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Abstract Surface soil materials from the Gobi Desert
were sieved into fraction groups of 0.063-0.125, 0.125-
0.25, 0.25-0.5, 0.5-1, and 1-2 mm. These samples were
placed in a field for a physical weathering and dust
deposition experiment. In the natural Gobi Desert
environment, the dust-sized fractions (< 0.063 mm in
diameter) produced by physical weathering and via dust
deposition in the above groups were 1387 + 124, 702 £ 70,
698 £ 47, 742 £ 101, and 769 £ 75 g-m~2, respectively,
from 18 October 2020 to 18 December 2021. Dust
deposition during the same period was 611 + 55 g-m 2.
For the same respective groups, 5.32 + 0.76%, 0.58 =+
0.27%, 0.53 £ 0.18%, 0.80 £ 0.52%, and 0.98 = 0.31% (by
weight) of the bulk samples were weathered into dust-sized
fractions during the experimental period. The physical
weathering intensities were 23.95%, 14.96%, 8.90%, and
2.81% by weight for fraction groups of 2—4, 4-8, 8-16,
and > 16 mm, respectively. The fine-grained materials of
the gravel were more sensitive to physical weathering than
coarse materials. In natural environments, the processes of
dust deposition and physical weathering were key factors
affecting the surface topographical equilibrium of the Gobi
Desert and dust emission in Asia.

Keywords physical weathering, dust deposition, Gobi
Desert, sand activity

1 Introduction

The Gobi Desert (also referred to as gravel desert or
rocky desert) is located in Central Asia and has an area of
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1.3 x 106 km?2. The desert surface is covered by a layer of
gravel or coarse materials and the underlying surfaces are
filled with sand, silt, or clay (Cooke, 1970; Pelletier et al.,
2007). Previous studies (Vassallo et al., 2005; Heumann
etal.,, 2018; Luetal,2019; Yuetal,2019) have sug-
gested that the Gobi Desert was developed since the
Pliocene. At least from two thousand years ago to the
present, there were similar landscapes, as recorded in
ancient Chinese literature (e.g., Banetal., 1962). The
surface processes that have occurred in the Gobi Desert
mainly include aeolian, hydrological, weathering, dust
deposition, etc. (e.g., Wang et al., 2008; Liu et al., 2022)
(Fig. 1). Gravel on the Gobi Desert surface may have
developed under short-term rapid accumulation (Hiille,
etal., 2010; Lehmkuhl et al., 2018). Soil below the Gobi
Desert surface shows an abundance of dust-sized particles
(fractions < 0.063 mm in diameter), and gravel and
consolidation characteristics may protect these dust-sized
particles from wind erosion (Wang etal., 2012b; Mu
etal.,, 2018). Only the erodible dust-sized fractions
produced by surface processes (e.g., Zobeck, 1991) could
be re-emitted as the major sources for dust emissions
(Wang et al., 2004; Wang et al., 2008; Wang et al., 2019;
Filonchyk, 2022). However, under conditions that do not
produce erodible dust-sized fractions, the Gobi Desert
could not be the potential source area of Asian dust
storms, and the surface equilibrium could not be
maintained over thousands of years.

Annual precipitation in the Gobi Desert is usually less
than 100 mm (Wang et al., 2008). Consequently, there
have been very few modern fluvial activities occurring on
the Gobi Desert, and therefore, only two major
mechanisms for replenishing dust-sized fractions on Gobi
Desert surfaces exist. One mechanism for producing dust-
sized fractions is weathering (e.g., Ollier, 1969; Camuffo,
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Fig.1 Schematic diagram of Gobi Desert surface processes.

