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ON THE PRESENCE OF Cu, Zn, Cd, Sb, Bi AND Pb 
IN THE FUMAROLIC GASES OF VULCANO 

(AEOLIAN ISLANDS) ••• 

ABSTRACT. - Concentrations of Cu, Zn, Cd, Sb, Bi , Pb in the condensates of fumaroles 
of Vulcano were determined. 

The correlation coefficients among their abundances and the main constituents of the 
fluid phase seem to point out that processes at shallow depth can play an important role in 
determining the observed situation. 

The enrichment of metals in fluids seems mainly due to dissolution of dispersed metal 
sulphides; the presence of water vapour and a sufficient H ' concentration act as positive faclOrs 
for such a process. 

Both these conditions are achieved when deep emanations are cooled down by mixing 
with percolating surface waters. 
Metal content of fluids depends also on their abundances in country rocks, while their presence 
in fumarolic gases appears related to volatility of their chloride compounds. 

RIASSUNTO. _ £ stata determinata la concentrazione di Cu, Zn, Cd, Sb, Bi, Pb nei 
condenSliti dei gas fumamlici di Vulcano. 

Lo studio della 10m correlazione con i costituenti piiJ. abbondanti delle emanazioni, 
sembra indicare un molo non secondario di processi reiativamente superfidali nel determinare 
la situarione verificata. Appare probabile infaui l'esistenza di un processo d.i arricchimento 
nei fluidi sostam:ialmente dovuto a dissoluzione di solfuri metallici oontenuti allo 5talO disperso 
nelle rocl:C, e che tale processo sia facilit alO dalla presenza di vapor d'acqua e dalla maggiore 
dissociazione di HO; queste condizioni risultano soddisfalle quando emanazioni di origine 
profonda vengono in cOntallO con acque di perrolazione in rone a relativamente piccola profondid. 
con conseguente abbassamento della temperatura ambienta!e. 

II contenulO in metalli dei fluidi e condizionaro dalla loro abbondanza nelle rocce, mentre 
la loro venuta in superficie come castituenti di gas fumarolici dipencle invccc dalla volatiliti 
dei relativi composti doturati. 

Introduction 

The presence of heavy metals, in trace form and proper minerals, among the 
volcanic incrustations has long been ack nowledged (ZAMBONINI, 1912; P ANICHI, 

19l4; ZAMBONINI et aI., 1924; D I FRANCO, 1942), while information on the content 
of such elements in fumarolic gases was more recently acquired (DEl.5nDotE, 

• Ist ituto di Chimica Analitka. •• Istituto di Mineralogia, Petrografia e Geochimica. 
* .. Centro di Studio per la Mineralogia e Ia Gcochimica dei Sc-dimenti (CN.R.), Firenze. 
Pubblicazione n. 220 del Progeuo Finalizzato Geodinamica. 
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1960; M URATA, 1960; DANA, 1960; Mlzu­
TAN I, 1970; OZEROVA et al., 1974; NIKI­

TINA and ME NYAlLOV, 1976; NAUGHTON 

et al.. 1976). 
The uansport of metals as volatile 

compounds has also been considered 
an important facto r in orc gene~is 

(KRAUSKOPF, 1957, 19(4), but sufficient 
information is not yet available for a 
correct definition of such a process and 
the identificati?ll of its most significant 
parameters. 

Fig. I. - Voltamm0.llram of 3 sample cOlll3ining 
ZinC, cadmium, kad, bismuth. copper. 

Therefore, this kind of investigation 
on Vulcano's fumaro les seemed apt to 
provide useful informations for a better 
understanding of this phenomenon. 

Experimenlal methods 

The fumaro le vapours were conveyed to the surface by means of steel pipes 
placed in the ground, then condensed in polyethilene bottles. The condenser was 
made up of a series of pyrex pipes with ball-and-socket joints. Each pipe was 
lined with a layer of gauze kept wet during the sampling operation by a con· 
tinuous dripping of water. 

Concentrations of Zn, Cd, Pb, Bi and Cu were obtained through the technique 
of differenti;]l pulse anodic stripping voltammetry in an acetic butTer at pH 4.7. 
The interfering substances had been previously oxidized through digestion with 
concentrated HN03 + H CIO ... 

A typical voltammogram of a sample containing all the above mentioned 
elements is given in fig. 1. 

