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Abstract: To understand the deep tectonic environment at the origin of strong earthquakes along
the northern section of the North-South seismic belt and the central continental block of Mongolia,
large-scale gravity and geomagnetic surveys and rock sample collection were carried out along the
Suhbaatar-Ulaanbaatar-Dalandzadgad profile in Mongolia. The spatial distribution characteristics
of the lithospheric magnetic field at 160 geomagnetic measuring points along the profile were then
systematically analyzed and summarized. Based on the composition of the lithospheric magnetic
field from different sources at different depths combined with the regional geological structure and
collected rock sample lithology, the lithospheric magnetic field was further decomposed into different
components—the basement, middle layer, and shallow surface—by the upward continuation method.
The results show that these components have obvious zoning characteristics and that the lithospheric
magnetic field distribution of the Suhbaatar-Ulaanbaatar-Dalandzadgad profile is related to the
geological structure, rock lithology, seismic activity, natural remanent magnetization, and magnetic
susceptibility. Many destructive earthquakes have occurred in the area where the lithospheric
magnetic field changes dramatically, the lithologies are dominantly igneous, and the magnetic
susceptibility and natural remanent magnetization are high. In contrast, the lithologies in the area
with moderate variation in the lithospheric magnetic field are mostly sedimentary, the magnetic
susceptibility and natural remanent magnetization are low, and destructive earthquakes are rare.
Since the lithospheric magnetic field reflects the magnetic characteristics of the rocks above the Curie
interface, its spatial distribution not only corresponds to the geological structure but also predicts the
depth and location of faults. Therefore, it is significant to carry out geomagnetic surveys and rock
sampling to analyze the characteristics of geological structures and research regional seismicity.

Keywords: survey of geomagnetic total intensity; lithospheric magnetic anomaly; upward continua-
tion; regional geological structure; seismic activity; Mongolia profile

1. Introduction

The lithospheric magnetic field originates from the rocks above the Curie temperature
interface and is mainly generated by the remanent magnetization and induced magnetiza-
tion of the rocks [1]. This field is related to the composition and thermal state of lithospheric
rocks, as well as to the geomagnetic field during the formation of the rocks and the present
geomagnetic field [2]. The magnetization field of an underground medium is mainly
controlled by the types, proportion, and particle size of ferromagnetic material and by
the temperature environment and stress state [1,3]. These factors show complex spatial
inhomogeneity due to the differences in geological structure, tectonic environment, and
tectonic activity [4,5]. There are few detailed studies on the depth of the lithospheric mag-
netic field source. It is estimated that magnetic rocks can produce a lithospheric magnetic
field mainly located in the upper crust according to the Curie temperature of ferromagnetic
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rocks under atmospheric pressure and the past research results on the temperatures at
different depths in the earth’s crust [3,6,7]. However, the latest research suggests that the
Curie temperature of ferromagnetic substances such as Fe3Oy significantly increases as
the pressure increases [8]. It is then expected that the depth of the ferromagnetic rocks
that produce the lithospheric magnetic field would exceed the depth of the upper crust.
To explore the possible depth of ferromagnetic rocks in the lithosphere, the lithospheric
magnetic field data are analyzed by upward continuation.

The upward continuation method is a technique for extracting regional magnetic
anomalies originating from deep sources based on observed magnetic data [9]. This trans-
formation technique can divide measurement data into different components from different
sources [10]. The upward continuation transformation of the data can reduce the influence
of shallow anomaly sources, and the effect of upward continuation is that short-wavelength
features are smoothed out [11]. The upward continuation process clearly shows the attenu-
ation of short-wavelength anomalies concerning the increase in observations relative to
source distance in aeromagnetic data from the Ibadan Area, southwestern Nigeria [10].
According to the upward continuation result of the lithospheric magnetic field data, this
method can eliminate random interference, suppress shallow anomalies, and highlight
regional anomalies. Therefore, we can estimate the depth of magnetic bodies based on the
anomaly scale [12] and determine the physical parameters of geological bodies. This can
improve the efficiency and accuracy of related work [13].

