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Abstract
The component structure of Gobi sediments exhibits fractal characteristics; how-
ever, current understanding remains insufficient regarding whether these fractal
characteristics and their variability can indicate aeolian processes in the forma-
tion of Gobi surface sediments. This study calculated fractal dimension values
for surface sediments in the Suhongtu Gobi, Inner Mongolia, and analyzed their
spatial variability. Results demonstrate that sediment fractal dimension values
increase with increasing content of the 0.050~0.179 mm saltation component,
and decrease with increasing content of the 0.179~20.919 mm creep and wind-
erosion residual component. Wind represents the dominant factor shaping Gobi
landforms, with Gobi sediment fractal values being lower than those of debris
flow deposits formed under alluvial and diluvial processes (2.630~2.738), yet
higher than those of desert and loess deposits dominated by wind action (2.122,
1.930). Wind forces the formation of a “homogeneous surface”on the Gobi,
with moderate spatial variability (32.8% spatial correlation): on upwind bare
Gobi surfaces, sediments are dominated by creep and wind-erosion residual com-
ponents (average content 59.88%), with a mean fractal dimension of 2.39; on
downwind semi-desert Gobi surfaces, sediments are dominated by saltation com-
ponents (average content 46.96%), with mean fractal dimension values of 2.45
and 2.48, respectively; and on intermountain sandy gravel surfaces less influ-
enced by the dominant wind, creep and wind-erosion residual components are
more abundant (average content 58.22%), with a mean fractal dimension of 2.46.
Fractal and variability indicators can reflect aeolian processes in the component
changes of Gobi sediments.
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Abstract

The compositional structure of Gobi sediments exhibits fractal characteristics,
yet our understanding of how these fractal features and their variability can
indicate the role of wind-blown sand in sediment formation remains insufficient.
This study calculated the fractal dimension values of surface sediments in the
Suhongtu Gobi of Inner Mongolia and analyzed their spatial variability. Results
demonstrate that fractal dimension values increase with higher content of salta-
tion components (0.050–0.179 mm) and decrease with higher content of creep
and wind-erosion residual components (0.179–20.919 mm). Wind represents
the dominant factor shaping Gobi landforms. Gobi sediment fractal values are
smaller than those of debris flow deposits formed under alluvial/pluvial action
(2.630–2.738) but larger than desert and loess sediments dominated by aeolian
processes (2.122 and 1.930, respectively). Wind action creates a“homogeneous
surface”in Gobi regions, with moderate spatial correlation in variability (32.8%).
In upwind areas with exposed Gobi surfaces, sediments are dominated by creep
and wind-erosion residual components (average content 59.88%), with a mean
fractal dimension of 2.39. Downwind semi-desert Gobi surfaces contain predom-
inantly saltation components (average content 46.96%), with fractal dimension
means of 2.45–2.48. In intermontane sandy gravel surfaces weakly influenced by
dominant winds, creep and wind-erosion residual components are more abun-
dant (average content 58.22%), with a mean fractal dimension of 2.46. Fractal
and variability indicators can thus reflect the role of wind-blown sand in altering
Gobi sediment composition.
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Introduction

Fractal theory describes natural phenomena with self-similar properties, and
fractal dimension serves as an effective parameter for characterizing irregular
geometric forms and self-similar materials in nature. In the field of soil science,
fractal dimension is commonly used to describe soil structural characteristics in
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desert and loess regions, where its value correlates closely with different particle
size fractions—increasing with clay content and decreasing with sand content.
Previous research has also suggested that spatial variability of fractal features
can indicate regional soil differences. During aeolian processes, differential sort-
ing, transport, and deposition of sand particles create significant compositional
variations across different Gobi regions, which substantially influence fractal di-
mension values. Consequently, sediment fractal dimensions exhibit considerable
spatial variability across Gobi landscapes.

Geostatistical theory has proven valuable in soil science for describing the spa-
tial characteristics of soil properties, providing guidance for ecological restora-
tion and agricultural production. For instance, studying spatial variability of
soil moisture profiles helps understand deep water distribution patterns, while
research on soil salt variability across different layers is crucial for assessing re-
gional salinization levels and rational soil resource utilization. However, whether
the spatial variability of fractal characteristics can reveal aeolian processes and
sediment genesis in Gobi geomorphology remains understudied.

Gobi represents a major land surface type in arid and extremely arid regions,
covering extensive areas in northwestern China (approximately 66.1$×10^{4}$
km2). Original alluvial-proluvial deposits undergo long-term aeolian modifica-
tion through erosion, transport, and accumulation, gradually coarsening to form
“gravel surfaces.”Unlike the unimodal distribution of desert sands, Gobi sedi-
ments typically exhibit polymodal distributions on particle size frequency curves.
The Suhongtu Gobi, located in Alxa Left Banner of Inner Mongolia, presents an
ideal study area for investigating fractal spatial variability due to its extensive
distribution, flat terrain, and scattered sand belts. Bounded by Jiazi Moun-
tain to the southwest, Wuliji Mountain to the south, and Mana Mountain to
the southeast, the region forms a semi-closed basin with dried river channels
developed along mountain units. Intense aeolian activity provides abundant
sandy gravel material, creating diverse landscape types including exposed Gobi,
sparsely vegetated semi-desert Gobi, intermontane sandy gravel surfaces, and
sand dunes. This study collected surface sediment samples from the Suhongtu
Gobi basin to calculate fractal dimension values and analyze how compositional
spatial variation influences fractal spatial variability, thereby revealing sediment
genesis and aeolian processes in Gobi landform development.

