
ELSEVIER Earth and Planetary Science Letters 173 (1999) 257–269
www.elsevier.com/locate/epsl

Mid-Atlantic Ridge–Azores hotspot interactions: along-axis migration
of a hotspot-derived event of enhanced magmatism 10 to 4 Ma ago

Mathilde Cannat a,Ł, Anne Briais b, Christine Deplus c, Javier Escartı́n a,d, Jennifer Georgen e,
Jian Lin e, Serguei Mercouriev f, Christine Meyzen g, Mark Muller a,1, Gaud Pouliquen c,

Aline Rabain a, Pedro da Silva h

a Laboratoire de Pétrologie, CNRS–UPMC, 4 Pl. Jussieu, Paris 75252 Cedex 05, France
b GRGS–CNRS, Toulouse, France

c IPGP–CNRS, Paris, France
d Institute of Earth Sciences Jaume Almera–CSIC, Barcelona, Spain

e WHOI, Woods Hole, MA, USA
f Russian Academy of Sciences, St. Petersburg, Russia
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Abstract

A recent survey of the Mid-Atlantic Ridge over the southern edge of the Azores Platform shows that two anomalously
shallow regions located off-axis on both sides of the ridge are the two flanks of a single rifted volcanic plateau. Crustal
thickness over this plateau is up to twice that of surrounding oceanic areas, and original axial depths were near sealevel. The
lack of a coherent magnetic anomaly pattern, and the near absence of fault scarps over the plateau suggest that its formation
involved outpouring of lava over large distances off-axis. This volcanic plateau formed in Miocene times during an episode
of greatly enhanced ridge magmatism caused, as proposed by P.R. Vogt [Geology 7 (1979) 93–98], by the southward
propagation of a melting anomaly originated within the Azores hotspot. This melting anomaly could reflect excess
temperatures of ¾70ºC in the mantle beneath the ridge. It propagated at rates of ¾60 mm=yr and lasted no more than a few
million years at any given location along the ridge. Enhanced magmatism due to this melting anomaly played a significant
role, some 10 Ma ago, in the construction of the Azores Platform.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Mid-Atlantic Ridge deepens gradually south-
ward from the Azores region near 40ºN (axial depth:

Ł Corresponding author: Tel.: C33 1 44 27 51 92; Fax: C33 1 44
27 39 11; E-mail: cannat@ccr.jussieu.fr
1 Present address: Anglo American corporation, Marshalltown,
South Africa.

1800 m on average [1]) to about 26ºN (axial depth:
3850 m on average [2]). This long bathymetric gradi-
ent coexists with similarly long gradients of gravity
anomalies and basalt geochemistry, suggesting that
regional crustal thickness, the buoyancy of the upper
mantle beneath the ridge, and its content in incom-
patible chemical elements, all decrease slowly away
from the Azores [3,4]. Similar bathymetry, gravity,
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and geochemical gradients exist in the vicinity of
other near-ridge volcanic islands such as Iceland,
Tristan da Cunha, and the Galapagos. They indicate
that the plumes of anomalously hot and=or enriched
mantle (‘hotspots’) that are thought to feed vol-
canism on these islands also divert toward nearby
ridges and spread laterally along-axis over distances
of a few hundred to two thousand kilometers. This
along-axis flux of plume material is thought to be
a function of as yet poorly constrained variables
such as the plume’s geometry, temperature and dy-
namics [5–9]. Studying the temporal and spatial
variations of ridge-directed plume fluxes is a way
to constrain these variables. The present study fo-
cuses on the Azores region and brings evidence for a
relatively short lived, but pronounced episode of en-
hanced magmatism at the Mid-Atlantic Ridge axis in
Miocene times. This excess magmatism could be due
to a marked change in the temperature of mantle ma-
terial provided by the Azores hotspot and channeled
along the ridge during this period.

2. General setting of the study area

The Azores hotspot corresponds with a broad
(a few hundred kilometers in diameter) domain of
anomalously low S-wave velocities in the 100 km to
200 km depth range, centered somewhat to the east
of the Mid-Atlantic Ridge [10]. The distribution of
recent volcanism in the Azores Archipelago suggests
a similar location (100 to 200 km to the east of
the ridge, near the island of Faial; Fig. 1a) for the
hotspot center [5,7].

