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Abstract

Zoned eruption deposits frequently show a lower felsic and an upper mafic
member, thought to reflect eruption from a large, stratified magma
chambers. In contrast, however, the Montafia Reventada composite flow in
Tenerife consists of a lower basanite and a much thicker upper phonolite. A
sharp interface separates the basanite and phonolite, and a chilled margin at
this contact indicates the basanite was still hot upon emplacement of the
phonolite, i.e. the two magmas erupted in very quick succession. Three
types of mafic to intermediate inclusions are found in the phonolite, which
comprise foamy quenched ones, inclusions with chilled margins and those
that are physically mingled, reflecting progressive mixing with a
decreasing temperature contrast between the end-member magmas
involved. Analysis of basanite, phonolite and inclusions for majors, traces
and Sr, Nd and Pb isotopes show the inclusions to be derived from binary
mixing of basanite and phonolite end-members in ratios of 2:1-4:1.
Although basanite and phonolite magmas were erupted in quick
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succession, contrasting 2°°Pb/***Pb ratios show them to be genetically
distinct. The Montafia Reventada basanite and phonolite first came into
contact just prior to eruption and had seemingly limited interaction time.
Montafia Reventada erupted from the transition zone between two
plumbing systems, the phonolitic Teide-Pico Viejo complex and the
basanitic Northwest rift zone. A rift zone basanite dyke most likely
intersected a previously emplaced phonolite magma pocket, leading to
eruption of geochemically and texturally unaffected basanite, followed by
inclusion-rich phonolite that exploited the already established conduit.

11.1  Introduction

Magma mixing occurs when two liquid magmas
of distinct composition interact with each other
over a defined period of time. However, time-
scales of magma mixing may be highly variable
and range from hours to tens and hundreds of
years. Large ignimbrite eruptions, for instance,
have frequently been associated with voluminous
stratified magma chambers, in which the com-
positionally distinct magmas formed over long
time-scales from the same parent magma (e.g.,
Sparks et al. 1977; Blake 1981; Huppert
et al. 1982; Wolff and Storey 1984; Blake and
Ivey 1986; Freundt and Schmincke 1992;
Calanchi et al. 1993; Kuritani 2001; Troll and
Schmincke 2002). Alternatively, the origin of
mixed magmas has also been explained by the
forced intrusion or fountaining of a genetically
distinct magma into another, whereby the newly
arriving magma may trigger an eruption due to
super-heating and re-mobilisation of the previ-
ously emplaced, already cooled pocket of magma
(e.g., Turner 1980; Campbell and Turner 1986;
Turner and Campbell 1986; Eichelberger et al.
2000; Izbekov et al. 2004; Troll et al. 2004). For
example, Izbekov et al. (2004) suggested that in
1996, a mafic dyke had dissected a resident
andesite magma chamber, triggering the inter-
mittent eruption of a range of mixed products at
Karymsky volcano, Kamchatka.

Various mechanisms for the mixing of mag-
mas have been postulated, for example, (1)
buoyant rise of mafic magma caused by a den-
sity decrease from strong vesiculation, (2) con-
vective stirring or viscous coupling caused by

thermal contrasts between mafic and felsic end-
members, (3) forced intrusions of mafic magma
into highly viscous and thus more competent
felsic magma, and (4) mixing within the conduit
during magma ascent (cf. Eichelberger 1980;
Bacon 1986; Coombs et al. 2003; Troll
et al. 2004; De Campos et al. 2008). The cir-
cumstances of magma mixing for a given
deposit are thus a result of the dynamics and
compositional controls of the related magmatic
plumbing system. Key issues for understanding
magma mixing are therefore: (a) how long have
the compositionally distinct magmas interacted
with each other? (b) are these compositionally
distinct magmas co-genetic, i.e., derived from
the same parental magma? or (c) are they
genetically unrelated and met only prior to
eruption? This chapter will try to answer these
questions through a summary of detailed studies
of the compositionally mixed Montafia Revent-
ada lava flow (Arafia et al. 1994; Wiesmaier
et al. 2011), one of the most recent deposits
within the Teide—Pico Viejo succession in Ten-
erife. At Reventada, a basanite lava flow erupted
and was shortly followed by the eruption of
phonolite lava from the same vent, thus forming
a composite flow or cooling unit. The phonolite
part of the flow contains abundant dark inclu-
sions that appear to be related to the basanite
part. Earlier studies on Montafia Reventada
(Arafa et al. 1989, 1994) provided mass balance
calculations that, combined with mineral abun-
dances, allowed them to exclude continuous
closed system fractional crystallisation as the
origin of these inclusions, but supported a hybrid
(mixing) origin instead. The lack of mingling
textures within the phonolite matrix led the
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Fig. 11.1 Picture of
Montafia Reventada.
Montafia Reventada, the
edifice of a complex
eruption located in the
zone of interaction
between the NW rift zone
and the central felsic
volcanoes Teide and Pico
Viejo. This eruption
involved mixing of mafic
and felsic magmas

authors to believe that the intermediate inclu-
sions formed exclusively through diffusional
hybridisation, which would require a long-lived,
diffusional interface between basanite and pho-
nolite in the Reventada magma chamber. A
long-lived stratified magma chamber, however,
is inconsistent with the relatively small volume
of the Reventada eruption (0.1 km?®) as thermo-
dynamic considerations indicate that compara-
bly small magma chambers are likely to solidify
completely before significant diffusional gradi-
ents can develop (cf. Hawkesworth et al. 2000).
Equally, the eruption order, i.e., basanite before
phonolite, does not agree with common models
of stratified magma chambers (Hildreth 1979;
Blake 1981; Troll and Schmincke 2002), which
are believed to hold the denser magma (here
basanite) below the less dense one (here
phonolite).

In the study of Wiesmaier et al. (2011), new
isotope and geochemical data have been merged
with those of Arafa et al. (1994), and combined
with a detailed textural analysis of inclusion
types. This approach resulted in a refined model
of magma mixing that is consistent with field
and textural constraints and allows for a sub-
stantial revision of the magmatic processes
ongoing during the Montafia Reventada erup-
tion, with implications for the interaction of
distinct magma plumbing systems in Tenerife.

