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magnetotelluric models
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When the subsurface media contain electrical anisotropic structure,
magnetotelluric isotropic inversion fails to recover the electrical anisotropic
structure and may distort the image of isotropic structures. Besides, due to
the diversity and uncertainty in inversion caused by multi-parameterization,
mature and practical anisotropic inversion procedure is lacking at the case
with anisotropic angle. Here, four two-dimensional models were constructed
with mixed electrical anisotropic/isotropic structures including azimuthal
anisotropy case. Phase tensor and real induction vector analyses, as well as
two-dimensional isotropic and one-dimensional anisotropic inversions, were
performed to identify and estimate the electrical anisotropic parameters. Based
on the equivalence concept of electrical anisotropy, the extracted anisotropic
structure was equivalent to isotropic structure with alternating high- and
low-resistivity anomalies. These equivalent anomalies were then added into
two-dimensional isotropic inversion as a priori information. Consequently,
the isotropic structure of the true model is well recovered. The proposed
method can identify and estimate the electrical anisotropy structure as well as
the isotropic structure to a certain extent in two-dimensional magnetotelluric
models. This study provides a novel approach for analyzing electrical anisotropy
in magnetotelluric data.
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1 Introduction

An increasing number of studies have presented the multi-scale electrical anisotropy
characteristics of lithospheric composition and structure (Jones, 2012; Martí, 2014), such
as the directional arrangement of specific mineral rocks or geological structures, and the
spatial dominance distribution of geological fluids or volatile components (Nover, 2005;
Wannamaker, 2005; Martí, 2014; Pommier, 2014). The magnetotelluric method is a passive
exploration technique that utilizes a broad spectrum of naturally occurring geomagnetic
variations as a power source for electromagnetic induction in the Earth. It measures
natural electric and magnetic fields in orthogonal directions at the Earth’s surface. Based
on the theory of skin depth (i.e., the penetration depth of electromagnetic fields into the
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Earth approximately expressed as 503√ρT, where ρ is the average
resistivity of medium and T the period), it can determine subsurface
electrical resistivities at depths ranging from a few tens of meters
to several hundreds of kilometers. Lots of studies have presented the
existence of electrical anisotropywithin realmagnetelluric data (e.g.,
Bhattacharya, 2005; Heinsong and White, 2005; Frederiksen et al.,
2006; Padilha et al., 2006; Wannamaker et al., 2008; Brasse et al.,
2009; Häuserer and Junge, 2011; Le Pape et al., 2012; Naif et al., 2013;
Liu, 2016; Chave and Jones, 2018; Liu et al., 2019). Undoubtedly,
studying the electrical anisotropy in the Earth’s interior can provide
crucial clues to reveal the lithospheric deformation history and
evolution process (e.g., Tommasi et al., 1999; Hamilton et al.,
2006; Jones, 2006; Jones, 2012), as well as provide fundamental
information and key constraints for lithospheric composition and
structure and geodynamic models (e.g., Mareschal et al., 1995;
Becker et al., 2006; Heise and Ellis, 2016).

