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INTRODUCTION

Parent material is considered as the most important soil forming factor in
arid and semiarid regions. This study was carried out to determine the effect
of parent materials on the origin of soil formation and evolution of studied
soils. Four different locations in the North East of Marand region were
selected for excavation and description of soil profiles. Then, soil samples
were taken and soil physicochemical and mineralogical properties were
determined for representative profiles and their related parent rocks. X-ray
diffraction (XRD) patterns revealed that the soils were similar in clay-
mineral compositions, consisting of illite, smectite, chlorite, kaolinite, and
quartz for the different profiles, but vary in the relative amounts of these
minerals. Also, XRD analysis of powder refers mainly to the presence of
calcite and feldspar with aforementioned clay minerals. Clay mineralogy
showed that smectite, illite, chlorite, kaolinite and mica (except 2Bk horizon
sample of profile 4) were present in all the soils studied and seem to be
inherited from parent materials by weathering processes. Also, a little
amount of smectite in profile 1 (B sample) has pedogenic origin. Briefly,
mineralogical characteristics showed that soil formation was mainly
lithologic origin than pedogenic.

Key words: Autogenic, parent material, soil physical and chemical properties, clay
mineralogy, soil taxonomy.

Growing of population in one side and people demanding
for better life on the other hand prerequisite attention to
nature and in this among soil has specific position. The
population of the world in the half of the next century will
be doubled and reach from 5.3 billion in 1990 to more than
10 billion in 2050 (Bongaarts, 1994). Thus, according to the
soil importance in relation with food security of growing
population in the world, the recognition of physicochemical
and mineralogical properties of soil is important (Tavakoli
et al., 2008). Soil with different properties can be formed by
transported and in situ formed parent materials, therefore,
clay identification is one of the recognition ways for
identifying of soil properties, and some of physicochemical
characteristics such as water holding capacity,

permeability, cation exchange capacity (CEC), soil fertility,
etc can be affected by type and amount of minerals
especially clay minerals. The perception of clay minerals
properties in soil and their relation with soil
physicochemical characteristics helps the researches for
predicting soil behavior in agriculture background and
environment act successfully (Olyaei et al., 2007).

Munroe et al. (2007) reported that X-ray diffraction can
reveal chlorite present in all bedrock samples and some
saprolites weathered from bed rockes, hydrobiotite,
vermiculite, kaolinite, gibbsite, and goethite formed in the
soil. Rezapour et al. (2009) reported distribution of
potassium (K) forms in calcareous soils of Iran. Noruzi
Fard etal. (2010) has documented that physicochemical
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properties, clay mineralogy and soil classification and
emphasise that these significantly affect composition of
parent materials. Therefore, the objective of this research
was to explain the effects of parent materials on the origin
of soil formation and evolution of studied soils North East
Marand region of Iran.

MATERIALS AND METHODS
Study area

This study was undertaken in the North East of Marand,
Iran (Figure 1).The study area is semi- mountainous that is
located between 45° 49' 16" to 45° 57' 12" East longitude
and 38° 23" 55" to 38° 28' 59" North latitude with soil
moisture and temperature regimes of Xeric and Mesic and
lies 1000 to 3414 m above sea level (Banaei, 1998; Soil
Survey Staff, 2014). Geological formations of Marand region
is related to second, third and four geological times and it’s
stratigraphy includes Triassic, Jurassic and Cretaceous
period. In this area species of sandstones and fossiliferous
limestones were created by destruction and dissection of
limestone formations. Physiographic units in this area
include alluvial deposits of gravelly fan-shaped (fans),
alluvial plains and river sediments (Anonymus, 1998).
Accordingly, 4 profiles from pediment and plain units with
different overall slope percentage around Aberghan village
in the North East of Marand (Marand is a city found in East
Azerbaijan, Iran) were selected for the study.

After sampling, the soil and bedrock samples from same
horizons were transported to the laboratory and air dried.
The soil samples were passed through a 2mm sieve and
bedrocks powdered by agate stone pounder for analysis.
Thereafter the soil samples and bedrocks powdered were
analyzed. Particle size distribution (soil texture) was
determined by hydrometer method (Gee and Bauder,
1979). Saturation moisture percentage was obtained
according to Tan (2005); USDA- SCS (1992) and the soil
color was determined following Munseel (2009). Calcium
carbonate equivalent (CCE) was measured by acid
neutralization approach (Hesse, 2002; Tan 2005; USDA-
SCS (1992). Gypsum (CaS04.2H,0) was determined by
precipitation with acetone (Tan 2005). Soil organic matter
was determined by wet oxidation of potassium dichromate
(K2Cr207) and soil organic carbon calculated by
multiplication of organic matter by 0.58 (Nelson and
Sommers, 1982). The soil pH and EC were determined in
saturation paste extract by a pH and EC meter (Consort,
multi- parameter analyzer, C3010) (Bower and Wilcox
1965; Tan 2005). Soil CEC was determined using
ammonium acetate (NH40Ac) at pH 7.0 (Jackson, 1969;
Bower, 1952; Hesse, 2002; Tan, 2005). Soil depth,
boundary, structure and consistence was determined after
FAO (2006).