1.1 Study Area Overview

The study area is situated in Suhongtu, Alxa Left Banner, Inner Mongolia,
within geographic coordinates of 104°09�37.07�E and 41°14�46.29�N. Elevations
range from 810 to 1200 m, with the lowest point in the central region at 810 m.
The area experiences a typical continental climate with perennial aridity and
minimal precipitation (annual average <100 mm). The mean annual tempera-
ture is 7.3°C, with a dominant northwesterly wind direction. The average wind
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speed is 4.7 m・s−1, reaching maximum speeds of 27.0 m・s−1, and days with
gale-force winds ($�17𝑚 · 𝑠^{-1}$) average 40.1 days annually. Vegetation is
sparse, with dominant species including Nitraria tangutorum, Reaumuria soon-
gorica, Haloxylon ammodendron, and Zygophyllum xanthoxylum. Sampling site
locations are shown in [Figure 1: see original paper].

The study area exhibits frequent aeolian activity and diverse landscape types:
exposed Gobi in the northwest, sparsely vegetated semi-desert Gobi in the north-
east and southwest, and intermontane sandy gravel surfaces in the southeast.
Gobi landscapes are illustrated in [Figure 2: see original paper].

1.2.1 Soil Sample Collection and Analysis

Sampling commenced from the southwestern part of the study area. At each
site, we selected flat, undisturbed natural surfaces and collected surface sediment
samples (20 cm × 20 cm × 2 cm) after homogenizing the top layer. A total of 54
samples were collected in self-sealing bags: 16 from northwestern Gobi (sample
numbers 1–10, 28–50), 11 from northeastern Gobi (sample numbers 11–16), 17
from southwestern Gobi (sample numbers 17–27), and 10 from southeastern
intermontane sandy gravel surfaces (sample numbers 51–54). Samples were
numbered, labeled, and transported to the laboratory for processing. After air-
drying and grinding, 200 g of each sample was sieved. Following the USDA soil
classification standard, we divided particles into 16 size fractions ranging from
0–0.05 mm to 16–32 mm.

1.2.2 Fractal Dimension Calculation

As shown in the particle size frequency distribution curves, Gobi sediment com-
ponents exhibit a significant two-segment distribution (see [Figure 3: see original
paper]). The fractal dimension was calculated using the following formula:

𝐷𝑖 = 3𝑤(𝛿 < 𝑑𝑖 − − − − ∑ 𝑖 = 12 + 𝐷2

where D is the soil particle fractal dimension; Di is the fractal dimension value
for each particle size fraction; di is the mean diameter between adjacent sieve
sizes di and di+1 (di > di+1); w(𝛿 < di) is the cumulative weight of particles
smaller than di; dmax is the maximum particle size; 𝛿 is the yardstick; w0 is the
total weight of all particle fractions; and n is the total number of size fractions
(n = 16 in this study).

chinarxiv.org/items/chinaxiv-202103.00029 Machine Translation

https://chinarxiv.org/items/chinaxiv-202103.00029


1.2.3 Data Processing

Data were processed using Excel 2010 for summary calculations. GS+9.0 soft-
ware was employed for semivariogram computation and theoretical model fitting.
Origin 8.0 and ArcGIS 10.2 were used for mapping and spatial analysis.

2 Results and Analysis

2.1 Sediment Component Characteristics The particle size distribution
of Gobi sediments is shown in [Figure 3: see original paper], exhibiting a poly-
modal pattern. The first peak occurs around 0.1 mm, the second around 7.0 mm,
with a minor peak in the 0.1–1.0 mm range, indicating complex surface material
composition. Significant differences exist among the four study regions in peak
characteristics. Based on Wu Zheng’s aeolian dynamics theory, different particle
size fractions exhibit distinct transport modes: particles <0.050 mm undergo
suspension, 0.050–0.179 mm particles saltate, and 0.179–20.919 mm particles
creep or form wind-erosion residuals. The four regions show markedly different
contents of saltation components and creep/wind-erosion residual components.

2.2 Fractal Characteristics and Their Relationship with Components
Calculated fractal dimension values range from 2.30 to 2.64, showing significant
correlations with component content. Saltation component content exhibits a
strong positive correlation with fractal dimension (R2 = 0.730), with fractal
dimension increasing as saltation content increases. Creep and wind-erosion
residual components show a significant negative correlation (R2 = 0.702), with
fractal dimension decreasing as their content increases. No significant correla-
tion exists between fractal dimension and the minor suspension component (R2

= 0.087). Mean particle size shows an insignificant negative correlation with
fractal dimension (R2 = 0.179).

