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Abstract The evolution of volatiles in the AD 79 mag-
ma chamber at Vesuvius (Italy) was investigated
through the study of melt inclusions (MI) in crystals of
different origins. FTIR spectroscopy and EMPA were
used to measure H,O, CO,, S and Cl of the different
melts. This allowed us to define the volatile content of
the most evolved, phonolitic portion of the magma
chamber and of the mafic melts feeding the chamber. M1
in sanidine from phonolitic and tephri-phonolitic pum-
ices show systematic differences in composition and
volatile content, which can be explained by resorption of
the host mineral during syn-eruptive mixing. The pre-
eruption content of phonolitic magma appears to have
been dominated by H,O and CI (respectively 6.0 to
6.5 wt% and 6700 ppm), while magma chamber refilling
occurred through the repeated injection of H,O, CO,
and S-rich tephritic magmas (respectively 3%, 1500 ppm
and 1400 ppm). Strong CO, degassing probably oc-
curred during the decompressional path of mafic batches
towards the magma chamber, while sulphur was prob-
ably released by the magma following crystallization and
mixing processes. Water and chlorine strongly accumu-
lated in the magma and reached their solubility limits
only during the eruption. Chlorine solubility appears to
have been strongly compositionally controlled, and ClI
release was inhibited by groundmass crystallization of
leucite, which shifted the composition of the residual
liquid towards higher CI solubilities.
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Introduction

Magma chamber evolution and eruptive processes are
strongly influenced by magmatic volatiles. Their effects
are especially important in large silicic magma cham-
bers, where volatiles can reach high concentrations.
Closed-system exsolution of volatiles (especially water)
from magma leads to the formation of large eruptive
columns (Wilson et al. 1980; Sparks 1986) and to the
almost complete evacuation of magma chambers, with
dramatic effects on the geometry of the magmatic sys-
tems. In addition, dissolved magmatic volatiles and co-
existing fluid phases strongly control the evolution of
silicate melts, determining liquidus temperature and
mineral assemblages.

The presence of different volatile species in a mag-
ma modifies the saturation value of each species at a
given pressure (Holloway and Blank 1994; Dixon and
Stolper 1995; Papale 1997, Webster 1997), and a
comprehensive study of the main volatile components
(H,O, CO,, Cl, F, S) should always be carried out in
order to describe the main features of a pre-eruptive
silicate melt.

Pre-eruptive melts are sometimes preserved in glassy,
not crystallized melt inclusions (MI) in minerals (John-
son et al. 1994; Lowenstern 1994a), and composition
and temperature of these inclusions can give insights
into the liquid line of descent of the magma. Information
on the composition and amount of the syn-eruptively
released fluid phase derives from comparison with the
volatile content in the groundmass of erupted products
(Barclay et al. 1996).

This paper is mainly aimed at defining the pre-erup-
tion conditions of the AD 79 Vesuvius magma chamber
through the study of the composition and volatile con-
tent of MI from different mineral phases (with the as-
sumption that they represent the pre-entrapment magma
composition). The data allow us to make inferences re-
garding the mechanism of volatile accumulation and
degassing in the different portions of the magma



chamber, and to draw some general conclusions about
the behaviour of the volatile component in these K-
phonolitic magmas.

Geological framework

On 24 August AD 79, Vesuvius awoke after some hun-
dreds of years of inactivity. The products of the eruption
buried the Roman towns of Pompeii, Herculaneum and
Stabiae, and the surrounding plain. The eruption pro-
gressed from a weak, phreatomagmatic opening phase,
to a climactic Plinian phase, and to a final phreato-
magmatic phase, triggered by the collapse of the caldera
(Sigurdsson et al. 1985; Cioni et al. 1992). The deposits
of the eruption are summarized in Fig. 1, together with a
brief description of the main phases of the eruption.
About 80% of the total magma volume was erupted
during the Plinian phase, and dispersed as a widespread
pumice fall blanket only interrupted, in the more prox-
imal sites, by some minor deposits of pyroclastic density
currents. The fall deposit is characterized by a sharp
colour and compositional zoning, from white phonolitic
to grey tephri-phonolitic pumice. The final phreato-

Fig. 1 General stratigraphy of the AD 79 eruption and sampling
localities. The samples are placed at the equivalent stratigraphic
height. Samples T1A,E and T2D,E,F are from Tricino site; samples
R12E,D are from Oplontis excavations; samples P1G,L, P2B,C1,C2,
P3XB, P4D and P5A,F1,XA,XD are from Pozzelle quarry
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magmatic phase is mainly represented by pyroclastic
flow and surge deposits whose sedimentological features
reveal a progressive increase of the presence of external
water in the pyroclastic clouds.

The geochemical and petrographic features of the
erupted products were studied in detail by Sigurdsson
et al. (1990), Mues-Schumacher (1994) and Cioni et al.
(1995). White phonolitic and grey tephri-phonolitic
pumice have a mineral assemblage consisting of sani-
dine, diopsidic pyroxene, salitic pyroxene, phlogopite,
K-ferripargasitic amphibole and melanitic garnet, the
main difference being the modal proportions of each
phase. Leucite is very abundant in the groundmass, and
quite rare as a phenocryst.

Important syn-eruptive mixing processes govern the
composition of the erupted magma, as revealed by
mineral chemistry, MI composition and isotopic features
of whole rock and mineral phases (Cioni et al. 1995). All
the products can be described as the result of a mixing
between three end members: a salic end member with the
composition of the first erupted white phonolitic pum-
ice, a cumulitic end member supplying mafic crystals to
the mineral assemblage of the erupted products, and a
mafic end member, never erupted without being mixed,
whose composition can be calculated on the basis of the
mineral assemblage of the pumice. MI in sanidine, am-
phibole, garnet and salitic pyroxene have compositions
similar to the salic end member, while inclusions in
diopside have tephritic to basanitic compositions. Cioni
et al. (1995) and Marianelli et al. (1995) related these
compositions to mafic magma batches periodically
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feeding a growing and differentiating chamber. In this
view, the mafic end member could represent a magma
body which acted as a compositional and thermal buffer
to the discrete arrivals of the hot, tephritic batches. The
absence of crystals in equilibrium with the mafic end
member suggests that it could have been in a slightly
superheated state.