Volcanism leading to the formation of the Azores
Archipelago has been focused along the NW–
SE-trending Terceira Rift, a dextral transtensional
structure [13,14], for at least the past 5.5 Ma [15].
Formation of the anomalously shallow Azores Plat-
form may have started as early as 36 Ma ago [16],
with the onset of the northward migration of the

Fig. 1. (a) Shaded satellite free-air gravity map of the Mid-Atlantic Ridge in the Azores region [11] (illumination from N150º).
Box marks the location of (b) and (c). (b) Shaded multibeam bathymetry (SIMRAD EM12) from the SudAçores (this study) and
FARA-SIGMA [12] cruises onboard L’Atalante. MG D Menez Gwen; LS D Lucky Strike; FA D FAMOUS. Note the anomalously
shallow region east of the ridge axis between Princess Alice Bank and FAMOUS, and its western counterpart at the latitude of the Lucky
Strike segment. (c) Mantle Bouguer anomaly map (MBA) for the same area. Note the prominent gravity lows at the location of the
shallow areas.

Africa–North America–Eurasia (AFR–NAM–EUR)
triple junction from the latitude of the Pico and
East Azores Fracture Zones (Fig. 1a), to the vicin-
ity of the North Azores Fracture Zone, where it is
located at present [17]. Two elongated regions of
anomalously shallow depths can be seen as V-shaped
positive anomalies on the free-air satellite gravity
map (Fig. 1a). These anomalously shallow regions
were identified by Vogt [18] as the Faial and Flores
ridges, and interpreted as volcanic features caused
by enhanced hotspot activity in Miocene time.

The ridge in our study area is part of the NAM–
AFR plate boundary, with an instantaneous spreading
rate of 22 mm=yr on an azimuth of 110º [19]. Time-
integrated spreading kinematics across this boundary
between 28ºN and 40ºN are well constrained for the
past 10 Ma [17,20,21] and have varied little (22–25
mm=yr rate on an azimuth of 98–108º) through time
and along axis for the past 7 Ma. Prior to that, spread-
ing rates appear to have been faster over the whole
area and particularly over the Azores Platform (up to
40 mm=yr between 8.7 and 10.2 Ma [17]). The AFR
plate moves very slowly to the southwest [22,23] rela-
tive to the hotspot reference frame. The Mid-Atlantic
Ridge in the study area therefore migrates to the west-
southwest, away from the Azores hotspot, at rates
slightly less than the half-spreading rate.

3. Off-axis relicts of a rifted volcanic plateau

Multibeam bathymetry and gravity data recorded
during the SudAçores cruise (R.V. L’Atalante; July–
August 1998) extend to magnetic anomaly 5 on
both sides of the axis over the FAMOUS, North
FAMOUS, and Lucky Strike ridge segments, and
all the way to Princess Alice Bank off-axis from
the Menez Gwen and KP4 segments (Fig. 1). They
complement data previously recorded over the ridge
axis (FARA-SIGMA cruise [12]). A description of
along-axis bathymetry and gravity in the area of
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Fig. 2. SIMRAD reflectivity image of intact volcanic cones on the western flank of the volcanic plateau, off-axis from the Lucky Strike
segment (location: see inset in Fig. 3a). Reflective areas (dark grey) correspond to slopes of volcanic edifices. Low reflectivity areas
(pale gray and white) are flat and sedimented zones. The large volcano at 37º350N is ¾18 km in diameter. Smaller cones, 1 to 4 km in
diameter, tend to align in a NNE–SSW direction, parallel to the regional trend of the ridge axis.

Fig. 1, based on FARA-SIGMA results, can be found
in Detrick et al. [1].

