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DISTRIBUTION OF ELEMENTS IN SOME ARIDISOLS
DEVELOPED ON QUATERNAHY SEDIMENTS
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ABSTRACT

Seven pedons of Aridisols, developed on aeolian an<1 alluvial plains, and
formed during early Holocene to early Pleistocene in western Rajasthan
were studied for the total elemental composition, their distribution and
:association of elements with each other and also with soil constituents.
Results showed that Si was the most predominant element followed by AI, Fe,
Ca, Mg. Na, K, Mn, Zn and Cu. The content of AI, Fe, Mg, Cu and Zo was
found 10 iocf"ea5e in soils with increasing age of the landforms. The Aridisols
developed on older landforms showed a higher concentration of Fe, AI,
Mn, Mg, Cu and Zn in the B horizon of the profiles than A and C horizon,
wheleas these were uniformly distributed in soils developed on Holocene
aged landforms. Correlation matrices revealed a variance conu()l of finer
fraction on the content of AI, Fe, Mg, and K.

INTRODUCTION

Aeaolian and alluvial plains are the dominant landforms of the arid region of
Rajasthan (Ghose et at, 1977) formed during quaternary. Varying degrees of
pedogenic manifestations in the soil cover of these landforms substantiate the
archaeolofical (Agrawal et aI., 1978) and geomorphological (Singh and Ghose, 1977)
evidences for the Clgeof their evolution (Choudhari. 1987). During soil profile deve-
lopment, pedochemical weathering leads to the differentiation in respect of content of
secondary products and pattern in distribution of constituent elements with soil depth
(Hodgson, 1963; Dankert and Drew, 1970; Evans and Adams, 1975). Varying degrees
of weathering and transformation of clay minerals in soils del/eloped from quaternary
deposits of western Rajasthan were studied earlier (Choudhari and Dhir, 1982) but
information on pattern of distribtttion of elements in soils developed from quaternary
deposits is not known so far. Hence, the results of the elemental composition, their
distribution and association with each other in some Aridisols devel.oped on varyingly
aged landforms are reported in this paper.

MATERIAL AND METHODS

Soil samples from each of the horizon of soils developed on vary;ngly aged
landforms (Table I) were collected for this study. Site characteristics and pr<>perties
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of soils were reported earlier (Choudhari, 1987). Air dried 1CO-mesh passed soil
samples were taken for total elemental analysis. Residue of sodium carbonate fusion
and also of HF-HCI04 digestion (Jackson, 1958) were dissolved in HCI. In the
extract Fe, Mn, Cu, Zn, Ca, and Mg were determined by atomic absorption spectro-
photmeter Varian Techtron AA 120. Na and K were determined by flame photometer,
whereas Si and A I by colorimetry (Jackson, 1958).

Table I. Soils and age of the landforms

Landform

Aeolian
plain

Alluvial
plain

Landform Unit

Dune

Inter-dune
Coarse textured
plain with
dunes
Accumulative
upland
Accumulative
lowland
Flat land
Flat plain

Age of the landform

Early Holocene

Early Holocene
Latest Pleistocene

Mid-Pleistocene

Mid-Pleistocene

Early Pleistocene
Early Pleistocene

Soi I series Pedon No.

