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Abstract: This research evaluates the mineral ions and their concentrations in formation water from five well 

samples of the Bibi Hakimeh oil field. The study reveals the presence of calcium (Ca2+), sodium (Na+), and 

magnesium (Mg2+) cations, as well as sulfate (SO42-), bicarbonate (HCO3-), and chloride (Cl-) anions, which are 

soluble in water within the Bibi Hakimeh oil formation. Furthermore, mineral deposits of CaSO4, CaSO4.2H2O, 

CaCO3, and MgCO3 are investigated. The findings highlight the significant formation of calcium sulfate and 

calcium carbonate mineral deposits under the operating conditions of the Bibi Hakimeh oil well. Additionally, 

the study examines the interaction between rock and water of the Bibi Hakimeh formation, revealing a notable 

correlation between the concentration of calcium and magnesium ions and the water-rock reaction in this field. 

Keywords: oil and gas operations; mineral ions; precipitation; formation water; geochemistry  

 

1. Introduction 

Understanding reservoir water properties is crucial for assessing oil or gas field development 

feasibility. Water production can cause scale, corrosion, and plugging issues, requiring specialized 

treatments. Facilities are needed to handle and treat the produced water, impacting project costs and 

profitability [1]. Initially, reservoir waters tend to be mixed with hydrocarbons under specific 

pressure and temperature conditions. Hydrocarbons in the formation are saturated with water until 

production begins. Besides this, reservoir rock open surfaces are typically coated with water, 

facilitating natural fluid flow. When production starts, pressure and temperature drop, causing water 

to separate from hydrocarbons. This pressure difference drives hydrocarbons from the formation up 

to the surface. Early-stage water production often forms emulsions, separated without treatment, 

usually sourced from connate water zones [2,3].  

Water in oilfield formation is known as an important fluid in oil fields. By carefully analyzing it, 

important geological and geochemical information can be obtained. Those waters have mineral 

different cations and anions, including cations such as sodium (Na+), calcium (Ca2+), barium (Ba2+), 

strontium (Sr2+), potassium (K+) and iron (Fe2+), as well as chloride (Cl-), sulfate (SO42-), sulfide (S2-), 

and bicarbonate (HCO3-) anions. In the process of oil recovery operations in the subsurface formation, 

especially when seawater is used for injection, the precipitation of new minerals within the surface 

and subsurface equipments is significant. In other words, with the mixing of injected water and 

formation water, the concentration of minerals in the solution increases, promoting changes in 

mineral solubility, also due to changes in temperature and pressure conditions in the well [4,5]. 

Changes in mineral solubility can lead to the precipitation of mineral deposits in oil wells and 

ultimately reduce the production efficiency.  

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 July 2024                   doi:10.20944/preprints202407.1171.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202407.1171.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

In this study, mineral ions in the water of the Formation in Bibi Hakimeh oil field have been 

analyzed, following previous studies on the thermodynamic properties of mineral ions in solid-liquid 

equilibrium systems [15–19]. The formation of calcium sulfate, gypsum, calcium carbonate and 

magnesium carbonate, in the present-day operating conditions, has been modeled with StimCade2 

software. Figure 1 shows a schematic of the formation of mineral deposits in the oil industry. 

 

Figure 1. Schematic of mineral sediment formation during operation in an oil well [1]. 

2. Previous studies 

The formation of mineral deposits in oil systems is a major operational concern and it has been 

considered by many researchers in recent decades. 

Mitchell and Grist (1980) [6] studied the formation of carbonate and sulfate mineral sediments 

at the North Sea Fortis Reservoir. According to their research, due to the operation of injecting 

seawater into the reservoir and mixing two impure waters containing dissolved salts, the formation 

of barium sulfate and strontium sulfate mineral deposits is significant. 

