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VOLCANIC EDIFICES
AND MORPHOLOGIES
OF THE CANARY ISLANDS

Roques de García: The Roque Chinchado. Teide’s Peak in the
background.

Barrera Morate, J.L.

The Canary Islands, located in the NE sector of the
Central Atlantic, in front of the Western Sahara
African coasts, are a part of the so called Macaronesia
region (from the greek “macaro” = lucky and “nesia”
= islands), together with the archipelagos of Azores,
Madeira, Salvajes and Cape Verde (Figure 1), which
share in common many geological, faunal and botanical features.
The Macaronesia islands were never part of a continent, but instead generated by successive submarine
volcanic eruptions which progressed vertically until
some of them turned subaerial. That is why they are
called oceanic islands as opposed to the continental
islands.
The Canary archipelago (Figure 2) is formed by a group
of seven major islands (Tenerife, La Palma, La Gomera,
El Hierro, Gran Canaria, Lanzarote and Fuerteventura)
and six small islands (La Graciosa, Alegranza, Montaña
Clara, Lobos, Roque del Este and Roque del Oeste).

1995), based on a seismic tomography study which
detected a laminar-shaped hot area on the upper
mantle. But, as with the previous one, it does not fit
the surface geological data.
The two tectonic hypotheses proposed for the Canary
Islands are based on a spreading fracture and uplifted
blocks. The first one explains the linear trend of the
archipelago as an extension of the South Atlas Fault.
Figure 1. Macaronesia region, where the Canary
Islands belong.
Figure 2, below. Evolution scheme of the Canary
Islands.
1 Initial growth stages, essentially submarine.
2 Large basaltic edifices.
3 Stratovolcano formation (salic materials).
4 Dorsal type edifices.
5 Disperse volcanic activity (Ancochea, 2004).

Within the oceanic geodynamic context, the Canary
archipelago is located on oceanic crust of the big
African plate, specifically upon the passive continental
margin, with thickness exceeding 20 km. It is a good
example of oceanic intraplate alkaline volcanism.
The oceanic crust beneath the archipelago is fractured
by many fissures which open the way out for the
magma. Broadly speaking, the islands were built in
three cycles: a submarine stage (present in three of
the islands), a first subaerial stage of shield volcanoes
(present in the seven islands), and a second subaerial
stage, represented by scattered minor edifices, which
followed the destruction of the big edifices from the
previous phase. They form a set of volcanic constructions erected during a long volcanic activity which
remained alkaline throughout. Their construction took
place on Jurassic oceanic crust and began in the Late
Cretaceous (between 80 and 70 million years ago),
but it was just 25 million years ago (Oligocene) when
the first island surfaced above sea level: Fuerteventura
(Figure 2).
Two hypotheses are considered regarding the archipelago’s origin: thermal and tectonic. The thermal
hypothesis is a variation of the hot spot model which
successfully explained the volcanism in Hawaii and
other oceanic volcanic archipelagos: it assumes the
formation was caused by a volcanic plume or hot
spot within the mantle, upon which the African margin would have drifted (Figure 3). It is based on the
fact that the islands’ ages show an overall increase
towards the east. The western islands (El Hierro and
La Gomera) are much younger than the eastern ones
(Fuerteventura, Lanzarote). Thus, while the first basaltic series of the shield phase in Fuerteventura were
emitted around 20 – 25 million years ago, those of El
Hierro are just 1.5 million years old. However, the spatial and time evolution data do not completely agree
with this hypothesis. The latest variation of the hot
spot theory has been the thermal lamina (Hoernie,
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Volcanic activity would begin in the Atlas and extend
towards the Atlantic, explaining the migration of volcanism. The uplifted blocks theory assumes that every
island is a block or horst bounded by reverse faults
caused by compression. Neither of the theories is well
defined, due to the lack of structural studies on the
seven Canary Islands to identify the tectonic model.
The Canary Islands are the best set of oceanic islands
in the planet to observe and study certain particular
elements and phenomena such as magmatism (volcanism and many of its plutonic equivalents), macroforms such as calderas, slide collapse depressions, dike
networks (cone-sheet), the exceptional volcanological
singularity of the Teide, etc. This structural and petrological diversity turns the Canaries into a true world
museum of volcanology.
Such is the number and the relevance of the interesting geological sites in the archipelago, that we have
opted by offering a selection of the most representative ones on each island, taking into account their
singularity and heritage value. Most of the proposed
examples are already included into some of the legally