The new off-axis bathymetry data show that the
two regions of anomalously shallow depth identi-
fied by Vogt [18] as the Faial and Flores ridges are
indeed volcanic features, with numerous intact vol-
canic cones, up to 18 km in diameter (Fig. 2). These
anomalously shallow regions lack the regular pattern
of ridge-parallel abyssal hills that is so prominent in
younger off-axis areas (Fig. 3a). Magnetic anomalies
in these younger areas are well defined. Fig. 4 shows
the observed magnetic profile at the mid-point of
the Lucky Strike segment. Up to the beginning of
anomaly 3A this observed profile fits (with slightly
slower spreading rates) a synthetic model (model 1;
Fig. 4) in which the bathymetry is inferred to follow
a simple subsidence curve (for a constant spreading

rate of 24 km=Ma). The edges of the anomalously
shallow volcanic regions on both flanks of the axis
are marked by very high amplitude magnetic anoma-
lies (Fig. 3b and Fig. 4). Magnetic anomalies over
the shallow volcanic regions are dominantly positive
(especially in the western region; Fig. 4) and do not
fit model 1. Model 2 (Fig. 4) involves a magnetic
layer of constant thickness (400 m as in model 1)
which follows the seafloor topography. It shows that
while topographic effects can account for the high
amplitude of magnetic anomalies associated with the
edges of the shallow volcanic regions, they do not re-
produce the observed, dominantly positive magnetic
signal over these regions.

The shallow region to the west of the ridge axis
is roughly triangular in shape and is widest at the
latitude of the Lucky Strike segment (Fig. 1b). Its
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Fig. 3. Shaded bathymetry and magnetic anomalies over the Mid-Atlantic Ridge south of the Azores. (a) Shaded bathymetry.
Abbreviations: see Fig. 1b. Illumination from N320º enhances the contrast between smooth topography on the two flanks of the volcanic
plateau, and numerous ridge-parallel and oblique scarps in the intervening younger seafloor. Inset shows the location of Fig. 2. (b)
Magnetic anomalies projected along tracks of the SudAçores cruise. Dots mark the modeled position of the axial anomaly. Note the high
amplitudes of magnetic anomalies over the two edges of the volcanic plateau.

possible extension north of the Menez Gwen seg-
ment has yet to be mapped. The shallow region to
the east of the ridge axis is not as wide, but extends
all the way from the FAMOUS segment in the south,
to Princess Alice Bank in the north, with a mean
azimuth of 64º (Fig. 1b). Its western flank is a steep
NE–SW-trending scarp, with a short N–S-trending
portion at the latitude of the Lucky Strike segment.
Similarities in the shape of ridgeward scarps for the
western and eastern shallow regions at this latitude

suggest that they can be fit back together by closing
the more recently accreted intervening seafloor. The
study of magnetic anomalies [21] confirms this hy-
pothesis, showing an excellent fit of the two scarps
between anomalies 3 and 3A with rotation parame-
ters virtually identical to those determined at 28º–
29ºN for this same period [20]. The two off-axis
shallow regions in Fig. 1b therefore appear to be
the two flanks of a rifted volcanic plateau. Volcanic
cones over this plateau are commonly strongly re-
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Fig. 4. Magnetic and depth profiles along a flow line (azimuth N104º) crossing the ridge axis in the center of Lucky Strike segment
(37º16.46¾N). Magnetic models 1 and 2 are calculated with the geomagnetic timescale of Cande and Kent [24] for a constant full
spreading rate of 24 km=Ma, a 400 m thick magnetic layer and a 3.2 km wide transition zone. Magnetic model 1 assumes that
the magnetic layer follows a subsidence curve with an axial depth of 1500 m. In magnetic model 2, the magnetic layer follows the
topography of the seafloor.

flective (Fig. 2). This is due to the combination
of relatively steep slopes and small thicknesses of
loose sediment and is probably not an indication that
these cones represent recent volcanism. The lack of
a coherent magnetic anomaly pattern, and the near
absence of fault scarps over the volcanic plateau
indicate that its formation did not occur within the
confines of a narrow axial spreading region, but
probably involved outpouring of lava over large dis-
tances off-axis, burying any earlier fault scarps and
blurring the magnetic anomaly signal.

