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This study anal y ses the geo log i cal and geomorphological con di tions in which palaeolakes de vel oped in the south ern mar gin
of the Arts Bogd Mas sif (Mon go lia), iden ti fy ing and doc u ment ing fif teen dry lakes in the Shereegiin Gashuun Ba sin, in the
area called the Tsakhiurtyn Hundi Lakeland. The lake bas ins were formed by a com bi na tion of tec tonic and ae olian pro -
cesses. Their oc cur rence is closely re lated to re gional fault struc tures and sub si dence of the bed rock within a pull-apart ba -
sin. Ae olian pro cesses, in clud ing de fla tion and sed i men ta tion of silts, fur ther in flu enced the palaeolakes’ mor phol ogy and
their evo lu tion. Field study and re mote data anal y sis have made it pos si ble to de ter mine the fac tors shap ing the dy nam ics of
the al lu vial-plu vial pro cesses in volved, and the struc tural con di tions de ter min ing the for ma tion of the bas ins. Now a days, the
lakes are dry, and their bot toms are filled with clayey and clayey-sandy sed i ments with clearly marked palaeoshorelines.
Anal y ses have shown that geomorphological pro cesses such as ae olian ero sion and the ac cu mu la tion of al lu vial fan de pos -
its sig nif i cantly in flu enced the ge om e try of the for mer res er voirs. 

Key words: lac us trine en vi ron ment, re mote sens ing, palaeolakes, mor pho log i cal anal y sis, Mon go lia.

INTRODUCTION

Among the key fac tors de ter min ing the de vel op ment of
lakes are the geo log i cal and geomorphological con di tions. The
lithological and fa cies re cord of lake de pos its al lows in ter pre ta -
tion of these con di tions (Cheng-Bang et al., 2008; Lee et al.,
2013). Stud ies of lake de pos its can pro vides in for ma tion on
changes in the lo cal en vi ron ment, and can also doc u ment
global events (Sevastyanov et al., 1989; Sletten et al., 2003;
Smith et al., 2004; Capra et al., 2023; Witze, 2023). In ter pre ta -

tions of the or i gin and de vel op ment of lake bas ins can also pro -
vide a key to de ter min ing the dy nam ics of land scape de vel op -
ment in the sur round ing ar eas (Owen et al., 1997). Stud ies on
the gen e sis of lakes and their dy nam ics and ex tents over time
are of key im por tance for the econ omy and for func tion ing of hu -
man so ci et ies in re gions char ac ter ized by a dry con ti nen tal cli -
mate. There have been sev eral such stud ies in Mon go lia
(Sevastyanov et al., 1989; Naumann and Walther, 2000;
Komatsu et al., 2001; Stolz et al., 2012; Felauer et al., 2012;
Szumińska, 2016; Walther et al., 2016; Yu et al., 2017;
Orkhonselenge and Bulgan, 2021; Enkhbold et al., 2025). As a
re sult of these stud ies, it turned out that many Mon go lian lakes
have a tec tonic or i gin (Cunningham, 2005; Enkhbold et al.,
2022a, b).

South ern Mon go lia has the sec ond high est num ber of doc u -
mented lakes in the coun try, com pris ing 24.7% of them
(Orkhonselenge et al., 2022). Pre vi ous pub li ca tions have usu -
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ally fo cused on the study of large lakes in this re gion that still ex -
ist to day, in clud ing Biger Nuur, Orog Nuur, Shargiin Tsagaan
Nuur, Taatsiin Tsagaan Nuur and Ulaan Nuur (e.g., Tseren -
sodnom, 2000; Komatsu et al., 2001; Kang et al., 2015;
Orkhonse lenge et al., 2018a, b), while small lakes have oc ca -
sion ally been stud ied (Grunert et al., 2009). The lat est clas si fi -
ca tion (Orkhonselenge et al., 2022) shows that, in Mon go lia,
65.9% of lakes are prai rie lakes, 74.6% are low-al ti tude lakes,
and 85% are very small lakes. In ad di tion, 56% of lakes are
ephem eral, in clud ing playa lakes, of which 15.5% are found in
south ern Mon go lia. Shal low lakes dom i nate (96.6%), and
70.3% are closed lakes, mainly in the south of the coun try
(28.6%).

In this pa per, we de scribe the re sults of geo log i cal and
geomorphological map ping, struc tural and landform anal y ses,
and the evo lu tion of 15 palaeolakes south of the Arts Bogd
Mas sif on the bor der of Övörkhangai and Ömnögovi prov inces
(Fig. 1). We term this area the Tsakhiurtyn Hundi Lakeland. The 
lakeland neigh bours the Tsakhiurtyn Hundi (Flint Val ley), which
is one of the most ex ten sive pre his toric sites of Cen tral Asia,
ow ing its name to the pres ence of abun dant flint-bear ing out -
crops and the re sult ing in nu mer a ble flint artefacts (Derevianko
et al., 2002; Masojć et al., 2017).

These lakes have not pre vi ously been the sub ject of geo -
log i cal re search. We pay spe cial at ten tion to five of these:
Talingaryn Shal (Lake 1), Chavgantsyn Shal (Lake 2), Zuun
Khuree (Lake 3), Luulityn Toirom (Lake 4), and Baruun Khuree
(Lake 5; we de rived the names of the lakes from the lo cal pop u -
la tion), be cause there are ar chae o log i cal sites lo cated within
them realting to early hunter-gath erer com mu ni ties. Ar chae o -
log i cal re search at Talingaryn Shal Lake has doc u mented 138
kyr-old de pos its at a depth of 5.15 m b.g.l., ~10.640 kyr at 1.45
m b.g.l and ~3.69 kyr at 0.6 m b.g.l. (dated by op ti cally stim u -
lated lu mi nes cence – OSL; Masojć et al., 2024). In the Luulityn
Toirom lake the old est de pos its were dated at 88.1 kyr at 5 m
b.g.l, while some youn ger dates were also ob tained: 86.6 kyr at
3 m b.g.l., 72.9 kyr at 4.9 m b.g.l. and 8.13 kyr at 0.9 m b.g.l.
(OSL dates; Michalec et al., 2025). These re sults, to gether with
geo log i cal anal y ses, may pro vide new data on the fac tors shap -
ing the dy nam ics of al lu vial-plu vial pro cesses in the con text of
the geo log i cal struc ture and geo mor phol ogy of food-pro vid ing
ar eas in the Qua ter nary pe riod. Lake de pos its are ide ally suited
for such re search be cause they are an ex tremely sen si tive re -
cord of en vi ron men tal changes. Our re sults di rectly con trib ute
to the un der stand ing of the geomorphological set ting, and em -
pha size the re la tion ship of neotectonics to the oc cur rence of
con di tions fa vour able to the de vel op ment of hu man set tle -
ments from the late Pleis to cene to the pres ent.

