
EL GOLFO

125 m

El Golfo volcano is an example of littoral cone, developed in the western coast of Lanzarote 
(Canary Islands). El Golfo, together with other edifices of the same age, is aligned along a 
fracture oriented NEE-SWW coinciding with the main lineation of the historic volcanism 
in this part of the island. 
In this contribution we present a detailed stratigraphic study of the succession of deposits 
and we intepret them in terms of the depositional processes and the eruptive dynamics. The 
deposits were described following the facies model proposed by Chough and Sohn (1990). 
The growth of El Golfo tuff cone involved several stages based on variations in 
depositional processes. The edifice was constructed very rapidly around the vent 
controlling the amount of water that got access to the eruption conduit. Although the 
invariable hydromagmatic character of most of the pyroclastic sequence, it is possible to 
deduce variations in the explosive energy, with a general increment upwards, according to 
the increase in the degree of fragmentation of pyroclasts, The absence of hyaloclastites, the 
nature of the palagonite alteration and the observed sedimentary structures, demonstrate 
the subaereal character of most of the deposits.

INTRODUCTION

?El Golfo composition corresponds to poorly evolved 
intraplate alkali basalt, which does not vary during the 
whole eruptive sequence (Martí and Colombo, 1990).

?High content of dunite and gabbro xenoliths with size up 
to 20 cm (a). Dunites (b) are more or less uniformly 
scattered whilst basalts (c) are basically concentrated in the 
last sections of the eruptive sequence.

?

materials leading to the palagonization of the glass fragments whereas the phenocrysts remain unaltered. This alteration 
process does not affect all the deposits of El Golfo edifice equally (B) . It delimits pockets in the first half of the volcanic 
sequence (C). The identified products are described in Martí and Colombo (1990).

One of the main features of El Golfo deposits (A)  is their yellow-orange color due to the alteration of the pyroclastic 

a

D

G
b

G
G

G

G

c

XRL

B

C

2

A A’

A
A

’

N

A

EL GOLFO

A
T

L
A

N
T

IC
 O

C
E

A
N

150 m

PETROLOGY AND GEOCHEMISTRY

STRATIGRAPHY, SEDIMENTOLOGY AND ERUPTIVE MECHANISM OF THE  EL GOLFO PHREATOMAGMATIC EDIFICE (LANZAROTE,  CANARY ISLANDS)  
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Filling facies

Crudely-stratified facies

Diffuse-stratified facies

Planar-stratified facies

LEGEND

Undulating ash beds facies

Dunes facies

Antidunes facies

Accretionary lapilli facies

Ballistic ejecta

Scoriae

Lithics

Accretionary lapilli

Fault

Impact Surface

Erosion Surface

Facies limits

FACIES F
Large dunes up to 40 cm in 
height with wavelengths 
vary from 1.5 to 2 m. 
Individual thin beds are 
gene ra l l y  mode ra t e ly  
sorted, structureless or 
reverse grading.

FACIES G
Small antidunes up to 40 cm 
in height with a wavelength 
of 15 cm. The deposits are 
generally moderately sorted 
wi th  ind iv idua l  beds  
alternating from lapilli-rich  
to ash-rich and loose 
accretionary lapilli.

INTERPRETATION
Important increment in 
t h e  f l o w  e n e r g y  
condit ions al lowing 
transport of materials 
through high regime 
plane beds.

FACIES H
The accretionary lapilli? 
commonly contain cores of 
coarse ash and fine lapilli 
The deposits are usually 
moderately sorted showing 
p l a n a r  a n d  l a t e r a l l y  
cont inuous beds with  
in ternal  s t ra t i? cat ion.  
Individual beds are 5 cm 
thick, and alternate from 
fine lapilli-rich to ash-rich 
layers.

INTERPRETATION
Accret ionary lapi l l i  
commonly  fo rm in  
s t e a m - r i c h  
p h r e a t o m a g m a t i c  
eruption columns (Self 
and Sparks, 1978) or in 
convecting pyroclastic 
surge clouds when solid 
particles pick up sticky 
wet ash (Waitt and 
Dzurisin, 1981). 

INTERPRETATION
Energetic and turbulent 
pyroclastic surge when 
i ts  f low condit ions 
descend to a zone with a 
Froude number equal to 1 
(Lewis, 1984). 

