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Introduction

Pérez et al. (2014) report the presence of submarine volcanic
activity observed off the western coast of El Hierro Island in
June 2012. They present as their main evidence acoustic imag-
ing records, interpreted as showing submarine plumes, and an
aerial picture showing white traces on the sea, which are

interpreted as pyroclastic material. Pérez et al. (2014) state that
the superficial deformation, the geochemical changes, the
strong seismicity, and what they call Bearthquake tremor^ also
support their conclusions. Despite the fact that Pérez et al.
(2014) do not use the word eruption either in the title or in
the abstract, in the Discussion section, the authors affirm that
the acoustic imaging data and the aerial picture provide suffi-
cient evidence to infer the occurrence of a new submarine py-
roclastic eruption and postulate that these plumes were pro-
duced by a short-lived eruption involving several jets. We have
critically reviewed the content of that article and conclude that
the data (some of which is inexactly interpreted or not correctly
georeferenced) do not support the existence of a second erup-
tion on the Island of El Hierro. However, there is a clear con-
sensus among the scientific community on the fact that after the
end of the submarine eruption close to La Restinga village
(about late February–early March 2012) a few different pro-
cesses of deep magma injection have taken place below the
Island of El Hierro and its surroundings (Prates et al. 2013;
García et al. 2014; González et al. 2013), being that of June–
July 2012 the first and one of the most important ones.

Following we discuss the different arguments exposed
along the paper.

Volcanic plumes

Pérez et al. (2014) reported five Bfilament-shaped^ acoustic
signals emanating from the flanks of mounds in the western
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coast of El Hierro, well imaged in only one parametric TOPAS
profile as Bflares^ of high acoustic contrast of impedance
within the water column. The authors interpreted this acoustic
imaging as submarine plumes caused by volcanic material and
gas bubbles, detected on the 0.5–5-kHz chirp parametric sub-
bottom profiler (TOPAS PS18) with a primary pulse at
18 kHz. However, this assessment is quite speculative since
Pérez et al. (2014) do not provide any in situ analysis of the
physical–chemical properties of the whole water column by a
CTD-carousel as temperature, salinity, transmittance, pH, CT,
AT, H2S, etc., completely necessary in order to prove the real
nature of these signals.

In March 2013, VULCANO0313 cruise was carried out, in
the context of the VULCANO project (CTM2012-36317) on
board R/V Ramón Margalef from the Spanish Institute of
Oceanography. The ship was equipped with a multibeam
echosounder EM710, a CTD Seabird 911 Plus with a 24-l
carrousel and the same model of the chirp parametric
echosounder (TOPAS PS18) used in Pérez et al. (2014), which
collected multidisciplinary data all around the Island of El
Hierro. Our results show not only the presence of very similar
acoustic artifacts in the same place where Pérez et al. (2014)
localized their five acoustic plume-like artifacts, but also 24
more acoustic artifacts (Fig. 1). Our findings highlight that the
artifacts found by Pérez et al. (2014) are lateral echoes or
sideswipes due to close geological structures (Acosta et al.
1996; Felix et al. 2013) related to the irregular and abrupt
seafloor morphology of the island which show numerous cone
shaped features.

Furthermore, in the abstract, Pérez et al. (2014) describe the
shape of the so-called plumes as Bfilament^, but as shown in
Figs. 6 and 7 of their paper, the vertical exaggeration of those
graphs is high (ranging from about 1:10 in plume 2 to about
1:35 in plume 3). If these figures were presented with the same
scale in both axes, the resulting aspect of these ‘plumes’
would not look like a ‘filament’, and would instead be a shape
completely incompatible with a jet/buoyant emission (Resing
et al. 2007; Baker et al. 2008; Walker et al. 2008; Chadwick
et al. 2014). Table 1 shows the different dimensions of the
Pérez et al. (2014) ‘filaments’ together with the artifacts re-
corded during VULCANO0313 cruise (located in Fig. 1) and
the actual plume of the submarine volcano south of the Island
of El Hierro. The mean value of the height/width ratio for the
artifacts recorded during VULCANO0313 cruise is 0.24±
0.11, significantly similar to the Pérez et al. (2014) Bplumes^
mean ratio of 0.21±0.15 but completely different to the actual
plume south of the Island of El Hierro, which had a ratio of
1.92.

