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eruption 1971 and has had seven eruptions since 1430, which 
makes it the most active of the islands in our times. The samples 
consist of host lavas, basanites, and mafic/ultramafic and felsic 
xenoliths, alkali gabbros and syenites respectively. Minerals in 
the lavas and the alkali gabbro xenolith samples are clinopyrox-
ene, olivine, amphibole and plagioclase, the clinopyroxenes are 
zoned.  Forsterite content in the olivines increases at the rim for 
the xenoliths and decreases for the host lavas. While magnesium 
number in the clinopyroxenes decreases towards the rim. The 
Fe-Mg partitioning indicates that there were points of equili-
brium between the clinopyroxenes and their host lavas, which 
was calculated to temperature, pressure and depth indicating 
62-74km for the xenoliths and 23-35km for the host lavas. The 
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Sammanfattning 

Kanarieöarna bildade av en långsam hotspot, från Fuerteventura 20Ma till el Hierro 1.2Ma 
år gamla och de befinner sig i utvecklingen på sköldbildnings fasen. La Palma, hade sitt 
senaste utbrott 1971 och har haft sju utbrott sedan 1430. vilket gör den till den mest aktiva 
av Kanarieöarna i vår tid. Proverna består av lavor, basaniter, och mafiska/ultramafiska 
och felsiska xenoliter, av alkaligabbro och syenit. Mineralen i dessa prover är clinopyroxen, 
olivin, amfibol och plagioklas, clinopyroxenen är zonerad. Forsteritinnehållet i olivin ökar 
från kärnan till kanten för xenoliter medan den minskar i värdlavan. Medan 
magnesiumtalet minskar för både xenoliter och värdlava för pyroxenen.  Fe-Mg 
fördelningen indikerar att det fanns jämviktspunkter mellan xenoliterna och värdlavan, 
dessa räknades därefter om till temperaturer, tryck och djup data vilket resulterade i 62-
74km för xenoliterna och 23-35km för värdlavan. Temperaturerna och trycken var 1184—
1205°C med 6-10 kbar för värdlavorna jämfört med 1316-1341°C och 17-20 kbar för 
xenoliterna.  

 

Abstract 

The Canary islands are formed by a slow moving hotspot, from Fuerteventura 20 Ma to el 
Hierro 1.2Ma years old and La Palma is in the shield building stage of evolution. La Palma 
had its last eruption 1971 and has had seven eruptions since 1430, which makes it the 
most active of the islands in our times. The samples consist of host lavas, basanites, and 
mafic/ultramafic and felsic xenoliths, alkali gabbros and syenites respectively. Minerals in 
the lavas and the alkali gabbro xenolith samples are clinopyroxene, olivine, amphibole and 
plagioclase, the clinopyroxenes are zoned.  Forsterite content in the olivines increases at 
the rim for the xenoliths and decreases for the host lavas. While magnesium number in the 
clinopyroxenes decreases towards the rim. The Fe-Mg partitioning indicates that there 
were points of equilibrium between the clinopyroxenes and their host lavas, which was 
calculated to temperature, pressure and depth indicating 62-74km for the xenoliths and 23-
35km for the host lavas. The temperatures and pressures were 1184-1205°C with 6-10 
kbar for the host lavas compared to 1316-1341°C and 17-20 kbar for the xenoliths.  
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1. Introduction 

 

The Canary islands have a long record of volcanic activity with outcrops in the eastern 
islands that are 20 Ma old. The formation of the Canaries is still today not fully resolved, 
but the time line of the eruptions together with morphology, structures, geochemical 
evolution and seismic signatures all support a slow moving hotspot which today is located 
close to El Hierro (Meco et al 2007, Klügel et al 2005). The controversy of the island 
formation depends on comparisons with archetypical hotspot islands that have an 
alignment a mantle swell and an anomaly of the mantle (such as the Hawaiian islands). 
Those indicators are far less apparent in the Canaries where the plate movement is much 
slower. Another factor that differs between the the Canaries and the Hawaiian islands is 
the rate of subsidence. The Hawaiian islands have subsided 2-4 km since emerging giving 
them a life span of 5 Ma compared to the Canaries where the oldest islands are 20 Ma 
and still above sea level (Carracedo 1999).  