The parameters and boundaries of faults can be delineated according to magnetic
anomalies. Based on magnetic anomaly data from Mongolia, D. Badarch et al. employed a
spectral method to separate shallow, middle, and deep faults and estimated the locations
and depths of the faults [14]. For the MS7.0 earthquake that occurred in Lushan, Sichuan
Province, on 20 April 2013, the dynamic variation characteristics of the local lithospheric
magnetic field before and after the earthquake have been analyzed, and the relationship
between the dynamic variation characteristics and the earthquake is retraced [15-18]. The
spatial distribution of the lithospheric magnetic field is related to the factors such as
seismic activity and geological structure [19,20]. Earthquakes are generally located near
anomalies in areas with complex lithospheric magnetic field patterns [21,22]. Therefore, the
relationship between geological structure and seismicity can be investigated by analyzing
the spatial distribution characteristics of the lithospheric magnetic field at different depths.

Mongolia is located in the northern part of the Asian continental tectonic domain.
Mongolia is one of the most active tectonic areas on earth due to the combined action of
the Indo-Eurasian collision and compression and the subduction of the Pacific plate [23,24].
Geologically, Mongolia is connected to the Siberian platform to the north and the China-
Korea platform and the Tarim platform to the south. Mongolia mainly has two large
E—W-trending faults: the Khangai fault and Erhun River fault in the north, and the Han-
bogdor fault and Wenduerhile fault in the south. These two large faults divide Mongolia
into three major tectonic zones: the Baikal fold system (Tuva-Mongolia block) in the north,
the Caledonian fold system in the middle, and the Hercynian fold system in the south [25].
The outline tectonic map of Mongolia (Mongolia, 1998) shows the diversity and complexity
of rock types and structures covering all geological ages from Cambrian to Tertiary, and var-
ious extrusive and intrusive rocks of different ages are widely developed in Mongolia [26].
Mongolia is also one of the most active areas with strong seismic activity in the world in
the 20th century. From 1905 to 2022, four earthquakes with magnitudes > 8.0 ML occurred
in western Mongolia, whereas weak seismic activity was detected in eastern Mongolia [27].

From 2011 to 2013, scientists from China and Mongolia carried out comprehensive geo-
physical observations and research through seismic, geomagnetism, gravity, and rock sam-
pling in Mongolia and obtained significant velocity structure, geomagnetic field, and gravity
anomaly results [28-31]. This paper describes the Suhbaatar-Ulaanbaatar-Dalandzadgad
(SD) profile in Mongolia and its magnetic survey, analyzes the lithospheric magnetic anoma-
lies in the SD profile through upward continuation, explores the depth of the lithospheric
magnetic field source, discusses the lithospheric magnetic anomalies and regional geologi-
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cal structure, rock lithology, magnetic susceptibility, and natural remanent magnetization,
and discusses the relationship between seismic activity and fault depth.

2. Observation Data and Data Processing Methods
2.1. SD Profile Geomagnetic Survey

To examine the geophysical characteristics of faults and sedimentary structures in this
area, comprehensive geophysical profiles perpendicular to the strike of these faults and
sedimentary structures are designed. Based on the analysis of geological data and field
investigation results, a comprehensive geophysical profile with a nearly N—S trend was
laid from Suhbaatar to Dalandzadgad in Mongolia, which passes Ulaanbaatar, with a total
length of approximately 900 km, as shown in Figure 1.
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Figure 1. Geomagnetic stations of the SD profile, seismic activity, and fault distribution in Mon-
golia. F1 is the Erhun River fault, F2 is the Khangai fault, F3 is the Hanbogdor fault and F4 is the
Wenduerhile fault.

A total of 160 geomagnetic observation points were arranged along the SD profile,
with the codes from north to south being M001 to M160 and the distance between adjacent
points being 5-10 km. When selecting the points, the site environment was examined, and
the total geomagnetic intensity gradient was measured. The magnetic field gradient within
10 m of each point was less than 5 nT/m, which basically excludes the surface anomalies at
the sites. The observation data reflect the magnetic field values of rocks above the top of the
Curie threshold in the lithosphere and exclude the influence of shallow anomalies as much
as possible. Additionally, 117 sampling points were selected in the profile, and 5 samples
were collected from each point, for a total of 585 rock samples, including 235 samples of
sedimentary rocks, 45 samples of metamorphic rocks, and 305 samples of igneous rocks [32].

