
 

 
* Corresponding author.  
E-mail address: k.hashemimajd@gmail.com 

Associate Professor, Academic Staff. 
 

 
JOURNAL OF GEOTECHNICAL GEOLOGY 13 (2) 69–74  

 

 

Zahedan Branch,  

Islamic Azad University 

 

Journal of Geotechnical Geology 
 

Journal homepage: geo-tech.iauzah.ac.ir 
 

 

Evaluate the clay minerals physicochemical properties on Bonab swelling soils 

Dariush Ahadi-Ravoshti1, Kazem Hashemimajd*2 
1Department of Agriculture, University of Mohaghegh Ardabili, Ardabil, Iran 
2Department of Agriculture, University of Mohaghegh Ardabili, Ardabil, Iran  
 

ARTICLE INFORMATION 

 
Received 12 November 2017 
Revised 28 February 2018 
Accepted 03 March 2018 
 

KEYWORDS 
Clay minerals; Physicochemical 
properties; Swelling; Soil; Bonab city. 

 
ABSTRACT 

The aim of this study is investigation of the swelling potential of the Bonab city’s soils and created the 
empirical relations between physicochemical properties of the clayey soils of Bonab with the swelling 
potential. The studied area is located about 130 km southwest of Tabriz in northwest of Iran. Geologically 
Bonab is covered by the Quaternary alluvials and recent soils which mostly is fine-grained contains 
different amounts of clay minerals where causes several events like swelling. In order to assessment of the 
swelling potential and characteristics of Bonab soils and establish relationships between these properties, 
the extensive field study especially on the agricultural fields (Bonab is the agricultural-based city), 
sampling and laboratory tests (classified in physical, chemical and mechanical) are conducted. For the 
reducing the investigation’s errors, the 20 different location is selected and sampling is taken as 
representative. The results of laboratory tests are classified based on United States Department of 
Agriculture (USDA) classification which indicated the most of Bonab soils are clay, clay loam and silty 
clay with the sandy clay and salt. Also, according to the swelling potential indirect assessment, these soils 
are located in medium to high swellability. 

 

1. Introduction 

Clay minerals are known as hydro-aluminum phyllosilicates 
with variable quantities of Fe, Mg, Ca, Na, K, Rb, Cs, Fr, Ba, 
REE, etc. which with water presence is changes and make 
different behavior were is very important to agriculture, 
engineering, manufacturing and human sciences. The structural of 
clays is the sheet form and common weathering products 
(including weathering of feldspar) form rock and soils were 
mostly composed of phyllosilicate minerals containing variable 
amounts of water trapped in the mineral structure (between 
sheets). Clays has plastic behavior due to them fine-grained 
particle size and geometrical conditions as well as water content 
which originates from the clays structures and make hard, 
extensive and unpredictable behaviors (Savage, 2007). Clay 
minerals based on the sheet structures classified in the 1:1 or 2:1 
groups where originates because they are fundamentally built of 

tetrahedral silicate sheets and octahedral hydroxide sheets 
(Azarafza et al., 2018): 

 1:1 class: consist of a tetrahedral sheet and a octahedral 
sheet,  

 2:1 class: consists of an octahedral sheet sandwiched 
between two tetrahedral sheets. 

According to this classification, the clay minerals are 
categorized in Kaolin, Illite, Mica, Serpentine, Talc, Chlorite, 
Vermiculites and smectite main groups (Figure 1) which each 
group are divided into the more subgroups (Mitchell and Soga, 
2005) which is the vermiculites and smectite groups are under the 
swelling occurrence (Farrokhpay et al., 2016). Thus, the 
vermiculites and smectites increase in clayey soils, the potential 
of swelling is increase too. Expansive clay is a phenomenon of 
clay minerals/soils which that is prone to large volume changes 
(swelling-shrinking) were directly related to water content 
changes (Yazdandoust and Yasrobi, 2010). According to the 
various researchers who work in this field, the smectites group 


