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Abstract— F3 Sandston Member represent the main 

reservoir, in Wafa Field-NC169a, which located in southwest 

part of the Ghadames Basin. Wafa field was   discovered  in 

1964 by drilled D1-52 well , Sirte Oil company drilled eight 

wells  from 1991  to 1995 , with successfully tested 

hydrocarbons  in the Middle Devonian sandstones (Aouinet 

Ouenine Formation- F3- member, it is represent the main 

reservoir  in study area, geophysical and petrophysical 

analyses were carried out, and data from wells and 3D seismic 

data were used for create 3D geology model. The results 

shows that both thickness and lithology of the F3-Sand were 

latterly varies throughout the studied area,  and the lithology 

were grading from sandstone in the northern part to shaly 

sandstone toward the southern part, which might be related 

to the sea level fluctuation at the time of deposition. F3-Sand 

was delineated and precisely mapped by using seismic 

attribute volume in conjunction with the seismic 

interpretation stack volume. 3D static model  results show 

that F3-reservoir quality is variable throughout the studied 

area, the Lithology descripted as  coarsening upward  of 

sandstone where, the grain size profile possibly produced by 

seaward progradation representing a Barrier Island of 

sandstone that was possibly appeared in the manner of a 

barrier island which, was inferred as discontinuous large 

sandstone  that  absent towards the southwest of the study 

area, where the porosity reached up to 12% and permeability 

up to several hundred md, net pay thickness ranges from one 

foot to 101 feet, and average water saturation is 16 %. Our 

interpretations  that the lithology mainly of sandstone with 

minor shale. This observation probably effected the 

Gas/Water contact of the F3 reservoir, which were not 

defined due to the facies changes. 
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I. INTRODUCTION 

L Wafa Field-NC169a is located in concession NC169a,  

at the south western of Ghadames Basin about 100 Km of 

Ghadames city, lies between Latitudes (28° 40' and 29° 00')-

North and Longitudes (17° 21' and 18° 00') -East.  The study 

area is presented by different land forms as sand and gravel 

plains, also sabkha and small sand dunes. 

The field was  discovered  by drilled  well , D1-52, in 1964, 

Sirte Oil company drilled Eight wells  from 1991  to 1995 , 

with successfully tested hydrocarbons  in the Middle 

Devonian sandstones (Aouinet Ouenine Formation- F3- 

member, it is represent the main reservoir  in study area.  

Main aims of this study is to evaluate the reservoir quality of 

Middle Devonian Aouinet Ouenine F3 Sand Member in Al 

Wafa Field-NC169a, which is located in Ghadames Basin 

from point view of petroleum system, reservoir element, 

Evaluate the reservoir quality of Aouinet Ouenine F3 Sand 

Member by using seismic interpretation techniques 

andpetrophysical analysis for selected wells to determine 

porosity, permeability, Net Pay. 

By combined all above help us to understand the variable of 

reservoir quality of Aouinet Ouenine B’ F3SandstonMember 

in Wafa Field-NC169a. 

Method of study is the petrophysical study by using well 

logging for seven wells, these logs  including (Gamma Ray, 

Sonic, Neutron, Density, Resistivity  ... etc.). The study uses a 

Petrel platform software for make different type of maps as   

structure map, thickness map, cross section, identified 

stratigraphic sequences, and also used Techlog software for 

determine the petrophysical properties such as porosity, 

permeability, water saturation, net pay and net to gross ratio, 

by combined all of them identified the reservoir quality.   
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II. GHADAMES BASIN OVERVIEW 

 The Ghadames Basin is a large intracratonic basin in North 

African platform. It was formed during early Paleozoic Era; 

covering portions of Libya, Tunisia, and Algeria, and cover 

area about 340,000km2, The Ghadames Basin is bounded on 

the south by the Gargaf arch and on the east by the Hon-

Graben and the Sirt embayment (Sirt Basin). On the west the 

Basin extends into Algeria, and Gargaf uplift on the south. It 

has been an important hydrocarbon province since the 1950s.. 