Jordan et al. (2000) [7] studied the formation of mineral sediments in the Ab Formation, in 

northern Alaska. Their experimental work showed that, during the process of oil recovery operations, 

the high amounts of strontium, barium and calcium cations promoted significant precipitation of 

sulfate deposits. 

Moghadasi et al. (2003) [8] evaluated the formation of mineral sediments and permeability 

changes in the porous environment of the oil zone reservoir. The combination of water containing 

calcium cation with water rich in sulfate and carbonate ions in the porous medium of the reservoir 

has been studied. A significant reduction in the permeability ratio in the porous environment of the 

reservoir has been modeled and observed, due to the composition of the gross mineral solution and 

temperature changes. 

Nasruddin et al. (2004) [9] studied the inter-action of water formation and injected water in oil 

recovery operations. Their research critical approached saturation index and calcium sulfate mineral 

precipitation with OKSCALE software, showing the effect of two incompatible waters mixing in the 

precipitation of mineral deposits. 

Raju (2009) [10] studied the formation of mineral deposits in Saudi Aramco wells, due to water 

injection operations. According to the results of his study, the formation of calcium carbonate 

deposits can be due to conditions such as pressure drop and pH. 

Al-Roomi and Hossein (2016) [11] studied the importance of reaction kinetics in the precipitation 

of mineral deposits and pointed to the role of the excessive mineral cations and anions. 
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Ghalib and Almallah (2017) [12] studied the water of Mishrif Formation to investigate the 

precipitation of mineral deposits during water injection operations. In this study, they combined the 

water of Mishrif Formation with sea water, Euphrates river water and the main drainage water of the 

waterfall, predicting mineral precipitation at reservoir conditions. According to their results, calcium 

carbonate and barium sulfate mineral sediments are the most serious problem in terms of inorganic 

sediments in the reservoir of Mishrif Formation. 

Wang et al. (2018) [13] studied the formation of calcium carbonate deposits despite inhibitors 

during oil recovery operations (EOR). The oil recovery method used injectable chemicals with a 

combination of surfactant and polymer, as well as inhibitors of triphosphonate, pentaphosphonate 

and polyacrylate-based chemicals. According to the results, the performance of calcium carbonate 

precipitate inhibitors can be significantly affected by EOR chemicals. 

Hashemi et al. (2019) [4], applied a thermodynamic model to study the conditions of water 

injection operations and precipitation if barium sulfate and strontium sulfate deposits in Siri and 

Nusrat oil fields. The studies were based on the composition of the formation water and of the injected 

water (Persian Gulf water) and operating conditions. The results showed that the precipitation of 

barium sulfate and strontium sulfate in the Nusrat oil field is significant, whereas for the Siri oil field, 

with different formation waters and operating conditions, the formation of deposits is not significant. 

Hashemi & Hashemi (2020) [5] studied the of Nusrat oil field waters, with high concentration of 

mineral ions. According to the results of their study, the formation of mineral deposits of calcium 

carbonate, magnesium carbonate and barium sulfate in the Nusrat oil field can cause problems 

during operation. 

Ghalib et al. (2023) [14] studied the formation of oil field scales in Mashrif formation of Halfaya 

oil field by mixing it with different water sources including Tigris river water and Gulf sea water. 

Using geochemical modeling, Middle Kirkuk formation water was identified as the most suitable 

water for injection. The results obtained in their work, showed that understanding mineral 

precipitation through geochemical modeling can optimize injection water selection and increase oil 

production efficiency. 

3. Materials and Methods 

This study has been developed in waters and wells form the Bibi Hakimeh oil field, situated in 

the southwest of Iran, one of the largest oil fields in the region. It is located northeast of the Delam 

Port, adjacent to Pazanan, Sarboury, Garangan Chilingar, Sulabdar, and Ragh-e Sefid fields. It lies to 

the south of the Dezful depression, with its main reservoir formations comprising Asmari and Sarvak 

siliciclastic formations. Additionally, it holds potential for gas production from carbonate formations. 