1995; McFadden etal., 2005; Liu etal., 2007; Eppes
etal., 2010; Dorn, 2011; Buckman, et al., 2021), and the
other is dust deposition (Jugder etal.,2011; Zhu et al.,
2022). Determinations of physical weathering and dust
deposition intensity may also help to improve the
understanding of the amount of dust emissions occurring
in the Gobi Desert. At present, it is still unclear how long
the gravel layer on the Gobi Desert surface takes to be
eroded to form a weathered layer of dust-sized fractions.
Over the past thousand years, the gravel layer on the Gobi
Desert surface has remained, suggesting that most dust
deposition and dust-sized fractions produced by weather-
ing are re-emitted, and the intensity of weathering and
dust deposition may be the major components of dust
emissions in the Gobi Desert. Physical weathering
intensity here refers to the destructive effects of environ-
mental factors on sand grains, gravel, or rocks during the
physical weathering process. It can be quantified by the
number of new cracks or daughter grains, the volume
reduction of parent grains, or crack elongations per unit
area during a finite period. Determination of the physical
weathering intensity of the Gobi Desert may also help us
to understand similar processes on asteroids. For exam-
ple, previous studies (e.g., Horz and Cintala, 1997) have
estimated that basalt rock particles of 1 to 10 cm in
diameter on the lunar surface will take millions of years
to break up and form regolith, and that on the surface of
some young asteroids consisting of centimeter-sized or
smaller debris grains, the formation of regolith cannot be
a result of meteoroid impact (Eppes etal., 2010).
However, there are no field investigations on earth that
would provide the observed data for supporting these
speculations. Hence, more detailed case studies of
physical weathering intensity under field conditions are
still needed. Our previous study (Wang et al., 2020)
indicated that the Gobi Desert is both a potential dust
source area and a typical source-to-sink region, with
deposition rate being greater than erosion rate. However,
we did not report the physical weathering intensities of
fractions having different particle sizes. Therefore, in this
study, we report dust deposition and physical weathering
intensity of materials of different particle sizes in the

Gobi Desert from a more detailed experiment in order to
evaluate the roles of these two processes in maintaining
the Gobi Desert surface equilibrium.

2 Sampling and analysis methods

The experiment was conducted at the Guaizihu
Meteorological Station (41.22°N, 102.22°E, 960 m a.s.l)
located in the Ala Shan Gobi (one part of the Gobi
Desert, Fig. 2). This region has mean annual precipitation
of 45 mm, potential evaporation of 4201 mm, mean wind
speed of 4.6 m-s™!, and mean annual air temperature of
9.3°C. The Gobi Desert landscape formed under the
interactions of aeolian-fluvial processes, and can be
derived from approximately 12 kyr BP (Hiille et al.,
2010; Wang et al., 2020). Neotectonic processes and
climate change during 1200-500 kyr BP may have
impacted the evolution of the Gobi Desert (Wang et al.,
2018; Luetal., 2019). However, this region henceforth
was under extremely arid climate and became an area of
high dust emission in central Asia (Zhang et al., 2003;
Wang et al., 2020). More details of the environment of
this region were provided in Wang et al. (2005, 2012a,
2020).

Samples from the top 0-2 cm of the soil surface were
collected at a specified location around the Guaizihu
Meteorological Station. The sampling location was
designed to be representative of the extensive geomorphic
and landscape features of the Ala Shan Gobi, and can
represent the general mechanism and process of physical
weathering of the region. Each of the samples was sieved
into size fraction groups of < 0.063, 0.063-0.125, 0.125—
0.25, 0.25-0.5, 0.5-1, 1-2, 2-4, 4-8, 8-16, and > 16 mm.
Each group except the < 0.063 mm was then washed with
deionized water to remove the dust-sized fractions
(< 0.063 mm in diameter) and air-dried. Five replicate
samples (each about 300 g) from each group of 0.063—
0.125, 0.125-0.25, 0.25-0.5, 0.5-1, and 1-2 mm, were
placed into five sample pans with sieve pore size of
0.063 mm. For the fraction groups of 2—4, 4-8, 8-16, and
> 16 mm, six replicate samples (five for the > 16 mm



Xunming WANG et al. Dust deposition and physical weathering

745

w0 w0
w1 [ &
NS .| [ R
L) | —
o e
\E e A
/N.LI&\ (
75

ey

Nl
%)

N,

: : 3
re o TR

~ Taklimakan Desert

Qinghai-Xizat{éBes\e{t ¢

SRS

i
LEGEND

132 000 000

[ \_|
MONGOL|A

el

Gobi Desert ™y, o~
Ala Shan Gobi

Badain Jaran Desert

= | \
& Horgin Desert

/Otindat Desert ("/

- BEWINGH<

Fig. 2 Spatial distribution of the Gobi Desert and the experimental site location (indicated by the red triangle in the figure). The
locations of steppe, sandy desert, and Gobi Desert are from Kobayashi et al. (2017) and Yan and Wang (2019).

