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Provenance differentiation and earth surface 
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Abstract 

Understanding the provenance and sediment surface processes of the Mu Us sandy land (MU) is critical for compre-
hending aeolian deposits and dust transportation in inland Asia and the Chinese Loess Plateau (CLP). In this study, 
we analyzed the detrital zircon U–Pb ages in the sediments of the MU, together with the previously collected data 
from sediments in the Hobq desert and CLP. Our findings demonstrate that there is spatial heterogeneity in the sedi-
ment characteristics of the MU and Hobq regions, with noticeable differences between northeastern and southwest-
ern areas. In addition, the northeastern part of the CLP displays significant dissimilarities from other regions of the CLP. 
The NE MU, Eastern Hobq, and NE CLP inherit the main characteristics of basement rocks from the Western North 
China Craton, with prominent age ranges of 1600–2200 Ma and 2200–2800 Ma, indicating that this region is likely 
more controlled by in-situ weathering and recycling. In contrast, the SW MU, West-Middle Hobq and most parts 
of CLP show multiple sources, with a higher proportion of 200–350 Ma and 350–600 Ma, reflecting that the aeolian 
deposits in this area may be associated with more frequent earth surface processes such as sand-driving winds 
and fluvial transport. Although all three regions are situated within the square bend of the Yellow River and under the 
prevailing winds direction, sediments in the first two areas appear to have a more mixed contribution of both local 
and distal sources. In contrast, deposits in the CLP region were primarily sourced from the northeast Tibetan Plateau 
via the upper Yellow River. This indicates a variation in dust sources from north to south and suggests that the MU 
is part of the same sedimentary system as the CLP, rather than its direct source.
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1  Introduction
Vast arid areas of Gobi and deserts have emerged in 
Asian inland under the global climate cooling in the 
Cenozoic, which turned into the essential dust archive 
from all over the world (Zachos et al. 2001; Muhs 2013). 
During the late Cenozoic, the thick and continuous aeo-
lian dust deposits developed on the Chinese Loess Pla-
teau (CLP), recording the interrelated history within the 
earth systems (Liu 1985; Liu and Ding 1998; Ding et  al. 
1998; An et  al. 2001; Guo et  al. 2002). The evolution of 
the modern Asian monsoon and inland deserts has been 
a key focus in the field of earth science (Guo et al. 2002; 
Chen et al. 2007; Sun 2002; Sun et al. 2013, 2018, 2020). 
However, during these decades, the exact provenance 
of the Asian dust deposits, especially on the CLP, is still 
under debate. Although many studies have suggested the 
proximal desert areas, under the influence of prevailing 
winds, are the main origin of dust on the CLP (Sun 2002; 
Yang and Ding 2008; Lu et  al. 2011), it remains uncer-
tain whether the western versus northwestern desert 
sources, influenced by the westerlies, or the East Asian 
winter monsoon (EAWM), respectively, or the impact of 
piedmont alluvial fans and river drainage, contribute to 
dust generation (Honda et al. 2004; Chen et al. 2007; Pul-
len et al. 2011; Stevens et al. 2010, 2013; Nie et al. 2015; 
Zhang et al. 2016, 2022).

The Mu Us sandy land (MU), located in the transition 
zone between the Gobi Desert and the Chinese Loess 
Plateau (CLP) in northern China, is particularly sensi-
tive to the changes in climatic environment and earth 
surface processes (Fig.  1). The CLP’s provenance is bet-
ter understood by comprehending the MU. According to 
previous studies on the origin of MU sediments, they are 
believed to have originated from nearby areas and have 
undergone recycling from basement sandstones (Zhu 
et al. 1980; Sun 2000), and these sediments are an impor-
tant source of CLP deposits, as recognized by Yang and 
Ding (2008). It has been recently discovered that the sedi-
ments in the MU exhibit differences in their composi-
tion depending on their location (Shu et al. 2017; Liu and 
Yang 2018; Wang et al. 2019; Bird et al. 2020; Chen et al. 
2021). However, the exact extent and location of these 
variations are still unclear. According to studies given 
by Rao et al. (2011) and Ding et al. (2021), the sediments 
in the MU vary based on the size of the grains. Coarse-
grained sand is likely derived from underlying sandstone 
while fine-grained sand is extensively mixed through 
long-distance aeolian and fluvial transport. The studies, 
conducted by Stevens et al. (2013) and Nie et al. (2015), 
utilized a combination of zircon U–Pb age pattern and 
heavy mineral analysis to investigate the contribution of 
proximal deserts and rivers in transporting dust to the 
Loess Plateau. They suggested that the Yellow River and 

