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Reconstructing the evolutionary history of the Gobi deserts developed from alluvial sediments in arid regions has great signifi-
cance in unraveling changes in both tectonic activity and climate. However, such work is limited by a lack of suitable dating ma-
terial preserved in the Gobi Desert, but cosmogenic 10Be has great potential to date the Gobi deserts. In the present study, 10Be in 
quartz gravel from the Gobi deserts of the Ejina Basin in Inner Mongolia of China has been measured to assess exposure ages. 
Results show that the Gobi Desert in the northern margin of the basin developed 420 ka ago, whereas the Gobi Desert that devel-
oped from alluvial plains in the Heihe River drainage basin came about during the last 190 ka. The latter developed gradually 
northward and eastward to modern terminal lakes of the river. These temporal and spatial variations in the Gobi deserts are a con-
sequence of alluvial processes influenced by Tibetan Plateau uplift and tectonic activities within the Ejina Basin. Possible epi-
sodes of Gobi Desert development within the last 420 ka indicate that the advance/retreat of alpine glaciers during gla-
cial/interglacial cycles might have been the dominant factor to influencing the alluvial intensity and water volume in the basin. 
Intense floods and large water volumes would mainly occur during the short deglacial periods. 
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The formation and evolution of an alluvial fan are closely 
related to variations in tectonic activity and climate. Tec-
tonic activity often intensifies surface erosion to produce a 
large amount of debris. The eroded materials are transported 
by rivers and/or glaciers and deposited on mountain pied-
mont, forming vast alluvial fans. Under dry conditions, 
strong winds blow away the silt and sand fractions of sedi-
ments, and leave a gravel cover on the alluvial fan surface, 
thus forming the Gobi Desert. Abrupt floods and strong 
wind have been two major dynamic factors in the formation 
of the Gobi Desert. As a result, gravel from the Gobi Desert  
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has experienced both hydraulic transportation and wind 
erosion and would record changes in tectonic, climate, and 
environmental conditions. Therefore, the beginning of the 
development of the Gobi Desert results in the end of alluvial 
processes. Although many studies [1–6] have assessed allu-
vial fans in arid regions, the relationships of alluvial proc-
esses with tectonic activity and climate change are still un-
clear because of the lack of a reliable dating method. With 
the development of the accelerator mass spectrometry 
(AMS) technique in the 1980s [7–10], cosmogenic nuclide 
dating method has played a major role in studying landform 
evolution as well as climatic and environmental changes 

[11–18]. In this study, cosmogenic 10Be measurement was 
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conducted on quartz gravel from the Gobi deserts in the 
Ejina Basin, Inner Mongolia, China, to understand the rela-
tionships of alluvial processes with tectonic activity and 
climate change. 

1  Study area 

The Ejina Basin, (40.5°– 42.6°N, 99.5°–102.0°E) with an 
area of about 3.4×104 km2, is located on the southern mar-
gin of the Mongolian Plateau northeast of the Tibetan Pla-
teau (Figure 1). The basin is surrounded by the Dingxin 
Basin to the south, the Mazong Mountains to the west, the 
Gobi-Altai Mountains to the north, and the Badain Jaran 
Desert to the east. The ground has a northern aspect with a 
slope ranging 1‰–3‰, and altitude changes from 1130 m 
a.s.l. at Langxin Mountain to 890 m a.s.l. at Gaxun Nur 
(lake). 

