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Extended Abstract

Introduction

Marls are one of the most important sedimentary units in Iran, which have high sedimentation and
erodibility in terms of physical-chemical properties. This property of marls has caused a lot of
environmental and construction damage, and therefore it is necessary to study the erosion and
sedimentation of marl units. The factors affecting marl erosion are very many, and it has a very complex
process, so that it is a function of external factors such as rainfall distribution and internal factors such
as physical properties of soil and clay minerals. Accordingly, in studying the erosion and sedimentation
potential of marls, it is necessary to pay careful attention to the type, physical and chemical properties
and their relationship with the formation and spread of erosion types, as well as to the weather
conditions, hydraulic and hydrological behaviors, topographic conditions, and current land use. It is
obvious that a general judgment based on quantitative figures and numbers about the results of the
research conducted, which is case-specific and regional, is not possible and scientific. Accordingly, it
is not possible and logical to use the results obtained from them with complete confidence on a wide
scale. But what is certain is that the approaches mentioned are steps that have been taken based on the
knowledge and study of marls and confirm that the strategies for estimating erosion and sedimentation
in marl areas cannot be based 100% on the common principles in the presented models that are used in
watershed management today, but rather it is necessary to provide scientific and practical guidelines on
how to investigate erosion and sedimentation potential in marls by completing the studies and research.
In addition, the approaches mentioned should be calibrated and tested repeatedly in climatic conditions,
topography, and in marl areas that differ in terms of physical and chemical properties. The occurrence
and formation of types of erosion in marls is so widespread that it requires special research on the types
of marls with erosive forms. Determining the physical, mechanical, and chemical characteristics of
marls and investigating the relationship between the type of erosion and these characteristics are very
effective and practical in determining and adopting effective strategies to curb erosion and
sedimentation of marl fields, but they have received less attention in watershed plans. The result has
been the implementation of management and implementation of operations, which, especially before
the 1981, led to the failure of plans and the intended goals were not achieved. The occurrence and
formation of types of erosion in marls is so wide that it requires special research in relation to types of
marls with erosion forms.
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This research investigated the physical and chemical characteristics, forms of erosion and intensity of
sedimentation of marl units in Zanjan province.

Materials and Methods

This study investigated the physical and chemical properties, erosion patterns, and sedimentation
intensity of marly units in Zanjan province. To analyze the physical and chemical properties of marly
units, 120 samples were taken from marly materials of marly units at two depths of 0-10 and 0-30 cm.
To prepare the erosion profile map of marly units, 366 working units were created by combining marly
unit maps, elevation maps above sea level, slope maps, slope direction maps, and land use maps in a
GIS environment, eliminating duplicate units, and processing them. Then, using satellite images, aerial
photographs, and conducting field visits and controls, along with completing the BLM scoring tables,
the type and profile of erosion in each of the working units were determined. This study investigates
the physical and chemical properties, forms of erosion and sedimentation intensity of marl units in
Zanjan province. To analyze the physical and chemical properties of marl units, sampling of marl
materials of marl units in two depths of 0-10 and 0-30 cm was performed on 120 samples. To provide
a map of erosion of marl units by combining maps, marl units, altitude map, slope map, direction map
and land use together in GIS environment and by removing duplication and processing units, 366 work
units were created. Then, using satellite images, aerial photographs and field study and controls along
with completing the BLM method score tables, the type and appearance of erosion in each of the work
units was determined. The obtained data were analyzed using SAS and SPSS statistical programs.
Results and Discussion

Study of erosion forms in marl units

Based on field studies, the water erosion process is the main erosion process in the region. In general,
all the marl units under study have erosion and, according to the physicochemical and environmental
characteristics (climate, slope, vegetation, etc.), have different erosion forms. The main erosion forms
in the marl units of Zanjan province include raindrop erosion, surface erosion, furrow, ditch, tunnel
erosion, thousand-valley erosion, and mass erosion.

