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Abstract: According to recent environmental crisis and drying of Urmia Lake that affecting surrounding 

lands, this study was conducted to evaluate the physico-chemical properties, weathering rates and evolution 

of soils by using various weathering indices and forms of iron in Miandoab township. Thirteen soil profiles 

were described on different parent material. The results showed that the studied soils were in the orders of 

Inceptisols and Entisols and the difference in the type of parent material, physiography and aspect were 

effective on the soil physicochemical characteristics. Also the results in the iron part showed that a 

significant portion of the iron is in crystalline form. Considering the high correlation between the two 

factors of weathering intensity and iron mobility index, profiles 3, 2, 8, 7 and 10 had higher evolution rates 

with respect to other profiles. The geochemical result showed that the geology and composition of the soil 

parent materials had largely affected the amount of chemical weathering. The negative correlation between 

Na2o, Cao and K2o and chemical index of alternation indicates weathering of the plagioclases and feldspars 

in this area. Also weathering indices where the ratio of immobile element to the mobile oxides is 

incorporated in their formula were more appropriate for estimating the weathering intensity. 
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1. INTRODUCTION 

 

Soil formation on the ground surface is the result of 

interaction between five pedogenic factors including 

the climate, vegetations or organisms, parent material, 

topography and time. Where the amount of each factor 

could result in formation of soils with different 

properties and horizons (Jenny 1941). The attributes 

which are used to express the degree of development 

are often created by weathering or are prone to 

changes. Some of these features are: index of 

accumulation of Clay (Singh et al., 1998) and Iron 

oxide (Simon et al., 2000), and deformation of 

pedogenic iron and aluminum (Birkeland et al., 1989). 

Some researchers believe that regarding that during 

weathering of the parent materials containing the iron 

mineral, this element is released and again in the soil is 

deposited in the form of oxide, iron hydroxide and/or 

iron oxyhydroxide, therefore the amount and 

distribution of extracted iron together with oxalate and 

dithionite and comparison of the two types of iron 

could exhibit the degree of soil development (Zielhofer 

et al., 2009). In most of the soils the morphologic 

characteristics, clay content and pedogenic iron could 

be used for estimation of the soils age (Constantini & 

Damiani, 2004).  
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Determining the amount and distribution of 

various forms of iron, Free iron oxides (Fed), 

amorphous iron oxides (Feo), crystalline form (Fec = 

Fed-Feo) and silicate iron (Fes = Fet-Fed), is one of the 

applied methods for investigating soil evolution in the 

soil profile. These indices could be used for 

determining the soil formation processes and 

identification of the soil type (Różański et al., 2013). 

In the weathered environments the mobility of iron is 

affected by its oxidation situation. The divalent iron 

has a high mobility which after being released from 

the composition of initial minerals, is deposited as the 

pedogenic iron or Fed (which could be distilled by 

citrate-bicarbonate-dithionite) while trivalent iron is 

immobile (Price & Velbel, 2003).  

During the weathering, the parent materials 

containing iron are released and again are deposited 

in the soil in the forms of amorphous, oxide or 

crystalized iron oxide (Alexander, 1974). The 

amorphous iron oxide could be measured through 

distillation by oxalic acid. Compounds of free or 

pedogenic iron could be measured by dithionite 

bicarbonate citrate (Mckeague & Day, 1996). The 

iron released by the dithionite method should be equal 

or greater than the iron released by the oxalate 

method. The difference between the two values which 

is the same as Fec, is the iron existing in the crystalline 

form. A higher value of this difference indicates the 

soil age (Degórski, 2011). 

The ratio of amorphous iron to free iron, 

Feo/Fed, is called the activity ratio. This ratio is used 

for investigating the soil development. Studies have 

shown that the amounts of pedogenic iron oxides and 

their crystallization increases with increase in the soil 

age and the rate of weathering that results in to 

reduction of the activity ratio indicates the soils with 

higher evolution. A higher activity ratio is associated 

with reduction in the secondary iron oxide value in 

the crystallized form which indicates lower evolution 

of the soils (Schwertmann, 1964; Alexander, 1974, 

Olatunji et al., 2015).  

The proportion of free iron content to total iron, 

Fed/Fet, or the iron mobility index shows the rate of 

changes in the initial minerals which could be used 

for determining the removed iron from the initial 

minerals containing iron. A high value of this ratio 

indicates the intensity of the weathering which is a 

precise index for identifying soil development 

(Blume & Schwertmann, 1969; Rebertus & Buol 

1985). Also, for identification of weathering intensity 

one could use the ratio of difference free iron from 

amorphous iron to total Fe content. By increase in the 

weathering intensity the value of this index increases 

(Arduino et al., 1984; Alexander, 1985; Baumann et 

al., 2014). The chemical weathering indices are used 

for investigating the soil development (Zhu & Yang 

2009; Abbasi-Kalo et al., 2014) and determining the 

soil formation processes (Schaetzl et al., 2006).  

In fact, weathering process is one of the initial 

mechanisms which controls the materials cycle. This 

process is a combination of physical processes and 

chemical reactions which converts the initial minerals 

into more stable forms (Aide & Smith-Aide 2003). 

Many indices have been defined for determining the 

soil weathering. The general basis of these indices is 

the ratio of mobile elements to the immobile 

elements, where by increase in weathering process of 

the mobile metal oxides such as (Al2O3 ،Fe2O3 و TiO2) 

it remains constant and concerning oxides such as 

SiO2 ،Na2O ،K2O ،CaO and MgO which are assumed 

as mobile it is reduced. Also the LOI of the structured 

water increases (Duzgoren-Aydin et al., 2002). The 

results related to investigation of the above indices 

show that the soil horizons often have higher 

weathering rates with respect to the underlying bed 

rock and the surface horizons are also more 

weathered with respect to the underlying horizons 

(Munroe et al., 2007; Bétard., 2012).  