The large flat alluvial fan was formed in the Ejina Basin 
by alluvial depositions of the Heihe River (Figure 1), which 
originates in the Qilian Mountain at the northeastern margin 
of the Tibetan Plateau. It extends northward about 300 km 
and changes from alluvial plain to alluvial/lacustrine plain, 
and then to lacustrine plain [19,24,25]. The main geomor-
phological unit of the Ejina Basin is alluvial plain, while  

lacustrine plain is distributed only in the low altitude re-
gions of the northern basin. A series of crescent lakes in-
cluding Juyanze, Gaxun Nur, and Sogo Nur are the erosion 
basement of the Heihe River. The terminal lake, Juyanze, 
dried up during the early Yuan Dynasty as a result of the 
river drifting westward [26]. Sogo Nur and Gaxun Nur were 
recharged by east and west branches of the Heihe River, 
respectively, before 1960 and then dried up during the 
1960s because of farming in the upper and middle reaches 
of the Heihe River [26,27]. Additionally, a series of small 
alluvial fans exist on the southern piedmont of the 
Gobi-Altai Mountains, forming a sloping alluvial plain. 

The climate of the Ejina Basin is arid. Mean annual pre-
cipitation is about 50 mm, while the mean annual potential 
evaporation is as high as 3700–4000 mm. The annual mean 
temperature of the basin is 9°C; summer is hot (28°C in 
July), and winter is cold (–12°C in January). Winds in the 
basin are strong. The basin is one of the three sandstorm 
centers in northwestern China [28,29], with a mean wind 
velocity of 4.2 m/s from April to June and a maximum of 
more than 20 m/s [22]. The strong winds have removed fine 
materials (such as sands and silts) from the surface sedi-
ment, so that the surface of the basin is almost completely 
covered with gravel, with depths up to tens of centimeters, 
this process has formed the flat, wide Gobi Desert. 

 

Figure 1  Contour map of the Ejina Basin and sampling site locations. Numbers 01–14 represent samples from EJINA-01 to EJINA-14, and solid and 
dashed lines indicate faults and supposed faults, respectively [19–23]. 
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2  Sampling and methods 

A study was conducted in 2005 to investigate geology, 
landform, and deposition in the Ejina Basin. Fourteen quartz 
gravel samples were collected from the Gobi deserts along 
northeast and northwest transects in the basin. Two samples, 
EJINA-01 and EJNIA-02 were taken from lacustrine plat-
forms in the northwestern part of the basin. The platforms 
were 2–5 m above the plain surface [24,30], similar to the 
Yardang landform. Samples from EJINA-03 to EJINA-11 
were collected from alluvial plains [24,30], and the 
EJINA-12 and EJINA-13 samples were from the sloping 
alluvial plain on the southern piedmont of the Gobi-Altai 
Mountains. The sample EJINA-14 was from gravel sedi-
ments on the modern lake beach of Sogo Nur. Except for 
EJINA-14, all samples were collected from areas covered 
by a gravel layer, 20–50 cm thick, and the underlying 
2–7-m-thick sediments were composed of alluvial sands and 
silts with gravel. Each sample contained more than 50 
pieces of quartz gravel with similar diameters and was col-
lected from the surfaces over areas of several hectares (104 
m2). The gravel sizes of samples were different among the 
sites, so samples were selected in the diameter range of 2–3 
cm. The sampling sites were also far from regions disturbed 
by human activities. 

Sample preparations, including quartz purification, 10Be 
extraction, and BeO preparation, were done in the cos-
mogenic nuclide laboratory at the Institute of Geology and 
Geophysics, Chinese Academy of Sciences. The detailed 
procedure is: (1) 25–40 pieces of quartz gravel were se-
lected from each sample to reduce the influence of inherited 
10Be on exposure age [31–33]; (2) the gravel was crushed 
into 0.1–0.5 mm particles, from which equal weights were 
taken to mix into a sample; (3) the sample was etched 

twice at 85°C in a mixed solution of 10% HF and 10% 
HNO3 to purify the quartz and remove meteoric 10Be; (4) 30 
g of purified quartz with 0.3 mg of 9Be carrier was digested 
completely in a Teflon beaker with 40% HF; (5) beryllium 
was separated through a cation exchange resin (Dawox 
50W-X8); and (6) beryllium hydroxide was precipitated 
with ammonia then baked into BeO at 900°C in an oven. 
Three blanks were made to determine the background and 
to monitor the precision of the experiment processes. The 
10Be/9Be ratio of BeO was measured by AMS at the Tan-
dem Laboratory of Uppsala University in Sweden. Meas-
ured ratios of 10Be/9Be were normalized relative to the NIST 
standard-SRM4325 (10Be half-life of 1.36±0.07 Ma and the 
10Be/9Be atom ratio as 2.79×10−11 [34]). 10Be concentrations 
of samples were calculated based on the sample weight and 
9Be carrier. The relative standard deviation was less than 
5%. 

