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INTRODUCTION

Strong earthquakes have been mapped within the
Ulaanbaatar region, Mongolia, near the capital city
of Ulaanbaatar. From 1994 to 2016, 120 earthquake
events were recorded between 3.4 and 5.6, and 978
earthquake events were recorded with a magnitude
between 2.5 and 3.4 (Adiya, 2016; Al-Ashkar et al.,
2022). Residents of Ulaanbaatar have felt several of
these earthquakes.

Historical records dating back to 1905 show that
Mongolia has experienced four major earthquakes
with magnitudes greater than eight and numerous
moderate earthquakes with magnitudes greater
than 5.5 (e.g., Adiya, 2016). However, the seismicity
in Mongolia is mainly concentrated along the
Mongolian-Altai and Gobi-Altai (south and west of
the Khangai mountains), the Bulnay fault (north of
the Khangai mountains), and around the Mogod
area (east of the Khangai mountains) (e.g., Adiya,
2016), which are remote and sparsely populated
areas. In contrast, the region around Ulaanbaatar is
home to a large population;it currently has about 1.7
million inhabitants, accounting for half of the
country’s total population.

In the west of the Ulaanbaatar region, several
prominent fault zones exist, some of which have
only recently been identified. The majority of the
seismic events in this region are associated with
three of these: the Khustai, Sharkhai, and Avdar
fault zones (Adiya, 2016; Al-Ashkar et al., 2022).
Seismicity is typically detected in the upper crust
(above ~16 km depth; Ferry et al., 2010; Adiya,
2016). These fault zones are quasi-parallel and are
~100 km long (Figure 1). Historical seismic events
are predicted to have produced vertical offsets of up
to 10 m, with some sections showing cumulative
horizontal offsets of up to 100 m (Al-Ashkar et al.,
2022). Based on paleo-seismic surveys, it is
estimated that these fault zones could produce
earthquakes of magnitude 7+ (Ferry et al., 2010,
2012; Schlupp et al., 2013; Al-Ashkar et al., 2022).

These fault zones pose a serious threat and risk of
damage to Ulaanbaatar. Because of this, we aim to
characterize the subsurface structure of the active
fault zones near Ulaanbaatar to gain a better
understanding of them. To do this, we perform
magnetotelluric (MT) measurements and generate
electrical resistivity models. We aim to provide an
integrated interpretation of the electrical resistivity
structure of the subsurface incorporating
geomorphological and geological knowledge, as
well as to geodetic measurements, paleo-seismic
trenching, fault mechanical models, and near-
surface  ground-penetrating radar  surveys.
Understanding the subsurface structure of the
region and characterizing the active faults is an
important step for assessing seismic hazards.

Method and data acquisition

The MT method is an electromagnetic technique
(e.g., Tikhonov, 1950; Cagniard, 1953) that is
sensitive to the subsurface distribution of electrical
resistivity (e.g., Unsworth and Rondenay, 2012;
Unsworth et al., 2023). It uses natural sources that
originate in the atmosphere and ionosphere. At the
Earth’s surface, electric and magnetic field
variations are measured as time series. The broad
band of periods of the signals gives sensitivity to a
range of spatial scales and depths.

In mid-2024, we carried out measurements across
the Khustai, Sharkhai, and Avdar fault zones. The
data were collected along a profile with a length of
~110 km. The average measurement site
separation was ~600—1,000 m locally around faults
and up to 5,000 m away from the faults (top panel
in Figure 1). Additionally, data from smaller-scale
arrays were acquired where the profile crosses the
fault trace in a subsequent follow-up survey
campaign. The latter data allow for better
characterization of the local fault structure.

