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Abstract: - Improved reservoir characterisation in the mature oil applied to Gourara Field of 
Sahara in Algeria, aimed at maximising both in-field and near-field hydrocarbon potential, 
requires a clearer understanding of sub-seismic stratigraphy and facies distributions. In this 
context, we present a regional, high-resolution sequence stratigraphic framework for the Oued 
Namouss Field based on extensive sedimentological re-interpretation of core and wireline log 
data, combined with core analysis and published literature. This framework is used to place 
individual reservoirs in an appropriate regional context, thus resulting in the identification of 
subtle sedimentological and tectono-stratigraphic features of reservoir architecture that have 
been previously overlooked. We emphasise the following insights gained from our regional, 
high-resolution sequence stratigraphic synthesis: (1) improved definition of temporal and 
spatial trends in deposition both within and between individual reservoirs, (2) development of 
regionally consistent, predictive sedimentological models for two enigmatic reservoir 
intervals (the Formations I and II), and (3) recognition of subtle local tectono-stratigraphic 
controls on reservoir architecture, and their links to the regional structural evolution of the 
Province. We discuss the potential applications of these insights to the identification of 
additional exploration potential and to improved ultimate recovery. 
 In this research a procedure was developed to assess and quantify uncertainties in 
hydrocarbon estimates related to depositional facies, petrophysical data and gross reservoir 
volumes. This procedure was applied to the Gourara Field, which is a mature gas field in the 
Oued Namous Basin, Algeria. The aim was to investigate the reasons for an unexpectedly 
high hydrocarbon recovery factor.  

Key Words: Famenian, Strunian Formations; Sequence stratigraphy; Reservoir architecture; 
Well log analysis; Algeria. 
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1.Introduction  
 
The principal structural elements which 
characterize this basin from West to East 
are (Aît Ouali R. et al., 1996):  
• The extreme Eastern part of the vault 
of Oued Namous. 
• The North of the depression of Gourara 
and the Allal vault. 
Two discovered and a confirmation of 
discovery was recorded. They are the wells 
Htj-1, Hbh-1 and Hbh-3 respectively 
170000m 3 / J, 81800m 3 / J and 878000m 3 

/ gas J in Strunian. Currently the total of 
the drilled wells is at about 26; the density 
of drilling is very weak 4 puits/10 000 
Km². The total mileage of seismic is of 
14709 km. The seismic density is of 
0.23km/Km². The quality of seismic is at 
good to average. 12 prospects and 10 leads 
are cartés in this basin and the discounted 
resources are about 173.10 9 m 3 of gas. In 
this research a procedure was developed to 
assess and quantify uncertainties in 
hydrocarbon estimates related to 
depositional facies, petrophysical data and 
gross reservoir volumes. This procedure 
was applied to the Gourara Field, which is 
a mature gas field in the Oued Namous 
Basin, Saharian Algeria (Boudjema, A., 
1987 and Budding, M.C. and Inglin, H.F., 
1981). The aim was to investigate the 
reasons for an unexpectedly high 
hydrocarbon recovery factor.  
This study was conducted in four phases: 
reservoir characterisation, stochastic 
geological modeling, hydrocarbon 
estimation and uncertainty assessment. The 
objective of the reservoir characterisation 
phase was to conduct an integrated 
reservoir study utilising all available data 
from Gourara Field and the surrounding 
area to build a conceptual geological 
model. A geological description, based on 
core analysis, of the facies in the reservoir 
interval in the Gourara Field is provided. 
These facies were matched to their 
petrophysical log signatures, so facies can 
be defined based on logs in uncored wells. 
Extensive work was performed to estimate 

reservoir geometry by using thickness-to-
width ratios plots, net gross ratio plots and 
modern and ancient analogues. Based on 
this work, nine facies maps representing 
the Gourara Field depositional model are 
presented. The final outcome of this phase 
was the building of a new conceptual 
geological model for the Field that 
contains all the available data at the time of 
the study. The stochastic modeling phase 
aimed to generate 3-D petrophysical 
properties models based on the conceptual 
geological model created in the reservoir 
characterisation phase (Bourquin, S., 
1991). Different stochastic modeling 
algorithms were used to generate a range 
of petrophysical properties. Object based 
modeling algorithms were used to generate 
facies-based models based on specific 
conceptual geological models. The 
porosity models were generated using a 
facies based geostatistical algorithm. 
Several stochastic models constrained by 
well logs and facies maps were produced. 
Although these studies have undoubtedly 
been valuable exploration and production 
tools, there remain significant 
discrepancies in the spatial and temporal 
scales considered by the various low-
resolution, regional studies and high-
resolution, reservoir studies (Bourquin, S. 
et al., 1991, 1993 and 1996). As a result, 
regional trends in deposition have rarely 
been understood at a sufficiently high 
temporal resolution to enable reliable 
predictions of reservoir-scale stratigraphic 
architecture within, and between, 
individual fields. 
 
