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[1] The 1974 western flank eruption of Mount Etna produced a rare, nearly aphyric and
plagioclase-free trachybasalt that could not be derived from the central volcano
conduits and was more alkaline and more radiogenic than all previous historical lavas.
New results for the petrochemistry and volatile content of its products, combined with
contemporaneous seismic and volcanological observations, allow us to reinterpret the
origin and significance of this event. We show that the eruption was most likely triggered
by deep tectonic fracturing that allowed a dike-like intrusion to propagate in 9 days
from �11 km depth up to the surface, bypassing the central conduits. Relatively fast,
closed system decompression of the volatile-rich magma initially led to lava fountaining
and the rapid growth of two pyroclastic cones (Mounts De Fiore), followed by
Strombolian activity and the extrusion of viscous lava flows when gas-melt separation
developed in the upper portion of the feeding fracture. The 1974 trachybasalt
geochemistry indicates its derivation by mixing 25% of preexisting K-poor magma
(best represented by 1763 La Montagnola eruption’s products) and 75% of a new K-rich
feeding magma that was gradually invading Mount Etna’s plumbing system and
became directly extruded during two violent flank eruptions in 2001–2003. We propose to
classify 1974-type so-called ‘‘eccentric’’ eruptions on Etna as deep dike-fed (DDF)
eruptions, as opposed to more common central conduit-fed flank eruptions, in order to
highlight their actual origin rather than their topographic location. We ultimately
discuss the possible precursors of such DDF eruptions.

Citation: Corsaro, R. A., N. Métrich, P. Allard, D. Andronico, L. Miraglia, and C. Fourmentraux (2009), The 1974 flank eruption of

Mount Etna: An archetype for deep dike-fed eruptions at basaltic volcanoes and a milestone in Etna’s recent history, J. Geophys. Res.,

114, B07204, doi:10.1029/2008JB006013.

1. Introduction

[2] Mount Etna, the most active volcano in Europe, is a
large (40 km wide and 3.3 km high) basaltic stratovolcano
that has been built since 0.5 Ma in eastern Sicily, at the
intersection of tensional tectonic fractures that cut the
locally �20 km thick African continental margin. Like other
well developed active basaltic volcanoes, such as Kilauea
(Hawaii), Klyoutchevskoi (Kamchatka) and Izu-Ozima
(Japan), Mount Etna produces both summit and flank
eruptions that are principally controlled by magma rise
in well established central conduits [e.g., Rittmann, 1965;
Wadge, 1980; Ryan, 1988; Chester et al., 1985; Allard et
al., 2006]. Summit eruptions take place at the open exit

(summit craters) or subterminal branching of these central
conduits, and are much more common than flank eruptions
[Branca and Del Carlo, 2004; Allard et al., 2006].
However, the relatively high frequency of the latter is
attested by the presence of 338 monogenetic cones of
varying age on the volcano slopes (see Armienti et al.
[2004] for a review), preferentially concentrated along the
main volcano-tectonic structures of regional direction that
have controlled the volcano build up (Figure 1a). The
flank eruptions can happen at low elevation and produce
lava flows of sometimes considerable extent, thereby
constituting a major hazard for the densely populated
surroundings. Most of these events are typically driven
by fracturing of the central conduits and radial magma
drainage across the volcanic pile. Indeed, their erupted
lavas are analogous to those erupted from the summit
craters in being highly porphyritic (�30–40% crystals)
and prevalently rich in plagioclase phenocrysts which
increasingly develop in response to water degassing in the
central conduits [Métrich and Rutherford, 1998; Métrich et
al., 2004]. Conduit fracturing and lateral drainage of the
crystal-rich conduit magma can be triggered by magmatic
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overpressure but also volcano flank instability, regional
tectonic stress variations or a combination of these [e.g.,
Rittmann, 1965; Chester et al., 1985; Acocella and Neri,
2003; Allard et al., 2006].
[3] However, a few rare flank eruptions of Etna do not

belong to the above category. In addition to being highly
explosive, these events emitted a nearly aphyric magma,
devoid of any plagioclase phenocrysts, which therefore
underwent only minor water degassing and crystallization
prior to erupting. In historical times, the only know exam-
ples of such eruptions occurred in 1763 [Sturiale, 1970;
Miraglia, 2002], 1974 [Bottari et al., 1975; Tanguy and
Kieffer, 1977], 2001 [Métrich et al., 2004; Corsaro et al.,
2007] and 2002–2003 [Andronico et al., 2005; Spilliaert et
al., 2006]. It is obvious that these events were not fed from
the central conduits. Instead, they must have been driven by
deeply rooted intrusions, generated from below the volcanic
pile, which bypassed the central conduits while propagating
upward. Such eruptions were termed ‘‘eccentric’’ [Rittmann,
1965] or ‘‘peripheral’’ [Acocella and Neri, 2003]. However,
such topographical terminologies are confusing because
some of these events can break out in the subterminal
part of the volcano and close to the central conduits (e.g.,

the 2002–2003 eruption, 2800 m above sea level (asl);
Figure 1a). Therefore, in this work we propose to classify this
type of flank events as ‘‘deep dike-fed’’ (DDF) eruptions, as
opposed to more common ‘‘central conduit-fed’’ (CCF)
eruptions, in order to better characterize their main attribute:
their supply by intrusions that originate from below the
volcanic pile and that bypass the central conduits.
[4] In this paper we focus on the January–March 1974

flank eruption of Etna that, as we show thereafter, can be
considered as an archetype for DDF-type flank events. This
eruption was unusual in several aspects: it was preceded and
accompanied by one of the most intense volcano-tectonic
seismic crisis ever registered on Etna (600 recorded earth-
quakes, many of them felt, and nine of which with
magnitude �4 [Bottari et al., 1975; Guerra et al., 1976]);
it was highly explosive and developed in two phases of
similar length and pattern, separated by as much as 22 days;
and its erupted aphyric magma markedly differed from all
previous historical Etnean lavas in being enriched in
potassium and other alkalis [Bottari et al., 1975; Tanguy
and Kieffer, 1977; Clocchiatti et al., 1988; this work],
226Ra [Condomines et al., 1987, 1995] and both radiogenic
strontium and boron isotopes [Tanguy et al., 1997; Tonarini

Figure 1. Location of the 1974 western flank (Mounts De Fiore) eruption of Etna and spatial
distribution of the associated preeruptive and syneruptive seismicity. (a) Digital map of Mount Etna
showing its main volcano-tectonic structures (rifts zones and fault systems) and the locations of the 1974,
1763 (La Montagnola), 2001, 2002–2003, and Mount Nuovo–Mount Mezza Luna flank eruptions vents
(modified from Allard et al. [2006]). The dashed lined area shows the main ENE–WSW epicentral
distribution of earthquakes with magnitude >3 that occurred before and during the 1974 flank eruption
(data from Bottari et al. [1975]). Main fault systems: PN, Pernicana; RN, Ripe della Naca; TMP,
Timpe; TC, Trecastagni; RG, Ragalna. The regional setting of Mount Etna is shown in the inset.
(b) Hypocenter distribution of the most energetic earthquakes before and during the 1974 eruption
[Bottari et al., 1975]. The reliability of earthquake locations is indicated by either full symbols (good) or
open symbols (approximate), and different symbols define classes of magnitude (M): M � 4 (square), 4 >
M � 3.5 (triangle) and 3.5 > M � 2 (circle) [Bottari et al., 1975]. The stratigraphy of Etna’s crustal
basement is summarized from Chiarabba et al. [2004] and Corsaro and Pompilio [2004, and references
therein]. The most energetic and deepest earthquakes delineate a 70� inclined western border for the
activated seismogenic volume that connects the flank eruption site to the base of the crust (see text).

B07204 CORSARO ET AL.: THE 1974 FLANK ERUPTION OF MOUNT ETNA

2 of 20

B07204

 21562202b, 2009, B
7, D

ow
nloaded from

 https://agupubs.onlinelibrary.w
iley.com

/doi/10.1029/2008JB
006013 by C

ochrane France, W
iley O

nline L
ibrary on [13/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



et al., 2001]. In the past, Mount Etna had occasionally
erupted alkali-enriched magmas during the Holocene
(Mount Maletto basalt, 7 ka [Kamenetsky and Clocchiatti,
1996; Schiano et al., 2001]) and then at 3930 ± 60 years
B.P. (FS picritic basalt [Coltelli et al., 2005; Kamenetsky et
al., 2007]). But the 1974 flank eruption revealed the first
known extrusion of such a magma type in historical times.
Furthermore, this event happened in broad coincidence with
a sharp increase in Etna’s eruption frequency and explosivity,
in the bulk magma extrusion rate [e.g., Andronico and
Lodato, 2005; Allard et al., 2006], and was actually followed
by a progressive potassium enrichment of Etna lavas in the
next decades that culminated in voluminous extrusion of a
closely similar K-rich trachybasalt during two DDF-type
flank eruptions in 2001 then 2002–2003 [Clocchiatti et al.,
2004;Métrich et al., 2004; Andronico et al.; 2005; Spilliaert
et al., 2006; Viccaro et al., 2006; Corsaro et al., 2007].
[5] Paradoxically, despite its singularities little attention

has been paid to the 1974 flank eruption since early reports
and publications in the mid-1970s [Guest et al., 1974; Tazieff,
1974; Working Group for the Surveillance of Etna, 1974;
Bottari et al., 1975; Tanguy and Kieffer, 1977; Guerra et al.,
1976]. Moreover, in these reports contradictory interpreta-
tions were proposed for its origin, some authors favoring its
shallow derivation [Guest et al., 1974; Bottari et al., 1975;
Guerra et al., 1976] and others its direct feeding from mantle
depths [Tanguy and Kieffer, 1977]. Therefore, for all these
reasons we decided to carry out new investigations of this
important event, in order to get improved understanding of its
genesis and significance for the recent volcano evolution.
[6] Here we report new analyses of solid products from

both the 1974 flank eruption and contemporaneous summit
crater activity, sampled at that time by R. Romano [Bottari
et al., 1975; R. Romano, unpublished data, 1974] and more
recently by ourselves. In addition to further determinations
of their mineralogy and bulk rock major and trace element
compositions, we provide the first data for the chemical
composition and the volatile content of melt inclusions
entrapped in olivine crystals of the 1974 flank trachybasalt.
We also report similar new data for aphyric basaltic products
from the June–August 1763 ‘‘La Montagnola’’ eruption,
which best represent the K-poor magmas emitted in the
previous centuries. Our results provide an updated evalua-
tion of the solid and volatile budget the 1974 flank eruption
and quantitative assessment of the depth and dynamics of
ascent of its trachybasaltic magma. Combined with contem-
poraneous volcanological observations and data for the
preeruptive and syneruptive seismicity [Bottari et al., 1975;
Guerra et al., 1976], they allow us to propose a new
interpretation of its triggering mechanism. We then examine
the significance of the 1974 event with respect to recent
changes in Etna’s feeding system, by comparing its singular
magma geochemistry to that of aphyric products from the
1763 and 2001–2003 DDF-type eruptions. Finally, we
briefly discuss the volcanic risks posed by DDF-type flank
eruptions on Etna and their possible precursors.

