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Fig. 1. Geological map of study area (after Heydari et al., 2019) 
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Fig. 2. location of study area and Shiraz refinery 
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Table 1. Boreholes and wells Sampled 
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Fig. 3. Isopotential map and groundwater flow direction. 
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Fig. 4. Changes in electerical conductivity and pH of samples during dry (a and c) and wet (b and d) season. 
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Table 2. dominant water type at the sampling points, detected by Piper diagram 

\- e�5 ����P :��  \- e�5  ����P :��  

Ca.Mg-SO4 P6 Ca.Mg-SO4 G03 

Ca.Mg-SO4 P7 Ca.Mg-HCO3 G18 

Ca.Mg-HCO3 P8 Ca.Mg-SO4 G26 

Ca.Mg-SO4 P9 Ca.Mg-SO4 G28 

Ca.Mg-SO4 P10 Ca.Mg-HCO3 G30 

Ca.Mg-HCO3 P11 Ca.Mg-HCO3 G40 

Ca.Mg-HCO3 P12 Ca.Mg-SO4 P1 

Ca.Mg-SO4 W55 Ca.Mg-HCO3 P4 

Ca.Mg-HCO3 ZCH Ca.Mg-HCO3 P5 
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Fig. 5. Histogram of concentration of dissolved magnesium (a), calcium (b), sodium (c), color (d), sulfate (e), bicarbonate (f) 

 >�*U3.  ����# �'�!g�� h��5��  

Table 3. Pearson correlation matrix. 
−

3HCO 2−
4SO  −Cl  2+Mg 2+Ca  +K +Na  TDS )1-mg L��T�� (  

              1  TDS  

            1  0.938 +Na  

          1  0.370 0.417 +K 

        1  0.487 0.822 0.913 2+Ca  

      1  0.746 0.404 0.680 0.852 2+Mg  

    1  0.782 0.792 0.377 0.896 0.908 −Cl  

  1  0.419 0.517 0.736 0.502 0.528 0.561 2−
4SO  

1  -0.564 0.032 0.159 -0.037 -0.233 0.054 0.180 −
3HCO  

  

 )د )ج

 )و )ه

 )ب )الف
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Fig. 6. Plotted samples at the Piper diagram, for dry (a) and wet (b) seasons 
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Fig. 7. Gipps diagram of samples 
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Fig. 8. Relative ions diagram for: (a) sodium to color, (b) bicarbonate to sodium, (c) calcium to sulfate, (d) 

bicarbonate+sulfate to calcium+magnesium, (e) bicarbonate to calcium and (f) bicarbonate to magnesium 
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Fig. 9. combined diagram of total available ions to (a) calcium, (b) magnesium, (c) sodium, (d) sulfate, (e) bicarbonate 
and (f) color in study area 
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Abstract 
Shiraz Oil Refining was built in 1973 at a distance of 20 kilometers north of Shiraz. The aquifer area of 

the refinery and its surrounding lands have been part of one of the sources of industrial and agricultural 

water needs of the downstream areas. In this research, by water sampling and analyzing during two 

periods (January and September 2022), the hydrochemical investigation and processes affecting the 

groundwater chemistry have been investigated. The water temperature of the samples varied between 

19.1 and 25°C. The amount of acidity changes in the range of 7.5 to 8.8. The range of electrical 

conductivity in the studied samples was between 321.7 and 2346 µS/cm. According to the Piper 

diagram, the dominant type of water samples includes two calcium-magnesium bicarbonate and 

calcium-magnesium sulfate. The Pearson matrix showed strong and positive correlations between 

cations and chloride and negative correlations between bicarbonate and sulfate. Gibbs diagram considers 

the interaction of water and rock as the main process affecting the hydrochemistry of the groundwater. 

The ionic and composition ratio diagrams also consider the dissolution of carbonate minerals and to a 
less extent, evaporite minerals as the most important factors influencing the water chemistry of the 

region. It is possible that the low sulfate concentration in water is caused by the activities of soil 

microorganisms to break down hydrocarbon pollution. 
 

Keywords: Shiraz refinery, Hydrochemistry, Ion ratios, Correlation matrix 
 

Introduction 
The evolution of groundwater chemistry 
depends on water-rock interaction processes, 

water recharge chemistry, lithology of the 

aquifer and water residence time. Evaluating 

this process requires knowledge of the 

mineralogy of the surrounding rocks and 

identifying the chemical reactions of water and 

rocks. Hydrogeochemical characteristics of 

groundwater in aquifers are also influenced by 

geological formations, topographic 

characteristics of the region, evaporation 

processes, and periods of drought and 

humidity. Hydrogeological parameters such as 

permeability and flow velocity may also play a 

role in controlling water-rock reactions. At low 

flow rates, water-rock contact time increases, 

resulting in water enrichment in solutes or ions. 