2. Geological setting  
 
The Northern Gourara basin, vault of Allal 
is located in the Western part of the 
Saharan platform. It includes eight (8) 
blocs: 316b-317-319b-321b-322b2-347-
348 and 349 adding up a surface of 62741 
km 2. Two perimeters of research belong to 
this basin. They are the perimeters Hassi 
Mouina and Hassi BaHamou.  
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The perimeter Hassi Mouina is composed 
of blocks 317 B, 319 B, 321 B, 322 b2 and 
has a surface 22992, 77 km 2.  This 
perimeter is in partnership with the Statoil 
company following the 5 ft invitation to 
tender and the contract was signed the 26 
09 2004. The perimeter Hassi Ba Hamou is 
composed of blocks 347 B, 348,349 B and 
has a surface of 16312.77 km 2.  The 
project Guern El Guessa made up of the 
blocks 316b and 317b1 and has a surface 
of 12167.6 km 2.  
The sedimentary characters observed with 
the wells Gk-1, Hbh-1 and Htj-1, the 
surfaces of gullying underlined by soft 
rollers, the intersected, oblique 
stratifications of weak slope and the 
wrinkles of currents, show that the 
sandstones of Famenian-Strunian are 
deposited in a deltaic medium with 
Predominance River sometimes marked by 
an influence tidale and of storm (Bourquin, 
S. et al., 1991, 1993 and 1996). The 
environment of deposits of these 
sandstones corresponds to the zone of the 
face of delta made up of lobes and bars of 
mouths of the channels of recipients.The 
facies fine, argillaceous, bioturbated are 
deposited in the valleys of the 
interdistributaires ((Courel L., Ait Salem 
H., Ben Ismail H., El Mostaine M., 
Fekirine B., Kamoun F., Mami L., Oujidi 
M., Soussi M., 2000 and Hamouche B., 
2006) 
  
3. Facies analysis and depositional 
environments  
a) Sandy facies (Well HTJ-1) 
� Sh: Fine sandstone with very fine, gray 
with gray clear, sometimes ferruginous, 
with horizontal stratification, bioturbated, 
with many remainders of bioclastes of 
bivalves and soft rollers. The provision of 
these rollers inside these sandstones 
underlines the bedding planes.   
� Sdf: Gray sandstone with dark, fine 
gray with very fine, showing sedimentary 
structures of deformation (slumps and 
convolute), basic bench (of load and 

flame). They are marked at their base by 
soft rollers.     
� Ms: Massive sandstone, gray with dark 
gray, bioclastic, containing in particular at 
their base of the dispersed soft rollers. 
Sedimentary structures observed primarily 
represented by the structures of water 
exhaust and basic of benches (of load and 
flame). 
� Srdx: Very fine sandstone at end, gray 
with clear gray, bioclastic and bioturbés, 
characterized by structures in HCS, 
overlapping wrinkles, of currents and 
waves. 
� Cgm: Conglomérat low consolided, with 
argilaceous cement. The average size of 
galets is at one centimeter.   
� Slax: Fine sandstone sometimes with 
means, dark gray, little consolidated, with 
argillaceous cement, marked by oblique 
and intersected weak slope, very porous 
stratifications.   
� So: Fine sandstone, dark gray, with 
cement argillaceous, not very friable, with 
oblique, very porous stratification. 
 
b) Heterolitic  facies 
�  h/Sf: Sandstone heterolithic, very fine, 
with sedimentary flaser, lenticular 
structure. 
 