Dune

Shergarh 2
Chirai 3

Gajsinghpura 4

Asop 5

Pipar 6
Pali 7

RESULTS AND DISCUSSION

Distr·bution of elements

Silica, the most abundant elemant in soils, was highest in the Holocence
agesoils than other. Aluminium, which was next in abundenc~, varied between
6 to 16%, followed by Fe (3 to 6.4 % Fe203), CaO ( 0.9 to 4,8% ) Na20 (1.2 to
2.8%) MgO (1.0 to 2.7%), K20 (0.75 to 1.97 %), Mn (560 to 1000 ppm), Zn ( 53 to
]41 ppm) and Cll (36 to 94 ppm). Further, in Holocene age soils, there was
little evidence for any change in composition with depth, whereas the contents of
AI, Fe, Mg, Cu and Zn increased with depth and also with increasing age of the
landforms from latest Pleistocene to early Pleistocene. However, the contents were
maxim urn in the B horizon of the soils (Fig. I). Silica showed a concentration in the
soils (Fig. I) which could be due to translocation of elements released during weath-
ering of the minerals, and thence the relative abundance of quartz in surface.
Moreover, the weathering of quartz is very low (Jackson and Sherman, 1953) as
compared to other minerals. Beside this, the concentration of AI, Fe, Mg, Mn, Cll
and Zn in B horizon of older surface could either be due to enhanced weathering
or illuviation of elements along with the finer particles as structural components
(Dankert and Drew, 1970) or as coatings (Tan, 1982) or as discrets oxide particles
(Kalbasi and Racz, 1978). It is also interesting to note that the content of AI, Fe,
M g, Zn, and Cll increased in B horizon with increasing age of the landforms.
Hodgson (1963) and Yaalon et al. (1974) reported a concentration of trace elements
in B horizon of many soils and attJibuted to the advanced weathering.
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Fig. I. Distribution pauttern of elements in Aridisols in different horizens
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Elemental associations

The correlation coefficients between elements revealed a variable degree of
associaions in soils of Holocene to latest Pleistocene and of mid to early
Pleistocene age soils. Silica was negatively correlated with AI, Fe, Ca, Mg,
Mn, Cu and Zn, which could possibly be due to dominance of quartz in these soils
(Choudhari, 1988) the crystal structure of which do not contain any other element
in appreciable amounts (Kaith and Tuttle, 1952). A positive correlation observed
between K and Na, however may be due to high feldspar content which varied
between 30 to 40% in the fine sand fraction of these soils (Choudhari, 198~). Alu-
minium showed a significant positive correlation with Fe (0.763), Mg (0.479) and K
(0.409), and iron with Mg (0.826), K (.45]), Mn (.416) and Cu (.442) in early to mid
Pleistocene soils. This could be due to higher content of finer fractior.l in the former
soils whiCh contains higher amounts of these elements (Choudhari and Dhir, 1982).
The Ca and and Mg showed high degree of correlation (0.616), which could be due to
their co-occurence in several minerals especially carbonates (Deer et aI., 1966) No
significant correlation values were observed for other elements.

Elemental association with particle size fractions

Correlation value between silica and fine sand fraction (Table~) showed the signi-
ficance of sand over Si in all the soils This could be due to predominance (60-80%) of
quartz in this size fraction. Aluminium content in Holocene aged soils was significantly
correlated with fine sand fraction whereas in soils of mid to early Pleistocene surfaces,
it corre]at~d significantly with silt and clay fraction (Table 2). This could be due to
weathereing of aluminium containing minerals to the finer sized fractions. hon content
showed a significant positive correlation with fine sand feactions in Holocene age soils
where as with silt and clay in Pleistocene age soils (Table 2). CaC03 content showed
a significant correlation with Zn (Table 2), thereby indicated that Zn is also associated
with CaC03 as adsorbed or as coprecipitated form, beside in mineral structure. The
correlation matrices showed that finer fraction (silt and clay) had significant infiuence
on the contents of AI, Fe, Mg, Cu and Zn.

Foregoing results reveal a differentaJ pattern in content and distriburion of
elements in soil cover of different aged landforms. This could be due to (a) different
proportions of weatherable minerals, (b) variability in weathering environment, and
(c) differential period under weathering. In arid region due to paucity of water,
although pedochemical weathering is to a slight extent, yet in short wet periods, the
ordinary processes of weathering, oxidation, dissolution and hydrolysis proceed very
intensively and result in degradation of primary minerals and formation of salts and
secondary silicates (Kovada et aI., 1979). The parent material of all these soils are
comprised dominantly of resistant minerals and nearness of the plains rules out the
first two causes of differentation of elements ill soils. Therefore the differential period
under weathering seems to be the factor for differentiation. The distinct variation in
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