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IMPACT OF FAULTS ON THE ORIGIN OF LAKE DEPRESSIONS:
A CASE STUDY OF BAYAN NUUR DEPRESSION,
NORTH-WEST MONGOLIA, CENTRAL ASIA

ABSTRACT: ENKHBOLD A., DORJSUREN B., KHUKHUUDEI U.,
YADAMSUREN G., BADARCH D., DORIGOCHOO S., GONCHIGJAV Y., NYAM-
SUREN O., RAGCHAA G. & GEDEFAW M., Impact of faults on the origin
of lake depressions: a case study of Bayan Nuur Depression, North-West
Mongolia, Central Asia. (IT ISSN 0391-9839, 2021).

This study focuses on the impact of faults on the origin and depres-
sion morphology of Bayan Nuur in North-West Mongolia. The relation-
ships of Nuur and faults have been studied using morphometric analysis,
spatially-improved remote sensing and magnetic survey. According to
the results, the main fault formed in the western part of the Bayan Nuur
depression influenced the origin of the lake depression SW -NE orient-
ed. The length of the Bayan Nuur main fault is 147.1 km; 4 lakes have
been formed along this fault, of which, the Bayan Nuur is the largest
one. This study suggests that the Bayan Nuur origin is different from
that suggested by previous studies and we conclude that the depressions
hosting lakes in Mongolia need to be further investigated. This study
represents a new contribution to better understand both the origin of the
depressions hosting the Mongolian lakes and the impact of neotectonic
activity, through morphometric analysis integrated with remote sensing
analysis and geophysical surveys.

KEY WORDS: Mongolia, Morphometric Analysis, Lake Depression,
Faults, Remote Sensing, Bayan Nuur.
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RIASSUNTO: ENKHBOLD A., DORJSUREN B., KHUKHUUDEI U., YA-
DAMSUREN G., BADARCH D., DORJIGOCHOO S., GONCHIGJAV Y., NYAM-
SUREN O., RAGCHAA G. & GEDEFAW M., Impatto delle faglie sull origine
delle depressioni lacustri: un caso di studio della depressione di Bayan Nuur,
Mongolia nord-occidentale, Asia centrale. (IT ISSN 0391-9839, 2021).

Questo studio ha per oggetto I'impatto delle faglie sull’'origine e la
morfologia della depressione di Bayan Nuur nella Mongolia nord-occi-
dentale. Le relazioni tra il Nuur e le faglie presenti sono state studia-
te utilizzando 'analisi morfometrica, il telerilevamento e rilevamenti
geo-magnetici. Secondo i risultati da noi ottenuti, la faglia principale
della depressione si & formata nella parte occidentale della depressio-
ne di Bayan Nuur e ha influenzato l'origine della depressione del lago
con orientamento SW-NE. La lunghezza della faglia principale di Bayan
Nuur & di 147,1 km; 4 laghi si sono formati lungo questa faglia e, tra que-
sti, il Bayan Nuur ¢ il pit esteso. Questo studio suggerisce una origine
del Bayan Nuur diversa rispetto a quella proposta dagli studi precedenti
e conclude che le depressioni dei laghi in Mongolia necessitino di ulterio-
ri indagini geologiche e geomorfologiche. Questo studio rappresenta un
nuovo contributo per ottenere una migliore comprensione dell’origine
delle depressioni che ospitano i laghi mongoli e dell’impatto dell’attivita
neotettonica attraverso l’analisi morfometrica integrata dal telerileva-
mento e da rilievi geofisici.

TERMINI CHIAVE: Mongolia, Analisi morfometrica, Depressione la-
custre, Faglie, Telerilevamento, Bayan Nuur.

INTRODUCTION

According to Tserensodnom (1971, 2000), genetically,
Mongolian lakes were classified based on 7 types of de-
pressions, including tectonic, volcanic, glacial, sinkholes,
fluvial, gravity and eolian.

Faults may relate to lake depression (Mats, 1993,
Shamir, 2006). Faults in Mongolia have been well stud-
ied (Bayasgalan & a/iz, 1999; Lamb & aliz, 1999; Carretier
& alii, 2002; Cunningham & aliz, 2003a; Cunningham
& alii, 2003b; Cunningham, 2005; Walker & aliz, 2007,
Cunningham, 2013; Rizza & aliz, 2015) but, to our knowl-
edge, lake depressions along tectonic faults have not been
studied.



According to research on lakes in Mongolia, palaeogeo-
graphic reconstruction, paleoclimate inferences, hydrolog-
ic regime and water properties were the dominant topics
(Enkhbold & a/zz, 2021a), whereas investigations about the
origin of lakes depression account for 2% (Enkhbold &
alii, 2020b). Only a few of these latter concerns the mor-
phological patterns of the lake depressions caused by the
tectonic effect.