its associated systems are responsible for carrying large 
quantities of sediments from northern Tibet to the west-
ern Mu Us desert and the CLP. However, these studies 
did not consider the inputs and contribution mixing from 
multiple sources of aeolian deposits.

Zircon grains can preserve the signal of crystallization 
age from source regions because of their high resistance 
to weathering and thermal alteration, and to alteration by 
the surface processes of deposition and transport (Grif-
fin et al. 2004; Condie et  al. 2005). Thus, detrital zircon 
U–Pb dating is widely used in sediment provenance stud-
ies, river evolution and basin research (He et  al. 2014, 
2021; Iizuka et al. 2010; Wang et al. 2022). In this study, 
we utilized detrital zircon U–Pb dating technique to 
date the surface sediments found in the MU. Addition-
ally, we compared our findings with the published data of 
the Hobq desert in the north and CLP in the south, and 
evaluated them against all the potential sources that were 
considered in previous studies. The objectives of this 
study are: (1) to make a systematic provenance analysis 
for the MU sediments, as well as the precise range of sed-
iment changes; (2) to quantify the relative contributions 
of potential sources to the surface sediments in the MU, 
Hobq Desert and CLP; and (3) to reveal the surface pro-
cesses and relationships between these aeolian deposits.

2 � Regional setting
The MU (37° 30′-39° 22.5′ N, 107° 20′–111° 30′ E), situ-
ated in the Ordos Basin, the Western North China Cra-
ton (NCC), is a steppe sandy land covered by sand dunes, 
loess deposits and grassland. The elevation of the MU 
ranges from ~ 1200 to 1600  m a.s.L., and the altitude 
gradually decreases from northwest to southeast (Wang 
et  al. 2019). The Yellow River acts roughly as the east 
and west boundary of the MU (Fig.  1), nearly covering 
an area of 4 × 104 km2. The Mesozoic sandstones in the 
MU were altered by diluvial and alluvial processes during 
Paleocene to early Quaternary period and subsequently 
underwent aeolian erosion from the late Quaternary to 
the present day (Yang 2007). The sediment particle size 
in the MU gradually decreases from the northwest to the 
southeast (Shu et  al. 2017), while the magnetic suscep-
tibility presents a contrasting pattern (Cao et  al. 2003). 
Currently, the area is predominantly comprised of Qua-
ternary and modern deposits, with loosely cemented and 
highly weathered fuchsia Cretaceous sandstone cropping 
out in the north and west, and occasional exposures of 
grey-green Jurassic sandstone in the southeast (Fig.  2). 
To the north of the MU lies the Hobq Desert, while 
the CLP borders it to the south, which all lie within the 
square bend of the Yellow River. The Badain Jaran and the 
Tengger Desert lie to the northwest of the MU, and the 
Mongolian Gobi and Hunshandake sandy land locate in 
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the further north (Fig. 1). The NE Tibetan Plateau in the 
southwest and the Tarim Basin further west of the MU 
are all considered as the potential sources of the CLP in 

previous studies (Bird et al. 2015, 2020; Li et al. 2010; Che 
and Li 2013; Stevens et  al. 2013; Nie et  al. 2015; Zhang 
et al. 2016, 2022).
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3 � Samples and methods
A total of nine samples for surface sediments distrib-
uted throughout the MU were analyzed in this study, 
including two Cretaceous sandstone samples and seven 
surface Quaternary/modern sand samples. Sampling 
sites were chosen away from towns and roads, avoiding 
human pollutions. Each sample weighted 2–3  kg. We 
also collected samples’ raw data of zircon U–Pb ages 
of the MU, Hobq Desert the CLP from previous studies 
in order to provide a comprehensive analysis of poten-
tial differential sources of sediments in this region. The 
sample distribution is depicted in Fig.  1B, and further 
details on each sample can be found in Table 1.

