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AasTRACT_ - Pumice from Vesuvius, Vulcano, Lipa­
ri and Santorini, as wcll as finer pyroclastie prooucts
and lavas from the same areas have been investigated
with the aim of detecting any peculiarity of boron
distribution which could be correlated with the
stages of volcanic activity.

At Vesuvius, relatively high mean boron coment
of 20 ppm for pumices of «Pompei & eruption
{79 A.D.) can be cotrelated with a long repose
lime after tht" «Avellino" even! (3500 y. B.P.);
for «Pollena" eruption (472 A.D.) the shorter
interval l'an explain the lower value of 8 ppm
as well.

While the low values observl·d at Vulcano
12.9 ppm) can be also in aCl'()rdance with the ages
of the remrdeJ activities, for Lipari and Samorini,
o~ the contrary, long activity gaps occurred, as
wllnesscd by the developmem of soil horizons.

RtASSUNTO. - E stata srudiata la distribuzione del
boro in akuni prooolli vukanid _ pomici, cencri
e lave - raccolti al Vcsuvio, Vulcano, Lipari e
Santorini. Tale distribuzione e stata correlata con
i vari stadi di anivita vulcanica.

Al Vesuviu, il comenuto medio relativamente
alto 120 ppm S) trovalO nelle pomici dcll'eruzionc
di «Pompei" (79 d.C.) pub essere anribuito al
lungo periooo di riposo scguito all'eruzione di
« Avcllino .. (3500 a.c.); per l'eruzionc di «Pol·
lena" 1472 d.C.) iltenorc piu basso (8 ppm B) puo
esserc spicgalO con un intervallo di tempo minore.

Per i proc.lotti dcgli altri apparati ctuttivi i bassi
tenori trovati (inferiori alle " ppm B) sono stati
messi in relazione a imervalli di riposo piu brevi
o ad un possibile allontanamemo dal sisrema sotto
forma di composti gassosi.

Introduction

The behaviour of volatile species IS of a
great importance In studying explosive
vokanism, but not many evidences arc
available because of the difficulty of obtaining
direct information on abundances of volatiles
in the mehs before the eruptive events.

The distribution of fluorine and chlorine
in lavas and pyroclastic products allowed IQ

provide some hypotheses on the activity of
volcanic systems (CoRAnOSSt and MARTINI,

1981, 1982 a). Due to its crystaJ.chemicaI
properties, during magmatic differentiation
boron is enriched in residual melts and is
expected to concentrate in the upper portions
of magma chambers; its distribution in
products of explosive processes could thus
provide additional information when investi­
gating explosive volcanism.

According to recent studies (PICHAVANT,

1981, 1983) the partition coefficient of boron
In magmatic conditions shows that this
element is preferentially partitioned in the
vapour phase, but a significant fraction can
dissolve into ,he melt. Because of this, in
spite of a major release to the atmosphere
during eruptive phenomena, it is possible
that the boron content of quenched glassy
phase pertaining to the same processes
represent a sufficient indication of the order
of magnitude of the concentration of this
clement in magma chamber prior to the
explosive event.

Samples of pumices, as well as finer pyro­
clastic produCfs and hlVas, from Vesuvius,
Vulcano, Lipari, and Santorini have been
investigated in order IQ verify 10 what extent
the present distribution of boron can con­
tribute IQ the knowledge of the activity of
volcanic systems,

Analytical procedure and results

The analyses have been carried out by
extraction of boron from crushed samples
(size less than 100 mesh) by means of a
sulphuric acid solution and subsequent co­
lorimetric determinalion using 1-1' dianthri­
mide (ELUS et aI., 1949). The blue colour
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Fig. \. - Sketch map of Vesuvius showing Silt:
localions of the analyzed samples.

.~ B,..
1.8

10.5

'.1
37.0
16.0
10.0
1.0

10.0
7.'

15.0..,,.,..,..,
'.8

10.0
20.0
211.0U.,
17,5
10.0
27.0

U.O
10.0

'.0
10.0
5.0
'.0

Lo.n ,u.
Lo.n fL.OOl

Lo.'A fL.OOl

Lo.'A ,L.OOI

OUCRIPllOll

MICE flU.

",,",ICE FAll
PulICf fAlL

I'LtII eE. PYROCl. flllM

P\III CE .FYIlOCL, fLOW

P\III ct .PVIIOCL. fLOll

f'l.p.ICl.PYIlOCL. fLOW

I'vltocu.sTIC FL.OOI
SoWE U'I'El AS PFSV 2l!l
s_ t.N3. AS PFSV •
s_ llIe. AS PFSV iJIJ
S_ UW3. AS PfSV 2fI6
~l.A5TIC flOW

S_ U\n AS PFSV 2f9
S_ U\tL AS PFSV 2llll
s_ L£'oU AS PFSV 'li1l
S.., U\fi AS PfSV ~
PulICt fALL

I'l,o,ICf fALL

PulICt f L

PuooICf f L

PuooICE flU.

PuootCl flU.

",""tCE flU.

",""tCE flU.

