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ABSTRACT 

The Mishrif Formation is considered the main oil reservoir in the Buzurgan 

oilfield, southern Iraq. This study aims to characterize and evaluate the reservoir 

properties of the Mishrif Formation based on the interpretation of well logs data. The 

logs data for six wells have been analyzed and interpreted by using Techlog 2015.3 

software. The lithology of the Mishrif Formation was determined by using the M-N 

cross plot method based on the interpretation of density, neutron, and sonic logs. The 

results showed that the Mishrif Formation is mainly composed of limestone. The shale 

volume in the Mishrif Formation has been estimated from the gamma-ray log. The 

results illustrated that the shale volume is about 20% of the bulk volume, and may 

increase to reach the highest value at the upper part of the MA unit of the formation. 

The porosity of the Mishrif Formation was calculated based on the interpretation of 

neutron, density, and sonic logs. To achieve accurate values of porosity, the log-derived 

porosity has been correlated with the core-derived porosity, and the comparison showed 

a good correlation between the two types of porosity. The results showed that the Mishrif 

Formation is characterized by low to medium porosity (about 5% to 18%). The 

secondary porosity of the formation is most dominant in the MB21 unit compared with 

the other stratigraphic units of the Mishrif Formations. This indicates that the MB21 unit 

was affected by the diagenesis processes. The MB21 unit of the Mishrif Formation 

represents the most dominant reservoir because it was delineated by high effective 

porosity and high oil saturation. 
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حقل البزركان النفطي، جنوب   في )الكريتاسي الأوسط(  التوصيف المكمني لتكوين المشرف

 العراق

 حمود مناتي كاظم       حميد محمود صالح                                   منيف محجوب محمد              

كلية   شركة نفط ميسان        شركة نفط الشمال                                  قسم هندسة النفط والتكرير                 
 وزارة النفط                                    وزارة النفط                    جامعة الموصل -هندسة النفط والتعدين

 الملخص
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المكامن النفطية المهمة في حقل البزركان النفطي في جنوب العراق. تهدف هذه    أحديعتبر تكوين المشرف  

تحليل  تم  الابار.  تفسير سجلات  اعتمادا على  المشرف  لتكوين  المكمنية  الخصائص  وتقييم  توصيف  الى  الدراسة 

وين المشرف اعتمادا على  ك. تم تحديد اللثولوجي لتTechlogلستة ابار وتفسيرها باستخدام برنامج  بيانات السجلات  

النتائج ان تكوين المشرف يتكون بشكل أساسي من تفسير مجسات الكثافة، النيوترون والمجس الصوتي. أظهرت  

أوضحت النتائج ان    ن المشرف من تفسير مجس اشعة كاما، حيثفي تكوي  السجيل الحجر الجيري. تم تقدير حجم  

حوالي    السجيل حجم   مجسات  20يبلغ  تفسير  على  بناءا  المشرف  تكوين  مسامية  تم حساب  الكلي.  الحجم  من   %

لغرض الحصول على قيم دقيقة للمسامية، تم مضاهاة قيم المسامية المشتقة  والصوتي.    ، الكثافة والمجس النيوترون

بين    تطابق جيد  وجود   أظهرت المضاهاة   حيث المشتقة من تحليل اللباب الصخري،    من تسجيلات الابار مع القيم

%(، وأن  18الى  %  5حوالي  ) متوسطة. أظهرت النتائج بان تكوين المشرف يتصف بقيم مسامية واطئة الى  القيم 

.  للتكوين( مقارنة مع الوحدات الطباقية الأخرى    MB21المسامية الثانوية هي المسامية السائدة في الوحدة الطباقية )  

لتكوين المشرف تمثل المكمن الابرز بسبب كونها تمتاز بقيم عالية  (    MB21بينت الدراسة أن الوحدة الطباقية )  

 فط. للمسامية الفعالة ودرجة تشبع الن

. تكوين مشرف، حقل بزركان النفطيو المسامية الفعالة، التشبع المائي الكلمات الدالة:  