Mantle Bouguer anomalies (MBA) were derived
from free-air anomaly (FAA) data by subtracting
the gravity effect of the topography and the Moho,
assuming a constant crustal thickness of 6 km and
crustal density of 2700 kg=m3 and using Parker’s
[25] method. The two flanks of the volcanic plateau

correspond to marked lows in the MBA pattern
(Fig. 1c). The maximum MBA contrast between the
two flanks of the plateau and immediately adjacent
younger seafloor reaches ¾60 mGal at the latitude
of the Lucky Strike segment, and over 80 mGal
at the latitude of Princess Alice Bank (Fig. 1c).
Lithospheric cooling with age is modeled using
Phipps Morgan and Forsyth’s [26] passive mantle
flow model, with a half spreading rate of 12 mm=yr.
The thermal gravity is removed from the MBA to
calculate the residual MBA (RMBA). Gravity cor-
rections for spatial variations in sediment thickness
determined using 6-channel seismic reflection (up
to 750 m in the oldest parts of the study area) are
minor (typically <10 mGal) and do not alter signif-
icantly the observed RMBA patterns (J. Escartı́n et
al., in prep.). Relative crustal thickness variations are
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Fig. 5. Gravity and depth profiles along a flow line (azimuth N104º) crossing the ridge axis in the center of Lucky Strike segment
(37º16.46¾N). (a) MBA (thick line), and thermal gravity anomaly ([26], thin line). Arrows show minimum 1RMBAs values (with
respect to present-day axis) for the two flanks of the volcanic plateau. (b) Bathymetry (thick line) and subsidence curves [28] calculated
for C D 240 and 340 m=Ma1=2. (c) Zero-age depths calculated with subsidence curves shown in (b). Possible former volcanic islands
(calculated axial depths above sea level) are shown in gray and black.

calculated by downward continuation of the RMBA
[27], assuming that they are solely produced by spa-
tial variation in crustal thickness.

The western and eastern flanks of the volcanic
plateau on the same flow line as the mid-point of
the Lucky Strike segment have minimum 1RMBAs
of �90 and �51 mGal, respectively, with respect to
on-axis values (Fig. 5a). These RMBA lows corre-
spond to an excess crustal thickness of up to 5–6
km under the plateaus with respect to the ¾7–8 km
crust inferred from gravity at the center of the Lucky
Strike segment [1]. The maximum crustal thickness
beneath the volcanic plateau would therefore be of
the order of 12–14 km on the corresponding flow-
line, representing a two-fold increase (relative to
present day) in the magma supplied to the ridge dur-
ing the formation of the plateau. A similar pattern is
observed at Princess Alice Bank with respect to the

present crustal thickness of 8–9 km [1] at the center
of the KP4 segment.

Axial depths at the time of formation of the
plateau can be estimated using the empirical depth
(D) vs age (t) curve of Parsons and Sclater [28]
(D.t/ D Ct1=2 C D.t D 0/) and assuming symmet-
rical spreading about the location of the present-day
axis (Fig. 5b,c). We used two values of the subsi-
dence factor C D 340 m=Ma1=2 is the world average
[28]; and C D 240 m=Ma1=2 fits the slower subsi-
dence of the magma-rich northern Reykjanes Ridge
[29]. These two C values correspond to the upper
and lower bounds of the C values observed from
bathymetry off-axis along the MAR at the latitude of
the Lucky Strike and FAMOUS segments (J. Escartı́n
et al., in prep.). In both cases, the shallowest regions
of the plateau appear to have formed at depths either
very close to or above sealevel (Fig. 5c).
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4. Southward migration of hotspot-derived
magmatic pulse

The study of magnetic anomaly patterns [21]
indicates that enhanced magmatism leading to the

Fig. 6. Sketches showing location of selected bathymetric and gravity features at present (a), and at the time of magnetic anomalies 3 (b;
3.85 Ma), 3A (c; 5.69 Ma), and 4 (d; 7.01 Ma). For the sake of readability, each sketch only shows two magnetic anomalies [17,21]: An
5, and the most recent anomaly identified in off-axis records. The ridge axis is drawn at each step of the reconstruction based on these
anomalies. Thick gray lines: MBA minima over the two edges of the volcanic plateau and FAA maxima in satellite-derived gravity map
(see Fig. 1a); dented black lines: ridgeward scarps that mark the transition from plateau to younger seafloor; thin black line labelled 2500
in (a): trace of 2500 m isobath in Fig. 1b; thin gray line labeled 1500 in (a): trace of 1500 m isobath in off-axis regions of the Azores
Platform from a compilation of GEBCO and NGDC data [17]; black: areas shallower than 500 m. Abbreviations: N. Az. FZ D North
Azores Fracture Zone; P. A. FZ D Princess Alice Fracture Zone; Az. FZ D Azores Fracture Zone; P. A. Bank D Princess Alice Bank; C.
D Corvo Island; Fl. D Flores Island; S. J. D Sao Jorge Island; F. D Faial Island; P. D Pico Island; MG D Menez Gwen; FA D FAMOUS;
LS D Lucky Strike.

