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Structural styles and Neogene petroleum system around the  
Yusuf-Habibas Ridge (Alboran Basin, Mediterranean Sea)

The Algerian offshore is part of the southern margin of 
the western Mediterranean Sea. The western part of this 

offshore area represents the transitional margin between the 
South Algero-Balearic Basin and the Alboran Basin. The study 
area includes the southern and eastern parts of the Alboran Basin 
and the northwestern part of the Algerian margin and is in the 
western part of the plate boundary between Eurasia and Africa 
(Figure 1).

The Yusuf-Habibas Ridge is a major EW-striking structure of 
this complex plate boundary, separating the eastern and southern 
parts of the Alboran Basin from the South Algero-Balearic Basin 
(Martinez-Garcia et al., 2011, and references therein). The ridge 
played an important role during the Neogene Alboran westward 
block migration between the Africa and Iberia plates, while the 
Kabylies blocks migrated southward and accreted to Africa. Fur-
thermore, the ongoing NW-SE convergence between Africa and 
Iberia has induced a new stress field, since 7 Ma ago, replacing an 
earlier stress field (Fernandez-Ibañez et al., 2007) and leading to 
reactivation and polyphased deformation on the main structures 
in the basin, including the Yusuf-Habibas Ridge.

The aim of this paper is threefold: (1) to highlight the tec-
tonic and structural styles of the Yusuf-Habibas Ridge; (2) to 
describe and correlate the stratigraphy of the South Alboran and 
Yusuf basins and, finally, (3) to discuss the elements of the Neo-
gene petroleum systems has around it. To this end, we present 
and discuss new interpretations of various existing seismic reflec-
tion data to highlight the evolution of this ridge.
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A. OUABADI, USTHB, Laboratoire Géodynamique, Géologie de l’Ingénieur et Planétologie/FSTGAT
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Exploration history
Along the western Algerian margin the water depth locally 
reaches a depth of 2500 m in the east but it becomes shallower 
westward (typical water depth between 1000 and 2000 m). 
The area has been the subject of numerous seismic, gravimetric/
magnetic surveys, and drilling. The first seismic survey was con-
ducted between 1968 and 1970, and the latest seismic data were 
acquired in the western offshore region by Sonatrach in 2002.

To date, the western Algerian offshore shelf and deep-water 
basin are still underexplored in terms of drilling, despite abun-
dant and relatively good quality geophysical data. Only two wells 
have been drilled on the upper part of the margin (Figure 1). The 
first, relatively shallow well was drilled in Arzew Bay in 1974 (to-
tal depth of 1207 m). The second shelf well was drilled in 1977 
near the Habibas Islands at the southern part of the Alboran Ba-
sin (total depth of 4496 m). This well has reached the Hercyn-
ian basement and proved the existence of a thick pre-Messinian 
Upper and Middle Miocene section. However, the well was a 
dry hole, most probably because of the lack of structural closure.

Bathymetric/morphological setting
The Alboran Basin is a sea about 400 km long and 200 km 
wide, with a maximum water depth of 2 km. It shows a com-
plex bathymetric pattern (e.g., Comas et al., 1999) with sev-
eral sub-basins, ridges and seamounts. The Alboran Ridge, in 
the central part of the Alboran Sea, is the largest. It forms a 
180-km NE-SW linear structure and includes several volcanic 

edifices. The Yusuf-Habibas Ridge in the eastern 
part of the Alboran Sea is the second main bathy-
metric high of the region striking WNW-ESE. Due 
to these main ridges, three sub-basins were defined 
(Comas et al., 1999; Martinez-Garcia et al., 2011): 
the West Alboran Basin (WAB), the East Alboran 
Basin (EAB) and the South Alboran Basin (SAB).