GEOLOGICAL AND GEOMORPHOLOGICAL
SETTING

The study area is lo cated within the Mon go lian Pla teau (Fig. 
1). It is a foot hill, and the ex treme south ern part of the Arts Bogd 
Mas sif in the east ern part of the Gobi-Altai Range (Fig. 1A).
This area is drained by rivers flow ing into two large endorheic
bas ins: the Shereegiin Gashuun Ba sin (Shereegeen Gashoon,
Shiregin Gashun) to the west and the Ulaan Nuur Ba sin (Ulan
Nur) to the east. 

Tec toni cally, the study area is lo cated within the Cen tral
Asian Orogenic Belt (CAOB; Fig. 1B), which in Mon go lia is di -
vided into a north ern and south ern do main by the Main Mon go -
lian Lin ea ment (MML). The base ment of the study area con -
sists of rocks of the Pa leo zoic Gobi-Altai Terrane lo cated in the

south ern do main, in close prox im ity to the Bogd Fault (part of
the MML (Badarch et al., 2002; Guy et al., 2014). The area on
which the study site is lo cated ex tends from east to west and is
known as the Mon gol Altai Accretionary Wedge (MAAW; Guy et 
al., 2021). It is bounded to the north by the Bogd Fault and to the 
south by the Bulgan Fault (Fig. 1C), which are re gional-scale
intracontinental strike-slip faults (Florensov and Solo nen -
ko,1965; Cunningham et al., 1997; Valtr and Hanžl, 2008).

The mod ern re lief of the study area is closely re lated to the
Ce no zoic (from Mio cene time) tec tonic ac tiv ity of the bed rock
re sult ing from the Indo-Eur asia col li sion, and the re ac ti va tion of
older struc tures re lated to Tri as sic-Ju ras sic com pres sion (clo -
sure of the Mon gol-Ochotsk Ocean), Ju ras sic-Early Cre ta -
ceous ex ten sion and con ti nen tal rift ing, and mid dle Cre ta ceous
com pres sion and ba sin in ver sion (Molnar and Tapponier, 1975; 
Hendrix et al., 1996; Cunningham, 1998; Buriánek et al., 2008;
Rob erts and Cunningham, 2008; van Hinsberger et al., 2015).
Arts Bogd is the east ern el e ment of a com plex struc ture, a re -
strain ing bend moun tain range, de vel oped along the
WNW–ESE trending Bogd Fault Sys tem. It is ob served along
the en tire Gobi-Altai Range over a dis tance of 250–300 km and
is char ac ter ized by the pres ence of asym met ri cal flower struc -
tures and NW thrusts that de vel oped along sinistral strike-slip
faults (Fig. 2; Florensov and Solonenko, 1965; Bayarsayhan et
al., 1996; Cunningham, 2007). They are ac com pa nied by de for -
ma tion ex pressed as folds, thrusts and orographic fronts. Ki ne -
matic and geo met ri cal re la tion ships sim i lar to the Bogd Fault
Sys tem oc cur in the Gurvan Saikhan Ranges, lo cated di rectly
south of the study area, which are as so ci ated with the Gobi-
 Tien Shan Fault Sys tem (E–W; Cunningham, 2007, Rippington, 
2008). These ar eas are sep a rated by the E–W ex tend ing
Shereegiin Gashuun Ba sin (Fig. 2). 

The de for ma tion re sults from Late Ce no zoic re gional tec -
tonic transpression (Cunningham et al., 1996, 1997; Cunnin -
gham, 2010, 2013) and large-scale anticlockwise ro ta tion of the 
crys tal line base ment (Bayasgalan et al., 1999). It has been re -
spon si ble for nu mer ous earth quakes, in clud ing the 1957 event
of M 7.8–8.3, which caused ground de for ma tion over a dis tance 
of 260 km and a width of 40 km (Florensov and Solonenko,
1965). Strike-slip dis place ments along the Bogd Fault Zone
dur ing the Late Pleis to cene and Ho lo cene are es ti mated to
have been ~0.5 mm/yr (Ritz et al., 1995; Rizza et al., 2011). Dis -
place ments as a re sult of the 1958 Bogd earth quake were
3–5.2 m in its west ern part and 2–3.5 in its east ern part
(Florensov and Solonenko, 1965; Kurtz et al., 2018). The Ce no -
zoic de for ma tion is thus part of the on go ing post-Tri as sic re -
mod el ling of the Mon go lian CAOB in the Gobi-Altai range,
which is clas si fied as an intraplate, intracontinental transpres -
sio nal orogen (Cunningham, 2010).

The in flu ence of tec tonic re mod el ling on the Ce no zoic re lief
has re sulted in the area pos sess ing phys io graphic fea tures
char ac ter is tic of a ba sin-and-range prov ince (Cunningham,
2013). De spite the dom i nant E–W ori en tated struc tures, the
east ern end of the Arts Bogd Mas sif has a N–S ori en ta tion,
which is due to the ex is tence of an orogenic front there de vel -
oped along an eastwards verg ing thrust (Figs. 2 and 3). The
orogenic front on the north ern side of the mas sif is as so ci ated
with N–NW verg ing thrusts. The up lift rate there is es ti mated to
have been 60 mm/yr dur ing ~600 kyr (Lee et al., 2021), while
the strike-slip com po nent along the south ern mar gin of the Arts
Bogd reached ~5.8 mm/yr dur ing the last 32 kyr (Lee et al.,
2021).

In the study area, Pa leo zoic rocks are rep re sented by the
Si lu rian phyllites and mar bles (crys tal line lime stones) of the
Khanankharsny For ma tion (Togtokh et al., 1985). They are part 

2 Rafał Sikora et al. / Geological Quarterly, 2025, 69, 45

https://doi.org/10.1016/j.gsf.2014.12.002
http://doi.org/10.3190/jgeosci.023
https://doi.org/10.1080/01431160802220227
https://doi.org/10.1111/j.1365-246X.2011.05075.x
https://doi.org/10.1130/0091-7613(1995)023<1019:SRAAFE>2.3.CO;2
https://doi.org/10.1144/0016-76492007-091
https://doi.org/10.1144/0016-76492007-091
https://doi.org/10.1126/science.189.4201.419
https://doi:10.1371/journal.pone.0330209
https://doi.org/10.15184/aqy.2024.44
https://doi.org/10.1016/j.geomorph.2021.107613
https://doi.org/10.1007/978-3-030-99120-3
https://doi.org/10.1016/j.tecto.2018.03.011
https://doi.org/10.1007/s40333-014-0081-x
https://doi.org/10.1016/S0169-555X(00)00095-7
https://doi.org/10.1130/0016-7606(1996)108<1256:NUSSML>2.3.CO;2
https://doi.org/10.1016/j.gr.2020.11.016
https://doi.org/10.1016/j.gr.2013.03.014
https://doi.org/10.3969/j.issn.1001-7410.2009.04.03
https://doi.org/10.1016/S0040-1951(97)00034-6
https://doi.org/10.1016/S0040-1951(97)00034-6
https://doi.org/ 10.1016/0012-821X(96)00048-9
https://doi.org/ 10.1016/j.jsg.2012.08.010
https://doi.org/ 10.1016/j.jsg.2012.08.010
https://doi.org/10.1016/0195-6671(91)90015-5
https://doi.org/10.1016/0195-6671(91)90015-5
https://doi.org/10.1016/0195-6671(91)90015-5
https://doi.org/10.1144/SP290.7
https://doi.org/10.1144/SP290.7
https://doi.org/10.1144/SP338.17
https://doi.org/10.3190/jgeosci.026
https://doi.org/10.1016/S0191-8141(99)00064-4
https://doi.org/10.1130/0091-7613(1996)024<0579:GAMEAA>2.3.CO;2
https://doi.org/10.1130/0091-7613(1996)024<0579:GAMEAA>2.3.CO;2
https://doi.org/10.1016/S1367-9120(02)00017-2


