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Abstract: Topography and climate have an important role in genesis and micromorphology of soils.

As calcareous and gypsiferous soils are among the most widespread soils in central Iran, the present

research was conducted to study their genesis and micromorphology along a topography-climate

gradient. Soil moisture regimes shift from aridic (Kerman plain) to xeric (Lalehzar elevations) along

the gradient. Lenticular gypsum crystals were observed in By horizon of pedon 3. Moving upward

the transect, dissolution of lenticules, caused gypsum interlocked plates to be formed (pedon 4).

Calcite coatings, infillings and nodules were also found in different Bk and Bktn horizons. With

increasing humidity toward upslope positions, calcite nodules become dominant. Clay coatings were

observed in Btkn and Btn horizons studied. Soils of Kerman plain (aridic part of the transect) are

Typic Haplocalcids that change to Petrocalcic Calcixerepts and Calcic Haploxerepts toward the upslope

positions. Soil processes, gypsum and calcite micromorphology, and soil classifications were different

during the gradient that showed role of topography and climate in soil formation.
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INTRODUCTION

Climate and topography are two important soil forming factors affecting genesis, evolution and

classification of soils. Many soil properties and pedogenic features like calcium carbonate are climate dependent

and may record paleoclimate data (Srivastava, 2001).

Gypsiferous and calcareous soils are two important group of soils formed in central parts of Iran

(Roozitalab, 1994). Calcic and petrocalcic horizons are widely distributed in arid and semiarid soils of the

world and have been used as paleoclimate and paleoecological indicators (Khadkikar et al., 2000). Amount

and rate of pedogenic carbonate accumulation in soils can help better estimation of carbon pools and fluxes

in terrestrial environments (Landi et al., 2003). Complex processes of dissolution, translocation and precipitation

2are involved in the formation of pedogenic carbonates in soils. Moisture together with high soil CO  partial

3pressure dissolves Ca , Mg  and CO   ions from lithogenic carbonates. These ions move downward with2+ 2+ 2-

percolating water and secondary calcite precipitates as soil moisture content decreases (Wang and Anderson,

1998).  

Type and morphology of calcitic features are mainly affected by available soil moisture, soil temperature,

soil texture, and vegetation and availability of calcium carbonate (Khormali et al., 2006). Calcite coating on

ped faces and pore spaces, acicular calcite coating, micrite and microsparite calcite, carbonate nodules (typic,

geodic and nucleic), and calcite hypocoatings are among different forms of carbonatic features reported by

several researchers (Cailleau et al., 2005; Manafi and Mahmoudi, 2004; Manafi et al., 2008, and Srivastava

et al., 2007).

In humid regions, gypsum is observed only in the case of parent materials originated from evaporates and

other geological materials derived form marine environments (Dultz and Kuhn, 2005). However, gypsum is

an abundant mineral in soils and sediments of arid environments. Morphology, amount, and the size of gypsum

in soils is affected by pedogenic processes (Rosen and Warren, 1990). Radius fibrous form and interlocked

plates are reported by Khademi and Mermut (1999) in soils of Isfahan region, central Iran. Moreover,

lenticular, vermiform and microcrystalline gypsum crystals were found on different geomorphic positions

(Herrero and Porta, 2000; Farpoor et al., 2003). On the other hand, Buck and Van Hoesen (2002) observed

the snow ball gypsum morphology in the early stages of soil development. Euhedral, lenticular, rosette-like,

and equigranular gypsum crystals were also reported by Dultz and Kuhn (2005).
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The aimes of the present research were: 1) to study genesis and classification of soils along the

climotoposequence, 2) to determine the micromorphology of calcite and gypsum crystals along the gradient,

3) to compare the variations in shape and amount of gypsum and calcium carbonate in the sequence.  

MATERIALS AND METHODS

Field Studies:

Fig. 1 shows the studied transect in Kerman province, central Iran.  Mean annual precipitation of the area

varies between 151 and 227 mm in Kerman plain and Lalehza elevations respectively. The air temperature of

the area varies from 15.7 C to 9.7 C in the above sequence (Climatology reports, 2001-2009). Soil moistureo o

and temperature regimes in Keman plain are aridic and mesic that change to xeric and mesic at the end of

transect (Lalehzar elevations) (Banaie, 1998).  

