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A B S T R A C T

Rift zones are fundamental features in oceanic island volcanoes, although their origin is still controversial,
especially at the Canary Islands where the role of volcanic spreading is under debate. For this reason, we have
performed a field study of> 400 dykes at 20 outcrops in the Lower Old Edifice and 2 outcrops of the Upper Old
edifice of La Gomera Island, identifying different dyke swarms. We propose the development of an unnoticed E-
W volcanic rift (Hermigua Rift) restricted to the Lower Old Edifice East flank, with up to 25% of extension and
structural characteristics compatible with the spreading of the edifice over a basal weak decollement.
Contemporaneously a dyke swarm of outward-dipping dykes intruded at the W-SW zones, indicating a pro-
gressive radial sliding of the edifice. This asymmetric volcano structural pattern suggests that volcano stresses
were predominately local in origin, probably related to the buttressing effect of the neighbor contemporaneous
Roque del Conde edifice (Tenerife Island). Additionally, we have deduced two different rift zones (NW-SE
Enchereda and N-S Erque rifts) during the growth of the Upper Old Edifice, evidencing that La Gomera rifts were
dynamic evolving structures. The structure and regional setting of the Upper Old Edifice rifts suggest a change to
a predominance of regional stresses. Our results have implications for the understanding of the origin and
evolution of rifts at oceanic island volcanoes, since: 1) confirm a principal role for volcanic spreading processes;
2) support that the location of neighbor volcanic loads strongly influences rifts development; and 3) suggests, in
some situations, a possible main role for the regional stress field.

1. Introduction

Oceanic island volcanoes often develop the so-called “rift zones”
(see Walker, 1999): elongated zones, tens of kilometers long and a few
kilometers wide, where volcanic vents concentrate. These rift zones are
the surface expression of dense dyke complexes at depth typically
formed by hundreds-thousands of sheet intrusions (“coherent dyke
complexes” sensu Walker, 1992). Rift zones can be thus identified in
eroded oceanic island volcanic edifices by the appearance of high-
density dyke complexes. The development of these rift zones on oceanic
island volcanoes is indicative of the existence of a sustained near-sur-
face (i.e., in the volcanic edifice) stress field of local or regional origin,
since dykes intrude perpendicular to the minimum horizontal stress
direction (Anderson, 1936; Nakamura, 1977; Shaw, 1980). Volcanic rift
zones are fundamental features in oceanic volcanic islands because they
concentrate most of their volcanic activity and the intrusion of their

