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1. Introduction 

The expansion of oil-dependent industries has caused a growing rate of oil extraction and increasing oil- 
and its derivatives-contaminated water and soil. The impacts and damages caused by oil pollution on human 
resources, water, and the environment have been very complicated. Oil and its derivates leakages into the soil 
can change its physical and mechanical properties. Oil-contaminated lands are thought of as the main challenge 
to the environment. Fuel and oil-reserve sites are common oil leak sites that may penetrate the soil. However, 
most Bandar Abbas refineries are situated on marl soil beds. Marl is composed of clay, and calcium carbonates 
of varying degrees of 20-65%, which, having been hardened, are converted into marl soil, thus becoming 
physically stiff and impermeable. Marl soil has high stiffness and shear strength under dry conditions, as these 
properties experience lower rates under wet conditions. The volatile behavior of the marl soil in water and 
organic pollutants makes it problematic when used in geotechnical projects. Thus, the present research takes 
a microstructural approach to investigate the geotechnical properties and environmental geotechnics of the 
marl soil contaminated with varying degrees of crude oil. 

 

2. Materials and methods 

The soil utilized in this investigation was clay (CH), with its specifications outlined in Table 1. To assess the 
impact of oil pollution on the geotechnical and microstructural properties of the soil under examination, 
varying concentrations of crude oil equivalent to 0%, 2%, 5%, 15%, 20%, and 30% of the dry intensity were 
introduced. Subsequently, the influence of crude oil contamination on the geotechnical properties and 
environmental geotechnics of the marl soil was scrutinized through a series of geotechnical tests encompassing 
unconfined compressive strength, relaxation, Atterberg limits, and permeability assessments, alongside 
chemical analyses such as pH and EC measurements, and microstructural investigations utilizing XRD and SEM 
techniques. The chemical characteristics of marl, as determined through XRF analysis, are delineated in Table 
2. 
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Table 1. Some geotechnical properties of the soil used in the study 

Physical properties of South Marl Quantity measured References for method of measurement 
Percentage of the passage of 200 sieve (%) 98 ASTM D422 

Clay Fraction<5µm (%) 42 ASTMC1070-01 
pH (1:10; soil: water) 8.93 ASTM D4972 

Carbonate (%) 31 Hess, 1971 
Plasticity Index (%) 26 ASTMD4318 

Optimum water content (%) 20 ASTM D698 
Classification CH ASTM D2487 

 

Table2. Chemical characteristics of southern Iran marl based on XRF analysis (weight percent of soil) 

Materials 
Chemical compositions (%) 

SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O TiO2 MnO P2O5 Cl 

Marl 44.44 10.07 9.05 20.54 7.45 2.92 3.75 0.94 0.12 0.64 0.08 

 

3. Results and discussion 

Fig. 1 illustrates the fluctuations in the Atterberg limits for samples containing varying concentrations of oil 
pollution as a pore fluid. The results indicate that the addition of oil pollution led to an increase in both the 
liquid limit (LL) and plastic limit (PL) of the samples. The liquid limit of marl soil is initially recorded at 53%. 
However, with a 30% increase in crude oil pollutant, the liquid limit escalates to 70%. Similarly, the trend in 
plastic limit also demonstrated an upward trajectory with the augmentation of crude oil pollutant. A 30% 
increase in oil pollutant caused the plastic limit to elevate from 28% to 38%. Furthermore, as the concentration 
of crude oil pollutants escalated, the behavior of marl soil transitioned from a clay soil with high plasticity 
property (CH) to a silt soil with high plasticity property (MH). In Fig. 2, the changes in the coefficient of 
permeability of marl soil containing different percentages of oil are depicted. It is evident that as the 
concentration of crude oil increased to 15% and 30%, there was a corresponding decrease in the permeability 
coefficient by 13% and 22%, respectively. 

 

 

 

Fig. 1. The effect of different percentage of crude oil  
on atterberg limit  

Fig. 2. The effect of different percentage of crude oil on soil 
permeability coefficient  

 

As the concentration of organic crude oil pollution increased, the pH value exhibited no significant variation. 
Likewise, electronic conductivity (EC) decreased as marl soil contamination with oil intensified. Concurrent 
with the XRD findings, the intensity of the primary peaks corresponding to Palygorskite, sepiolite, 
montmorillonite, and kaolinite clay minerals remained relatively unchanged in the presence of varying 
percentages of crude oil. No significant alteration or elimination of the main clay peaks in the marl soil was 
observed, nor were any new peaks formed. Consistent with the SEM images, an increase in crude oil pollution 
resulted in the flocculation of the soil structure. With higher oil pollution content, boundary lines and sharp 
edges became less discernible. 
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4. Conclusions 

1. The presence of 30% of crude oil pollutants decreases the compressive strength of marl soil by 88%, 
reducing it from 880 kPa to 104kPa. 

2. Based on the results of the Atterberg limit, increased by increasing crude oil. In fact, the variations were 
due to the change in the structure, the arrangement of the clay particles, and the thickness of the double 
layer. 

3. Since the crude oil dielectric constant is smaller than that of water, the double layer thickness of soil 
containing diesel decreases and forms a flocculated soil structure. As a result, the dispersed clay structure 
has been flocculated. It should be pointed that boundary lines and sharp edges of particles are less 
noticeable with increasing the diesel pollution content.  
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