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ABSTRACT
Considerable information exists in the literature showing that expansive layer silicates
are not the only clay minerals present in vertisols. However, the presence of a very high
clay content dominated by fine clay, regardless of the clay type, together with the wetting
and drying cycle in the soil can also produce a high shrink-swell potential. We studied
some vertisols with diverse parent materials and climates from western Iran to investigate
the role of parent material and climate on formation of these soils. The vertisols of Fars
Province (Southwest Iran) have formed on calcareous sediments with ustic-hyperthermic
soil moisture and temperature regimes and a mineralogical composition dominated by a
palygorskite-chlorite suite. The vertisols of Lorestan Province (Midwest Iran) are also
formed from calcareous sediments under the xeric moisture and thermic temperature regime, and contain vermiculite as the dominant clay mineral. In Kermanshah Province,
vertisols have formed on limestone or in calcareous sediments. They have xeric-thermic
soil moisture and temperature regimes. In Ardebil Province, vertisols are formed on volcanic sediments, and they have xeric-mesic soil moisture and temperature regimes. All
vertisols, except those from Fars Province, are classical ones and include montmorillonite
in the clay fraction. Our study shows that the interparticle pore size that is controlled by
the size of primary particles, regardless of its nature, contributes to the shrink-swell potential in the soils we studied in Iran.
Keywords: Clay mineralogy, Interparticle pores, Iran, Palygorskite, Soil climate.

Blokhuis et al., 1990; Buhman and Schoeman, 1995; Eswaran et al., 1999; Shirsath
et al., 2000), these soils may be dominated
Vertisols are soils with high shrink-swell
by other minerals. According to Thomas et
potential, which are characterized by a high
al. (2000), shrink–swell behavior can best
clay content, cracks that open and close
be predicted by examining a combination
periodically and wedge-shaped aggregates
of physical, chemical, and mineralogical
and/or slickensides that occur at a specific
soil properties in order to integrate them as
depth (Soil Survey Staff, 1999). Despite the
a shrink-swell model. However, no single
large body of information available today,
property accurately predicts shrink-swell
showing that smectitic clays are by far the
potential for all soils. In fact, shrink-swell
most dominant clay minerals (Ahmad and
phenomena in soils and sediments cannot
Jones, 1969; Dixon, 1982; Dudal and Esbe explained at unit cell level, and we have
waran, 1988; Wilding and Tessier, 1988;
to take into account also changes in the mi_____________________________________________________________________________
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crostructure and interparticle (interaggregate pores volume or pores between quasicrystals) and intraparticle (pore volume organized in clay matrix or between sub-units
of quasi-crystals and the interlayer space)
porosity of clay minerals (Coulombe et al.,
1996).
Among others, Probert et al. (1987) in
their studies of Australian vertisols have
shown that kaolinite and illite are the dominant clay minerals, and smectite is either a
minor fraction or is absent altogether.
Yerima et al. (1985) and Yousif et al.
(1988) have shown that kaolinite, with its
high surface area, is the dominant clay
mineral in some vertisols from El Salvador
and Sudan, respectively. Mixed mineralogy
has also been revealed in many studies (Allen and Fanning, 1983; Bhattacharya et al.,
1997; Shirsath et al., 2000). Acquaye et al.
(1992) found low to moderate kaolinite,
vermiculite and chlorite in vertisols from
Ghana. According to Coulombe et al.
(1996), illite dominated vertisols can potentially transform into either smectite or vermiculite dominated vertisols but, on the
basis of their review, no vermiculite dominated vertisols have yet been reported.
Chlorite, hydroxyl interlayer vermiculite
(HIV) and smectite (HIS) mixtures have
also been reported in these soils, but not as
dominant silicate clay mineral.
Based on an extensive review conducted
by Coulombe et al. (1996), the fibrous
clays, palygorskite and sepiolite have also
been reported in vertisols from Israel, Saudi
Arabia, Jordan, Iraq, Morocco, and the Canary Islands. There are several studies
showing that palygorskite is rather common
in many calcareous and gypsiferous soils in
the clay fraction (Abtahi, 1974; Mahmoodi,
1979; Khademi and Mermut, 1999; Khormali and Abtahi, 2003); it has, however,
not been proposed as a dominant clay mineral in the fraction in Iranian vertisols. The
high Specific Surface Area (SSA) of palygorskite can be best responsible for its high
shrink-swell properties (Ross, 1978). The
porosity of clay minerals is intimately dependent on their structure which is affected

by mineralogy, saturating cations, electrolyte concentration and other factors. Neaman and Singer (2000) using SEM showed
that there is significant difference in arrangement of palygorskite fibers at low and
high values of pH. At low pH values,
closed packed domains of fibers were observed while, at high pH values, the fibers
adopt a random orientation causing a higher
interparticle space between. They have also
shown that a 1% suspension of palygorskite
exhibits a nearly Newtonian flow, similar to
Na-montmorillonite suspension; and the
effect of pH on its rheology is similar to
that of montmorillonite. Palygorskite and
smectite are intimately associated and they
may transform into each other. However,
the evidence for this transition in soil is
scant (Singer, 1989). According to Anderson et al. (1973) the fine clay content and
exchangeable Na+ in usterts and torrerts in
arid regions, were responsible for their high
swell potential (COLE). It is worth mentioning, however, that Jeffers and Reynolds
(1987) have reported the presence of expandable palygorskite in some deposites
from Caspian Sea area.
The aims of this study are:
(I) To investigate the clay mineralogical
composition of selected vertisols from
western Iran and its effects on morphological and physico-chemical properties of the
soils.
(II) To illustrate the role of climate on formation of these soils.
MATERIALS AND METHODS
The vertisols of western Iran are mainly
distributed in the arid and semiarid regions
of four provinces, namely: Fars with an ustic-hyperthermic soil climate, Lorestan and
Kermanshah with a dry xeric-thermic one
and Ardebil with a dry xeric-mesic soil climate (Figure 1). Subdivisions used for soil
moisture regimes are made according to the
Soil Moisture and Temperature Regimes
Map of Iran (Banaei, 1998), based on Van
Wambeke (2000). The parent material
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Figure 1. Vertisols and vertic subgroups in western and southern Iran (according to the Soil and
Water Institute of Iran) and location of the studied profiles.