group) were placed into sample pans. The pan was
covered by a screen with sieve pore size of 0.18 mm and
was positioned on a bottom tray. The screen, pan, and
tray all had the same diameter (20 cm), and were tightly
bonded to constitute a self-designed device to simultan-
eously collect samples of physical weathering and dust
deposition (Fig. 3). Devices for the fraction groups of
0.063-0.125, 0.125-0.25, 0.25-0.5, 0.5-1, and 1-2 mm
were fixed in brackets at a height of approximately 2 m
above the ground, and those devices for the groups of
2-4,4-8, 8-16, and > 16 mm were anchored at a height
of approximately 1 m above the ground beginning on 28
September 2020 (Fig. 3). These two heights were selected
because at the 1-m and 2-m heights, it is usually very
difficult for the coarse and fine (< 2 mm in diameter)
fractions, respectively, of the near ground materials to be
eroded and deposited in the sample pans. Approximately
every 10 days, the dust-sized fractions within each device
were sieved, collected and weighed using a balance with
0.0001 g precision. To determine the amount of physical
weathering from the mixture amounts of dust deposition
and physical weathering, five sample pans containing no
raw samples were placed in brackets at a height of
approximately 2 m above the ground to collect dust
deposition at the same temporal intervals during the
experimental period. Two HOBO temperature and
humidity sensors (Onset Computer Corporation, Bourne,
MA, USA) were individually placed in empty sample
pans to monitor the temperature and relative humidity
every 30 min.

The experiment lasted from 28 September 2020 to 18
December 2021. There was only 32 mm of precipitation
during the period. To avoid the uncertainties caused by
pretreatments, the dust-sized samples collected on 8

Fig.3 Arrangement of experiment in the field. The inset (upper left
corner) shows the structure of a sample pan. An 80 mesh screen was
used to cover the sample pan because wind tunnel experiments had
shown that with that cover, the sample within the pan would not be
eroded under a wind velocity of 24 m/s.

October 2020 were not used for analysis. From 18
October 2020 to 18 December 2021, a total 41 runs of
samples for each group were acquired, with two runs of
outliers (collected on 28 November 2020 and 8 May
2021) being excluded. After the experiment was finished,
samples in the pans were retrieved, weighed, washed with
water through a < 0.063 mm sieve, air-dried, and weighed
again. Particle size distributions of all samples were
analyzed. For fraction groups of 0.063-0.125, 0.125-
0.25, 0.25-0.5, 0.5-1, and 1-2 mm, a Mastersizer 3000
(Malvern Co. Ltd, Malvern, UK) was used to perform the
particle size analysis. For fraction groups of 24, 4-8,
8-16, and > 16 mm, the particle size analysis was
conducted by the sieving method.

The physical weathering intensity and dust deposition
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of fraction groups of 0.063-0.125, 0.125-0.25, 0.25-0.5,
0.5-1, and 1-2 mm were the mean values of replicate
samples (g'-m2), and the physical weathering intensity of
fraction groups of 2—4, 4-8, 8-16, and > 16 mm was
calculated as

Pwkz(l—éi]xum, (1)
Xrc

where PWI_ is the physical weathering intensity of each
fraction group > 2 mm (%), X; is the mean weight of the
particles with the same and greater sizes than the raw
samples of each fraction group after the experiment
(g'm72), and X, is the mean weight of raw samples of
each fraction group (g-m2).

Soluble salt contents and mineral analysis were
conducted for six raw samples of each fraction group of <
0.063, 0.063-0.125, 0.125-0.25, 0.25-0.5, 0.5-1, and 1-2
mm. Salt contents were measured by the following steps.
First, the samples > 0.1 mm were ground to ~0.1 mm in
diameter with a rock mill, and 10 g of each ground
samples was mixed with 50 mL of deionized water and
oscillated for 10 min. The soil solution was then filtered
through medium speed filter paper. Second, 10 mL of the
filtered soil solution was placed in a wide-mouth crucible
and steamed in a water bath. If the salt precipitate color
was dark, a few drops of H,0, were added to remove the
organic matter. Third, the steamed samples were dried at
180°C for 24 h in an oven. Finally, the dried samples
were weighed and salt contents were calculated. Detailed
descriptions of the experimental processes are shown in
Fig. 4. Samples of 2—5 g were ground into < 5 um
fractions, and an X’Pert Pro MPD powder X-ray
diffractometer (XRD) (Rigaku Ultima IV, Japan) that
scans with Cu Ka radiation at 3 kV was used for
semiquantitative mineralogical analysis. The scan ranged
from —110° to 180° with a precision of 0.002° and a
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resolution of 0.02°. After the scanning, the X-ray
diffraction pattern of the sample was matched with
various standard mineral patterns in the phase analysis
software (Degen et al., 2014), and the mineral results
(with relative errors of about 10%) were acquired.