Rafał Sikora et al. / Geological Quarterly, 2025, 69, 45 3

Palaeo-Asian Domain

Fig. 1A – lo ca tion of the study area on a gen eral map of Mon go lia; B – sketch tec tonic map of Cen tral Asia 
(af ter Liou et al., 2017); C – tec tonic zonation of the Mon go lian part of the Cen tral Asian Orogenic Belt 

(CAOB; af ter Parfenov et al., 2003; Guy et al., 2021; Peřestý et al., 2025, mod i fied)
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of the Up per Si lu rian-De vo nian sed i men tary suc ces sion (Guy
et al., 2021) and are ex posed from be neath the andesites and
bas alts (trachybasalts, Samoilov et al., 1998) be long ing to the
lower part of the Lower Cre ta ceous Malnai For ma tion
(117.6–120.3 Ma, Sheldrick et al., 2018), of which the en tire
Arts Bogd Mas sif is pre dom i nantly com posed (Figs. 3 and 4). 

The Cre ta ceous stra tal suc ces sion, which forms the south -
ern edge of the moun tain slopes, be gins with the youn ger (up -
per) Malnai For ma tion, which is un con form ably de pos ited on
top of vol ca nic rock (Figs. 3 and 4). It con sists of con glom er -
ates, sand stones and red mudstones (Fig. 4). The sub se quent
sub di vi sions of the sed i men tary Cre ta ceous rock se quence lie
con form ably, and the lay ers com monly dip monoclinally to the
south (Fig. 5). Con se quently, suc ces sively youn ger litho strati -
graphic sub di vi sions are ob served there. The Lower Cre ta -
ceous Khokhshir For ma tion (Figs. 3 and 4; Togtokh et al.,
1985) con sists of claystones, mudstones, polymictic sand sto -
nes, lime stones and marls. The Up per Cre ta ceous Bombokhoi
For ma tion and Baruungoyot For ma tion (Togtokh et al., 1985)
are rep re sented by con glom er ates, sand stones, red siltstones
and gyp sum-bear ing clays. The Baruungoyot For ma tion also
con tains marls and var ie gated clays (Figs. 3 and 4; Gradziñski
and Jerzykiewicz, 1974; Jerzykiewicz and Rus sel, 1991).

There is a strati graphic gap in the pro file be tween the Me so -
zoic strata and the Qua ter nary cover (Togtokh et al., 1985). The 
old est Pleis to cene de pos its in the study area are found on the
slopes in the form of al lu vial, al lu vial-proluvial clays and de bris,
and proluvial and al lu vial sands and grav els. In the val leys and
at the foot of the slopes, there are Pleis to cene and Ho lo cene al -
lu vial and proluvial de pos its: gravel, sand, clayey sand, silty

sand, and clay, in clud ing lac us trine clay. Ae olian sands and silts 
are also pres ent, form ing con tin u ous cov ers and small dunes
(Figs. 3 and 4).

METHODS

REMOTE SENSING, GEOMORPHOLOGICAL ANALYSIS 
AND FIELD SURVEY

The field sur vey was pre ceded by an anal y sis of the
1:200,000 geo log i cal map (Togtokh et al., 1985) and sat el lite
im ag ery. Re mote anal y ses were car ried out in a Geo graphic In -
for ma tion Sys tem (GIS) en vi ron ment us ing BlueMarble’s Glo -
bal Map per and ESRI’s ArcGIS soft ware. High-res o lu tion im -
ages from ESRI’s re sources were used. These are im ages ob -
tained by Maxar sat el lites (Maxar Space Sys tems). They were
taken be tween 2015 and 2024. The im ages ana lysed have a
res o lu tion of 1.20 m and are dis played with a max i mum ac cu -
racy of 5 m. Dur ing the anal y sis, im age mag ni fi ca tions from
1:50,000 to 1:5,000 in true col our im ag ing were used. A STRM
V3 (The Shut tle Ra dar To mog ra phy Mis sion) dig i tal el e va tion
model with 1 arc-sec ond (30 m) res o lu tion from NASA JPL
(Farr et al., 2007) was also ana lysed. Ad di tion ally, in or der to il -
lus trate and re cog nise the land forms around the lakes, pho to -
graphs of the ter rain sur face taken with an un named ae rial ve hi -
cle (UAV) were used. Sat el lite and UAV im ages and ter rain
mod els were ana lysed in terms of re lief char ac ter is tics, rec og ni -
tion of geomorphological forms, de ter mi na tion of the type of
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Fig. 2. Dig i tal el e va tion model based on a STRM V3 dig i tal el e va tion model with in ter pre ta tion of sub si dence axis (or ange line)
be tween the re strain ing bend moun tain ranges of the Gobi-Altai orogen

Fault and thrust data af ter (Cunningham 2007, 2010, 2013; Cunningham et al., 2009, mod i fied)
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river net work and in ter pre ta tion of the oc cur rence
and ge om e try of lakes or their re mains (both
geomorphological forms and lac us trine de pos its). 
At ten tion was paid to the phys io graphic pa ram e -
ters of the palaeo lakes iden ti fied and doc u men -
ted, al low ing them to be clas si fied in terms of their 
gen e sis, land scape type, area, sta bil ity, depth,
sa lin ity, and pres ence of out let (af ter Orkhonse -
lenge et al., 2022). El e ments of the var i ous land -
forms such as the in ter pre ta tion of the palaeo -
shoreline, re cent floodplain and sand cover, po -
ten tial sed i ment source ar eas, and the ex is tence
of al lu vial fans were also ana lysed and used to
de ter mine the re la tion ship be tween the ge ol ogy
and tec ton ics of the bed rock and the re lief. 

An im por tant el e ment of the re search was
field work con sist ing of geomorphological and
geo log i cal map ping in clud ing the rec og ni tion of
the re la tion ship be tween land forms and the tec -
tonic struc ture of the bed rock. The field re search
con sisted of con firm ing the pres ence of the for -
mer lakes in ter preted re motely on sat el lite im -
ages and de ter min ing their bound aries. Geo -
morpho logical map ping was car ried out, in ad di -
tion to iden ti fy ing drain age pat terns and other
land forms such as me sas and cuestas.  At ten tion
was paid to the ge om e try of rec og nized forms
such as top o graphic ridges, in clud ing their di rec -
tion, asym me try, tilt and ori en ta tion. Dur ing geo -
log i cal map ping, rock ex po sures and the type of
de pos its oc cur ring around palaeolakes were also
iden ti fied and doc u mented, po ten tial al i men tary
ar eas were in di cated (based on petrographic
ana l y ses of sed i men tary ma te rial), and the ex tent 
of bed rock subcrops be neath the Qua ter nary
cover was re cog nized. At ten tion was paid to litho -
logical con tacts and the pres ence of tec tonic stru -
c tures. Faults and thrusts that could have in flu -
enced the de vel op ment of the gen eral ter rain re -
lief and in di vid ual land forms, or could help doc u -
ment the neotectonic ac tiv ity of the study area or
re cent seis mic events (earth quakes), were iden ti -
fied and doc u mented.

