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ARTICLE INFO ABSTRACT

Electrical anisotropy has been broadly observed by magnetotelluric (MT) surveys in the continental crust. It is
proposed to be caused by rock microfabrics, lithologic layering, or oriented alignment of fluid or melt in rocks,
whereas the validity of these mechanisms has not yet been verified due to the lack of experimental and
computational evidence. Laboratory measurements on the electrical anisotropy of crustal rocks are extremely
challenging when considering microfabrics and oriented microcracks filled with fluid. In contrast, numerical
modeling, being an efficient approach, can be used to compute the anisotropic physical properties of rocks. In
this study, the electrical anisotropy of crustal rocks was first modeled by circuit simulation techniques using a
random resistor network model, based on the lattice-preferred orientation, modal compositions, and mineral
electrical conductivity. The results indicate that the conversion from single crystals to the corresponding ag-
gregates leads to a great reduction in electrical anisotropy, particularly for quartz single crystal with high
anisotropy. Moreover, the electrical anisotropy of two-phase aggregates decreases with the increasing proportion
of the second low-anisotropy minerals (e.g., plagioclase), such as from quartzite to granite. For layered lithology,
the lower-crustal gabbro has higher electrical anisotropy compared to middle-crustal quartz-bearing rocks. The
modeled electrical anisotropy from the middle to lower crust matches well with the geophysical observations in
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the Central Great Basin.

1. Introduction

Electrical anisotropy in the crust and upper mantle has been revealed
to be broadly present by magnetotelluric (MT) sounding (Brasse et al.,
2009; Le Pape et al., 2012; Kapinos et al., 2016; Liu et al., 2019, 2021). It
can be identified through various signatures, such as inconsistency in
transverse electric and transverse magnetic responses (Heinson and
White, 2005; Le Pape et al., 2012), deflection of induction vectors
(Brasse and Eydam, 2008; Brasse et al., 2009), and phases rolling out of
quadrant (Heise and Pous, 2003). Several main mechanisms have been
proposed as the origin of these electrical anisotropy anomalies including
anisotropic distribution of conductive phases (Wannamaker, 2005),
lithologic layering (Yang, 2011), and oriented alignment of fluid or melt
in rocks (Le Pape et al., 2012; Zhang et al., 2014; Pommier et al., 2015).
All of these mechanisms are closely associated with rock microfabrics, e.
g., lattice-preferred orientations (LPOs), grain shape, grain boundary
distribution (Simpson, 2013; Almqvist and Mainprice, 2017). However,
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experimental evidence for these mechanisms is insufficient since present
studies mainly concentrate on the anisotropic electrical conductivity of
mineral single crystals rather than rocks. Moreover, direct measurement
on the electrical anisotropy of crustal rocks is challenging when
considering various factors that affect rock anisotropy (e.g., LPOs and
oriented fluid). Numerical simulation of mantle rocks has demonstrated
that the electrical anisotropy of polycrystal aggregates is orders of
magnitude lower than that of single crystals (Simpson and Tommasi,
2005). This implies that the use of single crystals is inappropriate for
interpreting the significant electrical anisotropy observed in complex
rock systems. Numerical modeling is used extensively to calculate other
anisotropic physical properties of rocks such as seismic velocity and
thermal diffusivity (Hacker et al., 2014; Gibert and Mainprice, 2009;
Almgvist and Mainprice, 2017). Thus, numerical modeling would be an
effective tool to calculate the electrical anisotropy of the crust based on
rock microfabric and electrical conductivity data of the constituent
minerals.
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Currently, isotropic electrical conductivity of rocks has been exten-
sively simulated by multiphase conduction models, such as Hashin-
Shtrikman bounds (Hashin and Shtrikman, 1962; Hu et al., 2022), se-
ries and parallel models (Schulgasser, 1976; Xu et al., 2000), and geo-
metric mean model (Shankland and Duba, 1990). Whereas anisotropic
electrical conductivity models are relatively uncommon. A network
model was first introduced by Kirkpatrick (1973) to calculate the
anisotropic conductivity of heterogeneous conductors. This model was
further optimized to establish the link between the crustal fracture
network and electrical field distortion (Bahr, 1997, 2000). Subse-
quently, this model was used to the electrical anisotropy calculations of
mantle peridotite based on anisotropic hydrogen diffusion and LPOs of
hydrated olivine (Simpson, 2002, 2013; Simpson and Tommasi, 2005).
More recently, Kirkby et al. (2016) employed random resistor network
models to explore the relationship between electrical resistivity and
permeability in fractured rocks. A series-parallel model was also applied
to the electrical anisotropy calculations of the upper mantle (Pommier
et al., 2015); however, this model did not take into account the intrinsic
electrical anisotropy associated with mineral texture (e.g., LPOs). It is
well known that the properties of mineral single crystal significantly
determine the macroscopic properties of rocks (Bahr, 2000; Gatzemeier
and Tommasi, 2006; Fuji-ta et al., 2018). Although there are numerous
data on the anisotropic electrical anisotropy and texture of the crustal
minerals (Yang, 2012; Czertowicz et al., 2019; Hu et al., 2024), the
electrical anisotropy of the crustal rocks has yet to be systematically
modeled.

