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Abstract

El Hierro is the youngest and most southwesterly of the seven Canary islands. The established view, based on subaerial
geology, is that El Hierro is a classic example of an oceunic island with 120° — spaced volcanic rift arms (VRZs) forming a
“mercedes star”’. However, new olfshore data do not support this simple interpretation. Instead of the discrete ridges of VRZs.
we observe (1o the NW and NE) broad areas of irregular morphology, which suggest that rifting activity might not be confined
to narrow zones. Furthermore, our data suggest that the anomalously long and steep-flanked Southern Ridge could be part of an
older, eroded volcanic edifice that predates much of the other submarine Nanks of El Hierro. The Southern Ridge has a
distinctive gullied morphology, which strongly contrasts with adjacent flanks. There is also a ~400-m-decp saddle in its
longitudinal profile 15 km from the coastline. which we interpret as evidence that the Southern Ridge did not form by
continuous dyke intrusion from the El Hierro volcanic centre. South of the saddle, mean flank slopes are 107 steeper (~307)
with a sharp slope break at 3700 m between the ridge and smoothly sedimented seafloor. These steeper slopes and lack of
landslide scars 10 the south of the saddle indicate that the Southern Ridge is a stable edilice, relative to the rest of El Hierro.
Surrounding sediments to the southeast appear to onlap the Southern Ridge. A large landslide deposit, El Julan (estimated age
=200 ka), oceurs to the west of the ridge. This landslide appears to have been constrained from spreading southcastwards by the
Southern Ridge, resulting in an clevation difference of 300 m for the sealloor on either side of the ridge. © 2001 Elsevier
Science B.V. All rights reserved.
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1. Introduction (Fiske and Jackson, 1972: Vogt and Smoot, 1984:

Carracedo, 1994; Mitchell 1998). The main process

Many oceanic seamounts or islands have a charac-
teristic “stellate” geometry, which tends to become
more pronounced throughout the life of the edifice
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by which these geometries are achieved is thought to
be the concentration of volcanic activity along radiat-
ing rifts. Flank collapse, or slumping between volca-
nic rift zones (VRZs). creates embayments and
enhances the general “stellate™ geometry.

Based on observations in Hawaii, Macdonald
(1949) was one of the early authors to suggest that
oceanic islands develop along rift zones that are fed
from central vents. Fiske and Jackson (1972) made a

0377-0273/01/% - see front matter © 2001 Elsevier Science B.V. All rights reserved.

PIl: S0377-0273(00)00241-9



108 M.J.R. Gee er al. / Journal of Volcunology and Geothermal Research 105 (2001) 107-119

detailed study of Hawaiian rifts and concluded that
cach island consisted of a number of single-. double-
and triple-armed rift systems. Each rift arm was
associated with the injection of numerous dykes
which resulted in volcanic extrusions at the surtace
and the building of « linear ridge, ¢xtending as much
as 100 km or more from the volcano summit, Empla-
cement of dyke material may be accompanied by
magmatic and pore fluid pressurisation (Elsworth
and Voight, 1995). which might result in major
flank instability.

In the Canary Islands, Fuster et al. (1993) and
Carracedo (1996, 1998) cited El Hierro as a classic
case of a triple-armed rift system, which developed
according to a geometry of least stress [racture due to
updoming magma. Three  well-defined  ridges
arranged at approximately 120° dominate the
subaerial morphology of El Hierro.

