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Feature
Volcanic and structural evolution of
Pico do Fogo, Cape Verde
In recent months the media have drawn attention to the Cape Verde
archipelago, with particular focus on the island of Fogo, the only island
presently active and with an eruption that began on 23 November 2014,
finally ceasing on 7 February 2015. The Monte Amarelo conical shield
forms most of the 476 km2 almost circular island of Fogo. After attaining a
critical elevation of about 3500 m, the Monte Amarelo shield volcano was
decapitated by a giant landslide that formed a caldera-like depression (Cha
das Caldeiras), which was subsequently partially filled by basaltic nested
volcanism. This younger eruptive activity culminated in the construction of
the 2829 m-high Pico do Fogo stratocone, apparently entirely made of layers
of basaltic lapilli. Continued growth of the Pico do Fogo summit eruptions
was interrupted in 1750, most likely after the stratocone reached a critical
height. Since then, at least eight eruptions have taken place inside the
landslide depression at the periphery of the Pico do Fogo cone, including the
2014–2015 eruptive event. Strong geological similarities with the Canary
Islands, 1400 km to the north, have been frequently noted, probably as a
consequence of a common process of origin and evolution associated with a
mantle hot-spot. These similarities are particularly evident when comparing
Fogo with the Teide Volcanic Complex on Tenerife, where a lateral collapse of
the Las Cañadas stratovolcano also formed a large depression (the Caldera
de Las Cañadas), now partially filled with the 3718 m-high Teide stratocone.
However, important geological differences also exist and probably relate to
the contrasting evolutionary stages of both islands. The Las Cañadas volcano
on Tenerife formed at a late post-erosional stage, with predominantly evolved
(trachyte and phonolite) magmas, while at Fogo basaltic volcanism is still
dominant.
East of the Mid-Atlantic Ridge, the Central Atlantic
Ocean is host to several archipelagos of oceanic
islands and seamounts, some of the latter developed
over 143 Ma ago, in the early stages of the opening
of the Atlantic Ocean. The Cape Verde Islands form,
together with the Canaries, Madeira and the Azores,
the Macaronesian archipelagos, a term derived from
the Greek expression of the ‘islands of the fortunate’.
All of these islands are volcanic in origin and thought
to be the product of several active hotspots (Fig. 1; see
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other articles in this special issue of Geology Today).
While all the Macaronesian archipelagos are
considered to be the result of magmatism generated by
ascending mantle plumes under a gradually moving
Atlantic plate, they show contrasting features. For
example, the Canaries and Madeira show a relatively
linear alignment and a consistent age progression,
which is not present in the Azores, where the hotspot
coincides with regional fractures that obscure an
age progression. The Cape Verde Islands show an
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apparent age progression, but split into two distinct
island chains: the southern (Leeward) and northern
(Windward) islands (Fig. 1B). These islands lie on a
broad bathymetric anomaly, the Cape Verde Rise, in
excess of 2000 m above the expected depth for the
age of the local oceanic crust, and so forms the largest
bathymetric anomaly in the world’s oceans. The Cape
Verde archipelago nevertheless shows significant
gravimetric, geoid and thermal anomalies, which
are characteristic of a mantle plume. Similar to the
Canary Islands, finite-frequency tomographic images
of low S-wave velocity confirm the existence of the
Cape Verde Island’s mantle plume, extending down to
2800 km (see Troll and others, this issue).

The Cape Verde Islands and the island of Fogo
The Cape Verde archipelago is a group of volcanic
islands located 450–600 km off West Africa,
approximately opposite the Cape Verde promontory in
Senegal, from which they take their name (Fig. 1A).
The Cape Verde Islands probably started to form in
the Oligocene/Miocene and continued through the
Holocene. The archipelago was discovered in 1460 AD
by Portuguese sailors exploring the west coast of
Africa. Since their discovery, historical eruptions in
Cape Verde have been confined exclusively to the island
of Fogo, the youngest and also the only volcanically
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active island of the Cape Verde archipelago, lying near
the western end of the southern island chain (see
Fig. 1B). Only the island of Brava is located further
west, but the exposed volcanic rocks there are notably
older than those on Fogo (see Figs 1B, 2A).
The island of Fogo rises nearly 6 km from the
sea floor to 2829 m above sea level at Pico do Fogo,
the highest elevation on the island (Fig. 2A). Fogo,
27 km in diameter, is a spectacular example of a
single shield oceanic island, contrary to the majority
of this type of volcano that generally forms from
several coalescent shields (e.g. Tenerife, El Hierro,
Fuerteventura, Hawaii). The reason is that the Fogo
volcano is still in the main shield-building stage of
growth, and erosive features remain rare or incipient.
Prior to volcanism at Pico do Fogo, the Monte
Amarelo conical shield volcano formed most of
the 476 km2 almost circular island of Fogo. After
attaining a critical elevation of about 3500 m, the
Monte Amarelo shield volcano was decapitated by a
giant landslide that formed a caldera-like depression
(Cha das Caldeiras) and was subsequently re-filled
by basaltic nested volcanism. A giant landslide
producing the lateral collapse caldera and the
subsequently nested Pico do Fogo stratovolcano
(Fig. 2b), was found by multibeam bathymetry
studies that showed landslide debris deposits to the
east of the island (Fig. 2a). Eruptive activity inside the