Zircon grains were extracted from sediment sam-
ples under the standard procedures of heavy liq-
uids and magnetic separating. Most of the zircons 

were predominantly 100–200  μm grain size. 200–300 
grains were randomly selected from each sample and 
were attached to the adhesive tape under the binocu-
lar microscope. After solidification with a mixture of 
epoxy resin and coagulant, we polished the resin ped-
estal until the grains maximum cross section appeared, 
then photograph zircons under the polarizing micro-
scope before analysis.

The U–Pb dating was performed on the Laser abla-
tion-inductively coupled plasma mass spectrometer 
(LA-ICP-MS) system at the School of Geographical 
Sciences, Nanjing Normal University, using a Photon 
Machine 193  nm laser ablation system coupled with an 
Ailgent 7700× quadrupole plasma mass spectrometer. 
The laser beam was 25–35  μm in diameter and 8  Hz 
in repetition rate. The international standard sample 
91,500 (1062 ± 4  Ma, Wiedenbeck et  al. 1995) or GJ-1 
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(608.5 ± 0.4  Ma, Jackson et  al. 2004) acted as the exter-
nal standard while the “QingHu” sample (159.5 ± 0.2 Ma, 
Li et  al. 2013) acted as the internal standard, to correct 
instrumental mass bias and ensure the reliability of the 
experimental data. To meet the statistical requirements 
for error reduction (Vermeesch 2004), we chose 168 
grains in each randomly for in-situ laser ablation micro-
analysis. The argon gas works as carrier gas with the 

advantages of eliminating the elemental fractionation of 
Pb, Th and U. Experimental data were processed with the 
Igor Pro-Iolite program, 206Pb/238U ages were adopted for 
the grains younger than 1000  Ma, and 207Pb/206Pb ages 
for grains older than 1000  Ma (Griffin et  al. 2004). The 
grains with discordance exceeding 10% among the ages of 
206Pb/238U, 207Pb/235U and 207Pb/206U were rejected. The 
Kernel Density Estimation (KDE) using bandwidth of 30 

Table 1  Sampling information on zircons from the Mu Us Sandy Land, Hobq desert and Chinese Loess Plateau

No Sample ID Longitude Latitude Data source
(°E) (°N)

MU-1 160703-13 107.93 39.13 This study

MU-2 160704-1 107.95 39.03

MU-3 160703-12 108.09 39.04

MU-4 160704-4 107.53 38.3

MU-5 160704-9 107.41 37.85

MU-6 160704-10 107.53 37.67

MU-7 160703-10 108.77 38.61

MU-8 160703-3 109.3 38.58

MU-9 160703-1 109.7 38.34

MU-10 MD9 107.23 38.49 Stevens et al. (2013)

MU-11 MD10 107.99 37.92

MU-12 MD4 108.49 37.71

MU-13 MD2 108.76 38.48

MU-14 MD7 109.66 38.65

MU-15 MD1 109.79 38.14

MU-16 MD3 108.49 37.71

MU-17 MD5 108.82 37.99

MU-18 MU51 106.9 38.7 Zhang et al. (2016)

MU-19 MU50 107.1 38.5

MU-20 MU35 107.8 38.4

MU-21 MU39 108 37.9

MU-22 MU32 38.6 109.9

MU-23 MU36 38.9 110

MU-24 MU40 39.4 109

MU-25 MU24 38.7 109

MU-26 MU43 38.6 108.9

Hobq Desert Western 40.76 107.89 Zou (2017)

