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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 re-
gime, 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 vol-
canic 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 po-

tential in the soils we studied in Iran.
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INTRODUCTION

Vertisols are soils with high shrink-swell
potential, which are characterized by a high
clay content, cracks that open and close
periodically and wedge-shaped aggregates
and/or slickensides that occur at a specific
depth (Soil Survey Staff, 1999). Despite the
large body of information available today,
showing that smectitic clays are by far the
most dominant clay minerals (Ahmad and
Jones, 1969; Dixon, 1982; Dudal and Es-
waran, 1988; Wilding and Tessier, 1988;

Blokhuis et al., 1990; Buhman and Schoe-
man, 1995; Eswaran et al., 1999; Shirsath
et al., 2000), these soils may be dominated
by other minerals. According to Thomas et
al. (2000), shrink—swell behavior can best
be predicted by examining a combination
of physical, chemical, and mineralogical
soil properties in order to integrate them as
a shrink-swell model. However, no single
property accurately predicts shrink-swell
potential for all soils. In fact, shrink-swell
phenomena in soils and sediments cannot
be explained at unit cell level, and we have
to take into account also changes in the mi-
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crostructure and interparticle (interaggre-
gate pores volume or pores between quasi-
crystals) and intraparticle (pore volume or-
ganized 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 domi-
nant 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 (Al-
len 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 poten-
tially transform into either smectite or ver-
miculite dominated vertisols but, on the
basis of their review, no vermiculite domi-
nated 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, Irag, Morocco, and the Ca-
nary lIslands. 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; Khor-
mali and Abtahi, 2003); it has, however,
not been proposed as a dominant clay min-
eral in the fraction in Iranian vertisols. The
high Specific Surface Area (SSA) of paly-
gorskite can be best responsible for its high
shrink-swell properties (Ross, 1978). The
porosity of clay minerals is intimately de-
pendent on their structure which is affected
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by mineralogy, saturating cations, electro-
Iyte concentration and other factors. Nea-
man and Singer (2000) using SEM showed
that there is significant difference in ar-
rangement of palygorskite fibers at low and
high values of pH. At low pH values,
closed packed domains of fibers were ob-
served 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 Ander-
son 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 men-
tioning, however, that Jeffers and Reynolds
(1987) have reported the presence of ex-
pandable palygorskite in some deposites
from Caspian Sea area.

The aims of this study are:
() To investigate the clay mineralogical
composition of selected vertisols from
western Iran and its effects on morphologi-
cal and physico-chemical properties of the
soils.
(1) To illustrate the role of climate on for-
mation 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 us-
tic-hyperthermic soil climate, Lorestan and
Kermanshah with a dry xeric-thermic one
and Ardebil with a dry xeric-mesic soil cli-
mate (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 sedi-
mentary 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 Creta-
ceous) are the most dominant parent materi-
als. In Kermanshah Province, soils on cal-
careous sediments in alluvial plains and on
plateaux are composed of grey and brown,
medium bedded to massive fossiliferous
limestone and shale (Upper Cretaceous and
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Paleocene); and some calcareous sediments
originating from dark olive-brown, low
weathered siltstone and sandstone (undi-
vided Asmari and Shahbazan) formations
and blue and purple shale and marl interbed-
ded with argillaceous limestone (Paleogene-
Eocene). In Ardebil Province, volcanic rocks
mainly of andesite and basalt with some vol-
canogenic conglomerates (Middle Eocene-
Pliocene) are the main sources of parent ma-
terials.

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 Kerman-
shah Provinces with xeric soil moisture re-
gimes, with the highest levels of precipita-
tion 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 pre-
cipitation 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 (Hei-
dari, 2004); results from the selected eight
profiles with more distinctive vertic proper-
ties 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 deter-
mined through calcimetry (Salinity Labora-
tory 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 cen-
trifugation (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 K, 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 HCI treated, in order to differentiate
chlorite from kaolinite (Moore and Rey-
nolds, 1989). Scanning Electron Microscopy
(SEM), JEOL 6400, and transmission elec-
tron microscopy (TEM) LEO 906E were
also used for the further characterization and
qualitative determination of fibrous clays
according to fiber frequency.