2. The 1974 Flank Eruption and Its Precursors

2.1. Etna’s Previous Activity

[7] Prior to its 1974 flank eruption, Mount Etna was
weakly to moderately active. After a CCF-type flank

eruption in April–June 1971 (75 � 106 m3 of magma
[Rittmann et al., 1971]), which closed a period of intense
explosive eruptive activity at the Northeast summit crater,
the volcano had remained in almost complete quiescence for
three months. In September 1971 spasmodic Strombolian-
type activity resumed at the bottom of the Voragine central
crater, associated with occasional emissions of altered lithic
ashes. This same activity continued in 1972–1973, accom-
panied by crater wall collapses and alternated Strombolian
outbursts inside the Voragine and Bocca Nuova craters
[Bottari et al., 1975]. In October–November 1973 the
activity gradually increased, waxing with lava fountains at
Voragine crater on 6 November, then waning once again. In
December1973 to January 1974, weak Strombolian-type
explosions, producing modest amounts of incandescent
material but common ash emissions, were prevailing inside
the Voragine crater. Crater wall collapses were also fre-
quent. In the same time, the registered seismic activity was
low and typically linked to the summit volcanic phenomena
[Bottari et al., 1975].

2.2. Precursory Seismicity

[8] On 20 January 1974, 10 days prior to the eruption
onset, a violent seismic crisis began to be felt on the
medium-low western side of the volcano, between the cities
of Adrano and Bronte (Figure 1a). This crisis was strong
enough to be recorded by permanent seismic stations in
both Catania and Messina (70 km north of Etna). Although
the seismic network was very limited at that time, its prompt
complement with two more permanent stations (Serra la
Nave and Monte Vetore) and mobile seismographs provided
by alerted Italian teams allowed quite reasonable estima-
tions of the earthquakes’ epicenters (±1–4 km) and hypo-
centers (±2–5 km) during the January–April period of
interest [Bottari et al., 1975; Working Group for the
Surveillance of Etna, 1974; Guerra et al., 1976].
[9] The seismic crisis started at shallow (�2–3 km) depth

and with moderate energy under the low western flank of
Etna, but rapidly increased in magnitude and focal depth
(�13–15 km) during the first 36 h while migrating toward
the center of the volcano along an WSW–ENE (260�N)
radial axis [Bottari et al., 1975] (Figure 1a). The highest
seismic energy release, with several earthquakes of magni-
tude between 3.4 and 4.3, occurred on 21 January. It
coincided with a temporary but sudden drop of the magma
column in the summit craters [Bottari et al., 1975]. The
deepest earthquake (23 km, M = 4.2) was recorded on 24
January. As illustrated in Figures 1a and 1b, during that
preeruptive period and afterward, most of the earthquakes
appeared to be concentrated within a WSW–ENE orientated
seismogenic volume that extended, horizontally, from the
low western flank to the summit craters and, vertically, from
the shallow sedimentary basement (0.5 km asl to 2 km below
sea level (bsl)) down to the base of the crust (�20–25 kmbsl).
The focal depths of the most energetic and deepest earth-
quakes delineated a 70� inclined western border for this
seismogenic volume [Bottari et al., 1975], connecting the
base of the crust to the future eruption site (Figure 1b), which
corresponds to a main pathway for Etna magma ascent
within and along a huge plutonic body emplaced in the
crustal basement [Hirn et al., 1991; Patanè et al., 2002;
Chiarabba et al., 2000, 2004]. Just NE of the summit craters
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the main WSW–ENE seismic domain was connecting to
another NW–SE (320�N) seismogenic axis, defined by a
few energetic earthquakes with intermediate (13–15 km)
depths [Bottari et al., 1975]. A significant drop in seismic
energy release coincided with the eruption outbreak.

2.3. Flank Eruption

[10] The 1974 eruption took place at quite low altitude
(1670–1650 m asl) on the western flank of Etna (Figure 1a),
in a sector where numerous monogenetic pyroclastic cones
are aligned on a 240–260�N ‘‘west rift’’ [Mazzarini and
Armienti, 2001, and reference therein]. The most recent
eruptions in that sector had occurred in February–March
1763 (Mount Nuovo and Mount Mezza Luna), 1832 (Mount
Nunziata) and 1843 [Branca and Del Carlo, 2004]. The 1974
eruption developed in two distinct phases, from 30 January
to 17 February and then from 11 to 29 March [Guest et al.,

1974; Tazieff, 1974; Working Group for the Surveillance of
Etna, 1974; Bottari et al., 1975; Tanguy and Kieffer, 1977].
Below we summarize its most relevant features.
2.3.1. First Eruptive Phase Mount De Fiore I
[11] At about 0500 LT on 30 January, an eruptive vent

opened 6 km west of the summit craters (Figure 1a).
Throughout the first day, almost continuous lava fountaining
150–400 m in height arose from that vent [Tazieff, 1974],
building up a new pyroclastic cone (Mount De Fiore I,
Figure 2a). The seismic tremor amplitude was the highest
during this initial phase [Guerra et al., 1976]. In the next
days, fountaining was replaced by powerful explosions
(30–50 per minute) which could hurl lava clots of a few
kilograms to 300–500 m height and blocks of several tons
to 100 m above the crater rim [Tazieff, 1974]. This change in
activity was reflected in a clear drop of the seismic tremor
[Guerra et al., 1976], but led to a rapid growth of the new

Figure 2. (a) View of Mount De Fiore I cone from the west: Strombolian explosions are ejecting bombs
and ash. Snapshot from B. Puglisi. (b) Present aerial view of the 1974 eruptive vents. Abbreviations are
DFI and DFII for Mount De Fiore cones I and II, respectively; L-Ia, Ib for lava flows erupted between
30 January and 12 February and then between 13 and 16 February; L-II for lava flows erupted between
11 and 29 March. (c) View of Mount De Fiore II from the northeast: the Strombolian activity causes a
vertical, narrow ejection of incandescent scoria and blocks associated with a low, rising ash plume. In
rear, Mount De Fiore I. Snapshot from B. Puglisi. (d) Ash emissions from the Bocca Nuova summit
crater (BN) occurring in coincidence to Strombolian activity at Mount De Fiore II (DFII) in March
1974. Snapshot from C. Sturiale.
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cone to 70 m height in only about 3 days. In the same time,
short-lived, rather viscous and thick lava tongues began
issuing from 4 to 5 vents which successively opened at the
base of the new cone. This explosive activity, associated
with loud detonations and felt earth tremors, culminated in
intensity and height (500–600 m) on 4–5 February. By
7–8 February explosions started to become more irregular
and less intense, despite strong resumption from time to
time, while lava flow outpourings became more important
than at the beginning of the eruption. The largest flow
(100 m wide, 1.5 km long) of this eruption was emitted on
8 February (Figure 2b). After a brief rest on 9 February,
Strombolian explosive activity continued with a lower
energy (�100–150 m height) until 12 February. Afterward
the lava explosions were progressively replaced by more
and more intermittent ash-laden outbursts, due to a lower-
ing of the magmatic pressure. All explosive activity stopped
on 16 February and a 1 km long lava flow was ultimately
developed by 17 February.
[12] This 17-day-long first eruptive phase was accompa-

nied by relatively modest seismic energy release, under the
form of seismic tremor, explosion quakes and volcano-
tectonic earthquakes with impulsive P arrival, high predom-
inant frequency (5 Hz) and clear S phase [Working Group
for the Surveillance of Etna, 1974; Bottari et al., 1975;
Guerra et al., 1976]. However, its end was marked by a
series of shallow but quite energetic seismic shocks felt in
the sectors of Adrano, Bronte, and Ragalna (RG, Figure 1a)
[Bottari et al., 1975].
2.3.2. Second Eruptive Phase Mount De Fiore II
[13] After 9 days of rest, a second seismic crisis began on

26 February under the same western–southwestern flank of
the volcano (Figure 1a). This second preeruptive seismic
sequence was relatively less intense than the first one, but
had almost the same duration and occurred over a compa-
rable depth range [Bottari et al., 1975]. The deepest
earthquake (29 km), with estimated magnitude 4.3, occurred
on 28 February slightly east beneath the summit craters. On
11 March, a new eruptive vent opened only 200 m west of
Mount De Fiore I. During the first 2 days, lava jetting and
fountaining ejected coarse lapilli and scoria to 500–600 m
height, leading to the rapid growth of a new horseshoe-
shaped pyroclastic cone (Mount De Fiore II, Figures 2b and
2c). In the following days, the activity mostly consisted of
powerful Strombolian explosions producing ash, scoria and
coarse lava blocks (Figure 2c), while a series of viscous lava
tongues issued from the crater breach. After a few days of
irregular and less frequent explosions (from 80 to 50 per
minute on 13 March), fountain activity resumed in coinci-
dence with felt seismic shocks. It peaked on 19–22 March
when the fountains were up to 500 m high and the ejected
coarse material was falling up to 800 m from the vent
[Bottari et al., 1975]. After 23 March, the explosive activity
markedly decreased in intensity (250 to 100 m high jets)
and the conduit walls of the cone were seen to collapse
intermittently. During the following days, lava explosions
gradually alternated with powerful ash emissions. On
26–28 March, a brief but strong seismic swarm (including
an earthquake with M = 4.3, located at 18 km depth;
Figure 1b) coincided with the terminal stage of the
eruption, marked by an ultimate expulsion of old coarse

ash on early 29 March. This second eruptive phase thus
had a similar duration (18 days) as the first one.