Middle 40.38 109.23

Eastern 40.26 110.79

Chinese Loess Plateau Beiguoyuan 37.49 108.9 Bird et al. (2015)

Jingbian 36.62 107.29

Lingtai 35.07 107.65

Weinan 34.35 109.51 Xiao et al. (2012)

Xining 36.71 101.83

Caoxian 36.35 104.62 Che and Li (2013)

Xifeng 35.77 107.77

Jiaxian 38.27 110.09 Zhang et al. (2021)

Heimugou 35.72 109.61 Pullen et al. (2011)



Page 6 of 14He et al. Progress in Earth and Planetary Science           (2023) 10:63 

Myr and non-metric multidimensional scaling (MDS) 
plots in the MATLAB-based software of DZmds were 
used to distinguish the relationship among detrital zircon 
datum of samples (Saylor et al. 2018). In order to quantify 
the relative contribution of these potential sources, we 
further adopted the DZ-Mix model presented by Sundell 
and Saylor (2017), using a MATLAB-based software for 
detrital zircon U–Pb inverse Monte Carlo mixture mod-
eling. The DZ-mix model was made using three statistic 
methods: Cross-correlation, KS and Kuiper with 10,000 
trials. Raw zircon U–Pb age data are available in Addi-
tional file 1: Table S1.

4 � Results
We adopt the KDE to create age spectra visualizations 
for the zircon samples (Vermeesch 2012) (Fig. 2). The age 
spectra of sediments in the MU show multiple age peaks, 
which could be divided into five main age groups of 200–
350 Ma, 350–600 Ma, 600–1600 Ma, 1600–2200 Ma, and 
2200–2800  Ma. Zircon ages younger than 200  Ma and 
older than 2800  Ma appear very rarely and show little 
distinct distribution patterns. After combining 17 sam-
ples from Stevens et  al. (2013) and Zhang et  al. (2016), 
we classify the total 26 detrital zircon samples from the 
MU into two groups for further analysis: the Cretaceous 
samples and Quaternary/modern samples.

Samples of the MU1, MU5, MU16 and MU-17 are rep-
resentative of the Cretaceous samples in the MU (Fig. 2), 
displaying prominent age peaks of 200–350  Ma, 1600–
2200 Ma, 2200–2800 Ma, and a side peak of 350–600 Ma. 
The zircon U–Pb age spectra of other modern sam-
ples in the MU show distinct spatial differences, which 
could be roughly divided into two regions: the north-
east and southwest parts (Fig.  2). Most samples belong 
to the northeastern (NE) MU parts, which resemble the 
Cretaceous basement samples, with a higher content of 
200–350 Ma, 1600–2200 Ma and 2200–2800 Ma zircons, 
while those from the southwestern (SW) MU exhibit 
a higher percentage of both the 200–350  Ma and 350–
600  Ma zircons, with a notably lower content of older 
zircons.

To further confirm the division observed in the U–Pb 
age spectra, we present two-dimensional MDS diagram 
that illustrates the physical distances between samples 
(Fig. 3). The similarities are represented by solid lines and 
dotted lines, which refer to primary and secondary cor-
relations, respectively (Borg and Groenen 2003). The MU 
samples are clearly divided into two groups (Fig. 3A): the 
NE and Cretaceous MU, and the SW MU, which are con-
sistent with the U–Pb age spectra results. Similarly, the 
spatial characteristics of sediment in the Hobq Desert 
and CLP also differ, with the eastern Hobq, northeast-
ern CLP and NE MU exhibiting more similarity, and the 