Mineralogical Analyses

For mineralogical analysis, one mixed sample from each

profiles of 1, 2, 3 and two samples from profile 4 were
selected. These samples included B, Bw, Bk and Bt, 2Bk
from profiles 1, 2, 3 and 4, respectiviely. Prior to
mineralogical analyses, the soil samples were washed to
remove gypsum and soluble salts (Kunze and Dixon, 1986;
Klute, 1992; Tan, 2005; Marc and Gautheyrou, 2006). The
carbonates were removed using 1 N sodium acetate and
continued until no effervescence was observed with 1 N HCI
(Jackson 1969; Tan 2005; Marc and Gautheyrou, 2006).
Organic matter was oxidized by treating the carbonate free
soils with 30% H0, (Tan, 2005; Marc and Gautheyrou,
2006). Free iron oxides were removed from the samples by
citrate dithionate method (Mehra and Jackson, 1960; Tan,
2005; Marc and Gautheyrou, 2006). Separation of clay
fractions were carried out according to Kittrick and Hope
(1971). The clay fractions of soil and parent rocks were
treated to prepare the following oriented slides: Mg-
saturated and glycerol-solvated, K-saturated, K-saturated
and heated at 550 °C. These slides were scanned using a D8
Advance X-ray diffractometer (SEMENC Diffracometer
D5000) (Whitting and Allardice, 1986; Tan 2005; Deng et
al, 2009). Quantification of clay minerals was done
following Alexiades and Jackson 1966; U.S. Geological
Survey 2001; Kessler and Ramasamy 2012.

RESULTS AND DISCUSSION

All soil pedons physiography, morphological,
physicochemical and mineralogical properties are reported
in Tables (1- 4) and Figures (1- 6).

Physiography of studied pedons is pediment for 1, 2 and
3 pedons and plain for 4 pedon (Figure 1). Morphological
characteristics of studied pedons (Table 1) showed that
deep salum (112 cm) in pedon 1 > than pedon 2, 3 and 4.
The relative amounts of smectite (91.3%) in this pedon can
also be a sign of soil evolution. Whereas, high percentage of
coarse sand particles (81%) in pedon 3 inversely indicated
little development. Physico- chemical properties of studied
pedons (Table 2) showed that CCE, EC and SM content of
pedon 4 horizon Btk are more than other pedons. It can be
related to argillic or calsic soil horizon in this pedon. Also,
in this pedon high amount of CCE related to accumulations
of calcium carbonate. Generally, pH value ranged 6.98- 7.98,
gypsum 0.02- 0.74 and CEC 6.1- 32 in the studied soils. High
levels of CEC was noted in pedon 4, Bt horizon may be due
to the accumulation of silicate clays. Low amount of gypsum
indicated no effect on physicochemical properties of soils
on its formation. Mineralogical examination on soil and
parent material samples was performed and XRD of clay
fraction (<2mm) of the selected soil and bedrock samples
by various sources and interpreted (Tan, 2005; Deng et al,,
2009). According to mineralogical examination and semi
quantitative method, (Table 3), dominant clay mineral is
smectite was noted in the B sample. Origin of this mineral
not only was inherited from parent material but also was
result of some pedogenic processes like altering chlorite to
smectite or new formation of smectite due to the present
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Figure 1: Location of the study area (profiles position and physiography), North

East of Marand, Iran (Banaei 1998)