The Palaeozoic sections separated from the overlying 

Mesozoic deposits by a major regional unconformity of 

Hercynian (Permian-Carboniferous) age. The erosion pattern 

and topography developed on this unconformity has a major 

control on petroleum systems within the basin (Echikh 1998, 

Hallet 2002), affecting the preservation of Palaeozoic 

hydrocarbons, communication between source and higher 

reservoirs, and patterns of long-distance migration within the 

Triassic reservoir. The Ghadames Basin was affected by 

Caledonian Orogeny during Cambrian to lower Devonian, 

which produced Al Gargaf arch on the basin. The northern 

part of the basin was uplifted during Hercynian folding (lower 

Devonian to lower Triassic, (Burollet, 1960). 

 

III. STRATIGRAPHY OF GHADAMES BASIN 

 

The sedimentary section (2) of the Basin ranges in age from 

Paleozoic to Cenozoic. It attains a maximum thickness of 

6000 meter and consists of sandstone, shale, siltstone and local 

limestone, the Basin fill consists of shallow marine to 

continental sediments, two main source rocks are present in 

the Paleozoic sediments of the Ghadames Basin: the basal 

shaly member of Tanezzuft Formation (Lower Silurian) and 

the Aouinet Ouenine formation (Late Devonian) (Barr and 

weegar 1972). 

 

 

 

 

IV. LITHOSTRATIGRAPHY OF STUDY AREA 

 

The reservoir rock in the Wafa field is the basal portion of 

the Aouinet-Ouenine formation (the F3 sandstone) of middle 

Devonian age deposited in a shallow marine off shore barrier 

bar environments and characterized by a typical coarsening 

upward sequence. The thickness reduction of the sedimentary 

wedge due to its external geometry and to a decreasing of the 

sedimentary load. As consequence of this peculiar situation, 

the F3 sandstone pinches out into equivalent shaly facies 

proceeding toward east and northeast. The gross stratigraphic 

thickness of the F3 sandstone interval in Wafa field is 

approximately 4 ft , the upper 100 ft being a very fine to 

medium grained sandstone while the lower 53 ft tends to be 

shaly facies. 

From well log by uses  Neutron-density cross plot chart made 

to determine type of lithology in F3-sand reservoir .  

The result  indicate most of  accumulation of most points was 

around the sandstone line  through these relationships between 

GR versus depth showed the reservoir consist mainly of pure 

sandstone and there are also found a low amount of shale in 

the lower and the most upper parts as shown in Figure (3) 

which define the boundaries of sandstone through each well of 

the F3 sandstone reservoir (Elfigih 2000). 

Fig. 2. Stratigraphic Column of Wafa Field (Mellitah, 2017). 
Fig. 1. Location map of Ghadames Basin and study area. 
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Fig.3. Wells available for this study used to show the relationship between GR 

log responses versus depth through wells in south Wafa field. 

 

 

F3 –sand member was developed as a regressive sequence due 

to a drop in sea level ,also the main reservoir sandstone unit in 

Algerian fields such as Alrar and in the area in the vicinity 

area of Alrar Gas field. The F3 sandstone is very thin or 

absents in the southern part of the study area and extends to 

the eastern area of Wafa field with defined line limit identified 

seismic and drilling ,its extends to the Northern area Wafa 

field outside of Concession NC 169 into Concession 26 

demonstrated by well G1-26 where the F3 reservoir sandstone 

is clearly present but below the Gas/Water. The structural 

cross-section Figure (4) shows the F3 reservoir limits between 

the Northern portion and the southern Wafa field. 

 

 

 

F3 sand is interpreted as localized shallow marine sand beds 

that pinch-out and pass into equivalent shaly facies (Mellitah, 

,2016). sandstone body shape generally is elongated towards 

the North-South direction with up structure towards the east 

and southeast of Wafa areas .This large body of marine F3 

sandstone reservoir bodies in the area of south-east Libya is of 

Stratigraphic trap in nature (5) and extends North-South along 

most of the length of the concession NC169 also extends east 

into Alrar Gas/Oil field of Algeria (Hassan 2009).  

V. SEDIMENTOLOGICAL FACIES 

The main Lithofacies from well log data logs and Core (6) for 

this study: 

• Cross laminated massive sandstone of coarse-

grained, cross-laminated to massive sandstone. 