".- ~".-liT. SctlM 1lI
liT. SctlM ~

loo:Al.tTY

OnAvluo

OTlAVI.o.IIO

OTlA'IANO

PollENA

f'lll.lUU.

""U~

"""~
"""~"""'""""'""""'""""~"""'"""U~
f'lll.lE.........,~
PouENA

OPlOftT I

OI'lOftTl
OPl.ONTl

0"""",
OPt..llNTl

,""",,

TABLE

8or011 col1/ent In JQmpier from VeruvillJ

Finer components of pyroclastic flow of the
« Pompei .. eruption, as well as samples of
the underlying lavas of Mt. Somma, have
been also investigaled. No distinct dif­
ferences are apparent between the boron
concentrations for lhe «Avellino.. and .Pol­
lena. pumice samples. with average values
of II and .5.6 ppm respeclively; .Pompei.
pumices are characterized by higher boron
contents, wilh the mean of 20 ppm. The finer
samples from the pyroclllStic Aow have a
lower content than the corresponding «Pom­
pei» pllmices, namely 8 ppm (in table 1).
The mean content in IlIvas is 7..5 ppm.

2) The samples from Vulcano (fig. 2) are
lavas of different eruptive cycles of the Fos­
sa. as well as pumices produad by recent
explosive aClivitiel>. ~ observed boron
contents are very similar, 2.6 and 2.8 ppm
for lavas and pumices respectively. Sample
IV 21, however, displays a very high content
(24 ppm B) for which a satisfying explana­
tion is not available (Iable 2).

3) LlIvas and pumiccs pertaining to the
recognized four periods of activity at Lipari
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of ,he solution obtained has been estimaled
visually against a series of standards of
known concentration; intervals of 0.1 IJ.g/ml
B were used for concentrations up to
1 IJ.g/ml n, and steps of 0.25 IJ.g/ml B were
preferred in the r:mgc }·2 IJ.g/ml B.

This procedure is preferred to a normal
spectrophotometric measure because of the
possible presence of suspended particles. The
precision, however, appared sufficient for the
need of the invesligation.

According 10 the experiments carried out
on standards rocks G-t and \'(1-1 (QUIJAN().
RICO. 1968), about 90'fi of lotal boron can
be determined by this method.

All samples have been analyzed in dupli­
cate, with a resulting variation coefficient
of about 20 'fi .

The analytical data for the investigated
areas are given in tables \-4. The following
points, concerning the diffelent volcanic
syslems. can be noted;

I) The samples from Ves~vius (fig. 1)
are mainly represented by pumices belonging
10 Ihe events «A\'ellino .. (about 3.500 y.
S.P.), «Pompei .. (79 A.D.) and .. Pollena ..
(472 A.D.) (LIRER et al., 1973; DELlBRIAS

et al., 1979; SI-lERtDAN et aI., 1981; ROSt
ct lIl., 1981; Rost lmd SANTACIlOCE. 1983).



ON BORON CONTENT IN PRODUCTS OF EXPLOSIVE VOLCANISM 467

have been considered (fig. 3). The mean
content of boron in lava samples (2.2 ppml
does not differ substantially from ,hat of
pumices (3.6 ppm) hable 3).

4) For Santorim, the pyroclastic deposits
of the Minoan eruption (1470 B.C.) have
been slUdied (fig. 4 l, taking into account
threee different seclions at Oia, Phira and
Athinios.

Boron mean coment of pumices and of
finer pyrodastic deposits is very low and in
the most of them the analytical measures
are below the detection limit of the method
here used (table 4).

OillclUll!ion

In considering the distribution of boron
in different producH of volcanic activity, we
have to take into account the volatilities of
its compounds in comparison with other
volatile species which are present in magma
chambers prior to the explosive processes.
Most of these volaliles are released \0 the
atmosphere at the moment of the outburst,
while the chemical characters of some species
allow their persistence in quenched glassy
products of the same eruptions.

VULCANO

Fig. 2. - Sketch map of Vulano showing site
locations of the analyzed samples.
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Boron content m Jamplt'J from Vulcano
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Water, carbon dioxide, hydrogen, sulphur
species, are mainly represented in the vol­
canic douds, while partially chlorine and to
a greater extent, fluorine, can be trapped in
the solid phases.

The experimental ratio Cl vapour/Cl melt
at 750" C and 2 Khar resulted of 43.2
(KILINC and BURNHAM, 1972) while the
same ratio for F is 0.18 at 850"C, 0.12 at
680" C, at I Khar (HARDS, 1976); these
figures, even if pertaining to restrict physical­
chemical condilion.~, appear raler consistent
with the observed distribution. For boron, a
parlition coefficient vapour/melt of 3.0 has
been obtained at 750" C and 1 Kbar
(PICHAVANT, 1981) pointing out an inter­
mediate behaviour in volcanic processes
between chlorine and fluorine.

This character can be probably extended
to the low temperature phenomena, mainly
represented by weathering processes, which
could have modified the original distribution
of boron in the studied samples.