Fig. 2. a. Topographic and
bathymetric three-dimensional
model of Fogo and Brava
islands. East of Fogo, the
debris avalanche deposit of
the prehistoric giant landslide
is clearly visible (from Masson
et al., 2008). b. Satellite view
of Fogo (NASA). The Cha das
Caldeiras at the centre of the
island represents the scar of the
prehistoric, East directed giant
lateral collapse of the Monte
Amarelo shield, partly filled
with nested volcanism that also
constructed the Pico do Fogo
stratocone.
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Fig. 1. Volcanic archipelagos
and seamounts of the Central
Eastern Atlantic. a. The Canaries
and Cape Verde archipelagos lie
close to the West African Craton
(WAC), a plausible scenario for
edge-driven convection. b. The
Cape Verde Islands form two
distinct lineations, the northern
(Windward) and the southern
(Leeward) islands. The ages are
from the shield stage of each
island (compiled in Holm et al.,
2008). The maps were created
using GEOMAPAPP (http://www.
geomapapp.org).

10ºE

d

CAPE VERDE
ISLANDS

10ºE

p

40ºW

Gr
ou

50ºW

(b)

© John Wiley & Sons Ltd, The Geologists’ Association & The Geological Society of London, Geology Today, Vol. 31, No. 4, July–August 2015

5 km

147

FEATURE

780.000

785.000

MOSTEIROS

790.000

1785

1852
SAO JORGE

1.660.000

1816
ACHADA GRANDE

MONTE AMARELO
SHIELD VOLCANO

1951
BANGAEIRA

20th century
1995

Pico do Fogo

1995
2014

1769

Ch

2014-15

1799
1.655.000

21st century

a das Caldeira

s

1847
PORTELA

1951
BOMBARDEIRO

SE

19th century lavas
1857

RI

1951

1852

1857

NE

ZO

1816

18th Century lavas

1.650.000

FT

1847

1799
1785
1769

Holocen /Subhis
Holocene/Subhistoric
Extra-Caldera
Intra-Caldera

ACHADA FUMA

1.645.000

Pico do Fogo pyroclasts
Pico do Fogo lavas

Lateral collapse
Shield volcano

Features

Crater
Caldera
Palaeo-cliff

landslide depression culminated in the construction of
the 2829-m high Pico do Fogo stratocone, apparently
entirely made of layers of basaltic lapilli. The growth
of Pico do Fogo was, however, interrupted in 1750,
after the stratocone reached a critical height. Since
then, at least eight eruptions have taken place inside
the landslide depression, i.e. at the periphery of Fogo
volcano, including the 2014–2015 eruptive event.
The Cape Verde Archipelago, a former colony of
Portugal from 1460 AD until the independence of the
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Fig. 3. Geological map of
the island of Fogo, Cape
Verde. The map shows a
single, conical shield volcano,
decapitated by an eastbound
giant landslide that formed a
caldera-like depression (Cha
das Caldeiras). This depression
was subsequently filled by mafic
volcanism. Note that apart from
some prehistoric eruptions that
were mostly located on the
southern flank of the shield
volcano (Monte Amarelo), the
recent volcanism is concentrated
inside the collapse embayment,
first as a nested central volcano
(Pico do Fogo), and now
producing satellite eruptions
around the main stratocone
(modified from Torres et al.,
1998).

Cape Verde Republic in 1975, hosts a population of
about 450 000 (Fig. 3). The latest eruption on Fogo,
from November 2014 to February 2015 (see Worsley,
in this issue), posed a significant risk for the island’s
population (55 000 inhabitants), particularly for the
towns inside the Cha das Caldeiras, whereas previous
eruptions have also threatened the eastern flank of
the island.
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Fig. 4. a. View of the eastern
flank of Pico do Fogo stratocone.
The entire ~ 1000-m-high cone
seems to be made of layers of
basaltic pyroclasts. b. Closeup view of Pico do Fogo’s
pyroclastic layers.

