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ABSTUCT. - The products of pyrodaslic actiVity
have been normaUy considered as affected by
secondary .heralion pl'OC'e5Seli, so lhat their PreKIIl
contenls in SCVttII minor demenls cannot be
represenlalive of lhe <M'iginal concemration in the
",..,...

The volalile COll5liuJeots F .nd a should pertain
to those: elemenu of easy mobility, and raIdy lheir
~Irations have been taken into account while
invesligating eruplive pl'OC'e5Seli.

Gaseous compounds of lhese elements, however,
play a signiJicanl role in volcanic phenomena, and
this led us to verify if reaUy .ny possibility of
utilizing dle presenl distribution of F .nd Cl in
pyroclauic produas should be neg.lected.

First of .11, to check the extent of 10sses in
gaseous fOlm immediately .fter the explosions,
sample5 of pumices have been heated up to 400,
XlO, 600 .nd 8S<r C; slight differences begin to
appear II XlO" C while at 8S<r C a strong depletion
is observed.

The possible effects of percolating solutions
....ve been .Iso considered, and the ume rocks
have been leached at differem temperatures with
different solutions and at different water/rock
ratios, obtaining substantially similar results.

For both elements an equilibrium situation is
reached after about JO hours, with no further
extraction; the loss of F does not exceed 5 %,
a greater quantity of Cl is sometimes leached away.

A similar degree of deplelion was observed also
for the alkali melals, Ind it seems that for a
petrografically freesh sample no significant loss in
original F could occur.

This on be observed more euily in deposits
of recent age, for which Iny nalul'lll procC5S could
have been active during a geologically vel)' short
span of time.

Wilh reference to Cl, its distribution can be
somclime5 heavily Iffecled by secondary processes.

RIASSUNTO. - La composizione chimica dei pro­
doni di aniviti piroclastica ~ statl normalmenle
ritenula non rappresentativI di quelll originale a
causa di pmcessi di Ilteruione secondaril.

La concc:mruione di FeCI. volatili e relativa·
mente mobili, ~ Slata quindi scarsamente presa in
considerazione ncllo studio di processi erunivi.
Turtlvil, poid,e composti pssosi di qucsti elementi

svolgooo un ruoJo imponante nci fcnomcni vuka­
nici, siamo stali indoui • veriJicare se ogni possi.
bilili di utili:unione del contenulO di F e a in
prodoni piroclasrid sil da sanlre.

Per conlmllare le perdite in fase gI5SOSI succes­
sivarncnle alle e5plosioni vulcaniche si sooo riscal­
dali campioni di pomici I 400, XlO, 600 e 800" C;
piccole diff= nel COf\terlUIO totale d.i F e a
cominciano ad apparire • XlO" C, memre un fone
impovcrimenlo ~ ossetV.to I 8S<r C.

Si 5000 aoche considerali g.li effetti possibili
di so.luzioni percolanti, e le stesse rocce 5000 stale
lisciviate • temperalure diffe~ti, con soluzioni
diffe~ti e • rapponi acqua/roccia diffcrenli, olte·
nendo risultati sostanzialmente simili.

Per entrarnbi g.li elemenli si raggiunge una
siluuione di equilibrio dopa circa JO ore, senza
ulteriore cstrazione; la perditl di F non ecttde
il 5 %, rna talvolra si osservaQO va.lori piu llti
per O.

Si (0 verificato un simile grade di impoverimento
anchc per i metaIli alcalini, e sembra che per
campioni petrograftcamente freschi non si abbi.no
perdite significative di F, Soprattutto in dcpositi
di eta recente.

La distribuzione di Cl pub esscre invece ralvolt.
fortemenle modifieata dalla influenza di processi
secondari.

Introduclion

The chemical composltlon has been rarely
taken into account in investigating pyroclastic
formations, because for these products of
explosive activity a certain degree of
alteration normally occurs subsequently to
their deposition. Secondary processes of this
kind should interest mainly those volatile
constituents which play a major role in
eruptive volcanism, and are characterized by
high mobility.

The glassy phase of eruptive products,
however, could represent a quenched portion
of the original magma which underwent
minor losses of volatiles through secondary
alteration.
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TABLE 1

Variation 0/ concentrations (ppm) 01 F and Cl in pumice samples after heating

Location Or191nal concentration8- ConcantraUona after h••Un<J

400 "c 500 Cc 600 "c 850 "c

Vuuvl"a
, 2880 2840 2850 2820 1950

" 5380 5360 SHO SHO ...
V...uvlua

, 2630 2630 2570 2610 no

" 5050 U60 U8a 5000 no

VUleano
, 1000 1010 ... ", ..
" 2300 2HO 2360 2)50 ,..

VUleano
, 1230 1160 '200 1050 ...
" 3040 J(l50 3050 3020 '170

Lip.r!
, 1050 1070 1060 1010 ""
" 3120 3UO 3120 3100 ..,

Liparl
, 1270 1240 1230 1130 ..,
" 3840 3700 3150 3000 \050

Santar!n!
, ... .., ". "" ..
" 3580 3580 3580 1550 ..,

Santorinl
, ... "" "" ... ..
" )050 3100 3080 2360 ""

The analytical procedures arc from CoRAOO5S1 and MARTINI (1981).