Sampling and sample preparation

In this study, MI in sanidine, leucite and diopside from different
phases of the eruption were analysed. More than 2 kg of coarse
pumice lapilli were sampled at different stratigraphic heights in the
fall and flow deposits, both from the Plinian and the final phre-
atomagmatic phases (Fig. 1). Studied pumices were sampled at two
different locations, respectively 5 km (Pozzelle Quarry, Fig. 1) and
8 km (Tricino, Fig. 1) southeast of the present Vesuvius crater.
After washing, the pumices were crushed in a steel mortar and then
sieved. The procedure was repeated for fragments larger than 4 mm
in diameter, in order to obtain a greater number of 2, 1 and 0.5 mm
fragments. Crystals were then separated from these three grain sizes
by water panning followed by hand-picking. For each sample,
more than 20 crystals of mafic and salic minerals were selected on
the basis of the presence of MI, after microscopic viewing with
immersion oil. The selected crystals were then embedded in orth-
odontic resin and polished on one side with alumina papers and
powder (down to 0.25 um) to expose the MI. For the salic minerals
(mainly sanidine and minor leucite), only those crystals with ho-
mogeneous, not crystallized glassy inclusions were chosen for the
double polishing. These crystals were glued to a glass slide with a
plastic cement (Crystal Bond, Aremco) and polished on the other
side. Crystals were then removed from the glass slides and rinsed in
acetone and ethanol. Thickness was measured with an electronic
micrometer (Mitutoyo Digimatic Indicator), with a precision of
+1 pum. For each crystal, three measurements were made as close
as possible to the MI, and the arithmetic mean was chosen. Due to
the size of the MI in sanidine, the final thickness was often thinner
than 20 um. In such cases, host crystals were often strongly frac-
tured by the polishing procedure, and their removal from the slide
was very difficult. Before removal, we performed FTIR spectra on
these “‘high risk’ inclusions, to have additional information to use
in the case of damage to samples during removal from the slide. In
fact, some doubly polished inclusions were lost while being re-
moved from the glass slide.

Due to the opaque, microcrystalline aspect of MI in pyroxene,
diopside crystals were heated before polishing in a furnace with a
controlled atmosphere (QFM buffer), at 1200 °C for 15 min. The
temperature and duration of heating was determined on the basis
of the MI homogenization kinetics of Marianelli et al. (1995). Only
a few large inclusions did not decrepitate. Four of these were se-
lected for double polishing and FTIR measurements.

Analytical methods

Electron probe

The composition of MI and host minerals was determined by
EPMA analyses with a Jeol SuperProbe JX4-8600 equipped with a
Tracor Northern WDS system (at Centro per la Minerogenesi
dell’Appennino, CNR, Florence). Analyses were performed with an
acceleration voltage of 15 kV and a beam current of 10 nA.
To prevent Na loss glasses were analysed using a defocused beam
of 10 um and with a dwell time for Na of 10 s. Dwell time for Ba,
Sr, Cl, F and S was 40 s. Three to five analyses were performed
on each MI, depending on its size. The composition of the host
mineral was measured close to the MI, far enough to avoid the
diffusion layer.

Infrared spectroscopy

Phonolitic MI hosted in sanidine and leucite, and tephritic MI in
diopsidic pyroxene were analysed by FTIR microspectroscopy to
obtain dissolved water and carbon dioxide contents. The mea-
surements were performed in the laboratories of GPS-California
Institute of Technology, Pasadena (CA), using a Nicolet 60SX
Fourier Transform spectrometer equipped with an MCT detector,
a Globar source, a KBr beamsplitter and a NicPlan microscope.
Spectra were taken with a resolution of 8 cm™! and a number of
scans variable between 1024 and 4096.

Absorbancies were measured from peak heights, after subtrac-
tion of the background signal, normally extrapolated with a flexible
drawing curve. The concentration of the absorbing species was
calculated using the Beer—Lambert law:

¢i = 100 x (MW;A)/(dp*e))

where c¢; = species concentration, in wt%; MW; = molecular
weight of the i-th species; A = absorbance, in unit of absorbance;
d = sample thickness, in cm; p* = sample density for the x-th glass
composition, in g/l; &= molar absorptivity of the i-th species for
the x-th glass composition, in L/(mol cm).

Density was assumed to vary with glass composition, and was
estimated through an iterative method using the Church and
Johnson (1980) and Gladstone—Dale rules, as described in Silver
et al. (1990).

Three to four spectra were collected on each MI, and the
arithmetic mean of the resulting species concentration was calcu-
lated.

H,O™ and OH were recalculated starting from the absorbancies
of the 5200 cm ™" band (combination stretching and bending mode
of molecular water, H,O™, groups) and the 4500 cm™" band
(combination stretching and bending mode of bounded hydroxyl
groups). Experimental values for molar absorptivity (¢) of water in
K-phonolitic glasses are at present not available. Carroll and Blank
(1997) carried out an experimental study on some Na-phonolites
from Tenerife (Canary Islands), concluding that molar absorptivi-
ties for water in these composition were similar to those determined
for jadeitic glasses by Silver et al. (1990). In particular, the new
molar absorptivities (es300 = 1.10f8:%(2, £4500 = 1.25fg:£) proposed
by Carroll and Blank (1997) were statistically indistinguishable
from the values for jadeitic melts. The use of experimentally de-
termined values of ¢ on Na-rich instead of K-rich glasses is also in
good agreement with the small (not more than 10%) compositional
dependence of ¢ observed by Behrens et al. (1996) between Na and
K feldspar glasses. Moreover, Romano et al. (1995), studying
NaAlSiz;Og-KAISi;Og melts, concluded that no significant varia-
tion in water speciation occurs in the exchange reaction K—Na.

In some samples, due to their small thickness, absolute ab-
sorbancies for these two bands were too low and too disturbed by
superimposed interference fringes, while good signals came from
the bands at 3550 and 1630 cm™', respectively fundamental OH
stretching vibration and fundamental bending mode of water
molecules (Stolper 1982). For these two bands, no data were
available for molar absorptivities in phonolitic melts, and they were
recalculated to best fit the data obtained from the 4500 and
5200 cm™! bands. In particular, Newman et al. (1986), demon-
strated that the ratio between the absorbancies per unit thickness of
5200 and 1630 cm™' bands was constant (Fig. 2), and abssyoo/
abs;630 = €5200/€1630-

In our samples, the average value of this ratio was calculated,
obtaining a value for ¢;g30 of 32 + 4, intermediate between the
values calculated for rhyolite (55 + 2; Newman et al. 1986), ice-
landite (42 £+ 2; Jacobsson 1997) and MORB glasses (25 + 3;
Dixon et al. 1995).