Some paleogeographical and geomorphological studies
have been undertaken on the Uvs Nuur basin (Grunert &
aliz,; 1999; Naumann & Walther, 2000; Grunert & a/7z, 2000;
Grunert & Lehmkuhl, 2004; Walther, 2010; Rudaya & ali,
2021). The relationships of Bayan Nuur and faults have not
been studied in detail, and previous studies proposed that
its depression was formed by a dune barrier (Tudev, 2003;
Tserensodnom, 1971).

In this paper, we focused on the interpretation of a fault
crossing the Bayan Nuur depression in the formation of the
lake depression.

GEOLOGY AND TECTONICS

Bayan Nuur (Nuur = lake in English) is located in Uvs
Province, Mongolia. The study was conducted in the Uvs
Nuur Basin area which is part of the North-West Mongo-
lian arid zone in the Great Lake depression. Bayan Nuur
is surrounded by arid desert steppe environment. The
Bayan Nuur (between 93° 56' E and 93° 59' E, and be-
tween 49° 56' N and 50° 01' N) is located in the Uvs Nuur
basin, at 929 m above sea level (Tserensodnom, 1971;
Naumann & Walther, 2000; fig. 1).

The lake covers 31.6 km? with a length of 11.9 km, a
width of 3.9 km, and a shoreline length of 28.7 km. The
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FIG. 1 - Location of the Bayan
Nuur, Uvs Nuur Basin, North-
wE - West Mongolia.

deepest part of the lake reaches 29.2 m and the total vol-
ume is 0.36 km? (Tserensodnom, 2000; Naumann & Wal-
ther, 2000; Walther, 2010).

Pollen contents in lake sediments have provided radio-
carbon ages ranging from 13.2 and 15.6 ka BP (Dorofeyuk
& Tarasov, 1998; Grunert & a/zz, 2000; Naumann & Wal-
ther, 2000; Walther, 2010; Rudaya & aliz, 2021).

The study area is located in the Agardag backarc/forearc
basin, which is located east of Uvs Nuur and extends into
Tuva, Russia (Pfaénder & a/iz, 2000). It consists of Neopro-
terozoic ophiolite units, Lower Cambrian conglomerate,
sandstone and limestone overlain by Silurian and Devo-
nian shallow-marine sedimentary rocks. The northeastern
continuation of the bedrock in Tuva is characterized by
southeast-directed thrust sheets composed of serpentinite
melange (Badarch & aliz, 2002). These sequences are cov-
ered by lacustrine sediments, eolian sand dunes and alluvi-
al fans (fig. 2). Furthermore, to the south-east along Khan
Khukhiin mountainthe E-W strike-slip Bulnay fault is evi-
dent (Choi & aliz, 2018).

The Bulnay fault (Rizza & aliz, 2015) is often considered
as a deep-seated ancient fault system that bounds Protero-
zoic continental crustal fragments (Badarch & a/zz, 2002),
and is interpreted to have formed via north-south short-
ening of western Mongolia where central Mongolia moves
eastward concerning Siberia (Walker & aliz, 2008).

Fault system in combination with fissure eruptions
has been activated in the Late Mesozoic. The formation
of fault-related troughs occurred in the western zones of
the Central Asian belt (Delvaux & aliz, 1995; Dobretsov &
aliz, 1996). On the other hand, the Cenozoic north-south
compression and shear movements along pre-existing
northwest-trending faults led to the separation of the Altai
and Kuznetsk-Sayan uplifts. The movement of these blocks
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FI1G. 2 - Geological map of Bayan Nuur depression (See for explanation of cross-section A-A’ in text) B. Geomorphological map of Bayan Nuur
depression (Modified after Grunert & Lehmkuhl, 2004; An & aliz, 2008; Walther, 2010; Huang & a/iz, 2018; Zhang & Feng, 2018; Klinge & Sauer,

2019).

northward and northwestward was impeded by structures
of the southern folded margin of West Siberia. The devel-
opment of the Cenozoic structure of the Altai resulted in
the variable morphology of the troughs and their separat-
ing ridges (Delvaux & aliz, 1995; Dobretsov & aliz, 1996).

The general subsidence trend of the Uvs Nuur Basin
has evolved since the Mesozoic (Khukhuudei & a/zz, 2020).