INTRODUCTION  

The Mishrif Formation is considered one of the main oil carbonate reservoirs in 

the Mesopotamian Basin, and it contains about 30% of the proven oil reserves in Iraq 

(Al-Sakini, 1992). The formation was firstly described in southern Iraq by Owen and 

Nasr (1958). The Mishrif formation is described by an organic detrital limestone with 

algal, rudist, and coral-reef limestones (Bellen, et al., 1959). In the type area, the 

formation is composed of dense, algal limestones with gastropods shell fragments 

above, and of detrital, porous, and foraminiferal limestones with rudist debris below 

(Jassim and Goff, 2006). The formation was deposited in a carbonate platform ramp 

environment (Al-Ali, et al., 2019), and it is composed of bioclastic-detrital limestone 

with rudist, algal, and coral facies (Al-Ameri et al., 2009). Four facies have been 

recognized in the Mishrif Formation, and these facies are restricted shelf, rudist build-

up, open shelf, and sub-basinal (Sherwani and Mohammed, 1993; Aqrawi et al., 1998). 

The rudist build-up is the main reservoir rock in the Mishrif Formation, and this facies 

has been divided into three sub-facies based on the relative content of micrite and the 

coarseness of the rudist-derived material (Alkersan, 1975; Aqrawi et al., 1998). The 

rudist facies of the Mishrif Formation is considered the best hydrocarbons reservoirs in 

southern Mesopotamian due to the presence of interconnected vugs in grain-dominated 

fabric (Mahdi, et al., 2013). The Mishrif Formation was divided into seven stratigraphic 

units (MA, MB11, MB12, MB21, MB22, MC1, and MC2) (Reulet, 1970). The MB21 

unit is considered the main oil-bearing reservoir in the Buzurgan oil field, and the main 

lithology of this unit is composed of bioclastic limestone (rudist and grainstone) and 

chalky limestone (Sang, et al., 2017). The Mishrif Formation has been divided into two 

main reservoirs in the Nasiriya oilfield (Al-Khafaji, 2015). In Halfaya oilfield, various 

types of grain shoal reservoirs that are dominated by grainstone and wackestone 

packstone characterize the formation (Jun, et al., 2016).   

The main aim of the study is to characterize and evaluate the reservoir 

characteristics of the Mishrif Formation, which represents the main hydrocarbon 

reservoir in the Buzurgan oilfield. The study involves lithological analysis and 

determination of reservoir characteristics of the formation such as porosity and oil 

saturation based on the interpretation of logging data. 
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LOCATION AND GEOLOGICAL SETTING 

The Buzurgan oilfield is located about 40 km to the northeast of Amara City, the 

south-eastern part of Iraq (Al-Ameri, et al., 2015) (Fig. 1). The field has been discovered 

in 1970, and the development stage of the field was started in 1976. Tectonically, the 

Buzurgan oilfield forms part of the unstable platform – Mesopotamian Basin zone 

(Buday, 1980). The structure of the field represents an asymmetrical anticline that 

extends at NW-SE direction with 40km length and 7km width and has two domes (north 

and south) which are separated by a saddle (Aldarraji and Almayahi, 2019) (Fig. 2).  

 

 

Fig.1: The map of Iraq showing the location of the Buzurgan oilfield (modified from Al-

Ameri, et al., 2015). 
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Fig. 2: Time structural map of the top of the Mishrif Formation in the Buzurgan oilfield 

showing the location of studied wells (modified from Aldarraji and Almayahi, 2019). 

MATERIALS AND METHODS  

The study was built on using the logs data of six wells of Buzurgan oilfield to 

determine the lithology and reservoir properties of the Mishrif Formation. Five of these 

wells (B-47, B-48, B-49, B-50, and B-53) are located in the southern dome of the 

Buzurgan structure, whereas the sixth well (B-11) is located in the northern dome (Fig. 