The South-Alboran basin (SAB) is formed by 
a gently dipping northward plateau, lying between 
the Moroccan and Algerian coasts. The plateau is 
delimited to the north by a steep escarpment that 
is formed by the Yusuf-Habibas faults and forms a 
shelf margin with shoals (Banc of Câbliers, Proven-
cal and Alidade) of volcanic origin. Eastward, the 
EW-trending Habibas escarpment limits the shal-
lower (100 m) and very narrow (3000 m) platform 
of the Algerian margin from the South Balearic-Al-
gerian dipping abyssal plain (2500 m). Between the 
East Alboran Basin and the Algero-South Balearic 
Basin, the transition is gradual and no escarpment is 
seen on seismic data.

Figure 1. Seismic cross section of the study area and tectonic sketch of the Alboran 
Basin. Modified after Comas et al. (1999).
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1) The syn-rift sequence, Early Miocene-to-Lower Tortonian in 
age, coeval with the opening of the western Mediterranean 
basin. It has coarse clastics in some areas (Cheliff and Bet-
ics), whereas it is dominated by a clays in the offshore (e.g., 
Habibas Basin).

2) The post-rift sequence, extending from Upper Tortonian to 
Present, with the Messinian salt at its base followed by a suc-
cession of open-marine to deep-marine facies (clays, marls, 
turbidites). In the southern Alboran Basin, no salt deposit 
linked to the Messinian Salinity Crisis was noted due to the 
uplift of the Yusuf-Habibas ridge during the Tortonian NNE-
SSW compressive event. The Pliocene lithology is mainly 
shales with a couple of sandstones within the beds above the 
Pliocene unconformity. These sediments are initially depos-
ited in the bathyal regime, shallowing up into outer neritic at 
the end of the Pliocene.

The basement of the Alboran Sea beneath the syn-rift se-
quence consists of rocks similar to those found in the Rif-Betic 
Cordillera (Comas et al., 1992; Platt et al., 1998). Seismic and 
magnetic data indicate that the acoustic basement beneath the 
Alboran Sea is heterogeneous, formed of either metamorphic 
or volcanic rocks. Metamorphic rocks of the Betic and Rif belts 
have been recovered at the bottom of commercial wells offshore 
Spain and Algeria (sites HBB-1 and DSDP 121). East of 4° W, 
most bathymetric highs, sampled by dredging and diving (Mauf-
fret et al., 1987), appear to consist of basaltic volcanics. Therefore 
the exact nature of the basement in the eastern Alboran region 
remains unknown.

In the onshore Cheliff Basin, Miocene-Quaternary deposits 
overlay a Mesozoic basement (Figure 5) formed by thrust sheets. 
However, the offshore distribution of this Mesozoic-deformed 
terrain is unknown. The base of the Cenozoic basin fill is repre-
sented by uppermost Burdigalian-to-Serravallian marls and sand-
stones. Overlying the latter, the Tortonian strata are made up of 

The bathymetric map (Figure 2) is built from our data set 
by assuming a water velocity of 1520 m/s. The continental 
shelf bathymetry overall is very narrow except in the bays of 
Arzew (25 km) and Habibas (20 km). The steep continental 
slope is well defined between isobaths 200 m and 2300 m and 
it has an average width of 20–30 km. In the Habibas area, the 
continental margin gradually deepens.

Stratigraphy
The stratigraphy used in this work (Figure 3) was compiled 
from numerous onshore and offshore studies around the 
Betico-Rifan arc (e.g., Jurado and Comas, 1992; Comas et al., 
1992, Chalouan et al., 1997; Fernandez et al., 1999; Cope, 
2003; Booth-Rea et al., 2007; see also Soto et al. in this special 
section). Six seismic stratigraphic units labeled VI-I from base 
to top, tied to the commercial wells drilled offshore Spain, 
have been recognized within the seismic record of the basin 
(Jurado and Comas, 1992). According to these data and the 
internal Sonatrach biostratigraphy data of the Habibas well, 
we observe the following important points in our study area:

Seismic Unit VI. The oldest marine deposits overlying the 
basement beneath the Spanish and west Algerian margins are 
Aquitanian-Burdigalian in age, and consist of olistostromes 
with coarse clastics and shales.