middle and western Hobq and most samples on the CLP 
being more alike the SW MU (Fig. 3B). Although previ-
ous studies have suggested that dust deposits on the CLP 
exhibit spatial heterogeneity (Xie et  al. 2012; Xiao et  al. 
2012; Bird et al. 2015; Ma et al. 2019; Zhang et al. 2021; 
Xiong et al. 2023), compared with the MU, the zircon age 
patterns of most loess samples do not show clear differ-
ences in Fig. 3B, as they all overlap with the region where 
the SW MU is found. It is not surprising that the sample 
of Jiaxian, which is located in the northeastern CLP dis-
plays similar characteristic with the NE MU, since they 
all lie within the western North China Craton. Recent 
work has proposed that the detrital zircon U–Pb dat-
ing requires a large number of grains (n > 300) for each 
sample to avoid the sample size effect on the provenance 
analysis (Licht et al. 2016; Zhang et al. 2016; Chen et al. 
2022). Thus, we combined samples with similar zir-
con characteristics to achieve enough grain numbers 
for provenance identification. According to the cluster-
ing, we were able to categorize them into the follow-
ing groups: the NE MU, SW MU, Cretaceous MU, East 
Hobq, West-Middle Hobq, NE CLP and CLP.

5 � Discussion
5.1 � Provenance identification from zircon U–Pb ages
Since the sediments in the MU display five major age 
groups, it is likely that the area has multiple sources 
rather than a single source. The zircon U–Pb ages of 
these sediments were mainly controlled by the regional 
geological units and major magmatic events nearby. Pre-
vious studies on dust sources in this region have yielded 
inconsistent results, primarily due to disparities in the 
selection of potential sources as end-members (Xiao 
et al. 2012; Stevens et al. 2013; Zhang et al. 2016; Xiong 
et al. 2023). In this study, we compiled the published data 
regarding detrital zircon U–Pb ages from all the poten-
tial sources of the MU and CLP, including the NE Tibetan 
Plateau (the Qaidam, Songpan-Ganzi, and its piedmont), 
the northwest deserts (the Badain Jaran Desert and the 
Tengger Desert, which are mainly derived from the Altai 
Mountains), the north gobi, the western NCC, and the 
Taklimakan desert in the Tarim Basin, to comprehen-
sively discuss the source contribution to the MU sedi-
ments (Fig. 4).

The cumulative distribution curves of the dust sam-
ples and the potential sources reveal a clear classification 
(Fig.  4A), with two distinct curve features. The Cre-
taceous MU, NE MU, NE CLP, Western NCC and East 
Hobq display a similar curve pattern to each other, while 
the other sections are more closely related, indicating the 
different zircon age compositions of these two groups.

The analysis of the clustered samples also reveals vis-
ible variations in the zircon KDE plots (Fig.  4B). The 
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Neoarchean and Paleo-proterozoic age groups, spanning 
from 2200–2800  Ma and 1600–2200  Ma, respectively, 
with an age peak around 2.5 Ga and 1.8 Ga, largely cor-
respond to the accelerated global crustal growth period 
and the ages of the Lüliangian Orogeny (Condie et  al. 

2009; Rino et al. 2004). It is possible that the NCC base-
ment formed due to mantle plume activities (Wan et al. 
2006; Zhai and Peng 2007; Zhao and Zhai 2013), and the 
time of complete cratonization occurred approximately 
2.45 Ga (Kusky and Li 2003; Kusky et al. 2016; Zhai 2014, 