For example, in limestone rocks, weathering 

occurs faster than in igneous and metamorphic 

rocks, and flowing waters in limestone or 

dolomite rocks commonly contain a lot of 

calcium, magnesium, and bicarbonate. Igneous 

and metamorphic rocks have better water 

quality than sedimentary rocks due to the 
presence of quartz minerals with low 

solubility. Sulfate can also form from the 

oxidation of pyrite and gypsum. Geological 

processes and extensive climatic conditions 

(soil type, wind direction, amount of 

atmospheric precipitation) mostly cause water 

or soil pollution locally. 
The aquifer area of the Shiraz Oil Refinery and 

its surrounding lands is part of one of the 

sources of industrial and agricultural water 

supply (and to a less extent drinking water) in 

the downstream areas. This shows the 

importance of investigating the quality of 

groundwater at this area. In this research, an 

attempt has been made to investigate the 

hydrochemical properties of groundwater by 

water sampling in the monitoring network. 

 

Materials & Methods 

From the geological; point of view, the study 

area is a part of Zagros Folded Zone. The 
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southern and notyhern high lands of this area 

are composed of Asmari-Jahrom, Sarvak and 

Tarbour formations. The Oil refinery is 

constructed on an alluvial plain formed 

between these high lands. The quaternary 

sediments with an average thickness of 40 

meters, are composed of silt, clay, sand and 

gravel. In these sediments, an alluvial aquifer 

has been formed. The bedrock is made of clay 

and marl belonging to the Gorpi Formation. In 

order to determine the direction of groundwater 

flow, in September 2022, water level in 31 

active boreholes was measured and an 

isopotential map was drawn. In order to 

investigate the hydrochemical characteristics 

and evolution process of groundwater, two 

stages of water sampling were carried out at the 

end of January and September 2022. 

 

Discussion and Results 

The provided isopotential map showed that the 

groundwater level reaches from about 1685 

meters in the western parts of the area to 1660 

meters in the eastern parts. The general 

direction of groundwater flow is from the west 

to the east of the region with a hydraulic 

gradient of about 0.025. The water temperature 

of the samples varied between 19.1 and 25°C. 

The amount of pH in changes in the range of 

7.5 to 8.8. The range of electrical conductivity 

is between 321.7 to 2346 µS/cm in the first 

sampling. In the second sampling, the range of 

this parameter was measured from 684 to 2530 

microsiemens/cm. According to the Piper 

Diagram, the major groundwater types were 

magnesium-calcium bicarbonate and 

magnesium-calcium sulfate. The Pearson 

matrix showed strong and positive correlations 

between cations and chloride ions and negative 

correlations between bicarbonate and sulfate 

ions. Gibbs diagram considers the interaction 

of water and rock as the main process affecting 

the hydrochemistry of the groundwater of the 

region. The ionic and composition ratio 

diagrams also consider the dissolution of 

carbonate minerals and to a less extent, 

evaporite minerals as the most important 

factors influencing the water chemistry of the 

region. The ratio of sodium to chlorine and the 

ratio of bicarbonate ion to sodium showed the 

role of halite dissolution in increasing the 

sodium concentration in water. The ratio of 

calcium to sulfate shows the role of gypsum 

dissolution as the source of these ions. The 

graph of the total concentration of magnesium 

and calcium ions against the total concentration 

of bicarbonate and sulfate ions shows the major 

influence of the weathering process of 

carbonate and sulfate rocks in the chemistry of 

groundwater. The ratio of bicarbonate to 

calcium indicates the role of calcite and 

dolomite dissolution in water chemistry. The 

ratio of bicarbonate and magnesium ions 

indicates the major role of dissolution of 

carbonate rock as the source of these ions. In 

the combined graphs, calcium, sodium, 

magnesium and sulfate ions show a linear 

relationship with the amount of total dissolved 

solids (TDS). It seems that carbonate and 

evaporite formations had the greatest impact on 

the water chemistry at the study area. 

 

Conclusion 

Based on the results of this research, it was 

found that the interaction of water and rock has 

the most important role in the evolution of 

groundwater hydrochemistry. The type of 

groundwater in this area is mainly calcium-

magnesium bicarbonate and calcium-

magnesium sulfate, which was determined 

based on Piper's diagram. The concentration of 

the main cations and anions in the groundwater 

of the region is mainly affected by the 

dissolution of carbonate minerals and 

evaporites during the movement of 

groundwater from the recharge place to this 

part of the aquifer. However, in the parts of the 

area related to the G28 and G26 boreholes, a 

sudden changes in some parameters was found, 

which indicated the influence of human factors 

(such as the effluents and sewage). The 

reduction of sulfate concentration in water in 

some places can be caused by the activities of 

soil microorganisms to degradate hydrocarbon 

pollution. 
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