The long period of tectonic inactiveness, which favoured
denudation processes, was replaced by a phase of active tec-
tonic movements from the mid-late Pliocene (Khukhuudei,
2015). Neotectonic movement led to the pain to be sub-
division into blocks that in some places, raised hundreds
or thousands of meters (in Khan Khukhiin Mountain and
other mountainous systems). The fingerprint on the relief
of neotectonic movements corresponds to fault-aligned
lakes and springs and surface ruptures. Moreover, these
neotectonic movement played a significant role in the for-
mation of the depression of lakes in the modern Uvs Nuur
Basin (Delvaux & aliz, 1995, Dobretsov & aliz, 1996), with
a relevant contribute bylarge meltwater flooding coming
from mountain glaciers (Grunert & Lehmkuhl, 2004, An
& aliz, 2008, Walther, 2010, Huang & aliz, 2018, Zhang &
Feng, 2018, Klinge & Sauer, 2019).

Intense neotectonic activities have caused a signif-
icant change in the fluvial drainage system during the
the late middle Pleistocene (Delvaux & /i, 1995, Do-
bretsov & aliz, 1996). As a result of the uplift of the Khan
Khukhii mountains, the Uvs Nuur depression became
separated from the southern Khyargas Lake depression
(Sevastianov & aliz, 1993). The process of uplift of these
mountains is directly related to the Bulnay fault. The rate
of fault transition was determined by GPS data from the
Upper Pleistocene to the Holocene at an average annual
rate of 3.1 + 1.7 mm and a maximum of 5.0 mm (Rizza &
alii, 2015), (Choi & alii, 2018). During this time, relevant
faults have formed in the Uvs Nuur Basin (Sevastianov &
alii, 1993).

The geomorphological observations highlighted the
presence of plains near around lake depression, residual
hills, low to medium mountains (1000-1143 m a.s.l) in the
western part of the lake, and transverse dune (Khukhuudei
& alii, 2020). The Bayan Nuur depression is surrounded
by Boorog Del Els dunes. These dunes were deposited by
northwest winds during the Lateglacial period, i.e. 20-13 ka
(Klein, 2001).
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TABLE 1 - Morphometric parameters of Bayan Nuur depression.

N° Morphometric parameters ~ Unit ~ Measurement value Comment
1 Depression width km 15,95
2 Depression length km 21,67 Parameters were created by the polygon and line tools of the Ruler menu of the
3 Depression area km2 231,1 Google Earth Pro software.
4 Depression perimeter km 60,4
Maximum elevation m 1343 Depression maximum point
5  Minimum elevation m 900 Depression minimum point
6 Energy of Relief m 443 Depression minimum and maximum point high difference.
7 West coastline slope Degree 19,7
8  East coastline slope Degree 21 Slope parameters were created by the patch tools of the Ruler menu of the Goo-
9  North coastline slope Degree 5,2 gle Earth Pro software.
10 South coastline slope Degree 1,9

TABLE 2 - Criteria for determination of lake depressions in the Topography and Geomorphological criteria (Modified after Filosofov, 1967; Bold, 1987,

Ben Hassen & aliz, 2014; Jacques & aliz, 2014; Enkhbold & aliz, 2021b).

N°  Topographical map criteria

Description

1 To be a close of contours spacing as linear in the topographic map.

To occur the repeatedly abrupt change of high-altitude contours along linear view.

To form linear view bathymetric isobaths of the lake depression

The presence of abrupt changes in the contour lines.

A series of hills lifted in a straight line on the steppe surface

The origin of a series of freshwater lakes on the steppe surface

O 0~ o U B

The origin of springs in a straight line on the steppe surface

10 A rectangular or linear shape on any part of the lake bed.

The lake bathymetric isobaths form a straight line structure parallel to the main contours.

The determination of lake depressions of the
study area identifies the 10 main criteria for the
identification of faults, indicating their compli-
ance or non-compliance.

The course of a river, flowing on a steppe surface, has changed dramatically

MATERIALS AND METHODS

Data Source

The geomorphological features were individuated and
mapped on topographic map (1: 100 000), Satellite imag-
ines (Landsat OLI 30 m resolution, Aster GDEM 30 m res-
olution mps), SRTM 90 m elevation model grid and imag-
ines coming from a geomagnetic survey (1: 500 000). To put
all the data together, ArcGIS 10.3 and ENVI 5.3 software

has been used.

Methods

To investigate the relationships between fault and the
Bayan Nuur depression we employed a Morphometric
analysis (Topographical analysis, Hypsometric Integral
(HI) and Relief Slope (RSI) and Relief Energy (RE) anal-
ysis), along whit Spatial improvement of Remote Sensing
and a geomagnetic survey.