Particle size, salt, and mineral analyses were done in
the Oil and Gas Research Center, North-west Institute of
Eco-Environment and Resources, Chinese Academy of
Sciences, China. The temperature and relative humidity
data were downloaded from the HOBO sensors after the
experiment and are shown in Fig. 5.

3 Results

The amounts of dust-sized fractions produced by both
physical weathering and dust deposition from 18 October
2020 to 18 December 2021 were 1387 + 124, 702 £ 70,
698 + 47, 742 + 101, and 769 + 75 g'm 2 for fraction
groups of 0.063-0.125, 0.125-0.25, 0.25-0.5, 0.5-1, and
1-2 mm, respectively (Fig. 6). The highest dust-sized
fraction appeared during 20 March and 1 April in 2021
when a heavy dust storm event occurred in the study area.
Dust deposition during the same period amounted to 611
+ 55 g'm™2. For fraction groups of 0.063-0.125, 0.125—
0.25, 0.25-0.5, 0.5-1, and 1-2 mm, there were 5.32 +
0.76% (mean + one standard deviation), 0.58 = 0.27%,
0.53 = 0.18%, 0.80 £ 0.52%, and 0.98 + 0.31%, respec-
tively, of the samples (by weight) having been weathered
into dust-sized fractions. For the coarse fraction groups of
2-4, 4-8, 8-16, and > 16 mm, the particle sizes of the
weathered materials were less than the particle sizes of
the parent materials. Therefore, the method of washing
the dust-sized fractions adhered to the parent materials
and particle size analysis could accurately determine the
physical weathering intensity of these coarse groups.
During the approximately 14 calendar months (from 28

Surface samples (0—2 cm in depth) of Gobi Desert

Sieving

Groups of 0.063—0.125, 0.125-0.25, 0.25-0.5, 0.5-1, 1-2, 2—4, 4-8, 8—16, >16 mm fractions
Washed by deionized water and dried

Weathering and dust deposition experiments in real enviromments

The first five fraction groups

1. Five duplicates for each sample

2. 10-day interval for one year+

3.<0.063 mm fractions were sicved,
weighed, and packed

Groups of 2—4, 4-8, 816, and >16 mm fraction
1. Six duplicates for each sample

2. One year+

3. Weighed and packed

After experiments were completed, all samples were washed and dried

Particle size analysis
Statistical analysis

Evaluation of intensity of weathering and dust deposition in natural enviromments

Fig.4 Experiment flowchart.
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Fig.5 Temperature and relative humidity recorded by HOBO sensors
during the experimental period.

September 2020 to 18 December 2021) of the experi-
ment, the physical weathering intensities for the fraction
groups of 24, 4-8, 8-16, and > 16 mm were 23.95%,
14.96%, 8.90%, and 2.81%, respectively (Fig. 7).

4 Discussion

Previous studies have shown that gravel presently covers
18%—43% (average of about 30%) of the Gobi Desert
surface (Wang et al., 2011, 2012b). Over the past thou-
sands of years, the Gobi Desert has maintained a surface
topographical equilibrium. This is due to the balance
between dust-sized particles transported by the alluvial-
diluvial processes and dust-sized particles produced by
physical weathering and via dust deposition (Wang et al.,
2020). The alluvial-diluvial processes have determined
the characteristics of surface gravel in the Gobi Desert
(Hiille et al., 2010). The clay layer within the Gobi Desert
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stratum was regarded as a product of alluvial processes
that occurred in the Quaternary (Owen et al., 1997).
Because of extremely low precipitation during the
modern times, there have been essentially no extensive
alluvial-diluvial processes occurring in the study region.
On the other hand, decreased wind activity during the
geological periods may have contributed to the deposition
of dust-sized fractions on the Gobi Desert surface. After
the gravel layer was developed on the Gobi Desert
surface, the dust-sized fractions produced by physical,
chemical, salt, and biological weathering processes
(Wang et al., 2020) were eroded and transported. The
Gobi Desert developed into a sandy desert or a desert
with a clay layer covering the surface, becoming a
dominant source area for Asian dust storms (Wang et al.,
2017, 2019). Once the dust-sized fractions of the surface
were eroded away, gravel in the underlying sediments
was pushed upward (Springer, 1958; Inglis, 1965) and
accumulated on the desert surface with variations in soil
moisture and temperature. The processes of physical
weathering, deposition, and erosion occurred in cycles
day after day. Dust deposition in this study was 611
gm 2, and the mean amount of dust-sized fractions
produced by physical weathering was 249 g'm2 from 18
October 2020 to 18 December 2021. Assuming that the
density of Gobi Desert soil is 2.8 x 103 kg'm™3 (Shao
etal., 2006), the thickness of dust-sized fractions
produced via dust deposition and by physical weathering
within the experimental period exceeded 0.31 mm.
However, field investigations showed no evident changes
in the Gobi Desert landscapes, indicating that most dust-
sized fractions produced by physical weathering and via
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dust deposition were re-emitted during the experimental
period.

