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ABSTRACT. — Pumice from Vesuvius, Vulcano, Lipa-
ri and Santorini, as well as finer pyroclastic products
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 content
of 20 ppm for pumices of « Pompei» eruption
(79 AD.) can be correlated with a long repose
time after the « Avellino» event (3500 y. B.P.);
for « Pollena » eruption (472 A.D.) the shorter
interval can explain the lower value of 8 ppm
as well.

While the low wvalues observed at Vulcano
(29 ppm) can be also in accordance with the ages
of the recorded activities, for Lipari and Santorini,
on the contrary, long activity gaps occurred, as
witnessed by the development of soil horizons.

RiassUNTo. — E stata studiata la distribuzione del
boro in alcuni prodotti vulcanici — pomici, ceneri
e lave — raccolti al Vesuvio, Vulcano, Lipari e
Santorini. Tale distribuzione & stata correlata con
i vari stadi di attivita vulcanica.

Al Vesuvio, il contenuto medio relativamente
alto (20 ppm B) trovato nelle pomici dell’eruzione
di « Pompei» (79 d.C.) pud essere attribuito al
lungo periodo di riposo seguito all'eruzione di
« Avellino » (3500 a.C.); per l'eruzione di « Pol-
lena » (472 d.C.) il tenore pil basso (8 ppm B) puod
essere spiegato con un intervallo di tempo minore.

Per i prodotti degli altri apparati eruttivi i bassi
tenori trovati (inferiori alle 4 ppm B) sono stati
messi in relazione a intervalli di riposo pitt brevi
o ad un possibile allontanamento dal sistema sotto
forma di composti gassosi.

Introduction

The behaviour of volatile species is of a
great importance in studying explosive
volcanism, but not many evidences are
available because of the difficulty of obtaining
direct information on abundances of volatiles
in the melts before the eruptive events.

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

- provide some hypotheses on the activity of

volcanic systems (Coraposst and MARTINI,
1981, 1982 a). Due to its crystal-chemical
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 the 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
element in magma chamber prior to the
explosive event.

Samples of pumices, as well as finer pyro-
clastic products and lavas, from Vesuvius,
Vulcano, Lipari, and Santorini have been
investigated in order to verify to what extent
the present distribution of boron can con-
tribute to 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 determination using 1-1” dianthri-
mide (Erris et al., 1949). The blue colour
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of the solution obtained has been estimated
visually against a series of standards of
known concentration; intervals of 0.1 pg/ml
B were used for concentrations up to
1 pg/ml B, and steps of 0.25 pg/ml B were
preferred in the range 1-2 pg/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 investigation.

According to the experiments carried out
on standards rocks G-1 and W-1 (Quijano-
Rico, 1968), abour 90 9 of total boron can
be determined by this method.

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

The analytical data for the investigated
areas are given in tables 1-4. The following
points, concerning the different volcanic
systems, can be noted:

1) The samples from Vesuvius (fig. 1)
are mainly represented by pumices belonging
to the events « Avellino » (about 3500 y.
B.P.), « Pompei » (79 A.D.) and « Pollena »
(472 AD.) (LIrer et al., 1973; DELIBRIAS
et al., 1979; SHERIDAN et al., 1981; Rosi
et al., 1981; Rost and SANTACROCE, 1983).
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Fig. 1. — Sketch map of Vesuvius showing site