The absorptivity of the 3550 cm™' fundamental OH stretching
band is dependent on water speciation (equation 2 in Newman
et al. 1986). The ratio between OH and H,O™ varies with the total
water content, and values for &3s5590 must be considered to vary
between the values for OH and H,O™ vibrations for this band. We
calculated a mean value of &;559 for the phonolitic compositions,
where the total water content (determined from the sum of the
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Fig. 2 Linear correlation between absorbancies per unit length of
5200 and 1630 cm™ bands

results from 4500 and 5200 cm™' bands) is always higher than 3—
4 wt%. In this case, the mean value for e3ss0 was 64 = 8 L/
(mol cm). This value is very close to the value of 66 + 2 L/
(mol cm), calculated from OH and H,O™ assuming molar ab-
sorptivities respectively of 88 and 56 L/(mol cm) (Newman et al.
1986; Dobson et al. 1989) for eon,3550 and ep,0,3550- As a matter of
fact, &3550 shows a very low compositional dependence, varying
over a quite narrow range (Ihinger et al. 1994).

Values for molar absorptivities in tephritic glasses (MI in
diopside) were assumed to be equal to the values for MORB given
by Dixon et al. (1995). In particular, we used the values of 25 + 3
L/(mol cm) for the 1630 cm™ peak, well pronounced in all but one
sample, and of 63 + 5 L/(mol cm) for the 3550 cm™' band. In
these MI, the peaks at 4500 and 5200 cm™' are always strongly
superimposed by interference fringes, which make interpretation of
the spectra difficult.

Carbon dioxide is only present as CO%’ in the MI in diopside,
which gives a doublet absorption band at approximately 1400—
1550 cm™'. A mean separation of 80 cm™' was observed on the
spectra, in agreement with that observed in ol-nephelinite and
phonolite glasses (Blank and Brooker 1994). The molar absorp-
tivity for the related mid-IR bands was calculated on the basis of
compositional data according to the best fit proposed by Dixon and
Pan (1995), and resulting in ¢ = 380 L/(mol cm).

A brief summary of the main features of the absorption bands
used in this paper is shown in Table 1.

Texture and morphology of melt inclusions

MI of variable size and shape are found in the different
mineral phases of the AD 79 magma. Inclusions in
sanidine, leucite and pyroxene were chosen for this study
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and their EPMA compositions are given in Tables 2 to
4. Inclusions in amphibole are generally too small to be
prepared and measured by FTIR spectroscopy, while the
highly fractured nature of garnet crystals prevented us
from obtaining good samples for analysis.

Sanidine

Sanidine was separated from white and grey pumice. It
occurs both with the classic flattened habit with promi-
nent (010), and as prisms elongated parallel to the x-axis.
MI are generally present in those crystals with a flattened
habit, which are the most abundant. According to Cioni
et al. (1995), the composition of sanidine is quite homo-
geneous (Orgy g7; Table 3). Ba and Sr contents are always
very low, near the EPMA detection limit (Table 3).

MI are quite rare, and show variable shapes and di-
mensions. They are generally glassy and light coloured,
without any apparent recrystallization or devitrification.
Different types of inclusions can be distinguished:

— Rounded to subrounded MI (10 to 70 pm in diame-
ter), often containing several gas bubbles distributed
all along the MI-crystal interface (Fig. 3a, b, c).

— Faceted MI, with prismatic shapes and longest di-
mension up to 80-100 pm. A sanidine rim slightly
different in composition sometimes occurs between

Table 2 EPMA compositions of the MI-hosting minerals — leucite

PSA PIL P2C
Si0, 55.52 55.23 55.50
ALO; 23.10 23.40 23.44
Fe,05 0.22 0.22 0.15
CaO 0 0.02 0.02
Na,O 0.78 0.96 0.83
K0 19.95 19.57 19.39
Si 2.01 2.00 2.01
Al 0.9 1.00 1.00
Fe 0.01 0.01 0
Ca 0 0 0
Na 0.05 0.07 0.06
K 0.92 0.91 0.90
Si + Al 3.00 3.01 3.01
Na + K 0.98 0.98 0.96
Q 0.29 0.29 0.30
Ne 0.04 0.05 0.04
Ks 0.67 0.66 0.66

Table 1 Mean position of the H,O and CO,-related infrared peaks in tephritic and phonolitic melts, and values of the corresponding

extinction coefficients

Tephrites

Phonolites

Wavenumber (cm™") & [L/(mol cm)]

Wavenumber (cm™") ¢ [L/(mol cm)]

Fundamental stretching of water molecules 3503 =
Fundamental bending of water molecules 1639 +
Combination stretching and bending of TOH groups 4451 +
Combination stretching and bending of water molecules 5186 +
Asymmetric stretching of carbonate molecules 1436 +
Asymmetric stretching of carbonate molecules 1512 +

1
8
8
8
8
8

6 63 3469 + 16 64
25 1637 + 8 32
0.67 4467 + 16 1.12
0.62 5203 + 16 1.13
380 - -
380 - -
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Table 3 EPMA compositions of the MI-hosting minerals — sanidine

T1A T2E T2D RI12E TIE T2F P5F1 P2B R12D
SiO, 63.13 63.56 64.30 64.79 63.82 64.47 64.39 64.00 64.56
ALO; 18.83 19.20 19.41 19.48 19.10 19.80 19.64 19.26 19.00
Fe,05 0.13 0.18 0.12 0.12 0.10 0.08 0.08 0 0.12
CaO 0.28 0.33 0.32 0.21 0.26 0.35 0.45 0.18 0.19
Na,O 1.38 1.24 1.56 1.51 1.20 1.34 1.24 1.57 1.50
K,0 14.09 14.74 14.48 13.96 14.40 14.08 14.13 15.00 14.63
Si 2.97 2.95 2.95 2.97 2.97 2.95 2.96 2.95 2.97
Al 1.04 1.05 1.05 1.05 1.05 1.07 1.06 1.05 1.03
Fe 0 0.01 0 0 0 0 0 0 0
Ca 0.01 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01
Na 0.13 0.11 0.14 0.13 0.11 0.12 0.11 0.14 0.13
K 0.84 0.87 0.85 0.82 0.85 0.82 0.83 0.88 0.86
An 1.43 1.64 1.57 1.07 1.33 1.79 2.31 0.86 0.93
Ab 12.77 11.15 13.85 13.97 11.09 12.41 11.50 13.61 13.36
Or 85.80 87.21 84.58 84.96 87.58 85.80 86.20 85.53 85.71

Table 4 EPMA compositions of the MI-hosting minerals —
pyroxene

P5XD P5XA P3XB
Si0, 51.98 53.12 54.16
TiO, 0.51 0.45 0.32
AlLO; 3.00 2.51 1.88
FeO 4.37 3.95 3.72
MnO 0.10 0.21 0.09
MgO 15.86 16.36 17.02
Ca0 23.35 24.40 24.10
Na,O 0.12 0.10 0.15
K,O 0 0 0.02
Cr,04 0.04 0.04 0.21
Si 1.92 1.92 1.94
Ti 0.01 0.01 0.01
Al IV 0.08 0.08 0.06
Al VI 0.05 0.03 0.02
Fe™* 0.02 0.03 0.02
Fe2™* 0.12 0.09 0.09
Mn 0 0.01 0
Mg 0.87 0.88 0.91
Ca 0.92 0.95 0.93
Na 0.01 0.01 0.01
K 0 0 0
Cr 0 0 0.01
En 45.20 45.31 46.73
Fs 6.99 6.14 5.73

the MI and the hosting crystal (Fig. 3d, e¢). MI gen-
erally contain few large bubbles.