From geological point of view, rock pediments are located on Neogene formations (sandstone, siltstone,

gypsiferous marls embedded by gypsum). Piedmont plains are showed as younger terraces and gravel fans of

Quaternary on geological map of the area. Lalehzar Mountains are igneous and granodiorites of Post-Miocene

age are dominant (Geological survey of Iran, 1995). Twelve representative pedons on different geomorphic

positions (Fig. 2) were described and sampled.

Fig. 1: Location of study area.

Laboratory Studies:

Air-dried soil samples were crushed and passed through a 2-mm sieve. Routine physicochemical analyses

were performed on the samples. Calcium carbonate equivalent content was determined by back titration and

gypsum content was investigated by acetone method (Nelson, 1982). Particle size distribution was analyzed

by pipette method (Gee and Bauder, 1986). Organic carbon was measured by the Nelson and Sommers (1982)

guideline. 

Undisturbed soil clods from gypsic, calcic, argillic and petrocalcic horizons were collected for

micromorphological studies. Selected air dried soil clods were impregnated with a mixture of 70 ml of

Vestapool resin, 15 drops of catalyst (Stearic acid), and 2 drops of accelerator (cobalt). Acetone (30 ml) was

added to this mixture to decrease the viscosity. The blocks of hardened soils were cut and after polishing,

mounted on 75 ×100 mm microscope slides and cut to about 20 to 30 μm thickness. Thin sections were

studied under the petrography microscope and described (Stoops 2003).



Aust. J. Basic & Appl. Sci., 3(4): 4078-4084, 2009

4080

Fig. 2: Different geomorphic positions and sampling sites.

RESULTS AND DISCUSSIONS

Fig. 1 shows location of the study area. The transect studied, including different geomorphic positions and

sampling sites is shown in Fig. 2. Two Bk horizons were observed in Pedon one (Table 1). Water availability

together with vegetation cover, creates higher soil respiration and provides extra acidity that control in turn

the dissolution/precipitation of calcium carbonate in soils (Treadwell-Steitz and McFadden, 2000). Coatings and

hypocoatings (Table 2) are among dominant pedofeatures showing calcium carbonate illuviation in this horizon

(Fig. 3 a, and b). This pedon is located in aridic soil moisture regime and classified as Typic Haplocalcids.

Moving upward the sequence toward piedmont plain (Fig. 2), Bktn and By horizons were observed (pedon

3). The coexistence of argillic, calcic, and gypsic horizons is a specific combination that suggests a multistage

pedogenesis in studied soils (Khademi and Mermut, 2003). The soil moisture regime in this geomorphic

position is still aridic but due to more precipitation and cooler temperature, more percolating water is available.

Due to high solubility of gypsum, By horizon is formed in the depth of 90-140 cm (Table 1). Lenticular

gypsum crystals were found in By horizon of this soil (Fig. 3c). Different soil conditions are reported for

lenticular formation of gypsum in the literature. Soil solution impurities are reported by Amit and Yaalon

(1996) to be needed for lenticular gypsum formation. However, organic rich environments, temperature, salinity,

and nature of soil matrix are also important factors affecting lenticular gypsum formation (Cody, 1979). On

the other hand, Jafarzadeh and Burnham (1992) believe that no specific condition is necessary for this type

of crystal to be form and in a wide range of soil conditions might be observed.  Electrical conductivity and

SAR content in pedon 3 is high (Table 1) that might have affected lenticular gypsum formation in By horizon

of this soil.
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Moreover, High sodium adsorption ratio in this pedon (SAR=32.3) caused Bktn horizon (Fig. 3d) to be

formed due to clay dispersion. On the other hand, sufficient rainfall in this position could be another reason

for removal of carbonates from the topsoil to form a Bk horizon and the subsequent eluviation of clay caused

argillic horizon formation (Bktn). Khademi and Mermut (2003) were also come to the same conclusion in the

soils of Isfahan region, central Iran.