Resistor network models are a numerical simulation technique that
effectively discloses electrical conduction by modeling an inter-
connected grid of resistors as a heterogeneous medium. As usual, it can
be widely applied to model complex transport processes, such as elec-
trical conduction of heterogeneous rocks (Kirkpatrick, 1973; Bahr, 2000;
Simpson and Tommasi, 2005; Kirkby et al., 2016). It is well known that
this model has many available advantages such as flexibility, scalability,
and the ability to incorporate microscopic characterizations (e.g.,
physical properties of mineral single crystal, crystallographic orienta-
tion, and modal composition). In comparison with other numerical
simulation techniques, the resistor network models can well represent
the physical behavior of the natural rocks, especially regarding LPOs and
lithological heterogeneity. Therefore, it is more appropriate for
exploring the electrical anisotropy of complex crustal rock systems,
which is mainly caused by the intrinsic mineral anisotropy and rock
microstructure.

In this study, we first adopted circuit simulation techniques to
compute crustal electrical anisotropy using resistor network models that
were based on the modal mineral composition, LPOs, and conductivity
of crustal rock-forming minerals. The electrical anisotropy of single-
phase, two-phase, and lithologic layering aggregates were separately
calculated. The results were in agreement with the electrical anisotropy
anomalies from MT responses in the Central Great Basin (CGB). More
importantly, the resistor network models proposed in this study are able
to systematically simulate complex sources of electrical anisotropy and
reproduce geophysical observations.

2. Computational framework

This study develops a numerical simulation method to quantify the
macroscopic electrical anisotropy of complex crustal rock systems.
Specifically, we used the resistor network models that incorporate the
physical properties of mineral single crystal, LPOs, and modal mineral
compositions to simulate the electrical conduction in the rock systems.
This section outlines the computational procedures adopted to construct
the resistor network models and describes the geological parameteri-
zation of the specific rocks.
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2.1. Electrical anisotropy from single crystal to aggregates

The electrical properties of rocks are dominated by the constituent
minerals. In general, the continental crust is predominantly composed of
silicate minerals including quartz, feldspar, and pyroxene (Rudnick and
Gao, 2003). The LPOs of these rock-forming minerals govern the
intrinsic electrical anisotropy of the crust through crystallographic
alignment (Gatzemeier and Tommasi, 2006; Mainprice et al., 2011). The
macroscopic electrical anisotropy of the crust can be obtained by
modeling current flow in the primary rock-forming minerals according
to their crystallographic orientation and conductivity data. This con-
duction model can be constructed using a random resistor network. The
details for the calculation of electrical anisotropy are outlined in the
following steps.

(1) Gather mineral LPO and conductivity data. To obtain the
intrinsic electrical anisotropy of crustal rocks, the LPOs of the
major minerals, i.e., quartz and plagioclase, were taken from
previously published electron back-scattered diffraction (EBSD)
measurements on naturally deformed rocks (Czertowicz et al.,
2019; Allard et al., 2021). Clinopyroxene LPOs were excluded
because the conductivity of clinopyroxene is almost isotropic
(Yang, 2012), thus contributing little to the bulk electrical
anisotropy of rocks. Grains with small sizes (1 pixel) were
selected for crystallographic orientation analysis, and orientation
data were tabulated as Euler angles (¢;, @, ¢,). Electrical con-
ductivity data of primary minerals in the middle and lower crust
are summarized in Table 1.

Build orientation matrix. Although slip systems change with
temperature, our model only considered the typical slip system of
crustal minerals. Taking quartz with prism<a> slip system as a
representative (Passchier and Trouw, 2005), a crystal near the
maximum density direction (Fig. 1a) was identified in the cor-
responding pole figure (Fig. 1c). Crystallographic directions of a,
b, and ¢ can be formulated by an orientation matrix g:

(2

—

ur h

where [uv wl], [rst] and [h k [] represent three mutually perpendicular
directions of crystals. The matrix comprises components of the crystal
unit vectors in the reference coordinate frame.