 La Palma has been the most volcanically active of the Canary islands in our times 
where seven of the sixteen eruptions occurred along the ridge of Cumbre Vieja (Klügel et 
al 1997). In this thesis I look at twelve samples from the 1971 eruption which took place 
along the Cumbre Vieja ridge.  

 Magma generated in the mantle rarely reaches the Earth's surface, only a small 
fractions does, when the magma passes through the lithosphere it cools and can freeze 
due to low flow or slow ascent rates. If the rate of magma supply is high then intruding 
dikes can form, which further along the line could combine and form a magma chamber. 
That magma chamber would then form a trap for ascending dikes which would slow up the 
ascent rate. The likely places to find magma chambers for basaltic lavas are near the 
Moho or in the crust, if a magma accumulates at the base of the crust it is called 
underplating (Klügel et al 2005). The seismic Moho is located at a depth of 13-15 km in the 
western part of the Canary Islands (Klügel et al 1997).  
The objective of the thesis is to learn more about magma storage under the islands for this 
I have used EPMA, optical microscopy and major and trace element analysis. Based on 
that data I have looked at the petrography, mineral chemistry, major element data and 
calculated the depth based on thermobarometry of the clinopyroxenes.  

 

1.1 Geologic setting 

1.1.1 The Canary islands 

The Canarian archipelago is represented by seven volcanic islands ( Figure 1) and several 
islets (Meco et al 2007), the youngest islands are located in the west, El Hierro and La 
Palma, while the oldest are located in the east, Lanzarote and Fuerteventura (Klügel et al 
2005).  
 The Islands are located on the shelf of the African continent (Klügel et al 2005), only 
100 km from the African coast (Meco et al 2007) in a chain of about 500 km (Schminke et 
al 1998) and are therefore intraplate ocean-island volcanoes (Carracedo and Day 2002) . 
 In the eastern part of the North Atlantic, the oceanic crust is buried beneath 
kilometres of sediments ranging from mesozoic to pleistocene in age. The thickness of 
these sediments range from 1 km, west of La Palma to greater than 10 km at the 



continental rise by the north-western African coast (Schminke et al 1998). 
The ocean floor lies 3000 – 4000 m below sea level which implies that the volcanic islands 
have total heights of 4000 – 5000m. The highest mountain in the Canaries is Teide on 
Tenerife and with its 7000 m it is the third highest volcano on Earth after the Hawaiian 
volcanoes Mauna Kea and Mauna Loa (Carracedo and Day 2002). The Canaries are all 
underlain by oceanic crust (Klügel et al 2005) which is found in MORB gabbro xenoliths 
(Schminke et al 1998) and the this is also supported by both geophysical surveys and the 
findings of oceanic peridotites (Carracedo and Day 2002). The oceanic crust beneath the 
islands has been dated to 160 Ma for La Palma and 180Ma for Fuerteventura namely the 
Jurassic period (Klügel et al 1997, Roeser et al 1982). 

The Canary islands can be divided into three types based on evolution, the first type 
is the post-erosional islands (Fuerteventura, Lanzarote and Grand Canaria) in the east, the 
second type is La Gomera at the repose stage. The third and last groups are at the 
growing shield stage consisting of  El Hierro, Tenerife and La Palma (Carracedo 
1999).Fuerteventura has been dated to 22 Ma and El Hierro to 1.12 Ma with K/Ar 
radiometric dating (Carracedo and Day 2002).
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 Fig: 1 Kanarieöarna från Carracedo 1999



1.1.2 La Palma

La Palma is the second highest of the Canary islands, reaching from 4000m below sea 
level to 2426m above sea level at Roque de los muchachos (Fig. 2). The area  of the 
island is 706km² with very steep slopes from 15 to 20º making it one of the steepest 
volcanic islands today. The steep slopes notably resulted in two great landslides which 
have had  a great effect on the landscape of the island (Carracedo and Day 2002). The 
westernmost islands La Palma and El  Hierro are the youngest of the Canary islands 
and /are at their juvenile stage of formation (Carracedo and Day 2002).

