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Abstract 
 

Morphology, geochemistry, Mineralogy, and Micromorphology 
of soils of Hormozgan province in relation to parent materials 

 
By 

Hakime Abbaslou 
 

Geochemical, mineralogical, and micromorphological characteristics of soils and 
relevant parent rocks were assessed in the region lying between southern parts of 
Zagros and Persian Gulf to Oman Sea (Hormozgan province, Iran). The objectives of 
this study were to identify the variations in physical, chemical, and mineralogical 
composition of soils, study the micromorphology and soil development, and address 
element distribution of soils in the context of their weathering, soil forming process 
and geology to describe the impacts of parent material and soil evolution on soil 
characteristics. X-ray diffraction (XRD), thin section studies, Transmission Electron 
Microscope with EDX, X-ray fluorescence (XRF), Inductively Coupled Plasma-Mass 
Spectrometry (ICP-MS) were used to obtain the desired data. The studied area has an 
arid climate with predominant sedimentary and basic igneous parent rocks. Soils were 
classified as Regosols, Leptisols, Arenosols, Cambisols, Solonchaks, Gleysols, 
Gypsisols, Calcisols, and Luvisols. Primary minerals consisting of quartz, feldspar, 
mica, apatite, amphiboles and secondary minerals including evaporitic minerals 
(halite, gypsum, calcite, and dolomite) and phylosilicate minerals (Illite, sepiolite, 
and 14 A°-phyllosilicates) were identified in the studied soils. The clay minerals 
analysis showed an order of abundance as: chlorite ≈ palygorskite > Illite > mixed 
layer> smectite>> kaolinite. Concentrations of elements in soil and parent material 
were mostly in the proposed range of world's soil average and relevant parent 
material by different references. Furthermore, slight elemental differences between 
soil horizons indicated that most soils are poorly developed and also represented the 
similarity of trace element contents between soils and parent materials. In addition to 
high contents of alkali and alkali earth elements of the soils with high amount of sand 
and silt fraction, both the Chemical Index of Alteration values (4.61 to 67.40), 
Chemical Index of Weathering values (4.82 to 71.73) and also high Product of 
Weathering Index (PWI) and Weathering Index of Parker (WIP) contents, suggest a 
relatively mild weathering source area. 
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1- Introduction and objectives 
 

 

Soil as one of the most important natural resources, has a substantial 

effect in ecosystems of the world. Civilization development has had a 

close relationship with soil quality and soil utilization. Much and 

unreasonable use of lands such as overgrazing and woodcutting are 

responsible for most of the desertification of rangelands. Cultivation 

practices inducing accelerated water and wind erosion are most 

responsible in the rain-fed croplands, and improper water management 

leading to salinization is the cause of the deterioration of irrigated lands. 

In addition to vegetation deterioration, erosion, and salinization, 

desertification effects can be seen in loss of soil fertility, soil compaction, 

and soil crusting. Urbanization, mining, and recreation are having 

adverse effects on the land of the same kind as is seen on range, dry 

farming, and irrigated lands. Combating desertification can be done 

successfully using techniques already known if financial resources are 

available and the political will to act is present. Soil studies and land 
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evaluation are the most important preferences in programming plans and 

determining utility policies according to capability and potential of lands. 

In regard with soil characteristics and soil development degree effect 

on agriculture activities, natural resources, desertification, land use, 

engineering, and so on, therefore investigation of soil pedogenesis and 

development are institutional and fundamental studies. Most of soil 

characteristics including shrink-swell potential, cation exchange, 

aeration, infiltration, and soil fertility parameters depend on type and 

amount of minerals, especially clay minerals. Throughout the world, 

mineralogy composition is base and potency of soil productivity. 

Recognition and investigation types of soil minerals and pathway of 

development and transformation, in addition attain condition of 

pedogenesis and evolution of soil development is helpful to open a wide 

view in use and condition of land use and land controlling. Widespread 

studies in arid and semi-arid regions show that palygorskite, smectite, 

chlorite, illite, kaolinite and vermiculite are the dominant clay minerals 

(Eswaran and Barzanji; 1974; Khademi and Mermut, 1998; Owliaie et al. 

2006). 

Soil micromorphology study undisturbed soil samples with 

microscopy and ultramicroscopy techniques were carried out in order to 

investigate soil constitution and also spatial and time relations with each 

other. In soil Micromorphology, soil constitutions are investigating in 

regard with size, shape, orientation and concentration. Micromorphology 

describes quantity amount of soil constituents and also way of orientation 

and distribution as a valid criteria in soil process evaluation and soil 

reaction to different land uses (Stoops, 2003). 