2). The raw data of the available open hole logs (Self Potential, Gamma Ray, Resistivity, 

Density, Sonic, and Neutron) of these wells were used in this study. The Microsoft 

Excel, Didger, and Schlumberger Techlog software were used in preparing, digitizing, 

analysis and interpretation the logs. 

The methodology that was used in this study has been divided into three main 

stages. Firstly, the logs data for the six wells have been digitized and converted from 

graphical data into digital data by using Didger software and Microsoft Excel software. 

Secondly, the digital logs data were loaded into the Schlumberger Techlog 2015.3 

software for interpretation. Finally, the log data have been analyzed and interpreted by 

using Schlumberger Techlog 2015.3 software to determine the lithology and reservoir 

properties of the Mishrif Formation. The lithology of the Mishrif Formation was 

determined by using the M-N cross plot method, which is based on the use of density, 

neutron, and sonic logs. The M and N were calculated as shown in the following two 

equations (Schlumberger, 2011): 

𝐌 =  
∆𝐭𝐟−∆𝐭

𝛒𝐛−𝛒𝐟
 × 𝟎. 𝟎𝟏                             (1) 

N = ϕNF-ϕN / ρb-ρf                                     (2) 
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Where: M is the Lithology indicator, N is the Lithology indicator, ∆𝒕𝒇= Transit 

Time of the Fluid in the formation in μsec/ft, ∆𝒕  is the Transit Time in the formation 

(from the log in μsec/ft), 𝝆𝒃 is the Formation Bulk Density (from density log in gm/cc), 

𝝆𝒇 is the fluid density in gm/cc, ϕN is the Neutron derived porosity (%), and ϕNF = 1. 

The shale volume in the Mishrif Formation was determined based on the 

interpretation of the gamma-ray log. Firstly, the gamma-ray index (IGR) was estimated 

according to the equation (Schlumberger,1972): 

𝐈𝐆𝐑  =  (𝐆𝐑𝐥𝐨𝐠  −  𝐆𝐑𝐦𝐢𝐧) / (𝐆𝐑𝐦𝐚𝐱  −  𝐆𝐑𝐦𝐢𝐧)               (3) 

Where: 𝐈𝑮𝑹 is the index of gamma-ray, 𝐆𝐑𝒍𝒐𝒈 is the reading of gamma-ray log in 

the studied zone (3700 – 425 m.) (API units), 𝐆𝐑𝒎𝒊𝒏 is the minimum reading of gamma-

ray log in a shale-free zone (API units), 𝐆𝐑𝒎𝒂𝒙 is the maximum reading of the gamma-

ray log in the shale zone (API units). 

The second step was the calculation of the shale volume (Vsh) of the Mishrif 

Formation by using the Larionov’ equation that is used for older than Tertiary age 

successions (Larionov,1969): 

𝐕𝐬𝐡  =  𝟎. 𝟑𝟑 ∗  [𝟐(𝟐∗𝐈𝐆𝐑) –  𝟏]                                             (4) 

Where: 𝐕𝐬𝐡 is the shale volume (decimal fraction), 𝐈𝑮𝑹 is the gamma-ray index 

(from equation 3). 

The porosity of the Mishrif Formation was calculated based on the interpretation 

of different logs and using many equations. The total porosity was calculated based on 

the neutron and density logs and by using the following equation (Schlumberger,1974): 

𝛟𝐍𝐃 =  (𝛟𝐍 +  𝛟𝐃) / 𝟐                                                       (5) 

Where: 𝛟𝑵𝑫 is the porosity that was calculated from neutron and density logs 

(combination neutron-density log) (%), 𝛟𝑵 is the porosity that was derived from neutron 

log (%), 𝛟𝑫 is the porosity that was derived from the density log (%). 