The lakes sur veyed were cate gor ized ac cord -
ing to the clas si fi ca tions of Orkhonselenge et al.
(2022), Hutch in son (1957) and Tserensodnom
(1971, 2000).

RESULTS

GEOMORPHOLOGY OF THE TSAKHIURTYN
HUNDI LAKELAND AND ADJACENT AREAS

In the study area, three ba sic types of land -
scape were dis tin guished. The Arts Bogd moun -
tain area rep re sents a rocky desert (1); to the
south and east of it, at the mouth of the river val -
leys, there is a bajada with al lu vial cones (2); and
the sur face of the ter rain in the south ern part of
the area is cov ered by the so-called Gobi pave -
ment (3; Fig. 6A–C). The max i mum al ti tudes of
the moun tain ous part of the mas sif reach up to
1770 m a.s.l. The moun tain peaks are flat, and
slopes be low them have de bris cov ers and in
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places rock blocks (Fig. 6D). There are intra montane de pres -
sions within the mas sif, the main river val leys are wide, and their 
slopes are gen er ally steep with a gra di ent of 25–50°. There are
also ver ti cal rock walls reach ing a height of 300–350 m above
the flat val ley floors. 

Based on the anal y sis of sat el lite im ages, a wa ter shed line
was drawn for the Shereegiin Gashuun Ba sin and the Ulaan
Nuur Ba sin, which gen er ally runs in an arc from north to
south-east (Fig. 3). The north east ern part of the area drains to -
wards the Ulaan Noor Ba sin, while the west ern and south ern
parts drain to wards the Shereegiin Gashuun Ba sin. 

In this part of the study area, land with a bed rock com posed
of hor i zon tally or ap prox i mately hor i zon tally lay ered vol ca nic
rocks forms a pla teau-like land scape (Fig. 6D, E). Edge re lief
oc curs in the part made of folded meta mor phic rocks, which are
char ac ter ized by a steeply in clined (up to 30°) fo li a tion sur face
to wards the south. Ver ti cal ridges can be found in the north ern
part of their out crop, where the in cli na tion of the meta mor phic
fo li a tion ex ceeds 30° (Fig. 6F). Ver ti cal re lief is also ev i dent
close to the faults and thrust zones, where the Me so zoic vol ca -
nic rocks are tilted at var i ous an gles.

The south ern out skirts of the Arst Bogd Mas sif in the study
area are char ac ter ized by hilly ter rain with heights be tween
1180 and 1400 m a.s.l., and lo cal peaks reach ing up to 1480 m 
a.s.l. (Fig. 6E). The geo log i cal and geomorphological anal y sis
of the foot hills of the study area, where the lakes are lo cated,
showed that the hor i zon tal and monoclinal ar range ment of
Me so zoic sed i men tary rocks dip ping at low an gles (up to 5°)
to wards the south de ter mines the de vel op ment of a mixed re -
lief, of pla teaus and its edges (Fig. 6E). The E–W di rec tion of
the cuestas’ ridges cor re sponds to the strike of the Cre ta -
ceous strata, and the height of their steep slopes de creases
to wards the south. The me sas and cuestas are at a ma ture
stage of de vel op ment. Their ridges and slopes are cut by
trans verse val leys of in ter mit tent streams (Fig. 6G). For this
rea son, in many cases, these ridges have be come frag mented 
and com monly form iso lated pla teau-like sur faces. Be tween
the cuestas’ ridges, de pres sions have been formed into which
wa ter from the nearby hills flows. The val leys, which run along
and per pen dic u lar to the cuestas’ ridges, cut deep into the
bed rock, lo cally by >20 metres. To the north, these form long
val leys drain ing the Arts Bogd Mas sif. In the foot hills, their bot -
toms are flat and wide with many shal low chan nels, which is
typ i cal of in ter mit tent rivers in a dry cli mate. In ter mit tent wa ter
in flow into the de pres sions also takes place from the south
through val leys lo cated on steep, but low and poorly top o -
graph i cally de fined, cuesta ridges. These val leys are much
shorter and do not cause ex ten sive and deep ero sion cuts.
Some de pres sions are reached by the drain age val leys of the
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Fig. 4. Strati graphi cal pro file of the study area (stra tig ra phy
af ter Togtokh et al., 1985)

Fig. 5. Sche matic geo log i cal cross-sec tion of the study area (for ex pla na tion see Fig. 3) 
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Fig. 6. Land scapes of the study area

A – ha ma da land scape of the Arts Bogd Mas sif; B – bajada land scape on the south ern edge of the Arts Bogd; C – Gobi pave ment to the
south of study area; D – boul ders at the foot of a flat moun tain peak; E – pan oramic view of the Arts Bogd Mas sif and its foot hills; F – edge
type of ter rain re lief on an area of Pa leo zoic meta mor phic rocks; G – ma ture stage of iso lated mesa built by Cre ta ceous sed i men tary rocks in
the south ern foot hills of the Arts Bogd



north ern slope of the Gurvan Saikhan Range. The drain age
sys tem ob served in the study area car ries a vari able struc ture. 
It is pre dom i nantly den dritic in the moun tain ous area, par al lel
and sub-par al lel in the foot hills, and cen trip e tal araound the
lakes.

In ad di tion to the clearly de vel op ing flu vial-denudational
re lief, ae olian pro cesses also af fect the sur face of the ter rain.
Winds blow across the el e va tions, so the mesa sur faces and
the gen tle slopes of the cuestas are cov ered with a de fla tion
pave ment (Fig. 7A). The pave ment peb bles com prise phyllite,
vol ca nic rock and crys tal line lime stone. In de pres sions, there
are also ac cu mu la tions of silts and ae olian sands. These form
small dunes with char ac ter is tic rip ples and phytogenic hills,
so-called nebkha (cop pice dunes) around sparse shrub veg e -
ta tion (Fig. 7B). On the sur face of the dried-out bot toms of
ephem eral lakes there are thin sandy-silty cov ers. These fea -
ture low (up to 10 cm), asym met ri cal ae olian rip ple marks with
si nu soi dal crests. The dis tances be tween the crests of the rip -
ples marks range from ~10 to ~40 cm (Fig. 7C). Trenches
within the lake ar eas re vealed var ied sed i men tary fa cies,
show ing a typ i cal arid zone fa cies as so ci a tion that in cludes
lac us trine, flu vial and ae olian de pos its (Fig. 7D).

