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ABSTRACT

Desert plains such as the Eshtehard Plain, owing to their
distinctive geomorphological settings and high sensitivity to
human activities and climatic variability, are prone to surface
instabilities. This study applies fractal analysis to quantify
geometric turbulence and complexity in clay—salt microforms
(especially mud cracks) as short-term recorders of
environmental change, using the perimeter—area model.
Fieldwork was conducted in winter 1403 (2024/2025), during
which 403 microforms were photographed; 208 samples with
clearly identifiable boundaries were selected for analysis.

18 Jan 2026 Microform area (A) and perimeter (P) were measured with
Accepted: AutoCAD, and the perimeter—area fractal dimension (DAP) was
15 Mar 2026 computed; logarithmic P-A plots and correlation coefficients
pp.117-136 were used to evaluate the degree of geometric turbulence and

surface instability associated with subsidence. Results show

DAP values between 1.60 and 1.90 (mean = 1.75) with a
Keywords: correlation coefficient exceeding 0.96, indicating pronounced
Eshtehard Plain, geometric complexity, disordered surface patterns, and
Fractal, significant geomorphological instability in the Eshtehard Plain,
I';/tlalrci:'r?;?erTArea Model consistent with Imre’s (2006) classification and implying a high
Mud Cracks. ’ subsidence risk. Compared with similar studies (e.g., Gavkhuni

Playa and Howz-e Soltan), the elevated DAP suggests a shift in
the morphogenetic system and a transition toward a new
spatial/ecosystem phase, closely linked to intensive groundwater
abstraction, persistent water-table decline, high salinity of
surface water resources, and expansion of evaporative zones.
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Extended Abstract

Introduction

Desert plains such as the Eshtehard Plain,
due to their unique geomorphological
characteristics and susceptibility to human
activities and climatic changes, are among
the areas sensitive to surface instabilities.
Clay microforms, particularly mud cracks,
serve as suitable tools for examining
geometric turbulences and
geomorphological dynamics owing to their
recording of short-term environmental
changes. Fractal analysis, as an advanced
method for identifying complex and non-
linear patterns, provides a more precise
understanding of these changes. The present
study aims to conduct a fractal analysis of
the geometric turbulence in clay microforms
of the Eshtehard Plain using the perimeter-
area model, in order to investigate patterns
of surface instability and their relationships
with  the region's geomorphological
processes.

Methodology
This research was conducted in the winter of

1403 in the Eshtehard Plain to examine the
geometric complexity and turbulence pattern
of surface microforms. Images were
captured from 403 clay-salt microforms, and
208 cases with distinct boundaries were
selected. The area (A) and perimeter (P) of
these microforms were precisely measured
using AutoCAD software. The perimeter-
area fractal model was applied to calculate
the fractal dimension (DAP). The data were
analyzed by plotting logarithmic charts of
perimeter and area, along with calculating
the correlation coefficient, to evaluate the
level of geometric turbulence and surface
instabilities resulting from subsidence.

Results and discussion

The results revealed that DAP values range
from 1.60 to 1.90, with a mean of 1.75 and a
correlation coefficient exceeding 0.96,
indicating high geometric complexity and
turbulence in the clay microforms of the
Eshtehard Plain. These values align with

Imre's (2006) classification and suggest
significant geomorphological instability and
a high risk of subsidence in the region. The
increased DAP, compared to similar studies
(e.g., Gavkhuni Playa and Howz-e Soltan),
reflects a  transformation in  the
morphogenetic system and a transition to a
new ecosystem. These patterns are closely
linked to human activities, such as
groundwater extraction, and climatic
changes.