2.4. Contemporaneous Activity at the Summit Craters

[14] Volcanic activity at the Bocca Nuova and Voragine
summit craters revealed some relationships with the seismo-
volcanic phenomena related to the 1974 flank eruption. Of
prime interest are the observed drops of the magma column
in the summit vents that coincided with the highest initial
preeruptive seismicity (21 January) and then with the
earthquake shocks at the end of the eruption on 28 March
[Guest et al., 1974; Bottari et al., 1975]. Moreover, during
the first eruptive phase (DFI) quite continuous forceful ash
expulsions and muffled explosions with deep (several
hundred meters) origin occurred at the Voragine central
crater [Guest et al., 1974; Bottari et al., 1975]. Again,
during the second eruptive phase (DFII) continuous and
occasionally violent ash emissions (Figure 2d) occurred at
the Bocca Nuova (15–21 and 25–26 March), and notice-
able fracturing cut the floor of the Voragine. On 24 March
glowing was visible inside the Voragine and incandescent
scoria were ejected from the Bocca Nuova [Tanguy and
Kieffer, 1977; R. Romano, unpublished notes, 1974].

2.5. Eruption Magma Budget

[15] The cumulative volume of lava flows produced by
the 1974 flank eruption was quantified as 4.5 � 106 m3 by
Bottari et al. [1975] and Tanguy and Kieffer [1977], with
2.4 � 106 and 2.1 � 106 m3 outpoured during the DFI and
DFII, respectively, eruptive phases (Table 1). For a mean
flow vesicularity of about 20% this implies an equivalent
dense magma volume of 3.6 � 106 m3.
[16] The amount of erupted pyroclastites has been

approximated by the combined volume of the Mount
De Fiore I and II scoria cones. Initial estimates for these
two pyroclastic cones were 1.8 � 106 m3 and 0.9 � 106 m3,
respectively [Bottari et al., 1975; Tanguy and Kieffer,
1977], but our field measurements, together with the model
of Riedel et al. [2003] applied to the cones morphology,
lead us to reassess their volume as 2.48 � 106 m3 and
0.74 � 106 m3 (Table 1). The additional deposit of coarse
pyroclastites outside the cones was evaluated as �0.3 �
106 m3 [Bottari et al., 1975]. The amount of fine tephra is
more difficult to estimate, owing to poor preservation of
their deposits. However, it likely represents a minor con-
tribution since the lack of a true eruption column during
both DFI and DFII eruptive phases restricted ash fallout
to within the immediate (�1–2 km) surroundings of the
vents. Therefore, our updated estimate for the bulk
amount of pyroclastites produced by the 1974 eruption
is 3.52 � 106 m3. For a mean scoria vesicularity of about
50%, this represents a dense equivalent magma volume of
1.76 � 106 m3.
[17] The total volume (5.4 � 106 m3) and average

eruption rate (1.8 m3 s�1) of dense magma produced over
the 35-day duration of the 1974 eruption (Table 1) make it
an event of relatively small magnitude. However, given the
high volumetric proportion of tephra, its mean explosivity
index (0.44) was anomalously high for an eruption on Etna
[Romano and Sturiale, 1982; Andronico and Lodato,
2005]. It is also worth noting that the first eruptive phase
was about twice as explosive (0.53) and productive
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(3.4 m3 s�1 or 2.2 m3 s�1 DRE) as the second phase
(explosivity index of 0.29 and 1.9 m3 s�1 or 1.4 m3 s�1

DRE; Table 1). Finally, the prevalent (�80%) build up of
DFI and DFII pyroclastic cones during the first 3 days of
each eruptive phase [Tazieff, 1974; Bottari et al., 1975;
Tanguy and Kieffer, 1977; R. Romolo, unpublished notes,
1974], together with estimates of contemporaneous lava
flow volumes [Bottari et al., 1975], imply a much higher
average eruption rate (9.2 and 3.1 m3 s�1, respectively)
during that initial stage than during subsequent activity.

3. Sample Descriptions and Analytical Procedures

[18] Our study of the 1974 eruption products pertains to
various samples of lava flows, lava bombs, scoria and
crystal-rich lapilli from both DFI and DFII eruptive phases.
Most of the samples selected for bulk rock analysis of major
and trace elements derive from lava flows (14 samples)
collected during the course of the eruption, and from the
summit crater activity before (13 January, a lava bomb)
and after (18 October, a lava flow) the eruption. These
samples, collected by R. Romano, are available in the

archives of Istituto Nazionale di Geofisica e Vulcanologia
(INGV), in Catania. For melt inclusion studies we addition-
ally collected air-quenched scoria and lapilli from Mount De
Fiore I and II cones. For a comparison, we also report new
analyses of bulk rocks and olivine-hosted melt inclusions
in explosive products from the 1763 La Montagnola DDF
flank eruption, collected by Miraglia [2002].
[19] The major and trace element contents of bulk rocks

were measured using Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES) and Inductively Cou-
pled Plasma–Mass Spectrometry (ICP-MS), respectively
[Carignan et al., 2001], at the Centre de Recherches
Pétrographiques et Géochimiques (SARM) in Nancy
(France). Analytical uncertainty (1s) is <1% for SiO2 and
Al2O3, <2% for Fe2O3, MgO, CaO, Na2O, K2O, <5% for
MnO, and TiO2 and 5–10% for P2O5, and <5% for all trace
elements except U (<8%).
[20] Minerals and matrix glass compositions were mea-

sured at INGV-Catania with a LEO-1430 scanning electron
microscope equipped with an Oxford EDS microanalytical
system. Routine analytical conditions include acceleration
tension of 20 keV, probe current of 1.2 nA, and XPP data
reduction. To minimize alkali loss during analysis, a square
raster of 10 � 10 mm has been used. The accuracy of our
measurements was checked through replicate analyses of
different glass and mineral standards (VG-2 Glass USNM
111240, Chromium augite NMNH 164905, Olivine San
Carlos USNM 11131/444, Labradorite USNM115900,
Hornblende Kakanui USNM143965, apatite Durango
USNM104021 and Chromite USNM117075 [see Jarosewich
et al., 1980]). The relative errors (1s) are <1% for SiO2,
Al2O3 and FeO, <0.5% for MgO and CaO and between 2 and
3% for TiO2, MnO, Na2O, K2O and P2O5 [Miraglia, 2006].
[21] Melt inclusions and glass embayments in olivine

crystals were analyzed for their chemical composition and
S-Cl content using a SX50 CAMECA electron microprobe
(Service Camparis, Jussieu, France). Major elements were
measured with a 10 nA beam current, 10 mm spot size, and a
counting time of 10 to 25 s. Sulfur, chlorine and phosphorus
were determined with a 30 nA beam current, a 15 mm spot
size, and using 200 s counting time. S, Cl, P and carbon (see
below) analyses were calibrated against internal reference
glasses.
[22] Dissolved carbon in the same melt inclusions was

analyzed with the Pierre Sue Laboratory nuclear microprobe
(Saclay), using the 12C(d, p)13C nuclear reaction (see
Spilliaert et al. [2006] for details). The samples were
irradiated with deuterons at 1.45 MeV incident energy
and an integrated charge of 1.5mC, implying a minimum
detection limit of 20 ppm C (i.e., �75 ppm CO2).
[23] The water content of the inclusions was measured

with a CAMECA IMS3f ion microprobe in Max-Planck-
Institut fuer Chemie (Mainz, Germany). All measurements
were made using an O- primary beam, 10 nA beam current,
15–20 mm beam size and 30Si as internal standard [Sobolev
and Chaussidon, 1996]. For calibration, we used synthetic
glass standards equivalent in composition to Etna lava and
containing 1.19, 1.47, 3.04 and 3.60 wt % H2O (B. Scaillet,
Institut des Sciences de la Terre d’Orléans, France). These
same standards were used for measuring the volatile content
of olivine-hosted melt inclusions from both the 1763 La
Montagnola, 2001 and 2002–2003 flank eruptions of

Table 1. Volcanological Parameters and Budget of the 1974 Flank

Eruption of Mount Etna

DFI Phase DFII Phase Total

Date 30 Jan to
17 Feb

11–29 Mar

Duration (days) 17 18 35
Vent altitude (m asl) 1670 1650

Lava Flowsa

Maximum lava flow length (km) 1.5 1.3
Average thickness (m) 8.0 10.5
Covered area (km2) 0.3 0.2 0.5
Lava volume (106 m3) 2.4 2.1 4.5
Mean effusion rate (m3 s�1) 1.6 1.35 1.5

Pyroclastites
Mount De Fiore scoria coneb (106 m3) 2.5 0.75 3.25
Proximal tephra deptha (106 m3) 0.2 �0.1 0.3
Mean eruption rate (m3 s�1) 1.8 0.55 1.2
First 3-day bulk eruption ratec (m3 s�1) 9.2 3.1
Explosivity indexd 0.53 0.29 0.44

DRE Magmae

Lava flows (106 m3) 1.9 1.7 3.6
Pyroclastites (106 m3) 1.35 0.42 1.8
Bulk volume (106 m3) 3.25 2.12 5.4
Bulk mass (1010 kg) 0.90 0.58 1.5
Mean eruption rate (m3 s�1) 2.2 1.4 1.8
Mean eruption rate (103 kg s�1) 6.1 3.8 5.0

Volatile Budgetf

H2O (108 kg) 2.7 1.8 4.5
CO2 (10

8 kg) 1.4 0.8 2.2
SO2 (10

8 kg) 0.6 0.4 1.0
HCl (108 kg) 0.08 0.04 0.12
Bulk volatiles (108 kg) 4.8 3.0 7.8

aData from Bottari et al. [1975].
bThis work.
cComputed from a 80% build up of Mount De Fiore pyroclastic cones

during the first 3 days of each eruptive phase (see text) and the volumes of
lava flows emitted in this interval [Bottari et al., 1975].

dExplosivity index, volume of pyroclastites/total volume of pyroclastites
plus lava flows.

eDRE, dense rock equivalent magma quantities computed after correction
for a mean vesicularity of 20% and 50% in lava flows and pyroclastites,
respectively, and using the measured density of 2760 kg m�3 for water-free
Etnean glass at ambient temperature.

fVolatile budget derived from the bulk amounts of dense erupted magma
and from the initial and residual abundances of volatile species in the melt
(see section 5.4).
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Etna, which then permits direct intercomparison of the
corresponding results.

