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ABSTRACT 

 

The Nubian Sandston Group is one of the most important oil bearing formation in Sirt 

Basin Abadi [1]. The group is comprised of non-marine sediments of Lower Cretaceous 

age and is the subdivided into three formations; Lower Nubian Sandston, Upper Nubian 

Sandstone and Varicoloured Shale separating two sandstones, Locally the Lower 

Nubian Sandstone is subdivided in to upper pool, separated by the middle shale. 

Identify the rock lithology has important meaning for estimating the reserve of 

petroleum as reservoir capacity and storage ability. The lithology identification from 

well log based on not conventional cross plot proposed and studied, which is easier 

instead of rock core data observation results. However, this work carried out 

comparison between chart and analytical solution of matrix parameter (ρma and ΔTma) 

estimation values of producer shaly sand reservoir, and present the main depositional 

environment affects. In addition to influences of pyrite, ferruginous encrustations, 

organic material throughout this studied reservoir Ben Ghawar BM [2]. Consequently, 

variety of matrix parameters values is contributed by clay minerals present in this 

reservoir type. This study based on wire line data measured over than 872AT Q2 with 

an 646 feet produced Upper Nubian Sandstone belong to three oil fields, E Sirt Basin. 

This shaly reservoir divided into three main units (V59, 97II and OO82), from bottom 

to top according to depositional and petrophysical properties. The available cores (cut in 

the lower Nubian sandstone formation) of some wells drilled in 3v59 structure are 

analysed according to their sedimentology, petrology and diagenetic products Analysis 

are correlated with the results obtained from wire-line log interpretation. Analysis of 

these logs based on different cross plots results, with the support of petrographic and 

digenetic investigation, allows analysis of the mineralogical commotion, particular clay 

minerals, and estimation of the depositional environment. Petrography examination 

shows that the sands are mineralogically and texturally mature. Digenetic processes 

resulted in different cements of illite and chlorite. Confirmation of mineralogical 

identification and estimation of depositional enlivenments using different cross-plots of 

data derived from wire-line log analysis are fair to medium coarse sands. These values 

reflect quartz/kaolinite composition the latter and presence of iron carbonates (e.g. 

siderite and/or ankerite) and pyrite in the former. These characterize are confirmed by 

cross plots of ROME (MATRIX DENSITY) versus UMA (absorption cross section of 

matrix). Potting of PEF (photoelectrical absorption index) against log TK/K and 

confirm kaolinite as the most common clay mineral. Various cross plots obtained from 

analysis of spectral gamma-ray logs show that the sandstone is characterized by 

abundant thorium, minor amounts of potassium and locally uranium, interpreted as 
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indicating fluvial continental environment. Higher amounts of potassium and the middle 

shale define a lacustrine environment 

 

 
 الملخص

[. 1مجموعة صخور النوبية الرملية هي  اادي م ميه  هيت الناو نيحا ال حملية اليناز االحيح  ري  ديوا ييرا ال  يح    
اتناييييوم المجموعيييية مييييه الرااييييي  لعيييير ال  ر يييية مييييه الإليييير الش حلاييييعر  ال ييييال  اتن  ييييت  ليييي     يييية ت يييي ع ا. 
ال جرالرمل  النوب  ال ال  ، اال جر الرمل  الإليو  النيوب  االش  ية الليخر ة الشعنيية تاليلنمح ا نيعه ميه ا دجيحر 
الرمليييية، م لييييح ت  يييت ال جييير الرملييي  النيييوب  ال يييال  ا النيييوب  الإليييو ، ماليييولة  حلليييخر ال  نييي  ا اييييز. ت   ييي  
اللخور ال جر ة له مإن  منت لن   ر ادنيحط  الناز مه دعث كايحةم الخي ام اال ي رم علي  النخي  ه.ام ت   ي  هو ية 

االإ قة الن لعليية  ΔTmaا  ρmaمه يرا  الا حر منت ج ا ،دعث عملت م حرنة  حلريت البيحن  المإ نية لللخور 
لمإررة بنية النركع  المإ ن  للخ ام الرمل اللخر ، اعرا البعئة النريبية الرئي ية المؤ رم.  حلإضحرة  ل  تأ عراا 

[. ابحلنييحل ، رييجم مجموعيية 2مإيي م البعرا ييت، ريي  المييوا  الإجييو ة ريي  جميييل هييسة الخيي ام الم راييية بييه لييوار  ييت  
مننوعيية مييه ايييت الإ قييحا البيحنييية يييحهمت ريي  الييا   لوصييح ريي  المإييح م الشعنييية الموجييو م ريي  هييسا النييو  مييه 

