Results show that the regional 2D responses can be better retrieved in a two-step 
procedure: First, the dimensionality and distortion are classified by impedance invariants and then, 
the Groom-Baily (GB) method is applied to remove distortion effects and to estimate the regional 
strike and principal impedances. 
An audio-magnetotelluric (AMT) data set acquired at 19 stations along a profile in the southwest of 
Simply Folded Belt (SFB) of the Zagros Mountains is investigated. The Bahr and WAL invariants 
confirm regional 1D and 2D structures with local galvanic distortion at most periods. The GB 
decomposition of MT impedance data reveals period-independent distortion parameters. The strike 
analysis on all data whose principal phase differences are greater than 5˚ shows a regional trend of 
about 30˚. 2D inductive effects were also retrieved by removing distortion effects from the 
measured data. 
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1    Introduction 

Audio magnetotelluric (AMT) method is 
widely used for hydro-geological studies 

(Brasse and Rath, 1997; Giroux et al., 
1997; Tarabees et al., 2017) due to its 
suitable exploration depth (0.2-2 km) 

which is large enough to penetrate con-
ductive surficial sedimentary layers with 

the ability to discriminate between brine 
and fresh water bearing layers. The im-
pedance tensor elements (Zij(ω)) are the 

MT transfer functions calculated from the 
perpendicular components of the time-

varying electric field (Ei(ω)) and magnet-
ic field intensity (Hj(ω)) measured at the 
earth’s surface: 

𝐙𝐢𝐣 =
𝐄𝐢

𝐇𝐣

(𝐢, 𝐣 = 𝐱, 𝐲) (1) 

Alternatively, the elements of ma-
gnetotelluric tensor (MT tensor), Mij(ω), 
are defined as the ratio of perpendicular 

components of the electric and mag-
neticfields (Bj(ω)): 

𝐌𝐢𝐣 =
𝐄𝐢

𝐁𝐣

(𝐢, 𝐣 = 𝐱, 𝐲) (2) 

The real-earth electrical structure is very 

complex, and the scales of the conducting 
elements vary significantly in nature. 

Moreover, diffusive EM fields, employed 
in MT exploration, have restrictions in 
resolution and sensitivity and cannot 

model the earth at the full scale. One 
needs to estimate the actual subsurface 

structures with more simple structures by 
studying the dominant dimensionality of 
the target area (Mahallati and Montahaei, 

2019). Dimensionality analysis of the MT 
tensor data determines whether subsur-

face resistivity structure could be esti-
mated as 1D (or horizontally layered), 2D 
with invariant resistivity along regional 

strike, or 3D. Furthermore, shallow 
small-scale lateral inhomogeneities se-

verely distort measured electric field 
components and cause unreliable imaging 
of the subsurface electrical resistivity 

(Chave and Jones, 2012). 

Several methods have been developed to 

overcome the above mentioned problems. 
Some authors assumed that the regional 

conductivity structure is 1D or 2D, lead-
ing to a particular form of the impedance 
responses. Zhang et al. (1987) adopted a 

2D/2D galvanic distortion model for lo-
cal/regional composite electrical model 

of the underlying structure. Groom and 
Bailey (1991) and Mc-Nice and Jones 
(2001) supposed a 3D/2D distortion 

model that allowed the retrieval of a 
strike of regional structure as well as dis-

tortion parameters characterizing the ef-
fects of local 3D inhomogenities. Cerv et 
al. (2010) applied multi-site, multi-

frequency GB decomposition and deter-
mined the range of acceptable parameters 

employing Bayesian statistics. Alterna-
tively, the phase tensor method (Caldwell 
et al. 2004) and the WAL invariants 

(Weaver et al. 2000) make no assumption 
about the regional conductivity structure.  
In this study, the results of GB decompo-

sition and the WAL invariants for dimen-
sionality and distortion analysis of the 

MT data were compared. Considering the 
limitations of these methods, we show 
they may fail in some particular dimen-

sionality cases, and when individually 
applied, they could not extract adequate 

information from measured data. We 
suggest a combined approach comprising 
subsequent use of the WAL invariants 

and the GB method. In this strategy, first, 
the analysis starts with the WAL invari-

ants so that the dimensionality and distor-
tion effects at different period bands are 
classified for each site. Next, for proper 

period bands that show a clear sign of 
3D/2D distortion model, the analysis is 

switched to the GB decomposition meth-
od to remove distortion effects and re-
trieve regional impedances. We com-

pared the results of the proposed ap-
proach for two theoretical models and a 

field dataset from the southwest of the 
simply folded belt (SFB) in the Zagros 
Mountains. 
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2    Dimensionality and Distortion 

Analysis of Magnetotelluric Data 

2-1    Impedance invariants and MT 

data analysis 

Rotational invariants of the impedance or 
MT tensors are parameters derived ana-

lytically from the tensor elements, and 
are free from the rotation of the horizon-

tal axis on the earth’s surface. 
 