Calcite nodules are the dominant forms of secondary calcium carbonate accumulation in Bktn horizon of

pedon 3 (Fig. 3e). Type of parent material, climate and vegetation cover is reported to affect different forms

of calcite nodules in the soil (Sirvastava, 2001). Climate and vegetation cover change in different positions of

the studied climotoposequence. Calcite nodules were not observed in pedon 1 due to insufficient available

water needed for dissolution/precipitation during nodule formation. Khormali et al. (2006) were come to the

same conclusion in soils of Fars province, south Iran.

Different sources for gypsum in soils and sediments include: in situ weathering from parent materials

(Carter and Inskeep, 1988), aeolian and dust sediments rich of gypsum and sulfate (Buck and Van Hoesen,

2002), oxidation of sulfate clays and accumulation of rich sediments from sulfate with marine source

(Toulkeridis et al., 1998). Besides, evaporation from closed water bodies saturated in calcium sulfate during

dry periods is also reported as the source of gypsum in soil (Khademi et al., 1997; Farpoor and Krouse, 2008).

Gypsiferous and saline rock pediments on Neogene formations were found in the area and a soil profile (pedon

2) on this position was also studied (Table 1). It seems that gypsiferous rock pediments are the source of

gypsum in the soils of the area.

Pedon 4 located in piedmont pain (Fig. 2) with an aridic soil moisture regime has a polygon structure at

the surface which is saline. Table 1 shows different horizons in this pedon. Presence of Bw horizons on Byn

and Bytn horizons is an evidence of discontinuity. Looking at thin section of Bytn horizon (Fig. 3f), lenticular

gypsum crystals dissolution and their subsequent recrystallization caused gypsum interlocked plates to be

formed which is attributed to more humidity in this geomorphic position of the gradient. An impermeable layer

at the bottom of polygonal surface horizon seems to have been prevented illuviation and that is why there is

not enough soil development in underlying horizons (Bw1 and Bw2). This may also support the hypotheses

that Byn and Bytn horizons are formed before polygonal structure formation so there is a discontinuity in this

pedon. Lamella found in the surface polygon (Fig. 3g) is also attributed to limiting water percolation toward

underlying horizons mentioned above and high SAR (27.8) that could disperse clay particles. Several

mechanisms reported in lamella formation include sieving at pore discontinuities, flocculation due to increasing

soil pH by either calcium carbonate or iron, and reduction in the carrying capacity of soil water also support

the above mentioned discussion (Rawling, 2000).

Moving upward the gradient, pedons 6 (piedmont plain) and 9 (plain) have a xeric soil moisture regime.

Different Bk horizons were found in these soils. Calcite coating was found in vughs of Bk2 horizon of these

soils (Fig. 3h and 3i). Calcite infillings were also observed in this horizon (Fig. 3j). The b fabric of the soil

in these geomorphic positions is calcitic crystalitic (Fig. 3h, 3i and 3j ). 

Conclusions:

Various microforms of calcite and gypsum were found along the climotoposequence which could in turn

demonstrate the role of climate and topography as two important soil forming factors on genesis and

classification of studied soils.

Different ideas have been reported in the literature about formation of lenticular gypsum. It seems that

lenticular gypsum crystals were highly affected by soil solution impurities in the studied area. Gypsiferous

Neogene formations derived from uplifts of Miocene age together with warm and arid climate of Tertiary seem

to be the source of gypsum in the studied soils. Different microforms of calcite crystals were found, but calcite

nodules were only observed in piedmont plains with somewhat higher humidity along the sequence.
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Fig. 3: Thin sections showing: hypocoating (XPL) and coating (PPL) in Bk1 horizon of Pedon 1 (a and b

respectively); (c) lenticular gypsum in By horizon of pedon 3 (XPL);  clay film (d) and calcite nodule

(e) in Bktn horizon of pedon 3 (XPL); interlocked gypsum (f) in Bytn horizon of pedon 4 (XPL). 