In some of the indices of chemical weathering 

use is made of the very mobile elements such as the 

alkaline and alkaline-earth elements. These indices 

are very effective for determining the effects of 

chemical weathering with respect to a bed rock that is 

not weathered. Also, they are appropriate for 

application in the non-homogeneous weathered 

remnants (Price & Velbel., 2003). Regarding that 

Miandoab Township is located south of the Urmia 

Lake and within the Simineh-Rood catchment and is 

accounted as one of the main populated areas and also 

one of the centers of cropping the strategic products 

in West Azerbaijan Province, this research is 

performed for investigating and studying 

development of the Miandoab Township soils.  

 

2. MATERIALS AND METHODS 

 

2.1. Study area 

 

Miandoab Township is located south of the 

Urmia Lake and south east of West Azerbaijan 

Province. The sedimentary formations are mostly 

comprised of limestone, Jurassic and Cretaceous 

dolomite rocks which are extended to the southern and 

eastern parts of the region. Also, Mesozoic limestone 

formations are seen in the southern parts of the region. 

The metamorphosed formations-the metamorphosed 

rocks in the region are mostly comprised of schist, mica-

schist, gneiss, marble and metamorphosed limestone. 

Igneous formations-they include acid intrusive igneous 

rocks like granite and micro-granite and igneous rocks 

like diorite and micro diorite seen mostly at the south 

eastern parts of the region. The mean annual  
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Figure 1. Study area and Location of soil Profiles 

 

temperature is 11.7 Celsius degrees. The mean annual 

precipitation in the region is 320 mm (35-years 

meteorological statistics). According to the maps of 

soil moisture and temperature regime of Iran's soils, 

the moisture regime belongs to the xeric area and its 

temperature regime is Mesic. 

 

2.2. Field studies and sampling  

 

First, using the digital elevation model (DEM) 

of the area, the slope, direction of slope, and elevation 

maps were prepared and then by overlaying these  

layers on the geology map the study points in 

various rheological materials were selected so that 

they had minimum changes in terms of elevation 

and the slope direction. On each parent rock two 

soil profiles were drilled and described, but only 

one soil profile is used in the results section of the 

article. 13 different soil profiles were drilled which 

included lime, shale, sand stone, siltstone, marl, 

basalt, volcanic rocks, Trachyte, Trachyandesite and 

andesite, tuff, agglomerate and detrital rocks, clayey 

and salty plains and dolomite (Fig. 1). After 

describing each soil profile, sampling was 

performed from each horizon, soil classification 

was done using the Soil Taxonomy 2014 systems.  

2.3. Laboratory studies 

 

After collecting the samples, air drying them and 

passing them through a 2-mm sieve, the necessary 

laboratory analyses were performed on them. For this 

purpose the soil texture was measured using the 

hydrometer method (Gee & Bauder, 1986), pH 

measurement was done using the glass electrode 

(McLean, 1982) and the soil electrical conductivity was 

measured in a saturated soil-paste extract (ECE) 

(Rhoades, 1982). Organic carbon was measured by the 

wet oxidation method (Nelson & Sommers, 1982), 

Calcium carbonate was measured by acid neutralizing 

method using hydrochloric acid (Nelson, 1986) and 

gypsum was measured by the acetone method (Nelson, 

1986). Cationic Exchange Capacity (CEC) 

measurement was performed using sodium acetate at 

pH=8.2 and neutral ammonium acetate (Sumner et al., 

1994). The total amount of major elements including 

(Si, Al, Fe, Ca, Mg, K, Na, P, Mn, CL and Sr) was 

determined using the XRF equipment: Philips Magix-

pro model with a tube power of 4000 watts (Table 1). 

The amount of pedogenic iron was determined by the 

Citrate-dithionite-bicarbonate (CBD) method (Jackson 

et al., 1982) and the amorphous iron (Feo) was extracted 

using the acidified ammonium oxalate and extraction in 
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darkness (Mckeague & Day, 1966) and the available 

iron was read by the atomic absorption spectrometer. 

The correlation coefficients between various forms of 

iron and also different weathering indices in the normal 

data were determined by the Pearson method and in the 

abnormal data by the Spearman method incorporating 

the SPSS23 software. 

The used indices in this article are the R, WIP, 

PWI, CIA, CIW, PIA and STI. The values of these 

indices were determined using the corresponding 

formula for that index and using the major elements 

concentrations. For the proper application of the 

indices, they should be examined for different 

regions with respect to the climatic conditions and 

the parent rock of that region. In calculation of the 

indices use has been made of the molecular 

proportion of the elements which is the percentage of 

each oxide divided by its molecular weight. CaO* is 

the available calcium in the silicate portion.  

  
3. RESULTS AND DISCUSSION 

 

3.1. Physico-chemical properties 

 

Soil development has a close relation with the 

slope degree. So that in sloping lands, where the soil 

depth is low the rate of development decrease, but in 

the flat lands the soils have a higher profile 

development with higher clayey coverage, stronger 

structure, and possess higher degradation index and 

higher alkaline saturation degree (Munn & Boehm 

1983). Some of the physical and chemical 

characteristics including the exchangeable cations, 

CEC, pH and the amount of organic substance, due to 

their difference in the parent material and topographic 

situations could be different (Schaefer et al., 2005). 

Also, the soils with different parent materials, 

due to difference in the minerals available in the 

structure of their parent rocks and difference in the 

strength of their constituent minerals against 

degradation, would have different features (Buol et 

al, 2003). In this study also the results of physical and 

chemical characteristics of profiles (Table 3), at the 

geomorphological levels showed that difference in 

the type of parent material has caused significant 

changes in some of the soil characteristics. 

The investigated soils in this study were in the 

orders of Inceptisols and Entisols. In soil profile 1 

which was located on the salty and clayey plains and 

land type R.A.P, the BW and Bk horizons were formed. 

The SAR and EC values of this profile had the highest 

values equal to 167.73 and 7.8 dS/m, respectively. 