Our previous study found no significant correlations
between the temperature/moisture conditions and the
intensity of physical weathering (Wang et al., 2020). The
results of the current study showed that there were
different correlations between the two climatic parame-
ters and the amounts of dust-sized fractions produced by
physical weathering and by dust deposition from different
particle size groups (Table 1). We observed significant
negative correlations between temperature and the dust-
sized fractions from the 0.063-0.125 mm group, and
between relative humidity and the dust-sized fractions
from the groups of 0.125-0.25, 0.25-0.5, 0.5-1, and 1-2
mm. Due to the different combinations of hydrothermal
climate conditions in the natural Gobi Desert environ-
ment, physical weathering intensity and mechanisms may
vary among seasons. Freeze—thaw or cryogenic weather-
ing occurring in winter may result in a large amount of
weathering products, as has been observed in indoor and
field experiments (e.g., Hall et al., 2005; Viles and Goudie,
2013; Lamp et al., 2017; Wang et al., 2020). For example,
rapid low-temperature (< 0°C) variations between day
and night in the winter season may lead to continuous
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outside, accelerating rock fatigue (e.g., Lamp et al.,
2017). Thermal fatigue can also set in at lower rates of
temperature change, and is critical for rock breakdown in
desert areas such as the Namib Desert (Viles and Goudie,
2013). Therefore, the negative correlations between
temperature and the dust-sized fractions from the
0.063-0.125 mm group observed in this study may reflect
the controls of physical weathering processes by the
seasonal variations of climate. The negative correlations
between the dust-sized fractions from the groups of
0.125-0.25, 0.25-0.5, 0.5-1, and 1-2 mm and relative
humidity may further confirm the existence and effec-
tiveness of low-temperature weathering. Under low
temperature conditions (< 0°C) in winter on the Gobi
Desert, the relative humidity decreased with decreasing
temperature, and the retention of solid water (ice) in the
environment increased. Frequent heating and cooling at
diurnal cycles has been proven to play an important role
in the generation of rock debris in extremely arid areas
(Leask and Wilson, 2003). The particle fractions of the
groups of 0.125-0.25, 0.25-0.5, 0.5-1, and 1-2 mm were
coarser than those of the 0.063—0.125 mm group. The
crushing efficiency may be increased with both increasing
ice contents and an enhancement of freezing-thawing of
ice at diurnal cycles.

Even though the sample pans were covered by an 80-
mesh screen (0.18 mm in diameter) to prevent wind
erosion, some fractions < (.18 mm may still have been
transported into the samples during the experiment. The
particle sizes of the raw samples may thus be changed.
However, variations in the main composition of each
fraction group were still essential for determining the
physical weathering intensity in the experiment. At the
end of the experiment, for fraction groups of 0.25-0.5,
0.5-1, and 1-2 mm, the weight of samples in the pans
decreased by 7.79%, 7.88%, and 13.01%, respectively
(Fig. 8). These results indicated that the physical weather-
ing intensities of these groups in field were not less than
these values. In addition, mean physical weathering
intensity of the > 2 mm fraction was 12.66% during

expansion and contraction of rock minerals from inside to  approximately 14 calendar months. Therefore, the
Table 1 Correlations between temperature or relative humidity conditions and the dust-sized fractions produced by dust deposition and by
physical weathering
Group Temperature Relative humidity

Pearson correlation Significance (2-tailed) N Pearson correlation Significance (2-tailed) N
Group A (0.063-0.125 mm) —0.404* 0.011 39 0.15 0.362 39
Group B (0.125-0.25 mm) 0.104 0.527 39 —0.443%* 0.005 39
Group C (0.25-0.5 mm) 0.064 0.697 39 —0.409** 0.01 39
Group D (0.5-1 mm) 0.041 0.804 39 —0.428** 0.007 39
Group E (1-2 mm) 0.062 0.706 39 -0.396* 0.013 39
Dust deposition 0.041 0.806 39 —0.406* 0.01 39

Note: * Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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production of dust-sized particles via dust deposition and
by physical weathering and re-emission of dust-sized
particles under wind activities also played an important
role in the Gobi Desert surface equilibrium.