The presence of gypsum in soils affects most of their properties, 

causing several physical, chemical, and fertility problems (Mashali, 

1996). This is especially important in soils from semi-arid and arid areas, 

where gypsum behaves as a semi-soluble soil constituent and where its 

presence beyond a given threshold affects plant growth and their 
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productivity (FAO, 1990). Soils present different types of gypsum 

accumulations in micromorphological studies (Poch et al. 1998). 

Distinction between pedogenic and geogenic carbonate is of great 

importance, e.g., in soil classification, and more recently with regard to 

carbon sequestration (Monger and Gallegos, 2000) and has been 

discussed many times in literature. Pedogenic carbonate can give a 

wealth of information regarding the environmental conditions during its 

formation, mainly on the pedoclimate. Together with clay mineralogical 

data it can be used to separate pedogenic from postpedogenic processes 

thus having important applications in palaeosol studies (Levine and 

Ciolkosz, 1983; Harden, 1982; Harrison et al. 1990). Different soil 

properties and parent material in regard with physic-chemical properties 

and mineralogy will be beneficial in rebuilding and understanding 

paleoclimate conditions (Khormali et al. 2005). 

The concentrations of trace elements in residual soils depend mainly 

upon the bedrock type, from which the soil parent material is derived, 

and pedogenic processes acting upon it (Mitchell, 1964). The influence 

of the parent material on trace elements tends to decrease with soil 

development (Zhang et al. 2002). 

Geochemistry data can be used to define ranges of soil properties for 

soil series or mapping units, including taxonomic placement (Burt et al. 

2001). It has been useful in characterizing pedon and landscape processes 

such as direction or extent of weathering and determining the nature or 

origins of parent materials (Muhs et al. 2001). Geochemical data are also 

useful in relation with pedogenesis, soil classification and taxonomy, soil 

reclamation and amendment (, Burt et al. 2000; Wilson et al. 2008). 

Recent efforts in analysis of trace and major elements (geochemistry) 

have provided necessary data to soil survey users in a variety of areas.  

Hormozgan province has partly severe limitations in soil depth, 

salinity, fertility and climate. Also nearly 13.78% and 30.26% of total 

lands are overlaid with salt domes and gypsum formations, respectively. 
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In addition major parts of Hormozgan province are relevant to 

miscellaneous, hill and mountainous land types. In spite of severe 

limitations and few capable lands with arid climate, have variety soils 

developed from different parent materials. Being part of arid 

environment with diverse parent materials and also few comprehensive 

studies regarding physico-chemical properties, mineralogy, 

geochemistry, and pathway of soil development express the importance 

and necessity of research. Therefore, the main objectives of this study 

were to: 

 (1) study the formation and development of soils derived from variety 

of parent materials under arid and hyper arid climates;   

 (2) investigate the detail mineralogical analysis of soils and 

sedimentary rocks of Hormozgan province to establish the contribution 

made by sedimentary material to arid soils developed on evaporates and 

alluvium materials; 

(3) study the mineralogy of different grain size particles (sand, silt, and 

clay) in arid region with light textures to distinction of provenance and 

resultant factors on distribution and types of minerals; 

(4) study of soil micromorphology and also investigation on present 

phenomena in soil and its relations with soil characteristics;  

(5) quantify the geochemical composition of the soil and parent rocks 

in order to assess the influence of inherited lithogenic factors on the 

content of major elements and their fate during weathering and 

pedogenesis in arid soils; 

(6) assess the background concentrations of trace metals in different 

studied soils, and  

(7) evaluate the soil properties and estimate potential trace element 

bioavailability to investigate soil quality.  
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2. Literature Review 

 

 

2.1. The origin and formation of minerals in soils and 

parent rocks 

 

In order to address society's needs related to soil resources, it is 

important to understand the landscape distribution of soil minerals and 

the processes responsible for their occurrence (Graham and O'Geen, 

2010). 

The resulting wide variety of soils and soil minerals plays a critical 

role in ecosystem function, land management, and quality of life. Soil 

minerals can be used to help understand soil pedogenesis (Owliaie et al. 

2006; Graham and O'Geen, 2010). Inherent soil fertility issues are often 

directly linked to soil mineralogy (Page et al. 1967; Murashkina et al. 

2007). Soil water behavior and irrigation management, so critical in arid 

and semi-arid soils, are controlled to a large degree by the amount and 

kind of soil clays (Al-Omran et al. 2005). Soil aggregation and carbon 


