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[1] Upper mantle structure between 150 and 400 km depth is imaged beneath the Arabian Shield and
northern Red Sea by modeling P and S traveltime residuals from teleseismic events recorded on the Saudi
Arabia National Digital Seismic Network, the 1995–1997 Saudi Arabian PASSCAL experiment, and three
permanent stations (RAYN, EIL, and MRNI). Relative traveltime residuals were obtained using a
multichannel cross-correlation method and inverted for upper mantle structure using VanDecar’s inversion
method. The resulting images reveal a low-velocity region (�1.5% for the P model and �3% for the
S model) trending NW–SE along the western side of the Arabian Shield and broadening to the northeast
beneath the Makkah-Madinah-Nafud volcanic line. We attribute the low velocities to a mantle thermal
anomaly that could be as large as 330 K and that is associated with the Cenozoic uplift of and volcanic
centers on the Shield. Our tomographic images are not consistent with models invoking separate mantle
upwellings beneath the northern and southern regions of the Shield and instead favor single plume or
superplume models. We also find little evidence for low velocities beneath the northern Red Sea,
suggesting that there might not be a geodynamic link between rifting in the Red Sea and plateau uplift and
volcanism in the Shield.
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1. Introduction

[2] In this paper, we report results from a study of
upper mantle structure beneath the Arabian Shield,
and parts of the Arabian Platform and Red Sea
using body wave traveltime tomography (Figure 1).
Data used for this study come primarily from the
Saudi Arabia National Digital Seismic Network
(SANDSN), which has been operated since 1998
by the King Abdulaziz City for Science and
Technology (KACST) [Al-Amri and Al-Amri,
1999]. The network consists of 32 stations mostly
distributed across the Arabian Shield (Figure 1),
twenty-two of which are equipped with broadband
(Streckeisen STS-2) seismometers. Five years of
data (1999–2003) from the network were provided
for this study.

[3] The basement of the study region consists of an
amalgamation of Neoproterozoic terrains, and
throughout the Arabian Shield these terrains have
been subjected to Cenozoic uplift and volcanism.
The locations of Tertiary and Quaternary volcanic
regions are shown in Figure 1. The oldest volcanic
rocks on the Shield (circa 20-30 Ma [Camp et al.,
1991; Coleman and McGuire, 1988; Mohr et al.,
1988]) are contemporaneous with flood basalt
volcanism in Yemen, Afar, and the Ethiopian
Plateau, as well as the initiation of rifting in the
Red Sea. Younger volcanic rocks (circa 12 Ma to
present [Camp and Roobol, 1992; McGuire and
Bohannon, 1989]), including a chain of eruptive
centers called the Makkah-Madinah-Nafud (MMN)
volcanic line, are found in the central and northern
parts of the Shield (Figure 1). The average eleva-
tion of the Shield is 1 km, but in some areas near
the Red Sea, such as the Asir Province in south-
western Saudi Arabia, elevations are as high as
3 km (Figure 1). The uplift of the Arabian Shield
probably occurred between 20 and 13 Ma, post-
dating the onset of rifting in the Red Sea by at least
10 Ma [Almond, 1986; Bohannon et al., 1989;
Dixon et al., 1989; McGuire and Bohannon, 1989].

[4] Although a great deal of work has been done to
investigate the origin of Cenozoic uplift and vol-
canism in the Arabian Shield, the development of
these features in relation to rifting in the Red Sea
remains poorly understood. The uplift of the Shield
and the volcanism on it are generally assumed to be
the result of hot, buoyant material in the upper
mantle that may have eroded the base of the
lithosphere [e.g., Camp and Roobol, 1992;
McGuire and Bohannon, 1989]. However, the
lateral and vertical extent of the thermal anomaly

in the upper mantle under the Shield is uncertain,
as well as its relationship to mantle structure under
the Red Sea.