The major destructive process operating on oceanic
islands and seamounts is giant landsliding (Lipman ct
al., 1988; Moore ct al, 1989, 1994: Watts and
Masson, 1995: Labazuy, 1996; Masson. 1996: Ollier
et al.. 1998; Urgeles et al., 1999). This results in the
mass wasting of hundreds or thousands of cubic kilo-
metres ol debris from the constructional flanks to form
a volcaniclastic apron, which may have a volume in
excess of that of the remaining subaerial edifice.
Landsliding results in giant erosional embayments in
the upper island flanks, which have substantially
lower slope angles compared with unfailed Hanks.
The growth of flank rift zones may be a major factor
in the destabilisation of inter-rift flank regions (Moore
et al., 1989; Delaney et al., 1990; Elsworth and
Voight, 1995). Moore ¢t al. (1989) made the observa-
tion that a large number of landslides on the Hawaiian
Ridge had moved perpendicular to the primary rift
zones ol their host volcanoes. This indicates that
focussed growth along a number of radiating rift
zones conlrols the location of landslides (Carracedo,
1994) and the means by which volcanoes evolve from
simple to more irregular stellate forms in maturity
(Mitchell, 1998).

There is an apparent contrast between oflshore
broad ritt zones and onshore rift zones. The arrange-
ment of landslides and subaerial rift zones on El
Hierro indicates that growth of the submarine part
of the cdifice was not focussed within discrete narrow
zones, but over a much broader area of flank.

Offshore, the NW and NE extensions of the ridges
are poorly defined, appearing to broaden towards the
edifice base in water depths of ~3200 m. The South-
ern Ridge narrows offshore and has steeper, more
gullied Nanks. New sonar and scismic data allow the
submarine flanks of EI Hierro to be examined in
detail, and appear to show that the best developed.
Southern Ridge of El Hierro could in fact be the
remnant of a deeply eroded edifice which may
pre-date El Hierro itself.

2. Geological background

The Canary Islands are a group of seven major
volcanic islands extending lor 450 km from the
northwest African continental margin (Fig. 1). The
islands are Neogene in age (Schmincke, 1982;
Arana and Ortiz, 1991), and are believed 10 have
formed as the African plate moved over a1 mantle
hotspol. A hotspot origin is suggested by a general
east Lo west age progression of the island main
shield building phases, ranging from >20 Ma in
Fuerteventura in the east to <2 Ma in El Hierro
and La Palma in the west (Carracedo et al., 1998).
All the major islands, apart from La Gomera, have
shown signs of volcanic activity during the last
5000 years (Schmincke, 1982).

I:] Hierro is the most southwesterly and youngest of
the Canary Islands, with the oldest subaerial rocks
dated at 1.12 Ma (Guillou et al., 1996). It has an esti-
mated volume of 5500 km* (Schmincke. 1994) and
rises from a base at 4000 m depth to an altitude
of 1500 m above sea level. On the basis of studies
of seulloor spreading magnetic anomalies, El Hierro
is believed to be located on 156 Ma oceanic crust
(Roeser, 1982: Roest et al., 1992).

The subacrial geology suggests that El Hierro
grew during three main eruptive periods, with
lavas erupted from rift zones during the last
37 ka covering much of the island (Guillou et
al., 1996; Carracedo et al.. 1997). Tightly aligned
dyke complexes have surfice expressions in the
form of clusters of cinder cones that collectively
form steep topographic ridges, interpreted as
VRZs (Fuster et al., 1993: Carracedo, 1994). Guil-
lou et al. (1996) note that El Hierro has the
“greatest concentration of recent, well-preserved
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Fig. 1. Location map showing the islund of Ei Hicrro on the NW African margin. Simple bathymetry is shown. with contours at every 300 m.

emission vents in the Canarian Archipelago”. The
most recent volcanic eruption on El Hierro
occurred in 1793 within the northwestern rift
zone (Hernandez-Pacheco, 1982).

A three-armed shape is enhanced by large scale
landsliding, since landslides, creating deep embay-
ments, occur preferentially between the rift zones
(Watts and Masson, 19935: Masson, 1996: Teide
Group et al., 1997: Urgeles et al., 1997, 1999; Masson
et al., 2000). The El Golfo failure on the northwest
flank of El Hierro appears to be the most recent
large landslide in the Canary Islunds, occurring
approximately 13 ka ago (Masson, [996).