There are three well defined units in the complex; the basal complex, the older 
volcanics and the younger volcanics (Anchocea 1993). The first stage in the island 
evolution was a sequence of seamounts and a plutonic complex 3-4 Ma ago, then they 
were uplifted and tilted (Klügel et al., 2005). 
The basement, the basal complex, is made up from submarine basaltic lavas and gabbroic 
intrusives  which were further cut by basaltic dyke swarms. It out crops by the Taburiente 
volcano, both at the bottom and in the Barranco de las Angustias, forming an opening 
leading from the caldera to the sea. Today the Caldera de Taburiente is a large depression 
located in the centre of the edifice in the North and has a  maximum depth of 1500 m. The 
highest peak is Roque de los muchachos at 2426 m, which is located on the caldera rim 
(Anchocea 1993). 

There are two main edifices; the northern and central part are built up from older 
volcanics, while the ridge reaching N-S is built up by younger volcanics. The northern part 
is formed by the Northern shield and the Cumbre Nueva series. The Taburiente shield 
volcano and the Bejenado edifice evolved between 1.7 Ma to 410 ka. There were two 
eruptive periods the Lower Old Series 2.0-1.3 Ma and the Upper Old Series 1.05-0.51 Ma 
(Anchocea 1993). 

The southern part is formed by the younger basaltic Cumbre Vieja series (Anchocea 
1993) and is the last stage in the evolution of the island. It is confined to the southern ridge 
and has been active from 125 ka (Klügel et al 2005). The Cumbre Vieja rift is one of the 
most active volcanoes of the Canary islands today and had its last eruption 
1971(Carracedo and Day 2002). 
 La Palma, is of the seven Canary islands, the most active in historic times. 
Recordings from the 15th century indicate that from the total 16 eruptions on the Canary 
islands, seven of these occurred on La Palma, at the Cumbre Vieja ridge (Klügel et al., 
1999). Recorded eruptions occurred in 1430 – 1440. 1585, 1646, 1677, 1712, 1949 and 
1971 (Klügel et al., 1999). Preceding these eruptions there were earthquakes which grew 
in both intensity and frequency the eruptions lasted between 24 and 84 days (Klügel et al. 
1997,1999). During the eruption of 1971 at the Teneguia volcano, there were reported 
earthquakes weeks and months prior to the eruption. The seismicity then increased and 
was strong ten days before the eruption (Klugel et al 1997).The ridge that stretches from 
north to south is a volcanic rift zone with characteristic vents, faults and fissures along the 
crest. The dominant volcanic products are cinder cones, flows of mafic lava and plugs of 
phonolite (Klügel et al., 2005). 
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The Moho beneath La Palma is most likely found at a depth of 14-15 km with a 
pressure of 450 MPa (Klügel et al., 2005, Ranero et al., 1995). Based on fluid inclusions 
from both phenocrysts and xenoliths there are crustal reservoirs where magma is ponding 
at a depth of 7-11 km for xenolith- magma interaction rims with pressures of 200-340MPa 
and 7-15 km for the recrystallizing phases (Klügel et al. 1999, 1997). 
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Fig. 2 La Palma from Anchocea et al 1993



2. Analytical methods

2.1 Sample Preparation
Twelve samples were studied in this project and they were assigned name LP1971 from A-
N giving them a working title of for example LP1971A. The samples were prepared at the 
Department of Earth Sciences, Uppsala University, Sweden. They were cut with a diamond 
saw into 2*1.5 and 1 cm thick pieces for thin and thick sections a second slab was made 
for major element analysis. The cut samples, for the major element analysis,  were 
crushed, with a jaw crusher and milled with an agate mortar. 