3  10Be concentration and exposure ages 

10Be concentrations showed high variations in amplitude in 
samples from the Ejina Basin (Table 1). The sample 
EJINA-14 from the modern lake beach of Sogo Nur had the 
lowest value of (0.53±0.03)×106 atoms/g. The 10Be concen-
trations for the samples of EJINA-12 and EJINA-13 sam-
ples were (3.63±0.10)×106 and (4.14±0.09)×106 atoms/g, 
respectively, and were higher than those of other samples. 
The 10Be concentration in other samples was around 
(1.83±0.29)×106 atoms/g. 

The cosmogenic 10Be in quartz was primarily produced 
with spallation interaction through cosmic rays bombarding 
oxygen atoms. The attenuation of a cosmic ray is approxi-
mately exponential when it passes through rock or is depos- 

Table 1  Measured 10Be concentrations and exposure ages of the quartz gravel from the Gobi deserts in the Ejina Basin, Inner Mongolia, China 

Exposure age (ka)a) 
Sample 

Longitude 
(°E) 

Latitude 
(°N) 

Elevation 
(m a.s.l.) 

Geomorphological 
units 

10Be concentration 
(106 atoms/g) M1 M2 M3 M4 M5 Tapp Tcorr 

EJINA-01 100.26 42.27 926 lacustrine low platform 1.81±0.06 203 203 203 197 194 199±8 142±9 
EJINA-02 100.51 42.09 943 lacustrine high platfrom 2.24±0.06 252 252 252 244 240 247±9 190±9 

EJINA-03 100.57 1.88 964 alluvial plain 1.37±0.05 148 148 148 144 141 145±7 89±7 

EJINA-04 100.94 41.95 936 alluvial plain 1.37±0.04 152 152 152 148 145 150±6 92±7 

EJINA-05 101.00 41.80 958 alluvial plain 1.77±0.07 194 194 194 188 185 190±9 134±9 

EJINA-06 100.95 41.59 981 alluvial plain 1.92±0.07 210 209 208 202 199 205±9 149±9 

EJINA-07 101.05 41.34 994 alluvial plain 2.09±0.08 228 226 225 219 216 221±10 166±11 

EJINA-08 101.25 41.17 984 alluvial plain 1.67±0.09 180 180 179 175 172 176±10 121±11 

EJINA-09 101.01 41.17 1006 alluvial plain 1.71±0.08 183 182 181 177 174 179±9 124±10 

EJINA-10 100.76 41.19 1026 alluvial plain 1.97±0.07 208 206 206 200 197 202±9 149±9 

EJINA-11 100.77 41.44 1004 alluvial plain 2.19±0.07 238 236 235 229 225 231±9 177±9 

EJINA-12 101.27 42.57 1024 sloping Alluvial plain 3.63±0.10 397 396 296 384 380 389±14 336±15 

EJINA-13 101.24 42.50 973 sloping Alluvial plain 4.14±0.09 481 484 484 470 462 475±16 420±16 

EJINA-14 101.28 42.34 902 lake beach 0.53±0.03 58 59 60 58 56 58±3 0±4 
a) Exposure age calculated with the online calculator of Balco et al. [35] (http://hess.ess.washington.edu). M1, constant production rate model [36,37]; 