The following sections describe observations
relating to constructional processes and considers
the morphology and relative age of the anomalously

long Southern Ridge compared to the NW and NE
ridges of El Hierro.

3. Data processing and acquisition

In 1997, the Charles Darwin cruise CD108 obtained
Simrad EM12 multibeam sonar and seismic data from
the flanks of the western Canary Islands.

The Simrad EM 12 multibeam sonar system is a full
ocean depth echo sounder capable of recording highlv
detailed images of the seafloor bathymetry with an
accuracy typically less than five metres in the vertical
direction (Hammerstad et al., 1991). Depth values
were processed using a 185-m gridding interval.
Seismic refiection profiling was carried oul using a
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200-m-long, four-channel streamer and a single
300 in* BOLT 1500¢ airgun, Processing of the raw
seismic data carried out using PROMAX Version 6.0
included deconvolution. stacking, amplitude recov-
ery, bandpass filtering, migration and trace mixing.
Significant improvements in the data were noted as
a result of deconvolution.

Here we present data (rom the submarine flanks
of El Hierro, Southern Ridge and seafloor adjacent
to El Hierro. Topography (200 m contours) was
digitised (rom a Spanish ‘Instiuto Geographico
Nacional” map with some hydrographic data (200,
500 and 1000 m contours) for water depths down 10
1000 m. Swath bathymetry data extend from a depth
of about [000 m oceanwards. A bathymetric and
topographic grid was constructed from the data
using GMT software (Wessel and Smith. 1991)
using a gridding interval of 0.1 X 0.1 min of latitude
and longitude.

4. Description of the morphology

The study area covers all the submarine flanks of El
Hierro, and includes the olfshore extensions of the
NW, NE and Southern Ridges, the giant landslides
of El Golfo, Las Playas and El Julan and the 660-m-
high ‘Henry” scamount (Fig. 2) (Holcomb and Searle,
1991; Gee et al., 2000).

The NW und NE submarine ridges extend 20 km
from the NW and NE onshore ridge systems, o a
depth of ~3200 m. They have a highly irregular
morphology characterised by numerous pinnacles
and some irregular ridges and gullies. These
ridges and gullies have an amplitude of a few hundred
metres and a wavelength of a few kilometres (Fig. 2).
Pinnacles are (ypically 2—4 km across and 150 m
high, sometimes clongated or aligned downslope in
groups of two or three, suggesting that they could be
related to dyke activity radiating from a central volca-
nic zone. They are concentrated on the NW and NE
submarine ridges bul a few can also be observed

within the El Julan and Las Playas landslide valleys
(Fig. 3). There are no pinnacles within the El Golfo
tandslide valley and south of 27° 30’N on the Southern
Ridge. Below 2 km within the NW and NE ridges are
a serics of lobate features with 100-500-m-high
steep-{ronts and gently dipping tops (Fig. 3). These
are interpreted as lobes of ponded lava, based on their
simitarity with features described from Hawaiian
submarine rift zones (Moore and Chadwick, 1993).
This irregular morphology of ridges, gullies, pinna-
cles and deep lobate features extends over broad
areas between the three giant landslides and is inter-
preted as constructional, unfailed island flank.

Mean gradients along axis for the NE and NW
submarine ridges are 12° but locally exceed 30°
(Fig. 2). There is a clear break-of-slope at around
3200 m, which marks the base of the edifice. Here,
the slope angles decrease to less than 1° over rela-
tively smoothly sedimented scafloor (Figs. 2B and
3). The landslide regions of El Golfo, Las Playas
and El Julan between the three ridges have a much
smoother morphology than the ridges and gentier
slope angles, in the region of 5-15° (Fig. 2). Land-
slides of El Hierro are the subject of a separate
paper and not discussed at length here (Gee et al.,
2000).