Identifying electrical anisotropy in magnetotelluric data has
been a global research focus (e.g., Bahr and Duba, 2000; Bahr and
Simpson, 2002; Liu et al., 2019). The over-quadrant phenomenon
of impedance phase (i.e., the phase variations of Zxy or Zyx
components exceeding 90°) was first observed in specific two-
dimensional or three-dimensional anisotropic models with upper
and lower structural relationships (Pek and Verner, 1997; Heise
and Pous, 2003; Kumar and Manglik, 2012). Additionally, the
real induction vectors and phase tensors can be used to indicate
the presence of electrical anisotropy. Pek (2009) found that,
in a two-dimensional anisotropic medium, the real induction
vector deviated from the principal axes of both the regional
impedance tensor and the anisotropy body, with the degree of
deviation depending on the depth and horizontal extent of the
anisotropic body. Based on the consistent phase differences and
induction vectors, Yin et al. (2014) determined the electrical
anisotropy within real magnetotelluric data. Liu et al. (2019)
discriminated the electrical anisotropy from the spatially continuous
directions of phase tensors and real induction vectors. Furthermore,
numerous theoretical modeling studies have shown that isotropic
inversion of magnetotelluric responses from a resistivity model
with anisotropy will produce equivalent isotropic anomalies, i.e.,
alternating high- and low-resistivity anomalies (Eisel and Haak,
1999; Heise and Pous, 2003; Martí, 2014). This phenomenon
facilitates the identification and parameter estimation of electrical
anisotropy (Heise and Pous, 2003; Heise et al., 2006). Conversely,
the occurrence of such alternating resistivity structures does not
necessarily indicate the presence of electrical anisotropy. Comeau
and Becken (2020) conducted two-dimensional magnetotelluric
imaging in the Bulnay region of Mongolia and identified distinct
low-resistivity bands in the lower crust. These features persisted
even when anisotropy was incorporated into the modeling. They
suggested that regional lower crustal fluid flow is primarily governed
by tectonic deformation and compaction processes, rather than
lithological-structural heterogeneity.

For quantitative interpretation, the three-dimensional modeling
has gradually matured (e.g., Löwer and Junge, 2017; Cao et al.,
2017; Cao et al., 2018; Xiao et al., 2018; Han et al., 2018;
Xiao et al., 2019a; Xiao et al., 2019b; Yu, 2021; Zhou, 2022;
Zhu et al., 2023). However, progress in anisotropic inversions
remains slow. The main challenge is recovering the true electrical
anisotropic structure without introducing artificial anomalies (Yin,

2003; Pek et al., 2011; Chen and Weckmann, 2012; Xie et al., 2022).
One-dimensional anisotropic inversion accounting for azimuthal
anisotropy case has become relatively mature, where the most
representative and widely adopted method is the improved Occam
inversion method developed by Pek and Santos (2006). Mature
two-dimensional anisotropic inversion has been applied in some
practical applications, but only in the case where the resistivity
anisotropy direction is either parallel or perpendicular to the
regional electrical principal axis (e.g., Baba et al., 2006; Key et al.,
2013; Naif et al., 2013; Key, 2016; Johansen et al., 2019). Besides,
for two-dimensional electrical anisotropic media, two-dimensional
isotropic inversion will not only fail to recover the electrical
anisotropic structure but also possibly distort the imaging of the
electrical isotropic structure (Heise and Pous, 2003; Löwer and
Junge, 2017; Miensopust and Jones, 2011). Therefore, considering
themultiplicity and instability of inversions, it is crucial to find away
to identify and estimate anisotropic parameters, and simultaneously
recover electrical anisotropic/isotropic structures.

Based on four two-dimensional theoretical models with
mixed electric anisotropic/isotropic structures including azimuthal
anisotropy case, we aim to identify and estimate electrical anisotropy
through phase tensor and induction vector analyses, as well as two-
dimensional isotropic and one-dimensional anisotropic inversions.
Ultimately, the extracted electrical anisotropic parameters were
equivalent to isotropic structures with alternating high- and low-
resistivity anomalies, which were used as prior information for the
isotropic inversion to recover the electrical isotropic structure.