The secondary porosity was calculated by the secondary porosity index (SPI) 

(Schlumberger,1989): 

𝐒𝐏𝐈 =  𝛟𝐍𝐃 – 𝛟𝐬                                                                 (6) 

Where: SPI is the index of secondary porosity (%), 𝛟𝑵𝑫  is the total porosity (%) 

and 𝛟𝒔 is the sonic (primary porosity) (%). 

Effective porosity has been calculated by using the following equation that 

represents the relationship between total and effective porosities (Schlumberger,1972): 

𝛟𝐞𝐟𝐟  =  𝛟𝐍𝐃  ∗  (𝟏 − 𝐕𝐬𝐡)                                                   (7) 

Where: 𝛟𝒆𝒇𝒇 is the effective porosity (decimal fraction), 𝛟𝑵𝑫 is the total porosity 

(decimal fraction) and 𝐕𝒔𝒉 is the shale volume (decimal fraction). To achieve accurate 

values of porosity, the log-derived porosity values have been correlated with the core-

measured porosity values that were calculated from the core analysis for two wells (BU-

1 and BU-11). The values of core-measured porosity were plotted against the log-

derived porosity (log effective porosity) on a linear-linear scale to define the relationship 

between the two measured porosities. 
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The water saturation of the formation was calculated by using Archie’s equation, 

which reflects the relationship between the resistivity and porosity as: 

𝐒𝐰 =  ( 
𝐚∗𝐑𝐰

𝐑𝐭∗Øᵐ
)

𝟏/𝐧

                                                             (8) 

Where: Sw is the water saturation (decimal fraction), Rw is the resistivity of 

formation water (0.0165 ohms.m), Rt is the true formation resistivity (ohm.m), Ø is the 

porosity, a is the tortuosity (a=1), n is the saturation exponent (n= 2) and m is the 

cementation factor (m= 2). 

The formation water resistivity (Rw) value has been collected from Missan Oil 

Company, whereas the true resistivity value was estimated from the resistivity log. The 

values of a, n, and m parameters have been calculated by using the Pickett plot method, 

which involves plotting the true resistivity values against the porosity values on a 

logarithmic scale (Pickett, 1973).  

 

RESULTS AND DISCUSSION 

1. Recognition of lithology: 

The lithology type of the Mishrif Formation has been recognized by using the M-

N cross plot method. In all studied wells, the M-N cross plot data are concentrated on 

the calcite area (Fig. 3). This indicates that the Mishrif Formation is fundamentally 

consisting of limestone. The result coincides with the previous studies which pointed 

out that the Mishrif Formation is mainly consisting of limestone (for example Aqrawi, 

et al., 1998; Mahdi, et al., 2013). 

 

Fig. 3: The M-N cross plot of the well B-50, which was derived from the interpretation of the 

density, neutron, and sonic logs. The blue points represent high porosity whereas the red 

points represent low porosity. 
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2. Calculation of shale volume: 

The shale content has an impact on the reservoir’s properties such as porosity and 

water saturation, therefore it must be considered when dealing with the petrophysical 

evaluation of the hydrocarbon reservoirs (Bassiouni, 1994). Figure 4A shows the shale 

volume in B-11 and B-47 wells. The results showed that the shale volume in the Mishrif 

Formation generally ranges from 15% to 22% of the bulk volume, and may increase to 

reach the highest value at the top of the MA unit (Fig. 4A) and (Table 1). 

 

Fig. 4: Comparison of the petrophysical properties of the Mishrif Formation between well B-

11 and well B-47. (A) shale volume, (B) effective and total porosities, where effective 

porosity is shown in greenish-blue as a continuous log plotted above the total porosity, which 

is shown in yellow, (C) secondary porosity index. 

 

Table 1: Shows the average values of the shale volume (Vsh) of the stratigraphic units of the 

Mishrif Formation. 