The determination of Sb was carried out by mea ns of alternating cu rrent anodic 
stripping voltammetry ; samples were previously oxidized with H202 in order to 
eliminate the interfering substances and subsequently reduced with ascorbic acid 
to hring antimony to + 3 oxidation level ( P ICCARDl and VDISTI , 1979). 

Analysis of r esults 

The observation of table 1 allows us to verify that concentrations of the 
determined metal fluctuate within rather wide limits. The correlation factor amongst 
the considered variables (table 2) shows the positive role played by the chloride ions 
in assessing the entity of such concentrations, while a negative contribution of 
temperature can also be observed. 
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TABLE 1 

Concentrations of th (: considered metals in condemllUs 
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V~lu es arc in ppb. Da,hes mean concentrations ~low the dete<:(ion limit (3 ppb). 

TABU 2 
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Correlation coefficients among temperatllfl~, acid constituents and metal content of 
condensates. Since Cd and Bi concentration is often below the d(:tection limit, 

thu e m (:tals were not taken into account 
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In other words, the concentration of metals in the condensates of the slUdied 
fumaroles is higher with the raising of the chloride content and with the lowering 
of the temperature. 

If the first factor brings us back to the gas emanations of deep origin, which 
a(c in fact characterized by a high concentration of hydrochloric acid, the second 
factor seems to indicate that an im!X'rtam part of the process of metal enrichment 
in the fumaroles of Vulcano takes place in a low temperature environment. which 
can be identified with the uppermost portion of the volcanic system. 

We do not know the actual distribution of the investigated metals between 
sulphide and silicate minerals at Vulcano, and by comparison with rocks of the 
same kind we can only suppose that Zn, Cd, Sb and Bi are present in the form 
of sulphides, while partially Cu and mainly Pb are concentrated in silicate minerals. 

The presence of metals in the fluid phase can be attributed to reactions between 
rocks and the fluid itself, which are more efficient the higher is the acidity of the 
fluids, and also the longer the contact between the reagents. 

In the examined system the acidity is practically due to the dissociation of 
HCI, and the relative constant pK. assumes the value of + 114 at 3000 C, -0.06 
at 2000 C and -2.9 at 1000 C (HELGESON, 1969); there follows that concentration 
of H· is higher at lower temperatures. 

Water vapour, allowing a better contact between the reacting species, acts also 
as a positive factor in facilitating the considered reaction. Percolation waters, due 
both to rain and nocturnal condensation, by mixing with exhalations of deep origi n 
in relatively shallow zones of the volcanic system, can give rise to fluids very high 
in water vapour and at a rather low temperature, thus obtaining both of the above 
mentioned conditions. 

Through the value of the thermodynamic data, KRAUSKOPF (1957) calculated 
that for all the most common metals ,and therefore also the ones here taken in 
consideration, the chloride compounds are the most volatile. Later on (1964) the 
same scientist defined more 3ccurately the characteristics of the transport of metallic 
compounds in the fluid stage, by elaborating diagrams at various temperatures and 
fugacities of HCl and 1:S, and pointing out the relative volatilities of the metallic 
chlorides. Introducing into the calculation outli ned by KRA USKOPF the values of 
the variables of the order of the ones observed at Vulcano, we obtain the following 
order of volatilization: 

SbCb > BiCI3 > ZnCb > CdCb > PbCb > CuaCb 

positively influenced by temperature. 
However, as we already saw before, the rising temperature, by reducing the 

dissociation degree of Hel, has a negative influence on the process of dissolution 
of metal compounds of the rocks. 

The factors considered as producing the enrichment of metal compounds in 
fluid phases and their volatilization, do not work at the same lime; most volatile 
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compounds can thus be detected In 

TABLE 3 
Metal content in rocks 

fumaro lic gases for a wide range of temperature 
and composition, while it is rather dif­
ficult to obtain sufficient conditions 
which allow the presence of less volatile 

Vule.no compou nds. 
On the other hand, the concentra­

lion of the elements in the emanations 
also depends on their concentration in 
the rocks with which Auids come in 

lS pp. contact. Therefore, keeping also in mi nd 
Mean values for acid rocks are taken from the data of table 3, we think the higher 
Handbook of Geochemistry, those: for Vukano from 
V~1cttc (1977). concentration of Pb and eu with respect 
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in spite of the lower volatilization 
In the country rocks. 

to Bi and Cd in the studied condensates, 
degn:e, can be justifi ed by their greater content 
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