protected categories. Furthermore, biological values
have also been considered by the international organizations when considering parts of the archipelago
as Biosphere Reserves. To acknowledge these environments and the values they hold is very important for
their dissemination and preservation.
As previously mentioned, the island of Fuerteventura
emerged 25-30 million years ago, being the oldest in
the archipelago. The Basal Complex (Figure 4) crops
out in the central-western area, comprising from the
ocean bottom sediments on which the island emerged,
to submarine lava emissions, the dike emission channels (dike swarms), and the interior of the magma
chambers (plutonic massifs). This submarine volcanism and plutonic rocks complex cannot be found so
complete anywhere else in the world. In the islands of
La Palma and La Gomera there are also exposures of
submarine basal complexes, but not with the diversity
and size as in Fuerteventura.
The main morphological feature characterizing the
island of Fuerteventura is its mature relief, resulting
from the older age of its formations and the continuous

Figure 4, right. Mesozoic ocean floor sediments
in Peña Vieja ravine, north of Ajuí.
Below. Dyke swarm (photos by M. Muñoz
and J. Sagrado).

Figure 3. Scheme for the origin of the Canary Islands
(according to Anguita and Hernán, 2000).
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erosion, which has influenced and created deep and
wide U shaped valleys. These valleys are surrounded
by steep watersheds of Miocene basalts which have
the generic name of cuchillos (knives) (Figure 5). The
highest summit of the island is Pico de la Zarza (807
metres), located in the Jandía Peninsula.
In Lanzarote island, the Canarian volcanism is shown
magnificently. There are many volcanic areas in the
world, but very few with Lanzarote’s particularities.
Due to the scarcity of precipitations in the island, plant
colonization of recent lavas is very low, and the flows
emitted in the historical eruptions of 1730 to 1736
have hardly changed their aspect, allowing the observation of volcanic shapes and structures in all their
magnificence.
The island is formed by the quite eroded remains of
two late Miocene basaltic stratovolcanoes forming

the two opposite cliff margins of the island: Famara
Massif to the north, and Ajaches to the south. Tens
of Quaternary eruptive fissures appeared between
these two massifs, building the whole central sector of the island. With more than 300 volcano cones
and a great variety of lava shapes and colour, the
most interesting volcanic phenomena has a recent
origin: the two eruptions which in the XVIII and XIX
centuries covered the centre of the island, creating
such a peculiar volcanic landscape, which led to the
declaration of the whole island as Biosphere Reserve
by UNESCO in 1993.
In the central-western part of the island the National
Park of Timanfaya was created in order to protect
the best volcanic morphologies left in the island of
Lanzarote by the eruptions occurred in the XVIII century which changed it physiognomy. Inside this park it
is possible to visit more than 25 craters (Figure 6).

Figure 5, left. Cuchillos developed upon the flows of
the Upper North Edifice , Fuerteventura (photo by E.
Ancochea).
Figure 6, below. Volcanoes in Timanfaya National
Park (photo by A. García-Cortés).
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The main eruption centre was the Fuego massif.
Some morphological elements on lavas worth mentioning are the parasitic volcanoes formed at the
feet of a major central cone, as well as the “hornitos” (Figure 6), a name used worldwide in volcanic
terminology to refer to some tiny volcanoes without root, usually due to leaking gas trapped in the
incandescent flows.
The main volcanic structures to be seen in the Park
are diverse, and due to their exceptional volcanic
interest it is worth noting the hornitos, volcanic
tubes, lava seas, and cinder cones (Figure 7), small
volcanic edifices totally covered by volcanic material deposits (pyroclasts; pyros = fire, clastos = fragment) corresponding to the last eruptive stage of
the volcano.
The volcanic history of Gran Canaria island began by
a submarine stage (not cropping out) around 14.5 million years ago. The first subaerial cycle created a big
basaltic edifice, the subsequent collapse of the central
dome originated a great collapse caldera with a diameter of 18 km, “Caldera de Tejeda”, about 14.1 million years ago (Figure 9). In a second stage, a peculiar
15 0

