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[1] The Hoggar swell in Algeria is one of the significant massifs of northwest Africa. The paucity of high‐
resolution geophysical studies of the crust and mantle beneath the massifs is mostly responsible for the
heated debates about the depth of the source region of the Cenozoic volcanism and the closely related
uncertainty about the mechanism that formed and maintains the high elevation of the swells. Here we report
results from a systematic study of 1386 high‐quality receiver functions (RFs) recorded by station TAM, the
only permanent broadband seismic station on the Hoggar swell. The resulting crustal thickness is about
34 km and the Vp/Vs is 1.77 when all the RFs from the station are stacked. Our study reveals a sharp con-
trast in the amplitude of the P‐to‐S converted phases between the volcanic, highly‐fractured Tefedest ter-
rane and the non‐volcanic, less fractured Laouni terrane. The former has a stacking amplitude that is
comparable to typical cratonic areas, and the latter has an amplitude that is only about 25% as large. Spa-
tially consistent crustal thickness and an intermediate‐mafic crust are inferred on the Tefedest terrane, while
spatially variable crustal thickness and a felsic crust is inferred beneath the Laouni terrane. The observa-
tions can be best explained by a mantle‐derived underplated magmatic layer beneath the mechanically‐
stronger Laouni terrane, and magmatic diking and resultant volcanism associated with the mechanically
weaker Tefedest crust. The study demonstrated the significance of a long‐running station in the investiga-
tion of spatial variations of crustal characteristics.
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1. Introduction

[2] Northwest Africa is host to a number of topo-
graphic highs topped with Cenozoic, dominantly
basaltic volcanism (Figure 1). Those swells are

similar in terms of age, dimensions, amplitude of
gravity anomalies, and volcanic activities [Liegeois
et al., 2005; Doucoure and de Wit, 2003]. While
swells with comparable characteristics are com-
monly found on ocean floors, a simple comparison
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of global elevation, Bouguer gravity, seismicity, and
Cenozoic volcano distribution maps suggests that
northwest Africa is perhaps the only “stable” con-
tinental area with such large‐scale swells on Earth.
Both plume [e.g., Sleep, 1990; Burke, 1996] and non‐
plume [e.g., Ayadi et al., 2000; Liegeois et al.,
2005; Beccaluva et al., 2007] hypotheses have been
proposed for the formation of the swells. The debate
is mostly caused by a paucity of high‐resolution
geophysical (especially broadband seismic) studies
of the crustal and mantle structure beneath the swells.

1.1. Geological Setting of the Hoggar Swell

[3] The Hoggar swell is the largest among the sev-
eral volcanic swells in northwest Africa (Figure 1).
Stratigraphic records suggest that this area was
already a topographic high during the Cretaceous
time [Liegeois et al., 2005]. The study area is located
in central Hoggar and consists of the Tefedest and
the Laouni terranes (Figure 2) [Black et al., 1994].
Tectonically, it is part of the Tuareg shield, which
was formed through accretion events at about
600 Ma [Liegeois et al., 2003, 2005]. The oldest
basement rocks are Archean in age [Peucat et al.,
2003]. Three main phases of Cenozoic volcanism
have been identified on the Hoggar swell, including
the Upper Eocene to Oligocene, Miocene to Mio‐
Pliocene, and Late Pliocene to late Quaternary epi-
sodes [Liegeois et al., 2005]. The dominantly basaltic

lavas have rare earth element patterns that are
similar to ocean island basalts, and cover a layer of
about 100 m thick in several volcanic districts in
Central Hoggar [Liegeois et al., 2005] (Figure 2).
Geochemical analyses of mantle xenoliths suggest
that the Cenozoic volcanism might be related to
rejuvenation and thinning of the lithosphere by
asthenospheric upwelling, which could be induced
by the large difference in lithospheric thickness
between the Hoggar swell and the cratonic area to
the west [Beccaluva et al., 2007].

[4] The NE‐SW striking fault that separates the two
terranes is a member of the conjugate brittle fault
system formed by the indentation of the West Afri-
can craton during the Pan‐African orogeny at about
500–600 Ma (Figure 2) [Ball, 1980]. The south-
western end of the fault is the continental‐scale
N‐S oriented 4°50′ fault, at a distance of about
95 km from the center of the study area (Figure 2).
It represents the sharp eastern boundary of the
Tahalra volcanic field on the Tefedest terrane, in
which the latest eruption was as recent as the his-
torical time [Assouni‐Sekkal et al., 2007]. Relative
to the Laouni terrane, the Tefedest has a much
better developed brittle fault system (Figure 2)
[Ball, 1980; Liegeois et al., 2005]. The obvious
role of the fault on the spatial distribution of vol-
canism suggests that it is a deep fault, perhaps

Figure 1. Bouguer gravity anomalies of northwest
Africa computed using the GRACE (Gravity Recovery
and Climate Experiment) satellite gravity data [Tapley
et al., 2005], the GTOPO‐30 topographic model, and a
mean crustal density of 2.67 g/cm3. Circles represent
major Cenozoic volcanic swells.