قي   ، ميه  ييال   3V3   646قي    Q2 872الخ انحا. هسة ال راية ايينن ا  لي  بيحنيحا ييرا  الا يحر لان ير ميه 
عبية االبعنرارع  حئييية. اتمييت عمييل الن لعييل  المنحديية ق حلاضييحرة ل شييل الإعنييحا ريي   ليي   عليي  ار ييح للخلييحئ  النرييي

لرييوبيحا ار يح لإليت ا V 59 ,3تايو ه ال جير الرملي  النيوب  ال يال ب ميه  إي  ات يحر الني  تيت دارهيح ري  ترانعي  
ال يحجعنعنيا الن  ارت شة  حلن لعل مل الننحئج الن  تت ال لول علعنح مه تا عريرا  الا يحر .   االبنرالوجيح االإمليحا

ت لعل هسة ال يج ا اييننح ا  لي  ننيحئج الإ قيحا البيحنيية المخنلاية، بي عت ميه الن  عير البعنرالراجييا ا الي يجعنعنيا، 
هيسا النايو ه ت يمل ات يحر ، ات     مإح م الشعنيية ري  النايو ه، ات ي  ر البعئية النرييع . بن     نوعية المإح ميمح  

3v3 ،3v4، Q1ا Q2  ت لعل يرا  الا حر تت مه   لنح ال لول عل  مإلومحا هحمة ,دعث الاوارت  نج ة ري .
نل النشحقيحا االشيعه النيحتج ميه الإملييحا الن و ر ية نينج عنيه الاحالعنيحا ري  الجي ة الإليو  ميه منش ية ال رايية . ميح 

النيحتج ميه ت ليل الشيعه االملين ت  حلال ييحا االاحالعنييحا ري  الجي ة ا اييز  ميه النشيح   مإي م الالعيت اال يم عنحا
الاحالعنيييحا ريي  الجيي ة ال ييال  . المييح م ال دميية لناييو ه النوبييه تاونييت  يحيييح مييه  عييح م  -االموننومورلعييت ا الالعييت 

حا ييم عن -النبلور للاوارت  ا مإنح الاننع را ت االالور ت ابإ  مإح م الشيعهق الاحالعنييحا االالورا يت ميل الالعيت
الا   البعنرالرار  يظنر  م الرمحل هي  م وانيحا مإ نيية اتيت نجيوجنح. ا ييارا الإملييحا ال جعنيية عيه  نيوا    ب.

مخنلاة مه الإيمنت االالور ت.  م النأن  مه ت     المإح م ات ي  ر النحعيراا النرييعبية  حيينخ ا  مخنليلا الإ قيحا 
البيحنية المنحدة االبيحنحا الم نم م مه ت لعل الاور اللنوب  ال ال   ه  رمحل عيح ا منوييشة ال جيت. اتإ يه هيسة 
القيييت تاييو ه الاييوارت  و الاحالعنعييت ا  عيير ااجييو  كربونييحا ال   يي  قعليي  يييبعل الم ييحل يييع  ر ت ا و  ا  ناعر ييتب 

قم شييل االبعر ييت ريي  ال ييحبر. تييت تأنعيي  هييسة الخلييحئ  مييه قبييل الإ قييحا البيحنييية قمييحتر  ه الا حرييةب  حلم حبييل ا 
اتأنعي  الاحالعنعيت كحدي   Kو  THامنليح  عرضي  ميه ال ير ب. ا قمؤلاير امنليح  الانراضيوئيةب ضي  ييجل 



مإيح م الشعنييية ا ن ير لاييعوعح. اتظنير مخنلييلا ال شيل المن حطإيية الني  تييت ال ليول علعنييح ميه ت لعييل ييج ا  لاييإة 
جحمح الشيفية.  م ال جر الرملي   نمعي  ابيوررم ال ور يو  ، اكمييحا ضيئعلة ميه البوتحييعو  االعورانعيو  الم لي ، اتا ير 
عل   ننح ت يعر  لي  البعئية ال حر ية الننر ية. كمييحا  علي  ميه البوتحييعو  االليخر ال  ني  الوييش  ت ي   بعئية ترييع ة 

 ال  عر ة.
1.1 Introduction 
Formation Evaluation is the process of using borehole measurements to evaluate the 

characteristics of subsurface formations. It applies to many purposes of engineering 

where various rock properties are needed. However, our efforts will be directed toward 

the identification and evaluation of commercial hydrocarbon –bearing formations. Well 

Logging is one of the most important technique in the oil field, done to define the 

reservoir characteristics; identification of lithology, formation evaluation and 

petrophysical analysis in the determination of the reserve of the hydrocarbon Asquith, 

G.B .[3] This study will show reservoir properties of Nubian Formation which selected 

from some wells within from different fields in eastern Sirt Basin.  

