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Abstract 

     Shuaiba Formation is a carbonate succession deposited within Aptian Sequences. 

This research deals with the petrophysical and reservoir characterizations 

characteristics of the interval of interest in five wells of the Nasiriyah oil field. The 

petrophysical properties were determined by using different types of well logs, such 

as electric logs (LLS, LLD, MFSL), porosity logs (neutron, density, sonic), as well 

as gamma ray log. The studied sequence was mostly affected by dolomitization, 

which changed the lithology of the formation to dolostone and enhanced the 

secondary porosity that replaced the primary porosity. Depending on gamma ray log 

response and the shale volume, the formation is classified into three zones. These 

zones are A, B, and C, each can be split into three rock intervals in respect to the 

bulk porosity measurements. The resulted porosity intervals are: (I) High to medium 

effective porosity, (II) High to medium inactive porosity, and (III) Low or non-

porosity intervals. In relevance to porosity, resistivity, and water saturation points of 

view, there are two main reservoir horizon intervals within Shuaiba Formation. Both 

horizons appear in the middle part of the formation, being located within the wells 

Ns-1, 2, and 3. These intervals are attributed to high to medium effective porosity, 

low shale content, and high values of the deep resistivity logs. The second horizon 

appears clearly in Ns-2 well only.  

 

Keywords: Aptian Sequence, Petrophysical Properties, and Reservoir development, 

Nasiriyah Oilfield. 

 

في حقل الناصرية النفطي, جنوبي  لتكوين الشعيبة العمليات التحويريةتطور و الخواص البتروفيزيائية 

 العراق
 

 مروة حاتم
 العراقجامعة الكرخ لمعمهم، بغداد، 

 
 الخلاصة

. تزسشت الدراسة الحالية الابتيانخلال دورة  شعيبة السترسب ان التتابع السدروس يتسثل بتكهين     
تم تحديد الخهاص البتروفيزيائية  بتروغرافية و الخهاص السكسشية لخسدة ابار ضسن حقل الشاصرية الشفطي.

)السجس الزحل و السجس العسيق و مجس كعكة باستخدام مختمف انهاع السجدات كالسجدات الكيربائية 
الطين( و مجدات السدامية ) مجس الشيترون و مجس الكثافة و السجس الرهتي( بالاضافة الى مجس اشعة 

دولهمايت مسا ادى الى صخهر الالتي حهلت صخارية التكهين الى  غالباً بالدلستةالتتابع السدروس تاثر  كاما.
اشعة كاما مجس شكل و قيسة عمى بالاعتساد  .احلاليا محل السدامية الاولية لمتكهينزيادة السدامية الثانهية و 
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( ىذه الانطقة قدست الى ثلاث انهاع من جانطقة )أ, ب ,  ثلاثو حجم الدجيل السهجهد قدم التتابع الى 
. عالي الى متهسط السدامية 2متهسط السدامية الفعالة,-. عالي1الرخهر بالاعتساد عمى السدامية الكمية;

نهقش مع التغيرات في  الذعيبة إن تقييم الخهاص السكسشية لتكهين. قميل الى عديم السدامية. 3الغير فعالة, و 
فعالة والشفاذية.  بالاعتساد عمى السقاومية والسدامية فأن الاشباع اليايدروكاربهني تم السداميات الثانهية وال

, السدتهى الاول والذي يقع في الذعيبةحدابو وتحديد مدتهيين ميسين في السقاطع السدروسة ضسن تكهين 
ذات مدامية ويتسيز بهجهد صخهر  3-و ناصرية 2-, ناصرية1-ضسن الابار ناصرية لمتكهين الجزء الاوسط

 السهجهد ضسن بئرفعالةعالية الى متهسطة و ندبة سجيل ضئيمة و مقاومية عسيقة عالية. اما السدتهى الثاني 
سجيل ضئيمة و مقاومة عسيقة و ىذا الشهع من الرخهر يتسيز بقيم مدامية فعالة عالية و قيم  3-ناصرية

 عالية
1- Introduction 

 The Shuaiba Formation represents a carbonate succession deposited during the Aptian cycle. 