The anal y sis of the de pres sions on the dig i tal ter rain model
in the south ern part of the study area re vealed the ex is tence of
a lat i tu di nally ori ented zone where there is a re gional (in the
sense of the study area) change in the ori en ta tion of the slopes
(Fig. 8). To the north of this zone, slopes that dip to wards the
south dom i nate, while to the south, slopes ori ented to wards the
north are more com mon. 

TECTONICS

The area has struc tures as so ci ated with dis junc tive tec ton -
ics. Within the Pa leo zoic rocks, faults have been iden ti fied and
doc u mented based on sat el lite im ages show ing shifts in rock
out crops, mainly in a NE–SW di rec tion (Fig. 9A). In the Cre ta -
ceous sed i men tary rock out crops, nor mal and re verse faults
with N–S and NW–SE ori en ta tions were re cog nized (Figs.
9B–F and 10). These are dis lo ca tions with small dis place ments
(from sev eral tens of centi metres to sev eral metres) and ex -
tents (com monly sev eral tens of metres), so they are not of re -
gional sig nif i cance.

GENERAL PALAEOLAKE CHARACTERISTICS

Fif teen lakes were iden ti fied and doc u mented (Fig. 3) be -
long ing to the Shereegiin Gashuun Ba sin catch ment area. Lake 
sed i men ta tion oc curred in de pres sions in front of the cuestas’
es carp ments, where the wa ters of sea sonal streams flowed.
Thes ac cu mu lated in wide, drainless de fla tion bas ins formed as 
a re sult of in ten sive ae olian pro cesses. The bas ins were formed 
in the clastic Up per Cre ta ceous strata of the Baruungoyot
Formation and, less fre quently, the Bombokhoi Formation (Fig.
3). Cur rently, the lakes are dry, and their palaeoshorelines (Fig.
11A–G) are vis i ble around beds of clay and clayey sand. The
palaeolake slopes are cov ered by sands and grav els.

Within the clayey de pos its, open po lyg o nal des ic ca tion frac -
tures have been ob served. In places, these sur faces are over -
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Fig. 7A – Cre ta ceous sur face planation on the top of a mesa; B – ae olian sed i ments within an ephem eral stream
chan nel; C – asym met ri cal ae olian rip ples on the sur face of a dried lake; D – se quence of playa lake de pos its

 (lac us trine, flu vial and ae olian fa cies) in an ar chae o log i cal trench



grown by sparse veg e ta tion, which sug gests that the sur face
sed i ments are more hu mid than the sur round ing area, due to
pe ri odic flood ing dur ing rain fall (Fig. 11A–F). De spite con tin u -
ous de fla tion, the dry parts of the lake floors are cov ered by ae -
olian sands and silts (Fig. 11B, C). Re mote sens ing and field
sur veys have con firmed the ex is tence of al lu vial fans that trans -
ported sed i ments to the palaeolakes. The most ex ten sive fans
are as so ci ated with streams flow ing in from the north or
north-east, which in sev eral cases par tially filled the lake bas ins
(Figs. 3 and 11A,C).

CHARACTERISTIC OF SELECTED PALAEOLAKES

TALINGARYN SHAL LAKE (LAKE 1)

Talingaryn Shal Lake is the most east erly of all the
palaeolakes stud ied (Fig. 12). The sur face of its bed is elon -
gated E–W, is at an al ti tude of ~1280 m a.s.l. (Ta ble 1), and the
bound aries of the ba sin, filled with lac us trine de pos its, are ir reg -
u lar. The re lief around the ba sin in di cates that the lake was a
closed wa ter body. A dis tinct nar row ing in the mid dle part of the
lake is vis i ble, caused by the pres ence of an al lu vial fan, the
sed i ments of which filled the res er voir from the north-east (Fig.
12). Geomorphological anal y sis shows that the main source of
sed i ment fill ing the res er voir was lo cated ~5 km to the north.
This was a ridge made of sed i men tary rocks of the Khokhshir
Formation and Bombokhoi For ma tion. The in ter me di ate source 
area for the sed i ments was the more closely lo cated out crops of 
the Baruungoyot For ma tion. Be fore the wa ter reached the lake, 
it ac cu mu lated in a smaller wa ter body (Lake 9) lo cated ~1 km
to the north be tween out crops of the Baruungoyot Formation
(Figs. 3 and 12). Flow ing wa ter also sup plied sed i men tary ma -
te rial to the res er voir from the east and south. In the for mer
case, these first ac cu mu lated in an in ter me di ate ba sin (Lake 8)
fed by wa ters flow ing down from the ridge pres ent there, made
up of vol ca nic rocks of the Lower Malnai For ma tion and the

Bombokhoi For ma tion. The north west ern palaeoshoreline is
marked in the re lief, and the south ern one co in cides with the
mod ern bound ary limit of the range of pe ri odic rain-fed floods
(Fig. 11A, B). Ae olian silts and sands mi grate from the south
onto the de fla tion sur face of the lake bed. 

CHAVGANTSYN SHAL LAKE (LAKE 2)

Chavgantsyn Shal Lake was also a closed wa ter body. It is
elon gated ENE–WSW and is the small est in terms of area of
the lakes ana lysed (Ta ble 1). Its west ern part is cov ered by ae -
olian sands (Fig. 13). The pres ent-day dry lake floor is at an al ti -
tude of ~1300 m a.s.l. (Ta ble 1). It was fed from the north-east,
where al lu vial fan de pos its can be found to day. As in the case of 
Talingaryn Shal Lake, the wa ter flowed into the lake in di rectly,
through two other lakes (Lake 10 and Lake 11) lo cated to the
north and north-east. The sed i men tary source ar eas were the
pre vi ously de scribed hill ridges made of the Cre ta ceous
Khokhshir and Bombokhoi formations. In ad di tion, the lake to
the north was also fed from the moun tain ous part of Arst Bogd,
from out crops of the vol ca nic rocks of the Malnai For ma tion and 
meta mor phic rocks of the Khanankharsny For ma tion (Fig. 3).
The palaeoshoreline is sub tly marked in the ter rain re lief. Its
north ern and south ern parts co in cide with the mod ern bound ary 
of pe ri odic flood ing by rain wa ter (Fig. 11C, D).

ZUUN KHUREE LAKE (LAKE 3)

Zuun Khuree Lake is lo cated on the west ern edge of the
south ern foot hills of the Arts Bogd and is the sec ond larg est of
the lakes ana lysed (Ta ble 1). The pres ent-day dry lake bot tom
is lo cated at an el e va tion of ~1270 m a.s.l. It orig i nally had a
strongly elon gated shape in a WNW–ESE di rec tion, but its cen -
tral and east ern parts are largely bur ied by al lu vial fan de pos its
(Fig. 14). It was a closed wa ter body sup plied di rectly by river
wa ter flow ing from the up land part of the Arts Bogd and the
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Fig. 8. Lo ca tion of the palaeolakes stud ied on a slope as pect map of the study area based 
on a STRM V3 dig i tal el e va tion model



ridges of nearby cuestas. The al i men tary ar eas for the lake sed -
i ments in cluded the Khanankharsny, Khokhshir and Baruungo -
yot formations out crops. On the north ern side of the res er voir,
the palaeoshoreline is clearly marked, co in cid ing with the
bound ary of pe ri odic rain wa ter flood ing in the south ern part
(Fig. 11E, F).