RESULTS
Fars Province

Table 1 shows general characteristics and
climatic data of the regions studied. The
considerably  higher  potential  evapo-
transpiration in this area, together with some
Summer rain, causes more frequent wetting
and drying than in the other regions studied,
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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. Morphologi-
cal 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 me-
dium carbonate nodules (3-5 %) and mot-
tling (fine to medium, 2 %) occur at a lower
depth in several profiles. Round gilgai with
a maximum height of 15 cm has been ob-
served on the undisturbed areas of some pe-
dons (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 gener-
ally high and usually highest in the By hori-
zons (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 con-
tent (25.2-38.7%) and usually high soluble
salts of sodium (EC, 3.9-24.4 dS m™ and
SAR of saturated extract up to 41.88). The
CECs of the soils are very low (7.77-11.1
cmol, kg™t) and the clay CECs are low to
medium (25.46-44.56 cmol, kg?). Due to
using the hydrometer method for soil texture
analysis, the clay fractions probably contain
carbonates.

Mineralogical Data

The fine and total clay fractions are domi-
nated by palygorskite and chlorite. Illite and
kaolinite are accessory phases in the coarse
clay fraction (Figure 2) and (Table 3). Rela-
tively sharp and distinct 10.4 A peaks, to-
gether with lower intensities 6.4 A peaks
which are resistant in all treatments (Figure
2) together with TEM  micrographs
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Table 2. Classification and physico-chemical properties of the soils studied.
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1. Aridic Haplustert (Fars)

Ap 0-17 m2sabk  53.0 360 110 79 744 344 068 7.77 nd ¢ nd 0.09 25
AB 17-38 m2sabk  57.0 338 9.2 75 58 334 063 7.89 33.69 066 011 15
Bss1 38-55 m3pr 55.0 356 94 76 64 350 039 7.79 35.20 059 009 15
B2 55-75 m3pr 55.0 34 11 75 6.15 374 044 777 nd nd 011 05
Bsss 75-110 m3pr 53.0 396 74 73 89 371 044 777 37.18 0.77  0.08

Bsss 110-130  m3pr 490 416 94 73 6.6 387 039 777 39.29 0.74 0.10

2. Halic Haplustert (Fars)

As 0-10 f2sabk 750 20.0 5.0 72 39 273 054 1051 2659 051 008 35
A, 10-23 m2abk 750 196 54 74 56 280 044 1051 nd 048 007 3
AB 23-45 m3pr 856 112 32 74 82 260 044 1110 nd 053 008 2
Bss1 45-60 c3pr 856 108 3.6 73 96 266 039 9.93 nd nd 009 1
B2 60-80 c3pr 816 112 72 72 130 252 049 1051 2546 064 009 05
Bsss 80-110  c3pr 776 108 116 7.1 244 253 044 9.36 nd 0.55 0.06

Bsss 110-150  c3pr 816 112 72 72 181 266 044 1051 4456 0.68 0.10

3. Chromic Calcixeret (Lorestan)

Ap 0-26 f2gr 536 308 156 7.8 08 136 122 2827 nd nd nd 10
Bss1 26-48 m3pr 616 272 112 79 04 130 088 2732 nd nd nd 5
B2 48-63 m3pr 59.6 276 128 79 04 131 068 2732 5351 062 016 3
Brsst 63-87 m3pr 60.0 232 168 78 12 131 068 2924 nd nd nd 3
Brss2 87-110 m3pr 56.0 32 120 79 03 124 063 3022 4568 067 020 2
Brsss 110-140 m3pr 516 324 160 7.8 05 207 039 1871 nd nd nd 2
4. Chromic Calcixeret (Lorestan)

An 0-12 f2gr 536 388 76 75 129 7.4 093 2196 nd nd nd 5
An 12-26 f2pr 59.2 324 84 77 03 117 097 1950 4856 051 014 15

Bss1 26-45 m3pr 636 284 80 76 03 131 073 2196 49.73 047 015 1
B2 45-70 m3pr 636 284 80 78 03 138 058 2196 4983 045 014 05
Bsss 70-90 m3pr 60.0 32 8.0 78 03 143 044 2196 56.24 074 015 03
Brsst 90-110 m3pr 616 308 7.6 76 05 151 058 2457 4843 0.69 nd

Brss2 110-140 m3pr 59.2 320 88 76 13 181 044 2169 46.24 047 017

5. Chromic Calcixerert (Kermanshah)

Ay 0-20 m2gr 584 324 9.2 79 04 279 139 2282 488 053 012 4
Bss 20-44 c3pr 56.8 34.0 9.2 80 03 283 101 2457 4157 047 011 2
Bisst 44-65 c3pr 67.2 248 8.0 77 03 324 102 2196 nd nd nd 0.5
Bss2 65-100 c2pr 732 248 20 76 03 357 123 2196 60.32 073 0.14