4. Petrography, Mineralogy, and Geochemistry of
the 1974 Products

4.1. Petrography and Bulk Rock Compositions

[24] Bulk rock samples from the 1974 flank eruption
maintained a broadly constant petrography and modal
mineralogy during both the DFI and DFII eruptive phases.
They contain only 1 to 3 vol % phenocrysts (Figure 3a) of
olivine, subordinate clinopyroxene, rarer titanomagnetite,
and no plagioclase. These erupted products were thus nearly
aphyric and differed markedly from common Etna lavas
which usually contain a high proportion of phenocrysts (on
average 25 vol %) among which plagioclase is the most
abundant mineral phase [Bottari et al., 1975; Tanguy and
Kieffer, 1977; this work].
[25] The groundmass has either a glassy or a cryptocrys-

talline texture (Figures 3b and 3c), depending on the cooling
history. It is mostly composed of microlites (<200 mm) of
tabular plagioclase, granular sector-zoned pyroxene and
fewer olivine and opaque oxides, all of which are embedded

in a pale yellow glass or fine-grained matrix. Microlites are
less abundant and smaller (�100 mm; Figure 3b) in rapidly
quenched scoria than in the groundmass of lava flows (up
to 200 mm; Figure 3c) and large lava bombs. Otherwise,
our scoria samples from the 1974 eruption contain larger
microlites than comparable scoria from 2002–2003 eruption
(Figure 3d), implying different conditions of degassing and
cooling.
[26] Minerals were analyzed in quenched scoria from the

DFI eruptive phase (1 and 16 February) and in both lava
bombs and flows from the DFII phase (12, 18, and 23March).
Selected compositions of olivine, clinopyroxene and plagio-
clase are reported in the auxiliary material (Tables S1, S2,
and S3).1 Olivine phenocrysts (>500 mm) and microphenoc-
rysts (500–200 mm) from both eruption phases are homoge-
neous or weakly normally zoned, with most frequent core
compositions Fo80–82 (Figure 4a) and rims from Fo82 to Fo74
(Figure 4b). Olivine microlites (200–50 mm) in the ground-
mass display a slightly larger compositional range from Fo82
to Fo72 (Figure 4c). In all products clinopyroxenes are

Figure 3. Textures of products from the 1974 flank eruption. (a) Lava flow (sample 090274FLA)
erupted from DFI scoria cone with scarce phenocrysts of olivine (crossed polarized light). Ol, olivine.
(b) Backscattered image of the plagioclase-bearing glassy matrix in a quenched scoria (sample
010274FLA_C) erupted on 1 February from DFI cone. Pl, plagioclase; Ox, oxide. (c) Backscattered image
of the typical microlite-rich groundmass of a lava flow (sample 230374) erupted on 23 March from
DFII cone. Cpx, clinopyroxene. (d) Backscattered groundmass texture of a lapillus erupted during lava
fountaining activity on 27 October 2002. Abbreviations are as in Figures 3b and 3c.

1Auxiliary materials are available in the HTML. doi:10.1029/
2008JB006013.
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500–200 mm euhedral microphenocrysts (Wo51–44, En42–32,
Fs17–12) which contain other minerals (olivine and Ti
magnetite) and glass inclusions. Backscattered electron
imaging shows their systematic sector zoning [Downes,
1974], with sectors enriched in either TiO2 and Al2O3 or
SiO2 and MgO. Finally, plagioclase occurs almost exclu-
sively as microlites ranging in size from <50 to 200 mm.
80% of these microlites have a core composition varying
from An80 to An70 (Figure 4d), the largest ones displaying a
more restricted range (An80–75). Their rims, as well as the
smallest microlites (<50 mm), have a wider range in anorthite
content (An75–55; Figures 4e and 4f).
[27] Table 2 shows the major and trace element compo-

sitions of selected bulk rocks from both the 1974 flank
eruption, 1974 summit activity, and 1763 DDF eruption.
Further analyses are given in the auxiliary material
(Table S4).
[28] The products erupted during the two phases of the

1974 flank event display very limited variations of both
major and most trace elements (Figures 5 and 6), within
the limits of analytical uncertainty. Such a chemical
homogeneity, especially illustrated by their constant Rb/Nb
and Rb/Th ratios (Figures 6e and 6f), points to their
derivation from the same magma batch at depth. Figure 5
shows that the 1974 DDF eruption products fall within the
compositional domain of potassic trachybasalts [Le Maitre,
2002], typical of post-1970 Etna lavas. They closely
resemble trachybasalts from the 2001–2003 DDF eruptions
[Clocchiatti et al., 2004; Métrich et al., 2004; Spilliaert et
al., 2006; Viccaro et al., 2006; Corsaro et al., 2007, also
unpublished data, 2004] for both major and trace elements
(e.g., Mg # = 0.51–0.52 and Th�7 ppm, Figures 6a–6d). In

contrast, they markedly differ from the 1763 DDF products
in having a higher K2O content (Figure 6b) and higher
Rb/Nb and Rb/Th ratios (Figures 6e and 6f). Following the
classical terminology used in literature for pre-1970s Etna
lavas, these 1763 products were termed hawaiites. However,
because Etnean trachybasalts and hawaiites essentially differ
by their K2O content, here we simply refer them as to K-poor
and K-rich trachybasalts, respectively (Figure 5).

4.2. Comparison With Bulk Products From 1974
Summit Crater Activity

[29] The lava bomb and lava flow recovered from the
1974 summit crater activity sharply differ, both in their
mineralogy and geochemistry, from the 1974 flank eruption
products (Table 2). First, these summit samples contain 25–
30 vol % of phenocrysts, among which idiomorphic pla-
gioclase prevails (15–20 vol %), followed by euhedral
clinopyroxene (10–15 vol %), olivine (1–5% vol %) and
rare opaque oxides. Microlites in their groundmass show the
same paragenesis. These samples are also more evolved
chemically, as evidenced by their lower CaO/Al2O3 ratio,
Mg # and Ni content, while higher Th, La, Nb contents
(Figures 6c and 6d). Altogether, these features are typical of
lavas erupted from the central volcano conduits. Moreover,

Figure 4. Distribution of olivine and plagioclase compo-
sitions. Forsterite (Fo mol %) content of the (a) cores and
(b) rims of olivine phenocrysts and microphenocrysts
(>200 mm) and (c) of microlites (<200 mm). Anorthite (An
mol %) content of (d) cores and (e) rims of the plagioclase
microlites (200–50 mm) and (f) of the smallest microlites
(<50 mm) in the groundmass. Black and white bars refer
to scoria (samples 010274FLA_C and 160274FLA) from
the DFI eruptive phase and to bombs and lava flows from
DFII phase (samples 120374, 180374, and 230374),
respectively.

Figure 5. Chemical classification of 1974 flank and
summit products using subdivision of TAS (total alkali-
silica diagram [Le Maitre, 2002]). In the text we prefer
using the terms ‘‘K-poor trachybasalt’’ and ‘‘K-rich
trachybasalt,’’ instead of the ‘‘hawaiite’’ and ‘‘potassic
trachybasalt’’ TAS nomenclature [Le Maitre, 2002]. Ana-
lyses of 2001–2003 DDF and CCF eruptions [Clocchiatti et
al., 2004; Métrich et al., 2004; Spilliaert et al., 2006;
Corsaro et al., 2007, also unpublished data, 2004], 1928–
1969 CCF [Joron and Treuil, 1984], and 1763 DDF are
plotted for comparison. Other published data for products
from the 1974 flank eruption (dotted line) and the 1974
summit activity (continuous line) are from Bottari et al.
[1975], Tanguy and Kieffer [1977], Tanguy [1980], and
Armienti et al. [1988].
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these products plot into the K-poor trachybasalt field
(Figure 5) and have Rb/Nb and Rb/Th ratios closer to those
of pre-1970s Etna lavas (Figure 6e and 6f). More broadly,
they differ from all products emitted by Etna in the post-
1974 decades, including the 2001–2003 lavas drained from
the central conduits [Clocchiatti et al., 2004; Métrich et al.,
2004; Spilliaert et al., 2006; Corsaro et al., 2007, also
unpublished data, 2004].