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
-0.15

-0.1

-0.05

0

0.05

0.1

0.15

9

15

4

22 21

12

14

2

26

1

3

5

6

7
8

10

1113

16

17

18

19

20

23

24

25

Dimension 1

D
im

en
si

on
 2

Dimension 1

D
im

en
si

on
 2

NE MU + Cretaceous MU

SW MU

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Dissimilarities

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

D
is

ta
nc

es
/D

is
pa

rit
ie

s

Shepard Plot, stress =0.089343

Distances
Disparities
1:1

Distances
Disparities
1:1

A

B

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

NE MU

Xifeng

Heimugou

Beiguoyuan

Lingtai

Weinan SW MU

Middle Hobq

Cretaceous Mu

Xining

Caoxian

Jingbian

West Hobq

East Hobq

Jiaxian

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Dissimilarities

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

D
is

ta
nc

es
/D

is
pa

rit
ie

s

Shepard Plot, stress =0.040307

Fig. 3  A Two-dimensional multidimensional scaling (MDS) diagram and Shepard plot of zircon U–Pb age spectra for the sediments in the Mu Us 
sandy land. B The MDS and Shepard plots of zircon U–Pb age spectra for samples in the Hobq desert, Mu Us sandy land and the CLP
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2019). The NCC underwent late phases of accretion dur-
ing the age around 1.8 Ga, including the merging of base-
ment and uplifting and denudation, followed by series of 
magmatic events, related to the breakup of the Colum-
bia supercontinent in 1.6–1.8 Ga in the early Meso-pro-
terozoic (Pan et  al. 2016; Enkelmann et  al. 2007). Thus, 
the percentage of old zircons at 2800–2200  Ma and 
2200–1600  Ma are notably higher in the Western NCC 
(38% and 21%, respectively) compared to other potential 
sources (Fig.  4B). Among the aeolian deposits, the Cre-
taceous MU (44% and 30%), NE MU (34% and 27%), NE 
CLP (42% and 31%) and East Hobq (31% and 27%) all 
contain a considerable number of old zircons (Table  2), 
indicating a more contribution from the Western NCC to 
these regions.

The age group of 350–600  Ma corresponds to the 
events that associated with the subduction and collision 
of the Qilian Mountains and the west Qinling Orogenic 
Belt (Xu et al. 2008; Yong et al. 2008; Wu et al. 2012; Yang 
et al. 2015). Zircons of 600–1600 Ma may have originated 
from the Qaidam Basin (Gehrels et al. 2003b; Pullen et al. 
2011), although few plutons dating within this age range 
have been found in other potential source areas. The 
NETP and Yellow River both display high concentrations 
of zircons in these two age groups, with percentages of 
38% and 23%, and 31% and 21%, respectively. The same 
pattern is also observed in the SW MU, West-Middle 
Hobq and CLP deposits. Conversely, the Tarim Basin 
exhibits an exceptionally high percentage of the 350–
600 Ma zircons, indicating its proper contribution to the 
dust deposition in this area.

The age group of 200–350  Ma is generally prominent 
in all the samples from the MU, Hobq Desert, and all the 

CLP.  Previous research suggests that the metamorphic 
basement of the NW deserts, such as Tengger and Badain 
Jaran Desert, which are exposed to the EAWM that blows 
toward the MU, primarily originated from several Early 
Permian granite intrusions (Zhang et al. 2016). Xu et al. 
(2008) also indicate that the East Kunlun Shan, which 
developed as a volcanic arc during 240–270  Ma, could 
be a significant source of sediment supply to the MU 
through the prevailing winds. Therefore, all the poten-
tial sources have the possibility to supply materials to the 
study area (Table 2). In contrast, the Tarim Basin shows a 
lower percentage of this particular zircon age group, indi-
cating its relatively lower contribution under the westerly 
wind.

The younger zircons of the 0–200  Ma age group are 
present in low concentrations in all the samples and 
potential sources, except for the NETP and the Gobi. 
However, it is difficult to identify the sediment sources 
based solely on this age group.

The 3-D MDS plot clearly shows the relationship 
between dust deposits and the potential sources (Fig. 5). 
The NE MU, Cretaceous MU, NE CLP and East Hobq 
show significant association with the Western NCC, 
indicating that sediments in these areas mainly originate 
from the underlying bedrock of the local sources. In con-
trast, the SW MU, Middle-West Hobq, and the CLP are 
closely related to the NETP and the Yellow River, while 
the NW deserts and Gobi show the second association. 
The Tarim Basin lies relatively far from the SW MU, indi-
cating their limited contributions to the dust deposition 
in this area.