[5] Previous seismic work in the region has
revealed low seismic velocities in the upper mantle
beneath the Shield, consistent with the presence of
a broad thermal anomaly [e.g., Al-Damegh et al.,
2005; Al-Lazki et al., 2004; Benoit et al., 2003;
Debayle et al., 2001; Julia et al., 2003; Kumar et
al., 2002; Mellors et al., 1999; Rodgers et al.,
1999; Sandvol et al., 1998, 2001; Tkalčić et al.,
2006; Villaseñor et al., 2001]. Some global and
regional tomographic studies suggest that the low
velocities could extend from shallow upper mantle
depths downward across the transition zone and
into the lower mantle [e.g., Debayle et al., 2001;
Ritsema et al., 1999; Zhao, 2001], which led
Daradich et al. [2003] to propose that the uplift
of the Shield could be caused by thermally buoyant
mantle rock extending from the Moho all the way
down into the lower mantle. Other studies, how-
ever, have found little evidence for thinning of the
transition zone under the Shield [e.g., Benoit et al.,
2003; Kumar et al., 2002], suggesting that a
thermal anomaly does not extend as deep as the
mantle transition zone.

[6] Further evidence for thermally perturbed upper
mantle beneath the Shield comes from a recently
published study of shear wave splitting using data
from the SANDSN [Hansen et al., 2006]. The
results of this study show a N–S fast polarization
direction for SKS waves across the Shield, as did
Wolfe et al. [1999] for the Saudi Arabian PASS-
CAL experiment [Vernon et al., 1996]. The gener-
ally N–S pattern of fast polarization directions is
not easy to explain by flow in the mantle in the
direction of plate motion or to fossil anisotropy in
the Precambrian lithosphere, and consequently
Hansen et al. [2006] attributed the pattern to a
combination of plate and density driven flow in the
asthenosphere. The density driven flow is believed
to be caused by warm material from the Afar hot
spot flowing to the northwest channeled by the
thinner lithosphere under the Red Sea and the
western edge of the Shield. Estimates of plate
motion show that the Arabian plate is moving in
a northeasterly direction (N40�E) [McClusky et al.,
2003; Reilinger et al., 1997].

[7] Given the uncertainty in the nature of the
thermal anomaly beneath the Arabian Shield, in
this study we investigate it further by tomograph-
ically imaging the P and S wave velocity structure
of upper mantle. In the next two sections of the
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paper, we describe the data and tomographic mod-
eling procedure used, and also the resolution of the
tomographic models. Following that is a discussion
of what new insights the models provide about the
thermal anomaly, in particular with regard to the
Cenozoic uplift and volcanism in the Shield and
structure beneath the Red Sea.

2. Data and Traveltime Residuals

[8] As mentioned briefly in the introduction, the
data used in this study were obtained mostly from
the SANDSN, consisting of twenty-two broadband
and eleven short-period seismographs (Figure 1).
In addition to the SANDSN data, we have used
data from permanent stations in the region (RAYN,
EIL and MRNI) and from the Saudi Arabian
PASSCAL experiment, which consisted of nine
broadband seismic stations deployed for 18 months

between late 1995 and early 1997 (Figure 1)
[Vernon et al., 1996].

[9] To check for biases in traveltime residuals
between the data sets, we computed traveltime
residuals with respect to theoretical traveltimes
predicted by the iasp91 model [Kennett and
Engdahl, 1991] for many events recorded on a
pair of common stations to all three data sets
(AFFS and AFIF, Figure 1). Traveltime residuals
for events from similar back azimuths and great
circle distances do not reveal any systematic bias
between the data sets, and we therefore simply
combined all of the traveltime observations for
the inversion (Figure 2).