2-1-1    Bahr rotational invariants 

Bahr (1991) proposed four rotational in-
variants (κ, μ, η, Σ) of impedance tensor 

(equation (1)), two distortion angles (βx, 

βy), and their corresponding thresholds 

for model classification. The description 
of these parameters, their threshold val-

ues, and the model classes are summa-
rized in Table 1. μ measures the phase 
difference of impedance tensor elements 

and is the 1D indicator. η measures the 
phase difference of the column-wise ele-

ments of the impedance tensor and is the 
phase sensitive skewness. μ and η deter-
mine whether the impedance tensor can 

be described by the superimposition 
models (3D/1D and 3D/2D models, re-

spectively). 
 
Table 1. Illustrative parameters suggested by Bahr (1991) for distortion classification. 
 κ μ Σ η βx βy  

Threshold 0.1 0.05 0.05 0.3 
min=5˚ 

max=20˚ 

min=5˚ 

max=20˚ 

1) 1D <τκ <τμ <τΣ <τη - - 

1) 2D <τκ <τμ >τΣ <τη - - 

3) 3D/2D 

Weak local distortion 
>τκ >τμ >τΣ <τη 

<min 

<max 

<max 

<min 

4) 3D/2D 
2D anomaly in twisted coordinate 

>τκ >τμ >τΣ <τη = βy  = βx 

5) 3D/2D 

strong local distortion 
>τκ >τμ >τΣ <τη 

>min 

>max 

>max 

>min 

6) 3D/2D 

strong local current chanelling 
>τκ >τμ >τΣ <τη =90- βy  =90- βx 

7) 3D >τκ >τμ >τΣ >τη - - 

Equations S1=Zxx+Zyy  

                 S2=Zxy+Zyx 

                 D1=Zxx-Zyy  

                 D2=Zxy-Zyx 

𝜂 =
√[𝐃1, 𝐒2] − [𝐒1 , 𝐃2]

|D2|
, 𝜇 =

√[𝐷1, 𝑆2] + [𝑆1, 𝐷2]

|𝐷2|
 

[𝐂1, 𝐂2] = Im(𝐂2𝐂1
∗) = Re𝐂1Im𝐂2 − Re𝐂2 Im𝐂1 

 

 

Σ =
𝐷1

2 + 𝑆2
2

𝐷2
2  

𝜅 =
|𝑆1|

|𝐷2|
 

 
2-1-2    WAL rotational invariants and 

WALDIM code  

Weaver et al., (2000) introduced seven 

independent (I1, I2, ... , I7) and one (Q) 
dependent rotational invariants of the MT 
tensor (equation (2)), termed WAL invar-

iants. Table 2 summarizes the description 
of WAL invariants and the seven classes 

of MT tensor. Invariants I1 and I2 provide 
information about the resistivity and 
phase of a regional 1D structure. The an-

nulment of other invariants determines 
whether the subsurface electrical struc-

ture is purely 2D (class2), 2D contami-
nated by different galvanic distortions 
(classes 3-6) or 3D (class 7). However, 

WAL invariants calculated from noisy 

MT measurements are practically non-

zero and it is essential to introduce 
threshold values beneath which we could 

assume the invariants are zero. 
A FORTRAN code termed WALDIM 
(Marti et al. 2009) calculates WAL rota-

tional invariants of the MT tensors con-
sidering data errors to provide a robust 

description of the dimensionality and 
galvanic distortion parameters. Marti et 
al. (2010) extended the WAL dimension-

ality criteria to include extra conditions 
discriminating isotropic and anisotropic 

media responses in dimensionality analy-
sis. They investigated several synthetic 
anisotropic models and showed that the 

main signature of anisotropy occurs in 
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2D situations, where invariant parameters 

recommend a regional 2D structure but 
the strikes obtained from the real and im-

aginary parts of the tensor M are not con-

sistent and do not agree with θ3D/2D (the 
strike of 3D/2D superposition model). 

