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    Abstract-The paper discuses identifying of 

relationship of porosity  and digenesis of the 

Lidam Carbonate Reservoir  in 3V4-NC59E of  

Gialo Oil Field in Sirte Basin by means of well 

log data. The date used for the evaluation of 

reservoir porosity, include wireline well logs 

data, as (Gamma ray, Porosity logs ( Sonic, 

Neutron and Density logs) and Resistivity logs, of 

well 3V4-NC59E, The logs analyzed every half 

foot for estimation Petrophysical characters of 

the Lidam Unit and then calculated as average 

every fife feet by FlexInLog Software , and 

plotted  on Schlumberger Cross Plots, then 

correlated with thin section, core data report 

(routine data). In this study, the indirect method 

was used to determine the porosity, by analyzing 

and interpreting the well logs and comparing 

them with the measurements of core samples and 

thin section  (direct method), in addition to 

studying the impact of other petrophysical 

properties such as resistivity, permeability, 

volume of shale, mineral composition of the rock 

and the impact of diagenesis on the total 

porosity.The study proved that the results of the 

qualitative and quantitative interpretations of the 

indirect method in studying the porosity in the 

carbonate reservoir rocks are very close to the 

results of the direct method, and therefore it can 

be relied upon in study of the carbonate reservoir 

rocks within this basin. fracturing have increased 

porosity, permeability and enhanced the 

reservoir quality of the Lidam Formation. 
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I .  INTRODUCTION 

Carbonate rocks are a class of  sedimentary 

rocks composed primarily of carbonate minerals. 

The two major types are limestone, which is 

composed of calcite or aragonite (different crystal 

forms of CaCO3), and dolomite rock (also known as 

dolostone), which is composed of 

mineral dolomite (CaMg(CO3)2). More than half 

the earth's hydrocarbon reserves are contained 

within pore systems in limestones and dolomite, and 

therefore an assessment of the amount and type of 

any porosity in carbonate sediment is an important 

part of any thin section description. Porosity can be 

described as primary, in which case it has been 

present in the rock since deposition or secondary 

when it has developed during diagenesis, (Choquette 

& Pray, 1970). The study concentrates on the 

calculating porosity, sedimentology, diagenesis, and 

reservoir characterization of the Lidam Formation. 

The Lidam Formation is located in the subsurface of 

the southeast Sirt Basin and is composed of a thick 

unit of carbonates and evaporites, which reaches 

approximately 600 feet in thickness, However in this 

study is as thick as 80 feet subdivided to seven 

zones based on minerals composition (table :1). The 

formation unconformably onlaps different units 

including the Nubian and Bahi Formations as well 

as igneous basement and is usually overlain by the 

Upper Cretaceous Etel Formation. The Lidam 

Formation is considered as Cenomanian in age, 

(Baar and Weegar, 1972). The Lidam Formation is 

an important hydrocarbon reservoir target in the Sirt 

Basin;. it forms the reservoir rock in the Masrab Oil 

Field from the Southeast Sirt Basin and 

DorMansour, ( Waha Oil Operation ). 

Dolomitzation, desolation and fractures events have 

created or enhanced  reservoir porosity 

(intercrystalline, vugs and fractures) of the Lidam 

Formation, whereas, cementation and compaction 

have reduced reservoir porosity and permeability, 

(Mohan & Lashab, 2004).  
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TABLE ( 1) : SHOWING THE ZONATION OF THE LIDAM FORMATION  

Well name : 3V4-59E 

Zone depth Lithology Thickness 

1 10134 – 10174 Calcium 

carbonate  

40 

2 10174 – 10179.5 Dolomitic 

limestone  

5.5 

3 10179.5 – 10187.5 Calcium 

carbonate 

8 

4 10187.5 – 10196 Anhidrotic 

limestone  

8.5 

5 10196 – 10202 Dolomitic 

limestone 

6 

6 10202 - 10207 Anhidrotic 

limestone 

5 

7 10207 - 10214 Dolomitic 

limestone 

7 

Total                                                                  80  feet 

. 