[10] The combined data set provides 3889 raypaths
with P and PKP wave arrivals from 462 events, and
1777 raypaths with S and SKS wave arrivals from
265 events. The majority of the events are located
between back azimuths of 15 and 130 degrees, but

Figure 1. Map of the study area showing topography, seismic station locations, and major tectonic features.
Broadband and short period seismic stations of the SANDSN are denoted by white and grey triangles, respectively.
The 1995–1997 PASSCAL Broadband Seismic Experiment stations are represented by green squares, and the IRIS/
GSN broadband station locations are shown as blue triangles. Co-located stations (AFFS and AFIF) are highlighted
with a thick blue line. Black circles indicate heat flow measurements with values in mWm�2 [Gettings, 1982]. Red
diamonds and red crossing-line pattern represent volcanoes and post-12 Ma volcanic fields, respectively. The outline
of the Arabian Shield is shown with the black dashed line.
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the events are distributed over a wide range of back
azimuths (Figure 3). The waveforms were filtered
with a zero-phase two-pole Butterworth filter be-
tween 0.5 to 2 Hz for P waves and between 0.04 to

0.1 Hz for S waves. Relative P and S wave
traveltime residuals were then computed using
the multichannel cross correlation (MCCC) method
of VanDecar and Crosson [1990]. Figure 4 shows

Figure 2. P and S wave traveltime residuals plotted against back azimuths and great circle distances for events
recorded on co-located stations AFFS and AFIF for (a and b) P waves and (c and d) S waves.

Figure 3. The distribution of earthquakes for P and S wave tomography plotted using an equal distance projection.
The red solid lines show major plate boundaries, and the grey circles are at 30-degree distance intervals from the
center of the seismic array.
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P and S wave relative arrival-time residuals com-
puted with rays coming from eastern and western
azimuths. The relative traveltime residuals for the P
and S waves show similar distributions of earlier
and later arrivals. Later arrivals (�1.5 s for P and
3.0 s for S) are observed on stations located on the
western side of the Arabian Shield near the Rea
Sea, and earlier arrivals (��1.5 s for P and �3.0 s
for S) are observed on stations in the Platform
(Figure 4).

[11] The traveltime residuals were inverted for a
3-D velocity model using VanDecar’s [1991]
method and a grid consisting of 34 knots in
depth, 56 knots in latitude between 12.0�N and
37.0�N and 56 knots in longitude between 29.5�E

and 55.0�E. For the inner region of the model
domain (17.4�N–30.7�N, 35.5�E–48.5�E, and 0–
200 km depth) the horizontal knot spacing in the
grid is one third of a degree, and the vertical knot
spacing is 25 km. For the outer regions of the
model, the vertical knot spacing is 50 km between
200 and 800 km depth, and 100 km between 800
and 1000 km depth. The horizontal knot spacing
increases from 0.5 to 1.5 degrees from the next-
to-inner region to the outermost region. The
iasp91 model [Kennett and Engdahl, 1991] was
used for the starting model. VanDecar and
Snieder [1994] show that model results are not
affect by the choice of starting model provided

Figure 4. Maps of (a and b) P wave and (c and d) S wave relative arrival-time residuals with different back azimuth.
Circles and diamonds represent the stations where observed arrival time is relatively late (positive) and early
(negative), respectively. Shaded areas show post-12 Ma volcanic areas. Arrows represent azimuthal direction from the
event location to the center of the network.
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that a sufficient number of iterations are used with
a regularization of damping.

[12] In the inversion procedure, station static terms
can be computed to compensate for traveltime
residuals arising from variations in crustal and
uppermost mantle structure directly beneath each
station, and source terms can be computed to
account for structure effects outside the model
domain plus event mislocations. To examine the
effects of the station and source terms on the model

results, we inverted both P and S wave data sets
with and without these terms. The results from the
tests are similar for depths between 150 km and
400 km, and we have therefore opted to use the
results from the models without station and source
terms for our interpretation (see Figures 5 and 6
and auxiliary material Figures S1 and S2 for
comparison1).

1Auxiliary materials are available in the HTML. doi:10.1029/
2006GC001566.