 
Table 2. Illustrative parameters suggested by Weaver et al. (2000) for distortion classification. 
Dimensionality Class I1 I2 I3 I4 I5 I6 I7 Q 

1) 1-D >τI >τI <τI <τI <τI <τI undefined <τQ 

2) 2-D >τI >τI >τI >τI <τI <τI <τI >τQ 

3) 3D/1D 2D diag 

Galvanic distortion 

over a 1D or 2D 

structure resulting in 

a diagonal MT tensor 

>τI >τI >τI >τI <τI <τI undefined <τQ 

4) 3D/1D 2D 

Galvanic distortion 

over a 1D or 2D 
structure (non-

recoverable strike 

direction) 

>τI >τI >τI >τI >τI <τI undefined <τQ 

5) 3D/2D twist 

Galvanic distortion 

(only twist) over a 2D 

regional structure 

>τI >τI >τI >τI >τI <τI <τI >τQ 

6) 3D/2D 

General case of gal-

vanic distortion over 

a 2D structure 

>τI >τI >τI >τI >τI >τI <τI >τQ 

7) 3D >τI >τI >τI >τI >τI >τI >τI >τQ 

Equations 
Λ1=M xx+M yy= λ1+i η1 

                 

Λ2=M xy+Myx= λ2+i η2 

                 Λ3=M xx-

M yy= λ3+i η3 
                 Λ4=M xy-

M yx= λ4+i η4 

𝑑𝑖𝑗

=
𝜆𝑖𝜂𝑗 − 𝜆𝑗𝜂𝑖

𝐼1𝐼2
 

I1

= √𝜆1
2 + 𝜆4

2 

I3

=
√𝜆2

2 + 𝜆3
2

I1
 

 

I5=S41 

 

Q=√(𝑑12 − 𝑑34)2 + (𝑑13 + 𝑑24)2 

𝑆𝑖𝑗

=
𝜆𝑖𝜂𝑗 + 𝜆𝑗𝜂𝑖

𝐼1𝐼2
 

I2

= √𝜂1
2 + 𝜂4

2 

I4

=
√𝜂2

2 + 𝜂3
2

I2
 

 

I6=d41 
𝐼7 =

𝑑41 − 𝑑23

𝑄
 

 
2-2    GB Tensor Decomposition  
Groom and Bailey (1991) presumed a 

3D/2D distortion model for local/regional 
structures. They separated galvanic ef-

fects into determinable and indetermina-
ble parts and characterized the determi-
nable part in terms of the rotation (twist, 

tg-1t) and shear (tg-1e) of the regional tel-
luric currents. Under the GB decomposi-

tion approach, the measured impedance 
tensor can be written as a seven-
parameter model descriptive of geo-

electric strike (θ), the 2D regional imped-
ances (Zxy, Zyx) and the two descriptors 

of telluric distortion (t, e): 
 
Z𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 = RTSZ2𝐷R𝑇  (3) 

 

 
 

TS = [
1 − 𝑡𝑒 𝑒 − 𝑡
𝑒 + 𝑡 1 + 𝑡𝑒

] 

Groom and Bailey (1991) used a least 

square method to fit the decomposition 
model (equation (3)) with measured data, 

site-by-site and frequency-by-frequency. 
The calculation of confidence limits for 
the derived parameters was performed 

using a bootstrap approach. 
 

2-3    Theoretical models 
In order to compare the application of the 
above mentioned methods, two synthetic 

examples are presented. The first is from 
an electrically anisotropic earth situation 

used by Heise and Pous (2001) to inves-
tigate the anisotropy imprints in MT 
measurements. The second example is a 

2D earth background used by Ledo 
(2006) for synthetic studies. 

Z2𝐷 = [
0 Zxy

−Zyx 0
] , R = [

𝑐𝑜𝑠𝜃 −𝑠𝑖𝑛𝜃
𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

] 
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2-3-1    Synthetic example 1 

The first model (Fig. 1a) comprises a 
fault between two media of 20 and 2000 

Ωm, underlain by an anisotropic layer 
with principal resistivities 20/1000 Ωm 
and an anisotropy strike direction of 

αs=30˚. A conductive surficial layer 
(thickness = 260 m, resistivity = 20 Ωm) 

and a resistive thick layer (thickness = 10 
km, resistivity = 5000 Ωm) cover the 
model. The synthetic MT data were cal-

culated using the finite difference algo-
rithm of Pek and Verner (1997). 