(3) Define electrical anisotropy in the reference frame. In the
matrix g, the u, r, h and w, t, [ correspond to the components of
three crystallographic directions along the reference coordinate
axes X and Y, respectively. Therefore, the electrical anisotropy of
quartz in the X-Y reference system is derived as:

6Y7W><6uvw+t><o-rst+lxahkl
Ox u><6uvw+r><(7rst+h><(7hkl

@

where ox and oy are conductivities of crystal along the X and Y di-
rections. oy, 0rst, and oy are electrical conductivity tensors for

Table 1
Details of conductivity and orientation data used for electrical anisotropy
simulations.

Crustal Conductivity EBSD H,0 content
minerals data (ppm)
Quartz Hu et al. (2024) Czertowicz et al. 42

(2019)
Plagioclase Yang (2011) Allard et al. (2021) 135
Clinopyroxene Yang et al. 270

(2011)
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Fig. 1. Crystal orientation of quartz single crystals and associated EBSD pole
figures. (a) and (b) Crystallographic orientations of the quartz crystal acquired
before and after coordinate rotation, respectively. (c) and (d) Corresponding
pole figures illustrated using lower hemisphere equal-area projections before
and after coordinate rotation, respectively.

respective crystallographic directions of quartz single crystal.

(4) Rotate reference coordinate system. Since the quartz single
crystal has maximum conductivity along the c-axis, the
maximum-density point direction for the c-axis observed by the
pole figure (Fig. 1c) matches the maximum-conductivity direc-
tion of aggregates. To quantify the maximum conductivity of the
aggregates, the reference coordinate system was rotated to align
the Y-axis with the maximum density direction of the c-axis
(Fig. 1b and d).

(5) Convert to Euler angles and apply statistical analysis. In step
5, the orientation matrix g was converted to Euler angles (¢, , @,
@,) (Bunge, 1982):
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Fig. 2. Electrical anisotropy distribution function of single crystals with quartz
prism<a> slip system at 800 K.

microscopic scale (single crystal) and macroscopic scale (rocks).
As illustrated in Fig. 3a and b, individual crystals were modeled
as resistor pairs that make up the resistor network, where the
resistance values of the resistor pair in the X and Y directions
correspond to quartz resistivities along these two directions. In
the random resistor network, n x n Y-direction resistors and
(n-1) x (n-1) X-direction resistors were arranged (Fig. 3c). The
electrical anisotropy distribution function obtained from Step 5
determines the probability distribution of resistor pairs within
the network, with resistance values scaled down proportionally
to optimize the subsequent simulations. The boundaries (in red)
of the resistor network were short-circuited as electrodes to
emulate laboratory measurement conditions. To apply voltage
across the resistor network in the X and Y directions, we adjusted
the boundaries to generate a new network (Fig. 3d). Subse-
quently, a Pathon algorithm was implemented to randomize the
resistor pairs within the networks. The random resistor network
was separately operated across these two directions through an
online electronic circuit simulator (https://lushprojects.com/circ
uitjs/) to obtain the respective currents. Bulk electrical anisot-

“ r R COS ¢ COS , — sin ¢, sin ¢, cos @ sin ¢, cos ¢, + cos ¢, sin ¢, cos @ sin ¢, sin @
v s k| = |—cosg, sin g, —sin ¢, cos ¢, cos ® —sin ¢, sin ¢, + cos ¢, cos ¢, cos P cos ¢, sin P 3
w t 1 . . .

sin ¢, sin @ —CoS ¢, Sin @ cos @

Subsequently, the electrical anisotropy of a single crystal in the X-Y
reference coordinate system can be obtained by substituting Eq. (3) into
Eq. (2). To validate the simulated electrical anisotropy, a reverse
calculation was performed using the given angle between the crystal c-
axis and the reference Y-axis. Additionally, the electrical anisotropy
distribution function of single crystals, which describes the probability
that a particular single-crystal anisotropy contributes to the aggregates,
was determined by the statistical analysis of all quartz crystals (Fig. 2).

(6) Build a resistor network model. Resistor network models allow
us to bridge the gap in electrical anisotropy between the

ropy of aggregates was then acquired from the current ratio be-
tween Y and X directions (6y/ox = Iy/Ix), which were averaged
over multiple calculations of the random resistor network.