a) Sandy facies (Well HBH-1) 
� Slax: Sandstones fine with means, gray, 
characterized by oblique stratifications 
underlined by siderite rollers and 
intersected weak slope. These sandstones 
are marked at their base by the surfaces of 
gullying underlined by black clay rollers. 
� Srdx: Sandstone fine, gray, characterized 
by structures of overlapping wrinkles, 
currents and waves. 
� Sdf: Gray sandstone with dark gray, very 
ends, showing sedimentary structures of 
deformation (slumps and convolute). 
 
b) Faciès hétérolithiques   
� Very fine sandstone alternation, of silts 
with sedimentary structures of wrinkles of 
currents, of convolute and rolled clays 
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characterized by traces of vertical 
bioturbation with subverticales. 
 
a) Sandy facies (Well DKM-1) 
� f/Sdf: Gray sandstone with clear gray, 
very fine, with argillaceous cement, 
slumpé and marked at the base by small 
black clay rollers whose average size is 
about millimetre. Figures of loads 
underline the base of the benches of this 
facies. 
� f/Ms: Sandstone gray, very fine, massive, 
argillaceous, marked by figures of water 
exhaust. 
� f/Sh: Gray sandstone clearly, very end, 
with plane horizontal stratification. 

b) Heterolitic facies :  
���� h/Sf : Siltstone micaceous, with 
structures sedimentary of wrinkles of 
current and corrugated. 
a) Sandy facies (Well GK-1) 
� Slax: Average, gray sandstones beige, 
ferruginous, characterized by oblique 
stratifications and intersected weak slope. 
These sandstones are marked at their base 
by the surfaces of gullying underlined by 
soft rollers.    
� Srdx: Fine sandstones, gray with beige 
gray, characterized by structures in HCS, 
overlapping wrinkles, of currents and 
waves.  
� Sdf: Gray sandstone with dark, fine 
gray with very fine, showing sedimentary 
structures of deformation (slumps and 
convolute), basic bench (of load and 
flame). 
 
b) Heterolitic facies :  
They are very fine sandstone alternation, of 
silts with sedimentary structures of 
wrinkles of currents, of convolute and 
rolled clays characterized by traces of 
vertical bioturbation. 
 

4. Lateral variations of facies 

The analysis of the strato-growth of the 
sandstone benches realized on the basis of 
the signatures GR. of the wells Gk-1, Htj-1 
and Hbh-1 show, primarily, three 

sequences long term, regressive and 
transgressive, about 3 to 4. 
These sequences long terms correspond 
respectively to the phases of progradation 
and retrogradation. Thus, the definite series 
of Famennian-Strunian a complete cycle 
(progradation-retrogradation), delimited by 
two surfaces of flood correlable on the 
scale of punt forms Saharan (Hampson, 
G.J., 2000 and Livera, S.E., 1989), the 
maximum surface of flood frasnienne at 
the base and the surface of transgression 
tournaisienne at the top. The cross section 
of these sequences long terms shows a 
deltaic system progradant in West of the 
field (fig. 4). 
    

5. Well log data 

5.1 Core to wireline-log calibration 
 
Widespread use of the facies scheme 
(Table 1) and sequence stratigraphic 
interpretations described above relies on 
the accurate calibration of core and 
wireline-log data. Several facies 
associations possess a distinctive wireline-
log character, particularly the lagoonal and 
coastal plain facies associations of the 
Famenian Formation, which generally 
display pronounced variations in lithology 
and consequent wireline-log response. 
However, differentiating fluvial channel-
fill sandstones (Table 1) and estuarine 
channel-fill sandstones, which most likely 
occur within incised valleys, is not possible 
from wireline-log data alone, but requires 
core interpretation. The various sand-
dominated, shallow marine facies of the 
Famenian, Strunian formations possess less 
distinctive wireline-log characteristics. 
Concentrations of heavy minerals are 
diagnostic of wave-dominated foreshore 
deposits, and thus sand-prone successions 
containing thin (<2 m), high gamma-ray 
‘spikes’ are likely to comprise wave-
dominated facies. Tidal inlet/estuarine and 
fluvial channel-fill deposits in the 
Famenian formation are difficult to 
distinguish, because each is characterised 
by abrupt increases in sand content, grain 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT R. Baouche, A. Nedjari, S. El Adj

ISSN: 1790-5079 522 Issue 8, Volume 5, August 2009



size and porosity across their bases. Inter-
well correlation using key sequence 
stratigraphic surfaces is essential to such 
calibration, because this methodology 
provides a framework in which core-based 
facies trends may be extrapolated using 
appropriate depositional models.  
 