FACIES A 

INTERPRETATION
Poorly sorted lapilli-rich, massive 
layers with crude stratification 
associated might be the result of a 
rapid deposition from suspension 
with little traction whereas well 
sorted lapilli-poor layers with thin 
stratification could be indicative 
of relatively slow deposition rate 
and resultant grain segregation 
(Arnott and Hand, 1989).

FACIES C
Laterally continuous beds of 
poorly sorted lapilli-rich, 
massive layers, from a few 
centimeters to several 
decimeters thick, with an 
ash matrix, and thinly-
bedded, internally stratified, 
well sorted lapilli-poor 
layers with the same ashy 
matrix. A few levels show a 
significant increase of 
ballistic ejecta and plutonic 
xenoliths.

INTERPRETATION
Pyroclastic surge deposits based on the 
p r e s e n c e  o f  l o w  a n g l e  c r o s s  
stratification. The low angle undulations 
might correspond to lower-regime to 
transitional bedforms produced by a 
relatively low-concentration pyroclastic 
surge (Sohn and Chough, 1989).

INTERPRETATION
Surge deposits where a single couplet 
constituted by both coarse and ?ne-
grained layers is interpreted as deposited 
from a single surge (Sohn and Chough, 
1989; Dellino et al., 2004a,b).

FACIES B
Massive-crudely stratified, 
thin to medium-bedded, 
layers. The pyroclasts in all 
of  these deposits  are 
dominantly juveniles. Many 
of the block-sized ballistic 
c l a s t s  c o r r e s p o n d  t o  
accidental basalt.

FACIES E
Laterally continuous, well-
sorted ash beds with 
undulating laminations and 
pinch-and-swell structure. 
Wavelengths vary from 5 to 
10 cm. Some beds display 
brittle and fragile rupture 
due to the impact by ballistic 
ejecta.

FACIES D
Homogeneous planar and 
l a t e r a l l y  c o n t i n u o u s  
moderately sorted beds  
(1–5 cm) with internal 
strati?cation  varying from 
fine lapilli-rich to ash-rich 
layers. A few levels show a 
significant increase of 
ballistic fragments.

INTERPRETATION
Rapid emplacement from a highly 
concentrated pyroclastic surge (Chough 
and Sohn, 1990; Solgevik et al., 2007). 
Inverse grading might suggest high 
shear rates in the suspension. 
Blocks/bombs and impact sags are 
indicative of ballistically emplaced 
ejecta.

SETTLEMENT 
FRACTURES

High angle faults and 
f r a c t u r e s   w i t h  l o w  
displacement.

INTERPRETATION
Pre and post deposItional fractures.

FACIES A
Structureless thin beds of 
clasts of heterogeneous 
composi t ion ( juveni le  
fragments, ballistic ejecta 
and lithics fragments of lava 
and xenoliths) with sharp 
grain size variation found 
m a i n l y  a s  f i l l i n g  i n  
depressions such as impact 
sags and V-shaped channels. 

INTERPRETATION
This facies comprises beds produced by 
erosion and deposition. The V-shaped 
rills are interpreted to have been formed 
by surface runoff of highly turbulent 
water flows after deposition of the 
pyroclastic material.

BALLISTIC EJECTA

BALLISTIC EJECTA
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STRATIGRAPHY

?Most of the pyroclastic material of El Golfo edifice accumulated from high energetic and 
turbulent steam-supported pyroclastic surges.

?The morphological features of the glass fragments (blocky shape, low vesicularity, presence of 
adhered dust, tephra size, and the superficial chemical alteration), the presence of accretionary 
lapilli and the general alteration of the whole deposits prove the hydromagmatic origin of the 
pyroclastic sequence of El Golfo. 

?The absence of hyaloclastites, the nature of the palagonite alteration and the observed 
sedimentary structures, demonstrate the subaereal emplacement of most of the deposits

?Eight sedimentary facies were identified in El Golfo succession based on the following criteria:
 i) sedimentary discontinuities,
 ii) grain size and percentage of volcanic bombs, 
 iii) variations in primary laminations and bedforms.

?The construction of El Golfo tuff cone can roughly be divided into five stages based on the 
dominating depositional processes and the resulting deposits:

- (I) Rapid sedimentation from an unsteady high-concentration pyroclastic surge with phases of 
lower-concentration with high shear stress leading to the formation of the undulating ash beds. 