Figure 7, above left. Hornito in a flow from the
Timanfaya eruption (photo by A. García-Cortés).
Figure 8, below, Example of a cinder cone in
Timanfaya National Park (photo by A. García-Cortés).
Figure 9, above right right. Panoramic view of Tejeda
ravine, eroded on the Caldera de Tejeda. On the left
is the Roque Bentaiga.

volcanic process took place: the intrusion of plutonic
and subvolcanic rocks in the previous materials generating a syenitic massif and a thick mesh of cone-sheets
in the middle of the caldera. These sheets are subvolcanic structures formed by curved, concentric dikes,
tilted and converging towards the interior, with the
shape of an inverted cone (Figure 10).
In its western margin, the caldera displays spectacular
volcanic materials affected by an intense hydrothermal
alteration (Figure 11). This first stage ended 8.5 million
years ago, and resulted in the construction of a circuBarrera Morate, J.L.

Figure 12, above riht. Roque Nublo. Rublo Rural Park,
in Gran Canaria Island (photo by E. González
Cárdenas).
Figure 10, above left. Cone sheets. View of the set of
inclined dykes.

Figure 13, below right. Aerial view of the escarpment
of Las Cañadas (photo by Pérez Giralda).

Figure 11, below left. Hydrothermal alterations
(bluish), in the western edge of Caldera de Tejeda.

lar island. The subsequent erosion, especially marine,
uncovered the basaltic piles from this first stage in the
western cliffs and ravines. It was immediately followed
by a calm period lasting more than 3 million years
which enabled the erosion of the reliefs.

The landscape of the residual relief of Roque de Nublo
(Figure 12) is one of the best examples of what in the
Canary Islands are called “roques” or prominent reliefs
which morphologically stand out in the landscape. This
is the icon most frequently used for Gran Canaria.

After a long period with erosion, the activity of cycle
II or Roque Nublo cycle (Figure 11) began in the centre of the island. It meant the ejection of around one
hundred cubic kilometres of salic and basic lavas along
the valleys and ravines directed towards the coast and
filled the pre-existing relief, building a great central
volcano: the volcano Roque Nublo (5.3 to 2.7 million
years).

The volcanic history of Tenerife island can be summed
up into four cycles. What today crops out from the first
cycle, between 7 and 3.5 million years old, are but the
rests of three basaltic edifices (Teno, Anaga and Roque
del Conde). Important slide avalanches together with
the prolonged marine action caused the edifices to
show the aspect they display presently.

The radial distribution of the dyke swarms in this
formation suggests the existence of a stratovolcano
higher than 2500 m. The abundant explosions and
the violence of some of the eruptions caused thick
volcanic breccias, and destroyed the central part of
the volcano as a result of the edifice collapse. The
breccioid avalanche deposit extended up to 25-30 km,
carrying large blocks which provide evidence for the
original volcanic stratigraphy.
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The second cycle took the volcanic activity to the central areas of the island, where several stratovolcanic
central edifices overlap in time and space, known as
Edificios Cañadas. The end of this stage coincides with
the partial destruction of the edifices, progressively
forming the different escarpments which nowadays
make up the Caldera de Las Cañadas (Figure 13).
The third cycle comprises the last half million years.
It features a new kind of volcanism which fills the
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Figure 14, above left. Teide Peak, with the
Roques de García behind it.
Figure 15, above right. Chahorra Volcano or
“Teide’s Nose” on the SW flank of the Pico
Viejo Edifice, which erupted in 1798 (photo
by E. Ancochea).
Figure 16, left. Columnar jointing in the
phonolitic roque of Los Órganos, in the NW
end of La Gomera island (photo by J.J.
García-Abad).