11.2 The Montana Reventada Lava
Flow

Montafia Reventada consists of a small group of
vents and associated flow lobes, which have
been radiometrically dated at 895 &+ 155 a BP
(Carracedo et al. 2007). Two exceptional road-
cuts at 330437/3128642 (UTM 28R =+ 15 m) at
either side of the road TF-38 (locally referred to
as “Carretera Boca Tauce—Chio”) provide a
cross-section through the complete stratigraphy
of this eruption, including the bottom contact
with older lavas (Fig. 11.2). This roadcut, at the
base of Pico Viejo in the NWRZ, has been
previously described by Arafia et al. (1994).
The Montafia Reventada stratigraphy com-
prises the following components from bottom to
top: (1) A red basal breccia of about 10-20 cm
thickness, composed of scoriaceous basanite,
which is scarcely porphyritic and shows flow
banding in some clasts. (2) A lower basanite layer
of variable thickness (20-200 cm), composed of
massive, dark, mainly aphyric lava with flow
banding that is frequently folded (Fig. 11.2a).
Laterally, the massive parts grade into welded
scoria, where the scoria clasts are of variable
vesicularity. At 1-2 km downhill from the out-
crop described here, the basanite contains abun-
dant plagioclase. (3) An upper phonolite layer of
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Fig. 11.2 Picture of outcrop and map inset. a A pho-
tograph of the main outcrop of the Montafia Reventada
composite flow with people for scale. b A simplified
stratigraphic column of this main outcrop. ¢ A location
map after Carracedo et al. (2007). d An opened fracture

10-12 m thickness that is massive, light-coloured
and porphyritic. The contact between the basanite
and the overlying phonolite is sharp and undu-
lating, lacking both top and basal brecciation. In
places, the phonolite intrudes the lower basanite
or appears to “lift out” basanite blocks (up to
50 cm). At one location, the intruding phonolite
caused a chilled margin in the underlying basa-
nite, indicating a considerable temperature con-
trast (Fig. 11.2d). Within the first metre above the
basanite-phonolite contact, vesicles up to 10 cm
are abundant. These are elongated parallel to the
contact and grade into equant shapes some 40 cm
above the contact. The phonolite hosts frequent
dark inclusions of varying texture that range in

) &\ Massive,

Top breccia

] Porphyritic
phonolite

Aphyric
inclusions

~14m

Mafic,
porphyritic
inclusions

Massive
basanite

within the basanite that has been filled with phonolite.
e Vesicle-rich and plagioclase bearing basanite can be
found at the flow front. f Mingled appearance of a light-
coloured inclusion. g Degassing halo around an inclusion
in host phonolite

size from a few cm to 50 cm across and appear to
gradually decrease in abundance up-section. The
phonolite becomes pink in the uppermost half
metre (oxidised top). (4) A top breccia to the
phonolite of up to 1.5 m in thickness that consists
of large clinker fragments and glassy blocks.

11.3 Research Techniques

To define the lithological units and constrain the
processes that gave rise to the Montafia Reventada
composite eruption, Wiesmaier et al. (2011)
analysed 20 samples from the outcrop for their
major- and trace element concentrations as well as
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for their Sr, Nd and Pb isotopes. The composi-
tional data are complemented by field and petro-
graphical evidence from the outcrop as well as
hand-specimen samples and thin-sections. The
sample set comprises 14 whole-rock and six
groundmass samples collected from the two road
sections at TF-38. Of the whole-rock samples,
three basanite, seven phonolite and four inclusion
samples were selected for whole-rock analyses
and groundmass measurements included two ba-
sanite and four phonolite samples.

Results are listed in Table 11.1 with all errors
reported as 2SD. A detailed documentation of
the analytical methods applied can be found in
Wiesmaier et al. (2011).

11.4 Petrological and Geochemical
Observations

11.4.1 Petrography

The petrographic description of the samples
allows the distinction of basanite, phonolite and
in total four different types of mafic inclusions.

11.4.1.1 Basanite

Plagioclase phenocrysts and vesicles are abun-
dant in the flow front of the basanite lava. In
contrast, at the outcrop described here, Revent-
ada basanite is essentially aphyric and vesicle-
free with only scarce plagioclase phenocrysts.
The microcrystalline, melanocratic groundmass
consists of lath-shaped plagioclase, pyroxene
microlites with high birefringence colours and
opaque Fe/Ti-oxides. The groundmass shows
abundant flow lamination, which is frequently
folded (Fig. 11.3a).

11.4.1.2 Phonolite

The overlying phonolite contains 10 % alkali
feldspar, 3 % opaque minerals and scarce
clinopyroxene and amphibole with dehydration
rims. Feldspar may be intergrown with opaque
minerals and/or pyroxene. Feldspar also often
displays sieve textures and occurs as single,
euhedral crystals with rounded corners and
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abundant Carlsbad twinning or, less often, as
glomerocrysts of up to 10 mm across.

The microcrystalline, leucocratic phonolite
groundmass is holocrystalline and consists
mainly of feldspar and opaque minerals. Vesi-
cles are abundant and make up ~ 10 vol.% of
the rock close to the contact with the lower
basanite, but this decreases to ~ 1 vol.% farther
away from the basanite (Fig. 11.3c).

11.4.1.3 Inclusions
Inclusion textures range from frothy and vesicle-
rich through scarcely porphyritic and banded to
porphyritic and mingled. Four major types are
distinguished. Type I: finely vesicular with a
cryptocrystalline groundmass (diktytaxitic tex-
ture, cf. Bacon 1986), sometimes containing
alkali feldspars with an anhedral relict appear-
ance. This type of inclusion has angular outlines
and is occasionally intruded by phonolite and
thus appears to have behaved competently
against the liquid phonolite magma (Fig. 11.3d,
e). Type II: dark-coloured, feldspar-bearing
inclusions with a lobate, sometimes chilled
margin that indicates fluidal behaviour at the
time of formation. Type II inclusions contain
nodules of darker material (Fig. 11.3f, g). Type
III inclusions are lighter coloured than type II,
are feldspar-bearing and show a coarser-grained
groundmass of microlites, feldspars and amphi-
boles. These inclusions have lobate and diffuse
margins (blob-like), and filaments and blobs of
dark magma are visible within them. Inclusions
of about 1 cm or less in size may show a sharp,
well-defined contact, or a diffuse transition
between inclusion and phonolite  host
(Fig. 11.3g, h). Glomerocrysts of feldspar inter-
grown with opaque oxides, clinopyroxene and
amphibole occur. Type IV: dense inclusions with
scarce feldspar that show flow-banding. Pheno-
cryst orientations generally appear to follow the
observed groundmass lamination. The contact to
the host phonolite is sharp and angular
(Fig. 11.31).