2.2 Major and trace element analysis
The analysis of major and trace element was performed by the ACME analytical 
laboratories Ltd in Vancouver, Canada. The sample were processed by two methods; 0.2 g 
of thirteen samples were fused by LiBO2 /Li2B4O7  and analysed by ICP-ES.  The other 
thirteen samples of 0.25 g were digested by four acids H2O3, HCl, H2SO4, HNO3 and then 
analysed by Ultratrace ICP-MS. The standards were CSC, OREAS76A, SO-18, 
OREAS24P, OREAS45P and a duplicate for 1971-A was made.

2.3 Optical microscopy
The petrographic microscope analysis was carried out at the Department of Solid Earth 
geology, Uppsala University in Sweden. 

2.4 Microprobe
Electron-microprobe Analysis (EPMA) was performed at Uppsala University in the 
Department of Geosciences with a Cameca SX-50. The microprobe operated at 15 kV and 
15 nA.

3. Petrography

3.1 Description of hand specimen
The hand specimens could all be divided into two groups the heavier dull grey and the 
lighter black/brown vesicular samples. The first group contained the xenolith samples 
which had fewer and smaller vesicles and are equigranular of 1-4mm consisting of olivine 
and pyroxene. The crystal shapes are prismatic and hexagonal, for pyroxene and olivine 
and some crystals exhibit birds-eye structure. 

The second group consists of host lava samples which are porphyritic with visible 
crystals of olivine and clinopyroxene. The vesicles varies in size from 1 mm to 10 mm, in 
some samples the groundmass contains lobes of higher vesicular content. Most of the 
host lava samples have inclusions of gabbroic rock and some crystals also exhibit birds-
eye structure as in the xenoliths. One sample is a felsic xenolith with an equigranular 
texture which also contains the blue mineral hauyne. 
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3.2 General Petrography
There are twelve samples, all from the 1971 eruption on La Palma, they are extrusive 
igneous rocks with mafic/ultramafic and felsic xenoliths. 

 The samples can, based on mineralogy and phenocrysts be divided into three 
groups; host lavas, mafic/ultramafic xenoliths and felsic xenoliths. The host lavas are 
basanites and the xenoliths are alkali gabbros and a syenite.

3.3 Host lavas 
The majority of the samples, eight out of twelve, are host lavas (Fig. 3), they are 
porphyritic with phenocrysts in a glassy to microcrystalline groundmass with plagiocase 
needles and phenocrysts of olivine, clinopyroxene and amphibole. The phenocrysts range 
from fine to coarse,  with sizes between 100 to several 1000 μm, and the phenocryst 
shapes are subhedral  to anhedral. The host lavas have an abundance of vesicles, which 
vary from 200-1000 μm, with the majority between 200-500 μm. 

The majority of the phenocrysts are clinopyroxene, they range in all sizes from 50 to 
1000 μm with common zoning. The phenocrysts are subhedral, and often broken up with 
uneven angular sides. The largest phenocrysts often consist of several smaller 
phenocrysts that are combined into clusters. The smaller phenocrysts are elongated in 
shape.  

The amphibole phenocrysts are distinct through their warm brown colour, they are 
anhedral, often rounded and have corroded rims. Sizes vary from 100 μm to 1500 μm 
where the largest phenocrysts  have poikilitically enclosed crystals. The amphiboles are 
resorbed in the host lava which points to a xenocrystic origin. 

The olivine phenocrysts are transparent mostly between 100-500 μm in size and 
are subhedral. The olivines are round in shape, some of them are hexagonal or have 
angular sides.

6

Fig. 3 Host lava sample LP1971-J3



Plagioclase needles are present in both the glassy and the microcrystalline groundmass of 
the host lavas, but the amounts varies greatly from 5% to 15%, with larger amount in the 
microcrystalline samples. The majority of the plagioclase needles are 20-100 μm and a 
minority is >100 μm. The larger plagioclase needles, above 100 μm, exhibit twinning.

3.4 Mafic/ultramafic and felsic xenoliths
Four of the five xenoliths are mafic/ultramafic (Fig. 4) the fifth xenolith is felsic (Fig. 5). The 
four mafic xenoliths are equigranular and the minerals present are olivine, clinopyroxene 
and amphibole. The phenocrysts in the samples are of varying sizes, the bigger 
phenocrysts are 100-1000 μm and the  smaller phenocrysts vary between 10-100 μm. The 
smaller crystals are often poikilitically enclosed by the larger phenocrysts, mostly by the 

amphibole. The amphiboles are anhedral and are often enclosing other minerals either 
partially or completely. 