The Southern Ridge extends for 38 km from the
coast, and reaches an elevation of 2000 m, south of
27°30'N, above the surrounding seafloor at its highest
point. It is a narrow structure that curves gently to the
southwest, with steep flanks rising to a narrow crest.
The ridge narrows from approximately 20 km close to
shore to less than 10 km at its tip. The base of the
ridge is defined by the 3700 m contour on its southern
and southeastern flanks. This divides the steep, rugged
flanks of the Southern Ridge from smooth, almost flat
sedimented seafloor. The seafloor on the western side
of the Southern Ridge is elevated by around 300 m
and is slightly more rugged, reflecting the morphology
of the El Julan debris avalanche (Holcomb and
Secarle, 1991; Gee ct al., 2000). To the south of
27°30'N, no arcuate headwall scars or areas of

Fig. 2. (A) Grey-shaded bathymetry and topography of El Hicrro with km contours annotated. Submarine lundshides are outlined with white
dashed lines and the locations of four profiles (B) constructed from the data are shown with thick black lines. (B) Profile A-Al samples
bathvmetry across the Southern Ridge along the same track as the seismic reflection profile shown in Fig. 5. Note the elevation difference of
~300 m between seafloor on the east and west of the Ridge. Profiles B-B1, C-C| and D-I31 compare the NE. NW and Southemn Ridges. Note
the more gentle gradient and a prominen “saddle’ in the profile of the Southern Ridge (B-B1).
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Fig. 3. Bathymetry and topography of El Hierro. Shades of grey correspond to slope angle.

subdued morphology, which might indicate landslid-
ing can be recognised. The acute break-of-slope at
~3700 m contrasts with the debris avalanches which
decline gradually in slope (Gee, 1999). Some parts of
the Southern Ridge north of 27°30’N, however, may
have been affected by landsliding, although the exact
boundaries are unclear.

A prominent 400 m saddle divides the Southern
Ridge (Fig. 2B) near 27°30'N, 17°58'W. This saddle
divides two very distinct morphologies. South of
27°30'N. the flank morphology is characterised by
downslope aligned ridges and gullies. These ‘ridges
and gullies’ are best developed on the castern side of
the ridge and have a mean wavelength ol 1.5 km and a
mean amplitude of 75m (Figs. 3 and 4). This
morphology contrasts strongly with other areas of

flank on El Hierro. Ridges and gullies are observed
on the NE and NW ridges; however, these are
larger and significantly more irregular (see above).
Immediately north of 27°30’N mean flank slopes are
around 20° or less and the morphology is significantly
more subducd. Here, there are fewer ridges and gullics
and a less well-defined break-of-slope, best observed
along the eastern flank of the Southern Ridge (Fig. 4).

Mean flank gradients of the Southern Ridge south
of 27°30'N are 27°, locally reaching >40° (Fig. 2B).
The Aanks rise to a narrow crest characterised by a
narrow band of low gradient only 500 m wide with
steep margins (Figs. 3 and 4), which speculatively
could be the remnant of eroded dyke swarms within
the Ridge. The mean slope along the whole ridge crest
is only 4°, which contrasts with a mean gradient of 12°
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for the NW and NE ridges. The tip of the Southern
Ridge forms a steep slope (>30%) over 1 km high with
a sharp break-of-slope at 3700 m, where the ridge
meets the smoothly sedimented seafloor (Fig. 2B).

A 10-km-wide, 660-m-high seamount. hereafter
called the ‘Henry Seamount’. which is approxi-
mately circular in plan view, is secn to the
south east of the ridge. near 27°20'N. 17°17W.
It is dome-shaped with slopes that steepen 10 20°
nearer its base, wherc there is a sharp break-of-
slope with the surrounding seafloor. EM12 multi-
beam data show that this seamount is charac-
terised by low backscatter. indicating that it is
covered with at least several metres of sediment
(Mitchell, 1993). A subdued morphology of gullies
and ridges can be observed radiating from its
centre.