The reservoir oil layer, with an initial thickness of 1000 meters above the oil-water contact at a depth 

of 1979 meters below sea level, features a gas cap at 250 meters below sea level. Production formations 

of Asmari and Bangestan, separated by Pabdeh & Gurpi layers with a thickness of 400 meters, yield 

minimal oil output [20–22].  In Figure 2, the stratigraphy and fault pattern of Bibi Hakimeh field are 

shown. 
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Figure 2. Stratigraphy and faulting pattern of Bibi Hakimeh field, Iran [20]. 

Five samples collected from formation waters of the Bibi Hakimeh field have been analyzed, 

representing 5 different wells of this field. In this study, the measurement method for calcium and 

magnesium ions based on ASTM-D511 [23] standard, chlorine ion based on ASTM-D512 [24] 

standard, iron ion based on HACH 8008 [25], sodium ion using Flamephotometer, sulfate ion based 

on HACH 8051[26] and bicarbonate based on handbook Betz [27] is done. 

StamCad 2 software was used to predict sulfate and carbonate mineral sediment. This software 

is used to simulate the working acid of wells and also to predict the deposition of mineral salts in oil 

fields. The allowable temperature range in this software is between -50 to 600 degrees Fahrenheit and 

the pressure is between 15.99 to 24999.988 psia. Carbonate, calcium sulfate (anhydrite), calcium water 

sulfate (gypsum), strontium sulfate, barium sulfate and iron sulfide. This software reports saturation 

percentage, sediment amount and pH. Figure 3 shows the home page of this software. 

 

Figure 3. - Stimcade2 Software workflow. 

4. Results and Discussion 

This section may be divided by subheadings. It should provide a concise and precise description 

of the experimental results, their interpretation, as well as the experimental conclusions that can be 

drawn. 
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3.1. Thermodynamic Analysis 

Table 1 presents the analysis of mineral ions in 5 samples of Bibi Hakimeh oil field wells. Based 

on the results obtained in Table 1, the cations of calcium, magnesium, sodium as well as anion sulfate, 

chloride and bicarbonate in the water of the oil field formation are significant, whereas the amount 

of iron ion was not observed in the 5 samples studied. 

Table 1. Analysis of water formation based on 5 samples of Bibi Hakimeh oil field wells. 

Ions (mg/lit) Sample1 Sample 2 Sample 3 Sample 4 Sample 5 
+Na 22979 31671 76379 78311 75413 

2+Ca 1640 2720 7600 6400 8400 
2+Mg 923 1628 972 1215 972 

2+Fe 0 0 0 0 0 
-Cl 90525 143775 133125 134900 133125 

-24SO 1300 1200 1000 1000 1000 
-3HCO 122 122 610 244 488 

Total Dissolved Solid 117489 181116 219686 222070 219398 

C)opH (at 25  6.37 6.99 6.16 6.48 6.19 

Sulfate ions have a higher concentration than bicarbonate, which can be due to the dissolution 

of calcium sulphate. Also, according to the obtained results, there is a significant amount of chlorine 

ion in Bibi Hakimeh Formation, the source of which can be the dissolution of minerals containing 

chlorine ion in the water of the formation. According to the results of Table 1, due to the change in 

concentration (mg/l) of sodium, calcium, magnesium, chloride, sulfate and bicarbonate ions (change 

in ionic strength), the solubility of mineral ions in aqueous solution water changes. In other words, 

due to the electrostatic forces between the ions and the short-range forces between the ions and water, 

electrolytic solutions can make the behavior of the aqueous solution non-ideal at low and high 

concentrations. By changing the solubility of mineral ions based on the appropriate temperature and 

pressure conditions of the reservoir, the formation of mineral sediment at the inlet of the well in the 

reservoir and along the well is exploited. 