Comparison of different erosion forms with t-test

Different water erosions are seen in marl units, but the dominant erosions in them are sheet and furrow
erosion. Therefore, statistical studies have been conducted for these two erosions. Based on the results
of comparing pairwise means of erosion using the t-test method for the two dominant erosions, surface
and groove, it has been observed that characteristics such as organic matter percentage (OC), sodium
absorption ratio (SAR), liquid limit (LL), and plasticity index (PI) have significant differences in both
erosions.

Studying the effect of physical and chemical variables on erosion forms of marly units

Based on the results obtained from variance analysis and comparison of the means related to sheet and
groove erosion forms using Duncan's method, the variables of organic matter percentage (carbon
percentage), sodium absorption ratio, fluid limit and plasticity index in these two forms of erosion in
the marly units of Zanjan province have significant differences, and in other variables, this difference
and difference is not significant. Therefore, it is possible to use these characteristics and variables to
separate these two forms of erosion in the marly units of the studied area. 3-4- Studying the relationship
between the physicochemical properties of marly units and erosion forms since the environmental and
physicochemical conditions required for the creation and development of erosion forms are different.
Therefore, the erosion forms existing in these marly units are not at the same level in terms of both
erosion form and expansion and abundance. Most of these erosion forms can be observed in the studied
marl units with different frequency and extent. However, in terms of frequency and extent, the dominant
erosion forms in them are surface or sheet erosion, groove and channel erosion. Of course, gully and
mass erosion also have a significant frequency and extent in most of the studied marl units. Based on
the results obtained, the physicochemical elements in the groove erosion form are more than the plate
erosion form, and in fact, it indicates an increase in these elements from plate erosion to groove erosion.
Except for the variables Silt, Electrical Conductivity (EC) and Absorbable Phosphorus (PAV), other
elements and variables in groove erosion are more than in plate erosion. Accordingly, it can be said that
in the groove erosion form, the physicochemical variables are more concentrated and focused, which is
due to the greater erosion intensity than in the plate erosion state. Based on the results obtained from
the T-test, analysis of variance using the F-test and comparison of means using the Duncan method, the



Researches in Earth Sciences 17(1) 2026

physicochemical characteristics of sheet and groove erosion forms of marly units, among the 22
physicochemical variables recorded and studied, of these erosion forms, the variables of organic matter
percentage (OC), sodium absorption ratio (SAR), liquid limit (LL) and plasticity index (PI) in both
surface and groove erosion types had significant differences and it was possible to distinguish between
the two erosion forms based on them. Of course, this does not mean that there is no difference between
these two erosions in other variables and physicochemical characteristics. Because there are also
differences and differences between other variables. But from a statistical point of view, it is said that
it is not significant. Therefore, in this regard, these four variables are introduced as distinguishing
characteristics between these two erosion forms among marly units existing at the provincial level in
this study.

Conclusion

The erosion forms present in the marls of Zanjan province include raindrop erosion, surface erosion,
furrow erosion, ditch erosion, tunnel erosion, thousand-valley erosion, and mass erosion. However,
since the environmental and physicochemical conditions required for the creation and development of
erosion forms are different, the erosion forms present in these marl units are not uniform in terms of
both the type of erosion form and the extent and frequency. In terms of frequency and extent, the
dominant erosion forms in them are surface or sheet erosion, furrow erosion, and channel erosion. Of
course, ditch and mass erosion also have a significant frequency and spread in most of the marl units
studied. An examination of the differences and changes in the physicochemical properties of the marly
working units at two depths of 0-10 and 0-30 cm using the t-test method showed that the marly working
units at the above two depths had a high correlation coefficient in most of the physicochemical variables
and had significant differences in the variables silt, cation exchange capacity (C.E.C), organic matter
percentage (O.C), neutralizable matter percentage (lime percentage) (TNV), dissolved sodium content
(NaSol), sodium absorption ratio (SAR), chlorine content (Cl), sulfate (So4), and liquid limit (LL).
Based on the results obtained from the T-test, analysis of variance using the F-test and comparison of
means using the Duncan method, the physicochemical characteristics of the surface and groove erosion
forms of marly units were recorded and studied among 22 physicochemical variables. Of these erosion
forms, the variables of organic matter percentage (OC), sodium absorption ratio (SAR), liquid limit
(LL) and plasticity index (PI) had significant differences in both surface and groove erosion types, and
it is possible to distinguish between these two erosion forms based on them. Therefore, in this regard,
these four variables are introduced as distinguishing characteristics between these two erosion forms
among the marly units existing in Zanjan province in this study.