— Hourglass MI, with almond-like shapes. They gen-
erally have a very thin channel (few um) propagating
from the tip into the crystal. A deformed bubble
generally occupies the tip of the MI, with few other
bubbles scattered in the bulb.

— Thin films of glass filling fractures or swarms of
lenticular, small (10-20 pm), devitrified, brown MI,
are aligned along the fractures.

Leucite

Leucite is a very rare phenocryst phase. It is not a main
crystallizing phase in the AD 79 magma, and it probably
reaches the liquidus during the decompressional path

accompanying the eruption (Rutherford 1996), so ex-
plaining its very high abundance in the groundmass
(Cioni et al. 1995). The distribution of MI in leucite is
strongly controlled by crystallographic planes, and they
are generally arranged parallel to the crystal outlines.
Acicular glass inclusions, abundant in leucite crystals
from several other eruptions (Vaggelli et al. 1992;
Marianelli 1994), are not very abundant in ejecta from
this eruption. MI in leucite are brown to light coloured,
and perfectly glassy. They have a rather high proportion
of bubbles, generally positioned along the melt—crystal
interface (Fig. 3g). Sometimes the bubbles are partly
trapped in the crystal, suggesting post-entrapment
growth of the leucite host. In this case, the large number
of bubbles just at the melt-host interface could result
from a post-entrapment oversaturation of the melt due
to second boiling processes.

Pyroxene

As already remarked by Marianelli et al. (1995) and
Cioni et al. (1995), pyroxene phenocrysts in the AD 79
products generally are diopsidic in composition. Fe-sa-
litic pyroxenes occur either as rare microphenocrysts,
mostly in white pumice, or as microlites, especially in the
groundmass of the grey pumice. The studied MI-hosting
crystals are unzoned diopside (Fse_7; Table 4) containing
abundant MI which generally have a cryptocrystalline,
dark appearance. After homogenization, MI become a
light-brown colour, and are perfectly glassy (only one
out of four has some square microlites of Ti-magnetite;
Fig. 3f). They have faceted or lenticular shapes, and
contain a large bubble and few small bubbles, or only an
arrangement of tiny (few pm) bubbles all around the
melt—crystal interface. In order to measure their volatile
content, four homogenized MI were selected.

Composition of MI: major oxides

The comparison of MI composition with whole rock and
groundmass glass analyses of samples from different
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Fig. 3 SEM backscattered images (a, b, d, e, f, g) and microphoto (c)
of some of the MI studied. a P5A, tiny shrinkage bubble; b, ¢ R12E,
bubble-rich MI; d T1E, frothy glass in the MI indicating post-trapping
saturation and degassing; e T2E, tiny shrinkage bubble in a faceted
MI; f P5Xa, very large bubble in an almond-shaped MI; g P2Cl,
characteristic appearance of MI in leucite, with a rim strongly
enriched in bubbles deriving from second boiling. Some bubbles are
clearly trapped in the host, suggesting post-trapping host crystalliza-
tion

stratigraphic heights reveals several interesting features
which need to be discussed in terms of the host mineral
and of the post-trapping evolution of MI.

MI in sanidine

All MI in sanidine exhibit a phonolitic composition,
slightly more evolved than white pumice (Fig. 4) as
suggested by their lower CaO-FeO and higher SiO,—
K,O contents. Depending on their host rock (white or
grey pumice), MI in sanidine show different composi-
tions, their K,O/Na,O ratio being higher (x2.3) in grey
than in white (=1.8) pumice (Table 5).

MI in sanidine separated from white pumices (Wsd-
MI) plot very close to the most evolved end member of
the whole rock trend (Fig. 4). On the basis of mass
balance calculations, the difference between the average
composition of the Wsd-MI and the more evolved white
pumices can be accounted for by the presence of 10—
15 wt% phenocrysts (sanidine, clinopyroxene, amphi-
bole and garnet) in the whole rock. This value is close to
the modal estimate of phenocryst abundance in the
white pumice (Table 4 in Cioni et al. 1995). The com-

position of Wsd-MI can therefore be assumed to be
representative of the most evolved magma in the Pom-
peii chamber. Sample P1G (Table 5) shows an anoma-
lously high content in K,O and a corresponding low
content of Na,0, and I preferred not to consider it as a
typical liquid composition. This conclusion is also sup-
ported by the shape of the MI, elongated parallel to a
fracture in the crystal.

MI in sanidine from grey pumice (Gsd-MI) show a
degree of evolution higher than Wsd-MI, especially re-
flected by SiO, content, which ranges between 58 and
59 wt% (56% in Wsd-MI), as well as CaO and FeO,
which are lower than in Wsd-MI (Fig. 4 and Table 5).
All these compositional differences can be interpreted in
terms of the post-entrapment evolution of Gsd-MI,
which can be derived from a salic magma with the
composition of Wsd-MI by simple addition, through
resorption, of sanidine (Fig. 5). Sigurdsson et al. (1990)
and Cioni et al. (1995) related the occurrence of xeno-
crystic white sanidine in grey pumice to an important
syn-eruptive mixing during the emission of the phono-
tephritic grey pumices. Sanidine resorption could have
occurred during the re-heating of sanidine crystals (and
of the hosted MI) due to this mixing event. On the basis
of mass and heat balance, Cioni et al. (1995) estimated
an equilibrium temperature of this mixing event of about
970 °C, well above the liquidus temperature of the
phonolitic liquid trapped in MI, as measured from the
Thom of MI in sanidine (around 850 °C, Cioni et al.
1995) and calculated from MELTS (Ghiorso and Sack
1995) (=835°C for 1.5 kbar, water saturation,
ANNO = 0). The extent of resorption varies from case
to case, being in the range 30-50% by volume. This
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implies, for an ideal, spherical, 100 um inclusion, a re-
sorption corona of 10-15 pm in thickness. The absence
in Gsd-MI of any clear resorptional textural features
should not be considered anomalous; Manley (1996), for
example, studying MI in resorbed quartz from Badlands
rhyolite lava flows (Idaho), found that some MI had
enough time to mature back to negative crystal shapes
after the resorptional event.