2 Theoretical electrical anisotropy
model

In orogenic belts and subduction zones, the crust and upper
mantle are influenced by various geological processes, such as stress
motion, magma intrusion, and migration of mantle fluids. These
processes may include the transports of liquid-melt, graphite, and
metallic sulfides, as well as the directional alignments of specific
geological structures, which can result in observable electrical
anisotropy (e.g., Wannamaker, 2005; Yin et al., 2014; Liu et al.,
2021). For example, in Tibetan Plateau of SW China, the flow of
soft materials (either molten or partially molten) under shear stress
in the lower crust can lead to resistivity variations in different
directions (Meyer et al., 1998; Yin et al., 2008a; Yin et al., 2008b;
Zhao et al., 2011). Additionally, in Western Junggar of NW China,
ancient subducted slabs modified by magmatic activity, can produce
electrical anisotropy in the upper crust (Liu, 2016; Liu et al., 2019).
Based on the typical characteristics of electrical anisotropy observed
in Tibetan Plateau and Western Junggar, this study constructed
four two-dimensional theoretical models with mixed azimuthal
electrical anisotropy structures and electrical isotropy structures, as
illustrated in Figure 1. Model A, referred to the electrical anisotropy
in Tibetan Plateau, includes a high-resistivity (300 Ω.m) upper
crust (0–20 km) embedded with an isotropic low-resistivity body
of 10 Ω.m, an azimuth anisotropic mid-lower crust (20–40 km)
with the principal axes resistivities of 10 Ω.m, 300 Ω.m, and 10
Ω.m, respectively, and a 10 Ω.m half-space below 40 km. When
the azimuth angle αs of anisotropic layer is 0° and 30°, the models
are referred to Model A1 and Model A2, respectively. Model B,
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FIGURE 1
Schematic representation of two-dimensional electrical anisotropic models used in this study. (a) Model A represents an anisotropic layer within an
isotropic structure, while (b) Model B features an anisotropic body within an isotropic layer. The black inverted triangles indicate the locations of
magnetotelluric sites.

referred to the electric anisotropy in Western Junggar, has the
consistent structure scales bodies with Model A. The differences are
that the isotropic body and the anisotropic layer in Model A are
changed to the anisotropic body and the isotropic layer. Similarly,
the anisotropic bodies with αs = 0° and αs = 30° are designated as
Models B1 and B2, respectively.

For the four typical models, the two-dimensional finite
difference method (Pek and Verner, 1997) was utilized to calculate
the response functions at 51 stations with a space of 2 km. The
response periods ranged from 0.015 s to 2000 s logarithmically
divided into 30 spaced periods.

3 Identification and parameter
estimation for electrical anisotropy

3.1 Forward response analysis

Themagnetotelluric forward responses for the four models were
analyzed using phase tensor ellipses (Caldwell et al., 2004; Booker,
2014) and real induction vectors (Wiese, 1962) as illustrated in
Figure 2. Phase tensor ellipses are plotted for the magnetotelluric
stationswith long axes (maximumphase ϕmax) normalized and filled
by colors representing the values of the skew angle ψ (left slide)
and the minimum phase ϕmin (right slide). In a two-dimensional
case, ϕmax and ϕmin refer to the magnetotelluric phases of transverse
electric (TE) and transverse magnetic (TM) modes and the skew
angle ψ is 0° (Caldwell et al., 2004).The real induction vectors follow
Wiese convention (Wiese, 1962), where the vectors point away from
low-resistivity structures.

For the axial anisotropy Models A1 and B1 (Figures 2a,c),
the phase tensor ellipses within the anisotropic regions present
consistent long-axis orientation directing towards true north,
with skew angle value of zero. In contrast, the one-dimensional
electrical isotropic regions beneath the anisotropic body or layer
exhibit distorting features with consistent long-axis orientation
in certain areas. For the Model A1, the minimum phase
indicates the presence of a relatively low-resistivity body within

the vertical range of 5–20 km (as calculated using the skin
depth formula) and the horizontal range of −15 to 15 km.
In comparison, the high-resistivity layer situated beneath the
anisotropic body in the Model B1 cannot be distinguished from
minimum phase.