Keywords: Marl deposites, Erosion Shape, Physical and chemical properties, Zanjan province.
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Fig. 1: Grouping and distribution map of marly units in Zanjan province
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Table 1: Results of chemical analysis of marl units at two depths of 0-10 and 0-30 cm.

Foilw e b Goc

Depth 0 to 10 cm

s P 2=l
Element type Unit max10 min
CLAY . 42 6
SILT . 61 22
SAND . 72 2
C.E.C meq/100 gr 21 4
0.C . 0.67 0.11
PAV ppm 3.6 0
KAV ppm 1402.3 119.8
TNV . 29.3 9.48
CASO4 . 96.2 0
PH 7.96 7.46
EC ds/m 277 0.49
SP . 68.48 26.9
KSOL meq/L 1.51 0.22
NASOL meq/L 40.19 1.64
CAMGSOL meq/L 335.2 2.75
SAR JA 7.62 0.38
HCO3 meq/L 2.84 1
CL meq/L 315.6 1
S04 meq/L 59.1 1.83
LL . 429 22.6
PL . 37.9 0
PI . 22.72 0.95

mean
28.53

45.8
25.83
15.54

0.23

0.77

432.19

16.55
17.26

7.74

15.15
49.23

0.59
11.74
60.33

2.18

1.98
45.76
18.02
35.11
21.94

13.16

o iilw ¥o e Gos

Depth 0 to 30 cm
std max30 min mean std
9.44 41 18 30.67 7.11
10.88 62 24 43.7 11.34
19.15 51 3 25.7 15.15
4.11 20.5 12.92 16.73 2.52
0.15 4 0.15 0.56 0.8
1 14 0 0.6 0.48
383.73 1991.2 149.3 473.36 521.21
5.87 39.6 8.72 19.04 8.5
30.69 130 0 23.9 33.74
0.12 8.3 7.28 7.75 0.22
50.67 54 0.49 9.29 16.1
11.58 69.28 329 51.57 11.94
0.39 1.52 0.18 0.74 0.49
14.23 51.3 1.24 16.27 17.42
104.91 485.2 3.58 74.8 144.62
1.97 21.31 0.59 4.44 5.94
0.49 195 0 14.71 48.61
98.63 485.3 0.95 74.96 151.21
16.96 50 0.98 21.45 14.18
5.86 66.63 26 40.03 11.76
9.42 33.6 17 23.35 4.79
6.2 33.08 6.4 16.68 7.45
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Table 2: Characteristics of erosion patterns of marly units based on erosion profile map

‘E.:;LA
e Environment

Area Area (km)
(%) (km)2

0.17 7.76 25.16
0.72 32.59 88.93
0.79 35.55 248.11
1.44 65.23 207.60
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i Bois b slaslpl g g b il
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2 Riverbed
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Fig. 2: Map of working units of marly units of geological formations of Zanjan province
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Fig. 3: Erosion profile map of marly units in Zanjan province
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Fig. 4: Gully erosion in the Pliocene marly unit of the Gomish Abad area of the Zanjanrood watershed
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Table 3: Physical, mechanical and chemical properties of sheet and groove erosion of marly units

Variable E.Shape N
clay 1 120

2 120
w1
w
cec L
oc Lo
ooy
o Lo
ooy
Casos 1w
pi S
ke R
s > i
ksol ; 38
NaSol ; }gg
CaMgSOL ; gg
SAR 1 120

Mean
28.53
30.67
45.8
43.7
25.83
25.7
15.54
16.73
0.23
0.56
0.77
0.6
435.18
47.36
16.55
19.04
17.26
239
7.74
7.75
15.15
9.29
49.23
51.57
0.59
0.74
11.74
16.27
60.33
74.8
2.18