Based on the morphometric parameters of Bayan Nuur
in Uvs Province, it is determined whether the fault has im-
pacted the shape of the lake depression. Morphometric pa-
rameters were checked and confirmed through fieldwork

(table 1).
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TOPOGRAPHICAL ANALYSIS - The Topographical Analysis
has been performed using the topography map together
with the geomorphological evidence detected in the field.
Faults can be identified on the topographic map because
they form abrupt changes in elements visible on the surface
(Filosofov, 1967; Ozdemir & Bird, 2009; Abdullah & a/7z,
2010; Ben Hassen & alii, 2014; table 2).

HYPSOMETRIC INTEGRAL (HI), RELIEF SLOPE (RSL) AND RE-
LIEF ENERGY (RE) ANALYSIS - Hypsometric Integral (HI) is
one of the most widely used geomorphological analysis to
to infer a possible tectonic influence in shaping a basins
(Keller & Pinter, 2002). The formula for determining the
hypsometric Integral (Eq. 1) is as follows (Mayer, 1990;
Keller & Pinter, 2002).

HI (%) = (Hmean-Hmin)/(Hmax-Hmin) (1)

Where Hmax, Hmean and Hmin expresses the maxi-
mum, the mean, and the minimum elevation. The higher
value of the HI, surface area the more likely it is that faults
have affected the basin development.

With the value of the HI, the indexes for determin-
ing faults are now considered. HI (%) indicates the
probability that there may be a fracture, as follows: If



HI < 0.35, there is a low probability of fault presence, and
if 0.35 < HI < 0.6, there is a probability of fault presence,
and HI > 0.6, the probability of fault presence is high
(Hassen & aliz, 2014).

Signs of faults can be identified by the sharp gap in rel-
ative height and steep side slopes (Ezati & a/z7, 2021). From
the analysis performed in the Bayan Nuur depression area,
we can see the sharp gap between depression and convexi-
ty on the surface of the western coast of the lake depression
is represented.

Relief Slope (RSI) analysis can be made to define a fault
in a lake depression. Traces of a fault can be identified by
the sharp gap in relative height and steep side slopes caused
by the hypsometric cross-section profile (Jordan, 2003). RSI
analysis can be used to define fault in lake depression (On-
orato & aliz, 2017; Korzhenkov & aliz, 2020). A hypsometric
cross-section can be identified on a topographic map or sat-
ellite map (DEM), defining the value of RSI (Hooper & alz,
2003; Hall, 1996).

The presence of faults can be determined by the follow-
ing indications based on the surface slope in the lake de-
pression. These include RSI < 5% low probability of faulting,
59< RSl < 10°, there can be a fault, RSI >10° high probabil-
ity of fault presence (Bucknam & Anderson, 1979; Ganas
& aliz, 2005; Glirbuz & Girer, 2008; Onorato & aliz, 2017;
Korzhenkov & aliz, 2020; Hooper & aliz, 2003). The appear-
ance of a straight shape along the sloping surface indicates
that it coincides with a fault. The more visible its length is,
the more likely it is that there are faults.

We used spatial resolution imagery in Aster GDEM 30 m
to calculate RSl values. It is possible to identify a fault in the
steppe surface by morphological analysis based on the Re-
lief Energy (RE) indications (Kot, 2018). RE is the difference
in the relative height of the surface (Di Crescenzo & Santo,
2005). The fault can be identified by abrupt changes in the
slope size in the steppe surface where the gap of the (RE)
occurs (Kot, 2018; Di Crescenzo & Santo, 2005). The RE dif-
ferences are calculated by the given formula below (Eq. 2):

RE = bmax - bmirz (2)

Where RE is the value of Relief Energy (in m), »
the maximum height of the surface (in m), 5,
mum height of the surface (in m).

Using the 3D elevation model grid map and hypsomet-
ric curve, the upper, lower and middle dimensions of the
relative height of the surface can be determined. As the
value of the RE (m) sharp increases, the steppe surface is
more likely to be associated with the fault.

mﬂX
— the mini-

SPATIAL IMPROVEMENT OF REMOTE SENSING - The method
of clarifying with all possible criterion that can be dis-
closed and integrating all their results based on the surface
shape described on the aerial photo, which is taken from
the Spatial improvement method of remote sensing (Nixon
& Aguado, 2019).

The Bayan Nuur faults were defined on Landsat OLI
Satellite map t(30-m resolution) by adopting a remote sens-
ing directional filter matrix and high-frequency Sobel filter
(Agrawi, 2014).