This study includes petrophysical and reservoir characterizations for this succession in five 

boreholes within the Nasiriyah oilfield, sited in Nasiriyah Governorate, southern Iraq [1]. This 

field is an anticline within the Euphrates subzone that belongs to the Mesopotamian Zone 

with NW-SE direction axis [2]  (Figure 1). 

 
Figure 1-Location map of Nasiriya oil field with location of the five studied wells

 
[3]
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Shuaiba Formation was primarily defined by Owen and Nasr in 1958 at well Zb-3, southern 

Iraq [4]. Shuaiba Formation is composed of 62 meters of oolitic (or pseudo-oolitic) limestone 

with fine-grained, organic, detrital, and sandy limestone. This interval changes gradually into 

chalky limestone and/or limestone with shale streaks in the uppermost part of this interval. 

Shuaiba Formation overlies Zubair Formation with a conformable and gradational contact. 

Zubair Formation passes laterally into Shuaiba Formation due to the fact that the former 

represents the shallow deltaic sediments, while the later represents the juxta-positioned 

relatively deeper marine environments [4]. The upper contact of the Shuaiba Formation is 

supposed to be a six million years old unconformity located in Kuwait [5]. [2] mentioned that 

Shuaiba Formation (age is from Hauterivion till Alpian time space) is represented by massive, 

rather argillaceouse, dolomitized limestone with some quartz silt interbedded with crystalline 

dolostone. 

Ebraheem (2015) studied Reservoir properties at West Qurna oil field for Nahr Umr and Shuaiba 

formations. Depending on  gamma ray results and the shale values, the formation was divided into 

three zones (A, B, and C). There are two types of reservoires based on the relationship between 

resistivity-porosity and hydrocarbon saturation; Type A appeared in the sand part of Nahr Umr 

Formation. Type B reservoir zone occurred in the top and bottom parts of Shuaiba Formation and has 

high to medium  values of effective porosity with relatively high values of Latero Log Deep (LLD) 

[6]. 

The current study aims to determine the petrophysical characteristics of the Shuaiba 

Formation and the diagenetic development and effects on the reservoir properties. The 

reservoir model of the Shuaiba formation was constructed to conclude the best reservoir 

intervals. 

2- Methodology 

The present study was first conducted by digitizing the well logs (gama ray, density, neoutron, sonic, 

latero log deep, and  latero log shallow) using the Didger software. The effect  of  invasion  increase 

as the invasion  diameter and resistivity contrast increase. The adjustments for well logs of Nasiriyah 

field must be made to log measurements to bring them back to the standard conditions for which the 

tool has been characterized. Different measurements require different corrections.The  correction and  

interpretation of well logs were  achieved by  the interactive petrophysics software (IP) v3.5. It was 

found that differences between the original and the corrected log readings were slight and, thus, 

negligible. However, differences between the original and corrected recordings of the gamma ray, 

density, sonic, and resistivity logs were small. All data were corrected for  environmental effects. 

Density  logs were corrected  for hole  size and mud weight. Neutron  logs was  corrected for hole 

size, temperature,  pressure, mud  weight, and borehole  salinity. Resistivity logs were corrected for 

borehole  effects and mud  filtrate invasion to  derive the true formation resistivity and flushed zone 

resistivity. By using corrected data, the approaches of mineralogy identification, lithology, and  

logs interpretation were utilized by using the IP V3.5 software. Then, the petrophysical properties 

were determined and the petrophysical model was built throughout well correlations among Shuaiba 

successions. 

3- Results  and Disscussion 

       The interpretation of data is made through the direct reading of well logs as well as 

through established relationships and cross-plots in order to find the important lithological 

and petrophysical properties. 

3-1 Determination of shale volume 

Shale was almost containing the higher values of radioactivity than the other rock packages. 

Therefore, gamma-ray logs are usually used to indicate shale volume (V shale) in the 

successions. According to Larionov (1969), the gamma-ray index (IGR) was calculated 

primarily to calculate the V shale from the mentioned log. 