Seismic Units V (Langhian) and IV (Serravallian/early Tor-
tonian) consist of Middle to Upper Miocene sediments with 
undercompacted shales at the base passing upward into sandy 
and silty turbidites.

Seismic Unit III (Late Tortonian) includes sandstone inter-
vals alternating with claystone and silty clay beds, as turbidite 
layers. Volcaniclastic levels intercalate throughout the middle 
and upper Miocene sequences.

Seismic Unit II (Messinian). These deposits have a shallow-
water siliciclastic or carbonate facies, with occasional gypsum 
and anhydrite intervals. Unit II has a nearly uniform maxi-
mum thickness of about 250 m (or about 200 ms in TWT 
time) across the entire Alboran Sea Basin except in the Habibas 
Basin (HBB-1) where it is over 1000 m thick. However, large 
areas in the basin lack Messinian sediments, probably due ei-
ther to erosion or no deposition (Figure 4). A well-developed 
Messinian evaporite sequence (i.e. thick salt) is notably absent, 
in contrast to the neighboring Mediterranean basins to the east 
(e.g., Ryan et al., 1973).

Seismic Unit I. The Pliocene-to-Pleistocene sediments 
penetrated by commercial wells consist mainly of fine-
grained distal marls, clays, and scarce interbedded sandstones. 
The extensive diapir province in the West Alboran Basin 
involves sediments from Units VI and V and likely comprises 
undercompacted, overpressured material from these units 
(Pérez-Belzuz et al., 1997: Soto et al., this volume). The base 
of Pliocene– Pleistocene seismic Unit I, imaged in the seismic 
profiles as a prominent channeled, erosional unconformity, 
correlates with the top of the Messinian evaporite sequence 
recognized throughout the Mediterranean (i.e., the 
“M-reflector” of Ryan et al., 1973; Comas et al., 1999).

Based on the seismic facies units defined above, the sedi-
mentary succession of the study area can be divided into two 
major sequences:

Figure 2. Bathymetric map of the Algerian western margin showing 
the main structural features.
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limestones, marls, and sandstones. The Messinian sequence has 
marls alternating with diatomites and platform limestones. On 
top of the Messinian are massive gypsum beds with marl and 
sandstone intercalations.

The offshore Yusuf Basin on the eastern part of the Alboran 
Basin contains late Miocene-to-Plio-Quaternary sediments up 
to 2000 m thick (Figure 6), part of them having been drilled at 
ODP sites 977 and 978 (Alvarez-Marrón, 1999). In the deepest 
part of the South Alboran Basin, the Habibas area contains more 
than 4 km of sediments (Figure 7), which have been investigated 
by the deep-water Habibas well (e.g., Cope, 2003). Interestingly, 
no significant Messinian evaporites were found in this well and 
no hiatus have been identified at the end of the Messinian period. 
Based on the seismic data (Figure 6), the unconformity marking 
the end of the Messinian is characterized by erosive scars. The 
Pliocene sequence represents a renewed deepening of the basin 
with sediment deposited initially in the bathyal regime shallow-
ing up into outer neritic at the end. The dominant lithologies are 
shales with some sandstone layers (shingled turbidites?) within 
the package sitting on the Pliocene unconformity.

The western part of the South Algero-Balearic Basin has a 
thick section of sediments deposited at the base of the continen-
tal slope. The shelf area of the Algerian-South Balearic margin 
was penetrated by the Arzew well (Figure 1) drilled on a seismi-
cally defined Miocene–Pliocene structural nose (Burollet et al., 
1978). In contrast to the Habibas well, in the Arzew well a mas-
sive, 129 m thick Messinian gypsum bed has been found.