The Sobel function backing an approximation to the So-
bel edge improvement operator for satellite images (Eq. 3-4),

G,=1G /+/G,/ (3)
Gx = F/‘+1, k+1 +2F/+1, k +F/‘+1, k-1 _(F/—l, K+l +2Fj—1, k + F/—l, k—l) (4)
Gy = F;‘—l, k=1 + 2F; + F/+l k-1 (F;‘—l, k+1 + 2F; k+1 + F;+l k+l)

Where G, and G are two images which at each point
contain the horizontal and vertical derivative approxima-
tions, and also (j, £) are the coordinates of each pixel F,
in the satellite i images. This is equivalent to a convolutlon
using the following masks (Eq. 5):

1 2 1 -1 0 1
Ymask= 0 0 0 Xmask= -2 0 2 6)
-1 2 -1 -1 0 1

All of the edge points in the result are set to zero. We
have used horizontal and vertical Sobel filter using an Im-
age Analysis toolbox of the ArcMap 10.3 version. To deter-
mine 2 directional line objects of satellite images, we have
calculated a summary of both images (x and y directional
images) which indicate line edges with the highest value as
white.

Bayan Nuur fault was mapped by the directional filter
command of the Convolution and Morphology menu at
ENVI 5.3 remote sensing software (Canty, 2014) using the
Landsat OLI satellite’s resolution (30 m) satellite image.

AEROMAGNETIC SURVEY - To delineate geological boundar-
ies and buried faults in the study area, spectral analysis and
directional derivatives were applied to an aeromagnetic
data set. The spectral analysis is a powerful tool to be used
for separating regional and local geomagnetic anomalies.
It must be used to follow 2-D forward and inverse Fourier
transforms because anomaly separation is easily achieved
in the wavenumber domain (Eq. 6-7):

bk )= F[ s (er)]= [ ren)e ™ v ay ()

Slor)=Fg(xr)|= ][ slk,

Where, fx x,y) is a geomagnetic field, g(% %) is the Fou-
rier spectrum in the wave number domain, g( - ky) are x, y
components of wave number vector, F[] is forward Fourier
transform and F'[] is inverse Fourier transform (Salem &
aliz, 2008).

The horizontal derivative of the geomagnetic field in a
given direction enhances lateral changes in the magnetic
field and attenuates its regional trend along that direction
(Blakely & aliz, 2005; Golynsky & aliz, 2018). The gradient
is a maximum or minimum where the magnetic suscepti-
bility contrast is higher thus discontinuities perpendicular
to the direction of derivation and defining more clearly
the faults and the edges of structures (Moghaddam & a/z,

) ’“‘*”)dk dk,(7)
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FIG. 3 - Morphometric analysis of Bayan Nuur depression A) Topographic analysis. B) HI analysis. C; RSI analysis.

2015). The horizontal gradient method is one of the most
efficient approaches to estimate parameters of geological
boundaries and buried fault. If Ax,y) is the geomagnetic
field then the horizontal gradient magnitude (HGM) can
be calculated by:

af(x,y) ’ af(x,y) ’ ®)
dx dy

HGM =

The interpretation of peak anomalies in the HGM field
is somewhat complicated (Phillips, 2000). One need to take
into account the following: regional magnetic field direc-
tion, the magnetization of rocks and geometrical parame-
ters of faults (Eq. 8).

RESULTS

Interpretation of Morphometric Analysis

Lakes depression morphometric analysis of tectonics
represents the main tools to evaluate and investigate neo-
tectonic fault activities. The morphometric integrated anal-
ysis is reported in fig. 3.
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The direction of the fault is SW-NE and influenced the
origin of the lake depression. Fault tracks f on the surface
around Bayan Nuur are related to detailed topographic el-
ements: i) a linear close contour spacing in the topographic
map in the Bayan Nuur, ii) an abrupt change of the Gur-
amsan river channel, iii) an abrupt changes in the contour
lines in the Bayan Nuur depression, iv) linear bathymetric
isobaths in the Bayan Nuur, v) a linear structure created by
bathymetric isobaths and a parallel structure of the con-
tour lines in the western part of the Bayan Nuur. It is obvi-
ous that the fault caused a certain impact on the origin of
the lake depression according to the topographic map anal-
ysis. The topographic analysis shows that the main fault on
the west side of the Bayan Nuur depression is blocked by a
bordering lateral fault.

An additional evidence of the fault of Bayan Nuur is the
rapid direction change of the river channel. (Raoult & Meil-
liez, 1987; Replumaz & aliz, 2001; Cowgill, 2007; Gasparini
& aliz, 2016; Racano & aliz, 2020; Miccadei & ali7, 2021; Bold,
1987; Thorndycraft & aliz, 2008; Zhang & aliz, 2004).

The marked deviation evident in the Guramsan river
channel direction, west-south of Bayan Nuur, can be re-
lated to the presence of the fault of Bayan Nuur. The part
where Guramsan river channel is bent coincides with the
fault line of Bayan Nuur.