locations of the analyzed samples.
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TasLE 1
Boron content in samples from Vesuvius
SaMPLES LocaLiTy DescripTion pPu B
PFSV 285  Ortaviano =  Pumice FaLL 2.6
PFSV 284 OTTAVIANG : PumMice FALL 3.8
PFSV 283 Orraviano PumMice FaLL 10.5
PFSV 289 PoLLENA PuMmicE.PYROCL . FLOW 4.3
PFSV 288 PoLLENA Pumice,PYROCL . FLOW 37.0
PFSV 287 PoLLena PumicE.PYROCL . FLOW 18.0
PFSV 286 PoLLENA PumMICE. PYROCL . FLOW 30.0
©,0.063 PoLLEna PyrocLAsTIC FLOW 3.0
$,0.063 PoLLena Swe 0| as PFSV 289 10.0
©0.083 PoLLEma S~e LBveL as PFSY 28 7.5
0,0.063 PoLLena Swe e as PFSV 227 15.0
0.063 PoLLENA SwEHBLASPFSV 2% 6.5
00.5-0.71  PoLena ~  Preocuastic FLow 8.5
005071  PoLLena < SwEEsPSVE 6.5
®0.500.71  PoLLena o Sweoe asPRSV 28 6.5
0,0.5-0.71  PoLLena Save LEVEL as PFSV 287 9.8
00,71  PoLLENA Save LeveL as PFSV 286 10.0
PFSV 294 OpLONTI PuMICE FALL 20,0
PFSV 293 OpLonT! Pumice FaLL 24,0
PFSV 292 OpLONTI Pumice FALL 12,5
PFSY 291 OpLonT! Pumice FaLL 17.5
PFSV 290 B OpowT: Pumice FaLL 10.0
PFSV 290 A  OpLonTi Pumice FaLL 27.0
PFSV 141 AMENDOLARE gl- Pumice FaLL 13.0
PFSV 132 PALMENTELLD Fid  Pumice FALL 10.0
PFSV 186 Fr. Soma Lava FLow 6.0
PFSV 153 Mr. Soema § Lava FLow 10.0
PFSY 60 Mr. Somma Lava FLow 5.0
PFSV 10  Mr. Soma §  Lava FLow 9.0

Finer components of pyroclastic flow of the
« Pompei » eruption, as well as samples of
the underlying lavas of Mt. Somma, have
been also investigated. No distinct dif-
ferences are apparent between the boron
concentrations for the «Avellino» and «Pol-
lena» pumice samples, with average values
of 11 and 5.6 ppm respectively; «Pompei»
pumices are characterized by higher boron
contents, with the mean of 20 ppm. The finer
samples from the pyroclastic flow have a
lower content than the corresponding «Pom-
pei» pumices, namely 8 ppm (in table 1).
The mean content in lavas 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 produced by recent
explosive activities. The 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 satisfving explana-
tion is not available (table 2).

3) Lavas and pumices pertaining to the
recognized four periods of activity at Lipari
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have been considered (fig. 3). The mean
content of boron in lava samples (2.2 ppm)
does not differ substantially from that of
pumices (3.6 ppm) (table 3).

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

Boron mean content of pumices and of
finer pyroclastic 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).

Discussion

In considering the distribution of boron
in different products 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 volatiles are released to 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.

Vulcanello
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Fig. 2. — Sketch map of Vulcano showing site
locations of the analyzed samples.
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TABLE 2
Boron content in samples from Vulcano

SamPLES LocaLiTy DescriPTION pem B
Vuc GA Fossa cRaTER Boe 1888-90 eremion 1.3
Vur @8 Fossa CRATER Bos 1B8-9 swemion 0.5
Ve 071 Fossa CRATER Bos 18859 seemion 1.3
Vuc 26 Fossa CRATER fos B0 swenion 1.3
Vuc 09 Fossa CRATER Boe 188890 ewenion 1.0
Vac B0 Fossa cCRATER Boe 1280 seemiov 1.0
v m Fossa CRATER - Pumice 1.3
v 2% FosSA CRATER Pumice 1.3
v 24 ForGiA VECCHIA CRATER O=2SIDIAN FLOW 0.5
v 5 Pretre Corre OBsIDIAN FLOW 1.0
Vuc Ol A PieTre Cotve OsSIDIAN FLOW 1.3
v 1 PieTre CoTTe Pumice 4.5
Ve (2 CommenDa OBsiDIAN 1.3
v 8 Fossa CRATER Pumice 3.8
w 7 GroTTA PALIZZI Pumice 3.5
v 2 LENTIA SURROUNDINGS Lava FLow 0.5
v a Punte Nere Lava FLOW 4.0