4.3. Matrix Glasses

[30] Analyses were performed on glassy (‘‘sideromelane-
type’’) matrix of rapidly cooled scoria from the DFI eruptive
phase and on cryptocrystalline (‘‘tachylite-type’’) matrix in
bombs and lava samples from the DFII phase (Table 2). DFI
glassy matrices (Figure 3b) are homogeneous, with average
CaO/Al2O3 ratios from 0.46 to 0.48. In contrast, tachylitic
DFII matrices are richer in microlites (Figure 3c), with
residual glasses more evolved (0.18 < CaO/Al2O3 < 0.43)
than in DFI matrices. These features reflect late stage

subsurface crystallization, a process already described by
Corsaro and Pompilio [2004]. Mass balance calculations
indicate microlite crystallization of 29% of plagioclase
(An65) and 9% of clinopyroxene (Wo45En41Fs14).
[31] We assessed the eruptive temperatures using the

empirical geothermometer of Pompilio et al. [1998] for
Etnean volcanic glasses. The calculated equilibrium tem-
perature for the glassy matrices is 1075 ± 10�C and agrees
with the temperature of 1085�C measured in flowing lava
during the eruption [Tanguy and Kieffer, 1977]. Such
temperatures are quite typical for erupting Etnean trachy-
basalts [Pompilio et al., 1998]. We infer lower temperatures
of 1025 to 1040�C (±10) for the tachylitic products, in
agreement with their higher microlite content.

4.4. Olivine-Hosted Melt Inclusions

[32] Olivine crystals and their melt inclusions were ana-
lyzed in lapilli and scoria from both the 1974 and 1763
DDF eruptions (Table 3). In samples from both eruptions,

Figure 6. Major and trace element compositions of the 1974 flank and summit products. (a and b)
Variations of Mg # versus SiO2 and K2O.Mg # =Mg/(Mg + Fe2+) moles per 100 assuming Fe3+/Fe2+ = 0.2.
(c, d, f) Variations of La, Nb, and Rb versus Th. (e) Temporal variation of the Rb/Nb ratio [Clocchiatti et al.,
2004; Métrich et al., 2004; Spilliaert al., 2006; Corsaro et al., 2007, also unpublished data, 2004]. The
chemistry of 1974 flank trachybasalt is well explained by the mixing between K-rich and K-poor
trachybasaltic magmas having a similar degree of evolution (Th = 7 ppm), whose 1763 and 2002–2003
DDF lavas are representative end-members (see text). The 1974 summit products, as well as lavas erupted in
1928–1969 [Joron and Treuil, 1984], show a prevalent imprint of 1763-type low-K trachybasalts. Symbols
are the same as in Figure 5.
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Figure 7. Photos of (a–c) olivine-hosted melt inclusions in scoria from Mount De Fiore pyroclastic
cones (samples MDF 12 and MDF 13) and (d) of a typical glass embayment formed during rapid olivine
growth.

Table 3. Selected Compositions of Olivine-Hosted Melt Inclusions From the 1974 and 1763 La Montagnola DDF Flank Eruptionsa

Sample

1974 Eruption (DFI Phase) 1974 Eruption (DFII Phase) 1763 Eruption

2–1 3 6b 1 33 34b 26 52a 52b 58a 56 7 14 33c 37 36 31

Fob (mol %) 79.8 81.5 80.0 78.7 81.0 81.6 80.0 81.9 80.8 81.1 80.6 80.4 81.1 80.4 80.9 80.4 82.2
PECc (%) 0.00 0.03 0.00 0.01 0.04 0.02 0.06 0.00 0.00 0.00 0.06 0.000 0.000 0.025 0 0.01 0.005
SiO2

d 44.14 42.87 44.99 44.05 43.10 44.22 48.11 44.83 43.77 44.23 48.61 44.75 45.29 44.18 46.01 45.38 44.60
TiO2 1.64 1.58 1.71 1.75 1.78 1.69 1.86 1.64 1.63 1.67 1.53 1.65 1.63 1.58 1.62 1.59 1.62
Al2O3 15.99 15.38 16.04 15.33 16.20 15.37 15.59 15.58 15.60 15.51 17.46 16.12 16.77 16.77 16.85 15.75 16.38
FeOTOT 10.86 11.94 10.31 11.71 11.35 10.74 11.09 10.47 10.70 10.97 10.13 9.75 10.09 10.53 9.50 10.84 9.52
MnO 0.12 0.16 0.21 0.19 0.15 0.23 0.16 0.13 0.26 0.17 0.20 0.18 0.14 0.20 0.15 0.20 0.17
MgO 6.04 6.94 5.98 5.68 6.46 6.32 5.99 6.26 6.03 6.13 5.61 5.75 5.81 5.84 5.80 5.96 5.91
CaO 9.95 10.74 10.55 9.96 10.89 10.54 8.29 10.30 10.42 10.51 8.91 10.70 11.12 11.21 10.91 11.22 11.46
Na2O 3.45 3.09 3.03 3.19 3.21 3.09 4.45 3.21 3.37 3.09 4.15 3.15 3.22 3.29 3.24 3.13 3.15
K2O 1.46 1.81 1.89 1.49 1.93 1.73 2.82 1.89 1.92 1.89 2.50 1.05 1.04 1.00 1.13 1.10 1.13
P2O5 0.50 0.55 0.56 0.52 0.55 0.56 0.80 0.54 0.56 0.54 0.80 0.40 0.45 0.35 0.44 0.48 0.45
S 0.386 0.362 0.335 0.320 0.345 0.301 0.012 0.345 0.377 0.353 0.010 0.288 0.285 0.251 0.338 0.227 0.244
Cl 0.214 0.196 0.186 0.217 0.204 0.195 0.235 0.184 0.197 0.194 0.250 0.252 0.196 0.190 0.240 0.279 0.284
H2O 3.5 2.6 2.7 2.8 1.7 3.0 0.3 3.5 2.9 3.0 0.3 3.0 2.8 2.3 3.2 2.6 ND
CO2 ND 0.313 0.039 0.156 0.074 0.051 ND 0.084 0.204 0.103 ND 0.1960 0.1632 0.129 0.123 0.116 ND
Total 98.24 98.57 98.54 97.32 97.98 97.99 99.73 98.95 97.90 98.32 100.42 97.25 99.00 97.81 99.54 98.88 94.92
CaO/Al2O3 0.62 0.70 0.66 0.65 0.67 0.69 0.53 0.66 0.67 0.68 0.51 0.66 0.66 0.67 0.65 0.71 0.70
K2O/Na2O 0.42 0.59 0.62 0.47 0.60 0.56 0.63 0.59 0.57 0.61 0.60 0.33 0.32 0.30 0.35 0.35 0.36
S/Cl 1.80 1.85 1.81 1.5 1.7 1.5 0.05 1.9 1.9 1.8 0.04 1.14 1.45 1.33 1.41 0.81 0.86
Pressuree ND 392 126 257 116 159 ND 228 310 215 ND 309 257 219 248 205 ND
Pressuref ND 419 117 290 156 148 ND 213 328 222 ND 295 254 207 221 215 ND

aThe compositions are corrected for postentrapment olivine crystallization (PEC%); ND, not determined.
bForsterite content (mol %) of olivine [100 � Mg/(Mg + Fe)].
cPercentage of postentrapment olivine crystallization using KD = [(FeO/MgO)ol/(FeO/MgO)melt] of 0.29 to 0.30 for equilibrium partitioning of FeO and

MgO between olivine and liquid in Etna basalt following Spilliaert et al. [2006].
dThe concentrations of major elements, S, Cl, H2O and CO2 are in wt %.
ePressure in MPa calculated from the dissolved contents of water and CO2 using VolatileCalc [Newman and Lowenstern, 2002].
fPressure in MPa calculated from the dissolved contents of water and CO2 using the model of Papale et al. [2006], assuming 1140�C and fO2 close to

NNO.
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olivines have the typical skeletal morphology of fast
growing microphenocrysts. They are compositionally
homogeneous (Fo82–80), with thin rims whose forsterite
content is lower by only �1% (as described in section 4.1).
Owing to the nearly aphyric nature of both 1974 and 1763
magmas and the small size of their olivines, we could find
only rare crystals containing melt/glass inclusions large
enough to be analyzed.
[33] Melt inclusions entrapped in 1974 olivines have

variable sizes and morphologies. They range from scarce
small (30–50 mm) inclusions with ovoid shape (Figure 7a) to
prevalent, larger (50–100 mm) ones with curvilinear form
(Figures 7b and 7c) which are typical for highly dynamicmelt
entrapment. Most inclusions have a trachybasaltic composi-
tion and display CaO/Al2O3 (0.70–0.66) and K2O/Na2O
(0.57 ± 0.3) ratios that closely match those of the whole
rocks (Figures 8a and 8b). This demonstrates their
cogenetic relationship with and representativeness of the
bulk magma.
[34] As a whole, the melt inclusions are rich in volatiles

(between 4 and 2.8 wt %; Table 3). They contain high
amounts of H2O (from 3.5 to 1.9 wt %), sulfur (3620–
3000wt ppm) and chlorine (2200–1840wt ppm), while more
variable amount of CO2 (from 3100 to 400 wt ppm). Most of

them display a constant S/Cl ratio of 1.7 ± 0.2 (Figures 8c and
8d), except for a group of inclusions from the first eruptive
phase (DFI) whose S/Cl and K2O/Na2O ratios are interme-
diate between those typical for the 1763 (K-poor) and 2001–
2003 (K-rich) Etnean trachybasalts (Figure 8). This suggests
a variable mixing between these two end-members. We find
that the 1974 eruption products (1) display similar H2O and
CO2 initial contents and ranges as the 2001–2003 K-rich
trachybasalts (Figures 9a and 9b) and (2) do not differ in their
initial water content (�3–3.5 wt %) from the most primitive
samples of 1763 K-poor trachybasalts (Table 3). In other
words, these new results indicate a decoupling between the
initial water content of Etna magmas and their recent increase
in potassium and other alkalis. Otherwise, preferential
degassing of poorly soluble carbon dioxide during mag-
ma ascent is demonstrated by the almost vertical drop of
CO2 at constant K2O content (Figure 9b), and by the
fact that inclusions that are the most depleted in CO2

(0.04–0.05 wt %) could preserve quite a high dissolved
amount of water (from 2.7 to 1.7 wt %).
[35] Finally, glass embayments in the 1974 olivines

(Figure 7d) provide a record of the magma evolution
and degassing during late stage decompression. Compared
to melt inclusions, these glasses are systematically more

Figure 8. Variations (a, b) of alkali concentrations and (c, d) of the K2O/Na2O and S/Cl ratios in
olivine-hosted melt inclusions and glass embayments from the 1974 and 1763 DDF scoriae. Data for melt
inclusions in explosive products from the 2001 and 2002–2003 DDF eruptions [Métrich et al., 2004;
Spilliaert et al., 2006] are reported for comparison. Additional data for melt inclusions from 2002 to 2003
DDF flank eruptions are available in Table S5 in the auxiliary material. Note that the compositions of
most primitive melt inclusions trapped in the 1974 olivines are similar to those of the bulk lavas.
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evolved (MgO < 4wt %; Figure 8a) and depleted in both
sulfur (<50 wt ppm, S/Cl < 1; Figure 8d) and water
(<0.5 wt %; Figure 9a). Only their Cl content (from 2300 to
2500 wt ppm) is preserved or enhanced, evidencing a
greater solubility of chlorine compared to H2O and S.