FIG. 4 - RE analysis. A. South west-facing

view of the main fault B. North east-fac-
ing view of the main fault. C. East-facing
view of the main fault, field photography
of Bayan Nuur depression, Photo by Al-
tanbold Enkhbold, 2018.
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FI1G. 5 - Landsat OLI Satellite (30m) image
which processed by spatial improvement

method has shown faults. -
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The water feeding the four lakes along the Bayan Nuur
fault line, which is adry and cool climate region, is coming
from the fault lines. The largest of these four lakes is Bayan
Nuur.

The lake region has formed from more than 10 springs
along the fault line in the south, east, and north of the
Bayan Nuur depression. This geographical distribution is
due to the fault geometry that has formed the Bayan Nuur
depression. In terms of volume, the shape of Bayan Nuur is
characterized by a deep depression in the western part of
the lake and a relatively shallow depth in the eastern part.
This depression shape is because Uguumur mountain lifted
as the lake depression fell along the fault (fig. 3A).

The relationship between the changes in morphomet-
ric parameters proved the robust relationship that exists

S4E S4°30E ) ] 9E

between the basin morphology and tectonic structures.
When making HI calculation along the lake depression
area, there is a high probability of having fault resulting the
HI (%) equal to 0.673. The HI value was higher on the west
side of the lake depression, indicating a high probability of
faulting, consistently with the presence of the main fault
that contributed to the morphology of the lake depression.
In addition tom the HI data, results from other methods
were put together for mapping the faults (fig. 3B).

Bayan Nuur depression is created by the elevation of
the surface along the fault on the right side of the lake,
but the surface is inclined in the opposite direction. This
is more pronounced than a hypsometric curve. A value of
19.7 resulted from the RS relatively to the Bayan Nuur
depression. This indicates that the probability of fault is
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high. The hypsometric curve of this lake shows that the
hills are created by the uplift of the surface on the right side
of Bayan Nuur, while the current Bayan Nuur depression is
affected by slump triggered by thefault presence on the left
side of the lake (fig. 3C).

This is clear from the relief energy (RE) patterns. The
appearance of a straight structure on the surface result-
ed from the differences of this RE which emerged in the
lake depression. The RE of the Bayan Nuur depression
is 443 m. Due to the sharp difference of RE, a reverse
fault may have formed in the Bayan Nuur depression.
The sharp deflection of the Guramsan River is a major
sign of strike-slip fault. According to the fault identified
by the remote sensing and topographic analysis, there is
a difference of 1090 m on the west side and 1052 m or
48 m on the east side of the Guramsan River. The Tkh
Daagan (1299 m), Baga Daagan (1154 m), Uguumur (1343
m), and Ovoot (1085 m) hills were uplifted according to
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FIG. 6 - Geomagnetic anomaly in the vicinity of the faults.
A. Relation between horizontal derivative map and main
fault B. Relation between vertical derivative map and
strike-slip fault.
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a straight line of movement from southwest to northeast
of the Bayan Nuur depression. These hills were uplifted
along the fault, while the Bayan Nuur depression is seated
down (fig. 4).

Validation of Satellite and Geophysical mapping

The fault line, which was identified by the topographic
map, was marked out by highlighting the linear spectrum
on the satellite map with spatial improvement method. The
fault line is located on the right side of the lake and it is
consistent with the morphometric and topographic data
(fig. 5).

The satellite map around Bayan Nuur shows that sever-
al lakes were created along this fault and there are elevated
hills parallel to it. Calculated from the satellite imaging, the
main fault length is 147.1 km. However, the length of the
Strike-slip fault is 148.6 km.



Bayan Nuur depression

Water level

FIG. 7 - Bayan Nuur depression A. The cross-section
of depression morphology of the Bayan Nuur B. Fault
simplified model of the Bayan Nuur depression

A magnetic field anomaly effectively used for delin-
eating tectonic fault (Agrawal & aliz, 2004; Salem & alii,
2008). Directional derivatives of potential field data are
the most common techniques to evaluate the spatial pa-
rameters of geologic bodies and tectonic elements. To un-
derstand the local tectonic settings of the Bayan Nuur, we
have used regional scale (1:500000) aeromagnetic anom-
aly data and its horizontal and vertical derivative maps
(fig. 6).

The fault was identified based on the sharp differ-
ence in magnetic field anomaly. In the western part of
the Bayan Nuur, a southwest-northeast striking fault
can be identified. The horizontal map of the geomag-
netic anomaly clearly shows the main fault. The vertical
derivative maps of the geomagnetic anomaly highlight
the strike-slip fault. Strike directions of these faults
from magnetic anomaly maps were highly consistent
with the results of the morphometric and remote sens-
ing analysis

Relations between the depression cross-section and fault impact

Based on the cross-section and geological feature of the
lake depression, we have defined the relations between the
simplified model of the lake depression (fig. 7).