These values were compatible with the study 

performed in Tabriz Plain which was done on the 

parent material of sandstone, marl and alluvial material 

(Jahanbazi et al., 2016). In fact, soils located at the low 

points had highest salinity and fine texture and the soils 

located at high levels have low salinity and coarse 

texture (Abtahi & Solhi, 1992). In these areas, in 

addition to the effect of parent material, fine texture 

causes capillary movement of water and accumulation 

of salts at the soil surface. Also, in soil profile 4 located 

on the same parent material and land type, Bw horizon 

was formed and there were evidences of carbonate 

calcium in the field. In addition to increase in the 

salinity and amount of sodium in the soil, the amounts 

of clay and cation exchange capacity were increased 

when moving from the hills to the lower lands (Rezaei 

Hosseinabad et al., 2013).  

The highest value of the soil cation exchange 

capacity also belonged to this soil profile which was 

36.82 meq in 100g soil at Bk horizon where 60% clay 

was observed in this horizon which indicates that 

cation exchange capacity value follows the clay 

amount (Simon et al., 2000). The results showed that 

these two soil profiles having similar parent material 

and located at low level lands have higher pH values 

in comparison to soil profiles. 

 

Table 1. Weathering indices used in this research (Molecular proportions of elements oxides) 

Resources 

Optimal limit in 

the weathered 

materials 

Optimal limit 

in the fresh 

materials 

Formula index 

Ruxton, 1968 0 10< SiO2/Al2O3 R 

Parker, 1970   0 100< 
(100)[(2Na2O/0.35) + (MgO/0.9) + 

(2K2O/0.25) + (CaO/0.7)] 
WIP 

Souri et al., 2006 0 50< [SiO2/(TiO2 + Fe2O3 + SiO2 + Al2O3)] × 100 PWI 

Nesbitt & Young, 

1982 
100 50> (100)[(Al2O3/Al2O3 + CaO* + Na2O + K2O)] CIA 

Harnois, 1988  100 50> (100)[(Al2O3/Al2O3 + CaO* + Na2O)] CIW 

Jayawardena & 

Izawa, 1994   
0 90< 

(100) [(SiO2/TiO2)/(( SiO2/Al2O3)+(Al2O3/ 

TiO2+(SiO2/TiO2))] 
STI 
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Table 2. Physical and chemical characteristics of studied Profiles 

Horizon 
Depth 

(cm) 

Moist 

color of 

soil 

Texture 
ECe 

(dS/m) 
pH %O.C 

CEC 

(meq/100g) 

lime 

(%) 
SAR(meq/L) 

Soil profile 1, Salty and clayey plains,596016 mE and 4079741 mN 

Fine silty,mixed,superactive,mesic, Sodic Calcixerept 

Ap 0-15 10YR5/4 CL 7.80 10 0.37 28.4 7 167.7 

Bk1 15-30 10YR5/4 CL 5.95 9.8 0.25 27.5 16 119.6 

Bk2 30-65 10YR4/3 CL 6.50 9.9 0.23 26.7 21 140.9 

Bw 65-90 10YR5/4 L 3.52 9.6 0.23 27.5 18 85.4 

2Bx1 90-115 10YR4/3 L 2.72 9.3 0.23 21.7 8 69.4 

2Bx2 115-150 10YR4/3 L 2.48 8.6 0.27 24.2 16 34.4 

Soil profile 2, Alternation of shale and sandstone, 607846mE and 4089963mN 

Clayey skeletal, mixed, superactive, mesic,Typic Calcixerepts 

A 0-20 10YR4/3 CL 0.69 7.8 1.28 25.1 23 0.65 

Bw 20-55 10YR5/6 CL 0.61 7.7 0.53 25.1 26 0.59 

Bk 55-120 10YR5/6 CL 0.28 7.8 0.21 22.6 35 1.10 

Soil profile 3, Alternation of dolomite, dolomitic lime and lime stone, 606077 mE and 4087468 mN 

Fine loamy, mixed, superactive, mesic, Typic Haploxerepts 

A 0-20 10YR4/4 L 0.22 7.6 1.93 24.1 22.5 0.66 

Bw1 20-45 10YR4/5 L 0.13 7.8 0.17 18.0 12 1.3 

Bw2 45-100 10YR4/6 L - 7.9 - 18. 12.5 - 

Bw3 100-135 10YR4/6 SL 2.20 7.7 0.05 15.4 16 0.79 

By 135-160 10YR5/5 L 0.65 8.0 0.19 - 29.5 1.41 

Soil profile 4, Salty and clayey plains ,591077 mE and 408568 mN 

Fine, mixed, active, mesic, Typic Haploxerepts 

Ap 0-25 10YR4/2 SiC 1.46 8.1 0.99 25.8 5.5 14.87 

Bk 25-45 10YR3/2 C 1.45 8.0 0.66 36.8 8 14.67 

Bw1 45-70 10YR5/4 SiC 1.14 8.4 0.39 33.4 12.5 21.37 

Bw2 70-90 10YR4/3 SiC 1.02 8.5 0.29 25.0 14 33.55 

Bw3 90-150 10YR4/3 SiC - 8.5 0.27 22.5 21.5 - 

Bw4 150-175 10YR4/4 SiCL 1.22 8.2 0.29 25.9 18.5 23.83 

Bw5 175-200 10YR5/4 SiCL 1.20 8.2 0.16 18.3 16.5 19.86 

Soil profile 5, Alternation of lime, marly- lime and marl, 596016 mE and 4079741 mN 

Loamy skeletal, carbonatic,active, mesic, Typic Xerorthents 

Ap 0-25 10YR5/4 L 0.13 7.9 1.11 16.6 60.5 0.89 

C1 25-50 10YR5/4 L 0.08 8.0 0.49 10.8 83 0.70 

C2 50-100 2.5Y7/2 SiL - 8.1 0.27 5.7 96 - 

C3 100-150 2.5Y7/2 L 0.17 7.9 0.10 8.3 86.5 1.94 

Soil profile 6, tuff, agglomerate and pyroclastic rocks, 590077 mE and 4065468 mN 

Loamy skeletal over sandy skeletal, mixed, superactive, mesic, Typic Haploxerepts 