M2–M5, time-dependent production rate mode [36–41]; Tapp, average exposure age and standard deviation of M2-M5; Tcornr, exposure age corrected for the 
inherited 10Be of 0.53±0.03×106 atoms/g. 
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ited on the earth’s surface [42], and thus the nuclide 10Be in 
quartz is mainly produced during its exposure processes. 
10Be concentrations (N, atoms/g) of quartz gravel in the 
Ejina Basin include three parts: (1) inherited 10Be (Ninh, at-
oms/g), which is produced during various surface processes 
before gravel deposition; (2) the 10Be produced in situ be-
fore exposure of gravel on the surface because of wind ero-
sion (Ne, atoms/g); and (3) that produced in situ during ex-
posure on the Gobi Desert surface (Nexp, atoms/g). Thus, the 
10Be in quartz gravel of the Gobi Desert can be expressed as 

exp exp( )
inh expe e ,et t t

eN N N Nλ λ− + −= + +           (1) 

1 1( / )
e

1 1

[1 e ],
/

etPN λ ρ ε

λ ρ ε
− + Λ= −

+ Λ
           (2) 

2 2 exp( / )
exp

2 2

[1 e ],
/

tPN ρ ε

λ ρ ε
− Λ= −

+ Λ
          (3) 

where λ is the decay constant of 10Be (5.097×10−6/a) [34]; 
ρ1 and ρ2 are densities (g/cm3) of sediment and quartz, re-
spectively; λ is the exponential mean absorption depth of 
cosmic rays in rocks and sediments, generally used as 160 
g/cm2 [43]; ε1 and ε2 are rates (cm/a) of surface erosion be-
fore exposure of the gravel and chemical weathering of 
quartz on the Gobi Desert surface, respectively; and te and 
texp are the time (a) before the gravel reaches the surface and 
the exposure age (a), respectively. 

Previous studies [44–46] have shown that the inherited 
10Be in quartz gravel is low, e.g. 0.15×106–0.30×106 at-
oms/g for alluvial deposits of the arid Gobi−Altai Moun-
tains and 0.3×106–0.7×106 atoms/g for alluvial deposits on 
the piedmont of the Qilian Mountain [47]. The 10Be in the 
sample EJINA-14 from the modern lake beach of Sogo Nur, 
which is within the inherited 10Be range of gravel from the 
Gobi-Altai and Qilian Mountain, would be mainly inherited 
for the beach formed during recent decades because of the 
decreasing water body area [26,27]. In theory, fine sedi-
ments should have more inherited 10Be than would coarse 
gravel; however, the 10Be concentration was only 0.25×106 
atoms/g for eolian sands from the Ejina Basin. In addition, 
buried gravel could be exposed to the surface for a short 
amount of time under strong deflation because of the loose 
structure of the alluvial deposits. Thus, the 10Be (Ne) pro-
duced during this process should be very low. Theoretically, 
Ne would be less than 1×104 atoms/g when the average de-
flation rate is more than 1 mm/a and the 10Be production 
rate is 10 atoms/g. However, this can be ignored in this 
study. Once exposed on the surface, gravel would remain on 
the surface and prevent further erosion of the underlying 
sediments until the next alluvial process occurred. The 
gravel, especially, weathering-resistant quartz gravel, would 
be exposed on the surface and receive cosmic ray radiation. 
Thus, the 10Be would be produced continuously. Therefore, 
the 10Be in the quartz gravel from the Gobi deserts of the 

Ejina Basin are mainly produced after the formation of the 
Gobi Desert, and the concentration of 10Be is a function of 
the exposure time.  

Exposure ages, as defined in [36,48], were calculated 
using the online calculator of Balco et al. [35] (http:// 
hess.ess.washington.edu). Assuming the diameter of quartz 
gravel to be the sampling thickness, the exposure ages for 
different models of M1–M5 are calculated without any cor-
rection for Ninh, Ne, and weathering of the gravel (Table 1). 
The differences among them for a given sample are less 
than 5% and are within the AMS measured uncertainties. 
The present study adopted a mean value of the exposure 
ages for the four time-dependent production rate models. 
The errors were the combinations of measurement uncer-
tainties and accumulated standard deviations produced by 
the models, without considering the errors of 10Be half-life 
and production rate. Taking the10Be concentration of the 
quartz gravel from the lake beach as the inherited 10Be for 
other samples, the corrected ages would be about 56 ka 
younger than those without correction. Hereinafter, expo-
sure ages are the corrected ages. 