Stratigaphic 

units 

Average 

(%) shV 

MA 20 

Mb11 22 

Mb12 18 

Mb21 15 

Mb22 20 

Mc1 22 

Mc2 18 
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3. Calculation of porosity: 

Porosity is a fundamental property of reservoir rocks that determines the potential 

storage capacity of fluids (e.g. oil, water) (Schon, 2011). The total porosity of the 

Mishrif Formation was estimated based on the interpretation of neutron and density logs. 

The results showed that the total porosity or neutron-density porosity of the Mishrif 

Formation ranges between (5% to 18%), and the MB21 unit of the formation has the 

maximum value (about 18%) as shown in Fig. 4C. 

The secondary porosity is defined as the type of porosity that developed after the 

deposition of sediment because of the geological processes (diagenesis and tectonic) 

(Tiab and Donaldson, 2012). This type of porosity is more developed in carbonate rocks 

than in siliciclastics, and this is can be related to the effect of the diagenesis processes 

on the carbonate rocks. The secondary porosity index (SPI) of the Mishrif Formation 

was estimated based on the difference between total porosity and primary porosity. The 

primary porosity of the Mishrif Formation was calculated from the sonic log record. The 

results showed that the secondary porosity of the Mishrif Formation is generally ranging 

between (2% – 5%) (Fig. 4B). Also, Fig. 4B showed that the secondary porosity has 

been well developed at the MB21 unit of the formation.  

The effective porosity is considered more important than total porosity because it 

represents the percentage of interconnected pore spaces that are used in the estimation 

of recoverable hydrocarbon reserves. Figure 4C illustrates the relationship between the 

effective porosity and total porosity of the Mishrif Formation in the Buzurgan oil field 

as derived from well log analysis. The results showed that the effective porosity has 

been well developed in the MB21 unit (about 14%) compared with the other units of the 

Mishrif Formation. 

The measurements of core-porosity are considered as an accurate source for 

getting formation porosity. The core measurements throughout the formation interval 

are un-continuous due to the very high cost of coring operation. Therefore, the 

integration of the well logs and core porosity values is required to calibrate the 

calculated porosities by logs. In this study, the core-derived porosity data in well B-11 

have been collected from Missan Oil Company. The available core-derived porosity 

values are limited at depths ranging from 3800 m. to 3960 m. within the MB12, MB21, 

and MC1 units. 

To achieve accurate porosity values of the Mishrif Formation, the neutron-density 

(total) porosity values were firstly compared with the available core-derived porosity 

values for MB12, MB21, and MC1 units (Fig. 5). The results showed the neutron-

density porosity matching the trend of core-derived porosity but shows a bit lower values 

than the core-derived porosity (Fig. 5). The log-derived porosity values were correlated 

and integrated with the core-derived porosity values, and the results showed a good 

correlation between the porosity values (Fig. 6). This correlation has been used to predict 

and estimate the porosity values of the other stratigraphic units.  
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Fig. 5: Neutron-density derived porosity compared with core-derived porosity of B-11 well. 

The red dots represent the laboratory core porosity and the continuous log represents the total 

porosity. 

 

 

Fig. 6: The correlation between core-derived porosity and log-derived porosity of B-11 well. 
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The final measurements of effective porosity and secondary porosity index (SPI) 

of the Mishrif Formation in the Buzurgan oilfield were estimated from the correlation 

between well logs and core analysis (Fig. 7 and Fig. 8). The final matrix porosity 

(primary porosity) was obtained from the contrast between final effective porosity and 

final secondary porosity index (SPI) (Fig. 9). The results showed the effective porosity 

(PHIE) of the Mishrif Formation ranges from 4% to 18%, (Fig. 7) and (Table 2). The 

Mb21 unit is characterized by high values of effective porosity (about 18%) compared 

with the other units. This may refer that this unit represents the rudist-rich facies 

characterized by high porosity and permeability due to the dissolution process as 

mentioned by Mahdi et al. (2013) and Jun et al. (2016). The other units that characterize 

by high effective porosity are MC1 (about 12%) and MC2 (about 16%). 