A 0-20 10YR4/3 L 0.18 7.5 1.46 10.8 1.5 0.67 

Bw 20-42 10YR4/4 SCL 0.16 7.6 0.78 25.0 3 0.88 

C1 42-85 10YR4/4 SL 0.09 7.9 0.64 26.7 18 1.08 

2C2 85-150 2.5Y6/3 LS 0.10 8.2 0.11 - 12 1.42 

Soil profile 7, Trachyte, trachyandesite and andesite, 597073 mE and 4062380 mN 

Loamy skeletal, mixed, superactive, mesic, Typic Haploxerepts 

Ap 0-15 10YR5/4 L 0.15 7.6 0.78 27.5 19.5 0.91 

Bw 15-32 10YR5/4 CL 0.11 7.7 0.40 25.9 34.5 1.06 

Cr 32-60 10YR5/4 L 0.15 7.7 0.31 28.4 37.5 0.67 

Soil profile 8, shales, sandstone with lime stone, 594077 mE and 4062468 mN 

Loamy skeletal over Sandy skeletal, mixed, superactive, mesic, Typic Haploxerepts 

Ap 0-20 10YR4/4 L 0.14 7.7 0.79 34.3 12 0.77 

Bw 20-35 10YR4/4 SiCL 0.12 7.7 0.54 33.4 13.5 0.73 

C1 35-60 - SCL 0.12 7.6 0.37 34.3 19.5 0.81 

C2 60-150 - LS - 7.7 0.23 - 21.5 - 
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Horizon 
Depth 

(cm) 

Moist 

color of 

soil 

Texture 
ECe 

(dS/m) 
pH %O.C 

CEC 

(meq/100g) 

lime 

(%) 
SAR(meq/L) 

Soil profile 9, Alternation of lime, marly- lime and marl, 602077 mE and 4055468 mN 

Fine, carbonatic, active, mesic, Typic Haploxerepts 

Ap 0-18 10YR5/3 SiC 0.92 7.5 0.99 27.6 37.5 1.27 

Bw1 18-35 10YR4/4 SiC 0.40 7.6 0.95 28.4 37.5 1.51 

Bw2 35-60 10YR4/5 SiC 0.35 7.6 0.56 28.4 43.5 1.74 

Bw3 60-80 10YR6/5 SiC - 7.6 0.39 27.6 52.5 - 

Bw4 80-100 10YR6/5 SiC 0.41 7.6 0.25 30.2 59 1.71 

CB 100-125 5YR6/4 SiC 0.37 7.7 0.27 30.2 55.5 1.43 

Cr 125-155 5YR6/2.5 SiC 0.29 7.9 0.19 27.6 56 1.4 

R 155-200 5YR6/2.5 Si - 7.8 0.19 - 40.5 - 

Soil profile 10, Basalt, 593077 mE and 4055468 mN 

Fine,Carbonatic, active, mesic, Typic Calcixerepts 

Ap 0-20 10YR5/4 SiC 0.16 7.6 1.01 35.1 5.5 0.92 

Bw1 20-35 10YR4/5 SiC 0.15 7.6 0.68 31.7 9.5 0.96 

Bw2 35-55 10YR5/4 C 0.14 7.6 0.48 24.2 32 0.41 

Bk 55-98 10YR7/4 SC - 8.1 0.46 13.3 49.5 - 

Bw 98-120 10YR5/4 CL 0.15 8.2 0.27 11.6 44.5 0.91 

2Bw 120-180 10YR5.5/4 L 0.10 8.3 0.11 14.1 38.5 0.90 

Bw3 100-122 7.5YR5/5 C 0.46 7.7 0.31 25.9 42.5 0.78 

B/C 122-145 7.5YR5/4 SiC 0.15 8.0 0.33 19.2 59.5 0.91 

Cr 145-170 10YR7/3 SiC 0.14 7.8 0.23 12.5 77.5 1.17 

Soil profile 11, Marl, 606077 mE and 4049468 mN 

Fine ,mixed, active, mesic, Typic Haploxerepts 

Ap 0-22 10YR5/4 SiC 0.22 7.7 0.79 30.1 26 1.26 

Bw1 22-50 7.5YR4/4 SiC 0.17 7.6 0.62 30.9 27 0.77 

Bw2 50-65 7.5YR4/5 C 0.20 7.7 0.44 25.0 34 0.85 

Bt 65-100 7.5YR4/5 C 0.17 8.1 0.37 27.5 38 1.34 

Bw3 100-122 7.5YR5/5 C 0.46 7.7 0.31 25.9 42.5 0.78 

B/C 122-145 7.5YR5/4 SiC 0.15 8.0 0.33 19.2 59.5 0.91 

Cr 145-170 10YR7/3 SiC 0.14 7.8 0.23 12.5 77.5 1.17 

Soil profile 12, Gray microcrystallized limestone, 617077 mE and 4047468 mN 

Fine, mixed, superactive, mesic, Typic Haploxerepts 

Ap 0-25 10YR4/4 SiCL 0.26 7.6 1.44 33.7 34 0.47 

Bw1 25-45 10YR4/4 CL 0.20 7.7 1.09 31.9 34 1.06 

Bw2 45-80 10YR4.5/6 SiC 0.18 7.7 0.72 30.2 35.5 1.27 

Bw3 80-110 10YR4/6 SiC 0.23 7.8 0.39 31.1 40 1.16 

Bt1 110-135 10YR5/6 SiC 0.27 7.8 0.35 28.4 39 1.02 

Bt2 135-160 10YR4/5 SiC 0.26 7.8 0.29 27.6 40 0.94 

Soil profile 13, lime stone, shale and silty rock 619077mE and 4046468 mN 

Fine, carbonatic, active, mesic, Typic Haploxerepts 

Ap 0-25 10YR4.5/4 SiC 0.24 7.6 1.36 31.1 30 0.64 

Bw1 25-52 10YR5/4 C 0.16 7.7 0.93 27.6 37 1.03 

Bw2 52-80 10YR5/6 C - 7.8 0.50 18.9 61.5 - 

Bw3 80-120 10YR5/6 SiC 0.16 8.0 0.35 12.8 73 0.95 

Bt 120-155 10YR5/4 SiC 0.12 8.2 0.25 19.8 63.5 0.88 

 