5. Discussion

5.1. Previous Interpretations of the 1974 Flank
Eruption

[36] Scientists who studied the 1974 eruption [Guest et
al., 1974; Bottari et al., 1975; Guerra et al., 1976; Tanguy
and Kieffer, 1977] published contradictory interpretations of
its source depth and origin which, as shown below, can be
revisited on the basis of our present results.
[37] As already emphasized, the aphyric nature and

peculiar mineralogical features of the 1974 trachybasaltic
magma clearly exclude its possible derivation [Guerra et
al., 1976] from the central volcano conduits. The same
argument holds against the hypothesis by Bottari et al.
[1975] that it might have derived from a stored residual
magma batch of the February–March 1763 eruption that
had built the nearby Mount Nuovo and Mount Mezza Luna
cones (Figure 1a): this event actually produced a plagio-
clase-rich and K-poor magma [Tanguy and Kieffer, 1977],
typical for pre-1970s Etna magmas drained out from the
volcano conduits (CCF flank eruption). More generally,
the suggestion of a shallow preeruptive storage of the 1974
magma beneath the western flank of Etna, advocated from
the high viscosity and high microlite content of the emitted
lava flows [Guest et al. 1974; Bottari et al., 1975], is
poorly compatible with the aphyric character of the magma
and other lines of evidence: (1) the small size and the
morphology of its olivine crystals, typical for a highly

dynamic growth, (2) the lack of euhedral olivine crystals that
could have formed during previous ponding; (3) the lack of
plagioclase phenocrysts and the high explosivity of the
eruption, which both attest of a high decompression rate of
the H2O-rich bubbly magma until close to the surface; and
(4) our finding of fresh (unmetamorphosed) siliceous sedi-
mentary xenoliths in the eruption products, which indicates
only brief mechanical interactions of the magma with the
Numidian Flysch units constituting the upper 2–3 km of
Mount Etna sedimentary basement [Lentini, 1982; Chiarabba
et al., 2000]. Altogether, these features rather point to a deep
and highly dynamic ascent of the 1974 trachybasalt, with
negligible preeruptive ponding in the shallow crust which,
otherwise, would have promoted its gradual cooling, degass-
ing and crystallization.
[38] Tanguy and Kieffer [1977] actually proposed a direct

ascent of the 1974 magma, from mantle depths of 20–30 km,
considering its relatively primitive composition and peculiar
mineralogy. However, the erupted trachybasalt has much
lower MgO and CaO contents than expected for primary
Etna magmas [Armienti et al., 1988], best represented by the
very rare picritic basalt that could reach the surface during
Etna’s history (i.e., 3930 years B.P. eruption [Kamenetsky et
al., 2007]). Its bulk composition and the moderate forsterite
content (Fo82) of its Mg-richest olivine crystals rather
point to its derivation from a more primitive magma that
previously fractionated mafic minerals at depth. Moreover,

Figure 9. Evolutions of (a) H2O and (b) CO2 dissolved in
olivine-hosted melt inclusions as a function of their K2O
content. Same symbols as in Figure 8.

Figure 10. Entrapment (total fluid) pressures of olivine
hosted melt inclusions in scoria from the 1974 and 1763
DDF eruptions. Total fluid pressures and degassing curves
were calculated on the basis of the H2O and CO2 dissolved
contents of melt inclusions, using VolatileCalc [Newman
and Lowenstern, 2002] and following the same procedure as
described by Spilliaert et al. [2006]. Data for melt inclusions
from the 2001 and 2002–2003 eruptions [Métrich et al.,
2004; Spilliaert et al., 2006] are shown for comparison. The
computed curves are for closed system decompression of the
1974 trachybasalt containing from 3.0 to 3.4 wt % of H2O
(light gray curves), with amean at 3.2 wt% (black curve), and
coexisting with 1.5 wt % of gas at 300 MPa. The lithostatic
depths are indicated in km. Symbols are the same as in
Figure 8. See text for discussion.
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in the 1974 flank products we found no dense CO2-rich
fluid phases, entrapped as either isolated fluid inclusions
or in the bubbles of melt inclusions, which could support a
direct magma rise from mantle depths. Such deeply
derived CO2-rich fluids were only encountered in the
tholeiitic and alkaline basalts erupted during the initial
(0.3–0.2 Ma) building stage of Mount Etna [Frezzotti et al.,
1991] and in primitive olivine of the 7 ka Mount Maletto
alkaline basalt [Kamenetsky and Clocchiatti, 1996]. Finally,
a direct magma rise from 20 to 30 km depths is hardly
compatible with the very short interval (6 days) between
the precursory earthquakes at such depths (23 km on
24 January [Bottari et al., 1975]) and the eruption out-
break on 30 January.

5.2. Source Depth and Conditions of Ascent of the 1974
Trachybasaltic Magma

[39] Our melt inclusion data provide quantitative con-
straints for the source depths of the 1974 magma. The
dissolved H2O and CO2 contents of olivine-hosted melt
inclusions and glass embayments allow us to assess the total
fluid pressure (PCO2 + PH2O) at the time of melt entrapment,
assuming volatile saturation. Such a condition is verified at
Etna whose alkali magmas originally contain high amounts
(�1.5–2.0 wt %) of carbon dioxide [Allard et al., 1991;
Aiuppa et al., 2007] and early coexist with abundant CO2-
rich gas [Métrich et al., 2004; Spilliaert et al., 2006]. Total
fluid pressures were computed with the VolatileCalc pro-
gram [Newman and Lowenstern, 2002] and for an initial
magma temperature of 1140�C [Métrich et al., 2004], taking
account of the effect of magma composition on CO2

solubility [Dixon, 1997] and hence on calculated equilibri-
um pressures [Spilliaert et al., 2006].
[40] The values obtained vary from �400 to 100 MPa

(Figure 10) and do not differ significantly from those
(Table 3) alternatively computed using the Papale et al.
[2006] model. They demonstrate polybaric melt entrap-
ment during magma ascent from lithostatic depths of �15
to 3.7 km, given the average density of lithological units
in Etna’s crustal basement [Corsaro and Pompilio, 2004].
Interestingly, the highest entrapment pressure of 400 MPa,
corresponding to �12 km depth below sea level (bsl),
closely matches the focal depths of major earthquakes that
marked the early preeruptive seismicity on 21 January
1974 (Figure 1b). Here we simply consider with caution
this upper value because it concerns only one inclusion
and because CO2 solubility in water-rich basalts is poorly
constrained at high pressure [Spilliaert et al., 2006]. At
least, our data set shows that the 1974 magma rose from
a minimal depth of �11 km (300 MPa) below Etna’s
summit, or �8 km bsl. It is worthy of note that compa-
rable rise depths were inferred for aphyric magmas ex-
truded during the 2001 and 2002–2003 DDF eruptions
[Métrich et al., 2004; Spilliaert et al., 2006] and are here
indicated by our new results for the 1763 La Montagnola
basaltic magma (Figure 10). Such depths approximately
correspond to the estimated interface (10 ± 2 km; Figure 1b)
between the base of the Hyblean carbonate platform and the
lower crystalline crust [Lentini, 1982; Chiarabba et al.,
2000], where both geophysical data [Murru et al., 1999;
Patanè et al., 2002; Chiarabba et al., 2004; Bonaccorso and
Davis, 2004] and geochemical data [Métrich et al., 2004;