The DZ mix model made by the Cross-correlation of 
the KDEs were chosen to calculate the proportion of 

Table 2  The proportion of each age group in surface samples from the Mu Us Desert and potential sources

Sample ID 0–200 Ma (%) 200–350 Ma 
(%)

350–600 Ma 
(%)

600–1600 Ma 
(%)

1600–2200 Ma 
(%)

2200–2800 Ma 
(%)

2800–
3200 Ma 
(%)

Crataceous MU 0 16 5 4 44 30 0

NE MU 1 23 9 6 34 27 0

SW MU 1 27 29 12 22 9 0

CLP 3 24 30 21 15 7 0

NE CLP 0 19 5 3 42 31 0

East Hobq 1 20 17 4 31 27 0

Middle-West Hobq 0 31 21 11 25 13 0

NETP 2 19 38 23 12 7 0

Yellow River 1 22 31 21 17 8 0

NW deserts 0 43 25 11 14 7 0

Gobi 2 48 29 11 9 1 0

Western NCC 1 25 11 4 38 21 0

Tarim Basin 1 13 60 11 9 4 2
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potential sources because its higher Cross-correlation 
value and lower standard deviation than the other two 
methods (Fig. 6, Table 3). It is not surprising that the con-
tribution histogram based on the DZ-Mix model dem-
onstrates similar pattern of the NE MU and East Hobq, 
which are primarily supplied by the Western NCC, with 
minor contributions from the NETP and other sources. 

Conversely, the dust deposition in the SW MU, West-
Middle Hobq and CLP show notable differences in the 
contributions, although they have similar zircon age dis-
tributions. Sediments in the SW MU mainly originated 
from the NETP, followed by the Western NCC, Gobi and 
NW deserts, with only 3% coming from the Tarim Basin. 
In contrast, the NW deserts and the Western NCC are 
the primary contributors to the West-Middle Hobq, with 
relatively few materials from the Gobi and NETP. Regard-
ing the CLP, the NETP contributes approximately 69% 
of the sediments, while the NW deserts and Gobi con-
tribute approximately 10% each, and the Western NCC 
accounts for 6% of the deposited dust (Table 3). All the 
samples show little contribution from the Tarim Basin, 
indicating that the far-off desert has little significance for 
this area.

5.2 � Surface processes of sediments of the aeolian deposits
As demonstrated from the above analysis, there are sig-
nificant spatial differences in the material sources of the 
Mu Us sandy land, which can be classified into the NE 
and SW regions, consistent with previous research (Ste-
vens et al. 2013; Nie et al. 2015; Ding et al. 2021). The MU 
shows a clear segregation, with most parts belonging to 
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the NE region (Fig. 2), mainly comprising proximal mate-
rials from the Western NCC and exposed Cretaceous 
rocks. Only a small part of the MU adjacent to the north-
ern CLP belongs to the SW MU part. The features of the 
Eastern Hobq Desert in the north correspond with those 
of the NE MU, and the West-Middle Hobq and CLP 
exhibit a similar zircon age distribution to the SW MU, 
characterized by a multi-source feature.

Previous studies based on several proxies including 
detrital zircon ages and heavy minerals (Stevens et  al. 
2013; Nie et al. 2015; Yang et al. 2022; Zhang et al. 2022), 
carbonate minerals (Meng et  al. 2019) and geochemis-
try methods (Chen et al. 2007; Li et al. 2011, 2018) have 
attributed prevailing winds as the primary cause of the 
aeolian deposition, stating that the dust material mainly 
comes from the Tarim Basin and the NW deserts and 
Gobi under the westerlies or the EAWM. Recent research 
suggests that the west MU and CLP predominantly con-
sists of materials carried by the Yellow River from the 
NETP (Stevens et  al. 2013; Nie et  al. 2015; Zhang et  al. 
2022). In this study, we found that the sources of the aeo-
lian deposition of the MU, Hobq and CLP varies among 
different locations, despite the fact they all are situated 
within the prevailing winds range and the square bend of 
the Yellow River. These three areas all display both local 
and distal sources, but from north to south, the contribu-
tions of the NW desert and Gobi are much greater than 
the Tarim Basin, indicating that the EAWM may be more 
important than the westerly wind on dust transportation 
to this area, which is also consistent with the southeast 
decreasing grain size in the MU (Rao et  al. 2011; Ding 
et  al. 2021). Coarse-grained materials are more easily 
obstructed by rivers, lakes, and other obstacles, whereas 
fine-grained material can continue to be transported 
(Wang et  al. 2019). Therefore, the West-Middle Hobq 
and SW MU received more coarse-grained deposits 
from the NW desert and northern Gobi area under the 
EAWM, but the East Hobq and NE MU mainly depos-
ited the local materials, resulting in the spatial differences 
in the Hobq desert and Mu Us sandy land. While fine-
grained materials were transported further to the CLP, 
and exhibited similar dust compositions between the NE 