dyke complexes may contribute to the endogenous volcanic growth
by> 30% (e.g., Annen et al., 2001). These rift zones are especially well
developed in the Hawaiian Islands, where they have been extensively
studied (e.g., Fiske and Jackson, 1972; Walker, 1986; Dieterich, 1988;
Rubin, 1990). Rift zones also appear in other oceanic island volcanoes
as those of American Samoa islands (Walker and Eyre, 1995), Azores
(Walker, 1999), Madeira (Schwarz et al., 2005; Klügel et al., 2009) or
Reunion island (e.g., Michon et al., 2007). The importance of the Ha-
waiian examples in the scientific literature apparently highlight the role
of rift zones in oceanic island volcanoes and therefore of coherent dyke
complexes at depth. However, dyke swarms in oceanic volcanoes can be
more complex and develop a great diversity of geometries. In this sense,
dyke complexes in Galapagos Islands should present a complex radial
and concentric geometry at depth, as deduced by the distribution of
volcanic vents and fissures at surface (e.g., Chadwick Jr and Howard,
1991; Munro and Rowland, 1996), and geodetic data from recent
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eruptions (e.g., Chadwick Jr et al., 2011; Bagnardi et al., 2013). Simpler
radial geometries for dyke distribution in oceanic island volcanoes have
been described in other provinces as Cape Verde (Day et al., 1999a;
Ancochea et al., 2012). In a few cases, sheet intrusions in oceanic island
volcanoes can even develop sill complexes (e.g., St Vicent Island at
Cape Verde, Ancochea et al., 2010; or Piton des Neiges volcano at Re-
union Island, Chaput et al., 2014). The reasons for the development of
coherent dyke complexes (i.e. rift zones) vs. different dyke swarms
geometries in oceanic island volcanoes are not yet fully understood,
despite the fact that they can help to understand the complex story of
the volcanotectonic evolution of the edifice. The ability of one of the
volcano flanks to creep over a slip surface (i.e., the existence of a “free”
flank) and therefore to accommodate the deformation produced by the
repetitive intrusion of the dykes forming the complex, has been cited of
primary importance for the development of rift zones (e.g., Dieterich,
1988; Chaput et al., 2014). For example, the absence of well-developed
rift zones at Galapagos islands, where volcano flank instability is not
widespread, has been related to the lack of a sedimentary cover on the
oceanic crust which may promote flank motions (Dieterich, 1988). In
the Hawaiian case, regional structures and the presence of neighbor
volcanoes seem to influence the geometry of rift zones (e.g., Fiske and
Jackson, 1972; Dieterich, 1988), which at turn exert a control over the
volcano collapsing flank. A possible link is therefore established be-
tween geodynamic setting, volcanic construction processes through
dyke intrusions and volcano destruction by flank landslides. In this
scheme, where the geological setting of the oceanic island volcano does
not favor the basal deformation of the edifice (e.g., due to the absence
of a sedimentary layer under the volcano), the stress field evolution in
the volcano will promote dyke swarm geometries different than rift
zones and also different internal deformation processes in the volcano
(Chaput et al., 2014).

One of the oceanic volcanic provinces where volcanic rifts are more
conspicuous and have been thoroughly studied is the Canary Islands
(e.g., Ancochea et al., 1990; Carracedo, 1994, 1996; Walter and
Schmincke, 2002; Fernández et al., 2006; Carracedo et al., 2011). In
addition to the presence of dense coherent dyke complexes at the
cropping out submarine edifices of Fuerteventura and La Gomera (the
so-called “Basal Complexes”; Cendrero, 1970), volcanic rift zones at
surface in some Canaries develop characteristic three-armed geome-
tries, such as in Tenerife or El Hierro (e.g., Carracedo, 1996). The origin
of Canarian rift zones, including these three-armed systems, is under
debate, with four proposed hypotheses: 1) a triple least-effort fracture
system developed by a magma-induced upward loading (Carracedo,
1994, 1996); 2) a regional control by structures of the oceanic basement
on the development of some initial predominant rift zones, which later
promotes the development of subordinate diffuse rift zones (Martí et al.,
1996; Geyer and Martí, 2010); 3) a principal role for extensional re-
gional tectonic stresses with trends changing in time (Fernández et al.,
2002, 2006, 2015) and 4) processes of gravitational spreading due to
the interaction of volcanic edifice loads thanks to the presence of a
ductile level at the base of the volcanoes (Walter, 2003; Walter and
Troll, 2003). In the two first hypotheses, rift zones should be pervasive
structures existing during the entire life of the volcano. On the contrary,
in the third and four hypotheses, the location and geometry of rift zones
should change during volcanic edifice evolution, due to changes in
regional stresses directions or to the relative locations of the volcano
loads. As in the Hawaiian case, large volcanic landslides have been
described in several Canary Islands (e.g., Tenerife and El Hierro) related
to the development of those three-armed rifts (e.g., Carracedo et al.,
1999).