In the context of azimuthal anisotropy Models
A2 and B2 (Figures 2b,d), the phase tensor ellipses within the
anisotropic regions present consistent long-axis orientation
directing towards 30° east of north. However, beneath these regions,
the orientation of the phase tensor ellipses shifts to 30° west of north.
Notably, the skew angle is no longer zero beneath the anisotropic
body or layer. Especially, for the Model B2, the absolute value
of skew angle exceeds 6°. Without considering anisotropy, this
may mislead that three-dimensional interpretation is necessary.
This suggests that azimuthal anisotropy can induce substantial
changes in dimensionality analysis within the anisotropic region
and its surrounding. Moreover, the minimum phase can indicate
the presence of a low-resistivity body located above the azimuthal
anisotropic layer in Model A2. In contrast, the high-resistivity layer
beneath the anisotropic body in the Model B2 remains unclear from
the minimum phase.

Furthermore, for all four models, the real induction vectors
(Figure 2) are primarily oriented perpendicular to the structural
strike or the direction of minimum resistivity anisotropy,
indicating strong response to anomaly body. The values of the
real induction vectors reach their maximum at the boundaries of
these bodies.

3.2 Two-dimensional isotropic inversion

To explore the distortion patterns when inverting the
responses of an anisotropic model using isotropic inversion, we
performed two-dimensional isotropic Occam inversion (DeGroot-
Hedlin & Constable, 1990). The impedance data from Models A2
and B2 were rotated by 30° to align with the anisotropic direction.
Both apparent resistivity and phase were assigned to 5% error floor.
The inversion results are presented in Figure 3.
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FIGURE 2
The phase tensor ellipses and real induction vectors from the anisotropic models A1 (a), A2 (b), B1 (c) and B2 (d). The long axes of ellipses are
normalized and the fill colors represent the skew angle ψ (left) and the minimum phase ϕmin (right), respectively. The black arrow represents the Wiese
real induction vector.

Within the electrically anisotropic body (Model B) and the
layer (Model A), the inversion results of joint TE+TM modes
manifest as vertical dyke isotropic structures characterized by
alternating high- and low-resistivity anomalies. The inverted high-
and low-resistivity dykes have resistivities of ∼635 Ω.m and ∼5
Ω.m, respectively. The average widths of the dykes are ∼20 km for
Model A and ∼6 km for Model B. Moreover, consistent with the
forward response analysis, the isotropic inversion results suggest
that electrical anisotropy does not significantly affect the imaging
of the overlying isotropic structure. The isotropic inversions of
different polarization modes for Models A1 (Figure 3a) and A2
(Figure 3b) can effectively recover the overlying isotropic low-
resistivity body. However, electrical anisotropy would distort the
imaging of underlying isotropic regions. The inversion results of
different polarization modes for Model B1 (Figure 3c) show that
the high-resistivity layer beneath the electrical anisotropic body
is disrupted and the deep isotropic half-space cannot be well
recovered. Besides, in contrast to axial anisotropy (Model B1),
azimuthal anisotropy can produce a more pronounced distortion
in the imaging of underlying isotropic structure (Figure 3d). The
inversion results of TE+TM modes reveal two low-resistivity false
anomalies within the high-resistivity layer, while the inversion
results of TE mode present a “T-shaped” low-resistivity anomaly
within the region of the anisotropic body region.

3.3 One-dimensional anisotropic inversion

Currently, mature and practical two-dimensional anisotropic
inversion is limited to cases with axial anisotropy. One-dimensional
anisotropic inversion is relatively well-developed and can account
for azimuthal anisotropy case. The spatial consistency of the
inversion results plays a crucial role in identifying electrical
anisotropy and estimating anisotropic parameters. To estimate
the electrical anisotropic parameters, one-dimensional anisotropic
inversion (Pek and Santos, 2006) was conducted for all stations
from the four models. The pseudo two-dimensional images
are shown in Figure 4, where the inversion results for the rightmost
and central stations of each model are also presented. The
background color represents the logarithmic difference between the
maximum and minimum resistivities. The more intense red hue
indicates a higher degree of anisotropy. The filling color of small
square above the background represents the azimuthal angle of the
minimum resistivity at various depths.The north is defined as 0° and
the clockwise direction is positive.