Conclusion

The Eshtehard Plain, identified as one of
Iran's critical regions in terms of
groundwater resources, is increasingly
susceptible to geomorphological
instabilities. The plain's complete reliance
on groundwater, coupled with persistent
declines in the water table, high salinity of
surface water resources, and the expansion
of evaporative zones, has led to significant
structural turbulence at the surface. This
study employs the perimeter-area fractal
model to analyze the geometry of clay
microforms in the study area, providing an
index of surface turbulence. The obtained
DAP values, ranging from 1.60 to 1.90 with
a mean exceeding 1.75 and a correlation
coefficient above 0.96 between the
logarithm of perimeter and area, indicate a
complex, disordered, and unstable surface
pattern. Consistent with findings from
Gavkhuni Playa and Howz-e Soltan
(Ghahroudi et al., 2014, 2015), this fractal
pattern reflects the region's transition to
unstable geomorphological conditions and
the emergence of a new spatial structure
phase, resulting from the disruption of
natural equilibria. If sustained, this phase
could signify a transformation in the region's
ecosystem. The geometric analysis portrays
the observed turbulence not merely as
surface forms but as an external
manifestation of profound instability in the
region's geological and climatic systems.
The persistence of these conditions
underscores the need for complementary
interdisciplinary studies, including sediment
core sampling for facies analysis,
paleoclimatic and palynological studies to
reconstruct past vegetation, and chemical
analysis of surface and subsurface soils
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(e.g., salinity, EC, pH, and nutrients).
Furthermore, re-evaluating the perimeter-
area model in future years and comparing
results will likely enhance the model's
validity and reliability. Additionally,
modeling subsidence risks and analyzing
associated morphological changes in the
coming years will be a valuable and
effective step  toward developing
management strategies for the Eshtehard
Plain aquifer. Neglecting these issues could
lead to severe consequences, some of which
have been highlighted.
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Dar Perimeter(cm) | Area(cm?) Dar Perimeter(cm) | Area(cm?)
1.887 455 43.49 124 1.724 388.69 395.06 83
1793 187.85 279.22 125 1.619 574.03 590.38 84
1.727 61.95 59.52 126 1.808 38.99 49.36 85
1.782 101.75 89.95 127 1.770 24133 22751 86
1.606 711.9 684.98 128 1.680 86.97 96.37 87
1.690 167.44 340.59 129 1757 346.05 591.29 88
1.798 44.04 51.09 130 1.628 136.89 145.59 89
1.687 301.06 663.31 131 1.773 352.08 522.08 90
1.7854 66.96 87.11 132 1.879 326.9 536.36 a
1.729 56.45 81.05 133 1.696 96.5 99.21 92
1.641 42.93 42.06 134 1.800 52.42 69.71 93
1.689 276.1 435.61 135 1.639 66.33 86.51 94
1.771 293.18 556.81 136 1.815 332.47 51431 95
1.777 129.6 202.15 137 1.687 109.64 167.52 %
1.772 175.27 263.6 138 1.655 207.27 306.64 9
1.796 108.8 165.04 139 1.776 93.54 106.29 o8
1.796 44.93 50.23 140 1.606 308.22 345.39 9
1.729 132.42 261.62 141 1.849 59.95 56.28 100
1.869 3703 694.26 142 1.601 274.16 281.51 101
1.710 14522 201.71 143 1.803 369.71 42035 102
1.731 255.53 320.59 144 1.681 523.72 658.89 103
1.868 41.39 51.76 145 1.820 249.43 45469 | 104
1.842 175.85 333.66 146 1.889 167.53 240.6 105
1.811 45.68 67.36 147 1.675 75.57 89.72 106
1.630 83.38 71.49 148 1.772 79.35 13224 | 107
1.876 387.84 626.89 149 1.778 139.09 172.73 108
1.814 46.91 48.46 150 1.772 61.16 72.56 109
1.899 290.29 274.29 151 1.667 183.53 185.51 110
1.645 253.67 552.92 152 1.886 271.59 242.65 m
1.860 260.92 254.19 153 1.734 48.29 50.91 112
1.649 461.68 658.84 154 1.854 160.12 245.92 113
1785 279.27 565.4 155 1.810 127.09 245.8 114
1.637 52.54 61.98 156 1.689 62.04 52.74 115
1.854 62.29 58.28 157 1.844 59.92 51 116
1.842 98.98 122.01 158 1.719 293.38 542.57 117
1.770 123.62 105.08 159 1.864 470.58 57638 | 118
1.722 4231 49.36 160 1.774 39.79 56.86 119
1.620 240.28 260.73 161 1.864 42.42 57.47 120
1.809 64.5 79.75 162 1.808 425 55.53 121
1.736 413.39 436.43 163 1.818 66.02 88.5 122
1.817 54.83 5825 164 1.750 56.03 4531 123
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Dar Perimeter(cm) | Area(cm?)

1.860 48.26 72.8 166
1.892 60.23 97.94 167
1.857 52.25 75.92 168
1.603 234.46 543.83 | 169
1.708 290.86 660.17 | 170
1.819 63.72 63.32 171
1.651 129.16 157.95 | 172
1.756 73.2 70.85 173
1.616 219.4 204.55 | 174
1.660 42.1 4279 175
1.605 319.62 364.65 | 176
1.838 360.06 403.18 | 177
1.667 44.26 51.98 178
1.704 65.77 91.97 179
1.878 67.76 98.18 180
1.811 97.41 14576 | 181
1.609 37.47 45.86 182
1.649 307.44 604.65 | 183
1.786 55.68 48.37 184
1.773 256.79 278.51 185
1.671 119.4 226.68 | 186
1.880 215.73 369.75 | 187
1.784 199.25 439.68 | 188
1.760 243.97 33724 | 189
1.777 286.13 413.94 | 190
1.819 282.56 288.58 | 191
1.693 112.63 164.64 | 192
1.719 292.42 303.68 | 193
1.663 534.6 501.07 | 194
1.656 48.16 71.2 197
1.883 80.88 76.71 198
1.822 308.1 400.71 199
1.747 40.58 43.9 200
1.668 71.6 88.13 201
1.676 405.86 447.11 202
1.617 260.59 316.31 203
1.730 468.34 511.86 | 204
1.693 552.25 553.41 205
1.808 86.3 93.69 206
1.713 594.05 553.24 | 207
1.654 186.98 224,66 | 208
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