Bussa 100-155  c2abk 792 188 20 7.7 05 399 113 2196 5835 0.67 0.14
Bussa 155-175  clabk 726 244 30 76 02 430 07 1950 52.97 0.77 013
6. Chromic Haploxerert (Kermanshah)

Ay 0-20 m2gr 544 304 152 82 07 205 118 21.96 48.38 036 012 7
Bss1 20-49 m3pr 632 244 124 82 04 218 059 2368 nd nd nd 4
Bss2 49-80 m3pr 608 26.0 132 82 11 214 054 2113 38.46 042 014 1

Bss3 80-110 m3pr 652 196 152 7.6 7.7 184 054 2557 4381 035 0.10

Bsss 110-150 m3pr 648 180 172 76 7.7 183 038 2924 nd nd nd
7-Typic Calcixerert (Ardebil)

Ap 0-23 m2gr 440 340 220 77 13 0.0 1.01 3122 nd nd nd 3
ABs, 23-40 f2abk 440 320 240 78 10 0.0 091 3326 nd 0.85 nd 2
Biss 40-60 f2pr 320 284 396 85 16 0.0 0.48 2827 53.86 071 007 1
2B 60-90 m2pr 200 108 692 83 12 127 024 1950 57.46 0.85 0.05
3Bisp1  90-125 m3pr 480 280 240 83 08 124 101 3537 66.42 nd 0.17
3Bisre  125-165  c3pr 620 200 180 78 14 149 043 343 nd 0.76 nd
3Bz 165-200  m3pr 68.0 200 120 82 15 251 005 2457 nd nd nd
8-Typic Haploxerert (Ardebil)

Ap 0-25 m3gr 528 308 164 80 11 0.0 236 39.78 78.40 nd 014 4
Bss1 25-50 c3pr 56.8 228 204 80 06 0.0 149 3865 nd 082 nd 2
Bss2 50-90 c3pr nd nd nd 80 05 0.0 139 4092 5761 nd 021 05
Bss3 90-140  c3pr 356 244 400 83 03 0.0 029 2639 nd 073 nd
Bss4 140-170  c3pr 328 176 496 78 10 0.0 034 2031 nd 079 nd

c 170-200  mas- 168 56 776 79 0.6 0.0 024 1364 nd nd nd

[ DOR: 20.1001.1.16807073.2008.10.3.4.0 ]

2 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.
®CECs= CEC of soil; ¢ CECc= CEC of clay fraction; ¢ FC/TC= Fine clay over total clay; " Coefficient of linear extensibility, ® Not
Determined.
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Table 3. Mineralogical composition of clay fraction in the soils used in this study.

Profile

No Horizon Depth (cm) Fraction Mineralogy?
1 (Fars) AB 17-38 Total clay Pal.>Chl.>lll.>Kao. >Smec
B 38-55 Total clay Pal.>Chl.>1ll.>Kao. >Smec
Bsss 75-110 Total clay Pal.>Chl.>1ll.>Kao. >Smec
Bsss 110-130 Total clay Pal.>Chl.>1ll.>Kao. >Smec
2 (Fars) Ay 0-10 Total clay Pal.>Chl.>lll.>Kao. >Smec
A, 10-23 Fine clay Pal.>Chl. >Smec
Coarse clay Chl.>Pal.>1ll.>Kao. >Smec
AB 23-45 Fine clay Pal.>Chl. >Smec
Coarse clay Chl.>Pal.>1ll.>Kao. >Smec
B 45-60 Fine clay Pal.>Chl. >Smec
Coarse clay Chl.>Pal.>1ll.>Kao. >Smec
B, 60-80 Total clay Pal.>Chl.>1ll.>Kao. >Smec
Bsss 80-110 Fine clay Pal.>Chl. >Smec
Coarse clay Chl.>lll.>Pal.>Kao. >Smec
Bssa 110-150 Total clay Pal.>Chl.>1ll.>Kao. >Smec
3 (Lorestan) Bss2 48-63 Total clay Smec.>Ver.>lll.> Kao.
Byss2 87-110 Total clay Ver.> Smec.> lll.> Kao.
4 (Lorestan) A 12-26 Total clay Smec.>Ver.>lll.> Kao.
Bss1 26-45 Total clay Ver.>Smec.> Ill.>Chl.> Kao.
B, 45-70 Total clay Ver..> lll. > Smec.> Chl.> Kao.
Bsss 70-90 Total clay Ver..> lll. > Smec.> Chl.> Kao.
Bisst 90-110 Total clay Ver..> lll. > Smec.> Chl.> Kao.
Byss2 110-140 Total clay Ver..> lll. > Smec.> Chl.> Kao.
5 (Kermanshah) A 0-20 Total clay Smec.> Chl.> Ill.> Kao.
Bss 20-44 Total clay Smec.> Chl.> lll.> Kao.
Byss2 65-100 Total clay Smec.> Chl.> lll.> Kao.
Bissa 100-155 Total clay Smec.> Chl.> lll.> Kao.
Bissa 155-175 Total clay Smec.> Chl.> lll.> Kao.
6 (Kermanshah) A 0-20 Total clay Smec.> Chl.> Ill.> Kao.
B, 49-80 Total clay Smec.> Chl.> lll.> Kao.
Bsss 80-110 Total clay Smec.>> .
7 (Ardebil) Biss 40-60 Total clay Smec.>>> Ill.>Kao.
2By 60-90 Total clay Smec.>>11l.>Kao.
3Byssbi 90-125 Fine clay Smec.
Coarse clay Smec.>>Ver.>lll.>Kao.
8 (Ardebil) A 0-25 Fine clay Smec.
Coarse clay Smec.>>Ver.>lll.>Kao.
B, 50-90 Fine clay Smec.
Coarse clay Smec.>>Ver.> Ill.> Chl.>Kao.
C 170-200 Fine clay Smec.
Coarse clay Smec.>>Ver.> Ill.> Chl.>Kao.
2 pal.= Palygorskite; Chl.= Chlorite; .= lllite; Kao.= Kaolinite; Ver.= Vermiculite, Smec.= Smectite.
275
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Figure 2. X- ray diffractograms of clay fractions in Fars Province, (A) total clay, AB horizon,
pedon No. 1, (B) fine clay, Bs; horizon, pedon no. 2.
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Figure 3. Transmition Electron Microscopy (TEM) confirms the existence of fibrous palygor-
skite. Fine clay fraction Bg; horizon of pedon No. 2 (left) and total clay fraction (right) from
Fars Province.