Sample LP1971N (Fig. 5) is a 
felsic xenolith with hauyne and 
plagioclase. The plagioclase in 
the sample are interlocked and 
sizes range from 1000μm and 
above with subhedral to 
euhedral crystals. The crystals 
exhibit twinning with irregular 
twin lamellae. 
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Fig. 4  Ultramafic/mafic xenolith  LP1971B scale bar depicts 1000µm

Fig. 5 Felsic xenolith LP1971N scale bar depicts 1000µm



3.5 Geochemistry
The samples plot in two different groups in the TAS- diagram (Fig. 6), the host lavas 
cluster in the basanite spectra and the mafic xenoliths with intrusive textures plot as an 
alkaligabbro.

4. Mineral Chemistry

The mineral chemistry will present each mineral group separately with accompanying 
diagrams. The majority of the data is for clinopyroxene, it is presented with a ternary plot 
for Fs-Ws-En and with diagrams showing the variations of the magnesium number from 
core to rim in individual pyroxenes. Thereafter olivine is presented with diagrams of the 
variation of  fortsterite content for individual olivines from core to rim. That is followed by 
plagioclase with a ternary plot for Or-An-Ab and a diagram for the differences in anorthite 
content. Amphibole is the last to presented with its mineral formula. 
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Fig. 6  TAS diagram



4.1 Clinopyroxene
The ternary plot of clinopyroxene in both xenoliths and host lava changes in iron and 
magnesium within the diopside spectra (Fig. 7). 

The pyroxenes in both the host lavas and the ultramafic/mafic samples have got zonation, 
magnesium number in the clinopyroxenes decreases towards the rim. 
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Fig. 7 Mineral chemistry of clinopyroxene En-Fs-Wo



Fig. 8 Magnesium number in host lavas sample LP1971-Ia,b,c from core to rim in the graph. The 
amount of data points vary from 30. to 50 and 70 between the pyroxene samples.   

In LP1971-Ia the majority of the graph shows small variations around 0.6 then it 
peaks to below 0.8 and slowly descends to 0.7 where it drops to 0.6. Sample LP1971-Ib 
begins above 0.6 and varies slightly above and below the 0.6 line when it peaks at 0.8 
where it varies descending and ascending, dropping to 0.7 ascending to 0.8 and then 
dropping to below 0.6. Pyroxene LP1971-Ic begins above 0.6 then drops below 0.6 to 
increase above 0.6 and then peak to 0.8 where it descends to 0.7 and ascends again until 
it finally drops to below 0.6.

Fig. 9 Magnesium number in host lavas sample LP1971-Ja and LP1971-Ga measured from rim to 
rim

Samples LP1971-Ja and LP1971-Ga have larger variations. Graph LP1971-Ja (Fig. 
9) has a gently ascending slope when it abruptly descends from 0.8 to 0.6 and starts to 
ascend again to 0.8 where it remains until it drops to 0.7 and starts to descend slowly until 
it drops to below 0.6. Graph LP1971-Ga (Fig. 9) has a short ascent from 0.7 to 0.8 when it 
drops to 0.6 where it varies and then has a spike to above 0.8 then it gently descends and 
then drops to 0.6. 
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The variations in the xenolith pyroxenes are smaller than in the host lavas except in 
samples LP1971-M. 

Fig. 10 Magnesium number in host lavas sample LP1971-A and LP1971-Ka,b from core to rim.