Figure 2. Distributions of Cenozoic volcanism (red
areas) and brittle fracture systems in central Hoggar. The
purple line represents the fault separating the Tefedest
and Laouni terranes, the blue N‐S line represents the
4°50′ fault, and the blue triangle is seismic station TAM
(modified based on Liegeois et al. [2005]).
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lithospheric in nature, although the mechanism for
the fault to control the spatial distribution of the
volcanism remains unresolved.

1.2. Results of Previous Geophysical
Studies

[5] By applying a grid‐search modeling technique,
Sandvol et al. [1998] found a crustal thickness of
38 ± 0 km using 14 events recorded by station
TAM, data from which are used in the current
study. Sandvol et al. [1998] concluded that the
crustal structure beneath the station is very homo-
geneous. Similarly, under the assumption of a lat-
erally homogeneous crust, Gangopadhyay et al.
[2007] revealed a crustal thickness of 36 km and
a P‐and S‐wave velocity range of 6.25–6.8 km/s
and 3.1–3.9 km/s, respectively, using data from
6 events. As shown below, our results suggest a
dramatic contrast in Moho characteristics between
the Tefedest and Laouni terranes sampled by the
1386 events used in the study, highlighting the
importance of additional data and that of a data
analysis approach that is beyond the common
assumption of laterally homogeneous crust beneath
a station.

[6] Seismic P‐wave tomography inversion using
data from a 2.5 month deployment of 33 short‐

period vertical seismometers across central Hoggar
[Ayadi et al., 2000] found that in the top 100 km,
the seismic P‐wave velocity beneath the study area
is a few percent lower than that beneath the Sahara
basin located to the north of the Hoggar swell.
Within the study area (Figure 3), the crustal velocity
beneath the Tefedest terrane is 1–2% higher than
that beneath the Laouni terrane [Ayadi et al., 2000].
As shown below, these observations, when com-
bined with results from this study, suggest a sharp
contrast in crustal mechanical strength and its result-
ing control on magmatic movement between the
two terranes.

[7] Under the assumption of isostatic balance, the
large swell must be underlain by a lower density
anomaly in the crust and/or mantle. Nevertheless,
conflicting results exist regarding the density struc-
ture of the crust and mantle beneath the Hoggar
swell from investigations of gravity anomalies.
Brown and Girdler [1980] attributed the negative
Bouguer gravity anomaly associated with the swell
to an approximately 40 km thinning of an assumed
100 km thick original lithosphere, i.e., the lighter
layer is in the depth range of 60–100 km. This is
inconsistent with other gravity studies such as that
of Crough [1981] who inferred the existence of a
magmatic body at the depth shallower than 60 km,
or that of Lesquer et al. [1988] who suggested that
the magmatic body exists in the depth range of 20
to 70 km with a thickness that is 30 km or thinner.

[8] Based on seismic tomography and gravity inver-
sion results and the observation that the Hoggar
swell is not associated with significant high‐heat‐
flow anomalies [Lesquer et al., 1989], Liegeois
et al. [2005] suggested that there is no thinning
of the lithosphere beneath Hoggar and that the
source of the observed negative gravity anomaly
must reside at a depth of 250 km or greater. They
also proposed that the volcanism in Hoggar and
other northwest Africa swells (Figure 1) is not
related to mantle plumes, but instead is the results
of rejuvenation of Pan‐African structures and has an
upper‐lithospheric source. On the other hand, some
low‐resolution seismic tomography results revealed
a deep low‐velocity column beneath Hoggar, e.g., the
global‐scale shear‐wave velocity model of Grand
[2002] (as referenced by Begg et al. [2009]) sug-
gested a column of lower shear‐velocity with a radius
of about 500 km at most depth ranges, extending to
a depth of greater than 1000 km.

[9] Some of the major remaining unresolved ques-
tions on the Hoggar swell (and most other swells in

Figure 3. Surface topography of the study area and
distribution of ray‐piercing points of the PmS phase at
35 km depth (pluses). The dashed line represents the
fault separating the Tefedest and Laouni terranes. The
fault was digitized based on Google Earth images.
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