Structural styles
The Neogene history of the Alboran Basin and the western 
part of the South Algero-Balearic Basin is closely related to the 

geological history of the Alboran block and its collision with 
the Betic and Rif chains. Two main opening periods can be 
detected on seismic sections. The first one is Aquitanian-to-Bur-
digalian in age and is related to the NNW-SSE opening of the 
Valencia Trough. This extension is attested only by the geom-
etry and the thickness variation of the sediments with no clear 
evidence for the existence of syn-rift tilted blocks. The second 
Langhian-to-Tortonian extensional period is roughly contem-
poraneous with the westward migration of the Alboran block 
and its collision (at ca. 10 Ma) with the Betic and Rif domains. 
This extension is well identified in the South Balearic-Algerian 
Basin where westward-tilted blocks and associated growth strata 
were well defined in the seismic cross sections (Figure 7). In the 
South Alboran Basin (Habibas Basin), the Langhian-to-Mes-
sinian deposits show onlapping geometries: they have filled the 
depressions induced by the fold-propagation faults to the south 
and southwest (Figure 6). These thrust faults are well recognized 
onshore (e.g., Yelles-Chaouche et al., 2006), and well expressed 
in the piggy-back basins such as in the Cheliff Basin (Bracene 
et al., 1998).

As illustrated by seismic cross sections (Figures 6 and 7), the 
Pliocene unconformity marks a major tectonic event in this part 
of the western Mediterranean. In fact, the latest Tortonian com-
pressional episode might be responsible for the water drawdown 
in the Mediterranean. The NNW-SSE main stress reorientation 
implies an eastward motion of Africa relative to Europe which 
also generates a dextral transtension along the EW-striking faults 
(Martinez-Garcia et al., 2011) and it started the opening of a 
Plio-Quaternary pull-apart basin (Yusuf Basin).

At present, the Yusuf-Habibas Ridge constitutes a major 
morphological limit at the western end of the southern Algerian-
Balearic Basin. It is limited to the north by a large fault system 
that is among the longest structures along the complex plate 
boundary between Eurasia and Africa and is potentially absorb-
ing an important part of the present-day deformation (Martinez-
Garcia et al., 2011).

From sea-floor morphology, the Yusuf-Habibas fault zone 
shows different segments with lateral tips in relay, accommo-
dated by en-échelon folds, suggesting transtensive deformation. 
The Yusuf Basin has a rhomboid-shaped bathymetric expression, 
bounded to the north by the steep Yusuf Ridge and to the south 
by the less steep African continental slope. Mauffret et al. (1992) 
interpreted the Yusuf Basin as a present-day pull-apart basin (or 
negative flower structure) developed next to the Yusuf strike-slip 
fault. In contrast, the adjacent Yusuf Ridge (900 m high relative 
to its surroundings) has been interpreted as a push-up block (or 
positive flower structure).

Within the Yusuf-Habibas Ridge, seismicity is scarce, oc-
curring partially along the main faults (Martinez-Garcia et al., 
2011). However, some low-magnitude earthquakes (Mw <3) in 
the Yusuf Basin clearly show that some of the bounding faults 
are active today. The single focal seismic mechanism affecting the 
Yusuf Ridge reveals right-lateral, transtensive deformation, for 
faults trending NW–SE. This observation is consistent with nor-
mal displacements observed along active faults seen in this zone 
from high-resolution seismic sections. These observations sup-
port previous interpretations (e.g., Alvarez Marrón 1999; Comas 

Figure 3. (a) Regional well correlation from Alboran Sea to the 
Algero-South Balearic Basin. Modified after Comas et al. (1999). (b) 
Location of well correlation profile.
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et al. 1999; Fernández-Ibáñez et al., 2007; Martinez-Garcia et 
al., 2011) of the Yusuf-Habibas ridge as a fault structure with 
right-lateral, transtensive deformation.

Other right lateral strike-slip faults parallel to the Yusuf fault 
have been interpreted to occur at bathymetric breaks along the 
southern side of the basin (Habibas Escarpment). Two oblique 
topographic breaks may correspond to synthetic faults between 
the areas of right-lateral strike-slip systems. Post-Messinian de-
formation along these faults effected even the Pliocene-Holocene 
sedimentary sequences. However, folding and strike-slip fault-
ing seem to have already started in the Late Miocene (Martinez-
Garcia et al., 2011).