The western part of the lake depression uplifted along
the main fault and the eastern part underwent to a subsid-
ence, shaping in this way the Bayan Nuur depression. The
lake depression model motivates underground water feeding
along the fault line, the, so this could be the main reason
for having freshwater in this lake An important spring is
present at the foot of a dune slope near the eastern shore
of Bayan Nuur, fed by groundwater that infiltrates from a
lake 3.6 km to the west at 55 m higher altitude. According to
hydrogeological estimates, the groundwater yield increases
to 4.8-10.0 1/s (Paul, 2012). Tt is noted that the underground
water through the fault alimented also many springs that
drain into the Nariin River (Grunert & a/iz, 2000; Grunert &
Lehmkuhl, 2004). The Bayan Nuur and lake depression ori-
gin is not connected with wind activity, but to local tectonics.
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DISCUSSION

Uvs Nuur Basin water level change and Pleistocene
environmental effect

The present location, water volume, and other patterns
of the Central Asian lakes are quite different from that of
the Pleistocene (Grunert & Lehmkuhl, 2004; An & aliz,
2008; Walther, 2010; Huang & a/iz, 2018; Zhang & Feng,
2018; Klinge & Sauer, 2019).

Early Pleistocene sediments were found in the pediment
of the Togtokhiin Shil mountian as at the southern edge of
the Uvs Nuur Basin (Walther & 4/, 2020). According to
Devijatkin & Murzaev (1989), during the early Pleistocene
the water level in the Uvs Nuur basin reached an altitude of
1190 m above sea level.

During the Middle Pleistocene, the surrounding moun-
tains were covered by large glaciers (Grunert & Lehm-
kuhl, 2004, An & aliz, 2008, Walther, 2010, Huang & ali,
2018, Zhang & Feng, 2018, Klinge & Sauer, 2019). An huge
amount of melting water from these glaciers inundated the
Uvs Nuur Basin. The amount of water in the Uvs Nuur
basin increased from the current water level to 40-240 m
(Grunert & Lehmkuhl, 2004; An & aliz, 2008; Walther,
2010; Huang & aliz, 2018; Zhang & Feng, 2018; Klinge &
Sauer, 2019). The current water level in Uvs Nuur is 759 m
a.s.l. The Bayan Nuur is 929 m a.s.l. During floods from
glaciers, the level of Uvs Lake has risen to 999 m, which
testifies a connection between these lakes (fig. 8).

Palaeoclimate reconstructions reports of a relatively dry
early Holocene, a wet mid-Holocene and a dry late Holo-
cene (Tian & aliz, 2014, Rudaya & alii, 2021). According to
Huang & aliz (2018), Zhang & Feng (2018), Klinge & Sauer
(2019), aridity occurred in western Mongolia and the sur-
rounding areas during the Holocene, as suggested by spatial
and temporal variations of lake sediments. Enhanced aridity
occurred in the rain shadow of western Mongolia through
the increasing influence of the westerly. In the Great Lakes
Depression, lakes levels were decreased from the early Ho-
locene until the beginning of the mid-Holocene. Periods of
increased eolian transport and deposition occurred from
the Late Glacial until the early Holocene, and again during
the late Holocene. In between, during the early Holocene,
erosion by eolian and fluvial processes took place over
large areas. This changes in the environment is reflected in
the evolution of the Bayan Nuur depression. Dunes were
recorded up to an elevation of 30-35 m above the present
Bayan Nuur level (Grunert & Lehmkuhl, 2004; An & aliz,
2008; Walther, 2010; Huang & aliz, 2018; Zhang & Feng,
2018; Klinge & Sauer, 2019). The Boorog Deliin Els dune
is distributed along the south and north coastline of Bayan
Nuur. It is still unclear the fluctuation of the water level of
the Bayan Nuur during this period because lake terraces on
the shoreline of the Bayan Nuur were not found.

Modern lake water Level, characteristics and climatic effects

Lakes in large, closed tectonic depressions tend to be
salt lakes in an arid climate (Grunert & Lehmkuhl, 2004;
An & aliz, 2008; Walther, 2010; Huang & aliz, 2018; Zhang
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& Feng, 2018; Klinge & Sauer, 2019). The high alkalinity
is a general property of the surface waters in the Uvs Nuur
Basin. The water pH of Uvs Lake is 9.5 (Grunert & Lehm-
kuhl, 2004; An & aliz, 2008; Walther, 2010; Huang & al,
2018; Zhang & Feng, 2018; Klinge & Sauer, 2019). The pH
of the water of Bayan Nuur instead is 7.7 (Klein, 2001). In
the case of the Bayan Nuur the salinity is 0.5-3 %o, while
that of Uvs Nuur is 5-20 %o (Klein, 2001). These properties
of lake water are explained by a groundwater feeding along
tectonic faults for the Bayan Nuur, and a minor and incon-
stant (subaerial) alimentation for the Bayan Nuur, where
phenomena of drying up could also occur.