formation of the volcanic plateau in the FAMOUS–
Lucky Strike area occurred after the time of anomaly
5 (10.1 Ma), and that rifting of this plateau occurred
sometime between anomalies 3A (5.69 Ma) and 3
(3.85 Ma). The marked obliquity between the di-
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rection of spreading (N100–110º) and the average
trends of depth and MBA anomalies over the east
and west flanks of the plateau (N64º and N47º, re-
spectively; Fig. 1) suggests that both the event of
enhanced magmatism and the subsequent rifting of
the volcanic plateau occurred first to the north and
migrated southwestward. The migration azimuth for
the magmatic event is ¾N244º (line bisecting the an-
gle between the two trends of MBA minima), parallel
to the regional trend of the ridge, and the migration
rate is ¾60 mm=yr, assuming a half spreading rate of
12 mm=yr.

Fig. 6a shows the present-day configuration of
a few structural elements over the Azores Platform
and down to our study area. These structural ele-
ments include selected isobaths, the MBA minima
that we interpret as the maximum crustal thickness
on the two flanks of the volcanic plateau (Fig. 1c),
and a prominent high in the satellite-derived FAA
map ([11]; Fig. 1a) to the west of segment KP4.
We interpret this FAA high, which trends parallel
(azimuth N47º) to the MBA low mapped to the west
of the ridge during the SudAçores cruise, as the
northward continuation of the west flank of the rifted
volcanic plateau. Fig. 6b–d shows schematic recon-
structions (made by fitting together corresponding
magnetic anomalies with a uniform N105 spreading
direction) of these structural elements, for the times
of magnetic anomalies 3, 3A and 4.

These reconstructions suggest that the maximum
magmatic activity at the latitude of the Lucky Strike
segment occurred ¾7 Ma ago (anomaly 4), corre-
sponding to the fit on-axis of the MBA minima over
the two flanks of the plateau (Fig. 6d). The 2500
m isobath is considered as the outer edge of the
volcanic plateau in our study area (see Fig. 1b and
Fig. 5b). It lies at the center of FAMOUS at the time
of anomaly 4 (Fig. 6d). Assuming an average along-
axis propagation rate of 60 km=Ma, the distance
between the center of Lucky Strike (maximum mag-
matic activity at that time) and FAMOUS (initiation
of enhanced magmatism) corresponds to ¾1.5 Ma.
The onset of enhanced magmatism at the latitude of
Lucky Strike may therefore have occurred ¾1.5 Ma
prior to the time of anomaly 4 (¾8.5 Ma ago). Rift-
ing of the volcanic plateau there occurred 4 to 5 Ma
ago (prior to anomaly 3, Fig. 6b). The estimated du-
ration of excess magmatism at the latitude of Lucky

Strike is therefore of ¾4 Ma. This estimated duration
is a maximum because the plateau may have formed
in less time, with extensive off-axis volcanism and
plutonism. Better constraints on the duration of this
magmatic event require further detailed studies of
seafloor morphology, magnetic and gravity data.

Rifting of the volcanic plateau at the latitude
of the KP4 segment occurred sometime between
anomaly 4 (7.01 Ma; Fig. 6d) and anomaly 3A (5.69
Ma; Fig. 6c). It took about 3 Ma (at 60 mm=yr) for
the magmatic pulse to cover the distance between
KP4 and Lucky Strike. Enhanced magmatism was
therefore probably at a peak near KP4 some 10 Ma
ago. Total duration of enhanced magmatic activity
at the latitude of KP4 may have been longer than
further to the south, judging from the along flow-line
width and amplitude of depth and gravity anomalies
mapped over Princess Alice Bank (Fig. 1). Addi-
tional off-axis bathymetry and gravity data over the
west flank of the ridge north of 38ºN are needed to
better constrain this duration.