The corrected exposure ages derived from the 10Be con-
centrations of the quartz gravel in the Ejina Basin are re-
lated with geomorphological units and altitudes (Figure 2). 
The ages of the gravel from the alluvial plains in the drain-
age basin of the Heihe River show a positive correlation 
with altitude (r = 0.65), decreasing northward and eastward 
from 180 to 90 ka and to 123 ka, respectively (Figure 3). 
The ages of the gravel from the lacustrine platforms can 
correlate with the sequence of the platform formation, in-
creasing from 0±3 ka for the lake beach, to 142±9 ka for the 
lacustrine low platform, and to 190±9 ka for the lacustrine 
high platform (Table 1). The ages of the samples of 
EJINA-12 and EJINA-13 from the Gobi Desert that devel-
oped from the alluvial fans in the south piedmont of the 
Gobi-Altai Mountains are abnormally high with a mean 
value of 378 ka and deviate from the distribution pattern of 
the exposure ages from the Gobi Desert in the drainage ba-
sin of the Heihe River. 

The exposure ages of quartz gravel from the Gobi Desert 
would be timed for after the formation of the Gobi Desert 
when alluvial deposition terminated without any active 
river. Therefore, the exposure ages are not only represent 
the ages of the Gobi Desert, but could also imply the evolu-
tion of alluvial deposition. The results (Table 1) show that 
the Gobi Desert developed at least 420 ka ago in the north-
ern margin of the Ejina Basin and that the Gobi Desert in 
the drainage basin of the Heihe River formed no more than 
190 ka ago, developing toward the modern terminal lakes in 
the north and the low altitudes in the northeast. These ages 
also suggest that: (1) the arid climate occurred in the north-
ern Ejina Basin and even in areas north of the Qilian Moun-
tain within the last 420 ka; and (2) the alluvial deposition of 
sediments from the Heihe River has progressed from the 
south to north, while those from the Gobi-Altai Mountains  
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Figure 2  Relationships of 10Be exposure ages of quartz gravel from the Gobi Deserts in the Ejina Basin and OSL/IRSL ages of the core D100 [49] with 
altitude. Numbers 1–14 represent samples from EJINA-01 to EJINA-14. 

 

Figure 3  Variations in altitude, sediment thickness [19], and exposure ages of the samples from the Gobi Deserts along the A-B transaction in Figure 1. 

had withdrawn northwards earlier than 420 ka ago because 
the oldest exposure age was in the lower altitude (EJINA-13). 

4  Discussion 

The evolution of alluvial fans and their terminal lakes in 
drainage basins in arid regions is influenced by tectonic 
activities and climatic changes [50–52]. When surrounding 
mountains uplift and a basin subsides, the alluvial fan and 
lake would develop or migrate to the site of lowest altitude. 
The lake expands when the climate becomes humid and 
flooding increases; otherwise the lake shrinks. The pattern 
of decreasing exposure ages seen in the modern terminal 
lakes at low altitudes in the Ejina Basin might be a conse-

quence of the northward development of the alluvial fan 
associated with movement of terminal lakes as erosion 
basements, and/or it may be a result of tectonic uplift, rather 
than shrinkage of the lake because of a drying climate. Sev-
eral factors lead to this conclusion. 

Firstly, the northern Tibetan Plateau is a region of intense 
uplift [53–55]. The 10Be data from the north piedmont of the 
Qilian Mountain indicate that the mean uplift rate was as 
high as 35 cm/ka during the last 170 ka [47]. The southern 
margin of the Ejina Basin adjoins the northern pediment of 
the Qilian Mountain. Thus, uplift of the plateau must drive 
the development of the alluvial fan in the drainage basin of 
the Heihe River northward. 

