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1- Introduction

Soil results from the decomposition and destruction of source rock and source materials in different climates.
Therefore, the soil's physical and chemical properties are influenced by the physical and chemical properties of
the source rock. Santos et al. (2017) differentiated soil profiles in geological formations and various land
locations by multivariate analysis. Based on the geological methods, it is possible to predict the soil's diversity by
dividing the area in terms of lithology. In other words, a given source rock produces a specific soil with specific
properties, and all soils produced on a source rock have relatively similar properties. Therefore, it is possible to
predict the soil properties at a lower cost but with acceptable accuracy by knowing the region's source materials
and geological formations. Gruba and Socha (2016) stated that parent materials significantly impact soil
properties and the accumulation of organic matter in the soil. The present research is aimed at investigating the
capabilities of the geological method for pedology studies.

2- Materials and Methods

First, geological maps called Abhar and Qazvin plates were prepared at a scale of 1: 100000, and after the study
area was enclosed, the map was converted to the scale of the existing aerial images, which was 1: 20,000. Then,
the interpretation of the formations was performed on aerial images with the preliminary study of the formations'
properties based on their lithology. After photogeological investigations, the final geological map was prepared
on a scale of 1: 25000. Subsequently, a total of 36 sampling holes were drilled in the units, after which each main
horizon was sampled and subjected to the chemical as well as physical tests in the laboratory to measure the
values of EC, pH, and contents of organic matter, gravel, silt, and clay. Finally, the results were subjected to
statistical analysis of variance using SPSS software at a significance level of 5%.

Moreover, the MPSIAK experimental method was used to determine the erodibility of soils based on the source
rock's properties. The stratigraphic units were investigated in a 5-grade classification, and the quantitative values
presented were evaluated based on 10 points for use in the MPSIAC method. Based on the results, each of the
sedimentary units with 10 points had the highest degree of susceptibility to erosion, and the degree of
susceptibility of the units located in the subsequent classes decreased with decreasing susceptibility rate.

3- Results and discussion

Analysis of variance showed that the difference in soil organic matter percentage was insignificant in different
rocks. Regarding soil texture, the geological method can differentiate the area in terms of the amount of silt, sand,
and clay because there was a significant difference between the rocks in terms of the above three factors. The
difference in EC was insignificant in various rocks because fossil and atmospheric salts are other sources of
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salinity and detrital minerals. Haghian et al. (2008), studying the region in Savadkooh Mazandaran, concluded
that there was no significant difference between soil properties in terms of organic matter, organic carbon,
potassium and phosphorus in the formations. However, terms of other soil properties between different
formations were observed. The rocks are significantly different in terms of pH. The most important factor
influencing the pH after the source rock is the climatic and geographical conditions, and because the climatic
conditions are the same for the study area, source materials are the only factor determining the pH. In a Hungary
study, Kassai and Sisék (2018) used 12400 soil samples and a 1:100000 geological map to obtain a high-precision
soil map expressing the relationship between geology and soil. They pointed out that the geochemical
classification of source materials is necessary to provide a soil map.

4- Conclusion

Since the landslide kills and injures many people in many parts of the world, this necessitates paying attention to
this dangerous phenomenon. Considering the importance and role of this phenomenon in the sustainability,
agricultural land and the development of urban and rural areas, etc. In this research, the factors affecting the
creation of landslides and evidence in the study area have been addressed. Factors such as susceptibility to
variable conditions, unregulated exploitation of forests, non-compliance with technical principles of road
construction and maintenance (forest and rural), lack of proper management, and improper use of available
resources have exacerbated this phenomenon. Landslides kill and injure many people every year in many parts of
the world, highlighting the need to pay attention to this dangerous phenomenon. Given the importance and role of
this phenomenon in the sustainability of slopes, agricultural lands and the development of urban and rural areas,
etc., in the present study, the factors affecting landslides and the existing evidence in the study area have been
investigated. The model used in this research is fuzzy grey analysis. Data were collected, and a map related to
each research variable, including slope, direction, hydrology, lithology, land use, topography, precipitation, and
vegetation, to achieve this study's goal. After standardizing the data, applying the fuzzy grey analysis model, and
preparing the research outputs, examining the area and the final output map shows that in the southeastern part of
the basin, despite the river, the risk of landslides is low due to low slope. It is east, center and northeast of the
basin. Areas with steeper slopes and denser waterways have high vulnerability. Therefore, if measures are not
taken to control surface waterways in the basin, these areas will probably gradually become high-risk areas. The
model was applied to the areas with diverse factors affecting the slip phenomenon to generalize and expand the
research results. This research considers each parameter at a level and for the general indicator. It is suggested
that the relevant specialists determine the excellent indicator of each factor with Delphi methods, and the results
are compared.
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Fig. 1. Location of four watersheds in Qazvin Province.
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Table 1. Characteristics of the four watersheds studied.