(Figure 3), show the predominance of paly-
gorskite over the other clay minerals. Also,
the sharp and distinct 14.2 A peak that does
not change with Mg-Gly treatment but dis-
appears on HCI treatment suggests the pres-
ence of chlorite in this area. However, the
relative intensities of 10.4 A, and 6.4 A
compared with 14.2 A peaks is greatly in-
tensified in the fine clay fraction (Figure 2-
B), indicating the concentration of fibrous
palygorskite in this fraction. Transmission
Electron Microscopy has also confirmed
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these results (Figure 3). Nevertheless, a few
fine irregular and cloudy particles on TEMs,
particularly on fine clays (Figure 3 left), to-
gether with the increase of the 14.2 A peak
intensity after glycerol solvation of Mg-
saturated samples, along with the appear-
ance of a small 17-18 A peak on Mg-
glycerol 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), B horizon,
and (B), Byssz horizon.

Lorestan and Kermanshah

These soils are characterized by xeric and
thermic soil moisture and temperature re-
gimes (Table 1). Mean annual precipitation
is relatively higher and Summer rain is al-
most nil (<1%) but potential evapo-
transpiration 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
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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 By horizons (Table 2). The coeffi-
cient 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 satu-
rated extracts range between 0.21-7.7 dS m’
! The soil CEC changes between 18.71 and
30.22 cmol. kg™, 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 cmol. kg™).

Mineralogical Data

The clay fraction of the profiles from
Lorestan is dominated by smectite and ver-
miculite, with illite, chlorite and kaolinite as
accessory silicate minerals (Figure 4 and
Table 3). In Figure 4A, the sharp and high
14 A 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 A peak is a likely
the indication for small-sized mineral parti-
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cles (Coulombe et al., 1996). However, the
presence of a sharp and intensive 14 A 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 sam-
ples.

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 frac-
tions of pedon 6 in Kermanshah Province.
The intensive 14 A peaks in Mg-saturated
samples are dominated by expanding clays
in surface and subsurface horizons (Figures
5A and B).

Ardebil Region

The soils of this region are derived both
from volcanic materials and carbonatic
sediments with annual precipitation, no-
ticeably lower than the Lorestan and Ker-
manshah regions. The precipitation has two
specific characteristics: (1) a relatively regu-
lar 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 pre-
cipitation (Table 1).