Sample LP1971-Aa (Fig. 10) begins below 0.6 then it increases to below 0.8 where 
it gently rises then it fluctuates at 0.8 until it drops to 0.7 peaks below 0.8, drops to 0.7 and 
further below 0.7, peaks below 0.8 and then gently descends to 0.7 with smaller variations 
in-between.  Samples of pyroxene, LP1971- Ka (Fig. 10) varies around 0.8 and then drops 
to 0.7  LP1971-Kb, gently descends from 0.8 to 0.6 (Fig. 10). 
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Fig. 11 Sample LP1971-Ma,b,c points from core to rim

Sample LP1971-Ma (Fig. 11) begins below 0.78 and then it peaks to below 0.8 with 
a minor ascent to 0.8, where it slowly descends to 0.79 and then it drops to 0.76 and finally 
to 0.73. Sample of pyroxene LP1971-Mb (Fig 11), has an overall rounded graph from core 
to rim that in general starts at 0.76 then it ascends to 0.79 and descends slowly to 0.77. 
There are several peaks and drops in between, in detail the core starts from a low point 
and peaks from 0.76 to 0.78, then descends to 0.7, peaks to 0.78, drops to 0.74, ascends 
to 0.79, descends to 0.77, peaks to 0.8, slowly ascends 0.81 drops to 0.77, peaks to 0.81 
and then peaks to the highest value 0.83, the graph then descends slowly with a small 
drop to 0.77, a peak to 0.79 and finally a slow descent to 077. 
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Pyroxene LP1971-Mc (Fig. 11), from core to rim has a slow descent from 0.79 to 
below 0.78 until it peaks to 0.79, drops to below 0.78, peaks to 0.79 and then drops to 
0.78, followed by a slow ascent to 0.79, and a drop to below 0.78 and a further drops 
above 0.76 followed by a slow ascent to below 0.8 and finally a drop to 0.73. 

4.2 Olivine
The majority of the host lava samples decrease in forsterite at the rim while the majority of 
the xenolith samples increase. The first three figures present forsterite content in host 
lavas which are followed by two diagrams with forsterite content in the xenoliths.

The graph for LP1971-E (Fig. 12) extends from the rim where its first value is 0.81 
then the graph descends to below 0.8 to further ascend to 0.81 and drop until it ascends 
again, this time to below 0.825, then it drops below 0.8 to continue fluctuate in the middle 
around 0.8 and 0.795 until it ascends to 0.82 and finally drops to 0.81.
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Fig. 12 LP1971-E1 Forsterite content rim to rim



Sample LP1971-G (Fig 13) begins at the core and ends at the rim, there are minor 
fluctuations in the beginning around 0.81 as the graph in the middle starts ascending 
slowly towards 0.835 when it finally descends rapidly to 0.79.

Sample LP1971-I (Fig. 14) extend from core to rim, the graph begins at 0.815 and then it 
descends to 0.805 and ascends to 0.82 where it fluctuates between below 0.82 and 0.81 
until it ascends to 0.84 at the end and drops just below 0.84. 
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The forsterite content for  xenoliths are presented with the two following diagrams:

Sample LP1971-M (Fig. 15) it begins below 0.78 and then it fluctuates between 0.785 to 0.775, in 
the middle of the graph there is a rapid ascent 0.795 stagnation and a peak at 0.8 then a descent to 
below 0.79 and in the final sequence it rises to 0.8 and ends at 0.805.

Sample LP1971-K (Fig. 16) varies from core to rim between 0.79 and 0.78 in an overall 
descending movement with lower and lower drops at the end it ascend to 0.785-0.79 and 
peaks to below 0.805.
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4.3 Plagioclase
The ternary plot (Fig. 17) is based on plagioclase from host lava samples, there are two 
groups in the data, the long sequence from a single plagioclase and the other data points 
from individual needles in the groundmass. The individual needles are bytownite based on 
composition with low anorthite and high albite values. The traverse is an oligoclase based 
on composition with high anorthite and low albite. 