Feldspars within the inclusions show anor-
thoclase compositions but also a range of lab-
radorite to oligoclase (Wiesmaier 2010).



S. Wiesmaier et al.

196

(panunuoo)
(61)69LS 6€
(S1)8919°C1

(6)1L9L°61
I3
0L¥9
179

8¢l
6LC
L6'8
89°L
9°6¢£C
6899
69°66
¥0°0
LT°0
70
(4504
6S°L
68°C
9l
LT°0
1 %Y
6781
ce'l
ov'LS
U0y 90T
Ayouoyd

(91T0LS 6€
(©)Tr19°61
(8)099L°61

€5°¢
€6'ST
S0'9
8011
65’1
9¢€'9
€59
S'SLOT
L€S0T
S¥'66
0
¥T0
LT'T
SLT
L9°S
wL
SLE
170
786
SO'LI
06T
v'8Y
dr0T 9

(r1)98LS 6€
(8)SL19°G1
(Lv6SL61

ws
LS'ES
L9
€011
61'C
6011
€v'8
(2%}
L80L
62001
100
800
I
99°¢C
L09
689
6¢'¢
81°0
206
YL'LT
9¢
¥¥°0S
asoc d

(ST)€09S 6€
(8)LT19°G1
(L)8TSL 61

484
86'L¥
¥9°S

€¢€6
00C
89°L
S99
¥'L9L

9768

1°001
200
¥1°0
I

9T
S0'9
10°L
a3
81°0
706
89°LI
¥9°C
z1°0s
q90C A

(€2)8585°6€
(S1)9619°S1
(TD1¥9L'61
ev's
91°8¢
Lo°L
vell
ev'e
LO'TT
87’8
6896
£08L
16'66
00
1o
660
9'C
€9
169
cee
81°0
¥0'6
SO°L1
97C
80°0S

Vvooc 9

suorsn[ouy

(TOETrS 6¢
(LDOVr19°61
(ODE6TIL 6T
9°¢
81°¢ce
7SS
866
98'1
1L
wL
7'8901
7919
L00T

6C1
16'1
98¥
vI'6
8SY
81°0
6111
LT'LY
9¢'¢
1L°9%
w3 7-60T

(81)8€95°6¢€
(9ODELIO ST
(6) LLEL6T
81°¢
009¢
L8V
€18
89'1
65°S
629
€016
1'92S
1S°001

6C1
16'1
€8t
906
a4
81°0
6011
8I'LT
(453
98°9%
ws 1-60T

(F1)OTLS 6€
(6)€129°ST
(sseLet

88°C
68°6C
€9Y
S'LL
S
w9
S6'S
L'9¢6
8'8¢S
€1°001
00
600
el
88’1
€6’y
[4%9
Sy
81°0
1711
YI'LT
£€ee
619y
£-60¢

(00)€L9S 6€
(6)€919°S1
(oD10vL'61
60
1€9¢
0T'L
€¢Il
61°¢
658
€58
€LTEl
'8CL
L1°001
00
600
6C'1
¢8'1
L6V
SI'6
€Sy
81°0
[qan!
el'Ll
cee
(414
¢-S0¢

(1€)L09S 6€
(L1)TT19°61
(OD8IYL61
453
05°6€
SLS
€8
06'T
819
Y0'L
1786
6'18¢
82°001
200
80°0
9T'1
061
¥6't
6
Wy
81°0
EI'Tl
9T'LI
Iee
€9°9%
1-50¢
djueseq

Adyoz/9d g0z
Adyor/9d
Adyoc/Idag
qd

qq

BL

aN

n

UL

JH

IS

(wdd) eg
wng

00

OH

f0d

o

0%N

oD

O3

OUN
f0%ed
04V
o1L

(%) OIS
:ordures

‘sojdures ojrjouoyd pue UOISNOUT ‘)JIULSEQ BPLIUIASY BUBIUOIA JOJ BIEp JUSW[ 3081} SIN-dDI pue Judwale Jofew JYX L°LL d|qeL



197

Interaction of Rift Zone and Central Complex Magmatism

1

ordures ssewpunois € s9JouIp SWeu
ordures e ur w3, *oyrjouoyd oy jo wonoq ay) woiy are sajdures gz pue 1oke[ ayjouoyd oy} jo doj ay) woiy are £z Joqunu YPim sodureg ojrjouoyd pue 9jiueseq USAMIA]
19BJU09 3} dA0qe Isnl ojdures rjouoyd ay) S1IU0D 9( "dIULSEQ A} WOLJ AIe GOT Joqunu yiim so[duweg "epejusAdy] eUBIUOLA 10J Blep 9d0josT qd pue JUSWR[R 99.I) pue IofeJ\
(SO1g656€  (TDELBS6E  (SDEYOS6E  (P1)6TOS6E  (81086S6E  (TVIEYSS 6 (P1)SERS6E  (E1)T88S6E  (PDISH8S6E  (€DL66S6E  Adyge/Idgye
(L160T9ST  (9DE0TIST (6)0129°S1 (6)0129'6T  (01)6129°ST  (S1S619°CI (8)8L19°G1 (8)6819°S1 (6)SLIOST  (P1TETYST  Adyor/9d o7
(TDosLL61  (ODETLL'6T (L)zosL 61 W19LL 61 (®)L9LL61  (01ISOLL61 (9)€zLL 61 (9)9vLL 61 (9)79LL'61  (IDLOSL'6T  Adyp/Adgg,