The measurements across these fault zones are
embedded within a regional array of measurements




MeaHoB N.W. n gp., 2025, HassaHue goknaga (3g4ecb LONYyCKAeTCs COKPALLEHHbIV BapUaHT)

collected across Mongolia from 2016-2024 (bottom
panel in Figure 1), which have been used to
investigate the lithospheric structure, tectonic
evolution, and development of Mongolia (Comeau
et al., 2018, 2020, 2024; Rigaud et al., 2023a,
2023b; Kaufl, et al. 2020) as well as explore its
mineral resources (Comeau et al.,, 2022a) and
volcanic-geothermal regions (Comeau et al., 2022b;
Batmagnai et al., 2021).

B

Faults

Figure 1 Top panel: Map of the survey area.
Magnetotelluric measurements (red circles) were
collected along a profile that crosses the three fault
zones (red lines) near the capital city of
Ulaanbaatar. Additionally, denser array
measurements around the fault zones were carried
out (not shown). The profile is embedded within a
larger  regional array of  magnetotelluric
measurements collected across Mongolia from
2016 to2024, as shown in the bottom panel; the
black square marks the survey area of this study.

electrical

Preliminary two-dimensional

resistivity model

To generate an electrical resistivity model from the
magnetotelluric data, we used the MARE2DEM
algorithm developed by Key (2016). It enables the
joint inversion of the transverse electric (TE) mode
data and the transverse magnetic (TM) mode data,
representing the across-profile and along-profile
data in a rotated coordinate system that aligns with
the profile. The goal was to minimize the model
roughness and find a smooth model that fits the data
within an acceptable confidence limit. The smooth
model is well suited to the technique because the
electromagnetic energy propagates diffusively. This
means we may consider the resulting images to be
a smoothed version of the true Earth structure.

Depth (km)

Data from 36 periods in the range of 128 Hz to 1,500
s were used along with 31 measurement locations,
resulting in approximately 4,000 data inputs. The
modelling mesh had 18,000 triangular elements.
Given the negligible magnitude of real
measurement errors, all data points were attributed
to an error floor, representing the minimum
allowable error value. The error floor on the
apparent resistivity was set to 10%, and the error
floor on the phase was 1.4°, corresponding to a 2.5%
relative error in impedance. The RMS (root-mean-
square) misfit value of the model was reduced from
12.6 to 1.9 in 8 iterations.
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Figure 2 Preliminary two-dimensional electrical
resistivity model. The white triangles mark
measurement locations. The red arrows mark the
fault zones. The yellow rectangles mark the location
of denser array measurements around the fault
zones (not shown).

We modelled the local features near the fault traces
(Figure 2) and the regional crustal features of the
region. The preliminary model shows several low-
resistivity features (approximately <100 Qm) in the
near-surface. The upper crust (0-25 km depth)
appears to have a generally high resistivity (~10,000
Qm) compared to the lower crust (25-50 km depth;
30-300 Qm).

Summary and conclusions

In the west of the Ulaanbaatar region, Mongolia,
there are several prominent fault zones that show
signs of seismic activity. These are the Khustai,
Sharkhai, and Avdar fault zones. Based on paleo-
seismic surveys, it is estimated that these fault
zones could produce earthquakes of magnitude 7+.
Therefore, these fault zones pose a serious threat
and risk of damage to Ulaanbaatar.

In this study, we aimed to characterize the
subsurface structure of these fault zones in order to
better understand them. We used magnetotelluric
data to generate a preliminary two-dimensional
electrical resistivity model. Future work will give an
integrated interpretation of the electrical resistivity
structure of the subsurface with geomorphological
and geological knowledge, in addition to geodetic
measurements, paleo-seismic trenching, and fault
mechanical models. This helps to understand the

IX Bcepoccuiickas wkona-cemuHap 3M3-2025, UpkyTck, 8-13 ceHTabpsa 2025



MeaHoB N.W. n gp., 2025, HassaHue goknaga (3g4ecb LONYyCKAeTCs COKPALLEHHbIV BapUaHT)

subsurface structure of the region and characterize
the active faults, which is an important step for
assessing the seismic hazard potential.
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