Fig. 3: (continued) clay lamella (g) in A horizon (polygon) of pedon 4 (XPL); (h, i) coating of calcite in Bk2

horizon of pedon 6 and 9, respectively (XPL); (j) infilling of calcite in Bk2 horizon of pedon 6

(XPL).
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Table 1: Physical and chemical properties of some selected pedons

Horizon Depth(cm) pH EC(dS/m) OM % CaCo3% Gypsum % Sand % Silt % Clay % Gravel % SAR

Pedon 1 (Kerman plain), Typic Haplocalcids

A 0-30 8.2 1.01 0.36 18.37 - 74 6 20 20 0.96

Bk1 30-51 8.2 0.75 0.43 15.37 - 68 10 22 40 1.5

Bk2 51-85 8.2 0.56 0.29 15.75 - 80 6 14 50 2.2

C1 85-110 8.5 0.37 0.33 14.37 - 94 2 4 64 1.7

C2 110-140 8.5 0.63 0.29 13.25 - 90 6 4 50 24.32

Pedon 2 (Rock pediment), Gypsid Haplosalids

A 0-10 7.5 11.3 0.09 26.25 50 46 32 22 10 3.61

Byz1 Oct-50 7.4 49.1 0.4 23.25 74 82 12 6 40 13.84

Byz2 50-80 7.4 63.3 0.57 19.62 76.5 88 6 6 40 15.6

Byz3 80-110 7.5 50.4 0.43 22.37 78 88 6 6 80 16.6

Byz4 110-140 7.6 49.9 0.5 21 79.5 88 6 6 60 21.52

Pedon 3 (Piedmont plain), Typic Natrigypsids

A 0-20 8 1.44 0.36 17.75 - 83 10 7 24 0.76

Bw 20-50 8.7 3.15 0.02 17.5 - 79 8 13 0 5.8

Bktn 50-90 8.1 9.16 0.29 25 - 53 20 27 0 32.3

By 90-140 8 17.47 0.22 20.5 65 59 20 21 0 31.54

C1 140-160 8 19.62 0.33 21.75 14.5 55 22 23 40 36.94

C2 160-200 8 19.05 0.12 21.5 - 73 12 15 20 29.58

Pedon 4 (P biedmont plain), Typic Natrigypsids

A 0-20 7.9 10.55 0.6 24.5 - 45 14 41 30 27.8

Bw1 20-40 8.4 1.37 0.36 23.1 - 51 10 39 19 3.9

Bw2 40-65 7.9 4.45 0.57 19.5 49.5 51 20 29 0 6.52

Byn 65-95 8 10.31 0.33 21 57.3 43 26 31 0 25

Bytn 95-140 8.3 24.4 0.33 21.6 58.5 37 25 38 0 42.86

Pedon 6 (Piedmont plain), Petrocalcic Calcixerepts

Az 0-30 7.3 86.3 0.57 20.75 11.4 62 16 22 50 -

Bk1 30-70 7.9 13.95 0.5 22.75 13.7 72 12 16 42 17.18

Bk2 70-100 8 6.75 0.57 23.75 17.4 72 14 14 40 10.39

Bkm 100-132 7.9 6.76 0.47 32.5 25 56 28 16 40 4.37

Pedon 9 (Plain), Calcic Haploxerepts

Ap 0-10 7.2 1.02 1.01 19 - 62 16 22 30 -

Bk1 Oct-40 7.5 0.53 0.93 20 - 42 24 34 41 -

Bk2 40-70 7.6 0.51 0.6 18.37 - 61 15 24 41 -

Bw 70-100 7.7 0.36 0.29 14 - 77 11 12 50 -

C 100-137 7.8 0.31 0.25 9 - 87 4 9 60 -

Table 2: M icromorphological description of representative pedons.

Profile No Horizon Depth b-fabric Pedofeature

1 Bk1 30-51 calcitic crystallitic with coating of calcite and argillan

weak granostriated

3 Bktn 50-90 calcitic crystallitic with weak typic coating of calcite and typic

yellowish brown, speckled disorthic mammilate nodule

3 By 90-140 gypsic crystallitic  with random lenticular crystal gypsum

yellowish brown speckled clay

4 A(polygone) 0-20 yellowish brown stipple speckled clay with clay lamella

porostriated and circular striated

4 Bytn 95-140 stipple speckled with crescent striated infilling of interlocked gypsum

6 Bk2 70-100 calcitic crystallitic with granostriated infilling and coating of calcite

9 Bk2 40-70 calcitic crystallitic with porostiated coating of calcite
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