The investigations of Ross and SMITH

(1955) pointed out that if no hydration
occurs, water and other volatiles in obsidian
are pristine, while hydration has the effect of
flushing CO~, Cl and F from the system and
replacing them by H~O in the hydrated
glasses.

According to FRIEDMAN and HARRIS
(1961), in the first step of alteration, that
is in hydration, Ruorine is not lost from the
glass, while a loss occurs probably during
the devitrification of the hydrated glass.

Different stabilities in the presence of
volatiles, one pristine and the other resulting
by low-temperature hydration, were deter­
mined by Ross (1964), who also stressed
out the need of quantitative data about the
concentrations of volatile compounds In

interpreting volcanism.
A sharp statement, however, was then

provided by NOBLE et al. (1967) on the
practical impossibility of recovering useful
data on halogen abundances in hydrated
natural glasses, and even if a reliability" of
determinations resulted for nonhydrated
glasses, not many attempts followed to define
the actual concentrations of F and Cl in this
kind of volcanic rocks.

The further contributions of LIPMAN et

al. (1969), SHATKOV et al. (1970) and ZIE­
LlNSKY er al. (1977) to this problem mainly
reconfirm the lower contents of halogens in
fdsites for comparison to perlites and
obsidians to which they are associated.

Since gaseous compounds of F and Cl are
considered as important components of the
volatile phase of magmas, any information
on their distribution would be of great
interest in studying explosive volcanism,
and this led us to verify if really any pos­
sibiliry of utilizing the present F and Cl
contents in pyroclastic products should be
ruled out.

Pumices from Lipari, Vulcano, Vesuvius
and Santorini have been used to check the
extent of depletion in F and Cl possibly
occurred after the explosion which produced
them.

Analytical re8ults and discussion

Two series of experiments have been car­
ried out, to reproduce the loss of volatile
species both in gaseous form soon after the
volcanic event and as a result of post­
depositional alteration by surface waters.

Different portions of the powdered
samples have been heated for one hour



PERSISTENCE OF FLUORINE AND CHLORINE IN PRODUCTS ETC. 777

nu nu: .0

~~
2000 (000

•
• "- •- --

1101 1001

• .-
101 310 5U III ,'m 111 310 sao 111 ,le n,

Fig. 1. - Contents of fluorine in pumice samples
aher heating at different temperatures. - 0 Lipari;
• Vukano; 0 Vesu... ius; • Santorini.

Fig. 2. _ Contents of chlorine in pumice samples
after heating at different temperatures. Symbols
as in fig. 1.

at 400, 500, 600 and 8500 C, then analyzed
for their residual F and Cl contents. By
table I and figures I and 2 it can be seen
that no significant loss appears evident for
both elements up to 5000 C, while some
change is observed at 6000 e, and a strong
depletion occurs at 8500 C.

A different pattern, however, is shown by
the total loss on heating, which refers mainly
to the contents in water and hydroxil groups
(fig. 3).

With reference to the effect of weathering

processes, I g of each sample has been
shaken with 25 ml of deionized water; by
a series of measurements after 6 hours of
treatment, it was possible to verify that
an equilibrium situation was reached after
about 30 hours, with no further extraction
of leachable constituents.

The procedure was then modified, by
treating 1 g of powder with 50 ml of
sulphuric solutions at pH = 2 and pH = 4
at room temperature for 12 hours, and with
50 ml of deionized water at 90" e for 6

TABLE 2

Variation 0/ conuntrations 0/ F, Cl, Na and K in pumiu samp/n a/t~r ltacbing

.......vl... ..... 1<:&1>0 1.1pUl lI&olCl~ln1

0 2180 2UO liSO 5HO 1000 un 10SO 1210 ... n •
0 • n .. " .. " • • ,, .. .. " n. u • " "

0 5lU S0211 i015 5150 2100 3040 lUO 3UO 3550 30S0

" • ,.. n, >0. m '" '" .. .. '" '", no '" '" '" '" no .. no ... IUS

0 l.1J l.U '.S' '.lll 2." l.2J 2.11 2." l.l2 l.U

•• • ... m '" ". m .., m '" 0" m, ... '" '" UJS m m '" .~ m ...
0 4.SJ 7.01 7.7S .... ..~ 4.n 4.20 4.11 2.15 2.41

• • '" '" m no >0' n u " " n, ... 1240 '" ,.. '" " " " .. ..
A = original content in the rock (ppm for F and Cl; percent for Na and K); B = con~ntrarions (ppm)
of the solutions .her 30 hours of tre.tmenl of t g of samele with 2' ml of w.ter; C = concentrations
(ppm) of the solutions after 12 hours of trutment .1 90" of 1 Il of sample with m ml of w.ter.
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Fig. }. - TOlal loss on heating of pumice umpln;.
Symbols as in 68. I.