Petroleum systems
Apart from the two boreholes (HBB-1 and ARZ-1) drilled on 
the shelf in a foreland basin setting, no exploration drilling has 
been done in back-arc basins. This translates to significant un-
certainties regarding the petroleum system elements (source, 
reservoir, seal and structure) in this part of the Algerian offshore.

Reservoirs and seals. Three main reservoirs are recognized 
in the Habibas well sedimentary section: (1) sandstones in the 
Pliocene, above the Messinian evaporites; (2) sandstones in the 
Middle-to-Upper Miocene, below the Messinian evaporites; and 
(3) carbonates and sandstones in the older allochthonous units.

In addition to these reservoir sands, an interval with chaotic 
patterns (MMCR) is seen on seismic and HBB-1 well data (Fig-
ure 6). Unfortunately, at the well location, this interval is very 
thin; therefore the exact nature of this lithologic unit remains to 
be seen. However, in an internal Sonatrach sequence stratigraph-
ic and biostratigraphic study, it was interpreted as a slump or as a 
carbonate ramp with mounded buildup. If it is a carbonate plat-
form, it could have porosity with favorable reservoir properties.

Neogene sandstones are considered to be the primary target 
in the offshore area with stacked units of thickness 20–100 m. 

The porosity range is typically 4–18%. However, deep-water 
marine sandstones also occur in the Pliocene of well HBB-1 
as stacked units with thickness of 5–20 m displaying excellent 
porosity character in the range 20–26%. In the Cheliff Basin 
(Ain Zeft and Tliouanet fields), production has been possible 
from Upper Miocene (Tortonian) marine sandstones (Figure 
5). Similar sandstones are recognized in the Upper to Middle 
Miocene (Tortonian-Serravalian) of well Habibas-1.

The Messinian evaporite sequence acts as an efficient region-
al top seal. Within the Miocene, reservoir units can be locally 
sealed by interbedded shales. Seals for older reservoir formations 
are assumed to be locally developed interbedded shales or tight 
carbonates. A regional seal top formed by shales is expected im-
mediately above the base Miocene unconformity.

Source rocks, maturation, and hydrocarbon migration. Several 
source rocks are known regionally from Miocene, Paleogene 
and Cretaceous times. In the Cheliff Basin, the Upper Miocene 
Tripoli marls are oil-prone source rocks with up to 3% total  

Figure 4. Seismo-stratigraphic chart of the Algerian South Alboran 
margin.

Figure 5. Generalized stratigraphic chart of the onshore Cheliff Basin 
and its petroleum systems as an exploration analog for the offshore 
area.
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Figure 6. Seismic cross section from the South Alboran margin to the East Alboran Basin.

Figure 7. Seismic cross section from the South Alboran Basin to the Algero-South Balearic Basin.
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Figure 8. Burial and maturity history geological modeling of well 
Habibas-1.

Figure 9. Miocene-to-Pliocene Habibas Basin petroleum plays related 
to faulted anticlines and transported upper Miocene sub-basin.

organic content (TOC). Immediately offshore, in well Habi-
bas-1, equivalent marls have up to 2% TOC and a hydrogen 
index over 400 with sapropelic kerogen assemblages. Older Mio-
cene source rock levels not actually seen in the Habibas well are 
known more regionally. For example, in the Valencia Basin, off-
shore Spain, the Lower-to-Middle Alcanar marls are proven as a 
source rock (e.g., Cope et al., 2003).

The extensional regime of the crust and the relatively young 
age of the Miocene basins surrounding the Yusuf-Habibas Ridge 
suggest that present-day surface heat flow should still be relative-
ly high, positively impacting the maturation of all possible source 
formations. Unfortunately, heat-flow data are not available for 
well HBB-1; however, ODP-975, south of the Balearic Islands, 
has recorded values of 81 mW/m². Several sites in the Alboran 
Basin have recorded values in excess of 100 mW/m² (e.g., Fer-
nandez-Ibañez and Soto, 2008). Using these values and a simple 
rifting model, it can be demonstrated that potentially source-
prone Miocene section would be currently in the oil window.