ST L98 SL'9 LSS LTS €6'L 818 veL €601 16'8 ad
8879 8T'16 ¥1'98 1L°L6 S0°06 8€°S6 ST16 06'6L SS9TT 79101 QI
109 €8 S8'L LT'8 8T'8 0T'8 vI'8 1S°L 6£01 SL'8 e,
81Tl 1°$91 0291 8°LST 9'9%1 v 91 €'LST rel 1261 8 LST aN
€T SLe SLT €L'e 8S°¢ 6v'¢ 6T€ 8T'¢ 89 e n
€9°01 L8YT €811 90°ST 66°¢1 LSTI SHel LTTI L8°61 0641 uL
€8'L 0111 1€°6 LO0T 656 1L°01 6L°01 S¢'6 8I°€l 9801 JH
9651 1'6S1 0°€0C Lt¥e €ILI ¥'0LT THSI 0vLT ¥'81¢C L'981 IS
€169 8°6£8 6T€01 #5501 8°GL6 ¥'96L 1'68L 1’188 L'68C1 6966 (wdd) eg
9L°66 9'66 LE66 75766 62766 L9766 86°66 $°66 ¥'66 ¥T'66 wng
- - 200 100 200 - - 100 0 0 0D
- - 70 920 910 - - 60°0 10 60°0 OH
€0 620 1€°0 Se0 620 8¢°0 620 LEO 870 620 ‘0
YLV €8t 99y LSV €Ly (4% 4% Wy 18 SLy o
88°L eLL 18°L LYL LYL 9L 6L L'L S8'L 16°L 0%N
80T 961 1T SeT 861 €9°C L6T $9T L8'T 661 o®D
48! 90'1 48! 8Tl 601 Se'l Y0'1 €e'l I SOl O3
LTO LTO 91°0 91°0 LTO LTO 91°0 LTO 91°0 91°0 OUN
9Lt €Sy LSY 667 1294 60°S 1294 60°S Iy 9G¥ f0%d
LY'81 S68l 1681 S8l 8581 7681 €9°81 8581 1981 €581 foav
1 801 Tl 171 I'1 8T'1 901 8T'1 €0'1 801 o1L
98'8S 91°6S SL8S LT°8S 88'8¢ LS 1€°6S S9'LS Tr6s 89'8S (%) OIS
ws 9-/0T w3 $-/0T 9-L0T S-L0T ¥-L0T w3 6-90T ws 7-90¢C $-90¢T €-90¢C 7-90T :ordures

3:0:0:&

rouoyq suorsnjouy ueseq

(ponunuoo) L°LL d|qeL



198

S. Wiesmaier et al.

Basanite Contact

Inclusions:

Fig. 11.3 Photomicrographs and scans of thin-sections.
Thin-section images of Montafia Reventada rocks (scans:
a, b, d, i; photomicrographs: c, e, f, g, h). a basanite,
b diffuse contact between basanite and phonolite, ¢ pho-
nolite, d—e type I inclusions, frothy and vesicle-rich,

11.4.2 Whole-Rock and Groundmass
Composition

11.4.2.1 Major Elements

In the Total Alkali versus Silica diagram (TAS;
Le Bas et al. 1986), the lower lava layer clas-
sifies as basanite and the upper one as phono-
lite, while inclusions contained within the
phonolite represent variable compositions
between the two, plotting as either basanite,

Sharp contact td_
- S phGnolite FuE
5 .\. > : '|\ 7 ...__I@ -*

e

Phonolite

Mingled

Type IV

f—g type II inclusions, crystal-rich and possessing a
chilled margin, h type III inclusions massive, crystal-
rich, and mingled, i type IV inclusions, flow-banded.
Scale bar in 1 cm divisions. Sieve-textured feldspar
occurs in all samples

phonotephrite or tephriphonolite (Table 11.1,
Fig. 11.4). Inclusion data from Arafia et al.
(1994) plot in the same linear array between
basanite and phonolite, with higher alkali ele-
ment and silica concentrations. In fact, all
major element data form linear trends between
basanite and phonolite and the gap between the
two principal lava types is always bridged by
inclusions of intermediate composition from
both data sets (Fig. 11.5).
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Fig. 11.4 TAS diagram. 14
Total alkali versus silica [ | Phonc?lite ( A\ groundmass) Phonolite
diagram after Le Bas et al. C.) :;dus'jns A amass)
. . asanite grounamass,
(1986). The two Prmc1pal — % Tachyte Tephri-
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phonolite, are end- X Basalt
. Trachyt
members, while the 0 » rachyte
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(1994) (crosses) plot on the gm 7 P
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=2 | Tephrite andesite
et al. (2011), between the 6 — | Basanite Trach
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compositions | Dacite
Andesite
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Basalt
Picro-
basalt
2 \ \ \ \ \ \
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Si0, [wt.%]
11.4.2.2 Trace Elements 0.703062(9) (groundmass: 0.703032(9) to

In a multi-element variation diagram normalised
to primitive mantle, basanite and inclusion
samples show comparable patterns, apart from
the Large Ion Lithophile Elements (LILE) Cs,
Rb and Ba and the High Field Strength Elements
(HFSE) Th and U, in which inclusions appear
more enriched. Phonolite samples are more
enriched than basanite in the LILE, but display a
pronounced negative Sr and positive Zr anomaly
and an overall depletion in MREE (Table 11.1).

When whole-rock trace element data are
plotted against Zr concentration as an index of
differentiation (cf. Wolff et al. 2000), basanite
and phonolite samples again plot as end-
members, with the inclusions generally filling
the space in-between. However, phonolites show
a rather widespread array in several incompati-
ble trace elements, while the basanites appear
closely spaced.

11.4.2.3 Isotope Data

Basanite whole-rocks have %’Sr/*°Sr values of
between 0.703032(9) and 0.703040(7) (ground-
mass: 0.703024(10) to 0.703046(9)). The pho-
nolite whole-rocks range from 0.703032(7) to

0.703082(7)). The inclusions display values
from 0.703032(7) to 0.703059(9).

Basanites show '*“*Nd/"**Nd ratios from
0.512855(38) to 0.512896(46) and phonolites
from 0.512848(42) to 0.512910(46). Inclusions
show a range in Nd ratios between 0.512871(46)
and 0.512899(42). All Nd ratios are within error
of each other.

The 2°°Pb/?**Pb ratios range from 19.7193(21)
to 19.7418(31) versus 19.7528(14) to
19.7660(16) versus 19.7671(18) to 19.7807(23),
for basanite, inclusions and phonolite, respec-
tively, with significant differences among these
three groups. In contrast however, basanite,
inclusion and phonolite samples overlap in their
207pp/2%4PY ratios (15.6122(34) to 15.6213(17)
versus 15.6117(17) to 15.6196(29) versus
15.6168(30) to 15.6232(28), respectively). The
208pp/294Pp ratios partially overlap between ba-
sanite, inclusions and phonolite (39.5423(43) to
39.5720(29) versus 39.5603(29) to 39.5858(46)
versus 39.5769(39) to 39.5997(45), respectively),
but with each group reaching higher values. The
results for Sr, Nd and Pb isotopes agree well with
existing data for Tenerife igneous rocks (Palacz
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Fig. 11.5 Harker diagrams with graphical mixing solu-
tion. Whole-rock major element composition of the
Montaiia Reventada eruption. Fe data recalculated to
FeOy, using the formula FeO, = FeO + 0.899 Fe,0;
(Bence and Albee 1968). All major elements define
straight trends when correlated to SiO,, which indicates

and Wolff 1989; Simonsen et al. 2000; Abratis
et al. 2002; Gurenko et al. 2006). All errors are
reported as 2SD (Table 11.1).