For the Model A1 (Figure 4a), an electrical anisotropy layer
can be observed at depths ranging from 20 to 40 km. The
azimuth of minimum resistivity is primarily oriented at 0° or
180°, which is consistent with that of true electrical anisotropy.
Moreover, the inversion results of the two typical stations (y
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FIGURE 3
Two-dimensional isotropic inversion results of different polarization modes for Models A1 (a), A2 (b), B1 (c), and B2 (d). Black inverted triangles indicate
magnetotelluric sites, white rectangles represent the true anisotropic areas, and black rectangles denote the true isotropic areas.

= 50 km and y = 0 km) show that the background resistivity
at depths of 0–20 km is about 300 Ω.m, and a low-resistivity
body of about 10 Ω.m is embedded at depths of 5–20 km in the
middle area. The minimum and maximum resistivities at depths
of 20–40 km are around 5 Ω.m and 280 Ω.m, respectively. For
the Model A2 (Figure 4b), the inversion results are similar to those
from Model A1. A layer with relatively high electrical anisotropy
at depths of 20–40 km can also be identified with an azimuth
angle of ∼30°. However, large-scale false anisotropic anomalies
also appear in the underlying region. The bottom boundary of
the anisotropic layer can be determined through a combination
of forward response analysis and two-dimensional isotropic
inversion.

For the Model B1 (Figure 4c), electrical anisotropy is evident
at depths greater than 5 km, with the minimum resistivity azimuth
predominantly oriented at 0° or 180°. Combined with the results
from both the forward response analysis and two-dimensional
isotropic inversion, it can be inferred that there is an axial
anisotropic body, extending horizontally from −15 km to 15 km
and vertically from 5 km to 20 km. From the inversion results of
the two typical stations (y = 50 km and y = 0 km), the minimum
and maximum resistivities of this anisotropic body can be obtained
with values of ∼15 Ω.m and ∼290 Ω.m, respectively. Besides, the
inversion results for Model B2 are similar to those for Model B1,
except that the minimum resistivity azimuth within the anisotropic
region is primarily oriented at 30°.
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FIGURE 4
One-dimensional anisotropy inversion results for Models A1 (a), A2 (b), B1 (c) and B2 (d). Profile represents the pseudo two-dimensional imaging of
one-dimensional inversion results. Background color of profile shows the difference between maximum and minimum resistivities in logarithmic
domain. The darker red indicates stronger electrical anisotropy. The overlaid small squares with colors indicate the azimuthal angles of minimum
resistivities. The white and black dotted lines represent the locations of anisotropic and isotropic anomalies, respectively. The two plots above each
profile show the one-dimensional inversion results at the y = 50 km and y = 0 km stations.

4 Isotropic constraint inversion under
equivalent concept

4.1 Isotropic equivalence of electrical
anisotropy

Theoretical model studies have shown that any microscopic
anisotropic model can be effectively simulated using complex
isotropic structures (Eisel and Haak, 1999; Weidelt, 1999;

Heise and Pous, 2003; Martí, 2014). This equivalence between
microscopic anisotropy and isotropy arises primarily from
the limited resolution of the magnetotelluric method at the
relevant detection depths (Weidelt, 1999). Eisel and Haak (1999)
noted that once a macroscopic anisotropic structure, such as
dyke structures with alternating high- and low-resistivities, is
recovered through two-dimensional isotropic inversion, the
approximate values of the microscopic anisotropic resistivities can
be derived using the resistivities and average dyke widths from the
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inversion. The fundamental formula for estimating axial resistivities
is as follows:

ρmax =
ρ1d1 + ρ2d2

d1 + d2
,ρmin =

ρ1ρ2(d1 + d2)
ρ1d1 + ρ2d2

(1)

In the above, ρ1 and d1 represent the resistivity and width of
high-resistivity dykes from the inversion, while ρ2 and d2 are the
resistivity and width of the low-resistivity dykes.