A geochemical study of well HBB-1 between 1550 and 4334 
m showed that the majority of the measured TOC within the 
Miocene section is lower than 1% (actually, between 0.25 and 
0.8%). 1D geochemical modeling (Figure 8) was performed us-
ing the IFP-EN Genex software to illustrate the hydrocarbon 
generation timing of three selected clay potential source-rock 
layers interpreted as transgressive shales: Serravallian clay at 
3284–3308 m, corresponding to 12.7 Ma in age with TOC of 
0.6–1.13%; Tortonian clay at 2770–2830 m, 9.26 Ma in age, 
with TOC of 0.8–0.9%; Messinian clay at 2387-2320 m 6.96 
Ma in age, with TOC of 0.6%.

The modeling results show that only the Serravalian and Tor-
tonian clay levels reached the oil window, at 2.5 Ma and 1 Ma, 
respectively. The Messinian clay level is still immature. The Habi-
bas model shows that the best kitchen areas should be expected 
deeper than 2700 m. Therefore, in this region, the Langhian or 
Aquitanian and Burdigalian lacustrine source rocks deposited 
during the syn-rift period might be considered as effective source 
rocks as well.

Petroleum plays and traps
Several petroleum plays are recognized in the surroundings of 
the Yusuf-Habibas Ridge which are closely related to the geo-
logical history of this transition domain.

South Alboran Basin. The Algerian margin forms a broad pla-
teau with less than 1000 m water depth. The oil system would 
be favorable if there are source rocks present in syn-rift Miocene 
section (Burdigalian-to-Late Tortonian). In the Habibas Basin, 
the Early Miocene source rocks still unknown; the seismic sec-
tions (Figure 9) display only the Middle-to-Upper Miocene syn-
rift strata.

The Habibas Basin sedimentary section has significant reser-
voirs at three main levels (Pliocene, Tortonian and Serravallian). 
These three sandstone levels encountered by well HBB-1 are in-
terpreted to be associated with the erosion of the Pre-Miocene 
strata at the Yusuf-Habibas Ridge. This erosion would have 
supplied the Serravalian sandstones as basin floor fans, the late 
Tortonian and the Pliocene sands as shingled turbidites, and the 
Messinian sands as slope channels. A chaotic level visible in seis-

mic data but not well described by the existing well data may 
represent a carbonate reservoir level at the base of the Pliocene 
(Figure 11).

There are two main trap types in the Habibas Basin: (a) 
structural traps, represented by Early Miocene anticlines and 
traps associated with tilted blocks and (b) stratigraphic traps, 
such as pinch-outs against tilted fault blocks, basin floor fan 
turbidites, mound carbonates, and Messinian paleo-valleys. The 
hydrocarbons potentially generated from the Langhian and Ser-
ravallian source rocks migrated vertically into the anticlinal traps 
and then laterally into the stratigraphic traps. The charge/trap 
timing is favorable because generation/expulsion has been mod-
elled as post-Pliocene (2.5 Ma). The trap seals are provided by 
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the various clay layers interbedded between the reservoirs. The 
basin modeling done for well HBB-1 indicated effective Middle 
and Upper Miocene source rocks. However, the critical explora-
tion risk within the Habibas Basin is related to the presence and 
effectiveness of source rocks.

South Algero-Balearic Basin. Eastward from the Yusuf-Habi-
bas Ridge, the water is deep (2500 m). The interpretation of a 
WSW-ENE seismic cross section (Figure 7) suggests the presence 
of older Miocene syn-rift source rocks of possibly Burdigalian 
age. Between tilted syn-rift fault blocks the Middle Tortonian-to-
Messinian series filled the depressions. The post-salt deposits are 
organized into folds, roll-overs and diapirs induced by detach-
ment faulting on the salt. This tectonic decoupling defines two 
distinct petroleum systems:

Pre-salt petroleum system. Source rocks are assumed to be 
present in the Lower to Middle Miocene (Burdigalian?) syn-rift 
deposits. These source rocks have been documented in the on-
shore Cheliff Basin. There are multiple potential reservoir levels, 
within the Serravallian and Tortonian strata, equivalent to those 
of the onshore Ain Zeft Field of the onshore Chellif Basin. The 
traps are related to various tilted blocks and Tortonian-aged in-
version structures. Stratigraphic traps associated with the pinch-
out of Tortonian-Messinian sediments are also considered as a 
viable play. The charge element of this petroleum system appears 
to be favorable as the Miocene source rocks are sufficiently bur-
ied beneath a thick Plio-Quaternary sequence.

Post-salt petroleum system. The source rock for this system is 
assumed to be Messinian-to-Middle Miocene in age. The res-
ervoirs are Messinian carbonates and Pliocene basin floor fan 
or shingled turbidite sandstones. The traps could be anticlines, 
diapirs and roll-over structures, all related to detachment on the 
Messinian salt. Some of the anticlines show gas chimneys or 
pockmarks. The exploration risk in this case is related to Pliocene 

seal quality and charge/trap timing as the structures tend to be 
very young (i.e., Plio-Quaternary).

Conclusions
The Yusuf-Habibas Ridge is a continental fragment of the Al-
boran plate. Given its unique location at the plate boundary be-
tween Europe and Africa, the ridge recorded a long history of 
deformation between these plates. In particular, the north-south 
relative convergence of Africa and Europe during the Quater-
nary is marked by a dextral strike-slip along the Yusuf-Habibas 
Fault forming the Yusuf pull-apart basin.

A careful study of the available seismic sections tied to well 
HBB-1 clearly shows that the basement of the Yusuf-Habibas 
Ridge is mostly metamorphic sediments (whose age remains 
unclear) and Miocene volcanics. Above this substratum, seismic 
data depict only Pliocene-to-Quaternary deposits and NNW-
SSE normal faulting which indicate a collapse toward both 

Figure 10. Miocene-to-Pliocene Habibas Basin petroleum plays 
related to Early Miocene tilted blocks.

Figure 11. Miocene-to-Pliocene pull-apart Habibas Basin and its 
petroleum plays and traps.

Figure 12. Miocene-to-Pliocene Algero-South Balearic Basin 
petroleum plays related to Early Miocene tilted blocks and related 
inversion structures.
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Habibas and Algerian and South-Balearic basins. The polyphase 
structural evolution of the Yusuf-Habibas Ridge is summarized 
below:

After the development of an Oligocene-Miocene magmatic 
arc in the Alboran block, the Yusuf-Habibas Ridge was 
formed during the Tortonian. The uplift of the ridge is linked 
with the collision of the Alboran plate to the Rif and Betic do-
mains at ca. 10 Ma. The ENE-WSW Tortonian compressive 
phase, caused by the northeasterly motion of Africa relative 
to Europe at that time, led to the formation of NW-SE folds 
and marks the development of the Messinian piggy-back 
Habibas Basin.
During the Messinian, evaporites accumulated in Habibas 
Basin—Unit II in Figure 4, equivalent of Lower Unit (LU) 
and Upper Unit (UU) in Figures 6 and 7. Well HBB-1 on the 
shelf (Figure 1) has not penetrated any Messinian salt depos-
its. The early Pliocene period is marked by the erosion of the 
existing ridges and seamounts and the overall sedimentation 
became progressively sandier.
During the Pliocene and the Quaternary, the WNW-ESE 
faults bordering the Yusuf-Habibas Ridge were acting as dex-
tral strike-slip structures. This strike-slip movement induced 
the opening of the Yusuf pull-apart basin and normal faulting 
on the flanks of the ridge. A detachment fault was associated 
with the Messinian salt—forming salt domes, diapirs, and 
rollover structures in the Plio-Quaternary deposits.
The proper understanding of the polyphase deformational 
episodes in the broader Habibas Ridge and Basin appears to 
have an important impact on the exploration potential of this 
part of offshore Algeria. 
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