depressions of Las Cañadas and Orotava: the giant
Teide stratovolcano (Figure 14) and its upper part are
formed, together with Pico Viejo (on the SW) and the
salic emissions from the Montaña Blanca (on the NE),
all within the Caldera de Las Cañadas.
The fourth and final cycle originated the abundant
peripheral emission centres whose products cover
almost everything prior and take up some land from
the sea. The present topography was then completed,
where most of these small volcanoes with their well
preserved cones stand out. It is within this last group
where the last historical eruptions in the island took
place (Figure 15).
The geomorphology of the whole caldera structure
and strato-volcano of Teide (Figure 14) as well as its
huge appendixes Pico Viejo (SW) and Montaña Blanca
(NE), are internationally relevant and were declared
World Heritage by UNESCO in 2007. In addition, there
is a great variety of volcanic elements such as volcanic
necks, caves, domes, etc., which make this area even
more spectacular and scientifically interesting, not to
forget the volcanic processes which created each of
these formations.
The landscape of the National Park of Cañadas del
Teide is one of the most spectacular in the archipelago,
resulting extremely appealing to the almost 4 million
tourists visiting every year.

15 2

The island of La Gomera is a volcanic island around
12 million years old, formed by the piling of volcanic
materials ejected in different eruptive periods separated by long calm periods. It is the only island of the
archipelago which has not experienced any Quaternary
eruption, which has led to a prolonged and intense
erosive action dismantling the original landscape, and
which is the origin of its present steep mountain sides.
Its configuration is closely linked to the erosion of the
water flowing through a wide network of radial valleys. The coast displays many cliffs (Los Órganos) with
very few berths (Figure 16).
In Vallehermoso, in the northwest part of the island,
crops out one of the oldest units in the island, the
primitive Basal Complex, which is the submarine volcanic substrate upon which the rest of the subaerial
volcanism was emitted. These are submarine rocks
which were formed when the island had not yet
emerged and eruptions took place under the sea.
Their age varies from 15 to 12 million years, and are
intruded by a high number of basic dykes. There also
plutonic basic rocks (gabbros) and salic intrusions as
dykes and roques. The island displays similar features
to those of Fuerteventura, but smaller in size.
The following subaerial episode is represented by a
big basaltic edifice formed on the Basal Complex with
periclinal dips towards the outside. A second edifice
was built upon it, represented by subhorizontal basaltic flows which apparently filled a caldera-shaped
Barrera Morate, J.L.

Figure 17, left. Salic
roques in the
Garajonay National
Park.
Figure 18, right.
Detail of Roque
Agando, La Gomera
(photo by
E. Ancochea).

depression. A set of volcanic necks or salic roques
(Figures 17 and 18) intrude the aforementioned materials in both domains, which prominently stand out in
the landscape and deserve to be preserved.
La Palma island is one of the highest in the world in
relation to its surface. Two domains can be differentiated, one in the north and the other in the south.
Caldera de Taburiente stands out in the northern
one (Figure 19), which ends up in the Roque de Los
Muchachos, 2426 m high. In the southern one we
find the mountain crest formed by Cumbre Nevada
(part of the paleo-Palma) and Cumbre Vieja (Figure 20)
of recent volcanic series, reaching 1949 m. Presently,
the southern third of the island is growing fast, with a
clear submarine extension towards Tenerife.
The aforementioned domains represent two different stages of volcanic edification, the northern half
is formed by an overlap of at least three basaltic
stratovolcanic edifices formed on a set of plutonic and
submarine rocks (Basal Complex) around 3-4 million
years old. The southern half is a fissure structure (“la
Dorsal”) through which the most recent volcanism in
the island was ejected.
Volcanologically, the most interesting region in the
island is the Caldera de Taburiente, declared National
Park, where it is possible to observe the different major
construction and destruction stages in the island, from
the first submarine stages to the big subaerial edifices,
going through the major slides. Only in very few oceanic islands in the world it is possible to observe the
initial submarine stage so obviously.
The submarine stage crops out within the caldera in
the Angustias ravine and is composed of pillow-lavas
up to 350 m thick (Figure 21). These rocks originate
when lava and water make contact, creating a thin
glass sheet, still plastic, holding the melted material. As it keeps flowing, some pillows are formed in
the magma, which are ultimately separated and roll
down the coastal slope or the soft submarine pyroclastic edifices. These pillows pile up in the foot of
the slope forming deposits with a characteristic layout. Between the Taburiente and Almendro Amargo
VOLCANIC EDIFICES AND MORPHOLOGIES OF THE CANARY ISLANDS