shows a relatively strong diversity among
different regions. Fars Province is part of the
Post-Tethyan Sea environment which is rich
in evaporites (salts and gypsum) in most of
its southern parts. Chronologically, the
southern part of this province is formed by
sedimentary rocks of Tertiary and younger
(Asmari, Jahrom, Mishan and Bakhtyari)
formations which are mainly composed of
limestone, dolomite and marl. These sedimentary rocks contain considerable amounts
of palygorskite which can be inherited into
soils. However, the neoformed palygorskite
has also been reported in gypsiferous soils of
southern arid regions of this province
(Khormali, 2003). In Lorestan Province fine
calcareous sediments originated from grey
thick-bedded to massive or crystallized
limestone (Upper Jurassic-Lower Cretaceous) are the most dominant parent materials. In Kermanshah Province, soils on calcareous sediments in alluvial plains and on
plateaux are composed of grey and brown,
medium bedded to massive fossiliferous
limestone and shale (Upper Cretaceous and

Paleocene); and some calcareous sediments
originating from dark olive-brown, low
weathered siltstone and sandstone (undivided Asmari and Shahbazan) formations
and blue and purple shale and marl interbedded with argillaceous limestone (PaleogeneEocene). In Ardebil Province, volcanic rocks
mainly of andesite and basalt with some volcanogenic conglomerates (Middle EocenePliocene) are the main sources of parent materials.
The work was carried out in three different
climatic zones of Iran as follows. (1) Fars
Province with an aridic to ustic soil moisture
regime (Table 1), (2) Lorestan and Kermanshah Provinces with xeric soil moisture regimes, with the highest levels of precipitation occurring mainly in Winter and Spring
and almost zero in hot of Summer. These
areas have relatively lower temperature and
lower potential evapo-transpiration. (3)
Ardebil with an intermediate level of precipitation but the most uniformly distributed
over the year (Table 1).
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The mineralogical composition of these soils
is determined following the description and
routine analysis of fifty-five pedons (Heidari, 2004); results from the selected eight
profiles with more distinctive vertic properties are presented in Tables 1 and 2. Particle
size distribution was determined using the
hydrometer procedure (Gee and Bauder,
1986), and the carbonate content was determined through calcimetry (Salinity Laboratory Staff, 1954). Electrolytic conductivity
(EC) and pH were determined for saturated
extracts (Salinity Laboratory Staff, 1954).
The CEC of soils and clays (using about 1g
clay) were determined using Na-acetate at
pH 8.2 (Chapman, 1965). The ratio of fine
clay to total clay was determined by centrifugation (Whittig and Allardice, 1986),
after separation of the clay by settling. The
coefficient of linear extensibility (COLE)
was determined on soil pastes (Schafer and
Singer, 1976).
The composition of clay fractions (coarse
and fine) was determined using a Siemens
XRD Model D5000 with Kα radiation, after
Mg-saturation, Mg-saturation and glycerol
solvation, K-saturation, and K-saturation
followed by heating to 550°C. Pre-treatments
were carried out following the procedures of
Kunze and Dixon (1986). Some samples
were HCl treated, in order to differentiate
chlorite from kaolinite (Moore and Reynolds, 1989). Scanning Electron Microscopy
(SEM), JEOL 6400, and transmission electron microscopy (TEM) LEO 906E were
also used for the further characterization and
qualitative determination of fibrous clays
according to fiber frequency.

and the development of prominent vertic
features, such as slickensides, wedge-shaped
aggregates and deeper cracks (Table 2).
Morphology and Physico-chemical Data
The soils are very deep (>130 cm), with an
ochric epipedon at the surface. Morphological characteristics of the studied profiles are
given in Table 2. The cracks are narrower
but closer and deeper, compared with the
soils in other regions. Irregular fine to medium carbonate nodules (3-5 %) and mottling (fine to medium, 2 %) occur at a lower
depth in several profiles. Round gilgai with
a maximum height of 15 cm has been observed on the undisturbed areas of some pedons (for example, on pedon no. 2).
The clay content is high throughout the
pedons (49 to 85.6%), with the highest
amounts in the subsurface horizons (Table
2). The ratios of fine to total clay are generally high and usually highest in the Bss horizons (0.48 to 0.77). The coefficient of linear
extensibility (COLE) varies between 0.06
and 0.11. The pH values are always in the
alkaline range (7.1-7.9), as a result of the
equilibration of high calcium carbonate content (25.2-38.7%) and usually high soluble
salts of sodium (EC, 3.9-24.4 dS m-1 and
SAR of saturated extract up to 41.88). The
CECs of the soils are very low (7.77-11.1
cmolc kg-1) and the clay CECs are low to
medium (25.46-44.56 cmolc kg-1). Due to
using the hydrometer method for soil texture
analysis, the clay fractions probably contain
carbonates.
Mineralogical Data
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RESULTS

The fine and total clay fractions are dominated by palygorskite and chlorite. Illite and
kaolinite are accessory phases in the coarse
clay fraction (Figure 2) and (Table 3). Relatively sharp and distinct 10.4 Å peaks, together with lower intensities 6.4 Å peaks
which are resistant in all treatments (Figure
2) together with TEM micrographs

Fars Province
Table 1 shows general characteristics and
climatic data of the regions studied. The
considerably higher
potential evapotranspiration in this area, together with some
Summer rain, causes more frequent wetting
and drying than in the other regions studied,
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silt

sand

OC
(%)

CECsc

CECcd

FC/TC e

COLE f

Cracks
width cm

clay

CaCO3
(%)

Structureb

ECe
(dSm-1)

Depth
(cm)