Figure 5. P wave velocity model. (a–d) Horizontal slices through the model are shown for depths of 150, 200, 300,
and 400 km, and (e and f) vertical slices are shown for two profiles (A-A0 and B-B0) whose locations are given in
Figure 5a. Areas with a hit count of �4 are darkened. Red triangles represent the MMN volcanic line. Outlines of the
Arabian Shield, the Red Sea, and the Persian Gulf are shown with thin white lines.
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[13] Optimum smoothing and flattening parameters
for the inversion were selected through an investi-
gation of trade-off curves of relative traveltime
RMS misfit versus model roughness. The final
P wave model results in an RMS traveltime resid-
ual of 0.0213 s, corresponding to a 96% RMS
reduction. The final S wave model has a residual
reduction of 0.0541 s, accounting for 92% of the
RMS residuals. These final residuals for the P and
S wave models are on the order of the estimated
error from the MCCC of �0.02 s for P waves and
�0.05 s for S waves, respectively.

3. Body Wave Tomographic Models

[14] Figure 5 shows depth slices and cross sections
through the P wave velocity model obtained from
the inversion. Structure below 400 km depth and
above 150 km depth is not shown because of the
limited number of crossing raypaths below and
above the 150–400 km depth interval.

[15] The depth slices (Figures 5a–5d) show low-
velocity anomalies of up to dVP = �1.5% which
are confined mainly to the Arabian Shield, with the
largest amplitude anomaly located beneath the
southwestern part of the Shield. The low-velocity
anomaly trends NW–SE beneath the western side
of the Shield and broadens to the northeast under
MMN volcanic line. A low-velocity zone does not
appear at any depths beneath the northern section
of the Red Sea (including the Gulfs of Suez and
Aqaba). Elsewhere beneath the Red Sea resolution
is too poor to interpret upper mantle structure (see
section 4).

[16] There is good agreement between the S and P
models. The region of low velocities imaged in the
P wave model under the western side of the Shield
can also be seen in the S wave model with the
largest amplitude anomaly (��3.0%) found be-
neath the southwestern part of the Shield (Figure 6).
Also similar to the P wave model, a low-velocity
region is not observed beneath the northern part of
the Red Sea.

[17] Profile A-A0 (Figures 5e and 6e) shows the
velocity contrast between the lower-than-average
velocities under the western side of the Arabian
Shield and higher-than-average velocities under the
eastern side of the Shield, as well as under the
Arabian platform. Across this profile there is a
�3% and �6% lateral variation in the P wave and
S wave velocities, respectively, between depths of
200–400 km. The vertical slices B-B0 in Figures 5f
and 6f show strong low-velocity anomalies beneath

the southern and middle parts of the Shield along
the Red Sea coast, but not extending north of
�27�N latitude.

4. Resolution Tests

[18] To examine model resolution, we performed a
number of tests. The results for checkerboard tests
consisting of 100 km diameter spheres with a ±5%
slowness anomaly placed at 200, 300, and 400 km
depths are shown in Figures 7 and 8. For these
tests, noise was added to synthetic traveltimes,
obtained by ray tracing through the models, as a
Gaussian residual time error with a standard devi-
ation of 0.02 s for synthetic P waves and 0.05 s for
S waves.

[19] The recovered models illustrate the horizontal
resolution (Figures 7b–7d for P wave model and
Figures 8b–8d for S wave model). In the P wave
model, the checkerboard anomaly between depths
of 200 and 400 km is recovered beneath most
parts of the Shield, indicating lateral resolution of
�100 km beneath much of the Shield. For the Red
Sea, only structure under the northern part can be
resolved. Horizontal resolution for the S model is
similar to or perhaps slightly better at some depths
than for the P model. For example, structure over a
wider part of the northern Red Sea (the Sinai
Peninsula and the Gulf of Aqaba) can be resolved
in the 200–400 km depth interval in the S model
compared to the P model.