Secondly, the original deposition centers of the Ejina Ba-
sin were not the modern terminal lakes of Juyanze, Sogo 
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Nur, and Gaxun Nur. Evidence from drilling cores has 
shown that the ancient Heihe River formed two branches in 
the Ejina Basin. They flowed into two ancient deposition 
centers including Gurinai in the southeastern basin and Sai-
hantaolai in the central basin (Figure 1). The sediment 
thickness in the two deposition centers is as high as 340 m 
but gradually decreases with increasing distance from the 
deposition center [56–58]. Even bedrock can be seen at the 
site located at 41.49°N, 100.93°E (Figures 1 and 3). The 
modern terminal lakes are located far from the two ancient 
deposition centers, where sediments are thin and range from 
40−60 m. Without considering tectonic activities, the bed-
rock altitudes of Gurinai and Saihantaolai are about 670 m 
and 620 m a.s.l., respectively, and are much lower than 
those of the modern terminal lakes (about 855 m a.s.l.) 
(Figure 3). Therefore, the modern terminal lakes are migra-
tions of the two ancient deposition centers. Additionally, the 
sediment core D100 (934 m a.s.l.) located 20 km northeast 
of Saihantaolai (Figure 1) shows where sediments had ac-
cumulated up to a depth of about 230 m on the basin base-
ment [49]. The core was composed of (1) laminated lacus-
trine silt-clay sediments at depths between 71 and 229 m, 
(2) interbedded layers with eolian, alluvial, and lacustrine 
sediments at depths from 7 to 71 m, and (3) gravel in the top 
7 m. According to the OSL/IRSL ages [49], alluvial deposi-
tion at this site started about 290±50 ka ago when the ter-
minal lake migrated northwards, and ended during the last 
glacial period. The fact that the age of the surface sediment 
at the site of core D100 is in the 934 m a.s.l. range of 10Be 
exposure ages (Figure 2) further suggests that tectonic uplift 
and alluvial sediment accumulation are the major factors for 
the northward movement of the terminal lakes. 

Finally, deposits in the Ejina Basin have been severely 
affected by tectonic activities. Although a basin is often 
thought of as a relatively stable plate, recent studies 

[20,21,23,59] including remote sense surveys [22,60,61] 
indicate that tectonic activities have influenced sedimenta-
tion in the Ejina Basin. The thin sediment belt along the 
northeast-southwest transect enclosing the exposed bedrock 
(41.49°N, 100.93°E), could be a result of basement uplifting 
[57,62]. The 10Be exposure ages of the Gobi Desert around 
the bedrock outcrop are the oldest of those in the Heihe 
River drainage basin and decrease with increasing sediment 
thickness (Figure 1). This is apparently consistent with allu-
vial deposition occurring toward a tectonic subsidence re-
gion. Therefore, these 10Be data not only supported the in-
terpretation of tectonic activities in the Ejina Basin by re-
mote sensing [22,60,61] but also explain the relatively low 
correlation between exposure ages and altitudes (Figure 2). 

The lacustrine terrace or platform can result from tec-
tonic uplift and climate changes. The exposure ages of 
lacustrine platforms in the northwestern basin seemingly 
support the assumption that lake water level was high and 
stable around 190±9 ka and 142±9 ka ago, respectively. 
Based on the modern altitude of the lacustrine high platform 
(943 m a.s.l.), lake areas would have reached 104 km2 at that 
time. If the above assumption was correct, the site of core 