5.3 Cross sections 
 
The analysis of the strato-growth of the 
sandstone benches realized on the basis of 
the signatures GR. of the wells Gk-1, Htj-1 
and Hbh-1 (Fig. 9) show, primarily, three 
sequences long term, regressive and 
transgressive, about 3 to 4. 
These sequences long terms correspond 
respectively to the phases of progradation 
and retrogradation. Thus, the definite series 
of Famenian-Strunian a complete cycle 
(progradation-retrogradation), delimited by 
two surfaces of flood correlables on the 
scale of punt forms Saharan, the maximum 
surface of flood frasnienne at the base and 
the surface of transgression tournaisian at 
the top.  
The well log correlations of these 
sequences long terms show a deltaic 
system progradant from East to West of the 
field (fig. 9).    
   
6. Discussion: the added value of an 
integrated regional- to reservoir-scale 
approach 
 
The high-resolution sequence stratigraphic 
framework summarised above integrates 
core-scale sedimentology, reservoir-scale 
facies architecture and regional 
stratigraphy. The extensive use of core data 
is important, because it allows 
sedimentological and sequence 
stratigraphic interpretations to be 
constructed ‘from first principles’. The 
integrated regional- to reservoir-scale 
approach aids identification of subtle intra- 
and inter-reservoir features, which are not 
evident via the detailed study of individual 
reservoirs in isolation. This approach is 
particularly valuable in a mature 

hydrocarbon province, such as the Oued 
Namous Basin, because it generates new 
insights, concepts and models that will 
likely contribute to improved ultimate 
recovery and the identification of 
additional exploration potential. We 
highlight several key insights below. 
  
6.1. Improved definition of depositional 
trends 
The framework outlined here resolves 
temporal and spatial trends in Oued 
Namous deposition across the entire 
Gourara Field at a very high (i.e. reservoir-
scale) resolution (Nedjari, A., Ait Ouali R., 
Delfaud J., 2002 and Taylor, K.G., Simo, 
T., Yokum, D. and Leckie, D.A., 2002). 
Our core-based sequence stratigraphic 
approach subdivides the Formations into 
genetically related stratal packages within 
which lateral facies relationships and 
sandbody distribution can be robustly 
elucidated. The stratal packages identified 
by the framework are defined by 
widespread facies discontinuities, and 
consequently they correspond closely to 
the existing reservoir zonation in many 
fields. By placing these reservoir zones 
within a regional context, it is possible to 
refine intra-zone facies trends both within 
and between fields. The framework also 
provides a context in which reservoir 
zonation may be tested and refined, 
particularly for those reservoirs in the early 
stages of development.  

6.2. Predictive depositional models of the 
Strunian and Famenian Formations 

The insights discussed above also have 
applications to improved understanding of 
facies architecture in producing reservoirs, 
and thus, via input to reservoir models, to 
predicting the distribution of remaining oil 
in place. We highlight three approaches 
through which reservoir facies architecture 
may be improved. The framework 
discussed above may provide a context for 
improved temporal and spatial resolution 
of depositional trends within some 
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reservoirs, thus leading to refinement of 
reservoir zonation and intra-zone facies 
trends. For example, regional and sub-
regional facies trends may be extrapolated 
into reservoir zones to constrain intra-zone 
trends, particularly where data density is 
low. This approach may be used to 
increase the deterministic geological 
knowledge available during reservoir 
model construction, and thus reduce the 
range of uncertainty in model realisations. 
The framework highlights similarities and 
differences in reservoir zonation and facies 
architecture between various fields. 
Regional interpretations can thus be used 
as a filter for the application of well-
constrained analogue datasets from the 
same depositional system in reservoir 
modelling. 
 