[20] We also performed a resolution test with low-
velocity slabs to investigate the vertical resolution
of the models. The input models used for this test
consisted of a 100 km-wide slab extending 200 km
in depth along the western side of the Shield, with
a second shorter slab extending to the northeast
beneath the MMN volcanic line (Figures 9a–9c
and 10a–10c). The recovered models are shown in
Figures 9d–9g and 10d–10g. The amplitudes of
the recovered slowness anomalies are only �36%
of the input anomaly, but this is similar to results
from other studies using VanDecar’s inversion
method [e.g., Bastow et al., 2005; Benoit et al.,
2006b]. Both the P and S wave models can resolve
the horizontal dimensions of the input slab-like
low-velocity anomalies clearly. However, the test
indicates that the depth resolution of the models is
very limited, with the low-velocity anomalies
smearing downward by hundreds of kilometers
(Figures 9f–9g and 10f–10g). The test also indi-
cates that it is possible to infer from our models
(Figures 5 and 6) that a continuous low-velocity
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anomaly exists under the western side of the
Shield, and broadens to the northeast under the
MMN volcanic line.

5. Discussion

[21] In this section, we discuss how our models
compare to previous studies of the region and what
new insights can be obtained from them regarding
the origin of the Cenozoic uplift and volcanism in

the Shield and the development of the Red Sea. As
noted previously, the main feature in our model is a
low-velocity anomaly that is most pronounced
beneath the southwestern part of the Arabian
Shield and that trends NW–SE along the western
side of the Shield, broadening to the northeast
beneath the MMN volcanic line. The higher am-
plitude anomaly in the southwestern corner of the
Shield is coincident with the high topography of
the Asir Province (�3000 m).

Figure 6. S wave velocity model. (a–d) Horizontal slices through the model are shown for depths of 150, 200, 300,
and 400 km, and (e and f) vertical cross sections are shown for two profiles (A-A0 and B-B0) whose locations are
given in Figure 6a. Areas with a hit count of �4 are darkened. Red triangles represent the MMN volcanic line.
Outlines of the Arabian Shield, the Red Sea, and the Persian Gulf are shown with thin white lines.
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[22] The low-velocity anomaly imaged is broadly
consistent with models of upper mantle structure
for depths >�150 km reported in other global and
continental-scale tomographic studies [e.g., Benoit
et al., 2003; Debayle et al., 2001; Maggi and
Priestley, 2005; Ritsema and van Heijst, 2000;
Ritsema et al., 1999]. However, our model varies
in some important ways, in that not all of the
previously published models show (1) a low-
velocity anomaly under the northern part of the
Shield coincident with the MMN volcanic line or
(2) an absence of a low-velocity anomaly beneath
the northern part of the Red Sea.

[23] As for shallower (��150 km depth) structure,
there is generally good correlation between the
low-velocity regions in our model with regions of

inefficient Pn [Al-Lazki et al., 2004; Mellors et al.,
1999] and Sn propagation [Al-Damegh et al., 2005;
Mellors et al., 1999; Sandvol et al., 2001]. From
regional waveform modeling, Rodgers et al. [1999]
found that P and S wave velocities below the Moho
are slower in the Shield than in the Platform and
that Poisson’s ratio is higher (0.29 in the Shield and
0.27 in the Platform). Receiver function studies
[Kumar et al., 2002] and joint inversions between
receiver functions and surface wave group veloc-
ities [Julia et al., 2003; Tkalčić et al., 2006] show
thermally perturbed Shield lithosphere underlain
by a low-velocity zone. These comparisons indi-
cate that the anomalous upper mantle structure seen
in Figures 5 and 6 beneath the Shield in the 200–
400 km depth interval is present at uppermost
mantle depths as well.