• Sandstone of fine-grained & well-cemented 

sandstone. 

• draped Sandstone of thin sandstone beds with 

mudstone drapes. 

• Sandstone of alternating with horizons of laminated 

heavily burrowed sandstone. 

• Units of bioturbated shale & sandstone. 

• Fine Sandstone with carbonate shell fragments & 

calcareous cement. 

• Thinly Lenticular beds of Sandstone & Shale.   

• Thinly Laminated Shale. 

Four main facies association were identified on cores analysis: 

Facies Association A : It consists of two facies: Massive 

medium grained sandstones – high quality reservoir Sands A1 

massive medium grained sandstones with carbonaceous 

fragments and rare clay chips 

A2 large/medium scale medium grained cross bedded 

sandstones. 

Facies Association B :It consists of Medium to fine grained 

sandstones – high to low reservoir quality sands Four facies 

belong to this association: 

B1 medium/small scale medium to fine grained cross 

bedded sandstones; 

B2 parallel laminated fine grained sandstones; 

B3 structure less fine grained sandstones with occasionally 

carbonaceous fragments; 

B4 structure less fine grained bioturbated sandstones. 

 

Facies Association C It consists of one single facies 

characterized by Fine and bioturbated sandstones – poor 

quality reservoir Sands 

Figure.4. structural cross-section from N-S Wafa field 

Figure.5. Sketch of Wafa Field Stratigraphic trap extending from the east of 

Algeria to west Libya. 
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Fig .6. Shows the main sedimentary facies in south Wafa Feld 

Facies Association D It is characterized by thin bioturbated 

thin fine/very fine bioturbated sandstones alternated with 

shale. The sand/shale ratio is usually less than 1. 

The overall genetic process was interpreted to be related to 

gravity flows loosing energy and developing more and more 

relatively deeper and outer facies from Facies association A to 

D. 

In particular the association A and B may be related to high 

density turbidities currents or fluvial floods; C and D to low 

turbidities currents strongly affected by bioturbations. the 

gravity of currents flow coming from the western part 

(Tihemboka  area)the sediments were deposited and  load in 

the Algerian sector and that they divided in at least two 

branches giving origin respectively to the Wafa North and 

Wafa South The shaling out of the system occurs seawards 

concomitant with a thickness reduction of the sedimentary 

wedge due to its external geometry and to a decreasing of the 

sedimentary load. Well A12-NC169a is a clear evidence of 

this depositional model; the Palynological analysis carried out 

on the upper shaly unit of this well allowed to consider this 

shaly unit as the lateral equivalent of F3 sandstone. 

The Wafa sand sediment can be used as a sedimentological 

model in nearby areas to explore for the F3  east of the Wafa 

field. The Wafa sand body generally has a coarsening upward 

grain size profile possibly produced by seaward progradation. 

 

 

 

 

 

 

 

 

 

 

 
Figure .7. Well core description in well A120NC169a 

Fig (7) shows well core for A-12 description is very fine to 

fine-grained, strongly laminated or bioturbated, common scour 

and oxidation, flat pebble conglomerates, large vertical 

burrows, shell beds, clay drapes, thin lenticular bedding. 

Deposited as back barrier sandy to mixed tidal flats, lagoons, 

wash over fans; non-reservoir due to fine grain size, 

cementation, biogenic clay 

The deposition environment of F3 sandstone in South Wafa 

field suggested being Barrier Island Fig (8).  

 

 
Figure 8 Suggested depositional model of Wafa field by this study 

VI. GEOPHYSICAL & PETROPHYSICAL ANALYSIS AND 

BUILDING 3D MODULE 

In this thesis F3 sand member was mapped by using 3D 

seismic cube with good quality as shown Fig (9) covered 

Wafa Field and generated Depth structure map for Top F3 

sand along the south Wafa Field. The results combined with 

the petrophysical to understand the depositional environment 

and there distribution, thickness of F3 sand in the south Wafa 

Field. 
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Fig .9. 3D seismic section X-line& Depth Structure map for Aouinet Ouenine 

F3 Sandston 

VII. PETROPHYSICAL ANALYSIS 

To determined physical properties in order to evaluate the 

reservoir quality F3 sandstone Member by determine the 

properties for seven wells located in south Wafa 

 

a. Volume Of Shale Determination 

The gamma ray (GR) log measures the natural radioactivity 

(API units) of the formations in the borehole. The log therefor, 

is useful for identifying lithologies and for correlation 

purposes. The gamma ray (GR) log measures the natural 

radioactivity (API units) of the formations in the borehole..  