1.2 Location of the Study Area: 

The study area is located in the eastern part of the Sirt Basin, (Fig 1.1).  
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Figure (1.1): Shows location map of the study area (After Waha Oil Company 2000 



 

2.1Routen Core analysis: 

The samples analyzed are as follows: Clays with well-developed crystalline 

structures do not display collapse or damage. for example, where high 

crenulated illite/smectite and well crystallized kaoliited minerals are 

present, no determination is noted. Moderately crystallized kaolinite 

exhibiting vermicular form shows small amount of deterioration throughout 

and rare collapse of minerals. Figure (2.1). Showing Digenetic events 

observation by thin section for Nubian reservoir of the Well 3V4-59E(after 

LPI) Scanning electrical microscope Data : SEM investigation  of selected 

core samples cut across the reservoir has led to that Nubian Formation in 

Q1 contains Quartz overgrowth as cement in all zones and authogenic 

Clays are kaolinite in Upper Nubian, illite/ smectite cement in the middle 

Nubian, while the Montmorillonite and kaolinite in the lower Nubian as 

show in plates of Figures,(2.2,2.1) Wnitershall Oil Company [4] . 

 

 

 
Figure (2.2)(2.1). Show the (SEM photomicrographs) analysis(Q1-97) 10808.4 

Wnitershall OIL. BASF Group, Libya, Tripoli 

 

3.1 MID Cross plot:  

The MID* matrix identification cross plot, like the M-N* is a cross plot technique 

which helps identify lithology and secondary porosity. Also, like the M-N* plot, the 

MID* plot requires data from neutron, density and sonic logs, Bassoon [6]. An apparent 

matrix transit time, maat and an apparent grain density, maa  can be determined 



from the chart, Figure (3,1) show, the relationship between maat  and maa  of 

data from Nubian formation, cluster together in the end – members: Kaolinite, 

illite/Smectite and Calcite cement, and Montmorelite and kaolinte. 
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Where: 

maa    =   an apparent grain density  

maat  =   an apparent matrix transit time. 

∆tlog     =   sonic log reading from log   

∆tfl        =   travel time in fluid=   189µsec/ft (salt mud) 

ρblog    =    Bulk density log reading from log          

ρbfl       =    density value of fluid (1.1g /cc)                

Фt         =    apparent total porosity 

 

Umaa can be determined from the chart (CP-14). As Figure 3.1show, the relationship 

between ( maaU & maa ) of data from Nubian formation, cluster together in the 

end – members: Clays are Kaolinite, illite/Smectite and Calcite cement, Montmorelite 

and kaolinite.  
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Where: 

Pe is photoelectric absorption cross section Index  

Фt is apparent total porosity  

Uf constant is 0.389 

ρe is electron density where 
0704.1

1883.0+
=
b

e


  Donald [8]. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Vsh vs. MN Cross plot  

In addition to the previous relationships which are used in determining of lithology 

identification, there are other relationships to identify the types of rocks and 

depositional environment Baghut [9]. The petrophysical properties are ones in Geology, 

especially in sedimentology, and this gives a good indication on what lays underneath 

the surface, as can be noticed in the relationship between (Vsh) and (MN) as shown in 

Figure (3.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Volume of Shale Vs Фt porosity Cross plot  

The relationship between total porosity and Vsh% data from Nubian Formation of the 

well Q1 - 97/ll, the well Q2 - 97/ll and the well 3V3-59E in the Study Area is shown in 

Figure (3.3):  
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Figure (3.2): Illustrates the relationship between (Vsh) and (MN) of data 

from Nubian Formation of the well 3V3-59E 

Figure (3.1): The MID plot ρmaa & Uam of data from Nubian Formation of the 

well Q2 - 97/ll 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4 Density - Photoelectric Cross Section Cross plot: - 

This type of cross plot an excellent lithological detector when the borehole shape is 

good and the mud loaded with Barite, for. (3V3 -59E). The Barite has a very large 

photoelectric cross-section (2.67) as compared with 1.8 for sandstone), in figure (3.5). 

Thus, the Lithology should exhibit a very sharp peak in front of a fracture filled with 

Barite loaded mud cake. But in well (Q1-97/ll) result of this cross plot is not effective in 

determination of type of rock figure (3.5). While in others wells this log is not run. PEF 

data versus density log cross plots are on the other hand, used to identify clay minerals 

types. The result obtained abundance of pyrite, and authigenic kaolinite.  
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Figure (3.4): Illustrates the relationship between Formation 

Density Log Photoelectric Cross Section Cross Plot Log of data 

from Nubian Formation of the well 3V3 

 

Figure (3.3): Illustrates the relationship between total porosity vs Vsh% of data from 

Nubian Formation of the well Q1 - 97/ll, the and the 3V3-59E in the Study Area 



 