 

Fig. 7: NW-SE cross-section of effective porosity (PHIE) of the stratigraphic units of the 

Mishrif Formation for the studied wells. 

The average values of secondary porosity (PHIS) of the Mishrif Formation range 

from 3% to 10%, and the results showed that the Mb21 unit is dominated by high 

secondary porosity compared with the other stratigraphic units of the Mishrif Formation 

(Fig. 8) and (Table 2). Unfortunately, this study does not involve a petrographic study 

to define the type of the secondary porosity, but the previous studies referred that the 

dissolution is the main type of secondary porosity in the Mishrif Formation, especially 

in the Mb21 unit that is characterized by rudist facies (example: Mahdi, et al., 2013; 
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Jun, et al., 2016). Concerning the primary porosity (PHIP), the Mishrif Formation is 

characterized by low to moderate values (3% to 10%), and the maximum value is noticed 

in the Mb21 unit (Fig. 9) and (Table 2).   

 

Fig. 6: NW-SE cross-section of secondary porosity (PHIS) of the stratigraphic units of the 

Mishrif Formation for the studied wells. 

4. Water saturation  

Water saturation is considered one of the most significant petrophysical parameters 

in reservoir characterization. Several methods are used to estimate the water saturation, 

and these methods are; petrophysical models, the saturation-height function from 

capillary pressure data, and determining the value directly from the core (Al-Bulushi, et 

al., 2009). An accurate determination of water saturation is required to estimate the 

hydrocarbon saturation by using the following equation: 

𝑺𝒉  =  𝟏 −  𝑺𝒘                                                                        (9) 

Where: Sh: hydrocarbon saturation, Sw: water saturation 

In this study, the water saturation of the Mishrif Formation was calculated by using 

Archie’s equation. The results showed that the Mishrif Formation is characterized by 

water saturation values ranging between (20% - 90%) (Fig. 10) and (Table 2). The best 

and largest hydrocarbon accumulations are found in the MB21 unit, followed by MC1 
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and MC2 units (Fig. 10). It is not clear whether these accumulations of hydrocarbons 

are moveable or not due to this study does not focus on the mobility of hydrocarbons. 

 

Fig. 9: NW-SE cross-section of primary porosity (PHIP) of the stratigraphic units of the 

Mishrif Formation for the studied wells. 

 

Table 2: The table shows the average values of effective porosity (PHIE), secondary porosity 

(PHIS), primary porosity (PHIP), water saturation (Sw), and oil saturation (So) of the 

stratigraphic units of the Mishrif Formation. 

Stratigraphic 

units 

PHIE 

(%) 

PHIS 

(%) 

PHIP 

(%) 

 wS

(%) 

 oS

(%) 

MA 9 5 3 80 20 

Mb11 6 3 4 90 10 

Mb12 6 3 5 85 15 

Mb21 18 10 10 30 70 

Mb22 4 3 4 95 5 

Mc1 10 4 6 80 20 

Mc2 15 6 10 80 20 
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Fig. 10: NW-SE cross-section of water saturation (light blue) and oil saturation (yellow) of 

the studied wells. 

 

CONCLUSIONS 

The lithology of the Mishrif Formation was determined as limestone based on the 

interpretation of density, neutron, and sonic logs by using an M-N cross plot. The shale 

volume in the formation varies laterally and vertically, but in general, it is about 20% of 

the bulk volume. The porosity values of the Mishrif Formation were derived based on 

the integration between well logs and core analysis. The comparison between the two 

sets of data showed a good match. The results showed that the Mishrif Formation is 

dominated by low to medium total porosity values. The MB21 unit of the Mishrif 

Formation represents the best reservoir in terms of petrophysical properties, where this 

unit is distinguished by high effective porosity compared with the other units. 

Concerning the hydrocarbon saturation, the MB21 unit has the largest hydrocarbon 

accumulations, and this confirms that the MB21 unit represents the main reservoir in the 

Mishrif Formation. 
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