11.5 Emplacement and Formation
of the Montana Reventada

Lava Flow
11.5.1 Subaerial Emplacement of Lava

Several lines of evidence allow us to establish
that the basanite and phonolite were part of the

the origin of the inclusions to be mixing of the two
principal components basanite and phonolite, rather than
by fractional crystallisation. Note graphical mixing lines
that indicate the percentage of phonolite material for
intermediate compositions

same eruption. Firstly, the focus will be on the
eruption dynamics at the surface.

The basanite shows a chilled margin where
the phonolite intruded (Fig. 11.2d), implying that
the basanite was still hot at the time the much
cooler phonolite came in contact with it. Further
evidence for this is the vesiculation of the pho-
nolite, which is limited to a zone of one metre
upwards from the basanite-phonolite contact.
This localised zone of vesicles is probably the
result of inclusions that were reheated at atmo-
spheric pressure within the phonolite and which
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consequently liberated volatiles (see inclusion
degassing halos in Fig. 11.2g). The basanite and
the phonolite are thus effectively contempora-
neous. Only an underlying basanite that was still
hot can have caused the inclusions to decompose
and develop a chilled margin.

The sharp contact in-between basanite and
phonolite holds further clues to the emplacement
process. Common ‘a’a lava flows form by
developing a chilled crust against the air which
brecciates and gives an ‘a’a flow its character-
istic rugged surface appearance. During flow,
this brecciated top is continuously transported to
the flow front, where it rolls onto the ground
(Merle 1998) and is consequently run over by
the proceeding lava. As a result, the standard
stratigraphy of an ‘a’a lava flow consists of a
basal breccia, a massive inner part and a top
breccia (Cas and Wright 1987).

However, at Montafia Reventada, the contact
between basanite and phonolite is sharp, i.e., the
basanite lacks a top breccia and the phonolite
lacks a bottom breccia. The missing breccias are
either not preserved or have never formed.
However, the type IV inclusions (massive, flow-
banded and angular) closely resemble the lami-
nated texture of the underlying basanite, hence,
they have most likely been picked up by the
phonolite while overriding the basanite. It thus
seems likely that the phonolite rafted on top of
the ductile basanite, at least in the area of the
outcrop. Rafting would allow it to erode the
basanite top breccia and pick up the breccia
clasts while not developing its own bottom
breccia. The lack of a top basanite breccia and
bottom phonolite breccia therefore provides
further evidence in support of the two magmas
of Montafia Reventada having been emplaced
almost simultaneously.

11.5.2 Origin of Inclusions

11.5.2.1 Major and Trace Element
Constraints

Whole-rock major element trends are linear for

all oxide data from both Araiia et al. (1994) and

Wiesmaier et al. (2011). Together they form a

semi-continuous compositional sequence, with
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intermediate inclusions bound by the basanite
and phonolite end-member compositions
(Fig. 11.5). As the major element patterns are
exclusively straight, lacking the typical kinks
expected from fractional crystallisation (cf.
Geldmacher et al. 1998), physical and chemical
mingling and mixing are thought to be the
dominant processes active during formation.
Such straight trends should not be confused with
the much more complex and fluctuating geo-
chemical trends that are produced by the diffu-
sive gradients between two magmas. Although
these diffusive gradients are the fundamental
driver of mixing and homogenisation, they occur
on diffusion distances of sub-cm scale and in
single samples only (De Campos et al. 2008).
However, for analysis each sample has to be
homogenised, including those that show various
degrees of magma mixing. As a result complex
S-shaped diffusional trends are not preserved
and the analysis of a sample suite will produce
straight mixing trends, such as observed at
Reventada. Alternatively, inclusions may have
been thoroughly hybridised when still liquid, so
that straight geochemical trends may also be
interpreted to reflect an advanced stage of mix-
ing. The straight trends observed at Montafia
Reventada thus point towards a mixing origin
for the mafic inclusions that are found in the
phonolite.

These straight mixing trends allow calcula-
tion of the proportions of each component
involved during the mixing process. Trace ele-
ment and major element oxide concentrations in
inclusions were modelled as two-component
bulk mixtures of basanite and phonolite and the
respective maximum and minimum concentra-
tions found for each major and trace element
were used.

For most major and trace elements, the
inclusions can be equated to mixtures of
between 66:34 basanite to phonolite (E206A,
E206B and E206D) and 80:20 basanite to pho-
nolite (E204F). This agrees well with graphical
mixing solutions in the Harker diagrams, where
the three inclusions (E206A, E206B and E206D)
cluster together but the latter (E204F) shows a
slightly more mafic composition (Fig. 11.5).
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Fig. 11.6 Matrix of trace element plots. Selected trace
elements are plotted versus Zr concentration. The crosses
denote data from Arafia et al. (1994) for comparison.
Note the linear variation among the sample suite in most
trace elements. Ba, Sr and Rb may be affected by crystal

Two-component bulk mixing of basanite and
phonolite yields matches for the major oxides
Si0,, MgO, Fe,O3 and TiO,. The two major
element oxides MnO and P,Os are within
0.01 wt% of the model limits, which we deem a
satisfactory fit. Most trace elements are mod-
elled satisfactorily too.

Deviations in element concentrations from
ideal mixing behaviour are few and can be well
explained by diffusive phenomena. Slightly
lower K,O concentrations than expected may
indicate uphill diffusion of K,O towards the
phonolite (cf. Watson and Baker 1991; Bind-
eman and Perchuk 1993; Arafia et al. 1994;
Bindeman and Davis 1999), which would be in
line with the enhanced diffusivities of this ele-
ment (Walker et al. 1981; Watson 1982; Walker

transfer of feldspar between the end-member magmas,
the dominant mineral phase at Montafla Reventada.
Phonolite samples show a wide spread in trace element
concentrations, which is possibly a result of diffusional
hybridisation

and DeLong 1982; Lesher 1986; Lesher and
Walker 1986). The higher than expected con-
centration of Al,O3 and Na,O in all inclusions
is, in turn, suggestive of anorthoclase added
from the phonolite magma (Fig. 11.6).