Based on the V shale values, as well as the gamma-ray response, Shuaiba Formation was 
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divided into three zones that are named as A, B, and C (Figure 2).  

Zone A  
This zone is considered as having relatively high values of shale content, which ranged 30-40 

%, with high gamma ray values. Generally, gamma ray log relatively refers to upward 

increasing of shale values. This zone appears at the upper part of Shuaiba Formation.  

Zone B  
This zone represents very low volume of shale (less than 10%). This zone appears at the 

middle part of Shuaiba Formation.  

Zone C  
Zone C is the irregular log shape in all studied wells, with low shale value (10-20%) in all 

studied wells. This zone appears at the lower part of Shuaiba Formation.  

 
Figure 2-Lateral variation in gamma ray and volume of shale in the studied section within 

Nasiriyah oil field showing three zones (A, B, and C). 

 

3-2 Lithological Identification of Shuaiba Formation 

Lithology is a term used to describe the solid matrix portion of the rock, generally in the 

context of a description of the primary mineralogy of the rock [7]. 

Lithology identification of Shuaiba Formation was inferred from log responses using standard 

petrophysical cross plots. The lithology of Shuaiba succession was determined using two types 

of cross plots, as described below 

3-2-1 Density-Neutron Cross Plot for lithology identification    

The density-neutron cross plot is more important and traditional in lithology interpretation 

intersection. Thus, it is used to define the petrography of any formation. It is still frequently 

used to indicate the matrix and estimate the porous intervals within the formation in gas-

bearing formations. The basic plot takes the advantage of the differences between matrix 

densities of the main three rock types
 
[8]. 

This cross plot is important in providing a satisfactory resolution of  

quartz, calcite, and dolomite minerals. In addition, this plot can be used to analyze the most 

common evaporate minerals that are easily identified [9]. Density-neutron cross plot of 

Shuaiba Formation shows points that are occurring in the dolomite field, with small ones 

found in the limestone and shale fields. This implies that the main lithology of Shuaiba 

Formation is dolostone, as illustrated in Figure 3.  
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Figure 3-Neutron-density cross plot for Shuaiba formation in well Ns-1 

 

3-2-2 M-N Cross-Plot identifications 
Schlumberger [6] presented the demonstration procedure of this type of cross plots for 

mineral identification. It is a two-dimensional display of all three porosity log responses in 

complex reservoir rocks [10]. 

 The M-N cross plot for Shuaiba Formation is a good indicator of secondary porosity, 

as illustrated in Figure 4. Moreover, few numbers of points occurred in the shale region in all 

studied wells. These results show that the data are centered on the dolomite area, with an 

extension toward the secondary porosity area, with a little shale. Thus, it can be decided that 

most of the formation consists of dolomite, as represented by the dolomite region, with some 

anhydrite represented by the points of anhydrite region.  

 
Figure 4-The M-N cross plot for Shuaiba Formation in the well Ns-1. 
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 As a result, lithology (N-D) and mineral (M-N) cross-plots indicated that the main 

lithology for Shuaiba is dolomite with some shale. 

3-3 Evaluation of sequence porosity 

Based on gamma ray and V shale values, Shuaiba succession is divided into three main zones 

(A, B, and C.); therefore, we have an interpretation of the logs porosity and porosity 

evaluation according to these divisions. The correlation of the porosity logs among the studied 

boreholes showed an approximate matching with these zones.  

Zone A  
According to the total porosity, two rock units, high-medium inactive porosity rocks (type II), 

and low-non pore rocks (type III) were characterize in zone A. The type II appeared in all 

studied wells, representing the shale rich rocks. This unit has poor permeability (inactive 

porosity). The type (III) represents the non-porous rock units, that are presented in all studied 

wells, as a thin layer (Figure 5). 

Zone B  

The zone B is comprised by tow horizons; the first has high to medium effective porosity 

(type I), while the second is characterized by non-porous rocks (type III) (Figure 5).  