Morphological and  Physico-chemical
Data

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 struc-
ture of the surface horizons is fine to me-
dium granular (Table 2). The subsurface ho-
rizon is mainly moderately to strongly de-
veloped, fine to medium wedge-shaped peds
and angular blocky, with slickensides simi-
lar 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 (Ta-
ble 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 ex-
tensibility (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™). The soil
CECs are variable (13.6-40.9 cmol, kg?)
whereas clay CECs varying between 53.9
and 78.4 cmol. kg™ are the highest compared
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Figure 5. X- Ray diffractograms of total clay in pedon No. 6, A: A, horizon, and B: B,

horizon.
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with the soils in the other two climatic re-
gions.

Mineralogical Data

Smectite is by far the most dominant sili-
cate clay mineral in the fine and coarse clay
fractions. lllite, 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 A peaks
may also indicate the fineness of the smec-
titic clays (Dixon, 1986).

DISCUSSION

Morphological properties are the most im-
portant characteristics for distinguishing ver-
tisols 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

of Lorestan, Kermanshah, and Ardebil Prov-
inces. 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 influ-
ence 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 par-
ent material, including clay mineralogy.
With enough clay content (i.e.>30%), ac-
cording 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 ver-
tisol 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 desicca-
tion. However, at the same time, since the
soil moisture control section is not perma-
nently dry in warm seasons and almost 40%
of the total rain occurs during Spring, Sum-
mer and Autumn (Table 1), the soils will be
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Figure 6. X- ray diffractograms of the fine clay fraction in the pedon No. 8, A: A, horizon,
and B: B, horizon.
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re-wetted more frequently compared with
those of the Kermanshah and Lorestan or
cooler Ardebil regions (Table 1). Morpho-
logically speaking, the dry vertisols of Fars
Province show clear differences from those
of more humid and cooler vertisols of Ker-
manshah, Lorestan and Ardebil Provinces in
terms of the depth of slickenside formation.
In the vertisols of Fars Province, slicken-
sides (Bss horizon) usually occur in lower
parts of the profile (38-45 cm), whereas, in
vertisols from more humid and cooler re-
gions, 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 B 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 sur-
face structure. The structure of vertisols in
Fars Province is mostly angular-subangular
blocky and crusty in cultivated and unculti-
vated soils, respectively, whereas it is pre-
dominantly granular in vertisols in more
humid regions (Table 2). This structure is
believed to be the most striking visual as-
pect of vertisol morphology (Blokhuis,
1982). The type and degree of structural
development provides information about
the soil genesis and agricultural manage-
ment 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 de-
gree of soil structure development on the
other (De Vos and Virgo, 1969; Newman,
1983; Little et al., 1992). Other studies em-
phasize that climatic influences are of more
importance  for  structure development
(Ahmad, 1983; Smith et al., 1985). There-
fore, the driest vertisols of Fars Province,
Aridic Haplusterts (with 49-57% clay) and
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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) microstruc-
ture (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 im-
portant role in the genesis of the soil struc-
ture 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. Ac-
cording 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 dis-
persion 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 crust-
ing in the vertisols of Fars Province.

The dominant clay mineralogy of the ver-
tisols 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 Bs horizons (Table 2), and the rela-
tively high level of sodium ion are likely to
create conditions for high shrink-swell po-
tential. There are a number of studies show-
ing that the shrink-swell phenomenon could
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also be influenced by many other parame-
ters. 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; Bhat-
tacharyya et al., 1997; and Shirsath et al.,
2000).

Vertisols from the relatively humid re-
gions of Kermanshah and Lorestan and the
less humid and cooler Ardebil region all
exhibit the normal characteristics of verti-
sols. 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 re-
view 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 con-
ditions. 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 analy-
ses (Heidari et al., 2005). However, since
vermiculite-rich vertisols have only been
observed in Lorestan, it could either be in-
herited clay from the sedimentary parent
materials or have both a geogenic and pe-
dogenic origin. Yet, a depth function distri-
bution pattern has not been observed, al-
though these soils show pedogenically car-
bonate accumulated horizons (Heidari,
2004).

CONCLUSIONS

The type and degree of structure devel-
opment provides information about soil
genesis and other properties. In vertisols,
structure - the most striking aspect of soil
morphology- is normally correlated with a
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high proportion of expansive clays, par-
ticularly 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 verti-
sols 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 dis-
tance), which is believed to be the result of
relatively more frequent wet and dry cy-
cles and a very strong desiccation phe-
nomenon, caused by a rather high tem-
perature (hyperthermic) and rain distribu-
tion 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 responsi-
ble for the genesis of these typical verti-
sols that show all the required characteris-
tics, as well as the typical sink hole and
model gilgai microtopography. Vertisols
from the most humid regions of Kerman-
shah 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 verti-
sols 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 find-
ing 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.
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