Simulation errors mainly include the (i) resistance scaling approxi-
mation, (ii) randomization-induced uncertainty in resistor pair distri-
butions, (iii) boundary condition artifacts during network adjustments,
and (iv) calculated fluctuations arising from the size of resistor networks
(n). To minimize these errors, 100 random resistor networks were
separately simulated for various network sizes (ranging from 10 to 40),
and the results display that the convergence of calculated anisotropy has
a positive correlation with the network size (Fig. 4). The variation in
average electrical anisotropy for networks with n values from 10 to 40 is
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(b)

Fig. 3. Conversion of electrical anisotropy from single crystal to polycrystalline aggregates based on electronic circuit simulation. (a) A single crystal is modeled as a
resistor pair. (b) Resistor pairs within a resistor network. Random resistor networks with voltage applied equivalently in the Y-direction (c) and X-direction (d), where
the Y-boundary resistances are converted to the corresponding X-boundary resistances.
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Fig. 4. Electrical anisotropy generated from 100 individual resistor networks
with sizes (n) ranging from 10 x 10 to 40 x 40.

below 8 %, thus a standardized network size of n = 20 (i.e., 400 resistor
pairs) is adopted for the subsequent calculations. In this resistor network
model, the uncertainties from the network size effects, randomizations,
and boundary artifacts are not more than 8 %. In a comprehensive
consideration of the resistance scaling approximation, the overall error
is estimated to be less than 10 %.

To better visualize the current flow in the network, the simplified 5 x
5 resistor networks are shown in the videos RRN-Y and RRN-X available
in Supplementary Material.

2.2. Geological model parameterization

The method for single-mineral aggregates can be extended to simu-
late more complex rocks composed of various minerals equilibrated
under crustal thermodynamic conditions. Accordingly, we established
two-phase models of the middle and lower crust. The former consists of
randomly distributed quartz and plagioclase, and the latter comprises
plagioclase and clinopyroxene. In these models, the electrical anisotropy
of plagioclase single crystal is neglected in the middle crust as quartz has
much higher anisotropy than plagioclase (Fig. 5a) (Wang et al., 2010;
Yang, 2012; Hu et al., 2024), but it is considered in the lower crust due to
the weaker electrical anisotropy of clinopyroxene. In addition, miner-
alogical proportions significantly influence not only the isotropic elec-
trical conductivity of rocks (Pommier and Le-Trong, 2011; Dai et al.,
2014; Sun et al., 2019; Wang et al., 2022), but also the anisotropic
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Fig. 5. Electrical anisotropy of single- and two-phase aggregate models. (a) Electrical anisotropy of single-phase aggregates (Qtz and Plag) as a function of tem-
perature. The hollow circle (green) and diamond (orange) represent the anisotropic conductivity of quartz (Hu et al., 2024) and plagioclase (Yang, 2012) single
crystals, respectively. (b) Electrical anisotropy of two-phase aggregates (Qtz + Plag) as a function of mineralogical proportion. Abbreviations: Qtz: quartz, Plag:
plagioclase. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Table 2
Partial parameters for electrical anisotropy simulations. T is temperature, P is
pressure, and M is modal mineral composition.

Models Phase T (K) P M
(GPa)
Middle Single- Qtz 600-1000 1.0 Qtz100
crust phase
Two- Qtz +Plag  600-800 1.0 Qtz100~40Plago—60
phase
Layered Qtz/Qtz 600-800 1.0 Qtzgo-40Plagio~60
+ Plag
Lower Single- Plag 800-1100 1.0 Plagioo
crust phase
Layered Plag-rich/ 800-1000 1.0 Plages-54CpX34-46
Cpx-rich

Abbreviations: Qtz: Quartz, Plag: Plagioclase, Cpx: Clinopyroxene.

conductivity. As a result, the mineralogical proportions in the context of
the middle and lower crust are given in Table 2 for the anisotropy
simulations. Furthermore, there is increasing evidence that lithologic
layering is the origin of the crustal electrical anisotropy (Wannamaker,
2005; Yang et al., 2011). Therefore, we established layered models for
the middle crust (interbedded quartz layers and quartz-plagioclase
layers) and lower crust (plagioclase-rich layers and clinopyroxene-rich
layers) based on petrological observations (Dai et al., 2008; Yang
et al., 2008; Hou et al., 2023). A layered algorithm was employed to
simulate electrical conductivity differences between lithologic layers.