Figure 7. Synthetic checkerboard resolution test for the P wave model. One hundred kilometer diameter Gaussian
spheres with ±5% peak velocity anomaly are distributed in a layer at depths of 200, 300, and 400 km. (a) Input
checkerboard model for each depth. (b–d) Recovered models.
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[24] The temperature perturbation needed to ex-
plain the low-velocity anomaly in our S wave
model can be estimated using the method of Faul
and Jackson [2005], which yields a temperature
derivative of �1.2 m/s/K at an average temperature
of 1300�C for a 10 mm upper mantle grain size.
The resolution tests suggest that the magnitude of
the low-velocity anomaly in our S wave model
could be underestimated by a factor of three, and
thus the observed low-velocity anomaly of ��3%
beneath the Shield area could be as large as 9%.
Using a temperature derivative of 1.2 m/s/K and
the relative velocity perturbation in our models, a
relative temperature variation can be computed. A
9% reduction in S wave velocity can be achieved
by a 330 K increase in temperature, whereas a 3%
reduction can be achieved by a 115 K temperature

increase. The maximum temperature estimate of
330 K suggests that partial melts could be present
in the upper mantle beneath the Arabian Shield
[Sato et al., 1988], consistent with the presence of
Holocene volcanic activity. Heat flow measure-
ments from the Shield (Figure 1) [Gettings,
1982], on the other hand, are similar to the global
average for Precambrian terrains [Artemieva and
Mooney, 2001; Nyblade and Pollack, 1993], indi-
cating that the thermal anomaly in the upper mantle
has not yet propagated to the surface away from the
volcanic centers.

[25] Do our models support previous studies sug-
gesting a geodynamic link between the anomalous
upper mantle structure under the Shield and the
Rea Sea? Coleman and McGuire [1988] and

Figure 8. Synthetic checkerboard resolution test for the S wave model. One hundred kilometer diameter Gaussian
spheres with ±5% peak velocity anomaly are distributed in a layer at depths of 200, 300, and 400 km. (a) Input
checkerboard model for each depth. (b–d) Recovered models.
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McGuire and Bohannon [1989], for example, pro-
posed the existence of partial melting in the upper
mantle caused by the advective rise of magma from
deep beneath the Shield coupled with flow laterally
toward the axis of rifting in the Red Sea. We are
unable to image upper mantle structure beneath
much of the Red Sea; however, the resolution of
our models for the northern section of the Red Sea
is reasonably good. Our models show a low-
velocity anomaly in the upper mantle extending
along the western side of the Shield, but the

anomaly does not extend to the north of �27�N
latitude in the vicinity of the northern Red Sea or
Gulf of Aqaba (Figures 5f and 6f). Thus our
models do not support a geodynamic connection
between upper mantle processes under the Shield
and the Red Sea, at least not locally north of
�27�N latitude.

[26] A number of authors have invoked plumes to
explain the Cenozoic uplift of the Shield and the
volcanism. Camp and Roobol [1992] suggested the

Figure 9. Synthetic slab resolution test for the P wave model. (a–c) Input model showing 100-km wide, 250-km
deep low-velocity slabs. (d–g) Recovered model from the inversion: horizontal cross sections at depths of (d) 200 km
and (e) 300 km and vertical cross sections along (f) A-A0 and (g) B-B0.
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existence of a narrow, deep rooted mantle upwell-
ing located beneath the northern part of the Ara-
bian Shield in proximity of the MMN volcanic line
and a second one to the south beneath Afar.
Montelli et al. [2004] imaged a low-velocity struc-
ture extending deeper than �670 km depth beneath
the Afar, but their model does not show a thermal
anomaly beneath the northern part of the Shield.
Burke [1996] suggested a multiplume model, in
which plumes exist in many places beneath the
African and Arabian plates related with topographic
swells and volcanic activity. Ebinger and Sleep

[1998] proposed a model with a large plume located
beneath Ethiopia and flow of warm plume material
along the Red Sea coast channeled by topography
on the lithosphere-asthenosphere boundary. And
from a regional tomographic study, Debayle et al.
[2001] developed a shear wave velocity model
showing a broad low-velocity zone beneath Ethio-
pia and the southern part of the Red Sea. The low-
velocity anomaly in their model is elongated in an
E–W direction at deeper depths (>500 km), sug-
gesting the presence of a plume conduit located

Figure 10. Synthetic slab resolution test for the S wave model. (a–c) Input model showing 100-km wide, 250-km
deep low-velocity slabs. (d–g) Recovered model from the inversion: horizontal cross sections at depths of (d) 200 km
and (e) 300 km and vertical cross sections along (f) A-A0 and (g) B-B0.
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beneath the southern part of the Arabian Plate and
the Red Sea.