    An unconstrained GB decomposition 
method was applied to analyze synthetic 
dataset. The overall RMS misfit of the 

distortion model to the data and the re-
covered distortion parameters (shear and 

twist angles) are presented as histograms 
in Fig. 2. The results show that the 
3D/2D galvanic distortion model inherent 

in GB method fit the data well within an 
acceptable RMS of below 1.5 at almost 
all sites and periods. Furthermore, the 

recovered distortion parameters are not 
negligible. This example shows that the 

GB method could not recognize electrical 
anisotropy signature in MT data. The 
method recovers distortion parameters, 

representative of local 3D inhomogenei-
ties, which are not visible in the original 

model. Accordingly, the recovered shear 
and twist angles are artifacts of distortion 
analysis applied to the anisotropic MT 

responses.  
    In the next step, WAL rotational invar-

iants were applied for dimensionality and 

distortion analysis of the synthetic data. 

The obtained dimensionality pattern (Fig. 
3) shows clear indication of the electrical 

anisotropy in MT responses. In all 3D/2D 
cases, invariant values show two-
dimensionality, but strike directions re-

covered from the real and imaginary MT 
tensors are different. As a result, the GB 

decomposition approach is not appropri-
ate for distortion analysis of the synthetic 
dataset.  

 
2-3-2    Synthetic example 2 

As the second synthetic example, a con-
tact between conductive and resistive 
blocks covered by a 2-km thick layer of 

100 Ωm resistivity (Fig. 1b) was consid-
ered. A conductive body of 10 Ωm resis-

tivity is embedded in the center of the 
model. The finite difference algorithm of 
Rodi and Mackie (2001) was used to 

generate forward model responses. The 
regional 2D impedances calculated at 11 
stations were distorted by multiplication 

with different synthetic matrices of gal-
vanic distortion. Gaussian scatter with the 

magnitude of 5% of the impedance ele-
ment, resembling experimental noise, 
was added to the distorted data. WAL 

dimensionality analysis was performed 
using the threshold values of τI=0.15 and 

τQ=0.1. The results (Fig. 4) coincide well 
with the original model of the regional 
geo-electric structure; they rule out re-

gional 3D structure and show distortion 
imprints at all stations and frequencies.  

 

  
(a) (b) 

Fig1. Cross-section of models 1a (left) and 1b (right) used as synthetic examples. 
 



42                                                                               Montahaei et al.   Iranian Journal of Geophysics, Vol 15 NO 4, 2022 

 

 

 
Fig 2.Distribution of the twist and shear angles and the average RMS misfits for synthetic dataset example 1. 

 

 
Fig 3.Dimensionality pattern corresponding to the responses of model 1a. All sites whose responses have 

been computed are shown. 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

50

100

150

200

250

300

Average RMS Misfit

N
u

m
b

e
r
 o

f 
P

e
r
io

d
 B

a
n

d
s



A Comparison of impedance invariants and GB decomposition method for magnetotelluric data analysis; …             43 

 
 

Figure 4.Dimensionality pattern corresponding to the responses of model 1b. All sites whose responses have 

been computed are shown. 

 

However, precise interpretation of MT 
data requires distortion removal and re-

covering regional impedances. 
Although WAL rotational invariants 
could recognize correctly the dimension-

ality and distortion effects inherent in the 
synthetic data, but they cannot remove 

distortions and retrieve regional imped-
ances. The GB distortion decomposition 
approach was applied for the synthetic 

data set. The recovered and undistorted 
regional responses are exemplary shown 

for the site l04 (Fig. 5). It appears that the 
proposed approach recovered each of the 
regional responses, accurately. 

To summarize, the subsequent use of 
WAL invariants and the GB method 

could successfully classify distortion 
types and recover the properties of re-
gional 2D structure. 

 

  
 
Fig 5. The recovered regional MT responses (symbols) are compared to the true theoretical ones (solid lines) 

for station l04 in the second synthetic example. 
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Fig 6. Geological map showing the location of MT sites. Also shown are the main structural units (Simply 

Folded Belt (SFB), High Zagros (HZ), Sanandaj-Sirjan Zone (SSZ), Central Iranian Micro Continent 

(CIMC)) and the major faults. 

 
3    Application to the field data 

A field dataset from southwest Zagros, 
recorded at 19 stations in a period range 

of [10-4, 0.4] second was considered. To 
assess the inherent complexity of the MT 
data, dimensionality, strike and distortion 

analyses were carried out by the proposed 
two-stage procedure. 