3. The electrical anisotropy of the crust

To quantify the electrical anisotropy of crustal rocks, we conducted
numerical simulations on the single-phase, two-phase, and lithologic
layered models using the resistor network. These models explore the
influence of temperatures, LPOs, mineral proportions, and lithologic
layering on the bulk electrical anisotropy of the crustal rocks.

3.1. Single-phase and two-phase aggregate models

Some of mineral single crystals with high electrical anisotropy can
account for the anisotropic anomalies in the crust and upper mantle
(Wang et al., 2010; Yang, 2012; Dai and Karato, 2014); however, the

conversion from single crystal to aggregates can lead to a dramatical
decrease in electrical anisotropy (Simpson and Tommasi, 2005). The
electrical anisotropy calculations for quartz and plagioclase aggregates
show this feature at 600-1100 K and 1.0 GPa, as illustrated in Fig. 5a.
For instance, it decreases almost two orders of magnitude for quartz and
from 6.3 to approximately 1.2 for plagioclase. Quartz aggregates exhibit
higher anisotropy (i.e., ~4.0) compared to plagioclase aggregates (i.e.,
~1.2), as there is a large difference in electrical anisotropy between
quartz and plagioclase single crystals. A discontinuous variation in
anisotropy is observed in quartz aggregates due to the occurrence of the
quartz o—f transition. This is a phase change from trigonal (a) to hex-
agonal () symmetry, which alters the lattice and affects the electrical
conductivity.

A systematic reduction in electrical anisotropy is shown in Fig. 5b for
quartz—plagioclase systems as plagioclase content increases (10 %60
%), transitioning from quartzite of around 4.0 to granite of around 1.5.
These variations are broadly consistent with olivine-enstatite systems
(Simpson and Tommasi, 2005). Electrical anisotropy exhibits a distinct
temperature dependence and increases with temperature under middle
crustal conditions (Fig. 5b), which is likely attributed to the positive
temperature effect on anisotropy in quartz aggregates prior to the o—f§
transition (Fig. 5a). For the lower-crustal model, plagioclase—clinopyr-
oxene systems generate negligible electrical anisotropy (<1.2), as the
weak anisotropy of plagioclase aggregates (~1.2, Fig. 5a) is further
weakened by the addition of clinopyroxene.

3.2. Lithologic layered model

Lithologic layering is a pervasive feature in the continental lower
crust (Montanini and Harlov, 2006; Dai et al., 2008). The schematics of
the resistor networks that represent layered lithologies of the middle and
lower crust are illustrated in Fig. 6a and c, respectively. Temperature
and mineralogical proportions, as key parameters affecting electrical
anisotropy, are systematically considered in these models. The effect of
temperature on electrical anisotropy is opposite for the middle and
lower crust (Fig. 6b and d), primarily because quartz-dominated
anisotropy in the middle crust increases with temperature, while the
conductivity difference between the plagioclase-rich (m% Cpx) and
clinopyroxene-rich (m% Plag) layers in the lower crust decreases with
temperature. The minimum value obtained at 600 K in the
middle-crustal model arises from a transition in the dominant
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Fig. 6. Schematic diagram of layered resistor network models with a size of 10 x 10 and corresponding electrical anisotropy. (a) The resistor network consists of Qtz
layers and polymineralic (Qtz + Plag) layers for the middle crust, where m% represents the volume fraction of plagioclase in the polymineralic layers. (b) The
calculated electrical anisotropy for the middle crust. (c) The network comprises alternating Cpx- and Plag-rich layers for the lower crust, where m% denotes the
volume fraction of Cpx in the Plag-rich layers or Plag in the Cpx-rich layers. (d) The calculated electrical anisotropy for the lower crust. Abbreviation: Cpx:

Clinopyroxene.

contributor to electrical anisotropy, from quartz LPOs (Iy/ Ix) to litho-
logic layering (Ix/Iy) as quartz content decreases. In middle- and
lower-crustal models, electrical anisotropy decreases with the addition
of plagioclase and clinopyroxene, respectively, as these two minerals
weaken the contrasts in conductivity between different layers. More-
over, the lower crust exhibits higher electrical anisotropy (<24.0) than
the middle crust (<4.0) (Fig. 6b and d).

