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In order to contribute to the understanding of carbonate enrichment and clay illuviation in loess-derived soils
of subhumid to humid regions, the development of soils was studied along a climate gradient with xeric and
udic soil moisture regimes (SMR) and thermic and mesic soil temperature regimes (STR), respectively, in the
Golestan Province, Northeastern Iran. Six representative pedons along a climate gradient were investigated.
Soils were classified mainly as Hapludalfs and Haploxeralfs. Stability of the geomorphic surface under forest
vegetation associated with high leaching conditions has provided appropriate conditions for decalcification
followed by clay migration through the profile and formation of argillic horizons in all the studied soils.
Clay content of the Bt horizons, soil organic carbon concentration of the A horizons, and depth of the Bk
horizons increased significantly with increasing precipitation and decreasing temperature. There was a
considerable decrease in silt content with soil development. The main pedofeatures observed in the Bt horizons
were clay coatings and decalcified zones. Nodules, coatings and hypocoatings were the main calcitic
pedofeatures observed in the Bk horizons. Occurrence and preservation of clay coatings were more pronounced
in the udic regions with illite and vermiculite as the dominant clay minerals. Type of clay minerals, shrink/swell
properties, and precipitation rate are factors affecting the abundance and preservation of clay coatings. In the
strongly developed horizons of the udic SMR, the occurrence of vermiculite clay minerals could reduce the
shrink/swell potential and increase the amount of clay coatings. The presence of crystallitic b-fabrics and the
high carbonate contents (CaCO3) in the lower horizons (Bk) were mainly related to decalcification processes
under descending water flow in the overlying horizons.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Most of the physico-chemical properties of the modern soils are
related to climate. Clay movement and illuviation are the major
processes occurring in subhumid and humid loess derived soils. Clay
increase and orientation, however, cannot always be attributed to a
single genetic process. Illuviation, in-situ weathering of mica or
feldspar, and shrink/swell activity of clayminerals affect the orientation
and content of clay particles (Mermut and Pape, 1971; Ransom and
Bidwell, 1990).

The results of the study along a loess climosequence in Northern
Iran showed that with increasing precipitation soil pH and calcium
carbonate contents decreased, whereas soil organic carbon, clay
content, and cation exchange capacity increased. From north to
south representing a precipitation gradient from arid to humid, the
relative proportion of smectite increases reaching almost dominance

in regions with typic xeric soil moisture regime. In the more humid
areas vermiculite is dominant (Khormali and Kehl, 2011).

The degree of argillic horizon development strongly depends on the
amount of calcium carbonate in parent material. Since Ca2+ facilitates
the flocculation of clay particles, leaching of calcium carbonate is often
taken as a prerequisite for dispersion and vertical translocation of clay
particles in soil (Fanning and Fanning, 1989). Argillic horizons in calcar-
eous soils of arid to semiarid regions characterized by limited leaching
may indicate periods of more humid climatic conditions in the past.
Pietsch and Kuhn (2009) reported that calcium carbonate found at a
depth of up to 30 cm in most of the layered soils is very typical of an
increasing aridity in parts of the semiarid tropics, particularly in areas
with high groundwater levels and interflow.

In fact, clay pedofeatures in the presence of calcium carbonate
(CaCO3) are common in soils of arid and semiarid climates (Abtahi,
1977; Pal et al., 1994, and Sehgal et al., 1975) and often related to a
fluctuation in climate (Emadi et al., 2008; Gile, 1975; Reheis, 1987;
Reynders, 1972). Khormali et al. (2003) illustrated that decalcification
was the dominant process in the evolution of calcareous soils with
argillic horizons in semiarid southern Iran and related both
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