The two-dimensional inversions of TE+TM modes for the four
models effectively fit the anisotropic response data by employing a
vertical dyke structure with alternating high- and low-resistivities
(Figure 3), where ρ1 ≈ 635Ω.m, ρ2 ≈ 5Ω.m, and d1 ≈ d2. The
average dyke widths are 20 km and 6 km for Model A and Model
B. Utilizing Equation 1, we can obtain ρmax ≈ 320Ω.m and ρmin ≈
10Ω.m. From the one-dimensional anisotropic inversions, the
anisotropic layer in Model A presents ρmax ≈ 280Ω.m and ρmin ≈
5Ω.m, while the anisotropic body inModel B shows ρmax ≈ 290Ω.m
and ρmin ≈ 15Ω.m. By taking the arithmetic mean of the anisotropic
resistivities obtained from two-dimensional isotropic and one-
dimensional anisotropic inversions, the final optimized anisotropic
resistivities forModel A andModel B are ρmax ≈ 300Ω.mand ρmin ≈
7.5Ω.m, and ρmax ≈ 305Ω.m and ρmin ≈ 7.5Ω.m, respectively. These
values are close to the true anisotropic resistivities.

4.2 Constraint inversion

From the results of two-dimensional isotropic inversion
(Figure 3), it is obvious that the anisotropic layer in Model A
does not influence the image of overlying isotropic structure.
However, the anisotropic body in Model B distorts the imaging
of the underlying isotropic medium. Therefore, this study focuses
on the recovery of isotropic structures in Models B1 and B2.
The basic idea is that the equivalent isotropic results of electrical
anisotropy are first added into two-dimensional isotropic inversion
as a priori information, as shown in the top two panels of Figure 5.
Then, constraint isotropic inversion is conducted to suppress the
influence of anisotropy and recover the isotropic structure distorted
by anisotropy.

When the anisotropic body in Model B was equivalent to
isotropic structures with alternating high- and low-resistivity bands
of 635 Ω.m and 5 Ω.m, respectively, the constraint inversion cannot
recover the underlying structure. After numbers of simulations, we
found that replacing the equivalent high- and low-resistivities as
approximate ρmax and ρmin in the constraint inversion can effectively
recover the underlying isotropic structure. In this case, the prior
model can produce relatively small initial misfit. Here, we adopted
305 Ω.m and 10 Ω.m as the final equivalent high- and low-
resistivities for prior model (Figures 5a,b).

The constraint inversion results are shown in Figure 5.
Comparedwith the unconstrained inversion results (Figure 3), it can
be seen that the constraint inversions can well recover the resistivity
values and geometrical features of the isotropic high-resistivity
layer and low-resistivity half-space beneath the anisotropic body.
Therefore, combinedwith the results of identification and parameter
estimation for electrical anisotropy as previously mentioned, both
electrical anisotropy and isotropic electrical structures in themodels
B1 and B2 have been successfully recovered to a certain content.

5 Discussion

The phase tensor analysis shows that the major axes of ellipses
maintain consistent orientations within anisotropic regions. For
axial anisotropy, the major axes of the ellipses align with the
strike direction, while the skew angles have an absolute value
of 0°. In contrast, for azimuthal anisotropy, the major axes are
perpendicular to the anisotropic direction (the direction of lowest
resistivity). Meanwhile, the skew angles have absolute values greater
than 0° (even exceeding 6°). Without considering anisotropy, this
may mislead that three-dimensional interpretation is necessary.
Moreover, the real induction vectors reach maximum amplitudes at
the boundaries of anomalous bodies (including anisotropic bodies),
with directions always perpendicular to anisotropic direction.
Significantly, the modeling reveals a new finding that electrical
anisotropy anomaly can severely distort the phase tensors and real
induction vectors of its underlying region but not above it.