Spilliaert et al., 2006] indicate magma storage. We thus infer
that the intrusion that fed the 1974 flank eruption likely
originated from that intermediate magma storage zone.
[41] The conditions of ascent of the 1974 trachybasaltic

magma can be deduced from the overall evolution of
dissolved water and carbon dioxide in the melt inclusions
with pressure (Figure 10). Taking account of the analytical
uncertainties on measured H2O and CO2 contents, our data
for both the DFI and DFII eruptive phases broadly fit with a
closed system decompression and degassing of the magma
between 10 ± 2 km (400–300 MPa) and �2 km (100 MPa)
depth bsl (given the 1650 m asl elevation of the eruption
site). Best data fitting is obtained for a melt initially
containing 3.2 ± 0.2 wt % of H2O, 3000–2800 wt ppm of
CO2, and coexisting with about 1.5 wt % of exsolved gas at
�400 MPa. The few data points scattered on either side of
the mean closed system decompression (CSD) curve are
taken to reflect nonequilibrium degassing during fast melt
decompression, leading to either CO2 oversaturation or CO2

depletion, in agreement with the peculiar morphology of the
inclusions (section 4.4). We could not find any melt
inclusion or glass embayment allowing us to track the
shallower (<100 MPa) course of the magma. However, lava
fountaining and the high eruption rate at the onset of each
eruptive phase of the 1974 event (Table 1) suggest that closed
system ascent conditions could have been preserved until
very close to the surface. This is consistent with the homo-
geneous An78–75 core composition of the largest plagioclase
microlites (200 mm) present in the groundmass of quenched
scoria: as shown by experiments on Etna basalt [Métrich
and Rutherford, 1998], such plagioclase only starts crystal-
lizing when dissolved water is �1.6 wt %, that is under
PH2O � 27 MPa at 1070�C. These largest microlites thus
began to nucleate and grow during magma flow and
degassing across the upper kilometre of the feeding intrusion.
[42] Otherwise, several observations evidence that, quite

soon after the initial stage of each eruptive phase, gas-melt
separation and open degassing developed in the upper
portion of the feeding intrusion, while the magma rise speed
was probably diminishing. These observations include (1)
the rapid transition to and prevalence of Strombolian-style
explosive activity, which implies the coalescence and then
differential rise of gas slugs that periodically bursted at the
vent [e.g., Jaupart and Vergniolle, 1989]; (2) the lack of a
well-shaped eruption column, as well as the sluggishness
and short length of the lava flows [Guest et al., 1974;
Bottari et al., 1975; Tanguy and Kieffer, 1977], which both
indicate extensive outgassing of the magma prior to either
fragmentation or flowage at the surface; and (3) the high
aspect ratio (Figure 3b) and zoning of the smallest plagio-
clase microlites (<50 mm) in quenched scoria, which point
to the late nucleation and growth of these microlites during
multistage, rather than single-stage melt decompression
[Couch et al., 2003].

5.3. Triggering Mechanism of the 1974 Dike Intrusion
and Flank Eruption

[43] As shown above, the 1974 eruption was likely driven
by a magma intrusion that rose from �10 ± 2 km depth bsl.
The spatial and temporal evolution of the precursory seis-
mic crisis provides key insights into the possible triggering
mechanism of the intrusion. As argued by Bottari et al.
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[1975], the high energy (several earthquakes with magni-
tude �4) of this preeruptive seismicity, its concentration
along a ENE–WSW volcano-tectonic structure of regional
direction (Figure 1a), and its rapid deepening during the first
hours and days from the upper sedimentary basement down
to the local Moho (�23 km bsl [Hirn et al., 1991;
Chiarabba et al., 2000]) strongly suggest its prevalent
tectonic origin. In particular, the downward earthquake
migration and the short interval between the deepest
(23 km) earthquake on 24 January and the eruption outbreak
preclude the alternative possibility of a magma input from
the base of the crust that would have overpressurized the
feeding system and then triggered the intrusion. For instance,
the powerful September–October 1989 summit eruption of
Etna, that was clearly due to magma input from Moho
depths, was anticipated by about 1 year of upward (not
downward) migration of earthquake swarms [Castellano et
al., 1993]. Rather, the 1974 preeruptive seismic sequence
points to a rapid downward fracturing of the crust underlying

the whole western half of the volcano that probably depres-
surized the intermediate feeding system and triggered the
propagation of a dike-like intrusion (Figure 11). This inter-
pretation is consistent with the sudden drop of the magma
column seen in summit craters on 21 January, the brief
duration of the preeruptive seismic crisis, and our petrologic
and geochemical evidence for a closed system (i.e., relatively
fast) ascent of the erupted magma (section 5.2). Hence, we
consider most plausible a tectonic trigger of the 1974 event.
[44] The rate of ascent of a magmatic intrusion depends

on numerous factors, among which the structure of the
crust, the stress distribution and fracture toughness of
country rocks, and the intrinsic properties (initial overpres-
sure, viscosity, density, buoyancy, volume, crystal and
volatile content) of the intruding magma [e.g., Ryan,
1987, 1988, 1994; Lister, 1990; Lister and Kerr, 1991;
Mériaux and Jaupart, 1998; McLeod and Tait, 1999;
Gudmunsson, 2002; Woods et al., 2006]. For the sake of
simplicity, here we assume that the intrusion that fed the

Figure 11. Schematic drawing of the dike-forming magma intrusion that fed the 1974 flank eruption, as
inferred from seismic data and our melt inclusion results. The intrusion, triggered by tectonic fracturing
of Etna’s crustal basement, nucleated from a magma storage zone at the base of the Hyblean carbonate
platform, where mixing between former K-poor and the new K-rich trachybasalts was occurring at that
time. According to the epicentral distribution (Figure 1a) and the focal depths of most energetic earthquakes
[Bottari et al., 1975], the dike-like magma intrusion may have propagated along a ENE–WSW70� inclined
plane, on the western border of the high-velocity body (HVB) described by Chiarabba et al. [2004].
See Figure 1b for the references to the crustal basement stratigraphy and for the significance of
earthquake symbols.
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1974 eruption could propagate along the 70� dipping focal
plane defined by the most energetic and best localized
earthquakes that connects the 10 ± 2 km deep magma
storage level to the flank eruption site (Figure 11). In such
conditions, the intrusion would have had a ‘‘vertical’’ extent
(h) of �13 km and could have propagated at a mean rate of
1.7 � 10�2 m s�1 during the 9 days between the first major
earthquakes at that depth (21 January) and the eruption
onset. A comparable rate was inferred for magma intrusion
prior to the 2001 eruption, even though from a shallower
(�3 km bsl) source depth [Patanè et al., 2002]. However,
because the nucleation of a dike-like intrusion may initially
be a slow process [e.g., Lister and Kerr, 1991; Mériaux and
Jaupart, 1998; McLeod and Tait, 1999], the above mean
values provide a lower bound for the actual magma rise
speed.
[45] In order to get more quantitative constraints, we have

computed the gas volume fraction, density and viscosity of
the 1974 trachybasaltic magma during closed system de-
compression from 10 km lithostatic depth bsl, for an initial
temperature of 1140�C, a mean water content of 3.2 wt %
and 1.5 wt % of initial coexisting gas phase (Figure 10).
Neglecting its very low crystal content, the viscosity mm and
density rm of the magma-volatile mixture essentially
depend on the P-related evolution of the melts water
content and the gas volume fraction a. The latter was
found to increase from 17% at 300 MPa (or �12% at
400 MPa) to 77% at 10 MPa (suggesting that magma
fragmentation could have begun within the upper few
hundred meters of the dike-like intrusion). For such high
gas volume fractions, mm ffi mL*(1-a)

�5/2 [Jaupart and
Vergniolle, 1989], where mL is the viscosity (�2 Pa s) of
the vesicle-free water-rich 1974 melt computed from the
equation of Giordano and Dingwell [2003]. The trachyba-
saltic magma thus increased in viscosity from 2.8 Pa s at 300
MPa to 82 Pa s at 10 MPa (or about 100 Pa s if we also take
account of its cooling from 1140 to �1080�C; section 4.3).
In the same time, its density contrast (Dr) with respect to the
host rock units cut by the intrusion increased from 380 to
2050 kg m�3. Therefore, the magma was increasingly gas-
rich and buoyant upon ascent, and could have accelerated
upward.
[46] Now, maintaining closed system ascent of such a

magma up to shallow depths requires typical rise speeds of
order 0.1–1.0 m3 s�1 [e.g., Parfitt, 2004], much higher than
the mean propagation rate estimated above. We thus infer
that the 1974 dike-like intrusion initially nucleated and
propagated at a slow rate at great depths, then progressively
accelerated while becoming more and more buoyant upon
ascent and while cutting the softer material of the shallow
Numidian flyschoid series. The half width (w) of the
intrusion can be estimated as [e.g., Mériaux and Jaupart,
1998]: w = (2*m*Q/3*Dr*g)1/3, where m is the viscosity of
the magma, Q is its volumetric flow rate, Dr is its buoy-
ancy, and g is the gravitational acceleration. Using the
average eruption rate of dense magma during the whole
eruption (1.8 m3 s�1; Table 1) and the above numerical
values for the pressure-related evolution of m, Dr and a
(the gas volume fraction which contributes to Q), we infer a
dike-like intrusion’s width increasing from 0.2 m at
400 MPa to about 1 m at 10 MPa. We just note that dike

widths of about 1 m are quite typical on Mount Etna [e.g.,
Acocella and Neri, 2003].

5.4. Volatile Budget of the 1974 Eruption

[47] The total amount of volatiles released into the
atmosphere by the 1974 flank eruption can be quantified
from its bulk magma budget (5.4 � 106 m3, or 1.5 � 1010

kg for a trachybasalt density of 2760 kg m�3) and the mass
fraction of each volatile species released per kilogram of
melt. According to olivine-hosted melt inclusions, the initial
contents of water, sulfur and chlorine in the 1974 magma
averaged 3.2, 0.35 and 0.2 wt %, respectively (Table 3).
Residual H2O in degassed Etna lavas averages 0.2 wt %
[Métrich et al., 2004; Spilliaert et al., 2006], and residual
contents of <0.01 wt % and 0.12 wt % were measured for S
and Cl, respectively, in degassed 1974 bulk rocks (equiva-
lent to the bulk melt). Carbon dioxide is virtually totally lost
upon eruption, so its degassed mass fraction equals its
original content in Etna magma, inferred as > 1.5–2 wt %
[Allard et al., 1991; Aiuppa et al., 2007]. On these
grounds, we compute that the 1974 eruption emitted about
7.8 � 108 kg of total gas, consisting of 4.5 � 108 kg of
H2O, 2.2 � 108 kg of CO2, 1.0 � 108 kg of SO2 and
1.2 � 107 kg of HCl (Table 1). When averaged over the
35 days of the eruption, the emission rate of SO2 (�3 �
106 kg d�1) is comparable to the measured mean SO2

flux from the summit craters in the mid-1970s [Allard et al.,
1991], thus implying about a doubling ofMount Etna’s sulfur
emission during the flank eruption.