Directly to the south of the Southern Ridge. the
seafloor is relatively featureless, characterised by
very small gradients (Fig. 4). To the northeast and.
especially, west of the Ridge the seafloor has a gently
stepped  morphology, where extensive landslide

deposits have been mapped (Holcomb and Searle,
1991: Gee et al., 2000).

3. Interpretation of seismic data

On the steep flanks of the ridge, no internal
structures are imaged. The chaotic internal struc-
ture of the EI Julan debris avalanche west of the
Southern Ridge. and more stratified sediments
over rugged acoustic basement to the east. are
shown by seismic profiles (Fig. 3). To the west
of the Ridge the scismic data consists of short,
often stecply dipping irregular reflectors. This is
a typical seismic record over debris avalanche
deposits  (Lipman et al., 1988), reflecting the
blocky nature of the deposit. The ridge appears
to have restricted deposition of debris avalanche
deposits spreading from the El Julan landslide.
This indicates that the ridge must be at least as
old as the El Julan landslide, which is dated
>200 ka (Gee. 1999).
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at A and an outcrop at B.

On the eastern side of the ridge up 10 0.7 s (TWTT)
of weakly folded, stratified sediments are recorded
over acoustic basement. Subsurface reflectors here
appear to onlap the eastern flank of the Southern
Ridge and onlap/drape bascment structures adjacent
10 the ridge (Fig. 5). This is interpreted as evidence
that stratified sediments post-date the ridge. High
amplitude reflectors above a major unconformity at
about 0.1 s (TWTT) below seafloor are believed to
record the early growth and initial masswasting of
El Hierro around | Ma ago (Urgeles et al., 1997;
Gee, 1999). When viewed on a larger scale, the stra-
tified facies is restricted to a small area south and
southeast of the Southern Ridge. Here. seismic (Fig.
5) and EM12 multibeam (Fig. 2) data indicate no
significant landslides have been deposited at least
since the Late Miocene (Gee, 1999).

In combination, the onlapping reflectors, lack of

large-scale landslide deposits to the cast and the
restriction of the El Julan debris avalanche o the
west are the main seismic evidence that the Southern
Ridge is older than the El Julan landslide.

6. Discussion
6.1. Contrasts benween submarine ridges on El Hierro

‘T'he broad areas of irregular submarine morphology
described on the NW and NE flanks contrast strongly
with the narrow. discrete Southern Ridge south of
27°30'N. The NW and NE flanks have similar gradi-
ents and morphological features indicating they might
both have a similar age and origin, although we have
no other data to substantiate this. The broad, irregular
morphology that characterises these two ridges
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suggests either a wide area of constructional dyke
activity, or a bifurcation of the onshore rift zones
scaward (Fig. 6).

The Southern Ridge has a very different character
south of 27°30'N, which suggests it has a different age
and origin (Fig. 6). One of the most distinet features of
this part of the Southern Ridge is its heavily gullied
erosional morphology. Similar long linear gullies or
chutes, interpreted as actively transporting material,

were reported on the northern flank of Stromboli
(Kidd ct al., 1998). The absence of such well-devel-
oped gullies elsewhere on El Hierro suggests a greater
age for the Southern Ridge. The absence of construc-
tional pinnacles (which are common over much of the
submarine flank regions) may reflect the volcanic
stability of the Ridge. allowing erosional processes
to remove any such features that might have existed
and exposing a core complex of more resistant dyke



116 M.J.R. Gee et al. / Journal of Volcanology and Geothermal Research 105 (2001 ) 107-119

material. A lack of talus, or mass-wasting products at
the base of the slope also indicates that no significant
erosion has occurred in recent limes.

A similar “gullied” morphology was described
from the northern flank of the Anaga edifice on Tener-
ife by Watts and Masson (1995). They describe a
“rough topography, composed of ridges and valleys
with characteristic peak to rough amplitudes of 100-
300 m and wavelengths of 2-3 km”. The subaerial
island flanks are characterised by narrow valleys
known locally as “barrancos”, the development of
which can be a relative indicator of age. For example,
on the older volcanic edifices such as Anaga, Teno
and Gomera, the “barrancos™ arc well developed.
Although barrancos are cut by fluvial erosion while
submarine gullies are probably eroded by wrbidity
currents, both arguably provide a relative indication
of age.