When isotropic inversion is applied to magnetotelluric
responses from an electrical anisotropy model, it fails to recover the
anisotropic structure and distorts the imaging of isotropic structure
below anisotropic body. However, two-dimensional isotropic
inversion of TE+TMmodes generally produces vertically alternating
high- and low-resistivity anomalies within anisotropic region. By
combining the spatial variation patterns of phase tensors and real
induction vectors (particularly the spatial consistency or continuity
of responses across different sites and periods) with the two-
dimensional isotropic inversions, the type and boundary of electrical
anisotropy can be roughly identified. Moreover, one-dimensional
anisotropic inversion can reveal electrical anisotropy structure to
a certain extent. The minimum and maximum resistivities and
the orientation of the anisotropy anomaly can be approximately
obtained from the spatial variations of one-dimensional anisotropic
inversion results. However, due to fake anomalies below the
anisotropic structure in the one-dimensional anisotropic inversion
results, the lower boundary cannot be obtained, which can be
detected from response analyses or two-dimensional isotropic
inversion results. Therefore, based on the above processes, the
anisotropic body and its parameters can be identified and estimated.

On the other hand, based on phase tensor and real induction
vector analyses, as well as the results of two-dimensional isotropic
and one-dimensional anisotropic inversions, it is obvious that
the anisotropic structure can affect the isotropic structure below
it. Following the principle of anisotropic equivalence (Eisel and
Haak, 1999; Heise and Pous, 2003; Martí, 2014), the anisotropic
structure can be equivalent to isotropic alternating high- and low-
resistivity anomalies. By isotropic constraint inversion, the isotropic
structure can be obtained. Thus, combined with the identification
and parameter estimation for electrical anisotropy, the anisotropic
and isotropic structures in the true models can be well recovered to
a certain content.

This study involves multiple inversion steps, including
one-dimensional anisotropic inversion and two-dimensional
unconstrained and constrained isotropic inversions. The selected
inversion codes are mature and widely applied with less
computational costs (about 2 h for all steps on a normal desktop
computer in this study). Moreover, the proposed approach is based
on the assumption that electrical anisotropy can be equivalently
represented by isotropic resistivity structures (Eisel and Haak, 1999;
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FIGURE 5
Two-dimensional isotropic constraint inversion results for Models B1 and B2. (a, b) show the prior models for Model B1 and Model B2, respectively,
incorporating the equivalent structures proposed in this study, where the resistivity of the low-resistivity dykes is 10 Ω.m and the high-resistivity dykes is
300 Ω.m. (c) Constraint inversion results for Model B1; (d) Constrained inversion results for Model B2.

Weidelt, 1999; Heise and Pous, 2003). The theoretical modeling
tests in this study indicate the validation of the assumption.
Nevertheless, considering the complexity of real geological settings,
the applicability of the assumption requires further studies.
Furthermore, the proposedmethod in this study lacks the validation
in real magnetotelluric data, which will be a focus in future research.
Anyway, when the proposed method is used in real data, the
existence of electrical anisotropy should be firstly identified and
then the validation of quantitative interpretation can be studied.

6 Conclusion

It is worth noting that this study only considers the azimuthal
anisotropy, which is the most common and significant case for
magnetotelluric method based on plane wave theory. Following
the line of evidence discussed above, several conclusions
are obtained:

1. Electrical anisotropic bodies can distort the magnetotelluric
responses of the underlying isotropic structure, misleadingly
indicating that three-dimensional interpretation is necessary.
Two-dimensional isotropic inversion of TE+TM modes
can fit the anisotropic responses by introducing vertically
isotropic structure with alternating high- and low-resistivity

anomalies but produce fake anomalies in the underlying
isotropic part.

2. Combined phase tensor and real induction vector analyses
with two-dimensional isotropic and one-dimensional
anisotropic inversions, the anisotropic structure and its
parameters can be well identified and estimated.

3. Compared with the unconstrained isotropic inversion results,
the resistivity values and geometrical features of isotropic parts
beneath the anisotropic body can be reasonably recovered by
constrained isotropic inversions based on the assumption that
anisotropic structures can be treated as equivalent isotropic
structures.
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