8. Conclusions 
 
The results of the analyses of facies of the 
sandstones of Famennian-Strunian show 
that they correspond to bars of mouths of 
the channels of recipients proximales of 
the zone of the face of delta. The 
sedimentary characters observed of studied 
carrots shows that this deltaic complex 
with river predominance is influenced 
sometimes by the tidal phenomena and of 
storms. Using an extensive core and 
wireline-log dataset, integrated with core 
analysis and published literature, we have 
constructed a high-resolution sequence 
stratigraphic framework for the Gourara 
Field. This framework allows temporal and 
spatial trends in regional deposition to be 
interpreted at a higher resolution than 
previously possible. The resulting high-
resolution interpretations of reservoir 
distribution are consistent both within and 
accommodation space. Consequently, the 
structural trends accumulated significant 
geomorphological expression and were the 
dominant control on palaeogeography and 
sediment transport ways. These structural 
features also compartmentalised the 
Gourara Field, thus suppressing wave 
processes and enhancing tides during 

deposition of the Famenian and Strunian 
Formations. During deposition of a low-
frequency highstand systems tract, 
sediment supply outpaced differential 
tectonic subsidence, such that active faults 
and basement structural trends had no 
geomorphological expression, despite 
significant thickness changes across them. 
These structural features therefore had 
little influence on palaeogeography and 
sediment transport ways, while the wave-
dominated character of shallow-marine 
deposition at these times testifies to the 
open, non-compartmentalised character of 
the Gourara Province. 
The insights gained from an integrated 
regional- to reservoir-scale approach may 
contribute to the identification of near-field 
exploration potential and to improved in-
field recovery. The former is achieved via 
the recognition of various stratigraphic 
trapping mechanisms. The latter involves 
using the regional sedimentological and 
tectono-stratigraphic context to constrain 
intra-reservoir depositional trends and the 
choice of analogue datasets in reservoir 
model construction, therefore reducing 
uncertainty in reservoir characterisation. 
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Figure captions  
 
Figure.1:  Location map of the Petroleum 
Province showing major oil Group 
reservoirs. 
Figure.2: Well Location in the Gourara 
field. 
Figure. 3: Location map of the Petroleum 
Province. 
Figure. 4: Geological cut of Northern 
Gourara Basin. 
Photo-4:   Sandy shale. Marmorizations, 
traces of roots with fine-grained dolomite 
crust.  
Figure. 5: Schematic Structural of 
Northern Gourara – Voute of allal. 
Figure. 6: Sectional view of the Hercynian 
unconformitie of Northern Gourara Basin. 
Figure.7: Stratigraphic Column of 
Northern Gourara Basin.  
Figure. 8: Synthetic log of Well DKM-1 of 
Northern Gourara Basin. 
 Photo-1:  Slip figure (slump). 
 Photo-2: conglomerates, bases 
channel. 
Figure. 9: Cross sections of the sequences 
of Famennian – Strunian through the wells 
Hbh-1, Gk-1 and Htj-1. 
 
Table captions  
 

Table. 1:  Gourara field facies well log 
responses. 
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Fig. 1 - Location map of the Petroleum Province showing major oil Group reservoirs. 

 

 

 

 

 

 

 

 

Fig. 2 - Well Location in the Gourara field. 
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Fig. 3 - Location map of the Petroleum Province. 

LITHO 
FACIES 

GR (API) ΦN (%) ρb (g/cc) ∆T (µs/ft) 

Sand 10-68 -0.04-0.23 2.11- 2.60 59 –104 

Shale Sand 110-167 0.20- 0.33 2.42- 2.66 77 à 106 
 

Shale dolomite 45-114 0.22- 0.36 2.43- 2.67 68 - 105 

Low Sand  shale 44-133 0.08- 0.28 2.38- 2.66 67.5- 108 

Great sand or 
low Shale 

30-64 0.08 -0.23 2.33- 2.58 68 - 94 

Sandy Shale 
dolomite 

45- 114 0.11- 0.28 2.56-2.67 55 - 80 

Low Sandy 
Shale dolomite 

28-95 0.0540.14 2.63-2.80 47- 84 

 
Table-1 
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Fig. 4 - Geological cut of Northern Gourara Basin 

 

Fig. 5 - Schematic Structural of Northern Gourara – Voute of allal. 
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Fig. 6 - Sectional view of the Hercynian unconformitie of Northern Gourara Basin. 
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Fig. 7 - Stratigraphic Column of Northern Gourara Basin. 
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Fig. 8 - Synthetic log of Well DKM-1 of Northern Gourara Basin 
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        Photo1: Slip figure (slump)                                                                Photo2: conglomerates, bases channel 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 - Cross sections of the sequences of Famennian – Strunian through the wells Hbh-1, 
Gk-1 and Htj-1. 
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Fig. 10 – Composite log of Well DKM-1 
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