The anorthite content in the plagioclase of the host lavas (Fig. 18)  is divided into a 
traverse with higher values between 70 and 80% anorthite compared to group of 
plagioclase needles with lower values between 20 to 30%. 
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Fig. 17 An-Ab-Or content in plagioclase



4.4 Amphibole
Amphibole is kaersutite with mineral formula Na 0.35-0.37 Ca 1.6-1.7 Fe2+

1.1 Mg2.4 Ti 1.1-1.2 Al 4.5-4.8 

Si 5.1-5.3 Fe+ 1-1.3
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4.5 Major Elements
The plot for SiO2 to MgO (Fig 19) sets the host lava samples between 42.65-43.41 wt% 
SiO2, higher than the xenolith samples that have lower values between 35.15 to 40.93 wt
% SiO2 with MgO values between 10 and 17wt%.The TiO2  versus MgO values (Fig. 20) for 
host lavas are between 3.72 to 3.80 wt% TiO2  while the xenolith samples are both higher 
and lower with the values 3.17 to 4.88 wt% TiO2 . 

The Al2O3 to MgO plot (Fig. 20) shows a decreasing trend in the host lavas with 
values from 13.07 to 13.91 wt% Al2O3 while the xenolith have lower values from 7.15 to 
9.95 wt% Al2O3. The CaO to MgO  values (Fig. 20) show higher values for the xenoliths 
than the host lavas, where the xenoliths vary between 11.06 to 11.69 wt % CaO while the 
xenoliths exhibit values between 13.53 to 15.71 wt % CaO. 

Fig. 19 Major element data for MgO vs CaO, SiO2 ,Al2O3 ,TiO2 
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Fig. 20 Major element data MgO vs  K2O, Na2O, P2O5, Fe2O3

The P2O5 versus MgO (Fig. 21) presents some xenoliths values close to the host lava 
values but also those values that are much lower. The host lava values plot  between 0.97 
to 0.91 wt% P2O5 while the xenolith samples plot between 0.20 and 0.91 wt% P2O5. The 
Fe2O3 (Fig. 21) plot shows that the xenoliths plot higher values than the host lavas where 
the xenoliths plot between 14.03 and 18.44 wt% Fe2O3 while the host lavas plots between 
13.22 and 13.97 wt% Fe2O3. 

The plot for Na2O to MgO (Fig. 21) reveals higher values in host lavas than in the 
xenoliths, the host lava values range between 3.53 to 3.83 wt% Na2O compared to the 
xenoliths values of 1.24 to 1.69 wt% Na2O. The diagram for K2O to MgO (Fig. 21) plot with 
host lavas in two groups, between 1.42 to 1.47 and 1.68 to 1.76 wt% K2O both higher than 
the xenoliths, with values between 0.46 to 0.70 wt% K2O. 
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5. Discussion

5.1 Thermobarometry 
In this thesis clinopyroxenes were used for thermobarometery calculations, and based on 
the magnesium number compared with whole rock magnesium numbers to assess 
equilibrium. Most minerals are either pressure or temperature sensitive or both, and they 
are both linked to depth, the use of thermobarometers is based on finding an equilibrium 
between the clinopyroxenes and the melt. The points of equilibrium was found through 
comparison of the magnesium numbers with Fe-Mg partioning (Fig. 21) (Putirka 2008).

Temperatures and pressures for xenoliths and lavas
The clinopyroxenes from the host lavas are exposed to pressures between 6-10 kbar 
compared to 17-20 kbar of the xenoliths. Further the temperature span ranges from 1184-
1205°C for the host lavas to 1316-1341°C for the xenolithic clinopyroxenes. Differences in 
depth are almost the double, where the host lava clinopyroxenes range between 23-36 km 
compared to 62-75 km for the xenolithic clinopyroxenes. 

The results of the thermobarometry indicates that the xenolith samples where 
crystallized at a deeper depth than the host lava samples. Comparing the data with Moho 
depth at 13-15 km (Klugel 1997) and with values from Klugel 1997 where xenolith -magma 
interaction rims at 7-11km and  recrystallizing phases at 13-15 km these xenoliths and host 
lava crystallized at much greater depth.
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Fig. 21 Fe-Mg partioning after Putirka 2008



Based on the calculated pressure the depth was further calculated into two depth ranges 
from 23,38 to 35,95 km and the deepest values from 62,27 to 74,69 km. 
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6. Conclusions 

 

The host lavas are basanites and the xenoliths are alkali gabbros and syenites. The alkali 
gabbro xenoliths were crystallized at a depth of 80km where the clinopyroxenes  formed 
and were poikilitically enclosed by the kaersutite. The host lava then carried the xenoliths 
up to 30km where it crystallizes before erupting in 1971. The crystallization all occurred 
beneath the Moho, which is located at 13-15 km depth.  