Moreover, based on our long multidisciplinary data back-
ground in the area, the actual volcanic plume south of the
Island of El Hierro produced significant anomalies in the
physical–chemical and biological parameters of the whole
water column affecting an extensive oceanic area (temperature

anomalies from +3 °C of up to +18.8 °C, salinity anomalies of
+0.3, total inorganic carbon concentrations ranging from 4,
000 to 7,500 μmol kg−1, water acidification of up to 2.8 units,
pCO2 waters with values ranging from 12,000 to 150,
000 μatm at the surface, oxygen depletion near to anoxic
levels, enhanced light attenuation—transmittance decrease—,
negative redox potential, sulphur concentrations of up to
200 μmol kg−1, total Fe(II) species of up to 50 μmol kg−1,
and higher concentrations of dissolved Cu, Cd, Pb, and Al,
among others), (Fraile-Nuez et al. 2012; Santana-Casiano
et al. 2013; Rivera et al. 2013; Ariza et al. 2014; Eugenio
et al. 2014; Coca et al. 2014; Ferrera et al. 2015). However,
no physical–chemical anomaly of the whole water column
were registered for the artifacts in the west part of the island,
demonstrating that the nature of these structures were not of
eruptive origin. The VULCANO0313 oceanographic cruise
coincided with another process of magmatic reactivation
(March–April 2013) with earthquakes distributed mainly to
the western extension of the island, reaching a maximummag-
nitude of 4.9 (mbLg), and a vertical deformation up to 11 cm.

All these evidences allow us to completely reject the hy-
pothesis that the acoustic artifacts identified by Pérez et al.
(2014) were due to a new submarine eruption on the NWridge
of the Island of El Hierro.

Location of ‘bubbling spots’

One piece of evidence pointed out by Pérez et al.
(2014) is the observation of pyroclastic material floating
on the sea surface on July 3, 2012, supported with an
aerial photograph (Fig. 8 of their paper) taken the same
day from a helicopter that has been incorrectly
georeferenced by Pérez et al. (2014) in their manuscript.
Figure 8 in Pérez et al. (2014) shows a correlation be-
tween that aerial photograph and the area where the
studied acoustic signals were recorded. However, this
photo was taken about 12 km away from their study
area, at the south coast of El Hierro Island in an area
called, El Julan, with coordinates 27° 41.573′ N 18°
03.761′ W, as stated by the Canarian Civil Defence
Special Plan for Volcanic Risk (PEVOLCA 2012a).

Figure 2 shows an orthophoto of the actual area corre-
sponding to the aerial photograph and the correlation of the
coastline’s main features with those of the image presented by
Pérez et al. (2014). Therefore, even if the white spots num-
bered from 1 to 3 in Fig. 8 of Pérez et al. (2014) were pyro-
clastic material floating on the sea surface, they cannot be
correlated to the acoustic signals shown in the same figure,
because they are 12 km away toward the south.

Furthermore, on July 4, 2012, a new flight of the helicopter
over the same area, with researchers from INVOLCAN
(Instituto Volcanológico de Canarias) and IGN (Instituto
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Geográfico Nacional) did not detect any white spot, bubbling
or thermal anomaly (PEVOLCA 2012b).

Seismological and geodetic data

Seismic data recorded during the supposed eruption proposed
by Pérez et al. (2014) lack any signal of an ongoing eruption.

Nearly every volcano worldwide generates a seismic signal
of volcanic tremor during activity (McNutt 1992;
Wassermann 2012).Most volcanoes show amplitudes of erup-
tive tremor higher than 10 cm2 of reduced displacement, being
in some rare cases lower than 1 cm2 (McNutt 1992; McNutt

and Nishimura 2008). The seismic network deployed at El
Hierro Island is composed of 9 stations: 1 three-component
broadband, 6 three-component short and medium period (1-
and 5-s natural period) and 2 vertical-component short period
seismometers. This network is able to detect a seismic tremor
with amplitude of the order of 0.1 cm2 of reduced displace-
ment. As suggested by McNutt (1992), this value can be ob-
tained by taking into account the location of the eruption pro-
posed in Pérez et al. (2014) and the sensitivity of the seismic
network, which is able to locate many earthquakes with mag-
nitudes lower than 1 (see, for example, Ibáñez et al. 2012 or
the complete online IGN seismic catalog for the Canary
I s l a n d s a t h t t p : / / www. i g n . e s / i g n / l a y o u t I n /

Fig. 1 Submarine features of El Hierro Island’s northwestern sector. a
Bathymetric model based on VULCANO_0313 multibeam data and
completed between 0- and 50-m water depth with the previous bathymet-
ric model of IHM (2010). Parametric TOPAS profiles acquired in
VULCANO_0313 cruise have been located as well as the TOPAS profile
presented by Pérez et al. (2014). Also, the sites of acoustic evidence
proposed by these authors to indicate volcanic eruptions, together with
several other acoustic anomalies observed on the VULCANO_0313
TOPAS profiles have been also plotted. A close relation between these
acoustic anomalies and morphologic irregularities on the bathymetric
model is noted that correspond to canyon heads, channel thalwegs, and