In soil profile 3, which was located on the parent 

material with sequences of dolomite and limestone on 

the hillside near the toeslope with 5% slope to the north 

direction, gypsum accumulation was observed. The 

highest amount of organic matter was also observed at 

the surface horizon of this soil profile. In all soil 

profiles except for soil profile 1, 3, 4 and 10 the amount 

of carbon decreased with depth and the highest amount 

belonged to the surface horizon. Irregular distribution 

of organic carbon with depth in some profiles occur as 

a result of lithological discontinuity and alternation of 

sedimentation. In soil profile 12 with the parent 

material of fine crystalline lime on the toeslope, Bw 

horizon was formed and in the field, clay coatings were 
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observed in the horizons which indicated development 

of this soil profile. Whereas in soil profile 5 with the 

parent material of lime and lime - marl located on a hill 

with a back slope of over 8%, it had only Ap and C 

horizons. The highest amount of lime with a value 

equal to 96% was seen in this soil profile and the 

minimum amount was seen in the soil formed of tuff 

and agglomerate in soil profile 6 with a value equal to 

1.5% which was expected regarding the parent 

material type.  

 

3.2. Investigating soil development using 

different forms of iron 

 

Table 3 shows the values of different forms of 

iron. The minimum value of the mean total iron in 

profile 5 was equal to 13.17 g/kg and the maximum 

value in profile 8 was equal to 88.61 g/kg. The 

amount of total iron in B horizon of soil profiles 1, 9 

and 12 was higher than that in A and C horizons 

which was compatible with the results of Abbasi Kalo 

et al., (2014). In other profiles, variation of total iron 

value from the surface to the depth was irregular. 

Changes in the total iron values are dependent on 

many factors including concentration in parent 

material, different amounts of clay in the soils with 

different physiographic conditions, and iron 

contained minerals at the gravel and silt portions 

(Abbasi Kalo et al., 2014) (Rozanski et al, 2013). The 

total iron amount had significant correlation with the 

pedogenic iron (r=0.782, p<1).  

Progressed weathering causes increase in the 

pedogenic iron or the free iron (Fed) in A and B horizons 

of the soils with respect to C horizon (Simon et al., 

2000). In the profiles of the studied soils possessing C 

horizon also the amount of Fed in B horizons was much 

higher than that of C horizons. The minimum mean 

value of Fed like the total iron in profile 5 was equal to 

0.8 g/kg and the maximum value was belonged to 

profile 7 with 10.75 g/kg. Low weathering of the initial 

iron contained minerals could result into reduction in the 

pedogenic iron in soil. In most of the Mediterranean 

soils the process of release and accumulation of iron 

follows the clay accumulation. Weathering of the clayey 

iron contained minerals and the clay amount in B 

horizon affects increase in the Fed value (Dethier et al., 

2012). In all the profiles except for C3 horizon in profile 

5, the amount of Fed was higher than that of Feo which 

indicates higher amounts of the crystalline iron 

(Alamdari et al., 2010). 

The highest amount of Feo belonged to soil 

profile 4 with intermediate to weak drainage 

condition. Increase in this form of iron could occur 

due to the effects of changes in the oxidation 

condition, reduction and lack of crystallization 

conditions and organic materials. Combination of Feo 

with organic functional groups causes lack of its free 

presence in the soil (Hosseini et al., 2015), (Alamdari, 

2010). There was a significant correlation between 

this form of iron and the total iron at the 5% level 

(r=0.645, p<0.05). 

As the absolute values of iron compounds, in 

addition to the soil making processes, also follow the 

parent material therefore indices of Fed-Fe (iron 

crystalline compounds), Feo/Fed (crystallization 

degree of iron oxides), (Fed-Feo)/Fet (ratio of the 

crystalline iron) are used for comparing the soils 

development (Abbasi Kalo et al, 2014). In addition to 

these three indices, the indices of Fed/Fet and values 

of Fehydroxide were calculated and the correlation 

between them was determined. The Fed-Feo ratio 

indicates the mount of crystalline iron oxides (Fec) 

where increase in weathering and soil formation 

causes its increase (Lair et al., 2009). Therefore a 

higher value of this ratio indicates higher 

development of the soils. Also a higher value of the 

Fed-Feo ratio indicates good crystallization of iron 

compounds (Howard et al., 2012). The minimum 

value of the mean weight of this index was observed 

in profile 5 and its maximum value belonged to 

profile 7. In profiles 2, 8 and 10, by increase in the 

depth the Fec value was reduced and the highest value 

of Fec was seen in the surface horizon.  

The crystallization degree of Feo/Fed iron 

oxides indicates share of the amorphous compounds 

of the pedogenic iron. Its value in the young soils is 

high and reduces with the soil evolution (Simon et al, 

2000). In this study the highest value of mean total 

weight was seen in profile 5 which was an Entisol 

with low evolution profile, and the minimum value 

belonged to profile 7 where the results of this index 

are compatible with the crystalline iron value. In 

profiles 2, 8 and 10 the amount of Feo/Fed reduced 

with increase in the weathering rate.  

The highest value of the Fec/Fet ratio was 

observed in BW2 horizon of profile 12 and the 

minimum value was seen in C2 horizon of profile 8 

(Table 2). In profiles 2, 3, 7 and 10 the more we move 

from the surface horizons to deeper horizons, this ratio 

reduces.  

The depth distribution of the two indices 

Fed/Fet and Fec/Fet was similar along the profiles. The 

statistical results also show a high correlation at the 

level of 1% between the two indices (r=0.956, 

p<0.01). Initially the released iron from the iron 

contained minerals and clayey minerals have weak 

crystallinity which by the passage of time is 

transformed to crystalline iron oxides. By weathering 

of the minerals first the ascorbate ironand ultimately 

hematite and goethite are produced (Shi et al., 2011). 