MI in leucite (Lc-MI)

The composition of Le-MI is quite different from MI in
sanidine, because of their higher Na,O content and lower
K,0O contents (K,0/Na,O = 0.5). Lc-MI plot close to
the more evolved portion of the trend depicted by
groundmass glasses (Fig. 4). This compositional trend is
quite different from that shown by glasses hosted in sa-
nidine, which align along the trend of the whole rocks.

CaO

O Wsd-MI
o Gsd-MI
® [c-MI

leucite crystallization
(% by weight of leucite)

\

Cix10

sanidine resorption
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- \ . /
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Fig. 5 The internal compositional variation recorded by the M1 in the
different host minerals, as evidenced by the ternary CaO-K,O—
Cl x 10 diagram

The very unusual composition of leucite-hosted MI can
be interpreted as the result of a complex crystallization
history. Clear textural indications of post-entrapment
growth of the host on the inclusion walls are shown by
the large number of bubbles arranged along the border
of the MI, which are sometimes partially trapped in the
crystal (Fig. 3g). The post-entrapment crystallization
was at least 20-25% by volume. The different composi-
tion of MI in leucite and MI in sanidine can be related to
crystallization of the leucite host on the inclusion walls.
The stability field of leucite was tested using MELTS
starting from the mean whole rock composition of white
pumice (salic end member of Cioni et al. 1995) and of
Wsd-MI, at pressures of 150200 Mpa, temperatures of
850-900 °C, and fO, ANNO = 0 as suggested by Ruth-
erford (1996). The results indicate that leucite appears on
the liquidus at 160—170 Mpa and 860-870 °C. Two dif-
ferent cases can be assumed:

— Leucite and sanidine were co-crystallizing phases,
implying that the original Lc-MI composition was the
same as Wsd-MI. If this is the case, mass balance
calculations suggest that the present composition of
Lc-MI resulted from the crystallization of 35-40 wt%
of leucite.

— Leucite crystallized from a residual phonolitic melt,
evolved through groundmass crystallization during
syn-eruptive depressurization of magma. Starting
from the composition of a leucite-bearing liquid cal-
culated with MELTS in a quasi-isothermal decom-
pression run (assumed to simulate magma ascent
during eruption), MI composition in leucite must still
be related to a certain (25-35 vol%), even if smaller,
amount of crystallization of the host mineral.

I favour the second possibility, in agreement with the
suggestions of Rutherford (1996), on the basis of some
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decompression experiments on the AD 79 phonolitic
magma, and in accordance with the lesser degree of
crystallization of the host on the inclusion walls, closer
to the textural estimates. The very small number of
leucite phenocrysts also support their very late crystal-
lization.

MI in pyroxene (Px-MI)

After homogenization, Px-MI show a tephritic compo-
sition characterized by both high alkali content and high
K,0/Na,O ratio. Compositions do not differ from those
described in detail by Marianelli et al. (1995), and 1
mainly refer to that paper for further consideration.

Volatiles

Water and chlorine are the most interesting volatile
phases in describing the pre-eruptive state of the AD 79
magma. CO, and S are always below the detection limit
in phonolitic MI (Wsd-MI, Gsd-MI, Lc-MI), while CO,
(dissolved as CO?) occurs at a high concentration only
in some Px-MI. No clear relationship exists between
volatile content and bubble volume in MI (Table 5). A
correction for gas partitioned in the bubble was calcu-
lated (as in Anderson et al. 1989). However, the general
absence of detectable CO, concentrations in the MI, and
their low trapping pressure, reflect in a negligible gas
partition to the bubble(s) of the MI.

Water in MI in sanidine and leucite

Total water content in MI in sanidine range from 3.5 to
6.5 wt% (Tables 5 and 6). Water content variability is
often observed when analysing MI (Johnson et al. 1994).
Possible causes lie in partial leakage of the inclusions
during magma rise to the surface, and in post-entrap-
ment crystallization of the host. The value which best
approximates the pre-eruptive water content must be
searched for on a one-by-one approach of the different
measurements, based on the textural features and com-
positions of the MI. Based on these considerations, the
best representatives for the pre-eruptive volatile content
of the AD 79 magma are probably the Wsd-MI with the
highest water concentrations, for which the resorptional
effect of sanidine is less probable (P1G, R12 E, corre-
sponding to 6-6.4 wt% total water; Tables 5 and 6).
P1G, however, remains suspect due to its composition.

The other two Wsd-MI (P3 A, R12D) show quite
clear evidence of syn-eruptive leakage, such as host
fractures reaching the inclusions, which show highly
vesicular, frothy glass very close to the contact with the
fractures.

Gsd-MI have a water content ranging from 3.6 to
4.9 wt% (Tables 5 and 6). Only one MI (from a sample

just at the base of the grey pumice fall layer) shows a
very high water content (6.49 wt%; TI1A; Table 5),
similar to that measured in Wsd-MI. The generally
lower water content shown by Gsd-MI with respect to
Wsd-MI is in agreement with the sanidine resorption
process undergone by Gsd-MI starting from composi-
tions (and volatile contents) similar to that of Wsd-MI,
and suggested on the basis of compositional features and
mass balance calculations.

MI in leucite are generally extensively degassed.
When corrected for the post-entrapment crystallization
of the host, the very low water contents of MI (ranging
from 0.6 to 2.2 wt%; Table 5) are additionally reduced
by about 30%. This means that the composition of MI
were evolving up to very low pressures (between 5 and a
maximum of 34 MPa, according to the power law fit to
solubility data given in Carroll and Blank 1997). In a
general sense, leucite proved to be a bad ““container” for
MI. This was already noted by Marianelli et al. (1995),
referring to MI homogenization. This can be related to
the cooling history of leucite, which follows a second-
order phase transformation from cubic to tetragonal
symmetry with a continuous shrinkage of cell parame-
ters with decreasing temperature. The main difference of
such a transformation with respect to the famous quartz
o—p inversion consists of a larger cell volume decrease
(up to 6%) which does not occur discontinuously at a
fixed temperature, but spans a very large T interval,
starting from around 600 °C (Henderson 1984). The
main effect of this behaviour is a continuous and in-
creasing overpressure on the MI, even above the glass
transition temperature appropriate for these composi-
tions, going in the opposite sense to the relative con-
tractional effect of the melt—crystal system (Tait 1992).
The result is that MI tend to be cracked, with subse-
quent volatile leakage. The very low water contents in-
dicate, however, that the system reached its glass
transition (quenching) at a very shallow level.