At the time of anomaly 5 (10 Ma ago), the two
anomalously shallow off-axis regions (delimited by
the 1500 m isobath in Fig. 6a) around the Azores
Islands and Princess Alice Bank overlapped over the
future location of segments KP2 to KP4 (Fig. 6d).
This is where the episode of enhanced magmatism
responsible for the formation of the volcanic plateau
appears to have originated. This part of the ridge is at
present time also the closest to the inferred location
of the Azores hotspot, and based on absolute plate
motion models [22,23] it was presumably even closer
to the hotspot 10 Ma ago.

5. Discussion: ridge magmatism and the
temperature and dynamics of hotspot-derived
material

The volcanic plateau documented in this paper
formed during an event of anomalously high melt
production, quite likely due to a change in the tem-
perature, composition, or dynamics of the mantle
supplied to the Mid-Atlantic Ridge by the Azores
hotspot. Whatever the nature of this change, it had
to be sufficient to approximately double the crustal
thickness formed at the ridge axis. It also had to be
of limited duration at any given location along the
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ridge, and to migrate away from the hotspot at a rate
of ¾60 km=Ma.

It is generally thought that the rate of melt produc-
tion beneath a ridge is primarily controlled by mantle
temperature [5,7,30,31]. It has, however, also been
proposed that H2O and CO2-enriched domains in the
mantle, rather than anomalously high mantle temper-
atures, can account for enhanced magmatism in the
Azores region [32]. Higher temperatures or higher
volatile contents in the mantle both translate into
increased decompression melting, a larger magma
supply, and shallower axial depths. The presence of
volatiles is known to lower the melting temperature
of the mantle [33,34] but this effect is not yet suffi-
ciently well understood to be incorporated in decom-
pression mantle melting models (e.g., [35]). Previous
works relating variations in the elevation .R/ of mid-
ocean ridges, and in the thickness of the oceanic
crust (inferred to represent changes in the magma
supply M/, to ridge–hotspot interactions have there-
fore neglected the possible effect of volatiles on
mantle melting [5,7,30,31]. These works have also
assumed passive upwelling of the mantle beneath the
ridge. Applying this approach with the parameters
of Ito and Lin ([7]; ∆T ¾ 38∆R) and White et al.
([30]; ∆T ¾ 14∆M), to maximum changes in ridge
elevation (∆R ¾ 1:8 km; Fig. 5c) and in crustal
thickness (∆M ¾ 5 km) associated with the volcanic
plateau at the latitude of the Lucky Strike segment,
yields a maximum temperature variation (∆T ) of
¾70º for the upper mantle beneath the ridge. For
comparison, a ∆T of only ¾30º has been calculated
in the same way for V-shaped topography and gravity
anomalies near the Reykjanes Ridge south of the Ice-
land hotspot [30]. These variations in upper mantle
temperature could reflect a change in the tempera-
ture of the plume itself, and=or a significant change
in the ridgeward and along-axis velocities of plume-
derived material (higher velocities would translate
into lower rates of conductive cooling [7] for plume-
derived material). Faster spreading rates recorded in
the magnetic anomaly pattern for the period of 10 to
7 Ma [17,20] during the emplacement of the volcanic
plateau, could be related to such a change in veloc-
ity of plume-derived material. A correlation between
periods of high magmatic discharge and periods of
more rapid spreading is also mentioned by Vogt [36]
for the Reykjanes Ridge south of Iceland.

One point to keep in mind is that the geometry
and upwelling velocity of the melting region also
significantly affect melt production beneath a ridge
[37]. While it seems reasonable to assume that these
parameters fit a passive upwelling setting when aver-
aged over long time periods and along-axis distances
[31], discrete events of dynamic upwelling cannot
be ruled out, especially if upper mantle tempera-
tures undergo rapid changes. ∆T values given in the
above paragraph could then be overestimated. An-
other point to keep in mind is that the duration of the
episode of enhanced magmatism at any given loca-
tion along the volcanic plateau south of the Azores
is not well constrained at present. Extensive off-axis
volcanism and plutonism could have led to the for-
mation of the plateau in less time than suggested
by plate reconstructions (Fig. 6). As an example,
along flow-line variations of gravity anomalies sug-
gest ¾300 km2 excess crustal production during the
formation of the plateau at the latitude of Lucky
Strike (Fig. 5a). If emplaced over the 4 Ma sug-
gested by plate reconstructions, this amount of ex-
cess magma corresponds with an average ∆M of ¾3
km (with a peak of ¾5 km at the time of magnetic
anomaly 4, some 7 Ma ago; Fig. 6). Emplacement
over only 2 Ma would correspond with an average
∆M of ¾6 km some 8 to 6 Ma ago. Assuming pas-
sive upwelling, the value of ∆T given earlier in this
section could thus be underestimated.