7. Acknowledgements 

 

I would first and foremost like to thank my supervisor Dr Abigail Barker for her invaluable 
support and help during this process.  I would also like to thank Prof. Valentin Troll for 
entrusting me with these samples and Hans Harryson for his time and effort with the 
microprobe analysis. Last but not least I would like to thank my family for their support and 
patience.  

8. References 

Anchocea, Eumenio et al1994 Constructive and destructive episodes in the building of a 

 young Oceanic island, La Palma, Canary Islands, and genesis of the Caldera de 

 Taburiente, Journal of Volcanology and Geothermal Research 60, 243-262 

Carracedo, J. C. & Day, S 2002 Canary islands. Classic Geology in Europe Series Volume 

 4. Harpenden: Terra Publishing  
Carracedo, J.C. 1999 Growth, structure, instability and collapse of Canarian volcanoes 

1 2 3 4 5 6 7 8 9 10 11

0

10

20

30

40

50

60

70

80

D
e

p
th

Fig. 24 Depth of the xenoliths and host lavas with Moho at 13-15km (Klugel et al 2005) 



22 

 and comparison with Hawaiian volcanoes, Journal of Volcanology and Geothermal 
 Research 94 (1999) 1-19 
Ranero et al., 1995 C.R Ranero, M. Torne, E. Banda, Gravity and multichannel seismic 
 reflection constraints on the lithospheric structure of the Canary Swell, Mar. 
 Geophys. Res. 17 (1995) 519-534.  
Klügel, A. et al 2005, Magma storage and underplating beneath  Cumbre Vieja volcano, 
 La Palma (Canary islands), Earth and Planetary Science Letters 236 (2005) 211-
 226 
Klügel, A. et al 1998, Reaction between mantle xenoliths and host magma beneath La 
 Palma (Canary island): constraints on magma ascent rates and crustal reservoirs, 
 Contrib Mineral Petrol (1998) 131; 237-257 
Meco et al. 2007 Evidence for long-term uplift on the Canary islands from emergent Mio-
 Pliocene littoral deposits, Global and Planetary Change 57 (2007) 222-234. 
Schmincke, H-U et al, 1998, Samples from the Jurassic ocean crust beneath Gran 
 Canaria, La Palma and Lanzarote (Canary islands), Earth and Planetary Science 
 Letters 163 (1998) 343-360 
 


	Omslag Anna Svensson
	sida1 Anna Svensson
	Kandidatuppsats_Anna_Svensson
	Omslag Anna Svensson
	sida1 Anna Svensson
	Determining the depth_ver3
	Determining the depth_vers2
	Determining the depth of  magma storage 
	by investigation of samples from 
	the eruption on La Palma 1971
	

	Determining the depth of  magma storage 
	by investigation of samples from 
	the eruption on La Palma 1971
	

	Sammanfattning
	Abstract
	Keywords Canary islands, volcanism, magma storage
	1. Introduction
	1.1 Geologic setting
	1.1.1 The Canary islands
	1.1.2 La Palma

	2. Analytical methods
	2.1 Sample Preparation
	2.2 Major and trace element analysis
	2.3 Optical microscopy
	2.4 Microprobe

	3. Petrography
	3.1 Description of hand specimen
	3.2 General Petrography
	3.3 Host lavas 
	3.4 Mafic/ultramafic and felsic xenoliths
	3.5 Geochemistry

	4. Mineral Chemistry
	4.1 Clinopyroxene
	4.2 Olivine
	4.3 Plagioclase
	4.4 Amphibole
	4.5 Major Elements

	5. Discussion
	5.1 Thermobarometry 
	Temperatures and pressures for xenoliths and lavas


	6. Conclusions
	7. Acknowledgements
	8. References
	Abstract

	Tom sida
	Tom sida

	Determining the depth _vers4