 
3-1    Geological setting 

The geodynamic framework of the Zag-

ros region is composed of the two Arabia 
and Eurasia plates moving westerly rela-

tive to the mantle. Eurasia is faster and 
overrides the Arabia SW ward, up to 16-
25 mm/yr, leading to the formation of 

NW-SE trending Zagros mountain range 
because of the continent-continent colli-
sion. The High Zagros fault separates the 

Zagros fold and thrust belt (ZFTB) into 
the Zagros Simply Folded Belt (SFB) in 

the southwest and the High Zagros (HZ) 
in the northeast. The SFB which has low-
er topography than HZ and is more active 

accommodates the most present-day de-
formation of the range (Elliot et al., 

2015). A 10-14 km-thick sedimentary 
cover is deposited on the Arabian passive 
margin throughout the most Phanerozoic 

times and is detached from underlying 
crystalline basement by late  

pre-Cambrian to Cambrian Hormuz  
formation evaporates (Sherkati et al., 

2006). A thick basal evaporite (Hormoz 

salt) is overlain by the Paleozoic to 
 early-Miocene series composed of  

Carbonate and clastic units with minor 
evaporative levels. Our MT profile is 
 located within the thick, folded  

sedimentary cover of the south eastern 
SFB (see Fig. 6). 

 
3-2    Bahr and WAL rotational invari-

ants 

Fig. 7 represents Bahr invariants for the 
station A08. While the calculated μ re-

mains above 0.1, η is below 0.3, suggest-
ing that the regional structure is 2D rather 
than 3D or 1D. Class 5 is the appropriate 

category for the data. This reasoning is 
independently confirmed by the GB de-
composition results that will be discussed 

in the next section. 
Rotational invariants used in Bahr’s clas-

sification for all sites and all periods are 
presented in Fig. 8. The Swift skew val-
ues exceed the threshold of 0.1 at most 

periods, representing galvanic distortions 
contaminated measured data (Fig. 8a). 

Since at several sites, the regional 1D in-
dicator (μ) is above the threshold pro-
posed by Bahr (1991) and the 3D/2D 

skew (η) is lower than the corresponding 
threshold, the regional resistivity struc-

ture generating our data is most likely of 
2D. 
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Fig 7.Bahr rotational invariants at the station A08. Regional 1D indicator, μ, is above the threshold value 

through the whole period range. 

 

 
Fig 8. (a) Swift skew (b) 1-D regional indicator (c) phase sensitive skew calculated for all sites at all periods. 
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Fig 9. The results of dimensionality analysis of MT data set at sites a02, a07, a12, a17, considering different 

threshold values: 0.05, 0.1, 0.12, 0.15, 0.2, 0.3. 
 
Different threshold values (0.05, 0.1, 

0.12, 0.15, 0.2 and 0.3) for the WAL in-
variants were tested to determine dimen-

sionality for a subset of AMT data set. 
The dimensionality results associated 
with four representative sites are present-

ed in Fig. 9. 
It is a subjective decision to choose the 

optimum threshold value for the invari-
ants. An extreme threshold value of τ = 
0.05 results in an inconsistent dimension-

ality pattern. Increasing threshold values 
resulted in a decreasing number of unde-

termined dimensionality cases and a more 
uniform dimensionality pattern (Fig. 9). 
However, it should be noted that a higher 

threshold value is a consequence of a 
higher data error assumption (Marti et al., 

2009). Our numerical studies show that 
intermediate threshold values of 0.12, 
0.15, and 0.2 for I1, I2, ... , I7 invariants, 

and the threshold value of 0.1 for Q in-
variant provide a stable and consistent 

dimensionality pattern. 
Dimensionality pattern at different peri-
ods of all sites is presented in Fig. 10. 

The results confirm 1D or 2D regional 
geo-electric structure with many periods 

exhibiting either 1D or 2D responses and 
some rare 3D/2D and 3D responses at 
longer periods. 

3-3    Galvanic-distortion identification 

and removal  

 
Fig 10. Dimensionality pattern obtained from 

WAL rotational invariants for all periods at each 

measurement site. 

 

In this study, the GB method was applied 
to determine galvanic distortion effects 

and remove them from measured imped-
ances. The results of distortion decompo-

sition, presented in this paper, were based 
on an impedance error floor of 1% which 
corresponds to 2% and 0.6˚ error floors 
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for the apparent resistivities and phases.  

Fig. 11 shows the results for six repre-
sentative sites. Distortion parameters 

(i.e., shear and twist angles) whose tan-
gents determine different elements of S 
and T matrices in equation (3) as well as 

the phase difference of the principal re-
gional impedances, are presented in these 

figures. The decomposition parameters 
for joint inversion of three periods and 
one-period decade are illustrated in the 

first and second rows of diagrams for 
each site (Fig. 11).  