II .  LOCATION OF THE STUDY 

The study area is located in the southeastern part of 

the Sirt basin, in Libya (Fig :1) This study is based 

on the study of subsurface well logs and cores which 

have been chosen from the Upper Cretaceous Lidam 

Formation the well (3V4-NC59E) operated by Waha 

Oil Company were chosen for detailed 

sedimentological study from the Gialo Platform.  

 
Fig (1) : location map of the study area, after Abugares, 2007. 

III . THE STRUCTURE OF STUDY AREA: 

The area of the study had been affected by the tectonic and 

structural setting of the Sirt Basin and consequently the 

thickness of the sediments distribution controlled 

accordingly. The thick sediments deposited in low area 

(grabens) and thin sediments on high area (horsts), Fig (1). 

The deep Reservoir Lidam Formation has been affected and 

controlled by that tectonic and rifting of Sirt Basin, (Hallet, 

2002). The Structure configuration of study area represents 

anticline structure, extending east-west direction and 

bounded by major normal faults. (After Wintershall Oil 

Company, 2002) . 

IV . GEOLOGICAL SITTING OF STUDY AREA: 

 The name (Lidam) was proposed for the formation by Barr 

and Weegar (1972), and was first applied to subsurface 

units in various parts of the Sirt Basin. The Formation is 

considered as Cenomanian in age (Fig : 2). It consists of 

light brown - grey coloured dolomite, the lower part 

sometimes sandy indicating a local mixing with the 

underlying sandstone. Ooid rich intervals are present in the 

upper part of the Lidam Formation. The Lidam Formation 

is considered the first marine transgressive unit in the Sirt 

Basin. It unconformably overlies the Bahi and Nubian 

Sandstone (Sarir Sandstone), Palaeozoic strata (Hofra and 

Amal formations) or igneous and metamorphic basement, 

(Barr and Weegar, 1972). 

 
Fig ( 2 ) : Geological column of Sirt basin, after (Ahibrandt,2001)     

V . AIM OF THE STUDY  

The importance of studying porosity and, in 

particular, effective porosity, which is 

the   interconnected pore volume or void space in a 

rock that contributes to fluid flow or permeability in 

a reservoir, that it is one of the most important 

petrophysical properties of the oil reservoirs where 

the rock gives the characteristic of permeability on 

which the production value of the oil reservoir 

depends. and to study the reservoir properties of the 

formation and the relationship between primary 

depositional textures and diagenesis to porosity and 

permeability development in well 3V4-NC59E. 
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VI . METHODOLOGY  

Open hole data including the traditional tools such as 

neutron , density, sonic and gamma ray for the study 

units were collected and digitized for calculating the 

porosity of well 3V4-NC59E drilled in the Gallo 

Field of the Waha Oil Company. This  study has 

been carried out through qualitative and quantitative 

analysis by means of (FlexInLog) Software. cross 

plot were used to show  and calculate porosity of the 

Lidam Formation. The shale contents given by these 

shale indicators is likely to be close to the actual 

value of Vsh. the corrected porosity was estimated 

using a combination of density and neutron logs after 

applying various corrections table (2). 

Detailed petrography was through polarizing 

microscope analysis with thin section 

Photomicrographs of some samples  taken to 

illustrate key features. Full thin section descriptions 

were undertaken with an emphasis on factors 

affecting reservoir properties, such as porosity, 

Diagenesis  textural parameters, and mineralogical. 
 

TABLE (2); EQUATIONS AND METHODS THAT USED IN THE 

PETROPHYSICAL ANALYSIS OF LIDAM FORMATION, GALO FIELD. 

Analysis Equations of calculation and methods ref 

Volume of 

shale 

IGR=(GRlog-GRmin)/(GRmax-

GRmin) 

 

 

 
 I 

Vsh=0.083 x [2(3.7 x IGR)-1] x 100 

 
 

Total  

Porosity 

ØD=(Rhoma -Rhob)/( Rhoma –Rhof) 

ØNcorr.= ØN-[( ØNsh/0.45) x 0.3 x 
Vsh] 

ØDcorr.= ØD-[(ØDsh/0.45) x 0.13 x 

Vsh] 

ØNDcorr.=[(ØN2cor.+ ØD2cor.)/2]0.5 

Ø  average=∑(Øi x hi)/∑(hi) 