Water speciation data

Data on the speciation of water in MI reflect the the-
oretical trend for speciation in glasses of Silver et al.
(1990), with a regular increase of molecular water with
increasing total water content, and an asymptotic in-
crease of hydroxyl up to a maximum value of around
1.5 wt% (Fig. 6). Water speciation data in phonolitic
MI fit very closely the experimental results obtained by
Carroll and Blank (1997) on Na-phonolites (Fig. 6).
The relative abundance of hydroxyl and molecular
water depends on the quenching rate and can be en-
visaged as an indication of the temperature of relax-
ation of the system (Dingwell and Webb 1990; Thinger
1991). With this assumption these data can be used as
effective “geospeedometers” (Zhang 1994; Zhang et al.
1997).

Water speciation shows some small differences be-
tween samples from proximal and distal sites. MI from
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samples of the distal fallout (Tricino site) have a gen-
erally higher OH content. This results in generally higher
values of the apparent equilibrium constant of the ho-
mogeneous interchange reaction H,Oy, ; + O™ — 20H™
for similar total water contents (Fig. 7). If so few data
can be interpreted in terms of cooling rates, we suggest
that the higher Q’, and consequently cooling rates, of
samples from the more distal sites are related to a more
efficient thermal coupling of clasts and air in the um-
brella region of the Plinian column with respect to
pumices released in the proximal sites from the margins
of the column and settling with a higher accumulation
rate (Thomas and Sparks 1994). An additional con-
tributing factor in reducing the cooling rate in the
proximal products could also be related to the thicker
accumulation of hot deposits, essentially due to the
presence of thick pyroclastic flow deposits.
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Fig 7. Diagram of total water vs. the equilibrium constant of the
interchange reaction H,Op; +O™ — 20H™ using In(Abssz
+ Absyspo) as proxy for total water content and In[(Absysyg)?/
Abssyzg] as proxy for the equilibrium constant (as suggested by
Zhang et al. 1997; Abssyzy and Absysy are the absorbancies for mm
sample thickness)
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On the other hand, we can estimate that glass tran-
sition for the most distal glasses occurred at around 400
and 430 °C, assuming the validity of the relation given in
Zhang et al. (1997) for rhyolitic liquids.

Water and CO, in pyroxene

Determination of water and CO, content of tephritic
melts was performed on four MI from three clinopy-
roxene crystals. They give water contents ranging from 2
to 3.4 wt% (Tables 5 and 6), the lower value being as-
sociated with a MI showing a very large bubble (Table 5
and Fig. 3f). All spectra show a very distinct absorption
peak around 1630 cm™!, in three samples somewhat
disturbed on the high frequency side by the superposi-
tion of a very clear CO3  absorption doublet. Best
guesses of total water content are probably represented
by the results based on the absorption value of
3530 cm™'. Although the molar absorptivity for this
peak is in fact less sensitive to composition than those
for the other peaks, the data on water speciation of
Table 6 must be considered with caution, because of the
absence of specific values of molar absorptivity for te-
phritic compositions. Water content as determined by
FTIR is on average higher than water content deter-
mined by SIMS analyses on corresponding samples,
which range from 1.3 to 2.3 wt% (Table 7 in Cioni et al.
1995).

CO, is present as carbonate complexes in all but one
(P5XA) sample. A CO, content of 1450 ppm is given by
the two MI in P5XD pyroxene, while 650 ppm were
found in P5XA, associated with the lowest water con-
centration and a large bubble (accounting for 6.5% of
the whole MI volume). The minimum saturation pres-
sure for the MI was obtained using the calculation
procedure of Dixon and Stolper (1995), modified to
account for melt composition according to the sugges-
tions of Dixon (1997). For P5XA, the equilibrium
composition of vapour was used to estimate the mini-
mum CO, content of the bubble, assuming closed-sys-
tem degassing and the vapour mixture density at the
saturation pressure. Given these assumptions, the bub-
ble gives a very large contribution to the total volatile
content of the liquid, raising the water content by
around 20% and suggesting a very high CO, content, of
several thousand parts per million.

Chlorine, fluorine and sulphur

Chlorine is very abundant in all the phonolitic MI,
ranging from 5700 to 6700 ppm in Wsd-MI in sanidine,
from 3800 to 5100 in Gsd-MI, and from 6200 up to
9200 ppm in MI in leucite. Such a high content is very
close to that measured in some peralkaline magmas
(Lowenstern 1994b). Metrich and Rutherford (1992)
measured a saturation value of 6270 ppm for the
Vesuvius AD 79 phonolitic magma at 1 kbar, and a very
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faint dependence of ClI solubility on pressure. This value
coincides with the mean value for Wsd-MI. The low Cl
content of Gsd-MI is in agreement with the resorption
process of sanidine proposed to explain the composi-
tional differences. Groundmasses of white and grey
pumices have a very high chlorine content, in the range
8000-8600 ppm, closer to the content of MI in leucite.
Chlorine content is high also in tephritic MI in pyrox-
ene, with an average of 4000 ppm. Such a content is
greater than that commonly reported for mafic magmas
(Carroll and Webster 1994), and it is at the lower end of
the range found by Marianelli et al. (1995) in similar
compositions.

Webster (1997) described a linear relation between
chlorine solubility and the molar (Al + Na + Ca +
Mg)/Si ratio of the melt. Such a variation is also shown
by the chlorine in MI of the present paper, with MI in
leucite having practically the same ANCM/S ratio as the
groundmasses (Fig. 8).

Fluorine determinations in the studied samples are
not very reliable due to the analytical technique. How-
ever, fluorine seems to be particularly enriched in MI in
leucite with respect to MI in sanidine (Table 5). Such
behaviour suggests an important F retention during the
crystallization process, in agreement with the coupling
between F and Cl solubilities observed by Webster
(1997) and with the strong enrichment in CI of such MI.

Sulphur is present in detectable concentrations only
in MI in pyroxenes, where it shows concentrations be-
tween 840 and 1600 ppm. Sulphur in phonolitic MI
(both in sanidine and leucite) and pumice groundmasses
was always below the detection limit.

Discussion

The composition and volatile content of phonolitic MI
(in sanidine and leucite) can be used to discuss the pre-
eruptive state of the chamber and to assess the amount
and modalities of the syn-eruptive release of gaseous
species. Information on the pre-eruption state of the
lower, mafic (tephri-phonolitic) portion of the chamber
is precluded by the absence of a sound mineral assem-
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Fig. 8 ANKCM/S vs. Cl for MI and groundmass glass of both white
and grey pumices

blage in equilibrium with this portion of the magma
body (Cioni et al. 1995). However, some inferences on
this portion can be drawn from the data on MI in di-
opsidic pyroxenes, which represent the liquid closest to
the composition of the magma batches feeding the
chamber (Marianelli et al. 1995).