The level of saltiness in underground water depends on factors like water flow, depth, 

movement, how well substances dissolve, chemical exchanges, the creation of minerals, reducing 

sulfate, and how water passes through clayey shale layers [28]. Sulfate reduction in oil field water is 

thought to happen alongside certain minerals (like gypsum, celestite, and barite) forming from 

cations like calcium, strontium, and barium. These reactions are connected to interactions with 

hydrocarbons and might decrease over time [29]. Even though sodium dissolves easily, having a lot 

of it doesn't always lead to building up alkaline deposits. Two-charged ions can easily switch places 

with one-charged ions [30]. 

pH values of formation water samples in Bibi Hakimeh oil and gas field range from 6.16 to 6.99 

(Table 1). Tthese results emphasize that the formation water in this area is mainly acidic water.  

Bicarbonates mainly come from carbonates dissolving when the pH is acidic, typically between 5 and 

7 [31]. 

Table 2 presents the mineral sediment prediction of calcium carbonate, magnesium carbonate, 

calcium sulfate and gypsum for 5 samples of wells in Bibi Hakimeh oil field. According to Table 2, 

for samples 1 to 5, the formation of calcium carbonate precipitate is significant. Calcium sulfate 

mineral deposition is also expected for sample 5. However, based on the concentration of water-

soluble ions and the temperature and pressure conditions of the well, the formation of gypsum and 

magnesium carbonate mineral deposits is not possible. 

Table 2. Prediction of saturation percentage of sulfate and carbonate mineral precipitation at 

different pressures and temperatures. 

Well Deposition  Survey Data   
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) *(% Saturation 

  
3000 Psia & 

 176 F 

3130 Psia &  

180 F 

3200 Psia &  

182 F 

3300 Psia & 

 186 F 

Sample 1 CaSO4 38.73 40.18 40.92 42.44 

 CaSO4.2H2O 11.27 10.94 10.78 10.46 

 CaCO3 100 100 100 100 

 MgCO3 30.72 33.14 34.41 37.07 

Sample 2 CaSO4 43.22 44.93 45.81 47.6 

 CaSO4.2H2O 10.81 10.52 10.37 10.08 

 CaCO3 100 100 100 100 

 MgCO3 30.83 33.26 34.53 37.19 

Sample 3 CaSO4 89.46 92.88 94.63 98.2 

 CaSO4.2H2O 20.17 19.59 19.31 18.74 

 CaCO3 100 100 100 100 

 MgCO3 7.18 7.74 8.04 8.66 

Sample 4 CaSO4 75.28 78.16 79.64 82.65 

 CaSO4.2H2O 16.83 16.35 16.11 15.64 

 CaCO3 100 100 100 100 

 MgCO3 10.51 11.34 11.77 12.68 

Sample 5 CaSO4 100 100 100 100 

 CaSO4.2H2O 22.58 21.13 20.44 19.12 

 CaCO3 100 100 100 100 

 MgCO3 6.46 6.98 7.25 7.82 

* % Saturation (% SR) = 100: Scale Formation. 

According to the results of Table 2, with increasing temperature and pressure, the saturation of 

gypsum (CaSO4 .2H2O) decreases, whereas magnesium carbonate increases. This can be related to 

the solubility of magnesium carbonate and gypsum as well as the activity coefficient of calcium, 

magnesium, bicarbonate and sulfate ions.  

In Table 3, the amount of mineral sediment formation for the studied samples (based on well 

temperature and pressure conditions) in Bibi Hakimeh oil field is presented. According to the results 

of Table 3, the formation of calcium carbonate and calcium sulfate (anhydrite) mineral deposits is 

significant. In other words, according to the results of Stimcad 2 software, calcium carbonate 

deposition in all the 5 studied samples is supersaturated and can cause problems in the facilities of 

this oil field, sample 3 having the highest and sample 1 the lowest amount of calcium carbonate 

deposition can be expected. Also, according to the evaluation of the formation of calcium sulfate 

(anhydrite), only in sample 5 the formation of this sediment is significant, while in the other four 

cases it is unsaturated. According to the results of Table 3, the effect of operating conditions such as 

temperature and pressure on the process of increasing the formation of mineral sediments in oilfield 

facilities is significant. 