Secondary 

porosity 

Øsnc.=(Δtlog - Δtma)/(Δtf  - Δtma) II 

Øsec.= ØNDcor.-Øsnc I 

Effective 

porosity  

Øeff =  (1.65 ØDcorr + ØNcorr ) / 2.65   

IGR=gamma ray index(API);GRlog=gamma ray reading 

(API);GRmin=minimum reading clean sandstone or limestone 

(API);GRmax=maximum reading shale; Vsh=shale volume%; 
Rhoma=matrix index; Rhob=bulk density(gm/cc(log)); 

Rhof=fluid density(1gm/cc); ØNcor=corrected neutron porosity; 

ØN=neutron porosity(log); ØNsh= neutron porosity for shale; 

ØDcor.=corrected density porosity; ØD=density porosity; 

ØDsh=density porosity for shale; ØNDcor.=corrected total 

porosity; Øi=total porosity; hi=thickness(ft); Øsec.=secondary 
porosity; Øsnc.=sonic porosity; Δtlog=formation transit 

time(μ/ft); Δtf=formation transit time(189μ/ft(log)); Δtma=matrix 

transit time(μ/ft). 
Ref.= References;  IAsquith and Gibson (1982);  

IIKhaiwka(1991) . 

 
VII . RESULTS 

 

A .   Porosity From Logs : 
  Porosity From Equations : 

The petrophiscs approach has been used to evaluate 

reservoir properties such as porosity to estimate the 

hydrocarbon potentiality in the studied intervals. the total 

porosity of the Lidam Formation ranges from 7.7-1.2 % ( 

table : 3) and ( fig : 3), with an average value of 4.1. This 

porosity is commonly of itergranuler more than secondary 

porosity type. The upper Lidam Carbonate zones has 

calcite volume relatively higher if compared with the 

lower Lidam formation and range from 2% to 1.2% with 

an average value of 1.9%. Therefore the effective porosity 

is influenced by the shale volume, anhydrite  and 

dolomite composition. 
 

             TABLE (3 ) : SHOEING THE POROSITY VALUES CALCULATED 

FROM LOGS OF LIDAM FORMATION. 

Depth 

ft 

Porosity    % 

ROHb DT  

phi 

N 

phi 

Phi  

eff 

Phi  

sec 

Total   

Phi 

10134 – 10174 8.9 10 13 7 0.7 7.7 

10174 – 10179.5 10.2 18 15 6.9 0.4 7.3 

10179.5 – 10187.5 7.19 13 14.4 4.8 0.8 5.6 

10187.5 – 10196 3 8 4.7 1.3 1 2.3 

10196 – 10202 1.9 12 2.9 1 1 2 

10202 - 10207 1.1 3 6.9 2.3 0.3 2.6 

10207 - 10214 5.1 10 7.3 0.4 0.8 1.2 

 

 
Fig (3 ) : showing the porosity calculated from logs of Lidam Formation  
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   Porosity from Schlumberger Crossplots : 

 Neutron (NPHI) vs. density (RHOB) cross-plot: 

The cross-plot of neutron (NPHI) versus density 

(RHOB) shows that the Lidam Formation  appears 

to be composed mainly of limestone with (dolomite 

and anhydrite ) as shown in  ( Fig : 4). The neutron 

versus density-log derived cross-plot can also be 

used to estimate the relationship between porosity 

and different lithologic types. Most readings fall 

close to the limestone line indicating an association 

with primary porosity with values reaching 14% or 

more (table :4). In contrast, the dolomite and 

anhydrite  have porosity in the range 1–4%, 

indicating secondary porosity that formed by partial 

or complete dissolution of carbonate cements and 

enhanced the porosity. 

 
Sonic (DT) and Neutron (NPHI  Logs Cross-
Plot   
 A cross-plot of two porosity logs is convenient to 

display both porosity and lithology information. 

This cross-plot was constructed for clean, liquid 

saturated formation and boreholes filled with water 

or water-base mud. The sonic-neutron cross-plot for 

Lidam Formation is shown in ( Fig : 4). This figure 

illustrates the separation between the sandstone, 

limestone and dolomite lines that indicate good 

resolution for these lithologies. 