A lateral collapse origin for the Cha das Caldeiras
caldera scar is supported by the absence of the
expected eastern wall of the caldera, and by submarine
landslide debris deposits east of the island (Fig. 2A),
but also by the tsunami deposits observed on the
island of Santiago, thought to relate to the Fogo giant
landslide. In fact, pre-collapse lava flows have been
dated by 3He exposure chronology to 123.0 ± 5.2 ka,
consistent with a U-Th age of 123.6 ± 3.9 ka from
corals in the tsunami deposits on the island of
Santiago. Post-collapse lava flows from the rim of
the Cha das Caldeiras collapse scar ranged between
86 and 11 ka, which therefore constrains the Fogo
lateral collapse to between 123 and 86 ka. Older
carbonatite suites on Fogo island have been dated by
K-Ar methods to 5.1 to 3.2 Ma.

(a)

Post-collapse nested volcanism
Following the lateral collapse, volcanism progressively
increased inside the collapse scar. A stratocone,
the Pico do Fogo, which is entirely constructed of
layers of basaltic lapilli, arose in the centre of the
caldera (Fig. 4). Prior to the landslide collapse, Fogo’s
magma plumbing system evolved towards shallower
fractionation levels, but it seems this development was
halted by the lateral collapse. Several eruptions from
the summit crater of Pico do Fogo have been reported
since the arrival of the first Portuguese settlers, up to
1785. From this time, eruptive activity ceased in the
crater area and shifted to fissure-fed basaltic vents in
the periphery of the stratocone (Fig. 3).
Although some pre-historic eruptions occurred
outside the caldera, mainly on the south-east rift
zones, lava flows from the majority of post-collapse
eruptions are, however, confined to the collapse scar
(Fig. 3). The historical eruptive vents, in turn, are
consistently located inside the collapse scar, with only
two of these eruptions (1785 and 1951) emitting lava
flows that have run over the caldera rim. A notable

(b)
Volcanic history and structure of Fogo

Fig. 5. a. Volcanic features
forming the Teide Volcanic
Complex (Tenerife): 1. main
stratocones (Teide and Pico
Viejo); 2. partially filled landslide
depression; 3. rift zones (NW
and NE); 4. pre-collapse Las
Cañadas Volcano (LCV) (from
Carracedo & Troll, 2013). b.
Similar volcanic features on
the island of Fogo, following
a broadly similar geometrical
arrangement.

The main volcanological and geomorphological
elements of Fogo Island are outlined in Figs 2B and
3. A near circular basaltic shield volcano (Monte
Amarelo), with the summit decapitated to form a
9-km-wide landslide caldera (Cha das Caldeiras),
partially filled with nested volcanism forming a central
basaltic stratocone that is encircled by peripheral
basaltic eruptive vents. Recent (Holocene) extracaldera eruptions are associated with three poorly
defined vent alignments or rift zones in the NW, NE
and SE (Fig. 3).
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Cha das Caldeiras

Fig. 6. a. View of the Cha das
Caldeiras that formed by the
giant landslide from the top of
Monte Amarelo volcano. The
depression is partly filled with
nested volcanism that also
constructed the 2829-m-high
Pico do Fogo cone. Eight intracaldera eruptions, the latest in
2014 (the vent is indicated with
an arrow) are recorded since the
colonisation in 1460. b. View
of the Caldera de Las Cañadas
landslide depression, also in
part filled with lava flows and
towered over by Teide volcano.
However, lavas in Fogo are
basaltic, whereas in the central
Teide complex predominantly
phonolitic material is erupted.

Fig. 7. Schematic diagram
showing the relationship
between lithostatic pressure
P and eruption driving
overpressure Pex. 1. While Pex
remains greater than P, lava can
ascend to the summit crater.
As the stratocone grows to the
critical height (h2), lithostatic
pressure may become greater
than the eruption driving
overpressure and summit
eruptions are then no longer
viable. However, if more evolved
and less dense magmas are
available, summit eruptions can
continue, since P is depending
on the density of the magma (ρ).
If, eventually, summit eruptions
are no longer feasible, eruptions
will shift to around the basal
perimeter of a stratovolcano to
form satellite or peripheral vents
and lava domes (modified from
Davidson & De Silva, 2000).
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(b)

feature inside the landslide caldera are the horizontal
lava flows confined between Pico do Fogo and the
~ 1000 m high vertical caldera wall (the Bordeira),
forming a ~ 1500 m-thick pile of dominantly semihorizontal lava flows.