1. Aridic Haplustert (Fars)
m2sabk 53.0
Ap
0-17
m2sabk 57.0
17-38
AB
m3pr
55.0
38-55
Bss1
55.0
55-75
Bss2
m3pr
53.0
75-110
Bss3
m3pr
49.0
110-130 m3pr
Bss4
2. Halic Haplustert (Fars)
A1
75.0
f2sabk
0-10
75.0
m2abk
10-23
A2
85.6
m3pr
23-45
AB
85.6
c3pr
45-60
Bss1
81.6
c3pr
60-80
Bss2
77.6
c3pr
80-110
Bss3
81.6
110-150 c3pr
Bss4
3. Chromic Calcixeret (Lorestan)
Ap
53.6
f2gr
0-26
61.6
m3pr
26-48
Bss1
59.6
m3pr
48-63
Bss2
60.0
m3pr
63-87
Bkss1
56.0
m3pr
87-110
Bkss2
51.6
110-140 m3pr
Bkss3
4. Chromic Calcixeret (Lorestan)
Ap1
f2gr
53.6
0-12
f2pr
59.2
12-26
Ap2
m3pr
63.6
26-45
Bss1
m3pr
63.6
45-70
Bss2
m3pr
60.0
70-90
Bss3
m3pr
61.6
90-110
Bkss1
110-140 m3pr
59.2
Bkss2
5. Chromic Calcixerert (Kermanshah)
Ap
0-20
m2gr
58.4
Bss
20-44
c3pr
56.8
Bkss1
44-65
c3pr
67.2
Bkss2
65-100
c2pr
73.2
Bkss3
100-155 c2abk
79.2
Bkss4
155-175 c1abk
72.6
6. Chromic Haploxerert (Kermanshah)
Ap
0-20
m2gr
54.4
Bss1
20-49
m3pr
63.2
Bss2
49-80
m3pr
60.8
Bss3
80-110
m3pr
65.2
Bss4
110-150 m3pr
64.8
7-Typic Calcixerert (Ardebil)
Ap
0-23
m2gr
44.0
ABss
23-40
f2abk
44.0
Btss
40-60
f2pr
32.0
2Btkb
60-90
m2pr
20.0
3Bkssb1 90-125
m3pr
48.0
3Bkssb2 125-165 c3pr
62.0
3Bkssb3 165-200 m3pr
68.0
8-Typic Haploxerert (Ardebil)
Ap
0-25
m3gr
52.8
Bss1
25-50
c3pr
56.8
Bss2
50-90
c3pr
nd
Bss3
90-140
c3pr
35.6
Bss4
140-170 c3pr
32.8
C
170-200 mas16.8
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CEC (cmolckg-1)

Particle size (%)
pHe

Horizona

Table 2. Classification and physico-chemical properties of the soils studied.