2.3 Spatial Distribution Characteristics of Components and Fractal
Dimension Regional differences in component content and fractal dimension
are spatially pronounced (see [Figure 5: see original paper]). Saltation compo-
nents are most abundant in northeastern and southwestern Gobi, while creep
and wind-erosion residual components dominate northwestern Gobi and, to a
lesser extent, southeastern intermontane surfaces. Each component shows dis-
tinct spatial distribution patterns influenced by regional factors. Fractal dimen-
sion correlates closely with the contents of saltation components and creep/wind-
erosion residual components. Consequently, fractal dimension values are higher
in northeastern and southwestern Gobi, lower in northwestern Gobi, and mod-
erate in southeastern intermontane surfaces. The spatial distribution of fractal
dimension corresponds closely with the spatial patterns of its related compo-
nents.
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2.4 Spatial Variability Analysis of Components and Fractal Dimension
Semivariogram modeling was performed on three component groups (suspension
<0.050 mm, saltation 0.050–0.179 mm, and creep/wind-erosion residual 0.179–
20.919 mm) and fractal dimension values. The best-fit models and parameters
are presented in . Key parameters include the nugget (C0), sill (C0+C), and
range (A). The nugget reflects variability at the smallest sampling scale and
measurement error, while the sill represents total system variation. The nugget-
to-sill ratio indicates spatial correlation strength: <25% indicates strong spatial
correlation, 25–75% moderate correlation, and >75% weak correlation.

All three component contents were best fitted by spherical models, with nugget-
to-sill ratios of 16.7%, 30.6%, and 29.1%, respectively, showing strong to moder-
ate spatial correlation. This demonstrates their reliability in indicating regional
dynamic processes. Fractal dimension was best fitted by a linear model with
a small nugget value, indicating minimal random variation from calculation er-
ror. Its nugget-to-sill ratio of 32.8% indicates moderate spatial correlation. The
range represents the spatial scale of variability, beyond which samples show no
spatial correlation. Effective ranges were 2.4 km for major components and
3.9 km for fractal dimension. Overall, the three component contents and frac-
tal dimension values show large determination coefficients, effectively reflecting
spatial variability at the study scale.

3 Discussion

When wind speed exceeds the threshold velocity, surface particles begin to move.
Bagnold’s research identifies three fundamental transport modes depending on
wind force and particle mass: suspension, saltation, and surface creep. This
study reveals that Gobi sediment fractal dimensions (2.30–2.64) correlate sig-
nificantly with saltation and creep/wind-erosion residual components. Higher
saltation content increases fractal dimension, while higher creep/wind-erosion
residual content decreases it, consistent with previous findings.

Different dynamic mechanisms significantly affect fractal dimension values. Dur-
ing rainstorms, loose solid material in debris flow source areas is transported
by strong hydraulic erosion to deposition zones, forming debris flow sediments
with relatively coarse particle sizes and fractal dimensions averaging 2.630–2.738.
Desert sand and loess deposits, shaped by long-term aeolian processes and wind
sorting, contain finer particles and lower fractal dimensions (2.122 and 1.930,
respectively). Gobi sediments, with a mean fractal dimension of 2.39, fall be-
tween these values, reflecting initial dual-phase erosion by wind and water that
accumulated substantial material. Subsequent aridification and frequent dust
storms made wind erosion the dominant shaping force.

In upwind areas, long-term aeolian transport and dust storm action cause sus-
pension components to abrade and collide while saltation components transport
over long distances. Combined with vegetation obstruction and wind energy
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dissipation, this process enriches sand fractions in northeastern and southwest-
ern Gobi surfaces. These sand-rich surfaces continuously supply fine fractions
to desert surfaces during sand-raising events, creating scattered sand belts in
the central study area with higher fractal dimension values. The southeastern
region, surrounded by mountains and weakly influenced by dominant winds,
accumulates more coarse loose material, resulting in larger fractal dimension
values.

Thus, the genesis of spatial fractal dimension variation correlates strongly with
wind-driven geomorphic distribution patterns. Gobi sediment fractal dimension
variability originates from component variability, though Gobi soils are not ideal
fractals with self-similarity across all scales. Consequently, fractal dimension
shows partial self-similarity with components, exhibiting a larger range than
component ranges.

4 Conclusions

1) Significant relationship between fractal dimension and compo-
nents in Suhongtu Gobi. Fractal dimension values increase with salta-
tion component content (0.050–0.179 mm) (R2 = 0.730) and decrease with
creep/wind-erosion residual component content (0.179–20.919 mm) (R2 =
0.702).

2) Wind action creates a“homogeneous surface”with moderate spa-
tial correlation. The sorting, transport, and deposition of sediment com-
ponents by wind generate spatial differentiation in fractal characteristics
(32.8% nugget-to-sill ratio). Upwind areas subject to wind erosion con-
tain high creep/wind-erosion residual components (59.88%) with a mean
fractal dimension of 2.39. Downwind areas subject to wind accumulation
contain high saltation components (46.96%) with fractal dimension means
of 2.45–2.48.

3) Integrating soil fractal theory with geostatistics provides a novel
approach for revealing Gobi sediment genesis and regional aeolian pro-
cesses, offering greater simplicity and directness than traditional grain size
parameter analysis.
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