Std. Deviation Std. Error Mean

9.44 1.72
7.11 13
10.88 1.99
11.34 2.07
19.15 35
15.15 2.77
4.11 0.75
2.52 0.46
0.15 0.03
0.8 0.15
1 0.18
0.48 0.09
390.17 72.45
521.21 95.16
5.87 1.07
8.5 1.55
30.69 5.6
33.74 6.16
0.12 0.02
0.22 0.04
50.67 9.25
16.1 2.94
11.58 2.11
11.94 2.18
0.39 0.07
0.49 0.09
14.23 2.6
17.42 3.18
104.91 19.15
144.62 26.4
1.97 0.36
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2 120 4.44 5.94 1.08

1 120 1.98 0.49 0.09

HCO3 2 120 14.71 48.61 8.87
cl 1 120 45.76 98.63 18.01
2 120 74.96 151.21 27.61

1 120 18.02 16.96 3.1

S04 2 120 21.45 14.18 2.59
IL 1 120 35.11 5.86 1.07
2 120 40.03 11.76 2.15

PL 1 120 21.94 9.42 1.72
2 120 23.35 4.79 0.88

PI 1 120 13.16 6.2 1.13
2 120 16.68 7.45 1.36
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Table 4: Results of F-test of surface erosion and groove shapes of marly units

Sum of
ANOVA Squares df Mean Square F Sig.
Between Groups 68.27 1 68.27 0.977 0.327
clay Within Groups 4052.13 119 69.86
Total 4120.4 1
Between Groups 66.15 119 66.15 0.536 0.467
silt Within Groups 7157.1 1 123.4
Total 7223.25 119
Between Groups 0.27 1 0.27 0.001 0.976
sand Within Groups 17292.47 119 298.15
Total 17292.73 1
Between Groups 21.32 119 21.32 1.834 0.181
C.E.C Within Groups 674.44 1 11.63
Total 695.77 119
Between Groups 1.72 1 1.72 5.168 *0.027
0.C Within Groups 19.27 119 0.33
Total 20.99 1
Between Groups 0.43 119 0.43 0.698 0.407
Pav Within Groups 35.87 1 0.62
Total 36.3 119
Between Groups 21500.41 1 21500.41 0.101 0.752
Kav Within Groups 12140670.66 119 212994.22
Total 12162171.07 1
Between Groups 92.73 119 92.73 1.738 0.193
TNV Within Groups 3094.6 1 53.36
Total 3187.32 119
Between Groups 661.94 1 661.94 0.636 0.428
CaSOy Within Groups 60324.72 119 1040.08
Total 60986.66 1
Between Groups 0 119 0 0.057 0.812
pH Within Groups 1.85 1 0.03
Total 1.85 119
Between Groups 513.57 1 513.57 0.363 0.549
EC Within Groups 81971.18 119 1413.3
Total 82484.75 1
Between Groups 82.39 119 82.39 0.595 0.444
SP Within Groups 8028.12 1 138.42
Total 8110.51 119
Between Groups 0.36 1 0.36 1.823 0.182
ksol Within Groups 11.37 119 0.2
Total 11.73 1
Between Groups 308.4 119 308.4 1.219 0.274
Nasol Within Groups 14673.84 1 253
Total 14982.24 119
Between Groups 3141.58 1 3141.58 0.197 0.659
CaMgSOL Within Groups 925755.07 119 15961.29
Total 928896.65 1
Between Groups 76.01 119 76.01 3.879 *0.054
SAR Within Groups 1136.37 1 19.59
Total 1212.38 119
Between Groups 2428.38 1 2428.38 2.055 0.157
HCO;4 Within Groups 68532.25 119 1181.59
Total 70960.62 1
Between Groups 12787.26 119 12787.26 0.785 0.379
Cl Within Groups 945194.21 1 16296.45
Total 957981.47 119
Between Groups 176.68 1 176.68 0.723 0.399
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SO Within Groups 14178.35 119 244 .45
4
Total 14355.03 1
Between Groups 363.74 119 363.74 4.217 *0.045
LL Within Groups 5003.13 1 86.26
Total 5366.87 119
Between Groups 29.57 1 29.57 0.529 0.47
PL Within Groups 3240.73 119 55.87
Total 3270.3 1
Between Groups 185.89 119 185.89 3.959 *0.051
PI Within Groups 2723.42 1 46.96
Total 2909.31 119