D100 would be covered with deep water because the pa-
leoaltitude of the sediment surface was around 875–905 m 
a.s.l. at 190 ka based on OSL/IRSL ages [49]. However, the 
fact that the sediments deposited during this interval are 
interbedded with layers of eolian, alluvial, and lacustrine 
sediments indicates a shallow water and/or dry deposition 
environment. The typical lacustrine sediments were depos-
ited before 290±50 ka ago and buried more than 71 m 
belowground (Figure 2). In addition, the surface materials in 
the eastern basin at the same altitude (943 m a.s.l.) as the 
lacustrine platform are alluvial and eolian sediments with-
out lacustrine sediments. The geomorphological map shows 
one riverine scarp and two lacustrine scarps in the 
north-south direction, between the west branch of the mod-
ern Heihe River and the EJINA-02 sample site [30]. It may 
be reasonable that the northwest lacustrine platforms were 
uplifted relative to the Saihantaolai deposition center and 
Heihe River. Landform investigations [24,30] have sup-
ported the assertion that some of the lacustrine platforms in 
the Juyanze region formed because of tectonic activities. 

The influence of climate-controlled water recharge on the 
evolution of sedimentary geomorphology cannot be ignored 
despite tectonic activities playing a major role. The Heihe 
River originated from the Qilian Mountain and was supplied 
by ice melt. Theoretically, the advance and retreat of gla-
ciers on the mountains would substantially influence the 
inflow of the Heihe River, alluvial intensity, and the areas 
of terminal lakes in the Ejina Basin. The 10Be exposure ages 
from alluvial fans on the northern piedmont of the 
Gobi-Altai Mountains are highly correlated with the glacial 
terminations of MIS (Marine Isotope Stages) 2, 6, 8, and 10 
[45]. In this study, the two exposure ages of 336±15 ka and 
420±16 ka from the Gobi Desert in the Gobi-Altai alluvial 
plains also correlated with glacial terminations of MIS 10 
and 12, respectively (Figure 4). The 10Be exposure ages from  

 

Figure 4  SPECMAP of marine isotope records (a) and 10Be exposure age 
distribution of Gobi Desert quartz gravel in the Ejina Basin (b). Numbers 
1–12 denote marine isotope stages (MIS), and the dashed lines are the 
glacial/interglacial boundaries. 
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alluvial plains in the drainage basin of the Heihe River that 
were concentrated at 134±30 ka and the top 7 m gravel 
layer of core D100 that was formed about 14 ka ago [49] 
were correlated with the glacial terminations of MIS 6 and 
2, respectively (Figure 4). Although exposure age is defined 
as the inactive alluvial time, in the Gobi Desert it could be 
regarded as the age of the last alluvial process because the 
time for Gobi formation was short under arid and windy 
conditions. Thus, the distribution (Figure 4) of the 10Be ex-
posure ages from the Gobi Desert implies that deglacial 
intervals would be the main alluvial periods and short in-
tervals of high lake levels in the Ejina Basin. Therefore, 
climate during glacial/interglacial cycles may have been the 
main factor regulating alluvial intensity, and tectonic activ-
ity may have been an important factor in the spatial distri-
bution of alluvial sediments. 

5  Conclusions 

The history of the development of the Gobi Desert in the 
Ejina Basin has been reconstructed based on the measured 
cosmogenic nuclide 10Be in quartz gravel. Results indicate 
that tectonic activity and climate changes have influenced 
alluvial processes and evolution of the alluvial fan and ter-
minal lakes. The arid Gobi Desert landscape occurred on the 
alluvial plain of the Gobi-Altai Mountains on the northern 
margin of the Ejina Basin at least 420 ka ago, while the 
Gobi Desert on alluvial plains of the drainage basin of the 
Heihe River have developed within the last 190 ka. North-
ward movement of the terminal lakes with development of 
the alluvial fan could be influenced by Tibetan Plateau up-
lift and tectonic activities within the Ejina Basin. The ad-
vance and retreat of glaciers on the Qilian Mountain during 
glacial/interglacial cycles dominate the intensity of alluvial 
processes and water body dynamics. Intense floods and 
large water volume in the Ejina Basin might have occurred 
during deglacial periods. 
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