The episode of enhanced magmatism responsible
for the formation of the volcanic plateau migrated
southwestward along the ridge at rates (Vx in Fig. 7)
of ¾60 mm=yr. Vogt [36] equated the faster mi-
gration rates (100–200 mm=yr) he calculated for
the V-shaped topography and gravity anomalies near
Reykjanes Ridge, to the along-axis velocity of the
upper mantle beneath the ridge (Vmx in Fig. 7).
However, the sketch in Fig. 7 suggests that these
along-axis migration rates do not in fact offer such
a direct constrain on mantle velocities. It shows that
the angle of incidence (Þ) of the temperature (or
volatile content) anomaly responsible for enhanced
magmatism should also be taken into account, so
that Vmx may actually be significantly smaller than
Vx. Fig. 7 also shows that the total duration (d) of
enhanced magmatism at any given location along
the ridge should depend both on the local thickness
(H ) of the anomalous mantle domain, and on the
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Fig. 7. Possible configuration for mantle melting anomaly that caused the formation of the South Azores volcanic plateau. A domain
of anomalously hot mantle enclosed within colder mantle migrates upward (vertical velocity: Vmz) and along the ridge (horizontal
velocity: Vmx). Depth difference (h) between solidus for anomalously hot mantle and colder ambient mantle is a function of ∆T .
Excess magmatism (∆M) is produced when hotter mantle enters the interval between the two solidi. Mantle of normal temperature but
anomalously high volatile content would have essentially the same effect. The ridge portion affected by excess magmatism at any given
time is x0 to x3, with maximum magmatism between x1 and x2. Excess magmatism migrates along the ridge at rate .Vx /. It can be
shown that Vmx D Vx � Vmz=tgÞ (with 90º > Þ > 0º). The total duration (d) of enhanced magmatism at any location along the ridge is
a function of the thickness (H ) of the anomalous mantle domain at that location: d D .H C h cosÞ/=.Vx sin Þ/; with Þ > Arctg h=.Vxd/.
Fading away of topographic and gravity anomalies south of FAMOUS (Fig. 1) suggests that the anomalous mantle domain thins out to
the south.

angle Þ. This angle could vary as a function of the
initial shape of the anomalous mantle domain in the
plume’s head, and of the dynamics of its entrainment
along the ridge. Analogue [38] and numerical [39]
models do indeed suggest that plume heads have a
geometrically complicated structure. Given that the
subsequent entrainment of this plume head material
toward and along the ridge is likely to induce further
complexities (e.g., [6,8,9,40,41]), it is safe to allow
for a large range of possible values for the angle Þ,
and consequently for important parameters such as
H and Vmx (see caption for Fig. 7).

Finally, the fact that topographic and gravity
anomalies associated with the two flanks of the vol-
canic plateau fade away south of FAMOUS (Fig. 1)
indicates either that the anomalous mantle domain
thinned out to the south, as represented in Fig. 7,
or that its excess temperature (∆T ) or volatile con-
tent relative to the surrounding sub-axial mantle had
decreased to negligible values. Conductive cooling
should indeed affect an anomalously hot mantle do-

main as it moves away from the hotspot, causing
∆T (and therefore ∆M) to decrease progressively
with time, and southwestward, during the formation
of the volcanic plateau. This prediction of the model
does in first approximation fit with the observed gen-
eral southwestward increase of MBA values from
Princess Alice Bank to FAMOUS on the east flank
of the plateau (Fig. 1c) and will be examined in more
details in a forthcoming paper (J. Escartı́n et al., in
prep.).
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