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Introduction
Determining the link between pre-existing structures and vol-

canism is a topic of interest in Volcanology. We carried out a 

geophysical study (self-potential) devoted to the characteriza-

tion of the major structural limits in�uencing the hydrogeolo-

gical pattern in La Palma (Canary Islands) and its relationship 

with the most recent volcanism of this island.

Since 1 Ma volcanic activity has concentrated at the southern 

half of the island, on the Cumbre Vieja volcanic rift-zone. 

During the 1949 eruption a N-S fault system, facing west, de-

veloped in the summit area of Cumbre Vieja. This was interpre-

ted as the surface expression of an incipient deformation zone 

on the western �ank (Day et al., 1999). 

We use self-potential measurements to provide new informa-

tion to characterize and locate the limits guiding upward or 

downward �uid circulation and possibly associated to future 

�ank failures and potential landslides on the Cumbre Vieja 

rift-zone.

Method
The self-potential (SP) method consists in measuring 

a natural di"erence of electrical potential between 

two electrodes. We use Cu-CuSO4 nonpolarizable 

electrodes and a high impedance voltmeter. The da-

taset is composed of closed pro�les, with a measure-

ment spacing of 20 m, and is corrected to a unique 

reference.

Basically, on active volcanoes, the main source of SP 

anomalies is due to the �ow of groundwater through 

a porous rock matrix (electrokinetic e"ect). The �ow 

of pore water drags most of the mobile positive char-

ges from the surface of the rocks, in the �ow direc-

tion. This generates relative positive SP at the ground 

surface for upward �ows (e.g.: hydrothermal �uids) 

and negative SP for downward �ows (e.g.: meteoric 

water in�ltration).
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 Figure 4. Comparison of the SP signal (middle) 

with nearby audiomagnetotelluric (down; from 

Garcia and Jones, 2010) along Pro�le ab (see SP 

map in Fig. 2). It shows good agreement between a 

strong SP minimum (variation of 800 mV) and the 

1949 fault system highlighted by a vertical limit 

between high resistivity values to the East and 

lower resistivity values to the West.

Although the head of the former Cumbre Nueva 

�ank slide (solid line in the magnetotelluric sec-

tion) is not clear in this SP pro�le, SP signal shows 

small variations on the western �ank. Some negati-

ve SP peaks can be related to fractures or to the 

presence of scoria cones where preferential in�l-

tration of meteoric water may occur.

Figure 5. SP signal (up), topography (middle),

and SP vs elevation (down) along Pro�le cd (see SP 

map in Fig. 2) that crosses the NS Cumbre Vieja rift 

zone. In the south of the SP map, the East-West as-

ymmetry is less clear but SP-elevations gradients 

show again the three main zones described pre-

viously.

In the central part of this pro�le, the SP-elevation 

gradient is about 2.1 mV/m. This could be the 

result of rising hydrothermal �uids but this 

hypothesis needs further investigation. It is worth 

to notice that the transition to the central axis mat-

ches a break-in-slope at 1555 m a.s.l.
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Conclusions

A clear East-West asymmetry, centered on the Cumbre Vieja NS Rift Zone, is visible in the SP signal. It cannot be explained by an 

e"ect of the topography and it is likely the surface expression of a structural asymmetry of the �anks of the Cumbre Vieja. We 

thus con�rm results from previous studies that suggested the existence of a western �ank lying over collapse debris material 

and hyaloclastites.

The SP-elevation gradient of around 0 mV/m on the western �ank can be attributed to the presence of an impermeable layer 

guiding underground water circulation at constant 

depth. In this �ank, Garcia and Jones found a conduc-

tive layer (yellow-orange colours in the magnetote-

lluric section in Fig. 5) that they interpreted as brec-

cias within a clayish matrix, developed over remnants 

of the Cumbre Nueva collapse. This is fully compati-

ble with our results.

The central axis of the Cumbre Vieja Rift Zone is 

marked by strong SP minima that could be partly due 

to preferential in�ltration in the permeable recent 

scoria cones. However, the strongest SP gradients 

match the surface trace of the 1949 fault system, 

which may indicate meteoric water in�ltration along 

these tectonic structures.

Additionally, in the southern part of the SP map, the 

positive SP gradient of the central axis could be the 

consequence of uprising hydrothermal �uids 

(remnants of the recent volcanic activity or of deeper 

origin).
Figure 2. Self potential map of the Cumbre Vieja (white dots are measure 

points). The SP signal is clearly asymmetrical. Above Y3161000 coordinate, 

we distinguish a western area with high SP values and an eastern area with 

lower SP values.

The central axis is occupied by a high number of volcanic cones. This axis is 

bound by strong SP gradients (e.g. in Pro�le ab) showing a series of strong SP 

minima.

Figure 1. Localization of the study area

(coordinates in UTM WGS84, m)
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Figure 3. Up: distribution of the SP measu-

rements in three zones delimited by the 

main SP gradients (see Fig. 2), overlain on 

SP contour lines.

Right: SP vs elevation for each zone (grey 

dots present the whole dataset).

Despite the relatively similar topography 

on both sides of the central axis, the SP 

signal is asymmetrical. 

An analysis of SP vs elevation illustrates this asymmetry.

- SP values are globally higher in the West compared to the East, for similar elevations. 

- In the West, SP-elevation gradient is almost 0 mV/m (horizontal linear regression).

- The central axis shows important SP variation on all the corresponding range of elevation.

1949 fractures during the eruption of 

the San Juan Volcano in 1949 (white 

dashed line). Photographer: Adalber-

to Benítez Tugores; source: 

(www.fedac.org).

Figure 6. Synthetic sketch of the results 

and interpretation (not to scale).
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