36.0
33.8
35.6
34
39.6
41.6

11.0
9.2
9.4
11
7.4
9.4

7.9
7.5
7.6
7.5
7.3
7.3

7.44
5.8
6.4
6.15
8.9
6.6

34.4
33.4
35.0
37.4
37.1
38.7

0.68
0.63
0.39
0.44
0.44
0.39

7.77
7.89
7.79
7.77
7.77
7.77

nd g
33.69
35.20
nd
37.18
39.29

nd
0.66
0.59
nd
0.77
0.74

0.09
0.11
0.09
0.11
0.08
0.10

2.5
1.5
1.5
0.5

20.0
19.6
11.2
10.8
11.2
10.8
11.2

5.0
5.4
3.2
3.6
7.2
11.6
7.2

7.2
7.4
7.4
7.3
7.2
7.1
7.2

3.9
5.6
8.2
9.6
13.0
24.4
18.1

27.3
28.0
26.0
26.6
25.2
25.3
26.6

0.54
0.44
0.44
0.39
0.49
0.44
0.44

10.51
10.51
11.10
9.93
10.51
9.36
10.51

26.59
nd
nd
nd
25.46
nd
44.56

0.51
0.48
0.53
nd
0.64
0.55
0.68

0.08
0.07
0.08
0.09
0.09
0.06
0.10

3.5
3
2
1
0.5

30.8
27.2
27.6
23.2
32
32.4

15.6
11.2
12.8
16.8
12.0
16.0

7.8
7.9
7.9
7.8
7.9
7.8

0.8
0.4
0.4
1.2
0.3
0.5

13.6
13.0
13.1
13.1
12.4
20.7

1.22
0.88
0.68
0.68
0.63
0.39

28.27
27.32
27.32
29.24
30.22
18.71

nd
nd
53.51
nd
45.68
nd

nd
nd
0.62
nd
0.67
nd

nd
nd
0.16
nd
0.20
nd

10
5
3
3
2
2

38.8
32.4
28.4
28.4
32
30.8
32.0

7.6
8.4
8.0
8.0
8.0
7.6
8.8

7.5
7.7
7.6
7.8
7.8
7.6
7.6

1.29
0.3
0.3
0.3
0.3
0.5
1.3

7.4
11.7
13.1
13.8
14.3
15.1
18.1

0.93
0.97
0.73
0.58
0.44
0.58
0.44

21.96
19.50
21.96
21.96
21.96
24.57
21.69

nd
48.56
49.73
49.83
56.24
48.43
46.24

nd
0.51
0.47
0.45
0.74
0.69
0.47

nd
0.14
0.15
0.14
0.15
nd
0.17

5
1.5
1
0.5
0.3

32.4
34.0
24.8
24.8
18.8
24.4

9.2
9.2
8.0
2.0
2.0
3.0

7.9
8.0
7.7
7.6
7.7
7.6

0.4
0.3
0.3
0.3
0.5
0.2

27.9
28.3
32.4
35.7
39.9
43.0

1.39
1.01
1.02
1.23
1.13
0.7

22.82
24.57
21.96
21.96
21.96
19.50

48.8
41.57
nd
60.32
58.35
52.97

0.53
0.47
nd
0.73
0.67
0.77

0.12
0.11
nd
0.14
0.14
0.13

4
2
0.5

30.4
24.4
26.0
19.6
18.0

15.2
12.4
13.2
15.2
17.2

8.2
8.2
8.2
7.6
7.6

0.7
0.4
1.1
7.7
7.7

20.5
21.8
21.4
18.4
18.3

1.18
0.59
0.54
0.54
0.38

21.96
23.68
21.13
25.57
29.24

48.38
nd
38.46
43.81
nd

0.36
nd
0.42
0.35
nd

0.12
nd
0.14
0.10
nd

7
4
1

34.0
32.0
28.4
10.8
28.0
20.0
20.0

22.0
24.0
39.6
69.2
24.0
18.0
12.0

7.7
7.8
8.5
8.3
8.3
7.8
8.2

1.3
1.0
1.6
1.2
0.8
1.4
1.5

0.0
0.0
0.0
12.7
12.4
14.9
25.1

1.01
0.91
0.48
0.24
1.01
0.43
0.05

31.22
33.26
28.27
19.50
35.37
34.3
24.57

nd
nd
53.86
57.46
66.42
nd
nd

nd
0.85
0.71
0.85
nd
0.76
nd

nd
nd
0.07
0.05
0.17
nd
nd

3
2
1

30.8
22.8
nd
24.4
17.6
5.6

16.4
20.4
nd
40.0
49.6
77.6

8.0
8.0
8.0
8.3
7.8
7.9

1.1
0.6
0.5
0.3
1.0
0.6

0.0
0.0
0.0
0.0
0.0
0.0

2.36
1.49
1.39
0.29
0.34
0.24

39.78
38.65
40.92
26.39
20.31
13.64

78.40
nd
57.61
nd
nd
nd

nd
0.82
nd
0.73
0.79
nd

0.14
nd
0.21
nd
nd
nd

4
2
0.5

a

p= Tillage or other disturbance; ss= Slickenside; k= Accumulation of carbonates; t= Accumulation of silicate clays, b= Buried.
According to Soil Survey Staff (1993). f= Fine; m= Medium; c= Coarse; 1= Weakly developed; 2= Moderately developed; 3=
Strongly developed; abk= Angular blocky; sabk= Sub angular blocky; pr= Prismatic; gr= Granular, single gr.= Single grain.
c
CECs= CEC of soil; d CECc= CEC of clay fraction; e FC/TC= Fine clay over total clay; f Coefficient of linear extensibility, g Not
Determined.
b
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Table 3. Mineralogical composition of clay fraction in the soils used in this study.
Profile
No.
1 (Fars)

2 (Fars)

3 (Lorestan)
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4 (Lorestan)

5 (Kermanshah)

6 (Kermanshah)
7 (Ardebil)

8 (Ardebil)

[ DOR: 20.1001.1.16807073.2008.10.3.4.0 ]

a

Horizon

Depth (cm)

Fraction

Mineralogya

AB
Bss1
Bss3
Bss4
A1
A2

17-38
38-55
75-110
110-130
0-10
10-23

AB

23-45

Bss1

45-60

Bss2
Bss3

60-80
80-110

Bss4
Bss2
Bkss2
Ap2
Bss1
Bss2
Bss3
Bkss1
Bkss2
Ap
Bss
Bkss2
Bkss3
Bkss4
Ap
Bss2
Bss3
Btss
2Btk
3Bkssb1

110-150
48-63
87-110
12-26
26-45
45-70
70-90
90-110
110-140
0-20
20-44
65-100
100-155
155-175
0-20
49-80
80-110
40-60
60-90
90-125

Total clay
Total clay
Total clay
Total clay
Total clay
Fine clay
Coarse clay
Fine clay
Coarse clay
Fine clay
Coarse clay
Total clay
Fine clay
Coarse clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Total clay
Fine clay
Coarse clay
Fine clay
Coarse clay
Fine clay
Coarse clay
Fine clay
Coarse clay

Pal.>Chl.>Ill.>Kao. >Smec
Pal.>Chl.>Ill.>Kao. >Smec
Pal.>Chl.>Ill.>Kao. >Smec
Pal.>Chl.>Ill.>Kao. >Smec
Pal.>Chl.>Ill.>Kao. >Smec
Pal.>Chl. >Smec
Chl.>Pal.>Ill.>Kao. >Smec
Pal.>Chl. >Smec
Chl.>Pal.>Ill.>Kao. >Smec
Pal.>Chl. >Smec
Chl.>Pal.>Ill.>Kao. >Smec
Pal.>Chl.>Ill.>Kao. >Smec
Pal.>Chl. >Smec
Chl.>Ill.>Pal.>Kao. >Smec
Pal.>Chl.>Ill.>Kao. >Smec
Smec.>Ver.>Ill.> Kao.
Ver.> Smec.> Ill.> Kao.
Smec.>Ver.>Ill.> Kao.
Ver.>Smec.> Ill.>Chl.> Kao.
Ver..> Ill. > Smec.> Chl.> Kao.
Ver..> Ill. > Smec.> Chl.> Kao.
Ver..> Ill. > Smec.> Chl.> Kao.
Ver..> Ill. > Smec.> Chl.> Kao.
Smec.> Chl.> Ill.> Kao.
Smec.> Chl.> Ill.> Kao.
Smec.> Chl.> Ill.> Kao.
Smec.> Chl.> Ill.> Kao.
Smec.> Chl.> Ill.> Kao.
Smec.> Chl.> Ill.> Kao.
Smec.> Chl.> Ill.> Kao.
Smec.>> Ill.
Smec.>>> Ill.>Kao.
Smec.>>Ill.>Kao.
Smec.
Smec.>>Ver.>Ill.>Kao.
Smec.
Smec.>>Ver.>Ill.>Kao.
Smec.
Smec.>>Ver.> Ill.> Chl.>Kao.
Smec.
Smec.>>Ver.> Ill.> Chl.>Kao.

0-25

Ap
Bss2

50-90

C

170-200

Pal.= Palygorskite; Chl.= Chlorite; Ill.= Illite; Kao.= Kaolinite; Ver.= Vermiculite, Smec.= Smectite.