Trace elements that deviate by more than
10 % from the linear two-component bulk
mixing interval are mainly the lithophile ele-
ments Li, Sc, Cs, Rb and U. These elements are
depleted in inclusions, which can also be
explained by uphill diffusion, previously recog-
nised for Li, Cs and Rb in basalt-rhyolite sys-
tems (Bindeman and Davis 1999). The
siderophile element Ni and the chalcophile ele-
ment Cu are also depleted in the inclusions with
respect to the mixing calculation (Table 11.2).
Barium, in turn, is enriched in the type I inclu-
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Table 11.2 Modelling of inclusion compositions.

Inclusion Basanite (%) Phonolite (%) Compared with calculated mixture
Enriched in: Depleted in:

E206A 66 34 - Li, Cu

E206B 66 34 - Sc, Cu

E206D 66 34 - -

E204F 80.4 19.6 Ba Ni, Cu, Cs, Rb, U

Percentages of two-component bulk mixtures between basanite and phonolite that reproduce inclusion compositions.
Some trace elements were enriched or depleted in the real samples compared to the theoretical mixture, but variations

remain unique to each sample

sion E204F, which may be explained by the
addition of Ba-rich anorthoclase from Montaifia
Reventada phonolite.

In summary, the majority of major and trace
elements agree with the ideal mixing trend and
apparent deviations are in line with well-
documented diffusive or accumulative mechanisms.

11.5.2.2 Isotope Fingerprinting
of Basanite, Phonolite
and Inclusions

Although the inclusions occupy intermediate
values between basanite and phonolite, all three
rock types overlap within their analytical
uncertainty in Sr and Nd isotopes (not shown)
and are thus indistinguishable from each other
for these components. The Pb isotopes, however,
show distinct *°°Pb/***Pb signatures for basanite
and phonolite. The basanites, phonolites and
inclusions show similar 2*’Pb/?°*Pb ratios, but
systematic variation in 2°°Pb/?**Pb. An impli-
cation of the significant difference in the
observed Pb isotope ratios between basanite and
phonolite is that they cannot be co-genetic. This
is consistent with the recent phonolite eruptions
from the Teide-Pico Viejo central complex
incorporating variable amounts of crustal com-
ponents, i.e. they are likely isotopically distinct
from the rift zone basanites that are compara-
tively free from crustal assimilation (Chap. 10).

The distinct Pb isotope signatures of basanite
and phonolite also allow testing whether or not
the inclusions are intermediate to these end-
members. From the dataset (n = 20), all inclu-
sion samples can be explained as isotopic
mixtures between the basanite and phonolite

end-members. This divides the components of
Montafia Reventada into three arrays, with the
mafic to intermediate inclusions placed in-
between the basanite and phonolite (Fig. 11.7).
The magmatic inclusions are therefore direct
evidence of basanite—phonolite interaction at
depth. In the next section, a detailed textural
analysis of these inclusions will help to decipher
the magma chamber configuration and the
mechanism that led to mixing of the two end-
member magmas.

11.5.3 Subsurface Dynamics

Altogether four types of inclusions were recor-
ded in the Reventada phonolite. Since the fol-
lowing discussion is concerned with processes at
depth prior to and during eruption, type IV
inclusions, which have been identified as pick-
up clasts, i.e. as subaerially solidified rocks, will
not be mentioned here. The remaining inclusion
types, I through III, record a progressive
sequence of basanite-phonolite interaction,
reflecting a continuous interaction while tem-
perature differences between the end members
gradually dissappear.

11.5.3.1 Type I Inclusions

Type I inclusions in the Montafia Reventada
phonolite are angular fragments of a vesicle-
rich “mafic foam” (a term coined by Eichel-
berger 1980), indicating that a large temperature
contrast must have led to rapid crystallisation of
the hotter, mafic magma (cf. Bacon and Metz
1984; Bacon 1986). The resultant exsolution of
volatiles in the residual melt raises the melt’s
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Fig. 11.7 Pb isotope plot.
Pb-Pb isotope systematics
of the Montafia Reventada
eruption. Errors are 2SD.
Fields denote existing data
from the Tenerife Teide-
Pico Viejo complex and
rift zones (Wiesmaier
2010): in yellow primitive
rift zone basanites, in
orange intermediate rocks
and in red phonolites.
Basanite and phonolite
data from this study define
independent sub-vertical
trends. Mafic to
intermediate inclusions
that are found in the
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solidus and hence enhances solidification in the
residual melt (cf. Sparks et al. 1977; Hammer
et al. 2000). The result is a boundary layer of
foamy, vesiculated material that is interpreted to
form upon initial contact of hot, mafic with cool,
felsic magma (Eichelberger 1980) and we
interpret type I inclusions accordingly. By
implication, the phonolite was probably rather
cool when the basanite first arrived, but must
have been conductively heated by the basanite.
The initially quenched and almost solid, vesic-
ular boundary zone was subsequently disrupted,

19.75

205 P /204Ph

19.775

creating the angular fragments of type I inclu-
sions and allowing for direct contact between the
liquid portions of the basanite with the heated
phonolite magma.

11.5.3.2 Type Il Inclusions

In comparison to type I inclusions, type II
inclusions are indicative of a lesser, but still
considerable temperature contrast. Instead of the
angular outlines characteristic of type I inclu-
sions, the smooth and undulate contacts of type
IT inclusions resemble liquid blobs and show that
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the basanite was at some point able to undergo
ductile deformation. The temperature difference
between the two bodies of magma was still
sufficiently large to cause chilled margins (cf.
Sparks et al. 1977; Eichelberger 1980; Marshall
and Sparks 1984). The two magmas were
therefore far from thermal equilibrium, which
implies a close temporal relationship between
the formation of type I (mafic foam) and type II
inclusions. Type II inclusions are interpreted to
result from entrainment of mafic magma into
reheated and hence re-mobilised phonolite
magma. Type II inclusions have thus likely
formed after the initial contact zone had been
disrupted to form type I inclusions (cf. Troll
et al. 2004).

11.5.3.3 Type lll Inclusions
Type III inclusions are a lighter colour, with fil-
aments and blobs of darker, mafic magma within
them (see Fig. 11.2f). Physical mixing (mingling)
of two liquids results in active regions of intense
mingling (filaments), and coherent regions lar-
gely unaffected by mingling (blobs) (Perugini
et al. 2003). The banded textures of type III
inclusions demonstrate that a phase of mingling
occurred at some point during basanite-phonolite
interaction. To allow such intimate mingling, a
reduced viscosity contrast must have prevailed
between basanite and phonolite (cf. Jellinek
et al. 1999), otherwise all other inclusion types
ought to show comparable filament textures. The
filaments and blobs in type III inclusions are thus
most probably the result of intense physical
mingling of cooled basanite and heated-up pho-
nolite, i.e. magmas of similar or near-identical
viscosities (cf. Perugini et al. 2003). Further
evidence for reheating of phonolite is provided by
sieve textures in anorthoclase crystals, which are
interpreted to originate by remelting of the crystal
(cf. Hibbard 1995; Stewart and Pearce 2004). As
such, type III inclusions are indicative of
advanced thermal equilibration between basanite
and phonolite, which makes them the youngest
inclusions to have formed during interaction of
these two magmas.