4. Comparison of numerical models to magnetotelluric
observations

A number of MT surveys have revealed electrical anisotropy in the
continental crust, yet its origins are not well understood (Leibecker
et al., 2002; Sodergren, 2002; Heinson and White, 2005; Le Pape et al.,
2012). Crustal electrical anisotropy of the Central Great Basin was
modeled by Sodergren (2002) via 1D inversion of observed MT sound-
ings (Fig. 7a), with a maximum anisotropy ratio of 6max/ 6min < 8.0. In
this region, the highly conductive graphite was unlikely present due to
the high oxygen fugacity associated with volcanic activity (Wannamaker

et al., 1997; Wannamaker, 2005). Oriented alignment of fluid or melt
controlled by rock microfabrics was initially suggested as the primary
origin of the crustal anisotropy (Wannamaker et al., 1997). However, it
can produce relatively high electrical anisotropy based on a previous
study (Pommier et al., 2015), which greatly exceeds the observed results
in the CGB. LPO and lithologic layering, generating moderate anisotropy
according to our simulation results, were thus proposed as potential
explanations for the electrical anisotropy observed in the CGB
(Wannamaker, 2005; Yang, 2011; Marti, 2013).

To verify the validity of these mechanisms in the CGB, a rock model
consisting of felsic middle crust and gabbroic lower crust was con-
structed with consideration of both the LPOs and lithologic layering, as
illustrated in Fig. 7b. The electrical anisotropy of the model was calcu-
lated by our circuit simulations under the corresponding thermody-
namic conditions (i.e., the heat flow of q = 75 mW,/m?) in the CGB
(Wannamaker et al., 1997, 2008). For the rock model of the middle
crust, although the two-phase aggregate and lithologic layering models
produce roughly comparable results under identical mineralogical pro-
portions (Figs. 5b and 6b), the two-phase aggregate model is more
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suitable to account for the anisotropy anomalies as layered lithology
commonly occurs in some local regions (Hou et al., 2023). Our results
showed that granite with 40 % quartz and 60 % plagioclase can be
responsible for the electrical anisotropy at depths less than 18 km
(Fig. 7b). Nevertheless, it cannot account for the anisotropic anomaly of
around 4.0 beyond this depth. By contrast, quartzite, comprising 95 %
quartz and 5 % plagioclase, exhibits higher electrical anisotropy than
granite, providing a plausible explanation for the anisotropic anomaly at
the lowermost middle-crust (Fig. 7b). For the lower crust, xenolith ob-
servations have indicated that a fabric of interbedded plagioclase-rich
and pyroxene-rich layers widely exists at millimeter to centimeter
scales (Downes et al., 2002; Montanini and Harlov, 2006; Ulianov and
Kalt, 2006; Dai et al., 2008). The modal mineral composition of gabbro
composed of alternating 80 % plagioclase +20 % clinopyroxene and 20
% plagioclase +80 % clinopyroxene was adopted in the present model
(Fig. 7b), based on the petrological and geophysical studies (Dai et al.,
2008; Yang, 2011; Yang et al., 2011). The results showed the layered
gabbro could well explain the electrical anisotropy observed in the MT
data at depths greater than 20 km (Fig. 7).

In summary, our modeling results derived from electronic circuit
simulations are in agreement with geophysical observations in the CGB.
Crustal anisotropy anomalies are higher in some other regions (Heinson
and White, 2005; Le Pape et al., 2012; Liu et al., 2019), which could be
caused by other mechanisms including (1) strong shape-preferred
orientation (Gatzemeier and Tommasi, 2006), (2) interconnected
network of graphite/sulfide along microfractures (Wannamaker, 2005),
and (3) oriented alignment of fluid or melt within rocks (Le Pape et al.,
2012; Zhang et al., 2014; Pommier et al., 2015; Taylor-West and Katz,
2015). More complex calculations are required to quantify the electrical
anisotropy caused by these mechanisms.

5. Conclusions

Our study first implements circuit simulation techniques to calculate
the electrical anisotropy of the crust based on random resistor network
that incorporates the mineral conductivity data and rock microfabrics.
The results indicate that there is a significant reduction in electrical
anisotropy from single crystals to aggregates, and a further reduction is
observed with the addition of the low-anisotropy mineral phases. In

addition, lithologic layering in gabbroic lower-crustal rocks have
notably higher anisotropy than quartz-rich rocks in the middle crust.
Our results show that the electrical anisotropy simulated using our
random resistor network model is in agreement with magnetotelluric
observations over the Central Great Basin.

5.1. Computer Code Availability

Name of the library: Random-Resistor-Network.

Contact: luosong@mail.gyig.ac.cn.

Program language: Python 3.9.7.

Program size: 50 KB.

The source codes in this work are available at https://github.com/So
ngluo428/Random-Resistor-Network.
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