- (II) Emplacement of multiple pyroclastic surges. Less wet system than the first stage. A higher 
magma/water ratio is supported by the presence of these multiples surge deposits probably 
associated with an increase of explosion energy.

- (III) Deposition of turbulent pyroclastic surges fluctuating in velocity and particle concentration.  
Magma/water ratio is considered to be more or less constant during this stage.

- (IV) Abundant V-shaped channels unfilled with reworked, fallout and pyroclastic surge deposits. 
These lenses might probably be correlated with periods of wet explosions or intense rainfall 
resulting in remobilization of material by excess of water. 

- (V) Dunes, antidunes and accretionary lapilli highlighting a change of the energy conditions. We 
have identified large dunes originated by the turbulence of the pyroclastic surges when its 
conditions decrease to a zone with a Fr number equal to 1 (Lewis, 1984). The accretionary lapilli 
suggest a moderate amount of liquid water (or moisture) in the surges and/or eruption clouds from 
which they formed (e.g. Fisher and Schmincke, 1984; Heiken and Wohletz, 1985). The  antidunes  
represent an important increment in the conditions of the flow energy (Lewis, 1984). 

250 m

El Golfo crater limit (1) Strombolian cones crater limit (2-3-4)

?The homogeneity in terms of type of emplacement mechanisms, grain-size, and the high velocity 
they were emplaced indicate that the eruptive mechanisms were constant during the whole eruptive 
episode that generated El Golfo.

?The edifice was constructed very rapidly around the emission vent controlling the water entry to 
the magmatic conduit and keeping the magma-water interaction more or less constant during the 
eruptive process. It is possible to observe an increment of the explosive energy upwards the 
pyroclastic deposits sequence.

?During the whole eruptive sequence it is possible to recognize the hydromagmatic process 
without any evidence of strombolian phases. This suggests that, to the west, the tuff cone remained 
open to the sea during the whole eruptive sequence, The circular distribution of the pyroclastic 
surge deposits of El Golfo demonstrates that they were originated by flows expanding radially from 
the eruptive vent

?After the construction and partial erosion of El Golfo another eruptive episode took place 
northwards. It originated three craters and the emission of lavas and strombolian pyroclasts.  The 
formation of these edifices can be considered to be linked to the same NEE-SWW running fracture 
system that originated El Golfo volcano. 

DISCUSSION AND CONCLUSION
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?El Golfo volcanic edifice is located on the western coast of Lanzarote, the northeasternmost of the Canary Islands. 

?The Canary Islands include a group of seven major islands and several islets located few hundred kilometers from the northwestern coast of Africa. 

?The Canary Islands archipelago is the result of a long volcanic and tectonic activity that started at around 60 Ma ago (Robertson and Stillman, 1979; Le Bas et al., 1986; Marinoni and 
Pasquarè, 1994; Marinoni and Gudmundsson, 2000).

?El Golfo volcanic edifice rises up to 60 m over the sea level and it has an approximate basal diameter of 1000 m.

?The age of El Golfo volcano is poorly constrained. It is assumed to belong to the recent volcanism of Lanzarote (< 2 Ma) (Fuster et al., 1968; Abdel-Monem et al., 1972). The volcanic 
products are clearly covered by the lavas erupted during 1730-1736.  

?El Golfo, together with other edifices of the same age, is aligned along a fracture oriented NEE-SWW. To the north and south, it is possible to observe that other volcanic edifices related to 
the same eruptive period are also aligned NEE-SWW, coinciding with the main orientation of the historic volcanism in this part of the island (Marinoni and Pasquarè, 1994).

INTRODUCTION

GEOLOGICAL SETTING

L=LANZAROTE 
F=FUERTEVENTURA 
GC= GRAN CANARIA 
T=TENERIFE 
G=LA GOMERA 
LP=LA PALMA 
EH=EL HIERRO

a) detail of El Golfo deposits sequence where the levels with gabbro and dunite xenolits are perfectly visible (XRL), b) detail of dunite (D) and 
gabbro (G) xenolit, c) detail of gabbro (G) xenolits.

A) Google Earth image of El Golfo volcanic edifice. NNW-SSE cross-section of El Golfo deposits sequence B) and a detail of the deposits C), 
where both non-altered  deposits (1) and the palagonitized ones (2) are perfectly visible. Notice the irregularity of the limit between the altered 
and non-altered zones which is independent on the current topographic surface.
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