275

_______________________________________________________________________ Heidari et al.

[ DOR: 20.1001.1.16807073.2008.10.3.4.0 ]

[ Downloaded from jast.modares.ac.ir on 2022-01-21 ]

Figure 2. X- ray diffractograms of clay fractions in Fars Province, (A) total clay, AB horizon,
pedon No. 1, (B) fine clay, Bss1 horizon, pedon no. 2.

Figure 3. Transmition Electron Microscopy (TEM) confirms the existence of fibrous palygorskite. Fine clay fraction Bss1 horizon of pedon No. 2 (left) and total clay fraction (right) from
Fars Province.

(Figure 3), show the predominance of palygorskite over the other clay minerals. Also,
the sharp and distinct 14.2 Å peak that does
not change with Mg-Gly treatment but disappears on HCl treatment suggests the presence of chlorite in this area. However, the
relative intensities of 10.4 Å, and 6.4 Å
compared with 14.2 Å peaks is greatly intensified in the fine clay fraction (Figure 2B), indicating the concentration of fibrous
palygorskite in this fraction. Transmission
Electron Microscopy has also confirmed

these results (Figure 3). Nevertheless, a few
fine irregular and cloudy particles on TEMs,
particularly on fine clays (Figure 3 left), together with the increase of the 14.2 Å peak
intensity after glycerol solvation of Mgsaturated samples, along with the appearance of a small 17-18 Å peak on Mgglycerol treated samples (Figure 2), are all
indications of a low amount of smectite on
clay mineral suites, particularly in the fine
clay fraction in these soils.
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Figure 4. X- Ray diffractograms of the total clay in the Lorestan, pedon No. 3, (A), Bss2 horizon,
and (B), Bkss2 horizon.

profiles (51.6 to 79.2%), with higher values
in the subsurface horizons (Table 2). The
ratios of fine to total clay are between 0.35
and 0.77. The higher values usually occur in
the lower Bss horizons (Table 2). The coefficient of linear extensibility (COLE) is quite
high (0.10 and 0.20). The pH values are
nearly neutral and slightly alkaline (7.4 and
8.2) and the electrical conductivity of saturated extracts range between 0.21-7.7 dS m1
. The soil CEC changes between 18.71 and
30.22 cmolc kg-1, and is as high as that of the
Fars Province (Table 2). This is mainly due
to difference in clay types. The EC is also
lower, except in the subsoil of the Chromic
Haploxererts of Kermanshah. The clay
CECs are also higher than in the soils from
Fars Province (41.6 – 60.3 cmolc kg-1).
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Lorestan and Kermanshah
These soils are characterized by xeric and
thermic soil moisture and temperature regimes (Table 1). Mean annual precipitation
is relatively higher and Summer rain is almost nil (<1%) but potential evapotranspiration is much lower than in Fars
Province.
Morphology and Physico-chemical Data
These soils are very deep with an ochric or
sometimes mollic epipedon in the surface
horizons (Table 2). Subsurface horizons
show a moderately to strongly developed,
medium to coarse prismatic structure with
slickensides and wedge-shaped aggregates,
grading to angular blocky in the lower part
of some profiles. These structures have been
observed at lower depths than in the dryer
vertisols of Fars Province.
Most of the pedons have been observed
show moderate to strongly developed calcic
horizons which are usually overlain by a
cambic horizon. Cracks extend to the depth
of 50 cm in the profiles; with about 2 to 10
cm of width at the surface, and 1 cm or more
at a depth of 50 cm.
The clay content is high throughout the

Mineralogical Data
The clay fraction of the profiles from
Lorestan is dominated by smectite and vermiculite, with illite, chlorite and kaolinite as
accessory silicate minerals (Figure 4 and
Table 3). In Figure 4A, the sharp and high
14 Å peak in the Mg-saturated treatment
which has mostly expanded after glycerol
solvation, is an indication of a high amount
of smectite. The broad 14 Å peak is a likely
the indication for small-sized mineral parti277
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cles (Coulombe et al., 1996). However, the
presence of a sharp and intensive 14 Å peak
in the Mg-saturated sample (Figure 4B) and
little expansion in the glycerol solvated
samples and its collapsing after K saturation
are interpreted as showing the presence of a
high amount of vermiculites in these samples.
From the XRD results, we can conclude
that the pedons from Kermanshah Province
are dominated by smectite, with different
amounts of vermiculite, illite, chlorite, and
kaolinite (Figure 5 and Table 3). Figure 5
shows the X-ray diffractograms of clay fractions of pedon 6 in Kermanshah Province.
The intensive 14 Å peaks in Mg-saturated
samples are dominated by expanding clays
in surface and subsurface horizons (Figures
5A and B).

Morphological
Data

[ Downloaded from jast.modares.ac.ir on 2022-01-21 ]

Physico-chemical

The studied pedons are very deep and most
of them have mollic epipedons with color
values of 3 and chromas of 2 or 1 and high
organic carbon contents (Table 2); the structure of the surface horizons is fine to medium granular (Table 2). The subsurface horizon is mainly moderately to strongly developed, fine to medium wedge-shaped peds
and angular blocky, with slickensides similar to those from humid regions. Crack
widths are 3 to 4 cm at the surface and have
a width of 1 cm or more at a depth of 50 cm.
Irregular medium carbonate nodules have
been observed in the subsurface horizons.
The clay content is between 16.8 to 68%,
but it is always > 30% in the top 50 cm (Table 2). However, the ratio of fine to total
clay is the highest among the soils studied
(0.71 to 0.85). The coefficient of linear extensibility (COLE) is also quite variable
(0.02-0.2) due to the variable amounts of
clays. The pH values are somewhat higher
(8.0-8.5) in comparison with the soils from
the other regions. There is no carbonate at
the surface and only some in the subsoil of
Ardebil, giving a Typic Calcixererts profile.
EC values are low (0.3-1.6 dS m-1). The soil
CECs are variable (13.6-40.9 cmolc kg-1)
whereas clay CECs varying between 53.9
and 78.4 cmolc kg-1 are the highest compared

Ardebil Region

[ DOR: 20.1001.1.16807073.2008.10.3.4.0 ]

and

The soils of this region are derived both
from volcanic materials and carbonatic
sediments with annual precipitation, noticeably lower than the Lorestan and Kermanshah regions. The precipitation has two
specific characteristics: (1) a relatively regular distribution pattern throughout the year
and (2) the amount of snowfall is highest in
this area. The potential evapo-transpiration
is still three to four times as high as the precipitation (Table 1).