cones, present on the upper slope of the island. b TOPAS profile (TP1)
was acquired during the VULCANO_0313 cruise located close to the
profile showed by Pérez et al. (2014). Some acoustic anomalies
interpreted as sideswipes, from an offline topographic feature, can be
observed in this profile (except anomaly 4 than was detected along TP-
2). c TOPAS profile (TP1) detail. The acoustic anomaly C1 is shown,
which is coincident with the acoustic evidence 2 of Pérez et al. (2014). d
Detailed 3D bathymetric model of the area where the acoustic anomaly
C1 is reported. Two morphologic crests on the seabed cause the double
character of this anomaly
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volcaFormularioCatalogo.do). During late June–early
July 2012, no tremor signal was recorded by the seismic
network. Pérez et al. (2014) also suggest that the increasing
number of events may hide a tremor signal. However, on one
hand, the seismicity had only sporadic episodes of overlap-
ping events lasting a few hours per day in the above men-
tioned period (see as an example the seismic record and its
spectrogram for a complete day, June 28, in Fig. 3a, b). On the
other hand, the typical spectral contents of tremor and
volcano-tectonic events are so different that they can be easily
distinguished in a spectrogram (e.g., Zobin 2011).

In addition to the seismic network, close to the beginning
of the 2011–2012 eruption, a small-aperture seismic array was
deployed in the Tacorón area (yellow dot in Fig. 2). It is
composed of 9 vertical-component and 1 three-component
seismometers distributed with an aperture of about 400 m.
All instruments are 1-Hz Mark L4C seismometers, connected
to a 12-channel, 24-bit data acquisition system sampling at
100 sps. From the array position, the 2011–2012 eruptive vent
south La Restinga is located ∼7 km towards 130°N, while the
proposed vents near LomoNegro would lie at ∼16 km away in
a 300°N direction.

We used array techniques to estimate the apparent slowness
and propagation azimuths of the seismic wavefronts propagat-
ing across the array. In particular, we apply the Zero-Lag
Cross-Correlation (ZLCC) technique (Del Pezzo et al. 1997;
Almendros et al. 1999). We select a frequency band of 0.5–
2.5 Hz that comprises the usual dominant frequencies of vol-
canic tremor (e.g., Chouet 1996; McNutt and Nishimura
2008), and in particular the maximum power of the 2011–
2012 eruption tremor. The analysis is performed along the
whole signal duration, using a moving window with length
of 1.5-s sliding 0.5 s each time step.

We show the results of the array analysis for three days
with different characteristics: (1) December 17, 2011, fully
embedded in the eruptive process south La Restinga; (2)
June 28, 2012, when alleged volcanic activity near Lomo
Negro occurred; and (3) September 22, 2012, when no volca-
nic activity of any kind has been reported (so far). Figure 4
shows the results of the analysis for December 17, 2011 and
Fig. 3 the results for June 28, 2012. Table 2 shows the per-
centage of solutions lying near the directions expected for
volcanic activity near La Restinga and Lomo Negro. We no-
tice that on December 17, 2011 virtually all solutions (82.6 %)
indicate the presence of seismic waves propagating from an
azimuth corresponding to the eruptive vent near La Restinga.
However, the situation is completely different on June 28,
2012, when just 0.8 % of the solutions points in the Lomo
Negro direction. In this case we are scarcely able to identify
any coherent signal propagating from 300°N. Therefore, we
conclude that on June 28 there were no seismogenic volcanic
processes active near Lomo Negro. If there were any volcanic
processes at all, they must have been too weak to produce a
detectable seismic signature.

So, even though tremor is nearly ubiquitous at active vol-
canoes, no tremor was detected during late June–early
July 2012, either by the seismic network or the seismic array
deployed at El Hierro.

The late June–early July 2012 episode was not the only one
of intense seismicity and deformation. After that, there were
five main reactivations of the magmatic process, none of
which culminated in an eruption (September and December,
2012, March and December 2013, and March 2014, http://
www.ign.es/ign/resources/volcanologia/HIERRO.html). All

Table 1 Dimensions of the artifacts found during VULCANO0313,
Pérez et al. (2014) and the only one actual plume from the submarine
volcano south of the island of El Hierro (5 months after the beginning of
the eruption)

Cruises Maximum
width (m)

Maximum
height (m)

Height/
width ratio

VULCANO0313 artifacts

A1 200 43 0.21

A2 100 49 0.49

A3 60 15 0.25

A4 130 30 0.23

A5 140 40 0.28

A6 90 13 0.14

A7 150 20 0.13

A8–N1 120 41 0.34

A9 250 11 0.04

A10–C1 140 15 0.10

A11 80 34 0.42

A12 140 52 0.37

A13 80 18 0.22

A14 50 8 0.16

A15 120 12 0.10

A16 90 17 0.18

A17 60 10 0.16

A18 70 15 0.21

A19 50 16 0.32

A20 50 17 0.34

A21 60 15 0.25

A22 60 15 0.25

A23 60 23 0.38

P14 Cruise ( closest Vulcano0313 location)