Geomagnetic measurements were made from July to August 2011. The measurement
instrument was a G-856 proton precession magnetometer [33] (http:/ /www.magnetometer.
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cn/?m=homeé&c=View&a=index&aid=143, accessed on 22 August 2022), which measures
the total magnetic intensity F with a resolution of 0.1 nT and an absolute accuracy of 0.5 nT.
Its dynamic range is 20,000 to 100,000 nT, and the sampling rate can be set to 5, 10, or
60 s. At each point, the measurement position of the instrument is 1.5 m above the ground,
the sampling rate is at 5 s, and 30 values of F were observed by the proton precession
magnetometer. An average value is calculated from every 10 geomagnetic total intensities
to obtain 3 average values. During the geomagnetic survey, the Global Positioning System
(GPS) was used to measure the longitude, latitude, and elevation of the geomagnetic
survey points.

2.2. Acquisition of Lithospheric Magnetic Fields

Based on the composition of the geomagnetic field, the lithospheric magnetic field
Fy can be obtained by eliminating the components of the earth’s main magnetic field Fy,,
inductive magnetic field F;, ionospheric magnetic field F., and magnetospheric magnetic
field Fs from the geomagnetic data Fy measured above:

Fi=Fy—Fn —F —Fe — Fs 1

The main components of the inductive magnetic field F; and magnetospheric magnetic
field Fs are rapid changes within a period of hundreds of seconds or shorter. The ge-
omagnetic measurement mode adopted in the SD profile is described as follows: the
average value of the total geomagnetic intensity within hundreds of seconds is taken as
the measured value of the total geomagnetic intensity. Therefore, the components of the
induced magnetic field and magnetospheric magnetic field in the measured value can be
disregarded.

The continuous observation data of the Ulaanbaatar Geomagnetic Observatory, Mon-
golia, were selected as the reference data of ionospheric magnetic Fe variation in the SD
profile; the diurnal variation in the measured values at all measuring points was reduced
to eliminate the ionospheric magnetic field Fe, and the reduction value Fj of each measur-
ing point was obtained [34]. The reduction time of the diurnal geomagnetic variation is
16:00-18:00 (universal time) on 31 August 2011.

To eliminate the main magnetic field, IGRF-13 was selected as the main magnetic field
reference model [35], and the numerical value F;3 of each measuring point of the model at
the reduction time was calculated. The lithospheric magnetic field F; can be obtained by
subtracting the main magnetic field F;3 from the reduction value Fy of each point.

2.3. Decomposition of the Lithospheric Magnetic Field

The upward continuation method is a conventional gravity and magnetic data process-
ing method that mainly highlights deep anomalies. It has an important role in the study
of deep structures, the tendency of structures, and the depth of faults. In this paper, the
upward continuation method was employed to decompose the lithospheric magnetic field;
the specific formula is defined as follows [3]:

AT'(X;, —h) =

k=n—1 .
% (X=X x AT(X,0) )

= (X — X)? 2

Here, AT and AT’ are the lithospheric magnetic field values before extension and
after extension, respectively, in nT; h is the upward continuation height; X; and X} are
the projection distances of each measuring point, where X; is given, Xy is variable, and k
changes from 1 to 159; and # is the total number of measuring points, that is, 7 = 160.

The obtained “residual” anomalies can be considered an approximation of local anoma-
lies (caused by shallow materials) by subtracting the anomalies at a certain height from the
measured anomalies [11]. The majority of the surface at depths of 0-5 km in most areas
is sedimentary rock. Most of the surface at depths of 5-30 km is intrusive rock, and the
temperature of most rocks is below the Curie temperature [3]. The rock temperature below
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30 km is evaluated to be higher than the Curie temperature of the ferromagnetic material,
so it is concluded that the lithospheric magnetic field generated by the rock below 30 km is
very weak. Based on these above characteristics, the process of lithospheric magnetic field
decomposition by the upward continuation method is described as follows: the lithospheric
magnetic field is extended at a height of 30 km, and the obtained magnetic field components
reflect the distribution characteristics of the interior, which is referred to as the basement
part f,. After subtracting the basement part f;, from the lithospheric magnetic field Fj,
ie., FI-f},, and then extending upwards to a height of 10 km, the obtained lithospheric
magnetic field component reflects the characteristics of the magnetic susceptibility and
remanent magnetization structure of the medium at a depth of approximately 5-25 km,
which is referred to as the middle layer fy,,. The lithospheric magnetic field F is subtracted
from the basement part f, and the middle layer f,. The obtained lithospheric magnetic
field component reflects the characteristics of the magnetic susceptibility and remanent
magnetization structure of the medium from the surface to a depth of approximately 5 km,
referred to as the superficial part fs. The lithospheric magnetic field F; is decomposed
into the basement part f;,, middle layer part f,, and superficial part fs by the upward
continuation method, namely