Several factors affect the physical weathering intensity
of Gobi Desert materials in natural environments. First,
salts have an important impact on physical weathering
(e.g., Goudie etal., 2002; Viles and Goudie, 2007).
Before conducting this experiment, all raw samples were
washed to remove the dust-sized fractions and soluble
salts attached on the surface of the particles. However, the
intergranular/intercrystalline salts contained in the
particles were not excluded. These salts could have been
released or reabsorbed on the surface of the particles as
particles were broken or crushed. For instance, the mean
soluble salt contents for raw samples of the 0.063-0.125,
0.125-0.25, 0.25-0.5, 0.5-1, and 1-2 mm groups (n = 6)
were 0.83 = 0.29, 0.56 = 0.10, 0.96 + 0.25, 0.57 + 0.07,
and 0.55 + 0.10 g-kg ™!, respectively. In addition, the salt
content of dust deposition was 1.99 = 0.37 g-kg™! (n = 6).
During the experiment, salts were deposited into the raw
samples, and consequently increased the physical weather-
ing intensity of the raw samples. Second, the particle
sizes of materials are also key factors controlling physical
weathering intensity. Although we cannot accurately
determine the physical weathering intensity of the
0.063—2 mm fraction groups, the physical weathering
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intensity of the > 2 mm groups decreased with increasing
particle sizes of raw samples (Fig. 7). This result
indicated that the gravel materials with small particle
sizes were more sensitive to physical weathering in the
field. Third, differences in mineral composition also play
an important role on physical weathering intensity (e.g.,
Nesbitt and Young, 1989; Hall etal., 2005; Viles and
Goudie, 2013). Mineral analyses of the raw samples
showed that the plagioclase contents for the fraction
groups of 0.063-0.125, 0.125-0.25, 0.25-0.5, 0.5-1, 1-2,
and > 2 mm were 19.1 £ 3.4%, 19.0 = 3.9%, 25.0 + 2.2%,
39.4 £2.7%, 37.9 £ 0.4%, and 31.8 + 2.3%, respectively.
The differences in the plagioclase contents may also
cause variations in physical weathering intensity among
different particle fractions as previous studies have
suggested.

5 Conclusions

A field experiment was conducted in the Ala Shan Gobi
from September 2020 to December 2021 to determine the
effects of physical weathering and dust deposition on the
production of dust-sized fractions from different particle
fractions of the Gobi Desert surface. The results showed
that over approximately 14 calendar months (from 18
October 2020 to 18 December 2021), the dust-sized
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Fig. 8 Comparisons of the particle size distributions for experimental samples and raw samples. Five replicate samples were
measured for each group. The error bars in the figure indicate + 1 standard deviation.
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fractions (< 0.063 mm in diameter) produced by physical
weathering and via dust deposition in fraction groups of
0.063-0.125, 0.125-0.25, 0.25-0.5, 0.5-1, and 1-2 mm
were 1387 + 124, 702 £ 70, 698 + 47, 742 + 101, and 769
+ 75 g'-m2, respectively, and the dust deposition during
the same period was 611 £ 55 g'm™2. In addition, for the
fraction groups of 0.063-0.125, 0.125-0.25, 0.25-0.5,
0.5-1, and 1-2 mm, 5.32 £ 0.76%, 0.58 £ 0.27%, 0.53 +
0.18%, 0.80 £+ 0.52%, and 0.98 + 0.31%, respectively, of
the samples (by weight) were weathered into dust-sized
fractions during the experimental period. Within approxi-
mately 14 calendar months (28 September 2020 to 18
December 2021), the physical weathering intensities for
fraction groups of 2—4, 4-8, 8-16, and > 16 mm were
23.95%, 14.96%, 8.90%, and 2.81%, respectively.
Relatively finer materials of the gravel were more
sensitive to physical weathering than coarse materials.
Physical weathering intensity in the Gobi Desert was far
greater than those reported in previous studies. The
amounts of dust-sized fractions produced by dust
deposition and physical weathering and the Gobi Desert
surface equilibrium indicated that the Gobi Desert was a
key potential source area for Asian dust emissions. Dust
deposition and physical weathering are both key factors
affecting the Gobi Desert surface equilibrium in the
natural environment of this study.
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