P1 (A8–N1) 230 53 0.23

P2 (A10–C1) 100 25 0.25

P3 (A13) 110 12 0.10

P4 (A15) 160 10 0.06

P5 (A20) 55 25 0.45

Bimbache

La Restinga plume 65 125 1.92

In each Pérez et al. (2014) row, the closest VULCANO0313 artifact is
shown in parenthesis
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these episodes were characterized by seismicity certainly
below the crust and deeper than that before the 2011–2012
eruption, and were located in different areas along and around
El Hierro Island. These seismic processes were accompanied
with fast deformation of the crust in different parts of the
island, with maximum deformation ranging from a few
centimeters to more than 10 cm in March and December
2013. Pérez et al. (2014) state that the displacement rate in
June–July 2012 was much faster (by one order of magnitude)
than that during the pre-eruption process (July–October 2011).
Moreover, the displacement rate during the June–July 2012
reactivation was of the same order of magnitude as those in the
following episodes (see for example Fig. 9a of Pérez et al.
(2014)), indicating strong similarities among the six main re-
activation events.

There are also clear differences between these events and
the only confirmed and monitored eruption in El Hierro. In
terms of seismicity, previous to the October 10, 2011 eruption
there was a change in the seismic rate and also persistent
shallow-level events (López et al. 2012; Domínguez
Cerdeña et al. 2014) indicating a shift of intrusive events

towards shallow depths and thus the activation of the shallow
magma pathways leading to eruption. Moreover, during the
eruption there was a vertical deflation (Fig. 9a of Pérez et al.
(2014)), however, no deflation was observed in July 2012.

Conclusion

Pérez et al. (2014) present a wide variety of speculative evi-
dence for the occurrence of a submarine eruption near the west
coast of El Hierro Island in late June–early July 2012. The
main evidence proposed is the existence of volcanic ash
plumes in the water which we infer to be based on a misinter-
pretation of acoustic imaging data. Another piece of evidence
presented by Pérez et al. (2014) is an aerial photograph show-
ing some white traces that the authors correlate with the loca-
tion of the proposed plumes. However, this correlation is de-
monstrably incorrect, because the photograph was taken
12 km towards the south of the area where the acoustic images
were recorded. The additional geophysical and geochemical
data provided by Pérez et al. (2014) support a process of

Fig. 2 a Orthophoto of El Hierro
Island, with yellow dots marking
the location of the seismic array
and a red triangle marking the
location of the vent for the 2011–
2012 eruption. b Zoom of the
orthophoto corresponding to the
yellow square in (a). c Aerial
photograph of the ‘bubbling
spots’ taken from a helicopter and
shown in Fig. 8 of Pérez et al.
(2014). Orientation of this
photograph is approximate.Cyan,
blue, green, and magenta
rectangles associate the features
on the helicopter image to their
corresponding ones in the
orthophoto. Small differences in
the coastline shape are due to
differences in tidal water levels.
Geographic (vertical text) and
UTM (horizontal text)
coordinates in the corners
correspond to orthophoto (b)
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magma injection below the island of El Hierro, but not neces-
sarily an eruptive process. In fact, there is consensus among
the Scientific Community that after the end of the submarine
eruption south La Restinga village (late February–early

March 2012) the magmatic processes under El Hierro Island
remained active and produced different reactivation phases,
but there is no evidence that any of them culminated in an
eruption.

Fig. 3 Results of the array
analysis for June 28, 2012. From
top to bottom, we show a vertical-
component seismogram (a), the
corresponding spectrogram (b),
the maximum array-averaged
cross-correlation (c), and the esti-
mated back-azimuth (d) and ap-
parent slowness (e).Gray dots are
the raw solutions, while-colored
dots indicate the best-quality re-
sults with correlations above 0.6.
The cyan band indicates the back-
azimuth towards Lomo Negro

Fig. 4 Same as Fig. 3 for
December 17, 2011
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We cannot prove that there was no eruption in the area and
on the dates proposed by Pérez et al. (2014) because to do so
would be a probatio diabolica in legal terms (i.e., while evi-
dence will prove the existence of something, the lack of evi-
dence fails to disprove it), but we have shown that the main
arguments given by Pérez et al. (2014) do not support the
existence of the proposed eruption.

NOTE: there are at least two errors in dates: (1) page 4
where Pérez et al. (2014) say B… the largest with magnitude
4.4 occurred on July 2, 2011^ it should say B… the largest
with magnitude 4.4 occurred on July 2, 2012^ and (2) page 11
where they say B… aerial picture taken from helicopter on
July 3, 2013^ it should say B… aerial picture taken from
helicopter on July 3, 2012^
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