Water, carbon dioxide, hydrogen, sulphur
species, are mainly represented in the vol-
canic clouds, 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 Kbar resulted of 43.2
(KiLmnc and BurnHAM, 1972) while the
same ratio for F is 0.18 at 850°C, 0.12 at
680°C, at 1 Kbar (Harps, 1976); these
figures, even if pertaining to restrict physical-
chemical conditions, appear rater consistent
with the observed distribution. For boron, a
partition 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
while chlorine is sometimes partially leached
away (Corapossi and MaArTINI, 1982 b); it
appears thus reasonable, given the inter-
mediate behaviour of boron, to infer a suf-
ficient persistence for this element as well
(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 concentrations 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 are
obtained for the « Pompei » event, 11 ppm
for « Avellino » and 5.6 ppm for « Pollena »;
2.9 ppm result for Vulcano, 3.6 ppm for
Lipari, less than 0.5 ppm for Santorini.

The concentrations of fluorine and chlo-
rine in the same areas follow a similar trend,
with the highest mean values observed in
pumices from Vesuvius (Corapossi and
MarTiNI, 1982 a).

The increase of volatile species content
in magma chambers as a consequence of
magmatic  differentiation is the natural
process which can account for the observed
situation; higher boron contents should
have been produced by longer intervals
between eruptive phenomena. In accordance
with this, different repose times appear to
explain the higher values obtained for «Pom-
pei» products in comparison with the «Pol-
lena» ones, but similar inter-eruptive times
are recorded also for Lipari (PicHLER, 1980)
and Santorini (VITALIANO et al, 1978:
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Fig. 3. — Sketch map of Lipari showing site
locations of the analyzed samples.
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TaBLE 3
Boron content in samples from Lipari

Sampres  LocaLiTy Pemioe  DescrirTion PP B
IL 2 Near PIRRERA CEMETERY OBSIDIAN FLOW 1.5
IL 41  Vaciose Bianco ouasmy Pumice 10.0
IL 42  VaLiowe Biawco cuammy Opsroom miook v IL 41 1.5
IL 4  Vaiwoss Branco ouammy Pumice 0.5
IL 33  Mr. Cuimica suwuT v Pumice 3.5
IL 29  PoRTICELLO QUARRY Pumice 6.0
IL 16 Roan toewes Mr. CWimica Puice 2.5
IL %0  Roccue Aosse Omsipian FLow 10.0
IL 10 Vaiiose GaseirorTo Pumice 1.0
IL 9 Vauose GaseLioTTo Pumice 2.5
IL & FRoap vowwos OBSERVATORY Lava FLow 0.5
IL & Foan vowsss Ossemvatory 111 Lava sLocx 1w IL 4 0.5
IL 5 Capistente Lava FLow 0.5
IL 12 Meas Pimmema cemeveay Lava rLow 1.0
IL 3 M. S.Awsew Lava FLow 1.0
IL 31  Cosva p"AsosTo 1T Lava Fuow 1.0
IL 24 CosTa D'AsosTO Lava FLow 1.0
IL 25 Fowtaseiie Lava rLow 7.0
IL 35 TMowvemosa Lava FLow 1.0
IL 3% Puwra petea Gaceea I Lava Fiow 0.5
IL 26 Tiweone Carmusso Lava FLow 4.5

PicuLer and Kussmaur, 1972), without
any similar relative enrichment in boron
content; any evidence of this 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 systems only;
if on the contrary a certain degree of
permeability for gaseous species occurs, no
excess in volatiles can be obtained. Open
system situations have been already hypo-
thesized on the basis of chemical composition
of volecanic products for Lipari and Vulcano
(Corapossi and MarTini, 1981) and it is
possible that something similar 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 exalations; a volcanic system
can be thus open for boron, while being
closed for chlorine and fAuorine.

A tight comparison of the distribution of
these 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 basis of fluorine
and chlorine distribution; moreover, since
boron is more sensitive to even a slight
permeability, the increase of boron observed
for the evolutive history of a volcano can



ON BORON CONTENT IN PRODUCTS OF EXPLOSIVE VOLCANISM

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, but for a
given system longer times of differentiation
will correspond to higher values of elements
enriched during processes of this kind.