Zone C  

The zone C is characterized by high to medium effective porosity (type I) and high to medium 

inactive porosity (type II). This zone occurred in all studied wells (Figure 5). 

 
Figure 5-porosity value in the studied section within Nasiriyah oil field showing porosity 

variation. 

 

3-4 Water and hydrocarbon saturation 

The saturation of the fluid is usually obtained from the resistivity logs. Various resistivity values 

were recorded with multiple fluid saturations that occurred at different intervals from the 

borehole. The water saturation value is indicated from the resistivity logs by using the Archi 

equation. This equation acquires the  information from resistivity tools, porosity suit, water 

saturation, and formation’s water resistivity [11].  

According to the relationship between resistivity-porosity and the saturation of hydrocarbons, 

there are two horizons of reservoir (hydrocarbon apperance) within Shuaiba Formatin: 
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Horizon 1 (within zone B)  

This horizon appears in the middle part of Shuaiba Formation within NS-1,  2, and  3 wells 

(Figure-1). This type of rock units is characterized by high to medium  effective porosity, with 

low V shale and high values of deep resistivity values (Rt), as illustrated in Figure 6.  

Horizon 2 (within zone C)  

 This Horizon appeares within Ns-2. This interval is characterized by high to medium  

effective porosity, with low V shale and high Rt (Figure 6).  

 
Figure 6-Hydrocarbon saturation in the study wells. 

 

3-5 Bulk Volume Analysis 
Figure 7 presents Computer Processed Interpretation (C.P.I) results for well Ns-1, which is 

depicted as in the followings: Porosity analysis track that is divided  into effective porosity 

(φe), porosity filled with water in the invaded zone (Bvwsxo), and porosity filled with 

water in the uninvaded zone (Bvw). The interval between Bvwsxo and Bvw comprises 

the movable hydrocarbon, while the interval that separates φe and Bvw  indicates total 

hydrocarbon. Bulk volume analysis is represented by the effective porosity (φe), shale 

percentage (Vsh), and non-shale matrix percentage (Vmatrix). 
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Figure 7- Fluid and formation analysis of the well Ns-1. 

 

4- Discussion and conclusions  

Shuaiba Formation can be divided by gamma rays and shale value into three zones (A, B and 

C). We conducted an interpretation of porosity records and an assessment of porosity 

according to these regions. The porosity records show that the studied wells have an 

approximate match with those zones divided by gamma rays and shale value. 

Total porosity, effective porosity, and secondary porosity were calculated from neutron, 

density, and sonic logs, showing that the secondary porosity is dominant and primary porosity 

is too little or ignored.  

Lithology (N-D) and mineral (M-N) cross-plots indicated that the main lithology for Shuaiba 

is dolomite with some shale. 

These areas are divided into three types of rocks according to total porosity; moderately high 

active porous rocks (type I), moderately high inactive porous rocks (type II), and low non-

porous rocks (type III). 

Zone A contains two types of rocks according to their total porosity; the inactive high-

temperate porous rocks (type II) and the low-porous rocks (type III). Type II appears in all 

studied wells, and it is represented in rocks rich in shale. This unit has a weak permeability 

(inactive porosity). Type III represents the non-porous rocks that appeared in all studied wells 

as a thin layer. 

Zone B is characterized by tow horizons, one is characterized by high- medium active 

porosity (type I) while the second is non-porous (type III).  

Zone C is represented by high-medium active porosity (type I) and high - medium inactive 

porosity (type II). This appeared in all studied wells. 

According to the relationship between resistivity-porosity and hydrocarbon saturation, there are 

two horizons of reservoir (hydrocarbon apperance) within Shuaiba Formatin; Horizon 1 (within 

zone B) appears in the middle part of Shuaiba Formation within NS-1, NS-2, and NS-3 wells. 

This type of rocks is characterized by high-medium  effective porosity with low volume of shale 

and high deep resistivity. Horizon 2 (within zone C) appears within Ns-2 well. This type of rocks 
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is characterized by high-medium  porosity (effective porosity) with low volume of shale and high 

deep resistivity (Rt). 
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