 

216 

Table 3. Different forms of iron for identification of soil development in some studied Profiles 

Profile Horizon 
Fed Feo Fet Fec Feo/Fed Fed/Fet Fec/Fet Fe-hydroxide 

g kg-1 

Profile 2 

A 5.10 0.47 41.26 4.62 0.09 0.123 0.112 6.93 

Bw 4.77 0.38 42.66 4.39 0.08 0.112 0.102 6.58 

Bk 4.32 0.59 40.56 3.73 0.13 0.106 0.091 5.59 

Profile 3 

Ap 4.60 0.53 46.85 4.06 0.11 0.098 0.086 6.10 

Bw1 4.17 0.45 46.16 3.72 0.10 0.090 0.080 5.58 

Bw2 4.85 0.44 53.85 4.41 0.09 0.090 0.081 6.61 

Bw3 4.10 0.35 50.35 3.75 0.08 0.081 0.074 5.62 

By 3.52 0.30 39.16 3.22 0.08 0.090 0.082 4.83 

Profile 4 

Ap 3.22 1.42 64.34 1.80 0.44 0.050 0.027 2.7 

Bk 3.52 3.22 67.14 0.30 0.91 0.052 0.04 0.45 

Bw1 5.35 3.28 69.24 2.06 0.61 0.077 0.029 3.09 

Bw2 3.85 3.56 62.94 0.28 0.92 0.061 0.04 0.42 

Bw3 5.47 1.70 60.14 3.77 0.31 0.091 0.062 5.65 

Bw4 5.72 1.16 56.65 4.56 0.20 0.101 0.080 6.84 

Bw5 4.97 0.90 51.05 4.07 0.18 0.097 0.079 6.11 

Profile 5 

Ap 2.47 0.71 30.77 1.76 0.28 0.080 0.057 2.65 

C1 1.35 0.39 17.48 0.96 0.28 0.077 0.055 1.44 

C2 0.22 0.10 6.99 0.12 0.44 0.032 0.018 0.18 

C3 0.29 0.57 8.39 0.28 1.97 0.034 0.033 0.42 

Profile 6 

A 3.35 0.31 43.3 3.03 0.09 0.077 0.070 4.55 

Bw 2.87 0.30 52.4 2.57 0.10 0.054 0.049 3.85 

C1 2.10 0.22 41.26 1.88 0.10 0.050 0.045 2.82 

2C2 0.87 0.20 23.77 0.67 0.23 0.036 0.028 1.00 

Profile 7 

Ap 8.00 0.52 67.8 7.47 0.06 0.117 0.110 11.21 

Bw 5.77 0.77 55.9 5.00 0.13 0.103 0.089 7.51 

Cr 6.57 0.61 73.4 5.96 0.09 0.089 0.081 8.94 

Profile 8 

Ap 5.97 0.84 83.92 5.13 0.14 0.071 0.061 7.70 

Bw 5.75 0.93 77.63 4.82 0.16 0.074 0.062 7.23 

C1 4.42 0.81 75.53 3.61 0.18 0.058 0.047 5.42 

C2 1.55 1.57 95.11 0.02 1.05 0.016 0.00 0.03 

Profile 
10 

Ap 4.65 0.56 50.35 4.08 0.12 0.092 0.081 6.13 

Bw1 4.42 0.49 46.16 3.93 0.11 0.095 0.085 5.89 

Bw2 2.77 0.31 38.46 2.46 0.11 0.072 0.063 3.69 

Bw3 0.90 0.09 14.68 0.80 0.10 0.061 0.054 1.20 

Bw4 0.95 0.20 18.18 0.75 0.21 0.052 0.041 1.12 

2Bw5 1.07 0.51 18.88 0.56 0.48 0.057 0.029 0.84 
Fed- Free Fe; Feo- amorphous Fe; Fet- Total Fe;Fec- crystalline Fe; Feo/Fed-activity index; Fed/Fet-mobility index; Fehydroxide= 1.5*(Fec)  

 

By increase in the weathering rate the values of 

geothite and hematite are increased. The amounts of 

iron hydroxides including geothite and hematite were 

calculated based on the (Nieuwenhuyse et al., 2000) 

formula (1.5*(Fed-FeO)) as shown Table 2. There was 

a positive significant correlation with Fec/Fet 

(r=0.781, p<0.01), Fed/Fet (r=0.86, p<0. 1) and total 

iron (r=0. 811, p<0.01) and a negative significant 

correlation with FeO/Fed index (r=-0.79, P<5). The 

maximum value of Fe-hydr(oxide) mean total weigh 

was observed in profile 7 and the minimum value 

belonged to profile 5. In profiles 2, 8 and 10, the 

maximum amount of Fe-hydroxide was observed in 

surface horizons and with increase in depth the 

amount of Fe-hydroxide decreased. 

 

3.3. Investigating soil development using the 

weathering index 

 

The results of geochemical analysis showed in 

Table 3. Considering that in most soils their 

morphologic characteristics, pedogenic iron and clay 

amounts could be used for estimating their age 

(Constantini & Damiani, 2004), therefore to examine 

the efficiency of these 6 indices, use was made of the 

clay and pedogenic iron which have a great role in 

determining soil evolution. The correlation of weighted 

mean of the weathering indices was investigated by the 

mean values of the two mentioned characteristics and a 

significant correlation was observed between the clay 

percentage and the weathering index CIW (r=0.57, p<0. 

05). Regarding the statistical results, the amount of 
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pedogenic iron had not a significant correlation with the 

studied indices. The mean amount of iron had 

significant correlation with the mean of total CIW index 

at the level of 1% and had a negative significant 

correlation with the mean WIP in B horizon.  There was 

not any significant correlation between the clay amount 

and the mean of indices in C horizon. 