TABLE 3
Concentrations (ppm) 0/ F, Cl, Nil Ilnd K in
lulphuric solutions afur 'rtalmtnl of 1 g of sampft

alteration of the studied rocks.
The total amount of F exuacted by neutral

solutions ~er exceeds .5 % of the original
content, while values above 30 % can be
observed for Q. 1be acid character of the
leaching solutions appears to be more ef­
fective in the extraction of the alkaline
metals than of F and Cl.

1be obtained values so=m to point out
different forms of stability for the
investigated elements F and Cl, which are
leached away to a certain extent with no
further signi6cant extraction.

This situation should correspond to actual
differences in bond energies mainly due to
the structural position of the elements in
the investigated volcanic glasses.

On the basis· of experimental data,
KQGARKO et al. (1968) suggested that in
alkali-rich melts F is present as NaF, while
in acid melts the same element acts as
depolymerizer forming Si-F bonds and
substantially similar views are expressed by
BAILEY (l977)j according to MANNING et aI.
(1980) in aluminosilicate melts F may be
present as complex aluminoBuoride or silico­
Buoride anions, and as free fluoride ions.

A low proportion of a extractable by
water has been noticed previously (ZIES,
1960; MURAMATSU and WEDEPOHL, 1979)
and the occurrence of Cl in grani tic rocks
in the form of fluid or soluble-solid inclusions
and in lattice-bound state has been proposed
(FUGE, 1979).

Not much information has been sub­
sequently provided on this subject, but the
deepening of the problem of the correct
structural position of F and Cl in volcanic
glasses, though very interesting, is beyond
the objectives of this research.

The percentages of the extracted elements
with respect to their original amounts are
reported in figures 4 and .5. It is easy to
verify that in spite of the different absolute
quantities a very similar extent of depletion
occurs for the sum of the alkali metals and
Buorine; for chlorine some exceptions are
observed.

It is thus possible to infer that if any
kind of change in the original content of
8uorine is produced by natural solutions. the
same should be observed also for the alkali
metals. If this is true, since the alkali meuls

T'e m400 SOU 600

1

I

hours. We did not carry out any experinw=nts
at higher temperatumo, because it is well
known that hydrothermal solutions can
extract signi6cant quantities of leamable
dements from any kind of rocks (ELLlS and
MAHON, 1964, 1967).

The extent of F and Cl leached away by
means of the different experiments is given
in tables 11 and Ill, along with the values
for Na and K which can repr~nt a standard
of reference for the general degItt of

Vuuvlu. VUlcano L~pa.rl '.ntorlnl

, ... , H' " ".... .. • "
"

... , 10H '" '" '".... m '" " >0

•• ... , u~o ... 2HO '".... ". ... 2010 ..
• ... , 1500 '" 1550 ,...... >0. m 1040 ..

(w.t~/rock = }():l)
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Fig. 4. - Correlation between the losses after
leaching of sodium plus potassium and fluorine,
expressed as percentages of the original COntents.
Symbols as in fig. 1.
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Fig. .s. - Correlation between the losses after
leaching of sodium plus potassium and chlorine,
expressed as percentages of the original contents.
Symbols as in fig. 1.

are major constituents of rock forming
minerals, no significant leaching of F By
secondary processes can be deerived when
petrographic analyses in thin section do not
show any degree of alteration.

Conclu8ion8

The studied pumice samples represent
portions of molten magma quenched im­
mediately after the explosion; no actual data
can be obtained for the thermal changes
pertaining to this process, but it seems
reasonable that a very short time was suf.
ficient to reach temperatures below 6000 C.
Since no important loss in gaseous form has
been observed for F and t':\ by heating the
samples up to 6000 C, we think that it can
be derived that a negligible quantity of those
volatiles, if any, was lost subsequently to
the very first phases of the volcanic
explosions.

The leaching of the rocks, resembling
weathering processes in the surface environ­
ment, appears to introduce slight changes for
F, and sometimes variations of greater extent
for Cl.

Even if we used in our experiments
powdered samples instead of massive
pumices, and the leaching was operated by
shaking, it is obvious that we cannot
reproduce the effect of percolating waters
during a time comparable with that elapsed
since the deposition of the pyroclastic for­
mations; because of this we do not have
a real proof that processes which were not
effective in the laboratory have not been
active during some thousands of years .

The alkali metals, however, are leached
away roughly in a same proportion as F,
and natural processes which cause a depletion
in F are expected to produce a similar effect
for Na and K, with an appreciable degree of
alteration of the whole rock sample; because
of this, if no significant alteration is observed,
we can infer that the freshness of the samples
can account for a substantial similarity
between the original and the present
contents of fluorine.

This could apply with some exceptions
for Cl as well, but the possible influence of
seawater on eruptive processes can introduce
some chemical modifications whose extent
has not been completely evaluated yer.
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The data we present in support of our
findings refer to pumices only, but the
verified situation should be: true for any
glassy fraction of magmatic rocks, while
in considering the slow cooling of lavas we
have to lake into account also the chemical
~ndiLions for the solubility of the volatiles
In magmas.

The persistence of the original contents of
F can be thus assumed for quenched phases
when no app~iable extent of aheration is
observed by pelrographic investigations; the
available eviden«, however, is not sufficient
for a defined statement about Cl dislcibmion,
as well as for other components of pyroclastic
formations.
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