This mirrors the results of several studies that
have suggested that magma mixing is a
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progressive interplay of initially dominant min-
gling and successively more important diffusion
(e.g., Kouchi and Sunagawa 1985; Perugini
et al. 2003; ZimanowsKki et al. 2004).

To achieve hybridisation of two magmas
within a short timeframe, it is vital that intense
physical mingling takes place first. Type III
inclusions are thus interpreted to be the result of
physical interaction between the basanite and the
phonolite magma, suggesting that the interaction
was not limited to diffusive hybridisation as
suggested by Arafa et al. (1994), but was locally
associated with intense physical mixing. The
succession of type I through III inclusions thus
indicates the progressive interaction of two
magmas that were initially distinct in composi-
tion, temperature and viscosity. Upon interac-
tion, they began to thermally equilibrate and
approached each other in their viscosities to
allow progressive hybridisation.

11.5.4 Timescale of Basanite-Phonolite
Interaction

The preservation of textural transitions in the
inclusions from initial formation of mafic foam
through quenching and chilled margin develop-
ment to final liquid-liquid interaction indicates a
rapid succession of events. The formation of
chilled margins in type II inclusions must have
swiftly followed the initial quench-type inclu-
sions in type one inclusions, for the thermal
contrast between basanite and phonolite to still
be strong enough to allow chilled margins to
form. The transition between type II and type 111
inclusions is less clear, but a close temporal
relationship is likely. By using the MELTS
algorithm in combination with cooling and
decompression experiments, Coombs et al.
(2003) temporally constrained the formation of
inclusions and chilled margins between an
andesite and a dacite to be on the order of hours
only. The duration of mixing at Montafia
Reventada was therefore probably on a similar
order of magnitude (hours to days).

This has implications for the configuration of
the magma chamber at depth, because short
interaction between basanite and phonolite on
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the order of few hours is inconsistent with the
concept of a long-lived, stratified magma
chamber, in which compositionally distinct
magmas develop by magmatic differentiation for
decades prior to eruption as postulated by Arafia
et al. (1994). Such a compositionally stratified
body of magma is thought to possess stable,
diffusive gradients between distinct magmas. In
such a magma chamber, quenched material, like
that found at Montafia Reventada, is less likely
to form because thermal gradients are smooth.

Furthermore, the groundmass of both basanite
and phonolite appear to be relatively free of
physical mixing; it is only the inclusions that are
the result of magma mixing. The total volume of
mixed inclusions therefore is restricted at
Reventada, with inclusions estimated to amount
to less than 1 vol.% of the total deposit volume
(Arana et al. 1994). Mingling of basanite and
phonolite appears to have been confined to a
spatially small zone of interaction, and took
place after an initial carapace of quenched ba-
sanite (mafic foam) had been disaggregated. In
order to efficiently mix two magmas, their vis-
cosities need to be comparable and it has been
suggested that only thermal equilibration may
reasonably cause approaching viscosities
(Campbell and Turner 1986). According to these
authors, this may occur either in long-lived,
stratified magma chambers or as a spatially
restricted phenomenon during fountaining or
forced intrusion, creating a small-volume,
hybrid boundary layer between mafic and felsic
magma. Since at Montafia Reventada a rather
short period of interaction is indicated and a
relatively small volume of hybrid inclusions is
observed within the host phonolite, Wiesmaier
et al. (2011) postulated a forced intrusion of
basanite into an ambient body of phonolite
magma.

11.5.5 Mixing Mechanism

In the previous section it was shown that basa-
nite and phonolite likely interacted over a short
time-scale by means of a forced intrusion of
basanite into phonolite. The following discus-
sion will now establish the detailed
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mechanism(s) by which the basanite and pho-
nolite mingled to produce the observed range of
hybrid inclusions. Viscous coupling has been
suggested in a comparable case in which the
mafic member of an eruption was emplaced
before the felsic one. Pinatubo erupted andesite
before dacite in 1991, the latter of which com-
prises the bulk of the final deposit (Pallister
et al. 1992). Snyder and Tait (1996) tested the
Pinatubo scenario experimentally by using the
viscous coupling of magmas driven by thermal
convection (after Huppert et al. 1983, 1984). It
was found that a strong temperature contrast
between mafic and felsic magma may trigger
local convection within the felsic member,
thereby entraining mafic liquid by viscous cou-
pling. Their mafic magma analogue liquid
reached the roof of the chamber as a mixed
layer, thus providing a model for the eruption of
mixed andesite erupting before pristine dacite
(as at Pinatubo in 1991).

The Pinatubo model, however, does not sat-
isfactorily explain the situation at Reventada.
First of all, at Pinatubo hardly any quenched
inclusions have been found, whereas at
Reventada these type I and type II inclusions are
ubiquitous, indicating a larger temperature con-
trast between basanite and phonolite compared
to andesite and dacite. Furthermore, the first-
erupting andesite at Pinatubo is of hybrid origin
followed by a pristine dacite, while at Reventada
the situation is reverse; the basanite appears
texturally and compositionally pristine. Viscous
coupling may thus not be the driving mechanism
for magma mixing at Montafia Reventada.

In turn, Reventada phonolite, i.e., the later
erupted magma, is indeed affected by mixing
demonstrated by the inclusions that originate
from initial contact between the two magmas. It
appears that the phonolite collected the leftover
basanite material that had initially quenched
against the phonolite. Two possible configura-
tions of interaction were thus suggested. Either
the basanite was able to largely bypass the
phonolite chamber at its side and only tap it
peripherally, or the basanite formed a dyke
through the phonolite, being shielded from
interaction by the early-formed quench horizon.
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(a) Initial basanite-phonolite contact.

Mafic foam shields dyke from interaction.

Quench zone
(mafic foam)

(b) Phonolite re-mobilisation

Phonolite disrupts basanite and follows.

T [
LN N

TR

Disruption of quench zone forms type |
inclusions (angular).