Mean
Area Mean Annual A”P“_a' . Latitude Longitude Area
(hec.) Precipitati
Temperature (c)
on (mm)
26", 27',36° to 41", 16', 50° to 08", Juvank
8536.34 9.68 566.52 29", 36', 36° 26', 50° eastern Y
northern latitude longitude
30”7, 18, 36° to 30", 32, 50° to 00", Madan
6812.294 6.7 563.5 30", 24', 36° 52', 50° eastern
northern latitude longitude
052921?’ :?f’ e 16.2", 20, 49° to Niyarak
4855.7 124 299.7 S 8.8", 27’, 49° eastern y
36°northern lonaitude
latitude g
57" 24’ 36° to 02"
) oo 43" 49' 07°to 40” 18> Palangeh
7291.06 10.4 350 33 ?igtitr:%r;hem 49° eastern longitude
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Fig. 2. Geological map of watersheds area; (a) Juyank, (b) Madan, (c) Niyarak, and (d) Palangeh.
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Table 2. Legend of geology map of four areas including Juyank, Madan, Niyarak, and Palangeh area.

Petrological Properties Sign Period Era
Alluvium of river
Alluvium include small and big gravels, sand, and Qal Quaternary Cenozoic
non-coherent silt
Quaternary deposits Q2 Quaternary Cenozoic
. . S
Slope debris deposits Q Quaternary Cenozoic
Red marl with interlayer of sandstone, conglomerate, Mmse Miocene Cenozoic
and chalk
Massive conglomerate Mc Miocene Cenozoic
Basalt E® Eocene Cenozoic
Pyroclastic rocks more than tuff layers, tuffit, tuff Ew
breccias, volcanic breccia, and agglomerate Eocene Cenozoic
Volcanic and tuff Kv2 Mesozoic Juyank
Cretaceous
Limestone K', Cretaceous Mesozoic
Alternation of sandstone from thin to thick bed and Trai-ssh? .
- . . r3j . Mesozoic
sometimes massive with dark gray shales Jurassic
Dolomite Elika Formation TRe Triassic Mesozoic
Limestone Pr Permian Paleozoic
Limestone . . .
including interlayer of shale and black lime shale ™l Cart:)c;rrlilg%rous Paleozoic
Lime dolomite dl Lower_ .
Paleozoic Paleozoic
F i i i sdl Lower
rom the micaceous sandstone thin to medium bed Es % -pt, . .
Paleozoic Paleozoic
Petrological Properties Sign Period Era
Size of silt, clay, and sand, inside which sometimes of Quaternary Cenozoic
.there are pieces of cables and pebble
Cable and pebble, inside which there are sand and .
. Qal Quaternary Cenozoic
some silt
This unit is the same size as cable and pebble and in a .
land of sand and some silt and clay P Qst Quaternary Cenozoic
Chalky mudstone units Ql Quaternary Cenozoic
The Ancient Alluvial Deposits of Pleistocene
including pieces of cable and pebble in a land of silt Q1 Quaternary Cenozoic
and clay
Trachytes lavas Qlv Quaternary Cenozoic Madan
Acid tuffs Eka Oligocene Cenozoic
Basalt lavas Ekv Oligocene Cenozoic
Grady medium bed limes L Oligocene Cenozoic
Sandstone, gray breccia, and conglomerate Ngc Neogene Cenozoic
Sandstone, siltstone, shale, mudstone, and chalk Ngm Neogene Cenozoic
Chalky mudstone, siltstone ay Neogene Cenozoic
Andesite lavas bg Oligocene Cenozoic
Massive dolerite v Oligocene Cenozoic
Type of andesite, basalt, tuff, and diabase in the same
. . Qt2 Holocene .
size as gravel, sand, and alluvium Cenozoic
.Pyroclastic and lava units Etv Eocene Cenozoic Niyarak
Tuff unit E1t Eocene Cenozoic
Volcanic lavas E2v Eocene Cenozoic
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Table 2. Continued.
Petrological Properties Sign Period Era Area
Consisting of igneous lava with the combination of intermediate to acid. Ev Eocene Cenozoic
Including a collection of non-separated stone unites of igneous and .