6.2. The Southern Ridge longiiudinal profile

Field observations indicate that flank rift zones are
composed of extensive dyke swarms radiating from a
central magma chamber (Fiske and Jackson, 1972:
Pollard et al., 1983: Knight and Walker. 1988).
Studies of rift zones on Hawaii indicate that the
along axis profiles of flank rift zones have fairly
uniform topographic slopes of just a few degrees
which progressively deepen underwater (Fialko and
Rubin, 1999). They wgued that dykes intruding the
flanks to form rift zones were driven hy excess magma
pressure in the dyke and would naturally evolve to a
critical slope. The long profile of the Southern Ridge
is far from uniform and although its mean along axis
slope is only 4°, slopes are >20° in places. which
contrast with Hawaiian rift zones. Along the East
Rift Zone of Kilauea volcano, Hawaii (the Puna
Ridge), along-axis slopes of ~2.9° were measured
(Lonsdale, 1989). Compared with the Puna Ridge,
the Southern Ridge has a higher mean along axis
slope. In modelling of dyke flow driven by excess
magma chamber pressure, Fialko and Rubin (1999)
showed how VRZs might evolve a critical overall
slope. The implication of a 400 m saddle in the South-
ern Ridge is that it was probably not formed by
magma propagating down-rift from a central magma
chamber. However, the morphology data imply that
the Southern Ridge north of 27°30'N might be a flank

rift zone, which connects with the main El Hierro
edifice.

6.3. Comparison with other flank rifi zones

The Cumbre Vieja ridge on Las Palmas Island is an
active rift zone, characterised by fast growth, steep
flanks (>30°) and along strike orientated faults related
to recent volcanism (Carracedo, 1994). Offshore, the
Cumbre Vieja ridge also is characterised by a saddle,
implying that it too is not a continuous feulure.
However. the offshore section of the Cumbre Vicja
ridge is broader and characterised by a low relief plateau
and a flank embayment on the southwest margin.

Tenerife is the other Canarian Island to be charac-
terised by a three-armed ridge morphology. Local
Bouguer gravity anomalies clearly show a three-
armed pattern, which maiches the island’s three ridges
(MacFarlanc and Ridley, 1968). The northeastern
ridge of Tenerife is steep-sided and long, compared
with the other two ridges (Carracedo. 1994). The
present island of Tenerife clearly has a more complex
history than EI Hierro, comprising the older massifs of
Anaga, Teno and Roque del Conde, plus more recent
volcanics associated with Las Canadas and the
present Teide strato volcano (Ancochea et al..
1990). This makes comparison difficult, although
none of the ridges exiend offshore as narrow,
steep-sided structures.

The seamount of Loihi is considered to be the most
recent volcanic construction of the hotspot that under-
lies the southern flank of Hawuii (Klein, 1981: Moore
et al., 1982; Malahoft, 1987). Loihi is an elongate
seamount (33 X 22 km) with a central region of low
summit relief and pit craters (Fornari et al.. 1984).
Similar to the Southern Ridge of El Hierro, the rift
arms of Loihi are narrow and steep sided. Loihi differs
by having flank embayments and more gentle lower
flank gradients, which indicates mass wasting. An
actively propagating rift sysiem would itself be
prone 1o flank collapse, as seen around the young
Loihi seamount south of Hawaii (Moore et al.,
1994). However, the lack of embayments, related
deposits and general base-of-slope talus suggest that
the Southern Ridge is stable.