Flsz+fm+fs (3)

3. Results
3.1. Lithospheric Magnetic Field Characteristics of the SD Profile

The results of the diurnal variation reduction show that the standard deviation o
ranges from 0.01 to 0.66 nT, with a mean value of 0.12 nT. We obtain the lithospheric
magnetic field F; of the SD profile by using the method described in Section 2.2. The char-
acteristics of the SD profile are shown in Figure 2.
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Figure 2. (a) The distribution of total geomagnetic intensity (Fy), IGRF-13 model (Fy3). (b) Litho-
spheric magnetic field, region A is the Vitrim orogenic belt, region B is the Erhotsk orogenic belt,
region C is the Erguna orogenic belt, and region D is the Southern Mongolia orogenic belt. The
meanings of A, B, C, and D are the same in all other figures.
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Figure 2a shows the distribution of Fy and Fy3 of the IGRF-13 model in the SD profile.
Fi3 of the IGRF-13 model is high north of the SD profile and has the maximum value at
measurement point M001, F13 = 59,801.8 nT. In the south, Fy3 is small and has the minimum
value at measurement point M160; Fi3 = 57,289.6 nT. There is a monotonic and nearly
linear decreasing trend between the two measurement points. The general value Fj of
each measuring point has different fluctuations around this decreasing trend, and some
measuring points have larger fluctuations.

Figure 2b shows the F; distribution of the lithospheric magnetic field in the SD profile.
The distribution of lithospheric magnetic field F; along the SD profile is very uneven. Ac-
cording to its distribution characteristics and structural features, the lithospheric magnetic
field can be roughly divided into four regions. From survey points M001 to M031, namely,
from Suhbaatar to Bayyangol, labeled region A, the lithospheric magnetic field F; presents
complex local anomalies with a spatial scale of 150 km and a maximum variation range of
2648.1 nT. From measuring points M032 to M094, namely, from Bayyangol to Delgertsgot,
labeled region B, F; exhibits relatively gentle changes. From measuring points M095 to
M135, namely, from Delgertsgot to TsGT-Ovoo, labeled region C, F has a relatively complex
local anomaly pattern with a spatial scale of 220 km and a maximum variation of 1358.2 nT.
From measuring points M136 to M160, namely, from TsgT-Ovoo to Dalandzadgad, labeled
region D, the F in this area exhibits relatively gentle changes.

3.2. The Decomposition Results of the Lithospheric Magnetic Field

We obtain the decomposition results of the SD profile lithospheric magnetic field F;
using the upward continuation method described in Section 2.3. The characteristics of the
results are shown in Figure 3.
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Figure 3. Decomposition results of the lithospheric magnetic field: basement part f,, middle part fy,,
and surficial part fs.

Figure 3 shows the decomposition results of lithospheric magnetic field F;. The base-
ment part f,, the middle layer part f,, and the superficial part fs obtained after the decom-
position of the lithospheric magnetic field F; show significant zoning characteristics, which
are basically identical to those of the above lithospheric magnetic field F;.

The zonal characteristics of fy, in the basement part shown in Figure 3 are as follows: In
zone A, f;, presents a complete upward trend and reaches its maximum value (f,, = 246.3 nT)
at measuring point M022, with a variation range of 269.5 nT. In zone B, f, shows a slow
downward trend and two small peaks with a variation range of 83.5 nT at both ends. In
region C, f;, shows an upward trend, with a large peak and a small peak and a variation
range of 107.6 nT. In zone D, f;, shows a gentle decreasing trend, with a decrease of
approximately 15.1 nT. The regional characteristics of fy, in the middle layer are as follows:
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In zone A, fy, exhibits the most dramatic change, with three peaks, with increases followed
by decreases. The maximum value of f;, is at M024 (f,, = 425.0 nT), and the variation range
is approximately 603.4 nT. In zone B, f;, exhibits gentle changes, except for two small peaks
with a variation range of 153.5 nT at both ends. In zone C, fy, exhibits sharp changes, with
four peaks and a variation range of 151.3 nT. In the D region, the changes in f,, are relatively
gentle, with a variation range of 39.8 nT.