Table 5: T-test characteristics of surface erosion and groove shapes of marly units
Levene's Test for Equality of Variances t-test for Equality of Means

95% Confidence
Sig. (2- Mean Std. Error Interval of the
F Sig. t df tailed) Difference | Difference Difference
ANOVA Lower Upper | Lower | Upper Lower Upper Lower Upper Lower
Equal
variances
assumed 1.733 0.193 -0.988 118 0.327 -2.133 2.158 -6.453 2.187
Equal variances not
clay assumed -0.988 | 53.892 0.327 -2.133 2.158 -6.46 2.194
Equal
variances
assumed 0.05 0.824 0.732 118 0.467 2.1 2.868 -3.641 7.841
Equal variances not
silt assumed 0.732 | 57.901 0.467 2.1 2.868 -3.642 7.842
Equal
variances
assumed 2.613 0.111 0.03 118 0.976 0.133 4.458 -8.791 9.058
Equal variances not
sand assumed 0.03 55.077 0.976 0.133 4.458 -8.801 9.068
Equal
variances
assumed 5.726 *0.020 | -1.354 118 0.181 -1.192 0.88 -2.955 0.57
Equal variances not
C.EC assumed -1.354 | 48.138 0.182 -1.192 0.88 -2.963 0.578
Equal
variances
assumed 10.984 | *0.002 | -2.273 118 0.027 -0.338 0.149 -0.636 -0.04
Equal variances not
0.C assumed -2.273 | 30.961 0.03 -0.338 0.149 -0.642 -0.035
Equal
variances
assumed 1.99 0.164 0.836 118 0.407 0.17 0.203 -0.237 0.576
Equal variances not
Pav assumed 0.836 | 41.587 0.408 0.17 0.203 -0.24 0.58
Equal
variances
assumed 0.147 0.703 -0.318 118 0.752 -38.185 120.185 -278.851 | 202.482
Equal variances not
Kav assumed -0.319 | 53.683 0.751 -38.185 119.602 -278.006 | 201.636
Equal
variances
assumed 1.172 0.283 -1.318 118 0.193 -2.486 1.886 -6.262 1.289
Equal variances not
TNV assumed -1.318 | 51.565 0.193 -2.486 1.886 -6.272 1.299
Equal
variances
assumed 0 0.997 -0.798 118 0.428 -6.643 8.327 -23.311 10.025
Equal variances not
CaSO4 assumed -0.798 | 57.486 | 0.428 -6.643 8327 23314 | 10.028
Equal
variances
assumed 1.386 0.244 -0.238 118 0.812 -0.011 0.046 -0.103 0.081
Equal variances not
pH assumed -0.238 | 45.677 0.813 -0.011 0.046 -0.104 0.082
Equal
variances
EC assumed 1.618 0.208 0.603 118 0.549 5.851 9.707 -13.579 25.281
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Equal variances not