Figure 5. X- Ray diffractograms of total clay in pedon No. 6, A: Ap horizon, and B: Bss2
horizon.
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with the soils in the other two climatic regions.

of Lorestan, Kermanshah, and Ardebil Provinces. They have slickensides and cracks
although very little smectites are found in
their clay fractions. The typical vertisol
morphology is probably due to the fineness
of the clay fraction coupled with the influence of climatic regime. The soils of the
Fars Province are under ustic-hyperthermic
regimes.
Almost 60% of the world's vertisols have
an ustic moisture regime (Soil Survey Staff,
1999). This shows the importance of climate
in vertisols formation. The other decisive
factor in the genesis of vertisols is their parent material, including clay mineralogy.
With enough clay content (i.e.>30%), according to Ahmad (1983) and Smith et al.
(1985), maximum swelling is achieved when
a soil undergoes the maximum change from
dry to wet conditions. Hence, the drier a vertisol is prior to re-wetting, the greater the
internal swelling pressure will be. Also, the
more rapid the desiccation and the greater
the frequency of wet/dry events, the greater
will be the structure development.
The vertisols of Fars Province experience a
hyperthermic temperature regime and,
hence, they will undergo intensive desiccation. However, at the same time, since the
soil moisture control section is not permanently dry in warm seasons and almost 40%
of the total rain occurs during Spring, Summer and Autumn (Table 1), the soils will be

Mineralogical Data
Smectite is by far the most dominant silicate clay mineral in the fine and coarse clay
fractions. Illite, vermiculite and kaolinite are
recognized as accessory minerals (Figure 6
and Table 3). The fine clay fraction is almost
entirely composed of smectite (Figure 6).
The broadened character of the 14 Å peaks
may also indicate the fineness of the smectitic clays (Dixon, 1986).
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DISCUSSION
Morphological properties are the most important characteristics for distinguishing vertisols from the soils of other orders (Mermut
et al., 1996). All the soils studied exhibit all
the required morphological characteristics,
including high clay content, slickensides or a
wedge-shaped structure at specific depths
and cracks that periodically open and close.
Some soils exhibit a distinct gilgai micro
topography and granular micro aggregates at
the surface.
The soils of Fars Province experience
more frequent wetting and drying compared
to the somewhat humid and cooler vertisols

Figure 6. X- ray diffractograms of the fine clay fraction in the pedon No. 8, A: Ap horizon,
and B: Bss2 horizon.
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re-wetted more frequently compared with
those of the Kermanshah and Lorestan or
cooler Ardebil regions (Table 1). Morphologically speaking, the dry vertisols of Fars
Province show clear differences from those
of more humid and cooler vertisols of Kermanshah, Lorestan and Ardebil Provinces in
terms of the depth of slickenside formation.
In the vertisols of Fars Province, slickensides (Bss horizon) usually occur in lower
parts of the profile (38-45 cm), whereas, in
vertisols from more humid and cooler regions, these occur at a relatively shallower
depth (20-26 cm). This is in contradiction
with the findings of Vadivelu and Challa
(1985) who suggested that the higher the
rainfall, the deeper the slickenside formation
will be and a deeper Bss horizon will form.
Yaalon and Kalmar’s (1978) conclusion that
slickensides usually develop at the bottom of
cracks verifies the results obtained in this
study observing cracks that extend to a
greater depth in Fars Province.
The other visible difference between the
dry vertisols of Fars Province and the more
humid vertisols of other regions is their surface structure. The structure of vertisols in
Fars Province is mostly angular-subangular
blocky and crusty in cultivated and uncultivated soils, respectively, whereas it is predominantly granular in vertisols in more
humid regions (Table 2). This structure is
believed to be the most striking visual aspect of vertisol morphology (Blokhuis,
1982). The type and degree of structural
development provides information about
the soil genesis and agricultural management potential of these soils (McGarry,
1996). Many studies have shown a good
relationship between clay content, fine
clay/total clay ratio, clay mineralogy and
other factors on one side, and type and degree of soil structure development on the
other (De Vos and Virgo, 1969; Newman,
1983; Little et al., 1992). Other studies emphasize that climatic influences are of more
importance for structure development
(Ahmad, 1983; Smith et al., 1985). Therefore, the driest vertisols of Fars Province,
Aridic Haplusterts (with 49-57% clay) and