Pre-eruptive volatile composition

Phonolitic MI in sanidine formed during crystallization
in the upper portion of the AD 79 magma chamber.
They show a relatively wide variability, which can be
reduced when accounting for the post-entrapment evo-
lution of the MI.

The presence of a separated fluid phase in the magma
chamber prior to the eruption is indicated by the pres-
ence of amphibole in the mineral assemblage. However,
the absence of fluid inclusions in minerals, and the ab-
sence of evidence of multiphase (liquid + vapour)
trapping, suggest that this fluid phase was probably not
very abundant. The frequent presence of several spher-
ical bubbles in the MI (Fig. 3c) can be explained by the
reaching of supersaturation during isochoric cooling of
the MI (Lowenstern 1994a) or by a second boiling
process due to host crystallization.

The very good agreement of water speciation data on
these K-phonolitic MI with the experimental data on
Na-phonolitic glasses presented by Carroll and Blank
(1997; Fig. 6) allow us to use their results confidently for
water solubility. Using their empirical relation for the
pressure dependence of H,O solubility (H>Oyo, =
0.0329PP:">3%), the minimum (saturation) pressure of the
phonolitic magma in the upper portion of the chamber
(represented by the Wsd-MI with the most reliable
highest water content, 6.0 wt%), is about 150 MPa,
corresponding to a 4-6 km depth range. A similar con-
clusion was also reached by Barberi and Leoni (1980)
and Barberi et al. (1981), on the basis of the indications
given by the mineral paragenesis of thermometamorphic
ejecta and pumice petrology. On the other hand, satu-
ration pressure seems to be a good approximation to
pre-eruption pressure, as suggested by the experimental
work of Rutherford (1996) where water saturation
(Xn,0 = 1) is indicated as the most reliable condition to
stabilize the equilibrium mineralogical assemblage of
white pumice. This contrasts with the conclusions of
Signorelli et al. (1999) on the products of another Pli-
nian eruption of Vesuvius (the Avellino Pumice), who
suggest the presence of a CO, rich fluid phase
(Xu,0 = 0.4) during magma chamber evolution.

Cioni et al. (1995), using caldera area and erupted
magma volume, inferred an ellipsoidal magma chamber
with a vertical extent not greater than 1 km. This would
imply a magmastatic pressure excess at the bottom of
the magma chamber not greater than 20-25 MPa, ruling
out the possibility of an important gradient in water
solubility (and content) for the phonolitic magma,
occupying the upper half of the chamber.



Inferences on the modalities of magma chamber
feeding and evolution

The tephritic MI in diopside give some constraints to the
maximum water and CO, contents of the mafic magma
batches feeding the chamber. According to the water—
CO; solubility models presented by Dixon and Stolper
(1995) and Dixon (1997) for basalts with different al-
kalinity, MI with the highest volatile content (P5SXD1
and P5XD?2, Table 5) give a minimum trapping pressure
of around 350 MPa. On the other hand, one MI (P3XB)
containing no CO, and high H,O gives a minimum
pressure of around 140 MPa, close to that estimated for
the phonolitic portion of the magma chamber. The
variability in the volatile content of these MI suggests
that diopside could have formed both during ascent of
magma batches towards the shallow reservoir, and
during its mixing with the resident magma (Marianelli
et al. 1995, 1999). The very few data presented here do
not allow us to make inferences on the degassing paths
followed by the tephritic melts feeding the chamber.
However, the very similar vapour phase composition at
saturation for H,O and CO,-bearing MI equilibrated to
high pressure (P3XD) and low pressure (P5XA; respec-
tively Xiio of 0.38 and 0.35) would suggest a closed
system degassing (Dixon and Stolper 1995) of the te-
phritic batches entering the chamber. Following this
decompressional path, the total loss of CO, shown by
P3XB MI (Table 6) should have occurred after the te-
phritic batches entered the chamber. This explains the
absence of dissolved CO; in the upper phonolitic magma
body, which grows from the differentiation of the lower
tephri-phonolitic magma (Cioni et al. 1995). Even with
the assumption of closed-system degassing, CO, exso-
lution from the magma towards a fluid with a mean
Xitoof 0.36 implies that the mafic batches entering the
chamber were only slightly vesicular (not more than
1-2 vol%), so probably not greatly affecting the mixing
processes in the lower portion of the chamber.

The large difference between water content of tephrite
and phonolite suggests that during chamber evolution
water preferentially accumulated in the magma. In this
case, if some of the CO, was lost after the mafic batches
entered the chamber, this degassing should have oc-
curred in open-system-like conditions, allowing the
preferential loss of CO, with respect to H,O (Dixon
1995).

The partial crystallization of magma batches entering
the chamber while reaching the thermal equilibrium with
the resident magma can be traced semi-quantitatively
using MELTS. Cooling of the feeding magma to the
estimated temperature of the resident magma (around
1050 °C) leads to a maximum crystallization lower than
35% by weight. Even in such an extreme case, water
content does not reach the solubility limit (estimated
using the Burnham model), thus allowing water to
concentrate in the lower part of the magma body.

Besides degassing of CO,, the evolution path which
produced the phonolitic portion of the magma chamber
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surely also implied sulphur loss (the sulphur content is
below the detection limit in phonolitic MI). Sulphur
solubility is strongly controlled by the redox conditions
of the melt and by its composition (especially iron
content; Carroll and Webster 1994). Mixing of magmas
with different compositions and oxygen fugacities can
also dramatically affect S behaviour (Kress 1997). All
these facts variably influenced the evolution of the
AD 79 magma, and in the absence of any specific ex-
perimental data on S solubility in tephritic and phono-
litic magmas, we are at present not able to specify which
process dominantly affected sulphur behaviour.

The conclusion is that magma chamber evolution
probably occurred under fluxing of CO, and sulphur
from the lower portion of the magma body, together
with a contemporaneous accumulation in magma of
water, chlorine and fluorine.

Syn-eruptive degassing and volatile contribution
to the atmosphere

The measurement of the volatile content of the residual
glasses by FTIR spectroscopy was not possible due to
the highly crystalline nature of pumice matrix glasses.
Therefore, water dissolved in the residual melt has been
roughly assessed from pumice vesicularity and initial
water content (Gardner et al. 1996). The white pumice
vesicularity ranges from 70 to 80% by volume (gas/liq-
uid volume ratio in the range 2.5-5). With the assump-
tion that pumice vesicularity did not evolve after
fragmentation or through development of foam perme-
ability, these values suggest that the water not exsolved
from the liquid varies from 1.1 to 1.6% by weight. In
discussing syn-eruptive degassing, the minimum value of
the water exsolved during the final magma ascent can
therefore be assumed to vary between 4.9 and 5.4 wt%.
It is important to note that water remaining in the melt
is very close to the concentration measured in MI in
leucite (Table 5), which was interpreted as crystallized
during magma ascent to the surface. If such an as-
sumption is valid, this means that the strong crystalli-
zation of leucite occurred just around the fragmentation
level, in coincidence with the maximum pressure gradi-
ent (Wilson et al. 1980).