CIA in fact indicates the amount of aluminum 

silicates weathering and transform of feldspar to clayey 

minerals. There was not a significant correlation 

between CIA and Al2O3. Whereas the amounts of 

sodium, potassium and calcium had significant 

correlations with CIA (r=-0.859, p<0. 01), (r=-0.638, 

p<0. 05) and (r=-0.7587, p<0. 01), respectively. With 

respect to the results we could reason that like the basis 

of Bowen’s reaction series of weathering, the 

weathering of the plagioclases and feldspar is an 

important process in the region. Sodium and calcium 

had negative significant correlation with the CIW index 

(r=0.943, p<0. 01) and (r=0.826, p<0. 01), respectively. 

Zhu & Yang, (2009), also in their studies in 

north-west of China which were performed on the 

clastic sediments in Taklamakan desert concluded that 

due to the negative correlation between Na2O and CIA, 

weathering process was principally related to sodium 

feldspar weathering. As in the weathered regoliths, 

application of indices which contain iron in their 

formula is not appropriate therefore there were no good 

results of the PWI index in this study. Condition of 

oxidation and reduction in the amount of iron determine 

its mobility and there is likelihood of occurrence of 

these changes during the weathering process. In other 

words, oxidation of iron during the weathering causes 

increase in Fe2O3 and reduction in FeO and those 

weathering indices containing iron in their formula do 

not account for this difference (Eswaran et al., 1973). 

Also, the element Si in the chemical formula of 

R, PWI and STI is considered as the mobile element. 

This element in the soils with low or intermediate 

weathering characteristics after being released from the 

initial mineral is not removed from the soil profile and 

does not remain in the secondary clay mineral structure. 

For this reason these three indices did not well exhibit 

the weathering trend and had not significant correlation 

with the studied clayey soil. The index R on the profiles 

made up of rocks with acidic to neutral compositions 

exhibited acceptable results. But they could not show 

the real rate of weathering in the silicate rocks, in an 

appropriate way (Duzgoren–Aydin et al., 2002). 

The results of comparison made between the total 

mean and horizons A and B of the indices showed that 

the total means of the two methods of CIA and CIW 

have significant correlation (r=0.96, p<0. 01) and the 

total mean of the CIA index at the level of 1% (r=0.69, 

p<0. 01) and that of the CIW index at the level of 5% 

have negative significant correlation with the WIP index 

(r=0.62, p<0. 05).     

There is a correlation equal to 0.91 between the 

values of CIA and CIW indices at the level of 1% in A 

horizon. Also these two indices had negative significant 

correlation in A horizon and at the level of 1% with the 

WIP index having values of -0.71 and -0.86, 

respectively. There was a significant correlation 

between the CIA and CIW indices in B horizon at the 

level of 1% which was equal to 0.97 and there was a 

negative significant correlation with the WIP index at 

the level of 1% which was equal to 0.95.  

In this article, the depth variation for the three 

indices of CIA, CIW and WIP were investigated in the 

soil profiles (Table 4). A value about 100 for the CIA 

index indicates existing depositions and soils resulting 

from the severely weathered material which contained 

remained clayey materials like kaolinite or gibbsite, a 

value between 75 to 90 indicates illite, a value about 75 

indicates muscovite, a value about 30 to 50 indicates 

non-weathered rocks (Dhannoun et al., 2010). This 

value for the non-weathered materials of albite, 

anorthite and potassium feldspar was about 50, non-

weathered basalt was 30-45, granite and granodiorite 

were 45-55 and for the shales was about 70-75 

(Dhannoun et al., 2010; Nesbitt & Young, 1982). The 

minimum value of the mean CIA index belonged to soil 

profile 6 equal to 63.77 located on the tuff and 

agglomerate materials and soil profile 1 equal to 63.9 

located on the salty and clayey plains. 

The maximum value of the CIA index belonged 

to soil profile 8 equal to 77.63 with the parent material 

containing sequences of silty shales, sand stone with 

lime stone. A high value of the CIA means higher 

weathering of the soil profiles (Dhannoun et al., 2010). 

Weathering increases from depth to the surface and this 

trend is seen in profiles 3, 4 and 6. In soil profile 2, 

distinct changes were not observed but the CIA value 

was similar to the results of Nesbitt and Young which 

attributed this range to the existence of shale. The CIA 

value along different soil profiles had an irregular trend 

or it had not a noticeable change. Regarding the data 

corresponding to the composition of the parent material 

it was known that the value of this index varies in 

different parent materials and affects their amounts in 

the soil profile. In other words, the value of this index is 

dependent upon the chemical composition of their 

parent material. Therefore, comparison of the soil 

profiles with different parent materials is problematic 

(Ayoubi et al., 2013). For example, the CIA value in the 

rock with sequences of shale and sand stone in soil 

profile 2 is 84.15 and in the rock sample made of tuff 

and agglomerate which corresponds to soil profile 6 is 

47.99, so it reveals that their initial amount has been 

effective on the CIA value.  
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Table 4. Geochemical analysis of some studied soil 

LOI: loss on ignition 
 

The chemical index of weathering (CIW) is 

similar to the CIA index but with this difference that 

K2O is removed from its formula.  In rocks rich in 

potassium feldspar whether being weathered or not, 

due to not calculating the aluminum amount together 

with potassium feldspar, this index may exhibit a 

higher number (Fedo, et al., 1995). In soil profiles 

where the CIW value is closer to 100, weathering rate 

is higher. In other words, by increase in weathering 

the value of this index increases because of the 

constant amount of aluminum and removal of sodium 

and calcium (Harnois, 1988). This index value in the 

surface horizons of profile 4, 3, 6 and 7 was higher 

with respect to the underlying horizons and the results 

were similar to those of CIA except for soil profile 7 

(Figs. 2, 3). This shows the higher rate of weathering 

in these profiles which were compatible with the 

results of the study conducted by Tunçay & Dengiz 

in the year 2016 in Turkey which was conducted on 

various parent materials including marl, limestone, 

sandstone and alluvial and colluvial deposits. 