As shown in Figure 3, the zoning characteristics of fs in the superficial parts are
described as follows: In zone A, fs exhibits the most dramatic changes, with six large, sharp
peaks, and reaches the maximum value at measuring point M006, f; = 1623.7 nT, with a
variation range of 2201.0 nT. In region B, f; exhibit gentle changes, with a range of 441.3 nT,
except for small changes at both ends. In zone C, {5 exhibits sharp changes, with 8 peaks
and a variation range of 1134.5 nT. In region D, f; has a small change of 215.1 nT.

Based on the above results, Table 1 shows the maximum and minimum values of F
and fy, in the basement, fy, in the middle layer, and fs on the superficial surface of the SD
profile in each partition. The distribution characteristics of each region in the SD profile are
shown intuitively in this table.

Table 1. The maxima and the minima of Fy, fy, fi, and fs in the four regions A, B, C, and D (unit: nT).

Zone F1-max Fi-min fb-max fb-min fm-max fm-min fs-max fs-min
A 2104.0 —544.1 246.3 —23.3 425.1 —178.4 1623.7 —577.3
B 382.7 —244.6 29 —80.6 61.6 —-91.9 319.1 —122.1
C 885.8 —472.4 35.2 —724 85.3 —66.0 774.5 —360.0
D 119.6 —119.7 —21.0 —36.1 11.1 —28.7 141.4 —73.7

3.3. Comprehensive Information on the SD Profile

According to lithospheric magnetic anomalies, regional geological structures, rema-
nent magnetization, magnetic susceptibility, seismicity, and lithology, we obtain the com-
prehensive comparison map shown in Figure 4.

Figure 4 shows comprehensive information about the geophysics and geological
structure of the SD profile, including the three parts (basement f,, middle layer f,,, and
superficial fs) derived from lithospheric magnetic field decomposition, as well as the
lithology, magnetic susceptibility and remanent magnetization of rock samples, and the
distribution of seismic activity. In Figure 4, the distribution of the lithospheric magnetic field
decomposition parts, the seismic activity, and the magnetic susceptibility and remanent
magnetization of rock samples along the SD profile are shown from top to bottom.

In area A, the most and strongest earthquakes occurred. There were two earthquakes
with a magnitude of 6 or higher and two with a magnitude of 5-6. The magnetic suscep-
tibility and remanent magnetization of the rock samples are generally relatively high. In
contrast, in area B, small earthquakes with a magnitude of 3-5 have occurred, the magnetic
susceptibility and remanent magnetization of the rock samples are generally low, and
the lithologies are dominantly sedimentary. However, in area B near area A, where the
lithospheric magnetic field changes are sharp, the magnetic susceptibility and remanent
magnetization of the rock samples are also high, and the lithologies are igneous or metamor-
phic. In area B, near area C, the magnetic susceptibility and remanent magnetization of the
rock samples are also high. The rock samples are igneous or sedimentary, and the variation
in the lithospheric magnetic field is uneven. In area C, there are also a high number of
earthquakes, with 3 earthquakes with magnitude 5-6, and the magnetic susceptibility
and remanent magnetization of the rock samples are generally high. On the whole, in
area C, magmatic rocks dominate in the north, while sedimentary rocks become more
common in the south. Due to Quaternary coverage, the number of collected rocks is low.
In area D, there were also numerous earthquakes with a magnitude of 3-5 and one with
a magnitude of 5-6. Due to Quaternary coverage, the number of rock samples and the



Appl. Sci. 2022,12, 8517

8of 12

A
(@)F |
%
b7 7.
o @

|_/SOHBAATAR _/DARHAN

(c)

ok

Fm

100

magnetic susceptibility and remanent magnetization of rock samples are generally low.
The lithologies are mainly sedimentary.