ravines crop out abundant crests and roques as witnesses to erosion, where Roque Idafe and Roque del
Huso must be highlighted. The first one is a Natural
Monument with high geomorphological interest,
since it is an element which stands out in the surrounding landscape, apart from its cultural value
referred to in old texts.
A long erosive period erased the pre-existing subaerial
emission centres of all the dike network and plutonic
bodies typical of the Basal Complex, called Series de la
Pared. The formation of the second unit began with
the piling of basaltic flows. The first subaerial stages in
the island (Figure 20) built overlapping basaltic shield
edifices (Taburiente I and II). The eruptions began a
little less than 2 million years ago.
The third basaltic macroedifice extended towards the
south of Taburiente creating Cumbre Nueva mountain
range, and was partially destroyed around 560,000
years ago by a large slide on its west flank. The avalanche deposits have been detected at the foot of the
island slope by oceanographic studies carried out during the last decade. Subsequent to this landslide, a
minor edifice was created in the southern part of the
caldera: volcano Bejenado (Figure 21), a relatively small
stratovolcano a little younger than 1 million years old.
Erosion advance in the Caldera and the progressive
entrenchment of the Angustias ravine have caused
the disappearance of its northern half.
El Hierro is the smallest of the Canary islands and,
even if the last eruption took place more than 200 years
ago, it still displays the highest volcano density in all
the islands: 500 cones on the surface and 300 covered
by more recent flows. The island was built from the
Pleistocene to the present day by the accumulation of
materials from the three cycles, traditionally called Old,
Middle and Recent. The ejected products are mainly
basaltic.
The coasts of El Hierro are steep and rocky, with inaccessible cliffs up to 1000 m high and with some coves.
In its northern side, a deep semicircular inlet forms El
Golfo, as opposed to the other two coastal sectors
which are more straight.
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Figure 19. View of the interior of Caldera de Taburiente, La Palma. The walls show lava beds of the Taburiente
edifices lying unconformable on the Basal Complex (photo by L. Carcavilla).
Figure 20. View of Caldera de Taburiente from Cumbre Nueva, La Palma. In the southern flank of the caldera we
foresee the Bejenado edifice (photo by L. Carcavilla).
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Figure 21, above left. Pillow lavas in the Angustias
ravine (photo by L. Carcavilla).

Figure 23. Las Playas Arch corresponds to a landslide
to the southeast of some of El Hierro island volcanic
edifices (photo by J.J. García-Abad).

Figure 22, above right. El Golfo depression, at El
Hierro island, filled by later lava flows. View to the
north (photo by J.J. García-Abad).

The morphological evolution of El Hierro is characterized by the landslides which formed the coasts of El
Julán in the south, the Playas in the east (Figure 22),
and El Golfo in the west.
Amongst all the volcanological features of the island,
the most remarkable is, without doubt, the depression
of El Golfo (Figure 23). The studies carried out on the
landslide which caused it and the resulting deposits,
show that it is one of the biggest and better preserved
landslides of those happened in an oceanic island in
the Quaternary.

VOLCANIC EDIFICES AND MORPHOLOGIES OF THE CANARY ISLANDS

The gigantic landslide took place 12-17,000 years
ago and was one of the most violent and devastating
known natural phenomena, very likely triggered by
an earthquake due to magma rise. In a few seconds,
the west flank of the island slided down the marine
slope and later expanded over the oceanic floor. The
impressive amphitheatre of El Golfo valley appears as
the wound from a colossal claw. The initial landslide
meant the disaggregation of 180 km2 of rocks. The
avalanche deposits spread at a depth of 4000 m, covering 150,000 km2 with thicknesses of 250-350 m. It was
such a powerful phenomena, that blocks longer than 1
km are nowadays found 65 km away from the coast.
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