The more the WIP index value approaches zero 

the higher is the weathering rate. Application of this 

index is in acidic, neutral and alkaline rocks and may 

not yield acceptable results concerning presence of 

soils with high rate of weathering. The reason is that 

the basis of this index is built upon the characteristics 

of alkaline and alkaline earth elements (Eswaran et 

al., 1973). This index value was lower only in surface 

horizon of profile 3 with respect to the deeper 

horizons.  

 

No Horizon 
SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O P2O5 TiO2 LOI 

% 

2 

A 47.3 11.6 5.9 12.8 2.6 0.4 1.7 0.3 0.6 16.2 

Bw 44.9 11 5.9 15.4 2.6 0.3 1.5 0.2 0.6 16.7 

Bk 38.1 9.2 6.1 21.6 2.1 0.3 1.3 0.1 0.6 20.2 

3 

Ap 44.9 11.8 6.7 13.5 3 0.6 1.9 0.4 0.8 15.9 

Bw1 47.4 12.8 6.6 13.7 3.1 0.6 1.8 0.2 0.8 12.4 

Bw2 52.9 13.7 7.7 9.4 3.2 0.7 2.2 0.2 0.8 8.8 

Bw3 48.1 12.5 7.2 14.4 3 0.8 2.1 0.2 0.9 10.3 

By 34.4 9.5 5.6 21.8 2.8 0.4 1.3 0.2 0.7 17.3 

4 

Ap 50.2 13.6 9.2 7.3 3 1 2.3 0.3 0.9 11.1 

Bk 50 15.6 9.6 4.8 3.2 0.9 2.1 0.2 0.8 11.8 

Bw1 48.4 15.1 9.9 5.8 3.3 1 2.2 0.2 0.9 12.7 

Bw2 52.4 15.3 9 4.5 3.5 1.1 2.3 0.3 0.8 9.9 

Bw3 47.1 13.5 8.6 10.3 3.2 1.1 2 0.2 0.9 12.3 

Bw4 48.3 12.9 8.1 9.8 3.3 1 1.7 0.1 0.9 13.0 

Bw5 50.4 12.8 7.3 9.7 3.3 1.2 1.8 0.2 0.9 11.8 

5 

Ap 24.8 7.5 4.4 29.2 2.2 0.3 1 0.2 0.5 29.6 

C1 14.1 4.8 2.5 40.4 1.7 0.2 0.5 0.1 0.3 35.1 

C2 5.2 1.4 1 49.7 0.8 0.8 0.1 0 0 40.4 

C3 8 2.1 1.2 48.5 1 0 0.2 0 0 38.7 

6 

A 59.6 15.7 6.2 2.8 2.8 1.4 2.9 0.2 0.7 7.2 

Bw 60.6 16 7.5 5.1 3.2 1.1 2.9 0.2 0.8 1.9 

C1 46.5 11.5 5.9 17.1 2.4 0.9 2.1 0.2 0.6 11.9 

2C2 58 11.5 3.4 12.4 1.1 2.3 2.8 <0.1 0.4 7.4 

7 

Ap 42.7 13.3 9.7 12.6 3.4 0.6 1.2 0.2 0.9 15 

Bw 31.9 10.7 8 22.4 3.1 0.5 0.7 0.2 0.8 21.3 

Cr 27.3 10.3 10.5 24.2 2.8 0.6 0.4 0.1 1.1 21.69 

8 

Ap 42.7 14.1 12 8.9 5 0.6 1.3 0.2 1.2 13.69 

Bw 43.3 14.3 11.1 9 4.9 0.6 1.1 0.2 1.1 13.97 

C1 37.8 13 10.8 13.9 4.9 0.4 1.1 0.2 1.1 16.39 

C2 32.3 13.2 13.6 14.1 6.8 0.1 0.8 0.3 1.5 16.61 

10 

Ap 43.1 12.5 7.2 112.2 3.5 0.3 1.4 0.2 0.8 18.4 

Bw1 39.3 11.1 6.6 16.2 3.3 0.2 1.4 0.2 0.7 20.62 

Bw2 27.3 8 5.5 28 2.4 0.2 0.9 0.1 0.5 26.82 

Bw3 14.7 3.6 2.1 41 2.1 0 0.4 <0.1 0.3 35.17 

Bw4 18.4 3.9 2.6 38 2.9 0.1 0.4 0 0.2 33.14 

2Bw5 21.1 4.1 2.7 35.9 3 0 0.4 0 0.3 32.15 
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 Figure 2. Mean value of CIA weathering indices  Figure 3. Mean value of CIW weathering indices 

 

4. CONCLUSION 
 

The results showed that the studied soils were 

in the orders of Inceptisols and Entisols and the 

difference in the type of parent material and 

difference in the physiography and slope were 

effective on the physicochemical characteristics of 

the soils. Also the results of this study in the iron part 

showed that a significant portion of the iron is in 

crystalline form and in all the soil profiles except for 

the soil profile 5 the Fed value exceeded the FeO value. 

Also the results showed a lower iron activity in the 

Entisols with low profile development. Considering 

the high correlation between the two factors of Fec/Fet 

and Fed/Fet which are among the important indices of 

soil development, profiles 3, 2, 8, 7 and 10 had higher 

development rates with respect to other profiles. The 

results of the evolution indices of Fec, FeO/Fed and 

Fehydroxide were similar and included profiles 2, 8 

and 10 and those containing Ferrihydrate were 

profiles 10, 6 and 3. Considering the results, the 

Fec/Fet and Fed/Fet indices among these could be used 

in the area to investigate the soil evolution. In this 

study the amount of pedogenic iron had not 

correlation with the chemical weathering indices. The 

geochemical results in this study which were used for 

investigation of the soil evolution showed that the 

geology and composition of the soil parent materials 

had largely affected the amount of chemical 

weathering (Bluth & Kump, 1994).  

The negative correlation between Na2O, CaO 

and K2O and CIA indicates weathering of the 

plagioclases and feldspars in this area. Also with 

respect to the obtained results it was known that in 

terms of the chemical weathering indices, those indices 

where the ratio of immobile element to the mobile 

oxides is incorporated in their formula were more 

appropriate for estimating the weathering intensity.  
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