Twist and shear angles reveal an  
approximately period-independent  

behavior throughout the entire period 

range and are between [-10˚, 10˚]. At pe-
riods less than 0.01 second, the phase dif-

ferences of regional impedances are al-
most zero, indicating a 1D regional geo-
electric structure.  

The root mean square of the GB  
model measures the goodness of fit 

 between the decomposition model and 
the observed data and provides an  
estimate of three dimensionalities of the 

subsurface regional structure (Adetunji et 
al., 2015). Fig. 12 shows the shear and 

twist angles and the RMS misfit at each 
period.

 

 
Fig 11. Frequency independent distortion parameters calculated at six representative sites. 
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(a) 

 

(b) 

 

 
(c) 

 
Fig 12. Distribution of the twist and shear angles and the average RMS misfits. 

 

 
Fig 13. Data RMS misfits from unconstrained GB decomposition model for each site along MT profile over 

the whole period range. 
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                                              (a)                                                                  (b) 

Fig 14. (a) Regional strike direction as a function of period for all sites of the A8 profile, estimated from an 

unconstrained GB analysis. (b) Rose diagram of the regional geo-electric strike angle at periods where split 

in the principal phases are greater than 5˚. 

 

  
Fig 15. Shear and twist angles from GB analysis with strike angle fixed at 30˚. 

 

The results indicate a moderate to low 
level of distortions in the studied area. 

The distribution of the RMS misfits 
shows an average misfit of less than 1 for 

most of the periods, which is an accepta-
ble value. High values of the RMS occur 
in the shortest periods (Fig. 13), which 

could be explained by the predominantly 
1D regional structure at these periods, as 

recovered by the impedance invariants 
(Fig. 8b). 
The strike angles from unconstrained GB 

decomposition, when plotted as a func-
tion of period, do not show a preferred 

azimuth direction (Fig. 14a). The periods 
were removed where the data are 1D. Fig. 
14b shows a rose diagram of strike angles 

at periods where the split in principal 
phases is greater than 5˚. The dominant 

strike azimuth of the regional geo-electric 
structure is about N30˚E. 

The two regional impedances were de-
rived by removing distortion effects from 

measured data. The geo-electric strike 
azimuth and the distortion parameters, 

which are frequency independent accord-
ing to the GB model, were constrained 
sequentially. First, the regional strike was 

fixed to 30˚ which yields stable estimates 
of the twist and shear angles with period 

(e.g., Fig. 15 shows the results for the 
stations 1 and 9). Finally, the regional 
impedances were estimated by constrain-

ing regional strike, twist and shear angles 
to 30˚, -5˚and -5˚, respectively. Regional 

impedances obtained from GB decompo-
sition together with the measured sound-
ing curves are presented in Fig. 16. Gal-

vanic distortion effects, mixing the Zxy 
and Zyx in the apparent resistivity curves, 

are evident in the measured soundings. 
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Fig 16. Measured apparent resistivity and phase curves (symbols) and the recovered regional responses re-

covered by the GB method (solid lines) for sites A01 and A09. 

 

 

4    Conclusion 

Two basically different approaches (the 

GB method and the WAL invariants) for 
dimensionality and distortion analysis 
were constrained sequentially with  

numerical experiments involved real and 
synthetic datasets.  

    Two synthetic datasets are examined to 
demonstrate the limitations of the  
individual methods. It is displayed that in 

electrically anisotropic situations, the GB 
method produces artifacts leading to 

 non-existent structures, responsible for  
distortion effects. Although the WAL  
invariants provide a practical tool to  

obtain information about the  
dimensionality of complex regional  

structure, but they could not correct data 
and recover the regional responses. The 
results suggest that the combination of 

both methods yields more comprehensive 
consequences than those of the individual 

 implementations of the WAL invariants 
and the GB method.  

    The proposed two-stage procedure of 
MT data analysis was applied for a field 
dataset acquired in the southwest of Iran. 

At the first step, the application  
of rotational invariants showed that there 

is no sign of electrical anisotropy in  
dimensionality pattern and the regional 
conductivity structure can be considered 

predominantly as 2D with some  
superimposed distortions from local 3D 

conductivities. Next, the GB method was 
applied to determine and remove  
distortion effects and to obtain superior  

estimates of regional MT parameters 
(strike direction and impedances).  

The method suggested a global strike  
direction of N30˚E for regional  
conductivity structure and recovered 

 corresponding impedances, successfully. 
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