LUULITYN TOIROM LAKE (LAKE 4)

Luulityn Toirom Lake is lo cated out side the el e vated area,
within the Shereegiin Gashuun Ba sin (Fig. 3). In this area, the
re lief is smoother with small height dif fer ences. This lake was
the larg est of those sur veyed (Ta ble 1). Its lon ger axis runs
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Fig. 9. Faults re cog nized in the study area

A – faults within Pa leo zoic meta mor phic rocks in ter preted on sat el lite im ages (plane view); B – nor mal fault within sed i men tary
rocks of the Khokhshir For ma tion; C – slick en sides on the nor mal fault sur face from pic ture B; D – re verse fault within sed i men -
tary rocks of the Khokhshir For ma tion; E – re verse fault within sed i men tary rocks of the Baruungoyot For ma tion; F – nor mal fault
within the up per part of the Khokhshir Formation on the Flint Val ley mesa slope



NE–SW (Fig. 15) and the pres ent-day bot tom sur face is at an
al ti tude of 1260 m a.s.l. It has been ex posed by de fla tion (Fig.
11G). This sur face is cov ered in its west ern and partly in its
east ern part by ae olian sands, which form dis tinct dunes in the
east ern part. On the sat el lite im age, river chan nels cut ting the
pres ent bot tom of the lake are clearly vis i ble. The lake was of
closed type and sim i lar to Zuun Khuree Lake, sup plied mainly
by wa ters drain ing the Malnai and Baruungoyot for ma tions out -
crops, which are lo cated to the north-east. In ad di tion, al i men -
tary ar eas for sed i ment to the lake were also lo cated in the cen -
tral part of the Arts Bogd Mas sif, set back to the north of the
study area, and on the es carp ment of a poorly pre served
cuesta ridge on the south ern side of the lake (Fig. 3). The
palaeoshoreline is well marked in the ter rain re lief, be ing well
away from the pres ent-day floodplain in the south ern part and
over ly ing it in the north ern part. In the west ern part of the res er -
voir, the palaeo shoreline is cov ered by ae olian sed i ments.

BARUUN KHUREE LAKE (LAKE 5)

It is the most west erly lake and is ap prox i mately aligned with 
the Shereegiin Gashuun Ba sin (Fig. 3). A smaller lake (Lake
14) was iden ti fied to the north-east of it, which was an in ter me -

di ate res er voir for wa ter sup plied from the north. Baruun Khuree 
Lake was of closed type, elon gated NE–SW, and may have
formed a sin gle wa ter body with Lake 15 in the past (Figs. 11H
and 16). The pres ent-day bot tom in the southwest ern part of the 
lake is at an el e va tion of ~1240 m a.s.l. (Ta ble 1). Its cen tral part 
is cov ered by ae olian sand dunes.

DISCUSSION OF THE RESULTS

GEOMORPHOLOGICAL AND TECTONIC DETERMINANTS
 OF LAKE BASIN FORMATION

Lat i tu di nally ori ented el e ments of the edge and pla teau -
-cuesta land forms re late to fault zones and the course of
lithological bound aries. The south wards tilt of the Cre ta ceous
for ma tions (in clud ing the Me so zoic planation sur face) is caused 
by the tec tonic, asym met ri cal up lift of the Arts Bogd Mas sif
(Cunningham, 2013). The lithological com po si tion of the pave -
ment on the cuestas and me sas sug gests that these sur faces
are older, Me so zoic, planation sur faces. Along the cuesta es -
carp ments, which are par al lel to the re gional trend of lon gi tu di -
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Fig. 10. Rose di a gram of faults rec og nized within the study area

https://doi.org/ 10.1016/j.jsg.2012.08.010
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Fig. 11A – in ter preted land forms of Talingaryn Shal Lake (photo taken in June 2022 with UAV); B – view of the Talingaryn
Shal Lake area af ter a rain fall event (photo taken in June of 2023 with UAV); C – view and in ter pre ta tion of land forms
around Chavgantsyn Shal Lake (photo taken in June 2022 with UAV); D – Chavgantsyn Shall Lake area af ter rain fall event 
(photo taken in June 2022 with UAV); E – in ter preted land forms of the Zuun Khuree Lake area (photo taken in June 2022
with UAV); F – Zuun Khuree Lake area af ter a rain fall event (in June 2023 on sat el lite im ages from Google Earth); G – in -
ter preted land forms of the dried Luulityn Toirom Lake (photo taken in June 2024 with UAV); H – sim i lar view on Baruun
Khuree Lake (photo taken in June 2024 with UAV)
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Fig. 12. Geo log i cal sketch map around Talingaryn
Shal Lake (af ter Masojæ et al., 2024, mod i fied)

T a  b l e  1

 Morphometric com po nents of the lakes stud ied 

no Name of the lake Geo graph ical 
co or di nates

El e va tion

[m a.s.l.]
Max. length 

[km]
Max. width

[km]
Area
[km2] Elon ga tion Bed rock

1 Talingaryn Shal
(Lake1)

44°07‘23” N
102°53‘18” E 1280 2.37 0.58 0.84 E–W Cr2 – Baruungoyot Fm.

2 Chavgantsyn Shal 
(Lake 2)

44°08‘08” N
102°50’42” E 1300 0.56 0.44 0.22 ENE–WSW Cr2 – Baruungoyot Fm.

3 Zuun Khuree 
(Lake 3)

44°08;59” N
102°44;28” E 1270 3.50 0.68 1.77 WNW–ESE Cr2 – Baruungoyot Fm.

4 Luulityn Toirom
(Lake 4)

44°08‘11” N
102°39‘47” E 1260 3.40 0.93 1.83 NE–SW Cr2 – Baruungoyot Fm.

5 Baruun Khuree
(Lake 5)

44°08‘02” N
102°33‘51” E 1240 0,15 0.44 0.57 NE–SW Cr2 – Baruungoyot Fm.

https://doi.org/10.15184/aqy.2024.44


nal faults, the main val leys of the pe ri odic rivers flow, chang ing
the di rec tion of the wa ter flow from the south to the west or east, 
or form de pres sions that were filled with lake sed i ments. The
nor mal and re verse faults rec og nized, which are ori ented di ag -
o nally or trans versely (in a NW–SE di rec tion) to the re gional
struc tures, have a lo cal ex tent, but can af fect the lo ca tion of
trans verse in ci sions of the cuestas by val leys, which has been
shown in sev eral places. In terms of their or i gin, faults with
NW–SE ori en ta tion are re lated to the NE-vergent thrust pres ent 
on the east ern mar gin of the Arts Bogd Mas sif. They also re cord 
and pro vide ev i dence of post-Cre ta ceous neotectonic events
and may be re lated to the pres ent-day seis mic ac tiv ity of the

area. The study area is lo cated in the 1st seis mic zone in Mon -
go lia which is char ac ter ized by high seis mic ac tiv ity. Earth -
quake mag ni tudes in Arts Bogd do not ex ceed M 6 (Rizza et al.,
2011) and the re la tion ship be tween rec og nized faults and con -
tem po rary tec tonic ac tiv ity of the Gobi-Altai and Khangai base -
ment re quires fur ther anal y sis. Iden ti fi ca tion of the re gional
slope re ori en ta tion zone in which the palaeolakes are lo cated
shows that it rep re sents an axis with an ap prox i mate
WSW–ENE course that con nects intramontane bas ins. From
west to east, these are the Nemegt, Shereegiin Gashuun and
Ulan Nuur bas ins. This zone is par al lel to the re gional strike-slip
faults, and it sep a rates the Bogd De form ing Belt from the
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Fig. 13. Geo log i cal sketch map around Chavgantsyn Shal Lake