Halic Haplusterts (with 75-86 % clay) both
exhibit an angular blocky surface structure.
The vertisols found in more humid and
cooler climates, mostly with lower clay
content (44-59%) are usually characterized
by a surface granular (mulch) microstructure (Table 2). It is, therefore, believed that
the low CEC, high amounts of palygorskite
(especially in fine clay fraction) and higher
interparticle spaces resulting from packing
of its fibers, together with the predominant
effect of climate, must have played an important role in the genesis of the soil structure in dry vertisols from Fars Province.
This effect has also been documented by
many other authors (De Vos and Virgo,
1969; Ahmad, 1983; Smith et al., 1985;
Mermut et al., 1996). Probert et al. (1987)
have indicated that the thin surface crust in
vertisols is related to their lower CEC and
the predominance of Mg++ and Ca++ ions
with a considerable amount of exchangable
and soluble Na+ in the surface soils. According to McGarry (1996) self mulching
of Australian vertisols is related to high
CECs and low exchangeable Na+ while the
presence of Na+ at or near the soil surface,
even in low amounts, is responsible for
crust formation due to its effect on soil dispersion and disturbance of the structure.
Therefore, moderate EC (Table 2) and low
SAR (3-6) (Heidari, 2004) and CEC values
at the surface may explain the surface crusting in the vertisols of Fars Province.
The dominant clay mineralogy of the vertisols from the Fars area (palygorskite and
chlorite) as confirmed by XRD studies
(Figure 2), TEM (Figure 3) and clay CEC
(Table 2) is probably mostly inherited from
the parent material (Abtahi, 1974). This
may suggest the formation of vertisols in
which the clays have not had enough time
to transform into smectite.
The high amounts of fine clay and very
high fine clay/total clay ratios, especially in
the Bss horizons (Table 2), and the relatively high level of sodium ion are likely to
create conditions for high shrink-swell potential. There are a number of studies showing that the shrink-swell phenomenon could
280
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high proportion of expansive clays, particularly montmorillonite and periodically
dry and moist seasons. The present results
indicate that the wedge-shaped structure
and/or slickensides have been moderately
to strongly developed in three different
climatic regions in Iran, although in quite
variable suites of silicate clays. The vertisols from the driest climatic province of
Fars (Southwest Iran) have palygorskite as
the main clay mineral, particularly in fine
clay, with little smectite. These soils are
characterized by rather narrow (1.5- 3.5
cm) but deep (38-45 cm) cracks in a dense
pattern (with about 20 cm mutual distance), which is believed to be the result of
relatively more frequent wet and dry cycles and a very strong desiccation phenomenon, caused by a rather high temperature (hyperthermic) and rain distribution pattern (ustic). A high clay content,
mainly fine clay, dominated by randomly
oriented fibers of palygorskite conditioned
by relatively high pH, and presumably
plenty of interparticle spaces, together
with many cycles of strong desiccation and
re-wetting, are considered to be responsible for the genesis of these typical vertisols that show all the required characteristics, as well as the typical sink hole and
model gilgai microtopography. Vertisols
from the most humid regions of Kermanshah and Lorestan and the cooler and dryer
province of Ardebil are mostly comparable
with classic vertisols and are dominated by
smectite silicate clays. In these soils, the
cracks are fewer but wider (2-10 cm) and
much shallower compared with the vertisols of the drier region of Fars Province.
However, in some vertisols from the most
humid region of Lorestan, vermiculite was
found to be the dominant clay and smectite
occurred as a secondary phase. This finding also seems to be rather rare or even
exceptional. Yet, in these soils, smectite is
still an important component of silicate
clays, and can significantly influence their
behavior and their formation.

also be influenced by many other parameters. These include the interlayer spacing of
phyllosilicates, the thickness of the diffuse
double layer and interparticle porosity,
which are not solely related to the type of
clays (Allen and Fanning, 1983; Yerima et
al., 1985; Yousif et al., 1988; Aquaye et
al., 1992; Coulombe et al., 1996; Bhattacharyya et al., 1997; and Shirsath et al.,
2000).
Vertisols from the relatively humid regions of Kermanshah and Lorestan and the
less humid and cooler Ardebil region all
exhibit the normal characteristics of vertisols. The clay mineralogy of these soils is
generally smectite (Table 3). However, the
presence of high amounts of vermiculite in
some samples of vertisols from Lorestan is
rather unusual. Based on an extensive review of Coulombe et al. (1996), we can say
that vermiculite is a common component in
vertisols, but usually in minor amounts.
Mica-rich parent materials are thought to be
transformed either into vermiculite or
smectite, depending on environmental conditions. The parent materials of vertisols
from Lorestan and Kermanshah Provinces
are mainly calcareous and those from
Ardebil are calcareous and/or volcanic
sediments. Mica is omnipresent in these
soils as is indicated in mineralogical analyses (Heidari et al., 2005). However, since
vermiculite-rich vertisols have only been
observed in Lorestan, it could either be inherited clay from the sedimentary parent
materials or have both a geogenic and pedogenic origin. Yet, a depth function distribution pattern has not been observed, although these soils show pedogenically carbonate accumulated horizons (Heidari,
2004).
CONCLUSIONS
The type and degree of structure development provides information about soil
genesis and other properties. In vertisols,
structure - the most striking aspect of soil
morphology- is normally correlated with a
281
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ﺗﻨﻮع ﻛﺎﻧﻴﻬﺎي رس در ﺧﺎﻛﻬﺎي ورﺗﻲ ﺳﻮل ﺳﻪ ﻧﺎﺣﻴﻪ اﻗﻠﻴﻤﻲ ﻣﺨﺘﻠﻒ در ﻏﺮب اﻳﺮان