The volume of shale (V.GR) is defined as a relationship 

between gamma ray minimum (GRmin) and maximum 

(GRmax). This formula can be written as follows:  

 V.GR= (GRlog-GRclean)/ (GRsh-GRclean)…….Eq. 

(.1) 

Where: 

 V.GR: is Volume of shale  (API). GRlog: is the 

Gamma ray reading on the log. GRclean: is the 

minimum reading on the log. GRsh :is the maximum 

reading on the log. 

b. Porosity Determination 

The porosity log ( Neutron and  density) was used to 

quantitatively determine the total porosity (ØND) of the F3 

sandstone reservoir. The total porosity values were determined 

by using equation are good indicators of preliminary porosity 

determination. The density porosity (ØD) was used to 

determine porosity based on the type of reservoir rock from 

Equation, while the Total Porosity (Øt or ØN-D) from 

Equation 2. 

Density Porosity formula: 

ØD = (pbma-pblog)/(pbmax-pfl)………Eq 2  

Where: 

•ρb =bulk Density, gm/cc (log). • ρfl =Fluid Density, 

(equal 1.1 gm/cc). •ρb ma =Matrix Density, equal 2.65 gm/cc 

(for Sandstone). •ØD =Density Porosity. 

Reservoir Parameters: the parameters that effect and control 

the porosity are listed below: 
1. Cementation Factor (m). 

2. Saturation Exponent (n).  

3. Formation Water Resistivity (Rw). 

4. Resistivity of Formation (LLD).  

5. Water Saturation (Sw).  

VIII. 3D GEOLOGICAL MODEL  

Depending on 3D   geology model which constructed by petrel 

software  for  reservoir quality F3 sandstone Member, There 

are various types of available data which introduced as input 

data. This data consists of well logs, , which is prepared in 

folder or for each data folder are organized and imported files 

by petrel software for constructing  geological modelling. 

These data include: 

1-Well head: include the position of each well in 3-

dimentions, and the measured depth 

2- Well tops are considering noticeable points along well 

path with several geological units. Normally well tops are 

essential for structure model in order to construct contour map 

for reservoir.. 

a. Structural Modelling: 

Contour map can be generated from the surface and correlated 

borehole. Structural map for geologic units in F3-reservoirs 

are constructed depending on well tops as well as top of F3-

Sans member was obtained from 3D seismic  and 2D-seismic 

data.. 3D Structural maps were built for top of Aouinet 

Ouenine F3 sand reservoir, represents 3D structural modeling 

for the F3 sand reservoir units shows that reservoir structure is 

composed cylindrical anticlinal fold. Structural modeling is to 

insert the stratigraphic horizons into the pillar grid, honoring 

the grid increment and the faults. Make horizons process step 

was used in defining the vertical layering of the 3D grid in 

Petrel. This present a true 3D approach in the generation of 2D 

surface, which was gridded in the same process, taking the 

relationships between the surfaces into account Fig (10) 

represents horizons of the main units of reservoir. 

 

 

 

Fig .10. 3D Model of top Aouinet Ouenine F3 sand 
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b. Geologic model  

Geological model means to get best description for reservoir 

properties and quantities subsurface through information 

related to reservoir characteristics. Through description 

reservoir properties needed to understanding and covering 

most of geological features pertain to porosity, permeability, 

water saturation, types of rocks and barrels (faults and folds) 

and then knowledge some limitations of subsurface data in 

order to calculate distribution these features . 