 

4. Minerals Identifications from NGT cross plots 

Various cross plots obtained from analysis of Spectral Gamma ray logs show that the 

Sandstones are characterized by abundant thorium, minor amounts of potassium and 

locally uranium, interested as indicting Fluvial continental environment. High amounts 

of potassium and uranium in the middle shale define a lacustrine environment. Figure 

(4.1). Clay minerals identification according to the photoelectrical index is a function of 

their content of iron, in characterized by free iron (e, g, Kaolinite) often have values 

similar to Quartz. They propose that cross plots of these parameters can help in 

identification of mineral composition. By identification of data from different logs 

analysis (NGS, LDT logs), cross plot methods are made for minerals descriptions which 

are represented by known selected pointe and / or clusters on the cross plots. Cross plot 

of (ρbma) versus (Uma) is used to separate lighter minerals such as pure Quartz and 

kaolinite from heavier ones, which often contain iron concentration for abundances iron 

carbonates and / or pyrite Baghut [9]. 

Data of thorium, potassium, and uranium were identified from analysis of spectral 

gamma ray in the Q1-3v3-OO5-Q2 wells, and plotted on the same cross plots of the 

study area to identify if there are any data variations related to the mineralogical 

compositions (Figure 4.2). 

Accurate interpretation of the mineralogy is obtained from application of cross plot of 

different data derived from log curves analysis. The dominant clay minerals 

characterized the upper Nubian and lower Nubian sandstone Formation is kaolinite with 

minor amounts of illite and chlorite in contrast, illite and mixed lays characterized the 

middle shale, as result, the gamma –ray values indicate quite low to fair API units 

within the whole sandstone section, except those intervals characterized by abundance 

of detrital clays and which accommodate amounts of iron carbonates and pyrite. 
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Figure (4.1): Illustrates the relationship between Potassium Log and Thorium Log of data from 

Nubian Formation of the well (3V3,3v4,Q1,Q2,OO5). 



The different cross plots of thorium versus potassium and (log Th/K) against (PEF) are 

shown to be reliable means of estimation minerals types in the Nubian sandstone of the 

study area. This was achieved by recognition of abundance of kaolinite clay minerals, 

which is considered as a signature for the non –marine environment. In general clay 

mineralogy is relatively significant in the lower Nubian sandstone as compared to the 

upper Nubian sandstone. Clay types in the lower Nubian sandstone are mainly illite and 

mixed illite /smectite, chlorite although minor, locally common in the upper most part 

of the lower Nubian sandstone. On the other hand clay type in the upper Nubian 

sandstone are mainly illite, illite/ smectite and chlorite 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The relationships between these properties give clear indication of rock types, but we 

note shale intrusion, and calculation the volume of shale to this formation, permeability 

in this shale was high some kind of, comparing with porosity which is might be 

underprivileged, and this quality might be in Quarts overgrowth as cement in all zones 

and autogenetic clays are kaolinite in upper zones, illite /smectite and calcite cement in 

the middle zone and montrnorelot and kaolinite in lower zone. Fig (4.2) 

 

Conclusion 

• The deposition of the Nubian hand been subdividing facies. Their depositional 

environment is fluvial and lacustrine environment. This phase had led to the Formation 

of braided river sequence. 

• In general Clay mineralogy is relatively significant in the Lower Nubian 

sandstone as compared to the Upper Nubian sandstone which it mainly illite and mixed 

illite /smectite, chlorite, although minor, locally common in the Upper most part of the 

lower Nubian sandstone, On the other hand clay types in the upper Nubian sandstone 

are mainly illite, illite /smectite and chlorite. 

• in averages about 28%. Nubian formation contains Quartz overgrowth as cement 

Figure (4.2): Cross plot between Photoelectric Factor (Pe) & Th/K 



in all zones and autogenic clays are kaolinite in upper zone. illite /smectite and calcite 

cement in the middle zone and montmorolote and kaolinite in lower zone. Nubian 

formation the cement is Quartz overgrowth and pore filling cements including 

anhydrite, chlorite and autogenic clays (kaolinite, chlorite and illite/smectite). 

• Various cross plots obtained from analysis of Spectral Gamma ray logs show 

that the Sandstone are characterized by abundant thorium, minor amounts of potassium 

and locally uranium interested as indicting Fluvial continental environment. High 

amounts of potassium and uranium in the middle shale define a lacustrine environment.  

• It is highly recommended to use up date set of well logs such as spectral gamma ray, 

SGR, resistivity logs, (MSFL, SFLU, and ILD), etc.) Sonic logs, neutron, density, 

photoelectric log PEF, SP log, Caliper log and the quick look method is the first 

milestone of quantitative interpretation method. 
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