S L . - ) Eltv Eocene Cenozoic

pyroclastic with the combination of intermediate to acid.

Tuff of the andesite stones - lapilli tuffs - breccias tuff, sandstone, and . Palangeh

. . - . . . E2tv Eocene Cenozoic

tuff siltstones with sediment beds in various thicknesses.
Stone units of shale and gray 3|It§grr1]25\;wth interlayer of pyroclastic (tuff Et Eocene Cenozoic
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Fig. 3. The location of sampling pits of watersheds area; (a) Juyank, (b) Madan, (c) Niyarak, and (d) Palangeh.
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Table 3. Results of physical and chemical tests of soil.

Profile
Region Sand % Silt % Clay% OC % EC pH
number
Juyank 1 47.2 30 22.8 0.9 0.36 7.9
Juyank 2 47.2 30 22.8 0.9 0.36 7.5
Juyank 3 47.2 30 22.8 0.9 0.36 7.9
Juyank 4 47.2 30 22.8 0.9 0.36 7.5
Juyank 5 55 34.2 10.8 1.1 0.36 7.9
Juyank 6 44 35 21 1.2 0.36 7.8
Juyank 7 55.6 33.2 11.2 15 0.5 7.5
Juyank 8 59.6 23.2 17.2 1.1 0.4 7.4
Juyank 9 58.6 25.2 16.2 1.1 0.35 7.3
Juyank 10 65.6 21.2 13.2 1 0.6 7.5
Juyank 11 69.6 19.2 11.2 1 0.30 7.3
Juyank 12 51.6 29.2 19.2 0.9 0.3 7.7
Juyank 13 65.6 23.2 11.2 0.9 0.45 7.5
Juyank 14 55.6 27.2 17.2 1.1 0.7 7.7
Juyank 15 50.4 34 15.6 0.7 0.21 7.7
Juyank 16 55.6 33.2 11.2 0.9 0.5 7.5
Madan 1 46 34 20 3.12 0.57 7.4
Madan 2 71 20 9 0.36 0.54 8
Madan 3 46 40 14 1.85 0.24 7.4
Madan 4 50 40 10 0.50 0.28 8
Madan 5 51 34 15 1.65 0.39 8.1
Madan 6 52 38 10 2.13 0.44 7.4
Madan 7 79 16 5 0.07 0.40 8
Madan 8 64 26 10 1.53 0.57 7.8
Madan 9 49 30 21 1.60 0.83 7.7
Niyarak 1 62 22.8 15.2 1.1 0.5 7.5
Niyarak 2 24 34.8 41.2 1.1 0.5 7.6
Niyarak 3 48 24.8 27.2 1.1 0.7 7.7
Niyarak 4 28 34.8 37.2 1.2 0.5 7.4
Niyarak 5 24 38.8 37.2 1 0.8 7.9
Palangeh 1 58.8 24 7.9 0.12 0.11 8
Palangeh 2 69 18 12 0.05 0.22 6.6
Palangeh 3 66.4 24 9.6 0.08 0.17 6.87
Palangeh 4 70.4 14 15.6 0.05 0.15 6.9
Palangeh 5 66.6 24 9.6 0.11 0.19 6.61
Palangeh 6 66.6 24 9.6 0.11 0.19 6.61
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Table 4. Qualitative categories of erosion of lithological units.
Susceptibility to Erosion P e
Coefficient with MPSIAC Description Eof Sl_Jsceptlblllty to
Method rosion
0-2 ] )
Resistant to erosion
2-4 ; : i
Relatively resistant to erosion
4-6 Medium erosion
6-8 High erosion
8-10 Very high erosion
Sysz el ojem ulidine; goazly Gholed 4 Sl -0 Jgor
Table 5. Susceptible to erosion of geological unit of Juyank watershed.
Susceptibility
to Erosion Geologic
Description of Coefficient Petrological Description S mbgl
Susceptibility to Erosion with MPSIAC y
Method
Very high erosion 10 Present era alluvium Qal
Very high erosion 9 New Alluvial fan Q"
Very high erosion 10 .Scree Q°
Medium erosion 4 Red marl with interlayer of sandstone, pmse
Conglomerate, and chalk
High erosion 7 Thick bed copglomerate to massive with Me
.good hardening and sandstone
. . Dark gray basalt, Trachy-basalt, ab
Medium erosion 5 andesybasalt, and locally basalt with foid E®
Medium erosion 5 Pyroclastic bas_alt, tuff, \_/olcanlc breccia, and Ev
agglomerate with basaltic flow
Hiah erosion 6 Dark volcanic stones with the combination KV
g of alkaline basalt and pyroclastic beds 2
Very high erosion 9 Lime (Tiz Kuh formation) K
Very high erasion 8 Sands_tone thin to thick bed and sometimes TRy,
.massive, conglomerate, and coal bed
. . Cream to gray dolomite, locally sandstone dl
Very high erosion 9 and conglomerate Elika formation TR
Verv high erosion 8 Limestone, shale, lime shale, lime sandstone Pr
yhig (Ruteh formation)
Gray limestone with interlayer of green and
Very high erosion 8 black lime shale and shale (Mobarak ctm,
formation)
Very high erosion 8 .Dolomite and lime dolomite dl
. . Red micaceous sandstone, shale and sl
High erosion 7 €%
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Table 6. Susceptibility to erosion of geological units of Madan watershed.
Susceptibility to Erosion Geoloaic
Description of Susceptibility to Coefficient with MPSIAC Petrological Description g
. Symbol
Erosion Method
Tuff
Relatively erodible 5.7 Andesitic lava Eka
Dolerite
Lime
Relatively resistant to erosion 35 Andesite v
Relatively resistant to erosion 35 Dolerite bg
Erodible 58 Lime L
Relatively resistant to erosion 2.9 Basalt EKV
Erodible 64 Ngm
Chalk
Erodible 75 Siltstone 9y
Sandstone
Relatively erodible 59 Breccia Ngc
Conglomerate
Relatively erodible a7 Trachyte QIV
Susceptible to erosion 9.1 Cobble and pebble in the land of slit o1
and clay
; ; ay
Susceptible to erosion 8.2 Sliding mass in gy unit QL
Susceptible to erosion 9.4 Cobble and pebble in the land of sand | Qst
Susceptible to erosion 9.2 Slit, clay, and sand Qfp
Susceptible to erosion 94 Cobble and pebble in the land of sand | Qal
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Table 7. Susceptibility to erosion of geological units of Niyarak watershed.