The values of cross plot of sonic and neutron 

reading of porosity 11- 15 % of the upper part of the 

Lidam Formation due to calcite minerals and about 

3-5.5 % in the lower part of Lidam Formation which 

are more dolomite and anhydrite in lithology table 

(4).  

 
Sonic (DT)  and density (RHOB)   Logs Cross-
Plot  : 
In this cross plot of sonic and density logs showing 

the relationship of lithology and there porosity ( Fig 

: 4), the porosity of the upper part of Lidam ranges 

from 10 – 13.5 % and in the lower part about 1.5 – 4 

% whit average of porosity as 7.5 % table (4). 

 
TABLE (4 ) : SHOEING THE  SCHLUMBERGER CROSS PLOTS OF 

POROSITY VALUES OF LIDAM FORMATION. 

     

              Depth 

Porosity    % 

RHOB – N DT -Rhob DT - N 

10134 – 10174 14 12.5 11 

10174 -10179.5 11 11 10 

10179.5 -10187.5 14.5 15 13.5 

10187.5 – 10196 5 5.5 6 

10196 – 10202 4 8 6.5 

10202 - 10207 3 5.5 4 

10207 - 10214 1 3 1.5 

 

Fig(4): showing the Schlumberger cross plot of porosity logs. 

 
Porosity from Hingle Plot : 

This plot is based on Archie laws, the objective is to 

obtain a linear cross-plot of the formation resistivity 

(Rt)  data measured by the resistivity tool and the 

porosity data measured by one of the porosity tools 

(density, sonic and neutron log ), ( fig : 5 ). 

 The results of Hingle plot showing that the total 

porosity of the Lidam Formation  of sonic log and 

Rt ranges from 3 – 14 , with an average value of 7.7 

%, and crosspolt of denisity log and Rt ranges from 

2 – 15 % with avarege value of 7.5, table (5) . 
 
TABLE (5 ) : SHOEING THE  HINGLE PLOTS OF POROSITY VALUES 

OF LIDAM FORMATION. 

 

Depth 

Porosity   % 

DT – Rt      Rhob - Rt 

10134 – 10174 7 15 

10174 – 10179.5 14 13 

10179.5 – 10187.5 8 12.8 

10187.5 – 10196 7.9 3 

10196 – 10202 8 2 

10202 - 10207 3 3 

10207 - 10214 6 4 
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Fig ( 5) : showing the Hingel cross plot of Lidam Formation. 

B.  porosity from (FlexInLog) Software : 

TABLE (6 ) : SHOEING THE  POROSITY VALUES FROM FLEXINLOG 

SOFTWARE OF LIDAM FORMATION. 

 
Fig ( 6) : showing the FlexInLog Software of Lidam formation . 

C.  Porosity from core data and Thin-Section 
Investigation :  

The petrographic investigation shows that the 

porosities in the samples analyzed are either 

primary, formed during the deposition of the 

sediment or secondary, caused by dissolution and 

fracturing. They include intergranular, intragranular, 

mouldic and fracture porosity types. The 

petrographic investigation also indicates that the 

porosity inherited from the depositional 

environment and diagenetic processes (dissolution 

and fracturing) has then been reduced by 

compaction and cementation, especially by calcite, 

(Table : 7) and (fig : 7 ). The porosity calculated 

from thin-section visual estimation  shows that the 

upper part calcite generally has higher porosities 

than the lower zones) and ( fig : 8) . 
 

TABLE (7 ) : SHOEING THE CORE AND THIN SECTION  POROSITY 

VALUES OF LIDAM FORMATION 

        DEPTH 

Phi  %  
Core 

Average  

Phi  % 
Thin 

section 
Observation 

 10134 – 10174 
7.8 13 

10174 – 10179.5 
12 12 

10179.5 – 10187.5 
4.3 14.5 

10187.5 – 10196 
7 8.5 

10196 – 10202 
2.9 8 

10202 - 10207 
1.9 3 

10207 - 10214 
2.2 2 

 

 
Fig ( 7) : showing the FlexInLog Software of Lidam formation . 