5.5. First Historical Extrusion of an Alkali-Enriched
Magma Feeding Mount Etna

[48] As already mentioned, the most outstanding pecu-
liarity of the 1974 DDF flank eruption resides in the
geochemistry of its magma, which was unusually rich in
alkalis compared to all magmas erupted by Mount Etna in
the past centuries (pre-1970s series). In that respect, this
event constitutes an important benchmark in the recent
history of Etna. Indeed, it marked the first extrusion of a
more radiogenic and alkali-rich basaltic magma that has
recently started to supply the volcano [Métrich et al., 2004;
Spilliaert et al., 2006]. This magma-type, best represented
by the MgO richest products of the 2002–2003 DDF-type
eruption, has progressively invaded the plumbing system,
mixing with and replacing the former K-poor resident
magma [Métrich et al., 2004; Spilliaert et al., 2006;
Corsaro et al., 2007]. As proposed by Métrich et al.
[2004], Spilliaert et al. [2006], and Corsaro et al. [2007],
these magmas are issued from genetically distinct primary
melts.
[49] Our trace element and melt inclusion data for the

1974 eruption products allow us to determine the degree of
mixing, at that time, between the new feeding alkali-rich
magma and the former K-poor resident magmas at �10 km
depth bsl. All the erupted rocks had a homogeneous trace
element content that indicates a subtle but real imprint of the
pre-1970s magma. The geochemistry of the 1974 magma is
well explained by homogeneous mixing between two tra-
chybasaltic end-members that shared the same degree of
evolution (Th = 7.1 ± 0.1 ppm) but differed in their alkali
content (Figure 6f). Its Rb/Th ratio (6.1) constrains respec-
tive mixing proportions of 0.75:0.25 between the 2002–
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2003 DDF end-member (Rb/Th = 6.9 [Spilliaert et al.,
2006; R. A. Corsaro, unpublished data, 2004]) and the 1763
DDF (La Montagnola) magma (Rb/Th = 3.8), the most
primitive specimen of pre-1970s K-poor series. Similar
mixing proportions are indicated by the 86Sr/87Sr ratio of
the 1974 trachybasalt (0.703564) compared to the 86Sr/87Sr
ratios of the 1763 basalt (0.703414) and the 2001–2003
aphyric trachybasalts (0.703610–0.703666) [Tonarini et al.,
2001; L. Civetta, personal communication, 2007]. The few
melt inclusions with intermediate K/Na, K/Cl and S/Cl
ratios (Figure 8) entrapped in some olivine microphenoc-
rysts of the 1974 magma further demonstrate, at the micro-
scale, that both K-poor and K-rich trachybasalts were able
to mix together at 10 km depth bsl in the feeding system.
[50] In contrast, the products from the 1974 summit crater

activity still displayed a prevalent K-poor magma imprint
(Rb/Th = 4.4; Figure 6f), with a reverse mixing proportion
(0.25:0.75) between the K-rich (2002–2003) and K-poor
(1763) magmas. Hence, at that time, only 25% of the
magma filling the central conduit system of Etna was
derived from the newly feeding magma. At present, plagio-
clase-rich trachybasalts that typically crystallize at low
pressure in the central volcano conduits, such as CCF-type
lavas erupted in 2001–2003, display Rb/Th and Rb/Nb
ratios equivalent to that of the 1974 DDF magma. There-
fore, since the 1974 eruption the new feeding magma has
gradually invaded the plumbing system at shallower depths
and now contributes about 75% of the magma stored in the
central conduits of Etna.

5.6. Forecasting 1974-Type DDF Flank Eruptions
on Etna

[51] Even though DDF-type flank eruptions are much
rarer than CCF-type ones at Mount Etna, the 1763, 1974,
2001, and 2002–2003 events show that these eruptions are
highly explosive and can occasionally break out at low
elevations and at great distances from the volcano summit.
They can thus directly or indirectly (through abundant
ashfallout) affect densely populated areas on and around
the volcano. Therefore, being able to forecast such events is
of outmost importance for hazard mitigation and civil
defense management. This capability will be conditioned
by the actual triggering mechanism of the event, the rate of
magma migration, and the nature and duration of premon-
itory signals. The 1974 example, in particular, shows that
tectonic fracturing of the crust may trigger magma migra-
tion and eruption from as deep as �10 km bsl in less than
10 days, leaving little time for hazard evaluation and
emergency planning. Hence, adequate monitoring tools
are necessary to detect the precursors of such events.
[52] As illustrated by the 1974 event and more recent

Etna flank eruptions in 1989, 2001, and 2002–2003,
seismic and ground deformations monitoring are key tools
for tracking magma intrusion due to either tectonic fracturing
or/and magma overpressure. Also, because DDF intrusions
generally use preexisting volcano-tectonic structures to reach
the surface, the detailed mapping and survey of these struc-
tures is an important baseline approach. In particular, mon-
itoring the fumaroles or diffuse gas emanations linked to
these active fault systems can provide useful indications upon
deep magma recharge and intrusions [e.g., Baubron et al.,
1991; Aiuppa et al., 2004;Giammanco et al., 2007]. Another

interesting perspective for the forecasting of dike intrusions
and flank eruptions is provided by spaceborne infrared
survey of the normalized greenness index of the vegetation
growing along active volcano-tectonic structures [Houlié et
al., 2006]. Using this tool, Houlié et al. [2006] detected
positive greenness anomalies (i.e., increased photosynthetic
activity) in plants growing along the Pernicana fault system
(Figure 1a) 1 year at least prior to the 2002 flank eruption of
Etna. They interpreted these anomalies as being due to
precursory dike-fed intrusions or dike wedging beneath the
fault system that could have modified the physicochemical
properties of local soils and lead to enhanced vegetation
growth.
[53] Interestingly, spaceborne infrared imaging of Etna in

September 1973 revealed an analogous anomaly in the
vegetation canopy (or greenness index) right on the western
flank area where the 1974 flank eruption took place four
months later [Working Group for the Surveillance of Etna,
1974]. Although poorly quantified at that time, this spec-
troscopic signal could be taken as a premonitory indicator of
shallow dike intrusion(s) according to the interpretation of
Houlié et al. [2006]. However, we have shown in this study
that the chemical composition, mineralogy and geochemis-
try of the 1974 magma are by no means compatible with its
possible preeruptive storage at shallow depth. Therefore, we
propose instead that the greenness anomaly detected in
September 1973 might have tracked precursory changes in
the subsurface ground permeability and fluid circulation
(water, CO2) induced by microfracturing and possible
microseismicity that were already initiating on the western
flank of Etna four months before the January 1974 tectonic
seismic crisis. In particular, because Mount Etna is a site
with widespread diffuse emanations of magma-derived
carbon dioxide preferentially concentrated on fault systems
[Allard et al., 1991; D’Alessandro et al., 1997; Aiuppa et
al., 2004; Giammanco et al., 2007], such a mechanism
could have promoted enhanced CO2 flux and, thereby,
enhanced photosynthetic activity across the faulting area.
If correct, our hypothesis could also offer an alternative
explanation to the vegetation greenness anomalies on the
Pernicana fault, a noneruptive but actively moving trans-
current volcano-tectonic fracture system, detected prior to
Etna’s 2002 flank eruption. Further investigations are
clearly required to elucidate this important question, con-
sidering its applications to eruption forecasting and hazard
mitigation.

6. Conclusions

[54] We provide a detailed study of the 1974 flank
eruption of Mount Etna based on new analyses of the
mineralogy, geochemistry, and volatile content of its mag-
ma. Our results have led to the following main conclusions:
[55] 1. The 1974 eruption of Etna is an archetype of

‘‘deep dike-fed’’ (DDF) flank eruptions which are driven by
dike-like magma intrusions that originate from below the
volcanic pile and bypass its central conduits. These erup-
tions emit nearly aphyric, plagioclase-free magma and, thus,
contrast both in their genesis and their products from the
more common central conduit-fed (CCF) flank eruptions.
[56] 2. The 1974 trachybasaltic magma likely rose from

an intermediate magma storage zone at 10 ± 2 km depth bsl,
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located at the interface between the base of the Hyblean
carbonate platform and the lower crystalline basement.
Magma ascent was rapid enough to preserve closed system
conditions up to �2 km depth bsl and perhaps up to the
surface during the initial eruption stages, leading to lava
fountains and the rapid growth of Mount De Fiore pyro-
clastite cones. A lower rise speed during subsequent activity
favored enhanced gas-melt separation and open degassing
in the upper portion of the feeding intrusion, sustaining
powerful Strombolian activity and the outpouring of slug-
gish lava flows.
[57] 3. The spatial and temporal evolution of the preer-

uptive seismicity, combined with volcanological, petrolog-
ical and geochemical evidence, suggests that the 1974
eruption had a prevalent tectonic trigger. Downward frac-
turing of the crust underlying the western half of the
volcano is interpreted to have provoked a depressurization
of a depressurization of the 10 ± 2 km deep feeding system,
triggering the nucleation and then westward propagation of
a dike-like intrusion along a 70� inclined pathway defined
by the best localized and most energetic earthquakes.
[58] 4. The 1974 flank eruption marked the first clear

output of a more alkali-rich and more radiogenic magma
compared to all lavas previously erupted in historical times,
evidencing the input of a newly feeding magma. It thus
constitutes an important milestone in the recent evolution of
Etna. The new magma, best represented by aphyric primi-
tive products erupted during the 2002–2003 DDF-type
eruption, has progressively replenished Etna’s feeding sys-
tem in the following decades. The 1974 trachybasalt derived
from a mixing, at �10 km depth bsl, between 75% of this
new magma and 25% of the former K-poor resident
magma, best represented by the 1763 La Montagnola basalt.
In contrast, the products from 1974 activity at the summit
craters still displayed a prevalent (75%) imprint of the
K-poor resident magmas.
[59] 5. Forecasting DDF flank eruptions on Etna requires

adequate detection of their forerunner signals, among which
changes in gas emanations and vegetation greenness index
that could result from precursory microseismicity and
ground fracturing.
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