6.4. A comment on flank regeneration rates

Subacrial geological data indicate that Island
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growth was concentrated along three well-defined
ridges (Fuster et al., 1993). However, the interpreted
presence of constructional volcanic pinnacles within
the El Julan and Las Playas landslide valleys (Fig. 3)
are evidence for off-rilt volcanic activity. Given that
the age of the El Julan landslide was estimated at
>200 ka (Gee, 1999) an estimate of the volume of
flank regeneration can be made, based on the volume
of volcanic material produced since the flank was
“reset” by landsliding erosion. For calculation
purposes, each “pinnacle” was assumed to be cone
shaped measuring 3 km across its basal diameter
and 150 m high. This indicates a flank regeneration
volume of 20 km® within the El julan landslide valley.
This calculation does not take into account the volca-
nic “pinnacle™ roots that might be within the landslide
deposit, and so is a minimum volume estimate.
However, this low flank regeneration volume reflects
the fact that most edifice growth occurred in the
submarine shicld building phase and that in at least
the last 200 thousand years the inter-rift flank growth
rate has been very slow.

6.5. Surrounding seafloor structure and the Henry
Seamount

We speculate that the gentle folding of the strata
shown on the seismic profile (A-Al, Fig. 5) might
have been caused when the Southern Ridge was
active, prior to the rapid growth of El Hierro to the
north. It is likely that some of the observed subsurface
geometries are caused by intrusion of magmatic sills
from the ridge during the time of active growth, over
which sediments have subsequently been draped.
resulting in differential compaction and hence appar-
ent folding. Another likely source for the sills is the El
Hierro edifice to the north.

The Henry Seamount (Fig. 3) appears to be linked
1o an acoustic basement high observed on seismic data
(features ‘A’ and *B’, Fig. 3). In the absence of more
accurate dating information, a sediment drape of
several metres could indicate an age of a few hundred
thousand years. In addition. absence of landslide scars
or related deposits indicates a relatively  stable
seamount. This we interpret as evidence that the
scamount has a similar age to that of the Southern
Ridge (Fig. 5).

6.6. The age of the Southern Ridge

The restriction of the El Julan landslide to the western
side of the Southern Ridge indicates the minimum
height and age of the Southern Ridge betore landslide
emplacement. The El Julan landslide has @ maximum
thickness estimated at 300 m and age >200 ka (Gee,
1999), therefore placing a constraint on the minimum
height and age of the ridge at the time of landslide
emplacement. While the restriction of landslide deposits
10 the west indicates the presence of a morphological
barrier at least 300 m high as recently as 200 ka, we
speculate that the ridge may be older (Fig. 6). The
lack of landslide deposits directly to the south and
east of the Southern Ridge is also curious, as mass
wasting products appear to cover most the remain-
ing flanks of El Hierro at similar water depths. We
speculate that the small area of smooth seafloor to
the south of the Southern Ridge was possibly
shielded from debris avalanche flows from the
actively growing flanks of El Hierro by the
presence of the older and inactive Southern Ridge.

7. Summary

The Southern Ridge is interpreted as being at least
as old as the El Julan lundslide. The Southern Ridge
which was at least 300 m high at the time of the El
Julan landslide. predates the El Julan debris avalanche
(>200 ka) and Las Playas landslides (145-176 ka),
although it is not clear by how long. The distinct
guilied morphology of the Southern Ridge reflects
the dominance of erosional processes on a relatively
old and stable volcanic edifice. This contrasts with the
rapid constructive and destructive processes, which
have produced the 5-kim-high El Hicrro cdifice to
the north in 1.12 Ma. Is there a Southern Rift zone?
Our interpretation is that the part of the Southern
Ridge south of 27°30'N is an older edifice, not part
of a southern propagating rift zone from El Hierro.
However, the subacrial geology indicates the presence
of a recently active southern rift zone (Fuster et al.,
1993). The general characteristics, i.e. morphology
and geometry, of the Southern Ridge extending as
far as 27°30'N are broadly similar to those of the
NW and NE rift zones, although we do not have
sufficient data at present to say more.
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