B C D
L oo o o re - ~ K ole e @ oece *
eoe @] .. o
0 . ‘o o
L4 {
/BAYYANGOL | /BAYANCHANDMANIUUAANBAATA A‘EAVANBARAAT /DELGERTSGOT ___/twus|  /HuLp | /¥SGT-0v00 | /Ddzadgad
Nl I-I---.l_--.- il Hi [ i

ad ___.ULI_ II_ o i

Dlstance/km

Figure 4. Comparison of comprehensive information on geophysics, geological structure, and other
aspects along the SD profile in Mongolia. (a) The decomposition characteristics of the lithospheric
magnetic field. The pink curve, black curve, and red curve represent the superficial surface part f,
middle layer part fy,, and basement part f},, respectively. (b) The solid circle displays the size and
depth of earthquakes within 100 km of the SD profile: The solid red circles, solid pink circles, and
solid blue circles represent earthquakes with magnitude 6 or higher, earthquakes with magnitude
5-6, and earthquakes with magnitude 3-5, respectively. The red triangles indicate cities. (c) The
lithology, magnetic susceptibility, and remanent magnetization of rock samples. The pink and
blue columns represent the magnetic susceptibility and remanent magnetization values of the rock
samples, respectively. The red column, green column, and yellow column represent magmatic rocks,
sedimentary rocks, and metamorphic rocks, respectively.

For a more comprehensive analysis and comparison, detailed parameters in the di-
vided areas of the SD profile in Mongolia are shown in Table 2, such as the lithospheric
magnetic anomalies and structures, remanent magnetization and susceptibility, seismicity,
and lithology. The structural names of the four regions, A, B, C, and D, are the orogenic belt
of Vitrim, Erhotsk, Erguna, and Southern Mongolia, respectively. From A to D, the basement
part f, variation ranges of the lithospheric magnetic field are 269.5 nT, 83.5 nT, 107.6 nT,
and 15.1 nT, respectively. The middle layer part f, variation ranges of the lithospheric
magnetic field are 603.4 nT, 153.5 nT, 151.3 nT, and 39.8 nT, respectively. The superficial
part fs variation range of the lithospheric magnetic field is 2201.0 nT, 441.3 nT, 1134.5 nT,
and 215.1 nT, respectively. The remanent magnetization variation range of rock samples are
respectively 0.5~34,246, 0.4~1833.7, 0.8~4726.5, and 1.1~33.4, and the unit is 1073 A/m. The
magnetic susceptibility variation ranges of the rock samples are —1.0~11,762, —0.8~4378,
—1.3~3275.7, and 10.4~37.6, respectively, and the unit is 107> SI. The seismicity and the
dominant lithology also have qualitative descriptions.
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Table 2. Comparison of the lithospheric magnetic anomalies and factors such as the regional geologi-
cal structure, rock remnant magnetization, susceptibility, earthquake activity, and rock properties
among the four regions A, B, C, and D.

Remanent Magnetic

Zone Orogenic Belt (ﬁf}’) é\me) Afs (nT) Magnetization Susceptibility Seismicity I]?i(t)}l:(l)?:nt
(10-3 A/m) (1075 SD i
A Vitrim 269.5 603.4 2201.0 0.5~34,246 —1.0~11,762 More Magmatic rocks
B Erhotsk 83.5 153.5 441.3 0.4~1833.7 —0.8~4378 Little Sedimentary rocks
C Erguna 107.6 151.3 1134.5 0.8~4726.5 —1.3~3275.7 More Magmatic rocks
D Southern Mongolia 15.1 39.8 215.1 1.1~334 10.4~37.6 More Sedimentary rocks

4. Discussion

The results of the analysis and comparison show that lithospheric magnetic anomalies
of the SD profile have different degrees of correlation with the corresponding regional
geological structure, lithology, seismic activity, remanent magnetization, and magnetic
susceptibility. In area A, with the most earthquakes, the lithospheric magnetic field change
is the most abrupt, and the lithologies are dominantly magmatic. In areas C and D, the
seismicity is also intense. However, the variation in the lithospheric magnetic field in area D
is gentle, and the seismic activity is high in the southernmost part, but the measuring points
do not extend to that area. In the measured portion of area D, the Quaternary sedimentary
cover is significant, which may explain why the variation in the lithospheric magnetic field
is not higher.

Based on the characteristics of the superficial f; in combination with the location of
metamorphic rocks among the rock samples, the superficial fs of the SD profile has large
magnetic anomalies 60 km south of the dividing line between regions A and B and 50 km
north of the dividing line between regions B and C. There are some metamorphic rocks
present in this location. The magnetic susceptibility and remanent magnetization values
of the samples are also high in this location. Therefore, we conclude that the dividing
line between regions A and B should be moved approximately 50-60 km to the south, or
that the depth of the associated deep fault should be moved by this distance to the south.
Additionally, the dividing line between regions B and C should be moved approximately
50 km north, or the depth of the associated deep fault should be moved northwards by this
distance. However, more information is needed to be certain of this viewpoint.