Coefficient of

Description of

Susceptibility to Weighted Mean P Petrological Geologic
Erosion with Score Elrjggfg;'b'“ty 0 Description Symbol
MPSIAC Method
8 8 Erodible Tuff - pyroclastic Elt
8 7 . Etv
Erodible Pyroclastic
6 Lava
6 6 Relatively erodible E2v
Lava
. Young alluvial
9 9 Susceptible to sediments Qt2

erosion
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Fig. 8. Susceptibility to erosion of geological units of Palangeh.

Description of sEs?:eef;![?li?I?:yotfo Watershed
ZLrjcs);:ie(?r;ublllty to erosion with MPSIAC Petrological Description geologlc;ll Imap
method Symoo
Resistant to 2 . . . Ev
; Igneous lava with systematic separations
erosion
Relatively
resistant to 3-4 Shale - siltstone, tuffit Et
erosion
Relajuvely 4-5 Pyroclastic stones (tuffs) and non-separated lava Eltv
erodible
Relajuvely 4-5 Pyroclastic stones including tuffs, sandstone, and silt E2tv
erodible -
tuffit
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Table 9. Statistical results of the physical & chemical properties of soil in the various geological formations.

Amount of sig

Soil Properties

0.045
0.028
0.034

0.447
0.018
0.910

Clay Percentage
Sand Percentage

Silt Percentage

Organic Matter Percentage
Acidity

Electrical Conductivity
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