For fresh glass phases, a substantial
persistence of fluorine has been verified
\1.'hile chlorine is sometimes partially leached
away (CoRADOSSI 000 MARTINI, 1982 b); it
appears thus reasonable, given the inter­
mediate behaviour of boron, to infer a suf.
ficient penistence for this element as weD
(fig. 5).

If the determined concentrations of boron
can be considered representative of the
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original ones, it IS rather easy to verify
systematic higher concenlrations in pyro­
clastic products from Vesuvius. In consider­
ing pumice samples only, which can better
represent the melt phase before the eruptive
phenomenon, mean values of 20 ppm arc
oblained for the c Pompei _ event, 11 ppm
for« Avellino _ and 5.6 ppm for c Pollena_;
2.9 ppm result for Vulcano, 3.6 ppm for
Lipari, less than 0.5 ppm for Sanlorini.

The concenlrations of fluorine and chlo­
rine in the same areas follow a similar trend,
with the highesl mean values observed in
pumices from Vesuvius (CoItADOSSI and
MARTINI, 1982 a).

The increase of volatile species contenl
in magma chambers as a consequence of
magmatic differentiation is lhe natural
process which can account for the observed
siluation; higher boron conlents should
have been produced by longer intervals
belween eruptive phenomena. In accordance
wilh Ihis, different repose times appear to
explain the higher values obtained for cPom­
pei,.. products in comparison with the «Pol­
lenu ones, but similar inler-eruptive times
are recorded also for Lipari (PICHLER. 1980)
and Sanlorini (VITALlANO Cl al., 1978;
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PICHLER and KUSSM ....UL, 1972), without
any similar relalive enrichment in boron
content; any evidence of Ihis kind is lacking
for Vulcano (KELLER, 1980). An increase
of volatile species in the upper portion of
magma chambers due magmatic differen­
tiation can result for closed syslems only;
if on the COntrary a certain degr~ of
permeability for gaseous species occurs, no
excess in volaliles can be obtained. Open
system situalions have been already hypo­
thesized on the basis of chemical composition
of volcanic producls for Lipari and Vulcano
(CoRADOSSI and MARTINI, 1981) and it is
possible that something similllr occurred at
Santorini as well. Besides this, we have to
consider that boron compounds can persist
in gaseous phase even at low temperature,
when the volatilities of chlorine and fluorine
species are insufficient to allow their presence
in fumarolic exahllions; a volcanic system
can be thus open for boron, while being
closed for chlorine and fluorine.

A tight comparison of the distribution of
Ihese three elements is nOt possible because
of some differences in their responses to the
changing environmental conditions, but the
general picture arising from the data here
presented for boron allows similar conclusions
as those obtained on the basil! of fluorine
and chlorine distribution; moreover, since
boron is more sensitive to even a slight
permeability, the increase of boron observed
for the evolulive history of a volcano can
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Boron conun/
represent a further chemical witness of a
close system.

Different initial concentrations of any
element will produce different final contents
as a result of magmatic evolution, bur for a
given syslem longer times of dilTerentiation
will correspond to higher valu~ of elements
enriched during processes of this kind.

The similarity of boron contents in lavas
and pumi~s from Lipari, Vulcano and San­
torini indicate<; short differentiation times
or the: opening of the: systems with respect
to boron compounds, if any evidcn~ is there
of long repose times before the studie<l
explosive event.

Prolonged differ~ntiation in closed magmll
chllmber Clln be derived on the slime bllSis
for Vesuvius prior to « Pompci » eruption,
while shorter lime should result for « Avel­
lino If) and « Pollena» events; in this latter
case the evidence fits the hypothesis.

Conclusion
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During magmatic differentiation boron
does not enter early separating minerals and
is enriched in the residual melts. 8ealuse
of this, boron is con~ntnHed in the upper
portions of magma chamber where it
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preh:rentially partitions into the vapour
phase with respect to the melt.

A large quantity of boron is thus ~Ieased

to the atmosphere during volcanic activity,
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but it appears reasonable that quenched glass
phases produced by t~ explosive processes
can provide inform:Hion about the original
boron content in the melt prior to the
eruptions.

Higher volatile concentrations are expected
as a result of differentiation for longer repose
times between the volcanic events, and it is
possible that differences in the present
contents of boron can be correlated to dif·
ferent characters in the activitv of volcanic
systems. The boron concentratio-ns in pumices
from « Pompei» eruption of Vesuvius,
comparatively higher than similar samples
pertaining to .. Avellino .. and ill Pollena »
events, can be explained by t~ repose time

of about 1500 years, much longer than that
preceded .. Pol1ena,. eruption. Besides this,
by the enrichment in boron contents a
situation of closed system c:m also be derived.

Values observed at Vulcano, Lipari and
Santorini are much lower; for Vulamo no
evidence of long time intervals is available,
for Lipari and Santorini the development of
soil horizons ooints OUt sufficient conditions
for lasting differentiation processes. On the
basis alw of nuorine and chlorine distri·
bution, the low values for boron are
interpreted as product.od by the escape from
the system of gaseous compounds in form
of fumarolic manifestations.
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