[27] The main feature in our model, a NW–SE
trending low-velocity anomaly beneath the western
side of the Shield that broadens to the NE under the
MMN volcanic line, is not consistent with models
invoking two district mantle upwelling beneath the
Shield [e.g., Camp and Roobol, 1992]. The horizon-
tal resolution of ourmodels is sufficient to distinguish
between separate low-velocity regions (one north and
one south) under the Shield (Figures 7 and 8). The
NW–SE trend of the low-velocity anomaly under the
western side of the Shield is also not consistent with
the plume confined to the Afar region [e.g.,Montelli
et al., 2004]. The NW–SE trend in the low-velocity
anomaly under the western side of the Shield is,
however, consistent with the Ebinger and Sleep
model proposing plume flow channeled by thinner
lithosphere along the Red Sea coast [Ebinger and
Sleep, 1998].

[28] Another plume-like model for the Shield has
been proposed by Daradich et al. [2003], who
invoked a mantle upwelling originating in the lower
mantle beneath southern Africa (the so-called Afri-
can Superplume) extending to the surface beneath
the Arabian Shield. Support for this interpretation
comes from some global tomographic images show-
ing the Superplume anomaly rising frommidmantle
depths beneath southern and central Africa to the
east, connecting with a low-velocity region in the
uppermantle beneath eastern Africa and the Arabian
Shield [e.g., Grand, 2002; Ritsema et al., 1999].
Higher resolution regional tomographic images of
upper mantle structure under eastern Africa also
show a low-velocity region that extends from shal-
low upper mantle depths downward into the transi-
tion zone and that dips to the west with depth toward
central Africa, similar to the global images [Benoit
et al., 2006a, 2006b; Park and Nyblade, 2006;
Ritsema et al., 1998].

[29] The interpretation of Daradich et al. [2003] is
consistent with our models. The NW–SE low-
velocity anomaly beneath the western side of the
Shield could be the northern-most extent of the
African Superplume structure. Benoit et al. [2003]
and Kumar et al. [2002] found little evidence for
thermally perturbed mantle transition zone struc-
ture beneath the southern Shield region from stack-
ing receiver functions to image topography on the
410 and 660 km discontinuities. Thus mantle flow
associated with the Superplume could be crossing
the transition zone beneath Ethiopia, where the
660 km discontinuity is elevated [Benoit et al.,

2006a], and flowing to the north in the upper
mantle beneath the thinned Shield lithosphere
along the Red Sea, not unlike the channeled plume
flow in the model of Ebinger and Sleep [1998].

6. Summary

[30] Our P and S wave tomographic images reveal
a low-velocity region trending NW–SE along the
western side of the Arabian Shield but not extend-
ing north of �27�N latitude. The low-velocity
region instead broadens to the northeast beneath
the MMN volcanic line. The low-velocity region
under the Shield can be attributed to a 115–330 K
thermal anomaly in the upper mantle, and this
anomaly can be associated with the Cenozoic uplift
of and volcanic centers on the Shield. Our results
do not support the existence of a geodynamic link
between upper mantle processes under the Shield
and the northern Red Sea. A number of plume
models have been proposed to explain the Ceno-
zoic uplift and volcanism on the Shield, including
multiple plume heads, a single plume head, and a
superplume. Our tomographic images are not
consistent with models invoking separate mantle
upwellings beneath the northern and southern
regions of the Shield and instead favor single
plume or superplume models.
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