Seismicity has been observed in relation to lithospheric magnetic anomalies in seismi-
cally and tectonically active zones. A. I. Gorshkov et al. employed the morphostructural
zoning missing space method in combination with the World Digital Magnetic Anomaly
Map (WDMAM) International Scientific Project to obtain lithospheric magnetic anomaly
data in the region of Altai-Sayan-Baikal [36]. Their results show that the locations of strong
earthquakes are related to the geological structure and lithospheric magnetic anomalies in
the region [37,38]. The Altai-Sayan-Baikal region is located on the northwest boundary of
the SD profile. The results of this research have guiding significance for understanding the
magnetic structure, geological structure, and seismicity of the SD profile. Therefore, it is
necessary to analyze the relationship between the characteristics of lithospheric magnetic
anomalies and their changes and earthquakes in seismomagnetic research.

The upward continuation data processing method is used here to decompose litho-
spheric magnetic anomalies into the basement fi,, middle layer f,,,, and superficial fs portions
as an approximation of the anomalies at different depths underground. The attenuation
rate of shallow-source anomalies is faster than deep-source anomalies after upward contin-
uation, but the data from upward continuation cannot perfectly reflect the anomalies at
different depths. Notably, large surface anomalies undoubtedly affect the results of upward
continuation. In the field survey process, we strictly measured the gradient around the
site. The environmental magnetic field gradient at each site was small, greatly reducing the
possibility of involving large superficial anomalies. The obtained results do not affect our
approximate estimation of the magnetic properties of the deep rocks, and they facilitate the
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inversion of the magnetic susceptibility of underground media. The results are also based
on the basic assumptions that the distribution characteristics of crustal rocks and the depth
of the Curie interface are approximately 30 km. The effect of the equivalence principle is
also disregarded in the upward continuation method here. It is very difficult to accurately
separate the sources of lithospheric magnetic fields at different depths. To obtain the possi-
ble magnetic field distribution of sources at different depths, accurate ground surveys and
aeromagnetic results at different heights should be combined with the characteristics of
the geological structure. In addition, great efforts should be made to investigate further
aspects of rock magnetism, such as the Curie temperatures and ferromagnetic materials
obtained at high pressures. Such research would be very helpful for separating the sources
at different depths and represents an important direction for future research.

5. Conclusions

The total geomagnetic intensity was measured in the SD profile of Mongolia. The abso-
lute accuracy of the instrument used for the measurements is better than 0.5 nT. The mean
standard deviation o value of 160 geomagnetic measurement points after diurnal variation
reduction is 0.12 nT. The spatial distribution and magnetic anomaly characteristics of the
lithospheric magnetic field in the SD profile are calculated and analyzed. The lithospheric
magnetic field is decomposed into three components, namely, the basement, middle layer,
and shallow surface, by the upward continuation method. This information is combined
with the regional geological structure, seismicity, and collected rock sample lithologies. It
is found that the lithospheric magnetic field distribution of the SD profile has a certain
relationship to the geological structure, rock lithology, seismic activity, natural remanent
magnetization, and magnetic susceptibility. The results show that there are obvious zon-
ing characteristics. The shallow rock lithology is mainly magmatic in the area where the
lithospheric magnetic field anomalies change dramatically. The magnetic susceptibility and
remanent magnetization of the collected rock samples in this area are high, the earthquake
magnitude and number are high, and the geological structure is complex. This region
corresponds to the Vitrim orogenic belt and Erguna orogenic belt. However, in the area
with gentle variation in lithospheric magnetic field anomalies, the shallow rock lithology
is mainly sedimentary rock, and the collected rock magnetic susceptibility and remanent
magnetization values are low. This region corresponds to the Erhotsk orogenic belt and
Southern Mongolia’s orogenic belt.

The spatial distribution of the lithospheric magnetic field is also related to the depth
and position of faults. The lithospheric magnetic anomalies can be used as a reference
for the location and depth of faults. The variation in the lithospheric magnetic field in
the region of the Southern Mongolia orogenic belt is gentle. Still, the seismic activity is
high, which is not consistent with the characteristics of other regions. This region is widely
covered by Quaternary sedimentary rocks, which may explain the gentle variation in the
lithospheric magnetic field. These issues are important directions for further research.
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