Table 1. Morphological characteristics and classification of the studied pedons

Pedonno  Horizon Depth Color Boundary  Structure Consistence
(cm) (moist) moist dry
Fine loamy, Smectitic, Superactive, Mesic, Typic Calcixerept (pedon 1. pediment)
Ap 0-18 10YR4/2 aw 2fabk fr vh
1 Bw 18-64 10YR4/3 gw 2mabk vir eh
Bk 64-112  10YR4/3 dw 2cabk vir vh
C >112 10YR4/3 - m lo lo
Coarse loamy, Mixed, Superactive, Mesic, Fluventic Haploxerept (pedon 2. pediment)
Ap 0-18 5YR3/2 as 2vegr vir h
Bwi1 18-35 10YR3/4 gw 1mabk vir vh
2 Bw: 35-72 10YR3/4 dw 1fabk vfr h
C 72-115  10YR3/3 gw sg vir h
2Bw >115 7.5YR4 /4 - 1mabk fr eh
Loamy Skeletal, Mixed, Superactive, Mesic, Typic Calcixerept (pedon 3. pediment)
A 0-18 7.5YR3/2 gw 1fgr lo lo
3 Bk 18-67 10YR3/2 aw 1vfabk lo lo
C >67 10YR3/2 - sg lo lo
Clay over loamy, Mixed, active, Mesic, Calcic Haploxeralf (pedon 4. plain)
Ap 0-23 10YR4/3 aw 3mbk fr vh
Bt1 23-51 10YR4/3 gw 2fabk vir sh
4 Btk: 51-80 10YR4/3 db 2fabk fr h
2Bk 80-100 10YR4/3 aw 1vfabk efr eh
3C >100 10YR3/3 - gr lo lo

soil conditions. Mineralogical examination and semi
quantitative method in Bw sample showed that dominant
clay mineral is kaolinite and also BK, Bt and 2Bk samples
demonstrated that kaolinite and chlorite are dominant clay
minerals. It seems these minerals inherited from parent
material by weathering processes in Bw, Bk, Bt and 2Bk

samples with an exception for 2Bk sample. It showed
existence of lithic discontinuity that could be distinguished
from semi quantitative method. In representative soils the
peak of smectite with Mg- saturated and glycerol-solvated
was 16.8 to 17.3 Angstrom (&), illite 10 - 10.6 A, kaolinite
7.1-7.24, chlorite 14.2 - 14.8A and quartz 4.3 - 484
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Table 2. Physical and chemical properties of the studied pedons

Pedon no Horizon Depth (cm) Particle size pH ocC CCE Gypsum CEC EC SM
distribution (%) (paste) (cmol (+) (dS m-1) (%)
Clay Silt Sand (%) kg1)
(pedon 1. pediment)
Ap 0-18 21 29 50 7.85 0.90 7.0 0.74 15.8 1.55 31
1 Bw 18- 64 25 30 45 7.80 0.63 9.0 0.04 17.0 0.60 37
Bk 64-112 17 33 50 7.74 059 143 0.02 18.0 0.82 33
C >112 4.0 3,0 93 7.98 0.43 7.6 0.25 6.1 0.60 27
(pedon 2. pediment)
Ap 0-18 34 18 48 7.57 0.47 5.7 0.04 15.9 0.45 25
Bw1 18-35 34 18 48 7.48 0.39 4.6 0.03 17.6 0.33 24
2 Bw: 35-72 9.0 15 76 7.27 0.20 7.5 0.02 11.6 0.44 33
C 72 -115 14 8.0 78 7.76 0.47 13 a little 15.8 0.32 33
2Bw >115 37 15 48 7.92 0.39 24 0.01 263 0.88 33
(pedon 3. pediment)
A 0-18 8.0 11 81 7.25 1.10 10 a little 15.0 0.64 28
3 Bk 18-67 21 18 61 7.43 0.63 146 0.05 14.0 0.58 28
C > 67 14 10 76 7.43 0.55 109 a little 13.0 0.44 32
(pedon 4. plain)
Ap 0-23 31 18 51 7.49 0.63 3.4 0.02 215 0.89 28
Bt 23-51 59 40 1.0 7.11 0.55 108 0.20 32.0 1.16 45
4 Btk: 51-80 63 23 14 6.98 0.52 18 a little 23.8 2.63 54
2Bk 80 -100 12 20 68 7.21 0.39 10 0.23 16.0 2.29 32
3C >100 2.0 7.0 91 7.25 0.39 2.5 a little 17.0 1.46 27

OC: Organic Carbon, CCE: Carbonate Calcium Equivalent, CEC: Cation Exchange Capacity, EC: Electrical Conductivity, SM: Saturation moisture.

Table 3. Relative abundance of clay minerals of the studied pedons

Pedon no Sample Chlorite Illite Kaolinite Smectite
(%)

1 B a little 2.8 4.5 91.3

2 Bw 18.8 12.5 50.0 12.5

3 Bk 26.7 6.7 46.7 13.3

4(1) Bt 47.8 18.8 24.6 7.2

4(2) 2Bk 55.2 18.4 24.6 0.6

(Figure 2- 6). High amount of calcite in powder was
identified in Bw and Bk samples (Table 4), compared to
other profiles. It is probably due to calcareous parent
materials that prevented soil evolution. With regard to
weathering order of pyroxene before amphibole, the
presence of pyroxene in pedons 2 and 3 refers to low
weathering and little development. It seems that in all
samples, kaolinite inherited from parent material.