In general, the geological model includes four mainly stages: 

structure modeling, stratigraphic modeling, Petrophysical 

modeling and lithological modelling. The applications and 

technique are more complicated. Quantifying and improving 

hydrocarbon bearing zones needed to more accuracy at import 

data obtained and high resolution for geological model for 

reservoir Constructing 3D Petrophysical model for reservoir. 

Aouinet Ouenine F3 sand reservoir in Wafa field has been 

divided into six layers depending on petrophysical properties.. 

The Scale up well logs process averages the values to the cells 

in the 3D grid that are penetrated by the wells. Each cell gets 

one value per up scaled log. These cells are later used as a 

starting point for property modeling (Schlumberger, 2017). 

When modeling petrophysical properties, a 3D grid cell 

structure is used to represent the volume of the zone. The cell 

thickness will normally be larger than the sample density for 

well logs. As a result the well logs must be scaled up to the 

resolution of the 3D grid before any modeling based on well 

logs can be done 

.  

c. Well logs up scale  

Wells log upscaling is the process average of wells logs within 

a grid cell using a statistical approach. A 3D grid of each cell 

is perforated by a number of wells. Each cell has a unit value 

for each rock physics property. The final 3D raster result is 

only the raster cells of the specified value that pass through 

that intersection. After this process is scaled up, the well logs 

can be used in petrophysical modeling. To model reservoir 

properties by dividing the modeled domain into a 3D mesh. 

d. Petrophysical modeling process 

The Petrophysical modelling is a distribution reservoir 

properties in 3D grids cell at static model. Petrophysical 

model was constructed by Sequential Gaussian Simulation 

Algorithm (SGS) was performed as statistical method to agree 

with magnitude data available petrophysical property values 

(porosity and water saturation) to each cell of the 3D grid. 

Petrel offers several algorithms for modeling the distribution 

of petrophysical properties in a reservoir model. Petrophysics 

model was built using geostatistical methods. Porosity and 

water saturation models were built depending on the results of 

porosity and water saturation values which have been 

corrected and interpreted in the Techlog software. Sequential 

Gaussian  

The porosity model of the Aouinet Ouenine F3 sandstone 

reservoir as shown in figure (12) is characterized by high 

porosity values in all wells in upper part but lower parts of this 

unit may show porosity decreases to reach 9%. The porosity 

values in this zone range from (10-12%).  

 

 

From figure (13) of Water saturation model for zone Aouinet 

Ouenine F3 sandstone reservoir shows moderate water 

saturation values that range from (0-10%), but in the south 

part water saturation values reached to 100%, the zone is 

represented as having no reservoir unit in the well A12. 

 

 
Fig .13. SW model for top Aouinet Ouenine F3 sand. 

Fig .11. Scale up of porosity and water saturation of F3 sand. 

Fig .12. PHIE model for top Aouinet Ouenine F3 sand. 
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IX. CONCLUSIONS 

The F3 sand member  is represent reservoir in the Wafa field 

which belongs to the Frasnian stage middle Aouinet-Ouenine 

Formation of the Devonian age where  deposited as regression 

sand on top of eroded surfaces, thickness decreases towards 

the south of the Wafa field reaching up to 4 feet (A12). 

lithology of F3 sand varies  from sand to of shaly sand toward 

Southern area of Wafa Field probably related to change in sea 

level change  during the deposition of F3 Sand. 

Petrophysical result of F3 sand  

The volume of shale range from  2% in North area upto 58% 

in South part where the shale increasing  ,The average porosity 

10.5%. The average water saturation is 2.8% . The average net 

pay thickness is 105 ft. 

The interpretations of 3 D geology model and Petrophysical 

model (porosity and water saturation) for F3 sandstone 

reservoir show that the best location characterized by good 

reservoir properties is in the wells located in the north part 

area gradually these properties decrease toward southern  part 

of Wafa field  where the non-reservoir and it is mainly shale 

zone, the volume of shale is higher than 50% and porosity is 

low. 

 

RECOMMENDATIONS 

1. Recommend to use 3 D seismic data for defined the type   

of Lithology change and reservoir extend in area as well as 

reservoir quality also to draw some maps because its more 

accurate than well data only specially when we attend to 

make relationship between wells. 

Recommend using more   wells  which located between 

wells A12 andA55. 
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