Fig. 14. Geo log i cal sketch map around Zuun Khuree Lake

https://doi.org/10.1111/j.1365-246X.2011.05075.x
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Gobi-Tien Shan De form ing Belt to the south (Cunningham,
2007, 2010, 2013). More over, it is di ag o nally ori ented to the
Bogd Fault Zone and the Gobi-Tien Shan Zone. In this con text,
the intramontane bas ins (in clud ing the Shereegiin Gashuun
Ba sin) that ex tend along the ridge ap pear to be the re sult of
lithospheric stretch ing be tween sinistral fault zones. These are

large-scale, pres ent-day ac tive en-ech e lon struc tures that have 
been de vel op ing since at least the late Cre ta ceous, and their
de vel op ment led to the for ma tion of a pull-apart ba sin (Fig. 17).
Such a long de vel op ment of the ba sin is cor rob o rated by the in -
crease in the thick ness of Cre ta ceous strata in their cen tre and
the de vel op ment of de pres sions in the pres ent-day to pog ra phy, 
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Fig. 16. Geo log i cal sketch map around Baruun Khuree Lake

Fig. 17. Sche matic model of the Shereegiin Gashuun Ba sin de vel op ment as a pull-apart
ba sin (en-ech e lon) in the Qua ter nary (faults and thrusts of the Bogd and the Gobi-
 Tien-Shan sys tems af ter Cunningham, 2007, 2010, 2013; Cunningham et al., 2009, mod -

i fied)

https://doi.org/ 10.1144/0016-76492008-082
https://doi.org/ 10.1016/j.jsg.2012.08.010
https://doi.org/ 10.1016/j.jsg.2012.08.010
https://doi.org/10.1016/0195-6671(91)90015-5
https://doi.org/10.1016/0195-6671(91)90015-5
https://doi.org/10.1144/SP290.7
https://doi.org/10.1144/SP290.7
https://doi.org/10.1144/SP290.7
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Fig. 18. Sche matic model of playa lake de vel op ment in the Tsakhiurtyn Hondi Lakeland
 (south of the Arts Bogd Mas sif)



to wards which the river net work is di rected. The cen tres of
these bas ins are sub ject to sub si dence, which con trasts with
the up lifted neotectonic moun tain ar eas where re gional fault
zones are sit u ated. The palaeolakes stud ied have a lin ear pat -
tern, stretch ing E–W along the axis of the de pres sion sep a rat -
ing the Bogd De form ing Belt from the Gobi-Tien Shan De form -
ing Belt (Figs. 8 and 17). This sit u a tion sug gests the ex is tence,
in the base ment of this de pres sion, of faults par al lel to the Bogd
De form ing Belt and the Gobi-Tien Shan De form ing Belt. The
dip-slip com po nent of the dis place ment fa vours sub si dence of
this base ment and thus has a ma jor im pact on the lo ca tion and
ge om e try of the lakes.

An other im por tant fac tor in flu enc ing the de vel op ment and
ge om e try of the palaeolakes is wind ac tiv ity. The par al lel course 
of the sur round ing el e vated moun tain mas sifs and de pres sions
be tween them fa vours the in ten si fi ca tion of ae olian pro cesses
caused by the in flu ence of gen er ally west erly winds (of a
WNW–ESE wind sys tem; the so-called Wes ter lies), which can
cause the de vel op ment of de fla tion bas ins in tec tonic de pres -
sions. The bas ins formed in this way col lected wa ter from
streams and rivers drain ing the moun tain ous ar eas, as well as
rain wa ter. The for ma tion of de fla tion bas ins is a typ i cal phe -
nom e non in arid (dry) desert cli mates (Hutch in son, 1957), es -
pe cially on bed rock com posed of poorly lithified sed i men tary
rocks. From this per spec tive, the lakes un der in ves ti ga tion
must be con sid ered to have both tec tonic and ae olian or i gins.
Tec tonic lakes are doc u mented in the sur round ings of the

Gobi-Altai Range, and ae olian lakes are com mon in south ern
Mon go lia and the Gobi area (Orkhonselenge and Bulgan, 2021; 
Orkhonselenge et al., 2022). An ap prox i mate model of the de -
vel op ment of de fla tion bas ins on a bed rock com pris ing Up per
Cre ta ceous sed i men tary rocks de formed by faults is shown on
Fig ure 18. This model also il lus trates the course of vari able lac -
us trine-ae olian-flu vial sed i men ta tion within the palaeo lakes
stud ied, as was pre vi ously de scribed in re la tion to Luulityn
Toirom Lake (Michalec et al., 2025).

CLASSIFICATION OF THE LAKES STUDIED

Most (9) of the iden ti fied and doc u mented lakes are shal low, 
ephem eral, closed, fresh wa ter, low-al ti tude, prai rie lakes (Ta ble 
2). Of these, the Zuun Khuree, Luulityn Toirom and L12 lakes
are small, and the rest are very small. Eleven have a tec -
tonic-ae olian gen e sis, and four have a flu vial gen e sis.

The lakes of the Tsakhiurtyn Hundi Lakeland, in clud ing five
ana lysed in de tail, are typ i cal of those found in south ern Mon go -
lia and the Gobi Desert (Orkhonselenge et al., 2022). 

Sur pris ingly, the lakes stud ied may be clas si fied as fresh -
wa ter lakes, de spite closed wa ter bod ies com monly be ing char -
ac ter ised by highly min er al ised wa ter (Langbein, 1961; Zhang
et al., 2022). How ever, at the cur rent stage of re search, there
are no geo chem i cal anal y ses of the de pos its, and the clas si fi ca -
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T a  b l e  2

Geomorphologial clas si fi ca tion of lakes of the Tsakhiurtyn Hondi Lakeland 
(af ter Hutch in son, 1957; Tserensodnom, 1971, 2000; Orkhonselenge et al., 2022)

no Name of the
lake Or i gin Landscape 

type Area Al ti tude Sta bil ity Depth Sa lin ity Presense 
of out let

1 Talingaryn Shal
(Lake 1) tec tonic/ae olian prai rie very

small low-al ti tude ephem eral shal low dried up/pe ri od i cally
fresh wa ter closed

2 Chavgantsyn
Shal (Lake 2) tec tonic/ae olian prai rie very

small low-al ti tude ephem eral shal low dried up/pe ri od i cally
fresh wa ter closed