We have defined fluctuation of surface water level of the
present Bayan Nuur, based on calculated the Normalized
Difference Water Index (NDWT), using satellite imagery
(Landsat TM and OLI). The Bayan Nuur has not lost water
in surface area over the last 30 years (table 3). We consider
that it confirms a groundwater support along the fault.

TABLE 3 - Modern area changes of the Bayan Nuur.

N° Date Surface area, km?
1 1990.07.07 31,57
2 1994.09.04 31,61
3 1998.08.13 31,53
4 2002.08.09 31,61
5 2006.08.04 31,57
6 2010.08.31 31,69
7 2014.08.26 31,59
8 2018.08.21 31,54
9 2020.08.29 31,58
10 Average 31,59

The surface areas of some lakes in Central Asia, even in
Mongolia, have been declined and dry up in recent years
(An & alii, 2008; Szuminska, 2016; Chun & aliz, 2020). A
lake that was close to the area of Bayan Nuur was shrunk
and dries up due to modern global warming. In recent
years, Shargyn Tsagaan, Biger Lakes of Western Mongo-
lia, Orog, Ulaan Lakes of Southern Mongolia, and Avarga
Toson, Yakhi Lakes of Eastern Mongolia have completely
dried up (Szuminska, 2016; Yang & aliz, 2012; Kang & ali,
2015; Davaa, 2018; Mandakh & a/77, 2020), while Central
Mongolia’s Ugii Nuur Lake has shrunk by more than 10 per
cent (Sumiya & alzz, 2020). Despite these dramatic changes
in lake hydrology, Bayan Nuur surface area has remained
stable in recent years due to the underground water supply,
which formed in depression by fault.

The impact of fault on the origin of the North-West
Mongolian lakes depression is important because it opens
to a future updating of Mongolian lake classifications, pro-
viding more details about the factors influencing changes
in lake water regimes, volumes, and areas. Determining the
origin of the lake depression has also a relevant practical
importance for the sustainable use of the lake as as a re-
source for local economy, and this study provides a modern
starting point for future use and protection of the Bayan
Nuur. This results of this work show that there is the need



Fig. 8 - Uvs Nuur Basin wa-
ter level change A. Recent level
B. Late Pleistocene C. Middle
Pleistocene D. Early Pleistocene
(Modified after Deviatkin &
Murzaev, 1989; Walther, 2010;
Klinge & Sauer, 2019; Walther
& alii, 2020)

to deeply understand the feeding sources of this lake water,
calculating the relative percent and, on the basis of these
analyses, to implement the future methods for water bal-
ance calculation.

Relations between tectonic fault and lake depression in
Mongolia

The depressions of most Mongolian lakes are thought to
berelated to tectonics (Tserensodnom, 1971). Even though
faults have been extensively studied in Mongolia, no stud-
ies have been undertaken to investigate the relationship
between lake depressions and faults. As a result, it is nec-
essary to plan an extensive research throughout Mongolia,
in order to provide a modern and updated classification of
depressions, correcting the errors and flaws in the previous
analyses.

According to geomorphological evidence of Mongolian
large lake depressions, graben and rift in the framework of
major tectonic features are considered in the formation of
mountain lakes. However, also lakes formed in the steppe
areas can be connected to faults presence. Bayan Nuur is
one such example.

CONCLUSION

Bayan Nuur depression corresponds to a wide semi-gra-
ben structured according to a SW-NE fault system. Mor-
phometric and remote sensing analyses have been used to
locate the local tectonics elements, and this hypothesis has
been confirmed by the interpretation of an aeromagnetic
survey data. The results of this work now provides an ex-
planation of the lake water regime and its physio-chemi-
cal characteristics, different for those of other lake in the
region. The presence of a stable lake in this dry region of

northwest Mongolia is granted by the groundwater fed
along the fault line. The length of the Bayan Nuur main
fault is 147.1 km and 4 lakes have been formed along the
fault, of which the Bayan Nuur is the largest one. Bayan
Nuur water surface area has remained stable in recent years
due to the underground water supply.

This study represents an example of how the Mongo-
lian lakes formation can be updated in the light of a clearer
understanding of the regional morphotectonics supported
by geomorphological and remote sensing analyses. A new
lake classification, based on a modern approach, can open
to better models of lake regimes and water resources ex-
ploitation, but even to a more robust forecasting of future
evolution also in the light of ongoing global warming.
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