The results of analysis of soil and powder in all samples
showed that there are four main types of clay minerals
(chlorite, illite, kaolinite, smectite and quartz) (Table 3 and
4) and generally proceeding of changes in soil and powder
were the same. In Iran presence of chlorite, illite, kaolinite,
smectite and quartz minerals in different soils was reported
by Bahmaniar and Abtahi (2004); Abbaslou and Abtahi
(2007); Noruzi Fard et al, (2010); Bayat et al., (2011);
Nadimi and Farpoor (2011). Moreover, presence of these
minerals in various soils around the world are documented
by Lesovaya et al. (2008); Hur and Jung (2009); Diaz at al.

(2010); Mavris at al. (2010); Mella and Mermut (2010).
Measuring of vermiculite mineral with laboratory method
was carried by Alexiades and Jackson (1966) in
representative soils that showed that there was no
vermiculite in the studied samples. But there is a little
exception in pedons 1 and 4 that in pedon 1 smectite can be
pedogenesis and formed by transformation of chlorite to
smectite or new formation from soil solution under
condition of weak drainage, presence of moisture and basic
cations in lowlands. Dadgari and Abtahi (1985) noticed that
chlorite can change to smectite in severe leaching under <
pH 6.0 conditions. In studied soils the existence of chlorite
and smectite confirmed that there is no reason for changing
chlorite to smectite.

With regard to obtained results in studied soils with pH
more than 6.0, no severe leaching and absence of chlorite-
smectite, transforming chlorite to smectite is possible.
Abtahi and Khormali (2001); Ayoubi et al., (2002); Torabi
etal, (2005) indicated formation of smectite from chlorite
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Figure 2: X-ray diffractogram of (a) clay particles and (b) powder in the B (mix of Bw and BK) sample of profile 1
Mg: magnesium, g: glycerol, K; potassium, Mg- g: magnesium treatment with glycerol

in various kind of soils in Iran. Also, Egli et al, (2001)
reported that the origin of smectite could be traced back to
both chlorite and trioctahedral mica which supports the

fact that smectite is the end product of chlorite alteration
and regularly interstratified mica/smectite (or even
smectite). Also, the end product of mica weathering was
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Figure 3. X-ray diffractogram of (a) clay particles and (b) powder in the Bw (mix of Bwz and Bwi) sample of
profile 2 Mg: magnesium, g: glycerol, K; potassium, Mg- g: magnesium treatment with glycerol

found in strongly leached and acidified horizons. Borchardt
(1989); De Santiago Buey et al., (1998) referred to potential
for smectite that form from mica and chlorite or from illite.
Khormali and Abtahi, (2001) reported that transformation

processes could be the origin for the formation of smectite
and palygorskite clay minerals in Dashte Palang and Kheir
Abad, while in Darab plain due to more favorable drainage
conditions, new formation seems to be dominant. In pedon
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4 (2Bk horizon sample) proceeding of changes in soil and
powder is not the same and it is probably can be related to
presence of lithologic discontinuity in 2Bk horizon.

Conclusions

According

composition in all profile samples are the same and include

to

86

smectite, illite, chlorite, kaolinite and quartz with the
majority of smectite, chlorite and kaolinite in semi
quantitative study. These indicated that the origin of clay

minerals was related to inheritance of parent materials and
can be released by in situ weathering (autogenic) and
proved that lithologic processes are dominant in soil
X- ray diffractogram, mineralogical formation than pedogenic factors in studied region.

Comparison of clay minerals indicated changing in soil and
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Figure 5. X-ray diffractogram of (a) clay particles and (b) powder in the Bt (mix of Bt: and Btz) sample of profile 4
Mg: magnesium, g: glycerol, K; potassium, Mg- g: magnesium treatment with glycerol

powder and it seems that clay minerals are formed from
parent material except clay minerals in 2Bk horizon of
pedon 4 that is related to lithologic discontinuity. Generally,

clay percentage and solum depth refer to young soils in
alluvial soil plains. Briefly soil evolution in the studied
pedons can be described as follows: 1 >4 > 2 > 3.
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Table 4. Relative minerals abundance of the studied parent rocks

Pedon no Sample Feldspar  Calcite Quartz  Opal Pyroxene  Amphibole Other clay

Cristobalite minerals
(%)

1 B 61.7 - - 17.0 16.6 - 5.1

2 Bw 45.0 11.2 - 11.0 - 6.6 26.2

3 Bk 45.9 15.3 - 17.0 - 8.2 12.7

4(1) Bt 31.0 3.5 60.0 - - 39 2.0

4(2) 2Bk 88.9 1.6 - 1.8 - 6.3 1.4
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