3 Zuun Khuree
(Lake 3) tec tonic/ae olian prai rie smaller low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter closed

4 Luulityn Toirom
(Lake 4) tec tonic/ae olian prai rie smaller low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter closed

5 Baruun Khuree
(Lake 5) tec tonic/ae olian prai rie very

small low-al ti tude ephem eral shal low dried up/pe ri od i cally
fresh wa ter closed

6 Lake 6 tec tonic/ae olian prai rie very
small low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter open

7 Lake 7 tec tonic/ae olian prai rie very
small low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter closed

8 Lake 8 tec tonic/ae olian prai rie very
small low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter open

9 Lake 9 flu vial? prai rie very
small low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter open

10 Lake 10 flu vial? prai rie very
small low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter open

11 Lake 11 flu vial? prai rie very
small low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter open

12 Lake 12 tec tonic/ae olian prai rie smaller low-al ti tude ephem eral shal low dried up/pe ri od i cally
fresh wa ter closed

13 Lake 13 flu vial? prai rie very
small low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter open

14 Lake 14 tec tonic/ae olian prai rie very
small low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter closed

15 Lake 15 tec tonic/ae olian prai rie very
small low-al ti tude ephem eral shal low dried up/pe ri od i cally

fresh wa ter closed
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tion is based on ob ser va tions of pe ri odic flood ing. Fu ture re -
search may in clude to de ter mi na tion of the sa lin ity of the lake
wa ters in the past. Ac cord ing to Orkhonselenge et al. (2022),
58.2% of lakes in Mon go lia are sa line and semi-sa line, and in
south ern Mon go lia the num ber of fresh wa ter lakes and sa -
line/brack ish lakes is sim i lar (11.4 and 12.2%, re spec tively).

The study area, thus, is a unique test ing ground for re -
search into the re la tion ships be tween intraplate tec ton ics and
the geomorphological evo lu tion of intracontinental re gions. This 
also ap plies to the re ac ti va tion of older struc tures and the pro -
gres sion of de for ma tion re sult ing from dis tant pro cesses oc cur -
ring in con ti nen tal col li sion zones. The changes in the to pog ra -
phy of the young orogen and their sig nif i cant im pact on cli ma tic
fac tors are sig nif i cant and could be fur ther ex plored. This is es -
pe cially true given that sim i lar re la tion ships be tween the de vel -
op ment of playa lakes and to pog ra phy af fected by orogenic de -
for ma tion, the oc cur rence of strike-slip zones, and the pres -
ence of arid and semi-arid cli mate have been de scribed, for in -
stance, in the Gaxun Nur Ba sin in north China (south of Gobi-
 Altai Range; Hartmann at al., 2009), and Ba sin and Range
prov ince (Pe ter son, 1981; Jansson et al., 1993) and the South -
ern High Plain (Ca sula, 1995) in North Amer ica, and in the
fold-and-thrust belt re gion in south ern Spain (Jiménez-Bonilla,
2023; Rodríguez-Rodríguez, 2024). The most sim i lar con di -
tions be tween to pog ra phy and the de vel op ment of playa lakes
are known from Death Val ley (Blackwelder, 1931; Jansson et
al., 1993). De fla tion pro cesses deep en ing tec tonic de pres sions 
de vel oped in pull-apart bas ins have also been de scribed in
North Af rica (Mohammad et al., 2025). This in di cates that they
can oc cur in both fore land and intramontane bas ins. Stud ies on
the role of tec ton ics in shap ing cli mate pro cesses con clude that
tec tonic de for ma tion drives the de vel op ment of long-term
endo rheic intramontane and intracontinental bas ins (Gar -
cia-Castellanos, 2006). Tec tonic re shap ing of to pog ra phy af -
fects the drain age sys tem and, by ex ten sion, hu mid ity and hy -
dro log i cal con di tions, as dem on strated by re search in the Rio
Grande Val ley (Han and Wil son, 2024). Con sid er ing the above
ex am ples and the re sults of our re search, we be lieve that, in the 
fu ture, it will be pos si ble to iden tify stan dard fea tures of such ar -
eas and to gain a deeper un der stand ing of the pro cesses oc -
cur ring there.  This is im por tant be cause the pres ence of lakes
in an arid, mar ginal en vi ron ment has a sig nif i cant im pact on the
mi gra tion of fauna and the func tion ing of hu man com mu ni ties,
es pe cially in north-west China, cen tral and west ern Asia (Tan et 
al., 2018). There fore, re search on the causes of lake de vel op -
ment and the con di tions un der which they oc cur is an im por tant
as pect of sup port ing ad ap ta tion to cli mate change.

The unique en vi ron men tal con di tions that once ex isted in
the study re gion, along with their changes in re sponse to lo cal
and global cli ma tic fac tors, pro vide a new per spec tive for fu ture
sedimentological, min er al og i cal and geo chem i cal stud ies of

sed i ments de pos ited within the palaeolakes. In turn, their dat ing 
will al low us to es tab lish the chro nol ogy of geo log i cal events
and re late them to the re sults of ar chae o log i cal re search. The
pres ence of pre his toric hunter-gath erer com mu ni ties in the
study area has been con firmed by the find ings of Masojæ et al.
(2017, 2024), Bobrowski et al. (2025) and Michalec et al.
(2025).

CONCLUSIONS

South of the Arts Bogd Mas sif (Gobi area, S Mon go lia), fif -
teen palaeolakes form the Tsakhiurtyn Hundi Lakeland. New
re mote sens ing and geomorphic anal y sis sup ported by field ob -
ser va tions in di cate that the gen e sis of the larg est of these is
com plex, in volv ing both tec tonic and ae olian pro cesses. The
tec tonic fac tor re fers to large-scale struc tural el e ments in the
base ment of the north ern part of the Gobi. The palaeolakes
stud ied are sit u ated along an E–W di rected zone par al lel to ac -
tive, re gional-scale strike-slip faults. The larg est lakes of the
Tsakhiurtyn Hundi Lakeland de vel oped in the axis of the
endorheic Shereegiin Gashuun Ba sin, which is in ter preted here 
as pull-apart in or i gin, which fa voured sub si dence of the base -
ment. Within this zone, a re gional change in slope ori en ta tion is
ob served. In ad di tion, the E–W align ment of val leys and ridges
fa voured the in ten si fi ca tion of ae olian pro cesses as so ci ated
with the so-called Wes ter lies, the in ten sive ero sional ac tiv ity of
which caused the for ma tion of de fla tion bas ins in the tec toni -
cally de pressed parts of the ter rain. Both pro cesses led to the
de vel op ment of lakes col lect ing wa ters drained mainly from
nearby hills and the Arst Bogd Mas sif.

The geomorphological clas si fi ca tion in di cates that they typ i -
cally rep re sent very small, shal low and ephem eral closed lake
bod ies, as are also char ac ter is tic for the other ar eas of the Gobi
area. Our re search shows that, un der dry cli ma tic con di tions,
lakes can de velop in ar eas with sim i lar geo log i cal and
geomorphological fea tures. These con di tions were fa vour able
for early hu man hab i ta tion.
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