Pico do Fogo, Cape Verde and Pico del Teide,
Tenerife, Canary Islands
The island of Fogo is architecturally remarkably
similar to the Teide Volcanic Complex on Tenerife,
where a lateral collapse scar, the Caldera de Las
Cañadas, hosts the Teide stratovolcano. Further

geological similarities are found in the rift zone,
although the rift zones are less prominent on Fogo
Island (Fig. 5).
Rift zones constitute the most pronounced and
persistent structures in the development of mature
oceanic volcanic islands, as known from, for example,
Tenerife. Rift zones control the construction of the
volcanic edifices, form the main relief, concentrate
eruptive activity, and frequently play a key role
in the generation of flank collapses. Rifts form
by magma supplied through fissures (dykes). As
rifts evolve by intrusive and eruptive growth, the
system progressively develops a well-established
plumbing system. In contrast, collapse unloading (i.e.
decompression, gas expansion, and possibly isostatic
rebound) facilitate the ascent and eruption of mafic,
high density, and crystal-rich fractions of magma that
resided in the lower part of the magma supply column
prior to a collapse and likely explains why volcanism
concentrated inside the collapse scars on Fogo and at
the Teide volcanic complex.
Along with these similarities, there are also some
notable differences. For instance, the lavas filling the
Cha das Caldeiras depression are dark, relatively thin
(1–3 m) and of a mafic composition (Fig. 6a). In
contrast, lava flows inside the Las Cañadas caldera
are much thicker (up to 80 m thick), light-coloured
and frequently of phonolitic composition (Fig. 6b).
These differences may be explained by the contrasting
stages of development of both volcanoes. The collapse
scar in Fogo (the Bordeira), exposed 1000 m of
mafic Quaternary lavas associated with the early
(Monte Amarelo) shield volcano. In contrast, the
Las Cañadas caldera scar shows a sequence of lava
flows, ignimbrites and pumice deposits from a central
felsic volcano, the Las Cañadas Volcano, that formed
on top of the Miocene Central Shield of Tenerife
after a prolonged period of eruptive quiescence. The
extended volcanic history of the Las Cañadas Volcano
likely favoured magma differentiation processes and
the evolution of volcanism towards more explosive
(Plinian) eruptions. This type of magma composition
and its associated explosive eruptions are as yet absent
from the volcanic record of Fogo where activity is
thus far restricted to mafic volcanic products.
Another important difference is the way both
stratocones were constructed. The exposure at Pico
do Fogo is made entirely of basaltic cinder (Fig. 4),
whereas the Teide stratocone is made of basaltic lava
flows in its lower part that progressively changed to
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Fig. 8. a. The ‘density filter’,
established by the progressive
increase in height of Pico
do Fogo and Pico de Teide
stratovolcanoes, finally put
an end to summit eruptions
which in both cases changed
to satellite vents at the basal
perimeter of the volcanic edifices
in recent geological history.
Only dense (mafic) magmas
were available at Pico do Fogo,
and consistently, the satellite
eruptions were also mafic. b.
In the Teide volcanic complex,
evolved and less dense phonolite
magmas (pale red in map)
reside in shallow reservoirs and
replaced the basaltic summit
eruptions already several tens
of kyr ago. The latest phonolitic
phase of Teide’s growth forced
the formation of basal satellite
vents and lava domes around
Teide stratovolcano.

evolved lavas (phonolites) with time. These differences
probably affect the ‘density filter’ imposed by gravity.
As a volcano grows, the distance the magma has
to ascend to the surface increases. As illustrated in
the sketch in Fig. 7, if h increases, there will be a
limit above which it will be physically unlikely that
further lava can be erupted from the summit (the
density filter). The magma needs an overpressure (Pex)
that exceeds the lithospheric pressure (P) to drive an
eruption (Fig. 7, Stage 1). Since P is dependent on
the density of the magma and the distance from the
magma chamber to the summit crater, there will be
a limit for a given magma density as to how high it
can rise and so prevent ascent to the summit of the
volcano once a volcanic edifice rises beyond a certain
point. On the other hand, if a volcano has attained
this critical height, it can still erupt from the summit
crater if the density of the lava decreases, e.g. if the
magma composition changes from mafic (dense) to
felsic (light), as occurred during the later stages of
the activity at Teide.
The density filter probably plays a major role in
the construction of the Pico do Fogo stratocone and
may even explain why it is constructed entirely of
basaltic pyroclasts. Volcanism at Fogo is fed from
magma previously stored in the uppermost mantle
between 17 and 22 km depth and through syneruptive short-term magma stalling within the lower
crust at 8–13 km depth. Teide’s magma chamber
depth is estimated to be 3–4 km and the Pico do
Fogo has consequently a much lower critical cone
height than Teide because of its longer transport
distance and higher magma density. This view is
in agreement with the near perfect conical shape of

the 2829-m-high Pico do Fogo, implying a steady
vent location over considerable time that shifted only
recently.
In comparison, Teide Volcano (3718 m) is fed
by a stratified magma source, with evolved magma
forming the late stage of activity that allowed Teide
to surpass the critical density limit for dense mafic
magmas erupting from the summit crater. For Teide,
the latest summit eruption of obsidian phonolite
(Lavas Negras) took place in the 8th Century. Both
volcanic complexes continued erupting after summit
activity ceased, opening satellite vents around the
basal perimeter of the volcanic edifices (Fig. 7, Stage
2, and Fig. 8), implying that Teide and Fogo have
now arrived at their specific maximal critical heights.
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