Table 3. Mineral depositions formation rate for the studied samples (based on temperature and well 

pressure conditions) in Bibi Hakimeh oil field. 

Well 
Deposition 

( mg / l )  
 Survey Data   

  
3000 Psia & 

 176 F 

3130 Psia &  

180 F 

3200 Psia &  

182 F 

3300 Psia & 

 186 F 

Sample 1 CaCO3 34.6 35.6 36 36.98 

 

 

Sample 2 CaCO3 40.49 41.49 41.98 42.97 
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Sample 3 CaCO3 370.6 373.73 375.28 378.31 

 

Sample 4 CaCO3 119.48 121.20 122.06 123.74 

Sample 5 CaSO4 0.167 49.92 74.02 120.73 

 

 CaCO3 291.79 294.3 295.5 297.99 

3.2. Geochemical Analysis 

Table 4 presents the hydrochemical properties of the mineral ions in the water of the Bibi 

Hakimeh oil field formation. 

Table 4. Ion ratio for estimation of preservation of hydrocarbon in the studied field. 

Ratios  Formation Water   

 Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

Na+/Cl- 

 

0.254 0.22 0.574 0.58 0.566 

(Ca+Mg)/ SO4 

 

1.97 3.62 8.57 7.61 9.37 

(Cl- - Na+ ) / Mg2+ 

 

73.18 68.86 58.38 46.57 59.37 

HCO- / Cl- 

 

0.0013 0.00085 0.0046 0.0018 0.0036 

)HCO- - CO3) / 

Ca2+ 

 

0.07 0.04 0.08 0.04 0.06 

Mg2+ / Ca2+ 

 

0.56 0.6 0.13 0.19 0.12 

Ca /Cl 0.018 0.189 0.0571 0.047 0.064 

Mg/Cl 0.0102 0.0113 0.0073 0.009 0.0073 

SO4 / Cl 0.0143 0.0083 0.0075 0.0074 0.00751 

SO4 / HCO3 10.655 9.836 1.639 4.098 2.049 

Sodium / Chloride ratio – this ratio is in the range 0.22 to 0.58, always less then 1, pointing to old 

residual seawater sealed in the reservoir, [32–34]. The reason for the lower weight and molar ratio of 

sodium to chloride in oil brines is the ion exchange of sodium and its subsequent depletion over time. 

As sodium exits the environment gradually, the ratio of sodium decreases while chloride increases. 

This occurs due to the lack of reaction between chloride and other ions. Another characteristic of oil 

brines is their low sulfate content compared to halite brines [35]. 

(Ca2++Mg2+)/ SO42- ratio - this ratio varies from 1.97 to 9,37, these high values pointing to oil 

brines, whereas in halite brines are typically around 1 [35]. 

Ca2+ /Cl- ratio – this ratio is in the range of 0.018 to 0.06, with very low values suggesting a 

marine origin [29]. 

Mg2+/Cl- ratio – this ration is in the range of 0.0073 to 0.0113, resulting from the presence of 

MgCl2 and signaling hydrocarbon accumulation or diagenetic processes [29]. 

SO42- /Cl- ratio – this ratio is in the range of 0.0074 to 0.014, which is quite low, suggesting 

limited deep water circulation, leading to sulfate reduction [29]. 
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SO42- / HCO3- ratio – this ratio is in the range of 1.639 to 10.655, reflecting specific chemical 

reactions near hydrocarbon accumulations, serving as an indicator of water's proximity to 

hydrocarbons [29]. 