assumed 0.603

34.798

0.551 5.851 9.707 -13.858 25.561

Equal
variances
assumed 0.388

0.536 | -0.772

118

0.444 -2.344 3.038 -8.424 3.737

Equal variances not

SP assumed -0.772

57.946

0.444 -2.344 3.038 -8.424 3.737

Equal
variances
assumed 5.64

*0.021 -1.35

118

0.182 -0.154 0.114 -0.383 0.074

Equal variances not

ksol assumed -1.35

55.164

0.182 -0.154 0.114 -0.383 0.075

Equal
variances
assumed 1.687

0.199 -1.104

118

0.274 -4.534 4.107 -12.755 3.686

Equal variances not

Nasol assumed -1.104

55.785

0.274 -4.534 4.107 -12.762 3.693

Equal
variances
assumed 0.888

0.35 -0.444

118

0.659 -14.472 32.62 -79.769 50.825

Equal variances not

CaMgSOL assumed -0.444

52.903

0.659 -14.472 32.62 -79.903 50.959

Equal
variances
assumed 9.112

*0.004 -1.97

118

0.054 -2.251 1.143 -4.539 0.037

Equal variances not

SAR assumed -1.97

35.296

0.057 -2.251 1.143 -4.57 0.068

Equal
variances
assumed 9.28

*0.003 | -1.434

118

0.157 -12.724 8.875 -30.49 5.042

Equal variances not

HCO3 assumed

-1.434

29.006

0.162 -12.724 8.875 -30.876 5.428

Equal
variances
assumed 3.67

*0.060 | -0.886

118

0.379 -29.197 32.961 -95.176 36.781

Equal variances not

Cl assumed -0.886

49.893

0.38 -29.197 32.961 -95.405 37.01

Equal
variances
assumed 0.868

0.355 -0.85

118

0.399 -3.432 4.037 -11.513 4.649

Equal variances not

S04 assumed

-0.85

56.239

0.399 -3.432 4.037 -11.518 4.654

Equal
variances
assumed 11.037

*0.002 | -2.053

118

0.045 -4.924 2.398 -9.725 -0.124

Equal variances not

LL assumed -2.053

42.57

0.046 -4.924 2.398 -9.762 -0.087

Equal
variances
assumed 2.44

0.124 -0.727

118

0.47 -1.404 1.93 -5.267 2.459

Equal variances not

PL assumed -0.727

43.072

0.471 -1.404 1.93 -5.296 2.488

Equal
variances
assumed 1.328

0.254 -1.99

118

0.051 -3.52 1.769 -7.062 0.021

Equal variances not

PI assumed -1.99

56.142

0.052 -3.52 1.769 -7.064 0.024
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Table 6: Analysis of variance and comparison of mean characteristics of erosion shapes using Duncan's method

Variable DF Squares Mean Square
clay 1 68.27 68.27
Silt 1 66.15 66.15
Sand 1 66.15 66.15
CEC 1 21.09 21.09
ocC 1 1.71 1.71
PAv 1 0.43 0.43
TNV 1 92.72 92.72
KAv 1 21499.91 21499.91
CaSOy 1 661.94 661.94
pH 1 0.001815 0.001815
EC103 1 513.65 513.65
SP 1 82.36 82.36
KSol 1 0.36 0.36
Nasol 1 308.3 308.3
CaMgSol 1 3141.58 3141.58
SAR 1 76.04 76.04
HCO3- 1 2428.38 2428.38
CL 1 12787.26 12787.26
SOy4- 1 176.68 176.68
LL 1 363.74 363.74
PL 1 29.57 29.57
Pl 1 185.89 185.89

F Value
0.98
0.54
0.54
1.83
5.15
0.7
1.74
0.1
0.64

0.06
0.36
0.6
1.84
1.22
0.2
3.88
2.06

0.78
0.72

4.22
0.53
3.96

el s Gl 8 S
Confidence Erosion Shapes

level 18,9 Sl
F<Pr Sheet Rill
0.327 28.53a 30.67a
0.467 45.8a 43.7a
0.467 25.83a 25.7a
0.181 15.54a 16.73a
0.027 o 0.23b 0.56a
0.407 0.77a 0.6a
0.193 16.55a 19.04a
0.752 435.2a 473.4a
0.428 17.26a 23.9a
0.812 7.74a 7.75a
0.549 15.15a 9.29a
0.444 49.23a 51.57a
0.181 0.59a 0.74a
0.274 11.74a 16.27a
0.659 60.33a 74.8a
0.054 o 2.183b 4.435a
0.157 1.98a 14.71a
0.379 45.76a 74.96a
0.399 18.02a 21.45a
0.045 o b35.11 a40.03
0.47 a21.94 a23.35
0.051 2 b13.16 al6.68
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Fig. 5: Frequency diagram of physicochemical variables in sheet and rill erosion forms
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