However, dyke swarms in the Canaries do not always develop these
three-armed geometries, and radial dyke distribution have also been
described, in some cases coexisting with well-developed single rift
systems (e.g., Fuerteventura volcanic complexes; Ancochea et al., 1996;
Fernández et al., 2006) and in other cases forming apparently sym-
metrical radial systems (e.g., La Gomera, Ancochea et al., 2008). Sill

complexes have been also described in the submarine growth stage of
La Palma (Staudigel et al., 1986) and in a subaerial shield volcano in La
Gomera (Ancochea et al., 2008). Complexity rises even more in some
cases where dyke swarm geometries in volcanoes in the same island
evolve with time, such in La Palma Island where the initial radial
system at the north of the island apparently evolves to a three-armed
system when volcanic activity migrated to the south, to later focus the
recent volcanic activity in the N-S arm forming a single rift zone (Day
et al., 1999b).

This complexity of the Canarian dyke swarms geometries vs. the
“simple” Hawaiian volcanic rifts can be related to the geodynamic
setting of the Canaries, located in the slow-motion African plate, and
therefore strongly different to the Hawaiian setting. In addition, litho-
sphere structure and magma production rate, both affecting magma
generation and ascent processes, are different in both archipelagos.
Marine sedimentary rocks underlying volcanic edifices in both archi-
pelagos are also different in their thickness and nature: thin clay-rich
pelagic sediments at Hawaii vs. up to 2–3 km thick sedimentary se-
quence at Canaries (Shipboard Scientific Party, 1995; Watts et al., 1997;
Mitchell et al., 2002). This sequence is divided in two main rock groups:
1) deep marine sedimentary rocks mainly related to sedimentary pro-
cesses at the African continental margin, and 2) volcano-clastic rocks
attributed to the islands (Collier and Watts, 2001). The deep marine
sedimentary rocks crop out at the Basal Complex of Fuerteventura
where they form a 1.4 km thick terrigenous and pelagic sedimentary
sequence, with the strata disposed vertical to subvertical with a NW
WSW strike, showing a predominance of siliciclastic (claystones and
siltstones) turbidites from Early-Middle Jurassic to Late Cretaceous
(Steiner et al., 1998). A sequence of analogous sedimentary marine
rocks (also arranged in steeply dipping deformed layers) also crops out
at the Basal Complex of La Gomera (Cendrero, 1970). Deformational
structures related to basal creep processes over a deep decollement,
typical at Hawaii, have neither been unambiguously described for the
Canarian volcanoes (Mitchell et al., 2002), which makes dubious the
role of volcano spreading over a basal decollement at the Canaries.
Continuous flank deformation related to volcano spreading similar to
that of the slump of Kilauea volcano (e.g., Swanson et al., 1976) has
been considered absent in the Canary Islands (Carracedo et al., 1999).
However, González et al. (2010) using InSAR data have proposed that
the western flank of Cumbre Vieja volcano (La Palma Island) can be
actively deforming by creeping processes at the base of the volcano
flank, maybe over the pre-volcanic sedimentary rocks. In any case, the
apparent absence of slumping processes of volcanoes flanks over basal
decollements in the Canaries has motivated several authors to propose
that deformation related to dyke intrusions in rifts at Canarian volca-
noes is dominated by slip on volcano shallow detachments instead that
on deep decollements (Mitchell et al., 2002; Morgan and McGovern,
2005; Chaput et al., 2014). Therefore, the understanding of the pro-
cesses that control dyke swarm geometries in the Canarian volcanic
edifices, and specifically the development of their rift zones and the role
and nature of volcano spreading processes, can be key to decipher the
role of geodynamic setting for dyke intrusion processes in oceanic is-
land volcanoes.

For these reasons, to contribute to the understanding of the pro-
cesses controlling dyke swarms geometries in oceanic island volcanoes,
we have performed a field study of the dyke swarms in one of the
volcanic edifices forming La Gomera (Fig. 1), one of the smallest islands
of the Canarian Archipelago, and with great interest for the evolution of
dyke intrusion processes at the Canaries for several causes:

1) La Gomera is the only island of the Canaries with no volcanic ac-
tivity during the Quaternary, which has allowed an intense erosive
activity forming deep barrancos where the internal structure and the
intrusive complexes of their edifices have been nicely exposed
making possible their field study (Fig. 2);
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