Depth V  anh V  cal V  dol V  sh Phi   eff Total  

10134 – 10174 0.052 0.711 0.116 0.043 0.062 0.98 

10174 – 10179.5 0 0.2 0.61 0.1 0.069 0.98 

10179.5–10187.5 0.19 0.59 0.10 0.06 0.048 0.98 

10187.5 – 10196 0.27 0.10 0.54 0.06 0.041 0.99 

10196 – 10202 0.49 0.29 0.22 0.03 0.007 0.99 

10202 - 10207 0.29 0.22 0.39 0.07 0.23 1 

10207 - 10214 0.32 0.23 0.39 0.035 0.013 0.99 



 

 

14 
 

 2202  No. 1,  ,2Libyan Journal of Engineering Science and Technology (LJEST)   Vol.   

 
Fig (8 ) : Showing thin section of some samples ,3V4-59E Well, of 
Lidam formation : (1) : Fractures are partially filled with anhydrite, 

dolomite, 10141 ft  10X, PPL. (2) : Dolomitic limestone composed of 

echinoderm fragments. Fracture is partially filled by bitumen, 10145 
ft, 40X, PPL.(3): mouldic porosity in fine crystalline dolomite, 10155 

ft, 63X, PPL.(4) : Showing anhydrite cementation. 10165 ft, 50X, 

XN. (5) : Porosity is completely filled by Dolomite and blocky 
anhydrite cements.10171 ft, 20X, XN,(6) : Large fracture is partially 

filled with blocky anhydrite, 10179.1 ft, 12.5 X, PPL. 

The relationship of  Mineralogy and porosity  :  

 

A . Dolomit : 

The geochemical process in supratidal sabkha areas 

where magnesium [Mg] ions from the evaporation of 

seawater replace calcium [Ca] ions in calcite, forming 

the mineral dolomite. The volume of dolomite is less 

than that of calcite, so the replacement of calcite by 

dolomite in a rock increases the pore space in the rock 

by 13% and forms an important reservoir rock. 

Dolomitization can occur during deep burial diagenesis. 
 

B . Anhydrite :  

Porosity variations are related to original sedimentary 

facies and their diagenesis. Oolitic crystals  porosity has 

been plugged with anhydrite as in the lower parts of the 

Lidam Formation . Productive porosity generally occurs 

in the wackestone parts, and it is either inter crystalline, 

leached or fractured origin. 
 

C . Calcite: 

Calcite is composed of calcium carbonate. This mineral 

is formed when aragonite is replaced by calcite, which 

occurs early after the formation of the rock, which leads 

to an inflation of the total rock volume and then a 

decrease in the porosity of the initial rock by 8%. 

D . Diagenesis : 

Diagenesis is the change of sediments or existing 

sedimentary rocks into a different sedimentary rock, 

mineral, or texture. It can occur during or after rock 

formation.  sediments are compacted as they are 

buried beneath successive layers of sediment and 

cemented by minerals that precipitate from solution, 

crystals, rock fragments and fossils can be replaced 

by other minerals during diagenesis. Porosity 

usually decreases during diagenesis, except in rare 

cases such as dissolution of minerals and 

dolomitization. 

 
 

VIII .  CONCLUSION 
 

The lithology includes interval of anhydrite with 

dolomite at lower part (10188 ft-10214 ft), overlain 

by dolomitized limestone to clean limestone in 

upper zones from (10134 ft to 10188 ft). 
 

The most common porosity in the Lidam Formation 

are intergranular, , vuggy, and mouldic types and 

these strongly influenced reservoir quality. Most of 

the good porosities are observed in the upper part of 

the Lidam Formation, the average porosity is fair to 

moderate 4 to 15% whit average porosity value of 

9.5%, and in lower parts were low porosity between 

0.4 to 6.3% with average value 3.3%. 
 

Porosity of both the dolomite and evaporate 

described very low and are of intercrystalline, 

mouldic and vuggy types. Generally, porosity is 

reduced by cementation (dolomite and anhydrite) 

and compaction and enhanced by early 

dolomitization and dissolution. 
 

Minor diagenetic events  have seen in Lidam 

Formation have affected in dolomite and evaporate 

sections include glauconite, replacement by pyrite 

and silica and localized fracturing. 
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