The similarity of boron contents in lavas
and pumices from Lipari, Vulcano and San-
torini indicates short differentiation rtimes
or the opening of the systems with respect
to boron compounds, if any evidence is there
of long repose times before the studied
explosive event.

Prolonged differentiation in closed magma
chamber can be derived on the same basis
for Vesuvius prior to « Pompei » eruption,
while shorter time should result for « Avel-
lino » and « Pollena » events; in this latter
case the evidence fits the hypothesis.

Conclusion

During magmatic differentiation boron
does not enter early separating minerals and
is enriched in the residual melts. Because
of this, boron is concentrated in the upper
portions of magma chamber where it
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Fig. 4. — Sketch map of Santorini showing site
locations of the analyzed samples.
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TaBLE 4
Boron content in samples from Santorini
SaMPLES LocaLiTy DescriPTION pPu B
TH 60 Puira Pumice FALL - -
TH 61 PHiRA Pumice FaLL -=
TH 62 Puira PumicE FALL - =
TH &3 Puira MATRIX OF BASE SURGE 0.5
TH B4 PHIRA PuMmicE FALL --
TH 65 PHiRA MATRIX OF BASE SURGE -
TH 66 PHIRA MATRIX + PUMICE.PYR.FLOW 0.5
TH 67 Puira PuMICE. PYROCLASTIC FLOW --
TH 68 PHira PuMICE. PYROCLASTIC FLOW - -
Th 69 O1a Pumice FALL e
TH 70 O1a MATRIX OF BASE SURGE ==
TH 71 O1a MATRIX OF BASE SURGE 0.5
TH 72 O1a PUMICE., PYROCLASTICFLOW --
THT73 O1a LAvA BLOCK, PYROCL,FLOW - -
TH 74 O1a PUMICE. PYROCLASTIC FLOW 0.5
TH 75 O1a PUMICE. PYROCLASTIC FLOW -
TH 76 ATHINIOS PumIcE FALL --
TH 77 ATHINIOS PuMicE FALL -
TH 78 ATHINIOS PUMICE, BASE SURGE - -
TH 79 ATHINIOS MATRIX OF BASE SURGE 0.5
TH 80 ATHINIOS PUMICE. BASE SURGE - -
TH 81 ATtHinIOS PUMICE, PYROCLASTIC FLOW - -
TH 82 ATHINIOS PUMICE. BASE SURGE --
TH 83 ATHINIOS LAVA BLOCK. PYROCL. FLOW - -

- - : BELOW THE DETECTION LIMIT

preferentially partitions into the vapour
phase with respect to the melt.

A large quantity of boron is thus released
to the atmosphere during volcanic activity,

| ]
i = Vesuvio
] OVulcano
] O Lipari
30+ =
| |
] o =
20 B
E [ B}
1 &
4 e a
]
10 O Om wam = .
o .u = &
] (o] 0 L
o) s =" Fx.
0 1 2 3

Fig. 5. — B/F relationship in Vesuvius, Vulcano
and Lipari studied samples.
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but it appears reasonable that quenched glass
phases produced by the explosive processes
can provide information 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 activity of volcanic
systems. The boron concentrations in pumices
from « Pompei» eruption of Vesuvius,
comparatively higher than similar samples
pertaining to « Avellino» and « Pollena »
events, can be explained by the repose time

N. CORADOSSI, M. MARTINI, L. PINARELLI

of about 1500 years, much longer than that
preceded « Pollena » eruption. Besides this,
by the enrichment in boron contents a
situation of closed system can also be derived.

Values observed at Vulcano, Lipari and
Santorini are much lower; for Vulcano no
evidence of long time intervals is available,
for Lipari and Santorini the development of
soil horizons points out sufficient conditions
for lasting differentiation processes. On the
basis also of fluorine and chlorine distri-
bution, the low values for boron are
interpreted as produced by the escape from
the system of gaseous compounds in form
of fumarolic manifestations.
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