Cl--Na+) / Mg2+ ratio – this ratio ia laso called the “Metamorphic coefficient” and  considered 

to evaluate the degree of water-rock interaction and ion replacement [36,37]. According to Table 4, 

this ratio in 5 water samples of the formation in Bibi Hakimeh is in the range of 46.57 to 73.18. Strong 

interactions between water and rock [38] are one of the most important reasons for the high value of 

the metamorphic coefficient in the 5 samples studied in the Bibi Hakimeh oil field. Therefore, it is 

mainly displaced by Ca2+, two mineral ions Na+ and Mg2+, and as a result, they have high 

metamorphic coefficients. 

(Mg2+ / Ca2+) ratio - the ratio of magnesium to calcium in the water of Bibi Hakimeh Formation 

is less than one. In other words, the concentration of calcium ions is higher than that of magnesium, 

which can be caused by dolomite formation (an important factor in controlling the concentration of 

Ca2+ and Mg2+) in the water of the formation conditions [32,39–44]. Due to the fact that the  Mg2+ / Ca2+ 

ratios are less than one, so in Bibi Hakimeh Formation, good hydrocarbon storage is evaluated [38]. 

(HCO3- - CO32-) / Ca2+) ratio - this ratio is in the range of 0.04 to 0.08, which is considered to be 

suitable for hydrocarbon storage and production [46–48]. 

(HCO3-) / Cl-  ratio – this ration is in the range of 0.00085 to 0.0046; considering that the ratio 

0.006 ≥ (HCO3-) / Cl- and also the ratio of   )Cl--Na+) / Mg2+ > 17.855 [38],  therefore, the formation of 

Bibi Hakimeh oil field has suitable conditions for gas storage and production. 

In Figure 4, Piper diagrams can be seen for 5 water samples of the Bibi Hakimeh oil and gas field 

formation. In this figure, the distribution of mineral ions in the formation water can be seen, based 

on which the amount of chloride and sodium is significant. Also, the amount of calcium and 

magnesium in the 5 studied water samples is noticeable. 

 

Figure 4. Piper diagram for 5 water samples of Bibi Hakimeh oil and gas field formation. 

3.2. Water and Formation Rock 

In Figure 5, the distribution of elements in the formation rock in the Bibi Hakimeh oil and gas 

field can be seen. The amount of calcium and magnesium are important elements of this formation. 

Therefore, according to the concentration of ions presented in Table 1, there is a significant 

relationship between the concentration of calcium and magnesium ions in the formation water and 

the amount of these two minerals in the formation rock. In other words, it can be pointed out that the 

concentration of calcium and magnesium ions in formation water is related to formation rock of Bibi 

Hakimeh oil and gas field.  Meanwhile, the origin of other mineral ions such as sodium, chlorine, 

sulfate and carbonate in formation water can be related to ancient sea water. 
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Figure 5. Chemical composition of formation rock in Bibi Hakimeh oil and gas field. LOI = Loss on 

ignition. 

5. Conclusions 

The significance of cationic and anionic mineral particles in aqueous solutions cannot be 

overstated, especially in chemical systems like oil fields where they can lead to mineral precipitation. 

Insufficient analysis and sampling can result in various issues, including decreased production 

efficiency and operational challenges in oil wells. This study focused on the hydrochemical analysis 

and water geochemistry of five wells at the Bibi Hakimeh oil and gas field, with the following key 

findings: 

- a comparison between the water formation and Bibi Hakimeh formation rock indicates that, 

except for calcium (Ca2+) and magnesium (Mg2+) ions, the source of ions in the water reservoir 

is not the rock reservoir itself but rather marine original water. 

- under the temperature and pressure conditions of the Bibi Hakimeh oil field, the precipitaion of 

calcium carbonate and calcium sulfate is expected.  

- the concentration of mineral ions such as calcium, sodium, magnesium, sulfate, chloride, and 

bicarbonate in the water of the Bibi Hakimeh oil field formation can significantly impact the oil 

exploitation process. 

- the geochemical properties of water from the Bibi Hakimeh Oil and Gas Field Formation suggest 

suitable conditions for gas storage and production. 
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