ا .ﺣﻴﺪري ،ش .ﻣﺤﻤﻮدي ،م .ح .روزي ﻃﻠﺐ و ا .ر .ﻣﺮﻣﻮت

ﺑﺮﺧﻼف ﺑﺎورﻫﺎي راﻳﺞ در ﺑﺎره ﺧﺎﻛﻬﺎي اﻧﺒﺴﺎطﭘﺬﻳﺮ ،اﻃﻼﻋﺎت ﻗﺎﺑﻞ ﺗﻮﺟﻬﻲ در دﺳﺖ اﺳﺖ ﻛﻪ ﻧﺸﺎن ﻣﻲ دﻫﺪ
ﻛﺎﻧﻴﻬﺎي رﺳﻲ ﻣﻮﺟﻮد در ورﺗﻲ ﺳﻮﻟﻬﺎ ﻣﺤﺪود ﺑﻪ ﺳﻴﻠﻴﻜﺎﺗﻬﺎي ﻻﻳﻪاي اﻧﺒﺴﺎطﭘﺬﻳﺮ ﻧﻤﻲﺑﺎﺷﻨﺪ .ﺑﻠﻜﻪ وﺟﻮد ﻣﻘﺎدﻳﺮ
زﻳﺎد رس ،ﺧﺼﻮﺻﺎً رس رﻳﺰ ،ﺑﺪون ﺗﻮﺟﻪ ﺑﻪ ﻧﻮع آن ،ﺑﺎﻻﺧﺺ در ﺷﺮاﻳﻄﻲ ﻛﻪ ﺧﺸﻚ و ﻣﺮﻃﻮب ﺷﺪن ﻣﺘﻨﺎوب
ﺧﺎك ﺑﻮﻓﻮر ﺻﻮرت ﺑﮕﻴﺮد ،ﻣﻲﺗﻮاﻧﺪ ﻗﺎﺑﻠﻴﺖ اﻧﻘﺒﺎض و اﻧﺒﺴﺎط ﻛﺎﻓﻲ در اﻳﻦ ﺧﺎﻛﻬﺎ را اﻓﺰاﻳﺶ ﭘﻴﺪا ﻛﻨﺪ .در اﻳﻦ
ﻣﻄﺎﻟﻌﻪ ﺑﺮﺧﻲ ورﺗﻲ ﺳﻮﻟﻬﺎي ﺗﺸﻜﻴﻞﻳﺎﻓﺘﻪ روي ﻣﻮاد ﻣﺎدري و اﻗﻠﻴﻤﻬﺎي ﻣﺘﻔﺎوت اﻳﺮان ﺑﺮرﺳﻲ ﺷـﺪﻧﺪ .ورﺗـﻲ
ﺳﻮﻟﻬﺎي اﺳﺘﺎن ﻓﺎرس )ﺟﻨﻮب ﻏﺮب اﻳﺮان( روي رﺳﻮﺑﺎت آﻫﻜﻲ ﺑﺎ رژﻳﻢ رﻃﻮﺑﺘﻲ ﺧﺎك از ﻧـﻮع ﻳﻮﺳـﺘﻴﻚ و
رژﻳﻢ ﺣﺮارﺗﻲ ﻫﺎﻳﭙﺮﺗﺮﻣﻴﻚ و ﺗﺮﻛﻴﺐ ﻛﺎﻧﻲﺷﻨﺎﺳﻲ ﻏﺎﻟﺐ ﭘﺎﻟﻲ ﮔﻮرﺳﻜﺎﻳﺖ -ﻛﻠﺮاﻳﺖ ﺗﺸﻜﻴﻞ ﻳﺎﻓﺘﻪاﻧﺪ .ورﺗـﻲ
ﺳﻮﻟﻬﺎي اﺳﺘﺎن ﻟﺮﺳﺘﺎن )ﻏﺮب ﻣﻴﺎﻧﻲ اﻳﺮان( ﻧﻴﺰ روي رﺳﻮﺑﺎت آﻫﻜﻲ و رژﻳﻢ رﻃﻮﺑﺘﻲ ﺧﺎك از ﻧﻮع زرﻳـﻚ و
رژﻳﻢ ﺣﺮارﺗﻲ ﺗﺮﻣﻴﻚ ﺑﺎ ﺗﺮﻛﻴﺐ ﻛﺎﻧﻲﺷﻨﺎﺳﻲ ﻏﺎﻟﺐ از ﻧﻮع ورﻣﻴﻜﻮﻻﻳﺖ ﺗﺸﻜﻴﻞ ﺷﺪهاﻧﺪ .در اﺳﺘﺎن ﻛﺮﻣﺎﻧﺸﺎه،
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ﭼﻜﻴﺪه

ورﺗﻲ ﺳﻮﻟﻬﺎ روي ﻣﻮاد ﻣﺎدري ﺳﻨﮓ آﻫﻚ ﻳﺎ رﺳﻮﺑﺎت آﻫﻜـﻲ ﺗـﺸﻜﻴﻞ ﻳﺎﻓﺘـﻪاﻧـﺪ و داراي رژﻳـﻢ رﻃـﻮﺑﺘﻲ و
ﺣﺮارﺗﻲ ﺧﺎك زرﻳﻚ-ﺗﺮﻣﻴﻚ ﻫﺴﺘﻨﺪ .در اﺳﺘﺎن اردﺑﻴﻞ ورﺗﻲ ﺳﻮﻟﻬﺎ ﺑﺮ روي رﺳـﻮﺑﺎت ﺣﺎﺻـﻞ از ﺳـﻨﮕﻬﺎي
ورﺗﻲ ﺳﻮﻟﻬﺎي اﺳﺘﺎن ﻓﺎرس ﺑﻘﻴﻪ ورﺗﻲ ﺳﻮﻟﻬﺎي ﻣﻄﺎﻟﻌﻪ ﺷﺪه ورﺗﻲ ﺳﻮﻟﻬﺎي ﻋﺎدي ﻣﻲﺑﺎﺷﻨﺪ ﻛﻪ ﺷﺎﻣﻞ ﻛﺎﻧﻲ رﺳﻲ
ﻣﻮﻧﺘﻤﻮرﻳﻠﻮﻧﺎﻳﺖ ﺑﻪ ﻣﻘﺪار ﻛﺎﻓﻲ ﻣﻲﺑﺎﺷﻨﺪ .اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﻧﺸﺎن ﻣﻲدﻫﺪ ﻛﻪ اﻧﺪازه ﺣﻔﺮات ﻣﻮﺟﻮد در ﺑﻴﻦ ذرات ﻛﻪ
ﺑﺴﺘﮕﻲ ﺑﻪ اﻧﺪازه ذرات اوﻟﻴﻪ ﺗﺸﻜﻴﻞدﻫﻨﺪه آﻧﻬﺎ دارد ،ﺑﺪون ﺗﻮﺟﻪ ﺑﻪ ﻧﻮع آﻧﻬﺎ ،ﻣﻲﺗﻮاﻧﻨﺪ ﻗﺎﺑﻠﻴﺖ اﻧﻘﺒﺎض و اﻧﺒﺴﺎط
ﺷﺪﻳﺪ در ﺧﺎﻛﻬﺎي ﻣﻄﺎﻟﻌﻪ ﺷﺪه در اﻳﺮان را ﺗﻮﺿﻴﺢ دﻫﻨﺪ.
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آذرﻳﻦ ﺗﺸﻜﻴﻞ ﻳﺎﻓﺘﻪاﻧﺪ و داراي رژﻳﻢ رﻃﻮﺑﺘﻲ و ﺣﺮارﺗﻲ از ﻧﻮع زرﻳﻚ -ﻣﺰﻳﻚ ﺗﺸﻜﻴﻞ ﺷﺪهاﻧـﺪ .ﺑـﻪ ﻏﻴـﺮ از
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