CLP and NE MU. Additionally, most parts of the CLP 
have large influence from the floodplain deposits of the 
Yellow River under the wind-blow. Thus, it is suggested 
that both the prevailing winds and the fluvial fan (the Yel-
low River) may not have as much influence as originally 
believed. Neither factor independently determines the 
deposition of aeolian dust as previous studies have sug-
gested. Instead, the sources of aeolian dust largely vary 
depending on factors such as sediment grain size, depo-
sitional locations, and even the sedimentary mass of the 
river floodplain.

Furthermore, our study also indicates that the majority 
of the dust deposits on the CLP originate from the NETP 
and are relatively uniform compared to those found in 
the Hobq and MU. There is little contribution from the 
Western NCC (except in the NE CLP), indicating that 
the MU is not the direct source region of the CLP, but 
both belong to the same sedimentary system controlled 
by the prevailing winds. However, it is still possible that 
fine-grained materials in the SW MU are blown into the 
CLP. Although our study highlights the importance of the 
Yellow River in contributing to the CLP, further investi-
gation is required to verify the source changes under dif-
ferent climatic conditions, particularly when considering 
the characteristics of the Hobq and MU.

6 � Conclusions
This study carried out the detrital zircon U–Pb dat-
ing of sediments in the Mu Us sandy land (MU), and 
combined the data from the aeolian deposit of the Chi-
nese Loess Plateau (CLP) and Hobq Desert to illustrate 
sediment source variability. The sediments from the 
MU and Hobq Desert could obviously be divided into 
two distinct parts: the northeast and southwest, and 
the northeast CLP show distinct difference with other 
part of CLP. Sediments from the NE MU, NE CLP and 
East Hobq were mostly derived from the underlying 
basements of the Western North China Craton, expe-
riencing more localized physical recycling. In contrast, 
although the SW MU, West-Middle Hobq and CLP are 
all situated within the prevailing winds range and in 
proximity to the Yellow River, sediments in the former 

Table 3  Proportions of potential sources contributing at successive ages

Sample ID SW MU (%) NE MU (%) West-Middle Hobq 
(%)

East Hobq (%) Chinese Loess 
Plateau (%)

NE Tibetan Plateau 51 1 13 8 69

NE deserts 9 2 32 2 10

Northern Gobi 10 2 18 2 14

Tarim Basin 3 1 2 3 2

Western North China Craton 27 94 35 85 6
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two regions display more mixture of local and dis-
tal sources, while most part of the CLP deposits were 
dominated by the NE Tibetan Plateau via the upper Yel-
low River. This indicates a variation in dust source from 
north to south. According to the correlation analysis, 
we hold the opinion that the materials brought by the 
prevailing winds (mainly the EAWM) are more coarse-
grained sediments, while the fine grained materials on 
the CLP are more from the NETP via the Yellow River. 
Surface sediments in the NE MU have little affinity with 
the loess in the CLP in provenance. Instead, the SW 
MU can be regarded as a part of the same sedimentary 
system as the CLP, rather than the direct source region.
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