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The northern footslopes of the Alborz Mountains and an extensive hill area in eastern Golestan Province
are covered by thick (∼70 m) loess deposits, divided by different types of interstadial and interglacials
paleosols. The area shows a precipitation gradient of about 800 mm over 80 km north-south. Along this
gradient, eight pedons of modern soils and six paleosols were selected in order to investigate the types of
modern and past soil forming processes and to compare the degree of soil development of surface and
buried soils.

The soils were described and sampled using standard sedimentological/pedological laboratory analysis.
The soil pH and calcium carbonate contents show a decreasing trend with precipitation, while soil organic
carbon, clay content and cation exchange capacity increase with rainfall. The silt content, however, shows
a decreasing trend with rainfall. Clay mineralogy of parental loess is illite> chlorite> smectite> kaolinite.
From north to south, the relative proportion of smectite in soil horizons increases, reaching almost
dominance in regions with typic xeric soil moisture regime (SMR; ∼600 mm of rainfall). In the areas with
udic SMR, vermiculite increases and sometimes dominates. Micromorphology provides evidence for the
formation of Bt horizons and intensified decalcification and increase of clay mobilisation as indicated by
b-fabrics with increasing rainfall. Soils within the xeric and udic SMRs are either Alfisols or Mollisols, both
showing clay illuviation features, whereas clay mobilisation is very limited in the arid part of the area.

The paleosols show differential weathering degrees indicated by trends of increasing carbonate
depletion, clay mobilisation, and clay enrichment with assumed paleo-precipitation. Pedogenesis,
micromorphological properties and clay minerals in the last interglacial paleosols suggest similar climate
controlled trends to those reflected in the modern soils.

� 2010 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

Climate is one of the main factors of soil genesis (Jenny, 1941;
Birkeland, 1999). Among the main physico-chemical properties
affected by climate is the soil organic carbon (SOC) content. Its
quantity and composition depend on several moisture and temper-
ature sensitive processes, including the rate and type of litter
production and the balance between mineralisation and humifica-
tion processes as a function of microbial decay and turnover of the
organic matter. The SOC content of topsoil horizons often increase
with annual precipitation but is further related to other soil prop-
erties. For instance, it shows a close correlation with the fine grain
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size fractions such as the clay content (e.g., Nichols, 1984) or the clay
and silt content (Buschiazzo et al., 1991), because the fines increase
the water holding capacity of the soil, the biological activity, and
therefore, the deposition rates of organic residues to the soil. The
amount of fines may itself be related to climate with clay contents of
soils derived from the same parent material showing an increase
with precipitation (e.g., McDaniel and Hipple, 2010).

In arid to subhumid areas the degree of depletion in soil inor-
ganic carbon (SIC) and its subsequent enrichment in Bk horizons of
the subsoil increases with precipitation, whereas loess soils in
humid areas are often leached in SIC and carbonate accumulation
either occurs in lower strata of the underlying loess (loess kindle)
or the dissolved bicarbonate is leached to the groundwater.

The claymineralogical compositionof soilsmayalsobeaffected by
climate. The origins of clay minerals in a soil profile have been
explained by i) the inheritance of clay minerals directly from parent
materials (Beavers et al., 1955; Gunal and Ransom, 2006a); ii)
sequential weathering of clay minerals including, e.g., the
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