Intense mingling forms type Il and IlI
inclusions.

Fig. 11.8 Quench sequence of basanite and phonolite.
Schematic representations of the immediate contact
between basanite and phonolite. a At first contact
between basanite and phonolite, the basanite develops
a vesicular, solid layer of quenched material (mafic
foam) that isolates the bulk of the basanite from
interaction with the phonolite. However, the lifespan of

In both scenarios, the phonolite must have
followed the basanite through its conduit. A
comparable mechanism has been found in the
Katmai region, Alaska. There, the default type
of eruption has been described as coming from
small, andesite magma chambers that experience
mafic recharge. At low recharge vigour, the
basalt mixes with the andesite. However, when
unmixed mafic scoria is erupted, this is inter-
preted as basalt magma passing through the
andesite chamber with limited interaction only
(Coombs et al. 2000; Eichelberger and Izbe-
kov 2000). At Montafia Reventada, the phono-
lite was probably rather cool prior to interaction,
indicating a high viscosity body into which the
basanite intruded, a Katmai-type scenario is
therefore highly conceivable. The basanite
would initially quench at the interface with the
phonolite (mafic foam, type I inclusions,
Fig. 11.8a). Type II inclusions would form when
the reheated and partly re-mobilised phonolite
would have started to enter the established ba-
sanite conduit, collecting the type I fragments
(the former quench zone) and commencing

this screen of quenched material may be short. b Both
magmas equilibrate thermally, thus remobilising the
phonolite. After the basanite eruption wanes, the
phonolite exploits the pre-established conduit, collecting
angular fragments of mafic foam and mingling with the
remains of liquid basanite on the way to the surface

interaction with the liquid basanite magma that
is left within the conduit. Because of the on-
going thermal interaction between the phonolite
and the basanite, the temperature contrast pro-
gressively lowered, allowing for converging
viscosities that increasingly permitted mingling
to form the type III inclusions (Fig. 11.8b).

Equally plausible, however, is the notion that
the basanite was blocked by the phonolite
chamber, thereby partly intruding it, but even-
tually continuing to ascend to the side of it.
Again, type I inclusions would have formed at
initial contact, while type II and type III would
have been generated when the re-heated pho-
nolite exploited the basanite conduit afterwards.
Examples for a similar scenario have been found
at Karymsky (Kamchatka), Katmai/Novarupta
centre  (Alaska) and also the 2010
Eyjafjallajokull/Fimmvorduhéls eruption in Ice-
land, where mafic dykes first opened a fissure at
the flank of these volcanoes before triggering
more silicic eruptions from central vents
(Eichelberger and Izbekov 2000; Gertisser 2010;
Gudmundsson et al. 2010).
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(a) (b)
Dyke intrudes
magma chamber,
chills partly against it
) and heats up
Cool, phonollte the phono"te
magma chamber
Hot, mafic dyke,
ascending
(c) (d)

Dyke traverses phonolite body
or ascends to the side of it and
erupts mafic lava,

the phonolite continues
heating up

Ascent of the mafic magma
ceases and the phonolite
(which is less viscous

now) starts
following the
open conduit

Fig. 11.9 3D Sketch of subsurface interaction between
phonolite and basanite. Sketch of the envisaged subsur-
face dyke ascent and magma chamber dynamics. At
Montaiia Reventada, two possibilities of dyke ascent are
conceivable; a basanite dyke taps a phonolite body
peripherally, or a basanite dyke cuts through a cool
phonolite magma chamber. a A mafic dyke encounters a

For the reasons outlined, the interaction of a
relatively small pocket of phonolite magma with
a basanite dyke is envisaged at Montafia

phonolite body in its ascent path. b The dyke taps the
phonolite magma and initially quenches against it due to
a large temperature contrast. ¢ The dyke either intrudes
the phonolite or cuts it peripherally and erupts before the
phonolite. d The phonolite follows the basanite into its
conduit after the basanite eruption wanes

Reventada (Fig. 11.9). The thermal contrast
between cold phonolite and hot basanite inhib-
ited hybridisation, and mixing only initiated
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after some thermal equilibration had occurred.
This interaction was limited to the remainders of
the basanite dyke, which must have ceased
erupting at that point.

11.6 Eruption Sequence

At Montafia Reventada, hybridisation remained
incomplete as mixing was interrupted by erup-
tion, and the inclusions reflect only short-term
interaction between basanite and phonolite.
However, prolonged interaction of basanite and
phonolite would likely lead to homogenisation
of the liquid magma portions and may be one of
the processes responsible for producing inter-
mediate magmas in the Canary archipelago and
ocean islands elsewhere.

Most likely, a pre-existing phonolite magma
pocket of the central Teide-Pico Viejo complex
was cut by an ascending mafic dyke of the NW
rift zone (Fig. 11.8a, b). From the isotopes it is
evident that the phonolite had formed by pro-
cesses that are unrelated to the basanite and the
two magmas must have met just prior to erup-
tion. The distinct Pb isotope signatures of
basanite and phonolite magmas support the view
that the two magmas were co-eruptive, but not
co-genetic. When the basanite dyke intruded the
phonolite magma chamber, it partly quenched
against it, forming solidified, vesicular mafic
inclusions within the phonolite. The subsequent
entrainment of liquid basanite magma into the
phonolite liquid gave rise to type II and III mafic
inclusions that were locally hybridised by min-
gling and mineral exchange along with diffusion.
Apart from the resulting hybrid inclusions, both
end-members remained largely mechanically
and chemically distinct.

The Montafia Reventada composite flow,
therefore, is a direct manifestation of the petro-
genetic bimodality in recent Tenerife activity.
Reventada is located above the assumed
boundary of the central Teide-Pico Viejo com-
plex with the NW rift zone. In recent times,
Teide and Pico Viejo have erupted phonolite
from shallow magma chambers (below sea level,
e.g., Ablay et al. 1998), whereas the rift zones
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have continued to produce lavas of primitive
composition that ascended in dykes from upper
mantle or lower crustal levels (Carracedo
et al. 2007). In the border zone between these
two plumbing systems, not only Montafia
Reventada shows a lower mafic and an upper
felsic member, but so do the lavas of Cuevas
Negras which also erupted successively during a
single event (Carracedo et al. 2008). The
Reventada eruption thus occurred in the transi-
tion zone between the central, phonolite-erupt-
ing Teide-Pico Viejo complex and the basanite-
erupting NW rift zone, implying that two
genetically distinct magmas have accidentally
met to form this composite eruption.
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