The behaviour of chlorine during eruption can be
inferred from chlorine content of residual matrix glasses
and initial content of the melt (as derived by Wsd-MI).
The extensive crystallization of leucite in the ground-
mass of white pumices (about 40% on the basis of mass
balance calculations) was accompanied by a slightly
lower ClI enrichment (around 30%). Based on the vola-
tile content of phonolitic MI and white pumice matrix
glasses, the estimated Cl loss during decompressional
groundmass crystallization was around 400 ppm, and
the fluid/melt partition coefficient of chlorine (D¢;) was
around 2-3. This value is very low if compared to those
calculated for granitic compositions (Shinohara et al.
1989; Webster 1992), and is even smaller than those
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calculated by Barclay et al. (1996) for the peralkaline
magmas of Mayor Island. Possible explanations for such
behaviour were discussed in Barclay et al. (1996) and,
with the assumption of second-order P-T dependence of
Cl solubility, may be reduced to the following two
points:

1. Differential diffusion rates of water and chlorine
during rapid decompression.
2. Compositional dependence of chlorine solubility.

Our data seem to suggest a strong effect of the second
mechanism. Water degassing was accomplished by ex-
tensive crystallization and strong chlorine enrichment.
Chlorine was only partially degassed during this process
and the chlorine content of residual glasses is clearly
dependent on melt composition (Fig. 8). Widespread
leucite crystallization shifts the melt toward a higher
ANKCM/S molar ratio (ANKCM = sum of the molar
fractions in the melt of Al,O3, Na,O, K,0, CaO, MgO;
S = molar fraction in the melt of SiO,), and the linear
arrangement shown by the data, together with the par-
tial loss of chlorine during degassing, suggests that
chlorine reached saturation even though its solubility in
the residual glasses was increasingly higher.

In this situation, chlorine contribution to the atmo-
sphere appears to have been quite low, and can be cal-
culated from petrologic and volcanological data
(Gerlach et al. 1994) at no more than 1 Mt of CI for a
maximum of 100 Mt of water. The detection limit of our
analyses (around 200 ppm S) prevented calculation of a
reliable estimate of S release. It was probably lower than
Cl release, because S values measured on whole samples
(by XRF) are of the same order of magnitude as those
on MI (Table 1 in Cioni et al. 1995), thus supporting the
idea that an important loss of S must have preceded the
eruption.

Conclusions

A model of the AD 79 magma chamber was presented
by Cioni et al. (1995), based on geochemical, MI and
isotopic data, as well as on the sequence of magma ex-
traction. The model involves a two-fold magma cham-
ber, where the magmatic differentiation which forms the
upper, evolved, phonolitic layer is mainly related to the
repeated evolution and overturning of an interface vol-
ume where the rate of magma evolution is greater than
in the lower, less evolved portion of the chamber. The
thermal life of the chamber is guaranteed by the periodic
arrival of deep, mafic magma batches which partially
crystallize and mix with the magma residing in the lower
portion of the chamber.

The different stages of crystallization are marked by
different mineral phases. Data on volatile contents in
MI from these crystals contribute to our understanding
of the processes of volatile accumulation and degassing
in the different portions of the magma chamber
(Fig. 9).
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(Cl- B00D ppm

H0 and C1 deguasing
Muximum HO release: 100 Mi
il refemse: | MI

Hir6-65%
C0 and 5: bl
Cl: 6700 ppm H30, Clamd F everichment |
Multiply diffusive interface enohition
...... angd mixim '_ 1§ with SEM
Mafic End Member (MEM) 5 degussimg?
Comvective, overheated,
| Tephriphonalitic magma ‘ M . »
20} b 40 %
erystatlizzation of TFB
: ;0 enrichment
hritic “feeder™ batch (TFE) qulﬂm ?
:—s:tpns-u. : | Closedd-system | = S
COy: 1500 ppm ':“ P
9 gussing of o
S. 1400 ppmn CO;.rich fluid

Fig. 9 Sketch of the AD 79 magma chamber (modified after Cioni
et al. 1995), showing the inferred stages of evolution of the volatile
components (see text for further explanation)

1. Magma batches feeding the chamber can be
investigated from MI in diopside (Marianelli et al.
1995). Infrared measurements give maximum concen-
trations of 3% H,O and 1500 ppm CO,, corresponding
to minimum trapping pressures of around 300 MPa.
Partial (closed-system) degassing occurs during the
decompressional path to the magma chamber. CO, was
probably completely degassed after the batches entered
the magma chamber.

2. No information is available on the volatile content
of the lower portion of the magma chamber (mafic end
member, Fig. 9), due to the lack of a certain mineral
assemblage in equilibrium with this composition.

3. The evolution of the lower magma body (mafic end
member) to feed the salic end member sited in the upper
portion of the chamber occurs in a restricted interface
volume (Cioni et al. 1995). Crystallization can lead to a
rapid, composition-related, decrease of S solubility in
the residual liquid. Moreover, the periodic mixing be-
tween this evolving magma and the upper phonolitic
liquid can shift fO, conditions of the system to a situa-
tion of minimum S solubility.

4. Water, chlorine and fluorine strongly concentrate
in the upper portion of the chamber, where they can
reach the solubility limit. Strong decompressional
degassing accompanied the eruption, as testified by
pumice groundmasses and MI in leucite, which under-
goes extensive crystallization during this stage. Water
speciation recorded in MI seems to be related to post-
depositional cooling rates.

5. Chlorine behaviour is strongly influenced by
magma composition. The high residual content of Cl in
pumice groundmasses can be explained by a syn-
eruptive shift of the composition of the residual liquid to
a higher Cl solubility. This is reflected in a very low ClI
partition coefficient in the fluid phase. A general con-
clusion can be that phonolitic Plinian eruptions at



Vesuvius did not have a great Cl release to the atmo-
sphere, so did not contribute to raising the stratospheric
HCI background signal.

6. As a concluding remark, it is important to
emphasize the relevance of MI studies in the volatile
accumulation and degassing history of a magma cham-
ber. The bimodal distribution of MI composition and
volatile content in identical sanidine from pumice of
different compositions must be related to host resorption
during syn-eruptive mixing processes rather than to pre-
eruption differences. These studies must therefore be
associated with a detailed volcanological and geochemi-
cal study of the erupted products, in order to identify the
different pre- and syn-eruptive processes which condition
the composition of the magma.
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